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Part 1
GENERAL
A. INTRODUCTION

1. The U.S. Army Defense Ammunition Center and School (USADACS) was
requested by the U.S. Army Tank-Automotive Command (TACOM) to conduct
transportability tests on the MI73El Cargo and XMI1067 Flatbed Small Unit
Support Vehicles (SUSVs). The purpose of thegse tests was tc determine if the
M973E]l Cargo and the XMI1067 Flatbed SUSVs are able to safely transport loads
of ammunition.

2. Transportability testing of the MI7IEl Cargo and the XM1067 Flatbed
SUSVs congisted of two separate test serieg. The first transportability test
congisted of a series of rail impacts with the trailing unit of both SUSVs
loaded to capacity with two inertly loaded pallets of ammunition. In the
second series of tests, both SUSVs were road tested loaded to capacity with a

palletized load and loaded with a mixed load of unpalletized inert ammunition

items.

3. As a result of the rail impact tests, the Association of American
Railroads (AAR) approved the M872ZEl Cargo and the XM1087 Flatbed SUSVZ to move
under load on the railroad. Both SUSVs successfully completed the USADACS
road hazard course gaining authority to transport ammunition on/off highway.
B. AUTHORITY

Testing was accomplished IAW mission redpongibilities delegated by the
U.S. Army Armament, Munitions and Chemical Command (AMCCOM). Reference is
made to the following:

1. Change 4, 4 October 1974, to AR 740-1, 23 April 1973, Storage and

Supply Activity Operations.




2. AMCCOM-R 10-17, 13 January 1986, Migsion and Major Functions of
USADACS.

3. Memorandum, TACOM, AMSTA-QLS, 23 February 1989, subject: Tasgking the
Rail Hump Ammunition/Cargo Transportability Certification Tests of the M973E!]
Cargo and the XM1067 Flatbed SUSVs.

C. OBJECTIVE

The objective of this test was to evaluate and determine if the M973El
Cargo and the XM1067 Flatbed SUSVs are suitable to move over the railroad
while loaded with full loads of ammunition on rail flatcar and for
transportation of ammunition on/off highway.

D. CONCLUSIONS

1. Both the M973El Cargo and XM1067 Flatbed SUSVs carrying the maximum
palletized load successfully completed the rail impact test.

2. Both the M973El Cargo and XM1067 Flatbed SUSVs carrying the maximum
palletized load and a mixed load of unpalletized inert ammunition items

’5uccessfully completed the 5-step USADACS road hazard course.

3. A wooden dunnage asgembly was constructed to protect the bilge pump on
the floor of the M973E] Cargo SUSV from cargoc movement, and must be used when
the SUSV trangports ammunition on/off highway.

E. RECOMMENDATIONS

1. Approval by AAR to transport a M973El Cargo and the XM1067 Flatbed
SUSVyg carrying the maximum ammunition cargo load ¢i a railroad flatcar.

2. Permanent shield be provided in each M373El Cargo SUSV to prevent
damage to the bilge pump located on the footwell in the second unit.
F. APPROVAL

The M973E]l Cargo and the XM1067 Flatbed SUSVs are approved for trans-

portation of ammunition on/off highway.
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PART 3

RAIL IMPACT AND RCAD TESTING PROCEDURES

A. RAIL IMPACT TESTING:

a1l 1mpact testing was accomplished 1in compl:iance wi-h orevi-ouz.v
approved and standardized testing procedures as shown on Fage 2-5 and
Jescriped as foilows:

. The "Specimen Car” was scheduled %o be impacted four times: -arss
rimes at speeds of 4, €, and 8 mph 1n one direction, and one time a%t £ moh &

\

“ne oppesite direction. The loter two i1mpactis cited are min:mum

2]
[}
‘g
[4¢)
19
i

requlrements.

L)

impacting was accomplished by striking the test car (specimen zar

into a line of five stationary cars {buffer cars). The buffer cars were

o
D
b |
+
(o)
oF

4

coupled with all connecting draft gears compressed togfet

extent possiblis under prevaiiing conditions, with all air brakez 12 a “z=t

v

3. A lccomoctive (switch engine) was usilized to start the “spac.men car’
roliing in the direction of the bufier cars along an approximate 3C0-fa0-
segment of level trackage.

4. The "specimen car’ was cut loose ‘rom the engine approximate.y 75 ia
from the point of impact and allowed to run freelv i1n%o the first of -he
buifer cars.

5. Impacting speeds were determined by the ut:lization of an eiec%tron:ic
counter which measured the time required for the specimen car %o “raverse ar

-

.-inon distance mmediately prior to contact: recorded eiapsed time was
conver-ed 4o mph speeds. Addirtional verification of impacting speeds was

accompi:shed by ut:ilization of an electronic s%op clock.




B. RQOAD TESTING

Five separate road testing steps are required as identif:ed herein:

l. Step No. : This step provides for the specimen load t- bte driven over
a 200-foot-long segment of concrete paved road which consists of itwo ser:es z?
railroad ties projecting 6 1nches above the level of the road surface. Th:is
hazard course 1s travcrsed two times and repeated per Step No. 4.

a. The f{irst series of ties is spaced on B-foot centers and

t
o
fu
o
Cy
}o]

(9%
b

alternately positioned on opposite sides of the road centerl:ine for 3

of 50 feet.

