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The objective of this : improve laboratory management system and
reduce errors of factor. esting of cold rolled steel sheet which

Laboratory ent from the current testing 9 from
15 management re nical requirements. After that we
analyzed the proble roblems. First management system
problems have been revising standards to support each
requirement. Secondary testin hods problems have been solved
According to tests to ensuret d rolled sheet steel, hardness tests showed

.u:-rx.,

that the frequenﬁ of .the rrrét 025 per month. And most problems of

1.87% / month. Aﬁ ana useﬂ)y the test error 1.13% per month

and recording of tesﬁng.result wrong O@% / month. The both factors were selected to

the improxﬁw%ﬂ@n% Ejtfiq ‘|§ WUH (ﬁ}sﬂ;‘@;lems standard procedures

were develﬂbed by apply ISO ‘,/ IEC 17025 2005 to valldatton testing methods and
AR VR TR TR SIS o mecssoman
meaSurement system analysis, evaluation of the laboratory proficiency testing and
application of control chart tracking disorders were analyzed by regular testing.

Result of improved testing process, has been reduced errors by testing down

from 1.13% to 0.32% / month and save the test results from 0.44% to 0.02% per month.
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Rockwell Hardness Test
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UANNIS LUNITNARAL

Tun1magauANLds nagaufaan1sliLsalnwiane (Indenter) @aanawluilszinn
Wi (diamond cone), Fnagnuaamdnyiemang U (steel or hard metal ball) tng
day a2 . X
wIN ENAN 2 TuRaU A9l
. | dld o < < A o ¥ a
1. Primary test force (F,) {luussntiavionagnusaimianguuds vsaianamasliuuio
TaneNazinANLig
2. Additional test force (F, ) Wnke s angn Primary test force LAZNAANNIENAIAN
1% Primary test force fLG1971
nasan WusanAUTWINLnada Ul e a1 (N) 1dann
FER+E

= a = _ > o = 2 aa
sﬁx‘]@;‘:mmﬂfs’m@ﬂi‘uﬂ"}’iﬂmﬂuﬂumu\ﬂu LL@&IL“L&"]JMWW]’]T]’]?D@‘LALLNﬂmﬂ’ﬂﬂ [THAIMUANNILNA

9,
o oF

AINNIsANAIAINUG FyBeidet dtlipataanlalunisaiiriadnuisazldainans
wansaesAKAnlundsnafiufiags (Permanent indentation depth) lumiaaia@iums

. o y
(mm) Aenanalugi 3.6

P r N

| i 771

f T = Surface @ : Indentation depth by F
1 1 o e

' \i ; ' d Refore @ : Indentation depth by F,
i e AN T / . .

: | = @) : S @ : Elastic recovery just after removal
I @ \Vv/ I . .

1 @ 1 @ : Permanent indentation
1 j 1

' V) v ! \__/: Position of indenter

] 1

1 1

I i

717 3.6 uapsduneunigliusanaasuiiiaiman

° 1 [
N1TATUAIUATAITNLLUN

T1N1TANUILANANNHLTINAMFUNIINAAB L Rockwell hardness was Rockwell
. o d‘ Qy 1 1 [ =X
superficial hardness AZANUI AN LI LT MNINATUINULBILARZUNUILTA AT AINAN

1 ¥ v 1
AlFANNITNANARAALTUIN UL Aataaal1mn1371997 3.11
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A1379% 3.11 NITANUITUANALINKIST8Y Rockwell hardness and Rockwell superficial

hardness
Addition
Preliminary Total test Hardness Field of
Hardness al test
Scale Type of indenter | test force : force : F definition application
symbol force :
F, (N) (N) formula HR
F, (N)
A HRA Diamond cone 490.3 588.4 20~ 95
HR=100-(h/
D HRD Diamond cone 882.6 980.7 40~77
0.002)
* C HRC Diamond cone 33 1471 10~70
[}
% B HRB Ball 1.5875 mm J 382.6 980.7 20 ~ 100
©
i E HRE Ball 3.176'mm 98.07 882.6 980.7 70 ~100
()
% F HRF Ball 1.6875 mm ﬂ 490.3 588.4 HR=130-(h/ 60 ~ 100
o |
- G HRG Ball 1.6875 mm v 1373 1471 0.002) 30 ~94
H HRH Ball 3.145 mm _, 490.3 588.4 80 ~ 100
K HRK Ball 3.175'mm : e\ ¥\ 6 1471 40 ~ 100
15N HR15N Diamond cone & -} .. il ds W7 1471 70 ~94
;::QU 30N HR30N Diamond cone ':.r“.-,_ 264.8 294.2 42 ~ 86
© ="
S | 45N HR45N Diamond cone . SE4119 441.3 HR =100 - (h/ 20~ 77
o 29.42——
g 15T HR15T Ball 1.5875 mm- . =kl 7.7 147 1 0.001) 67 ~ 93
X
;:é 30T HR30T Ball 1.5875 mm 26484 5204.2 29 ~ 82
45T HR45T Ball.6875 mm 411.9 A41.3 10~72

LAFRINANAEAL (Testing machine)

Lﬂ"‘i‘lﬂx‘mmmu Hardness 603 IThlilm sl IS B 7726 ImﬂLﬂ%\mMﬂu hardness A29974
at/luifiudouss Uaz Aurasiang indenter AuTdenIsEaimua liRnasAsaseL Ates
nagavuiulazan Tngenaniiluil ivaanadn (Daily check) P!

