SWALES SAI-TM-2246

AERODSPACE

2/27/2003
TO : Paul Dizon, Swales Aerospace
FROM : Chiachung Lee, Swales Aerospace
SUBJECT : Evduation of Interface Loads On CAL/GLAST

This memo documents the evaluation of interface loads specified in Section 6.5.1.3 of LAT-SS-00238
"CAL —-LAT Interface Control Document”. The results show positive margin on the base plate and its
interface to the LAT. No failure is expected.

a Thegrid interface loads on the CAL tabs are specified in the Table 2 of ICD and are tabulated as
follows. A MUF of at least 15% must be added to the load shown below.

CAL UntinN&m Unitinlbs& in

Tas | LCL L2 LC3 LC1 L2 LC3 Commats

HX) 4373 | 1140 | -8Bk a3 26 -2 | Adgosstabinplaneof plae
Hy) 206 294 | 1414 46 673 318 Alongteb

H2 -195 11 A 44 -3 147 Out of planedf plate
M(X) 139 006 | 609 | 1234 | 043 | B3& Around x-axis
My) | 045 -128 | 022 39 [ -1 | 198 Around y-axis

M@ | 2098 | 453 | -1486 | 186565 | 4056 | -13149 Around z-axis

Noes Inafacelcadsarefor CAL tebthicknessof 7mm

The materia for the base plate is equivalent to 2618-T71 which has E=10.7 mg, Ftu=55 kg, Fty=42
ks, e=4% based on Mil-HDBK-5H.

The thickness of the tabsis 7mm (0.276"). The corner tabs have width of the 18 mm but the root
width isonly 18-3.5 = 14.5 mm = 0.61". The length from center of screw hole to the root of the tab is
7.5 mm=0.2953"
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— Property Yalues — Strezz Recovery [2 to 4 Blank=5quare] -

Arsa, A m b Z Y
Maments of Irertia, 11 orlzz M 1 1'0-133 ID. 305
12 o lyy 000522058 2[0133 [-0308
M2arlzfo #0138 [-0.308 4 3
Tarsional Constant, J ’m 4i0.1 38 ID. 305
f Shear &rea W -5
Z Shear Area W o | e l it |
MNonstructural mass/lenath fﬂ— 1 2
Bl ’T Shape. .. ] Copy... | Cancel |

Envelops the interface load from LC1 to LC3,
Fx=983 Ibs, Fy=673Ibs Fz=147 lbs, Mx=53.85 in-lbs, My=11.32 in-Ibs, Mz=185.65 in-Ibs.
With Mx = 53.85 in-lbs, the bending stressin direction Y is
S Mx =Sly =53.85* 0.138/0.0011=6.8 ks
With My = 11.32 in-lbs, the shear stressin YZ planeis
S My = S2yz = 11.32 * 0.3348/ 0.00306 = 1.2 ks
With Mz = 185.65 in-lbs, the bending stressiin direction Y is
S Mz =S3y =185.65* 0.305/0.0052 = 10.9 ks
With Fx = 983 Ibs, the shear load in XY planeis
S Fx=S4xy =983/0.143 =69 ks
With Fy = 673 Ibs, thetensile stressin Y direction is
S Fy =Sby =673/0.168 =4.0ks
With Fz = 147 |bs, the shear stressin YZ planeis
S Fz=S6yz=147/0.143=1.0ks
Combine al stresses together for Von-Mises stress
Sy=Sly +S3y +Sby=68+109+40= 21.7ks
Syz=Ryz+ SByz=12+10=22ks
Sxy =6.9ks

SVm = srt( 21772 + 3 (2272 + 6.9°2) ) = 25.1 ks
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With SF=1.25/1.40 for yield and ultimate, the margin of safety is

MSy=42/125/251/115-1=0.16

MSu=55/140/251/115-1=0.36

Therefore, no failure expected.

a The CAL/LAT interface isrequired to be capable of accommodating the out-of -plane distortion as

specified in the Table 3 of the ICD. Asindicated in the ICD, the interface distortion must be

superimposed with the MECO dtatic-equivaent acceleration as specified on Table 1 which is shown

as follows.

