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SUMIvIARY

This propoeal presents a description of a design concept
that prelirninary engineering analysis indicates will pro-
duce a vehicle that will fulfill the requirements of Rtr''P-
63-RE-514. The concept presented is that of a tracked
vehicle which is deemed neceesary to give a low ground
pressure of approximately 1 psi.

The vehicle ie powered by a gasoline engine driving through
hydrostatic transmission. This vehicLe will float, traveree
swamps aud rice paddies and cLimb steep grades. Major
problem areas will be in meeting the weight requirement
a,ad developizrg a light weight rugged track. It is expected,
however, based on Studebakerrs experience with build-
ing light weight vehicLes of this general size that this
vehicLe caa be built successfully within the schedul.ed
time.

PreLiminary cost estimates based on the prices obtained
for the proposed components iadicate that the price of
such a vehicle in production quantities would be ia the
range of $850.00 to $990. OO. This figure rnay change
somewhat depeading upon the final decisions regarding
features to be incl.uded or del.eted as a result of the
developmeut prograrn.
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I. INTRODUCTION

This proposal is presented in response to RFp 63-RE-514 rvhich
requests design and fabrication of a ll4 ton rnechanical load
carrying device f or evaluation as a rneans of increasing the
Arrnyrs rnobility. Mobility of ground forces and particularly
the individual f oot-soldier rnust be increased to rneet present
and future battle-field conditions, whether in the jungles of
southeast Asia, the mountains of Korea or the tundra and s-ow
of Arctic wastelands. Mobili"ty of the individual front-Iine
soldier has alrx'ays been a problem, since he can onl-y be as
rnobile as his equiprnent and his resupply capability perrnit.
The foot-soldier in combat beyond those points accessible by
"jeep" or ,rr-nule,r rnust rely on resupply by rnan-packing by
rnilitary or ir:digenous persoanel. His rnovernent is irnpeded
and lirnited b,y heavy or bulky loads, such as crew-served
weapors, arrrrnunition, rations, or conn:rruni.cations equip-
me:lt.

The lirnited or ,,brushfire,t cc:-:.f1icts, possible in the present
political clirnate, pose especially difficult problerns to in-
dividual cornbat operations in view of the particularly adverse
e::.vironrnental a:rd terrain conditions usually encountered.
Ti:e countries of southeast Asia prese::t particularly cogent
exarnples of these adverse operational conditioas. Infor-
mation and data concerning the vietnarn and J.aotian areas
indicates that our allies are operating in areas where, at
best, foot trails are the or:ly access routes and, at lirnes,
troops r:eust rnake their own trails directly through tbe dense
a::.d rnatted under-grorn'th of tbe jungle, under these condi-
tions, the individual soldier rnust presently rely on resupply
by man-packing. AIso, the evacuatioa of wounded creates
special problerns, and it is aot unusual for six to eigtrt corn-
b;:;t personnel to be out of action in sirnply transporting each
wou::ded to the rear.

T'he problern then rnay be surnrnarized as folLows:

Provide the individual soldier rxriih a vehicle to transport his
supplies and equiprnent to any place he rnay be required to go
on foot. Provide him with. a li"ghtweight, general-purpose
vehicle to support his disrnounted operations, particularly
tl:.ose operations in ext::ernely ad.rerse terrain where roads
are l:"o:-r-existe-t and travel by foot is a necessity: jungles,
swarrlps, rice paddies, ard rnouatai::.s. Provide him with
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asmall'extremelymaneuverablevehicleasnarrowaspossible
forfoot-trailop.',tio,.s'agquietaspossibletopreventdetection
ofhislocationandaslightasPossibleforeaseofhandling.

studebaker has worked on this problem for the.last year and a

half - building and testing several prototype vehicles' These

vehiclesincludedvariouscornbirrationsof3andA-wheelcon-
figuratione,Zand4-wheeldrive,mechanicalandhydro-static
transmissionsr2and4-cycleengines'terratires'andvarious
sizesofiadustrialtires.Picturesofthevariousvehicles
and the results of the tests are contained in a later section of

this ProPosal.

Onseveraloccasionsthevehicleshavebeendemonstratedto
various elements of the Army, valuable suggestions for im-
proverneats have resulted frorn these deomonstrations and

these improvernents have been incorporated in subsequent

designs.

The tracked vehicle reconrnxended in this proposal is based

on the experience gained frorn building and testing these

vehicles, plus the iequirement for reduced ground Ptessure'
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II. TECHNICAL APPROACH

A. Vehicle Requirements#

RFP 63-RE-514 corrtains the general sPecification of the load
carrying device desired by the Army. The requiremect of
being able to carry 500 Ibe. of cargo on a light weight de-
vice (250 lbs, ), to be propelled by an engine drive mecbaaism
and having the capability of crossing EwamPs' rice 1x.ddies,
and rough off -the-road terrain dictates a vehicle witb I to
2 psi ground pressure, In order to fuHill this 1ow grouad
pressure requirement, it has been determined that the vehicle
must be equipped with tracks.

The vehicle must be designed for positioning the cargo weigbt
as well as the engine drive mechanism to give a god ceater
of gravity. The design proposed provides these eharacteriE-
tics plus the proper balance for flotation while ia the water,
going over rough terrain and up and down grades.

Using these general requirements, together witb our experieace
on small. load carrying powered vehi.cles, Studebaker has made
a preliminary analysis which shows that such a vehicle could
be built of commercial components (except for track grousers)
within the weight requirement. The proposed vehicle would
have the following characteristics.

(a) Size - Length 72tt; 1fidth 36rr and Height 30rr ground
clearance of LZtt weight 300 lbg. (which could be re-
duced 250 lbs. by use of two cycle engine).