()
>
wn
s
hd
ho
1

5. Following the first series of ties, a paved rcadway
separates the first and second ser:es of railroad ties.

c. The second series of ties 1is alternately positi:oned s:milarly =<:
the first, but spaced on 10-foot centers for a distance of 50 feet.

d. The specimen load is driven across the hazard course a: 3psed

1]

that will produce the most violent vertical and side-to-side rolling reac

PP
PO

ct

obtainabie in traversing the hazard course (approximately 5 mphi.
2. Step No. 2 This step consists of 30 miies of travel over ava..able

rough roads consisting of gravel, concrete and asphal*, curves, cattle

Y18
w
ot
7]
(5]

and stops and starts.
3. Step No. 3 This step provides for the specimen load to be sud;ected

to three full air brake stops while traveling 1n the forward directian and oane

:n the reverse direction while traveling down a 7 percent grade. The firsc:
three stops are speeds of 5, 10, 15 mph while the stop i1n %the reverse
direction 135 of approx:mately 5 mph.

g. tep No. 4 This step consists of a repeat of that i1dent:ified 1n Step

No. | above.
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5. Step No. 5 This step prov:des for the specimen lioad =0 be dr:iver -v

a 300-foot-long segment of concretes paved road which has ra:ils spaced on
26-1/2~-1nch centers protruding 2 :nches above the road surface. The specime

load is driven at the speed which will produce the most violent respons

o)

Note: Step Nos. 3 and 5 may be weleted at the discretion of the tes:
conductor.

C. INSPECTIONS AND DATA COLLECTION

At selected intervais during testing, thorough inspections of the spec:imen

loads were made by technically proficient personnel to collect data ~n <he

specimen load and equipment resulting from above 1oad test steps. 7This daxa

i1s recorded :n Part 4 following.
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PART 4

TEST SPECIMEN AND RESULTS




A. RAIL IMPACT TEST OF Ma735} CARGO SUSV

1. The M973El Cargo SUSV was cabled to the railroad flatcar with twe
cables extending from the pintle, one cable extending to a railcar stake
pocket on each side of the railroad flatcar. At the center of the SUSV,
between the front and rear unit, a cable extends over the rear drive housing
to a railcar stake pocket on each side of the flatcar. At the front of the
SUSV, a cable ig looped around the towing device "handle bar’, located on the
gsides of the winch mounting bracket, with the cable extending to a stake
pocket on each side of the flatcar.

2. To attain the maximum 2,750-pound load in the M873El Cargo SUSV, two
partial pallets of inert 105mm small-caliber howitzer ammunition were placed
in the second unit. A 4- by 8-foot sheet of 3/4-inch thick plywood was used
between the bottom of the pallets and the wooden personnel seats within the
rear unit. A wooden gate asgembly was used at each end of the two-pallet-long
load to support web strap tiedown assemblies used to prevent longitudinal
shifting of the cargo during the rail impact. A total of eight 5,000-pound
capacity webstrap tiedown assemblies were used to secure the load. The hooks
on the end of the web strap tiedown assemblies were hooked into the cargo
tiadcwn provisions within the SUSV trailing unit. Two web strap tiedown
agsemblies extend laterally over the top of each of the two pallets. Two
additional web straps were used around the wooden gate agssemblies at each
end of the two-pallet-unit to prevent longitudinal movement.

3. Accelerometers were placed on the center gill of the railcar, on the
frame of the cargp SUSV, and in the footwell of the cargo SUSV. Acceleration
along with its duration was measured in the longitudinal, lateral and vertical

directions during the rail impacts.




TEST ANALYSIS

The vehilcle tiedown method previousiy tested

satisfactorily as expected.
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TEST SPECIMENS AND RESULTS

RAIL IMPACT TEST TATA

es> No. R Load No. . Cate: &

wh

pec.men Load: MS73E: Cargo SUSV second un:it was loaded with tw: par+t.al
1 zar

i~

~ -

pallets of iner-c 105mm small-caliber howitzer ammuniticn. Tarzic 233 .
3

it
el
[

ecured with a total of ei1ght web strap tiedown assemb.:ies.
est Flatcar No. SP&S 24485 Lt. wt. 47,.00

Lading & Dunnage Wt. 2,750

Ieference Load No. MI73IEl Wt. 5,720
Total Specimen Wt. 59,550
Suffer Car (S cars) WL, 250,000
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=
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Plywood deck moved i/4-:nch rearward

< B 6.26 ?lywood deck move i/4-inch {:-rward
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TAPE CHANNEL 1

TEST

IMPACT
IMPACT
IMPACT
IMPACT

> N

(REVERSE)

TAPE CHANNEL 3

TEST

IMPACT
IMPACT
IMPACT
IMPACT

w0

(REVERSE)

TAPE CHANNEL 4

TEST

IMPACT
IMPACT
IMPACT
IMPACT

EI OIS ey

(REVERSE)

TAPE CHANNEL §

TEST

IMPACT
IMPACT
IMPACT
IMPACT

Eo O B S I

(REVERSE)

