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Administrators, engineers, and many others in the transit in-
dustry are faced with a multitude of complex problems that 
range between local, regional, and national in their prevalence. 
How they might be solved is open to a variety of approaches; 
however, it is an established fact that a highly effective approach 
to problems of widespread commonality is one is which oper-
ating agencies join cooperatively to support, both in financial 
and other participatory respects, systematic research that is well 
designed, practically oriented, and carried out by highly com-
petent researchers. As problems grow rapidly in number and 
escalate in complexity, the value of an orderly, high-quality 
cooperative endeavor likewise escalates. 

Recognizing this in light of the many needs of the transit 
industry at large, the Urban Mass Transportation Administra-
tion, U.S. Department of Transportation, got under way in 1980 
the National Cooperative Transit Research & Development Pro-
gram (NCTRP). This is an objective national program that 
provides a mechanism by which UMTA's principal client groups 
across the nation can join cooperatively in an attempt to solve 
near-term public transportation problems through applied re-
search, development, test, and evaluation. The client groups 
thereby have a channel through which they can directly influ-
ence a portion of UMTA's annual activities in transit technology 
development and deployment. Although present funding of the 
NCTRP is entirely from UMTA's Section 6 funds, the planning 
leading to inception of the Program envisioned that UMTA's 
client groups would join ultimately in providing additional sup-
port, thereby enabling the Program to address a large number 
of problems each year. 

The NCTRP operates by means of agreements between 
UMTA as the sponsor and (1) the National Research Council 
as the Primary Technical Contractor (PTC) responsible for ad- 
ministrative and technical services and (2) the American Public 
Transit Association, responsible for operation of a Technical 
Steering Group (TSG) comprised of representatives of transit 
operators, local government officials, State DOT officials, and 
officials from UMTA's Office of Technical Assistance. 

Research Programs for the NCTRP are developed annually 
by the Technical Steering Group, which identifies key problems, 
ranks them in order of priority, and establishes programs of 
projects for UMTA approval. Once approved, they are referred 
to the National Research Council for acceptance and admin-
istration through the Transportation Research Board. 

Research projects addressing the problems referred from 
UMTA are defined by panels of experts established by the Board 
to provide technical guidance and counsel in the problem areas. 
The projects are advertised widely for proposals, and qualified 
agencies are selected on the basis of research plans offering the 
greatest probabilities of success. The research is carried out by 
these agencies under contract to the National Reserch Council, 
and administration and surveillance of the contract work are 
the responsibilities of the National Research Council and Board. 

The needs for transit research are many, and the National 
Cooperative Transit Research & Development Program is a 
mechanism for deriving timely solutions for transportation prob-
lems of mutual concern to many responsible groups. In doing 
so, the Program operates complementary to, rather than as a 
substitute for or duplicate of, other transit research programs. 
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FOREWO RD 	Electric rail transit operations and safety personnel will find this report of interest 
and value with regard to the problem of detecting low-current short circuits. Although 

By Staff U.S. transit systems use relatively outdated low-current fault detecting devices, it 
Transportation appears that several more modern and effective devices in use in other countries could 

Research Board be adapted for use in this country. A pilot test program with a cooperating transit 
agency to demonstrate the applicability of such devices in the United States is rec-
ommended. 

Devices presently in use by the rail transit industry can adequately detect and 
respond to overload fault currents. Detection of less than overload fault currents is 
particularly difficult because the characteristics of such currents resemble character-
istics normally associated with train or power switching operations. Consequently, 
trains may continue to operate until the fault current becomes large enough to be 
detected by overload devices or until the fault results in smoke and fire activity. The 
latter is particularly hazardous in tunnel systems. 

The objective of this research was to identify and provide preliminary evaluation 
of detection methods and equipment to enhance transit system safety through reliable 
detection of electrical faults that are not detected by circuit breaker overload protection. 
The Charles T. Main, Inc., researchers conducted an extensive survey of rail transit 
systems, electrical industry organizations, and electrical equipment suppliers world-
wide to determine how the problem is currently being handled and to identify methods 
and equipment that may provide potential solutions. 

Information collected on the consequences of low-current faults did not identify 
evidence of highly dangerous incidents. Reports indicated damage to facilities and 
equipment and incidents of localized smoke and fire. It appears that several types of 
low-current fault detection devices are in use in countries other than the United States 
that coUld be adapted for use by transit systems in this country. Field testing, in 
cooperation with an electric rail transit system, is recommended as the next appropriate 
step towards improved low-current fault detection. 
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DETECTION OF 
LOW-CURRENT SHORT CIRCUITS 

SUMMARY 	The research results presented in this report are a product of a study that was 
carried out under NCTRP Project 43-1. The report presents the results of surveys 
performed of transit systems, equipment manufacturers, and suppliers in the United 
States and throughout the world concerning the problem of detecting low-current 
short circuits. On the basis of the responses from transit systems in 25 countries out 
of a total of 34 surveyed, it appears that a number of modern low-current fault-
detection devices are in use in other countries that are not in common use in the 
United States. The majority of U.S. systems that responded seem to be using relatively 
outdated and less adequate low-current fault detection (LCFD) devices. 

Some of the more promising solid state dielectric LCFD devices reported are BBC-
Sécheron DDL line fault detectors and relay type PCC-67a detectors that are being 
used in traction power systems, but are claimed to detect on-board faults as well. 
Other challenging devices are an electronic rate-of-rise trip assembly and a pilot wire 
relaying scheme, also for use in traction power (TP) systems. 

The most frequently used devices on-board cars include high speed circuit breakers 
(HSCB) working on the di/dt principle (rate-of-rise of current), fuses, overcurrent, 
overload, and differential devices. There were some reports of modifying the car 
control circuit for rapid detection and clearing of low-current faults on-board cars. 
Two responses reported on prototype devices developed are for ground fault and 
dynamic brake traction motor protection as well as for a heater fault detection system 
on-board cars. The responses describe numerous LCFD devices that are available in 
the market or are custom designed and used by the transit systems themselves. The 
majority of these devices are for use in traction power systems, and some are reported 
to be capable of detecting on-board faults. 

Utilities and mines reported difficulty in detecting low-current short circuits. A 
thorough testing program and exhaustive efforts to seek LCFD solutions were reported 
by one utility company, and by a working group of the Institute of Electrical and 
Electronic Engineers (IEEE). A prototype electromechanical relay using both high 
and audio frequency superimposing techniques is under test by several utilities where 
performance is being carefully monitored. 

Mine approaches include the use of discriminating circuit breakers as well as trolley 
wire protection schemes using a high frequency voltage superimposed on the trolley 
wire, along with undervoltage and current relays. 

Some information on the consequences of low-current faults was obtained from 
the survey, although data on safety and hazard experience revealed little evidence of 
highly dangerous incidents. The reports included damage to the system facilities and 
rolling stock. Any undetected short circuit can possibly result in fire and smoke and 
hence the problem of LCFD is apparently an important concern to safety. 

Actions that might be taken in this area include developing comprehensive guide-
lines for cost-benefit analysis, design and testing of LCFD devices for the transit 
systems, and participation in a pilot test program with a cooperating transit system 
to demonstrate the applicability, of the devices reported in this study to U.S. systems. 
The report also includes a discussion of the various types of devices which can usefully 
be tested in a government or transit sytem sponsored program. 



CHAPTER ONE 

INTRODUCTION 

RESEARCH OBJECTIVES AND PROBLEM 
STATEMENT 

Research Objectives 

When typical starting traction motor current characteristics 
are compared with the low level fault current characteristics, 
the profile of the latter is 'uniformly lower, mainly due to the 
system short circuit impedance. As a result, such faults are often 
not detected, with potentially serious consequences to safety and 
operation. 

NCTRP Project 43-1 had as its objectives the determination 
of the causes and/or situations resulting in low level fault cur-
rents and the most commonly applied methods of detecting and 
protecting against them. These objectives were to be accom-
plished by: 

Surveying transit agencies worldwide to learn about their 
experience. 

Surveying industry organizations and industries to learn if 
similar problems and solutions exist. 

Surveying of equipment suppliers to learn of their efforts 
and equipment offered for low-current fault detection. 

On the basis of the information gathered in the surveys, the 
study was to identify and evaluate methods and equipment for 
improved detection of low-current faults which would result in 
enhancement of transit system safety in the United States. 

Problem Statement 

General Description 

Short circuits or faults on many transit systems are difficult 
to detect because the short circuit current is no larger, if as 
large, as load currents arising in normal operations. 

Low level faults may have time-current characteristics resem-
bling those associated with the train starting or with power 
switching operations, which make them difficult to detect. De-
tection becomes even more difficult for remàte faults as sub-
station capacity and spacing between substations increases. 
Failure to detect such faults permits arcing, possibly resulting 
in fire and jeopardizing the safety of the riding public and 
operation of the system. 

Devices presently in use in the traction power system and 
transit vehicles can adequately detect and clear fault currents 
due to overloads or heavy short circuits. The detection of fault 
currents of magnitude less than feeder breaker trip setting is 
the crest of the problem. Such faults are not frequent, but they 
may be extremely hazardous if they remain undetected when 
they occur. 

Subsystems or components and situations that have been 
noted as being Involved in low-current short-circuit problems 
include the following: 

1. Faults involving transit vehicles. 
Car control system (cam or chopper). 
Dynamic rheostative braking system. 
Commutator motor. 
Motor-alternator set motor. 
Failure of internal component of auxiliary or HVAC 
system. 
Arcing while passing through a crossover. 
Cable to car body short. 
Relay to car body short. 
Arc from arc-chute to car body. 
Positive current collector shoe torn loose. 

k Piece or component dragging and contacting third rail. 
I. Rubber tire blowout (for system with rubber tires). 

2. Faults on the traction power and distribution system. 
Arcing faults in the dc cables at trackside sectionalizing 
switches or in manholes or cable vaults. 
Broken trolley wire in contact with car, running rails, 
or ground. 
Faults due to switching a utility company line feeding 
a traction power substation onto an already energized 
system. 
A foreign object causing arcing between the contact rail 
and ground (at a point remote from the substation). 
Arcing across a contact rail support insulator. 

3. Conditions which increase the difficulty of detecting low-
current faults. 

Transients caused by switching of equipment on utility 
high tension line. 
Crowding of trains per feeding section. 
Simultaneously accelerating trains in opposite directions 
in a feeding section closer to the substation. 

4. Specific situations involving high impedance faults or arc-
ing faults. 

a. Fault that developed and persisted between contact rail, 
cast iron tunnel liner and negative running rail which 
resulted in a 4-hour delay during morning rush hour. 

1,. Fault involving contact rail and a base slab, scorching 
the subway wall and damaging a car body. 

Parameters and Characteristics of Fault Currents 

Fault current waveshape and magnitude depend on the ef-
fective resistance, R, and the effective reactance, X, of the circuit. 
These parameters are easy to calculate when the fault occurs 
near or at the substation. However, the magnitude and shape 
of the current resulting from a low level fault at a location 



remote from the substation depend on the additional R and X 
values of the circuit outside of the substation. The additional 
impedance includes resistance and reactance of contact rail or 
catenary section, negative return system, tracks and impedance 
bond, and track configurations. If the fault is of the arcing type, 
the arc impedance will also affect the fault level. 

Rectifier substations with built-in reserve capacity for future 
extension or load increment may have high-speed dc breakers 
with higher trip ratings designed for local fault levels. A local 
fault has not only a high symmetrical value but an even higher 
transient asymmetric first cycle current. The high trip setting 
at the track feeder will not, however, see a low level fault which 
may be arcing at a point remote from the substation. 

The higher capacity dc feeder breakers presently in use may 
well permit low level faults to persist indefinitely. With substa-
tions rated for NEMA extra heavy traction duty cycle (150 
percent of normal rating for 2 hours, peaks of 300 percent for 
60 see, and 450 percent for 15 see), the problem of distinguishing 
between the normal traction load current and a remote or low 
level fault current of a similar magnitude is not easy to resolve. 

SCOPE OF STUDY 

The scope of the study consisted of the following tasks: 

Task 1—Perform an in-depth worldwide survey of transit 
systems, equipment manufacturers/suppliers, professional as-
sociations, and industry organizations to learn of their experi-
ence or knowledge of the LCFD problem. 

Task 2—Identify critical system characteristics involved in 
low-current fault detection based on the survey information, 
published reports, and general knowledge of transit electrical 
systems. 

Task 3—Using the parameters developed in Task 2, deter-
mine the extent to which the existing methods and available 
equipment meet the objectives. 

Task 4—Incorporate research results, detailed evaluation of 
the performance, and cost analysis of available methods and 
equipment, into a final report. 

The scope of study also included the requirement of seeking 
a solution that can easily be adopted by U.S. transit systems. 

RESEARCH APPROACH 

Because the survey was considered basic to the success of the 
project, the design of a survey instrument was very important. 
Test questionnaires were sent to representative transit systems 
and manufacturers and suppliers, while telephone contacts were 
made to other industries, industry and professional associations 
and organizations. 

After reviewing the comments on the test surveys, question-
naires and letters were finalized for the formal survey. 

For transit systems, the formal survey was organized into 
two parts. Part I asked for a brief system and low current fault  

(LCF) problem description to determine if the respondee had 
any significant LCF problems. Part II was the follow-up ques- 
tionnaire requiring detailed data if the response to Part I had 
identified situations and occurrences of interest. A sample of 
both transit system questionnaires, the cover letters, and the 
problem statement are included in Appendix A, and Appendix 
G includes the transit systems contacted. 

The survey of U.S. and foreign transit systems, using Part I 
of the Transit System Questionnaire, was conducted under the 
auspices of the International Union of Public Transport (UITP). 
UITP circulated the questionnaires in French, German, Spanish, 
and English languages to UITP members. The survey of non-
UITP member systems was conducted directly by the Project 
research team and only in English, using Questionnaire Part I. 

Transit System Questionnaire Part II was conducted directly 
by the research team, in English, for selected U.S. and worldwide 
systems which reported significant LCF problems. 

For manufacturers and suppliers a simplified questionnaire 
and a letter (in English only) were used. Again, the survey was 
conducted directly by the research team. The form letter and a 
questionnaire are included in Appendix A, and Appendix G 
includes the manufacturers and suppliers contacted. The list of 
manufacturers and suppliers was excerpted from Janes World 
Railways, Thomas Register, and manufacturers' catalogs. 

For professional organizations, utilities, and mining organi-
zations, letters of inquiry were prepared as included in Appendix 
A for the Organizations listed in Appendix G. 

In all categories of organizations, the project staff used all 
avenues, personal professional contacts, and exhaustive efforts 
to obtain as much detail as possible. 

"Summary of Response" forms were designed for transit sys-
tems as well as for manufacturers and suppliers to facilitate the 
analysis and evaluation of LCFD. The analysis for the utilities, 
mines, and professional organizations was straightforward, 
based on the responses that were provided in most cases. Tech-
nical data and relevant information are included in the respective 
appendixes of this report. 

The analysis and evaluation of LCFD devices used in transit 
systems and devices offered by manufacturers and suppliers were 
separated into two major categories: (1) devices/methods used 
in traction power and distribution systems; and (2) devices/ 
methods used on-board cars. 

Chapter Two presents summary data on the findings of these 
several surveys and evaluates the effectiveness of the survey. 
Chapter Three discusses and interprets these findings with re-
spect to LCFD equipment and methods for transit systems and 
approaches being used in the utility and mining industries. Re-
lated issues such as safety and damage are reviewed to the extent 
possible with available response data and other information. 

Chapter Four presents a review of the findings that provide 
the basis for the discussion on the resulting project conclusions 
and recommendations. 

Additional details of the research effort, such as the survey 
questionnaire and format letters, summary of survey responses, 
technical data concerning the devices being used, and the or-
ganizations contacted, are given in Appendixes A through G. 
References and bibliography are included in Appendix H. 
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CHAPTER TWO 

FINDINGS 

GENERAL 

This chapter reports the findings and some of the direct 
inferences from the several surveys carried out in the course of 
the study. The survey methodology for transit systems, manu-
facturers and suppliers, professional organizations, and other 
industries is briefly explained in Chapter One of this report. 

The mailing list for the transit systems included 34 countries 
(Argentina, Austria, Australia, Belgium, Brazil, Canada, 
Czechoslovakia, Finland, France, W. Germany, E. Germany, 
Great Britain, Greece, Hong Kong, Hungary, Italy, Japan, Mex-
ico, Norway, The Netherlands, Portugal, New Zealand, Poland, 
Rumania, Chile, Sweden, Spain, Switzerland, Tunis, Turkey, 
U.S.A., U.S.S.R., Yugoslavia, and Venezuela), with responses 
being received from all but 9 countries (Argentina, Austria, 
Czechoslovakia, E. Germany, The Netherlands, Poland, Yugo- 
slavia, Rumania, Venezuela). The manufacturers and suppliers 
of 19 countries were contacted, 10 of which responded. Profes- 
sional associations in Argentina, Australia, Belgium, Canada, 
England, France, Germany, Japan, United States, and Zaire 
were also contacted; no responses were received from Argentina, 
England, and Zaire. The mailings for other industries were 
limited to the United States and France. 

Table 1 gives the overall percentage response rate for the test 
surveys, and Tables 2 and 3 present the response statistics for 
the formal surveys of transit systems, manufacturers and sup-
pliers, professional associations, and other industries. 

According to the UITP, the response rate for Part I of the 
questionnaire for transit systems is considered quite good. Some 
possible explanations for the lower response rate for Part II 
include: 

Shorter time period (as compared to time allowed for Part 
I). 

Lack of detailed records needed by transit systems for 
response. 

Staff workload required. 
Some systems may regard information on faults and con-

sequential damage as proprietary. 
Possible difficulty of responding in English. (In this con-

nection, note that of the 25 countries receiving Part II, 6 coun-
tries are English-speaking and of the remainder, 10 countries 
received the English version of Part I and responded success-
fully—Greece, Hungary, Italy, Norway, Portugal, Sweden, Fin-
land, Turkey, Tunis, and the U.S.S.R.) 

Nevertheless, the questionnaires for transit systems were ef-
fective and accomplished the objectives. The respondees cor-
rectly identified the problems and addressed the questions 
appropriately. The details of reported LCFD experience are 
typically scant; it appears that most systems do not keep a 
systematic history of short circuit occurrences. The information 

Table 1. Overall response rate for test surveys. 

Transit Manufacturero/ Professional Other 

Systems Suppliers Associations Industries 

Total Percentage 

Responding 	 67 	 60 	 83 	 83 

SOSRCE: Survey Information 	 ASTHOR: N. S. Sugar 

Table 2. Statistics of formal survey of transit systems. 

Surveyed 	Questionnaire 	Quentiosnaire 

By 	 Part t 	 Part II 

Total Percentage 	UITP 	 65 	 N/A 

Responding 	 Project 	 37 	 36 

Percentage of 

Total Responding 

English 56 	 89 

Presch 24 	 9 
UITP 

Germas 	 A 16 	 - 
Project 

Spanish 2 	 - 

Russian 2 	 4 

SOURCE: Survey Information 	 ASTNSR: N. S. Sugar 

Table 3. Statistics of formal survey of manufacturers and suppliers, 
professional associations, and other industries. 

Other Industries 

manufacturers/ Professional 	 Hieing 

suppliers 	A000ciations Utilities Concerns 

Total Percentage 	 48 	 63 	 35 	94 
(40-Poreigo 

Responding 	 Firms) 

Percentage of 

Total by Type 

of Response: 

Negative 

Response 	 50 	 53 	 - 	27 

Ponitive 

Response 	 23 	 14 	 20 	20 

Reforrals 	 27 	 33 	 - 	 53 

interested 

but no 	 S/A 	 8/A 	 80 	71/A 

activity 

reported 

SOURCR: Survey Information 	 AUTHOR: S. S. Sugar 



may exist in file, but it is apparently not very accessible. In 
cases where major delays or serious fires occurred, the main 
circumstances surrounding the episode are usually available. 

From the manufacturers' and suppliers' survey, the majority 
of responses received were from companies outside the United 
States or from their U.S. offices. Though there were some neg-
ative responses, the survey did indicate that a wide variety of 
LCFD devices are available from Swiss, Swedish, German, Jap-
anese, British, French, Canadian, and U.S. manufacturers for 
traction power systems. Only four firms (one Swiss, one Ca-
nadian, one French, and one small U.S. firm) reported some 
activity in developing components for on-board car protection 
in association with control circuits which would help isolate 
and provide indication of the faulted car in the train. Most of 
the other devices reported are for application in traction power 
substations and gap-breaker stations along the right-of-way. In 
two cases it was reported that a detection device used in a 
traction power substation also detects and protects against on-
board faults. The transit system that tested this device con-
curred, however, that they have continued to rely on their 
on-board devices for back-up protection. 

Among the mailings to the professional associations of the 
United States and worldwide, typically negative responses were 
provided reporting no activities on the subject. Two provided 
referrals to the transit systems of that country and only one 
indicated some liaison for utilities. This was a working group 
on high impedance faults as part of the IEEE, T&D Committee. 

In the category of surveys of other industries, utilities and 
mining concerns were contacted. The majority of the utilities 
responded negatively, though expressing interest in seeking the 
solution on their own for high impedance fault problems. Two 
utilities in the Northeast provided interesting information, while 
Pennsylvania Power and Light Co. (PP&LCo.), in association 
with Westinghouse Electric Corp., reported performing exten-
sive work in LCFD devices. The PP&LCo. staff are also active 
in the High Impedance Faults Working Group of the IEEE, 
Transmission & Distribution (T&D) Committee. 

The U.S. Department of Labor, Office of Mine Health and 
Safety, and the Bureau of Mines are very concerned about the  

low-current short-circuit problems, and all those who were con-
tacted responded with information and referrals. Telephone con-
tacts to most of the referrals provided the project team very 
helpful data on the approach of the mines to LCFD. 

REPORTED FAULT EXPERIENCE 

The majority of the systems responding have experienced low-
current faults and 40 of the 60 transit systems reported some 
experience with LCFD. Summary statistics are provided in Ta-
ble 4. Many of these systems reported detecting such faults 
successfully, and a number report they do not. Furthermore, 
Table 4 indicates that more U.S. systems report difficulties with 
detection of LCF's than the systems outside the United States. 
This finding is analyzed further in Tables 5 and 6. 

The U.S. and other countries' experience with LCF's in trac-
tion power (TP) systems by category of equipment is presented 
in Table 5. It is noted that the U.S. systems responding to the 
survey have not installed the more recent, state-of-the-art de-
vices, but rely mainly on the earlier types of relays. 

For the earlier LCFD devices, the experience of U.S. systems 
is quite comparable with that of the systems outside the United 
States. Six out of 9 U.S. systems reported problems with LCFD 
in the TP area, while 9 systems out of 15 systems outside the 
United States reported having problems in these same categories. 
Apparently systems in other countries have had more satisfac-
tory experience with LCFD than those in the United States, 
particularly for detecting LCF's in traction power systems. 

For on-board faults, 3 systems of 9 U.S. systems reported 
LCFD problems; 11 of 42 systems in other countries reported 
these difficulties. No particular pattern is apparent, except that 
all of the U.S. systems, and 7 of the 11 systems in other countries, 
that reported difficulty with on-board LCFD either rely on their 
traction power LCF devices, have no devices for LCFD, or did 
not identify the type of equipment used. The information for 
on-board fault detection is presented in Table 6. 

The questionnaires were reviewed for generalizations about 
fault experience. These are summarized in the following. 

Table 4. Number of transit systems reporting LCFD problems. 

Reported 

Occurrence of 

Reported Eoperienced Reported No LCF LCF But Not 

Occurrence Difficoltjeo Occurrence or Whether Detected 

of LCF With LCFD Data Secoeplete SocceoofoJ.ly  

traction Power Faults 

U.S. systems 8 S 1 1 

Outside U.S. 29 10 10 5 

On-Board Faults 

U.S. 	Syntee 7 3 1 1 

Outoide U.S. 28 9 13 - 

SOURCE 	Survey Infor,oation 	 AUTHORS 	N. S. Sager, H. S. Compbell 



rH 

Table S. Reports of traction power system LCFD problems by equip-
ment /device categories. 

United States 	 Outside United Staten 

Systems 	 Systems 	Total No. 

Reporting 	Total No. 	Reporting 	Total No. 

Equipment 	 LCFD 	 of Systems 	LCFD 	 of Systems 

category 	 Problems 	Responding 	Problesu 	Responding 

RBC-Scheroo 

DDL-ACA11 	 - 	 - 	 1 	 17 

PCC-67 

CER?4E 

Siemens SUB 

Rate-of -Rise Relays 	4 	 6 	 1 	 2 

Miscellaneous 

Devices0 	 1 	 2 	 5 	 9 

No Deoicen Used 	 1 	 1 	 1 	 2 

Data incomplete 	 2 	 2 

alocluden rador, ground renistance detectur, SiP, diode in return circuit, 

NOTES: Tranuit properties responding separately for light rail, metro and 

commuter rail appear once for each categury of equipseni devicen 

reported being used. 

SOURCE: Sarney informatins 	 AUTHORS: N. S. Sugar, H. S. caapbeil 

Frequency of Occurrence 

Information on the frequency of occurrence of LCF was 
sparse in the survey. The analysis was primarily dependent on 
Questionnaire Part II returns, and as such on the 17 systems 
who answered the second part of the questionnaire. However, 
detailed information concerning this point apparently was not 
available. 

Two reasons for this can be suggested. First, records on short 
circuits generally appear to be lacking or not complete. Second, 
it is difficult to distinguish unambiguously between LCF's and 
regular short circuits, because the LCFD equipment may op-
erate on a normal short condition. 

With respect to overall short circuit frequency, some respond-
ents gave qualitative replies (such as "rarely"). Some could give 
no estimate, and others provided quantitative estimates and data. 

Forty-six systems furnished quantitative estimates or data on 
their overall short circuit experience, although the systems in-
volved varied widely in size and activity. The data for LCF 
occurrences were provided by only 6 systems. 

It seems likely that LCF rates are understated for several of 
these systems, since they seem to be reporting on particular 
recent problems identifiable as LCF problems. The statistics for 
frequency of fault occurrences are presented in Table 7. 

Location of Reported Faults 

Data on fault location and the remaining items in this section 
are taken from Questionnaire Part II. As noted earlier, responses 
to Part II were limited, with only 17 responses having been 
received. 

Faults were reported on both the traction power system and 
on-board transit cars. The location of the train was often omit-
ted, but examples of on-board faults in tunnels, at grade, and 
in stations were obtained. Traction power system short circuits 
occurred at the substation, at the feeding point, and at various 
distances from the substation. The data are not sufficient to 
allow any generalizations about location; however, most of the 
LCF's reported occurred while the train was in operation, al-
though some were reported as happening while the train was 
stopped at grade or in a tunnel waiting for the automatic signal 
to clear. One system noted that trains starting or "crowding" 
on opposite tracks was a matter of concern. 

Faults On-Board Cars 

Functional locations of on-board faults included: 

Traction motor (flashover, arcing to car body, insulation 
faults, ground faults, accumulation of metal dust, flashover to 
control box). 

Motor-alternator (M-A) set (flashover). 
Fan motor (flashover). 
Car body (arcing). 
Thyristor unit (accidental firing). 
Auxiliary systems (power fault). 
Chopper control (semiconductor overheats). 
Propulsion wiring (ground). 
Silicon control rectifier (shorted). 
Rubber tires' reinforcing wires, at failure, contacting a con-

tact rail (for the systems with rubber tires). 

Faults in Traction Power Systems 

Functional locations of traction power distribution system 
faults included: 

Trolley wire (broken/downed and contacting car and run-
ning rail). 

Contact rail (shorted by base slab reinforcing bars). 
Track side ancillary system (arcing fault between contact 

rail and tunnel liners, arcing to ground via subway structure 
involving contact rail and running rails). 

Car frame (grounded through running rails which are part 
of a negative return system). 

DC positive cable (arcing caused melting of copper cable 
w/insulation resulting short circuit in conduit). 

Arcing across contact rail support insulatorv 

Factors Involving Signal and Communication 
Systems 

There were no reports of any specific effect of low-current 
faults on the signal and communication systems. 

Safety and Hazard Issues 

The questionnaire revealed little direct evidence of hazard to 
passengers or transit employees. Eleven of the 17 systems re- 



Table 6. Reports of major on-board LCFD problems by equipment/device categories. 

Equipment Category 

IISA*L 

No. Systems 	Total No. 

Reporting 	of Systems 

ICP Problemo 	Responding 

Ostside 

No. Systems 

Reporting 

LCPD Probleos 

Total No. 

of Systems 

Responding 

Misc. Devices - 	 1 - 5 

dU/dt and Ai Devices - 	 1 - 5 

Traction Motor Protection Only - 	- 
High Speed Circait Breaker - 	 1 1 4 

Differential Devices - 1 9 

Overcurrent and Overload Relayn - 	 2 1 3 

Reliance on Traction Power 

Systen Equipment 1 	 1 - 6 

No Denim 1 	 2 - 
No Equipment Data 1 	 1 7 9 

(1)Four systems provided equipment data but failed to report LCPD experience 

or had no fault experience. 	One system reported on two types of equipment 

and hence coanted twice. 

(2)Twelve systems provided equipment data but failed to report LCPD experi- 

ence. 	Four systems reported on two types of equipment and are counted 

twice. 

SOURCE: 	Survey Information AUTHORS: 	H. 	S. 	Sagar, H. 	S. Campbell 
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sponding to Part II of the questionnaire checked one or more 
of the following conditions: fire (6), toxic fumes (1), smoke (5), 
or delays (5). Three described damage to equipment. None re-
ported casualties or unsafe conditions. 

These topics are discussed further and placed in context in 
Chapter Three. 

IDENTIFICATION OF FAULT CHARACTERISTICS 

Low-current faults almost always result in a ground fault. 
The fault impedance contains both resistance and inductance, 
and the circuit current is generally expressed in a simple ex-
ponential form, with a time constant equal to L/R. The equiv-
alent resistance, R, of the circuit can be calculated using the 
appropriate physical data of the running rails, parallel power 
cables, and negative returns. The determination of equivalent 
circuit inductance is much more difficult and is generally ca-
tegorized into high inductance and low inductance systems. 

Data on fault characteristics were provided by four systems 
only: SEPTA from the United States; the Metros of Montréal 
and Toronto, Canada; and Tyne and Wear Passenger Transport 
Executive of England. Brown Boveri and Siemens also provided 
fault characteristics data in their material, extracts of which can 
be included in Appendix F. In most of the cases for which data 
are provided, the waveshapes are plotted on a graphic recorder 
or derived from an oscilloscope. They included normal, starting, 
and fault currents against time as well as differential currents 

or di/dt) against time. The data provided by the Montréal 
and Toronto systems include several fault occurrences. 

Table 7. Monthly rate of fault occurrences. 

All Types of 	 Low Current 

Short Circuits 	 Faults Only 

Location of 
Range 	Median 	Range 	Median 

Fault 

Traction Power 

System 	 0-41 	0.40 	0.05-87 	0.10 

Sc-Board 	 0.06-83 	1.65 	0.05-40 	0.60 

SiTu: 1. Table presents the average monthly occurrence of reported 
faults for the period 7/82 to 12/83. Fault occurrence data 
ass duo reported for the sinty month period from 7/76 to 
7/82; median rates for the earlier period are quite close to 
those shows is this table. 

2. Statistics are hosed on 34 systems reporting occurrence rates 
for all types of short circuits and 5 systems reporting LCF 
occurrence rates. The entry for Range is the lowest and 
highest rate in each category for the systems reporting. The 
cedian value is the central rate reported: one-half the sys-
tems report a lover rate and one-half higher. It is used 
instead of the average because of the presence of atypically 
high reported rates that uould teod to make the average un-
representative. 

SOURCE: iarvey Information 	AUTHOR: H. S. Campbell 



The electrical characteristic of a fault is determined not only 
by the type of fault occurring (arcing to car body, sagging and 
arcing trolley wire and foreign body grounding the contact rail, 
etc.), but also by the resistances and time constant of the network 
involved in the fault. Hence, parameteric values and LCF char-
acteristics can vary considerably between different systems and 
for the various types of faults involved. 

For mining concerns, the fault characteristics found were 
similar to those encountered in transit systems. The fault char-
acteristics provided by the utilities included copies derived from 
oscilloscope graphs involving volts vs. milliseconds, frequency 
vs. magnitude of spectral linear component, arcing noise pre-
dominance near phase voltage maximum traces with average 
magnitude of arcing and nonarcing data. The algorithm used 
for calculation of energy over each 60-Hz cycle for an arcing 
fault vs. time was also included. Of course, utility systems are 
three-phase alternating current systems, and require more in-
depth analysis involving single phase to ground and two phase 
or three phase to ground faults as well as complex impedance 
network for analysis. 

EQUIPMENT IN USE BY TRANSIT SYSTEMS 

Although the descriptive information on the LCFD equip-
ment now in use was not always detailed or explicit in the 
responses, it was possible to identify a variety of equipment 
types. They are described in the following. 

Traction Power System Equipment 

A variety of equipment was reported in use in the United 
States and worldwide. These are summarized in Table 8. 

On the basis of the details of the responses summarized in 
Appendix B, it seems that the more recently designed and com-
plex systems are more successful than earlier systems at de-
tecting low-current faults. A comparison of reported success at 
fault detection for the various categories of equipment is pro-
vided in Table 5. 

One-half the systems using earlier or unidentifiable technol-
ogies reported LCFD problems both in this country and abroad. 
None of the systems using more recent and advanced equipment 
reported LCFD difficulties. Of course, these observations must 
be used with care. Among the reasons for caution are: 

The newer equipment will not have been in service as long 
as the older equipment types and have therefore had less ex-
posure. 

There may be engineering considerations, particularly re-
lating to traction power system design, condition of the transit 
system and its operations or fault characteristics that cause some 
systems to be more prone to low-current faults than others. 
These considerations will be addressed in Chapter Three. 

On-Board Car Detection Equipment 

On-board detection equipment is typically supplied by the car 
manufacturer and delivered with the car. However, some transit 
systems outside the United States have reported including com-
ponents and devices in the car control circuits and have taken 

Table 8. LCFD devices reported in use in traction power systems. 

Device 

Devices 

In 

United 

States 

Used 

Outside 

United 

States Remarks 

USC- 
DSL-ACA-ll - 9 

Siche ran 

UBC- 
pCC6?a - 2 

Rcheron 

CEHHEL)CC78 - 2 

Siemens 	3U8 - 6 

Modern di/dt Based as other 
information pro- 

Devices not vided. 	these appear 

to be BBC. Siemens, 

Specifically Sdeoiified - 8 CERIIE dudE devices. 

CEC - Rate-of-Dine - 2 

STE - Rate-of-Rise 8 3 

Misc. Eqoipsent/Devicen 2 ii 

Sane S - 

SOURCE: Survey Seformotion 	 AUTHORS: N. S. Ra5sr, H. S. Compheli 

extra precautions to monitor the values of currents at input and 
output of traction motors, motor-alternator sets, chopper, and 
the car itself. Appendix B includes a summary of responses 
relating to devices used on-board cars. In the United States, 
systems like PATH have also reported providing a prototype 
on-board ground fault device using a dynamic brake traction 
motor protection device and heater fault detection systems. Sys-
tems from Canada and Chile also indicated that their traction 
power system LCFD device protects on-board faults as well. 

Although the data are not completely satisfactory, a variety 
of devices are reported in use in the United States and worldwide. 
LCFD devices reported in use on-board cars are presented in 
Table 9, while a comparison is made of the reported success of 
fault detection by equipment category in Table 6. 

In a follow-up conversation, one transit system official offered 
his general observation that cars procured by some U.S. transit 
systems contain little combustible material and extensive steel 
contents to aid in preventing fires. Thus, in case of a low-current 
fault, the steel at proximity of the arc will melt and vaporize 
until the arc is long enough that it will be extinguished by itself. 
Usually such an incident will not result in a fire, but it will 
generate much smoke. Although it may appear that reducing 
combustible material in subway cars is highly desirable, the 
practice of letting an arc clear by itself (with smoke) is to say 
the least, but not the best solution to cope with LCF. 

METHODS AND EQUIPMENT OFFERED BY 
MANUFACTURERS AND SUPPLIERS 

The major equipment manufacturers and suppliers serving 
rail/transit industries with electrical equipment and devices 
were contacted concerning their product lines. More responses 
would have been helpful, but it is believed that the positive 
responses received did provide enough information for the avail-
able LCFD devices. The detailed data for each device, as pro- 
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vided, are included in Appendix C; however, Table 10 
summarizes the LCFD devices offered by manufacturers/sup-
pliers. 

DEVICES USED BY OTHER INDUSTRIES 

The low-current or high impedance fault is a problem by no 
means restricted to transit systems, since virtually every kind 
of machinery and electrical distribution system can experience 
a low-current fault. The problem has special significance to 
transit (and other transportation systems) because the sudden 
variations in electric load on these systems are diverse and 
similar in nature to fault currents. Nevertheless, the problem 
cannot be considered unique to electrified transit systems. 

Inquiries about the experience of other industries were largely 
concentrated on electrical utilities, where high impedance faults 
can occur on their distribution system network. Texas A&M 
University has performed studies (28, 29, 30) on LCF's for 
utilities as well as mining concerns, which confirms the similarity 
of mining systems with the transit network. 

The utilities' approaches can be summarized (22) in the fol-
lowing work program carried out by Pennsylvania Power & 
Light Co. (PP&L), in association with Westinghouse Electric 
Corp. and the Electric Power Research Institute (EPRI). 

A survey (using questionnaire) of other utilities experienc-
ing LCF problem. 

LCF testing and development of Fault Analysis Program. 
Research studies for solutions offering protective devices 

that were sensitive, discriminative, reliable, secure, economic, 
rugged, relatively simple, easy to apply, and were quickly in-
stalled requiring low maintenance. 

Some of the solutions considered were: 

Mechanical tension sensors. 
Fault enhancers. 
Reflectometry. 
Fiber optics. 
DC injection. 
Electric transients. 
Radio interference noise. 

Some of the relay schemes selected were: 

Ratio ground relay. 
Undervoltage relay. 
Zero and negative sequence overvoltage relays. 
Zero and negative sequence overcurrent relays. 

Fault conditions considered were: 

Normal. 
Single, two and three phase-to-ground. 
One phase open. 
One phase open, supply bus grounded. 
One phase open, load line grounded. 
One phase open, load bus grounded. 
One phase open, supply line grounded.  

Table 9. Major LCFD devices reported in use on-board cars. 

Outside 
United 

USA51  Staten52  Reourku 

Devices of Columbia Components, Inc. 1 - 
TSUDA Fault Selective Device - 
Other di/dt - 
Traction Motor Protection - 
High Speed Circuit Breakers 2 7 

Differential Devices 4 10 locluden devices 
used to modify 
car control 
circuit 

Overcurrent and Overload Relayn 3 8 Includes devices 
used to modify 
cur control 
circuit 

Reliance on Traction 	\ 

Power Systen Protection 1 7 

Other Misc. Devices - 4 

No Device & No Data Reported 2 ii 

51 Foor systems provided eqoipmeot data but failed to report LCFD experience 

or had no fault experience. 	One system reported on two types of equipment 

and hence counted twice. 

*ZTwelve systems provided equipsent data but failed to report LCFD experi-

ence. Four systems reported on two types of equipoent and are counted 

twice. 

SOSRCi 	Survey Information 	 ASTHORi, N. S. Sugar, H. S. Campbell 

The conclusions were: 

The ratio ground relay can be used to detect current un-
balance of the distribution circuits with 80 percent success rate. 

If cost is not a primary factor, sensing of negative sequence 
overvoltage in the feeder and branch circuits is most efficient 
to detect broken/grounded distribution conductors. 

EPRI sponsored projects for high impedance fault detection: 

To define statistical fault parameters. 
To develop an LCFD device based on the third-harmonic 

current. 
To develop an LCFD device based on variations of the 

noise frequency components of the voltage and current waves. 
PP&L and Westinghouse developed a prototype ratio 

ground relay (RGR) following a detailed analog and digital 
modeling. 

An RGR was applied to PP&L Co. feeders and monitored. 
The effectiveness of fault detection reported is 80 to 85 percent. 

Further performance testing of this relay on various PP&L 
Co. system loops revealed a 70 to 80 percent success rate. 

Additional particulars of the utilities' approaches are included 
in Appendix E. 

The U.S. Department of Labor, Office of Mine Safety and 
Health, is actively interested in the LCFD problem from the 
standpoint of mine safety. The Division of Electrical Safety 
(D.E.S.) investigates fires, motor burnouts, and other electrical 



Table 10. Summary of major LCFD devices/equipment offered by manufacturers and suppliers. 

Manufacturer/Supplier Model No. ApprOaisnate Pricea Operating Principle end/or Remarks 

Deoicea/Syotemn for Use in Traction Pacer & Distribution System 

ASEA Inc., 	U.S.A. Pilot Wire U.S.$ 3500 + add'l. Voltage level cooparison type 

Sweden (Mfr.) voltage aenaing coat for pilot wires, X & AC monitoring system 

ocheme installations. 	tames Provided to MTAN.Y., NJDOT, 

Relays and freight Coo Rail. Australian & 

-RL Aostriao Systems 

-ROME 

-RXEL2A 

-RADHL 

Brown Boveri Corp. • DDL Relays Can.$ 5000 . Warks an di/dt, 	At and fined 

Canada E-26 for DDL-ACA-ll time net principles for tripping. 

BBC-Schnrnn E-46 Relays Predominantly reported being used 

Switzerland (Mfr.) EN Prices for other in overseas tranint ayntemn. 

RCA relays not pro- 

PCC-67 vided 

ACA-Il 

Moidensha Elect. Tanda Elect. Mfr. PE-13 $3700 . A lang list of c05000ers pro- 

MUg. Co. Co. of Japan, (FOB Japan) vided; which included pablic. 

Japan (Supplier) Mfrd. private, gsvernment railroads, 

Pault Selective AT-2F $8000 utilities. 

Device Model (FOB Japan) Work an At and di/dt principle. 

Ft-l3 

Pdr. Current 

Ama lyn in 

Device 

Model AT-2P 

Mitsubishi Electric Tawda Electric PSR deoice See shave 

Corp., Japan HErd. 	Device JPn795000 

(Supplier) Pt-I) Fault detector 

JPVII95000 

Siemenn Electric 358 rute-of-rine Can) 7210 or . Being used in conjunction with 

Canada trip anneobSy nil 6000 Sieeevn nscs 

Sienenn-Ailin, 3UB51 relay plan ivntal- . Workn on di/dt principle 

U.S.A. 	• 3Un544 trans- lotion taxen 

farmer A freight 

itC Rate-of-Rine $hOO for either 3i-IA Reported provided to 

relay, 	plun in- South American systemn 

- stallation, etc. 

Traanminuinn & Relay Model 31-lA 5 iTl-i Reported provided to 

Diatribution Inverne time Prlceo for pilot tvgiinh and Snuth Americun 

Prujectn - England Relay ITR-1 wire relaying nynteon 

ingfloh Electric sPulot wire volt- nchene not pru- Pilot wire nchene reported 

Corp. 	- U.S.A. age aennini scheme aided provided to Oung tang MTRC. 

I1] 



Table 10. Continued 

Manufacturer/Supplier 	 Model No. 	Approximate Price* 	Operating Principle and/or Renarku 

Devicen/Syatemo for Use 00-Board Cars 

11 

ASIA, Inc., U.S.A. 	oovercurrent 

Sweden 	 ground relays 

Model BASK-i 

eArc monitor 

TVOA for 

traction 

motors 

oBrown Boveri. Canada 0HSC8 Type UR-12 

oBHc-Sdcheron, 0HSC8 Type UR-6 

Switcerlond 

Columbia Components aGround fault & 

NJ, 	U.S.A. dynamic brake 

traction motor 

protection 

oaeater fault 

detection sys- 

tem 

$221/relay 	 • Highly sensitive relays 

$SOO/onit or 	 • Offered for wlthin the gear 

less 	 installation to detect arcs 

in traction motors 

Price not provided 	• Operates on di/dt principle 

depends upon time constant of 

the protected circuit 
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system problems, performs physical inspection, and obtains volt-
age and current readings, as well as developing computer sim-
ulations. The Berkely Laboratory of D.E.S. is also concerned 
with equipment acceptance criteria. The emphasis at D.E.S. 
appears to lie more on encouraging a high level of trolley systems 
maintenance rather than on the LCFD devices. 

The U.S. Bureau of Mines Office of Research also takes an 
active interest in LCFD from concern about mine safety. Bureau 
of Mines spokesmen believe that the majority of mine fires are 
due to ground faults in the mine traction power system. The 
Office of Research recognized that the problem is a difficult 
one, and instead of attempting to improve existing or state-of-
the-art ground fault protection relaying with its inherent limi-
tations, devoted their resources to developing more advanced 
systems. Some of the projects reportedly funded by this office 
are the following: 

A project in 1976 developed a device or system that made 
use of an audio-frequency signal imposed on the dc traction 
supply. A short circuit to ground would sharply reduce the 
impedance seen by the audio signal. This project was apparently 
technically feasible, but was not carried on to the point of 
implementation, reportedly because of the cost ($50,000 per 
substation) and concern about manufacturer's liability. 

Development of a discriminating circuit breaker. 
More recently, work on a system incorporating a micro-

processor was initiated, but this project has been discontinued. 

Other approaches used to mines railways include: 

Use of a timed overcurrent device. 
Use of 600V dc di/dt device for 300V dc system. 

These projects did not proceed to the point of completion 
and implementation, according to the information provided. 
However, additional details are included in Appendix E. 

RESPONSES FOR DEVICES AND METHODS 
RECOMMENDED BY PROFESSIONAL 
ASSOCIATIONS 

From about 30 professional associations contacted within the 
United States and other countries, the research team received 
three positive responses, of which two were referrals to other 
organizations. These latter provided LCFD device information. 
The third responding was the IEEE, T&D Committee, which 
has a working group on high impedance faults that was created 
in 1983. 

The group provided very valuable information on LCF de-
tection in utilities, which was discussed earlier in this chapter. 
The pertinent details of responses from professional associations 
are included in Appendix D. 
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CHAPTER THREE 

INTERPRETATION, APPRAISAL, APPLICATIONS, AND 
IDENTIFICATION OF METHODS AND EQUIPMENT FOR 
LOW-CURRENT SHORT-CIRCUIT DETECTION 

GENERAL 

This study was designed to document present practices for 
LCFD and, if possible, provide definitive answers to a number 
of questions: 

Is there widespread recognition of the LCF problem? 
Are undetected LCF's perceived as a serious or poten-

tially dangerous situation? 
What components or systems give rise to on-board LCF's 

most frequently? 
What causes LCF's on the traction power system most 

frequently? 
What are the electrical characteristics of the LCF's? 
What particular systems characteristics tend to be fre-

quently associated with LCF's? 
What LCFD devices are in use? 
What is industry's experience with this equipment? 
What LCFD devices are offered from suppliers to the 

transit industry? 
Have industries other than the transit industry developed 

equipment or approaches that might be transferable? 

For questions 1 to 8 the survey of transit systems throughout 
the world, supplemented by knowledge gained through discus-
sions with transit officials and manufacturers representatives, in 
conjunction with the engineering background of the project 
team, provided most of the answers. 

Question 9 is addressed by the survey of manufacturers and 
professional or industry organizations relating to rail and transit; 
question 10, by the survey of other industries and professional 
or industry organizations relating to other industries. 

The data reported in these surveys are presented in Chapter 
Two. In this chapter the findings are amplified, interpreted, and 
evaluated. 

REVIEW OF TRANSIT SYSTEM EXPERIENCE 

Extent of Low-Current Short-Circuit Problem 

That the low-current short-circuit problem is pervasive is 
indicated by the fact that 68 percent of the systems responding 
have experienced LCF's, and 38 percent of those had some 
difficulty detecting them. All of the U.S. systems responding 
had experienced LCF's. More interesting still are three related 
findings: 

.1. U.S. transit systems report more difficulty with LCFD 
than do the systems of foreign countries. 

The approach to LCFD by U.S. systems uses older con-
cepts and equipment that were never in use or were considered 
obsolete in other countries. 

Those foreign systems that did report LCFD problems 
were generally using equipment based on the earlier principles, 
i.e., similar to those in use in the United States. 

These observations are much clearer for traction power system 
LCFD equipment and experience than for LCFD equipment 
being used on-board cars. The majority of transit systems in the 
world have low-current faults, but only one-third of the systems 
reported detection problems in their traction power system as 
well as on-board cars. Over one-sixth of the transit systems 
reporting problems on-board cars did not report anything about 
the equipment installed in their cars. Excluding those transit 
systems that did not respond, it appears that other countries' 
success at LCFD is somewhat better than the United States', 
just as their concepts and equipment are more modern and 
represent the state of the art. 

The project staff also investigated the question of whether 
there are system characteristics or operational reasons aside 
from the type of detection system in use that might account for 
success or lack of success in LCFD. 

Though the survey questionnaires were designed to receive 
as much system operating and design information as possible, 
the evaluation of the survey revealed no general relationship 
with fault frequency or detection success. At the broad level of 
investigation possible with reported data, the type of LCFD 
device/equipment or lack thereof represents the primary cause 
of detection problems. 

Safety and Hazards, Damage, Delays and 
Disruption 

/ 
Part II of the questionnaire includes questions about "unsafe 

conditions" (presence of fire, smoke, toxic fumes) and delays. 
The responses to these 4uestions varied, some reporting one or 
more of the "unsafe" categories and delays, some delays only, 
and still others left these questions unanswered. Of the eight 
responding to this set of questions, three reported delays only, 
one reported no delays or unsafe conditions, four reported oc-
currence of fire, and one reported serious damage to a rectifier 
unit. Two systems reported hazardous conditions in addition to 
fire. Although this is a regrettably small set of data, the results 
for those who reported are entirely in line with the expectations 
of the research team. Most short circuits, even low-current faults 
result in some damage and must be considered potentially haz-
ardous. 

It is generally recognized that although serious incidents due 
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to fire have been rare, the potential exists, particularly in un-
derground systems. Whether a short circuit gives rise to a life-
threatening situation depends more or less on an accidentally 
determined set of circumstances: how crowded was the train, 
where was the train when the problem occurred, how quickly 
was assistance provided, how the transit facilities allowed emer-
gency evacuation, and so on. Regardless of the cause, although 
emergency services are available, transit systems could experi-
ence some casualties and/or service disruption. The disruption 
could range from 5 to 10 mm, to several months, depending on 
the extent of damage. The frequent nondetection of LCF re-
sulting in either of these situations could easily earn a bad 
reputation for any transit system. 

The significance of electrical faults as safety hazards can be 
obtained from reports or investigations of all transit incidents. 
For example, the National Transportation Safety Board (NTSB) 
published two recent reports of transit incidents involving fire 
and smoke, an evident hazard to riders, transit staff, and safety 
personnel (19, 20). These reports briefly summarize the findings 
of an investigation of 12 major incidents on these transit systems. 
All those incidents involved electrical fires. From the infor-
mation presented, it appears that in one case only a dc feeder 
breaker in a traction power substation did operate to deenergize 
the system. The other cases apparently were "low current 
faults," i.e., the fault current was not large enough to operate 
the protective relays or series trips on the traction power system. 

In the NTSB summary reports, the protective relaying systems 
did not become an issue in the investigation. A review of the 
NTSB's recommendations shows concern about a number of 
highly important questions—including transit management's 
ability to both recognize dangerous patterns of equipment mal-
function and to institute preventive maintenance or redesign, 
the flammability ,  of materials used in the cars, and, most im-
portantly, the planning and procedures for dealing with emer-
gencies when they occur. (It is important to note that these 
examples are not intended as a summary of the 46 conclusions 
and 48 recommendations of these two reports.) It seems evident 
that the ability of protective relaying equipment on the car and 
at the substation to sense fault conditions and deenergize the 
equipment involved should also receive attention in an inves-
tigation of a life-threatening fire. This leads to the inevitable 
conclusion that engineering and testing of low-current fault 
detection systems should become a major element in safety 
assurance programs. (The exact way in which protective relaying 
is integrated into the overall safety engineering plan may require 
study. For example, one aspect of the problem to be considered 
is, judging from the accounts in references (19) and (20), that 
it may be necessary to move a train which is burning to a location 
where passengers can be evacuated. This implies a high quality 
LCFD device that can shut down only the car actually involved, 
leaving the remaining cars in the train able to move under 
control. The desirability to move the car may be another subject 
of debate. An LCF on the traction system is still another matter. 
Safety considerations must dictate what actions to be taken when 
the fault is detected.) 

With respect to property damage, some types of damage to 
cars and tunnel walls were described in the responses. It is not 
possible to estimate costs from this information, but the damage 
does not seem to have been severe. The costs associated with 
major fires can, of course, be very high. The National Trans-
portation Safety Board (NTSB) (20) reported that between Jan- 

uary 27, 1979 and December 22, 1980, the New York City 
Transit Authority experienced 66 motor control group "heavy 
burn ups" on the IRT Division. In their report, NTSB suggests 
that inadequate inspection and maintenance were the contri-
buting causes; however, adequate LCFD equipment might have 
reduced damage and achieved substantial dollar savings. 

METHODS AND EQUIPMENT REPORTED IN USE 
BY TRANSIT SYSTEMS 

On the basis of the responses, the following are the methods 
and devices reported being used in the worlds' major transit 
systems. 

Devices and Systems Being Used in Traction 
Power Systems 

Load measuring system. 
Timed and instantaneous overcurrent protection. 
Pilot wire scheme. 
James A. Biddle ground detector device. 
Lead sheath protection system. 
Devices working on change of current (txi) principle line 

fault detector of BBC-Sécheron, and fault selective device and 
dc feeder current analysis device both of Tsuda Electric Co.). 

Devices working on rate-of-rise of current, di/dt, principle 
(ITE-76T of BBC-Gould-ITE, PCC-67a of BBC-Sécheron, 3UB 
rate-of-rise trip assembly of Siemens, DCC-78 of CERME). 

Unbalanced current

I 
As used by the London 

protection 	 Transport Executive of 
Earth potential detector 	England (LTE) 

Fixed high frequency superimposing technique (details un-
defined). 

Electronic protection (details undefined). 
Diode in negative return circuit—diode becomes conduct-

ing on the increased ground potential, provides instantaneous 
alarm and indication. 

Devices and Systems Being Used On-Board Cars 

High-speed circuit breakers. 
Differential relay/ground differential relay. 
Instantaneous and time overcurrent devices (overcurrent 

braking relay and overcurrent field exciting relay). 
Current overload relays (current overload ground relays, 

motor alternator set overload relay, braking overload relay, 
overhead series and parallel relay, overload control relay). 

Fuses. 
Contactors with internal overload. 
Current sensors in the car control circuits. 
Charged coach detector (details undefined). 
Chopper current monitoring devices in car cabin. 
Contactor box excess heat detector (details undefined). 

The project staff reviewed a wide variety of responses, some 
of interest are as follows: 

Though some systems report that no true LCFD device is 
in use and that cars are protected only by differential relays in 
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addition to fuses, on-board LCF's, as well as LCF's in traction 
power systems, were detected. 

Two systems with older facilities and equipment satisfac-
torily detected LCF with the ITE rate-of-rise (76T) relay. A 
third system with newer equipment, and the fourth system with 
older equipment, are in doubt as to whether the ITE-76T relays 
detect the low-current faults. 

High-speed circuit breakers on-board cars were reported 
detecting LCF's satisfactorily on two systems, while one similar 
system reported them functioning unsatisfactorily. 

A system having a grounded return current system with 
considerably long contact rail sections (up to 5 km) using the 
3UB type rate-of-rise trip assembly reported difficulty in de-
tecting LCF's in the traction power system, as well as on-board 
cars. Another system with similar parameters, except with an 
ungrounded return current system, detected LCF's on the trac-
tion power system. However, neither system reported that they 
could detect on-board faults using a 3UB device in the traction 
power system. 

Pilot wire voltage sensing relaying seemed to be working 
satisfactorily in one older system, although the newer Hong 
Kong metro system reported difficulty in detecting LCF's. How-
ever, there are no reports of a pilot wire scheme detecting on-
board faults. Unless a new system is being constructed, the 
economics of retrofitting an existing system with a pilot wire 
scheme are not favorable. Some transit systems report using 
fiber optic cables for transfer tripping functions to avoid an 
interference effect, which is often encountered in hard wired 
schemes. 

The London Transport Executive has applied unbalance 
current protection (UCP) and earth potential detection (EPD) 
schemes for low-current fault detection. They are performing 
satisfactorily for LCF's in traction power systems, but there are 
no reports of their performance for LCF's on-board cars. The 
UCP and EPD schemes perform well even under conditions of 
crowding of trains in the same section or starting in opposite 
directions at the same time near a substation. Here again, the 
LTE system, unlike U.S. transit systems, uses two running rails 
and two contact rails, resulting in a completely ungrounded and 
isolated system. 

The line fault detector, DDL-ACA-1 1, and the di/dt relay 
model PCC-67a, are devices offered by BBC-Sécheron. None of 
the U.S. systems reported using such devices. They are highly 
rated by the transit systems outside the United States, with the 
exception of the Tornoto Transit Commission (TTC) of Canada, 
which expressed otherwise. TTC conducted tests of DDL-ACA-
11 relays in two phases, the first on its new Scarborough line 
and the second in its longest section of a mass transit line. The 
project staff was verbally informed that DDL-ACA- 11 relays 
did perform satisfactorily for all cases of faults except for the 
detection and clearing of arcing faults. This could be a situation 
where the sensitivity range modification may be required for 
the TTC system; however, BBC-Sécheron has not completed 
the study of the rl'C problem. The PCC-67a relay has been 
applied on metro systems with rubber tires. The device is re-
portedly shared by four negative contactors in existing substa-
tions with train operating on a 2-min headway in Montréal 
Metro. The PCC-67a relay can be used on partially or fully 
grounded and floating return current systems. The Montréal 
Metro is scheduling a thorough testing of the DDL-ACA- 11 in 
the near future prior to its adoption in place of PCC-67a relays 
in dc positive feeders of its network. 

The DDL-ACA device performs most of the functions of 
PCC-67a, but it is described by the manufacturer as the latest 
model, embodying state-of-the-art techniques. The device works 
on the 6i principle and is relatively inexpensive. (It is of interest 
to note that in a telecon with BBC-Sécheron, MAIN was in-
formed that after the testing mentioned in the comment, the 
DDL-ACA device was modified to include the option of inter-
rupted arc protection. With this change the manufacturer con-
firmed that both devices will have similar functions.) 

Technical data of major detection systems reported appear in 
Appendix F. Because no information was provided for custom 
devices by transit systems reported using them, their technical 
data were excluded from Appendix F—similarly for fuses and 
contactors because they are used universally in many applica-
tions and their technical data can easily be made available. 

With respect to on-board car protection, the majority of newer 
cars come equipped with high-speed circuit breakers, possibly 
working on the di/dt principle, differential and overcurrent 
devices. 

Some transit systems seem to be searching for a solution by 
analyzing car control circuitry. Some of the devices reported 
being used to modify the control circuit for early detection and 
protection of on-board faults are: 

Current overload ground relays. 
Motor overload relay. 
Motor-alternator set overload relays. 
Braking overload relay. 
Overload series and parallel relay. 
Overload control relay. 
Overcurrent braking relay. 
Overcurrent field exciting relay. 
Overcurrent control relay. 
Car current differential relay. 
Ground current differential relay. 
Motor current differential relay. 
Chopper current differential relay (for input and output). 

Some of these devices are noted as being installed in older 
cars as well as being furnished with new car procurement. 

There are reports of one small U.S. manufacturer, the Co-
lumbia Components, Inc., who has developed a fault detection 
system for ground faults and dynamic brake traction motor 
protection as well as for heater fault detection systems. PATH 
and New York City Transit Authority verbally reported sepa-
rately from the survey that they were pilot testing these devices, 
and PATH confirmed their satisfactory performance. However, 
information and data were insufficient to permit evaluation. 

METHODS AND EQUIPMENT OFFERED BY 
EQUIPMENT MANUFACTURERS 

Table 10 in Chapter Two highlighted the major devices and 
methods offered by manufacturers and suppliers throughout the 
world. Most of the overseas manufacturers/suppliers have U.S. 
offices. 

There seems to be a lack of activity in the LCFD field by 
U.S. manufacturers, as none of them have responded to the 
questionnaire. It is possible that U.S. electrical equipment manu-
facturers do not see a sufficiently attractive market for these 
rather specialized detection devices and hence often debate 
whether or not to spend their funds in research and development. 
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A number of unusual systems are reported in use, e.g., a radar 
system, a lead sheath protection system, fixed high frequency 
superimposing techniques, electronic protection, and so on. No 
specific description of the principle of operation for these systems 
was provided. They appear to have been specifically designed 
for the system involved, possibly by the system's own staff. It 
is impossible to assess these devices at this time. 

The manufacturers' cost comparison and reported effective-
ness in application can be made of devices offered by BBC-
Sécheron, Siemens, Meidensha Electric, Mitsubishi, ASEA, and 
General Electric Company of England (GEC). The pilot wire 
scheme is comparable in cost to the DDL-ACA relay and PCC 
relay, both of BBC-Sécheron, and the 3UB trip assembly of 
Siemens. It cannot be determined from survey information 
whether the pilot wire scheme, the Siemens 3UB device, or the 
GEC rate-of-rise relays cover on-board faults as well. 

As far as simplicity of adjustment and operation is concerned, 
pilot wire voltage sensing would seem to present no difficulties 
and there are reports of it being used by Long Island Railroad 
and New York's Metropolitan Transit Authority in the United 
States. 

BBC-Sécheron devices seem to be more complex, although 
reported more widely used than Siemens 3UB rate-of-rise trip 
assembly. The reported experience in Canada and South Amer-
ica reveals that "BBC-Sécheron devices are operating perfectly 
for almost all categories of faults." The device has been modified 
for the interrupted arc circuit sensitivity feature for one transit 
system. This feature has more importance in systems with rubber 
tires. 

Apparently the purchase price of a PCC device is almost five 
times more than a DDL-ACA- 11 device; however, it seems that 
the DDL-ACA- 11 is preferred over the PCC-67. Although there 
are mixed reports of the effectiveness of the 3UB trip assembly 
device from the European systems, in general, its performance 
seems to be comparable to that of the DDL-ACA- 11 device. 

For on-board fault detecting devices, those most frequently 
reported being used are: 

High-speed circuit breakers (HSCB). 
Differential devices. 
Overcurrent devices. 
Overload devices. 

HSCB, offered by the BBC, which operates on the di/dt 
principle, is thoroughly discussed in Appendix F. 

Other on-board detecting devices, with the exception of the 
one offered by the Columbia Components, Inc., seem to have 
been designed and applied for individual system parameters and 
operating policies or philosophies. 

A cost analysis could not be performed because of lack of 
cost information of all on-board detection equipment. However, 
the most commonly used on-board devices can be purchased 
off-the-shelf from various electrical equipment manufacturers 
involved in the rail/transit field. 

METHODS AND EQUIPMENT REPORTED IN USE 
BY OTHER INDUSTRIES 

Utilities and mines report low-current fault problems on their 
power distribution systems that are similar to the transit system 
LCF problems. 

Electric utilities have similar power distribution systems to 
transit systems, in the cases of long single phase distribution 
feeders. The general exceptions are: 

Utilities have smoother loading cycles, unlike the train 
loads. 

Most of utilities' distribution is of 3-phase ac and radially 
connected. 

Generally the faults require a more complex analysis than 
in those occurring on dc transit systems. 

The broken conductor situation can easily create low-current 
faults and safety and hazard concerns. Some details of analysis 
are discussed in Chapter Two and in Appendix E. The step-by-
step approach to finding the LCFD solution comes very close 
to the approach the transit industry must follow. 

Electric utilities have used system analysis, digital modeling, 
and prototype development, and have performed field testing 
to find a device which could satisfy their system reliability 
requirements. EPRI-sponsored work for the utility industry in-
vestigated the development of detecting devices using higher 
audiofrequencies, presumably similar to those which have been 
reported in use on transit systems in Europe without accom-
panying much detail. 

Other devices tested monitored the current increase or rate-
of-rise of current during ground faults similar to some of the 
detecting devices now available to transit systems. 

The mining industry, on the other hand, has a very similar 
problem in the detection of low-current faults, as the transit 
system. In addition, the ramifications resulting from failure to 
detect are much like the hazard conditions that short circuit 
and any resulting fire may produce in transit tunnels. 

Governmental agencies concerned with mine safety have un-
dertaken several research projects with similar objectives. They 
have pursued audiofrequency and high-frequency techniques 
and also addressed the possibility of using discriminating circuit 
breakers, the details of which are included in Appendix E. 
However, these projects are reportedly nonconclusive or were 
never completed. 

ANALYSIS OF INFORMATION PROVIDED. BY 
PROFESSIONAL ASSOCIATIONS 

The survey of professional associations reported very little 
information of interest to the transit industry about activities 
or studies undertaken or sponsored by them, which could be 
utilized for the U.S. transit systems. 

The IEEE, T&D Committee, however, does have an active 
working group on high impedance faults. The chairman of the 
group and other group members provided the project with most 
of the information on LCFD or studies by utilities as discussed 
earlier. Further details are presented in Appendix E. 
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CHAPTER FOUR 

REVIEW OF FINDINGS, CONCLUSIONS, AND 
RECOMMENDATIONS 

Chapters Two and Three discuss in detail the information 
provided by the surveys. The general and specific conclusions 
to be drawn from a review of the findings discussed in those 
chapters are summarized as follows. The discussion in the re-
mainder of Chapter Four contains suggestions for improving 
LCFD operations and maintenance practices and includes, as 
well, recommendations for developing programs to improve 
LCFD in the U.S. 

