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The purpose of this research is for studying about factors, which’s a cause of variation
in measurement system, by using a technique, called “Measurement System Analysis”. As the
research, found that the variation in measurement system made the measured value always
incline from the actual value, as the formula of x = p+¢& (measured value = actual value+error
value). Most of error value of measurement system, occurred from lack of knowledge, lack of
know-how about measuring tool ,and about the measuring method of in-charge. This time had
researched on 20 items of measuring tool in Knuckle process line, divided into 8 items of
Variable characteristic, and 12 items of Attribute characteristic. This analysis would refer to
these following factors ; 1 Accuracy would consider on Bias Value and Stability Value of
measurement system , 2 Precision of Measurement System, by using Analysis of Variance

method , 3. Attribute gage performance study

Result of this research, found that variation of Variable characteristic type of measuring tool,
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GR &R = \/ EVZ + AV (2.3)

(Gage Repeatability & Reproducibility)
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HATIN (T) nk & ,
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Pmiss = AUIUATNATIRIN LA L RANA (2.9)
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Probability of a false Alarm (P fa) Ag A Nrazidulunisnsmadeau1ednLan
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v 1
Pfa = AUIUATINATIAADLNNUARANAIA (2.10)

2N UATHNITATIARDLNNUATIVNA

WU LUNNINANT N TR UNE *

WAmas aan s e wazausyls Talaansy
E > 0.90 0.80 ~0.90 <0.80
P fa <0.05 0.05~0.10 >0.10
P miss <0.02 0.02 ~0.05 >0.05
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4 |i@wnudszneudniu Jig dagd 1.2 % Master
5 |dwAr DIAL 1 udaaaiuiinluludanunan (150 + 0.2) /
6 |14 DIAL 2 umefiqn 1 udadnuAn (32.25 +0.2) Wnsiiuiin
2 " 3 "1 <_
7 |[Wdunueanann Jig

Diagauge No.2

g1 1.1

TN

su 1.2

0¢



No.2

% dl a Qy dl Qy ¥ s ¥ ¥
anen TARNENITNAR PN LAUT UL FRTUFIU WAL WAI999 EaN)!
a ey
L’aﬂﬂ']iﬂ']‘i‘i]‘{]‘l_l AN1U ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXXX XXXXXXXXXX
_ =3 z 2 = NN % 3 > o
Operation Sheet UNELAULDNANT TRUDNULADRNITNAR LAUNLATDIANT e g wilumsan UM
( msldipiasiiadh DIGIMETIC CALIPERS ) W-PDM-MA-002 zgiugetiiaring OP-10 XXXXXXX 0 11
° o % ° EE - 1
AP dunaulunimieny Lﬂi’ﬂ\‘iN@LL@Z‘Qﬂﬂi‘m qﬂm‘m 28l
1 |ranetufesidnuuunanann 1. Digimatic Calipers 1. gadafa

v
2 |SET wefifleadlu " 0" Inethinvisaaandaiu sdagyd 1.1 wdainisnayu Reset

. 3
3 |dandaiithng (degu 1.2 ) Taelniissessisaniug

. A » o o =
4 ATUANNABULAININITLUNN

1]u Reset

ey ;
= Mussnanilathnissesdudaiug

B

Digital

71l 1.2

25



46

3.3 ABNATTULNITIAWLL Attribute Characteristic

AN9197 3.0 31EN1TLATRsHadA L Attribute Characteristic

MSA STUDY : INSPECTION TOOL LIST FOR KNUCKLE PROCESS LINE Attribute Characterstlc
OP NO Measurement Name Tool No. Spec To Use Effective [ Prob. Prob.
ness miss false
20 9  |SNAP GAUGE KHCW 50.4  (0/-0.1) $50.4(0/-0.1) v v v
20 | 10 |SNAP GAUGE KHUW 35.35 (+0.05/-0.05) $35.35+0.05 v v |/
70 11 [SNAP GAUGE KHUW 20 (+0.2/-0.2) 20+ 0.2 v V4 V4
60 12 |LIMIT PLUG GAUGE T-IT-169 M 8*1.5 v v v
9 | 13 [LIMIT PLUG GAUGE KIPW 14.5 (+0.3/-0.3) $14.5+03 v v v
90 14 |LIMIT PLUG GAUGE KIPW 16 (+0.3/-0.3) $016.0+0.3 v v v
90 15 |LIMIT PLUG GAUGE KIPW 19 (+0.3/-0.3) $19. 0+03 v v v
130 16 |THREAD RING GAUGE T-IT~188 M 18*1.5 v v v
110 | 17 |TOOL FOR MEASURING BOSS - |T-IT - 180 0(+1.0/0)
v v |/
TAPER
110 | 18 |TOOL FOR MEASURINGBOSS — [T-IT- 181 0 +0.5
TAPER ’ Y ’
50 19 |SPECIAL GAGE T-IT-167 19.0 0/+0.1 v v v
120 | 20 |WIDTH GAGE KGWW 5.0 5 +03 /=0.1 v V4 V4




3.3.2 Attribute Tools Photo ( 12 items )

9. KHCW 50.4 10. KHUW 35.35 11. KHUW 20

12. T-IT-169 13. KIPW-14.5 16 T-1T-188
14. KIPW-16

15. KIPW-19

17. T-IT-180 19 T-IT-167 20. KGWW 5
18. T-IT-181
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3.3.3  N15UTTLHUNANTZTLAUNIFIAURILATRINDIALLUL “ Attribute characteristic” (NarUsu
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10.00~15.00 1. ARBANITANI )

1 dl o =] v a
AruANLERuasadeiinnsAne vl nannsgueesanian aansew
WARAd19289auTFeLENT (King 1979 : 270 ) Bennmuatiunn uasadneliin 500

o

and duiuanunsasldansnn

o

as] o an o Y G5 dl
ﬂ')‘i_l@N’Jﬁﬂ’]?V]’NWMLL@?JQﬁQﬂSLM L‘]Juiﬂ ATNNIATTIRNNINRANINTIFTIU

dl aAa X o 2 A o »; =
MWNL‘]J?NL‘]_Iu‘VlLﬂmmusLuﬂm:Vl’m’l?m RLILNEN 2 A suan °'| AR

AN BN NEUHBINIAN AN T NNILTA (AnEEiFaANaNNnTn g IHATaaie
IR )

dl o dl dl A o 1 = dl A o
AT NA AN NLATENHATA 1Y ARNNANUIDTBILATENNATR, FEELAN

Tunnsaeuiey i wunay
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AR T-IT-167 Aqaniinga 3 AL

TPEa1AETUINUAIFIEN9 A1UU 20 TUNUsnauAae1uA ( Good — OK ) wazdnun ldm ( No-

Good ) wazNN1InAgaLatiNguliHaf

A191997 3.1 Tulsviiunanisfne GR&R Wi Attribute Characteristic

Sample [Actual Mr. Vanchai Mr. Sanya Mr. Narad
Trial Parts
#1 #2 #3 #1 #2 #3 #1 #2 #3
1 OK OK OK OK OK OK oK OK oK OK
2 OK NG NG NG NG NG NG OK OK OK
3 OK OK OK OK OK OK OK OK oK OK
4 OK OK O?_ F, BK— OK OK OK OK oK OK
5 NG NG NG_ I NG NG NG NG NG NG NG
6 NG NG NG NG OK OK OK NG NG NG
7 OK OK OK OK OK OK oK OK oK OK
8 OK OK OK OK OK OK oK OK oK OK
9 NG NG NG NG NG NG NG NG NG NG
10 OK OK OK OK OK OK oK OK oK OK
11 NG OK OK OK NG NG NG OK NG NG
12 NG OK OK OK OK NG NG NG OK OK
13 OK OK_ OK OK OK OK oK OK oK OK
14 OK OK OK OK oK OK OK OK oK OK
15 OK OK OK OK OK OK oK OK oK OK
16 NG NG NG NG NG NG NG NG NG NG
17 NG NG NG NG NG NG NG NG NG NG
18 OK OK OK OK OK OK oK OK oK OK
19 OK OK oK OK OK OK OK OK oK OK
20 NG NG NG NG NG NG NG NG NG NG
Inspection Results
Appraiser| OK_Correct NG_Correct Total_Correct FALSE Miss Total
Mr.Vanchai 33 18 51 3 6 60
Mr. Sanya 33 20 53 3 4 60
Mr. Narad 36 21 57 0 3 60
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1%

AMNANNNTIULNT 2 axilsvifiu Effectiveness , P, P, 1O9WENIULEazALLEASTL

miss ’

Effectiveness (E) = Number of parts correctly identified (2.8)
Total opportunities to be correct

Mr. Vanchai ( E ) 51/60 = 0.85

Mr. Sanya ( E) 53/60 = 0.88

Mr. Narad ( E) 57/60 = 0.95

Probability of miss (P_..) = Number of miss (2.9)
Number of opportunities for a miss

Mr. Vanchai ( P, ) = 6/(8*3) = 0.25

Mr. Sanya (P_ ) = 4/(8*3) = 0.17

Mr.Narad ( P__.) E 3/(8*3) = 0.13

Probability of false(P,,) = Number of false alarms (2.10)

Number of opportunities for a false alarm

Mr. Vanchai (P,, ) 3/ (12*3) = 0.8
Mr. Sanya (P,) 3/(12*3) = 0.8
Mr. Narad (P, ) 0/(12*3) = 0
agUnannssziiiug
Appraiser E P_false P_ miss
Mr. Vanchai 0.85 0.08 0.25
Mr. Sanya 0.88 0.08 0.17
Mr. Narad 0.95 0.00 0.13
Parameter Acceptable Marginal Unacceptable
E >0.90 0.80 to .090 <0.80
Attribute Data. Criteria P._false <0.05 0.05 to ;0.10 >0.10
P_miss <0.02 0.02 to 0.05 >0.05

NARNNFTLILAAIAIANTI9TS

¥ 1

¥ 1
]

o

A AT P_miss ABNWUNINULLE

ATAL AANNINNILNLTTN

o 2 1 aa a v o 1 A 4 ¥
muumirg LAAIINTrLLNTATIAdaLUNToyn mmvmmiLLﬁhﬂ@uﬂ@ﬂmmmumwgﬂmwm

o

LATAINDTA 4IUAN E LAY P_false T4 FAININIINLNIUITNNIATAdaU TN LATNIN17aUTHNITNGU

o

R ad 173 dl A dl ¥
mvmmﬂmmmmmmmgnmq



3.35 @gUnani1suUseiiiu Attribute Characteristic ( naulsuilgs )

F1379% 3.2 @gLluanistlsziiuezeaiadauLL Attribute Characteristic

52

MSA STUDY Inspection tool list for Knuckle process line ; Attribute characteristic Before Improvement
OP | NO Measurement Name Tool No. Spec To Use | Effective ness | Prob.False | Prob.miss
20 9 |SNAP GAUGE KHCW 50.4 (0/-0.1) $50.4(0/-0.1) 0.85 0.08 0.25
20 10 SNAP GAUGE KHUW 35.35 (+0.05/-0.05) (])35_35 +0.05 0.85 0.08 0.25
70 " SNAP GAUGE KHUW 20 (+0.2/-0.2) 20+ 0.2 0.82 0.1 0.29
60 12 THREAD GAUGE T-IT-169 M 8*1.5 1 0 0
90 13 LIMIT PLUG GAUGE KIPW 14.5 (+0.3/-0.3) 4)14,5 S Ue) 0.87 0.06 0.25
90 14 LIMIT PLUG GAUGE KIPW 16 (+0.3/-0.3) (1)16,0 +0.3 0.90 0.08 0.21
90 15 LIMIT PLUG GAUGE KIPW:19 (+0.3/-0.3) (1)19, 0+0.3 0.88 0.08 0.25
130 16 THREAD RING GAUGE T-1T-188 M 18*1.5 1 0 0
110 17 TOOL FOR MEASURING BOSS T-1T-180 0(+1.0/0) 0.92 0 0.21
TAPER
110 18 TOOL FOR MEASURING BOSS T-1T-181 0 +0.5 0.87 0.08 0.21
TAPER
50 19 SPECIAL GAGE T-IT-167 19.0 0/+01 0.85 0.08 0.25
120 20 WIDTH GAGE KGWW 5.0 5 +0.3 /-0.1 0.83 0.11 0.29




3.4

ﬁ'ﬂgai:uum%ﬁmmu Variable Characteristic

AN997 3.3 31EIN13LATREadA L Variable Characteristic

53

MSA STUDY INSPECTION TOOL LIST FOR KNUCKLE PROCESS LINE Variable characteristic
OP | NO Measurement Name Tool No. Spec To Use Gage R&R| Bias Stability
10 1 |TOOL FOR MEASURING CENTER T-1T - 159

DIAL GAUGE No. 2929FB - 62 150+ 0.2
DIAL TEST INDICATOR No. 513 — 404 3225+ 0.2 v v v
MASTER 1 ;1;;_
10 | 2 [DIGIMATIC CALIPERS No. 0015535 $72+ 0.1 v v v
20 3 |DIGIMATIC MICROMETER No. 6294679 (I)Z] .83 £0.05 v e v
130 | 4 |THREAD MICROMETER TCM - 25 DM (16.826 0 /+0.15 v v v
30 5 |REBOUND HARDNESS TESTER HHJ-0614 HS 67~75 v v v
40 6 |TOOL FOR MEASURING CALIPER T-IT - 164 0~0.15
DIAL GAUGE No. 2929F - 62 \/ \/ \/
MASTER T~ -_1_64_4
70 7 |TOOL FOR MEASURING BOSS POSITION T-1T-170 0715502 &
DIAL GAUGE - No. 1929FB - 62 125.285+0.2
DIAL GAUGE No. 1929FB - 62 v v v
DIAL TEST INDICATOR No.PC-1B
DIAL TEST INDICATOR No. PC - 1B
140 8 [AIR MICRO (JET) E -AJO - 5016
AIR MICRO (MASTER) E-AJO-5016 $34.925(-0.002/-0.015) v v v

FLOW TYPE AIR GAUGES (DOUBLE-

COLUMN)

MODEL FT - 5500




3.4.2 Variable Tools Photo( 8 items )

1 .T-IT-159 2. No0.00156535 3. No. 6294679

4. TCM-25 DM 5. HHJ-0614 6. T-IT-164

7. T-IT-170 8. E-AJO-5016

54
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3.4.3 n1sAANANLLSUSIUSIN ( Covariance ) Tunsnaaas

1.

g e o daye K Cda Ao
Aesinatnanldanuan 10 3w 1ewsiazirsesiiadnazldliinaandaaivinnis Anwn
WINUININ9InResnating azldninanugabullnaaataaivianisane
nuananldlunislssidunaszuuniedaliam (lunsanund Tdag van
10.00~15.00 1. AABANITANI )

1 Qi o =] v a
AruANLERuasadeiiansAne vl nannsgueesanian Aaansew
WARAd19289aUTFeLENT (King 1979 : 270 ) Bennmuatiunn uasadneldin 500

o

and dususnundasldansnn

o

as] o as o VG| dl
mu@mmﬂ@mmmmmmm%ﬂ L‘]J‘Lﬂﬂ ATNNIATTIRNNINRANINTIFIU

dl aAa X o 2 A o », =
M’mL‘]_I?;I\‘IL‘LIu‘VlLﬂmmuiuﬂjMZWWﬂW?Qm RZILNEN 2 AU IUan °'| AR

AN BN UEULHBINNAN AN T NILTA (FNEEiTaRNgNnsn g 1HATeaie
IR )

-dl o dl dl A o 1 =3 -&I A o
AU NS UHEINNANNLATENHATA 1Y ARNANUIDTBILATENNAIR, FEELIAN

Tunnsgauiey i wnnsau
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3.4.4 n15USTIHUNATETLUNISIAURILATRINDIALLUL “ Variable characteristic’ (Nawusu
1l59)

3.4.4.1 n1sUsziiunan uANgNAa4 ( Accuracy )

a ' dy o a & [ % = ' = ! = =
ﬂﬁﬁJa‘:mumslumumzmmiﬂ?:mummimm IWENBENIAEIAIUAIMNNLADNET

o a a ' o 1% ¥ o = dl' A o A v ¥
@:miuum:‘ﬂa‘:muumzmmmmnimmmimumﬂumifaqumm?ﬂmmum

o

msissiliunamuluaa nelddeoetunen Jduneusa
1. RBNMUNIAIFINIUNITATUN TN Aa1AnzuaunsaRTeg ludaanane 28903

a % o b4 o o Qg’ V% a oa ° ?;/
HAB LmeuumWLﬂmﬁummLmﬁmﬂmﬂmmmmluumﬂgumm:“ AMUIU 10 AN

v o

uAIINeatANANEW tls NI Reen tazniuua i ANRALUeY ANTAMAT NANY

wlu “ Anen989 ( reference valve ) “

' '
o Al

2. W@anATaeiadafaznIN1sAn®=a( No.1~8 aI1nm1319N 3.4.1)

b

=

3. @anNINUNN AN 18190 luNe 1 ATRI AT AR NNARNNAILNITHARNIN N13TA
BHALADFAINETD 10 AT
4. PN2RALANTAMINAND

o a 1 o a ==K ' 1 dl dl ¥ o I ¥ a
5. V]’]ﬂ'ﬁ‘ﬂﬁ‘:ﬁl,lluﬂﬂll@@Iﬂﬁﬂqﬁ‘w‘\ﬂﬁ‘mqﬂ\?ﬂ')’mLLﬁ]ﬂﬁ]WQﬁlﬂﬂﬂqLﬂ@ﬂVlllﬂﬂUﬂ"] RMNGN

Anlusa = ANLRALIURIAITA - ANEINEY

6. sziunaaludamauiuanNAaInAdeualaniaan i

% ludarasarnaainndauaylan = Aluda  x 100 %
USL-LSL

i lunslseiiua luas

% luda < 5%  aghunnimeeniulilaglifeudla
5% < % Wda < 10%  e1aazzeniuld (Wiansnndadedu o 819
nsdseendld Anldane “as)

% luda

Y,

10%  ldgnimneeniuld desdumaimsudaniniufila
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AaagnanisdssiiuAluag

AsUssiiuiavadA lusa 1a9ATaaladn T-1IT-159 2929FB-62 At Ul ANNAALYINAL

0.4 1. LAZAIEINBUWINTL 0.133 FalANAN1ITAAIUIL 10 ASIAIT

1 2 3 4 5 6 7 8 9 10 | Sum

0.150 | 0.200 [0.200| 0.200 | 0.200 | 0.150 | 0.200| 0.200 | 0.150 [0.200| 1.85

Tunnsdsziluanluda atiunaglefqanisg “ atean “ ANANNEULLIANNNNT RIS 10

Yy o X
Afeldamail

= 0.185

patiu A luda = ANRALIURIANTA - ANE19RY
= 0.185 - 0.133
= 0.052

Aluda  x 100 %

Il

% 1‘].@2\1‘}]@&?1’3’13\1@@’1@Lﬁal‘ﬂu’mﬁ@ll
UsL-LsL
= 0.052 X 100%
0.4

Fatiu % luda 13 %

NUIEAIINIT BMINANNLANANNTAITUINUILNTLUIUNTNARNANYINAL 100 NN, L9 AN

AYNUANANNTEIATAEBAN AnNANTTR ludavessruLnsdnas AL + 0.13 W,



AN9197 3.4 lutfuinuanisdneAn luddueiAsaslasaNo. T-IT-159-2929FB

Bias Study

Appraiser Name [Mr. Vanchai
Equipment Number|T4T 459 2929FB 62
Date|11dan40
Part (to be measured) Number|2
Process Variation or Part spec.{0.400
Reference Value by Lay out ingpection|0.133

PartSpec. =USL -LSL

0bserved Measurement Number 1 2 J 4 2 6 7
Value| 0.1560 [ 0200 [ 0.200 | 0.200 | 0.200 | 0.150 | 0.200

10

0.200

0.150

0.200

The observed Average = 0.185

Bias

% Bias

= 0bserved Average —Reference Value
=0.185-0.133
=0.06

100 [ABS(Bias) /Process Varialion orPart spec. ]
13.00%

58



59

3.4.42 N5USLLAUNAAIUBAN LN UL

[

n15U52L U GR & R InsRdandaaAladsasNAainIsinunimaAgaLfail
1. gUNHNIUIANT 3 AW ANNNENRIATIUNA
. X,

2. guTuuNn 10 3u tne iRsauAqNTal Ll s199NITLAUNNT UARANUUARDLATTLN 1

q

=S

09 10 Tneladlsintineunsu
v o [ g ¥ o ! ng v o o 1 o ¥ o K 1
3. Wigumineudndunn 1 Au uainn1sguTuenlininausanandauas dunneag
. o a QgJ %’/ v o o dl A 4 ¥ o a

Tuuuunesn Tnaadiunisldauasunnan anduliguwiineu Samaaudali Al
NFTULBNAUATLYNAL NNTW LATAAL

4. AuruARAtLATATNABA M ININWIAYNAL
FATNZYAUNINTRITBHA

6. NINIINATITUANUIUNN AEGa 1T

Equipment Variation :EV = 51% @,

( ANl esglnanidn )

lne O, = R(X)
d2
Appraiser Variation AV = e CFAV)2 - BV
( ANNEULY FUBININUTR ) nr
lne O, = R (X)

N = ANUIUTUINUANT NI U ALAALAUNINIFTA
r = AMUUEIN WU A LA AZALNI N T AT LA AT

AInanns Nstszanian O, BRAAAAL waAINATT LR ETARNA TR NN

1%
aa

Waaumimnnmed am aslmlszananisli AV = 0

GR &R = \/EV2 + AV

(Gage Repeatability & Reproducibility)



Total Variation : TV \/G R&R° + PV

(ANEuLlstaasaN )

PV = 5150,
o = R,
d,”
P/T 3 GR&R x 100 %
USL~LSL
P/TV - GR&R x 100%

AN NLLLFUBNNTZLALNNG

[ [
aaa aaa

>3 1l Qa a
mrum"lun'ﬁﬂ'amm-ﬂswwmua wazaldsAaada

P/T 38 P/TV < 10% @181308083UANNEINT0 sz uLdR I
10% < vide PITV < 30% enaazeansulli detuaefumnudiny s
fitlsznfldanldanaluns 0 raenauilsedun
P/T 38 PV >30% [H&819080N5UAINENNNI0U9992ULNN IR A
A TNANTNARITTL TN AN LLLTUAIN NN3an

PTANSANY
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a

Arat1an1slsziu GR&R ImeRE X - R

Tunnsdszilunami GR&R 1aaLATasNadm Digimatic micrometer no.6294679 lunszuan

[ %

a dl 1% o o o ?:/ ° [ QI o 1 Qg’ 1A o Qy
N1THAR 1 OP-20 AENWNNIUIA 3 AU NINITIAAUAE 3 AT ANUTLAIAIREN 10 TL AMNNAURITU

[

IMUWINAL + 0.05 leuan13insail

b4
TUIU
1 2 3 4 3 6 7 8 9 10
0.05 0.05 0.02 0.03 0.04 0.04 0.04 0.04 0.05 0.04
1 0.05 0.04 0.02 0.04 0.05 0.06 0.06 0.03 0.04 0.04
0.04 0.04 0.01 0.04 0.04 0.04 0.04 0.03 0.04 0.04

<

0.047 | 0.043 | 0.017 | 0.037 | 0.043 0.047 0.047 0.033 0.043 | 0.040

R 0.010 | 0.010 | 0.010 | 0.010 | 0.010 0.020 0.020 0.010 0.010 | 0.000

0.04 0.04 0.02 0.04 0.04 0.04 0.05 0.04 0.03 0.04
2 0.04 0.04 0.02 0.04 0.05 0.05 0.04 0.04 0.02 0.04
0.04 0.05 0.02 0.05 0.05 0.05 0.04 0.03 0.02 0.05

|

0.040 | 0.043 | 0.020 | 0.043 | 0.047 0.047 0.043 0.037 0.023 | 0.043

R 0.000 | 0.010 | 0.000 | 0.010 | 0.010 0.010 0.010 0.010 0.010 | 0.010

0.04 0.04 0.02 0.05 0.04 0.04 0.04 0.03 0.04 0.04
3 0.05 0.04 0.01 0.04 0.03 0.03 0.04 0.02 0.04 0.04
0.04 0.04 0.02 0.05 0.03 0.05 0.06 0.03 0.03 0.02

=<

0.043 | 0.040 | 0.017 | 0.047 | 0.033 0.040 0.047 0.027 0.037 | 0.033

R 0.010 | 0.000 | 0.010 | 0.010 | 0.010 0.020 0.020 0.010 0.010 | 0.020

o 1 aa Qﬂdy
NITATUIUAITANNSURRA

EV . = 515 R(X)

d2
AN NLEASAN 92 TnnAkwana e

a2

1.693
EV

5.15 (0.01+0.01+.....0.01+0.02 ) / 30

1.693
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= 0.032
1 v ¥
LAANIN EV NleRAMNuNngdn Tunnedadisaassuudatias s A1Aauduls + 0.016 N

IAUANRTI

NNSANUIUANSLUSABLAR

X1 = (0.047 +0.043 +....0.040) /10 = 0.040
X2 = (0.047 +0.043 +....0.043)/10 = 0.039
X3 = (0.043 +0.040 +....0.033) /10 = 0.036

R(x) = 0.040 -0.036 = 0.0033

AINFANIN d2* luniANuan d2* = 1.906 (K=1,n=3)

AV = \/ [(5.15 R(x )/d2* )-(EV /)]

= %(5.15 (0.0033/1.906)]° - [(0.032) /30
= 0.0067

. oS | o X o o dll .
AN AV NAUNANNNE9 TuszuunisdaliasiANEuLl THa9aNANLANANG

PAIWRNNWIA WAL + 0.0034 NN. TAUATRIIVRIINU

N19ANURIUAT GR&R

GR&R

\/ BV AV?

\/ 0.032° + 0.0067°

0.0326

=

PNEANIN T UURR AN TALITNIVINAL + 0.0326 N3, 2AUANAI9URIU
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PV = 5.15 Rp / d2*
d2*  3.178 AMAITNd2 1 K=1 ,n = 10
Rp  Parts Avg (Max—Min), (0.046-0.018 = 0.028)

515 (0.028/3.178)

0.045

TV \/ GR&R® + PV°

\/ 0.0326° + 0.045

0.055

% Process Variation

% EV/TV = (0.032/0.055) 100 = 56.9 %
% AV / TV = (0.0067 /0.0585) 100 = 125 %
% GR&R /TV = (0.0326/0.055) 100 = 58.3 %
% PV/TV = (0.045/0.055) 100 = 81.3%

Aafidus GR&R HA4958.3 % > 30 % wanddNszuLNIedntEANdulsgeazfiasls

Funnsdfurlgaudla



AN9197 3.5 TUTUNNHANNIANEY GR&R 184LATAINASA No. 6294676

GAGE R&R STUDY

Part Name KNUCKLE Gage Name Digimatic micrometer M/C Name OP-20
Characteristic Diameter GagaNo. 6294679 Gage Accuracy 0.01 mm
Specification 21.83 +0.05/-0.05 Gage type  Standard gage Date 12-Nov-99
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.05 0.05 0.02 0.03 0.04 0.04 0.04 0.04 0.05 0.04 0.040]
2| 0.05 0.04 0.02 0.04 0.05 0.06 0.06 0.03 0.04 0.04 0.043
3 0.04 0.04 0.01 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.036]
Average 0.047 0.043 0.017 0.037 0.043 0.047 0.047 0.033 0.043 0.040 0.040]
Range 0.010 0.010 0.010 0.010 0.010 0.020 0.020 0.010 0.010 0.000 0.011
Mr. Sanya
1 0.04 0.04 0.02 0.04 0.04 0.04 0.05 0.04 0.03 0.04 0.038]
2 0.04 0.04 0.02 0.04 0.05 0.05 0.04 0.04 0.02 0.04 0.038
3 0.04 0.05 0.02 0.05 0.05 0.05 0.04 0.03 0.02 0.05 0.040]
Average 0.040 0.043 0.020 0.043 0.047 0.047 0.043 0.037 0.023 0.043 0.039]
Range 0.000 0.010 0.000 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.008
Mr. Vaschira
1 0.04 0.04 0.02 0.05 0.04 0.04 0.04 0.03 0.04 0.04 0.038]
2 0.05 0.04 0.01 0.04 0.03 0.03 0.04 0.02 0.04 0.04 0.034
3 0.04 0.04 0.02 0.05 0.03 0.05 0.06 0.03 0.03 0.02 0.037]
Average 0.043 0.040 0.017 0.047 0.033 0.040 0.047 0.027 0.037 0.033 0.036]
Range 0.010 0.000 0.010 0.010 0.010 0.020 0.020 0.010 0.010 0.020 0.012
Part AVG. 0.043 0.042 0.018 0.042 0.041 0.044 0.046 0.032 0.034 0.039 0.028
[RbarA+RbarB+RbarC]/[# of operators] 0.010
[MAX Xbar-MIN X bar]=X, .;,irx 0.003
[Rdoublebar X D,*] = UCL, 0.027]

[Rdoublebar X D,*] = LCLy

*D, = 3.27 for 2 trials and 2.58 for 3 trials;D; = 0 for up to 7 trials. UCL, represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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AN9197 3.6 Tuifunnuan1?AIU9 s GR&R

Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Digimatic micrometer # of trials = 3 Date: 12-Nov-99
Characteristic Diameter Gage No: 6294679 # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Standard gage # of appraiser = 3
From data sheet: Rdoublebar = 0.010 X DIFF = 0.003 R,=0.028
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= divided by TV= 56.9%)
divided by tolerance= 31.5%

Reproducibility - Appraiser Variation (AV)
% AV = 100[AV/TV]

divided by TV= 12.5%

divided by tolerance= I 6.9%'
Repeatability & Reproducibility (R & R)

2 2,
R&R = VEV +AV] %R&R = 100[R&R/TV]

AV =

= divided by TV= 58.3%
divided by tolerance= 32.3%)
Part Variation (PV)
PV = Rp x Ky % PV = 100[PV/TV]
= divided by TV= 81.3%
divided by tolerance= 45.0%

Total Variation (TV) or Tolerance

TV = [R&R’ +PV]




A9 3.7 WAANANAINANNTUNNTIANUINS GR&R

Numberof
observation in
subgroup (T rials) A2 D3 D4
2] 1.880 0 3.267
3 1.0%3 0 2575
41 0.729 0 2.282
bl 0.577 0 2.115
6] 0.483 0 2.004
70419 0.076 1,924
8] 0.373 0.136 1.864
9] 0.337 0.184 1.816
10{ 0.308 0223 T
11] 0.285 0.256 1.744
12 0.266 0.284 1.716
13 0.249 0.308 1,692
14{ 0.235 0.329 1,671
15] 0.223 0.348 1.652
Trial K1 m = trials [K1 (Calc.)
EV 2 4.56 1.128 4.57
3 3.05 1.693 3.04
Appraiger K2 n-appraisers [K2 (Calc.)
AV 2 3,60 141 3.65
3 2.1 1.91 2.70
Parts K3 m = Parts JK3 (Calc.)
PV 2 3.6 1.41 3.65
3 =t 1.91 2.70
4 213 2.24 2.30
5 2.08 2.48 2.08
6 1.93 .67 1.93
i 1.82 2.83 1.62
8 1.74 2.96 1.74
9 1.67 3.08 1.67
10 1.62 3.18 1.62
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A1919% 3.8 @9nansisziiiuiATasiiadnuuL Variable Characteristic
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MSA STUDY : Inspection tool list for Knuckle process line

Variable characteristic

Before Improvement

o ||

OP| NO Measurement Name Tool No. Spec To Use | X diff %EV %AV | %R&R | %PV | %Bias
10 | 1 [TOOL FOR MEASURING CENTER T-1T-159
DIAL GAUGE No. 2929FB - 62 150+ 0.2 [ 0.012 | 0015 | 694 | 486 | 848 |[531| 130
DIAL TEST INDICATOR No. 513 — 404 3225+ 02 | 0006 | 0010 | 358 | 310 | 474 |s881]| 375
MASTER T-IT-159
10 | 2 [DIGIMATIC CALIPERS No. 0015535 ¢72+ 01 | 0003 | 0011 | 584 7.3 589 | 80.8 | 105
20| 3 |DIGIMATIC MICROMETER No. 6294678 ¢21.83+0.05 | 0.003 | 0010 [ 569 | 125 | 583 |813| 17.0
130 4 [THREAD MICROMETER TCM - 25 DM $16.826 0 /+| 0006 | 0.011 | 7201 | 33.1 793 | 610 827
0.15
30| 5 |REBOUND HARDNESS TESTER HHJ-06714 HS67~75 | 0667 | 2167 | 580 | 11.7 | 592 |[806| 17.7
40| 6 |TOOL FORMEASURING CALIPER T-IT - 164 0~0.15
DIAL GAUGE No. 2929F - 62 0.003 | 0.005 | 3347 | 175 | 378 |926| 87
MASTER T-IT-164
70 | 7 |TOOL FOR MEASURING BOSS T-1T-170
POSITION
DIAL GAUGE No. 1 No. 1929FB - 62 125285+ 02 | 0.005 | 0.011 | 4537 | 163 | 482 |876| 4.0
DIAL GAUGE No. 2 No. 1929FB - 62 42715+0.2 & | 0013 | 0016 | 4474 | 303 | 540 |842]| 3.38
DIAL TEST INDICATOR | No.PC- 1B 151 )
DIAL TEST INDICATOR No. PC - 1B
140| 8 |AIR MICRO (JET) E-AJO-5016
AIR MICRO (MASTER) E-AJO-5016 d34.025(- | 0.001 [ 0.001 | 49.88 | 20.1 538 | 843 | 26.92
0.002/-0.015)

FLOW TYPE AIR GAUGES (DOUBLE-

COLUMN)

MODEL FT - 5500
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W3RaRadRlsznm Air micro fiaga9agiiU MNALRefAfEA
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20.
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ﬂ@ﬂmmammmuﬁm—m‘”ﬂ nN9aUsNNT I LATasNad A luaNeNTHAR

ANAL Santineu AL
nau ION
1 U AUNIN 9 18
2 U1el AT 13 18
3 W ANANA 12 18
4 UNE WA 9 20
5 w1el deyeun 12 17
6 WY TS 10 16
7 Wne INeshde 10 18
8 WY NUAT 8 17
9 1Nel e 15 20
10 wnel uin 11 18
ALaAE (X bar ) 10.9 18.0
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4.1 MeAATzRLazn1sU5uLgeszULNSIALLL “ Attribute Characteristic”

v v
characteristic ) “ @11nsatiuNAagUNaRsnaasluaa9 el

anndayan lininiafiuuaziiunnuaadlunnseiuunefu « Gage R&R study( Attribute

AN3197 4.0 A9eAgLNaNIsUseiiu (Mantl3ilss) szuunsdauuy « Attribute Characteristic

MSA STUDY Inspection tool list for Knuckle process line ; Attribute characteristic Before Improvement

OP | NO Measurement Name Tool No. Spec To Use Effective ness Prob.False Prob.miss
20 [ 9 |SNAP GAUGE KHCW 50.4 (0/-0.1) (1)50.4(0/—0‘1) 0.85 0.08 0.25
20 [ 10 |SNAP GAUGE KHUW 35.35 (+0.05/-0.05) (|)35_35 +0.05 0.85 0.08 0.25
70 | 11 [SNAP GAUGE KHUW 20 (+0.2/-0.2) 20+ 0.2 0.82 0.11 0.29
60 [ 12 |THREAD GAUGE T-IT-169 M 8*1.5 1 0 0
90 [ 13 |LIMIT PLUG GAUGE KIPW 14.5 . (+0.3/-0.3) (|)14_5 +0.3 0.87 0.06 0.25
90 [ 14 |LIMIT PLUG GAUGE KIPW 16 (+0.3/-0.3) (|)16.0 +0.3 0.90 0.08 0.21
90 [ 15 [LIMIT PLUG GAUGE KIPW 19 (+0.3/-0.3) ¢19, 0+0.3 0.88 0.08 0.25
130| 16 |THREAD RING GAUGE T-1T-188 M 18*1.5 1 0 0
110] 17 [TOOL FOR MEASURING BOSS TAPER |T - IT - 180 0(+1.0/0) 0.92 0 0.21
110 18 |TOOL FOR MEASURING BOSS TAPER |T - IT - 181 0 +0.5 0.87 0.08 0.21
50 [ 19 |[SPECIAL GAGE T-IT-167 19.0 0/+0.1 0.85 0.08 0.25
120 20 [WIDTH GAGE KGWW 5.0 5+0.3./-0.1 0.83 0.11 0.29