RESULTS FROM THE RAIL IMPACT TEST ON THE
PASSENGER SUSV ON FLATCAR
DATE: APRIL 4, 1989

LONGITUDINAL ACCELERATION ON SILL

SPEED PEAK VALUE DURATION
MPH G'S MILLISECONDS
4.26 1.11 42.29
6.25 1.44 41.91
8.32 2.33 23.26
8.24 -2.31 21.14
VERTICAL ACCELERATION ON SILL
SPEED PEAK VALUE DURATION
MPH G’S MILLISECONDS
4.26 30 15.87
6.25 91 34.07
8.32 1.35 31.59
8.24 1.01 20.62
LATERAL ACCELERATION ON FRAME
SPEED PEAK VALUE DURATION
MPH G'S MILLISECONDS
4.26 -.19 76.74
6.25 -.22 13.26
8.32 38 19.77
8.24 22 18.82
LONGITUDINAL ACCELERATION ON FRAME
SPEED PEAK VALUE DURATION
MPH G'S MILLISECONDS
4.26 1.95 451.24
6.25 2.83 72.08
8.32 3.16 74.10
8.24 -1.87 78.95

AREA
G’S-SECONDS

AREA
G'S-SECONDS

AREA
G'S-SECONDS

AREA
G'S-SECONDS




TAPE CHANNEL 6

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE CHANNEL 7

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE CHANNEL 8

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE CHANNEL 9

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE CHANNEL 10

TEST

IMPACT
IMPACT
IMPACT
IMPACT

¥ % & & K

Gl N —

LI O I S I

w» N

RAIL

(REVERSE)

(REVERSE)

(REVERSE)

(REVERSE)

(REVERSE)

DATA NOT AVAILABLE

COUPLER FORCE

LONGITUDINAL

SPEED
MPH

SPEED
MPH

VERTICAL ACCELERATION ON FRAME

PEAK VALUE DURATION
POUNDS MILLISECONDS
110892.05 136.41
168341 .41 56.02
191597 .94 37.70
174025.31 35.58
PEAK VALUE DURATION
G'S MILLISECONDS
~.92 42.38
~1.36 38.74
~1.69 43.23
~1.31 17.15

ACCELERATION ON BED

LATERAL ACCELERATION ON BED

VERTICAL ACCELERATION ON BED

PEAK VALUE DURATION
G'S MILLISECONDS
1.89 197.14
2.68 74.87
3.29 60.07
-2.20 65.51
PEAK VALUE DURATION
G’S MILLISECONDS
-.17 22.93
-. 27 14.17
39 20.89
2 13.75
PEAK VALUE DURATION
G'S MILLISECONDS
N %N W BN KRN
L Y
*H KN P
PEETY ™
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AREA
G’S-SECONDS
. 0907
.1208
. 1405
1119

AREA
G’'S-SECONDS

AREA
G'S-SECONDS




es8'tT  @b'T  ee@'T @89 | @ez’
! ! T ! ! ! ! T 1 !
.................... “:.::.@_::.;_::.:.w:.;..;.:_;;.:_::w:.;;.:,:t.L

686T ‘¢ 114dy ‘HdUW 92

NSNS Jo 3sa]

}Dedu]

¢ T roedujg
11ey

88" T X
SpuoDag ul

Bu1]

s 1~

@es " -

v 1r. I

" 1R |

8s' ¢

i

BO'T X S.D NI
teuilpny Lthuo-g

WO WMo 1}3¥YAaAd]1a3ddy

-11'S

4-7




{ i i ) ] 4 } 1 4

' v ! ! ! ! ! T R J

....................................... IT
l heresnr TN i s,._.”F._..f....\ A A A —

6867 ‘t 1lady “HdAMW 92°

NSNS Jo 3s3a] jdedu]

v T 3oeduj
11ey

e T X
Spuooag wuil

UL

86" T-

%1% 1" R

1% I

%1% o

" 17 I

BT X S.D NI

1eo13.a3an

111S WO wo l13eaadladoy

4-8




0O T X
SPU0Dag ui

su1]

_@es8'tT  @r'T  @ea'T @89’ ez’

i f ! . ! ! m i M i

: N L : : : : : .
it o bl i ..} _____ AL ik i i 0@
TS U SO S zf ..... WA_ ........ S T A
........................... _,L,. 208"
...................................... PR 0 AT RO SR N A
....................................... ._.I...i. gm-.ﬂ.

w [
....................................... .\ ‘_.l{l

6867 ‘'t 114dY "HdU 92 ¢

NSNS 30 s3] Idedu]

‘T ¥oedug
112y

1 § 2

" oA

oW

BT X S.D NI

tewipny) 1HUCT]

—¥J4 g UO UO1)3)¥Ya3d]3DOY

4-9




ea°'1 X

SPUODIg W1l BWl]

ht_x._{_.?f e

686T

NSNS 40 3s59]

‘v 114dY ‘HdW 92 ¢

——
-
—

M.Z::@IE:@ ......... W ........ W ....... —4 @9 "1~

wﬁ ....... W ......... w ......... w ........ m:fillﬁ@w:.

h_ﬁ. At i A e £ 1 oo

f ________ s

......... TZII@fII@ZiElIO&w.

