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I. INTRODUCTION

This report documents a structural analysis performed by

ASTAC personnel at the request of the Air Force to verify the
structural integrity of the LOREORS Electronic Console Support
Frame. The frame was analyzed for the crash loads as specified
by the 4950th Flight Test Wing.

A schematic diagram of the support frame is shown in
Figure 1. A detailed NASTRAN finite element model was con-
structed of the frame from dimensions given by the drawings
listed in Appendix A. The finite element model was then sub-
jected to the six independent crash loads to obtain the
respective element deflections, forces and stresses.

This report further discusses the methodology of the
analysis, including modeling assumptions and the interpretation
of the NASTRAN results. Detailed calculations were performed
for those areas of the structure not adequately analyzed by the
finite element model. The results of the NASTRAN model and the
detailed calculations are presented in Section III. The de-
tailed calculations and calculations used to construct the model

are both supplied in the appendices.
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IT. TECHNICAL DISCUSSION
Static structural analysis of the LOREORS Electronic
Console Support Frame was accomplished by using NASTRAN, a large

scale finite element computer program, in conjunction with de-
tailed hand calculation stress analyses. Detailed stress anal-
ysis was performed in all areas that lacked adequate definition
due to the limitations of finite element modeling.

The support frame is constructed primarily of structural
channel members with 0.375 in. thick gusset plates at the
corners for reinforcement. It is an aluminum structure with
the members joined by welds and designed to support a console
cabinet weighing 1,450 1b. Vibration isolators are used to
mount the console to the support frame.

The material properties used for the analysis are listed
in Table 1. Since some discrepancy existed among the references
for the properties, the predominant values were used. )

As instructed by the 43950th Flight Test Wing, the crash

loads used for the analysis were as follows:

9.0 g Fore (+x direction)

1.5 g Aft (-x direction)

1.5 g Side to Side (+z and -z directions)
6.0 g Down (-y direction)

3.0 g Up (+y direction)

These constituted the six loading conditions used for the anal-
ysis with the respective applied global directions for the
NASTRAN models as indicated above.

Initially, a separate model was constructed to represent
the console and isolators in order to determine the console
loads on the support frame. A concentrated weight of 1,450 1b.
was located at the center of gravity for the console. Then,
rigid elements were used to connect the weight to spring elements
which simulated the isolators. Figure 2 is a schematic of the
console model. Also,vFigure 3 gives the load versus deflection

characteristics of the isolators for axial loading. Using this
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TABLE 1

MATERIAL PROPERTIES

Al 6061-T6 | Al 6061-T651 Welded 6061

Property QQ-A-200/8 QQ-A-250/11 With 5356 Filler Alloy
E(x10% psi.) 10.4 10.4 -

a(x10° psi.) 3.9 3.9 -

u 0.33 0.33 -

o (1bf/in°) 0.10 0.10 -

F., (psi.) 37,000 42,000 30,400

Fy, (psi.) 33,000 35,000 19,300

Foy (Psi.) 35,000 35,000 19,300

F_, (psi.) 27,000 27,000 60% F, = 18,240
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curve, a spring rate of 1,750 1b/in. was calculated for the
isolators. Since load versus deflection characteristics were
not supplied for transverse shear, the spring rate for shear
loading was assumed to be the same as the axial. Also, rota-
tional spring rates for the isolators were calculated, assuming
that they behaved isotropically. This model was then subjected
to the six loading conditions to obtain the loads imposed by
the console on the frame.

Several different spring rate values and spring configura-
tions were analyzed. It was finally determined that the rota-
tional spring components were insignificant, and did not need
to be included. Therefore, the final console forces obtained
were for springs only in the axial and the two transverse
directions. Also, since the load versus deflection curve for
the isolators was not linear, NASTRAN analyses were performed
for sprifg rates calculated from different points on the curve.
Finally, the spring rate for the end point on the curve was
considered the best representation.

Next, the NASTRAN model of the support frame was developed
according to the technical drawings. Since the support frame
structure is symmetrical, the model was constructed for one-half
of the structure, and reflective symmetry was used to evaluate
the entire structure. Figure 4 is a schematic illustration of
the symmetric half of the structure which was modeled. Actually,
two generations of models were developed. The first model
consisted primarily of offset bar elements with only the gussets
modeled as plate elements. This model supplied a good repre-
sentation of the overall load paths, yet lacked detailed defi-
nition at the corner weldment regions. The second generation
model was a revision of the first by replacing the bar elements
of some members with plate elements. The NASTRAN results for
the first generation model indicated that the elements in the
lower corners were higher stressed than those in the upper
corners. Consequently, plate elements were used to model the

connections between channel members 2, 3, and 5 and the gusset
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plates at the lower corners. Figures 5 and 6 display these
connections. The second generation model with this revision
supplied results to adequately evaluate the weldment stresses
for the lower corners. Only the results of the second genera-
tion model are being presented in this report. Figures 7
through 11 are NASTRAN plots which further illustrate the grid
points and elements of the model. By using symmetry and anti-
symmetry, the reaction loads from the console were correctly
applied to the model. Grid points 32, 33, 53, and 54 repre-
sented the upper attachment locations of the isolators to the
frame. Grid points 36, 37, 55, and 56 represented the lower
attachment locations of the isolators to the frame. The
reaction loads from the console were applied at these points..
Since the center of gravity for the console was not sym-
metric with respect to the support frame, two analyses were
made with the support frame model. First, the model, as pre-
viously described for the right half of the structure, was
executed with the applied console loads and six loading
conditions. Next, by using symmetry and anti-symmetry, the
loads were applied to the model to obtain the results for the
left half of the structure. This method provided element
displacements, forces and stresses for the entire support frame.
In order to simulate the boundary conditions for the
attachment points on the base of the frame to the aircraft,
grid points 41, 42, 62, and 63 were constrained from translation
in any direction. These points were free to rotate, although
in the actual structure some rotation will be restrained. By
only constraining the translations, more conservative results
will be obtained for those parts of the structure other than
the base attachment areas. The model was also analyzed for the
1.5 g Side to Side, 9 g Fore, and 6 g Down loading conditions,
with the attachment points fully constrained from translational
and rotational displacements. This analysis using the fully
constrained boundary conditions produced lower stresses, except

for elements at the base attachment points. However, the stress
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increase at the attachment points was insignificant.
Consequently, the results being presented were obtained by using
the boundary conditions of the attachment points only
constrained from translations.

Routine checks of the model showed the off diagonal to
diagonal ratio and the epsilon values of the stiffness matrix
to both be low, thus indicating a good numerical solution.
Also, plotting was performed to verify the element connections.
Figures 7 through 11, which illustrate the NASTRAN plots, show
the bar elements in their unoffset positions. Offsets were
used in the analysis to reposition the bar elements from the
grid points to the elements centroid.

A printed output file of the input and output data created
by NASTRAN is not included in this report due to its size.
However, one copy of this printout has been sent to the 43950th
Test Wing and an additional copy has been retained by ASIAC and

is available upon request.

17
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ITI.

SUMMARY OF RESULTS
The structural adequacy for this support frame is verified

by utilizing both the finite element technique and detailed
stress analysis.

The finite element analysis uses NASTRAN to calculate
internal moments and forces, as well as grid point displacements
and element stresses. The internal forces and moments are used
as applied loads for the detailed stress analysis.

The results of the NASTRAN stress analysis are shown in
Table 2 for tension and in Table 3 for compression. The margins
of safety for less than 5.00 are given in these tables, and are
based on the yield strength of the material. The stress and
force results for the evaluation of the left half of the support
frame were the highest, and are the ones being presented and
used for the detailed calculations. The results of the detailed
calculations are given in Table 4. As indicated by the results
in these tables, the margins of safety remained positive for
the six loading conditions. The lowest margin of safety was
0.12, and resulted from the detailed analysis for the weldment
stresses of the structural Zee member. The lowest margin of
safety obtained from the NASTRANVQutput was 0.78 for element
CBAR 2 in the 9 g fore loading condition. This elemehtAcérres—
ponds to the bottom horizontal support channel 3 at the front.
The maximum stress obtained was 18,555 psi.

Appendix D contains calculations which verify static
equilibrium of the entire support frame for the six loading
conditions. The results of these calculations show that the
summation of forces and moments for the left and right halves

balance, thus demonstrating static equilibrium.

