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Abstract

In the special problem, quality control of elemental plate production for car
battery of a company was studied. The purpose is for study about element plate
weight and performance of machine from data of elemental plate three model
collect all by model A collect data from machine 1 and 2 model B collection from
machine 3 and 4. And model C collection from machine 5 and 6. Spent time to
collect data in three periods. The first on day 24 to 26 December 2018. The second
on day 21 to 25 January 2019 and the third data was collected on 11 12, 18, 20
February 2019 and on 1 to 5 April 2019. Utilyzing the Mean control chart (X - chart),
The Range control chart (R - chart) and the standard deviation control chart (S -
chart), Process capability index (C,), Percentile of the data that was beyond the
limited criteria and average weight of elemental plat. Utilyzing the MINITAB for
processing.

The result is (1) product process elemental plate model A of machine 1 and
2 con not control to be within the quality control limit but value of the process

capability index (C ;) value higher more than 1.33. As for the average weight of the

machine, the i element of the machine is less than the an machine. Therefore, the
1" machine has better performance than the 2" machine. (2) product process
elemental plate model B of machine 3 and 4 con not control to be within the

quality control limit but value of the process capability index (C,) value higher

more than 1.33. As for the average weight of the machine, the e element of the
machine is less than the 4th machine. Therefore, the 3rd machine has better
performance than the 4" machine, (3) product process elemental plate model A of
machine 5 and 6 con not control to be within the quality control limit but value of



the process capability index (C,) value higher more than 1.33. As for the average

weight of the machine, the 5" element of the machine is less than the 6 machine.

Therefore, the 5" machine has better performance than the 6" machine.

Keywords : Element plate, Quality control for Car Battery
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11.00 | 894 89.4 89.5 | 89.1 | 89.6 | 89.10 | 89.60 | 79.59 | 0.50

15130 [ :89.3 89.5 89.4 | T Temmmom=r=80.30 | 89.70 | 79.71 | 0.40

1230 (=901 901 20.4 -1-90.3 | 90:3 4 90.10%| 9040 |- 80.50 . 030

13.00 [ 90.2 902 90.3 90.4 | 905 | 90.20 | 90.50 | 80.66 | 0.30

153:30 901 90.1 90.5 90.4 | 903 | 90:10 [ 9050 | 8066 :0.40

14.00 | 93.6 935 93.5 932 195251 9520 | 19360 | 8343 | 0.40

1430 | 934 93.9 93:8 9300 - 989,k 9340 | 93190 | 8370 1" 5

15.00 | 91.1 915 915 91,4 0913 91,10, |.91.50 | 81,80 ;| 0.40

1530 | 91.4 91.1 91.3 912 | 9%2 | 91401 ] 914049124 1 0.30
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A519% 3.5 (51g)

Tutuiimimiinvedaswuniussg

Yui 11/ 2 / 2562 amudin Wy uay gden
laaa _A \ATRIINTN___1
ianzin__A Spec 92tibigl
- Umiinlasaususig (nSu) Ve
ol Min | Max X R
1 2 3 4 5 L

16.00 | 915 | 91.1 | 9Ll Rinpmmrcrmnuaiag M raul. 91.50 | 91.29 | 0.40

16.30 | 91.6 | 913/91.4 |~994\N\ /T /9130 | Omd8 91.44 | 0.30

1700 {2 92 P2 | 923 T9A% 92097 .00-92.30 NIR 16 | 0.30

17.30 | 92.041492.2 | G292 7, 928 VOO 18240 92%% | 0.30

18.00 | 9437 | 94.2 94 94.4 | 943 |94.00 | 94.40 [ 94.23 | 0.40

18.30 94 94.2 | 94.1 | 94.1 | 94.1 | 94.00 | 94.20 | 94.10 | 0.20

19.00 | P TordpuiiloblahaliDl? 10952 \ [9500~Re5 230 1nE5 16, | §d 30

19.30 | 3321863 Q952 b I WARAIRA 1 U5 10~ KIBZ0 . (95.19- | fdl 20

20.30 | 934 9L 93.6..4.93.6 | 934 1935 19340 |{93.60-| 93.50' || 0.20

21.00 | 93A (ZR3.5=[CB84 | 93BN ©3,61495 40f “98.707| 9384 4 J0.30

21.30 | 934 | 933 | 936 | 93.5 | 938 |93.30 | 93.80 | 9353 | 0.50

22.00 | 93.5 (1934} 934 |1932°1 93119310 | 93.50"| 93.31 | 0.40

22.30 | 934 | 958N\ 9Ws |, 93.6 | 93.7_ | 93901\ 9% 7070353 | 0.30

23.00 | 929 | 929 | YNQZ7 %Y BDBOY 92 20499700 | 92.81 | 0.20

2350 | 927 | 928 | 926 9y memmE02.50 | 99.30.|-92.66 | 0.30

2400 | 928 | 927 | 926 | 927 | 9218 | 99560 | 92.80 | 92.71 | 020

00:30 | 92,8 |1 928 111925 1996 | 925 192501 9980 | 9264 | 030

O1.00 1017 | 018 917 | 918 1919 | 9170|9190 19179 | 0.20

0130 | 91:8 11917 | OB | 917 919 ol 70| 0190 | 9179 { 020

02.00 | 89.6 | 89.1 | 89.4 | 895 | 89.7 | 89.10 | 89.70 | 89.44 | 0.60

0230 | 89.2 | 893 | 89.4 | 893 | 89.2 |89.20 | 89.40 | 89.29 | 0.20

03.00 | 88.7 | 888 | 886 | 889 | 886 | 88.60 | 88.90 | 88.73 0.30

0330 | 88.7 | 885 | 884 | 885 | 88.6 | 8840 | 88.70 | 88.54 0.30
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A1579% 3.5 (0)