(bl MateriaLs used will be light weigtrt al.uminum and
plastic where ever possible. None of the materials will
be adversely effected by temperature in the range of
-15o F to 125o tr'. Seals and surface treatment will be
provided as necessary to withstand environmental ef-
feets.

(e') The use of track and the hydrostatic drive will give
the required tractive force to allow traversing of mud
and clay as well as gand and secondary roads, as r€-
quired.

(d) A simple clean design will be maintained to rninirnize
vulnerd,bility to damage from sticks, stones, trees, grasE
and the like.
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(e) No difficulty from noise ie expected $rith this design
as the engine has been muffled to come withi,n the noise
level requirernent.

(f ) No pneumatic or infLated suspension components are
used and, therefore, operation over obstacles guch as
nails, spikes, glass, sharp pointed sticks, etc. will not
adversely affect the operation.

(g) The inherent simplicity of this device requires no
special training either in operation or in maintenance.

(h) This design will provide for the fully loaded device
to be transported by Army petsonnel carriers such as
the M 11.3, H21 and H34 Arrny Helicopters using exterior
slings, and by Army fixed wing aircraft Euch as the
caribou and the otter. It is capable of being parachuted
from these aircraft. Tie down points for securing the
cargo to the vehicle will be included. These can also be
used to secure the vehicle for rail, marine, ground
vehicle and air transport.

B. P"."-iptl". gf O"rigt

The vehicle requirements discussed in the previoue section are
proposed to be met by the vehicle shown by the artists concept
of Figure 1. The construction of this concept has been the
subject of a preliminary investigation to establish its feasi-
bility. The results of this investigation have shown that a ve-
hicle rneeting the requirements of the Rtr.P can be constructed.
The present indications are that the vehicle should be con-
structed as described below, however, aftet a complete pre-
liminary design is completed deviation of sonne of the detail
could be expected. The rnain features of this concept are:

1. Track and 'Whee1s

Because of the requirement of high ratio of load to vehicle
weight, the track-laying concept must feature extrerne
lightness with ruggedness. No known design of tracks
presently fulfiUs this requirement. Therefore, a new
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Iight weight track concept is proposed. The proposed con-
cept will use two belts per track with greusers rj.vieted to
the belts. The proposed grouser6 are of an inverted ',1I"
shaped section which provide tws biting edges for increas-
ingtracti.on, as well as providi:rg sufficient contact area
for Iow ground pressure, lvlaterial is of a polyester larni-
nate plasti.c wbich is strong, abrasion resistant and water-
proof. It is irnpervious to fungus, mildew, corrosion etc.
and resists adheCIion of foreign matter, rnud, etc. because
of its slick surface.

The drive belts are of dacron cord laminate arrd coated
for resietance to the elements,

The wheele for supporting and driving the tracks are for
the preliminary approach corrrrnereially available bicycle
hub -wheel -rirn combination.

The tire portion, however, instead of being inflatable, is of
a bonded urethane material, having integral molded cogs
used to directly drive the track grousers. The diarneter
of the tire is such that it keeps the grousers frorn the road
on hard surfaces but sinks in soft terrain which allows the
track to provide flotation and traction. The bicycle hubs
are of the speed-changing coaster brake type.

Ttre wheel structure is stabilized and strengthened by fill-
ing the wheel with urethane foam rnaking a drum the width
of the track and of sufficient diameter to support the grou-
sers at the outer ends of the lrack. This construction
should give the necessary support to prevent throuring
tracks on side slopes, it will prevent foreign rnaterial
from fouli*g the wheels and provide flotation as well as
strengthening the wheels. ?!re general appearance of
this construction is sbown on I'igure 1.

The space between upper axd lower tracks and the wheels
is showa to be filled witi: a piece of urethane foam. The
purpose of this is to provide additional flotation, to keep
foreign rnaterial out of the wbeels and if needed to support
the central area of the track to provide more uniform
ground pressure. Test of the vehicJe will be needed to
determine if this feature wi.Il work satisfactorily and iJ
it is needed.
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Z. Frame

The track driving wheels are supported by spindles attached
directly to a light weight rnetal frame which supports the
body. The body can be removed from the frame quickly by
removing several clamps. The frame can be split and separated
into two pieces for providing quick disasoernbly for eae y trane-
port in a knocked down condition. This then gives five pieces:
(a) Z-half frames with wheel and track assernblies attachedn
{b} body, (c) engine and pump assembly in sub-framer and (d}
rear inside sub-frame with remaining hydraulic components,

Further breakdown is deemed to be unwarranted.

3.@
The propuleion system proposed for this vehicle has been de-
veloped by Studebaker over the past one and one-half years
working with the rrTurtle'r vehicle. Figures 2 through 7.

This propulsion mechanism will be built-up using an engine
which will drive a hydrostatic transrnission. The trans-
mission utilized a variable displacernent pumpr three open
center valves, orre of which controls forward and reverse, the
other two the hydraulic wheel rrrotors.

A wheel motor drivea each rear wheel, which ie the Fower
$ource for each track section on either side of the vehicle.
This rneans of propulsion is sufficient for allowing the vehicle
to clirnb a,6AYa grade at I - 1/Z MpH and to swim a, Z MpH.

The above described propuleion eystem ca*ses the overall
vehicle weight to be 50 pound over the speci{ied requirement,
because of the use of a 68 pound 4 cycle engine. Thia weight
can be reduced suJficiently to rnake the vehicle falI within the
required weiglrt by going t,o a" Z cycle engine.

