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FOREWORD 

This basic Engineering Study is submitted in response to Item I of contract 

NObs 456l and thus constitutes the preliminary design work for the LVTPX11 

amphibian cargo and personnel carrier. 

A classified report that outlines ballistic and atomic protection afforded 

by the LVTPX11 will be submitted under separate cover. 

The initial series of one-fourth (1/4) scale self-propelled model tests, 

conducted by the University of Michigan, indicated a need to increase the 

propulsion efficiency of the track and to reduce hull drag. To this end, the 

necessary changes were made and a new series of tests was scheduled at 

the University of Michigan on 23 November 1962. The additional tests 

have been scheduled so that a final report will be published and delivered 

to the Bureau of Ships by 1 January 1963. For these reasons, Section 2 

(Model Tests) has been intentionally omitted from this Basic Engineering 

Study. 

Perusal of section 1 (Hull) discloses that the LVTPX11 is capable of 

mounting the 7.62 mm machine gun, the 50 caliber machine gun, and the 

Interim Vehicle Rapid Fire Weapons System. It should be noted that 

sources at ATAC express doubt that the Interim Vehicle Rapid Fire Wea¬ 

pons System will be developed. These sources believe that due to 
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development lead time and other considerations, the Successor Vehicle 

Rapid Fire Weapons System will be developed and the Interim System dropped. 

To date, the Ingersoll Kalamazoo Division has been unable to obtain any 

information concerning the Successor Vehicle Rapid Fire Weapons System. 

Attention is invited to the estimated cost of Item 2 contained in section 15. 

These figures are unchanged from the previous submission. Since detailed 

design of the LVTPX11 has not been completed, it is not possible to obtain 

firm price quotes from vendors, hence the original cost estimate is valid 

until detailed design is completed and firm price quotes are received from 

vendors . 

To assist the reader in his perusal of this study, the appendices containing 

the preliminary design calculations are included immediately following the 

section to which they pertain. In addition, the full sized drawings are 

sequence-numbered (in addition to the identifying SK number). 

To further assist the reader, all Ingersoll Kalamazoo Division recommenda¬ 

tions are listed below under three categories: (1) recommendations for 

approval of items; (2) recommendations for changes to the specifications; 

and (3) recommended changes to the Government-Furnished Materials List. 

In each instance the appropriate paragraph of the text or specifications is 

referenced. 
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RECOMMENDATIONS FOR APPROVAL OF ITEMS 

iii 

The Ingersoll Kalamazoo Division recommends that: 

No further consideration be given to the incorporation of the Interim Vehicle 

Rapid Fire Weapons System into the LVTPX11 until a determination is made 

by ATAC as to whether the Interim or the Successor Vehicle Rapid Fire 

Weapons System is to be developed. 

The molded-in-place rubber pad be approved for use in the LVTPX11 track 

(paragraph 5.5 ,Z), 

The combined unit (rim with two molded-in-place tires) be approved for use 

in the LVTPX11 (paragraph 5.2,2.7). 

The riveted-in-place stainless steel wear strips be approved for use on the 

LVTPX11 roadwheels. (paragraph 5.2.3.3,), 

The piston-type hydraulic motor, as depicted in drawing SK-5214, be 

approved for LVTPX11 bilge pump use (paragraph 8.5.3). 

As the Bureau of Ships finishes engineering checks of components or 

systems, the Contractor be given approval to proceed into Item 2 for that 

component or system. 
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RECOMMENDATIONS FOR CHANGES TO THE SPECIFICATIONS 

iv 

The Ingersoll Kalamazoo Division recommends that the below listed changes 

be incorporated in the BuShips Contract Specification SHIPS-A-4159 for the 

reasons stated: 

Paragraph 3.12.1.5.1 (a) Towing Devices - be changed to read; 

"(a) Tow hitches are required fore and aft. The after 

hitch to be of the quick release type, operable by a 

crewman on the topside of the vehicle." 

COMMENT, Paragraph 1.7 of the text lists hull attachments planned for 

the LVTPX11. In studying preliminary designs of a quick, release bow 

towing hitch the contractor concluded that complexity, cost, and weight 

make this item impractical to incorporate, 

Paragraph 3,12,2.5 Bilge System - be changed to read: 

"A Bilge system with two hydraulic motor-driven pumps of 

about 300 gpm capacity each in consonance with good marine 

practice shall be incorporated" (balance of paragraph to remain 

the same). 

COMMENT. Paragraph 8.5.9 of the text contains the reasons for this 

recommendation. 
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Paragraph 3 , 1Z , 2,9 Fire Extinguishing System - be changed to read; 

"Provision shall be made for a fixed system utilizing a five- 

pound CC>2 bottle and a portable system using a five-pound CO-. 

bottle. The fixed system shall be operable from inside and 

outside the amphibian." 

COMMENT. The reasons for. this recommendation are stated in 

paragraphs 11.2.1.2 and 11.2.2.2. of the text. 

Paragraph 3.12.1,8.1 Tracks - be changed to read; 

"the tracks shall be steél hing.e - pin type of a design that 

minimizes road damage" 

COMMENT, The reasons for this recommendation are stated in paragraph 

5.5 , 1,4 of the text. 

RECOMMENDED CHANGES TO THE "GOVERNMENT FURNISHED MATERIA!,m 
LIST (CONTRACT NObs 4561, ARTICLE IX) -- 

Thelngersoll Kalamazoo Division recommends the Government-Furnished 

Material List for the LVTPX11 be changed as follows: 

Delete the words "with ground mount" from the second item. 

COMMENT. The Marine Corps no longer requires that a ground mount be 

carried for the machine gun mounted on tactical vehicles. 
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Add the following: 

To the first line item, the words "with antenna". 

To the list, " Intercommunications Amplifier, AM-65/GRC quantity 6" 

COMMENT. The radios provided should be complete with antennas and 

intercommunication:, amplifier, It is believed that these items were 

inadvertently omitted from the original GFM list, 
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J 1.0. HULL 

1-1. General Description. 

1.1.1. An all-welded, aluminum hull has been designed for the LVTPX11 to 

provide a lightweight, rigid structure with watertight integrity . Hull plating 

thicknesses have been chosen to afford the required armor protection. The 

protection afforded with the armor selected for this vehicle has been pre¬ 

viously submitted by letter. 

1.1.2. The LVTPX11 is fitted with a bow ramp. A cargo hatch is provided in the 

top deck and crew escape hatches are positioned to facilitate emergency 

exit by personnel. 

1.1.3. The hull envelope (see drawing SK-5180 for lines drawing) conforms to the 

dimensions established by the specifications, and the bow profile is shaped 

to provide a smooth transition into the bottom lines to minimize hydrodynamic 
V 

resistance. A simple hull form is employed to avoid structural complexity, 

to minimize welding, and to generally facilitate construction. 

1.1.4. The protection provided by the LVTPX11 against blast, thermal, and radio¬ 

logical effects of nuclear explosions will be forwarded under separate cover. 

1.2. Material. 

1.2.1. Aluminum has been selected as the primary structural material for the 
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LVTPXll because of its light specific weight, its corrosion-resistant 

qualities, and its cutting and forming properties which facilitate fabrication 

1.2.2, Sheets, plates, shapes, and special extrusions used in the structure of the 

vehicle will be of aluminum alloy 5456, (MIL-A-19842B-1 and MIL-A- 

21170B). This alloy has been chosen because of its high strength, superior 

weldability, and resistance to corrosion, Structural and other castings will 

be aluminum alloy A356-T6, (MIL-C-21180B). Where the use of metal othe 

than aluminum is unavoidable, stainless steel will be vised to minimize 

galvanic action between the dissimilar materials. 

1.3. Structural Geometry. 

The vehicle shell plating thicknesses have been determined by armor pro¬ 

tection requirements; consequently, the plating is considerably heavier 

than would otherwise be required to satisfy structural requirements. This 

condition makes feasible the use of a monocoque type of structural arrange¬ 

ment similar to aircraft, in which the shell plating provides the primary 

structural strength and a minimum amount of framing is added for the pur¬ 

pose of withstanding racking loads and restraining the plating to the 

intended hull shape. This structural philosophy has been chosen for the 

LVTPXll, because it offers several important features as follows; 

A. Minimum hull weight for a given armor requirement. 
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B. Greater utilization of internal space due to a minimum of 

frame and gusset protrusions, 

C. Minimum welding and consequently less heat distortion. 

For structural design calculations see Appendix I immediately following this 

section. The structural arrangement is shown on drawings SK-5176, 

SK-5177 , SK-5178, and SK-5179. 

!. 4. Hull Plating . 

Aluminum hull plating thicknesses are shown on drawing SK-5194. A 

special extrusion is used along the sheer to join the top and side plates, and 

a similar extrusion is used to join the bow and side plates. This extrusion 

provides the necessary radius at these corners and facilitates alignment 

during assembly. Forged or cast spherical corner segments are used at the 

bow where the extruded members intersect. The cargo deck plating is 

intended to be removable in sections for access to the bilge. The deck 

plating is secured with flush-mounted, quick-acting fasteners. All joints 

are detailed in accordance with MIL-STD-21 Welded-Joint Designs, Armored 

Tank Type . 

1,5. Framing. 

1.5.1. Transverse Framing. 
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Over-a.lI transverse rigidity and resistance to racking loads are provided by 

the following members: 

A. Stern Plate. 

B. Engine Compartment Bulkhead. 

C. Cargo Hatch Aft End Beam. 

D. Partial Bulkhead behind. Driver's Seat and Cargo Hatch Forward 

End Beam. 

E. Aft Bulkhead of Fuel Cells. 

F. Ramp Opening Framing . 

In addition, transverse support is provided to the hull bottom and cargo deck 

by tee members located between these surfaces. The track channel side 

plates are reinforced locally to support the roadwheel suspension arms. 

2 . Longitudinal F raming . 

The longitudinal girder strength of this vehicle is provided by the shell 

plating. The heavy plate thicknesses and the high depth per length ratio 

of the hull insure adequate girder strength. The track channel side plates 

act as deep beams to carry the loads imposed by the roadwheels, Longitu¬ 

dinal framing is provided at the cargo hatch and engine compartment hatch 

sides. Hull openings are shown on drawing SK-5181. 

Structural Details. 
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1.6.1. Ramp. 

1.6.1.1. The bow ramp (see SK-5183) is an all-welded, watertight structure , that 

pivots on trunnion hinges, and is raised by cables attached to hydraulic 

cylinders. The clear opening width equals the cargo deck unobstructed 

width. The inner and oul!er ramp;plates combine to provide the required 

% 

armor protection. Framing consists of the side plates, two inside stringers, 

and a transverse member to prevent racking should it be necessary to close 

the ramp with one cable. Lightening holes will be cut in the inside framing 

to reduce weight, and the void spaces will be filled with polyurethane foam 

of low density. The ramp will be assembled by continuous welding of the 

end closure and side plates and intermittent welding of the inside framing 

to the inner plate; the outer plate will then be continuous fillet welded to the 

closure plates and plug welded to the inside framing. 

. 6.1.2 . A hinge arrangement has been developed to permit a close fitting joint 

between the ramp and hull bottom, in order to minimize hydrodynamic 

resistance. A watertight seal is provided all around the ramp by seating 

the inner plate against a compression type seal. Manually operated latches 

with a remote quick-release feature will be used to assure positive securing 

of the ramp. The aluminum hinge will be welded integral with the ramp and 

hull for maximum strength and rigidity. Nonlubricated, plastic-type bear¬ 

ing inserts will be fitted and rubber alignment bushings will be installed to 
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simplify initial alignment and prevent subsequent binding. 

1.6.2. Cupolas, 

1.6.2.1. Cast aluminum, spherical cupolas are located over the driver's and troop 

commander's stations (see drawing SK-5184). Cupola details are similar 

to the LVTP5 design, with five removable vision blocks, a hinged cover with 

torsilastic counterbalance, and a locking device to secure the cover in an 

open position. 

1.6.2.2, A cast aluminum cupola (see drawing SK-5185) is located on the vehicle 

centerline to accommodate the NATO 7.62 millimeter machine gun. Except 

for the adaptation to aluminum, this cupola is similar to its counterpart on 

the LVTP5. Provisions for mounting the .50 caliber machine gun as well as 

the interim vehicle rapid fire weapons system are shown on drawings 

SK-5187 andSK-5246, respectively. The possibility of fabricating these 

cupolas from a balliStic-type , transparent plastic is being investigated. 

1.6.3. Hatches. 

1.6.3. 1. Cargo Hatch. 

The top deck cargo hatch has a clear opening width equal to the cargo deck 

width and a length of 85 inches (see drawing SK-5182). A 3/4-inch high 

coaming is located around the opening to provide a knife edge for sealing. 

Folding hatch covers, counterbalanced with torsion bars are used. When 
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open, the covers stand vertically outboard of the opening, so that the full 

hatch opening width is unobstructed. The inboard hatch cover corners are 

supported by rollers, retained in channel tracks, and either cover may be 

opened or closed independently of the other. Seals will be fitted to the 

hatch covers and will seal against the coaming edge to provide a water¬ 

tight seal. Manually operated, vibrationproof, wedge-action latches, 

operable from inside and outside the vehicle, are used to secure the hatch 

covers . 

1.6.3.2. Escape Hatches , 

1.6.3.2. 1. A crew access hatch is located in the top deck with an 18-inch by 24- 

inch clear opening. The hinged hatch cover is fitted with a wedge-action 

latch that secures the cover against a watertight seal. Steps fitted on the 

engine compartment bulkhead will facilitate access through this hatch, 

1.6.3.2.2. An escape hatch is located on each side of the vehicle for emergency 

exit by embarked personnel (see drawing SK-5192). These hatches have a 

designed clear opening width of 26 inches square, and the covers will 

weigh approximately 110 pounds each, with hardware. The geometry of 

the latching mechanism and seal on the LVTP5 side escape hatches has 

proved satisfactory; hence, this arrangement will be adapted to aluminum 

for use on the LVTPX11. 
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1.6.3.3. Engine Hatch. 

A hatch is provided in the top deck (see drawing SK-5188) for access to the 

engine compartment, and it is sized to permit removal of the engine assem¬ 

bly, complete with drop gearbox and transmission. A 3/4-inch high coam¬ 

ing is fitted around the opening to provide a knife edge for the sealing. The 

hatch covers seal together at the centerline and hinge outboard. The sealing 

and securing features are similar to the cargo hatch. 

1.7. Hull Attachments . 

The following hull attachments are shown on drawing SK-5192: 

A. Lifting eyes (compatible with 17-ton lifting sling 

as shown on drawing SK-5070). 

B . Mooring bitts . 

C. Towing bridle for water tow (nylon). 

D. Cargo holddowns (flush with cargo deck and rings 

welded to track channel sides). 

E. Rear tow device with quick release from the top 

deck; capable of towing direct support artillery. 

F. Front tow device. 

G. Steel tow cable,one-inch diameter. 

H. Boarding steps, self-cleaning and are located on 

both the port and starboard sides. 

4 
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I. Safety rails and grab handles. 

J. Crash pads. 

K. Permanently attached portions of the litter kit. 

1.8. Vision Devices . 

The driver's cupola and crew chief/troop commander's cupola are provided 

with periscopes resulting in a total of 360-degree visibility. Vision blocks 

in the machine gun turret provide 360 degrees of visibility. Vision blocks 

are also placed in the side of the hull over each escape hatch. The combined 

field of vision is shown on drawing SK-5190. 

1.9. Seating. 

Twenty-nine fully equipped Marines and two crewmen can be seated in the 

personnel compartment as shown on drawing SK-5186. Quick folding, bench- 

type seats will be furnished that can be easily installed for troop seating 

when required. 

1.10. On Equipment Material. 

Brackets and mounting devices will be furnished for storage of OEM. Brac¬ 

kets will be furnished for mounting the radiac set, AN/PDR-27 and the 

M8A2 filter, unit, gas particulate (CBR) for operational use. 
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^ 11 ' Weight, Trim, and Stability. 

1, H . 1. An extensive weight study and trim calculations have been made for the 

vehicle in the light condition, full troop load, and full cargo load. For 

these three conditions the weights, freeboard, and trims are: 

Weight Freeboard Trim 
Founds Inches Degrees 

Vehicle in the light condition Z7,836 41. 16 2°27' By the stern 

Vehicle with full troop load 33,926 36.00 1°56' By the stern 

Vehicle with an 8,000-pound load 35,836 34.20 0°46' By the stern 

1.11.2. A breakdown of the weight, trim, and stability calculations are included in 

Appendix II immediately following this section. 

The curves of form and cross curves are shown on drawing SK-5193 . The 

vehicle has the capability of righting from a 110-degree roll port or star¬ 

board and is shown with the land stability on drawing SK-5191. The trim 

study is shown on drawing SK-5189. 
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(Page 62 Reynolds* structural aluminum 
design handbook) 

where 

.[ c = applied axial stress £ 
A 

0 # C • * 0 C • • « 0 . . . P. S . T , 

11' “ ultimate strength under axial load alone. , ., P.S.T, 

fb * applied bending stress <= M „ , ... P S ï 
Z 

fB = ultimate strength under bending alone,.p 5 T 

fCE - ultimate Euler load for buckling in direction of the applied 

bend ing moment. . .. . . .. . pat 

fc - .:^.000 = 3,330#/In2 
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fb 

“ 10,. 2 3 
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2?,C00 #/1-.2 
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Re y no Id s ’ 
St ruetura 1 
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De sign 
Handbook) 
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Eff. Width of H. 30 i t (Roark's Formulas For Stress and Strain 
Page 245 = Art 64) 
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M = , W = JJ2M = 10 X 18^.500 = 308 #/in. 
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Unit load w = _W 

(78.3) 

Spacirii 
222 » 7.00 m .ir (Allowable load on this member) 

I Í ZSSmSZ 44 

T.00 i/in1' ■ fait of water (This corresponds to a static head.) 

Try a 3" x 3” x 5/16" "T1* in engine compartment 

Elem. Dim. Area y Ay 

r1—.. 

Y 'l2 AY2 lo 

T 3 x 3 x 5/16 :1,.92 2.65 5.09 1.91 3.6,5 7.00 1.58 

15 x 1/2 7,50. 0,25. ),8(,:1 ... 0, 49 . . 0.24 1.80 0.16 
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6.97 = .74 in. 

9.42 

Z prov. n «i? 
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w » 10 x ^"Q.QOO = 134#/in W = 

21 
6.38 I/in*- (Thie correroonds to a 

static head) 

teil Triftjulnf: 

Assume the track channel side plate aa being fixed © Sta's, 85 and 189 

The load Pc from one wheel is applied as 

STA "-'Tí' shown. Local stresses are analyzed and 
i ö°i a 6 

satisfied as shown in Shi, 
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---1 
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—.—«... — 

y.j 

.... 

. .Æ.. 

- — 

Y 
. 

,2 
Y 
. 

9 
Ar lo 

11,25x3/4 

-- 

8.45 29.88 252.,50 12.33 164.50 1390.00 1,53 

Í 29x13/1.6 23,50 15.00 353.00 2.O5 4.02 96.90 I650.OO 
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!/' 105. 
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(Alcoa Structural Heudtook page 204 - Case 11) 
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(?) 3-1/8x3/16 
r— - 

n ko . 1.94. 1.14 1.05 .1,1.22-1 

(3) 3x3/8 1. 0.21. . 3.,.iL_ V.7Ü. Ü.01 

(4) 4-1/2x3/16 
. 

0, S4 2,62 2*20 0,68 0,46 

in on 
A J « 3 / 

*• r n ^ 
A 2 « 44 



R Tí 
BY.* 

CHKD. BY 

tNGERSOU. KALAMAZOO DIVIS! 
BORG-WAPNER CORPORA TION 

KALAMAZOO, MICHIGAN 

SUBJECT i;;7r;;:: 3trUí:1 * 

DATE.....- 

*5 OF '2 a SHEET NO, * . 01 

JOB NO 

6) 1¾¾ 

::f 
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Z rq'd - 5Ö.750 = 2.50 InJ 

'fj 23,500 

-.I Mfinbor b 
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2 8 

Use 4 X 2-1/2 X .313 Channel - Z = 3.42 

7) 

Material = 1/2" Aluminum Plate 

This plate is subjected to a load * 5 x 3^ * 170 I/in and will be loaded in edge 

compression 

Assume average width b = 101" 

r i 14" 

/.V'f 
t o I 

liiüh-î 

r äTjtr'i 

" * 

4 7ft 

‘I'i 
r I 

H 

ü = k ii (Alcoa structural 
- t Handbook page 131) 

L = .74 
b 101 

.k - 1,82 (Interpolating from 
ALCOA Structural 
Handbook page 132, 
Table 19a) 

KL « 1.82 X = 273 

r ,5 

. *, This plate is a long column 

fc, allow * 12^"21,bit (ALCOA Structural Handbook cage 111) 
(KL/r)2 

fc. allow = 102.010.000 = 13:-8 #/in7 

(273)2 
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Even though thie figur* ie low enough as cowpaurad w/th® allowable stress, and provides 

a safety factor of JJ¿3 » h, stiffeners will be added ® the inner corners of the 

340 

plates, primarily to support the access hatchen. 

8) Iransversa bulkhead Aft, oí .Oriyoi 

Assume this plate under an edge oompression oí 35*000 lbs. from road wheels• 

Assume plate thickness = 3/16" 
From ALCOA Structural Handbook pages 131 and 132 

KL/r = k1 b/t *, kJ » i 

î^' 

"ïï>. 

f l/h “íü* 1.8 . l6 

25 

Kb/t =< Iu¿JL¿2 " 155 > 79 Ix>ng Cbluim 

.188 

fe (allow) = IbjjOQOjOOO = d,25h #/ln‘" 

c (act) i5.COQ --- 7,43c #/in 

23.x. 168 

Analyse " » aa shown in figure below 

30t = 30 X 1-3/16 ■= 35.6 (Roark's Forruiaa for stress and strain, page 245 * Art ¢)4) 

El err.. Dim. 

— 
Area 

: 
y «i Ay Y 

r\ 
"\r¿- Aï” lo 

•H ....■ I ’:í. nxl ~'l1 16 
--— 

42.30 £3.56' 21.31. 1 'd**! 1 11 ^22*22^ JíítáÊLiS_ _ 

? e¡Ti /1 f 4.70 1 ■} A? 64.00 11.34.. .6,43.,^4-, 

9 RiicT /16 0.53 26.28 13.55.... 
-, .. - A A C.31. . ... 

47.53 99 * 2.5 IO33.9O 4460.35 
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JECT LVTPX11 Struct. Calc. sheet no U oe 

,OB NO 

I = 5,494.25 in4 
T 

K = .5 KL = .5 X 45 = 2.09 <20 Compact member 

r 

fc. act. = 35>OQC = 736 #/in2 

47.53 

) Ermine liullihead S ti frenara 

See Shi. # a for sketch 

Vertical Members 

Side Members 

P = load = 38 X (27 +.lj?J x 5 = 4360# (Contributory load, from top deck) 
l 

Length = 39 in 

A rq’d = 4160 = 0.22 in2 
20,0001 

Elen * Dim, Area 7 Æ ... Y 
0 

AY2 lo 

cu 3*3/8 1.12 0.19 0.21 0.75 

1 
m

 
L . °‘ 0,63 0.01 

(2)x2 1.1/8x3/16 0,42 0.94 0.39 .Z1L.J lIITJ.. 
— 0 w 04 

h) 3x3/8 1.12 1.69 1.90 0.75 0.56 ML\ 0.01 
Tzr 2.50 1,26 0.06 

IT = I.32 in4 
7 = .lã == gasyg 

2.66 
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1% 

> 2£ 
r .70 Short Column 

fc. allow » 25*3 -.153 (**•!.7) (Reynold*® Design Handbook page 105) 

- 25,300 - 6400 

fc. act. =• P/A 

fc. act. = 4360 = 1.640 P.S.l. 

2.66 

Top Member 

i ft*' 

w = 36 X (27 + .19) (.5) = 4,360#* (Contributory load from 
2 top deck.) 

M = WL 

8 

Z rq*d a xum “ g¿gy¿ 

23,500 

iï.j 

Y = 11,77 = 2.95 in 

3*81 

Z act. = 28.26 
(^.69-2.¾) 

= 7.56 in,-'1 

28.26 
3.74 

1_ = 28.26 in^ 

Load = 5 (38 x 39 x .75 + 53 * 52 x .7,5 + 12 x 20 x ,75) = 3*75 (1.482 + 2760 + 240) 

= 3-75 (4482) 

= 16,820# 

Length 39 in » 

A rq’d » .84 in 
20,000 

Si = = 35.4 
r .83 

fc. actual * .^,820 = 
3.01 

L Liera » Dim. Area 
-1 

y 
p—-- 

Ay ï Y? AY2 lo 

(1) 6 lx-1 3.25 3 » 44 11,18 O.49 0,24 0.78 22.90 

(?) 3x:/l^' O.56 0,09 00.05 2.86 8.19 — 

3.31 11.23 5.36 22.90 
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Th« »am« «cctlon a» In th* *id® m®mb«r could b* us*d her«, however, this member 

will be mad® wide to accommodât® access step* and the two door'latches. 

SHEET NO H .. OF 

JOB NO. _.. 

10) 

11) 

Pgraciffifl 

Ü£MâÆ 
Assuming 5 p»s.i* and. a 'hatch, dimension of 30" 

load/in * 11> x 5 “ 75 I/in 

¡4 - vi2 s- r » 58.6 in # (Roark's Case #3 - 
"77 g P*«« 100) 

Z rq*d a 58.6 » .00?, = btf where b • 1" 
23,500 ^ 

t rq*d = [LjlJM* .012 = 
V 1 

Assume plat® thickness * 11/16" 

Assuming an overcharg® * 5* of water to allow for increase of pressure due to backing 

speed in water or submersion in water due to waves action, this will produce a maximum 

pressure ® bottom of plate » 5.25 p.s.i. and « top of plate = 2.5 p.s.i. 

Use for plate width the average « .114..¿JÜ& * 1°1 ln. 
2 
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JOB NO.. T“. 

fs^i - zJUäV , - ãl& lãjjat * W p.a.i. (Roark'S formulas for Stress 

t2 (3 + 4 *4) ,47 (3.56) . ^ Slrain ** Case tkl ' **«* m) 

f Sw, ■ B3 wb2 (Roark1# Case 70 - page 213) 

b/a » 101 ■ 1,64 
63 

Ö3 .309 

•¿V' = 7.160. p.a..it (Simple Supp. ) 

.47 

fS Total = 4,450 + 7,160 1U610j2í¿aIa 

This unit stress is well within allowable value, however, a stiffener will be added 
Ô track channel height, mainly to support the engine. 

i2) aaseEy» 

Assume 0,.0, § Sts. 138, 

Lifting Eyes will be located, ê Sts. ,59-1/2 & 189. 

Wt. « 35,000# S.F, « 6. 

Tot. Wt, » 35,000 X 6 = 210,000# 

_IâjV _ I. 

»til t%e. " 

F 
e Ta 

seVi 

V 

\ 
N 

A 
,, %T*. 
Vl, 

£/2 oit ~Yi__ dtl" 

R » 51 X 210,000 * 82,600# 
P 1293 

f, - ÄL X 210,000 *U2Æâ 
129,5 210,000# 

2 Lifting Eyes/side 

A rq'd l Lifting Eye * JP. * jjS2|Mfi.- * 2‘12 
fs 2 X 30,000 

Thicknera rq’d * A * 2.12 * I.O6 In 

2x1 

Length of 3/4" weld rq'd « 127.QQQ * ¿¡¡Z in 
2 X 11,000 
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iog (sjQ 

13) 

Aßsuine £. loiid = 40,IOC# 

A rq'd =_P. = ËliM. 2-¿ l«2 
fs 15,400 

14) Stern Towtnr: Poo!' 

Assun* V' dla. rope - 6 x 37 - ir^aki,..<r Strength = 100,000# 

Using a safetj’ factor of 3*5 against ultimate strength, the load to be used for hook 

and structure design will bp equal, - 1î?5,W0# 

Length of l/2" weld rq’d * IC'.nOO = 14.45 in. 

7,-00 

Size of Pin rq'd ~ 9 125.0Ou ~ 2.08 ir,? 
fs 2 x 30,000 

Dia, rq'd. = 

Use 1-3/4" 

4 x ?.08 
rr 

Use 1" thick Ft fcr mount. 

1.63 in 

Edge distance rq'd = 125.000_ * 1.04 in. 
2 x 30,000 x 1 x 2 

Hook. 

Design as outlined by Max M, Frocht on ctrenpth of materials, page 370 
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C1 - 3.2S (2x2 ±A\m in, 
3 I 2+1 / 3 v3^ 

C « ¿i¿S¿ in* R * 1 + 1,44 * 2.hk 

b « 2 - (y + 1.4U) = 6. SO - v - JLM “ I4ÜÍ.t-X 
3.25 3.25 3.2,5 

f1» * 
JR+y J R+y 

f Mx “_1  f ( Vf-Yllx 
J R+y 3.25 y 2745+7 

3.25 

■+1.81 
f¿jOMi, - LMjl 

J 2145+y 72.54+ 
-I. „ 44 

+1.81 

1.4 ï 
3.25 

+1.81 +1.81 
3.06Pn (2.44+y )~J - j~i »2.54lnft44+ylj 

-1,44 -1.54 

_2 ff 5.O6 [ln(2.44 + 1.81)-ln(2.44-1.44|]j -| [[ 1.81-2.44ln(2.44+1.81J - 

'’Z5 ^ |Ii .44-2.:44ln(2.44-1.44j||| 

- ^1 ^5.06 [ 1 n (4.25) -1 n ( 1 ijj » | [l.31 - 2.441 n (4.25]] - [ -1.54 - ?. 441 n ®¡f} 

J da = 1 ^ 5.06 ß.45-0~|J - j p,31-2.44(1.45]] - j[-1.44-2.44 ( 0 )j ] 

=* „1_( < 7.33 
3.25 

^7.33 j - j Q, FH-3.52’" - [ -1.44' 

* _i_ (7.33 + 1.71 + 1.44) 
3.25 

- 1,0.5,8, 

3t 25 

A « 1 3.25 (2+1 ) ■--- I * 9.75 * 
2 2 

P « 12,5,000# 

M = -125,000 X 2,44 = rio?, 000^ 

in 

M = h 
[A-R / 

£lÄ 
R+y . 

h * JL 
A ~ R f äJL 

■/R+y 

102,300 

-505.000 

4.88-2.44(3.22) 
» -305.OOO 

4,88 - 7.85 -2.96 
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P - RA+h fji, 
E+y 

i <p-h ru ) • 

R * I 
05 

125,000 - 102,800 (3.22) 3 1 
'T » 0S 

(125,000-331,000) 

a - -^2,200 
4.88 

f® = R + h « -42,200 + IQ^efiO - -^2,200 + MtM 
E+y 2,4¾ - 1.44 1 

■ -42,000 + 102,800 3 60«6QQ p.s.i. {« inner eurface) 

fe * -42,200 + 102,800 ■ .18.000 p.s.i, (• outer surface) 
2.4J*Ol ———• 

Width = 30 * .69 * 20.? (.Roark's page 245, Art, 64) 

Y * 26.90 
15.84 

» 1.70 in. 

II 

Blem. Dim. Area y Ay ï T2 AT2 lo 

(1) 20,7 X .69 14.30 1.84 26.30 0,14 0.02 0.28 0.57 

(2) X 2 1,12 X 3/16 0.42 0.94 0.39 0.?6 0.58 0.24 0.03 

(8) 1 X 3/0 1.12 0.19 ... 0.21. -Ml- 
15.84 26.90 3.08 0,61 

Z = 3.69 3 2.17 in3 

' 1.70 

M allow ■ 2.1? X 51,000 » 111,000 in.# 

The load must be distributed over a length Vas shown in figure below to create a maximum 
moment equal or less than allowable 

. _ -. i»A-< 
0 * .;jjj¡ '• I V 

H, a M 3 W (2443 
1 2 2¾ I 

6 Èfi2 + 3 iP + 4C2 -2442 
ir I 

(From Roark's Case 34, P»«» 108) 



OY R,.R._ PAK. 

CHKD. BY DATE 

b » a + c 

d * L • a/2 - b/2 

b = iS-fc '*• c 
2 

b « *>8 te. 
2 

INÜERSOLl KALAMAZOO DIVIS! 
BORG'WARNER CORPORA VON 

KALAMAZOO, MICHIGAN 

JBICC7 
LVTPXII Struct. Calc, SHEET NO 

JOB HO 

OF 
2 2 

ze¬ 

d-58 - ij=s. - ¿a+t 

d - Hg-^-c‘s8tc 

d - 29 

M! • w r2u . l£- «-liâiikî * leZ * hS-MZ'!)*} 
1 2Í+158 L 58 2 X 58 58 

- 19-- 000 ["10,100 - + 3Ju2 4 'lC “ 2°t20^j = 4g,14,,2.211 Ll u* ‘ ' it- rq L-1 " 58" 58 

r 91.5 (-10,100 4 c2) 

-111,100 = -925,00° 4 91.5c2 

Hit. 000 “ C * ^=±2|=i* ^t0° lorig* 
91.5 

Ch@riff» dimensions as shown. 

Elf» in. Dim. Area y Ay Y 
y2 AY2 lo 

(1) 20.7 X .62_ 
2x3 /16 

14,30 
0.75 ^

 P
O 

V-*
 C

O 
0
 ^

 
! 

