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The Modeling and the Optimization of an Electrical Vehicle
using Joint Analysis
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ABSTRACT

Currently, computational analysis is a popular technology in automobile éngineering. Finite ele-
ment analysis is an excellent method for body analysis. For finite element analysis, accurate mod-
eling is very important to obtain precise information. Stick modeling is a convenient way in that it
1s easy and simple. When a stick. model is utilized, the joints are modified in the tuning process. A
tuning method for the joint has been developed. The joints are modeled by designated beam ele-
ments and the beam properties are tuned to have target values which are evaluated from experi-
ments. An optimization method called “Goal Programming” is employed to impose the target val-
ues. With the tuned joints, the entire optimization has been carried out. Using the “Recursive
Quadratic Programming” algorithm, the optimization process determines the configuration of the
entire structure and sizes of all the sections. For example, the structure of an electrical vehicle is
modeled and analyzed by the method. The stick model works well since the structure is made of
aluminium frames. Although the example handles an electrical vehicle, this method can be applied
to general vehicle structures.

F27]E4e : Stick Model(~¥ 29), Joint Analysis(Z2%4 #]4)), Experimental Values(-d%
A1), Structural Optimization(7Z A AA])
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Table 1 Material Properties of the Beam
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Tray
Toung's Mod
oung’s Modulus | 0 1 saaono | 220800
(kg/m*)
Densit
I g e 1070 | 45741070 | 2755 %1071
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Table 2 F.E.M. Results

Bending Torsional | 1st Natural
stiffness stiffness frequency
(mm) (10™*rad) (Hz)
Shell 0.744 0.17 34.0
Beam 0.883 0.17 32.7
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Fig.1 The Stick Model of an Electrical Vehicle
with Beam Elements
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[ l Goal Programming
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Fig.2 Procedure of the Joint Analysis Using Goal Programming
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Fig.6 Shell Model of the T;type Box Beam
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Fig.9 A Joint with Two Branches

Fig.8 A Corner Joint

Table 3 Result for the T-type Box Beam

Displacement Shell model Beam model Tuned beam model | Error(%)
Gy ~-0.282e-02 -0.245E-02 -0.282e-02 0.0
Gx 0.144e-01 0.536E-02 0.144e-01 0.0
9 ~(0.171e-02 -0.182E-02 -0.171e-02 0.0

Table 4 Result for the Skewed T-type Joint

Displacement Shell model Beam model Tuned beam model | Error(%)
Oy -0.307e-02 -0.236E-02 ~0.307e-02 0.18
Ox 0.147¢-01 0.517E-02 0.147e-01 0.29
a; -0.176e-02 -0.177E-02 -0.176e-02 0.028




Table 5 Result for the Corner Joint

2GR HHE o4 AN F2E 2UY N A4y

Displacement Shell model Beam model Tuned beam model | Error(%)
oy -0.176e-02 -0.183E-02 -0.176e-02 0.0
O« 0.559-02 0.363E-02 0.559¢-02 0.0
4y -0.559e-02 -0.363E-02 -0.559%e-02 0.0
Table 6 Result for the Joint with Two Branches
Displacement. Shell model Beam model Tuned beam model | Error(%)
P -0.155e-02 -0.158e-02 ~0.155e~-02 0.0
Y -0.155e-02 -0.158e-02 ~0.155e-02 0.0
P 0.202e-01 0.619e-02 0.202e-01 0.0
¥ 0.209e-01 0.619e-02 0.209e-01 0.0
0 -0.200e-02 -0.208e-02 -0.200e~02 0.0
‘ -0.22%-02 -0.208e-02 -0.229e-02 0.0
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Fig.10 Shell Model of the Corner Joint.
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Fig.12 Eight Joints of the Electrical Vehicle

Table 7 Result of the Joint Analysis for J1

i
E"--1
b

Fig.13 Shell Model of the Joint J1

Displacement Shell model Beam model Tuned beam model | Error(%)
Oy 0.472¢-02 0.146e-02 0.224e-02 52.5
Ax 0.422e-02 0.416e-02 0.422e-02 0
9 0.774e-02 0.430e-02 0.774e-02 0
Table 8 Result of the Joint Analysis for J2
Displacement Shell model Beam model Tuned beam model | Error(%)
Oy -0.130e-01 -0.118e-01 -0.130e-01 0
O 0.134e-01 0.104e-01 0.134e-01 0
8, 0.628e-03 0.719¢-03 0.680e-03 8.3
Table 9 Result of the Joint Analysis for J4
Displacement Shell model Beam model Tuned beam model | Error(%)
by 0.387e-01 0.233e-01 0.345e-01 10.9
Oy -0.139¢-01 -0.319e-02 -0.660e-02 52.5
8- 0.505e-03 0.299e-03 0.505e-03 0
Table 10 Result of the Joint Analysis for J5
Displacement Shell model Beam model Tuned beam model | Error(%)
&y 0.13%-01 0.177e-01 0.13%9e-01 0
Ox -0.439¢-02 -0.514e-02 -0.439%¢-02 0
4 0.384e-03 0.497e-03 0.396e-03 3.12
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Table 11 Response of the Electrical Vehicle

