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Marine Corps

Marginal Terrain Vehicle XM 759

THE MARIME CORPS has a steted requirement for a 1-1,/2
ten capacity marginal terrain vehicle, This requitement
15 for a vehicle capable of operating freely over the most
pxtréme swamp and extensive waterway aveas, as well as
sand, rice paddies, muskeg, and hard sarface and unim-
proved roads.

The vehicle will be used primatily to transpott the rifle
squad o company/bartalion supplies and will replace the
carrier, cargo, amphibious, M76 (otter) and M116 which
are currently being utilized by Marine forces In Vietnam,

The vehicles will be asslgned vo an amphiblan twansport
company, a subordinate unit of the force motor transport
battalion, The company Wikl be organized into theee traps-
pott platoons equipped with 156 vehicles each. The fnit will
be available for both direct and general support misgions.

HISTORY

In February 1865, the Marine Corps requested the Army to
conduct a development program for 4 Marine Corpe 1=1/2
ton tmarginal tesrain vehicle based on the airell principle.
(Fig, 1} This principle was previously evaluated by the
Marine Corps In @ 1000 1b paylaad vehicle known as the
landing vehicla airoll (LVAX1),

The airoll suspension is basically a conveyer type track
consisting of a series of free-rolling low pressure tires, con-
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nected by chains, which are in tumn diiven by conventional
sprochets,

The vehicle actually sits on top of the tires. This cre-
atcs two modes of operation; on firm terrain and roeads. the
vehicle will move as a track and # wheel resulting in a ve-
locity of twice the chain speed; in soft soil, the tires become
embedded and the vehicle meves In the twack mode at chain

ABSTRACT

The U, §, Marine Corps, In conjunetion with the U, &,
Army, is developing a marginal terraln vehicle, based on
the airoll principle, to replace the M76 and M116 vehicles,
The ficst phase of the XM758 development program estab-
lighed the overall vehicle configuration. Followling approval
of the basic design, detail design and pilot fabrication were

developed, lnitial testing was considered unsatisfactory,
However, after tire modifications involving a Chevron tread
design, slope climbing capability was achieved with no re-
ductlon in mobility, Extenslve mobility tests have verified
that the marginal terrain vehicle can negotlate the most
extreme soft soil conditions.



Table 1 - USKMC Xh755 Reguirements

Item Begential Desirable
Payload
4000 Ib
14 troops
2 pallets (44 = &2 in. )
Specd
Land 25 mph 33 mph
Water 7 mph 10 mph
hobility
Longitudinal siopes  G0%
Side slopes 20% 45
Obstacle g
Angle of approach 90 dep
Angle of departure E0 deg
Soft soil perf.
50 pass. VC1 1%
1 pass, VCi ]
Transportability
Hail
=111
Afr=-VTOL
€130
hMaintainabilicy
Durability £00 br 1000 br
Reliability 2 107
Table & - Standard Reqguirements
1. EBilge pump
2. Elecirical slave recepracle
5. Foldaway toop seals
4, Headlights, blackout lights,
tzillights, infrared lights
d. Tow pintle and towing hitches
&. 12 in. frechoard
7. Climate Inclosures
8. Kl
Radie Litter W eapons
Armor Heater

speed. In the latter case, the tires are in effect large track
grousers.

Approximately 10, 000 miles of test were conducted an
the & LVAX1 vehicles built for the Marine Corps.  These

tests disclosed that the airoll had oustanding soft soil mo-
bility and swimming capability, The LVAX] was pever
immchilized in any bottomless mud.

Adversely, this vehicle had unsatisfactory slope and
breaking stability, and undesirable ride characteristics,

The principal requirements for the Marine Corps mar-=
ginal terrain vehicle are shown in Table 1.

The wertical obsiacle requiremnent applies primarily to
the capability of negotiating abrupt varlations in heights,
sueh as the 21,2 - & fr high dikes that sursound elee paddies,
To negotiaie the banks of water ohstacles the vehicle must
be capable of ascending and descending wet slopes,

The reguirement for alr ramsport in the C130 estricns
the maximuwm width 1o 110 in. and height to 102 in. The
400 hr operation consists of 649 cross-country, 5% second-
ary road, 8% level primary road, and 20f water. Table 2
indicates some of the other standasd type tequirements.