40c 55 
1.13 

O.49 
0.85 

0.24 
O.72 

—r'-'irr 

3.44 
—7rr^ 
.1 \;t5 

0.57 
~ÏÏ7ZJ 

ir.uF 
\ ¿ J Â, m* 

IV. 6 X Í/2 3.00 

18.05 

0.25 0. 75 

42.43 

2*10 

17.23 0,38 

k 
IT » 18.11 in 

Y - U2.4a * .11 Ih* 
18.05 , 

7. * 11*12. - 7.7 
2 0 85 

Mallow « 7.7 * 51,000 - 398,000 inf 

,2 
-393,000=.-925,000 + 91.5c 

• c' 5-12.000 * 58OO 
91.5 
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Chongo dimensiona 08 shown 

f , 22x22 * 5.32 in. z » 61.06 « 15.25 m3 

18.36 5.32 

SHEET NO, Aft .. OF. 

job no. .^561-2-2. 

Eiern, Dim. Area Y Ay Y ’r2 AY2 lo 

(1) 20,7 X .69 14,30 6.34 90.50 1.02 1.04 14.90 0.57 

(.2.) X 2 3.25 . 6.70 mlÆ~ 4,28 ..ML ...JtolL 
(3) 4 X 1/2 2.00 .0.. 25. .9..5ÍL. 5.0.7.. . 25,20__ J1ÚL. 0.04 

18.36 97.70 75.25 5.81 

M allow - 15.25 X 51,000 » 780,000 "# 

C » J925.000 ZzÜmT- 35-8 ln 
f 91.5 

Reduce span from 58" to 5^" d ® 27 

M e (2^ X (ffi)3- 24 (2?)2 + C2) 
2¾ X 5¾ ^ 

“ 96.5 ( -87.50 + C2) 

= -845,000 + 96.502 

m 
96 o 

15) FBIAL ORIVE H0UM5 

b«*r. 

p. a 175,675#| P? * 201,923# (Figures provided by 
1 ¿ Power Croup) 

toads are assuned to to distributed over 75% of 
bearing diameter, 

14 X .75 = 10.5 in. 

Aasume 1¾ thickness * It/ló in 

V 
'-outtic) be*r, *r>«wn'ir 
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MteOssilag. Msi 
lät “ lSl (From Alcoa Structural Handbook, pag« 131) 
r t » 

L/b = .52 

k = 2.10' (Fron Alcoa Structural Handbook, page 132) 

Ü = 2.10 X 16.75 
t .69 

is compact member 

fc allow == 51,000 p.s.i. 

fcact. = 201.923 = 27,800 p.s.i. 
10.5x769 

Inboard, Bearing Momt 
Acting as beam of ajmin » 10.5 in. 

M * lüGi (From, Roark's Case 33, page 108) 
12 

M -=1 .l.?i»6?5, ^ ),0.3 » 154,000 •*# 

12 

1 rq'd n 154.000 « 3.02 1)7 
51,000 

ilfiffll.. Di«. Ar« f AÏ ï v2 AI2 Io 

(1) 5 r n/té 3.^f 2.88 9.90 0.66 0.44 I.50 7.16 

■■il). _3-X -l/£_ . 1.12 . .0.19 -0-.21... _2..Q2- - 4,13... 4.(¾ 0.0! 
4,56 10.11 6.14 7.17 

^ * r..s.r * âtãà ^,n*' 
{5.38 - 2,22) 
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16) 

Tha encina mid povar package vili la aupportad on flexible Mounts which will be carried 
by the horliontal channel welded to the engine coapartment bulkhead at track channel 
height and by the channel welded on the »tern sheet. 

zb. y 

/yaaiiiiiif 

d>-- 
-1Î:» 

Y = 13.70 = 1.52" 
9.Qi> 

ly ® 2.66 in^ 

p * 565011 (ftirniohed by Power Group ) 

« 
^ ~ fsL¿ (Roark’s Case 3?, page 108) 

l2 

m = Z-zJxjLz. Alá » 31,BOO H 
392 

2 rq'd. = I.I.6OQ « in^ 

23,500 

Z prov. » 2,.661 » 1.,75 in3 
MMMK 

1.52 

W a 30 jr 1/2 * 15 

EImí. Dim» Area Y aY Y ï2 AY2 Io 

( 1) -Juli ¡il_ _ J,3.10 .0.23 . öu0r) 0.40 0.16 
( 2) 3 * 3/8 .JLtii... 0.23 .i.33 i. 77 1.99 0.01 

3)): 2 1~VÔ a 3/16 OA? 0.94 0.39 0.46 0:21 0.09 0.02 

9.04 13.70 2.48 0.18 



INGERSoá/KAlAMAZOO DIVIS! 
ßON&Wk RNEft CORPORATION 

rKALAMAZOO, MICHIGAN 
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...... .Structural.Calculation!_ 

l^SABfiP HATCH PLATE COVER 

Cargo Hatch Covr Is to b* split: at th*.^ and «ach half Is to fold 
at BL22, This covar has to support a uniform load of 5 pal, caused by 

a static head of 10 ft. of water. The load on Elan-,. 1 In Fig. 1 is 

22 * 85 X 5 * 9,360#. 

Mar M « WL (From Roark’s Case 13 
8 Page 102} 

Max M * SL “ 3-.360 « - 99,300 
® 8 in,lbs. 

r--- 

<s^ 

7. req’d «JS¡L 
f 1 s 

£L - 19.300 
fB 26,000 

z Prc,,r* * .hd4> 

3m83 in.3 

22 X .712 - 2.06 in.3 
6 

3» 
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Structural Calculations 

A check now must be made on Elenu 1 for deflection. Assuming that 

three sides will be supported and the fourth side {along theß ) 

will be free, the deflection from Roark's Case 5<>i P®«« 206 wl 11 h® 
r. 

V Max A <X 
wa 
rr 

.06 
5 * 85 

10,300,000^.755 It 

Max A * 3.6 In- 

So a member must be provided for bending strength and to reduce the 

deflection under I/8 for positive sealing of the covers. 

— or Mirfî 

Elem. Dira, Area y Ay Y 
O 

Y 
-2- 
AY Io 

1 3/4x14-7/8 11.12 

r- 
r\ a 4.12 .33 1.09 11.21 • í3 

-5- T/rnr^TTs —ri5T~ 2.00 OT" I.30 i. 69 1.06 . 33 

—-*T^—- —I7TÏT ■■ ■ r;t<r 3.56 3.50 2.80 7.,85 7.85 . 33 

12.75 8.88 20.12 1.19 

y - asa. • .696 
12.75 

Z actual M l't ,I 

j ^ 9 20 12 + 1,19 ® 21,31 1n« 

iJlI t .21 

c 3.75 - .696 3,054 

7.00 in. 

Max-d «JÜülL (From Roark*» Case 13, P»R® 1°2> 
384EI 

¥ will be 1/4 of the total toad on Element 1 because of 

being supported on all sides. 

Max/1 « Sy2Tl40xai?— « .085 in. Z actual = ¿LJX 
334« 10,300,000» 21.31 3.05*4' 

7.00 in-* 

A similar member (3*2 tee) shall be used to 

and also to carry Element t. 

stiffen El ein. 2 in Fig. 1 
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The deflactlon will now ba chackad on tha covar plata». 

Haatfli.I.la JL^u.1 

Max y « .14¾¾ from Roark'» Casa Tfi, Paira 203 
Et3 (1+2,,21^5) ” 

« « k - 2¾ - .26 
a 83 

Max y - .JLhZl.a...;..*..¿¿it_ 

10,300,000 x.753U>2.21 * .263) 

Max y » .IMaMS_ 
4,360,000(1.03*9) 

Max y « .036? la. 

Sine* tha deflaction in Elamant 2 (In Figure 1) Is lass than In 

%lament 1, tha deflection does not have to be checked- 

The unit »tress In the cover plates will now be chackad, 

Eluntai.3l la îàjuJl 

Max f, 

Ma X f, 

Max f, 

.75 X W « b 

t¿(1+1.61¾3) 

.75 X 5 X 22g 

, 7520 +1.61 X .263) 

.3J3Jl£L  i.-—»... 
. 562 (1 + .028¾) 

from Roark's Cas* 36, Page 203 

Ma X f, .„Uli 3,120 PSI 
.562x1.0284 

Since the unit strass In Element 2 (in Fig. 1) 1» less than in 

Element 1, the unit strass does not have to be checked. 



8Y._ 
T m n* 

CMKD. BY. 

INGERSOLl KALAMAZOO DIVISI 
borg-wahner corporation 

KALAMAZOO, MICHIGAN 

DATE. 

DATE 

10/30/62 SUBJECT 
LVTPX11 

Structural..(Jalculatiane 
SHEET NO...% 

job no. ^61-2-2 

OF.1 
2fc 

ift) IMS access MM MSI SSM 
BL26 

Engin» hatch cover is to open at the 
center and has to support a uniform 
load of 5 PSI caused by a static head 

of 10 ft, of water 

A member will be provided at the ^ 

to support both plates 

W = 1 X 52 aJS, c 3.830# 
4 

1½.¾ M « WL FYom Roark's Case 13. 102 

8 

Max M = 1.830 X-S2 ” 28*300 in" * 
8 

Z 3 JL ■= 26.300 « 1.09 in.3 
Req'd 26»000 



INGERSOLl KALAMAZOO DIVI5I 
borg-warner corporation 

KALAMAZOO, MICHIGAN 

I 
1 
I 
H 
I 

II 
I 

1 
! 

I 
1 

I 
i 

BY_TVH< 
U”., i 

CMKD. 

DATI 

DATE 

SUBJECT LVTPX11 
Structural Calculation« 

SHEET NO Of 

job no,_. 

19) This member will be used to support the engine access hatch cover plate 

Dim, „Y Ay I I2 lo 

1 3.75 X ,25 .94 .12 ,11 1.25 I.56 1,47 .01 

0 2-1/4 X.37 .83 1.(¾— -jiff.- - 

3 .31 X 1.62 . 50 2.06 ... . -AÜ_ 

4 1,25 X 1/4 .31 1,12 .35 0,25 0,06 0.02 — 

5 l/4 X 1 .25 .75 ,19 0.62 °-?8 - 

O
 ♦ 

O
 .02 

6 1 X ,?5 .25 ,37 .09 1.00 1.00 0.25 

? .5 X. ,25 .12 .75 .09 0.62 0.38 0,05 «•«WM» 

3.20 4.40 4 « 49 0.15 

I *4,05 xn*' 
t. 

3.20 
1.37 Z = 4,65 

(3.25-1,3?) 
2,48 in: ,3 



INGERSOLL KALAMAZOO DIVISI 
BORG-WAfíNER CORPORATION 

KALAMAZOO, MICHIGAN 

nr_T.H*... DATE__ 

CHKD. BY Ü//1 DATE. 

SUBJECT,, .LVTPX11.Struo..Pule, SHEET NO..2,7. OE, 

JOB NO. ^561-2-2 

28 

20 ) ËMR 
This plat® has to taka a uniform load of 10 PST 

« 

t = ,44 in 
V • 10 PSI 

Max - .0264 Wh4 
Et1 (1 

From Roark's Cas® 4l 
Pag® 205 

ex * 9 

Max A ■ - ,0284 X 10 X 26 

10,300,000 X .443 [l + 1.056 
6\-7- 

J 

Max A ■ .14 

Max fs 

1WU8I H ilENhiA 

From Roark's Cas® 4l, Pag® 20..5 

Slenderness Ratio * 1.63 x 7.875 = 51.3 /.This Member is a short column, 

.25 

f a 45,400 - 368 X 5I.3 * 26,500 PSI {Reynolds Structural Handbook, Pag® IO5 ) 
0 

10 X ,25 - 2.5 fc = M£ = 800#/in2 
2.5 

2000# concentrated between members is assumed 

S - 3 X 2000 

2x3.14ic3x.752 

(3 + 1) 1.114 + 5 (l » 42,3? PSI (Roark's Case 42, 
Pag® 205) 



INGEiRSOLL KALAMAZOO DIVISI 
V BOftG-WAtmefl CORPORATION / 

KALAMAÏ.OO, MICHIGAN 

BY__Mi... O'AÎE... SUBJECT.LVTPXll Struct. CftlOf ... SHEET NO. 2.®.-. Of..?.®. 

CHKD. yiJVjDdf. DATE............. JOB NO. 4501-2-2 

il _ _ 

A»(S «4 2.cf, 

Eiern » Dim. Area. y aJ Y y2 AY2 k lo 

1 TTTiTTTvT 'T’.oS" .3^ “TIíõ \ jn .26 1 1¾^ A a o28 

2 X 3/e... .75 ..1.68 ,,..03.-, ..JA. ,5? .25 

1 . 3-5/8 je: .3/8 2.50 .3.40. O' 79 3,70 . ... ,C2 
2 X ..1/4 . 1.50 2|34 1.17 2.22. i.ii .1? 

9.69 8,23 7*17 .72 

I « Ml = *05 X , 7.17 + .72 = 7.89 in4 
9.69 1 

M = ZjSgjL&ii&g. ' 112,000 in # 
1.83 

(From Roark'u Caso 13, Pag# 102) 

Max, Bump Load that this member can carry« 

52 

M “ S: 112.000 » PX52 8 1 o 

P = ÜÍUMJLÍ = 17,200# 



IGERSOIL KALAMAZOO DIVISI 
ROBG"WARNER CORPORATION 

k ALA MAT 00 MICHIGAN 

‘ ' ''IDiA ÏÏ CP ^ECTICN 1 

4¾¾¾¾¾¾¾ tii'ii n 

lOlw 4361. 

viIS.aELrjsscrayn.ON _ - 
MmiNG.miçij;.xmâçiOTLLviaii. 

-g.AlAÜL^Utia.Qf.WSlGíiT-i,.XL .LCiJlUTY... 

_DATS 

Ççtçber 1962 

Prapartd by 

H. Streb 



, INGERSOIL KALAMAZOO Dl\ 'N 
iOtG WAÜNet CORPORATION 

KALAMAZOO MICHIGAN 

CALCULATION.OF WKIQHTS 

CONTRACT NO;.NOb» i».S6l__ DAffii_October 30, I962 

. VEHICLE DESCRIPTION. 

_LANDING VEHICLE (TRACKED) LVTPX11 _ 

GROUP HEIGHT SUHfiARY 

Moments and Centers of Gravity 

No. ')93cription Weight 
(Lbs.) 

Station Lin® Water Line 

Aft of Sta 
0 

(Ft.) 
Momenta 
(Ft.Lbs.) 

Above Lowest 
Point of Keel 

(Ft.) 
Momenta 
(Ft.Lbs,) 

ï. Hull 10,91¾ 9. AO 102,50.7 .3.46 37,741.7 

_£..1.. OEM 02?., '. . ,. 5.35 \427.5 3.50 2,896.2 

....It. Power Traia |J,60? 18.13 101,647.? 2.69 15,097.8 

.. V .Guapenaion .6Æ 10.66 72,023,0 .26 li?6ß.l ' 

.-X - Hydraulics i.mc 16.51 
___ 

19,478.1 3.47 4,408,0 

6. Electrical 75¾ 11.95 8,988.1 3.80“ 2¢859.9 

CO? System 52¿ 10.35 543.6 4.48 235.5 

fi¥ Fuel System 10.18 957.7 4.6I 433.60 

Total Group Weijjhts h 26,18^ 11.86 310,649.4 ^ 2.50.T 65,4407^1 

..:::::,::1 
1 
* 

:.:::1 
T 

....J 
f 

... . ... j. .. 

...i .. ...t 1 
.j 
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SERSOtl KALAMAZOO DIVISk 
BOIG WARNER CORPORATION 

KALAMAZOO MICHIGAN 

calcuiatxom of maoMTO 

CONTRACT NObs 4561_. _  ___ DATE ¡ October 30. 1962_ 

VEHICIE DESCRIPTION_ 

UNDIIIÜ VEIIICIU (mCjg^y LVTPX11 

HULL GHOUP 

mi, WEIGHTS 
!- 
î 

1 Mo. 

1. 

Description 
V.'ei ¿hi 
(Lbe.) 

Moments and Centers of Gravity 
Station Line Water Lin« 

Aft of Sta 
0 

(Ft.) 

Koncnts 
(Ft.Lbs.) 

Above !/Owe ?t 
Point of Keel 

(Ft.) 

Moments 
(Ft.Lbs.) 

Frame Ho. 1 (Sta. 59 9/-6) 86.2 4.96 427.6 2.70 232.7 

2. 
,,. ., . 

r Frame îfo. 2 (3ta. 1C5-1/16) 37.3 8.75 326:4 ^ .60 22.4 

3. Frame No. 3 ('»ta. 150 9/16) .37.3,. .12,55. . 468.1 .60 22.4 

15.75' 4, Frame Ho. 4 (3ta. 189) __291.5 4,591.1 3.10 903.? 

5., Frame No. 5 (3ta. 208) 13.2 17.33 315.4 .22 4.0 

6. Fwd. Top Plato - 3/4 in. 
Plate - Sta. 0-Sta. 54 248.0 2.25 558.0 5.85 ^ 1,450.8 

.7, Intermediate Top Plate 3/4 

“652.2 
in. Plate - Sta. 54 - Sta. 
10?. , _ ,...,. 11.00 7,174.2 1 6.22 4,05676 

8. 
.. „ „ 

Aft Top Plate - 1/4 in. 
. Plate - Sta. 189 - Sta. -- 

250.8 44.00 17.6 774.4 6.2 272.8 
.. ' 1 

9. Bow Plates - 1 3/16 in. 
! rPlata (2) 182.00 .15 2>.3 3.65 664.3 
r- 
I 
[lO. m. Side Plate - 1-3/16 inj ! 1 
j Plata - Sta. 0 - Sta. Ï89 ..... _ _ .^.. , 
L .(2). . 1,601.5 ... 7.91 .lili.,731.Í.■ 4.18 ^ 

' 
“6,694:3" 

r. . ... 
Ui. Aft Side Plate - 3/8 in. .. _.1 

¡Plate - Sta. 189 - Sta. 244 225.00 18.4 1 4,140.0 4.46"’ " 1,003.5 

12 • 

- "+■ ■ " 

’"Track Channel Side - 13/16 .—.1 . 

in. Plate (2) 911.6 .. . 1,23... 1,120.5 

-.—.- i . 

|||I|I||I«M ... 
..H# I” 

i 
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¿GERSOtl KALAMAZOO DIVbi 
BOBG-WWNER CORPORATION 

KALAMAZOO MICHIGAN 

ClLCUUTlOÏÔ OF ’..’EIGHTS 

COlteiCT HO. HObs 4561 DATE! October 30, 196Z_ 

VEHIC]i: DESCRICTIOM. 

MHGIM) VElilCLF; {TRACKEG) LVTmi 

HULL GROUP 

Hull Group 

No. Description 
De 
(I 

13. Track Channel Top - 3/4 in. 
Plate 

14.' Stern Plate - 11/16 in. 
Plate 

15.1 Stern Framing 

16. Hull Bottom Plate { in. 1-- 
... Plate ... 

1?, Cargo Deck Plate - 4 in. Pla1 

IS. Cargo Hatch & Fittings . 

19., Cargo Hatch Framing 

20. Ramp - Complete 

21, Bow Ramp Framing 

! 22. Engine Hatch - Framing & 
r Fitting® 

23. Access Hatch - Framing & 
Fittings 

f 
24. Escape Hatches - Framing 

[ anti Fittings 

! 25. Troop Seating Plates and 
Framing 

f 

[_ i.- 

Moment® and Center® of Gravity 

Station Line 

Aft of St«! Lotie tits 
0 (Ft.) j (Ft.Lbs.) 

11.5 10,933.3 

¿0.9 j 7.001.5 

20.41 ' 333.7 

10.¾¾ _ 3,126.4 

?.bo| 2,754.0 

1.70’ 1,384.0 

ï.7o] 19b.? 

feter Line 

Above I/JWfcßt ! Moments ¡ 
Point of Kee! (Ft>LlJ0.) 

2¾ j “'2,350.2 

4- 3.38 

430 

1,132.3 

.43.2 

.02 

."'.38 4’.116.2 

6.40 '‘4 4,000.0 

/ V? ' 

33. C 

^7.4 

19.2 
~ t 
... i. 

6.12 

YM 

2,62 

6.1 

559.0 

14.97* ' 714.1 

9..¾/,298.5 

'Í25.4 9.8^ 1,240.2 

6.25 

4.08 

2.73 

?94.o' 

201.3 

298.1' 

945.1 

♦ 
..L 



IGER50U KALAMAZOO DlVISr ' 
BOIG-WAÄNER CORPOIATION 

XAIAMAZOO MICHIGAN 

caIjCulatiom of weiquts 

..... 

A ■ 

CONTRACT NO t WObs 4561________DATK ¡ JOotobw. 

.VEHICLE DESCRIPTION_ 

LANDING VKHICIE (TRACKED) LVTPXII.. 

HULL VflSIGHTS 

HULL GROUP 

! 
i 

Vieilli 
(Lbs.) 

Moments and Centers of Gravity 

Station Line Hater Line 

Ho, 1 
1 

Desorlption 
Aft of Sta 

0 (Ft.) Momenta 
(Ft.Lbs,) 

. 
Above Lowest 
Point of Keel 

..(Ft,).. . 

Moments 
(Ft.Lbs.) 

I ?i. ’H Driver 4 Aasiot. Drivers 
" .- Cupola 200.0 3.50 700.O 6.25 .1,250.00 

[ ... 

\27. .'.achine Gun Cupola 150.0 2.8? ...6^3.. 937.5 

Moor in;: Cleats (1¼).) 10,0 ,.70.. 7,0. 5.99 59,0 
j."t 

29..t'Moorin« Cleats (Aft) 10.0 20.00 200.0 5.80' 58. o_ 
rf 

L.. - -.. 

30, ' Lifting Eyas J+o.o id.3 432.00 6.40 256.0 
■■**■*" . 

31. ^ Aft Towing Device 24.0 ! 20,60 494,4 _1.0_. .24,0 

[s,: 

J 

Pwd. Towing Device 24.0 1.50 36,0 .60 14.4 
-- - .— -.-. . 

33. 

. 

Mise. Hinges, Brackets 4 
r- 

Foundations 550,0 10.30 5,665.0 3.00 1.65Ö.O 
x-~~. 

I'asteners, '.'elding Viro & —. 

350,0 Paint _ . ..2,93 .. ..3,132,5 . .3.6c ..... 1,260,0 
_____ 

33. Corner Extrusion 364,0 5.5 2,002.0 5...00 11820 *0 

36. Corner Caps (2) 20.0 .25 5.0 5.3Õ 1()6.0 
.. [ ___ 

37. Platea- Final Drive Cupport [iii.e 18.8 2,477.0 1,25 164.8 
* 1 

W' fRad. Comp. Framing 200.0 18.5 3,700.0 4.94 988.Ô! 

¡.:, t 

39.. _ ! Muffler Framing, 4?.0 20.4 . 938.8 1.5,7. 267.9 
t.... p. I : ■ ’ 

r 
.J 

..— 
i... 1 

-1 ' ”. Total 1( ,911.9 
\ 9,¾¾- 

10.1,503,7 .. .7_ , 37 j.741.? : 
Í..... 1 , 3.¿hS 

■ I ” 
+ - *. J“ "" * 

---«— 



I I ItH H 111.(1)11 iDMf HtlMIltimin 

j; '! I 

I fllMlH > WnillMi»M«lll>llllu 

I 
¡I.. 

it I 

I 

1 
I m 

I 

I 

5 '6f l.\J 
íGERSOU KALAMAZOO OlViS 

aORG-WAIlNtR 'CORPORATION 
KALAMAZOO MOHICAN- 

WObf 45$! 

. vfencn OTscumtcm 

UMDIKG VEHICLE (TRACK1D) LVTPXIT 

——.aatiiy «Eiaira_ 

DATS ,., 0 ç t ob«r ..¾ _15ê2-, 

m. 1' tteAcription 

T.. 
" 

: Weight 
(Lba.) 

.MSmlt*JffilC«a«ora of. Gravity 
Station Line ,. Water Lima 

Aft Of 
St*. 0 

CP t. ) 
Homan t« 

IfFt.LbB.) 

Ahoy« Lowest 
Point of teal foment8 

(Vr Lbs \ 
JflntfriRation Kit .35 

..at**,., 'IS * - 

' ' f""'“*“' ¡ 
2 Driver's Seat 35 

3 Troop Soats 100 .. . 

4 Tow Cabla (AIT) 25 '"-"I 

5 Towing Bridle 15 
Hife... 

£ Medical Chest 10 

7 . Flashlights (IT " 2. ' 

8 Grasse Gun 2 a 

y Boat looks 121 1 .8 1 

10 Pick 8 
H *«4*. 1 1 

11 Shovel 4 

12 Aie *• .5_._ 

Jl- JJjöki........ .8. 

.IE Crow Bar 
..?. 

i « **• 

ii- Hand Oiler 1 
. 

...... 

16 Signal .Light. _ ... 
.U..,,... 

1? fuel fill Extension 10 Î 
.., j 

■ .H 
JlL. Gun Kit 10 ., ..... 

t Ij ....j 

i.'ii; iff iíWéiiíiuiiiiiill^ií! ¡Ü: c /.,:,, 
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'GÉRSOU KALAMAZOO DIVISI 
BO*C-WARN£R CORPOftATîÛN 

KAUM/..’00 MICHIGAN 

i ■. 

: : -V,!- 

<mmï ‘utaiJi_wob» i*56i 

vsHigg pascal ratfw 

UOTINO VEHICLE (TRACKED) 

DATS OotobT 30, 1962 

LVTfXII 

wn <mmmud -,1 LÍ0EK) 

I .Mofoilt« <md Cetitari» of flmvitw 

m. 

#— 

DMcTiptiwn Weigh! 
(Lb»,) 

Station Llae Water Llae 
Aft of 
Sta. 0 

- Iltl 
I Moment» 
i(?t. Lbs,) 

Abóme Low«»t 
Point of Reel Mmnent» 

XE.t.Lba..)_ 
i? Lamp Box w/Spare Latims 

■....Ai* ilüAii# ..» 

... . 
to apir® Cun Hitt 10 *""" r" 1,1 " ‘ "'"""'"•“"i 

.....- 
21 Bowlin© and Sternfact 15 

1 . ■■ -- 
— 

Track îlïtur® 35 
. .. 

23. -2500..JUj..und.(7*62 mn).. .164.,... 
Ammunition_ 

' l,r|" ,l ... 

24 Tow Cabla Shackle (2) 20 1 ” " 1 ..1 

(Spare) 
»1». . ; 

.25 Track Block» ( Spare )(2) 60 ft 
" “ .. 

T
“ ÎPO
 

Pyrotechnic Box L. 3 
. 

*--—„H 

2? Manual» 20 
^ -1- r r ' .. “"■'l 

40 Tn oT Rot 1___ lool Roll 50 

.29. Electrical' Cable 2.5. 
» -« —.»M. 

* 
— * ~■ - -. ■* 

p0.i Water and Ci» Cañ» ft) 60 ... ... ***"*“" ..-——.I.- 
.». » .. 

J11 M8A2 Gas-Particulate 60 
i Unit .. 
1 

!..-J. 
3* 7u62 mm Machine Cun .........1...:.* i ■ 7.5 

Mount 

..1 __ 4_____ . 
[ Total 82?. j "i 2896.25 f 

' b.35 3.50. 
.....J. u 1 ¡I 
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«GERSOLl KALAMAZOO DIVIS, 
*ORG-WAHNER CORPORATION 

KAIAMAIOO MICHIGAN 

CAICl'IilTIOi'i çy WI0HT3 _ 

I 

...... 

'i Cí 26 
1 

CCHikACi NO; NGbs 4561 __ DATE:.^OctoberJO, 1962 

V’.üIICLl DKíCTtIPTIOH _ 

_1__UÜDIJIG milieu:.( TRACTOD).LVTPX11__ 

RTIiSí TFíAIÍI GROUP 

PÍJUER TRj'iIH ’EIGHTS 

Moments' and Centers cf Gravity 

( Lbs.) 

Station Line \fetor Line 

No, Description Aft of Sta 

. vb) 

! Momenta 
(Ft,Lbs.) 

Above Lovert 
Point of Keel 

(Ft.) 

Moments 
(Ft.Lbs.) 

1. R n ginc }Ja creas o r ie a 1,100.0 18.2 32,760.0 7,020.0* 

.2. Engine Oil (6,5 Gal.) 49.0 18.2 891.8 Jti 131,1 
.... , 

Traaswission (Dry) 1.350.0 18.7 25|24¿.0 1.2 1,620,0 

"152.4 ..A... Trsnnaiccíon Cil (1? Gal.) i "» 'i n 18.7 2,374.9 1.2 
........I. 

X Transfer Drop Box 280,0 16.3 4,5^+.0 2.6 723.0 

Final Drives (2} 300.0 19.2 15,360.0 f .1. c, 0 800,0 

Drive Shaft (Drop-Trans.) 24.0 ]/>.? 490.8 1.3 3U2~ 
. 

a. Drive Shaft (Trans. Final Dr, 74.0 19.2 1,420,8 ..1 e.. . . *L * ^ 96.21 

O ? 
. 

X lîount Aeaenbly (Power Pack) 189.0 IB. 8 3,533.2 415.8 .. 

10. Eng, Exh. System 70.0 20.5 1,435.0 5.7 .399.0 
...... 

ii. Aspiration Air Cleaner l4,o 17.¾ 246.4 3.3 4Ó.2 

12. Radiatora (2) 274,0 18.9 ¿¿78.6 4.B 1,315.2 

ÎJ. Radiator Coolant (14 Gal.) 122.0 18.9 2,305.8 4.8 585. o" 

14, Cooling Vater Lines 4 
Contents 3<j."o 19.2 ; 4.7 169:2” 

...z 

A... Radiator Air Inlet Grilles 
.. ......, 

T2T ” ' ' 70.01 
. 

18.6 1,302.0 6.2 ' 4>„0 " 
...:.;.;.:.:j i.:.:..: 

16, Radiator Air Outlet Grilles .1 

M...... 45.0' 20.9 ] 940T5I 4.8 216.0 
1 



I NGERSOU. KALAMAZOO DIVIS M 
80*G-WMNER COR'POtATION 

K AU MA 100 MICHIGAN 

CALaiUTIONSOT_ WEIßHT 

or7.0 'I 

CONTRACT NO : NObs 45Ó1  ..........DATE : October 30, 1962 

VEHICLE DESCRIPTION_ 

LAUDING VEHICLE (TRACKED) LVTPX1I.. 

POWER TRAIN GROUP 

POliER TRAIN 'WEIGHTS 
1—  * 

Moments and Centers of Gravity 

No, Description Weight 
(Lb®,) 

Station Line Water Line 
Aft of 

Station 0 
.&A. 

Moments 
(Ft.Lbs.) 

Above Lowest 
Point of Keel 

(Ft.) 

Moments 
(Ft.Lbs.) 

17» Coolimt Fans & Mtßß. (2) I5.O 18,4 276,0 5-) 79.5 

18, Controlo (Eng. Corap't.) 15.5 18.3 2831 2.5 38.75 
.- * 

19. " Controls (Crew C oip’t.) 28.0 7.5 210.0 2.5 70.0 

20, Control Tower 15.0 2.2 51.0 3.7. 55.5 
Í ..... 

21,t Drake Pedal 12 „0 .8 ?.6 .M, .. - 1 2Z?2— 

22. Hand Throttle Ï.0 2.5 2.5 4.4 H 4.4 
— 

Accelerator Pedal 1,0 .8 ^ .8 2.7 2.7 

24.1 Mise, Control Items 30.0 7.5 225.0 2,5 75.0 1 

Engine Water 0 Gal,) 25,0 18.,2 455.0 3.9 ...97.5. 

"26. Oil Reservoir (Transí,) 
.... 

12.5 16.3 203.8 0-4.... 5.0" 

27» Oil Rea, Contents (8 Gal,) 60,0 16.3 _978.0 0,4 24.0 
H 

187 Fan Shroud (2) 10,0 18.6 186,0 .. 5..2. .52.O. 
L 

Surge Tank 58,0 19,7 .114.3 5.8 336.4 __ 

Total 5.607.0 101.647.? 15.097,85 
... 10.13 

r 
' 

2.69 

. ...—.1---- -- 
» ... ---- 

L.. ___»._-— —.... 
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, "ERSOU KALAMAZOO DIVÎ5IC 
»OtG-WARNOt COlPOtAftON 

KAUMAIOO, MICHIGAN 

CALCULATION OF VÍEIQHT5 

CONTRACT NO. NOba 4^61 DATE : October 30. 196.2. 

VEHICIjE description.. 

LANDING VEHICLE (TRACKED) LVTPX11 

„„mmicsjipjaL. 

HYDRAULIC COMPONENTS 4 SYSTEM 

No. Description 

1.1.Hyd..Oil Reservoir. 

.2, 

J. 

4. 

lía in Pump Filter 

Main Hydraulic.Pump 

Bilge.Pugg.(Aft.) M 

Fan ’Motor .(2.)._ 

6, 

.7,4^ 

8 

Track Comp. Cyl..(2) 

Comp. Cyí..Acc. (2) 

Bilge. J:>ump..¿will..( 21. 

Ramp Cylinder (2)._ 

¡i 

10. j Air .Damper Cyl, 

11. fHydraulic Oil:. 
A. Reservoir 

B. System.... 

r?:..Piping and Components 

Total 

— 
Momente and Centers of Gravity---- 

Station Line Water Line 

Weight 
(Lbs.) 

Aft of Sta 
0 

(Ft,) 

Moments 
(Ft. Lbs) 

Above Lowest 
Point of Keel 

Momente 
(Ft.Lbs) 

..45. 17.5. ..28.2*1- ....1*0— 2il*0 

15 16.2 _ 567J3.. .._JL*£L.~.* 
105.0 

1..#.. ■ ——j 

.,.J 

56 17.3 ..2.68*8 . 4.7_ 

.40.¡ ~Ta ,y 740,0 ..1.7. 66,0. 