The interface distortion as specified in Table 3 is shown on the next page. This interface distortion and

CAL Design (+)_ Accept (*)| Qual (*) | Unit
Lift-Off/

Launch Event Airloads MECO
Lateral (X) +/-2.14 | +/-0.2| +/-6.0 +/-7.5 |¢
Lateral (Y) +/-215 | +/-0.2 | +/-6.0 +-75 |c
Axial (2) +4.43/-1.8% +6.8 | +6.8/-1.8 |+8.5/-2.25|¢
Rot X +-19.79 0 0 0 |radisec?
Rot Y +-19.27 0 0 0 rad/sec’
Rot Z +-20.15 0 0 0 rad/sec®
Source (2 ©) 6] ©)]
Comments. (*) For analysis, apply design accel's simultaneously

(+) For test, apply test accel'salong one axis at atime

MECO design limit loads are applied to CAL FE model. The model used in thisandysisis "CAL-
h.mod". The results are superimposed together.

The deformed shape of the base plate in the X-Y planeis plotted against the plot on the ICD.
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Enforced Displacement At Tabs

TM2246-|F-evalu.doc

Tab L ocation (mm) Tab Mation (mm) Tab Motion (e-3in)

# X Y Ux Uy Uz Ux Uy Uz
1| -173.675 -187.25( 0005|0027/ 0.0000 0.20 1.06 0.00
2| -136.675 -187.25| 0003 0.024| -0.001] 012 0.94 -0.04
3 -87.75 -187.25 0002 0018] -0.002 0.08 0.71 -0.08
4 -48.75 -187.25 0.001| 0.014] -0.002 0.04 0.55 -0.08
5 -9.75 -187.25 0000 0.010{ -0.001] 0.00 0.39 -0.04
6 29.25 -187.25| -0.001] 0.007( 0.000, -0.04 0.28 0.00
7 68.25 -187.25 -0.001] 0005 0.001 -0.04 0.20 0.04
8 117675 -187.25( -0.001] 0.003] 0.003[ -0.04 0.12 0.12
9 155175 -187.25( -0.002| 0.003| 0.005( -0.08 0.12 0.20

10 187.25| -173.675 0002 0002] 0016/ 008 0.08 0.63

11 187.25| -136.675] 0002 0003] 0.039 008 0.12 154

12 187.25 -87.75] 0002 0005 0.071 008 0.20 2.80

13 187.25 -48.75] 0001 0006 0.097] 004 0.24 3.82

14 187.25 -9.750 0000 0009 0.122] 0.00 0.35 4.80

15 187.25 29.25 -0001f 0011 0.149 -004 0.43 5.87

16 187.25 68.25( -0.002] 0015 0.176] -0.08 059 6.93

17 187.25| 117.675 -0.003] 0020 0211 -0.12 0.79 8.31

18 187.25| 155175 -0.005( 0024 0238 -0.20 0.4 9.37

19| 173675 18725 0026| 0006] 0252 102 0.24 9.92

20 136.675 187.25] 0027| 0005 0224 106 0.20 8.82

21 87.75 187.25] 0026| 0001 0189 102 0.04 7.44

22 48.75 18725 0026 -0001| 0.162 102 -0.04 6.38

23 9.75 18725 0025 -0003] 01370 098 -0.12 5.39

24 -290.25 187.25 0023 -0006| 0.112] 091 -0.24 4.41

25 -68.25 187.250 0022 -0009] 0.089 087 -0.35 3.50

26| -117.675 187.250 0.019] -0014] 0.062] 0.75 -0.55 244

27) -155.175 187.25 0.018| -0016] 0.043 0.71 -0.63 1.69

28 -187.25| 173.675 -0.018] -0.016] 0.025 -0.71 -0.63 0.98

29 -187.25] 136.675| -0.019] -0.014| 0.017] -0.75 -0.55 0.67

30 -187.25 87.750 -0.021] -0.010{ 0.008 -0.83 -0.39 0.31

31 -187.25 48.75 -0.023] -0.007] 0.003 -0.91 -0.28 0.12

32 -187.25 9.75 -0.024| -0005| 0.000f -094 -0.20 0.00

33 -187.25 -29.25 -0.026| -0002| -0.002] -1.02 -0.08 -0.08

34 -187.25 -68.25 -0.027 0000| -0.003 -1.06 0.00 -0.12

35 -187.25( -117.675( -0.028/ 0.004| -0.003 -1.10 0.16 -0.12

36 -187.25( -155.175( -0.028/ 0.005| -0.001f -1.10 0.20 -0.04
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After combine the enforced displacement with MECO design limit load, the stress contour plot of the
base plate is shown as follow. The peak stress was found to be 23.0 ks at the left-lower corner tab.

