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ABSTRACT

This report covers the work performed during the design and
development of a prototype 17 inch, aluminum track. Design
calculations, bench test data, safety assessment and fit and
function test are included in this report. Field feasibility
and durability evaluation of the track is in progress on a 17.5
ton, 300 horsepower FMC provided Armored Infantry Fighting Vehicle
(AIFV) demonstration vehicle at the Amphibian Vehicle Test Branch,
Camp Pendleton, California.
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17-INCH ALUMINUM TRACK

1.0 INTRODUCTION

The objective of this project was to design and fabricate 400 complete
sections of a lightweight, 17-inch, single pin, aluminum track as part
of an exploratory program in which technology is developed for future
Marine Corps tracked vehicles.

Laboratory tests were conducted and successfully completed to prove
the feasiblity of the design. These tests include a photoelastic stress
analysis and a track guide load simulation.

The track was built and initially tested on the paved track at the FMC's
San Jose facility in a 100 mile break-in test. After completion of the
100 miles, the test vehicle and track were shipped to the Amphibian Vehicle
Test Branch (AVTB), Camp Pendleton, Califonia for an additional 4000 mile
test. FMC provided a suitably modified, 35,000 pound GVW, test vehicle,
associated interface hardware, and as-required spares and maintenance
support which should permit the execution of a government test program
to determine the track feasibility and durability.

As of the writing of this report, the aluminum track has completed 1437
track endurance test miles (1337 test miles at AVTB). At the end of
1099 test miles, an incident occured when the vehicle crested a steep
hill and the driver lost control. The vehicle traversed down the hill
and landed on the left side of a gully, causing the left track to be
thrown to the inside. There was some damage to the track, aluminum hull,
roadwheels and the track adjuster mounting bracket.
The vehicle was restored to operating conditions and re-inspected under
the supervision of FMC personnel. At the request of the David Taylor
Naval Ship Research and Development Center, the entire left-side track
assembly was replaced and the endurance test was resumed.
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2.0 HISTORY

FMC's experience in developing aluminum track goes back to 1955. The
T-144 aluminum track was designed for the Hawk Loader and is still in use
today.

In the early 1960's a forged aluminum track for the M113 APC was built
and tested by FMC. This track did not have reinforcements with steel
wear surfaces. The track performed for approximately 1600 miles and
excessive wear was observed in the sprocket drive contact areas and the
track guide surfaces. This testing was done as a feasibility study for
aluminum track.

In 1973-1974 FMC developed a successful, 17-inch, lightweight, double
pin, aluminum track for the XM-800 Armored Reconnaissance Scout Vehicle.

In more recent years, ALCOA, with technical support from FMC, developed
a forged aluminum track for the Marine Corps LVTP7 vehicle. The track
lasted 3600 miles during testing and had noticeable wear in the sprocket
drive areas and center guide surfaces.

3.0 THE DESIGN

During this phase, several designs were examined and evaluated. The
single pin design that was chosen, shown in Figure 1, incorporates a
bolt-on steel track guide and heat shrunk steel drive bushings on the
aluminum shoe. This design offers the lightest weight for the lowest
cost and risk.

The guide is fastened to the shoe by a bolt and the track pad nut.
Therefore, it can be replaced if it becomes worn or damaged. Grouser wear
has been regarded as a limiting factor in the track life. The track
addresses this limitation by incorporating a larger pad, larger grouser
and hardened steel outboard grousers integral with the drive bushings.
The actual track shoe is s1 own in Figure 2.

The individual component weights are presented in Figure 3. The 17-
inch steel XT-148 track for the AIFV / OERLIKON (GVW 31,000 lbs.), weighs
23.9 lbs. per six inch pitch. Comparing the 17-inch aluminum track shoe
to a similar shoe manufactured using steel, for a 35,000 lbs. GVW vehicle,
the projected weight savings per shoe would be about 5 pounds. This
translates to an approximate vehicle weight savings (assuming 127 shoes/
vehicle) of 635 pounds.



3

co Co.

COjc

toC b--u

_ _ _,-- C12

CZ U cm
Cc C

I- =i
LLI

zz
LI-

zz

CO,
-ca

I- LU
ca

to

CC
CMR2 o

1U:DCV



TOP AND BOTTOM VIEW OF TRACK SHOE
P/N 4219265
FIGURE 2
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FIGURE3 ALUOINUM TRACK COMPONENT WEIGHT

Average
Total Individual

Item Quantity Weight Weight

Shoe Bodies 8 119 14.9

Pads 8 29.3 3.66

Pins 8 11.7 1.96

Guides 8 10.5 1.31

Hardware 8 bolts 3.25 .406
8 washers

24 nuts

Complete Assemblies 10 218 21.8



6

The unit loading on the rubber bushings is 1,866 psi, which is
lower than the LVTP7 vehicle track. Based on our LVTP7 experience, this
will result in a life of 4,000 miles. The nominal pressure of the
rubber pad, in contact with the ground, after .25 inch wear is 88.2 psi
(LVTP7 track pad pressure is 151 psi). Comparing this to other tracks
with this pressure, it is estimated the pads will have an average life
of 1,500 miles. The 17-inch aluminum track loading criteria is shown
in Figure 4.

In the new design, consideration was given to the wear that takes
place between the sprocket teeth and the aluminum shoe body adjacent
to the drive bushing. In the ALCOA-FMC developed shoe, this damage is
caused by a progressive increase in clearance between the track guide
and the sprocket carrier guide rings due to wear. A used 21 inch ALCOA
track shoe and a new 17-inch track shoe are shown in Figure 5. To
alleviate the wear that is observed on ALCOA-FMC shoe, an alignment flange
was added to the drive bushing. This flange was designed to keep the
sprocket teeth in line with the driving suface of the shoe. The drawing
tree listing all track details is in Figure 6.

3.1 DESIGN COMPONENT ADVANTAGES

The bolt-on steel guide is replaceable, less susceptible to
wear (no thin steel as in the case of a rubberized track guide
cap) and the narrowness permits the use of standard roadwheels
without spacers, thus retaining the overall width of the
suspension.

The steel drive bushings are equipped with an integral steel
grouser for aggressiveness and to reduce the wear of the
aluminum grouser, primarily when operating on pavement. The
added alignment flange prevents the damage to the aluminum body
caused by an increasing clearance between the track guide and
the sprocket guide rings.

We have full confidence that the track is capable of attaining
an average life of 4000 miles. Our confidence is based on the
performance of the ALCOA-FMC developed track, the similarity of
materials and the improved structural design verified by photoelastic
stress analysis. Structural improvements to the shoe during
testing resulted in a near uniform stress distribution and the
elimination of high stress concentrations.

3.2 ALUMINUM ALLOY SELECTION

Initially, FMC considered alloy 6013-T6 which has toughness
properties comparable to those of 6061-T6 and 2024-T3. The
fracture toughness in the longitudinal and transverse directions
are 38 ksi, which is better than 6061-T651.
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DAMAGE CAUSED BY SPROCKET

* *CA

TRACK SHOE (ALCOA)
DWG. NO. D296015

AL I GMENT FLANGE

TRACK SHOE (FMC)
GROUJSER DWG. NO. E4219265

CORRECTIVE MEASURES TAKEN IN
THE NEW DESIGN

FIGURE 5
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Aluminum alloy 6013 has proved to be superior to 6061 in a
stretch forming operation. Its stress corrosion cracking resistance
is comparable to 6061-T6. The general corrosion characteristics
(ie. pitting) of 6013-T6 is slightly inferior to 6061-T6 in very
severe environments. Fatigue test results for 6013-T6 show that
these properties are comparable to those of 6061-T6.

