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## 4570755221 : MAJOR INDUSTRIAL ENGINEERING
KEY WORD: IMPROVEMENT/ QUALITY / MOLDING PROCESS

VIT WANVUIT : IMPROVEMENT OF METAL MOLDING PROCESS

IN AUTOMOTIVE PART-INDUSTRY.THESIS ADVISOR: ASSOC.PROF.DR.JITTRA
RUKIJKANPANICH, THESIS COADVISOR : ASSOC.PROF.PHULPORN
SANGBANGPLA, 194 pp. ISBN 974-17-6637-8.

The research aims to improve metal molding processes in automotive-part industry. This scope
of study involved in mold producing procedures from taking order, confirming order, mold producing, and
mold operating. The study of factory information indicates that there are some defect parts in mold
producing which cause to maintenance during mold operating. The four causes of this problem are
inappropriate mold designs, incorrect procedures of the mold part, incorrect mold fixture, and
depreciation of mold operation.

The fish bone diagram is used to analyze the causes to find and evaluate the priority of failure.
The Failure Mode and Effect Analysis [FMEA] techniques and Risk Priority Number [RPN] are applied to
priority and the failure. Eleven corrections are ;(1) Improve and co-ordinate between customers and
involved departments.(2) Improve the process to confirm the parts needed by customers.(3) Improve the
imported material examining process. (4) Indicate sequence of mold producing. (5) Apply FMEA to
producing processes. (6) Schedule maintenance periods.(7) Improve maintenance process.(8) Improve
measurement systems. (9) Indicate Key Performance Indicator [KPI] of mold designing and producing
procedures. (10) Train employees, and (11) Correct mold work instructions.

The results of improving are as follow; the delay of mold producing decreases from 12.50% to
0% in one month consequently. the defect parts in producing-procedures decreases from 7.69% to 2.73%
in one month, 0.78% in two month, and 1.02% respectively. the twenty-seven times maintenance before
procedures improving decreases to between four to two times for each month. and Risk Priority Number
decreases 55.19% onaverage

In. conclusion, the factory which to be related to metal molding processes, can use this

methodology as guideline to improvement processes and to increases efficiency continuously.

Department __Industrial Engineering Student’s signature.........ccccceeeiiiiiiceennee,

Field of study__Industrial Engineering Advisor's signature...........oooceveeeiiieeieeeeenn.

Academic year _2004 Co-advisor's signature........ccccvvveveeeeeeeeeeeeeeens
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2.1.5.3 MIUATIHISVUNTIA (Measurement System Analysis: MSA)
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Equipment Measurement Gage R&R Check.
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Equipment Name 1105 Pazt Name 70001 f2 P/N
Equipment Ho.  VN-MAL Date Check by
[Farameter | Spec Hadmes(Leiasnn 33U]) Telkmance 0.0400 Approve BY
Operates 1 Name S556 VH-M-01 Operater 2 Name |FILS VH-M-01 Operater} Name Tsras VN-M-01
Unit Cyck #1 Cycle #2| Cycle #] Range | Tel | Unit |Cycle #1 Cycle #2 Cycke #3 Fanpe | Uel | Umit  Cycle #1 Cypcle #2{ Cycke #1 Ramge | Tel
1 1000000 10.00000f 1000000 ooooo | ooooo | 1 | 10.05000) 10005000 1005000 00000 [ 00000 | 1 10.05000 1002000| 1005000| 0.0300 | 0.0508
2 2250000 22.50000(2250000( coooo | ooooo | 2 |2252000) 2253000 2252000 00000 [ 00000 | 2 2253000 2253000(2252000) 0.0100 | 00160
3 2095000 2495000( 2195000 coooo | ooooo | 3 |2200000) 2200000 2200000 00000 [ 00000 | 3 2200000 2200000 | 2200000| 0.0000 | 0.0000
4 905000 905000 [ 905000 [ ooooo | ooooo | 4 | 905000 | 905000 $05000 00000 [ 00000 | 4 905000 905000 | £.05000 | 0.0000 | 0.0000
5 1632000 16.32000( 1652000 ooooo | ooooo | 5 | 15520000 1652000 1682000 00100 [ 001ss | B 1682000 1632000| 1652000| 0.0000 | 0.0000
6 1920000 19.230000( 1920000] 01000 | 0aepd | 6 | 1930000) 1930000 1930000 00000 | 00000 | 6 1930000 1930000 1930000) 0.0000 | 0.0000
7 400000 400000 [ 400000 [ 00000 | 00000 | T | 400000 | 400000 400000 Q0000 [ 00000 | 7 400000 400000 | 400000 0.0000 | 0.0000
§ | 505000 506000 [ a0c000 | ooto0 | ooee | & | A05000| 506000 508000 00100 | 0otés | F | 505000 505000 | 505000 | 0.0000 | 0.0000
9 1950000 19.50000( 1950000( ooooo | ooooo | 9 | iess000| 1952000 1952000 00300 [ 00505 | e 1952000 19.52000( 1952000) 0.0000 | 00000
10 702000 7.02000 | 7.02000 | 00000 [ o000 | M0 | 702000 | 702000 702000 00000 | 00000 | 10 702000 702000 | 702000 | 00000 | 00000
135163 | 00110 |135:..so| 00050 12.5227 | 0.0040
X1 bt X2 F2 = R3
| Equip Ment Vaziation (B .V.) | | Appreiner Variation (A.V.) |
Az (RLF2ED) = (RL+EHER /3
= 0006GEEE6T Zirma E.¥. = Ay ELRZRN & Sigma AV, RELHID J &2
Tl = vy [RLELEN = 2574 = AwpRLRIFY [ L1693 = RELK2IN [ 1693
= 00171 = 000393775 = 00116164
F(X1,X2.50) = ABS[Hima) - Himin]
= D0196666ET EX. = 515 x Sgma EV. AN = 515 Sigma AV,
0020279553 0059524769
R & Reproducibility RER) | %E V. = ([EV. =100 [ Tolemnce Y AV = [AV.x 100 [ Toemnce
S0LGEEREGS = 1495619216
Sizma RER = SQR(Signa EV)"2 + Ggma 479 EER Statna
0012265726
0O =w% = Accept
% R&R a RER x 5.15 « 100 | Tolerance O W-3% = Naggioad Accept and Inpvement Needed
: ® it - nea
VAo
313 ANNA
A3 ANUIND R, R, R, %EV X, X, X, %AV %GR&R
N1T3 U
A
FUFAIU
1ra o
LUWUN 0.04 50.6989 149.5619
oA 0.011 | 0.005 | 0.004 13.5163 | 13.5360 | 13.5327 157.9213
679-001/2 uaaluAg.

