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Abstract: For achieving economical fuel consumption, an increase in the load bearing capacity, and for environmental
conservation, there is a constant demand for lightweight frames of commercial vehicles used in the transportation industry. In this
study, a structural analysis of the frame of a heavy flat-bed trailer was performed to determine the optimal design of a new
lightweight frame made of high-strength steel. To identify the key design parameters of the trailer frame, Taguchi’s orthogonal
array was used in the experiments. Using ANSY'S, a commercial FEA program, the frame structure was optimized with respect
to stress, deflection, and torsional stiffness by performing stress and vibration analyses. A physical model of the trailer was also
built to verify the validity of the numerical analyses. Finally, an on-road fatigue test of the new lightweight frame made of the
high-strength steel, ATOS80, was performed to confirm the durability of the new design.
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Fig. 3 Parametric finite element modeling using ANSYS
APDL
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Fig. 4 Boundary and loading conditions for static
analysis
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Fig. 5 Analysis results: (a) failure part, (b) maximum
stress of a deformed frame and (c) 1st torsional
vibration mode
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Table 1 Cross section of members and their design

factors
Part Cross Section
MB_TOP_F
MB_TOP_ET
(Thickness)
(Thickness)
' MB_FBT_FT MB WT
Main Beam MB_MBT FT (Thickness)
MB_RBT FT
L—_
MB BTM F
A
Upper & Lower UCM/LCM
Cross Member/ /CH/SC_W
k.
Cross Channel/
Supporter Channel *{ ‘*— UCM/LCM
JCH/SC_F
SM_F1 —»‘ ‘4—
-
Side Member SM_W
SM_F2 4# ‘._
Upper
Side Member  Cross Member Main Beam

Outside
Rear & Front
Member

Cross Channel

Lower

e Cross Member

Fig. 6 Design factors of trailer frame
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Fig. 7 Side view of main beam and two design factors
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Table 2 Factors and their levels
] Level [%
No. Design Factor ] 2 [%] 3

A MB L3 0 10 -
B MB H3 -10 0 5
C MB_TOP_F 151 o0 | 5
D MB_TOP_FT 5] o0 | s
E MB_BTM F a5 o0 | s
F MB_FBT FT 101 0 |5
G MB_MBT FT 0] 0 |5
H MB RBT FT 0] 0 |5
I MB WT -10 0 5
J Outside Front Member Thickness | -10 0 10
K Outside Rear Member Thickness | -10 0 10
L CH W -20 0 5
M CH F -20 0 10
N CH(Cross Channel) Thickness -15 0 10
O UCM F -20 0 10
P UCM Thickness -15 0 10
Q SM(Side Member) Thickness -20 0 10
R SM F1 & F2 -10 0 10
S SM_W -10 0 5
T LCM W -20 0

U LCM F -20 0 10
\% LCM Thickness -15 0 10

SC(Supporter Channel

w ( E)[¥1)1ickness ) -20 0 10
X SC W 20 o |10
Y SC F -20 0 10
Z

Main Beam Stiffener Thickness -10 0 10

AATE HAHsA A = Ak AF
THA7IHS A& st ¢4 A
= % A HOE]JE 2+ sl A T Fig. 6 ¥ Fig. 7
3 Table 18 Wi 2 ARl & AL
& 3} Ei‘ﬂ‘”ﬁi AAAEF Helste]
ﬂz‘}l AARNAES BoFa
-] 7]“1301]"1% QIAF=7E9] *’i
B %Oﬂ A9l d-s3hA agEo] ¢
Aol A NA THE y_«é@gi A}
Utk AT, E AN E v B A
A2HE 3G 7] wi<toll dRbdolx]&= Ak
54(2‘><325)5’4 oh+4 2 L8l E 3 (orthogonal array)
2O dAsta, Audxe] B F 54 g9
5‘H‘4% T kAt O]Uﬂ /\}ﬂoﬂ 5116!3'& B Ed

<{

adr

o &
o [ 4 &

D

s

O

o mlo ﬂ

r Jzi
mln
%)
fd

=

2 3

>

Ho

9 5
Table 3 Analysis Results of array L, (2' x3%)
Max. Stress | 1* Torsional
Exp. No. [MPa] Freq. [H7] Mass [kg]
1 506.3 2.112 2169.8
2 367.1 2.226 2293.4
3 355.1 2.504 2656.4
4 398.5 2.311 2492.3
5 304.8 2.457 2649.0
6 302.7 2.659 2650.4
7 464.1 2.567 2612.2
8 275.5 2.581 2673.2
9 320.4 2.646 2801.0
10 282.1 2.794 2710.2
11 292.0 2.380 2478.3
12 275.8 2.498 2588.3
13 327.3 2.567 2694.1
14 299.0 2.601 2584.1
15 299.0 2.647 2588.9
16 319.7 2.618 2697.3
17 300.4 2.658 2577.9
18 293.2 2.729 2676.9
19 821.0 2.658 2635.2
20 286.5 2.583 2594.0
21 281.3 2.654 2569.5
22 301.6 2.588 2713.7
23 346.9 2.663 2564.9
24 292.8 2.732 2674.2
25 277.7 2.537 2578.1
26 261.7 2.682 2563.7
27 365.0 2.383 2632.0
28 314.7 2.427 2575.7
29 312.0 2.773 2613.8
30 322.2 2.354 2565.0
31 337.9 2.453 2380.5
32 328.8 2.492 2561.5
33 398.1 2.988 2552.7
34 311.6 2.365 2534.3
35 354.4 2.448 2681.3
36 461.0 2.386 2564.9
37 292.3 2.535 2601.4
38 272.6 2.662 2649.7
39 296.5 2.687 2580.0
40 307.4 2.549 2604.5
41 298.2 2.658 2600.0
42 294.9 2.692 2631.6
43 341.5 2.610 2478.4
44 316.9 2414 2603.8
45 304.1 2.695 2571.3
46 289.1 2.600 2611.4
47 289.8 2.589 2606.8
48 278.1 2.829 2616.4
49 278.2 2.454 2476.1
50 256.4 2.604 2604.1
51 323.0 2.580 2624.3
52 877.3 2.554 2603.6
53 310.8 2.644 2680.5
54 312.7 2.808 2615.6
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Fig. 8 Graph of factor effect for total mass

47

-48 4
2
o -494
£ T 5
t:- o p Q R s , UV QW X Y
s 504 N /\ .\ ad ! \ A
= AR |/ NRNYA
© 51 R
i<l ¢
3
X .52
Z
(2]

-53

(a) Factor: A-M

47

-48 4
2
3 494 B |
@ t C o E H Ny KL M
% 504 A |\ , { F @ N
= -*J‘*/\\ﬂs'\w | /
s | / s
¢ 514 ¢ | |
ie]
3
X .52
Z
(2]

-53

(c) Factor: N-Z
Fig. 9 Graph of factor effect for maximum stress
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Table 4 Optimum level of factors

Factor Level Factor Level
A 2 N
B 2 (0] 1
C 1 P 1
D 1 Q 1
E 2 R 1
F 2 S 2
G 2 T 3
H 2 U 1
I 2 \% 1
J 1 W 1
K 3 X 1
L 1 Y 1
M 2 Z 3

Table 5 Analysis results of the optimized model

Max. Stress | Torsional Freq.
[MPa] [Hz] Mass [kg]
Original
Model 286.8 2.667 2637.5
Optimized
Model 294.6 2.428 2195.1
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Fig. 12 Fatigue test on a prototype of the final optimized
model
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