GENERAL CONCLUSIONS 

Several general observations supported by the survey data are 

A variety of LCFD devices, systems and practices were 
reported in use by worldwide transit systems. See the subsection 
entitled, "Methods and Equipment Reported in Use by Transit 
Systems" in Chapter Three, for a detailed discussion and de-
scription. 

From the reported system experience the equipment varies 
in effectiveness, more modern devices performing better than 
older devices. 

U.S. systems generally use devices based on the earlier 
designs, and they report less success in general than do systems 
outside the United States that use state-of-the-art devices. Sys-
tems outside the United States that use older devices report less 
success with LCFD. 

Several transit system parameters were analyzed in a search 
for a possible relationship with LCF characteristics and the 
LCFD devices used. Some of the LCF characteristics considered 
include: 

Grounded vs ungrounded system. 
Track sectionalization and track bonding arrangement. 
Contact rail types and feeding arrangement. 
Train headway. 
Age of the transit system. 
Frequency of LCF's and other short circuits. 

The project staff used all possible avenues—personal and 
professional contacts and exhaustive efforts—to collect the data 
on the various types of LCFD devices available and being used 
worldwide. However, it was not possible to form useful gen-
eralizations for a relationship based on the analysis of such data. 
This may partly be because the LCF occurrence frequency data 
are limited and partly because the number of system configu-
ration variables is large. In addition, no information was gath-
ered on such factors as equipment design defects and on the 
state of maintenance. These factors probably have an important 
impact on fault occurrence frequency. Nevertheless, the power  

system data which were provided were useful in interpreting 
the fault information in several instances. 

Some potential for ambiguity in the design objectives for 
LCFD devices was also noted. Detection on the traction power 
systems and that on-board transit vehicles are typically viewed 
as separate fault detection problems; ideally the traction power 
and on-board systems should be analyzed simultaneously. Some 
systems depend on traction power devices for on-board protec-
tion which may have some merit from the initial engineering 
and cost standpoint. On the other hand, it might be argued 
from the standpoint of safety and reduction of delay that an 
ideal fault protection system would allow faulty cars to be iso-
lated and deenergized while permitting the unaffected cars of a 
train to be operated. Broad considerations relating to systems 
as a whole, of which this is an example, suggest the value of 
comprehensive design objectives, integrated design, and testing 
of the entire fault detection system. 

SPECIFIC CONCLUSIONS 

The following findings are derived from consideration of the 
survey data, and the analysis of that data and the detailed 
underlying information. 

Alternative traction power LCFD devices can be compared 
with respect to effectiveness in actual operational situations, and 
significantly improved performance can be expected through a 
combination of equipment selection, system design, and testing 
on the system. 

The on-board fault detection history, as reported, presents 
a less satisfactory picture than does traction power LCFD from 
the standpoint of identifying promising LCFD approaches. The 
LCFD systems of recent design appear to be somewhat more 
effective in on-board fault detection, however; but philosophies 
or objectives appear to vary. Some transit systems rely com-
pletely on devices installed in the traction power system and do 
not attempt LCFD with on-board equipment; others employ a 
variety of devices in combination. 

On the basis of the analysis of responses, the following 
devices/systems seem more significant and promising. 

Traction power system LCFD devices that appear to per-
form well on a variety of transit systems outside the United 
States and the United Kingdom are solid state ti and di/dt 
devices. The most prominent devices include the BBC-Sécheron 
DDL-ACA- 11 and PCC-67a, and the Siemens 3UB trip assem-
bly. 

On-board devices that appear to work well are described 
as differential protection devices—relay devices that compare 
the difference in current flowing between two or more points 
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in the motor and controller circuits. Differential devices are 
often reported being used in conjunction with fuses, overload 
relays, overcurrent devices, and lately with the on-board HSCB 
on di/dt principle. 

It is difficult to assess the benefit of improved LCFD 
equipment / methods quantitatively. However, the survey results 
and other documents present accounts of damage incidence and 
possible hazard to human life. This should provide a strong 
motivation for further development and upgrading of LCFD 
systems in the United States. 

System delays and disruption were rarely reported in the 
survey responses though it seems evident from other sources 
that undetected LCF can be a source of very significant delays. 

SUGGESTIONS REGARDING OPERATIONS AND 
MAINTENANCE 

From the survey results and follow-up conversations, it ap-
pears that the frequency of faults and the severity of the resulting 
unsafe conditions can be markedly affected by the state of main-
tenance and house-keeping operations on the transit systems. 
The following excerpts of steps taken by various transit operators 
are suggested for consideration in improving operations and 
maintenance practices regarding LCFD: 

Maintenance programs to keep the stations and tunnels as 
clean as possible (for newer subways, cleaning after each rush 
hour has proved to be very effective). 

Control of metal dust by periodically removing it. 
Maintenance programs to check cars (especially under-

neath) for: condition of current collector shoes, connections and 
miscellaneous wiring; and periodic cleaning of all welding, which 
has been reported to cause flashovers in the commutator motor 
as well as in the motor-alternator set. 

Monitoring of current per car, current per motor, current 
differential, and the difference of chopper input and output 
current in the car-operator cabin during operation for any in-
dication of change from normal values. 

The NTSB recommends increased emphasis on reporting 
of maintenance incidents and, presumably, operation of breakers 
from short circuits. This should be complied with increased 
management attention to identifying and correcting problem 
equipment or operational practice. 

Requirements such as the foregoing may reduce the number 
and severity of LCF's and justify relatively simple and less costly 
LCFD approaches. 

PROGRAM RECOMMENDATIONS 

It is a fact that the Agency can make its own decisions within 
its constraints. However, it is recommended and is critical that 
efforts to improve LCFD in the United States by installing one 
of the newer devices or systems should be preceded by a 
thorough analysis of system parameters and operating charac-
teristics followed by a systematic testing program. The process 
and procedures of the system analysis and testing program com-
prise an important and demanding assignment. 

Initiatives available include the following. 

Development of standards and guidelines to assist U.S. transit 
systems in designing and carrying out a system analysis and test 
program for LCFD. The development of guidelines for assessing 
the present system, performing a rigorous, individualized cost-
benefit analysis, and determining suitably broad design objec-
tives should be included. The experience of transit systems such 
as metros of Toronto, Montréal, Paris, and Santiago, where 
extensive test programs have been conducted, would be relevant 
and valuable. A paramount concern in establishing system de-
sign objectives would be safety enhancement. 

Fund a system analysis and test program in cooperation with 
a U.S. transit system. Such a program would be more compre-
hensive than might be possible for a self-sponsored test by a 
transit property. More alternatives might be considered, and 
detailed test reports would be made available to the industry. 
The criteria for selecting a system for a testing program might 
include: 

The availability of a mix of metro and light rail service. 
A range of ages in the transit system and their facilities. 
Types of traction power and distribution system equipment 

and rolling stock. 
A dedicated interest on the part of transit system owners/ 

operators towards improving LCFD means. 
Requirements for identifying fail-prone on-board compo-

nents and the procedure for their monitoring. 

The following should be considered in developing a testing 
program for a selected device: 

Continuous automatic monitoring and analysis of each 
current increase, rate-of-rise of current, time values for their 
persistance and time delay settings, etc., during the transit sys-
tem operation. 

Continuous comparison of parameters such as mentioned 
in item 1, possibly using computer simulation, with memorized 
signature values having allowable limits that were set based on 
the operating characteristics, philosophy, and operating policies 
of a transit system. 

Evaluation for a fail-safe, self-locking and the means of 
indication for an LCFD device. 

Evaluation of the train performance model for the possible 
inclusion of an LCF input to provide insight into the expected 
frequency and location of LCF's arising from operations or 
malfunctions. 

The motivation for the test program, or with the design and 
test guideline development, is damage reduction, delay reduc-
tion, and most importantly, safety enhancement. 

ALTERNATIVE SYSTEMS FOR LCFD 

In developing a program for LCFD improvement, whether 
undertaken privately, as a joint governmental transit operator 
project, or as a wholly governmental study, a thorough testing 
program should be planned after carefully reviewing a transit 
system specification and operating characteristics within their 
allowable constraints. Several alternative systems should be 
studied and assessed. These alternatives for application in the 
traction power system are described below in order of decreasing 
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complexity. The options for on-board LCFD devices should be 
assessed simultaneously. 

LCFD in Traction Power System Application 
Alternative 1: Solid State Li and di/dt Devices. Solid state 

devices on the Ai and di/dt principle are offered by several 
manufacturers in Europe. Most of them maintain and serve the 
U.S. market from their local U.S. offices. These devices are 
available in varying complexity; however, careful analysis and 
planning will be required for a transit system considering an 
application. A proper di/dt or ii device should be selected 
following a thorough testing involving bolted, arcing, and high 
resistance faults in the worst possible situation. These devices, 
as recommended by the manufacturers, can be used for any and 
all combinations of transit systems of varying characteristics 
and parameters. The major di/dt and Ai devices successfully 
being used outside the United States are discussed in detail in 
Appendix F. 

Alternative 2: Pilot Wire Scheme. Installation of a pilot wire 
system may be quite economical when a new route is under 
construction and pilot wires can be installed in the right-of-way 
without great expense. The pilot wire system can be used for 
either voltage and current sensing. It is simple in application 
and maintenance. See Appendix F for details. There have been 
some reports of misdetection with this system which may have 
been related to operating practices. 

Alternative 3: Unbalanced Current Protection in Conjunction 
With the Earth Fault Potential Detection. For the systems with 
no present LCF protection, this could be the most economical 
approach if its present return current system is ungrounded and 
isolated. Unbalanced current protection, in conjunction with  

earth fault potential detection, is reported to function well for 
protection against traction power system low current faults. The 
details of the system are discussed in Appendix F. 

LCFD for On-Board Application 
The following are possible devices/methods that can be con-

sidered for on-board car detection schemes. 

Modification of car control circuitry to use differ-
ential devices, overload relays, and overcurrent devices. 

Monitoring various current differentials and training 
operators to recognize and respond to normal and emer-
gency indications in the operator's cabin. 

Use of microprocessors to recognize departure from 
the normal signature. 

Application of specialized devices such as the 
Ground Fault and Dynamic traction motor protection 
and Heater Fault Detection system which was reported 
being pilot tested by the PATH system. 

The foregoing suggestions for equipment testing incorporate 
existing devices and approaches. This was the basic objective of 
this research project. The survey strongly suggests that an LCFD 
problem cannot necessarily be solved by procuring and installing 
a "black box": it is highly advisable to analyze the fault problem 
and plan a comprehensive implementation program including 
testing and system changes as necessary. Further, it is considered 
imperative to approach the problem from broad design objectives 
that will look at both traction power and on-board detection to 
assure that the overall improvements in fault detection capa-
bilities result in optimum benefits in enhanced safety and prop-
erty loss reduction. 

APPENDIX A 

SURVEY QUESTIONNAIRES AND FORMAT LETTERS 
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Your assistance will be very important to our success of 
this project. Your cooperation will be most highly ap-
preciated,. 

Date 

SUBJECT: Detection of Low-Current Short Circuits 

Maine and Address of 
Transit Authority 

Attention: Enyineering Department 

Dear Sir: 

Chas. T. Main, Inc. (MAIN) is conducting a research 
study in the area of electrical fault detection systems 
presently in use of electrified transit and rail systems. 
A more complete but nevertheless brief statement of low-
current short circuit problems is attached herewith for 
your further information. 

This work is being performed for the National Academy of 
Sciences (Subcontract No. TR43-1) under the National 
Cooperative Transit Research Program. 

Our objective in this project is to assemble relevant in-
formation on how the transit operators are dealing with 
such low level faults on their system. We will be con-
ducting a detailed survey of this problem worldwide through 
the International Union of Public Transport using a survey 
instrument similar to the one enclosed here as the test 
survey questionnaire. 

We are asking several transit systems to assist us by corn-
pletiny this test (or draft) questionnaire and noting its 
shortcomings or any difficulties it presents. These com-
ments will be reflected in the final version, which will 
be sent to all transit properties. 

Please return the completed questionnaire, with your com-
ments, in the envelope provided. If you think you or your 
division are not appropriate for this inquiry, please for-
ward it to the respective personnel or division in your 
organization. 

NSS/nr 
Attachment 

Very truly yours, 

CHAS. T. MAIN, INC., Engineers 

Navin S. Sagar, 
Principal Investigator 

NEW YORK, NEW YORK • BOSTON. MASSACHUSETTS • CHARLOTTE. NORTH CAROLINA • PORTLAND. OREGON 



QUESTIONNAIRE ON THE LOW CURRENT SHORT CIRCUIT PROBLEM 
PART I 

1. System Identifiers 

Agency or Authority Name_______________________________________________________ 
City 	 - Country____________________________________ 

Note: Do not answer the boxed items; information will be obtained from published 
sources. 

2. System Description 

System Type 	C3 Mass Transit (Circle if Subway, Elevated) 
o Coomuter 	0 Light Rail 	0 Other (Specify) 

Catenary/Contact Rail - Range of Operating Voltage 	Volts Max. 
0 AC 0 DC 	Volts Mm. 

Percentage Right-of-Way - In Tunnel  
- At Grade or Open Cut  
- Elevated 

(Circle One.) 
Length of Electrified Right-of-Way - Single Track 	km or Mile 

- Double Track 	km or Mile 
- Four Tracks 	 km or Mile 

3. Rolling Stock (Cars) in Operation on Your System 

For each type, model and series, please provide the following: 

Car Type 1 
Total No. of Cars of This Type  
Car Data: 	 c. Traction Motor Data: 
Manufacturer 	 Manufacturer 
Type 	Type  
Model 	No. of Motors per Car________________ 
Year of Delivery 	Full Load per Car 
Type of Control System 	Starting Current 	Amps 

Cam Controlled 	 Running Current 	 - 	Amps 
Chopper Controlled 	 Cars per Train  
Other (Specify) 

d. Please attach sheets for car types 2, 3........etc. 

4. Onboard Fault Experience 

Have you experienced short circuits onboard your trains? 	DYes 	0 N0 
If Yes, how frequently? 
*No. of incidents since July 1, 1982  
*No. of incidents between July 1, 1976 and July 1, 1982  

In general, were short circuits detected successfully? 	DYes 	ONo 

Have you encountered low level or arcing type faults? 	DYes 	0 N0 

In general, were low level or arcing type faults detected successfully? 
0Yes ONo 

Type of oa-board low current short-circuit detecting device on 
Car Type 1  
Car Type 2 
Car Type 3 	 (Attach sheet, if necessary.) 
Car Type 4 

5. Traction Power Supply System Descriptors 

Power Supply to Trains by 	0 Catenary  0 Contact Rail 
With catenary system, overhead support structures are 0 Grounded 

0 Connected to Running 
Rail 

Type of Current Return System 	fl Grounded 0 Ungrounded  0 Other (Specify) 
Length of Individual Electrified Section 	 km or Mile (Circle one.) 
Traction Power Substations 

Capacity 	 MW/MVA 	 Rating of Contact Rail/Catenary Feeder 
Age of Equipment 	Yrs. 	Breaker 	Amps 
No. of Substations per Electrified Section 
Traction Power Feeding Arrangement 	0 Single End Fed 

0 Double End Fed 0 Center Fed 
Does your system use: 1. Contact Rail Disconnect Switches DYes 0 N0 

2. Gap Breaker Stations 	DYes 0 No 
No. of Feeder Breakers in a Typical Substation 	Gap Breaker Station 
Minutes of Headway 	During Rush Hours 	During Non-Rush Hours 

6. Traction Power System Fault Experience 

Have you experienced traction power system short circuits 0 Yes 	0 No 

If Yes, how frequently? 
*No. of incidents since July 1, 1982  
*No. of incidents between July 1, 1976 and July 1, 1982 

In general, were short circuits detected successfully? 	0 Yes 	0 No 

C. Have you encountered low level or arcing type faults? 	0 Yes 	0 No 

In general, were low level or arcing type faults detected successfully? 

	

Yes 	0 No 
Type of low current short-circuit detecting devices in use in your traction 
power system.  

7. We would appreciate learning the particulars of any engineering analysis or studies 
of the low current short-circuit problem carried out by you or your organization. 
Please attach reference or reports, if available. 

8. Name, title and telephone no. of individual completing this questionnaire. 

Thank you. Please return this questionnaire in the envelope provided. 

*Please use estimated data only if records are not available but indicate by Est." 

0 



C. Unsafe conditions resulted (check all appropriate boxes). 

Fire 	0 ToxIc Fumes 0 Smoke 
Delay in tunnel between stations 

0 Other (Spec'Ify)_________________ 
Was there any reported effect on 

0 Delay between stations not in tunnel 

Signal System 	0 Yes 	0 No 	If "Yes', please explain 

Communication System 	DYes 	DNo 	If Yes', please explain______ 

Was low current short-circuit detection equipment installed when the 
incident(s) occurred? 	DYes 	ONo 

If "Yes', did equipment perform satisfactorily? 	0 Yea 	0 No 
If 'No', please explain:  

I. Is information available about the electrical characteristics of this 
fault (current, rate-of-rise, value of current, voltage drop, etc.)? 
If yes, please give particulars (attach sheet If necessary).  

 

QUESTIONNAIRE ON THE LOW CURRENT SHORT CIRCUIT PROBLEM b. Where was the train when the incident occurred? 

PART II 

 

Station 	At grade, above grade or in open cut (circle what applies) 
Tunnel 
Yard 
Other (Specify) 

 

Agency or Authority Name:  
City 	Country  

Details of Low Current Short-Circuit Fault Detection Equipment Onboard Trains or Cars 

(Refer to your response to our earlier questionnaire, copy attached, for car 
type designation) 

For each type of car you operate, please describe the low current short-circuit 
detection equipment carried onboard. 

Car Type 1 
Fault Detection Equipment 
Manufacturer  	Type . 	 Model  
Principle of Operation  

Cva1uat'1on of suitability, consistency of performance, etc. 

(Please provide similar data for Car Type 2, 3 and 4 on a separate sheet, If 
applicable.) 

Details of Low Current Short-Circuit Fault Experience on Trains or Cars 

(Please review your experience with onboard electrical faults over the past six 
years. If the relevant low current faults you have experienced can be grouped, 
please report experience by grouping. If not report on individual incidents. A 
copy of your response to our earlier questionnaire is included for reference.) 

For each major incident or group of incidents, please provide the following: 

Train Incident, Group 1 

Briefly describe the nature of the fault or group of faults: 

*No. of such incidents since July 1, 1982  
*No. of such incidents between July 1, 1976 and July 1, 1982  

Only one incident described 	Date  

Type of train or car involved - 
(Refer to your earlier response) 

a. Functional location of fault (Check one) 
DAuxiliary Systems 	OTrack/Ancillary System 

DHeattng, Ventilating and Air Conditioning System 

Ocable to car-body short 	Dother (Specify) 
OLoose positive current collector shoe 
DArc Chute to car body short 

0 Piece or component dragging and contacting the contact rail  

Details of Low Current Short-Circuit Detection Equipment Installed as Part of 
Trsctlion Power Supply 

Describe equipment now in service: 
Manufacturer 	Type 	Model___________________ 
Principle of Operation_________________________________________________________________ 

Rating 
Other pertinent information____________________________________________________________ 
Evaluation of suitability, consistency of performance, etc.________________________ 

(If more than one type of equipment in use, please attach sheet.) 

Details of Low Current Short-Circuit Fault Experience With Traction Power 
Distribution System 

(Please review your experience with traction power system faults over the past six 
years. If the relevant low current faults you have experienced can be grouped, 
please report experience by grouping. If not, report on individual incidents.) 
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Date 

SUBJECT: Detection of Low-Current Short Circuits 

Name & Address 
of Equipment Supplier (xYz) 

Attention: Engineering Division 

Dear Sir: 

Chas. T. Main, Inc. (MAIN) is conducting a research 
study in the area of low level electrical fault detec-
tion on electrified transit and rail systems. We are 
asking (xyz), as an electrical equipment supplier to 
the transit industry, for information about the prod-
uct line you offer for fault detection applications. 
If your office is not the appropriate one for this 
inquiry, would you be so kind as to forward our let-
ter to the right individual in your company? 

This work is being performed for the National Academy 
of Sciences (Subcontract No. TR 43-1), under the 
National Cooperative Transit Research Program. The 
results will, of course, be available to you and all 
other interested parties when the study is complete. 

Specifically, our project is concerned with detection 
of low-current short circuits on board transit vehi-
cles or in the traction power distribution system. 
Detection of such faults has proved difficult on some 
transit systems because the current created by many 
shortsresembles and often lower than train starting 
currents or the current characteristics associated 
with power switching, or because the fault may occur 
at a point remote from a substation. Relays operating 
on the "rate-of-rise" principle are an important example 
of specialized type of equipment that has been applied 
to this problem (but by no means universally adopted). 
A more complete but nevertheless brief statement of 
the 'low-current short circuit problem' is attached. 

For each major incident or group of incidents, please provide the following: 	 Al N 
Traction Power Incident, Group I 	 1893 

Briefly describe the nature of the fault or group of faults:  

No. of such incidents since July 1, 1982  

No. of such incidents between July 1, 1976 and July, 1982  
Only one incident described Date  

Location of Fault: 
In Station 	0 In Yard 	0 In Tunnel 

DAt grade, above grade or in open cut (circle what applies) 

0 Other (Specify)  

Distance from substation 	 km Mile (circle one) 
Distance from gap breaker station 	km Mile (circle one) 
Did any unsafe condition result? 	DYes 	0 No 

If "Yes', describe briefly  

Was low current short-circuit detection equipment installed prior to 
this incident? 	DYes 	ONo 

If Yes, did breakers trip as a result of the fault? 
Substation breaker 	0 Yes o No 

Gap breaker station breaker DYes 	ONo 

Other (Specify) 

Information available about the electrical characteristics of the fault 
incident or group (current, rate-of-rise of current, voltage drop, 
other)? If Yes, please give particulars (attach sheet if necessary). 

(Please attach sheets for additional fault incident or grouping of 
incidents.) 

5. Do you have additional information or data on this general problem or can you 
tell us where such information exists?. 

Thank you. Please return this questionnaire in the envelope provided. 

*please use estimated data only if records are not available, but indicate by "Est." 
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Our objective in this project is to assemble relevant 
information on available equipment and transit experi-
ence with the problem and to evaluate the performance 
and practicability of the equipment and methods that 
are available and in use. We are also surveying transit 
system operators concerning their experience and prac-
tices and are working in close touch with the American 
Public Transit Associations Subcommittee on High Resis-
tance Fe.ults. 

With this background on our activities, we hope you will 
be willing to answer the following questions about the 
equipment you supply. 

I. Does (xYz) offer low-current short circuit detec-
tion equipment for transit or electrified rail 
application: 

For installation at tractor power substations? 

For installation on board transit cars or 
locomotives? 

For other types of installation? 

Please furnish particulars about such components 
or systems (principle of operation, technical 
data, brochures, etc.). 

What is the current price and estimated cost of 
installation of the above system or components? 

Do you offer devices for other applications that 
have potential application to transit and electri-
fied rail? Please furnish particulars. 

What transit system or rail systems have installed 
your equipment? Any particulars you can provide --
which specific components and their specific appli-
cation on the system -- will be appreciated. 

Has your organization performed studies of this prob-
lem area which are available to us? Copies or refer-
ences to the open literature would be appreciated. 

I might add that MAIN is an Architect and Engineering 
firm with experience in rail-transit electrification 
and broad study and research capabilities. We are not 
an equipment. manufacturer. 

Your assistance in this important project is greatly 
appreciated. 

Very truly yours, 

CHAS. T. MAIN, INC., Engineers 

Navin S. Sagar, 
Principal Investigator 

Attachment 
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PRUDENT5LCENTER,BOSTON,MASSACHUSETSO2I99.TELEPHONE6I7.2.O 	 dustries) now deal with the low-current short circuit 
problems, and to evaluate, successful approaches for 
application to United States'• systems. 

Any assistance you can give us will be greatly appre-
ciated. 

Date 

SUBJECT: Detection of Low-Current Short Circuits 

Name & Address of Industry or 
Professional Organization (XYZ) 

Dear Sir:  

Very truly yours, 

CL-lAS. T. MAIN, INC., Engineers 

Navin S. Sagar, 
Principal Investigator 

Attachment 

We are writing to ask your assistance in connection with 
a study of low level short circuit detection or high 
resistance faults on electrified rail systems. We feel 
that the (xyz) industry may experience similar problems, 
and would be very interested in learning of any inves-
tigation of the problem or solution for it in the (xYz) 
industry of which you may be aware. 

If another individual in your organization would be in 
a better position to respond to this inquiry, we would 
be appreciative if you could refer our letter to that 
person. 

In brief, many electrical faults or short circuits on 
rail systems are not detected by conventional equipment, 
because they occur at a point remote from a substation 
and the resulting fault current magnitude is quite small 
(due to high short circuit impedance), or because the 
fault current resembles or is no larger than the normal 
starting current of the traction motor. An unsafe condi-
tion may easily result. 

We have attached a more extensive, but still quite brief, 
problem statement. Perhaps you can advise us if an anal-
ogous electrical problem is receiving attention in your 
industry. 

This project is carried Out under contract to the Trans-
portation Research Board of the National Academy of 
Science. It has been designated as National Cooperative 
Transit Research Project 43-1, "Detection of Low-Current 
Short-Circuits'. As part of the project we are surveying 
industries such as yours, the equipment suppliers, and 
transit system operations worldwide. The intent of the 
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systems (or other firms) now deal with the low-current 
short circuit problem, and to evaluate successful ap-
proaches for application to United States systems. We 
also, of course, are searching for relevant experience 
outside the transit industry. 

Any assistance you can give us will be greatly appre- 

Date 
	 ciated. 

Very truly yours, 

SUBJECT: Detection of Low-Current Short Circuits 

Name and Address-of 
Individual Firms (xYZ) 

Attention: Engineering Department 

Dear Sir: 

Cl-LAS. T. MAIN, INC., Engineers 

Navin S. Sagar, 
Principal Investigator 

Attachment 

We are writing to ask your assistance in connection with 
a study of short circuit detection on electrifiedrail 
systems. We feel that the (xYz) industry may-experience 
similar problems, and would be very interested in learn-
ing of any experience with a similar problem in your firm, 
perhaps in connection with low level or high resistance 
faults. 

If another individual in your organization would be in 
a better position to respond to this inquiry, we would 
be appreciative if you could refer our letter to that 
person. 

In brief, many electrical faults or short circuits on 
rail systems are not detected by conventional equipment, 
because they occur at a point remote from a substation 
and the resulting current is quite small (due to high 
short impedance)., or because the fault current resembles 
or is no larger- than the normal starting current of the 
traction motor. An unsafe condition may easily result. 

We -have attached a more extensive, but still quite brief, 
problem statement. Perhaps you can advise us if an anal-
ogous electrical problem is receiving attention in your 
industry. 

This project is carried out under contract to the Trans-
portation Research Board of the National Academy of 
Science. It has been designated National Cooperative 
Transit Research Project 43-1, 'Detection of Low-Current 
Short Circuits'. As part of the project we are surveying 
firms such as yours and transit system operations world-
wide. The intent of the study is to find out how transit 
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PROBLEM STATEMENT 
	

increases. Nondetection of such faults permits arcing, possibly resulting in 

fire and jeopardizing the safety of the riding public and operation of the sys- 

Summary of Objectives 
	 tem. 

When typical starting traction current characteristics are compared with the 

low level fault current characteristic, it is often noted that the profile 

of the latter is uniformly lower, mainly due to the system short circuit impe-

dance. As a result, such faults are often not detected, with potentially 

serious consequences to safety and operation. 

The objectives of the study are to identify the causes and/or situations re8ult-

ing in low level faults and the most commonly applied methods of detecting and 

protecting against them by: 

Surveying transit properties worldwide about their experience. 

Surveying industry organizations and industries to learn of similar prob-

lems and solutions in other industries. 

Surveying of equipment suppliers to learn of their efforts and equipment 

offered for low current fault detection. 

Based on the information gathered in the surveys, the study will identify and 

evaluate detection methods and equipment for enhancing transit system safety 

in the United States. 

General Description 

Many transit systems experience certain electrical faults (short circuits) that 

are difficult to detect because the short-circuit current is no larger, if as 

large, as currents arising in normal operations. 

Low level faults may have current characteristics resembling the characteris-

tics associated with the train starting or with power switching operations, which 

make it difficult to detect such faults. Detection becomes more difficult for 

low level remote faults as substation capacity and spacing between substations 

Devices presently in use in the traction power system and transit vehicles can 

adequately detect and clear or respond to fault currents due to overloads or 

heavy short circuits. The detection of fault currents of magnitude less than 

feeder breaker trip setting is the problem, however. Such faults are not fre-

quent, but they may be extremely hazardous if they remain undetected when they 

occur. 

Subsystems or components and situations that have been noted as the location 

of low current short-circuit problems include the following: 

Faults Involving Transit Vehicles 

Train control system (cam or chopper) 

Dynamic rheostative braking system 

Commutator motor 

Motor-alternator set motor 

Failure of internal component of auxiliary or HVAC system 

Arcing while passing through a crossover 

Cable to car body short 

Relay to car body short 

Arc from arc-chute to car body 

Positive current collector shoe torn loose 

Piece or component dragging and contacting third rail 

Rubber tire blowout (for system with rubber tires) 

Faults on the Traction Power and Distribution System 

Arcing faults in the dc cables at trackside sectionalizing switches or 

in manholes or cable vaults 

Broken trolley wire in contact with car,running rails or ground 

Faults due to switching a traction power substation onto an 

already energized system 



A foreign object causing arcing between the contact rail and ground 

(at a point remote from the substation) 

Conditions Which Increase the Difficulty of Detecting Low Current Faults 

Transients caused by switching of equipment on utility high tension line 

Crowding of trains per feeding section 

Simultaneously accelerating trains in opposite directions in a feeding 

section closer to the substation 

Specific Situations Involving High Impedance Faults or Arcing Faults 

Fault developed and persisted between contact rail, cast iron tunnel 

liner and negative running rail resulted in a four hour delay during 

morning rush hour 

Fault involving contact rail and a base slab, scorching the subway wall 

and damaging a car body 

Parameters and Characteristics of Fault Currents 

Fault current waveshape and magnitude depends on the effective resistance (R) 

and effective reactance (X) of the circuit. These parameters are easy to cal-

culate when the overload fault occurs near to or at the substation. However, 

the magnitude and shape of the current resulting from a low level fault at a 

location remote from the substation depends on the additional R and X values 

of the circuit outside of the substation. These additional parameters consist 

of resistance and reactance of contact rail or catenary section, negative return 

system, tracks and impedance bond and track configurations. If the fault is of 

the arcing type, the arc impedance will also affect the fault level. Rectifier 

substations with built-in reserve capacity for future generation may have high 

speed dc breakers of higher trip ratings designed for local fault levels. A 

local fault has not only a high steady state value but an even higher transient 

asymmetric first cycle peak current. A high trip setting at the track feeder 

will not, however, interrupt the circuit for a low level fault which may be 

arcing at a point remote from the substation. 

The higher capacity dc feeder breakers presently in use may well be capable of 

sustaining local faults indefinately. With substations rated for NEMA extra 

heavy traction duty cycle (1501 of normal rating for 2 hours, peaks of 300% 

for 60 seconds and 450% for 15 seconds), the problem of distinguishing between 

the normal traction load current and a remote or low level fault current of a 

similar magnitude is not easy to resolve. 
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APPENDIX B 

SUMMARY OF RESPONSES FROM TRANSIT SYSTEMS 

LEGEND D/S? Was an arcing fault or LCF detected successfully?/ 
TU Tunnel 	 / 

U/G Underground $T Station 

E Elevated F Fire 

S/S Subway—Surface Line TF Smoke 

C Catenary CS Casualty 

T Contact Rail D Delay 

LCF Low-Current Fault TPS Traction power substation 

LCFD Low-Current Fault Detection GBS Gap breaker station 

EXP ID? Was an arcing fault or LCF experienced by the COMM Communications 

system? 
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14 A • 	Ck..l 
NCTRP PROJECT 43-1 LOW CURRENT SHORT CIRCUITS ioa 1.bIsU -- ________________________________ - ______________ 

S(UIHARY'OP SURVEY RESPONSES PROM TRANSIT SYSTEMS (SIDE A) 
lEt______ 

- BRIEF SYSTEM DESCRIPTION 
TYPE IMAJORITN VOLTAGE 01ST. BY 

METRO LIGHT OIlIER UG B SS MAX. NIH. NOH C 
l 

C 

Il 

C I TRANSiT SYSTEM MiSCELLANEOUS SYSTEM DATA RAIL . 
WIEnER STADTWKIII,E X 101 901W 525V 750V X X GKOUNIIEI) OVERhEAD STRUCTURES VERKEIIKSBEIR1EBE 	(WSV) 0 	IJNCROUNDED RETURN CURRENT SYSTEM, WIEN, AUSTRIA I 	DOUBLE END FEI) SYSTEM 

0.8 KM LONG INDIVIDUAL ELECTRIFIED SECTION . 	3.15 NVA CAPACITY OF THE II'S EACH TI'S WITH 6 DC FEEDER BREAKERS 5 MINUTE HEADWAYS DURING BOTH RUSH hOUR AND NUN-RUSH hOUR PERIODS 2 TO 3 CARS/TRAIN MAXIMUM 2 MOTORS/CAR -• 1ST = 340 AMPS/MOTOR 
240 AMPS/MOTOR 

CAR HER. - IIOMIIARDIER-KOLAX-UIEN CONTROL - CAM CONTROLLED 
X 42 8 50 SOOV 525V nOv X X . 	UNGROUNDED RETURN CURRENT SYSTEM UOUBLE END PED SYSTEM 2 KM lONC INDIVIDUAL ElECTRIFIED SECTION 6.3 MVA CAPACITY OF THETPS EACH TPS WITH 4 DC FEEDER BREAKERS 3 MINUTE RUSH HOURS AND 5 TO 8 MINUTE NON-RUSH 1101K hIEAh)WAYS 2 TO 3 CARS/TRAIN 4 MOTORS/CAR 

1ST 	350 AMPS/MOTOR 
240 AMPS/MOTOR KUI1 CAR HER. - SGP - WIEN CONTROL - CAM CONTROLLED 



0 

NATIONAL ACADEMY OF SCIENCES 	 - 
CNN 	

C 	 LOW CURRENT SHORT CIRCUITS 
I$I)3 	SücI 	 . 	 -- 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 8) 

IN.at&3 .izL!i 

Sal'  

.0W CURRENT FAULT DATA 

ON—BOARD TRAIN IN TRACTION POWER SYSTEM 

TRA1ISIr 

AFFECTED COMMENTS LOW CURRENT FAULT 
- 	 ___________  - 

DETAIlS OF LCE 
___________  I)ETAILS OF 

I.CFI) DEVICE LCFD DEVICE 
COMM AND/OR - 

SYSTEM 
EXP'D. OCCURRED RESUlTED CAUSED EUNC— MISC. :xp'D 1)15? 

110W FAR RESULTED CAUSED 
MISC. 

SYSTE SYSTE REMARKS 
D'S? 

IN/AT IN DUE TIONAI. MFR. 	DATA 
OCCURRED 

FROM 
IN DUE 

MFR. 	DATA 

SICJY TU1STTHER F1TF1SM1CS TO CATION MODEL 	 ). Y 	N Y 	N '° MODEL 	INFO. 

W',V WILN 

TPS1GBS F1F11CS Y._f. _j 

AUSTRIA 
- - 

NO NO 

4 - - DETAIB~ • DETAILS 

IUOV IDED FOIl I I 	PHOV I DEE) FOR 

lIGHT RAIL lIGhT RAIL  

w XX 
FOR .CAHLE FOR METRO MONITORS I 	I 	I 	 •SIFNENS PROVII)ED X X 

METRO TO CAR AEG HFRU. THE DIP— - 3UB51 TWO PAPERS 

TRACTION R0I)Y GEAMATIC FEI1ENTIAL I 	RATE—OF— I 	I PuBLIShED 

MOTOR SlIGHT TYPE DIFF. OF PRIMARY RISE CUR— DY BUC. 

FAILURE 
AUXI L— 

PROTECTION CIRCUIT 5 
NO 

 PROVII)EI) 
UETAII.S 

ou _________________ 	
RENT 

________________ .PROVIDED 

OVEII IARY 
MAX. 	CIII)— 

METRO 
ASSEMBLY 

. VIENNA 

CTI1IKE SYSTEM 
DENT BRC LIME UNDERGROUND 

ON BRAKE 
I)ETECIS • 

FAULT METRO 

RESISTOR 
.TIIACK/ IIEI.ATYVEI.Y • I 	t 	 I)ETECTIIR CONST. 
AMC II.I.AI) f lOWER THAN i 	 ODI.—ACA-1 I ARTICLES 

CAIILE SYSTEM hEAVY I 	I 
FAIlURE GIIOUNUED I 	I 	 . 3URSI 

S/C I 
HATF.I) 

- - — - 

- 

- I 20A,nS 
AEG EQUIP. 

D OTHER U PERFORMS OTHER DIlL MEl AYS 
SATISFAC— BEING - - 

I 1101111 	IN lOIIILY. - TESTED 
TUNNEL & EVE KY 
AT GRADE ALTERNATE 
BETWEEN YEAR WITII 
SIATIONS S/C CIJI)— 

RENT <6 kA 
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NATIONAL ACADEMY OF SCIENCES 

NCTRP PROJECT 43.-I 1.0W CURRENT SHORT CIRCUITS 
'flW31 I1$1._____  

SUMMARY OF SURVEY RESIONSES FROM TRANSIT SYSTEMS (SIDE A) 

MN._3819-I  

oy 
N.' S. SACAR 	

- 

cBd__________ 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJORIT VOLTAGE DIST. BY 

METRO LIGHT OThER UG K SS MAX. HIM. NOM. IC C C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 1 

NEW VOIlE CITY TRANSIT AUThORITY (NYCTA) S 60 3010 7SOV 600V X S UNGROUNDED RETURN CURRENT SYSTEM 
HEW YORK, N.Y., 	USA ONE MIlE (APPROX.) LONG INDIVIDUAL ELECTRIFIED SECT ION 

UP TO 80 YRS. OLD EQUIPMENT 
TWO TI'S PER ELECTRIFIEI) SECTION 
DOUBLE END FED AND CENTER FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITChES AS WELL AS CR5 
4000 AMPS FOR. 8KB. RATINGS 
2 MINUTE RUSH IIOUR IIEADWAYS 
8 TO ID CARS/TRAIN 
4 MoroNs/cAR 
1ST (VARIES) BETWEEN 295 AND bOA 

1RUN (APPROX.) 300A 

Oil 10 40 YR. 01.0 CARS 
CAR MFRS. - A.C.F.,8UDD CO.. ST. 	LOUIS CAR CO. AND 
PULLMAN 
CONTROL - CAM CONTROILEI) (MAGNETIC AND PREIIHArIC) 
AND CIlOIPER CONTROI.I.El) 
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I.RI 
NCTRP PROJECT - 43-I LOW CURRENT SHORT CiRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 
my 

N. S. SAGAR 

LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

TRANSIT 
AFFECTED COMMENTS 1.0W CURRENT FAULT DETAILS OF LCF 

____________ ____________ ________ DETAILS OF 

SYSTEM LCFD DEVICE LCFD DEVICE SIGMA 	COMM AND/OR - T 
EXPI OCCURRED RESULTED CAUSED FUNC- MISC. XP'D D/S' 

HOW FAR RESULTED I CAUSED 
MISC. SYSTE SYSTE REMARKS 

D/S? 
IN/AT IN DUE TIONAL MFR. 	I OCCURRED 

FROM 
IN I 	DUE 

MFR. 	DATA 
V 	N 

- 
Y 	N TO .00ATION MODEL 	I 	INFO. V 	N - Y 	N - 

TO - - 
MODEL 	INFO. Y.LIN 

NYCTA X 

- - 

X 

TO 

STrTIIER 

1 

TI' SjGBS RjTFSHCSJ. 

York ___________________ 
NO I NYCTA USES . QUESTIONNAIRE 

* ________ 
4 	DETA 1.5 -, * . LEAD 4-. * •' PART. 11 NOT 4 4 

______________ 

I 	B USA 
I'RUVIIEI) ShEATH RETURNED, HENCE 

PROTECTION DATA IDENTIFIED 
SYSTEM BY * COULD NOT 
(POTENTIAL RE COMPlETED. 
& CURRENT) 

I.OAD 
MEASURING IN A SEPARATE 

SYSTEM RESPONSE NYCTA 

AND REPORTED LCFD 

EXERCISES ON-BOARD ALL 
THEiR TYPES OF 

v VISUAL CARS. 
INSPECTION 
BY 
OPERATING 
PERSONNEL 

0 OTHER 0 OTHER 

NO OTHER DATA 
4- OR  

INFORMATION 
PROVIDED 
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1803 	SFCI NCT PROJECT 43—I LOW C IIP 	 URRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

IHSII. .iw 
Date 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT VOI.TACE 01ST. BY 

METRO lIGHT OTHER UG E SS MAX. HIM. NOM. AC DC C T TRANSIT SYSTEM 
MISCELLANEOUS SYSTEM DATA 

HAIL 

BERlINER VERKEIIRS—BYTRIEBE (BVG) BERlIN X 83 8 9 900v 525V I X CROUNUED RETURN CURRENT SYSTEM 
FEDERAl. REPUBlIC OF GERMANY 

I TO 5 KM LONG INDIVIDUAl. ELECTRIFIED SECTION 
I TO 2 TPS PER ELECTRIFIED SECTION 
2 TO 10 MW CAPACITY OF THE TPS 

EACH TPS WITH 2 DC FEEDER BREAKERS 
I TO 25 YR. OLD EQUIPMENT 

SINGLE END AND DOUBLE ENI) FED SYSTEM 

USES CONTACT RAIL DISCONNECT SWITChES 
2k MINUTE RUSH HOUR HEADWAY 
3 MINUTE NON—RUSH HOUR IIEADWAY 
6 TO 8 CARS PER TRAIN 
2 MOTORS/CAR 

ST (VARIES) BETWEEN 160 TO 200 AMPS/MOTOR 

'RUN (VARIES) BETWEEN 112 TO 150 AMPS/MOTOR 

CAR HERS. - ORENSTEIN U. KOPPEL, 

WAGGON—UN ION, OWN 
CONTROL - CAN CONTROL, CHOPPER CONTROL AND ROTATING 

CURRENT 11EV ICE 



NATIONAL ACADEMY OF SCIENCES 

1M AIJ  
1*193 	

NCTRP PROJECT- 43-I LOW CURRENT SHORT Ci RCIJITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

Mbu.._3!!L_ tJ ..1ili 
.,N._S. SACAR 

S 	 LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

TRANSIT AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF LCF ___________ __________ _______ DETAILS OF 
SYSTEM LCFD DEVICE LCFD DEVICE SiGNAl 	COMM AND/OR - 

EXP'D OCCURRED RESULTED CAUSED FUNC- MISC. XPD D/S? 
HOW FAR RESULTED CAUSED SYSTEI SYSTES REMARKS D/S? 

IN/AT IN DUE TIONAL NFR. 	DATA 
OCCURRED IN DUE 

MiSC. 

Y 	N V I N TU TO OCATION MODEL 	INFO. Y 	N V 	N 
FROM 

IFS 	CBS 
TO -MFRm 	DATA 

---- 
MODEL INFO. - - - JSTTHER F1TF1SI4JCS 

BVC S X * J 

F1PFJSMJCS I N 	Y 	IN 

 BEE I. IN t)VER- * A DEVICE ON -*--__ QUESTIONNAIRE 4 

FEDERAL CURRENT THE dt/dt PART Ii NOT 
HE I'lIIIl IC COUNTER OR PRINCIPLE RETURNED, HENCE 
OF SWITChER WITH 	I DATA II)ENTIEIEU 
GERMANY AND TIME RY AN * COhhI.D NOT 

DIFFEREN- MONITORING BE COHPIEThD. 
ThAI. RELAY WITH  
AND OVER- ADJUSTMENT 
CuRRENT 
COUNTER OR 

. 	**Pj)ft)5 

SWITCHER 
TO START TEST- 

IN 
INC OF LCFS IN 

ENCLOSURE 
NEW 7 KM SECTION 
ONCE OPERATION 
COMMENCES. 

NO OTHER** • NO OTHER** 
DATA OR DATA OR 

INFOk?lATION S INFORMATION—b 
PROVIDEI) PROVIDED 

D OTHER D OTHER—  
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INU3--' I.b$CI 	NCTRP PROJECT 43—I 1.0W CURRENT SHORTCIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

Nb Na 	.L.. IbuIt_S sIjj 
N. S._SACAR 

BRIEF SYSTEM DESCRIPTION 

TYPE 	- MAJORIT VOLTAGE DIST. BY 

METRO LIGhT OThER UC I SS MAX. NIH. NON. AC DC C I TRANSIT SYSTEM - 	MISCELLANEOUS SYSTEM DATA 
RAIL 

MINISTRERIO lIE OBRAS PUBLICAS. DIKECCION X JO - 10 900V BUOy X S . 	UNCROIIDED RETURN CURRENT SYSTEM 
GENERA!. Ill METRO (MCMS) 	 . (WITH 1 TO 3.2 KM LONG INDIVIDUAL ElECTRIFIED SECTiONS 
SANTIACO lIE ChIlE, 	CHILE IllillE . . 	I TO 2 TPS PER ELECTRIFIED SECTION 

lIKES) 4.5 MVA CAPACITY OF THE IFS 
EACH IFS WITH 2 DC FEEDER BREAKERS 
9 YR. OLD EQUIPMENT 
DOUBLE END FED SYSTEM 

USES CONTACT RAIl. DISCONNECT SWITCHES AS WELL AS 
- CAP BREAKER STATIONS 

- 2 3  MINUTE RUSH IIOUR HEADWAY 
4 MINUTE NON—RUSH IIOUR HEADWAY 
5 CARS PER TRAIN 

4 MOTORS/CAR 
I 	= 900 AMPS 
ST 

1RUH 
- 	400 AMPS 

CAR MANUFACTURERS - ALSTHON FRANCE 
CONTROL - CAN CONTROL 
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IVI  NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUiTS 
1803  

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

U I 	J2LL.. ssE.? ui11i' 

CAt 	 -- 

LOW CURRENT FAULT DATA  

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

LOW CURRENT FAULT - DETAILS OF LCF DETAILS OF 
AFFECTED COMMENTS 

TRANSIT 
LCFD DEVICE LCFD DEVICE 

SIGNAl 	COMM AND/OR 

EXP'D 

- 
OCCURRED RESULTED CAUSED FUNC- 

- 
XPD 

- 
D/S? 

HOW FAR RESULTED CAUSED SYSTEM 
MISC. MISC. 

SYSTE SYSTEJ REMARKS 
0/SI OCCURRED IN DUE 

H Y 	N 

IN/AT 

TU1STTHER 

IN 

F TFSMCS 

DUE 
TO 

TIONAL 
OCATION 

	

MFR. 	DATA 

	

MODEL 	INFO. Y I N Y I N 
FRAN 

TPS 	CBS 
- 
FFNICS  

io MFR. 	DATA - 
MODEL 	INFO. Y 	N 	Y 	N 

MCHS X X - NLT IOWER sTRACTIO114DIFFERENTI, L 	STATEI) X 
X I. 1KM .1KM NO DATA ARC BBC - MCHS CLAIM- X S *s(I 	SHOWS 

SANTIAGO REPORTED AT RESIS- SYSTEM CURRENT THAT IT PROVIDED RESULTS SECIIERON ED THAT * THAT THE LEAD 
lIE 	CIII IC, MCMS TANCES WAS RELAY OPERATES BUT SEATED WHEN TYPE FCC 'THERE CAR IS OUT DUE 
CHILE - NORMAllY WERE INVOLVED COMPARES EVERY TIME THAT NO POSITIVE E61E WORKS EXISTS NO TO THE PROBLEM 

INVOLVED THE INPUT ThERE IS A UNSAFE CURRENT ON dI/di FAULTS ON-BOARD CAR 

*THE 
CURRENT WIll LEAKAGE OF CONDITION FAULT. 

 COLLECTOI PRINCIPLE. WHICH HAD 

METALLIC 
OUTPUT CURRENT. RESULTED SHOE THE DEVICE NOT BEEN 
CURRENT. lEAVES COIINTS THE DETECTED - MCHS EXPERIENCED 

DUST 
MAKES A 

HERD. BY IT DETECTS THE TIME (t0 ) BY THIS THAT THE CHARGE 

SERVO- HIM. OF CONTACT DEVICE. OF CONDENSERS 
CONTACT 
WITH A  

CONTACT. 80, IDA RAIL. 
WHICh 	THE 

dI/dL GOES 
USED TO INJECT 

CAR BETWEEN ABOVE A 
SICNAI.S OR CAR- 

SullY INPUT & eOCCUHKE 
MINIMUM 

RICKS 	IN 	I'OSITIVE 

OUTPUT AT GRADE PRESET 
RAILS LOOKED  

CURRENT AND IN LEVEL TIME 
LIKE SHORT C1R- 

YARD. CUlTS FOR THE 
C 	THE LCF 

A DEVICE WHEN 

GETS DETEC 0 THEY ARE PLACED 

WHEN - NEARER TO A TPS. 

t>t 0 	8 
IROVIDED 2 

REPORTS ON LCF 

PROTECT ION. 

- D OTHER D OTIIER 

U lEE. 
RELAY 
ON-BOARD 
LET THE - 
hEAl) CAR 
OIIT OF 

SERVICE 



NATIONAL ACADEMY OF SCIENCES (IRA A 	DiN NCTRP PROJECT 43-I LOW CURRENT SHORT CIRCUITS 
SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 

JiB 

Ri M._S._SACAR Ji  
Di.  

BRIEF SYSTEM DESCRIPTION 
TYPE IMAJORITI VOLTAGE 01ST. BY 

METRO LIGHT OTHER UC E SS MAX. NIH. MOM. AC DC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA RAiL 
CONPANIA HETROPOLITANO UK MADRID (CMII) X 01 -. - 120V 420V 600V X X . 	OVERHEAD CATENARY SUPPORT STRUCTURES ARE CONNECTED MADRID, SPAIN TO RUNNING RAII.S 

UNGROUNDED RETURN CURRENT SYSTEM 
4 KM LONG KIECTRIFSKI) SECTION 
ONE TPS PER KI.ECIRIFIEI) SECTION 
6 MW CAPACITY OF THE TPS 
10 YR. OLD EQUIPMENT 

* SINGLE END AND CENTER FED SYSTEM 
USES CONTACT BAlL DISCONNECT SWITChES AS WELL AS CAP BREAKER STATIONS 
AVERAGE 5 DC FEEDER BREAKERS PER TPS 
2k MINUTE RUSH HOUR HEADWAY 5 MINUTE NON-RUSH HOUR HEADWAY 
2 CARS/TRAIN 
2 TO 4 MOTORS/CAR 
1ST (VARIES) BETWEEN 110 AMPS TO 570 ANtS 
1RUN (VARIES) BETWEEN 130 AMPS TO 388 AMPS 
CAR HPRS. - CAP, S.E.C. NAVAL CONTROL - CAM CONTROL AND ChOPPER CONTROl. 
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ATIONAL ACADEMY OF SCIENCES 

NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

_J!-t_ 	d.J' 
1 N._S._SACAR S  

DI. ___________ 

00 

LOW CURRENT VAULT DATA 	- 
ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF LCF DETAILS OF 
TRANSIT 

LCFI) DEVICE LCFD DEVICE SIGNAl 	COMM AND/OR 

UPD 

- 
OCCURRED RESULTED CAUSED FUNC- 

- 
XPD 
- 
D/S? 

NOW FAR RESULTLI) CAUSED SYSTEM 
MISC. MISC. 

SYSTE SYSTEI REMARKS 
U/SI  OCCURRED IN DUE 

YN 

IN/AT IN DUE 
TO 

TIONAI. 
.00ATION 

MFR. 	DATA 
v 	N V 	N 

FROM 
TPS 	CBS 

TO 
MFR. 	DATA 

INFO. 

CNN 

f 
11(1 4 

TUST1)THER 

F9.1CS 

* . FUSES I X 4- 

1fF 

rM rS  

M ODE L 

P I NONE - * 
Y_f 	Y_..f ..  

- QUESTIONNAIRE 
MAUR1I), KF.SII)NSE . MACNET- DETECTION PROVIDED PART It NOT 
SlAIN ICAI.I.Y USING RETIJRNF.I), 	hENCE 

HELD BRC - DATA 	Il)ENTIFIEI) 
INTER- SECNERON BY AN * C)Jfl) NOl 

BE CONPLF.TED. - lURED NO OIlIER 
ODI-ACA- 

DATA 1111 
II 

tNFORMATION  
DEVICE 

WAS IRON II)EI) 

U OThER 0 OTHER 

U - 
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1AiJ 	L NCTRP PROJECT 4) I IOU CuRRENT ShORT CIRCUITS 
803 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 

MS 	3819-1 
 -..l i 	•. 

oats - - 

BRIEF SYSTEM DESCRIPTION 

TYPE NAJORIT VOLTACE 01ST. BY 

METRO I.Ic.IIT OTHER UC E AS MAX. HIN. HUH. C IC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

SOCIETE DII METRO LACER lIE TUNIS (CHLT) 
TUNIS, TUNISIA 

X 01 900V AbA - S S ,UNCROUNDED RETURN CURRENT SYSTEM 
. 	10 KM ELECTRIFIED SECTION 

2 TPS PER ELECTRIFIED SECTION 
4 TO 4.6 NW CAPACITY OF TUE TPS 

DOUBLE END FED SYSTEM 
CHI.T USES CAP BREAKER STATIONS 

EACH TPS AND EACII CAP BREAKER STATION HAS 4 DC - FEEDER BREAKERS 

6 MINUTE RUSH HOUR HEADWAY 
12 MINUTE NON—RUSII IIOUR hEADWAY 
I 	CAR PER TRAIN 
4 MOTORS/CAR 
1ST = 400I 

1RUN 	
250A 

CAR MANUFACTURER - SIEMENS HAN 
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IJIAA 	 . 
' 	 NCTRP PROJECT - 43—I

. 
 .0W CURRENT SHORT CIRCUITS 

SHIER
r  ...... 	. . ... ................. ....- 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE U) 
si N S. SACAN a. 	-- 

-. - .......- . 

1MW CURRENI 	FAULT DATA 

ON—ILOARLI TRAIN IN TRACTION POWER SYSTEM 

- lOW CURRENT FAUlT IJETAII.S OF i.0 __________  DETAilS OF AFFECTED COMMENTS 
TRANS IT 

I.CFD DEVICE CCII 	DEVICE 
SOCNAI COHN AND/OR 

KXFIO. 

- - 
:XPIL li/U? 

HoW FAR RESULTED CAUSED SYSTEM 
RESULTED MISC. MISC. 

SYSrE: SYSTEL REMARKS 
U/ST 

[FII"NC— I  	IONAL iN/AT 	ON 	 DUE 
OCCUOURED IN DUE 

Y N Y 

OCCURRED 

 N TU1STTIIERl Sm jS 	TO 	CATION 
MIR. 

MODEL 

I)ATA 

ii. Y N ! .N 
FROM 

IFS 	CBS 

FIrFrMICS 

1
MIII. 

MODEL 
DATA 
INFO. 

v—F— 

Y_1• 

CHIT S X FUSKS I S NO DEVICE .PLAN TO I&UESTIONNAIRE 

TUNIS 

 ____________________ 
DIFFERENTI 

* 
I IS IN USE TEST AND FART II NOT ______________________  

TUNISIA RELAYS, NOW USE 1001. RETURNEI), 	IIF.NCE 

BREAK—IN— RELAYS DATA IDENTIFIED 

JUNCTION HFKD. BY BY AN * COULD 

POTENTIAL BBC - NOT BE COMPLEIEI 

DEVICE . SECIIERON 

NO OTHER 

DATA OR 
4- 	INFUILMAT ION 	' 

FROV I DEL) 

U 	OThER OILIER D 
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LLAINJ NCTRP PROJECT 43-I ION CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (StIlE A) 

MB 	!?±_ IMBII:Jj .tLU 
-- 

t:______.__ 	........ -. 
BRIEF SYSTEM DESCRIPTION 

TYPE MAJORIT VOlTAGE 01ST. BY 

METRO 1.10111 OIlIER UC E IS MAX. HIN: NON. C C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL S S 

CIE DO METRO UK 1:111K (COMEI.I) S 65 20 IS 950V 640V - S - X S 	NEGATIVE RAILS ARE GROUNDED SEPARATELY 
I.ILE 
FRANCE . . 	3 KM LONG ELECTRIFIED SECTION 

. 	MAXIMUM 2 TPS PER ELECTRIFIED SECTION 
15 11W CAPACITY OF TPS 
50% OF THE LINE HAS 3 YEARS OLD EQUIPNEN'r 
CENTER FEll SYSTEM 

CONELI USES CONTACT RAIL DISCONNECT SWITCHES AS 
WELL AS GAP BREAKER STATIONS 
1-DC FEEDER BREAKER PER LACII TPS AND GAP BREAKER 
STAT ION 
5800 AMP RATING OF EACH DC FEEDER BREAKER 
1 	1/2  IIINIJTE RUSH 110DB hEADWAY 
6 MINUTE NON-RUSII HOUR IIEADWAY 

2. CARS/TRAIN 
2 MOTORS/CAR 

I ST 
= 550 AMPS 

CAR WFR - C.I.M.T. 
CONTROL - CIIUPPER CONTROL 



NATIONAL ACADEMY OF SCIENCES r  MAINJ 
I803 	

NCTRP PROJE(:T - 43-I LOW CURRENT SHORT CIRCUITS 
.............._. 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

Ma... 
N.S. SAGAII •ak - 

a.........- - 
LOW CURRENT FAUlT DATA 

ON-BOARD TRAIN IN TRACTiON POWER SYSTEM 

TRANSIT . 	- 	LOW CURRENT FAUST 	 DETAILS OF AFFECTED COMMENTS - I.CF DETAILS OF 
SYSTEM  LCFI) DEVICE LCFD DEVICE SIGNAl 	COHN AND/OR - . .. 	. - EXI'I) 	OCCURRED 	RESULTED 	CAUSED 	EUNC- 	 MIsC. XID. IS/ST HOW JRIRD RESUlTED CAUSED SYSTE jYSTE REMARKS 

Ill/AT 	IN 	DUE 	TIONAL 	HER. 	DATA 
OCC

FROM 
IN DUE MISC. 

fNfIUSTIHEKEIESNCS 	TO 	OCATION 	HOUEI. 	INFO. NET TO MFR. 	DATA 
i;i;it 	i 

4— k —4- 
COMELI ARCING GROUNI) S S iow LEVEl I QUESTIONNAIRE 
LII.K TR011S NOT DIFFEREN- FAULT DR PART II NOT 
FRANCE F.XPEIIIESSCEI * tiAl. HF.- . . TECTORS RETURNEU, 4 

LAY BY BBC- IIENCE I)ATA 

S 
SECIIERON IIIENT)FIED BY * COUI.I) NOT RE 

NO OTIIEIS DATA COHILETED. 
4(IR INFORMATION - 

PROVIDED 

NO OIlIER DATA 
4— INIOIIJIATION—* 

PRO VIIIED 

DO)IIER 0 OilIER 
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At 
k*I 	HCTRP  

SuMMARY Of SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

HIJ.d.PJ 
, Ns SAGAII

Cbd.

ON 

---.- -.-.. H 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT' VOLTAGE DIST. BY 

METRO lIGHT OIlIER UC E SS MAX. MIN. MOM. C IC C I TRAIISIT SYSTEM MISCElLANEOUS SYSTEM DATA 
RAIL 

hAMBURGER IIOCIIBAIIN AG 	(IIIIA) 5 35 5 0 900V 525V 150V S S I 	UNGROUNI)ED RETURN CURRENT SYSTEM 
hAMBURG, FEDERAL REPUBLIC OF GERMANY 3.2 KM LONG ELECTRIFIED SECTION 

23 TPS PER 90 KM I.ONC ElECTRiFIED SECTION 
1.5 MW CAPACITY OF EACH IFS 
6 TO 18 YR. OLD EQUIPMENT 
DOUBLE END FED SYSTEM 
EACII TSP WITH 3 TO S DC FEEDER BREAKERS 

3150 AMP BATING OF EACH DC FEEDER BREAKERS 
USES CONTACT RAIL DISCONNECT SWITCHES 
2.5 TO S MINUTE RUSII HOUR HEADWAY 
10 MINUTE NON-RUSII 110DB HEADWAY 

8 TO 9 CARS/TRAIN 

2 To 8 MoroNS/cAR 

1ST 	
BETWEEN 218 ANt' AND 260 AMP 

IRIIN(VARIES) BETWEEN 180 AMP AND 209 AMP 

CAR MFRS. - DIJWEC, SIEMENS, ABC, 	1.148, KIEPE - 
. CONTROL - CAM AND CHOPPER CONTROL 



NATIONAL ACAIIEMY UP SCIENCES 

NCTRP PROJECT - 45-I IOU CURRENT SHORT CIRCUITS 
1H03 $D .......................................... 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SII)E H) 

1819-i 	
ii' 

N.S. SAGAR 	 - 

I.......... 
low (UNIIENI 	FAUI.T DATA 

ON-ROARD TRAIN IN TRACTION POWER SYSTEM 

THAIISI I 
LOW CuRRENT FAULI 

__ DEIAIL.S OF LCF DETAILS OF AFFECTED COMMENTS 

5551KM LCFI) DEVICE LCFII DEVICE SIGNAl 	COMM AND/OR ---- r - 
EXPI,. OCCURRED RESULTED CAUSED FUNC- MISC. XFI) s? 

RESUlTED CAUSED 
MISC. 

SYSTE SYSTEI REMARKS 
U/S 

IN/AT IN 1)0K TIONAL 1-Y, 

OCCURRED 
FROM 

IN DUE 
 MFR. 	DATA 

T1Sr )TlIER F 1TF 1SM1CS o OCATION MODEL 	INFO. ' 	N _ TPS 	CBS F 11F 

r 
JCS 

TO 
MODEL 	INFO. Y_f. 	

4_ 
lilA ARCING NO SUCH DATA WAS - NO DEVICE INSTALLED - ARCING NO SUCH DATA WAS NO DEVICE 1REPORTED NOT AWARE A CONCERN 

hAMBuRG NAUI.1S 
RECORDED, THEREFORE ThERE ON-ROARI) TRAIN AT THE FAIJLTS 4—RECORDED, THEREFORE rHERK INSTALLED THAT THE RESPONDED OF LCF 

FEI)ERAL. NOT 
WERE NO RESPONSES PRESENT TIME NOT WERE NO RESPONSES AT THE FOLLOWING TO 

REPUBLIC EXPERIENCED 
EXPERIENCKI PRESENT GERMAN 

PLAN TO 
OF lURCIIASE dl/dt 
CEIUIANY 

. TIME COMPANIES 
EQUIPMENT 

IIFR. LCFU 
- DEVICES: 

-SIEMENS 
- . -AEC 

FRANKFURT 

D 	OThER 0 OTHER 



NATIONAl. ACADEMY OF SCIENCES -- 	 3819-1 
NCTIIP PROJECT 43-I ION CURRENT SIIOIer CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 
-- 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJORTTV VOLTAGE 01ST. RY 

METRO I.ICHT OTHER UC K SS MAX. HIM. MOM. AC C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

LINZER EI.EKTRIZITATS-FERNWARME-IINO X NOT 720V 560V X X GROUNDED RETURN CURRENT SYSTEM 
VERKEIINSOETRIEBE AG (ESC) UES PONIIKI e 	54 KM ElECTRiFIED SECTION 
LINZ, AUSTRIA TO . 	7.04 MW CAPACITY OF EACH TPS 

6 TPS PER ELECTRIFIED SECTION 
2 TO 21 YR. OLD EQUIPMENT 
SINGLE, DOIJRLE END AND CENTER FED SYSTEM 
EACII TPS WITH 4 DC FEEDER BREAKERS 
4 MINUTE RUSII hOUR HEADWAY 
6 TO 7I  MINUTE NON-RUSH HOUR HEADWAY 
I CAR/TRAIN 
2 MOTORS/CAR 
1ST (VARIES) RETWEEN 500 AMPS AND 350 AMPS/MOTOR 

CAR HFR. - ROTAX - BOMBARDIER, SGP 
CONTROL - CAN, CIIOPPER AND MAGNETICALI.Y CONTROLlED 
CARS 

LA 



NAIIONAL ACADEMY OF SCIENCES 
NCTKP EROJECT-41-i LOW CURRENT SHORT CIRCUITS 	 RR.. . 38)9-I : 	:LII 

SUMMARY OF SIIRVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE El 
	 i,- 	SACAR 	- 	- 

I.,.....- 
LOW CURRENT FAUlT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 
TRANSIT LOW CURRENT FAIII.T - - .___  DETAII.S OF LCF __________ __________ _______ UVAILS OF AFFECTED COMMENTS 
SYSIEH LFD DEVICE LCFI) DEVICE SIGNAl 	COMM AND/OK - - I EXP'I) 	OCCURRED 	RESULTED 	CAUSED 	PUNC- MISC. XI"D D/S? HOW FAR I 	RESULTED CAUSED MISC. SYSTE SYSIE REMARKS 0/SY  IN/AT 	IN 	DUE 	TIONAL HFR 	I 	DATA OCCURRED FROM I 

I 
DUE HER. 	DATA  INFO. MODEL 	f  V 	N CBS I F 	F 	H CS o MODEL 	INFO. Y 	IN 

ESO X S 
Y 	N 	Y 	N 

I:9:ir 	RF 	TO 	A)CATION 

* NO I)ATh OR X NOT. 1•i 
IT 

_________ ________ 10 f 
dt/dt 

Y_f.  
4 * + .(UESTIONNAIRE 4- . I.INZ INPORHATION PROVIDED RESP() TRIPPING FART II NOT AUSTRIA ElI TO MECIIANISM RE1URNEII, HENCE ARCINI.. DATA IDENTIFIED FAULTS NOT NO DATA BY * CO(II.t) NOT EXIERIENCE) 4 	OR p INFORMATION PROVIDED BE COMIIKIED. 