It was a decision by the David Taylor Naval Ship Research and
Development Center that the 6061-T6 alloy be used because of
its success in previous similar applications.

3.3 TRACK AND INTERFACE COMPONENT CHARACTERISTICS

3.3.1 DESIGN FEATURES

A. ALUMINUM TRACK BLOCK
Drawing: E 4217772 Rev. A
Material: Forging, Aluminum, 6061-T6, Spec QQ-A-367, Solution

heat-treated and artificially aged to T6 temper
Width: 17.00 in.
Pitch: 6.00 in.
Rubber pad area: 39.7 sq. in.
Rubber bushing areas: 3.75 sq. in.
Grouser area: 13.6 in.

B. SPROCKET-DRIVE WEAR BUSHING
Drawing: D 4215782 Rev. 0
Material: Forging, Steel, 4140,8640,8740,5145, Spec. MIL-S-46172,

Normalized and heat-treated to Rockwell C40-45

C. TRACK GUIDE
Drawing: D 4217172 Rev. 0
Material:-Forging, steel, 4140,8640,5145, Spec. MIL-S-46172,

Normalized and heat-treated to Rockwell C40-45

D. WEIGHT ANALYSIS
Track Assembly = 21.8 lbs./ 6 inch pitch

3.3.2 TRACK VEHICLE TEST: By Marine Corps, Camp Pendleton AVTB

Test Required: 100 mile initial break-in
Durability Test Required: 4000 mile durability
Durability Test Completion Date: 12 months after delivery date

4.0 DESIGN TESTING

To prove the feasibility of the design, several tests were conducted.
These tests included a photoelastic stress analysis and a static load
test on the bolt-on track guide.
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Photoelastic-coating tests are an experimental stress-analysis
technique. The track shoe to be analyzed is coated with a special
transparent plastic coating, which then becomes bifringent. This
bifringence is directly proportional to the intensity of the strain.
Bifringence can be observed and measured with polarized light in a
specially designed instrument called a Reflection Polariscope. When the
plastic coating is examined in a field of polarized light from the
instrument, black and colored fringe patterns are seen. These reveal
the complete geography of mechanical strains in the test piece. By
using a set of equations, the stress values can be obtained.

The photoelastic-coating test, being essentially a surface-strain
technique, differs from the strain-gage technique in that strains are
quantitatively determined not only at areas where strain gages are
located, but also in a continuous manner at every point of the surface
coated with the photoelastic plastic. In Figures 7 and 8, a test
shoe is shown with the photoelastic coating and identification numbers
in place to label areas of interest.

The photoelastic stress analysis was done at FMC's Steel Products
Division. Figures 9 and 10 depict the loading conditions in the test.
A sample of the data gathered during the test is located in the appendix
in Figure A. The initial photoelastic test revealed areas where
stress levels were quite high. Modifications were implemented to reduce
this stress concentrations and the track shoe was tested again. The
second test demonstrated that the modifications greatly reduced the
stresses in the shoe. Figure 11 shows the track shoe before and after
the modifications. A close-up of a modified section with added material
is shown in Figure 12.

The bolt-on steel center guide was also subjected to testing.
Components which simulated the joint geometry and material properties
were designed, fabricated and subjected to load testing at FMC's Central
Engineering Laboratory. It was concluded that the bolt-on steel guide
with sled runner-like bearing areas met the requirements of vehicle service.
Joint integrity was maintained in excess of the anticipated worst case
loading which is a 0.7g turn (skid limit).

4.1 TEST VEHICLE

An AIFV, with FMC's Hydrostatic Steer Differential (HSD) steering system,
was used as the 17-inch aluminum track demonstration vbhicle. This
vehicle was up-powered to 300 horsepower and up-weighted to 35,000 pounds.
Special spacers were designed, fabricated and installed on the vehicle
in order to accomodate the 17-inch wide track. As a result, the center
to center distance between tracks has increased by 2.0 inches.
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TOP VIEW OF TEST SHOE

FIGURE 7

BOTTOM VIEW OF TEST SHOE

FIGURE 8
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TEST SHOE WITH PHOTOELASTIC COATING

TEST LOAD -T LO

FIGURE 9

TEST SHOE WITH PHOTOELASTIC COATING

TTEST LOAD

TEST LOAD

TEST LOAD CONDICTIONS

FIGURE 10



14

ADDED REINFORCEMENT

.. .,..-., t'i
I.

COMPARISON OF TRACK SHOE
BEFORE AND AFTER MODIFICATION

FIGURE 11

MODIFIED SECTION WITH

ADDED MATERIAL

FIGURE 12
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4.1.1 TRACK BREAK-IN TEST

The initial break-in test consisted of determining the weight of
the individual track components and the running the vehicle for 100
miles on FMC's paved oval track. Two measurements were taken before
and after the 100 mile test: pad height and track stretch. After
successful completion of this test, the vehicle was delivered to the
Amphibian Vehicle Test Branch at Camp Pendleton, California for a
durability test of 4000 miles. A copy of the initial break-in test
report is located in the appendix.

5.0 MAINTENANCE AND INSPECTION

In order to fully monitor track wear characteristics, six gages were
designed and manufactured. These gages measure grouser height, track
pad height, and also define limits for: sprocket tooth wear, track
pitch stretch, drive bushing wear and track guide wear. To inspect the
condition of the track, the MAINTENANCE GUIDE FOR THE 17-INCH ALUMINUM
TRACK was written. This document contains pictures and standards
that indicate wear limits and the extent of damage before the track
shoes are declared unserviceable. A copy of the maintenance document
is included in the appendix. Useful life of track components can be
extended by preventive maintenance services described in the technical
manual for the vehicle and in t'le technical manual TM 9-2530-200-24,
Section II.

6.0 COST TO OUTFIT 1000 VEHICLES

*As prescribed in the contract, the final report shall include the
the production cost estimates for producing the components in quantities
which would outfit 1000 vehicles. Figure 13 is an itemized list of
production cost estimates in CY 86 dollars. From these costs, it is
shown that a fully assembled track block including one track pin per
block would approximately cost $155.

7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 TRACK

As a result of the track throw incident, the track was badly twisted
along its axis and 29 drive bushings were forcibly rotated as the track
wedged itself between the idler wheel and the hull. When the track
pins were replaced, the track straightened. All of the bolt-on steel
track guides were intact and showed no indications of joint looseness.
The torque required to rotate the drive bushings back to the original
position varied from 81 ft-lbs to 690 ft-lbs with an average of 513 ft-lbs.
At the request of the David Taylor Naval Ship Research and Development
Center, the entire left-side track assembly was replaced and the endurance
test was resumed.



17-INCH ALUMINUM TRACK
PRODUCTION COST ESTIMATES

FOR 1000 VEHICLES IN CY 86 DOLLARS

DESCRIPTION QTY / QTY / ---------- PRICE---------
PART NLGBER TRACK SHOE 1000 VEH. EACH TOTAL

Track Link * 127,000 S 128.87
(Including track
pin and 2 nuts)

Track Guides 1 127,000 $ 14.42
4217172

Washers 1 127,000 S .17
10910174-7

Cap Screw 1 127,000 .34
K MS 90727-163

Track Pads 1 127,000 $ 10.42
(Including nut)
4219185 & 8756580

Track Shoe Assy 1 127,000 S 154.22 S 19,585,940.
r 4219265-1

Sprocket Carrier ** N/A 4,000 $ 175.13 S 700,520.
SK 860506SAR Tooling $ 23,319.