Gl']ﬁ"lﬁ‘l?i 4.1 Lﬂtusm“lumiﬁmimﬁ “ Attribute Data Criteria “

Attribute Data

Criteria

Parameter Acceptable Marginal Unacceptable
E > 0.90 0.80t0 0.90 < 0.08
P_false < 0.05 0.05t0 0.10 > 0.10
P_miss < 0.02 0.02 to 0.05 > 0.05
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1. KHUW 50.4 0/-0.1 (Snap gage ) R0NKANIITATUINU ( N 73,74

)

F197% No. 16 AzLin0N T1dN1a399111U NG ( +0.010 ) T9HUL1A R wWANINI1UAIIadaL 19
v 1
3 AU S5 lE OK anNALas A9 LATaNadalna n1sanusa wazluunalnngn (+0.010)

HANNT MIRRDULATANNAIR LAAWINAL 0.033(GO) / -0.098(NO GO) @l lailfudn [gnn

W uan129nHANANA

1
Y A

F191% No.10 WLINNGIUALN
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ANINUIAADN ATaaiadn

L

. \nNa@nyee
Ay v aa
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% 147211611N9
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3
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ANHNRANAA
B / J— Tunnsinang
aanuanadaNIn L >/ Alignment Tun3dnlaa
KHUW 50.4
1 £ s o
Nl negiigal | ———> 7— Talldniinaulszan
laifinnsausu
T lansldinadn o .
Aoy lunneina
NN

917 4.0 MwwaneNIIAzilATasiadn No. KHUW 50.4 TnerldunugiiAngtlan
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Plant Knuckle Process Line OP 20
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 50.4
Section : 9 Specification (50.4 0/-0.1
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad
#1 #2 #3 #1 #2 #3 #1 #2 #3
1 OK OK OK OK OK OK oK OK oK OK
2 OK OK OK OK OK OK oK OK oK OK
3 NG NG NG NG OK OK OK OK NG NG
4 NG NG NG NG NG NG NG NG NG NG
5 NG NG NG NG NG NG NG NG NG NG
6 OK OK OK OK OK OK OK OK OK OK
7 NG NG NG NG OK OK OK OK OK OK
8 OK OK OK OK OK OK OK OK OK OK
9 OK OK OK OK OK OK OK OK OK OK
) 10 NG OK OK NG NG NG NG OK NG NG
" NG NG NG NG NG NG NG NG NG NG
12 OK OK OK OK OK OK OK OK OK OK
13 OK OK OK OK OK OK OK OK OK OK
14 OK OK OK OK OK OK OK OK OK OK
15 OK OK OK OK OK OK oK oK OK OK
> 16 NG oK OK OK OK OK OK oK OK OK
17 NG NG NG NG NG NG NG NG NG NG
18 OK OK OK OK OK OK OK OK OK OK
19 OK OK OK OK OK OK OK OK OK OK
20 OK OK OK OK OK OK OK OK OK OK
Inspection Results
Appraiser OK NG Total FALSE Miss Total
Correct Correct Correct
Mr. Vanchai 36 19 55 60
Mr. Sanya 33 18 51 60
Mr. Narad 33 19 52 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 0.92 0.00 0.21
Mr. Sanya 0.85 0.08 0.25
Mr. Narad 0.87 0.08 0.21




A7197 4.3 TULAAINNTHANNTHLILAZ AN BT UINULARZUNIELAT

PART 1 2
No. Dimension OK NG [OK [NG |OK
1 -0.048
2 -0.045
3 0.018
4 0.031
5 0.027
6 -0.038, 3 3
7 -0.114 3 3
8 -0.056
9 -0.093
=l 10 -0.112
11 0.036
12 -0.067| = 3 3 3
13 -0.094| 3 2 2
14 -0.076) 3 3 3
15 -0.054) 8 3 3
0 0.011
17 0.037
18 -0-055
19 -0.092
20 -0.078) 3 3
Correct 36| 24| 35| 24
Alarm 0 0 1 0
Total 36| 24| 36| 24
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nsusuilgaunlaiasasdiadnNo. KHUW 50.4
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Plant Knuckle Process Line OP 20
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 50.4
Section : 9 Specification (50.4 0/-0.1
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad
#1 #2 #3 #1 #2 #3 #1 #2 #3
1 OK OK OK OK OK OK OK OK OK OK
2 OK OK OK OK OK OK OK OK OK OK
3 NG NG NG NG NG NG NG NG NG NG
4 NG NG NG NG NG NG NG NG NG NG
5 NG NG NG NG NG NG NG NG NG NG
6 OK OK OK OK OK OK OK OK OK OK
7 NG NG NG NG NG NG NG NG NG NG
8 OK OK OK OK OK OK oK OK oK OK
9 OK OK OK OK OK OK oK OK OK OK
10 NG NG NG NG NG NG NG NG NG NG
11 NG NG NG NG NG NG NG NG NG NG
12 OK OK OK OK OK OK OK OK OK OK
13 OK OK OK OK NG OK OK NG OK OK
14 OK OK OK OK OK OK OK OK OK OK
15 OK OK OK OK OK OK oK OK OK OK
16 NG NG NG NG NG NG NG NG NG NG
17 NG NG NG NG NG NG NG NG NG NG
18 OK OK OK OK OK OK OK OK OK OK
19 OK OK OK OK OK OK OK OK OK OK
20 OK OK OK OK OK OK OK OK OK OK
Inspection Results
Appraiser OK NG Total FALSE Miss Total
Correct Correct Correct
Mr. Vanchai 36 24 60 60
Mr. Sanya 35 24 59 60
Mr. Narad 35 24 59 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 0.98 0.03 0.00
Mr. Narad 0.98 0.03 0.00




A5197 4.6 TULAAINNTHANNTHLILAZ AN T UBITUINULARZUNIELAT

PART 1 2 3
No Dimension OK ING |OK [NG [OK [NG
1 -0.048
2 -0.045
3 0.018
4 0.031
5 0.027
6 -0.038| 3 & 2
7 -0.114 3 3 3
8 -0.056
9 -0.093
10 -0.112
11 0.036
12 -0.067f 3 3 I
13 -0.094| 3 2 2
14 -0.076| 3 3 3
15 -0.054| 3 3 3
16 0.01
17 0.037
18 -0.055
19 -0.092 3 3 3
20 -0.078| 3 3 3
Correct 36| 24| 35 24 35| 24
Alarm 0 0 1 0 1 0
Total 36| 24| 36| 24| 36| 24
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13197 4.7 dayanisiunnnisinaedezesiiadn No. KHUW 35.35

Sample Actual Part Mr. Vanchai Mr. Sanya Mr. Narad

1 2 3 1 2 3 1 2 3
4 -0.046 (OK) NG NG NG NG NG NG NG OK OK
10 +0.062 (NG) OK OK OK OK NG NG OK OK OK

KHUW 35.35 + 0.05 ( Snap gage )ﬁm@mm@%g@mﬁmémm

1U9UNO.10 AZiiudn Tuanua3e NG ( +0.062 )%qﬁmmm‘ﬂm WLANHNUATIRZAL AL
71 1 3 991% OK Favmuaiae dauaudl 2 3015 OK , NG uaft OK inanLAieiia daiAn
nadnuseuasiiavnalands (+0.062) daunad NG fiaann alignment (NAN1? ATIRADL
AraailednlAAwingL 0.073 (GO) /-0.037 (NO GO) ) a¢ldluil&uds Awinluaniaiauia
NNTHANANA

FUU No. 4 18aNTNNLALT 1 a2 2 HaNN3IARLTL NG UAanua3s OK T9il waan

1 1 v v
AU NOGO 1UaTANINRAAANNNMLA  AIURANITTA OK 289N 3 B19484A5IAR A7N

alignment lun13dn

¥ 4‘—“' = o
ANMUINADN wizeeiadn
. Na@nuea
a v aa
puanysnauiniaina y
% 118NFNe0 3
s 2

RIS ; Td8n191d chart AquAN
qqﬂsl’o]g]l\jqu Coolant ﬁmﬂé@u

ANNHEANAA

- > luni9inaes
Tadgurnylunnada

/ laifinnsau9u
< lldwiinauilsean

Alignment Tun139n 1A

KHUW 35.35

NUENWIA

917 4.1 pnwanenisaAszilATasiladn No. KHUW 35.35 tagldunugifinadan
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;13197 4.8 dayannsiunnn1sinaeaezasiiadn No. KHUW 20

Sample Actual Part Mr. Vanchai Mr. Sanya Mr. Narad

1 2 3 1 2 3 1 2 3
3 0.196 (OK) NG NG NG NG OK OK OK OK OK
10 0.211 (NG) OK OK OK OK OK OK OK OK OK

3. KHUW 20 + 0.2 ( Snap gage )ﬁm@mm@%aﬂ@mﬁmémm
FuaUNo. 3 Azifiudn Fuuasetil OK (+0.196 ) Fefawnaiiauln usntinaw n3ae
gou AuT 018 NG Favmaiae daunudl 2 59lEHa OK . NG 6afi NG ifaain alignment
lunnemsaaay
F1497% No. 10 TWINATS NG WHHANNIATINABL BaNLINN 1AL 3 AuldRaaan 1N
OK Fanuniat uanein wsaie JaAnnIsanmsauasiaunaland (+0.211) (NANNTATIA
aaLLAsaaiidaldA AL 0.221 (GO) /-0.196(NO GO) ) asldlsildud Asvinlinani29a

ANITHANANA

Y 4 Ao
ANTNLLIARDN LATANHNRIA

\NAANYTD
=

duanisnduiiiaimna y .
<—on UeNANgn 3
Td#fin314 chart AvuAN
ldvnmnuazanana

Coolant AN

U
it . ANNRANANA
NYUINAUUIA
| Tunisdinass
>
Taiidnlans1dinadn bidmanlunisdn KHUW 20.0

— laifnsauss
Tifnseus — 5 i
aanuwNNATANIN > Taildwiing vl szan

Alignment Tun33nlaa

NUNIUIA

317 4.2 nnuaninAziiATasiadn No. KHUW 20.0 tagldunugiiinadan
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Sample Actual Part Mr. Chantra Mr. Jiemsak12 Mr. Vaschira

1 2 3 1 2 3 1 2 3
2 -0.311 (NG) OK OK OK OK OK OK OK OK OK
17 -0.297 (OK) NG NG OK NG NG OK OK OK OK

4. KIPW 14.5 + 0.3 (Plug gage ) N3t kadanan1sdngiseni

FUUNO. 2 TUINUATW NG (-0.311 ) TIHUUPLANNINATA WANENIIUATIAEDL 919

v 1
3 AU S0l OK YansmLasl Ldndan WATaia danan1anusauaslauimanndn (-0.311)

(HANNTATIAERLLATRINATA LAANWNAY -0.321 (GO) /0.301(NO GO) ) a@ldluilaan as

o

N WNANITI AN ANITRANATA

191U No. 17 TuaNUa3s OK WARANIIAIREeL TeaNENNILANAd 3 Arldnasanun &

719 OK uaz NG naf NG {aainnswasasiadanudverlusisainiy (naann alignment )

ANINUIAADN AFasiadn
= =S
- \NAANUTD
% 1181AINI1 3
151914 chart AaLAN
Coolant AN

feluanysndy ngaelndilaas Tool

R ; ,

ANINA Tool life Txwinnza

a7 A
ATLTNUDL
lainnANgzenn - aninulianeenn
wasanldanu eantufang
e el ANNNRANATA
3 .
i N Tunsdnaas
o v ddwnlunigdn
laiidihlanasldinada v
- KIPW 14.5
o l3ifn13019u
Tifnseus — L 5
aanuNNATANIN Tl Taildwiinanulszan

- [l

Alignment Tun33nlaa
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;13197 4.10 daganistiunnnisinaedirsasiadn No. KIPW 16

Sample Actual Part Mr. Chantra Mr. Jiemsak Mr. Vaschira

1 2 3 1 2 3 1 2 3
1 -0.291 (OK) NG NG OK OK OK OK NG NG NG
3 0.311 (NG) OK OK OK OK OK OK OK OK OK

5. KIPW 16 + 0.3 ( Plug gage )ﬁmimwmﬁ’mﬂ@mﬁm%mm
FuauNo. 1 AzifiudnTunuaseii Ok (-0.291)ﬁﬁlqﬁmmmﬁuﬁﬁmLwivl,ﬂmqﬁﬁw,ﬁﬂ W
Wi sragen AU S0lE NG 2 A3Y LAY AL 3 5a NG ¥ 3 ASaag) wapaanfiloyun
N19A1U alignment Tun133a
FUU No. 3 Tuas3s NG URaNNIATMAgaL Jesniinnauawia 3 aulduaaan 11 OK
%wmmﬂ LAAIN Lm"}'@ﬁﬂf?mmqé’m NO GO HrwaTandn (+0.311) (RAN1T AFIRAAL
\Ar0siladnldAnindL 10,305 (GO) /0.317 (NO GO) ) aaldlaildudn Aevin uani29s
FansRanann Nsfidan NO GO Haunaln waasinifinannmeuusnllldd nsmsagay

ANYNFBYT8Y Dimension tAsasiadn neaudalilldu

A T D
Lraaiadn
— 2
< inadnusa
ina Over Spec > % WNEIAINGT 3
= v
Dimention ”Lumjﬂfnlchart AYLIAN
Coolant nANTAU
Tlanvuadluss eyl i <—T ngaelndiaau Tool
Tool life ldwnnzau

oA A Py =
VLNLﬂﬁ‘ﬂ\‘i?\l@mﬁ‘qqm@UW@zL@ﬂﬂW@ oA
ATUNUBU

- y . < naninulilaneenn
laifinnsmaiAnausting

WeaiufAang AHRANANA
4 1,9 .
LATANHATA Tunnsdnaad
KIPW 16.0
Hejuanilandy
droina Ty luniadn
o fe— 151 nsTnenusyan
laivinAanugzann
waanldeu Yaifnnsauy
ANNUWIARDH NI

7N 4.4 P nuaAINITILRAIIZRATEINETA No.KIPW 16.0 taeldununiiAnelan
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13197 4.11 daganistiunnnisinaedesasiadn No. KIPW 19

Sample Actual Part Mr. Chantra Mr. Jiemsak Mr. Vaschira

1 2 3 1 2 3 1 2 3
11 -0.294 (OK) OK OK OK OK OK OK NG NG NG
13 0.303 (NG) OK OK OK OK OK OK OK OK OK

6. KIPW 19 + 0.3 ( Plug gage )ﬁmimwmﬁ’mﬂ@mﬁm%mm
FuauNo. 11 azifiudnTuanuasecis ok (-0.294) %qﬁmmmﬂghﬁﬁmLwﬂﬂmq@hmﬁﬂ
uswiineu meadey AT U AL 2 Tnldgnsie usnudl 3 5014 NG v 3 afuiae uans
ATy rmneAu alignment lun1346
F14970 No. 13 Tuaua3s NG WHHANNTATIAGEL Tadniinnmuawa 3 aulduaaan un
OK ravmmLag uansin eFeRefnn9d1y NO GO Hauninndn (0.303) (HAN17 MR
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13197 4.12 FaganisTiunnnisinaedersesiiadn No. T-IT-180

Sample Actual Part Mr. Chantra Mr. Jiemsak Mr. Vaschira

1 2 3 1 2 3 1 2 3
6 1.17 (NG ) OK NG NG OK OK OK NG NG NG
10 1.08 (NG ) OK OK OK NG OK OK NG OK OK

T-IT-180 0 + 1.0/0 ( Taper gage ) Wa13RHATRYANTTATUINY
FUUNO. 6 WAE 11 TUINUATNIU NG T9lIUIASRTIEUL29 Taper IANINTAART AULA
18 windnaunmagey w19 3 AuAsadeLaenua i LANAN9TY HeaN1aInnIg nsaadeL
wananlfirsasliadaudndedasld diau Usznevdaalunismaiadasiog @9 azidunng

a o o dl 1 A al dla a
MIRRRURNANTA84 Taper wazlunisfazuand OK vi7e NG avg#iai NAnsay Ria1es

% [ % :J/ o tgé % £ o dld o 9 dl

Tapertsznausag AiuNN9RIRdn lugatasAed Jdningund fintege andayanean
NIANANAURNNINGINIS 8 AL ITAATA iNHeA TN TunNTa1asaAue 3 AL &

AYNNWANANNGFL ( NANTIATIAAALIATEINETA --> NG )

A4 A o '
LATANHRIA

=S
NAANUTE

«iLﬁm‘ﬁQﬂﬂﬁLﬂaﬂu Tool
Tool life Tdlwinnza
Spm—)
ATLNTDLS
<—

e AL UMANARWAL A
ANHRANANA
finnaieiasiasaanly .
Tunnsinana
, / T_IT-180
AN AN LANAURIAEA <

Taifnowsnege Sy Liey /

HALaun nnaninlil

TaifnnsninumBununis g

NN

917 4.6 M nwansNIAziATasiadh No.T-IT-180 Taaldununainelan
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;13199 4.13 FaganisTiunnnisinaedAsediiadn No. T-IT-181

Sample Actual Part Mr. Chantra Mr. Jiemsak Mr. Vaschira

1 2 3 1 2 3 1 2 3
7 -0.52 (NG) OK OK OK OK OK OK OK OK OK
10 -0.56 (NG) OK NG NG NG OK OK NG NG NG

8. T-IT-1810 + 0.5 ( Taper gage ) Nasnu NadoyaAN1IATUY

o a o

FUUNo. 7 TIUATTL NG TeRaunadnsdauaed Taper IMNANAAAN Avuals s

v 1
WHNIUATIAAAL 719 3 mum%zﬁ@m@nmiﬁ OK 1#8931197nN1T ATadel wanain 14

< %

rasiadaudasafiacld aramn Usznavdaslunsnsaasas @elun1snazuandn OK

' v
[ =

1198 NG afa9gAugaansaniussmang Faeuiuranina dssnausay Asii nsasma
o e o Y o Ao = Ay
Tnluantiassies ldnwrinsuniinesgeiasisaneninasag

FuaUNo. 10 Ha19NITIANANLANANAWAAANINEZANE Y TUNNITATae AWK

= ! [ dl A o
3 AL WANULANFNNY ( NANNIAIIAEDULATAINDIA --> OK )

ANTNWUIARANTRINITIA

1Y

= I o o %
AATIUUNTU NTUIUIN e

ALN

ANINANALAIATUINUEN LR ANTNRANATA

Tunnsinana

{ 5 T-1T-181
gasldanamnauaninll >

ANGIUANG WA 0.5-69LARENN

11aANdUnylunin

2281219 ANN9DUTH bl LiNean

WA

317 4.7 nnwansnsasziiaTasiladn T-T-181 Iaaldununinnelan



85

13197 4.14 FaganisTiunnnisinaedAseddadn No. T-IT-167 19.0

Sample Actual Part Mr. Chantra Mr. Jiemsak Mr. Vaschira

1 2 3 1 2 3 1 2 3
11 0.112 (NG) OK OK OK NG NG NG OK NG NG
12 0.105 (NG) OK OK OK OK NG NG NG OK OK

k4
a

9. T-IT-167 19.0 /+0.1 ( Pitch check gage ) Wa13nHATaYAN1TTAT I
FuuNo. 11 WAE 12 Tuauaiaril NG Failsze Pitch Rundnfidafitvusly uas
WiINIUAMAgaL 1 3 AURMAgaLanu EUANFNTUL HANNIRIAaaLLATTTn Ui
>OK uansinAnanniineelunng 1T estintpaeenineuiavaa A ANy Lag

Alignment 189LATRNBIANLITWINY

ANNHNEANAA

Y

Tunnsinana
ﬂ%ﬂmrﬂumﬁm T-1T-167

Taildwiinanulsean

AnnsvuRauntinaues

Tdfnseusaisnislingneies

NUNSIUIA

91l7 4.8 nnwansNpziATasiladn T-IT-167 Taaldununannelan
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13197 4.15 Faganisriunnnisinaedesesiiadn No. KGWW 5.9

Sample Actual Part Mr. Chantra Mr. Jiemsak Mr. Vaschira

1 2 3 1 2 3 1 2 3
13 -0.126 (NG) OK OK OK OK OK NG NG NG OK
18 -0.113 (NG) OK OK OK OK OK OK OK OK OK

10. KGWW 5.9 + 0.3 /- 0.1 ( Width gage ) Wa13nHATayAN1ITAT I

'
o

F191UNo. 18 F1INUA9TU NG TIHULIAARUANNINAAANNMUATY waWTnaIU A994

v |
#4914 19 3 AUATIARALAANNE OK LAAI91LATaNHas AR AU ALANNIN -0.013

v
a

FU9UNo. 13 HATBINIITALRINTAUALN 2 UAZALH 3 HANLANFANAY Tun199m T

1
=

NUMH LAY LAZINANANIIAIRADLILATAINATAANL GO Lan tHAN Nl - 0.131 (1AF8Y
fladaAnueanin) FelAINALALNTL -0.126 LAAIINEANITTATERNNNATURA A9NNNT]

WUIAUBN Lﬂ@ﬂm@wmmmmmimmmnu favuummmm alignment 1&11@ “’ﬁ‘\‘]"l Az

Winansdaiaesdll
9 FEL A
ANINLIAADH \wisaiadn -
|
N2 Inadnuse
% tnEnAINGn 3
1518914 chart AaLAN
Coolant 1ANTA1
Qumﬂﬂiﬂﬁu <—T agaslndilaas Tool
fifuna Tool life Tedwnnza
A
PIUNYAL
laininANazens -« aninuldaneenn
nagan gy HeimiTinng ANHRANANA
LATBINATR Tunnsdnues
A 'Y
4 Ty lunisdn KGWW 5.0
e aldwadnanutlszan
= al o 1
<«  Ammyudsuninaeiies
Tdinnsausndsnisinignsias
NENWIA

917 4.9 MnwansNAziATasiadh No.KGWW 5.0 Tasldununiiinelan



412 fagduan1saaszilagldunuginieian

87

2.7

2.9

ANNHEANAA
Tun13dmuuy
GO -NO GO

Gage

211

2.10

2.8

317 4.10 agtnnuansnisirsziiasesiiadnuun Attribute Characteristic
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4.1.3  msUsulgesEuunNsIALLL Attribute Characteristic

dl Y o = 6 o 1 dl A o 3 a v
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;13199 4.16 @guileyun @ nunuazaanIsui i szULdauLIL Attribute Characteristic
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414 nsdszidiunanasainnistiudlss
Tunstsziiunanasannistfuilyeagldisnaboaiuiunisdssifiunaluafausn uay
1 wilnau duenwsnlunisdneg deuniniaasuliiuliun insesiadanlaaausialu
9 o/ dlﬁ 9 ada [ dl vl o 1 [ 3 a ' dl £
dnumaumudananusaxinuda uazasn1eian laanisUsulseluindsainnisimseid wali

v = ¥ X
NITIANAINEYNABININTU

R399 4.17 san1stssin wasLiuds ) nezuaunisinaesdayauuy « Attribute

Characteristic ”
MSA STUDY : Inspection tool list for Knuckle process line ; After Improvement
Attribute characteristic
OP NO Measurement Name Tool No. Spec To Use Effective ness | Prob.False | Prob.miss
20 9 |SNAP GAUGE KHCW 50.4 (0/-0.1) $50.4(0/-0.1) 0.98 0.03 0
20 10 |SNAP GAUGE KHUW 35.35 (+0.05/-0.05) $35.35 + 0.05 1 0 0
70 11 |SNAP GAUGE KHUW 20  (+0.2/-0.2) 20+ 0.2 0.98 0.03 0
60 12 |THREAD GAUGE T-IT-169 M 8*1.5 1 0 0
90 13 |LIMIT PLUG GAUGE KIPW 14.5 . (+0.3/-0.3) 0145403 0.98 0.03 0
90 14 |LIMIT PLUG GAUGE KIPW 16 (+0.3/-0.3) $16.0+0.3 0.98 0.03 0
90 15 |LIMIT PLUG GAUGE KIPW 19 (+0.3/-0.3) 19. 0+03 0.98 0.03 0
130 16 |THREAD RING GAUGE T-IT-188 M 18%1.5 1 0 0
110 17 |TOOL FOR MEASURING BOSS [T -IT - 180 0(+1.0/0) 1 0 0
TAPER
110 18  |TOOL FOR MEASURING BOSS | T ~IT - 181 0 +0.5 1 0 0
TAPER
50 19 |SPECIAL GAGE T-IT-167 19.0 0/+0.1 0.97 0.06 0
120 20 [WIDTH GAGE KGWW 5.0 5 +0.3 /-0.1 0.98 0.03 0
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42  M5AATIERLAZNsUSUL995sULNISIALLL ¢ Variable Characteristic ”

Tunisdiasziludanilazinnisimzimuanugnaadresssuun1sinludiuaes

v v o L ] o o o 1% o d‘
QMZQNUMQWMVLU@@LLZ\]Zﬂ'\‘uﬂ’T]NLLNuEI']GLI‘ﬂ\‘lﬁ‘ﬁ‘LI‘LIﬂ’]ﬁ"Jﬂ GR&R LL@%@%ﬂiZWWiﬂW?@N“‘I [N

Tayanl

o o

pnNITALLazlssiliunaaslumslULnNesn Gage R&R study ( Variable

characteristic ) uaz wuuWafunsAneluda aunsntinanaguaisnnaslunnselfna

A1919% 4.18 Agluamsuszidiu (Maudduilg) aa9szuun1sIALLL Variable Characteristic

MSA STUDY : Inspection tool list for Knuckle process line ANNNLNLEN AN
Variable characteristic gﬂ[;m\i
OP| NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias
10| 1 [TOOL FOR MEASURING CENTER T-IT =159
DIAL GAUGE No. 2929FB - 62 150 + 0.2 0.012 | 0.015 | 69.4 48.6 848 |[53.1| 13.0
DIAL TEST INDICATOR No. 513 — 404 3225+ 02 | 0.006 | 0.010 | 35.8 31.0 474 | 881 | 3.75
MASTER T-1T-159
10| 2 |DIGIMATIC CALIPERS No. 0015535 072+ 0.1 0.003 | 0.011 58.4 7.3 58.9 |80.8 | 105
20 | 3 |DIGIMATIC MICROMETER No. 6294678 $21.83+005 | 0.003 [ 0.010 | 56.9 12,5 583 |[813| 17.0
130| 4 |THREAD MICROMETER TCM—25DM (16.826 0 /+| 0.006 [ 0.011 [ 72.01 33.1 79.3 |[61.0]| 827
0.15
30 | 5 |REBOUND HARDNESS TESTER HHJ-0614 HS 67~75 0.667 | 2.167 | 58.0 1.7 59.2 | 806 | 17.7
40 | 6 |TOOL FOR MEASURING CALIPER T-IT-164 0~0.15
DIAL GAUGE No. 2929F - 62 0.003 | 0.005 | 3347 | 175 378 [926| 87
MASTER T-IT-164
70 | 7 |TOOL FOR MEASURING BOSS T-1T-170
POSITION
DIAL GAUGE No: 1 No. 1929FB - 62 125,285 + 0.2.f 0.005 |.0.011.| 4537 | 16.3 482 | 876 | 40
DIAL GAUGE No. 2 No. 1929FB - 62 42715+ 0.2& | 0.013 | 0.016 | 44.74 | 303 54.0 | 842 | 3.38
DIAL TEST INDICATOR No. PC - 1B
DIAL TEST INDICATOR No. PC - 1B
140| 8 |AIRMICRO (JET) E-AJO-5016
AIR MICRO (MASTER) E-AJO-5016 ¢34,925(_ 0.001 | 0.001 | 49.88 | 20.1 53.8 | 843 | 26.92
0.002/-0.015)
FLOW TYPE AIR GAUGES (DOUBLE- [MODEL FT - 5500
COLUMN)
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421 NamﬁLﬂ%"]zﬁﬁ‘zﬂﬂﬂ”l%ﬁ'ml,uu Variable Characteristic

m@m:ﬁmm:ﬁ%sﬂ@ﬁié’mnmim%m@u%mmﬁu PTRNTianINaaaLILL Variable
Characteristic 4131 8 $18N17 uazwiinaWATNIaTa 10 AL N1F8RLNBRANITATZ AL
miﬂi"uﬂqmuwi@:m%ﬁm azaRtnEmuATUTaAtesla T WAATRTLNEANLILLLIANNE
Frasiindn Digimatic micrometer No 6294678 enmThanetnsuaniuagifunisesineann
NARILN19LTEINY mummiﬁuﬁﬂmﬁm@umiﬂi?”uﬂa;qﬁwummmmﬁ%@imummmmﬂ

n uazudansliulgelannnmuuan a

1. Digimatic micrometer no. 6294678 ( Dia. 21.83 + 0.05 )

FAN3IN7 4.19 HANNILIUIRWATLUIAA (FuAINgNFaY)

Bias Study

Appraiser Name [Mr.Sanya
Fquipment Name|Digimatic micrometer no, 6294679

Date[174an40
Part (to be measured) Number|9
Process Variation or Part Spec.]0.010 ParlSpec. = USL -LSL
Reference Value by Lay outinspection|0.034

0 bserved Measurement Number[ | 2 3 4 i) 6 7 8 9 10
Value| 0,038 | 0.035 | 0.037 | 0.085 [ 0.034 [ 0.037 [ 0035 [ 0036 [ 0.036 [ 0.034

The observed Average = 0.0357

Bias = 0bserved Average—Reference Value
=0:0367 -0.084
=0.0017

% Bias = 100 [ABS (Bias) /Process Variation or Part spec.]
= 17.00%
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R399 4.20 Nan131szidlu GR & R (fAuaddusiugn ) newuilfuilg

GAGE R&R STUDY
Part Name KNUCKLE Gage Name Digimatic micrometer M/C Name OP-20
Characteristic Diameter GagaNo. 6294679 Gage Accuracy 0.01 mm
Specification 21.83 +0.05/-0.05 Gage type  Standard gage Date 12-Nov-99
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1l 005 0.05 0.02 0.03 0.04 0.04 0.04 0.04 0.05 0.04 0.040]
2l 005 0.04 0.02 0.04 0.05 0.06 0.06 0.03 0.04 0.04 0.043]
3 0.04 0.04 0.01 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.036)
Average 0.047 0.043 0.017 0.037 0.043 0.047 0.047 0.033 0.043 0.040 0.040|
Range 0.010 0.010 0.010 0.010 0.010 0.020 0.020 0.010 0.010 0.000 0.011
Mr. Sanya
1 0.04 0.04 0.02 0.04 0.04 0.04 0.05 0.04 0.03 0.04 0.038]
2] 0.04 0.04 0.02 0.04 0.05 0.05 0.04 0.04 0.02 0.04 0.038]
3] 0.04 0.05 0.02 0.05 0.05 0.05 0.04 0.03 0.02 0.05 0.040]
Average 0.040 0.043 0.020 0.043 0.047 0.047 0.043 0.037 0.023 0.043 0.039
Range 0.000 0.010 0.000 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.008,
Mr. Vaschira _l
1 0.04 0.04 0.02 0.05 0.04 0.04 0.04 0.03 0.04 0.04 0.038]
2l 005 0.04 0.01 0.04 0.03 0.03 0.04 0.02 0.04 0.04 0.034]
31 0.04 0.04 0.02 0.05 0.03 0.05 0.06 0.03 0.03 0.02 0.037,
Average 0.043 0.040 0.017 0.047 0.033 0.040 0.047 0.027 0.037 0.033 0.036]
Range 0.010 0.000 0.010 0.010 0.010 0.020 0.020 0.010 0.010 0.020 0.012]
Part AVG. 0.043 0.042 0.018 0.042 0.041 0.044 0.046 0.032 0.034 0.039 0.028
[RbarA+RbarB+RbarC]/[# of operators] 0.010
[MAX Xbar-MIN X bar]=X, , e 0.003]
[Rdoublebar X D,*] = UCL, 0.027,
|Rdoublebar X D,*| =LCL,

*D,=3.27 for 2 trials and 2.58 for 3 trials; D, = 0 for up to 7 trials. UCL,, represent the limit of individual R's.
Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using
the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and ) KNUCKLE Gage Name:  Digimatic micrometer # of trials = 3 Date: 12-Nov-99
Characteristic Diameter Gage No: 6294679 # of parts = 10 Performed by: ~ P.Chakkrit
Tolerance: 0.100 Gage Type:  Standard gage # of appraiser = 3
From data sheet: Rdoublebar = 0.010 X DIFF = 0.003 R,= 0.028
Measurement Unit Analysis % Process Variation
Repeatability - Equipment Variation (EV)
EV= Rdoublebar xK, %EV= 100[EV/TV]
: divided by TV= 5697
divided by tolerance= 31.5%

Reproducibility - Appraiser Variation (AV)

%AV= 100[AV/TV]
divided by TV= T2.5%

divided by tolerance= 6.9%

Repeatability & Reproducibility (R & R)

2 2.
R&R= +AV]
= 0.032

%R&R = 100[R&R/TV]

divided by TV= 58.3%
divided by tolerance= 32.3%

Part Variation (PV)
PV= R xK,

S —_

%PV=100[PV/TV]
divided by TV= 81.3%
divided by tolerance= 45.0%

Total Variation (TV) or Tolerance
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OP| NO Measurement Name

Tool No. Spec To Use | X diff R %EV %AV | %R&R | %PV | %Bias
20 3 |DIGIMATIC MICROMETER No. 6294678 (I)21 .83 +0.05 0.003 0.010 56.9 12.5 58.3 81.3 17
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B3NN 4.24 Lmeﬁmﬂ@N@mﬁmm Digimatic micrometer no. 62494678
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Mr. Vanchai Mr. Sanya Mr. Vaschira
Part 1 2 3 1 2 3 1 2 3 Sum
1 21.883 21.882 21.880 21.885 21.884 21.883 21.883 21.882 21.885 196.947
2 21.880 21.884 21.883 21.882 21.884 21.883 21.880 21.882 21.881| 196.939
3 21.852 21.850 21.853 21.850 21.851 21.850 21.853 21.853 21.852[ 196.664
4 21.870 21.869 21.872 21.870 21.868 21.871 21.872 21.867 21.869| 196.828
5 21.870 21.873 21.872 21.872 21.869 21.870 21.867 21.869 21.870( 196.832
6 21.874 21.877 21.875 21.876 21.875 21.879 21.873 21.875 21.877( 196.881
7 21.888 21.887 21.883 21.885 21.886 21.888 21.888 21.887 21.884 196.976
8 21.876 21.878 21.877 21.877 21.874 21.875 21.874 21.873 21.871| 196.875
9 21.864 21.863 21.865 21.864 21.866 21.863 21.863 21.864 21.862 196.774
10 21.882 21.881 21.877 21.878 21.880 21.876 21.877 21.876 21.881| 196.908
Sum 218.739| 218.744| 218.737, 218.739| 218.737| 218.738 218.730| 218.728| 218.732| 1968.624

1IN153LA1eHing 78 ANOVA ivauanAs aEiulsiiesainanvingng 7|
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(AN9197 2.0 NN 2)

[ (21.883°+21.882°+....21.876°421.877°) — ((1968.631)° / 90) ]

0.00890

AaNUANANNTeIdaya uAat1saLATIANAMHNEH AN 0.00890 HA.
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Mr. Vanchai Mr. Sanya Mr. Vaschira
Part 1 2 3 1 2 3 1 2 3 Sum
1 21.8740| 21.8740| 21.8740| 21.8738 21.8738| 21.8738| 21.8730| 21.8730| 21.8730| 196.8624
2 21.8740| 21.8740| 21.8740( 21.8738 21.8738| 21.8738| 21.8730| 21.8730( 21.8730| 196.8624
3 21.8740| 21.8740| 21.8740( 21.8738| 21.8738| 21.8738| 21.8730| 21.8730( 21.8730| 196.8624
4 21.8740| 21.8740| 21.8740( 21.8738| 21.8738| 21.8738| 21.8730| 21.8730( 21.8730| 196.8624
5 21.8740| 21.8740| 21.8740( 21.8738| 21.8738| 21.8738| 21.8730( 21.8730( 21.8730| 196.8624
6 21.8740| 21.8740| 21.8740| 21.8738| 21.8738| 21.8738| 21.8730 21.8730( 21.8730| 196.8624
7 21.8740| 21.8740| 21.8740 21.8738 21.8738| 21.8738| 21.8730| 21.8730( 21.8730| 196.8624
8 21.8740| 21.8740| 21.8740| 21.8738| 21.8738| 21.8738| 21.8730( 21.8730| 21.8730| 196.8624
9 21.8740| 21.8740| 21.8740| 21.8738| 21.8738| 21.8738| 21.8730( 21.8730| 21.8730| 196.8624
10 21.8740| 21.8740| 21.8740( 21.8738| 21.8738| 21.8738| 21.8730| 21.8730( 21.8730| 196.8624
Sum | 218.7400| 218.7400| 218.7400 218.7380| 218.7380| 218.7380| 218.7300| 218.7300| 218.7300/1968.6240
656.220 656.214 656.190
SSo = Ek) ﬁL - ﬁ ( mmq‘ﬁ 2.0 uwﬁ 2)
jonr nkr