Tutuiinimiinvedasauniuss

Yuh 11/ 2/ 2562 randuiin Wvgy uaz glen
laaa _A \ATOINIT__1
FianEnI__A Spec 92t 53¢ :
Umiinlasaunusin (n5u) e
I8N Min | Max X R
1 2 3 4 5 L

04.00 | 89.2 | 89.1 | 893 89 I"FT =80, TO~.89.40 | 89.26 | 0.30

0430 | 893 | 89.2 | 89.3 | 89.5 | 89.4 18920 | 89.50 | 89.34 | 0.30

05.00 | 90.3 | S0 | 964~ 20N 90 | 90.00 | 90.40 | 90.20 | 0.40

05.30 | 90.21°90.4 [.90.3 [ 90.4 | 90.5 |90.20 | 90.50.| 79.73 | 0.30
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nnsassilagldunugfinauaudandiuda agvinismdedinaussaus

NITUIUNIIHAR (Process Capability Index #3e C,;) wazingazvesdeyaiinnuendnsiin
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4.1 wamsiwsizvideyavesiminlaseueiusiglung A
4.1.1 wamsianeidayaluyaed 1

4.1.1.1 wansiassidayaluyaeil 1 dmiuiaTassnsd 1

Xbar-S Chart of A(1)
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Process Capability Report for A(1)

151 1181
Process Data | | ] Overall
LSL Y | | - — = Within
Target 2 -’ ——
usL 97 | i | QOverall Capabiity
Sample Mean  91.9596 r" Pp UM
Szmpk N 240 [ o | PP 20.72
StDev(Overal) 2.28733 | G | PPU 0.73
StDev(Within)  0.595281 1 Ppk 0.72
[ i | Cpm *
| ! ! | Pctential (Nithin) Capabilty
| by | Cp 280
Sl CPL 2.78
I £ ] | CPU 2.@
[ ) 4 | Crk 2.78
!
| ! ‘;‘ |
f
N e |
I |
| :

870 885 900 Of5 030 945 080

Performanca
Observed Expected Overall Expoctad Within
PPM < LSL 0.00 1506847 0.00
PPM>USL 416667 1377535 0.00
PPM Total 416€.67 2€84382 0.00

v

JUM 4.2 avdivildnaussouraszuiunsuda (C ) veilassunus1nluna A

AUTUATE9NTN 1 H297 1 Tuiui 24 - 26 Sups 2561

INFUN 4.2 ArvivilSnausauzuatnszuaunsuan (C, ety 2.78 uas
ATPPM = 0 Wenei dusTausveINIEUIUNTSHANLATIHLINlLAG A dnSUIATesnd 1

B9 1 eglussiud uazhifiSoeavvesdoyannuondnsrindaimun
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4.1.1.2 wamsleswidayaluaedi 1 fwmduiaTesdnsii 2

Xbar-S Chart of Model A(2)
| A .
UCL=92.830
94 //'/.
M 2 X=92.467
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Process Capability Report for Model A(2)

LSL usL
Process Data i i Overall
87 1 n | — — — Within
Target 2 .: "‘l f =
USL 97 ! Er i Overall Capability
Sample Mean  92.4671 | 1 Pp 071
Sample N 240 i it i PPL 0.78
StDev(Overall) 2.34875 i " 1 i PPU 0.64
StDev(Within)  0.493921 : b : Ppk 0,64
i T i Cpm
i ] : Potential (Within) Capability
? i i Cp 337
i I} \ CPL 3.69
; 15 ) : CPU 3.06
: e 5 Cpk 3.06
i 1 I |
! \
i 1

945 96.0. 97.5

87.0 885 90.0 915 930

Performance 4’
Observed Expected Overall Expected Within
PPM < LSL

0.00 9965.09 0.00
PPM > USL 0.00 26807.75 0.00
PPM Total 0.00 36772.84 0.00

Ui 44 dvdiliasussouznszuaunisndn (C,, ) veslasaisiusialuing A

A M3UIATOIININ 2 92991 1 Tudui 24 = 26 Sunnaw 2561

NNFUN 4.4 AdvilInsmssausvesnssuaunmsnan (C,,) faihiu 3.06 uazen
PPM = 0 uanein dussauzgesnsyurunsadalasiusiusinluing A dwduiadesinsd 2 97

7 1 eglusyaud uazhifferazvasdoyannuendndrindorvun
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4.1.2 Wan15As1EtanaluYaeil 2

v

4.1.2.1 wanmsiaseidayaluyaedl 2 dmSuaiesdnsi 1

Xbar-R Chart of A(1)
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Process Capability Report for A(1)

LSL USL
Process Data i i Overall
87 ! 'l === Within
Target 2 i ] : -
usL 97 i l: : Overall Capability
Sample Mean ~ 91.251 ; di ; Pp 083
Sample N 100 ! 11 i PPL 0.70
StDev(Overall) 2.01797 5 : PPU 095
StDev(Within)  0.15443 i i Ppk  0.70
| Cpm *
; i Potential (Within) Capability
! Cp 1079
CPL 9.18
! Cpk 9.18

1l
11

1

1!

1\

[

11!

