SOFIA Experimenters Handbook: Chapter 3




 Page 1 of 13
SCIENCE INSTRUMENT

FAA CERTIFICATION PROCEDURES MANUAL
Appendix 301-I Structural Analysis Details

SOFIA Experimenters Handbook: Chapter 3




Page 8 of 13
SCIENCE INSTRUMENT FAA CERTIFICATION PROCEDURES MANUAL

Appendix 301-I Structural Analysis Details


301-I.1
Introduction


This section is intended to expand on the details of structural analysis that was begun in section 300.  There are several calculations that are required including the following


Flange Dowel Pin Analysis


Dowel pin load and shear


Lug Analysis of Flange and Dowel Pin


Flange Failure in Tension 

Flange Bearing Failure

301-I.2
Flange and Dowel Pin Analysis

The following section is a sample calculation covering the dowel pins that are located on the TA flange.  

Assumptions: 12 o'clock pin takes all vertical shear load. This includes worst case aircraft gust maneuver combined with maximum pitch hard stop engagement as well as maximum hard stop engagement due to rotation. The first section addresses the shear capability of the dowel pin.  The 2nd analysis assumes the worst case load analyzed in the shear analysis and simplifies the flange/dowel pin as a lug.  This conservative combination of worst case loads was accomplished to support PDR and in absence of final hard stop loads.  Please refer to the E-Systems Structures Manual in Section 300 Appendix II.

Dowel Pin Load and Shear Analysis

The following analysis assumes a science instrument of 600 kg mounted on the Nasmyth tube.  From the TA analysis, the maximum pitch acceleration due to hitting a hard stop of 29 m/s2 is assumed and a maximum rotational acceleration of 18 rad/sec2  from hitting the same stop.  The maximum g load at station 1730 of SOFIA is 4.9*g = ag.

Pshear = Fhs + Fpitchult

Where Fhs is the force of hitting the hard stop and Fpitchult is the resulting force from the pitch acceleration at station 1730 of SOFIA.  These are both vertical forces.
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Figure 20-10. Shear-Bearing Yield Efficiency Factor.
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hs

mass = 600 kg = 1320 lbf

ahs = The Maximum Pitch Acceleration from TA calculations.

ahs = 29 m/s2  = 95 ft/s2
substituting mass and ahs:






Fhs = 17424.8 N = 3911.7 lbf

[image: image70.wmf]
Fpitchult = mass * ag
Mass = 600 kg = 1320 lbf

ag = 4.9 *g  = The Maximum g Acceleration at Station 1730 of SOFIA (ultimate downward acceleration)

Fpitchult = 600kg*4.9*9.8 m/s2 

Fpitchult = 28812 N = 6475 lbf
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Figure 20-7b. Tension Efficiency Factor of Lugs.
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NOTES:

(1) USE THE MINIMUM F., CONSISTENT WITH EITHER OF
THE GRAIN DIRECTIONS IN THE PLANE OF THE LUG.

(2) USE CUTOFF | FOR ALL ALUMINUM ALLOY, HAND-
FORGED BILLETS WITH LONG TRANSVERSE (T) GRAIN
ORIENTATION IN THE DIRECTION MARKED C.

(3) USE CUTOFF Il FOR ALL ALUMINUM-ALLOY STOCK
WITH THE SHORT TRANSVERSE (N) GRAIN ORIENTATION
IN THE DIRECTION MARKED C.

{4) IN ADDITION TO THE LIMITATIONS OF CURVES | AND II,
IN NO EVENT SHALL K, BE GREATER THAN 2.0 FOR
LUGS MADE FROM 6.0 IN. OR THICKER ALUMINUM-
ALLOY PLATE, BAR OR HAND-FORGED BILLET.

Figure 20-9. Shear-Bearing Efficiency Factor.