Sample $ 455.

Sprocket Wheel ** N/A 4,000 S 185.12 S 740,480.
4222420 1

TOTAL S 21,050,714.

* Including tooling cost assembled in multiples of 8

** Approximate production configuration
(2 sprocket carriers & 4 sprockets / vehicle)

FIGURE 13
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7.2 TRACK GUIDES

The bolted-on track guides show no evidence of loosening and are
performing very well. All track guide wear resulting from contact
with the roadwheels, idler wheels and sprocket track guide rings is
light.

7.3 SPROCKET AND DRIVE BUSHINGS

No excessive wear was observed on either the sprocket teeth or the drive
bushings. Wear measurements will be taken every thousand miles of
operation at AVTB.

7.3 FUTURE CONSIDERATIONS

As an alternative to the present manufacturing process, the drive
bushings could be installed using an expansion technique. By
implementing a tube type expander, an induction hardened (Rockwell C50
to C55) steel drive bushing could be used and inserted onto the caulking-

* coated aluminum boss and the boss could then be expanded, securing the
bushing in place. This method would eliminate the high cost of shrink
fitting and guarantee a good seal between the aluminum boss and the
steel bushing. Induction hardening would reduce the wear and extend
the life of the drive bushing.

Based on recent field observations, an increase in sprocket tooth width
and thickness would further help to reduce the sprocket-track generated
noise level'and drive bushing contact surface wear.

Serious consideration should also be given to a double pin aluminum
track with bolted-on steel track guides and steel end connectors. A
value analysis should be performed comparing both types of track. The
double pin track arrangement would also eliminate the costly shrink fit
associated with the single pin track and reduce the danger of fretting
and galvanic corrosion between the steel bushing and the aluminum shoe.
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8.0 APPENDIX
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1. INTRODUCTION

The Marine Corps Program Office of the David Taylor Naval Ship Research
and Development Center (DTNSRDC) is pursuing the development of a 17-inch
aluminum block single-pin track as proposed in an FMC Corporation
proposal entitled "Manufacture and Test of a 17-inch Aluminum Track, 15-
16 Ton Vehicle", dated June 1983. This test is an initial checkout to
ensure that the track is suitable for additional testing by the Marine
Corps.

2. PURPOSE

The purpose of this test was to check the fit and function of a 17-inch
aluminum track on an AIFV and to complete 100 break-in miles on the FMC
test track in San Jose, California.

3. CONCLUSIONS

The 17-inch aluminum track was functionally fit and successfully run for
100 miles on FMC's AIFV DEMO ONE Vehicle.

4. RESULTS

Before starting the test, the vehicle weighed 35160 ± 70 lb with a full
tank of fuel, a driver, and 11,700 lb of ballast weight. The track guide
bolts were torqued to 184 lb-ft and the track pins and pads were all set
at 130 lb-ft.

The vehicle was run according to the schedule in Table I of Test Plan
10275. The test results are recorded in Table 1 of this report. Maximum
vehicle speed was 40 mph on the straight and about 33 mph on the turns.
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Table 1. Test Data from 100 Mile Fit and Function Test

Number Number
of Pins of Loose

Miles Checked Pins Comments

5 3 0 No loose guides
10 3 0 No loose guides
25 18 2 Tightened loose pins 1/8 turn
40 16 1 Tightened loose pin 1/4 turn
55 .... Visual inspection OK
70 .... Visual inspection, all OK
85 .... Visual inspection, all OK

100 14 1 Tightened loose pin 1/2 turn.
No loose guides or pads

found.

Table 2. Aluminum Track Component Weight

Average
Total Individual

Item Ouantity Weight Weight

Shoe Bodies 8 119 14.9

Pads 8 29.3 3.66

Pins 8 11.7 1.96

Guides 8 10.5 1.31

Hardware 8 bolts 3.25 .406
8 washers
24 nuts

Complete Assemblies 10 218 21.8

-2-
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Track shoes and components were weighed before the test. These weights
are listed in Table 2. Average track pad height was .43 inches before
the 100 miles and .42 inches afterward. Track pitch measured over ten
shoes was 60-1/4 inches before the test and did not change after 100
miles.

The tracks were a little noisy, especially when the vehicle was turning.
It appeared that the noise came from the track guides hitting against the
idler wheel and the drive bushing engaging the sprocket.

5. DISCUSSION

The test was conducted at the FMC Ordnance Division test track in
San Jose, California.

The center of gravity was not measured upon agreement with Project in
order to expedite the test. The vehicle was weighed on a digital truck -,

scale. Grouser height was not measured before and after the test because
the vehicle rode on the pads so there would be no grouser wear. Torque
putty was applied to the sprocket carrier bolts before testing. The
putty was all intact after the test so it was not necessary to measure
torques afterward.

The instruments to measure drive ring wear, sprocket wear, and track
guide thickness are only designed to indicate when these parts are
completely worn out. None of the drive rings, sprocket teeth, or track
guides wore appreciably during the 100 mile test. j
Instrumentation used for this test was:

o balance scale, 1000 lb, OED 5927J
o balance scale, 100 lb, ED 5916
o truck scale, 0D0 31731
o grouser height gage, 20786 AJA
o track pad gage, 82576 AJA
o sprocket tooth wear gage, 4222584
o track pitch and guide bushing gage, 4222585
o track guide wear, 860210WB

VP0327TR4240
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Test Plan 10275

1. iNTRODUCTION

The Marine Corps Program Office of the David Taylor Naval Ship Research
and Development Center (DTNSRDC) intends to pursue the development of a
17-inch aluminum block single-pin track as proposed in an FMC Corporation
proposal entitled "Manufacture and Test of a 17-inch Aluminum Track, 15-16
Ton Vehicle", dated June 1983.

2. PURPOSE

The purpose of this test is to check the fit and function of a 17-inch
aluminum track on an M113 and to complete 100 break-in miles on the FMC
test track in San Jose, California.

3. SCOPE

The scope of this test is to perform a 100 mile break-in test and to
determine the weight and center of gravity of the vehicle equipped with a
17-inch aluminum track. The vehicle will be ballasted to 17.5 tons and
up-powered to 300 hp.

4. TEST PREPARATION

The vehicle will be delivered to Engineering Test completely assembled andready to test.

Inspect the vehicle for deficiencies critical to the operation of the
vehicle.

Weigh five track shoe assemblies and their individual components in order
to report an average weight for pins, pads, guides, hardware, and total
assemblies (+/- 5 percent).

Before the vehicle is run on the test track, check the torques and make
the baseline measurements noted below:

o Drive ring wear
o Grouser height (eight shoes per side)
o Sprocket carrier torque (170 to 190 ft-lbs.)
o Track guide thickness 2 1/2 inches above shoe body (eight shoes per

side)
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o Track pad height (eight shoes per side)
o Track pitch (over ten shoes per side)
o Track pin torque, all shoes (126 to 134 ft-lbs.)
o Track pad torque, all shoes (126 to 134 ft-lbs.)
o Track guides for looseness
o Track stretch over ten shoes on each side
o Vehicle weight and center of gravity (measured by Engineering Test)

Run the vehicle on the San Jose test track at the speeds and distances
listed in Table 1. Reverse directions periodically to operate the vehicle
for approximately equal distances in the clockwise and counter clockwise
directions. Make standard daily vehicle checks.

