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• PREFACE

This final report, Volume III, contains the original data

of the train-to-train impact test program conducted by the Dyna

mic Science Division of Ultrasystems, Inc., for the Transportation

Systems Center under direction of the Federal Railroad Administra

tion; Contract DOT-TSC-840. The Contract Technical Managers for

the program were Mr. Sam Polcari and Mr. How Wong who worked in

conjunction with Dr. A. R. Raab, Program Manager, and Dr. Pin

Tong, program consultant; all of Transporation Systems Center.

Mr. Don Levine was the Federal Railroad Administration Sponsor.

The program was devoted to detE~rmining the dynamic response

characteristics of a series of rear-end train collisions, ranging

from 3 mph to 30 mph.

The opinions and findings expressed in this publication are

those of the authors and not necessarily those of the Transpor

tation Systems Center.
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APPENDIX A

IMPACT TEST DATA
A.I INTRODUCTION

All nine impact tests described in this report were instru

mented. This appendix describes the locations of the instru

ments and presents a complete set of time histories of the data.

All data processing was performed in accordance with SAE

Recommended Practice J211a, entitled "Instrumentation for Impact

Tests." The data are presented in the form of computer gener

ated time histories. Two filtering frequencies were used to

generate each plot. They are listed in each plot in the follow

ing manner:

• The first number denotes the cutoff frequency of the
presampling analog filter (the 3-dB point) •

If the analog data are not filtered with a low pass filter

to eliminate the frequencies down to about one-half of the sam

ple rate or lower, the higher frequencies may appear as an alias

ing* error. For instance, if a high-frequency component occurs

in the data which is exactly five times the sample rate, the

sample will be taken at the same amplitude but on every fifth
cycle. The digitized data will show this frequency as a con

stant DC level instead of varying at a high frequency. High

frequency components must be removed to ensure an accurate rep

resentation of the data in digital form. A data sample must be

taken at least every half cycle to detect a component of that

frequency. Further filtering, if desired, is accomplished by

applying a digital filter to the digitized data.

• The second number is the frequency at the break point
in the ideal digital filter applied to the data prior
to plotting. After the break point, the data were
attenuated at 12 dB/octave. The digital filter uti
lizes a fast Fourier transformation of the data into
the frequency domain, followed by an attenuation of
the higher frequencies, and an inverse transformation
back into the time domain 0.

*Bendat, J. S., and Piersol, A. G., "Measurement" and Analysis
of Random Data, John Wiley and Sons, 1967.
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A.2 NUMBERING SYSTEM FOR INSTRUMENT LOCATIONS

The instrument location numbers are made up of two alpha

betic characters and one numeric character. The first alpha

betic character is either "S" for stationary train or "M" for

moving train. The second alphabetic character is one of four

codes describing the type of instrument:

A - Accelerometer

S - Strain gauge

D - Displacement transducer

H - Swinghanger strain gauge sum

The numeric character defines the position of the instrument

from the impact point; the larger the number, the farther the in

strument is from impact. Example: "SA?" is the seventh acceler

ometer on the standing train away from impact.

Diagrams of instrument location are included with the graphs

of each test. Location numbers appear on these diagrams to indi

cate the types and number of instruments. The location numbers

also appear at the top of the computer-drawn time histories to

identify the location where the data was obtained.

A.3 INSTRUMENT LOCATIONS

The accelerometers were bolted directly to the center sill

of all cars except the locomotives. Figure A-I is a diagram of

the location of the accelerometers on the caboose, which were

mounted on top of the sill through a hole in the floor. The

front and rear accelerometers on the first hopper were attached

to the top of the sill near the ends and all center accelerom

eters were mounted from underneath the cars. The locomotive

front and rear triaxial accelerometers* were mounted on top of

the draft gear assembly (see Figure A-2). The center acceler-

ometer was mounted on the side frame rail (see Figure A-3). The

*A triaxial accelerometer has 3 accelerometers in one canister,
giving acceleration in the longitudinal, lateral, and vertical
directions.
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LB," B2"J
Figure A-I. Accelerometer Positioning on Caboose.

two longitudinal accelerometers in the cab were attached to the

floor near the brakeman and engineer dummies.

The strain gauges mounted on the! coupler shanks were at

tached about 3 inches behind the horn and centered vertically on

the shank (see Figure A-4). A gauge was mounted on each side to

cancel effects of lateral bending. Several couplers were cali

brated prior to testing and data were converted to force before

being plotted (see Train-to-Train Impact Tests - Volume I, Pre

Impact Determination of Vehicle PropE~rties, for details). The

center sill strain gauges were mounted vertically in the center

of the sill sides and longitudinally between the attachments of

the buffer casting and the draft gear (see Figure A-S). Again,

one gauge was installed on each side to cancel signals due to

bending. The caboose truck swinghang"ers were removed, strain

gauges mounted, calibrated in a tensile tester, and reinstalled

in the truck (see Figures A-6 and A-7). The four gauges on each

truck were monitored separately, but added together prior to be

ing plotted. The force thus represents the total force as seen

on the truck during impact; with the static load of the caboose

equal to zero. The swinghangers were inclined 8 degrees from

the vertical, but the cos (8°) is almost I and the change in

force due to the angle was assumed to be negligible.
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Figure A-2. Front and Rear Triaxial Accelerometer
Location on the Locomotive.

Figure A-3. Center Vertical Accelerometer
Location on the Locomotive.
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Figure A-4. Strain Gauge Location on the Couplers.

Figure A-5. Center sill Strain Gauge Location.
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Figure A-6. Strain Gauge Location on Caboose
Swinghangers.

Four displacement transducers were mounted on the caboose

cross braces and a wire attached to the truck side frame (see

Figure A-B). Any vertical motion was measured by extension of

retraction of the wire. A fifth displacement transducer was

mounted on the end of the hopper center sill and the wire at

tached to the caboose, measuring longitudinal motion between

the caboose and hopper (see Figure A-g) .

SI-!2

"R" £~D

sin

"P," END "B" F:"JD

s,,'r:~(;){A~GF:R o :JISPLACE.'·\l::NT TAANSDL:CER

Figure A-7. Caboose Truck Swing
hanger Strain Gauge Locations.

