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Six Sigma Quality Enhancement of Motors Through

a Vibration Measurement System

Djitt Laowattana ' and Natapong Vutikorn 2
King Mongkut’s University of Technology Thonburi, Bangmod, Toongkru, Bangkok 10140

Abstract

In this engineering research, we apply the Six Sigma discipline to solve problems in real
production processes at the Seagate technology (Thailand) Rangsit, a manufacturer of spindle
motors in computer harddisks. The objective of this research is to reduce all unnecessary expenditures
and watses in such production processes as much as possible. We have improved quality of its
measuring system to promote customer confidence. The data is used to build up highly efficient
decision making in production processes. We have also investigated motor vibration which should
not exceed 150% ACT. Such investigation aims at finding ways to enhance accuracy and precision.
There were four steps in our experiment i.e. measuring phase, analyzing phase, improving phase
and controlling phase. Cheetah 18LP model was selected for such an experiment. We have found
that the vibration measuring system lack of linearity and precision property. Bearing is a major

component generating the vibration.

! Associate Professor, Center of Operation for Field Robotics Development (FIBO).
? Graduate Student, Center of Operation for Field Robotics Development (FIBO).
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(%Linear,%GR&R)
Preload Force Correlation
Maintenance Pressure
Calibration Alignment
Set Up Machine
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Process Step Key Process Potential Potential w Potential Cause o Current Control ) o Piority
Input Failure Mode Failure Effect : g : ;
Motor Assembly Preload Over or Poor % 7 Force 6 Calibrate Frame 5 210 A
Under Load Linearity
Motor Loading Work Standard Improperly Poor 4 Operators 5 Training 6 120 B
Loading Reproducibility
& Interaction
Upper & Lower Pressure Improperly Poor 3 Set Up Pressure 2 Pressure Gauge 8 48 C
Cylinder Move Air Pressure Repeatability Monitoring
Center Pin Press Alignment Misalignment Poor 6 Set Up 3 Maintenance 7 126 B
on the Shaft (Mechanism) Repeatability Alignment
Motor Spin Consistency Consistency Poor % 8 Upper & Lower 9 Bearing Sampling 4 288 A
of Bearing Linearity & Bearing
Assembly GR&R Assembly
Frequency Bearing Bearing Poor % GR&R | 10 Frequency Band 10 Supplier Control 3 300 A
Analyzer Frequency Vibration of Bearing
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KPIV’'s Matrix

Preload Force

High Band Bearing Frequen(\

Mid Band Bearing Frequency

Low Band Bearing Frequenc;7v

Consistency of Bearing
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ACT Measurement >

System %GR&R
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Spectrum Vibration Analysis
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134.3%ACT
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Modify KPIV's Matrix

High Band Bearing Frequency

(Top Bearing)
High Band Bearing Frequency\A HIGH

(Bottom Bearing) — =——— ACT Measurement >

/ System % GR&R
Preload Force
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3. #umaun15U5uls9e (Improve Phase)
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a RUNBDNI WIUVBITEAU (Level) Va9ad8 A
b RUNBDNI NWIUVBITEAL (Level) Vp91Ja38 B
c RUNBDI INWINVBITEAL (Level) Va9Jad8 C
n WINEE SIMINMINARBITA (Replication)
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ANVURANANATAAN 2 (Type Il error) waz UYL A LINUIZABIMAUAANVIANNRANAATHATN
1 (Type | error) wiammuuaanutFsslumslfiasauyagrmlosuydguiuduads

Y P < A A a A a & a Ay !
a9 wits Kenett [13] Nefiftasananufanaraniiad ulunisnasaadusanly
sasaninidoslauasaisnaivgulnegluaifiaesnislaaisniseanuuy Montgomery
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dsznaualadadenlolunsnasey 3 J93s wasiduwilassuuuadf (Fixed Effect Model)
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: o 3 44 doe oo
A19199 5 NANITUATIZRANULTEILE DU ARIADLNLNALAN

Power and Sample Size

2-Level Factorial Design

Sigma = 55 Alpha = 0.05 Effect = 66
Factors: 3 Base Design: 3,8
Runs: 48 Replicates: 6
Blocks: none Center pts (total): 0

Reps: 6 Power: 0.9819
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2 32U AIONINN 6

A15199 6 szavvastadunloluninesas

Haswiildlumnaaas Low Level (-1) High Level (1)
A 0.3 Anderon Unit 0.8 Anderon Unit
B 0.3 Anderon Unit 0.8 Anderon Unit
C 4.5 lbs. 6.5 Ibs.