Table 1. 100 Mile Break-In Test Matrix

Vehicle Miles to Checks to be Performed
Speed be Run After Each Run

10 MPH 5 Check for any loose track
guides and torque on each track
pin.

20 MPH 5 Spot check for any loose track
guides and torque on track
pins.

25 MPH 15 Spot check for any loose track
guides on track pins.

25 MPH 15 Spot check for any loose track
guides and torque on track
pins. Check torque on sprocket
carrier mounting bolts.

35 MPH 15 Visual inspection

35 MPH 15 Visual inspection

35 MPH 15 Visual inspection

35 MPH 15 Spot check for any loose track
guides and torque on track
pins.

-2-
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After completing the matrix in Table 1, check the torques and make the
measurements noted below:

o Drive ring wear
o Grouser height (eight shoes per side)
o Sprocket carrier torque (170 to 190 ft-lbs.)
o Track guide thickness (eight shoes per side)
o Track pad height (eight shoes per side)
o Track pitch (over ten shoes per side)
o Track pin torque (126 to 134 ft-lbs.)*
o Track pad torque (126 to 134 ft-lbs.)*
o Track guide torque (178 to 189 ft-lbs.)*
o Track stretch over ten shoes (adjust if necessary)

*Check pin, pad, and guide torques on eight shoes per side. If any do not
meet specification, then check all shoes. Return the vehicle to
Engineering for shipment preparation.

6. SAFETY

Follow appropriate safety practices throughout the test. Make all
personnel aware of any potential danger. The following document pertains
to this test:

o ETOP 1036, Safety Requirements and Operation Rules for Test Vehicles

A safety and orientation meeting will be held before the test. Specific
test safety precautions include the following:

o Listening for any unusual noise that may indicate loose track or track
components.

o Frequent visual inspection of the tracks to check for any loose track
components.

7. REPORT

A final Technical Report will be written and include all of the
information recorded from the test. The test plan may be included as part
of the description of the test method, except where the actual conduct of
the test deviated from the planned test method.

-3-
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8. CHANGES IN SCHEDULE AND SCOPE

The Test Director may add or delete tasks, revise the schedule or order of
tasks, or make other appropriate changes in the scope of the test. These
changes will be made as required to accomplish overall test goals.
Circumstances that might require such changes include the lack of
available repair or replacement parts, adverse weather conditions, and so
forth. All such changes will be documented and completely described in
the final technical report.

VP0212TP10275
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MAINTENANCE OF THE 17 INCH ALUMINUM TRACK

INSPECTION OF TRACK

Use the following pictures and standards for inspecting the 17 inch
Aluminum Track.

These standards indicate wear limits and damage before the track shoes
are declared unserviceable.

TRACK SHOE WEAR LIMITS

Measurement How To Measure It

1. Grouser Height Measure the grouser height from the road wheel
surface of the shoe to the top of the grouser.
If the gage reading is more than 0.4 inches,
the shoe must be replaced.

' '' E

t q

I k.



2. Track Pad Wear Measure the height of the top of the track pad

above the grouser. If the gage reading is
less than 0.05 inches, the pad is too worn for
the shoe and must be replaced.

J1
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3. Sprocket Tooth Wear Place the gage in the positioning holes as
shown and visually check the sprocket teeth.
If a tooth is worn beyond the outline of the
gage, the sprocket must be replaced.

- .: .,.,•
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4. Track Pitch Place the track pitch measurement pins in the
boss inside bore. If the distance between
bore diameters is too large for the pins the
bushings have worn too much and the shoe must
be replaced.

'1.



5. Drive Bushing Wear Place the drive bushing gage over the drive
bushing. If the bushing fits into the
contoured wear pattern, the bushing is no
longer good and the shoe must be replaced.

W " .I'.. ;
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6. Track Guide Wear Place the track guide wear gage over the track --

guide and visually check to make sure the
minimum thickness and height are obtained. If
the guide is below minimum, replace the track
guide.

.: - I.. ,

.. " , - i- -
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1.0 INTRODUCION

1.1 ACRONYMS AND DEFINITIONS

1.1.1 Acronyms

In the context of this Safety Release for Test the following acronyms will

apply:

AIFV = Armored Infantry Fighting Vehicle

AVTB - Amphibian Vehicle Test Branch

DTNSRDC - David Taylor Naval Ship Research and Development Center

HSD a Hydrostatic Steering Differential

SIAT - Seventeen Inch Aluminum Track

SRT a Safety Release for Test

p

1.1.2 Definitions

In the context of this SRT the following definitions will apply:

Seventeen Inch Aluminum Track - A newly designed track subsystem made by

connecting consecutive track shoes with single connecting pins for the

vehicle's left and right side track laying mechanisms.

Demonstrator Vehicle a A modified Armored Infantry Fighting Vehicle which

utilizes a base vehicle identified as "Demo One".

Demonstrator System a The vehicle system resulting from mounting seventeen

inch aluminum track subsystems to the demonstrator vehicle.



1.2 PURPOSE

This SRT was prepared for the DTNSRDC under Contract N00167-85-C-006 and in

reference to the testing of the demonstrator system. Its purpose is to

summarize hazards and recommend hazard controls for the demonstrator system.

The developed procedures and precautions for eliminating or controlling the

hazards are presented in this SRT and all recommendations should be followed

in the operation and maintenance of this demonstrator system.

1.3 SCOPE

This SRT addresses potential test and maintenance operations which may occur

during the test and evaluation of the SIAT. The demonstrator system

operational modes are discussed in Paragraph 2.1.

1.4 FORMAT

For convenience of use, this SRT is organized according to a sequence of

operations expected for a demonstrator system. All of the information

regarding pre-operational checks will therefore precede safety information

regarding system operation and demonstration testing. It is recommended that

this ENTIRE report be read BEFORE beginning any operational or maintenance J.

tasks.

1.5 CHANGES

Modifications to this document may become necessary due to changes in design,

operational environments, and test plans. These changes must be coordinated

with appropriate FMC System Safety personnel. In the event of a safety field

test problem, FMC System Safety should be notified immediately-- call collect,

(408) 289-2784.
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1.6 TEST DESCRIPTION

The test will be conducted by the DTNSRDC AVTB using the demonstrator system

described in Paragraph 2.0. The purpose of this test is to determine

feasibility and durability of the SIAT for potential application with future

US Marine Corps tracked vehicles from 15 to 18 tons gross vehicle weight.

1.6.1 Limitations

Demonstrator system operation and testing is limited to that described in the

DTNSRDC Test Plan 8440, 86-1240-78. The following operational modes are not

in the scope of this SRT or the Test Plan.

o Swimming

o Towing another vehicle

o Blackout/Light Secured

o NBC

2.0 SYSTEM DESCRIPTION

r 2.1 IDENTIFICATION

This SRT applies only to the following demonstrator system:

o "Demo One" demonstrator vehicle with modifications

o Vehicle track is seventeen inch aluminum per FMC dwg 4219265

o Serial Number, None ---- hull is stamped as "Demo One"

o Contract N00167-85-C-006

2.2 PURPOSE AND INTENDED USE

The SIAT has been designed, developed and assembled to a vehicle for track

testing and evaluation by the Government. To convenience the actual testing

operations, the SIAT has been assembled to a contractor's baseline personnel

carrier. These testing activities are to provide information and data for

determining aluminum track feasibility and a durability goal of 4,000 miles.