Wi

E

a 4 @ ay 1 1ra d %
6.7 m‘mmiwwﬂﬁamummmwnwmuﬂmﬂqq
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1 o Y [ o J o
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Equipment Variation: %EV) 8g#i 50.6989% tilorfisunuanuaaianaouol Tay
1 d' 9 (% 3 d’ = = % 1 d' o
- AURABVRIENATDUNIT IR 3 AU WofTeunsuiuAIANINAAIANAD LB Ta) T
Tanuiunlsveaniinania (% Appraiser Variation: %AV) 0g#i 149.5619 %
- manudsdsivvesnnuuiuiszuumsialaesan (% Gage Repeatability &
vy g VA A = ~ o A =
Reproducibility: %GR&R) 887 157.9213% Wan/ssusunumanuaaianaonsy lan &9
T S o 9 1A
wnndunaanivua 13 linu 30 %
YOFUNANAMINAFDUNTIA
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Py
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679-001/2 0.04
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nnramsnadeunaliulye  wunanulsilsauvesglnsaiia (% Equipment
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31815 AMNA
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Equipment Measurement Gage R&R Check.

A a L4 [
z‘ll‘ﬂ (M)-1 MIFAATILHISVUNTIA NT

Equipment Name |L2adifin Part Name 679-001 /2 P/N o
Equipment No. |[VN-M-01 Date On | A Check by b
Parameter / Spec |flafiuums (waazranaTIAdau) Tolerance 0.0400 Approve BY /
Operator 1 Name Operator 2 MName . Operator 3 Name
Unit | Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit | Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit |Cycle #1| Cycle #2 | Cycle #3| Range Uel
1 10.00000 | 10.00000 | 10.00000| 0.0000 | 0.0000 1 10.05000 | 10.05000 | 10.05000| 0.0000 | 0.0000 1 10.05000| 10.02000 | 10.05000| 0.0300 | 0.0508
2 2250000 | 22.50000 | 2250000 | 0.0000 | 0.0000 2 22.53000| 22.53000 | 22.53000| 0.0000 | 0.0000 2 2253000 22.53000 | 22.52000| 0.0100 | 0.0169
3 21.95000] 21.95000 | 21.95000| 0.0000 | 0.0000 3 22.00000| 22.00000 | 22.00000| 0.0000 | 0.0000 3 22.00000| 22.00000 | 22.00000| 0.0000 | 0.0000
4 2.05000 | 9.05000 | 9.05000 | 0.O00G | 0LOOOO 4 905000 2.05000 | 9.05000 | 0.0000 | 0.0000 4 9.05000 | 9.05000 | 9.05000 | 0.0000 | O.0000
5 16.82000| 16.82000 | 16.82000| 0.0000 | 0.0000 5 16.83000| 16.82000 | 16.82000| 0.0100 | 0.0169 5 16.82000| 16.82000 | 16.82000] 0.0000 | 0.0000
6 1930000 | 19.30000 | 19.20000| 0.1000 | 0.1693 6 19.30000 | 1930000 | 1930000 0.0000 | 0.0000 [ 19.30000| 19.30000 | 19.30000| 0.0000 | 0.0000
7 4.00000 | 4.00000 | 4.00000 | 0.0000 | 0.0000 7 400000 | 4.00000 | 4.00000 | 0.0000 | 0.0000 7 4.00000 | 4.00000 | 4.00000 | 0.0000 | 0.0000
B 5.05000 | 5.06000 | 5.06000 | 0.0100 | 0.0169 8 | 505000 | 5.06000 | 5.06000 | 0.0100 | 0.0169 8 5.05000 | 5.05000 | 5.05000 | 0.0000 | 0.0000
9 19.50000 | 19.50000 | 19.50000 | 0.0000 | 0.0000 9 19.55000| 19.52000 | 19.52000( 0.0300 | 0.0508 9 19.52000| 19.52000 | 19.52000| 0.0000 | 0.0000
10 7.02000 | 7.02000 | 7.02000 | 0.0000 | 0.0000 10 7.02000 | 7.02000 | 7.02000 | 0.0000 | 0.0000 10 7.02000 | 7.02000 | 7.02000 | 0.0000 | 0.0000
13.5163 | 0.0110 13.5360 | 0.0050 13.5327 | 0.0040
X1 R1 X2 R2 X3 R3
Equip Ment Variation (E.V.) I Appraiser Variation {(A.V.)
Avg.(R1,R2,R3) = (R1 + R2+R3) / 3
= 0006666667 Sigma E.V. Avg(R1,R2RY) / d2 Sigma AV, - R{X1,X2,X3) / d2
Uecl = Avg. (R1,R2,R3) x 2.574 = Avg(R1,R2,R3) / 1.693 =  RXL1,X2,X3)/ 1.693
= 0.01716 = 0.003937783 = 0.01161646
R (X1X2,X3) =  ABS[Xi{max) - Xi(min)]
= 0.019666667 EV. = 5.15 x Sigma L.V AV, 5.15 x Sigma A.V.
= 0.020279583 = 0.059824769
|  Repearability & Reproducibility (R&R) | %% E.V. = (E.V. x 100} / Tolerance Yo AV, = (A.V. x 100} / Tolerance
= 50.69895649 149.5619216
Sigma R&R = SQR((Sigma EV.)*2 + (Sigma AV)*2) R&R Status
0.012265736
QO <10% = Accept
% RER = i Ré&R x 5.15 x 100 / Tolerance O 10.- 30.% = Marginal Aceept and Improvement Needed
xR @ )>38%) = Reject
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Equipment Measurement Gage R&R Check.