0.00002

30

90

[ [ (656.227 ) +(656.209)°+(656.195)° ] - ( 1968.631 )" ]

UNABAINGT TIWIINIURS 3 TadliAnnauansaiugs Anuuansaesdayalugs 6a

28149 ALAIAIANNIEFULTIAIANNNIINGU HA1 0.00002 Wi AREIA9AN BT 2 5in
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Mr. Vanchai Mr. Sanya Mr. Vaschira
Part 1 2 3 1 2 3 1 2 3 Sum
1 21.883 21.883 21.883 21.883 21.883 21.883 21.883 21.883 21.883] 196.947
2 21.882 21.882 21.882 21.882 21.882 21.882 21.882 21.882 21.882| 196.939
3 21.852 21.852 21.852 21.852 21.852 21.852 21.852 21.852 21.852| 196.664
4 21.870 21.870 21.870|  21.870 21.870 21.870 21.870 21.870 21.870] 196.828
5 21.870 21.870 21.870|  21.870 21.870 21.870 21.870 21.870 21.870[ 196.832
6 21.876 21.876 21.876 21.876 21.876 21.876 21.876 21.876 21.876| 196.881
7 21.886 21.886 21.886 21.886 21.886 21.886 21.886 21.886 21.886| 196.976
8 21.875 21.875 21.875 21.875 21.875 21.875 21.875 21.875 21.875| 196.875
9 21.864 21.864 21.864|  21.864 21.864 21.864 21.864 21.864| 21.864| 196.774
10 21.879 21.879 21.879 21.879 21.879 21.879 21.879 21.879 21.879] 196.908
Sum 218.736| 218.736| 218.736| 218.736 218.‘73‘6 218.736| 218.736| 218.736| 218.736| 1968.624
SSp = ﬁ Y. e (mﬁq*ﬁ 2.0 um‘ﬁ 2)
i kr nkr

...... (196.904)° 1- (1968.631)° ]

0.00864
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N9 9L HUANANN AU TTRIBNENA FINTEUIN TN WALN NI UL UAL AR FHFAUANN

ANFATUILAN AN UL T7TU9N989AUIENBLNTALNLE ( treatment combination )

P90 4.27 AN9NLITNELNIIATUIUNAAINANMATBIRI AL TN ALIVITRLHS

Mr. Vanchai Mr. Sanya Mr. Vaschira
Part 1 2 3 1 2 3 1 2 3 Sum
1 21.882| 21.882| 21.882| 21.884| 21.884| 21.884| 21.883| 21.883| 21.883| 196.947
2 21.882| 21.882| 21.882| 21.883| 21.883| 21.883| 21.881| 21.881| 21.881| 196.939
3 21.852| 21.852| 21.852| 21.850| 21.850| 21.850| 21.853| 21.853| 21.853| 196.664
4 21.870| 21.870| 21.870| 21.870| 21.870] 21.870| 21.869| 21.869| 21.869| 196.828
5 21.872| 21.872| 21.872| 21.870| 21.870| 21.870| 21.869| 21.869| 21.869| 196.832
6 21.875| 21.875| 21.875| 21.877| 21.877| 21.877| 21.875| 21.875| 21.875| 196.881
7 21.886| 21.886] 21.886| 21.886| 21.886| 21.886| 21.886| 21.886| 21.886| 196.976
8 21.877| 21.877| 21.877| 21.875| 21.875| 21.875| 21.873| 21.873| 21.873| 196.875
9 21.864| 21.864| 21.864| 21.864| 21.864| 21.864| 21.863| 21.863| 21.863| 196.774
10 21.880| 21.880| 21.880| 21.878| 21.878| 21.878| 21.878| 21.878| 21.878| 196.908
Sum 218.740| 218.740| 218.740| 218.738 2'1’:9%7;38 218.738| 218.730| 218.730, 218.730| 1968.624
n k . |
SSop | = X XY= Y =SSP =SS0 (§19147 2.0 LN 2)
ijor nkr
= [((21.882*3)°+(21.884*3)*+....(21.878*3)"+(21.877*3)°) —
3
(1968.631°) — (0.00888) — (0.00002) ]
90
= 0.00007
SSe =  S§5;-S5s0 - SSp - Ssop

0.00017
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ANNIANUINAINNINATL IAFI8A1979 ANOVA Aianslunianednaang

AN9N9N 4.28 NN9ALATITITTLLNITALLL ANOVA

Variance SS DF MS Fo Foosu v
Appraiser 0.00002 2 0.000008 2.296 3.55
Parts 0.00864 9 0.000960 262.478 2.46
Appraiser + Part 0.00007 18 0.000004 1.286 1.786
Repeatability 0.00017 60 0.000003
Total 0.00890 89

1 o o

NezaumuliudnAn 5 %ananadanaesnineuitdueuliivedAty Aansun
AINAT 1.286 < 1.786 (Fo < Fe) ANUUANNITNTINAINNULLT UBIBNTNA 9NV WHNINL

o

AuUBueL W AuANdulsaan SNz D8R gl aesnanulslmudon famnsen 4.29

B399 4.29 ANOVA Ll angil

Variance SS DF ‘I.VIS Fo Foos.vi v
Appraiser 0.00002 2 0.000008 2.770 3.55
Parts 0.00864 9 0.000960 316.729 2.04
Repeatability 0.00024 78 0.000003
Total 0.00890 89

o

A19797 4.30 N13UTTUNINNIATANAINNIRNTTLILNN T ALa A EnaTaN T ATy

AT AL 5150 % Total Variation
EV . .
515 [ MS; 0.00897 16.63
AV 5.15 [ MS, - MS; 0.00218 4.04
nr
GR &R [ e 0.00923 17.12
PV 5.15\/ MSp — MS; 0.05312 98.52
kr
TV \/
2 2
GR&R’ + PV 0.05391




2. Tool for Measuring center No. T-IT-159

AN 4.31 wan13dseiluAzaalada No. T-IT-159
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OP| NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias
10| 1 [TOOL FOR MEASURING CENTER T-1T-159
DIAL GAUGE No. 2929FB - 62 150+ 0.2 0.012 | 0.015 | 69.4 48.6 848 |[53.1| 13.0
DIAL TEST INDICATOR No. 513 - 404 3225+ 0.2 | 0.006 [ 0.010 | 358 31.0 474 | 881 | 3.75
MASTER T-1T-159

AuANgnsies Aansnludauaed Dial gauge no. 2929FB-62 andiayailfunaznuda %
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ANUAIINGNFIEY WAN30u0 Dial test indicator no 513-404 andiayail ldxnazwudn %Bias &
. : et | 4 A o | =
Anag unaTinLanedn wrirealiadnetfluanin 7 OK
v
AIUAMNUNUEN % EV HANge ampn1annisdiuaudn luusazaiaaenisdnunns1g
o dl o 1 v & Y 1 o dl ! [ ]
A yundiuunnsnaiunayliFdnneanuisneiinog ( gR13e) €U %
= | as o A A o XX o | o
AV HAge wana 913an19ldereadiadnTuilresninaiuusazauiinwelunng

T ausneiumasiinislfudgainwelunnsdniasa

Fig. 1
=0
" e 1,
Fig. 2

ANN@a11 X Correction Factor

AR

Angle (OL) Correction (k)
10° 0.98

20° 0.94

30° 0.86

40° 0.76

50° 0.64

60’ 0.5
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3. Digimatic Calipers no. 0015535 ( Dia. 7.2 + 0.1)

ANT9N 4.32 wan9lsviiuATasiadm No. 0015535

OP| NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias

10| 2 |DIGIMATIC CALIPERS No. 0015535 ¢72+ 0.1 | 0003 [ 0011 | 584 7.3 589 |[808| 105

AIUANNYNEBY NANFHANNTAIIAADLANAIINTUUAZITNGY % 2a9luda Faufunmng

gueg (> 10 % ) Teannsmeaeuresiesinenisnisiindneantszunns 50
%’/ [ & =2 dgj a A o o 2 dl 1

N3 ANTUAY UaneduanTiashu wideduanauanld anadeulinasluaag
i lAiliasanntinunn 289 faled ) udtlsngdndnnsnluasun ldes1edie) @9
wau@nuseniguiEnnalasuazsasnis

AupmuEuen % AV aglnaiinns gsaasddadesounsinandalaiduilom
°o o Ao A @ = 4 A o ¥y o
A3 % EV NERRAIITNIAINEIRAANNAN NI 1ATENND TR AZFaiin
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4. Thread micrometer no. TCM — 25 DM

AN9199 4.33 Han19lsviiuLATadiadm No. TCM - 25 DM
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OP| NO Measurement Name

Tool No.

Spec To Use

X diff

R %EV

%AV

%R&R | %PV

%Bias

130 4 |THREAD MICROMETER

TCM - 25 DM

(16.826 0 /+ | 0.006

0.15

0.011 72.01

79.3 | 61.0

8.27

ANUAINGNFEY RANTUINANITAIAABLNIIATIAFBLAN Bias uaneg lunmusiaeniuld uang

1 dl A o 1
dpsasiladn ladilnm

Reference value = 0.079 Part Tolerance = 0.15
1 2 3 4 5 6 TA 8 9 10
0.086 | 0.095 | 0.094 | 0.089 | 0.091 0.090 | 0.093 | 0.090 | 0.094 | 0.092
Bias = 0.012

% Bias =

(0.012/0.15) * 100

8.27 %

ATUANUNUEN NATUNEATDY % EV Az lAIgenIn uazilegaindayaneanis

NARALAI Bias ( MN31919UN ) AZNLINA1A8Y Bias HANsTasilumgzqn

AN9ARANlLSdaZARANN Part Tolerance a1 14t % Bias JANtias  wa %EV 1u

16111 Part Tolerance wnAmAsREILAZATME N]

Alignment 289%391U1 U Thread micrometer |

v %

AN

¥

NONFIAN

k1l

917 4.17 nWuARAILATEINadH TCM-25 DM

%EV HANEY 1HBINIAIN
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Tool life lduunzas {
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ANNLIARD
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5. Rebound Hardness Tester No. HHJ-0614

AN9199 4.34 LanITlsviiuATaaladn No. HHJ-0614
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OP| NO Measurement Name

Tool No.

Spec To Use

X diff

R %EV [ %AV

%R&R

%PV

%Bias

30 5 |REBOUND HARDNESS TESTER

HHJ-0614

HS 67~75

0.667

2.167 58.0 1.7

59.2

ANUAINGNFIEY RANTUINANITATIARBLAINANINALIIUGN % Bias HAFININ N1AINAME)

1. 1AAANAIFaLNNUINININITTALNENNTIAI LR AN 3Ae T

U INSIZANHOLZAAINITATIAFAUEDL AIAINN LTSN N UDIT 11T T

A1113079ENTZN N7

a ¥ =
UTLITUUNEAEN

=

nanL

v

AN <] AT P9

:J/ =X % o ¥ o
AsamInIsldandnlu

2. ANDNABI28LATEINETR 1Haean i Master A1FLN1INIUGRLILATEY

[

= 1 U
1AM NewNIT RINI

FNUANHLLNUEN NANTRUN % AV AzdindNniadaaaanineu il uuanseiu welu

421193% EV ANanwsinzaiuiuinananidnasiv

ANNLIARDHN

AL T T U

NIINABLEULARTAARINAL

v
322 U991 Coil AUTUINUFANGIY

Cail ring Anuse

FINNNY \ \

Coil ring WAMUERULARZAAF 1N
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ANNHEANAA
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U7 4.19 N nUaAINIIAIIEINATEINETA No.HHJ-0614 Taaldunugiiinean




6. Tool for measuring caliper No. T-IT-164

AN9199 4.35 WanT9lsviiuLATadiadn No. T-IT-164

114

MASTER

T-1T-164

17.5

37.8

OP| NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias
40| 6 |TOOL FOR MEASURING CALIPER T-IT-164 0~0.15
DIAL GAUGE No. 2929F — 62 0.003 | 0.005 | 33.47

8.7
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7. Tool for measuring boss position No. T-IT-170

AN91997 4.36 HanT9lsviNuLATadiadm No. T-IT-170
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OP| NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias
70| 7 |TOOL FOR MEASURING BOSS T-1T-170
POSITION
DIAL GAUGE No. 1 No. 1929FB - 62 125285+ 0.2 | 0.005 | 0.011 | 4537 16.3 482 | 876 | 4.0
DIAL GAUGE No. 2 No. 1929FB - 62 42715+ 0.2& | 0.013 | 0.016 | 44.74 | 303 54.0 | 842 | 3.38

v 1
ANUAINYNFIEY % Bias 18T9ABNWINAL 4 % , 3.38 % atiluinnsih uansinAzesiiadn

TadfitToyun

ANUAYINLNLEN NA15twa Dial gauge no 1 & 2 aandayan liuaazwudn % EV gudlameuiu

% AV Laad ImidnAmnuaiaue luniadnaeswiinaudsliiywl Teenasd

HANNIAINLATANHE TATTILULLLANHEENLAS NATAALAAININITTLE AT

AL JIG rlen waziden Locator Wimnzaniy grinuuamumie Insayil ol

o

1AaN 3 UM TAZAUBEALIUIATEY JNTNITATH AT IUNIALEATWIY

N Isas 1 AneelazAmNgIuIny 209N Tunnedn

Dia. No. 1

Locator

Dia no. 2

|

) ]

1

v

U911

D

917 4.21 nIKAAINITIATIUARELATaSEAA No. T - IT - 170




116

ANTNLIARDH

a A < dl a o
I YA

Auue Tool life NAl —— >

) , ANNRANAA
INA991la18 Tool life
Tunsdnaas
A
L
T-IT- 170
~ A oA
JIGRA Nt agj Rl
% v v=] % 1
rasldAinianaeenisaasly L _as,
% .
i AMUANAlignment llm—————> .
q oAl 1 1%
Ameulaligneies

474 Locator

gnnlunsaan’d Locator 3
wnud e ldau Ui uT WY

2 (o) ldwindu o

4 AT
LATRANHNRAN

U7 4.22 nnkanINTIRIITIATEINadn T-IT-170 Tnelduanniiingan



8. Air micrometer E-AJO-5016 ( Dia 34.925 — 0.002 / - 0.015)

AN9197 4.37 WanfslsviiuATasiadn No. E-AJO-5016

117

COLUMN)

FLOW TYPE AIR GAUGES (DOUBLE-

MODEL FT - 5500

OP | NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias
140| 8 |AIRMICRO (JET) E-AJO-5016
AIR MICRO (MASTER) E-AJO-5016 $34.925(- 0.001 | 0.001 | 49.88 | 20.1 53.8 | 84.3| 26.92
0.002/-0.015)
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13197 4.39 @guuanisissiiiv (MASL3U199) 28952 1LNNSTALLIL Variable Characteristic

MSA STUDY : Inspection tool list for Knuckle process line AN LN UL AN
Variable characteristic Qﬂﬁm
OP| NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias
10| 1 [TOOL FOR MEASURING CENTER T-1T-159
DIAL GAUGE No. 2929FB - 62 150+ 0.2 0.001 | 0.004 | 242 4.8 247 | 969 | 4.25
DIAL TEST INDICATOR No. 513 — 404 3225+ 0.2 | 0.001 | 0.003 16.8 1.3 16.9 [ 986 | 20
MASTER T-1T-159
10| 2 |DIGIMATIC CALIPERS No. 0015535 ¢7,2t 0.1 0.003 | 0.008 13.2 3.3 13.6 | 99.1 2.0
20 | 3 |DIGIMATIC MICROMETER No. 6294678 $21.83+0.05 | 0.001 | 0.002 | 1663 | 4.04 | 17.12 | 985| 3.0
130| 4 |THREAD MICROMETER TCM =25 DM $16.826 0 /+| 0.001 | 0.003 | 233 37 236 |972| 267
0.15
30 | 5 |REBOUND HARDNESS TESTER HHJ-0614 HS 67~75 0.333 | 0.833 | 19.07 | 513 | 19.75 |98.03| 6.2
40| 6 |TOOL FOR MEASURING CALIPER T-IT-164 0~0.15
DIAL GAUGE No. 2929F - 62 0.001 | 0.003 | 18.80 | 227 | 18.93 |98.19| 6.3
MASTER T-1T-164
70 | 7 |TOOL FOR MEASURING BOSS T-IT-170
POSITION
DIAL GAUGE No. 1 No. 1929FB - 62 125285+ 0.2 | 0.001 | 0.003 | 18.0 3.3 183 | 983 | 4.75
DIAL GAUGE No. 2 No. 1929FB - 62 42715+ 0.2 & | 0.001 | 0.004 14.5 2.0 146 | 989 | 1.13
DIAL TEST INDICATOR No.PC-1B
DIAL TEST INDICATOR No: PC - 1B
140 8 |AIRMICRO (JET) E-AJO-5016
AIR MICRO (MASTER) E-AJO-5016 $34.925(- 0.004 | 0.001 18.5 6.4 19.6 | 98.1| 4.62
0.002/-0.015)
FLOW TYPE AIR GAUGES (DOUBLE- |MODEL FT - 5500
COLUMN)
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425 msUsuilgeaszuunsInATIN 2

1. AsasdasANALAT 1 Tool No. T-IT-159

AN 4.40 anTlsvinuLATasiadm No. T-IT-159

OP | NO Measurement Name Tool No. Spec ToUse | Xdiff | R %EV | %AV | %R&R | %PV | %Bias
10| 1 |TOOL FOR MEASURING CENTER T-1T-159
DIAL GAUGE No. 2929FB - 62 150 + 0.2 0.001 | 0.004 | 242 4.8 247 (969 | 4.25

ANUAIINLNLUEN WAN341 Dial gauge no. 2929FB-62 a1nn19L5ulgamiausnazisiugn
%GR&R @t lwnouaineanld 24.7 % (AN 30 % ) weidng % EV Usznau
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B 1 R BT

R

- —
—
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F199% 4.41 nann9lfuluAseliadarnng T 1 AT 2

MSA STUDY : Inspection tool list for Knuckle process line

Variable characteristic

After Improvement 2 nd

OP| NO Measurement Name Tool No. Spec To Use | X diff R %EV | %AV | %R&R | %PV | %Bias
10 1 TOOL FOR MEASURING CENTER T-IT-159
DIAL GAUGE No. 2929FB - 62 150 + 0.2 0.001 | 0.004 19.4 2.4 195 [ 981 | 4.25




2. LA3R9IATAUNNELAY 4 Tool No. TCM-25 DM

AN9199 4.42 Lan19lsviiuLATagiadn No. TCM - 25 DM
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MSA STUDY. : Inspection tool list for Knuckle process line

Variable characteristic

After Improvement 2 nd

OP

NO

Measurement Name

Tool No.

Spec To Use

X diff

%EV

%AV

%R&R

%PV

%Bias

130

THREAD MICROMETER

TCM - 25 DM

(16.826 0 / +
0.15

0.001

0.002

4.6

19.4
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4.21.1 faagnenanislsziiuAaasiasn No. 6294678

AN9197 4.44 X — R Chart 19910247 1
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0.008
0.004
0.002
0.000
1 2 3 4 5 6 i 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25
| D T
TIME |re 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 w 18 19 20 21 22 23 24 25
0 21.666] 21.069] 21.867| 21.067] 21.866] 21.866| 21.864| 21.868] 21.864| 21.660] 21866 21.865] 21.088] 21.866] 21.869] 21.864] 21.864] 21868| 21.666] 21 869| 21.660] 21.869] 21 868| 21.864] 21.860
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N 4
§ b
SUM [ 65:597] 65.603[ 65.600] 65.598] 65.601] 65.600] 65.507] 65.699| 65.506| 65.604| 85.688] 65.600] 65.602] 85.601| 65.604] 65.506] 65.505] 65.603| 65587 65.603] 65.603| 65601 65.509] 65.601| 65.604
X BAR [ 21.866] 21.668] 21.867] 21.866] 21.667] 21.867] 21.866] 21.666] 21.655] 21.866] 21.668] 21.667] 21.867] 21.867] 21.686] 21.865] 21.865] 21.668] 21.866] 21868] 21.668] 21.867] 21.866] 21.867] 21,868
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{ 2 3 4 5 6 i 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
IPATE i
TIME [pie 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Tl 21.866] 21.869] 21.867| 21.867] 21.866] 21.866] 21.864] 21.868] 21.864] 21.869] 21.866] 21.865] 21.868] 21866 21.869] 21.864] 21864] 21.868] 21.866] 21869 21.869] 21.869[ 21.868] 21.864] 21.869
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MSA STUDY Inspection tool list for Knuckle process line ; Variable characteristic Average( X)
OoP NO Measurement Name Tool No. Spec To Use MAY JUN JULY AUG SEP
10 1 TOOL FOR MEASURING CENTER T-1T-159
DIAL GAUGE No. 2929FB - 62 150+ 0.2 0.114 0.116 0.115 0.115 0.116
DIAL TEST INDICATOR No. 513 - 404 3225+ 0.2 0.076 | 0.077 [ 0.076 | 0.078 0.078
MASTER T-1T-159
10 2 DIGIMATIC CALIPERS No. 0015535 (1)7,2 + 0.1 7.237 | 7.235 | 7.239 7.25 7.24
20 3 DIGIMATIC MICROMETER No. 6294678 ¢21 83 +0.05 21.865 | 21.866 | 21.867 | 21.865 | 21.866
130 4 THREAD MICROMETER TCM - 25 DM ¢16.826 0/+0.15 | 16912 | 16.911 | 16.912 | 16.93 16.914
30 5 SHOR HARDNESS TESTER HHJ-0614 HS 67~75 70.866 | 71.213 | 71.44 | 71.45 72.026
40 6 TOOL FOR MEASURING CALIPER [T -IT - 164 0~0.15 0.081 | 0.082 | 0.081 | 0.0814 077
DIAL GAUGE No. 2929F - 62
MASTER T-IT-164
70 7 TOOL FOR MEASURING BOSS T-AT-170
POSITION |
DIAL GAUGE No. 1 No. 1929FB - 62 _1_25—.2_85 i_O_:Z 125.286|125.287|125.286 [ 125.29 | 125.289
DIAL GAUGE No. 2 No. 1929FB - 62 42;1 5;_02&— 47.792 | 47.796 | 47.791 | 47.795 | 47.792
DIAL TEST INDICATOR No. PC -1B AW
DIAL TEST INDICATOR [No. PC-1B
160 8 AIR MICRO (JET) E-AJO-5016
AIR MICRO (MASTER) E-AJO-5016 (1)34.925(_0,002/_ -0.0007 | -0.006 [-0.0074 |-0.0052| -0.0055
0.015)
FLOW TYPE AIR GAUGES (DOUBLE-|MODEL FT - 5500
COLUMN)
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A1519N 5.0 A9UnaN1SANEINISIALUL * Variable characteristic *
MSA STUDY Inspection tool list for Knuckle process line ; Variable characteristic Before Study Improve |After study
OP NO Measurement Name Tool No. Spec To Use Gage Bias # Gage Bias
R&R R&R
10 1 |TOOL FOR MEASURING CENTER T-1T=159
DIALGAUGE No. 2929FB - 62 150+ 0.2 84.8% | 13.0% 1 24.7 % 4.25%
r 2 195% | 4.25%
DIAL TEST INDICATOR r No. 513 — 404 3225+ 0.2 65.5% | 3.75% 1 16.9% | 2.0%
MASTER T+ [ =169
10 2 |DIGIMATIC CALIPERS No. 0015535 d72+ 01 58.9% | 10.5% 1 13.6% | 2.0%
20 3 |DIGIMATIC MICROMETER No. 6294678 $21.83+005 | 58.3% | 17.0% 1 17.12% | 4.04%
130 4 |THREAD MICROMETER TCM - 25 DM (1)16.826 0/+ 79.3% | 8.27% 1 23.6% | 2.67%
0.15
2 19.4 2.67
30 5 |REBOUND HARDNESS TESTER HHJ-0614 HS 67~75 59.2 17.7% 1 19.75% | 6.2%
40 6 |TOOL FOR MEASURING CALIPER T-1T-164 0~0.15
DIAL GAUGE No. 2929F - 62 37.8% | 8.7% 1 18.9% | 6.3%
MASTER T-I1T-164
70 7 |TOOL FOR MEASURING BOSS POSITION |T - IT - 170
DIAL GAUGE No. 1 No. 1929FB - 62 125.285+0.2 48.2% | 4.0% 1 18.3% | 4.75%
DIAL GAUGE No. 2 No. 1929FB - 62 42715+ 0.2 & 54.0% | 3.38% 1 146 % | 1.13%
DIAL TEST INDICATOR No. PC-1B
DIAL TEST INDICATOR No. PC - 1B
140 8 |AIRMICRO (JET) E-AJO-5016 (1)34,925
AIR MICRO (MASTER) E-AJO-5016 (-0.002-0.015) | 538% | 26.9% | 1 19.6% | 4.62%
F/T AIR GAUGES (DOUBLE-COLUMN) MODEL FT - 5500
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MSA STUDY Inspection tool list for Knuckle process line ; Attribute characteristic Before Study After Study
OP NO Measurement Name Tool No. Spec To Use |Effective| Prob. Prob. |Effective| Prob. Prob.
ness False miss ness false miss
20 9 |SNAP GAUGE KHCW 50.4 (0/-0.1) ¢5o,4(0/.o,1) 0.85 0.08 0.25 0.98 0.03 0
20 10 |SNAP GAUGE KHUW 35.35 (+0.05/-0.05) (])35_35 +0.05 0.85 0.08 0.25 1.0 0 0
70 11 |SNAP GAUGE KHUW 20 (+0.2/-0.2) 20+ 0.2 0.82 0.11 0.29 0.98 0.03 0
60 12 |LIMIT PLUG GAUGE T-IT-169 M 8*1.5 1 0 0 1.0 0 0
90 13 |LIMIT PLUG GAUGE KIPW 14.5  (+0.3/-0.3) (1)14,5 +0.3 0.87 0.06 0.25 0.98 0.03 0
90 14 |LIMIT PLUG GAUGE KIPW 16 (+0.8/-0.3) ¢16.0 +0.3 0.90 0.08 0.21 0.98 0.03 0
90 15 [LIMIT PLUG GAUGE KIPW 19 (+0.3/-0.3) (|)19, 0+0.3 0.88 0.08 0.25 0.98 0.03 0
130 16 |THREAD RING GAUGE T-1T-188 M 18*1.5 1 0 0 1.0 0 0
110 17 |TOOL FOR MEASURING BOSS TAPER  |T-IT - 180 0(+1.0/0) 0.92 0 0.21 1.0 0 0
110 18 |TOOL FOR MEASURING BOSS TAPER [T - IT - 181 0 +0.5 0.87 0.08 0.21 1.0 0 0
50 19 |SPECIAL GAGE T-IT-167 19.0 0/+0.1 0.85 0.08 0.25 0.97 .06 0
120 | 20 |WIDTH GAGE KGWW 5.0 5 +0.3 /-0.1 0.83 0.11 0.29 0.98 0.03 0
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AN9NTN 5.2 NANITATIAAALLATAINDSALLIL Attribute Characteristic

Tl Attribute Characteristic faazifiulfaInnIsAZiHan1slsvituLATas

MSA STUDY Inspection tool list for Knuckle process line ; Attribute Accuracy Check Appeara [Judge
characteristic nce ment
OP NO Measurement Name Tool No. Part Spec GO NO GO Check
20 9 |SNAP GAUGE KHCW 50.4 ¢50.4(O/—O.1) 0.033 -0.098 O NG
(0/-0.1)
20 10 |SNAP GAUGE KHUW 35.35 ¢35_35 +0.05 0.073 -0.037 O NG
(+0.05/-0.05)
70 11 [SNAP GAUGE KHUW 20 20+ 0.2 0.221 -0.198 O NG
(+0.2/-0.2)
60 12 |LIMIT PLUG GAUGE T-IT-169 M 8*1.5 OK OK O OK
20 13 |LIMIT PLUG GAUGE KIPW 14.5 $145+03 -0.321 0.301 O NG
(+0.3/-0.3)
90 14 |LIMIT PLUG GAUGE KIPW 16 ¢16.0 +0.3 -0.305 0.317 O NG
(+0.3/-0.3)
90 15 |LIMIT PLUG GAUGE KIPW 19 ¢19. 0+0.3 -0.309 0.310 O NG
(+0.3/-0.3)
130 16 |THREAD RING GAUGE T-1T-188 M 18*1.5 OK OK O NG
110 17 |TOOL FOR MEASURING [T -IT - 180 0(+1.0/0) .097/0 O OK
BOSS TAPER
110 18 |TOOL FOR MEASURING [T - IT -.181 0 +0.5
BOSS TAPER
50 19 |[SPECIAL GAGE T-IT-167 19.0 0/+0.1 0.010 0.102 O OK
120 20 |WIDTH GAGE KGWW 5.0 5 +0.3 /-0.1 -.0131 .0298 O NG
Remark :  /\ Have rust must be replace (O Small rust can be use @ No Rust




140

TudowprasiiadauuL Variable Characteristic T4aINNANITILATITTAZITIUINALH

! ¥ o dl ! dw Qi o % o
ﬁmuﬂumummmmqﬂ FANTaNTELLNTI AT Tdauianunsanazsy LLmﬂiﬂﬂ’)ﬂﬂ’W?VI’]ﬂ’W?

= dl A [ % 1 o Zj/ a dl a dl A o dl =
AL AT A TN ASUANRANAIATIAARINIATENNATA NN1RINANNANNIALAY

dl A o dl A o < dl
LATANNRIA , Error aNLATRINAIA NEUAINIANATLIR

nswA

= &l A o 1
?xﬂu'm’ﬂuﬂ’]ﬁ"&@‘]_lL‘V]EI‘]_I‘lI‘ﬂ\‘]Lﬂ?@ﬂN@Q®1NLMNW$@N
o [% dl A o dl 1 1 ¥ a o 14
ma?ma;\wm:mLm‘@mmmn@gslmzmNmﬂmmlmmmmammz‘wﬂm
1 < 1 dl o [ dl A o :J/ 1 Ly o | ooa ¥
TiAne aziiudnndiniunnaarasiadniulifglnsaileaiudullauazdin

Axa1n 13 PASIEANIAINNAZAIAUAIANNNNT 91

MUUAIZEIIAN( 6 haw 1isa 1 1 Ine g Control chart LALAINNE NS
Ifautlsznay ) gaan N eResiieda it i e uasnsagey
anmnseaiamnastiuutlaignies
FinmnapruaiAsasiadailldaslugantaudngan Control Chart

Anangunsnitlesiuduuazazassisiulunoaezesiadnuaziinazein

AR UFUNIINIAIINE LI ANDULA S URINIT LTI

3. {laauAUANNLIARAN

2 o d! dl ! [ % ' =] :J/ dy '
an i aaaNulafu Mg Han LN UTTULNISIA Wi luNsANEATIINLGN

NIPUAAINATEIATDILATEINATAUAZ NI NELATENHATR WinIUARUTNT lun19TRd

' v ! ¥
Tiinsdfiredaduane Asiuludonaevenansnastfisenuaslininisinaminludoni

Al



141

5.3 nsusuilgaianaisnisdfineau

NAIRNN IHRNNTIAI LA DIANNRANAAN N AU T LLNN9 R U1 a9nIINaLT A,

|
] ' A

dl A o vy A o dl dl M o 33
LATANHAIANTLLAD @ﬂﬁ@@ﬂﬂuﬂﬂiﬂiﬁ@\‘iN@ﬂ?ZWUTﬁﬂﬁ]ﬁ‘QN’]ﬂuﬂLLWﬂ@QN@B‘]ﬂ@MﬂWWﬂ@\‘]Lﬂ?@\?
4 1

A o v ¥ v ny o 4o A
N’ﬂ’lﬂiﬁ‘lLLﬂ 1R ATUANINUIAA AN ’ﬂiﬂﬁLLﬂLﬁ"ﬂ\iﬂ')’?ll?\iz@'ﬁﬂsﬂ'ﬂ\‘}Lﬂ’i"ﬂ\ﬁ\l'ﬂ']m , NMIAUALATANND

[ % oA

prauuazndaldanu dufudansinanuianauasfesdfjifestgainane deiuludounes

1 ¥
wna1snsUNTRLAL NN siaEn ludauiiagly

qnén Faaun1suan mLAITURY Fadudau foTh fnana e
ran@snsUHiRaeu ABC MC-11 4271406121 KNUCKLE Chakkrit X000000X X000
Operation Sheet VUNELATBNANT T0109URBUNNIHAR LATNLATRIANT FuiFuld uilanFan i
( msldipdasiiadn T-IT-159 ) W-PDM-MA-001 naslenfiaman 0OP-10,20 XKXKXKX 1 n
o 5 n = > =
Bl dunaulunsinnu irasiiauargninl  [9unsniten
1 ianuazenalfizaunasusudag Oil cleaning c‘ 1. T-IT-159 1. gailefih
2 |¥Armazena Master fae Oil cleaning @ 2. Diagauge No.513-404 2. L Diagauge No.1 —
3 |SET MASTER uniiu JIG wizesiledadagy 1.1 3. Diagauge No. 2929FB-62 |3. Oil cleaner
4 [sETDIAL GAUGE 1 iilu'0" 4 Air Gun Master
5 |SET DIAL GAUGE 2 {lu"0" Tntunzviadaiiszuiunns MASTER fagl 1.1 /
6 [indualsznaudiniu Jig dagl 1.2
‘ 3 .
7 |éwAfi DIAL 1 udaasiiuiinluludagminin (150 £ 0.2) Diagauge No.2
8 |WDIAL2 umsiiqn 1 ufaguen (3225 +0.2) Aimstiuiin
9 [|indunuesnann Jig
10 [ienuazenaetesiledauszitdasaunannafindaiudu <I| 31] 11
Ty
qu1.2
B

<@ ugwiifisiavdaannninliilys

7171 5.0 n1stfutlgsienansnisUP iR nlugdauanmwusnden



142

nsfutlgainamnTudausasisnisdniiasaniloyusitu Alignment Tun1sdnang

wraaiedauunaiaa TCM —25 DM asl@iniseanuuy Jig 1oelunisdn

qnén Faaun1euan mntaTudau TaTudou foTR fnana e
rangnsnsUjiimau ABC MC-11 4271406121 KNUCKLE Chakkrit X0000000¢ X00000000K
3 2 = "~ 2R HZ| J
Operation Sheet AHNYATLBNANT Far83dURBUNTHAR LaaiATasdng uiiENle uiflaafai wiindl
( ns14iATasiiadn THREAD MICROMETER ) W-PDM-MA-004 siunduailansman OP-130. XHOOO0X 1 n
AU dunaulunsinnu winsilauacgunsol  [qunsaldae
1 [msazenniueuiszieeiiain < 1. T-IT-188 1. quiied
2 |1 THREAD GAUGE T-IT-188 114 63 GO waziia NO GOTnA e aInaLakas 2. TMCNo0.25 DM 2. il
Amlmndealaemidnnaseninden 3. Oil cleaner