3



2.3 THE VEHICLE

"Demo One" is an armored vehicle, diesel powered, designed to be fully tracked

and capable of carrying a weapons system while maneuvering cross country.

The base vehicle, M113A2, is an armored personnel carrier in world-wide use.

Technical Manuals that pertain to this vehicle are as follows:

FMC-A!FV-U-10, Operators Manual

FMC-AIFV-U-10, Supplement, Operators Manual for Components peculiar to AIFV

Demonstrator Vehicles.

FMC-AIFV-U-20, Maintenance Manual

FMC-AIFV-U-20, Supplement, Organizations Maintenance Manual for Components

peculiar to AIFV Demonstrator Vehicles.

2.3.1 Eagin

The engine is a turbocharged Detroit Diesel model 6V53T with fuel injection

per FMC drawing 4194767. Modifications from "Demo One" vehicle engine include

different fuel injectors that increase engine horsepower from 265 to 300.

2.3.2 Trnmiso

The transmission is a Detroit Diesel Allison TX 100-1A which provides

automatic control and includes three forward selections, one reverse and a

neutral position selection.

2.3.3 Universal Joints

The universal joints have 7C ratings.
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2.3.4 Dif l ia

The differential includes hydrostatic steering and is illustrated per FMC

drawing 420423. This type of differential permits gradual, pivot and axis

steering maneuvers through a driver's steering wheel control linkage.

2.3.5 Final Drives

The final drives are illustrated by FMC drawing 11647000. Housing material is

type 356 cast aluminum and includes the M548 vehicle reduction gears.

2.3.6 Seventeen Inch Aluminum Track

* The SIAT is illustrated in FMC drawing 4219265. The major features of this

track design are as follows:

o Single pin 6061 T6 Aluminum track blocks

o Track width is 17 inches; track pitch is 6 inches

o Track incorporates modular/replaceable center guides, rubber road pads and

steel drive rings

2.3.7 Suspension System

The additional track shoe width (17 inches) has been interfaced to the

demonstrator vehicle by adding 1 inch spacers to each sprocket carrier, idler

sprocket and road wheels.

2.3.8 Rul

The standard AIFV has been reconfigured to delete the turret and weapon

systems for this test.
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2.3.9 Ballting

By customer request, the vehicle has been ballasted to 17.5 tons gross vehicle

weight. This vehicle weight is heavier than the AIFV configuration. To

accommodate vehicle braking characteristics, the ballast has been shifted

toward the rear of the vehicle to control the vehicle forward motions during

strong braking actions.

2.4 OPERATIONAL/LIFE CYCLE MODES

This SRT addresses those simulated tactical operations as listed:

Track ing

Braking

Turning

Backing

Acceleration

Maximum speed

Vertical obstacles/trench crossing

Slope operation

Stowage

Towing

Water operations

Additional operations may be required prior to and during demonstration

testing. These include M113A2 automotive chassis maintenance, repair and

corrective action operations that are required to resolve problems/

malfunctions that may occur during demonstration testing. These are addressed

in this SRT.

The SIAT demonstrator system with up-power and up-weight is considered to be

marginally safe for the planned test and evaluation program when operated and

maintained in accordance with this SRT and the appropriate Operator's and

Maintenance Manuals. When the Test Plan is further developed, additional

6



hazards may be identified which may require analysis and new/revised hazard

controls and revisions to this document.

4.0 SEOUENCE OF OPERATIONS

4.1 PREOPERATIONAL INSPECTIONS AND SERVICES

4.1.1 Hatches and RamR

The hatches could swing, causing a scissoring action between the hatch and

hull if not properly latched during vehicle movement. The driver must ensure

that the hatches are properly latched prior to moving the vehicle.

The cargo hatch is a quick acting hatch. Restrain hatch cover while opening

or closing hatch to avoid injury.

4.1.2 Stowage

Loose items of stowage can become projectiles during cross-country operation

or during a vehicle crash, causing injury to personnel and/or damage to other

equipment. Prior to vehicle operation ensure that all loose items are

properly stowed and/or tied down.

4.1.3 Fueling

Fueling operations are hazardous because of the presence of flammable vapors

*and liquids which may be ignited by static electrical discharge, hot parts or

electrical shorts.

Before fueling the vehicle, stop the engine, place the vehicle master switch

in the OFF" position, and establish a fire point. Bond the fuel nozzle
directly to the filler neck by metal-to-metal contact to prevent possible

static spark, attach grounding strap, and observe all related safety rules.
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Clean up any spilled fuel immediately after fueling to prevent slippery

surfaces on the vehicle and possible fire hazards.

4.2 ENGINE STARTING

4.2.1 Nise n

Unprotected exposure to noise levels inside the vehicle during operation, and

within 10 feet of the vehicle when the engine iF running above idle speed, may

be sufficiently high to cause permanent hearing damage. All personnel must

wear earplugs or other hearing protection when in or about an operating

vehicle.

4.2.2 Vetlio

The demonstrator vehicle has been tested for toxic gas accumulation with the

engine and heater running and meets toxic gas exposure requirements.

Heater and engine exhaust fumes contain deadly and sometimes odorless gases.

Severe exposure can cause permanent brain damage or death. Exhaust gases are

most dangerous in enclosed locations with poor access to outside air or when

breathing near the exhaust of other vehicles. The best protection for exhaust

gas poisoning is a flow of clear fresh air. The following precautions help

ensure a safe air supply:

o Don't run the engine of the heater inside any building unless there is a

very good flow of fresh air into the building and away from the vehicle.

o Don't idle the engine for long time periods unless there is a flow of clear

fresh air into the cab.

o Don't operate the engine if any of the power plant access covers, plates or

doors are open/removed.

o BE ALERT AT ALL TIMES. WHEN YOU SMELL EXHAUST FUMES, OPEN THE HATCH/S

IM4EDIATELY.

o BE AWARE THAT YOU MAY NOT ALWAYS BE ABLE TO SMELL THE EXHAUST FUMES. When

ANYONE shows signs of carbon monoxide gas poisoning get EVERYONE out of the

vehicle.
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Signs of exhaust gas poisoning include dizziness, headache, loss of muscle

control, sleepiness and emotional disturbances. The result of exhaust gas

poisoning can include coma, brain damage and death. If anyone complains of

dizziness or headache, make sure they have a good flow of fresh air. Keep

them warm. Don't let them do hard exercise. Get medical help. If anyone

stops breathing, give artificial respiration.

4.3 DRIVING UNDER NORMAL CONDITIONS

4.3.1 Personnel Protection

Seat belts, shoulder harnesses and CVC DH-132 helmets (or equivalent) must be

worn by all personnel at all times while the vehicle is being driven. Sharp

objects in the cab and protrusions which could injure personnel have been

eliminated where possible. Travel over cross-country can, however, cause

personnel to be thrown about in the vehicle resulting in personnel injuries.

Seat belts and shoulder harnesses are provided and with their proper use will

assist personnel from being thrown about within the vehicle.