T joedu]

yoeduy 1rey

BT X S.D NI

1eot134a3q

wolrLjpeuaal]2D0H

aueua g

4-10




" T ¥

SPUCDag ul 3uWt]

ag" 1 atv'1 ea’1 839’ aec”

-
-~
-+

M ......... w ......... W ........ w ....... 4 @9@8°'T1-
......... TI:I@ZI:@IiE[I&&w:.
......... i L eeet-

P:: :ﬁ {i i r,.a ", .\,.\.....5._“.{_,3 it
m ......... m ......... w ........ m ....... 4 @ez"’

RS RAITeT RO o L TR ST SRR TERee 1 ge9:

686T ‘v 114ady ‘HdW 92'v T 32edu]
NSNS 4§00 31sa)] deduy jley

1eaajre]

BT X S .2 NI

4-11

aWUueA ] WO WMO13YAd]I30DOY




48" 1T X

Spuodas ul aul]

f— —4- 4 {
- _ r L

B

@871 oy T 90" T 009" 0Qz
T T

..|a1.1..|.||||ur|.1‘....11v..1:...44”..f.l...—Ll.l,..blljl{[.,y.ﬂJt....x;.,v.,fiﬂ..f... Yy

686T ‘v 114dYy ‘HdW 92°'¢ T j)Dedu]
NSNS J0 3S3L jdedu] 11vYy

eee’

1% I

Be’'s8

BT X S .D NI

teuirpnj thuo-]

PIag UO UOo1l1)euaII]I2OOY

4-12




AL LA 00" T

BT X
SPUO DSBS Wl BUu1l]

e@c’

.

+
ot
4+

LY R

Wu.)l.l..f.u...ltl Jl..! .\....“...-.I.l....\_w‘.. .\..\. )..Jt ll”,)_\ ]r - s ..\ .m ._-.L...}_?A\f ﬂ F— _ ‘

R,
"

686T ‘v 114dYy ‘HdMW 92° ¢
NSNS 406 153l joedu]

-
-t

.................

T yoedul
1iey

4
1

4 ees8’ -

______ 1 oes:

. ...... L.I. ey ?

B T X S.D NI

rLea2jye]

Mo 1j3ead]a3220Y

wo

Pad

13




88" 1

-1
L
-+

: . . . | . . § .
Ha,.!fq...c.l n"la..l.l..l.cc\rb.iq,.:.. et s g™ z?l...t,i F 5‘. -17?4... A.....Av‘.fr, L\ L.nms.‘f_..x-.}f vt ‘r\.ii_-—klr.‘..?n.L.L...rl. .t...tt.’Et‘.Et.?hi p—e
4 . ” Do : . : :

68671

)

..... e
T iR
,,,,,,,,,,,,, .
.............. '

‘b 1lady
NSNS 3o

-
C e
—

........ | _\‘ m..wm,T

‘HdW G2°'9 2 1oedu]
ysal joeduy 11ey

98" T X
SPUOD3g w1

88’ -

% 1" I

8B’ 9

au1l]

1

8O T X S.D NI
tewrpny iHuo-g

WO woljpeuaaladoyY

-11'%

4-14




BA'T X

SPUODAS Wl Bul]

e o
——
—

‘v 114dy
nsns 4o

68671
159l

,,,,,,,,, ......... AAAAAAAA L av'e-

S— - S 4 oez1-

‘HdWH G2°'9 g

yoedu]

_;%f A ,u_.‘,..t st ...»_ p.‘p.,rb,h‘f; Anin e @08 °

...... wv.i._.@....j..wj...A;lj ez°'1

.Zm ......... M ......... w ........ M ....... 4 @p'?

yoedu]

1tey

AT ¥ S.D2 NI

WO 1T)IPUI]IIOOY 1€D13A3n0

i1ts wo

4-15




8" T1T ¥

SPUODAS Wl B3ul]

i _ _ I w ....... R it B i Ut ._r
It . ” “ .

AP f_ ..... A DS T |

________________________ SR R | N S R B |
................................. ...w_;.._“.;_wr
.................................... S 1 T
U U N
IS VAN YOS T NS T N TR WOV NS RO i

686T ‘¢ 1144y ‘HdW GE'9 g 3oedu]
NSNS Jo j)sal joedur j1ey

%1% L

%1% 1

86T

s ¢

" | ST

o9

@O T X S .9 NI

tew P} rthuog

WO woljeaa]2209

—-eag

4-16




80" T ¥

SPUODag w1l aul]

@89’

T T e e A
S T T U TS TN RO A 1 os-z-
.................................... SO R S PO O O |
____________________________________ U | A S S N Ao
..................................... _.T
USRS RS SO S U 1 1 NS SO SO 1 ees-

m. .:?4 .7‘:_«,)-.?9

oo

.!kl.

6867

‘b 11uady
NSNS

‘HdW GE°' 9
Jo 3sa] joedug

.c.“&._hz...f}.kx uiw......_,..