Equipment Name |17 asifiy Part Name G79-001 /2 P/ /
Equipment No. |VIN-M-03 Date Guha N Check by T
Parameter / Spec [flafiiuas (WARTIAATIREIL) Tolerance 0.0400 Approve BY ﬁ/
Operator 1 Name Operator 2 Name Operator 3 Name
Unit | Cycle #1| Cycle #2 | Cycle #3| Range Uecl Unit | Cycle #1| Cycle #2 | Cycle #3| Range Uel Unit | Cycle #1| Cycle #2 | Cycle #3] Range Ucl
1 10.05000 | 10.05000 | 10.05000 | 0.0000 | 0.0000 1 1005000 | A10.05000 | 1005000] 0.0000 | 0.0000 1 10.05000| 10.05000 | 10.05000] 0.0000 | 0.0000
2 22.53000| 22.53000 | 22.53000| 0.0000 | 0.0000 2 22520001 22.53000 |2253000| 0.0100 | 0.0169 2 23.55000] 22.52000 | 22.53000| 0.0100 | 0.0169
3 22.00000| 22.00000 | 22.00000| 0.0000 | 0.0000 3 2200000 [ 2200000 | 22.00000] 0.0000 | 0.0000 3 22.00000| 22.00000 | 22.00000] 0.0000 | 0.0000
4 9.05000 | 2.05000 | 9.05000 | 0.0000 0.0000 4 U050 9. 050040 2.05000 | 0.0000 0.0000 4 9.05000 | 905000 | 2.05000 | 0.0000 0.0000
5 16.83000 | 16.82000 | 16.82000| 0.0100 | 0.0169 5 16.82000 | 1682000 | 16.82000] 0.0000 | 0.0000 5 16.82000| 16.83000 | 16.82000| 0.0100 | 0.0169
[ 1930000 1930000 | 1930000 | 0.0000 0.0000 ] 19300004 19.30000 | 19.30000| 0.0000 0.0000 G 19.30000| 19.30000 | 19.30000] 0.0000 0.0000
7 4.00000 | 4.00000 4.00000 | 0.0000 0. 0000 7 400000 400000 400000 | 0.0000 0.0000 7T 4.00000 | 400000 | 400000 | 0.0000 0.0000
8 5.06000 | 5.06000 | 506000 | 0.0000 | 0.0000 8 5.05000 | 5.05000 | 5.05000 | 0.0000 | 0.0000 8 5.05000 | 5.05000 | 5.05000 | 0.0000 [ 0.0000
9 19.52000 | 19.52000 | 19.52000| 0.0000 | 0.0000 9 19.52000 1 19.52000 | 19.52000| 0.0000 | 0.0000 9 19.52000| 19.52000 | 19.52000| 0.0000 | 0.0000
10 7.02000 | 7.02000 | 7.02000 | 0.0000 | 0.0000 10 7.02000 | 7.02000 | 7.02000 | 0.0000 | 0.0000 10 7.02000 | 7.02000 | 7.02000 | 0.0000 | O.0000
13.5353 | 0.0010 13.5337 | 0.0010 13.5340 | 0.0020
X1 R1 X2 RZ2 X3 R3
! Equip Ment Variation (E.V.) I [ Appraiser Variation (A.V.) _I
Avg.(RLR2,R3) (R1+ R2+R3) / 3
= 0.001333333 Sigma E.V. = Ave (RLRZR3) / 42 Sigma A.V. = R{X1,X2303) / d2
Ucl = Avg. (R1L,R2,R3) x 2.574 = Ave(RLRZ.R3) / 1.693 =  RELX2X3) /S 1.693
= 0.003432 = 0.000787557 = 0.000984446
R (X1,X2,X3) = ABS[Xi(max) - Xifmin)]
= 0.001666667 E.V: = 5,15 x Sigana EV. AV = 5.15 x Sigma AV
= 0.004055917 = 0.0050698%6
Repeatability & Reproducibility (R&R) | % EV. = (E.V. x 100) / Tolerance % AV, = (AV. x 100} / Tolerance
= 10.1397913 = 12.67473912
Sigma R&R = SQR(Sigma E.V.)"2 + (Sigma A.V)"2) R&R Status
0.001260706
O < 10 %o = Accept
% R&R = Sigma R&R x 5.15 x 100 / Tolerance [ 10 - 30 % = Marginal Accept and Improvement Needed
[ ie3158588] @)D = Rejem
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Equipment Measurement Gage R&R Check.