3 [fcodnld . f NoGO dnllE > Fusu oK

4 | Go dllld > Fueu NG

5 |mcodnld . d NOGO Wnld —> FuuNG

6 |uyuiin MICRO dnanauiudagl 1.3 Taelndqaulivegid Knob * B* wdanmjuReset

dfuror

7 |14 THREAD MICRO Fnanailmindie udasusnfiutitind STD (16826 0+ 0.150)

fagild 1.4

8 [insmufindniigwldadlilu Check Sheet

9 [femmazarariesiiedn <:|

Micrometer F

e
=
=)
IS

T

<@ FudeuiiaFunacannnisiis

719 5.1 nauFurlgsiandranasUfimenluganisnids

Tunsuiudsuenansmsdjimnuisusnaunsag linatautn A



;13199 5.3 aglunununsiiAzilaznsliulasyuunida

143

“42 ‘43
No. U giuliaey | 10 | 11 | 12 2|3|4|5|6|7/8|9|10 11|12
=2 ¥ o o v o
1. | Anwdeyatlaqtiuaesszuuniedn | e *
o o 4 A oo & 2 o
2 AANIINUNITLATAINATANALANT | HIAE _
3 AUUANEINIUNAZRINNIANEN R4n [—
fantinanu
4 | dpvinenansnisliimeunden | E94e
7 : e
A ndsenay WINU9IU
5 | insindeyaneunisdiuile DL S
faniingn
6 | saumndeyanisdsziiung RLEE E—
7 | mstmansidayanli 4 Re—
8 | Aumawnzesdeianainli {39t
. I
SLULNNFIANANUNTHAR Wantinanu
9 | asuliauAIeNHadaianNg NHNIIW QC .
1| nsdFutlpeszunnigdn 4t
! . I
IanTinany
10. | ABMLATRINaTANALNY 4
o o e [
(@vsun g e ) Fniinau
11 | dannaaTestelud Fntingny I
o aa ° o o 1
12| Auueaan1sngeine Waneu
’ I
U o
Pl
13 | ¥nnsinausuwinenda LI PaRatl!
oo I
A4
14 | nunauudlagienisdfiiceny VARIGRGR
v o |
4
15 | insdsuifuszuunisdnaien 2 | Wandieu
I
v o
HAdE
16 | a3luannstlssiduszuy 348 I——




144

5.4 UaLAUALWLANNNITIAE

TN TEUUNNIAA M TLERANMNITNNTHARTUAIUI N UFVTRTUAIUR ) T
o a a o 49{ v dl [ Z’/ o [ b4
ANBUZIBINTHARKLLANENTHRALATANHRIEN19ugL e I ATeednstiu deldaes TH1H
pudrAnyiuszuunsdamin mslaeanizagnggedn s undamudouindalalfidngeruy
ATANIN QS-9000 Uda Faansdaniaieaiuszuunisdnialilalimnuddnae
peiulunuddsaiul azilunisaiauuuiaensiawszILN InduiugaaU
NITUNNINAFTUAI N9BNTEALAIUNINTBINITA TR 92 AN e s TW NSNSz AUAIN

% 4 o v o o o | dgl o a !
gmmmﬂﬂm:uumm A LWINIUIR LL@ZLﬂuWMﬁqusluﬂ'ﬁW mmﬂizmumimmm@iﬂ

¥ 1
o 1 o

= e Ho 29 A o - Ao P
r“]"]ﬂﬂq?ﬁﬂﬂqiuﬁiﬂquﬁlﬁlmﬁlﬂﬂﬁ;ﬂLﬂﬁl’)ﬂu’ﬂ\?ﬂﬂ?ﬂﬁﬂ@um@q mmm’)ﬂiuﬂf]?w%\luqﬁ‘zuu

7

b

o 4 =3 s dl | o Y o dgl
NI1TINALTA LL'ZQZ@\‘Iﬂﬂﬁ‘%ﬂ@‘]_l‘ﬂLﬂuﬂqﬂ@ﬁ‘ﬁ‘ﬁluﬂq‘i‘w%Ju’]i‘z‘i_l‘i_lﬂ'ﬁ mmmmmgﬂimmu

B9ALITNALNATUAYWINUIAE
1. ANANTUNAT NN sz UL N naadlssnusaet i duulaunaanfisms
PN RIS T

g 1

2. MFunsatiuayusinuwutlszinnlunswmunszuunisdnainTssanusinaing
3. lAFunsariuanumasdiunan i ldlunisAnwiannmiseun fadulfiReguazann
Ts99nusinasing

4. 1AFUANNNTIN NN NNENIULAZTUTN9R I UEILN T NARANIN AN RN

1
a @

agplsznaunilualassaran1sWmLn

3
3

1. szAUNUgIuANizeantinuwiazaui wiiu Awinldnistneusuniineuin
Arfaduneniily 2 926
2. luserinanieAnetiuinis e n AU Asuniine g AL U Na1LNITNARTIATIINN
isiaalde nansaiadanin12aan1a9AL I UE 9N NAn19 AN
di A o A A = ° ] ° . . o Y @ A
3. Arasdedniinegamentinlinauin Re-calibration WAz ldnaruniflunias
wazliansainnianiuld
. Ao a A A o V= o ,
4. W UNFURATALNNIRIARDUALALATENHETR T 1aIN1IRIAaaUAZFBIds
aanlddsuanuazliiiprastag1uiunaagaufqsdatneuianduuInd sy

a o dl Y | o % dl A
NI7A LA LL@A‘i[ﬂﬁG]’WNM@Q@"]TWIVLWJ?‘LI‘]Jfgﬂ’i&'ﬁ‘].l‘].lﬂ'ﬁ")ﬁLLZ\VJLﬁﬁ"NN@



145
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Tuaniaziaquiunisutedunadusiununisadn finlintelssnusiemenaiunagld
gaanneaviradannniglulssma saluludiureaasasiiadaiduuuy GO, NOGO gage
y S o 4 a4 oy
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Limit gage

N3N 5.4 GRINITANUILANAAINIEDTSY Shaft LAz Hole

Limit Upper limit Call side + U-Z + H/2
GO
Gage Lower limit Call side + U = Z - H/2
Gage
for Wear limit U+y
Shaft | NO GO | Upper limit Call side + L + H/2
Gage Lower limit Call side + L - H/2
Upper limit Call side + L + Z + H/2
Limit GO
Lower limit Call side + L + Z - H/2
Gage Gage
Wear limit L-y
for
NO GO | Upper limit Call side + U + H/2
Hole
Gage | Lower limit Call side + U - H/2
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widael = Tulasiums (L)

N3A 1 \n3m 2 \n9m 3 \N3m 4
2AUNA Z H % Z H y Z H % H %
1>3 - - - 2 2 15 | 3 3 2 6 4 0
3>6 2 | 15 1 3 | 25 | 15 | 4 4 2 7 5 0
6>10 2 | 15 1 3 | 25 | 15 | 4 4 2 8 6 0
10> 18 3 2 15 | 4 3 15 | 5 5 2 9 8 0
18 > 30 3 | 25 | 15 | 4 4 15 | 6 6 2 11 9 0
30 > 50 4 | 25 | 2 5 4 2 B 7 3 13 | 1 0
50 > 80 5 3 2 6 5 2 9 8 3 15 | 13 0
80 > 120 6 4 3 8 6 3 11 10 4 17 | 15 0
120 > 180 7 5 3 9 8 3 12 | 12 5 20 | 18 0
180 > 250 7 7 2 10 | 10 2 14 | 14 3 25 | 20 | -4
250 > 315 8 8 2 12| (12 2 16 | 16 2 28 | 23 | -6
315 > 400 10 9 2 14 |13 0 18 | 18 2 31 | 25 | 7
400 > 12 | 10 2 16 | 15 0 20 | 20 1 35 | 27 | 9
AIAENINITAIUITY

1. Snap gauge KHUW 35.35 + 0.05 (tngm 4 )

= 35.35 + 0.05-0.013.+.0.011/2

= 35.35+0.05-0.013-0.011/2

AL Go Gage Upper limit =
= 35.3925" Wd
Lower Limit =
= 35.3815 Wd
Ware Limit = U+y
= 0.05+0

= 0.05

Call size +U-Z +'H/2

Callsize +U-Z-H/2




AU NO GO Gage Upper limit

Lower Limit

Call size + L + H/2

35.35 + (-0.05) + 0.011/2
35.3055 du

Call size + L - H/2
35.35+ (-0.05)-0.011/2
35.2945 uu

2. Limit plug gauge KIPW 14. 5 + 0.3 (tn5m 4 )

AU Go Gage Upper limit
Lower Limit
Ware Limit
AU NO GO Gage Upper limit
Lower Limit

NN

Instrumentation , WARN13USUUA s N a I MNNZaNTU NIZUIUNITNAR

Call size + L+ Z + H/2

14.50 + (- 0.3 ) + 0.009 + 0.008 /2
14.213 i

Call size +L +Z—-H/2

14.50 + (-0.3 ) + 0.009 - 0.008 / 2
14.205 Wy

L-y

(-0.3)-0

-0.3

Callsize+U+H/2

145+ 0.3 +0.008/2

14.804 W4

Call'size +U—-H/2

14.5 +0.3-0.008/2

14.796 Wd

1930 AT 19UAZGAINITAUIUENEIAN JIS Hand Book , . Mechanical
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ANUNNE AD LATasNadATUlAsEiufuANNFasaulaAuRaw 2 T w.A 2544
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FUN9AM Sticker W

Sticker

717 5.2 nawuandnIsinasnnesiina GO-NO GAGE

Sticker
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Plant Knuckle Process Line OP 20
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 50.4
Section : 9 Specification (504 0/-0.1 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 8
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK -0.048] 3 3 3
2 OK OK OK OK OK OK OK OK OK OK -0.045 3 3 3
3 NG NG NG NG OK OK OK OK NG NG 0.018 3 0 2
4 NG NG NG NG NG NG NG NG NG NG 0.031 3 3 3
5 NG NG NG NG NG NG NG NG NG NG 0.027 3 3 3
6 OK OK OK OK OK OK OK OK OK OK -0.038) 3 3 3
7 NG NG NG NG OK OK OK OK OK OK -0.114 3 0 0
8 OK OK OK OK OK OK OK OK OK OK -0.056 3 3
9 OK OK OK OK OK OK OK OK OK OK -0.093 3 3
10 NG OK OK NG NG NG NG OK NG NG -0.112 1 & 2
11 NG NG NG NG NG NG NG | NG| NG NG 0.056 3 3
12 OK OK OK OK OK OK OK OK OK OK -0.067 8 & 8
13 OK OK OK OK OK OK OK OK OK OK -0.094 8 &) 8
14 OK OK oK oK OK i OK OK OK OK OK -0.076] 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK -0.054 8 &) 8
16 NG OK OK OK OK ‘ OK OK OK OK OK 0.011 0 0 0
17 NG NG NG NG, F I\ES ‘ NG NG NG NG NG 0.037 8 &)
18 OK OK OK OK OK | OK OK OK OK OK -0.055] 3 3
19 OK OK OK OK OK OK OK OK OK OK -0.092 8 &
20 OK OK OK OK: OK OK | OK OK OK OK -0.078| 3 3
Correct 36/ 19/ 33 18] 33| 19
Inspection Results Alarm 0 5 3 6 3 5
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36 24
Correct Correct Correct
Mr. Vanchai 36 19 35 0 B 60
Mr. Sanya 33 18 51 N 6 60
Mr. Narad 33 19 52 5 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 0.92 0.00 0.21
Mr. Sanya 0.85 0.08 0.25
Mr. Narad 0.87 0.08 0.21
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 20
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 35.35
Section : 10 Specification (35.35 £ 0.05 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 8
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG -0.064 8 8 8
2 OK OK OK OK OK OK OK OK OK OK 0.048 8 & 8
3 NG NG NG NG NG NG NG NG NG NG 0.075 & 8 &)
4 OK NG NG NG NG NG NG NG OK OK -0.046 0 0 2
5 NG OK OK OK OK OK OK OK OK OK 0.059 0 0 0
6 OK OK OK OK OK OK OK OK OK OK -0.032 8 & 8
7 OK OK OK OK OK OK OK OK OK OK -0.022 8 & 8
8 OK OK OK OK OK OK OK OK OK OK -0.027 8 & 8
9 OK OK OK OK OK OK OK OK OK OK -0.017 8 & 8
10 NG OK OK OK OK NG NG OK OK OK 0.062 0 2 0
" NG NG NG NG NG NG NG NG NG NG -0.066
12 OK OK OK OK OK OK OK OK OK OK 0.037 & 8
13 OK OK OK OK OK OK OK OK OK OK 0.021 & 8
14 NG NG NG NG NG | NG NG NG NG NG 0.073 & 8 &)
15 NG NG NG NG NG ‘ NG NG NG NG NG 0.069 & 8 &)
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.047 8 & 8
17 OK OK OK OK OK ‘ OK OK OK OK OK 0.028 8 & 8
18 OK OK OK OK: OK | OK OK OK OK OK 0.019 8 & 8
19 OK OK OK oK [ OK OK OK OK OK OK 0.023, 3 € 8
20 NG NG NG NG NG NG NG NG NG NG -0.061 & & &)
Correct 33| 18/ 33 20| 35 18
Inspection Results Alarm 3 6 3 4 1 6
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36, 24
Correct Correct Correct
Mr. Vanchai 33 18 51 6 60
Mr. Sanya 33 20 53 4 60
Mr. Narad 35 18 53 6 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 0.85 0.08 0.25
Mr. Sanya 0.88 0.08 0.17
Mr. Narad 0.88 0.03 0.25
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 70
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 20
Section : 11 Specification (20 £0.2 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG 0.344 3 3 3
2 NG NG NG NG NG NG NG NG NG NG 0.338 3 3 3
3 OK NG NG NG NG OK OK OK OK OK 0.196 2
4 OK OK OK OK OK OK OK OK OK OK 0.135
5 OK OK OK OK OK OK OK OK OK OK 0.121 3
6 NG OK OK NG NG NG NG OK OK OK 0.221 1 3 0
7 OK OK OK OK OK OK OK OK OK OK -0.147 3 3
8 OK OK OK OK OK OK OK OK OK OK -0.192 3 3
9 OK OK OK OK OK OK OK OK OK OK -0.178 3 3
10 NG OK OK OK OK OK OK OK OK OK 0.211 0 0 0
11 NG NG NG NG NG NG NG | NG| NG NG 0.342
12 NG NG NG NG NG NG NG NG NG NG 0.354 & 8 &)
13 OK NG OK OK OK NG NG OK OK OK 0.194 2 1 8
14 OK OK oK oK OK i OK OK OK OK OK 0.012] 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.017 8 &) 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.121 8 & 8
17 OK OK OK OK F Oi< ‘ OK OK OK OK OK 0.098 8 & 8
18] NG NG OK OK NG \ NG NG NG NG NG -0.217 1 & &
19 OK OK OK OK OK OK OK OK OK OK 0.141 8 & 8
20 NG NG NG NG NG NG | NG NG NG NG -0.276 & & &)
Correct 32 17| 33 21| 36/ 18
Inspection Results Alarm 4 7 3 3 0 6
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36 24
Correct Correct Correct
Mr. Vanchai 32 17 49 7A 60
Mr. Sanya 33 21 54 N 3 60
Mr. Narad 36 18 54 6 60
Calculation
Appraiser E P_false P_miss
Mr. Vanchai 0.82 0.11 0.29
Mr. Sanya 0.90 0.08 0.13
Mr. Narad 0.90 0.00 0.25
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 60
Parts name: |Knuckle Tool name Thread gage
Partsno.: 4271406121 Tool No. T-IT-169
Section : 12 Specification M8*15 Analysis Data
Sample Trial [Actual Parts [Mr. Chantra Mr. Jiemsak Mr. Vaschira PART 1 2 8]
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK [NG [OK [NG
1 OK OK OK OK OK OK OK OK OK OK 3 3
2 OK OK OK OK OK OK OK OK OK OK 3 3
3 OK OK OK OK OK OK OK OK OK OK 3 3
4 NG NG NG NG NG NG NG NG NG NG 8 8 8
5 NG NG NG NG NG NG NG NG NG NG 8 8 8
6 NG NG NG NG NG NG NG NG NG NG 8 8 8
7 OK OK OK OK OK OK OK OK OK OK 3 3
8 OK OK OK OK OK OK OK OK OK OK 3 3
9 OK OK OK OK OK OK OK OK OK OK 3 3
10 NG NG NG NG NG NG NG NG NG NG 3 3 3
11 NG NG NG NG NG NG NG [ NG| NG NG 3 3 3
12 OK OK OK OK OK OK OK OK OK OK 8
13 OK OK OK OK OK OK OK OK OK OK 8
14 NG NG NG NG NG i NG NG NG NG NG 3 3 3
15 NG NG NG NG NG ‘ NG NG NG NG NG 3 3 3
16 OK OK OK OK OK ‘ OK OK OK OK OK 8 & 8
17 OK OK OK OK M Oi< ‘ OK OK OK OK OK 8 & 8
18 OK OK OK OK OK | OK OK OK OK OK 3 3 3
19 OK OK OK OK OK OK OK OK OK OK 8 & 8
20 NG NG NG 1 NG NG NG | NG NG NG NG 3 3 3
Correct 36| 24| 36 24| 36 24
Inspection Results Alarm 0 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36 24
Correct Correct Correct
Mr. Chantra 36 24 60 0 60
Mr. Jiemsak 36 24 60 N 0 60
Mr. Vaschira 36 24 60 0 60
Calculation
Appraiser E P_false P_miss
Mr. Chantra 1.00 0.00 0.00
Mr. Jiemsak 1.00 0.00 0.00
Mr. Vaschira 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 90
Parts name: |Knuckle Tool name Limit Plug gage
Partsno.: 4271406121 Tool No. KIPW 14.5
Section : 13 Specification (145 +0.3 Analysis Data
Sample Trial |Actual Parts [Mr. Chantra Mr. Jiemsak Mr. Vaschira PART 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG 0.362 3 3
2 NG OK OK OK OK OK OK OK OK OK -0.314 0 0
3 NG OK NG NG OK OK OK OK OK OK -0.321 0 0
4 OK OK OK OK OK OK OK OK OK OK 0.211 3 3 3
5 OK OK OK OK OK OK OK OK OK OK 0.288) 3 3 3
6 OK OK OK OK OK OK OK OK OK OK 0.137) 3 3 3
7 OK OK OK OK OK OK OK OK OK OK 0.158| 3 3 3
8 OK OK OK OK OK OK OK OK OK OK 0.157| 3 3 3
9 NG NG NG NG NG NG NG NG NG NG 0.348 & 8 &)
10 OK OK OK OK OK OK OK OK OK OK 0.292 8 & 8
11 OK oK OK OK OK OK OK | 7OK.| oK oK -0.176 € 8
12 OK OK OK OK OK OK OK OK OK OK -0.182 8 & 8
13 NG NG NG NG NG NG NG NG NG NG 0.311 & & &
14 NG NG NG NG NG i NG NG NG NG NG -0.343 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.069 8 &) 8
16 NG NG NG NG NG ‘ NG NG NG NG NG 0.351 & 8 &)
17 OK NG NG OK F I\LG ‘ NG OK OK OK OK -0.297 1 1
18 OK OK OK OK OK | OK OK OK OK OK 0.113 3
19 OK OK OK OK OK OK OK OK OK OK 0.218 &
20 NG NG NG NG NG NG | NG NG NG NG 0.337 & 8 &)
Correct 34 20/ 34 18| 36/ 18
Inspection Results Alarm 2 4 2 6 0 6
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36 24
Correct Correct Correct
Mr. Chantra 34 20 54 60
Mr. Jiemsak 34 18 52 N 60
Mr. Vaschira 36 18 54 6 60
Calculation
Appraiser E P_false P_miss
Mr. Chantra 0.90 0.06 0.17
Mr. Jiemsak 0.87 0.06 0.25
Mr. Vaschira 0.90 0.00 0.25
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 90
Parts name: |Knuckle Tool name Limit Plug gage
Partsno.: 4271406121 Tool No. KIPW 19
Section : Specification (19.0 +0.3 Analysis Data
Sample Trial |Actual Parts [Mr. Chantra Mr. Jiemsak Mr. Vaschira PART 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.113 3 8 8
2 OK OK OK OK OK OK OK OK OK OK 0.288 8 & 8
3 NG NG NG NG NG NG NG NG NG NG 0.342 & 8 &)
4 NG OK OK OK NG NG NG OK NG NG -0.313 0 & 2
5 NG NG NG NG NG NG NG NG NG NG -0.331 & & &)
6] OK OK OK OK OK OK OK OK OK OK -0.293 8 & 8
7 OK OK OK OK OK OK OK OK OK OK 0.061 8 & 8
8 OK OK OK OK OK OK OK OK OK OK 0.138 8 & 8
9 OK OK OK OK OK OK OK OK OK OK 0.127 8 & 8
10 NG NG NG NG NG NG NG NG NG NG -0.347 & & &)
11 OK OK OK OK OK OK OK NG NG NG -0.294 8 & 0
12 OK OK OK OK OK OK OK OK OK OK 0.045 8 & 8
18] NG OK OK OK OK OK OK OK OK OK -0.309 0 0 0
14 OK OK OK OK OK | OK OK OK OK OK 0.126 8 & 8
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.251 8 & 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.142 8 & 8
17] NG NG NG NG NG ‘ NG NG NG NG NG 0.308 & 8 &)
18 OK OK OK OK: OK | OK OK OK OK OK 0.231 8 & 8
19 NG NG NG NG | 1 NG NG NG NG NG NG 0.364 3 3 3
20 NG NG NG NG NG NG NG NG NG NG 0.339 8 &)
Correct 36| 18 36, 21 33| 20
Inspection Results Alarm 0 0 3 3 4
Appraiser OK NG Total FALSE Miss Total Total 36| 24, 36| 24 36/ 24
Correct Correct Correct
Mr. Chantra 36 18 54 6 60
Mr. Jiemsak 36 21 57 3 60
Mr. Vaschira 33 20 53 4 60
Calculation
Appraiser E P_false P_ miss
Mr. Chantra 0.90 0.00 0.25
Mr. Jiemsak 0.95 0.00 0.13
Mr. Vaschira 0.88 0.08 0.17
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 130
Parts name: |Knuckle Tool name Thread ring gage
Partsno.: 4271406121 Tool No. T-IT-188
Section : 16 Specification M18*1.5 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 8] 8 8
2 OK OK OK OK OK OK OK OK OK OK 8 & 8
3 OK OK OK OK OK OK OK OK OK OK 8 & 8
4 OK OK OK OK OK OK OK OK OK OK 8 & 8
5 NG NG NG NG NG NG NG NG NG NG & & &)
6 NG NG NG NG NG NG NG NG NG NG & & &)
7 NG NG NG NG NG NG NG NG NG NG & & &)
8 NG NG NG NG NG NG NG NG NG NG & & &)
9 OK OK OK OK OK OK OK OK OK OK &
10 OK OK OK OK OK OK OK OK OK OK &
" OK OK OK OK OK OK OK OK OK OK &
12 NG NG NG NG NG NG NG NG NG NG & & &)
13 OK OK OK OK OK OK OK OK OK OK &
14 OK OK OK OK OK | OK OK OK OK OK &
15 OK OK OK OK OK ‘ OK OK OK OK OK &
16 NG NG NG NG NG ‘ NG NG NG NG NG & & &)
17 NG NG NG NG NG ‘ NG NG NG NG NG & & &)
18 OK OK OK OK: OK | OK OK OK OK OK 8 & 8
19 NG NG NG NG | 1 NG NG NG NG NG NG 3 3 3
20 OK OK OK OK OK OK OK OK OK OK 8 & 8
Correct 36| 24 36 24| 36 24
Inspection Results Alarm 0 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36| 24, 36| 24 36/ 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 0 60
Mr. Sanya 36 24 60 0 0 60
Mr. Narad 36 24 60 0 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 1.00 0.00 0.00
Mr. Narad 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 110
Parts name: |Knuckle Tool name Tool for measuring boss taper
Partsno.: 4271406121 Tool No. T-IT-180
Section : 17 Specification 0 +1.0/0 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG 1.15 3 3 3
2 NG NG NG NG NG NG NG NG NG NG 1.17 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 095 3 3
4 OK OK OK OK OK OK OK OK OK OK 0.48 3
5 OK OK OK OK OK OK OK OK OK OK 0.67 3 3
6 NG OK NG NG OK OK OK NG NG NG 1.07 2 0 3
7 OK OK OK OK OK OK OK OK OK OK 0.76 3 3 3
8 OK OK OK OK OK OK OK OK OK OK 097 3 3 3
9 NG NG NG NG NG NG NG NG NG NG 1.14 & &)
10 NG OK OK OK NG OK OK NG OK OK 1.03 0 1 1
11 OK oK OK OK OK OK OK | 7OK.| oK oK 0.98] 3 € 8
12 NG NG NG NG NG NG NG NG NG NG 1.21 & & &)
13 OK OK OK OK OK OK OK OK OK OK 0.77 8 & 8
14 NG NG NG NG NG i NG NG NG NG NG 1.08 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.45 8 &
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.86 8 &
17 OK OK OK OK F Oi< ‘ OK OK OK OK OK 0.75 8 &
18 NG NG NG NG NG \ NG NG NG NG NG 1.25 & & &)
19 OK OK OK OK OK OK OK OK OK OK 0.64 8 & 8
20 OK OK OK OK: OK OK | OK OK OK OK 0.66 3 3 3
Correct 36| 20| 36 19 36/ 22
Inspection Results Alarm 0o 4 0 50 2
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36 24
Correct Correct Correct
Mr. Vanchai 36 20 56 60
Mr. Sanya 36 19 55 N 60
Mr. Narad 36 22 58 2 60
Calculation
Appraiser E P_false P_miss
Mr. Vanchai 0.93 0.00 0.17
Mr. Sanya 0.92 0.00 0.21
Mr. Narad 0.97 0.00 0.08
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 110
Parts name: |Knuckle Tool name Tool for measuring boss taper
Partsno.: 4271406121 Tool No. T-IT-188
Section : 18 Specification 0 +05 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.35] 3 3 3
2 OK OK OK OK OK OK OK OK OK OK 027 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 0.47) 3 3 3
4 OK OK OK OK NG NG NG OK OK OK 0.48) 3 0 3
5 NG NG NG NG NG NG NG NG NG NG -0.62 3 3 3
6 NG NG NG NG NG NG NG NG NG NG -0.67 3 3
7 NG OK OK OK OK OK OK OK OK OK -0.52 0 0 0
8 OK OK OK OK OK OK OK OK OK OK -0.28 3 3
9 OK OK OK OK OK OK OK OK OK OK -0.25 3 3
10 NG OK NG NG NG OK OK NG NG NG -0.57 2 1 &
11 NG NG NG NG NG NG NG | NG| NG NG -0.69 3 3
12 OK OK OK OK OK OK OK OK OK OK 0.27 & 8
13 OK OK OK OK OK OK OK OK OK OK -0.46 8 & 8
14 NG NG NG NG NG i NG NG NG NG NG 0.34 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.26 8 & 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.28 8 & 8
17 OK OK OK OK M Oi< ‘ OK OK OK OK OK 0.34 8 & 8
18 OK OK OK OK OK | OK OK OK OK OK 032 3 3 3
19 NG NG NG NG NG NG NG NG NG NG -0.67 & 8 &)
20 NG NG NG NG NG NG | NG NG NG NG -0.58 &) & &
Correct 36| 20| 33 19/ 36| 21
Inspection Results Alarm 0o 4 3 50 3
Appraiser OK NG Total FALSE Miss Total Total 36 24 36 24 36 24
Correct Correct Correct
Mr. Vanchai 36 20 56 60
Mr. Sanya 33 19 52 N 60
Mr. Narad 36 21 57 3 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 0.93 0.00 0.17
Mr. Sanya 0.87 0.08 0.21
Mr. Narad 0.95 0.00 0.13
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 50
Parts name: |Knuckle Tool name Special gage
Partsno.: 4271406121 Tool No. T-IT-167
Section : 19 Specification 19 0/+0.1 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.043| 3 3 3
2 OK NG NG NG NG NG NG OK OK OK 0.098] 0 0 3
3 OK OK OK OK OK OK OK OK OK OK 0.035] 3 3 3
4 OK OK OK OK OK OK OK OK OK OK 0.067| 3 3 3
5 NG NG NG NG NG NG NG NG NG NG -0.043 3 3 3
6 NG NG NG NG OK OK OK NG NG NG -0.012 3 0 3
7 OK OK OK OK OK OK OK OK OK OK 0.015] 3 3 3
8 OK OK OK OK OK OK OK OK OK OK 0.07 3 3
9 NG NG NG NG NG NG NG NG NG NG 0.141 & 8 &)
10 OK OK OK OK OK OK OK OK OK OK 0.086 8 & 8
11 NG OK OK OK NG NG NG | OK | NG NG 0.112 2
12] NG OK OK OK OK NG NG NG OK OK 0.105 1
13 OK OK OK OK OK OK OK OK OK OK 0.056 & 8
14 OK OK oK oK OK i OK OK OK OK OK 0.097 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.076 &) 8
16 NG NG NG NG NG ‘ NG NG NG NG NG 0.132 & 8 &)
17 NG NG NG NG, F NE‘- ‘ NG NG NG NG NG 0.124 & 8 &)
18 OK OK OK OK OK | OK OK OK OK OK 0553 3 3
19 OK OK OK OK OK OK OK OK OK OK 0.54 &
20 NG NG NG i NG NG NG | NG NG NG NG 0.119 & 8 &)
Correct 33| 18| 33 20/ 36| 21
Inspection Results Alarm 3 6 3 4 0 3
Appraiser OK NG Total FALSE Miss Total Total 36 24 36 24 36 24
Correct Correct Correct
Mr. Vanchai 33 18 51 60
Mr. Sanya 33 20 53 N 60
Mr. Narad 36 21 57 60
Calculation
Appraiser E P_false P_miss
Mr. Vanchai 0.85 0.08 0.25
Mr. Sanya 0.88 0.08 0.17
Mr. Narad 0.95 0.00 0.13
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 120
Parts name: |Knuckle Tool name Width gage
Partsno.: 4271406121 Tool No. KGWW 5.9
Section : 20 Specification 5 +0.3/-0.1 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.112 3 3
2 OK OK OK OK OK OK OK OK OK OK 0.152 3 3
3 OK OK OK OK OK OK OK OK OK OK 0.181 3 3
4 NG OK NG NG NG NG NG NG NG NG -0.124 2 3 3
5 NG NG NG NG NG NG NG NG NG NG -0.154 3 3
6 OK OK OK OK OK OK OK OK OK OK 0.098 3 3 3
7 NG NG NG NG NG NG NG NG NG NG -0.16 3 3 3
8 OK OK OK OK OK OK OK OK OK OK -0.089 3
9 OK OK OK OK OK OK OK OK OK OK 0.098 3
10 OK OK OK OK OK OK OK OK OK OK -0.095 &)
11 NG NG NG NG NG NG NG | NG| NG NG 0177 3 3 3
12 NG NG NG NG NG NG NG NG NG NG -0.163 &
13 NG OK OK OK OK OK NG NG NG OK -0.126 0 1 2
14 OK OK oK oK OK i OK OK OK OK OK 0.185] 3 3 3
15 OK OK OK OK NG ‘ NG NG NG NG NG 0.286 8 0 0
16 OK NG NG NG NG ‘ OK OK OK OK OK 0.295 0 2 8
17 OK OK OK OK F Oi< ‘ OK OK OK OK OK 0.173 8 & 8
18] NG OK OK OK OK | OK OK OK OK OK -0.113 0 0 0
19 NG NG NG NG NG NG NG NG NG NG -0.138 & &)
20 OK OK OK i OK: OK OK | OK OK OK OK -0.094| 3 3 3
Correct 33 17) 32/ 19| 33| 20
Inspection Results Alarm 3 7 4 5 3 4
Appraiser OK NG Total FALSE Miss Total Total 36 24 36 24 36 24
Correct Correct Correct
Mr. Vanchai 33 17 50 2 7A 60
Mr. Sanya 32 19 51 N 60
Mr. Narad 33 20 53 3 60
Calculation
Appraiser E P_false P_miss
Mr. Vanchai 0.83 0.08 0.29
Mr. Sanya 0.85 0.11 0.21
Mr. Narad 0.88 0.08 0.17
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Bias Study

Appraiser Name|Mr. Vanchai

Equipment Number|T-IT-159 2929FB-62

Date|11-Jan-00

Part (to be measured) Number|2

Process Variation or Part spec.|0.400 Part Spec. = USL - LSL

Reference Value by Lay out inspection0.133

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| 0.150 0.200 0.200 0.200 0.200 0.150 0.200 0.200 0.150 [ 0.200

The observed Average =  0.185

Bias = Observed Average - Reference Value
=0.185-0.133

= 0.05

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 13.00%

Bias
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Bias Study

Appraiser Name|Mr. Vanchai

Equipment Number|T-IT-159 513-404

Date|11-Jan-00

Part (to be measured) Number|2

Process Variation or Part spec.|0.400 Part Spec. = USL - LSL

Reference Value by Lay out inspection|0.167

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| 0.180 0.170 0.180 0.180 0.180 0.180 0.190 0.190 0.180 [ 0.190

The observed Average =  0.182

Bias = Observed Average - Reference Value
=0.182-0.167

= 0.02

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 3.75%

Bias
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Bias Study

Appraiser Name|Mr. Vanchai

Equipment Number|DIGIMATIC CALIPER No.0015535

Date|17-Jan-00

Part (to be measured) Number|7

Process Variation or Part spec.|0.200

Reference Value by Lay out inspection|0.036

Part Spec. = USL - LSL

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10
Value| 0.050 0.060 0.050 0.060 0.060 0.060 0.060 0.060 0.060 | 0.050
The observed Average =  0.057
Bias = Observed Average - Reference Value
= 0.057 - 0.036
= 0.02

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 10.50%

Bias
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Bias Study

Appraiser Name|Mr.Sanya

Equipment Name [Digimatic micrometer no. 6294679

Date|17-Jan-00

Part (to be measured) Number(9

Process Variation or Part Spec.|0.010

Reference Value by Lay out inspection|0.034

Part Spec. = USL - LSL

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10
Value| 0.038 0.035 0.037 0.035 0.034 0.037 0.035 0.036 0.036 | 0.034
The observed Average =  0.0357
Bias = Observed Average - Reference Value
= 0.0357 -0.034

= 0.0017

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 17.00%

Bias




Bias Study

Appraiser Name|Mr.Sanya

Equipment Number|Thread micrometer No.TCM-25 DM

Date|08-Jan-00

Part (to be measured) Number|7

Process Variation or Part spec.[0.150 Part Spec. = USL - LSL

Reference Value by Lay out inspection|0.079

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| 0.086 0.095 0.094 0.089 0.091 0.090 0.093 0.090 0.094 [ 0.092

The observed Average = 0.0914

Bias = Observed Average - Reference Value
= 0.0914 - 0.079

=0.012

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 827%

Bias
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Bias Study

Appraiser Name|Mr. Sanya

Equipment Number|HHJ-0164

Date|08-Jan-00

Part (to be measured) Number|MASTER

Process Variation or Part spec.|13.000 Part Spec. = USL - LSL

Reference Value by Lay out inspection|70.000

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| 73.000 74.000 | 72.000 | 72.000 | 74.000 [ 71.000 [ 70.000 [ 73.000 | 71.000 | 73.000

The observed Average = 72.3
Bias = Observed Average - Reference Value
=723-70
= 2.300

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 17.7%

Bias
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Bias Study

Appraiser Name|Mr. Vaschira

Equipment Number|T-IT-164 2929 F-62

Date|08-Jan-00

Part (to be measured) Number|6

Process Variation or Part spec.{0.150 Part Spec. = USL - LSL

Reference Value by Lay out inspection|0.031

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| 0.040 0.040 0.040 0.040 0.040 0.045 0.045 0.050 0.050 [ 0.050

The observed Average = 0.044

Bias = Observed Average - Reference Value
= 0.044 - 0.031

= 0.013

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 87%

Bias
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Bias Study

Appraiser Name|Mr. Narad

Equipment Number]|T-IT-170 19298

Date|08-Jan-00

Part (to be measured) Number|3

Process Variation or Part spec.|0.400 Part Spec. = USL - LSL

Reference Value by Lay out inspection|0.093

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| 0.110 0.110 0.110 0.120 0.110 0.120 0.110 0.120 0.120 | 0.120

The observed Average =  0.115

Bias = Observed Average - Reference Value
= 0.115-0.093

= 0.022

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 550%

Bias
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Bias Study

Appraiser Name|Mr. Narad

Equipment Number|T-IT-170 1929B1

Date|08-Jan-00

Part (to be measured) Number|3

Process Variation or Part spec.|0.400 Part Spec. = USL - LSL

Reference Value by Lay out inspection|0.072

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| 0.080 0.085 0.085 0.085 0.080 0.085 0.085 0.090 0.090 [ 0.090

The observed Average = 0.0855

Bias = Observed Average - Reference Value
= 0.0855-0.072

= 0.01

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 3.38%

Bias
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Bias Study

Appraiser Name|Mr. Narad

Equipment Number|E-AJO-5016

Date|22-Jan-00

Part (to be measured) Number|2

Process Variation or Part spec.|{0.013 Part Spec. = USL - LSL

Reference Value by Lay out inspection|-0.007

Observed Measurement Number 1 2 3 4 5 6 7 8 9 10

Value| -0.008 [ -0.004 [ -0.002 [ -0.004 | -0.003 | -0.005 | -0.005 | -0.003 | -0.002 | -0.004

The observed Average = -0.0035

Bias = Observed Average - Reference Value
= -0.0035 - -0.007

= 0.0035

% Bias = 100 [ABS(Bias) / Process Variation or Part spec.]

