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tained some erroneous results due to improper loading applica- 

tion for the finite element analysis. 
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Console Support Frame under crash loadings of a C-1M-1 aircraft. 
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INTRODUCTION 

This report documents a structural analysis performed by 

ASIAC 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 M-950th 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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Figure 1   Schematic of Electronic Console Support Frame 



Aerospace Structures 

Information and Analysis Center 

II.  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 lb.  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 4950th 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 lb. 

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, Figure 3 gives the load versus deflection 

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

MATERIAL PROPERTIES 

Property 
Al 6061-T6 
QQ-A-200/8 

Al 6061-T651 
QQ-A-250/11 

Welded 6061      1 
With 5356 Filler Alloy | 

E(xl06 psi.) 10.4 10.4 - 

G(xl06 psi.) 3.9 3.9 
i 

V 0.33 0.33 - 

p (lbf/in3) 0.10 0.10 - 

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

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

Fcy ^s±^ 35,000 35,000 19,300 

Fsu ^^ 
27,000 27,000 60% F.  = 18,240 

tu 
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Figure 2   Schematic of Console Model 
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Figure 3   Load Versus Deflection for 
Model 507 Code 3 Isolator 
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curve, a spring rate of 1,750 lb/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 spring 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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Figure 4  Schematic of the Model for Symmetric 
Right Half 
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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 4-1, 42, 62, and 6 3 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 49 50th 

Test Wing and an additional copy has been retained by ASIAC and 

is available upon request. 

17 
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III.  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 NASTRAN output was Q..7.8. for element 

CBAR 2 in the 9 g fore loading condition.  This element corres- 

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 9 g Fore 18,555 0.78 

CBAR3 it 15,787 1.1 

CBAR6 it 17,820 0. 85 

CBAR7 tt 15,667 1.1 

CBAR8 tt 7,571 3.4 

CBAR10 tt 10,532 2.1 

CBAR11 t! 10,054 2. 3 

CBAR13 tt 12,764 1.6 

CBAR14 It 12,918 1. 6 

CBAR15 tt 13,580 1.4 

CBAR18 tt 6,272 4. 3 

CBAR19 tt 6,250 4 . 3 

CBAR2 3 tt 16,513 1. 0 

CBAR24 tt 14,728 1. 3 

CBAR2 5 tt 7,298 3. 5 

CBAR2 7 It 9,947 2 . 3 

CBAR2 8 It 8,204 3 . 0 

CBAR49 tt 15,189 1. 2 

CBAR5 0 It 17,710 0 . 86 

CBAR5 3 tt 12,502 1. 6 

CBAR5 4 tt 12,677 1.6 

CBAR5 5 It 11,493 1. 9 

CBAR5 8 tl 13,917 1.4 

CBAR61 tt 13,156 1. 5 

CBAR3 7 6 g Down 6,161 4 . 4 

CBAR40 it 6,113 4.4 

19 
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TABLE  3 

NASTRAN RESULTS FOR MARGINS OF SAFETY 

LESS THAN 5.0 

AND THE CORRESPONDING COMPRESSIVE STRESS 

Element Maximum Margin 
Number Loading Stress (psi.) of Safety 

CBAR2 9 g Fore 12,581 1.8 
CBAR3 7,818 3.5 
CBAR6 16,622 1.1 
CBAR7 18,035 0.94 
CBAR8 8,948 2.9 
CBAR10 11,666 2.0 
CBAR11 12,658 1.8 
CBAR12 6,409 4.5 
CBAR-13 13,966 1.5 
CBAR14 13,352 1.6 
CBAR15 12,769 1.7 
CBAR2 3 14,790 1.4 
CBAR24 16,178 1.2 
CBAR2 5 8,930 2.9 
CBAR2 7 11,827 2.0 
CBAR2 8 11,511 2.0 
CBAR2 9 6,426 4.4 
CBAR49 7,663 3.6 
CBAR5 0 12,050 1.9 
CBAR5 3 13,594 1.6 
CBAR5 4 12,966 1.7 
CBAR5 5 11,489 2.0 
CBAR5 8 14,090 1.5 
CBAR5 9 6,489 4.4 
CBAR6 0 6,029 4.8 
CBAR61 13,295 1.6 
CBAR3 7 6 g Down 7,970 3.4 
CBAR3 8 6,850 4.1 
CBAR3 9 6,834 4.1 
CBAR40 7,814 3.5 

20 
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TABLE  4 

SUMMARY OF DETAILED CALCULATION 

STRESSES AND MARGINS OF SAFETY 

Location Loading 
Maximum 

Stress (psi.) 
Margins 

of Safety 

Weldment of cross 
member Channel 4- 
to vertical 
Channel 2 

Combined: 
9 g Fore, 
6 g Down, 
1.5 g Side 

10,097 0.91 

Weldment of Zee 
member to 
Channel member 
No. 3 

9 g Fore 17,289 0.12 

Beam column 
buckling of 
vertical 
Channel No. 2 

Combined: 
9 g Fore, 
6 g Down, 
1.5 g Side 

1.2 

Isolator 
elastomer 

Combined: 
9 g Fore, 
6 g Down, 
1.5 g Side 

2,712 0.5 

21 
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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 lb/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 

X Direction Y Direction Z Direction 
Console Grid (lbs.) (It s.) (lbs.) 

For 1.5 g +Z Direct. ion Loading 

101 18.45 0.13 317.33 
102 -18.45 -0.13 317.33 
103 18.45 0.13 225.54 
104 -18.45 -0.13 225.54 
105 18.45 0.13 318.21 
106 -18.45 -0.13 318.21 
107 18.45 0.13 226.42 
108 -18.45 -0.13 226.42 

For 1.5 g -Z Direct ion Loading 

101 -18.45 -0.13 -317.33 
102 18.45 0.13 -317.33 
103 -18.45 -0.13 -225.54 
104 18.45 0.13 -225.54 
105 -18.45 -0.13 -318.21 
106 18.45 0.13 -318.21 
107 -18.45 -0.13 -226.42 
108 18.45 0.13 -226.42 

For 9.0 g +X Direction Loading 

101 1,668.15 -1.38 96.38 
102 1,590.67 -1.38 96.38 
103 1,668.15 1.38 -96.38 
104 1,590.67 1.38 -96.38 
105 1,671.83 -1.38 96.38 
106 1,594.35 -1.38 96.38 
107 1,671.83 1.38 -96.38 
108 1,594.35 1.38 -96.38 

For 1.5 g -X Direction Loading 

101 -278.02 0.23 -16.06 
102 -265.11 0.23 -16.06 
103 -278.02 -0.23 16.06 
104 -265.11 -0.23 16.06 
105 -278.64 0.23 -16.06 
106 -265.73 0.23 -16.06 
107 -278.64 -0.23 16.06 
108 -265.73 -0.23 16.06 

23 
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TABLE 5 

(Continued) 

Console Grid 
X Direction 

(lbs.) 
Direction 
(lbs.) 

Direction 
(lbs.) 

For 6 g -Y Direction Loading 

101 -102.30 -1,179.51 
102 -102.30 -1,148.67 
103 -102.30 -1,026.33 
104 -102.30 -995.49 
105 102.30 -1,179.51 
106 102.30 -1,148.67 
107 102.30 -1,026.33 
108 102.30 -995.49 

For 3 g +Y Dir< action Loading 

101 51.15 589.76 
102 51.15 574.34 
103 51.15 513.16 
104 51.15 497.74 
105 -51.15 589.76 
106 -51.15 574.34 
107 -51.15 513.16 
108 -51.15 497.74 

51.24 
51.24 
51.24 
51.24 
-51.24 
•51.24 
■51.24 
■51.24 

•25, 
■25. 
•25, 
■25, 
25, 
25, 
25, 
25, 

62 
62 
62 
62 
62 
62 
62 
62 

24 
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TABLE 6 

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

9 g Fore 

Grid X (in.)      Y (in.)      Z (in.) 

101 0.01 

102 0-01 

103 0-02 

104 0.01 

105 0.87 

106 0.83 

107 0.87 

108 0.83 

6 g Down 

101 0.01 

102 0.01 

103 0.02 

104 0.02 

105 0.05 

106 0.05 

107 0.05 

108 0.05 

0. 03 

0. 03 

0. 03 

0. 03 

0. 02 

0. 02 

0 02 

0 02 

0 .61 

0 .60 

0 .53 

0 .51 

0 .64 

0 .56 

0 .55 

0 .54 

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 
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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 

Description 

Frame Weldment, 
Console Support 

Frame Weldment, 
Console Support 

Cabinet Assembly - 2 Bay 
RFI Shielded 

Fairchild Imaging Systems 
 Drawing Number  

1289-559 sheet 1 

1289-559 sheet 2 

1285-519 sheet 3 
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APPENDIX B 

PBAR PROPERTY CALCULATIONS 

B-l 



Aerospace Structures 

Information and Analysis Center 

PROPERTY NUMBER:  1 

ELEMENT NUMBERS: 1 

2 

3 

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

V\ 
2.25" 

/ 

y' y 

Local 

4> ** 

>///// /V ///// / 
1.0" 

Global 

X© 

-^- x' 
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PROPERTY NUMBER:  l (continued) 

CALCULATIONS: 

See INERTIA program output on following page. 

