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Independent Study Title Improvement of Flocking Process for Automotive Window

Frame Rubber Manufacturers Based on Six Sigma Principle
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ABSTRACT

This independent study aimed to find out appropriate ways to improve flocking process
based on the Six Sigma principle, and to identify factors causing waste during the process. The
whole production steps including inspection that is done before passing on the products to the next
process were studied.

According to the study on the production steps and the application of the 5-step DMAIC
of Six Sigma, four main problems were found: incompletely glued velvet on the work piece,
knobbed velvet, velvet causing dirty finishing surface on work piece, and work piece dropping off
conveying track. The first problem resulted from inappropriate design of rollers, improper size of
air-blowing hose, and equipment defect. The second was caused by blunt cutting blades, unsuitable
blade thickness, large mesh size of sieve, and cleanliness of device. The third was due to adhesive
basin defect, improper design of work piece lifting set, and sensor’s malfunction. The last one was
caused by twisted curve of conveying track, distorted track, and inappropriate design of work piece
lifting set.

After implementing the improved production process, the four problems mentioned
above could be reduced to 60.74%, 54.54%, 84.82%, and 74.55% respectively. Furthermore, this
concept and principle could be applicable to solve and improve other problematic production
circumstances.

Keywords: six sigma, process improvement, flocking process
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Pareto Chart The Defect of Process Flocking ( 4.9.59 - §.A.59 )
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Pareto Chart The Defect of Process Flocking (0.81.59 - 5.71. 59)
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Attribute Agreement Analysis

Within Appraisers

Lssessment Agreement

Eppraiser # Inspected # Matched Percent 95% CI

1 30 30 100.00 (90.50, 100.00)
2 30 29 9g.87 (22.78, 99.32)
3 30 30 100.00 (90.50, 100.00)
4 30 30 100.00 (90.50, 100.00)

# Matched: Appraiser agrees with him/herself across trials.

Fleizss" Kappa Statistics

Lppraiser EResponse Kappa SE EKappa Z PBvs > 0)
1 HE 1.00000 0.182574 5.47723 0.0000
OK 1.00000 0.182574 5.47723 0.0000
2 HE 0.93268 0.182574 5.1083%9 0.0000
OK 0.93266 0.182574 5.1083 0.0000
3 HE 1.00000 0.182574 5.47723 0.0000
OK 1.00000 0.182574 5.4772 0.0000
4 HE l1.00000 0.182574 5.47723 0.0000
OK 1.00000 0.182574 5.47723 0.0000

1 a J @ an
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Each Appraiser vs Standard

k3ze3sament LAOreement

Lppraiser # Inspected # Matched Percent 953 CI

1 30 29 96,87 (B2.78, 95.92)
2 30 28 93.33 ([77.93, 99.18)
3 30 29 9g.67 (B2.78, 99.92)
4 30 28 93.33 (77.93, 98.18)

# Matched: Appraiser's assessment across trials agrees with the known standard.
Aszessment Disagreement

Lppraiser # OK / NG Percent # NG / 0K Percent # Mixed Percent

1 1 8.25 0 0.00 i 0.00
2 0 0.00 1 7.14 1 3.33
3 1 6.25 0 0.00 0 0.00
4 1 6.25 1 7.14 0 0.00

$ OK / NG: Rssessments acro3s trials = OK / standard .
# NG / OK: RAssessments acro3s trials = NG / standard = OK.
# Mixed: Lssessments across trials are not identical.

Fleiss' Kappa Statistics

Appraiser Response Kappa SE Kappa Z Plva > 0)
1 NG 0.593325% 0.129099 7.2289%9 0.0000
CK 0.53325% 0.12909% 7.228%% 0.0000
2 NG 0.89%366 0.12909% &.96646 0.0000
OK 0.B99366 0.129099 6.96646 0.0000
3 NG 0.933259 0.12909% 7.228%9%9 0.0000
CK 0.933259 0.129099 7.2289% 0.0000
4 NG 0.866071 0.12909% &.70856 0.0000
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Between Appraisers
Asseszsment Agreement

# Inspected # Matched Percent 95% CI
a0 28 93.33 (77.93, 99.18)

# Matched: A1l appraisers"' azssessments agree with esach other.

Fleiss" Kappa Statistics

Response Karpa SE Eappa Z Pws > 0)
HE 0.945143 0.0345033 27.3928 0.0000
O 0.945143 0.0345033 27.3928 0.0000
All Appraisers vs Standard
Assessment Agreement
# Inspected # Matched Percent 95% CI

30 28 93.33  (77.93, 9%9.18)

# Matched: A1l appraisers"' assessments agree with the known standard.

Fleiss" Kappa Statistics

Eeaponse Karpa SE EKapra Z PBlwva > 0}
NG 0.907929 0.0845497 14.0&65 0.0000
0K 0.907989 0.0845497 14.0&65 0.0000