1. newnn1edalel confirm ANAeieuNIA?gIU CRM AvadaLiang indenter uaz

37us0anA anvil Wag luanmmdenldeu

2. Wiaendeuninggiu CRM NipuudslndiaesiuAndn e wazposldian

CRM nndulunng check




1 1
a oAl
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NSRRI E AT A LTN wazAaLde Fienaiiniiedannnng
HNUNTZLIUNNT Heating WA eold warking An! Tneannzatinsdelunsdiviiag
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Hardness . 3
Rockwell-hardness Rockwell superficial hardness
Type of indenter -

Diamond cone indenter 10 0p-0.02(100-H) 10h or 0.02(100-H)

Ball indenter 15401 0.037(__1530-,[4) 15h or 0.015(100-H)

38n1sneEaL (Test method)

\Ha h A9 ANANTegeenalmm) WAz AaAa hardness
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%umumifmégiuugmimﬂm (anvil) MEdausetaz0 Feanniuwnuzesiang
(indenter) el89n19n1 AR 0L BT UL IUE R N sE PN A LT
wm:ﬁllﬁumm‘zﬁ’ﬁu’%mm LLN%uLLﬁ‘ﬂ (Preliminary test force :F,) FANNTZWNN

AU WIAAU LALITI9IA17TUIN MILNNTLN AT TN 33UNT)
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To03a W usen Iy AR UL U T A es (Additional test fercerF ) Aa3agilutas

128 319
f9n19lisanIImaaaLsn (F) = (F,+ F,) aasinennan e lutgog 4+2 3und
Tudumauniade Aastlasiuiazaalulinssunn vire §u

. 2 e o omd A v omses Y a 4 .
navazEndn wransiinases il lflduunu uazynafsndniaulasuiong

(indenter) waz §1UsBNNA (anvil) TanTivArIRTIAgeL liiulanendAzesegly
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8. AnwsazqaNnm AsUNeiueLinglpe 4 Y184 Diameter 199908NA WHFaI Y
n91 2 mm. 4ANNARYIUINANTaLIBsTWINULNTRLNGN 2 WinATITas Diameter
2199908NA W liifaanda 1 mm.

AN lNLUYaNARINANISNARAL (Uncertainty of the results)
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1. fladeanniasasdnAinuude Rockwell hardness test Tagiaztlsynatidasaanulaisivay
maqmarmummmmqmmmmewmmm@uu 95% uaz AN lallueaneg Block
mmmuﬂﬂumimumumemmu J1§8’7726 ISO Guide to the Expression of

Uncertainty of Measurement (GUM).: 1993) '

U
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Hardness Testing Machme L‘]JuLmﬂ\mﬂwmmuﬂi“’Lml Rockwell Hardness Test Ly

A

Lﬂ'a‘muﬂmﬁlumswﬁmumwu,m

Digital MU0 2 Lﬂﬁ‘er @Qgﬂ‘V] 3.7 Iﬂﬂﬂ?’]ﬂ@&ﬂﬁlﬂﬂl@ﬂm?ﬂﬁﬂﬂLL'&@\?SLLLGI’W?’NVI 3.13

2191 3.7 NNLATRd Hardness
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Standard Equipment (Lﬂ"’iimﬁ'amm’a‘g'lu) Machine A Machine B

Model of hardness testing machine
Model : ATK-F1000

(ajummt,ﬂ?@\ﬁmmqmlﬁq)

Serial number of hardness testing machine
a4 . 351173
(MNNLAULATDIFAAINLIN)

Manufacturer of hardness testing machine
Akashi

(HuAnATeITnAINLN) \\\M |
Uncertainty of hardness testing fachine ™

~ _Min =0.9,Midian =0.5,Max0.5

' ' ' - o %ﬂ_ "J‘ =
(mﬂmﬂmmu@ummm@w J| ——
: 1 &
The best measurement capabili \ .
NN S ~ +0.61HRB

bz
Nelely

Diamond Anvil ( §1lnas )

Diamond Steel Anvil

Anvil

, ¢ o o/
ARaN NINLWTING 1A Y
Indenter Steel ball (¥9na mumz’ﬁqu@uﬁﬂmq 1.5875 mm. %178 1/16")

Drying Oven (16181 200° C ) 4115L8U Aging TUNUNBUN1INAREL

Micrometer A115U3AANNNUWNUBITUIIUABUNITNARDL

o & w0

Standard block # 3 iip ANAIAMNLTLFAaZTEa9luN1IMAgaL Aa Scale HRB,

HR15T wag HR 30T
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717 3.10 Freeinaipzas Punch Fusuliiduaenas
3. 9% MNNLATTUU AILU TUINUNNAN
4. Wauwnunilunandne TMBP dsnat 200 °C 30 wint taevinaauazanalnaqu

