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EXECUTIVE SUMMARY 

A Friction Snubber Force Measurement System (FSFMS) was developed and shop­

tested during TDOP Phase I. The primary objective of this system was to measure 

friction coefficients and forces transmitted between the friction shoes and the wear 

plate of conventional freight car trucks. During Phase II of TDOP a series of over­

the-road tests was run to obtain friction snubber data in actual railroad operation. 

The FSFMS was installed on both an ASF Ride Control and Barber S-2 70-ton truck. 

During November and December of 1978, these trucks were run through a series of 

tests in various load conditions over sections of Union Pacific track near Las Vegas. In 

addition to m ~asuring friction snubber forces, transducers were installed on the trucks 

and carbody to measure relative motion between carbody and truck, and carbody rigid 

modes. 

Results from the data analysis showed the Barber truck to have a coefficient of 

dynamic friction between .31 and .36 while the dynamic friction coefficient of the 

ASF truck was between .37 and .49. The only strong correlation between relative 

motion in the truck and friction forces occurred in the vertical motion of the side 

frame relative to the truck. As the vertical motions increased, the variation in the 

friction forces increased. 

The quality of test data acquired during the test program was excellent. Noise floor 

recordings were an order of magnitude less than the test data. Comparison of data 

between runs and between similar measurements showed excellent agreement in rela­

tionship to track input. 

iii 
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SECTION 1- INTRODUCTION 

1.1 BACKGROUND 

During the Truck Design Optimization Project (TDOP) 
Phase I, instrumentation did not exist to measure the 
forces tmnsmitted through the spring-loaded friction 
shoes located between the side frame and bolster of a 
freight car truck. Consequently, Wyle Laboratories 
developed, designed, fabricated, and shop-tested a proto­
type Friction Snubber Force Measurement System 
(FSFMS). A complete description of the FSFMS, its 
operation, results of shop testing, and intended use are 
given in reference 1. Since the system was not com­
pleted prior to the conclusion of TDOP Phase I, a field 
test was scheduled during TDOP Phase II to acquire 
FSFMS data. 

The test plan developed to conduct the field test (refer­
ence 2) furnishes a description of the required hardware, 
instrumentation layout, proposed test zones, per­
formance regimes to be tested, vehicle configurations, 
schedules, and data analysis. 

Based upon the approved test plan, a comprehensive test 
procedure (reference 3) was prepared. The test pro­
cedure defined instrumentation types, locations and 
mounting brackets, calibration procedures, run se­
quences, and the required documentation to support the 
test effort and preparation of the final report. 

The primary objective of the test program was to obtain 
field test data from which measured values of friction 
coefficients and forces associated with the friction snub­
ber could be calculated. A value of dynamic friction 
coefficient was characterized for each truck. Measured 
values of normal and tangential forces between the 
friction shoe and the wear plate were to be evaluated as 
a function of the following: 

a. Relative displacement due to bolster motion, 
both vertical and horizontal 

b. Relative angular displacement between side 
frame and bolster 

c. Direction of vertical motion 

d. Relative velocity of sliding motion 

After the FRA approval of the test plan and procedure 
(references 2 and 3), the field test was conducted 
between November 13 and December 8 near Las Vegas, 
with the assistance of the Union Pacific Railroad. The 
testing was performed on two types of trucks: the 70-
ton Barber S-2 truck and the 70-ton ASF Ride Control 
truck. 

1.2 SCOPE 

This report is divided into six sections and four appen­
dices. Section 2 describes the equipment that was used 
to accomplish the test ojectives (the consist, test hard­
ware, instrumentation, etc.). Section 3 details the 
actual test runs. Section 4 describes data acquisition 
and reduction, and Section 5 presents the data analysis, 
including the procedures used to extract friction coef­
ficients for each of the two types of trucks and an 
evaluation of the data quality. Correlations are given 
between data acquired during several test runs and track 

1 

geometry measurements of the test zones made pre­
viously. Some data, in addition to those required to 
meet the objectives of the testing, were acquired during 
the course of the program and are also presented. 
Section 6 recommends some further analyses that could 
be conducted to extract additional information from 
these data. 

SECTION 2- TEST EQUIPMENT 

2.1 TRUCKS 

The trucks used in this test program were 70-ton ASF 
Ride Control and Barber S-2 trucks. They were modified 
by changing the side frame snubber column to accomo­
date the friction snubber transducer. A photograph of 
the transducers installed in the ASF truck is shown in 
Figure 2-1. Before the over-the-road testing of the 
modified trucks, a structural qualification laboratory 
test was conducted on one of the trucks to verify 
structural adequacy for unlimited service. The results of 
these tests are documented in reference 1. 

Also, laboratory measurements were made of the spring 
rate for the snubber springs in the Barber truck. The 
results of these measurements are included in Appendix 
A. No measurements were made on the ASF snubber 
spring because of the difficulty in disassembling the 
truck. During the test program static measurements 
were made at each spring nest. The results of these 
measurements are contained in Table 2-1 for the Barber 
truck and Table 2-2 for the ASF truck. A typical spring 
group is shown below. 

B-end ... 

2.2 CARBODIES 

The test plan called for 70-ton carbodies to be used in 
the test program. However, at the time of testing, no 
70-ton carbodies were readily available. Therefore, to 
expedite instrumentation and testing, two 100-ton hop­
per cars were used as test cars, one with the Barber 
truck and the other with the ASF truck. Descriptions of 
carbodies used in the Barber and ASF truck tests are 
given in Figures 2-2 and 2-3, respectively. 

The modified trucks with the friction snubber instru­
mentation were placed at the B-end of each test car and 
a similar 70-ton truck from TDOP Phase I was placed 
under the A-end. New wheels were placed on all trucks 
before the start of the test program. During assembly of 
the test_ cars, the center plate at the B-end was lubri­
cated with molybdenum disulfide to achieve uniform 
center plate friction characteristics. 



Figure 2-1. Detail of Transducers in ASF Truck 

Table 2-1. Spring Group Measurements (In.) Barber Truck 

B-End Truck A-End Truck 

Right Left Right Left 

Front Rear Front Rear Front Rear Front Rear 

Static 11 11 11 11 N/M N/M N/M N/M 

Empty Car 10 10 10 10 9-10/16 9·10/16 9-13/16 9-13/16 

H a If Looded Car 9-1/4 9-1/4 8-3/4 8-3/4 8-7/8 8-7/8 8·3/4 8·7/8 

Loaded Car 8-5/8 8-11/16 8·3/16 8-3/16 8-1/4 8·1/4 8-1/16 8-1/8 

N/M: Not Measured 
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Table 2-2. Spring Group Measurements (In.) ASP Truck 

Static 

Empty Car 

Half Loaded Car 

Loaded Car 

N/M: Not Measured 

CLASS 
H·I00-13 

B-1!..'111 Tn.oek 

Right 

Front Rear 

N/M N/M 

10 10-1/8 

9-5/16 9-9/16 

8·5/8 8-13/16 

HOPPER CAR 
197.000 LBS CAPACITY 

Front 

N/M 

10 

8-13/16 

8-3/8 

.69:ifOVE!!_t0Rt:;U;:R_P_OS15_ HT ·------. 
.. _ _ _ 48--Jj"INSI,PE L~.!-IGTtt·.~t.IYJEE;N_ENO lOP CHORDS 

Left 

Rear 

N/M 

10•1/16 

8-15/16 

8-3/8 

Right 

Front 

N/M 

9-15/16 

8-13/16 

8-1/2 

H-100-13 
CAR N·J'S 

38700 - 38899 

A-KI'!d Truck I 
Left 

Rear Front Rear 

N/M N/M N/M 

9-15/16 9-7/8 9-13/16 

9-3/16 9-7/8 8-13/16 

8-1/2 8-3/16 8-13/16 

BUILT NEW 

EMPTY: 63,600 LB 

HALF LOADED: 
149,300 LB 

LOADED: 209,500 LB 
LADING: COARSE GRAVEL 

44- - 4580 
154- C-34 561 ,., 
30"' -C- -4!i8 

B - -3<45 

92 CARS EQUIPPED WITH 1e~ t.IA. 
CENTER PLA1E 

Modified from Diagram F-10-7, 

Union Pacific Railroad Co. 
Research and Mechanical 

Standards 

Figure 2-2. Barber Truck Test Car -UP387~8 

3 



CLASS 
H-90-1 ZOOOOO LBS" LAPA<.ITY 

HT 

H-!10-1 

CAR N 
17950-18199 BUILT NEW 9/62 

EMPTY: 57,900 LB 
HALF LOADED: 

141.000 LB 
LOADED: 203,700 LB 

LADING: COARSE GRAVEL 

Figure 2-3. ASF Truck Test Car - UP17966 

2.3 UP MOBILE LABORATORY CAR 210 

2.3.1 Description 

The Union Pacific mobile labor a tory car 210 was used as 
the instrumentation car. It is an 85-foot, heavy steel car 
converted from a former Pullman sleeper car. It has a 
reinforced underframe, six-wheel trucks, and alignment 
control draft gear, giving it an exceptionally smooth 
ride, safety, and stability at all speeds and in any 
position within a freight train. The car is completely 
self-contained, although it is not self-propelled. On­
board power is generated by a diesel engine/generator 
set. The layout of the car is shown in Figure 2-4. 

2.3.2 Data Acquisition System 

An onboard data acquisition and processing system pro­
vides the capability for acquisition of raw data, process­
ing and storage, and presentation for real-time and 
quick-look data display. Block diagrams of the system 
are shown in Figures 2-5 and 2-6. 

Transducer signals for the test vehicle are routed to the 
signal conditioners in mobile laboratory car 210 (Figure 2-
5). From the signal conditioners, a patch panel provides 
the f1exibility ot routing the signals to any AID channel, 
and/or F:vl tape recorder and real-time oscillograph" 
display. The onboard HP2100 MX minicomputer (Figure 
2-6) is used to control the processing of test data. The 
intelligent CRT terminal is used to enter test inform­
ation for storage on tapes and to process data from the 
tA.pes for quick-look data display. An analog-to-digital 
(A/D) converter connects 64 channels of analog signals 
from the signal conditioner, then the data are recorded 
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on magnetic tape, with such other information as test 
descriptions, channel designations, and calibration in­
formation. The tape reader is used to supply pre­
processed information, such as a test condition summary 
list, to the computer at test time. The Versatek printer­
plotter provides displays for the pretest information 
files, calibration value, real-time train location, ALD 
detection, etc. 

2.3.3 Data Display 

With the data acquisition system described in the pre­
ceding paragraph, real-time display, quicl<-look display, 
and magnetic tapes of the data were acquired for all test 
runs. Examples of typical real-time and quick-look 
displays are given in Section 4. The magnetic tapes 
consist of files containing written descriptions of the 
test, calibration files, and the raw test data. The 
sequence of files written to tape is given in Table 2-3. 
An example of a tape header file is given in Table 2-4. 
The general description is intended to provide a written 
account of the test and to note any problems oi' changes 
in the test procedure which may have been required. For 
example, in the test shown in Table 2-4, it was necessary 
to change AID channel 33 to channel 25; this change is 
recorded in the tape header file. The second file is a 
test condition sum mary file, a rigidly structured file 
which contains a listing of 61 variables associated with a 
particular test. An example of this file for test 012 is 
contained in Table 2-5. The third file is the channel 
description file (see Table 2-6). It contains a listing of 
all transducer channels for the test listed by increasing 
AID number. This table provides the engineering units 
associated with a channel and the magnitude of these 
units for the zero and the positive-step calibration 
values. 



A - INSTkUMENT lOOM 
I - KITCHEN I. DINING AltEA 
C - TOILET 
D - lEDIOOM 
E - liAIN LINE J'ANU 
f - WAHl HEATEI 
G - lAilE 
H - COMI'UTEl 
J - AMPUFifi.S 
K - O'GRAP~l 1 
l - lEiTH S£CliON U 

MATRIX P ... NEt 
- INSTRUMENT CABLE 

M SINK 
N - WASHSTAr-.;D 
0 LOCK£l , 
a 
• 

UFRIGEP.ATCI 
H£CT. STOVE 
DEEP FR£EZt 

S - WOilK DENCH 

.fNTkY 
V - INSTIU.JMENT MCK~ 
W - :F'lJNTEI PlOHER 
X - DIESEL ENGINl 

y 
z 

GENE ~ATOll: SfT 
SWitCH LOCKU 
WAHl lANK'S 

1.. Vto£0 EQUtf'MENT 
2 .. A ill fNTAKf 
3- lAD~ TO& All OUTlfl 
-4- ElKYIUC lOCKU 
!- AIIIESU\1011 
·~ FUEl TANKS 
"!-.. COMPifSSOl 
0- IA1TElV lOX 
9- CONDENSU 

lO- CUPOLA 
! ! - CONJIOl OESK 
~2- COMI"UTEl TElMINAL 

-GFE 

!J· MIU f>OSl SPOT UGHT 
lOTH SlOES 

14·· HAt-.'0 IRAIC.f. 
)Sa ENGINE f)(KA.UST PIPE 
.16~ CABLE STOUG£ 
f7- CAUE TROUGH 
18- OYNAMOMOER CO!..PLEit 

AXLES- 5-1/2 x 10 
8L()D DISC BRAKES 
CAR HEAT- ELECTRIC 
A. C. SAFETY 

BUILT BY P.S.C.M. CO. 1928 SLEEPER (BALSAM FIR) 
CONVERTED TO DYNAMOMETER CAR 196<1 
CONVERTED TO J.I,OBILE LAB. 1976 

Figure 2-4. Mobile Laboratory Car 210 Configuration 

FIELD TEST DATA ACQUISITION SYSTEM 

Tranatlucere 

Figure 2-5. Analog Subsystem 
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FIELD TEST DATA ACQUISITION SYSTEM 

Figure 2-6. Digital Subsystem 

C•m•uUr/CCTV 
lnterhce 

Table 2-3. Test Tape Data Description Table 2-5. Test Condition Summary File 

TAPE HEADER FILE 

TEST CONDITION SUMMARY 

CHANNEL DESCRIPTION FILE 

PRETEST CALIBRATION 

RAW TEST DATA 

POSTEST CALIBRATION 

POSTEST INFORMATION FILE 

Table 2-4. Example of Tape Header File. 

1 GENERA~ DESCRIPTION 
2 TEST 10: TOOP•II·FSF~S- 012 
3 PnLVIOUS TR~FIC OVER ZONE: 
~ MAIN~INE TRACK 
~ OEVI~TION FHO~ ~OMINAL TEST HARDWARE: 
6 B-E~U TRUCK HAS BEEN MODIFIED 
7 TO TAKE FRICTION SNUBBER FORCE 
a MEASUREMENT STSTE~ 
~ VERBA~ UESCRIPTION OF TEST: 

10 THib TEST IS aEING RUN USING THE 
ll FRICTIOi; SNUBi!ER FORCE IIEASURE"ENT 
1~ SYSTEh. THIS RUN HAS TrlE hOUIFIED 
13 ASf TriUCK UNDER THE FU~~~ ~OADEO 
1~ HOPPLR CAR AT THE B•ENuo 
15 DETAILS OF lH( TEST ARE CviHAINEO 
lb IN THE TEST PLAN !C•901-000l•Al 
17 A•IO TrlE JETAI~EO TEST PROCEDURE 
lB tC•90l•OUU5•Alo 
19 THIS T~ST RUN STAWIS AT 50 MPH 
2u A I MilEPOST 323 A••O COIITitWES 
21 WIIIL ~~ 32~.5 WHERE THE SPEED STA 
22 DECHEASIN~ DO~N TO 5 MPH AT THE 
23 (,>U OF THE TEST AT "p 326,8o 
, .. -1 
25 MtAS F18 CH~N ~5 S•ITCHED TO 
~i ~EA& A1~ CHA~ 25, ~10 ~E~ETEO, 
n -1 

6 

l TDOP TEST PARAMETERS -------------------
2 TEST Io: TOOP•Il•FSFIIS·D12 
S TOUP TAPE NO, 206 
~ SEQUENCE ON TAPE: 2 
~ TEST OATEI 12106/78 
6 TlST START TIME: 2100 
7 TEMPEkATUHEI 2 OEGHEES 
a PRECIPITATION: NO•t 
9 RAIL SURF CO~U!TIOI<: DRY 

