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. This paper presents a brief summary of the
research work accomplished on runway skig
resistance and hydroplaning by the USAF.

The research objectives were to develop a
standard evaluation system for determining

the skié resistance and hydroplaning potential
of Alir Force runways and to develop optimum
corrective technigues for improving skic
resistance properties of airfield pavements.
The paper describes the evaluation system
developed around the Mu-Meter and the Diago-
nally Braked Vehicle {DBV).

Research conducted by USAF, NASA, and FAA has
led to the present skid resistance evaluation pro-
gram used by the Air Porce. The recommended
improvements, when required, have alsc resulted
from research on methods to improve pavement
friction/hydroplaning characteristics.

A brief evaluation and history of these
research projects and how they have been consoli-
dated into a standardized skid test system is
included to show how the skid evaluation system
has evolved and is attempting to use the latest
information,

History lLeading to Present Skid Evaluation Program

Higher landing speeds of jet aircraft, togeth-
er with the increased number of wet weather land-
ings permitted by improved instrument landing
systenms have focused attention on aircraft ground
operations during inclement weather. The cost of
Air Porce skid/hydroplaning accidents has been
substantial ($8,5 million between 1970 and 1975
attributed directly to unsafe surface conditions}.
A comprehensive program of research, evaluation,
equipment improvement and procedural change has
been developed since the early 1970s, The expec-—
tation is that the program will begin to show
results in the near future,

Since the early 1960s when the problem was
first apparent, there has been an effort underway
to develop a technique to assess runway conditions
on & near real time basis and to inform the pileot
what to expect at touchdown. One of the early

devices developed and used for this purpose was the
James Brake Decelerometer (Inspection Decelerometer).
This device consisted basically of a pendulum con-
nected to an indicating needle; the needle recorded
the deceleration due to displacement of the pendu-
lum. The James Brake Decelerometer (JBD), mounted
in a stock wvehicle (sedan or station wagon), became
the standard Air Force equipment to determine the
rRunway Condition Reading (RCR) of the pavement, a
number that could vary from 0L to 26. The number
provided the pilot a means of estimating how his
aircraft would react when the aircraft touched down
on the runway surface {1).

Unfortunately, results from the James Brake
Decelerometer were often not repeatable, i.e.,
results were affected by a number of variables
including the driver of the vehicle, the vehicle
itself, and the techniques used in conducting the
test. In short, the device did not have the capa-
pility of predicting the stopping distance of an
aircraft nor of predicting when the aircraft was
likely to encounter hydroplaning situations. It
soon became apparent that this device was not the
answer to the question of how to measure skid
resistance properties of wet runways. A betterx
method was sought (2, p. 44-48).

In the mid-1960s, the British began development
of a device to measure the coefficient of friction
of an airfield pavement. The result of this devel-
opment work was the Mu-Meter, & small trailer unit
desighed to furnish a continuous graphical record
of the pavement coefficient of friction. The Mu-
Meter is described later.

In 1968, the National Aercnautics and Space
Adwinistration (NASA) developed a promising skid
resistance measuring device, the Diagonally Braked
vehicle (DBV). Early exploratory tests indicated
a relationship existed between wet to dry stopping
distance ratio (SDR) of this vehicle to a similar
ratio of an aircraft. In 1969 and 1970, the USAF
participated with NASA in a project calied "Combat
Traction" {2). Bn instrumented C-141 aircraft was
test landed at a number of airfields to measure the
aircraft SDR. In addition, SDR measurements were
made with a DBV and deceleration measurements were
made with a JBD. The test results showed the JBD
was unreliable; the DBV, however, did show promise
as a measuring device to predict aircraft stopping
distances. Project "Combat Traction" was extended
to include comparison between a Boeing 727, a DC-9
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and the results obtained with the M L Aviation Mu-
Meter and a DBV (32 and 4), Based on the comparisons
both the Mu-Meter and the DBV showed some promise
of being able to predict the stopping distances of
aircraft (3, 4, and 5). There is, however, a need
for many more experiments. The analysis will re-
quire evaluation of the comparison between Mu-Meter
and/or DBV results with each individual aircraft
and for each type of surface, This would probably
result in a relationship between the DBV and/or Mu
and each aircraft with pavement type being one dis-
tinguishing parameter. Since the stopping charac-
teristics will change with the pavement finish,