~ a o @
g‘]J‘VI (AM)-3 NITUATIEUISUUMNITIA DT

9

Equipment Name [L2adifla Part Name wifuurfians P/N
Equipment No. |VN-M-04 l Date PIR e Check by _f“[,’ (}:‘9_}
Parameter / Spec |mm Tolerance 0.1000 Approve BY ﬁ/
Operator 1 Name Bszed 'Operator 2 Name Awus Operator 3 Name Fsrwond
Unit |Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit | Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit | Cycle #1| Cycle #2 | Cycle #3| Range Uecl
1 10.00000] 10.00000 | 10.00000| 0.0000 0.0000 1 9.98000 9.98000 9.98000 | 0.0000 0.0000 1 9.98000 | 9.98000 | 9.98000 | 0.0000 0.0000
2 11980001 12.00000 | 11.98000| 0.0200 | 0.0339 2 11.96000] 11.96000 | 11.96000| 0.0000 0.0000 2 11.95000| 11.96000 | 11.96000| 0.0100 | 0.0169
3 20.00000{ 20000000 | 20.00000| 0.0000 | 0.0000 3 20.05000 | 20.10000 | 20.10000| 0.0500 0.0847 3 20.00000 | 20.00000 | 20.00000 | 0.0000 | 0.0000
4 55.02000{ 55.02000 | 55.02000| 0.0000 | 0.0000 4 54.98000] 55.00000 | 55.00000| 0.0200 0.0339 4 55.02000 | 55.02000 | 55.00000| 0.0200 | 0.0339
5 38.02000] 38.00000 | 38.00000| 0.0200 0.0339 5 38.00000 | 38.00000 | 38.00000| 0.0000 0.0000 5 38.00000 | 38.00000 | 38.00000 | 0.0000 | 0.0000
6 33.72000) 33.72000 { 33.72000| 0.0000 0.0000 6 33.72000| 33.70000 | 33.70000| 0.0200 0.0339 6 33.70000 | 33.70000 | 33.70000| 0.0000 | 0.0000
7 19.00000| 19.00000 | 19.00000| 0.0000 | 0.0000 7 19.00000 | 19.00000 | 19.00000| 0.0000 0.0000 7 19.00000 | 19.00000 | 19.00000} 0.0000 | 0.0000
8 19.00000| 19.00000 | 19.00000 | 0.0000 0.0000 8 19.00000 | 19.00000 | 19.00000| 0.0000 0.0000 8 19.00000] 19.00000 | 19.00000| 0.0000 | 0.0000
9 60.02000| 60.02000 | 60.02000| 0.0000 0.0000 9 60.00000 ] 60.00000 | 60.00000| 0.0000 | 0.0000 9 G60.04000 | 60.02000 | 60.02000| 0.0200 | 0.0339
10 78.00000] 78.00000 | 78.00000| 0.0000 | 0.0000 10 78.05000| 78.05000 | 78.00000| 0.0500 | 0.0846 10 78.00000| 78.00000 | 78.00000| 0.0000 | 0.0000
34.4753 | 0.0040 34.4757 | 0.0140 34.4677 | 0.0050
X1 R1 X2 R2 X3 R3
| Equip Ment Variation (E.V.) il | Appraiser Variation (A.V.) ]
Avg.(R1,R2,R3) (R1+ R2+R3) / 3
= 0.007666667 Sigma E.V. = Avg.(R1,R2R3) / d2 Sigma A.V. = R(X1,X2,X3)/d2
Ucl =  Avg (RL,R2,R3) x 2.574 = Avg.(R1,R2,R3) / 1.716 = R(X1,X2X3) /1716
= 0.019734 = 0.00452845 = 0.00472534
R (X1,X2,X3) = ABS[Xi(max) - Xi(min)]
= 0008 E.V. = 5.15 x Sigma E.V. AV. = 5.15x Sigma AV.
= 0.02332152 = 0.024335499
| Repeatability & Reproducibility (R&R) ] % E.V. = (E.V. x 100) / Tolerance % AV = (A.V. x 100) / Tolerance
= 23.32151998 = 24.33549911
Sigma R&R = SQR((Sigma E.V.)"2 + (Sigma AV.)"2) R&R Status
0.006544899
(@] <10 % = Accept
% R&R = Sigma R&R x 5.15 x 100 / Tolerance @] 10 - 30 %o = Marginal Accept and Improvement Needed
% ® >30% =  Reject
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Equipment Measurement Gage R&R Check.