STRESS RECOVERY POINTS 

Point y 

1.4 67 

z 

C 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 

1 0. 0 0. 0 0.0 0.0 0.0 -0.783 

2 0. 0 0. 0 -0.783 0. 0 1.62 -0.783 

3 0. 0 1.62 -0.783 0. 0 1.62 -0.783 

SHEAR FACTORS 

v     -   2(2.25)(0.29) _ n R7 Kl 1795 °-67 

_ 4(0.19)       _ n ,q K2 "  1.95 ' °'39 
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ft   ft   ft   ft   * 
ft   ft 

 
ft   ft 

 
1 

ft    ft    ft    ft   < 
ft   ft   ft   ft 
ft  ft  ft  « 

INLH|1* 
« • • • • 

ft ft ft • ft 

ft ft* ft« 
• •*•* 
ft ft* ** 
• ft« ft ft 

UtSLKlPUUN- 

NÜMbtH 
POA*<    NU.     1 

• « • * • 
• * • * • 
• » • • • 

ft ft« «* 

ft« ft* • 
1HPU1 
ItPL      ÜUM 
HLC1    O.UU      *4 

B                              M                           Öl                           Ml                              X                               1                            «Lf 
.ÜUÜOÜ          ^.^büüü          Ü.ÜOÜÜÜ           O.ÜUUUÜ          U.UUUÜU          0,UOUUU          U.UUUüu • • • • * 

* ft • *• Hf.tl-1.00     3 ,«2UU0          2,UbOUU           Ü.UÜUUÜ          U.ÜUUÜÜ          U.üUüUÜ              ,lVüüU           O.UOUUU 

ft* ft* ft 
ft ft* ft* 

UUlPUl 
NU,            AkEA 

l       9.UUUÜD 

XL                    *L                    Ix               1»                    i>>                    A 
ü.uüüüU        l.llbuu        i.79oeb     l^.üOUUU       u.uuuuu     lb.lb/bu 

» •• • • 

***** 2 -7.o«bao ü.OuüüU        1.22UUO     -<T.**V1«2     -b,bt>b9b        u.buuub     -9,9bStW 

ft* ••« 
ftftft ft* 
ft ft* ft* 
***** 
***** 
***** - 
• ** ft* 
***** 

* • * s • 

«**•« 
*** «ft 
ft**** 
***** 
***** 
ft ft* •• 

_. • * » • • 
»ft************ ft***«««»*«***»**********«»***««»«««**»*******»***«***************«*** • « • * • « • 

• ft ft ft • 
ft ft * *• 
ft ft* * ft 
ft «ft •• 
• •• ft* 
ft •• ft ft 
• ft ft» • 
*•••• 

ft «ft** 
• •••ft 
• •* ** 

Him *Kt»= .mt«ui 
X   LLhlKUlU   l)ISl»M-t = t). 
V   LlhlKUlU   UlSl»hU = .JoJUUh 
IX    IABUU1    CLMKU1U> = .1U1HUI 
IT    l»BUUl    ltUlKUlU)=- .ilit-*Ul 
■ XT    (»BUUl    LtMKUll>) = U. 
1HAXX .blJMUl 
1M1NS ,l«lt»01 
ALP«A= -.««Ut-fUS 
lUKblU«»L   CUNS1AM.   <* = .b«l««l 
JX   l»DUUl    1«PU1   AXlb)= .*«Mt«ui                           Y=   0. 
It    l»DUUl    lNfU'    *XlbJs .Slil+Ul                               »s   U. 
1X1    lABUUl    lNfUl    AXlS)= U. 

1UMS1UWM.    LUNS1AM    BAbtU UN   SUM 
bUl    UtLtSSAKlLT   »LLUKAlt 

• •*•• 
• •••• 

• a*« • 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 13 

14 

15 

DESCRIPTION:  Upper  front  frame  channel   3 

4  x   2.25,   0.19  web,   0.29  flange,   Al   60.61-T6 

y 
A 

i). 0" Global! 

i ////// ////// 7 
V. 

2—u 
Local 

ty 
2.25" 

\A 
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PROPERTY NUMBER: l (continued) 

CALCULATIONS: 

See INERTIA program output on following page, 

STRESS RECOVERY POINTS 

Point y 

1.467 

z 

C 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 

13 0.0 -1.62 -0.783 0.0 -1.62 -0.783 

14 0. 0 -1.62 -0.783 ■0.0 0.0 -0.783 

15 0. 0 0,0 -0.783 0. 0 0.0 -0.783 

SHEAR FACTORS 

v    2(2.25X0.29) _   R7 Kl "  1795 °-67 

10 
4(0.19) 
1.95 0.39 
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* • ft • • 
*•«•• iNLHll» 

**• ** 
*• * • • 
• • • * » 
*•* •* 

• • *•* 
*****   bAk PKUPtHlT NUMbtK 
• •*••   DLSLHlPUuN- PbAK NU. 1 

4 *• ** ■ • • •• 

***** lNPUl 
• ft**« 1 YPt  UU"      H           M         til          HI           X           T         ALF 

ktCl  Ü.ÜÜ  «.UÜÜÜÜ    ^.^bÜÜÜ    Ü.ÜUüÜÜ    U.ÜUÜÜÜ    U.VUUOO    0,UUUUO    U.ÜÜÜUü 
*** ** K£CT-i.OÜ  l.«2uUO   *.UbOUÜ   U.ÜÜÜUÜ   Ü.ÜÜÜÜÜ   Ü.UUÜÜÜ     .IVüMU   O.ÜUUUU 
* **** 
***** UUIPUl 

NU.     AHEA        XL          YL          IX       IT          1*Y         * 

• •* ft • 

***** 1  9.ÜUGDQ   ü.üüUüü   l.l^büü   i.79o«b  l^.ÜÜUUO   ü.üuüwü  ib.lb/bu • ft « ■ • 

***** 
***** 

2 -7.U«b£Q   U.QuUOU   1 .«;*;üUU  -<f ,M91«2  -b.BbbVb   u.üouuü  -4,9bSb/ 
* * ft * * 

** ** • 
***** 

***** 
***** 
***** 
***** 
***** 

***** 
***** 
***** 
ft********************************************************************************************** 

***** 

Iu1 AL AKtA= .lVbt*Ul 
X LtwTKUlU UIbl*NLt= 0, 
Y LLMlKUlU UlSl*NLt= ,/OittUÜ 
IX lAOUUl CLN1KUIU)= .lÜlt*Ül 
IT lAbUUl CtNTWUlU)= ,blit*ül 
1XY (AöUUl LtMkUlD) = Ü. 
lhAxr .blifc*Ül 
IMINS «lUlttOl 
ALH«A= -, lÖUL*Ui 
IUKSIUNAL CUNSIAM» * = .bi4t*ui 
IX CADUU! IHPUI AX1S)= .l£lt«Ul           Y= U, 
1Y (AoUUl  I«*PUI AXjS)= .Slife*01             X= Ü.                                            ,»I.i 
IXT  CAbUU!  iNPUl  AX1S)= U. 

TUKSIUNAL LUNSTAM  ÖAbtU UN SUM 
UU1 UtLtSSAHlLY ALLUkAIt 

* » • • • 
* • • • ■ 

* • • • « 

• • • < 

• ** • • 
***** 
***** 
• * • • • 

* • • * * 
* • • • • 

***** 
• • « • • 

* « • • • 
* • * « ft 
* •»*• 
ft • • •* 
« • • • • 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 33 

34 

35 

DESCRIPTION: Cross brace, channel 4, 

4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T6 

Local 

y-s &- 
yl X 

2.25"_ 

"4.0" 

Global 
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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 Z2A Z3A Z1B Z2B Z3B 

33 1.40 0.0 0.0 0.0 0.0 0.0 

34 0.0 0.0 0.0 0.0 0.0 0.0 

35 0.0 0.0 0.0 0.0 0. 0 0.0 

SHEAR FACTORS 

v     _   2(2.25X0.29) _ n K7 Kl 1795 °*67 

_ 4(0.19)       - n 3Q 
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** • • • 
* * «ft ft 
***** 

iNLKli* 

« ft •*• 
bAH PKuHtHlY NUMbtK 
ÜLSLHlPliÜN- Kb*K NU. 

***** 

***** 

1 YHt      UUM              B                         tl                       dl 
htci  u.uu    <4.uuüoo      ^.^buuu      u.uuuuu      u 
HE.CT-l.OU     3.«2uu0        *,UOUU0        U.UUUUO        U 

HI                              X                              *                          *l-F 

.UUUUU          U.UUUUO          0,UOUU0          U.UUUÜU 

.OÜUUU         U.UUUUO      '    .19UUU        u.uuuuu 

***** 
ftft ft* ft 
ftft* ftft 
ft ftft ftft 
***** 

UUIPUl 
NU,            AHEA                   *l                       >L                       1* 

1      9.UU000        0.UÜUUU         l.llbUU         A.79bt)b 
Z   -7.o«bao       u.OuUUU        i.lluuu     -<>.*J9iu2 

IT                           1>Y                           A 
H.UOuuu       u.uuuuu     lb.lb/bu 
-o.bbbVb        u.UuuuU      -9.9bbo/ 

ft * ft ft* 
ft« ft* • 
***** 
***** 
***** 
* ft * ftft 
ft ft ftft * - 
ft ftft ft ft 
***** 
***** 
***** 
***** 
•*ftftft »ft*** 
***** ***** 
***w ***** 
***** ^ ^ ____il^-;i-J.-.;..r-**-.-,*«»ft***ft*««»*****»* ***********  "" »ft*ft**ft*.ft****.««ft******************************************** 

lUlAL AhtA = ,l"#bt*Ul 
* LLhlKUlU UlblANLts U. 
Y LLMlKUlÜ UlSUNtt» ,/öiLfUU 
IX IAÖUU1 CLM«UlU) = .10U401 
1Y lAttUUl LtNlkUlU)= ,blit*Ul 
AXY  lAouUl LtM*UlU) = U. 
1HAXS .blit*Ul 
1M1N= .lUlt»01 
ALHriA = -,lbUt*Ui 
IUHS1U«*L CUNSTAM# * =    ,3<!<!t»Ul 
IX (AoUUl l«HUT Axlb)=    .*dlt«Ul t= U, 
1Y IADUUI INHUI AXlb)=    .SJifc*Ul * = U. 
1XY  lAbUUl  lN^Ul  AX1S)=  U. 