CURRERT STATUS

In May 1985, the Marine Corps XMT53 develppment pro-
gram was initiated by the U, &. Agoy Tank-Auwmotive
Commeand (TACOM), located at Wamen. Michigan. The
first phase was a parametric concepl phase Lo establish the
overall vehicle configuration, This eptailed soil mechanics
study by TACOM's land locomotion laboratory to determine
oprimum wheel size, shape and spacing: study of swimming
performance; sudy of major components to determing the
optimurn power train and a computer ride characteristics
study.

The result of these studies and special tests were then
integrated inte overall configuration conceprs, In Septam-
her 1965, the Marine Corps approved a TACOM conflgura-
tion cencepl which met our stated reqguirements.

The original configuration provided for a diesel engine
and 4 hydromechanical power train (Fig. 2). Vehicle length
wias 241-1/% in., width was 110 in. and it had a reducible
height of 87 in, Each wack had 17 tires which were 24 in.
in diameter and 21 in, wide. Engire and power oraln were
located in the front. The cargo compartment would hold
14 personnel or 3 pallew interpally. This concept provides
a 90 deg approach angle, a 80 deg depasture angle, and 30
in. ground clearance, Approximately &% of the flotation
ls ebtained from the tires and the remaining 409 iz provided
by the sponsons and hull, The weight was 14, 030 1b.

The detail design and pilot fabrication phase was iniri-
ated irnlne,diaml}r after approval of the dﬁsign concept. In
addition to detail vehicle design, this phase included &
water model study by Davidson Laboratory, Steven's Instl-
tute and concept design of atmor, weapons, heater, arctic
and ambulance kits. Fig. 3 details some of the design fea-
Lures,

The hull shell & an all aluminum, welded structure, The
foor, sides and sponson top and bottom are constructed of
standard aluminum extrusions, The fenders are constructed
of aluminum honeycomb material and are a primary strue-
tural element. Zheet sluminem i wsed for the holl front,
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Fig. & - Configuration for diesel engine and hydromechanical power train

Fig. 3 - Design faaturas of vehicle

the bulkhead, the sponson sides and the cargo floor. This manually aperated watertight tailgate is hinged to the floor
system of hull construction was selected because of il sim-  at the resr and can be :c:men.e'ed o penmit dock loading.
plicity and weight. Bulkheads separate engine compariment in Flg. 4, a standard radistor surge tank .1.nd [u.n i lo-
fram the crew compartment and the carge compartment. A cated behind the codriver's seat, Ambient air ks drawn di-
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rectly through the radiator and discharged through 4 duct
gver the right fender. A standard military 24V, waterproof
electrical aystetn ts used throughout.

Pawer i5 transrnitted from the steer unit through o plane-
tary (inal drive to the drove sprockets as sho'Wn In Fig. &,
The planetary final drive configuration was selected so that
the powes puckage could be located as far forwird as possi-
Ble

The fusl system for the velicle conslsts of a rectungular
bladder type fuel cell, mounted In each sponion. an ex-
ternally mounted fuel pump and a fuel level cransmitter,
The fuel cell shown in Fig. § is being folded prior to Instal-
lation in the spenson.

The contral system for vebicle operation, ag shown in
Fig, T, includes steering, accelerater, brake and transmis-
sion shift plus a steer unit high-low range shift lever, Rods
and bell ¢ranks ave used on all control linkages to permit
ease of maintenance, sdjustment and use of standard parts.

Bench type troop seats extend the length of the cazgo
compartment, See Fig, 2. They can be folded agalnst
the hull side to permit loading of 40 x 48 ln, cargo pallets
or remnoved to permit we of the Tull width of the compart-
ment which 4 62 in. wide by 138 in, long.

To atd in vehicle self-recovery, two capstan drums and
4 length of nylon rope ae provided (Fig. B). Inuse. the
capstan drums are attached to the drive or idler sprockets,
one per vehlele side, and the suspension put Into motion
The deums ace normally carled on the vehicle and oan be
installed and removed without the use of 10ols.

Hand holds, boarding steps for orew and troop use, 1iit-
ing eyes, towing lugs, o tow pinte, vehicle the-downs and
catge He-down rings are also provided.

Daily service ageess to the powerplanl syatem is accom=
plished by ralsing the hinged drives's seal and opening the
engine compastment top deck doors, Acces openings in
the kull floar permit dzaining of the oll and Hlter servicing,
The engine top deck, Including the fan and rudbator are 1o~
moved [or engine and tronsmission remeoval.