D/t




Combined with maximum pitch maneuver (Ultimate)

Ultimate Load Factor = 1.5


Pshear = Fhs * 1.5 + Fpitchult




Pshear = 3911.7 lbf * 1.5 + 6475 lbf 

Pshear = 12342 lbf = 55043 N







Margin of Safety =
[image: image2.wmf]
Where:


Psu = Ultimate Allowable Shear Load = 42000 lbf


Pu = Pshear = Design Ultimate Load = 12342 lbf


Special Factor = Minimum Fitting Factor = 1.15
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The tangential force due to max rotation:

This is a force about the axis of the Nasmyth tube and is tangent to the Outer Diameter of the flange.

I = Rotational Moment of Inertia



Assuming that the largest moment of inertia about the x-axis is the following:
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[image: image6.wmf] 
Maximum Acceleration due to Rotation is (about the x axis):
[image: image7.wmf]    (from Table 2 before)
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Ptotal = 13083.752 lbf  = 58282.168 N

The equivalent G-loading is:

[image: image11.wmf]  
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Figure 301-I.2-1  Vector diagram for calculations shown at left

[image: image13.wmf]
Lug Analysis of Flange and Dowel Pin
Note:  The following analysis is taken from E-Systems Structures manual section 20.3.1. 
This is a general case for D and t.  Additionally, Aluminum 6061 is not included in the following table, so 18-8 Stainless Steel is used as an example.

DI = Inner Diameter (at base of flange) = 34.2 in. (from page 7 in sec301-I.4)

DO = Outer Diameter (at tip of flange) = 41.9 in. (from page 7 in sec301-I.4)
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Assuming material allowables from

Table 301-I.2-1 and curve 7 of 

Figure 301-I.2-4 

on the following pages
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Note: Material allowables need to be verified.
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Plug = 13084 lbf = Ptotal




Figure 301-I.2-2  Lug analysis parameters
Taken from Ptotal

[image: image31.png](Ref. 1& 4)

Curve
No.

Material

Grain in
Y Direction

Stock
Size

4130 & 8630 steels, F,,, = 200
2014-T6 & 7075-T6 plate
7075-T6 bar & extrusion
2014-T6 hand-forged billet
2014-T6 & 7076-T6 die forging

LT
LT

ree

<05in.

<144in.2

2014-T6 & 7075-T6 plate
7076-T6 extrusion

7075-T6 hand-forged billet
2014-T6 hand-forged billet
2014-T6 hand-forged bitlet
2014-T6 and 7075-T6 die forging

>05<1.0
<36in.2
>144in, 2
<36in.2

2024-T6 plate
2024-T4 and T42 extrusion

rrjaA-drr-y
- -

2024-T4 and T3 plate
2014-T6 and 7075-T6 plate
2024-T4 bar

7075-T6 hand-forged billet
7075-T6 hand-forged billet

“rrrr
-

195-T6, 220-T4 and 356-T6
Al-alloy casting

7075-T6 hand-forged billet

2014-T6 hand-forged billet

- -

Al-alloy plate, bar, hand-forged
billet & die forging
7075-T6 bar B>

18-8 stainless steel, annealed

18-8 stainless steel, full hard
Ti-6A14V, cond V

10

4340M stoel, F,, = 260

"

4340M steel, F,, = 260

D L.T AND N INDICATE GRAIN IN DIRECTION Y IN FIGURE 20-7b.
L = LONGITUDINAL, T = LONG TRANSVERSE, AND N = SHORT
TRANSVERSE (NORMAL)

D FOR DIE FORGING, N DIRECTION INCLUDES PARTING PLANE

3. DATA FOR 6061 MATERIAL IS NOT CURRENTLY AVAILABLE.

Figure 20-7a. Classification of Lugs For Tension Efficiency.







Table 301-I.2-1  Lug Classification for Tension Efficiency

Figure 301-I.2-3 Flange Failure in Tension (Across Net Section)


Tension failure across the net section is given by the equation:

[image: image32.wmf]
where:

Ptu 
= Ultimate Allowable Tension Load





Kt 
= Net Tension efficiency Factor (See Figure 20-7b)

Ftu
= Ultimate Tensile Allowable of Lug Material

D
= Diameter of Bolt Hole

t
= Lug Thickness

W
= Lug Width

[image: image33.wmf] 

(from Table. 301-I.2-4 with W/D and curve # 7 from Figure 301-I.2-4)

Ftu 
= 71000 psi

D 
= 0.79 in.

