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56921235: MAJOR: MANAGEMENT ENGINEERING; M, Eng. (ENGINEERING
MANAGEMENT)
KEYWORDS: PRODUCTIVITY IMPROVEMENT/ WAST REDUCTION/ SIX SIGMA
PHISARN PLERNPOOKHIEW: REDUCTION OF DEFECT AND REWORK IN
AUTOMOTIVE SEAT MANUFACTURING USING SIX SIGMA CONCEPT

ADVISORY COMMITTEE: THANONGSAK THEPSONTHI, Ph.D., 119 P. 2016.

The purpose of this research was to reduce the defective ratio and rework in foam
manufacturing for automotive seat using Six Sigma technique (DMAIC). The company is facing a
problem of defective ratio higher than company expected causing cost increasing.

During the identify phase; It was found that most of defect and rework are foam part
LOIcaused by having a void larger than 10 mm. Based on the measurement phase, there are 3
causes; mold temperature, spraying of mold release liquid, not enough auto air vent. After the
analysis; it was found that the appropriate mold temperature is between 58-60 °C, spraying of
mold release liquid has no effect to void reduction, adding 3 more auto air vent significantly
reduce void. The result of implementation cause a void reduction of 58.12% which result in

12,862 Bath cost reduction per month.
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Mar-15 Apr-15 May-15 Jun-15 Jul-15 Aug-15 39U

[ a

RT3 T3 U NNE NRE N1 N1 N1 NTUH N1 N1 N1 N1 N1 N1 N1

FOULKY  LHY  HOULYY (A HOUUKY 1T KOUUEN AT HOUMKY (@Y HOUUXN (@Y HOUULN  LHe

1 LO1 3,521 48 2,351 22 2,470 21 3,238 43 4,003 72 2,925 52 18,507 258

2 L02 473 65 319 39 291 29 361 25 374 24 236 20 2,054 202
3 L03 543 70 409 49 498 32 662 34 695 40 422 35 3,229 261
4 L04 812 12 445 13 464 6 432 7 388 15 364 13 2,905 66
5 LO5 121 17 50 8 69 6 58 4 56 4 48 5 403 43
6 LO6 332 24 214 9 227 24 474 34 484 27 351 18 2,082 136
7 LO7 381 24 501 24 570 17 476 11 475 8 382 7 2,785 90
8 LO8 474 19 500 8 521 9 396 6 436 5 432 5 2,758 52
9 L09 1,452 21 674 11 779 4 1,460 7 1,556 5 1,479 5 7,399 53
10 L10 39 20 43 18 40 8 44 10 46 4 27 3 239 65
11 L11 270 24 181 13 197 8 300 12 268 23 259 19 1,474 98
37U 8,417 343 5,687 215 6,125 164 7,900 193 8,780 228 6,925 181 43,834 1,324

gOANITNAN 22,355 16,074 16,920 22,762 24,321 19,864 122,296
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RIRREN) RIRREAN) (W) (V)
1 Lol 172.78 2.18 40,346 44,578 84,924 28.8
2 L2 122.99 2.18 4,478 24,814 29,291 9.93
3 L03 122.04 2.18 7,039 31,859 38,898 13.19
4 Lo4 96.25 2.18 6,334 6,387 12,721 431
5 LOS 150.72 2.18 878 6,514 7,392 251
6  L06 169.05 2.18 4,538 23,025 27,563 9.35
7 LO7 169.05 2.18 6,070 15,246 21,316 7.23
8  LO8 172.78 2.18 6,012 8,937 14,948 5.07
9  LO09 122.99 2.18 16,129 6,481 22,610 7.67
10 LIO 193.22 2.18 522 12,527 13,049 4.43
11 LIl 193.22 2.18 3,213 18,960 22,173 7.52
59 95,558 199,327 294,885 100
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a A
naag3tnu (Polyurethane)
39 nramm (2546) 95111 wedgimu iy wedwe$ fiiny -NHCOO-
ogluTuana msnaalunimssisuaueil 1937 Tag 1w (Bayer) 1HIUTHN
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. ] aan o Y S A :
Farbenfabriken Bayer Tutgos1iu anignsenlaleTalosunanulnanoa v lawedgimu ¥
wa 3 a ' 1o & v a <
Haiadluwaradnuazidule aemwuininiunn Jaqedeuii wag Truuds 1ade il
Y I a 14 ] a
1950 latimswan wodgimuwiusaralawes uaz Trludanguld 1uil 1955 latimsnaa
] s ] <
Trunedgimu sgrnieunslagldnwedoames NareTuanaiivg —oH 2 Srailu
a = a a A 9 aA & = 1
woaoea (Polyol) 11dl 1957 mswaanodgsmuldnedsmosnlare Tuanading —OH uny
= d Y U 9 = o U Y~ 1 = o =
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IninsHNoUBINDS
1. 'la'leTa'l9eiua (Diisocyanate) N 1du1nluniansai fe