18
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TABLE 2

NASTRAN RESULTS FOR THE MARGINS OF SAFETY
LESS THAN 5.0 AND THE CORRESPONDING TENSILE STRESS

Element Maximum Margin
Number Loading Stress (psi.) of Safety
CBAR2 3 g Fore 18,555 0.78
CBAR3 L 15,787 1.1
CBARG " 17,820 0.85
CBAR7 " , 15,667 1.1
CBARS " 7,571 3.4
CBAR10 " 10,532 2.1
CBAR11 " 10,054 2.3
CBAR13 " 12,764 1.6
CBAR1U " 12,918 1.6
CBAR1S : " 13,580 1.4
CBAR18 L 6,272 .3
CBAR1S " 6,250 4.3
CBAR23 oo 16,513 1.0
CBAR24 " 14,728 1.3
CBAR25 " 7,298 3.5
CBAR27 " 9,947 2.3
CBAR28 " 8,204 3.0
CBARLS " 15,189 1.2
CBARS50 " 17,710 0.86
CBARS3 " 12,502 1.6
CBARSY " 12,677 1.6
CBARS5S " 11,493 1.9
~CBARSS8 " 13,917 1.4
CBARG1 " 13,156 1.5
CBAR37 6 g Down 6,161 b.4
CBAR40 " 6,113 T

19
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TABLE 3

NASTRAN RESULTS FOR MARG]ENS OF SAFETY
LESS THAN 5.0
AND THE CORRESPONDING COMPRESSIVE STRESS

Element Maximum Margin
Number Loading Stress (psi.) of Safety
CBAR?2 9 g Fore 12,581 1.8
CBAR3 " 7,818 3.5
CBARS " 16,622 1.1
CBAR7 " 18,035 0.94
CBARS " 8,948 2.9
CBAR10 " 11,666 2.0
CBAR11l " 12,658 1.8
CBAR12 " 6,409 4.5
CBAR13 " 13,966 1.5
CBAR1Y " _ 13,352 1.6
CBAR15 : " 12,769 1.7
CBAR23 o 14,790 1.4
CBAR24 " 16,178 1.2
CBAR25 " 8,930 2.9
CBAR27 " 11,827 2.0
CBAR28 " 11,511 2.0
CBAR239 " 6,426 by
CBARULS " 7,663 3.6
CBARSO " 12,050 1.9
CBARS3 " 13,594 1.6
CBARSY " 12,966 1.7
CBARSS " 11,489 2.0
CBARS58 " 14,090 1.5
CBARS9 " 6,489 b.y
CBAR60 " 6,029 4.8
CBAR61 " 13,295 1.6
CBAR37 6 g Down 7,970 3.4
CBAR38 } " 6,850 4.1
CBAR39 " 6,834 4.1
CBARLO " 7,814 3.5

20
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TABLE 4

SUMMARY OF DETAILED CALCULATION
STRESSES AND MARGINS OF SAFETY

Maximum Margins
Location Loading Stress (psi.) of Safety

Weldment of cross|Combined: 106,097 0.91
member Channel 4 |9 g Fore,
to vertical 6 g Down,
Channel 2 1.5 g Side
Weldment of Zee 9 g Fore 17,289 0.12
member to
Channel member
No. 3
Beam column Combined: - 1.2
buckling of 9 g Fore,
vertical 6 g Down,
Channel No. 2 1.5 g Side
Isolator Combined: 2,712 0.5
elastomer 9 g Tore, :

& g Down,

1.5 g Side

21




Aerospace Structures
Information and Analysis Center

Tables 5 and 6 summarize the console attachment reactions
and the isolator deflections. The attachment reactions were
obtained from the rigid console model, and were the loads
applied at the attachment points on the support frame. The
isolator deflections are the relative displacements of that
part of the isolator attached to the console to that part of
the isolator attached to the support frame. Only the deflec-
tions for the 9 g Fore and the 6 g Down loading conditions are
given in Table 6. These are the only deflections needed to
check for bottoming out of the isolators. According to the
detailed calculations in Appendix C, the isolators may bottom
out for the 9 g Fore loading condition.. The deflection value
used for the calculations was from the NASTRAN results. As
discussed previously, the spring rates used are from the end
point of the load versus deflection curve in.Figure 3. Further
inspection of this curve shows that the spring rate should
increase as the load increases. Consequently, the spring rate
for the isolator load of the 9 g Fore loading condition will
be greater than the one used in the NASTRAN analysis. Therefore,
the deflection is expected to be lower so that bottoming out
will not occur. If a spring rate of 2,023 1b/in. was assumed,
bottoming out would not occur. This spring rate is reasonable
considering Figure 3.

The detailed stress calculations in Appendix C are used
to examine the critical weldment areas of the structure and the
susceptibility to buckling of the vertical channel beam column.
The results of the detailed calculations demonstrated positive
margins of safety for the weldment stresses and for column
buckling stability. Also, the detailed stress calculations of

the isolators yielded positive margins of safety.

22
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TABLE 5

CONSOLE REACTION FORCES

Console Grid

X Direction
(1bs.)

Y Direction 7 Direction
(1bs.) (1bs.)

iol
102
103
104
105
106
107
108

101
102
103
104
105
106
107
108

101
102
103
104
105
106
107
108

101
102
103
104
105
106
107
108

For 1.5 g +Z Direction Loading

18.45
-18.45
18.45
-18.45
18.145
-18.45
18.45
-18.45

0.13 317.33
-0.13 317.33
0.13 225.54
-0.13 225.54
0.13 318.21
-0.13 318.21
0.13 226.42
-0.13 226.42

For 1.5 g -7Z Direction Loading

~18.45
18.45
-18.45
18.45
-18.45
18.45
-18.u45
18.u45

-0.13 -317.33
0.13 -317.33
-0.13 -225.54
0.13 -225.54
-0.13 -318.21
0.13 -318.21
-0.13 -226.42
0.13 -226.42

For 9.0 g +X Direction Loading

1,668.15
1,590.67
1,668.15
1,590.67
1,671.83
1,594.35
1,671.83
1,594.35

-1.38 96.38
-1.38 96.38
1.38 -96.38
1.38 -96.38
-1.38 96.38
-1.38 96.38
1.38 -96.38
1.38 -96.38

For 1.5 g -X Direction Loading

-278.02
-265.11
-278.02
-265.11
-278.64
-265.73
-278.64
-265.73

23

0.23 -16.06
0.23 -16.06
-0.23 16.06
-0.23 16.06
0.23 -16.06
0.23 -16.06
-0.23 16.06
-0.23 16.06
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TABLE 5
(Continued)
X Direction Y Direction Z Direction
Console Grid (1bs.) . (1bs.) (1bs.)

For 6 g -Y Direction Loading

-102.30 -1,179.51 51.24
-102.30 -1,148.67 51.24
-102.30 -1,026.33 51.24
-102.30 -995.49 51.24
102.30 -1,179.51 -51.24
102.30 ~-1,148.67 -51.24
102.30 -1,026.33 -51.24
102.30 -395.49 -51.24

For 3 g +Y Direction Loading

51.15 589.76 -25.62
51.15 574.3Y4 -25.62
51.15 513.16 -25.62
51.15 497.74 - -25.62
-51.15 589.76 25.62
-51.15 574.3Y4 25.62
-51.15 513.16 - 25.62
-51.15 497.74 25.62
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9 g Fore
Grid

101
102
103
iou
105
106
107
108
6 g Down
101
102
103
104
105
106
107
108

TABLE

6

ISOLATOR RELATIVE DISPLACEMENTS AT
9 G .FORE AND 6 G DOWN LOADING CONDITIONS

X (in.)

0.01
0.01
0.02
0.01
0.87
0.83
0.87
0.83

0.01
0.01
0.02
0.02
0.05
0.05
0.05
0.05

25

Y (in.)

0.03
.03
.03
.03
.02
.02
.02
.02

o O oo O o o

.61
.60
.53
0.51
0.64
0.56
0.55
0.54

o o O

Z (in.)

0.02
0.02
0.02
0.02
0.05
0.05
0.05
0.05

0.01
0.01
0.01
0.01
0.03
0.03
0.03
0.03



Aerospace Structures

Information and Analysis Center

Iv.