A-6

Figure A-B. Caboose Displace
ment Transducer Locations.



Figure A-9. Displacement Transducer Between the
Hopper and Caboose.

A.4 INSTRUMENT SIGN CONVENTION

The positive sense for the data is defined by a coordinate

system fixed to the caboose as shown in Figure A-lO. A corres

ponding coordinate system is applied to the locomotive. The

positive direction, with respect to 1:he vehicle, is taken as for

ward, to the right and down for the X, Y, and Z axes, respectively.

X-AXIS

Z-AXIS

......c 'lOTION OF MOVING TRAIN

Figure A-lO. Vehicle Coordinate System.
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The proper definition of positive and negative for the data

graphs is as follows:

A. Acceleration

Longitudinal: positive is in the direction of initial
locomotive velocity

Negative is toward impact from station
ary train

Vertical: Positive is down

Negative is up

Lateral: Positive is right*

Negative is left

B. Displacement

Displacement Transducers

Longitudinal: Positive is extension or separation
of the caboose and hopper

Negative is retraction

Vertical: Positive is upward lift of the
caboose

Negative is downward motion of the
caboose

c. Force Positive is tension

Negative is compression (for swing
hangers, negative is less tension)

A.S DATA FROM TESTS 1 THROUGH 9

This section contains a schematic of the instrument loca

tions and plots of the data from the instruments for each test.

Sometimes the data from an instrument were of an extremely short

duration because the impact destroyed the instrument or a part

of the data transmission system before a significant amount of

usable data were recorded. For these cases, the data plots were

omitted.

*Right and left are defined as normal when facing in the direc
tion of initial velocity of the moving train.
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Figure A-IS. Locomotive Left Cab Accelerometer - Test 1.



DRTE
3~5-75

FILTER
250/100

LOCIH I BN
MA3

TEST NO·1 .
o .
I' i

~lf)

I
2:
<:).....
I-
<C
C::::Ow

:J>I -I

-1--
w

• LJ II-' LJ
~ <C

ciLD= I.....
.:::I=I-.....
~=0

. 5.--.
I I

ill
.--.
ID :50 100 1150 . ;200 . 1250 i ~300 : 1350 : 1400 :450 1500

I I

: TINE ..; MSsti I i ; I } . i j1__ _

Figure A-16. Locomotive Right Cab Accelerometer - Test 1.

,



----.-;

.. i

I
. . I

. I

00

I I;· I . I : I I., 'I I I I I I ' I
1- .1 -J'OATt _.-t fI~lE~l.. ~_Lacfu.l 1\1.- rSSll N,O..• 1-. 1 .c -..+ .1- jl

+
' i 3 15- 7t ! 25 11 Op ! MA4 ' 1, :. I j . ! ,, . r , ; , . I 1 ",'. I. I I' I

. _..0 ' .._.
.... I ' I' I I

i .; I I I I ! j!
. \ : t 1 J J l j i ' , I· I; I :

I .-' I I . I ..' _. .' . .' ... 1-' ''''''~'' . '1 ." . - .' I, . I . I . . . . 1 I I
: : I. Ii. ; j I'. I' '.' i. I
'i' j' : . . J l t : I ! '! I-:W .-'T'" ,-1-" T,,···t '''1' -- ...._+ .. --r:. ,-- -"--:-'-r-" --'j :"--', --t "...-----r

t ' .!. i j.. I ... '... .I,..... ~ -- I ~ i. -. . . '11 -- T--" '11. . .. .1
' ,I I I I J' . I .z Ii' 'i I. " .C> • I·I I

~ ....... : I \ '-""" _ _' _ _. ---... !
~~rO I - Jr'" I.... ·· '," :

~ l .1·· .;.. 1- . "IT++ I f:1[-' 1+ l i," -- t·_· ~r"'-
,.- . J I . . I l' I i I I
.~:ul ._--~ - -1- t--··- r'-- . - i --"T-~r- -: -·--l-~ ~ -+-T"~-: _.-- -- --t---, ..- -t- ". r----+
~ i '" - ~ . J .1.. " r- ·t .1.-- ,~: f _: I . ~- -.I _'_'jl .. -+-; ".. J.-' ..- _! ---' t .- -wi, Itt ,f .-~.?-.+~~- .1-+_. _._+_.J +-~.-4 -+--f---. _::1 ~ -~ -- ~ .~~j--

-! -- '''-'~ tl . '..;.." t·_-. j.. "_I' --·1... "1 .. ~ ~ - -t' ..,- -; 1"'· ·ll.....~" ".,. ;_+1 -_."".t r". L. L" .-l.-
I, ' ,. ~" I - ':":, I I

i I I' " I I " I II '~ I·:. ,,:, I . 'Ii;

·t-· j
'$0 I : 00 \ SO" I 400 I

!' :'MSEC . J . _L . J .'~ '.~ :

Figure A-17. Locomotive Center Vertical Acceleration - Test 1.



- -- .

....-4.-~---t:- ~ .. j

t· -:f ~--l

t-~-- J ~~ .!

- ..... - .-~--- -;........_._-------:.-~--

A-16



A-17



q

J ~_

_. r---" _..

.t--.
','11'111' lill -t-:...

, !

·tESJt-~' ,
1

"'-t-....! Jl/\ NMIl 1\. ~iW\I'ftIVIA!"WhIOl\i"f'C'MIoJj , I' '~':!~ I. 1-1,..;...;.." tJJ,....J.<--r-r<1
----",mrv;--v-<tVt 11 r iIY -.v v " ,,..1"1 ,0 I" -I , , , t '71

~~-r,

'~'- .J.
!

I

--~1
.. , 'I

. '. I I' 'il I'! '" I I "'l;:;'I:','\ I ~.~rll 'I II' 11,1 I I I I I I

.Q+ , 'I I.,...
'=,.; ..
z:
C>

;:: :l::J+"-!'"~+--4Tt'''!-:'~=+01''''';;H:'l=!''''t+ c::r: "' I ' I

·~ +J'-i O

'+:;-<t: II, ;:I-rh-',!
':'....J'"l-l " :, ~.' '...:...111, 'I .,....,.c::r:, a ' I :. ,I ' , .