To reduce hazard exposure to personnel, the number of people in the vehicle

should be kept to a minimum during testing. Personnel whose presence is not

CRITICAL for the completion of the test or demonstration event should NOT ride

in the vehicle.

4.3.2 Rough Terrain Driving

Sudden acceleration, deceleration or change in direction when driving over

rough terrain can cause the crew to impact internally mounted equipment. The

driver must be careful when operating over rough terrain to protect all crew

members. Seat belts and shoulder harness are provided in the vehicle and must

be worn during the vehicle operation. Helmets must be worn during vehicle

operation to prevent injury to personnel. All loose objects in the cab must

be secured to prevent movement. Rough terrain driving should only be done by

personnel qualified for general operation of the vehicle.
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4.3.3

When operating cross-country, the vehicle could contact large rocks, trees or

other solid objects. This should be avoided to preclude damage to equipment

or injury to personnel. Cross-country driving should only be exercised by

qualified personnel.

4.3.4 Slope Operation

Control vehicle speed while descending slopes by using the brakes and by using

the engine and transmission for deceleration. For steep slopes, use low

range. The vehicle must be slowed down before the transmission is shifted

into low range. To avoid losing control of the vehicle, do not attempt sharp

turns when descending steep slopes or when on side slopes. Driving on steep

slopes should only be done by qualified personnel.

4.3.5 Reverse Ooeration

Do not shift transmission gear selector into reverse until the vehicle is

completely stopped. Driver's vision to the rear is limited. Do not attempt

to shift/operate in reverse unless ground guides are used.

The driver should be aware that during reverse operation the demonstrator

system steering mechanism will maneuver the vehicle in the opposite direction

in comparison to an automobile. That is, the rear of the demonstrator system

will turn in the direction opposite from the direction which the steering

wheel is turned.

4.3.6 Water Oneration

4.3.6.1 Fording

Water up to 24 inches deep may be crossed by fording. Testing agency should

make a water search. Do not attempt to cross water obstacles of unknown depth

or unknown bottom conditions. This demonstator system must not be required to
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swim. Install all required drain covers, plates and plugs before fording

water. Driving into unknown water depths can result in loss of the vehicle.

Entanglement of the track or suspension of debris on the lower chassis could

result in disablement of the vehicle. Driving through water should only be

done by qualified personnel.

4.3.6.2 Swimming

WARNING

This vehicle has not been tested for swimming.

Personnel can drown when this vehicle sinks.

Do not attempt to swim this vehicle.

Vehicles in the AIFV family are generally accepted as swimmers and this

* demonstrator vehicle is a member of the AIFV family. However, this

configuration HAS NOT been tested to verify its swimming capability. Do NT

*. swim this vehicle.

4.3.7 Parking

Brake lining wear or improper adjustment may cause the brakes to slip when the

vehicle is on a steep slope. Parking on steep slopes should be avoided when

possible. When it is necessary to park on steep slopes, the tracks should be

blocked in addition to setting the brakes before leaving the vehicle

unattended.

4.4 EMERGENCY DRIVING CONDITIONS

4.4.1 Steering Failure

When steering failure occurs, keep engine running and apply the brakes until

the vehicle stops.. Driver should immediately warn the crew to prevent injury

to personnel due to rapid vehicle deceleration.
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4.4.2 BrakeLiure

When service brakes fail during vehicle operation, use the following procedure 4

to stop the vehicle in an emergency:

Apply emergency brake by pulling lever to left of steering wheel towards you.

The emergency brake will cause a fast stop and the crew should be prepared.

The emergency brake is intended for use one time only and must be inspected

following use in an emergency stop to determine if it is suitable for further

service. Do not drive further with failed service brakes.

4.4.3 Vehicle Runaway

Throttle linkage jamming may occur due to a lack of lubrication, worn/loose

parts or functional characteristics, causing a vehicle runaway. If this

occurs for any reason, the driver should continue to steer normally, release

the accelerator pedal, and place the fuel control into the "OFF" position.

Then apply the vehicle brakes to bring the vehicle to a complete stop.

4.4.4 Track Loss or Drive Failure

WARNING

When track is lost, vehicle braking will be lost and

vehicle will tend to go out of control.

Personnel can be killed.

Driver should make every effort to maintain vehicle

control by reducing engine throttle with very slight

braking/no braking (coast) to continue safe control.
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WARNING

When a final drive fails, vehicle braking will be lost

and vehicle will tend to go out of control.

Personnel can be killed.

Driver should make every effort to maintain vehicle

control by reducing engine throttle with very slight

braking/no braking (coast) to continue safe control.

Track loss or drive failure causes loss of steering and braking on the failed

side of the vehicle. The transmission will continue to provide braking and

power to the remaining functioning side. Therefore, to stop the vehicle and

prevent injury to personnel, gradually brake the vehicle. Sudden vehicle

deceleration or change in direction could cause personnel to hit internally

mounted equipment. The driver must warn the crew immediately of this

emergency condition.

4.4.5 SlaveItrt

When two vehicle electrical systems are connected for a slave start, there is

the hazard of getting polarities reversed, causing electrical system damage

and possible battery explosion. Make sure the cable prongs match the

receptacle holes, "+" to "+w and 0-w to -.

4.4.6 Disabled Vehicle Towing

WARNING

When towing with this demonstrator vehicle, powertrain

components can fail causing loss of vehicle control.

Personnel can be killed.
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Do not tow or pull external loads with-this demonstrator

vehicle.

The demonstrator system has never been tested for towing/pulling external

loads. Towing operations should never be attempted when using the

demonstration system as the towing vehicle (see Paragraph 1.6.1).

The demonstrator system can be towed by another vehicle when in a disabled

condition. Always disconnect HSD pump drive shaft of the demonstrator system

when being towed. When towed for more than 48 km (30 miles) or at a speed

greater than 16 km/hr (10 mph) the universal joints between the final drives

and the differential must also be disconnected. Failure to do so may damage

transmission and/or differential through overheating by lack of lubrication.

Use tow bars only (not tow chains) when universal joints have been discon-

nected.

Disabled demonstrator system must have transmission selector placed in neutral

(N) position and brakes must be released prior to towing. Driver of disabled

vehicle should remain with the vehicle during towing to assist with braking

when universal joints are connected.

4.5 CRITICAL SYSTEMS

I
The steering, brake, drive and suspension systems are considered safety

critical systems because malfunction can cause loss of vehicle control, injury i

to personnel and damage to equipment. Critical systems parts must be

inspected for wear or damage and defective parts replaced in accordance with

wear limits defined in the maintenance manuals.

In maintenance and adjustment of these systems, the following general rules

should be observed:

0 Never reuse locknuts. Always use new locknuts.
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o Never reuse cotter pins. Always install new cotter pins.

o Always replace damaged or worn parts with the proper replacement

part. Do not substitute parts.

5.0 SYSTEM HAZARDS

The demonstrator system has been up-powered 16% to 300 horsepower (from

265 hp). The gross vehicle weight has been ballasted to 35,000 pounds (from

30,175 pounds), a 16% increase. These added parameters increase component

criticality and reduce powertrain component life expectancy. Available

components were used to assemble this demonstration vehicle. Some identified

components may not survive the severe phases of this 4,000 mile test. The

primary demonstration system hazards discussed in this System Hazards

paragraph are principally in the powertrain subsystem. These are physically

located in the system such that when total component failure occurs, the

demonstration system becomes uncontrollable. An uncontrolled vehicle in

motion can become a high risk, as there is crash/overturn potential. In all

conditions, it becomes imperative that the driver always be aware of the

risks. In emergency situations, maximum driver skills are to be fully

utilized for safely controlling and stopping the system. To offset component

failure potentials, preventative maintenance checks are identified and should

be consistently initiated and documented.