CONCLUSIONS
The results from the NASTRAN model and the detailed calcu-

lations satisfactorily ascertain the structural capability of

the LOREORS Electronic Support Frame for the previously
described loading conditions.
Briefly, the lowest margins of safety and their corres-

ponding locations are as follows:

Channel No. 3 for base structure near structural

Zee member at left side on the front +0.78
Vertical Channel No. 2 at left side on front +0.85
Channel No. 3 for base structure near structural

Zee member at left side on the back +0.86
Weld between Channel No. 4 and Channel No. 2 at

left side on the front +0.91
Weld between structural Zee and Channel No. 3 at

left side on the back +0.12
Column buckling for vertical Channel No. 2 +1.2
Isolator elastomer stress +0.5

Figure 1 clarifies the locations referred to here.
In conclusion, all the results verify that the support
frame will maintain its structural integrity and be able to

withstand the specified loading conditions.
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APPENDIX A

TABULATION OF TECHNICAL
DRAWINGS FOR LOREORS
ELECTRONIC CONSOLE SUPPORT FRAME
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TECHNICAL DRAWINGS

Fairchild Imaging Systems
Description Drawing Number

Frame Weldment,
Console Support 1289-559 sheet 1

Frame Weldment,
Console Support 12839-559 sheet 2

Cabinet Assembly - 2 Bay
RFI Shielded 1285-519 sheet 3
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PROPERTY NUMBER: 1

=

|
|
ELEMENT NUMBERS:

DESCRIPTION: Lower front frame channel 3 _
4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T
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PROPERTY NUMBER:

CALCULATIONS:

1 (continued)

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y Z
C 1.467 2.0
D 1.u467 -2.0
E -0.783 2.0
F -0.783 -2.0
OFFSET
CBAR Element No. Z1A Z2A Z3A Z1B Z2B
1 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 -0.783 0.0 1.62
3 0.0 1.62 ~-0.783 0.0 1.62
SHEAR FACTORS
_2(2.25)(0.29) _
Kl - 1.95 = 0.87
_ 4(0.19) - '
K, = 555 0.39

Z3B

~-0.783
-0.783
-0.783
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PROPERTY NUMBER: 1

ELEMENT NUMBERS: 13
14
15

DESCRIPTION: Upper front frame channel 3
4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T6

e

I-(————— 4.0 _____..I : :
Global

[ LA 7777 T Ze—- o X

.25"

ESOSIOSIOSN]
]
DNOSSSNON
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PROPERTY NUMBER: 31 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point

C

D
E
F

CBAR Element No. Z1A

13
1y

15 0.0

y » Z

1.467 2.0
1.467 ~2.0
-0.783 : 2.0
-0.783 -2.0
OFFSET
z2A  23A  71B  22B  Z3B
-1.62 —Q.783 0.0 -1.62 ~0.783
-1.62 -0.783 0.0 0.0 ~-0.783
0.0 -0.783 0.0 0.0 -0.783
SHEAR FACTORS
2(2.25)(0.29)
195 = 0.67
_ 14(0.19)
= T1.95 = 0.39
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PROPERTY NUMBER: 1

ELEMENT NUMBERS: 33

‘ 34
35

DESCRIPTION: Cross brace, channel U4, ‘
4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T6

xl

AN
t lemmu
N Z X
s B
NN,
}‘____ 2.25"_____,.'
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PROPERTY NUMBER: 1 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z

C 1.467 2.0

D 1.u467 -2.0

E -0.783 2.0

F -0.783 -2.0

OFFSET
CBAR Element No. Z1A Z2A Z3A Z1B Z2B
33 1.40 0.0 0.0
34 0.0 0.0
35 0.0 0.0

SHEAR FACTORS

2(2.25)(0.29) _
Ky = 1.95 = 0.67

_ 4(0.19)
2 7 T1.95

Z3B
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PROPERTY NUMBER: 1
ELEMENT NUMBERS: 36
38
39
41

DESCRIPTION: Upper console support channel 5 :
4 x 2.25, 0.19 web, 0.29 flange, Al16061-T6

SN

C
/
y‘ ?
| Local
N/TTT777VITTT7 /
I..—_ 40" ___._l"




Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 1 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z
C 1.467 2.0
D 1.467 -2.0
E ~-0.783 2.0
F -0.783 -2.0
OFFSET
CBAR Element No. Z1A Z2A Z3A Z1B Z2B Z3B
36,41 0.0 0.783 0.0 0.0 0.783
38 : 0.0 0.783 0.0 0.0 0.0
39 0.0 0.0 0.0 0.0 0.783

SHEAR FACTORS

_ 2(2.25)(0.29) _
K) = 1,95 = 0.68

_ 4(0.19) -
K2 = Toes = 0.39
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PROPERTY NUMBER: 1

ELEMENT NUMBERS:  y9
n
45
47

DESCRIPTION: Lower console support, channel 5
4y x 2.25, 0.19 web, 0.29 flange, Al 6061-T6

Y

l-._—__ 4. 0" “__,_l
, E
x 777777737 777777] T FMI
z X
ZH; xX
Local

.25"

Y o
y y

NSNS

/.
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PROPERTY NUMBER: 1 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z

C 1.467 2.0

D 1.467 -2.0

E -0.783 2.0

F -0.783 -2.0

OFFSET
CBAR Element No.  Z1A 724 Z3A Z1B 72B
42 0.0 0.0 0 0.0 0.0
Ly 0.0 -0.783 0 0.0 0.0
45 0.0 0.0 0 0.0 -0.783

L7 0.0 -0.783 0 0.0 0.0

SHEAR FACTORS

_ 2(2.25)(0.29)

Ky = 1.95 = 0.67
_ 4(0.19) -
X2 = 195 = 0.39

B-15
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Aerospace Structures
Information and Analysis Center

ELEMENT NUMBERS: 49
50
51

PROPERTY NUMBER: 1

DESCRIPTION: Lower back frame channel 3
4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T6
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Aerospace Structures
Information and Analysis Center

PROPERTY NUMBER: 1 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z

c 1.467 2.0
D 1.467 ~2.0
E -0.783 2.0
F -0.783 -2.0

OFFSET

CBAR Element No. Z1A Z2A Z3A Z1B Z2B Z3B

49 0.0 1.62 0.783 0.0 1.62 0.783
50 0.0 1.62 0.783 0.0 0.0 0.783
51 0.0 0.0 0.783 0.0 0.0 0.0

SHEAR FACTORS

_ 2(2.25)(0.29)

Ky = 1.95 = 0.87
_ 4(0.19) )
K2 - 1.95' — 0.39
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Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 1

ELEMENT NUMBERS: 53

DESCRIPTION:

54
55

Upper back frame channel 3
b x 2.25, .19 web, .29 flange, Al 6061-T6
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Aerospace Structures
Information and Analysis Center

PROPERTY NUMBER: 1 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y Z
C 1.4867 2.0
D 1.467 - =2.0
E -0.783 2.0
T -0.783 -2.0
OFFSET
CBAR Element No.  ZlA 72A Z3A Z1B 7.2B 73B
53 0.0 -1.62 0.783 0.0 -1.62 0.783
54 0.0 -1.62 0.783 0.0 0.0 0.783
55 0.0 0.0 0.783 0.0 0.0 0.0

SHEAR FACTORS

. = 2€2.25)(€0.29) _ g g

1 1.95

_ 4(0.19)
2~ 1.95

= 0.39
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Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 1

ELEMENT NUMBERS: 56
57

DESCRIPTION: Diagonal cross brace at the top, channel . 6
4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T6
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Aerospace Structures
Information and Analysis Center

PROPERTY NUMBER: 1 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z

C 1.467 2.0

D 1.4867 -2.0

E -0.783 2.0

F -0.783 -2.0

OFFSET

CBAR Element No. Z1A Z2A Z3A Z1B Z2B
56 0.0 0.930 0.0 -5.0 -0.40
57 0.0 0.930 0.0 -5.0 -0.40

SHEAR FACTORS

_ 2(2.25)(0.29) _ 4 g7

Ky = 1.95
_ 4(0.19) _
K, - = 0.39
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Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 2

ELEMENT NUMBERS:

m
6
7
8
9

10

11
12

\

DESCRIPTION: Vertical channel 2 at the front )
5x 2.75, 0.19 web, 0.32 flange, Al 6061-T6
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Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 2 (continued)

CALCULATIONS:

See INERTIA program output on following page.