..H ___ 

Í6 18,3 292.8 6,9 . _Mii- 

no 18,0 1.980.0 ..... 2,.3. _ 253.0-.- 

100 ..1M. L 1*200,0 _. . 1*.Q.._ 300.0 

~ 40 15.2 ~6ÕÍ7o . I..1*2.. .—..18,.0— 
n. ..., 

« —---«I 
56 2*5 . 140*0. __——. «---»*«. 

—.84,,0.,. . 

2 17.0 34^0... . ..6,5.. .-....11*0-..,. 
..... ..i.. ..i.i.. . 

■—*- 

200 .17.5 3.500,0 ;..5,.0.. 
„I*.0.00j,0„. 

80 17,0 1,360,0. 4.0.. ...32ÔJ2-— 

40Õ". 17.0 6.800.0 4,0 ..1,600,0.., 

' .. ” • 

libo" ¡19.478.1 -4*408*0 . 
- f8rT.r..x.—— 

16.51 .3..Æ.. 

.. ,.. ......3 

- 

{.. 

! , 

x:.r. j_ ..— .*.. 
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'NGEfiSOU KALAMAZOO DIVb N 
lOltG-WâtNfR CORPORA HON 

KALAMAZOO MICHIGAN 

CIXCULATION OF ’EIGHTS 

CONTRACT HO: NObg 45ÓI 

mUCW DESCRIÏTIQN 

DATE: October ;0, I9Ó2 

UiroiHG VEHICLE CmvCffJ)) 

ELECTRICAL GROUP 

LVTPX11 

ELECTRICAL VEIOHTü 
Í.. 

¿'emento and (.enters of Gravity 

Ho. Description 
Weight 

(Lb. ) 

Station Line Water Line 

Aft of 
Station 0 

Moments 
(Pt.Lbß.) 

Above Lowest 
Poirr^jjf jKee! 

Moments 
(Ft. Lb.) 

-i- .Radio and Amplifier 48.0 1.53 ! 75.|___ 5.37 .257.8. 
--. , — 

. _ 2._ Radio Frame 5.6 1.58 3.3 5.00 2CÕ 

Control. Box 7.0 4.33 30.3 5.25 36.7 
!_. 

,,.Control ,Bqx. .33 15.20 ^.il,2 5 JO 13.55 
r 

. 3,, Antenna 2.0 2.08 4.2 6.25 .12.5.j 
— 

.6.1 Batteries 284.0 16.30 4,629,2 3.22 914.5 

_____ 

Battery Frames 33.9 I6.30 552.6 2.75 ^ 93.2 

-. 
24.1 

- N 
Instrument Panel 1.33 32.1 5.00 120.5 j 

9. 24.6* ’ Compass 7.7 
.. _ 

2.69 20.7 3.19 

IQ.- 

' II." 

Radio Set 20.0 
. 

.,72. 13.0 4.16 "'83.2 

”10.7 
_ ___j 

I-R Viewer 4.20 ,. 44.9 2.60 2 ?."8. 

..j 
3-- 

L. 

Í-R Amplifier 9.9, -(:i. - 6.5 , 5.00 " 49.5 

,,...j 
.13.] I-R Stowage Box 9.6 4.20 ,40.3 2 .'60'. .24.9.1 

f 

p.. Mount Plates - Amplifier 2 * *« i .66 .1 “ 5.53. “1.1™ 

i 15. Ext. Mt. Viewer .9 2.40 2,2 6.42 5.8 j 
! 

16 Int, Mt. & Bracket 2,3 zM 5.5 5.83“ 

tí 

Biljje Pump (Aux. ) 32.0 Í 16,60 1 531.2 ....66”. 
" 21a 

. T J 
1R- Lights - Driving I6.0] 1.66 t 6.16 

.98.6 ; 
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JGERSOU KALAMAZOO DIVIS! ! 
BOBO-WARNfR CORPORATION 

xAL AMA: 00 MICHIGAN 

CALCULATION OF IffilOIJTS 

CONTRACT NOt NOba 4561..... DATE:. October Jp, lg62 

..- VMICLH DESCRIPTION. 

.LfiNDIHG VEHICLE (TRACKED) LVTPX11. 

ELECTRICAL CROUP 

ELECTRICAL HEIGHTS 

Moments and. Centers of Gravity 

No, Description 
Weight 
(Lb.) 

Station Line Water Line 

Aft of Sta.Moments 

(Ft.) l(Ft'lbs) 

Above Lowest 
Point of Keel 

(Ft,) 

Moments 
(Ft.Lbs.) 

. 15.. Hetdlight Mts, & Guards 2.9 1,40 L . . 4.1 . _5,10. 14.8 
.-... 

r 
........ 

20, Otc.p à Tail Lights 6.0 20.8 124,8 4,29 23.7 

tl. Ij 
21. Signal Light 10.3 1.89 19.5 2,92 30.1 

.j 
22. Signal Search Brkt, 1.89 ... 

.. -. 
1.1 5.84 3.5 1 

... _ [......._J j 

22. Bow Light . 1.5 5.00 l. 7.-5. ..7.00. ^ 10 *5 ...-.. 
...... 

24, Stern Light 
......, 

l.o 20.00 20.0 6.6 6.6 
r'".*. . " .“1 . .. 

^25.' Port Light . 2.2 .12.00. 26.4 .-6.50 .. .14,2 
.-.. 

26, Starboard Light 2.2 12.00 26.4 6.50 14.3 

1.79 
. 

,7.2 
.::...::::: 

2?. Compartment Lights 4.0 .. 5.,71 22.8 

. .4 .......j 
28. Compartment Light 0 n 13.59 27.2 6.17 12.3 

' 29. 

h. ■ 

Compartment Lights 4.0 16.2 64,8 6.0 24.0 

3Õ. ' Distribution Box 10.0 18.0 100.0 3.0 5O.O 

.... 1 
31. Alternator 33.0 I9.3O 636.9 .. 4.30.. 141,9 

.:.: .... .. 
32, Elect. Cable & Clamps 

.. 
30.0 10.20 5IO.O 2.50 123,0 

33. Voltage Regulator 8.5, 13.80 I34.3 3»oo 25.5 

34. Horn 
. 
.2,8 i .8.08 

,... 
— 5.8 6,00 16.8 

. 
35. 

J 
Engine Comp. Scavenge 28.3 16.58 i 469.2 5.33 .. 150.8 

I6.54 36. Engine Air Inlet 21.4 353.9 4,.58 ! 98.0 
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ÜER50LL KALAMAZOO DIVISIC 
SOtG WARNER CORPORATION 

KAUMAZOO MICHIGAN 

CALCUUTION OF VffilOUTS 

CONTRACT JiC : HObs 4561 DATEt _ October 30, 1962 

VBHiaiï DESCRIPTION 

. UNDING VEHICLE (TILtCKED) LVTPX11 

EIJiCTRICAL GROUP 

ELECTRICAL WEIGHTS 

j Moreenta and Centers of Gravity 

i Station Line Water Line 

I Ho. Description 
Weight 
(lbs.) 

Aft of Sta 
0 

(Ft.) 

Moments 
(Ft.Lbs.) 

Above Lowest 
Point of Keel 

(Ft.) 

Moments 
(Ft.Lbs.) 

lJ7» Crev Vont 6.63 288.0 1 ' 5.92 257.1 

3ñ. Warning Light .7 2.6 1.82 6.0, 4.2 

Total 752.3 8,988.12 2,859.95 ; 
1 ÏÏ.95 3.80 N. 

rr_____ 
. 
. . 
[..... 
... 
;.. 

.. 

....., 
___ L. _ 

! 
. ' 

. 
. . 

.... 

.... , . _ 

1 
i*___ 
1 

.. . r j -.... ..... 
; ::::.:.' 

-- ' j 

..-.-i 
.. 

___j .. .. . j 
^ 1 

- -. . 1 

..... .4 
...• t .....—t 

j 

..i 
1 j 

...j 1 
.J I 

1 i__ .- -.-.. --- 
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GERSOU KALAMAZOO DIVISK 
BOÍG-WAJtNSK CORPORATION 

KALAMAZOO MICHIGAN 

CALCULATION OF WEIGHTS 

¡4 ocio 

CONTRACT : liOba k$6l 

VEHICLE DESCRIPTION 

DAffi:...„.October 30, 1962 . 

LANDING VEHICLE (TRACKED) LVTPX11 

HYDRAULICS GROUP 

C02 SYSTEM 

No. 

'17 

Ü7 

,7¾ 

>0 

Desorlption 

Portable CQ^. 

C02 Tube, Cablee.A Etc. 

CC? 5 lb. Bottle 

Weight 

(Lbs.) 

. Momente & Center of Gravity 

5¿tion Line..;.j 

21 

1-A 

.23.1). 

Aft of Sta 

.t?Ãà 
4.66 

Moments 
(Ft.Lba.) 

_2Z36. 

1M. 

.15-31 

Discharge Nozzle.(ï) 

Total' 

:ïj: 

J2.J 

..17-¾. 

.lo-ll 

71,51. 

352.13 

22.08 

««ter 

Above Lowest 
Point of Keel 

__U't.) 

J.il 

Ling.. 

Momente 

(Ft.Lba.) 

66,)6 

1-11-....]-^-37.. 

5-29 

..2.,11 

543.¾ 

4.46 

121.6? 

.77 343.; 

'„'235753'' 

. 

:1 
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CONTRACT : NOba 4^61 
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15 Of ¿0 

GERSOU KALAMAZOO DIVISK 
OOBO WMNÍR COtPOBATION 

KAiAMAlOO, MICHIGAN 

CALCULATION OF WEIGHTS 

DATE i Octobw 301 1962. 

VEHICLE DESCRIPTION 

UNDING VEHICLE.(mCKffii) 

HYDR/aJLICS GROUP 

LVTPai 

I 
i 
I 
! 
I 

! 

I 1 

Í 
1' 

FUEL SYSTEM 

Moment 4 Center of Gravity 
Station Line Water Line 

No. Description 
Weight 
(Lba.) 

Aft of 
Station 0 
(Ft) 

Moments 
(Ft.Lbs) 

Above Lowest 
Poiró oj Kee 

Moments 
• (Ft.Lbs) 

I. Fuel Fill (••) 39.04 6.26 244.39 6.25 244.Õ0 

2. Fuel Cell (2) I6.3O 6,02 98.61 4.25 69.62 

. Fuel Filter (1) 2.5 17.75 44.38 3.38 8.45 

.-.j 
25.35 1 4. Water Separator (1) 10,26 136.95 3*38 .. 

. Transfer Tank (l) 11.7 ... . 16,91 .. 197.B5 4,33 50.66 ¡ 
j 

6, Fuel Pump (2) 2.0 6.02 12.04 2.75 .5.50 
1 

_7... Fuel System '15.0 .. 14.9., 
..... ... 

.32::,3 2.0 30.00 ... r 

..... 
... 

Total 94.12 957.72 433.58 j 
i 10.18 4.6I 

.... 

:::::. 
J 

Í . -- 

.! 
r-- -.1 

j 

,_ _______ 

.. . 

. 

", ..1 
.. — 

. 
.1 

-( 

Í . *•'*• • —i 
J 

■- ---- * 
-.< 

. .. ~ ."1 .j :: : d 
..i 

T 

I .H 
.....j 1 

! .i 
...I i i 

.. ‘j 



SERSOLL KALAMAZOO DIVISI* 
BORG-WARNER CORPORATION 

KALAMAZOO MICHIGAN 

.. 

1 
I 
1 
I 
I 
I 
I 
IK I 
I 

LCG 

JXB 

KG 

Kl, 

KB 

BM 

KM 

GM 

MT In. 

CF 

1CF 

Lc 

GZ 

It, 

)¾ c K ¿0 

MflNIIIO?! 0/ SYMBOLS Mi) ABaftmATIONS 

■,'/ I 
* Longitudinal Center of Gravity : 

■ Longitudinal Center of Buoyancy 

* Vertical Center of Gravity above Keel 

> Keel Une 

■ Vertical. Center of Buoyancy above Keel 

■ Trermormi Mctncentric ¡ladius 

' Height of Transverse MeLftcoaUr above Keel 

1 Tranaversc 'Metacentric ; ici gat 

* Moment to Change Trim 1 in. 

Center of Floatation 

Water Plane 

Chine Length 

Righting Am 

I 
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JGERSOIL KALAMAZOO DIVISI 
IO«G WARNE* CORPORATION 

KALAMAZOO, MICHIGAN 

CALCULATION OF WEIGHTS 

CONTRACT NObs 45ÚI date October 31, 1962 

jmh&jm&imm 

LAHDINQ MICI£ (TtUCKED) LVTPX11 

aaajMMaa 
CONDITION 

LIGHT LOAD 

No, Description Weljht 
(Lbn.) 

M«n«nt« fijjtl Cantara of Gravity 

Station Line Water Line 
Aft of 
S ta, 0 
.ÍFt. I 

Hoaœnts 
(Ft.LhH.’i 

Above Lowest 
Point of Keel 

fFt.I 
llocwats 

(Vt T.K<» 'l 

i. Tota,l Grcmrs Welt’Jita 26.183 11.86 310.049.4 2,50 65,440.8 

. 1.253 ..6.02 7.543.1 Í 4.25 * 5.325.3 

X Cr«w 400 .3,50 1,400.0 4.30 ■ 1,720.0 

-A. -i.2a.836. 319.592.5 h 72,4}3¿,1 

5. LCG lS, H r"""... ^ ,,i,|,j"j"T!1 

6. KC Above ii. 2,60 

.... 1 

i--r • 

Hgan Ora|t » 2.62 ft, (Calc,) iüLS-.JEJA Abava KL 
Ja . 

LCB 
ÍM8jLLU5XLM AJta«,..fl.ÜI. 

m. 

10.7¾ Ft. Aft of Stii. Q (Cale. ) 
m 

li 
HAaJiami g V/Q. ft. fDiff. Mtatia a & il 

KH 
'*♦^5 Ft 

Sí».ilWYt M 

■l£ía?..lfel»rt.t «19,^j_¿bu. Ft. QO X M 
^0 Aboye IX 

JL Za HUm 1.845 -Lhá«, Ela.iLJLtl. ). 
ÜaJ.a.ííLJi..OI.1.Hl 

i£:ÜLigfeik,I-JfLiZ.,!.. ÍLLx lil.g.La» al 

16. 
âLjùâÆ-M*.M.t jai.S.UU...G üdiliuj 

.rila acilft =1 .0420(3 

Drafts: 
a. l^L I 28,38In. 
b, Alt. 
c, M*.#n 

38.94 In. 

17. üLjim&íi&Sl SMm ara a lili OÍ ata. J.a. -Ita.¿JjüilAiáfcl. 
ItL Í..CB Ft. -of cgn.tr;)id íua. í&ãíA. 
19. .ength WF -lili..(Cal1'- ■.) 

1 
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JGERSOLL KALAMAZOO OlVISl 
BORG-WARNER CORPORATION 

XALAMA2GÇ MICHIGAN 

C.U.CUL.vTiON OF WEIGHTS, 

COHTHTiCT HQbs 4561 DATE October 31» 19^2 

VKHICU DESCRIPTION 

LijfjiuG viiiicus ¿mcmj] lvtpxu 

GliOUP Sy WAR Y 

cnwiTiow 

S'.Tui i,.OAD (Troops) 

MO'. Description 

u • 

Weight 
(Lbs.) 

Moment* and Centeia of Gravity 

Station Line Water Line 
Mt of 
3 ta. 0 
(Ft.) 

Moraenta 
(Ft. Lb a..).. 

Above Lovent 
Point of Keel 

(Ft.). 

Moment i» 

m.. hïuuL 

1. Total Croup Weights “2W i " 11.3¿' 310,649.4 2.5O ¿5,7*40.6 

2. Fuel 7..253 .¿.or' .7^3,r .ï. 25 .3t,2g¿a 

3. Crew 400 3.30. 1,400.0 4.3O 1,720.0 

4 , Fall Car 140 - 29 Troop» 
At 21Ö# each ei,090 10.00. 60,900.0 2,80 

•i. Total Wsi¿hLB 33.926 380,492,5.. .jâ£àã. 

6. LCG 11.22 '• 

7. KG Ab 01« KL ' 1 2,64 

. 

. 

a. 

2a. 
IQ. 

Mgaitt Draft - 3.25 Ft. (Calc.) K.B lâlïix- Above K^., 
,LCC g 11.22 Ft. Aft o£ St-d„ {) (ft) m 
LOB - 10,7511:. Aft ot Sta. 0 (C,ac.) KJ-I 

mméufm Ft, 

vjort, Above Kju 

¿¿EHZ. \h- 

Lit- 
LIl. 
LA. 

Itla kiYiE ¿2 £Ju m¿L hilMftaa.3.a.lai. nc 

liiäLBäflSilL !C .iba..Il».ill.a..II. CM 

XL la.=. -■is9°. r.v,J.c4 

mz 

Tilín (In.) « 9.44 g;; ÿ 13) 

Lku. 

Ti'lin 'Ia ...¿¿I _ -HaZ»-2Q^ » Im. al, —i022I2. 

L7. 
CF g, I0.6C Ft, Ait. _Q_iitlfaJ- 
Dxaft«: 

JM. , - La, 
Ü. Aft c ^9»13ln. 

C. Ha ï ¿Z * 

.B. Centroid of prajactiad chine. ,itea aft of ata. 0 

JL 
!,0. 

\£l -LL. 

JÜ¡u-J£JÚ£*1. 

Unith Wp « 2A9.I2 in. (eau;.,! 
ZüL cantxaid.LX.Lie ), J&tlCufcl- 



CONTRACT Nöba 436I 

'GfRSOlL KALAMAZOO DIVIS» 
«ORO WARNER CORPORATION 

KALAMAZOO MICHIGAN 

CALCULAT!ÛM OF WEIGHTS 

VEHICLE DISCSIFTIOg 

IS or 20*"v. 

DATE October JL, 1962 

LAUDING VEHICLE (TRACKED) LVTPX11 

GROUP SUMMARY 
....Wirt—I—¿>Mllli»W>. 

CONDITIOW 

PULL. LOAD 

Ho. Deccriptlon 

..... 

WeIfht 
(Lbs.) 

............*.... 
Momectts and Centers of Gravity 

Station Line Water Lint 
AFt of 
8 ta. 0 
(Ft.) 

Moment» 
(Ft.Lb®.) 

Above Lowest 
Point of Keel 

(Ft.) 
Moments 

1. Tot«! Ora«» Vieií.htR 26.183 11.86 .310.649.4 .2,50 . 65.440.8 

2. Fuel 1.253 r 6.02 7.543,1 4,25 5,325,3 

3t Crew 400 .3,50. 1.400.0 4,30 1.720,0 

4. Full €11130 8,000 9.00 72,000.0 2.44 19,520.0 

35.836 391.592.5 92.OO6.I 
■, '' 

8. iCG 10,93 

7, KG Above KL. 2.57 

Mean Prüft » 3*^0 Ft. (Culc.) M = .fir Above M 
9¿_ 
0¡_ 

ILL. 

LGC - 10.93 Ft. Aft of C (6) 

-.10 .ZlEL-ili .2LM£,.L 

SM » 3.32 Ft. 

.¾. üteJL 

2^ 

i- 
ÏJk_ 

JL 

lÜ&Jt&mLa ilâ.KL.¿BULL..Mttaia 
JüLifl-teaai 6r^° LtiB., 

UULÛL ^■¡sJA.n 
¿1 CM « 2, 

Atol .ILL. 
HL 

ML.la«.!l!.b291.LM..El..jÇCjIílJl 

Ixia. iBukl.g. XIA il IQ) aJLtt ûf LliJii angla » .013^7 

jL. 
7. 

çy ? LíLÜIL áíL-aLltoJLi£Atol 
Drafts; 

-FMd,.a... Ojia» 
b. Aft c ^2,W In, 

Ç7 ' Me"aQ.""»i" CT. 
8. 

19, 
Centroid of prajacted chin* .trea aft of st«i. 0 J!!.»...LCils,,»..). 

LCS JtL ■ l» »«Mil'ym .of uäsiXXßld OLLcl fCiilc. ) 
!0. Unatl;»31..,..251.5 la. (U1.C.1 
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B0R6-WARNER 

INGIRSOLL KALAMAZOO DIVISION 
BORG-WARNER CORPORATION 2-1 

2.0 MODEL TESTS 

Initial tests of the one-fourth (1/4) scale self-propelled model indicated a 

need to increase the propulsion efficiency of the track and to reduce hull drag. 

Necessary changes were made and a new series of tests was scheduled for 

23 November 1962. 

A final report covering the tests will be prepared and delivered by 

1 January 1963, 
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I INGERSOLL KALAMAZOO DIVISIOH 
BORG-WARNER CORPORATION 

BORG-WMNER 

3.°. PERFORMANCE ANALYSIS 

3.1. Performance Specifications. (Ref. BuShips Contract Specification SHIPS- 

A-4159). 

1 
1 
I 

Design Maximum Gross Vehicle Weight 35,000 Lb 

Design Unit Rolling Resistance: 

Cross-Country and All Grades 140 Lb/Ton 

Hard Level Surface 100 Lb/Ton 

Design Speeds: 

Land Forward: 

Hard Level Surface 40 MPH 

Cross-Country 20 MPH 

Minimum Sustained 2.5-5 MPH 

Land Reverse: Maximum not less than 5 MPH 

Water Forward: 

Maximum Attainable with Land 

Locomotion System 7 MPH (Target) 

Water Astern 4 MPH 

Braking Ability: 

Stop and Hold On 70% Grade 
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BORG-WARNER 

INGERSOLL KALAMAZOO DIVISION 
BORG-WARNER corporation 

3-2 

Gradability: 

Maximum Slope Forward or Reverse 

(From Standing Start to two MPH in 

Forward Gear) 

Maximum Side Slope 

Stability: 

Water - Fully Loaded 

Surfability - Fully Loaded 

Land - Fully Loaded 

Trench - Crossing Ability 

Vertical - Obstacle Ability 

Endurance Limit: 

Land 

Water 

Design Ambient Temperature Range 

Design Performance Temperature 

Design Operating Life: 

Land Operation (80%) 

Water Operation (20%) 

Total Life Between Overhauls 

70% 

60% 

100° Roll to P/S 

10 Ft Plunging Surf 

90° Turn On 60% Side Slope 

8 Ft Wide and 4 Ft Deep 

3 Ft High 

300 Miles at 25 MPH 

6 Hr at Maximum Speed 
(whichever is greater) 

-40°F to 125°F 

80°F 

800 Hr 

200 Hr 

1,000 Hr 
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INGERSOLL KALAMAZOO DIVISION 
BORG-WARNER CORPORATION 

B0RG4ÍARNER 

3.2. Power Reqairements . 

3.2.1. Power Requirements - Land Operation. 

3.2.1.1. Required Tractive Effort. In order to establish vehicle power and torque 

levels required to provide satisfactory performance, the vehicle rolling 

resistance and required tractive effort are analyzed. To insure satisfactory 

performance under all operating conditions, and establish conservative 

design stress levels throughout the power train, a maximum tractive effort 

to weight ratio of one (TE/W = 1.0) is used in preliminary determination of 

required ratio coverage. Also, in estimating vehicle performance, a unit 

rolling resistance of 140 pounds per ton is used for gradability calculations, 

and an average unit rolling resistance of 100 pounds per ton in all general 

performance calculations. It is assumed that the unit rolling resistance is 

constant at all speeds and includes final drive and track losses. 

The required tractive effort, TE, for a vehicle is the summation of its 

rolling resistance (Fj^) plus grade resistance (Fq^) • 

TE = frr + fgr 

The rolling resistance is the product of the gross vehicle weight (W) times 

the coefficient of unit rolling resistance (f) times Cos 6, where 0 is the 

grade angle in degrees, 

Err = W • f • Cos 6 
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BORG-WARNER 

INGiRSOU KALAMAZOO DIVISION 
BORG-WARNER CORPORATION 

3-4 

As a simplification in calculations, it is general practice to neglect the 

effect of the grade angle. The equation then becomes: 

FRR=W-£ 

The grade resistance is the product of gross vehicle weight times Sin 0, 

where 9 is the grade angle in degrees. 

FGR = w ’ Sin 6 

Then, total required tractive effort for any condition is found by the for¬ 

mula, 

TE = Wf + W Sin 0 = W (F + Sin 0) 

For level ground, or zero slope, operation, the equation is simply: 

TE = Wf 

When the coefficient of rolling resistance is, 

f = 100 ib- - —1.Û.Û— = 0.050 (Hard level surface) 
ton 2,000 

TE = 35,000 X 0.050 = 1,750 lb 

The required tractive effort to negotiate a 70 percent forward slope with 

unit rolling resistance of 140 pounds per ton is calculated as: 

Grade Angle , 9 = 35°; Sin 0 = 0.5736; f = 140 Ik ±40 =0 07 
ton 2,000 

TE = (35,000 X 0.07) + (35,000 x 0.5736) = 22,550 lb 
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In the tabulation below the required tractive effort for other grades is listed. 

REQUIRED TRACTIVE EFFORT 

Rolling Resistance Grade - % Tractive Effort - Lb 
Lb/Ton 

100 
140 
140 
140 
140 
140 
140 
140 
140 
140 

0 
0 
3 

10 
20 
30 
40 
50 
60 
70 

1,750 
2,450 
3,500 
5,940 
9,320 

12,510 
15,450 
18,100 
20,460 
22,550 

During acceleration the tractive effort required has to overcome not only the 

rolling resistance F^^ and grade resistance Fq^ but also the inertia resis¬ 

tance of the vehicle F^. Assuming that the acceleration, a, is constant, 

the inertia resistance is: 

W Fir = m X a = —- a 

and the total tractive effort, TE^, required during acceleration is then: 

tea = frr + FGR + fir 

= Wf + W Sin 8 + a 

w 
TEA = te + -g- a 

Where: m is the mass of the vehicle and g the gravity acceleration. 
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To accelerate the vehicle on a 70 percent grade from zero to two mph within 

a distance of 15 feet an acceleration a = 0,29 ft/sec is required, as proved 

in the calculations below: 

V2 
S=H 

From which follows: 

V2 
2s 

Where s = 15 feet is the distance through which the vehicle is accelerated to 

the velocity V = 2 mph = 2.94 ft/sec . 

,2 2.94 8.64 
2x15 30 

a = 0.29 ft/sec2 

The time for accelerating the vehicle is: 

V 2.94 
t = a .29 

t = 10.14 sec 

The required tractive effort is then: 

TEA = 22,550 + 35,000 

TEa = 22,550 + 315 

TEa = 22,865 Lb 

0,291 
32.2 

3.2 . 1.2. Required Tractive Horsepower. 

The tractive horsepower required at speed V in mph on any grade can be 

calculated as: 
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HP - ..Y..2L-IE,, 
375 

Where TE is the tractive effort required in pounds. 

The required tractive horsepower has to be calculated for the different opera¬ 

ting conditions, so that the proper engine selection can be made later on. 

3.2.1,2.1. 40 MPH on Hard Level Surface. 

Assuming a 100 pounds per ton rolling resistance, the tractive effort for 

zero slope is : 

TE0 = 1,750 Lb 

The required tractive horsepower for V = 40 mph is then: 

hp40 = -1Q...1UJ5P, 
375 

HP40 = 186.7 

3.2.1.2.2. 20 MPH - Cross-Country Operation. 

It is assumed that the required average tractive effort for cross-country 

operation is equivalent to the tractive effort required for a three percent 

grade: 

TE3 = 3,500 Lb 

The required tractive horsepower is: 

„„ 20 x 3,500 
= 375- 

HPZ0 = 186.7 
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3.2.1.2.3. Two MPH on 70 Percent Grade. 

To maintain a vehicle speed of two mph on a 70 percent grade, TE?0 --= 

22,550 Lb, the tractive horsepower required is: 

HP 2.0 X 22,550 
2.0 375 

HP 2.0 120 

3-8 

3'2'1'3' Power Tratn Efficiencies. 

In order to preliminarily establish required engine ratings and transmission 

ratios, an over-all power train efficiency has to be estimated. A prelimin¬ 

ary power train £or the LVTPX11 is considered to consist, basically, „£ the 

following units: 

A. Compression-Ignition Engine 

B. Transfer Gearbox 

C. Steering Transmission 

D. Final Drives 

E. Track and Sprocket System 

Tor preliminary calculations, the losses due to these components are 

estimated below. It is assumed here that the over-all efficiency includes 

engine accessory and auxiliary accessory losses. 

^•^■p3.1. Engine and Accessory Losses. 

Here, the standard engine accessory losses are considered to include water 

pump, generator, air cleaner and muffler losses. Experience has shown 
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that these losses average from six to ten percent of engine gross horsepower. 

The value of eight percent is assumed here for all preliminary performance 

estimates. 

3.2.1. 3.2 . Hydraulic Accessory Loss. 

It is assumed that for the preliminary power level and performance calcula¬ 

tions, the hydraulic accessory loss can be expressed in percent of gross 

engine rating and is estimated to be 12 percent. 

3'2.1.3.3. Transfer Gearbox Efficiency. 

The efficiency of the transfer gearbox is estimated to be 95.5 percent. 

3.2.1.3.4. Transmission Efficiency. 

Based on experience with transmissions similar to the one required for the 

LVTPX11 vehicle, the expected transmission over-all mechanical efficiency 

is estimated at 90 percent. 

3.2 . 1.3.5 . Final Drive Efficiency . 

The expected efficiency of a typical final drive of the type required is 

estimated to be 96 percent. 

3.2.1.3.6. Track and Sprocket Efficiency. 

The efficiency of the track and sprocket combination is estimated at 95 per¬ 

cent. 
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3.2.1.3.7. Over-all Power Train Efficiency. 

The final drive efficiency and the track and sprocket efficiency are included 

in the rolling resistance of 100 pounds per ton and 140 pounds per ton 

respectively and, therefore, they are not considered for establishing the 

over-all efficiency. For preliminary estimates of vehicle power require¬ 

ments the over-all train efficiency is 69.6 percent, as the following calcu¬ 

lation shows: 

Engine 92% 

Hydraulic Accessories 88% 

Transfer Gearbox 95.5% 

Transmission 90% 

Over-all Efficiency: 69.6% 

(.92) (.88) (.955) (.90) .696 

This is straight mechanical efficiency and does not include torque con¬ 

verter efficiency, which varies with the converter speed ratio. 

3.2.1.4. Required Prime Mover Output Power. 

On the basis of the foregoing values, the required engine gross output 

brake horsepower is calculated for the same operating conditions as in 

3.2.1.2. 

3.2.1.4, 1. 40 MPH on Hard Level Surface . 

For the maximum speed condition of 40 mph it is assumed that the torque 
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converter is in coupling phase or lock-up and the engine is running close to 

or at governor speed. The gross engine brake horsepower required is then: 

HP 
EN = 

186.7 
. 696 

HPen = 268.3 BHP 

3.2,1,4.2. 20 MPH - Cross-Country Operation. 

For the calculation of the brake horsepower to meet the 20 mph condition it 

is assumed that the torque converter speed ratio is .7 and the converter 

efficiency is 85 percent, The required gross brake horsepower is: 

_ 186.7 
HPEN - .696 X .85 

HP = 315.6 BHP 
EN 

Assuming that the engine is running at 90 percent governor speed, an engine 

rated at 320 to 330 brake horsepower is necessary to meet this condition. 

3.2.^4.3. Two MPH on 70 Percent Grade . 

The required engine gross output brake horsepower to provide a vehicle 

speed of two mph on a 70 percent grade is estimated at: 

... 120 
HPEN " .696 X (.70) 

HPen == 246.3 BHP 

In the above formula, the value of .70 is the torque converter efficiency. 

The engine is pulled down by the load and running at approximately 75 to 

80 percent of its rated speed. An engine with a rated output of approximately 
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300 to 310 brake horsepower would be capable of delivering the required 

246,3 brake horsepower. From a review of available engines in the 

nominal 300 brake horsepower class, it is seen that the characteristics 

of an engine such as the Cummins V8-300 or V8-315 may be utilized for 

further analysis . 

3.2.1.5. Power Train Ratios . 

To establish a basis for evaluating vehicle performance and the suitability 

of possible transmissions, the optimum required over-all mechanical 

gearing ratios are calculated using a tentative engine selection and 

estimated power train efficiency. 

Assumed Engine Characteristics: (See Par. 3.2.1.4.) 

Gross Horsepower, Maximum 310 HP 

Rated Engine Speed 3000 RPM 

Torque at Rated Speed 542 Lb-Ft 

Maximum Torque Gross (Assuming 

12 percent torque backup) 607 Lb-Ft 

Maximum Torque Net 510 Lb-Ft 

Sprocket Pitch Diameter: 21.3 In. 

Over-all Efficiency (See 3,2.1.3) 69.6% 

3.2.1.5.1. High Range Over-all Ratio. 

The minimum required over-all mechanical gearing ratio, engine to 
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sprocket, is found to meet the maximum speed specification of 40 mph. 

Sprocket RPM at 40 MPH = = 630 RPM 

Over-all High Gear Ratio = = 4. 76:1,0 Reduction 

Assuming a torque converter speed ratio of 0.96 (4 percent 

Slip), Over-all Ratio =--- = 4.58:1.0 Reduction 

3'2.1.5.2. Low Range Over-all Ratio. 

The maximum required over-all mechanical gearing ratio, engine to 

sprocket is found on the basis of a tractive effort to weight ratio of one 

(TE/W = 1.0). 

Maximum Tractive Effort Required = 35,000 Pounds 

Maximum Total Sprocket Torque = (35,00Q) (31,3) _ 31 _ 100 
12 (2} 

Lb-Ft 

Over-all Low Gear Ratio = .Max™uni Sprocket Torque_ 
(Maximum Engine Torque) (Efficiency) 

_ 31,100 
~ 607 (O.696J = 73 Reduction 

3-2.1.5.3. Final Drive Ratio. 