type of aggregate, wear resistance of the aggregate,
etc., the generalized relationship with pavement
type as a parameter would probably not be reliable
or repeatable,

More recent USAF research has focused on guan-—
tifying all the factors affecting aircraft stopping
distance performance. With this information, plans
were to develop a design for a skid measurement
vehicle or utilize a presently available skid
measurement vehicle to arrive at an input for a
system for predicting the stopping distances of
landing aircraft. Presently the funds are not
available for continuation of the project and it
appears that the research will be teminated prior
to final design of skid evaluation equipment. Thus
the prediction system will neot be finalized at
this time.

Another area of skid resistance research is
pavement surfaces, TFAR and the USAF research has
continued on improved surfaces for asphalt type
pavements while the FAA has also continued research
inte developing an optimum pitch/depth pattern for
runway grooving, (Because of the potential problems
in greoving asphalt the USAF has not generally
grooved asphalt runways.) USAF research has also
dealt with testing, construction and evaluation of
porcus friction and surface seal type bituminous
treatments. In addition to these major proiects,
three minor prejects are being evaluated for poten-
tial improvements in eguipment reliability and data
analysis,

One project is the evaluation of a self-watering
system for the Mu-Meter. The self-watering system
will be used to evaluate the surface texture of ail
areas of the runway, where the present system
evaluates only selected parts of the runway. This
will hopefully £ill the gaps left in the nommal
testing procedures.

The second preject has replaced the original Mu-—
Meter hydraulic load cell with a strain gauge load
cell and graphical readout in the cab of the towing
vehicle. This will reduce the workload on the Mu-
Meter operator and increase the reliability of the
overall system.

The third project is a study of available
deceleration curves from the DBV. This is to check
if the types (partial, full, wviscous, dynamic} of
hy@roplaning can be distinguished by use of the
deceleration curves from the DBV. If the various
types can be identified through evaluation of the
curves, this will serve as additional information
that can be used to develop a more comprehensive
report on the condition of the pavement surface.

The present skid resistance evaluation eguip-
ment (see the equipment section}, procedures, and
limits have evolved as a result of the research pro-
gram, The limits of acceptability resulting from
these tests have been set at points where aircraft
(B~727 and DC-8) actually locked wheels on landing
(see Figures 1 and 2). The logical assumption made
was that the SDR and/or Mu-Meter results cbserved
during these lockups, would be an indicator that
the surface being tested would be susceptible to

hydroplaning (3 and 4). (Note: The limits vary
between Figure 2 and Figure 6; this 1s a result of
changing to ASTM-E-524 standard tires on the DRV),

Skid Resistance Test

In the Alr TForce standard skid resistance test,
the skid resistance/hydroplaning characteristics of
a runway surface are evaluated by twe types of test
equipment, the Mu-Meter and the diagonally-braked
vehicle (DBV). The test program consists of field
measurements of the pavement skid resistance/hydro-
planing potential under dry and standardized arti-
ficially wet conditions. Other parts of the pro-
gram include measurement of transverse slopes and
surface texture. The slopes and texture measure-~
ments are conducted in traffic lanes on each side
of the runway centerline to evaluate the surface
drainage and texture characteristics,

Equipment

The principal items of field testing equipment
congist of the Mu-Meter, the diagonally-braked
vehicle (DBV), tank truck for water application, a
device for measurement of the slope of the pavement
surface and the grease texture measurement kit.

