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A Study on the Structural Design of Effective Composite Joint and
Light Weight in Body Floor
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Abstract

A study of vehicle weight lightening has been progressed to reduce the fuel consumption. In this paper, the body floor in
an EV (Electric Vehicle) bus has been applied by composites as CFRP and GFRP. In order to analyse a various reliability
and safety, an experiment and FEM analysis was carried out to obtain weight lightening. Especially, the joint. An effective
design is obtained through an experiment as well as FEM analysis. Results of stress analysis of GFRP material showed twice
as much displacement than those of CFRP material. Among three kinds of joint methods, the bond joint method is occurred

to a substantial shape change in the body and floor. It is found that the rivet joints are fairly suitable for stress sustaining capability.
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Fig. 2 Experimental procedure of body floor
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Table 1 Results of experiment

No. load (kg)
1 376
2 306
3 355
average 345.67

(a) Break of bond (b) Break of rivet

Fig. 3 Experimental fracture

(a) All parts

(b) Assembly

Fig. 4 Assembly and part model designed by CATIA
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Fig. 5 Dimension of design model
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Table 3 Material properties

. Y ? h
Density oung s Shear Poisson’s
Chglm ™) modulus modulus ratio
alm (MPa) | (MPa)
CFRP 1,480 58,670 - 0.08
GFRP 1,830 - 4,530 0.25
Rivet 7,850 200,000 76,923 0.3
(a) Bond (b) Rivet (c) Bond+Rivet Alcore 2,700 35,000 - 0.36
Bond - 4.8 - 0.3

Fig. 6 Joint configuration of bond and rivet

Table 2 Joint types for fixing body floor

Properties Joint types

bond joint

3 rivet joint
CFRP 4 rivet joint

bond with 3 rivet joint

bond with 4 rivet joint

bond joint
3 rivet joint (a) Load and boundary conditions (b) Meshed model
GFRP 3 rivet joint Fig. 7 Load and boundary conditions and mesh

bond with 3 rivet joint

bond with 4 rivet joint Table 4 Results of maximum displacement

Joint Type Max Displacement (mm)

o, gulo A= 74 wet 3709 FL- 150mm, 471 CFRP Bond 5.021
AL 100mmz ZF2 A7) stk TANAS B gyl Be GFRP Bond 11.163
9} gue] 3714 dejE 72tz AA 59tk CFRP Rivet(3EA) 2.540

vit) o Z2o|2 H3ksti=t| Fig. 63} 7o) 3714 o] 4 GFRP Rivet(3EA) 4.778
512 o] 85tgich Ak AL BEE o] 83 Hg) 2wl o CFRP Bond+Rivet(3EA) 2.556
st Hol, Reo) 2wl o] est Heke 7zt mdlesllct, GFRP Bond+Rivet(3EA) 4.803
AL Hr o] L77}F 0.4mmo] 1L, 5+50] 300kg 2H-5h uf, CFRP Rivet(4EA) 2.557
glulo] A2~z 37) & wle} 47 & glE Aeg 3] 10 1A GFRP Rivet(4EA) 4.774
AL AAEAT) v el Z20jo] Ak HH41S Table 29} CFRP Bond+Rivet(4EA) 2.543
o] ofg] Ao T FAsA) GFRP Bond+Rivet4EA) 4.591
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Max Displacement (mm)
12

BRI\
N\

N .
) =
N

A A A
PAy A Ay 2}

4.7736 Max
42432
3.7128
3.1824
2.652
21216
15912
1.0608
05304
0 Min

2557 Max
22720
10888
17047
14208
11365
085234
056823
028411

© Min

0 (a) CFRP (4 Rivet joint) (b) GFRP (4 Rivet joint)
Bond 3 Rivet 4 Rivet Bond+3 Rivets  Bond+4 Rivets
25426 Max 4.5911 Max
2.2601 4.081
Fig. 8 Maximum Displacement in case of several joint Types bty Sone
14126 2.5508
113 2.0405
0.84752 1.5304
5.0211 M: 11.163 M ity oo
. lax . ax 028251 0.51012
4.4632 99273 o N
3,903 8,682 o min © Min
33474 74417
2.7895 62014
2,2316 4,9611
16737 37209
1.1158 24806
0.5673 1.2403
0 Min 0 Min

(c) CFRP(Bond with 4 rivet joint) (d) GFRP(Bond with 4 rivet joint)
Fig. 11 Distribution of displacement with 4 rivets

(a) CFRP (Bond) (b) GFRP (Bond)
MaxStress (MPa)
250
Fig. 9 Distribution of displacement in case of bond joint only

200
2.5399 Max 4.7778 Max r—‘\
22577 4247
1.0755 27161 150 07
16932 31852
1o 2135 e CFRP
0.846632 1.5026 —O~GFRP
056442 1.0617 100
0.2z8221 0.53087
0 Min 0 Min

50

o
Bond 3 Rivet 4Rivet Bond+3 Rivets  Bond+4 Rivets

Fig. 12 Maximum stress in case of several joint Types
(a) CFRP (3 Rivet joint) (b) GFRP (3 Rivet joint)

25563 Max 4.8031 Max Table 5 Maximum stresses in case of 3 rivet joint
22723

10882 g??z;

Lason By _ Max stress (MPa)

11351 21347 Joint Type

e Lo Bond Rivet Total
0.28403 0.53268

0 Min

@ in CFRP bond 2.5486 - 483
GFRP bond 3.385 - 47.576
CFRP rivet - 115.77 115.77
GFRP rivet - 187.63 187.63

CFRP bond and rivet 0.2503 127.93 127.93
GFRP bond and rivet 0.5043 190.97 190.97

(¢) CFRP (Bond with 3 rivet joint) (d) GFRP (Bond with 3 rivet joint)

Fig. 10 Distribution of displacement with 3 rivets
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Table 6 Maximum stresses in case of 4 rivet joint

) Max stress (MPa)
Joint Type -
Bond Rivet Total
CFRP bond 2.5486 - 483
GFRP bond 3.385 - 47.576
CFRP rivet - 125.55 125.55
GFRP rivet - 150.76 150.76
CFRP bond and rivet 0.3699 112.6 112.6
GFRP bond and rivet 0.6859 150.49 150.49

1.3211e-15 Min

0.41515 Min

(a) Bond joint only

115.77 Max
102.8

2004

LR

64314

51431

38589

25726

12863
9.1657e-10 Min

115.77 Max
103.05
80327
77807

64 888
52168
39449
26720
1400
12902 Min

(b) Rivet joint only

127.93 Max
11372
99.501
85.286

71072
56.858
42643
28429
14214
4,592e-10 Min

(c¢) Bond with rivet joint

Fig. 13 Distribution of maximum stress of CFRP
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4229

37.003

3117 3.385 Max

26.431 30303

21,145 26755
230

15,889 s

10572 et

5,2862 12565

5.7075e-16 Min 09018
054706
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(a) Bond joint only

187.63 Max
16678

14593

125.08

10424

83389

62.542

41,895

20847
9.1356e-10 Min

187.63 Max
167.09
14655
12601
10548
84,030
54402
43.865
23.327
27901 Min

(b) Rivet joint only

190.97 Max
169.75
14853
127.32
1081
84877
63.658

42438
21219
2.8914e-10 Mis

050431 Max
048852
039274
033695
028117
022538
016959
011381
0058018
0.0022322 Min

(c¢) Bond with rivet joint
Fig. 14 Distribution of maximum stress of GFRP
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