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Abstract

The purpose of this research is to improve the overall effectiveness of the structural tube
machine. It focuses on improving the quality rate and reducing the losses caused by the work of
the structural tube machine by using Total Productive Maintenance (TPM) with focused
improvement, quality maintenance and autonomous maintenance. This will improve the quality
rate as part of the Overall Equipment Effectiveness (OEE), which is an index that is higher than

70%.

This research has developed a method to improve the efficiency of this product by
selecting the structural tube machine processed for the automotive industry size 75x75x4 mm,
75x75x5 mm and 75x75x6 mm used as an analysis for the overall effectiveness of the machine in
conjunction with the Why-Why Analysis in six steps as follows: 1.) Establish a team to improve
the subgroups in which the researcher used the concepts of employee participation. The group
consists of production support, production, and maintenance. 2) Internal training 3.) Study of the
current state of the structural tube process and its problem by analyzing the overall effectiveness
of the machine and using the Pareto Diagnostics Diagram to modify. 4.) Analyze the cause of the
problem and develop a guideline for analysis using Why-Why Analysis methods 5) Make
adjustments 6) Measure the value of the overall effectiveness analysis before and after the

improvement.



By using the all-in-on maintenance technology, all of the machines involved were
improved resulting in a higher quality of 87.79%, a significant increase of 23.54% and also

effected OEE that increased 12.61%.
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3.2.1 M3 ‘1J°1§ ISP IMNING (Total Productive Maintenance : TPM)

1. ANUYNBUDI TPM Lzazumﬁﬂﬁrugm

2. VuneUMIAITIUMS TPM

3. ANugAsran 6 1523 1ag OEE

4.8 NINTFUHAN TPM
1 ﬂﬁﬂ%ﬂﬂ;qgﬁaaﬂmmgmx%ﬂ (Focused Improvement)
2) M3111395NH1A20AUBI (Autonomous Maintenance)
3) M311J9TNYUFII19UNY (Planned Maintenance)
4)?Jﬂamu Lﬁuﬁ’ﬂyzm*s@um’%amazmiﬁw;Ni”ﬂm (Education/Training)
5) M3vaMIATeesns Ny (Early Management)
6) M31NITNBUFIAVNN (Quality Management)
7) M35 gadninaIu (Office TPM)

8) MIvaMIMuUANNUaoANY (Safety/Environment)

o Y =R IV Yo = a
NIUBNITIDUIUY {‘N“I/I1@ﬂﬁ13u11ﬂﬁﬂﬂ13ﬁﬂﬂﬂiu%1ﬂ NUUFUCHS Tag

a 4 [ [ J A =\
Mns 019150 Y51 Sauauns ludeulivinau 2560

Ml 3.3 MstneusuunauFnngueos luiidemsingsinsunsesdnsszuy TPM

3.2.2 Useansmnalagsuueansedsns (Overall Equipment Effectiveness : OEE)
o 9 v A
3221 Vl"lﬂ'J"IﬁJlﬁlﬂelﬁ]ﬂ']J OEE ﬂﬂi’)gnlj
3.2.2.2 14IAA OEE

3.2.2.3 MIMUIUNIAT OEE
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3.2.2.4 152 Tow1iv09 OEE
3.2.2.5 YUADUNITHIAT OEE

3.2.2.6 MIATUIUNIAT OEE (Work Shop)

MW 3.4 MIHneUsHIAANTNNgUEDs 1UT09v09 “UszaNTHAa TA8TINVOUAT0IINT OEE”

Y
3.2.3 GR&R (Gage Repeatability & Reproducibility) A 31U 71415 D Tupisiagivag
Y = 1Y o ~
anuasalums Iwa esusuTasnunuusunilsznuganin aaaalunium 3.5

ya o Y a2y Aa

NIAITBADINTIARBTTOYANNNA WD TUMITATIVAO VU TuanzNLMT
Y )

UFuasnnnsesdnslunisnaane InssadngwssauuaznisasindeuguaIniuszning
A5TUIUNTHAA (Inprocess Inspection) N9 A0931A157A Dimension YBIIUADUNANDEN

A = yyo o Y A o Yo P a a0 ¥ A/
aolileg e laihminauniluasesnmimsevsuliianundonasednasa(Refresh Training)

TasA319aOUANUFNOUBTUUATHAIDDTY

Mui 3.5 m3dneusuauTnngudesluisesvesnuaninlumsia
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M3 3.1 HEAINITAATIZHIINNAMIAUIUAANNE T TUNITIAE

Measurement Unit Analysis

% Total Variation (TV)

Repeatability - Equipment Variation (EV)