4. Body

The body would be a rein{orced plastic type, water-proof and
buoyant and of sufficient strength and rigidity to support the
drive mechanism and the cargo loaded on its supporting pallet
attached to the body upper edges. The design w!11 include, if
requi.red, additional eupport members directly to the frame.
These steps make an impact and puncture resistant hull of
Iight weight design feasible and provides fleitation for the
vehicle.
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5. Controls and,9Rtr+tion

The controls ahould be simple, to insure ease of operation,
and a natural motion. Motor cycle type rleeriag handle
bars are provided to give operator control of epeed through
the variable displacement hydraulic pump, Steering the
tracks would be accompliahed by :educing frow to either
wheel motor. Stopping can be accomplished by a qaick
'rlock and unlock'r device which wi1l, when pulled back,
shut off the flow of fluid immediately. For leas quick
stops the release of the throttle mechaniam on the ha.ndle
bar will allow the vehicle to stop normally.

6. Y:Elrt Eftimale

The weight estimated for the design described shows 30?.9
lbe. which ie 5?.9 lbs. over the specified requiremeat,
This over weight condition iE due to the use of a 4 cycle
engine which studebaker feels will give the performance
specified in this RrQ. This weight can be red.uced to fall
in the required weight range by the use of a z cycle engine.
The weights lieted in the eetimate breakdown are based on
actual components used in buiLding up the ilTurttrer proto-
type vehicle (tr.igure 7) and calculated data supplied ts
Studebaker by component rnanuJacturer s.
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UTEIGHT A,NALYSISI

Body
Engine
Pump
Val.ve Block (31
lilheel Motors (2)
PLywood Board
HandLe Bar Aesembly
Huba (4)
Axles (2)
t/fheels (4)
Rims (41

Foam (5.0 cu. ft. )
Oil Reservoir
Frarne
Coupling
Grousers
Track
Miec. brackets & ingide frame
Exhauet & muffler
GaE tank
Hose (14 ft. l 319"
Fittings (18)
Misc. fittings & linkage

18.0
68.0
14. 0
7,5

I5. 0
9.0

10.0
20.0
?.0

10. z
4.8

18. I
4.0

11.0
t.5

zL.5
8.0

18. 0
8.0
?.0
9.8
9.5
3.0

307.9
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C. Program of Accompliehmeg!_

The development progf,am for the proposed vehicle discuseed
in the previous section can bdst be described by dividing the
work into phases. The work to be done in each phase is dis-
cussed in the following paragraphe:

(a) As goon ae the contract is slgned, work work will com-
mence on the preliminary deaign of the vehicle follow-
ing the concept shown in Figure 1. This work will en-
tail the making of a fuLl scale layout to determine space
requirements for the commercial componentg and de_
signing the various new componente needed. Studies
will be made of various methods of fabrication of the
special components to determine the moet economicar
method. The special components for this vehicle are
the body, frame, track groueerE and wheel aEsemblies.
The first layout and study, will be made in accordance
with the concept expl.ained in the preceding section on
the description of design. several alternate methods
will be studied where need for lighter weight or more
economical construction is indicated.

The results of the prelimiaary design will be consoli-
dated into a report containing a recommended design
which will be diecusEed with the contracting agency.
After agreement concerning the preliminary design
has been reached, the final design phase will begin.

(b) Phase U - Final Deeign

The approved preliminary design will be detailed incor-
porating changes and improvements as agreed to with the
contracting agency. The Layout will be brought up to a
date as required and details and top aaeembly drawings
made according to Studebaker standard practice. The
drawings will be identified in accordance with inEtructions
of the contracting agency. A report will be prepared on
this phaee. ThiE will de{ine the final design as proposed
to be built and wil.l contain al1 of the calcurations and de-
tails of the proposed construction. The approval of the
contracting agency will be required prior to building the
prototype.

-10-



Phase III - Fabrication of proto;lyg

After approval of the final design report, fabrication ofthe prototype vehicle will begin. Most p;;; are ,off-
the-sheurr components and so a short lead tirne is ex_pected. The rongeet lead time is expected to be thetrack grousers. Present knowledge indicatea that thesewill necessarily have to be epecially aesigieA and con_structed for the vehicle because of the light weightrequirements. rt would be prannea to aelign the grousersearly in the finar design phase and obtain tile contractingofficers approval to stari fabrication of the tooling priorto approval of 

.the final design. The only other item whichrequires lead time ie the mora for fabri".ti"r, of the plas_tic body. The brackets, shafts, 
"t". ,r""JuJ'ro" this ve-hicle wi1l be made in the studebaku, 

"*p.ri*entar machineshops. The fi'ra1 assembry wil1 be maae in tie experi-mental garage by experienced mechanicE.

Phase IV - TeEt program

T|g Jest program wilr consist of two types of tests. oaewill be laboratory tests on those components that arenew and have not been used on other Ji*it 
" applications.The new components are primarily the track grousers.The other componerrts have been uaed on many otherapplications and can best be check"a 

""it", iiris apptt-cation by the test program of the entire vehicle.

The laboratory program on the grousers can start veryearly by obtaining samples of the propos"a mat"rials.These samples will simul,ate the grousers and the testsrun in the Mechanical Laboratory subjecting the materialto impact, strength and the effects or t"rnpJrature thatare expected in actual use. This will givJ sufficientirdorrnation during the preliminary design phase to permitselection of the needed material in time to arlow the leadtime for procuring the required tools for fabrication.

The tests of the complete vehicle will be run at the Stude-baker Proving Grounds over various types of terrain fromhard surfaced roads to soft mud., to crJss country, toswimming and to various grade clirnbing.. iil wi,, demon_strate compliance to the performance requirements.of the

- 11-



specification. The following tests are proposed to demon-
strate this compliance and would be conducted with the
vehicle fully loaded.