I L..> I • I : ,j . I I I , I
1 ........ i I I

··~I-"l.LJ .. ,
.>:

:r
......
00

Figure A-20. Locomotive Front Triaxial Accelerometer (Z) - Test 1.



)lI
I....

\0

+J jOATt.- ,~FI'TER;. :Ll3CRTlr!N, H;ST; Nfi l - ;-~ 1--1' j ... , .'-- l
I . I 3 S- 7 S I 25 / 10'0 I MSI . l' I !! I I I I
I I ,I I . I I 1 I
! I I I ! • .' .

- - -..Q ----i
; C'J I . I j I :' j ) J .:;

" 1 I I 'I ! . i " i II i I t I II iii I, : 1 I 1 I"

-f- :1' !-- II j",' f··, - t-t-'- j :--1- . -- .. ---!:...- ·--I-~·t---i --~jI ~::, I I I·, 'I I' . I : ,': . I i
-- c-_Q

- -'.}.- ---·--i'-----I··----+-----+--: - '. -1.._-----1. ......-t--- ~--_.: .---L -...:1:----- L. -~--·-+-:--TI---~ ---ri
" - I I' t- 1 ',' : I 'I I

' : I I ' I I I ,I . I

i ! i ; i ! ! ! I ;" : i I:' iii I
.: ,: I --1 ·-t ,_. 1- -T-- ~ - 1 .-_.; ~ .. ~_•. ---••. ---- t. - - --_.~

I ! I I' I' i I ; A I : I. I, I
i

'l=Q
-J 0
~

-i

i-~~._.!-- i.... -,-'-- 1- '---1-'--'.1 _lV __ ; -- -- --,--: -- _L -~--- -----:----.: .~. 1----'11

Ii' " Ii" : I II ,; I ,;' I . ,

j -.~- .. - ! --II - -It-- -l +! -. f - -- J! ~ : ! -' J - - : 1--- -. - .-1
I A "I I . :! .. '• I I r t I .

~i --I _'-Lf-_-II- __ ~- '-+-,' -+---, -+··--~+--·-·--fl'· ~··+-·---!----jl-- --':'~11
, 1 I i I ; I I I

I , I .
t ~ f·- I -, j - -- 1'·- .-_. t .. ) .--;1.. '

I, , I. 'I
,~I ' i ",.", ._-- -~,

•I I 0 100 I 00 I
L __ L._ .1 -----1..1

Figure A-2l. Locomotive Rear Coupler Strain Gauge - Test 1.



A-20

r-l
III
.~

X
III
.~

~
E-I

~

III
Q)
I:l:;

Q)
Ul
oo
.Q
III
U



:r
N
I-'

'I·,.'~ .. IC$·"•. ' i."', ;~i:.·l'.!j:h··' [Tr'··!·' -.' ".UisJ.-'!·'m. "~;':.'.' : .,' ",'. " '.... '.,-' .' H'.'.'i ,I; '.' I'h " "l' iT .1', • "..; c-' !' 'A "Hi"""'" '1' ... -, , .,', '~ft- ,: . ,, :: '1+ I . I ' Ii ! I .; 1-' I 'I' VII-L-' , I :' I" I , I: I' ". ----:-.:_ I

j- --~.' -~3'.-~1$;. 7~" , IV.e IJ\i ifl.1 ' ::.'SAI L;. :"- 1 ,- ';i: I.' 1" ~.·'7-'~~;-+-'TT1 t.-ttt~tl:· i' -'-~I
, r, ",I 1 'I . f-'o../ "I ~ ~' ", , ,: , t '! I , : j- . '-I ! , . I I, , t '
1,'1' I r : ,-!I __ ~+'j j' I" .1', !! --"~--T'''--- -'--1 Ii ~ ' 1_.1: ! _'ll· ~; I, ' :1

I n I· : ,I i " I ~ I iii.; j"! I j, ':"1 i :rTI +1 ~ i ,< ' !' Ii! Ii ' '11' [

'~I' I ; , ' , : " I, I 'i '. '. : '.! I ii I ! j, i I. I i., . I, I I • i, : ; + I I 1 "!'.. f', ~
, • ·1 I' i I! t I· ' rl I "1 1 , , , I ' I· 1 'r' "

I • i ~ ". I : ; i , :... -4 I I 11;, l -, 'I 11 j I !' t :, ': : : I

i ' Ii : I ' , , , ,J,,;, : " ' .: ; -J-lJ +1' I I ' ! , , , '~'- _~
'j' I! '" I 1,1 1"1 'h l - :1 1" "1! I!jr: '. ~itl "~Ii
; I I : , , I..,; 1'. ' . r I '! -,' 'i I I: " I 1 iii; 1" . ,. : -t.
,.I· f , 11;' -- - ", - • 1'1 --I ~ . ~I -t' ~ --r! ,I.,

'n " i J:" i j :" I ,~jrt 1'1,)j .rtf!! iit iLl 1 I ~I 't-' III 'i ,.1""-1,
, - i1'1 I;! I IJ i ~ rt 1 I i~lj tj t j : i ' 1/ " I ~ I t f+ I , I' I' I t ,~I: i:, ,(:'
~~Irir'-;"~ '1 Iii! ' _il.ifi~_'~~ II,;:. J I<+l~j 'r tt:j i II !' 'Ii iii I~'i, • if, r !':1 rITi. ! : I I.!' I I , ' l' }I rt 'I I I:' , t I I I' II + I I ,: l ,I I
1 z1 -~1' ,I ~[i; !::: I j: II, ~ :' It, It Il~ I: ' .. l~j !,' -L81 II I ", ill! tAr hfCf:u,1 j'l rll:~, II ';1 1 ~Ji l'i,I, !