D OIlIER D OrIIER 



- NATIONAl. ACABEHY OF SCIENCES 

NLTRP PROJECT 43-1ION CURRENT SHORT CCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

MlW.._! 9 L I'.IW 
N. S. SACAR 

om 

BRIEF SYSTEM DESCRIPIJON 

TYPE MAJORIT VOLTAGE DIST. BY 

METRO LIGHT OThER UC B SS MAX. HIM. MOM. C )C C I TRANSIT SYSTEM MISCElLANEOUS SYSTEM DATA 
- RAIL 7.7.7. 

)ISTIIA IIANNOVKIISCIIY I 720V 420V I X 
VERKEIIMSUETRIERK AG TO . 	2-LINE ISOLATED CATENARY SYSTEM 
(ÜSTIIA) 770V GROUNDED RETuRN CURRENT SYSTEM 
IIANNOVER • 2 KMlONG ELECTRIFIED SECTION (AVG.) 
FEIIERAL REPUBLIC OF GERMANY , . . 	1 TO 3.5 MW CAPACITY OF EACII IPS 

0 TO 30 YEARS OLD EQUIPMENT 
I TO 2 TPS PER ELECTRIFIED SECTION 
SINGLE EMIl AND DOuBLE END FED SYSTEM 

- USED CAP BREAKER STATION 
- 2 TO 4 I1C FEEDER BREAKERS PER GAP BREAKER STATIONS 

.1 TO 6 MINUTE RUSH hOuR HEADWAY 
• 5 10 IS MINUTE NON-RUSII HOUR HEADWAY, 

I 10 3 CARS/TRAIN 
2 TO 4 MOTORS/CAN 

1START VARIES BETWEEN 20 AS AND 550 AMPS 

CAR MFRS - DUWEG, 	lIla, SIEMENS, AEG, EIEPE 
CONTROL - CHOPPER CONTROL AND IIANL) CONTROL OIl MANUAL 
CONTROL 



liAr II)NAI. AI;AuIEp4y OF St: I ENLES 

L
Ck..I - At 	NCTIIP PROJECT - 41-I LOW CURRI:NT SH - -- ORT CINCH ITS 

1s03 	 R" 	- 	- 	

- 
---- ---- ------------ -   --- -- - 	-- 

SUMMARY OF SURVEY KESIONSES IRON TRANSIT SYSTEMS (SIDE RI 

RHU..... 

J NSAAR •1 	- -- 

ENd. ------------ to. 	-. - 

00 

I.OW 	URKENI FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

ION CURRENT FAUlT 	- 	-- -- - AFFECTED COMNENTS IIETAILS OF LCF DETAILS OF 
IRANSI I - 	- ---r --  i.cpn DEVICE I.CFD DEVICE COHN AND/tIP - 

XP 0. 
- 
D/S? 

RESULTED CAUSED SYSI EM 
EXII-IC 
	

OCCUKREII 	RESIJITLU 	CAUSEI) 	FIJNC.- MISC. MISC. 
SYS1  REMARKS 

U/B' OCCIJHRED DOE 
SIGNAISYSTE 

Ill/AT 	IN 	 HUE 	TIONAL 

I 	N 	S 	N 	TU1ST)TIIER 	F1TF1SH1CS 	TO 	.00ATION 
HFII. 	t)A-rA 

MODEl. 	INFO. I 	N Y 	N 
FROM 

TYS 	I CBS F1rE rulcs 
TO  

HFR. 	DATA  
MODEL 	INFO. Y 	IN 	Y 	IN 

IISTIIA S 5 P. NO OTIIEI( DATA Oil X 4 P USES RELAI 4—*---- QUESTIONNAIRE 
IIAHNIIVEII INFORMATION 	' WORKING ON - ART II NOT 

FEDERAl. PROVIDED 
dI/dt PRIM RETURNED, HENCE 

REPUBLIC CIPLE. DATA IDENTIFIED 
OF BY * COULD NOT 
GERMANY NO OTMI DATA OR INFON BE COMPlETED. 

NATION PROV DEL) 

D OIlIER 0 OTHER 

CAUI.L 
DAMAGED 



NATIONAL ACADEMY OF SCIENCES 

Id. 	NCTRP IKOJELT 43-I LOW CURRENT SHORT CIRLUI IS 

SWARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

BRIEF SYSTEM DESCRIPTION 

TYPE IAAJURIT VOLTAGE 0151. BY 

METRO lIGhT OTIIEII UC E SS MAX. HIM. NON. AC DC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 7. , 7. 

VERKEIIIISRETRIEBE ZURICH (VBZ) X 00 ?20V 420V S X . 	CATP.NARY OVERHEAD STRUCTURES ARE ISOLATED 
ZIJRICII, 	SWITZERlAND . 	UNCROUNDED RETURN CURRENT SYSTEM 

APPROXIMATELY I 10 2 KM LONG ELECTRIFIED SECTION 
0.8 10 4.5 NW CAPACITY OF EACH TI'S 
I TO tO YR. OLD EQUIPMENT 
I IFS PER ElECTRIFIED SECTION 
3 10 20 DC FEEDER BREAKERS PER TI'S 
4500A RATING OF EACH DC FEEDER BREAKER 
S INGLE END FED SYSTEM 
USES CAP BREAKER STATIONS 
I 	TO 6 MINUTE RUSH HOUR IIEAIIWAY 
12 MINUTE NON-RUSH hOUR HEADWAY 
2 CARS/TRAIN 
2 MOTORS/CAR 

1START 	
450 AMPS 

1RUN 
= 240 AMPS 

CAR HERS. - SWS/SWP/BBC 
CONTROL - CHOPPER CONTROL 



C/I 
0 

NATIONAl. ACADEMY OF SCIENCES 

L CI.I 

ino:l—J 	NCTRF PROJEI:T - 4-1 low CUIIIIEN'r SNORT CIRCUITS 

SUMMARY OF SURVEY RESFONSES FROM TRANSIT SYSTEMS (511)K B) 

i.._ 3815-! 	.1iR1).i i.iI 
N. 5. SACS!! • 

im 

d. 	I.,. 

1.11W CURRENT FAUlT DATA 

ON-bOARD TRAIN IN TRACTION lOWER SYSTEM 

1.0W CURRENT FAULT 	- 	 IIETAII.S OF AFFECTED COMMENTS LCF DETAILS (IF I'RANS II 
LCFD DEVICE LCFII DEVICE SIGNAl 	COMH AND/OR 

XP,D' 
- 
Il/s? 

RES(II.IEII CAU.ED SYStEM 
EXID. 	 OCCURRED 	IIESIJI.TKD 	CAIISF.D 	FUNC- 	 MISC. MISC. 

IYSIE).YSTKI REMARKS 

IN/AT 	IN 	 DUE 	TIONAL 
OCCIIRKED 

ROH 
IN DUE 

DATA 

N 	TU ST1)TIlER 	F 	cs 	T(I 	.00AT1ON 	MODEl. 	INFO. Y I N 115 	CBS FTF 

r 
CS 

TO 
MODEL 	INFO. Y 	I N 	Y 

VBX N NOT 

1IFJSH 

10 MU-roMAlic . S NOT I NO DATA OH 

J_N 

.(I)ESTIONNAIRE 
U- - * SUE ICII IUESIO 

ISOLATING ESPON I- 4 4— INFORMA1ION— II WAS NOT 
SWITZLRI.AN El) TO 

SAFETY El) TI PROVIDED HAl lED AND 

BREAKER hENCEDATA 

POSSIBlY • IDENTIFIED BY 

(IISCBI AN * COIJIl) NOT 
BE COHILETED. 

NO 0111K DATA .COIIMEMFEI) 	IN 
- 4— INFORMATION —4 A lETTER THAT 

IBOVII)ED VBX DOES NOT 
(hAVE LCFROB- 
1KM AS TIlE STAFF 
RECULAI)I,Y 	PER- 
1(110)5 A VOLT/CE 
ISOIAT 1011 
IES1 AND THE 
EqU IIHENT A 
CABlES ItO NOT 
lASS 	111KM, 
lIIEY REPLACE it TIIEK. 

U OThER D OTHER 



NATIONAl. ACADEMY 01 SCIENCES 

NCTRP PROJECT 43 I IOU CuRRENT SHOAL CIRCUI1S 
	 RHN... 

SUMMARY OF SuRVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 
	 IR ..SAC R.I. 

I 

BRIEF SYSTEM DESCRIPTION 

TYPE MAIOBIT VOlTAGE UISr.BY 

METRO .IGNT OTHER DC K 55 MAX. NIH. NON. AC DC C T TRANSIT SYSTEM 
MISCELLANEOUS SYSTEM DATA 

RAIL 

ISTANBUL RELEDIYESI X O( 650V 55Ov 
- 

X X CATENARY OVERhEAD STRUCTURES ARE CONNECTED TO  
ISTANBUL ElEKIRIK TRAMWAY RUNNINC RAIL 

VE TÜNEI. ISLETMELERI (lEn) S 	GROUNDED RETURN CURRENT SYSTEM 

ISTANBUL, TURKEY 	 - . 	1.2 KM LONG ELECTRIFIED SECTION FOR METRO 
208 KM LONG ELECTRIFIED SECTION FOR LIGHT RAIL 
30 NW TPS CAPACITY (FOR LIGhT RAIL) 

23 YR. Oil) EQUIPMENT 
X 101 240V X X . 	2 TPS PER ELECTRIFIED SECTION 

450A EACH DC FEEDER BREAKER RATING 
USES CAP BREAKER STATIONS 
45 DC FEEDER BREAKERS PER TPS 

60 DC FEEDER BREAKERS PER CBS . 	
INSTEAD OF IIEADWAYS THE SPEED IS (IVEN WIIICH 	IS. 
ERRONEOUS 

ONE CAR PER TRAIN 
ONE MOION PER CAR 

I ST 
FSEENS ERRONEOUSLY GIVEN 

1RUNJ 
CAR MFR 	ANSALDO SAIl CIORCID 
CONTROL 	STATED OThER WITH PA 6220 

-t 



lIAr ORAl. AI:AI)EMV OF SC I ENI;ES 
1 	CI.I 

"' 	J 	NCTKI' PIlO.IECI - 4-I 1.0W CURRENT ShORT CIRCuI'rs 
SHIER 	 .. 

SuMMARY OF SURVEY RESI'(INSES FROM TRANS IT SYSTEMS (SI lIE B 

N. S. SACAR 
 

CUd...... S.,. 

1.11W CIIURENI 	FAUlT DATA 

ON-ROAWI) TRAIN IN TRACTION POUER SYSTEM 

IOU CURRENT FAULT 	 DETAILS OF AFFECTED COMMENTS LCF IIE1AII.S OF 
TRANSIT -- - 	'T 	- -r 	- 	LCFD DEVICE LCFD DEVICE 

ICNAI 	COMM. AND/Ok 

.:XIIY  u/U? 
RESUlTED CAUSED SYSTEM 

ESI'II. OCCURREII 	RESUlTED 	CAUSED 	FUNC- 	 MISC Hisc. 
SYSTE SYSTE REMARKS Uls,  

IN/AT 	IN 	 DUE 	TIONAI. 	HER 	 DATA 
OCCURRED 

FROM 
IN DUE 

HER. 	DATA 

Y 	N 	V 	N 	TU ST (TIlER 	 TO 	.00AT ION 	MODEL 	. 	INFO. 1 	N Y 	N IFS 	CBS F rr 15H CS 
10 1- 

S X I I I I BREAKER X S I RAIIAR 
I [ .QIIESTIONNAIIIE 

IETT 
., 4 * I. YSTEN _, FART II Nor 

4 _._. ISTANSIII. NOO 
. 
IIER . NO OTHER DATA RETURNED, HENCE 

IIIRKEY DAIA OR OR DATA IDENTIFIED - INFORMATION 1NFORMATION BY * COUI 	NOT 
IKOVII)ED PROVIDED RE COMPLETED

iL 

 

U OlDER I) OlDER 



NATIONAL ACADEMY OF SI.IENCES 

HCTRI' PROJECT 43-I IOU CURRENT ShORT CIRCUIIS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

MN.. - 3819-I 	
IMI:..I JI 

SAGAN • 
	 - 

-- --------,_. - 	...........- 
BRIEF SYSTEM DESCRIPTION 

TYPE MAJORIT VOLTAGE DIST. BY 

METRO I.ICILT OTHER DC E SS MAX. HIM. NON. IC IC C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

TYNE AND WEAR PASSENCER TRANSPORI EXECUTIVE X II 3 Rb 575V I200V S C . 	CATENARY OVERHEAD STRUCTURES ARE CONNECTED TO 

(TWPTE) - RUNNINC RAIL 

IIEWCASTI.E UPON TYNE 	ENGLAND . 	UNGROUNDED RETURN CURRENT SYSTEM 

MAXIMUM 7 KM lONG ELECTRIFIED SECTION 
ONE TI'S AT EACH END OF ELECTRIFIED SECTION 

24.5 MW CAPACITY OF TI'S 
5 YR. 01.1) EQUIPMENT 
DOUBLE END FED SYSTEM 
USES CAP BREAKER STATIONS 
4 DC FEEDER BREAKERS PER iFS 

2000 AMP RATING OF DC FEEDER BREAKER 
3-1/3 MINUTE RUSII hOUR HEADWAY 
5 KINIJTE NON-RUSH IIOUR HEADWAY 

2 CARS/TRAIN 
1START =435 AMPS 

CAR MFR. - NETRO-COMNELI. LTD. 
CONTROL - CAM CONTROL 



NArIONAI. ACADEMY UI SCIENCES 

Ip%• 	
CR..I 	 . 	. 	. 

L Al' 	 NC'IRI IRtIJECI - 4)-I LOW CIIRREWI SHORT CIRCUITS 
1HU3 	I.bFI  

SUMMARY OF SuRVEY RESUONSES IRON TRANS IT SYSTEMS (S (OR N 

MN.. 3818-I 

N. S. SAGAN RH. 
	 - 

lAW CURD NT FAIIU.T DATA 

ON-HOARD TRAIN IN TRACTION lOWER SYSTEM 
-- .-.- 

ION CURRENT 	IAIII.T 	 ((ETA (U.S UI AIFEC1EJI COMMENTS ICE IIETAI IS OF 
TRANSIT - . I.CIIU 	IUEVICE LC}U DEVICE SIGNAl 	COMM AND/tIN - 

Sin? II/S? 
lION FAR IIESUILTEI) CAUSED SYSIEM 

EXIllfT 	
'CAUSED1FUNC- 	 NISC. MISC. 

SYSIE SYSTEJ REMARKS 

IN/Ar 	IN 	I 	DUE 	TIONAL 	HUH. 	DATA 
OCCIJRRED IN 

IRIIM  
DUE 

HER. 	DATA 

IUST1)1IIEK 	 ls.fT01.0hb01 	MODEl. 	INFO. TIS 	CbS FIIy 	HICS 

r 

MODEL 	INFO. Y 	IN 	Y 	IN 

TUPTE ARCING * OVENLOAII 5 5 TIHED REPORTEIU NO EURTIIER 4 * 
. 

4- * 
NEWCASTlE FA(II.TS RELAYS OVERLOAD THAT ICE DETAIlS III 
((FIlM TINE NUT SETUAT IROTECTION TESTS IN THEIR LCF 
ENCIANI) I(XIERIENCEI 580 ANUS ARC HG CONNECTION TESTING WAS 

EAU Li NOT EARTUI 
TO HER. & PROVIDED. 

EXIERIENCED POTENTIAl 
EARTh 

PROTECTION .QIIESTIONNAIRI? 
PI)1ENT (AL 
WERE PER- PART 	II 	NOT 
EORHEI) RETURNEII. HENCE 
oPROVIDED DATA 	II)FNTIFIEU 

NO (I HER A CRAIlI RY AN * COULD 
DATA OR SHOWING A NOT BE COMPlETE 

4--INFORHATION + ShORT CUR- 
PROVIDED CUlT CURVE 

SUrER- 
IHIOSED (IN 
POWER SYS- 
TEM dISH- 
ACTER I STIC 
CURVE 

I) OIlIER I) OIlIER 



NATIONAL ACADEMY OF SCIENCES 	
MR 	

38 iS-i 	..tT,2I'.l 
NCRp IROIELT 43-I ION CUIIRENI SUOIIFCIRCUI1S 	 SACAR 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 
- - -.-- 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJORITY VIJLTACE 01ST. BY 

METRO lIGHT OTIIF.R UC £ AS MAX. WIN. NON. kC IC C I TRANSIT SYSTEM * 	MISCELLANEOUS SYSTEM DATA 
RAIL 7. 7. 7. 

ATHENS - P)IIAEOUS ElECTRIC x 12 48 660V 420V K X . 	GROUNDED RETURN CURRENT SYSTEM 

IIATIWAYS CO. 	LTD. 	(A-PEN) . 	27 KU LONG ELECTRIFIED SECTION 

AThENS . . 	3.6 MW CAPACITY OF EACH TPS 

GREECE II SUBSTATIONS PER 27 KM SECTIONS 
UP TO 2 YR. OLD EQUIPMENT 

CENTER FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITChES 
2 I)C FEKDEfl BREAKER/TI'S 	 - 
2000 AMP RATING OF EACH FEEDER BREAKER 
4 MINUTE 1)0511 HOuR IIEADWAY 
12 MINUTE NON-RUSH 110DB HEADWAY 
4 TO 5 CARS/TRAIN 
2 TO 4 ROTORS/CAR 
1 	VARIES BETWEEN 600 AMPS TO 1000 AMPS 

IRUNVARIES BETWEEN 400 AMPS 10 500 ANtI'S 

• CAR MFBS. - SIEMENS, MAN, L.E.W. 

CONTROL - CAM AND CIIOPIER CONTROl. 



NATIONAl. ACADEMY OF SCIENCES 
( 	 ) ChuI 	 . 	 - 

NCTRP IROJECT - 411 lOW CURREIII SUORI C1R(.lItI$ 

-SIIHHARY OF SURVEY RESPONSES FROM IRANSIT SYSTEMS (S I UK B 

JA!N_.I. 	$&iei.I1:J!1 
N.S. SACAR 	

- 

KM.............. 

LOW CURRENT FAUI.T DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

LCF 	 DETAILS OF AFFECTED COMMENTS low CuRRENT FAULT DKTAII.S OF 
IRANSIT _______________ 

I.CFD DEVICE T 	 - 	- 
 

- - 	 LCFD DEViCE SICNAI 	COMM AND/OR 
SYSIEN 

EXPIl. 	 OCCURRED 	RESULTED 	CAUSED 	FUNC- MISC. 
RESULTED 	CAUSED 	

MISC. XI'D 	li/SI 
YSTE SYSTE REMARKS 

TN/AT 	IN 	DUE 	TIONAL HER. 	DATA 
RD 

FROM 	
IN 	DUE 	

HER. 	DATA 

F 	 To 	.00ATI(IN MODEl. 	INFO. Lj 	115 	CRS 	
TO 	

MODEL 	INFO. IN 	Y 	IN 

A-IRA S 

.Lf. T u1ST[lriIEk 1TFSNf 

A A 
NO DATA OIl OH INFOR- ' ,QuF.s -rIONNAIIIE 

ArliENs 
AICINC NO DATA Oft INFOI1- AIICING W MATIUN PIIOVIIIED PANT II WAS NOT ( 	C Ill. 
VAUI.l NOT NATIoN PIIOVIDRI) FAulTS MAIlED IIENCE Till. 

EXIElIl ENCEII NOT DATAIDENTIFIED 

EXIlil I ENORI NY * COULD NOT 
lIE COMPLETED 

. 0 filER D OTHER 



NATIONAL ACADEMY OF SCIENCES 

P. PROJECT 43 I LOW CURRENT ShORT CIRCUI1S 

SUMNARYOF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

MN... 	 %)"I8Z.O.I 
_N.S.SACAR bw - 

CII...............I........-- 
BRIEF SYSTEM DESCRIPTION 

TYPE MAJOR1TI VOlTAGE 01ST. BY 

METRO lIGhT OThER DC E SS MAX. MIN. NON. AC IC C T TRANSiT SYSTEM MISCELLANEOIJS SYSTEM DATA 
RAIL 5 5 5 

SAN FRANCISCO MUNICIPAL RAIlWAY (HuRl) 
SAN FRANCISCO. CALIFORNIA, U.S.A. 

X 27 73 6401/ SOOV X X . .CATENARY OVERhEAD STRUCTURES ARE UNGROUNDED 
UNCROLINDED RETURN CURRENT SYSTEM 
APPROXIMATELY 1.6 KM ELECTRIFIED SECTION 
150 KW TO 8 NW CAPACITY OF TPS 
5 YR. 01.0 EQUIPMENT 
SINGLE END FED AND CENTER FED SYSTEM 
USES CAP BREAKER STATIONS 
3 TO 4 DC FEEDER RREAKEIIS/TPS AND 
2 DC FEEDER BKR/CBS 
2000 TO 6000A RATING OF DC FEEDER BREAKER 
3 MINUTE RUSII.IIOUR IIEADWAY 
5 MINUTE NON-RU5II hOUR hEADWAY 
CAR HFR. - BOEINC VF.RTOL 
CONTROL - CIIOPI'ER CONTROL 



HAl I ONSI. AAIEHY Of SCIENCES  

( IAI!'IJ] 
LIH$)3 	F" 

NCTRP PROJECT - 43-1 I.UW CURRENT SHORT CIRCUITS . - 	- 
SUMMARY OF SIJIIVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE R) 

Mel.. lIllY—I 

I, J. S SA GAR 
 

00 

1,114 CURNliNTFAIII.TDATA 

ON—BOARD TRAIN IN TRACTION LOWER SYSTEM - 
SN - I I 

IOU CURRENT FAULT 	 DETAII.S OF 	• AFFECTED CLINLIENTS LCF 	 - DEIAILS OF 
S 

_____
I.CFII LIEVICE LCIll 0EVICE SIGNAL 	CoMM Auto/oR ' 	- 

l' OCCURRED 	RESULTED 	 D 	FIINC— 	 MISC XP'D 0/SI 
IOESUI.TEII CAuSED 

MISC. 
SYSTE 	YS1E REMARKS 1 '17 

IN/AT 	IN 	TIONAL. 	HER 	 DATA FROM 
IN DUE 

MEN. 	DATA 
N 	Y 	N 	T1ST1)THER 	F TF1S1CS 	TO 	OCATION 	MODEL. 	INFO. Y 	N Y 	N TI'S 	CBS 

TO  
MODEl. 	INFO. Y 	IN 

- VEIIIO:LE 
ffF 

.HSCB 141111 
F 

QUESTIONNAIRE 4 * 
MLIII I X S 

CROUNDED S S RATIO—OF— PART II NOT SAN 
FRANCISCO 

RISE RETURNED, HENCE 

CALIFORNIA 
NO OilIER DATA . (SIIRCE DATA 	II)ENTIFIED 

U.S.A. 
(IN DETECTION BY AN * COIILI) NOl 

INFORMAl IUN FEATURE) BE COMPLETED. 
PROVIDED 

IIUHAN - 
VISUIAI. NETWL)RK HAL' 
OBSERVATION OF HUNI SYSTEM 

WITH TIlE LOCA— 

TIONS, CAPACITY 
AND NuMBER OF 

NO OTHER DATA FEEDER BREAKERS 

OR  IN EACII TI'S 

INFORMATION IS 	I'BOVII)EI). 

- - PROV DIOD - 

OWNER UOTUEK 



CR1.1 	NATIONAl. ACADEMY 0 SCIENLES 	 -. 

NCTR! PROJECT 43—I 1.0W CuRRENT SIIORTCIRCIJ1TS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 
N.: SACAR R 	-- 

I.. 

BRIEF SYSTEM DESCRIPTION 

TYPE MA.JORIT VOLTAGE DIST. BY 

METRO lIGhT OTHER DC E SS MAX. HIM. NON. okc C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIl. 7. 7. 7. 

MKTIIIJIOI.ITAN TRANSIT AIJTIIORITY 
INTA) A LETTER STATING FOLLOWING RECEIVED 

IIOUSTON 
- 	PLANNING A NEW TRANSIT SYSTEM 

TEXAS 
- 	INTERF.STEII IN THE SUBJECT SO COULD BE HElPFUl. 

U.S.A. 
IN FUTURE 

4 . 
I 
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NCTIIP PROJECT - 43-1 1.0W CURRENT SHORT CIRCUITS 
IN93 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

:L 
N.  S._SACAR 

C 

LOW CURRENT FAUlT DATA  

TRANSIT 
SY TEN 

ON-BOARD TRAIN - 	 IN TRACTION POWER SYSTEM 
AFFECTED 

SIGNAl 	COMM 
SYSTE SYSTE 

V 	N 	V 	N 

COMMEnTS 
MD/OR 

REMARKS 

LOW CURRENT FAULT DETAIlS OF - 
LCFD DEVICE 

MISC. 
MFR. 	DATA 

MODEL 	INFO. 

LCF DETAILS OF 
LCFD DEVICE 

MISC. 
HFR. 	DATA 
ODEL INFO. 

- 
KXPD 

Y 	N 

- 

0/5, 

Y 	N 

OCCURRED 
IN/AT 

lU ST 	TIlER 

RESULTED 
IN 

F TF SN cs 

CAUSED 
DUE 
TO 

FUNC- 
TIONAL 
.00ATION. 

- - 
XPD 

Y 	N 

DIR? 

V 	N 

. 
OCC.lJR.tAERD 

FROM 
TPS 	CBS 

RESULTED 
IN 

F 	rF 	N CS 

CAUSED 
DUE 
TO 

. OTHER DOTHER 
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NCTKP PROJECT 43—I LOW CURRENT ShORT CIRCUITS 

SUMMARY OF SURVEY. RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

MN... 3819—I 

S. SAGAN 	 - 

a. 	N.. 

BRIEF SYSTEM DESCRIPTION 	 . 

TYPE HAJORT - 	VOLTAGE DIST. BY 

METRO I.ICW'r OTHER. 1)0 C SS MAX. HIM. MOM. AC IC C T TRANSI.T SYSTEM 
MISCELlANEOUS SYSTEM DATA 

RAIL ST 

GREATER CLEVELAND REGIONAL TRANSIT AUTHORITY X 3 97 600v  X X GROUNDED CATENAIIY OVERhEAr) STRUCTURES 
(RTA) . 	GROuNDED RETURN CUIIKENT SYSTEM 
ClEVElAND S 	AI'PROXIMATFI.Y 2 MILE LUNG EACH ELECTRTFIEII SECTION 
01110 S 	1.5 MW/TPS 

USA . S 	2 TO 30 YEARS OI.fl EQUIPMENT. 
. 	DOODLE END FED SYSTEM 

4 DC FEEDER BREAKERS PER TPS 
4500 AMPS RATING 	OF EACH FEEDER IIIIFAKER 
10 MiNUTE HUSH HOUR HEADWAY 
20 MINUTE NUN—RUSH 110DM HEADWAY 

A I 99 600V A A I TO 3 CARS/TRAIN 
2 TO 4 MOTORS/CAR 

- 
'ST 	

485 AMP (FOR METRO) 

CAR MFRS - PULLMAN STANDAIID•  BREDA 
CONTIIOI. - CAM.. CONTROL C CHOPPER CONTROL 



NAT toNAl. ACAIIIHY OF SC I ENI:Es 

LAA A I N 	 - -. 	 - tIcntp PR0.IECT - 4-I 111W CURRENT SHORT CIRCUITS 
I$93 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE RI 

((119-I 

N. S. SAGAII , 

I., 

1.0W (IIIINENT FAUlT DATA 	 - 
- ON-BOARD TRAIN IN TRACTION lOWER SYSTEM 

1.0W CURRENT FAIILT IIETAII.S OF LCF LIETAII.S o AFIECTUI COMMENTS 
TRANSIT __________ 

1- 	
- 

I.CFI) DEVICE LCFD DEVICE 
,ICUAI 	COMM AND/OR - 

XPD 

- 
IllS? 

110W FAR BESULFED CAUSED SYSTEM 
EKI"II 	 OCCURRED 	RESUlTED 	CAUSED 	FIINC- MISC. sc. SY5TE 	iSlE REMARKS 

Ills? 
IN/AT 	IN 	DUE 	TIONAI. MFR. 	DATA 

OCCURNED 
FROM 

IN DUE 
MFR. 	DATA 

tillER 	F 	 .00ATION MODEl, 	INFO. S 	N S 	N iFS F 1Ff[  
TO MODEL 	 INFO. 

Yf 
 S_f L}. 1T 11]SN[CS 

- 0 115CR ON NONE S A 

[CBS 

. RATE OF - . QUESTIONNAIRE 
IOTA ARCING - -- - 

DI/OT 4 
-. - * 	p RISE RE- 4-__* -• PAUl 	II NOT 

4 * CI EVEI.ANU FAUlTS NIlI' 
LAYS RETIIIINEII, 	IIENC 

01110 EXI'ElI ENCED - PNINCIPLI - 
DATA 	(DENTIFIEI 

USA 
NERD. BY 

BloC NO OilIER DATA BY AN * WAS 

OR I NEORMATION NoT C0141I.ETED. 

PROVIIIEI) 

OTUEk DOTUER 
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NLTKP PHOJSCT 43 I ION CIJRRSNT bHORT CIRCUIIS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 
NJ': 

- -------- B......... 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJORITY VOLTAGE - 	01ST. BY - 

METRO I.ICHT OTHER NG" MAX. HIM. NOM .0 IC C T lRPNStT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

NASSA,*iit'~ElfS 	NAY 	IRASSOFRTAYI(ON AUTHORITY * S *STREl T X X * GROUNDED CATENARY OVERhEAD STRUCTURES 
CARS FOR UNCROUNDEIS RETURN CURRENT SYSTEM 

IS.-5. 	P.1, 	U.S.A. TRAC 
lilT 	hISS VARIES .111 FOR 

STRI.) . 	I.5 1 
I.ESS 

1. 

R Ol.— 

Alt. CON— TIllS RANGE CUE 
RINATION FOR hOlE— INE 

I.8j.. MII.E LONG ELECTRIFIEDSECTIONS 

3.0 	(vARIES) 	 . 	 - 

.SYS 
AMONG IERENT (METRo 

2.0 
ALl. lINES & 

2 & 3 MV (VARIES) CAPACITY OF TPS 	- 
lINES .REEN 

AVC. ACE OF TPS EQUIPMENT 4 TO 12 YRS. 	SOME ARE OlDER 
.INE - 

MAXIMUM 2 TPS/SECTION 
.IGIIT 

SINGLE AND DOUBLE END FED SYSTEM 
All 

USES CONTACT RAIl. DISCONNECT SWITChES 
- 

A 
6, 8, tO DC FEEDER BREAKERS (VARIES) PER TPS 

. 
IRACK 

. 	2000 AND 4000 AMPS DC FEEI)ER BREAKER RATING 
ESS 

I, 3, 5, 7 MINUTE RUSH HOUR HEADWAY (VARIES) 
rROLIAY 

5, 	hO, 20, 30 MINUTE NON—RUSH hOUR hEADWAY (VARIES) 
INES 

1START VARIES BETWEEN 0 AND 540 AMPS DEPENDING UPON 

TYE TYPE OF CAR 

'RUN VARIES BETWEEN 30 AMPS AND 915 AMPS DEPENDiNG 

UPON THE TYPE OF CAR 

CARhIFRS. - HAWKER—SIDDI.EY, PULLMAN STANDARD, 

FLYER INDUSTRIES, BOEING VEKIOL 
CONTROL - NA.IORITY CAN CONTROL, SOME CHOPPER AND 

FEW ACCElERATOR CONTROL 

. 4 
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f 	 Ch..t 

AII 	NCTKI' PROJECT - 43-I P.0W CURRENT SIIIMIT CIRCUITS 
M93 	NO 	- 	 -- - .......- ------ 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS(SIUE H) 

RBN,... 

SACAR 
gab - 	 - 

t_._ , 

ION CURRENT PAUI.T DATA 	 - 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM - 

1.0W CURRENT FAULT 	 -- 	 DETAII.S OF 
IkAN~ll 

 

AFFECTED COMMENTS . 	LCF 	 - DETAILS OF 
- - 

	 I.CFD IIEVII:E 	• LCFIP DEVICE SIGNAl 	COMM AND/OR 

SF1). 0/SI 
RESULTED CAUSED 0C:URREI) 	RESULTED 	CAUSED 	FUNC- 	 MISC. MISC. 

IYSTEI SYSTE RENARES 
II 

- 	 IN/AT 	IN 	 DUE 	TIONAI. 	MPH. 	DATA 
OCCURRED 

FROM 
IN DUE PIPE. 	DATA 

N 	t 	N 	IfR 	F1TFSM1CS 	TO 	.00ATION 	MODEL 	INFO. V 	N V 	N IFS 	1GRS 
TO 

WODEL iiii 	-yi YII  

MRTA x x * .1 CKT.BKR. X S 0 NO DEVICE FREQUENCY 4 - + *DATA FOR U 4 

DSIUN .5 CKT.BKRS IS USED 0F LCF's DIFFERENT TYPES 

HA 6 CKT.BKRS IN AU4OST REPORTED OF CARS HAVE 

V.S.A. . IOCKT.BKRS 	 - 50L OF VARYING IN BEEN PROVIDED 
- TPS SYS- 1/DAY 10 TIIROILCIIODT. 

TEN NENOR 
NO OIlIER DATA - 

INCREASING 
,QUESTIONNAIRE 

OR INFURMATION REST OF PART II NOT 

- PROVIDED - THE 50 ,PRESENTLY RETURNED, HENCE 
HAVE ITE- USING DATA TDENTJIIED 
RATE-OF- dh/dt BY AN * COULD 
RISE RATE-OF- NOT BE COMPLETED  
RELAYS. RISE 

DEViCE 
DOES NOT 

- 	

. SEEM 
ADEQUATE. 

0 OILIER 0 OTHER 
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L.J 

	

	 CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

i. 31:
1 

 DWM$.IJfl. 
NS SAGER SN. 
	- - - 

Od. 	 - 

- 	BRIEF SYSTEM DESCRIPTION 

TYPE NAJORIT' VOLTAGE 01ST. BY 

METRO lIGHT OTHER DC B 5$ MAX. MON. NUN. C £ C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

CHICAGO TRANSIT AUThORITY 	 . X 10 54 
3  

650 600V 600V S S X a GROUNDED OVERIISAD UATENARY STRUCTURES 

(CTA) 	 '' 
a UNGROUNDED RETURN CURRENT SYSTEM 

ChICAGO 
. AVERAGE 2.2 MILE LONG' EACH ELEC1RIFIED SECTION 

ILlINOIS . 2 TO 2.5 MW CAPACITY OF EACH TPS 
a EQUIPMENT 1 TO 23 YEARS OLD 

USA 
2 TPS/ELECTRI VIED SECTiON 
SINGLE AND DOUBLE END FED SYSTEM 
USES CONTACT RAIL DISCONNECT AS WELL AS GAP BREAKER 

STATIONS 
4000 AMPS RATING OF DC FEEDER BREAKER 
4 FEEDER RREAKERS/TPS C S FEEDER BIIEAKERS/GIIS 

2,1/2  TO 4 1/2  NINIrFE RUSH IIOUR HEADWAY 
15 TO 30- MINUTE NON-RUSH hOUR IIKAIIWAY 
2 TO 8 CARS/TRAIN - 

S 4 MOTORS/CAR - . 1ST VARIES BETWEEN 220 AMPS to 624 AMPS/CAR 

14UN =350 AMPS 

- . CAR MFRS. - ST. LOUIS. PULLMAN-STANDARD, BUIlt), 
BOEiNG VERTOI. 

• CONTROL -. MAJORITY CAN CONTIIU?. SOME WITII ACCELERATOR 

CONTROl. (h'CC TYPE). 
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NATIONAl. ACADEMY OF SCIENCES 
I 	 . MAIJ 	NCTMP PROJECT - . 45-I lOW CURRENT SHORT CIRCUITS 

1*193 	 . ....._.... . 
SUMMARY OF SURVEY RESPONSES FROM TRANS IT SYSTEMS (Sills RI 

381W-I 

.,,..!l.:_ 2.SGARs.i. 

R ......-- 

- 	 1(1W CURRENT FAUlT DATA 	 - 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

low CURRENT FAUI.T 	 UETAII.S OF Al FECTEI) COMMENTS LCF DETAilS OF IIIANSI I 
LCFD DEVICE 	- SIGNAl 	COHN AND/OR - - 

SYSIEN • ESl'Il 	 OCCURRED 	RESUlTED 	CAUSED 	FUNC- 	 MISC -XF•D. U/ST 
RESUlTED CAUSED SYSIEdisc. 	

SYSTE REMARKS 
U/S 	IN/AT 	IN 	DUE 	TIONAL 	HFR. 	DATA 

OCCURRED 
FROM 

IN DUE 

HOUEL 	INFO. MODEL 	INFO. Y 	IN 	Y 	IN 

CIA V S S AT 

ft

YNrUSYINERFTPNCSIOflLAYION 

S S SI1UE .CABLETIJ NONE NONE S IN 

YNYfIPSGRSFVHCS 

- RATE OF RATING NOT SUGGESTED 
CIIICAC.., ARC INC GRADE TIE CAR BUY 8JUl11 WISE/TINE VARIES W/ RESI'ONI)EU 1NVESTICATLI1G 

Itl.IOIS FAUlTS 01W CABLE TOTIIUCI( . 	. DEVICE 76T SECTIONS PILOT WIRENC 
DID Nor STUSE S GROUNDS SIIONT - TIDY - UFRD BY USED BY LIRE 

1 (PS I 	I 

__________ 	 - 	---------_______ .- 	I.CF1) DEVICE 

PROiUl,- - - 051 - NO 
______ 

DATA Oil 
PI1IIVIIIED 

INYOIIMATION . 
STE 

EACH SEC. 
IS SET 

I SION lISTS - cONTIN- SKPA 
- WIRING TED . OUSLY 	- RATELY 
- CROUNDS ADJUSTABLE FOR PER- 
- . FORMANCE 

OThER DOTR 0 

31 DEI.AYS - - IN TUN- - MEl. 

DELAYS  
AT GRAD 
IJENEEN  
STATION - 
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1AINJ 	NCTKP PROJECT 43 lION CURREN1 ShORT CIR(UI1 

SUMMARY OY SURVEY RESI'UNSES FROM TRANSIT SYSTEMS (SIDE A) 

3819-. 

	

N. S. SAGAN 	
- -- 

DI....... . 	. . . 

BRIEF SYSTEM DESCRIPTION 

TYPE KAIORIT) VOLTAGE 01ST. BY 

METRO LIGHT OTHER UC B 55 MAX. KIN. NON. C C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL S S S 

MONTREAL URBAN COMMUNITY TRANSPORT COMMISSION S I Ut 950V 600V 750V S X . 	RUBBER TIRED METRO WITH SEPARATE POSITIVE AND NEGATIVE 
(CTCUH) CONTACT RAILS AND RUNNINC RAILS WITH A DEDICATED 
Ht)NTREAL, QIJEBE(: 1111 CONCRETE RUNWAY. 

UBBE . 	SYSTEM SOON WILL BE WITH TOTALI.Y (UNGROUNDED) FLOATING 
FIRES RETURN CURRENT SYSTEM. 

1.5 KM LONG ELECTRIFIED SECTION 
2.5 MW CAPACITY OF EACH IFS 
Ii YR. OLD EQUIPMENT 
2 OR 3 TI'S/SECTION 
4 (IC FEEDER BR6AK.SRS PER TPS 
2600 AMP RATING OF EACH FEEDER BREAKER 
CENTER FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITChES 
2'-I5" RUSH HOUR HEADWAY 
6 	NON-RUSH HOUR HEADWAY 
3. 6, 9 CARS/TRAIN 
4 MOTORS/CAR - 
'ST 	

500 AMPS (IN SERIES), 	1001) AMPS (IN PARAlLEl.) 

= 200 TO 250 AMPS/MOTOR 

- CAR HFRS. - CANADIAN VICKERS. BO)IBARDIKR . - CONII)OL - CAM AND ChOPPER CONTROLS 

I 	- I 
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00 

Ck.l NATIoN,I. A AIIEHY UI O . SCIEN:ES 
I 	 . 	 -. 

I_____ 1__J 	
, NC1RP PROJECT - 43-I

. 
 1(1W CURRENT SnOUT CIRCU ITS L 

SIINMAKY OF SURVEY RESPONSES FROM TRANS IT SYSTEMS (S LIE B- 

111. 18191 

7 IS. SAGAN 	 - - 

ha 

IOU 	:uKI(EN I 	I-AUI.T lUCIA 

UN-IlOAkI) TRAIN IN TRACTION POWER SYSTEM 

lOW CURRENT FAULt 	 I)ETAII.S OF . 
AFI-ECTED COMMENTS LCF DETAILS OF 

TRANSIT . 	.._..._ 	 - 1.1:111 	DEVICE ICED DEVICE 
IINAI 	COHN AND/(IR 

110W FAR RESUlTED 	f CAUSED SYSTEM MISC. 
SYSTE SYSTE REMARKS 

RED 	KESIII.TED 	(AUSED 	PtJNC- 	 MISC. XPIl D/S? OCCURRED IN DUE /U?
/AT 	IN 	 DUE 	TIONAL 	HER. 	DATA 

ITU;SI-T 
PROM HFR. 	DATA 

Y 	N 	Y 	N 	TIlER 	FTE'SMCS 	TO 	((CATION 	 INFO. V 	N S 	N TPS 	1C85 
F1rFrM 

1 10   MODEL 	INFO. YN 	YB 

FLASII- TI1AC- MFRD. BY RATINGS • S X NOT NO UNSAFE BEIN- BBC .SETTINC S X .VERNAL CON- 
CTCIIM X X S 

OVER TION CANADIAN FOR THESE PROVIDED CONDITION FORCINC SECIIERON 3 HSEC. VEI1SATION 
MONTREAL. 

ONI MOTOR CONTROLLERS DEVICES IIESUI.TFI) 4IRES 	IN NFRD. BOO AMPS REPORTED THE 
((IIEREC 

TRACTION IVERCIJRRENT ARE 	PRII TIRES FCC-Via 
ONE DEVICE 

FOLLOWING: 
CANADA 

MOTOR • CONTROL VI DEl) (:ONTACT- RELAY 
ShARES 4 

- FCC-Via 

MA SET, BREAKING wnICII INC THE (SOlID FEEDERS 
AlSO PROTECTS 

FAN RELAY (QUF) VARIES WITII CONTACT STATE (IN-BOARD FAULTS. 

MOTOR AND OVER- TIlE TYPE RAIl.. El.EC- REPORTED 
-TIlE ON-BOARD. 

PER LOADCON- OF CARS. TRONICS) SUITABI.E 
LCFI) DEVICES 

TRACTION TROL FIELD OSCLI.I.O- 
OPERATES OPERATION 

WERE ADDED IN 
RESISTOR EXCITING 

CRAM FOR 
ON di/dL AND GOOD 

TRAIN CONTROL 
CAM CON RELAY 

TRAIN UNDER 
PRINCIPLE PERFORMANCE 

CKT. PRIOR TO 
TROLLERS ((ISE) FAUI.T AT . INSTALI.ATLON OF 

(hiGh .SERVO VARIOUS I'CC-.67a. 
CURRENT CONTACI lOCATIONS CTCUH CONTINUED 
CON- 

HERD. NEAR SUB KEEPING ON-BOARD 
TACTOR) 

FOLlOWING STATIONS . I.CFI) DEVICES AS 

DEVICES: ARE PRO- BACKUP PROTECTOR 

-111FF. VIDED. - -PRESENTLY CTCUM 
CURRENT .DEVICES IS EVALuATING 
IIETECT INC ARE ADDED BIIC-ACALI, 
DEVICE BY CTCUH SIEHENSE 3Db 

. (QDI), TO MODIFY CERHE 501.11) - 
D 

- - - 
OTHER 

D - OTIIEII )VERWAD 
T RAIN.CON- . STALE ICED 

SERIES IROL CliP. I DElAY IN . DEVICES TO - 
S DELAY IN RELAY TO AID TUE TUNNF.I. COMPARE FCC-Via 

T(INI)EI. (Q IS) DETECT ION RETWEEII OPERATION FOR 

BETWEEN -OVEKI.OAD 
V I'ROTEC- STATION: TIIEIR SYSTEM. 

STAT1IJNS PARAlLEl. 
noN OF 

RELAY 
I.CF PROB- 

(QIP) lENS. 
-OVER - 
CIIR RE NT 

CONTROL 

RELAY 
(QSI) 
-UVERI.OAII 
CONTROL 

RELAY CIIRRENt I 
(QCI) & MOTOR 

I PP. I)ETECTI NC 
DEVICE 	- 
(QOM) 
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J 	NCTMPP10JECT 	I LOW CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

M. 3819-I 
. :.irJi' 

N. S. SACAR 

Ui..........I., 

BRIEF SYSTEM DESCRIPTION 

TYPE NAJORIT VOLTAGE DIST. BY 

METRO I.IGII'i OTHER UG E SS MAX. KIN. HUM. hC DC 

c l 

T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DA1A 
NAIl. % % % 

RAY AREA RAPID TRANSIT DISTRICT (BABY) 5 30 30 40 I200V YSOV S X . 	DIODE GROUNDED RETURN CURRENT SYSTEM 
OAKlAND, CALIFORNIA. U.S.A. 2.5 MILE LONG EACH ELEC1RIFIEO SECTION 

4, 	5, 6, 	7, 8 AND 10 MW CAPACITIES 0I 	uS 
10 YR. OLD EQUIPMENT 
I TO 2 TI'S/ElECTRIFIED SECTION 
CENTER FED SYSTEM 
USES CONTACT RAIL DISCONNECTS AND CAP BREAKER 
STATIONS AS WELL 
2000, 4000, 6000, 8000 AMPS BATING OF DC FEEDER 
BREAKER 
3 MINUTE MUSH HOUR HEADWAY 
10 MINUTE NON-RIISH 110DB hEADWAY 
7 CARS/TRAIN 

- 

4 MOTORS/CAR 
• a 	I 

ST 	
700 AMPS (PEAK) 

= 340 AMPS (RIMS) 	- RATRU IIUNI1 INC CURRENT/IRUI:K 

CAR MFR. - BOHR 
CONTROL - CIIOPPER CONTROL 



NAT 111MM. ACADEMY O SC I ENCES 
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NCTRP PROJECT - 43-I LOW CURRENT SII0RI CIRCUITS 

1H03 	IN,I 	..............- - .......... 
SUMMARY OF SURVEY RESPONSES PROM TRANSIT SYSTEPI (SINE R 

MR N. 	3814-1 	II,.Il 	'.I 

N. S : SAGAN 

cUd......... 

C 

LOW CURRENT 1AUI.T 11/11,1 

ON-BOARD TRAIN IN TRACTION POWER SYS1EM 

TRANSIT LOW CURRENT F.1IILT 	 IIETAII.S OP - -  AEFECTED COMMENTS LCF __________ __________ _______ DETAILS OF 
SYSTEM I.CFI) HEY ICE LCEI, DEV ICE ILNAI 	COMM ANII/OR - - 

EXI"I} 	
Ills? 	

OCCURRED 	RESULTED 	CAUSEI) 	EIINC- 	 MISC. 	. XI''D HIS? 
HOW FAR RESUlTED CAUSED 

MISC. 
SYSTE SYSTE REMARKS 

IN/AT 	IN 	lIVE 	TIONAL 	HPR. 	DATA 
OCCURRED 

PROM 
IN DUE 

NPR. 	DATA 
Y 	N 	Y I N 	TO ST IDTHER 	F IF SM CS 	10 	.00ATION 	MODEl. 	INFO. V 	N V 	N TI'S 	CBS F IF PHI  CS 

TO - - . 	MODEL 	INFO. Y IN 	Y

4  
RANT S S S S YABI) X S S .TUKN ON ,TRACTIO FIISKS STATED S 5 0.01 0.8 S l)C CABLE N0 	ANY RSTATEII NOT 
OAKLAND, 

.AT 
'SCR' MOTOR 

.OVERI.OAD RELAYS MILE NILE INSUI.ATI DEVICE THAT HAY RESPI,INIWI1 
CALIFORNIA GRADE 

SHUNTED & CON- 
RELAYS 

UFRU. NY . A1LURE BEING USED BE DUE TO TO 
U.S.A. Fl.ASll- 

TROL BOX VESTING- LEADING PRESENTLY LONC TERM 

OVER 
HOUSE I'O SIIORT 

PLAN TO LOW CUR- 
ElECTRO- I RCUIT ENT, 	FOUND BE NKEN 
MECNANICAI. IN 

USE RATE - 
PART OF TRACTION 

MOTOR 
TYPE 	, 01101111 

OF-RISE 
DEVICES 

TIlE CON- 

& MOTOR • MODEL 
IN NEW 

DUCTOR 

CONTROL VT-377A . 
EQUIPMENT 

HISSING 

BOX REI.AY FROM 

ARM. COIL JAN. 	1984. INSiDE THE 

ENERGIZES INSTALLED INSULATION 
AT - . DIOIIE AND 

SAN lEEK 
1650 .100 . A SWITCh 

PAPER 
-75 (SEEMS 

ACROSS 
"BART 

OVERlOAD I)IODE 	IN 
TRACTION 

REI A?) 
 

THE TPS 
MOTOR 

,REI'ORTED 
NEGATIVE 
RETURN 

IMPROVE- 

EXCEllENT CKT. TO 
MENT 

SUITABILIT INDICATE 
PROGRAM' 

 

- - - - - CR0UND 
WAS 

 . - CURRENT 
FURNISHED. 

D OThER 
- - 

II OTIIEK UPON 

S - CONDUCTING 
ADIODE 	- 
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SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

NUN...38.19 	

ads 

 

-f---- .. 

BRIEF SYSTEM DESCRIPTION 

TYPE NAJOIIIT VOLTAGE 01ST. BY 

METRO I.ICNT OTHER DC E SS MAX. MIll. NON .0 )C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 7. 7. 7. 

TORONTO TRANSIT COMMISSION (TIC) X . 19 - RI E50V 450V X X . 	GROUNDED RETURN CURRENT SYSTEM 
TORONTO, oNTARIO, CANAI)A S 	1-2.7 KM (VARIES) WNC ELECTRIFIEII SECTiON 

TOTAL SYSTEM (IF) CAPACITY 154.3 MU 
2 TO 40 YR. OLD EQUIPMENT 
2 TPS/ELECTRIFIED SECTION 
DOUBLE. END FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITCHES 

X 104 650V 450V S S 4 TO 12 DC FEEDER BREAKERS PER TI'S - . 	4000 AMP FEEDER BREAKER RATING (METRO) 
2500 AMP FEEDER BREAKER RATING (LIGIIT RAIL) 
2 1-25" AND 21-10" RUSH HOUR HEADWAY 
3-42' 	AND 4'-45" NON—RUSH hOUR HEADWAY 
6 TO 8 CARS/TRAIN - METRO 
1 CAR TRAIN - LIGHT RAIL . 
4 MOTORS/CAR - METRO 
I 10 4 MOTORS/CAR - LICIIT RAIL 
CAR HFRS. - C.R.C. 6 U. CO. 	M.L.W. 	LTI), HAWKER 

SIDDI.EY, 	(HETROJ ' - C.C. 6 F. 	CO., 	IIT1IC, 	F.I. & TIC 
(LICIIT RAIL) 

CONTROL - CAM 6 CHOPPER (METRO) - MASTER FUR. & BRAKE CONTROlLER AU)) 
CHOPPER CONTROL (LICIIT RAIL) 



NATIONAl, ACADEMY OF SIENITS 
1 	1 	ER..l 	 .... 	- 

NCIIIP PROIECI - 43-I lOW CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES IRON TRANSIT SYSTEMS (StilE III 

MN.. 1819-I 	IUll4'l.i) .L1 ' 
SAGAR B 	 - 

I......... 
lOW CLINKIINT FAULT DATA 

ON-ROARI) TRAIN IN TRACTION lOWER SYSTEM 

IOU CURRENT FAULT 	 DETAIlS OF 
AFFECTED COMMENTS I.CF . 	DE1AIl.S OF 

TRANSIT _____ - 	- 	 - CEll DEVICE LU') UElE AND/OR - 
:51'') 
- 
u/si 

110W FAR 
. 

IIESIILTEI) CAUSED 
I.

SYSTEM 
EXPlI 	 OCCIIIIREII 	RESUlTED 	CAUSE') 	UNC- 	 MISC . N I Sc. 

STIlE SYSTEI REMARKS 
,., IN/AT 	IN 	DUE 	IONAI. 	HER. 	DATA 

101T 

OCCURRED 
FROM 

IN DUE 
HER. 	UATA 

..ICNA1 ((INN 

NY 	NTUST 	TIlER 	FTFSMCS 	TO 	CATION 	MODEl. 	INFO. YNY NIPS CBS 
TO 

WDEL 	j-- 

X X S S ARCINC 4CAR CURRENT S X AT S ARCING WESTINC- sPILOT WIRE HOT OSTATED THAT 
TIC I 

FAULT BODY OVERLOAD SUB- FAULT lOUSE SCHEME IS PIIOVIIIED EXISTING RELAYS 
TORONTO 

DEVELOPE RELAY STA- BETWEEN 4FRD. 	DC 	- PlANNED FOR -IN IF SYSTEM 
ONTARIO 

& PER- 1-ION FONTACT ATE-OF- NEW ARE HOT AUEQUATE 
CANADA 

SISTED 
CURIIENT FEED AlL. 41SE 	(D3) SCARBOROUGII 

OVERLOAD INC UNNING ELAY LIGHT RAIL 
& CRIIIINI) - POINt AlL & - LINE IN 
FAULT - 

CAST IROI 
WESTINC- 

AUDITION 
RELAY fUNNEL 

!OUSE 
TO ITE-76 

LlcIIrs LINER. 
I NSTANTA-
IEOUS ESTED 

WITO LOCK- AKC RELAY(S) IN NOV. 83 
OUT ESTAR- TESTING 
MECHANISM I.lSllEI) 

HAICNETIC 
BBC-SECHERO 

.l:URREHT IIETWEEN 
TB LI' DUL-ACA U 

SENSORS CONTACT - RELAY 
All.. & SUCCI(SSFIJLI. 

.CHARCED - f.ROUND FOBALL 
COACH IA THE EXCEPT H1CH 
DETECTOR UDWAY RESISTANCE 

SiRUC- FAULTS 

(liRE 
ADD • L. - IIEINFORC D 

TESTiNG IS 
INVERT. 

PLANNED IN 
D 

- - 
OIlIER 

- 
U 

- - 
OIlIER 

THE DEEPEST 

S DAMAGED 5 SCORCH IN-- NO OT 1KB SECT ION OF 

THE SKIN . DATA OR - THE SlIb- - METRO 

OF CAR INFORMATION PROVIDED . WAY WALl. INVOlVING 

BODY - - FASCIA 3 	TI'S. 

(METRO) 
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LIV 	 NCTRP pRoJEcr 43 I ION (IIRRENI 
18103 

SUI*IARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (StilE A) 

bRIEF SYSTEM DESCRIPTION 

TYPE MAJOIIIT VOLTACE 0151. BY 

METRO LIGHT OIlIER UC K 55 MAX. NIH. NON. C IC C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 7. 7. 7. 

IIELSIIICIN KAUPUNCIN I.I1KEIINELAITOS 	(IIKI.) X 10 10 60 950W 525V S X UNCROUNDEDRETI3RN CURRENT SYSTEM 

IIEI.SI(1KI, 	FINNLAND . . APPROX. 2.5 KM lONG ELECTRLPIEI) SECTION 
2.15 tWA CAPACITY OF EACH TPS 
2 10.10 YR. 0.0 EQUIPMENT 
4 DC FEEDER BREAKERS PER IFS 

.. 	I TPS/EI.ECTRIFIED SECTION 
DOUBLE END FED SYSTEM 
USES CONTACT RAIL DISCONNECTS 
4000 AMP RATING OF EACH DC FEEDER BREAKER 
5 MINUTE RUSH HOUR HEADWAY 
10-I5 MINUTE NON-RUSH hOUR HEADWAY 
l. = 150 AMPS/CAR 

1RIJN 	
750 AMPS/CAR (MAX.) 

2, 4, 6 CARS/TRAIN 
4 MOTORS/CAR 
CAR MFR. - VALNET OY 
CONTROL - INVERTER CONTROL 



N.TIIJNAI. ACYIILMY OF VCII:N(:Es 
EW.I 

NCTRI'l PROJECT - 63-I 1.41W CURRENT sIIIIRT CIRCUI1S 

SIINNK Y OF SURVEY RESPONSES HWH TRANS IT SYSTEMS (SI IlL B 

, 	1819-I 	Ib..II - JiI r.!!' 

SI 
N. S. SAGAN 	 -- 

EU------.... In....... 

1.11W CURRENT FAIJL.T UVIA 	 - 
ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

1.0W CURRENT FAULT 	 DETAILS OF AFFECTED COMMENTS I.CF DErAIl.s or IRADS I I 
-:- 	 --- 	-- 	I.CFII DEVICE 

- 
LCFD DEVICE SICNAI 	COMM AND/OR - 

ujs 
- - 

HOW 
lJRKU 

RESUI.TEI) CAUSED - Y S S KM 
1 l• 	 OCCURRED 	RESUIIBO 	CAUSED 	uc MI'•C 

SYSIE SYSTEI REMARKS 
0/5?  

IN/AT 	IN 	 DUL 	1IONAI. 	HFB FROM 
 IN DUE 

MFR. 	DATA 

V 	
N 	1 	N 	IV ST 1111KB 	F 	IF SM CS 	TO 	.00ATI(IN 	MODEl 	INFO. IRS 	CBS F 	FfM Cs 

TO 
MODEL 	INFO. Yj 

NKI x x S CAR sCAR EARTII MEASURES X 	
I NIL OTHER .STATED AS 

- T 
IIEI.SINKI FRAME BODY FAULT THE SUM ARC 181.. - DATA OR dI/d 

NO DATA 

YINNI,MLD GROUNDED 
TRACTIO 

FAULTS 
ON cONTROl, 

TO THE* ML FERENCE 
INFORMATIDED 

NEGATIVE 
M lOB 

KYKI- OF TILE EXPE- PROVIDED 

RETURN STROMBERG INPUT & B IENCELI 

SYSTEM OY OF OUTPUT NO OTHER DATA 

HElSINKI CURRENT OF OR INFOR)4ATION - - 
FAULTS 

MODEL TUE CAR, PROVIDED 
IN MOTOR 

SCEII 	1K I WITH THE 
INSULATI IN 

(SEEMS LOWEST 

GROUND STARTING - 
CURRENT BALE IS 

DIFFEREN- SET AT 

TIAL) 5 AMP- - 	- 	- 
TURNS 

. I) OTHER D OTHER 



NATIONAl. ACAIJEMY OF SCIEN( ES 

MAI NCTRP 1R0!ECS 43 I LOW CURRENT SIIOR1 (.IRCUI1s 

- 	SUMMARY OF SURVEY RESIONSES FROM TRANSIT SYSTEMS (SIDE A) 

MRIs.. 	19.' - - 

RN, 

__._..t. 

BRIEF SYSTEM DESCRIPTION 

TYPE KAJOIIIT VOI.TACE 01ST. BY 

HETRU lIGHT OIlIER DC E SS MAX. HIM. MUIR. C DC C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 7. 7. 7. 

CIMPANIIIA 151 METH(woLlrANo 5 50 20 :Sti 901W ssov isov x - x UNGROUNDED RETURN CURRENT SYSTEM 
lIE 42(1 PAULO 	- METU8 I 	7-5 TO 25 MM TPS CAPACITY 
(METRO 1W SAO PAuLO) 	 - - 4 TO 10 YEAR 	OI.D EISUIPMENT 
SAt) PAUI.O . 17.3 KM LONG ELECTRIFIED SECTiON - N/S LINE 
BRAZIL . 1) KM LONG ELECTRIFIED SECTION - E/M I.INF (PARTI.Y 

- . 	 COMPlETED) 
OF 24/KM LINE - - - (U TPS FOR N/S LINE 

- 8 TPS OF TOTAL 19 TPS FOR E/W LINE 
4 10 10 YEARS OLD EQuIPMENT 

- 	. S 	DCUBLE END FED SYSTEM 

- - 	- . . 	USES CONTACT.RAIL DISCONNECT EWITCIIES 	- 
. 	4 DC FEEDER BREAKERS PER TPS - 

2 MINUTE RUSH HOUR HEADWAY 
3 MINUTE NON-RUSII IIOUR HEADWAY 

• . 	6 CARS/TRAINS 
4 MOTORS/CAN 	 - 
I 	VARIES BETWEEN 700 TO 750 AMPS 

1RUN VARIE
ST 	

S BETWEEN 375 TO 475 .iMP4 

CAN IIFRS - NAFEIISA. CONRASWA 
CINTROL - CIIOPPER CONTROL 



NAT.IONAL.ACADENY OF SCIENCES 

dNCTRP_PROJECT - 43-I LOW CURRENT SHORT CIRCUITS ItAIN1  
SUMMARY. 01' SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

3819-I V ILLSJd!i 

Bali 

LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

LOW CURRENT FAULT DETAILS OF LCF DETAILS OF AFFECTED COMMENTS 
TRANSIT LCFD DEVICE LCF.D. DEVICE 

S JD/oR 

EXFD OCCURRED RESULTED CAUSED FUNC- 
- - 
XD DIS? 

ICNA 	COMM 
 

RESUI.TEU CAUSED SYSTEM 
MISC. MISC. 

'(STE 	'YSTE REMARKS 

D/S? 
IN/AT IN, DUE TIONAL. NFR. 	DATA . OCCURRED 

FROM 
N 

TOE 

V 	N Y. 	N. TU iSr)THER.  FTEISHICS 
TO. 

rCATION MODEL 	INFO., V 	N Y 	N TI'S 	1GBS F1TP1SM.1'CS MODEL 	INFO". V 	N 	V 	N 

HEllO is: - * . NONE UN 5'. X. 4 RHC-SECH- NONE S QUESTIoNNAIRE 

SAOO,PAUIVO SOME CARS EIIUN DIII lART II NOT 

BRAZIl. . o DIFFEII- . . RELAY ON. RETURNED, HENCE 
ENTIAI. . HI/UT PRIM- IIATA 	II)ENTIFIEI) 
REI.AYS ON ,. CIPLE. . BY AN * COULD NOT 

V  SOME . . . RE (OHP1.ETED. 
oDETECT'ION 
IN OPERATOR . V 

CABIN FROM 
H0P1'EK CON 

V  
lROI.S. 

NO OThER - - UA1AOR 
V 

INFORMATION 
V...-..  

PROVIDED 

, 
V 

U OTHER 0 OTHER 
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6003 	
NCTRP PRO IECT 43-I ION CURRENT SHORT CIRCUI1 	 SI N. S. SAGAN  

SUEMAKY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 	 II.. - 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT VOLTAGE DIST. BY 

METRO LIGHT OThER DC K 53 MAX. HIM. NON. C iC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 

RAIL 

SOIrOIESTERN PENNSYlVANIA TKANSI'ORATION X 2 38 - 750V 450V X X . GROUNDED RETURN CURRENT SYSTEM 

'AUTHORITY 	SKPTA) 	IIIII.AIWI.h'IIIA. 	IENNSYLVANIA, 	USA 0 B TO 2.4 KM ELECTRIFIED SECTION 
6 MW TPS CAPACITY 
4 TO 45 YIIS OLD EQUIPMENT 
4000 AMPS DR FEEDER RRFIAKER 

K 4 - 96 ONE TPS PER ELECTRIFIED SECTION 
SINGLE END FED SYSTEM 

' USFS CONTACT RAIL DISCONNECT SWITCIIES AND GAP DIIEAKEII 
STATIONS AS NELL 

a 4 TO U DR FEEDER BREAKER PER TPS 
2 TO 8 DC FEEDER BREAKER PER GAS 

- 2 MINIPTE RUSH HOWl hEADWAY 
7.5 MINUTE NON-RUSH HOUR hEADWAY 
I CAR/TRAIN (LIGIrI-  RAIL). 6 TO 8 CARS/TRAIN (METRO) 
4 ROTORS/CAR 

- 1ST 
= 350'A (METRO), 500 A (LIGhT RAIL) 

1K11N 
= 320 A (METRO), 	tOO A (LIGhT RAIl.)- 

CAll MFRS - BUDD, KAWASARI, ST. 	lOUIS CAR CO. 



(MM NATIONAL ACADEMY OF SCIENCES 

I IV1lLIIJ 	NCTRP PROJECT - 43-1 1.0W CURRENT ShORT CIRCUITS 
'-1803 	 - _- 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

00 

M _3819-1 IM.ILJ.fhI 
N. S._SACAR 

LOW CURRENT FAULT DATA 

ON—BOARD TRAIN IN 'TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAULT DET*II.S OF LCF DETAILS OF 
TRANSIT LCFD DEVICE LCFD DEVICE [GNAt COMM 

YSTEASYSTE 
AND/OR - - 

OCCURRED RESULTED 
1 

CAUSED YIINC— 
JTIONAL 

- 
XPD' 

- 
0/SI 

I 
lION FAR RESULTED I 

I 
CAUSED SYSTEM 

MISC. MISC. REMARKS 
D/S? 