1. The vehicle wil1 be driven over emooth pavement,
rough;pavement, unimproved county roads, and soft
terrain such as grass, turf, etc.

?. It will then be driven over soft mud.

3. Next, watery mud 4-6'r deep.

4, Next, it would be floated, and propelled in water.

5. The vehicle would be driven ona S}olo side sl.ope,
and driven up a hort, 60To sl.ope.

The test program will be completery detailed during the design
phases and submitted for approval prior to conduct of any of
the tests.

DeficiencieE found during the testing program will be corrected
on the vehicles and drawings altered prior to delivery to the
Army.

Phaee V. - Delivery

The following items will be delivered to the Army as fuuill-
ment of the contract:

(a) Cornplete vehicle.

(b) Preliminary design report.

(c) Final design report.

(d) Set of drawings on Studebaker forrnat.

(e) Operating instructions"

(f) Monthly progress reports.

D, Major Problem Areas

lfhile the. preliminary analysis indicates a device described
in the Rtr"Q can be designed and built it is recognized that

-12 -



there are some problem areas that will be encountered during
the prograrn. The ones that will be most difficult to eolvewill be:

(a) The overall weight limitation of 250 po.nds is
exceedingly tight. It will be neceesary to eliminate
every frill or ,nice-to-have, feature and get down to
the bare essentials if this weight is to be f,eld. By
careful design and selection of light materials, a
300 pound weight can be met by the concept propoeed
using a 4 cycle eagine. However, Studebakirr*past
experience ueing a Z cycle engine on the nTurtl.e'r
vehicle has proven unsatisfactory for this type oper_
ation because of the following factors:

1. PiEton geizure after 5 rninutes to 5 hours
running time. This waE either due to the amount
of load applied to the engiae or manufacturing
quality.

Z. ExceEgive smoke due to mixing the oil and gaso_line. None of the present Z cycle errgirr* manufacturer.
have developed a successful independent lubrication Bys-tem. several have designs available that could be de-
veloped, if warranted.

3. High noiee level which can be reduced by a 1arge
and expenEive muffler system.

If the specified weight requirement of 250 pounds for the
vehicle is maadatory, then development work must be done
by the 2 cycle engine manufacturer to overcome the above
shortcomings.

(b) Because of the weight limitation, it will be necesoary
to develop an extremery right weight track. (A tracked
vehicle is deemed lxecesgary to obtain a satisfactorily low
ground pressure). No known track ie in exietence thatwilr meet the strength - weight requirements, The track
and track drive concept propoeed has the characteristice
which the prel.iminary analyeis ehowe has an excellent
chance to attain the strerrgth to weight ratio required.

rt ie recognized that the proposed track construction may
give probl.ems with regard to non-uniform ground pressure.
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The foam block ueed as a fill*: between tracks can be
ueed to provide a load on the center portion of the track
span if this becomes too great a problem. The need
for this can be ascertained fram the test p"ogram,

(c) The proposed deaign concept visualizes the use of
rigid connectionc between frame and tracka, i. e, , no
spring suspension. Thie is being proposed in aa effort
to keep the weight as low as possible and the design as
simple arrd economical to build as poasible. While
a rpriag auapension ie a nice to have feature, it is
our judgmerrt that with thie low *peed vehicle the ride
afforded the cargo will be satiefactory without such a
suspension. If tests prov3 that eprings are required
these can be incorporated between the body and the
pallet carrying the load.

E. Iatgrprel*.l.igrg.-or Eleeptions,to Epegificatigne

Most featuree of the proposed deaign trave been developed
to meet the light weight requirement of the vehicle. Most
of these features are not believed ta be seriousl.y effected
by tbia light weight. In fact, our experience has ahown
tbat the desiga is workable excepl for the traeks which have
aot been teeted. There are two features that we have in-
cluded that add weight to the vehicle which are:

(a) 4 cycle engine - As etated in previous paragraphs
ou.r experience has led us to recornrnend the 4 cycle
engine over the Z cycle even though thie pute the
weight considerably over the rpecification requiremerrt.
?hig is done to increase life expectance and reliability.
If the 250 lbs. muet be rnet, we recommend that a de-
velopment program be aegotiated to carry out the
cornpletion of one of the lubricafi.nn systerns for the
er:gine. This program is not iacluded in thio proposal,
but could be negotiated.

(b) Quick disassembly iato cornponeats - The require-
rnent for disaseembly for transport has been provided,
however, this adds complication and weight. A better
simpler desigu could be achieved by eliminating this
requirement.

-14-



Our proposed design can easily provide for knock down
of the vehicle into five subassemblies for transport when
desired, Weights of the five pieces would be 60 lbs.
each. Further disaEEembly into smaller pieces could
be accomplished with a greater amount of complication
and increased weight. Our interpretation of the require-
mentE suggests that this further breakdown would not
be warranted.

F. Degree of Success Expected.

While there are problems and limitations that may be encountered
as diecussed above, the expectations, based on our preliminary
analysis and the experieace gained on the development of the
rrTurtlert vehicle, are that the vehicle designed and built in ac-
cordance with the proposed concept will be successful in meeting
the requiremeat. The vehicle weight can be held within that
specified while vehicle perforrnance will be such that two men
can carry their equipment over terrain that could not be trav-
ersed on foot due to excessive sinkage.
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rrl. €xpERiENlS AND CApAAILI?i&$

A. 9slporat,F

The Studebaker Corporation 1e the oLdest mani.l{acturer of w}reeledvehicles in the world, Its pr*:gr*ssive engineering and quality ofmanufacturing, unique in the field, is weil knowx, and refrectsthe experience gained throughout these yeare"

?he present etaff haa, during and since worrd war II, designed,developed, and produced, in addition to the commercial !in* cfcars and trucks, such itemg for defen'e aB the light traek-laying-vehicle known as the 'weaser* a::d a wide ,rari"ty*or militarytrucks and special-purpoee vehieles. lvlace produe tion of recip-rocating and turbine aircraft power plants has also been iccorr)-plished.

