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duty cycle; a propulsion system that is maintainable
at a reasonable cost; an attractive and functional
design comfortable for drivers and passengers; economy of power use; and off-wire capability. Throughout the procurement process it must be remembered
that purchasing a trolley bus is not the same as
purchasing a motor bus, because the trolley bus has
a number of elements (propulsion system, construction of insulated doors, and battery storage, for
example) that must be viewed as a system before purchase is feasible and practical.
The goal of a propulsion system that is maintainable at a minimal cost includes a variety of items;
such a system requires input from all parties-transit operators, designers, planners, manufacturers, and suppliers. Some of these items are reasonable performance-oriented specifications, a good,
tested design from the propulsion supplier, cooperation between the propulsion supplier and the body
builder in the all-important component integration
phase, and high standards of quality control by all
suppliers and assemblers.
After vehicles are purchased and delivered to the
transit agency, a maintenance shop must be staffed
and equipped.
Documentation for proper maintenance
of the propulsion system is critical, and it should
be supplied by the manufacturer.
The same applies
to spare parts, chassis components, and other power
distribution elements.

DESIGNING AND DEVELOPING TROLLEY BUSES
Arthur J. Deane of AM General Corporation explored
different aspects of the construction and design of
trolley buses in a slide presentation, which is summarized here. In 1972 the renewed and revived trolley industry started with 1930 technology. Manufacturers and suppliers were not spending much time or
financial resources in trolley bus technology; they
were co.n centrating instead on the development of
motor buses for public transit.
However, gradually
they became interested in the technology necessary

to convert motor buses to electric fleets as well as
to design entirely new coaches.
It was concluded that conversion of diesel buses
to electric traction would minimize development and
manufacturing costs.
It was further concluded that
designers could draw from an existing technical data
base for a product configuration already recognized
by operators and passengers, and that the commonality of service parts and maintenance requirements
would introduce considerable cost reductions for
municipalities.
A single prime contractor, preferably the body
supplier, should be responsible for the work of conversion.
Essential is the presence of 100 percent
propulsion supplier service support in the body
builder's plant and at the transit property to check
out and correct propulsion defects.
High-quality vehicles can be delivered fully serviceable and ready to operate provided that all
vehicles are tested on an in-plant dynamometer and
that
strong
in-house
quality
control
programs
exist. The use of a separate propulsion module pretested at the propulsion supplier's plant results in
significant reduction in trolley bus manufacturing
start-up cos ts.
Design considerations must place special emphasis
on roof structure, rear end, heaters, driver controls, pedal controls, and hot coach detectors.
Air compressors that are already commercially
available, as well as air-conditioning systems and
propulsion systems, have been proven effective in
the conversion process.
Chopper propulsion systems
have also been proven effective. A reliability factor in excess of 7, 500 miles between failures was
achieved within 12 months of putting an AM General
system into service.
This compares with approximately 3,500 miles between failures for a cam system
trolley bus.
Finally, there is a need to develop and establish
industry-accepted standards for the next generation
of trolley buses.
various features, however, must
be developed and tested before becoming a part of
these standards or specifications.

SELECTED MATERIALS
Freon-Cooled Choppers for Trolley
Bus Applications
J. Soffer
The first trolley buses were built 60 years ago by
VETRA with Alsthom electrical equipment. Production
continued up to 1950 with the VA 3 B2, which is
still in service today in certain French cities.
However, three reasons con tr ibu ted to the collapse
of the French and the world markets for this type of
equipment: the drop in the price of oil, the dependence of the trolley bus on overhead equipment, and
the proved reliability of the internal combustion
engine.
In 1974 two factors arose that led to renewed interest in the trolley bus:
the increase of
oil prices and the increased awakening of public
attitudes about pollution and the environment.
After detailed market research Alsthom-Atlantique
decided to revive the electric vehicle projects.