11ey

S SR S &

12 )oedujp

a8s”

8G°'T

BT X S.D NI

1eD13.43apn

LH-17




SPU0Dag w1l

e8'T eyt  ea'tT @@ | @ez’

_ ﬁ ~ ! j t _ t + _

.............................. R S U U SRUPNE SURNEUPE SUPRR I
........................... _ ,_Jr
........................ T S Ut SURPRNRNE SR

686T
nsSNs

‘b 114ady "HAH GE€°'9
JO 31s3) 3oedu]

o _.__.,__..,-
? { ol ¢ __._z._q_..___.._. .*., SN Y]

12 joedu]
1iey

88’ T X
au1]

#0888 " -

eet " -

86ae-

aat’

868"

80T X S .D NI

MO UO1)PUAD]DIDOY leaadpre ]

2uea g

4-18




SpUODag u

-+
~+

R
-
—+

T

iy ,,T_ T

686T ‘t+ 114dYy "HdW GE€'9 :g joedu]
NSNS J0 3s3a] joeduy j1ey

0a'T X
1 Bug

80’ -

" 1", B

88" 9

BT X S.D2 NI

lteuipng tbuo-g

PP U0 WO 1)3YUaadlIaddY

4-19




88" T ¥
SPU0Dag Wl Bul]

-
R
——

@@’ T @89 " X
! 1 R

_.‘
=

" 1% I

:.@ ...... .W. ...... W ......... M ......... W ........ W ....... 4 80°'1-

J . .,.. ......... o T R I@@O.

SIS R S e T e @71

686T ‘¢ 1lady ‘HdW GE2°'9 2 joeduy

R |

§0 383l jdeduy |1rey

BT X S.D NI

UWO 1)JPUAD]23DDY leaajye]

pog uo

4-20




ea°'T1T ¥
SPUOD3ag Wl aul]

s
-+
-+

e

w ........ .W ........ M ......... m ........ T:::@ ......... L m ......... w ........ w ....... —+ @8@'9-

______ TR R PP

e I eee

...... ,.!T

686T ‘v 11ady “HdW 2£°8 '€ joedu]
NSNS F0 3s3a]l jdeduy 11ey

1

BT X S.9 NI
teuilpny 1Huo-g

4-21

—118 U0 WO 1)¥YADI]ID0Y




. eg'tT ey’ T . e@'T 9@’ @ez’
! i l ! ! ! ! ! ! i

........................................................

686T ‘'t 114dYy ‘HdH 2€°'8 g 3jdedu]
NSNS J0 3sS3] 3deduy 11eYy

% 17 I S
SPUDDAag w1l 3uil]

88 1-

ee9 "’ -

869’

88°'1

% 1" g 28

BT ¥ S.2 NI

1eD134a3n

111S WO wuolrLj¥vuaa]adoy

4-22




au9 -’ eac’

L J 4 i i3 i - 4 4
I T T T ] _ q T 1 B
. W Y, ol
T et Jqé_ul.s....]-w. . A...L.« AN l..\...\ r..)tlr ‘ \ \._J.: ) — r ..b.&r‘ (ETT R VICA A -lll..l «-ti —_

| |
.................................... __{_‘. . .

: pwﬁ
........................... T_.,1.._i..‘I.M.Z...2..1..‘241414..1...i.,I. 4.
........................... _ U B S

686T ‘¢ 1tady ‘HAW 2£°'8

NSNS J0 s3] jdedu]

e joedu]
1rey

86’1 X
SpuUoDas ui

8e06°

ec’'1

av-e

@9’ gt

a8’ ¢v

au1]

oW

BT X S.2 NI

Ttewipniy rtburo-g

—Yuaj UO UO1)}¥Puaa]l3DDY

4-23




80" 1 X

SPUODIS ULl Bul]

a8° 1 ar°T 0a"T 889’ aae’
e e A e e S A

..... L T S
\1 R et ;....H._

6B6T ‘* 11ady ‘HdW 2£'8 g jdedu]
NSNS 40 3sal joeduy 1i1ey

1% R

88" T-

68a9 " -

8a9’

88°' 1

BT X S .D NI

1eD134an

BWUEeAL ] VMO 1L}EYAD]IODOY

4-24




8e°'T1T X

SPUODIg Ul B3U1l]

. @e8’'T | @pr’'T | @e@'T . @@9" @@z’

v ! ' ! T ' ! ! J T

.................................... ERRTENE SRPSEERIE ) RRTITE TRPYRURTI SRRPRPRS ERPRRRES
..,.._p.‘.,..,,_,.,.,.._&.,..,p\_.t_.{,.;m

686T ‘v 11ady ‘HdW 2€°' 8
NSNS #0 3s53] jdedu]

g joedujg
11ey

a8’ T1-

aec’ ' 1-

809" -

8o’

889’

BT X S.D NI

1eaa}) e

WYL ] UO UO1}Puad]aDOY

4-25




a1 ¥
SPUODAg Ul JUl]

%1 o

Rpp—

-4
—t
—_

.. ._1 !
——
—

c—

L s ae v TR S SR SR U N - P S
L G P H—~ Pratisy AT L ,.f\.\..... ?. M _.
. . , w0 g

6867 ‘¥ 1144y “HdW 2£°'8 € joedu]

NSNS J0 3sa]l j3dedu] ji1ey

_a It ....\.u...ELLL.'..A..L]...PA..@..r.....r\_r....l.:lL

...... W:,ZXISS.NI

8606 " -

...... ll,.(- &&-q

...... .IT B9

BT X S.D NI

Tewipval thuo-g

wolrtjpeaalaody

wo

rod

4-26




6’1 X

SPUODAS Ul 3uUl]

_
R
-+

686T ‘v 114ady ‘HdW 2£'8
ASNS 40 3sa] jdedu]

'€ joedu]
11ey

v’ e-

. FA S

8’71

ev-2

BT X S.D NI

WO Uuol1j3¥vaAad]la@adocyg leuaasjre-g

rag

4-27




AUV prodIed oyl 01 poancos Asls 0dae) Ul Lol oUE 70 Moty [ TN 030y

7 "YNNVAVS - TOOHOS QNV mukzuu.z‘o_tza_z_zd 3SN3430 |




CAvO U} prodpred oy
AN Y OVIRD Gl O 10 Juor) oy BUTINOos Sol(qlo UMopoll Oyl Ju M1y 7 ON 0101d

Ele

[ W "UNNVAYS - T00HOS ANV M3 LN3D NOILINNWAY 3ISN3A

v i~ s A b it i ~
e gt = N - R
P, . W - SRS Y W
s " by i .