\

STRESS RECOVERY POINTS

Point y Z
c 1.785 2.5
D 1.785 -2.5
E -0.965 2.5
F -0.965 -2.5
OFFSET
CBAR Element No.  Zl1A 72A 7.3A 71B 2B 73B
Y ~2.50 -0.38 -0.965 0.0 0.0 0.0
6 0.0 0.0 0.0 -2.50 0.0 -0.965
7 -2.50 0.0 -0.965 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 -0.965
9 0.0 0.0 -0.965 0.0 0.0 0.0
10 0.0 0.0 0.0 -2.50 0.0 -0.965
11 -2.50 0.0 ~0.965 .-2.50 0.0 -0. 965
12 -2.50 0.0 -0.965 -2.50 0.0 -0.965

SHEAR FACTORS

_2(2.75)(0.32)

Ky = 555 = 0.68
_ 5(0.19) -
X2 = 2059 = 0.37
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Information and Analysis Center

PROPERTY NUMBER: 2

ELEMENT NUMBERS: 16
17
18
19
20

DESCRIPTION: Base channel 2 )
5 x 2.75, 0.19 web, 0.32 flange, Al 6061-T6

2.75"
Local
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PROPERTY NUMBER:

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

2 (continued)

Point

CBAR Element No.

16,17,18,19,20

C

D
E
F

Z1A

-2.50

y

1.785
1.785
-0.965
-0.965

OFFSET

Z2A Z3A

0.59 0.0

SHEAR FACTORS

_ 2(2.75)(0.32)

2.59

5(0.19)
2.59

2.5
-2.5
2.5
-2.5

Z1B

-2.50

0.68

Z2B

0.

59
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Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 2

ELEMENT NUMBERS:

21
23
24
25
26
27
28
29

DESCRIPTION: Vertical channel 2 at the back .
5 x 2.75, 0.19 web, 0.32 flange, Al 6061-T6

Global

Local
Y

L L LT A/ 7777
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|
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=




Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 2 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y yA
C 1.785 2.5
D 1.785 -2.5
E -0.965 2.5
F -0.965 -2.5
OFFSET
CBAR Element No. Z1A Z2A Z3A Z1B Z2B Z3B
21 -2.50 -0.38  0.965 0.0 0.0 0.0
23 0.0 0.0 0.0 -2.50 0.0 0.965
24 -2.50 0.0 0.965 0.0 0.0 0.0
25 0.0 0.0 0.0 0.0 0.0 0.965
26 - 0.0 0.0 0.965 0.0 0.0 0.0
27 0.0 0.0 0.0 -2.50 0.0 0.965
28 -2.50 0.0 0.965 -2.50 0.0 0.965
29 -2.50 0.0 0.965 -2.50  0.38 0.965

SHEAR FACTORS

_2(2.75)(0.32)
1 2.59

5(0.19)

2 T T7.59 0.37

B-33
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Aerospace Structures
Information and Analysis Center

PROPERTY NUMBER: 2

ELEMENT NUMBERS: 30
31
32
62
63

DESCRIPTION: Top channel 2, .
5x 2.75, 0.19 web, 0.32 flange, Al 6061-T6

s.o"

7T 77 777 IV I 777777

z x
Local
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Information and Analysis Center

PROPERTY NUMBER: 2 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z
C 1.785 2.5
D 1.785 -2.5
E ~0.965 2.5
F -0.965 -2.5
OFFSET
CBAR Element No. Z1A Z2A 7Z3A Z1B Z2B
30,31,32,62,63 -2.50 ~-0.58 0.0 ~-2.50 -0.59
SHEAR FACTORS
_2(2.75)(0.32) _
Ky = 7.59 = 0.68
_ 5(0.19)
K2 = 559 0.37



Aerospace Structures

Information and Analysis Center

P AAAERASSASANRRSP PRSI INEIRPRBPRRRE I ARSS I RSP IERRATI RIS atNsssssritasnnasstusssnitibantstansts
srdnn

sRARD

'S EREXRY ]

atdnd
senad
L ER X R ]
(R AN N

BAK PRUPERTY NUMbLK
LLSCRIPTIUN. PbAK WU,

é

Intkl]4

seses
seves
ssere
[ERR ]
dnses

sases

lﬁ!lll.l.lll.‘l'l“l“l‘!t‘.‘.l.‘ﬂ‘lll.il‘!““l’l‘.‘l"O..IO‘ll.l.‘lllll‘!‘l.1"-OII.II

seesse
savese

tnene
AL AP ARG AARA RS R AR S A AR A RSP AR A AR A SR A A AR N A R PR AR A R AR AR R RS A AR AR R NN AR RA RS ARSRRaRRRSRIAOTILTSR

satds
artaf
ARBAN
LA R R R}
Arasd
LER R R
AR AR
axann
RABRE
AR NR
AERAR
ARRER
AR AR
SAAAR
RARRR
RERAR
AReRR
LR R RS
RARKR
LR R R R
AR RS
wAR A
PRARR
LERE R Y
AARAR
RRARA

SRAARRRKAR

InPUl
1YPL LUM b L} vl Hl X Y
RECY U,00 S,00000 2, 15000 V,uVUYY (Y v.oluud V., uuvbY
KELT=1,00 G,36000 Z,50000 V.UUoLY V. 00vvVY V,uuLuy 19000
pulrul .
NU, Akt A xC YL 1x iy Ixy n

1 138,75v00 v, vubULY 1,575y b,005%3c 28,b45b3 v,y  34,00140

2=11.10160 0, 0LV

147000 ~0,u9572 ~17,0blue V,VLLuy =24,500bY

[RR X1
[(XEE3]
asses
suese
[ RN RN
sasen
ssasse
sasas
[EXREX]
sesese
[ER R
sastse
raase
sanen
anesse
tases
LEEE R
(R RN
tsans
aeess
sases
[RE XS Y
trann
(R Y ¥
(XX 22
aeens

AP AR ERRA R R A AR R AR R A R AL AR AR A AR RS A AR A S R A A S AN R A R R AR A S N A A AP AR R A G A2 AN RN AR RAR AR IR ARSI R RARES

AR ASRRRGARR AR SRR ARSI R R TS RN RN AL AR RS AN IR IR IR EANAANAREDIRIOIPIIsasrisarissansscsnnsnnsvens

sanse
srune
senns
IYTXL)
aRAAR
aasns
Ty}
Xy
LER XN
sanns
Tt}
asans
Annns
T
T
Aaxsnn
axaRe
XTI
T L
Are A
annas
aanne
annne
rERAR
YL
anmna
srnns
annse
senns
anans
srang
ansan
aenng
canns
T wanag
AERER
TRARN
Tamane

1UTAL AkpA=

X LbxlwulD DISVANLES

Y (tiklhulD DISTAMNLES
1% (Abuul LLitkUIL)SE
1v (Anuul (tulrULD)=
1xv (Abuul LEnTRULID)E
IMARS

1®lns

ALKFRAS

TUKSIUWAL LUNSTANT, n=
1x (Apbuul INFUD AX]S)=
1v t(Asuul INPUT AX]S)=
1xy (Asuul INPUT AX1S)=

o299k eu}
v,
JYOSL e
U SLHV]
ollvteue
u.
el eve
s2USLev]
-, l8utevd
JUSLeLZ
dubt eyl = U,
sllvtelg x= .
.