Preliminary design study indicates that a final drive ratio of approximately 

3,0:1.0 reduction may be used. 

3.2.1.5.4, Transmission Ratios, 

High Range: 

Over-all Ratio = 4.58:1.0 
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Final Drive Ratio 

High Gear Ratio 

Low Range: 

Over-all Ratio 

Final Drive Ratio 

With Assumed Torque Converter Stall 

Ratio 

Low Gear Ratio 
73.61 
(3.0) (3.5) 

= 7.0:1.0 

3.0:1.0 

4.58 .. 
3.0 

= 73.61:1 

= 3.0:1.0 

= 3.5:1.0 

With Torque Converter Stall Ratio = 2.8:1.0 , 

Low Gear Ratio = 
73.61 = 8.76:1.0 
(3.0) (2.8) 

With a Torque Converter Stall Ratio = 2.5:1.0, 

73.61 
Low Gear Ratio = 

(3.0)(2.5) 
= 9.82:1.0 

1.53:1.0 

.0 
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3.2.2. Power Requirements - Water. 

Information on power requirements for water operation will be issued as an 

addendum to this report on or about 1 January 1963. 

3.3. Available Power. 

With the foregoing calculations as a basis, a firm selection of actual power 

train hardware and its arrangement is made. The final power train com¬ 

ponents are: 

Prime Mover One Cummins V8-315 Compres¬ 
sion-Ignition Engine 309 BHP at 
3,000 RFM;593 Lb-Ft at 2,150 
RPM (80°F , Sea Level) 

Transfer Gearbox 

T ransmission 

Borg-Warner 
Spur Gear 
Ratio 1:1 

Allison XTG-250-2 with Remote 
Input and Concentric Output 

Over-All Mechanical Gear Ratios 

Range XTG-250 Transmission 

1st 4. 18 X 1.478 X 1,44 = 8.921 

2nd 4.18 X 1.00 x 1.44 = 6.036 

3rd 2.24 x 1.00 x 1.44 = 3.234 

4th 1.00 x 1.00 x 1.44 = 1.44 

Reverse 2.24 x 2.095 x 1.44 = 6.776 

Power Train 

29.44 

19.92 

10.67 

4.75 

22.36 

Torque Converter TC-370 

Stall Torque Ratio 2.55:1 
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Final Drive 

Sprocket 

Two Borg-Warner 
Spur Gears 
Ratio 3,3:1 (Reduction) 

Rear Drive 
Pitch Dia - ZI, 3 inches 

3.3,1. Prime Mover Performance. 

The powerplant with characteristics and performance indicated to be most 

favorable for powering the LVTPX11 is the Cummins Model VINE V8-315 

Compression-Ignition Engine, manufactured by the Cummins Engine Com¬ 

pany, Inc. , Columbus, Indiana. The gross performance, corrected to 

80°F and sea level, of the Cummins V8-315 engine is shown in figure 3-1. 

In establishing these performance curves the following losses were con¬ 

sidered: 

Air Cleaner Loss 

Water Pump Loss 

Oil Pump Loss 

1-inch Hg Exhaust Loss 

10-inch H2O Inlet Loss 

In order to properly evaluate the Cummins V8-315 engine for the LVTPX11 

installation, the additional auxiliary and accessory losses must be considered 

in determining the available transmission input power. 
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3.3.1.1. Accessory Losses . 

The LVTPX11 is equipped with three accessory systems: 

A. The Electrical System. 

The electrical system is powered by 24-volt batteries. The charg¬ 

ing of the batteries is done by an alternator which is driven off 

the engine using a speed-up-drive of 3.333 to 1 ratio. For average 

operating conditions, the load on the alternator is estimated to be 

64 percent (equal to 80 amperes) of its full load capacity of 125 

amperes. The power absorption of the alternator for this load 

condition is shown in the tabulation below, The values shown 

were obtained from the curve in figure 3-2. 

Engine Alternator 
RPM RPM_HP-Input 

1400 4668 6.1 
1800 6000 6.5 
2200 7334 7.1 
2600 8667 7.8 
3000 10000 8.6 

B . The Hydraulic Accessory System. 

The hydraulic components are fed by the hydraulic pump which 

is driven off the transfer gearbox. The ratio between pump rpm 

and engine rpm is a 1.25 to 1 reduction. The maximum horse¬ 

power input to the hydraulic pump is calculated below for the 

flow requirements of the components: 
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1. Cooling Fan Motor. 

The installation has two cooling fans. Each fan absorbs 

eight horsepower according to estimates of the cooling 

requirements. Each hydraulic motor requires a flow of 

5.62 gpm to produce eight horsepower at 2100 rpm. These 

data were obtained from manufacturer's graphs. 

2 . Bilge Pump Motors. 

The vehicle is equipped with four bilge pumps, each driven 

by a separate motor. They are equipped with a load-sensing 

device, which will throttle back the flow under no-load or 

land operation. 

3. Bilge Pump Requirements: 

No-Load Condition (Land Operation) 0.6 GPM 

Full Load Condition (Water Operation) 2.6 GPM 

4. Total Flow Requirements of Pump: 

a. Land Operation 

GPM = 2x5.62 + 4x0.6 

GPM = 13.64 

b. Water Operation 

GPM = 2 X 5.62 + 4 X 2.6 

GPM = 21.64 
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5. Maximum HP-Input to Main Hydraulic Pump: 

TTT-j _ GPM X PSI „ 1 
1714 m 

System Pressure: 3000 PSI 

Pump Efficiency: 7| = 95% 

a. Land Operation 

HP = 13.60 X 3000 
1714 X .95 

HP = 25 

b. Water Operation 

21.64 X 3000 
HP 

1714 X .95 

I 
I 
II I 
1 
I 

HP = 40 

6. The hydraulic pump is pressure compensated. Its maximum 

horsepower input at different engine speeds is plotted in 

figure 3-3. From the curve in figure 3-3 it can be seen that: 

a. For land operation the horsepower input of 25 is 

obtained at an engine speed of 1350 rpm and is then 

constant up to an engine speed of 3000 rpm. 

b. For water operation the horsepower input varies 

with engine speed and reaches the required input of 

40 horsepower at an engine speed of 2100 rpm and 

is then constant up to an engine speed of 3000 rpm. 
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The horsepower values for other engine speeds are 

listed below. 

Engine Main Pump 
RPM RPM_HP-Input 

1400 
1800 
2100 
2200 
2600 
3000 

1120 27 
1440 34 
1680 40 
1760 40 
2080 40 
2400 40 

C . Lube System . 

The transmission lube system is part of the transmission 

installation. The horsepower absorbed by this system was con¬ 

sidered by Allison in preparing the transmission output curves. 

The lube system for the transfer gearbox is fed by a pump 

which is driven off the transfer gearbox. This pump absorbs 

a constant two horsepower over the whole speed range of the 

engine . 

3.3.1.2. Available Horsepower and Torque at Transmission Input. 

To obtain the available horsepower at the transmission input, the above 

determined accessory losses and the transfer gearbox loss of four percent 

must be subtracted from the engine gross performance. This is done in 

table 3-1. The resulting curves are plotted in figure 3-4. 
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Table 3-1. Accessory Loss Summary 

I 
Engine 

RPM Net HP 

Accessory Losses 

Alterna¬ 

tor HP 

Mam 

Pump 

HP 

Booster 

Pump HP 

Drop 

Gear 

Loss 

HP 

LAND OPERATION 

1400 
1800 
2200 
2600 
3000 

144 
200 
248 
283 
309 

6.1 
6.5 
7.1 
7.8 
8.6 

25 
25 
25 
25 
25 

5.7 
8.0 
9.9 

11.3 
12.4 

Sum of 

All 

Losses 

HP 

38.8 
41,5 
44.0 
46.1 
48.0 

Transmission 

Input Available 

1 Torque 

HP Lb-Ft 

105.2 
158.5 
204.0 
236.9 
261.0 

394 
463 
497 
480 
457 

WATER OPERATION 

1400 
1800 
2100 
2200 
2600 
3000 

144 
200 
240 
248 
283 
309 

6.1 
6.5 
7.0 
7.1 
7.8 
8.6 

27 
34 
40 
40 
40 
40 

5.7 
8.0 
9.6 
9.9 

11.3 
12.4 

40,8 
50.5 
58.6 
59.0 
61.1 
63,0 

103,2 
149.5 
181.4 
189.0 
221.9 
246.0 

387 
437 
454 
451 
448 
431 
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3.3,2. Available Transmission Output. 

The actual numerical efficiencies of the XTG-250 transmission are not dis¬ 

closed by Allison. Rather, given a net engine performance curve, they 

prepare transmission output performance curves including all transmission 

losses and giving net output performance. By using values obtained from 

figure 3-4, horsepower and torque available at transmission input, the trans¬ 

mission performance curves, figures 3-5 and 3-6 were prepared by Allison. 

3.4. Vehicle Performance Prediction. 

3.4.1. Vehicle Land Performance. 

As is general practice, for all final calculations of land performance, the 

track and sprocketplus final drive losses are considered to be included in 

the rolling resistance values of 100 pounds per ton on hard, level surface 

and 140 pounds per ton on all grades, respectively. The precise final 

drive ratio of 3,3 to 1, to be used with the XTG-250 transmission is estab¬ 

lished so as to meet the maximum speed specification of 40 mph, as calcu¬ 

lated below; 

Sprocket RPM (Nspa) at 40 MPH: 

N_ (5280 X 12) 40 
SPR =(7fx 21, 3) 60 

■^SPR ^ 6^0 RPM 
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Maximum Transmission Output Speed (Ntr), with Converter Locked: 

Ntr = 2080 RPM 

Final Drive Ratio (M): 

Nr 
M 

TR 20 80 

NSPR 630 

M = 3.30:1 

3.4.1,1. Tractive Effort and Gradability. 

3.4.1.1.1. The land performance is calculated from the Allsion power train output 

curves noted in paragraph 3.3,2. above. The tractive effort is obtained with 

the following formula: 

T X M X 24 
TE = D 

Where T is the output torque, in pound-feet, M is the final drive 

ratio, and D is the pitch diameter of the sprocket, in inches. 

M = 3,30:1 

D = 21.3 inches 

T 3.3 X 24 
TE 21.3 

TE = 3.72 T pounds 

3.4, 1. 1,2 . Vehicle speed is obtained from the formula: 

N X TT X D X 60 y = ______ 

Where N is the power train output speed. 
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V = N 7Tx2.13x60 
5,280 X 12 X 3.3 

V = N = .019 N MPH 
52. 10 

3,4.1.1.3. The result of these computations (table 3-2) is shown in figure 3-7 . 

This is the full throttle performance with unit rolling resistance of 100 

pounds per ton for hard level terrain and 140 pounds per ton for all grades. 

3.4.1.2. Vehicle Land Stability - Ninety Degree Turn on 60 Percent Slope. 

3.4,1.2.1. The stability of a vehicle negotiating a slope is determined by the 

moments due to height and acceleration around the assumed tipping point. 

In practice, the moments due to acceleration are neglected and stability 

is determined for static condition only. Therefore it is only necessary to 

know the location of the center of gravity of the vehicle to determine the 

stability margin. 

3.4.1.2.2, The relationship of the center of gravity to the centerline of the road- 

track wheels tipping point is 5,68 feet in the vehicle side elevation, figure 

3-8. In the end view of the vehicle, the center of gravity is 5 feet 3 inches 

to the outermost point of the road track tipping point; therefore, the stability 

is less in this transverse plane, due to the shorter ground contact base. 
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Table 3-2. Vehicle Performance - Power Train 

Transmission Output 

Speed Torque 
RPM Lb-Ft 

Engine 

Speed 
RPM 

Final Drive Output 

Speed 
RPM 

TõtãT 
Torque 
Effort 
Lbs 

Speed 
MPH 

FIRST GEAR 

Horse* 
power 

0 
54 
80 

110 
150 
197 
255 
280 

10,854 
9,000 
8,000 
7,000 
6,000 
5,000 
3,770 
3,670 

2,157 

2,320 

3,000 

0 
16.4 
24.2 
33.35 
45.5 
59.6 
77.4 
84.9 

35.800 
29,650 
26,400 
23,100 
19.800 
16,500 
12,420 
12,040 

40,400 
33,500 
29,800 
26,000 
22,300 
18,600 
14,000 
13,650 

0 
1.025 
1,52 
2,09 
2.85 
3,74 
4.85 
5.32 

0 
92,5 

121.6 
146.2 
171.1 
187.2 
182.6 
196,5 

FIRST GEAR LOCKUP 

200 
240 
305 
340 

3,840 
4,100 
3,900 
3,650 

2,200 

3,000 

60,6 
72,7 
92.5 

103, 

12,680 
13,500 
12,880 
12,040 

14,300 
15,250 
14,500 
13,600 

3.80 
4,56 
5.8 
6.46 

146.2 
187.2 
227, 
236. 

SECOND GEAR 

0 
70 
80 

149 
225 
324 
380 
415 

7,350 
6,200 
6,000 
5,000 
4,000 
3,000 
2,530 
2,470 

2,157 

3,000 

0 
21.2 
24,22 
45.1 
68.3 
98.3 

115. 
126, 

24.200 
20,450 
19,800 
16,500 
13.200 
9,900 
8,350 
8,090 

27,360 
23,000 
22,300 
18,600 
14,900 
11,150 
9,410 
9,190 

0 
1.33 
1.52 
2.83 
4.28 
6.16 
7.23 
7.89 

0 
82.6 
91,4 

142, 
171.4 
185. 
183. 
195.2 

SECOND GEAR LOCKUP 

318 
366 
435 
495 

2,650 
2,750 
2,650 
2,480 

2,200 

3,000 

96.5 
111. 
132. 
150. 

8,420 
9,090 
8,420 
8,090 

9,860 
10,250 
9,860 
9,230 

6,05 
6.95 
8.27 
9.41 

160.4 
191. 
219. 
234. 
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Table 3-2. Vehicle Performance - Power Train (Continued) 

Transmission Output 

Speed 
RPM 

Torque 
Lb-Ft 

Engine 

Speed 
RPM 

Final Drive Output 

Speed 
RPM 

Total 
Torque 
Lb-Ft 

Total 
Torque 
Effort 
Lbs 

Speed 
MPH 

Horse¬ 
power 

THIRD GEAR 

0 
196 
310 
360 
450 
640 
700 
760 

3,930 
3,000 
2.500 
2,300 
2,000 
1.500 
1,350 
1,325 

2,157 

2,320 

3,000 

0 
59.4 
94. 

109. 
136.3 
194. 
212. 
230. 

12,960 
9,900 
8,250 
7.600 
6.600 
4,950 
4,460 
4,290 

14,600 
11,140 
9,300 
8,550 
7,440 
5,590 
5,020 
4,840 

0 
3,72 
5.9 
6.85 
8.55 

12.15 
13.3 
14.41 

0 
112. 
147.4 
157.5 
171. 
182.4 
179.5 
191.5 

THIRD GEAR LOCKUP 

550 
660 
700 
928 

1,350 
1,450 
1,460 
1,305 

2,200 

3,000 

166,7 
200. 
212, 
281, 

FOURTH GEAR 

4,460 j 5,020 
4,790 5,400 
4,820 j 5,440 
4,290 4,910 

10.44 
12.52 
13.3 
17.6 

141. 
182. 
194. 
230.5 

0 
200 
400 
710 
800 

1200 
1600 
1750 

1,760 
1,570 
1,380 
1,100 
1,020 

780 
580 
556 

2,157 

2,320 

3,000 

0 
60.5 

121. 
212. 
242.5 
364. 
485. 
530. 

5,810 
5,190 
4,550 
3,630 
3,360 
2,575 
1,913 
1,615 

6,550 
5,840 
5,140 
4,100 
3,800 
2,900 
2,160 
2,066 

0 
3.8 
7.6 

13.46 
15.2 
22.8 
30.4 
33.24 

0 
59.8 

105. 
148.6 
155. 
178. 
176.7 
185.1 

FOURTH GEAR LOCKUP 

1245 
1550 
1800 
2078 

600 
650 2,200 
600 
560 3,000 

377. 
470. 
545. 
630. 

1,980 
2,142 
1,980 
1,850 

2,230 
2,420 
2,230 
2,080 

23.65 
29.45 
34.2 
39.9 

142,1 
192. 
205,6 
223. 
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Figure 3-8. Vehicle Stability on Land 
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3.4.1.2.3. In figure 3-8, with the vehicle shown on a 60 percent grade and the vehicle 

shown in the less stable plane, it is evident that, as the vehicle turns on the 

slope, the horizontal relationship of the center of gravity to the lower, extreme 

point of ground contact will increase as will the vehicle stability. As the slope 

is increased, with the resulting decrease in the relationship of the center of 

gravity to the lower, extreme ground contact point, the stability will decrease 

until the center of gravity is directly above the lower, extreme ground contact 

point. At this time the vehicle will be in equilibrium and any further increase 

in slope would result in tipping. As shown in figure 3-8, the angle measured 

between the slope and a line through the lower, extreme ground contact point 

and center of gravity is 38 degrees 16 minutes, i.e., theoretically the vehicle 

can negotiate a 126.6 percent side slope without tipping over. The vehicle 

then has a stability margin of: 

1 _ 60 
126.6 

100 = 52.6 percent 

3.4.1.2.4. The prevailing ground conditions, however, will be the determining 

factor as to the maximum slope on which the vehicle may operate without 

slipping. 

3.4.1.3. Vehicle Obstacle Climbing and Trench Crossing Ability. 

3.4.1.3.1. Based on past tracked vehicle experience and performance tests, 

obstacle climbing ability is determined by a, combination of conditions, 

such as sprocket height and projection, location of front roadwheel, and an 
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approximate point of contact of the top of a reasonably solid obstacle such as 

a concrete block or a wooden log bunker, with the hull. This point of contact 

is located approximately on a vertical line tangent with the forward-most 

projecting point of the track on the sprocket to where it contacts the hull. It 

is also dependent upon the amount of tractive force available. The tractive 

force and hence obstacle climbing ability is dependent upon prevailing ground 

conditions, and an increasing loss of track on the ground as the vehicle pro¬ 

gresses up the obstacle. With the foregoing conditions in mind, it is esti¬ 

mated that this vehicle will climb a 36-to 40-inch high solid obstacle and a 

38-to 44-inch earthen obstacle (figure 3-9) , since the vehicle hull will displace 

and move a certain portion of the upper part of an earthen obstacle. 

3.4.1.3.2. The trench-crossing ability due to center of gravity location, at slow 

speeds in unloaded and loaded conditions will be 8-1/2 to 9 feet and 9 to 9- 

1/2 feet, respectively. Illustrations of the vehicle trench-crossing ability 

are shown in figures 3- 10 and 3- 11. 

3.4.2. Vehicle Water Pe rformance . 

Information on vehicle water performance will be issued as an addendum to this 

report on or about 1 January 1963. 
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Figure 3-11, Vehicle Trench Crossing Ability - Loaded 
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3.5. Fuel Consumption Analysis. 

Figure 3-12 shows the part-throttle fuel consumption of the Cummins 

V8-315 engine operated on diesel fuel. This information was furnished by 

the engine manufacturer, The full-throttle fuel consumption curve, figure 

3-13, was derived from these data, and both are used for the calculations 

below. No fuel consumption data were available for the engine, if operated 

on other than diesel fuel. The consumption of the other fuels, JP-4, JP-5, 

and CIE-fuel, was estimated. For this estimate, it was assumed that the 

Btu per hour delivered to the engine is constant. The fuel consumption is 

calculated below for the following fuels: 

FUEL 

Diesel 

JP-4 

JP-5 

CIE-Fuel 

LB PER GAL 

6.96 

6.60 

6.79 

6.65 

LOWER HEATING 
VALUE BTU PER LB 

19.300 

18,400 

18.300 

18,500 

3.5.1. Fuel Capacity. 

The LVTPX11 has a fuel capacity of 180 gallons (see paragraph 9.3). 

The fuel capacity, in pounds, is therefore: 

A. Diesel Fuel: 

180 X 6.96 = 1252.8 Lb 

B. JP-4 Fuel: 
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Figure 3-12. Fuel Consumption of Cummins V8-315 Engine Operated 
on Diesel Fuel (Part Throttle) 
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180 X 6.6 * 1188 Lb 

C. JP-5 Fuel; 

180 X 6.79 = 1222.2 Lb 

D. CIE-Fuel: 

180 X 6.65 = 1197 Lb 

Land Endurance■ 

To study the land endurance the following conditions were analyzed: 

3.5.2.1. 40 MFH on Hard Level Ground. 

3.5.2.1.1. In this condition the torque converter is locked and the transmission 

is in fourth gear. The required transmission output horsepower is found 

with: 

V X TE 
HP 3 375- 

Where: 

V = 40 MPH (Vehicle Speed) 

TE = 1750 Lb (Tractive effort based on 100 Lb/Ton Rolling 
Resistance) 

The output horsepower is then: 

40 X 1750 
HP= 375 

HF= 186.7 

.« "l»i|liM i MIIWIII Mill lllllll IHM IIHIIII Hill 11 III llfllll t IIIIWMIM11111111 *    .*. 
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3.5.2.1,2. Required transmission input horsepower: 

HP 
HPtr = "5T" 

Where = 85 percent is the transmission efficiency derived from the trans¬ 

mission performance curves. 

186.7 
HPTR= -85“ 

HPtr0 219*6 

3.5.2.1.3. Required engine gross horsepower output: 

HPe = HPtr + HPL 

HPl = 48 horsepower is the total accessory loss at 3000 rpm engine speed 

(see table 3-1) 

HP-, = 219.6 + 48 

HpE = 267.6 

3.5.2.1.4. Transmission output speed at 40 mph is: 

Ntr= 52.1 xV = 52.1 X 40 

Ntr = 2080 RPM 

3.5.2.1.5. The engine output rpm is: 

ne = ntr x 1,44 = 2080 x 1,44 

Ne= 3000 RPM 

3.5.2.1.6. The specific fuel consumption (BSFC) at 3000 rpm engine speed and 

267.6 horsepower engine output is 0.401 pound per brake horsepower per 

hour and the fuel consumption (FC) per hour is: 
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FC * BSFC X HP«, 
XU 

FC s 0.401 X 267.6 

FC = 107.4 Lb/Hr 

Endurance (E): 

A. Diesel Fuel 

1252.8 
E* 

107,4 

E = 11.7 Hr 

B. JP-4 Fuel 

VC = 107 4x 19,300 
rsTW 

FC = 112.6 Lb/Hr 

_ 1188 
112.6 

E = 10.6 Hr, 

C. JP-5 Fuel 

FC = 107.4 x_iL!2£ 
18,300 

FC = 113.3 Lb/Hr 

„ 1222.2 E =. 
113.3 

E = 10.8 Hr 

D. CIE-Fuel 

FC = 107.4 y 19,300 
18,500 

1 " » '1 ■ IN,, 111-11,1 II, > MIIIMIIIIIIII,: il, I, III.nil >4 <, INN ' - ' 
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FC = 112.0 Lb/Hr 

112.0 

E = 10.7 Hr 

3.5.2.2. ,25 MPH on Hard Level Ground. 

TE = 1750 pounds, based on 100 pounds per ton rolling 

resistance. 

The transmission is in fourth gear converter drive. 

3.5.2.2.1. Required transmission output torque (T) and output speed (N) are: 

T _ TE _ 1750 
3.72 ~ 3.72 

T = 470.4 Lb-Ft 

N = 52.1 X V = 52. 1 X 25 

N = 1302.5 RPM 

3.5.2.2.2. Required transmission input torque (Tjr) and input speed (N^) are: 

In the above formulae, M is the transmission gear ratio, 7| is the trans¬ 

mission efficiency, and R^ is the torque ratio and Rj^ the speed ratio of the 

torque converter. To find Rj^j and R-p the following method is used: 
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Torque converters are rated by using a K-factor, where: 

K * Input Speed 
Y Input Torque 

For a certain value of K the torque ratio and speed ratio is constant, there¬ 

fore, multiplying both sides of the above equation with RN and results 

in a new K-factor: 

K *Vn = Input Speed x 

Y Input Torque -yj Rj 

TC Output Speed 

YtC Output Torque 

In other words, a K-factor derived from torque converter (TC) output was 

found. In the same manner as above a K-factor based on transmission output 

can be derived; 

K out _1_ - K^out s TC Output Speed 

KJ out s N 

V*T~ 

M-n /TC Output Torque x M 
‘Y 

Using the equations for required transmission input torque and speed, the 

following is obtained; 
% 

K1»», = NTR X M 

"^T XR (Rt * Jt m) 

Simplifying this equation with: 

RN 
M 

kT » R-p x x M 
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Resulta in: 

Kout 
N NTR xkN 

TR X kr. 

From the 25 mph condition, transmission output torque and speed were found 

above. The K1^,. - factor is then: 

K 1 out 
1302.5 

K out 

Y 470.4 

60.1 

From the transmission output curve for fourth-gear converter drive a 

condition has to be found where KqU{. = 60.1. For this condition the trans¬ 

mission input torque and speed can be obtained from figures 3-5 and 3-6. 

Knowing the input and output values of torque and speed for one, i.e. , a single 

condition where K1^ = 60.1, the ratios kN and kT can be determined for 

this condition. kN and kT are constant for all conditions where K1^ = 60.1; 

therefore, they can be used to find the required input speed and torque for the 

25 mph condition. 

From figures 3-5 and 3-6: 

Ti = 635 Lb-Ft iTR 

Ni = 1515 RFM N, iTR 

472 Lb-Ft 

2760 RPM 

K1 = 1515 = 60.1 
out 

VT35" 
N. 

SN N. iTR 
1515 

*N 55 
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Tj 

TiTR 

635 
472 

kT = 1.35 

Required transmission input for 25 mph condition is then: 

nTR 1302.5 
.55 

Ntr = 2368 RPM 

470.1 

1.35 

Ttr = 348 Lb-Ft 

HPTR = TTR X nTR = 348 x 2368 
5252 5252 

HPTR = 1 57 Horsepower 

3.5.2.2.3. Required engine gross horsepower output: 

HPe = HPTR + hpL 

HPl = 46 horsepower is the total accessory loss at 2475 rpm engine speed 

{see table 3-1 and figure 3-4) 

HPe = 157 + 46 

HPe = 203 Horsepower 

3.5.2.2.4. The specific fuel consumption (BSFC) at 2368 rpm engine speed and 203 

horsepower engine output was extrapolated from figure 3-12, and found to be 

0.377 pounds per brake horsepower per hour. The fuel consumption (FC) 

per hour is then: 

FC = BSFC X HPe = 

FC = 76.5 Lb/Hr 

.377 X .203 
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Endurance (E): 

A. Diesel Fuel 

-, 1252.8 
E=-7TS- 

E = 16.4 Hr 

B. JP-4 Fuel 

_ ,, c 19,300 
FC = 70.5 X ^ 400 

FC = 80.2 Lb/Hr 

£ =.1..1.8.8- 

80.2 

E = 14.8 Hr 

C. JP-5 Fuel 

_ „ r 19,300 
FC = 76.5 X 18(300 

FC = 80,7 Lb/Hr 

1222.2 
80,7 

E = 15. 1 Hr 

I 
I 

I 

I 

D. CIE-Fuel 

FC = 76.5 X 19,300 
18,500 

FC = 79.8 Lb/Hr 

E = 1197 
79.8 

E = 15 Hr 

I-1".IHM I r ..Ill I Mlllinilllli Ml 1...... 
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3.5.3, Watar Endurance. 

Information on water endurance will be issued as an addendum to this report 

on or about 1 January 1963. 

3.5.4, Endurance Range and Fuel Margins. 

3.5.4.1. Land Endurance Range; 

300 miles at 25 mph or 

12 hours at 25 mph 

The above calculations show that the LVTPX11 has, at the specified speed of 

25 mph and using 

A. Diesel fuel, an endurance of 16.4 hours. 

B. JP-4 fuel, an endurance of 14.8 hours. 

C. JP-5 fuel, an endurance of 15.1 hours. 

D. CIE-fuel, an endurance of 15.0 hours. 

In the worst case, using JP-4 fuel, the vehicle has a margin of 2.8 hours 

or 70 miles before refueling is necessary. 

3.5.4.2, Water Endurance Range: 

Information on the water endurance range will be issued as an addendum to this 

report on or about 1 January 1963. 
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4.0. POWER TRAIN 

4.1. General Description 

4.1.1 The basic power train for the LVTPX11 is comprised of a single compression- 

ignition engine which supplies power to the tracks through a transfer gearbox 

and an ordnance-type steering transmission having pivot steer capability, and 

two final drives which mount the drive sprockets and incorporate an integral 

hydraulically-actuated variable-force track compensator. The systems sup¬ 

porting the basic power train are the engine aspiration air system, exhaust 

system, and cooling system. 

4,1.2. The prime mover is a Cummins Model VINE V8-315 compression-ignition en¬ 

gine with a gross rating of 315 brake horsepower at 3000 rpm (60 degrees F. ). 

The transmission is an Allison Model XTG-250-2 X-Drive Power Train which 

incorporates a hydraulic torque converter with a lockup clutch in combination 

with planetary range gearing providing four speeds forward and one speed in 

reverse, and including a steer system and full vehicle brakes. The final 

drives are of new design by the contractor to match the transmission/vehicle 

requirements, providing an optimum fixed reduction ratio in an assembly 

which permits sprocket movement to provide optimum track tension. 

4.1.3. The power train general arrangement is shown in drawing SK-5165, Prelimin¬ 

ary General Arrangement LVTPX11. The engine and transmission are joined 

into a unit power package by an inter-connecting transfer gearbox and mounting 
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frame structure. The cross-drive transmission is installed with outputs align 

ing with the final drive inputs, and with the input facing forward. The engine 

is installed above the transmission with the flywheel end forward over the in¬ 

put to the transmission. The engine centerline lies logitudinally. The trans¬ 

fer gearbox lowers the drive from the engine output to the transmission input. 

The power package is symmetrically centeredon the vehicle centerline in the 

machinery compartment in the rear of the hull. 

4.1.4. The final drives are mounted in hull mounting rings located in the lower rear 

corners of the hull. The track compensator mechanism is attached at the 

lower side of the inner housing of the final drive. 

4.1.5. The cooling system, exhaust system, and air cleaners are installed in the 

upper and side areas of the engine compartment. Convenient access to the 

engine compartment is provided through a top deck hatch and by two remov¬ 

able access panels on the engine compartment bulkhead. 

4.2 Engine 

4.2.1 General Description: 

4.2.1.1. The powerplant used to power the LVTPX11 is the Model VINE V8-315 

Compression-Ignition Engine (Figure 4-1), manufactured by the Cummins 

Engine Company, Inc., Columbus, Indiana. 

4.2.1.2. The Cummins V8-315 is a 4-cycle, 90-degree V-type, 8-cylinder engine 

1 < 'l#l'| I HtlilMI ilMf 'lliMM'H M#li III MIM .......... 
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Figure 4-1. Cummins V8-315 Engine



4-4 
JINttlRSOU KALAMAZOO DIVISION 

»ORG-WARNER CORPORATION 

of 785 cubic inches displacement. It is a naturally-aspirated engine rated at 

315 brake horsepower at 3000 rpm, and 606 pound-feet maximum torque at 

2150 rpm at 60 degrees F corrected conditions. The compression ratio is 

15:1, It features an "over-square" design with a bore of 5-1/2 inches and a 

stroke of 4-1/8 inches. The nominal size dimensions are: length - 43.75 

inches, width - 34.18 inches, and height 41.81 inches. The nominal net 

weight with cast-iron block, oil, and standard accessories is 1849 pounds, 

4.2.1.3. The Cummins V8-315 engine is an up-rated version of the standard com¬ 

mercial Model V8-265. The higher rating is obtained through the use of 

special fuel metering and operation at higher speed. These engines have 

been designed for applications requiring minimum weight combined with de¬ 

pendability, fuel economy, and long life with low maintenance cost. They 

have found particular success in the long-haul trucking industry, especially 

in the demanding usage of western mountain areas. This commercial service 

experience added to the military experience in the U. S. Transportation Corps 

LARC 5 and LARC 15 amphibians will serve to establish further the qualifica¬ 

tions of this engine. 

4.2.1.4. The engine will be manufactured with a cast-iron block for the initial ve¬ 

hicles. However, the manufacturer states that it can be made available in 

aluminum if the demand warrants aluminum production. In aluminum, the 

weight would be reduced by approximately 400 pounds. 
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4.2.1.5. It is qualified for use of Diesel fuels, the JP-Series of fuel, and C.I.E. 

fuel. Development work is being accomplished on full multi-fuel usage, and 

the manufacturer states that multi-fuel capability can be added when required. 

4.2.1.6 This engine is naturally-aspirated, and offers a considerable growth po¬ 

tential in power rating through turbo-charging should the requirement for 

more power be established. 

4.2.1.7 The higher speed capacity, 3000 rpm, and the V-design reduces the 

over-all package size of the Cummins V8-315 engine, and coupled with a 

wide speed range, provides a smooth flow of driving torque and acceleration 

characteristics. The 90-degree V-design provides complete balance of both 

primary and secondary forces and, therefore, an inherently smoother running 

engine. 

4.2.1.8. Advantageous components of this engine are; 24-volt immersion-proof 

starting motor, high-angularity oil pan, front trunnion mount, front outlet ex¬ 

haust manifolds, full-flow lube filter, and 24-volt fuel shut-off solenoid valve 

with manual override position. 

4.2.2. Design Features. 

4.2.2.1. The V8-315 engine is clean and neat in appearance with all fuel and lu¬ 

bricating oil lines internally located. The fuel pump is compactly mounted 

between banks in the 90-degree V, and is gear driven for maximum depend- 
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ability. The valve gear of each cylinder head is covered with a single cover 

that has an integrally designed intake manifold for simplicity of design and ap¬ 

pearance. 