I', t--:f~ " , .. : i. . ; t I ...... , . '-I, f'~ ~l 1\'1, I "r I' !¥i. : : ''1 I H. ~I . r 11 1 i I "Ii' r; ='! 1'1 r q rr. IV' '." I'C:;I.. "'4 " I ,. ,tl ' IVii-' 1 I", . :vil I I,' I' I" ,I, . I !I' ,,1
0::. I , - j [J, j , i I I' -ii ' :.. ' ; I: ':; j : i r, i . 1 ~ " I 1_I - 1 I l: - I' : f-

w: \ . i ' : I.,' 1 , t. I. '. "I, ,!!! ;': , I, I I ! ll. i. 1",' ." 'm',!. I I" j ". .' ![.i.--J;.-4-.t-_ ".." 1+--+-, _ ~ •• I ~~ ..L_L;_~. " ' ! +- I - I ...;........h.-

W, ' ,i "I' i

U
i"'I' • ' ; "" : j; 1+1"1 ""l'l ',I 'I',· '~::~' : ! .. ' ! I 'I;: ! I! : ' :: I I ' I • : I: t- '1 i I I:. - + ~ l . ,,!- ; i : ', ,q ,,' " " , " 1 : I . , : I' -: I, . r' i ; , , 1", 1~ ~~.H . j! j , I:, ' I.'. j .. ;, , !~-+ .H i iT t, I I; I 1J i I I:, t 'l ++,1 , l~fl" I I! • I

i.~:;.~1 "'." t '.I....• 1.11.'•. I.t:'1 :".'. :".1'•. I.' '11.tll.-r.,' ,'11111 til ii':'lt~'t"Htl-f'llilll ",'1.•. '.:'-f' ~ I '1 ' " , ; 1 ,. I ,; j 1 1',' , 1 I-r' I: III : t " t,!' it I +1 t - UJ'~-, I I 'f' "II . I ' " 1 "I I " ' ,I' I • ". ", +, l II '11 -J-t-j If.. I _I"

;w 1 " ' 1'::[1 'ii' ",,;,-, , : ,:f iil"1 1:_:;1-\1+ <1 'Lil, 1:[ ,~If' .'
~1- h T ,~I--·I ->-,__ ...1 ',; f+ . - c- i-:-.- +;--f-I-+-i f-;- ,-j-t-" . _..+_L+
i:5.' i ,IT 'i t I : 1.1:. -It I i I Tit'" '. I '1 I f1 iG-H f '! T: r !Ll --.1:1.

4i.t, !r i i: i : I ! I ,
j I' ii, , I' ,'I:' . i' 1: T -, I' , ,l! l) j '1' , ! . 'I j. . I'+. I r' i ':" , :
. ,~J I I : I I 1 "I t i \ " , "I 1", -, I ! . ,- i I' i j' I ".! . t +" + I -t .! 1iii I i I I I i ~

( I ll'.. ' I ~. 1 I j ~': ..! ,- t ~! 1. ! r . i i-I : i \ : ~ ~ t' I - , j I "r:' +: I r I

, : ,I, , ; 1 I, '.' ,I' I I : Iii' , I I L: , i. i ' fj I: . '.1 i I. i.. • • fH[.r L: Ii . I ' [_' 1 .. ""hi, 'I '1 I' . I ' 'H t .,II , '1 j I .', , 't' - -.I-t I . 'f··J Ir . " , . I
~ 1 • t I. ~ :! ; t ! 1_ , ' I ,,~ ~, ,;, - j ; j. • I -t t-- ~ _. '! . f I ! ! , .. ~~ (J":'" ' i , : i i! 1i, i ',' I I: r i • , I i Ii i';. I. : I +4-: t" : i ! j. 'r- I, ~L-IWl~+l I. t, f. II

1

i
M' I' I. I. " -, . . ' '. ' I '. I. I. 1.-r++- 1 r" 1 '. ; I I :! ~' II ! Ht- I f i. I I II ! I ' ". .'iTT, ,I I I t I ' " , '~; j -, . I! ., I I 1 I ' .. t -I-! ..+ I' i I. I· I ' +, f

I I, I ~ I): ) t ' 1· 't, I I! ,!;, ) I ': ,-. -t 1- . f' i I '. j '; I I It.

IT

' 1 I I I ;: • I i I I I 'f I I I 1 i • , I : til I I l: ': i ' ltt,l' 11 I .. ,. t ,I· I + i'; I: I '
1 q , , ; 1 ~ t!l, , i 1 h nt $p' . I i I? '" Ii ,\ I b$ rl ,j i , .j mO. I 'I \ .j~Iii f I ,,tm-h L I Jll q; lJ I,:! ~ ffi AI

: I I j ~ t ~ r+4J ; I : i ; I rM : 1 . :; r I : nY~ i; it i1 1M ; i': j I.~I' ;.i i If:l.I-~fl'~1-~r~ .. -I-~ I l't'; l j t· l
: ~lf~l

I " .," ., .;., I' I' ' . t" , , ! if Et , .. I H3; iq: \ f:: I ". , '-I I ' . -I! ~' : , j : I:: : ii, i • i,L~ ~~.L _ ...Lw-,~;l .,_,- -'-~~ . . .,tt1~ ,~ ~ U-'-'-L..1_ i-L~.I..LUJ., 11" "_'..L~ ~,~_~_ _ ...~

Figure A-23. Caboose Rear Triaxial Accelerometer (Y) - Test 1.
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Figure A-24. Caboose Rear Triaxial Accelerometer (Z) - Test 1.
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Figure A-25. Caboose Center vertical Accelerometer - Test 1.
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Figure A-26. Caboose Front Triaxial Accelerometer (X) - Test 1.
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Figure A-27. Caboose Front Triaxial Accelerometer (Y) - Test 1.
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Figure A-28. Caboose Front Triaxial Accelerometer (Z) - Test 1.
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Figure A-29. Hopper 021 Center Longitudinal Accelercmeter - Test 1.
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Figure A-30. Hopper 021 Front Vertical Accelerometer - Test 1.
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Figure A-32. Caboose Right Front Displacement Transducer - Test 1.
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Figure A-33. Caboose to Hopper Displacement Transducer - Test 1.
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Figure A-34. Caboose Rear Swinghanger Strain Gauge - Test 1.
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Figure A-37. Hopper Center Sill Strain Gauge - Test 1.
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Figure A-40. Locomotive Rear Triaxial Accelerometer (Y) - Test 2.
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Figure A-4l. Locomotive Rear Triaxial Accelerometer (Z) - Test 2.
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Figure A-42. Locomotive Left Cab Accelerometer - Test 2.
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Figure A-43. Locomotive Right Cab Accelerometer - Test 2.
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Figure A-45. Locomotive Front Triaxial Accelerometer (X) - Test 2.
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Figure A-46. Locomotive Front Triaxial Accelerometer (Y) - Test 2.
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Figure A-47. Locomotive Front Triaxial Accelerometer (Z) - Test 2.
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Figure A-49. Caboose Rear Triaxial Accelerometer (y) - Test 2.
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Figure A-50. Caboose Rear Triaxial Accelerometer (Z) - Test 2.
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Figure A-52. Caboose Front Triaxial Accelerometer (X) - Test 2.
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Figure A-53. Caboose Front Triaxial Accelerometer (y) - Test 2.