The Mu-Meter is a small trailer unit designed
and manufactured by M L Aviation (Maidenhead, Berk-
shire, England) for the specific purpose of evaluat-
ing coefficient of friction (MU} for runway sux-
faces. The Mu-Meter physically evaluates the side
slip force between the tires and pavement surface.
Figure 7 shows the towed~out wheels and the load
cell used to measure the force pulling the wheels
apart., It is a continuous recording device that
graphically records the coefficient of friction (MU)
versus distance alcng the pavement. The friction
measuring wheels are designed with 10 psi tires so
that the test vehicle when towed at 40 mph, gives
a speed equivalent to 1.2 times the theoretical
hydroplaning speed (33 mph). The system has been
modified to replace the standard load cell with a
strain gauge lcad cell and an in-cab readout of
the continucus graphical display.

The DBV is a specially instyumented vehicle
which was developed by NASA to evaluate the stop-
ping characteristics of runway surfaces. The DBV
records the stopping distance of the vehicle in a
diagonally-locked wheel mode from a speed of 60 mph
(96.6KM/Hr) (2). The diagonally-braked wheels are
now equipped with ASTM E-524 test tires.

A water truck is furnished by the fire depart-
ment at the air base tested. The truck is fitted
with a spray bar for water application, tachometer
for precise speed contrel and integral to the truck
is g constant pressure discharge system. The water
is applied in two passes. The truck is carefully
calibrated so that each pass places 0.1 inch
(.254cm) of water on the test strip. Testing fol-
lows immediately after the second pass.

The slope measuring device consists of a recw
tangular section of aluminum {10 ft (3.0m) long,
5/8 inch (15.%9mm) thick, and 2 1/2 inches (63.5mm}
high] with machinist levels attached sc as to de-
fine slopes from 0 to 2.0 percent tce the nearest
0.1 percent. The slope measuring device is used to
measure transverse and longitudinal gradients in
the wheel path areas.

The grease smear texture kit consists of dis-
posable 30 cc syringes, masking tape, ruler and
hard rubber squeegee. Texture measurements are
taken in each test section.




Testing Procedure

The field test procedure used for the evalua~
tion of skid resistance/hydroplaning characteristics
of the runway surface is described in an Air Force
Weapons Laboratory Technical Report (7). An out-
line of the current test procedures follows:

1. Generally five test areas of 10 feet {3.0m)
by 2000 feet (609.6m) are selected as a representa-
tive sampling of the entire runway surface (Figure 3}.
Test sections are selected to examine the pavement
traction in {1} the aircraft touchdown areas, (2)
the runway interior along traffic lanes where maxi-
mam aircraft braking is normally accomplished, and
(3) the pavement edge which is representative of non-
traffic areas.

2. Transverse slope measurements are conducted
at 500 cr 1000 foot (152,4m or 304.8m) intervals in
the wheel path areas on each side of the runway
centerline.

3. Surface texture measurements are obtained
in each test section.

4. The watey truck is calibrated to discharge
0.1 inch {.254cm) of water.

5., The skid resistance test for the dry pave-
ment condition is conducted using the DBV and Mu-
Meter.

6, 5kid resistance tests under a standardized
artificially wet condition are conducted as follows:
a. Water is applied to the test area in two
Lach pass places 0.1 inch (,254cm) of watex.
b. DBV and Mu-Meter tests are conducted
immediately following the second pass of the watex
truck. The test is continued for up to thirty min-
utes after wetting, depending on the recovery rate.
Tests are conducted in both directions.