1! H
11 ! CPU 12.41
1z

181

[

[l

(1)

(ol

1=l

(i

870 885 900 915 930 945 960

" Performance r
Observed Expected Overall Expected Within
PPM < LSL 0.00 1757763 0.00
PPM > USL 0.00 2193.56 0.00

| PPM Total 0.00 19771.09 0.00 ’

JUN 4.6 rdviifaaussousnizuaunandn (C,, ) vedasunusinluing A

AnsULAT0IINSN 1 9297 2 Tudud 21 unsieu 2562

INFUN 4.6 AFYTIInaNsTOULIBINTLUIUNTHAN (C,) HAwvinfiu 9.18 wazen
PPM = 0 ude31 dussauzyesnssuiuntsudalasuiusnluea A dwiuiasesdnsd 1 99

# 2 oglusgivdl wazhilfovavvosoyannuenindrindornue

dmsunansinsizitoyalutae 2 dmsuieiesinsd 1 Tuiudl 22 - 25 unsia
W.A.2562 awvinmsdnsgiiluiueafegiuiviteiu uasdnnagunanisiinsedldsmisns

seluil
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A1319% 4.1 wansleTgiimilnlasunusnlung A dwiuiaiesdnsi 1 i 2

[ X - chart R - chart <
o L ANWUENIT :
TUN Undrinaauny WINAnAN | C, A1 PPM
AIUAN
Lel ucL LCL ucL

21u.A.62 | 91.049 | 91.453 0 0.740 | 9.18 | maumullel 0.00
223.A. 62 | 91.748 | 92.082 0 0.613 | 1217 | munulle 0.00
23 3.A.62 | 91.044 | 91.718 0 1.237 | 453 | euaulile 0.00
243..62 | 91.091 | 91.651 0 1.026. | 6.91 | musulale 0.00
253.A.62 | 91.122 | 91.502 0 0.698 | 10.17 | munulaile 0.00

N9 4.1 wansbiiuinszuiunsnanlasususInling A dviuiaiasdns

1 9397 2 Tuduin 21§ 25 unsmew w.m.2562 Seldaninsaaavauléfan weidn C,. fien

NINN97 1.33 UazAIPPM = 0 Wanaan ANTIDUBVRINTLUIUN THANLATIUNUG IR LA A

o 7 lﬂl L d’ 1 lﬂl 7 [ L =l 1 dl = ygj " a o >
dmsuiAzeInsh 1 4190 2 egluszauf LLaxIﬂsqLquﬁm‘wwamlmmwmag'lu%mmrm

Uarimun Lm'é]’qa?wL@uﬁﬁaemmmqﬁﬁmaﬁﬂﬁ%gamﬂuaﬂ?'umi’wﬁ’mmugmammuqﬁmuau
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4.1.2.2 wamsnseidayalugtaed 2 dwmduiaiasdnsd 2

Xbar-R Chart of A(2)
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Process Capability Report for A(2)

Process Data Overall

LSL 87 — — — Within
Target *
USE 97 Overall Capability
Sample Mean  93.282 Pp 080
Sample N 100 PPL 1.01
StDev(Overall) 2.07804 PPU 0.60
StDev(Within)  0.343856 Ppk 0.60

Cpm

Potential (Within) Capability

Cp 485

CPL 6.09

CPU 3.60

Cpk 3.60

87.0 885 90.0 915 93.0 945 96.0 97.5

Performance
Observed Expected Overall Expected Within l
PPM < LSL 0.00 1251.25 0.00
PPM > USL 0.00 36792.57 0.00
| PPM Total 0.00 38043.83 0.00 ’

JUM 4.8 Ardvildnanssouznseuiunindn (C,,) vedaswusiusinluing A

15 ULA3099n57 2 497 2 Tudud 21 unsiawL 2562

N3UN 4.8 ArduildnaussourreanszuIunanan (C,,) frwifu 3.60 wazen
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M15199 4.2 mansiezsiimiinlaswuniusglieg A dwiuiaTesdnsd 2 ¥ 2

F X - chart R — chart .
. . ANYUENIT .
TN Undrineauny Tadrnanugn | C, A1 PPM
AIUAN
LCL ucL LCL ucL

21u.A. 62 | 92.896 | 93.668 0 1417 | 3.60 | mavauldls 0.00
22 3.0, 62 | 93.480 | 93.896 0 0.761 | 6.79 | eunulils 0.00
23 3.A. 62 | 92.164 | 92.636 0 0867 | 843 | muaulila 0.00
24 3.0. 62 | 92302 | 92.666 0 1.026. | 10.44 | pumulale 0.00
254.A. 62 | 91.992 | 92.568 0 1.057 | 6.65 | ;upulyle 0.00

NAINA 4.2 uandliiiuianszuiuntsnaalasuusnlumg A dmsuieiedns
7 2 29 2 lududi 21 Be 25 unsamu w.A.2562 Selalaunsapaunuldfiau wse €, fien
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4.1.3 wamsiaszideyaludae 3

4.1.3.1 wan1sdaTzvidayaluyaed 3 dwmsun3esdnsd 1

Xbar-R Chart of Model A(1)
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Process Capability Report for Model A(1)

LSL USL
Process Data [1 i Overall
LSL 87 ! 1 | = = = Within
Target * i Il ! it
usL 97 i n ; Overall Capability
Sample Mean  91.3465 i " | Pp 0.85
Sample N 215 ! 1 i PPL 0.74
StDev(Overall) 1.95622 | 1" | PPU 0.96
StDev(Within)  0.144642 i 1 | Ppk  0.74
| H ! Cpm s
: i i| | Potential (Within) Capability
I : Cp 1152
i ! CPL 10.02
i 11 ! CPU 13.03
N : Cpk 10.02
! :
11 i
11
[
(i)
Yl
15881