:r
U1
N

I I H.' ·Ill J~.ll~-r H- ..it-Ii! !a~ll ~Il' Aut ~:-n f ~ ~ i," ilt~:~~f ';.D -. '-.~.~-- Tr lTH:: Hl3Jlt Jl~..'[fHlIIlliI
Tq1JL~-?~7~i ! ,iR( ril[~D;t lfT1A3, I i ' :: 2 ~l·iti!i; i ;·i\JT~tt . l[H ::U1 }lt1}H
IjJ,)·ti!j,1 '1 i ", 11J ;:!::J1ki"·i'!:H ,)'! ! I :'1 t-l~: ..1- .. ql t ·Ii :,lfli Ti 'H'ni·1

! :fM f \,) :Ir'!, I" .;';, :! I,: : "r!~illll::. :.L+.J.lif::r.+.-.:!' .·1.~1!! H+{ 1~1:-' till"l':;!-
, , I I '1. , I 1 I' I ' . :.., ' I i '1', H~ 1" I • ... ' -" T~ j" 1,. \ l' , I j' .. r . -} +i tl, iii, I ',', ! ",' 1f,1 , :,hil' +.;' ,"ii!t: ..... ,'-+- Ti·"'·j-· -H· 't·

I ('I ·;-nl "~'~~., , " 'I; if'TI'-:·j',,\ rtiTI .;....1 I' "jl't: ,.± .... ft··, .. J ~li~
I -1 I

I ' L ;, I : ' - j I,' J:. : I ' t' , ,'; " i: I I j 1 I J
' , 1 1 ,'" 'i ' :' ,,' "1" " , ' , "I 'i:f~r" I' . .,.. ·t . . .. 1 .L -: i i : If ',,: Ii:' : ! :. ' I :" 1

1
i:i 1 I: I :1 111 I" ,I i 11 ·i·+ 1 . . - -,' +'1 -" ...,.j

1m .1" 'r ' " l' . I: i" .: ' " I Iii i 1 " , i' ·it' ·1 j' :'1: , ,.\ 'T - ·i'·· .. .: + 1-

11'1. ~.j.i! 11.:.',1. '..' LUI.,. 1,\.1 1.. I: :: 1...· :.T.'. i.i!i ...Ii;[ .';i·:i.•· I !! V".I·~H-LJ.,L,lt!li.t:! ·it1-=(~I+i_t ·j..tFfi·!
1 j, I I " ':; i "1 i ' i r " I , '" '~" j " j I .. +'" i I -r ,.. ··tf 1- . -,

<.!l.+-l-l.'.: ~.'.t : -'-.. '1" .1, rl
J1

,),' I : '. I. :; L.. ''-+.''. ' ", f1t;Il ' ~.I U I ! ~.' '1
1

( . ... 1.
,
+.,1' ..

J
1" ..-r, jl j '~ 1 ; .:-t r , . 'I " i ' I I'! , ' ! h .: " r 1 I:", I Ti+ IIHI, . t

8f I HJ\ Ai I\I~:!, ~ ",: ~I;- ;" 1 ; 1 I Vi:: :~\ ' f!!1 i Al.4 ~ l~lkn - .~~iJthl . Hit
~19.I',lnl~J :rtr y 'ri.,l., .~\,JJ. i ~·;\:jHJ.rl~' n .1 i1jllV;iltfij ='N', ~rTiii I\"'i r. !:.If
~1"i,l 1,;1: ,i:1 1,'1 ~ 1 .1 liLUljl~ il I',. :~j'1 :1:!i1j~H~~ .. 'M''1 1 .. ,
UJ:t; i I'j' I· i + I! i1 i i -+·1 ! t '\ I': :.,. ; i I I I: i :! I Ii-! ,ttl +., 1-i-11+. ·t .~Tj -:W:·t
U-i"",1 j '.' I .'. : ill Ii;! I::, "(.'. ". I'" "i. I' ::1 '. ' ;1 i -if 1- j t·1 "r I ·j·H-- .,, r ·'·r ~:ttt-,.
U,KP['+'i . '1' !" " :. i'" I· i ; '."1 ' ;. , . ,I I 'i': :.: :.1 'ill' I ~'ltH·"1 'I" ,t·H +11+,ex:.i..;..t 1'.1' !' , .. I ,I,... I, ;" , , i':I' 'h_..;..~~L. i !-, .. ; l,Htit .cH+
....J l! II' t !! i·1 ~j !I .,!' 1'1 : i . ! \ .' j f ! !: I i iT; Tt ..' +" ,. '!- .r-H
ex: i: 'I I' I ' u !1 ., 1, t. ' i: :! i ' : : i i. L \ i :: : i Ii! 11 ' hi 1 t+ [ .I-j . r-i
~l \ i ',ii -'41 :j: l !. '. 1,1 1 I 'f i::' 'i i 11, it .. +-~: T~·lr .. r:t
~t Ii l:!' 1l :1,: ilU rill · \ ., f,'!I!! !;c~· :'iJutr r -"1~1-+,'~ 111

f + ·t
i~~f .\ ,~l' , i i! ,i r! i" 44~+b U: .rl .' ; I I i ~' ,;: 1, ' :; , iii' I! +~'~-I'·I·_. L.f- l=~