185

Equipment Name [L2a%i{le Part Name wiRuWuLwbanan P/N ~ -
Equipment No. [VN-M-04 | | Date S Check by FH O A
Parameter / Spec |mm Tolerance 0.1000 Approve BY ﬁ/
Operator 1 Name BszeR Operator 2 Name Dnus Operator 3 Name Fsrwond
Unit |Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit | Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit | Cycle #1| Cycle #2 [ Cycle #3| Range Ucl
1 10.00000| 10.00000 | 10.00000| 0.0000 0.0000 1 9.98000 9.98000 9.98000 | 0.0000 0.0000 1 9.98000 | 9.98000 { 9.98000 | 0.0000 0.0000
2 11.98000| 12.00000 | 11.98000| 0.0200 | 0.0339 2 _11.96000| 11.95000 | 11.95000| 0.0100 | 0.0169 2 11.95000| 11.96000 | 11.96000| 0.0100 | 0.0169
3 20.00000| 20.00000 | 20.00000| 0.0000 0.0000 3 20.00000| 20.00000 | 20.00000| 0.0000 0.0000 3 20.00000 | 20.00000 | 20.00000| 0.0000 0.0000
4 55.02000| 55.02000 | 55.02000| 0.0000 0.0000 4 55.01000| 55.00000 | 55.00000| 0.0100 0.0169 4 55.02000 | 55.02000 | 55.01000| 0.0100 0.0169
5 38.00000| 38.00000 | 38.00000| 0.0000 0.0000 5 38.00000 | 38.00000 | 38.00000| 0.0000 0.0000 5 38.00000 | 38.00000 | 38.00000| 0.0000 0.0000
6 33.70000} 33.70000 | 33.70000| 0.0000 0.0000 6 33.70000| 33.70000 | 33.70000| 0.0000 0.0000 6 33.70000| 33.70000 | 33.70000| 0.0000 0.0000
7 19.00000| 19.00000 | 19.00000| 0.0000 | 0.0000 7 19.00000 | 19.00000 | 19.00000| 0.0000 | 0.0000 7 19.00000 | 19.00000 | 19.00000| 0.0000 | 0.0000
8 19.00000{ 19.00000 | 19.00000| 0.0000 0.0000 8 19.00000 | 19.00000 | 19.00000| 0.0000 0.0000 8 19.00000 | 19.00000 | 19.00000| 0.0000 0.0000
9 60.02000| 60.02000 | 60.02000| 0.0000 0.0000 9 60.02000| 60.02000 | 60.00000| 0.0200 0.0339 9 60.02000 | 60.02000 | 60.02000| 0.0000 0.0000
10 78.00000| 78.00000 | 78.00000( 0.0000 0.0000 10 78.00000| 78.00000 | 78.00000| 0.0000 0.0000 10 78.00000| 78.00000 | 78.00000| 0.0000 0.0000
34.4727 0.0020 34.4650 | 0.0040 34.4673 | 0.0020
X1 R1 X2 R2 X3 R3
Equip Ment Variation (E.V.) —I [ Appraiser Variation (A.V.) I
Avg.(R1,R2,R3) = R1 + R2+R3) /3
= 0.002666667 Sigma E.V. = Avg.(R1,R2,R3) / d2 Sigma A.V. = R(X1,X2,X3) / d2
Ucl = Avg. (R1,R2,R3) x 2.574 = Avg.(R1,R2.R3) / 1.716 = R(X1,X2,X3) / 1.716
= 0.006864 = 0.001575113 = 0.00452845
R (X1,X2,X3) = ABS[Xi(max) - Xi(min)]
= 0.007666667 E.V. = 5.15 x Sigma E.V. AV. = 5.15 x Sigma A.V.
= 0.008111833 = 0.02332152
| Repeatability & Reproducibility (R&R) | % E.V. = (E.V. x 100) / Tolerance % ALV, = (A.V. x 100) / Tolerance
= 8.111833038 — 23.32151998
Sigma R&R = SQR((Sigma E.V.)"2 + (Sigma A.V.)"2) R&R Status
0.004794564
O <10 % = Accept
% R&R = Sigma R&R x 5.15 x 100 / Tolerance & 10 - 30 % = Marginal Accept and Improvement Needed
[m % P’ >30 % = Reject
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Equipment Measurement Gage R&R Check.

