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Abstract: In this study, we analyze the static and dynamic characteristics of a bulk-cement trailer with a

simpler structure that carries powders. The commercial software ANSYS is used to pr

epare a detailed

three-dimensional model of the chassis frame and tank body that bear most of the load of a bulk-cement

trailer for the finite element analysis. Modal analysis is conducted to examine the dynamic

characteristics of

the trailer body, and static analysis shows weak links in the structure. Finally, we propose a method to
increase the strength of vulnerable areas and to reduce the weight of the trailer by applying the Taguchi

method.
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Fig. 1 CATIA solid modling of a new;gpe bulk-
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Fig. 2 Finite element modeling of the bulk-cement
trailer



M= AME Eddels AEH Feaidy 947

1t
12.435Hz

et
25.240Hz

3
16.809Hz

o A 422MPa®] FH o von-Mises %

o} 1o A P1, P2, P3, P4= Z}Z} =

=2 ST HAse= Hi]% e AL
<l

=]
Ak SHsiA A Fig. 99k Zo] #
2
|
an

3&.131%09;& do 1K
oot
)
o
>
2

X

—)

Y0 My O pO Ob o L R HO o oY o

oz W3 9o $o] AFHE o
2 BFAA AAAA FAZ Fol7] s
shukie] By A4
2 Agatel Raua Bk AA 2
82 Sl o, %

s
AAs 79 Foz Aust T g o

mmﬂg

to ﬁ % of
ir g M
ol EE

S
4
)
>
°
4

>

oft X 1 )
B

ol

i)



948 P

(a) Boundary condtions
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(b) Loading conditions
Fig. 8 Analysis conditions

Fig. 9 Stress distributions and locations of stress
concentration(P1, P2, P3, P4 in order of
value)
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Table 1 Design factors and their levels
. Thickness level [mm]
Design factors
1 2 3
A 2.5 2.8 3.0
B 2.5 2.8 3.0
C 2.5 2.8 3.0
D 2.5 2.8 3.0
E 2.5 2.8 -
F 2.5 2.8 3.0
G 2.5 2.8 3.0
H 2.5 2.8 3.0
Table 2 Z,,(2' x3") orthogonal array
Exp. Design factors
no. A B C D E F G H
1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2
3 1 1 3 3 3 3 3 3
4 1 2 1 1 2 2 3 3
5 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
10 2 1 1 3 3 2 2 1
11 2 1 2 1 1 3 3 2
12 2 1 3 2 2 1 1 3
13 2 2 1 2 3 1 3 2
14 2 2 2 3 1 2 1 3
15 2 2 3 1 2 3 2 1
16 2 3 1 3 2 3 1 2
17 2 3 2 1 3 1 2 3
18 2 3 3 2 1 2 3 1

Fig. 10 Eight design factors of the lower part of

bulk tank
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Table 3 Analysis results of orthogonal array
Weight Stress (MPa)
Exp. mo/ ) Pl P2 P3 P4
Original| 2462.6 | 422.0 334.7 332.2 328.5

1 2361.5 481.9 379.9 349.1 3573
2 24237 | 4275 335.7 343.7 348.6
3 2465.2 | 4004 313.3 340.8 344.1
4 2422.1 421.5 313.1 343.5 355.9
5 2435.2 393.5 379.9 341.7 347.7
6 2419.3 476.9 336.3 348.1 344.6
7 2440.1 472.6 314.5 341.0 347.7
8 24245 | 4184 372.3 348.0 343.7
9 2429.6 392.1 343.0 344.1 355.9
10 2442.1 398.8 373.7 335.6 338.8
11 2449.3 482.9 332.8 351.8 330.3
12 2428.4 | 428.3 324.2 341.1 343.9
13 2435.5 393.9 333.9 340.6 342.8
14 2451.9 | 476.3 321.6 335.6 338.9
15 2458.7 | 421.6 373.2 333.1 350.9
16 2463.6 | 4174 340.9 333.1 337.9
17 2438.8 3924 317.1 340.7 351.1
18 2461.1 473.3 369.5 3353 3429
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Table 4 Average Performances of factors

Design factors
Characteristics Level A B C D E F G H
1 -52.68 -52.78 -52.66 -52.68 -53.58 -52.68 -52.67 -52.67
Stress(P1) 2 -52.68 -52.65 -52.68 -52.41 -52.52 -52.68 -52.68 -52.68
3 - -52.60 -52.69 -52.67 -51.94 -52.67 -52.68 -52.68
1 -50.68 -50.69 -50.67 -50.69 -50.67 -50.71 -50.82 -51.47
Stress(P2) 2 -50.69 -50.68 -50.69 -50.79 -50.69 -50.68 -50.65 -50.56
3 - -50.68 -50.69 -50.69 -50.69 -50.67 -50.59 -50.03
1 -50.74 -50.72 -50.64 -50.72 -50.72 -50.75 -50.65 -50.64
Stress(P3) 2 -50.59 -50.64 -50.72 -50.69 -50.64 -50.62 -50.64 -50.72
3 - -50.64 -50.64 -50.63 -50.64 -50.63 -50.71 -50.64
1 -50.87 -50.72 -50.80 -50.89 -50.72 -50.81 -50.80 -50.80
Stress(P4) 2 -50.68 -50.80 -50.71 -50.82 -50.80 -50.80 -50.80 -50.71
3 - -50.79 -50.81 -50.66 -50.80 -50.71 -50.71 -50.80
1 -67.69 -67.71 -67.70 -67.70 -67.71 -67.67 -67.71 -67.71
Weight 2 -67.78 -67.74 -67.74 -67.74 -67.74 -67.74 -67.74 -67.74
3 - -67.76 -67.76 -67.76 -67.75 -67.79 -67.76 -67.75
Table 5 Optimum level of factors AL Eote] Edde FHEHEYE e T
Factor Level Factor Level & 7S ALste] FHeER Y HxEsE v
A ; E ? st FAE =Y g Ae AAMEREES Altst
B F = L - =
B 1 L 1 Ak FF AL FEHS M WgE
D 1 H 2 e Aed A Tx A5 o
g Aot Eddy dA gzl uigh A
Table 6 Analysis results of the optimized model AT7F FUHH R e EHo Aok & Flo|t}h o]
5 = Eayysie) 5 E =}
Weight von-Mises stress [MPa] e oljf-eo] AfHoR Agdeid = 574
[kg] P1 P2 P3 P4 7—(}‘%*04 %7\2] 761;@?—:]1 ;(ﬂ_TJ_Oﬂ T‘:—L 1,:_—3—0] %']_ 7}12;
i 7] €l o}
Original | 1606 | 422.0 | 3347 | 3322 | 3285
model
Optimized | 337 4 | 3956 | 344.5 | 341.6 | 353.2
model 7;"15—6._"
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