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1.0. INTRODUCTION

This final technical report is prepared by FMC Steel Products
Division under contract number DAAE0O7-85-R-0858 with the United
States Army Tank-Automotive Command (TACOM). It describes the
development and testing of a two-bolt centerguide assembly
(designated XT158) proposed to replace the production single-
bolt T156 unit. Two of the specific problems associated with
the current unit are: 1) Due to the forked design with the
bolt in the middle, the guide cannot be easily disassembled in
service because the forks are sometimes bent inwards, thus
making the nut inaccessible; 2) The T156 is prone to pin pull
through due to the clamping bolt being between the two pins.

The T158 assembly solves both of these problems in addition to
providing better track guidance and stability, higher design
strength, and a more obscured natural frequency.

2.0. OBJECTIVE

The objective of this project was to design, develop, and
manufacture a two-bolt domed centerguide assembly based on a
concept supplied by TACOM Research, Development & Engineering
(RD&E) Center. The assembly was to be compatible with the M1l
track (both standard production T156 and development T158 de-
signs), and as a target was to be equal to or less than the
weight of the T156 centerguide.

3.0. CONCLUSIONS

The two-bolt centerguide developed under this contract has
proven to be a good design. This design solves all of the
problems associated with the production T156 unit plus it

gives some added benefits. It fits the same envelope as the
T156, it is stronger, more durable, and less prone to damag-
ing roadwheels in the event of a track misguide. Field test-

ing to date on a version for the FMC XT158S1.5 experimental
track has shown no problems in more than 20,000 test miles.
Limited testing on the first iteration for the 1.375-inch pin
diameter (production T156) track took place in the summer of
1985, and it showed only minor problems. These problems were
corrected in the final design and verified by lab test. The
target of not exceeding the weight of the T156 unit was not a-
chieved. The final two-bolt design is .6 pounds heavier, or
1.1 pounds heavier when using the optional machined cap. How-
ever, the benefits achieved in performance should compensate
for the slight weight penalty. One benefit of particular in-
terest is the lower natural frequency and amplitude which re-
duces the high—-frequency track signature experienced with the



forked design.

4.0. RECOMMENDATIONS

4.1. Cap Construction

The centerguide cap should be of forged construction. Due to
the time constraint, number of iterations required, and an at-
tempt to keep development cost down, most of the caps supplied
under this contract are of the optional machined design. How-
ever, field testing has been conducted on the forged cap de-
sign for the 1l.5-inch pin diameter (XT158S1.5 track) configu-
ration with excellent results. The 1.375-inch pin design cap
will be stronger because the forgings for both designs are the
same. The only difference is the amount of stock removed.
This means that the 1.375-inch pin design forged cap will have
slightly thicker sections.

4.2. Bolt Torque Requirement

The bolts specified for the two-bolt assembly are 3/4-16 Uni-
fied Fine-thread (UNF) by 3.25 inches long, grade 8, per
MS90727-192. The nut is a special capped 3/4-16UNF locking nut
Per military specification number MIL-N-45913. Both items are
cadmium or zinc plated, and oil coated by the vendor. This
means that the friction to tighten the assembly is substan-
tially reduced and the torque required is not that of standard,
uncoated, 3/4-inch, grade 8 bolts. Also, the design of the cap
is such that it could yield if the bolts are torqued too tight-
ly. This is crucial since the assembly is further preloaded
due to track tensioning, and is subjected to severe fatigue
service loads. It is for this reason that the assembly torque
specified and recommended is only 210 to 225 foot-pound(ft-1b).
This torque should also be applied in equal increments from one
bolt to the other to ensure that stress distribution is maxi-
mized. Strain gage tests were conducted in which one bolt was
tightened completely before the other one, and in both cases
the cap yielded on the first-torqued-bolt side. These results
are tabulated in Appendix A. Field testing to date has shown
that there is no loosening or other problems associated with
this low-torque approach.

4.3. General

Due to the success achieved on this project it is recommended
that the single-bolt T156 centerguide be replaced with the two-
bolt T158 design.