AN 4.9 nEAINAMITIAT M Sadae T sunsuiiinny
FoyatuduiudoyauaasnnuannsalunsiaveaminaudieTasunsy Minitab
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Snszridade il
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N 100.00% , 96.67% , 100.00% Lag 100.00% Mua1ay A1nu lHeudes (Each Appraiser

vs Standard) YowilsOmALT 1,2, 3, a 4 TN 96.67% , 933.33% , 96.67% uaz 93.33%

muddy Jszanirannuainsnlunsing1uean13as 9ol (Between  Appraisers) 171

1N 93.33% wazdszanirnanu lueudesresn1sasiaaen (All Appraisers vs Standard) 3

1 1" o % ] 4 % [ ! !
AUNINY 93.33% G?QN"IHLﬂﬂ!W]ﬂ”IiEJ@?JﬁJ AININN 4.10 HazA1s NN 4.2
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Assessment Agreement IDEES Gl EauEhys
Reported by:
Name of product:
Misc:
Within Appraisers Appraiser vs Standard
100 ¢ X 95.0% CI 1004 ¢ ¢ X 95.0% CI
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95 95 -
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b= bt
& 901 S g0
= e
P &
85 85 1
3 3 3
80 - 80 |
3 3
1 2 3 4 1 2 3 4
Appraiser Appraiser

' 4
/NN 4.10 LAAINNNEINITD IUMTIATIVOINUNIY (Within Appraisers) tazlseanTaa

A1 lieuIBeIuINITATIVEO (Appraiser VS Standard) NFIANUFONY 95%

A1519h 4.2 Llﬁﬂ\i!ﬂﬂl“ﬁ’ﬂﬁﬂ@N%ﬂLm%NaﬂﬁalﬂﬂSﬁ Attribute Agreement N13A5I3TOY VOUTY
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89131 AUN1 AUN2  AuN3  Aun4

1. anwansalumsSasve i auudasay
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2. any Bl wdssveaminnuunazay

(Each Appraiser vs Standard ) 90% 96.67% 93.33%  96.67%  93.33%

3. lszAnsnanwansn lumsiagweanis

15996901 (Between Appraisers) 90% 93.33%

4. Uszansnany e wdeevesnisasinaey

(All Appraisers vs Standard ) 90% 93.33%
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4.3 YUABUMITIATIZH (Analysis Phase)
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M319N 4.3 uananinsilassdsuanio

Item x1 x2 x3 x-bar Range
1 16.62 16.81 16.80 16.74 0.19
2 16.75 16.80 16.74 16.76 0.06
3 16.79 16.82 16.78 16.80 0.04
4 16.85 16.81 16.70 16.79 0.15
5 16.68 16.70 16.68 16.69 0.02
6 17.01 16.81 16.88 16.90 0.20
7 16.69 16.85 16.81 16.78 0.16
8 16.81 16.89 16.72 16.81 0.09
9 16.75 16.74 16.71 16.73 0.04
10 16.74 16.70 16.73 16.72 0.04
11 16.83 16.74 16.79 16.79 0.09
12 16.72 16.75 16.66 16.71 0.09
13 16.65 16.71 16.80 16.72 0.15
14 16.70 16.73 16.58 16.67 0.15
15 16.68 16.71 16.70 16.70 0.03
16 16.90 16.91 16.91 16.91 0.01
17 16.93 16.94 16.95 16.94 0.02
18 17.00 16.97 16.97 16.98 0.03
19 16.97 16.96 16.98 16.97 0.02
20 16.99 16.97 16.98 16.98 0.02
21 16.97 16.96 16.96 16.96 0.01
22 16.96 16.98 16.96 16.97 0.02
23 16.99 16.97 16.98 16.98 0.02
24 16.97 16.98 16.98 16.98 0.01
25 16.98 16.96 16.97 16.97 0.02
26 17.00 16.99 17.00 17.00 0.01
27 16.98 16.99 17.00 16.99 0.02
28 17.01 17.00 17.02 17.01 0.02
29 17.00 16.99 17.01 17.00 0.02
30 16.98 16.98 17.00 16.99 0.02
31 17.00 16.99 17.02 17.00 0.03

Summation 522.93 1.80
Average 16.87 0.06
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M319N 4.4 LananinsilassdSuanio

Item x1 x2 x3 x-bar Range

1 17.07 17.08 17.06 17.07 0.02
2 17.06 17.08 17.08 17.07 0.02
3 17.06 17.04 17.02 17.04 0.04
4 17.04 17.06 17.06 17.05 0.02
5 17.05 17.05 17.03 17.04 0.02
6 17.07 17.07 17.05 17.06 0.02
7 17.06 17.07 17.07 17.07 0.01
8 17.07 17.06 17.08 17.07 0.02
9 17.05 17.06 17.06 17.06 0.01
10 17.07 17.04 17.09 17.07 0.05
11 17.07 17.06 17.04 17.06 0.03
12 17.05 17.07 17.07 17.06 0.02
13 17.08 17.07 17.06 17.07 0.02
14 17.04 17.06 17.04 17.05 0.02