Normal Hexane fiau uaz feldlidundsainauudongmmgiivies
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1. AAANUNUNINTUIUNARDL LAZLLNUILNNTBITUIY Lﬁ@Lg‘ﬂﬂ Scale 19
4 a o & o dl
A0AARAILTLNNKNARA LY AelLanglWumNT197 3.14

R399 3.14 ANNANRUSIE ML szinnRARS usTuazRockwell Hardness testing Scale

Product Thickness (mm) Test Scale Guarantee Scale
T<0.25 HR15T HRB
Cold rolled sheets (CRS) 0.25<T<0.60 HR30T HRB
T>0.60 HRB HRB
T<0.20 HR15T HRB
Annealing -
Galvanized T>0.20 HR30T HRB
Steel (GIS) 1:/<10.30 HR15T HRB
Non Annealing .
T>0.30 HR30T HRB
4T<0.20 HR15T HR30 T
Tin mill black plates (TMBP) ;
. T=020 HR30 T HR30 T

)
2. wdanlFneazieunlas9sitda1naatsussAIEaLRATas Hardness Tester Tngig
& o
Lflaumtiae LCD 1885uATes
,JJ
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. o v o PEY P = @y v
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NAFDL ALV IRINAABUYNFBIZI4A
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TEST LABORATORY

Quality Control Department K Harada
(Top Management :ISO/TEC 17025)

Lahoratory Engineer
{Assistant Technical Management
Head : ISO/IEC 17025)

*K.Kitiya
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1
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Organization of Test Lab (ISO/TEC 17025:2005)
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- n3aysTRly Request azfinaiansauiliessiuianiudnglszasduazatnimaasy tae fansnndniuanunagasy

wuule wazaunsanegaulsviseld  wisesnulu 2 nedl
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ANan1sU LRI
NISAIUANITUNARDLNLAL
W-TQ-TL-PX-001

nsaagaulne : aYNRLAeL :

NSON 1 : UNAKAULLY Additional from normal Test ( N15 Test LANLANAINIIU Normal Test 1sa Test

P Test Procedure MuuALILAA )

- mvualigiansuneysi® ussdu Shift Leader IDaytime Jeader A1l Shift Leader /Day time leader 411190

aylA 11 Request UAZ1NN"g Test WianNULAINALLaSsFiWA ustinnavianuagal Lab supervisor Taeidl Lab

£y 1
o

. o = v 6 v . ° @ A

supervisor NMNNINUNIUITL Requestuasnanig Test anmseuwaa i Lab supervisor Mn1atdutalily Request
dl (=] s

wazea ivaidunangulunisiinay

A15UN158198909 ANBN15U G159 P 29AN1909 T UATDEIINAREY NUININARDUTAUDUIILUAE

Ingilszasanaauilulilaui gianigtlgiianns nvunviuy

nsaiN 2 : uNeRBNUAnERaN 191w Normal Test ( lagfiunufiacing wsadgnisnaaauliaslu

AAUL18URI91U Normal Test 14U Claim/complain . Investigation )

o

TM Head aziflugiiansauinly Réquest Life Warsauatiadian 1 inpnaaL Al

a

v 4 '
o

- #1 Test Lab {funaunisnag@y (Work Instruction ) Nazaanasannaeylilinansenindnglseasdng

v
v ¥

Request 684n19l8 , TM Head @Nauatimsne i Léjb'stljpervisor \ugiansnineyslFau Request Bils i
NA130U1I1 Lab supervisor NPT AT TR LA i lunsiinunageyT Repeat uavilfunay
nsnageu luwLLNe s F-TQ-TL-PX-007 ﬁiﬁi"uméé‘igﬂﬁuﬁq 15 Lap-supervisor ugaudmna b udai
nanaaeLaNng 1 TM-Heac-mmamtas i Tv Head wme sl DR quest uaznaiiveidunangulunig
NUMLENAS

- &1 Test Lab sielaifdunatinimaaey ( Work Instruction ) TM Head fiaifluganusdslu Request Wit

- msayEnmueiaNnanRaneY9 ( Wmadwildlag lab supenisors Shift Leader / Day time leader
FaaeINeazLaen Tnedel)dn / mﬁﬁﬁﬂmiwﬁﬁ@ﬂmmm@ﬂfﬂu Request ( F-TQ-TL-005 ) kaq@1Liiunng
naaavld antulidanuumaly Requést ( F-TQ-TL-PX=005 ) Phudfaundusnli TM Head \iuanls
Saund uins Aty

- lunsdiierusesiau uazlaarsnsafinsa TM Head 16 Lab supervisor / Shift Leader /Day time leader
savauuaraadlusuunasuly Request ( F-TQ-TL-PX-005 ) 3uugladusisau SINVIAIIY /1987
Fasia TM Head uaalsigunsofnsals uasiarsaniiginisanagavlalaaiinsadia lsidams
winly daarsauaadn awrsavile isudunisnagayls us Shift Leader /Day time leader 7
suRnTeudaausauns Request AT liaansasusaswanisnagauiuls

ungnus : lunsain luanrsannsa TM Head 1@ Lisnilunisamsia Lab supervisor 1uviui

Suiiiaavld : 19/08/09 unlapsad - 12 W7 ;5712
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ANan1sU LRI