4.5 96.0

He

87.0 885 900 915 930 9

Performance 1
‘ Observed Expected Overall - Expected Within ‘
| PPM<LSL 0.00 13145.28 0.00
‘ PPM > USL 0.00 1926.17 0.00
{ PPM Total 0.00 15071.46 0.00

UM 4.10 AdsiiTanssaugnisuaunisadn (C,, ) vedasatiusnliiea A

dmsuinBosdngdl 1 9297 3 Tududl 11 quaasius 2562

9N3U7 4.10 Ardvilinaussouzvetnszuaun1sudn (C,, ) flAuviafu 1002 uas
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M15199 4.3 namsiaTsiiminlasunusglieg A dusuniesdnii 1 9 3

!7 X - chart R - chart -
L s ANWUTNIT :
YU Undrinaruny WIMNAAAN | C,, A1 PPM
AIUAN
Lel ucL LeL ucL
110w 62 | 91.155 | 91.538 0 0.703 | 10.02 | PuAulila 0.00
12 62 | 91.588 | 91.963 0 0.688 | 11.23 | eunulale 0.00
18 n.W. 62 | 92.650 | 93.080 0 0.777 | 896 | eunulila 0.00
20 .. 62 | 93.976 | 94.258 0 0506 | 9.42 | euaulila 0.00
11818, 62 | 93.866 | 94.029 0 0629 | 7.15 | mvaulila 0.00
288,62 | 93.880 | 94.235 0 0.650 | 7.06 | mavaulila 0.00
31.8.62 | 93672 | 94386 0 1.308 | 3.57 | maunulila 0.00
4 e, 62 | 93925 | 94.520 0 1.092 | 3.83 | maueulila 0.00
51.8.62 | 94.293 | 94.607 0 0575 | 6.31 | Paunulile 0.00
1NA51991 4.3 uandlsiiudnsruaunisnanlasiiusinling A dny

\seedns? 1 ¥aei 3 Tuduil 11,12, 18, 20 nuawius . 2562 uaziufl 1 89 5 wwey
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4.1.3.2 wansiidayaluyedl 3 dmiuiaTecdnsd 2

Xbar-R Chart of Model A(2)
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Process Capability Report for Model A(2)

LSL USL
Process Data i i Overall
LSL 87 i { — — — Within
Target * | 5 i
USE 97 ! 'l 1 i Overall Capability
Sample Mean ~ 93.3279 ! "I i Pp
Sample N 215 ! i i PPL 1.09
StDev(Overall) 1.93684 I ! PPU 0.63
StDev(Within)  0.261281 i [N i Ppk 0.63
f i : Cpm
i |l : Z Potential (Within) Capability
i 1) i Cp 638
: L ! CPL 807
§ i i CPU 468
! P ' Cpk 468
| )
1 (Fee]
i k]
H &)
i e
! \

87.0 885 90.0 915 93.0 945 960 97.5

FE Performance

1 Observed Expected Overall  Expected Within ’
| PPM<LSL 0.00 543.23 0.00

‘ PPM > USL 0.00 28985.63 0.00 ’
| PPM Total 0.00 29528.87 0.00 |

U 4.12_endvilinaussaugnszununtsudn (C,,) vedlassunusisluiog A

dusuAERIINaT 2 49 3 Tutufl 11 quawius 2562

NJUN 4.12 AIUTINaNTIAULUBINTLUINAITHAR (C,) Aminniu 4.68 uas
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lAsaususnleg A dmsueesingi 2 ¥ 3

r X- chart R - chart .
< B ANWENIT ;
TUN Yndrinaauny Tadrimeunn | C, 71 PPM
AIUAN
el ucL el ucL

110w 62 | 93.035 | 93.620 0 1.072 | 4.68 | eaunulailel 0.00
12w 62 | 93.632 | 94.013 0 0.698 | 7.06 | muaulale 0.00
18 N.W. 62 | 92.520 | 92.990 0 0.866 | 8.10 | mauaulale 0.00
20 n.. 62 | 94.969 | 95.246 0 0507 | 6.15 | mauaulale 0.00
1y, 62 | 93.833 | 94.217 0 0.703 | 6.96. | paumulailel 0.00
248,62 | 94.350 | 94.831 0 0.883 | 4.15 | euaulale 0.00
318,62 | 93578 | 94.294 0 1.313 | 349 | asunulile 0.00
413.8.62 | 94.156 | 94.822 0 1220 | 2.92 | avunulile 0.00
51.8.62 | 93.264 | 92.766 0 0920 | 213 | munulaile 0.00

91nn15199 4.4 waadlviliuinszuaunisndnlassusinlues A dmsuieiesing

7 2 9299 3 lufuit 11 , 12, 18,20 NUAIRUS .6l 2562 WaeSUT 1 59 5 WU WA.2562
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M3dl 4.5 dRdeveniminuasadsiinaussouznsyuumsdnveslasiususigluieg

A
r ﬂ"])? AN C
LAINIAY i wEeednsil 1 | 1n30adnsdl 2 | indesinsil 1 | edesdnsd 2
TRHG)

‘lf’)x‘iﬁ 1 24 — 26 5.A. 61 91.96 92.467 2.78 3.06

%2471 2 21 1.0, 62 91.251 93.282 9.18 3.60
22 4.A. 62 91915 93.688 120 6.79
23 31.A. 62 91381 92.400 4.53 8.43
24 31.A. 62 93K 92.484 6.91 10.44
25 4.A. 62 9.3 2 92.280 10.17 6.65