5.0. DISCUSSION




5.1. Background

The current production M1 track (T156) incorporates a single-
bolt forked centerguide (see figure 5-1). This unit has con-
sistently been a major cause of track work in the field due to
the forks bending, the centerguide yielding and allowing the
pins to pull through, or the unit failing due to fatigue
cracks. The first problem negates the capability of replacing
the two mating blocks without the aid of a cutting torch, and
it compromises the proper guiding of the track. The second
problem is even more severe because the track could separate
while the vehicle is in motion. This is especially undesir-
able while on maneuver or negotiating a side slope. The
TACOM-proposed two-bolt centerguide (see figure 5-2) elimi-
nates all of these problems, and provides some additional ben-
efits.

5.2. Materials

The material selected for the centerguide and cap was American
Iron and Steel Institute (AISI) grade 4140 steel. This is the
same material that is used on the production unit, and is more
than adequate for the two-bolt design. AISI 4140 exhibits
good hardening ability and fatigue life, and it has an excel-
lent machinability rating which aids in keeping the unit cost
down. ‘

5.3. Design

The two-bolt centerguide was designed to the basic envelope of
the production T156 unit for interchangeability. The pin hole
centers remained the same so as not to change the track pitch,
and the overall height also remained the same. Although the
induction-hardened wear area geometry is different, the actual
surface area is very similar (see figure 5-3).

The weakest area that has to resist side or lateral loading on
the T156 centerguide is the base of the forks. Since the
forks are not connected above the base, each one has to react
independently depending on the position of the roadwheels. In
the event of a track misguide, the forks have to react inde-
pendently also to resist the off-track roadwheel loading. The
T158 centerguide was designed with greater sectional proper-
ties than the T156 to resist these load conditions. The fork-
ed or ribbed sections are joined by a .25-inch web section,
and they are also joined at the top. This integral design
concept uses the material more efficiently to distribute
stresses. The modulus of the section of the T158 which car-
ries the same loads as the T156 forked base is 62.8 percent
more in the x direction, and 944 percent more in the y direc-
tion. Table 5-1. shows the difference in sectional properties




(A) Front View (B) Side View

Figure 5-1. T156 Centerguide
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Sectional Properties:

T156 T158

4 : |

Moment of Inertia(I): x .2520099 in. 0.4004679 1in.
4 4

y .1290280 in. 3.2067960 in.
3 3

Section Modulus(Z): x .3036263 in. 0.49440480 in.
3 3

y .1968943 in. 2.05563800 in.

Radjus of Gyration(R):x .4168242 in. 0.4106832 in.
y .2982539 in. 1.162141 in.

Table 5-1. T156 vs T158 Sectional Properties Comparison at
High-Stressed Areas
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at the point in question for both centerguides, and the fol-
lowing calculations illustrate the corresponding difference in
stresses for both units:

Sample Stress Calculations
Load: x-direction 3,000 pounds at 3.18-inch moment arm

y-direction 10,000 pounds at 3.18-inch moment arm

oad(P) x moment arm(L) / section modulus(Z)

stress(S) = 1
= pounds/square inch(psi)

Therefore:
T156 T158
3,000 x 3.18 3,000 x 3.18
Sx= =31,400 psi =19,296 psi
.3036263 .4944048
10,000 x 3.18 10,000 x 3.18
Sy= =161,508 psi =15,470 psi
.1968943 . 2.055638

With the incorporation of two bolts on the outside of the pins
instead of one on the inside, the lateral envelope section in-
creased considerably. This posed an interference problem with
the bolt caps as the guide goes around the sprockets. For
this reason, the final design resulted in the bolt flange
areas being smaller than was originally selected, but ade-
quate. This area turned out to be the weakest section, but
will be increased by .125 inches when the lock washers are e-
liminated. Field tests on the version for the 1.5-inch pin
(XT15881.5) track with no washers, and the 1.375-inch pin
track with flat washers showed that lock washers are not re-
quired when the special locking nuts are used.