NMSAILANIIUNARDUNLAL
W-TQ-TL-PX-001

nsaagaulne : aYNRLAL :

7.4 MSWAILINUNARAL (Bnznunagaunliaglurauinanissusasnnasgu 1SO 17025

- nsfuedlunsdlfl 2 andatien 2.2, TM Head §e ¢ insudsluadi Request et uaz TM Head azfiansasm
Fanageu miluli/lg TneenaaziFantszausendas LabsuPenvisor ,Shift Leader /Day time leader , 1134 §
Request fngl Tnel TM Head uavLivmagikil Shift Leader /Day.limeleader Lﬂuﬁ;ﬁ’uammu mel Shift Leader /Day
time leader fiaansanseazLatAFa T Request No. “Hemglau 293¢ Request 41 / thaw /1, 33n1smagau
atihatie UazHANIMARDY &l NeF e D AR ( F-TQ-TLPX-006 ) 34 Shift Leader /Day time leader
Faudude- Sunan innseu agdhify fnpaatl

Taya luuunesunaaed ( F-TQ-TL-RX-006 ) T ihias natmoaey i aaes YNl uasAsn M LLLNAREI

ISUZ aq d’ 2aa = AI’ v & a o v
8194 [AYA1235 ‘77\7@’7@lZﬁ’Jﬁﬂ’7?‘Vlﬁ)ﬂ@ﬂﬂ?@ﬁ@ﬂ’)?%ﬁ?ﬂ@ﬂ?’)@f]ﬁ]@\? HTBARNWAIAT 15

TM Head 1lugiaysialy Request Ld@a 8 sam9uaa Un1anadeungnsedlauaa

- uananegeuuuuunesuniImages (CFTQ-TL-PX-006 ) siasiinistiuduaaugnsias Tnah Shift Leader /Day

2

. Ao o P a AL X
time leader NfUAATaUAN1TNAT04 A ndBAAa LTS
1. nsseuweulneldunsgiudneBaiadandisas

- S ve il
naulFeusunanlesuannisldaa e

= 1 2 a oa
ﬂﬁﬁ‘L‘LE“EI‘LILWEUN@?ZMQWQ%@JH{]UMH’W

nsuszinuatinaflussiiusa tadeNAINaNIENLABNANIINAAOL Aa1iVis

o M w0 D

nsszifiuannliuduesdasia lngeAamaudn lanedudngarngns mﬂqﬁujmmqmwﬁmﬁ%m:
dszaunsallunzd iR 3$amenilaziinsiusdiugniasuaznnlszidiuanusiuing b aife
nzAtuANRILIARAsAAe L W-TQ:TL-MX:001 )
- Shift Leader /Day time leader addinsifiunaaainistiuduaqangnsias iuwuunefu nsmeses (F-TQ-TL-
PX-006 ) MANANIELAY = 2adbuLiNe sy Tmﬂr:’ﬁm@miﬁuﬁuﬁuﬁﬂﬁ@gmwauﬁﬂmiu’mn A7ANTANAI MLLLND SN
N19NAa8d (F-TQ-TL-PX-006 ) Lwi'ﬁ’]m@miﬁuﬁuﬁuﬁﬁmﬂaﬁﬁmmzLﬁﬂmmrw Aanunsn angansuwuyla

Shift Leader /Day time leader #n139aLAYU wUUNeFNNNINAABS ( F-TQ-TL-PX-006 ) AMNATALIUNIELAT ;

Shift Leader /Day time leader ganannmagasluiuunefunimaaas (F-TQ-TL-PX-006) 1usls Lab

supervisor ianunau kazdsrialles TM Head iefansaundndsnimadeuiiuaiunsaldlsvize la

Suiiiaavld : 19/08/09 unlapsad - 12 W7 : 6/ 12
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ANan1sU LRI
NISAIUANITUNARDLNLAL
W-TQ-TL-PX-001

Anvinloe : nsaagaulng : AYNALAE

fnasnsnadansiusliainnsaldewls TM Head a1anansanlimeaasnilud vige ananatsandnldainnsa

Sununaaauiuls wdiuddhliag Request wsithiannamasautiuaiunanldls shift Leader /Day time

leader Fadt1aneaziBensi197 1y dnilszasd [inlmasauresiunaunimagey nlinaaesin asl

WULNBFN TumaLnNIegal (F-TQ-TL-PX-007 ) ilalf.duanansansdeluasasall d18eunesanly

Anwouzineniu uazas sialilfeiivHead e AN s BlnNAIEAA LN INARDL
- Shift Leader /Day time leader ainagdaiiuu e fudiumeunignaasy ( F-TQ-TL-PX-007 ) Aun1saysis
Y o ST 2y = -
uwdn a9lu Log 1inydidunevpas?inaes(F-1Q TL-PX-025 ) Gifadnsanssazidansiiiae Feaenans,