40.98220

EV = RxK Trials K1 %EV = 100 (EV/TV)
= 0.2000 x 0.5908 2 0.8862 = 100{0.11816/40.98220)
= 011816 3 0.5908 = 0.29%
Reproducibility = Appraiser Yariation (AV)
AV = {Kopr x Ko - (EVE/Arl 2 %AV = 100 (AV/TV)
= {(61.8333 x 0.5231)°2 - (0.1182 "2/(5 x 3N1/2 = 100(32.34500/ 40.98220)
= 32.34500 Trials 2 3 = 78.92%
Ka 07071 0.5231 n = number of parts
Repeatability & Reproducibility (R & R) r = number of trals
R&R = {EV+ AV Parts Ks
= {(0.1181672 + 32.3450072)]°0.5 2 07071 | % R&R = 100 (R&R/TV)
= 3234522 3 0.5231 = 100{(32.34522/40.98220)
Part Variation (PV) 4 0.4467 = 78.93%
PV = Rp x Ky 5 0.4030
= 62.44667 x 0.403 6 0.3742 % PV = 100(PV/TV]
= 25.16601 7 0.3534 = 100{25.16601./40.98220)
Total Variation (TV) 8 0.3375 = 61.41%
v = |B&R’+ VY ] 03429 | nde = 141 (PV/GRR)
= {(32.3452272 + 25166017 2)1"0.5 10 0.3146 = 1.41(25.16601/32.34522)

= 1.097
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Raw material receive from supplier
WH.1
............... Inspection physical of material
Qc1
.............. Kesping (Raw Materal)
WH.2
.............. raw material supply
............... Eiitting process
{Set wp machine)
o Inspection order
-------------- Check Diamension and control quality
QC.2
............... Rectangular tube, Square tube process
{Set wp machine)
Inspection order
™
-------------- Check Diamension and control quality
{In process Inspection)
Qcl
--------------- Check Dismension and control quality
{Final process Inspaction)
QC.4
--------------- Packing and confirm appearance check
FA
............... Move to warehouse
WH.2

MNA 3.6 LLﬁﬂQLLWHﬂW‘WﬂﬁHlWﬁﬂI@Qﬂi%ﬂ’luﬂﬁwaﬁﬂl@ﬁ}?ﬂﬂigﬂ’luﬂ1i ERW

4 (Y A a VoA P o
3.3.1 equszﬂmmaﬂmmmimwawaw“lmmswwﬂmwmmmw

Uncoiler Accumulator Forming Squeeze Roll

Al

Sizing Cutoff

3 J [ 4 a v
ﬂTWﬁ 3.7 ﬂTWllﬁﬂQ@Qﬂﬂi$ﬂﬂﬂ1’iﬁﬂ%@\1!ﬂ%@ﬁWﬁWWI@
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. o 4 3 a1 o . '
1. Uncoil w1l amemaniuilay (Film) 191g Accumulator
0 Y A <3 a A ¥y A a 1 a ]
2. Accumulator Wi Frenuazauilduie Idins oG anodwnsonanla
D
GIARERIER

o H 1 a d 4 1 4 < ]
3. Forming v ugdmibweuilduIdnauiedfoudigyasenaziiune

o Y A I A A
4. Squeeze roll M1¥N Wugnian

I 1 9 A a 1]
vazvune 1i¥eunany

)}

. o 9 a4 d {2 ' gy { y
5. Sizing roll Wit Wlugnianvugiveln lamuvuandesnis

U

° Y A & 4 4 o v o 1A ¥
6. Cut Offﬂ']ﬂu’]ﬁ Lﬂulﬂ%E]\1Laﬂﬂﬁ1w§U@ﬂﬂ®fﬁﬂﬂaﬂuqiﬂqﬂﬂ'}1ufJTJGniJ

v
ABINTI

=] < v d' a & [
34 ﬂ]‘iﬂﬂ‘]&l'l!!ﬁ%!ﬂﬂﬁ?ﬂﬁ?ﬂellﬂﬁaﬁﬂgﬁ‘liﬂﬂ!ﬂ‘lWﬂ!ﬂﬂﬂ1ﬂ!ﬂﬁf’Nﬂﬂ'ﬁ
a [ < 9 A Y [ ~
ﬁ]TﬂLLWHﬂTWﬂﬁSﬂU’Juﬂ13Wﬁﬂﬂ@LﬁﬁﬂIﬂﬁﬂﬁﬁT\ﬁ/]‘lﬂﬂaTJ‘JﬂGLUﬂTW‘VI:’)ﬁ NN
Ia o A 1 1 1 a a d‘ v é
Arvsunnuaulylumsdsulyanansgnuaenilszdninalassuveunioadnsdaly
au X Yo Y Y o = ' A yAg 9 T Aa
ﬂﬁ%‘]J'J“Llfﬂﬁ?ﬁ]fJ‘L!“I/INQ'Jfﬂﬂl’lﬂvnfnﬁﬁﬂE111!ﬁTL!sU@QﬂﬂlﬂWWﬁuﬂTWLﬂuﬂl@UﬂWﬁ’ﬂ\i“l/lL‘]J'LlWﬁiﬂ
o 4 [ X <3 o Y J )
%"IﬂﬂWiTl']\ﬂu‘U'f)\Hﬂ%ﬂ\ﬁ]ﬂﬁ %\1!‘]_]1!ﬁWlWﬂ‘U@QﬂTﬁWTiﬁﬂ@@]ﬁWﬂmﬂﬁlwaﬂﬁﬂllagﬁ\iWﬁWTGlﬁl