TUkSlUHAL LuNSTAM bAbtU 0* SUM 
hUT WtLLSSAKlLt ALLUKATt 

* • • • * 
* * • • * 

***** 
** •• * 
• ** •• 

* •« « * 
• • • * * 

* ** * • 
*•• • • 
• •** • 

**«•ft ***** 
***** ***** 
•**«• ••••• 
***** *•••* 
***** •••*• 
• * « *• *»••• 
***** *•••• 
• ** ft* **■•* 

***** ***** 

i • • *• 

» * • • • 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 36 

38 

39 

41 

DESCRIPTION:  Upper console support channel 5 

4 x 2.25, 0.19 web, 0.29 flange, A16061-T6 

r v\ 
2.25" 

Local 
x(> *-z 

////// V / / / / / / 
4.0" 

Global 

B-ll 



Aerospace Structures 

Information and Analysis Center 

PROPERTY NUMBER: 1 (continued) 

CALCULATIONS: 

See INERTIA program output on following page, 

STRESS RECOVERY POINTS 

Point y 

1.467 

z 

C 2.0 

D 1.467 -2.0 

E -0.783 2. 0 

F -0.783 -2.0 

CBAR Element No.   Z1A 

36,41 

38 

39 

Z1A Z2A Z3A Z1B Z2B Z3B 

0.0 0.783 0.0 0.0 0.783 0.0 

0.0 0.783 0.0 0.0 0. 0 0.0 

0. 0 0.0 0. 0 0.0 0.783 0.0 

SHEAR FACTORS 

v     _ 2(2.25)(0.29) _ n ,fi 
Kl 1795 °'68 

_ 4(0.19)       _ 
K2 "  1.95 " °-39 
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IMM1A 

»•••> bAK   HKUftHlY    hjwot« 
..... ULSlHltMlUM-   ret*   r«U. 

* *• ** 
1NPU1 

1 YFL       VO*                »                              M                           dl                           HJ                               X                              T                           ALF 
HLC1     U.UU       M.ÜLWÜÜ          d9d\>VVV           U.UOUÜÜ          D.ÜUUUÜ          U.UUÜÜÜ          U.l'UUUQ          U.ÜUÜLü • • • • » 

***** HLC1-1.0U     J,«£uuO        ^»UbOUU        u.uuuuU        ü.üuuUü        ü.uuüüü          .l**üuu        ü.üüuut 

***** 
«* ** ft UUlPUl 
***** NU.             ANEA                     XL                         >L                         IX                   H                         IM                         * 

***** 1     9.UÜÜ00       c.üüüÜU        l.llbUU       3.79t>ub     l^.OUuuu       u.üuüuu     lb.lto/bu 
£   -7   U<Jb?0        v.OuüUÜ        l.«!<?üüu     -*?.**VJu2     -ö.bDDSb        u.Oouuü     -S.9oSt>7 

***** 

***** 
***** 
***** 
***** 
***** - 

***** 
* * *** 
***** 
***** 

* * « ***** 
************************************************************************************** !***•*« 

IU1AL    »Kt»= . J«it«Ul 

. . . . . *   LtKlHUlÜ   Dlbl»NLl= u. 
Y   LLNlkUlU   U1S1AM.I* .lOiHUi) 

« *. .* IX    (ABUU1    CLMxUlÜ)- .lOlttü] 

1Y    lAÖUUl    tthl«UIU)= ,bliL*Ul 

1X1    lAuUUl    LtMkUlD) = V. 

* . . .» 1*AXI ,bl Jk«Ul 

JHlN- .lUlt^Ol 

..... AtPHAl -.löuttuJ 

..... lüKblUMAL   CUNblAM.    »s .•>^^l^vl 

..... JX    (AOOUI    lwHUl    AXIS)= ,<!<rit«oi 

1Y    lAnUUl    lNfUl    AXjbJ= ,5lit«Ul 

JXT    lAbUUl    lNfUl    A»1S)= u. 

..... 
lÜKSlUWAl.    LUNSIAM    bAbLU   UN   SUM 

..... I.U1    WLLtSSAHjLt ALLUKAlt 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... - 

..... 

x =   b. 

»• * * * 
• * • • • 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 42 

44 

45 

47 

DESCRIPTION:   Lower console support, channel 5 

4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T6 

4.0" 

////// A //// /  /71 

':. 

*-* <)X 

Local 
2.25" 

\A 1 

Global 

->-X 
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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 

CBAR Element No. 

42 

44 

45 

47 

OFFSET 

Z1A Z2A Z3A Z1B Z2B Z3B 

0.0 0.0 Q.O 0.0 0. 0 -0.783 

0.0 -0.783 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 -0.783 0.0 

0.0 -0.783 0.0 0.0 0.0 0.0 

SHEAR FACTORS 

2(2.25)(0.29)   _   n   K7 Ki = inns °-67 

K
2   '   "T795 _   U*da 
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* * • • * 
• * • * * 1MHIJ» 

* ••* • 
* • • •* 

***** 
ÜLSLHlHllÜN-   f***   NU.    1 

• * * * * 

* • * • * 
lNPUl 
iTPt       UU*                **                              H                           Öl                           HI                               * 
kLCl    Ü.UU      «I.UUÜUÜ         ^.«Jbuuu          U.UUUÜU          C.ÜUUUÜ         Ü.UUÜÜC          u 
«LCl-lIuu     a,«2uu0       ^,ut>uuv       u.uuuüu       u.uuuüu       u.uuüüü 

1                     MLF 

. uuuuO        u.uuuüu 

.fuuu       u.uuuüu 

***** 
***** 
***** 
***** 

UUIHUI 
HU.            *HEA                   *<-                       *L                       lÄ                 U                       1M 

1      9.ÜÜÜÜ0         Ü.UuÜuu         1.1 <?buU         i.79D(jb      l*.uuVUU         u.Uuuuu 
£   -7lü«b£0        Ü.OUUÜÜ        1 .<!«>uüu     -<?.*4V1«2     -e.öt>t>Vt>        V.üüüUü 

n 
lb.lb/So 

* * * * * 
***** 
***** 
***** 
***** * * * * • 
***** 
***** 

*** ** 
***** 

***** 
***** ***** 
*********************************************************************************************** 

• • *• • 
• * * •• 
• *•*• 

IU1AL    *KLA= .|VSfc*Ul 
X   LthlKUlU   ülblANtt= W. 
T    LLMKU.O   UlSIANLt* .JOit^UO 
IX    IABUU1    CLMHU1Ü)= .lUlMUl 
IT    lAOUUl    ttNlKUlU)* .MaL + Ul 
IXT    lAöUÜ?    LtMHUlU> = «. 
,„Axs .*1M«UI 
1«1N= .iUlL*01 
ALPHAS -.ibuttui 
TUKblUrtAL   CUNS1AN1,   n= .bi><?L«Ul 

p.--.          IX    IAOUU1    iNPUl    AXlS>)= .ü*lt«Ul                               t=   V, 
*****          IT    (ADUUl    l*H»Ul    *Xlb)= ,3lifc*ül                               * =   ü. 

IXT     lAbUUl     iNPUl     AX1S)= U. 

***** 
• * ••• 

***** 

***** 
***** 
• •• •* 
***** 
***** 
***** 
***** 

***** 
***** 
***** 
***** 

***** 
***** 

lÜKSlUNAi LUKS1A.M BAbtU 0* SUM 
i«Ul ULLtSSAhlLT ALLUKAU 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 49 

50 

51 

DESCRIPTION:  Lower back frame channel 3 

4 x 2.25, 0.19 web, 0.29 flange, Al 6061-T6 

V\ 
2.25" 

d _LFLZ. 

y 
,, 

Local 

x  Ö) >-z 

/ /// / /V / ///// 

i Global 

Z_  

t.0" 
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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 

Z1A Z2A Z3A Z1B Z2B Z3B 

49 Q.O 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 

K, 
2(2.25)(0.29) 

1. 95 0.67 

K, 4(0.19) 
1.95 = 0.39 
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..... IMtkll» 
***** 
• • * . • 

bAK HKUftHl» NUMbtK 
ULSLKlPllun- VOkk   NU. 

* * .•* lMPUi 
***** UHL      HUH               B                           M                        Öl                         Ml                            X                            »                         «t-F 

ktCl    O.UU      M.OUOUÜ         d.tflOVV         U.UUUUU          U.UUUUU          U.UUUOO         o,uuuuO         U.UUUUU 
«ECT-1.00      J.U^UUO         «i.UbUUU         U.UUUUU          U.OUUUU          O.UUUUU             .l^UVU         O.UUUUU 

***** 
***** UUIPUI 

MU.             »HE*                     Xt                        tt                         IX                   1Y                         IX»                        A 
***** 1 9.UU000       U.UUUOU        l.liJbuu       S.lloob     l^.OOvou        u.uuuuu     lb.lb/bu 

2 -7.0«b£0        U.OUUUU        l.cVuuu     -i.'ttlaZ      -e.BbbVb        u.OuuuU     -4.9o5bf 

» . . * • 

***** 
***** 

***** 
***** 
***** 
***** 
***** 
***** 
***** - -- ft *• •* ***** 
*****»************»*»***•****»******•**«***•******•*****************************•***•*******"* 

• » * * » 
***** lulH    AHtAz „IVbt+Ul 
***** *   LtNlKUlU   DlblANLt= U. 
***** >    LLMNUlU   ÜlSUNLt= ./OiL*ÜÜ 
***** IX    IABUU!    CLMKUII>)= .1UU + Ü1 
***** IT   lAuuul   Ct*THUlD)= „blAL*tM 
***** IX?    (ADUÜl    LtM»<UlU) = U, 
***** J*AA = .^lit+Ul 
***** 1M1NS „lUlt+Ol 

***** ALPHAS -.löULtUl 
***** IüKSIUHAL CUNSIAM» * = „b<i<!t»Ul 
***** lx IADUUI INHUI AxlSJs „UlttOl           t= «. 
••••• it IADUUI XNPUI Axlb)= ,5lifc*ül          A* U. 
•*••• 1X1    (AbUUl     IfcHUl     AX1S)= U, 

* • • • * 
***** 

***** 
***** 

TUKSIUHAL   LUNS1AM   b*bti;  UN  SUM 
UU1   utLtSSAhlur   ACLUt<A!t 

i • •* * 

• * * * * 
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PROPERTY NUMBER:   1 

ELEMENT NUMBERS: 53 

54 

55 

DESCRIPTION:    Upper  back  frame  channel   3 

4  x   2.25,   .19  web,   .29  flange,   Al   6061-T6 

t.O" 

*'-<r- 

Cl—A 

////// ////// 

z-1—»—o x 
Local I 

Global 

2.2 5" 

/|n    __ 
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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 