186

Equipment Name [L1a5ifia Part Name TuUsIULHAYA AE-925 P/N —
Equipment No. |VN-M-03 | | Date i iSO Check by 7 H u"jﬂ
Parameter / Spec [mm(ltel swf‘fushu) Tolerance 0.1000 / Approve BY (%
Operator 1 Name adunsal Operator 2 Name fisyeRl Operator 3 Name FsTword
Unit | Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit |Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit | Cycle #1| Cycle #2 | Cycle #3| Range Ucl
1 37.45000| 37.45000 | 37.45000 | 0.0000 0.0000 1 37:46000 | 37.45000 | 37.45000f 0.0100 0.0169 1 37.45000| 37.45000 | 37.45000| 0.0000 0.0000
2 13.74000| 13.75000 | 13.75000| 0.0100 0.0169 2 13.76000| 13.75000 | 13.75000| 0.0100 0.0169 2 13.74000| 13.75000 | 13.75000| 0.0100 0.0169
3 20.00000 | 20.00000 | 20.00000] 0.0000 0.0000 3 20.00000] 20.00000 | 20.00000¢ 0.0000 0.0000 3 20.00000 | 20.00000 | 20.00000{ 0.0000 0.0000
4 28.45000| 28.45000 | 28.45000| 0.0000 0.0000 4 28.45000 | 28.45000 | 28.43000| 0.0200 0.0339 4 28.45000 | 28.44000 | 28.45000| 0.0100 0.0169
5 8.78000 8.78000 8.78000 0.0000 0.0000 5 8.80000 8.78000 8.78000 0.0200 0.0339 5 8.80000 8.80000 8.80000 0.0000 0.0000
6 15.65000} 15.65000 | 15.65000] 0.0000 0.0000 6 15.65000| 15.65000 | 15.65000| 0.0000 0.0000 6 15.65000| 15.65000 | 15.65000| 0.0000 0.0000
7 19.00000| 19.00000 | 19.00000| 0.0000 0.0000 7 19.00000 | 192.00000 | 19.00000| 0.0000 0.0000 7 19.00000| 19.00000 | 19.00000| 0.0000 0.0000
8 22.56000| 22.56000 | 22.55000 | 0.0100 0.0169 8 22.55000( 22.55000 | 22.56000f 0.0100 0.0169 8 22.56000| 22.56000 | 22.56000| 0.0000 0.0000
9 30.34000| 30.32000 | 30.34000| 0.0200 0.0339 9 30.34000] 30.32000 | 30.32000f 0.0200 0.0339 9 30.32000| 30.32000 | 30.32000| 0.0000 0.0000
10 18.02000| 18.04000 | 18.04000| 0.0200 0.0339 10 18.04000 { 18.04000 | 18.02000} 0.0200 0.0339 10 18.02000| 18.04000 | 18.04000| 0.0200 0.0339
21.4000 0.0060 21.4000 0.0110 21.4007 0.0040
X1 R1 X2 R2 X3 R3
‘ Equip Ment Variation (E.V.) I I Appraiser Variation (A.V.) I
Avg.(R1,R2,R3) = ®1 + R2+R3) / 3
= 0.007 Sigma E.V. z Avg.(R1,R2,R3) / d2 Sigma A.V. =  RXI1,X2.X3)/d2
Ucl = Avg. (R1,R2,R3) x 2.574 = Avg R1R2,R3) / 1.716 = R(X1,X2X3) / 1.716
= 0.018018 = 0.004134672 = 0.000393778
R (X1,X2,X3) = ABS[Xi(max) - Xi(min)]
= 0.000666667 E.V. = 5.15 x Sigma E. V. AV. = 5.15 x Sigma A.V.
= 0.021293562 = 0.002027958
| Repeatability & Reproducibility (R&R) | % E.V. = (E.V. x 100) / Tolerance % A.V. = (A.V. x 100) / Tolerance
== 21.29356172 = 2.02795826
Sigma R&R = SQR((Sigma E.-V) 2 + (Sigma A.V)"2) R&R Status
0.004153381
(@) < 10 % = Accept
% R&R = Sigma R&R x 5.15 x 100 / Tolerance @ 10 - 30 % = Marginal Accept and Improvement Needed
I 21.38991317| 2% O =30% = Reject
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Equipment Name [L3a5ufie Part Nlame HusivUHRUNW AE-01178 P/N
