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Polkij Anukul 2014: Noise Reduction of Wiper Motor. Master of Engineering
(Engineering Management), Major Field: Engineering Management, Faculty of
Engineering at Si Racha. Thesis Advisor: Miss. Sirirat Muenvanichakul, D.Eng.

75 pages.

The aim of this research was to study the problem of wiper motor noise that was over 50
dB. Four factors associated to this problem i.e. the pitch of frame assy (X,), the diameter of frame
assy (X,), surface roughness (X,), and shaft runout (X,) were studied. Preliminary data indicated
that surface roughness and shaft runout were important factors affecting the noise intensity (Y).
Regression model based on the data showed that both the values of surface roughness and shaft
runout had to be kept below 0.004 mm in order to reduce the noise intensity below 50 dB. The
optimal values of the factors controlling processes associated with surface roughness and shaft

runout were determined by means of 2’ factorial design.

Surface roughness is controlled by commutator unit pressing process. Three factors
associated with this process are the pitch of jigs, air pressure and pressing force. The optimal
values of 98.2 mm, 0.6 MPa, and 30 kN, respectively, were determined by the factorial design.
Shaft runout is controlled by core armature unit pressing process which is, in turn, controlled by
the pitch of jigs, air pressure and pressing force. The factorial design resulted in the optimal
values of 29.4 mm, 0.4 MPa, and 50 kN, respectively. With all the optimal values of these factors,

the average noise intensity of wiper motors produced from the production line was 47 dB.

Student’s Signature Thesis Advisor’s Signature
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4 30.56 15.23 0.004 0.002
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7 30.52 15.23 0.004 0.003
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9 30.53 15.24 0.004 0.002
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1 30.53 15.25 0.004 0.005 55
2 30.54 15.24 0.004 0.005 56
3 30.54 15.26 0.004 0.005 55
4 30.54 15.24 0.005 0.005 58
5 30.53 15.25 0.005 0.005 60
6 30.53 15.24 0.005 0.004 58
7 30.52 15.23 0.004 0.004 52
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Probability Plot of Data
Normal - 95% CI
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Paired T-Test and CI: Before, After
Paired T for Before - After
N Mean StDev SE Mean
Before 30 30.5287 0.0222 0.0041
After 30 30.5283 0.0217 0.0040
Difference 30 0.000333 0.003198 0.000584
95% CI for mean difference: (-0.000861, 0.001528)

T-Test of mean difference = 0 (vs not = 0): T-Value = 0.57 P-Value = 0.573
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Probability Plot of Data
Normal - 95% CI
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Paired T-Test and CI: Before, After
Paired T for Before - After
N Mean StDev SE Mean
Before 30 15.2457 0.0165 0.0030
After 30 15.2457 0.0172 0.0031
Difference 30 0.000000 0.003714 0.000678
95% CI for mean difference: (-0.001387, 0.001387)

T-Test of mean difference = 0 (vs not = 0): T-Value = 0.00 P-Value = 1.000
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H,

0 : ubefore = Mafter

Hl : l’lbcforc ¢ p’aftcr

Paired T-Test and CI: Before, After
Paired T for Before - After

N  Mean StDev SE Mean
Before 30 0.002900 0.000803  0.000147
After 30 0.003667 0.000884 0.000161

Difference 30 -7.7E-04  0.000679 0.000124

95% CI for mean difference: (-0.001020, 0.000513)

T-Test of mean difference = 0 (vs not = 0): T-Value =-6.19 P-Value = 0.000
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2 0.003 0.005 17 0.003 0.004
3 0.003 0.005 18 0.003 0.004
4 0.002 0.005 19 0.003 0.003
5 0.003 0.005 20 0.003 0.004
6 0.003 0.004 21 0.003 0.004
7 0.003 0.004 22 0.003 0.004
8 0.003 0.003 23 0.003 0.005
9 0.002 0.003 24 0.002 0.004
10 0.003 0.004 25 0.002 0.003
11 0.002 0.003 26 0.003 0.003
12 0.002 0.003 27 0.002 0.003
13 0.003 0.003 28 0.003 0.004
14 0.003 0.005 29 0.002 0.003
15 0.003 0.003 30 0.003 0.003
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Paired T-Test and CI: Before, After
Paired T for Before - After

N  Mean StDev SE Mean
Before 30 0.002700 0.000466  0.000085
After 30 0.003800 0.000805 0.000147

Difference 30 -1.1E-03  0.000759 0.000139

95% CI for mean difference: (-0.001383, 0.000817)

-Test of mean difference = 0 (vs not = 0): T-Value =-7.94 P-Value = 0.000
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3. MANNEEUVILAUNAT AD X3