4.2.2.2. Modern developments incorporated into this new engine by Cummins in¬ 

clude the governor-regulated PT (pressure-Tirne) fuel system, steel rocker 

lever bushings, and stainless injector cups. In addition, it has proven feature 

such as the open-type combustion chambers with direct injection, four-cycle 

design, chrome-plated top compression rings, cam ground pistons, gear- 

driven accessories, and cam shaft actuated injectors with roller type cam fol¬ 

lowers . 

4.2.2.3. The engine block, of cast iron alloy, utilizes replaceable wet cylinder 

liners. It has a single gear-driven cam shaft, which actuates dual intake and 

exhaust valves and the fuel injectors. The exhaust manifolds are reversible 

to facilitate exhaust pipe routing. 

4.2.2.4. The main and connecting rod bearings are precision type with steel backed 

inserts. The crank shaft journals are induction hardened with sufficient ma¬ 

terial for multiple regrinds. The crankshaft is fully counterweighted. The 

pistons are aluminum with two compression and one oil ring and are cam 

ground. They have full floating bearings. There are dual intake and exhaust 

valves for each cylinder which are actuated through solid push rods and roller 

type cam followers. 

V 
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4.2.2.5. Engine lubrication is provided by a full pressure lubrication system. A 

gear type oil pump is located in the aluminum oil pan, allowing the engine to 

be tilted to 45 degrees. The pump delivers oil under pressure to the main, 

connecting rod and cam shaft bearings, to wrist pine, rocker arm shafts, and 

push rod ends. All oil passages are internal. 

4.2.2.6. An integral oil cooler maintains the lubrication oil at a predetermined 

temperature and viscosity for best lubrication. This unit is a radiation- 

conduction type of oil cooler which is incorporated as a part of the cylinder 

block assembly. The absence of O-rings, seals, gaskets, and tube connectors 

eliminates any possibility of oil to water leaks. A finned aluminum cover, 

bolted to the cylinder block, facilitates cleaning of the cooler element. 

4.2.2.7. When the angine is cold, the oil cooler brings the oil up to operating tem¬ 

perature by utilizing warm water recirculating through the engine. A full- 

flow oil filter cleans the oil. A large capacity cooling system assures even, 

adequate coolant flow through large volume internal passages to all areas of 

the engine. The belt driven water pump is located on the right front of the 

engine. It delivers 90 gpm at 3000 rpm to the cylinder liners, valve seats, 

fuel injectors, and oil cooler, which are constantly surrounded by circulating 

coolant. A radiator by-pass, from the thermostat back to the pump for re¬ 

circulation, assures fast warm-up when the engine is cold. 
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4.2.2.8. Accessories may be driven from the front of the engine by use of grooved 

pulleys on the crankshaft. At the rear of the engine, a one or two groove pul¬ 

ley can be provided from the extension of the standard air compressor drive. 

4.2.2.9. The fuel system consists of a Cummins PT (Pressure-Time) wear-com¬ 

pensating system with internal flyweight-type governor. This system utilizes 

new fuel system features to provide more trouble free metering and injection. 

The gear-type fuel pump draws fuel from the reservoir, passing it through a 

filter capable of filtering dust and dirt ten microns in diameter. Fuel is for¬ 

ced through a spigot-type throttle and a solenoid shut-off valve and delivered 

to the front of the cylinder banks through internal passages to the cam shaft- 

actuated injectors, where the pressure-time principle accurately meters the 

fuel and delivers it as a fine spray into the combustion chamber. This in¬ 

jection principle eliminates fuel delivery lag, which often presents a problem 

in high pressure fuel systems. It also assures consistent fuel economy at 

all loads and speeds. Excess fuel passes from the injectors through internal 

passages and then to the fuel cell. Internal feed and return lines, which are 

drilled passages in the cylinder head, eliminate replacement of damaged tubes 

and permit the use of insert-type injectors. This system simplifies removal 

and installation of the injectors. 

4.2.3. Engine Specifications. 

Summary of Cummins V8-315 Engine Specifications 

Horsepower (60 degree F and Sea Level) 315 
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Governed Speed 

Maximum Torque at 2150 RPM 

Number of Cylinders 

Bore 

Stroke 

Piston Displacement 

Angle of V 

Operating Cycles 

Compression Ratio 

New Weight w/Standard Accessories and Oil 

Net Weight per Horsepower 

Dimensions: 

Length 

Width 

Height 

Aspiration Air Flow at 3000 RPM 

Heat Rejection 

Maximum Fuel Filter Restriction 

Maximum Air Restriction at Air Inlet 

4.2.4. Performance Characteristics. 

4-9 

3000 RPM 

606 Lb-Ft 

8 

5-1/2 In. 

4-1/8 In. 

785 Cu In. 

90° 

4 

15:1 

1849 Lb. 

5.9 Lb. 

43.75 In. 

34.18 In. 

41.81 In. 

600 CFM 

27.7 BTU/HP/Min @ 3000 RPM 

8 In. Hg 

25 In. H¿0 

Horsepower and torque performance of the Cummings V8-315 engine are 

shown by the curves of figure 4-2. 
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Figure 4-2. Horsepower and Torque Performance
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4.2.5. Flexible Coupling. 

4.2.5.1. A radial-type flexible coupling will be installed in the drive line between 

the engine and the transfer gearbox. An installation layout of this coupling is 

shown in drawing SK-5220. The coupling is bolted to the flywheel and splined 

to the transfer gearbox input shaft.* 

4.2.5.2. The coupling functions primarily as a torsional vibration dampener. This 

function is especially desirable in the LVTPX11 because the steering trans¬ 

mission is remote-mounted. The torque converter in the transmission, and 

the engine flywheel have re lively large mass at large diameters. These units 

might be likened to two large rotating masses on opposite ends of a shaft. 

Such a system has resonant frequencies of vibration with very high amplitudes 

which can cause shock loads leading to failure. The flexible coupling will dam¬ 

pen these excessive loads to acceptable values. In addition to the loads des¬ 

cribed, vibratory loads will be caused by the tracks. In this case the coupling 

will modify the natural frequencies of the entire system so that the vibratory 

loads do not resonate with the system' s natural frequencies. 

4.2.5.3. The coupling itself is composed of two main parts, the case and the hub. 

The case encloses six neoprene biscuits whose axes are arranged radially 

about the coupling centerline. The biscuits flex under peak vibration loads 

*( The Morse No. 87 size coupling has been recommended by the manufacturer 
for LVTPX11 application.) 
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and prevent the vibrations from being transmitted through the coupling. The 

hub picks up torque through radial hardened pins, one projecting from the 

center of each biscuit. The hub is internally splined to accommodate the trans¬ 

fer gearbox input shaft. 

4.3. Transfer Gearbox. 

4.3.1. General Description. 

The primary function of the transfer gearbox is to transmit power from the 

prime mover to the steering transmission. The secondary function is to sup¬ 

ply power through drive mounting pads for the main hydraulic pump, transfer 

gear lube pump, and an auxiliary pad which may be used for a hydraulic system 

supercharge pump or other accessory. The requirement for this unit arises as 

a result of the "engine-over-transmission" concept for the LVTPX11 power train. 

The unit, then, is of such a configuration that it will transmit power through a 

vertical distance of 27 inches and also supply auxiliary power as described. 

4.3.2. Design Selection. 

4.3.2.1. Phase I study of the transfer gearbox has considered two drive concepts. 

The first concept involves the transmission of power by means of a train of 

four straight-spur gears. The second concept involves the use of a Morse 

"Hy-Vo" chain. The chain-drive concept requires one set of gears, in ad¬ 

dition to the chain, to obtain proper rotation at the gearbox output. Since 

the chain-drive concept requires inclusion of a gear set, it has been concluded 
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from this evaluation that a transfer gearbox made up of a complete gear- 

drive unit is a more direct and simplified design approach. Hence, the final 

concept selected for development has been the gear-drive concept described 

below and shown schematically in figure 4-3. This gearbox is shown in more 

detail in drawing SK-5219. 

4.3.2.2. This gear-drive unit has been designed to utilize gearing components 

commensurate with commercial practice. Basically this unit consists of a 

set of four straight-spur gears, all on the same vertical centerline, housed 

in a cast-aluminum case. An additional auxiliary set of three straight-spur 

gears provides power to the three pump-mounting pads. The gearbox is 

rigidly mounted to the engine flywheel housing and extends downward to a 

point where it supplies power to the steering transmission through a horizon¬ 

tal, close-coupled, double universal joint. 

4.3.3. Design Parameters. 

The transfer gearbox has been designed to perform optimumly with the power- 

plant selection and to include the capability to perform with powerplants of up 

to 350 gross horsepower. Complete design parameters, including factors for 

duty cycles, auxiliary power requirements, and lubrication, etc., are cumula¬ 

tive in determining component design to give 1000 hours life. (Refer to Appendix 

II immediately following this section}. 
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4.3.4. Gearing. 

The gears in this unit are designed to carry the load requirements for 1000 

hours with the most efficient use of material commensurate with reasonable 

cost. The gears are made of a commercially available high-strength carbu¬ 

rizing steel, such as SAE 8620, and the teeth are cut with a high degree of 

precision and are case-hardened. 

4.3.5. Housing. 

4.3.5.1. The transfer gearbox housing is made up of three sections as shown on 

drawing SK-5219. The main (middle) section includes a mounting flange at 

its upper end designed to mate with an SAE No. 2 engine flywheel housing, 

and bolting flanges for attachment of the other two housing sections. Accurate 

alignment of bearing bores are maintained with dowel pins. The bores are 

machined in assembly and are straight-through bores wherever possible to 

simplify machining. Simple bearing retainer covers are used to enclose the 

bores , 

4.3.5.2. The housing sections are made from high-strength aluminum alloy castings 

of material specification Alcoa 356-T6, or equivalent. This material is used 

extensively for gearbox housings with good results, providing good corrosion 

resistance, adequate strength, and light weight. Cast-iron inserts are cast 

into the housings to provide durable bearing seats. A design with bearings 

pressed directly into the aluminum has been considered; however, heavy inter¬ 

ference fits are required which make assembly very difficult, and also, great 
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care is required during disassembly and reassembly for maintenance inspec¬ 

tions to prevent scuffing of the bore which would result in loose bearing fits. 

4.3.6. Shafts. 

4.3.6.1. In general, the transfer gearbox shafts are to be designed with the most 

economical use of material, using good quality shafting steels falling in the 

SAE 3000 and 4000 series (for example, SAE 3140, SAE 4140, or SAE 4340). 

Wherever possible, readily available pre-hardened steels may be specified as 

alternates. These steels are hard enough so that they require no heat treat¬ 

ment subsequent to the purchase of the raw stock. An example is the LaSalle 

Steel Company's line of "Stressproof" steels. Final material selection is to 

be made after detailed stress analysis has been completed. Unless unusual 

circumstances arise, all shafts are to be made from the same material to 

simplify procurement and manufacturing procedures. 

4-3.6.2. The shafts shown on the preliminary layout, drawing SK-5219, have been de¬ 

signed to a point where they are known to be adequate to carry the loads . In¬ 

volute splines have been selected for power-transmitting connections because of 

their reliability. Detail design will be aimed primarily at reduction of weight 

and further simplification. 

4.3.7. Bearings. 

4.3.7.1. Standard metric straight-roller bearings are used throughout the transfer 

gearbox. This bearing type selection was made because of the following: 
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A. Straight-roller bearings are able to carry higher radial loads, 

size for size, than ball bearings. 

B. Straight-spur gearing transmits little, if any thrust loads to 

supporting bearings. 

C. Straight-roller bearings are generally more economical, size 

for size, than ball bearings. 

4.3.7. Z. Note that drawing SK-5219 shows only three different bearing sizes al- 

through there are a total of twelve bearings required. This is done to provide 

the maximum possible degree of interchangeability and, hence, simplify order¬ 

ing and stock-handling requirements. 

4.3.8. Seals. 

4.3.8.1. The transfer gearbox requires only two oil seals, one at the input and one 

at the output. 

4.3.8.2. The input seal prevents gearbox oil from leaking into the engine flywheel 

housing by means of a spring-loaded lip, and prevents dust from entering the 

gearbox by means of an outer dust-lip. This seal can be of standard commer¬ 

cial construction since it is totally enclosed and isolated from salt-atmosphere 

corrosion. 

4.3.8.3. The output seal is of the same type of construction as the input seal. It 

does, however, have a cadmium-plated case and a stainless steel lip-retain¬ 

ing spring since it is exposed to a corrosive atmosphere during salt-water 

operation. 
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4.3.9- Lubrication. 

4.3.9.1. Since the maximum gear pitchline velocities are quite high, (up to 8750 fpm), 

positive lubrication is accomplished by means of an oil spray system to assure 

adequate lubrication and cooling of the gear teeth. A network of spray nozzles 

is arranged so that each gear mesh receives a direct oil spray on the entering 

mesh. The lube lines to all of the nozzles are supplied by a small lube pump, 

driven by the gearbox itself. A remotely located reservoir provides an oil 

sump and serves effectively to augment cooling. 

4.3.9.2. The gears for the auxiliary drives have not been included in the foregoing 

discussion. These gears carry relatively light loads and are sufficiently lubri¬ 

cated by the oil "mist" created in the gearbox by the nozzles. 

4.4. Transmission. 

4.4. 1. General Description. 

4.4.1.1. The Allison Model XTG-Z50-2* Transmission, developed by Allison Divi¬ 

sion of General Motors Corporation, is being used in the LVTPX11 vehicle. 

It is a manually controlled, full torque shifting, X-Drive power train trans¬ 

mission which includes a hydraulic torque converter with lockup clutch in com¬ 

bination with a four speed forward and one reverse planetary gearset incor¬ 

porating a steer system and full vehicle brakes. The transmission controls 

*The basic transmission designation is Allison Model XTG-250. The suffix 
"-2" designates the Allison transmission without final drives as used in the 

LVTPX11 installation. 
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include vehicle steer, range selector, pivot steer selector, and single pedal 

vehicle brakes. External views of the transmission assembly, including the 

Allison final drives, are shown in figures 4-4 and 4-5. 

4.4.1.2 The XTG-250-2 transmission has a maximum input rating of 260 hp, maxi¬ 

mum input torque of 520 pound-feet and an input speed of 3000 rpm. It is 

classed for use in 35000-pound vehicles. It is waterproof and will operate at 

temperatures to -65 degrees F. An aluminum housing is used for salt-atmos¬ 

phere corrosion resistance. This transmission incorporates components which 

provide considerable interchangeability with other commercial and military 

transmissions manufactured by Allison. 

4,4.1.3. The flow of power through the XTG-250-2 transmission is from the engine to 

the torque converter to the basic planetary gearset and into a bevel gearset. A 

cross shaft from the bevel gearset drives into the reverse planetary, the output 

steer planetary, and the brake package at each side of the transmission. See 

figure 4-6, XTG-250-2 Power Train Schematic, and figure 4-7, Cross Section 

of XTG-250 Transmission. 

4.4.2. Design Features. 

4.4,.2.1. Converter. The hydraulic torque converter is a single-stage, multiple- 

phase converter with a lockup clutch. Maximum converter torque multiplica¬ 

tion is 2.55:1 at stall. Control of the automatic converter lockup clutch 

(available in all ranges) is provided by a converter-turbine-driven governor. 
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The governor is throttle-position modulated to permit lockup operation at 

lower speeds at part throttle for additional economy. 

4.4.2.2. Controls ■ 

4.4.2.2.1. During normal steering operation of the XTG-250-2 transmission, a 

gear ratio ranging from 1:1 to 1.475:1 (in the output planetary steering gear) 

is available for geared steer operation in fourth,third, and second ranges 

during land operation. Pivot steering, through counter-rotation of the tracks, 

is used for steering in first and reverse ranges during land operation, and is 

used in first, second, third, and reverse for water operation. 

4.4.2.2.2. A neutral position, disengagement of the inboard track, is reached be¬ 

fore pivot steering is put into effect. This neutral position is used for steering 

the vehicle during marine operation. 

4.4.2.2.3. The steering system is hydraulically activated by a valve which is opera¬ 

ted mechanically. The gear selection is through multiple plate clutches which 

are engaged by oil pressure. The brake system, used for service and parking, 

also consists of multiple wet plates which are mechanically actuated, oil cooled 

and oil lubricated. 

4.4.2.2.4. The desired ratios and steering controls are as follows: 
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Hange 
Position 

R 

N 

Range Stee ring _ 
Gear Normal Pivot 

(Land) (Water) 

4.69:1 Pivot Pivot 

6-16:1 Pivot Pivot 

4-18:1 G.S. * Pivot 

2-24:1 G.S. !!( Pivot 

1;00:1 G.S. * G.S. * 

^G. S. = Gear Steer 

4.4. 2.2.5. Shifting to third, second, first, and reverse ranges are inhibited at 

speeds which would be dangerous to vehicle and crew. Vehicles using the 

XTG-250 transmission can also be push- or tow-started by shifting into second 

range at speeds of three to six mph, but not over eight mph. 

4.4.2.3. Lubrication. 

The hydraulic and lubricating systems function under four systems: the oil 

supply system, the lubricating system, the hydraulic control system, and 

the converter system. These systems, using the same oil, are interconnected 

through the valve body which distributes the oil to the various systems under 

the correct pressures. 

4.4.3. Modifications for LVTPX11 

Since the XTG-250 transmission was developed under an Ordnance program, 
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it does not, in its present design operating configuration, completely meet 

the LVTPX11 operational and performance requirements. Certain minor 

modifications will be made. They include: 

A. Omission of integral final drives. 

B. Housing material change from magnesium to aluminum. 

C. Provision of a new remote input drive and front closure. 

The above three modifications are covered in the transmission model designated 

by addition of the suffix -2, i.e., XTG-250-2. 

4.4.4. Preliminary Characteristics for XTG-250-2 Transmission 

4.4.4.1. Component. 

The selected component is an X-Drive, Model XTG-250-2 Transmission with 

Hydraulic Torque Converter, Planetary Gear sets and all Torque Shifting. The 

XTG-250-2 includes a hydraulic torque converter with lockup clutch. The plane¬ 

tary range gearing in combination with the steer and output planetary sets pro¬ 

vide four forward ranges and one reverse range. The transmission also in¬ 

corporates, geared and pivot steer systems, and full vehicle brakes as outlined 

in the following specifications: 

4.4.4.2. General Specifications. 

Rating: 
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Maximum Input Torque, Lb-Ft.   520 

Maximum Input Speed, RFM. 3000 

Maximum Input Horsepower. 260 

Manufacturer.Allison Division - CMC 

Model.XTG-250-2 

Drive Ranges.Fourth, Third, Second, First, Neutral, Reverse 1 

Drive Range, Steering, and Shift Control (External).  Mechanical 

Shift and Steering Mechanism (Internal Control).Hydraulic & Mechanical 

Steering Type. Geared Steer, Pivot Steer 

Power Take-Off.Converter-Turbine Driven 

Rating (Continuous Operation) Lb-Ft.47O 

Type of Clutches (All Ranges).Multiple Plate, Engaged by Oil Pressure 

®ra^e.Multiple Wet Plate, Service and Parking, Mechanical Application 

Hydraulic Torque Converter, Single Stage, 
Multiple Phase with Lockup Clutch, Maximum 
Converter Multiplication.2,55*1 
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Overall 

Range Position 
Transmission 
Gear Ratio 

R 1 6.776:1 

N 

_Ë.teering_ 
Normal Pivot 
(Land) (Water) 

Pivot Pivot 

1 

2 

3 

4 

*G.S. 

8.921:1 

6.036:1 

3.234:1 

1:44:1 

= Geared Steer 

Pivot 

G. S. * 

G. S. * 

G.S. * 

Pivot 

Pivot 

Pivot 

G.S.* 

Bevel Gear Ratio. 

Output Steer Planetary Ratios: 

Under Drive. 

Direct .. 

Total Torque Ratio Coverage: 

First Gear Stall.. . 

Fourth Gear Lockup. 

Oil Specifications. 

Oil Capacity, Gallons.. 

Lube Pump Output, GPM. 

Transmission Dry Weight, Pounds 

. 1:44:1 

. 1.475:1 

. 1.00:1 

2.55 X 6.16 X 1.44 = 22.62:1 

. 1.00 X 1.44 = 1.44:1 

. . MIL-L-2104A, Grade 10 

.(Estimated) 14 

. 20 

.(Estimated) 1350 

When this unit is coupled with a Borg-Warner final drive, the total torque 
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ratio coverage is: 

Borg-Warner Final Drive Ratio 3.3:1 

First Gear Stall 2.55 X 6.16 X 1.44 X 3.3 = 74.64:1 

Fourth Gear Lockup 1.00 X 1.44 X 3.3 = 4.75:1 

4.5. Final Drive. 

4.5.1. General Description. 

Unlike previous final drive design concepts, the final drive for the LVTPX11 

has a dual purpose. It not only serves as a speed reduction unit, but also as 

a track-tensioning device. As a matter of review, the final drive acts as a 

gearbox, reducing speed and multiplying torque in amounts great enough to 

meet vehicle specifications of speed and tractive effort. As the name implies, 

it contains the final power train gearings, with the output shaft serving as a 

mounting for the track drive sprocket. When functioning as a track-tension¬ 

ing device, the final drive housing oscillates in such a way as to move the 

track drive sprocket so that the track tension is adjusted to meet vehicle 

operating condition. See Section 5.0, Suspension System, for further discussion 

on track behavior. 

4.5.2. Design Alternates and Final Selection. 

4.5.2.1. During the course of Phase I design work, several final drive design con¬ 

cepts have been derived, criticized, and compared in an effort to achieve a 

final concept whic^ gives an optimum relationship between simplicity, cost, 
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weight, ruggedness, and ease of assembly. Three basic arrangements of 

gearing have been evaluated: 1) A combination of a set of external spur 

gears and a gearset consisting of a pinion meshing with an internal gear 

(figure 4-8. A); 2) A combination of a set of external gears and an output 

planetary (figure 4-8, B); 3) and a single set of external gears (figure 4-8, C). 

The relative simplicity of the single gearset arrangement is readily seen in 

figure 4-8. In addition, three types of mounting arrangements have been 

studied. These arrangements are shown in figure 4-9. The arrangement 

in figure 4-9, A, does not interrupt the hull surface, but the mounting bear¬ 

ings need to be very large and costly since at least one of them must encompass 

the entire gearbox. The arrangement in figure 4-9, B, requires a hull pocket 

and the outboard mounting bearing must be very small. The arrangement in 

figure 4-9, C, requires a small pocket but allows complete freedom in se¬ 

lection of mounting bearing size and gives greater strength at less cost. 

4.5.2.2. The final concept selected for the LVTPX11 final drive provides a simple, 

single-reduction gearing arrangement in a two-piece housing which is mounted 

in sleeve bearings in the hull, as shown in figure 4-9, C. (Refer to drawing 

SK-5218 for layout of the final drive). The gearing transmits power directly 

from the cross drive transmission output shafts to sprockets mounted on each 

final drive housing. This concept also proides a track-tensioning device, by 

permitting oscillating movement of the sprocket about the input shaft center- 

line and utilizing a hydraulic cylinder to control this movement. (Described 
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in detail in section 8. 0, Hydraulic System. 

4.5.3. Design Parameters. 

In general, the final drive is to be designed to be compatible with the maxi¬ 

mum track capabilities and gross vehicle weight, i.e. , the design loads on 

the final drive are derived from sprocket and track reaction loadings, since 

these are limiting loads, rather than from possible input loads. The design 

values of loads, speeds, and maximum torques transmitted by the final drive 

are derived, generally, from relative values shown to be acceptable in LVTP5 

vehicle production and upon vehicle operating characteristics which have been 

collected by the contractor at his test facilities and various service field 

test activities over the past decade. 

4.5.4. Gearing. ... ....mm. 

The gears are straight-spur involute type, manufactured from heat treated 

alloy steel forgings, with case-hardened (carburized) teeth. Calculations 

for the gearing design, gear geometry, strength and endurance factors, etc., 

are included in Appendix II immediately following this section. Following 

the requirements for this type of precision gearing, the gears are finished 

by shaving and the profiles are altered to eliminate tip interference. All 

gear tooth modifications are to be discussed with and approved by a qualified 

gear manufacturer such as National Broach and Machine Company, Detroit, 

Michigan, who have had wide experience in heavy-duty, precision gears. 



4-34 

B0R6WARNER 

Finally, shot peening is specified for the gears to extend the fatigue life 

if final calculations indicate that it is necessary. 

4.5.5. Housing. 

The two sections of the final drive housing are made from high strength cast 

steel. Steel is selected for its superior ability to withstand the high track 

tensions, shock loads and severe abrasive action from foreign particles 

picked up by the track chain. The general configurations for the castings 

are determined from functional requirements, including the oscillatory move¬ 

ment required for track tensioning, and to a large extent upon past experience. 

4.5.6. Shafts . 

4.5.6.1. The input shaft includes the pinion gear as an integral part. Such an ar¬ 

rangement, dictated by the relatively small diameter of the gear, eliminates 

the need for machining a means of securing the gear to the shaft. The design 

of this shaft follows the parameters for gearing. 

4.5.6.2. The output shaft is splined into the gear hub at its inboard end and sup¬ 

ported by a self-aligning bearing at its outboard end. The shaft also in¬ 

cludes a flange at its outboard end for mounting the track drive sprocket and 

road wheel sections. Note that the design would permit removal of the shaft, 

in case of failure, without having to dismantle the entire final drive. This 

type of output shaft design has proven to be very satisfactory on the new spur- 

gear final drive, now replacing other obsolete drives, on existing LVT's. The 



output shaft is a steel forging, the exact composition of which will be selected 

on the basis of strength requirements, weight, and cost. 

4.5.7. Bearings. 

The pinion and gear bearings are of the standard metric straight roller type. 

This type has been selected because of its ability to carry higher loads than 

ball bearings of the same size. The self-aligning, double row, roller bearing 

at the outboard end of the output shaft is selected, also, because of its high 

load-to-size capacity and its ability to allow some shaft misalignment. 

4.5.6. Seals. 

Preliminary selection of seals is as discussed below: 

A. Input Seal. 

1. Since the final drive is close to the bottom of the hull, the 

input area may be exposed to bilge water splash, especially 

during "heavy-sea" operation where listing can occur. 

2. A double lip seal is selected to isolate both the oil within 

the final drive housing and water within the bilge. Since much 

of the vehicle operation is in salt water, the seal design in¬ 

cludes a cadmium-plated casing and stainless steel lip- 

retaining springs to minimize corrosion. Other than this, 

the seal is of a standard commercial design. 
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B. Output Bearing Seals ■ 

1. During this development many types of both internal and ex¬ 

ternal seals have been tested along with several types of 

shedder arrangements. The result is the proven sealing 

arrangement used on the new spur-gear final drive used in 

the LVTP5. The same arrangement will be used in the 

LVTPX11. 

2. The arrangement consists of an external, triple-lip seal pro- 

I 

tected by a shedder (or labyrinth) on the outer side of the 

bearing and a double-lip seal on the inner side of the bear¬ 

ing. The bearing is greased through a passage machined in 

the output shaft. 

3. The bearing is isolated from the rest of the gearbox so that 

contamination of the entire box will not occur in case the 

bearing fails. The shedder is a "tongue-in-groove" setup 

machined between the housing and the inner surface of the 

output shaft flange. The output seal and shedder is designed 

to function as follows: 

The labyrinth protects the seal from large particles 

of sand; the first seal lip stops smaller particles of 

sand and dust; the second lip stops water; and the 

third lip isolates the grease within the final drive. 

The seal case is cadmium-plated and the lip-retaining 
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I springs are made of stainless steel to minimize 

corrosion damage. 

4. The inner bearing seal separates the oil within the gearbox 

from the grease around the bearing. It also protects the 

gearbox in the event of output bearing failure. This seal 

also has a cadmium-plated case and a stainless steel 

spring for protection against corrosion. 

C. Hull Seal. 

Since the final drive goes through a small amount of rotation 

in the hull, a hull seal is provided which can withstand limited 

rotation. This seal need not be as complicated as a standard shaft 

lip seal which is designed for relatively high speed rotation. Hence, 

an "O" ring has been selected for this application. The "O" ring is 

protected by a machined labyrinth which stops relatively large 

abrasive particles of sand and dust. 

4.5.9. Lubrication. 

4.5.9.1. Preliminary investigation has led to the conclusion that a wet-sump, splash 

type of lubrication is sufficient for the final drives. Oil is contained in the bot¬ 

tom of the housing at a level of sufficient height to wet the two gear supporting 

bearings. The gear, then runs in the oil and picks up a small amount of oil on 

each tooth and carries it to the pinion. Since the gear is quite large (12.25 

inch pitch diameter by 3. 5 inch face width), the total amount of oil picked up 
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4.5.9.2. As previously described, the outer, self-aligning bearing is greased 

through a lube fitting at the outer end of the output shaft. 

4.5.9.3. No special cooling provisions are provided since the final drives are ex¬ 

posed to the outside air during land operation and water during marine opera¬ 

tion. 

4.6. Drive Shafts. 

4.6.1 General Description. 

Phase I study has established a requirement for three drive shaft assemblies. 

The first transmits power from the transfer gearbox output yoke to the steer¬ 

ing transmission input yoke. The requirement for this shaft has arisen since 

the decision to delete rigid mounting between the transfer gearbox and the 

steering transmission. The other two drive shafts are identical and are re¬ 

quired for transfer of power from the port and starboard steering transmission 

output yokes to the respective final drives. 

4. 6.2. Design Selection. 

4.6.2.1. In both applications, automotive type, Mechanics Division, Borg-Warner 

Corporation, roller bearing universal joints will be used. Provision for axial 

slip of the U-joint assemblies to compensate for installation or operating 

changes in length is through a floating flange on one end of each joint assembly. 
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Grease fittings are provided at each joint for ease of maintenance. Due to 

space limitation, close-coupled assemblies will be used. This type of an as¬ 

sembly has a center plate rather than a tubular yoke connector. (See drawing 

SK-5165 and note drive shaft locations). 

4.6.2.2. These universal joints are selected to have ample capacity with respect to 

vehicle braking forces, maximum power torque output, and loads resulting 

from pivot steer conditions. Consideration has also been given to critical 

speeds and the resulting effect on performance. 

4.6.3. Disconnect Requirement. 

Accessibility is provided to all drive shafts for; disconnect in event of power 

package or component removal from the vehicle compartment. 

4,7. Engine Aspiration Air System. 

4.7.1. General Description. 

The engine aspiration air system consists of an inlet air plenum chamber (in 

the case of the LVTPX11 the entire interior hull spaces), a means of filtering 

aspiration air, and a duct to transfer the filtered air to the engine air intake 

horn. Supply of air to the interior hull spaces is discussed in section 13.0, 

Vehicle Air Systems. 
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4.7.2. Design Selection. 

4.7.2.1. Due to weight and space limitations, and the improvements made in the 

field of dry cartridge type air filters, this type has been chosen for use 

rather than the conventional oil bath type filter. 

4.7.2.2. Phase I proposals from the Donaldson Company, United Air Cleaner 

Company, and the Air-Maze Corporation were evaluated and the Air-Maze 

filter has been selected as the optimum filter. This selection was concluded 

by the assembly weight and component material aspect of the proposal 

evaluation. 

4. 7.3. Design Features . 

4.7.3.1. Through vendor discussions, it became apparent that a further weight and 

space saving could be realized by eliminating the filter's dirt container, or 

outer case, and allowing accumulated dirt to collect in the hull bilge areas. 

This would require then, that the cartridge be supported in the vehicle by 

brackets attached directly to the cartridge retaining hardware . The Air- 

Maze cartridge is constructed of an inert unwoven fiber blanket encased 

between layers of aluminum screen and deeply pleated, with the inner and 

outer cylinders formed of corrosion proof hardware cloth. Due to the strength 

of this construction, end mounting brackets provide sufficient support. 
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4.7.3.2. Aspiration air enters the cleaner around its entire periphery, and leaves 

the center core through überglas flexible ducting to enter the engine air horn. 

4.7.4. Maintenance Requirements. 

Normal servicing of dry type air cleaners includes removal of dirt from the 

cleaner container. Due to the omission of the container, for the LVTPX11 

application, servicing requirements will occur at longer time intervals. 

4.8. Engine Exhaust System. 

4.8.1. General Description. 

4.8.1.1. The LVTPX11 powerplant, which is located on the centerline in the stern 

of the vehicle, is equipped with dual exhaust manifolds, the outlets facing the 

rear of the vehicle. From the manifold outlets, exhaust pipes are routed to 

two mufflers, each located in the upper rear corner of the vehicle and mounted 

in a separate muffler compartment. (See drawing SK-5240). 

4.8, 1 . 2 . Engine location and exhaust manifold outlet direction dictate to some ex¬ 

tent the muffler location. The shortest routing of exhaust pipes to mufflers 

has been chosen to reduce any additional heating of the engine compartment. 

Furthermore, the design must be such as to eliminate completely the possi¬ 

bility of crew compartment contamination caused by a leaky exhaust system. 

This is of especially vital importance for a vehicle of this type where mufflers 
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are sometimes submerged during amphibious operation, which causes more 

back pressure than is normally encountered. 

4.8.2. Design Selection. 

4.8.2. 1. To overcome excessive heating of the engine compartment, the exhaust 

pipes are covered with a ceramic fiber insulation (Babcock and Wilcox 

"Kaowool" or equal) capable of a continuous-use limit of 2000°F. This 

material has a very low thermal conductivity. The insulation is first 

wrapped with a stainless steel wire mesh screen and then wrap-covered 

with heavy-duty self-adhering strip aluminum foil. This provides a low- 

cost, effective and durable method of insulating the exhaust pipes. 