In June 1966, the marginal terraln vehicle program was
rearlented into a two prong approacht one being # highly
accelerated program for Helding the MTV 1o Vietnam at
the earllest time; the other being a normal development
program. The accelerated program wis based on the uie
of a power train, proven in two currently standacd military
light tracked vehlcles (M114 and M116). This power pack-
ape consists of the VE8-283 cu in. gaseline engine, an auto-
matte wansmission and & geared differential steer unit. The
normal program wis a continuation of the eriginal advanced
developmental power train version which is Identilied as the
XMT50E1. The principal emphasis has since been primazily
directed to the nccelerated program. TAGOM Initiated
fabrication of five R&D prototypes inJuly 1986, These ware
completed from Febeuary through May 1967, Simultaneous
with pilet fabrication, o three phase, advanced producticn
engineering, production and énginsering suppart cantract
was competitively solicited, The resultant contract Was
awarded to Pacifle Car & Foundey Go. In February 1867 who

Fig. & - Fuel cell

immediately initiated the phase one advanced praduction
enpinsering effort, Phase two 1§ production of an opera-
tional quantity of vehicles, initiation of which i contin-
gent on achieving satisfactory test results,  The englneering
and service test was initlated by the Army test and eyalia-
tion command (n Mareh 1087, The principal test categories
being performance, mobility and durability. Agencies par-
teipating in the tests include Yuma Proving Ground, Yuma,
Arlzona; Aberdesn Proving Ground in Abherdeen, Marylsnd;
General Equipment Teat Activity located in Fort Lee, Vir-
gimia; Waterways Bxperiment Station in Vichsburg, Missis-
sippl and the Marine Corps Development Centee, The mo-=
bility and performance tests are essentially completed, The
durability test ls continuing, The exteraive mobility rest
conducted in 15 locations in Vieginia and Louislana has veri-
fled that the XMTES has outstanding soft soll mobility.

Az praviously stated, the XMT59 s belng developed 1o
replace the M76 and M116, Therefore, during the moblility
best, an M11E was operated over the course as 4 comparion
vehlele.

Fig. @ shows the M116, a full wacked, amphiblous cargo
and personnel carrier, 185<1/% in: long, 85-1/2 In. wide,
welghing 11, 000 1b and having the capability of carrying a
3000 1b payloead or 12 troops. Table 3 shows a colliparison
between the M116 and the XMT59.

The results of the mobility rest disclese that although
the XMTE0 could make repeated passes 1o solls of any bear-
ing strength, the performince on firm, slippery clay or wet
grozs slopes wis unsatisfuctory due to the nontreaded tires
slipping.
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Fig. 8 - Capstan drums attached to side of vehicle

Ag shewn in Table 4, laboratory and recent field tests
vierily that weaded tires effectively eliminate this impedi-
ment. However, subsequent tests revealed a mobility de-
gradation due o the vehicle bsgaking through the vegezation
mat,

Tests to determine optimum tire configuration reveal that
a modified Cheveon tread design will peovide the slope
elimbing capability with no reduction in mobility, Fig. 10

Fig, 9 - M11& amphibious carpo and personnel carrier

shows a representation of the tread designs included in the
tesis. Tire.g is the modiffed Chavion design.

The durability and reliability resw uncovered several
major problem areas, she first being sponson failures dus
g inadequate structure, the second being very rapid chain
Wear,

The sporsen failures entailed collapsing of the sponsan
ends and cranking all slong and acress the botiom of the
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Fig. 10 - Tire tread designs included in field tests




Tabla 3 - Characteristics of MI16 and XM 758

K1ls XM
Length 18541/2 in. 241-1/2 in.
Width a851,/% in; 110 im.
Helght (reduced) 64 in. 87 in.
Payload 2000 1b or 4000 1b ot

13 personnel 14 personnel

Welght (gvw) 11, 000 1b 14, 020 1b

Table 4 = Limited Mobility on Firm Slippery Slopes
WES Laboratory Tests - Cheveon and Bar
Treaded Tires provided Til wactive In-

crease over smooth tires,

Vehicle field tests on slick clay slopes

Tire MaX Slope, T
Smooth g
Chevron Tread 19
Har Traad oo

“MI1E could not negotiate,

sponsons. as shown in Fig, 11, Fleld repairs were made sev-
eral tmes on the sporsons of the test pilots in order to con-
tinue testing, Contineed testing of the Aberdeen pilot re-

sulted In this complete faflure of the bottam of the sporson,

The chain wear resulted in chain elongation. This was
as high s 17 In, In 29 he of operation which was the maxi-
mum life, These problems caused a significant slow down
in the test program, amd necessitated rebnilding severnl
pllots with new sponsang and beavy duty chaing, Subsequent
testiog af the frst rebuild pllot revealed snother major dur-
ability problem: this being rapid wear of the bottorn of the
BPOILE0NE .