IN/AT IN I 	DUE NFR. 	DATA 
OCCURRED 

FROM 
IN 

I 
I 	DUE 

NFRe 	!1_ 
YIN Y 	N ThfST3TI$ER FITFISI4ICSI 

TO .00ATION MODEL 	INFO. Y 	N Y 	N TPS 	JCBS vrvIsHpcsl 1 

TO 
MODEL 	INFO. V 

SEPIA S CIT. BEllS I I 4 .I/dt 4—. - _____________ . 
________________ ('IIILA. 	PA _________________ '(KA1IASAKI HATKF— Till UIIKSTIONNAIN 

(KAWASAKI CANS ONLY) • RISE N/LONG PANT II WAS NOT 
(:ARS) TINE DELAY RETURNEU 	IIENCE 

RELAY. DATA 	IOENIIFIEI) 

xl I f 
BY AN * COUI.O NOt 

NO OTIIEII DATA OH INFON— NO 	IIN DATA OH INFON— BE DUJIFIRTED. 
(BUDI) C. P(C NATION RUIIVICED NATION PROVIDED 

CAIIS I 

- D OTNER D OTHER 



NATIONAL ACADEMY OF SCIENCES 

NLTBP PROJEC1 4) I LOW CURRENT SUORT CIRCUItS 

SUMMARY OF SURVEY RESPONSES PROM TRANSIT SYSTEMS (SIDE A) 
N. S. SACAR Bab - 

S ------ 

BRIEF SYSTEM DESCRIPTION 

-
TYPE 
 
- MAJORIT VOLTACE - - 01ST. BY 

METRO I.ICIIT OTHER UC B SS MAX. NIH. NON. C C C T -rRA,ISI-r SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

PERKOLARHII. NEIROPOI.IIANLI d. 	BARCElONA, 	S.A. X 98 5 16504' 14501 ISuO X S X GROUNDED CATENANY OVERHEAD S1KIICTURES 
FCNB) TO TO TO ° 	GROuNDED RETURN CURRENT SYSTEM 

RARCRI.UNA 	 . - * - 12004 
. 	2.5 KM LONG ELECTIIII'IED SECTIONS 

SPAIN 	• 1250V IISOV . 	6 NW CAPACITY OF EACH TPS 
5 TO 16 YEARS 01.0 EQUIPMENT 
1 TPS PER ELECTRIFIED SECTION - - 
CENTER FE!) SYSTEM 
6 DC FEEDER HRKAKER PER TPS - 
3200 AMPS HATING OF EACH FEEDER BREAKER 

- - - S 	USES CONTACT RAIL DISCONNECT SWITChES - 
I.1VARIES HETWEEN 165 AMPS TO 220 AMPS 

- 	- 
1IIUN VARIES HETWEEN 137 AMPS TO 180 AMPS 

3 TO 5 CARS/TRAIN 
4 NOTOIIS/CAIIS 
CAR MPIIS - MACOSA, HIM. MAN. NBC, EUSKALDUNA 

- CONTROl. - CAM CONTROL CARS 

'-1 



0 

3819-1 

N. S._SACAR. 

NATIONAL ACADEMY OF SCIENCES 

IMAIN1 CM.I 
NCTRP PROJECT - 43-1 LOW CURRENT SHORT CIRCUITS 

803 	heRO 	 - 
SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS 
LOW CURRENT FAULT - DETAILS OF LCP DETAILS OF 

TRANSIT LCFD DEVICE LCFD DEVICE ICNAI1 COMM AND/OR - 
EXFD' OCCURRED RESULTED CAUSED 

ETIONAL 
PUNC- SYSTEM MISC. 

HOW FAR 	RESULTED 	CAUSED 
MISC. 

YSTEISYSTE REMARKS 

IN/AT IN DUE MFR. 	DATA 

TDD/IS? 	OCCURRED 	IN 	OR 
FROM 	 I 

I 

MFR. 	DATA 

N Y 	N TUST))THER .F 1TP5N1c5To 
..00ATION j6 	INFO. N 	IFS 	CBS 	

' r r Y IN_jYJ 

ICHI) X X 4 * UIFEH- . STArED X 4 * - . DIII 	RELA 4— * -. UESTT()NNAIRE 
__________________________ HAI(('FI.ONA _________________ TIAL 	IIEI.AY: 1)01. HELAY$ DETECTORS PART 11 NOT 

SlAIN FUSES AT TPS CDV AIICI)M RETURNED, hENCE 

oNACNETO- 6115 ON- lAhhITS 11111 DATA 	IDENTIFIEI) 

IIERMIC IIUARI) MDI EXI'EH- ' NO OTHER DATA OR INFOH BY AN 	COOl!) NO 
WITChES FAUlTS BUT ILNC I NATION PROVIDED. HE COMILEIRI). 

OIERATES 
IINI.Y 	AT 
1116 	DIF- 
FERENCE - IIETWEEN 
INPUT & 
OUTPUT - 
OF APIROX. 
60 AMI'S 

4 - -- 
0 OTHER 

- 
0 
-- - 

OTHER ' 



CWM - NATIONAl. ACADEMY OF SCIENCES 

L JJJ 	NC1KPPROJI.CI 43 I LOW CURRENT SHORr CIRCUITh 

SIIP*IARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

,N.S. SACAR

04  -.... S.... 

BR1EF SYSTEM DESCRIPTION 

TYPE MAJORIT VOLTAGE 01ST. BY 

METRO liGHT OTHER UG V SY MAX. NIH. NON. C IC C I TRANSIT SYSTEM 	- MISCELLANEOUS SYSTEM DATA 
RAIl. 1 1 1 

METROPOLITAN TRANSIT AUTHORITY (Mm) . S lOt 720V 450V X S CATENARY OVERIIEAD STRUCTURES ARE CONNECTED TO RUNNING 
HELROIJRNE, VICTORIA, AUSTRAlIA TREE RAIL. 	THE RUNNiNG RAILS ARE ALSO CROUNIIED. 

CAR . GROUNDED RETURN CURRENT SYSTEM 
I TO 3 KM-LONG EACH ELECTRIFIED SECTION 
2 MW TI'S CAPACITY 

. 	2 TO 50 YR. OLD EQUIPMENT 

-. - 1500 AMPS RATING OF EACH DC FEEDER BREAKER 
- 2 TI'S PER EACH ELECTRIFIED SECTION 

SINGLE END ANDDOUBI.E END FED SYSTEM 
USES CAP BREAKER STATIONS 

e 	7 TO 8 DC FEEDER BREAKERS/TPS 
• . lUC FEEDER BREAKER/CBS 

2 TO 10 MINUTE RUSH HOUR HEAONAY 
10 TO 30 MINUTE NON-SUShI IIOUR HEAIRJAY 

, 
I CAR/TRAIN 
4 MOTORS/CAM 
I 

ST 
 VARIES BETWEEN 100 AMPS AND 200 AMPS 

1RUN VARIES BETWEEN tOO AMPS AND 600 AMPS 

CAR HERS. - MELBOURNE & METROPOLITAN TRAMWAY bOARD, 
ASEA & COMMONWEAlTH ENGINEERING, 
AVG TELEFUNKEN 
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NATIONAL ACADEMY OF SCIENCES 

- 	NCTRP PROJECT - 43-1 LOW CURRENT SNORT CIRCUITS 
1*103 	$RI SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE R) 

M. — 2± 
S. SAGAN

cu  
- 

___ I...... 
LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF LCF DETAILS OF TRANSIT ICED DEVICE ICED DEVICE IGNAI COMM AND/UR - 
EXPD. - OCCURRED RESULTED CAUSED FUNC- - .XPD. - D/S? RESU1.LTED CAUSED SYSTEM MISC. MISC. 'STh SYSTE REMARKS D/S? DUE TIONAL OCCURRED DUE 

Y 	N Y I N IN/AT 
TU ST PTHER 

IN F 	iF SN CS TO LOCATION MODEL 	INFO. Y 	N Y 	N, FROM 
TPS 	CBS F TF 	M CS i MODEL 	INFO. Y 	Y 

(MTA) S X X AT .ARCINC @TRACTIOl I.INE SETrINGS X S 5 : RROKEN RATE OF SET TO NO DATA MELBOURNE STREE RElATED MOTOR BREAKERS ABE TROLLE.Y RISE THIP AT PROVIDED VICTORIA TO ON CAR •  400 AMPS. WiRE IN RELAYS GREATER AIISTIIAI.IA TRACTIO CAll 800 AMPS. CONTACT THAN MOTOR BODY 1100 AMPS . wim 1000 AMPS FAIII;TS RUNNING PER RAILS MILLI- 
SHIIORT SECOND - CIRCUiT 

110 OTHER DATA OR TO 
MO OTHER DATA OR —INF0RMATION------- . CR011110 4-1NFORHATIOM---- PROVIDED VIA A OVIDED CAR BODY 

D OTHER 0 OTHER 
S S AT STREETS - 
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NCTBI PROJECT 43—I i.OHCIIRRENTIIORT CIRCUI1 
am 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

- BRIEF SYSTEM DESCRIPTION 

TYPE 	I NAJORIT VOLTAGE 01ST. BY 

METRO lIGhT OIlIER UC K SS MAX. HIM. NON. ,C )C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL. S S S 

SOCIETE DES TRANSPORTS N NI IV 900V 600V S X . 	DIODE GROUNDED RETURN CURRENT SYSTEM 
INTERCOMNUNAUX DR BRUXELIES (STIR) e 	I KM LONG EACH ELECTRIFIED SECTION 
BRUSSElS. 	BELGIUM I . 	3 TO 4 MV CAPACITY OF EACH T15 
(METRI) ONLY) 	 - . 	7 YR. OlD EQU IPMENT 

2 TPS/ELECTRIFIEO SECTION 
7000 TO 11.000 AMPS RATING OF EACH DC FEEDER BREAKER 
DOUBLE END FED SYSTEM 
I)OES HOT USE CONTACT RAIL DISCONNECTSWITCHES OR 
GAP BREAKER STATIONS 
4 DC FEEDER BREAKERS PER TPS 
2 	MINUTE RUSH IIQUIL hEADWAY 
10 MINUTE NON—RUSH IIOUR IhEAh)IJAY 
2 10 4 CARS/TRAIN 
2 MOTORS/CAR 

1 ST = 930 AMPS TO 1200 AMPS 

1NOMINAL 
= 820 AMPS - 

CAR MFRS. - BN—ACEC, CFC—ACEC . 	CONTROL - CHOPPER CONTROL 
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19___J 	
NCTRP PROJECT - 4)-I LOW CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANS IT SYSTEMS- (SIDE B 

MBN... IBI)-I 

SAGAR wu  

00 

1.11W 	IIJRIIENI 	IAUI.T 	DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

lAIR CuRRENT FAIII.T 	I151AII.S OF AFFECTED COMMENTS LCI  DETAILS OF 

svs_rI:M . 	 11EV ICE . 	 . LCFU 	K 
- )I;UAI1 COMM AND/OR 

- URRED 	1(15111 1K)) 	CAIISEI) 	IIIH( 	 MISC. J - 	 1TIONAL 
UI''U U/S? 

lION FAR RESULIED CAUSED 
MISC. 

SYSTE 5551K REMARKS 
I U/S? 	

IN/AT 	IN 	 011K 	 MEN. 	DATA 
OCCURRED 

FROM 
IN DUE 

HFR. 	DATA 
Tu1STIrIIER 1F 	TFJSN1CS 	TO .fCATION 	 j 	 NFO.,  V 	N Y 	N TI'S 	CB5 

TO 
MODEL 	INFO. Y 	IN 	Y 	IN 

STIR NOT 	 IIAFA N))? 	 SEE IN ERT 	eBREAKERS 	SEE X S DATA NOT ;AD.IUSTABLE DATA UI.TI1A 	lUNCH 	IN 
IIRUSSE).S IROVII)ED 

PIIUV1DEI) - 	 oUIFEEREN 	INSERT PIIOV IIW.D . TRIP IISCB - 	NOT II'S BEING 	LINED 
BElGIUM TIAL.KKLAYS WITh 	dI/dt. PI1OVIIIKII MEIIII. 	DY A.C.K.C. 
(DEmO .VISUAI. 	. RELAYS OF DVI ChIN. 
ONlY) NO OTHER . 

. 
WIlKES (IN di/JI 

DATA IlK 
NO OTHER DATA 	. I'HINCII'I.E 	IlIr? 

INFORMATION 
OR STATED NOT USEPIII - 

INFORMATION 
PROVIDED FOR !.CFU. 

PROVIDED 

(WKT 

I 	1111 	I 
METRO HAD A PROBLEM WITII KENOVA.. OF METAl. DUST AND COOlING OF 
TRACTION MOTOR AND SEMICONDUCTORS IN CIIIII'PEK OVERHEATED MAY 

BE I)UE TO BRAKINC. 	PROBlEM OF METALLIC DUST EXTRACTiON 
RESOLVED BY I)SING COMPRESSED JET AIR. - - - 

D OTHER 
FOR MOTOR & ChOPPER, TIIEY ARE MIINITORING CURRENT/CAR A CURRENT/ _______ - 
MOTOR AND CuRRENT DIFFERENTIAL OF CIIOPPEH INPUT & OUTPUT 

(MAX. 	SOA). 	 . 

TIIEY AI.SI) USE VISUAL 	INSI'ECTI))N OF COIITROL & CIRCUITS. 

THE TIIYRISTOR USEII TO ACCII)ENTAII.Y GET PIKEs) AT THE BRAKING 

SIM))LTANEOUSI,Y. 	THEY RESOlVED 	11115 BY DETECTING MAGNETIC FIEI.D 

USING 	KEEl) TIJBE' 	BY TAKING IIIEFEKENTIA). OF RITIIEK 	INIIIVIDUAI. 

CIRCUITS OF CHOPPER OK THE BLOCK OF CIRCUITS WITH IN CIIOPIEK. - 

IN DOING SO TIIEY ALSO EXPEKIEIICEII PROBLEMS SIICII AS: 

oPENING 1W CIRCUIT BREAKERS ON ):IIRRENT lESS TIIAN SOA  

REPETITIVE TRIIOUTS (NUISANCE TRIES) Am) BlOWING CONTACTS 
MAI.?UNCTIIJUIINC IN ELECTRIC CIRCUIT ON RAItI) OPENINGS AND  
1.1)55 OF CONMANI) SIGNAL . I 

RUT OVEIIAI.I. CIRCUIT BREAKER IERVOI(HANCE ON SIIORT-CIRCUIT 

__ 
SEEMS SATISFACTORY. 	 , 

I 	I 	II 	 I 	 I  
. I 



NATIONAl. ACADEMY OF SCIENCES 	 -- 3819_I: 	
vLi!! 

NCTBP IROJECT 43-I LOW CURRENT SII0R CIR.UIIS 
	

N. S. SACAR 

SIIIQIARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT VOLTAGE DIST. BY 

METRO I.ICIIT OTHER DC B SS MAX. HIM. NON. &C C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
1 RAIL 

SOCIETY DES TRANSPORTS INTERGOHMUNAUX DR X 5 IS 11MW SOOV X X . 	CATENARY OVERHEAD STRUCTURES ARE CONNECTED TO RUNNING 

BRUXEILES (STIR) 
RAILS 

BRUSSELS, BELGIUM - 
. 	GROUNDED RETURN CURRENT SYSTEM 

I TO 1.5 KM LONG EACH ELECTRIFIED SYSTEM 
(LIGHT RAIL ONLY) 	 - 

0.15 TO 3 NW CAPACITY OP TI'S 

2 TPS/ELECTRIFIEO SECTION 
14 YR. OLD EQUIPMENT 
DOUBLE END FED SYSTEM 

- . 	DOES NOT USE CONTACT RAIL DISCONNECT SWiTChES OR - GAP BREAKER STATIONS 
4 TO 8 DC FEEDER BREAKERS PER IFS 
2000 AMPS TO 3500 AMPS DC FEEDER BREAI(ER RATING 

I TO 2 MINUTE RUSH HOUR HEADWAY 
5 MINUTE NON-RUSH HOUR HEADWAY 

I CAR/TRAIN 
4, 6, 8 MOTORS/CAB 

SOOA, 800A, 1200 AMPS 

CAR NFRS. - BN-ACEC 

CONTROL - FCC 



00 
(71 

NATIONAL ACADEMY OF SCIENCES 

NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 

SUIQ4AAY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (S IDE B) 

RS 	3819-I 	ssI2.i&j!I 
SAGAS 

Qt - 

LOW CURRENT FAULT DATA 

ON-ROARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COIOIENTS LOW CURRENT FAULT DETAILS OF LOP DETAILS OF TRANSIT 
LCFD DEViCE LCFD DEVICE IGNAII COMM AND/OR - 

OCCURRED RESULTED CAUSED FUNC- 
TTIONAL 

- 
XP ,D 
- 
D/S? 

110W FAR RESULTED CAUSED SYSTEM 
MISC. MISC. YS TE)1S YSTE REMASES EXPIEJ 

0/ST  
IN/AT IN DUE HVR. 	DATA 

OCCURRED 
FROM 

I N DUE . 	DATA 

J_ 	I LI.! TO 	
rIIER 

F1TF 1SH1CS TO 	

.tOCATION !_ KFR
MODEL MODEL Y 	N Y 	N TPS 	GBS 

rr_

10E 
TO 

INFO. Y 1N Y IN 

STIR NOT DATA NOT P BREAXERS S X NOT 
DATA 

OADJUSTABLI  
DATA PLAN lii INSTALL 4 4 

RNIISSEIS, HAOVIDEI) IHIIVIPEII FUSES; TRIP HSCR 
NOT 

LCFD DEVICE IN 
BELCIUM DIFFEIIENTI PROVIDED 

WITH di/dt 
PROVIDED 

TRAMMAY NETWORE 
(lIGHT ELAYS RELAYS ON EXPERIMENTAL 
RAIL VISUAL BASIS. 	NAY SNAIl 
ONLY) NSPECTION . ThEIR EXPERIENCE 

WITH US THEN. 

NO OTHER DATA OR DATA OR  N O OTHER 

4— 	INFORMATION -. i— INFORMATION —b 

PROVIDED - PROVIDED 

OTHER 0 OTHER 0 



NATIONAL ACADEMY OF SCIENCES 

AIN NCTRPPROIECT43-ILOWCURRENTSUORTCCUU'S 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SlUR A) 

_!:L. .dLdLJil 

-. I.,.. 

BRiEF SYSTEM DESCRIPTION 

TYPE MAJOMIT VOLTACE 01ST. BY 

METRO J.ICHT OIlIER UC E SS MAX. MIN. NOW. RC T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL t 

NAATSCIIAPPIJ VOOR IIET INTERCOMMUNAAI. VERVUER x i 93 UOOV X K . GROUNDED CATENARY OVERHEAD STRUCTURES 

TA ANTwEIWAN (IILVA) ANTWEIIP REI.CIUH TRAM) GI1OIINUED RETURN CURRENT SYSTEM 
1 TO 4 KM LONG SECTIONS 
3 NW CAPACITY OF TPS 
8 YR. 	OLD EQUIPMENT 
I TPS PER ELECTRIFIED SECTION 
DOUBLE CENTER FED SYSTEM 
B DC FEEDER BREAKERS PER TPS 
USES CONTACT RAIL DISCONNECT SWITChES 

2 MINUTE 	RUSH 1101111 HEADWAY 

6 IIINUTE NON-RUSH 11011W hEADWAY 
I CAR/TRAIN' 
4 MOTORS/CAR 
Ij.. 	240 AMPS 

- 	
UN 

= 156 AMPS 

CAll MPH - SPOORWEGMATERIEEL EN METAAL CONSTRUCTIES 
CONTROL - DRUM RESISTANCE CONTROL AND ACCELERATOR 

00 



00 
00 

NATIONAL ACADEMY OF SCIENCES 
U2vL '. SM_._ ____ !AIN, 	NCTRP 'PROJECT '- 4-1 LOW CURRENT SHORT CIRCUITS 

.1NO3 	 "-.- ________________.___-_ 	_______ 
SUMMARY OF SURVEY' RESPONSES FROM 'TRANSIT SISTEKS (SiDE 8) 

116 .._2L!L stJ  
N. S. SAGAR 	-- 

Ut____ 

1.0W CURRENT FAULT DATA 

ON-BOARD TRAIN IN 'TRACTION POWER SYSTEM 

LOW CURRENT FAULT DETAILS OF LCF DETAILS OF AFFECTED COMMENTS 
TRANSIT 'LCFD DEVICE LCPD DEVICE ICNAI1 COMM j4D/OR 

lIP 	II' 
- 

OCCURRED' RESUI.TED CAUSED FUNC- 
- 
XPD 

— 
0/SI 

' 
RESULTED CAUSED SYSTEM 

MISC. 'MISC. 
YST9SYSTE REMARKS 

0/5?  IN/AT IN DUE TIONAL ' MPH. 	DATA 
OCCURRED 

FROM 	
, IN 'DUE 

MFR. 	DATA 

- V 	N 
'j TUISTI.)TIIER  PITFISHICS 

TO OCATION MODEL 	INFO. V 	N V 	N TPS 	CBS F 	'F: N4' C5 
TO MODEL 	INFO. Y 	IN 	JY 	IN 

MIVA AN'r- S X [ FUSES S , I SYSTEM NONE 4— -. ' QUEsrI0NNAIIIE 

WEIII' I \ SUPER-IN- PART II NOT 

AHCIN NO OmEN DATA IIN INFOR- , POSES FIX91 RETURNED. HENCE 
BElGIUM - FAJI.TS FIlEr , NATION PItDVIDU 

, 
' ' , NIGH ERR- AIR IDENTIFIED 

EXPEIIIENCEI) ' ' ' ' QUENCY TO ' ' * COULD NOT 
- ' DETECT - 	, E COMPLETED. 

MOBILE 
- FREQUENCY. 

' fl OTHER D OTHER 

I: - 



NATIONAL ACADEMY OF SCIENCES 

L_ IMDO...J a 	NCTRP PROJECT 43 I LOW CURRENT ShORT CIRCUITS 

SIJHNARY OF SURVEY kESPONSESfROII TRANS IT SYSTEMS (SIDE A) 

if Øjji 

- hi....... 
BRIEF SYSTEM DESCRIPTION 	 - 

TYPE NAJORIT VOLTAGE DIST. NY - 

METRO liGhT OThER UG E SS MAX. NIH. ROIl. C IC C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

HAATSCIIAPPIJ VOOR IIET X 100 720V -420V 600V S X OVERHEAD CATENARY STRUCTURES ARE UNGROUNDED 	ALSO NOT 
.INTEHCOWNUNAAL VERVOER (lIllIAN CONNECTED TO RUNNING RAILS 
ClIENT THAN— - 
REI.GIUM WAY -. 	-t:s KM LONGEACII ELECTRIFIED SECTION 

1 MW CAPACITY OF EACH TPS 
I TPS PEN EACH ELECTRIFIED SECTION 
2-DC PEEIIEN BREAKER PER TI'S 
1500 AMPS RATING OF EACH DC FEEDER BREAKER 
SINGLE AND DOUBLE END FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITCHES 
3 TO 9 MINUTE RUSH HOUR HEADWAY 
6 TO 9 MINUTE NON—RUSII HOUR HEADWAY 

I . 	I CAR/TRAIN 
- 4 MOTORS/CAR 

151 = 200 AMPS 

- 1fllhN 
= 250 AMPS 

- CAll WFRS - RN 
CONTROL - FCC ELECTRONIC CONTROL 

00 



NATIONAl. ACADEMY' OF SCIENCES 
I 	 1MW 	 -. 

e:"1LuI-J 	NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 
11403 	 ........ 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS. CS;IDE: WI 

Mus. 3*119-I 	as-~L3sij!1 
N. S. SACAR 

 

- S.........-- 

0 

. 	 I.(*W CURRENT FAuCT: DATA\. 	 . 
- 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 	- 

LOW CURRENT FAULT 	 - 	 D€TAII.S OF AFFECTED - 	COMMENTS. I.CF DETAII.S or 
IRANSI F __________ ___ 	

ICED DEVICE LCFI) DEVICE ICNAI COMM AND/OR 
. 

XP'D. 0/ST 
RE5ULrLI) CAUSED SYSTEM 

EX 	 OCCURRED 	RESULTED 	CAUSED 	FUNC- 	 MISC.. MISC. 
'YSTE SYSTE REMARKS 

IllS' 
- 	 IN/AT 	IN 	 DUE 	IONAI. 	HER. 	DATA 

1-T 

OCCURRED 
' 	FROM 

IN DUE 
HER. 	. DATA 

Y IN YIN.TPS 
CBS 

° 

MODEL 	INFO. YjN 	Y 	N YfFf1HER 	F1FS*4CS 	 CATION 	 j 	INFO. 

F!r fIcS 

Yf 

5f 

NIVI. NOT - S  B NO DAT 	Oil TNFOR- AIICINI. • 4—NO DATA OR -. --' —4 QUESTIONNAIRE 4 
- I**SI'ONDEI NATION l'IOVIDEI) FAUlTS INFORMATION PANT IT WAS NOT 

ClIENT NOT PROVIDED NAILED AND 
BELGIUM . EXPERIENCED' . HENCE DATA 

IIIENTIFTED BY 
* COIlI.I) NOT BE 
COMPLETED 

II 	OTHER . OiliER 0 



NATIONAl. ACADEMY OF SCIENCES 

1"03 :.R$.
NCTRP  ROJECT 43-1 LOW CURRENT 550K 1 CIRCU ITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (StIlE A) 

1..sFLp:j 
By 	

SACAR • 

Ckt I.. 

BRIEF SYSTEM DESCRIPTION 

TYPE NAJOR)T VOLTAGE 01ST. BY 

METRO .10111 OThER DC £ SS MAX. HIN. RON .0 IC C T TRANSIT SYSTEM 
MISCELLANEOUS SYSTEM DATA 

RAIL 

SOCIETE'  NATIONAI.E lIES CIIEHINS X I 96 3 720V 420V 5 X OVEIIIIEAD CATENARY STRIJCT)JRES CONNECTED TO RUNNING 
1W FED VICINAUS(S.N.C.V.) HAIL 
BRUSSELS . 	UNGROUNDED RETURN CURRENT SYSTEM 
bI.l.GIUH S . 	2 TO 5 KM LONG ELECTRIFIED SECTIONS 

2 IFS PER ELECTRIFIED SECTION 
1.3 MW CAPACITY OF EACH TPS 

- - I 10 15 YEARS OLD EQUIPMENT 
4 DC FEEDER BREAKERS PER IFS 
2000 AMPS IIATING OF EACII FEEDER DREAKKII - - , 	USES GAP BREAKER STATION 
7 MINUTE IIUSII HOUR hEADWAY 
15 TO 60 MINUTE NON-RUSh 	HOUR IIEAIIWAY 
I TO 3 CARS/TRAIN 
2 TO 4 MOTORS/CAN 

Isi VARIES BETWEEN 105 AMPS TO 730 AMPS 

3UUN VARIES BETWEEN 57.4 AMPS TO 420 AMPS 

CAR MFRS - IIECONSTRUCTION SNCV C RN - ACEC 
CONTROL - CAM AND CHOPPER CONTROL 



NATIONAl. ACAIJEMY OF SCIENCES 
1 	 - 	crni 	 .. 	 . - 

NCTRI' PRO.IECT - 4)-I LOW CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE R) 

MU1.._ 1819-I 

ILSSACASNI  

'0 

1.11W CuRRENT FAUlT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

- - AFFECTED (:uIlENTS 
ION CuRRENT FAUI.T DETAILS OF LCF DETAILS OF 

tRANS 1 
SYSIEN 

/ - OCCURRED 

-. ---.- 

RESULTED 

- 	....-- 
CAUSED 	FIINC- 

I.CFD DEVICE 

MISC. 

LCFD DEVICE - MISC. 

SIGNAl 
YSTE 

COHN 
SYSTE 

AND/OR 
REMARKS 

- 
XI'D 0/5? 

- 
OCCURRED 

RESUlTED 
IN 

CAUSED 
DUE 

IN/AT 	IN DUE 	1>0MM. HFR. DATA FROM TO 
HFR. DATA - 

5.TM8 	

rs,cs TI> 	LICATION MODEL TPS CBS FFFHICS 
- 

NO DEVICE X 

Y[N 

¶ 
Tf 

 I LINE DATA 
S.N.C.V. ARCING 

UhING USI.> AIILINL FAULT - NOT 
RHUSSELS FAuLTS - - 

FAul TS DETECTOR PIII)VIDED 
BElGIUM NI)> 

NOT RELAY ON 
E5PERIENCEI 4 DATA NOT PROVIDED - NI) OTHER DATA DATA NUT PROVIDED _______ 

f— Oil .INFOIIMATION - IIXIEIIIENCED 
PRINCIPLF 

PIIIJV 1DED 

NO OTHER DATA OR 
INFORMATION PIIOVIDEt 

I 	OIlIER D OilIER 



NATIONAL ACADEMY. OF,SCIENCES 

1 IAI1. J 	NCTRP PROtECT 43—I LOW CURRENT SHORT CIRCUITS 

SuMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 

3819-1 
IBssItC 	.1 lll' 

- 

BRIEF SYSTEM DESCRIPTION 

TYPE MA.PORIT' VOLTAGE DIST. BY 

METRO lIGHT OTIIEII DC E SS MAX. MIN. HON. 4C C C T- TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL .5 .5 .5 

C. A. NKTIIO UK CARACAS (MC) X 0 If II 950V 450V X S UNCROUNDED RETURN CURRENT SYSTEM 
CARACAS . 	1.5 EN LONG EACH ELECTNIFIEI) SECTION 
VKNEZUEI.A .. 	3.5 TO 4 NW CAPACITY OF EACH TPS 

I YEAH OLD EQUIPMENT 
2 TPS/EACII ELECTRIFIED SECTION 
DOUBLE END FED SYSTEM 
USES GAP BREAKER STATIONS 

- 4 DC FEEDER BREAKER PER TPS 
4 DC FEEDER BREAKER PER GBS 
6000 AMP RATING OF EACH DC FEEDER BREAKER 

- I 1/2  MINUTE RUSH IIOUR HEADWAY 
3 MINUTE NON—RUSH hOUR HEADWAY 
7 CANS/TRAIN 
4 MOTORS/CAN 

'ST 	
620 AMP 

1RUN 	
400 AMPS, 

CAR MFHS - CIMT - ALSTIION ATLANTIC 
CONTROI.S - ChOPPER CONTROL 



NATIONAl. ACAI)EMY OF SCIENCES 
r 	..._ 	 . MAIN 	NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 

IM*EJ 	$MI 	-.-_ - 	 .......... - ........ 
SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE RI 

M,.... JBIY-i• 	IMtY'/d1jJI 

N. S. SAGAR l.I. 

LOW CuRRENT FAULT DATA - - 
ON-BOARD TRAiN IN TRACTION POWER SYSTEM 

1.0W CURRENT FAUI.T 	 -- 	DETAILS OF AFFECTED CONPIENTS - 	LCF DETAILS OF 
TRANSIT - - -..-.-.- 	.--...- ..- 	- 	

LCFD DEVICE LCFU DEVICE 
SICNAI 	COMM AND/OR - 

XP 0. 

- 
D/S? 

RESULTED CAUSED SYSTEM 
EXPI). 	 OCCURRED 	RESULTED 	CAUSED 	FUNC- 	 MISC. MISC. 

SYSTEI SYSTE REMARKS 
J/' OCCURRED IN DUE 

IN/AT 	IN 	 DUE 	TIONAL 	HFR. 	I)ATA 
YNYNIPS 

P11011 
CBS FrI,NCS 

TO 
NFR. 	DATA 

MODEL 	INFO. Y 	IN 	Y 	IN 

YNYNTUISTE)TIIERFITFISMCS 	

TO 	.00ATION 	 • 

NONE QUESTIONNAIRE 
MC X S __________________ . OVER dIR- S S S TIMED 

_____________ 
RENT RE- OVERLOAD PART 11 NOT 

CARACAS 
LAYS RELAY RETURNED, HENCE 

VENEZIIEL MPH. BY DATA IDENTiFIED 
FUSES GEC-UK BY AN * COULI) 

MODEL NOT BE CON- 
I 5O-ITR-I PIETED. 

NO OTIIEII DATA . ITE-76T 

4 	OIl INFIIRUIATIIIN— RELAY MFN 

PROVIUEII BY GOULD- 
BROWN 
HOVER! 

. 0 OThER 0 OTHER 



-- NATIONAL ACADEMY 01 SCIENCES 

LJ NCTRP PRO PELT 43-I I OW CuRRENT SHORT CINCUI1S 
lmo 	

SIPHHARYOF SURVEY RESPONSES FROM TRANSIT SYSTEI4S (SIDE A) 

NILi.Ii)  
N. 	 -- 

cNt.____ 	R..__._.. 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT VOL1ACE 01ST. BY 

HEIRO ICIUT OIlIER HG E SI MAX. NIH. NON. C C C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

AK[IESEI.SKABET OSlO SPORVEIER (OS) 	- 5 30 70 900V 525V S X . 	UNGROUNDED RETURN CURRENT SYSTEM 
OSlO. NORWAY . 	1.5 TO 2.0 KM LONG ELECTRIFIED SECTION 
(FOR MEtRO ONLY) 1.5 TO 6 MW CAPACITY OF TPS 

UP TO 18 YR. OLD EQUIPMENr 
1 TPS PER ELECTRIFIED SECTION 
2 TO 6 DC FEEDER BREAKERS PER TPS 
6000 AMPS RATING OF EACII DALE DC FEEIJER RKEAKER - DOUBLE END FED SYSTEM 	 - . 	
USES CONTACT RAIL DISCONNECT SWITCHES AS WELL AS 
CAP BREAKER STATIONS 
II MINUTE RUSh 	HOUR HEADWAY - 3 	IIINUTE NON-RUSH HOUR hEADWAY 
2 TO 6 CARS/TRAIN 
4 MOTORS/CAR 
1ST VARIES BETWEEN 550 AMPS AND 750 AMPS 

CAR MFRS. - STR(MMENS VERESTED, NATIONAL ELEKTRO, 
ARC, HERB 

CONTROL - CAll CONTROL 



011  

NATIONAL ACADEMY OF SCIENCES 	 u.L!-j_ sstk dj!" 
NCRPOJEC OWCURRS 

	
N. S. SACAR 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEM S (SIDE B) 

LOW IURRENT FAUI.T DATA  

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 
AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF LCP DETAILS OF 

TRANSIT LCPD DEVICE LCFD DEVICE 
IA 	COMM AND/OR - 

EXPD 

- 
OCCURRED RESULTED CAUSED FUNC-. XPD 

- - 
D/S? 

HOW FAR RESULTED CAUSED SYSTEM MISC. MISC. 
YSTEI SYSTE REMARKS 

U/sI  TIONAL 
OCCURRED IN DUE 

IN/AT IN DUE MFR. 	DATA FROM 
3THER F TO OCAT ION . V 	N Y 	N iFS 	I CBS F 

liP r JCS MODEL 	INFO. 
Y 	N Y 	N 

TU 1ST 
11F 1SM 1CS YI1 	Y_4 

dI/dr. ._.._- .QUESTIONNAIKE 
OS S 1 * FUSES SYSTEM PART II DID NOT 4 
I)SIfl APPLIED GET CONPI.ETED 
NORWAY thENCE tIArA 
(FUR NO OTHER DATA OK 

ARCING IDENTIFIED BY 
HETIt) i-INFORMATION--* 

FAUlTS AN * COOL') NOT 
ONLY) PROVIDED 

WERE NOT NO OTHER DATA OR UE COMPlETED. 

EStER IENCEL - INFORMATION --.- 
PROVIDED 

D OTHER D OTHER 



cwE _. IONAL ACADEMYOF SCIENCIS 	- 

1 . AIlJ 	NLTRPI'HO.JE.CT 43—I lOW CURRFjIT SIIORI CIRCUIIS 
180 	

SUMMARY OF SURVEY RESPONSES PEON TRANSIT SYSTEMS (SIDE Al 

HR..._. 381.!_  
N. S. SAGA! 

 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT VOI.TACE 01ST. BY 

METRO 1.10111 OThER UC E IS MAX. NIH. NON. hC C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 7. 7. 7. 

AKTIESELSK.AWET OSIA) SPORVEIER (OS) I 67 35 720V 420W 5 5 . 	OVERHEAD CATENARY STRUCTURES CONNECTED TO RUNNING RAIL 
OSLO. NORWAY . 	UNGROUNDED RETURN CURRENT SYSTEM 
(FOR LIGhT RAIL ONLY) . 	1.5 TO 2 KM LONG ELECTRIFIED SECTION 

1.5 MV CAPACITY OF EACH TPS 
I TPS PER ELECTRIFIED SECTiON 
UP TO 50 YR. OLD EQUIPMENT 
DOUBLE END FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITCHES AS WELL AS 
CAP BREAKER STATIONS 
2 TO 5 DC FEEDER BREAKERS PER TPS 
5 MINUTE RUSH hOUR HEAIIWAY 
10 MINUTE NON-RUSH HOUR HEADWAY 
I 10 2 CARS/TRAIN 
2 MOTORS/CAR 

1ST 	
BOO AMPS 

CAR HFRS. - DUEWAC/STRONMENS VERKSTED, NE, AEG. NERD 
CONTROL - CHOPPER CONTROL 



NATIONAL ACADEMY OF SCIENCES 

CJ.J 	
NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 

18 
SuMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 

MIS_ 38191  .UnieZI.,l!Lt 
Bw N. S. SAGAN 

00 

LOW CURRENT FAULT DATA  

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

TRANSIT 
SYSTEM 

AFFECTED 
ICNAI 	COMM. 
YSTEl SYSTE 

YII 

COMMENTS 
AND/OR 

REMARKS 

LOW CURRENT FAULT DETAILS OF 
LCFD DEVICE 

MISC. 

	

MFR. 	DATA 

	

i: 	iii. 

- 	LCF DETAILS OF 
LCFD DEVICE 

MISC. 
MFR. 	DATA _____ 

MODEL 	INFO. 

- 
EXPID 

- _________ 

OCCURRED 
IN/AT 

TV 1ST 
t)TIIER  

_________ 

RESULTED 
IN 

F 1TF 1SM 1CS 

______ 

CAUSED 
DUE 
TO 

______ 

FUNC- 
ITIONAL 

OCATION 

SF D - D/S? 
HOW FAR 

OCCURRED 
FROM 

TPS 	CBS 

RESULTED 
IN 

Fr f4 
1s 

CAUSED 
DUE 
TO 

NO * p AUTOMATIC ' I' 	I * .dI/d 4*-_- QUESTIONNAIKK oAs 
su.o RESPONSE VERIOAD SYSTEM PART 	IIIIJD MIII 

NORWAY PROTECTOR ARCINC APPLIED CII COMPLETED, 
(FOR lIGHT • IN CHOPPER FAUlTS IIENCF. DATA 
HAIl. ONLY) IEVIE WERE NOT IIIENT1FIED NY 

EXI'ERIENCED AN * 	CIlIlIJI NOT 
NO OTHER DATA OR NO OTHER DATA OR BE Cl)MII.KTED. 

4-INPORMATION---, 4-INFORMATION----- 
PROVIDED PROVIDED 

. D OTHER D OTHER 



NATIONAL ACADEMY OF SCIENCES - 	- 

cii 	 RENT shoRT ciRcuiTs 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 

M.._2 9:'_ 

ERIEF SYSTEM DESCRIPTION 

TYPE NAJORIT VOLTAGE 01ST. BY 

METRO 1.10111 OTHER UC U SS MAX. HIN. NON. AC )C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

MUSKOVSKY KE'rROPOLITAN IMENI LENINA (EMIL) X 91 - 4 975V 350V S X . 	UNCROUNDED RETURN CURRENT SYSTEM 

MOSCOW, . 	12 HVA CAPACITY OF EACH T?S 

U.S.S.R. . 	IS YR. OLD EQUIPMENT 
10 10 18 TPS/ELECTR!FIEL} SECTION 
DOUBLE END FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITChES 
4 DC FEEDER BREAKER FUR TPS 
6300 AMP RATING OF EACH DC FEEDER BREAKER 
80 SECOND RUSH hOUR HEADWAY 
180 SECOND NON-RIJSII HOUR HEADWAY 

6 TO 8 CARS/TRAIN 
4 MOTORS/CAR 
'ST VARIES BETWEEN 125 AND 140 AMPS 

1RUN VARIES BETWEEN 280 AMPS AND 350 AMPS 

CAR MFR. - HYTISIICIII 
- CONTROL - CAM CONTROL 



NATIONAl. ACAI)EMY OF . SCIENCES 
r - ---.- 	-- 	- 

	

)itAIt 	NCTRP PROJECT - 43-I LOW CURRENT ShORT CIRCUITS 

	

1803 	1R1 	 - --------------- -- -.. -. 
SUMMARY OF SuRVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

..tr2./.fJL 
N. S. SACAR  

LOW CuRRENT FAUlT DATA - 
ON-BOARD TRAIN 	 . IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAUI.T DETAIlS OF LOP DETA1LS'OF 
RANSIT LCID DEVICE LCFU DEvIcE SIGNAl4 COMM AND/OR - - 

OCCURRED RESULTED CAUSED FUNC- 110W FAR RESULTED CAUSED SYSTEM 
MISC. MISC.  REMARKS 

D'S, OCCURRED IN DUE 
IN/AT IN 0112 TIONAI. MFR. 	DATA 

TDD 
FROM TO 

NFR. 	DATA 

SYSTE1YSTEI 

Y 	N S 	N TU 1STJJTIIER F 1TFSH1CS TO .00ATION iü IFS 	CBS F fTP fM 1CS MODEL 	INFO. 

4 	
Y4  

CIKCUIT * SENSORS 4—*----- THE INFORMATION 4 
MHIL X X BREAKERS CIRCUIT FROVIOEI) IN 

SOW MO C BREAKERS RESPONSE TO 
USSR oEI.EC1RONJC QUESTIONNA IRE 

ARCING NO OThER PROTECTION PART II WAS NOT 

PAUI.TS 4— DATA OR 	I.  ENOIJCII TO 

NOT INFORMATION COMPLETE THE 

EXLERIENCI)D PROVIDED DATA IIIENTIFIED 
NO OTHER BY AN *. 

4— DATA OR 
INFORMATION 

PROVY lIED 

I) OThER o OThER 



L NATIONAl. ACADEMY OF SCIENCES 

tAIIJ 	1ICTRP I'ROIECr 43 110W CURRENT SHORT CIBCUIIS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIllY A) 

3819-i -- 

I;. 
N. 	ca 

RH. 

Dl 	 Rn 

BRIEF SYSTEM DESCRIPTION - TYPE HAJORIT VOI.TACE DIST. 	BY 

METRO I.ICIIT OTHER IC E 55 MAX. MIN. NON. AC IC C -r TRANS IT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

SISTEMA DY TRAIISI'ORTE CUILECTIVO 	(STC) 5 o2 I) 25 750V S S UNGROUNDED RETURN CURRENT SYSTEM 

MEXICO, 	D.F. . 	3.2 KM LONG EACh 	ELECTRIFIED SECTION 

MEXICO .. 2.5 	AND 4.0 NW CAPACITY OF EACH TI'S 

3 TO 14 YR. OLD EQUIPMENT 
2, 3 AND 4 TI'S/SECTION 
DOUBLE END PEt) SYSTEM 
USES CONTACT RAIL DISCONNECT SWITCHES - . 	1 DC FEEDER BREAKER PER TI'S 

9 CARS/TRAIN 

4 MOTORS/CAR 
1ST VARIES BETWEEN SOOA AND 660 AMPS 

1RUN VARIES BETWEEN 360A AND 400 AMPS 

CAR MFR. - CINT&B/L, CIHT/AI.STIIOH 
CNCF MEXICO, BOMBARDIER 

8 



NATIONAL ACADEMY OF SCIENCES 
I 	

IFd .. 

-- .-. -- 	-.--- ..-. -. - 
NCTRP PROJECT - 	LOWCURRENT SHORT CIRCUITS ...... __. . ............. 	.. - 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

'19-L. 

cu 

LOW CURRENT VAUlT DATA 

ON—BOARD TRAIN 	 - IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAULT 
____________  

DETAILS OF LCF DETAIlS OF 
TRANS I I 

LCFI) DEVICE LCFD DEVICE IGNAII COMM AND/OR - 
EXFII. OCCURRED RESULTED CAUSED FUNC— 

- 
0. D/S? 

HOW FAR RESULTED CAUSED SYSTEM 
MISC .XP' MISC. 

SYSTEYSTE REMARKS 
/5?  OCCURRED IN DUE 

N Y 	N 

IN/AT 

Tll IST 	ER 

IN 

F1TE1SM1CS 

DUE 
10 

TIONAL 
LOCATION 

HFR. 	DATA 
MODEL 	1NFO. S 	N S 	N 

FROM 
IFS 	I CBS 

FrFrHICS  

TO --- 
MODEL 	INFO. S 	IN 	S 	IN 

* TIIERHO— S 5 4 B .LOW RElAY QUESTIONNAIRE B SIC 5 5 
MAGNETIC IMPEDANCE INSTRUC— PART.II HOT 

MEXICO.I).F. 
TYPE DETECTION lIONS IN RETURNED, IIENCE 

MEXICO 
FUSES AND SYSTEM SPANISH DATA iDENTIFIED 

RELAYS MFIID. BY WERE BY AN * COULD NOl 
CERME ATTAChED IIECOHPLETED. 

.ELECTRONI DCC 78 AS APPENDIX 
SYSTEMS MODEL 7901 TO THE 

QUESTION— 

NO OIlIER NAIRE 

.—DATAOR PART) 

INFORMATION 
PROVIDED I 

I) OTHER I) OTHER 



tw 	NATIONAL ACAI)ENY OF SCIENCES 

LAAI AIN~ 	
NcTRI'PRoJELr 43-lION CURRENT SUORI CIRCUI1S 

SIIHJIARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

II•.lJ! 

By 
N. S. SAGAR 0th 	•... - 

lit --------- .... 0.. 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJORIT VOLTAGE 01ST. BY 

METRO lIGhT OTHER UG E IS MAX. HIM. NON. SC C C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIl. 

AUDAPESTI KöZI.EKEDESI VALLAI.AT  (5KV) X 77 23 721w 410V 5 5 e 	GROUNDED OVERhEAD CATENARY STRUCTURES 
BUDAI'EST, DICH . 	INDIRECTLY GROUNDED RETURN CuRRENT SYSTEM 
hUNGARY SPEEI . 	0.8 KM LONG EACH ELECTRIFIED SECTION 
(FOR II IGII SPEED STREET CAR/BuS ONlY) ST1IEE . 	2 	4 & 8 MW IFS CAPACITY 

CAR/ . 	10 TO IS YR. 01.0 EQUIPMENT 
BUS 4 TO 15 IFS PER ELECTRIFIED SECTION 

SINGLE END FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITChES 
16 DC FEEDER BREAKERS PER TIS 
1000 AMPS TO 2600 AMPS RATED DC FEEDER BREAKERS 
3 TO 10 NORUSH HOUR hEADWAY 	LFOR TRETC R 
12 TO 15 HIN. NON-RUSH HOUR IIEADWAYJ 	

S 	L 	A 

2 TO 3 CARS/TRAiN 
- 4 MOTORS/CAR 

1ST VARIES BETWEEN 540 AMPS AND 680 AMPS 

'NUN VARIES BETWEEN 390 AMPS AND 490 AMPS 

CAR HFRS. - CSKB I'RAHA. GANZ VILLAI4OSSACI 
MOVK AND CANZ LIV 

CONTROL - MANUAL, ELECTROMECHANICAL AND ELECTRONICS 



NATIONAl. ACADEMY OF SCIENCES 

	

-- 	- 	 -. 
AIN 	NCTRP 	PROJECT - 4)-I LOW CURRENT SHORT CIRCUiTS 

,80:R 	IH(I - - - 	-. ---------------------------------- 
SUMMARY OF SURVEY RESPONSES FROM-TRANSIT SYSTEMS. (SIDE B> 

N. S. SACAK SMI 

1_._________ I............ 

2 

1(1W CURRENT FAUI.T DATA 

- 	 ON-HOARD TRAIN IN TRACTION POWER SYSTEM 

LOW CURRENT FAUlT IJETAII.S OF LCF DETAILS OF 
AFFECTED COMMENTS 

TRANS IT 
LCED DEVICE LCFD DEVICE 

SIGNAl 	COMM AND/OR - 
EXPI' 

____________ 

OCCURRED 
- 
RESULTED CAUSED FUNC- 

- 
XPD 

- 
U/H? 

HOW FAR RESUlTED CAUSED SYSTEM 
MISC. MISC. 

YSTEI SYSTE REMARES 
IllS? 

IN/AT IN -- DUE TIO HER. 	DATA 
OCCURRED - FROM 

IN DUE 
HER. 	DATA 

Y 	N Y 	N TU1ST1)TIIER F 1TF1SM1CS To .00ATION MO

NAL 

DEL 	INFO. Y 	N Y 	N TPS 	CBS - F1rYfM1CS 
TO - MODEL 	INFO. Y 	I N 	Y_..J.  

(1KV x x 4 * P 5 5 4 * P CURRENT 4- -. .QUESTIONNAIKE 

B
UI)AI'EST NO OThER 

TIMED FART Il- WAS NOT 

UNGARY PROTECTION COMPlETED, IIENCE 

(FOR 
DATA OR 

ORIGINATED DATA IDENTIFIED 

(hIGH SPEED - IN FORMAT ION 
NY REV IIY AN • COULD 

cAll/MIS 
PROVIDED - 

NO OTHER 
NOT (IA cDMPI.E-rpn 

ONlY) +—DATAOR __________ - - - 	INFORMATION 
- PROViDED 

-. I) (((((EN U OTHER 



NATIONAL ACADEMY 01 SCIENCES 

['114113 _J 
SIIHMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 

MN.. 	L. ..I17(.ILJ!I 
Np. N.S. SACAR 	

- 

Dl................-. 
BRIEF SYSTEM DESCRiPTION 

TYPE HAJORITIT VOLTACE DIII. BY 

METRO LIGhT OIlIER uc [E SS MAX. NIH. NON. C IC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

RUIIAPESTI KiJZLEKEOESI VALLALAT (REV) X 86 14 )OOV 500V S UNGROUNDED RETURN CURRENT CIRCUIT 
BIIIIAPEST, (WONT I- . 	11.2 KM (NORTII-SOUTIIfl LONG EACH ELECTR IF I ED 
IIIINGARY SOUTH) 10.5 KM (EAST-WEST) .JSECTION 
(METRO - NORTII-SOUTII 6.6 NW (NORTII-SOUTIIP 

EAST-WEST ONLY) MW (EAST-WEST) 	
CAFACITY OF EACH TI'S 

I 900V SO0V 
7 YR. OlD EQUIPMENT (NORTH-SOUTII) 
IS YR. OLD EQUIPMENT (EAST-WEST) 

(EAST- I)OURLE END FED SYSTEM 
WEST) 10 IFS (NORTH-SOUTH 1  

7 iFS (EAST-WEST) 	
_J  PER ELECTRIFIED SECTION 

4 DC FEEDER BREAKERS hER IFS 
3000 AMPS RATING OF EACH DC FEEDER BREAKER 
127 SEC. RUSII HOUR HEADWAY 
360 SEC. (MAX.) NON-RUSH HOUR HEADWAY f(p061H_b0u III) 
127 SEC. RUSH HOUR HEADWAY 
420 SEC. NON-RUSH HOUR HEADWAJ . 	S CARS/TRAIN 
4 MOTORS/CAR 

1ST 	
800 AMPS 

1HUN 	
360 AMPS (NORTII-SOUlhl) 
320 AMPS (EAST-WEST) 

CAR MFR. - NASCII1ENENFABRIK HIT1SCSI 
CONTROl. - CAM CONTROL 



Rbs 	
NATIONAL ACADEMY OF SCIENCES 

(1t
DW3
AI9 NCTRP pROjECT4I LOW CURRENT SHORT CIRCU ITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE RI 

Iint72es.jtl 
N. S. SACAII ku 

I... 

.0W CURRENT FAULT DATA 

ON-BOARD TRAIN 	 * IN TRACTION POWER SYSTEM 

LOW CURRENT FAULT DETAIlS OF LCF DETAILS OF 
AFFECTED COMMENTS 

TRANSIT 
I.CFD DEVICE LCFO DEVICE SICNAI COMM AND/OR - 

I) EXP. 

- 
OCCURRED RESULTED CAUSED FUNC- 

- 
1P'D. 

- 
D/S7 

110W FAR RESULTED CAUSED SYSTEM 
MISC. MISC. 

YSTE SYS1E REIIABES 
D/S'  

IN/AT IN DUE TIONAL MIII. 	I 	IIATA 
OCCURRED 

FROM 
IN DUE 

Y 	N Y 	N TU ST ETHER F TV SM cs TO .00ATION MODEl 	INFO. Y 	N Y 	N TPS 	CBS F 	F 14 CS 
TO --- 

MODEL 	INFO. Y 	N 
l y IN  

. REV X S X NONE *N-S NO 111115K 

CIVEN lINE - DAIA OH _______ AI1CUNI; IN STATION S I IRCTNG di/dt .MONF. S 	 S  
BIII)AIEST 

JNSULATO INFORMATION FAUlTS NOT OF E-W S/C IN HELSY 
IIUNGAIIY 

BODY WAS PHUVIDEII EXPERIENCE) LINE INACTION NERD. BY N-S lINK 
(METRO 

PULlING (NOIITII- RECTIFIRI SIEMENS 
NOH1lI- 

OVER. SUITED) UNIT TYPE 3UB5I NOT 
SOI1TU & IIICII (NORTII- REPOIITEI) 
EAST-WEST ONE OF ERSISTEI SOUTH) Full E-W 
ONLY) 5-CAR OR 50 LINE 

THAI N SECONDS. 
SNORE FOR NONE 

HAD (EAST- 

INEIJIIAI'I WEST) 

H II K AK 
INSTEAD 
OF 
EI.ECTRI - 

S 	 S 

(EAST-NEST) 

. 0 OThER II OIlIER 

S DAMAGED 

AND 
DESTROYS) 
ONE - 
TIIACTI(IN 
(IS CTIFIEI 
UNIT 
CuRl- 
PI.ETKI.Y 
IN K-W * I.lNI. 



CR11 	
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RRU.._ 	 Ial.th- 
NCTNP PROJECT 43-I lAIR CURRENT SHORT CIRCUITS 

- - 
SIIARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

RRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT VOLTAGE 

METRO liGhT OTHER DO B US MAX. HIN. N))M. C )C C 

DISTJY 

TRANSIT SYSTEM  MISCELLANEOUS SYSTEM DATA 
RAIL 

G1E8ORCS SPXKVXCAR (CS) X 2 98 830V 540V S S , 	GROUNDED OVERhEAD CATENARY SUPPORT STRUCTURES 

C&IEBORG, 
SWEDEN - 

. 	GROU
4

NDED RETURN CURRENT SYSTEM 

. 	57. 	MW CAPACITY OF TPS 
86.9 KR LONG ELECTRIFIED SECTIONS 
UP TO 40 YR. OLD EQUIPMENT 

37 TI'S OR APFROX. 	1.5 MW/iFS 
GENERALLY SINGLE END PCI) SYSTEM SOME FART DOUBLE END 

FED 
USES GAP BREAKER STATIONS 

3 DC FEEDER RREAKERS/TPS 
2000 AMP RATING OF EACH DC FEEDER BREAKER 
I & 10 MiNUTE HEADWAY DURING BOTH RUSH IIOIIR AND NON- 

RUSH HOUR 

UI TO 4CARS/TRAIN 
4 MOTORS/CAR 

1s 	
= 100 AMPS 

1  
'RUN 	

100 AMPS 

CAR MFI)S. - HACCIIJND & SORER, ASJ-ASEA 

CONTROL - CONTACTOR CONTROL 
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l. 

NerKE PROJECT - 43-1 LOW CURRENT 51101(1 CIRCUITs 

SUKNARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (sIDE B) 

33191 	 t7.IJi1 
N. S. SAGAN 	 - 

UI. .___.._ ..... I,....... 

ION CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

IOU CuRRENT FAULT 	 DETAIlS OF AFFECtED COHIIEIIT$ l.CF IIETAII.S OF 1HANSII 
ICED DEVICE 5151 	COMM AND/OR 

XPD 
-- 

D/S? 
RESULTED CAUSED SYSIF.M 

EXIt) 	 OCCURRED 	RESULTED 	CAUSED 	FUNC- 	 MISC. Misc. 
SYSTE SYSTE REMARKS 

U/S 	
IN/AT 	IN 	.. 	DUE 	Tl(INAI. 	HER. 	DATA 

OCCURRED 
JOH 

IN DUE 
HFI1 	 DATA 

Y 	N 	V 	N 	IU1ST[JTHER 	F1TV1SMJCS 	TO 	.00ATION 	 INFO Y 	N V 	N II'S 	1GBS F 	F 	H CS 
TO 

MODEL 	INFO. V 	N 	Y 	N 

GS S S S Nit IJATA LACK OF CON- MOTORS COMPARES 
S X 

NO DATA K ThERMAL . I X S TIlE CITY ENERGY 
G0tEIIlflIl . AVAIlABlE (lAIN- TACTOIIS 01FF. IDIOM I'II(IVIUEU . OVEIILOAD 

FUNC. = DEPT. OWNS C 
SWEDEN . . TKNANCE AND RELAYS I(MNENTS PROTECTION 

I000A 
OPEIIATES 37 

MOTORS MPIIII. 	BY SET @1  MAX. (WIll). 	BY TIIERMAI. SUBSTATIONS 
IIAGGLUNI) )IFF. 	115 ASEA TYPE TIME CON- FEEDING CATENARY 
C SONKII AMPS . RVAA5.1 STANT NO-FAULT DATA 
TYPE I= 55 MI . IS AVAILABLE 
11831.-IC . SET W B  

FROM TIIEM. 
400 AMP/ . OPERATES 

MOTORS GIIIJUP 
HAS. 

 

CON_ . .. SATISFAC- 

RENT 
. . 

TOI1II.Y 

HE LA YS 
S  (ONE PER 

11010)1 

- ___ 
----m-----....

- 	
I.CEII DEVICE 

CIIIIUI) 
HFIU). 	NY 
ASEA TYPE 
11111.50E 

CONTACTI(I . SET • t . BOXES- W 1050  MAX. 
EXCESS 51(01115 THE 
HEAT Thu ISOLATE 

- 
0 

- . - - 
OIlIER 

- - - - - OIlIER • DETECTORS CABLES 
(WIll). 	BY 
I'IIEV() X DELAY 
SECIIIIITY BENEEN 
OF SWKUEN STATiONS 



NATIONAL. ACADEMY 01 SCIENCES 

NC1RP PROJECI 43 I LOW CURRENT SIIORI CIRCUItS 

SuMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

MI.. 3814:1.  

or- 
N. S. SAGAR 

-- 

I.,. 

BRIEF SYSTEM DESCRIPTION 

TYPE 	- NAJOKIT - 	VOLTACE 0151. BY 

METRO I.ICIIT OIlIER UC K SS MAX. NIH. NON. C )C C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM IJATA 
RAIL 

BUDAPESTI KOZLEKED€S I VALI.ALAT (5KV) 5 5 9b 13004 900V S S . 	OVERHEAt) CATENARY STRU(:TURES ARE CONNECTED TO RUNNING 

BUDAPEST, COtI- RAILS 

IIIJNCARY MUTER . 	UNGROUNDED RETURN CURRENT SYSTEM 

(VtiOILlAIIAIIN 	LINE COHIIUTER ONLY) RAIL. . . 	21.3 KM I.ONC ELECTRIFIED SECTION 
6.4 MW CAPACITY OF EACII TPS 
2 TO 10 YR. OLD EQUIPMENT 
4 IFS FEB ELECTRIFIED SECTION 

SINGLE END FED SYSTEM 
4 DC FEEDER bREAKERS PER IFS 

e 	3000 AMPS RATED DC FEEDER BREAKER 

4 MINUTE RUSH HOUR hEADWAY 
8 MINUTE NON-RUSH IIOUR hEADWAY 
3 CARS/TRAIN 

4 MOTORS/CAR 

1ST 
- 600 AMPS 

11(UN 
= 200 AMPS 

CAR NFR. - KI.RW/DDR 

CONTROL - SINGI.E DRUM AUTOMATIC CONTROL 
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I 

LrtI 	NCTKP PROJECT - 4-I LOW CURRENT SHORT CIRCUITS 
1H03 . 	._ ------------------........-- . 	 - .... 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 8) 

MR 38' IR..ItstCfll 

a., .....- 

a............ 

141W CURRENT FAUlT DATA 

ON-HOARD TRAIN 	 . IN TRACTION POWER SYSTEM 

IOU CURRENT FAULT - - DETAILS OF LCF DETAIlS OF AFFECTED COMMENTS 
TRANSIT 

LCFD DEVICE LCFD DEVICE SIGNAl 	COMM AND/OR 

EXPD 

__________ 

OCCURRED KESUI.TEO CAUSED FIINC- 
- 
X1"D. 
- 
Ills? 

110W FAR RESULTED CAUSED SYSTEM 
MISC. MISC. 

SYSTE SYSTE REMARKS 
UIS?  TIONAI. 

OCCURRED IN DUE 

NIUSTIIIER 

IN/AT IN 

FTFSMCS 

DUE 
TO .00ATION 

	

IFR. 	DATA 

	

j4flJ 	INFO. YN YNTPS1GRS 
FROM 

FrFHCS 
TO 

MF 	DATA R. 
MODEL 	INFO. YN 	YN 

11KV 5 X AT S FIRE Al CABLE T56000 AEG STATIC K X S IN S X DC SIEMENS NONE S X LOST TIlE TI'S 

(CIMMIIIElI CRAI)E QUICK- TO CAt) WFRD. 	1)1011 IYNAMIC STATION 0III)UND 3)11151 OUT OF SERVICE 

IIAII. 	lINE IIIIEAK tIDIlY SPEED )VKIICUIIIIENT CABLE TYPE dudE DIII TO CABLE 

(IN) Y) SWITCII ShORT. CIQCIIIT I'I1OTKCTION DIrruolNo REI.AY FAINTS AND 

CON-. 	- I1HEAKF.II FROM 	II'S RESIJITEI) IN 

NFCTION 
*LCFD CIIEATED EXTENSIVE CABLE 

.SEI.ECTIVE IIKVICF. WAS ARCING NETWOIIK AND POINT OVKHCIIHRENT NOT SN- FAUlT . SWITCHING DEVYCI UK TO BY MANUAL STAllED AND DUE DAMAGE. 	NEXT CARl E 
S/C NOT 

CIINTHOL WHEN CABLE TO CHAIN TEA I'IIOVII)ED 

)'IIOTECTE .PIIOTECTION 
TO CAl) BODY EFFECT PUWEU 	IN TIlE 

BY FUSE. WITh 	Al0- 
FAUl

I
T OIlIER MEANTiME. 

MAT IC 
DCC IIIIIEO . CARIES 

(IVEIICUIINEN1 IhOl'OR lOAN 

cUr-OFF CKT. 	S/C's PARALLEl 

ARE 	111(1- ALSO 
sOVEIOCUIIIOEN 

TECTED • FAII.F.fi. 
DEVICEMFIII) 
BY RI EW/GLII 

AI)EQUATELY 

- TYPE RSI.-4 
BY RATING 
450A/IIOIIV 

- 
2/CA II 

U OIlIER o OlDER 

X IIEIIA',EN X UAMA(I.IJ . 
TArIllNS CABLE 

AT CHADE. NETWIIIIK 
SKI) 1111151 Y 
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NCTRP 1110 IECT 43 I lOW CURRENT SHORT CIRCUI IS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (5111K A) 
N.SSAGAR 	 - 

at  

bRIEF SYSTEM DESCRIPTION 

TYPE MAJOR IT VOLTAGE DIST. 	BY 

METRO lIGhT OTHER UG e SS MAX. KIN. NON. C IC C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 7. 7. 7. 

111KPORT AUTHORITY OF TIlE SlATE OF NEW YORK 5 50 3 42 680V 500v 650V S S . 	UNGROUNDED RETURN CURRENT SYSTEM 
(PAul) . 	0.2 NILE (IN TUNNEL) AND 2 MILE (OUTDOORS) I.ONC EACH  
NEW YORK & NEW JERSEY ElECTRIFIED SECTION 
JERSEY CITY, 	N.J. . . 	4 TO 9 MW TPS CAPACITY 
U.S.A. . 	120 YR. OLD EQUIPMENT 

2 TO 4 TI'S/ELECTRIFIED SECTIONS 
DOUBlE END FED SYSTEM 

USES CONTACT RAIL DISCONNECT SWITChES AS WEll. AS GAS 
10 DC FEEDER BREAKERS PER IFS & 
3 (IC FEEDER BREAKERS PER CRS 
4000 AMPS RATING OF EACH DC FEEDER BREAKER 
3 MINUTE RUSH HOUR IIEAIIWAY - 10 MINUTE NON-RUSII 110DB HEADWAY 
4 TO 7 CARS/TRAIN (12 TO 28 YR. OLD CARS) 
4 MOTORS/CAR 
1ST = 425 AMPS/CAR 

'RUN = 80 AMPS 

CAR MPIIS. - ST. 	LOUIS CAR CO., hAWKER SII)DEY 
CONTHOL - CAN CONTROL 
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J1803 
AIN 	NCTHP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 

	

" 	------------ 	-- -- ..--- ---- -------- - 
SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

t.J 

LOW CIIHI1ENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAUlT IETAII.S OF LCF- DETAIlS OF 
TRANS II LCFD DEVICE LCFD I)EVICE 

iICNAI 	COMM AND/OR - 
EXPI) 

- 
OCCURRED RESIILTED CAUSED FUNC- 

- 
XPD 

- 
b/SI 

HOW FAR RESULTED CAUSED SYSTEM 
MISC. MISC. 