~
:! I' I,· . i •I : I •J i, ~ "1' 1 : I q ,I P" I:' r : I I l' " i" i:+ j! ' I +.. +t ..

r.. 1l.' I~. .1 lit i. I. ; ; .;!~. f ~.' . i , i. b'I. 1 '. '".:.' +M:,.;.: ; '. '.:. + :.' r.. ,.j 1
1

i 1';', .~.. 1. Ii. . J .':f -I. '~, =t ~l·
'\~:1 t I i 1 j;i:: :.• :i' ;' !+r +-;+1' 'JT~ '.-+-::l~<.. ; l;., 11.t1 j ~R+:+-1;-+i+,H1:-'-+1+-,!--,'+·.+-::H,t+1.'+-1.r+++-H+

1
+-1'-+.-!--+-1--+'+-:H,•. -++.HT+··+-H·+tH-l-tI ' ., 'I:' I ' . . 'I' . Ii; I··, + j I 'I ·t·· .i I : ". I r, , I I f'r +. t -' -+-H : I! 1 J ' i ' ,: ,;; i! ! i I: ii i ;, : Ii! i r ; ~ ii Hit 1 i .\;', H r + t:t=

!Ui ~ ItI !:! 5it1 :.! r 1j :.,0.IOI.f '.'1~jIL.:. /~ClO' !: JtiP:~¥i ·tJr:.' ~~~II· I ' ~~l~ll FL i~~. ~. 1. t !If¥t'
~LUll 1-1 I I 'i .Jli i :/ .-11J H i.l.2_Lli",... i;r1MiiJ.l-L~~ .s_J.....!.j ~ , I Ll.::LH11.L + "1L j I+ LiFt

Figure A-54. Caboose Front Triaxial Accelerometer (Z) - Test 2.



:r
tn
W

, I
-- - ~- " t "'T ' .. - . I

• , I , '
. I·: ! : i

'-~:1-'·-::·r'- -t'-~~---'-i-- :' 'I' """-, I I', I i I
Z.i- ~--.. t- :-' --;--1 - - --'~, ·,··t·", '-r--'-2. !i .• '
...... , I 'i ~ I' ,c:x:: , 1': 1
0::::. I
::l I !; ,
UJ ' , : I' " '

<.J I I " 't~ .. --T ~-.--'-l·'~

~t -~t''-_~_I, J---
• !, .; T

I' ' , ,I
+ ' " L_

-'~" i' -'!" I

.J----- j'--~-
! ' ' I

-' "f! --~+-l--
• I I

Figure A-55. Hopper 021 Center Longitudinal Accelerometer - Test 2.
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Figure A-56. Hopper 021 Front Vertical Accelerometer - Test 2.
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Figure A-GO. Caboose Right Front Displacement Transducer - Test 2 .
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Figure A-7l. Locomotive Rear Triaxial Accelerometer (Z) - Test 3.
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Figure A-74. Locomotive Center Vertical Accelerometer - Test 3.
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Figure A-75. Locomotive Front Triaxial Accelerometer (X) - Test 3.
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Figure A-76. Locomotive Front Triaxial Accelerometer (Y) - Test 3 .
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Figure A-77. Locomotive Front Triaxial Accelerometer (Z) - Test 3.
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Figure A-97. Locomotive Rear Triaxial Accelerometer (Y) - Test 4.
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Figure A-99. Locomotive Left Cab Accelerometer - Test 4.
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. --- - - .- ._- -.---- .. -- _. T
!o
:0

+---------..------'------;------r"l.il-_

.-l--.-----~- ---------: _ .. ---t

,
---+

o
l.f)

~_._-

o
L()

Cl
o
£!:L...

,
._-'
-0. ;

~' i
,-:-:1

o

-. ;
. - j

~ ._'__L_ _+_-

I
I I - I
~-----.-______r___ - ._--......._-

i
I

1_.__..--~--,---:--_!.._-
- -

-! -

---+-*c-+----+I -

- j

-- ·------i -_.- ~--_.

I I. U ~

--:: --····"--t- I -.,' -.J -- ----...!..l.L}_. - .. • j - d 'CiT]
.: - - -- j-' -.!-=- - - -. - 11) ~ !

-.---L---:--'~---r-t- ~~_'~i-_" : ~: N_j";
• 1

i----------, ----'-------r-·-----

! !
---~1_._;----r--- ---

--~ ..--.+---.-.--+_--,-J---+
! r ' i
I ~_~ ~

-,---1------.-' -----r-----1~--+----'---_+--....---,-,_.-
... -l"-

i
---.----t- --

-a-..... -

I-.:::r

-5-~-~'
'0
J -1'-------,-4 .
- ~ -, - , ~.
:0. -, L ·t ! ,-I. j

,.a:t0 --:-~---:---·- .....·--+-.--r--......;
w-f . 'J: - I : I' :::: g

-d=-',,~~'--1----1---'+-'-- __*"__.--__~--+--_+-- ......--+_.....:::::.-J
I .! .-l

~.N, Il, ' i

...-"- ..- ---+I----T-'.. - ----r-·· f:

h r-' -+----~--;...,_-+>U...---!

_~~__+--....,f-_ J : -+-_-+- I __._'~ j_~ .
.:en! i ! .-r-. r '-0'

-_-+---1--,..1---t----,.---+-I--r--+-~--+--+,,=,,--1
:0 0 t;- 0

,j r

9~OI f.VH3T3J~'t )VJU~J0 .IT---t--

A··99



I
..':+._;
" ,,

u~cln:ldti-,-, t F'~T! -Nal-·-·-~-
MAS I, 4 '

, I

r-rr-
, ' ',I . I ii' Ii! I ' • . i. I I ' I l ,_, ,i, 0o 'j! l",l ~_911 I ~n '100 i 11eiO, ;

! I 'i I_.. J _._ ~-!_,_ _ __'..-:..-..1_ .....__

, I •

1
'DAI _.".f.l

. 3"16-7 1 25 . +-I
Q

N , 'I
I ' ; .-" t·-.-t· I· --·..t _._, 'Il.-
I' I,
I Ill.