Numevoue apecial and classified assi.gnrn*nta have besn perform_
ed for tbe Air Force, the Arrny ovdr.aace and $ignal corpa, andthe office of scientific Research and Dev*lopment. Much deverop_ment work wae done on a i000 h. p, riqrrid-cooled aircraft enginewhich was subgequently terrninated by eeasaf,ion cf hostilities.
The studebaker proving ground served as the tes* eight for manytypes of armored cars, mobile gun n:cunts, and :neieorological
equipment.

In both World War II and the Korean eonfl.ict, $tudebaker planned
and executed the acqui.eition and install.ation eif facilitier and ma.chi"netoole, developed new sources of suppry, ,riginated and/or plof-eesed engineering ehanges, carried out the Laes production andprecision assembly required by the supply contractsn experiment-ed, developed and performed special servicee for the Gover*ment,met delivery schedules and all other requirementa in an efficient
and bucines sli.ke rrt"anner.

In the past few years studebake r hae produced approximately l5-20,000, ?-l/?, ton military trucks as a s:bcontractor for curtiss-.wright corporation, studebak*ru as a prime eontractor EinceAugust 16, Ig5l, hae produc*d several thoueand more of thesevehicle s.

Al1 of the activities described abave have been aee omplished ata cost which w*.s either well below, or e ompared favorabr.y withthe cost to the covernrnent of sirr.:ilar aerrrices purcbased fromother contraelors.
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The Corporationrs history demonstratee ite ability to produce
qudity products in accordance with the exacting specifications
of the Government, euccessfull.y meet del.ivery echedules, and
perform at or below original contract egtimatee.

The Studebaker Corporation has a most enviable and successfuL
record of performance in all contracta with the Government,
either large or emall, whether involving engineering develop-
ment, e:cperimental arrd research work, or mass production of
material.

Prior to the Corporationte reorganization in 1956, its principal
commercial activities were coneentrated in the automotive fie1d.
Subaequent to the reorganization, a program of acquisition and
diversification to broaden product lines and provide a more stable
operating base has been foll.owed. The Corporation today ig com-
posed of several divieions and wholly owned subsidiariee, as ghown
on Figure 9.

B. Related Projects

l. Turtle Vehicle

Shrdebaker has built, tested, and demonatrated six prototype ve-
hicles with modifications and improvements as reEults warranted.

(a) Development of the first Turtle vehicle began in
September, 1961, based on evaluation of the Army
requirements for a front-line trangporter.

Deaign etudiea were rnade for a vehicLe to meet
al.l ttre performance requirements a^nd ueing only
Itoff-the-shelfrr componenta. Since time waB val-
uable, the program for this vehicle was placed
on a rrhurfY-uPrr basie a3d it was developed by
ueing existing equipment a,nd components with
the understanding that aubsequent deeign effort
would be required.

The first vehicle, Figure 2, wae made using a
complete engine and tranemieeion package avail-
able from Shrdebalcerrs Gravely Tractor Division.
Thig Gravely unit provided an air-cooled 4-eycle
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engine rated at 6" 6 hp at e600 rpm and a trans-
missi.an eonsisting nf geare and splined shafts
vrhich gave two speeds fsrward and two in reverse,
The cargo compartment and hull was fabricated
from l8 gage aluminumr sheet and 1l gage alumi-
num reinf,orciag stripe (Figure 3).

The controls for the vehicle were Located at each
end i.n order that tests could be conducted with the
driving wheels (2) to the front or to the rear. From
the teet results it was found that the two driving
wheels should be forward and uee two ?4xI?x10R
Terra ?ires and the third wheel to tJle trear, t,}ris
being a Emooth Terra Tire l2xlZx64.

After eonaiderable tegting and demonttration,
it wae learned thet tihe alumlnum hull wa,s very
ausceptible to piercing damage, the over-all welght
was too great, maneuverabill.ty was not quite what
was expected, The cargo area wag too srnall and
noiee Level was too high"

(b) After further design etudiee were maden it wae
decided to build and test another prototype using
trExparded Royalite" (a fiher impregnated rubber
compound by U, S. Rubber Co. ) for the water tight
huIl but making it basicalty simitar to the previous
aluminum model.

The over-all vehicle had basic dimeneions of
??rtx36trx35tr wi"th cargo area of 65rrx35rt. It was
three-wheeled (terra tires), with the two forward
wheels being powered mechanically with the sarne
Cravely power tranEmision driven by a light weight
Z-cycle engine with a rating of I hp at ?200 rlrrrrr

The time spent testing thia prototype wae rather
short due ta the faet fhat under load there wao
practically no engine life due to pieton Beiuure,
Also, the high noiee Level and smoke, which ie
eharacteristic with this type engine, made it im*
practi.cable for military uee.
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Figure ?

Aluminurn Body * DuaI Controls

Figure 3

Alurninum Body with Gravely Engine
and Power Unit
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(c) The next change canre by installing a 4-cycle
Onan engine (5.5 hp et 3600 rpm) belt driving
the Gravel,y power transmieaion with a l;l ratio.