5.1 SEVENTEEN INCH ALUMINUM TRACK

The SIAT is the primary subsystem under test. Testing SIAT has n.t previously

been conducted with a 17.5 ton vehicle. It is possible that the SIAT could

fail as the life expectancy has not been validated. Due to the demonstration

system's dynamic characteristics, the track potentially can be thrown. As

with any experimental testing, these events must be realized and expected.

Recommendation: Driver is to be aware of potential track throwing/failure

particularly during severe steering/tractive efforts. The driver should

prepare to control the demonstrator system after failure and bring system to a

safe stop.

15



5.2 SPROCKET CARRIER MOUNTING BOLTS

Track sprocket carrier mounting bolts have been torqued in place. All bolts

have torque putty applied for checking purposes. Normal vehicle travel-

surfaces should not effect torque maintenance. During high torque loading

(mud/ steering), high shear loads can develop which tend to stretch bolts and

displace threads resulting in bolt torque loss.

Recommendation: Check torque putty daily for cracks or immediately after

sprocket motion has been identified. Retorque bolts as required.

5.3 SPLINED INPUT YOKE

During high torque travel requirements (mud/sharp steering on high frictional

surfaces), the external spline could take a permanent set (twist). The shaft

twist effect may eliminate the required linear sliding action and a bearing

thrust load causing pinion bearing failure. .

Recommendation: Visually inspect the exposed spline area immediately on the

external splined yoke end for radial twist every 500 miles or after extreme

steering/travel loads. This shaft should be replaced after radial twist has

been identified. J

5.4 SPLINED OUTPUT SHAFT

Similar to the external spline of the input yoke, the external spline of the

output shaft can take a permanent set (radial) while traveling with high 'J

torque requirements (mud/sharp steering on high frictional surfaces).

Permanent twist may limit the required linear spline action to induce output

gear bearing thrust loading and eventual bearing failure.

Recommendation: Partially disassemble to visually check for permanent spline

twist. The shaft should be replaced after radial twist has been identified.

16



5.5 FINAL DRIVE GEARS

Due to potential high gear loading and lack of testing higher gross vehicle

weights to validate gear life, it is possible to fail the gears under extreme

conditions. Failed gears may cause sudden catastrophic events including noise

and abrupt loss of vehicle control.

Recommendation: Make every effort to control the vehicle by reducing engine

throttle with very slight braking/no braking to maintain safe vehicle control.

Bring vehicle to a complete stop.

5.6 FINAL DRIVE HOUSINGS

The demonstrator vehicle has early design cast aluminum final drive housings.

Housing material specification is the M548 original design. Since that time,

the housing design has been improved. Historically and during vigorous

vehicle testing, these early type housings have been known to crack. Aberdeen

Proving Grounds testing have experienced cracked housings when testing 35,000

gross vehicle weight (M113 stretched) vehicles. In the demonstrator system,

these housings can be expected to crack on the inner large diameter near the

flange radius. This will cause sudden bearing support failure and shaft

misalignment due to high stress shock/bearing loads.

*Recommendation: This area is to be checked daily for the first month of

testing by feeling for cracks or visually inspecting for external oil leaks;

weekly during the balance of the test. More frequent checks (twice daily)

should be made after vehicle has experienced known high shock loads.

6.0 SZL4ARY

*Hazard analysis of the SIAT has been conducted to determine possible

characteristics which may affect personnel safety or equipment. The primary

* concerns remain in the limited design of the powertrain, the experimental SIAT

and the related components. Each is addressed in this SRT, along with the

appropriate user inspections and actions to control these hazards.
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In addition, this SRT addresses many hazards, some of which are general to

tracked vehicles and specifically the M113A2 and AIFV vehicles.

Because of possible changes in the Government test plan, this analysis may not

Include all safety Information pertinent to testing. Thus, testing other than

that defined In the Master Test Plan should be discussed with FMC System

Safety personnel, (408) 289-2784, prior to testing.

-j
The reliable and rugged M113 design is the most widely used tracked vehicle in

the free world. More than 70,000 vehicles are in service in 44 nations
worldwide. With the M113A2 and AIFV vehicle integrated features, the SIAT

demonstrator system is considered marginally safe for its intended use when

operated and maintained in accordance with the listed Operator's and

Maintenance Manuals and this SRT.

7.0 REEERENCE

"Master Test Plan for the Feasiblity Testing of Seventeen Inch Aluminum Track

for Future Marine Corps Tracked Vehicles" by David W. Taylor Navel Ship

Research and Development Center Bethesda, Maryland 20084; Document identified

as 8440, 86-1240-49.
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Irack Agemnbly 4219285

Track assembly 4219265 Is a 17 Inch single-pin forged aluminum (6061-T6)
track shoe with a bolted-on steel track guide and shrunk-on steel drive
bushings. In this report, various calculations are made relating to the
design and development of this aluminum track shoe. This report wasr Mde In response to a request of W. BIIlkewlcz for a rewritten version
of Stress Report 990.303.312.001 that would eliminate early design Iter-
ations, use all the current data and address some new considerations.

This study was made to determine the following:

1) Bearing stresses In shoe due only to guide bolt preloads.

2) Stresses In shoe and guide due to guide bolt preloads and side load
on guide.

3) Stresses in shoe and bushing due only to shrink fit of bushing on
shoe.

4) Stresses In shoe and bushing due to shrink fit and a driving load on
bushing.

5) Preloads and Installation torques of the guide bolts.

6) Effects of 600 F bushing assembly temperature on shoe.

7) The minimum torque that could cause rotation (slipping) of the
bushing after It Is shrunk on.

8) Effect of 350°F rubber curing operation on the shrink fit.

Results 1-8 below correspond to purposes 1-8 above.

1) Bearing stresses of guide on shoe due to preloads only, In region of
9/16 and 5/8 bolts, respectively: 26.200 and 23.400 pal.

2) Max bearing stresses of guide on shoo due to preload and specified
5000 lb side load. In region of 9/16 and 5/8 bolts, respectively:
39,000 and 36,300 psi.
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Max equivalent stresses due to banding and shear In guide runner
leg, In region of 9/16 and 5/8 bolts, respectively: 104.000 and
110,000 psI.

3) Max equivalent stresses due to shrink fit only (at Inner edges and
with max Interference) of steel bushing and shoe boss, respectively:
33,800 and 26,500 psi.

4) The most critical stresses due to the shrink fit and the driving
load of the bushing are the stresses In the aluminum boss under the
Inner end of the bushing (points A and B, page 17). The max equiv-
alent stresses there (at A and B. respectively) are 31,500 and
31.000 psi.

5) All the guide related stresses above assume preloads of 18250 lb and
23000 lb In the 9/16 and 5/8 bolts, respectively. The calculations
show that these preloads will result If the following procedures are
used:

5.1) Lubricate all bolting friction surfaces with SAE 20 to 30
machine oil.