10 Lli-AE; HAINLI~E ARO[fJ TO BOltJE.R JUNCTIOI~ 
11 D!HECTIO!>: W TO E 
12 f11LEPOST START; 3.:~ 
13 II!CLPOST STOPI 326,8 
11.1 f"'l~ SPttOI 5 l'tPH 
1~ MAX SP(EO: 50 HPH 
16 SPLEO TYPE: VAR'Yll~ii 
17 TRAC~ CLASS!FICATI~o>: CLAS~ q 
18 APPROX. 'fotAOE: QQ,;ImlLL 0.8~ 
U RAIL TYPE: ~Oit>TEO 
h RAIL WEIGHT I 133 LBS/YD 
21 RAl~ LAIO lo;: 196b 
22 CAH IrJlTIALS: Uf~lOi~ PACIFIC 
23 CAR NUMtiE.Fd UP17';c6 
~'f CAK TTf'LI 100 TOt~ OPEl~ HOPPCR 
2!:1 CAl\ ORllhiTAlOiiJ; H-E!Jll FOH.~AR:J 

26 CAK CAPAC lTl: 180,000 POI.I.jlJ5 
27 CAtt TARE WEIGHT: 57,!iOU Pour,u~ 

28 TAHE WEI•HTr 204,700 POUNDS 
29 TYf'E OF LAUli'~G; GRAVEL 
30 ALU + LD. TRUCrO C!~ FE.E.l 3 ]L~CNE.S 
31 TRUCK CENlL"l 36 FEEl 2 IIJC"E> 
!2 NO, OF LOCO•S: 1 
!3 TOTAL H,P,: 22~0 
3~ NO, OF CARS FO"E: 2 
3~ TOIAL TO<•S FORll 163,0 
:36 NO, OF CAkS AFT: Z 
n TOTAL TOr<o AFT: 118,3 
U TRUC~ TTPEl ASF 70 TO'' ~C 
39 WHEEL BASEl U INCHCS 
~0 SPKINGS &ROUP OUT: 7-0~ 
~1 SPKI~G GROUP IIH 6•05 
~2 STAT SP~Ir<G CDMPl ~OT MEASURED 
~3 C[NTER P~ATC DIAl 1~ INCHE~ 
~~ cti<TER PLAT!: HATLl STEE~ 
~5 CE~TE" PLATE LUSI HOLY DlSULFIEU 
~6 SlUE SEAR A·ENOI STuCKI OOuOc£ 
H SlUE SEAR B-END: STUCKI DOUB~[ 
~a SIDE BEAR CLEAR: Oo25 INCHES 
~9 SlUE BEAR SUPPc: NOliE 
110 SlUE BEAR PRELDI NONE 
51 INUSBCW TTPEI CONSTANT 
52 SNUBBER SPRII>GSI 2 ASF 5020 
~3 S.IFR lNTtRTIEI NONE 
5~ OUTER IHY CLRI Oo6~ INCHLS 
55 INNER 518 C~RI Oo~O IN~HES 
5t. ROL~tR BEARING! AAR 6 X 11 TAPERED 
57 ADAPTER PAU TTPE I NONE 
lie PAD SHEAR COEFF I N/A 
5' LAT DAMPER TTPEI NONE 
60 LAT DAHPI:R UT£:1 N/A 
61 WHLEL CONTOUR I UPRDFIL£0 1/20 
62 WHEEL DIAHETERI U INCHES 



Table 2-6. Channel Description File 
--AID CHANNEL POSITIVE 

NUMBER ID & DESCRIPTION UNITS ZERO CAL CAL 

1 S 1 - Car Velocity MPH 0.000 50.000 
2 S 2- Automatic Location Detector TTL 0.000 5.000 
3 F 1 - FS4 Upper Normal Force Pounds 0.000 2912.000 
4 F 2 - FS4 Lower Normal Force Pounds 0.000 3012.000 
5 F 3 - FS4 Upper Lateral Force Pounds 0.000 1644.000 
6 F 4- FS4 Lower Lateral Force Pounds 0.000 1488 .000 
7 F 5 - FS4 Vertical Force Pounds 0.000 1499.000 
8 F 6 - FS3 Upper Normal Force Pounds 0.000 2871.000 
9 F 7- FS3 Lower Normal Force Pounds 0.000 2824.000 

10 F 8 - FS3 Upper Lateral Force Pounds 0.000 1654.000 
11 F 9 - FS3 Lower Lateral Force Pounds 0.000 1677.000 
12 FlO - FS3 Vertical Force Pounds 0.000 1268.000 
13 D 1- RT FT Spring Group Vert Disp Inches 0.000 0.519 
14 D 2- RT RR Spring Group Vert Disp Inches 0.000 0.471 
15 Dll - RT Carbody /Bolster Vert Disp Inches 0.000 2.054 
16 A 1 -B-End Center Plate Vert Accel G's 0.000 5.450 
17 A 2- A-End Center Plate Vert Accel G's 0.000 5.380 

I 18 A 3- B-End Outboard Vert Accel G's 0.000 3.160 
19 A 4- A-End Outboard Vert Accel G's 0.000 3.250 
20 A 5 - B-End Lateral Accel G's 0.000 3.430 
21 A 6- A-End Lateral Accel G's 0.000 5.450 
22 A 7 - RT Side Frame Vert Accel G's 0.000 1. 617 
23 A 8- LF Side Frame Vert Accel G's 0.000 -1.583 
24 A 9- RT Side Frame Over Range V Accel G's 0.000 35.540 
25 A10- LF Side Frame Over Range V Accel G's 0.000 34.830 
26 Fll - FS1 Lower Normal Force Pounds 0.000 2835.000 
27 F12 - FS1 Lower Normal Force Pounds 0.000 2808.000 
28 F13 - FS1 Upper Lateral Force Pounds 0.000 1671.000 
29 F14 - FSl Lower Lateral Force Pounds 0.000 1574.000 
30 F15- FSl Vertical Force Pounds 0.000 1518.000 
31 F16 - FS2 Upper Normal Force Pounds 0.000 2914.000 
32 F17- FS2 Lower Normal Force Pounds 0.000 2805.000 
33 F18 - FS2 Upper Lateral Force Pounds 0.000 1607.000 
34 F19- FS2 Lower Lateral Force Pounds 0.000 1607.000 
35 F20 - FS2 Vertical Force Pounds 0.000 1480.000 
36 D 3 - LF FR Spring Group Vert Disp Inches 0.000 0.527 
37 D 4 - LF RR Spring Group Vert Disp Inches 0.000 0.518 
38 D12- LF Carbody/Bolster Vert Disp Inches 0.000 2.053 
39 D 5- RT FR Bolster/Side Frame Lat Disp Inches 0.000 1.000 
40 D 6 - R T RR Bolster /Side Frame La t Disp Inches 0.000 1. 000 
41 D 7 - RT Bolster /Side Frame Rotation Inches 0.000 1.000 
42 D15- RT Bolster/Side Frame Long. Disp Inches 0.000 1. 000 
43 D 8- LF RR Bolster/Side Frame Lat Disp Inches 0.000 1.000 
44 D 9- LF FR Bolster/Side Frame Lat Disp Inches 0.000 1.000 
45 D10 - LF Bolster Side Frame Rotation Inches 0.000 1.000 
46 Dl6 - LF Bolster/Side Frame Long. Disp Inches 0.000 1.000 
47 D13 - Center Plate Rotation Forward Inches 0.000 -0.768 
48 Dl4 - Center Plate Rotation Back Inches 0.000 -0.791 

an information file. The fourth file on the data tapes is the pretest cali­
bration file and is described in detail in paragraph 2.4.4. 
The raw data file contains the test data acquired during 
a test. It is written in multiplexed format with the data 
for one time point written sequentially through the run. 

At the completion of each run, a post test calibration 
was conducted and the results were written on the test 
tape. Finally, any post test comments were entered on 

During the tests, each test run was written on a single 
tape. At the completion of the entire test program, the 
tapes were edited to correct errors and omissions, such 
as test car weights which were often not available when 
the test was run. The data files run from each were then 
written, two test runs on a tape, starting with tape 
number 201. 
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2.4 INSTRUMENTATION 

2.4.1 Data Channel Description 

Forty-eight channels of data were acquired during the !:'SF:\1S test program. They consisted of 20 channels of friction snubber forces, 16 displacements, 10 acceler­ations, vehicle speed, and ALD detection. The instru­rnenta tion list is given in Table 2-7. This list is included in each tape header as the third file in the format previously described in Table 2-6. Dual identifiers are used for each channel. The measurement identifier is a generic designation for each channel and is the descrip­tion used in planning and running the test program. The \/D channel is the digital channel number on which each of the measurements was written and is the identifier which was used when addressing the channels for data !'eduction. Table 2-7 also includes the location descrip­tion and {he units associated with each channel. 

2.4.2 Location 

The instrumentation was located on the B-end truck and at both the A- and B-ends of the carbody. The truck instrumentation consisted of force transducers in each friction snubber group and displacement and acceleration measurements on the bolster and side frames. Typical instrumentation is shown in the photographs of the bolster/side frame in Figure 2-7, A and B. For this instrumentation, an aluminum bracket was bolted to the side frame and another to the bolster. The eddy current transducers (D5, D6, D7, and D15 shown in Figure 2-7) were attached to the bracket on the bolster to sense the distance from the transducer to a target, in this case, the bracket on the side frame. The bending beam transducers (Dl and D2), were mounted to the bolster bracket and attached by wire at the other end to the side frame bracket. As the bolster/side frame move relative to each other in the vertical direction, the amount of bending in the beam measured by strain gages increases or decreases. The amount of motion is directly pro­portional to this change and is calibrated using a known displacement. Eddy current transducers are shown in Figure 2-8, A and B. 

Before testing the ASF truck, the center of the side frame bracket was removed (see Figure 2-7B) to permit access to the fricion snubber pins so they could be pinned back during calibration. 

Two string potentiometers were used to measure the center plate rotation (shown in Figure 2-9). The string potentiometers were mounted on a bracket secured to the bolster. The strings were extended and tied to the truck body bolster at the longitudinal centerline of the carbody. As the center plate rotates, one string potenti­ometer is extended and the other is retracted. 

The carbody/truck bolster rotation was measured by string potentiometers shown in Figure 2-10, A and B. The string potentiometer was mounted on the carbody bolster and the string attached to the truck bolster. The string potentiometer arrangement was used on both sides of the Barber truck (Figure 2-lOA). Prior to the start of testing on Ute ASF truck, the right string potentiometer failed and was repla~ed by a linear potentiometer as shown in Figure 2-lOB. 

Typical carbody and side frame accelerometer installa­tions are shown in Figure 2-11, A and B. The carbody 
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accelerometers were mounted on brackets welded to the carbody. An outboard vertical (A3) and lateral (A5) accelerometer are shown in Figure 2-llA. The acceler­ometers on the truck (Figure 2-118) were mounted with dental cement directly to the side frame. Each side frame had a 5-G and an overrange 50-G accelerometer mounted on them. However, evaluation of the results showed the one 5-G accelerometer was completely ade­quate to measure side frame acceleration without satur­ating. 

2.4.3 Signal Conditioning 

The data from the transducers on the test vehicle were routed to the junction boxes (see Figure 2-7 A) on each side of the car. Large transfer cables were used to route the signals to car 210 and the signal conditioner from the junction boxes. Ectr·on signal conditioning was used for the following transducers: all friction snubbers, all accelerometers, all bending beams, and the two truck/carbody bolster string potentiometers. All signals routed through the Ectron signal conditioner were filter­ed at 20 Hz. The Ectron signal conditioners proved to be a constant source of trouble during the course of the entire test. Most of them were kept on-line by contin­uous repair work; however, some data channels were lost due to failure of these conditioners, as noted in Section 3. 

The eddy current transducers (measurements D5-D10 and D15-D16) were routed through the Dynamics signal conditioner only for purposes of filtering. No signal amplification is required for these transducers. The filtering was done at 25 Hz. 

The two string potentiometers for center plate rotation (D13 and D14) were routed through the B and F and Dana signal conditioners. They were filtered at 100 Hz. 

2.4.4 System Calibration 

All instrumentation was calibrated before the start of the test program. Some transducers, such as the friction snubber force measurement system, were calibrated by the manufacturet· before delivery and were supplied with call bra tion curves. Other transducers, such as the accelerometer from Phase I, were sent to a calibration laboratory for recalibration before the start of testing. Finally, others, such as the eddy current transducers, were field-calibrated by using a known displacement and measuring the output. 

Before the start of testing on each truck type, each of the friction snubber groups was backed off (i.e., all the forces were removed) and a zero-calibration value was obtained so the subsequently measured forces on all the friction snubbers were the total force. The friction shoes were backed off on the Barber truck by jacking the bolster up, and on the ASF truck by pinning the friction shoes back. 

As a part of the calibration procedure conducted just before and after each test run, a shunt resistance calibration on ·all resistive transducer elements was done. With the consist stationary, the static (zero) setting response of each channel was recorded. Insertion of shunt resistance into the positive resistive bridge leg was then made for each channel. Both the zero and positive calibrations were obtained from the computer and reviewed for acceptability before recording onto magnetic tape. 



Measurement AID 
Identification Channel Description 

Sl I Car Speed 

S2 2 Car Location (ALD) 

Fl 3 Friction Snubber 4-UN 

F2 4 Friction Snubber 4-LN 

F3 5 Friction Snubber 4-UL 

F4 6 Friction Snubber 4-LL 

FS 7 Friction Snubber 4-V 

F6 8 Friction Snubber 3-UN 

F7 9 Friction Snubber 3-LN 

F8 10 Friction Snubber 3-UL 

tO F9 11 Friction Snubber 3-LL 

FlO 12 Friction Snubber 3-V 

Fll 26 Friction Snubber I-UN 

Fl2 27 Friction Snubber 1-LN 

Fl3 28 Friction Snubber"I-UL 

F14 29 Friction Snubber I-LL 

FIS 30 Friction Snubber 1-V 

Fl6 31 Friction Snubber 2-UN 

Fl7 32 Friction Snubber 2-LN 

Fl8 33 Friction Snubber 2-UL 

F19 34 Friction Snubber 2-LL 

F20 35 Friction Snubber 2-V 

Dl 13 Verti~al Displacement 

Table 2-7. Instrumentation List 

Location Unit 

MPH 

Car 210 

Right Front Spring Group Pound 

Right Front Spring Group Pound 

Right Front Spring Group Pound 

Right Front Spring Group Pound 

Right Front Spring Group Pound 

Right Rear Sprmg Group Pound 

Right Rear Spring Group Pound 

Right Rear Spring Group Pound 

Right Rear Spring Group Pound 

Right Rear Spring Group Pound 

Left Front Spring Group Pound 

Left Front Spring Group Pound 

Left Front Spring Group Pound 

Left Front Spring Group Pound 

Left Front Spring Group Pound 

Left Rear Spring Group Pound 

Left Rear Spring Group Pound 

Left Rear Spring Group Pound 

Left Rear Spring Group Pound 

Left Rear Spring Group Pound 

Right Front Spring Group Inch 

NOTE: UN = Upper Normal 
LN = Lower Normal 

Measurement AID 
Identification Channel 

D2 

D3 

D4 

DS 

D6 

D7 

DB 

D9 

DID 

Dll 

Dl2 

Dl3 

Dl4 

DIS 

Dl6 

Al 

A2 

AJ 

A4 

AS 

A6 

A7 

AS 

A9 

AlO 

UL = Upper Lateral 
LL = Lower Lateral 
V =Vertical 
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36 

37 

39 

40 

41 

43 

« 
45 

IS 

36 

47 

48 

42 

48 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
-

Description Location Unit 

Vertical Displacement Right Rear Spring Group Inch 

Vertical Displacement Lett Front Spring Group lneh 
Vertical Displacement Left lleu Spring Group lneh 

Lateral Displacement Right Front Spring Group lnoh 
Lateral Displacement Right Rear Spring Group lneh 
Lateral Displacement Right Bolster Spring Group Inch 

Lateral Displacement Lett Front Spring Group lnoh 

Lateral Displacement Lett Rear Spring Group lneh 

Lateral Displacement Lett Bolster Spring Group lnoh 

Vertical Displacement Right Cllrbody /Bolster lnch 

Vertical Displacement Left Cllrbody /Bolster Inch 

Center Plate Rotation l'rollt lneil 

Center Plate Rotaticrt Rear Inch 

Lcrtgitudinal Displacement Right Boilter /Side Frame lneh 

Lcrtgitudinal Displacement Lett Bollter/Side Frame lnch 

Vertical Acceleration Center Plate, Front G 

Vertical Acceleration Center Plate, Rear G 

Vertical Acceleraticrt OUtboord, Front G 

Vertical Acceleration Outboord, Rear G 

Lateral Aooeleratioo Front EndJ G 

Lateral Acceleration Rear End G 

Vertical Acceleration Right Side Frame G 

Vertical Acceleration Left Side Frame G 

Vertical Acceleration Right Side Frame Overrange G 

Vertical Acceleration Lett Side :Frame Overrange G 



TRUCK, RIGHT SIDE 

(B) ASF TRUCK, RIGHT SIDE 

Figure 2-7. Typical Truck Instrumentation 
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(A) BARBER TRUCK, LEFT FRONT (B) ASF TRUCK, RIGHT REAR 

Figure 2-8. Eddy Current Transducers 



(A) SIDE VIEW LOOKING TOWARD CENTER PLATE 

(B) END VIEW LOOKING TOWARD COUPLER 

Figure 2-9. Truck Center Plate Rotation String Potentiometers 
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(A) BARBER (ARBODY ACCELEROMETERS 

(B) BARBER TRUCK AccELEROMETERS 

Figure 2-11. Accelerometer Installation 
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An example of the calibration file written on tape is contained in Table 2-8. The first column shows the zero, or low calibration; the second gives the positive, or high calibration. The difference between these two columns is equated to the difference in engineering unit values contained in Table 2-6 to obtain a conversion factor for 
the test data (i.e., the engineering units/volt conversion constant). 