‘U"N‘ﬁl 5 11 n.w. 62 91.347 93.328 10.02 4.68
12 AN. 62 91.776 93.823 11e28 7.06
18 N.N. 62 92.865 92,55 8.96 8.10
20 AN. 62 94.117 95.108 9.42 6.15
114.8. 62 93.948 94.025 J6. %) 6.96
2 13.4. 62 94.058 94.591 7.06 4.15
3 13.8. 62 94.029 93.936 2657 3.49
4 13.8. 62 94.275 94.489 3.83 2.92
514.8. 62 94.450 93,045 6311 215

ANABETBINTZUIUNTTHAR 92.667 93.445 - -

11AA13197 4.5 98U nsEvIunIsHanveslasIiusnlung A findnean

\A389INI 1 uaz 2 9l C,, finnnndn 1.33 usiilewnfiansanluriadevesnszuiuns

HAnzNUdT dhntdniadsvedaseuunusinluma A vedn3esdnsd 1 1 92.667 ndu uax

LAT99INITN 2 diAn 93.445 nSu Faiu 1ATe9dNIT 1 Hoilusyansaniianiesessnsi 2
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4.2 wamsinszidayavesimiinlaseusiusiglung B

4.2.1 wamsiamzidayalugaei 1

4.2.1.1 wansiasidayaluyaed 1 dmsunsesinsd 3

Xbar-S Chart of B(3)
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o o
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Sample
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Process Capability Report for B(3)

LSL USL
Process Data i i Overall
105 : B : — — — Within
Target i 1 ,'l i
usL 115 i 1 ! Overall Capability
Sample Mean  110.417 i :l i Pp 070
Sample N 240 ! |l| i PRLS:0:75
StDev(Overall) 2.39497 E Iy ! PPU 0.64
StDev(Within)  0.301573 ! [ i Ppk 0.?4
| I . Cpm
I: h I| ! Potential (Within) Capability
i e i Cp 553
: L CPL 5.99
i | 1 i CPU 5.07
i 0:h ' Cpk  5.07
: I .
: Lo !
| |
! g
| 1
| (

= el | |
105.0 106.5 108.0 109.5 111.0 112.5 114.0 115.5

BE Performance }

‘ Observed Expected Overall Expected Within
PPM < LSL 0.00 11853.18 0.00
PPM > USL 0.00 27838.45 0.00
PPM Total 0.00 39691.63 0.00 |

JUN 4.14 Aviviiinaussougnszuaumandn (C,,) veddasturusinliieng B dwiu

\P309nTR 3 daeit 1 TuSudt 24 - 26 Sunnay 2561

NFUN 4.14 P iinanIsnuEI8InTEUILNTHER (C,) fAwvinfiy 5.07 wagen
PPM = 0 Wwalne31 an3s0useanssuiunsnanlasunius g luma B dwmiuin3esinsi 3 47
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4.2.1.2 wansiaseidayaluyedl 1 dmsuindesdnsi 4

Xbar-S Chart of B(4)
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Process Capability Report for B(4)

LSL usL
Process Data | i Overall
105 ! A : — — — Within
Target = i i i o
usL 115 ! ) i Overall Capability
Sample Mean ~ 111.386 1) : Pp 115
Sample N 240 . (% 5 PPL 1.46
StDev(Overall) 1.45468 ! o i PPU 0.83
StDev(Within)  0.409555 | || S : Ppk 0.83
: ) lI i Cpm
| " \ 5 Potential (Within) Capability
! ! i Cp 407
: ikl : CPL 520
| Ly ; CPU 294
! e ' Cpk 2.94
i 1
! G
) }

105.0 106.5 108.0 109.5 111.0 112.5 114.0 15.5

Performance
Observed Expected Overall  Expected Within l
PPM < LSL 0.00 5.66 0.00
PPM >USL  8333.33 6491.64 0.00 l
PPM Total 8333.33 6497.30 0.00
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1 I

4.2.2 Wan15AsIztayaluyaei

U

4.2.2.1 wamsianzidayaluyaed 2 dmsuinSesinsi 3

Xbar-R Chart of B(3)
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Process Capability Report for B(3)

LSL USL
Process Data i | Overall

LSL 105 ! h ' | === Within
Target : i ;'ll i Overall Capabilit
usL 115 | Iy i vgra a1p?8Hy
Sample Mean  110.803 i ) i P .
Sample N 100 i ! i PPL  1.36
StDev(Overall) 1.41739 5 |: E PPU 0.99
StDev(Within)  0.222618 i Iy : Ppk  0.99

; o i/ S OISR B

i )| i| | Potential (Within) Capability

3 ' E Cp 7.49

' B ' CPL 8569

; | ! CPU 6.28

| 1 'I | Cpk 6.28

5 o !

! | || !

i ,' [ |

I

105.0° 106.5 108.0 109.5 111.