Equipment No. VIN-M-05 I Date MW L?j\(f"i’v}(, . Check by
Parameter / Spec [mm(lL6i azﬁuﬂau) ‘Tolerance 0.1000 7 Approve BY
Operator 1 Name AWus Operator 2 Nlame Bs3ell Operator 3 Name Bzl
Unit Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit Cycle #1| Cycle #2 | Cycle #3| Range Ucl Unit Cycle #1} Cycle #2 | Cycle #3| Range Ucl
1 20.00000| 20.00000 | 20.00000 ]| 0.0000 0.0000 1 20.00000| 20.00000 | 20.00000}| 0.0000 0.0000 1 20.00000 } 20.00000 | 20.00000| 0.0000 0.0000
2 10.50000| 10.50000 | 10.50000| 0.0000 0.0000 2 10.50000| 10.50000 | 10.50000] 0.0000 0.0000 2 10.50000§ 10.50000 | 10.50000| 0.0000 | 0.0000
3 25.00000| 25.00000 | 25.00000| 0.0000 0.0000 3 25.00000| 25.00000 | 25.00000| 0.0000 0.0000 3 25.00000} 25.00000 | 25.00000| 0.0000 0.0000
4 12.24000| 12.24000 | 12.22000| 0.0200 0.0339 4 12.24000 | 12.24000 §12.22000| 0.0200 0.0339 4 12.22000 | 12.24000 | 12.22000| 0.0200 0.0339
5 35.54000| 35.54000 | 35.54000| 0.0000 0.0000 5 35.54000| 35.54000 {35.54000| 0.0000 0.0000 5 35.55000] 35.54000 | 35.54000| 0.0100 | 0.0169
6 28.32000| 28.30000 | 28.32000| 0.0200 0.0339 6 28.32000| 28.32000 j 28.32000| 0.0000 0.0000 6 28.30000 | 28.30000 | 28.32000| 0.0200 0.0339
7 45.78000| 45.80000 | 45.78000| 0.0200 0.0339 7 45.80000 | 45.80000 | 45.80000| 0.0000 0.0000 7 45.80000 ] 45.78000 | 45.78000| 0.0200 0.0339
8 18.50000| 18.50000 | 18.50000| 0.0000 0.0000 8 18.50000 | 18.50000 | 18.50000| 0.0000 0.0000 8 18.50000} 18.50000 | 18.50000{ 0.0000 | 0.0000
9 12.85000| 12.85000 | 12.85000| 0.0000 0.0000 9 12.83000] 12.85000 | 12.84000| 0.0200 0.0339 9 12.85000| 12.85000 | 12.84000| 0.0100 0.0169
10 25.62000} 25.62000 | 25.62000| 0.0000 0.0000 10 25.62000| 25.62000 | 25.62000| 0.0000 0.0000 10 25.60000| 25.62000 | 25.62000| 0.0200 0.0339
23.4343 | 0.0060 23.4353 | 0.0040 23.4323 | 0.0100
X1 R1 X2 R2 X3 R3
Equip Ment Variation (E.V.) I I Appraiser Variation (A.V.) l
Avg.(R1,R2,R3) = (R1 + R2+R3) / 3
= 0.006666667 Sigma E.V. = Avg (R1,R2.R3) / d2 Sigma A.V. = R(X1,X2,X3) / d2
Ucl = Avg. (R1,R2,R3) x 2.574 = Avg (R1,R2,R3) / 1.716 = R(X1,X2,X3) / 1.716
= 0.01716 = 0.003937783 = 0.001772002
R (X1,X2,X3) = ABS[Xi(max) - Xi(min)]
= 0.003 E.V. = 5.15 x Sigma E. V. AV, = 5.15 x Sigma A.V.
= 0.020279583 = 0.009125812
l Repeatability & Reproducibility (R&R) % E.V. = (E.V. x 100) / Tolerance % AV. = (A.V. x 100) / Tolerance
= 20.27958259 = 9.125812168
Sigma R&R = SQR((Sigma E.V)"2 + (Sigma AV)"2) R&R Status
0.004318116
(@) < 10 % = Accept
% R&R = Sigma R&R x 5.15 x 100 / Tolerance [ ] 10 - 30 % = Marginal Accept and Improvement Needed
| 22.23829845] % O >30 % = Reject
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Equipment Measurement Gage R&R Check.