Table 2-8. Typical Calibration File 

TDOP-II-FSFMS-007 
CHJ.~i>ii..Jt.L r~u. 1 LO CAL = o.uoooo HI CAL = :>,1190 
CH.'"\IJt~ll NO. " LO CAL = 0,00000 HI CAL = 4,9990 
CH/1;~1-Jt..L rJO • 3 LO CAL = 0,00000 HI CAL = 5,0088 
CHAN:'IIt.L r~o. .. LO CAL = O,UOuOO HI CAL = 5,0289 CHANNEL NO. 5 LO CAL = 0,00000 HI CAL = 5.0488 
C!-M.rJ.-.LL t,u. 6 LO CAL = 0,00000 HI CAL = 5,039() 
CHM~1 .. t..L IJO, 7 LO CAl = 0,00000 HI CAL = 5.0188 
CHi.tt~l,jlL Nu. 8 LO CAL = 0,00000 HI CAL = 4.9990 
CHAI'III..JlL 140. 9 LO CAL = 0,00000 HI CAL = 5.0289 
CHAI'III..Jt.L hiOe lU LO CAL = o.ooooo HI CAL = 5,0289 Crl;.:u.t:L r~u. 11 LO CAL = 0,00000 HI CAL = 5.0188 
CH1-1!Jf\:I:..L i\10. 12 LO CAL = 0,00000 HI CAL = 5,0086 
CHA.I.Jr~L.L r-..o. 13 LO CAL = •7o5452 HI CAL = -6.085i:: 
Crl~I>Jt,LL J..O, H Lv CAL - - -8.09!>6 HI CAL = -6,6I22 
Crlf~t"ULL NO, 1!> LO CAL = •0,55810 HI CAL = 0.22584 
CHAfHJLL r-o. 16 LO CAL = 0,91557£-02 HI CAL = 8,<t<t67 
CHf,t\thlt.l IJO • 17 LU CAL = 0,18617E•Ol HI CAL = 8olt272 
CHAlJNE.L rw. 1h LO CAL = 0, 86973E·01 HI CAL = 8,6469 
CrlA·IlhlL 1~0. 19 LO CAL = 0,73246l•02 HI CAL = 8.2606 
CH;..,IJI>Jt.L 1'-iJ• 2u LO CAL = U,88505E·02 HI CAL = b.'IIH)7 
Crit.•.JNI:..L NJ. 21 LO CAL = 0,18o17E•01 HI CAL = 8,588~ 
C~1'. ..JI~E..L r ~ .J .. 22 LO CAL = 1o 073• HI CAL = 2.733o 
Cl141\ll~t:..L 1~0. 23 LO CAL = 1.2003 HI CAL = 2.9289 
Cd~·m.t.L r·.o, 2• LO CAL = 0,96745£•01 HI CAL = 8,2.62 
Ct;~r>J.~.I:..L t~U. 2o LO CAL = •1o4307 HI CAL = -0.73.90 
CH/.\;IJNt.L f\0, Zb LO CAL = 0,00000 HI CAL = 5.0289 
CrlAIH,I:.L I.JUt 27 LO CAL = 0,00000 HI CAL = s,o39u 
CHA•I~~L NO. 2u LO CAL = o,ocooo HI CAL = 5,0188 
CHA~IJM: .. L. NO, 29 LO CAL = o.ooooo HI CAL = 5,0188 
CH~o\t.Jf~E:L IH}, 3(J Lu CAL = 0,00000 HI CAL = 5,0588 
CrlAIJ~t.L /~U • 31 LO CAL = 0,00000 HI CAL = 5.0390 
CH.J.t'Jl-llL fd.;. 3~ LO CAL = o.ooooo HI CAL = <t,9587 
CHJ.IJr~f..L r .. o. 33 LO CAL = o.ouooo HI CAL = 5.0289 
CHAr>JI~I:..L t~u. 3• LO CAL = 0,00000 HI CAL = •• 9990 
cr;;.:~r.t.L. 1\IJ. ;;:, LO CAL = 0,00000 HI CAL = &J.999U 
Crlll·WlL IIJCJ, 3b LO CAL = -7,8394 HI CAL = -6,3782 
CrlAI~t~l.L 1~0. 37 LO CAL = -7.0325 HI CAL = -5,5676 
CMM~Nt.L r~v. 3b LO CAL = •0,5H86E•02 fll CAL = o. 79990 
CHAIJ/~EL hU. 39 LO CAL = 0,00000 HI CAL = 0,99980 
CHANr•t.L. IJO • 40 LO CAL = 0,00000 HI CAL = 0,99980 
CHAI'li\II:..L "'"· .1 LO CAL = o,ooooo HI CAL = 0,99980 
Crli\N11J1:..L r~a. ~2 LO CAL = o.ooooo HI CAL = 0,99980 
CrlAi~o\JEL 1110. ~3 LO CAL = 0,00000 HI CAL = 0,99980 CrlA!<NLL NO. •• LO CAL = 0,00000 HI CAL = 0,99980 
Ct1L~f'IINt.&- r~c. ~5 LO CAL = o.ooooo HI CAL = 0,99980 
CHANI\I[L N!J, <to LO CAL = o.ooooo HI CAL = 0,99980 
CrlAI\If~t.L rw. .7 LO CAL = 0,00000 HI CAL = 0,99980 
CHAf-.!NE.L r,o. •o LO CAL = 0,00000 HI CAL = 0,99980 

SECTION 3 - TEST RUNS 

3.1 PROCEDURE 

The FSFMS test program was conducted over the main and branch lines of the Union Pacific South Central District, California division, outside of Las Vegas, Nevada. Two test zones were used for the test. Test zone 1 (Figure 3-1) consists of a class 2 branch line track with both tangent and curved track. The curves range from 2 to 7 degrees. Test zone 2 (Figure 3-2) consists of a class 4 main line tangent track. Both zones are jointed 
track. 

The test procedure specified one pass through each zone, starting at a constant speed of 20 mph for zone 1 and 50 mph for zone 2. Halfway through the zone, the speed was decreased to near zero at the end of the zone. Typical speed profiles for the two zones are shown in Figure 3-3. 
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In order to locate the test car position in each zone, an automatic location detector (ALD) system was developed by Wyle and installed before the start of testing. The system relied upon detection of a magnetic field pro­
pagated by a cylindrical magnet, 3/4 inches in diameter and 4 inches long. A hole was drilled in the center of a tie at each ALD location and the magnet was buried in the tie. A sensor was installed under the mobile labora­tory car to detect the magnetic field when the car passed over it. This ALD system was installed before the start of any testing on TDOP Phase II, and will be used for all tests (track geometry, FSFMS, and Types I and II trucks). Thus, it is possible to correlate results between 
the various tests. See paragraph 5.5.3 for an example of data correlation between FSFMS test results and track geometry results. 

The FSFMS test data were recorded as a function of time, for example, 200 samples/second. However, a distance channel was created as part of the post process­
ing by integration of the speed channel starting at detection of the first ALD. It is thus possible to plot data versus either time or milepost. Typical plots of ALD detection versus milepost are shown in Figure 3-4. A complete listing of the milepos~ at which the ALD was detected is shown in Table 3-1 for all test runs. It shows excellent repeatability between test runs and there is no problem in comparing data from one run to 
the next. For each test run, a listing was obtained as part of the data reduction which listed the milepost versus time for each run. An example of this type of listing is contained in Appendix B. From these listings, it is easy to transfer back and forth between the time 
and distance domains. 

The test program was run in two test series, the first with the Barber S-2 truck and the second with the ASF Ride Control truck. Each series was conducted with three lading conditions: empty, half loaded, and fully loaded. Each of the lading conditions was run over both test zones 1 and 2. The complete test matrix is defined in Table 3-2. The test ID specified in Table 3-2 for each run is the identifier used on the plots presented in the data analysis section. 

Each hopper car was loaded with 1 ~-inch coarse gravel 
from a rock quarry at Sloan, Nevada (Figure 3-5). Ten­ton dump truck loads were used to fill each car. At some point in the testing of each lading. configuration, the test cars were weighed. The actual weights of the three lading configurations for the two carbodies are contained in Figures 2-2 and 2-3. Typical lading condi­
tions are shown in Figure 3-6, A and B. 

3.2 CONSIST 

The test consist for all test runs, shown in Figure 3-7, A and B, was made up of the locomotive, mobile laboratory car 210, forward buffer car, test car, rear buffer car, and caboose. Loaded, open hopper cars were used for the buffers and were configured as follows: · 

Forward Buffer 

Rear Buffer 

Car Number 

UP 88006 

UP 90937 

Weight 

132,500 lb 

180,500 lb 

The test car was always located in the consist so that 
the B-end was leading. ~' \ 
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Table 3-1. ALD Mileposts by Run Number Table 3-2. Test ID Matrix 

TllOP ZONE 1 TAPE 
T:,ST Ill NUMBER TRUCK ZONE LADING Run No. 001 003 005 007 009 011 

TDOP-U -FSFMS-001 201 Barber l Empty MP 5 5.000 5.000 5.000 5.000 5.000 5.000 

TllOP-ll-FSFMS-002 201 Barber 2 Empty MP 5.5 5.502 5.502 5.502 5.502 5.502 5.502 
TDOP-D-FSFMS-003 202 Barber 1 Half Loaded MP 6 6.000 6.001 6.000 6.000 6.000 6.001 

TDOP-~-FSFMS-004 202 Barber 2 Half Loaded MP 6.6 6.593 6.594 6.593 6.594 6.594 6.594 
TDOP-ll-FSFMS-005 203 Barber 1 Loaded MP 7 7.000 7.000 7.000 7.000 7.000 7.000 
TDOP-ll-FSFM&-006 203 Barber 2 Loaded MP 7.49 7.498 7.499 7.498 7.498 7.498 7.498 

TDOP-ll-FSFM&-007 204 ASF I Empty 

ZONE 2 TDOP-ll-FSFMS-008 204 ASF 2 Empty 
Run No. 002 004 006 008 010 012 TDOP-D-FSFM&-009 205 ASF I Half Loaded 

MP 323.11 323.109 323.110 323.109 323.110 323.110 323.110 TDOP-ll-FSFM&-010 205 ASF 2 Half Loaded 
MP 324.27 323.268 324.268 324.259 324.268 324.268 324.268 TDOP-ll-FSFMS-011 206 ASF 1 Loaded 

MP 324.95 324.930 324.939 324.940 324.939 324.940 324.940 TDOP-ll-FSFM&-012 206 ASF 2 Loaded 
MP 325. 97• 325.951 325.952 325.953 

"'ALD missing until it was replaced after run 006 . 

..... 
00 

Figure 3-5. Loading Test Car 
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(A) HALF LOADED BARBER TEST CAR (B) FULLY LOADED ASF TEST CAR 

Figure 3-6. Typical Lading Conditions 



(A) BARBER TRUCK TEST CONSIST 

(B) ASF TRUCK TEST CONSIST 

Figure 3-7. Test Train Consist 
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3.3 BARBER TRUCK TEST 

The Barber truck test configuration was prepared for the 
first series of test runs. The instrumentation is de­
scribed in paragraph 2.3. Preparation of the test car and 
checkout of instrumentation were performed between 
November 13 and 28, 1978. The first test run with an 
empty carbody and the Barber truck was conducted on 
November 29. Runs through both zones 1 and 2 were 
successful. At the end of the pass through zone 2, noise 
floor data were recorded for 60 seconds. This procedure 
is described in Section 5 (paragraph 5.5.1), where some 
sample plots of the data also are given. At the com­
pletion of the test pass through zone 2, a special test run 
was made through the zone in which various levels of 
braking force were applied to provide data for a future 
evaluAtion of the effects of brakes on the friction 
snubber operation. 

The test car with the Barber truck was half loaded at the 
Sloan quarry on November 30, 1978. In a pretest 
calibration for the run through zone 1, measurement D7 
signal conditioning was defective and this channel was 
lost. It was repaired the next morning, and since no 
analyses have been done to date which require this 
measurement for a half loaded vehicle, the test results 
have not been affected. Should this information become 
necessary, the roll rotation measurement on the other 
side frame should be sufficient. The first start through 
zone 1 missed the ALD at milepost 5.0, so the consist 
was backed up and started a second time. The data 
acquisition computer was stopped and restarted, there­
fore, test 003 starts at record 4SO. The pass through 
zone 2 resulted in excessive parity errors on tape; the 
pass was rerun successfully on December 1, 197S. 

A fully loaded test run of the Barber truck was con­
ducted on the afternoon of December 1, 1978. Review 
of the quick-look data from the first pass through zone 1 
showed clipping of the lower normal forces. Therefore, 
the gains for all these channels were reduced by a factor 
of 2 and the test was repeated. The gains were left the 
same for the pass through zone 2. Rain hampered 
operations and some channels started showing question­
able data toward the end of the run through zone 2. 
However, quicl<-look data indicated sufficient data were 
available to accept the test results. 

3.4 ASP TRUCK TEST 

The completion of instrumentation of the ASF truck was 
accomplished between December 2-5, 197S. Runs with 
the ASF truck and the empty carbody were made on 
December 6, 197S. Before the start of testing, signal 
conditioning to F17 was lost, so the amplifier was 
changed from A10 to F17 and the test was conducted 
without A10. Measurement A10 is an over-range accel­
eration measurement duplicating measurement AS. 
Since AS provided the required information, the loss of 
A 10 had no effect on the analysis of the test data. Test 
runs through zones 1 and 2 were successfully completed. 
As with the Barber truck, a special test run was con­
ducted through zone 2 where the brakes were applied. 

During checkout, the Dl5 transducer was found to be 
defective, so the remainder of the test was conducted 
without it. Dl5 is a measurement of the longitudinal 
displacement of the side frame relative to the bolster. 
This measurement did not involve any of the primary 
objectives of the test program; it was added to provide 
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secondary information, if required. Quick-look data 
indicated little motion in this direction and the measure­
ment being made on the other side (D16) will provide 
sufficient information. To date, the loss of this meas­
urement has had no effect on data analysis. The half 
loaded test runs (009 and 010) through zones 1 and 2 
were conducted successfully. At the completion of test 
run 010, noise floor data were recorded for 60 seconds. 

The ASF test car then was fully loaded and prepared for 
the two final test runs on December S, 197S. During 
pretest checkout, A/D channel 33 became defective. 
Measurement FlS on channel 33 was moved to channel 
25 for the two final tests. Test run 011 was successfuly 
completed through zone 1. Quick-look data obtained 
through zone 2 (run 012) showed some data clipping. 
Gains on F2, F5, F7, FlO, Fl2, Fl5, F17, and F20 were 
reduced by 2 and the test was rerun. Quick-look data 
were acceptable and the test program was completed. 

SECTION 4- DATA ACQUISITON 

4.1 REAL-TIME AND QUICK-LOOK 

Real-time and quick-look data were acquired for all test 
runs to provide an immediate review of data quality and 
to determine any requirements for retest. 

Real-time data consisted of a brush recorder display of 
the analog time history of six selected channels. The 
signals from the signal conditioner were patched to the 
brush recorder to obtain this display. An example of a 
short section of this display is contained in Figure 4-1. 
It shows the start of test run 011. The ALD detection at 
the start of the zone at milepost 5.0 is shown. About 
half way through this plot, the brush recorder was 
speeded up which accounts for the change in time scale. 
This chart was monitored by the instrumentation engin­
eer during the entire test to monitor data quality. 

At the computer cathode ray tube (CRT), a real-time 
display of ALD detections was provided to verify the 
digital recording of the ALD. This display was summar­
ized at the completion of the run as shown in Table 4-1, 
which also contains a summary of the data quality. The 
summary shows the total distance traveled, number of 
records recorded, test duration, and ALD detected. It 
also lists the number of samples or scans missed, and if 
any transfer records were missed (a transfer record 
consists of 42 scans). 

