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Structural Analysis of a Suction Pad for a Removable Bike Carrier
using Computational and Experimental Methods
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Abstract As the suction pad-supporting bike carrier attached to a car may be subject to an excessive dynamic load
due to random vibrations and centrifugal forces during driving, its structural safety is of great concern. To examine
this, the finite-element method with a fluid-structure interaction should be used because the pressure on the pad
bottom is changed in real time according to the fluctuations of the force or the moment applied on the pad. This
method, however, has high computing costs in terms of modeling efforts and software expense. Moreover, the
accuracy of computation is not easily guaranteed. Therefore, a new method combining the experiment and computation
is proposed in this paper: the bottom pressure and contact area of the pad under varying loads was measured in real
time and the acquired data are then used in the nonlinear elastic finite-element calculations. The computational and
experimental results obtained with the product under development showed that the safety margin of the pad under
the axial loading is relatively sufficient, whereas with an excessive rotational loading, the pad is vulnerable to
separation or a local surface damage; hence, the safety margin may not be secured. The predicted contact behavior
under the variation of the magnitude and type of the loading were in good agreement with the one from the
experiment. The proposed analysis method in this study could be used in the design of similar vacuum pad systems.

Keywords : Computational and experimental methods, Nonlinear elastic finite-element methods, Structural analysis,
Structural safety, Suction pad with a vacuum pump
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Fig. 1. Vacuum-suction mount pad assembly
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1
Vertical loading

Axial loading
| causing a rotation

Fig. 2. Experimental setup for (a) axial and (b) rotational
loading.
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(a) 0 kPa

(b) 30 kPa (¢) 50 kPa

Fig. 3. Temporal variation of the contact surface of the
mount pad and the vacuum pressure as the
negative pressure is increased.

o
=
4

ot
&

o)
o,
o,
lo,
=
Iz
ox,

7}atol wpe} s|= ulgk ole)e] A|Ho
WAL ZEI(FE F9
7 Sk, & atgel st
g npg weko v HE WA AR 74
= aFg°] 1.08 kN(110 o
7P B R Eaha

therell= 4= ol

rlo

[ 2 Hu oy

b N oi)

Z7hshuA

7h, sreel

e}
=)
)

ofx
o>

B &
H 1 |o

ol
Qi
)

£

W

4 N
3o L

22
=

i
i
]

e
ol
e

=
& Al BHE



R4 A7 Aelolg B oo 4P L AWH PHe BEF TR

1200 17000
/"(ninii 7E

o AT 16000
. &
, e 5
— /rr - 15000 T
Z [
8 600 forttg 14000 F
- i s
T ’ 5
N 13000 &
y | 2
200 *EﬁACt_uaI projected area | 4549 3y,

Eg —e— Axial load

) 11000

6 70 75 80 85 90

Pressure [kPa]

Fig. 4. Vacuum pressure(p) vs. Active projected area
(A,) fitted with A, =16695(1— ¢l 029150 =61570) anqg
Vacuum pressure(p) vs. Axial load(£) fitted with
F=246.2(p—65.3)"478!

70 17000
al
60 16000 3
4 2
50 3
T - 15000 ©
=z o
= 40 @
< ol 14000 5
g o 3
s 30 A ®
2 @
¥ 13000 &
0 12/ = Active projected iarea 12000 i\,
—e—Moment
0 11000

65 70 75 80 85 90 95 100
Pressure [kPa]
Fig. 5. Vacuum pressure(p) vs. Active projected area(A4,)
fitted with A, =—143340+5611.2p— 68.069p" +0.28115p°
and Vacuum pressure(p) vs. Moment load(/4) fitted with
M=—1441.7+ 51.649p — 0.62037p* +0.0025558p"

4, BEA

41 714 2zt
o AIE Al AgAos s e 4

Wlolnz, slele] vheE HEihe

Bl ARE % S5 BUE 352 hete] P2

gul

m

625

Table 1. Material properties of major parts of the bike
carrier mount

Elastic Poisson's Yield Tensile
Component | Material |Modulus, E Ratio Strength | Strength | Reference
v
[MPa] ’ [MPa] [MPa]
5.88 13.5
TPV
Suction Pad | (Innoprene 2.0 0.48 (@50 1 (@30 [6]. [7]
1550N/B) °C, ISO | °C, ISO
37) 527)
Reinforcin Aluminum
Rin %| ALDCS 70000 0.33 165 331 | MATWEB
¢ | (apcny
PC/ABS
Pump (LG MATWEB,
Casing | Chemical 21000 0.38 56.9 71.5 8]
HR5007A)

Note: MATWEB is located at http://www.matweb.com/
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Fig. 6. von Mises effective stress in the suction pad
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Fig. 7. (a) Contact stress distribution on the bottom

surface of the suction pad (a quarter model)
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