V1
L5 23045,
Cl
G5 21605.
14403,
12963
11523,
stress
8642.
7202.
g ! 5761,
i N 3
8\ 1] g 4321
o Vi oy R R —
1440.
Output Set MSC/NASTRAN Case 3 3.638E-12
Contour: Plate Top VonMises Stress, Plate Bot VonMises Stress

With SF=1.25/1.40 for yield and ultimate, the margin of safety is
MSy =42/125/230/115-1=0.27
MSu=55/140/230/115-1=0.49

Therefore, no failure expected at the base plate.
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Check fastenersat CAL/LAT interface

There are 18 x 4 mm holes using #6-A286 screws. Those holes are corresponding to the nodesin FE
model labeled below.
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The interface forces at screws were recovered. Shear and tensile forces were combined using
interaction equation that is"if R3"3 + Rt"2 < 1 then no failure expected”. The results are tabulated as
follows.

Asindicated, al margins are positive and no #6 screw failure is expected.

Interface Fastener Forces For Interaction ef ShearfTension
4 mm Hole wif #6 screws At Base Plate (Ibs) Failue if Rs"3+Rt 2 > 1

MID T T2 T3 Shear Tension Rs Rt Rs"3+Rtd
179 -455 -1 -5h 471 55 0.53 0.06 0.59
183 293 -B5 -84 305 g4 0.54 0.10 017
397 -458 = =111 497 111 0.58 0.13 0.70
558 -370 -113 17 387 17 0.59 0.02 0.32
561 -251 76 -3 252 3 0.46 0.00 0.10
874 200 71 2 213 24 0.38 0.03 0.05
g92 234 328 42 403 42 0.71 0.05 0.37
1282 21 -116 A8 118 55 0.21 0.07 0.01
1234 3 87 -29 87 2 017 0.03 0.01
1647 168 -38 £ 172 ] 0.30 0.01 0.03
1702 146 18 -124 147 124 0.26 014 0.04
1779 -30 235 -45 236 45 0.42 0.05 0.0s
1781 -330 258 g1 419 g1 0.74 0.09 0.42
1544 316 167 5 358 B5 0.53 0.07 0.26
1924 376 110 -a0 392 a0 059 0.09 0.34
4407 166 -11 =121 166 121 0.29 0.14 0.04
4425 325 -288 56 441 56 078 0.06 0.4a
4435 333 -3249 25 a05 25 0.89 0.03 072

LGRS 438 329 124 505 124
Stufpsiy= [ 140000 Ultimate safety factor Sfu = 1.4
o AZEE Screws - | Styipsii= | 95000 Yield safety factor Sfy= 1.26
Ssufpsi)=| 90000 Joint Factor JF= 1.15
Stress Area - Asfinty=| 001N

Alloveable Force E i lats Alloveable Force wiSFE, Bt i B2
libs) Fty = S50 JF (Ibs) Fty = G567
W= 209 = 565

TM2246-|F-evalu.doc 7 2/27/2003



There are 54 x 4.7 mm holes that use #8 — A286 screws. Those holes are corresponding to the nodes
in FE modd labeled below.

HRE R IR g gges T g

Critical screwsthat show
high shear forces. Will
rely on friction to carry

shear load
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The interface forces at screws were recovered. Shear and tensile forces were combined using
interaction equation that is" if R$"3 + Rt"2 < 1 then no failure expected”. The results are tabulated on
the next page.