= 26.92%

Bias
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring center M/C Name OP-10
Characteristic Length Gaga No.  T-IT-159 2929FB-62 Gage Accuracy 0.01mm
Specification 150 +0.2/-0.2 Gage type Special gage Date 10-Nov-99
Appraiser \  Part
Mr. Vanchai 1 2 S 4 S [§] 4 3 9 10 Average
1 0.14 0.15 0.12 0.12 0.14 0.13 0.14 0.17 0.15 0.14 0.140
0.15 0.13 0.12 0.13 0.15 0.13 0.14 0.17 0.15 0.15 0.142
3 0.13 0.13 0.1 0.75 0.14 0.4 0.75 0.76 0.14 0.76 0.141
Average 0.140 0.137 0.117 0.133 0.143 0.133 0.143 0.167 0.147 0.150 0.141
Range 0.020 0.020 0.010 0.030 0.010 0.010 0.010 0.010 0.010 0.020 0.015
Mr. Sanya
1 0.13 0.14 0.12 0.14 0.13 0.13 0.15 0.14 0.13 0.13 0.134
0.13 0.14 0.11 0.14 0.13 0.12 0.12 0.15 0.12 0.15 0.131
3 0.14 0.75 0.12 0.15 0.75 0.12 0.73 0.75 0.12 0.75 0.138
Average 0.133 0.143 0.117 0.143 0.137 0.123 0.133 0.147 0.123 0.143 0.134
Range 0.010 0.010 0.010 0.010 0.020 0.010 0.030 0.010 0.010 0.020 0.014
Mr. Vaschira
1 0.13 0.13 0.13 0.15 Ol 0.12 0.12 0.13 0.11 0.13 0.126
0.14 0.15 0.14 0.13 0.12 0.12 0.13 0.12 0.13 0.14 0.132
3 0.14 0.15 0.4 0.13 0.12 012 0.14 0.71 0.12 0.12 0.129
Average 0.137 0.143 0.137 0.137 0.117 0.120 0.130 0.120 0.120 0.130 0.129
Range 0.010 0.020 0.010 0.020 0.010 0.000 0.020 0.020 0.020 0.020 0.015
Part AVG. 0.137 0.141 0.123 0.138 0.132 0.126 0.136 0.144 0.130 0.141 0.021
[RbarA+RbarB+RbarC]/[# of operators] 0.015
[MAX Xbar-MIN X bar]=X, ..o 0.012
[Rdoublebar X D,*] = UCLg 0.038
0.000

[Rdoublebar X D;~] = LCLg

*D, = 3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCLg represent the limit of individual R's.
Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using
the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.

R&RStudy_1
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Tool for measuring center # of trials = 3 Date: 10-Nov-99
Characteristic Length Gage No: T-IT-159 2929FB-62 # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Special gage # of appraiser = 3
From data sheet: Rdoublebar = 0.015 AT 0.012 Rp=0.021
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.045 divided by TV= 69.4%
divided by tolerance= 11.2%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV= 48.6%
divided by tolerance= I 7.8%|

Repeatability & Reproducibility (R & R)

R&R = \yévz +AV] % R&R = 100[R&R/TV]
= divided by TV= 84.8%
divided by tolerance= 13.7%
Part Variation (PV)
PV = R, xK, % PV-= 100[PV/TV]
= divided by TV= 53.1%
divided by tolerance= 8.6%

Total Variation (TV) or Tolerance

R&RStudy_1
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring center M/C Name OP-10
Characteristic Length Gaga No. T-IT-159- 513-404 Gage Accuracy 0.0lmm
Specification 3225 +0.2/-0.2 Gage type  Special gage Date 10-Nov-99
Appraiser \ Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.13 0.13 0.12 0.14 0.14 0.13 0.13 0.15 0.13 0.14 0.134
2 0.14 0.13 0.11 0.14 0.15 0.13 0.13 0.15 0.13 0.14 0.135
0.13 0.13 0.11 0.14 0.14 0.14 0.13 0.16 0.14 0.15 0.137
Average 0.133 0.130 0.113 0.140 0.143 0.133 0.130 0.153 0.133 0.143 0.135
Range 0.010 0.000 0.010 0.000 0.010 0.010 0.000 0.010 0.010 0.010 0.007
Mr. Sanya
1 0.13 0.14 0.12 0.14 0.13 0.13 0.12 0.14 0.13 0.15 0.133
2 0.13 0.14 0.11 0.14 D13 0.13 0.12 0.15 0.12 0.15 0.132
0.14 0.14 0.12 0.14 0.15 0.12 0.12 0.15 0.12 0.15 0.135
Average 0.133 0.140 0.117 0.140 0.137 0.127 0.120 0.147 0.123 0.150 0.133
Range 0.010 0.000 0.010 0.000 0.020 0.010 0.000 0.010 0.010 0.000 0.007
Mr. Vaschira
1 0.13 0.14 0.12 0.13 0.13 0.12 0.12 0.13 0.12 0.14 0.128
2 0.14 0.14 0.12 0.13 0.12 0:13 0.12 0.13 0.13 0.14 0.130
0.14 0.14 0.12 0.13 0.13 0.13 0.12 0.13 0.12 0.14 0.130
Average 0.137 0.140 0.120 0.130 0.127 0.127 0.120 0.130 0.123 0.140 0.129
Range 0.010 0.000 0.000 0.000 0.010 0.010 0.000 0.000 0.010 0.000 0.004
Part AVG. 0.134 0.137 0.117 0.137 0.136 0.129 0.123 0.143 0.127 0.144 0.028
[RbarA+RbarB+RbarC]/[# of operators] 0.006
[MAX Xbar-MIN X bar]=X, x5 0.006
[Rdoublebar X D,*] = UCLy 0.015
[Rdoublebar X Dy*] =LCLy 0.000

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL; represent the limit of individual R's.
Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using
the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.

R&RStudy 1 1
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Tool for measuring center # of trials = 3 Date: 10-Nov-99
Characteristic Length Gage No: T-IT-159- 513-404 # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Special gage # of appraiser = 3
From data sheet: Rdoublebar = 0.006 AT 0.006 Rp=0.028
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.018 divided by TV= 35.8%
divided by tolerance= 4.6%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV= 31.0%
divided by tolerance= I 4.0%|

Repeatability & Reproducibility (R & R)

R&R - \yévz +AV] % R&R = 100[R&R/TV]
= divided by TV= 47.4%
divided by tolerance= 6.1%
Part Variation (PV)
PV = R xK, % PV-= 100[PV/TV]
= divided by TV= 88.1%
divided by tolerance= 11.3%

Total Variation (TV) or Tolerance

R&RStudy 1 1
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Digimatic Calipers M/C Name OP-10
Characteristic Diameter Gaga No. 0015535 Gage Accuracy 0.01 mm
Specification 7.2 40 Wagel Gage type  Standard gage Date 10-Nov-99
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.05 0.05 0.02 0.02 0.04 0.03 0.04 0.04 0.03 0.03 0.035
2 0.05 0.04 0.02 0.03 0.05 0.03 0.04 0.03 0.04 0.03 0.036
0.03 0.04 0.01 0.02 0.04 0.04 0.03 0.04 0.04 0.03 0.032
Average 0.043 0.043 0.017 0.023 0.043 0.033 0.037 0.037 0.037 0.030 0.034
Range 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.000 0.010
Mr. Sanya
1 0.05 0.04 0.02 0.04 0.03 0.03 0.04 0.04 0.03 0.03 0.035
2 0.05 0.03 0.01 0.05 0.04 0.03 0.03 0.04 0.02 0.04 0.034
0.04 0.04 0.02 0.05 0.03 0.02 0.03 0.05 0.02 0.04 0.034
Average 0.047 0.037 0.017 0.047 0.033 0.027 0.033 0.043 0.023 0.037 0.034
Range 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Mr. Vaschira
1 0.03 0.03 0.01 0.05 0.03 0.03 0.04 0.03 0.03 0.03 0.031
2 0.05 0.05 0.02 0.03 0.04 0.02 0.03 0.02 0.03 0.03 0.032
0.05 0.03 0.02 0.05 0.04 0.02 0.04 0.02 0.02 0.03 0.032
Average 0.043 0.037 0.017 0.043 0.037 0.023 0.037 0.023 0.027 0.030 0.032
Range 0.020 0.020 0.010 0.020 0.010 0.010 0.010 0.010 0.010 0.000 0.012
Part AVG. 0.044 0.039 0.017 0.038 0.038 0.028 0.036 0.034 0.029 0.032 0.028
[RbarA+RbarB+RbarC]/[# of operators] 0.011
[MAX Xbar-MIN X bar]=X, x5 0.003
[Rdoublebar X D,*] = UCLy 0.028
[Rdoublebar X Dy*] =LCLy 0.000

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL; represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.

R&RStudy_2
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Digimatic Calipers # of trials = 3 Date: 10/11/1999
Characteristic Diameter Gage No: 0015535 # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Standard gage # of appraiser = 3
From data sheet: Rdoublebar = 0.011 X oatDIFE = 0.003 R,=0.028
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.033 divided by TV= 58.4%
divided by tolerance= 16.3%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=
divided by tolerance= I 2.0%I

Repeatability & Reproducibility (R & R)

R&R = \;évz +AV] % R&R = 100[R&R/TV]
= divided by TV= 58.9%
divided by tolerance= 16.4%
Part Variation (PV)
PV = Rp x Ky % PV.= 100[PV/TV]
= divided by TV= 80.8%
divided by tolerance= 22.5%

Total Variation (TV) or Tolerance

2 2
TV = [R&R +PV]

= 0.056

I<>e\
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Digimatic micrometer M/C Name OP-20
Characteristic Diameter Gaga No. 6294679 Gage Accuracy 0.01 mm
Specification 21.83 +0.05/-0.05 Gage type  Standard gage Date 12-Nov-99
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.05 0.05 0.02 0.03 0.04 0.04 0.04 0.04 0.05 0.04 0.040
2 0.05 0.04 0.02 0.04 0.05 0.06 0.06 0.03 0.04 0.04 0.043
0.04 0.04 0.01 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.036
Average 0.047 0.043 0.017 0.037 0.043 0.047 0.047 0.033 0.043 0.040 0.040
Range 0.010 0.010 0.010 0.010 0.010 0.020 0.020 0.010 0.010 0.000 0.011
Mr. Sanya
1 0.04 0.04 0.02 0.04 0.04 0.04 0.05 0.04 0.03 0.04 0.038
2 0.04 0.04 0.02 0.04 0.05 0.05 0.04 0.04 0.02 0.04 0.038
0.04 0.05 0.02 0.05 0.05 0.05 0.04 0.03 0.02 0.05 0.040
Average 0.040 0.043 0.020 0.043 0.047 0.047 0.043 0.037 0.023 0.043 0.039
Range 0.000 0.010 0.000 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.008
Mr. Vaschira
1 0.04 0.04 0.02 0.05 0.04 0.04 0.04 0.03 0.04 0.04 0.038
2 0.05 0.04 0.01 0.04 0.03 0.03 0.04 0.02 0.04 0.04 0.034
0.04 0.04 0.02 0.05 0.03 0.05 0.06 0.03 0.03 0.02 0.037
Average 0.043 0.040 0.017 0.047 0.033 0.040 0.047 0.027 0.037 0.033 0.036
Range 0.010 0.000 0.010 0.010 0.010 0.020 0.020 0.010 0.010 0.020 0.012
Part AVG. 0.043 0.042 0.018 0.042 0.041 0.044 0.046 0.032 0.034 0.039 0.028
[RbarA+RbarB+RbarC]/[# of operators] 0.010
[MAX Xbar-MIN X bar]=X, x5 0.003
[Rdoublebar X D,*] = UCLy 0.027

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.

R&RStudy_3
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Digimatic micrometer # of trials = 3 Date: 12-Nov-99
Characteristic Diameter Gage No: 6294679 # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Standard gage # of appraiser = 3
From data sheet: Rdoublebar = 0.010 R e 0.003 Rp=0.028
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.032 divided by TV= 56.9%
divided by tolerance= 31.5%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=
divided by tolerance= I 6.9%|
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Repeatability & Reproducibility (R & R)

R&R - \Bévz +AV] % R&R = 100[R&R/TV]
= divided by TV= 58.3%
divided by tolerance= 32.3%
Part Variation (PV)
PV = Rp x Ky % PV-= 100[PV/TV]
= divided by TV= 81.3%
divided by tolerance= 45.0%

Total Variation (TV) or Tolerance

R&RStudy_3
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Thread micrometer M/C Name OP-130
Characteristic Thread Gaga No. TCM-25 DM Gage Accuracy 0.001 mm
Specification 0/0.15 Gage type  Special gage Date 16-Dec-99
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.079 0.094 0.075 0.079 0.096 0.082 0.081 0.091 0.073 0.097 0.085
2| 0.088 0.089 0.085 0.091 0.092 0.097 0.090 0.087 0.065 0.081 0.087
0.085 0.088 0.072 0.095 0.088 0.087 0.087 0.088 0.078 0.089 0.086
Average 0.084 0.090 0.077 0.088 0.092 0.089 0.086 0.089 0.072 0.089 0.086
Range 0.009 0.006 0.013 0.016 0.008 0.015 0.009 0.004 0.013 0.016 0.011
Mr. Sanya
1 0.092 0.088 0.073 0.083 0.089 0.079 0.087 0.083 0.074 0.099 0.085
2|  0.082 0.077 0.089 0.089 0.096 0.082 0.084 0.091 0.081 0.085 0.086
0.084 0.083 0.083 0.092 0.084 0.089 0.092 0.089 0.076 0.093 0.087
Average 0.086 0.083 0.082 0.088 0.090 0.083 0.088 0.088 0.077 0.092 0.086
Range 0.010 0.011 0.016 0.009 0.012 0.010 0.008 0.008 0.007 0.014 0.011
Mr. Vaschira
1 0.086 0.088 0.078 0.082 0.087 0.072 0.071 0.074 0.069 0.082 0.079
2|  0.072 0.078 0.072 0.097 0.079 0.079 0.084 0.078 0.068 0.094 0.080
0.078 0.075 0.077 0.094 0.083 0.071 0.075 0.088 0.071 0.088 0.080
Average 0.079 0.080 0.076 0.091 0.083 0.074 0.077 0.080 0.069 0.088 0.080
Range 0.014 0.013 0.006 0.015 0.008 0.008 0.013 0.014 0.003 0.012 0.011
Part AVG. 0.083 0.084 0.078 0.089 0.088 0.082 0.083 0.085 0.073 0.090 0.017
[RbarA+RbarB+RbarC]/[# of operators] 0.011
[MAX Xbar-MIN X bar]=XbarDIFF 0.006
[Rdoublebar X D,*] = UCLy 0.028

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re+average and recompute R

and the limiting value from the remaining observations.

R&RStudy_4
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Thread micrometer # of trials = 3 Date: 16-Dec-99
Characteristic Thread Gage No: TCM-25 DM # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Special gage # of appraiser = 3
From data sheet: Rdoublebar = 0.011 AT 0.006 Rp=0.017
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.0325 divided by TV= 72.01%
divided by tolerance= 21.7%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV= 33.1%
divided by tolerance= I I0.0%I

Repeatability & Reproducibility (R & R)

R&R= \gévz +AV] % R&R = 100[R&R/TV]
= divided by TV= 79.3%
divided by tolerance= 23.9%
Part Variation (PV)
PV = R xK, % PV-= 100[PV/TV]
= divided by TV= 61.0%
divided by tolerance= 18.4%

Total Variation (TV) or Tolerance
2 2
TV = \[}{&R +PV ]

™
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Shor Hardness Tester M/C Name OP-30
Characteristic Hardness Gaga No. HHJ-0614 Gage Accuracy
Specification HS 67 ~80 Gage type  Tester Date 29-Nov-99
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 75.00 70.00 72.00 75.00 75.00 72.00 73.00 75.00 76.00 72.00 73.500
2|  72.00 72.00 74.00 73.00 76.00 71.00 70.00 73.00 77.00 70.00 72.800
73.00 73.00 75.00 74.00 75.00 72.00 71.00 76.00 79.00 72.00 74.000
Average 73.333 71.667 73.667 74.000 75.333 71.667 71.333 74.667 77.333 71.333 73.433
Range 3.000 3.000 3.000 2.000 1.000 1.000 3.000 3.000 3.000 2.000 2.400
Mr. Sanya
1 76.00 70.00 73.00 77.00 73.00 74.00 73.00 74.00 78.00 74.00 74.200
2l 77.00 67.00 74.00 75.00 73.00 73.00 73.00 75.00 75.00 71.00 73.300
76.00 69.00 71.00 76.00 74.00 73.00 74.00 72.00 77.00 73.00 73.500
Average 76.333 68.667 72.667 76.000 73.333 73.333 73.333 73.667 76.667 72.667 73.667
Range 1.000 3.000 3.000 2.000 1.000 1.000 1.000 3.000 3.000 3.000 2.100
Mr. Vaschira
1 74.00 72.00 70.00 73.00 74.00 71.00 70.00 73.00 75.00 71.00 72.300
2l  74.00 74.00 70.00 74.00 76.00 72.00 72.00 74.00 77.00 73.00 73.600
72.00 72.00 72.00 76.00 76.00 70.00 71.00 74.00 76.00 72.00 73.100
Average 73.333 72.667 70.667 74.333 75.333 71.000 71.000 73.667 76.000 72.000 73.000
Range 2.000 2.000 2.000 3.000 2.000 2.000 2.000 1.000 2.000 2.000 2.000
Part AVG. 74.333 71.000 72:333 74.778 74.667 72.000 71.889 74.000 76.667 72.000 5.667
[RbarA+RbarB+RbarC]/[# of operators] 2.167
[MAX Xbar-MIN X bar]=X, x5 0.667
[Rdoublebar X D,*] = UCLy 5.590

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Shor Hardness Tester # of trials = 3 Date: 29-Nov-99
Characteristic Hardness Gage No: HHJ-0614 # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Tester # of appraiser = 3
From data sheet: Rdoublebar = 2.167 AT 0.667 Rp= 5.667
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 6.608 divided by TV= 58.0%
divided by tolerance= 50.8%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV= 11.7%
divided by tolerance= I 10.3%|
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Repeatability & Reproducibility (R & R)

R&R = \Bévz +AV] % R&R = 100[R&R/TV]
= divided by TV= 59.2%
divided by tolerance= 51.9%
Part Variation (PV)
PV = R, xK, % PV-= 100[PV/TV]
= divided by TV= 80.6%
divided by tolerance= 70.6%

Total Variation (TV) or Tolerance
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring caliper M/C Name OP-40
Characteristic Hight Gaga No. T-IT-164 2929 F-62 Gage Accuracy 0.01 mm
Specification 0/0.15 Gage type  Special gage Date 05-Nov-99
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.010 0.040 0.010 0.020 0.010 0.020 0.020 0.010 0.020 0.020 0.018
2| 0.010 0.030 0.010 0.030 0.010 0.020 0.020 0.010 0.020 0.020 0.018
0.010 0.030 0.010 0.030 0.010 0.020 0.010 0.020 0.020 0.020 0.018
Average 0.010 0.033 0.010 0.027 0.010 0.020 0.017 0.013 0.020 0.020 0.018
Range 0.000 0.010 0.000 0.010 0.000 0.000 0.010 0.010 0.000 0.000 0.004
Mr. Sanya
1 0.010 0.030 0.010 0.020 0.000 0.020 0.020 0.020 0.030 0.020 0.018
2| 0.010 0.030 0.000 0.020 0.020 0.020 0.020 0.010 0.020 0.010 0.016
0.010 0.030 0.000 0.020 0.010 0.020 0.020 0.010 0.020 0.010 0.015
Average 0.010 0.030 0.003 0.020 0.010 0.020 0.020 0.013 0.023 0.013 0.016
Range 0.000 0.000 0.010 0.000 0.020 0.000 0.000 0.010 0.010 0.010 0.006
Mr. Vaschira
1 0.020 0.040 0.010 0.030 0.010 0.020 0.020 0.020 0.030 0.020 0.022
2| 0.010 0.040 0.010 0.020 0.010 0.020 0.020 0.020 0.030 0.010 0.019
0.010 0.040 0.000 0.030 0.010 0.020 0.010 0.010 0.030 0.020 0.018
Average 0.013 0.040 0.007 0.027 0.010 0.020 0.017 0.017 0.030 0.017 0.020
Range 0.010 0.000 0.010 0.010 0.000 0.000 0.010 0.010 0.000 0.010 0.006
Part AVG. 0.011 0.034 0.007 0.024 0.010 0.020 0.018 0.014 0.024 0.017 0.028
[RbarA-RbarB-RbarC]/[# of operators] 0.005
[MAX Xbar-MIN X bar]=XbarDIFF 0.003
[Rdoublebar X D,*] = UCLy 0.014

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.
Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using
the same appraiser and unit as originally used or discard values and re+average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Tool for measuring caliper # of trials = 3 Date: 05-Nov-99
Characteristic Hight Gage No: T-IT-164 2929 F-62 # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Special gage # of appraiser = 3
From data sheet: Rdoublebar = 0.005 AT 0.003 Rp=0.028
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.0163 divided by TV= 33.47%
divided by tolerance= 10.8%
Reproducibility - Appraiser Variation (AV)
2 2
AV = \B[XmeIFF xK,) - (EV /nr)] % AV = 100[AV/TV]

= 0.0085 divided by TV= 17.5%
divided by tolerance= I 5.7%|

Repeatability & Reproducibility (R & R)

R&R = \VEV2 +AV] % R&R = 100[R&R/TV]
= divided by TV= 37.8%
divided by tolerance= 12.2%
Part Variation (PV)
PV = Rp x Ky % PV-= 100[PV/TV]
= divided by TV= 92.6%
divided by tolerance= 30.0%

Total Variation (TV) or Tolerance

L6l
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring boss position M/C Name OP-70
Characteristic Pitch Gaga No. T-IT-170 1929 B Gage Accuracy 0.01 mm
Specification 125.285 +0.2 /- 0.2 Gage type  Special gage Date 13-Nov-99
Appraiser Part
Mr. Narad 1 2 3 4 5 6 7 8 9 10 Average
1 0.060 0.080 0.090 0.070 0.080 0.090 0.060 0.040 0.040 0.050 0.066
2| 0.080 0.090 0.080 0.070 0.070 0.080 0.070 0.030 0.050 0.050 0.067
0.080 0.090 0.080 0.050 0.080 0.090 0.060 0.030 0.050 0.060 0.067
Average 0.073 0.087 0.083 0.063 0.077 0.087 0.063 0.033 0.047 0.053 0.067
Range 0.020 0.010 0.010 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.012
Mr. Chantra
1 0.080 0.070 0.090 0.060 0.080 0.090 0.070 0.060 0.050 0.070 0.072
2| 0.070 0.080 0.100 0.060 0.070 0.090 0.080 0.050 0.050 0.070 0.072
0.070 0.080 0.100 0.050 0.070 0.080 0.080 0.060 0.040 0.080 0.071
Average 0.073 0.077 0.097 0.057 0.073 0.087 0.077 0.057 0.047 0.073 0.072
Range 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Mr. Jiemsak
1 0.080 0.070 0.080 0.070 0.060 0.080 0.060 0.040 0.060 0.060 0.066
2| 0.070 0.080 0.070 0.070 0.060 0.090 0.070 0.050 0.070 0.060 0.069
0.070 0.080 0.070 0.080 0.080 0.080 0.070 0.050 0.070 0.070 0.072
Average 0.073 0.077 0.073 0.073 0.067 0.083 0.067 0.047 0.067 0.063 0.069
Range 0.010 0.010 0.010 0.010 0.020 0.010 0.010 0.010 0.010 0.010 0.011
Part AVG. 0.073 0.080 0.084 0.064 0.072 0.086 0.069 0.046 0.053 0.063 0.040
[RbarA+RbarB+RbarC]/[# of operators] 0.011
[MAX Xbar-MIN X bar]=X, .5 0.005
[Rdoublebar X D,*] = UCLy 0.028

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Tool for measuring boss positic  # of trials = 3 Date: 13-Nov-99
Characteristic Pitch Gage No: T-IT-170 1929 B # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Special gage # of appraiser = 3
From data sheet: Rdoublebar = 0.0110 AT 0.0050 Rp=0.0400
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.0336 divided by TV= 45.37%
divided by tolerance= 8.4%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV= 16.3%
divided by tolerance= I 3.0%|

Repeatability & Reproducibility (R & R)

R&R = \;évz +AV] % R&R = 100[R&R/TV]
= divided by TV= 48.2%
divided by tolerance= 8.9%
Part Variation (PV)
PV = Rp x Ky % PV-= 100[PV/TV]
= divided by TV= 87.6%
divided by tolerance= 16.2%

Total Variation (TV) or Tolerance
2 2
TV = \[}(&R +PV ]

™
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring boss position M/C Name OP-70
Characteristic Pitch Gaga No. T-IT-170 1929 B Gage Accuracy 0.01 mm
Specification 42.715 +0.2 /- 0.2 Gage type  Special gage Date 18-Nov-99
Appraiser Part
Mr. Narad 1 2 3 4 5 6 7 8 9 10 Average
1 0.110 0.070 0.060 0.040 0.070 0.060 0.050 0.050 0.040 0.050
2|  0.090 0.050 0.040 0.030 0.070 0.050 0.040 0.030 0.020 0.050
0.090 0.050 0.040 0.030 0.080 0.050 0.040 0.030 0.020 0.040
Average
Range
Mr. Chantra
1 0.080 0.050 0.050 0.020 0.070 0.100 0.060 0.060 0.050 0.070
2| 0.080 0.040 0.050 0.010 0.050 0.090 0.060 0.080 0.050 0.070
0.070 0.060 0.030 0.000 0.050 0.090 0.080 0.060 0.020 0.090
Average
Range
Mr. Jiemsak
1 0.090 0.070 0.070 0.050 0.030 0.060 0.050 0.060 0.070 0.060
2|  0.090 0.080 0.070 0.050 0.040 0.070 0.070 0.060 0.050 0.090
0.080 0.070 0.080 0.040 0.040 0.070 0.070 0.050 0.060 0.080
Average
Range
Part AVG.

[RbarA+RbarB+RbarC]/[# of operators]
[MAX Xbar-MIN X bar]=X, x5
[Rdoublebar X D,*] = UCLy
[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and M KNUCKLE Gage Name: Tool for measuring boss positic  # of trials = 3 Date: 18-Nov-99
Characteristic Pitch Gage No: T-IT-170 1929 B # of parts = 10 Performed by: P.Chakkrit
Tolerance: Gage Type:  Special gage # of appraiser = 3
From data sheet: Rdoublebar = 0.016 e 0.013 Rp= 0.057
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.0488 divided by TV= 44.74%
divided by tolerance= 12.2%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV= 30.3%
divided by tolerance= I 8.3%|

Repeatability & Reproducibility (R & R)

R&R = JEV +AV] % R&R = 100[R&R/TV]
= divided by TV= 54.0%
divided by tolerance= 14.7%
Part Variation (PV)
PV = Rp x Ky % PV = 100[PV/TV]
= divided by TV= 84.2%
divided by tolerance= 23.0%

Total Variation (TV) or Tolerance
2 2
TV = \[}{&R +PV ]

g E—
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Ari micrometer M/C Name OP-80
Characteristic Diameter Gaga No. E-AJO-5016 Gage Accuracy 0.001 mm
Specification 34.925 -0.002 /-0.015 Gage type  Special gage Date 19-Nov-99
Appraiser Part
Mr. Jiemsak 1 2 3 4 5 6 7 8 9 10 Average
1] -0.006 -0.006 -0.005 -0.009 -0.008 -0.008 -0.009 -0.005 -0.004 -0.008 -0.007
2| -0.004 -0.007 -0.004 -0.010 -0.008 -0.008 -0.007 -0.005 -0.004 -0.007 -0.006
-0.004 -0.007 -0.004 -0.010 -0.006 -0.006 -0.007 -0.006 -0.003 -0.008 -0.006
Average -0.005 -0.007 -0.004 -0.010 -0.007 -0.007 -0.008 -0.005 -0.004 -0.008 -0.006
Range 0.002 0.001 0.001 0.001 0.002 0.002 0.002 0.001 0.001 0.001 0.001
Mr. Narad
1] -0.004 -0.006 -0.004 -0.007 -0.006 -0.006 -0.008 -0.006 -0.003 -0.006 -0.006
2] -0.003 -0.006 -0.003 -0.009 -0.005 -0.005 -0.008 -0.006 -0.004 -0.008 -0.006
-0.004 -0.008 -0.005 -0.007 -0.006 -0.006 -0.006 -0.005 -0.003 -0.008 -0.006
Average -0.004 -0.007 -0.004 -0.008 -0.006 -0.006 -0.007 -0.006 -0.003 -0.007 -0.006
Range 0.001 0.002 0.002 0.002 0.001 0.001 0.002 0.001 0.001 0.002 0.002
Mr. Prasad
1] -0.005 -0.008 -0.005 -0.007 -0.007 -0.008 -0.006 -0.004 -0.005 -0.007 -0.006
2| -0.005 -0.006 -0.006 -0.008 -0.007 -0.006 -0.007 -0.005 -0.004 -0.006 -0.006
-0.003 -0.006 -0.005 -0.009 -0.005 -0.006 -0.007 -0.005 -0.004 -0.006 -0.006
Average -0.004 -0.007 -0.005 -0.008 -0.006 -0.007 -0.007 -0.005 -0.004 -0.006 -0.006
Range 0.002 0.002 0.001 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.002
Part AVG. -0.004 -0.007 -0.005 -0.008 -0.006 -0.007 -0.007 -0.005 -0.004 -0.007 0.005
[RbarA+RbarB+RbarC]/[# of operators] 0.001
[MAX Xbar-MIN X bar]=X, x5 0.001
[Rdoublebar X D,*] = UCLy 0.004

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and N KNUCKLE

Characteristic Diameter Gage No:

Tolerance: 0.013

From data sheet:

Gage Name: Ari micrometer

E-AJO-5016
Gage Type:  Special gage

Rdoublebar = 0.001 AT

# of trials = 3 Date:
# of parts = 10 Performed by:
# of appraiser = 3
0.001 R,=0.005

19-Nov-99
P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0045

% EV = 100[EV/TV]
divided by TV= 49.88%
divided by tolerance= 34.4%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV= 20.1%
divided by tolerance= I 13.9%|

Repeatability & Reproducibility (R & R)

2 2
R&R=,EV +AV]