SYSTESYSTE REMARKS 
u/SI  TIONAI. 

OCCURRED IN DUE 

Y 	N I 	N 

IN/AT 

TU1S1JTIIER 

IN 

F 1TE1S1CS 

DUE 
TO (ICATION 

HER. 	I)ATA 

MODEL 	INFO. V 	N Y 	N 
FROM 

TI'S 	CBS F1TFfM1CS 
TO 

HER. 	DATA - 	MODEL. 	INFO. y_ IN 	Y IN 

X S * - GROUND TRAC- sCULUHIIIA .CONSISTS X X G.E. CO. NO OTHER 4- S-  * -4 THE IIETAILS I 
lATII - FAUI.TS lION COMPONENTS OF SATU- HERD. HC-6 STUDIES FOR ITEMS JERSEY CIT 

IN MOTORS CO. 	INC. lIABLE BREAKERS ARE UNDER- IDENTIFIED BY 
N.J. 

CABLES HERO. REACTOR FOR WAY AN 	WERE NOT 
O.S.A. 

AND ON 
.CABI.ES 

GROUND WIIICII INSTANTA- REPORTED, IIENCP. 

MOTOR I'AUI.T B SENSES A NEOUS COUlD NO) 	BK 

DYNAMIC CURRENT SHUNT TRIP - COMPlETE)). 

BRAKE INBAIANCE 

TRACTION IN THE 
MOTOR TRACTION 

IROTECTION MOTORS IF 

IJEVICE MORE TIIAN 
PRESET ONE. 

.CKT. BERS. 
(INFO. 

uFUSES BASED ON 
A TElECOM 
W/ PATh) 

REFORTED - 
EXCEllENT 
PERFORMANCE - 
ON THE - - - CARS 	IT - - - 

D OIlIER I) OIlIER 15 	INSTAI.- 
I.EIJ - - 
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(AIAI 	N] 	NCTRP rUEC1 43-1 LOW URNI SHORT LIRCUflS 

SUMMARY OF SuRVEY RESPONSES FRIIH TRANSIT SYSTEMS (SIDE A) 

MeN ....3819*.  IMe -  i.i!Jil 

SN, 	 - 

ERd.................. 
BRIEF SYSTEM DESCRIPTION 

TYPE - MAJORIT VOlTAGE . DISI. 	BY 

METRO lIGHT OIlIER DC K SS MAX. MIN. NON. AC IC C T TRANSIT SYSTEM MISCElLANEOUS SYSTEM DATA 
RAIL 

METROPOlITAN ATLANTA RAPID TRANSIT AUTHIIRITY 5 311 35 35 900V JSOV S S . 	IINCROIJNDEI) RETURN CURRENT SYSTEM 

(MANIA) . 	6 MW CAPACITY OF EACH TPS 

ATLANTA. GEORGIA, a 	1 YR. OlD EQUIIENT 

U.S.A. . 	2 TPS PER ELECTRIFIED SECT ION 

DOUBLE END FED SYSTEM 
2000 AMPS & 2500 AMPS RATINCS OF DC FEEDER BREAKER 

USES CAP BREAKER STATIONS 
5 DC FEEDER BREAKERS PER TPS 
3 DC FEEDER BREAKERS PER CBS 
6 HIN. BOTH RUSH 110DB AND NON-RUSH HOUR IIEAIIWAY 

6 CARS/TRAIN 

4 MOTORS/GAB 
l 51 640AMPS 

230 AMPS 

.CAR HER. - FRANCO BEIGE 
CONTROl. - CIIOPPER CONTROL 



NATIONAL ACADEMY OF SCIENCES 

Al 	NCTRP PROJECT - 45—I LOW CURRENT ShoRT C RCII ITS 
I
IV 

   
11403 	IRO - -. 

SUMMARY OF SURvEY RESrONSES FROM TRANSIT SYSTEMS (SIIOE B) 

MU..._ '9-L. 	•IhYijL 

- 
R&d......- _.. -. 	... - 

1.0W CURRENT FAULT DATA 

ON—BOARD TRAIN 	 • IN TRACTION POWER SYSTEM 

OW CURRENT FAULT I)ETAII.S 	OF LCF DETAII.S OF AFIECTED COMMENTS 
TRANSIT 

I.CFI) DEVICE LCFD DEVICE 	
-SICNAI COMM ANtI/OR - 

EXI"I) 

- __________ 

OCCURRED RESULTED 

_______ 

CAUSED 

- 
FUNC— 

- 
XP,D IllS? 

HOW FAR RESULTED CAUSED SYSTEM 
MISC. MISC. 

SYSTRI SYSTE REMARKS 
DIS? TI(INAI. 

OCCURRED IN DUE 

Y 	N 

IN/AT 

TUISTt)THER 

IN 

F {TF1SMJCS 

DUE 
TO .00ATION 

	

MPH. 	I)ATA 

	

MODEl. 	INFO. S 	II Y I N 
FROM 

TPS 	CBS P11FfH1Cs 
TO 

MFR. 	DATA - - 
 MODEL 	INFO. Y 	IN 	Y1 

MARIA S 	NOT * CiRCUIT S NOT * P JAMES A. QUESTIONNAIRE 4 P 4 
ATI.AN1A OlE— bREAKERS RE— IIIIIULE PART II WAS 

CA, 5101101- SPI1NI) GROUND NOT MAILED. 

u.S.A. ELI TO . RI) TO DETECTOR HENCE DATA 

NO OTHER I DEVICE IDENTIFIED BY 

DA 'IA OR- 	. AN * COIJI.O NOT 
AIICINC INFORMATION lIE COMPLETED. 
FiULrS 

PROVIDED 
I NO OTHER 

.— NOT I ..— DATA OR  
EXFER IENCEI ARC I NO YNFORHATION 

FAIII.TS PROViDED 

4— NOT —4 
EXPLI1 I ENCRI) 

I U OIlIER 0 OIlIER 



II 	NATIONAl. ACAIIEHY UI SCIENCES 

NCTRP
1003 

	PRO lEd 43 I LOW UJRRENr SHOR3 CIRCU! IS 

SUMMARY OF SURVEY RESPONSES IRON TRANSIT SYSTEMS (SIDE 

MHNS.. 	iL.. 
I, 

 
N S SAGAR • 	- -. -- 

IRE 	 in. - 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJONIT' VOLTAGE DIST. BY 

METRO LIG)IT OThER UG U 55 MAX. KIN. NON. hC OC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL. 

STRATIICI.YLIE PASSENCEII TRANSIOR'f EXECUTIVE (SFTE) S 101 645V 440V S S CROtINDED RETURN CURRENT SYSTEM 

(;I.ASCOW, - . 	3.1 10 3.9 RH lONG EACH ELECTRIFIED SECTION 

SCoTlAND 2 NW CAPACITY OF EACH IPS 

. 	30 YR. OLD EQUIPMENT 
3 IFS PER ELECTRIFIED SECTION 
CENTER FEll SYSTEM 
USES CONTACT RAIL DISCONNECT SWITCIIES 

- 
. 	2 DC FEEDER RREAKERS FUR IFS 

- 
1600 AMPS CAPACITY OF EACH DC FEEDER bREAKER 

4 MINUTE RUSH hOUR HEADWAY 
4 TO 8 MINUTE HON-RUSH HOUR IIEADWAY 
2 10 3 CARS/TRAIN 
4 MOTORS/CAR 

o 	
1s 	

= 258 .8 AMPS 

1RIJN 	
100 AMPS 

CAR MFR. - METRO CAMNULI. LTD. 
CONTROL - CAM CONTROl. 



NATIONAl. A(;AVEMY OF SCIENIES 
1 	 CRUI 	....... . .............-. MAIN 	NCTRF PROJECT - 4-I 1.0W CURRENT SHORT CIRCUITS 

$93 	Isd ...........___. -..-. .......-.-.- 
SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

BB 	 SI.ILJJ' 
S. SACA 	- 

cbL I.,. 

IAN CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF CCV DETAILS OF 
TRANS IT 

ICED DEVICE LCFD DEVICE 5IC1 	COHN AND/OR - 
EXPO 

- 
OCCURRED RESULTED CAUSED FUNC- XP'D. 

- 
0/5? 

HOW FAR RESULTED CAUSED SYSTEM 
MISC. MISC. 

SYSTE SYSTEI REMARKS 
I? OCCURRED IN DUE 

Y 	N Y 	N 

IN/AT 

TUISTt)THER 

IN 

F 1TF1SM1CS 

DUE 
O 

TIONAI. 
.00AFION 

HER. 	DATA 
INFO. 

FROM 
TPS 	CBS 

Fr 
fH1CS 

HFR. 	DATA - 
MODEL 	INFO. V 

SPTE. S 	S fr FUSES NOT RE- GEC 6 .QUESTIONNAIRE 4 4 P 

CI.ASCOW SPONOKI) TO ENCLISH PANT II NOT 
SCOTlAND 

4- DATA 
NO OTHER 

OR _______ 
I I 

ELECTRIC RErIJRNED, HENCE 
ARUIIIC 

INFORMATION 
• 
I 

I 
I 

I 
I 

AIR BREAK DATA IDENTIFIED 
FAULIS 

PROVIDED 
I I I 

I 
• 115CR WORK- BY AN 	* (:0111.0 

NOT 
I I INC ON NOT BE COMPI.ETEI) 

EXPERIENCED I i OVERCURRENT 
ARCINC TRIP 
FAulTS PRINCIPLE 

1 NOT -' 
II IC PER lEN CEO 

NO OTIIER 
4- DATA OR 

INFORMATION 
PROVIDED 

V

-F- 

II OTIIER 0 OTHER 



NATIONAl. ACADEMY OF SCIENIES 

N(.TRP PROJECT 43 I I OW CIII4REN I SNOB I Cl RI UI IS 

SuMMARY OF SIIRVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 	
lIt. ..... Is.. 

BRIEF SYSTEM DESCRIPTION 

TYPE HAJORIT' VOLTACE 01ST. BY 

METRO lIGHT OTHER DC E SS MAX. HIM. MOM. C )C C T TRANSIT SYSTEM MISCElLANEOUS SYSTEM DATA 
RAIL 7. 

lONDON TRANSPORT EXECUTIVE (LIE) 5 10 8 bOy 550V S X . 	UNGROUNDED RETURN CURRENT SYSTEM 
lONDON. . 	.3 To 9 MW CAPACITY OF IFS 

ENGLAND . 	UP TO 40 YR. 01.1) EQUIPMENT 
AVERAGE S TPS PER EI.ECTRIFIEI) SECTION 
DOUBlE END FED SYSTEM 
USES CONTACT BAlI. DISCONNECT SWiTChES 
4 DC FEEDER BREAKERS PER TI'S 
4000AMPS RATING OF EACH II'S 
jl 	HIN. RUSH hOUR IIE/IDWAY 
UP TO 20 HIN. NON—RUSH 440DB HEADWAY 
2 10 4 CARS (VARIES)/TRAIN 
2 TO 4 MOTORS (VARIES)/CAR 
I 	VAR)ES 8ETNEEN 433 AMPS IN SERIES 

S 	
906 AMPS IN rARAI.LEL 

AND 
370 AMPS IN SERIES 
740 AMPS IN PARAI.LEL 

'RUN VARIES BETWEEN 283 AMPS A 370 AMPS 

CAR I4FR. - METRO CAHHEI.L, CRAVENS 
CON1'ROL - CAM CONTROL 



NATIONAl. ACADEMY OF SCIENCES 

L -  ...-..-.-.---.....--.. -. AIN1 	NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 
0W03 	kbp cl . 	. 	.. -- .................- -- 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE R) 

Mp 381 l 	.ut2j.s.ijj 
- 

ck&  --.-.... I.,. 	-- 

00 

1.41W CURRENT FAUI.T DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

LOW CURRENT FAULT - - ___________  
DETAILS OF LCF __________ __________ _______ DETAILS OF AFFECTED COMMENTS 

TRANS IT .dll DEVICE ICED DEVICE SIGNAl. COMM AND/OR 

EXPI) OCCURRED RESUlTED CAUSED 

JTIONAL 

- 
:xpD 
- 
IllS? 

140W FAR 	I RESULTED CAUSEI) SYSTEM 
MISC. MISC. 

SYSTEIISYSTEJ REMARKS 
/1  

IN/AT IN DUE MFR. 	DATA 
OCCURRED 

FROM 
IN DUE 

MFR. 	DATA 

Y 	N Y 	N TU1ST[ITIIEII F1TF1SII1CS TO .f.00ATION j3jj 	iii. S 	N S 	N TPS 	1CRS 
FrFrMIcs 

TO 
 MODEL 	INFO. Y 	IN 	Y 	IN 

I.TE x x NONE NONE X X * sTillED TOC SET 4- * - .QUESTIONNAIRR 4 0 4 
lONDON . OVERCURRENT TO DETECT PART II NOT 

KHI;I.ANI) TRIP (bc) MINIMUM RETURNED, HENCE 

sUN BA LAN CEll 
SHORT CKT. . DATA IDENTIFIED 

CURRENT 
VALUE IN BY AN * COUlD NO 

PROTECTION 
SECTION, BE COMPlETED. 

(UCP) 
RUT 
LIMITED TO 
ALLOW 

IN EXCESS 
FOR 
NORMAl. 

SERVICE. 

.UCP 

DETECTS LOW  

VALUE 
FAULTS SUCH 
AS WOULD 
CIRCULATE 
IF TWO 

TRAINS WIll 
OPE. POLAR - 

I) 
- 	- - 

OIlIER 
- 
0 

- 	- - 
OTHER ITS FAULTS 

WERE ON 
DIFFERENT 

TRACKS OF 

TUE SAME 
SECTION. 

IRK IEF 
WRITEUP 

FOR TOC & 
UCE PROViDE). 



NATIONAL ACADEMY OF SCIENCES 	- 

:: 
N ,l  . 	CIRP PNOJECr 43 I ION LURKENT ShORT CIRCUITS 

SIIARY OF SURVEY RESPONSES FROM TRANSIT SYsTEMS (SIDE 

MN... !LJ_ 	!L' 

- --- I.........- 
IRIEF SYSTEM DESCRIPTION 

TYPE 	I HAJORIT' VOLTAGE 01ST. 	BY 

METRO i.icin,  IlIER UC E SS MAX. NIH. NON. AC C C I TRANSIT SYSTEM 	. MISCELLANEOUS SYSTEM DATA 

RAIL 

SOCIETE LYONNAISE YE TRANSPORTS Eli COMMUN (TCI.) X 10C 756V X S . 	UNCKOUNDED RETURN CURRENT SYSTEM 
3 KM LONG EACH ELECTRIFIED SECTION 

I-YOU . 
2.75 MW CAPACITY OF EACh 	TPS 

FRANCE 
6 YR.OLD EQUIPMENT 

I TPS/ELECTRIFIEO SECTION 
I)OUBLE END FED SYSTEM 
USES CONTACT RAIL DISCONNECT SWITChES AND CBS 

2 DC FEEDER BREAKERS PER TPS 
7000 AMPS RATING OF EACH DC FEEDER BREAKER 

2 • -48" RUSH HOUR HEADWAY 
10-30" NON-RUSH HOUR HEADWAY 
3 TO 4 CARS/TRAIN 

2 MOTORS/CAR 

1ST 	
650AMPS 

TRUN = 350 AMPS 

CAR Hilt. - ALSTIIOM 

CONTROL - CHOPPER CONTROL 



	

___ 	 NATIONAl. ACADEMY OP SCIEN(:ES 
r 	 . 	- . 

	

)%tAINJ 	NCTK1' PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 
l$93 	 ._ ... .. - . . 

SUMMARY OP SuRVEY RESPONSES FIJ(JN TRANSIT SYSTEMS (SIDE RI 

su3.uIjiI 
_S.SACA! 'N, 

lOW CIIIIIJENT FAUlT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

ION CIIIJKENT FAIILT 	 -- IJETAII.S OF - 	LCF DETAIlS o APEECTRI) (:OMNENTS. 
IR'JNSIl -. - ---- .--- 	- 

I.CFI) DEVICE LCFI) DEvICE 
SICNAI 	(OHM AND/OR - 

XP'D? U/S? 
HOW 

 OCCIR1:) 
RESULTED CAUSED SYSTEM 

EXP'I) 	 OCCURRED 	RESULTED 	CAUSED 	FUNC- MISC. MISC. 
SYSTE SYSTEI REMARKS 

IN DUE 
IN/AT 	IN 	 DUE 	TIONAI. 

V 	N 	V 	N 	TU1ST1)TIIER 	F1TF1SM1CS . 	TO 	.00ATION 
. 	HER. 	DATA 

	

C 	INFO. V 	N V 	N 
FROM 

TI'S 	CBS F1IP 	
Mf 

TO 
HFR. 	DATA 

jj 

* S X 0 DDL. RELAYS --+ QUESTIONNAIRE 4 - ILL x x 
RMEAKERS . HFRD. BY I'ART 	It WAS 

lYON . ABC - FORWARDEI) BY TCI. 
FRANCE . . PU E S S 	 . SECHERON 10 ITS MEMBER 

NO OIlIER OHIANY, TRANSTEC 

DATA OR ______ Vhdl DID NOT 

INFORMATION 
REPLY, hENCE 

PROVIDED NO OTHER DATA IIIENTIFIED 

4-DATA OR 	, BY AN * COUlD NO) 

INFORMATION BE COMPLETED. 

PROVIDED 

. I) OTIIEI( U OTHI-M 



NATIONAl. ACADEMY OF SCIENCES 

MAIN NCTRP PROJECT 43-1 LOW CURRENT SHORT CIKCU ITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 

MB is_!!L.. 
N. S. SACAR 

ENd 	. 	.., I ........-- 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJORIT VOLTACE DIST. 	BY 

METRO 1.10111 OIlIER 'JO B SY MAX. HIN. NON. C iC C I. 'TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL 

HETROPOLITANO DE LISBOA, EP. 	(CMI.) 5 104 900V 525V X S . 	UNDERGROUND RETURN CURRENT SYSTEM (4 RIINNINC RAII.S 

LISBON, PORTUGAL . ARE IN PARALlEL WITH 2-100 HCM COPPER CABLES) 
2.15 KM LONC EACH ELECTRIFIED SECTION 

3 10 6 MW CAPA(;ITY OF IFS 

2 TI'S/ELECTRIFIED SECTION 
LIP TO 	24 YR. OLD EQUIPMENT 
DOUBLE END FED SYSTEM 

USES CBS' 
2 DC FEEDER BREAKERS PER TI'S 

& 2 DC FEEDER RREAKERS PER CBS 
4400 AMPS RATING OF EACII DC FEEDER BREAKER 

2 '-35" RUSH IIOUR hEADWAY 
6-0" NON-RUSH hOUR HEADWAY 

4 CARS/TRAIN 
2 TO 4 MOTORS/CAN 

ST VARIES BETWEEN 330 AMPS & 350 AMPS/MOTOR 

1RUN VARIES BETWEEN 255 AMPS & 266 AMPS/MOTOR 

CAR MFR. - IJIB/SOIIEFAHE/SIEMENS ALSTIIOM/EFACEC 
CONTROL - CAN CONTROL 



NATIONAl. ACAI)EMY OF SCIENCES 
f 	 crni 

Njj 	NCTRP PROJECT - 43-I LOW CURRENT SHORT CIRCUITS 
IKI):, 	IRd ... ... .... - ,._ 	-. - 	. 	-- ...............- - - 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE 8) 
- 	I... 	- .... 

LOW CURRENT FAI.JI.T DATA 

ON-ROARII TRAIN IN TRACTION POWER SYSTEM 

LOW CURRENT FAIII.T DETAIlS OF I.CF 
___________ __________ IJETAII.S OF AFFECTED COMMENTS 

TRANS IT 
LCFD DEVICE LCFL) DEVICE AND/OR 

EXIOT OCCURRED RESULTED CAUSED 
F 

FIINC- 
- 
XPD 
- 
1)/ST 

110W FAR RESUlTED CAUSED SYSTEM 
MISC. MISC. 

SYSTE SYSTEJ REMARKS 
D/S?  

IN/AT IN VIlE TIONAI. MFR. 	DATA 
OCCURRED 

FROM 
IN DUE 

MFR. 	DATA 

SIe.NA1 COHN 

N Y 	N TU1STTUEK F1TF1SH1CS TO 

rATION 
MODEL 	INFO. Y 	N Y 	N TPS 	CBS 

rrrics 
MODEL 	INFO. Y 	IN Y4 

x * .DIFFEIIENTI I. x x 4 * P .di/dt —*----•+ QUESTIONNAIRE P • CML 
lISBON 

S 
PROTECTION DEVICES PART II NOT 

PORTUGAL f IN NEW RETIJRNED, hENCE 
A I SUBSTATION DATA II)ENTIPIED 

PROTECTION RECENTLY BY AN 	COULD 
IN SERVICE NOT BE COMPLETED 

NO OThER 

4—. DATA OR 	B 
INFORMATION NO OTHER 

PRO VI I)ELI 4— DATA OR — 
INFORMATION 

PROVIDED 

U OTIIER D OThER 



NATIONAL ACADEMY 1W SCIENCES I 	 - 
OIECI 	 V CURRENT SHORT CCU 115 

SIIPMAIIY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

MeN.. ..!!-L_.  

Dd. . 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJOR IT VOLTACE D1S1. 	BY 

METRO lIGhT oThER UC £ SS MAX. HIM. NOON. C 

DC 

C T TRANSIT SYSTEM 	. MISCELLANEOUS SYSTEM DATA 
RAIL 

SlAUTWEIOKE I4IINCHEN - WERKREREICII TECIINIK X 8 )2 750V X 'X . 	UNGROUNDED RETURN CURRENT SYSTEM 
VEHKEHRSBETRIEBE (NYC) 	 . . 	2 TO 3 KM LONG EACh 	ELECTRIFIED SECTION 
HIJNCIIEN 	 . . . 	2.5 MW CAPACITY OF EACH TPS 
FEDERAl. REPIIIIIIC OF GERMANY . UP TO 16 YR. OLD EQUIPMENT 
(METRO ONlY) . DOUBLE END FED SYSTEM 

USES CONTACT RAIL DISCONNECT SWITCHES 
AS WELL AS CBS - 	 . 4 DC FEEI)EII BREAKER/IFS 

4000-6000 AMPS RATING OF DC FEEDER BREAKER 
2 	to 5 MIN. 	RUSII 110DB HEAIIVAY 

10 10 HIM. NON—RUSH NOUN IIEAI)WAY 
2 TO 6 CARS/TRAIN 
2 MOTORS/CAR 
IST  VARIES BETWEEN 320 AMPS 6 725 AMPS 

CAR HFRS. - MIIB 
If 	CONTROL - CAM AND MANUAL CURRENT CONTROl. 

P.2 



C 	
NATIONAL ACADEMY OF SCIENCES  

NCTRP PROJECT - 43-1 LOW CURRENT SHORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

M,. 819 J
my 	

__  
N. S. SACAR 

LOW CURRENT FAULT DATA  

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF LCF DETAILS OF 
TRANSIT LCFD DEVICE LCFI) DEVICE SIGNAl 	COHN AND/OR 

EXP'O 

__________  

OCCURRED RESULTED CAUSED FUNC- 

- 
XPD 
- 
D  /S? 

HOW FAR RESULTED CAUSED SYSTEM 
MISC. MISC. 

SYSTEI SYSTE  REMARKS 
U/SI  OCCURRED IN DUE 

IN/AT IN DUE TIONAL MFR. 	DATA FROM TO 
HFR. 	DATA 
- 

Y IN Y IN TU1ST1JTHER F 1TFSH(CS TO OCATION INFO. Y 	N VN TPS 	CBS FrF 
 rMICS 

MODEL 	INFO. Y_f 	Y_j  

MV(; Xl 	X I- * 
HINIATURE I X ADJUSTABI.E sLAB - QUESTIONNAIRE 4 ____________ * ______________ 

IIIPNCIIEN I 	I CONTROL dl /dt METHODS FART II NOT 
FEDERAl. IN OilIER DEVICE IN FOR TEST- RETURNED. HENCE 
REPUblIC TYPE OF oSCREW TIlE FEEDER INC DATA IDENTIFIED 
1W (:5(1 - CONTROL 

BREAKER TO INDIVIDUAL BY AN * COULD NO 
CERMANY ARCING oOVEHCURREN HIFFEREN- FEEDER BE COMPLETED. 
(MEIII( (SUITS PROTECTION TIATE BREAKER IS 
ONLY) NIlE NEARBY & BEING 

LX(SRIIINtEI) FARAWAY DEVELOPED 
NO 0 11KB 

FAULTS IN RECTIFIK 
DATA OR 

STATIONS 
INFORMATION 

• 

PROVIDED 

- o - OTHER 0 OT - - HER 



_NATIONAL ACADEMY OF SCIENCES 	

MRN. 	!}.. 
SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 

	 - - 
d. 	 _1 

- - 	 BRIEF SYSTEM DESCRIPTION 

TYPE HAJOMIT VOLTAGE DIST. BY 

METRO tIGhT lITtlER iC E 55 MAX. NIH. NON. C IC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA - RAIl. 

STADWERKE HIJNCIIEN - WERKREI1EIGH TECHNIK X 10 650V S S . 	UNGROUNDED OVERHEAD CATENARY STRUCTURES 
VEIIKEIIRSBETRIEBE (NyC) GROUNDED RETURN CURRENT SYSTEM 
MUNCIIEN - UP TO 3 KM LONG EACH ELECTRIFIED SECTION 
FEDERAL REPURLIC OF GERMANY 16 MW TPS CAPACITY 
(I.ICIIT 	HAll. 	ONLY) - IS TO-40 YR. OLD EQUIPMENT 

I TPS ELECTRIFIED SECTION 
SINCI.E END FED SYSTEM 
USES CoNTACT RAIL DISCONNECT SYSTEM 

- 4 TO 12 DC FEEDER BREAKERS PER TPS 
2500 AMPS RATING OF EACH DC FEEDER BREAKER 
21a - 3 MIN. RUSII HOUR IIEADWAY 
S - IS NIH. NON—RUSH IIOUR hEADWAY 
2 CARS/TRAIN 

- p 	2 OR 4 MOTORS/CAR 
ST VARIES BETWEEN 384 AMPS & 475 AMPS 

- CAll HER. - RATHCEBER 
CONTROL - CAM cONTROl. 	 - 



1114 iI cbm 
NATIONAL ACADEMY OF SCIENCES 

1803 
NCTRP PROJECT - 43-1 LOW CURRENT SHORT CIRCUITS 

IpU  
SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

MR N._ 	L_. o..2'&ai 
N. S._SACAR 

BRL.___ I..  

LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAULT - DETAILS OF LCP DETAILS OF TRANSIT 
SYSTEM 

LCFO DEVICE LCFD DEVICE 
SIGNA 	COHN l4 AND/OR - - 

VXP'I) OCCURRED RESULTED CAUSED FUNC- :xpo ois, HOW FAR RESULTED CAUSED 
MISC. 

SYSTE SYSTE REMARKS 
D/S?  

INT /A IN DUE TIONAL MIATA 
SC. 

HFII. 	D 
OCCURRED IN DUE 

N Y 	N TuJST1yrHER F 1TF1SH1CS TO CATION MODEL 	INFO. V 	N V 	N TYS 	CBS 
FrFrMICS 

TO 
MODEL 	INFO. 

1 

NyC x X 
MINIATURE S 5 _____________ .DEVICE oQUESTiONNAIRE 4 * 

ilNCHEN 
IRCU IT (CIRCUiT PART II NOT 

EDEKAI. 
IREAKAR BREAKER) RETURNED, hENCE 

IEPIJNLIC OF TRIPS AT DATA IDENTIFIED 
ERHANY SCREW THE FAULT BY AN * COULD 

(LIGhT ONTROI. • IN THE NOT BE COMPLETED 
All. ONLY) 

O VE B C UN N C N SECTION 

ROTECT ION - NLY WHEN  O 
THE TOTAL 
SECT ION 
RESISTANCE 
IS ABOVE 
l.2l. 

NO OTHER 
4-DATAOR • 

INFORMATION 
PROVIDED HO OTHER 

DATA OR 
INFORMAl ION 

PROVIDED 

0 OTHER D OTHER 



NATIONAL ACADEMY OF SCIENCES 

[ .RiR ] 	 NLTRP PHOJECI 43 I IOU CURRENT SHORT I IRLUIYS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (511W A) 

NB 1 _38I 
M. _! SACAR • 	 - 

I. - _... ....- .... I 

BRIEI' SYSTEM DESCRIPTION 

TYPE HAJORIT VOLTAGE 01ST. NY 

METRO lIGHT OTHER tIC E SS MAX. HIM. NON. AC IC C I TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIL S S 5 

METROPOLITAN TRANSIT IIEVELI)I'NENI 	BOARD (HTDB) X IO( 750V 450V S X . 	CROIINDEI) OVERhEAD CATENARY STRUCTURES 
SANDIEGO, CALIFORNIA . 	UNGROUNDED RETURN CURRENT SYSTEM 
II.S.A. . . 	I MILE LONG EACH EI.ECTRIFIED SECTION 

1MW CAPACITY OF EACH TPS 
5 YR. OLD EQUIPMENT OR LESS 
APPROXIMATELY 1 TI'S PER ELECTRIFIED SECTION 

a 	D1JUBI,E END FED SYSTEM 
2 DC FEEDER BREAKERS PER TI'S 
2500 AMPS RATINC OF DC FEEDER BREAKER 
IS HIM. RUSH HOUR NEAIIIJAY 
15-30-60 HIM. NON-RUSH HOUR HEADWAY 
I TO 4 CARS/TRAIN 
2 MOTORS/CAR 

1ST 
= 250 AMPS 

1RUN 	
180 AMPS 

CAR MPH. - SIEMENS/DUEWAC 
CONTROL - CAN CONTROL 

C'.) 



P.) 
00 

cbm NATIONAL ACADEMY OF SCIENCES 

L_1iJ 	NCTRP PROJECT - 43-I LOW CURRENT SNORT CIRCUITS 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE B) 

M.._2Lz!_ IN.sLj!j 	ii 
SI_N. S. SAGAN hu 

IlL______ Rn -  

- 	 LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTiON POWER SYSTEM 

TRANSiT 
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BRIEF SYSTEM DESCRIPTION 

TYPE MAJORITY VOLTAGE DSt. BY 

METRO LICUT OTHER DC B SS MAX. KIN. 110K. AC IC C T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAIl. 5 5 

TIlE CITY OF EDMONTON 	 . S 4-- * -, 600V S I *IjIj$ AND OTHER SYSTEM DATA WAS NOT PROVIDED. 
EI)MONTON, ALBERTA 
CANADA 

IROL- • . 	3 CARS/TRAIN 
I.EY 
lOiS 
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LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

TRANSIT LOW CURRENT FAULT DETAILS OF LCP ___________ ____________ ________ DETAILS OF AFFECTED COMMENTS 

SYSTEM LCFD DEVICE LCFD DEVICE SICNA 	COMM AND/OR - 
OCCURRED RESULTED CAUSED FUNC- MISC.- XPD. 0/SI 

HOW FAR RESULTED CAUSED 
MISC. 

YSTE SYSTE REMARKS 
D/S? IN IN IN DUE TIONAL NFR. 	DATA 

OCCURRED 
FROM 
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DATA -MFR. 
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BRIEF SYSTEM DESCRIPTION 	- 

TYPE HAJOKIfl VOLTAGE 01ST. BY - 
METRO LIGHT (IER UC E SS MAX. NIN. NON. C DC 
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T TRANSIT SYSTEM MISCELLANEOUS SYSTEM DATA 
RAil. 

hIE CITY OF CALGARY - 5 - * - 600V X x . •ThhiS ANDOTIIER SYSTEM DATA WAS NOT PROVIDED. 
ElECTRIC SYSTEM . 	DOUBLE END FED SYSTEM 
AlBERTA, CANADA 
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8RIEF SYSTEM DESCRIPTION 

TYPE MAJORITY VOLTAGE 01ST. by 

TRANSIT SYSTEM METRO lIGhT OTHER UC E SS ~JN... NON. IAC 1C C I MISCElLANEOUS SYSTEM DATA 
RAIL  

JAPANESE NATiONAl. RAIlWAYS (JNR) 	 . 5 5 4 -THIS AND OIlIER SYSTEM DATA WAS NOT PROVIDED. * 

TOKYO, CON- 

- JAPAN IDlER 

I . 
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M Ns._!!L smulow1!i 
N. S. SACAR mu  
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LOW CURRENT FAULT DATA 

ON-BOARD TRAIN IN TRACTION POWER SYSTEM 

AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF LCP 	 - DETAILS OF TRANSIT 
LCFD DEVICE LCFD DEVICE SICNA 	COMM ANU/OR 

EIP'D 

- 
OCCURRED RESULTED CAUSED 

- 
XPD. - D/ST 

110W FAR RESULTED CAUSED SYSTEM 
MISC. 

SYSTESYSTE REMARKS 
D/S?  

1K/AT IN DUE 
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OCCURRED 
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MODEL 	INFO. Y4 
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4 * 
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SiIHHKY OF SuRVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 
I., 

BRIEF SYSTEM DESCRIPTION 

TYPE MAJORITY VOLTAGE 01ST. BY 

METRO liGHT OTHER  MAX. MIN. NON. ,C DC C I TRANSIT SYSTEM MISCElLANEOUS SYSTEM DATA 
RAIL Da%%  S  

HEW ZEALAND RAIlWAY CORPORATION X NOT IlK- I800V I IOOV X S . 	CATENARY OVERHEAD STRUCTURES ARE CONNECTED TO 
WEllINGTON, CON- SIONUKI) RUNNINC RAILS 
HEW ZEALAND FlUTER TO . 	GROUNDED RETURN CURRENT SYSTEM 

RAIL . 	6 TO 15 KM LONG ELECTRIFIED SECTIONS 
1.8 TO 4.5 MW CAPACITY OF TPS 
UP TO 30 YR. OLD EQUIPMENT 
4 TO 6 TPS PER ELECTRIFIED SECTION 
DOUBLE END FED SYSTEM 
USES CAP BREAKER STATIONS 
2 TO 4 DC FEEDER BREAKERS/TPS 
4 DC FEEDER BREAKERS/CBS 
4000 AMPS RAILING OF DC FEEDER BREAKER 
6 TO 7 HIN. RUSh 	HOUR HEADWAY 
I 110DB NON-RUSH HOUR HEADWAY 
2 TO 8 CARS/TRAIN 
1ST VARIES BETWEEN 250 AMPS AND 700 AMPS 

CAR HFR. - CANZ MAVAG, ENGLISH ElECTRIC CORP. 
CONTROL - CAll CONTROL 
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N. S. SACAR 

LOW CURRENT FAULT DATA 

ON—BOARD TRAIN IN TRACTION POWER SYSTEM 

TRANSIT 
AFFECTED COMMENTS LOW CURRENT FAULT DETAILS OF LCF ___________ ___________ _______ DETAILS OF 

SYSTEM LCFD DEVICE LCFD DEVICE SIGMA 	COMM AND/OR - - 
OCCURREU RESULTED CAUSED FUNC— MISC. XP'D U/SI 

HOW FAR RESULTED CAUSED 
HI SC. 

SYSTE555Th REMARKS 
DIST 

IN/AT IN DUE TIONAL HFB. 	I 	DATA 
OCCURRED 

FROM 
IN DUE 

NFR. 	DATA 
I 	N Y 	N 

TUI5TrmER  
F1TF1SM1CS TO ,OCATION MODE L 	INFO. Y 	N N TPS 	CBS 

FITFrMICS  

10 - 
MODEL 	INFO. L_ J_ L4.. 

NW x x 4 * —i CF 	IN SERIES NO OTHER X 	NOT NO 0 HER QUESTIONNAIRE 4 * '-"----* 
ZEAlAND IEATER CONNECT— DATA OR RE— DATA OR PART It WAS NOT 
RAIlWAY CIRCUIT El) INFORMATION SPUN— INFORMATION - AIlED, 	HENCE 

PROVIIIEII lEl) PROVIDED DATA 	Il)EIITIFIEI) 
RATION ED END) CHAIN 10 115 AN * COULD 

I GROuND— NOT BE COMPI.ETED 
NEW EU END ARCING 
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NOT 
EXPERIENCED 

U OThER U OTHER 



- NATIONAL ACADEMY OF SCIENCES 

SUMMARY OF SURVEY RESPONSES FROM TRANSIT SYSTEMS (SIDE A) 
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M_)!.i. uI[3 /W.i.IjiI 
S. SACAR 

 

elt 

BRIEF SYSTEM I)ESCRIPTTON 

lYlE MAJOBIT' VOLTAGE' DIST. BY 

METRO lIGHT OIlIER UC E 55 MAX. MIN. NON: C DC C T TRANSIT SYSTEM 
MISCELLANEOUS SYSTEM DATA 

BAIL '4 '4 '4 

MASS TRANSIT RAILWAY CORPORATION (HTRC) X 
r 

77 20 3 1500V S S . 	GROUNDED CATENARY OVERHEAD STRUCTURES 
110MG KONG . . 	UNGROUNDED RETURN CURRENT SYSTEM 

2.5 KM LONG ELECTRIFIED SECTION 
8 MW CAPACITY OF TPS . 	
2 TO 4 YR. OLD EQUIPMENT 
2 TPS PER ELECTRIFIED SECTION 
DOUBI.E END FED SYSTEM 

4 DC FEEDER BREAKERS PER TPS 

3000 AMPS RATING OF DC FEEDER BREAKER 
2 MIN. RUSH IIOUR HEADWAY 

TO 10 MIN. NON—RUSH HOUR HEADWAY 

2 TO 4 CARS/TRAIN F 
4 MOTORS/CAR 
I 
ST 

 VARIES BETWEEN 400 AMPS AND 450 AMPS 

'RUN VARIES BETWEEN 180 AMPS AND 220 AMPS 

CAR HER. - HETRO—CAMMELL 
CONTROL - CAN, CHOPPER & OThER CONTROL 
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00 

1.0W CURRENT FAULT DATA 
ON-ROARI) TRAIN IN TRACTION POWER SYSTEM 

1.0W CURRENT FAULT DETAILS OF LCF DETAiLS OF AEFECTEI) COMMENTS' TRANS IT I.CEI) DEVICE LCFD DEVICE SIGNAl 	COMM AND/OR - - 
OCCURRED RESULTED 

- 
CAUSED FUNC- - :XP 	O. U/SI 'HOW FAR RESULTED CAUSED SYSTEM MI SC. MISC. YSTE SYSTE REMARKS 0/ST IN/AT IN DUE TIONAL HER. 	DATA OCCURRED FROM IN DUE . HFR. 	DATA  Y 	N Y I N TU ST 	THUR F TF SM CS 10 .00ATION MODEL 	INFO. y 	N T 	N TPS 	GRU F VF PH CS - MODEL 	INFO. Y 	N 	Y 	N 

H'I'KC X A X lOWEll AIIXII.- ' .MOTORINC .01.14 RATING A A I KM ARCING UNDER SAME AS A A lONG KONG FAULT lANE OVERLOAD RESET COIL FAULT VOLTAGE PILOT WIRE SYSTEMS RELAY 	(01.14) RESISTANCE IN DETECTION VOLTAGE HFR.-CEC 472.6Q STATION, SYSTEM SENSING ENGI.ANL) MINIMUM ABOVE WITH TIME ETIIOI) TYPE OPERATING GRADE DElAY 50TRI6III VOLTAGE SOV OVERCIJRREN' I1ANCE- . . ShUNT TRIP .RRAKING 800 TO MFRD. BY I) VU Rh.OAI) 1600A GEC- RELAY (OLR) ENGLAND FIFR.-.CEC 001.8 MODEL ENGLAND RATING 
N VAGI2 TYPE 472.0i2 50TRI40I SOy, 400 TO 800A sNA SET 0HAOR OVER LOAD RATING RElAY (HAUR) 60-80-bOA 

HER. -GEC D.C. 
ENGLAND CURRENT 
TYPE SETTING OF 
11TK1682  TRIP COIL BOA D.C. - 

I) 
- - - OTIIER U - - OIlIER 

A DKI.AY NO BETWEEN UNSAFE STATIONS CONDI- NOT IN lIONS TUNNEL RESUI.TE 



APPENDIX C 

SUMMARY OF RESPONSES FROM MANUFACTURERS AND 
SUPPLIERS 

Negative responses were received from: Referrals were provided by SAE (India) Ltd.—referred to 
Research Design & Standards Organization, Ministry of Rail- 

Union Switch & Signal, Pennsylvania, U.S.A. ways, India, which also remained as non-respondee. 
Sasib SpA, Italy Positive responses were received as noted on the remaining 
AVM Systems Inc., Texas, U.S.A. pages of this appendix. 
Duewag AG, Federal Republic of Germany 
Valmet Oy, Finland 
Indian Railway Integral Coach Factory, India 

139 
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N... 

LCFD EQUIP LCFD IN 1PS LIlY (IN—Itl)SR() 	TRAIN 
OFFERED TO 

INSTALL 
EQUIPMENt 

ri.,V,,, 
ANY ChANCE PERtINENT ANY CHANCE 	PERTINENT 

HFN./SUI'PLIE(I - PERATIN EST. TO TUE SYSTEM DATA OR DEVICE 	PERATIN( 	EST. 	TO TUE SYSTEM 	DATA OR COMMENTS ON  

OTHER 
 

(N TP BOARD PRINCIPL PRICE REQUIRED? 
- 

ADUITIONAI. MODEl. 	RI1ICIPL 	PRICE 	REQUIRED? 	ADDITIONAL 
TRAIN  INFO. NO. 	 INFO. 

1~--$3500 

NO YE DETAILS NOESI DETAILS 

ASEA INC.. 	I(El.AY C CONTROL DIV. S X INDUS sPILOT VOLTAGE RELAYS X NEEDELI MAXIMUM OFFERS OVER— 0S221 NO OTI(EH RESPECTIVE RRI)CHIJHE C 
YONKERS, 	NY 	10701 TRY WIRE LEVEL ACCESS C CUSTOM 26 WEEKS hIGhLY CURI(ENT PER DATA PROVIDED BRIEF TEChNICAL DATA IS 

APPLI DIP— CON— PACKAGE MAI(E DElIVERY SENSI— ON RELAY PROVIDED. 
CA— FERENTIA PAUlSON ASSEMBLY PACKAGE lIVE GROuND— w/I2 
TIONS RElAYS TYPE DC COSTS BASED INSTAN— INC OR WKS. STATED 1(1EV ((AVE FUI(NISIIED 

AS WITH C AC  ON THE TANEOUS ARCING DELIVERY PILOT WIRING SCHEME TO 
WELL BASIC MONITOR— WITH SYSTEM AC C DC RANGE MTA—N.Y. , 	N.IDCIT, 	CONRAIl., 

UNITS, INC SYS AJ)D'I.. OVEN— 0.5mA AUSTIIAI.IA AND AIJSTRIAN 

SUMMA— TEN. COSTS (IJI1IIENT to 2 mA SYSTEMS. 

TION CT, 
RADIII. 

FOR RELAY OPERATE .COST LOWEST IF TO BE 
OUTPUT 

FOR AC 
PILOT TYPE VALUE. INSTALLED IN NEW PLANNED 

RELAY, WIRES, BASK I SYSTEM. 	FOR THE EXISTING' 
PA lOT RXEI. 1NSTAL— SYSTEM IF NO SPACE IS 
WIRE FOR DC ISTION, .AIIC 0$500/ AVAILABLE. 	FOR SIIIELDEI) 
SUPER— TAXES C MONIFOII UNIT OR CABLE IN RIC}(T—OF—WAY, 
VISION FREIGhT. TYPE LESS FIRER—OPTIC CABLE CAN RE 
ON TVOA 

0$3500/ INSTALI.EI) ON EXISTING 
EQUIP— . NOI1MALLY ON CATENARY STRuCTURE, 
WENT OFFERED 

MILE 
AT ADDiTIONAl. COST. 

AND FOR WITH 
APP NO I 

 
SEND— IN THE. 

Full PILO 

INC END GEAR 
CABLE 

 
UNIT C INSTAI.— 

(MAT. 	C 

RECEIV— . LATION 
LABOI1( 

INC END CAN BE 
IN THE 

 
UNIT USED TO 

EXISTING 
 

*TYPE DETECT 
11(00GB - 

RADII I. ARCING  
(BASIC FOR  
VERSION) TIIACTION 

o 	((SHE MOTORS. 

((hI 	(GuMS 
(((lIP lIT 
IlK LAY 
ollXl(.24 
FAIII.T 

DEThIC— 
TOIlS - 

TYPE  

(G(KI. 	FYI - 

DC Al'—. 

('((CA— 

TlhINS  
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SUMMARY OF SURVEY RESPONSES OF EQUIPMENT_K/SUPPLIERS 	 C14------ 

LCFD EQUIP LCFIIINTPS   I.CFI) ON-IIOARI) TRAIN 
OFFERED TO  

INSTALL 
EQUIPMENT 

DEVICE 
ANY CHANCE PERTINEHI 

DEVICE 
ANY 'CHANCE PERTINENT 

HFR./SUI'PLlER PERATIN EST. TO THE SYSTEM DATA OR PERATIW EST. TO THE SYSTEM DATA OH 
COMMENTS 

IN TP5 
- - ON 

HOARD OTHER 
MODEL MODEL PRINCIPLE PRICE REQUIRED? - - _______ 

ADDITIONAL  PRINCIPLE PRICE REQUIRED? ADDITIONAL 

TRAIN 
NO. INFO. NO. INFO. 

NO YE DETAILS 
NOYESI DETAILS 

ROWN HOVERS X X UTILI DDL dudE C CANADIAN X ASILY FOR [SOC 111011 CIINRENT NOT ' NONE A DETAILED . BASED ON TTC TESTING 
TIES PCC i $5000 DAPT- ACA-lI SPEED INTER- PROVIDED STATE6' BIIOCIIURE WITNESSED, THE DDL-ACA-II BBC BlOWN HOVER I 

[.BBC-S]-'CIIEHON 

& RELAYS PRIN- FOR BLE TO A DETAILED CKT. 	BEN RUPTION . IS PRO- RELAYS DO CLEAR BOLTED, CANADA lTD. 
INOUS MODEL CIPI.E RCA-Il NY TEChNICAL IYPES DEPENDS VIDED TO ARCING AND SOME 111011 IGINTE CLAIIE, 	QUEBEC. 	CANADA 
rRY -E-26 

DETECTS 
PRICES 	' XIST- DATA IS CR12 AND (1-N • FACILITATE RESISTANCE FAULTS IN 

LTD., PRO- -E-46 FOR INC OR PROVIDED UN-S TO di/dt Or A THOROUGH VARIOUS FAULT CONDITIONS 
GENEVA, SWITZERLAND rEC- -EN- 

N EA S IS H K 
OThER NEW SYS- TO FACIL- BE TIME ANALYSIS. NEAR TPS OR ON THE R-O-W 

TTON -RCA 
C 

MODELS 'EM. ITATE OURTED CONSTANT , . MID-POINTS OF TPS. 
SYS- -RCA-Il 

A NALYZE 
WERE NOT GETS THOROUGH N-BOARD OF THE 

TEN -PCC-67 
THE FDH 

PROVIDED CON- ANALYSIS. ABS. PROTECTE 
. BASED ON WORLDWIDE SURVEY 

CURRENT OF TRANSIT SYSTEMS FOR 
C ITS 

NECTED 
T EXIST 

*IN-DEPTH 
CIRCUIT. 

THIS PROJECT, IT APPEARS 
INCRE- FAULT CLEAR PEWFORM . MAJORITY OF SYSTEMS USE 
MENT, 

INC ShUN 
OF 

INC INVES- DIRECT BBC-SECHENON DDL-ACA-1I 
INDE- 

-DC 
TIGATION AS WELL RELAYS. 

PENDENT . BREAKER. 
WAS UNDER- AS IN- 

OF PAUL TAKEN BY DIRECT 
TIME 'FTC AND 	- TRIPPING 
CON- MONTREAL WITH LOW 
STANTS METROS C 	IIIGII 

SUCCESS- SPEED 
FUI.I.Y FOR RELEASE. 
DIIL-ACA-1 1 
C PCC-67 -. 
MODELS. 

OLONG LIST, 
OF WORLD- 
WIDE CUS- 
TOMERS IS 
PROVIDED. 
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MI.. 3819 	s..tC-4.,c9 
N. SaRaI

Ckt- - ________ 

LCFD EQUIP   LCFD IN Ti'S LCFD ON-OARD TRAIN  

OFFERED TO 
INSTALL 

EQUIPMENT 
DEVICE 

ANY CHANCE PERTINENT ANY CHANGE PERTINENT 

MFR./SUPPLIER IPERATINI EST. TO THE SYSTEM DATA OR DEVICE PERATINI EST. TO THE SYSTEM DATA OR COMMENTS 

MODEL 'RINCIPLI PRICE REQUIRED? ADDITIONAL  MODEL RINCIPLI PRICE REQUIRED? ADDITIONAL 
IN TP BOARD OTHER 

NO. INFO. NO. 
____________ 

INFO. 
TRAIN 

NOYE DETAILS 
S 

 

DETAILS 

COLUM8IA COMPONENTS CO. 	INC. X NO OTHER DATA OR ..GROUNI) SATU- NOT NO OTHER OPERATION . 	IN A VERBAL DISCUSSION 

NEW JERSEY, INFORMATION FAULT & lIABLE GIVEN _-DATA OR EXPLANA- WITH THE COMPANY, 	IT WAS 4 
U.S.A. PROVIDED DYNAMIC REACTOR iNFORMATION I1ONS QUOTED THAT APPROXIMATELY 

TRACTION SENSE PROVIDED WERE PRO- $25,000 WAS THE COST OF 
MOTOR THE VIDEO IN DEVELOPINC THE GROUND FAULT 
PROTEC- CURRENT BOTH & DYNAMIC TRACTION MOTOR 
TION IJNBAL- THESE PROTECTION SYSTEM FROTh- 
SYSTEM ANCE IN DEVICES TYPE MODEL. 

TRACT 10 - • *HEATER 
FAULT 

MOTOR 
THE OWNER OF THE COMPANY 

REFUSES TO RELEASE ANY 
DETEC- 

LEADS. OTHER iNFORMATION. 
TION WORKS NOT 
SYSTEM ON GIVEN 

HEATER 
SUPPLY 
VOLT- 
AGE 
FLUC- 
TUATION 
CALCU- 
LATE S 
THE 
PROPER 
CURRENT - 
FOR 
HEATER 

- STRiNG 
&COM- 
PARES 
11 WITH  
ACTUAL 
CURRENT 
THE 
DIF- 
FERENCE 
BETWEEN 
THESE 

. TWO 
CURRENT 
1ND I - 
GATES 
FAULT 
(TIHOI- 

_______________________________  TION. 
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Ckd. ______________- 	___________ 

LCFD EQUIP   LCFD IN TPS  LCFD ON—OARO TRAIN  

OFFERED TO 
INSTALL 

EQUIPMENT ANY CHANCE PERTINENT ANY CHANCE PERTINENT 

MFR./SUPPLIER DEVICE PER.ATINI EST. TO THE SYSTEM DATA OR DEVICE PERATIN EST. TO THE SYSTEM DATA OR COMMENTS - - ON 
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APPENDIX D 

SUMMARY OF RESPONSES FROM PROFESSIONAL ASSOCIATIONS 

Professional associations that provided either no response or 	Responses with referrals are noted in the following: 
a negative response are listed as follows: 

Association Referrdl To 
Negative Japanese 	Railway 	Engi- Japanese National Railways 
Response neers Association, Japan Response 	received 	and 

No 	Stating No summary are included in 
Response 	Activity Appendixes B and F. 

Canadian 	Urban 	Transit Toronto Transit Commis- 
X Association, Canada sion 

Montreal Urban Commu- 
X nity Transit Commission 

The City of Calgary—Sys- 

x tem 
The City of Edmonton— 
System 

X Responses received and 
summary are included in 

x Appendix B. 
U.S. Department of Labor, USDOL, Office of Mine, 
U.S.A. Safety & Health 

X Followed up with refer- 
rals of USDOL, Research 

x Center in W. Va. 
Union of European Railway The BN Company 
Industries, France The Faiveley Company 

X No 	responses 	received 
• from these referrals. 

x Association 	Internationale Provided 	the 	names, 	ad- 
• des Constructeurs de Ma- dresses, 	phone 	numbers, 

terial Roulant, France and telex numbers of Eu- 
X ropean manufacturers, most 

of whom have been con- 

x tacted by the Project. 

Positive responses were received from the following: 
x 

1. National Transportation Safety Board, U.S.A., provided 

x • 

	

	 two reports (available from NTSB, Washington, D.C.) as fol- 
lows: 

a. Report No. NTSB-EE-81-1, "Safety Effectiveness Eval-
uation of Rail Rapid Transit Safety." 

X 	 • Highlights public hearing of 25 witnesses testi- 
fying issues related to transit car design, emer-
gency exit from car, emergency tunnel ventilation, 
evacuation from tunnel, emergency training, drill- 

X 	 ing and testing, emergency communications, 
equipment mobility and State/ Local/ Federal 
safety oversight of rail / rapid transit safety. 

X 

	

	 b. Report No. NTSB-STR-81-5, "Special Investigation Re- 
port." 

Highlights eight subway train fires on New York 
City Transit Authority with evacuation of pas-
sengers. 

Professional Associations 
Research Design & Standards Orga-
nization Ministry of Railways, India 

. Union of African Railways, Zaire 

Australian Railway Research & De-
velopment Organization, Australia 

Latin American Railway Association, 
Argentina 

Association des Fabricants Europeens 
d' Equipments Ferroviaires, France 

Japan Railway Electrification Associ-
ation Inc., Japan 

Institute of Electrical Engineers, 
England 

Association Internationale de Congres 
des Chemis de Fer, Belgium 

Chartered Institute of Transport, 
England 

American Public Transit Association, 
U.S.A. 

Power Conversion Products Council, 
U.S.A. 

National Association of Relay 
Manufacturers, U.S.A. 

National Electrical Manufacturers. 
Association, U.S.A. 

Institute of Electrical and Electronics 
Engineers, Protective Relaying 
Committee, U.S.A. 

Edison Electric Institute, U.S.A. 

Association of American Railroads, 
U.S.A. 

American Railway Engineering 
Association, U.S.A. 
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2. Texas A&M University, U.S.A., provided copies of papers 
written by Prof. B. Don Russell (28, 29, 30) summarizing low-
current fault detection activity and Texas A&M involvement  

and participation. Some of the techniques suggested are included 
in Appendix E under the subsection of low-current fault detec-
tion with utilities. 

APPENDIX E 

SUMMARY OF RESPONSES FROM OTHER INDUSTRIES 

Responses from utilities are noted in the following: 

Interested But 
No Activity or 

No 	No Solution 
Utility Company 	Response 	Found 

Arizona Public Service 
Co., Arizona 	 X 
Baltimore Gas & Electric 

	 x 
Co., Maryland 
	

Prepared to 
meet with us, 
but no further 
data pro-
vided. 

Boston Edison Co., Mas- 
sachtisetts 	 X 
The Dayton Power & 
Light Co., Ohio 	. 	 X 
American Electric Power, 
Ohio 	 X 
Arkansas Power & Light, 
Arkansas 	 X 
Bonneville Power Admini- 
stration, Oregon 
	 x 

Cambridge Electric Light 
Co., Massachusetts 	 X 
Florida Power & Light 
Co., Florida 	 X 
GPU Services Corpora- 
tion, New Jersey 	 X 
Juneau Utility Commis- 
sion, Wisconsin 	 X 
Nebraska Public Power 
District, Nebraska 
Delaware Power & Light 
Co., Delaware 	 X 
Georgia Power & Light 
Co., Georgia 	 X 
Gulf States 	Utilities, 
Texas 	 X 
Los Angeles Department 
of.Water & Power, Cali- 
fornia 	 . 	X  

Interested But 
No Activity or 

No No Solution 
Utility Company Response Found 

Pacific 	Gas 	& 	Electric 
Co., California X 
New York Power Au- 
thority, New York X 
Tennessee Valley Author- 
ity, Tennessee X 
New England Power Ser- 
vices Co., Massachusetts X 
Ohio Edison Co., Ohio X 

Referrals to 
Relaying 
Books and 
ANSI Stand- 
ards 

Commonwealth Electric 
Co., Massachusetts 	 X 
San Diego Gas & Electric 
Co., California 	 X 
Virginia Electric & Power 
Co., Virginia 	 X 
Wisconsin Power & Light 
Co., Wisconsin 	 X 
Texas Utilities Company, 
Texas 	 X 
Washington-St. Tam-
many Elect. Coop. Inc., 
Louisiana 	 X 

Positive responses were indicated by the following. 

Northeast Utilities Service Company (NTJSCO), Connect-
icut, provided the following summary (21) of its approach for 
low-current faults by using a backup ground relay on multi-
grounded wye circuits. 

The expansion of the distribution system has results in desen-
sitizing the ground relay due to unbalance currents and to main-
tain coordination with fuses. This has resulted in considerable 
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loss of sensitivity to low current faults. The use of a backup or 
a second ground relay with "long time" time-characteristics and 
a low pickup value provides approximately 50% increase in 
sensitivity without disturbing the normal mode of operation or 
existing system coordination. 

In 1978 (5) backup feeder ground relays were installed by 
NUSCO and their performance was monitored through 1980 
with very encouraging results. 

The installation of a "long time" relay SIN B.U., Fig. E-1, 
connected in series with the standard ground relay SIN, produces 
a composite curve and restores the lost sensitivity as shown in 
Fig. E-2. These curves intersect at the time of ten seconds. 
Normal high current faults are cleared by reclosers, fuses, and 
the feeder breaker by its normal compliment of relays while 
maintaining complete coordination and permitting normal re-
closing operations on both breakers and reclosers. 

A fault remaining on the system for more than ten seconds will 
be cleared by the backup relay which operates a lockout relay 
86 to trip and prevent reclosing operations. 

The pickup value of the backup relay was determined by mea-
suring the normal unbalance with a recording ammeter installed 
in the relay neutral circuit and by evaluating the circuit unbalance 
when the largest single phase device was open. Through test 
installations, the pickup value of the relay was determined as 
120 amperes. 

The test circuits had reclosers and 140K fuses. Since this size 
fuse is used to maintain fuse to fuse coordination in high fault 
current areas and to permit recloser instantaneous elements to 
reach through the fuses for transient fault clearing, rarely does 
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the load current reach 140 amps, therefore a blown fuse will not 
produce an unbalance condition sufficient to operate the backup 
relay. 

A typical 15 or 25 kV distribution circuit may have a day to 
day level of 200 to 250 amps with both line to neutral and ground 
wye-wye loads. When a conductor comes down on the main 
trunk the backup relay may operate from sustained fault amperes 
of 120 to 600A, by load unbalance alone or a combination of 
both. 

The time dial setting of (4) will cause the relay to reset in (30) 
seconds at zero amps. With any current in the relay, the reset 
time is extended. This in effect permits fault information to be 
stored in the disc during an intermittent fault. When fault contact 
is made, the disc will advance and very little reset activity will 
occur when the fault is removed. The disc then is advanced in 
steps towards trip. 
This backup relay then is capable of initiating a tripping operation 
as follows: 

Sustained fault current between 120 and 600A 
System unbalance exceeding 1 20A 
Combination of both a. and b. above 
Advancing the disc in steps for intermittent faults 

An additional function is available if a 94 tripping relay is used. 
Contacts of the backup relay are wired to its own D.C. source 
remote from the normal relay components. This then provides 
a true backup for a failure of the 94 to a blown D.C. fuse including 
a breaker auxiliary contact out of adjustment. See Fig. E-3. 

All designs of this type have their disadvantages and this is no 
exception. If load unbalance can initiate tripping for a downed 
conductor, it follows that an open tie will also initiate tripping. 
The impact may not be too objectionable if we consider that 
prolonged single phasing to the three phase loads would not 
occur. Also, the relay will have to be deactivated during single 
phase switching. Monitoring the system when new loads are 
added or transfers take place is important and will require at-
tention. 

There is no doubt that an occasional fault will occur beyond 
fuses and reclosers which will trip the circuit by backup relay. 

An occasional false trip does occur with the normal protective 
devices though the disadvantages do not outweigh the advan-
tages. An occasional false trip should be acceptable. 

This design, even with its weaknesses, will greatly improve the 
systems capability to detect low current fault conditions. Stand-
ard components are used, its installation is routine and it's eco-
nomical. 

NUSCO anticipates applying the same backup philosophy to 
pole mounted electronic reclosers. This will provide two levels 
of "long-time" coordination so that downed conductors beyond 
reclosers will not trip the feeder breaker. 

The Pennsylvania Power & Light Co. (PP&L Co.) in con-
junction with Westinghouse Electric Corporation has conducted 
several study projects in the subject area. The Electrical Power 
Research Institute (EPRI) has sponsored at least three projects 
for utilities in the "Detection of High Impedanc& Faults on 
Distribution Circuits.". 

Relevant copies of papers published since 1975 and the EPRI 
reports were received by the project research team. A review 
of the papers and reports reveals that the utilities have a more 
complex problem because of other parameters involved in ad-
dition to simply a resistance problem in the case of transit 
systems. Nevertheless the utilities have tried to perform the 
analysis in various ways to seek a solution, but unfortunately 
the universal solution has not yet been found. Also, no infor-
mation or estimate regarding the cost of the prototype system 
has been made available. The paper entitled, "Summary and 
Status Report On Research To Detect and De-energize High 
Impedance Faults On Three Phase, Four-Wire Distribution Cir- 
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cuits," by R. E. Lee of PP&L Co. and L. A. Kilar of Westing-
house, gives satisfactory details of utilities' pursuits, and PP&L's 
and Westinghouse's approaches to high impedance fault detec-
tion. 

Copies of two additional papers are also included stating the 
summary of development, testing and performance of a proto- 

type electromechanical relay called "Ratio Ground Relay." 
These papers are: "Summary Development and Testing of an 
Electro-mechanical Relay to Detect Fallen Distribution Con-
ductors," by Calhoun, Bishop, Eichler and Lee; and "Summary 
for Performance Testing of the Ratio Ground Relay on a Four-
Wire Distribution Feeder by Lee and Bishop. 

SUMMARY AND STATUS REPORT OH RESEARCH TO 
DETECT AND DE-ENERCIZE HIGH IMPEDANCE FAULTS ON 
THREE-PHASE, FOUR-WIRE DISTRIBUTION CIRCUITS 

Robert E. Lee 
Member, IEEE 

Pennsylvania Power & Light Company 
Allentown, Pennsylvania 

Abstract 	- 	A summation of activities, within 
the electric utility industry, directed toward the 
discovery of a method or methods to detect and clear 
high impedance faults on three-phase, four-wire distri-
btion circuits. A number of innovative relay schemes, 
as evaluated on Pennsylvania Power 	& Light's distri- 
bution system, are discussed and their relative abili-
ties to detect high impedance faults when compared with 
conventional relay schemes are presented. 

INTRODUCT ION 

Fault protection, as practiced by the electric u-
tility industry on distribution circuits, generally 
depends on current sensing. Overcurrent protection is 
achieved using fuse links, 	overcurrent relays, 	and 
ground relays to detect the fault and to signal circuit 
interrupting,devices such a cutouts, 	reclosers, 	and 
circuit breakers to interrupt current flow. 	Phase 
overcurrent relay settings must be above load currents 
and ground overcurrent relay settings- must be above 
expected unbalanced phase currents. A high degree of 
coordination has been achieved using these devices to 
provide quick isolation of a faulted line section with 
minimum disturbance to other portions of the.circuit. 

Most electric utility customers are 	served from 
single phase transformers connected to four-wire 
solidly grounded overhead distributior circuits in the 
15kV class. Overcurrent devices will not detect certain 
faults, such as a broken 'conductor or a conductor 	in 
contact with a foreign object, on these systems because 
fault current magnitudes are restricted by the 	high 
impedance of the contacted surface, or by arc impedance. 
Overcurrent devices set low enough to detect these 
faults will not meet coordination 	and load carrying 
requirements. These faults, while not so destructive to 
the systems themselves, can cause extended service in-
terruption to customers and, under certain conditions, 
may be hazardous to public safety. 

High impedance faults 	may 	occur in one of four 
configurations: 

Phase conductor broken with source side tou-
ching earth and load side clear. 
Phase conductor broken with source side clear 
and load side touching earth. 
Phase conductor broken with both ends 'clear, 
causing an open circuit in one phase. 
Foreign object ,sch ai a tree brandi touching 
one or more phase conductor. 

Adequate, reliable detection of high impedance 
faults has not been achieved using current sensing de 
vices. Other circuit characteristics, individually or 

A 79 516-6 	A paper reccnrrended and approved by the 
IEEE Transmission and Distribution Comittee of the 
IEEE Power Engineering Society for presentation at the 
IEEE PES Sumsrer Meeting, Vancouver, British Coltsnbia, 
Canada, July 15-20, 1979.Manuscript submitted February 
5, 1979; made available for print mi May 11, 1979. 