ﬂﬁﬁ%mlaﬁ?nm?umm Primary amines
R-NH,+COCl;— R-N=C=0+2HCL (2-1)

a06191a loTa lvenua #ldnune Tngdu'lale Talsenua FalidTmawson Tae

2 Y = [ d‘
L'ﬁJ@]‘L!ﬁ]”IﬂITIQi’J‘L! PNLITANATNNINNT 2-1
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+
Toluene
Hs
NO>
+
NO>
Dinitrotoluene

CHs
: :
NH;

Toluene
Diamine
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Ha
NO2
HoSO4
2 HNO3 - + 2 HO
NO2
Nitric Dinitrotoluene Water
Acid
Hz
catalyst bl
6 H = + 4 HO
NH
Hydrogen Toluene Water
Diamine
CHg
NCO
heat
2 COCly == + 4 HCI
NCO
Phosgene TDI Hydrogen
Chloride

i 2-1 mamnadnaelaleTa laeuua (Diisocyanate) (U590 wrammw, 2546)
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Y
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2. lnooauaznodooa (Diols and Polyols) mawseuneagamulsezavhan

lavea (lnanea) 1wu 1, 4 - Gunulasea uatlmiuiionldaislsenouneawesn laasond
A A s 3 o ' o ' ~ Pt aa 72 o q Y a =
nuwedwestihminTuana lugannin wu wedwames uazwodsmes Fvildnaanan
latnuamianldauldanevaaazsiaign

) @ a Y [ aan
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. CH,0 . H,,Ni
CH=CH — HOCH,C = CCH,0H — HO - (CH,), - OH (2-2)
100 °C, 5 atm 80 —130°C
CuC, 200 — 300 atm

9 a 1Y a 7q Y 3 Y
M3l 1,4 - Dunulaooa wisuwodgimu az lanedwes 1 ugidulomniu Tdluam
I 4 Aa 1 " Y
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vy lansonay

HO - |CH ~CH,0- (|CH2 ~CH-0)n-CH,- CH-OH (2-3)
|

CH, CH, CH,
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H,C - CH-CH, (2-4)

=1

Hgaungilszuna 160 °C lulwsiaulnanea uaz Twdon leason lod

a a 14 @ o a Z A 9 I o &
Lﬂ@‘W@aLll@iulﬁl‘;]f’]fuuﬂﬂiﬂﬂﬁﬁjﬂﬂ@@@uaﬂIﬂﬂmu&iu@]uﬁ]glﬂu@ﬂu

HO - CH, - CH,~ CH,- OH +NaOH —— HO - CH, - CH, - CH,- O-Na+ + H20
/ O\
HO - CH, - CH,- CH,-O-Na+ + CH,-CH-CH;, ——+—> (2-5)

HO — CH, - CH, - CH,0 — CH, — CH, — CH, — O-Na+
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HO (- C,H,0) , — CH, — CH - CH, (- C;H,0) , (2-6)

OH
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< Zone of thermal E:IEE_E)

Wrong Operation
= Not enough skill

= Intentionally do wrong

Thickness of Fabric

~Direction. of Fa_bﬁE':»

= Natural error, beyond human
capability

Setting parameter

= Improper pressure
= Improper thermal
plate

SiEe of Fal;ic

= Detail operation not state in
MPI

= Not enough manpower

— Fabric is not align

Out spec Wrong setting

= Difficulty to perform operation

Inappropriate
design

No guide to lay part
an the plate

Delta length of
cut piece (mm.)