¢, All water truck, Mu-Meter and DBV
operations are reccrded versus time to the nearest
second, The sequence of operations is controllied
by radio.

passes,

Test Results

The pavement skid resistance resullts are
reported in terms of coefficient of friction (Mu},
as measured by the Mu-Meter, and the wet-to-dry
stopping distance ratio (SDR}, as measured by the
DBV, Research conducted during Combat Traction IT
has been used to define breakpoints in the values of
Mu and SDR which define potential hydroplaning prob-
lem {see Figures 1 and 2}; these breakpoints are
shown on the charts in Table 1. While current tech-
nology does nhot pexmit exact prediction of airecraft
stopping distances, the charts provide a good rule
of thumb for interpretation of data. The results
are tabulated, analyzed and published in runway skid
resistance survey reports for each Alr Force base
evaluated,

Friction Variaticn

rigure 4 shows the friction versus distance trace
as recorded by the modified Mu-Meter during the
first runs after wetting for several different sur-
faces., It shows the continucus variation of fric-
tion within the 2000 feot (609,.6m) test sections.
Comparisons can be made with dry conditions which
are recorded in the data sections of the reports.
Sharp dips or rises indicate a change in surface
characteristics or the location of local ponding
areas. In an evaluation, comparisons may be made
between various secticns of the runway and the
probable hydroplaning areas pinpointed. Typically
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each runway will have touchdown areas with the
highest probability of hydroplaning and edge sec-
tions (nentrafficked areas) with the lowest proba-
pility. Figure 4 presents several friction traces.
The bold trace shows one minor pending area approxi-
mately 440m (1400 f£t) into the test section, The
reports present only the first trace recorded after
the surface is wetted, but as time allows drainage,
the traces are closely checked for trends to iden-
tify any ponding due to lack of adequate cross-
slope or excessive rutting. The transverse slope
measurements are used to help point out potential
preblem ponding areas that are not tested by a wet
test procedures. The wet test procedures also show
visually when and where there are ponding problems
on the runway.

Friction Recovery With Time

Figures 5 and 6 show the effects of time after
wetting on changes in surface friction for several
typical pavement types. The figures demonstrate
the natural drainage characteristics of the runway
surface and times required for the friction in the
test sections Lo return to an acceptable condition
(assuming recovery in the 30 minute time period).
I1f the section does not recover to an acceptable
level during the time period, the runway or section
is a prime candidate for runway improvements.

These curves were derived by plotting the average
coefficient of friction over the 2000 feet (609.6m)
test section or SDR versus time after wetting.
These recovery curves are typical of several types
of pavements and of several areas of the runway.
These cuxves are affected primarily by pavement
surface texture and pavement surface drainage.
Rates are also affected by weather conditions, such
as wind, free alr temperature and pavement tempera-
ture. All variables are weighted by engineering
judgement when final analysis of a particular cuxve
is presented.

Data Reduction Program

The AFWL developed a computer analysis package
to process all data gathered in the standard test.
Data is recorded on standard forms designed for
keypunching divectly from the original data. Out-~
put from the analysis program includes data summary
charts for each test section, plotted curves show-
ing Mu vs time and SDR ws time for each test sec-
tion. The printout alsc includes weather data
recorded during the testing of each runway (8).

Rasad on the recovery graphs, slopes, visual
cbservation, grease texture measurements, weather,
Mu-Meter traces, and experience, the engineer can
develop an evaluation that will provide operators
with the expected response of his runway (s) during
wet weather operations,

Test Limitations

Research conducted to date allows identifica-
tion of runways (or parts thereof) where skid
potential is at a potentially dangerocus level. In
these cases, the situation can be pointed out to
aircrews and remedial action can be taken by the
civil engineer at the base. These recommendations
for tower advisories to ailrcrews orx improvements
should help prevent potential skid/hydroplaning
accidents. This nonguantitative identification of
potential problem arecas is the best we can do for
operators, since at the present time we cannot
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Table 1,
MU-METER AIRCRAFT PAVEMENT RATING (l, AFWL~TR~73~165)
EXPECTED AIRCRAFT
MU BRAKING RESPONSE RESPONSE
Graater Than 0,50 Good No Hydroplaning Problems Are
Expected.
0.42 -~ 0,50 rair Transitional.
0.25 - 0.41 Marginal Potential Por Hydroplaning
Por Some A/C Exists Under
Certain Wet Conditions.
Less Than 0.23 Unacceptable Very High Probability For

Most Aircraft to Hydroplane

STOPPING DISTANCE RATIO/AIRFIELD PAVEMENT RATING {7, AFWL-TR-73-165)

SDR HYDROPLANING POTENTIAL
1.0 - 2.5 No Hydroplaning Anticipated,
2.5 - 3.2 Potential Not Well Defined.
3.2 - 4.4 Potential For Hydroplaning.