- Q _ .. _.-. _·t -··f ~1' .-. '.' l---t- .. ··
<.9..... : Ii: I

" ; I ..
' 'I

8 I ii' J' I
...- I •• _.c::c .. _. -h....-----~-i<..

~ 0 I
"~I I

l~7· .. - .1-- 1
,-''''

::::> ,

S; i '-I
:z:o
g .'01.

I

:r
l-'
o
o

Figure A-I02. Locomotive Front Triaxial Accelerometer (X) - Test 4 .

•



:r
I-'
o
I-'

(.9

I

==
~~-
,<I: 0
,c:::
'UJ
,-I!lJ.J . ---
,t..)

.~ 0
'-1-" - I
,~I. -1'--
jW . j
'~--- ,- --' ·'·t ~,~ .- .

: 0 I
.t-'~ --_ II I -',----I .
.1_ __ ,I
I

-~+ .. -- ,
'.t -~ . I
I i a : I

.J I !_____I. _ .J

. .

Lmttd1 N: !tES-~ NB 1:- I .... I...
MAS ; 4 i

, • • I

t! . i,

, I
I . I

r --I.' ._~-- -. .• I.

'.1·--~~- -~-t-,:' I
. :..... I l-,i·. :.: - .'..!.. -1- -- i-·· '.! '-'1- -'1' ... I' . ..- l'

I ' . '1 I' I ; , ,'i .!', I . I i I ! I
:;;>' ff"f I >" ., ' .' .. '. ," 1 :!' - 1- iii' ... ';"j

I " I' , , I I !' , 'I I I I I' I
'. ',' ,: I"""'" , I I '

- t.·i.;_i.-l,: '1-"'--'- .'."1 .. -.-1'1' -- - '--1 i·- t- I I··J -'-,i . l' I I; . : r I • I
: : : : , 'I I I '. ,I! I
," 'I." '. " I! iii

-·'T
1
•:-~ '.- . -\c-+:M;'-.T

j
-, --; --f -- -1'---- i---'--t- -- I - --1.- i -! -- ,

, .' , l' I' '" 'I I I ,I I
- ... I'''' ,,'; ....~ •. , i·- --." ---or ·1 '-i - .,. --' - .1 _.1 . I - ~ .',·--1

I '. : .:! :', I ! I. I I ,. .! I
I ! . ".1 I I ' , ,

" ", .' I I I I . I' I. : ~ I " i I ; I,' ! ' . ', : ,I . I

""j ,'i'·~-T··'-·····i·~;~il···. --':r--j--1- ,--'1'1- ~I!,-I.'! 'I"; --1
I I , '-J
, 1'1.. 50' I 50 'I 0 0 L1 5 0 'I' 00 :, I ,t' I I

i :. I \ .1. __; _. L.' ~ ~

Figure A-I03. Locomotive Front Triaxial Accelerometer (Y) - Test 4.



--~
I
I

__" __ . _I

I

I

i
i

.00"1
._ .....~ .. J

I
I
I -

I I., .... _ I ~

I I
I i

.t-'--i .
. . I

I

I- I .

I

I
I

, i
I I

I L
1 - I I'