Considera.ble time waE epent in test and demon-
Etration of thie concept with very good resulta
being Ehown in meneuverabillty, oLope climbing
capabili$,ee, floata,bitity, and load carrying a,Uitity
(up to t000 lba. ), However, ttre engine size in
combination with the mechanical tranemiEeion wae
too high a^nd Large for t"Le engine compertment,
therefore requiring a greater hull height to *c€ofiro-
date thia combination. A1ao, i.t waa ditermined
that the over-a,Il weight (unloaded) of the vehicle
and difficulty of acceas for maintenance in the
field made it impractable for a front-line military
vehicle.

(d) Based on the experience gained on theae prototypear
shrdebaker decided to investigate the aame baeic
hull deEign with three wheels (Z powered), but
using a hydro-atatic transmiaaion, to cut down on
over-Ell weight and eimplify field maintenance
(Figure 4).

Decign atudiee revealed that eimple off-the-shel,f
hydraulic componente were avai,lable,

A vehicle waa built-up using a Z-cycle engine, a
variable displacement pump and Z-wheel drive
motors (Figure 5).

Basic teats revealed that ttre vehicl,e was errceLlent
on load carrying, maneuverabiLity, weight a.nd
field maintenance, but the z-cycle engine would not
etand tJre load, due to the high rpffi, a"nd again pieton
seizure wag encountered.

(e) The ernall alze of the hydro-atatic tranamlasion
allows the uge of several cholcea of 4-cyel,e engine
i1 thir engine compartment, Eo a change back to the
onan AJ eeries 4-cycle engine *a" *Jd". see Figure
6.
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F"igure a

Ii"oyalit* Bady with Z*cycl* Hngine and
Sravely Pow*r Unit

trigure S
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Figure 6

Four eycle Engine and F{ydrastati*
Trans rni s sion

Fipure 7

Fr:ur Powered Wheel, Hydrostatic
Transmiss:.on and For,rr Cycle

{afte r military d*rnonstrations}
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Again teats and demongtrationa were made in
various area6 and terrain whieh showed that we
had a vehicle that coul.d accompliEh most mili-
tary requirements. The vehicl"e had good maa-
euverabil.ity, weight ratio to load, oimple
field maintenance, etandard off -the -shelf
components, but the third wheel {caster vrheel}
caused difficulty in handliag and was not in a
rolling attitude at all timeE.

During a demonetration to the military it was
determined that four wheele (aL1 powered) were
neceesary for stability, as well ao the need to
assure military operating requirements, such
as bei-ng able to trarrerse 6Ol, fsrward slopes and
40% aide slopea (I'igure ?).

(f) The vehiele now on hand at Studebaker, rrhich
has been teEted and demonetrated, haE utilized
four (4) powered wheels with grouser tread tirea.
(Varioue tirc Eiaeg have been teeted to afford
good.flotatloa and traction comparable to the
24x12x10R Terra Tire aad still allow for a lower
tire cost in comparison with the Terra Tire.
The resulte of these teEte have brought ue to
the use of Z?rtx 10rr tire with a grouser tread. )
Alao, during this test period the vehicle body
was subjected to hot and cold impact teEts in
the Studebaker engineering lab with the resuLts
being that this hull construetion can stand -40o F.
to / 1600 F. without any phyaical damage. These
recults indieate that this prototype witr'l accomplish
most military requiremente desired in this type
of front-line transporter.

SUMMARY:

The foliowing data aurnmarizes the present rrTurtle* vehicle
design, figure 8.

a, Hull - Expanded Royalite
b. Engine - 4 cycle, 7.?5 hp at 3600 rpm

(standard engine).
c. Transmission - hydro-static (off-the-shelf

component)
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d. ControL - speed governed by pump dis-
placement which is adjusted by motor-
cycle type throttle in handle bar grip.

€. Tiree - 27 x 12 x 10 front
9:50 x 8 rear

f. Steering - bicycle type handle bar 3rr?,ng€-
ment that linka rear anle pivot to two (2)
bevel gears, one of which is integral urith
the handle bar for turning, Thie aleo actuatee
the hydraulic valve from open to cloeed to open
position and allowg for llow changes to each
eet (left or right) of wheel motors.

g. Wetght - 300 to 315 pounds.

h. Payload - 500 to 750 pounds.

i. Speed - 10 mph maximum
4 mph normal
2-4 mph ia water

j. Gradeability - 60% forward slope
40olo aide slope

B. (Zl Development E:rperience of Tracked Amphibious
Carrier - Weasel.

Drring tfforld T[ar II, Shrdebalcer developed on a craeh baaie a
small amphibious personnel carrier which was originally intended
for uae in snow covered Arctic regions, Thie program wae eloaely
coordinated between Sttrdebaker and the mobility experta at Aber-
deen Proving Grounds. It was reeognized early in the program
that low ground presBure tracke would be neceeEaty to alLow per-
formance over tJre snow, The resuLtg of tlris development wae tJre
Weaael aa produced in qua^ntity (sorne 15r 000) by Studebaker. The
Weaael proved to be an extremely good vehicle not only for tlre
original purpose, but also for ewampy, muddy, ot atry eoft terrain.
The track development wag the principd contributor to tJre out-
ata,nding performance of this vehicle. The low ground pressure of
l-llZ psi obtained by uaing a wide track on a light weight vehicle,
together with the aggressive grousers, gave performance that is
just now being equalled by newer vehicle deeigna.
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During the Korea,n Conflict, Studebaker did some further de-
velopment work on W'eaEel type vehicleE. The Armyrs primary
interest at this time was in larger vehicles. The scale up of
the 1feasel for ttrese larger vehicles did not carry 8, corrlrrr€rr-
surate increaae,rin track area so that mobility euffered. Later
extengions of thiE ptogram, at another company, led to the de-
velopment and production of the Mll6 vehicle which was intended
to be the replacernent for the T[eaeel, but ie now conaidered too
large for this objective.