= 0.005

% R&R = 100[R&R/TV]
divided by TV= 53.8%
divided by tolerance= 37.1%

Part Variation (PV)
PV = Rp x Ky

= 0.008

% PV-= 100[PV/TV]
divided by TV= 84.3%
divided by tolerance= 58.2%

Total Variation (TV) or Tolerance
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Plant Knuckle Process Line OP 20
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 50.4
Section : 9 Specification (504 0/-0.1 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 8
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK -0.048] 3 3 3
2 OK OK OK OK OK OK OK OK OK OK -0.045] 3 3 3
3 NG NG NG NG NG NG NG NG NG NG 0.018 3 3 3
4 NG NG NG NG NG NG NG NG NG NG 0.031 3 3 3
5 NG NG NG NG NG NG NG NG NG NG 0.027 3 3 3
6 OK OK OK OK OK OK OK OK OK OK -0.038) 3 3 3
7 NG NG NG NG NG NG NG NG NG NG -0.114 3 3 3
8 OK OK OK OK OK OK OK OK OK OK -0.056| 3 3 3
9 OK OK OK OK OK OK OK OK OK OK -0.093] 3 3 3
10 NG NG NG NG NG NG NG NG NG NG -0.112 & & &)
11 NG NG NG NG NG NG NG | NG| NG NG 0.036 3 3 3
12 OK OK OK OK OK OK OK OK OK OK -0.067 8 & 8
13 OK OK OK OK NG OK OK NG OK OK -0.094 8 2 2
14 OK OK oK oK OK i OK OK OK OK OK -0.076] 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK -0.054 8 &) 8
16 NG NG NG NG NG ‘ NG NG NG NG NG 0.01 &) & &
17 NG NG NG NG, F I\ES ‘ NG NG NG NG NG 0.037 & 8 &)
18 OK OK OK OK OK | OK OK OK OK OK -0.055] 3 3 3
19 OK OK OK OK OK OK OK OK OK OK -0.092 8 & 8
20 OK OK OK OK: OK OK | OK OK OK OK -0.078| 3 3 3
Correct 36| 24| 35 24| 35 24
Inspection Results Alarm 0 0 1 0 1 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36| 24 36/ 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 0 60
Mr. Sanya 35 24 59 N 1 0 60
Mr. Narad 35 24 59 1 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 0.98 0.03 0.00
Mr. Narad 0.98 0.03 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 20
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 35.35
Section : 10 Specification (35.35 £ 0.05 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 8
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG -0.064 8 8 8
2 OK OK OK OK OK OK OK OK OK OK 0.048 8 & 8
3 NG NG NG NG NG NG NG NG NG NG 0.075 & 8 &)
4 OK OK OK OK OK OK OK OK OK OK -0.046 8 & 8
5 NG NG NG NG NG NG NG NG NG NG 0.059 & 8 &)
6 OK OK OK OK OK OK OK OK OK OK -0.032 8 & 8
7 OK OK OK OK OK OK OK OK OK OK -0.022 8 & 8
8 OK OK OK OK OK OK OK OK OK OK -0.027 8 & 8
9 OK OK OK OK OK OK OK OK OK OK -0.017 8 & 8
10 NG NG NG NG NG NG NG NG NG NG 0.062 & 8 &)
" NG NG NG NG NG NG NG NG NG NG -0.066 & & &)
12 OK OK OK OK OK OK OK OK OK OK 0.037 8 & 8
13 OK OK OK OK OK OK OK OK OK OK 0.021 8 & 8
14 NG NG NG NG NG | NG NG NG NG NG 0.073 & 8 &)
15 NG NG NG NG NG ‘ NG NG NG NG NG 0.069 & 8 &)
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.047 8 & 8
17 OK OK OK OK OK ‘ OK OK OK OK OK 0.028 8 & 8
18 OK OK OK OK: OK | OK OK OK OK OK 0.019 8 & 8
19 OK OK OK oK [ OK OK OK OK OK OK 0.023] 3 € 8
20 NG NG NG NG NG NG NG NG NG NG -0.061 & & &)
Correct 36| 24 36 24| 36 24
Inspection Results Alarm 0 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36| 24, 36| 24 36/ 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 60
Mr. Sanya 36 24 60 0 60
Mr. Narad 36 24 60 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 1.00 0.00 0.00
Mr. Narad 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 70
Parts name: |Knuckle Tool name Snap gage
Partsno.: 4271406121 Tool No. KHUW 20
Section : 11 Specification (20 £0.2 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG 0.344 3 3 3
2 NG NG NG NG NG NG NG NG NG NG 0.338 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 0.193] 3 3 3
4 OK OK OK OK OK OK OK OK OK OK 0.135] 3 3 3
5 OK OK OK OK OK OK OK OK OK OK 0.121 3 3 3
6 NG NG NG NG NG NG NG NG NG NG 0.221 3 3 3
7 OK OK OK OK OK OK OK OK OK OK -0.147) 3 3 3
8 OK OK OK OK NG OK OK OK OK OK -0.192| 3 2 3
9 OK OK OK OK OK OK OK OK OK OK -0.178) 3 3 3
10 NG NG NG NG NG NG NG NG NG NG 0.215 & 8 &)
11 NG NG NG NG NG NG NG | NG| NG NG 0.342 3 3 3
12 NG NG NG NG NG NG NG NG NG NG 0.354 & 8 &)
13 OK OK OK OK OK OK OK OK OK OK 0.194 8 & 8
14 OK OK oK oK OK i OK OK OK OK OK 0.012] 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.017 8 &) 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.121 8 & 8
17 OK OK OK OK,, " Oi< ‘ OK OK OK OK OK 0.098 8 & 8
18 NG NG NG NG NG \ NG NG NG NG NG -0.217 & & &
19 OK OK OK OK OK OK OK OK OK OK 0.141 8 & 8
20 NG NG NG NG NG NG | NG NG NG NG -0.276 & & &)
Correct 36| 24| 35 24| 36| 24
Inspection Results Alarm 0 0 1 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36| 24 36/ 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 0 60
Mr. Sanya 35 24 59 N 1 0 60
Mr. Narad 36 24 60 0 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 0.98 0.03 0.00
Mr. Narad 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 60
Parts name: |Knuckle Tool name Thread gage
Partsno.: 4271406121 Tool No. T-IT-169
Section : 12 Specification M8*15 Analysis Data
Sample Trial [Actual Parts [Mr. Chantra Mr. Jiemsak Mr. Vaschira PART 1 2 8]
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK [NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 3 3 3
2 OK OK OK OK OK OK OK OK OK OK 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 3 3 3
4 NG NG NG NG NG NG NG NG NG NG 8 8 8
5 NG NG NG NG NG NG NG NG NG NG 8 8 8
6 NG NG NG NG NG NG NG NG NG NG 8 8 8
7 OK OK OK OK OK OK OK OK OK OK 3 3 3
8 OK OK OK OK OK OK OK OK OK OK 3 3 3
9 OK OK OK OK OK OK OK OK OK OK 3 3 3
10 NG NG NG NG NG NG NG NG NG NG 3 3 3
11 NG NG NG NG NG NG NG [ NG| NG NG 3 3 3
12 OK OK OK OK OK OK OK OK OK OK 8 & 8
13 OK OK OK OK OK OK OK OK OK OK 8 & 8
14 NG NG NG NG NG i NG NG NG NG NG 3 3 3
15 NG NG NG NG NG ‘ NG NG NG NG NG 3 3 3
16 OK OK OK OK OK ‘ OK OK OK OK OK 8 & 8
17 OK OK OK OK M Oi< ‘ OK OK OK OK OK 8 & 8
18 OK OK OK OK OK | OK OK OK OK OK 3 3 3
19 OK OK OK OK OK OK OK OK OK OK 8 & 8
20 NG NG NG 1 NG NG NG | NG NG NG NG 3 3 3
Correct 36| 24| 36 24| 36 24
Inspection Results Alarm 0 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36| 24 36/ 24
Correct Correct Correct
Mr. Chantra 36 24 60 0 60
Mr. Jiemsak 36 24 60 N 0 60
Mr. Vaschira 36 24 60 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Chantra 1.00 0.00 0.00
Mr. Jiemsak 1.00 0.00 0.00
Mr. Vaschira 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 90
Parts name: |Knuckle Tool name Limit Plug gage
Partsno.: 4271406121 Tool No. KIPW 14.5
Section : 13 Specification (145 +0.3 Analysis Data
Sample Trial |Actual Parts [Mr. Chantra Mr. Jiemsak Mr. Vaschira PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG 0.362 3 3 3
2 NG NG NG NG NG NG NG NG NG NG -0.314 3 3 3
3 NG NG NG NG NG NG NG NG NG NG -0.317 3 3 3
4 OK OK OK OK OK OK OK OK OK OK 0.211 3 3 3
5 OK OK OK OK OK OK OK OK OK OK 0.288] 3 3 3
6 OK OK OK OK OK OK OK OK OK OK 0.137) 3 3 3
7 OK OK OK OK OK OK OK OK OK OK 0.158| 3 3 3
8 OK OK OK OK OK OK OK OK OK OK 0.157| 3 3 3
9 NG NG NG NG NG NG NG NG NG NG 0.348 & 8 &)
10 OK OK OK OK OK OK OK OK OK OK 0.292 8 & 8
11 OK oK OK OK OK OK OK | 7OK.| oK oK -0.176] 3 € 8
12 OK OK OK OK OK OK OK OK OK OK -0.182 8 & 8
13 NG NG NG NG NG NG NG NG NG NG 0.311 & & &
14 NG NG NG NG NG i NG NG NG NG NG -0.343 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.069 8 &) 8
16 NG NG NG NG NG ‘ NG NG NG NG NG 0.351 & 8 &)
17 OK NG OK OK F Oi< ‘ OK OK NG OK OK -0.291 2 & 2
18 OK OK OK OK OK | OK OK OK OK OK 0.113] 3 3 3
19 OK OK OK OK OK OK OK OK OK OK 0.218 8 & 8
20 NG NG NG NG NG NG | NG NG NG NG 0.337 & 8 &)
Correct 35/ 24| 36| 24| 35 24
Inspection Results Alarm 1 0 0 0 1 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36| 24 36/ 24
Correct Correct Correct
Mr. Chantra 35 24 59 1 0 60
Mr. Jiemsak 36 24 60 N 0 0 60
Mr. Vaschira 35 24 59 1 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Chantra 0.98 0.03 0.00
Mr. Jiemsak 1.00 0.00 0.00
Mr. Vaschira 0.98 0.03 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 90
Parts name: |Knuckle Tool name Limit Plug gage
Partsno.: 4271406121 Tool No. KIPW 16
Section : 14 Specification ¢16.0 +0.3 Analysis Data
Sample Trial |Actual Parts [Mr. Chantra Mr. Jiemsak Mr. Vaschira PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1] OK NG OK OK OK OK OK OK OK OK -0.291 2 8 8
2 OK OK OK OK OK OK OK OK OK OK -0.216 8 & 8
3 NG NG NG NG NG NG NG NG NG NG -0.308 & & &)
4 OK OK OK OK OK OK OK OK OK OK -0.116 8 & 8
5 OK OK OK OK OK OK OK OK OK OK -0.087 8 & 8
6 NG NG NG NG NG NG NG NG NG NG -0.31 & 8 &)
7 OK OK OK OK OK OK OK OK OK OK -0.154 8 & 8
8 OK OK OK OK OK OK OK OK OK OK -0.139 8 & 8
9 NG NG NG NG NG NG NG NG NG NG -0.346 & & &)
10 NG NG NG NG NG NG NG NG NG NG 0.312 & 8 &)
11 OK OK OK OK OK OK OK OK OK OK 0.135 8 & 8
12 OK OK OK OK OK OK OK OK OK OK 0.138 8 & 8
13 OK OK OK OK OK OK OK OK OK OK 0.295 8 & 8
14 OK OK OK OK OK | OK OK OK OK OK 0.146 8 & 8
15 NG NG NG NG NG ‘ NG NG NG NG NG 0.343 & 8 &)
16 NG NG NG NG NG ‘ NG NG NG NG NG 0.337 & 8 &)
17 NG NG NG NG NG ‘ NG NG NG NG NG 0.328 & 8 &)
18 OK OK OK OK OK | OK OK OK OK OK 0.294 8 & 8
19 OK OK OK oK [ OK OK OK OK OK OK 0.018) 3 € 8
20 NG NG NG ‘ NG NG NG NG NG NG NG -0.356 & & &)
Correct 35/ 24| 36| 24| 36 24
Inspection Results Alarm 1 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36, 24
Correct Correct Correct
Mr. Chantra 35 24 59 1 0 60
Mr. Jiemsak 36 24 60 0 0 60
Mr. Vaschira 36 24 60 0 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Chantra 0.98 0.03 0.00
Mr. Jiemsak 1.00 0.00 0.00
Mr. Vaschira 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 90
Parts name: |Knuckle Tool name Limit Plug gage
Partsno.: 4271406121 Tool No. KIPW 19
Section : Specification (19.0 +0.3 Analysis Data
Sample Trial |Actual Parts |[Mr. Chantra Mr. Jiemsak Mr. Vaschira PART 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.113 3 8 8
2 OK OK OK OK OK OK OK OK OK OK 0.288 8 & 8
3 NG NG NG NG NG NG NG NG NG NG 0.342 & 8 &)
4 NG NG NG NG NG NG NG NG NG NG -0.313 & & &)
5 NG NG NG NG NG NG NG NG NG NG -0.331 & & &)
6 OK NG OK OK OK OK OK NG OK OK -0.293 2 & 2
7 OK OK OK OK OK OK OK OK OK OK 0.061 8 & 8
8 OK OK OK OK OK OK OK OK OK OK 0.138 8 & 8
9 OK OK OK OK OK OK OK OK OK OK 0.127 8 & 8
10 NG NG NG NG NG NG NG NG NG NG -0.347 & & &)
11 OK OK OK OK OK OK OK OK OK OK -0.294 8 & 8
12 OK OK OK OK OK OK OK OK OK OK 0.045 8 & 8
18] NG NG NG NG NG NG NG NG NG NG -0.311 & & &)
14 OK OK OK OK OK | OK OK OK OK OK 0.126 8 & 8
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.251 8 & 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.142 8 & 8
17] NG NG NG NG NG ‘ NG NG NG NG NG 0.308 & 8 &)
18 OK OK OK OK: OK | OK OK OK OK OK 0.231 8 & 8
19 NG NG NG NG | 1 NG NG NG NG NG NG 0.364 3 3 3
20 NG NG NG NG NG NG NG NG NG NG 0.339 & 8 &)
Correct 35| 24| 36| 24| 35 24
Inspection Results Alarm 1 0 0 0 1 0
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36| 24
Correct Correct Correct
Mr. Chantra 35 24 59 0 60
Mr. Jiemsak 36 24 60 0 60
Mr. Vaschira 35 24 59 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Chantra 0.98 0.03 0.00
Mr. Jiemsak 1.00 0.00 0.00
Mr. Vaschira 0.98 0.03 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 130
Parts name: |Knuckle Tool name Thread ring gage
Partsno.: 4271406121 Tool No. T-IT-188
Section : 16 Specification M18*1.5 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK [NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 8] 8 8
2 OK OK OK OK OK OK OK OK OK OK 8 & 8
3 OK OK OK OK OK OK OK OK OK OK 8 & 8
4 OK OK OK OK OK OK OK OK OK OK 8 & 8
5 NG NG NG NG NG NG NG NG NG NG & & &)
6 NG NG NG NG NG NG NG NG NG NG & & &)
7 NG NG NG NG NG NG NG NG NG NG & & &)
8 NG NG NG NG NG NG NG NG NG NG & & &)
9 OK OK OK OK OK OK OK OK OK OK 8 & 8
10 OK OK OK OK OK OK OK OK OK OK 8 & 8
" OK OK OK OK OK OK OK OK OK OK 8 & 8
12 NG NG NG NG NG NG NG NG NG NG & & &)
13 OK OK OK OK OK OK OK OK OK OK 8 & 8
14 OK OK OK OK OK | OK OK OK OK OK 8 & 8
15 OK OK OK OK OK ‘ OK OK OK OK OK 8 & 8
16 NG NG NG NG NG ‘ NG NG NG NG NG & & &)
17 NG NG NG NG NG ‘ NG NG NG NG NG & & &)
18 OK OK OK OK: OK | OK OK OK OK OK 8 & 8
19 NG NG NG NG | 1 NG NG NG NG NG NG 3 3 3
20 OK OK OK OK OK OK OK OK OK OK 8 & 8
Correct 36| 24| 36| 24| 36| 24
Inspection Results Alarm 0 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36| 24 36| 24 36/ 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 0 60
Mr. Sanya 36 24 60 0 0 60
Mr. Narad 36 24 60 0 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 1.00 0.00 0.00
Mr. Narad 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 110
Parts name: |Knuckle Tool name Tool for measuring boss taper
Partsno.: 4271406121 Tool No. T-IT-180
Section : 17 Specification 0 +1.0/0 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 NG NG NG NG NG NG NG NG NG NG 1.15 3 3 3
2 NG NG NG NG NG NG NG NG NG NG 1.17 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 0.95 3 3 3
4 OK OK OK OK OK OK OK OK OK OK 048 3 3 3
5 OK OK OK OK OK OK OK OK OK OK 0.67 3 3 3
6 NG NG NG NG NG NG NG NG NG NG 1.07 3 3 3
7 OK OK OK OK OK OK OK OK OK OK 0.76 3 3 3
8 OK OK OK OK OK OK OK OK OK OK 097 3 3 3
9 NG NG NG NG NG NG NG NG NG NG 1.14 & & &)
10 NG NG NG NG NG NG NG NG NG NG 1.03 &) & &
11 OK oK OK OK OK OK OK | 7OK.| oK oK 0.98] 3 € 8
12 NG NG NG NG NG NG NG NG NG NG 1.21 & & &)
13 OK OK OK OK OK OK OK OK OK OK 0.77 8 & 8
14 NG NG NG NG NG i NG NG NG NG NG 1.08 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.45 8 & 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.86 8 & 8
17 OK OK OK OK M Oi< ‘ OK OK OK OK OK 0.75 8 & 8
18 NG NG NG NG NG \ NG NG NG NG NG 1.25 & & &)
19 OK OK OK OK OK OK OK OK OK OK 0.64 8 & 8
20 OK OK OK OK: OK OK | OK OK OK OK 0.66/ 3 3 3
Correct 36| 24| 36 24| 36 24
Inspection Results Alarm 0 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36| 24 36/ 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 60
Mr. Sanya 36 24 60 N 0 60
Mr. Narad 36 24 60 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 1.00 0.00 0.00
Mr. Narad 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 110
Parts name: |Knuckle Tool name Tool for measuring boss taper
Partsno.: 4271406121 Tool No. T-IT-188
Section : 18 Specification 0 +05 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.35] 3 3 3
2 OK OK OK OK OK OK OK OK OK OK 027 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 0.47) 3 3 3
4 OK OK OK OK OK OK OK OK OK OK 0.48 3 3 3
5 NG NG NG NG NG NG NG NG NG NG -0.62 3 3 3
6 NG NG NG NG NG NG NG NG NG NG -0.67 3 3 3
7 NG NG NG NG NG NG NG NG NG NG -0.52 3 3 3
8 OK OK OK OK OK OK OK OK OK OK -0.28 3 3 3
9 OK OK OK OK OK OK OK OK OK OK -0.250 3 3 3
10 NG NG NG NG NG NG NG NG NG NG 0.57 &) & &
11 NG NG NG NG NG NG NG | NG| NG NG -0.69 3 3 3
12 OK OK OK OK OK OK OK OK OK OK 0.27 8 & 8
13 OK OK OK OK OK OK OK OK OK OK -0.46 8 & 8
14 NG NG NG NG NG i NG NG NG NG NG 0.34 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.26 8 & 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.28 8 & 8
17 OK OK OK OK F Oi< ‘ OK OK OK OK OK 0.34 8 & 8
18 OK OK OK OK OK | OK OK OK OK OK 032 3 3 3
19 NG NG NG NG NG NG NG NG NG NG -0.67 & 8 &)
20 NG NG NG NG NG NG | NG NG NG NG -0.58 &) & &
Correct 36| 24| 36 24| 36 24
Inspection Results Alarm 0 0 0 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36 24 36 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 60
Mr. Sanya 36 24 60 N 0 60
Mr. Narad 36 24 60 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 1.00 0.00 0.00
Mr. Narad 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 50
Parts name: |Knuckle Tool name Special gage
Partsno.: 4271406121 Tool No. T-IT-167
Section : 19 Specification 19 0/+0.1 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.043| 3 3 3
2 OK OK OK OK OK OK OK OK OK OK 0.098| 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 0.035] 3 3 3
4 OK OK OK OK OK OK OK OK OK OK 0.067| 3 3 3
5 NG NG NG NG NG NG NG NG NG NG -0.043 3 3 3
6 NG NG NG NG NG NG NG NG NG NG -0.012 3 3 3
7 OK NG OK OK OK OK OK NG NG OK 0.015 2 3 1
8 OK OK OK OK OK OK OK OK OK OK 0.073] 3 3 3
9 NG NG NG NG NG NG NG NG NG NG 0.141 & 8 &)
10 OK OK OK OK OK OK OK OK OK OK 0.086 8 & 8
11 NG NG NG NG NG NG NG | NG| NG NG 0.108 3 3 3
12] NG NG NG NG NG NG NG NG NG NG 0.105 & & &
13 OK OK OK OK OK OK OK OK OK OK 0.056 8 & 8
14 OK OK oK oK OK i OK OK OK OK OK 0.097] 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.076 8 &) 8
16 NG NG NG NG NG ‘ NG NG NG NG NG 0.132 & 8 &)
17 NG NG NG NG, F NE‘- ‘ NG NG NG NG NG 0.124 & 8 &)
18 OK OK OK OK OK | OK OK OK OK OK 0.045 3 3 3
19 OK OK OK OK OK OK OK OK OK OK 0.057 8 & 8
20 NG NG NG i NG NG NG | NG NG NG NG 0.119 & 8 &)
Correct 35/ 24| 36| 24| 34| 24
Inspection Results Alarm 1 0 0 0 2 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36 24 36 24
Correct Correct Correct
Mr. Vanchai 35 24 59 1 0 60
Mr. Sanya 36 24 60 N 0 0 60
Mr. Narad 34 24 58 2 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 0.98 0.03 0.00
Mr. Sanya 1.00 0.00 0.00
Mr. Narad 0.97 0.06 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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Plant Knuckle Process Line OP 120
Parts name: |Knuckle Tool name Width gage
Partsno.: 4271406121 Tool No. KGWW 5.9
Section : 20 Specification 5 +0.3/-0.1 Analysis Data
Sample Trial |Actual Parts [Mr. Vanchai Mr. Sanya Mr. Narad PART 1 2 3
#1 #2 #3 #1 #2 #3 #1 #2 #3 Dimension [OK NG [OK NG [OK NG
1 OK OK OK OK OK OK OK OK OK OK 0.112| 3 3 3
2 OK OK OK OK OK OK OK OK OK OK 0.152] 3 3 3
3 OK OK OK OK OK OK OK OK OK OK 0.181 3 3 3
4 NG NG NG NG NG NG NG NG NG NG -0.124 3 3 3
5 NG NG NG NG NG NG NG NG NG NG -0.154 3 3 3
6 OK OK OK OK OK OK OK OK OK OK 0.098 3 3 3
7 NG NG NG NG NG NG NG NG NG NG -0.16 3 3 3
8 OK OK OK OK OK OK OK OK OK OK -0.089| 3 3 3
9 OK OK OK OK OK OK OK OK OK OK 0.098] 3 3 3
10 OK OK OK OK NG OK OK OK OK OK -0.095 8 2 8
11 NG NG NG NG NG NG NG | NG| NG NG 0177 3 3 3
12 NG NG NG NG NG NG NG NG NG NG -0.163 & & &)
13 NG NG NG NG NG NG NG NG NG NG -0.126 & & &
14 OK OK oK oK OK i OK OK OK OK OK 0.185] 3 3 3
15 OK OK OK OK OK ‘ OK OK OK OK OK 0.286 8 &) 8
16 OK OK OK OK OK ‘ OK OK OK OK OK 0.295 8 & 8
17 OK OK OK OK F Oi< ‘ OK OK OK OK OK 0.173 8 & 8
18 NG NG NG NG NG \ NG NG NG NG NG -0.113 & & &
19 NG NG NG NG NG NG NG NG NG NG -0.138 & & &)
20 OK OK OK i OK: OK OK | OK OK OK OK -0.09] 3 3 3
Correct 36| 24| 35 24| 36 24
Inspection Results Alarm 0 0 1 0 0 0
Appraiser OK NG Total FALSE Miss Total Total 36 24 36 24 36 24
Correct Correct Correct
Mr. Vanchai 36 24 60 0 0 60
Mr. Sanya 35 24 59 N 1 0 60
Mr. Narad 36 24 60 0 0 60
Calculation
Appraiser E P_false P_ miss
Mr. Vanchai 1.00 0.00 0.00
Mr. Sanya 0.98 0.03 0.00
Mr. Narad 1.00 0.00 0.00
Parameter Acceptable Marginal Unacceptable
E > 0.90 |0.80 to .090 < 0.80
Attribute Data Criteria P_false <_0.05 |0.05 to 0.10 > 0.10
P_miss < 0.02 10.02 to 0.05 >0.05
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring center M/C Name OP-10
Characteristic Length Gaga No. T-IT-159 , 513-404 Gage Accuracy 0.0lmm
Specification 3225 +0.2/-0.2 Gage type  Special gage Date 28-Jul-00
Appraiser \ Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.155 0.160 0.140 0.120 0.150 0.165 0.135 0.145 0.145 0.135 0.145
2| 0.150 0.160 0.145 0.120 0.150 0.165 0.135 0.150 0.145 0.135 0.146
0.150 0.160 0.145 0.125 0.155 0.165 0.135 0.145 0.145 0.140 0.147
Average 0.152 0.160 0.143 0.122 0.152 0.165 0.135 0.147 0.145 0.137 0.146
Range 0.005 0.000 0.005 0.005 0.005 0.000 0.000 0.005 0.000 0.005 0.003
Mr. Sanya
1 0.150 0.160 0.145 0.125 0.155 0.165 0.135 0.145 0.145 0.140 0.147
2| 0.155 0.160 0.145 0.125 0.150 0.165 0.135 0.150 0.145 0.135 0.147
0.155 0.160 0.145 0.125 0.155 0.160 0.135 0.150 0.145 0.135 0.147
Average 0.153 0.160 0.145 0.125 0.153 0.163 0.135 0.148 0.145 0.137 0.147
Range 0.005 0.000 0.000 0.000 0.005 0.005 0.000 0.005 0.000 0.005 0.003
Mr. Vaschira
1 0.155 0.160 0.145 0.125 0.150 0.165 0.135 0.150 0.145 0.135 0.147
2| 0.150 0.165 0.145 0.125 0.150 0.165 0.135 0.150 0.145 0.135 0.147
0.150 0.165 0.145 0.120 0.150 0.165 0.135 0.150 0.145 0.130 0.146
Average 0.152 0.163 0.145 0.123 0.150 0.165 0.135 0.150 0.145 0.133 0.146
Range 0.005 0.005 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.005 0.002
Part AVG. 0.152 0.161 0.144 0.123 0.152 0.164 0.135 0.148 0.145 0.136 0.041
[RbarA+RbarB+RbarC]/[# of operators] 0.003
[MAX Xbar-MIN X bar]=X, x5 0.001
[Rdoublebar X D,*] = UCLy 0.006
[Rdoublebar X Dy*] =LCLy 0.000

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL; represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Part No. and M KNUCKLE
Characteristic Length Gage No:

Tolerance: 0.400

From data sheet:

Gage Type:
Rdoublebar = 0.003

Gage Name:

Gage R&R Evaluation

Tool for measuring center # of trials = 3 Date:
T-IT-159 , 513-404 # of parts = 10 Performed by:
Special gage # of appraiser = 3

X DIFF = 0.001 Rp= 0.041

28-Jul-00
P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0076

% EV = 100[EV/TV]
divided by TV= 11.4%

divided by tolerance= 1.9%

Reproducibility - Appraiser Variation (AV)

2 2
AV = JX,.omr X K5) - (EV /nr)]

% AV = 100[AV/TV]

divided by TV=
divided by tolerance= I O.4%|

Repeatability & Reproducibility (R & R)

2 2
R&R:\ﬁEV +AV ]

= 0.0078

% R&R = 100[R&R/TV]
divided by TV= 11.7%
divided by tolerance= 2.0%

Part Variation (PV)
PV = Rp x Ky

= 0.067

% PV-= 100[PV/TV]
divided by TV= 99.3%
divided by tolerance= 16.7%

Total Variation (TV) or Tolerance

R&RStudy 1_1la
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo Fo.os, Vvl
Appraiser 0.000011 2 0.000005 0.945 3.55
Parts 0.01253 9 0.001392 249.171 2.46
Appraiser + Part 0.00010 18 0.000006 1.341 1.786
Repeatability 0.00025 60 0.000004

Total 0.01289 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DE MS Fo Fo.os, Vi
Appraiser 0.000011 2 0.000005 1.174 3.55
Parts 0.012528 9 0.001392 309.720 2.46
Repeatability 0.000351 78 0.000004

Total 0.012889 89

Table 1.7 5.15 Sigma Spread

Variance munuully Y%

EV 0.01092 16.8
AV 0.00083 =3
G R&R 0.01095 16.9
PV 0.06394 98.6
TV 0.06487
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring center M/C Name OP-10
Characteristic Length Gaga No. T-IT-159 2929FB-62 Gage Accuracy 0.0lmm
Specification 150 +0.2/-0.2 Gage type  Special gage Date 28-Jul-00
Appraiser \ Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
0.130 0.130 0.130 0.145 0.150 0.150 0.130 0.155 0.135 0.165 0.142
0.130 0.130 0.130 0.145 0.150 0.150 0.130 0.150 0.140 0.170 0.143
0.135 0.130 0.130 0.140 0.150 0.150 0.125 0.155 0.140 0.170 0.143
Average 0.132 0.130 0.130 0.143 0.150 0.150 0.128 0.153 0.138 0.168 0.142
Range 0.005 0.000 0.000 0.005 0.000 0.000 0.005 0.005 0.005 0.005 0.003
Mr. Sanya
0.135 0.130 0.130 0.145 0.150 0.145 0.130 0.160 0.140 0.170 0.144
0.135 0.130 0.135 0.145 0.155 0.145 0.130 0.155 0.140 0.165 0.144
0.140 0.125 0.135 0.140 0.150 0.145 0.140 0.160 0.140 0.165 0.144
Average 0.137 0.128 0.133 0.143 0.152 0.145 0.133 0.158 0.140 0.167 0.144
Range 0.005 0.005 0.005 0.005 0.005 0.000 0.010 0.005 0.000 0.005 0.005
Mr. Vaschira
0.130 0.130 0.130 0.145 0.150 0.150 0.130 0.150 0.130 0.165 0.141
0.135 0.130 0.130 0.140 0.150 0.145 0.135 0.160 0.140 0.165 0.143
0.135 0.135 0.130 0.140 0.145 0.145 0.130 0.160 0.140 0.165 0.143
Average 0.133 0.132 0.130 0.142 0.148 0.147 0.132 0.157 0.137 0.165 0.142
Range 0.005 0.005 0.000 0.005 0.005 0.005 0.005 0.010 0.010 0.000 0.005
Part AVG. 0.134 0.130 0.131 0.143 0.150 0.147 0.131 0.156 0.138 0.167 0.037
[RbarA+RbarB+RbarC]/[# of operators] 0.004
[MAX Xbar-MIN X bar]=X, x5 0.001
[Rdoublebar X D,*] = UCLy 0.011
[Rdoublebar X Dy*] =LCLy 0.000

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL; represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and Name: KNUCKLE Gage Name: Tool for measuring center # of trials = 3 Date: 28-Jul-00
Characteristic: Length Gage No: T-1T-159 2929FB-62 # of parts = 10 Performed by P.Chakkrit
Tolerance: Gage Type:  Special gage # of appraiser = 3
From data sheet: Rdoublebar = 0.004 X arDIFF = 0.001 R, = 0.037
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.013 divided by TV= 20.9%
divided by tolerance= 3.2%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=

divided by tolerance= 0.8%

Repeatability & Reproducibility (R & R)
R&R= [FV +AV] %R&R = 100[R&R/TV]
= divided by TV= 21.6%
divided by tolerance= 3.3%

Part Variation (PV)
PV = Rp x K, % PV = 100[PV/TV]

= divided by TV= 97.6%
divided by tolerance= 14.9%

Total Variation (TV) or Tolerance

R&RStudy _la
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo Fo.os, vl,v2
Appraiser 0.00004 2 0.000020 1.743 3.55
Parts 0.01219 9 0.001355 116.416 2.46
Appraiser + Part 0.00021 18 0.000012 1.351 1.786
Repeatability 0.00052 60 0.000009

Total 0.01296 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DF MS Fo Fo.os, vl,v2
Appraiser 0.00004 2 0.000020 2.178 3.55
Parts 0.01219 9 0.001355 145.513 2.46
Repeatability 0.00073 78 0.000009

Total 0.01296 89

Table 1.7 5.15 Sigma Spread

Variance munuvully %

EV 0.01571 24.2
AV 0.00311 4.8
G R&R 0.01602 24.7
PV 0.06296 96.9
TV 0.06497
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Digimatic Calipers M/C Name OP-10
Characteristic Diameter Gaga No. 0015535 Gage Accuracy 0.01 mm
Specification 7.2 40 Wagel Gage type  Standard gage Date 02-Aug-00
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 7.23 7.24 7.27 7.25 22 7.18 7.22 7.28 7.15 7.25 7.229
2 7.23 7.24 7.26 7.26 A 7.18 7.21 7.28 7.15 7.26 7.228
7.24 7.24 787 7.25 i827) 7.19 7.21 7.27 7.15 7.26 7.230
Average 7.233 7.240 7.267 7.253 T IAN] 7.183 7.213 7.277 7.150 7.257 7.229
Range 0.010 0.000 0.010 0.010 0.010 0.010 0.010 0.010 0.000 0.010 0.008
Mr. Sanya
1 7.24 7.24 7.27 7.25 7.3 7.19 7.22 7.28 7.15 7.26 7.231
2 7.24 7.24 7.27 7.26 7.22 7.18 7.22 7.29 7.15 7.25 7.232
7.23 7.23 7.26 7.25 7.22 7.18 7.21 7.28 7.14 7.25 7.225
Average 7.237 7.237 7.267 Tl 7.217 7.183 7.217 7.283 7.147 7.253 7.229
Range 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Mr. Vaschira
1 7.24 7.23 7.27 7.25 7.22 7.19 7.22 7.28 7.14 7.26 7.230
2 7.24 7.23 7.27 7.25 7.22 719 7.23 7.29 7.15 7.26 7.233
7.24 7.24 7.27 7.26 7.21 7.19 7.23 7.29 7.15 7.25 7.233
Average 7.240 7.233 7.270 7.253 7.217 7.190 7.227 7.287 7.147 7.257 7.232
Range 0.000 0.010 0.000 0.010 0.010 0.000 0.010 0.010 0.010 0.010 0.007
Part AVG. 7.237 7.237 7.268 7.253 7.217 7.186 7.219 7.282 7.148 7.256 0.134
[RbarA+RbarB+RbarC]/[# of operators] 0.008
[MAX Xbar-MIN X bar]=X, x5 0.003
[Rdoublebar X D,*] = UCLy 0.022
0.000

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL; represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Part No. and Name: KNUCKLE
Characteristic: Diameter
0.200

Tolerance:

From data sheet:

Gage R&R Evaluation

Gage Name: Digimatic Calipers # of trials = 3 Date:
Gage No: 0015535 # of parts = 10 Performed by:
Gage Type:  Standard gage # of appraiser = 3

Rdoublebar = 0.008 X arDIFF = 0.003 R,=0.134

02-Aug-00
P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0254

% EV = 100[EV/TV]
divided by TV= T1.0%
divided by tolerance= 12.7%

Reproducibility - Appraiser Variation (AV)

2 2
AV = [[Xy,pr X Ky) - (EV /nr)]

= 0.0066

% AV = 100[AV/TV]

divided by TV=

divided by tolerance= 3.3%

Repeatability & Reproducibility (R & R)
2 2
R&R= \{,év +AV]

= 0.026

% R&R = 100[R&R/TV]
divided by TV= 12.0%
divided by tolerance= 13.1%

Part Variation (PV)
PV = Rp x K,

= 0.218

% PV = 100[PV/TV]
divided by TV= 99.3%
divided by tolerance= 108.9%

Total Variation (TV) or Tolerance

2 2
TV:\LA&R +PV ]

= 0.219
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Table 1.5 Analysis of Variance (ANOVA) 245
Variance SS DF MS Fo Fo.os, Vi

Appraiser 0.00016 2 0.000081 2.556 3.55

Parts 0.13030 9 0.014478 456.300 2.46

Appraiser + Part 0.00057 18 0.000032 1.142 1.786

Repeatability 0.00167 60 0.000028

Total 0.13270 89

Table 1.6 Analysis of Variance (Reduce Model )

Variance SS DFE MS Fo Fo.os, vl
Appraiser 0.00016 2 0.000081 2.827 3.55
Parts 0.13030 9 0.014478 504.633 2.46
Repeatability 0.00224 78 0.000029

Total 0.13270 89

Variance munuully %

EV 0.02758 =

AV 0.00681 )

G R&R 0.02841 13.6

PV 0.20635 99.1

TV 0.20830

Table 1.6 5.15 Sigma Spread
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Digimatic micrometer M/C Name OP-20
Characteristic Diameter Gaga No. 293-422-20 Gage Accuracy 0.001 mm
Specification 21.83 +0.05/-0.05 Gage type  Standard gage Date 02-Aug-00
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1| 21.883 21.880 21.852 21.870 21.870 21.874 21.888 21.876 21.864 21.882 21.8739
2| 21.882 21.884 21.850 21.869 21.873 21.877 21.887 21.878 21.863 21.881 21.8744
21.880 21.883 21.853 21.872 21.872 21.875 21.883 21.877 21.865 21.877 21.8737
Average 21.882 21.882 21.852 21.870 21.872 21.875 21.886 21.877 21.864 21.880 21.8740
Range 0.003 0.004 0.003 0.003 0.003 0.003 0.005 0.002 0.002 0.005 0.0033
Mr. Sanya
1] 21.885 21.882 21.850 21.870 21.872 21.876 21.885 21.877 21.864 21.878 21.8739
2| 21.884 21.884 21.851 21.868 21.869 21.875 21.886 21.874 21.866 21.880 21.8737
21.883 21.883 21.850 21.871 21.870 21.879 21.888 21.875 21.863 21.876 21.8738
Average 21.884 21.883 21.850 21.870 21.870 21.877 21.886 21.875 21.864 21.878 21.8738
Range 0.002 0.002 0.001 0.003 0.003 0.004 0.003 0.003 0.003 0.004 0.0028
Mr. Vaschira
1] 21.883 21.880 21.853 21.872 21.867 21.873 21.888 21.874 21.863 21.877 21.8730
2| 21.882 21.882 21.853 21.867 21.869 21.875 21.887 21.873 21.864 21.876 21.8728
21.885 21.881 21.852 21.869 21.870 21.877 21.884 21.871 21.862 21.881 21.8732
Average 21.883 21.881 21.853 21.869 21.869 21.875 21.886 21.873 21.863 21.878 21.8730
Range 0.003 0.002 0.001 0.005 0.003 0.004 0.004 0.003 0.002 0.005 0.0032
Part AVG. 21.883 21.882 21.852 21.870 21.870 21.876 21.886 21.875 21.864 21.879 0.0347
[RbarA+RbarB+RbarC]/[# of operators] 0.0031
[MAX Xbar-MIN X bar]=X, x5 0.0010
[Rdoublebar X D,*] = UCLy 0.0080

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and Name: KNUCKLE Gage Name: Digimatic micrometer # of trials = 3 Date: 02-Aug-00
Characteristic: Diameter Gage No: 293-422-20 # of parts = 10 Performed by P.Chakkrit
Tolerance: Gage Type:  Standard gage # of appraiser = 3
From data sheet: Rdoublebar = 0.003 X arDIFF = 0.001 R,=0.035
Measurement Unit Analysis % Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= 0.009 divided by TV= 16.6%
divided by tolerance= 9.5%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=

divided by tolerance= 2.1%

Repeatability & Reproducibility (R & R)
R&R - \gévz +AV'] %R&R = 100[R&R/TV]
= divided by TV= 17.0%
divided by tolerance= 9.7%

Part Variation (PV)
PV = Rp x K, % PV = 100[PV/TV]

= divided by TV= 98.5%
divided by tolerance= 56.2%

Total Variation (TV) or Tolerance
2 2
TV = {IQ&R +PV ]

= 0.057
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo FO_OS’ Vi
Appraiser 0.00002 2 0.000008 2.296 3.55
Parts 0.00864 9 0.000960 262.478 2.46
Appraiser + Part 0.00007 18 0.000004 1.286 1.786
Repeatability 0.00017 60 0.000003

Total 0.00890 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DF MS Fo FO_OS’ Vi
Appraiser 0.00002 2 0.000008 2.770 3.55
Parts 0.00864 9 0.000960 316.729 2.04
Repeatability 0.00024 78 0.000003

Total 0.00890 89

Table 1.7 5.15 Sigma Spread

Variance mnuuly % TV
EV 0.00897 16.63
AV 0.00218 4.04
G R&R 0.00923 17.12
PV 0.05312 98.52
TV 0.05391
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Thread micrometer M/C Name OP-130
Characteristic Thread diameter Gaga No. 293-423-20 Gage Accuracy 0.001 mm
Specification 16.826 0/0.15 Gage type  Special gage Date 08-Aug-00
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1] 16.908 16911 16.925 16.916 16.913 16.908 16.908 16.921 16.903 16.913 16.9126
2| 16.905 16.913 16.922 16.917 16.914 16.908 16.910 16.921 16.901 16.913 16.9124
16.906 16.913 16.924 16.918 16.916 16.910 16.907 16.921 16.902 16.915 16.9132
Average 16.906 16.912 16.924 16.917 16.914 16.909 16.908 16.921 16.902 16.914 16.9127
Range 0.003 0.002 0.003 0.002 0.003 0.002 0.003 0.000 0.002 0.002 0.0022
Mr. Sanya
1] 16.908 16.911 16.925 16.918 16.915 16.910 16.908 16.923 16.900 16.912 16.9130
2| 16.904 16.914 16.923 16.916 16.916 16.909 16.907 16.921 16.902 16.912 16.9124
16.906 16.912 16.923 16.916 16.914 16.906 16.908 16.924 16.898 16.913 16.9120
Average 16.906 16.912 16.924 16.917 16.915 16.908 16.908 16.923 16.900 16.912 16.9125
Range 0.004 0.003 0.002 0.002 0.002 0.004 0.001 0.003 0.004 0.001 0.0026
Mr. Vaschira
1] 16.907 16.912 16.924 16.916 16.914 16.909 16.906 16.916 16.900 16.915 16.9119
2| 16.906 16.911 16.923 16.919 16.912 16911 16.908 16.924 16.897 16.916 16.9127
16.904 16.914 16.921 16.917 16.912 16.908 16.906 16.916 16.898 16.916 169112
Average 16.906 16.912 16.923 16.917 16.913 16.909 16.907 16.919 16.898 16.916 16.9119
Range 0.003 0.003 0.003 0.003 0.002 0.003 0.002 0.008 0.003 0.001 0.0031
Part AVG. 16.906 16.912 16.923 16.917 16.914 16.909 16.908 16.921 16.900 16.914 0.0232
[RbarA+RbarB+RbarC]/[# of operators] 0.0026
[MAX Xbar-MIN X bar]=XbarDIFF 0.0008
[Rdoublebar X D,*] = UCLy 0.0068

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re+average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and Name: KNUCKLE

Characteristic: Thread diameter Gage No: 293-423-20

Tolerance: 0.150 Gage Type: Special gage

Rdoublebar = 0.003 X aDIFF =

From data sheet:

Gage Name: Thread micrometer

# of trials = 3 Date:
# of parts = 10 Performed by
# of appraiser = 3
0.001 R,=0.023

08-Aug-00
P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0080

% EV = 100[EV/TV]
divided by TV= 20.86%
divided by tolerance= 5.4%

Reproducibility - Appraiser Variation (AV)

2 2
varoiee X Ky) - (EV /nr)]
0.0016

AV =

Iﬁ

% AV = 100[AV/TV]

divided by TV=

divided by tolerance= 1.1%

Repeatability & Reproducibility (R & R)

2 2
R&R:\I/éV +AV]

9
g
IS
[ors

% R&R = 100[R&R/TV]
divided by TV= 21.3%
divided by tolerance= 5.5%

Part Variation (PV)
PV = Rp x K,

9
=
Jos|
o)

% PV = 100[PV/TV]
divided by TV= 97.7%
divided by tolerance= 25.1%

Total Variation (TV) or Tolerance

2 2
TV = [R&R +PV]

<=

I!