Z1A     Z2A    Z3A    Z1B    Z2B    Z3B 

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 

v 2(2.25)(0.29) _ n R7 
Kl =  1795  " °-67 

K  - ^O-19)       - n 39 K2 " "T795 " U*da 
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• • * * • 
***** 1NLM1* 
• •* • • 
• a ft • ft 

• ft ft ft ft 

ft ft ft«* 
*****    bAK HKUMtKlY NUMbtK 
••ft**   ULSlHlPllUN- PbAk NU. 1 
*** • • 

   INPUT , . 
*****    lTPt  UU"      B M dl Hl X * **-* 
*****    HtCl  Ü,UU  tt.ÜÜÜUÜ    i.ifbUUU    U.ÜUWÜÜ    U.ÜÜÜÜÜ    U.UVUOÜ    0,OÜUUO    U.UUÜÜU 
***** *tCT-LOU  S.«2uu0  <?.ubuül>  u.ouuuu  u.ouuuu  U.üUUOU   .IVuvu  O.üüUüü 

***** 
***** UUtPUl 
***** NU.     ANEA        Xt *L 1*       *T *** * 
•*«•• i 9.ÜUÜÜO u.uüüüü l.ldbuo i.7SDöb l^.üöuüu u.uuuuu lb.lb/bu 
***** 2 -7,ÜMb£0 ü.OuüüU l.<!£uuu -<!,**91«2 -ö.öbbVb u.UOuuU -9,9bSo7 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 

***** 
•«•»ft*******************«*»********»****************»*************************'**********"***** 

* * • • * 
* a it •« 

ft « aaa 

* * • a • 

* * a * * 

lUtAL    A*tA = .lWbt*Ul 
X    LtwlHUlU   t)151*NLt= U. 
Y    ttNlKUlU   UlSMNtt* .7ö3L*üO 
IX    lAbUU!    CLN1KU1Ü)= ,1üU*Ü. 

it    lAöUül    LtNT*UlU)= ,bl5LtUl 
1XT    (A»UUI    LtMKUlU) = U. 
IhAxs ,«>lit«Ul 

ALP«A= -.lauttui 
TOKMUWAL   CUNblANW   * = ,b<i«!t*Ul 
I»  lAbuul   IHPUT  AäIS)= .*<;it*ui                    *= u, 
It   (Aouu!   INPUT   Axlb)= ,5lifc*ui                       x =  o. 
1XT     lAbUU»     INPUT     AX1S)= 0. 

TUWSIUNAL   CUNS1ANT    BAbtU   UN   SUM 
hUT   UtLtSSAKlLt   ALLUWAJt 

* • • • 
a * • « 

***** 
***** 
***** 
• *• •• 

i a • a ft 
■ * «a* 

* a a a a 
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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 

1.0" 

V, 

-A 

f ft it i 

z ^ O X 

Local 

, y' 

////// n 

A 

T     , 
Global 

-*- Z 

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 1.467 -2.0 

E -0.783 2.0 

F -0.783 -2.0 

OFFSET 

CBAR Element No.   Z1A    Z2A    Z3A    Z1B    Z2B  '  Z3B 

56 

57 

0.0 0.930 0.0 -5.0 -0.40 -0.82 

0.0 0. 930 0.0 -5. 0 -0.40 0.82 

SHEAR FACTORS 

_ 2(2.25)(0.29) = 0 6? 
Kl " 1.95 

K  = 1(0-I9j      = 0.39 
*2 1.95 
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I Nth II» 

• * • •• 
bAK   pHUPtHlT   NUMbfcH 

• •• •• ULSLHlPlIUN-   PBA*   hu.   I * • • • • 
***** * • • * • 

***** 
lhPUl 

• • • • • 

***** 1YPL     UUM            ti                       M                     dl                     Ml                        X                       t                     «IF 
htCl   u.uu    u.ouoov       ^.«Jbuuu       o.üüuüü       o.ouuuu       u.uuuüO       o.uuuuü       u.ouuuu 

* • • • * 

• •• *• KE.CT-1.0U    3><i2uu0       ^.übüüU       ü.üUüUü       u.uuuuu       U.üUüüü         .IVüUU       O.üUüüU 
***** 

UUIPUI * ■ • • * 

***** NU.             AKEA                     XC                        tl                         ]X                   IT                         IXT                        * 
X      9.UÜÜÜ0        ü,U0UUÜ        l.llbUO        i.79oöb      l^.UOOUU        ü.uuUuo      Ib.lb/bu * * • • • 

***** £   -7.U«b20        Ü.OüÜüü         l.HüUU      -<f ,*49J«2      -o.bt>o9t>         u.uvuuU      -9.9o5o/ 
ft ft * ft • 
***** 

***** 
* * * ft * 

***** 
* *« ft * 

***** 
***** 
***** 

**•«* ft ft ft ft ■ 

*********************************************************************************************** 

***** luML   A«tA= .I9bk + Ul 
*.*•* x tthlKUlU ÜlSlANLt= 0. 
***** T LtNlKUlU UlSlAhLt=        .7ö3ttUO 
• *•*• ix (AbUU! CLNI*U1L>) =       .1UU*U1 
***** |T lAbUUl CtNTKUlU)=       .bliLtVt 
***** 1XT    lAtJUUl    LtM*<UlU) = U. 
**■** l*Ax = .blit: +01 
«•>•• 1M1N= .lUlLtUl 
•«*•* ALP«A= -.lttULtUi 
***** TUKS1UHAL CUNSIAM* K=     .bddtlUl 
***** IX lAoUUt iNPUl AX1S)=     .<f<Mt«Ul Y= U, 
***** IT (ADUUI INPUT AXJS»J =   «siit+oi        * = u. 
••••* 1XT (AbUUl  INPUT  AX1S)= 0, 

ft ft ft ft * 
ft ft ft • ft 

***** 
ft *• * • 

• ft * * * 
ft ft * * * 
ft ft ft ft* 

TUkSlUUAL CUNSTAM bAbLU 0* SUM 
UUT UtttSSAhlLT ACLUKA?L 

« » a • « 

■ • * * • 
• • ft • • 

- ***** 

« • • ft * 
• • •• • 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 4 

6 

7 

8 

9 

10 

11 

12 

DESCRIPTION:  Vertical channel 2 at the front 

"   5 x 2.75, 0.19 web, 0.32 flange, Al 6061-T6 

V\ 
2.75" 

y 
-i y' 

Local 

-*-X 

Global 

JL \A ///////: ////// rr 
5.0". 

'A 
A 

-»- x' 
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PROPERTY NUMBER:   2(continued) 

CALCULATIONS: 

See INERTIA program output on following page, 

STRESS RECOVERY POINTS 

Point y 

1.785 

z 

C 2.5 

D 1.785 -2.5 

E -0.965 2.5 

F -0.965 -2.5 

OFFSET 

SHEAR FACTORS 

v          2(2.75)(0.32)   _   n   RR 
Kl   =    T759^ °-68 

_   5(0.19) -   0   37 
K2  " ~T75~9 ~  u,d/ 

CBAR Element No. Z1A Z2A Z3A Z1B Z2B Z3B 

^ -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 
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* • • • • • * • » • 
1-tMi»                                          • • # • * 

• * • P  • 

• • » • • 

bAk PKUHtKlT NUMbLK                                                                           • •••• 
utscKipiiu*- ^öAH Nu. e                                                                                                          ••••• 

***** 
***** lhPUl                                                                                      **••• 
***** lYPt  l)UM     b         h        öl        HI         X         Y        ALF      ***** 

HtCT U.UO  b.UUOUO   2,/bUOO   O.UÜÜÜÜ   Ü.ÜU0ÜU   U.UOUUO   Ü.ÜÜUOü   U.ÜUÜÜÜ     ••■•• 
***** ktCT-l.ÜÜ  Q.ibOUO   «i.SbUOU   Ü.UOUÜU   Ü.üOUÜU   Ü.UUüUO     .1VUUU   Ü.ÜÜUÜÜ     *»••• • * • • * 
***** UUlPUT                                                                               *•••• 

NU.     AktA         XC           YL          IX        1Y           ]XY          n                  •«••• 
***** 1 U.7bUUO   Ü.UOÜÜü   l.i/^UU   b.boblb  2tt.b«Söi   u.uuUUU  3**.t»olut>           • •••• 
***** 2-ll.lblbO   O.OÜUÜU   1.4/OUU  -b.UVb7d -l/.bblqo   U.OUOüO -2U.3ö<?Ö«rf            ••••• 
***** • * * * * 
• • * • « 
***** * * * • * 
***** 
***** ***** 
***** 
***** ***** 
***** 
***** 
***** * * * * * 

***** 
***** «* • ■ • 

***** 
***** ***** 
***** 
***** ***** 
*********,*******************************************«**************************"******m******** 

..... |UI»L Aht»= ,iiVt<Ul ..«•• 
*•••• X LLNlhülU DI!>1AM.t =     U. ••••• 
..... t LLUIKUIU Ul5lAM_t =       .*t>it«Ul( ..... 
..... Jx (AoUUl LtNIKUlL)=       .^UJtttfl ..... 
..... j>   (Anuul   Lti<lKUlu)= . lluLtucf ..... 
•••«. Ixt lAuUUl LLNlKUIUJ=     U. ..... 
..... JKAxs ,11UL«U<? • •••• 
..... iKjns .lujttul   
..... »LKhA: -.lOULtui ..... 
• •••« lUKSlUuAL CUHSIAMr * =     ,H)it*\it ..... 
..... ix l»OUUT INhUI AXIS)=     .«Ubt«Ul J = 0. ..... 
«..»« l» (»Buul INPUT AX]S)=   .liuttoi:       x= u.   
..... l»t (AoUUl lNHUl »X1S)=  U. ..... 
..... ..... 
..... lUHblUn»L CUNS1AM BAStÜ UN 5)UH ..... 
»«»•• HUI NtCtSSAKiLT ACCUKAIt ..... 
..... •.... 
..... ..... 
..... ..... 

..... ..... 

..... ..... 

..... ..... 

..... ..... 

..... ..... 

..... ..... 

..... 

..... 

..... 

..... 

..... 