WNNBLAANANT , FuTioan@fifingd Aaue EuEal LAEURI B IABENTEENANAL ATNAIALMNNLLAT ;

b

- t#n13 Request Ang Requést Windsnagauihinisyaaaiiuiilszdl soaziasadunaunimaaay i

Shift Leader /Day time léader @ luliutila 5 dunapnasnnasuil (F-TQ-TL-PX-007 ) azgnilaaulil

ARan1sUR IR ( Work iAstruetion ) \fludsusaly

Test Lab az1u198n15maaa1a1n LMLy IWe s F-7 Q- TL-PX-007 ( duseunimaaay )lu/1dlunmeagaya = lxu

SmmmaaaTaInuLLNe T F-TQ-TLAPX-006-{ 11 15naaed )1/ ldiiugm
7.5 MINDLUNIENU = 'J.:
- Lab supervisor A1810NaLMHAE 1A Shift Leader IDay fimie-leader Lﬂuﬁﬁuammumsmmmauﬁﬂﬁluﬁuﬁ
7.6 NsnAgaL
- Shift Leader /Day time leadér i{JUSURATALILAZAILANAKANIINAAEL Assign T Operator HIugiN1smagey
14 Tnananisnageuld Fawindali Shift Leader /Day time leader WANTUNHANIINARDLIUAZAANITNENTUNA
NINAAAL

o

- dupeunimeaeuABN A TUNTaRNRR RENEN WA aLTR

7.7 NNSAANISAAENNAFAL

7.7.1 N155UMAARENG

o o

- U request MmTAUANaENAINg request 1AEABINNIAIIRABLINEATIEEA ANINANYIDILAZAIIN

o

a9r09lU Request ( F-TQ-TL-PX-005 ) Afatiadasneazide A1e4Tuaunaday Taieddannfadiumeaazidss

e

an

PAANTUAeL1e widuudaet el iaTTuewdslimuvanuazAsuiiou §5U Request fiasadaaaziaanli

ATLEIUNBUNNINARDL

o o
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W-TQ-TL-PX-001

o

- B30 Request #1NN1961992ABLA I UAIDLNWFRNTNAN TWFNBENITYFU Tefaegnaes muizanuazet

o

weut8veIANen1sUITRUT ) lunsaindaetveguanteuinavesgien1sUIiRemutiu - fesUifnu

BN INENB NI UNARDL

o 1 =

- Tunsdindnegnelan wlimnnzad vianaan R aun A leepsiaiing nuansitsanan wini Wasiuinuly

Request ( F-TQ-TL-PX-005 ) m#39iaeAatuiinil nAaasnaas 19 naaaL
7.7.2 N9TU9RAIDEN

- shetnnaseuazgniainelanel Anwuunesi [abesl (E-TQ-TL-PX-010 ) aqUuTuaumagey d

v P [Eh
=2 o 1 =

eazidenAsll RequestNo & 8 TufapeiMlinnaay : 3 8az1aen 183 Tudaat winagay @ &

' 2
= a o

Request 411131 . 414/ 1At / 3l AleE Tudneghamage , sunvnaafietne iedznan Aan1sRumn

£
o v o

V9l Label fiavasagiufaatneaundtazgninaie

i

\findniflugiag Recheck visaifis Tupantiraninageu

aananviest]iAn1mage

- lunsdluilu Tuiedimaden Microstructure fi31 Request fesinfieviuaunagatsnldly
QenaaRNTHALLILUAEINLAZRA Label ( F-TQ-TL-PX-010 ) adLiunananasin lnsnsanseazidan g
Request No. : &% Tufhetnmagey : MuaidnATes Tufhedmadey ;| & Request o A/ Gew
/1 850 sahdle | fuiimanadeting Giasesnn Haan Ay Saniple Wasiudios Recheck 1i3a 719

£
o o

v 72
TufeEmMARaL Y9 Label Aadasagiunaafnauninazgninateanaintiestjifinimasey

2/ (2
=

- ludgsmulnet i inamdss st Winae uliE 9B eaiia iU TR CUtINg out and work of test

al

piece (W-TQ-TL-WT-056 )
7.7.3 NMSAANLLAZNITURENHID LN

dd‘ 1 o Yo a Yo U [ [~3 o/ ] dl = o 1 dl 1
nsdif llamnsaianmeaeulédiui giinimeseusesdaiusaedngiluannsimunzan Aesatteiiluuiu
wian WaaAulAn box special Wiatlasiunisduauiuaulng

- ——————————————————————————
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ANan1sU LRI
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W-TQ-TL-PX-001

ngadaulas : ayudRLag :

= '

- fhethawdinimeasuudolidniuldlududuiuifunesng Teiinnsuiiauananedey Request MAIAIN

|
Ny

nsaudANanImaaaLLdn INed uiuniniamagendn lunsting Request Alaanistiudunanimaasy uay

a

o

% 1 dl v =3 il/ < nﬁl :l/ v o a % %
fsnatreaidasniaiu i luduiy Sample Eu@@ﬂﬂ’]uﬂﬂ‘ﬁuiﬂ@’]Luuﬂ’]i“v];ﬂ“ll’m_l Sample AENTEATND