Many of the feahrree and principlee developed during the Weasel
program are Etill good today. Thie knowledge ia still avallable
at Studebaker a^nd will be utilizcd for this vehicle. Mr. H. E.
Churchill waa in charge of lireasel development a^rrd Ls active ae
a conrultant to the Corporation. Other memberg of the original
lllcasel team are alao avallable for conrulta,nt purpo.eB.

e, Faeiltt{es lnd Equlprnent

Production Facility

The vehicle being proposed for manufacture and assembly by the
Studebaler Corporation would have the work accomplished in the
Automotive Division E:rperimental a^nd Engineering Shop. Thie
area is located in the Engineering Building and has a work Bpace
of approximateLy 50r x 90r to be ueed for thig prototype build-up.

The personnel aseigned to this area each have over 20 yeare of
e:<perience doing tJlis type mechanical and fabricating work. Alao,
the engineering experimental and rnachine ehop, and certified
welding area, which is located adjacent to the build-up area, will
fabricate all the Studebaker manufactured patts.

Te?t F acilitv

The following laboratoriee, which provide eupport to all reaearch
a.nd development activities in the South Bend Complex, will be used
as a teet area for the proposed vehicle.

l. Mecha.rrical Laboratory --- This laboratory
provides the tegt facility and equipment for
evaluation and degtructive testing (both load-
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z,

3.

deflection atrd resonant) for all com-
ponents, Buch as brake Eystems, clutch
mechanisma, Bteering eyetema a^rrd other
miscellaneous components, Buppotts,
hingee, etc.

Low and high temperature test Laborstory -
Tempelature testing operationa from - 50o
to *1850 are accomptlsfrua in this laboratory.
Aleo included in thie facility ie ar electricjly
control.led dynamometer roLl.

Proving gound -- Thle tegt facility ir layed
out to simulate all types of terraln, both on
end off road, and/or road aurface condi,tions
that may be cncountered by any vehicle. The
following lirted arear would be ured for tclt
and evrlu*doa of the propoled v€hlcl€s

?q Grades . l2olo, L5olo, 30% a,nd 60%.

b. Side Slopes - ZO0lo, 3O7o and 60% -- all
conctete.

cr Fording Basin - IZn maximum water depth.

d. Cross-cougtry roads - approximately seven
(?) milea of unimproved croas-country roada,
traila, a.nd off-road brush and treea, slopes,
grades. (Thia area was used during lg43-
1945 for test of track-laying and multiple
drive military vehicles. )

Equipment

The equipment to be used for fabricating
listed aa follows and is now on hand:

ttre propoged vehiclea iE

l. Aeaernbly cradle for holding body.

Z. Overhead chain faLls.

3. Binc for eubassembly storage by part number

Body mold.

Track aesembl.y tools and fixture.

4.

5.

-?7,



,D. Project Management

-

It is recognized tlrat the design, construction, and testing of
tlre frll4 tor. payload capacity cargo load carrying devicetr ia
a emall, short term R&D project that could get loat in a large
orgaaization unlees the necessary stepa are.taken to ingure ex-
peditious handling. Shrdebaker will assign thie project to the
Applied Research Divieion, a corporate etaff organization. A
project engineer lrnanaget will be placed in charge of the cotrl-
plete program to asgure that the project is accomplished in an
efficient and expeditious manner.

The project engineerlmanager syetem of management will
accomplish these objectivee:

l. Provide centralized control of establighment
of the planr and schedules for lnsurlng accom.
pliehment of the design, {abrlcation, and test-
ing withln the time a^nd funds of the contract,

Z, Provide a direct channel for communication
with the procuring agency, thus aasuring
rapid responge to technical and/or management
direction.

3. Provide direct controls of the project that will
asBure adherence to the schedulee and esti-
mated coste by earl.y detection a,nd timely rea-
olution of problem areaE.

4. Provide the means to monitor and implement
changes in personnel strengtlr required for the
various phases of the project.

The implementation of this management ayetem can beet be under-
gtood by examining ite poeition in the over-all organization. The
Studebaker Corporate Orga^nizati.on, ehown on Figure 9, conaigtg
of the Corporate Headquarters and tlre Operating Divieions. Each
division operates as azr entity with ite own producta a"nd program
ma.nagement, Approximately 11r 000 persons are employed tJrrough-
out the Corporation. Each division man4ger reports and is account-
able directly to ttre president of the Corporation.

The Applied Research etaff was eetabliahed to bring tJre technological
advances of todayre rrspace age" to shrdebakerrs civilian and mtli-
tary customers. The staff is composed of scientists and engineers
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with experience ranging from bal,lietic miesiles and epace-
craft to commerbial trucks to conetruction machinery. This
staff hag technical and managerial capabilities to supply a
strongly directed wel,l orga"nized progrilrn on thie project with-
out interference with otJrer work. The organization ia shown
on Figure 10. The project engineer/ma.nager reporte to the
Chief of Applied Research and hae the authority and responei-
bility to direct all activities of the assigned project. Individuals
aesigned to this program by their parent organization receive
all project direction from the Project Engineer/Manager and
are accountable to him for program performance. These in-
dividuals continue to receive policy and administrative direction
from their parent otganizations.

The project organization is shown in Figure ll. The Project
Engineer/Manager will integrate and coordinate all functione
to asgure over-all program performarrce. Thie will entail
executing these duties and reapoagibilities:

Repreeent Sfudebaker to the government
procuring agency on all mattere effecting
tJre project.

Establish the plan for design, fabrication,
and test of the device.

Implement and dlrect the accomplishment
of the plan.