152 aANTHalagI U0 UATDIINTAIA

Taed3se 18 insAnyunsesndnne TassadegUnssaunmz ludinvearie
Size 75x75x4mm ,75x75x5Smmilag 75x75x6mm éﬂlﬂuﬁ@ﬁNS@Lﬁ@Q@ﬁWﬁﬂiiNmu&uﬁiﬂﬂ
53u53u&17@34”aua35ﬂﬁmmﬁﬂymz(Speciﬁcation)mmNamﬁmvﬁﬁﬁﬂénmmmiwﬁ3.2 ield
lumaiAuteyadinnziuasuuamanddamae 11 Tasagile oEE dauaas 1 lumse
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y @ a o Jd
m‘mﬁ 3.2 MWWiﬁTuﬂmﬁﬂBm%ﬂl@ﬂNﬁ@lﬂﬂ!“ﬂﬂ@jﬂiﬂﬁ%ﬂgﬂwiiﬂ!!m%ﬂ'lWDrawing

Dimenaional tolerance AS/NZS 1163 - 2009

External dimensions

+ 1%, with minimum of + 0.5 mm

Thickness +10%
0,

Concavky vty e
Squareness of sides 90°+1°
External corner 50x50 or less 1.5t to 3.0t
profile greater than 50x50 | 1.8tto 3.0t
Twist +2 mm (max.) or +0.5 mm/m.
Straightness 0.15% of total length

<6000 +5/-0 mm
Lengths > 6000 < 10000 +15/-0 mm

> 10000 +5 mm(max.) or 1 (mm/m)/-0 mm.

Visual check : Seam No crack, Burr, Scratch ,Rust

1Gmm |L0mm
e

$ a a 1 9
MU 3.8 MNHAAINTEVIUMIHEA T30 I5awanne Insaaieginssa
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q’ a o a a A v ' o
M3191 3.3 MIuAenlscansna lassmveunioainsnousuilya

Ao SanmsiAmnTessns) | UseAniammsUfinnuce | sasnuame) OEE(%)
V) V) 0 V)
UNTIAY 79.95% 79.53% 69.59% 44.25%
o @ 77.95% 84.53% 64.29% 42.36%
AUNTNUD
~ 77.18% 84.37% 61.96% 40.35%
UUINY
77.95% 84.53% 64.13% 42.26%
SURET
78.46% 83.34% 61.26% 40.06%
NHENIAY

Y a o a A 4 1% a 1
Fl]'lﬂﬂ]@lq!ﬁﬂ'li')!ﬂinﬂﬂigﬁﬂﬁNaI@ﬂi’)Mﬂl@ﬂlﬂ%ENﬂﬂﬁﬂl@ﬂﬂﬁgﬂﬂuﬂﬁiwaﬁ‘ﬂﬂ

Tas9e5193U W55 Size 75x75x4mm , 75x75x5mm 1Az 75x75x6mm 351802188V 09A1 OEE

Sado i
OEE unN31AN 2560  =(0.799 x 0.795 x 0.695) x 100% =44.25%
OEE Qumﬁuﬁ 2560 =(0.779 x 0.845 x 0.642) x 100% =42.36%
OEE H11A% 2560 =(0.771 x 0.843 x 0.619) x 100% =40.35%
OEE 118U 2560  =(0.779 x 0.845 x 0.641) x 100% =42.26%

OEE "N 1Au 2560 = (0.784 x 0.833 x 0.612) x 100% =40.06%




32

s=@nEnalagsIuvsan3039ns

90.00%
80.00% -
70.00% -
60.00% -

50.00% ‘ : # ansnsiéuLA3ading(%)
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20.00% -+
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M319h 3.4 uaasdnuanudinyvealyminszuIumnaane InseadagiUnssu