*1B01B]J PEROI]1B1 3yl O}
ASQIS 031D TIE/6W dYyi JO 131 9yl SUTINDIS sayqed UMOPATI 9yl JO MBIA ¢ °ON ojoyg

Ty
S - ., . .

1 YNNY

AVS -00HJS ANV Hd3ILN3D NOILINNWANY 3ISN3430

. T e




TASNS 0Bav) [A¢L6W 9yl Jo j1un Jedld pue JUOIJ LYyl udamIa( Furlsnoy
GATAP avod oy Yurioojoxd 1aying uspoom 15a0 JUTpUSIXD OJqED UMOPDTIT BYl JO MITA ¥ TON vioyd

_ 11 'UNNVAVS -J00HOS GNV Y31IN3J NOILINWWAV 3SN3430

¥ = - € B




*suotstiaoad umopetry odaed 8yl o3 231v¥ Oyl punoae
soTlquwosse umopotl deais qam oyl pue 2388 11 8Yyi “Moop poomAid your-y/¢ 8yl 9ION
ASHS 031e) [d{/6KW 24 JO 1Tun puodds 8yl ut 100p Jieal usdo 3yl ur JUINOO] MBIA ¢ ON Oloyd

OHOS ONV_43LN3D NOILINNWW

f

4-3,




*ASNS 081e) [ACL6H
9Yy3 JO peaye Ied[IeI BYl O3 pPaindas a8eyoerd uorlelUSUMIISUT BYI JO MITIA § °ON o3oyd

N "UNNWAVS -00HOS ANV H3IN3D NOILINNWWY 3SN3430

-

-33




‘ASNS 081D 1IC/6W 943 JO dWE1J 2yl U0 PIIJEDO] 13I3WOISTIIIE 1BIXE113 @yl JO MIIA /[ "ON 030Ud

T 'UNNVAYS -100HOS ONV_d3.IN3D NOILINMWWY 3SN343d




1

R R R

*ASNS o3xe)
19€/6W ¥4l 3O paq 031ed 8yl U0 PIIRI0] I9I3W0IB[IOIY [RIXBTI] 3Y3l JO MATA g 'ON 030Ud

11 'YNNVAVS -J00HJS ONV_H3LN3D NOILINNWAV 3SN3430]

4-35




B. ROAD TEST OF M973E]l CARGO SUSV WITH PALLETIZED LOAD

The MY73E1l Cargo SUSV loaded with the same maximum capacity (2,750-pound)
test load used in the rail impact test completed the USADACS road hazard
course. Prior to the road test, the wooden gate agsembly at each end of the
two-pallet-long test loacd was removed. The two web strap tiedown assemblies
around each wooden gate were also removed and a single web strap tiedown
assembly was placed around the pallet base to curtail longitudinal movement.
Two web strap tiedown assemblies were placed laterally over the top of each of
the two pallets to restrain vertical and lateral movement. A total of six

5,000-pound capacity web strap tiedown assemblies were used %o secure the

load.

TEST ANALYSIS

The M973E1l Cargo SUSV completed the road hazard coursge without incident.

Nc¢ movement of the inert test load occurred during completion of the road

test.
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ROAD TEST DATA
TEST NO. 2 DATE: 4-5 April 1989

TEST SPECIMEN: M973El Cargo SUSV second unit was loaded with two partial
pallets of inert 105mm small-caliber howitzer ammunition.

PASS 1-A OVER FIRST SERIES OF TIES 6.30 SEC 5.41 MPH
FASS 1-B OVER SECCOND SERIES OF TIES 7.80 SEC 4.37 MPH

REMARKS: No movement

PASS 2-A OVER FIRST SERIES OF TIES 5.85 SEC 5.83 MPH
PASS 2-B OVER SECOND SERIES OF TIES 5.25 SEC 6.49 MPH

REMARKS: No movement

30 MILE ROAD TEST: No movement
PANIC STOP TEST: No movement
PASS 3-A OVER FIRST SERIES OF TIES 5.70 SEC 5.98 MPH

PASS 3-B OVER SECOND SERIES OF TIES 5.10 SEC 6.68 MPH

REMARKS: No movement

PASS 4-A OVER FIRST SERIES OF TIES 5.70 SEC 5.98 MPH
PASS 4-B OVER SECOND SERIES OF TIES 5.70 SEC 5.98 MPH
REMARKS: No movement

WASHBOARD COURSE: No movement

&
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C. RAIL IMPACT TEST OF XM1067 FLATBED SUSV

1. The XM1067 Flatbed SUSV waa cabled to the railroad flatcar using the
same method used with the M973El1 Cargo SUSV rail impact test. Two cables
extend from the pintle of the SUSV, one to a stake pocket on each side of the
railcar. At the center of the SUSV, between the front and rear unit, a cable
extends over the rear drive housing to a railcar stake pocket on each side of
the flatcar. At the front of the SUSV, a cable i2 looped around the “handle
bar” located on the sides of the winch mounting bracket, with the cable
extending to a stake pocket on each side of the flatcar.