JUKRSIUnAL CUNSTANT BASEL Uk SUuM
WUl NLCESSARILY ALLUKAIL

AR RRNAARARETRNA0 IR NP R RN RAAGEE PR ERARERARNARASRSPEIRARAORARISRERIRNaPanstunnstnnnnanonnt



Aerospace Structures
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PROPERTY NUMBER:

ELEMENT NUMBERS:

DESCRIPTION:

3

58
59
60
61

Structural zee member

4 x 3 1/16, 1/4, Al 6061-T6

l-w-——-————-— 3 1/16" ———»l
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Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: 3 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z
C 2.938 -2.0
D -2.938 2.0
E 0.0 2.0
F 0.0 -2.0
OFFSET
CBAR Element No. Z1A Z2A Z3A Z1B
58 0.0 -4.0 0.0 1.53
59 1.53 2.0 0.0 0.0
60 0.0 0.0 0.0 1.53
61 1.53 2.0 0.0 0.0
SHEAR FACTORS
_ 2(3.063)(0.25) _
Kl = R = 0.635
_ 4(0.25) -
K2 - '_2'—.—11‘]-_- - 0.”15

B-39
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Aerospace Structures

Information and Analysis Center

PROPERTY NUMBER: Yy
ELEMENT NUMBERS: 37
40

DESCRIPTION: Upper console support channel 5 at isolator attachment
0.19 web, 0.29 flange, Al 6061-T6
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Information and Analysis Center

PROPERTY NUMBER: 4 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y Z
C 1.275 2.0
D 1.275 -2.0
E -0.975 2.0
F -0.975 -2.0
OFFSET
CBAR Element No. Z1A Z2A Z3A ~Z1B Z2B
37,40 0.0 0.783 0.0 0.0 0.783

SHEAR FTACTORS

_ 2(2.25)(0.29) _
1° I1.53

~
]

0.853

_ 1.75(0.19)
2 1.53

=
i

0.217

N
w
jos)

|
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Information and Analysis Center

PROPERTY NUMBER: g

ELEMENT NUMBERS: 43
46

DESCRIPTION: ILower console support channel 5 at isolators
0.19 web, 0.29 flange, Al 6061-T6
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PROPERTY NUMBER: 4 (continued)

CALCULATIONS:

See INERTIA program output on following page.

STRESS RECOVERY POINTS

Point y z

C 1.275 2.0

D 1.275 -2.0

E -0.975 2.0

F -0.975 -2.0

OFFSET

CBAR Element No. Z1A Z2A Z3A Z1B
43, 46 0.0 -0.783 0.0 0.0

SHEAR FACTORS
_ 2(2.25)(0.29)

Ky = 1.53 = 0.853
_ 1.75(0.19) _
K, = — = 0.217

B-45

Z2B
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|
PROPERTY NUMBER: 5
ELEMENT NUMBERS: 70
71
74
75

DESCRIPTION: Gusset stiffeners for channel 5 connection
at upper corners

z
I
Hocal Y
2.0"t X > Y Global
7 —~€—————s X
=
HT e
P |
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PROPERTY NUMBER: 5 (continued)

CALCULATIONS:
3
_ (0.375)(2.0) .4
Il = 15 = 0.25 in
3
_ (2.0)(0.375)" _ . b
) 12 = 17 = 0.009 in
CBAR Element No. Z1A Z2A Z3A Z1B Z2B

70,71,74,75 0.0 0.0 0.0 0.0 0.0
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PROPERTY NUMBER: 6

ELEMENT NUMBERS: 65
66

DESCRIPTION: Effective cross section for connection of
channel 3 to channel 2 at the top

2.0"

i
Globa |
|
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PROPERTY NUMBER: 6 (continued)

CALCULATIONS:
A = (2.0)(0.19) = 0.38 in?
3
(2.0)(0.19)3 _ oy
Il 15 = 0.001 in
- 3
. (0.19)(2.0)° _ oy
12 = 17 = 0.127 1in
_ 3 3 _ ' . L
J = (0.19)3(2/3) + 2.25(0.29)3(2/3) = ©.041 in
CBAR Element No. 71A 73A 73A 71B 72B
65,66 0.0 0.0 0.0 0.0 0.

L—_LB-E)O

N
vy}

|

o
o
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DETAILED CALCULATIONS AND
STRESS ANALYSIS
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C.1 WELDMENT STRESS CALCULATIONS

Those weldment areas on the support structure considered

most critical will be analyzed in detail. There are two types
of welds present - single bevel butt weld and % in. leg fillet
weld. Since most of the welds are the fillet type, it can be
assumed that the following analysis addresses these unless
indicated otherwise.

The absolute values of the element forces (bending moment,
twist moment, and shear) are summed for the 1.5 g Side to Side,
9.0 g Fore, and 6 g Down loading conditions. This summation
will yield the maximum internal loads imposed on the welds.
Although the forces are an average for the CQUAD2 and CTRIA2
elements, a summation of the absolute values should guarantee
conservative results. The NASTRAN force results of the plate

elements are per unit length (i.e., force resultants).

C.1.1 LOWER CORNER WELD STRESSES

The first weld area analyzed is for the lower corner at
which three channel members are welded together. Figure 5 shows
the NASTRAN elements for this area. The NASTRAN force output
for elements CQUAD?2 193 and 196 gives the loading imposed on
the weld between channel 5 and channel 2.

For CQUAD2 193,

M =0.89 + 5.45 + 6.75 = 13.09 in-1b/in.
T =1.26 + 1.31 + 1.77 = 4.34 in-1b/in.
V = 2.43 + 26.9 + 18.02 = 47.35 1b/in.

For CQUAD?2 196,

6.35 in-1b/in.
.57 in-1b/in.
23.73 1b/in.

M = 0.63 + 3.03 + 2.69
T = 0.17 + 5.36 + 1.0u4
V = 2.86 + 6.45 + 1L.u2-

The force resultants for the two elements becomes,
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M =13.09 + 6.35 = 19.44 in-1b/in.
T = \/Z+.3u)2 + (6.57)% = 7.87 in-1b/in.
V =47.35 + 23.73 = 71.08 1b/in.

Each of the above forces are per unit length and must be
multiplied by the weld length to obtain the total force.

weld length = 2.75"

/

— . 25mfe—

The moment of inertia for the weld between channel 5 and

Typical
Weld Section

channel 2 is

3
I = (2.75120.25) - 0.0036 in*

The bending stress is calculated as

_ Mc _(19.44)(2.75)(0.125) _ .
= -7 = 00036 = 1856 psi.

The shear stress due to the twisting moment is calculated

as

T = —17 (3 + 1.8 %) (from Mechanical Engineering

Lt Design, 2nd Edition, 1972, p. 69)

where £ = the weld length, t = the weld leg

0.25, _ .
(3 + 1.8 m) = 398 psi.

(7.87)(2.75)
(2.75)(0.25)

2
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The primary shear stress due to the shear force is
calculated as

T = % where A = area at the weld throat

(71.08)(2.75) )
(0.707)(0.25)(2.75) - 1402

The total shear stress becomes

T =

T = 402 + 398 =800 psi.

Thus, the maximum weld stresses become

| 2
_ 1856 Vﬁlsss) 2 :
Orax = 5 — —~—ﬂ¢-f (8o0) = 2153 psi.
7
} (1856) 2 .
LI \/'__E“‘ + (800)2 = 1225 psi.

The margins of safety are
19,300

MS '—'m— 1l = 8
_ 18,240 . _
MS = —Tjiig 1 = 14

Next the weld stresses between channel 5 and the gusset
plate are analyzed. The NASTRAN forces in the element X
coordinate of CQUAD2 196 depict the loads for this weld.

M 0.63 + 3.03 + 2.69
T 0.17 + 5.36 + 1.04
V= 2.86 + 6.45 + 14.42

6.35 in-1b/in.
6.57 in-1b/1in.
23.73 1b/1in.

The moment of inertia for this weld is calculated as:

3
_ 2(0.25)" _ .4
= F 0.0026 1in.

The bending stress is
(6.35)(2.0)(0.125)

c = 0.0026 = 611 psi.
The twisting shear is
B} (6.57)(2.0% (3 + 1.8 oézg - 339 psi.
(2.0)(0.25) ’
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The primary shear is

(23.73)(2.0)
(0.707)(2.0)(0.25)

The maximum stresses for.this weld are calculated as

2
- 811, \/15511— + (339 + 134)° = 869 psi.
max 2 b

2
T = \/Eﬁl%l_ + (339 + 131)% = 563 psi.

T = 134 psi.

max

Also, the margins of safety are
19,300

MS = —WQ_ - 1= 21
_ 18,240 . _ .
MS = ~E63 1 = 31

The maximum weld stresses between channel 5 and channel
are evaluated as follows. The highest forces occurred in
element CQUAD?2 192 and for the combined loading conditions
yielded the following forces on the weld,

14.92 in-1b/in.
.46 in-1b/1in.
85.86 1b/in.

M= 1.15 + 8.66 + 5.11
T = 0.78 + 5.40 + 0.28
V' 2.77 + 75.11 + 7.98

t

The moment of inertia for the weld about the element

X-axis 1s

[ - (2.25)(0.25)°

- .
17 = 0.0029 1in.

Thus the bending stress is

o (14.92)(2.25)(0.125) _ .
g = — 00079 = 1447 psi.

