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Noise Reduction of a Small D/C Motor Using 6 Sigma Process
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ABSTRACT

This paper studies on the noise reduction for a small automobile DC Motor (a window motor)
using the 6 sigma process. The application of 6 sigma process suggested reliable and valuable
statistical data for the quality of the DC motor at the production line. In the measurement step in 6
sigma process, the FMEA (failure mode effect analysis) were used for the detection of noise sources,
The application of 6 sigma process gave not only the improving method for the quality of the DC
motor but also the confidence of improvement itself since it was done on the basis of the test results
for a number of DC motors at the production line. Consequently the 6 sigma process was proved very
effective for the noise reduction at the production line.
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Table 1 Parts list for window motor

No | Parts name | No Parts name

1 Yoke 5 Op shaft

2 Armature 6 Brush card ass'y
3 Magnate 7 Metal bush

4 Worm wheel 8 Gear case

Table 2 Specification of DC motor
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Table 3 Main frequency

Rated load 10.5(V)
510~725(rpm) Parts name Frequency(Hz)
0.1 Nm load OP sh
55(A) shaft 10
175~390(rpm) Armature 100
1.0Nm load 14.4(A) Worm wheel 330
Current of stall 28(A) Carbon brush 800
Weight 412(g) Commutator 1600
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Fig. 4 Sound quality data for mass production

Fig. 5 Statistical data for mass production

[Total table of quality control point]

Group title | Lot | | Period [2002.1.15~2001.1.15 | Date [ 2001/2/28 | Name |
Symbol Vi Yo V3 Yy Vs
Item dBA Kurtosis Loudness(b) Loudness(p) Sharpness
Upper limite 55
Lower limite
Graph of T e
standard [ t b s «f\ i
distribution AR e o Nia ks A
N 30 30 30 30 30
Mean 53.1 2.6952 4.20 60.65 2.4387
S/D 1.381 0.48978 0.369 1.316 0.14282
Range 7.0 2497 15 56 0.537
Cp 0.458
Cpk 0.458
PU(PPM) 84779.1
PL(PPM)
PT(PPM) 84779.1
R Standard Non standard Non standard Non standard Non standard
esults deviati deviati deviati deviati deviati
eviation eviation eviation eviation eviation
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Table 654 7o}, Fig. 6 Sonogram for BTB difference 0.5
Table 4 Measurement data for mass production Table 6 Test condition for FMEA data
A scale| Zwicker Zwicker | Zwicker Level Test number
Factor oise o loudness | loudness First level|Second level|of every level
phone | sharpness Commutator bar
Unit dBA Sone Phone Acum to bar difference| 01 #m | 1~2pm 30 set
Mean 53.103 4.196 60.647 2.4387
Standard t&?ﬁnﬁﬁe 0~003 | 0.03~0.07 30 set
. 1.381 (.4898 1.316 0.1428 mm mm
deviation error
Table 5 FMEA for mass production.
[temn Potential failure Potential effect Action results
mode of failure Severity | Occurrence | Detection | RPN
Commutator roundness 4 2 2 16
Bar to bar difference 4 5 3 60
Carbon brush round 4 3 2 24
Brush noise Brush card eccentricity 3 4 2 24
Housing setting force 4 4 1 16
Yoke setting force 4 4 1 16
Yoke staking 3 2 3 18
Commutator scratch 4 4 1 16
Worm wheel total composite error B 2 3 30
Noise Worm wheel fotal composite error after insert 5 3 3 45
! Distance centrt of housing 4 2 2 16
W wheel O/P shaft roughness 5 3 2 30
orm Metal bush roundness 7 2 2 28
Metal bush roughness 7 2 2 28
Gap of O/P shaft and metal bush 5 3 2 30
Run out of worm 5 3 2 30
Worm scratch 3 4 3 36
Ab | noise A/R unbalance 4 2 2 16
norma A/R roundness 3 3 2 18
Yoke perpendicular 3 3 2 18
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Fig. 8 Sonogram for worm wheel TCE 0.025 mm

Table 7 Hypothesis test for mass production data{minitap)

(A:%F2 Bigzak 0~1 gm)

Factor Level Mean St Dev P-value Effect Results
A 53 1.381
dBA B 5 1846 0.06 1dBA down Accept
Zwicker loudness A 4.20 0.369 ’
sone B 386 0555 0.02 0.34 Sone down | Accept
Zwicker loudness A 60.65 1.316
phone B 59,37 1.908 0.01 1.28 Phon down | Accept
Zwicker loudness A 244 0.143 .
sharpness B 239 0130 031 |0.05 Acum down| Reject
Table 8 Hypothesis test for mass production data(minitap)
(A2 B EE59 0~0.03mm)
Factor Level Mean St Dev P-value Effect Results
dBA A 23 1530 0.83 N Accept
B 525 1,580 : one ceep
Zwicker loudness A 437 0.430
sone B 449 0.084 0.36 None Accept
Zwicker loudness A 61.20 1.908
phone B 6160 1487 0.35 None Accept
Zwicker loudness A 2.57 0.143 .
sharpness B 2.54 0.223 0.62 None Reject
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