! Performance /
Observed  Expected Overall Expected Within
PPM < LSL 0.00 21.19 0.00
PPM > USL 0.00 1532.78 0.00
LPPM Total 0.00 1553.96 0.00 |
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lAsauiusIleG B d1msuin3osdns? 3 42 2

X - chart R - chart .
e i ANWENIT ;
U Fadrinpaugy | Fadriemuau | C, i PPM
AIUAL
LCL beL. | la | UeL

21u.A. 62 | 110.509 | 111.097 | 0 | 1078 | 6.28 | aurulals 0.00
22u.m. 62 | 109.794 | 110556 | 0 | 1396 | 538 | euaulild 0.00
23 u.n.62 | 110.081 | 110393 | 0 | 0571 | 1269 | esuauldle 0.00
24 u.p. 62 | 107.423 | 107.937 | 0| 0941 | 4.73 | auaulals 0.00
25 3.n. 62 | 109.000 | 109.490 | 0 | 0899 | 7.58| asuaulsle 0.00
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4.2.2.2 wansiaTeidayaluynd 2 dwmsuirSesdngi 4

Xbar-R Chart of B(4)
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Process Capability Report for B(4)

LSL usL
Process Data i i Overall
LSL 105 A ! — — — Within
Target * l ('I | -
USL 115 ! I ! Overall Capability
Sample Mean ~ 110.546 i i ! Pp
Sample N 100 ! ! PPL 1.26
StDev(Overall) 1.46497 i |: i PPU 1.01
StDev(Within)  0.198229 ! [ | Ppk 1.01
! [ i Cpm *
.; |l | ! Potential (Within) Capability
| I : Cp 841
: ol CPL 9.33
: ) ! CPU 7.49
: I : | Cpk 7.49 |
! | .
! Fol
i ! :
L

105.0 106.5 108.0 109.5 111.0 112.5 114.0

\ Performance 74
Observed Expected Overall Expected Within I

PPM < LSL 0.00 76.63 0.00
PPM > USL 0.00 1181.60 0.00 .
PPM Total 0.00 1258.22 0.00 [
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A1319% 4.7 wameanziiminlasuiusinlineg B dmsuinsesinsi 4 4 2

r o R - chart .
= X - chart . anvaENIS :
1N . plekphig @ A1 PPM
YndnAtuAu AIUAL
AIUAL
LCL Uel  flel | el
21uA 62 | 110281 | 110811 | 0 | 0973 | 7.49 | munulaild 0.00
22up. 62 | 111546 | 112070 | 0 | 0962 | 4.75 | musulild 0.00
233.A.62 | 111632 | 111.938 | 00560 | 847 | munauldls 0.00
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Xbar-R Chart of B(3)
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Process Capability Report for B(3)

LSL USL
Process Data i i Overall }

LSL 105 f ! — — — Within
Target ) i 5 =
USL 115 ! “I i Overall Capability
Sample Mean  109.389 g ! ! Pp 077
Sample N 215 ! 0 i PPL 0.67
StDev(Overall) 2.17211 i " ! PPU 0.86
StDev(Within)  0.19516 i i : Ppk 0.67
= | i S —

' I i| | Potential (Within) Capability

! ksl ! Cp 854

i - | ‘ CPL 750

i i ! CPU 958

i 1551 :’ Cpk 7.50
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E Performance 1

‘ Observed  Expected Overall Expected Within
PPM < LSL 0.00 21652.57 0.00

’ PPM > USL 0.00 4896.37 0.00

| PPM Total 0.00 26548.94 0.00
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Xbar-R Chart of B(4)
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Process Capability Report for B(4)

LSL USL
T

Process Data i i ] Overall
LSL 105 1 1 | — — — Within
Target i I ! L
usL 115 ! 1 i Overall Capability
Sample Mean ~ 111.895 ; o ! Pp 078
Sample N 215 ! I i PPL=21:07,
StDev(Overall) 2.13889 i 1 : PPU 048
StDev(Within)  0.174396 : h i Ppk 048
s e o
f 1 i Potential (Within) Capability
i : : i Cp 956
: o | CPL 13.18
1 i CPU 593
: | i Cpk 5.93
| |
11 i
15551
Ll
155]
(55))

’ Performance ]
Observed Expected Overall Expected Within i
’ PPM < LSL 0.00 632.50 0.00
| PPM>USL 0.00 73316.66 0.00 [
PPM Total 0.00 73949.17 0.0
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Xbar-S Chart of C(5)
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Process Capability Report for C(5)
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LSL usL
Process Data i i ] [—— overall |
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Target * i 0 !
USI? 93 | lll i Overall Capability
Sample Mean  90.7926 f ,: | Pp 127
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F Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 0.00 0.00
PPM > USL 0.00 46016.19 0.00
PPM Total 0.00 46016.19 0.00 [
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Xbar-S Chart of C(6)
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Process Capability Report for C(6)

LSL UsL
Process Data i i Overall
LSL 83 ! 3 ! — — — Within
Target 1 i il E =
USL 93 ! 1 i Overall Capability
Sample Mean ~ 89.2671 g ;', 5 Pp  0.89
Sample N 240 ! 1 i PRLe#1:11
StDev(Overall) 1.88123 :' 1\ :' PPU 0.66
StDev(Within)  0.255891 ; i1 ; Ppk 0.66
! ’: i Cpm *
E || 1 i Potential (Within) Capability
i 3 | Cp 651
f hi g : CPL 8.16
5 el i CPU 4386
: H Cpk 4.86
I

. S ——
84.0 855 87.0 885 90.0 915 93.0

Performance |
Observed Expected Overall - Expected Within ‘
PPM < LSL

0.00 432.10 0.00
PPM > USL 0.00 23611.62 0.00
[,PPM Total 0.00 24043.71 0.00
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Process Capability Report for C(5)

LSL UsL
Process Data i i Overall
83 : A : — — — Within
Target * | [ |
usL ) | I Overall Capability
Sample Mean  91.671 i l|| ey Pp 198
SampleN 100 , e PPL 343
StDev(Overal) 0.843429 | || el PPU 053
StDev(Within)  0.316185 | |! in Epk 053
i (ot pm
! Lo = Potential (Within) Capability
1 I B
i el H Cp 527
i L | CPL 9.14
E H R CPU 140
i 1 & Cpk  1.40

|

840 854 86.8 88.2 896 91.0 924 938

Performance I
Observed Expected Overall - Expected Within
’ PPM < LSL 0.00 0.00 0.00
PPM > USL 0.00 57546.29 13.16
PPM Total 0.00 57546.29 13.16
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Xbar-R Chart of C(6)
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Process Capability Report for C(6)

LSL UsL
Process Data i i Overall
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Performance ‘
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Xbar-R Chart of C(5)
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Process Capability Report for C(5)

LSL USL
Process Data | i Overall
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[ Performance .