Fig., 12 & 3 view of the vehiele wrned upside down, The
sponson wear plate has been worn through expesing the basic
spanson stenctures, The wear plate was 5008 aluminwm im-
pregnated with aluminwn oxide, Life was 108 he, Incur-
rence of the wear plate necessitated further slipping of the
production go-ahead. A mechanical laboratory test of dif-
{erent materials was underway in December, The sponson
botiom not only requires lang life, but must also have ade-
quate frietion o provide positive drive on the wheels,

The laboratory test resulos aee shown in Table &, Al-
though these tests can not bé considered oo precisely corre-

Fig. 12 - Upside down view of vehiele

lating with full seale vehicle tests, they do give a general
meassure of comparison life, Material No, 1 which gave

s 108 e life in actual wage only provided 40 - 140 minutes
in the laboratory. We feel that material MNo. 11 whichlasted
13 hr and 22 minutes in the laboratory will provide us the
degired 1000 he durability on the vehicle,

Tests of o rebuilt pilol equipped with & rubber wear plate
revealed the 4th major problem In January 1968 -~ buckling
of the hull and was aurlbuted to mud/vegetation bulld-up
on the aponsond,



Table § - Prony Brake Wear Plate Materials Test

Material

Durability

2I

10,

llb

2003 aluminwm with [ine
grain aluminum oxide

3008 aluminum with coiese

grain aluminum oxide

. Tungsien carbide hot dipped

copted on greel

1716 In. steel

Sillicon earbide sheet
Paint on silicon carhide

Grooved Bupa 5, rubber
belting &/8 in. thick

1/8 in. polyurethane -
Shore D 46

1/8 in. polywethane =
Shore D 65

1/8 in. polyurethane
imbeddad with fine
abrasive

1/8 in, polymrethane
Imbeddad with coarse
nbrasive

40 min = 140 min (108 hr
at app on pilot #f3)

S hr

15 = 35 min

12 hr, & min

156 min.

5 min

no appreciable wear after
4 hr

11 he, 12 min

12 hr, 12 min

a4 hr, 18 min

13 her, 22 min

Fig. 18 - Bulld-up of mud/vegetation

Mud/vepetation bulld-up was flrst encountered in May
1967 at Camp Wallace, Of all the many sites tested, the
Camp Wallace, Ft. Eustis area is the only place where sig-
niflcant build=-up occwred. A pumber of conditions such
as vegetation density, vegetatlon strength and root strength,
mud conslstency, soll suwength, ete. must ba just the right
combination for build-up 1o occur,

Fig. 13 shows the first build-up, The principal aceumu-
lation oceurred at the sponson rear top surface between the
idler sprockets and on the inside of the sponson top along
the vehicle hull. Testing at that time indicated that with
continued operation the vegetation would build o this peint
Mo problem was encounterad with additlonal running unless
the vehlcle was reversed, This would eause the sprocket o
1ift the vegewstlon off the sponson top and jam the chalns
off the sprochens,

One of the modilications made o the sponson design wag
to allow more clearanes between the sponsons and yprochewy
to allow the mud and vegetation to fall through, Subse-
guent testing showed that the sponsen top area should be
closed up rather than opened up,  These subsequent resis
also diselosed o chain throwing condition which subjected
the vehicle 1o high tenslon leads.

The hull design has gince been changed to provide more
strength, a closed up sponson top area, and a hydraulic ten-
gion system with warning lights and pressure reliel valves to
preclude axcessive tenslon préssund.

The chain throwing condition {5 belng corrected by a
tension hydraulle system and chain guards.

TIRES

The vulnerabllity of pnewmatic tives hos been recognized
and efforts have been undertken o Investigate and develop
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= less vulnerable tire for the XM7589, Although no positive
resuls have been realized to date, several unique tire-con-
cepts are currently being tested and evalvaied. Resulis of
these tests could possibly eminate with a revolutionary saie-
ty tite which would have a significant effect on military and
civilian wheeled vehicles of the futuse.