i, I ~I ..... :_.. _+. .. _.._.- t· .. I ;
i :,

~~~""-'-l
1

-L-.
I
i

. I I ! :
I !,
I. j. I--.IJ.... ". '.' i i.I

1· : I I

. 4- ~ _·t- +_.. .. /... ~-- I •

I !

'·--1"-1 I.-..- I
. I

i

<.!>

: I~·

:t:'
I.....

o
tv

Figure A-I04. Locomotive Front Triaxial Accelerometer (Z) - Test 4 .

.



I I hi' 1 I I' It' I IFlU. TERI iLBCliT I N- ,tEST Ne. . - ·1 - "'r--'-' .. I - r': '.'.-~ I.

25~ 11 0P I SAl 4 I 1 ! ' " . . I ..' I
J i' - _ i _ _ I - -- I

I ~ 'j'~ I, " .•I 1 l' , I 'Ii' i i -'1 1 ':;' -.. j - - -. t -,. i
./- A _.J,- 1- i- - j--i-+,-i----I--r l--r---,- j-~+l '-1

~ , , , I

I 11m'; i~,j"",
, v v '"V " .... '1" '1'--1-' ---"1---' f~'-'l' _., "'-' r--', ',~+4_~~

I 1 I j - 1 I· .. t -j-- - j.. --·1 -~-L ···-1·-· l·~·-': -'+-i-, I 1 t ' i ' 'r! I-j--i--T I -i-,--, -t-- --t-- --+-- -~:--rT-- ----j-, '. i
i : I ~ ! ; - j - ~ - - t - -, --- -,' .. ,-/.. '-'1

f i ! 1. t'.I ' '!' .1 ' " t·, '.i' 'l. ... ... - ...... .. --1""--' . - ..·.1· --- '--'--,-'" - .. ·r---- ----1-. ~- ,-, -,--:---' "-'- -'.. "-. '.II. I I ' , ' . .
I I 'I' I I ' I ' , .

I · I .: '." ." .j . .. "'.' -: ,_.,.c. . --.- ..' ...- .... . - .... r: . .:.-.:;~I" I I I I I I • • , •

I I ' I I I I ' ,I '. .., " 'II' j I ! . !: ; . I

- -, '06"\
~-,-.J

:ORTE
3..J6-7~

IP
'<t

o
....ID

I

,
... !

o
<.D N

a-I-
.~ '.

w G
-I
W
U
U
<t:
-10:;: .~_..
- I
Q=I--<.D=0 0
-I .. '<t

I

:r.....
o
w

Figure A-lOS. Caboose Rear Triaxial Accelerometer (X) - Test 4.
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Figure A-106. Caboose Rear Triaxial Accelerometer (Y) _ Test 4.
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Figure A-107. Caboose Rear Triaxial Accelerometer (Z) - Test 4.
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Figure A-lOB. Caboose Center Vertical Accelerometer - Test 4.
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Figure A-109. Caboose Front Triaxial Accelerometer (X) - Test 4.
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Figure A-II3. Hopper 843 Front Vertical Accelerometer - Test 4.
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Figure A-119. Caboose Rear Swinghanger Strain Gauge - Test 4.
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Figure A-121. Caboose Rear Coupler Strain Gauge - Test 4.
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Figure A-l23. Caboose Front Coupler Strain Gauge - Test 4.
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Figure A-126. Locomotive Rear Triaxial Accelerometer (X) - Test 5.
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Figure A-127. Locomotive Rear Triaxial Accelerometer (Y) - Test 5.
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Figure A-128. Locomotive Rear Triaxial Accelerometer (Z) - Test 5.
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Figure A-130. Locomotive Right Cab Accelerometer - Test 5.
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Figure A-132. Locomotive Front Triaxial Accelerometer (X) - Test 5.
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Figure A-133. Locomotive Front Triaxial Accelerometer (Y) - Test 5.
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Figure A-l35. Locomotive Front Coupler strain Gauge - Test 5.
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Figure A-146. Hopper 631 Center Longitudinal Accelerometer - Test 5.
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Figure A-l7l. Caboose Rear Triaxial Accelerometer (Y) - Test 6.
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Figure A-173. Caboose Center vertical Accelerometer - Test 6.
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..



)ll
I

IV....
~

Figure A-216. Caboose Front Triaxial Accelerometer (X) - Test 7.

.. . ,
•



:
i
I

_._--i
i

I

,-

'---'1
i

I
i-- i

__,.J
, I

!

I- ,
!

___ "__ I

i
----,-----

I
i

i I ~ I

I I V, ! vI \I I

j- '.-~- ~"~' - "~r- .. v'l. ~ ','-
, I· . -+.. '_---!~_,~'--·-·-'--t,-· I

' 'I I' ,
. I ' j ;. ! I

1 1~,1, _~_~~ _~ 1" .. _-,-_. I,

I ..1+- .. ~
I '... _' "', I'" I ' ' , ,I " I 'i' .; I - - - .- - .- - , .500'!fJ I ' ; •i , ' , , I I. I ' ' i'" 1_. i

:r
I\J.....
I.J1

Figure A-217. Caboose Front Triaxial Accelerometer (Y) - Test 7.
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Figure A-219. Hopper 843 Rear Vertical Accelerometer - Test 7.
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Figure A-226. Caboose Right Rear Displacement Transducer - Test 7 .
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Figure A-229. Caboose Rear Swinghanger Strain Gauge - Test 7.
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Figure A-236. Locomotive Rear Triaxial Accelerometer (X) - Test 8.
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Figure A-237. Locomotive Rear Triaxial Accelerometer (Y) - Test 8.
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Figure A-238. Locomotive Rear Triaxial Accelerometer (Z) - Test 8.
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Figure A-239. Locomotive Left Cab Accelerometer - Test 8.
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Figure A-240. Locomotive Right Cab Accelerometer - Test 8.
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Figure A-241. Locomotive Center Vertical Accelerometer - Test 8.
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Figure A-243. Locomotive Front Triaxial Accelerometer (Y) - Test 8.
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Figure A-25l. Caboose Rear Triaxial Accelerometer (Y) - Test 8.
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Figure A-254. Caboose Front Triaxial Accelerometer (X) - Test 8 .
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Figure A-255. Caboose Front Triaxial Accelerometer (y) - Test 8.
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Figure A-256. Caboose Front Triaxial Accelerometer (Z) - Test 8 .
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Figure A-257. Hopper 843 Rear Vertical Accelerometer - Test 8.
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Figure A-258. Hopper 843 Center Longitudinal Accelerometer - Test 8 .
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Figure A-259. Hopper 843 Front Vertical Accelerometer - Test 8.
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Figure A-260. Hopper 631 Center Longitudinal Accelerometer -- Test 8 .
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Figure A-261. Hopper 508 Center Longitudinal Accelerometer - Test 8.
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Figure A-263. Caboose Left Rear Displacement Transducer - Test 8.
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Figure A-264. Caboose Right Rear Displacement Transducer - Test 8.
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Figure A-265. Caboose Left Front Displacement Transducer - Test 8.
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Figure A-267. Caboose to Hopper Displacement Transducer - Test 8.
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Figure A-269. Caboose Rear Coupler Strain Gauge - Test 8.
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Figure A-27l. Caboose Front Coupler strain Gauge - Test 8.
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Figure A-273. Hopper 631 Rear Coupler Strain Gauge - Test 8.
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Figure A-277. Locomotive 8003 Rear Triaxial Accelerometer (Y) - Test 9.
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Figure A-278. Locomotive 8003 Rear Triaxial Accelerometer (Z) - Test 9.
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Figure A-279. Locomotive 8003 Left Cab Accelerometer - Test 9.
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Figure A-280. Locomotive 8003 Right Cab Accelerometer - Test 9.
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Figure A-281. Locomotive 8003 Center Vertical Accelerometer - Test 9.
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Figure A-283. Locomotive 8003 Front Triaxial Accelerometer (Y) - Test 9.
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Figure A-284. Locomotive 8003 Front Triaxial Accelerometer (Z) - Test 9 .
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Figure A-2aS. Locomotive 8670 Center Longitudinal Accelerometer - Test 9.
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Figur~ A-296. Caboose Center Vertical Accelerometer - Test 9.
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Figure A-299. Caboose Front Triaxial Accelerometer (Z) - Test 9.
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Figure A-308. Caboose Left Front Displacement Transducer - Test 9 .
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Figure A-309. Caboose Right Front Displacement Transducer - Test 9.
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Figure A-311. Caboose Rear Swinghanger Strain Gauge - Test 9.
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Figure A-315. Hopper 021 Rear Coupler Strain Gauge - Test 9.
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APPENDIX B

REPORI' OF INVENl'ICNS

'!his report ccntains no patentable innovation, disoovery,

i..nprovenent, or invention. It is a report en the collecticn of

data ccnoorning train-to train rear end collisioo. While the

collecticn of this data used existing technology and techniquas,

the data itself is original.
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