Greater Than 4.4

Very High Hydroplaning
Potential.

Note: Technical Report No. AFWL-TR~73~165 (Source of Ratings) Adjusted
To Reflect Use of 15 Inch Tires on the Diagonally Braked Vehicle.

with any statistical reliability predict the amount
of runway that it will take for a given aircraft

to stop under a specific set of circumstances. We
will provide information based on breakpoints shown
in Table 1 about the relative probability of incur-—
ring a hydroplaning situvation or other skid phe-
nomena. The USAF standard skid resistance test

and subsequent report will (1) determine/report if
and where there is a potential hydroplaning problem
on the runway, {(2) determine how serious the prob-
lem is, Lf one exists, (3) pexmit base civil engi-
neers to program improvements and (4) give the
aircrews better knowledge of what to expect when
operating on the runway.

At this time, the USATF considers that the use
of both the Mu-Meter and the DBV provides informa-
tion that would otherwise be unavailable if only
one type of equipment was used in the evaluations,
in example of this is where excess bitumincus
material is on the surface. The Mu-Meter will not
necessarily pocint cut the proklem but the DBV dry
stops will generally create enough heat to melt the
asphalt and a skid over the melted asphalt will
result, This type of condition may present a haz-
ard to aircraft during both dry and wet weather
conditions.

Program Operaticn

The standard USAF skid resistance evaluation
program wag started in FY74, Since that time
improvements have been integrated into the proce-
dures. The program will be continued for the fore—
seeable future because of the lack of any more
religble system, The Air Force Civil Engineering
Center at Tyndall AFB FL is program coordinator
for the USAF. To date, most Air Force bases have
been evaluated and as base runway surfaces are

changed, tests will be conducted to detect any
changes caused by new construction. Through a slow
process of education, the base level engineers are
teginning to become aware of the problems created
by lack of attention to specifications or lack of
compliance with gpecifications by contractors.
Through this education process, the Air Force will
be able eventually to have runway surfaces with
such surface characteristics that the only skié/
hydroplaning accidents will be a result of either
extreme carelessness, mechanical malfunctions, ox
extremely adverse weather conditions.



keferences Cited 5.

Procedures For Use of Decelercmeter To Measure

Runway Slickness, TO 33-1-23, USAF 8 Oct 1960. 6.
Yagey, T. J., W. P. Phillips, W. B, Horne, and

H.C, Sparks, A Comparison of Aircraft and

Vehicle Stopping Perfeormance on Dry, Wet,

Flooded, Siush-, Snow-, and Tce-Covered Runways,

WASA Nov 19703, Washington DC. C.
Horne, W. B., T. J. Yager, R. K. Sleeper, L.R.

Merritt, Langley Working Paper 1016, Part I- 1.
Traction Measurements of Several Runways Under

Wet and Dry Conditions With A Boeing 727, A
Diagonal-Braked Vehicle, and A Mu-Meter, NASA

30 Dec 1871, Langley Research Center. 2,
Horne, W, B., T. J. Yager, R, K, Sleeper, BE. G.

smith, L. R. Merritt, Langley Working Paper

1051, Part II-Traction Measurements of Several 3.
Runways Under Wet, Snow Covered and Dry Condi-

tions With A Douglas DC~9, A Diagonal-Braked

vehicle, and A Mu-Meter, NaASA 27 Sep 1972,

Langley Research Center, 4.,
Blanchard, J. W., CAA Paper 75015, An Analysis

of The Trials Cn Wet Runways With The Mu-Meter

and Diagonal Braked Vehicle (DBY), Civil

Aviation puthority Jan 1975, London, England.