Summation 238.84 0.32

Average 17.06 0.02
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7 2 o.M 292 20 28 0.46 Q81 100 38 0.152 | 0.102
7 23 061 302 2 27 042 0.85 100 41 0.111 0.143
8 20 091 227 20 28 0.38 089 100 42 0.101 | 0.153
8 21 081 | 237 20 29 034 | 093 120 43 0091 | 0.121
8 22 071 | 247 20 20 031 | 096 120 44 0081 | 0131
8 2212 066 | 252 25 28 0.38 (64 150 46 0061 | 0.108
8 23 061 | 257 25 29 = 068 160 44 0081 | 0078
8 24 056 262 25 30 031 o7 160 46 0061 | 0097
10 20 091 |} 383 25 |- 31 ) o2 | 073 165 46 | oos: | 0093
10 21 0.81 1.73 25 a2 0374 0.742 180 47 0051 | 0090
10 2 071 | 183 |25 33 | 0253 10763 180 48 | 0041 ] 0100
10 2212 066 188 30 8 038 g4r 200 46 0061 | 0066
10 23 061 193 30 23 0.34 0,51 200 47 0051 | 0076
10 24 0.56 1.98 30 30 031 0.54 250 47 0.051 | 0051
10 25 051 203 30 3 029 OL 250 48 0041 | 0051
10 26 0.46 2408 30 2 0274 05673 270 <8 0041 | 0053
11 25 0.51 1.80 30 33 1 0263 | 0584 ] 300 48 0041 | 0048
12 21 0.81 1,31 30 34 D233 | 0814 325 | 4812 | 0035 ] 0.043
12 22 0.71 1.4} 30 35 0213 0634 400 49 0030] 0034
12 23 0.61 1.51 2 a0 o3 0458 500 S0 0025] 0026
12 24 0.56 1.56 32 37 Q172 0622 —
12 25 0.51 1.61 35 35 0213 051 BITFNHATT TURZUNSNINT
12 26 0.46 1.66 35 35 0193 0.53 (ﬂ']ﬂﬂlﬂulaﬂﬁ"lu)
12 27 042 1.70 35 37 0.172 0.551
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MANHIN A

a % % . .
Han3ANINT VRN AN IY Simmulation Software



a 4 1
AIN.AT TOYAUAAINANITAATIZH Flow Simmulation (RoUNTHA 1)

Name Minimum Maximum
Density (Fluid) [kg/m”3] 0.08 18.73
Pressure [Pa] 271571.30 8.67e+007
Temperature [K] 293.20 16992.30
Temperature (Fluid) [K] 293.20 16992.30
Velocity [m/s] 0 34370.174
Velocity (X) [m/s] -32531.067 19452.174
Velocity (Y) [m/s] -5603.317 4987.931
Velocity (Z) [m/s] -9771.226 10043.681
Mach Number [ ] 0 27.24
Velocity RRF [m/s] 0 34370.174
Velocity RRF (X) [m/s] -32531.067 19452.174
Velocity RRF (Y) [m/s] -5603.317 4987.931
Velocity RRF (Z) [m/s] -9771.226 10043.681
Vorticity [1/s] 1920.97 5.80e+007
Relative Pressure [Pa] 170246.30 8.66e+007
Shear Stress [Pa] 0 217669.35
Heat Transfer Coefficient [W/m*2/K] | 0 0

Surface Heat Flux [W/m”2] 0 0

Surface Heat Flux (Convective) | -5.044e+011 4.958¢+011

[W/m"2]
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a 4 [
A30.A2 FoYAUAAINANITIATIZH Flow Simmulation (Waan 15 )

Name Minimum Maximum
Density (Fluid) [kg/m”3] 509.44 26874.14
Pressure [bar] 1.01 36379.41
Temperature [K] 226.44 3004.70
Temperature (Fluid) [K] 226.44 3004.70
Velocity [m/s] 0 1213.610
Velocity (X) [m/s] -218.358 373.404
Velocity (Y) [m/s] -478.062 491.534
Velocity (Z) [m/s] -1150.445 1102.309
Mach Number [ ] 0 4.02
Velocity RRF [m/s] 0 1213.610
Velocity RRF (X) [m/s] -218.358 373.404
Velocity RRF (Y) [m/s] -478.062 491.534
Velocity RRF (Z) [m/s] -1150.445 1102.309
Vorticity [1/s] 74.81 3389534.92
Relative Pressure [bar] 0 36378.39
Shear Stress [bar] 0 26.57
Heat Transfer Coefficient [W/m"2/K] | 0 0

Surface Heat Flux [W/m"2] 0 0

Surface Heat Flux (Convective) | -5.596e+012 2.766e+009
[W/m”2]
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