Storage condition
Temp,
Humid,
compression

Mo Criteria Insufficient detail
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Wrong instruction

Ineffective measurement method
Visible/ Not visible detestability

Inappropriate
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harmful function,
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Environment Measurement Method
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=P (Accept H, | H, True)
ANUAANAIATHATN 2 (Type 11 Error)
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AT NMARUIN N-1 MIanLaNNIzunuulng (Z-Table)

S

D.

3 eas under t

S
No

t

The table gives the cumulative probability

up to the standardised normal value z

Z
J _L exp(-422) d2
P[3<z]=]

i.e.

A 0.00

0.5000
0.5398
0.5793
0.6179
0.6554

cSCoOoOoo
L AT,

0.6915
0.7257
0.7580
0.7881
0.8159

ceoooe
W oo~y

0.8413
0.8643
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0.9192

e e
=W O
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= e
LT T
W ;

0.9773
0.9821
0.9861
0.9893
0.9918

[SER SN SR )
o s e e e

0.9938
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0.9981

D
wo eI,

3.00
0.9986

el

(3

-

0.01

0.5040
0.5438
0.5832
0.6217
0.6591

0.6950
0.7291
0.7611
0.7910
0.8186

0.8438
0.8665
0.8869
0.9049
0.9207

0.9345
0.9463
0.9564
0.9649
0.9719

0.9778
0.9826
0.9865
0.9896
0.9920

0.9940
0.9955
0.9966
0.9975
0.9982

3.10
0.9990

0.02

0.5080
0.5478
0.5871
0.6255
0.6628

0.6985
0.7324
0.7642
0.7939
0.8212

0.8461
0.8686
0.8888
0.9066
0.9222

0.9357
0.9474
0.9573
0.9656
0.9726

0.9783
0.9830
0.9868
0.9898
0.9922

0.9941
0.9956
0.9967
0.9976
0.9982

3.20
0.9993

0.03

0.5120
0.5517
0.5910
0.6293
0.6664

0.7019
0.7357
0.7673
0.7967
0.8238

0.8485
0.8708
0.8907
0.9082
0.9236

0.9370
0.9484
0.9582
0.9664
0.9732

0.9788
0.9834
0.9871
0.9901
0.9924

0.9943
0.9957
0.9968
0.9977
0.9983

3.30
0.9995

S

P[Z<z]