The shear stress due to the twisting moment is

(6.46)(2.25) 0.25

T = (3 + 1.8 z—=3) = 331 psi.
(2.25)(0.25)° 2.25
The primary shear stress is
T = (85.88(2.25) - 487 psi.

(0.707)(0.25)(2.25)

C-6
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Therefore, the maximum weld stresses are calculated to be

| 2
(AR, VKEEEZl— + (331 + 487)% = 1815 psi.
max 2 4

2
T = V&iﬂﬁll_.+ (331 + 486)% = 1092 psi.
max 4 :

The margins of safety for these maximum stresses become
19,300

MS = ‘—1—81—‘5“‘ - 1 = 10
18,240 )
MS = 4091 " 1 = 16

The maximum weld stresses between channel 3 and channel 2
are calculated using the NASTRAN force output for elements
CQUAD2?2 190 and 191. "

For CQUAD2 190,

9.27 in-1b/in.
11.72 in-1b/in.
13.10 1b/in.

M = 0.55 + 8.15 + 0.57
T = 0.92 + 7.11 + 3.69
vV = 0.37 + 8.65 + 4.08

it

For CQUAD? 191,

19.97 in-1b/in.
9.03 in-1b/in.
48.11 1b/in.

M=2.28+ 6.71 + 10.98
T =0.40 + 7.35 +. 1.28.
V = 5.88 + 13.34 + 28.89

1)

11

The moment of inertia for each of these welds is

3
1 = {2:08)(0:25) " - 4.0027 in'

The bending and shear stresses for the weld on CQUAD2 190 are
(9.27)(2.06)(0.125)

0.0027 = 88% psi.
. =(11.72)(2.06)2 (3 + 1.8 9;%% - 604 psi.’
(2.06)(0.25) z.
.. _ (13.10)(2.06) - 75 psir

(0.707)(2.06)(0.25)

The maximum stresses for this weld are

C-7
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2
g = 884, d/kﬁﬁﬂl_.+ (604 + 75)2 = 1252 psi.
max 2 4
\/QSSM)Z 2 .
T = ~—— "~ + (604 + 75) = 810 psi.
max 4

The margins of safety are
19,300

= - 1 = 1k
MS ————5-”2

_ 18,240 B -
MS = 310 1 22

The maximum stresses for the weld on CQUAD2 191 are

5 _(19.97)(2.06)(0.125)
- 0.0027

= 1,905 psi.

= (9.03)(2.06)2 (3 + 1.8

(2.06)(0.25)
(48.11)(2.06)

0.25
2.06

) = 466 psi.

T = {5.707)(2.06)(0.25) - 272 PSi-
2
1905 VﬂlgoS) 2 .
Orax = 5 * —— (446 + 272)° = 2,145 psi.
— » |
) (1905) 2 .
Thax - V/——~E—_ + (uue + 272)° = 1,193 psi.

The margins of safety are
_ 19,300 _
MS = *7%TE§ -1=28

_ 18,240 _
MS = =37qgy - 1 = 1%

Since the NASTRAN output indicates small forces for the
plate elements of the gussets, it is deemed unnecessary to

analyze the welds on the gusset plates.
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C.1.2 CROSS BRACE WELD STRESSES
Next the maximum weld stresses between channel 4 and
. channel 2 are calculated. The highest combined loads were
obtained from the NASTRAN force output for element CBAR 33.

The location of this element is shown in Figure 9.

P=-172.70 1b.

= 22.05 1b.
Vl

vV, =944.00 1b.

T = 345.58 in-1b.
CBAR 33 of

/ Channel U4

M1 = 410.40 in-1b.

M, = .14,720.70 in-1b.

The weldment moment of-inertia for the element reference -

plane 2 is

C-9
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F‘Z.IS"‘*4

r r
@]

o

L |
l Local Z
Z Axis
5= ade s pd) = 200038 inD) (21900 L (5.106)7)
- 12 o’ : : 12 ’
(from Mechanical Engineering Design, 2nd Edition, 1972,
p. 69)

J = 3.72 in%

For the secondary shear stress in plane 2

.- e
J
_ (14,720.70)(2.38). _ .
T = 379 = 9,418 ps1i.
And for the primary shear stresses in plane 2
vV guy - .
= - =z —— " = 172u2 Sl.
T AT 2(0.38) PSS PSE
172.70 .
T —— = 7 ’
T *.5cg.38y - ‘%7 Pet

The resultant shear stress becomes

T VA9,418)2 + (1,242 + 227)% = 9,532 psi.
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The weldment moment of inertia for the element reference

plane 1 is

2(2.15)3(0.25)

- - .U
IZ = 17 = 0.41 1in.
The weld stresses in plane 1 are
_ Mc _ (410.40)(1.08) _ .
¢ =3 R = 1,081 ps1i.
zZ
T o= 22.05 = 29 psi.

2(0.707)(2.15)(0.25)

The shear stress in plane 1 due to the axial torque is

J = 2rgA = 2(2.125)2(0.38) = 3.43 in"
_ (345.58)(2.125) _ .
T = 3.43 = 214 psi.

The resultant shear stress of planes 1 and 2 becomes

T = \/(9,538)2 + (29 + 214)2 = 9,541 psi.

Thus, the maximum stresses for this weld are calculated to be

2
_ 1081 Vﬁlosl) : 2 _ -
Oax = — 5t i (9,541)° = 10,097 psi.
2
(1081) 2 ;
Thax - \/;~Tr*—-+ (9,541)" = 9,556 psi.

Also, the margins of safety are calculated as
19,300

MS = m—— 1 = 0.91
_ 18,240 -
MS = —§f§§§ -1 =0.91

C-11
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C.1.3 ZEE MEMBER WELD STRESSES

For the structural Zee at the base attachment, the maximum

weld stresses to channel 3 are calculated. The highest forces

of the Zee member occurred in element CBAR 61.

is shown in Figure 10.

Forces for the 9 g loading condition in element reference plane 1,

M = 6,100.37
V = 3,768.24
T = 198.06

Forces for the 9 g loading condition in element reference plane 2,

This element

M = 7,191.11
V = 4,839.42
P = 166.95
44|+o.25"
(e——3. 06" —>]] —f—
Y <— \;:ro-——— 2.25"
r |
Local Y | ] . \\m _l-

Axis

The weldment moment of inertia for bending in reference

plane 1 of CBAR 61 is calculated as follows:

2 2
3 2. _ (2.25) 2
g = 2ads + p2) = 2(2.25)(0.707)(0.25) (257> + (1.66)
J = 2.53 int

The weld shear stresses in plane 1 are:

Mr _ (6,100.37)(2.00) _ .
U 2 553 = 4,822 ps1i.

T = (3,768.24)
~ 2(0.707)(2.25)(0.25)

= 4,738 psi.
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The shear stress due to the axial torque is calculated as
Jr = 2rgA = 2(1.66)2(0.707)(0.25)(2.25) = 2.19 in%

Try  (198.06)(1.66)
S 7.19

T = = 150 pSi.

The resultant shear stress of plane 1 is,

T = \/Qu,822)2 + (u,738 + 150)2 = 6,866 psi.

The weldment moment of inertia for bending in reference
plane 2 of CBAR 61 is calculated as follows

2(0.25)(2.25)°

Iy = 17 = 0.u47 in%
The weld stresses in plane 2 are
5 = (7,1916?i;(1.13) - 17,289 psi.
. = (4,839.42) - 6,084 psi.

2(0.707)(0.25)(2.25)
The shear stress in plane 2 due to the axial force

- 166.95 - 210 osi
5¢0.707)(0.25)(2.25) pst-

The resultant shear stress for planes 1 and 2 becomes

T V&s,gss)z + (6,084 + 210)% = 9,314 psi.

Therefore, the margins of safety for these weldment

stresses are calculated as

19,300

MS = m -1 =0.12
_ 18,240 _
MS = ~5.31% 1 = 0.96

€-13
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C.2 BEAM COLUMN BUCKLING ANALYSIS

The vertical 5 in. channel members, channel 2, are analyzed

for beam column stability, loaded according to the element
forces from the NASTRAN output. A conservative analysis 1is
made by assuming that the column is free at the top and fixed

at the base. The length considered is 72.6 in.