The record count summary in Table 4-1 was used to 
locate the portions of the tape to be used for quick-look 
data reduction. The quick-look data display consisted of 
a strip chart of five seconds of data for each channel. 
An example of a partial display is shown in Figure 4-2. 
Usually, the quick-look display was done at the start of 
the run to verify ALD detection. Sometimes, a second 
quick-look display was made later in the run if there was 
any question about the data quality. If the review of this 
quick-look data was satisfactory, the run was considered 
acceptable. 



TEST ID: TDOP-l!-FSFMS-011 

Figure 4-1. Typical Real-Time Data Display 

Table 4-1. Quick-Look Tape Quality Display 

TDOP-II-FSFMS-012 
12/ 9/78 21:33 

DISTANCE TRAVELED .• 3.79 MILES 

DATA RECORDS RECORDED • 1928 

DURATION OF TEST WAS 6.7 MINUTES 

TOTAL XFER REJ • 8 

TOTAL ALD'S • 5 

TOTAL SCANS MISSED • 4 

ALD MP-MILEAGE.VELOC.REC COUNT 

1 
2 
3 
4 
5 

323.11 
324.27 
324.94 
324.94 
325.95 
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58.63 
47.82 
45.67 
45.67 
31.02 

63 
445 
682 
682 

1145 



Figure 4-2. Partial Quick-Look Data Display 

4.2 DATA REDUCTION 

Based upon experience gained from running the test and 
a brief data review, data taken over five sections of 
track were chosen for reduction. These five sections are 
specified in Table 4-2 along with the rationale for 
choosing each section. Three sections of track were 
chosen from test zone 1 and two sections from test zone 
2 for data reduction. For each test car configuration, 
data were taken in each of the five track sections for 20 
to 50 seconds. 

The first step in the data reduction was a quick-look 
display of the engineering data for each channel in the 
selected zone. For a trial case, test TDOP-ll-FSFMS-
011 was selected for data reduction. The time period 
selected was from 340 to 390 seconds. The reduced data 
for this run are shown in Appendix C. 

The second step in the data reduction process was 
calculation of the data reduction parameters defined in 
reference 2. These are reproduced in Table 4-3 and 
consisted of friction shoe parameters, side frame/bolster 
relative motion, truck/carbody relative motion, and car­
body accelerations. Table 2-7 lists the conversion from 
the measurement ID nomenclature to the A/D nomen­
clature used in the data reduction. There were eight 
friction snubber devices manufactured and calibrated for 
the friction snubber test program. They were mounted 
on the trucks in the following locations: 

RIGHT 

FSD4 FSD3 
COUPLER 

I 

FSDl FSD2 
LEFT 

BARBER TRUCK 

23 

COUPLER 
I 

RIGHT 

FSD5 FSD5 

FSD7 FSD8 
LEFT 

ASF TRUCK 

For purposes of data reduction and analysis, each fric­
tion snubber position was assigned a designation as 
follows: 

COUPLER 
I 

RIGHT 
FSl FS2 

FS3 FS4 
LEFT 

The diagram above shows a schematic of the B-end truck 
and the nomenclature for measurement references. The 
right- and left-hand side of the truck are noted on the 
diagram. The right forward friction snubber is denoted 
by FSl, right rear by FS2, etc. This nomenclature was 
used for both the Barber and ASF trucks so comparisons 
could be easily made between the trucks. 

In order to compare plotted variables within and be­
tween runs, a consistent set of scales was used. For 
example, all forces were plotted on a scale of -4000 to 
16,000 lb. To make the display of the data easier to 
read, the mean value was removed from all displacement 
measurements (both linear and rotational). The mean 
values for the car rigid body motions (linear and angular 
accelerations) were removed and filtered at 10 Hz. 
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Table 4-2. Selection of Data Reduction 

TEST ZONE 1 

Section 1: Milepost 5.50 to Milepost 5. 78 

This is a section of tangent, branch line track. A review of track geometry 
shows this section to have as high a crosslevel variation (+.3 inch) as any section 
in the test zone. The test data reviewed show the funy loaded hopper car to 
have experienced maximum roll excitation in this zone. The vehicle speed in this 
zone was approximately 20 mph. 

Section 2: Milepost 6.6 to Milepost 6.88 

This. is a section of caned track with a high degree of curvature (7 .5 degrees). A 
review of track geometry also shows it to have significant misalignment ~1.0 
inch). Both trueka had difficulty in tracking through this curve and showed 
significant truck awivel rotation. The vehicle speed in this zone was approxi­
mately 20 mph. 

Section 3: Milepost 6.86 to Milepost 7.14 

This section of track consists of a very short curve, followed by a reverse curve. 
The initial curve is 7.5 degrees followed by a 3-degree curve. The 3-degree 
curve is relatively smooth with a significant variation in curvature going 
through. Both trucks were able to track fairly well through this curve. ln this 
zone, the train began slowing down, going from 20 mph to 16 mph. 

TEST ZONE 2 

Section 4: Milepost 323.11 to Milepost 323.53 

This section occurs at the beginning of the test zone with the consist moving at 
maximum test speed (approximately 50 mph). Immediately after milepost 
323.11, the track geometry shows a significant misalignment (0.4 inches) and a 
nriation in curvature which excited the body modes of a loaded hopper car. 

Section 5: Milepost to be Determined 

Thil Metion of data occurs at different milepost locations for each truck. The 
excitation in the roll direction will be reviewed for each vehicle configuration 
tested and the vehicle speed at which the largest amplitudes occur will be used 
far data reduction. 

Table 4-3. Data Reduction Parameter Calculations• 

Friction Shoe Parameters 

Normal (Column) Load (F n) 

Lateral Friction Force (F 1> 

Vertical Friction Force (F v> 

Friction Coefficient 

Lateral Energy Dissipation 

(N time intervals) 

Vertical Energy Dissipation 

(N time Intervals) 

Side frame/Bolster Relative Motion (Right Side Frame) 

Lateral Displacement (Ax) 

Vertical Displacement (Ay) 

Pitch Rotation 

Yaw Rotation 

Roll Rotation 

Truck/ Carbody Relative Displacements 

Truck Swivel Angle 

Lateral Displacement 

Roll Angle 

Carbody Acceleration 

Bounce 

Pitch 

Yaw 
Ron 
Sway 

FliJl +FJ!.n 

Ful!. +Fu 

Fv 

l< 2 2 Ful!. +Fu) +Fv 

(Fun+ F J!.n) 

: IFu+;ti+llllxd 

i=O 

N F + 1 I 
I IF vi +2 vi l·lllYj 

1=0 

(D5 + DG)/2 

(D1 + D2)/2 

(Dl- 02)/a 

(D6- D5)/b 

(D7- D5)/d 

(Dl4- Dl3)/e 

(Dl4 + Dl3)/2 

(Dll + Dl2)/2f 

(A.l + A2)/2 

(Al- A2)/L 

(A.&- A5)/L 

(A.3 - Al + A4 - A2)/2g 

(A.6 + A5)/2 

•See reference 2 far a complete definition of the variables given in this table • 

... 



SECTION 5- DATA ANALYSIS AND RESULTS 

5.1 FRICTION COEFFICIENTS 

One of the major objectives established in the friction 
snubber test plan (reference 2) was to characterize the 
damping or energy dissipating capabilities of the two 
trucks. The procedure originally planned for accomplish­
ing this objective was to calculate friction coefficient 
values with the following formula to obtain an average 
friction value for each truck. 

friction coefficient 

j,-(-F u_i_+_F_i_Q,_)2~+-F-v~2 

(Fun +Fin) 

where: 

Fun = upper normal force measurement 

F = lower normal force measurement in 

F ui = upper lateral force measurement 

F ii = lower lateral force measurement 

F = vertical force measurement v 

The initial calculations using this procedure showed a 
large variation in values from one time to another. 
After plotting some of the friction values (typical co­
efficients are shown in Figure 5-1), it became obvious 
that alternative techniques needed to be developed. The 
plots in Figure 5-1 show the instantaneous values of 
friction coefficients to be varying from nearly 0 to 
almost 0.9. This is because the friction groups are not 
always in motion, so the plots contain both static and 

FRICTIOti 0 • 5 

COEFFICIEtiT 

0.2 

BARBER TRUCK FRICTION COEFFICIENT 

o.g3J.-~--~----......,..~--~---.cl 
93.5 

TIME (SECONDS) 

TDOP-II-FSF"S-001 

ASF TRUCK FRICTION COEFFICIENT 
0.9.------~--.-----,r-----~---.....--, 

0.7 
FRICTIOti 

COEFFICIENT 

0.2 

o.q,J--~---o....!.--.,..,;-:~---~-........! 

TIME 

TDOP-II-FSF"S- 010 

Figure 5-l. Typical Friction Coefficients 
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dynamic friction coefficients. The static coefficient 
may vary from zero (no friction force) to nearly twice 
the dynamic friction coefficients at the breakaway 
point. Thus, simply averaging instantaneous coefficient 
values is meaningless; for this reason, techniques were 
developed to select those coefficients associated with 
energy dissipation in the friction snubber. 

Because energy dissipation can only occur when there is 
relative motion between the friction shoe and the' wear 
plate, the determination of the coefficient of sliding 
friction required selection of intervals from the data 
wherein the greatest amount of relative motion between 
side frame and bolster occurred. However, since the 
transducer structure is not quite as rigid as the unmodi­
fied column on which the wear plate is normally mount­
ed, breakaway of the friction shoe sometimes appeared 
to result in an overshoot. As the motion of the friction 
shoe is not directly measured, but is assumed to be equal 
to the measured side frame displacement with respect to 
the bolster, the overshoot sometimes resulted in friction 
forces in the direction of side frame motion, rather than 
in the direction opposing it. 

Thus, those segments from the record in which the 
friction force was clearly opposed to the side frame 
motion, as determined by the relative velocity, were 
selected. The product of friction force and velocity is 
the rate of energy dissipation (negative because the 
friction force opposes the motion in the analysis) or 
power, and the criterion for accepting a reading for 
determination of the coefficient of sliding friction was 
that the power should be less than -250 in-lb/sec. 

A chart of cut-off values for power versus friction 
coefficients is shown in Table 5-l. The -250 in-lb/sec 
cut-off was chosen to make the positive and negative 
energy dissipation as nearly equal as possible. As an 
example, note the plots in Figure 5-2 of power level 
versus time. The area under this curve is energy. For 
FS1 in Figure 5-2 the area above the zero line gives 3070 
in-lb and the area below zero gives -12170 in-lb. Thus 
the total energy is -9100 in-lb. The percent energy 
below the zero in-lb/sec line is: 

percent energy = -12170 in-lb :: 133.796 
-9100 in-lb 

If the cut-off is moved down to -250 in-lb/sec, the 
energy below this line is now -9680 in-lb and the 
percent energy is calculated: 

-9680 in-lb percent energy = 106.3% 
-9100 in-lb 

(See the friction coefficient calculations for FS1 on the 
ASF truck in Appendix D.) 

Thus the 100 percent energy line represents the point at 
which the positive and negative energy are the same. 
From Table 5-1, 100 percent energy occurs at the -250 
in-lb/sec line, and hence was chosen for this analysis. 

As shown in Table 5-1, the values for the friction 
coefficients tE,lnd to increase as the negative cut-off 
power decreases. 



Because the maximum motions of the friction snubbers 
occurred in fully loaded cars, test runs 005 and 001 were 
selected for analysis, using data from a section of 
tangent track in test zone 1, between mileposts 5.52 and 
5.80. 

Plots of the rate of energy dissipation are shown in 
Figures 5-2 and 5-3 for the ASF and Barber trucks, 
respectively. They clearly show that this rate is pre­
dominantly negative, i.e., the overshoot accounts for a 
small part of the measured behavior of the friction 
shoes. 

The results of the analytical effort that selected snub­
bing regimes according to the criterion given above are 
contained in Appendix D. The calculations of friction 

coefficients, also included in Appendix D, give average 
sliding friction coefficients of 0.33 (0.31 - 0.36) for the 
Barber truck, and 0.43 (0.37 - 0.49) for the ASF truck. 

The shop tests of the instrumented trucks, documented 
in reference 1, were primarily intended to assure the 
proper functioning of the transducers assembled on the 
modifed trucks. No extensive data reduction was per­
formed on the test results, and only spot checks were 
made to determine friction coefficients. For the Barber 
trucks, the value given in reference 1 is 0.24, although 
other values between 0.04 and 0.35 were noted. For the 
ASF truck, the coefficient given in reference 1 is 0.42, 
which agrees more closely with that determined from 
the results of the road tests. 

Table 5-1. Friction Coefficient vs Power (ASF Truck) 

IN-LB 
SEC 

FS1 

Power Friction Percent Friction 
Less 'Than Coeff. Energy* Coeff. 

-250 in-lb/sec .46 106.3 .37 
-500 in-Ib/sec .49 84.5 .40 
-1000 in-lb/sec .51 56.5 .42 
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Figure 5-2. ASF Truck Energy Dissipation 
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Percent 

Energy* 

81.1 

49.1 

20.4 

JN-LB 

SEC 

FS3 

Friction 

Coeff. 

.41 

.41 

.39 

FS4 

Percent Friction Percent 
Energy• Coeff. Energy* 

102.1 .49 105.5 
72.2 .43 62.8 
30.6 .41 23.8 

BARBER TRUCK, TEST ZONE 1 
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Figure 5-3. Barber Truck Energy Dissipation 



5.2 FRICTION FO.RC:ml VB TRUCK MOTION 

Five force measurements (two normal, two lateral, and 
vertical) were made in each friction snubber group. The 
two normal and the two lateral forces were combined 
and values of force in each of the three directions were 
plotted. This is shown in Figure 5-4 for the three forces 
in friction snubber FS2. The normal force has an offset 
value due to the preload, while the lateral and vertical 
force both oscillate about zero. Figure 5-4 shows FS2 
for the empty car with the Barber truck. For contrast, 
plots for the loaded car with the Barber truck are shown in Figure 5-5. Again, the normal force shows an offset 
and the lateral and vertical forces oscillate about zero. 
A big change in the magnitudes of the peak values occurs 
from the empty car to the loaded car configuration. 

A comparison of the normal forces between the Barber 
and ASF trucks is shown in Figure 5-6. Note that the 
heavier car results in a greater variation (oscillation) of 
the force values than the empty car configuration. In 
the loaded car, there is a greater oscillation of the normal force about the mean than in the empty car. As 
expected from the differences in the method of loading the friction shoes, the normal force in the ASF truck 
stays constant with car weight, while it increases with 
weight in the Barber truck. Table 5-2 illustrates this 
point where the approximate mean normal force for each 
friction snubber group is listed versus load~ng condition. 
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Figure 5-4. Fr~ction Snubber Forces(Empty Car) 
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During the data analysis, it was discovered that 
measurement F16 was giving much higher than expected 
levels during the loaded runs on the Barber truck. This is 
readily apparent in Table 5-2 where the mean normal for FS4 is significantly higher than any of the others. It was 
probably caused by the strain gage getting wet in the 
rain during the loaded test. This high normal force 
resulted in unrealistically low friction forces and for this 
reason FS4 on the Barber truck was not included in the friction coefficient analysis in Appendix D. However, 
this loss is not deemed critical to the data analysis 
because the information provided from the other three 
transducers was sufficient to characterize the friction 
coefficient for the Barber truck. Other than the loss of 
the transducer, no effect of the rain on the test results 
has been observed in the analysis. 

The correlation of the friction snubber forces with 
relative motions between side frame and bolster is illustrated in Figure 5-7. The one motion which most 
strongly correlates with the normal force is the vertical 
displacement in the spring group. The strong increase in 
normal forces at about 16 seconds correlates with a sudden increase in tram angle. However, changes in 
tram angle do not result in any appreciable correlation 
with the friction snubber forces in other parts of the record. The lateral displacement and pitch of the side 
frame show almost no correlation with the normal forces. 
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Figure 5-5. Friction Snubber Forces(Loaded Car) 
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Figure 5-6. Comparison of Normal Forces 
in Barber and ASF Trucks 
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Figure 5-7. Friction Force vs Relative Motion 

Table 5-2. Mean Normal Force 

Barber Empty 

Truck Half Loaded 

Loaded 

ASF Empty 

Truck Half Loaded 

Loaded 

5.3 CENTER PLATE RESISTANCE TO MOTION 

TEST ZONE 1 

MP 5.48 - 5.64 

FS 1 

1500 

2600 

3800 

3000 

3100 

4000 

A preliminary review of data acquired during the FSFMS 
field test indicates that information on truck kinematics 
may be extracted, in addition to data on snubber friction 
discussed in paragraph 5.1. One analysis planned uses 
numerical methods to extract information from the data 
regarding center plate friction and torsional spring rate 
of the bolster /side frame connection. The measurements 
to he used in this analysis are: 
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Force (lb) 

FS 3 FS 4 

2000 1900 

3000 2900 

3900 5800 

2900 1800 

3000 1900 

2800 1800 

Rotation of bolster with respect to carbody 

Rotation of side frames with respect to bolster 

Normal loads on side frame columns 

Friction couple resisting relative rotation of 
the side frame and bolster 



In order to reduce the problem to its simplest form, 
dynamic effects are neglected, thus reducing the regime 
to statics and kinematics. Figure 5-8 shows the system 
under consideration. 