2. In the XM10687 Flatbed SUSV, two partial pallets of inert 105mm
small-caliber howitzer ammunition were used to attain the maximum 3,190 pound
load. Using the cargo tiedown fittings on the deck of SUSV flatbed, the two
pallets were secured with a total of five 5,000-pound capacity web strap
tiedown assemblies. Two of the five web straps were used around the ends at
the pallet base to prevent longitudinal movement. The three remaining web
straps extended either laterally or diagonally across the pallet tops hooking
in the tiedown cargo tiedown fitting in the floor of the flatbed SUSV.

3. Acceleromstersg were placed on the center 8ill of the railcar, on the
frame of the SUSV flatbed, and on the deck of the SUSV cargo bed. Acceleration
along with its duration were measured in the longitudinal, lateral and
vertical directions during the rail impacts.

TEST ANALYSIS

1. The vehicle tiedown method previously tested in June 1984 performed

gatigfactorily.
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2. The accumulated movement of palletized load during the rail impacts
was limited to slightly more than one inch. The five web straps remainec taut
and no damage was sustained to either the test load or the vehicle during the

raili impact test.
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TAPE CHANNEL 1

TEST

IMPACT
IMPACT
IMPACT
IMPACT

[ N B

(REVERSE)

TAPE CHANNEL 3

TEST

IMPACT
IMPACT
IMPACT
IMPACT

[ S

(REVERSE)

TAPE CHANNEL 4

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE

TEST

IMPACT
IMPACT
IMPACT
IMFACT

PR

(REVERSE)

CHANNEL 5

(REVERSE)

RESULTS FROM THE RAIL IMPACT TEST ON THE

FLATBED SUSV ON FLATCAR

SPEED
MPH

SPEED
MPH

LONGITUDINAL

DATE: APRIL 5,

PEAK VALUE
G’S

VERTICAL ACCELERATION ON SILL

PEAK VALUE
G'S

LATERAL ACCELERATION ON FRAME

PEAK VALUE
G’'S

1989

LONGITUDINAL ACCELERATION ON SILL

DURATION
MILLISECONDS

DURATION
MILLISECONDS

DURATION
MILLISECONDS

ACCELERATION ON FRAME

PEAK VALUE
G'S
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DURATION
MILLISECONDS

AREA
G'S-SECONDS




TAPE CHANNEL 6 : RAIL

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE CHANNEL 7

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE CHANNEL 8

TEST

IMPACT
IMPACT
IMPACT
IMPACT

TAPE CHANNEL 9

TEST

IMPACT
IMPACT
IMPACT
IMPACT

Gl o

1
1
3
4

B ) =

Y-S 4% P

(REVERSE)

(REVERSE)

(REVERSE)

(REVERSE)

COUPLER FORCE

SPEED

MPH

SPEED

MPH

SPEED

MPH

PEAK VALUE

POUNDS
90512.04
164613.73
196721.595
176793.34

PEAK VALUE
G’'S

PEAK VALUE
G'S

PEAK VALUE
G'S
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DURATION
MILLISECONDS

VERTICAL ACCELERATION ON FRAME

DURATION
MILLISECONDS

LONGITUDINAL ACCELERATION ON TRAILER BED

DURATION
MILLISECONDS

LATERAL ACCELERATION ON TRAILER BED

DURATION
MILLISECONDS

AREA
POUNDS-SECONDS

AREA
G’'S-SECONDsS

AREA
G'S-SECONDS

AREA
G'S-SECONDS
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D. BROAD TEST OF M973El CARGO SUSV WITH UNPALLETIZED MIXED LOAD

1. The M973El Cardo SUSV was loaded with a mixed lcad of unpallet:zed
inert ammunition items and road tested. The inert mixed load consisted of
boxed 105mm small-caliber howitzer ammunition, M548 small arms metal cans, and
wirebound wooden boxes with 3mall arms in MZ metal containers.

2. Prior to loading the test load, a wooden protection assembly was
fabricated to protect the bilée pump located in the footwell or recessed area
of the second unit of the M973El Cargo SUSV. The mixed load of unpalletized
inert ;mmdnition items was positioned in the footwell or recessed area. The
inert cargo was arranged in two stacks and secured with a total of four web
strap tiedown assemblies.

TEST ANALYSIS

The XM1067 Flatbed SUSV completed the road hazard course without incident.
The method of zecuring the cargo limited movement to less than 1/2-inchk. The

straps remaimed tight and the ammunitions items remained secure.
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ROAD TEST DATA

TEST NO. 4 DATE: 5-6 April 1989
TEST SPECIMEN: M973El1 Cargo SUSV second unit was loaded with a mixed load of
unpalletized inert ammunition items. Four web strap tiedown agssemblies were
used to secure the load.