_Lhannel Member 2

3 ™ conr 33 of

; Channel Member 4
72.6" \

NASTRAN Grid #9

The torsional effect of the cross brace channel 4 (CBAR 33)
must also be included in the analysis. The torque imposed on
the column by the cross brace will contribute to the beam

column's instability. The critical buckling load is calculated .

by
NZEI
Pcr = > (from Mechanical Engineering Design, 2nd
42 Edition, 1972, p. 138) _
2 ' 6
P, = m-(10.4 x 10°)(11.0) _ 5 35 x 107 1b.

4(72.6)°2

C-1u
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Since the highest axial loads for this member occurred in
element CBAR 7, the element axial forces are combined for the

1.5 g Side to Side, 9.0 g Fore, and 6 g Down loading conditions.
P=1,166.93 + 1,704.89 + 1,672.90 = 4,545 1b.

In order to take into account the buckling moment induced
in the column by channel Y4, the axial torque of element CBAR 33
for the three loading conditions is divided by the translation
in plaﬁe 1 of the attachment point between channel 2 and
channel 4 (NASTRAN grid point 9). This method will provide an
equivalent axial load to the column that has the same buckling
effect on channel 2 as the torque from channel 4.

_ 88.49 250.89 6.20 _
Peq  T.004s " T0.u30 * 0.0226 - 20,095 1b.

Finally, the two axial loads can be combined to give the

total vertical load on the column.

P, =P + Peq = 4,544 + 20,095 = 24,640 1b.

t
The margin of safety is calculated as
53,600 _
MS - m_ l - 1.2
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C.3 ISOLATOR STRESS CALCULATIONS

The information received stated that the isolators were a

Model 507 Code 3. Furthermore, the elastomer used in the
isolators is given as natural rubber. The cross sectional

dimensions of the isolator are as follows:

Fe—————l.ss"—————a~

7
’k,f—”—*~—Elastomer

—$_

0.99"

!
0.12n 1

0.76"

+

r

AN

| . 1459

—>
b1~ 2.0" —

The area for tension, compression, and transverse shear

is calculated to be

A= (1.882 - 0.4592%) T = 2.61 in2

The bearing stress area is calculated to be

A = %(0.459) 7¢0.76 + 0.12) = 0.63 in2

The combined maximum axial and shear loads on one isolator
for the 1.5 g Side to Side, 9.0 g Fore, and 6 g Down loading

conditions is obtained from Table 5.
Py = (0.13) + (1.38) + 1,179.51) = 1,181.02 1b.

sz = [(318.21)2 + (18.45)2 + (1,671.83)2 + (96.38)2

+ (102.30)2 + (51.24)211/2 = 1,708.51 1b.
The corresponding stresses are
(1,181.02) _ .
o = ,2.16 = 453 psi.
_ (1,708.51) _ .
T = 761 = 655 psi.
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The bearing stress is calculated as,

_ (1,708.51) _ .
O'b = ——m-— = 2,712 psi.

The tensile strength of natural rubber is 4,000 psi. This
is from "Machine Design," Materials Reference Issue, March 1976,
P. 196. No value was given for the compressive strength, but
it should be conservative to use the tensile strength. Also,
the shear strength is assumed to be 60% of the tensile strength.

The margins of safety become

_ 4,000 .
MS = gz - 1 = 8
_ 2,400 .
MS = g - 1= 3
_ 4,000 .
MS = ory - 1= 0.5

Also, a check is made for bottoming out of the isolators.
From Table 6, the maximum relative displacements for the isola-
tor are 0.87 in. in the transverse direction and 0.64 in. in
the axial direction.

The clearance in the axial direction is

S = 0.76 in.
ca

Consequently, the displacement is less than the clearance
for the axial direction.

The clearance in the transverse direction is

6ct = (2.0 - 0.459)/2 = 0.77 in.

The relative displacement in the transverse direction is

0.10 in. greater than the clearance.

C-17
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APPENDIX D

STATIC EQUILIBRIUM
CALCULATIONS
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This appendix supplies the calculations to verify static
equilibrium for the entire support frame. Calculations are
included for the balance of forces and moments for each of the
six loading conditions. The reaction forces at the base
attachment grid points (41, 42, 62, and 63) were obtained from
the NASTRAN output of Forces of Single-Point Constraint and
combined for the right and left halves. The summation of

moments was taken at grid point 62 on the right side.

D.1 SUMMATION OF FORCES

N N

e

$~\\\\\\\ Channel Member 6

Channel Member & |

Channel Member 5

Left e S
Side
Channel Member 2 —>

Channel Member 3

{ A2 %2
63 Ri
ght
52 /41 1 63 side

Gussets

Structural Zee Members
65.0"

T

f——— u2.u"  ——

rn— 22.6" —»]
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Summation of Forces in the x Direction

1.5 g +z Side Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
238.1 -18.5 0

-238.8 18.5
-56.6 -18.5
55.4 18.5
-345.Y4 -18.5
346.2 18.5
82.0 -18.5
~80.8 -18.5
§=  0.10 0 0

Summation of Forces in the x Direction

1.5 g +z Side Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
318.9 -0.13 0
-318.9 0.13
2,210.8 -0.13
-2,209.8 0.13
459.1 -0.13
-459.1 0.13
2,547.1 -0.13
-2,546.1 0.13
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Summation of Forces in the z Direction

1.5 g +z Side Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-121.7 225.5 1.5 (270.7) =
-117.3 225.5 406.1
-450.9 226.4
-448.5 226.4
-137.3 317.3
-132.3 317.3
-588.2 318.2
-584.9 318.2
2:—2,581.1 2,174.8 406.1

Summation of Forces in the x Direction

1.5 g -z Side Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-238.1 -18.5 0

238.8 18.5
56.6 -18.5
-55.4 18.5
3u5.4 -18.5
-346.2 18.5
-82.0 -18.5
80.8 18.5
y= -0.10 0 0




Aerospace Structures

Information and Analysis Center

Summation of Forces in the y Direction

. 1.5 g -z Side Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-318.9 -0.13 0

319.9 0.13
-2,210.8 -0.13
2,209.8 0.13
-458.1 -0.13
459.1 0.13
-2,547.1 -0.13
2,540.1 0.13
Y= -6.0 0 0

Summation of Forces in the z Direction

1.5 g -z Side Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading

121.7 -225.5 -1.5 g (270.7)=:
117.3 -225.5 -406.1
450.9 -226.4
4ug.5 -226.4
137.3 -317.3
132.3 -317.3
588.2 -318.2
584.9 -318.2

Y= 2,581.1 -2,174.8 -406.1
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Summation

of Forces in the x Direction

3 g Fore Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-3,988.8 1,668.2 9(270.7) =
-3,760.8 1,590.7 2,436.3
20.5 1,668.2
-14.1 1,590.7
-3,988.8 1,671.8
-3,760.8 1,594.4
20.5 1,671.8
-14.1 1,594 .0
)= -15,486.4 13,050.2 2,436.3

Summation of Forces in the y Direction

9 g Fore Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-5,083.4 1.4 0
-4,785.5 1.4

6,406.5 -1.4
7,076.3 -1.4
5,083.4 1.4 N
4,785.5 1.4
-6,406.5 -1.4
-7,076.3 -1.4
Z: 0 0 0




Aerospace Structures

Information and Analysis Center

Summation of Forces in the z Direction

9 g Fore Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-5,883.2 -96.4 0
5,924.2 -96.4
1,622.2 96.4
-1,345.1 96.4
5,883.2 -96.4
-5,924.2 -96.4
-1,622.2 96.4
1,345.1 96.4
1= 0 0 0

Summation of Forces in the x Direction

1.5 g Aft Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
66u4.8 -278.0 -1.5(270.7) =
626.8 -265.1 -406.1
-3.4 -278.0
2.4 -265.1
66u4.8 -278.6
626.8 -265.7
-3.4 -278.6
2.4 -265.7
z: 2,581.2 -2,174.8 -406.1
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Summation of Forces in the y Direction
1.5 g Aft Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading

847.2 -0.2 0
797.6 -0.2
-1,067.8 0.2
-1,179.4 0.2
-847.2 -0.2
-797.6 -0.2
1,067.8 0.2
1,179.4 0.2

)= 0 0 0

Summation of Forces in the z Direction

1.5 g Aft Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
980.5 16.1 0

-987.4 16.1
-270.4 -16.1
224.,2 -16.1
-380.5 16.1
987.4 16.1
270.4 -16.1
-224.2 -16.1
)= 0 0 0
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Summation of Forces in the x Direction

6 g Down Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
421.8 -102.3 0

354.5 -102.3
-490.4 -102.3
-475.8 -102.3
-219.5 102.3
-152.4 102.3
289.1 102.3
272.7 102.3
)= 0 0 0
Summation of Forces in the y Direction
6 g Down Loading Condition
Attachment Console Gravity Frame
Reactions Reactions Loading
550.4 - -1,026.3 -6(270.7) =
462.3 -995.5 -1,624.2
2,156.9 -1,179.5
1,505.2 -1,148.7
288.6 ~1,026.3
200.9 -995.5
2,907.5 ~1,179.5
2,752.6 -1,148.7
Y= 10,324.4 -8,700.0 -1,624.2
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Summation of Forces in the z Direction

6 g Down Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
520.5 51.2 0

-519.9 51.2
639.1 51.2
-638.7 51.2
211.3 -51.2
-2098.9 -51.2
701.3 -51.2
-702.7 -51.2
Z: 0 0 0

Summation of Forces in the x Direction

3 g Up Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-210.9 51.2 0

-177.3 51.2
245.2 - 51.2
237.9 51.2
109.7 -51.2
76.2 -51.2
-144.5 -51.2

-136.4. -51.2 .