Aautin ldanglududy Sample

@

- Shift Leader /Day time leader auntiufiaes tanadey W luaud miuiiy Sample T9in1sutmNsadec]

a

Request

- Tumsrudhesnete JUAdEN Wi gaann T N ATIa i AeaaNsringrde e lesiusinagnadenie

visalnwlianysnl SuazddanEninongnisapaed
7.7.4 nsNaAag

o a 0=t é{ ‘:ﬂ-n/ 1 < 1 d o d
- Shift Leader /Day time leader TUNAGATATLUUNITNS FuRaaE1madeL IANABINE ATUNUUATEEZIIANATNT

'
P .

& Request Muunl3luly Request (Hiaa nuiiaLlBnanIsnaaei) )

)

- Shift Leader /Day timedéader 4187150 Aa130L79 Sample b LA e aan NN NN s U RNALAZ T8 TUNA

5

Boufesudn tluly Reglest lsilinnsseyaniinusaeenamaaailsnouang Request

o [

- Shift Leader /Déy tife leaderniuRadaniaiinh4ea st de L1 1 fid Fuiatramaaaumusedad

a

o

Request rnwuadBihagneiiaruauunniiulyl Shift Leader /Day time leader A3uRiataL azinsdniRnsalld

§f ReqUiestafguynennshie nnass

o '

- necindaesnadukEuman TEneaalude scab box
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ngIadaulas : ayudRLag :

7.8 S1ENUNANITNAFAULLULU Special test

7.8.1 11189370974 Special test LununagaunieluasdnsaeaiuiesljiRnimaaesudninmenaualngld
. 4 o WS
WLUWBTN N199ENUNA ( F-TQ-TL-PX-008) S9iaeiaziatifiadly

= S y 2 am
- °TJ’|’]LL@&VI@%%@\‘W@Q‘]JQUMT]’]?V]@@’m_l

'
A

- 5309 ( WUIINUNANITNAGeT )

R

¥
nAn

'
=20
o)

f

% '
=

- ANTURNNTIR9IN N UNANATN AR ALl I UHAEAIANA LN (Request NO.) , UNIELATUENLATANUIWNTIN
UNA

- Junmewdl RFusetng ( Request date ) , A1hawal INan1snadey ( Test date ) , JwiRewdl sneenenag
(Report date )

- degusrasAlunimagey ( Objective )

- EasREANNNT TN AgaL

- thdenimadeu

- s lummagen

- WanNIMmAKau ( Result)

dll z.:i 3 1% s A N
- TREYNINITRAU WIaN Alaa/dl

EOA

¥ o A =
ATLIAN NIBREWIARK/L

'
=)
232

f
q
% o

auF wWiaw kel

i
e
2220

f
k4 dl 1 d’ld o 1 dl o ¥ 1 3 o = ] %
- ARAINNIZLIN TIENUUNNALANIZAIRENNUININAADY memiugﬂmmmu’]Lfawq:mmmqmu 2nLIu

ety InglllFiuednatudeniliuaednunienseandedjiinng

- ——————————————————————————
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ngadaulas : ayudRLag :

7.8.2  Shift Leader / Day time leader 6i84Wan901191619711 Request Buin19anasiug Request 115401918974

gafunuuuiednn (911 Request #1191 Tudaeinanagal A1uaunIn, nInadeLiataviade wazung

o

adanagavanilusiadldinanuii) Shift Leader /Day iime leader Fasndseazidan1as Request No. WAy

ARANNNANGN : AN WAL Ta /[ 414N U89 TUAIasNNaAdaY 1HTARL TI8NIUNANIINARDY AD9ET LT

val o a1
ganunanyifsali]

7.8.3  Shift Leader / Day time leadep #1811 131N 3987114 Special Test Hanunagli Folder Desktop:

Special Test Inatfunndiva g Requést No. ialdliinisayas

7.84  lunsedfinng File server Wiviannsduaanmngasidsaes Computer \\ QC-MONTHIP-PC \ QC Department \

a

7.

01 QC works \ 03 Quality control work \.32 Test laboratory \ 321 Test Result \ 3222 Request for special test

\ 32222 Test result \ 20090 Txxx

¥

85 lumeaunanimegeud e luaanian196n1830a8a iU eATaNIe « * 7 uthuanIImMAaeL

v

PRy

9 NMTAYNANANITNARAL

WigNansaunaysimly Request uiiansninaulsing

al q

9% Lab supervisor @113afasunauslmngaInll Request 1l Leader ausmdls uaz TM Head @1119niansnin

auANa a1n lu Request i Lab supervisor ae Shift Leader./ Day time leader 151’%1;133@1’3715

9

¥

¥ A e =1 % ol o o a = >
ﬂ'ﬂuﬂ?mml,ﬂuqqulﬁ\imqu / Q"]uvlllam_l"ﬁ@u HV]N@TH’]@@HNm@qﬂrl?ﬂW@q?m’]ﬂu}NmN@Vﬂﬂ']q@ﬂ@]