Initial Beam model Beam model
niua.
Experimental using Joint analysis using
beam model .
results Overall tuning
Bor
endl'ng 0.744 0.777 0.935 0.712
(static)
Torsional
orsiona ~0.179¢-02 -0.180e-0 ~0.170e-02 0.1796-02
(static)
tural freq. :
Natural freq 33.6 33.19 32.78 33.59
(bending mode)

L=J{xs=2) 4 (go—ya)+(za—2,)" (12)

subject to k=0 j=1, -, % (13)
=0 k=n"+1, -, nc (14)
bF<b<b?¥ I=1, ---, nd (15)
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Table 12 Design Limits

Allowable value
0.744mm
0.179E-02rad

Static Bending

Static Torsional

Natural freq. 30.0H=
Y AdAREY b9 F& dAWFEE bR
FEE.
b
b= } (16
bl) )
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minimize Weight of the vehicle (18)
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Fig.17 Design Variables of an Electrical
Vehicle for Size Optimization
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Table 13 The Initial & Boundary Values of Design Variables of Size Optimization

Element Initial Lower Upper Element | Initial Lower Upper
number value limit limit number value limit limit
b 84.0 10.0 200.0 b 45.0 10.0 200.0
1 h 70.0 10.0 200.0 4 h 35.0 10.0 200.0
t 5.0 2.0 10.0 t 4.0 2.0 10.0
b 70.0 10.0 200.0 b 60.0 10.0 200.0
A h 70.0 10.0 200.0 5 h 30.0 10.0 200.0
t 5.0 2.0 10.0 t 3.5 2.0 10.0
b 100.0 10.0 300.0 b 80.0 10.0 200.0
3 h 70.0 10.0 200.0 6 h 38.0 10.0 200.0
t 7.0 2.0 10.0 t 5.0 2.0 10.0

Table 14 The Initial & Boundary Values of Design Variables of Configuration Optimization

Node Initial Lower Upper Node Initial Lower Upper
number value limit limit number value limit limit
a 1,010.19 850.0 1,300.0 d 420.6 420.6 420.6

b 573.0 400.0 750.0 e 532.82 350.0 750.0

c 420.6 300.0 550.0 f 609.5 400.0 800.0
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Fig.18 Design Variables of an Electrical Vehi-

cle for Configuration Optimization
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Table 15 Optimization Cases Classified by Constraints

13

Case
number

Constraints

Case I | Displacement+ Frequency constraint in size optimization, without joint analysis

Case II| Displacement + Frequency constraint with configuration variables, without joint analysis

Case H| Displacement +Frequency constraint in size optimization, with joint analysis

Table 16 Results of Size Variables for Case I and Case I

Case V| Displacement+ Freguency constraint with configuration variables, with joint analysis

(Unit ; %)
Element Case Case Element Case Case
number I m number I m

b —24 —71.7 b 131.2 45.0

1 h —80.0 —68.8 4 h —-0.3 49.9
t —60.0 —60.0 t —50.0 —50.0

b —81.7 —85.7 b 28.3 —16.4
2 h —78.5 ~76.5 5 h 59 88.0
t —60.0 —60.0 t —42.9 —42.9

b 165.2 35.77 b 04 234

3 h 3.42 44.9 6 h 76.2 45.0
t —71.40 ~71.4 t —60.0 —60.0

Table 17 Result of Size Optimization
Imitial Case 1 Case I

Cost 5.775E+01 2.9870E+01(—48%) 2.1918E+01(—62%)
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Table 18 Results of Size and Configuration Variables for Case I and Case IV

(Unit © %)
Element Case Case Element Case Case
number il v number I v
b —65.2 —69.7 b —6.0 —12.1
1 h —70.3 — 685 5 h 55.1 81.7
t —60.0 —60.0 t —-42.9 —42.9
b —85.7 —85.0 b —5.9 22.3
2 h —84.8 —854 6 h 28.3 26.0
t —59.8 —60.0 t - —60.0 —60.0
b 86.5 28.6 a —6.6 2.3
3 h 25.5 46.6 b —~0.05 5.4
t —714 —714 ¢ —28.7 —10.9
b 65.46 26.3 d 0.0 0.0
4 h —4.5 40.0 e —4.3 —0.5
t —50.0 —50.0 f —-10.7 —0.06
Table 19 Result of Configuration Optimization
Initial Case I Case V
Cost 5.775E+01 2.3471E+01(—59.4%) 2.1354E+01(—63%)
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