R&RStudy_4a

0S¢



251

Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS F Fo.os, Vi
Appraiser 0.00001 2 0.000005 1.296 3.55
Parts 0.00400 9 0.000444 115.625 2.46
Appraiser + Part 0.00007 18 0.000004 1.537 1.786
Repeatability 0.00015 60 0.000003

Total 0.00423 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DFE MS F Fo.os, vl
Appraiser 0.00001 2 0.000005 1.772 3.55
Parts 0.00400 9 0.000444 158.106 2.46
Repeatability 0.00022 78 0.000003

Total 0.00423 89

Table 1.7 5.15 Sigma Spread

Variance munuully %

EV 0.00863 23.3
AV 0.00138 3.7
G R&R 0.00874 23.6
PV 0.03607 97.2
TV 0.03711
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Shor Hardness Tester M/C Name OP-20
Characteristic Hardness Gaga No. HHJ-0614 Gage Accuracy 0.01 mm
Specification HS 67 ~80 Gage type  Tester Date 19/8/1999
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 75.00 68.00 72.00 75.00 77.00 72.00 74.00 75.00 78.00 72.00 73.800
2|  75.00 68.00 71.00 75.00 76.00 72.00 73.00 75.00 78.00 71.00 73.400
74.00 69.00 72.00 74.00 76.00 72.00 73.00 76.00 77.00 72.00 73.500
Average 74.667 68.333 71.667 74.667 76.333 72.000 73.333 75.333 77.667 71.667 73.567
Range 1.000 1.000 1.000 1.000 1.000 0.000 1.000 1.000 1.000 1.000 0.900
Mr. Sanya
1 75.00 69.00 72.00 74.00 75.00 72.00 73.00 75.00 78.00 71.00 73.400
2| 75.00 69.00 72.00 75.00 76.00 72.00 72.00 75.00 77.00 72.00 73.500
75.00 68.00 72.00 74.00 76.00 71.00 73.00 74.00 77.00 72.00 73.200
Average 75.000 68.667 72.000 74.333 75.667 71.667 72.667 74.667 77.333 71.667 73.367
Range 0.000 1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.800
Mr. Vaschira
1 74.00 69.00 72.00 75.00 77.00 72.00 73.00 76.00 78.00 72.00 73.800
2|  75.00 68.00 71.00 75.00 77.00 72.00 74.00 75.00 78.00 72.00 73.700
75.00 69.00 72.00 74.00 76.00 72.00 74.00 75.00 78.00 71.00 73.600
Average 74.667 68.667 71.667 74.667 76.667 72.000 73.667 75.333 78.000 71.667 73.700
Range 1.000 1.000 1.000 1.000 1.000 0.000 1.000 1.000 0.000 1.000 0.800
Part AVG. 74.778 68.556 71.778 74.556 76.222 71.889 73.222 75.111 77.667 71.667 9.111
[RbarA+RbarB+RbarC]/[# of operators] 0.833
[MAX Xbar-MIN X bar]=X, x5 0.333
[Rdoublebar X D,*] = UCLy 2.150

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.

R&RStudy_5a

414



Gage R&R Evaluation

Part No. and Name: KNUCKLE Gage Name: Shor Hardness Tester

Characteristic: Hardness Gage No: HHJ-0614
Tolerance: Gage Type:  Tester

From data sheet: Rdoublebar = 0.833 X s atDIFE =

# of trials = 3 Date: 19/8/1999
# of parts = 10 Performed by P.Chakkrit
# of appraiser = 3
0.333 R,=9.111

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 2.542

% EV = 100[EV/TV]
divided by TV= 16.9%
divided by tolerance= 19.6%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=

divided by tolerance= 5.9%

Repeatability & Reproducibility (R & R)
R&R= $V2+AV2]

= 2.656

% R&R = 100[R&R/TV]
divided by TV= 17.7%
divided by tolerance= 20.4%

Part Variation (PV)
PV = Rp x K,

= 14.760

% PV = 100[PV/TV]
divided by TV= 0%.4%
divided by tolerance= 113.5%

Total Variation (TV) or Tolerance
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo Fo.os, Vi
Appraiser 1.68889 2 0.844444 3.717 3.55
Parts 571.878 9 63.541975 279.723 2.46
Appraiser + Part 4.0889 18 0.227160 0.818 1.786
Repeatability 16.6667 60 0.277778

Total 594.3222 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DF MS Fo FO_OS’ Vi
Appraiser 1.68889 2 0.844444 3.173 3.55
Parts 571.878 9 63.541975 238.793 2.46
Repeatability 20.7556 78 0.266097

Total 594.3222 89

Table 1.7 5.15 Sigma Spread

Variance mnuuly %

EV 2.65661 19.07
AV 0.71506 5.13
G R&R 2.75116 19.75
PV 13.65542 98.03
TV 13.92980
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring caliper M/C Name OP-40
Characteristic Gaga No. T-IT-164 2929 F-62 Gage Accuracy 0.01 mm
Specification 0/0.15 Gage type  Special gage Date 12-Aug-00
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1 0.010 0.030 0.015 0.025 0.010 0.030 0.040 0.010 0.015 0.030 0.022
2| 0.010 0.030 0.015 0.030 0.010 0.030 0.040 0.015 0.010 0.030 0.022
0.010 0.030 0.015 0.030 0.015 0.030 0.035 0.010 0.010 0.030 0.022
Average 0.010 0.030 0.015 0.028 0.012 0.030 0.038 0.012 0.012 0.030 0.022
Range 0.000 0.000 0.000 0.005 0.005 0.000 0.005 0.005 0.005 0.000 0.003
Mr. Sanya
1 0.010 0.035 0.020 0.030 0.010 0.030 0.035 0.015 0.015 0.030 0.023
2| 0.010 0.030 0.015 0.025 0.010 0.030 0.040 0.010 0.010 0.030 0.021
0.010 0.030 0.015 0.030 0.015 0.030 0.040 0.010 0.010 0.025 0.022
Average 0.010 0.032 0.017 0.028 0.012 0.030 0.038 0.012 0.012 0.028 0.022
Range 0.000 0.005 0.005 0.005 0.005 0.000 0.005 0.005 0.005 0.005 0.004
Mr. Vaschira
1 0.010 0.030 0.015 0.030 0.010 0.030 0.035 0.010 0.010 0.025 0.021
2| 0.010 0.030 0.015 0.030 0.010 0.030 0.040 0.010 0.010 0.030 0.022
0.010 0.030 0.015 0.030 0.010 0.025 0.035 0.010 0.015 0.030 0.021
Average 0.010 0.030 0.015 0.030 0.010 0.028 0.037 0.010 0.012 0.028 0.021
Range 0.000 0.000 0.000 0.000 0.000 0.005 0.005 0.000 0.005 0.005 0.002
Part AVG. 0.010 0.031 0.016 0.029 0.011 0.029 0.038 0.011 0.012 0.029 0.028
[RbarA-RbarB-RbarC]/[# of operators] 0.003
[MAX Xbar-MIN X bar]=XbarDIFF 0.001
[Rdoublebar X D,*] = UCLy 0.007

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.
Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using
the same appraiser and unit as originally used or discard values and re+average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and Name: KNUCKLE

Characteristic: Gage No:

Tolerance: 0.150

From data sheet:

Gage Type:  Special gage
Rdoublebar = 0.003 XarDIFF =

Gage Name: Tool for measuring caliper # of trials = 3 Date:
T-IT-164 2929 F-62

# of parts = 10 Performed by:
# of appraiser = 3
0.001 Rp=0.028

12-Aug-00
P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0086

% EV = 100[EV/TV]
divided by TV= 18.85%
divided by tolerance= 5.8%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=
divided by tolerance= I 1.1%|

Repeatability & Reproducibility (R & R)

R&R= V2+AV2]

0.009

% R&R = 100[R&R/TV]
divided by TV= 19.2%
divided by tolerance= 5.9%

Part Variation (PV)
PV = Rp x K,

= 0.045

% PV = 100[PV/TV]
divided by TV= 98.1%
divided by tolerance= 30.0%

Total Variation (TV) or Tolerance

2 2
TV = [R&R +PV ]

™
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo FO_OS’ Vi
Appraiser 0.00001 2 0.000006 3.203 3.55
Parts 0.00899 9 0.000999 548.831 2.46
Appraiser + Part 0.00003 18 0.000002 0.386 1.786
Repeatability 0.00028 60 0.000005

Total 0.00932 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DF MS Fo Fo.os, Vi
Appraiser 0.00001 2 0.000006 1.439 3.55
Parts 0.00899 9 0.000999 246.604 2.46
Repeatability 0.00032 78 0.000004

Total 0.00932 89

Table 1.7 5.15 Sigma Spread

Variance mnuy %

EV 0.01037 18.80
AV 0.00125 2.27
G R&R 0.01044 18.93
PV 0.05416 98.19
TV 0.05516
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring boss position M/C Name OP-70
Characteristic Pitch dimension Gaga No. T-IT-170 1929 B Gage Accuracy 0.01 mm
Specification 42.715 +0.2 /- 0.2 Gage type  Special gage Date 10-Aug-00
Appraiser Part
Mr. Narad 1 2 3 4 5 6 7 8 9 10 Average
42.810 42.785 42.785 42.750 42.775 42.795 42.785 42.766 42.760 42.805 42.782
42.810 42.790 42.785 42.755 42.766 42.800 42.785 42.765 42.760 42.805 42.782
42.815 42.785 42.780 42.750 42.775 42.800 42.785 42.765 42.760 42.805 42.782
Average 42.812 42.787 42.783 42.752 42.772 42.798 42.785 42.765 42.760 42.805 42.782
Range 0.005 0.005 0.005 0.005 0.009 0.005 0.000 0.001 0.000 0.000 0.003
Mr. Chantra
42.810 42.785 42.785 42.755 42.766 42.795 42.780 42.766 42.765 42.800 42.781
42.805 42.790 42.780 42.750 42.766 42.795 42.785 42.765 42.760 42.805 42.780
42.810 42.790 42.780 42.750 42.775 42.800 42.785 42.765 42.760 42.800 42.782
Average 42.808 42.788 42.782 42.752 42.769 42.797 42.783 42.765 42.762 42.802 42.781
Range 0.005 0.005 0.005 0.005 0.009 0.005 0.005 0.001 0.005 0.005 0.005
Mr. Jiemsak
42.805 42.785 42.780 42.750 42.775 42.800 42.780 42.766 42.765 42.805 42.781
42.805 42.785 42.785 42.750 42.775 42.800 42.780 42.766 42.760 42.800 42.781
42.810 42.785 42.785 42.750 42.775 42.795 42.785 42.765 42.760 42.800 42.781
Average 42.807 42.785 42.783 42.750 42.775 42.798 42.782 42.765 42.762 42.802 42.781
Range 0.005 0.000 0.005 0.000 0.000 0.005 0.005 0.001 0.005 0.005 0.003
Part AVG. 0.058
[RbarA+RbarB+RbarC]/[# of operators] 0.004
[MAX Xbar-MIN X bar]=X, .5 0.001
[Rdoublebar X D,*] = UCLy 0.010
[Rdoublebar X Dy*] =LCLy 0.000

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL; represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Part No. and Name: KNUCKLE

Characteristic: Pitch dimension

0.400

Tolerance:

From data sheet:

Gage R&R Evaluation

Gage Name: Tool for measuring boss positi  # of trials = 3 Date:
Gage No: T-1T-170 1929 B # of parts = 10 Performed by
Gage Type: Special gage # of appraiser = 3

Rdoublebar = 0.004 X s atDIFF = 0.001 R, = 0.058

10-Aug-00
P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0117

% EV = 100[EV/TV]
divided by TV= 12.44%

divided by tolerance= 2.9%

Reproducibility - Appraiser Variation (AV)

2 2
AV = Xy omr X Ky) - (EV /nr)]

= 0.0022

% AV = 100[AV/TV]

divided by TV=

divided by tolerance= 0.6%

Repeatability & Reproducibility (R & R)
R&R= ¢V2+AV2]

= 0.012

% R&R = 100[R&R/TV]
divided by TV= 12.7%
divided by tolerance= 3.0%

Part Variation (PV)
PV = Rp x K,

= 0.094

% PV = 100[PV/TV]
divided by TV= 99.2%
divided by tolerance= 23.4%

Total Variation (TV) or Tolerance

2 P
TV = [R&R +PV ]

<=

R&RStudy 7 la

65¢



260

Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo Fo.os, Vi
Appraiser 0.00002 2 0.000012 1.375 3.55
Parts 0.02876 9 0.003196 374.916 2.46
Appraiser + Part 0.00015 18 0.000009 1.169 1.786
Repeatability 0.00044 60 0.000007

Total 0.02938 89

Table 1.6 Analysis of Variance (ANOVA )

Variance SS DF MS Fo Fo.os, Vi
Appraiser 0.00002 2 0.0000117 1.548 3.55
Parts 0.02876 9 0.003196 421.84 2.46
Repeatability 0.00059 78 0.0000076

Total 0.02938 89

Table 1.7 5.15 Sigma Spread

Variance munuully %

EV 0.01418 14.5
AV 0.00192 2.0
G R&R 0.01430 14.6
PV 0.09693 98.9
vV 0.09798
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring boss position M/C Name OP-70
Characteristic Pitch dimension Gaga No. T-IT-170 1929 B Gage Accuracy 0.01 mm
Specification 125.285 +0.2 /- 0.2 Gage type  Special gage Date 10-Aug-00
Appraiser Part
Mr. Narad 1 2 3 4 5 6 7 8 9 10 Average
1 0.070 0.085 0.095 0.070 0.080 0.080 0.065 0.040 0.055 0.075 0.072
2| 0.070 0.085 0.095 0.070 0.080 0.085 0.070 0.045 0.050 0.075 0.073
0.075 0.080 0.090 0.065 0.085 0.085 0.070 0.040 0.050 0.070 0.071
Average 0.072 0.083 0.093 0.068 0.082 0.083 0.068 0.042 0.052 0.073 0.072
Range 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Mr. Chantra
1 0.075 0.080 0.090 0.070 0.080 0.085 0.070 0.040 0.055 0.075 0.072
2| 0.075 0.080 0.090 0.065 0.080 0.085 0.075 0.045 0.055 0.075 0.073
0.075 0.080 0.090 0.065 0.080 0.080 0.070 0.045 0.055 0.075 0.072
Average 0.075 0.080 0.090 0.067 0.080 0.083 0.072 0.043 0.055 0.075 0.072
Range 0.000 0.000 0.000 0.005 0.000 0.005 0.005 0.005 0.000 0.000 0.002
Mr. Jiemsak
1 0.075 0.080 0.090 0.065 0.085 0.085 0.065 0.040 0.050 0.070 0.071
2| 0.070 0.080 0.090 0.065 0.080 0.085 0.070 0.040 0.050 0.070 0.070
0.070 0.080 0.085 0.075 0.080 0.085 0.070 0.045 0.055 0.070 0.072
Average 0.072 0.080 0.088 0.068 0.082 0.085 0.068 0.042 0.052 0.070 0.071
Range 0.005 0.000 0.005 0.010 0.005 0.000 0.005 0.005 0.005 0.000 0.004
Part AVG. 0.073 0.081 0.091 0.068 0.081 0.084 0.069 0.042 0.053 0.073 0.048
[RbarA+RbarB+RbarC]/[# of operators] 0.004
[MAX Xbar-MIN X bar]=X, .5 0.001
[Rdoublebar X D,*] = UCLy 0.009

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and Name: KNUCKLE Gage Name: Tool for measuring boss positio.  # of trials = 3 Date:

Characteristic: Pitch dimension Gage No: T-IT-170 1929 B # of parts = 10 Performed by:
Tolerance: Gage Type:  Special gage # of appraiser = 3

From data sheet: Rdoublebar = 0.0037 RN 0.0013 Rp=0.0483

10-Aug-00
P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0112

% EV = 100[EV/TV]
divided by TV= 14.13%
divided by tolerance= 2.8%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=
divided by tolerance= I 0.7%|

Repeatability & Reproducibility (R & R)

R&R= V2+AV2]

0.012

% R&R = 100[R&R/TV]
divided by TV= 14.6%
divided by tolerance= 2.9%

Part Variation (PV)
PV = Rp x K,

= 0.078

% PV = 100[PV/TV]
divided by TV= 98.9%
divided by tolerance= 19.6%

Total Variation (TV) or Tolerance
2 2
TV = \[}{&R +PV']

/™
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo FO_OS’ Vi
Appraiser 0.00003 2 0.000014 1.625 3.55
Parts 0.01737 9 0.001930 217.167 2.46
Appraiser + Part 0.00016 18 0.000009 1.333 1.786
Repeatability 0.00040 60 0.000007

Total 0.01796 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DF MS Fo FO_OS’ Vi
Appraiser 0.00003 2 0.000014 2.012 3.55
Parts 0.01737 9 0.001930 268.873 2.46
Repeatability 0.00056 78 0.000007

Total 0.01796 89

Table 1.7 5.15 Sigma Spread

Variance mnuy %

EV 0.01380 18.0
AV 0.00253 3.3
G R&R 0.01403 18.3
PV 0.07528 98.3
TV 0.07658
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Ari micrometer M/C Name OP-80
Characteristic Diameter Gaga No. E-AJO-5016 Gage Accuracy 0.001 mm
Specification 34.925 -0.002 /-0.015 Gage type  Special gage Date 21-May-00
Appraiser Part
Mr. Jiemsak 1 2 3 4 5 6 7 8 9 10 Average
-0.004 -0.006 -0.005 -0.010 -0.008 -0.005 -0.008 -0.005 -0.003 -0.011 -0.0065
-0.004 -0.007 -0.004 -0.010 -0.008 -0.005 -0.008 -0.006 -0.003 -0.011 -0.0066
-0.004 -0.007 -0.004 -0.010 -0.007 -0.006 -0.007 -0.006 -0.001 -0.010 -0.0062
Average -0.0040 -0.0067 -0.0043 -0.0100 -0.0077 -0.0053 -0.0077 -0.0057 -0.0023 -0.0107 -0.0064
Range 0.0000 0.0010 0.0010 0.0000 0.0010 0.0010 0.0010 0.0010 0.0020 0.0010 0.0009
Mr. Narad
-0.004 -0.006 -0.004 -0.009 -0.009 -0.006 -0.007 -0.006 -0.003 -0.010 -0.0064
-0.004 -0.006 -0.004 -0.009 -0.008 -0.005 -0.007 -0.006 -0.002 -0.010 -0.0061
-0.004 -0.006 -0.005 -0.009 -0.009 -0.006 -0.007 -0.005 -0.003 -0.010 -0.0064
Average -0.0040 -0.0060 -0.0043 -0.0090 -0.0087 -0.0057 -0.0070 -0.0057 -0.0027 -0.0100 -0.0063
Range 0.0000 0.0000 0.0010 0.0000 0.0010 0.0010 0.0000 0.0010 0.0010 0.0000 0.0005
Mr. Prasad
-0.004 -0.007 -0.003 -0.010 -0.007 -0.005 -0.007 -0.004 -0.003 -0.010 -0.0060
-0.004 -0.006 -0.003 -0.010 -0.007 -0.006 -0.007 -0.005 -0.002 -0.010 -0.0060
-0.004 -0.006 -0.004 -0.009 -0.009 -0.006 -0.007 -0.005 -0.002 -0.010 -0.0062
Average -0.0040 -0.0063 -0.0033 -0.0097 -0.0077 -0.0057 -0.0070 -0.0047 -0.0023 -0.0100 -0.0061
Range 0.0000 0.0010 0.0010 0.0010 0.0020 0.0010 0.0000 0.0010 0.0010 0.0000 0.0008
Part AVG. -0.004 -0.006 -0.004 -0.010 -0.008 -0.006 -0.007 -0.005 -0.002 -0.010 0.0078
[RbarA+RbarB+RbarC]/[# of operators] 0.0007
[MAX Xbar-MIN X bar]=X, x5 0.0004
[Rdoublebar X D,*] = UCLy 0.0019

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and Name: KNUCKLE Gage Name: Ari micrometer
Characteristic: Diameter Gage No: E-AJO-5016
Tolerance: 0.013 Gage Type: Special gage

From data sheet: Rdoublebar = 0.001 X atDIFF =

# of trials = 3 Date: 21-May-00
# of parts = 10 Performed by P.Chakkrit
# of appraiser = 3
0.0004 R, = 0.008

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0022

% EV = 100[EV/TV]
divided by TV= 17.43%
divided by tolerance= 17.2%

Reproducibility - Appraiser Variation (AV)

% AV = 100[AV/TV]

divided by TV=

divided by tolerance= 6.9%

Repeatability & Reproducibility (R & R)
R&R= \géV2+AV2]

= 0.002

% R&R = 100[R&R/TV]
divided by TV= T8.8%
divided by tolerance= 18.6%

Part Variation (PV)
PV = Rp x K,

= 0.013

% PV = 100[PV/TV]
divided by TV= 08.2%
divided by tolerance= 96.9%

Total Variation (TV) or Tolerance

2 D
TV = [R&R +PV ]

/™

e
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo Fo.os, Vi
Appraiser 2.07E-06 2 1.03E-06 2.220 3.55
Parts 5.10E-04 9 5.66E-05 121.708 2.04
Appraiser + Part 8.38E-06 18 4.65E-07 1.611 1.786
Repeatability 1.73E-05 60 2.89E-07

Total 5.38E-04 89

Table 1.6 Analysis of Variance (ANOVA ) Reduce model

Variance SS DFE MS Fo Fo.os, vl
Appraiser 2.07E-06 2 1.03E-06 BeSi 7 3.55
Parts 5.10E-04 9 5.66E-05 196.085 2.04
Repeatability 2.57E-05 78 2.22B-07

Total 5.38E-04 89

Table 1.7 5.15 Sigma Spread

Variance tgl”Ju‘U‘UtiN TV %
EV 0.00243 18.5
AV 0.00085 6.4
G R&R 0.00257 19.6
PV 0.01289 98.1
TV 0.01315
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Tool for measuring center M/C Name OP-10
Characteristic Length Gaga No. T-IT-159 2929FB-62 Gage Accuracy 0.0lmm
Specification 150 +0.2/-0.2 Gage type  Special gage Date
Appraiser \ Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
0.120 0.130 0.130 0.145 0.150 0.150 0.130 0.155 0.135 0.165 0.141
0.120 0.130 0.130 0.145 0.155 0.150 0.130 0.155 0.140 0.165 0.142
0.125 0.130 0.130 0.140 0.155 0.150 0.135 0.155 0.140 0.170 0.143
Average 0.122 0.130 0.130 0.143 0.153 0.150 0.132 0.155 0.138 0.167 0.142
Range 0.005 0.000 0.000 0.005 0.005 0.000 0.005 0.000 0.005 0.005 0.003
Mr. Sanya
0.120 0.130 0.130 0.145 0.150 0.145 0.130 0.160 0.140 0.170 0.142
0.125 0.130 0.135 0.145 0.155 0.145 0.130 0.155 0.140 0.165 0.143
0.125 0.125 0.135 0.140 0.155 0.145 0.135 0.160 0.140 0.165 0.143
Average 0.123 0.128 0.133 0.143 0.153 0.145 0.132 0.158 0.140 0.167 0.142
Range 0.005 0.005 0.005 0.005 0.005 0.000 0.005 0.005 0.000 0.005 0.004
Mr. Vaschira
0.120 0.130 0.130 0.145 0.150 0.150 0.135 0.150 0.130 0.165 0.141
0.120 0.130 0.130 0.140 0.150 0.145 0.135 0.160 0.140 0.165 0.142
0.120 0.135 0.130 0.140 0.150 0.145 0.130 0.160 0.140 0.165 0.142
Average 0.120 0.132 0.130 0.142 0.150 0.147 0.133 0.157 0.137 0.165 0.141
Range 0.000 0.005 0.000 0.005 0.000 0.005 0.005 0.010 0.010 0.000 0.004
Part AVG. 0.122 0.130 0.131 0.143 0.152 0.147 0.132 0.157 0.138 0.166 0.044
[RbarA+RbarB+RbarC]/[# of operators] 0.004
[MAX Xbar-MIN X bar]=X, x5 0.001
[Rdoublebar X D,*] = UCLy 0.009
[Rdoublebar X Dy*] =LCLy 0.000

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL; represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re-average and recompute R

and the limiting value from the remaining observations.
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Gage R&R Evaluation

Part No. and Name: KNUCKLE Gage Name: Tool for measuring center # of trials =

Characteristic: Length Gage No: T-1T-159 2929FB-62

Tolerance: 0.400 Gage Type:  Special gage

From data sheet: Rdoublebar = 0.004 X NSRS

# of parts =

# of appraiser =

0.001 R,=

3 Date:
10 Performed by
3

0.044

P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)

EV = Rdoublebar x K, % EV = 100[EV/TV]
= divided by TV= 15.3%
divided by tolerance= 2.8%
Reproducibility - Appraiser Variation (AV)
AV = % AV = 100[AV/TV]
= divided by TV=
divided by tolerance= 0.6%
Repeatability & Reproducibility (R & R)
R&R= [FV +AV] %R&R = 100[R&R/TV]
= divided by TV= 15.7%
divided by tolerance= 2.9%
Part Variation (PV)
PV = Rp x K, % PV = 100[PV/TV]
= divided by TV= 98.8%
divided by tolerance= 18.0%

Total Variation (TV) or Tolerance
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Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS Fo Fo.os, vl,v2
Appraiser 0.00002 2 0.000011 1.345 3.55
Parts 0.01542 9 0.001714 212.724 2.46
Appraiser + Part 0.00015 18 0.000008 1.115 1.786
Repeatability 0.00043 60 0.000007

Total 0.01602 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DF MS Fo Fo.os, vl,v2
Appraiser 0.00002 2 0.000011 1.461 3.55
Parts 0.01542 9 0.001714 231.115 2.46
Repeatability 0.00058 78 0.000007

Total 0.01602 89

Table 1.7 5.15 Sigma Spread

Variance munuvully %

EV 0.01402 19.4
AV 0.00174 2.4
G R&R 0.01413 19.5
PV 0.07091 98.1
TV 0.07230
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GAGE R&R STUDY

Part Name KNUCKLE Gage Name Thread micrometer M/C Name OP-130
Characteristic Thread diameter Gaga No. 293-423-20 Gage Accuracy 0.001 mm
Specification 16.826 0/0.15 Gage type  Special gage Date
Appraiser Part
Mr. Vanchai 1 2 3 4 5 6 7 8 9 10 Average
1] 16.908 16911 16.925 16.916 16.913 16.908 16.908 16.921 16.900 16.913 16.9123
2| 16.905 16.913 16.922 16.917 16.914 16.908 16.906 16.921 16.901 16.913 16.9120
16.906 16.913 16.924 16.918 16.912 16.910 16.907 16.921 16.902 16.915 16.9128
Average 16.906 16.912 16.924 16.917 16.913 16.909 16.907 16.921 16.901 16.914 16.9124
Range 0.003 0.002 0.003 0.002 0.002 0.002 0.002 0.000 0.002 0.002 0.0020
Mr. Sanya
1] 16.908 16.911 16.925 16.918 16.913 16.910 16.908 16.923 16.900 16.912 16.9128
2| 16.904 16.914 16.923 16.916 16.912 16.909 16.907 16.921 16.902 16.914 16.9122
16.906 16.912 16.923 16.916 16.914 16.908 16.908 16.920 16.901 16.913 16.9121
Average 16.906 16.912 16.924 16.917 16.913 16.909 16.908 16.921 16.901 16.913 16.9124
Range 0.004 0.003 0.002 0.002 0.002 0.002 0.001 0.003 0.002 0.002 0.0023
Mr. Vaschira
1] 16.907 16.912 16.924 16.916 16.914 16.909 16.906 16.916 16.900 16.915 16.9119
2| 16.906 16.911 16.923 16.919 16.912 16.908 16.908 16.920 16.897 16.916 16.9120
16.904 16.914 16.921 16.917 16.912 16.908 16.906 16.917 16.898 16.914 169111
Average 16.906 16.912 16.923 16.917 16.913 16.908 16.907 16.918 16.898 16.915 169117
Range 0.003 0.003 0.003 0.003 0.002 0.001 0.002 0.004 0.003 0.002 0.0026
Part AVG. 16.906 16.912 16.923 16.917 16.913 16.909 16.907 16.920 16.900 16.914 0.0232
[RbarA+RbarB+RbarC]/[# of operators] 0.0023
[MAX Xbar-MIN X bar]=XbarDIFF 0.0007
[Rdoublebar X D,*] = UCLy 0.0059

[Rdoublebar X Dy*] =LCLy

*D,=3.27 for 2 trials and 2.58 for 3 trials;D, = 0 for up to 7 trials. UCL represent the limit of individual R's.

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using

the same appraiser and unit as originally used or discard values and re+average and recompute R

and the limiting value from the remaining observations.
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Part No. and Name: KNUCKLE
Characteristic:
Tolerance: 0.150

Thread diameter

From data sheet:

Gage R&R Evaluation

Gage Name: Thread micrometer # of trials = 3 Date:
Gage No: 293-423-20 # of parts = 10 Performed by
Gage Type:  Special gage # of appraiser = 3

Rdoublebar = 0.002 X NSRS 0.001 R,=0.023

P.Chakkrit

Measurement Unit Analysis

% Process Variation

Repeatability - Equipment Variation (EV)
EV = Rdoublebar x K,

= 0.0070

% EV = 100[EV/TV]
divided by TV= 18.32%
divided by tolerance= 4.7%

Reproducibility - Appraiser Variation (AV)

2 2
AV = varpirr X Kp) = (EV /nr)]

= 0.0014

5.

% AV = 100[AV/TV]
divided by TV=

divided by tolerance= 0.9%

Repeatability & Reproducibility (R & R)

2 2
R&R:\I/éV +AV]

S
g
IS
~|

% R&R = 100[R&R/TV]
divided by TV= 18.7%
divided by tolerance= 4.8%

Part Variation (PV)
PV = Rp x K,
= 0.038

% PV = 100[PV/TV]
divided by TV= 08.2%
divided by tolerance= 25.1%

Total Variation (TV) or Tolerance

2 Dj
TV = [R&R +PV ]

<=

I!

