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Abstract : A systematic methodology has been proposed to establish a reliable design of water pump system. A
simplified steady-state dynamic model of water pump system has been developed to study the response of water pump
system to the dynamic load mainly due to the run-out and unbalance. Design modifications are needed to strengthen the
structural integrity of existing designs. Increasing the natural frequency of system is pursued to prevent a resonance
from occurring in the engine excitation range. A computational reliability methodology combined with finite element
analysis is used to identify the most significant factor affecting the system performance. This method considered
influence of design control parameters for the performance of design. By including control factors to the system model
in a systematic way, more reliable design is expected.

Key words : Bearing walkout(¥| o3 &%), Run-out(ZE3), Finite element analysis(-5-3+.2 23] 41), Reliability
design(%] £] 4 Al), Design control parameter(Zd A) 4| o] 914}

Nomenclature Myr, Myr, Mz : moments from the center of fan in x, y,

z direction
Fxnr, Fynp, Fopp : forces from the center of hub and

. L Mpy , Meluch, Man : mass of hub-pulley, clutch, and
pulley in x, y, z direction ; hub.pulley, ficlutch, Ta puliey
an

M. 1-p, Myup, M, ip : moments from the center of hub o

. . O, ©, W : misalignment due to run-out
and pulley in x, y, z direction de of belt f
. Frere : magnitude of belt force
Fyc, Fyc, Foc : forces from the center of clutch in x, y, z el g i
.. Wshaft, Wfan + acceleration of shaft and fan
direction | ¢ bub
. Joubs Jpulieys Jetutch, Jran @ axial inertia moments of hub,
My, Myc, M ¢ : moments from the center of clutch in ubs pulley, Teluich, Hfan
L pulley, clutch, and fan
X, Y, Z direction bal fort d clutch
. Utan, U, : unbalances for fan and clutc
Fxr, Fyp, For : forces from the center of fan in x, y, z fomy clutch

L a : angle between Z; axis and Fpej
direction
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b, =0 (16)
M, =0 (17)
M, = %Jfanw;(msin(QH +2¢+21) (18)
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Fig. 1 FE model of water pump system

166 szAISxIZts| =27 H142 X3S, 2006

clutch

Mier

Fan

My Fbem

Puiley
2

Fig. 2 Simplified model to obtain governing equation of
quasi-dynamic load for simulation
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Table 1 Material properties and related parameters for the

simulation
Hub | Pulley | Clutch Fan
Massm (kg) | 0.17 | 0.25 143 132
Axial moment of
inertia J 0.00046 {0.00221| 0.00323 0.02085
(kg - m?)
Ma’zlgg“_bilj;’;w N/A | N/A |0.18-0.36 | 0.15-03

Angular velocity : dhue =

 fon = 0~2500 (rpm)

0~6000x1.26 (rpm)

Interference fit : 6 = 0.0465 (mm)

di=7(mm), d; = 73.6(mm) | Fou=495(N), a=41°

0-0~0.09291 [ ¢-0.2186~02221 [ 4=0~04813
Young's . Material

modulus Density damping

Steel 210 (GPa) | 7.79 (gfem’) | 0.24%
Aluminum 76 (GPa) 2.8(g/em’) 0.19%
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Table 2 P-diagram for reliable design of water pump system

Control factor table Design range
Para- .
Parameter Lower | Upper Nominal
meter . Level
o description bound | bound value
i Shaft mass density 0.5 i 4 7.79E33
ratio (kg/m”)
h ]
5 Shaft youngs | s 4 2.1E5
modulus ratio (MPa)
3 |Clutch mass ratio| 0.5 1 1.43(kg)
4 Fan mass ratio 0.5 1 6 1.32(kg)
Fan young's 0.5ES
5 .
modulus ratio ! 13 4 (MPa)
6 Hub&pul?ey mass| 5 | 4 0.17 & 0.25
ratio (kg)

Table 3 CDOE matrix for simulation runs

s 51 o [ [T
Run ‘s YOURES | ass | mass youngs | putley Freq.
density| modulus . . |modulus| mass
. . ratio | ratio . . (Hz)
ratio ratio ratio ratio
1] 083 1.00 0.90 , 0.80 | 1.50 0.83 | 89.39
2| 1.00 1.17 0.60 | 0.60 | 1.00 0.83 |137.25
31083 1.50 1.00 {0.50 | 133 0.50 |164.96
4 | 0.67 1.33 0.80 [0.50 ) 1.17 0.67 [176.95
51050 1.17 1.00 | 1.00 | 1.33 1.00 | 76.65
6 | 050 1.50 0.50 1070 | 1.00 0.67 1123.85
7 | 0.67 1.33 0.70 | 0.90 | 1.50 0.50 | 89.71
g8 | 1.00 1.00 0.50 { 1.00 | 1.17 1.00 | 77.79
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Fig. 3 Main effect plots (response: lst frequency of the
system): (a) Fan mass ratio; (b) Shaft mass density
ratio; (¢) Hub and pulley mass ratio; (d) Clutch mass
ratio; (e) Fan Young's modulus ratio; (f) Shaft Young's
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rpm(original design)
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Fig. 5 Peak load on the fan shaft with engine speed 0 to 6000
rpm(new design, fan location has been moved 11mm

from original design)
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