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NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-

ment assumes no liability for its contents or use
thereof.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.




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 determining the dynamic response
characteristics of a series of rear-end train collisions, ranging
from 3 mph to 30 mph.

The opinicns 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.1 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 J21la, 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:

e The first number denotes the cutoff fregquency 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.

e 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 poeint, the data were
attenuated at 12 dB/octave, The digital filter uti-
lizes a fast Fourier transformation cf the data into
the frequency domain, followed by an attenuation of

the higher frequencies, and an inverse transformation
back intoc the time domain.

*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 seccond 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: "SA7" 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-1 is a diagram of
the location of the accelerometers on the caboose, which were
mounted on top of the sill through a heole 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 Figqure A-2). The center acceler-

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

*A trlaxlal accelerometer has 3 accelercmeters in one canister,

giving acceleration in the longitudinal, lateral, and vertical
directions.
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Figure A-l. 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. Ceveral 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 Properties, 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-5), Again,
one gauge was installed on each side to cancel signals due to
bending. The caboose truck swinghangers 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 1 and the change in

force due to the angle was assumed tc be negligible.



Figure A-2., Front and Rear Triaxial Accelerometer
lLocation on the Locomotive.

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

Pigure 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-8). 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-9).

“ATEND "B" FND

tAoENG "BY OEND z S04

@ ® @ [
iUt e e © 1|4

@ STRALYN CAUGE 0N BACH SWINGHANGER ] 5ISPLACEMENT ‘IHANSDUCER

Figure A-7. Caboose Truck Swing- Figure A-8. Cabocse Displace-
hanger Strain Gauge Locations, ment Transducer Locations.

A-6



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-10. A corres-
ponding coordinate system is applied to the locomotive. The
positive direction, with respect tc the vehicle, is taken as for-
ward, to the right and down for the ¥, Y, and Z axes, respectively.

 X-AXIS

Y-AXIS
'1i;’ ian

Y z-ax1s
< OTTON OF MOVING TRATN

Figure A-10. Vehicle Coordinate System.
A=7



The proper definition of positive and negative for the data

graphs is as follows:

A, Acceleration
Longitudinal:
Vertical:
Lateral:

B. Displacement

Displacement Transducers

Longitudinal:

Vertical:

cC. Force

Positive

is in the direction of initial

locomotive wvelocity

Negative

ary train

Positive

Negative

Positive
Negative

is toward impact from station-

is down
is up

is right*
is left

Positive is extension or separation
of the caboocse and hopper

Negative
Positive
caboose
Negative
caboose
Positive

Negative
hangers,

A.5 DATA FROM TESTS 1 THROUGH 9

is retraction

is upward lift of the

igs downward motion of the

is tension

is compression (for swing-
negative is less tension)

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 transmissicn system before a significant amount of

usable data were recorded.

omitted.

For these cases, the data plots were

*Right and left are defined as normal when facing in the direc-
tion of initial velccity of the moving train.

A-8
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Hopper Center Sill Strain Gauge - Test 1.
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Locomotive Rear Triaxial Accelerometer (X) - Test 2.

Figure A—3§ .
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- Test 2.

(Y)

Locomotive Rear Triaxial Accelerometer

Figure A-40,
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- Test 2.

Locomotive Rear Triaxial Accelerometer (2Z)

Figure A-41.
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Test 2.

Locomotive Front Triaxial Accelerometer (X)

Figure A-45,
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Test 2.

Caboose Rear Triaxial Accelerometer (Y)

Figure A-49,
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Test 2.

Cabcocose Rear Triaxial Accelerometer (Z)

Figure A-50.
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Test 2.

Caboose Front Triaxial Accelerometer (X)

Figure A-52,
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Test 2.

Caboose Front Triaxial Accelerometer (Y)

Figure A-53,
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Figure A-54.
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Figure A-SBQ

Caboose Right Rear Displacement Transducer - Test 2.
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Figure A~60.
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Figure A-61l.
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Figure A-62.
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Figure A-64.
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Test 3.

Locomotive Rear Triaxial Accelerometer (Y)

Figure A-70,
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Locomotive Right Cab Accelerometer - Test 3.
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Test 3.

Locomotive Front Triaxial Accelerometer (X)

Figure A-75.
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Caboose Front Triaxial Accelerometer (2)
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Locomotive Left Cab Accelerometer - Test 4.

Figure A-99.
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Locomotive Front Triaxial Accelerometer (X)

Figure A-102.
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Figure A-103.
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Caboose Rear Triaxial Accelerometer (X) - Test 4.
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Caboose Rear Triaxial Accelerometer (Y) - Test 4.

Figure A-106.
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Figure A-107.