© 1980 IEEE. Reprinted, with pe 
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L. A. Kilar 
Senior Member, IEEE 

Westinghouse Electric Corporation 
East Pittsburgh, Pennsylvania 

in combination, are subject to change during high im-
pedance faults. Such changes must be reliably dis-
tinctive and observable (detectable) during the occur-
rence. 

In 1965 Pennsylvania Power & Light Company adopted 
an alternate overhead line design using cross-linked 
polyethylene (XLP) covered aluminum and ACSR conductors. 
By the early 1970's, failures of XLP covered conductors 
became prevalent enough to cause great concern. In many 
instances the circuit protective devices failed to in-
terrupt the faults. 

PENNSYLVANIA POWER AND LIGHT COMPANY'S ACTIVITIES 

East Allentown Test tll 
In October 1973 alteration of the 	subtatton 

breaker reclosing schedule was tested as a possible so-
lution. Staged fault tests, using bare and XLP covered 
conductors lying on several "ground" surfaces, were 
conducted to determine typical current magnitudes for 
conductor faults as compared to bare conductor faults, 
to observe the typical behavior' of the fault current as 
a function of tlme,and to dv.op a method for clearing 
covered conductor faults using the acquired test data. 

Results of the tests at PP&L's East Allentown 
66/12kv Substation were entirely unexpected. There was 
never sufficient fault current flowing to trip 	the 
substation circuit breaker with either bare or XLP 
covered conductors lying on the ground surfaces. Subse-
quent calculations indicated that a ground relay set at 
50 amps, or lower, would have been required.to  detect 
the faults. 

Distribution Fault Interruption Task Force 
These tests at East Allentown Substation proved 

that changing relay settings would not solve 	the 
problem. Consequently, a task force was assigned to 
study and define the problem and seek a solution. 

The questions considered were: 
What is the Magnitude of the Problem on the 
PP&L System? (2) 
High impedance fault data on the PP&L distri-
bution system was collected between April 1974 
and December 1975. Included in the resulting 
data file of 390 cases of high impedance 
faults were: 	f4,alt 	 cot,:!uu:_,.)r type 
and size, load or source end of conductor on 
the ground, type of surface ion;:acted, 	and 
size of protective device involved, position 
of protective device (open or closed), 	pro- 
tective device settings and tatings, and the 
calculated available bolted fault current at 
the fault location. 
What Physical and Electrical Conditions are 
Associated with High Impedance Faults? 
PP&L overhead distribution system, approxima- 
tely 31,000 circt.it. miles, is c,;irLsed 	of 
lines constructed with bare conductor-951-and 
XLP covered conductor 57.. Bare 	conductors 
were involved in 83.51 and XLP covered 	con- 
ductors in 16.51 of the 390 high 	im:edace 
faults.One hundred twenty-three (123) faults 
were not jnterrupted,bare conductor accounted 
for 621 and XLP covered conductcr for 682. 

rmission, from IEEE TRANSACTIONS ON POWER 
9, No. 1, January 1980 
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This documented an existing problem with bare 
as well as XL? covered conductors. The types 
of protective devices involved in 	the 

failures to interrupt high impedance 	faults 
were: substation circuit breaker - 527.,three 
phase reclosers-18Z, single phase reclosers - 
13%, and single phase fuses - 17%. 

There is no apparent correlation be-
tween the ability of a protective device to 
operate and: contacted surface, proximity of 
pole grounds, size and type of conductor, and 
available fault current. 

The occurrence of and inability 	to 
detect and interrupt high impedance faults 
was proven to be much greater than realized. 
Seventy percent (70%) of the failures to 
interrupt faults were protected by three 
phase device.. 

Fault current was proven to be an unre-
liable fault characteristic to detect high 
impedance faults and some other fault or 
circuit characteristic must be monitored. 
Are. other Utilities Experiencing the Same 
Problem? 
Responses, from two questionnaires, from the 
Edison Electric Institute Transmission and 
Distribution member companies confirmed that 
high impedance fault interruption is an 
industrywide problem. Seventy-three percent 
(73%) responded that they encountered dif-
ficulty in fault interruption while 21% 
reported infrequent failures to interrupt. 
Has some other Utility Found a Solution? 
About 81% of the EEL companies in the 11.5 to 
13.8kv 	class 	using 	multigrounded 
distribution circuits reported that they use 
ground as well as phase overcurrent relays. 

Ground relaying on the ?P&L system has 
long been considered unrealiable and 	of 
questionable value to PP6L because of the 
high setting level required by load 
unbalance, the unpredictable ground currents 
that can be encountered due to the wide use 
of grounded wye-delta transformer banks, and 
because of probable undesirable false trip-
ping. 

Answers to three of the questions were 
relatively easy to acquire. 	Determining the 
physical and electrical characteristics 	has 
been elusive, but, progress has been made. 

3. Zero Sequence Voltage Tests (3] 
Detection of unbalanced voltages under fault con- 

ditions was suggested as a possible solution. 	Calcu- 
lations indicated that significant unbalances occur 
during some high impedance fault conditions. 	Lengthy 
calculations verified this hypothesis. Another series 
of tests were conducted in October 1975 to verify these 
calculations by investigating zero sequence voltage. 

The objectives of these tests were to: 
Measure unbalanced voltage (V-zero sequence 
voltage) at several locations on a working 12 
kV line. 
Gather data to help develop a method to 
detect high impedance faults using 	zero 
sequence voltage. 
Determine the existence of other 	circuit 
characteristics that would be useful 	in 
detecting high impedance faults. 

For the tests, a 12kV three phase circuit was 
needed where an infinite impedance fault could be situu-
lated without interrupting any customers.A line section 
protected by a three phase 225 ampere OCR with 	three 
single phase load break bypass switches supplying two 
large grounded wye-delta transformer banks serving an 
asphalt plant and a rock crusher met the requirement. 
These banks had sufficient capacity to carry all the ad- 

dttional load when one phase at the OCR was opened, 
allowing the tests to be conducted without custoner 
interruption. 	The line section also supplies several 
other small and medium size industrial and commercial 
customers as well as numerous residential customers and 
a medium density residential area. A 1200 KVAR switched 
capacitor bank provides voltage correction for the 
line. 

The unusually large capacity (1333 KVA) of the 
grounded wye-delta transformer banks limits the voltage 
unbalance under fault conditions, thus 	creating a 
'worst case' condition. 

Prior to the test, phase currents, phase-to-ground 
voltages, neutral current and zero sequence voltage 
were recorded to determine "system normal" conditions 
as well as high, medium and low load conditions. 

On the day of the test, additional lostrunentation 
was installed to measure phase angles and .ake oscil-
lograph recordings of the three phase-to-ground 
voltages and zero sequence voltage at the line end. 

Infinite impedance (open conductor) faults were 
simulated by closing two OCR bypass switches and then 
opening the OCR, thus leaving one phase conductor open. 

Conclusions and observations obtained from 	the 
test data were: 

The calculation of zero sequence voltages was 
verified by the test data. 
For the test conditions, a voltage 	relay 
could detect the change in zero sequence 
voltage between system normal and faulted, 
and initiate interruption of the circuit. 
A Fourier Analysis of the osc.illographs 
showed changes in the harmonic content of the 
phase-to-ground voltages between system normal 
and system faulted conditions. Work being 
conducted by Rochester Gas & ElectrIc Company 
substantiates this. 
Changes in current phase angles were also 
observed. 
A computer program capable of performing the 
complex calculations involving distribution 
systems was required. 

4. Distribution Fault Analysis Program 
An operational computer program that calculates 

steady state voltages, current flows and phase angles 
at modeled buses of a distribution circuit in phasor 
notation has been developed. The program allows model-
ing of a complete radial distribution circuit using 
unbalanced distributed loads, capacitor banks, grounded 
wye-delta transformer banks, single and two phase lines 
as well as three phase lines. It calculates 	system 
normal conditions, single or multiple phase-to-ground 
faults, single or multiple open conductor faults with 
or without phase-to-ground faults on load or source 
side. Fault impedance can be included with any of the 
phase-to-ground fault conditions. Faults can be imposed 
singly, in combination at a location, or in widespread 
simultaneous occurrences. 

Solution of the defined model is accoeplished by 
formulating a system of non-linear algebraic equations 
known as the load flow problem. 	Additional equations, 
required to define the grounded wye-delta transformer 
banks were taken from papers published by Dr. M. A. 
Laughton. The load flow problem solution is calculated 
using the Gauss-Seidel iterative techniques as outlined 
in Computer Methods in Power System Analysis by Stagg 
and El-Abiad. 

Upon completion of the Distribution Fault Analysis 
Program, a data set representative of a "typical line" 
was created. 	A large variety of calculations were 
performed using this test line to gain experience with 
the program, inC'estigate sensitivity to fault impedance 
and grounded wye-delta transformer bank size and lo-
cation, and to acquire a feel for characteristic 
circuit changes during fault conditions. 

Some circuit characteristics were immediately 
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obvious. 	They are negative and zero sequence voltage 
beyond the open conductor fault and negative and zero 
sequence current at the protective device responsible 
for detecting the open conductor fault. 

5. PP&L-Wesclnghouse Joint Reserarch (41 
Six promising relay schemes and ground relays were 

studied by PP&L and the Advanced Systss 	Technology 
Division of Westinghouse Power Systems Company. Each 
scheme was evaluated, by computer simulation of the 
relay schemes and six distribution circuits at three 
load levels, in terms of its technical performance 
under simulated fault conditions and its estimated 
installed cost. Comparison with PP6L's existing pro-
tective scheme was made to estimate the cost effective-
ness of the proposed relay schemes. 

Any protective device or scheme to detect high 
impdance faults should possess the following charac-
teristics to be acceptable to the electric utility 
industry: sensitive, discriminative, reliable, secure, 
economic, rugged, relatively simple, easy to apply, 
fast installation and low maintenance 	Some of the 
solutions considered, but found deficient, were: 

Mechanical Tension Sensors. 
Fault Enhancers. 
Fiberoptics 
Reflectometry. 
DC Injection. 
Electrical Transients. 	- 
Radio Frequency Noise. 

Relay schemes, selected on their capabilities to 
satisfy these characteristics and based on different 
operating quantities, were selected for Study 	as 
follows: 

Ratio Ground Relay (RGR) - 	The RGR is a 
device in which the 	sensitivity 	of 	a 
ground relay varies proportionately to phase 
'current unbalance. It can be accomplished by 
designing a device responsive to the ratio of 
zero to positive sequence currents, I /1k. 
Figure 1 shows the block diagram reprsen- 
tation of the proposed system. 	The ratio 
unit extract I and 10 from the 	phase 	and 
neutral currens.T!iis unit produces an output 
only if 1 /1 is greater tian a prespecified 
value. Te 	unit determines the position 
of the fault with respect to the RGR. If the 
fault is downstream from the RGR (point B')D 
will provide an output which, together 	witR 
the output from the ratio unit, will activate 
fast timer T1.If the fault is upstream (point 
A), the output of the ratio unit alone will 
activate the slow timer T2,providiitg time for 
a protective device ahead of 	the RGR 	to 
operate first. 

Fig.l - Ratio Ground Relay System 

Undervoltage Relay 	- 	Appreciable loss of 
voltage occurs at the end of a line from most 
high impedance faults,altheugh large grounded 
wye-delta connected transformer banks 	tend 
to maintain normal voltage on the 	faulted 
(open conductor) phase. An undervoltage relay 
at the end of a feeder can be made to pick up 

on low voltage and initiate coimnunicattons to 
trip the appropriate protective device. (Fig.2) 

END OF 
SOURCE -•- 

	 '12! 
L°...s sYSl.Eu 

COMMUNICATIONS 

UNOERVOIJAGE 
RELAY 

Fig.2 - Undervoltage Relay Scheme 

3. & 6) 	Zero and Negative Sequence Overvoltage Relays 
Abnormal zero and/or negative sequence 
voltages occur 	downstream from a high 
impedance fault due to unbalanced 	voltage 
conditions. A zero or 	negative 	sequence 
overvoltage relay can be used to detect 
abnormally high 	sequence voltages 	and 
initiate tripping of 	an inerrupcing 
device through an appropriate communications 
link which could vary depending on several 
technical and economic factors. (Fig.3) 
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Fig.3 - Zero and Negative Sequence Overvoltage 	Relay 
Scheme 

S. & 6) 	Zero and Negative Sequence Overcurrent relays 
A 	high impedance 	fault may cause, heavy 
current unbalance upstream from 	the fault 
location. Zero or negative sequence over-
current relays can be applied at the pro- 
tective device to detect 	these abnormally 
high sequence currents. (Fig.4) 
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Fig.4 - Zero and Negative Sequence Overcurrent kelay 
Scheme 
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Typical quantities, Table I, for the various relay 
schatte oçerating àharecteristics were selt1 from op-
erating e,çerierce, staef tests and calculations. 

TABLE I TENTA!IVE RELAY SETTINGS 

0.6,.. 1.1..7 	 S.Itt.9 

Ph... 	 M. 	?.p • 210 0,1*. 
T.D. • 4 

Z.ro S.q,.,.. 0.....1,.. 	 CVI' 	6 V 11.4 ap. 3.3 S... 
.a 10 , Pl.k.p 

Ii.pc(a. 2.q ... c. O00r..lt.5. 	CVQ' 	6 V.11.. 

2... Squeacs OV.rcurrnt 	 ZTI• 	SO A.p.1  .t Sub.t•tiOA. 
12 A.p.1  •1 SQ 

2.e.a-... 0,'.,o,,,.M 	SSQ 	30 A..p. 	•1 S,b.l.,t.,. 
52 A.P.•1 OCR 
1,',I,t.flfl.. 

C....4 0. ...... a-,1 	 1AC-37 	190 A.. 16,4.,, 2.22 S... 
at 10 . Pt8.p 

Ph... 00.U,,r...I 	 0067. 	600 A.p• P5.h.p 	0.3 9... 
atlOaPtokIp 

1.110 Cr.4 S6587  
1306 • Op. 2..*. 	313 

16,,t ..ttt,* .,. ...*1.bI. 

"C.u.tal Cia-talc 

The Distribution Fault AnalysiS Program was used 
to calculate phase voltages and line current flows for 
each of nine 'fault" conditions at various 	locations 
on six circuits at three load levels (low, 	mediton, 
high), representative of PP&L's distribution system. 
Grounded wye-delta transformer banks were included in 
the calculations. The nine "faults" were: 	(Fig.5) 

1) 	Normal Conditions. 
2). Phase-to-Ground. 

Tvo Phases-to-Ground. 
Three Phases-to-Ground. 
One Phase Open. 
One Phase Open, Source Bus Grounded. 
One Phase Open, Load Line Grounded. 
One Phase Open, Load Bus Grounded. 
One Phase Open, Source line Grounded. 
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L. 	9,.. Cr.,nd,d 	 __________________ 

(f..1t lpp. 9) 
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(r..1t fyp,  9) 	 + 

Fig.' S - Fault Types Studied 

A Relay Evaluation Program was develooed to eisnu-
late the behavior of the six proposed relay schemee as 
.ell as the customarily used station circuit breakers 
and reclosers. 	Since many utilities 	use the ground 
relay and trials were beginning, it was also simulated. 
The response (no attempts at coordination were made) of 
each relay scheme at different locations was evaluated 
in terms of percentage of faults cleared for high 
Impedance faults and overall. 	 - 

Fault types 5, 7, and 8 closely represent fallen 
conductors which, presently, are difficult to detect. 
Table II shows the effectiveness of detection for each 
relay scheme as a percentage of faults detected for 
fault types 5, 7, and 8. 

From Table II, it may be concluded that negative 
or zero sequence overvoltage sensing at the ends of 
feeders and branches would be the most effective method 
to detect broken and/or 	fallen conductors 	in 
distribution circuits. However, the end-of-line 
sequence overvoltage schemes have various disadvantages: 

I) 	Several sensing locations, each requiring a 
coossunications system, will be necessary to 
cover the main feeder and its branches. 
Receiver equipment will be necessary at the 
protective device. 
Total reliability of the scheme may be lower 
than required. 
The ends of 	lines or branches are dynamic 
positions that may require regular relocation 
of the relays and related equipment. 
Total cost per feeder is presently very high. 

When automated distribution systems (ADS) become 
fully available and operational, data transmission/ 
reception could be done via two ADS stations, sharply 
reducing the total costs for this relay scheme. 

TABLE II 

PERCENTAGE CORRECT OPERATIONS 
FOR THE PROPOSED SENSING DEVICES 

UNDER FAULT TYPES 5, 7, AND 8 

39.94 	 £9.15 	 £0.51 
3.6.1.1*.. 

0.;. 	S.. C 	 34.19 	 66.70 	 49.30 
l.a-LI. 5,111,1 

Not. 	1.9. C...,, 	 14.39 	 94.11 	 94.21 
1 

3,6.1.1 ton-M166 3•1,1fl4 

S.,. S.q. 	 40.49 	 16.14 	 II.)? 

S.,o Ste. C.,1a-t 31 0C&, 	61.10 	 79.14 	 70.19 

,.. S,q. V.2to. .9 	 93.)) 	 *00.44 	 500.00 

1,9. 	3.q. 	6.1,.;. 't 	 *00.00 	 *00.90 	 *00.00 
941. P..d.0 

S.,, 0,q. V1t4• .1 	 95.13 	 *00.00 	 100.00 

S 	5.q. a,I,.g.., 	 100.00 	 *00.00 	 100.00 
94
.,.
1, 7,,d,' 

Ph... 	 94.06 	 *00.00 	 100.70 

P4..1 Cnd.ra-lt.I. .t 	 94.75 	 *00.90 	 *00.00 
IlIn F.,d., 

OCt It 546.131 I.. 	 74.36 	 II.)) 	 I).)) 

ILl ., OCt. 	 96.03 	 99.72 	 97.22 
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Conclusions of the study are: 
 The 	phase overcurrent protective devices now 

used 	for 	distribution 	circuits 	are 
ineffective in 	detecting 	and 	clearing high 
impedance faults. 

 A solidly 	grounded 	fallen 	phase conductor, 
whether 	broken 	or 	not, 	will 	produce 
detectable voltage unbalance downstream 	from 
the fault location. 

 An ungrounded broken conductor 	will 	produce 
detectable voltage unbalance downstream 	from 
the fault location. 

 Broken 	and/or 	solidly 	grounded 	conductors 
will cause 	current 	unbalance 	upstream from 
the fault location. 

 Ground overcurrent 	relays would detect 	only 
about 40% of the high impedance fault types. 

 Monitoring 	of 	negative 	sequence 
overvoltage at 	the 	end 	of 	a 	circuit 
provides 	a 	secure 	means 	of 	detecting 
broken 	and/or 	grounded 	conductors 	in 
that 	line 	section. 	Almost 	perfect 
performance 	can 	be 	expected 	from these 
schemes. 

 The Ratio Ground 	Relay 	concept can be 	used 
as a 	method 	to 	detect current unbalance in 
a distribution 	circuit. 	The 	detection 
effectiveness is approximately 80%. 

 If cost is not the primary 	factor, 	sensing 
of negative sequence overvoltage at the 	ends 
of 	a 	feeder and its, branches would be the 
most 	effective 	technique 	to detect broken 
and/or 	grounded conductors in a distribution 
circuit. 

distribution circuits. Proposals submitted by 	eight 
research organizations covered periods of two to three 
years. 

PP&L and RC&E are continuing independent paths 
toward a solution(s). 

EPRI is now sponsering three research projects, 
"Detection of High Impedance Faults on Distribution 
Circuits". Three contracts were awarded to: 

Power Technologies, Incorporated(RP-1285-1)t5I 
The scope of this project is to make a thorough 

investigation of the changes in all electrical 
parameters when a high impedance fault occurs on a 
distribution system. By means of statistical analysis 
methods, parameters will be selected upon which to 
base the design of a high impedance fault detection 
instrument, and design specifications will be prepared. 
(24 months) 

Hughes Aircraft Company (RP-1285-2)(51 
The contractor has proposed to develop a high 

impedance fault detection 	instrument 	based on the 
change of a third-harmonic current which occurs on a 
distribution system when a high impedance fault 	takes 
place. 

The scope of this project is to develop and test 
a device designed on this concept. (30 months) 

Texas A&M Research Foundation (RP-1285-3)(5) 
The contractor has proposed to develop a high 

impedance fault detection instrument based on vari-
ations of the noise frequency components of the voltage 
and current waves which occur during high impedance 
faults. 

The scope of this project 	is to complete the 
development and test the instrument. (24 months) 

RELATED EPRI WORK 
6. Ground Relay Installation 

Concurrent 	with 	development 	of 	the 
Distribution Fault Analysis Program, 	the Task Force 
formulated a proposal to study the effectiveness 	of 
ground relays as applied to 	the 	PP&L distribution 
system. We estimated a 	possible 30% improvement in 
the detection, at the substation breaker, of 	high 
impedance faults. 	Later studies indicate a possible 
37.5% improvement 	in detection. 

It was 	proposed to install ground relays at 12 
substations equipped with SCADA (Supervisory Control 
and Data Acquisition) to gather data. 

Objectives of the proposal were: 
Determine 	application guidelines for PP&L 
applications. 
Evaluate dependability 	and security of the 
trial installations. 
Evaluate costs and benefits. 

The proposal was postponed. However, during the 
last quarter of 1978 PP&L began ' installing ground 
relays with new substation breakers. 	Approximately 72 
new breakers with ground relays are being purchased for 
installation through 1980. Twenty-one (21) were placed 
in service in 1978. 	There have been no 	reported 
operations. 

EPRI ACTIVITIES 

Realizing, that industry research was required,PP&L 
and Rochester Gas & Electric presented the problem with 
supporting data to the Electric Power P.csearch Insti-
tute and IEEE. 

The IEEE Power Systems Relaying Committee 	formed 
the Parameters of Distribution Ground Fault Protection 
Working Group which prepared, during 1976, a report to 
EPRI which formed the basis for a research project. 

In 1977 EPRI issued Request For Proposal 5379 
which had as its primary objective to develop a device, 
scheme, or system that will reliably detect 	high 
Impedance faults on solidly grounded wye-connected, low-
voltage distribution circuits. A secondary objective 
was , to detect high impedance faults 	on ungrounded 

A project closely related to the EPRI Detection of 
High Impedance Faults is EPRI RP-1209-1, "Distribution 
Fault Current' Analysis," (6] which was awarded to 
Power Technologies, Incorporated. 

The continuing demand for electric power has made 
it necessary to increase ratings of system components. 
This, in turn,causes a marked inLrease in fault current 
duty on all system equipment. The theoretical maximum 
fault current can be calculated for any particular 
system location. However, reliable data to establish 
the actual values of fault currents experienced is not 
presently available. While it is well 	known 	that 
almost all faults produce currents below calculated 
values, the actual magnitudes, fault characteristics, 
or frequency of occurrence is not generally known. The 
lack of this type of test data results in 	imprecise 
system and equipment design, incorrect selection of 
equipment, and a strong tendency to conservative ap-
plication of protective devices. 

The objectives of this project are twofold: 
To make available to the electric power 
industry comprehensive statistical data -  on 
fault currents as they are actually exeri-
ence on primary distribution systems. 
To investigate the current transients which 
occur when circuits are energized and to get 
statistical data on cold load pickup currents. 

SLJMI'IARY 

In 1974 PP&L formed a task force to investigate 
means of positively interrupting faults caused by 
broken primary conductors falling to the ground. The 
first year's activities were directed toward defining 
the scope of the problem, and developing a course of 
action. 

1975 activities produced industrywide recognition 
and better definition of the scope of the problem with 
some possible solutions being suggested. 	Further 
investigation confirmed that little information rela-
tive to possible solutions exists within the industry. 
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Company tests suggested the presence of circuit charac-
teristics other than overcurrent which could initiate 
fault interruption while the data on fallen conductor 
faults established a sufficient base to warrant discon-
tinuing its further collection. 

During 1976 PP&L contributed to the formulation of 
an EPRI Work Statement, developed a teSt procedure to 
allow evaluation of ground relay applications on PP&L 
distribution circuits, and made significant progress in 
developing the Distribution Fault Analysis Program. 

1977 was a year when we realized the fruits of our 
efforts in stimulating industry interest. EPRI issued 
a Request for Proposal for the "Detection of 	High 
Impedance Faults on Distribution Circuits. PP&L. also 
joined with the Advanced System Technology Division of 
Westinghouse in a joint research project. "Feasibility 
Study of Improved Relay Schemes for the Detection of 
Fallen Conductors on Three-Phase Four-Wire Distribution 
Circuits'. Analytical studies of data from the 
Distribution Fault Analysis Program application to 
several circuits indicated that zero and negative 
sequence current at the circuit interrupting device, 
and zero and negative sequence voltage beyond the fault 
would provide improved recognition of high impedance 
faults. 

1978 saw the completion of the PP&L-Westinghouse 
research project which substantiated earlier 	obser- 
vations and provided several promising relay schemes. 
Also, EPRI awarded research contracts to Power Techno-
logies, Inc., Hughes Research Laboratory, and Texas A6X( 
University to investigate several promising aspects in 
the Detection of High Impedance Faults. 

PP&L is planning to continue its efforts toward 
determining a possible solution utilizing the analysis  

of voltages and currents that are present on a 12 K'.', 
tour-wire, grounded wye-distrtbution system with three 
phase grounded wye-delta transformer banks. If justi-
fied, after additional analysis of the data from the 
joint study with Westinghouse, PP&L plans to develop 
prototypes of promising relay schemes and perform field 
and laboratory tests of their operation. 
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Abstract - If undetected by phase or ground overcurrene 
relaying methods, fallen distribution conductors or high impe-
dance faults may be a fire hazard and a threat to public safety. 
Four promising relay schemes to detect these faults are evaluated 
using both digital and analog techniques and one scheme was 
chosen for prototype consnuction. In the light of economic and 
performance data, a prototype Ratio Ground Relay has been 
constructed for installation and testing on six Pennsylvania 
Power and Light distribution feeders. 

THE DATA CASE 

Six distribution circuits represencir.g 86% of PP&L's 1200-
1300 distribution feeders when studied at three load levels were 
used in over 500 digital short circuit studies. Feeder voltages and 
line cur-rents at various points along the line were calculated for 
each of the following conditions 

Normal conditions 
One phase to ground fault 
Two phase to ground fault 
Three phase to ground fault 
One phase open, no line grounded 

6)One phase open, source bus grounded 
One phase open, load line grounded 
One phase open, load bus grounded 
One phase open, source line grounded 

Ratio Ground Rehsv Schemes 

Four ratio around relay schemes were evaluated using a 
relay coordination program and data from digital fault studies. 
The selected scheme was chosen in the light of manufacturing 
and operating requirements. A protective relay scheme must be 
economical, permit consu-uction in a standard relay case size, 
present a low burden to existing substation current transformers, 
and be simple to apply, test, and set. The relay must also be 
depend.ible, secure, selective, and sensitive. In the particular 
application of the Ratio Ground Relay, high speed is not a 
constraint provided reliable operation takes place with proper 
coordination with cxistfsiig overcurrent devices. 

Using the aforelficntioned relay characteristics as selection 
criteria, four l.?5i"round Relay schemes were identified as 
promising candYi'tes for digital modeling and prototype con-
struction. Each scheme uses the induction disc .concept with 
operating and restraint windings. Contact closing torque in all 
schemes is produced by residual current (3I) in the operating 
windins. Contact opening torque is ,roduccd by s combination 
of phase, positive and/or negative sequence current in the restraint 
wmndln2. The four restraint combinations modeled are: 

i) 	Balanced sequence current difference restraint scheme 

Restraint Torque = KN2 	II 2 - 11,12 

ii) 	Positive sequence restraint scheme 

Restraint Torque = KN2  il l 

iii) 	A + C phase restraint scheme 

Restraint Torque= RN2I A + 1 81 2  

iv) 	A B + C phase restraint scheme 

Restraint Torque = RN2  H rA 1  
2 + 1

1 8 I 2 
	

11C1 2 

Diaital Modeling 

Based on relay coordinaticn studies. two setcirizs were 
chosen to prov:dc operation on s circuit 'inbalance (3I0/I 

i  of 
0.5 and 1.0. The preferred Ratio Ground Relay scheme should 
detect 80-S5% of the fallen conductors on PPmL distribution 
system based on apprOximately 50 open phase faults examined. 

The Prototype Relay 

With manufacturing and actual operating considerations in 
mind, the 112 - Il ,2 restraint coupled with a .3101 2  operating 
element on a singleinduction disc was chosen for prototype 
construction. The ocher schemes were relected at this time since 
their constnsction would result in larger case size, higher cost, 
multiple cores or filters and reductd sensitivity. 

Conclusions 

Phase and residually connected overcurrcnc relays may not 
detect fallen conductors or high impedance faults on a distribu-
tivan circuit. Increasing the ground relay sensitivity is unaccept-
able since talse crupolog may result due to normal load unbaancz 
and blossn single phase (uses. 

Digital fault studies using six PP&L distribution feeders 
were erfornrdd in ordrr to dctrn;ii. r the scrtir-.es and restraint 
element for a prurorvpe Ratio Ground Relay. A prototype device 
was constructed uviiich should derrcc S0-8$% or he fallen con-
ductors on PP&L's distribution svstenu. 

A tjced fault test and lone-tcrm monitoring of thr Ratio 
Ground Relay on six PP&L distribution feeders is planned. 

Q 1982 IEEE. Reprinted, with permission, from IEEE TRANSACTIONS ON POWER 
APPARATUS AND SYSTEMS, Vol. PAS-101, No. 6, June 1982 
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Abstract - If undetected by phase or ground overcurreor 
relaying methods, fallen distribution conductors or high impe-
dance faults may be a fire hazardand 1 threat to public safety. 
Four promisizsg relay schemes to detect these faults are evaluated 
using both digital and analog techniques and one scheme was 
chosen for prototype construction. In the light of economic and 
performance data, a prototype Ratio Ground Relay has been 
constructed for installation and testing on six Pennsylvania 
Power and Light distribution feeders. 

INTRO DUCTION 

A fallen distribution conductor may be a potential hazard 
to life and property because it ocren remains energized when in 
contact with a high impedance surface such as dry concrete or 
macadam. •Fsult currents in the 0 to 50 ampere range may result 
from fallen lines and could render the phase and ground overcur-
rent devices ineffective in the detection of high impedance faults. 

Since 1973, Pennsylvania Power and Light Company 
(PP&L) has actively pursued solutions to the fallen conductor 
problem. Staged fault tests were conducted on covered and bare 
distribution conductors, data on broken and fallen conductors on 
their distribution system has been collected and a Distcibutioa 
Fault Calculation Program, which determines vector quan-
tities at all points of interest on a distribution circuit, was formu-
lated. PP&L then proposed protective relays based on setuence 
quantities as promising candidates for fallen conductor detection 
devices. 

In 1977, PP&L began a joint study with Westinghouse 
Advanced Systems Technology to assess the feasibility of various 
relay schemes for detection of fallen conductors (1). In addition 
to PP&L's sequence quantity relay schemes: Westinghouse 
developed the Ratio Ground Relay Concept and, in coca!, studied 
and ranked 6 rclay schemes (3). Analysis of data from staged fault 
tests and calculations dearly defined the problem and several pro. 
tcction concepts were considered and judged dclicient in the tight 
of detection efficiency and economics. 

This feasibilirv study showed that many fatten cer.ductors 
which would not be detected by phase rclays or residusliy con-
nected ground re!Svs could be detected by other proectiv 
relay schemes. The Ratio Ground Relay achieves litch impedance 

,97 ZEeE/I.c 7-1-0 
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fault detection efficiency and economy. These encouraging 
results justified the development of a prototype Ratio Ground 
Relay. The foliowin 	 m summarizes the development effort which
resulted in a prototype relay. The operating characteristic of the 
prototype is also presented. 

The Data Base 

The specification or evaluation of any relay scheme requires 
a large accurate data base from which relay oeriormar.ce can be 
determined. In this resard, the digital computer proved to be a 
valuable tool in the calculation of more than 300 short circuit 
cases. The development of the fault program included the defini-
tion of all significant fault types on PP&L's 4 wire distribution 
system. Feeder '/oic.c;cs and line currents at various points along 
the line were caicuiated for each of the following conditic:ss: 

I) 	Normal conditions 
One phase to ground fault 
Two phase to ground fault 
Three phase to ground fault 
One phase open, no line grounded 
One phase open, source bus grounded 
One phase open, load line rounded 
One phase open, load bus grounded 
One phase open, source line crounded 

Each fault type was imposed at various points along the 
feeder, forming a data base to evaluate all relay schemes. 

Distribution Feeders 

Six distribution circuits representative oi the PPL disrri'cu-
don system were used in fault studies to calculate quantities for a 
relay coordination proram. Studies were conducted using the six 
feeders at three !ad lvtls and charee:e:izc So 	of PP&L's 
1200.1300 distribution feeders. The test circuits were chosen as 
typical samples from three general eroeps: urban. suburban and 
rural. Schematic diagrams of each of the feeders-  and the three 
load levels tested are shown in Fie'jre I. 

The Elliott I lcighcs and Salisbuty feeders ire in the suburban 
group. Thcsc lines are 5-10 miles long and serve .s varied load 
density of industrial and residential CusrC'mflerS. Loads ire between 
3 and 7 MV\. 

The Frecm.mnsburg and Schccksviile teedrs (all into tic 
rural cateseorv being 20 miles or longer 3ntl serve liicht dcnssev 
rural load. Loads a.-v between 2 and 6 MV.'.. 

The urban el.sss of feeders was represented hi the Cvntr:mI 
.,\llentown and Sumner lines. Both are short lines, .mr'proeimnatcls' 
3-4 miles in lcntteh. sod serve high density load areas. lhcse lines 
support betsvern 3 and 7 MV.\ of load. 



Ultoce Relthc, Feoder 
3067, 	:87, 0108 At). 

Smtteb,uy Feeder 
4209. 5940, 0876 XV). 

Tre.oan.burj Feeder 	 • 
2328, 3262, 3512 XV). 

'-e 

I) Balanced sequence current difference restraint scheme. 

Operating Torque = K 1N1 2 13101 
 2 

Restraint Torque = K2N22 
(1 ii 2 - 11212  1 

Net Operating Torque = N 13101 2 - 	2 + 121 2 

N =K 1N12/K 2N22  
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Figure 2 
Sequence Current Difference Restraint Element 

Schneclr.,vtlle render 

3739. 5393, 6141 AVA 

Central Allentown Feeder 	p 	 4 

4327, 6124. 7135 KVA 

.Super Feeder ' 	 ' 	'.2.. 
3372. 	4706, 	5416 AS'). 

2 	Lotitir'; 35 OCR, 

0 	Fetar. 30 OCR', 

Figure 1 
Diagrams of Circuits 

Used in Digital ,llodels 
At Three Total Loads Shown 

RATIO GROUND RELAY SCHEMES STUDIED 

A Ratio Ground Relay scheme to be implemented in 
an ekctTomechanicai device is constrained by manufacturing and 
operating rcquiremenrs. The sciected scheme must be economical, 
permit construction in a standard relay C3SC size, present a low 
burden to existing substation current transformers and be simple 
to apply, test and set. The relay must also be dependable, secure, 
selective and sensitive. In the particular application of the Ratio 
Ground Relay, high speed is not a constraint provided reliable 
operation takes place with proper coordination with existing 
OvereUrreflr devices. 

Using the aforrmentioned relay characteristics as selection 
criteria, four Rar:o Ground Relay' schemes were identified as 
promising candidates for digital modcling and prototype con-
struction. Each schcme"uscs the induction disc concept with 
operating and rcs(ra;nE windings. Contact closing torque in all 
schemes is produced by residual current l)I) in the operating 
winding. Contact opening torque is produccd'bv s combination 
of phase, poisive and/or nesative sequence current in the restraint 
winding,.'\lt of the restraint cores shown will produce the desira-
ble constant unbalance ratio trip characteristic. 'Ihc four Ratio 
Ground Relay types arc: 

Positive sequence restraint scheme. 

Operatiisg Torque K1412 13101 2 

Restraint Torque = K2N22  tjl 2 

Net Operating Torque = NI 3IQ 2 _ I il 
 2 

N = K 1N12/K 2N2 2  

PM 

Figure 3 
Posisive Sequence Restraint Elemni 

A+B phase restraint scheme 

Operating Torque = K 1N12  I 3iol 2 

Restraint Torque K2N22 1A 	
2 

Net Operating Torque = N I 3iol 2_il A + 	
2 

N = K 1N12/K 2N2 2  

J-OoIP6l 

SQ 

'ctu1( 071 

Figure 4 
.1+8 Phase. 1'cstrn,nt Eie,ncut 



4) A+B+C phase restraint scheme. 

Operating Torque = KN1 2  31012 

Restraint Torque = K2N22  ( 	
2 	119  1 2 + 	

21 

Net Operating Torque N 1310 2_  (I 1A 1 2 + II 12 + liI 2 

N = K1N12/K 2N22  

relay for fallen conductors-with the load side down. The Ratio 
Ground Relay detected all one phase to ground and source side 
down broken conductor faults examined when fault resistance 
was between 0 and approximately 10 ohms. An impedance of 
approximately l ohms represents full load impedance for a 
12.47 kV feeder loaded to tO ?.IVA. 

Fault 	 No. Cases 	 No. RGR 
Resisrance (OHMS) 	 Examined 	 Operations 
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0 	 6 

	

2 	 6 

	

5 	 6 

	

10 	 6 

	

20 	 2 

	

50 	 6 

	

700 	 5 

Table I - RGR Operations for Broken Conductor 
Load Side Dovsn With Fault If esittance 

Figure 5 
A+B+C Phase Reecmir.L Element 

To obtain operating times for various fault conditions from 
the relay models above, a time overcurrént curve approximation 
was used. The Net Operating Torque calculated for each relay 
model was used in a polynomial expression representing an 
overcurrenc relay curve to obtain an operating time. The calcu-
lated operating tine was then multiplied by a constant time 
delay multiplier. Thus, a change in tap setting was simulated by 
changing N, the turns ratio squared, in the net operating torque 
equation, and a change in time dial was simulated by a change in 
the time delay multiplier in the time equation. 

ANACOM III FF.EDER SIMULATION 

To, determine the effect of.faulr impedance on system fault 
quantities a study was performed using the Westinghouse 
ANACOM Ill analog computer. A paramerric evaluation was 
completed with v3riations in fault type, fault impedance, fault 
location and load level. Several cases which simulated a blown 
tap fuse were also examined. All cases modeled faults on the 
Salisbury feeder, which represents a typical PP&L 12.47 Ky, 
three phase. 4 wire distribution feeder. 

The actual line, transformer, and load impedances were 
scaled to appropriate levels and a three-phase model was con-
structed using precision resistors, inductors. capacitors. and 
transformers. With this model, a fault type with fault resistance 
could be analyzed by actually faulting the system through a 
resistance. The current and voltage mag'rsirude and relative angle 
between phases was then measured and recorded atlocacioris of 
interest on the feeder. A fault impedance as represented by a 
resistance corresponding to 0. 2, 5, 10, 20. 50. and 700 ohms on 
the actual distribution circuit was inserted in the model for 
various one phase to ground and broken conductor fallen wire 
faults. Pure open circuit or broken conductor faults, as....eli as 
five blown singk phase tap fuses, were also examined. 

Substation current manirudc and phase angle data was then 
entered into a computer algorithm which calculated symmetrical 
component quantirics.and checked if conditions were present to 
trip each of the four Ratio Ground Relay types. The algorithm 
used the data to provide insight into relay settings and pertor-
mance for the varied fault resistance. All four Ratio Ground 
Relay Schemts were found to be almost insensitive to fault 
resistance for fallen conductors with the load side down as shown 
in Fable I. The b:ickfecil through the roundeJ w've dclta distri-
bution transformers adds to the circuit 'anijalanec and .iids the 

At high sensitivities, all four Ratio Ground Relay schemes 
performed identically for the faults examined. Lowersensicivities 
were not examined using analog data. Analog studies provided 
data which verified and complemented digital studies performed 
modeling the Ratio Ground Relays. 

DIGITAL MODELING 

A Digital Fault Calculation Program provided voltage and 
current data for each of nine fault conditions on six feeders at 
three load levels. Each fault was imposed at approximately six 
locations spaced over the entire feeder. Digital srudies assumed 
bolted faults when a ground contact occurred. 

A Relay Coordination Prcgrarn was developed to determine 
the operating characteristic of each of the four Ratio Ground 
Relay schemes. Correct operation of the Ratio Ground Relay is 
based on a comparison of Ratio Ground Relay and overcurrent 
relay operating times in light of specific coordination criteria for 
each fault type. The foliowing Ratio Ground Relay (RGR) oper-
ation was interpreted by the program as a correct coordination: 

	

i) 	Fault Type 1 (normal conditions) 

RGR did not operate. 

	

ii) 	Fault Type 2 (lO'GND) or I (20-GND) - line contin- 
uous 

RGR operated and did not overreach any over-
current devices. 

	

iii). 	Fault Type 4 (30GND) - line continuous 

RGR did not operate. 

	

iv) 	Fault Type 5 through 9 (open phase faults) 

S 	RGR Operated as backup to phase os'crcurrenc 
devices. 

If phase overeurrcnt devices did not operate. 
RGR must operate. 

Specification of tap sertines for the Ratio Ground Relay 
required an examination of normal load unbalance on each feed-
er. Tripping the feeder on an unbalance becuse or a blown single 
phase sap fuse was deenied undesirable. Therefore, the unhalant 
settings allowed normal load unbalance with the tap fuse blown 
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Feeder 

Salisbury 

Schnecksville 

Freern3nsburg 

Elliot Heights 

Sumner 

Central Allentown 

that created the worst circuit unbalance without allowing a faise 
trip of the Ratio Ground Relay. Fault prorsm results of the two 
worst case blonn fuses for each feeder are shown in. Table II. 
Using this data as a basis, two tips were chosen to provide opera' 
tion on a circuit unbalance 	of 0.5 and 1.0. Higher sensi- 
tivities result on feeders that. have a larle number of Erounded 
w'e-delta transformers in relation to the total KVA of the trans-
formers connected to the circuit. 

Table If - Circuit Unbalance (3l ,/1 Resulting 
From To Worst Case Blown Fuses 

Circuit 
Unbalance 

0.40 
0.39 

0.45 

0.57 

0.66 
0.75 

0.23 
0.30 

0.64 
0.39 

0.26 
0.26 

Tap 
Sec tine 

0.5 

1.0 
\ith manufacturing and actual operating considcraw,ns 

mind, the 11112 - 	21 2  restraint e!ernCnt coupled with a 131 0: 

	

1.0 	 operating element on a single induction disc was chosen for pro' 
.orvpe construction. The ocher schemes were rejeccco at this 
time since their construction would result in larger case size, 

	

0.5 	 higher cost, multiple cores or filters, and reduced sensitivity. The. 
devicc is described and will be applied as shown in the folawing 
section. 

1.0 

THE PROTOTYI'F. REL.VV 
0.5 

The prototype Ratio Ground Relay is an electromechanical 
induction disc unit with an operating and restraint cicmerst. The 
relay is constructed, as shown in Figure 6. to be installed in exist 
ing distribution substation swirchgear. The relay will be driven by 
existing phase current transformers and will not require any addi-
tional substation equipment. Fie'are 7 shows the actual prototype 
which will be installed is a srndard directional overcurrent relay 
case. 

Relay 
Restraint Open Load Supply 
Element Phase Side Cnd. Side Cud, 

lI 17% . 	38% 32% 29% 

I 1I 2 	
- Ubl 2  + lil 2  14% 73% 311% 29% 

I Ii 2 
- 1.21 2 4% . 	98% 23% 42% 

III 11% 96% 26% 44% 

Table IV - Ratio Ground Relay Perfor,nance Surnnay 
1.0 Unbalance 	Scrting 

Tsbles Ill and IV below summarize the performance of each 
Ratio Ground Relay scheme for two tap settings based on spprox-
imately 550 open phase faults examined. Using the high sensitivity 
rap, approximately 83% of the open phase fiult cases examined 
were detected with any one of the Ratio Ground Relay restraint 
elem.ents. Table IV shows that a Ratio Ground Relay.with .1 11 2  - 
II 21  restraint or 1112 restraint detec:s a slighdy higher percent-
age of the open conductor faults examined. 

Relay Open Phase 'Open Phase 
Restraint Open Load Supply 
Element Phase Side Gnd. Side Gnd. 

I13  4 Tbl 2  71% 100% . 	80% 84% 

lla12 	11 51 2 	UI 2  75% 99% 80% 85% 

1 11 2  - 11 21 2  66% 100% 80% 82% 

11112 	. 70% 1001,10 80% 83% 

Table 'II - Ratio (,nr,,d Relay Pc'fo,-cnncc Sun ,';a,y 	 F;gure 5 - /,,.:.:!ja:ujn Di,,Zr.snt 0! 	Gr::nd 
0.5 Unbalance 	S'tring 	 in l)ustr:h:cuon Sui,azjrio,, 



Figure 7 - Prototype Ratio Ground Relay 

While the circuit unbalance will determine whether or not 
the relay will trip, the actual magnitude of the net operating 
torque on the induction disc will determine the relay operating 
time. Higher magnitudes of zero sequence current will result in 
faster tripping times for a constant unbalance. For this reason the 
relay operating characteristic must be described by a family of 
time overcurrerst curves for each tap setting. A conventional time 
dial is also provided, allowing further tripping time adjustment. 

Normally, feeder unbalance is described in terms of the 
ratio of zero sequence current to positive sequence current 
expressed as a percent. However, since the Ratio Ground Relay 
uses If 1l 2 - I j,l 2 as a restraii,t element, a new method of 
describing a circuit unbalance became quite desirable. Referring 
to Figure 8, the phasor representation of feeder currents during 
faulted conditions can be viewed as consistins of two currents. 
A current I, in the sinfaulccd phascs due to load and a current RI 
in the remaining phase due to the combined effect of load and 
the fault. 

Figure 8 - frcedt'r U,th,:lans-c Reprcecneuuan 

Note R can be greater than one (R and fault) or R can be 
less than one (fallen conductor). The actual relay characteristic 
is as shown in Figure 9. 

(SEC) 

Rd 1 	 I 	R.1 

Figure 9 - Typical Ratio Ground Relay Cbanscteriseic 

Space limitations within the relay case allowed a tap block 
with three settings corresponding to an unbalance (31o/li)  of 
0.5, 0.75 and 1.0. The prototype ha,s a minimum tripping tin,e of 
approximately 1.5 seconds with a time dial to provide ion;er 
operating times should it be necessary for coordination purposes. 
This will allow application of the relay to a wide variety at four 
wire distribution feeders. 

Conclusinns 

Fbur possible Ratio Ground Relay schemes were modeled 
using digital and analog data to determine design parameters for 
prototype construction. Three tap settings were determined to be 
adequate for the six Pennsylvania Power and Light feeders 
examined, representing 86% of the PP&L distribution system. 
A prototype relay based on these characteristics was designed 
and built. Bench tests resulted in a family of time curves for the 
prototype relay that siJi allow proper coordination of the flacio 
Ground Relay with existing phase overcurrerse relays and oil 
circuit reclosers. 

The Ratio Ground Relay is the result of years of effort on 
behalf of PP&L and Westinghouse, aimed at bctter.de:ectirtg the 
fallen distribution conductor on three phase distribution iec.ers. 
The relay has an operating element responsive to zero sequence 
current and a restraining element responsive to load level. This 
results in a pick up value that varies with toad level which will 
allow the detection of marty broken conductors and high imped-
ance faults. When installed on the feeders at PP&L. data indircs 
that approximately 80-8511, of the fallen conductors on the 
three-phase feeder should be detected. 

Staged fault tests using the prototype on a PP&L distribu-
tion feeder are planned. Long-term monitoring of the perfor-
mance of six prototype de,ccs on six PP&L feeders is also 
planned. This will yield valuable field data on the application and 
performance of the Ratio Ground Relay. The performenee of the 
Ratio Ground Relay on other rypes of utility distribution sys-
tems is also bcin investigated. 
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Abstract - Digital fault investigations on six Pennsy-
lvania Power and Light 12 kV distribution feeders led to the 
development of a prototype Ratio Ground Relay to theoreti-
cally provide better detection of broken conductor faults. 
Further assesnnenr of the relay's performance was provided 
through analog computer tests followed by staged fault 
testing on an operating distribution feeder. Performance tests 
are described and documented. These positive test results 
provided the incentive to monitor the performance of the 
Ratio Ground Relay on several PP&L distribution feeders. 

The Ratio Ground Relay Concept 

The Ratio Ground Relay concept, as implemented in 
the prototype relay, relies on crippinq when the ratio of lb, 
zero sequence current, to 1,  positive sequence current 
exceeds a certain pre-set level. This concept is implemented 
using an induction disc type relay with two windings. Th 
operating winding produces torque proportional to /310/ 
and the restraint winding produces torque proportional to 
,I/2 - /12/' The two opposing torques produce the ratio 
nip characteristic desired. 

Tests Performed 

In addition to normal bench testing performed on the 
prototype relay, two additional testing methods were utilized. 
The first involved fault testing using an analog model of an 
actual Pennsylvania Power and Light feeder. During the fault 
simulations the performance of the Ratio Ground Relay to 
the various faults was observed. 

The second test involved the instillation of a Ratio 
Ground Relay on an actual feeder with temporary current 
and potential transformer secondary circuits and observation 
of relay response to faults on the line. The staged fault 
testing was performed on a Pennsylvania Power and Light 
Company 12.47 kV feeder from the Salisbury 66/12.47 kV 
substation in October, 1981. 

The paper documents both test methods. The first 
section of the paper discusses the ANACOM Ill testing and 
the second section the staged fault test. Each section des-
cribes the test feeder, the equipment necessary to perform 
the test, the fault cases examined, and a discussion of the 
Ratio Ground Relay performance. 

Conclusions 

The Ratio Ground Relay was tested using simulated 
fault currents from an analog feeder model and actual feeder 
currents during a staged fault test. During the ANACOM Ill 
tests the Ratio Ground Relay detected pure open phase faults 
over 70-80 percent of the model feeder depending on load 
level and shunt capacitance connected to the feeder. Single-
line-to-ground faults at the substation through a fault imped-
ance of approximately 55 ohms were detected on the model 
feeder. Single-line-co-ground fault performance of the Ratio 
Ground Relay depends on load level, fault location along the 
feeder, and the ground fault impedance. The performance 
statistics of the Ratio Ground Relay documented in this 
paper are based on analog and staged fault tests using a 
Pennsylvania Power and Light distribution feeder. 

The testing permitted during the staged fault tests 
was restricted due to conditions imposed to maintain service 
to PP&L customers within normal voltage limits. This was 
accomplished through circuit modifications. The tests could 
only be conducted on substation property. Thus, a quite 
severe test sequence was conducted to observe the opera-
tion of the Ratio Ground Relay and a ground overcurrent 
relay. Single line-to-ground line continuous faults through 
fault impedances of approximately 90-100 ohms occurred 
and were detected just outside of the substation fence. 
Many normally occurring faults would produce similar cir-
cuit unbalances that could be detected. 

Values of voltage and current observed during the 
ANACOM Ill and staged fault testing compared favorably 
with those obtained from the, digital simulations. Perfor-
mance of new relay schemes can now be economically 
analyzed without the expense of extensive field testing. 

Based on the favorable results of the testing program at 
Pennsylvania Power and Light, the final step of the develop-
ment program, installation and monitoring the Ratio Ground 
Relay under field conditions, is being planned. It will be 
installed on several PP&L distribution feeders and its perfor-
mance will be monitored under various conditions. 
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Abstract - Digital fault investigations on six Pennsyl-
vania Power and Light 12 kV distribution feeders led to the 
development of a prototype Ratio Ground Relay to theoreti-
cally provide better detection of broken conductor faults. 
Further asseamsent of the relay's performance was provided 
through analog computer tests followed by staged fault 
testing on an operating distribution feeder. Performance tests 
are desaibed and documented. These positive test results 
provided the incentive to monitor the performance of the 
Ratio Ground Relay on several PP&L distribution feeders. 

Introduction 

Many broken or fallen distribution conductors can 
result in high impedance faults with current magnitudes of 0 
to 100 amperes. Fault currents of this magnitude may be 
insufficient to cause tripping of many types of protection 
equipment currently in use on distribution systems. A fallen 
energized distribution conductor may be a potential hazard if 
not detected and de-energized. 

Pennsylvania Power and Light Company (PP&L) has 
been involved in research and development efforts in high 
impedance fault detection since 1973. In 1977, PP&L began 
a joint study with Westinghouse Advanced Systems Tech-
nology to investigate the Ratio Ground Relay concept and 
assess the feasibility of other relaying schemes (1). The 
feasibility study revealed that the Ratio Ground Relay might 
offer improved detection of many fallen conductors that 
might not be detected by conventional phase or residually 
connected ground relays. With the help of designers at the 
Westinghouse Relay Instrument Division, an electromechani-
cal Ratio Ground Relay was constructed which resulted in 
high impedance fault detection efficiency and economy (2). 

The Ratio Ground Relay concept, as implemented in 
the prototype relay, relies on eripping'when the ratio of 310, 
zero sequence current, to Ii,  positive sequence current 
exceeds 'a certain pre-set level. This concept is implemented 
using an induction disc type relay with two winding. Th 
operating winding produces torque proportional to /310/ 
and the restraint winding produces torque proportional to 
/11/2  /12/ .The two opposing torques produce the ratio trip 
characteristic desired. 

In addition to normal bench testing performed on the 
prototype relay, two additional testing methods were utilized. 
The first involved fault testing using an analog model of an 
actual Pennsylvania Power and Light feeder. During the fault 
simulations the performance of the Ratio Ground Relay to 
the various faults was observed. 

The second test involved the installation of a Ratio 
Ground Relay on an actual feeder with temporary current 
and potential transformer secondary circuits and observation 
of relay response to faults on the line. The staged fault 
testing was performed on a Pennsylvania Power and Light 
Company 12.47 kV feeder from the Salisbury 66/12 kV 
substation in October, 1981. 

M. T. Bishop 
Member IEEE 

Westinghouse Electric Corporation 
Pittsburgh, Pennsylvania 

This paper documents both test methods. The first 
section of the paper discusses the ANACOM III testing and 
the second section the staged fault test. Each section des-
eribes the test feeder, the equipment necessary to perform 
the test, the fault cases examined, and a discussion of the 
Ratio Ground Relay performance. 

Description of Feeder 

Although normally used for transient studies, the 
Westinghouse ANACOM III analog computer was put to use 
in the testing of the prototype Ratio Ground Relay. Using 
ANACOM Ill, an accurate real time model of a distribution 
feeder including load imbalances and transformer banks, was 
constructed. Amplifiers were used to transform the analog 
model "substation" currents to the proper relay amplitude. 
The system produced simulated fault currents that the 
Ratio Ground Relay might experience in service on a distri-
bution line. 

The actual feeder model used on ANACOM III was 
assembled based on data collected from the Pennsylvania 
Power and Light Company Salisbury 38-02 line. An elemen-
tary one-line diagram of the feeder is shown in Figure 1. The 
Salisbury line serves varied load density of light industrial and 
residential customers. Typical heavy load phase current was 
approximately 300 amperes corresponding to about 63 
MVA. Typical light loading on the feeder was approximately 
200 amperes corresponding to about 4.3 MVA. The ratio of 
zero sequence residual current (3I) to positive sequence 
current 1 current under normaf circuit conditions was 
approximately 20%. 

Secondary loads are connected to the 12.47 kV 
four-wire distribution system at PP&L using several methods. 
Single phase-to-neutral connected distribution transformers 
dominate. Large three-phase loads are served with either 
grounded-wye grounded-wye connected transformers or 
grounded wye-delta connected banks. The ratio of grounded 
wye-delta connected load to total feeder load varied between 
0.5% and 36.7% on the six feeders in the digital studies. The. 
Salisbury 38-02 line chosen for analog modelling on ANACOM 
III consisted of approximately 11% grounded wye-delta 
connected load relative to the total feeder load. 

The ANACOM lii MOdel 

Line and load impedances were scaled up by a factor 
of ten and actual line voltage was scaled down by a factor of 
one hundred. In this manner, the model system was operated 
with approximately one ampere or less at all times. System 
faults were imposed by hard wiring the appropriate fault 
connection and impedance into the model and energizing the 
system. Equivalent system voltages and currents were obtained 
by direct me2.turelnent and the use of appropriate scaling 
factors. 

The input signals to the relay coils were obtained using 
current amplifier systems as shown in Figure 2. The input 
signals to the amplifier systems were provided by the 
ANACOM ill model. Phase currenis were measured using 
transformers that provide one millivolt per milliarnp circulated 
through the window. The amplifier system provided voltage 
gain sufficient to maintain a constant ratio of the current in 
the relay to the current in ANACOM III model. In essence, 
the amplifier system acted as a current transformer but did 
not reflect impedance into the ANACOM III model. Thus, 
the measurements were taken with minimum disturbance to 
the circuit and the relay received current signals represents- 
.._ ,; .k... :. ......_., ----r____------ 
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An amplifier system was required on each phase of the 
ANACOM III feeder model. The zero sequence signal was 
supplied by an instrument transformer that had all three 
phase leads passing through its window. 

The zero sequence channel also required an amplifier 
system. In this manner, zero sequence current in the relay 
was more accurately reproduced since it was independent of 
any phase shifts that may have occurred seross the three-
phase amplifier setup. 

Fault Cases Examined 

The following fault cases were modelled: 

Normal conditions 
Line continuous, single-line-to-ground fault 
Open phase 
Open phase load line grounded 
Open phase source line grounded 
Blown tap fuse simulation 

In addition, those faults involving ground utilized 
several values of fault resistance in order to define the detec-
tion capabilities of the prototype relay. 

Faults were applied at three locations along the Salisbury 
feeder. Location 1 is bus number I or a fault at the substa-
tion. Location 2 is a fault in line section 4 to 5, or approxi-
mately 72% of the length of the line from the substation. 
Location 3 is a fault in line section 5 to 6, which is approxi-
mately 75% of the length of the line from the substation. In 
addition, all fault cases outlined above were imposed during 
both heavy and light load levels. 

DIFFERENTIAL POWER 
FIER 	AMPLIFIER p, AMPLIFIER  

Ratio Ground Relay Performance 

The single-line-to-ground fault detection capabilities of 
the Ratio Ground Relay on the Salisbury feeder model are 
displayed in Figures 3 and 4. During light  load modelling on 
the ANACOM III computer, the relay detected single-line-
to-ground faults of 20 ohms or less over the entire length of 
the feeder model. Single-line-to-ground faults through higher 
fault impedances were detected on the model if the fault 
occurred closer to the substation. As shown in Figure 3, a 
single-line-to-ground fault through a fault impedance of 
approximately 55 ohms could be detected on the model 
feeder under light load conditions using the Ratio Ground 
Relay 

Figure 4 reveals similar performance of the Ratio 
Ground Relay under heavy load conditions. Single-line-
to-ground faults on the ANACOM III model through a 
fault impedance of approximately 15 ohms or less were 
detected by the Ratio Ground Relay. The additional load 
current during heavy load, periods results in a larger restraint 
torque on the induction disc. Thus, a larger operating torque 
is required to trip the relay during heavy load periods. 
Therefore, under heavy load conditions, lower fault imped-
ances are necessary to cause nipping. During heavy loading 
on the model, a single-line-to-ground fault at the substation 
through a fault impedance of approximately 40 ohms could 
be detected by the Ratio Ground Relay. 

The approximate single-line-to-ground fault that the 
Ratio Ground Relay might detect can be estimated from the 
relay characteristic curves published in the Ratio Ground 
Relay Instruction Leaflet (3). For example, the Salisbury 
feeder model used during ANACOM III testing had a normal 
balanced load current of approximately 195 amperes. 
Utilizing the RIIL curves for tap 1 of the relay at 1. 1.63 
secondary amperes yields an R value equal to approximately 
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1.65 for nipping. Thus, a required current in the faulted 
phases IF, (which equals R nines I or 1.65 times 1.63) of 
2.69 secondary amperes can be calci.ated. Thus, a singie-line-
to-ground fault which adds approximately 1.06 secondary 
amperes to the normal 1.63 present due to load current may 
be detected by the relay set on tap 1. This corresponds to a 
fault impedance of approximately 57 ohms. This estimate 
assumes balanced phase currents at 120 degrees displacement 
with load and fault current in phase and yields a result almost 
identical to the largest fiult impedance that could be de-
tected at the substation on the ANACOM Ill model of the 
PP&L Salisbury feeder. In order to produce the fault current 
required to produce nipping, a lower fault impedance is 
required at downineam locations since the system adds 
impedance to the fault current path. Hence, the sloping 
characteristic in Figures 3 and 4. 
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The relay performance in detecting open phase faults on 
the model feeder without any ground contact is shown in 
Figure 5. The Ratio Ground Relay detected open phase faults 
over approximately 70-75% of the three-phase feeder simu-
lated on ANACOM Ill during heavy load conditions. Under 
light load conditions fault cases were examined with and 
without the presence of the end of line voltage correction 
capacitor banks. The effect 'that the connected capacitance 
had on the resulting fault current was reflected in the relay 
performance. The' Ratio Ground Relay detected open phase 
faults over approximately 60-65% of the model feeder during 
light load conditions with no shunt capacitors connected to 
the line. With both capacitor banks connected to the model, 
the Ratio Ground Relay detected open-phase faults over 
almost 100% of the ANACOM Ill model feeder during light 
load conditions. 

The Ratio Ground Relay seemed to be almost in-
sensitive to fault impedance for broken conductor faults with 
the load side faulted to ground. This fault is essentially a pure 
open-phase fault with the additional effect of fault current 
flowing' in the downed conductor due to the grounded 
wye-delta transformer banks. This backfeeding effect causes 
additional unbalancing of the substation currents which 
aided the Ratio Ground Relay in detecting the open phase 
load side down faults simulated on ANACOM Ill. Under light 
and heavy load conditions open phase load side down faults 
on the model were detected over 70-75% of the line for fault 
impedances as high as 700 ohms. The open-phase load side 
down faults on the remaining portion of the model during 
light load conditions were detected for fault impedances of 
150 ohms or less (100 ohms or less during heavy load period). 

The results of fault modelling using the Salisbury 
feeder simulated on ANACOM Ill during broken conductor 
faults with the source side to ground is shown in Figure 5. 
For this type of fault, a range of fault impedances will appeü 
to be normal load when viewed from the substation. During 
heavy load modelling on the ANACOM Ill, the no-trip area 
was between approximately 10 and 20 ohms for faults 
at the substation and increased to approximately 10 and 40  

ohms 75% of the distance down the line. Small fault imped-
ances appear to be single-line-to-ground faults and large im-
pedances appear to be open-phase faults. In between these 
ranges the faults will appear to be normal load. 

Staeed Fault Test Feeder 

The Pennsylvania Power and Light Salisbury 38-02 
feeder was one of six 12.47 kV distribution feeders investi-
gated during digital studies and was also modelled on' 
ANACOM Ill for prototype CGR performance tests. There-. 
fore, it was natural to select the Salisbury line for staged fault 
testing. 

Staged fault testing on an operating line during normal 
daytime working hours was only permitted if suitable pre-
cautions were taken to insure that no customers were ad-
versely effected. Interruption of service was not allowed and 
service voltage had to be maintained at or above 114 volts. 

In order to execute a staged fault test program and 
insure service to customers, the Salisbury feeder had to be 
modified. Approximately 45% of the feeder load was trans-
ferred from the Salisbury 38-02 line to a neighboring distri-
bution feeder. This line sectionalizing took place close to 
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node 3 in Figure 1. Thus, the grounded wye-delta banks at 
busses 4 and 6, as well as the capacitor banks at busses 6 and 
7, were transferred to another line. Normal load current after 
all resectionalizing decreased to about 90 amperes from 
about 170 amperes in the normal feeder configuration at the 
time of the October tests. 

Based on calculations utilizing the Distribution Fault 
Calculating Program (1) developed by PP&L, two 750-kVA 
grounded wye-delta transformer banks were installed on the 
test line. These transformers helped support load side phase 
voltage during the open-phase fault tests. A 600-kVAR 
single-phase capacitor bank was also installed on the phase 
that was opened during the test. In this manner all tests could 
be executed without degrading customer service voltage. A 
one-line diagram of the test feeder is shown in Figure 7. 

The Salisbury feeder substation has approximately 
14,500 amperes available for a bolted single-line-to--ground 
fault. Although no bolted faults were expected, provision had 
to be made to add external impedance in the fault path. The 
additional impedance was provided by a fault current limiter 
constructed at the test site. A one-line diagram of the fault 
current limiter is shown in Figure S. The fault path to ground 
was thus made up of: a 100 K fuse link, two single-phase 
transformers, 2700 feet of 1/4 inch galvanized steel guy wire, 
two single-phase transformers, and a length of 336.4 KcMil 
aluminum conductor for faulting to the ground surface. 
Utilizing the fault current limiting equipment, the calculated 
bolted-ground fault current was 250 amperes. The apparatus 
was constructed to allow connection of the faulted conduc-
tor directly to the feeder through a fused cutout in order to 
bypass the current limiter. The current limiter was only used 
for a few calibration tests, but the circuit provided the 
current limiting security needed to begin the staged fault 
tests. 

Current and voltage transformers were installed for 
measurement purposes during the test. Figure 9 shows a 
general installation diagram for these transformers. Current 
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transformers had ratios of 600:5,and potential transformers
had ratios of 7200:120. On the source or substation side of 
the fault location Va, Yb, Ve, Ia, lb. and Ic were monitored. 

