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Environmental issues are attracting increasing interest worldwide, and

Received 6 May 2013 accordingly, environmental regulations for vehicles are being made more
Revised 2 July 2013 stringent. As a result, the car industry is conducting studies focusing on fuel
Accepted ? July 2013 efficiency and lightweight vehicles. To manufacture lightweight vehicles,
Kevwords: existing steel parts are replaced by composite materials and lightweight
wore. . . metals. In this study, the fatigue life of a new material for manufacturing
Carbon fiber reinforced plastic . . . . ) . )
. . lightweight car door hinges was predicted using a finite-element analysis
Vehicle door hinge o . .
Composite program. The existing steel material was replaced by carbon-fiber-reinforced
Fati P tvsi plastic (CFRP) and aluminum alloy 6061, and the test results were analyzed.
atigue analysis . . .
Fi fu . yt hod The maximum stress decreased by approximately three times, whereas the
ml_ eheﬁn:n .me © fatigue life and safety factor increased. When only CFRP was used, its
Weight lightening allowable stress, safety factor, and fatigue life were excellent, but the sagging
of the product exceeded the allowable value, which posed a limitation in
use. Therefore, it seems desirable to use an appropriate combination of steel,
AA6061, and CFRP for this product.
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Fig. 1 Door hinge modeling
Table 1 Material properties
Densi Young's Modulus Poisson's ratio
Materials ‘mgy [MPa]
[kg/m’]
El E2 | E3 [Nul2|Nul3|Nu23
Steel
7,850 1200,000| - - 0.3 - -
(SS400) ’ ’
AA6061 | 2,849 | 68,948 | - - 0.33 - -
CFRP (3K) | 1,580 | 54,000 |54,000| 6,040 [0.175|0.175|0.292
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Table 2 Combination of materials Table 3-& Male? Female®] A2 HAol @& 7} HES| Hrj
Male Female Pin
Case 1 Steel Steel Steel
Case 2 Steel AAG6061 Steel Table 3 Equivalent stress of material types
Case 3 Steel CFRP Steel Equivalent Stress (MPa)
Case 4 AA6061 Steel Steel Pin Male Female
Case 5 AA6061 AA6061 Steel Case 1 211.27 226.06 146.47
Case 6 AA6061 CFRP Steel Case 2 216.63 218.38 77.056
Case 7 CFRP Steel Steel Case 3 218.19 216.08 62.376
Case 8 CFRP AAG06! Steel Case 4 170.46 162.9 122.25
Case 9 CFRP CFRP Steel Case 5 173.26 159.84 67.119
Case 6 174.41 158.79 55.196
Case 7 163.72 153.72 122.65
Case 8 167.58 153.24 68.602
Case 9 169.06 152.99 51.536
—i—Pin
—@— Male
210 —h— Female|
(a) Load and boundary Condition & 0
L a0
Y
8 150
7
w 120
=
o
8 90
>
3
S 60

(b) Meshed model

Fig. 2 Load and boundary conditions and mesh
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Fig. 3 Equivalent stress of material types
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Fig. 4 Static structural of case 1
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Fig. 5 Static structural of case 9
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Table 4 Mass of combination of materials
Mass (kg) (%)
Case 1 0.924 0
Case 2 0.677 26.7
Case 3 0.618 33.1
Case 4 0.604 34.5
Case 5 0.358 61.3
Case 6 0.298 67.7
Case 7 0.528 42.8
Case 8 0.281 69.5
Case 9 0.222 76.0
5
=
(7]
(7]
©
=

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

Material Type

Fig. 6 Mass of combination of materials
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Table 5 Total deformation of material types

Total Deformation (mm)
Case 1 1.365
Case 2 1.394
Case 3 1.439
Case 4 3.704
Case 5 3.733
Case 6 3.778
Case 7 5.178
Case 8 5.206
Case 9 5.251

Il T otal Deformation

Total Deformation

casel case2 case3 cased4 case5 case6 case7 caseB case9

Combination of Materials

Fig. 7 Total deformation of material types
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Fig. 8 Stress - life curve of materials
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Table 6 Life and safety factor of material types

Pin Male Female
Life Safety Life Safety Life Safety
Factor Factor Factor
Case 1| 45,145 | 0.567 |3.26E+4| 0.530 |2.61E+5| 0.818
Case 2| 40,055 | 0.553 |3.85E+4| 0.549 |1.00E+6| 2.347
Case 3| 38,690 | 0.549 |4.05E+4| 0.555 |1.00E+6| 7.492
Case 4| 1.22E+5| 0.703 | 1.00E+6| 1.110 |8.81E+5| 0.981
Case 5| 1.13E+5| 0.692 | 1.00E+6| 1.131 | 1.00E+6| 2.695
Case 6| 1.10E+5| 0.687 | 1.00E+6| 1.139 | 1.00E+6| 9.068
Case 7| 1.45E+5| 0.732 | 1.00E+6 | 3.040 |8.62E+5| 0.977
Case 8| 1.31E+5| 0.715 | 1.00E+6| 3.050 | 1.00E+6| 2.637
Case 9| 1.26E+5| 0.709 | 1.00E+6| 3.054 | 1.00E+6| 9.068
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Q2
1 400000
200000
04
m;e1 calsa m;& ca;ed calses ca;eﬁ ca;e7 ca;es calseﬂ
Combination of Materials
Fig. 9 Life of material types
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Fig. 10 Safety factor of material types
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