The major advantages of the two-bolt T158 concept is that the
material section that has to resist off-track roadwheel load-
ing is increased by magnitudes over the Tl156, and the outside
bolting arrangement acts as a fail-safe measure. The other
advantage is that in the event of a track misguide there is
less damage to the roadwheels and centerguides.

Two cap designs were considered. The design machined from al-
loy bar was adapted for testing due to the time constraint.
The forged cap design shows more evenly distributed stresses,
it weighs .5 pounds less, and it is more cost-effective than

13




the completely machined version. A situation exists in both
cap designs that is unique. The grade 8, 3/4-16UNF bolts
specified will cause the cap to yield slightly when torqued to
their maximum allowable torque. When the track is under load
it imparts additional clamp forces to the bolt via the center-
guide and cap. These forces alleviate the stresses on the cap
somewhat, but increase the bolt load. For this reason the
torque specified on the two-bolt assembly is only 210 to 225
ft-1b. Field testing to date has shown that this approach is
satisfactory. Even if the bolts are torqued to their maximum
the effect on the cap is only strain hardening, but the bolts
will see higher clamp loading than they were designed for and
removal of the centerguide assembly will be complicated because
of the cap geometry change(Also see section 4.2).

The nuts specified on the two-bolt assembly are special lock-
ing nuts with protective caps electrically welded on. This has
proven to be an aid in disassembly after service use because
without the protective cap the exposed bolt threads are easily
damaged, causing the nuts to be difficult to remove.

5.4. Fabrication

The centerguide is forged from billet stock, heat treated, and
then machined. After machining the unit is induction hardened
in the area where the roadwheels are guided. The forged cap is
made in the same fashion except that there is no induction
hardening requirement. The optional cap design is machined
completely from bar stock. The bolts, nuts and lock washers
are vendor-purchased items.

5.5. Testing

5.5.1. Lab Test. Both the centerguide and caps were photoe-
lastically stress analyzed using the PhotoStress method. The
high-stressed areas were identified from this analysis, then
strain gages were applied to an identical specimen. The types
of strain gages used were 45-degree rosettes. These types of
gages were chosen so that the principle stress direction ob-
tained from the photoelastic analysis could be verified. Al-
though the contract scope included brittlecoat analysis, it was
determined that this was not necessary due to the advanced pho-
toelastic equipment used. We were able to determine principle
stress direction and magnitude of the difference in sigma x and
sigma y consistently. The findings were further backed up us-
ing the strain gage rosettes mentioned earlier rather than the
conventional unigages which require that the direction already
be known. See Appendices A through C for complete data and
photographs.

Thé T156 production unit was run first to establish a base-
line. The centerguide was assembled onto a five-shoe strip of

14




experimental T158 track and placed in a special FMC track test
machine (see figure 5-4). The load conditions applied were:
60,000-1b tension only; 60,000-1b tension with 6,000-1b side
load; 100,000-1b tension only; and 100,000-1b tension with
6,000-1b side load. The T156 unit yielded during the 100,000-
1b tension test. The yielding occurred at the pin outer clamp
area (see figure 5-5). The T158 assembly showed no signs of
yvielding in any area during testing, not even the initial pro-
totype. The average stresses in the final two-bolt design
were slightly higher than the prototype, but were more evenly
distributed. The final design is also 1.6 pounds lighter.

5.5.2. Field Test. Field testing on the final T158 center-
guide in the 1 3/8-inch configuration has been limited to a
short RD&E run at Yuma Proving Grounds(YPG) in Arizona in
March of 1986. There were no problems reported, but the test
plan called for only 500 miles. Extensive testing was con-
ducted on the earlier prototype version at YPG, Aberdeen,
Maryland(APG) and Fort Hood, Texas in the summer of 1985.
Three failures were reported at APG where the guide broke in
the bolt flange area. Changes were incorporated into the
final 1 3/8-inch and 1 1/2-inch designs to alleviate this
problem. Testing to date on the 1 1/2-inch design has not
produced a failure in over 20,000 cumulative test miles on a
total of six test vehicles. One track achieved over 2,400
test miles without a centerguide failure. The 1 3/8-inch ver-
sion will have similar results since the sectional area is
approximately the same.