Over a short interval, all physical constants (such as Kt) 
may be assumed to remain constant. Disregarding, for 
the time being, any difference between static and kin­
etic friction, the equation of static equilibrium is: 

2Kt8 + bF n = aF II- + J.l Wr = 0 (Eq. 1) 

The friction torque at the center plate is: 

Thus r 

r 

f 
0 

2 
3 

2np • pdp 

r (Eq. 2) 

w 
nr2 

Let W = weight on center plate 

r = radius of eenter plate 

i :.: friction radius of center pl.&te 

LATERAL ... ....;;~-1. 
FRICTION 

FORCE 

\J = coefficient of friction of center plate 

Equation 1 contains two unknowns, Kt and ll· lfowP-ver, 
as the tests were run with both loaded and empty cars, 
the value ofF depends upon W, as clearly evident in the 
test data. ThUs, if two segments of the test data with 
equal side frame deflections are selected, one for the 
loaded and one for the empty car, two equations of the 
form (1) may be solved simultaneously for K

1 
and ll, 

assuming that the coefficient of friction is indepenrlent 
from the normal load on the center plate. Repeating 
these calculations for different values of side frame 
rotation, e gives an indication of the extent of nonlin­
earity in the side frame/bolster torsional spring rate. 

If calculations for the same conditions show appreciable 
scatter in the values of the unknowns, the least-squares 
method may be used to determine best-fit values. 

The largest values of the normal column loads are likely 
to be found during curve entry and exit, where the 
highest side frame and bolster rotations also occur. The 
computation may be simplified by the fact that rotations 
of the bolster and side frames usually occur out of phase, 
as evident in test records for Phase I of TDOP. 

K1 = torsional spring rate of side frame-bolster connection (not necessarily 
linear) 

e = angular deflection of side frame with respect to bolster 

~ : angular deflection of bolster with respect to car body 

b = offset of side frame with respect to truck center 

F n = sum of normal forces on columns 

F1 = 1um of lateral friction forces at wear plates 

a = offset of weer plate from center line of truck 

p =unit bearing preEure on center plate 

Figure 5-8. Definition Sketch of Forces Acting against Center Plate Friction Torque 
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5.4 BIDE QUALITY 

A limited measure of the ride quality of the two trucks 
for different load conditions was made by comparing the 
vertical accelerations of the various configurations. 
This study was conducted only over one section of track 
in test zone 1 and at only one speed (20 mph). Compar­
isons between the Barber and ASF truck are shown in 
Figures 5-9 and 5-10, respectively. Three load con­
ditions are shown for each truck (empty, half loaded, and 
loaded). In all cases, the acceleration levels were low 
(less than 0.05 G). Little difference was seen between 
the two trucks; all accelerations were slightly lower for 
the loaded than the unloaded condition. 

As discussed in Section 6.2, additional information could 
be extracted which would also characterize ride quality 
as a function of speed and track condition. 

5.5 DATA QUALITY DISCUSSION 

5.5.1 Noise Floor 

The test procedure called for the recording of 60 seconds 
of quiescent or noise floor data at the completion of one 
run of both the Barber and ASF trucks to insure that the 
signal level of the test data was greater than the noise 
floor. Examples of calculated parameters using data 
from these recordings are shown in Figures 5-11 to 5-14. 
Figure 5-11 shows calculations for the three force com­
ponents on FSl. The normal force shows a static offset, 
as expected, and there is no noise visible in the data. 
Figure 5-12 shows no noise in the displacement cal­
culations. The rotation and car rigid body accelerations 
in Figures 5-13 and 5-14 show a very small amount of 
noise; however, when these levels are compared with the 
measured responses (see Appendix C for examples), they 
are insignificant. 

All the other noise data reduced for the FSFMS test 
showed similar levels. We concluded that any noise in 
the data is too small to be consequential in the analyzed 
data. 

5.5.2 Track Geometry Correlation 

A comparison of the truck/carbody rotation angle 
(Figure 5-15A) measured during the FSFMS test, and the 
track curvature (Figure 5-15B) measured during the FRA 
track survey shows excellent agreement. The plots in 
Figure 5-15 are from milepost 5 to milepost 8 and show 
the entire test run for the FSFMS test zone 1. A 
comparison of the track curvature measurements in 
Figure 5-15 and the track profile in Figure 3-1 shows the 
curves to agree exactly, with the exception of the 
second right hand curve, which the profile data list as a 
five-degree curve but the track survey shows it to be an 
eight-degree curve. 

The truck follows the curvature of the track very well 
through the curve. Almost all of the truck center plate 
rotation is caused by the track geometry. However, in 
the tangent sections, the truck shows a significant 
amount of rotation not associated with the track input. 
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Figure 5-11. Noise Floor for Force Measurements 
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5.5.3 Rail Joint Input 

Accelerometers were placed at the center of the right 
and left side frames to measure vertical track input. 
These two acceleration measurements are plotted in 
Figure 5-16 for the empty Barber truck and for the half 
loaded ASP truck. A comparison of these two plots 
shows a great deal of repeatability in the vertical track 
input between runs. A comparison made between all test 
runs over this section shows the same degree of repeat­
ability. The distance between the pair of impulses in 
Figure 5-16 is 68 inches, which corresponds to the wheel 
base on both the Barber and ASP trucks. The impulse 
pairs occur because the rail joint sends a transient up 
through each wheel as it crosses a joint. 

The rail profile data taken from the FRA track survey 
for the same section of track are shown in Figure 5-17. 
The large negative impulses in the profile data show 
where a rail joint occurs. The more severe a rail joint 
was, the larger the impulse. These rail joint locations 
obtained from the FRA track survey are superimposed on 
Figure 5-16 (plots from FSFMS test) as dashed lines. In 
each case they occur at almost exactly the center of the 
impulse pairs in Figure 5-16, thus showing excellent 



correlation between the track geometry and FSFMS test 
data. The spacing between the impulses in Figure 5-17 
shows the joint spacing to be less than the standard 39-
foot rail joint spacing, which means that this section of 
branch track was probably built with used rail with the 
ends cut off. This caused non-uniform excitation from 
the rail joints. 

The ALD sensor is shown in Figures 5-16 and 5-17 at 
different locations in the track geometry and the FSFMS 
test data because the sensor was not at the data 
collecting location of the consist in either tests. For the 
track geometry, the ALD sensor was six feet behind the 
location where the track geometry was taken. For the 
FSFMS test, the ALD sensor was on laboratory car 210, 
83 feet ahead of the B-end truck center line. Thus, the 
milepost figure for both runs was corrected to take this 
into account, and the resultant separation of the ALD 
signals between Figures 5-16 and 5-17 is 89 ft (83 ft + 6 
ft). This means that the data locations correspond 
exactly. 

5.5.4 Truck/Carbody Motion 

5.5.4.1 Side Frame Lateral Displacement. Measure­
ments were made on both side frames of the relative 
lateral motion between the side frame and bolster. A 
typical comparison of these two measurements is made 
in Figures 5-18 and 5-19 for the Barber and ASF 
trucks, respectively. These figures show that the lateral 
motion of one side frame relative to the bolster is 
identical to the motion of the other side frame to the 
bolster. Thus, only one measurement of side 
frame/bolster motion is required. 
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Figure 5-16. Vertical Track Input on Side Frames 
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Figure 5-17. Track Geometry Rail Profile 
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Figure 5-18. Relative Lateral Displacement 
(Barber Truck Side Frames) 
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Figure 5-19. Relative Lateral Displacement 
(ASP Truck Side Frames) 



5.5.4.2 Side Frame Pitch Rotation. The pitch degree of freedom of the right side frame is plotted in Figure 5-20 and the left side frame in Figure 5-21. Each figure shows several plots covering both trucks and two load conditions. Fr·om these plots, one may see that the pitch motion of the side frame varies little from run to run for a given side of the truck. The pitch motion of the two side frames are independent of each other, but closely follow the track profile. 
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Figure 5-20. Right Side Frame Pitch Rotation 
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Figure 5-21. Left Side Frame Pitch Rotation 
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5.5.4.3 Side Frame Yaw Rotation. The side frame yaw rotations (or tram angle) of the two side frames are very closely related to each other. This may be seen in Figures 5-22 and 5-23 where these rotations are plotted for the Barber and ASF trucks, respectively. The yaw rotations of the two side frames are nearly the same from one side frame to the other. These plots are typical of the relationship between yaw rotation measurements on all runs. Thus, it is not necessary to make test measurements of the yaw rotations on both side frames. 

5.6 CARBODY ROLL EXCITATION 

Displacement measurements were made between the carbody and truck bolsters and across the truck spring group. By combining these two measurements, the total carbody roll r·esponse was obtained. This is shown in Figure 5-24 where the first two curves are added to obtain the third curve, which is total carbody roll angle. 
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Figure 5-22. Side Frame Yaw Rotation, Barber Truck 
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Figure 5-23. Side Frame Yaw Rotation, ASP Truck 



The. fourth curve is the carbody roll acceleration 
measured by the accelerometers on the carbody. The 
roll accelerations should be 180 degrees out-of-phase 
with the displacement, as shown by the curves. Figure 
5-24 shows displacements for an empty Barber truck. 
When the truck is loaded, the roll excitation appears as 
shown in Figure 5-25. The frequency of the oscillation is 
lower and there is more motion in the spring group. 
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Figure 5-24. Empty Barl>er Truck Test, Carbody Roll 
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Figure 5-25. Loaded Barber Truck Test, Carbody Roll 
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Similiar curves for the ASF truck are shown in Figures 5-
26 and 5-27. The amplitudes of spring group motion are 
somewhat smaller for the ASF truck. 
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Figure 5-26. Empty ASF Truck Test, Car body Roll 
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Figure 5-27. Loaded ASF Truck Test, Carbody Roll 



A comparison of the total roll angle for all four of the 
configurations previously discussed is contained in Figure 
5-28. The four plots correspond to exactly the same 
section of track (milepost 5.46 to milepost 5.58). There 
is some similarity in the trends of the curves, e.g., at 
milepost 5.485 all of them experience a sharp increase in 
oscillation. However, the curves are far from identical, 
thus showing that each configuration responds in a 
different manner. The frequency of the oscillation 
dect•eases from the empty (approximately 1.55 Hz) to the 
fully loaded (approximately .9 Hz), with the Barber truck 
always having a slightly lower frequency than the ASF 
truck. 
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Figure 5-28. Car body to Bolster Roll Angle 

The track geometry net profile and crosslevel are shown 
in Figure 5-29 for the same section of track as in the 
previous figure. The net profile is the left profile (space 
curve) minus the right profile (space curve). The profile 
space curves are calculated based on a 62-foot length of 
cord. Attempts to visually correlate track geometry and 
carbody roll response were not successful. Therefore, 
plans are being made to use an analytical model in which 
to enter the track geometry. Then the analytical and 
measured responses may be compared. 

5.7 TRACK GEOMETRY MEASUREMENTS 

ENl:CO, Inc., under contract to the FRA, measured the 
track geometry (reference 4) before starting FSFMS 
testing so that the response measurements made on test 
vehicles could be correlated with a known track input. 
The first set of measurements was taken during the first 
week in November 1978, using the T-6 track geometry 
survey car. The Wyle-developed ALD system was used 
during the initial track survey. A plot of the ALD 
signals in zone 1 is shown in Figure 5-30 with the ALD 
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Figure 5-29. Track Geometry Crosslevels 

locations. This is compared- with the location of the 
curves in this zone; these curve locations agree well with 
published curve locations. Table 5-3 compares distances 
measured during the FSFMS test with those made during 
the track geometry measurement. The error in the two 
measurements is constant and means that the milepost 
locations on the branch line were not exactly one mile 
apart; exact agreement may be obtained by applying a 
small correction to the FSFMS measurements. 
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Figure 5-30. ALD Signals and Curve Locations 



Table 5-3. Comparison of Measured Distance 

PSFMS 
MPl MP2 Test 

5.0 5.5 .502 

5.0 6.0 1.0005 

5.0 7.0 

6.0 6.6 

7.0 7.49 

ENSCO measured the track geometry at the track class 
maximum speed in both directions. The reported para­
meters were: right and left profile, right and left 
alignment, crosslevel, gage, and curvature (degrees per 
100 ft). A digital tape of these parameters was supplied 
to Wyle in the form of both space curve and short 
midchord offset with a sample interval of six inches. 
The digital tape also contains the speed and ALD. 
Examples of the track geometry parameters are plotted 
in Figure 5-31 for test zone 1. 

5.8 TRUCK TRACKING THROUGH CURVES 

Two string potentiometers at the front and back of the 
truck center plate were used to measure truck swivel 
angle. A previous comparison (Figure 5-15) between this 
measurement and the track curvature obtained from the 
track geometry survey showed excellent agreement. A 
more detailed look at the tracking ability of the two 
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2.000 
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Track % 
Geometry Error 
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1.0057 .5 

2.01155 .6 

.597 .5 

.5004 .5 

trucks is given in Figures 5-32 and 5-33 as they went 
through the 7 .5-degree curve just after milepost 6.6 in test zone 1. The Barber truck (empty and loaded) is 
shown in Figure 5-32 and the ASF truck (empty and 
loaded) is shown in Figure 5-33. The track curvature is 
shown in both figures for comparison with the truck swivel angle. The track curvature is the actual curva­
ture of the track while the swivel angle is the relative rotation of the truck bolster versus the carbody bolster. 
Although the magnitudes of the two measurements are 
different, the truck swivel angle clearly is directly proportional to the track curvature. 

The Barber truck (Figure 5-32) shows little difference in 
the way the truck tracks through the curve in the empty 
versus the loaded condition. The ASF truck (Figure 5-33) 
shows improvement tracking through curves from the 
empty to the loaded condition. However, both trucks 
appear to be quite similar in this capability. 
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FiJUre 5-31. Typicu Track Geometry, Zone 1 
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Figure 5-32. Truck Swivel Angle vs Track 
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Figure 5-33. Truck Swivel Angle vs Track 
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SECTION 6- CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCI,USIONS 

The test program was successfully completed tming fric­
tion snubber transducers to obtain friction forces in 
over-the-road truck tests. The quality of the acquired 
data was excellent. Noise floor data were orders of 
magnitude less than' the test data. Attempts to cor­
relate previous track geometry data and data from 
friction snubber runs were highly succes5ful. Compari­
son of data between runs showed close agreement in 
relationship to· track input. Truck bolster/side frame 
motions in the lateral and yaw directions were identiclll 
from one side frame to the other; therefore, these 
measurements on one side frame may be eliminated in 
future testing. 

The primary purpooe of the tests was to obtain estimates 
of the friction coefficients associated with the two truck 
types. '~'he mean values established from the data 
analysis were 0.43 for the ASF truck and 0.34 for the 
Barber truck. 

6.2 RECOMMENDATIONS 

The friction forces obtained as a result of this test 
program could be applied to other work, for example, as 
input to analytical models, to validate roll and bounce 
models, and as considerations in truck design. 

Only those data required to meet the objectives of the 
program were analyzed for this test report. There is a 
significant amount of analysis information which may 
still be extracted from the data. Some of the areas in 
which additional work is recommended are as follows: 

2. 

3. 

~-4. 

l t- 5. 

6. 

Deter mining friction coefficients in curves to 
see if they differ from those for tangent track. 
(The analysis in this report was done for a 
section of tangent track.) 

Completing the center plate kinetic friction 
coefficient analysis. 

Exploring the relationship of "the half loaded tn 
the empty and loaded car configurations. 

Determining the relationship of braking to fric­
tion forces. 

Investigating the effect of asymmetric column 
loading on snubber friction. 

Using track geometry as input to a model to 
compare analytical and measured carbody re­
sponses. 

Establishing an equivalent viscous damping re­
presentation of the friction snubbers. 

Using the vertical and lateral displacement 
measurements to determine any change in 
friction coefficient as a function of direction of 
motion. 