..... 
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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 

v\ 
2.7 5" 

J_ 

y 
y'  * 

x o 

>/////// A /////// / 

Local 

A 

ilobal 

-*-x' 

5.0" 
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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    Z3A     Z1B    Z2B    Z3B 

16,17,18,19,20    -2.50    0.59    0.0    -2.50    0.59     0.0 

SHEAR FACTORS 

2(2.75X0.32) _ n Ko Kl =  2759 °-68 

_ 5(0.19)       = 0 37 K2 "   2.59 U'6J 
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..... J.»tMU 
• . . . « 

.....   b*k PKUHtkll NUMbLK 

.....   UtSCHiHI lUfc- PBAK NU. «r 

• «* •• 
. . . • . lhHUl 
• ** •• l»Pt       UUM                b                            h                         Bl                         HJ                            X »                        *LF 

NtCl    U.UU      b.UUUUO          2.7bUUU          U.UUUUU          U.UUUUU         U.UUUUU          V .UUUUU         U.UUUUU 
* *. .* htll-l.UO      «.ibüUÜ          t.boVVV          U.UUUUU          U.UUUUU         U.UUUUU .1VUUU         U.UUUUU * * . . « 

..... UUlPUl 

... . » NU.             »kl*                      XC                          1L                         1»                   1Y                         ]XI n 

. * * *« 1    li.7iUUO          U.UUUUU          l.i/bUU          b.oobjt      2B.b«bBi         U.UUUUU 5«.bo]ut> * * * . « 
***** £-ll.lt>l«>0          U.UUUUU          l.X'UUU      -6.UVS7«!   -1 7. t>t>] I4t>         U.UUUUU -au.iot-ov 
***** 

* ** * * 
***** 
***** 
***** 
***** 

***** 
***** 

***** ***** 
***** *••*« 
*«************»***»***********************************«***»********************.***»**,**,«,».. 

• •••* luTAL A*tA = .<ft>VL«U] 
*•••* x LLNlHUlU DlblAKU = t. 
•••*• T ILUlhulD UlblANLt" .^bbLtUO 
***** jJL (Aouul tthlKUlL'JS »CU^t+Ul 
• *••* Jl lAoUUl ttulKUlU)= .11UL*0<! 
***** J*t CAuuUl tLulhUlDJs U. 
***** JKAXS ,l)Ut«U£ 
***** 1"IN= ,^Uit4Ul 
***** AirnA= -*leUL*ui 
**••• lUHblUHAL   tUNSUKT,    K = ,]O.St4b^ 
***** IX   (AOUU1    INPUT    *X1SJ= .««bt*Ul                               t=   0, 
*•••* li    (AtlUUl    iNPUl    AxjS)= JllltlUi!                              X=   0. 
***** IXT    (ADUU1    1NKU1    Axlb)= V. 

• * * * a 

• • * * * 
***** 
• * • • • 
***** 
• • • * * 
***** 
• * * * * 

***** 
***** 

***** 
***** 
***** 
***** 
• •«ft* 
*** •* 
***** 

lUKblUnAL   CUNSlAhl    tJAStU   UN   SUM 
KUl    NtttSSAKlLT    ACLUKAU 

** »•« 
* • # • ■ 

*• ••• 
• * * * * 
• • • • • 
***** 
* * * * * 
***** 
* * • #» 
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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 

7] 

2.7 5" 

JL 

y 
A y' 

Local 

z -<  

7 /////// A /////// / 

' V 

A 
5.0" 

Z 

Global 

X-<- 

-S-X- 
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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 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 

v     _   2(2.75)(0 
Al "      2.59 

.32) 
0.68 

_ 5(0.19) n. 37 
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l*tMl» 

UAk PkUHtklY NUMCtM 
UtSCklHIIUN- fb»H NU. t 

..... lNPUl 

..... IrHt  UUM      B           H         01          HJ           X f         »LF 

..... KtCl U.00 b.UUOOO 2,/bUOO O.UUUUU V.UUUUU U.UUUUU U.UUUOU U.UUUUU 
• •••• ktl.7-l.UU l.ieUUO if.bbUUU U.UUUUU U.UOUUU U.UUUUU .IVUUU U.UUUUO 

» * . • a 

* * • « • . .... UUlHUT 
••••a l,U.     AktA        XC          It          IX       1Y          IXT         R                 **•* 
***** i u.7t>uuO   U.UUUUU   l.Jfbuu   «i.oobjb  2B.buboi   u.uuuuu  Ju.bolau          **•• 
..... 2-ll.lblbO   O.UUUUU   1.4/UUU  -b.UVb?i! -l/.bOluo   u.uuuuu -aa.iö£,B'»           •••• 
« •« • • .. • • 

» ** * « »... 
***** •. •. 
***** •*** 
***** *•»• 

***** •••• 
***** •»•« 
***** . •. ■ 

***** • * »i 

***** * . • < 
***** 
***** 
***** ***** 
***** •••»* 
A.************«***********»*********.************.**..****...»...».***.«*..*.****.*«.*.**.*.*** 

• * * *• 
* * * *« 

• •••• 1UI*L    AkLAr .ilbVttll]                                                                                                                                                                
• •••• »   Lf«lKUlD   OIilANLt= U.                                                                                                                                                                       
»••*• Y   LtlilhUlU   UlblAM-t = .^Obt-tUU ..... 
>.*•» i» (Anuul Lthlkull/)= ,<:u4t«ul ..... 
*•••• 1» lAnuUt Lti<IHUll)) = .11UL«U<! ..... 
..... ill    IAUUU1 CLNlkUll)J = U. ..... 
..... JKAli ,HUL*U<! ..... 
«•*•• »Pins .«fuit + ut .»... 
••••• AL^n»= -.IBULtui ..... 
• •••• lükblUnAL tUNSlAM, «,= . lUitttt! ..... 
..... 1» (AQUUT INHUJ AXIS)= .UUbt-tUl            T= U. ..*•• 
• •••< ll lAoUUl lN^Ul »XlS)= .IIULtUt!            X= U.                                         
••••» I»t lAouUI lNt-Ut AXlS)= U. ..... 
***** ***** 
***** IUKSIUHAL CUNS1AM ÖAStO 1)1« iUM ..... 
«»•••            HUI NtCtSSAKlLY ACLUHAU ..... 

***** 
***** 

i * * « • 

i . . * • 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 30 

31 

32 

62 

63 

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

V, 
5.0" 

,////// /ZL ////// nr 
i y 

Global 

-Ox 

Local 
2.75" 

\Ai 
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PROPERTY  NUMBER:     2   (continued) 

CALCULATIONS: 

See   INERTIA program  output   on  following  page, 

STRESS RECOVERY POINTS 

Point y 

1.785 

z 

C 2.5 

D 1.785 -2.5 

E -0.965 2.5 

E -0.965 -2.5 

OEESET 

CBAR Element No.   Z1A    Z2A    Z3A     Z1B    Z2B    Z3B 

30,31,32,62,63   -2.50   -0.59     0.0   -2.50    -0.59   0.0 

SHEAR EACTORS 

2(2.75)(0.32) _ n KR Kl 2759  °'68 

_ 5(0.19)       _ 0 37 K2 "  2.59 " U'6J 
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l«tMl* 

ft ft ft ft * 
«ft ft • * 
ft ft • • • UtSCklPl1UN- 

NUMbtK 
PbAp  hU.   ^ 

ft • ft ft« 

ft ft« ft * 
ft * ft ft * 

* * « ft« 

ItPt      ÜÜM 
KtCI    Ü.ÜU      b 
ktU-l.UU      * 

b                            H                        01                         HI 
.OÜÜÜ0          2, /SUOU          U.UUUUU         U.UUUUU         u 
. ibUÜU          «f.^bUUU          U.UUUUU         U.UUUUU         U 

X                            T                         ALF 
UOUUÜ           U.UUUUU           U.UUUUU 
VVitVU              .IVUUU          U.UUUUU * • ft • • 

ft ft ft ft * 

ft ft ft ft ft 

ft ft ft ft* 

UUlPUl 
MJ.             Akt* 

X   l*.7t>uuQ 
2-ll.lblbO 

Xt                         Tt                         IX                   It 
U.UUUUU         l.i/buu        to.ooSJfc     2e.b«boi 
O.UUUUU          1.47UUU      -D.UVS?^   -W.bblMb 

]XT                        i\ 
U.UUUUU       3<J.bolUb 
u.uuuuu -pii.iöt'bs 

ft ft ft ft ft ft » «ft ft 
«ft« ft« 
ft « ft ft ft 
• ft ft ft * 
* ft* ft * 
***** 
* * ft * * 
ft ft •«* 
ft ft* * « 

* ft * *« 
*« * «ft 
ft ft * «ft 
ft * * * * 

ft ft ft * ft 
♦ft*********************************************************************************** 

• •ft** lum  »KA= .*bvt««i 
•••ft« A   LL^lHUlÜ   0IS1AMI* U. 
•••«« Y   ItUlhulU   0H>1AM,t = ,Vb3t*UU •.. 
»«ft«* i*    {ADUUl    LLW|KUlU)= ,*Uit*Ul ••« 
• ft««« X* lAhUUl LLulHUlü)= .llUt*U* ... 
«•*•• 1 AT     lAüUÜl    LtWlHUlD)« U. •*. 
• •••• lKA»r .Ul>L«U* ft.« 
• *•** lKjU= .«fUit + Ul .*< 
•••*• ALfnA= -.»bUL^Ui ... 
ft***« lUKblU^AL   tUNSlAhl,    K = .lUit + ü<? ,., 
• ***• IX    (AtJUUl    1NHUI    AX1SJ= .««3t«Ul t=    U.                                                                                                            •.. 

li  (Abüu)  INPUT  AX1S)= ,nut«u<? x= u.                                                                  ••. *«• ** 
*» • •* 

« •« •• 
***** 
***** 

***** 
* «a * * 
«• * •» 
«• * • • 
«• **• 
**• *• 
• •« ** 

1XT    (ADUUl     iNt'Ul    AX1Ö)=       Ü. *..*. 
• • • i 

)UKblU'«*L   CUhSlAM   BAaLU   UU   SUM .», 
HUI    NLCtSSAKUl    ALLUKAU • «. 