15
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Unit Yielded Here During
100,000~1b Pull Test

(A) Front View (B) Side View

Figure 5-5. T156 Centerguide Yield Indication
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APPENDIX A

STRAIN GAGE STRESS CHARTS



XT158 Centerguide Cap Strain Gage Readings

(Final)
Gage Number Assembly Strain Assembly Stress
(.000010 in/in) (psi)
1 2,329 69,870
2 2,339 70,170
3 2,358 70,740

Example Calculation:

Stresas Strain x Young’s Modulus

.002329 in/in x 30,000,000 psi

69,870 psi

Note: Due to the uniaxial stress field in the cap,
simple unigages were used.




T-158 Centerguide Cap Strain Gage Placement
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27 NOVEMBER 1985
XTl CENTERGUIDE
ASSEMBLY STRESS WITH GAGES FACING CYLINDER)

Point Max Strain Min Strain Max Stress Min Stress Prin.Angte
(u IN/IN) ( u IN/IN) tPSTH "PST: DEGREES"
——————————————————————————————————— 0 —==-m~=-—- e mmemea
A 2984.095 298.3617 100577.1 38118.21 36.45544
B 2456.611 650.3346 86642.9 44636.47 -32.32942
c 822.5 -1112.389 16374.29 -28623.15 1.178376
D 76.00325 -225.8781 343.8785 -6676.618 -31.92461
E 688.2496 -532.4586 17485.64 -10902.93 37.97528

A-5




27 NOVEMBER 1985
XT1 CENTERGUIDE
ASSEMBLY STRESS

Point Max Strain Min Strain Max Stress Min Stress Prin.ingle
{(u IN/IN) ( u IN/IN) {PST; . CPSI" "DEGREES,
A 2624.393 223.2294 88081.53 32240.52 35.41824 °
B 2332.287 1081.31 86664.47 57572 22.35583
c 862.0786 -950.8202 19205.4 -22955.05 22.4052])
D 106.4866 -213.9626 1455.533 -5996.774 -21.16931
E . 826.6715 -814.8393 19337.31 -18837.36 37.60016

A-6




27 NOVEMBER 1985
XT1 CENTERGUIDE
50000 LB. TENSION

Point Max Strain Min Strain Max Stress Min Stress Prin.Angle
(u IN/IN) ( u IN/IN) (PST; ) (PSI: +DEGREES:

A 2665.84 168.3964 88923.66 30856.78 41.3239

B 2988.263 611.6916 103689.9 48420.82 -35.84153

C 1294.504 -780.7883 34984.46 -13278.16 -15.76377

D 64.26296 -84.96934 1297.8 -2172.719 -12.12069

E 842.4941 -855.3124 19471.13 -20012.74 37.02277

A-7



27 NOVEMBER 1985

XT1 CENTERGUIDE
60000 LB. TENSION AND 10682 LB. SIDE LOAD (WITH GAGES FACING CYLINDER.

Point Max Strain Min Strain Max Stress Min Stress Prin.Angle
(u IN/IN) ( u IN/IN) tPSI) . {(PSI" «DEGREES
A 3195.202 293.3327 107444.1 39958.76 37.96397
c 2579.307 667.6528 90826.27 46369.2 ~32.64193
C 1322.105 -978.9702 34006.01 -19507.37 ~-7.359645
D 63.52716 -197.6257 203.5934 -5869.73 -34.83685
E 745.398 -627.0757 18458.76 -13459.23 36.98513




27 NOVEMBER 1985
XT1 CENTERGUIDE

60000 LB.

Point

TENSION AND 12000

Max Strain
(u IN/IN)
3206.42
2596.502
1302.144

-26.17714

746.6274

LB. SIDE LOAD

Min Strain
( u IN/IN)
309.7236
669.1922
-958.0237
-117.7816

-630.2772

(WITH GAGES FACING CYLINDER:

Max Stress

107967.2
91404.12
33551.18

-1976.213

18468.62

Min Stress

40602.2

46582.96
-19010.87
-4106.55

-13552.42

A-9

Prin.Angle
DEGREES)
37.14651

-31.63566

-7.245531

-9.432336

36.96797



27 NOVEMBER 198
XT1 CENTERGUIDE

60000 LB. TENSION AND 10682

(

o1 o

5

Max Strain

u IN/IN)

2605.617

2937.783
1385.564

94.57662
864.3023

LB. SIDE LOAD

Min Strain
( u IN/IN)
22.1228

569.4861
-850.1555

-26.54133
-870.2184

Max Stress

85556.27

101635.6
37308.18

2845.714
20043.86

Min Stress

25475

46558.89
-14685.3

29.01684
-20293.83

Prin.Angle
DEGREES
-42.50438

-41.5411 .
~14.57311

24.4474
37.38594



27 NOVEMBER 1985

XT1 CENTERGUIDE
50000 LB. TENSION AND 50000 IN.-LB. TORSION

Point Max Strain Min Strain Max Stress Min Stress Prin.Angle
(u IN/IN) { u IN/IN) (PSI) "PSI) DEGREES!
——————————————————————————————————— 0 -—===—=—— R TP,
A 2668.802 155.1558 88889.52 30432.63 41.96159
B 2930.562 618.1194 101861 48083.28 -36.444s
c 1298.518 -767.0538 35246.39 -12790.186 -15.48837
] 51.3022 ~65.10645 1061.95 -1645.228 -11.69481
E 843.3156 -857.11938 19480.87 -20064.14 37.05308




12/10/85
XT158 (FINAL) CENTERGUIDE

UNEQUAL ASSEMBLY STRESS (SIDE A TORQUED FIRST)

Point Max Strain

(u IN/IN)
A 3976.452
B 1876.333
c 1476.412
D 215.6786
B 297.217
12/10/85

XT158 (FINAL) CENTERGUIDE

Min Strain

( u IN/IN)

391.6111
282.0618

-1896.456

-587.4077

-248.902

RESIDUAL ASSEMBLY STRESS AT A

Point Max Strain
(u IN/IN)
A 45.17921

Min Strain

( u IN/IN)

1.163675

Max Stress

133484.1

63891.18

30559.88

1576.037

7388.53

Max Stress

1486.028

Min Stress

49791.29
26670.84

-48184.11

-17173.06

-5361.33

Min Stress

458.4283

Prin.Angle

(DEGREES)

34.2282
-19.62075

4.664408

31.04281

37.56735

Prin. Angle

(DEGREES)

22.38671



12/10/85

AT158 (FINAL) CENTERGUIDE

UNEQUAL ASSEMBLY STRESS (SIDE B TORQUED FIRST)

12/10/85

XT158 (FINAL) CENTERGUIDE
RESIDUAL ASSEMBLY STRESS AT

Max Strain

(u IN/IN)

2285.756

3309.664

580.6233

217.5623

904. 8994

Max Strain

{u IN/IN)

123.8343

Min Strain

( u IN/IN)

201.969

1022.902

-752.19805

-560.6968

-793.4793

Min Strain

( u IN/IN)

-86.36556

Max Stress

76514.41

117586.7

11958.82

1886.11

22162.92

Max Stress

3239.751

Min Stress

27865.68

64199.28

-19167.45

-16283.36

-17487.95

Min Stress

-1667.637

Prin.Angle

(DEGREES)

27.41162

~28.28316

-23.31594

~28.34604

36.60022

Prin.Angle

(DEGREES)