4,,8.2.2. The design of the exhaust system piping, from engine manifolds to 

mufflers, utilizes flexible "ball, and socket" type joints formed as an in¬ 

tegral part of the piping. They are standard type joint assemblies as 

manufactured by Kay Industries, Ryan Aeronautical Company, and the 

Hopkins Company. Due to the design of these special joints together with 

the use of "Marman Clamps", at the connection of manifolds and mufflers 

to exhaust pipes, the usual problems of misalignments, vibration, heat ex¬ 

pansion, and leakage have been eliminated, To avoid "freezing" and leakage 

of the joints a highly heat resisting and sealing compound is used to keep the 

joints flexible and tightly sealed at all times. 
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4.8.2.3. The mufflers are placed horizontally in their compartments. They are 

mounted solidly at the inlet, and flexibly at the outlet end to allow for heat 

expansion. Since the muffler compartments are completely separated from 

the hull interior, the openings into the hull for the exhaust pipes are sealed 

against water leakage. These seals are incorporated in the muffler inlet 

mountings. Muffler inlets and outlets are placed in such a manner to mini¬ 

mize the possibility of water entering the exhaust system during amphibious 

operations. The inlet tube is located parallel to, and vertically above, the 

muffler body centerline. The outlet tube is at a 60 degree angle, up and aft, 

perpendicular to the muffler body, and is provided with a weathercap which 

keeps water from entering the system. The muffler bodies have small holes 

in the bottom to allow drainage of water which might have collected. Normal 

exhaust gas pressure will keep water from flooding mufflers when submerged. 

4.8.2.4. All components of the exhaust system (pipes, flexible joints, clamps and 

rings, mufflers, and weathercaps) are manufactured of stainless steel to 

insure long life and trouble free operation. The system is designed to pro¬ 

vide a simple, low cost installation, requiring a minimum of maintenance. 

All components are designed to provide ease of replacement. Aluminum 

muffler covers are easily removable, allow quick muffler accessibility, pro¬ 

tect against heat, and prevent infrared radiation. 
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4.9- Cooling System■ 

4.9.1. General Description. 

The power train cooling system shown in drawing SK-5245, is designed to 

provide optimum cooling for the engine coolant water, engine lubricating oil, 

and converter-transmission assembly lubricating oil through the use of a 

dual radiator installation and oil-to-water heat exchangers. Drawing SK-5226 

shows a schematic diagram of the engine coolant, engine lubricating oil, and 

converter-transmission lubricating oil cooling systems. The schematic 

diagram clearly shows the cooling systems are conventional in design. 

Simplicity of the system has been retained, without sacrificing the operating 

efficiency and reliability of the system and the individual components. 

4.9.2. Design Features. 

4.9.2.1. Two radiators are utilized. The radiators are installed in individual com¬ 

partments located in the rear of the vehicle and on either side of the machinery 

compartment. This is shown in drawing SK-5165. The radiators are mounted 

on a 45 degree angle in the compartments and are forced-draft air-cooled by 

hydraulically-driven propeller type fans. The air intake is through louvered 

grille openings on the top side of the vehicle. The hydraulically-driven fans 

push the air through the radiator cores and louvered grille outlets at the rear 

of the vehicle. It is possible for the ducts to ship water during surfing 
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operations; however, the exhaust grille is such that the duct will quickly 

drain to prevent a flooded condition. 

4.9-2.2. The fan and radiator cooling system is completely isolated from (and 

waterproof to) the engine compartment. This arrangement insures that 

ambient air will be pushed through the radiator cores, giving an efficient 

cooling system. By pushing the air through the radiator cores, less horse¬ 

power is used. This condition occurs because the ambient air volume 

pushed to the cores is less than the exhausted volume due to the temperature 

rise through the radiator core. The direction of flow of the exhaust air gases, 

in a downward direction, tends to hold down any trailing dust. This system 

meets the requirements of the LVTPX11 design characteristics by not 

requiring manual operation by the driver to actuate, i.e., open or close any 

water or land air intake grilles or ducts. This system will eliminate water 

entry and flooding problems connected with an internal cooling system re¬ 

quiring excessively large cooling air inlets and outlets in the hull. The fan 

horsepower requirements are also lower due to the elimination of complicated 

water-expulsion type air inlet and outlet grilles and flapper valves. 

4.9.2.3. The radiator construction is typically that of automotive practice. Each 

radiator has a bottom tank and a top tank; the top tank has adequate capacity 

for water expansion and water replenishment for the system. A filler neck, 

an overflow tube (which drains within the radiator compartment), and the 
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pressurized filler cap are mounted on the top tank. The top tank, core, and 

bottom tank are adequately tied together with side members to sustain 

operating loads. The bottom tank of each radiator incorporates an integrally- 

mounted, plate-type oil cooler; one unit for the engine lubricating oil and the 

other unit for the converter-transmission lubricating oil. The integrally- 

mounted oil coolers eliminate the need for extra piping and mounting, are 

more efficient, and weigh less (about one-fourth) than a separate heat ex¬ 

changer. The cost is also reduced considerably. Access to the filler caps 

is through an opening in the air inlet grille. The various components of the 

radiator are constructed of the following materials: top and bottom tanks, 

tubes, headers, inlet and outlet tubes, and filler necks are brass-solder 

coated; fins are copper-solder coated; plate type oil coolers are cupra- 

nickel; side members, mounting angles , gussets, and fan shroud are 

terneplate. 

4.9.2,4. The radiator fans are six-blade, propeller-type, constructed entirely of 

aluminum alloy. The fans are hydraulically driven at 2000 rpm and have a 

capacity of 10, 500 cfm at a total flow resistance head of 2.5 inches H2O. 

They require 8.1 driving horsepower. The fans are mounted on the hydraulic 

motor and within faired transition shrouds which in turn are mounted to the 

radiators. These components are readily accessible and detachable from the 

radiator units. The air flow requirement ratio to radiator size requirement 
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has been properly matched to assure minimum radiator system weight with a 

minimum of air-flow-horsepower. 

4.9.2.5. The engine incorporates a standard dual-thermostat housing with dual 

parallel-flow water outlets assuring proper flow to each radiator. A thermo¬ 

stat and by-pass system is used on each radiator, to insure a continuous 

water flow to the engine if the radiator core becomes blocked. This by-pass 

is also used for engine warm up. The thermal opening of the thermostat 

starts at 170°F and is fully open at 185°F. The system pressure which is 

regulated by the pressure cap is seven psi. A temperature warning light 

and gauge system is used to give the vehicle operator a warning of adverse 

conditions. 

4.9-2.6. A by-pass type corrosion-resistor, which is a standard Cummins Engine 

Company unit is used in the system. This resistor minimizes corrosion and 

keeps the cooling system clean by performing the following operations: 

A. Treats the coolant through the addition of a chromate which is 

one of the most effective corrosion inhibitors known. 

B. Keeps the PH value of the coolant in the range of 8.5 to 9. 5 by 

means of an alkaline buffering chemical contained in the element. 

C. Softens the coolant by means of chemicals to prevent scale forma¬ 

tion, which can block the radiator and coolant passages. 
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D. Filters the coolant to remove dirt, and precipitates foreign matter 

which may collect on the water passage surfaces, 

E. Sets up a reverse voltage by means of two megnesium resistor 

plates, to counteract electrolysis in the engine. 

4.9.2.7. The engine lubricating oil and the converter-transmission oil are cooled by 

the separate, integral plate-type oil coolers mounted in the bottom tanks of 

the main radiators. The engine has an integral oil cooler on one side of the 

block which is connected in series with the bottom tank oil cooler in the star¬ 

board radiator to give adequate cooling. The engine oil cooling system incor¬ 

porates a "Vernatherm" combination temperature by-pass and differential 

pressure relief valve. This unit by-passes the oil cooler during warm-up 

operation, closes at operating oil temperatures allowing the oil to circulate 

through the oil cooler, and allows pressure by-pass of the radiator to prevent 

rupture of the oil cooler during cold weather cold oil starts or plugged oil 

cooler conditions. The engine oil cooling system incorporates a full-flow oil 

filter and a temperature warning light and gauge system to give the vehicle 

operator a warning of adverse oil temperatures. 

4.9.2.8. The converter-transmission lubricating oil is connected to the bottom tank 

oil cooler in the port radiator. A "Vernatherm'' valve is also used in this 

system and performs the same function as the valve in the engine oil cooling 
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system described in the previous paragraph. The transmission oil cooling 

system also incorporates a full-flow oil filter and a warning light and gauge 

system to indicate adverse oil temperatures. 

4.9.2.9. The engine oil cooling system design and the converter-transmission oil 

cooling system design give relatively equal heat rejection to the water in each 

radiator, thereby giving a well balanced over-all cooling system. The systems 

have been designed to provide proper systems functioning and cooling at -40°F 

to +12 5°F vehicle operating ambients. 

4. 10, Controls . 

4.10.1. General Description. 

4.10.1.1. The driver's station includes all controls required to permit vehicle oper¬ 

ation for normal and emergency conditions. Manually actuated control systems 

include: steering, speed range gear selection, water-land operation selection, 

service and parking braking and engine throttle control. {See drawings SK-5196 

and SK-5222). 

4.10.1.2. The design objective of this phase is for positive component control com¬ 

bined with the utmost drive efficiency through control simplification. 

4.10.2. Design Selection. 

In the preliminary designs presented in this Phase I Report, the Controlex 
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Model 538 MV mechanical flexible push-pull control unit has been specified, 

The use of this type control {rather than the more conventional rigid rod and 

belle rank installation) provides a positive control link, greatly simplifies 

controls installation procedure, and largely eliminates the periodic field in¬ 

spection and maintenance procedures required with conventional systems. 

4.10.3. Design F oatures . 

4.10.3.1. Control functions are transmitted from the mechanical input levers into, 

and from the push-pull unit through Teflon lined spherical rod ends manufactured 

by the Radial Bearing Company and/or the Heim Rod End Company. The 

vehicle driver control input crank pivots on cylindrical bearings made of 

special Teflon "alloy" manufactured by Garlock, Incorporated. 

4.10.3.2. For complete protection against moisture, corrosive fluids, or gases, 

the outer case of the Controlex flexible push-pull unit is covered with vinyl 

plastic. These control assemblies require no lubrication throughout their 

operative life and will function normally in temperature variations from -85°F 

to +750°F . (See figure 4- 10 , LVTPX11 Flexible Push-Pull Control, ) 

4. 10.3. 3. It is anticipated that the mechanical controls system described will be 

relatively maintenance free in that the use of Teflon lined bearings at all 

friction points will eliminate completely the need for any scheduled main¬ 

tenance procedures. 
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4.10.3.4. A disconnect feature , slide-out slots in all brackets , is provided for all 

Controlex connections to the power train components to facilitate engine- 

transmission removal from the vehicle. 

4.10.4. Land-Water Functions. 

4. 10.4. 1. As the transmission provides either a geared steer, normally used for 

land operations, or at the driver's option, a pivot steer normally used for 

water steer, the driver has been provided a hand operated lever to permit 

selection of either steering mode. 

4.10.4.2. Control is transmitted through a flexible push-pull directly to a two- 

position, detent-held valve spool at the transmission. This valve, normally 

used in Ordnance vehicle applications as a two-position, pivot-steer selector 

valve, is used in the LVTPX11 as a "Land-Water" steering mode selector 

valve. When in the "Land" steering position, geared steering will be avail¬ 

able for normal land operation. When in "Water" steering position, during 

normal steering with the steer control stick, a de-clutch steer will be avail¬ 

able while in the optimum third speed range. A "hard-over" application of 

the steer control lever will provide pivot steer when in this water speed 

range . 
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4.10.5. Steering and Gear Select Control. 

4. 10.5, 1. Directional and speed range selection is provided by a simple "stick" con¬ 

trol unit, cantilever mounted from the base of the driver’s instrument panel. 

The "stick" control is positioned much as in the LVTP5 family of vehicles. 

4.10.5.2. This unit consists of the control lever with its integral reverse lockout 

lever and shift control output crank. This assembly is shaft-mounted to pivot 

longitudinally to effect the shift control function. The lever pivots in a yoke 

assembly which is shaft-mounted in the control base to pivot laterally to 

effect the steering control function. Fixed to this shaft, and reacting against 

the base, is a torsion-type steer centering spring. 

4.10.5.3. The control lever , steering yoke , and mounting yoke are machined of 

356T6 aluminum alloy castings, shafting is plated steel, the reverse lever 

lock and steer centering springs are of stainless spring wire. 

4.10,6. Throttle - Hand and Foot. 

4. 10.6. 1. Engine throttle control is offered primarily by an automotive type, foot- 

controlled accelerator pedal linked directly to the engine throttle through a 

flexible push-pull unit. 

4,10.6.2. A secondary hand-operated throttle control is provided at the driver's 

left hand. This control provides a positionable "Idle" stop at the foot 
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accelerator pedal, ranging from idle to maximum throttle. A torque-adjusting 

feature is provided in the hand throttle hub and mounting assembly. It is noted 

that the hand throttle setting may be overridden at any time by the foot pedal. 

4.10.7. Brakes - Service and Parking. 

4.10.7.1. The vehicle service and parking brakes are an integral part of the steering 

transmission and are mechanically actuated through independent control arms. 

4.10.7.2. The brake actuating control arms are connected to the driver's foot 

actuated control pedal through dual flexible push-pull controls, permitting 

individual adjustment of each brake. Included in this control is a cam device 

to permit force multiplication as required in the control cycle. 

4.10.7.3. Parking brakes are applied by depressing the foot brake pedal and pulling 

the parking brake "Tee" handle mounted at the lower left hand area of the in¬ 

strument panel. This will actuate a foot pedal ratchet lock, locking the foot 

pedal in the brake apply position. To release the parking brake, the foot 

pedal is momentarily depressed, atuomatically releasing the ratchet lock. 

4.11. Power Package Mounting. 

4.11.1. The engine-transfer gearbox-transmission package is supported by a "U"- 

shaped horizontal frame made of square tubular members. The engine is 

three-point mounted to the frame in a conventional manner with two rigid 

■iiMiiimnim 
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supports bolted to the flywheel housing and a rigid trunnion mount at the front 

of the engine. The transfer gearbox is rigidly mounted to the engine flywheel 

housing. The transmission is hung on two trunnions connected to the output 

housings of the transmission and rigidly mounted to the box frame, while the 

front mount is rigidly connected to the input cover of the transmission and the 

box frame . 

4.11.2. The mounting frame is resiliently mounted in the hull by four sets of tube- 

form mounts. These mounts are of the captive-controlled, combination 

shear-compression type and will still support the power package if failure 

occurs. They are used to minimize the vibration and shock loads. (The 

mountings are manufactured by Lord Manufacturing Company). 

4.11.3. The detailed engine-transfer gearbox-transmissionmount design ispredicated 

on the necessity of controlling stresses, deflection and weight, as well as 

assuring the required alignment of the components. The alignment of the com¬ 

ponents is obtained by shimming of the prime mover. Mounts are designed to 

withstand acceleration loads of five G 's in a positive and negative vertical 

direction, three G's in a sideways direction and three G's fore and aft, The 

mounting of the three components to the frame can effectively be done outside 

the vehicle, and can be installed in the vehicle as one unit or removed as one 

unit. Also, the engine and transfer gearbox have the capability of being 
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removed as a unit without dismounting the transmission. Refer to drawing 

SK-5224 for power package mounting. 

4.11 .4. The power package mounting attachment points and all cooling, exhaust, 

aspiration, oil, fuel, and electrical connections to the engine, transfer gear 

box and transmission are readily accessible and easily disconnected to 

facilitate removal of the power package assembly. 
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LVTPX11 

PHASE I 

APPENDIX I of SECTION 4 

The following section includes 

the analysis of powerplant and 

transmission selection. 
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Choice of Powerplant and Transmission 

The selection of the power train machinery has been based upon the design 

requirements for achieving the desired vehicle performance. A study of 

vehicle performance has been made from theoretical calculations and ex¬ 

perience factors, and evaluation of this data has provided a basis for the 

selection or design of optimum power train components, ratios, and sizes, 

matched to the requirements. In this manner it is considered that the possi¬ 

ble attainment of the performance goals is enhanced by provision of a complete 

power train which is the most efficient in size, weight, and performance by 

being matched to the installation. 

A comprehensive search for and study of existing power train components, 

including standard commercial and military engines, transmissions, and re¬ 

lated hardware adaptable to the power and performance requirements of 

this installation, has been made with leading, qualified manufacturers. Per¬ 

formance estimates were made, along with preliminary design layouts to 

evaluate the vehicle requirements for the installation of various combinations 

and arrangements of machinery. 

Powerplant Selection 

The powerplant, or engine, is the primary component of the power train to 

be considered. The choice of the powerplant must be based on the primary 

consideration of performance, i.e., power and torque required and the manner 
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in which they are obtained. Secondary to this are considerations of the type 

of fuel used, powerplant weight, size, availability, cost, and compliance with 

military specifications. The final selection, between possible engines, is 

based on the best over-all installation compatibility. A basic criterion for 

final evaluation has been the desire to provide an engine which meets the re¬ 

quirements while offering the greatest mechanical simplicity and reliability; 

an engine with design which is free of complex devices which could give 

trouble and cause failure or malfunction in the field during combat. 

Selection of the powerplant has been made from evaluation of a number of 

possible compression-ignition engine designs. Leading engine manufacturers 

were canvassed for their recommendations to determine the availability of 

engines of the required ratings. The engine requirements were established 

on the basis of a 35, 000-pound gross vehicle weight with a single engine . 

From preliminary design studies, it was determined that for a vehicle of 

35,000 pounds gross vehicle weight, the optimum engine installation would 

place a single power package centrally in the vehicle hull. For complete 

evaluation of this installation, information on engines in the nominal 300 

brake horsepower rating class was obtained. 

There are several compression-ignition engines in this class which are ex¬ 

tremely similar in physical dimensions and performance. The pertinent 

characteristics of the several possible engines are summarized in table A, 

below: 
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Table A. Comparative Engine Data 

Manufacturer 
Cummins 
Engine 
Company 

International 
Harvester 

Company 

Caterpillar 
Tractor 
Company 

General 
Motors 

Corp4 

Model 

Cylinder 

Rated Horsepower 

Rated RPM 

Peak Torque, LB-FT 

Peak Torque, RPM 

Type Cycle 

V8-315 

8-90°V 

315 

3000 

606 

2150 

4 

DVT-573 

8-90°V 

300 

3000 

565 

2200 

4 

D-333 

6 

300 

2400 

750 

1600 

4 

6V-71T 

6-63.5°V 

332 

2300 

790 

1750 

2 

Multifuel 

BSFC at Rated Power 

Supercharged 

Weight in Pounds 

Length in Inches 

Width in Inches 

Height in Inches 

To C.I.E 

.42 

No 

1849 

43.75 

34.18 

41.81 

To C.I.E 

.413 

Yes 

1900 

42.0 

33.6 

38.5 

Multi 

.40 

Yes 

1980 

53.40 

31.0 

42.19 

Multi 

.40 

Yes 

1875 

50.0 

37.3 

57.3 

Availability 

Cost - Production $ 

Production 

3515-3750 

Production 

4000-5000 

Production Production 

3100-3800 
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The Cummins V8-315 engine is selected as the powerplant for the LVTPX11 

on the basis of the following: 

1. Rated power and speed. The rating of 315 brake horsepower appears to 

match vehicle requirements most closely. The maximum speed of 3,000 

rpm agrees with the trend to higher speed and lighter components in the 

power train and meets vehicle maximum speed specifications with exist¬ 

ing transmission ratios. 

2. Weight. It has the least weight of the presently available fully-developed 

300 brake horsepower class engines. 

3. Size. Compared with the other engines evaluated, the Cummins engine 

has the least cver-all length and comparable width and height. 

4. Compatibility. This engine is a completely satisfactory match to the Al¬ 

lison XTG-250 power train, at the upper limit of torque converter rating. 

While this engine is presently being manufactured with a cast-iron block, it 

will be available in aluminum if the demand warrants aluminum production. 

It is presently qualified for use of diesel fuels, the JP-series of fuel, and C. 1.1 

fuel. Development work is being accomplished on full multifuel usage, and the 

manufacturer states that multifuel capability can be added when required. 

A factor in the selection of this engine is its projected use in the U. S. Army, 
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Transportation Corps, LARC 5 and LARC 15 vehicles, which will establish it 

as a military-qualified engine. 

Since this engine is presently naturally-aspirated, it offers considerable growth 

potential in power rating through turbo charging should the requirement for 

more power be established. 

At least two alternate engines should be specified so that, in case of war or 

any other emergency, powerplants for the LVTPX11 would be available from 

different sources. This multisource requirement can be met with minimum 

compromise with the following engines. 

The International Harvester DVT-573 engine has characteristics very nearly 

matching the Cummins V8-315 and must be considered as a prime alternate. 

Therefore, it also matches well to the Allison XTG-250 power train. It weighs 

51 pounds more than the Cummins engine and is slightly longer. 

The Caterpillar D-333 engine is another possible alternate powerplant because 

of its power rating. However, it is heavier and considerably longer, and de¬ 

velops its rated power at a relatively low speed {2,400 rpm). In addition, it 

develops too much torque (770 Ib-ft) to consider matching to the Allison XTG- 

250 power train without adding a speed-up gear ratio between engine and trans¬ 

mission, which would require redesign of the transfer gear. 

The Gene ral Motors 6V-7.1T engine may be considered as a possible alternate 
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powerplant. It is a high production engine and is used in other military 

vehicles. It is available as a multifuel engine and can be matched to the 

Allison XTG-250 transmission by using a speed-up ratio in the transfer 

gearbox. Its height is satisfactory but it is slightly longer and higher than 

the Cummins engine. 

Transmission and Related Powertrain Component Selection. 

The selection of the design of the individual units comprising the powertrain, 

from the engine to the drive sprockets, has been based principally upon the 

requirements for vehicle performance as reflected in ratios and number of 

transmission ranges, etc. , physical size and space considerations, and com¬ 

patibility with mating components so as to form a complete and optimum power 

train with minimum compromise. 

Evaluation of Transmission Types. 

In meeting the requirements of the vehicle specifications and in the interest 

of providing the optimum powertrain, investigation and study has been made 

of the following general transmission types: 

1. Mechanical 

2. Hydraulic 

3. Electrical 

Discussion. 

The fundamental purpose of a transmission is to match the prime mover power 

output characteristics to the vehicle requirements. This is accomplished by 
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transmitting the power from the prime mover to the vehicle drive outputs 

at the desired torque and speed to provide the required vehicle performance 

Thus the transmission is a matching device which allows adaption of a prime 

mover with specific speed and torque characteristics to the speed and torque 

requirements of the vehicle drive outputs. The transmission must provide 

ratio coverage for the maximum speed required as well as the maximum 

tractive effort required. For the amphibian, where water propulsion is re¬ 

quired by means of the tracks, an optimum ratio for water operation is de¬ 

sirable. 

foi the tracked vehicle, it is required that the transmission also provide the 

function of steering, since steering is accomplished by control of the speed and/ 

or direction of movement of the tracks relative to each other. This is most ef¬ 

ficiently done in the main transmission. It is desirable that regenerative steer¬ 

ing be possible as well as a pivot steer capability. Transmissions can also 

provide vehicle oraking and thus eliminate the need for separate braking 

mechanisms. 

For purposes of comparing transmission fundamental types, however, there is 

a natural division of transmissions into three types involving the relation be¬ 

tween the input and output characteristics of speed and torque. These three 

types are: 

1. Fixed ratio 
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2. Limited variable ratio 

3. Continuously variable ratio 

An example of the fixed ratio type of transmission is the multiratio gearbox 

with either a friction clutch or a fluid coupling. The output torque is a direct 

function of the input torque and the gear ratio. The output speed is a function 

of the input speed and the reciprocal of the gear ratio. The fixed ratio trans¬ 

mission requires power dissipation for stall torque and shift points due to 

clutching or fluid coupling dissipation, with no output multiplication other than 

the fixed ratio. 

An example of a limited variable ratio transmission is a torque converter, 

with or without gearbox. The output torque is a function of a combination of 

the input speed and input torque. The output speed is independently variable 

up to a limit of less than the input speed for the most common designs. Stall 

torque is produced by power dissipation because slip is used to generate 

torque. 

An example of a continuously variable ratio transmission is a hydrostatic 

type. Output speed is independent of input speed, and output torque is inde¬ 

pendent of input torque. Input power is a function of output power and the 

input power can be produced at any desirable combination of speed and torque 

that is compatible with the prime mover characteristics. Stall torque is pro¬ 

duced without slip and the transmission does not require power dissipation to 

produce this torque. 
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In performance, a transmission must give the vehicle the mobility and flexi¬ 

bility needed to complete its mission. When extreme mobility is required, 

tracked vehicles are used. Their transmissions must give high torques for 

quick accelerations, accept high torques for sudden braking, and have these 

torques infinitely variable in order to perform turns ranging from pivot to 

infinite radius. 

Transmission efficiency affects the mission capabilities, logistics for the 

vehicle, and may affect the vehicle performance. In judging the efficiency 

of transmissions, three factors must be considered: (1) the transmission 

efficiencies for part loads as well as rated loads are needed in order to es¬ 

timate the efficiency of steady-state speed operation, (2) accelerations, 

steering, and low speed pulling or pushing must be considered in terms of 

heat rejection, (3) finally, to obtain the affect oncver-all fuel consumption, 

consideration must be given to the extent that the transmission allows the 

engine to operate efficiently. 

The transmission must be designed for minimum weight and size. The 

space and weight saved by an optimum-sized transmission may be used for 

increased vehicle capacity, increased ground clearance, lower silhouette 

height, or reduced vehicle weight, providing more maneuverability. 

It is considered to be beyond the scope of this study to enter into a full 
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description and analysis of the fundamentals of each transmission type, and 

the related factors regarding vehicle performance. 

With the above considerations in mind, evaluation of existing transmission 

designs has been made. In addition, other considerations offered are newly 

designed mechanical, hydraulic and electric transmission systems tailored 

for this installation. 

Mechanical Transmissions. 

A mechanical transmission has been selected as the primary choice of trans¬ 

mission type because of its proved, reliable, and conventional design, its 

high efficiency, and low cost. 

The approach taken here is to consider the use of an existing, production- 

transmission which is being developed for other military vehicle programs. 

This would offer a satisfactory power train at minimum cost, current availa¬ 

bility, and a high degree of standardization and interchangeability in the mili¬ 

tary system. 

The choice of available, fully-developed transmissions suitable for powering 

tracked military vehicles is, indeed, limited. The single, established source 

for power trains for military tracked vehicles is Allison Division of General 

Motors. Other specialized transmissions have been developed by companies 

such as FMC Corporation; however, these have limited applicability outside 

Oi the special vehicles for which they were developed. 
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The Allison XTG-250 powertrain is the only available, fully-developed 

transmission design suitable for installation in the LVTPXll. Other 

transmission models developed by Allison are not suitable with regard 

to physical size, ratings or ratios. 

The Allison Model XTG-250 powertrain matches fairly well to the LVTPXll 

vehicle requirements and is considered to be a marginal but suitable trans¬ 

mission. It matches satisfactorily to several leading, qualified, compres¬ 

sion-ignition engines, thereby permitting considerable flexibility in its 

application. It is a developed unit available with or without integral final 

drives. The ratio coverage is marginal. It is available at present only 

with magnesium housings; however, it is felt that aluminum housings are 

to be developed. 

The XTG-250 unit would be utilized for the LVTPXll installation less the 

final drives, since the standard final drive ratio is non-optimum. Also, it 

is advantageous to provide a separate final drive with a geared reduction 

to obtain the offset necessary to the track compensator design. 

The present ratings of the XTG-250 unit are for maximum input horsepower 

of 250, maximum input torque of 520 pound-feet, and maximum input speed 

of 2, 800 rpm. It is classed for use in a 34, 000-pound vehicle . These 

ratings have been discussed with Allison representatives and they have 
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tentatively approved use of the XTG-250 with the Cummins V8-315 engine 

and in a vehicle of 35, 000 pounds gross weight. 

The XTG-250 unit is presently qualified to function on a 60 percent forward 

slope and 40 percent side slope. The manufacturer foresees no extreme 

problem in qualifying it for operation on a 70 percent forward slope and 

60 percent side slope. 
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LVTPX11 

PHASE I 

APPENDIX II of SECTION 4 

The following power train design analysis is presented to 

record preliminary analyses made during Item 1 study, and 

to illustrate the format for compilation and presentation of 

design philosophy and data to be developed during Item 2 

detail design. 

■iisfl 
BORG-WARNER 
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J "J 

VEHICLE BASIC DESIGN PARAMETERS 

Summary of Leading Specifications 

Physical Characteristics .- 

35,000 lbs 
27,000 lbs 

8,000 lbs 
or 

29 Fully Equipped 
Personnel 

Length Overall (LOA), Maximum 21'-3" 
Beam, Maximum 10'-6" 
Height Overall, Maximum 9'-0" 
Cargo Space: Length, Min. 12'-0" 

Width, Min, 6'-0" 
Height, Min. 5'-6" 

Ground Clearance 18" 
Angle of Approach 65 
Angle of Departure 45° 

Performance Characteristics.- 

Speed: 
Land - Forward (Hard, Level Surface) 
Land - Forward (Cross-Country) 
Land - Forward (Minimum sustained) 
Land - Reverse Maximum not less than 
Water - Forward Maximum attainable 
Water - Reverse 

Braking Ability Stop and Hold On 70% grade 

Gradability: - 
Forward Slope Forward or Reverse Gear 70% 

(From standing start to 2 mph minimum forward) 
Side Slope 

40 mph 
20 mph 

2.5-5.0 mph 
5 mph 

Target 7 mph 
Thrget 4 mph 

Design Maximum Gross Vehicle Weight 
Design Maximum Hoisting Weight 
Design Cargo Capacity 

(with crew of 2) 

J 
60% 
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VEHICLE BASIC DESIGN PARAMETERS 

Summary of Leading Specifications (Cont'd) 

Stability: 
Water - Fully Loaded 
Land - Fully Loaded 

Trench Crossing Ability 
Vertical Obstacle Ability 
Surfability - Fully Loaded 

Design Unit Rolling Resistance: 
Off-Highway, Grades 
Hard Surface 

Design Ambient Temperature Range 

Design Performance Temperature 

Endurance: 
Land - Hard, Level Terrain 
Water 

Fuel Capability 

100° roll to P/S 
90° turn on 

60% side slope 
8 ft wide X 4 ft deep 

3 ft high 
10 foot plunging surf 

140 lb per ton 
100 lb per ton 

-40° to 1250 F. 

80° F. 

1,000 hours 
800 hours 
200 hours 

300 miles at 25 mph 
6 hours at Max Speed 

(whichever is greater) 

JP-4, JP-5, Diesel fuel oil, 
Army CIE -fuel 

Design Operating Life - Minimum Overhaul (TBO) 
Land Operation 
Water Operation 
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Power Train Design Analysis 

PERFORMANCE ANALYSIS 

See Section 3.0 of Basic Report 

, 
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POWER TRAIN DATA 

Power Train Design Parameters 

Sheet 4 of 78 

Design Gross Vehicle Weight 35,000 lb 

Design Speeds: 
Land - Forward, Maximum (Hard, Level Surface) 
Land - Reverse - Maximum not less than 
Water - Forward - Maximum attainable Target 
Water - Reverse Ihrget 

40 mph 
5 mph 
7 mph 
4 mph 

Braking Ability - Stop and Hold On 70% grade 

Gradability - Forward and Reverse Grade 70% 
(From standing start to 2 mph minimum forward) 

-Side Slope 60% 

Design Performance Temperature 
(at Sea Level) 

80°F . 

Design Power Train Component Life (TBO) 
(Based on vehicle operation of 800 hr. 
land and 200 hr. water) 

Design Rolling Resistance: 
Off-Highway, Grades 
Hard Surface 

1,000 hours 

140 lbs per ton 
100 lbs per ton 
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POWER TRAIN DATA (Cont'd) 

Power Train Components Data 

Basic Power Train 

Prime Mover 

Transfer Drop Gear 

Transmission 

One Cummins V8-315 
Compression- Ignition 
Engine 309 BHP at 3,000 
rpm 593 Ib-ft at 2,150 rpm 

(80°F, Sea Level) 

Borg-Warner 
Spur Gear 
Ratio 1:1 

Allison XTG-250-2 
with Remote Input and 
Concentric Output 

Overall Mechanical Gear Ratios: 

1st 4.18 X 1.478 X 1.44 = 8.921 

2nd 4.18xl.00 x 1.44 = 6.036 

3rd 2.24 X 1.00 X 1.44 = 3.234 

4th 1.00 X 1.00 X 1.44 = 1.44 

Reverse 2.24 x 2.0 9 5 x 1.44 = 6.7 7 6 

Converter Stall Torque Ratio 2.55:1 

Final Drive Two Borg-Warner 
Spur Gear 
Ratio 3.3:1 (Reduction) 

Sprocket Rear Drive 
Pitch Dia. - 21.3 inches 
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NObs 4561 LVTPX11 
Power Train Design Analysis 

POWER TRAIN DATA 

Power Train Components Data (Cont'd) 

Auxiliaries and Accessories 

Electrical System.- 

Alternator One Leece-Neville 
24-volt, 125-amp 

Hydraulic System.- 

Main Hydraulic Pump One Weatherhead 
variable-displacement 
pres sure-compensa ted 
piston pump, 2,400 rpm 
3.2 cu, inch per rev, 
3,000 psi 

Supplying power for: 

Cooling Fans Two 23-inch diameter, 
6-blade, propeller-type 

Bilge Pumps Four centrifugal 
300 gpm each 

Auxiliaries Ramp actuator 
Track compensator 

Lubrication System. - 

Transfer Gearbox Lubrication Pump 
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Design Operating Conditions 

The following design operating conditions have been selected as the 

primary conditions to be utilized in the design analysis of the power 

train systems . 