4. AIMIUAINVDAUNUINAT AD X4

Normal Prebability Plot of the Residuals
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Stepwise Regression: y versus x1, x2, x3, x4
Alpha-to-Enter: 0.05 Alpha-to-Remove: 0.05

Response is y on 4 predictors, with N = 30

Step 1 2

Constant 3294 2545

x3 4618 3349

T-Value 7.57 830

P-Value 0.000  0.000

x4 3195
T-Value 7.21
P-Value 0.000
S 290 1.73
R-Sq 67.18 88.77

R-Sq(adj)  66.00 87.94

Mallows Cp 55.7 39
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Normal Probability Plot Versus Fits
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Analysis of Variance

Source DF SS MS F P
Regression 2 638.70 319.35 106.76 0.000
Residual Error 27  80.77 2.99

Total 29  719.47

Source DF Seq SS

x3 1 483.31

x4 1 155.38
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Regression Analysis: y versus x3, x4

The regression equation is
y=25.4+3349x3 +3195 x4

30 cases used, 1 cases contain missing values
Predictor Coef SECoef T P
Constant 25.447 1.719 14.81 0.000

x3 3349.2 403.7 8.30 0.000

x4 3194.5 4432 7.21 0.000

S=1.72957 R-Sq=88.8% R-Sq(adj)=87.9%
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Normal Probability Plot
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5 29.4 0.4 60 0.004 0.003 0.002 0.003
6 29.6 0.4 60 0.005 0.004 0.004 0.004
7 294 0.6 60 0.005 0.006 0.005 0.005
8 29.6 0.6 60 0.006 0.006 0.006 0.006
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Factorial Fit : y versus z1, 72, z3

Estimated Regression Coefficients for y

Term Coef SE Coef T P
Constant  0.003625 0.000217 16.743 0.000

zl 0.000625 0.000217  2.887 0.045
z2 0.000625 0.000217  2.887 0.045
z3 0.000875 0.000217  4.041 0.016

S =0.000612372 PRESS = 0.000006

R-Sq=189.19% R-Sq(pred) =56.76% R-Sq(adj) = 81.08%
Analysis of Variance for y

Source DF  SeqSS AdjSS  AdjMS F P
Regression 3  0.000012 0.000012 0.000004 11.00 0.021

Linear 3 0.000012 0.000012 0.000004 11.00 0.021

zl 1 0.000003 0.000003 0.000003 833  0.045
z2 1 0.000003 0.000003 0.000003 833  0.045
z3 1 0.000006 0.000006 0.000006 1633 0.016
Error 4 0.000001 0.000001 0.000000
Total 7 0.000014
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~ 4' Y 1 1 Aa S 9 A =\ aa
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Y998 V2 Am ANUAUINIIATIAURIHAAN (Air pressure)
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naaou lagszauiisd Ay 0.05
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Normal Probability Plot
(response is Y)

Percent
3
1

-0.00050 -0.00025 0.00000 0.00025 0.00050 0.00075
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o 3 AWAUDIN Lo, MANNGEUYEY  AIANNGBEUVEY  AIANINEELYEY  ANRAIAIINITYY
. dwmdsaawsa o _ usanleng R
aau o 1AT0IAUN A AW AW LA TRRGNIGMBTLY
(Hadiuas) (kN) - V! .- .-
an (MPa) (Hadins) (Hadiuns) (Hadiuns) (Hadiuas)
1 98.2 0.4 20 0.005 0.006 0.005 0.005
2 98.4 0.4 20 0.006 0.006 0.005 0.006
3 98.2 0.6 20 0.003 0.003 0.004 0.003
4 98.4 0.6 20 0.004 0.003 0.004 0.004
5 98.2 0.4 30 0.005 0.004 0.004 0.004
6 98.4 0.4 30 0.004 0.004 0.003 0.004
7 98.2 0.6 30 0.003 0.002 0.002 0.002
8 98.4 0.6 30 0.002 0.003 0.003 0.003
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Factorial Fit: y versus v1, v2, v3

Estimated Effects and Coefficients for y (coded units)

Term Effect Coef SECoef T P

Constant 0.003875 0.000125 31.00 0.000
vl 0.000750 0.000375 0.000125 3.00 0.040
v2 -0.001750 -0.000875 0.000125 -7.00 0.002
v3 -0.001250 -0.000625 0.000125 -5.00 0.007

S =0.000353553 PRESS = 0.000002

R-Sq=95.40% R-Sq(pred) =81.61% R-Sq(adj)=91.95%
Analysis of Variance for y (coded units)

Source DF SeqSS AdjSS Adj MS F P

Main Effects 3 0.00001037 0.00001037 0.00000346 27.67 0.004

vl 1 0.00000112 0.00000112 0.00000112 9.00 0.040
v2 1 0.00000612 0.00000612 0.00000612 49.00 0.002
v3 1 0.00000313 0.00000313 0.00000313 25.00 0.007
Error 4 0.00000050 0.00000050 0.00000012