Lﬁ'avlﬂwamsmaaommwéfoﬁmaauﬁaqmmwmawaanJa (Performing) a7
o a a & Qs {
BaAwMIAaNRANULUTLTIN (ANOVA) @3a1319% 7

= a 3
A139N 7 WaNITILATIZRANULLTUTIN

Analysis of Variance for Average (ACT5)

Source DF Seq SS Adj SS Adj MS F p
Main 3 10538855 10538855 3512952 19.71 0.000
2-Way 3 932094 932094 310698 1.74 0.174
3-Way 1 1035 1035 1035 0.01 0.940
Residual 40 7127919 7127919 178198

Error 40 7127919 7127919 178198

Total 47 18599903

& v '

fﬂfmwamﬁLmﬁzmagamumﬁme:ﬁmmLLﬂsﬂimagﬂvl,@T’hNamﬂﬂmﬁ'ﬂﬁLﬁ@]
ntfasunaninanenanuduaziienvesaduifavoinesessfitsdan Finesadiu
I IUUAN I FINUTVBIRIULTA9 ﬁﬁNa@iammé"uauﬁau‘lugﬂuuumamﬁmma@]g
delgluminenssuazaamisionafiazniedulasnsinmznnInanay (Regression
Analysis) 690131991 8
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A15199 8 MTIATITRANNNADBEY

Analysis of Variance for Average (ACT5)

Source DF Seq SS Adj SS Adj MS F P
Regression 6 11470949 11470949 1911825 11.00 0.000
Linear 3 10538855 10538855 3512952 20.20 0.000
Interaction 3 932094 932094 310698 1.79 0.165
Residual 41 7128954 7128954 173877
Lack-of-Fit 1 1035 1035 1035 0.01 0.940
Pure Error 40 7127919 7127919 178198
Total 47 18599903
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(Multiple Linear Regression Model) ﬁ’wm%’uéfumunmaaﬁvﬁmmaugﬂ (Fit) ﬁ'umyayla
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Estimated Regression Coefficients for Average (ACT5)

Term Coef StDev T P
Constant 934.8 60.19 15.532 0.000
A 363.6 60.19 6.041 0.000
B 279.3 60.19 4.640 0.000
C 96.9 60.19 1.609 0.115
A*B -123.6 60.19 -2.054 0.046
A*C 6.5 60.19 0.108 0.914
B*C 64.0 60.19 1.063 0.294

o
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y = 934.8 + 363.6x, +279.3x, -123.6x,X, (2)
Main Effects Plot - Data Means for Avg (ACT5)
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EMIIATERANULUTUII (ANOVA) i lunmsRansaniieniais LL@iﬂ’]SLLﬁfE}J%’]
AU UENTITUUMII At T un TR A NUR LT GeiussezaaslosaiiiiFanin
Signal to Noise Ratio 1sinamlumsaasulaifisriuanuiuuls lagsirnuilasumsdszney
LA aNANBITULHINIINARDISINNTIR 4 ¥1ialnumsmsiasimeludunudy 6 A% ua
13215% SIN ratio G837 3 6’%@gmmiﬂ"wmm@?'aﬂa'nf:l,ﬁmmuﬁagoﬁoa (Larger is the Best)
Tuuaszifasefivnnisnaaas Ross [15] éﬁgﬂﬁ 8

10 1
S/N=—10log(— z —) (3)
ni=1Y,
138
SIN AuNE Signal to Noise Ratio
= o ! 0
n BUUDI ﬁnmumiwmaaﬂmmaz Trial
2 ¥ .
y NN Namawagarlu Trail

Main Effects Plot for S/N Ratios
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A15191 10 New Operating Point
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y = 934.8 + 363.6(~1) + 279.3(-1) - 123.6(-1)(-1) = 168.3 (4)
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Contour Plot of Avg (ACT5)
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4. 4UMaUNI3AIVAN (Control Phase)
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