Drop Gear Transfer Box 

The design operating conditions for the drop gear transfer box are 

based on engine output, The following three engine output points were 

selected: 

Design Life Cond. Engine-Output 

20% 
50% 
30% 

Maximum Torque 
Average Load 
Maximum Horsepower 

2 
3 

Total Operating Life: 100% = 1,000 Hours 

The average load point is assumed to be at a point 2/3 between maximum 

torque and maximum horsepower point. The engine output speed "N^ ' at 

average load point is then: N - 

engine speed at maximum torque output, 

XTG-250 Allison Transmission 
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Power Train Design Analysis 

The design life calculations for the Allison transmission are based on 

an estimated duty cycle. This duty cycle for the transmission is derived 

from the following average vehicle operating conditions: 

Land Operation 

2-3 MPH at 70% Slope 
5-7 MPH at 20% Slope 
15 MPH at 8% Slope 
Maximum-Speed 

Reverse 2 to 3 mph 

Total Land Life: 

- 5% 
- 25% 
- 35% 
- 10% 

-_5% 

80% = 800 hours 

Water Operation 

Maximum Speed 
Reverse 

Total Water Life: 

- 15% 
- _5% 

20% = 200 hours 

Duty Cycle for XTG-250 Transmission 

This duty cycle is for full-throttle operation, total design life is 1,000 

hours. 

Transmission Ratio Vehicle Speed Design Life 
MPH _Percent 

Ist-Gear 
Converter Drive 
Lockup 

2-3 5 

5-7 10 
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Duty Cycle for XTG-25Q Transmission (Cont'd) 

2nd-Gear 
Converter Drive 5-7 15 
Lockup 8-10 5 

3rd-Gear 
Converter Drive 10-12 20 
Lockup 13-15 15 

4th-Gear 
Converter Drive 18-20 10 
Lockup 35-38 10 

Reverse 
Converter Drive 2-3 5 
Lockup 5-7 5 

Final Drive 

The design conditions for the final drive are derived from previous 

experience . 

_Operating Conditions_ 
Vehicle Speed Slope Design Life 

Condition_MPH_Percent Percent 

1 

2 

5 Steering 5 
Condition 
Based On 

f = 1.0 

14 20 60 

8 35 

Total Life: 100% = 1,000 hours 

3 25 
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ENGINE DATA 

Engine Specifications 

The power plant with characteristics and performance indicated to be 
most favorable for powering the LVTPX11 is the Cummins Model VINE 
V8-315 compression-ignition engine, manufactured by the Cummins 
Engine Company, Inc., Columbus, Indiana. 

The Cummins Model VINE V8-315 is a 4-cycle, 90 degree V-type, 8- 
cylinder engine of 785 cubic inches displacement. It is a naturally- 
aspirated engine rated at 315 bhp at 3, 000 rpm, and 606 Ib-ft maximum 
torque at 2,150 rpm corrected to 60°F. and sea level conditions. The 
compression ratio is 15:1 . It features an "over-square" design with a 
bore of 5-1/2 inches and a stroke of 4-1/8 inches. The nominal size di¬ 
mensions are: length - 42 inches, width - 39 inches, and height - 42.5 
inches. The nominal net weight with cast-iron block and standard ac¬ 
cessories is 1,775 pounds. 

The Model VINE V8-315 engine is an up-rated version of the standard 
commercial Model VINE V8-365. The higher rating is obtained through 
the use of special fuel metering and operation at higher speed. 

Summary of Cummins V8-315 Engine Specifications 

Horsepower (at 6qPf, Sea Level) 
Governed RPM 
Maximum Torque at 2150 RPM, Lb-Ft 
Number of Cylinders 
Bore, Inches 
Stroke, Inches 
Piston Displacement, Cubic Inches 
Angle of V, Degrees 
Operating Cycles 
Compression Ratio 
Net Weight, with Standard Accessories (Lb) 
Pounds per Horsepower 
Dimensions: (Nominal) 

5-1/2 
4-1/8 

3, 000 
6o6 

8 

15:1 
1775 
5.9 

785 
90 

4 

315 

Length, Inches 
Width, Inches 
Height, Inches 

42 
39 

42.5 
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Engine Specifications (Cont'dJ 

600 cfm 
32.5 Btu/HP/m in 

8 inch Hg 
25 inch H^O 

Engine Performance Characteristics 

Engine Gross Rated Performance 

Aspiration Air Flow at 3000 rpm 
Heat Rejection 

Maximum Fuel Filter Restriction 
Maximum Inlet Air Restriction 

ENGINE DATA 

Cummins Engine Co. , Inc. , Columbus, Indiana has established the 
maximum ratine of the basir vs PAn • ,,,. oiisned the 
under Tni u . V8-265 engine at 315 BHP at 3,000 rom 
avaUaM .hUS co"dlti°"s■ This is the maximam horsepower 
available the naturally.aspirated state with an acceptable srTke 
rating, and assuring reliability and durability. 

Reference. Cummins Performance Curve No. RP-I691, Fig a 

Engine Model: Cummins V8-315 (VINE) 

Cummins Test Conditions: 60°F 
(Corrected) 

Engine Gross Performance Includes: 

Corrected Engine Gross Rated Performance 

Sea Level 

Air Cleaner 
Generator (1 HP) 
Water Pump 
Oil Pump 

1 inch Hg Exhaust 

Loss 
10 inches H O 

2 
Inlet Loss 

The LVTPXll specifications requi 
and sea level (29.92 inches Hg). 

re performance ratings at 80°F 



Sheet 12 of 78 

BORG-WARNER 

INGERSOLL KALAMAZOO DIVISION 
BORG - WAR N E R CORPORATION 

Corrected Engine Grosa Rated Performance (Cont'd) 

Cummins Curve No. RP-1691 then must be de-rated as noted, i.e. , 
1% for each 10°F. increase in temperature above 60°F., or a 
total of 2% to conform to the vehicle installation design condition 
of 80°F. ambient temperature. 

The following table shows corrected data. Curve as shown in 
figure A plots this data. 

Table A. Cummins V8-315 Performance 80°F., Sea Level 

Engine RPM HP at 60°F HP at 80°F Torque, Ib-ft 
at 80°F 

1400 
1800 
2200 
2600 
3000 

147 
204 
253 
289 
315 

144 
200 
248 
283 
309 

540 
584 
593 
572 
542 

Engine Net Rated Performance 

In order to properly evaluate the Cummins V8-315 engine for the LVTPX11 
installation, the additional auxiliary and accessory losses unique to the vehicle 
must be considered in determining a net engine curve for use in evaluating 
transmission performance and predicting vehicle performance. 

Essentially, the design performance of the vehicle, and particularly fuel con¬ 
sumption and endurance performance, is considered to be derived optimumly 
from an average operating condition. Therefore, the following determination 
of net engine performance is based on average accessory losses derived from 
assumed normal vehicle operation, as opposed to maximum operation during 
which certain accessories may be absorbing full load. (Note: The critical mini¬ 
mum performance areas of the vehicle are properly considered at another point. ) 

Also, it may be seen that typical operation on land and water may utilize different 
accessories; e.g. , bilge pumps during water operation. Therefore, in a refined 
analysis different accessory loss values may be determined for each operating 
regime , 

Accessory Losses 

The LVTPX11 utilizes three principal accessory systems which are driven off 
the engine: 
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1, Electrical System 

The LVTPX11 electrical system is a 24-volt system powered by 

lead-acid batteries. The charging of the batteries is done by an 

alternator which is driven directly off the engine, using a speed¬ 

up drive ratio of 3.333 to 1. 

For average operating conditions it is estimated the load on the 

alternator is 64 percent (equal to 80 amperes) of its full load 

capacity of 125 amperes, The power absorption of the alternator 

drive for this load condition is obtained from the curve of 

figure B . 

Engine 
RPM 

Alternator 
RPM Input HP 

1400 4668 6.1 
1800 6000 6.5 
2200 7334 7.1 
2600 8667 7.8 
3000 10,000 8.6 

2. Hydraulic Accessory System 

The hydraulically-driven components are powered by the main 

hydraulic pump which is driven off the transfer drop-gear box. 

The drive speed ratiobetween engine rpm and pump rpm is a 

1,25 to 1 reduction. 
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The nominal horsepower input to the main hydraulic pump is cal¬ 

culated below for the flow requirements of the components. 

a. Cooling Fan Motors 

The installation has two cooling fans driven by hydraulic 

motors. Each fan absorbs a nominal eight horsepower ac¬ 

cording to estimates of the cooling requirements. 

The hydraulic fan motor requires a flow oí 5.62 gpm to 

produce eight horsepower at 2, 100 rpm. These data were 

obtained from available motor performance characteristics. 

b. Bilge Pump Motors 

The vehicle is equipped with four bilge pumps which operate 

continuously, each driven by a separate hydraulic motor. 

They are equipped with a load-sensing device, which throt¬ 

tles back the flow under no-load conditions, e.g. , during 

land operation. 

Bilge pump flow requirements: 

No-load condition (land operation) 0.6 gpm 
Full-load condition (water operation) 2.6 gpm 

c. Total Flow Requirement of Pump 

Land Operation: GPM = 2(5.62) + 4(0.6) = 13.64 
Water Operation: GPM = 2(5.62) + 4(2.6) = 21.64 
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d. Maximum HP-Input to Main Pump 

HP = GPM X PSI X I 
1714 7J 

System Pressure: 3,000 PSI 
Pump Efficiency: 7| =95% 

Land Operation: 

HP = 13. 64 X 3000 
1714 X.95 

HP = 25 

Water Operation: 

HP = 21,64 X 3000 
1714 X.95 

HP = 40 

e. HP-Input at Various Engine Speeds .... can be deter¬ 

mined from the appropriate curve. (See figure C) 

During land operation, the main hydraulic pump is absorb 

ing a constant 25 HP. 

For water operation, HP-Input to main hydraulic pump is 

given below: 
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Engine Main Hydraulic Pump 
RPM RPM HP-Input_ 

1400 1120 27 
1800 1440 34 
2100 1680 40 
2200 1760 40 
2600 2080 40 

3000 2400 40 

The losses due to other auxiliary hydraulic services, on 

the vehicle, e. g., ramp actuation and track compensator, 

are considered negligible due to their intermittent nature. 

3. Lube System 

The transfer gearbox lube pump, which is also driven off the 

transfer gearbox, absorbs approximately two horsepower over 

the entire speed range. 

Transfer Gearbox Loss 

For convenience in performance estimates, engine net rated 

performance for this installation is considered to include the 

losses in the transfer gearbox. 

The over-all efficiency of the transfer gearbox is estimated at 

96 percent, giving a straight loss of four percent of transmitted 

horsepower. 

Available HP and Torque at Transmission Input 

To obtain the net available HP and torque at the transmission in 
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Table B. Accessory Loss Summary 

Engine 

RPM Gross 
HP 

Accessory Losses 

Alterna¬ 
tor HP 

Main 
Hydraulic 

Pump 
HP 

Lube 
Pump 
HP 

Transfer 
Gear 
Loss 
HP 

Total 
Losses 

HP 

Net Avail¬ 
able Trans 
mission 
Input 

HP Torque 
Lb-Ft 

LAND OPERATION 

1400 
1800 
2200 
2600 
3000 

144 
200 
248 
283 
309 

6.1 
6.5 
7.1 
7.8 
8.6 

25 
25 
25 
25 
25 

2 
2 
2 
2 
2 

5.7 
8.0 
9.9 

11.3 
12.4 

38.8 
41.5 
44.0 
46.1 
48.0 

105.2 
158.5 
204.0 
236.9 
261.0 

394 
463 
497 
480 
457 

WATER OPERATION 

1400 
1800 
2100 
2200 
2600 
3000 

144 
200 
240 
248 
283 
309 

6.1 
6.5 
7.0 
7.1 
7.8 
8.6 

27 
34 
40 
40 
40 
40 

2 
2 
2 
2 
2 
2 

5.7 
8.0 
9.6 
9.9 

11.3 
12.4 

40.8 
50.5 
58.6 
59.0 
61.1 
63.0 

103.2 
149.5 
181.4 
189.0 
221.9 
246.0 

387 
437 
454 
451 
448 
431 

The engine net rated performance for LVTPXll, i.e,, net available horsepower 
and torque at the transmission input, is shown in Figure D, 



* »
n
b
jo

 



llitlllHilil 11111111111111111^1(11111111 mullí liRlllllllil 1141111111111111111114ll!!illiil!lill 11M 

INGERSOLI KALAMAZOO DIVISION 
BORG-WARNER CORPORATION 

Sheet 22 of 78 

BORG-WARNER 

put, the above determined accessory losses and the drop gear 

loss of four percent must be subtracted from the engine gross 

performance. 

TRANSFER GEARBOX 

Introduction 

Design Approach 

Because of the unique arrangement of the engine over the transmission in the 

basic LVTPX11 design, it is necessary to transfer the line of drive from en¬ 

gine to transmission over a vertical distance of approximately 27 inches be¬ 

tween the centerline of the engine crankshaft and the transmission input center. 

Also, because the engine is oriented 180 degrees from the normal engine re¬ 

lationship to the transmission, it is necessary to provide a drive arrangement 

which, when viewed from the flywheel end of the engine, gives opposite-hand 

rotation of the output with respect to the input. In addition, there is a require¬ 

ment for an auxiliary drive for the vehicle main hydraulic pump. 

These requirements are satisfied with a transfer gearbox which is mounted 

integrally to the engine flywheel housing and has a remote output in line with 

the transmission input. The transfer of the drive with proper rotation is ac¬ 

complished with four straight involute spur gears. An auxiliary accessory drive 

is obtained with an offset set of three spur gears. The gearing is housed in a 

simple two-piece housing. 
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During preliminary study of this design, another concept utilizing a chain 

drive in lieu of gears was evaluated. It was initially considered because of 

the possibility of reducing weight, and providing greater simplicity and 

quieter operation at less cost. However, further study disclosed that, in 

order to obtain proper rotation, a set of gears was also required, and the 

auxiliary accessory drive was obtained with greater difficulty and complexity. 

Also, it was considered that the chain drive may require, relatively, a more 

extensive amount of testing and development time. 

The all-gear drive is considered to be most straightforward and simple in 

construction and, hence, easiest to assemble and maintain, most competitive 

in cost, and offers greatest possibility of first-time success with minimum 

testing and development time. 

The design of this unit, mounted directly to the engine and with a remote 

(free) output, provides ease of installation with freedom of alignment with 

the transmission input. Should the output be also mounted integrally, rigid 

and inflexible, to the transmission input, considerable difficulty in alignment 

might be encountered at initial or replacement installation. Also, relatively 

high stresses could be induced in the housings due to improper alignment of 

flanges at installation or loads imposed during operation. 

The design has been developed to provide space at the input for a torsional 
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damper mounted to the engine flywheel. An auxiliary accessory drive section 

provides mounting pads for three accessories; specifically, a drive for the ve¬ 

hicle main hydraulic pump, the lube pump for the transfer gear, and an ad¬ 

ditional pad suitable for a small hydraulic boost pump are provided. 

Positive lubrication is accomplished by means of an oil spray system which 

assures adequate lubrication and cooling. The lube pump is mounted on and 

driven by the gearbox. A remote located reservoir provides an oil sump and 

serves effectively to augment cooling. 

A 1:1 speed ratio in the main drive gearing is chosen for optimum matching 

of the prime choice of powerplant, the Cummins V8-315 engine which is rated 

at 3, 000 rpm, to the Allison XTG-250 transmission, which is also rated at 

3, 000 rpm maximum input speed. The main hydraulic pump is rated at 2, 400 

rpm maximum and, thus, a 1. 25:1 reduction is provided in the accessory drive 

section. 

Because of the distinct possibility of future utilization of an advance component 

powerplant providing increased power, the transfer gear is designed to transmit 

a nominal 350 shaft horsepower with adequate design margins. Full consider¬ 

ation of high strength-to-weight ratios during detail design will provide the 

higher rating without weight penalty for use with the present powerplant. 
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TRANSFER GEARBOX 

View Looking at Engine Flywheel 

Figure. E. Transfer Gearbox Schematic - Preliminary 
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TRANSFER GEARBOX 

Design Data 

Preliminary Specifications 

Rating 

Maximum Input Power ----- 350 HP 

Maximum Input Torque ---- 660 Lb-Ft 

Maximum Input Speed ----- 3,000 RPM 

Over-all Gear Ratio - -- -- -- -- 1:1 

Center Distance (Input to Output) --27 inches 

Mounting: 

Flange to mate with SAE No. 2 engine flywheel housing 

Accessory Drive Provision 

Three pump-mounting pads as follows: 

Pad 1-- SAE type "C" 4-bolt mounting pad 

Rated at: 70 HP at 2,400 RPM 

Total Reduction (Input to pad) 1.245:1 

Pad 2-- SAE type "A" 2-bolt mounting pad 

Rated at: 10 HP at 2,400 RPM 

Total Reduction (Input to pad) 1.245:1 
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TRANSFER GEARBOX 

Preliminary Specifications (Cont'd) 

Pad 3-- SAE type "A" 2-bolt mounting pad 

Rated at: 5 HP at 2,960 RPM 

Total Reduction (Input to pad) 1.012:1 

Lube System 

Type: Pressurized spray system with remote cooling 
reservoir. 

Flow: 3.6 gpm at 3,000 rpm Engine Speed 

Spray System: The main drive gears are lubricated by 
spray nozzles 

Reservoir: 

Remotely mounted 

Capacity - 8 gallons 

Design Temperatures: 

For selection of oil flow for cooling -- Maximum Con¬ 
tinuous 200°F 

For selection of seals and gaskets -- Maximum Inter¬ 
mittent 300JF 

Design Data 

Design Operating Conditions 

Design of the transfer gearbox is based on a minimum life of 1000 hours 

.. •»»•'I'............ 
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TRANSFER GEARBOX 

Design Operating Conditions (Cont'd) 

between overhauls, In determining design conditions for the transfer gearbox 

a distinction is made between primary driving components and accessory 

drive components. The primary driving components constitute gears, 

shafts and bearings which transmit engine power to the transmission: the 

accessory drive components include all gears, shafts, and bearings deliver¬ 

ing power to the accessory pads. 

Primary Driving Components Conditions 

The total 1000-hour life rating is broken up into three conditions, since 

the power transmitted by the gearbox is of a variable nature. These condi¬ 

tions are a conservative prediction of probable engine performance during 

the entire 1000-hour life. 

Condition 1. Maximum engine torque for 20% total life, or 200 hours. 

Condition 2. Average full-throttle load for 50% total life, or 500 

hours . 

Condition 3. Maximum engine power for 30% total life, or 300 hours, 

Condition No's. 1 and 3 are self-explanatory, . 

«imimiiiMui mm mi imi>«ii 
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TRANSFER GEARBOX 

Primary Driving Components Conditions (Cont'd) 

Condition No 2 calls for "average-load." The average-load is assumed 

to be the full-throttle power point at an engine speed 2/3 between the speeds 

corresponding to the maximum torque point and the maximum horsepower 

point. The "average" speed, N^ is calculated as follows: 

NA = NT + 2/3(NM-NT), 

where Nj^ is the engine governed speed, maximum power point, and NT is 

engine speed at maximum engine torque output. The above equation is then 

simplified to the following: 

2Nm + nt 
na=—3- 

Specific engine data for conditions described above are based on the 

Cummins VINE-315 "gross" characteristics at 80°F. These characteristics 

are described by the torque and horsepower curves shown in Figure A. 

The following table shows the engine output data to be used for the operat¬ 

ing conditions . 
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Table C. Engine Output Data for Operating Condition 

Cond. Engine Speed 
_ RPM 

1 2150(Nt) 

2 2700(Na) 

3 3000(Nm) 

Engine Output 
Horsepower 

242 

29I 

309 

Engine Output 
Torque, Lb-Ft 

596 

571 

543 

N. is calculated as follows: 
A 

N = 2<3000|t^°. , 2700 RPM 
A -3 

Accessory Drive Components Conditions 

As described in the previous section, there are three SAE standard 

pump-mounting pads which must receive power through accessory-drive 

gearing. Operating conditions for the design of these components are 

established on the basis of maximum accessory power which may be 

required by "special vehicles," rather than the basic vehicle, to elimin¬ 

ate the need for later redesign. The conditions for each mounting pad are 

described below: 

Pad 1: 

This pad is used for the main hydraulic pump and is designed 

to deliver 70 horsepower at a speed of 2400 rpm for 1000 hours. 

..l,',l"»i»l'«l!|it|i|i|l|||l|llltmW!|ilHlllMIIIWHMHII|l<IHMHHMÍ<IMI»lll*!W 
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TRANSFER GEARBOX 

Accessory Drive Components Conditions (Cont'd) 

Pad 2: 

This pad is provided for the mounting of a hydraulic-system 

supercharge pump (not required on the basic vehicle). The 

pad must deliver 10 horsepower at 2400 rpm for 1000 hours. 

Pad 3: 

This pad is used for mounting the transfer gearbox lube pump. 

It must deliver 5 horsepower at 2960 rpm for 1000 hours. 

In each of the three cases described above, the selected conditions are 

based on the conservative assumption that each pump will operate at its 

maximum power requirement during the entire 1000-hour design life. 

Design Torques and Speeds 

Design torques and speeds, corresponding to the conditions for the pri¬ 

mary driving components, are derived from engine output data. 

Accessory drive torques and speeds are based on the conditions describ¬ 

ing the accessory power requirements. For a review of the conditions 

for both cases, see sheet 7, Design Operating Conditions. Calculations 

of torques in all cases neglect power losses in gears and bearings. Also, 

accessory loads are neglected in calculation of primary component torques. 
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Primary Drive Gears 

The primary drive gears include gears numbered one through four. The 

torques and speeds on gear Number 1 (the input gear) are identical to the 

engine output data. Torques and speeds on gear Number 2 are obtained 

by the following equations: 

Torque 

Ql X Dp^ 

Speed 

N. X D 

N = —— 

2 Dt 

Where Q is torque, Dp is pitch diameter, and N is speed in rpm. 

The subscripts "1" and "Z" refer to gears "1" and "2". 

Torques and speeds for gear Number 3 is found in the same manner. Since 

the over-all gear ratio, between gears 1 and 4 is 1:1 the torques and 

speeds for gear Number 4 are the same as those for gear Number 1. Data 

for the primary drive gears is shown in the following table. 
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TRANSFER GEARBOX 

Primary Drive Gears (Cont'd) 

Table D. Primary Drive Design Torques and Speeds 

Gear Pitch 
No. Diameter 

inches 

1 11 

2 10 

3 6 

4 11 

Gond. 1 

Speed Torque 
RPM Lb-Ft 

2100 597 

2310 542.5 

3850 326 

2100 597 

Cond. 2 

Speed Torque 
RPM Lb-Ft 

2700 571 

2970 518 

4950 311 

2700 571 

Cond. 3 

Speed Torque 
RPM Lb-Ft 

3000 543 

3300 494 

5500 296 

3000 543 

Accessory Drive Gears 

The accessory drive gears (5, 6, and 7) are in a single gear train and 

transmit accessory power to the shafts of gears 6 and 7. 

The entire train is driven by gear Number 5 which is on the same shaft as 

gear Number 3. Therefore, both gears must rotate at the same speed. Gear 

Number 5 transmits the entire accessory power, 70 + 10 + 5 = 85 horsepower. 

Its maximum speed is 5500 rpm and its maximum torque is: 

Qr 

5252 X HP5 5252 X 85 
Ne 5500 = 81.2 Lb-Ft 



IMMIIilMIINilliniBWiilMMiMimMHiHM Mi itf 1' f'f If "Tf'1“1 “ Itr lili il II mim mm—WH m« 11.. ... . 

I 

I 
1 
I 

ïïffi INGIRSOIL KALAMAZOO DIVISION 
» 

BORB-WMtNER 

BORG-WARNER CORPORATION Sheet 34 of 78 

NObs 4561 LVTPX11 
Power Train Deaign Analysis 

TRANSFER GEARBOX 

Accessory Drive Gears (Cont'd) 

Gear Number 6 handles the entire accessory load of 85 horsepower; torque 

and speed are calculated as follows: 

Ch 
Q5xDP6 81.2x6.5 

Dt 3.5 = 151 Ib-ft 

N/ 
Ns X Pp5 5500 x 3.5 

D 6.5 
s 2965 rpm 

Gear Number 7 delivers a total of 80 horsepower to accessory pads Numbers 

1 and 2. Its design speed and torque are calculated as follows: 

N. 
N6 X DP6 2965 x 6.5 

Dt 8 
2410 rpm 

5252 x HF7 5252 x 80 

Q? = Ñ~7 = 2410 = 174.5 Ib-ft 

Torques and speeds for gears 5,6, and 7 are shown in the following table. 

Table E. Accessory Drive Design Torques and Speeds 

Gear 
No. 

5 
6 
7 

Pitch 
Diameter 
inches 

3.5 
6.5 
8 

Speed 
RPM 

5500 
2965 
2410 

Torque 
Lb-Ft 

81.2 
151 
174.5 
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TRANSMISSION 

XTG-250 POWER TRAIN PRELIMINARY NOTES 

A. Description 

1, The XTG-250 is a manually-controlled, full torque shifting, 
cross-drive power train which includes a hydraulic torque 
converter with lockup clutch in combination with a four speed 
forward and one reverse planetary gear set incorporating a 
steer system and full vehicle brakes. The power train con¬ 
trols include a steering wheel, or T-bar, single-pedal vehicle 
brakes, a steer selection mechanism , and a range selection 

mechanism. 

2, The flow of power through the XTG-250 is from the engine to 
the torque converter to the basic planetary gear set, and into 
a bevel gear set. A cross shaft from the bevel gear set drives 
into the reverse planetary, the output steer planetary, and the 
brake package at each side of the transmission. 

3. Control of the automatic converter lockup clutch, available in 
all ranges, is provided by a converter turbine driven governor 
and is throttle position modulated to permit lockup operation at 
lower speeds at part throttle for additional economy. 

Shifts to third, second, first, and reverse ranges are inhibited 
at speeds which would be dangerous to vehicle and crew, 

4. Under normal operation of the XTG-250, the geared steer 
planetary sets at each output permit controlling the output ratio 
as desired between 1:1 and a maximum reduction of 1,475:1 
during steer when operating in fourth, third, and second ranges. 
In first and reverse ranges, steering is by the clutch brake 
system with each brake being hydraulically applied or by pivot 
steer, one output in reverse with the other remaining in forward. 

The service and parking brakes are integral with the steer 
system and are mechanically operated, oil cooled and lubricated, 
multiple-disc-type brakes. 
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B. Tabulated Data 

Manufacturer .... . Allison Division, G.M.C. 
Type..... Cross Drive 
Model. XTG-250 
Rating: 

Maximum Input Torque... 520 Ib-ft 
Maximum Input Speed.... 2800 rpm 
Maximum Input Horsepower .... 250 

Weight, Dry ... . ........ 1350 lbs (Initial Pilots) 
Length .... 46.00 in. 
Height . ..... . ..... 28.80 in. 
Width...«. 30.65 in. 
Mounting (Saddles on Both Output Housings) . 2 Points 
Drive Ranges . Fourth, Third, Second, First, and Reverse 
Power Take-Off . Turbine Driven 

Rating (Continuous Operation) .... 470 Ib-ft 
Shift and Steering Control: 

External . Mechanical 
Internal . ...... . Hydraulic and Mechanical 

Clutches: 
Engaged by.Oil Pressure 
Released by ... . Spring Pressure 

Brakes : 
Quantity ..     2 
Type ..Wet, Multiple Disc 
Application . ....... Mechanical 
Cooling.   Oil 

Oil Pumps: 
Quantity . ..... . 3 
Type ..  . Spur Gear 

Oil Capacity (Excluding Oil Coolers): 
Initial Fill . 
Refill . 

Converter Multiplication at Stall . .... 
Overall Transmission Ratios: 

Range Normal Steer Pivot Steer 

14 Gal. 
11 Gal. 
2.55:1 

First 
Second 
Third 
Fourth 
Reverse 

19.841:1 Clutch Brake 
13.423:1 Geared 
7.210:1 
3.210:1 

15.096:1 

Geared 
Geared 
Clutch Brake 

19.841:1 Pivot 
19.841:1 Pivot 
7.210:1 Geared 
3.210:1 Geared 

15.096:1 Pivot 

Total Torque Ratio Coverage: 
First Gear Stall . . . . . 
Fourth Gear Lockup . , . . 

2.55 X 19.841 ■ 50,60:1 
1.00 X 3.210 ■ 3.21:1 
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C, Operation 

1. Power Shifting. Full power shifting can be made in all forward 

ranges . 

2. Starting Procedure. The starting procedure with respect to the 

power train is: 

a. Check to see if oil level is at or above the "Safe to Start 
Engine" mark. 

b. Set brakes . 

c. Place shift control lever in neutral, 

d. Start engine and idle at 1300 rpm. 

NOTE: The lube low pressure warning light should go out within 
30 seconds after starting with engine running at 1300 rpm. 

3. Tow Start. With power train in neutral range, increase towing 
speed to 3 to 5 mph. Shift power train into first range, 

4. Power Take-Off Engagement. With power train in gear, stop 
vehicle and engage power take-off. Shift to neutral for power take¬ 
off operation with a stationary vehicle. 

D. Operating Precautions 

1. Do not shift into reverse until vehicle is stopped and engine at 

idle . 

2. Do not attempt to operate power train if oil temperature warning 
light (set for 300°F.) comes on. Put transmission in neutral 
and run engine at 1000-1500 rpm to cool oil. 

3. If downshifting is attempted at excessive speeds and the shift is 
prevented by the shift inhibitors, do not continuously force the 
shift control lever since this may prevent downshifting regardless 

of speed. 

Do not attempt to engage power take-off with vehicle moving or 
with power train in neutral range. 

4. 
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5, Do not start engine if power train oil level is below "Safe to 
Start Engine" mark. 

E. Maintenance 

1. Oil Level Check. The oil level check procedure is: 

Before Starting Engine 

a. Check oil level. 
b. Add oil to the "Safe to Start Engine" mark if required. 

Before Vehicle Operation 

a. Run engine to warm oil 3 to 8 minutes 1200 to 1500 rpm, 
4th gear, brakes applied. 

b. Check oil level 1200 to 1500 rpm, neutral range, brakes 
applied. 

c. If the measured oil level is below the "Add" mark, add 
oil to bring the level to the "Add" mark. 

Following Vehicle Operation 

a. Run engine 3 to 5 minutes 1200 to 1500 rpm, neutral range, 
brakes applied, 

b. Check oil level 1200 to 1500 rpm, neutral range, brakes 
applied. 

c. Add oil to a level not to exceed the "Full" mark. It is not 
necessary to add oil if the measured level is above the 
"Add" mark. 

d. Drain excess oil to the "Full" mark if overfull. 

Precautions 
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a. Following initial oil fill or oil change, recheck the "Safe 
to Start" level after 2 to 3 minutes of running 1200 to 1500 
rpm, neutral range (additional oil may be required to 
supply the converter and the oil cooler circuit). 

b. Do not overfill. 

2. Oil Change . Change oil every 2000 miles or six months, which¬ 
ever occurs first. Use MIL-L-2104A, Grade 10 oil for ambient 
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3. 

temperatures of from 125°F. to -10°F. and use MIL-0- 
10295 Arctic oil from -10°F. to -65°F. 

Check oil screen at every oil change and clean if necessary. 

Brake Adjustment 

a. The right and left brakes are adjusted separately. 
The linkage should be disconnected from both during 
adjustment. Each brake should be adjusted so that, with 
100 ft-lb of apply torque, the pointer on the brake 
indicator aligns with the "Apply” mark on the power 

train top cover. 

b. To adjust the brakes, remove the brake adjustment covers. 
Loosen the locknut and turn the adjusting screw. To 
decrease the brake travel (tighten), turn the screw counter¬ 
clockwise (viewed from the rear of the power train). To 
increase the brake travel (loosen), turn the adjusting screw 

clockwise. 

u 
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The brakes should be readjusted when the brake indicator 
aligns with the "Adjust” mark. The travel should never be 
less than the distance between the "Off" and "Apply" marks. 
Neither should the travel ever be greater than the distance 
between the "Off" and "Adjust" marks. 

d. When the adjustment is completed, tighten the locknut to 
secure the adjusting screw. When the brakes are adjusted 
as outlined above, the correct running clearance is main¬ 
tained between the brake plates. 

4. NOTE: Many components of this power train are made of mag¬ 
nesium. Due to this fact, the following precautions 
should be taken: 

a. When mounting dissimilar metals to the magnesium compon¬ 
ents, make sure that the parts being mounted are cadmium- 
plated. 

b. Scratches in the magnesium components should be coated 
with dichromate (Dow No. 1) and repainted (per 8351940 - 
primer per MIL-C-15328, gloss white acti-thane paint 
(urethane) approved source: Saran Protective Finishes 
Company). 