Equipment Name |wefiuf Part Mame Wadhuh P/
Equipment No.  [w.p.02 NP0 VMAM-02 Date 27-Dec-04 Check by e :C_s’
Parameter / Spec |[Tanrgalmaon Tolerance 0.5000 Approve BY ,,p.__f
Operator 1 Name i QA VNP2 Operator 2 Name afien QA VNPO1 Operator 3 Name Funsal  wiled wnesmo2
Unit | Cycle #1| Cycle #2 | Cyele #3| Range Ucl Uit Cycle #3] Range Ucl Unit |Cycle #1| Cycle #2 |Cvcle #3| Range Ucl
1 6.20000 620000 | 6.20000 | 0.0000 0.0000 i OLO400 | 00677 1 6.18000 | 6.18000 | 618000 | 0.0000 0.0000
2 6.22000 | 624000 | 624000 | 0.0200 | 0.0339 2 00400 | 0.0677 2 G.20000 |° 620000 | 620000 | 0.0000 | 0.0000
3 6.22000 | 622000 | 6.22000 | 0.0000 | G.0000 3 0.0400 | 0.0677 3 6200008 6.20000. | 6.20000| 0.0000 | 00000
4 622000 | 622000 | 1620000 | 0.0200 | 0.0330 4 00800 | 0.1354 4 6.20000 . 22000 | 6.20000 | 0.0200 | 0.0339
5 S6.16000 | 616000 | 616000 | 0.0000 | 0.0000 5 00800 | 0.1354 5 6.14000 | 16.14000 | 6.12000| 0.0200 | 0.0339
L] 616000 | 616000 | 6.16000 | 0.0000 | 00000 G 00200 0.0339 6 614000 | 6.14000 | 6:12000 | 0.0200 0.0339
7 634000 | ©6:32000 | 6.32000 | 0.0200 | 0.0339 7, 040D | 00677 7 6.28000 || 6:28000, | 6.26000 | 0.0200 | 0.0339
a8 6.22000 L6.20000. |.6.20000 | 0.0200 | 0.0339 8 0.0600 | 01016 B 6.18000 | 6.18000° | 6.18000 | 0.0000 | 0.0000
9 L 6.32000 | 632000 | 630000 | 0.0200 | 0.0339 9 6. 260000 626000 | 00200 | 0.0339 9 628000 | 1 6.24000 | 624000 0.0400 | 0.0677
10 6.14000 |- 6.16000 | 6.16000 | 0.0200 | 0.0339 10 618000 642 18000 | cosoo | 01016 10 612000 | 6.14000 | 614000 0.0200 | 0.0339
6.2187 | n.0120 6.1813 | 0.0480 6.1893 | 0.0140
X1 R1, X2 R2 X3 R3
L EquipMca: Vasiation (E.V.) | [ Appraiser Variation (A.V.) |
Aveg.(R1,R2,R3) = (R1 + R2+R3) / 3
= 0.024666667 Sigma BEV. o Avg(R1,R2R3) / d2 Sigma AV, = RX1,X2,X3) /d2
Ucl = Avg. (R1,R2,R3) x 2.574 - Avg (R1,R2,R3) / 1.695 = R(X1,X2X3) / 1.693
= 0.063492 = 0.014569797 — 0.022051585
R (X1,X2,X3) = ABS[Xifmax) - Xif{min)]
= 0.037333333 E.V. = 5.15 x Siggra BV, AWV, = 5.15 x Sigma ALY,
= DOTS034456 = 0.113565663
1 Repeatability & Reproducibility (R&R) | % B.V. = (E-V. x 100) / Tolerance o ALY, = AV, x 100) / Tolerance
= 15.00689112 = 2271313251
Sigma R&R = SQR(Sigma E.V)*2 + (Sigma AV)"2) RER Status
0.026430123
O < 10 % = Accept
% R&R = Sigma R&R x 5.15 x 100 / Tolerance @ 0 - 30 % = Marginal Accept and Improvement Necded
37 r B 3 =30% = Reject
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Eguipment Measurement Gage K&K Check.
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Equipment Name |efilly Part Name fafansLFa P/IN
Equipment No. VINPO1/ VNPO1/ VN-M-02 Date Z5-Nov-47 Check by ERWARS :\;"'
Parameter / Spec |[Tndrsuzarwdn Tolerance i Approve BY jg/
Operator 1 IName wudn QA VNPOZ2 Operator 2 MName BAAIN QA VNPO1 Operator 3 Name Funwol walAnA VN-MO2
Unit Cycle #1| Cycle #2 | Cycle #3| Range Uecl Unit |Cycle #1] Cycle #2 |Cycle #3] Range Ucl Unit |Cycle #1] Cycle #2 |Cycle #3| Range Ucl
1 7:82000 | 7.82000 | 7.82000 | 0.0000 | 0.0000 1 : ) 7.84000 | 0.0200 | 0.0339 1 7.84000 | - 7.84000 | 7.84000 | 0.0000 | 0.0000
-2 . 7.84000 | 7.84000 | 7.84000 | o.0000 | 0.0000 2 ‘86000 | 0.0200 | 0.0339 2 7.84000 | 7.84000 | 7.84000| 0.0000 | 0.0000
I 7.80000 | 7.80000 | 7.80000 | 0.0000 | 0.0000 3 1 778000 | 0.0000 | ©6.0000 3 7.80000 | (7.80000 | 7.80000| 0.0000 § 0.0000
© 4 7.84000 | 7.84000 | 784000 | 0.0000 | 0.0000 4 7.86000 | 0.0200 | 0.0339 4 7.84000 | 7.84000 | 7.84000| 0.0000 | 0.0000
5 7,70000 | 7.70000 | 7.70000 | 0.0000 | 0.0000 5 770000 00200 | 0.0339 5 .7.70000.] 7.70000 | 7.70000 [ 0.0000 | 0.0000
[ 7.80000 | 7.82000 | 7.80000 | 0.0200 | 0.0339 6 7,80000 1 0.0200 | 0.0339 [ 7.80000.| 7.82000 | 7.80000| 0.0200 | 0.0339
7 | 7.84000 | 7.84000 | 7.84000 | 0.0000 | 0.0000 7 7.86000 | 0.0400 | 0.0677 7 7.84000 | 7.84000 | 7.84000 | 0.0000 | 0.0000
E] 7.82000 1 7.82000 { 7.82000 | 0.0000 | 0.0000 8 : 7.84000 | 0.0200 | 0.0339 8 7.82000 | 7.82000 | 7.82000| o0.0000 | 0.0000
9 7.84000 | 7.84000 | 7.84000 | 0.0000 | 0.0000 9 _7‘.’3éhbo 785000 | 786000 | 00100 | 0.0160 9 7.84000 | 7.84000 | 7.84000 | 0.0000 | 0.0000
10 7.80000 | 7.82000 | 7.82000 | 0.0200 | 0.0239 10 782000 | 7.82000 | 7.82000] 0.0000 | 0.0000 10 7.82000 | 7.80000 | 7.80000| 0.0200 | 0.0339
7.8120 0.0040 TBls7 Q.0170 7.8133 0.0040
X1 R1 X2 R2 X3 R3
l Equip Ment Variation (BV.) 1 I . Appraiser Variation (A.V.) |
Avg.(R1,R2,R3) = ®R1 + R2+R3) / 3
£ 0.008333333 Sigma E.V. o) Ave (R1,R2,R3) / d2 Sigma A.V. = R(X1,X2,X3) / d2
Ucl = Avg, (R1L,LR2,R3) x 2.574 = Ave,(RLR2,R3) / 1.693 = R(X1,X2,%X3) / 1.693
= 0.02145 = 0.004922229 = 0.003937783
R (X1,X2,%X3) = ABS[Xi¢max) - Xi(min)]
] = 0.006666667 E.V. = 5.15 x Sigma 12.V. AV, = 5.15 x Sigma A.V.
|' = 0.025349478 = 0.020279583
1. Repeatability & Reproducibility (R&R) 1 Y% E.V. = (F.V. x 100) / Tolerance Y% ALV, = (AV. x 100) / Tolerance
= 12.67473912 = 10.1397913
Sigma R&R = SQR(Sigma L.V)"2 + (Sigma A.V.)"2) R&R Status.
0.006303528
@ < 10 %% = Accept
Y% R&R = Sigma R&R x 5.15 x 100 / Tolerance & 10 - 30 %0 = Marginal Accept and Improvement Needed
i 16.23158585] <% O =>30% = Reject
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