9. Using the test data from the speed-varying runs 
and from test zone 2 to perform a more de­
tailed evaluation of ride quality. 
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APPENDIX A 

COMPRESSION MEASUREMENTS ON FRIC'OON SHOE SPRING OF BARBER TRUCK 

The following raw data sheets show the friction shoe springs of the Barber truck. The first column of numbers is the applied load (lb); the second 

column is the measured height of the spring plus the compression fixture; the third column is the calculated compressed height (in.) of the spring; the 

frurth column is the calculated amount of compression (in.). The free height noted on each data sheet is the measured free height (in.) of the spring. 
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APPENDIX B TOOP-II-F::,FMS- UU7 
EXAMPLE OF MILEPOST vs TIME IJSTINGS (Continued) 
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lb3 1,!:>b0 6,5!>0 28!:>,790 8':13 
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TOOP• II -FSFMS- 007 TOOP-Il-FSFMS- 007 (Continued) (C:ontinued) iJATA 
DATA HECuflU 

REcoRD REL DlST ACT UlST REL TIME ,,iJ'1.,ER REL DlST ACT OIST REL TIM£ NuMsER 
1b4 1.~70 t>,~70 287,565 699 2'+6 2,390 7,390 442.945 1385 1b~ l,!:>bO b,58U 2!!9,350 905 2'19 2,'100 7 ,400' '1'15,305 1391 1bb 1,590 6,~90 2'Jl,140 909 250 2,'110 7,'110 447,6'15 13':19 ALD I'O!>T lb7 1,59'1 6,59'1 291,790 911 251 2,'120 7,'120 4'19,935 1'107 lbtl 1,&00 6,600 292,930 915 ~5~ 2,43tJ 7.430 452~175 1'1U lb9 l,blO &,b10 294,720 921 253 "·""0 7,'1'1(J 4~4.415 1'121 170 1,b2U 6,b20 2%,505 927 ~5'1 2,45(J 7,'150 45&,&75 14«7 171 1,b30 b,63(J 298,300 933 ~!:>5 i!,'+bO ·r,'l&u 45!!,935 1'1.1!:> 172 1,6'10 6,640 300,105 \137 .<56 2,'170 7,470 461,195 1'1'11 17.1 1,b50 b,b!:>U 301,915 943 2!:>7 i!, 1Hl0 7,480 46.1,450 1'149 17'1 l,b6U 6,660 303,715 949 256 ... 490 7,490 46!:>,715 1'1!:>!:> 170> 1,670 6,670 305,505 955 ALD POST 2!:>9 2,'+96 7,'+98 4&7.530 1461 l7b 1,680 &,b80 307,295 961 ~60 2,~00 7,500 '+67,980 1463 177 1,b90 b,b90 309,085 965 ~b1 "·~10 7,510 '170,275 1469 l7b 1,700 b,700 310,870 971 262 c!.52o 7,520 472,615 1477 1.,., 1, 710 t>,71U 312,650 977 2t>~ 2,5.10 7,530 't7!i,015 l'+tl5 1ll0 l,72u 6,720 314,430 983 "6'1 2,540 7,540 477,470 1'193 l<l1 1,730 6,730 31&,220 989 i!c!:> 0<,!:>50 7,!:>5U 479,980 1499 lb2 1,740 6,740 318,015 9';13 <!c& 2,!:>b0 7,~60 482,485 1507 Hl3 1,750 6,750 319,805 999 "b7 2,57u 7,570 '+1!4,970 1515 lb'l 1,760 b,7bU 321,58t> 1UU5 ~be <!,:>eo 7,5/:lO 487,465 1523 Hltl 1,77J G,770 323,355 lOll ~69 £,590 7,590 489,975 1561 J.bb 1,780 b,780 325,115 101~ ~70 2,b00 7,600 492,495 1539 11!7 1,790 6,7~0 326,875 10~1 <!71 2,bl0 "1,610 495,035 15'17 lbB 1,800 6,800 326,640 1027 272 2,620 7,620 497,5!!'-> 155~ J.tl':i 1,81u 6,810 330,415 10.13 ~73 2,b3u 7,b3(J 500,145 l5b3 .~u 1,820 6,620 332,185 1039 <:74 2,640 7,640 502,695 1571 191 1,8~0 6,830 333,960 1043 «7~ 2,b5~ 7,650 505,245 1579 19<! 1,b40 b,840 33!:>,735 1049 '<!7b O<,b6U 7,660 507,825 151l7 J.93 1,850 6,850 337,515 10~5 277 2,670 7,670 510,420 1595 l':l4 1,860 6,860 339,290 1061 ~7b 0<,660 7,t>80 !:>13,025 1603 d::> 1,870 6,570 341,070 10b5 «7'> O<,b9u 7,69U 51!:>,605 lb11 l':lb 1,880 &,tl80 342,845 1071 28u 2,700 7,700 518,180 161~ !~7 1,1!90 6,1l90 3'1'+,615 1077 <!Ill 2,710 7,710 520,820 1627 .9!l 1,900 6,90U 346,395 1083 282 2,1;,o 7,720 523,570 1637 199 1,910 6,910 348,175 1089 <!b3 ~.73u 7,73U ~26 ,'+65 1645 2UU 1,92u 6,920 349,970 1093 <!d'l «,"l<tu 7,74U ~<!9,490 16!:>!:> 2ul 1,930 6,930 351,780 lU99 2b5 2,750 7,750 532,515 1665 .2U2 l, 9'+0 6,94U 353,600 1105 21lo 2,760 7,760 53!:>,435 1673 2U3 l,95u 6,950 355,425 1111 2o7 

"· 77o 7,770 538. 30!:> 1683 2U'I 1,%0 6,%0 357.235 1117 ;<8(> 2,780 7. 780 ~41,21:'> 1691 i!UO 1,970 b,970 359,035 1121 ~tl'oi 0<,790 7,790 !:>44.135 1701 2Ub 1,980 b,980 360,820 1127 du ~.soo 7,800 547,095 1709 ~07 1,990 6,990 362,610 1133 291 ~.BlU 7,810 550,190 1719 ALD f'UST 2l!b 2,000 7,000 364,385 1139 292 <!,ll20 7,820 553.480 1729 209 ~.uoo 7,000 36'+,400 1139 <!~3 2,8su 7,b30 557,005 17'11 2lu 2,010 7,010 3&6,205 1145 29'1 2,1l'IU 7,840 !'>60,650 17~3 211 2,020 7,u2u 368,030 1151 2':1!:> 2.e~o 7,850 564,120 1763 ~12 2,030 7,030 .169,875 1155 ~% 2,<.160 7,b60 567,540 1773 213 ~.O'+U 7 0 040 371,740 1161 297 ;<,670 7,870 571.125 1785 21'1 2,050 7,050 373,625 1167 2':18 2,b80 7,880 57'1.800 17':17 <!lo 2,Ub0 7,UbU 375,550 1173 2':l'.l ~.B':Iu 7,890 578,370 1807 21c 2,070 7. 070 377,505 1179 sou e::.900 7.900 581.950 1819 217 2,060 7,U80 379,480 1185 301 2,910 7,910 51l5,725 1831 2lb 2,090 7,090 381,'170 1193 .30<! '<!,':120 7,920 5b9,665 .1843 21~ 2,100 7,100 383,455 1199 303 2,930 7,930 59.3.880 1855 "20 ~.110 7 ,llU 385,4'!0 1205 .10'1 0<,940 7,94~ 598,165 1Bb9 2<!1 2,120 7,120 387,'+25 1211 .10:> «,':15U 7,950 602,345 18<>3 ~<!2 ~.130 7,13iJ 389,'+05 1217 .:lOb 2,9&0 7,9&0 60b,595 1895 2~.3 ~.140 7,1'10 391,375 1223 j[J7 2,970 7,970 b10,990 l':IU9 .,!;<q ... 1!:>0 7,150 393,350 1229 6U8 2,9!!0 7,980 615.440 19l3 22:> 2,1bU 7,160 3'.lt>,330 1235 309 2,99U 7,99tl 619,995 19.37 2~o 2,170 7,170 391,315 12'11 310 6,00~ a,uoo b2'f,95U 1953 "-27 2,1<30 7,180 399,290 12'17 311 .3,010 8,010 &30,790 1971 2.:d 2,190 7,190 401,275 1253 .H2 3,020 8,020 636.735 1989 
~"" 2,20U 7,200 '103,2&5 12&1 31.1 .:l,U30 8,U3U 6'12,400 2007 2.30 2,210 7,210 40!:>,250 1267 31'1 3,040 a. 040 6'+8,210 2025 £31 .!.,220 7,220 4U7,240 1273 .115 3,050 <!,050 6:)4,695 2045 2.12 2,230 7,230 409,230 1279 316 3,UbQ b. 06u 662,510 2071 2.16 ~.240 7,240 411,215 1285 317 .:l, 07U 8,070 671,380 2099 2.3'+ 2,~5U 7,25~ '11.3,200 1291 31b 3,0tl0 b,080 679,850 2125 ~.:l~ 2,2&0 7,260 415,185 1297 319 3,090 8,090 68b,480 2151 2.16 2,27J 7,270 417,175 1.303 320 3,100 8,100 699,355 2185 .:37 2,280 7,280 41':1,160 1309 .121 .1,110 8,110 714,750 22.33 2.18 2,290 7,290 421,145 1317 322 3,12U b,12U 731,935 22B7 2.1'oi 2,.100 7,300 '+23,125 1323 

2'+0 2,3llj 7,310 425,130 1329 
241 2,320 7,320 427,165 1335 
242 2,330 7,330 429,250 1341 
0<'+.1 2,3'+U 7,340 431,385 13'+9 
""'-~ 2,350 7,350 433,59~ 1355 
<!'+5 ~.3&0 7,360 '!35,875 1363 2'+t> 2,670 7,370 431!,215 1369 
<!'+7 2,380 7,.380 440,580 1377 
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SPU 

ALD 

NFX 

LFX 

VFX 

VDR 

LDR 

PRR 

YRR 

RRR 

XXL 

TSA 

TLD 

RA 

CB 

cs 
CP 

CY 

CR 

6 
I 

x18 

APPENDIX C 
EXAMPLES OF REDUCED DATA 

Parameter Definitions 
(TDOP-ll-FSMS-001) 

Fs4 FS3 
LEFT 

RIGHT 
Fs2 FSl 

Direction of Travel _____...., 

Speed 

ALD 

Normal force at friction snubber (FS) X 
Lateral force at FS X 
Vertical force at FS X 
Vertical displacement right side FS 
Lateral displacement right side FS 
Side frame/bolster pitch rotation right 
Side frame/bolster yaw rotation right 
Side frame/bolster roll rotation right 

~ER 

Refers to previous four measurements at left 
side frame 

Truck/carbody bolster swivel angle 
Truck/carbody lateral displacement 
Carbody roll angle 

Carbody bounce 

Carbody sway 

Carbody pitch 

Carbody yaw 

Carbody roll 

ill 

mph 

detection 
lb 

lb 

lb 

inch 

inch 

degree 

degree 

degree 

degree 

degree 

inch 

degree 

G 

G 

degree/sec2 

degree/sec2 

degree/sec2 

~ 

l ~ I 
0 COMB ALD CH 4g(y) VS CH 49CKl xl0 DATE 31 3'7S DISPLAY NUI11ER e.e0 TO 73~.88 SECS 

TDOP-11-FSF"S- 811 

... . .. .. I I. , .. 

-~~~~----~2~--~3--~~----~~~6~--~---2~ 
CHANNEL 2 SEC x18 l/11'79 DISPLAY Nli'IIER 2 l.te TO 731.88 SECS 