- T, — — e e —— - T Ar T Ty T T T T i |
. ! i : ; o
- : L H i : 0
. : _ ; | .
i ¢ i g !
_ e \M\A e u. — \w;!‘ —dem ;l.‘m....l ORI IO
i ! H R ! _ (s}
; i ! ! W
; ; : b <t
. 1 A - : T
. : t b :
L : _ o
— iH_II |.r.|.|ltm.| — UGS S U AV MU S llwl.ll.l L i 1V~Ii|w
. i i { [am] i
: i ” ! , o
: ! I _ <+
T ! ; ., ;
i : -1 -
DR S S SO - — : ~ N I R,
. i { H H 1 R :
T B
_ . : ; b W
N ! S S A, m o
R L |
i o -
— A i — 1
L Ll — . ; . B =
BRI E P | RE =T
e = i oo b ] ! ag I
S R et S SO
i : A : 1
- ! | S R s - el
— I B SR - w!
= e B hpa T is o
= | ; Tt N & + -
= : T - P
=
|—-“

N

1

LABCATI
5A2

4
kR

L
e
i
T
w

)]

0¢

& %

e

A-106

ot m&w
bl 9- zo:%duz éu:ﬁ\, w!tT S

[ E——

i

T

r

]

._ -
Cepe -

_

n_

Figure A-108,

Caboose Center Vertical Accelerometer - Test 4.
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Figure A-109.
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Caboose Front Triaxial Accelerometer (Z)
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Caboose Rear Swinghanger Strain Gauge - Test 4.

Figure A-119,
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Caboose Front Swinghanger Strain Gauge - Test 4.

Figure a-120,
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Caboose Rear Coupler Strain Gauge - Test 4.

Figure A-121.
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Cabocse Left Rear Displacement Transducer - Test 6.

Figure A-183,
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Caboose Right Rear Displacement Transducer - Test 6.
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Figure A-185.
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Figure A-244.
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Hopper 506 Center Longitudinal Accelerometer - Test 8.

Figure A-245.
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Hopper 614 Center Longitudinal Accelerometer - Test 8.

Figure A-246,
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Figure A-248.

Hopper 614 Rear Coupler Strain Cauge - Test 8.
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Hopper 605 Rear Coupler Strain Gauge - Test 8.

Figure A-249.
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- Test 8.

(Y)

Caboose Rear Triaxial Accelerometer

Figure A-251,
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Caboose Rear Triaxial Accelerameter (2Z)

Figure A-252,
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Figure A-254.
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- Test 8.

Caboose Front Triaxial Accelerometer (2)

Figure A-256,
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Figure A-258.
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Test 8.

Hopper 631 Center Longitudinal Accelerometer -

Figure A-~260.
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Hopper 508 Center Longitudinal Accelerometer - Test 8.

Figure A-261.
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Hopper 119 Center Longitudinal Accelerometer - Test 8

Figure A-262,
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Caboose Left Rear Displacement Transducer - Test 8.

Figure A-263.
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Caboose Left Front Displacement Transducer - Test 8.

Figure A-265.
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Caboose to Hopper Displacement Transducer - Test 8.

Figure A-267.
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Caboose Front Coupler Strain Gauge - Test 8.

Figure A-271.
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Hopper 631 Rear Coupler Strain Gauge - Test B.

Figure A-273.
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Figure A-275. Instrument Locations - Test 9,
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Locomotive 8003 Rear Triaxial Accelerometer (X)

Figure A-276.
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- Test 9.

Locomotive 8003 Rear Triaxial Accelerometer (Y)

Figure A-277.
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Locomotive B003 Rear Triaxial Accelerometer (Z) - Test 9.

Figure A-278.
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Locomotive 8003 Left Cab Accelerometer - Test 9.

Figure A-279.
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Locomotive 8003 Right Cab Accelerometer - Test 9.

Figure A-280.
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Test 9.

Locomotive 8003 Center Vertical Accelerometer -

Figure A-281.
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Figure A-283.
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Locomotive 8003 Front Triaxial Accelerometer (Z) - Test 9.

Fiqure A-284.
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Locomotive B670 Center Longitudinal Accelerometer - Test 9.

Figqure A-285.
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Figure A-286,
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Hopper 614 Center Longitudinal Accelerometer - Test 9.

Figure A-287.
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Hopper 605 Center Longitudinal Accelerometer - Test 9.

Figure A-288.
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Hopper 605 Rear Coupler Strain Gauge -

Figure A-292,
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Caboose Rear Triaxial Accelerometer (X) - Test 9.
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APPENDIX B

REPORT OF INVENTIONS

This report contains no patentable immovation, discovery,
inprovement, or invention. It is a report an the collection of
data concerning train-te train rear end collision. While the
collection of this data used existing technology and techniques,
the data itself is original.
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