-34.90132
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APPENDIX B

PHOTOELASTIC STRESS CHARTS AND PHOTOGRAPHS



FHOTODEL.ASTIC STRESS ANALYSIS - XT1 FROJECT
DATA FOINT STRESS CALCULATIONS
TEST SFECIMEN: T-156 CENTERGUIDE
SEFT, 84

TEST MODE: 60,000 1b, (TENSIOMN)
KKK KK KK KK KK OKOK 30K KK K 3K KK K 3K KKK 30K KKK KKK 0K 30K KKK KK 0K 0K K K KK K 0K KK XK X K K X

FOINT SHEET N t E VALUE (s1-82) /N s1-52

1 1 .74 091 081 35810 137928
2 1 2.67 106 . 081 20742 82082
3 1 Z.84 <113 . 081 28838 114728
4 1 .93 S1173 . 081 28878 113333
S 1 2.89 <113 . 081 28838 82742
<) 1 .99 09T . 081 33040 139808
7 1 1.2 106 . 081 30742 39969
8 1 2.29 106 . 081 20742 70400

TEST MODE: 100,000 1b. (TENSION)
3K KK 30K KKK KK 0K KK K K 3K K KK K 0K 3K 3K 3K 200K 3K 3K oK 3k 3K 0K K K 3K K 3K 3K K 3K 3K 30K K 3K K K K K KK K X

FOINT SHEET N t K. VALUE (el1-s2)/N s1-s2

i 1 7.14 .91 .81 Z5810 2534681
2 1 4- . 106 L0811 I0742 1229469
= 1 T.46 L1173 L. 081 28878 99779
4 1 4.44 L1173 .0al 28878 128040
b 1 Z.84 L1173 L0081 28878 110778
& 1 7.14 L.0GT . 081 35040 250187
7 1 1.61 . 106 . 081 0742 49495
8 1 .29 L 1O& .08 1 0742 102987

TEST MODE: 100,000 1b. (TENSIOM)
6,000 1b. (SIDE LOAD)
20K KKK KK IOICKOK KKK 3K K K K K 0K 3K K K 0K K KKK KKK KK 30K K K K K 30K 0K KK KK KK KKK X K KK ¥

FOINT SHEET N t k. VALUE (el-s2)/N sl1-g2
1 1 7.14 091 .081 8810 2855681
2 1 Z.76 L 106 L0081 0742 115591
= 1 4,94 L1173 . 081 28878 142459
4 1T meme—— I B! L0831 288738 0
S i 4,17 L1173 L0818 28838 120254
) 1 7.13 L0932 .81 25040 249873
7 1 1.6 . 106 . 081 30742 49188
8 1 4,45 106 . 081 T0742 1368072
B-2




FHOTOELASTIC STRESS ANALYSIS - XT1 FROJECT
DATA FOINT STRESS CALCULATIONS
TEST SFECIMEN: XTY CENTERGUIDE (SOLID FRAOTOTYPFE)

S/16/8S

TEST MODE: 60,000 1b. (TENSION)

1832338883808 3830203 ¢88 3383333332323 32383323338338833333333 308338388273
FOINT SHEET N t . VALUE (s1-s2)/N sl-s2

1 1 1.92 L 108 .074 33027 63412

2 1 2.24 . 108 . 074 IT027 77284

Rt 1 1.17 .114 .074 31289 T6608

4 1 .92 . 098 .074 T63I97 23850

5 1 .8 . 105 074 33971 27177

TEST MODE: 60,000 1b. (TENSION)
6,000 1b. (SIDE LOAD)
KKK 0K KKK KK K KKK K KK KK K 0K KK KKK 50K KK 30K0K0K K 300K K X0K0OK K KK 0K K XK KKK XK K

FOINT SHEET N t k. VALUE (s1-s2) /N sl-s2
1 1 2.8 . 108 .074 JT027 22476
2 1 .15 . 108 . 074 IT027 104036
= 1 2.32 .114 . 074 31289 72890
4 1 1.15 . 098 .074 36397 41857
S 1 1.18 . 1035 Q74 IIR71 40086