CABLE DRIVE

Az a baek-up support efforr for the chain drive system,
Papific Car & Foundry Co. has designed and developed a
cable drive syszem which appears o possess excellent po-
tential. A prolorype sysiem 5 currendy being testzd.
Should the eable drive sysiem show a2 significant im-
provement ‘over the chain drive, retrofit of the initial pro-
duction vekicles apd incorporation in the design for the im-
proved version, XMYSHE], iz planmed.

Dgsigns for the improved version vehicle, the XMT59EL,
generally consist of improved sponsons and new siructure for
mounting 1o the vehicle holl, a simpler and cheaper con-
struction of the hull, alumintrn wheels for weight reduction,
nevw #0d improved wheel axles, bearings and seals, improved
windshield assembly, and an improved swim kit/watercon-

This papes i gubjec: 10 revidion, Statements and opdnioss
advanced in paparyor dicosiion are the aothor's and are
pils responsihility, not the Socisty s howeves, the papes has

&)

Society of Automotive Engineers, Ine.,

1ol system, The power rain for the X M759E]1 currentdy
calle for a diesel enpine and the hydromechanical power
Train ransmission, Should a proven multifpe] engine in the
desired horsepower range become available prior o produc-
tipn of the improved vemion vehicle, the diesel engine
would, accordingly. be substituted.

SUMMARTZATION

In summary, it i re-emphasized that theonghout the de-
sign evolution of the marginal temain vehicle, the soft soil
requirements and overall mobility facton such as angle of
approach, ground clearapce, and power to weighl ratio were
maximized with minimum compromiss to twransportzbility
and ntility requirements. Extensive mobility tests have ver-
ifiad that the marginal temain vehicle can negotiate the
most extreme soft soil conditions. This is a needed capa-
bility and one which no other current military surface vehi-
cle can satisfy.

Marine Corps, Army and industory koow-how is being
jointly and coopsratively applied to provide the Maring
Corps with this unique vehicle for overcoming advesse ter-
rain diring military operations,

been edited by SAE for umifpem styling and [ormat.  Discasion will be printed
with ke paper if it is published in SAE Transpclions. For permEtion W publish
this paper in full of inp pan, contsct the SAE Poblications Division apd the
atithaes.

12 _pege bockler. Prinsed in U.5.A4.
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THE MARINE CORPS has o stated requivement for a 1-1/2
toh capacity merginal terrain vehicle., This requirement
is for a vehicle eapable of operating freely over the most
extEme twamp and exiensive walerway aress, as well a3
sand, rice paddies, wnickeo, and hard surface and unim-

proved roads.

The vehicle will be used primarily to tansport the rifle
squad or company/battalion supplies and will replace the
camier, cargo, amphibious, M76 (olter) and M116 which
are currently being wiilized by Marine forces in Vietnam.

Thi vehicles will be assigned to an smphibian tsansport
company, & subordinzte unit of the force motor ransport
hamnalion., The company will be crganized into three trans-

port plaloons equipped with 15 vehicles each. The unit will

be svailzble for both direct and general support missions.
HISTORY

In Febhruoary 1965, the Marine Corps requested the Army to
conduct a development propram for a Marine Corps 1-1/2
ton masginal terrain vehicle based on the airpll principle.
[Fig. 1) This principle was previpusly evaluared by the
Warine Corpe ina 1000 b paylozd vehicle known as the
landing vehicle airall (LVAXT).

The airoll suspension is basically a conveyer type track
consisting of a series of ree-rolling low pressure Tires, con-

R. C. Tashjian and J. A. Simmons
U. 5. Marine Corps

neeted by chaing, which aze in tum driven by conventional
sprochkets.

The vehicle actually sits on top of the tres. This cre-
ates Two modes of operation; op firm terrain and roads, the
vehicle will move as a back and a wheel resulting ina ve-
logity of twice the chain speed: in soft soil, the tires become
embedded and the vebicle meves in the wack mode at chain

ABSTRACT

The U. 5. Marine Corps, in conjunction with the T, &,
Army, is developing a marginal terrain vehicle, based on
the airoll principle, to replace the M7 and M118 vehicles,
The fist phase of the XMT58 development program estab-
Uehed the oversll vehicle confipuration. Following spproval
of the basic design, detail design and pilot fabrication were

developed. Initial testing was considered unsatisiaciory,
However, after tire modifications involving 2 Chevion wesd
design, slope climbing capability was achieved with no re-
duction in mobility. Exténsive mobility tests have verified
that the marginal terrain vehicle can negotiale the most
extreme soft sofl conditions.