) p .. 4 4 1 AUD 4
doyatayminny adauaNudve Iy IINY . %ANNDAL AN
voudy | azau
Leatiunime g aziliuuanvdnagew 2642.00 2642 19.43
' o 3 A =
Z.i@ﬂQUﬁﬁ’J‘VIﬂ 6.0 UULFDULIDYN 2331.00 4973.00 36.57
3.5001F0uT000 7500150013 2020.00 | 6993.00 51.43
4.5087AYA 1LatiunAme 1336.00 | 8329.00 61.26
s.anunelylang s.anunnalildna 1120.00 | 9449.00 69.49
<A a A =g v
692V VIFOIDEN 15.0zwu¥on 1 Wusesdn | 860.00 | 10309.00 75.82
7500150113 4.5087AYA 654.00 | 10963.00 80.63
; 3 14.1AuATUNYa1enon
8. A UANHEINATDL ) 564.00 | 11527.00 84.78
NIZUIUMIAA
9.910149,IA3 uANue | 9.101a9, 1A muAuNed 466.00 | 11993.00 88.20
10.n91AA2 16.azd BN 461.00 | 12454.00 91.59
) p L. p y; | Anud p
doyatlayminny adauaNudveIyMIINY . %ANNDAL AN
vouds | azau
1190140 19.40 R voanio lai1ana 32200 | 12776.00 93.96
13AMUMINANIIASTIY | 18.308nquiiRamanniagdn | 31000 | 13086.00 96.24
14.4ea3UNa1enean vy
. 1.0 1dnn 176.00 | 13262.00 97.54
NILUIUMIAA
15 aziduaonlid W .
) 2.598gUNAIND 170.00 | 13432.00 98.79
398317
16.az1dueINer 10.n01Ad7 165.00 | 13597.00 100.00
12.508dRgUNaeND 20 nihdanausuaumTIngg 0.00 13597.00 100.00
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) p .. 4 4 1 AUD 4
doyatlymnny adauaudve ANy B %ANUDAZAN
vouds | dzew
< [ =
17500901 TUN0AN e
- 17.500yanziiuneamnu i 0.00 13597.00 100.00
)
18.508MquiANMANIIN L ,
o 12.500daguiansio 0.00 | 13597.00 100.00
agA
1940 R voeno l'ldna | 3.500m0ut0n0 0.00 13597.00 100.00
Y ' 1 Y
20.nihidANBUE AN
v 13.ANUHUINNNUINTTIU 0.00 13597.00 100.00
ne
21.ahminne lur 22 gaiautiagena T
0.00 13597.00 100.00
WATFIN WATFIU
22 gmantiadana lisu N .
211 wmsinnie luruinasgn 0.00 13597.00 100.00

H1KnITIUu

Total Run Time (1!1ﬁ) : 7790

Dow Time (¥14) : 2155

% Dow Time : 27.66%

M/C Breakdown (1-!1ﬁ) 1 645

% M/C Breakdown : 8.27%
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3.5.1 18901935 Why-Why Analysis
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Variable Gage R & R Study

Page : 7|
DEPARTMENT: Production 2 REPORTED | —4PPROVED
SECTION: Tube, Channel Cold forming \\ )‘ ( [
WORKING CONDITIONS: R OQ\V"“Q WMV
Part Number Gage Name Appraiser A
Micrometer Aipr  uwlany
Part Name Gage Number Appraiser B
n3a1ssn Ay
Characteristics Gage Type Appraiser C
Thickness g7 IHRIMMAVATS
Appraiser D
37 gy
Appraiser E
donad Lo
Specification / Classification Trials [Pads Appraisers Date Performed
+£0.01 mm 3 5 5
APPRAISER/ PART AVERAGE
TRIAL # 1 2 3 4 5 6 B 9 10
. A 1 1.17 1.60 2.96 293 1.33 1.998
2. 2 I.ilﬁ i 1.61 296 2.94 1.34 R 2.002
3. 3| 106 | 161 | 296 | 204 | 134 2002
4, AVE| 1.163 1.607 | 2.960 | 2.937 1.337 -5(,\ = 2,001
5. R 0010 | 0010 | 0000 | 0010 | 0010 _RA = 0.008
6 B 1 1.16 1.61 297 293 1.33 2,000
(A 2 1.15 1.61 296 293 1,33 1.996
8. 3 1,15 1.60 | 297 293 1.33 1.996
9 AVE| 1153 1,607 | 2.967 | 2.930 1.330 Xe= 1.997
10, R 0010 | 0010 | 0010 | 0.000 | 0.000 -Rs = 0.0086
1. C 1 1.16 1.61 347 343 1.33 2200
12, 2 1.16 1.60 347 343 1.33 2198
13. 3 1.16 1.60 347 343 133 2,198
14 AVE| 1.160 1603 | 3470 | 3.430 1.330 .ic = 2,199
15, R | 0000 | 0010 | 0000 | 0000 [ 0000 Re= 0.002
16. D 1 1.17 1.61 298 295 1.34 2010
. 2 | 116 | re1 | 298 | 205 | a4 [ - 2,008
8 3 | 116 | 161 | 297 | 204 | 130 | | 2,004
19, AVE| 1163 1610 | 2977 | 2947 1.340 -3(,, - 2,007
20, R | 0010 [ 0000 | 0010 [ 0010 | 0.000 Ry = 0.006
21 E 1 117 1.60 297 294 1.34 2.004
22 2 | 107 | 160 | 298 | 204 | 134 | T A 2,006
23, a | 1ir | 160 | 208 | 204 | 138 | L 2,006
24, AVE| 1170 | 1600 | 2977 | 2940 | 1.340 XE= 2005
25. R 0,000 | 0000 ( 0010 | 0.000 | 0.000 RE= 0.002
26. PART _ X= 1840
AVE(X,,) 0929 | 1283 | 2475 | 2447 1.067 E, e 1.545

