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Development of composite torsion shaft for the aircraft structure
under multiple load condition

Jong-Jae Jeong**, Seung-Chul Kim*** and Jeong Kim*
Korean Airline Aerospace Division, R&D Center**” ***
Department of Aerospace Engineering, Pusan National University*

ABSTRACT

The purpose of this development is weight reduction of hollow type steel torque bar by
changing the material from steel to composite. Structure analysis is executed by the finite
element model generated by the structural load condition and geometric structure
requirement. According to this analysis result, optimized ply sequence and wall thickness
are defined. To simulate analysis result, torsion test for composite torque bar was
performed. Throughout the test result, the stiffness and strength requirement of composite
torque bar was verified.
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Fig. 1. Load Condition of CFRP Shaft
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Fig. 2. CFRP Shaft FEM (Finite Element
Model)
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Fig. 3. Deformation of CFRP Shaft
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Fig. 4-1. Max. Tension Stress at Fiber

Direction
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Fig. 4-2. Max. Compression Stress at
Fiber Direction
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Fig. 4-3. Max. Shear Stress at Fiber
Direction
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Table 1. Compression/Tension/Shear
Stress at Each Ply Number

Compression Tension
Ply Slress Slress Shear
Nz l(Flbler l(Flbler Stress,
Direction), Direction), Mpa
Mpa Mpa
1 81.42 156.34 23.41
2 209.59 81.26 23.64
3 81.13 164.36 23.87
4 215.59 80.97 2411
5 80.83 172.38 24.34
6 221.59 80.67 2458
7 80.54 180.40 24.81
8 227.58 80.37 25.04
9 80.25 188.42 25.28
10 233.58 80.07 25,51
11 80.48 196.43 25.74
12 239.58 80.13 25,98
13 83.38 206.44 26.21
14 247 .66 83.47 26.45
15 88.05 218.03 26.68
16 260.17 88.29 26.91
17 102.40 242.76 27.14
18 273.68 104.04 27.38
19 124.36 268.49 27.61
20 287.69 124.49 27.84
21 146.32 294.23 28.08
22 301.71 144.95 28.31
23 168.28 319.95 28.54
24 321.62 165.40 28.78
25 190.25 345.69 29.04
26 346.73 185.86 29.31
27 212.21 371.52 29.58
28 371.84 206.32 29.85
29 234.17 397.99 30.12
30 396.94 226.78 30.41
31 256.13 424.46 30.69
32 42205 247.23 30.98
max 42205 424.46 30.98
stress (32th ply) (31th ply) (32th ply)
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Fig. 5-1. Max.Principal Strain
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Fig. 5-2. Min.Principal Strain
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Fig. 5-3. Max.Shear Strain
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Fig. 6-1. Max. Tension Stress at
Normal to Fiber Direction
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Fig. 6-2. Max. Compression Stress
at Normal to Fiber Direction
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Table 2. Fiber RF Calculation for Tension
(Yamada_Sun Criterion)

RF. 1.97 Yamada_Sun Criterion
(Tension)

Max.Tension Stress
o1(Mpa) 424.48 (Fiber direction)
f1(Mpa) 3165.00 Tension Allowable
T712(Mpa) 30.94 Max.Shear Stress
f12(Mpa) 63.28 Shear Allowable

Table 3. Fiber RF Calculation for Compression
(Yamada_Sun Criterion)

Al . 1.20 Yamada_Sun Criterion
(Compression)

Max.Compression  Stress
o1(Mpa) ~422.06 (Fibor drection)
f1(Mpa) -625.61 Compression Allowable
112(Mpa) 30.94 Max.Shear Stress
f12(Mpa) 63.28 Shear Allowable

Table 4. Matrix RF Calculation for Tension
(Puck Criterion)

RF. 1.93 Puck Criterion
(Tension)
Max. Tension Stress
o1 (Mpa) 424.48 (Fiber Direction)
Max. Tension Stress
02 (Mpa) 1389 (Normal to Fiber Direction)
1.t (Mpa) 3165.00 Tension ,g!owgble in Fiber
irection
2 t(Mpa) 66.70 Tension AIIOWSbIe vNormaI to Fiber
irection
_ Compression Allowable Normal to
f2_c(Mpa) 122.96 Fiber Direction
112 (Mpa) 30.94 Max. Shear Stress
12 (Mpa) 63.28 Shear Allowable
Table 5. Matrix RF Calculation for
Compression (Puck Criterion)
Al . 2.32 Puck Criterion
(Compression)
B Max. Compression Stress
o1 (Mpa) 422.06 (Fiber Direction)
B Max. Compression Stress
02 (Mpa) 12.74 (Normal to Fiber Direction)
Tension Allowable in  Fiber
f1_t (Mpa) 3165.00 Direction
Tension Allowable Normal
f2_t(Mpa) 66.70 to Fiber Direction
_ Compression Allowable
2_c(Mpa) 122.96 Normal to Fiber Direction
112 (Mpa) 30.94 Max. Shear Stress
12 (Mpa) 63.28 Shear Allowable

232 E34}9] Fiber Failure criterion ©f uw}
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Fig. 7. Mode 1 eigenvalue of CFRP shaft
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Fig. 8. Torsion Test for CFRP Shaft

Load vs. Angle graph
Torque (Nmm} (specimen :3-2)
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* The specimen was not ruptured due to the limitation of angle (15°)-
** The bolt to assemble with rig was broken during No.1. Therefore specimen No. 1 was not reached at 15°..

Fig. 9. Test Result (Torque-Twist Angle)

« NOIAIHE #th5tE ol % angleol 12°%1= AIFoIA 7
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Table 6. Test Result (Applied Torque at
Twist Angle 10°)

Test FGIELEM Moment Target Stiffness

Specimen ALl [Nmm] [Nmm]
[°, Degd]

#1 635,683

#2 661,873

#3 671,404 Tult =

10 630,000Nmm,

#4 670,223 Angle < 10°

#5 666,235

#6 670,631
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Table 7. Torsional Stiffness Comparison
between Steel Shaft and CFRP

Shaft
Unit Steel Shaft CFRP Shaft Dev
Torsional 237
Stiffness Nmm2 | 4,532,722,913 | 4,640,054,046 . y
{eN) °

Table 8. Strength Comparison between Steel
Shaft and CFRP Shaft

Steel CFRP Remark
Shaft Shaft
CFRP Shaft RF calculation:
RF 1.95 1.20 RF=1.20 (Yamada-Sun Criteria),
RF=1.42 (Puck Criteria)

2,500

2,008

2,000

1500 - 1380

1,000

500

=

Steel Shaft (g) CFRP Shaft(g)

Fig. 10. Weight reduction of CFRP shaft
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