DATE 

TDOP-11-FSFIIS- tll 

-\~--~--~~~~~~~~~--~----+---~ 
2 

xl0 
0,00 TO 734.!e SEC5 

COMB TSA 47 48 DATE 3/ 3/79 DISPLAY NUM~~R 

TDOP-11-FSF"S- 811 

TDOP-II -fSF"S- Ill 

C-1 



CHANNEL te 
DATE l/30/78 DISPLAY HUMBER 

TDOP-II-FSFIIS- 111 

-~l ,.t_h~~.~~\_All~U,~p ... J.".JOijl.f.l!\ xl8 ~"'t"il'l""T~~l't'~"~~;~O"jjl 

xte;:b~~;, ~::4,]~ .. ;::;:;~.:~:; ::~~~ 
~ ~ ~ n ~ ~~ 

CHANNEL 18 SEC x10 DATE 1/38/78 DISPLAY NUMBER 3 J~e.ee TO 390.M SECS 

TDOP-1!-FSFIIS- Ill 

I 
DATE 1/30/78 

CHANNEL 24 SEC xl0 DISPLAY HUMBER 4 3~0.00 TO 3g0.00 SECS 

TDOP-Il-FSFIIS- Ill 

C-2 

TDOP-II-FifiiS- tU 

TDOI'-U-FSfftS- Ill 

CHANNEL 42 
DISPLAY IIUMBER 



6 
1 

x18 

6 
1 

xl8 

• 

CO"R SPD 

.IJ 

DATE 

CHANNEL 48 
DISPLAY HU~BER 

38 

l! 
DISPI.AY HIJIIBER 

TDOP-II-FSFIIS- 111 

37 38 
1 

x18 
V 348. II TO 398. ee SECS 

39 

·"}M!15;:~ 
·"J:;:::;;;;:;:J 
·"J:::::~ 

~ ~ 38 37 38 139 
CO~B Uf1 7 x18 

DATE l/30/78 DISPLAY HUIIBER 10 348.90 TO 390.80 SECS 

C-3 

-1 

1 e 
x10 

1 

TDOP-II -FSFftS- Ill 

~ H 

un• 

34 35 

COMB LDR 
1/30/78 

36 

DATE 
39 40 

DISPLAY NUMBER 

TDOP-I!-FSFMS- 811 

TDOP-II -FSFftS- 111 

37 38 
1 

xl0 
1l! 340.00 TO 390.00 SECS 

39 



' x18 

9 
xl8 

I 

I 

I 

-I 

TDOI'-11-fSfi!S- 811 

TDOP-U-fSflli- tU 

~ 

:M 35 36 

COIIB LDL 
DATE 1138178 

43 44 
DISPLAY HUIIB(R 

.AM 
·~...,.,., 

37 38 

xl8 
IS 341.89 TO 399.89 SECS 

39 
I 

C-4 

.;~ElZ.I~ 
·J :: .. :·· p .. ' ' l 
·T•···=: · ::.: ... ···: ·· ~ i 

:M 36 36 37 36 139 

COftB RA 38 IS xl9 
DATE 1139178 DISPLAY HU~BER 18 340.89 TO 390.89 SECS 

TDOI'-11-FSFIIS- til 

.a 
x18 

~~~~3~5~~~36~--~37~--~38~--~~39 
COlli TSA 47 48 xU 

DATE 1138178 DISPUIY IIUIIBER 19 348.111 TO 398.111 SECS 

1'1101'-11-FIIFIII- tll 



~. 

_17_ 

lL 
n 

5 -~~~~ 3~ 35 36 37 38 139 34 35 36 37 38 13 9 
C~B CR 18 IS 19 17 x10 COftB CS a! ae xl8 DATE 1/30/78 DISPLAY HUMBER a1 340,00 TO 390.00 SECS DATE l/30/78 DISPLAY NUI!BER a0 3~8.00 TO 390.80 S£CS 

TDOP-II-FSFftS- 811 TDOP-11-FSFftS- 811 

C-5 



APPENDIX D 

FRICTION COEFFICIENT CALCULATIONS 

This appendix contains the detailed analysis of the 
friction coefficients for each truck. The section of 
track chosen was between mileposts 5.52 and 5.80 in test 
zone 1. The analysis for each friction snubber is listed 
on a separate page. No analysis is included for FS4 on 
the Barber truck because of transducer problems ex­
perienced with FS4 during this run (discussed in para­
graph 3.3). The variables in the analyses are defined as 
follows: 

FSX 
Friction snubber number X 

FILT 
Cutoff frequency of analysis 

NORI\1AL 
Cutoff level for normal force 

POWER 
Cutoff level for power 

FRICTION COEFFICIENT 
l\Tean value + standard deviation 

NUI\JBER 
Number of friction coefficients used in average 

TOTAL ENERGY 
Total energy under curve 

INCLUDED ENERGY 
Total energy under curve less than power 

PERCENT INCLUDED ENERGY 
Total energy divided by included energy 

Since the total energy under the curve is an arithmetic 
sum, positive and negative energy cancel out, and it is 
possible to have included energy greater than the total 
energy. Total friction coefficients include all the values 
of the friction coefficient measured during an interval, 
both static and dynamic. Included friction coefficients 
are only those which meet the normal force and power 
dissipation level and thus are defined as dynamic friction 
coefficients. 

The first two column headings in the following 
analyses (l\1IN and MAX) define the range; the third 
and fourth columns (NUMBER and PERCENT) refer 
to the total friction coefficients, while NUMBER and 
PERCENT in the fifth and sixth columns refer to included 
friction coefficients. 

D-1 

BARBER TRUCK FSl 

3/12/79 FRICTION SNUBBER FS1, FILT=8 IKTY=61 
NORMAL>10Do POW(RC•250 FRICTION COEFFICIENT= 
0.324+/~0.088 NUMBER= 1491 TOTAL ENERGY= 
•0,115E+OS IN-LBoiNCLUDED ENERGY:·0,118E+OS lN•LBo 
PERCENT INCLUOE0=1D2,9 

MIN I'IAX 
o,uu o.o1 
o.o1 o,o2 
o.o2 o,o3 
O,U3 0,04 
O,U4 0,05 
0,05 o,oc, 
0,06 0,07 
o,o7 o.oe 
o,ue o,o9 
O,USI 0,10 
0,10 0,11 
0,11 0,12 
0,12 0,13 
0,13 0,14 
0,14 0,15 
0,15 0,1& 
0,1& 0,17 
0.17 0,18 
0,18 0.19 
0,19 0,20 
O,l!O 0,21 
Ooi!1 0,22 
0,22 0,23 
0,23 0,2'1 
0.24 0,25 
0,25 0,2& 
O,i!& 0,27 
0.27 0,28 
0,28 0,29 
0.29 0.30 
0,30 0,31 
0.31 0,32 
o.~2 o,33 
o.~3 o,34 
o.~'+ o,35 
0,35 0,3& 
D.~& 0,37 
0,37 0,38 
0,38 0,39 
0,39 0,40 
0,'10 0,'11 
0,41 0.'12 
0.'12 0,43 
0,43 0,4'1 
o ..... 0,45 
0,'15 0,4& 
Do'+& 0,47 
0.'+7 0,48 
0,'18 0,'19 
0,'19 o.so 
0,50 0,51 
o,51 o.s2 
0.52 0,53 
0,53 0,5'+ 
0.!:>4 o.ss 
Do55 0,5& 
o.s6 o,s7 
o.57 o,5e 
0,58 0,59 
0,61 0,62 
0,&2 0,63 

NUHBER 
19 
28 
42 
&2 
60 
68 
711 
9(, 

96 
95 

112 
120 
116 
159 
156 
159 
14& 
1&1 
147 
13'3 
142 
1&3 
1:55 
1611 
166 
173 
18& 
219 
159 
1&1 
172 
122 
1211 
109 

95 
65 
b7 
611 
65 
54 
47 
23 
42 
32 
2& 
29 
17 

9 
9 

11 
10 

5 
7 

' 8 
4 
4 
2 
5 
1 
1 

PERCENT 
0,38 
0.56 
0,84· 
1,24 
1,20 
1,3& 
1,48 
1.92 
1,92 
1,90 
2,24 
2,40 
2,3(, 
3,16 
3,12 
3,18 
2,92 
3,22 
2,94 
2,78 
2,84 
l!,2& 
2,70 
:5,28 
3,72 
3,4& 
3,72 
4,38 
:5,18 
3,22 
3,44 
2,44 
2,48 
2,16 
1,90 
1,70 
1,34 
1,28 
1,30 
1,08 
0,9'1 
0,4& 
0,84 
0,63 
0,52 
0,58 
0,34 
o,18 
0,18 
0,22 
0,20 
0,10 
0,14 
0,12 
0,1& 
o,o8 
0,08 
.0,04 
0,10 
0,02 
0,02 

NUHBER 
0 
0 
0 
0 
0 
1 
1 
1 
2 
2 
3 
'I 
1 

13 
12 
16 
19 
2& 
22 
1& 
27 
38 
28 
31 
58 
52 
63 
84 
74 
78 
8& 
72 
&8 
7& 
&3 
56 
42 
43 
43 
37 
35 
20 
3~ 
~8 
21 
22 
15 

4 
6 
5 
5 
4 
6 
lj 

8 
4 
4 
2 
5 
1 
1 

TDOP-B-FSFM8-005 

PERCENT 
o,oo 
o.oo 
0,00 
O,OD 
0,00 
0,07 
0,07 
0,07 
0,13 
0,13 
0,20 
0,27 
0,1:17 
0,87 
0,80 
1,07 
1,27 
1,74 
1,41! 
1,07 
1,61 
2,55 
1,86 
2,08 
3,89 
3,49 
4,23 
5,&3 
4,9& 
5,23 
5,77 
4,83 
4,56 
5,10 
4,23 
3.7& 
2,82 
2,88 
2,68 
2,48 
2,35 
1,311 
2,21 
1,88 
1,41 
1,46 
1,01 
0,27 
0,40 
0,34 
0,34 
0,27 
0,40 
0,27 
0,511 
0,27 
0,27 
o.u 
0,54 
0,07 
0,07 



BARBER TRUCK FS2 
BARBER TRUCK FS3 

3;12/79 FRICTION SNUBBER FS2, FILT:::S NORMAL>100, 
3/12179 FRICTION SNUBBER FS3, FILT=a NORIIAL)10Do POWER<•2S0 F~ICTION COEFFlClE:NT:::0,357+/•0,127 
POWER<•250 FRICTION COE:FFICIENT:Q,308+/•0,070 NUME>ER= 1132 TOTAL E11ERGY=•0,878E+0'+ Ir•·LBt NUMBER= 1613 TOTAL ENERGY:•0,122E+05 lN•LBt INCLUDED ENERGY:•0,105E+05 IN·LBo INCLUDED ENERGY=•0,1'+6E+05 IN·LBo PERCENT INCLUDED=119e6 
PERCENT 1NCLUDED=119,8 

l''llN PIA'X NUPII:IER PERCENT NUIIBfR PERCENT IUN II AX NUI'IBER PERCEr~T NU~BER. PE:RCENT o.oo 0,01 26 0,52 0 o,oo o,oo o.o1 11 0,22 0 0,00 o.ol 0,02 '+2 0,8'+ 0 0,00 o.o1 0,02 20 0,110 0 0,00 0.02 0,03 111 0,82 0 0,00 0,02 0,03 39 0,78 0 0,00 0,03 0,0'1 118 0,96 0 0,00 0.03 0,0'+ '+6 0,92 0 0,00 O,U'I 0,05 86 1,72 0 0,00 0,0'1 o.os 111 0,9'1 0 0,00 0,05 0,06 97 1,9'+ 1 0,09 o.os 0,06 66 1,32 1 0,06 o.o& 0,07 129 2,58 0 o,oo O,IJ6 0.07 71 1.5'+ 1 0,06 O,U7 D,08 1112 2,8'1 3 D,27 0.01 O,D8 8'1 1,68 2 0,12 o,o8 0,09 1'+1 2,82 2 0,18 o,u8 0,09 90 1,80 " 0,25 0,09 0,10 107 2.111 6 0,53 0,09 0,10 78 1.56 0 0,00 DolO 0,11 151 3,02 8 0,71 0,10 0,11 112 2,2'+ 9 0,56 D.11 O,li/ 1111 2.82 11 0,97 0,11 0,12 113 2,26 II D,25 0,12 0,13 1'+7 2.9'+ 1D 0,88 0,12 0,13 1110 2,80 10 D,62 D,l3 D,111 155 3,1D 12 1,06 D,13 0,1'1 106 2,12 8 0,50 0,1'+ 0,15 128 2,56 16 1,'11 Dol'+ 0,15 115 2,30 12 0,711 0,15 0,1& 130 2,&0 13 1,15 0,15 0.16 109 2,18 20 1,2'+ 0,16 0,17 127 2,5'1 1G 1,'11 0,16 0,17 117 2,3'+ 1D 0,99 0,17 D,18 1'+'+ 2,88 12 1,06 0,17 0,18 119 2,38 18 1.12 0,18 0,19 160 3,20 16 1,111 0,18 0,19 1'+5 2,90 20 1.2'+ 0,19 0,20 lifO 2,80 17 1,50 0,19 0,20 123 2.'16 33 2,05 0,20 0,21 120 2.'10 17 1,50 0,20 0,21 152 3,0'+ 26 1,61 0,21 0,22 1211 2.'+8 18 1,59 0.21 0,22 15'+ 3,08 33 2,05 0,22 0,23 116 2,32 20 1,77 0,22 0,23 137 2,74 35 2,17 0,23 0,2'1 119 2,38 31 2,711 0,23 0,2'1 1'+9 2,98 '15 2,79 0,2'1 0,25 121 2,'+2 '36 3,18 0,211 0,25 1113 2,86 112 2,60 (J,25 0,2& 109 2,18 23 2,03 0,25 0,26 162 3,6'+ 72 11,'16 o,c6 0,27 113 2,26 211 2,12 0,26 0,27 157 3,1'+ 60 3,72 o,;o 0,2& 107 2.1'+ 23 2,03 0,27 0,28 18'+ 3,68 7'1 1!,59 0,28 0,29 118 2,3& 35 3,09 0,28 0,29 210 11,20 91 5,6'1 0,29 0,30 90 1,80 32 2,83 0,29 0,30 233 1!,6G 127 7,87 0,30 0,31 102 2,011 33 0:,92 0,30 0,31 202 '+,0'+ 109 6,76 o •. n 0,32 95 1,90 37 3,27 0,31 0,32 2'+3 11,86 12'+ 7,69 0,32 0,33 87 1,7'1 36 3,18 0,32 0,33 215 11,30 115 7,13 0,:13 0,3'1 8& 1. 72 35 3,09 0,33 0,3'+ 13G 2,72 76 ... 71 0,34 0,35 97 1,9'1 '+3 3,80 0,3'+ 0,35 1113 2,86 69 '1,28 0,35 0,36 81 1.62 39 3,115 0,35 D,36 12'+ 2,118 67 11,15 o.~& 0,37 103 2,06 Ill! 3,89 0,36 0,37 98 1,9G 5'1 3,35 0,37 0,38 92 1,8'1 31 2,7'+ 0,37 0,38 91 1,82 55 3,111 0,38 0,39 83 1,66 37 3,27 0,38 0,39 77 1,54 '19 3, Oil 0,39 0,'10 8'1 1,68 36 3,18 0,39 0,'10 79 1,58 116 2,85 0,'+0 O,'+l 1>9 1,38 28 2,'17 O,'tO 0,'+1 liS 0,96 30 1,86 0,'11 0,'+2 59 1,18 25 2,21 0,111 0,112 25 0,50 17 1,05 0,42 0,'13 69 1,38 29 2,56 0,'12 0,'13 111 0,28 6 0,37 0,113 0,'+4 5'1 1.08 32 2,83 0,113 0,'1'1 15 0,30 111 0,87 0,'+'1 0,'+5 '12 0,811 21 1,86 0,1111 0,115 12 0,2'+ 10 0,62 0,'15 o,'+E> 59 1.18 30 2,65 0,115 O,'lf> 5 0,10 'I 0,25 0,'16 0,'+7 57 1,1'1 31 2,711 0,116 0,'+7 5 0,10 0 o,oo 0,'+7 0,'+8 3'1 0,68 19 1,68 0,117 0,118 1 0,02 1 0,06 0,'18 0,'19 29 0,58 19 1,68 O,'t8 0,119 2 0,0'+ 0 0,00 0,119 0,50 30 0,60 15 1,33 0,119 0,50 1 0,02 0 0,00 0.!>0 0,51 31 0,62 19 1,68 0,50 0,51 1 0,02 1 0,06 0,!>1 0,52 21 0,1+2 11 0,97 0,51 0,52 1 0,02 0 o,oo 0,52 0,53 12 D,211 6 0,53 0,53 0,511 2 0,011 1 0,06 0,53 0,51! 15 0,30 ~ 0,80 0,5'1 0,55 2 1),0'+ 2 0,12 Do5'+ 0,55 12 0,211 7 0,62 
0.!>5 0,51:. a o,i6 3 0,27 

TDOP-ll-FSFMS-005 0,!>6 0,57 10 0,20 5 0,'111 
0,57 0,58 u ~.30 1.2 1,06 
0,58 0,59 6 0,12 II 0,35 
o,59 0,60 5 0,10 II 0,35 
0,60 0,61 ' 0.12 5 0.'+11 ASF TRUCK FSl 0,61 0,62 2 0,011 1 0,09 
0,62 0,63 3 0,06 2 0,18 
Oofo3 0,611 1 0,02 0 o.·oo 
0.6~ 0,65 2 O,Oif 2 0,18 3/13/79 FSl, FILTER=8, NORMAL>lOO, POWER<•250 O,fo6 0,67 II 0,08 .. 0,35 

F~ICTlU•J CuEFFICIENT=0.1164+/•0.105 IIIUPIBER= 1208 0,67 0,6& 2 o.o .. ~ 0,18 TOTAL E~ERGY:-0,910E+04 lN•LB, INCLUDED ENERGY: 0,1>8 0,69 2 o.o11 2 0,18 ·0,968E+O~ 1111-LBo PERCENT INCLUDED=106o3 0,70 0. 71 1 0,02 1 0,09 
0,73 0.7~ .. o.oa II 0,35 
Oo7fo 0,77 1 0,02 1 0,09 
0.79 0,80 1 0,02 1 0,09 MlN PIA X NUPIBER PERCENT NUPIBER PERCENT o,ao 0,81 1 0,02 1 0,09 o.oo 0,01 13 0,26 0 o,oo 0,86 0.87 1 0,02 1 0,09 0,01 0,02 16 0,32 0 o,oo 0,87 0,88 1 0,02 1 0,09 o,u2 0,03 17 0,3'+ 0 0,00 0,98 0,99 2 0,011 I .0,18 0,03 0,04 16 0,32 0 o,oo 