‘ Observed Expected Overall Expected Within
PPM < LSL 0.00 0.00 0.00 [
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Xbar-R Chart of C(6)
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Process Capability Report for C(6)
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Process Data i | Overall
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i Performance |
Observed Expected Overall Expected Within
PPM < LSL 0.00 0.00 0.00
PPM > USL 0.00 21748.86 0.00
PPM Total 0.00 21748.86 0.00
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Table of Control Chart Constants
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X and R Charts X and § Charts

n dy d; Cy Ay Dy D, Ay By By

2 1128 0.8525 0.7979 1.880 — 3.267 2.659 —_ 3.267

3 1693 0.8884 0.8862 1.023 — 2574 1.954 — 2,568

4 2059 0.8798 0.9213 0.729 —_ 2.282 1.628 —_ 2.268

5 2326 0.8798 0.9400 0.577 — 2.114 1.427 — 2.089

6 2534 0.8480 0.9515 0.483 —_ 2.004 1.287 0.030 1.970

7 . .2704 0.8332 0.9594 0.419 0.076 1.924 1.182 0.118 1.882

8 2847 0.8198 0.9650 0.373 0.136 1.864 1.099 0.185 1.815

9 2970 0.8078 0.9693 0.337 0.184 1.816 1.032 0.239 1.761
10 3.078 0.7971 0.9727 0.308 0.223 1.777 0.975 0.284 1.716
11 =-3:173 0.7873 0.9754 0.285 0.256 1.744 0.927 0.321 1.679
1213258 0.7785 0.9776 0.266 0.283 1,717 0.886 0.354 1.646
13 3338 0.7704 0.9794 0.249 0.307 1.693 0.850 0.382 1.618
14 3407 0.7630 0.9810 0.235 0.328 1.672 0.817 0.408 1.594
15 - 3472 0.7562 0.9823 0.223 0.347 1.653 0.789 0.428 1,572
16  3.532 0.7499 0.9835 0.212 0.363 1.637 0.763 0.448 1.552
17 3588 0.7441 0.9845 0.203 0.378 1.662 0.739 0.466 1.534
18  3.640 0.7386 0.9854 0.194 0.391 1.607 0.718 0.482 1.518
19  3.689 0.7335 0.9862 0.187 0.403 1597 0.698 0.497 1.503
20 3.735 0,7287 0.9869 0.180 0415 1.585 0.680 0.510 1.490
21 3.778 0.7272 0.9876 0.173 0425 1575 0.663 0.523 1477
22 380 0.7199 0.9882 0.187 0434 1.566 0.647 0.534 1.466
23 3858 0.1759 0.9887 0.162 0.443 1.557 0.633 0.545 1,455
24  3.895 0.7121 0.9892 0.157 0.451 1.548 0.619 0.555 1.445
25 3931 0.7084 0.9896 0.153 0.459 1.541 0.606 0.565 1.435
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Standard Normal Probabilities

Table entry.

Table entry for z is the area under the standard normal curve
to the left of z.

z .00 .01 02 .03 04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 o510 enBt60munq] 09, .5239 5279 .5319 .5359
0.1 .5398 .5438  .5478 75517 5557 5506 w0566 5675 5714 E753
0.2 .5793 .5832 5871 .5910\\'5948//,5987 .6026 . .6064 .6103 .6141
0.3 .6179 .6217° #.6255 . .6293 " .6331 /. .6368 .6406 . 6443 .6480 6517
0.4 .6554 .650) .6628~——66BP 67007 6736— 6772 K808 .6844 .6879
0.5 .6915 .6950 6985 7019  .7054 [.7088 7123 7157 7190 .7224
0.6 .7257 J.729] eer?324 WBSWN 77380\ NHLBL.  HET—=748A \ 7517  .7540
0.7 7580 [ ;7611 7642 76737704 7734~ .7764-, .7794 \ .7823  .7852
0.8 .7881 (.7910 . .7939 _.7967 - .7995 8023 . 8051 .8078-  .8106 .8133
0.9 .8159 & .8186 .8212 8238 .8264  .8289  .8315 8340 '.8365 .8389
1.0 .8413 .8438  .8461  .8485 .8508 .8531 .8554 .8577  .8599  .8621
1.1 8643 8665  ~.8686 8708 ' .8729 .8749' .8770°- 8790 . 18810  .8830
1.2 .8849 8869  .8888 .8907 .8925  .8944  .8962  .8980  .8997  .9015
1.3 9032 19049 .9066 .9082 ~ .9099  .9115: 9131 9147  .0162 .9177
14 91928 <9207 79229, §.9236%77:925157:::0265 < .9278, 5 .9292~ .0306 .9319
1.5 9332 .9345 .9357  .9370 9382 9394 9406 .9418 (9429 9441
1.6 .9452 9463 .9474  .9484  .9495 9505 .9515 _ .9525 .9535 0545
1.7 9554 | \9964, 9543 w5823V 959ty ©8599y7 OBAR  .96ia6 JB62s 9633
1.8  .9641 = .9649  .9656  .9664  .9671 .9678 .9686 .9693 .9699  .9706
1.9 9713 N97%19% »9726 ¢ .9732 %) Yor3es. 07447 99750 o8yse”/ o761 69E7
20 9772 9778 .9783 9788 ~ .9793 .9798 .9803 = .9808 .9812 .9817
2.1  .9821 .9826 . .9830 .9834 9838 .9842 9846 .9850 .9854  .9857
2.2 9861 .9864  .9868  .9871 .9875 .9878 .9881  .9884 .9887  .9890
2.3 .9893 .9896 .9898 9901 -.9904 - ..9906 " .9900  .9911 .9913 9916
2.4 .9918 9920 9922 N6Q25 "9977" " 90920”0631 0032 0934 9936
2.5 9938 .9940 .9941 9943 9945 9946 .9948 .9949 .9951 9952
2.6 9953 9955 9956 .9957 .9959 .9960 .9961 .9962 .9963  .9964
2.7 9965 .9966 .9967  .9968 .9969 .9970 .9971 .9972 .9973 9974
28 9974 9975 9976 .9977 9977 9978 9979 ' 9979  .0080 = .9081
29 9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 .9986  .9986
3.0 .9987 .9987 .9987 .9988 .9988 .9989 .9989 .9989  .9990  .9990
3.1 9990 .9991 9991 9991 .9992 .9992 .9992 .9992  .9993  .9993
3.2 .9993 9993 .9994  .9994 .9994 .9994 .9994 .9995 9995  .99gs5
3.3 9995 9995 .9995 999 .9996 .9996 .9996 .9996 .9996  .9997
3.4 9997 9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997  .9998
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Table entry
Table entry for z is the area under the standard normal curve
x to the left of z.