Total 7 0.00001087
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Response Optimization
Parameters

Goal Lower Target Upper Weight Import
y Min  0.001 0.001 0.002 1 1

Global Solution
zl = 294
z2 = 04
z3 = 50

awfl 32 Mz auiigavesuaazilitenszuiumsisznouunumandinuunu

@ ¢
1T T

Tamnmunzauuaaziladens sz muIaIudn 29.4 UadAT ANNAUINAT DI

qufuiaay (Air pressure) 0.4 MPa Uagi3ina 50 kN
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998 V1 A 5282 1UIaINea
Y998 V2 An ANUAUNAAT0IAUAIHAAY (Air pressure)

17938 V3 A9 115909 LAAIAININA 33

Response Optimization
Parameters
Goal Lower Target Upper Weight Import
y Target 0 0.001 0.002 1 1
Global Solution
yl = 98.2
y2 = 0.6
y3 = 30
Predicted Responses
y = 0.002 , desirability = 0.000000

Composite Desirability = 0.000000

MW 33 masnngauigaveaaziasenszuaumslanenivames

Tamnmngauusazlateneo srozdmUagIuon 98.2 Haamns ANNAUIINATOI

quiiiaan (Air pressure) 0.6 MPa a2453n9 30 kN
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M3197 12 wansnaaeufIeuMeuaINsunIeveLnNaINeULazHaINT T U390

1 4 d a a
ASEUIUMS lINUOI5INID0S (Vaauay)

ANTUN VDY AMNTUN VDY AMNTUN VDY AMNITUN VDY
UAUINAINBUMS  UNWWAIHAINS  UAUIWAINDUMS  UAUIWAIHAINS
IESTMEN Usuilge Usuilge IESTMEN!
0.005 0.002 0.003 0.002
0.005 0.003 0.004 0.003
0.005 0.002 0.004 0.002
0.005 0.002 0.003 0.002
0.005 0.003 0.004 0.003
0.004 0.002 0.004 0.002
0.004 0.002 0.004 0.002
0.003 0.001 0.005 0.001
0.003 0.002 0.004 0.002
0.004 0.003 0.003 0.003
0.003 0.001 0.003 0.001
0.003 0.002 0.003 0.002
0.003 0.003 0.004 0.003
0.005 0.002 0.003 0.002
0.003 0.003 0.003 0.003
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Paired T-Test and CI: Before, After
Paired T for Before - After

N  Mean StDev ~ SE Mean
Before 30 0.003800 0.000805 0.000147
After 30 0.002367 0.000615 0.000112
Difference 30 0.001433 0.000971 0.000177
95% CI for mean difference: (0.001071, 0.001796)

T-Test of mean difference = 0 (vs not = 0): T-Value = 8.08 P-Value = 0.000
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HO : ubefore = Mafter

Hl : u before * ]J- after

Paired T-Test and CI: Before, After
Paired T for Before - After

N  Mean StDev ~ SE Mean
Before 30 0.003667 0.000884 0.000161
After 30 0.002233 0.000679 0.000124
Difference 30 0.001433 0.001006 0.000184
95% CI for mean difference: (0.001058, 0.001809)

T-Test of mean difference = 0 (vs not = 0): T-Value = 7.80 P-Value = 0.000
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d‘ 9 Y = 14 ’cf [ [
M990 14 WAYRITEAUANUTNTsUTeNomoI TatdunaInsiulga

yemosilarhny AMANUISIVVDY ANTUNINVDY FTAUANMITUIFE
g unuwa(laamnsg) unuma@adwas)  #5ald tadiwa)
1 0.001 0.002 34
2 0.002 0.003 41
3 0.003 0.002 42
4 0.002 0.002 38
5 0.002 0.003 40
6 0.003 0.002 39
7 0.001 0.002 34
8 0.002 0.001 35
9 0.002 0.002 40
10 0.003 0.003 46
11 0.002 0.001 34
12 0.003 0.002 41
13 0.001 0.003 38
14 0.002 0.002 39
15 0.003 0.003 45
16 0.002 0.002 38
17 0.002 0.003 43
18 0.002 0.003 42
19 0.002 0.003 43
20 0.003 0.003 46
21 0.003 0.002 41
22 0.001 0.003 37
23 0.003 0.002 43
24 0.003 0.002 44
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M3190 14 (99)

yemosilarhny AMANUISIVVDY ANTUNINVDY FTAUANMITUIFE
g unuwa(laamnsg) unuma@adwas)  #5ald tadiwa)
25 0.002 0.003 42
26 0.003 0.003 47
27 0.002 0.002 39
28 0.003 0.003 46
29 0.002 0.002 38
30 0.002 0.002 39
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