**••• _ _._._.   _._ * • •« 
k ft* «• ft * • ft i 
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PROPERTY NUMBER:  3 

ELEMENT NUMBERS: 58 

59 

60 

61 

DESCRIPTION:      Structural  zee member 

~~        4x3   1/16,   1/4,   Al   6061-T6 

M. 0" 

3   1/16" H 
/////// /TT 

/ 

Local 

/ 

/ 

/ 

y' 

Y 
1 

Global 
4z 

////////g zzr 
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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 

CBAR Element No. 

58 

59 

60 

61 

OFFSET 

Z1A Z2A Z3A Z1B Z2B Z3B 

0. 0 -4.0 0.0 1.53 2. 0 0.0 

1.53 2. 0 0.0 0.0 0.0 0. 0 

0.0 0. 0 0.0 1.53 2. 0 0.0 

1.53 2.0 0.0 0. 0 -4.0 0.0 

SHEAR FACTORS 

v            2(3.063)(0.25) _ n Kq[- 
Kl =   57*1 °-635 

_ 4(0.25) _ 0 415 
K2 "  2.41 U-4±b 
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».• •• 
»* . « • 

IMMi< 

bin   HKOHLKIY   HUMbt* 
Ltbl>lrl 1UN-   PB»K   NU.    i 

•»• • • 
« * • • * lhPUl 
***** ItPt       UUM                 b                             H                          D) Ml *                                  »                              At-f *» * •» 
***** htLl    lf.UO       b.t»7bOU          «J.UUUÜU          Ü.ÜUÜÜÜ          U .uuuuu       u UUUUU          O.UUOuU          U.UUUUU 

KtCl-l.oo     i.7buuu       <!.Bl?bU       U.UUÜUU       u »ÜUÜÜU          «f Vj/bO       i.llbvu     Vo.uuuuu 
* »» * * KtC.-l.U0     5.7bUUU        «i.el«?bU        ü.Utüüü        It .UÜÜUU . Ic'bUU        l.e7bi>u     vc.uuuou 
***** 
** * * * UUlFUl 

NU.              *KtA                        XL                           Yt                           1* It 1*1                           h 
• * * * * i  ^i•Suooü      o.uüüuü      ^.uuoou    M.iüii b7,b<J3lu Ü.UUOUÜ   lib.33*34 
***** 2-lU.b«böB         l.bi^b        c?.l<?bUl   -l*.ibVto2 -b.Vb*<!9 .uuuub  -27.huvj« 
***** i-10.b«tob8     -l.bilrfb        l.tWbUl   -l<?.3bSt>2 -b.Vb*** .uuoub -«;7.eüvi*j 
***** »*»• • 

***** 
***** 
***** 
***** • * • • • 
***** ^ * * * a • 
***** * • • • * 
***** 

* * * * * 
***** 
***** * ... * 
***** 

..... IUI»L    Akt** ,l!<UHUl 

..... X   ILNlHUlU   UlSlANLt= -."tll-Vl 

...«* »   LtUIKUlU   UlSIAM.l = .*Out«Uj 

.»••< ]«    (ABUUI    ttWlKUlD): .O^OHUI 

..... ]T    (AnUUl    lll«JKUlll)e .«^il*Ul 

..... J»Y    (ABUIM    LtMHUlUJ= -.«U<ll«l>l 

..... 1KA»= ,V«<!t«0) 

..... JMJN= .10Vt«t,l 

..... ALHMA: .Sltnue 

..... lUWblUUAL   LUNblANI,    0.- .bl/HUt 

..... 1*    lAuuUl    IMPUl    AX]S)= ,lbVL«U«r T=   U. 

..... IT     IAÖUU1     iNHUl    Axlb)- .HtSLlVl X =    u. 

..... 1XT lAOUUl l'*»*«Jl AXlb)= -,MU«L«l;l 

* . * * « 
. . . . ■ 

..... 

..... 

..... 

..... 

. .... 

..... 

. . . «• 

..... 

. .... 

..... 

..... 

IUWSIUHAL CU'vSlAwl BAblU UN SUM 
NUl NtLLbSAKiLT ALLuKAU 
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PROPERTY NUMBER:        4 

ELEMENT  NUMBERS:        37 

40 

DESCRIPTION: Upper console support channel 5 at isolator attachment 

0.19 web, 0.29 flange, Al 6061-T6 

h 

2.25" 

/ 

/ 
ZIZD 

K 

1.0" 

Local 

x  (1 S- 

H 

J vrr/ 
2.25" 

Global 
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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 -0.97 5 2.0 

F -0. 975 -2.0 

OFFSET 

CBAR Element No.   Z1A     Z2A     Z3A   . Z1B     Z2B     Z3B 

37,40 0.0    0.783     0.0     0.0    0.783    0.0 

SHEAR FACTORS 

K = 2(2.25)(0.29) = 0.853 
1       1.53 

_ 1.75(0.19)    _ 0 217 
K2 "  T753       " UmZ1J 
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• • * * * 
• • • • * ]'«tHI> 

• • • « * 
• • » * * 

***** 
* • • • ■ 
• • • • * 

hAK   PKUHtMf 
IvtSLKlFllUK- Pt>Ah    NU»    4 

• * » • * 

***** 

1YPL       UU« 
KLU    U.OU      « 
KLCW*«0      i 
ktLl-l.UU      * 

b                             F1                           ßl                            MJ                               X                               V                           AL* 
, OUUUU          2f «fbOÜÜ          Ü,UUUUV          O.UuOUU           O.Ui'Uti*          if« OUUUU          U.UUUUV 
. <l£U UU          ^vUt>UUU          U.UUUUU           \}»Vi)\it)(j           V*\)ljVVV              .J^UUU          U.UUUOu 
•IbUUU              - J9UUU          0 .UUUUil          U.UUUUU           U.UUUUU          U.UUUUU          U.UUI'UU 

ft * * » • 
» • * ft * 

***** 
***** 

***** 

UU1PUI 
uu.         *"*-* 

l    «j.uuooo 

3     -.«*7b0 

XL                       tL                       IX                 1*                       1*»                       A 
u.uuuou       1* l^buu       3.7Vooe     l2.uouuu       u.uuuuu     lb, IP/*>O 

U.UUUUU         l.^UUO      -/.«SI«?      -b.bobVo         u.uuuuu      -**,<*obt>/ 
O.UUUOU              .UVbUU          -.UU129          -.JbUib          U.UUUUU          -.UUbl« 

• » » • • 

***** 

***** 
***** 

***** » • • * * 

***** ft # • • « 
***** 
***** 
***** 

***** 
* » * • » 

***** 
***** 

***** 
***** 

***** 
***** 
***** 
***** 

• * * * * 
**• * » 

1U1*L   *«tA= „13.H4U1 
>   LLMKUlU   Dl&IAULt« U. 
T    LtMlHülü   UlblAM-t* .V/bL4UU 
1* (ADUUl LlM*UlU)* .7bit«UU 
11    (AOUU1 LthlhuJl;)s .«Vbt«Ul 
iXt  IAOUUI LINl»*UiÜ)= U. 

1KASS •"'<* *Ul 

ALPHA« -.IBUHUJ 
lUHbiU'-AL LüNblAM, *- .bllttUl 
IX  IAOUUI  11<HU1 AXIS)* .HUt«Ul               T= U. 
it  lAbUUl lN^Ul A*lb)= .«VbL*Ul             *= U. 
iXY lABUUl luPUl AXlb)=  u. 

lUKblUnAL LUhSUM HAoLU UN SU* 
NUl MLlaSAHlLT ALLUKAIt 

***** 
***** 
» ** * * 

***** 
• * * * • 
***** 
***** 
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PROPERTY NUMBER:   4 

ELEMENT NUMBERS:   43 

46 

DESCRIPTION:  Lower console support channel 5 at isolators 

0.19 web, 0.29 flange, Al 6061-T6 

h 2.2 5" 

/ 

\A 
h 

zzr 

-« $x 
Local 

y' 

«.0" 

czz 
/ 

/ 

', 
D 

H 

2.25" 

Global 
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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 

43, 46 0.0 -0.783 0.0 

Z1B    Z2B    Z3B 

0.0   -0..783    0.0 

SHEAR FACTORS 

v     -   2(2.25)(0.29) _ n   R(-, Kl 1753  " °-853 

v     _   1.75(0.19) _ n   917 
K2 1.53 " Ü-Z1/ 
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jiUMl« 

• • • * ft 
* • * » * 
• * * ft * 

***** 

• * * • * 

* » * ** 
HA«   HKUHkKlt   NU-Dth 
UtSLHlPUUN-   HO**   MJ,    « 

* » • a » 

• * * • • 

***** 

1NHUI 

KLLl    U.UU      ä.Ot^Ül)         Zit^OVU         U,M\)\)V          V,V\tltVV          Ü.ÜUUI/U          U.i'UUOi'         O.Vuuvv 
KLCl-lIvo     3.o2wUü       <;,ubuuu       i/.üuüuu       u.uuuuu       u.uuuuu         ,i**uuu       u.uuuuu 
hlLl-l!üÜ       *?.«?bwUU              .lVüüU          U.UWUÜÜ          U.UUUUU           U.UUVÜU          U.UUUUU          t.UÜt'uu 

* • * *« 

• * « * • 

***** 

***** 

UUlHUl 
Nü.             AKt*                     *<-                        *<■                         J*                   *Y                         **' 

1        V    UUOOO          U.UUUUU           l.l^UU          i.7So(JB       12.UUU0U          U.UUUUU        ]3«1A/*>U 
£>   -f"o«b?U        U.UUUUU         1.2«?UUU      -Y.MVI«?      -b.bbbVo         U.UUUUU      -»rf.Voat)/ 
3      -"«ii7b0        U.UUUUU            .UV^UU        -.UUl3«J        -.lbuib        U.UUUUU        -.uUbl* 