z .00 .01 02 .03 .04 .05 .06 .07 .08 .09
-3.4 .0003 .0003 .0003  .0003 - .0003 .0003  .0003 .0003 .0003 .0002
-3.3 .0005 .0005 .0005 - .0004 .0004 .0004 “.0004 .0004 .0004  .0003
-3.2 .0007 .0007 .0006 .0006  .0006 ~ .0006 .0006  .0005 .0005 .0005
-3.1 .0010 .0009 0009 0009 - .0008 ~.0008 .0008 “ .0008 .0007 .0007
=3.0 .0013 .00#5¢" .0013 Q012450012 =)001%~ 0011 ' WO&l .0010 .0010
=29 .0019 .0018 .0018 _ .0017 . .00i6 . .0016  .0015 .0015 .0014  .0014
-2.8 .0026 0025 0024 ..0023 . .0023 ' +.0022 0021 .0021 . .0020 .0019
=2.7 .0035 .0034 .0033 .-.0032  .0031  .0030 - .0029 ' .0028" ".0027  .0026
-2.6 .0047 = .0045 .0044 .0043  .0041 .0040 .0039 .0038 .0037 .0036
=2.5 .0062 ' '.0060 ' .0059 = .0057 = .0055. ' .0054 0052 " 0051 |.0049  .0048
-2.4 .0082 .0080 .~ .0078  .0075 © .0073 .0071 .0069 - .0068 .0066 .0064
-2.3 .0107' | .0104 .0102 ~ .0099 ' .0096 0094  .0091 | .0089 .0087  .0084
—2.2 .01398 § .0236) { '0132w—0129/ J0P50 0102 ScOii9— fal16.. L0113  .0110
=2.1 0179 | .0174 .0170  ~.0166) 0162 0158 = 0154 .0150  .0146  .0143
=2.0 .0228 § §.0222 Z0207|") Q2 == 02071 0202 0187=w .019>> [.0188 .0i83
-1.9 .0287 | .0281 0274 . .0268° | .0262 | .0256 ~.0250 0244 0239  .0233
-1.8 0359 .0351 .0344  .0336 .0329  .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 . .0427 . .0418  .0409 /0401 ' .0392 .0384 ~.0375 .0367
-1.6 .0548 .0537 .0526  .0516 .0505 .0495 .0485 .0475 .0465 .0455
-1.5 .0668  .0655. .0643 =~ .0630 ~.0618 .0606 .0594° .0582 .0571  .0559
-1.4 .0808 .0793 .0778  .0764 .0749 ~ .0735 .0721 .0708 .0694 .0681
-1.3 .0968 .0951 .0934 .0918 .0901 _ .0885 /.0869 0853 .0838  .0823
-1.2 1151 1131 .1M2%, .1093°) 5.1075, 7).1056 .1038° .1020 .1003 .0985
=il 1357 1335 (1314 1292, 1071 "~ 10B4*T930 1210 1190 WHigo
=1.0 .1587 .1562 .1539  .15T5™wmidQluewseiqfB0 .1446 .1423 .1401 .1379
EUAL-1841 . 814 1788 U160 1736 71U 685 660 ieaE T UiEH
=0:8° 2119 2090 .2061 @ 2033 2005 1977 1949 1922 1894 - .1867
=0Z5 24200 2380 DRS58 - DBD7 D006 DYeh 10936 DI0eT i T 5148
=06 2743 2709 2676  .2643 2611 .2578 .2546 2514 2483 .2451
=0.5 .3085 .3050 .3015 .2981 .2946 .2912 2877 2843 2810 2776
=04 3446 3409 3372 3336 3300 3264 328 3197 3156 3121
=0.3 3821 3783 3745 3707 3669 .3632 .3594 3557 3500 3483
—0.2 4207 4168 4129 4090 4052 4013 .3974 .3936 .3897 .3850
=0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
—0.0 5000 .4960 .4920  .4880 .4840 .4801 .4761 .4721 4681 .4641