W 
= 2.03 in.

t 
= 0.79 in.

solving for Ptu yields:
[image: image34.wmf]
special factor = fitting factor = 1.15

Plug  = 13084 lbf

[image: image35.wmf]
[image: image36.wmf]

Bolt Shear Tear Out

The ultimate load for both types of failure is given by the equation:

[image: image37.wmf]
where:

Pbru 
= ultimate load for shear-tearout and bearing failure

Kbr
= shear-bearing efficiency factor (See Figure 20-9)

Ftu
= ultimate tensile stress of lug material

Dt
= projected bearing area of bolt on lug material


  (Diameter of Bolt hole * Lug thickness)

[image: image38.wmf] 
(from Fig. 301-I.2-5 using e/D and D/t)
Ftu 
= 71000 psi

D
= 0.79 in.

T
= 0.79 in.

e/D 
= 1.285

D/t
= 1

Solving for Pbru yields:

[image: image39.wmf]
special factor = 1.15

Plug = 13084 lbf

[image: image40.wmf]
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Figure 301-I.2-6  Bearing Failure of the Flange:



The yield load for bearing failure is given by the equation:

[image: image42.wmf]
where:


Pbry
= Yield load for shear tearout and bearing


Kbry  
= Shear bearing efficiency factor (see Figure 20-10)


Fty   
= Tensile yield stress of material


Dt   
= projected bearing area of bolt on lug material

        
   (Diameter of Bolt hole * Lug thickness)


[image: image43.wmf]  (from previous calculation)
[image: image44.wmf]
(from Fig. 301-I.3-7 using Kbr )
Fty 
= 29000 psi
D 
= 0.79 in.

t 
= 0.79 in.

solving for Pbry
yields:
[image: image45.wmf]
R = ratio of ultimate to limit load = 1.5

Special Factor = 1.15
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[image: image47.wmf]
Pin Shear:

The ultimate allowable shear load is calculated with the following equation:

[image: image48.wmf]
where:


Fpinsu 
= ultimate allowable shear stress for pin material = 95000psi


D 
= diameter of pin = 0.79 in.

Solving for Psu yields:
[image: image49.wmf]
Note:  This is more than what was previously used from material table of 42,000 lbs.

b 
= moment arm for bolt bending

gap 
= space between flanges

t1 
= thickness of flange 1

t2 
= thickness of flange 2

Please refer to pages 20.7 - 20.10 in the E-Systems structures Manual for solution procedure


Assume thickness of SI flange is same as TA flange. 

t1 = t2 = t
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(Pbru = (P’u)min in figure 301-I.2-9)
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[image: image59.wmf]
(from Fig. 301-I.2-9 using “r” and “factor”)
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Please refer to Figure 301-I.2-9 [image: image66.png](Ref. 1)

(P'u)min/ AbrFtu

Figure 20-12. Peaking Factor For Bolt Bending.
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FIGURE 3.6.2.2.1(a). Effectof temperature on the ultimate tensile strength (Fy,) of 6061.T6

aluminum alloy (all products).
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FIGURE 3.6.2.2.1(b). Effecr of temperature on the tensile yvield strength (Fr) of 6061-T6 aluminum
alloy (all products).





301-I.2-11 Tensile Yield Strength VS Temperature for 6061-T6 alloy
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301-I.2-10 Ultimate Tensile Strength VS Temperature for 6061-T6





Figure 301-I.2-9 Gamma vs ultimate bolt bending Pbru and factor of r (r=r(e/D,t2) from calculation on previous page





Figure 301-I.2-8  Clarification of variables used in the bolt bending calculations at left.





Figure 301-I.2-7  Yield load efficiency (Kbry) vs Shear bearing (Kbr)





Figure 301-I.2-5  Shear Bearing Efficiency Factor (Kbr) vs e/D





Figure 301-I.2-4 Net tension efficiency factor (Kt) vs lug width to diameter ratio (W/D)
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