/

0.04

0.5159
0.5557
0.5948
0.6331
0.6700

0.7054
0.7389
0.7704
0.7995
0.8264

0.8508
0.8729
0.8925
0.9099
0.9251

0.9382
0.9495
0.9591
0.9671
0.9738

0.9793
0.9838
0.9874
0.9904
0.9927

0.9945
0.9959
0.9969
0.9977
0.9984

3.40
0.9997

0.05

0.5199
0.5596
0.5987
0.6368
0.6736

0.7088
0.7422
0.7734
0.8023
0.8289

0.8531
0.8749
0.8944
0.9115
0.9265

0.9394
0.9505
0.9599
0.9678
0.9744

0.9798
0.9842
0.9878
0.9906
0.9929

0.9946
0.9960
0.9970
0.9978
0.9984

3.50
0.9998

0.06

0.5239
0.5636
0.6026
0.6406
0.6772

0.7123
0.7454
0.7764
0.8051
0.8315

0.8554
0.8770
0.8962
0.9131
0.9279

0.9406
0.9515
0.9608
0.9686
0.9750

0.9803
0.9846
0.9881
0.9909
0.9931

0.9948
0.9961
0.9971
0.9979
0.9985

3.60
0.9998

0.07

0.5279
0.5675
0.6064
0.6443
0.6808

0.7157
0.7486
0.7794
0.8078
0.8340

0.8577
0.8790
0.8980
0.9147
0.9292

0.9418
0.9525
0.9616
0.9693
0.9756

0.9808
0.9850
0.9884
0.9911
0.9932

0.9949
0.9962
0.9972
0.9980
0.9985

3.70
0.9999

2z
0.08

0.5319
0.5714
0.6103
0.6480
0.6844

0.7190
0.7517
0.7823
0.8106
0.8365

08599
0.8804
0.8997
0.9162
0.9306

0.9429
0.9535
0.9625
0.9699
0.9761

0.9812
0.9854
0.9887
0.9913
0.9934

0.9951
0.9963
0.9973
0.9980
0.9986

3.80
0.9999

0.09

0.5359
0.5753
0.6141
0.6517
0.6879

0.7224
0.7549
0.7854
0.8133
0.8389

0.8621
0.8830
0.9015
0.9177
0.9319

0.9441
0.9545
0.9633
0.9706
0.9767

0.9817
0.9857
0.9890
0.9916
0.9936

0.9952
0.9964
0.9974
0.9981
0.9986

3.90
1.0000
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MINNARUIN N-2 AMAIPUAN ] THTVLHUYTAIVANABAIN CONTROL CHART

CONSTANTS

Table of Control Chart Constants

X-bar Chart for sigma R Chart Constants S Chart Constanfs

Constants estimate

2?;’;}2;1 Ay Az ds Ds Dy B; By

2 1.880 2.659 1128 0 3.267 0 3.267
3 1.023 1.954 1.693 0 2574 0 2.568
4 0.720 1.628 2059 0 2282 0 2.266
5 0.577 1427 2326 0 2114 0 2.089
6 0.483 1.287 2534 0 2.004 0.030 1.970
7 0419 1.182 2.704 0.076 1.924 0.118 1.882
8 0.373 1.009 2847 0.136 1.864 0.185 1.815
Q 0.337 1.032 2.970 0.184 1.816 0239 1.761
10 0.308 0.975 3.078 0.223 1.777 0.284 1.716
11 0.285 0.927 3.173 0.256 174 0.321 1.679
12 0.266 0.886 3.258 0.283 1.717 0.354 1.646
13 0.249 0.850 3.336 0.307 1.693 0.382 1.618
14 0.235 0.817 3407 0328 1.672 0.406 1.504
15 0223 0.789 3472 0.347 1.653 0428 1.572
16 0.212 0.763 3.532 0.363 1.637 0.448 1.552
17 0.203 0.739 3.588 0378 1.622 0.466 1.534
18 0.194 0.718 3.640 0.391 1.608 0.482 1.518
19 0.187 0.698 3.680 0.403 1.597 0.497 1.503
20 0.180 0.680 3.735 0415 1.585 0.510 1.490
21 0.173 0.663 3778 0425 1.575 0.523 1477
22 0.167 0.647 3.819 0434 1.566 0534 1.466
3 0.162 0.633 3858 0443 1.557 0.545 1455
24 0.157 0.619 3.895 0451 1.548 0.555 145
25 0.153 0.606 39031 0459 1.541 0.565 1435

Control chart constants for X-bar, R, S, Individuals (called "X" or "I" charts), and MR (Moving
Range) Charts.

NOTES: To construct the "X" and "MR" charts (these are companions) we compute the Moving
Ranges as:

R2 =range of 1st and 2nd observations, R3 = range of 2nd and 3rd observations, R4 = range of
3rd and 4" observations, etc. with the "average" moving range or "MR-bar" being the average of
these ranges with the "sample size" for each of these ranges being n = 2 since each is based on
consecutive observations ... this should provide an estimated standard deviation (needed for the
"I" chart) of

O = (MR-bar)/d2 where the value of d2 is based on, as just stated, m = 2.

Similarly, the UCL and LCL for the MR chart will be: UCL = D4 (MR-bar) and LCL = D3 (MR-
bar)

But, since D3 = 0 when n = 0 (or, more accurately, is "not applicable") there will be no LCL for

the MR chart, just a UCL.
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