Warren, S, M,, M, K, Wahi, R. L, &mberg, H. H.

Strauk and N, $. Attri, Combat Traction II

Phase II, Volume 1 and 2, ASD-~TR-74-41, 1 and 2,

USAF Systems Command, Oct 1974,

Procedures For Conducting The AFWL Standard

Skid Resistance Test, AFWL-TR-73-165, Air Force

Weapons Laboratory, Jun 1973.

Rienhart, N, E,, skid 2 Computer Program For

Reduction Of Runway Skid Resistance Data,
AFWL~TR-74-180, Air Forxce Weapons Laboratory,

Mar 1975,

Related Sources

B.

1.

General

Black, T. J., III, Methods for Reducing the
Slipperiness of Painted Runway Markings,
AFCEC~TR-75-8, Air Force Civil Engineering
Center, May 1975,

Skid Resistance Tests in Support of the F-4
Rain Tire Program at the Bir Force Flight Test
Center, AFWL-TR-74-20, Air Force Weapons
Laboratory, Jun 1974,

sugg, R. W., A Report On A United Kingdom Run—
way Friction Classification Programme, l4th
Meeting of the Flight Safety Working Party,
Military Agency For Standarxdization, North
Atlantic Treaty Organization, 1975,

Williams, J. H., Analysis of the Standard USAF
Runway Skid Resistance Tests, AFCEC-TR-75-3,
air Force Civil Engineering Center, May 1975.

Bituminous Suxrfaces

Compton, P, V., Skid-Resistance Evaluation of
Seven Antihydroplaning Surfaces, AFWL-TR-74-64,
Alr Force Weapons Laboratory, May 1974.
Evaluation of Construction Techniques for New
Antihydroplaning Overlays, AFWL-TR-74-~77,

air Force Weapons Laboratory, Jun 1974,

Godwin, L. N., Slurry Seal Surface Treatments,
Instruction Report $-75-1, U. S. Army Engineer
Waterways Experiment Station, Jun 1975,
Hargett, BEmil, The Resistance of Porous Asphalt
and Antihydroplaning Surfaces to Environmental
Effects and Simulated Aircraft Wheel Loadings,
AFWL-TR-T74-169, Alr Porce Weapons Laboratory,
Nov 1974,

69

Tomita, Hisao, J. B. Forrest, Porous Friction
surfaces for Airfield Pavements, AFWL~-TR-74-177,
Alr Porce Weapons Laboratory, May 1975.
Triandafilidis, G. E., E. R. Hargett, Influence
of Water Depth on Traction Characteristics of
Asphalt Concrete Pavements, AFWL-TR-74-152,

Alr Force Weapons Laboratory, Nov 1974,

Grooving

Grisel, C. R,, Investigation of the Effects of
Runway Grooves on Wheel Spin-up and Tire Degra-
dation, FAA-RD~71-2, Federal Aviation Adminis~
tration, Apr 1971,

Gunket, R, C., Inspection of Pavement Grooving,
AFWL~TR-72~149, Air Force Weapons Laboratory,
Feb 1973,

Hiering, W. A., and C. R. Grisel, Friction
Effects of Runway 18-36 Washington National
Airport, NA-68-31, Federal Aviation Administra-
tion, Dec 1968.

Pavement Grooving and Traction Studies, WASA
$p-5073, Langley Research Center, National
Aeronautics and Space Administration, Nov 1868.