21. (Rx + Ra + Ro*Rp.Re) / (# OF APPRAISERS) = R= 00048
28 (Max X — Min X = Xowr= 02013
29. RxDg= UCLg= 00200
30. Rx Dy = LCL,= 00000

* D4 =3.27 for 2 trials and 2.58 for 3 trials; D5 =0 for up to 7 trials, UCL represents the limit of beyond this

limit, Identify the cause and correcl. Repeal these readings using the same appraiser and unil as originally
used or discard values and re-average and recompute R and the limiting value from the remaining observations.
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Variable Gage R & R Study

Page : 2/2
DEPARTMENT. Production 2
SECTION: Tube, Channel Cofd forming
VWORKING CONDITIONS:
Part Number - Gage Name Appraiser A
Micromeler Mot ywTaes
Part Name - Gage Number Appraiser B
tafazssai ANHF
Characteristics Gage Type Appraiser G
Thickness vilag1 (A THIIT 1T
Appraiser
b gl imgaidu
Appraiser E
Aorrae Gy
Specification | Clasaification Trials Parls Appraisers Date Perormed
+- 0.07 mm 3 5 5
Measurement Unit Analysis % Total Variation (TV)
Repeatability -~ Equipment Variation (EV)
EV = RxK Trials K1 %EV = 100 (EV/TV)
= 0.0048 x 0.5308 2 0.8862 = 100(0.00284,/0.63162)
= 0.00284 3 0.5808 = 0.45%
Reproducibility — Appraiser Variation (AV)
AV = (g x K — (B /e %AV = 100 (AV/TV)
= [(0.2013 x 0.5231)"2 - {0.0028 "2/(5 » 3NJ"1/2 = 100010531 /0,63162)
= 0.10531 Trials 2 3 = 16.67%
K 07071 0823 n = number of parts
Repeatability & Reproducibility (R & R) r = number of trials
RER = eV + Ay Parts K,
= [(0.002847°2 + 0.1053172)] 0.5 2 0.7071 | % R&R = 100 (RER/TV)
= 0.10835 3 0.5231 = 100{0.10535/0.63162)
Part Variation (PV) 4 0.4467 - 16.68%
PY = Re % Ky 3 0.4030
= 1.54533 x 0403 [} 0.3742 % PV = 100 (PV/TV)
= 062277 7 0.3534 = 10000.62277/0.63162)
Total Variation (TV) 8 0.3375 = 98.60%
TV = [(B&R® + PV 9 0.3429 nde = 141 (PV/GRR)
= [{0.1053572 + 0.62277°2)]"05 10 0.3146 = 1.41(0.62277/0.10535)
= 063162 = 8.335
COMCLUSION: E | MO ACTION REGUIRED GOMMENT :