2: -0.10 0 0
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Summation of Forces in the y Direction

3 g Up Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-275.2 513.2 3(270.7) =
-231.2 497.7 812.1
-1,078.4 589.8
-752.6 574.3
-14u.3 513.2
-100.4 u97.7
-1,453.8 589.8
-1,126.3 574.3 -
y=-5,162.2 4,350.0 812.1

Summation of Forces in the z Direction

3 g Up Loading Condition

Attachment Console Gravity Frame
Reactions Reactions Loading
-260.3 -25.6 0

259.9 -25.6
-319.6 - -25.6
319.8 -25.6
-105.6 25.6
104.9 25.6
-350.7 25.6
351.4. 25.6
J=  -0.20 0 0
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D.2 SUMMATION OF MOMENTS
IM about the x axis for 1.5 g +z Side Loading.

-20.5(319.9) - 20.5(2209.8) - 20.5(459.1) - 20.5(2546.1)
- 20.5(0.13)4 + 78.4(225f5)2 + 78.4(317.3)2 + 10.25(226.4)2
+ 10.25(318.2)2 + 1.5(270.7)42.4 = 15.8
IZM about the y axis for 1.5 g +z Side Loading.
20.5(238.8) - 20.5(55.4) - 20.5(346.2) + 20.5(80.8)
+ 20.5(18.5)4 - 22.6(121.7) - 22.6(117.3) - 42.4(137.3)

42.4(132.3) - 65(588.2) - 65(584.9) + 7(225.5)2

+ 7(226.4)2 + 58(317.3)»2 + 58(318.2)2 + 1.5(270.7)32.5

-6.72
IM ‘about the z axis for 1.5 g +z Side Loading.
-20.5(318.9) + 20.5(319.9) - u42.4(459.1) + 42.4(459.1)
- 65(2,547.1) + 65(2,546.1) = -L4y4.5
IM about the x axis for 1.5 g -z Side Loading.
20.5(319.9) + 20.5(2209.8) + 20.5(459.1) + 20.5(2,546.1)
+ 20.5(0.13)4 - 78.4(225.5)2 - 78.4(317.3)2 - 10.25(226.4)2
- 10.25(318.2)2 - 1.5(270.7)42.4 = -15.8
IM about the y axis for 1.5 g -z Side Loading.
-20.5(238.8) + 20.5(55.4) + 20.5(346.2) - 20.5(80.8)

20.5(18.5)4 + 22.6(121.7) + 22.6(117.3) + 42.4(137.3)

42.4(132.3) + 65(588.2) + 65(584.9) - 7(225.5)2
- 7(226.4)2 - 58(317.3)2 - 58(318.2)2 - 1.5(270.7)32.5

= 6.72
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IM about the z axis for 1.5 g -z Side Loading.
20.5(318.9) - 20.5(319.9) + 42.4(u459.1) - 42.4(459.1)
+ 65(2,547.1) - 65(2,546.1) = u44.5

IM about the x axis for 9 g Fore Loading.

-20.5(4,785.5) + 20.5(7,076.3) + 20.5(4,785.5)

- 20.5(7,076.3) = 0.0
IM about the y axis for 9 g Fore Loading.
20.5(3,760.8) + 20.5(1u.1) + 20.5(3,760;8) + 20.5(14.1)
- 20.5(1,590.7)2 - 20.5(1,594.4)2 - 10.2(270.7)9
- 22.6(5,883.2) + 22.6(5,924.2) + 42.4(5,883.2)
- 42.4(5,924.2) - 65(1,622.2) + 65(1,345.1) — 7(96.4)y
+ 58(96.4)4 = 173.8
IM about the z axis for 9 g Fore Loading.
22.6(5,083.4) + 22.6(4,785.5) - 42.4(5,083.4) - 42.4(4,785.5)
+ 65(6,406.5) + 85(7,076.3) - 7(1.4)4 + 58(1l.4)u
- 78.4(1,590.7)2 - 78.4(1,668.2)2 - 10.25(1,594.4)2
- 10.25¢1,671.8)2 - 42.4(270.7)9 = 11.6
IM about the x axis for 1.5 g Aft Loading.
20.5(797.6) - 20.5(1,179.4) - 20.5(797.6)
+ 20.5(1,179.4) = 0.0
IM about the y axis for 1.5 g Aft Loading.
—20.5(626.8) - 20.5(2.4) - 20.5(626.8) - 20.5(2.4)
+ 22.6(980.5) - 22.6(987.4) - 42.4(980.5) + 42.4(987.4)
+ 85(270.4) - 65(224.2) + 20.5(265.3)4 + 7(16.1)
- 58(16.1)4 + 10.2(270.7)1.5 = -383.8

D-13
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IM about the z axis for 1.5 g Aft Loading.
-22.6(847.2) - 22.6(797.6) + u2.4(8u47.2) + 42.4(797.6)
- 65(1,067.8) - 65(1,179.4) + 78.4(265.1)2 + 78.4(278.0)2
+ 10.25(265.7)2 + 10.25(278.6)2 + 7(0.2)% - 58(0.2)%
+ 42.4(270.7)1.5 = -9.01

IM about the x axis for 6 g Down Loading.
20.5(462.3) + 20.5(200.9) + 20.5(2,252.6) - 20.5(1,148.7)2
- 20.5(995.5)2 + 78.u4(51.2)4 - 10.2(51.2)4 - 10.2(270.7)6
+ 20.5(1,505.2) = 118.8

IM about the y axis for 6 g Down Loading.

‘ ©=20.5(354.5) + 20.5(475.8) + 20.5(152.4) - 20.5(272.7)~

+ 22.6(520.5) - 22.6(519.9) + 42.4(211.3) - 42.4(209.9)
+ 65(701.3) - 65(702.7) = -91.0

IM about the z axis for 6 g Down Loading.
-22.6(550.4) - 22.6(462.3) - L42.4(288.6) - 42.4(200.9)
- 65(2,907.5) - 65(2,252.6) + 32.5(270.7)6 + 7(1,026.3)2
+ 7(995.5)2 + 58(1,148.7)2 + 58(1,179.5)2 + 78.4(102.3)4
- 10.2(102.3)4 = 22.0

IM about the x axis for 3 g Up Loading.
-20.5(231.2) - 20.5(752.6) - 20.5(100.4) - 20.5(1,126.3)
+ 20.5(574.3)2 + 20.5(497.7)2 + 10.2(270.7)3 - 78.4(25.6)4
+ 10.2(25.6)4% = -63.5

IM about the y axis for 3 g Up Loading.
20.5(177.3) - 20.5(237.9) - 20.5(76.2) + 20.5(136.4)
- 22.6(260.3) + 22.6(259.9) - 12.4(105.6) + 42.4(104.9)

- 65(350.7) + 65(351.4) = -1.4
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IM about the z axis for 3 g Up Loading.
22.6(275.2) + 22.6(231.2) + u42.4(144.3) + 42.4(100.4)
+ 65(1,453.8) + 65(1,126.3) - 32.5(270.7)3 - 58(589.8)2
- 58(574.3)2 - 7(513.2)2 - 7(497.7)2 - 78.4(51.2)4

+ 10.2(51.2)4 = =22.4