On the load side of the fault location Va, Yb, Vc, Ia, lb. Ic 
and I neutral were monitored. A 600:5 current transformer 
was also installed on the 336.4 KcMil conductor in the 
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DISTANCE OF FAULT FROM SALISBURY SUBSTATION Four ground-fault surfaces were used during the tests. 
(IN S OF LINE LENGTH) A concrete pad, an asphalt pad and a gravel patch were 

BROKEN PHASE FAULT PROTECTION installed as fault surfaces along with the grassy area surroun- 
WITH SOJRCE SIDE DOWN ding the substation. Teats were performed in the Allentown, 
HEAVY LOAD- CAPACITORS ON PA area in October. Both test days. were sunny and the 

FIGURE 6 
temperature was approximately 70-75 degrees Fahrenheit. It 
had been approximately one week since a rainfall. All faults 

ground fault path to measure the ground fault current. 
were within approximately 30 yards of the substation fence. 

The Salisbury substation is served by two 66/12.47-kY 
Single-phase switching allowed open-phase faults, sin5le-hne- transformers which can be paralled on the 12.47-kY side 
to-ground faults, or combinations. 

Potential and current transformer secondary wiring 
through a tie breaker. During the first day of testing, the 

was brought down the poles and into the substation in 
tie breaker remained closed and on the second day several 
tests were repeated with the tie breaker open. 

underground conduit. Each of the phase CT secondary wires, 
as well as the 310 residual lead, were monitored using a 1.0 
volt/ampere instrument transformer. The output of each of 
the instrument transformers was connected to one channel of 
a Honeywell visicorder via coaxial cable. The source side CTs OK 

~*FUSE provided current signals for the Ratio Ground Relay and the 2700 FEET 
STEEL GUY WIRE 2-750 Voltage ground 	overcurrent 	relay. 	probes connected to 

the six-phase voltage signals provided input signals for six 
_2KCM 

_ KCM 	1-3364 KCM  
visicorder channels. A small DC voltage across the relay mp 
contacts was also monitored on a visicorder channel. A 
collapse in voltage indicated closed contacts. In this manner, / 

L7-250 
relay operation during a fault event was recorded simulta- 

KV neously with the fault currents and voltages; 
7200/480 V 	 FALLT 
TRANSFORMERS 	 TANCE 

TABLE1 
Test Summary-Tie Breaker Closed 

CONTACT 	N0 
FIGURES 	

suRFAcE 
 NESISTANCE 

Ground 	R..tio 
Fault Currant Limiter 

Ovirrent 	Ground TABLE 2 

Relay 	Relay Test Summary-Tie Breaker Open 

Normal conditions' Ground 	Ratio 

Line continuous ground faults Overcurrent 	Ground 

Covered to grass . 	 Relay 	Relay 

Covered to gravel 
Covered to asphalt Line continuous ground faults 

Covered to concrete (expansionjoint) 	Moving Bare to grass. 	 - 	 Moving 

Covered to concrete Bare to gravel 	 Moving 

Bare to grass 	 Moving Bare to asphalt 

Bare to gravel 	 Moving Bare to wet asphalt 

Bare to asphalt Bare to concrete 	 Moving 

Bare to tree Bare to grass 

Phase A open - source side faults Covered to gravel 

No shunt fault 	Trip 	 Trip Covered to asphalt 

Bare to tree 	 Trip 	 Trip Covered to concrete 	 Moving 

Covered to grass 	Trip 	 Trip Phase A Open - source side faults 

Covered to gravel 	Trip 	 Trip No shunt fault 	 Trip 	 Trip 

Covered to asphalt 	Trip 	 Trip Covered to grass 	 Trip 	 Trip 

Covered to concrete 	Trip 	 Trip . 	Covered in concrete 	Trip 	 Trip 

Bare to grass 	 Trip 	 Trip Bare to grass 	 Trip 	 Trip 

Bare to asphalt 	Trip 	 Trip Bare to concrete (25 ft.) 	 Moving 

Bare to concrete 	Trip 	 Trip Line continuous 
50 ft. bare to grass 	 Trip 
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Single line-to-ground faults, as shown in Tables 1 and 
2. were staged to the four surfaces and a nearby tree using 
both covered and bare 336.4 KcMil aluminum conductor. In 
order to minimize the chance of any customer interruption 
due to the test, faults were left on the system for approxi-
mately 30 seconds. In some cases this was not a sufficient 
amount of time to allow the Ratio Ground Relay to com-
pletely close its contacts. In the cases where the contacts 
were closing, but the fault was removed before the relay 
timed out, a note was made that the contacts were moving. 
Trips versus moving contacts are delineated in Tables 1 and 
2. 

Fault Currents Observed 

Table 3 shows the calculated approximate fault imped-
ance values for each of the fault surfaces used during the test. 
The average fault current for each surface is shown with the 
number of cases used in the calculation of the average. 

The asphalt pad presented an infinite fault impedance 
to both the bare and covered conductors. The asphalt pad 
was even coated with several gallons of water for one of the 
tests and no measurable fault current was present in the 
faulted conductor. 

The tree also presented an extremely high impedance 
to the faulted conductor. The covered conductor to the tree 
represented an infinite fault impedance with no perceptible 
fault current. The bare conductor in the ee resulted in a 
very small fault current which was estimated to be 1.2 
amperes (approximately 6,000 ohms). 

The bare conductor faults to grass, gravel and concrete 
produced a fault current of approximately 90 amperes for all 
three surfaces. This indicates a fault impedance of 
approximately. 80 ohms for each of the three surfaces. 

The ISO mu cross-linked polyethylene covering on the 
conductor tended to increase the fault impedance as shown 
in Table 3. The resulting fault impedance for a covered 
conductor in contact with gravel or concrete was approxi-
mately 125 ohms compared to about 80 ohms for bare 
conductor. The covering increased the fault impedance for a 
contact with grass substantially, yielding a value of about 270 
ohms covered versus 80 ohms bare. 

TABLE 3 
Approximate Fault Impedances 

Conductor No. of Avg. Fault Avg. Fault 
and Surface Cases Current Impedance 

Covered to grass 4 26 amps 270 ohms 
Covered to gravel 3 55 amps 130 ohms 
Covered to asphalt 3 0 - 
Covered to 4, 61 amps 120 ohms 

concrete 
Covered to uee 1 0 - 
Bare to grass 4 86 amps 80 ohms 
Bare to gravel 3 87 amps 80 ohms 
Bare to asphalt 4 0 - 
Bare to concrete 3 97 amps 75 ohms 
Bare to iree 	. 1 1.2 amps 6000 ohms 

Relay Performance 

A Ratio Ground Relay set on tap I (adjusted for a 0.5 
ampere sensitivity) (3) and a ground overcurrent relay set at 
12 secondary amperes pick-up were installed in the tempo-
rary CT circuits mounted on the source side of the fault 
location. In this way, both relays received identical phase 
and/or residual current. 

The normal load current on the first day of testing was 
approximately 105 primary amperes with approximately 28 
amperes of residual (3I) current. The Ratio Ground Relay 
detected four line continuous single-line-to-ground faults of 
greater than approximately 80 amperes during the first day 
of testing. The ground overcurrent relay did not detect any 
of the single-line-to-ground faults with the line continuous on 
the first day of testing as 310 did not exceed approximately 
100 amperes during any of these staged faults. 

During the second day of the staged fault tests the 
Ratio Ground Relay again detected four of the single-line-to-
ground line continuous faults. It detected ground-fault 
currents on the test feeder in excess of approximately 70 
amperes or a (31o)  residual current in excess of approxi-
mately 85 amperes. The ground overcurrent relay did not 
detect any of the single-line-to-ground line continuous faults 
on the test feeder on the second day of testing as the maxi-
mum 3 10 current during these faults was again about 100 
amperes. 



The pure open-phase fault on 'both days of the test 
produced a 31 current of approximately 250 amperes. An 
open phase wi?h a source side line-to-ground fault will tend 
to produce a lower 310  current because the fault current 
partially restores the lost load current in the open phase. This 
was observed during the staged fault test as high fault cur-
rents tended to cancel the residual current. 

The Ratio Ground Relay detected all of the open-
phase source side single-line-to-ground faults conducted 
during the staged test. The Ratio Ground Relay was also able 
to datect this type of fault when long sections of conductor 
contacted ground to produce 310  values of approximately 
136 amperes (25 ft. of bare conductor to concrete) and 
approximately 180 amperes (50 ft. of bare conductor to 

The ground overcurrent relay did not detect the open 
phase source side line-to-ground fault through 25 ft. of bare 
conductor to concrete. This fault produced a 310 of approxi-
mately 136 amperes which was below the pick-up value of 
144 amperes. The ground overcurrent relay was able to 
detect all the other open-phase faults during the two days of 
the test. 

The final test on the second day involved approxi-
mately 50 ft. of bare conductor in grass with the line con-
tinuous. This single-line-to-ground fault produced a fault 
current of approximately 200 amperes resulting in a 
residual current of about 180 amperes. The fault was left on 
for approximately 125 minutes and the Ratio Ground 
Relay tripped. In that time period,' the ground overcurtent 
relay did not trip and no disk travel was observed. 

Conclusions 

The Ratio Ground Relay was tested using simulated 
fault currents from an analog feeder model and actual feeder 
currents during a staged fault test. During the ANACOM Ill 
tests the Ratio Ground Relay detected pure open phase faults 
over 70-80. percent of the model feeder depending on load 
level and shunt capacitance connected to the feeder. Single-
line-to-ground faults at the substation through a fault impe-
dance 

mpe
dance of approximately 55 ohms were detected on the model 
feeder. Single-line-to-ground fault performance of the Ratio 
Ground Relay depends on load level, fault location along the 
feeder, and the ground fault impedance. The performance 
statistics of the Ratio Ground Relay documented in this 
paper are based on analog and staged fault tests using a 
Pennsylvania Power and Light distribution feeder. 

The testing permitted during the staged fault tests 
was resuicsed.due to conditions imposed to maintain service 
to PP&L customers within normal voltage limits. This was 
accomplished through circuit modifications. The tests could 
only be conducted on substation property. Thus, a quite 
severe test sequence was conducted to observe the operation 
of the Ratio Ground Relay and a ground overcurrent relay. 
Single line-to-ground line continuous faults through fault 
impedances of approximately 90-100 ohms occurred and 
were detected just outside of the substation fence. Many 
normally occurring faults would produce similar circuit 
unbalances that could be detected. 

Values of voltage and current observed during the 
ANACOM Ill and staged fault testing compared favorably 
with those obtained from the digital simulations. Perfor-
mance of new relay schemes can now be economically 
analyzed without the expense of extensive field testing. 

Based on the favorable results of the testing prograns.at  
Pennsylvania Power and Light, the final step of the develop-
ment program, installation and monitoring the Ratio Ground 
Relay under field conditions, is being planned. It will be 
installed on several PP&L distribution feeders and its perfor-
mance will be monitored under various conditions. 
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Responses from mines include the following: 
	 Positive responses were indicated as follows: 

No Negative 
Organization 	Response Response 

CECHAR Industrie, 
France 

American Institute of 
Mechanical 	Engrs., 
Iron & Steel Society, 
U.S.A. 	 x 
American Society of 
Mining Engrs., U.S.A. 

American Iron & Steel 
Institute, U.S.A. 	 0.4 

National Coal Associ- 
ation, U.S.A. 	 x 
Bituminous Coal op-
erations Association, 
U.S.A. 

Henderson Mine, Colorado, U.S.A., reported using a BBC- 
Reftrrals 	Sécheron DDL device with a BBC feeder breaker. The mine 

was temporarily shut down after the relay installation for im- 
X 	provements and hence performance was not reported as yet. 

Bureau of Mines, Pittsburgh, Pennsylsania, U.S.A., re-
ported in brief that it has funded low-current fault detection 
device development but because of conflict on interpretation of 
liabilities, the project did not get completed satisfactorily. 

. Consolidated. Coal Company, McMurray, Pennsylvania, 
U.S.A., provided the following three papers (copies follow): (1) 

X 	"An Improved System for the Protection of Trolley Wires in 
Underground Coal Mines," by John F. Burr; (2) "Trolley Wire 
Protection by Simplified Discriminating Circuit Breaker," by 
Paice and Conroy; and (3) "Demonstration of the Discrimi-
nating Circuit Breaker (DISB)," by M. R. Yenchek. These pa-
pers describe major approaches to the deiection of low-current 
faults; however, no information with respect to the cost of such 
systems was made available to the project. 

x 
American Mining Con-
gress, U.S.A. 

Bureau of Mines, U.S. 
Dept. of Interior, 
U.S.A. 

U.S. Dept. of Labor, 
Office of Mine Safety & 
Health, U.S.A. 

U.S. Dept. of Labor, 
Research Center of 
Wës.t Virginia, U.S.A. 

Climax Molybdenum 
Co., U.S.A. 

Vapor Corporation, 
U.S.A. 

x 
To USD01 & 
USDOL 

x 
To Pittsburgh 
Research Center 

x 
To West Virginia 
Laboratories 

x 
To Consolidated 
Edison Co. of 
McMurray, PA 

x 
To Henderson 
Mine of 
Colorado 

x 



AN MPROVED SYSTEM FOR THE PROTECTION 

OF TROLLEY WIRES IN UNDERGROUND COAL MINES 

John F. Burr 

Lee Engineering Division 

Consolidation Coal Company 

McMurray, PA 	15317 

ABSTRACT 

The Lee Engineering Division of Consolidation Coal 
Company is in the process of developing an improved system 
for the protection of trolley wires in underground coal 
mines. This system will require the continuous transmis-
sion of coded radio signals from the mobile vehicles, moving 
on the tracks, to an antenna wire. The antenna wire will 
have to be extended over the entire length of trolley wire, 
protected by a particular power circuit breaker. A receiver 
located at the circuit breaker and connected to the antenna 
wire, will determine the total connected horsepower operating 
from that section of trolley wire. The receiver will then 
adjust the overcurrent trip setting of that circuit breaker 
to an appropriate level. The mobile vehicles will also be 
capable of transmitting an emergency signal which will cause 
the receiver to trip and lock out the circuit breaker. 

INTRODUCTION 

The present method used to protect trolley wires in 
underground coal mines depends on power circuit breakers, 
each equipped with a series overcurrent relay. . However, nor-
mal load currents which may exceed 3000 amps on a 300 VDC 
system are often greater than arcing or high impedence ground 
fault currents. Therefore, the present method Cannot protect 
against many possible ground faults. Too often undetected 
ground faultè, on DC trolley distribution systems, have re-
sulted in mine fires and loss of lives. The need for an 
improved system for the protection of trolley wires in under-
ground coal mines is, therefore, obvious. 

CERCHAR SYSTEM 

The French equivalent of our United States Bureau of 
Mines, Cerchar, has developed a system which is capable of 
differentiating between large load currents and small ground 
fault currents on two conductor DC distribution systems with  

one conductor grounded. This equipment is manufactured by 
the French firm of Merlin Gerin and is in use at several 
French coal mines. The system, shown in figure 1, super-
imposes a 10 volt, 3500 Hz signal onto the trolley wire. 
All legitimate loads are tuned so that they will have a 
relatively high impedance at 3500 Hz. By. monitoring the 
flow of 3500 Hz current, ground faults on the order of 50 
to 100 amps can be detected even though normal load currents 
maybe in excess of 2000 amps. The key to the Frehch system 
is that they are able to tune their legitimate locomotive 
loads to approximately 600 ohms at 3500 Hz by merely placing 
capacitors across the motor leads. Lee Engineering field 
tested this system during the winter of 1972. By placing 
capacitors across the motor leads, we were able to increase 
the 3500 Hz impedance of a 50 ton locomotive to only 7 ohms. 
The reason for this is that there are two significant diff-
erences between American and French trolley haulage systems. 
The first difference is that the French operate their trolley 
wires at 550 VDC, while we generally use 300 VDC. This 
means that a French motor will have approximately twice the 
number of turns of a comparable American motor. Therefore, 
the self inductance of the French motor will be approximately 
four times greater than that of the American motor. The 
second difference is that French locomotives rarely have 
more than 150 total connected horsepower, while American loco-
motives may have up to 720 total connected horsepower. The 
larger American motors have more iron surrounding the windings 
and, therefore, will have more eddy currents induced into the 
motor frames. These eddy currents can become large enough to 
make the coil appear as a transformer with a short circuited 
secondary. We had special inductors constructed which could 
increase the 3500 Hz impedance of a 50 ton locomotive to 600 
ohms. Each inductor had a 24 inch outer diameter, was 22 
inches high and weighed 250 pounds. Field tests, with these 
inductors, indicated that as many as 6 would be required on 
a 50 ton locomotive. At this point we decided that the Cer-
char system, as manufactured by Merlin Germ, was not suitable 
for use in American coal mines. At the present time, Westing-
house Electric Corporation, under a research contract from 
the United States Bureau of Mines, is developing an electronic 
active filter which may make a system similar to the Cerchar 
one practical for use in American coal mines. 

RATE-OF-RISE SYSTEMS 

A second method capable of differentiating between 
large load currents and smaller ground fault currents is one 
that monitors the rate of change of current. Both General 
Electric and ITE have developed rate-of-rise detection circuits. 
However, these circuits can only be used in underground coal 
mines which have a 600 VDC trolley distribution system. The 
reason that these circuits cannot be used with a 300 VDC trol-
ley system is demonstrated in the following diagrams. Figure 
2 shows the current and the rate-of-rise of current plotted 



as a function of time for 'a simple LR circuit. The initial 
rate-of-rise is independent of the circuit resistance and, 
therefore, the magnitude of the current. The General Elec-
tric system uses a level detection circuit to trip the circuit 
breaker, if the magnitude of di/dt increases above a pre-
selected level. This device has been used on a prototype 
solid state circuit breaker developed for U.S. Steel and tested 
at their Maple Creek Mine. The ITE system uses a, level de-
tection circuit and a time delay circuit so that it will trip 
the circuit breaker if the magnitude of di/dt increases above 
a preselected level for a fixed period of time. If we assume 
the following parameters for a 600 VDC system; .26 mh per 
1000 feet of trolley line and .85 nth for .a 50 ton locomotive. 
Either system should be capable of differentiating between 
resistance faults over 3000 feet from-the breaker and normal 
loads, even though the load currents may be many times greater 
than the fault currents. For a-300 VDC system, the induc-
tance of the trolley line will still be .26 mh per 1000 feet, 
but the inductance of a 50 ton locomotive will be .2 mh. 
Therefore, on a 300 VDC system, a rate-of-rise detector can-
not differentiate between normal loads and resistance faults 
which are much more than 750 feet from the detector. 

REMOTE CONTROL OF CIRCUIT BREAKER OVERLOAD SETTING 

At Lee Engineering, we felt that it might be possible 
to significantly improve the present method of protecting trol-
ley wires in underground coal mines without actually developing 
a ground fault detection system. We are now in the process 
of developing a system for-  remote control of the overload 
setting of our existing circuit breakers. This system will - 
require the continuous transmission of coded radio signals 
from the mobile vehicles, moving on the tracks, to an antenna 
wire. The antenna wire will have to be extended over the 
entire length of trolley wire, protected by a particular power 
circuit breaker. A receiver located at the circuit breaker 
and connected to the antenna wire, will determine the total 
connected horsepower operating from that section of trolley 
wire. The receiver will then adjust the overcurrent trip 
setting of that circuit breaker to an appropriate level. The 
mobile vehicles will also be capable of transmitting an emer-
gency signal which will cause the receiver to trip and lock 
out the circuit breaker. The system is made up of the fol-
lowing items: 

Shunt Trip Conversion Kit 
Transmitter 
Transmitting Antenna 
Receiving Antenna 
Receiver 

Shunt Trip Conversion Kit - As described above, the 
present method used to protect trolley wires, in underground 
coal mines, depends on power circuit breakers each equipped  

with a series overcurrent relay. If we now want to vary the 
overload setting, of a circuit breaker from a remote trans-
mitter, the series trip circuit breaker must be converted to 
a shunt trip device. ITE has developed a Model 76 solid 
state overcurrent relay which can be used for., this purpose. 
The relay is approximately 9" x 7" x 5" and, as shown in 
figure #3, is powered from a 120 VAC source. The Unit, when 
used with a shunt, can provide instantaneous protection at 
any one of ten preselected levels. These levels are 10, 20, 
30, 40, 50, 60, 70., 80, 90, and 100mV. When the preselected 
level is exceeded, a set of normally closed contacts is 
opened to interrupt the current flowing to the circuit breaker 
holding coil. These contacts are rated 1 amp inductive at 
325 VDC. 

Transmitter - To this date, our work at Lee Engin-
eering with radio signals, in underground coal mines, has 
indicated that only, two frequency bands are of practical 
interest. Equipment, operating between 150 MHz and 450 MHz, 
has demonstrated very good performance for line-of-sight 
wireless communication. In fact, some work seems to show 
that frequencies as high as 1 GHz may be superior for wire-
less line-of-sight communication. However, 1 GHz equipment 
is not presently commercially available. Units operating 
between 500 KHz and 1 MHz have shown very good results for 
wide area communication, especially if a carrier wire is 
available.. Unfortunately, this is the standard radio broad-
cast band in the United States. Therefore, we have used the 
band between 100 KHz and 500 KHz for wide area coverage with 
very satisfactory results. This system requires that a coded 
radio signal be continuously transmitted by the mobile equip-
ment and that this signal be received at two stationary lo-
cations which will be approximately 5000 feet apart. There-
fore, we chose to operate the transmitter in the 100 KHz to 
500 KHz frequency band. The transmitter can have its base 
frequency set anywhere in this band by exchanging plug-in 
crystals. Once the base frequency has been selected, the 
actual frequency of a transmitter can be mo'ed from the base 
frequency, in 500 Hz steps, as much as 30 KHz. This is done 
with plug-in jumpers. The transmitters, are powered from a 
12 VDC supply and are keyed on from a dead-man switch. Each 
transmitter can deliver up to 25 watts into the 10 ohm trans-
mitting antenna. 

Transmittiny Antenna - In order to cover the entire 
range of the transmitter, three transmitting antennas had to 
be designed. All of the antennas are approximately 18" long, 
6' high and are enclosed in a 1" plastic tube which is sealed. 
The first antenna operates between 135 KHz and 200 KHz, it 
consists of 18 turns of number 18 AWG wire in series with 3 
capacitors. The capacitors can be tapped to provide reson- 



ant tuning in this frequency band. The other antennas are 
of similar construction with the second antenna operating 
from 200 KHz to 350 KHz, and the third operating from 350 
KHz to 500 KHz. When mounting the transmitting antenna 
on the vehicle, it is important that it be placed at least 
5" from any metal surface. 

Receiving Antenna - The receiving antenna, shown in 
figure #4, is a number 12 AWG, 30% copper, conductor with 
600 volt PVC insulation. We have usually supported the an-
tenna wire with plastic J hooks, hung from the roof, on the 
side of the entry opposite the trolley wire. There is no 
minimum clearance which must be maintained between the re-
ceiving antenna and the surrounding rib or roof. We have 
operated this system with the receiving antenna in contact 
with both the rib and the roof. The antenna must be in-
stalled throughout the entire block of trolley wire, pro-
tected by two adjacent circuit breakers. In fact, the wire 
must be extended beyond the block approximately 250 feet to 
allow for the mechanical delay in adjusting the overload 
setting of the circuit breaker. This will mean that for 
approximately 500 feet the receiving antenna, of one block, 
will be parallel to the receiving antenna of the adjacent 
block. We have found that as long as the wires are at least 
2 .feet apart, signals induced in one antenna (from the ad-
jacent antenna) will be negligible. The antennas are term-
inated to ground at each end thru a 250 ohm resistor. 

Rece:ver - A receiver, as shown in figure *5,'is 
located at each circuit breaker protecting a length of trol-
ley wire and controls the overload setting of that particular 
breaker. There is the obvious possibility of using only one 
receiver for a 

'
block - of trolley wire and having it control 

both circuit breakers. However, we felt that the initial 
field testing would be much simpler with one receiver for 
each breaker. The receiver can have its base frequency set 
anywhere from 100 KHz to 500 KHz with plug-in crystals. It 
then scans, at 500 Hz intervals, a 30 KHz band, starting with 
the base frequency. The scan rate is 16 ms per channel or 
approximately one ccmplete scan per second. Each channel is 
weighted, at the receiver, with a multiplying factor propor-
tional to the full load current of the vehicle identified by 
that channel. At the.end of each scan, the receiver will sum 
the weighted output of each channel and decode this to one of 
eight possible circuit breaker overload settings. This out-
put then goes to a logic circuit which will allowthe circuit 
breaker overload setting to increase immediately, but will 
require a four second time delay before decreasing the cir-. 
cuit breaker overload setting. An additional feature of 
this system is the capabiltiy of every transmitter to trans-
mit the base frequency. Therefore, a push button which 
initiates transmission of the base frequency can be installed 
on each vehicle. The receivers can then be programmed to 
interpret the base frequency as an emergency signal which 

would require that the breaker be tripped and locked out. 

PROJECT STATUS 

Prototypes of the shunt trip conversion kit, trans-
mitter, transmitting antenna, receiving antenna and the 
receiver were successfully field tested at the #2 Mine of 
our BlaCksville Division for approximately six weeks. We 
expect to have production models of this equipment installed 
and operating at the Shoemaker Mine of our Ohio Valley Div-
ision this summer. 

CONCLUS ION 

Consolidation Coal Company feels that a system which 
can reliably distinguish between large normal load currents 
and smaller ground fault currents would represent the ideal 
solution to the problem of protecting trolley wires in under-
ground coal mines. However, our work at Lee Engineering has 
shown that there are very serious problems in trying to 
apply known methods of ground fault detection to trolley 
wires in Pmerican underground coal mines. Therefore, we have 
developed a system which represents a significant improvement 
in the protection of trolley wires and could possibly elm-
mate the need for a ground fault detection system. We 
feel that if a system of this type were in operation, it 
could have prevented the vast majority of mine fires which 
have been started by ground faults on trolley distribution 
systems. 
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TROLLEY WIRE PROTECTION BY 
SIMPLIFIED DISCRIMINATING CIRCUIT BREAKER 

Derek A. Paice 	 George J. Conroy 
Westinghouse R&D Center 	U. S. Bureau of Mines 

1310 Beulah Road 	 Cochrans Hill Road 
Pittsburgh, PA 15235 	 Bruceton, PA 15236 

ABSTRACT 

A simplified discriminating circuit breaker concept, developed 
under Bureau of Mines Contract HO 122058, is discussed and the cost pay-
back time of such a scheme is evaluated. An original discriminating 
breaker scheme to detect faults in excess of 15 amperes, was reported 
in 1975. However, by modifyiiig this scheme to detect faults in excess 
of 150 amperes, considerable simplifications have resulted which make 
the system less Costly and easier to maintain. 

In operation, a high-frequency voltage is superimposed on 
the trolley wire, ardac current relays detect faults near substations. 
Faults remote from substations are detected by ac undervoltage relays. 
A pilot wire alongside the trolley wire carries signals to coordinate 
dc system breakers, and •interrupt all sources feeding power to a fault. 
By making the pilot wire fail-safe, it provides a limited, but very 
simple means of trolley-wire protection independently of the fault de-
tectors. 

SUMMARY AND CONCLUSIONS 
U' 

0 A typical coal mine dc trolley-wire system uses an overhead, 
300-volt feeder cable and trolley wire, with ground return through the 
rails. Because the normal load currents flow through ground, it is 
difficult to detect unwanted or illegitimate loads, which also flow 
through ground. Illegitimate loads are capable of starting fires even 
though they may be much less than normal load currents, and means to 
detect them can save lives and money. 

Working under program HO 122058, sponsored by the Bureau of 
Mines, a technique was developed in 1975 whereby arcing, and other types 
of fault, could be detected as illegitimate loads, because of the low 
impedance these faults present to ac current. To imPlement this tech-
nique, a 3-kHz voltage is impressed across the trolley wire, and faults 
are then detected by the flow of 3 kHz current. Many of the mine 
small dc loads,such as jeeps, have sufficiently high inductance to 
prevent significant-3 kHz current from flowing, but larger legitimate 
loads, such as locomotives, have to be equipped with filters to raise 
their impedance at 3 kHz. Applying these techniques, it was found 
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possible to detect fault impedances of about 20 ohms or 	,hich 
corresponds to illegitimate loads of 15 amperes or more.1,C,3) This 
method of fault detection was evaluated on a limited scale in two coal 
mines; it was very satisfactory in performance, and components of the 
system were tested below ground over a 4-year period. However, it 
was found difficult to maintain the filtering equipment needed on 
most of the mine vehicles. Although very satisfactory electrically, 
the equipments had to be mounted in exposed areas where they were sub-
jected to severe mechanical stress. 

Because of these difficulties, a simplified method was sought 
in which filters are only needed on the largest of vehicles, say 
greater than 25 tons. It was estimated that fault currents In excess 
of about 150 amperes could be detected by a similar method of inject-
ing 3 kHz ac voltage on the trolley wire if additional ac undervoltagé 
detectors were deployed. In this modified scheme, 3-kHz ac current 
detectors are used to detect illegitimate loads up to about 1200 feet 
from the substation. For more remote faults, the inductance of the 
trolley wire prevents adequate high frequency current from flowing; 
howevr, the same inductance causes substantial high-frequency voltage 
drop which is recognized by 3 kHz ac undervoltage detectors placed 
remote from the substation. 

Work by Hall, et al, has indicated that the probability of 
sustained arci;sg faults on 300 volt trolleysystems is much less 
likely for currents below about 200 amperes.( 	This is because the 
arc voltage for currents less than 200 amperes increases rapidly with 
decreasing current and the arc easily extinguishes itself. 

The combination of current and voltage detectors in the new 
discriminating-circuit-breaker system permits illegitimate loads in 
excess of about 150 amperes to be detected without recourse to filters 
on any except the largest vehicles. The system is being installed for 
tests at Federal #1 mine of the Eastern Coal Company and is described 
in this paper. 

COST/BENEFIT ANALYSIS 

Over a 25-year period from 1952 to 1977, there were 127 
coal mine fires iny9ving the trolley system which were investigated by 
Federal Personne1.") Thirty-eight persons were killed and 25 people 
injured in these mishaps. At least 80 of these reportable fires were 
of a type which could have been prevented by the discriminating circuit 
breaker system. Single events include for example ten injured and 45 days 
lost production in 1954, three fatalities and many months lost produc-
tion in 1971, nine deaths and mine closed for a long period in 1972, 
six months lost production in 1974 and a coal mine fire costing an esti-
mated $14 million in lost tonnage in 1977. There is no way to account 
for the human tragedy in these statistics, neither is it possible to de-
termine the number of fires that were not investigated, however, some 
simple calculations can be attempted to determine the economic value of 
a scheme for preventing fires caused by trolley wire illegitimate loads. 

Considering only the reported lost time in the 80 applicable 
cases, a mine fire of this type costs, on the average, 13 days of 	 00 

lost production. At 500 tons a day and $35 per ton, this would amount 
to about $225,000. 1his compares to an Initial cost of $30,000 to 
$60,000 for a discriminating circuit breaker system. Of course, there 
is only a small probability that any particular mine will experience 
a reportable haulageway fire, so that from this viewpoint, the expendi- 
ture for the system must be considered as a type of insurance. 

If we consider only non-reportable fault conditions on the 
haulageway, we find that there is a probable continuous benefit to be 
obtained from the discriminating circuit breaker. Even though a fire 
is not started, equipment is often stressed and damaged by short cir- 
cuits. 	Such damage can be expected to be much reduced due to quick 
response of the discriminating circuit breaker. Inquires within the 
industry Indicate that such incidents may occur, on the average, about 
two to five times per year. When there is trouble on the haulageway, 
Inby production comes to a halt (assuming no belt haulage). Average time 
to repair the damage is 4 hours. If we assume a 150 worker/shift mine 
with one-half the workers idled by the outage and equate one man-hour 
of labor to one ton of coal at $35 per ton, the annual worth of a trolley-
wire protection scheme is estimated as: 

Annual worth of trolley- = 2-5 (mishaps) x 4 (hours-to-repair) 
wire protection 	 x 75 (workers) x 35 (S/man-hour) 

= $21 ,000-$52,500 

Again, the initial cost of a discriminating circuit breaker system is 
estimated to be in the range of $30,000 to $60,000. Therefore, 
the pay-back time is of the order of two years. This would normally be 
considered an acceptable pay-back period and trolley-wire protection 
against unwanted loads appears to be justified on economic grounds 
alone. 

POWER SYSTEM ARRANGEMENTS 

A first requirement of any discriminating circuit breaker 
system is that having determined the existence of an illegitimate load, 
the appropriate substation dc breakers are caused to interrupt and remain 
open until the fault is removed. Each coal mine has its own special 
power system interconnections; however, two basic methods have been en-
countered. These are represented in Figure 1. 

In Figure 1(a), a single breaker is used at each substation 
and the mine power system is broken into various sections by means of 
trolley gaps. A load in the section 01-02,  for example, would only 
receive power from substation S2.  To isolate a fault occurring anywhere 
in this section, only breaker 82  needs to be opened. With this power 
distribution arrangement, it is dangerous to bridge a trolley gap if 
system protection is provided by dc breakers equipped only with simple 
overcurrent trip. If the trolley gaps are bridged and a fault occurs, 
only the breakers near the fault will receive enough current to trip. 



At long distances from the fault, the total cable resistance may be 
too large to permit sufficient current to trip the remaining breakers. 
If a discriminating circuit breaker is used, the gaps could be bridged. 
safely, however, a fault will then disable all substations capable of 
feeder power to the fault. If all trolley gaps are bridged, then a 
single fault would disable all power; clearly an undesirable feature 
and it is not recoimiended to bridge the trolley gaps. 

Dwg. 7720A58 

Fig. 1(a) Mine dc power system with single substation breaker 

Fig. 1(b) Mine dc power system with double substation breakers 

Fig. 1 Illustrating mine dc power system variation 

The arrangement of Figure 1(b) uses two breakers to 
control power in each section, and loads receive power from all 
substations, however, this power is readily controlled. For,  
example, a load in section 01-02 can easily be 'isolated by 
opening breakers B4 and 85. In this case, power remains available 
to the rest of the mine system. 

A further important feature of any discriminating-
circuit-breaker system is the ability to locate a fault when the 
breakers have, opened. The system described in this paper provides 
this feature. 

DISCRIMINATING CIRCUIT BREAKER CONCEPT 

The basic discriminating circuit breaker system is shown 
in Figure 2. Referring to this figure, oscillators at each sub-
station superimpose 10 volts at 3 kHz on the trolley wire and 
appropriate current and voltage detectors. are included. 
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Fig. 2. Simplified discriminating circuit breaker system 
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A light-weight cable comprising three twisted pairs of 
Insulated 20 gauge wire is strung alongside the trolley wire to 
carry signals for the system. For the substation dc breaker to be 
abie to close, the discriminating circuit must receive proper data 
through the signaling cable. Thus, if the signal cable 
is broken by a roof fall, signals are not transmitted and the dc 
power cannot be energized. Also, if the detector units indicate 
a faulty condition, both inby and outby breakers are prevented from 
closing. The final output of the discriminating-breaker system is 
a normally-open contact which is connected in series with the dc 
breaker conventional overcurrent trip. Everything must be function-
ing for this contact to close; however, for test purposes, it is 
easily bypassed by a simple knife switch. 

In a typical coal mine, the substations are about one 
mile apart and 3-kHz current detectors, shown in Figure 2, satisfac-
torily detect faults up to about 1200 feet from the substation. The 
current detectors incorporate an air-cored current transformer tuned 
to 3 kHz and having a bandwidth of about 200 Hz. With this selectivity, 
the effects of ripple voltages on the power system are minimized. The 
output of the current transformer is rectified and directly operates a 
sensitive relay. Typically, the relay is operated for 3-kHz currents 
in excess of about 1.5 amperes; however, adjustment is provided and a 
time delay of 0.2 seconds Is included to prevent spurious tripping 
due to momentary overloads, such as caused by electric switches. 

Illegitimate loads remote from the substation are detected 
by loss of 3 kHz voltage on the trolley wire, and the voltage detector 
is a self-activated device which is able to energize a sensitive relay 
for 3 kHz voltages as low as 2.0 volts. Typically, the undervoltage 
trip is set at about 3.5 volts and a time delay of about 0.3 seconds 
is used to prevent spurious tripping. For long distances, more than 
one undervoltage detector is necessary to achieve the required sensi-
tivity to illegitimate loads. For example, three undervoltage detectors 
would be used for a 6000 foot distance between substations. 

The overcurrent and undervoltage detector units incorporate 
contacts in series with the signal wire such that 'if continuity is 
lost, both inby and outby circuit breakers are opened. Schematics of 
the current and voltage detectors are shown in Figures 3 and 4. 

It should be noted that the 3-kHz ac signal is superimposed 
on the dc distribution system even though the dc breakers are open. 
By this means, the discriminating circuit breaker is prevented from 
closing into a fault condition. Also, the location of a fault can be 
determined by using a hand held 3-kHz voltmeter and walking along 
the haulageway, and noting where the voltage is minimum. Ultimately, 
it is expected that by interpreting data from the current and voltage 
detectors, automatic indication of the fault location can be predicted, 

Fig. 4 	3 kHz voltage detector 



and some type of digital Instrument at the substation will indicate 
how far away the fault is located. 

The discriminating system can be applied equally well to the 
two types of mine power system arrangement shown in Figure 1. A sum-
mary of features addressed in the design are highlighted as follows: 

Illegitimate loads in excess of 150 amperes are detected. 

Filters are only needed on vehicles greater than 25 tons. 

System operates with one or more power substations out of 
service. 

Breaks in the signal cable shut down power to that section. 
Power can be controlled manually by incorporating switches 
anywhere along this cable. 

Junctions where three or more substations feed power can be 
protected. 

Equipment uses low-power, solid-state electronic equipment 
which has given typically 3-year trouble-free performance 
below ground without maintenance. 

Rail systems that have poor grounding give high impedance 
and are detected. 

SYSTEM DESIGN 

A basic system design must take into account the impedance 
of the rail system and impedance of the legitimate loads. Typically 
a well bonded and grounded rail system will have a 3-kHz impedance 
of about 6.5 o/1000 feet; however, this can be as high as 20 c/1000 
feet if the grounding is poor. 

The 3-kHz impedance of some typical loads is shown in Table 1 

Table 1 

LOCOMOTIVE IMPEDANCE PARAMETERS AT 3 kHz 

Parallel Parallel 
Locomotive Nominal Inductance Resistance Effective 

Rating Motor Rating Impedance (Including Lights) Series Impedance 
Tons Horsepower n Angle 

2 x 13 400 9.6 22 '8.8 66.4° 
25 320 12.0 22 10.5 61.0°. 
20 260 15.0 22 12.3 56.00  
15 200 20.0 22 1,4.7 48.0° 
10 	' 130 30.0 22 17.7 36.00  

Arried with the basic cable and equipment information, 
the overall design becomes an ac circuit analysis problem to ensure 
that faults of 2 ohms or less activate one or more of the 3-kHz de-
tectors, and that legitimate loads do not. We have found that a 
computer simulation is desirable to accommodate the complexity of 
these calculations, which include the effects of distributed loads, 
such as pumps and lights. Typically the arrangement is simulated 
by a circuit with lumped parameters representing every 500 feet of 
trolley wire, and incorporating about 14 nodes for calculating pur-
poses. 

LABORATORY SIMULATION 

A complete laboratory simulation of a design preoared for 
the No. 22 coal mine of the Bethlehem Mines Corporation is shown 
schematically in Figure 5 and by photograph in Figure 6. This 
laboratory simulation was used to verify the overall system perform-
ance- under various simulated fault and operating conditions, includ- 
ing equipment failures. 	Performance was as hoped for and it is 
noted that the 3-kHz detectors are set to operate with a 50% safety 
margin. For example, if the known legitimate load draws a maximum 
3 kHz current of 1.0 amperes, then the 3-kHz overcurrent trip would 
be set at a minimum of 1.5 amperes. 

COIiCLUS IONS 

The simplified discriminating circuit breaker system 
described, provides three important' features, namely 

Protects against illegitimate trolley wire loads in 
excess of 150 amperes. 	- 

Provides a simple means for manual trip at 
any point in the coal mine. 

Has a pay-back period of about two years. 

The basic components of the system, such as oscillator, 
power supplies and detector have been satisfactorily tested in 
operating coal mine environments, and a completely operational system 
with control over the dc circuit breaker is currently being installed 
for evaluation. 

Detailed design information for the various equipments 
needed to implement a discriminating circuit breaker system are 
available from either of the authors. 
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rig. 5 	Schematic arrangement of simplified discriminating 
circuit breaker applied to No. 22 coal mine 

Fig. 6 	Laboratory simulation of simplified discriminating 
circuit breaker for No. 22 coal nine 

Note: Simulation includes two master oscillators, two 
power oscillators, two ITE relay control units, 
one current detector, one voltage detector, one portable 
voltage detector to locate fault, two power supplies, 
two simulated ITE breakers, 6000 ft. of trolley system, 
one 25 ton locomotive, and one 200 to 350 volt dc 
substation. 
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DEVNSTRATION OF THE DISCRIMINATING CIRCUIT BREAKER .(DISCB) 

By Michael R. Yencheki 

ABSTRACT 

	

The evolution of the DISCB concept and deteriorating track 	bonding. 	Future 
theory of operation are described brief- 	Federal Bureau of Mines laboratory and 
ly. Laboratory test results with a simu- 	fieldwork plans are outlinedin conclu- 
lated mine haulageway are included and sion along with an appendix containing 
illustrate detector operation, and the 	important points for consideration during 
effects of rectifier ripple, arcing, and 	in-mine installation. 

INTRODUCTION 

Track haulage systems in United States 
underground coal mines operate at 300 to 
600 V dc, one side of which returns to 
the source through grounded rails. Elec-
trical faults on these systems are, a 
major cause of mine fires, and once hav-
ing caused a fire, can also block egress 
from the mine and contaminate the fresh 
air supply. 

From 1952 to 1977, Federal personnel 
investigated 127 such 'fires. 	At least 
80 would have been prevented if 

THE DISCB CONCEPT 

It gives good signal transmission on un-
derground trolley wires, yet is high 
enough to permit a clean separation of 
the signal from normal system noise. 

Many small mobile loads such 'as jeeps 
have sufficient motor inductance to pre-
vent significant 3-kllz current from flow-
ing, however, larger haulage locomotives 
must be equipped with filters to raise 
their impedance at 3 kHz as shown in fig-
ure 1. Applying this technique, Westing-
house (13) found it possible to detect 
illegitimate impedances of 20 Q or less, 
corresponding to fault currents of 15 A 
or more on a 300-V system. However, dur-
ing underground tests the filtering de-
vices needed on most mine vehicles pre- 
sented a problem. 	This equipment had to 
be mounted in exposed areas and was sub-
jected to severe mechanical stress. 
Because of this a simplified method was 
sought that significantly reduced the 
number of filters needed. 

Trolley and feeder wire 

Circuit(ó 	- - 
breaker - I 

act dc 
Filter 
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FIGURE I. . DISCB current how. 
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FIGURE 2. - Simplified DISCB system. 

00 

suitable electrical protection had been 
available. 

The simple overcurrent sensing devices 
commonly used in haulage systems date 
back to the 1920's despite advances in 
electrical and electronic techno1or. 
What is needed is a protection scheme 
that permits the flow of thousands of 
amperes of normal motor currents,. but 
responds rapidly to the low-level ground 
fault currents associated - with incendiary 
arcing. 

In the early 1960's, French researchers 
(8) 2  Successfully developed a scheme for 
accomplishing the required discrimination 
by impressing an audio frequency tone on 
the trolley line at each rectifier sta- 
tion and monitoring its magnitude. 	The 
need for modification of the system, to 
accommodate the heavier rolling stock 
prevalant in U. S. mines, led to Bureau 
of Mines research contract H0122058 with 
Westinghouse Electric Corp. in 1972. 

Through the DISCB concept, arcing and 
other types of faults are detected as 
illegitimate loads because of the low 
impedance they present to 3-kits-ac cur- 
rent. 	This frequency was chosen because 

'Electrical engineer, Pittsburgh Re-
search Center, 'Bureau of Mines, Pitts-
burgh, Pa. 

2Underlined numbers in parentheses 
refer to items in the list of references 
preceding the appendix. 
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FIGURE 3. - DISCB ncnol components. 

FIGURE 4. . DISCB control installed underground. 

Work by iine Safety and Health Adminis-
tration (MSHA) personnel (4) Indicated 
that arcing faults on 300-V trolley aye-
tema are moch less likely to be austained 
at current levels smaller than 200 A. 
Below this limit arc voltage increases 
rapidly and the arc easily extinguishes 
itself. 	Thus a discriminating circuit 
breaker system capable of detecting any 
faults in excess of 150 A will provide 
substantial protection. 

In the final modified design, 3-ki{z-ac 
current detectors are used to detect 
illegitimate loads up to 1,200 ft from 
the substation. 	For more remote faults 
the inductance of the trolley wire pre-
vents adequate high frequency current 
from flowing; however, the same induc-
tance causes a substantial high frequency 
voltage drop which can be recognized by a 
3-kHz-ac undervoltage detector remote 
from the substation (see fig. 2). 	This 
combination of voltage and current detec-
tors provides detection of any illegiti-
mate load in excess of 150 A, without 
recourse to filters on other than the 
largest vehicles. 

In operation a lightweight pilot wire 
alongside the trolley wire carries sig-
nals to coordinate the operation of dc 
breakers at the various sources to 
interrupt all lines feeding the fault. 
This wire also provides additional pro-
tection, in that if the cable is broken 
by a roof fall, the dc power is inter-
rupted and cannot be energized until 
repairs have been made, 

System Benefits 

If those fault conditions on coal mine 
track haulsgeways which are usually not 
reported are considered, it is found that 
there is a probable continuous benefit to 
be derived from discriminating circuit 
breakers. 	Not all short circuits start 
fires but they often stress and damage 
equipment. 	This damage can be signifi- 
cantly reduced with the quick response of 
the discriminating circuit breakers. 

Inquiries within the industry indicate 
that such itcidente may occur about two 
to five times a year. 	Inby production 
stops for an average of 4 hours while 
repairs are made. 	If a 150-worker-per 
shift mine with one-third the workers 
idled by the outsge is aestesed, and 
equating 1 man-hour of labor to 1 ton of 
coal at $40 per ton, the annual worth of 
a trolley wire protection scheme is esti-
mated as 2 to 5 (mishaps) x 4 (hours to 
repairs) a 50 (workers) x 40 ($ man-hour) 
- $16,000 to $40,000. 

If the initial cost of a discriminating 
circuit breaker system is estimated to be 
in the range of $35,000 to $70,000, the 
payback time is of the order of 2 years, 
an acceptable period. 	Thus trolley wire 
protection appears justified on economic 
grounds alone (11, p.  12). 

Of all the protection schemea proposed 
to date, the DISCB offers the best hope 
of functioning well, given proper in-
stallation. It does not depend on uncon-
trolled characteristics such as rectifier 
ripple, transient waveforma, or dI/di 
level sensing for its basic operation. 
Also, the DISCB can be employed on any 
existing haulageway with minimal modifi-
cations to the haulage equipment. 
Finally, it utilizes low-power 	solid- 
state electronics (fig. 3) that can give 
virtually maintenance-free performance 
for many years. 

After the development of the discrimin-
ating circuit breaker, a system was in-
stalled underground and exposed to typ-
ical haulage conditions including 
electrical power system fluctuations for 
over 5 years (see fig. 4). 	It perford 
satisfactorily but operated event coun-
ters in lieu of tripping circuit break- 
ers. 	What remains to be demonstrated is 
that the system, in the long term, will 
work reliably and safely when actually 
protecting a mine haulageway. The appen-
dix to this paper provides recommenda-
tions for field installation. 



Short circuit 

FIGURE 7. . Rectifier voltage regulation. 

HAULAGEWAY MODEL 

Background 

The management of Federal No. 1 Mine of 
Eastern Associated Coal Co., Grant Town, 
W. Va., expressed an interest in utiliz-
ing the system to protect a 1-mile sec-
tion in the oldest but still actively 
used area of the mine. 	Prior to commit- 
ment they requested a laboratory demon-
stration of the DISCB basic functions 
using prototype hardware and a simulation 
of the particular haulage section. 	The 
Bureau of Mines, therefore, has recently 
constructed and successsfully operated a 
lumped parameter simulation of the rail 
section, protected by the actual DISCB 
equipment. 

Federal Flaulageway 

The Federal No. 1 Mine was visited to 
gather data on a portion of the rail 
haulage fed from a single 300-V source 
shown in figure 5. 	Two parallel track 
entries, one for loads and the other for 

FIGURE 5. . Portion of Federal No. 1 haulage 
used for model. 

empties, connect the rotary dump area 
with the active sections of the mine. At 
the No. 1 substation a 500-kW mercury arc 
hewittic rectifier was tied into the 
system through a circuit breaker having 
an - overcurrent setting of 2,500 A*It 
has since been replaced with a solid-
state unit. 

The positive No. 9 section copper 
trolley is paralleled part of the way by 
a 1,590 kcmil aluminum feeder cable, tied 
to the trolley at 200-ft intervals. 	The 
track conductors consist of 85-lb double- 
bonded rails. -  The distance 	between 
trolley and feeder is 12 in; between 
trolley and rail it averages 72 in. 

The available locomotive loads are: 
Two 50-ton locomotives with four 160-hp 
motors, six 37-ton locomotives with four 
120-hp motors, and two 15-ton locomotives 
with two 150-hp motors. Numerous utility 
vehicles of 150 hp and less are also 
used. 

Theoretical Analysis 

The rectifier can be represented by the 
equivalent circuit shown in figure 6. 

Mine rectifiers generally are found in 
one of two configurations: 	The three- 
phase brldge and the six-phase double wye 
(12). It can be shown that the operation 
of both of these circuits is equivalent 
(14). The steady-state regulation curve 
of either circuit is shown in figure 7. 

The effective source resistance, V/I, 
is not constant but is lower in the over-
load range than for the short circuit. 
The source resistance, R5 , may be calcu-
lated given the per-unit reactance and 
resistance of the transforir rectifier. 
For a 500-kW unit, typically percent K 
equals 1.1, percent X equals 7.5, and 
percent Z equals 7.6. 	- 

V 

RSOURCE 	 LSOURCE 

Va  L 
FIGURE 6. . Direct current mine power supply. 

Assuming an infinitely stiff source feeding a 500-kW three-phase bridge rectifier, 
the ac impedance can be calculated as (3, pp. 12-17) 

VDC 	300 
VLINE -  NEUT RAL 1.35 / 	1.35 , 	

128 V, 

'lINE 	0.816 	0.816 (1,666) 	1,360 A, 

and 	 ZBASE 128/ 1 ,360 0.094 . 

Therefore, 
RAC 	(0.11)(0.094 ) 	1.03 mO, 

ZAC 	(0.076)(0.094 t) 	7.14 mfl, 

XAC - (0.075)(0.094 ) 	7.05 mt, 

and 	 LAC - 11/377 - 7.05 (1C) 18.7 pH. 377 

For the overload range the equivalent dc circuit impedance is (14) 

SOURCE 	6 fLAc  + 2 RAC = (360)(18.7)10 6  + 2(1.03)(10-3) 

8.79 m. 

For the short-circuit case 

RSOURCE 	/5 ZAC = /5 (7.14)(10 3) 

12.37 m 

The equivalent source inductance is essentially constant and equal to (14) 

LSOURCE 	1.65 Lac 	1.65(18.7)10 6  = 31 jR. 

Since the DISCB detects relatively low levels of fault current, the equivalent source 
resistance for the overload range was chosen for the model. 



The theoretical dc resistance at 200  C 
for 40(1 kcmil, figure 9 hard-drawn copper 
trolley wire is (1) 0.02687 	/1,000 ft. 
For the 1,590 kcmil aluminum feeder it is 
(10) 0.01091 /1,000 ft, or roughly 
equivalent to 1,000 kcmil copper. So the 
paralleled trolley and feeder resistance 
is 0.00755 o/l ,000 ft 

The resistance of two 85-lb rails 

cross-bonded at 200-ft intervals and hav-
ing 33 bonded joints per rail per 1,000 
ft is (6) 0.0064 0/1,000 ft. 

Actual measurements (9) of unbonded 
joints indicate that their resistance 
averages 50 times that of a well-bonded 
joint. Resistances of unbonded 85-lb 
rail joints have been measured (2) to be 
0.025 Q. In simulating poor bonding 
for a pair of 85-lb rail it is assumed 
that 70 pct of the joints are unbonded. 
Thus the dc resistance becomes 0.335 
/1,000 ft. 

Because the DISCB imposes a 3-kHz sig-
nal directly onto the haulage system con-
ductors, the Importance of skin effect 
was considered. Let K' be the effective 
ac resistance for a linear cylinderical 
conductor and R the dc resistance; then 

K' 	kit, 

where k can be determined from standard 
references (3, p. 4-29) in terms of 

x 	0.0636 ,/ii 

where f 	frequency in hertz, 

u - magnetic 	primability of the 
conductor (assumed Constant), 

and 	K 	dc resistance at 20 C. 

For the 9-section copper trolley at 
3,000 Hz, 

x = 0.066 /3(103)(1) = 9.25, K = 3.60, 

so the resistance of the trolley to a 3-
kHz voltage is 0.09734 /1,000 ft. For 

the aluminum feeder x - 14.92, k 	5.53, 
SO ac resistance is 0.0637 0/1,000 ft 
and, for trolley and feeder is parallel, 
R'3kHz - 0.0373 /1,000. 

For steel rails the value of p, and 
thus K', will vary and should be deter- 
mined by test. 	Measured (16) values of 
ac resistance 	versus 	current - indi- 
cate that between 500 and 800 A, R' is 
almost constant and a maximum. As this 
range is of interest for the DISCB, an 
approximate extrapolation of the curves 
yielded 

K' 3kHz • 0.3273 0/1,000 ft 

for 85-lb double-bonded track. 

The inductance of any trolley system 
configuration may be calculated theoret-
ically by several methods (2,7) with the 
following assumptions: 

All conductors are nonmagnetic. 

All conductors are cylindrical. 

Constant spacing exists between 
conductors. 

Rail self-inductance is negligible. 

The cross-sectional area of feeder 
is added to trolley and/or rails. 

Accurate field measurements of' system 
inductance yields results in substantial 
agreement with the theoretical values. 
Therefore, it was not considered neces-
sary to choose inductance values for the 
haulage model based upon rigorous theo-
retical calculations; instead, they are 
reasonable estimates from field surveys 
(5, pp. 9-1, 9-13) of systems similar to 
Federal No. 1. Thus 

L955850  0 0.5 mH/1,000 ft, XL 

9.3 o/1,000 ft at 3 kHz 

and 	L951 IAI&85, 	0.3 mH/1,000 ft, XL 

- 5.7 0/1,000 ft at 3 kHz. 

In general, the use of parallel feeder 
conductors decreases - inductance while 
greater conductor separation increases 
it. 

The shunt capacitance between the sys-
tem conductors can be determined by indi-
vidually calculating èapacitance to neu-
tral points and combining the resultant 
values in series and parallel as neces- 
sary. 	The equation that is used is (15, 
pp. 77-83) 

C 	
0.0388 

N - log (D/R1) uf/mile, 

where C5  the capacitance of a conduc-
tor to a neutral point, 

K 1  - the radiu8 	or equivalent 
radius of the conductor, 

and 	0, - the distanceto the neutral 
point between conductors. 

The values arrived at by these calcula-
tions are, for the trolley and or feeder 
and track, C5  equals 0.016 uF/1,000 ft; 
and for the trolley and track, CN  equals 
0.005 F/1,000 ft. 	The respective shunt 
capacitive reactances at 3 kHz are Xc  
equals 3.3 ko/1,000 ft and Xc  equals 10.6 
ko/1,000 ft. 	For modeling purposes the 
shunt capacitance was neglected. 

Large mobile haulage loads on dc mine 
systems utilize series field dc motors. 
Empirical relationships for 300-V-dc 
motors show that the effective inductance 
can be approximated by (12, pp.  4-18) 

La - 190/hp rating (mM) 

The circuit simulation is shown in figure 
8. 	The starting resistance, K 5, can be 
varied to produce up to triple fullload 
current. 	Stationary loads (11, p.  16) 

220 
(Includes 15155) 

FIGURE 8. . Electrical model of mine haulage 
locomotive. 

such as pumps and lights distriited 
along the haulage were simulated using 9C 
o per 500 ft. 

Construction of the Model 

The actual haulage system routing was 
rearranged, as shown in figure 9, to fit 
on a 4- by 8-ft plywood board. 	It was 
subdivided into sections and simulated as 
shown in figure 10 where L is the system 
inductance per section length. 	The par- 
allel combination of RAC  and  ROC  in 
series with K simulates dc resistance, 
and R*c + R, the ac resistance; LSK  is 
sufficiently large to approximate skin 
effect at 3 kHz. 	R. represents distrib- 
uted stationary loading and K6, the high 
resistance of poor bonding (normally 
jumpe red). 

Owing to power source limitations in 
the lab, loading and fault simulations 
did not exceed 100 A dc. Number 8 square 
copper magnet wire was wound on the lathe 
to form inductors. 	Appropriate resist- 
ance values were obtained with nickel-
chromium wire noninductively,  wound. 

The demonstration board is shown in 
figure 11. 
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LAB DEMONSTRATION 

Current and Voltage Detection detector relay is activated and 	the cir- 
cuit breaker trips. 	A simulated 	15-ton 

Upon completion 	of the model 	the dis- locomotive placed 	at B drew 2.30 A 	at 3 
criminating circuit breaker controls were kllz and did not trip the breaker. 
connected to impress the 3-kflz 	signal on 
the system 	at the rectifier 	location as Applying the fault at point A, 	3,450 ft 
shn 	in figures 	12 and 13. 	The 3-kHz from the source, 	the total high frequency 
current flow with no external mobile load current 	increases slightly over 	the no- 
or 	faults connected 	was 	1.17 A 	as mea- load value, 	to 	1.24 	A. 	This point 	is 
sured by the current detector. 	Referring past the protective range of 	the current 
to figure 9, 	with a 	1.5-0 resistive 	fault detector where 	audio 	current 	magnitude 
at point B, 	the rectifier, 	the 3-kNz cur- remains relatively 	unchanged 	for resis- 
rent increases 	to 4.42 	A; 	the 	current tive faults remote from the substation. 



	

FIGURE 12. 	Loboroicry setup. 

	

Itis here that the OISCB voltage 	under normal, abnorma , and no-load con 

	

detector is needed and a simple exam- 	ditions. Location B I at the substation 
pie will Illustrate this. 	Referring to 	while A, G, U, T, and Q are remote from 

	

table 1 the high frequency voltage was 	it. 
monitored (fig. 14) at six locations 

TABLE 1. - 3 kHz voltage variations 

Load condition 	I -- 	 Location  

FIGURE 13. . DISCB controls at substatco. 

00 
00 

No-load ................... . ti.tJ 	0.1 	b..i 	0.0 	0.jS 	/. 
1.5-c1 fault at B...........6.1 	5.0 	4.8 	5.2 
15-ton locomotive at B 	7.1 	5.9 	5.7 	6.0 	641 	6.3 
1.5-0 fault at A...........7.8 	.2 	6.1 	6.6 	6.17 	6.9 
15-ton locomotive at A.... 7.9 	1.4 	6.1 	6.7 	6.18 	7.0 
1.5-cl fault at C...........7.9 	6.6 	.1 	6.7 	6.18 	7.0 
15-ton locomotive at C.... 7.9 	6.6 	1.3 	6.7 _6.18_7.0  



against resistive faults. 	It is of in- 
terest to note that the voltage magnitude 
remains relatively unchanged at locations 
remote from the fault and the rectifier. 

DISCB worst-case performance is illus-
trated in figure 15 with a voltage detec-
tor located 2,875 ft away from the recti- 
fier at A. 	Through judicious placement 
of the voltage detectors it is pos8ible 
to protect the entire system, 

Active Impedance Hultiplier 

As described in the first section, the 
3-k}lz impedance of vehicles rated 25 tons 
and larger must be raised sufficiently to 
prevent nuisance tripping. This is 
accomplished by mounting an active imped- 	C 

ance multiplier (fig. 16) on board large 
mobile loads. 	Laboratory testing of the 
multiplier with a simulated 37-ton loco-
motive yielded satisfactory results. 

rip 

S~~ 40 t 
SCIICTO, 	 deleclo, 

600 1.200 600 2,400 3000 3.e 

DISTANCE FROM RECTiFIER, fT 

FIGURE 15. - DISCB protection. 

DO 

FIGURE 14. Voltcge measurements on model 

	

No-load is defined as that time when 	detector located near the source serves 

	

only distributed stationary loads such 	no purpose. 
as pumps and lights are connected on the 
system. 	The high frequency voltage is a 	Away from the substation, high current 

	

maximum at the rectifier and drops by 	loads and faults substantially alter the 
22 pct at the remotest point. 	With a 	3-k,4t voltage distribution. 	With the 

	

fault near the rectifier the 3-kilt volt- 	fault at A the signal voltage there 

	

age throughout the system decreases 24 	drops to 3 pci of the no-load value. 	It 

	

pci from the no-load value. The voltages 	also drops substantially with a legiti- 

	

at B for a fault or a locomotive differ 	mate locomotive load there. However, now 
by 15 pci. 	Since this margin between 	there is an 86-pci difference in the two 

	

legitimate and illegitimate loads is in- 	voltages, large enough to adjust the set- 

	

sufficient for discrimination a voltage 	ting of the voltage detector to protect 

FIGURE 16. . Active impedance multiplier (AIM) with power supply. 



Signal currents and voltages were mea-
sured with the load at the rectifier. 
Using the multiplier the current drawn 
was 1.3 A. 	Without it current increased 
to 2.5 A. 	The voltage at remote points 
remained unchanged. 

Moving the locomotive to point A the 
current level was not changed by the mul- 
tiplier's exclusion. 	However, the volt- 
age decreased from 5.0 to 1.0 V. 	Figure 
17 illustrates the effect graphically. 

Poor Track Bonding 

Poorly maintained or disconnected track 
bonds will insert an additional impedance 
in the rail circuit and slightly reduce 
the 3-kHz voltage measured at remote 
points. 	For example, with a poorly 
bonded track simulated between the recti-
fier and C, and the 15-ton locomotive at 
C, there was a 10-pct reduction in the 
signal voltage at C over the good bonding 
value. 

load 

7 ton 
+AIM 

>5 

03 	
ton 

37 

600 1,200 1,800 2,400 3,000 3,600 

DISTANCE FROM RECTIFIER, ft 

FIGURE 17. - Effects of active impedance mul 

tiplier (AIM). 

Effects of Arcing 

A series of arcing fault tests were 
conducted to note any effect on DISCB 
operation. A resistive fault was applied 
at C in series with two steel electrodes, 
0.5 inch in diameter andseparated by an 
air gap. 	Arcing was initiated by bridg- 
ing the gap with several strands of a 19-
strand No. 12 AWC wire that vaporized 
upon energization. 	The air gap was var- 
ied from 3/32 to 5/8 in. The presence of 
the arc did not affect the flow of 3-kHz 
current or DISCB operation. 

Rectified Versus Generated Input 

The DISCB and the demonstration board 
have been used with both a 30-kW genera- 
tor and a 200-kW rectifier. 	No differ- 
ence in operation could be detected. 
Satisfactory operation was obtained for 
input voltage fluctuations from 200 to 
350 V dc. 

Further Study 

At present sufficient hardware is 
available in prototype form for small 
scale demonstrations to interested coal 
operators or for consideration by a manu-
facturer as a marketable product. 

It is intended to install the system at 
the Federal No. 1 Mine on the portion of 
rail haulage modeled in the laboratory. 
Technical advice will be furnished by the 
Bureau as required throughout the in-
stallation and initial demonstration 
phases' of the single-section system. The 
equipment will remain installed for a 
sufficient time to accumulate an extended 

performance history. 	The Bureau intent 
is to show that the unit can be operated 
for a 3-month period with no more ,than 
one nuisance interruption and no instance 
of any failure permitting the trolley 
line to remain energized for a sustained 
ground fault greater than 200 A. 

Typical trolley haulage systems in coal 
mines are powered by multiple dc sources, 
typically about 1 mile apart. 	The 3-kHz 
DISCB signal is impressed upon the system  

at these substations through an oscilla- 
tor and power amplifier. 	Since the sig- 
nal can be applied at several separate 
locations, means is provided to minimize 
circulating audio frequency currents by 
selection of a master frequency and 
phase. 	The power amplifier contains a 
synchronizing unit that locks onto the 
nearest outby oscillator and disengages 
its own master oscillator. 	If for any 
reason the outermost master oscillator 
'controlling the system is unavailable the 
next outby oscillator automatically takes 
over the master 'role and sets the fre-
quency and phase of the 3-kHz voltages. 
By this means the integrity of the dis-
criminating system is maintained even 
when several substations are Out of com-
mission. It is this interaction of DISCB 
power source controls that remains to be 
demonstrated in the Bureau's laboratory 
with a multisource system. 

Upon agreement with a cooperating mine, 
the DISCB system will be installed to 
protect a haulage system having at least 
three branches protected by separate cir-
cuit breakers and fed from more than one 
dc source. This larger demonstration and 
long-term usage test will prove to the 
mining industry that the system is fail-
safe, reliable, and effective. 