WannsaliinaFeufoauda nna Test Lab azdenasiuaiiullligin Request wazanaiuduunlin Test Lab

iasngdasiall
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W-TQ-TL-PX-001

- TunsiAinng Test Lab Td@nansn Test a5asiavanla Shift Leader / Day time leader #18190895189 1U4KHANNT

NARBLLNAUT I FUN9e1 R uAY LU Request 161

' o s

- gedwanenaysl® Wrsse gayain nnelnedmd tnlifungenifiann gayds wdaliasaazidan nianiag

U/ mmﬁié’ﬁ*umaméﬁﬁué’q Tuwvuunefnly Request¢ETQ-5-005 ) antlidaatiudeundunnly dausia
ueyTdieundaiuiinesinla

B o odanmisasuniauay® watlilgaenaninde TM Head 1n Wassazidanli vadenaliiau wiax
Waasdu / Lanilannse TMHeadliaalaizinsonnsals aslunuunasaly Request ( F-TQ-TL-PX-005

& vy & o Y P I~ o v o o a o (%
) AINUY GLVIQQNQ uuzl'a‘uﬂauu’ﬂm TM Head L‘ﬂuﬂu“ﬂﬂﬂuﬂﬂﬂﬂuﬂﬂ?xﬂﬂﬂ

7.10 NS UHNANISNARA L

- Tunsiin An19uds ang Request 48 anuiliinanlignsias Lab supervisor azfaeiiansunmagauan

ANUNTIENURAYTE mmmﬁiﬁ%s&mﬁauwﬁ (Test Reﬂlpb'-rt . Full Report ) A1 Request No.

- Lab supervisor 213130 Assign 4114 Request vhs 1‘]JET\:1_‘jSHiJ‘tI‘!_eader/ Day time leader H3uiaTa1aU Test 1
ANAUNTT RTRdal dhinan1maday e SHift Leader / béy time leader AFURATEY Faalinnsdann ns
e BNAKE N8I AUHANISTIREBLIR YA R'édué'st NowiTuLAs wifaslin139aRuwAdn “eneanu

TN UTBII BN BHAN Tanaaer-RequestNo  thats naeaama i aLaudana nansduaw e

a

Request i

- uamaegeUaN IR uANANI e UTRENASS

s o o

Sufiieaavld : 19/08/09

unlaasad : 12 W ;12 /12
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1. ANA19B1989

ﬁ@mim‘u@Nﬁmﬂﬁﬁﬁmimmmu ( W-TQ-TL-MX-001)

LULWRFNNANNINAAL Hardness Test (F-TQ-TL-WT-046)

- LULNRFNRANINAADL Spring backiindex (E4r Q-TE=WT-018)

- wuurasunan1Inaday Erehsen test(FTQ-TIL-WT-019)

- uuuWedunanvaaau Befd test (FTQ@-TL-WT-022)

- wuUWesNNaNIIARaL Grain size test (F-TQ-TL-WT-024)
3. annisrden '

Lﬁ@mu@mf]a‘ﬁﬁﬁ'ﬁmsmmmumuﬂ@zﬁﬁ (Normal test)y il miutanivue
4. wRULAR

praUAgNDNNIsiLdaiaue , n9iuFnagng, ﬂw@aﬂﬁ%‘nﬁéﬁmmu, NNIINATITIUATNTINENTUNA
5. B

_ qumagen Normal test ABWNARBYIEIA AR AN AT LA
6. ANNTUNATDL

- TM Head Mt yiitasaas

- Lab supervisor Mt HABIALE ASLANNTNAREN WAZLENA LT BTe [ 1TRNg

7. aupaunsUitenuy B
7.1 nmssuratduanIsnadauLuilssan
711 nvualddiudetauaiugesu Lab supetvisor Iull nassudialaup i salaquiiadasialiil
- Yadenimaaen
- ANRLNNAEAT
- NNIFLASFNRENNAREL
a = o o = v @ - o R o
- ANd MeaziBaaresnsiudaiaueasgniuinuardnfulFlusuunesuniniuinnielu Taaszy S
A p o Y E 1 o
Wawd wazradedaiduantneimnia

7.1.2 Lab supervisor $18911NNINANTNd AL Uase TM Head

713 TMHead \ufewsdmzunisanmaauilulilifaeclasinig

Suiiiaavld : 19/08/09 uilupsad - 12 WU 1/6
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N1TAILUANIIUNARDLLLILLITEI1IU
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nsaagaulne : aYNRLAL :

7.2 Euiinisansantulillauaslaseanis »

L4 a o/ QI o = (=] b %
vesdfjiAnsmeasy Gurinnisdnaanudulilideedasanis
- Lab supervisor Iuldnavuunald TM sinnnaén#niaganis
-Lab supervisor*?lﬂﬂ INUHINNUIAANS
3 = [ 72 1 ast = 1 1 a oA
- M sinnsAneaauiulylideeenasuagey g TariamesaliuasaeuiiaLsing ] mnglanisl e
N1IAILANTRILNTRNMAARMEWTOTL-MX-001 ) Fdand9uay nsiaenAsesianaaeuuarginanily