m MAY BE NO ACTION REQUIRED

:’ ACTION REQUIRED
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Variable Gage R & R Study
Page : 12|
DEPARTMENT: Production 2 REPORTED /_QPROVED
SECTION: Tube, Channel Cold forming \n k {
WORKING CONDITIONS: a v'ﬁ\"“? ’ 5 ; Aw
Part Number - Gage Name Appraiser A
Vemier aim  wnulaas
|Part Name = Gage Number Appraiser B
Sz aUNs
Characteristics Gage Type Appraiser C
Thickness viing1 U IIANTNT
Appraiser D
73 1180y
Appraiser E
donad faly
Speclfication / Classification Trials Parts Appraisers Date Performed
+/-0.01 mm 3 5 5
APPRAISER/ PART AVERAGE
TRIAL # 1 2 3 4 5 [} 7 8 9 10
1, A 1 2360 | 47.00 | 37.90 | 4930 | 70.70 45.700
2 2 | 2360 | 4700 | 37.90 | 4930 | 700 T 45,700
3 3 2360 | 4700 | 37.80 | 4930 | 70.70 45,700
4 AVE | 23.600 | 47.000 | 37.800 | 49.300 | 70.700 -XA = 45,700
5. R | 0000 | 0000 | 0000 | 0.000 | 0.000 Re= 0000
6. B 1 23.60 | 47,10 | 38.00 | 49.50 | 70.80 45,800
7 2360 | 47.10 | 37.90 | 4930 | 7080 45.740
8 2360 | 47,00 | 3800 | 4940 | 7080 - N 45.760
9 AVE | 23.600 | 47.067 | 37.967 | 49.400 | 70.800 3(3 = 45767
10, R | 0000 | 0100 | 0100 | 0200 | 0.000 Re= 0080
1. ¢ 1 2360 | 47.00 | 3800 | 49.30 70.70 45.720
12, 2 | 2060 | 4700 | 3800 | 4930 | 7070 [ \ 45,720
) 3 | 2360 | 4700 | 3800 | 4930 | 7070 45720
14, AVE | 23.600 | 47.000 | 38,000 | 49.300 | 70.700 _Xc = 45.720
15. R 0.000 | 0.000 | 0000 | 0.000 | 0.000 Re= 0.000
16. D 1 2350 | 47.00 | 3780 | 49.25 | 70.80 45690
17, 2 | 2350 | 4700 | 3780 | 4925 | 7080 | 45.690
8. 3 | 2350 | 4700 | 3790 | 4930 | 7080 | | 45,660
19. AVE | 23,500 | 47.000 | 37.900 | 49.267 | 70.733 .3(., = 45.680
20. R 0.000 ( 0000 | 0000 | 0.050 [ 0.200 Ry= 0.050
21LE 1 2360 | 4700 | 3790 | 4930 | 7070 45.700
22. 2 23,60 | 47.00 | 3790 | 4930 | 70.70 45.700
23. 3 | 2360 | 4700 | 3790 | 49:30 | 7070 ] 45.700
24, AVE | 23.600 | 47.000 | 37.900 | 49,300 | 70.700 XE= 45.700
25. R 0000 | 0,000 | 0000 | 0.000 | 0.000 RE = 0.000
26. PART _ X= 36.577
AVE(XQ 18.880 | 37,613 | 30.353 | 39.460 | 56,580 :\‘, = 37.700
27. (R, + Ry + Rg*Ry,Re) / (# OF APPRAISERS) = R= 00260
28. (Max X - Min X) = Xowr= 00867
29, RxDy#= APPRAISER B D OUT OF CONTROL |UCLg=  0.0700
30. Rx Dyk= LCLa=  0.0000
* D, =3.27 for 2 trials and 2.58 for 3 trials; D4 = 0 for up to 7 trials. UCLg represents the limit of 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.
O - e e N N S e R s S A S G saiiniid v asaadVinnin swamwa s saowsa sib b s ravaess
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Variable Gage R & R Study

[
]

ACTION REQUIRED

Page : 2f2
DEFARTMENT: Production 2
SECTION: Tube, Channel Cold forming
WORKING CONDITIONS:
Pari Number Gage Mame Appraiser i
Viernier it wwlams
Part Name Gage Mumber Appraiser B
infairnl ANNT
Characteristics. Gage Type Appraiser C
Thickness wilagi AN T
Appraiser [
52 gty
Appraiger E
Aoy Harede
Specification / Classification Trials Parts Appraisers Date Performed
+£ 0.01 mm 3 5 5
Measurement Unit Analysis % Total Variation (TV)
Repeatability — Equipment Variation {EV)
EV = " ox K, Trials K1 % EV = 100 (EV/TV)
0.0260 » 0.5008 2 0.8862 = 100(0,01536/15.19317)
= 001538 ) 0.5908 = 0.10%
Reproducibility - Appraiser Variation (AV)
AV = (X x Ko - V] %AV = 100 (AV/TV)
= (00867 % 0.5231)°2 - (0.0154 "2/(5 » 3012 = 100(0.04516/15.19317)
= 0.04518 Trials 2 a = 0.30%
K 0.7071 | 0.5231 n = number of parts
Repeatability & Reproducibility (R & R) t = number of trials
RER = eV v Parts Ky
= [(0.0153672 + 004516720170 5 2 07071 | % R&R = 100 (RER/TV)
= 0.04770 3 0.5231 = 100(0.04770/15.18317)
Part Variation (PV) 4 0.4467 = 0.31%
Py = Rpxky 5 0.4030
= 37.70000 x 0.403 L] 0.3742 % PV = 100 (PV/TV}
= 15.19310 7 0.3534 = 100(15.19310/15.19317)
Total Variation (TV) 8 0.3375 = 100.00%
TV = [Rer’ + PV 9 0.3429 nde = 141 (PV/GRR)
= [(004770°2 + 15.1831072)]°0.5 10 0.3146 = 1.41{15.19310/0.04770)
= 1519317 = 449.082
COMCLUSION: | 4 ; NO ACTION REQUIRED COMMENT :

MAY BE NO ACTION REQUIRED
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Variable Gage R & R Study