F. Vehicle Functional Check 

1. Main Pressure at Stall 

190 to 220 (at 1500 rpm or above) 

2. Lockup Operation 

Main Pressure 180 i 10 

Gov. Press. PSI 

50 
38 
19 
12 

Turbine Speed 

Engagement (Full TV) 
Disengagement (Full TV) 
Engagement (No TV) 
Disengagement (No TV) 

2150± 50 
1850 + 50 
1350 + 50 
1050± 50 
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3, Pressure Under Maximum Steer 

Normal Operation 

4th, 3rd, and 2nd Ranges 

Geared Steer Clutch Pressures 110+10 at 1500 rpm Input 

Speed 

1st and Reverse Ranges 

Brake Pressure 110 + 10 at 1500 rpm Input Speed 

Pivot Operation 

1st and 2nd position 

Geared Steer Clutch Pressure 180 + 10 at 1500 rpm Input 
Speed Reverse Clutch Pressure 110+10 at 1500 rpm Input 
Speed (opposite applied geared steer clutch) 

Reverse Range 

Geared Steer Clutch Pressure 110 + 10 at 1500 rpm Input 
Speed (opposite applied reverse clutch) 
Reverse Clutch Pressure 180+10 at 1500 rpm Input Speed 

4. Lube Pressure 

In Neutral at 1500 rpm 15 psi minimum 
In Neutral at 1300 rpm 11 + 2 psi warning light 

should be out 

5 . Stall Speed 

1900 to 2100 rpm (6V-53T Engine using No. 2 Diesel Fuel) 
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bomSSer 
PRELIMINARY XTG-250 PRESSURE SCHEDULE 

Functional Check (Free Spin) 

Range Neut, 1^1 3rd 2nd Rev« 

Input Speed 1500 1500 1500 1500 1500 1500 

Main Pressure 180+10 180+10 180+10 180*10 180+10 180+10 

Conv. In Pressure 60*10 60+10 60+10 60+10 60+10 60+10 

Conv, Out Pressure 50*10 50+10 50+10 50+10 50*10 50+10 

Lube Pressure 25+10 25+10 25+10 25+10 25+10 25+10 

Governor Pressure 23+ 3 23+ 3 23+ 3 23+ 3 23+ 3 23+ 3 

Lockup CI, Pressure 000000 

High CI, Pressure 0 180+10 0000 

Int. CI. Pressure 0 0 180+10 0 0 180+10 

Low Clutch Pressure 000 180*10 180*10 0 

L.H, Reverse Clutch 00000 180+10 

L.H. Ouput Clutch 180+10 180+10 180+10 180+10 0 0 

L.H. Geared Steer 0000 180+10 0 

R.H, Reverse Clutch 00000 180+10 

R.H. Output Clutch 180+10 180+10 180*10 180+10 0 0 

R.H. Geared Steer 0000 180*10 0 

Sump Temp. °F. 185+15 185+15 185+15 185+15 185+15 185+15 

Cooler Flow GPM 14* 2 14+ 2 14+ 2 14+ 2 14+ 2 14+ 2 
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PRELIMINARY 
CHARACTERISTIC SHEET 

Component: Power Train, X-Drive, Model XTG-250-1A Hydraulic Torque 
Converter, Planetary Gear Type, All Torque Shifting 

The XTG-250-1A include« a hydraulic torque converter with a lockup clutch. 
The planetary range gearing in combination with the »teer and output planetary 
•et« provide four forward range« and one reverie range. The tran»mi««ion alao 
incorporate« geared «teer, pivot «teer, and full vehicle brake« a« outlined in the 
following specification«: 

GENERALSPECIFICATIONS 

Rating: 
Max. Input Torque Lb». Ft.-----520 
Max. Input Speed RPM --- — ----- 2800 
Max. Input HP ------- — -- 250 

Manufacturer ----------i-------------------------AllÍ8on Division, GMC 
Model.XTG-250-1A 
Power Train Installation & Assembly Part No. —--DAX-3469 
Drive Ranges.Fourth, Third, Second, First, Neutral, and Reverse 
Drive Range, Steering, and Shift Control (External)-Mechanical 
Shift & Steering Mechanism (Internal Control) ----Hydraulic & Mechanical 
Steering Type ------------------------------------------Geared Steer 

Pivot Steer 
Power Take-off.Turbine Driven 

Rating (Continuous Operation)--—470 Lb. Ft. 
Type of Clutches (All Ranges).Multiple Plate, Engaged by Oil Pressure 
Brake-Multiple Wet Plate, Service and Parking, Mechanical Application 
Hydraulic Torque Converter--Single Stage, Multiple Phase w/Lockup Clutch 
Maximum Converter Multiplication...2.55:1 
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B0R6-WARNER 

XTG-250-1A 

I 
1 

Eaaite 

N 
1 
2 
3 
4 

Gear Ratio 

4.69:1 

6.16:1 
4.18:1 
2.24:1 
1.00:1 

Steering 
Normal Pivot 

Pivot 

Pivot 
G.S. 
G.S. 
G.S. 

Pivot 

Pivot 
Pivot 
Pivot 
G.S. 

Bevel Gear Ratio..------ 1.44:1 
Output Steer Planetary Ratios: 

Under Drive........ "î’ÎIÎÎ, 
Direct. 

Final Drives (Integral) Ratio.2.220:1 
Total Torque Ratio Coverage: ..,. 

First Gear Stall -------------------2.55 x 6.16 x 1.44 x 2,22 = 50.3:1 
Fourth Gear Lockup. 1.00 x 1.44 x 2.22 * 3.20:1 

Oil Specifications.. Grade 10 
Oil Capacity, Oal..-. 
Transmission Dry Weight, Lbs....(Est. )13 

I 
I 
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Range Section 

High Clutch 1.00 :1 
Intermediate Clutch 2.24 :1 
Low Clutch 4.18 :1 

Output Section 

Reverse 2.095:1 
Geared Steer Clutch 1.478:1 
Output Clutch 1.00 :1 

Bevel Gear Ratio 1,444:1 

Range 
Section 

Final Drive Ratio 2.222:1 

Transmission Gear Ratios 

Reversej 2,095:1 

Reverse2 4-69 
Neutral 
First 0,178:1 
Second 4.18 :1 
Third 2.24 :1 
Fourth 1-00 :1 

STEERING 
Normal Operation 

Selector 
Position 

Range Normal Forward or 
Reverse Operation Typ* 

Clutches Engaged (Outer Track) 
Overall 
Ratio 

Type Outer 
Track 

Inner 
Track 

R2 Reverse2 C-l, C-4 C.B. C-4 C-5 6.720:1 Pivot 

R1 
Reversej C-2, C-4 C.B. C-4 C-5 15.096:1 Pivot 

N Neutral . - - - - - 

1 First C-3, C-6 C.B. C-6 C-5 19,841:1 Pivot 

2 Second C-3, C-7 G.S, C-7 C-6 13.423:1 Pivot 

3 Third C-2, C-7 G.S. C-7 C-6 7.210:1 G.S. 

4 Fourth CC-1, C-7 G.S. C-7 C-6 3,210:1 G.S. 

Figure H. XTG-250 Power Train Schematic 
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Engine 

STEERING 
Normal Operation Pivot Operation 

Type 
Clutches Engaged (Outer Track) 

Overall 
Ratio 

Type 
Clutches Engaged (Outer Track) 

Overall 
Ratio 

Outer 
Track 

Inner 
Track 

Outer 
Track 

Inner 
Track 

C.B. C-4 C-5 6.720:1 Pivot C-4 C-6 6.720:1 

C.B. C-4 C-5 15.096:1 Pivot C-4 C-6 15.096:1 

- - - - - - - - 

C.B. C-6 C-S 19.841:1 Pivot C-6 C-4 19.841:1 

G.S. C-7 C-6 13.423:1 Pivot C-6 C-4 19.841:1 

G.S. C-7 C-6 7.210:1 c.s. C-7 C-6 7.210:1 

G.S. C-7 C-6 3,210:1 G.S. C-7 C-6 3.210:1 

ire H. XTG-250 Power Train Schematic 
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NObs 4561 LVTPX11 
Power Train Design Analysis 

FINAL DRIVE 

Introduction 

Design Approach 

The final drive in a conventional vehicle design has only one function; to 

deliver power to the sprocket. For the LVTPX11 a new final drive concept 

is utilized. The final drive for the LVTPX11 has a dual function; it 

delivers power to the sprocket and serves as track slack compensator. 

The final drive assembly is designed as a separate, hull-mounted, drive- 

sprocket support, incorporating reduction gearing providing a 3.3:1 

reduction ratio. It is designed to pivot in the hull mounting with an offset 

which permits changing of the sprocket center location to adjust track 

tension. The final drive reduction is designed to match the vehicle require¬ 

ments to the components selected for the remainder of the power train. 

Several final drive gearing arrangements and mountings were investigated 

in order to achieve simplicity, low cost and ruggedness and at the same 

time to meet the dual function of the final drive with an optimum design. 

The following gear arrangements were considered: 

1. A combination of a set of external spur gears and a gearset 

consisting of a pinion meshing with an internal gear. 
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NObs 4561 LVTPX11 
Power Train Design Analysis 

FINAL DRIVE 

Design Approach (Cont'd) 

2. A combination of a set of external gears and an output planetary. 

3. A single set of external spur gears. 

The single gearset was selected for the final design, because it is the least 

costly and the simplest arrangement. 

The various hull mountings which were investigated are shown on figure J. 

The arrangement c was selected because it allows complete freedom in the 

selection of mounting-bearing size and requires only a small hull 

pocket, 

Design Data 

Specifications 

Rating 

Maximum Input Power 240 hp at 2100 rpm 

Maximum Input Torque 4750 Ib-ft 

Maximum Input Speed 2100 rpm 

Lubrication System 

Wet sump, splash-lubricated gearing 

Externally-greased output bearing 
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NObs 4561 LVTPX11 
Power Train Design Analysis 

FINAL DRIVE 

Design Temperatures 

Maximum continuous for cooling calculations 200°F 

Maximum intermittent for selection of gaskets 
and seals 300 F 

Special Design Feature 

The final drive delivering power to the sprocket serves also as 

track compensator. 

Design Operating Conditions 

The final drive design operating conditions are divided into three groups; 

Gearing Design Conditions, Compensator Design Conditions, and Mounting 

Design Condition. The gearing design conditions are used for design of 

components which transmit power for vehicular locomotion. The compen¬ 

sator design conditions are used for analysis of track compensator forces. 

The mounting design condition is used for design of the final drive housing 

and its mounting rings. They are also used for establishing bearing loads 

and shaft loads for the final drive output shaft. 

Gearing Design Conditions 

Design conditions for gearing and related components are based on a total 

minimum life of 1,000. hours between overhauls . .Three conditions are 
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NOba 4561 LVTPX11 
Power Train Design Analysis 

FINAL DRIVE ■ 

Gearing Design Conditions (Cont'd) 

selected as a conservative estimate of vehicle performance. Each of these 

conditions is based on gross vehicle weight and track requirements. The 

conditions follow: 

1. Steering for 50 hours at 5 mph, with a tractive effort to 

weight ratio of 1 (TE/W = 1). Under this condition half 

the vehicle weight bears on one track. 

Z. Driving at 14 mph for 600 hours on a Z0 percent grade 

with 140 pounds per ton unit rolling resistance. 

3. Driving at Z5 mph for 350 hours on an 8 percent grade 

with 140 pounds per ton unit rolling resistance. 

Compensator Design Conditions 

The following four conditions have been established for the purpose of 

investigating the various load conditions occuring when the final drive acts 

as a track slack compensator. In all the conditions the ground coefficient 

is assumed to be 1.0 with half the gross vehicle weight on each track. 

Compensator Design Conditions: 

1. Forward operation . ■ 
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Power Train Design Analysis 

FINAL DRIVE 

Compensator Design Conditions (Cont'd) 

2. Pivot steering during forward motion 

3. Reverse operation 

4. Pivot steering during reverse motion 

Mounting Design Condition 

For the mounting design calculations a shock condition is used. It is 

assumed that a maximum load of three G's can be encountered on the 

sprocket when the vehicle dips over an embankment and the full vehicle 

weight is absorbed at the sprockets. One half of this load is taken by 

each sprocket and is assumed to act vertically through the center of the 

sprocket. 

Design Loads and Speeds 

Gearing Design Torques and Speeds 

Final drive gearing design torques and speeds for the conditions listed 

above are calculated and shown in table F. Output torques and speeds 

are based on the use of a drive sprocket of 21.3-inch pitch diameter. Input 

torques and speeds are direct functions of the output data and the 3.3:1 

gear ratio. 
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FINAL DRIVE 

Gearing Design Torques and Speeds (Cont'd) 

Table F Final Drive Design Torques and Speeds 

Cond. 

1 

Input 
Torque 
Lb-Ft 

4,720 
1,255 

707 

Input 
Speed 
RPM 

263 

739 
1,315 

Output 
Torque 
Lb-Ft. 

15,550 
4,135 
2,330 

Output 
Speed 

RPM 

79.7 
224 
398 

Compensator Design Loads 

Figure L shows a force diagram of the final drive as track compensator. 

Symbols used in the figure are described below: 

Q = Final Drive Input Torque in Lb-In. 

= Upper Track Force in Lb. 

F. = Lower Track Force in Lb. 
JL 

F« = Compensating Cylinder Force in Lb. 
V> 

Using the center of the input shaft as reference point, the following general 

equation can be written: 

E M = 0 

Q + 18.375. F T + 2.625 FTT + 9.75 F = 0 
IN L U ^ • 
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FINAL DRIVE 

Compensator Design Loads (Cont'd) 

In addition, the relationship between input torque and track force can be 

expressed as follows: 

21 3 
F = ¿ x 3 y- F = 3.54 F 

QIN = 2 x M 

where 

D = Sprocket Pitch Dia. = 21.3 inches 

M= Final Drive Reduction = 3.3:1 ratio 

F = Track Force in pounds 

The track force F is equal to FL during forward driving and is equal to 

Fjj during reverse driving. 

These two equations are used to determine the forces F^, Fy and Fc for 

the design conditions stated previously. In these calculations, clockwise 

moments were used with a positive sign, counterclockwise moments with 

a negative sign. The results are listed below. 
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FINAL DRIVE 

Compensator Design Loads (Cont'd) 

Table G Compensator Preliminary Design Loads 

Cond. 
No. 

1 
2 

3 
4 

□in 
Lb-In. 

-61,970 
+61,970 
-61,970 
+61,970 
-61,970 
+61,970 

C L, ^ U j Pounds Pounds Pounds 

39,350 
0 

39,350 
0 

39,350 
0 

17,500 
5,875 

17,500 
5,875 

17,500 
5,875 

0 
17,500 

0 
17,500 

0 
17,500 

Remarks 

Both Tracks 
Inboard Track 
Outboard Track 
Both Tracks 
Inboard Track 
Outboard Track 

In table G the "inboard track" is defined as the track on the vehicle 

side corresponding to the direction of steer. All loads are preliminary and 

based on the assumption that initial track tension is zero. During 'Phase 2 

design a detailed force analysis will be made, considering all aspects. 

Mounting Design Load 

Magnitude of the impact load described in mounting design condition is 

calculated as follows: 

F = 3 = 3 (35'000) = 52,500 pounds 
I 2 2 

where 

Fj = impact load 

GVW = gross vehicle weight 

41 nil MM 11 MINUS IIHIIMIII •t'MIM • Wfl»**11     
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EXHAUST SYSTEM DESIGN ANALYSIS 

introduction 

The dual exhaust system of the LVTPX11 is counected to the "V" type, 

8-cylihder Cummins engine and consists of flexible ball-type joints, ex¬ 

haust pipes and mufflers. (See drawing SK-5240) 

The preliminary analysis of the complete system follow, below. 

PRIMARY SPECIFICATIONS: 

Sound Level Approximately 130 to 150 Sones. 

Prevention of crew compartment contamination. 

Minimum Infrared radiation. 

1000 hours minimum component life. 

Minimum engine compartment heating. . 

DESIGN CONDITION: 

To provide an adequate silencing 

conditions of engine and vehicle, 

point (maximum governed speed) 

and exhaust system for all operating 

The maximum horsepower extractio., 

is used as the design condition. ■ 

DESIGN CALCULATIONS: 

According to the engine manufacturer's standard conditions, the following 

... 
i ( ¡ if |f!!! 

I 
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values obtained for the exhaust system design are based on a barometric 

pressure of 29. 9 inches of mercury, at sea level, and 60°F intake air 

temperature. 

Total air intake at manifolds (2 Vj) 600 CFM 

Exhaust Gas temperature at exhaust valve ports (Tj) 1100oF 

Allowable back pressure in exhaust system 1 inch Hg 

Dual exhaust system, exhaust pipes 3 inches OD 

Intake air pressure at intake valves (P]J 1 psi below atmospheric pressure. 

Exhaust air pressure at exhaust valves (P2) 4 psi above atmospheric pres¬ 

sure. 

Exhaust air volume (V^) 

Intake air temperature (T^) 60°F 

0°K = 273°C = (32 + 273 9/5)°F = 523. 4°F 

Tj = 523.4° + 60° = 583. 4°F 

T2 = 523.4° + 1100° = 1623. 4°F 

Barometric pressure = 29. 9 inches Hg 

Atmospheric pressure = 1 atm = 14. 7 psi 

?! = 14. 7 - 1 = 13. 7 psi 

P2- ^ 14. ? + 4 = 18. 7 psi 

I <"«'«11S IHlIlil IIHItll lliw ( HtllllltWMIl » lllill"llll«*lli' ' I" I* ■ 
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To obtain the exhaust gas volume V2 at the manifold outlet, the equation 

for an ideal gas is used: 

PlxV1 = P2xV2 

Tl T2 

and: V2 = P^ x Vi x T2 = 13, 7 x 300 x 1623. 4 _ CFM 

P2 X Tl 18.7 x 583.4 

The engine manufacturer requests a dual exhaust and 3 inch diameter 

ducting. The design shows two bends and one foot of straight tubing. 

Friction Losses In Exhaust Tubing 

Bend Radius = 5 inches 

Tube Diameter = 3 inches 

R/D = 1. 666 . 

This value is equivalent to 10 x D = 30 inches of straight duct length. 

Two bends = 60 inches = 5 feet of straight ducting. 

Friction loss of- 3-inch ducting with 600 CFM passing thru = 50 inches 

of water in 100 feet of tubing. 

In 5 feet = 50 x 5 = 2. 5 inches water = 2. 5 x 0. 0735 * 0. 184 inches Hg 

IÕÕ 
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1 ft of straight ducting = 50 x 0. 0735_= 0. 0367 in, Hg 
100 loss in tubing = . 2207 in. Hg 

loss in muffler {from manufacturers data) = . 655 in. Hg 
Total loss = . 8757 in. Hg 

0. 875 in. Hg < 1 in. Hg 

0. 875 in. Hg = 14. 7 x 0. 875 = 0. 43 psi back pressure 
29.9 

It can be seen, with the frictional losses of . 875 inches mercury 

being only 12. 5 percent under the maximum allowable, that the choice of 

the exhaust system design is justified. Stainless steel tubing in conjunction 

with the "ball-socket" type joints gives a smooth inside surface with a 

minimum of friction to overcome. The use of flexible tubing, with a rougher 

inner surface, could increase the frictional losses, and therefore the back 

pressure, above the maximum allowable. 

Exhaust Gas Velocity at Muffler Outlet 

It is assumed that the exhaust gas temperature of 1100°F at the exhaust 

valves will drop 150°F going through the manifold, entering the exhaust 

pipes with 950°F. The exhaust pipes are insulated with a ceramic fiber of 

very low thermal conductivity, and the temperature drop between inlet and 

outlet is only two percent. The gas temperature entering the muffler is 
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therefore, 950°F x . 98 = 930°F. A final temperature decrease through the 

muffler of 280° brings the exhaust gas outlet temperature to 650°F. 

Exhaust gas volume at muffler outlet: 

Vt = P, x x T2 where: (CFM) V2 = Exhaust Gas Volume 
-—- at Muffler Outlet 

Pz xTl 
(CFM) Vj^ = Exhaust Gas Volume 

at Manifold Outlet 

(PSI) Pj = Exhaust Gas Pressure 
at Manifold Outlet 

(PSI) P2 = Exhaust Gas Pressure 
at Muffler Outlet 

(°F) Tj = Exhaust Gas Temp. 
at Manifold Outlet 

(°F) T2 = Exhaust Gas Temp. 
at Muffler Outlet 

P1 = 18. 7 psi + 0. 43 = 19. 13 psi 

P2 = Atmospheric Pressure = 14. 7 psi 

Tl = 523.4 + 1100 = 1623.4°F 

T2 = 523.4 + 650 = 1173. 4°F 

Vi = 610 CFM at each manifold 

V2 = Pi x Vi x T2 =19.13x610x1173.4 
______ 

V2 = 574 CFM 

14. 7 x 1623. 4 



INGIRSOU KALAMAZOO DIVISION 
BORG-WARNER CORPORATION Sheet 64 of 78 

B0R6-WARNER 

NObs 4561 
Power Train Design Analysis 

Exhaust Gas Velocity = 574 , D= Muffler Outlet dia. = 3 in. = 0. 25 ft 
D27774 

574 X 4 = 11700 feet per minute 
0.252 7f 

136 miles per hour 

COMPONENT SELECTION 

Selection of components based on this analysis in conjunction with vendor 

recommendations are as follows: 

Mufflers 

8. 5 in. dia. x 31 in. long 

Material: Stainless Steel 

Exhaust Pipes 

3 in. dia. Stainless Steel Tubing 

Connectors 

Stainless Steel "Ball-Sockçt" Type 
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COOLING SYSTEM 

General Description 

The cooling system for the LVTPXll, designed to provide optimum cool¬ 

ing for the engine coolant and lubricating oil, and the transmission as¬ 

sembly including converter and lubrication oil, utilizes a dual radiator 

and combination heat exchanger installation. 

Two water-to-air radiators and integral oil-to-water heat exchangers 

are utilized. The radiator assemblies are installed in individual compart¬ 

ments located at the rear of the vehicle on either side of the machinery com¬ 

partment. Cooling air flow through each compartment is supplied by a 

hydraulically-driven propeller-type fan. The fans are mounted ahead of 

the radiators, i.e. , they act to push the air flow through the radiator core. 

The fans operate continuously during vehicle operation. . • 

The arrangement of the cooling components is designed to provide an 

over-all balanced system by dividing the heat load and giving relatively 

equal heat-rejection values to each radiator assembly. The engine coolant 

flow is divided by connecting a radiator assembly to each engine cylinder 

bank outlet. The return flow to the engine is collected and enters the en¬ 

gine again at a common line. The heat exchanger in the starboard radiator 
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assembly is in series with, and augments, the integral engine oil cooler. 

The heat exchanger in the port radiator assembly dissipates the heat re¬ 

jected from the transmission. 

Division of the cooling system into two parts permits optimum sizing of 

the radiators and fans, and permits arrangement of the compartments to 

place the fans as well as the radiators above the normal load waterline, 

An advantageous feature of the hydraulically-driven fans is the ability to 

stall or "slip" for indefinite periods should the fan be temporarily inun¬ 

dated during surf operation. 

Cooling System Design Data 

Design Conditions 

Preliminary investigation indicates that two design conditions may be 

utilized in the design and sizing of the cooling system: 

(See figure M, LVTPX11 Cooling System Schematic) 

CONDITION I: Continuous operation at maximum vehicle 
__ . _ Spee¿ (4o xnph) and 125°F ambient tempera¬ 

ture 

CONDITION II: Continuous operation at 70 percent converter 
efficiency and 12i?F ambient temperature 
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fig.. M LVTflU Cooling System Scholastic 
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Design Temperatures 

The nominal design temperatures are established as: 

Maximum Ambient Air Temperature---Land 125° F. 
Maximum Ambient Air Temperature---Water 90° F. 
Maximum Sea Water Temperature 85° F. 

Maximum Engine Coolant Temperature 2 00° F. 
Maximum Engine Oil Temperature 250° F. 
Maximum Transmission Oil Temperature 300° F. 

Ar rangement 

Radiator "A" (Stb'd): Cooling capacity for 1/2 engine coolant, 
plus engine oil heat rejection 

Radiator "B" (Port): Cooling capacity for 1/2 engine coolant, 
plus transmission oil heat rejection 

Fan Data: 23-inch diameter, 6-blade propeller type,2,000 rpm 

Design Heat Rejection Values 

Components: Cummins V8-315 engine, with Allison XTG-250-2 
Transmission 

CONDITION I: 40 mph, level ground at 125°F ambient temperature 
268 brake horsepower gross at 3,000 rpm engine speed 

Heat Rejection Rate-Engine Coolant 
Total Heat Rejection to Engine Coolant 

26.0 (268) 

Engine Oil Heat Rejection 
Transmission Heat Rejection 

at lockup, 12 gpm oil flow 

26. 0 Btu/hp/min 
6,960 Btu/min 

2,000 Btu/min 
1,600 Btu/min 
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CONDITION II: Converter at 70 percent efficiency, 125°F 
ambient temperature 
248 brake horsepower gross at 2,310 rpm 
engine speed 

Heat Rejection Rate-Engine Coolant 
Total Heat Rejection to Engine Coolant 

28.8 (248) 
Engine Oil Heat Rejection 
Converter-Transmission Heat Rejection 

20 gpm oil flow, 42 psi 

28.8 Btu/hp/min 
7,150 Btu/min 

1,500 Btu/min 
2,230 Btu/min 

Then, the cooling loads on the radiators are as follows: 

RADIATOR "A": 

1/2 Engine Coolant Heat 

Engine Oil Heat 

Total Head Load 

Condition I 

3.480 Btu/min 

2,000 Btu/min 

5.480 Btu/min 

Condition II 

3, 575 Btu/min 

1,500 Btu/min 

5, 075 Btu/min 

RADIATOR "B”: 

1/2 Engine Coolant Heat 3,480 Btu/min 

Converter-Transmission 1,600 Btu/min 
Heat 

Total Heat Load - 5, 080 Btu/min 

3,575 Btu/min 

2,230 Btu/min 

5, 805 Btu/min 

It may be noted that the XTG-250 Transmission lubricating circuit 

bypasses oil flow at the higher speeds, resulting in the respective 

flows shown above. 
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Cooling System Calculations 

Based on the foregoing values, a preliminary analysis of the cooling 

system is made . 

It may be seen that Condition II, Radiator "B", is critical for design. 

Since the radiator assemblies are to be interchangeable, the cooling 

system components are, consequently, sized and designed for this 

condition. 

Analysis: 

A radiator assembly having a core constructed of tubes and fins of 

the following dimensions may be considered for further evaluation: 

Radiator: Young Radiator Type AAH 
6-Row, 9 Fins per inch, 24 15/16 inch x 24 inch core opening 

Wanted: 

Water Temperature Drop Through Radiator 
Oil Temperature Drop Through Heat Exchanger 
Fan Horsepower’and Selection 

1. 
2. 
3. 

Given: 
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Condition I: 

Heat Rejected Radiator A 5480 
Heat Rejected Radiator B 5080 
Water Flow Engine (Total) 
Water Temperature (Engine Outlet) 
Oil Flow Engine 
Oil Temperature Maximum Engine 
Oil Flow Transmission 
Oil Temperature Maximum Transmission 
Ambient Temperature 

Btu/mm 
Btu/min 
90° g pm 

Z00°F 
15 g pm 

2 50° F 
12 gpm 

300 °F 
12 5 °F 

Temperatures are maximum for normal driving condi¬ 
tions. Temperatures and flows are supplied by engine 
and transmission manufacturers. 

Condition II: 

Heat Rejected Radiator A 5075 
Heat Rejected Radiator B 5805 
Water Flow Engine (Total) 
Water Temperature (Engine Outlet) 
Oil Flow Engine 
Oil Temperature Maximum Engine 
Oil Flow Transmission 
Oil Temperature Maximum Transmission 
Ambient Temperature 

Btu/min 
Btu/min 
67 gpm 
200P F 

11 gpm 
2 50 °F 

2 0 gpm 
300 °F 
125 °F 

Temperatures are maximum for normal driving condi¬ 
tions. Temperatures and flows are supplied by engine 
and transmission manufacturers. 
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Theory: 

1. Find water temperature drop through the radiator to the oil 

heat exchanger inlet. 

^T, the water temperature drop 

At = Tj - T 

T average = + T 

2 

ATA = ‘ ^amb 

where H = heat rejected to radiator Btu/min 
Q = flow rate, gpm 

d = pounds per gallon, for water d = 8. 1 pounds per 
gallon 

H 
Qd(SpHt) 

SpHt = Specific Heat = 1 for water 

Ti = temperature into radiator 
T = temperature out of radiator and into oil heat 

exchanger 
Tamb = ambient air temperature 

Tave = average water temperature 

Ata = average water temperature minus ambient 
air tempe rature . 

Find over-all heat transfer coefficient for radiator, U 

U = H 

fa Ata 
F^ = Core Area 

2. 
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3. Correct for flow rate: 

U/K K = Correction Factor 

4. From manufacturer obtain air flow required through radiator to 

dissipate heat 

V ^ = Air Velocity 

5. Air Flow 

CFM = VA X Fa at 70° F 

CFMcorrected = CFM * (46° + Tamb) 
(460 + Tyq0j 

= CFM X (460 + Tarnb) 
530^3 

6. Hp Required 

Hp = CFMcorrected X back pressure (in. H20) 

6350 X fan efficiency (%) 

Solution: 

The highest continuous heat load is used in each condition. 

Condition I: 
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1. At = H 
Qd(SpHt) 

AT = 5480 
45 X 8.1 X 1 

= 15° F 

T = Tj - At = 200-15 

= 185° F 

Tave = Tx + T = 200 + 185 
2 2 

= 192.5°F 

ATA = Tave - Tarnb - 192.5 - 125 = 67.5°F 

Elevated water temperature out of radiator due to heat dissipated by 

oil heat exchanger. 

Tin = T¡ to Tout = T¿ 

T = Hwater - T, 
Qd(SpHt) 

Condition I 

T = 3480 = 9.55 °F 
45 X 8.1 X 1 

T2 = 200 - 9.55 = 190.5°F 

H = 5480 Btu/min 
Rad. A 

Q = 90/2 = 45 gpm 
to each radiator 

d = 8.1 pounds per gallon 
SpHt = 1 

T]_ = 200 °F 

Tamb = 125° F 

= temperature out 
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Fa = 24 x 24.9375/144 

= 4. 15 Core Area 

= 19.5 Btu/min/Ft2/100°F At 

5480 
- 4,15 X 67.5 

3. U corrected U/K 

= 19.5/.96 = 20.3 
K = .96 (from manufacturer 

for flow of 45 gpm) 

4, VA = 1750 FPM (from manufacturer) 

at 70°F 

with 1.3" backpressure 

5. CFM = VA X FA = 1750 x 4. 15 = 7260 CFM at 70°F 

CFMcorrected = 7260 * If = 8(,tl0 C™ al ^5°17 

A _ CFMcorr x back pressure 

Back pressure 

= 1,3 + .6 = 1.9 in. Hg. 
(. 6 in Hg duct loss) 
Eff = 41% 

6350 x Eff. 

8000 x 1.9 
= 6350 x .41 = 5,9 Hp 
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Condition II 

1. AT = 5805 = 21.4 °F 
33. 5 X 8.1 X 1 

T = 200 - 21.4 = 178.6°F 

ATave = 200 + 178.6 = 189.3 °F 
2 

Ata = 189.3 - 125 = 64.3 °F 

H = 5805 Btu/min (Rad. B) 
Q = 67/2 = 33.5 GPM 
d = 8.1 pounds per gallon 
SpHt = 1 

Ti = 200 °F 

Tamb = 12 5° F 

= Temp. Out 

Elevated water temperature out of radiator due to heat dissipated by oil 

heat exchanger. 

AT = 3575 = 13.2° F 
33. 5 X 8.1 X 1 

T2 = 200 - 13.2 = 186.8°F 

I 
\ 

i 
I 

2. U = 5805 = 21.8 
4.15 X 64.3 

U cor r 21.8 = 23 
.95 

4. VA = 2050 ft/min (from manufacturers data 
at 70°F backpressure = 1.6+.6) 

Rad. ducts 8c grilles 
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5. CFM = 2050 x 4.15 = 8500 CFM at 70° F 

CFMcorr = 8500 x IM = 9400 CFM at 12 5 °F 
530 

6. Fan Horsepower = CFM x pressure drop inches H2O 

6350 x fan eff. % 

F.H.P. = 9400 x 2.2 = 8 hp 
6350 x . 41 

Hence the radiator and fan selection have been sized to condition II, 

which is the severest continuous duty. 

Air Temperature Change Thru Radiator 

AT = Tout - Tiri = H 
QldiSpHt 

Condition I 

At = 5480 = 42° F 
(8000) (.0679) (.24) 

Tout = 125 °F + 42 = 167° F 

Condition II 

At = 5805 = 37°F 
(9600) (.0679) (.24) 

Tout = 125 + 37 = 162 °F 

H = Heat Rejected 
Qi = Air Flow CFM 
dj = pounds per cubic foot of 

air = .0679 pounds per 
foot at 125°F 

SpHt = .24 Btu per pound0R for 
air 

T0ut = Temp Out 

Tin = Tarnkient = 125 °F 

Qi = 8000 CFMat 125° F 

Qn = 9600 at 125° F 



INGBRSOLL KALAMAZOO DIVISION 
BORG-WARNER CORPORATION Sheet 78 of 78 

BOM-WARNER 

NObs 4561 LVTPX11 
Power Train Design Analysis 

Oil Temperature Change Through Radiator 

At ■out ~ H 
QdSpHt 

Transmissi on Oil: Condition II 

2230 = 29 °F 
20 X 7.7 X .5 

Tout = 300°F - 29 = 271°F 

H = Heat Rejected 
G = Flow Rate, GPM 
d = Pounds per gallon = 7.7 

Pounds per gallon of oil 
(average) 

SpHt = . 5 for oil specific heat 

Q = 20 GPM 
H = 3090 Btu/min 

Engine Oil Change Through Radiator 
Condition I 

Q = 15 GPM 
H = 2000 

= 34.6 °F 

Tout = 250 - 34.6 = 215.4°F 

At = 2000 
15 X 7.7 X . 5 

Tip Velocity of Fan: 

VT = N X 7fD 
12 

= 2000 X 23 x7T 
12 

= 12,000 FPM. This is within 

N = Fan Speed RPM = 2000 RPM 

D = Fan Dia. = 23 inches 

a noise limit velocity of 

14, 000 FPM. 
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