* * * * • 

***** 
• * * * ft • • • * • 

***** ***** 
***** 
***** ** • * « 
***** 
***** * * * * * 
• * • « • 
***** * * * * * 
***** 

• •*•• 1U1AL   AwtAs .)bM«ul 
***** >   LLNlhüJU   UlbUHLls U. 
***** i   LLUlHUlD   ülblA».tt= .V/bt«UU 
• •••• 1»    lAöUUl    tlUI*«üJU)= .7ÜL«UU 
***** 1t    IAOUU»   Lthl*Ul/) = .«Vbt«ul 
***** lRt     lAOUÜl     LtMl*Ull>) = U. 
....* 1K»« .«Vbt.«Ul 
*.... 1*]NB ./bitfUÜ 
***** ALHttA= -.lOUHUi 
***** lUKblUWAL   LUNblAUl,    ►.= .!>^t»Ul 
***** 1«    lAöUUl     INHÜl    AXlb)= ,*VUt*Ul                                  »=    U. 
***** It     lAbUUl     lN^Ul    A*lb)= .«VbL^Ul                                 *=    U. 
***** 1*1  (AbUÜl  JliPUl AXlbJ= U. 

lUKSlüwAL LUNbUM HAbLÜ UN SUM 
NUl NtLLbbAHlLt ALLUKAIt 

• •• ** 
• * * •* 
***** 
• * * * * 
***** 
***** 
• • • • • 
• • • • • 
***** 
• * * • • 
***** 
***** 
• •* •• 
***** 
• * •• • 
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PROPERTY NUMBER: 

ELEMENT NUMBERS: 70 

71 

74 

75 

DESCRIPTION: Gusset stiffeners for channel 5 connection 
at upper corners 

2.0" 

local 

x 

-H h H" 

Y 

Global 

Z-<  X 
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PROPERTY NUMBER:   5 (continued) 

CALCULATIONS: 

h   __   (0.375)(2.0)3 = 0>25 in4 

I2 = (2-0){2°-375)3 = 0.009 in4 

CBAR Element No.    Z1A     Z2A     Z3A     Z1B     Z2B     Z3B 

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

ELEMENT NUMBERS: 65 

66 

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

2.0' 

x 

Local 

■** y 

H K-19" 

Y 

Global 

Z-^  X 
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PROPERTY NUMBER:        6   (continued) 

CALCULATIONS: 

A = (2.0)(0.19)   =   0.38   in2 

T (2.0)(0.19)3   _   n   nnn    .4 
I-,  Yö        0.001  xn 

T - (0.19)(2.0)3   _   n   101   ■   ■+ 
±2 -  Yy   ~   0.127   in 

J = (0.19)3(2/3)   +   2.25(0.29)3(2/3)   =     11.041   in4 

CBAR Element No.     Z1A     Z3A     Z3A     Z1B     Z2B     Z3B 

65,66 0.0     0.0     0.0     0.0     0.0     0.0 
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DETAILED CALCULATIONS AND 

STRESS ANALYSIS 
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C.l 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 j-  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.l.l  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 CQUAD2 19 3 and 196 gives the loading imposed on 

the weld between channel 5 and channel 2. 

For CQUAD2 19 3, 

M = 0.89 +  5.1+5 +  6.75 = 13.09 in-lb/in. 

T = 1.26 +  1.31 +  1.77 =  4.34 in-lb/in. 

V = 2.43 + 26.9  + 18.02 = 47.35 lb/in. 

For CQUAD2 19 6, 

M = 0.63 + 3.03 +  2.69 =  6.35 in-lb/in. 

T = 0.17 + 5.36 +  li04 =  6.57 in-lb/in. 

V = 2.86 + 6.45 + 14.42= 23.73 lb/in. 

The force resultants for the two elements becomes, 
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M = 13.09 + 6.35 = 19.44 in-lb/in 

T = V/C4.34)2 + (6.57)2  = 7.87 in-lb/in, 

V = 47.35 + 23.73 = 71.08 lb/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" 

Typical 
Weld Section 

—*j .2 5"|<— 

The moment of inertia for the weld between channel 5 and 

channel 2 is 

I = (2.75H0.25)» = 0>0036 in4 
12 

The bending stress is calculated as 

„ - Mc -(19-44)(2.75)(0.125) _ 1RcR „_• CT " ~I ÖTÖÖ36 1856 PS1- 

The shear stress due to the twisting moment is calculated 

as 

T t ... 
T = —±-fr  ( 3 + 1. 8 j)      (from Mechanical Engineering 

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

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

T = (7.87)(2.75)o (3 + 1#8 0rL25) = 3g8 ^ 

(2.75X0.25)' 
2.75 
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The primary shear stress due to the shear force is 

calculated as 

T = T- where A = area at the weld throat 
A 

(71.08)(2.75)    _ 402 
(0.707X0.25X2.75) 

The total shear stress becomes 

T = 402 + 398 = '800 psi. 

Thus, the maximum weld stresses become 

a max 
__1856         ^ClSSS)2*   (80Q)2     =2153   ps± 

X max =      N/
(185

4
6)

    +   (800 )2     = 1225   psi. 

The margins of safety are 

MS = »^00 . , = 8 

MS = ii$| - 1 = 1U 

Next the weld stresses between channel 5 and the gusset 

plate are analyzed.  The NASTRAN forces in the element X 

coordinate of CQUAD2 19 6 depict the loads for this weld. 

M = 0.63 + 3.03 + 2.69 = 6.35 in-lb/in. 

T = 0.17 + 5.36 + 1.04 = 6".57 in-lb/in. 

V = 2.86 + 6.45 + 14.42 = 23.73 lb/in. 

The moment of inertia for this weld is calculated as : 

T _ 2(0.25)3 _ n nno_ . 4 
I =  Y?  = 0.00 26 xn. 

The bending stress is 

re   - (6.35X2.0X0.125) _ _nn   . 
a 0.0026 611 PS1- 

The twisting shear is 
_   _      (6.57X2.0)   ,o   +   i   A   0-25,   _    _„Q . (3   +   1.8   —-T—prj   -    339   psi. 

(2.0)(0.25)2 ' 2*° 
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The primary shear is 

(23.73X2.0) 134 psi. L ' (0.707X2.0X0.25) 

The maximum stresses for.this weld are calculated as 

a =  üi +   /i§llL_ + (339 + 134)2 = 869 psi. 
max   2     v   14 

T    =  v/
(611)  + (339 + 134)2 = 563 psi. 

max    v   4 

Also, the margins of safety are 

MS = 19>300 - 1 = 21 Mb    869    L        ZL 

MS = ±*g™   - 1 -- -31 
obi 

The maximum weld stresses between channel 5 and channel 3 

are evaluated as follows.  The highest forces occurred in 

element CQUAD2 19 2 and for the combined loading conditions 

yielded the following forces on the weld, 

M = 1.15 + 8.66 + 5.11 = 14.92 in-lb/in. 

T = 0.78 + 5.40 + 0.28 = 6.46 in-lb/in. 

V = 2.77 + 75.11 + 7.98 = 85.86 lb/in. 

The moment of inertia for the weld about the element 

X-axis is 

- I = (2.25X0.25)3 = 0>0029 in4 

Thus the bending stress is 

= (14.92X2.25X0.125) = w?   . 
o 0.0029 P 

The shear stress due to the twisting moment is 

T = (6.46X2.25)  (3 + 1>8 0^25, = -331 psi. 

(2.25X0.25X l'1* 

The primary shear stress is 

( 8 5.8£)(2.25)    _ 
" (0.707X0.25X2.25) "     psi* 
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Therefore, the maximum weld stresses are calculated to be 

^- a JI^L +  V/
(I^7)2 + (331 + 487)

2 = 1815 psi. 
max 

T max 
N/

Cl4^7)  + (331 + 486)2 = 1092 psi. 

The margins of safety for these maximum stresses become 

MS = 1?'3g° - 1 = 10 19,300 
1815 

18,240 
1091 nb    1091    X 

The maximum weld stresses between channel 3 and channel 2 

are calculated using the NASTRAN force output for elements 

CQUAD2 19 0 and 191. 

For CQUAD2 190, 

M = 0.55 + 8.15 + 0.57 =  9.27 in-lb/in. 

T = 0.92 + 7.11 + 3.69 = 11.72 in-lb/in. 

V = 0.37 + 8.65 + 4.08 = 13.10 lb/in. 

For CQUAD2 191, 

M = 2.28 +  6.71 + 10.98 = 19.97 in-lb/in. 

T = 0.40 +  7.35 +.. 1.28=  9.03 in-lb/in. 

V = 5.88 + 13.34 + 28.89 = 48.11 lb/in. 

The moment of inertia for each of these welds is 

I = (2.06K0.25)3 = 0>0027 in4 

The bending and shear stresses for the weld on CQUAD2 190 are 

a   ,   <9.27X2.06)(0.125) = 884 psi. 

T s(11.72)(2.06)  (3 + 1>8 (K25, = ^  ps±> 

(2.06X0.25) 2*U 

T -   (13.10X2.06)     _ ?I- __• 
T ~ (0.707X2.06X0.25) "    P 

The maximum stresses for this weld are 
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a = MÜ+  / (884)  + (604 + 75)2  = 1252 psi, 
max   2 

x    = V (884)  + (604 + y5)2  _ 810   i> 
max        4 

The margins of safety are 

MS = "'Ig" - 1 = 14 

MS = 18>2t^0 - 1 = 92 Mb     810    x   Z2 

The maximum stresses for the weld on CQUAD2 191 are 

a  s(i9.97)(2.06)(0.125) = 1,905 psi. 

T = (9.03X2.06)  (3 + li8 0^25, = ,66 psi. 

(2.06X0.25X 

T =   (48.11)(2.06)     _  72   . 
T  , (0.707X2.06)(0.25)   ^ -P 

a =1?°L +  7(
19°5)2+ (446 + 272)

2 = 2,1« psi. 
max   2     v   4 

x = /(1905)   +   (4l|6   +   272)2   =   1,193   psi. 
max v        14 

The margins of safety are 

„S = lf$° - 1 = 8 

MS = TSI -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 3 3 

The location of this element is shown in Figure 9. 

P =" 172.7 0 lb, 

V  = 2 2.05 lb. 

T = 345.58 in-lb 

M = 410.40 in-lb. 

V  =944.0 0 lb, 

CBAR 33 of 
Channel 4 

M2 = 14,720.70 in-lb. 