Page : 1/2]
IDEPARTMENT: Production 2 REPORTED APPROVED
SECTION: Tube, Channel Cold forming
\WORKING CONDITIONS: &)"‘?\(‘ M\"&(
Part Number - Gage Name Appraiser A
Tape Ainn  uwwinns
{Part Name - Gage Number Appraiser B
ta¥arssan AUNT
Characleristics Gage Type Appraiser C
Thickness 28057 HAWIAVATT
Appraiser D
713 targuen
Appraiser £
Anad v
Specification / Classification Trials Parts Appraisers Date Performed
+-0.01 mm 5
APPRAISER/ PART AVERAGE
TRIAL # 1 2 3 4 5 6 ] 9 10
1. A 1| 1250 | 1810 | 2150 | 2040 | 2450 194.000
2, 2 | 1250 | 1810 | 2150 | 2040 | 2450 o 194.000
% 3 | 1250 | 1810 | 2150 | 2040 | 2450 o ] 194,000
4. AVE| 1250 | 1810 | 2150 | 2040 | 2450 Xa= 194,000
5. R | 0000 | 0000 | 0000 | 0.000 | 0.000 Ra= 0000
6 B 1 | 1260 | 1810 | 2150 | 2040 | 2450 194.200
7. 2 | 1260 | 1810 | 2150 | 2050 | 2450 N 1 194.400
8. 3 | 1260 | 1810 | 2150 | 2050 | 2450 1 194.400
9. AVE| 1260 | 1810 | 2150 | 2047 | 2450 %o 194,333
10. R | 0000 [ 0000 | 0000 | 1000 | 0000 Re= 0200
1. ¢ 1 | 1260 | 1810 | 2150 | 2040 | 2450 194,200
12, 2 | 1260 | 1810 | 2150 | 2040 | 2450 | 194.200
13, 3 | 1260 | 1810 | 2150 | 2040 | 2450 I 2 194.200
14, AVE| 1260 | 1810 | 2150 | 2040 | 2450 K= 194200
15, R | 0000 [ 0000 | 0.000 | 0.000 | 0.000 Rc= 0000
16. D 1 | 1260 [ 1810 | 2160 | 2050 | 2460 194.800
i, 2 | 1260 | 1810 | 2160 | 2040 | 2460 T 194,600
18, 3 | 1260 | 1810 | 2160 | 2050 | 240 | o 194,800
19, AVE| 1260 | 181.0 | 2160 | 2047 | 2460 Ho= 194733
20. R | 0000 | 0000 | 0000 | 1.000 | 0000 = 0200
21.E 1 | 1260 | 1810 | 2160 | 2040 | 2460 194,600
22, 2 | 1260 | 1810 | 2160 | 2040 | 2460 y 194.600
23, 3 | 1260 | 1810 | 2160 | 2040 | 2460 194,600
24, AVE| 1260 | 1810 | 2160 | 2040 | 2460 WE= 194,600
25, R | 0000 [ 0000 [ 0000 | 0.000 | 0000 RE= 0,000
26, PART _ X= 155421
AVE(x;) | 10060 | 14480 | 172.20 | 16333 | 196.20 R,= 95600
21, (Ry + Ry + Re*Ro.Re) / (# OF APPRAISERS) = R= 00800
28, (Max X = Min X) = Kowr= 07333
29, RxDg* = APPRAISER 8 QUT OF CONTROL [UCLg= 02100
30, Rx Dyt = LCLy= 00000

* Dy =3.27 for 2 trials and 2.58 for 3 trials; D, = 0 for up to 7 trials. UCLg represents the limit of beyond this

Hlimit. Identify the cause and correct. Repeal 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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Variable Gage R & R Study

DEPARTMENT: Production 2

SECTION: Tube, Channel Cold forming

WORKING CONDITIONS:

Page : 212

Part Number - Gage Name Appraiser A
Tape #imr wwilnas
Farl Namea - Gage Number Appraiser B
Afassnd AT
Characleristics Gage Type Appraiser C
Thickness ez MR TRaVET
Appraiser D
53 gy
Appraiser E
gy flanly
Specification / Classification Trials Parts Appraisers Datz Pedormed
+= 001 mm 3 5
Measurement Unit Analysis % Total Variation (TV)
Repeatability = Equipment Variation (EV)
EV = Hx K Trials K1 % EV = 100 (EV/TV)
= 0.0800 x 0.5808 2 0.8882 = 100(0.04726/38.52874)
= 004726 k! 0.5908 = 012%
Reproducibility = Appraiser Variation (AV)
AV = [(Xoyr x Kl = (EV:/nel]? % AV = 100 (AV/TV)
= (07333 x 0.5231)°2 - (D.0473 "24(5 « )" 1/2 = 100(0.38341/38 52874)
= 0.38341 Trials 2 3 = 1.00%
K 07071 [ 0.58231 n = number of parts
Repeatability & Reproducibility (R & R) r = number of trials
R&R = eV AV Parts Ky
= [(0.0472672 + 0.3834172)"0.8 2 0.7071 | % R&R = 100 (R&R/TV)
= 0.38631 3 0.5231 = 100(0,38631/38.52874)
Part Variation (PV) 4 04467 = 1.00%
PV = Rp % Ky ] 0.4030
= 05,60000 = 0,403 ] 0.3742 % PV = 100 (PV/TV)
= 38.52680 7 0.3534 = 100(38.52680,/38.52874)
Total Variation (TV) ] 0.3375 = 599,99%
™ = [(R&R" + PYY)E g 0.3429 nde = 141 {PV/GRR)
= [(0.38631°2 + 38.52680°2)1" 0.5 10 0.3146 = 1.41(38.52680/0.28631)
= 38.52574 = 140.618
COMNCLUSION: | v | NC ACTION REQUIRED COMMENT :