Stufpsi) = [ 140000 Ultimate safety factor ofu = 1.4
#3 A6 Screws - | Stylpsi = [ 55000 Yield safety factor afy= 1.25
Ssuipsil =] 20000 Joint Factor JF = 1.15
Stress Area - Aslin®) = | 0.0146
Allowahle Force il 2 Allowable Force w/SF & —1u= Leid
(Ibs) Fty = 1367 JF (lbs) Fty = 965
W= 1314 W= 816
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Interface Fastener Forces For Interaction of Shear/Tension
4.¥ mm Hole w! #8+B2 screws At Base Plate (Ibs) Failue if Rs*3+Rt42 = 1
MID Ti T2 T3 Shear Tension Fs= Fir Fz"3+F1"2
T2 =912 -163 -7 926 71 113 0.06 1.46
a1 -3E2 14 -40 363 40 0.44 003 003
126 -BET 245 -45 E3E 45 0.7s 0.04 047
142 -407 -1E7 -38 440 23 0.54 007 0.1E
2E1 -3v2 -120 -2h 391 2R 043 0.0z 011
2EE -2E7 -7 -44 27E 44 0.34 003 0.04
401 -3E3 -28 -120 369 120 045 003 0.10
404 -3ra 130 =34 401 4 043 003 012
437 =321 34 34 33 o4 041 007 0.07
]| 463 -93 -14 472 14 058 0.0 014
534 -34E =36 -44 48 44 043 003 0.08
B3 -§79 -130 45 389 16 1.09 004 1.29
E3E -BER -12 3 ARG 3 063 0.0z 0.33
712 212 E40 108 E74 108 0.83 003 0&7
715 410 BRD a7 ar LT 113 0.04 1.69
738 21 100 32 234 32 0.23 0.0z 002
731 2hE 453 E7 {7 k] E7 0.64 0.05 0.26
913 114 -0 -1 114 11 0,14 0.0 0.00
| 126 121 14 221 14 0.27 0.0 0.0z
944 13 -2 -12 13 12 0.14 0.0 0.00
1001 1 126 20 175 20 021 0.0z 0.0
072 a2 A2 -24 a7 29 012 002 0.00
074 73 0 -10 va 0 010 0.0 0.00
1163 =11 =74 -hia L] k] 012 .05 0.00
1133 A4 -13 -32 i3] 32 0.0v 003 0.00
1373 -7 -35 -100 a5 100 012 .02 0.0
13490 =29 -143 =33 146 a3 0,18 007 0.0
4ER 153 - 36 -140 187 140 0,19 0.1 0.0z
4ES 176 -82 5 193 5 0.24 0.00 nm
1543 147 3 124 147 124 018 0.10 002
16EE 185 -27 -20 187 20 0.23 002 0.0
1676 a6 -3 40 AE 410 012 0.03 0.00
1700 a7 -4 1 a7 1 01 0.00 0.00
1723 72 7B -74 105 74 013 0.06 0.0
173 -1 FiLl) 37 FiLl 37 012 0.04 0.00
17E2 47 124 -G7 132 E7 016 0.05 0.0
17ER -143 130 E4 133 E4 0.24 0.05 002
44049 94 13 i 95 fiil 0.1z 006 0.m
4413 -iTe 234 -3 B3 3 ez 0.00 0.23
4420 -807 4415 125 a2 125 113 0_10 1.45
4421 233 -34h6 110 462 110 065 0.03 013
4422 238 333 -1 439 11 0.54 0.0 0.1e
4423 434 -4Eh a2 E3E a2 078 007 043
4424 3438 E1 =30 403 i) 043 003 012
4427 263 -2V2 A4 379 %) 0.4E 0.04 010
4428 251 155 -G3 295 E3 0.36 0.05 0.05
4429 278 -206 46 4B 46 04z 0.04 0.08
4430 272 177 -10& 24 108 0.40 009 0.07
4431 310 -2ER E3 403 E3 060 0.05 013
4432 300 Bl -h4 306 A4 0.38 0.04 0.05
4433 321 -364 21 478 21 063 0.0z 0.20
4434 305 il -33 33 23 0.38 007 0.06
4437 433 -E44 16 7¥7E 16 0.95 0.0 086
4428 291 32 -33 393 a3 043 007 012
Mazx 912 idill]) 140 T 140
TM2246-|F-evalu.doc 9 2/27/2003




Asindicated, there are four screws that are subjected to high shear forces. Those screws are labeled
on previous page. The maximum shear force 971 Ibs was found a Node 715 at |eft-bottom corner.
The alowable shear force for #8 screw was found to be 1314 Ibs. With safety factor of 1.4 and joint
uncertainty factor of 1.15, the alowable shear force is reduced down to 816 Ibs (i.e. 1314/1.4/1.15).
This is higher than the shear force 971 Ibs.