0,0'1 0,05 33 0,66 0 o,oo TDOP-D-PSFM8-005 0,05 o.u6 26 0,52 0 0,00 
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ASF TRUCK FSl 
ASF TRUCK FS2 (Continued) 

5/13179 FS2, FIL TER=e, NORMAL>lOOt POWEk<-250 PUN PIA X NUf'IBE.R PERCENT NUMBER PERCENT FRICTION COEFFltlENT:0,3~&+/-0,106 NUMBER=87'1 
o.u~ 1),07 27 0,!5'1 0 o,oo TOTAL ENE.RGY:-0,588E+O'I IN·LB, INCLUDED ENERGY= 
0.~7 o,oa '18 0,96 0 o.oo •Q,'I77E+0'1 IN-LBo pERCENT INCLUDED= 81 
o,ua 0,09 31 0,62 0 o,oo 
o,u9 0,10 '16 0,92 0 o,oo 
0,10 0.11 '15 0,90 0 o,oo 
0,11 0,12 51 1.02 0 o,oo 
0,12 o.u 66 1.52 0 o,oo I'UN PIA X NUMBER PERCENT NUMBER PERCENT 0,13 0,114 58 1,16 0 o,oo o.oo OoDl 26 0,52 ·o o.oo 
t~.l~ 0.15 61 1,22 1 o,oe u,ol 0,02 22 0,'1'+ 0 o,oo 0.15 0,16 66 1,32 1 o,o8 0,02 0,03 27 o.5'+ 0 0,00 0,16 0,17 76 1.52 1 o,o8 0,03 o.o. 5'+ 1,08 0 0,00 0.17 0,18 76 1,52 0 o,oo o.o .. 0.05 !59 1,18 0 o,oo 0,18 0,19 til 1.62 2 0,17 Ooll5 0,06" 52 1,0'1 0 0,00 0,19 0,20 9'+ 1.88 5 0,'11 Oo06 0,07 69 1.38 0 0,00 0,:.!0 0,21 97 1.911 6 0,50 0.07 o,o8 81 1,62 1 0,11 0,21 0,22 99 1,98 3 0,25 o.o8 Q,O!I 87 1.7'+ 0 o,oo 0,22 0,23 9'1 1,88 7 0,58 OoU9 0.10 122 2,'1'+ " 0,'16 0.:.!3 0.2'+ 120 2,'10 7 0,58 0,10 0.11 82 1.6 .. 3 0,3'1 0,:.!14 o.~!> 128 2.56 • 0,33 Doll 0.12 95 1,90 1 o,u 0,25 0.2~ 11'1 2,28 11 0,91 Oo12 0.13 91 1.82 3 0,3'1 0,26 c.,21 10':1 2.18 9 0,75 0,13 o.1'+ 130 2,60 7 0,80 0,:.!7 0.28 113 2.2~ 10 0,83 0.1'1 0.15 9'1 1,88 7 0,80 0,28 0,29 107 2,111 10 0,83 0.15 0,16 109 2.18 8 0,92 0,29 0,30 87 1.7 .. 7 0,58 o.u. 0,17 91! 1,88 7 0,80 
o.~o 0,31 95 1.90 12 0,99 0,17 0,18 10'+ 2,08 8 0,92 0,.31 u,32 105 2.10 22 1,82 0.18 0.19 115 2,30 12 1,37 0 • .34! 0,33 113 2,26 20 1,66 Oo19 0,20 '39 1,98 12 1,37 0,33 0,.3'+ 118 2,3& 32 2,65 0.20 0.21 123 2,146 16 1,83 0,.314 0,35 109 2,18 17 1,141 0.21 0.22 125 2,50 13 1,'19 0.35 0,36 13& 2,72 2'+ 1,99 0.22 0.23 153 3,06 22 2.52 0,.36 0,.37 109 2.18 26 2,15 0.23 0.2'1 131 2,62 15 1.72 o.~7 0,38 13l 2.62 36 2,98 0,2'1 0,25 133 2,66 11 1,26 o.~e 0,3':1 110 2,20 0!'3 2,'10 0,25 0.26 1'10 2,80 25 2,86 0.39 0,110 111 2.22 27 2,214 Oo26 0.27 135 2.70 15 1,72 0,140 0,'11 127 2,51i 148 3,97 Oo27 0.28 112 2.2'1 15 1,72 0,141 0,'12 139 2,78 56 '1,614 0,28 0.29 155 3.10 20 2,29 Oo'+2 0,'13 130 2,60 14~ 3,61 0,29 0.30 116 2.32 19 2,17 0,143 0,1414 127 2,511 147 3,89 0.30 Oo31 1314 2.68 21 2,'10 0,'+14 0,'+5 108 2.16 ... 3,6'1 0.31 0,32 137 2,714 30 3,'+3 0,145 o.l4~ 10'1 2,08 59 '1,88 o.~2 0,33 126 2,52 29 3,32 0,'16 0,'+7 107 2,114 '16 3,97 0,33 0,314 126 2,52 33 3,78 0,'17 0,148 122 2,1414 52 '+,30 0.3'+ 0,35 11414 2,68 39 14,'+6 0,148 0,149 111 2,22 62 5,13 o,a5 0,36 127 2,511 3'+ 3,89 0,'19 0,50 88 1.76 '17 3,8'3 0,36 0,37 117 2,3'1 '17 5,38 o,::.o 0,5! '31 1,82 36 2,98 0,157 0,38 112 2,2'+ 39 14,146 0,51 0,52 71 1,142 38 '3,15 o.a8 0,39 112 2,2'1 3'+ 3,6'9 0,!:>2 0,53 67 1,3'+ 35 2,90 Q,39 0,140 82 l,E.'I 21 2,'+0 0,53 0,54 63 1.26 32 2,65 0,'10 Oe'll 97 1,9'+ 314 3,6'9 0,54 0,55 85 1,70 51 '1,22 Oo'+1 0,'12 75 1,50 33 3,78 0.55 0.56 58 1,16 30 2,'18 0.'+2 0,'13 66 1,32 27 3,09 0,56 0,57 32 0,6'+ 17 1,1+1 Oo'l3 0,'1'1 so 1,00 16 1,83 0.57 o.se 33 0.66 22 1.81 o ..... 0,'15 72 1,1414 29 3,32 o,::.8 0.59 n ··" ' ,,,5 Oe'l5 0,'16 53 1,06 18 2,06 0.59 0.60 16 0.31> 9 0,75 0,'16 0,'17 51 1,02 13 1,'19 o,t.o 0,61 27 0,514 19 1,57 0,117 0,146 53 1,06 114 1,60 0,61 0,62 17 0,314 10 0,83 0.'18 0,'19 51 1,02 26 2,97 0,62 0,63 15 0,30 9 0,75 Q,lt!l 0,50 '16 0,92 20 2,29 0,63 0.6'+ 11 0,22 3 0,25 0,50 0,!51 '114 0,88 17 1,95 0,611 0,65 10 0,20 6 0,50 0.51 0.!52 n 0,5'+ 9 1,03 0,6!5 0,66 '+ o,08 •• 0,33 0.52 0,53 29 o,s8 ·e 0,92 0,66 o,67 5 0 ._10 2 0,17 0.!53 0,5'1 25 o.-5o 11 1,26 0,67 0,66 lO 0,20 8 0,66 o,5'1 0.!5!5 ' 0.16 2 0,23 o,&6 0,69 7 0,1'+ 7 0,58 0.55 0,!56 20 0,110 7 o,80 0,69 0,70 1 0,02 1 o,oe Oo!56 0,57 17 o.:s .. !5 0,57 0,70 0.71 ' 0,18 3 0,25 Q,!i7 o.58 9 0,18 1 0,11 0,71 0,72 7 0,1'1 2 0,17 Oe58 Q,59 13 0,26 5 0,57 0,72 o. 73 2 O,O't 1 0,08 o.!59 Oe60 ' 0.12 2 0,23 0,73 0,714 14 0,08 • o.:s3 0.60 0.61 5 0.10 1 0,11 0.7'1 0,75 3 0,06 3 0.25 Oo61 Oo62 7 Dol'+ 1 Q,ll 0,75 0,76 2 o.o .. 1 o,o8 0,62 0.63 6 0,12 1 0,11 0,76 0,77 3 0,06 1 0,08 Oo65 0.6'1 ' 0.18 1 0,11 0,77 0,78 2 O,O't 2 0,17 0,65 0,66 2 o.o• 1 0,11 0,78 0,79 1 0,02 1 0,08 0,67 0.68 1 0,02 1 0,11 0.79 0,80 2 O,O't 2 0,17 Oe72 0,71 1 0,02 0 o.oo o,8o 0,81 1 0,02 1 o,o8 0.73 o.71t 1 0,02 0 o,oo 0,81 0,82 1 0,02 0 o.oo 0.7'+ 0.7!5 1 0.02 D 0,00 0,82 0,83 1 0,02 0 o,oo 0,78 o.T'J 1 0,02 0 o,oo 0,81 0,614 1 0,02 0 o.oo 0.81 o.e2 1 0,02 0 o.oo 0.8!5 0,66 1 0,02 1 0,08 

0.87 0,88 1 0,02 0 o.oo 
TDOP-D-FSFM8-011 o.88 0,89 2 0,0'1 0 0,00 

TDOP-D-FSFM8-011 
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ASF TRUCK FS3 
ASF TRUCK FS4 

3/13/79 FS3, FILTER=e, NORMAL>10Do PO~ER<-250 3/1317~ FS4, FlLTER:e, NORMAL>lOO, POWER<•250 
FHICTION CO~FFlCIENT:0,408+/•0,078 ~UMBER=1244 FHICTIO~ COEFFICIENT:0,488+/-0,262 NUMBER= 844 
TOTAL ENERGY:-0,763E+04 lN-LB, INCLUDED ENERGY: TOTAL ENLRGY:•Uo'I44E+04 lN•LBt INCLUDED ENERGY: 
•0,779E+04 IN-LBo pERCENT INCLUDEO:l02ol 

•0,468E+04 IN•LBo PERCENT lNCLUDED=105o5 

I'IIN MAX NUMBER PERCENT NUMBER PERCENT 
"IN "AX NUMBER PERCENT NUMBER PERCENT 0,00 0,01 38 0,76 0 o·,oo 

o,oo 0,01 8 0,16 0 o,oo O,Ul 0,02 8 0,16 0 o·.-oo 
o.o1 o.o2 7 0,14 0 0,00 o.u2 0,03 12 0,211 0 0,00 
o,u2 0,03 11 0,22 0 0,00 O,U3 0,04 22 . 0,44 0 0,00 
0,03 0.04 23 0,46 0 0,00 O,U'I o.os 23 0,116 0 0,00 
DoD'+ 0,05 20 0,110 0 0,00 0,05 0,06 23 0,46 0 0,00 
o,o5 0,06 19 0,38 0 0,00 0,06 0,07 33 0,66 0 0,00 
o.oc. 0,07 15 0,30 0 o,oo o,u7 o.oe 32 0,6'1 0 0,00 
0,07 o,oe 32 0,6'+ 0 0,00 o.ua 0,09 3U 0,60 0 0,00 
o.oe 0,09 33 0,66 0 0,00 o,u9 0,10 38 0,76 0 0,00 
0,09 0,10 30 0,100 1 o,o8 0,10 0,11 11'1 o.ee 0 0,00 
0,10 0.11 29 0,56 0 o,oo Doll 0,12 116 0.92 1 0,12 
0,11 0,12 41> 0,92 1 0,08 0,12 0,13 .... 0,92 0 0,00 
0,12 0.13 '+7 o.s~ 0 0,00 0,13 0,1'1 56 1,12 0 o,oo 
0,13 0.14 3r:. 0,72 1 0,08 Oo1'1 0,15 62 1,2'+ 0 0,00 
Dol 'I 0.15 56 1,12 1 0,06 0.15 0.16 '19 0,98 0 0,00 
0.15 0.16 63 1,26 0 0,00 0.16 0,17 57 1,14 3 0,36 
0,16 0,17 6'1 1.28 0 0,00 0.17 0,18 69 1,78 1 0,12 
0.17 0,18 59 1,16 1 0,06 Ool8 0,19 73 1,116 6 o. 71 
0,18 0,1'3 57 1,1'1 '+ 0,32 0,19 0,20 71 1,42 2 0,2'1 
0,19 0,20 61 1,22 1 0,08 o • .<o 0,21 83 1,66 0 o.oo 
0,20 0,21 76 1,52 2 0,16 0,21 0,22 87 1,7'1 3 0,36 
0,21 0.22 85 1,70 " 0,32 Oo22 0,23 76 1,56 5 0,59 
0,22 0,23 82 1.6'+ " 0,32 0,23 0,2'1 98 1,96 9 1,07 
0,23 0,2'1 71 1,'12 3 0,24 0,24 0,25 eo 1,60 " 0,'17 
0,2'+ 0,25 77 1,5'1 6 o.~e 

o.~:; 0,2b 100 2,00 7 0,83 
0,25 0,26 91 1,82 5 0,40 (),26 0.27 91 1,82 5 0,59 
0,26 0,27 95 1,90 9 0,72 0,27 0,28 118 2,36 10 1,18 
0,27 0,28 109 2,18 11 0,88 0,28 0,29 11'1 2,2d 5 0,59 
0,28 0,29 109 2,18 7 0,56 0,29 0,30 118 2,36 7 0,83 
0,29 0,30 113 2,21> 16 1,29 o • .su 0.31 112 2,2'1 9 1,07 
0,30 0.31 1'+1> 2,92 26 2,09 o •. H 0,32 125 2,50 10 1,18 
0,31 0,32 166 3,32 43 3,'16 0.32 0,33 132 2oc'+ 12 1,'12 
0,32 0,33 159 3,16 39 3,1'1 0,3.3 0,3'1 13'3 2,78 25 2,96 
0,33 0,3'1 188 3,71> o6 5,31 0,34 0.35 133 2oc6 20 2,37 
0,3'+ 0,35 179 3,58 79 10,35 0,35 0.36 1101 3.22 '+5 5,33 
0,35 0,36 219 '1,38 65 10,83 Oo.S6 0.37 184 3,108 71 8,41 
o,.sc 0,37 192 3,8'+ o5 5,23 0,37 0,3b 159 3,18 72 8,53 
0,37 0.38 187 3,7'1 101 4,90 o • .stl 0,39 151 3,02 6'+ 7,58 
o,.se 0,39 11>9 3,38 50 4,02 0,39 0,'1() '31 1.82 3& 4,27 
0,3'3 Oo'+O 21'+ '1,28 68 5,'17 0.40 Oo4l 115 2.30 '+'I 5,21 
0,40 Oo'+l 102 3,2~ 67 5,39 Oo'l1 Oo'l2 '35 1.90 23 2,73 
Oo41 0.'+2 15!:! 3,16 1>9 5,55 Oo'+2 Oo'l3 79 1.58 20 2,37 
0,'12 0,43 157 3,14 66 5,31 Oo'13 0.4'+ 77 1,5'+ 13 1,54 
0,43 0,'1'1 1'12 2,8'+ 53 '+,26 Oo'l'l 0,45 79 1,56 14 1,610 
0,'14 0,'+5 137 2,7'1 5'1 4,3'1 0 o45 0 o'+b 70 1.'10 17 2,01 
0,45 0.41> 116 2,32 51 '1,10 0,4/i. 0,47 73 1,'16 19 2,25 
0,46 0.'+7 107 2,1'+ '+5 3,62 0.47 0,48 60 1,20 18 2,13 
0,'+7 0,48 82 1,6'1 34 2,73 0,'18 0.'+9 49 0,98 9 1,07 
0,'18 0.'+9 76 1,52 24 1,93 0.49 o.so 47 0,9'1 12 1,'12 
0,'+9 o.so 58 1,16 22 1,77 o,:;o 0,51 39 0,71! 10 1,18 
0,50 o.51 .... 1,28 2'+ 1,93 Oo!:>l 0,52 110 o.eo 16 1,90 
o.s1 0,52 1+7 0,9'+ 1'1 1,13 0.!>2 0,53 "" o.88 15 1,78 
0,52 0,53 32 0,6'+ 5 0,40 0.1:>3 o.54 36 0,76 10 1,18 
0,53 0,5'1 30 0,60 ... 0,48 Ooi:>'l o,ss 46 0,92 ..a a 2,37 
0,1:>'+ 0,55 21 0,-<92 '+ 0,32 0,55 0,56 36 o. 7-2 12 1,1+2 
0,!:>5 0,56 29 0,58 10 0,80 Oo56 0,57 24 Oo48 3 0,36 
0,56 0,57 21 0,'12 6 0,48 0.57 0,5!! 23 0.46 4 0,47 
0.57 (1,58 16 0,32 8 0,64 o.:;e o.59 17 0,34 5 0,59 
0.1:>8 0,59 13 0 0 26 3 0,2'+ Oo!:>9 0,60 16 0,32 5 0,59 
0,!:>9 0,1>0 10 0,20 4 0,32 O,oO 0,61 21 0.112 6 0,'71 
0,60 Ool>l 15 0,30 " 0,32 Oocl 0,62 21 0,1+2 5 0,59 
IJ,bl Ool>2 9 0,18 3 0,2'+ 0.62 0,63 16 0.32 3 0,36 
0,62 o,o3 8 0,16 1 0,08 

0.63 0,6'1 18 0.36 3 ~.36 
Oo&3 0.6'+ 8 0.16 2 0,16 Oo6'+ 0,65 18 0,36 ~ 0,59 
0,&'+ 0,65 5 0,10 0 0,00 

0.65 0,66 19 o.se E 0,71 
0,65 0,66 3 0,010 0 0,00 Oo66 0,67 24 Oelfll 7 o,a3 
0,610 0,67 '+ o,o8 2 0,16 

0.1>7 0,68 15 o,3o I 0,12 
0,1>7 0,68 6 0,12 0 o,oo 

Oo68 0,69 10 0,20 2 0,211 
0,1>8 0,69 5 0,10 0 0,00 

0.69 0,70 llf 0,28 2 0,21f 
0,1>9 o,7u 6 0,12 2 0,16 Oo70 0,71 12 0,21; 2 0,24 
0,71 0,72 2 0,0'1 0 o.oo 0,71 0,72 12 0.24 3 0,36 
0,72 o.73 2 0,04 0 0,00 Do72 0,73 7 0.14 3 0,36 
0,73 0,7'1 1 0,02 0 0,00 0,73 0,74 8 0,110 2 0,24 
0,79 0,80 1 0,02 0 0,00 0,74 0,75 5 0,10 0 0,00 
0,86 0,87 1 o. 02 1 0,08 0,75 0,76 15 0,30 1 0,12 
Oo9'+ 0,95 1 0,02 0 0,00 0,76 0,77 19 0.38 1 0,12 
1,00 1,01 2 0,0'+ 1 0,08 0,77 0,78 11 0,22 2 0,24 

TDOP-ll-FSFM8-0ll 0,78 0,79 12 0,24 2 0,24 
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ASP TRUCK FS4 
(Continued) 

fllN flAX NUI'IBE:R PE:RCENT NUHBER PERCENT 
0,79 o,8o 12 0,2'+ ~ o.~6 
o.so 0,81 16 o.~2 ~ 0,36 
0.81 0,82 6 0,12 2 0,21+ 
O,b2 0,83 7 0,11! 1 0,12 
0,83 0,1'+ 12 0,2'+ 1 o.u 
0,81! u.8~ 12 0,211 0 o,oo 
o.a~ 0,8& 11 0,22 :s 0,:56 
0,86 0,87 12 0,2'+ 2 0,211 
0.!17 o,aa 10 0,20 0 o.oo 
o,88 0,89 9 0,18 0 o.oo 
0,89 0,90 1'+ 0,28 :s 0,:56 
O,'JO 0,91 ~ 0,10 1 o.u 
0,91 0,92 11 0,22 1 0,12 
0,92 0,'33 11 0,22 0 o,oo 
0,93 0,9'+ 10 o.2o 1 o.u 
0,9'+ 0,95 7 0,1'+ 2 0,211 
0.'15 0,9b & 0,12 1 0,12 
0,96 0,97 :s 0,06 0 o,oo 
0,97 0,98 7 0,111 2 0,211 
Do ':liB 0,99 '+ o.oa 1 0,12 
0,99 1,00 15 o.:so :s 0,:56 
1,00 1,01 250 5,00 :57 li,:S8 

TDOP-ll-FSFM8-0ll 
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