The weldment moment of inertia for the element reference 

plane 2 is 
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r-2.15" ~A 

r  r o 

4.0 ■ 1/ 

Z 
Local Z 
Axis 

2 2 
J = A(£ö + r2) = 2(0.38 in2)((2:^5)  + (2.125)2) 12    o Iz 

(from Mechanical Engineering Design, 2nd Edition, 1972 
p. 69) 

J = 3.7 2 in"! 

For the secondary shear stress in plane 2 

T 
Mr 
J 

(14,720.70X2.38) 9,418 psi. 3.72 

And for the primary shear stresses in plane 2 

V     944 
A " 2(0.38) 

172.70 

1^242 psi, 

■ " 2(0.38) = 2"Psi' 

The resultant shear stress becomes 

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

plane 1 is 

I  = 2(2.15)3(0.25) -   0.41 in? 
z LI 

The weld stresses in plane 1 are 

r, - Mc - (410.40X1.08) _ n nfl,   . 0 -  i oTüi 1'081 psl* 
z 

 22.05   ?q 
T " 2(0.707X2.15)(0.25)      PS1" 

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

J = 2r2A = 2(2.125)2(0.38) = 3.43 in? 

T = (3^5-538)(2.125) = 21H ps._ 

The resultant shear stress of planes 1 and 2 becomes 

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

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

1081 + JilOSl)4-.^   fn   c„^2 a = ±^±.  + JKJ-U°J-J     +   (9,541)" = 10,097 psi, max    o    v   n 

/(1081)" , ,n Clin N2 T
m=^ =  V E max 

2 
+ (9,541)* = 9,556 psi 

Also, the margins of safety are calculated as 

„       19,300   ,   0.91 
Mb   10,097   x   u  x 

MS = i|^ - 1 = 0.91 
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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.  This element 

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, 

M = 7,191.11 

V = 4,839.42 

P =   166.95 

Y-«- 

Local Y 
Axis 

-*| |^-0.25" 

-3.06"- 

r 

2.25" 

The- weldment moment of inertia for bending in reference 

plane 1 of CBAR 61 is calculated as follows: 

? 2 
j = 2A(^V + r

2) = 2(2.25)(0.707)(0.25)((2-2,5)  + (1.66)2 

12    o TT 

J = 2.5 3 inf 

The weld shear stresses in plane 1 are: 

x = Mr = (6,100 37)(2.00) = ^822 psi 

(3,768.24)   _ „ 70Q no. 
T   = 2(0.707)(2.25X0.25) " 4'738 pS1' 
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The shear stress due to the axial torque is calculated as 

jt = 2r2A = 2(1.66)2(0.707)(0.25)(2.25) = 2.19 in. 

x   __l^o   __    (198 06H1.66) = 15Q   ±m 1 j»        2.19 v 

The resultant shear stress of plane 1 is, 

T =  ,/(i+,822)2 + (4,738 + 150)2 = 6,866 psi. 

The weldment moment of inertia for bending in reference 

plane 2 of CBAR 61 is calculated as follows 

I  = 2(0.25)(2.25)3 = 0.47 in^ 
y 12 

The weld stresses in plane 2 are 

(7,191.11)(1.13) _    9PQ   . 
a =  2 0747 17,289 psi. 

 (4,839.42)    _ nQU 
T " 2(0.707)(0.25)(2.25) ~ b'UÖ4 psi* 

The shear stress in plane 2 due to the axial force 

 166.95  - 9-in nei 
T " 2(0.707)(0.25)(2.25) " ^XU ps1- 

The resultant shear stress for planes 1 and 2 becomes 

T =   /(6,866)2 + (6,084 + 210)2 = 9,314 psi, 

Therefore, the margins of safety for these weldment 

stresses are calculated as 

MS = vfTm- 1 - °-12 

M9 = ^ ?240 _ -i = n 96 
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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 is 

made by assuming that the column is free at the top and fixed 

at the base.  The length considered is 72.6 in. 

s 

: 7 2 . 6 " 

? 

^Channel Member 2 

CBAR 3 3 of 
Channel Member 4- 

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 

cr 

cr 

TT
2
EI 

M2 
(from Mechanical Engineering Design, 2nd 
Edition, 1972, p. 138) 

.6 
= 7^(10.4 x 10 Hll.O) = 5>36 x 104 lbi 

4(72.6) 
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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 lb. 

In order to take into account the buckling moment induced 

in the column by channel 4, the axial torque of element CBAR 3 3 

for the three loading conditions is divided by the translation 

in plane 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  ._ on nQr ,, 
Peq = ÖTÖÜ46 + nTTSÖ + Ö7M26 " 20'095 lb" 

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

total vertical load on the column. 

p  = p + p   r 4,544 + 20,095 = 24,640 lb. 
t        eq 

The margin of safety is calculated as 

MS = 53,600   i   - n o 
nh        24,640 " L   ~   L'Z 
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C.3  ISOLATOR STRESS CALCULATIONS 

The information received stated that the isolators were a 

Model 50 7 Code 3.  Furthermore, the elastomer used in the 

isolators is given as natural rubber.  The cross sectional 

dimensions of the isolator are as follows: 

0.99" 

0.12 ZJ 
0.76" 

1.88" 

Elastomer 

_^.459J^_ 
_L_ 2.0" — 

The area for tension, compression, and transverse shear 

is calculated to be 

A = (1.882 - 0.4592) £ = 2.61 in? 

The bearing stress area is calculated to be 

A^ = -ko.459) TT(0.76 + 0.12) = 0.63 in? 
b   2 

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. 

P  = (0.13) + (1.38) + 1,179.51) = 1,181.02 lb. 
y 

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

+ (102.30)2 + (51.24)2]172 = 1,708.51 lb. 

The corresponding stresses are 

(1,181.02)   llCO 
z . lb 

(1,708.51) _ c,c 
T =  2761 655 psi, 
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The bearing stress is calculated as, 

„     _ (1,708.51) _ 0 „,_ 
0b ^763 2'712 PS1- 

The tensile strength of natural rubber is M- ,000 psi.  This 

is from "Machine Design," Materials Reference Issue, March 19 76, 

p. 19 6.  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 

MS - i^ - i = a 

•   MS = %^0 - 1 = 3 boo 

MS =^-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 0.8 7 in. in the transverse direction and 0.6 4 in. in 

the axial direction. 

The clearance in the axial direction is 

6   = 0.76 in. ca 

Consequently, the displacement is less than the clearance 

for the axial direction. 

The clearance in the transverse direction is 

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

The relative displacement in the transverse direction is 

0.10 in. greater than the clearance. 
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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.l  SUMMATION OF FORCES 

Left 
Side 

\ Structural Zee Membe 

r 65.0" 

42. H" 

 ». 

U r 
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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 

-345.4 -18.5 

346.2 18.5 

82.0 -18.5 

-80.8 - 18.5 

1=        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 

-319.9 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 

1=          1.0 0 0 
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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 

1= -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 

345.4 -18.5 

-346.2 18.5 

-82.0 -18.5 

80.8 18.5 

J=   -0.10 0 0 
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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 

1=         -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 

448.5 -226.4 

137.3 -317.3 

132.3 -317.3 

588.2 -318.2 

584.9 -318.2 

1=     2,581.1 -2,174.8 -406.1 
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Summation of Forces in the x Direction 

9 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 

2.0.5 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 1,5 94.4 

1= -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 ^ 

4,785.5 1.4 

-6,406.5 -1.4 

-7,076.3 -1.4 

1=     ° 0 0 
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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 

Summation of Forces in the x Direction 

1.5 g Aft Loading Condition 

Attachment Console Gravity Frame 
Reactions Reactions Loading 

664.8 -278.0 -1.5(270.7) = 

626.8 -265.1 -406.1 

-3.4 -278.0 

2.4 -265.1 

664.8 -278.6 

626.8 -265.7 

-3.4 -278.6 

2.4 -265.7 

1=    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 

I-         o 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 

-980.5 16.1 

987.4 16.1 

270.4 -16.1 

-224.2 -16.1 

1=   o 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 

1=        o 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 

1=  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 

-639.7 51.2 

211.3 -51.2 

-209.9 -51.2 

701.3 -51.2 

-702.7 -51.2 

1=   o 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 x 

1=        -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 

-144.3 513.2 

-100.4 497.7 

-1,453.8 589.8 

-1,126.3 574.3 - 

£=-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 -2 5.6" 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 

1=         -0-20 0 0 
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D.2  SUMMATION OF MOMENTS 

EM 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(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 

EM 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 

EM about the z axis for 1.5 g +z Side Loading. 

-20.5(318.9) + 20.5(319.9) - 42.4(459.1) + 42.4(459.1) 

- 65(2,547.1) + 65(2,546.1) = -44.5 

EM 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 

EM 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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EM about the z axis for 1.5 g -z Side Loading. 

20.5(318.9) - 20.5(319.9) + 42.4(459.1) - 42.4(459.1) 

+ 65(2,547.1) - 65(2,546.1) = 44.5 

EM 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 

EM about the y axis for 9 g Fore Loading. 

20.5(3,760.8) + 20.5(14.1) + 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)4 

+ 58(96.4)4 = 173.8 

EM 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) + 65(7,076.3) - 7(1.4)4 + 58(1.4)4 

- 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 

EM 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 

EM 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) 

+ 65(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 
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EM about the z axis for 1.5 g Aft Loading. 

-22.6(81+7.2) - 22.6(797.6) + 42.4(847.2) + 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)4 - 58(0.2)4 

+ 42.4(270.7)1.5 = -9.01 

EM 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 + 78.4(51.2)4 - 10.2(51.2)4 - 10.2(270.7)6 

+ 20.5(1,505.2) = 118.8 

EM 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 

EM about the z axis for 6 g Down Loading. 

-22.6(550.4) - 22.6(462.3) - 42.4(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 

EM 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 

EM 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) - 42.4(105.6) + 42.4(104.9) 

- 65(350.7) + 65(351.4) = -1.4 

D-14 
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EM about the z axis for 3 g Up Loading. 

22.6(275.2) + 22.6(231.2) + 42.4(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 

D-15 


