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A Sensitivity Analysis of the Bulkhead Thread Stress
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Abstract : In this study, finite element analyses were planned to understand the sensitivity regarding the stress behavior of
the thread regions of the bulkhead. A detailed sub-model representing the thread region of the bulkhead was generated
automatically in CATIA. Variations of main bearing load direction and main bolt preload are selected as the sensitivity

analysis variables(SAV). The variations of main bolt preload showed higher sensitivity than the main bearing load direction
in the thread region of the bulkhead. In addition, the stress sensitivity in the thread region is increased when a low preload
was applied to the main bolt. High sensitivity occurs with low preload because during the loading steps, the prevailing plastic
deformations in hot-assembly and fire load after the dominant elastic deformation in cold-assembly amplify the stress
difference among the loading steps. Therefore, main bolt preload should be applied high enough to reach the state of plastic
deformation even in the cold-assembly step in order to reduce sensitivity.
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Fig. 1 Description of global model (bulkhead, cap, bolt).
(a) Solid model (b) FEA model

(a)

(b)

Fig. 2 Description of solid model. (a) Submodel (b) Submodel
overlapped in main bearing cap
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(b
Fig. 3 Description of automatic bolt solid model generation.
(a) Parameter definition for automatic bolt solid model
generation in CATIA (b) Generated bolt solid model”
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Table 1 Material properties of the parts

Modulus of | Poisson’s | Expansion| Yield

Part |Material| elasticity ratio coeff Stress
()] V) (@) (MPa)
Engine
bulkhead FC25 | 112.0 GPa 0.25 1.020e-05 | 180 MPa
1\];[2;? SCM435| 206.8 GPa | 029 | 1.230e-05 | 785 MPa
Main
bearing | FC25 | 112.0 GPa 0.25 1.020e-05 | 180 MPa
cap

©

Fig. 4 Detailed view of meshed submodel. (a) Thread area
of bulkhead (b) Thread area of bolt (c) Engaged
thread area between bulkhead and bolt”
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Fig. 5 True stress vs. Log plastic strain for FC25
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Table 2 Analysis procedures of engine operation

Analysis step Analysis condition
Stepl Engine assembly (press-fit)
Step2 Engine assembly (bearing crush)
Step3 Engine assembly (bolt load)
Step4 Retain assembly
Step5 Engine assembly & Temperature condition
Step6 Retain step4 & Combustion pressure
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A Sensitivity Analysis of the Bulkhead Thread Stress
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Fig. 7 Contour plot of Von-Mises stress with 35000 N bolt
preload and 326 degrees of main bearing angle. (a)
Cold-assembly (b) Hot-assembly, (c) Fire load
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(c) Fire load

Fig. 8 Contour plot of Von-Mises stress of main bolt. (Left:
10000 N bolt preload, 326 degrees of main bearing
angle, Right: 35000 N bolt load, 326 degrees of main
bearing angle) (a) Cold-assembly (b) Hot-assembly (c)
Fire load
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Fig. 9 Contour plot of stress of bulkhead thread with 35000 N
bolt preload and 326 degrees of main bearing angle.
(Left: Von-Mises stress, Right: max principal stress)
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Table 3 Selected sensitivity analysis variables (SAV) and
levels for sensitivity study

Level
1 2 3 4
10000 N | 35000 N | 40000 N | 45000 N

Bolt preload A

Fire load (main
bearing load) | B 322° 326° 330°
direction
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Table 4 Analysis variable array

B1 B2 B3
Al Al/B1 A1/B2 Al1/B3
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Main bearing angle:

: 322 degrees
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Fig. 10 Analysis variables for fire load direction
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Fig. 11 Contour plot of max principal stress of bulkhead Fig. 13 Contour plot of max principal stress of bulkhead
thread with 10000 N bolt preload and 326 degrees thread with 10000 N bolt preload and 322 degrees
of main bearing angle of main bearing angle
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Bolt Load: 45000 N
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Fig. 17 Max. principal stress plots with 45000 N bolt
preload and 3 main bearing angles

Table 5 Sensitivity results by the variation of bolt preload

Bolt preload Sensitivity

10000 N -30.8 %
Cold assembly 40000 N 4.6 %
45000 N 4.8%

10000 N -8.1%
Hot assembly 40000 N 1.1 %
45000 N 4.6 %

10000 N -0.98 %

Fire load 40000 N -0.31 %

45000 N -0.18 %

Table 6 Sensitivity results by the variation of main bearing
load direction

Main bearing load direction Sensitivity

322 degree 0%
Cold assembly

330 degree 0%

322 degree 0%
Hot assembly

330 degree 0%

322 degree 0.36 %

Fire load
330 degree -0.49 %
g5 = W= vl W YERd EH(Table 6).
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