Due to the newly developed technologies the following improvements over the earlier trolley buses with
rheostatic equipment were obtained:
improved comfort for passengers and driver, improved equipment
reliability, reduced energy per kilometer costs, and
reduced maintenance costs.
CHARACTERISTICS OF ALSTHOM-ATLANTIQUE TROLLEY
BUS EQUIPMENT
To improve passenger comfort the chopper technique
was chosen.
Stepless rates of acceleration and
deceleration are thus obtained even in heavy traffic
areas, and the abrupt stop-start movement associated
with the power notching and resistances incorporated
in conventional trolley buses is avoided.
To reduce noise, mechanical vibration, weight,
and volume, it was decided to place all main chopper
components inside a freon-filled container.
In the
same way the rotating converter was replaced by a
solid-state converter. To obtain a vehicle flexible
in operation in heavy traffic, a solid-state tract ion-braking switching device functioning in milli-
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seconds was chosen with the driver obtaining rapid
braking response.
The chopper equipment allows
maintaining a steady rate of acceleration on starting even when the driver wishes to go faster.
In braking, the equipment allows recuperating to
the maximum the inertia forces of the vehicle.
The
circuit chosen allows regenerative braking from the
higher to the lower speeds practically down to the
halt by operating the chopper to increase the voltage sent into the line. With the chopper equipment
eliminating the resistances for starting and regenerative braking not requiring resistances, the consumption of energy is considerably reduced and the
vehicle equipment is lightened.
The liquid cooling system efficiently protects
the components against aggressive external elements
while maintaining the semiconductors at a more constant average temperature.
Concerning the circuit
adopted, only those contactors necessary for security reasons and having a clean mechanical cut-out
function are retained.
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ELECTRICAL EQUIPMENT AND CHOPPER SYSTEM
The trolley bus power circuits are shown in Figures
1 and 2. Immediately after the trolley-poles Al and
A2 are the lightning arrester or surge diverter PF,
fuses Fl-F2, and the circuit breaker DJ.
The circuit breaker in addition to its power circuit
switching role also protects the propulsion power
electronics by means of a high-speed tripping circuit.

Figure 2. Traction schematic circuit (top) and braking schematic circuit (bottom).

tion.
In traction the input filter (CF, LF). is supplied at line voltage through the intermediary of
the line contactors (CL) and the rectifier bridge
(R) - (Dl to D4).
The main chopper (HP) maintains the motor current
(armature and series field) at the required value.
Throughout the starting period the excitation chopper (HE) is in permanent conduction so as to ensure
maximum motor excitation.
When sufficient vehicle
speed has been reached, the motor current is controlled with the aid of the excitation chopper.
BRAKING

Figure 1. Trolley bus power circuit.

Immediately after the circuit breaker is a control relay circuit (Qo), which monitors the leakage
current of the high-voltage circuits. A tapping is
also brought out at this point for supplying the
auxiliaries, which are the heaters CH1-CH2, defrosting system DEG, and the solid-state converter CVS.
Each of these subsystems is protected by two fuses.
In the event that the trolley bus has to circulate without line voltage supply, the replacement
energy supply must also be entered at this point at
the terminals Bl-B2. This replacement supply can be
from any electrical source such as batteries, DC
generators, or alternator/rectifier group.
The compound traction motor is fed through the
intermediary of the main chopper (HP) for the armature and series fields and by the excitation chopper
(HE) for separate excitation.
Change of running
direction is made by reversing either the armature
connections or the separate excitation connections
by means of the selector switch (INV).
TRACTION
Figure 2a details the propulsion circuit for

trac-

As the vehicle moves, if the driver wants to brake,
the kinetic energy has to be transformed either into
electric energy or directly into heat by means· of
the mechanical brake. Electric braking has priority
because it allows regeneration of the energy and, at
the same time, prevents the mechanical brakes from
becoming worn.
If the power line cannot recuperate
a part or the whole braking energy, this energy can
be wasted into a resistance.
Our equipment blends
automatically the two types of electrical braking.
Nevertheless, it should be mentioned that some customers consider the supplementary cost of price and
weight of dynamic braking not to have any worth,
because the feeding line is almost always able to
recuperate the energy.
Regenerative braking is rendered possible by the
r 'e generating thyristors THR1-THR2.
If regenerating
is becoming impossible, thyristor THRH is switched
on and the energy is dissipated in resistance RH.
Blending of dynamic and regenerative braking is made
by regulating the relative switching phases between
thyristors THRl, THR2, and THRH.
The motor excitation is controlled by the excitation chopper and the
armature current returned to the input bridge across
the regenerative diode (DRE) • When the motor speed
is no longer sufficient, the excitation chopper is
placed in permanent conduction and motor current is
adjusted by the main chopper functioning as a voltage increaser.
This arrangement allows maintaining
the electric braking effort constant down to speeds
around 4 km/h.
Traction to braking switching is entirely solid
state and is thus both silent and extremely rapid
because switching takes place in a few millisec-
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onds. The only two electromechanical units retained
for the propulsion system are the reverser and the
line con tac tors, and because these always war k on
zero loads, there is practically no wear effect on
their contacts.
In braking, if the deceleration desired cannot be
obtained by electric braking alone, the driver can
amplify the braking effort by operating the foot
pedal of the mechanical brake. In the traction mode
the line contactors are automatically closed by
depressing the accelerating pedal; in the braking
mode automatic opening occurs at the threshold of 3
km/h where the electric braking is no longer efficient. The driver also has at his disposal an overriding manual control for opening the line contactors.
Automatic operation of the trolley-pole is provided as optional equipment.
This arrangement
allows the driver to operate the poles without leaving his seat.