The present design requires that a 
lightweight cable comprising three twist-
ed pairs of insulated 20 gage wire be 

American Society for Testing and 
Materials (Philadelphia, Pa.). 	Standard 
Specification for Figure 9 Deep-Section 
Grooved and Figure 8 Copper Trolley Wire 
for Industrial Haulage. 	ASTM B116-64, 
C 7.11, 1965, p.  195. 

delong, C. P., and W. L. Cooley. 
Measurement of Rail Bond Impedance. 
Proc. of the Fourth WVU Conf. on 
Coal Mine Electrotechnology, Morgantown, 
W. Va., Aug. 2-4, 1978, pp. 6-1-68. 

Fink, D. G., and J. K. Carroll 
(ed. by). Standard Handbook for Elec-
trical Engineers. McGraw-Hill Book Co.,  

strung alongside the trolley wire to 
carry signals for the system. 	For the 
substation breaker to close, proper data 
must be received through the cable. 	For 
example if the cable is broken by a roof 
fall the dc power cannot be energized. 
Also, if the detector units indicate a 
faulty condition, both inby and outby 
breakers are prevented from closing. The 
pilot wire carries signals to synchronize 
the master oscillators and provides the 
power to operate relays contained in the 
voltage detectors. 	Finally, it can be 
used to reintroduce the high frequency 
tone onto the trolley at points remote 
from the substation. Thus, the wire 
serves a number of vital functions. How-
ever, it does require additional labor 
expenditures for installation and mainte- 
nance. 	So it is desirable to explore 
substitute techniques, such as multiplex-
ing, to eliminate the pilot wire. 

As the 3-kHz voltages and currents are 
present on the system even when dc power 
is interrupted it is possible to detect 
the location of a fault by walking along 
the wire with ac voltmeter and noting 
where a minimum occurs. 	It appears fea- 
sible that the fault location can be pin-
pointed automatically by sampling data 
from the current and voltage detectors. 
Ultimately, this information could be fed 
into a computerized mine monitoring sys-
tem for readout on the surface. 

Inc., New York, 10th ed., 1969, pp. 12-
17, p. 4-29. 

Hall, P. M., K. Myers, and W. S 
Vilchek. Arcing Faults on Direct Cur-
rent Trolley Systems. Proc. 4th WVU 
Conf. on Coal Mine Electrotechnology, 
Morgsntown, W. Va., Aug. 2-4, 1978, 
pp. 21-1--21-19. 

Heifrich, W., P. M. Hall, and 
R. L. Reynolds. Time Constants of Direct 
Current Trolley Systems. 	Proc. 5th WVU 
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APPENDIX F 

TECHNICAL DATA FOR DEVICES BEING USED IN TRACTION POWER 
SYSTEMS AND ON-BOARD ROLLING STOCK 

DEVICES BEING USED IN TRACTION POWER (TP) 
SYSTEM 

Impulse CoIl and Polarized Instantaneous 
Relay (1) 

General 

This is one of the oldest systems noticed still being used by 
some transit systems in the United States, Canada, and else-
where. It operates on the rate-of-rise of current principle. 

Construction 

Impulse coil is normally provided on each feeder breaker. 
The coil primary current is the feeder current, but the secondary 
output only appears when the primary current is changing. The 
output is proportional to the change in current and rate-of-rise 
of current, but not -to the total current except when the coil 
reaches the saturation point. 

The output of the coil is fed into a moving coil device which 
acts as a d'Arsonval galvanometer and then to a polarized in-
stantaneous relay. The moving-coil device responds to any pulse 
passing through, while the polarized relay responds instanta-
neously to rate-of-rise of the primary current. 

Application 

Although there are reports of this device operating satisfac-
torily in some systems, certain aspects limit the close setting 
discriminating feature and hence its wide application. Some of 
these are: 

The moving coil device tends to operate on the envelope 
of the notches of the starting current instead of discriminating 
it from the increasing fault current. 

The false tripping can occur as the moving coil relay re-
sponds violently to negative rate-of-rise at train notch-off, fol-
lowed by upscale rebounds. 

Armature movement can be affected by dirt, bearing fric-
tion, and attracted iron or steel slivers. 

Rate-of-Rise Relay (10) 

General  

consisting of either catenary or contact rail. It is usually mounted 
on metalclad switchgear or switchboards and operates in con-
junction with standard shunts. For maximum selectivity between 
track faults and train starts, the response of the device is very 
close to the rate-of-rise of the current. The device is capable of 
instantaneously resetting between the notches of train-starting 
current or, like a galvanometer, tends to operate on the envelope .  
of the notches, as the envelope can have a time constant of the 
fault network. 

The relay components measure the output of the shunt, and 
compare it to the preset tripping levels. When an abnormal 
condition is detected, the relay closes its contacts to energize 
the shunt trip coil of the circuit breaker. 

Construction 

Figure F- 1 is a block diagram of the relay. The device consists 
of a transducer around the primary of the feeder circuit breaker, 
an amplifier, and a "rate" circuit (which is made of a low-pass 
filter and a derivative circuit designed to provide a compromise 
between the conflicting requirements of instantaneous response 
and rejection of the rectifier ripple). A level detector (LD) de-
termines whether the output of the rate circuit is high enough 
and finally, a time-delay circuit (TD) operates if the rate has 
persisted above the LD setting for longer than the TD. setting. 

The relay is available in semi-flush drawout case, with the 
connection terminals at the rear of the case, while the controls 
for setting are in the front for the pickup DI and time T. 

Application 

The application of the rate-or-rise detector is- determined 

)-4  

LD 	 TD 

I  
I 	 I 	LEVEL 	Ti'E DElAY 	I 

R,1TE CIRCIll 	DErEcroR 	GIRL' IT 

The relay is being used with a dc main and feeder circuit 
breaker to isolate the faulty section of the TP distribution system Figure F-i. Block diagram for rate-of-rise relay (ITE-76) (10).. 
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based on calculated fault current using the system parameters, 
operational constraints and comparing it to the maximum load 
current. 

The simplified formula to calculate the approximate value of 
fault current can be given as: 

If E —E = 	"amps 	 (F-i) 
rx  

where 

= fault current, amps; 
E 	= system voltage, volts; 
E0, 	= voltage drop access arc, volts; 

= track resistance, ohms per mile; and 
x 	= longest track section, miles. 

The value of If  obtained here is compared to a load current, 
It, in the worst situation of operation. The rate-of-rise device 
is required in the cases where Ie is greater than I. 

The actual reach of any rate-of-rise device can be calculated 
from the Eq. F-2 once the time delay setting, T, and rate setting, 
DI, are known. 

E —E 

	

X 
 =

arc 
 (DI) e

TtTC   miles 	(F-2) 

where 

I 	= system inductance, milihenry/mile; 
DI 	= selected rate setting of the relay, KA/sec; 
T 	= 	time setting of time-delay circuit of the relay, sec; and 
TC = - time constant of the system, seconds; 

= I/r of the system. 

Settings for, the relays can be fixed several ways as both T and 
DI can determine the reach. It is reported that it is good practice 
to first assume DI setting and then calculate time setting as 
follows: 

ITC

I,. 	11
T = TC logo 	sec 

and keep modifying until satisfactory for respective field con-
ditions. 

The rate-of-rise device is stated being used to overcome the 
problems associated with overcurrent devices. It is reported that 
in most cases protection can be provided against faults in the 
remote section. 

Voltage Sensing Pilot Wire Relaying (9, 16) 

General 

Basically in this scheme the discrimination is achieved by 
differentiating between normal train operating voltages and low 
voltages provided by faults. Here the pilot wires are used between 
adjacent substations with undervoltage relays in the center and 
at each end of the feeder section. The undervoltage relay is 
normally set at 10 percent to 20 percent below the value at  

which the train undervoltage device operates (which is approx-
imately 60 percent of system voltage). For the double-end fed 
section, if the undervoltage relay at both ends has a reach of 
say more than 50 percent of the section, the midpoint under-
voltage relay can be avoided. 

The system was not intended to be very fast, therefore tran-
sient conditions need not be a concern. Inductance and rate of 
change of current can be ignored. It is also essential that a delay 
be introduced into the trip initiation circuit such that under-
voltage relays do not trip out all feeders in the case of a full 
short circuit on one feeder greatly reducing the voltage of the 
entire substation. 

The General Electric Co. of England, a manufacturer who 
encourages the application of such detection devices, claims that 
the device is sensitive to arcing faults, such that it can differ-
entiate them between adjacent track sections. The protection 
can be automatically extended to the next zone in case of a 
substation outage in addition to the feasibility of adding "broken 
conductor" protection for the catenary system. The device is 
fail-safe if pilot wires circuit failed; nevertheless, it can be proven 
to be slightly expensive because of the installation of pilot wires 
along the right-of-way. 

Construction 

Figure F-2 shows the simplified pilot wire protection scheme 
for double-end fed track sections. It also shows the, connections 
required for installing the undervoltage relays ® at each sub-
station location, as well as at the midpoint of the section. The 
relay control schematic and pilot wire control schematic nor-
mally follow steps like energizing, track fault detection, closing 
on the fault and possibly zone extension. 

Application 

When the track sections are double-end fed, an undervoltage 
relay is required at each end, with a common two-wire pilot 
circuit connecting the undervoltage relay contacts in series to 
trip the circuit breakers at each end. Because of the very low 
source impedance, only faults occurring very close to the sub-
stations will cause the undervoltage relays to drop out when 
both circuit breakers, are closed. It is therefore essential for the 
circuit breaker overcurrent trip to cover more than 50 percent 
of the track section, so that for all faults there will be a single-
ended overcurrent trip at the end nearest the fault, followed by 
an undervoltage trip at the other end, when the system becomes 
single-end fed. The maximum total length of track that can be 
adequately protected by this arrangement is twice the maximum 
distance at which a fault will cause operation of the circuit 
breaker overcurrent trip, given by 

L= 
 = [V. V1  - 

R] miles 	(F-3) 

where 

V, 	= source voltage, volts; 
fl 	= resistance of contact rail, ohms/mile; 
R, 	= source impedance, ohms; 
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Figure F-2. Simplified pilot wire protection scheme (9). 

Yr 	= maximum expected voltage drop across fault or are, 
volts; and 

I 	= setting of circuit breaker overcurrent trip, amps. 

Track sections longer than Lma. may be protected by midpoint 
undervoltage relay for the fault near the center of the section. 

The minimum fault current which must flow for a fault 
at the center of the section to cause the midpoint undervoltage 
relay, set at 0.5 V,, to drop out, can be given by: 

2 V. (1.0 - 0.5) 
IMP 

 =
amps 	(F-4) 

R + - 
2 

where L is the total length of the track section in miles. 

The maximum starting current which can be drawn at the 
center of the section without causing operation of the under-
voltage trip on the railcar, set at 0.6V,, to operate, can be given 
by: 

2 V (1.0 - 0.6) 
1ST 

- 	
amps 	(F-5) 

fIL 
R5  + - 

2 

Exceptionally long track sections, longer than 2 L, values for 
which the reach of the circuit • breaker overcurrent trip is less 
than 25 percent of the total track length, may be adequately 
protected by adding two quarter-point undervoltage relays at 
points 25 percent and 75 percent along the track section. 

Figure F-3 shows the maximum voltage drop across the fault 
or arc for the track sections near the substations as well as for 
mid- and quarter-track sections. It seems that only the sensitivity 
of clearing fault of a midpoint undervoltage relay alone for faults 
on sections nearer to substations tend to weaken (see points A 
and B). The sensitivity can be strengthened if the quarter-point 
relays are used. 

When a short circuit occurs closer to a substation the un-
dervoltage. relays on all track ends near that substation may 
detect the voltage dip. Therefore the undervoltage protection is 
arranged to delay trip initiation by approximately 1 sec to allow 
the appropriate circuit breaker to be tripped by its overcurrent 
trip. In the systems with contact rail for faults remote from a 
substation, the undervoltage relays will discriminate correctly 
because the contact rail impedance is high compared to the 
source impedance. Normally in the systems with a catenary, 
often the broken wire protection (not shorted to ground) is 
noticed being. provided using a pilot wire circuit. The weight-
tensioning device is usually designed to connect at the ends of 
the catenary conductor such that if a conductor breaks, one or 
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more of the weights will move. The movement of the weight(s) 
will cause associated limit switches to open. As the limit switches 
are connected in series with the pilot wire circuit, the opening 
of the switches breaks the pilot circuit, thereby initiating a trip 
in the respective feeder circuit breaker. 

The undervoltage relays can also be connected such that if a 
substation is taken out of service, the act of closing the tie-
breaker to bypass the substation automatically modifies the pro-
tection circuit. The track-end relays at the affected substation 
act together as a midpoint relay for the two track sections, and 
the midpoint relays on the connected sections act as quarter-
point relays. 

Dl/Dt Electronic Devices 

Unlike commonly used electromechanical devices, the elec-
tronic devices working on the di/dt principle became popular 
in the late sixties or early seventies and were predominantly 
offered by European manufacturers. 

PCC-67 Device (5) 

General. BBC-Sécheron developed this device in 1973 for its 
application in rapid transit lines. It measures the rate-of-rise of 
feeder current and analyzes with an increased precision. The 
device is claimed to be highly sensitive to fault and can monitor 
several motor groups of cars in a train regardless of their switch-
ing arrangements. With supplementary on-board fault detecting 
devices, the PCC-67 was reported to be detecting on-board 
LCF's as well. With the state-of-the-art developments (to en-
courage the use of the latest state-of-the-art fault detector, BBC-
Sécheron has provided a very limited product description of the 
PCC-67 device), BBC-Sécheron has launched a more advanced, 
solid state and compact fault detector which is claimed to be 
very cost-effective. This fault detector is, discussed later in this 
section of the report. 

Construction. The device consists of three major components:  

cyclometer dial for digital indication of time delay, test switch 
and indicating lights. 

Electromagnetic current coupler consisting of multiple air-
gap magnetic circuits to be mounted on the positive bus or on 
the positive cables. The voltage proportional to di/dt of the 
feeder current can be obtained at the secondary of the winding. 

A voltage coupler connected to the positive and negative 
rectifier terminals by a high voltage cable. It gathers the voltage 
waveform information at the rectifier terminals. 

Figure F-4 is a block diagram of the PCC-67 relay, and Figure 
F-S shows the completely assembled PCC device with,  the door 
open. 

Application. There are reports of one PCC-67 per traction 
power substation being used for monitoring four negative con-
tactors successfully initially, and later on sharing four dc positive 
feeder breakers. The operation of the device can be classified in 
basic detection, detection of superposition, comparison of a sig-
nal furnished by the electromagnetic coupler and of a signal 
simulated from ordinary traffic, saturation and pulsating shorts. 

Basic detection is comprised of a voltage output from an 
electromagnetic coupler due to the di/dt of the current. The 
output after getting compensated is measured by, two voltage 
level detectors, one activates and the other deactivates the clock. 
If the time, measured digitally by this clock exceeds the set 
value of the time delay dials, the device trips the feeder breaker. 

If a di/dt signal from the coupler gets superimposed by 
similar other signals from the same coupler, a possible nuisance 
trip order could get generated unless the superimposed signal 
exceeds the value of the "Super-position" dial, in which case 
after its registration, the breaker trips appropriately. 

The "Saturation" function is responsible for a low-current 
fault nearer to the substation, vhile the "Pulsating Shorts" take 
care of high resistance or arcing faults. 

The firm claims that the PCC-67 device installed at TPS also 
detects onboard faults. 

Rate-of-Rise of Current Trip Assembly (14) 
1. Electronic cabinet containing three potentiometers respec-

tively for adjustments of pickup, dropout and surface value, one General. The current transformer senses the rate-of-rise of 
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Figure F-4. Block diagram of PCC-67aE device. 

Figure F-5. BBC-Sécheron device PCC-67 (5, 12). 



197 

current which is being fed to the rate-of-rise of current trip 
assembly. Siemens and Siemens-Allis offers these devices in 
conjunction with its high-speed circuit breakers. The release is 
able to sense a fault at a very early stage, thus initiating the 
tripping of the high-speed breaker before the current equals the 
setting of the breaker's conventional electromagnetic release. In 
conjunction with the exceptionally short operating time of the 
breaker, this feature reduces the fault current peak still further. 
The release also senses distant and low-current faults. The trip-
ping sensitivity of the relay is adjustable and can be matched 
to specific applications. 

Construction. The device consists of a current transformer, a 
tripping unit, and a capacitor controlled release. The four basic 
modules with their functions are: 

u 1 	 Power supply 
u2/3 	Charging voltage and thyristor triggering 
u4 	 Evaluation 
u5 	 Display and trip register 

All of the terminals are connected to a block that is accessible 
from the front. The tripping sensitivity can be adjusted on the 
potentiometers in the fascia strip of module 4 when the cover 
is opened. 

The capacitor-controlled release, which is of the high-speed 
open-circuit type, is fed from the capacitors in the tripping unit 
on triggering of a thyristor. It forms an integral part of the 
breaker and acts directly on its latching mechanism. 

Figure F-6 shows the front view and connection block dia-
gram for the device. 

Application. Module ul supplies the tripping unit power; mod-
ule u2A produces the voltage required to charge the capacitor. 
When module u4 senses a fault, while analyzing the current 
transformer output, the thyristor fires and capacitors are dis-
charged through a coil of capacitor-controlled release and trips 
the breaker instantly. In general, module u4 covers the following 
functions: instantaneous tripping, delayed tripping, directional 
sensitivity, speed of response, and transformer circuit discon-
titluity monitoring. 

The instantaneous trip is for early detection and the quickest 
possible clearing of faults by limiting the short-circuit 12  t value. 
Instantaneous tripping is based on the measurement of current 
surges, Al, and its rate of increase di/dt against the preset 
value. The instantaneous trip covers the nearby faults, while the 
delayed tripping covers the, distant faults by the continuous 
increase in current at a low rate-of-rise. The directional sensi-
tivity feature allows the device to trip the breaker nearest to the 
fault only in the forward direction. Depending on the single-
end-fed or double-end-fed system as preferred by the operating 
agency, the trip inhibition can be changed from no trip inhi-
bition, or voltage-dependent trip inhibition, to trip inhibition on 
closing. The device also senses and trips breaker for the condition 
of a broken wire in transformer measuring circuits. 

In order to set the relay properly, the setting AI, di/dt, and 
shall first be determined based on the system descriptors. 

Al Setting. The tI setting is determined based on the 
maximum current surge value AIm.. calculated as follows: 

= (2) 10,kA 	(F-6a)  

	

= 	I, 10 k'A 	 (F-6b) 

or 
t:Ima  = c I, lO-  kA 	 (F-6c) 

where 

R, = resistance, in ohms, parallel to the series connected 
motors at changeover (from series to parallel operation 
in cars); 

n 	= number of Rb,.,,, resistances per longest train; 
V,, 	= rated voltage at the substations 	1.1 times the rated 

vehicle voltage; 
c 	= number of cars/train; 
I, 	= maximum current/car during parallel operation at 

starting, amps; and 
I, 	= maximum current/car during series operation at start- 

ing, amps. 

It is, customary to seléc,t the next higher standard rating on the 
I dial of the tI 	calculated value. 

di/dt Sensitivity Setting. The di/dt sets the lowest rate-of-
rise to which the release will respond, and it can be obtained 
by: 

I. 
= 0.7 V.

e  -( 	amps/sec 	(F-7) 
dt 	l.1L 

where 

= prospective fault current, in kA, and can be obtained 
from the oscillogram of a short circuit at the most 
remote point to be interpreted by delayed tripping or 

	

analytically by 1, = 
	(R1 ± 

R2) kA, in which E is 

the section length in miles, R1  is the resistance of 
contact rail section in 'ohms per mile, and R2  is the 
equivalent resistance of running rails in ohms per mile; 

L 	= inductance of faulted network in mH from the same 

oscillogram or using L = ( 
Vm  

d7) mH, -in which (di/ 

dt)0  is the initial rate-of-rise of faulted current, in 
amps/msec, obtained by tangent at time t = o. 

Delay Time t Setting. If the di/dt setting.value as calculated 
above is within the range of di/dt setting, the t setting can be 
given as: 

1150I L 
t = 
	

msec 	 (F-8) 

Otherwise, the following Eq. F-9 can be used: 

1000 L IkI F 	15L' 
msec 	(F-9) 

= 	V, 1k  + 	

[—loge ---j  

DCC-78 Device (4) 

or 	 . 	 This is another device reported being used by a few transit 
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Figure F-6. Front view and con-
nection block diagram of Sie-
mens 3UB Rate-of-Rise Trip 
Assembly (14). 

systems overseas. It is also an electronic device, though less 
complicated in operation and setting, manufactured by Société 	Also, not enough data were furnished by the two overseas sys- 
CERME of France. Despite numerous requests, the manufac- 	tems reported using this device, and hence the discussion is 
turer failed to furnish the Product Information to the Project. 	limited to such an extent in this report. 
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The other set of devices reported being used are the electronic 
devices working on the amplitude and waveshapes of each cur-
rent increase Ai in the feeder continuously and comparing it 
for preset values of Ai and time setting to discriminate the fault 
current. 

Electronic Line Fault Detectors (8. 12) 

General. In 1978, BBC-Sécheron developed an electronic line 
fault detector, DDL-ACA-ll, for a rapid transit system which 
is reported being used predominantly in overseas transit systems 
both for metro and light rail. It is also being used successfully 
with single or MU cars consisting of motor groups or relatively 
low unit power, having either conventional, cam, or chopper 
control. 

The interesting features are that the device, although mounted 
in TP substations, detects on-board faults and its operation does 
not depend on the time constants of the network involved in 
the fault. 

Construction. The complete device consists of a separate mea-
suring amplifier module MIU-5 and three other modular units 
including the DDL and signalling setting and controlling devices 
as shown in Figure F-7. Figure F-8 shows the interconnection 
diagram. 

The unit has the capabilities for the testing mode, and has 
the circuits for fail-safe operation. The unit can exericse tem-
porary blocking of detection and remote control of settings and 
monitoring of several feeders and feature of time-dealy opera-
tion. 
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Blockuny 	 i 	Ii 
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Figure F-8. Interconizection diagram of DDL-A GA-lI (12). 
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Application. The DDL-ACA- 11 device analyzes the feeder 
current signal transmitted through an isolating measuring ampli-
fier. The operation of the detector is based on the measurement 
of the current increase, AI, occurring in the feeder. The main 
fault detection criterion is the exceeding of a set value by the 
measured current increase, ExI. The cbmplementary measure-
ment of the time of the increase signal enables the detection of 
remote faults of low amplitude. 

It is of interest to consider the tripping criteria in detail: 

Detection by the Criteria of the Current Increase, LJ. The 
measurement of the current difference, I, detects the difference 
between the instantaneous current value and that memorized at 
the beginning oc the increase when the memory is taken off-
line. 

The beginning of the increase' is detected when its gradient 
exceeds a preset slope value. When this slope (known as E) is 
reached, the input current level is memorized and compared 
with the instantaneous values of current until the increase gra-
dient falls below a preset threshold, defined as the increase end 
and known as slope F. 

At .that time, if the difference between the actual I and the 
memorized-I has remained smaller than the set value aM, there 
is a rapid reconnection of the memory to the actual system 
current signal. 

On the other hand, if the measured aM becomes greater than 
the set value, the tripping relay K 1 of the detector gives the 
order for the opening of the circuit breaker. This relay falls 
back after about 1.2 sec and the unit is again ready to carry 
out another detection. 

Detection by the Criteria of the Increase Time, t. Two 
criteria are considered for current signals with slow increases 
(remote line faults): (a) the increase time t, and (b) the minimum 
increase value M of the current signal. 

In order to obtain a detection by t, the signal must exceed 
the' 'slope level E (the beginning of the increase), must remain 
above the slope levels E and F for a duration longer than that 
set on the time-delay setting t, and the increase must exceed 
the minimum Al set, M. 

At this moment, the detector initiates circuit-breaker tripping 
via the tripping relay K 1. 

The detection principle by Al and t is shown on Figure 
F-9, with the shaded area as being the tripping zone. 

In general, 'the DDL detector and the MIU device require 
two types of setting: (1) adaptation of the detector to the char-
acteristics of the feeder by setting the gain of the input stage, 
and (2) setting of the detector as a function of the conditions 
of load and rolling stock (parameters Al, t, E, F, and M). 

1. Setting of the gain (with MIU). Based on the known: (a) 
value of the measuring shunt on the feeder, (b) maximum current 
to be measured which could be flowing in this feeder (L0-
value of the static tripping threshold set on the power circuit,  
breaker, (c) MIU transfer function (input 60, 90 or 150 mY!, 
5V output), and (d) input rating of the ACA-B (± 10 V max), 
the gain can be calculated using the following steps: 

Calculate the voltage supplied by the shunt for I,,,. 
Select the MIU operation 'calibration that is the closest 
to the above value and compute the MIU output voltage 
for I,,,,. 

settin 

Current increase 
value 1. 

settin 

Minimum current 
increase value 

Detection, 
Curves 	by 

HATCHED AREA - TRIPPING ZONE 

Figure F-9. Detection by aM and t of DDL-A CA-li (12). 

Select the current image best suited, i.e., a good cor-
respondence between the feeder current and the voltage 
to be analyzed in the detector, in relation with the above 
criteria. 
And, finally, gain can be given by: 

Gain = Signal voltage to be analyzed for I,, 

Output voltage of the MIU for I,,,_ 

which must be between 1 and 2. 

2. Settings of E—the beginning of the current increase and 
F—the end of the current increase. The measurement of the 
current slope is obtained at the output of the differentiator circuit 
and is set in the following way (test terminal X7). 

When the current slope resulting from a traction notch or a 
fault exceeds the adjusted slope value E, the measurement of 
time and current increase begins. Generally the set value is 
situated between 1 and 10 kA/sec. For chopper vehicles, the 
slope should be set above the highest increase of traction current. 

When the current slope produced by a traction notch or a 
fault reaches a value smaller than the set value F, the mea-
surement of the current increase aM and t is stopped. The slope 
adjustment which determines the end of a current increase is a 
compromise between the possibility of measuring all the current 
increases (low value of F) and the ability to discriminate between 
several closely related notches (high volume of F). 
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The choice of this setting is thus dependent on the rolling 
stock characteristics. For conventional cars, the set value for F 
should allow for an individual analysis of the several notches 
during the train acceleration. On the contrary, for chopper-
controlled cars, theoretically without notches, the setting of the 
F slope can be lower. 

3. Setting of M. The setting principle is to select a Al value 
as small as possible while allowing for normal operation of the 
coaches. 

This value is a compromise between the most sensitive pro-
tection during the acceleration (which corresponds to a high 
sensitivity level of the detector) and the acceptance of some 
nuisance trippings due to the drawing of high currents or per-
haps simultaneous train starts. 

The average value of the first setting is given by the most 
significant notch of the traction current. It is not necessary to 
conduct any short circuit tests in order to set the device. The 
optimal setting is determined by a statistical method. 

This method allows the determination of the lowest setting. 
(highest sensitivity) of the unit relative to the permissible limit 
of nuisance tripping of the circuit breaker. 

First, the following operations need to be performed: 

Set the selector switch (right module) on "statistic" (S). 
Set the E and F potentiometers. 
Set the M potentiometer at "0". 
Set the t potentiometer to the maximum. 
Set the counter to zero. 

Then, over a period of several days: 

In a progressive manner, reduce the values for SI.. The,  
unit must be operational during several hours or days for each 
setting level. For each of those settings, the number of trippings 
(counter) should be noted. 

These values should be plotted on a graph with the different 
set values on the rpotentiometer on the x-axis, and the number,  
of trippings per time unit (on a 1 day basis, for example) cor-
responding to the value set on the AI potentiometer on the y-
axis. 

A curve can be obtained showing for which value of' I 
nuisance trippings will practically disappear. The heavier part. 
of the curve shows the acceptable range of AI settings related 
to the degree of protection desired, as shown in Figure F-lU.. 

Setting of M. The parameter M is a complementary fün-
tion of the t parameter. It has a function of blocking the t 
parameter to avoid nuisance tripping, which may have resulted 
because of low-current increase of base load for a long duration; 
with a previous pick-up of E produced by a current jump.. It is--
set 

s;

set first by determining the minimum value of current increase; 
produced by a remote fault and then is based on the recognized. 
(either by calculation or by actual recording) value of current, 
increase and its corresponding value (which may be different)) 
of M. 

Setting of t. It has the function of detection of remote fa.ults 
where the final current magnitude may not reach the set val'ue 
of AI due to the line resistance, and still less than that ofthe: 
static threshold of the feeder circuit breaker which has to alow 
the circulation of the total traction current. 

The time between the detection of the beginning of the ii. 
crease, E, and the detection of the end of the increase, F, is 

Figure F-JO. Statistical method for setting A I for DDL-A CA-li 
(12). 

measured. If this time exceeds the value set by the time-delay, 
t, and if the' set value of the Al minimum, M, is exceeded, the 
unit gives a trip command to the circuit breaker. 

This setting is also determined using the statistical method, 
as indicated in Figure F-b, once carrying out the following 
operations: 

Set the selector switch (right module) to "statistic" (S). 
.. Set the E, F, and M potentiometers. 

Set the AI potentiometer to the maximum (this function 
is then virtually out of service except for significant faults which 
would have produced a circuit-breaker trip and which must be 
deducted from the statistical records). 

Set the counter to zero. 

Parameters AI, t, E, F, and M should be fine tuned during 
operation per field conditions. 

Fault Selective Device (15) 

General. This is also an electronic device working on the 
current increase principle manufactured by Tsuda Electric Me-
ter Company Ltd. of Japan. The manufacturer claims that about 
3500 units are in operation in railroads of Japan, Australia, and 
India regardless of the current collection system. The device 
analyzes each current increase to discriminate it from the fault 
current which is determined by the time constant of the faulted 
network. 

COnstruction. The fault detector (FD) is a primary conductor 
penetrate-type transformer with current direction marked on 
the holding bakelite plate. Inasmuch as the FD has a split 
construction, it can be mounted around the primary conductor 
after installation of the primary conductor. The FD has three 
coils—a main detecting coil (terminals KM, LM), a section 
compensating coil, and a test coil (terminals T+, T -) as the 
secondary windings. 

The fault selective relay (FSR) is a panel-mount-type device. 
Three plug-in-type electromagn'etic relays (SOFA, 50FB, 50FZ), 
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two magnetic counters (30A, 30B), current setting knob, pilot 
lamp, and power switch are located on the front of the FSR. 
Relays SOFA and 50FB are used as a command relay to trip 
the HSCB. These relays reset automatically approximately 0.5 
sec after operation. Relay 50FZ changes the sensitivity of this 
device in the extent of 200 percent of its setting current just 
before reclosing of the HSCB by connection of terminals S1  and 
S2  instantaneously. Counters 30A and 30B indicate number of 
operation of this device, and can be reset by a button on .the 
right side of the panel. Inside the dust-proof board, there are 
three printed circuit (P.C.) boards—two are for the detecting 
circuit and one is for the integral circuit. These P.C. boards are 
plug-in type, and to remove them, the power switch should be 
turned off first. 

The input and output terminals are located on the rear side 
of the FSR. Wiring should be carried out completely adopting 
the press terminals. A block diagram of the device, together 
with integral circuit, is shown in Figure F-il. 

Application. The device normally monitors two feeders si-
multaneously. The FD is a primary penetrated-type transformer 
having a slit in a part of its magnetic path. A detecting coil 
(WM), a section compensating coil (W), and .a test coil (WT) 

are located on its magnetic path. 
If a short-circuit fault occurs on a feeder line, the current, i 

= (E/R) (1 - e') amps, will flow, andthe —Mdi/dt voltage 
will be transmitted through the WM  coil of the FD. After the 
FSR receives this voltage, the 'M  (integral circuit) in the FSR 
changes the waveshape of this voltage. The shape of this wave 
is similar to the fault current wave if the integral constant 
comprised of C and R is properly calculated, and the maximum 
value of this voltage wave is nearly proportional to the Al 
current. Then the output voltage of the 'M  applies to the com-
parator COM. If the comparator input voltage is exceeded by 
the fixed value, the comparator COM will actuate. Following 
this procedure, the power amplifier PA amplifies the output 
voltage of the comparator, and the magnetic relay MR is ac-
tuated for a settled time to trip the HSCB. The selective char-
acteristics (di/dt and Al characteristics) are determined by the 
integral constant of IM  which is given by Figure F-12. Normally 
the section compensation factor is adjusted at 50 percent. 

After installation of this device, adjustment of the initial set-
ting should be carried out as follows. First, measure the max-
imum current of starting train, then set the setting current switch 
as one-half this starting current without linking with the HSCB. 
Then, if unnecessary operation is observed, increase the setting 
value. The interlocking between the fault selective device and 
the HSCB should be carried out after confirming that unnec-
essary operation does not occur during a certain period. When 
the traffic condition is changed, readjustment will be required. 

DC Feeder Current Analysis Device (15) 

General. This device is reported occasionally as being used 
in association with the fault selective device already discussed 
above. The dc feeder current analysis device is mounted in a 
TP substation to measure the increasing Al current of each 
feeder. The device provides 10 counters and each counter in-
dicates occurrence numbers of the fixed Al current by train 
operation. The device is portable, is of light weight, monitors 
two feeders simultaneously, and has the ability to change its 
sensitivity by a selector switch. 

Construction. The device consists of two LI detecting trans-
formers (CT), and one analysis device (AD) and two lines mea-
surement devices. The analysis device consistsof a Al detecting 
circuit, a drive circuit, and five counters per feeder measurement. 
In addition, it has a power supply and control and sensitivity 
adjustment devices as shown in a connection block diagram (see 
Fig. F-l3). 

Application. The CT output voltage is changed to a similar 
figure voltage of primary dc current by primary system inte-
grator (IM), and fine comparators actuate if the input voltage 
is greater than the fixed voltage. Hence, the di/dt Al detecting 
characteristics of this device are similar to the dc feeder fault 
selective device shown in Figure F- 12. 

Setting currents are separated five rank and current detecting 
signals are memorized in memories (Ml-M5); the device then 
steps up the electromagnetic counter (MC1-MC5) through the 
high rank preference circuit and power amplifier circuit (PA 1-
PA5). The high rank preference circuit selects the highest rank 
current in one Al current and steps up its rank counter. 

When the train notch-up currents flow in the feeder, each 
counter indicates the aggregate figures of the td currents. 

Miscellaneotus Detection Devices Reported Being 
Used In TP Systems 

Rate-of-Rise Relay 3R-JA (13) 

General. Some transit systems have reported using rate-of-
rise relays of type 3R- lA in conjunction with inverse time relays 
ITR- 1 A, both offered by General Electric Co. of the United 
Kingdom. The company claims that the combination of such 
relays offers the best protection possible. 

Construction. The relay is housed in a semiflush-mounted case 
suitable for: panel mounting with the provision for connections 
in the rear. All controls are on the front panel behind the 
removable clear cover. SUPPLY ON and TRIP indication is visible 
through tihe front cover, while a TRIP RESET pushbutton can 
be operated by an extended actuator button. Parameters can be 
set by mi:niature slide switches on the front panel. The TEST 
pushbuttcin is also provided on the relay. 

Appliccition. The rate-of-rise relay senses a rate-of-rise of cur-
rent in e:xcess of a preset level, while the inverse time relay can 
be set to trip at a relatively low level of current, i.e., persists, 
for a preset period of time. The rate-of-rise relay trips early and 
minimizes the possible damage caused by long-term arcing. 

Unb'czIanced Current Protection (UCP) (17) 

General. This is a very interesting low-current fault detecting 
device designed and presently in use by London Transport Ex-
ecut:ive (LTE) System, in England. The device is designed for 
an LTE system which consists of separate positive and negative 
contact rails in addition to two running rails (which are neither 
bonded to earth nor deliberately insulated from earth). The two 
contact rails are also insulated from earth and the running rails. 

Under normal conditions, the positive and negative currents 
of. the dc supply are equal in magnitude and opposite in polarity 
at: the points of supply. In the event of complementary earth 
faLults occurring, it has been established that the balance of the 
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Figure F-13. Connection block diagram of dc feeder current analysis device (15). 

positive and negative currents gets disrupted,. and it is this un-
balanced condition that the UCP device is designed to detect. 

Under these fault conditions, an unbalance of current will 
occur, irrespective of any load current supplied. However, the 
actual value, of unbalance can be relatively low because the faults 
are usually limited either by the nature of the fault or, in the 
case of arcing, by the resistance of the arc itself. 

Construction. The UCP equipment for each track section con-
sists of four complçte units, one for each feed to the section.' 
Each unit consists of two iron-cored toroids, one on each cable 
from the circuit breaker and an imbalance relay containing two 
detector units and a magnetic summator. The supply to the unit 
in 50 V dc and the trip circuits of each unit are interconnected 
to the others of the section, such that an operation of any unit 
will cause all four circuit breakers supplying the section to trip. 

Application. Each detector-unit produces an oscillating direct 
current, which passes through the main toroid windings and 
also through the primary winding of the unit's summator. This 
current will vary with the magnitude and direction of the main 
load current flowing through the track supply cables. 

Under normal service conditions, the output of the two de-
tectors will balance. Under unbalanced condition, the unbalance 
is reflected in the output of the summator, which causes auxiliary 
relays to operate to indicate the direction of the unbalance. To 
isolate the track section, the output of the unit having the 
unbalance is compared with the output of the unit on the ad-
jacent parallel track. If an opposite polarity unbalance is present, 
the unit with the positive unbalance will initiate the trip circuit  

of its own circuit breaker and intertnp all other circuit breakers 
supplying that particular track section, thus effectively extin-
guishing any arcing that may be occurring due to the fault. 

In order to resume the service, the supply to each parallel 
track is restored from one end only, one track from each of the 
two supply substations. Thus, even though the initial faults still 
remain, they become isolated. 

Where large areas of traction current rails are connected 
together, unbalance current protection is less effective. Although 
it can still determine that two trains have complementary faults, 
these trains cannot be isolated easily. Also, UCP only operates 
when there are two trains with complementary faults. 

Earth Fault Detector (17) 

LTE has also reported using the traction earth fault detector 
in the areas where UCP equipment seems less effective. 

Traction earth fault detector units, however, indicate im-
mediately when a train develops a fault either positive or neg-
ative to frame. This information is transmitted to a central 
control center where, by programmed traction switching, the 
faulty train can be pin pointed and taken out of service remotely. 

The nominal resistance between positive/negative traction 
rails to continuous running rail was found to be in the order of 
2:1. Therefore, a 200-ohm resistance was connected between the 
positive and running rail and 100 ohms between the negative 
and running rail to maintain this balance. Voltage across the 
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100-ohm resistance is monitored, and if this falls below 50 V, 
a negative fault is indicated; or above 450 V, a positive fault. 

This voltage is also continuously recorded at the central con-
trol center for use when an investigation into an earth fault is 
required. 

Timed Overload Device (1) 

This is a fixed time delay unit being used to detect a low level 
fault without using a rate-of-rise device. It operates if the low 
level fault current persists longer than a set time delay assuming 
the train starting peak current lasts for a short time of the value 
less than the breaker trip rating. The range of current settings 
for the device depends on the type of system and other protective 
devices incorporated, but the timed overload devices are usually 
arranged to have a range of 50 percent to 200 percent of the 
feeder breaker rated current. 

Diode in the Negative Return Circuit 

One U.S. system and one overseas system reported using a 
diode and a switch across the diode in the substation negative 
return circuit. The intent here is to provide instantaneous alarm 
and indication when the diode starts conducting because of the 
increased ground potential. 

DEVICES BEING USED ON-BOARD ROLLING 
STOCK 

In the responses received from both U.S. and overseas systems 
as well as from manufacturers, very little information was made 
available for the devices being used on-board cars. Some of the 
devices most predominantly reported are simple and do not 
requireexplanation.. They are: 

Fuses. 
Overcurrent relays in traction motor and in motor-alter-

nator set motor. 
Line and ground differential current devices. 
High-speed circuit breaker mounted underneath the car or 

on the top. 

A few transit systems overseas reported modifying the car 
control circuit for early detection of fault current; nevertheless, 
not enough information was provided to include in this section. 

Columbia Components Inc. of New Jersey provided infor-
mation in which the development of protective devices for 
ground fault and dynamic brake traction motor and heater fault 
detection systems were indicated. The detection device uses 
saturable reactors, miniature relays, and indicating lamps. The 
U.S. transit system which used this prototype device, along with 
the manufacturer itself, claims that the device performs satis-
factorily. 

In general, transit systems worldwide predominantly use high-
speed circuit breakers (HSCB), differential devices, and over-
current devices on cars, with the bystanding protection of a TP 
system, as discussed earlier in this appendix. The HSCB are 
reported provided by Alsthom, BBC, and Siemens. Only BBC 
provided technical data for the HSCB it offers. 

DC High-Speed Circuit Breaker (17) (HSCB) 

General 

BBC offers HSCB to interrupt overloads and short circuits 
in traction vehicles at very high speed. The HSCB type UR-6 
are recommended by the firm for light rail applications, while 
UR-12 can be used for all types of transit systems, commuter 
lines, and railroads. Types UR-6 and UR-12 are very similar 
in construction and application; however, UR-12 is selected for 
discussion here. The HSCB type UR-12 is a single-pole unit 
with electromagnetic blowout, electrical or pneumatic drive, 
direct and indirect (optional) tripping, and natural cooling. It 
can be mounted horizontally or vertically on the top, in, or 
under the car, has high resistance to vibration and mechanical 
shocks, and is enclosed in an insulating capsule. The HSCB 
conforms to IEC Recommendations Nos. 77 and 157.1. 

Construction 

Circuit breakers of type UR-12 are made up of the following 
main parts (note in the following that the numbers in parentheses 
refer to Figure F-l8): 

Main circuit —comprising 2 copper bars (101, 102) and a 
moving contact (116). 

Mechanism (210)—comprising a trip and rod (208), a latch 
(211), and a pressure spring (212). 

Closing device— comprising a solenoid (300) (or a pneu-
matic drive) and a lever (305). 

Trzpping systems— comprising a direct tripping device (400) 
and an indirect tripping coil (402). 

Auxiliary switches (500)—all of the above-mentioned parts 
are enclosed in an insulating chassis. 

Arc chute (600)—enclosed in a blowout chamber. 

The contacts are made of Ag Cdo plates brazed on copper 
supports. The insulating chassis and the blowout chamber are 
made of polyester reinfOrced fiber-glass. The arc chute is made 
of refractory material. The circuit breaker is supplied with a 
multi-pin connector comprising a male socket and a female plug. 
The female plug is supplied with 1.5 mm2  contacts of the 
crimped type. Figure F- 14 shows the connection and block 
diagram of HSCB control schematic. 

Application 

Figure F- 15 defines the technical characteristics. 
The breaking capacity represents the current value which 

would be reached without circuit breaker operation. The current 
actually interrupted 'd  depends on the time constant r or on 
the (di/dt)0  of the protected circuit. The characteristics are given 
in Figure F- 16, for direct tripping and for indirect tripping, to 
show the relation between the short circuit current I, the 
interrupted current 'd  the time constant r, and the initial rate 
of rise (di/dt)0 . 

A fast indirect tripping, in addition to the direct tripping 
(which works on the trip-free principle, i.e., the trip always 
overrides the close of any part of closing stroke), in type UR- 



206 

P 
	

F (OFF) 
	 F (ON) 

A 

CIO 
CH 

I 	 L 
icCAl 	kCA?; B 

 H 	I LO

14 : 	
2 1 4 ±.La±L 

P 	 Ni 	K 	t 	 SO 

I 	 Ii 	I 	I 	I 	 I 
L------4--- 	_-L_L_-L----4.--_-----.-------------- 

Circuit-breaker UR 1.2 

BE. 	= closing and holding coil 

CA 1 to 5 	= auxiliary switches (switch over 
before main contact closing) 

B 	 = signalling contact of the closing 
device position 

K/ 

1T> 

CH 	 = safety-contact for arc chute 

PPE 1 and 2 = safety contacts for spark arrester 
plates. 

LU 	 = impulse coil for indirect fast 
tripping (optionnal) 

CID 	= impulse generator for indirect fast 
tripping (optionnal) 

Components of the control circuits 

(not supplied with the circuit-breaker) 

G 	= control and protection CB 
P 	= safety relay 
F . = ON-OFF pushbuttons 
A 	= holding relay 
C 	= auxiliary relay 
E 	= slow-operating relay (0.5 to 1.5. s) 
R 	= holding resistance 
SO 	= signal lamp, circuit-breaker ready for closing 
Si 	= signal lamp, circuit-breaker open 
S2 	= signal lamp, circuit-breaker closed 
Ki 	= slow releasing relay, H.V. auxiliary circuits 
K2 	= slow releasing relay, H.V. propulsion circuits 

Figure F-14. Connection and block diagram of HSCB control schematic (18). 
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'cc = Transient short-circuit current = 

KIcc 

1cc = Stationary short-circuit current = 

Ud 
R 

'ds = Tripping current 

(dii = Initial rate of rise 
L L t 

- 

d = Interrupted limit current 	
Ids 

Ud = Recovery voltage 

Ud = Max. arc voltage 

<Ud>= Average value of the arc-voltage 

= Contact opening time 

Tj 	Current limiting time 

~di-/ 	4. Icd 

Ud 

- Ud 

 

Ttot= Total breaking time 

= Time constant of the circuit = L - Icc 
TWf/dt)o 

L 	= Circuit inductance 

R 	= Circuit resistance 

Rated current and overloads 

The rated continuous current is 1200 A for an ambient temperature of 40°C. 

The ciruit-breaker withstands the following max. currents of short 
duration:- during 2h 	: 1300 A 

- during 20mm: 1850 A 
- during 4mm.: 2400 .A 

Direct tripping current scale 

The direct tripping current scales are: 

- 600 to 1200A or 
- 1200 to 2400 A 

Maximum continuous permissible voltage 

Three arc chutes are available to cover the following range of voltage: 

Arc chute Model 21 up to 1000 V 
22 	II 2000 V 
24 	4000 V 

Arc voltages 

When the contacts open, the arc voltages appearing at the circuit-breaker 
terminals have the following values: 

UR 12...21: Lid = 1600 V ;(Ud>= 1400 V 
UR 12. ..22: Ud = 3200 V ; (IJd > = 2800 V 
UR 12 ... 24: Od'= 6000 V ;(Ud )= 5100 V 

Figure F-iS. Definition of technical characteristics of HSCB (18). 
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Figure F-16. I,c VS Id characteristics of HSCB (18). 

12 circuit breakers - can be supplied (as an option). With this 	The detailed operation is described in the following, and is 
tripping system, very much faster operating times over the con- 	shown pictorially in Figure F-18. 
ventional electromagnetic release are obtained. The indirect trip-
ping system comprises an impulse coil acting directly on the 
trip latch. It also comprises an electronic control unit incor- 	• Closing—The moving contact (116) is operated by the closing 

porating a capacitor storage tripping supply and an electronic 	device (300) through the lever (305). The moving contact is 

switch. The impulse coil is located inside the insulating chassis, 	joint to the mechanism (210). During the first phase, only the 

and the electronic control unit box is located on the insulating 	opening spring connected to the mechanism works. During the 

chassis. 	 . 	 second phase, the moving contact and the mechanism remain 

Figures F- 17(a), (b), and (c) show, for direct tripping, the 	steady and the pressure spring (212), located inside the mech- 

relation between the contact opening time Tm, the current lim- 	anism, works. The holding is done for the electrical holding, by 

iting time T,, the total breaking time T 01, and the short circuit 	the same solenoid used for operating the closing but with a 

current I, the time constant j-, the initial rate of rise (di/dt)0 	reduced current; and for the magnetic holding, by a permanent 

for a tripping current I,, set at 600A. 	 magnet located inside the closing device. 
For indirect tripping the contact opening time T. does not 	• Low-speed release—Is accomplished by de-energizing the 

depend on the characteristics of the network. For the lower 	closing coil (for electrical holding) or by sending a reverse cur- 

permissible control voltage, T. does not exceed 5 msec. The 	rent impulse in the closing coil (for magnetic holding). The 

total breaking time T,0, is given by Figure F-17(d). 	 sequences as described for the closing are reversed. 
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Figure F-18. Operating mechanism of HSCB (18). 

High-speed release—The direct acting tripping system op- During the break operation, the arc is moved up into the arc 
erates when the current in the copper bars has reached the chute by the magnetic field generated by the current flowing in 
threshold setting of the direct tripping device (400); this deviôe the main circuit. The arc chute is of the cold-cathode type, 
acts on the trip rod (208) which releases the latch (211). The comprising a number of bare-metal plates arranged at right- 
direct tripping system works on the trip-free principle, i.e., the angles to the length of the arc chute, with spacers between the 
trip always overrides the close at any part of closing stroke. In plates to allow the arc to be split up into a number of series 
indirect acting tripping, an electronic system controls an elec- arcs. 
tronic iwitch which connects a capacitor storage supply to the 
indirect tripping coil (402). This coil acts on the trip rod (208) 
which releases the latch (211). 



APPENDIX G 

ORGANIZATIONS CONTACTED 

FOR TEST QUESTIONNAIRES 

Transit Systems* 

Massachusetts Bay Transportation Authority (MBTA) 

Washington Metropolitan Area Transit Authority (WANATA) 

Bay Area Rapid Transit Authority (BART) 

Port Authority of New York and New Jersey (PATH) 

Chicago Transit Authority (CTA) 

Commission de Transport de Is Communant urbaine de Montrsl (CTCUM) 

Manufacturers and Suppliers 

Ohio Brass Co. OH, USA 

AEC Telefunken, Federal Republic of Germany 

Perelli Construction 6 Co. Ltd. England, U.K. 

ASEA AB—Transport Div., Sweden 

Brown Boveri & Co. Ltd., Switzerland 

Associations 

International Union of Railways, Paris, France 

Canadian Urban Transit Association Toronto, Canada 

Private Railways Association of German Federal Republic 

Federal Republic of Germany 

Japan Railway Engineers Association Tokyo, Japan 

Institute of Electrical Engineers London, England 

Institute of Electrical & Electronics Engineers - 

Power System Relaying Committee, U.S.A. 

*Both Questionnaires 1 6 11 were mailed 

Other Industries** 

Iron and Steel Society Washington, DC 

Association of Iron and Steel Engineers Washington, DC 

American Iron and Steel Institute Washington, DC 

American Society of Mining Engineers Denver, Colorado 

National Coal Association Washington, DC 

Bituminous Coal Operations Assoc. Washington, DC 

American Mining Congress Washington, DC 

Bureau of Mines (USD10) Washington, DC 6 Pittsburgh, Pennsylvania. 

USDOL - Office of Mine Safety and Health Washington, DC 

USDOL - Research Center Trideiphia, West Virginia 

Boston Edison Co. Boston, Massachusetts 

New York Power Authority New York, New York 

FOR FORMAL SURVEY 

Transit Systems - Surveyed Through UITP 

. Linzer ElektrizitEts - Fernwrme and Verkehrsbetrjebe AG (ESG) 

Linz, Austria 

*. Wiener Stadtwerke Verkehrsbetriebe (WSV) Wien, Austria 

*s Metropolitan Transit Authority (MTA) Melbourne, Australia 

State Rail Authority of New South Wales (NSW) Sydney, Australia 

*1 Societe des Transports Intercommunaux de Bruxelles (STIB) 

Bruxelles, Belgien 

*• Socit(Nationale des Chemins de Per Vicinaux (SNCV) 

Bruxelles, Belgien 

Maatschappij voor het Interominunaal Vervoer te Gent (MIVG) 

Gentbrugge, Belgien 

*. Maatschappij voor het Intercommunaal Vervoer te Antwerpen (MIVA) 

Antwerpen, Belgien 

Companhia do Metropolitano de Rio de Janeiro (Metre de Rio) 

Rio de Janeiro, Brazil 

**Telephone Test Survey Only 

*Selected for Mailing Questinnaire II 



*1 Companhia do Metropolitano de S'o Paulo (Metro de S. Paulo) 

S'o Paulo; Brazil 

', The City of Calgary Transit System (CDN) Calgary, Alberta Canada 

Commission de Transport de Is Communaut Urbaine de Montreal (CTCUM) 

Montreal, Quebec, Canada 

Toronto Transit Commission (TTC) Toronto, Ontario, Canada 

Verkehrsbetriebe Zurich (VBZ) Zurich, Switzerland 

Dopravni Podniky Hlavniho Msta Prahy (DPMP), Praha, Czechoslovakia 

*• Berliner Verkehrs - Betriebe Eigenbetrieb von Berlin (BVG) Berlin, 

Federal Republic of Germany 

Rheiriische Bahngesellschaft AG (RhB) Disseidorf, Federal Republic 

of Germany 

*. Hamburger Hochbahn Aktiengesellschaft (NRA) Hamburg, Federal Republic 

of Germany 

*• Ustra Hannoversche Verkehrsbetriebe AC (IJSTRA) Hannover, Federal 

Republic of Germany 

*1 Stsdtwerke Munchen Verkehrsbetriebe (MVG) MCnchea, Federal Republic 

of Germany 

Stuttgsrter Strassenbahnen Aktiengensellschaft (SSB) Stuttgart, 

Federal Republic of Germany 

*• F. C. Netropoliti de Barcelona S.A., S.P.M. (FCMB) Barcelona, Spain 

*1 Coinpaia Metropolitano de Madrid (Cfi4) Madrid, Spain 

. Cie du Metro de Lille (COMELI) Lille, France 

. SociSt Lyonnaise de Transports en Commun (TCL) Lyon, France 

Rgie Autonome des Transports de is yule de Marseille (RATVM) 

Marseille, France 

Rgie Autonome des Transports Parisiens (RATP) Paris, France 

*1 Strathclyde Passenger Transport Executive (SPTE) Glasgow, Great Britain 

Merseyside Passenger Transport Executive (MPTE) Liverpool, Great Britain 

*o London Transport Executive (LTE) London, England 

Greater Manchester Passenger Transport Executive (GMT) Manchester, 

Great Britain 

*. Tyne and Wear Passenger Transport Executive (IWPTE) Newcastle Upon 

Tyne, Great Britain 

Athens-Piraeous Electric Railways Co. Ltd. (A-PER) Athens, Greece 

'. Budapesti K6zlekedsi Vllalat (BKV) Budapest, Hungary 

'. Mass Transit Railway Corporation (MTRC) Hong Kong 

Azienda Transporti Municipali (ATM) Milano, Italy 

Azienda Consortile Transporti Laziali (ACOTRAL) Rooa, Italy 

Consorzio Transporti Torinesi (TT) Torino, Italy 

Transportation Bureau of Tokyo Metropolitan Government (TBTMG) 

Tokyo, Japan 

Japanese National Railways (JNR) Tokyo, Japan 

Telto Rapid Transit Authority (TRTA) Tokyo, Japan 

*. Sistema de Transports Colectivo (STC) Mexico 

*. Aktieselskabet Oslo Sporveier (OS) Oslo, Norway 

Gemeentevervoerbedrijf Amsterdam (GVB) Amsterdam, Netherlands 

N.V. Gemengd Bedrijf Haagsche Tramweg Maatschappij(HTM) 

Gravenhage, Netherlands 

Rotterdamse Elektrische Tram (RET) Rotterdam, Netherlands 

'• Metropolitano de Lisboa, E.P. (CML) Lisboa, Portugal 

Companhia Carris de Ferro de Lisboa (CARRIS) Lisboa, Portugal 

Miejskie Zakiady Komunikacyjne (MZK) Warszawa, Poland 

Subterraneos de Buenos Aires (SBA) Buenos Aires, Argentina 

* 	Ministerio de Obras Publicaa, Direccin General de Metro (MCNS) 

Santiago de Chile, Chile 

. Gteborgs Sp&rvagar (CS) Gbteborg, Sweden 

Svenska Lokaltrafikforeningen (SLTF) Stockholm, Sweden 

. Helsingin Kaupungin Liikennelaitos H1a.) Helsinki, Finnland 

*. Istanbul Belediyesi Istanbul Elektrik Tramway ye Tiinel 

Isletmeleri (IETT) Istanbul, Turkey 

*. Rpublique Tunisienne, Ministere des Transports et des Communications, 

Direction des Transports (CMLT) Tunis, Tunisia 

*1 Moskovsky Metropolitan Imeni Lenina (MMIL) Moscow, USSR 

Metropolitan Atlanta Rapid Transit Authority (MARTA) Atlanta, Georgia 

*Selected for Mailing Questionnaire II 	 *Selected for Mailing Questionnaire II 



*1 Chicago Transit Authority (CTA) Chicago, Illinois 

Metropolitan Transit Authority of Houston (MTA) Houston, Texas 

. New York City Transit Authority (NYCTA) New York, New York 

*. Port Authority of New York and New Jersey (PATH) New York, New York 

*. Southeastern Pennsylvania Transportation Authority (SEPTA) 

Philadelphia, Pennsylvania 

*. Municipal Railways (MUNI) San Francisco, California 

. C. A. Metro de Caracas (MC), Caracas, Venezuela 

. Gradski Saobrcaj Beograd (GSB) Beograd, Yugoslavia 

TR.ANSIT SYSTEMS - SURVEYED DIRECTLY 

*. The City of Edmonton Edmonton, Canada 

yE Kombinat Berliner Verkehrs-Betriebe (VEB) East Berlin, 

German Democratic Republic 

Stadtwerke Munchen Verkehrsbetriebe (SMV) Munich, Federal Republic 

of Germany 

Wuppertaler Stadtwerke AG (WS) Wuppertal, Federal Republic of Germany 

Municipal Transportation Bureau (MTB) Fukuoka, Japan 

Kyoto Transportation Bureau (KTB) Kyoto City, Japan 

Osaka Municipal Transportation Bureau (OMTB) Osaka, Japan 

Seoul Metropolitan Rapid Transit Bureau (MRT) Seoul, Republic of Korea 

New Zealand Railway Corporation Wellington, New Zealand 

Interprindere Metroul. Bucuresti Bucharest, Romania 

Baku Metropolitan Baku, USSR 

Taahkent Metropolitan Tashkent, USSR 

*. Massachusetts Bay Transportation Authority (MBTA) Boston, MA 

*. Greater Cleveland Regional Transit Authority (ETA) Cleveland, Ohio 

*. Long Island Railroad (LIRE) Jamaica, New York 

Port Authority Transit Corporation (PATCO) Camden, New Jersey 

Port Authority of Allegheny County (PAT) Pittsburgh, Pennsylvania 

*. San Diego Metropolitan Transit Development Board (MTDB) San Diego, 

California 

*1 Bay Area Rapid Transit District (BART), Oakland, California 

EQUIPMENT MANUFACTURERS /SUPPLIERS - SURVEYED DIRECTLY 

Brown Boveri TRM Industries Inc. Lachine, Quebec, Canada 

AEG - Telefunken Anagentechnik AG W. Berlin, Federal Republic 

of Germany 

Ercole Marelli Elettro Meccanica, Milan, Italy 

BBC - Sech'ron SA Geneva, Switzerland 

Stone (McColl) Pty. Ltd., Victoria, Australia 

Carbone Lorraine Corporation, Dorion, Qubec, Canada 

Ansaldo Transporti SpA, Naples, Italy 

Toshiba Corporation, Tokyo, Japan 

Jeumont - Schneider, La Plaine St. Denis, France 

Sasib SpA, Bologna, Italy 

General Railway Signal Co., Rochester, New York 

Ateleirs de Constructions Electriques de Charl(roi, Charl(roi, 

Belgium 

Mitsubishi Electric Corporation, Tokyo, Japan 

AVM Systems Inc., Fort Worth, Texas 

Union Switch and Signal, Swissvale, Pennsylvania 

Nippon Sharyo Seizo Kaisho Ltd., Nagoya, Japan 

ASEA AD, Vsters, Sweden 

GEC Traction Limited, Manchester, England 

The Budd Company, Troy, Michigan 

Kawasaki Heavy Industries Ltd., Minato-Ku, Japan 

Daewood Heavy Industries Ltd., Incheon, Korea 

Brown Boveri & Cie, Baden, Switzerland 

Metro - Cammell Ltd., Birmingham, England 

Alsthom - Atlantique, Paris, France 

Duewag AG, Dusseldorf, Federal Republic of Germany 

Ganz Ma Vag Locomotive and Railway Carriage Mire., Budapest, Hungary 

Breda Costruziono Ferroviarie SpA, Pistoria, Italy 

Soci(te"MTE, Puteaux, France 

Maschinenfabrik Augsburg-Nrnberg (MAN) Aktiengesellschaft, 

Nmerberg, Federal Republic of Germany 

Indian Railway Integral Coach Factory, Madras, India 

*Selected for Mailing Questionnaire II 



. Hitachi, Ltd., Tokyo, Japan 

Walkers Ltd., Queensland, Australia 

Mafersa, So Paulo, Brazil 

Scandia - Randers AIS, Randers, Denmark 

Simmering-Graz-Pauker AG, Vienna, Austria 
A 

CKD Praha - Tarta Works, Prague, Czechoslovakia 

Valmet Oy, Helsinki, Finland 

General Electric Company, Erie, Pennsylvania 

Faiveley SA, Saint-Ouen Cedex, France 

Fuji Electric Co. Ltd., Tokyo, Japan 

SAE (India) Limited, New Delhi, India 

Ohio Brass Company, Mansfield, Ohio 

Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 

Hubbell-Ensign Electric Division, Huntington, West Virginia 

Columbia Components, Ridgefield, New Jersey 

CERNE El'ctroniqu(, Chavill', France 

Merlin Gerin SA, Cdex, France 

ASEA Inc., Yonkers, New York 

Siemens Electric Co., Point Claire, Canada 

Siemens-julia, Atlanta, Georgia 

Breda Construzioni Ferroufarie, New York, New York 

UTDC (USA) Inc., Detroit, Michigan 

The Rudd Company, Philadelphia, Pennsylvania 

Nisaho Iwai American Corporation, New York, New York 

Sumitomo Corporation of America, New York, New York 

SN Construciones Ferrouiaries Et Mettaliques S.A., Bruxelles, Belgium 

Franco Rail, New York, New York 

Mitsubishi International Corporation, New York, New York 

Bombardier Corporation, Brooklyn, New York 

Marubeni America Corporation, New York, New York 

Soferval Inc., Oakland, California 	 - 

Safety Electrical Equipment Corp., Wellingford, Connecticut 

GEC/English Electric Co., Port Chester, New York 

PROFESSIONAL ASSOCIATIONS - SURVEYED DIRECTLY 

Association Internatioaale des Constructeurs de Materiel Roulant 

(AICMR), France 

Union of African Railways (UAR), Zaire 

Australian Railway Research & Development Organization, Melbourne, 

Australia 

Association Internationals de Congres des Chemis de Fer, Belgium 

Latin American Railway Asaociatin, Argentina 

Association des Fabricants Europeens d'Equipements Ferroviaires, 

France 

Bundesverband Deutscher Eisenbahnen (BDE), Federal Republic of Germany 

Japan Railway Engineers Association, Tokyo, Japan 

Institution of Electrical Engineers, England 

Canadian Urban Transit Association, Canada 

Japan Railway Electrification Assoc. Inc., Tokyo 
Chartered Institute of Transport, England 

American Public Transit Assoc. (APTA), Washington, DC 

U.S. Department of Health, Washington, DC 

Power Conversion Products Council, Chicago, Illinois 

National Association of Relay Manufacturers, Indiana 

National Electrical Manufacturers Association, Washington, DC 

National Transportation Safety Board, Washington, DC 

Texas A&M University, Texas 

Institute of Electrical & Electronics Engineers Protective Relaying 

Committee, Florida 

Edison Electric Institute, Washington, DC 

American Association of Railroad, Washington, DC 

American Railway Engineers Association, Washington, DC 



OTHER INDUSTRIES - SURVEYED DIRECTLY 

Utilities 

Arizona Public Service Company, Arizona 

Baltimore Gas & Electric Co., Maryland 

Boston Edison Co., Massachusetts 

The Dayton Power and Light Company, Ohio 

American Electric Power Co., Ohio 

Arkansas Power & Light Co., Arkansas 

Bonneville Power Administration, Oregon 

Cambridge Electric Light Co., Massachusetts 

Florida Power & Light Co., Florida 

CPU Service Corporatin, New Jersey 

Juneau Utility Commission, Wisconsin 

Nebraska Public Power District, Nebraska 

Delaware Power & Light Co., Delaware 

Georgia Power Co., Georgia 

Gulf States Utilities Co., Texas 

Los Angeles Department of Water & Power, California 

Northeast Utilities Service Company, Connecticut 

Pacific Gas and Electric Co., California 

New York Power Authority, New York 

Tennessee Valley Authority, Tennessee 

New England Power Service Co., Massachusetts 

Ohio Edison Co., Ohio 

Pennsylvania Power & Light Co., Pennsylvania 

San Diego Gas & Electric Co., California 

Virginia Electric and Power Co., Virginia 

Wisconsin Power & Light Co., Wisconsin 

Texas Utilities Company, Texas 

Washington - St. Tammany Elec. Coop. Inc., Louisiana 

Mining Concerns 

CERCHAR Industrie En - Halatte, France 

American Institute of Mechanical Engineers - Iron and Steel Society, 

Washington, DC 

American Society of Mining Engineers, Denver, Colorado 

American Iron and Steel Institute, Washington, DC 

National Coal Association, Washington, DC 

.• Bituminous Coal Operations Associations, Washington, DC 

American Mining Congress, Washington, DC 

Bureau of Mines, U.S. Department of Interior, Washington, DC 

Bureau of Mines, Pittsburgh, Pennsylvania 

Office of Mine Safety and Health - U.S. Department of Labor, 

Washington, DC 

Research Center, U.S. Department of Labor, Tridelphia, West Virginia 

Henderson Mine, Colorado 

Climax Molybdenum Co., Colorado 

Vapor Corporation, Chicago, IL 
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