PASS 1-A OVER FIRST SERIES OF TIES 5.70 SEC 5.98 MPH

PASS 1-B OVER SECOND SERIES OF TIES 5.40 SEC 6.31 MPH

REMARKS: No movement

PASS 2-A OVER FIRST SERIES OF TIES 5.25 SEC 6.49 MPH

PASS 2-B OVER SECOND SERIES OF TIES 5.85 SEC 5.83 MPH

REMARKS: No movement

30 MILE ROAD TEST: No movement

PANIC STOP TEST: No movement

PASS 3-A OVER FIRST SERIES OF TIES 4.80 SEC 7.10 MPH

PASS 3-B OVER SECOND SERIES OF TIES 4.80 SEC 7.10 MPH

REMARKS: Pallets moved 1/8-inch to 1/4-inch forward.

PASS 4-A OVER FIRST SERIES OF TIES 5.25 SEC 6.49 MPH
PASS 4-B OVER SECOND SERIES OF TIES 5.40 SEC 6.31 MPH
REMARKS: No movement

WASHBOARD COURSE: No movement
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E. ROAD TEST OF XM1067 FLATBED SUSV WITH PALLETIZED LOAD

The XM1067 Flatbed SUSV loaded with the gsame maximum capacity
(3,190-pound) test load used in the rail impact test completed the USADACS
road hazard course. The identical tiedown method used during the rail impact
test was tested over the road hazard course. A total of five 5,000-pound
capacity web strup tiedown assemblies were used to gsecure the load.

TEST ANALYSIS

The XM1067 Flatbed SUSV completed the¢ road hazard course without incident.
The total movement of the secured test load was less than 1/2-inch. All
indications are the load could have passed the USADACS road hazard course with

a total of four web straps instead of five web straps as tested.




ROAD TEST DATA

TEST NO. §

DATE: 5-6 April 1989

TEST SPECIMEN: XM1067 Flatbed SUSV second unit was loaded with two partial
palletd of inert 105mm small-caliber howitzer ammunition. Cargo test load
secured with a total of five web gstrap tiedown assemblies.

PASS 1-A OVER FIRST SERIES OF TIES

PASS 1-B OVER SECOND SELIES OF TIES

5.25 SEC 6.49 MPH

5.70 SEC 5.98 MPH

REMARKS: Pallet moved 1/4-inch to the right.

PASS 2-A OVER FIRST SERIES OF TIES
PASS 2-B OVER SECOND SERIES OF TIES
REMARKS: No movement

30 MILE ROAD TEST: No movement

PANIC STOP TEST: No movement

PASS 3-A OVER FIRST SERIES OF TIES
PASS 3-B OVER SECOND SERIES OF TIES

REMARKS: No movement

PASS 4-A OVER FIRST SERIES OF TIES
PASS 4-B OVER SECOND SERIES CF TIES
REMARKS: ©No movement

WASHBOARD COURSE: No movement

5.4 °C 6.31 MPH

5.85 SEC 5.83 MPH

5.40 SEC 6.31 MPH

5.25 SEC 6.49 MPH

5.25 SEC 6.49 MPH

4.80 SEC 7.10 MPH
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F. ROAD TEST OF XMI1067 FLATBED SUSV WITH UNPALLETIZED MIXED LOAD

1. The XM1067 Flatbed SUSV was loaded with a mixed load of unpalletized
inert ammunition items and road tested. The inert mixed load consisted of
boxed 105mm small-caliber howitzer ammunition, M548 small arms metal cans and
wirebound wooden boxes with small arms in M2 metal containers.

2. The iner% tes. load was positioned in two stacks and secured with a
total of four web strap tie down assemblies. One strap went over and one
strap went around the ends of each of the two stacks.

TEST ANALYSIS

The XM1067 Flatbed SUSV completed the road hazard course without :ncidens.
The method of securing the loose cargo limited the total movement %o less -han

i/2-inch. The web straps remained tight and the ammunition items remained

secure.
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TEST NO. 6

ROAD TEST DATA

DATE:

6 April 1989

TEST SPECIMEN: XM1067 Flatbad S"SV mecond unit was loaded with a mixed load
of unpalletized inert ammunition items.
were used to secure the load.

PASS 1-A OVER FIRST SERIES OF TIES 5.25

Four web strap tiedown aggemblies

SEC

PASS 1-B OVER SECOND SERIES OF TIES 4.80 SEC

REMARKS: Pallets moved 1/4-inch to the right

PASS 2-A OVER FIRST SERIES OF TIES 5.40

PASS 2-B OVER SECOND SERIES OF TIES 5.85

REMARKS: No movement

30 MILE ROAD TEST:

PANIC STOP TEST:

No movement

No movement

PASS 3-A OVER FIRST SERIES OF TIES 5.40

PASS 3-B OVER SECOND SERIES OF TIES 4.80

REMARKS: No movement

PASS 4-A OVER FIRST SERIES OF TIES 5.59

PASS 4-B OVER SECOND SERIES OF TIES 4.80

REMARKS: No movement

WASHBOARD COURSE:

No movement
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SEC

SEC

SEC

SEC

SEC

SEC

.49

.10

.31

.83

.31

.10

.14

.10

MPH

MPH

MPH

MPH

MPH

MPH

MPH

MPH
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OAD OF UNPALLETIZED BOXES OF 105MM AND

LT
OTHER BOXES OF SMALL ARMS AMMUNITION
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