However, for the screw to carry shear force to failure, it must al'so break the friction force. This
friction force adds more shear resistance. The friction force can be estimated by assuming a
conservative coefficient of friction of 0.20. Assuming all screws are preloaded to 70% of yield
strength, the friction force for each screw can be found to be

Vf_tab=F preload * coef of friction* # screws per_tab/ SFu
=0.7*1387*020* 2/14 =2771bs

The shear force distribution on each screw after breaking friction is assumed to have the same ratio
before it breaks friction. Therefore, the shear force at Node 715 can be found as

V_N715 = (971/1645) * (1645-277) = 807 Ibs
Using interaction equation to combine shear with tension,
Rs'3 + Rt"2 = (799/807)"3 + (57/1270)"2 =097 < 1

All other critical screws are also evaluated by the same approach. The results are tabulated as
follows.

Interface Fastener Forces For Interaction of
Critical Tabs Shear/Tension
Shear After
MID T1 T2 T3 Shear Tension hreak friction Rs Rt Rz 3+Rt2
72 912 -163 -71 926 71 727 089 0.06 0.71
91 -3hZ 14 -40 363 A0 285 [0.35 0.03 0.04
SUmM 1289 11
531 -579 -130 A5 G389 A5 7149 .83 0.04 .69
636 -565 -12 Ell 565 E)l 458 0.56 0.02 0.18
SUm 1494 7
712 M2 G40 108 G7d 103 SR0 0.63 0.09 0.33
714 410 Ga0 57 9471 57 807 0.99 0.04 0.a7
SUm 1645 165
4419 -372 339 -3 a3 3 A05 .60 0.0o 012
4420 -B07 445 125 | 125 742 0.3 0.10 076
SUm 1424 128
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0 CAL-TEM interface load is specified in Table 4 that is shown as follows. Thisload is applied to the
plane of interface that is the connection of the standoff to the CAL base plate backside.

E-Box Stand-Off Unit N-m Unit Lb-in
Tenson 3,750 844
Compresson 2,625 591
Shear 1,288 290
Bending Moment 19.2 170.9

Theinterface load is applied to CAL FE model a a node 0.59" below the interface. This offset
produces 171 in-Ibs moments when 290 Ibs shear forceis applied (i.e. 290 * 0.59 = 171 in-lbs). This
node is connected to the four interface nodes with RBE3 element to distribute the force without
rigidizing the base plate.

The stress contour plot is shown as follow. The peak stress at base plate was found to be 2.8 ksi. This
stressis very low and no failure is expected.

Vi
LS 277L
Cl
G5 2598
Peak u
Stress W
1732
1550, !
1039,
866.
692.]
519.§
3464
1732)
Output Set: MSC/NASTRAN Case 4 0.
Contour: Plate Top VonMises Stress, Plate Bot VonMises Stress
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Table 3.2.10.0(k). Design Mechanical and Physical Properties of 2618 Aluminum Alloy

Die Forging

Swecification: . weesurivesannnas

Form
Temper
Thickness, in.

Basis

MIL-A-22771 and Q0)-A-367

[he foreing

Tol

< 4.000°

S

Mechanical Properties:

F.. ki

T

F. ksi:

™

e kisi:
{e/D=1.35)
{e/D=2.0)

Fyp ksl
{e/D=1.5)
(e/D=2.0)

£, percent:

™

E, 10° ksi
E. 10° ksi

GolOPksi oo

-
N R

Lhot

4
4

10.7
10.9
4.1

0.33

Physical Properties:
@, 1b/in?
C, B/ Ilb)(°Fy

K, Bru/[(hr) (Y COF)Yf] . ..... ...

@, 107" inin°F . ...

0. 100
0.23 (at 212°F)
90 (at 77°F)

See Fieure 3.2.9.0

TM2246-|F-evalu.doc

2/27/2003