R&RStudy_4b

cle



273

Table 1.5 Analysis of Variance (ANOVA)

Variance SS DF MS F Fo.os, Vi
Appraiser 0.00001 2 0.000005 2.147 3.55
Parts 0.00391 9 0.000434 190.166 2.46
Appraiser + Part 0.00004 18 0.000002 1.417 1.786
Repeatability 0.00010 60 0.000002

Total 0.00405 89

Table 1.6 Analysis of Variance ( Reduce Model )

Variance SS DFE MS F Fo.os, vl
Appraiser 0.00001 2 0.000005 2.774 3.55
Parts 0.00391 9 0.000434 245.793 2.46
Repeatability 0.00014 78 0.000002

Total 0.00405 89

Table 1.7 5.15 Sigma Spread

Variance munuully %

EV 0.00684 18.8
AV 0.00166 4.6
G R&R 0.00704 19.4
PV 0.03569 98.1
vV 0.03638

R&RStudy_4b



No.1

N
~
P = = = 4 X Y am o OT o
anen TRALNTTEAR NUELAVTUADL TRTUAIL gay AZERR] 53181
a oy
Lﬂﬂﬂ’]?ﬂ']?ﬂ{]‘l_l FNTUY ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXKXX XXXXXXKXXKXX
. = E a S A o o Sa g ¥ = o o
Operation Sheet NULLAULBNANT ARUADIUUABDUNITNAR LAANLATANANT ']LW]L?NI‘H LLm‘lIﬂi\W] PNUIN
( msldiasasiadn T-T-159 ) W-PDM-MA-001 nastenfiaiman OP-10,20 XXXXXXX 1 11
° o o o 4 A - 3
[anu ﬂJumﬁLumimN’m Lﬂﬁ"ﬂ\iN'ﬂLL'ﬁZﬂqﬂﬂi‘m ﬂﬂﬂ?m Q¢!
1 |iernazaialfznuuariuaiudan Oil cleaning 1. T-IT-159 1. gadadh
2 |MAruazanm Master fagl Oil cleaning 2. Diagauge No.513-404 2. IAREN Diagauge No.1 —%
3 |SET MASTER iy JIG widasiladmsiagtl 1.1 3. Diagauge No. 2929FB-62 |3. Qil cleaner
4 [SET DIAL GAUGE 1 iflu 0" 4 Air Gun Master
5 |SET DIAL GAUGE 2 1{lu"0" Inaunztiadafiszunuaas MASTER #ag 1.1 /
6 |Hawnudssneudniu Jig fagd 1.2
T ' § ") <_
7 |dwA DIAL 1 ufaaaiuiinluludianuinan (150 + 0.2) Diagauge No.2
8 |4 DIAL 2 umefiqn 1 udadnunn (32.25 +0.2) Wnsiiuiin
9 [|Wdunueanain Jig
10 |inmuazenaesasiladauaztiidhasaunanannt afudu :;:1] 1.1

FUN1

su 1.2




No.2

anA1 FAANENITNAR PNEAUT R AATURU AR WATIA WINENU
a ey
L’aﬂﬂ']iﬂ']‘i‘i]‘{]‘i_l AU ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXKXX XXXXXXKXXKXX
) 3 K, = p— 2 AR a0 % 2 >
Operation Sheet NUIELAULANAT TAUDITUAAUNITHAR LAINLATANANS Funauld uiilupsad NN
( msldipiasiiadh DIGIMETIC CALIPERS ) W-PDM-MA-002 zgiuAetiaring OP-10 XXXXXXX 1 11
° o [ o 4 A - o
AeL dumaulunnm1en iTegianaatlnanl  |qunsnidee
1 |[ianuazaiatusnuleeldau 1. Digimatic Calipers 1. nallafh
2 |panslufeafiduunnanadn 2. i
3 |sET wefiflanilu " 0 " Ineniinviasasndaii Al 1.1 wdainnisnatlu Reset 3. Air Gun
4 |dandafidang (sagu 1.2 ) eldfdanvisaessieanniiug
5  |duAhaaudainniaiuin
6 [|MAnnudzenalrtesiiada

oy ;
= Mussnanilathnisesdudanug

O

Digital

a1l 1.2

9/.¢



No.3

anen FARLUNTNAR PUELAUT UL FRTUFIU gay AZERL] 53181
a oy
L’i’]ﬂﬂ'ﬁ'ﬂ”l‘i‘ij‘{]‘i_l AU ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXXX XXXXXXXXXX
) 3 E = ——— NN % oW
Operation Sheet UUIELAULANANT TRURNIUAUNITHAR \aLNLATANANT e g wilumsan UUMN
( msldipiasiiadh DIGIMETIC MICROMETER ) W-PDM-MA-003 naslaniainan OP-20 XXXXXXX 11
o o & o & A - )
AeL dunaulunimieny iTegianaatlnanl  |qunsnidee
1 |WAngzennierasdiawazauiniazinn1sdn 1. Digimatic Micrometer 1. nallafh
2 |aneiufendninenacn No. 6294679 2. LAMEN
3 [vhihnviaseses MICROMETER sn@ariu uadnatls RESET " 0 " ddgyl 1.1 3. Air Gun
4 |Famunuisiumbsiegy 1.2
5  |wayuiiknob "A"  wathnviseslfiadudanulfugui Knob "B" auilideasiaing
N T T
6 |guAnlFuazrinnnaiuin
7 [fanarensntesiiadauasiudningss

Knob "A™"

Knob "B "

LlC



No.4

qnén Fogunisuan e e Fetudou RG] AIERD ER LN
L’aﬂﬂ'ﬁ'ﬂ’]‘iﬂﬁ‘iﬁﬂ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXKXX XXXXXXXXXX
Operation Sheet PNNELAUBNEANT Teu099URRUNNTHAR TR R9dNs FufiGue uilaned Wi
( msldipinsiiadh THREAD MICROMETER ) W-PDM-MA-004 Fundeniitansiman OP-130 XXXXXXX 1 11
ANAL Fupauluniainey wiasdonazadnanl  [gunenfdos
1 [inenuszentunussieiesiedn 1. T-IT-188 1. pafladh
2 | THREAD GAUGE T-IT-188 % 7 GO uazsia NO GOdaRINENaINALAUAY 2. TMCNo.25 DM 2. 1A
aulmndealaemyudnausesinasn 3. Oil cleaner
3 |fmcodnld , # NOGO W llE —> Fuiu OK
4 |fcoudnlily  —> Funu NG
5 |fcodnlE , # NOGO WlE —> FunuNG
6 |vuthin MICRO wnanauiugsgd 1.3 Imﬂlné’qmu‘lﬁuguﬁ Knob "B " ufanmijuReset
uror
7 | THREAD MICRO dnannuTninaen udasnueniiviitinag STD (16.826 0/ + 0.150)
fagilil 1.4 g1ln 1.3
8 [FnsthuiinAnigdléadlilu Check Sheet
9 Vlu’]ﬂ’lqﬂﬂt’ﬂqﬁm?l’ﬂﬂﬁ’ﬂ’fﬂ
Micrometer
s1l7i 1.4

Jig

8.¢



No.5

o = a = & 2 % om o o
anAn TaANUNINAR UNEATUAI TaTUdY AT gmana ganenu
a e
Lﬂﬂﬂ’]?ﬂ']?ﬂ{]‘l_l 91U ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXXX XXXXXXXXXX
. a g = i — o ANa gy ¥ = o o
Operation Sheet NUULAULBANANT TRUDIULARUNITNAR LAANLATRNANT Qu‘V]LiNI‘ﬂ LLm'llﬂﬁ\iV] PNUIN
( msldiA3asiiaih SHOR HARDNESS TESTER ) W-PDM-MA-005 quiaudenununga OP-30 XHXXXKX 1 11
° o o ° = - -
[anu ﬂjuﬁl'ﬂﬂumiww’m Lﬂﬁ"ﬂ\?llﬂl,l,@:ﬂqﬂﬂi‘m 'ﬂqﬂﬂﬁ‘m a8l
1 [iAnarerndunu udnnsauwiuulfzinau 1. Shor hardness tester 1. gedlafn
2 |%iwAas Resiio FLANG uaz unumwanvisaidasmanuninesingl @esliiiudulag | No. HHJ-0614 2. 1AiuEn
ReflfidurnuiuRasunumaniawiubes similewiuieiu L, R (g 1.1) 3. Oil cleaner gﬂﬁ 1.1
3 |[MyiuduinedaisnieniRes S nduduaunaiagluic Mnefilluadnlesin dasli 4. Air grinder I’
&A1 STD. A 5, LIUAN
. . B
- AUAAINNANTRIUNNAYED F O 9.9 -14.9
“ funilauiiiadng R, L udoastiuiin \
4 |vyuilavyu A uasihTuudnlsznaudagly 1.2 Waes
5  [fnarnuderadduny Wiaduduny WununauTnaiiags asiumintedsreidan
wehsila udlddnilavydu( B ) uunihia (C)1¥taas " 0 " udatldeands
6 |enudildudarinnisiudin C
7 |wSaudnliinrnuazennsesienudaiudndimu A
7 |wSaudnliinpnnazenssesieudaiudndimu
B

NS /
‘ |

1. —;EF

6.¢



No.6

anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
Lﬂﬂﬂ’]?ﬂ']?ﬂﬁ‘lmﬁ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXKXX XXXXXXKXXKXX
Operation Sheet PUNELATLANEANT TeresduneunsHan AR esdns FunGu% ulansan Wi
( msldinsasiadn T-T-164 ) W-PDM-MA-006 msWietasiladn OP-40 XXXXXXX 1 11
AR dupeulunisinam izesiieuazgunnd  |qunsnftan
1 [pmuazensiunu udarnegudldinandi 1. T-IT-164 Master 1. gadadh
2 |SET SPECIAL TOOL fful MASTERW&? SET DIAGUAUE "0 #isgil 1.1 2.T-1T-164 Special ool 2. it
3 |41 sPECIAL TOOL @nsldinanannidislu-nn fuiia CALIPER 3. IJTag;ug:N;ésamFB-az 3. Air gun
4 ﬂwmﬁémﬁzgqqm(MAx) uan iy ﬁwé’iwzgm(MlN) Waaunsmae 2 Diagauge )
5 [Fnsthitnaniignananlglude 4 F F
6 [MAnuazensuesesile Wiudni Master —————
gﬂw' 1.1
| I ¢ 11/ %mm
gﬂﬁ 1.2

08¢



No.7

anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
Lﬂﬂﬂ’]?ﬂ']?ﬂﬁ‘lmﬁ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXKXX XXXXXXKXXKXX
Operation Sheet PUNELATLANEANT SenasdunaUNTHGR AR esdns FunGu% uilansen Wi
( msldiasasiadn T-T-170 ) W-PDM-MA-007 SaTiAumte BOSS Uulazand OP-70 XXXXXXX 1 11
AR dupeulunisinam izesiieuazgunnd  |qunsnftan

1 |PpnuazensiunmaBnnsumi BOSS 1, 1. T-T-170 1. gaNadh ZeroSet bar
2 [%nn9 Set Diagauge No. 1 uaz 2 1ilu" 0 " fiu Master ﬁagﬂﬁ' 1.1 2. Diaga@e No.513404 |2 it - /
3 [ldueilnssumanaduseanan udaviu Boss duuulivnedneile SET Aumielilg (3. IDT@]ngZN:2929FB—62 3. Oil cleaner @]

£ il \

| am1aumseTUgCALIPER fuu fagili 1.1 Diagauge No.2

4 |14 PIN LOCK i3 CALIPER 11y F F @
5  |LoCK Fusdigusnearieiodn Diagauge No.1
6 |14 DIAL GAUGE unziifia MACHINE BOSS Ltuazang 7 A [];|
7 e Diagauge TanaAn ugasnnnatigin ZeroSet ba/

BOSS 1w 125.285 + 0.2

BOSS a4 42.715 + 0.2)

BOSS uud

g7 1.1

PIN
©)

[ —

qun 1.2

-

BOSS a4

a1

8¢



No.8

5 3 = = 3 Z % o= % %
qnAN FAFILINITNAR PUELAUT UL FRTUFIU AGYTEY HATIA NINENTY
a oy
L'ﬂﬂﬂ’]‘iﬂ']?ﬂi]‘l.l AU ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXKXX XXXXXXXXXX
i 3 E, = — =2 AN a0 % 2 o
Operation Sheet NUIELAULANENT TRUDNIUADUNITHAR LAUNLATAIANS e g wilumsan i
( msldiasasiadn E-AJO-5016 ) W-PDM-MA-008 @esRanan OP-140 XXXXXXX 1 11
° o & ° o P - o 1
lalabl| dunaulunimieny wreaNanazalnml  [aunsnides
1 [Mennazendunulazieiesiiadn 1. Air Micrometer 1. gadadh
2 |SET AIR MICROMETER fils LOWER way UPPER MASTER (g1l 1.2) Model - FT 5500 2. 1AxEn
3 [imsuFugnasslieglutiseed LOWER uaz UPPER LIMIT (31 1.1) 2. E-AJO-5016 Master 3. Oil cleaner
4 |[¥n199Reunn DIMETER 2a9911asil 2 DIMETER Ineld AIR MICRO $innns3ai 3. E-AJO-5016 Air Jet 4. AirGun
1u1A 21.430 °°°  uazawn ¢ 349250
-0.015 -0.015
5  [insduanngnanavisaes
6 |thuiineldadluluCheck sheet
7 |ienazenseresiadanasiiudinn

A8n15U5U Zero

1 3uAann LowerMaster fai

2. UFutlu Zero Tenupnlé - 2

3. 4 Upper Master 1/5utlu Max 1914 - 15

4. qundulivindia 2 uaz3 aundngnasuazetiieh -2 uaz -15

anape
e

g7 1.1

dudfuriinuu-ana

MASTER

8¢



No.9

anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
Lﬂﬂﬂ’]?ﬂ']?ﬂﬁ‘lmﬁ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXX XXXXXXX
Operation Sheet UNLLAULBNANT SenasdunaUNTHGR AR esdns L uilansen Wi
( msldiasasiadn KHCW 50.4 ) W-PDM-MA-009 nastaaniiawmwan 0OP-20 XXXXXXXX 1 11
AR dupeulunisinam izesiieuazgunnd  |qunsnftan
1 |hpmuazensiunudaansldauh 1. KHCW 50.4 1. gilad
2 [emunuswnlfzondieRels rF /7 2. LAMEN
3 |1 SNAP GAGE L'Eﬂuﬁﬂﬂd"m%umuﬁdgﬂ y s 3 Air Gun
(Tnelif inauunuiLman uaz Udosnsdaeinmiinvasdainaies )
4 |ifudnuaniadn F F
5  [MAruazatn SNAP GAGE
nsdsviiiuna %u\mu
OK = #uGO W , #uNO GO e
NG = @GO HIM , AU NO GO {1 - > Furuianagn BTN
NG = #mGO lim — > dunuinnalug) suuananiedn
R
NO GO
GO

€8¢



No.10

anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
Lﬂﬂﬂ’]?ﬂ']?ﬂﬁ‘lmﬁ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXX XXXXXXX
Operation Sheet UNLLAULBNANT SenasdunaUNTHGR AR esdns L uilansen Wi
( msldiAsasiadn KHUW 35.35 ) W-PDM-MA-010 nastaaniiaman 0OP-20 XXXXXXXX 1 11
AR dupeulunisinam izesiieuazgunnd  |qunsnftan
1 |hpmuazensiunudaansldauh 1. KHCW 35.35 1. gilad
2 [emunuswnlfzondieRels rF /7 2. LAMEN
3 |1 SNAP GAGE L'Eﬂuﬁﬂﬂd"m%umuﬁdgﬂ y s 3 Air Gun
(Tnelif inauunuiLman uaz Udosnsdaeinmiinvasdainaies )
4 |ifudnuaniadn F F
5  [MAruazatn SNAP GAGE
natssiiung
.
OK = #uGO W , #uNO GO e G TN
NG = @GO HIM , AU NO GO {1 - > Furuianagn BTN
NG = $uGo lusu -~ > Funuianalun)
sduanenisdn
NO GO
GO
«— >

8¢



No.11

anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
Lﬂﬂﬂ’]?ﬂ']?ﬂﬁ‘lmﬁ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXX XXXXXXX
Operation Sheet PHILLATLBNANT Feve9duneuNIHER \nefilFsesdns Auieuld uilamnsad wii7
( mMsldiAsasiadn KHUW 20.0 ) W-PDM-MA-011 1lvmfa BOSS OP-70 XXXXXXXX 1 11
AR dupeulunisinam izesiieuazgunnd  |qunsnftan
1 [ieemazeistunudasmsdauSuniiazsinneda 1. KHCW 20.0 1. geiladn
2 |retunusenlfeeuieian s F /7 2. WAnEn
3 |t SNAP GAGE Lﬁﬂuﬁﬂﬂd"m%umuﬁqgﬂ y s 3 Air Gun
(Teilif tnauuuiuBOSS ua Udosnsdaeivinvasdainaies )
4 [Tuiinuanisdna F F
5 |Aninazann SNAP GAGE
v
natlszidiueg Fuau
OK = GO/ , A1 NO GO lalinu
NG = #MuGO e , #1NO GO ’HW —— > Funuauneidn A RTINT
NG = #mGO i — > Fusilaunelig) gtluansnsdn
-«
NO GO
+t——(pgp >

g8¢



No.12
anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
Lﬂﬂﬂ’]?ﬂ']?ﬂﬁ‘lmﬁ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXX XXXXXXX
Operation Sheet PNNELAUBNEANT F0v09TuRaUNNIELER \aTiAseedns FufiGue uilaned Wi
( msldinsasiadn T-IT-169 ) W-PDM-MA-012 MiNAEng Dust cover OP-60 XXXXXXXX 1 11
AR dupeulunisinam izesiieuazgunnd  |qunsnftan
1 ﬁﬁmfnmzfmm%umuﬁaﬂmﬂfﬁ@mLﬂm?mmgm%mﬁl@ﬁm 1. T-IT-169 1. gudladn
2 |retunusenlfeeuieian s F /7 2. WAinEn
3 [V THREAD GAGE &1 GO vimsdniuenu ﬁaﬂqmuﬁﬂﬂﬁ'gmﬁm (Aeg) y s 3 Air Gun
(thanu GO wudn i linaannann fldsas Sad1u NOGO ) NO GO Side
4 | THREAD GAGE #1u NO GO vmsiniuenu F F
5 [fmstaldiasuri 3 9 <«——  Markcolor
6 [Tuiinuanisin 7 A
7 |Aningzann THREAD GAGE

nstsziliung
OK = #uGo wyudnlémaanndas duNO GO W lals
NG = #1u GO nyud Wlf —— indendanaién

NG

#11 NO GO vy dimlsd —— > indgnfawala

o - - - o
** A1 NO GO Azl ALAN U9 UM LL’N@\TLI@HVL’J

sUuanenain

\ GO SIDE

98¢



No0.13,14,15

o = a 2 & 2 % om o o
gnén TANELNTHAR N"RATTUEI TaTuAIu Houl gnana ganeanu
a oy
Lﬂﬂﬂ’]?ﬂ']?ﬂ{]‘l_l AU ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXX XXXXXXX
. a b a g D e ANa gy > = o o
Operation Sheet NUULAULBANANT TAUDIAUARLUNITHAR RANLATANANG QLW]LSNISH LLﬁ”L']JﬂNV] PNUIN
( msldin3asiadn KIPW-14.5 KIPW-16.0 , KIPW-19.0 ) W-PDM-MA-013 1a1Zg7 Arm & Boss OP-90 XOOKKK 1 11
° o o ° & A - 3
[N ﬂ]uﬁ]'ﬂlﬂuﬂqﬁ'mq\iqu Lﬂi'ﬂQN'ﬂLL'ﬁzﬂqﬂnTm 'qﬂﬂi‘m ael

1 |wennugzanstunulneldannliBnnuiaminnieds ( dTunulaATuazfaawinnng 1. KIPW-14.5 1. geiladn

AUATURANARY ) 2. KIPW-16.0 2. LAREN NO GO SIDE
2 [nsdunuaslfzaudisranly 3. KIPW-19.0 3 Air Gun /
3 | GAGE A GO dagunu Tneldidnlng (A ) Inedireslddnly Mark Color

Y 2 v T iy e % " B -

(1511 GO W8 lifeadnsiu NO GO )
4 | GAGE #uNO GO datiuau Tneldidnlumgaagy
5 [ffuiinuanisdm
6 |MAruazanm SPECIAL GAGE

natsziiung —_ GO SIDE

OK = @uGo lddlinaan , A NO GO W lails

. ey - P
NG = #uNO GO lddnld ——> gHawaln S
NG = #uoK lddnlals — > sflaunmian

&

I - = = I
= G NO GO avdl AUAY 9D UM uaasuanly

sduanenisdn

18¢



No.17,18

anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
L'ﬂﬂﬂ’]‘iﬂ']?ﬂﬁfl‘aﬁ']u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXX XXXXXXX
Operation Sheet UNNELAULBNANT Feva9dunaunisnan \naliASesdns Auieuld uilamnsad wii7
( msldiaasiiodn T-IT-180 , TT-181 ) W-PDM-MA-014 |53 TAPER 7l Amm & Boss OP-110 XHXXXXKX 1 11
ANAL Fupauluniainey izesiieuazgunnd  |qunsnftan
1 ‘v°nmmmmméumuﬁqﬂmﬂﬁ?@uLﬂm?mmgﬁ%dfm 1. T-IT-180 1. nallafh
2 |3nRadnsia TAPER BOSS LU 81nndn 2/3 SPECIAL TAPER GAUGE T-IT-181 2. TITA81 | 2. A
3 |imszezidhesn TAPER BOSS 1 0 + 0.5 SPECIAL TAPER GAUGE T-IT-181 lnt V4 3 Air Gun
‘ﬁlaQizmumngﬁmafgiwdwémmnmmLnﬁm( plagil) 4. Rugu
4 |fduida TAPER BOSS @14 1091 2/3 SPECIAL TAPER GAUGE T-IT-180
5  |szazidnean TAPER BOSS @19 0+1.0 SPECIAL TAPER GAUGE T-IT-180 lng ><
ﬁaaixmumngﬁmagjiw'iNi'mmnmmmﬁmﬁagﬂ ) 7 /
6 |madafaduidag TAPER flaannnds 2/3 andanesulnaes TAPER Taenind@niasun m
TAPER ufnganldlugTAPER ufatinaanung dunn@sesuinnd 2/3 fninil NG. ’
7 |emszemededdletaiideomdaiudd | OK
sduanenisdn

88¢



No.19

v dl a
anA TARENITNAR

PNILATTUED

TaTudan

o

2y

©3e

v
gn399

v
HINENTU

a o
L’aﬂﬂ’]‘i‘ﬂ’]?ﬂ{]‘l_lﬂsi’]u ABC MC-11

4271406121

KNUCKLE

Chakkrit

XXXXXXXX

XXXXXXX

Operation Sheet NNILLAUBNANT

T
o

Ta103dURAUNNTHAR

A o
LATNEATANANT

e I o
e g

=
o

wilumsan

v dl
NUM

( msldiasasiadn T-T-167 ) W-PDM-MA-015

131¥g Dust cover , Caliper

OP-50

XXXXXXXX

7

dunaulunimieny

Z -
LATRNHA LL@:Qﬂn?m

aunsnidag

3

PaNaratnduanuing ldanntFaunazianisdn (A 3unuiATUATfaainig

o .
ALATLUABNNAL )

= o, A a P
MaTuuasuif s el

Ry
1. el

2. LAREN

3 Air Gun

P

1 GAGE #u GO datueu tneldidnling (deg) Tnemresldudinly

v v

(85u GO W ladls laisiadminu NO GO )

11 GAGE £ NO GO Fntuanu Ineldidnlunssas

EA ]

Tufinuan19n

fNANEZa1n SPECIAL GAGE

nsdsviiiunag

OK = @uGo lddlinaan , #AuNO GO W lails

NG 11 NO GO laidinle

NG finu OK ldudnlails

I - = = I
= G NO GO avdl AUAY 19D UM uansuanly

/

NO GO SIDE

GO SIDE

sduanenisdn

68¢



No.20
anAn Seg1anTnaAn Ve AT Uda Hetudau ARG gmana ganenu
Lﬂﬂﬂ’]?ﬂ']?ﬂﬁ‘lmﬁ'\u ABC MC-11 4271406121 KNUCKLE Chakkrit XXXXXXXX XXXXXXX
Operation Sheet PHILLATLBNANT Feva9dunaunisnan \neflietessns Auieuld uilamnsad wii7
( msldiAsasiadn KGWW 5.0 ) W-PDM-MA-016 a9 KEY OP-120 XXXXXXXX 1 11
AR dupeulunisinam izesiieuazgunnd  |qunsnftan
1 [hpmuazeisiunulasidaunindioniiasinete (Hunuleiuasdesinng . KGWW 5.0 1. guilad
ALATLRANABY ) Fr/7 2. WAREN
2 |etunuseulfrouieian s y s 3 Air Gun
3 | GAGE &1 GO dndwnu Tneldidnlfises Key ( Al )Imﬂﬁﬁaﬂﬂmﬁﬂﬂ
(85 GO W lails laisiadminu NO GO ) rF F
4 |t GAGE #11NO GO dniunu Tneildidinlufigaagl :
5  |tuiinuanisin : A '
6 |ViAnuszann SPECIAL GAGE NO GO SIDE

nstsziiuna

OK = #Muco lddnlémaan , AuNO GO wnlals
NG = #uNO GO ldudinls

NG = uGo lddinldls

suUuanInNsdn

06¢



AOUUIMNIUINNS )
ANRINITNINENAY



AN3MLEAIAN F A l@AnAanntinazidle 0.10 1 wnnndn

o
ANNINURA

292

¢
/ Fv1l,
i » F

° Fo

V1 DF 2942614 ; V1
V2 1 2 3 4 5 6 74 8 9 10 12 15 20 24 30 40 60 120 A
1| 39.86 49.50 53.59 55.83 57.24 5820 5891 5944 53.86 60.19 60.71 61.22 6174 62.00 6226 62.53 6279 63.06 63.33
2| 853 900 916 924 929 933 935 937 938 939 941 942 944 945 946 947 947 948 949
3| 554 546 539 534 531 528 527 525 524 523 522 520 518 518 517 516 515 514 513
4] 454 432 419 411 405 401 398 395 394 392 390 387 384 383 38 380 379 378 3.76
5| 406 378 362 352 345 340 337 334 332 330 327 324 321 319 317 316 314 312 311
6] 378 346 329 318 311 305 3.01 298 296 294 290 287 284 282 280 278 276 274 272
7| 359 326 307 296 28 283 278 275 272 270 267 263 259 258 256 254 251 249 247
8] 346 311 292 281 273 267 262 259 256 254 250 246 242 240 238 236 234 232 229
o] 336 301 281 269 261 255 251 247 244 242 238 234 230 228 225 223 221 218 216
10 329 292 273 261 252 246 241 238 235 232 228 224 220 218 216 213 211 208 2.06
11| 323 286 266 254 245 239 234 230 227 225 221 217 212 210 208 205 203 200 1.97
E 12| 318 281 261 248 239 233 228 224 221 219 215 210 206 204 201 199 19 193 1.90
ag 13| 314 276 256 243 235 228 223 220 216 214 210 205 201 198 19 193 190 1.8 185
E 14| 310 273 252 239 231 224 219 215 212 210 205 201 19 194 191 189 186 1.83 1.80
° 15| 3.07 270 249 236 227 221 216 212 209 206 202 197 192 190 187 18 182 179 176
16| 3.05 267 246 233 224 218 213 209 206 203 199 194 189 187 184 181 178 175 1.72
17| 3.03 264 244 231 222 215 210 206 203 200 1.9 191 186 184 181 178 175 172 1.69
18| 3.01 262 242 229 220 213 208 204 200 198 193 189 184 181 178 175 172 169 166
19| 299 261 240 227 218 211 206 202 198 19 191 18 181 179 176 173 170 167 1.63
20| 297 259 238 225 216 209 204 200 196 194 189 184 179 177 174 171 168 164 161
21] 296 257 236 223 214 208 202 198 195 192 187 183 178 175 172 169 166 162 1.59
22| 295 256 235 222 213 206 201 197 193 190 18 181 176 173 170 167 1.64 160 1.57
23| 294 255 234 221 211 205 199 195 192 189 184 18 174 172 169 166 1.62 159 155
24| 293 254 233 219 210 204 198 194 191 188 18 178 173 170 167 164 161 157 153
25| 292 253 232 218 209 202 197 193 189 187 1.8 . 177 172 169 166 163 159 156 1.52
26| 291 252 231 217 208 201 19 192 18 186 181 176 171 168 165 161 158 154 1.50
27] 290 251 230 217 207 200 195 191 187 185 18 175 170 167 164 160 157 153 149
28] 289 250 229 216 206 200 194 190 187 184 179 174 169 166 1.63 159 156 152 1.48
29| 289 250 228 215 206 199 193 189 18 183 178 173 168 165 1.62 158 155 151 147
30] 288 249 228 214 205 198 193 188 18 182 177 172 167 164 161 157 154 150 1.46
40 284 244 223 209 200 193 187 1.8 179 176 171 166 161 157 154 151 147 142 138
60] 279 239 218 204 195 187 18 177 174 171 166 160 154 151 148 144 140 135 1.29
120 275 235 213 199 190 182 177 172 168 165 160 155 148 145 141 137 132 126 1.19
271 230 208 194 18 177 172 167 163 160 155 149 142 138 134 130 124 117 1.00




AN3NLEAIAN F Anel@AnAanntinazidly 0.05 7 unnndn

o
ANNINURA

293

f (
/ Fv1l,
i » F

° Fo

V1 DF 2942614 ; V1
V2 1 2 3 4 5 6 74 8 9 10 12 15 20 24 30 40 60 120 A
1| 1614 1995 2157 224.6 2302 234.0 2368 2389 2405 241.9 2439 2459 2480 2491 2501 2511 2522 2533 2543
2| 1851 19.00 19.16 1925 19.30 19.33 19.35 19.37 19.38 1940 19.41 19.43 19.45 1945 19.46 19.47 19.48 19.49 19.50
3] 1013 955 928 912 901 894 889 885 881 879 874 870 866 864 862 859 857 855 853
4 771 694 659 639 626 616 609 604 600 59 591 58 580 577 575 572 569 566 5.63
5| 661 579 541 519 505 495 488 482 477 4T4 468 462 456 453 450 446 443 440 437
6] 599 514 476 453 439 428 421 415 410 406 400 394 387 384 381 377 374 370 367
7| 559 474 435 412 397 387 379 373 368 364 357 351 344 341 338 334 330 327 323
8] 532 446 407 384 369 358 350 344 339 335 328 322 315 312 308 304 301 297 293
9| 512 426 38 363 348 337 329 323 318 314 307 301 294 290 286 283 279 275 271
10| 496 410 371 348 333 322 314 307 302 298 291 28 277 274 270 266 262 258 254
11| 484 398 359 336 320 309 301 295 290 285 279 272 265 261 257 253 249 245 240
E 12| 475 389 349 326 311 300 291 285 280 275 269 262 254 251 247 243 238 234 230
ag 13| 467 381 341 318 303 292 283 277 271 267 260 253 246 242 238 234 230 225 221
E 14| 460 374 334 311 296 285 276 270 265 260 253 246 239 235 231 227 222 218 213
° 15| 454 368 329 306 290 279 271 264 259 254 248 240 233 229 225 220 216 211 207
16| 449 363 324 301 285 274 266 259 254 249 242 235 228 224 219 215 211 206 201
17| 445 359 320 296 281 270 261 2565 249 245 238 231 223 219 215 210 206 201 1.96
18| 441 355 316 293 277 266 258 251 246 241 234 227 219 215 211 206 202 197 1.92
19| 438 352 313 290 274 263 254 248 242 238 231 223 216 211 207 203 198 193 188
20| 435 349 310 287 271 260 251 245 239 235 228 220 212 208 204 199 195 190 1.84
21| 432 347 307 284 268 257 249 242 237 232 225 218 210 205 201 19 192 187 1.81
22| 430 344 305 282 266 255 246 240 234 230 223 215 207 203 198 194 189 184 1.78
23| 428 342 303 280 264 253 244 237 232 227 220 213 205 201 196 191 18 181 1.76
24| 426 340 301 278 262 251 242 236 230 225 218 211 203 198 194 189 184 179 1.73
25| 424 339 299 276 260 249 240 234 228 224 216 .209 201 19 192 187 1.8 177 171
26| 423 337 298 274 259 247 239 232 227 222 215 207 199 195 190 185 1.80 175 1.69
271 421 335 296 273 257 246 237 231 225 220 213 206 197 193 1.8 184 179 173 1.67
28] 420 334 295 271 256 245 236 229 224 219 212 204 196 191 187 182 177 171 165
29| 418 333 293 270 255 243 235 228 222 218 210 203 194 190 1.8 181 175 170 1.64
30] 417 332 292 269 253 242 233 227 221 216 209 201 193 189 184 179 174 168 1.62
40 408 323 284 261 245 234 225 218 212 208 200 192 184 179 174 169 164 158 151
60] 4.00 315 276 253 237 225 217 210 204 199 192 184 175 170 165 159 153 147 1.39
120 3.92 307 268 245 229 218 209 202 19 191 183 175 166 161 155 150 143 135 125
384 300 260 237 221 210 201 194 18 183 175 167 157 152 146 139 132 122 1.00
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v = SATAINDATEIEY R

n=2 n=23 n=4 n=5 n==s
* * * * *
k v d, v d, v d, v d, v d,
1 1.0 1.414 2.0 1.906 2.% 2.237 3.8 2.477 4.7 2.469
2 1.9 1.276 3.8 1.B06 P. 4 2.149 7.5 2.404 ¢.2 2,603
3 2% 1.227 TN 1.767 8.4 2.120 1.7 2.378 13.6 2.580C
4 3.7 1.206 Py 1.749 ittt 2.105 14.7 2.355 18.1 2.56%9
5 4.4 1.189 ¢.3 1.738 13.9 2.096 18.4 2.358 22.6 2.562
4 5.5 1.3179 11,7 1.731 16.4 2.090 22.0 2.352 27.7 2.557
7 6.4 1.172 12,9 1.724 19.4 2.085 25,6 2.349 31.5 2.554
8 7.2 1.167 14.8 1.722 22.1 2.082 29.3 2.344 36.0 2.552
g 8.1 1.1463 16.6 1.718 24.8 2.080 32.9 2.344 40.5 2.550
10 2.0 0.159 18.4 1.716 27.8 2.078 36.5 2.342 44.92 2.548
M 2.9 1.157 20.2 1.714 30.3 2.076 40.1 2.341 49.4 2.547
12 10.8 1.154 22.1 i 33.0 2.075 43.7 2.339 53.8 2.546
13 I11.6 1.152 23.9 1.711 35.8 2.073 47.4 2.338 58.4 2.545
14 12.5 1.151 25.7 1,709 38.5 2.072 51.0 2.337 52.8 2.544
15 13.4 1.149 27.5 1.708 41.3 - 2.07 54.6 2.337 67.3 2.543
14 14.2 1.148 22.3 1.707 44,0 2.071 58.2 2.336 1.7 2.543
17 15.1 1.147 31.1 1.707 45.8 2.070 41.8 2.335 76.2 2.542
18 16.0 1.145 33.0 1.706 495 2.06%9 55.5 2.335 808 2.542
19 16,9 SRS 34.8 1.705 52.3 2.0469 69.1 2.334 85.1 2.547
20 12.7 1.144 36.6 1.705 55.0 2.068 72.7 2.334 89.6 2.541
21 718.6 1.143 38.4 1.704 572.7 2.068 76.3 2.333 24,0 2.541
22 12.5 1.7143 40.2 1.704 50,5 2.0468 80.0 2.333 98.5 2.540
23 20.4 1.142 42.1 1.703 63.2 2.067 B3.4 2.333 103.0 2.540
24 21.2 1.147 43.2 1.703 45.9 2.067 87.2 2.333 107.4 2.540
25 22.7 1.141 457 1.702 48.7 2.066 90.8 2.332 1119 2.540
Av .82 1.82 2.74 3.62 4,47
l:i2 1128 1.693 2.059 2.326 2.534
dz
d?* = dz =
av

*Aasm Whecler (1084)
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n=7 n=s n=¢9 n=10 n=11
* +* #* * *
k v d2 v d, v d, v d2 v d,
1 5.5 2.827 8.3 2.341 7.0 3.076 7.7 3.178 8.4 3.268
2 10.8 2.767 12.3 2.505 13.8 3.024 15.2 3.129 16.5 3.22)
3 16.1 2.746 18.3 2.886 20.5 3.006 22.5 3312 24.6 3.205
4 21.3 2.736 24.4 2.E76 27.3 2.997 30.1 3,704 22.7 3.197
5 28.6 2.729 30.4 2.€70 34.0 2.992 37.5 3.098 40.9 3.192
Av 5.26 8.03 6.75 7.46 8,13
d 2.704 2.827 2.970 3.07& 3.173
n=1712 n=13 n=14 ne=15 n=1é
* * * * -
k v d, v d v (.l2 v d, v d2
1 9.0 3.348 9.4 3.423 10.2 3.490 10.8 3.552 11.4 3.610
2 17.8 3.304 19.0 3.380 20.2 3.449 21.3 3.513 22,5 3.571
3 26.68 3.289 28.4 3.365 30.2 3.435 3ny 3.499 33.6 3.558
4 35.3 3,281 37.8 3.358 40.2 3.428 42,4 3.492 44,7 3.552
5 441 3,274 47.2 3.354 50.2 3.424 52.9 3.488 55,8 3.548
Av 8.77 2.39 9.00 10.57 11171
d 3.258 3.336 3,407 3.472 3.532
n=-1i7 n=15 n=19 n = 20 n= 21
* * * * *
k v cl2 v d. v d, v d2 v d?
1 1.9 3.663 12.4 3,773 12.9 3.7460 13.4 3.805 13.9 3.844
2 23.6 3.626 24.56 2,877 25.5 3.725 26.5 3.770 27.5 3.812
3 35.2 3.613 34.8 3.455 38.2 3713 39.6 3.759 41,1 3.801
4 46.9 3.607 48.9 2559 50.9 3.707 52,7 3.753 54.7 3.795
5 58.5 3.603 61.1 3435 43.6 3.704 65,9 3.749 48.4 3.792
Av 11.66 12.17 12.66 73.712 13.62
d 3.588 3.440 3.689 3.735 3.788
n =22 n=3: n=24 n= 25 n= 30
* * * * *
k v d, v d. v d, v d, v d,
1 14.3 3,886 14.8 3.523 15.2 3.959 15.6 3.994 16.9 4.147
2 28.4 3.853 29.3 2.E97 30.2 3.927 31.0 3.963 33.5 41148
3 42,5 3.841 43.8 45.1 3.917 46.3 3.952 50.1 4.106
4 56.5 3.836 58.3 60.7 3911 61.7 3.947 66.7 4.101
5 70.6 3.833 72.8 75.1 3.908 771 3.944 83.3 4.098
Av 14.07 14.51 14.96 15.36 16.6
d 3.819 3.558 3.895 3.931 4,086
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