70

0.8+ e
o
[+] o ad¢ 0o
0.7+ o
o
'ffj o
& 0.64 °©
E o
2 o o
= o o ©
S g5d—050 4 o° o ©
5 o] o 0°
x o ¢ o o
o Q
w o042 o ®Co e © ®e
<
C.494 0 @ o
E ® o s @
o 4 °
™ L o) @
L 0.34 ®
] ®
L 025
@
a2
Ol ¥ L) L) L) 1
80 90 100 10 120 130
SPEED AT BRAKE APPLICATION {KNOTS)
AIRCRAFT
& WHEEL LOCK-UP
FIGURE |
PRIMARY RUBBER INTERIOR
DEPOSIT AREAS AREAS

I

DBY STOPFING DISTANCE RATIO {WET/DRY)

4.09
@
3.5d—35 ®
3.0+
2.5 o 2.5 ® @ ; o
e 0 g 00% o &
'y -] ]
o] o] Oy © ® P
% o] o,o L
2.04—2.0 0(900
¢}
e 0
o Q o © [¢]
o (o] o0
<] o Ooo
io L] ¥ L ¥ i |
a0 90 100 L] 12¢ 130
SPEED AT BRAKE APPLICATION (KNOTS)

AIRCRAFT

6 WHEEL LOCK~UP

SECONDARY RUBBER
DEPOSIT AREAS

fu]
z =
b
al | a | lc | L ] E ] 13
< - f - =] e -
© ! : ot
g % 1 [+ F 1 |5
2l &
H g
O
VARIES \ NON~ARCRAFT
500'(152.4m) TO 1000'(304.8m) TRAFFIC AREA (EDGE SECTION)

NOTE, TYPICAL TEST SECTION DIMENSIONS

10' (3.0m) WIDE BY 2000'(609.6m} LONG

LAYOUT OF TEST SECTIONS

FIGURE 3

FIGURE 2



DISTANCE IFT)

PRIMARY TQUCHDOWN
SECONDARY TOQUCHDOWN  SECTION -t-i'"s

STOPPING DISTANC
STANDARD DRY STOPPING DISTANCE

WET

SOR =

i 610 1.0
2000 -
GOoD
- 2 0.9 =4
] Fsoo
) ERIOR /-————'
-1 0.8 = PFCOINT
. b 4 00
g o E )
- =
i w
Y tw
1000 - - 300 z G}
= «
4 o @
L e u
~ >
e 8
i l- 200
] 0.3 =
MARGINAL
T 2 P W M Em mm M M e A ma e W T e e
] - 100 0.2
1 B O. | =
o T | 0 UNACCEFPTABLE
[ & 9 10 0 | I Y Y Y T
COEFFICIENT OF FRICTION 0 5 1o % 20 25 30 35

SECTION vt CENTER SECTION ™

EDGE SECTION w0y
TYPICAL Mu-METER TRACES
AT NELLIS AFB

TIME AFTER WATER {MINUTES)

RECOVERY RATES
FIGURE 5

FIGURE 4
oo UNACCEPTABLE e
=g
5 5 =1 [
««««« i _pisTANCE
- )) o RS
50 - f
LOAD SENSING ( )
=~ CAPSWE
4 5_ ——————— - v e e s Ew ma -
MARGINAL
ON CARSULE
" DRAG
PLAN YVIEW
{TOP FRAWE REMOVED!

3.5 = SI0E FORCE

____________ - -

BALLAST
2o FA IR CENTER OF GHAVIYY RECORCER
D Gebm g PN e = -
AMP P,
Gooo Flte Lo LOWERMME
SPRING
2 O P =
TESTING RECOR
WHEZLS \!NEELW
.5 =
PrEC -
iTeRoR SIDE ELEWATION
{NEAR SDE WHEEL REMOVED |

1o T ¥ t T T T

[+] 5 1+ 5 20 25 30 35

TIME AFTER WATER (MINUTES)
RECOVERY RATES

FIGURE &
E Fioury 7.

DRAG FORCE By

DiAGRAMMATIC LavouT of Mu-MeTes.

71