TEST MODE: 7,300 1b. (TENSION)
HCK KRR KKK KX KK KK KR KKK KKK 0K K 3K K 30K KKK KKK KKK 30Kk K KK KK KK KK 30K0K KK K KK K K0k X X

FOINT SHEET N t k. VALUE (s1-s2) /N 31-g2
1 1 .78 .108 .074 IT027 25761
2 1 1.98 .018 074 1981672 I92THT
3 i 1.94 .114 . Q74 31289 60701
4 1 1.61 . 098 . 074 36397 =8600
S 1 1.17 . 108 . 074 33971 39746

TEST MODE: ASSEMELY STRESS (MO LOAD)

1322882832233 3033022282 8000000808002 3 00300300 000303038,

FOINT SHEET N t k. VALUE (s1=-52) /N s1-g2
1 1 i .108 .074 IT02 I3027
2 1 2.04 . 108 .074 I3I0Z7 67376
3 1 1.16 .114 074 71289 T6293

B-3




FHOTOELASTIC STRESS ANALYSIS - XT1 FROJECT
DATA FOINT STRESS CALCULATIONS
TEST SPECIMEN: XT1 CENTERGUIDE (FROTOTYFE)
DATE: NOV,84

TEST MODE: 60,000 1b, (TENSION)

3288833883388 33823¢3333 3338233323833 33333333 8833333333338 3320%

FPOINT SHEET N t K VALUE (s51-s22) /N sl-s2
1 1 1.1 111 . 0825 28824 3147
2 1 1.295 . 088 L0825 J6357 49082
B 1 1.2 096 .0B2S 33327 41997
4 1 1.08 . O86 . 0825 I72037 40179
5 1 —— .104 L0825 J0764 O

TEST MODE: 60,000 1b. (TENSION)
6,000 1b. (SIDE LOAD)
330K 0K 0K 0K 0K KKK XK KKK 0K 50K KKK 000K 30K 350K K K 000K 35000K 30K K0K0K 3X0K 0K 0K XK K K K K K

FOINT SHEET ‘ N t kK VALUE (s1-s52) /N s1-s2
1 1 1 111 . 0825 288z 28824
2 1 ) 1.78 . 088 . 0825 36357 64716
I 1 1.71 . 096 . 0825 33TZ 56990
4 1 1.37 . 086 . 082S 37203 50968
S 1 - .104 L 082S 30764 0

TEST MODE: 100,000 1b. (TENSION)

1233333233338 33333¢8233333233 33338330333 033333833333339839338%833]

POINT SHEET N t k. VALUE (s1-82) /N si-s2
1 1 .78 111 . 0825 28824 22487
2 1 1.98 . 088 L0825 36757 71987
I 1 1.94 . 096 L0825 3327 644655
4 1 1.61 . 086 L0825 I7207 59896
g 1 1.17 . 104 L0825 30764 9994

TEST MODE: 100,000 lb. (TENSION)
6,000 1b. (SIDE LOAD)
KKK KKK KKK K K KK KKK 3K K03 30K KKK KK KK K KK KK KK KK K KKK KK IOKOK AOKOK K XK KKK K K

FOINT SHEET N t K. VALUE sl-w2
1 1 .79 111 L 0BZS 22771
2 1 2. . 088 L0825 B6894
3 1 2.22 . 096 L0825 73987
4 1 1.88 . 0864 . 0825 69941
S 1 1.2 104 . 0825 6917
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FHOTOELLASTIC STRESS ANALYYSIS - LTl FROJECT:
DATA FOINT STRESS CALCULATIONS
TEST SFECIMEN: XxT1 C. G. STD TEARDROF (FORGED!
DATE: SEFT 17,198%

TEST ™MUODE: H0,000 b, (TENSIOMN)

KK KA K AOKOK K K R0K KKK KKK 080K KOK K KOK 30K K 0K K0 KK KKK KK KOK K KK KK KK 8 K KK K K K KK KOk K X
FOINT SHEET N t k. VALUE (s1-g2) /N s1-s2