]
]

ACTION REQUIRED

MAY BE MO ACTION REQUIRED
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. Feb- SUM SUM
BRG] Jan-17 Mar-17 | Apr-17 | May-17 Jun-17 Jul-17 Aug-17 | Sep-17 Oct-17 | Nov-17
17 (Before) (After)
LaiunAmennieasduued
4 . 200 260 340 256 280 0 10 20 22 15 15 1336.00 82.00
IATIDIINT
2.598gUNHIND 20 35 29 35 51 0 35 42 31 25 32 170.00 165.00
3.5081%9UT0AD 0 0 0 0 0 0 0 0 0 0 0 0.00 0.00
45089999 120 151 121 142 120 0 125 130 141 150 132 654.00 678.00
s.anunaluléng 240 210 230 221 219 0 189 210 220 196 217 1120.00 | 1032.00
6.AIVVIFONIDB 410 430 560 500 431 0 35 38 29 34 4 2331.00 178.00
75081500150 350 401 380 520 369 0 120 112 105 98 132 2020.00 567.00
8. AV VUANHAINATOU 450 560 525 420 687 0 4 30 34 24 18 2642.00 148.00
9.0 184, 1A9 auANe1 91 85 95 74 121 0 87 110 98 110 86 466.00 491.00
10.M91iA¢7 30 40 35 31 29 0 35 40 29 36 33 165.00 173.00




104

11910 11'ldmn 25 29 46 34 42 12 23 20 15 20 176.00 90.00
12.508A0gUNaene 0 0 0 0 0 0 0 0 0 0 0.00 0.00
13.ANUHUIANNIATFIY 0 0 0 0 0 0 0 0 0 0 0.00 0.00
14.4eA7 0N a1eM091NNTLUIUMTAR 110 98 115 120 121 65 87 57 55 32 564.00 296.00
3 A g )
15.az9myon 1ia Wusesdn 170 174 174 162 180 18 32 20 15 26 860.00 111.00
160z DINONY 98 87 85 84 107 65 75 56 63 32 461.00 | 291.00
< 1R A
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18 5001quiRIMANINTAgAL 65 74 58 59 54 56 68 71 52 35 31000 | 282.00
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20 hdanoueuamuniiindg 0 0 0 0 0 0 0 0 0 0 0.00 0.00
21aihminne ludunasgu 0 0 0 0 0 0 0 0 0 0 0.00 0.00
22 qaiauiaiena ludunasg 0 0 0 0 0 0 0 0 0 0 0.00 0.00
sdounnsesnaonituiindoya 2440 2699 | 2841 2711 2906 926 1038 966 930 884 | 13597.00 | 4744.00
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doyailamiing tamauanudve KRNy TUINYBUTEY AN AL A %ANUDE AN

LauuiAme g.azuuANHamNATo 2642.00 2642 19.43

Hda 6.GIZLSTJUL%@1JL§EN 2331.00 4973.00 36.57
2.5084UNAIND

A Y s
3. 5081 auY0M0 7.508 1500150 2020.00 6993.00 51.43
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A = g A = g v
6.0V FOUDYY 15.azWuon A Wusesin 860.00 10309.00 75.82
7.508T500150 4.50070A 654.00 10963.00 80.63
8. AT UUANHAINAT DU 14.1Apa3 0N Ya1ene0ANTEUIUMTAR 564.00 11527.00 84.78
9.1m0189,TA9 AuANE1) 9.m0 184, Tne amANe1 466.00 11993.00 88.20
10.n01a62 16.02 U BINENY 461.00 12454.00 91.59
11.v0lai'ldnn 19.30 R voevio lailana 322.00 12776.00 93.96
13.ANURUIANNIATTIU 18.500vquiiAManNningaL 310.00 13086.00 96.24
14 a5 UNa18Me1nNTTUIUMITAR 11.10l3'1dn1n 176.00 13262.00 97.54
15.aziaeulid flusesin 25085 UNAIND 170.00 13432.00 98.79
16.02 9 UBINEAY 10.n01af 165.00 13597.00 100.00
12.5088AgURa1one 20.WThdANEUBUAHIINIg 0.00 13597.00 100.00
< =1 a < = a

17.500ynaziduveannn i 17.500ynaziduvoanian 11 0.00 13597.00 100.00
18.508MquiAAMaNIATAgAL 12.508AngUNa1eme 0.00 13597.00 100.00
19341 R voane Li'lana 3.50015ouT0AD 0.00 13597.00 100.00
20.nihdanousuantiind 13.A7WHUIANIATFIY 0.00 13597.00 100.00
20 minne lirumasgu 2 guaviagna lirunasgu 0.00 13597.00 100.00
22 guantadina liduuasgiu 21l miinne s e gy 0.00 13597.00 100.00
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