I ncr ease d COmpa ctneas
Cooling by R 113 allows deleting the semiconductor
individual heat sink and permits compact power comp onents, which are light and easy to handle.
Good Environmental Protection
The electrical circuits inunersed in the R 113 cooling liquid are most effectively protected against
water, snow, dust, and short circuits.
The container holding the R 113 is connected to the vehicle
ground. The components under voltage are not accessible when functioning, thus guaranteeing the protection of operating personnel. The container cooling fans are at the ground electric potential and so
d o not attract dust; fouling of the cooling fans is
thus eliminated.

Absence of Annexed Equipment
LIQUID COOLING OF SEMICONDUCTORS
The advantages of a cooling system with boiling
113 are briefly outlined here.

R

I mp roved Cooli ng
A comparison test waL carried out with a diode already conunercially available.
The results obtained
showed that for a same rise in junction temperature
the direct cooling of the bare pellet by boiling R
113 allowed the dissipation of double the power compared to that obtained by conventional cooling methods and heat sinks cooled by forced air.
Usi n g Bare Pellets
The semiconductors now available are always supplied
encapsulated or sealed off from the outside atmosphere by welded hermetic seals in order to provide
environmental
protection.
The
high
dielectric
strength of R 113 allows the elimination of the casing structure and thus reduces the volume of the
semiconductors.

The container in which the equipment is housed immersed in R 113 is in the form of a sealed vessel,
which only requires a slight renewal of the air for
cooling purposes.
For this, natural ventilation is
sufficient.
There is no requirement for a cooling
fan and thus no noise or maintenance; air filters
a re also eliminated.

Ease of Maintenance
If repairs are necessary, they can be carried out
most rapidly, which significantly reduces the downtime of the vehicle. Locating the fault and replacing the semiconductors involved is an easy operation
in the workshop. The assembling pressures and associated tolerances for the semiconductors are much
less rigorous than for the semiconductors mounted on
heat sinks. A standard replacement operation in the
workshop for a semiconductor requires approximately
15 min, including the opening and closing of the
container.

Thermal Inertia

Security

In the case of direct cooling by air the junction/
case inertia and the heat sink/air inertia must be
considered.
The former is of the order of a few
seconds and the other is several tens of seconds.
The time constant of the semiconductor assembly,
case plus heat sink, is comparable with the duration
of the function sequency of the equipment.
It thus
follows that each s emiconductor assembly must be
dimensioned for the peak power that is to be dissipated .
Forced ventilation is thus imperative in
order to avoid overdimensioning of the equipment.
In the latter case, the junction/R 113 inertia
and R 113/air inertia must be considered. The first
is of the order of s econds with the R 113/ air inertia on the order of 1 hr. This is greater than the
duration of t h e function cycle of the equipment.
With R 113 added, the cooling common to all the
semiconductors housed in the same container need
only be dimensioned for the average power dissipated
by the assembly of semiconductors.
This helps to
reduce the volume. Due to the high R 113/air inertia v a lue, the natural ventilation provided by the
vehicle movement is sufficient.

The R 113 presents no chemical danger at ambient
temperatures and can be handled easily by nonspecialist personnel.
The sealing of the container
is excellent; this has been proved by numerous
checks with an electronic leak detector.
No conditioning operations are required on a container that has just been closed and it can be
placed directly in service on the vehicle.
Two
tests of behavior under fire conditions were carried
out, one at the Aeronautical Test Centre in Toulouse
and the other at the National Fire Laboratory at
Champs sur Marne.
For each of these tests a container in working
order was suspended over a tray containing raw alcohol that was then ignited.
After approximately 10
min, a coupler failed with a subsequent leakage of R
113.
The analysis operations that followed showed
that no toxic gas was present.
During these tests the flames were controlled by
trichlorotrifluorethane fire extinguishers of the
type used in a viation; R 113 belongs to the same
family.