5.2) Torque the 9/16 bolt to 162 ft-lb.
5.3) Torque the 5/8 bolt to 174 ft-lb.

6) The following are the approximate effects of the bushing assembly
temperature on the aluminum under the bushing. (The aluminum there
Is assumed to be at the high temperature for one minute.)

Ref: MIL-HDBK-SD curves for 6061-TB.
X - percent of room temperature property.
YS - yield strength
E - elastic modulus

Bushing Assembly Temperature:

=0 E M0 E

Effect on YS at the high temp: 30 - 100% 75 - 100%
Effect on E at the high temp: 70% 90%
Effect on YS after return to
room temp: 60 - 10OX 100%

7) At the minimum Interference (.003 Inch on the diameter), the torque
to rotate the assembled bushing on the shoe Is 22,000 lb-In.
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8) During the 350 F rubber curing operation, due to aluminum's greater
coefficient of thermal expansion, the aluminum "ring* under the
steel bushing will tend to grow more than the steel, increasing the
Interface pressure. This Increased pressure u.LLL result In yielding
of at least the Inner surface of the aluminum ring, for all the
possible values of Interference In the tolerance range. Exposure to
350 F for 20 minutes will not cause any permanent reduction In the
aluminum strength.

Conclusions 1-8 below correspond to Items 1-8 above.

1) To calculate the bearing factor of safety, the appropriate material
* property is the bearing yield strength of 6061-T6. Per FMC Design

Manual, this Is 54,000 psi. Therefore minimum FS here Is 2.06.

2) Again using the aluminum bearing yield strength, the minimum FS here
Is 1.38.

The yield strength of the guide Is found to be 170,000 psi, so the
minimum FS In the guide legs Is 1.55.

3) Bushing yield strength Is 170,000 psi, so the FS here Is 5.0.
Compressive hoop stress of the shoe boss Inner surface should be
considered a compressive stress, not a bearing stress, so the
compressive YS of 8061-T6 should be used. Per FMC Design Manual.
this I 35,000 psi. Therefore the FS here Is 1.32.

4) With the maximum specified drive load (14,000 Ib) on the bushing,
the aluminum shoe boss maximum equivalent stress of 31,500 psi
results In a FS of 1.11.

5) Great care must be taken to control the guide bolts' preloads. If
the actual preloads and assembly torques deviate too far from those
specified here, either gapping or yielding of the guide/shoe Joint
will result under the 5,000 pound side load.

6) With assembly at 6000 F. there will probably be no yielding, but
there will probably be some permanent reduction In the aluminum
yield strength In the region under the bushing. It Is not known If
this permanent reduction In strength In a limited region would be a
problem. This reduction In strength could be avoided by assembling
at 400°F and also chilling the shoe, If necessary, for assembly
clearance. The alternative Is to make an assembly In the desired
manner and test It to determine If there Is sufficient strength and
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tightness. Further analysis would be extremely complicated, proba-
bly Involving finite element analysis with heat transfer, tempera-
tures changing, all material properties changing and possibly gap
elements and elastic-plastic behavior.

7) I draw no conclusion from result #7.

8) Since the Inner surface of the aluminum will yield during the 3500F
rubber curing operation, there will be some loss of tightness of the
bushing. To determine the amount of loss of tightness would require
determining the radial distribution of residual stress caused by
local yielding, which In Itself would require a fairly elaborate
study, probably using elastic-plastic finite element analysis.
Without such an analysis, I can only offer these simple suggestions
(do one or the other):

8.1) Rearrange the order of operations so that thg shoe oss Is
still solid (not drilled out) during the 350 F operation, or
assemble the bushing after the 3500F operation.

8.2) Build and test. (Test at minimum track operating tempera- i
ture, when bushing will be loosest.)

Discussin

Per discussions with 0. Wong and B. Bliklewlcz, all loads In this study
are taken to be static. No fatigue analyses are done. If fatigue loads
on the guide or bushing can be Identified, analysis or testing of
fatigue In the bolted and shrunk-on assemblies should be performed.

For maximum side load capability, without gapping, the guide should be
designed and assembled such that the bearing stress In the aluminum Is
exactly half of the bearing yield strength. Then, one side will yield
just as the other side gaps. The guide herein Is close to this optimum
condition.

Guide bolt tightening torques are specified with lubrication because
this should result In less preload variation than a "dry" specification.
Shlgley (Mechanleal Fnglneerlna Deslan, 3rd ed., p. 246-247) relates
test results that showed preload standard deviations of 9% and 15% of
the mean for lubricated and dry conditions, respectively. Measuring
bolt stretch would be the best way to control preload, but If this Is
not feasible, I recommend using the lubricant and torques specified.
Dry (higher) torques can be specified, but they will not control preload
as well. It should be noted that the FMC pre;oad tables are based on a
rule-of-thumb formula (T-.15FD) which Is not very accurate. The tight-
ening torques specified here are based on the work of Falzone (1964), as
recommended and provided by John Huber.
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The assumption Is made that the force distribution along the runners
(due to side load only) Is uniform. This assumption was adopted because

the steel guide Is bearing on aluminum, which is only 1/3 as stiff. so
the guide Is assumed to tilt In a rigid manner on an elastic base.
resulting In uniform force distribution for side load reaction.
Separate areas are established for the 5/8 and 9/16 bolt regions. Total
forces In each area (for side load reaction) are calculated using the
area ratios. Finally, these are super-imposed on the separate area'
bolt clamping loads and total stresses are calculated.

The FMC Design Manual formula for 3-0 equivalent stress is used. (it Is
rare In the literature, but Invaluable for this purpose.) Use of this

formula eliminates the need to solve the cubic stress equation for 3-D
equivalent stress problems.

Since this report contains all the final Iterations of Stress Report
990.303.312.001 with some revisions and some changes, this report super-
sedes Stress Report 990.303.312.001. See that report for previous
design Iterations.

VMO830RS96TS
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VATERIAL COEFFICIENT O FRICTION
AND TWAD. f't SHE. r.

FINISH Dry Oil '.a Dry Oil wet

Steel, Plain to
Plain .15 .11 .13 115 .11 .VS

Steel, Plain to
Cgadium .11 .10 .10 .11 .10 .10

Steel, Plain to
Zinc Plate .25 -17 .22 .16

Steel, Plain to
Phosphate CootIna .11 .09 .10 .11 .0 9 .10

"z .u/a '.,,="

Steel, Cadmium Plate to
Ceomium Plste .28 .06 .16 .11 .05

Steel, Cadmium Plate to
Zinc Plate .24 -07 .23 -07

Steel, Cadmlum Plate to
Phosohate CoatIna .20 .07 .07 .20, .07 .06

Steel, Zinc Plate to
Phosphate Costing .16 .06 08 .16 .07 .08

Steel, Zinc Plate to
_ Zinc Plate ..36 .09 .23 .Oe
Steel, Phosphate Costing

fe Phosphate Coatino .15 .10 .10 .15 .10 ,10

Aluminu to ( .
Va t T. .06 .06

Aluminum to
Cadmium Plate .37 .16 1.37 .6

Maneaum to
Cidrum Plate .47 .19 - .47 .19 -

Corrosion Reslstant to
Corrosion Resistant .09 .09

Definitions:

Dry - as produced with residual oils
Oil - machine oil, SAE 20 to 30
Wax - Johnson's J-150
T.C. - Thread co'pound, NIL-T-5 44
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