Exercise effective eurveillance and contrql
over program activities including echedule
and cost performanrce.

EEtablish and implement the system for
creating a^nd supplyrng the reports and
drawinge to the procuring agency.

Provide program policy and direction for
functional line organizations.

The desi$n activity will be closely supervised by the Project
Engineer/Manager and will be accompl,ished by the eerviceg of
anr engineer, a Layout designer and detailer assigned to tJre
projeet for the period indicated by the schedule. Subeequent
phaaes of the project will be eirnilarly supervised by t,Le Project
Eagineer/Mrinager, who will be aesieted as needed by an ae eigned

l.

z,

3.

4.

5.

6.
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IrurchBBLng agant' by the experlrnental rnachlae shopr atrd
the expcrimcntal garage for asaernbly of the vehlcles. Test-
iag wtll be accompllrhcd at ths Studebaker Provlng Grounds
by an errperimeatal cnglneer and mechanic-technician.

E. Personnel Resumeb

The following persons will be responeible in the management and
engineering activities of this projoct. Mr. R. B, young will di-
rect the project aa engineer/manager. Mr. M. J. Isley is re-
sponsible for all activities of the Applied ReEearch Divieioa. Mr.
K. 1ry. Parsons will be available on a part time baaia for deeign
and development consultation and asEietance.

R. B. Young - Research Engineer

Mr. Young has over ten years experience in research, production
engineering, and manufacturing engineering in both aircraft and
the automotive fietds. His engineering and manufacturing e:cperience
waE in the automotive field at chrysLer Corporation on the 3-speed
automatic transmiseion, and production engineering e:<perience in
aircraft at Lockheed of Georgia as production Eagineer of the Con-
trols and Equipment Group on the C-130 aircraft. Mr. yorrng was
formerly Chief Product Engineer for Curtiee-\ifright Corporitionts
r-5? jet engine division. At studebaker Gorporation he lnas l-LlZ
years experience aB Project Engineer/Manager for the 'rTurtLert
program, with complete respoasibility for design, fabrication,
testing, and demonstration to the military. He spent eleven years
in the service, attaining the rank of captain in the u. s. Army
ordnance corps, with 2 -L/2 yeate apeat at Aberdeen proving
Ground. Mr. Young ie a member of the sAE, AusA, and American
Ordnance Aasociation.

M. J. Isley - Chi.ef of Applied Research

Mr. Isley has over 30 years experience in engineering research
and developrnent of automotive producta, aircraft engines - both
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hrrbine a^nd reciprocating, air conditioning equipment, and
bdlistic missile systems. The missile e:<perience included
managernent responsibility for the development and production
of special vehicles for ground eupport of two weapon syetems.
Technical work in the automotive field has included fluid dynamic,
heat transfer a.rrd mechanical deveLopments for brakes, engines,
heating and ventilating, eteering, and torque converters.

In his present position Mr. leley is responeible for developing
advanced ideas into useful products for the Corporationrs mili-
tary and commercial vehicles and other products.

Mr. Isl,ey has both a Bachelorre a,rod Masterts degree in Mechanical
and Automotive Engineering. He is a member of the Society of
Automotive Engineers and the American ordna.nce Association,

K. W. ParsonE - Research Ensineer

Mr. Parsons has twenty-Eix years of e:rperience in engineering,
having contributed baeic designe in dairy equipment, photo-mapping
equipmentr fork-lift trucks, and Light weight metal, structures for
aircraft. His specialty is automotive chassis design and develop-
ment, including frames, exhauet and fueL eyatems, brakes, wheels,
and tires, having designed these components for several models
for four major ma:rufacturers. He has participated in noise and
vibration elimination studiee in connectioa with the introduction
of severar unitized new carg, and has superviged several govern-
rnent contracts for trailers. Recently, he was superviaor for
research and development of the design and testing of a line of
commercial trailers. Mr. Parsone received his BSME and Adminia-
tration and has been a member of the Society of Automotive Engineers
since 1950.
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rY. SCHEDULE

The propoEed preliminary desiga phase covers approximately
four weekE of deeign, layout, and detailing. The report of the
first phaee wil.l be presented to the coatracting Ageacy. After
an agreement between studebaker and the Coatracting officer on
desirable features of the preliminary deeign has beea reached,
work will proceed on the final design. The finar design wiII be
completed by the seventh week, at which time the final deeign
report will be submitted.

Fabrication of the prototype will bqin in the eighth week after
final decisions, although the long lead-time itern procurernent
wiLI have begun earlier. Final parts procurement will be com-
plete in time for the beginning of assembty of the prototl4re
during the fifteenth week.

Final assembly of the prototype will be finished by the beginning
of the seventeenth week, which will allow a week of test triars
during the seventeenth week, after the go-ahead. Modificatioas,
as indicated, can be completed and retest in the twentieth week.

Represeatative teste suggested to prove cornpliance with require-
ments are outlined ia the test procedure.

During the twenty-first week, cloEe liaison between Studebaker
and the contracting officer and his projeet engineer will aaaure
that the vehiclee are built to apecifications, eo that final teet
run6 for acceptaace during the twenty-second and early part
of the twenty-fourth weeks can be made.

Acceptaace will be accompliehed the twenty-fourth week.

The accomplishment of this schedule will be attained by the efforts
of the Project Engineer/Marager with the part time asoistance,
at the times indieated by the schedule Figure lz,- of an engineer,
a layout draftsman, a detailer, and an e:qrerimental mechanic.
The estimated time for each of these is ---

Engineer 590 hours
Layout Draftsman 2?0 hours
Detailer 120 hours
Experimental Mech- ZI0 hourE

anic
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