A 1 L1011 11 27758 71750
C 1 . 084 St 28566 39422
D 1 L0092 .1t 45905
E 1 101 .11 TR6S0
. F 1 L1018 .11 57495
G 1 .104 11 59759
H 1 087 11 I2270

. TEST MODE: 60,900 1b. (TENSION)

6,000 1b, (SIDE LOAD)
ACKKKKK KK 0K KKK KKK K KK KKK K 0K KKK KK K 0K KKK 0K KKK 30K 30K 0K0K0K 30K K %K K KK KK K X X
FOINT SHEET N t kK VAILLUE (s1-s2) /N O
A 1 3.4% 101 L1t 23758 819466
c 1 2013 . 084 .11 28566 60846
D 1 1.86 092 11 26082 485173
E 1 .42 101 .11 27738 81257
F 1 2.78 L1011 L1t 27798 66048
G 1 RIS . 104 11 23077 71757
+H 1 1.5 . 087 .11 27581 414648

TEST MODE: 100,000 1b., (TENSION)

HOK KK AOKOAOKOH KKK KKK KKK KKK KKK KK KK KKK KK XK H0K0K K 30K KKK K J0OK0KOK K KOF ¥ KK K 0K KK XK K

FOINT SHEET N t ko VALUE sl~-a2
A 1 T.06 L1014 IR 72700
* C 1 1.47 . 084 11 40850
D 1 1.78 L0972 11 446427
E 1 .28 L1001 11 77927
. F 1 Z.78 101 .11 L6048
G 1 2.54 .104 11 =8605
H 1 1.7 . 087 11 47716
TEST MODE: 100,000 1b., (TENSION) .
&,000 1b. (SIDE LLOAD) .
KK K K KKK K K 0K0OK0OKOK K KOI0OK0KOKOR KKK 30K K K 30KK0K K X0KOK K K K0K 30K KOKOKOKIOK X KKK K XX K
FOINT SHEET N t k. VALUE (s1-s2) /N si-a2
A t L L1018 11 2I798 BI154
C 1 2.19 .84 1t 28566 62TEHO
D t 1.82 L0992 L1t 26082 47470
£ 1 T.56 L1 .1t 2775 84579
F 1 T.14 101 .11 27758 74601
G 1 T.25 . 104 .1t 2TO7Z 74987
H 1 1.98 L 087 1t 27581 54611

TEST MODE: ASSEMELY STRESS (NO LOAD)
KK KK K 0K 0K 0K KKK K IR OK KKK 0K KKK KOR 30K H030KKOK KKK KI0K0K0K0K0K0K0K0K KKK 0K KK KK 0K XK K X

FOINT SHEET M t K VALUE (s1-52) /N s1-g72

A 1 T.61 101 L1l 03758 5767

C | 1.84 .084 S11 8556 S05a2

D 1 1.44 090 L1t 26082 27559

) E 1 I.17 0 .101 L1t 27758 75713
F 1 .37 .10l J1t 23758 S5119

G 1 2.56 L10a L1l 23073 SR067



Explanation Of Photoelastic Stress Analysis Charts

Legend:

Point- The actual stress location measured

Sheet- The photoelastic coating number assigned. Each sheet
will exhibit slightly different physical characteris-
tics that will vary stress readings

N- The number of color fringes measured

t- The thickness measured as close to the actual stress
point as possible

k- The fringe value of the sheet obtained by calibration

51~-s2- This is the difference in principle stress as
calculated from the formula below

E- Young’s Modulas of test part
L~ Wavelength of yellow light

v- Poisson’s ratio of test part

Basic photoelastic stress formula:

NOTE: sl-s2 was not separated in this analysis since it was
felt that the accuracy to do this was not good enough,
especially since the procedure was to be repeated with

more accurate strain gages.

See additional information on photoelastic
interpretation in appendix C.




T-156 Centerguide Stress Distribution at 100,000
1b Tensile Load
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T-156 Centerguide Stress Distribution at 100,000
Tensile and 6,000 1lb Side Loa