NNINARALIFANN 7] mu@ﬁfam?ﬂﬁﬁ?}mu pagpdLANeaLfFnagnaaey (W-TQ-TL-MX-001) Hadad 20

7.3 mstufulasans g
731 WeuljiAnmaaeurinnsd@dgnandifnsalasaniaiufiaveneanndeag Tnasaniansunia
-
EALEIGHET S
- Wansansylemirediasanas
- sruuMsiusietaadey
- ITUUMSAUAIRENNAAeL
.=4'
- AR
- FTULNNIIENIUNANNAADL
- ANNIRENUAZHANT YL HEARIIREN
- A ldenwseunasey
- 1987, ANA9NA , N199A Schedule $1UNAFAL
- Tudureunistiuitlasngssnnstikadnansada syl dasuenldnnasiuld e

9 o K [ %

Wenndeaglnannasiamsiruiasenasinedn i TuiineazdnifAts 189U 1IMUNIusaNdInig

v ' '
o

wWaswudassie B lunuunesuiunnagly wFeuvisuds@enuilainsniiudnnaedemenu
732 TM Héad auslnGalazenag Tunstuniansnsamnadaniinlaganis

733 Lab supervisor FuRateaunisdaivwazinetuinuan ImunuA1a1snig sniedayanis

o 1%

inwwiserugnAnisidasuuladluanszdifny waznazesulusenden il jurnsdennas

a
|

naewn - FevAresdnsglnsniuazindana, Avldanelunimeaen TM Head FadiauaayimmnIngIuie

ANIUNNTTRILTEN

Suiiiaavld : 19/08/09 uilupsad - 12 WA :2/6
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W-TQ-TL-PX-002

7.4 nmsanlasanis D

741  VeuljuRnimaseuiinisaiasinistaainaazidensil

o

WHUNFALHINY

o = A A )

FAUATRINARAL |, LATRINE | aNasANA kI lunNsnad adl
SANVYNUNIU ﬁ_jﬁfamaﬂﬁu‘”ﬁmu (Procedure, Work'lnstruction)
FANITTLLLITWITU
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nsaaunaulauaIn1sIn
W-TQ-TL-PX-022

nsaagaulne : aYNRLAeg :

7. 1unaun1sUiimu
7.1. vkl

HA9aNANENATBINITWIAREN  ANHELENIT I 4 39NN TEBNANTNYBILATNNDNNAN TN A

o 4 A o oA o Mk b0 o o A A ey vo
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/ vivagaennsldanu
7.2. MSRAUNAY
& A & A o 7 a2 o v Yo =) A ) ¥ o
7.2, seslannnsguuasiAzedle it advie sl dAns | Aeslafuniesdeueusirenrauiaudaunduly
agalinadasludmbeanaf Inuthungse 8 el fusinnsezdudssna vsedeeljiRnsnlaiu
nefusesAnIN AN ISO/NEGE 17026 < vizeiiguiinviaviesilfimnisnldiunisueniuaindniinan
nmgIugRamnIen Sannsaeundllalildwiiaedn 8| ldarsaUiRls Widasanilsunsunismagey
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ANE e ReLIRLRasn el AR visens li9ansneBeiuses (Certified Reference

q

[ £
a ¥ ar

) = el = = > - L v 9= o v
Materials) ¥i3an1s 9B uaz vizan A FIUTARA T LLAZARAR A B LAz ENNaadesisunne aniLAae
= A e R o o = 4 o
722, msaeudisuAsesiiennsguuaziATesiadn il ndureunisaniiven Fedn1edanis
\ATRde (W-TQ-TL-PX-014)
7.3 1auAinans laau
7.310 €A IUEWEY  NmsgingvesneiunansgIugegareseaLliEns  Iddmiuaeuiisuninsgau
seivldeu Teannnsnasunaulitenednaina
7.3.2 NmsgussAulieTd dndsgnpeiulinilddavivas i utrietiiodnsiar - Terecldiunsaeniiey
AR IUEWEIANTTLENATN MR
4 A o 4 A o oA a 9/ 2 om e ' o Yo = '
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ANan1sU LRI
nsaaunaulauaIn1sIn
W-TQ-TL-PX-022

ngadaulas : ayudRLag :

7.4 MIAUWATNEN MIARLALLATNNSAUENE

7.4.1 fddenisuasduiininegasaasusazianssuiulaTauN1sguaTIE NseRauinauazN1IAnLAL
P o 4 =asBl, v @ Y o A
W ueneds wmsguldeunaziazasitednring e Inaazsrynisdniy nisaudne il dydnete
NIMTFIUEN9ES / TARE9Ee (F-TQ-TL-MX-013)
7.4.2  mafiFnszinetessinssimanalavielogansulsuaniz i inanvisaenansiainisiinasdes
PTRATNANNNHZEN
d‘ U U o ] % o ©_=3F -8 o d‘ ol/ 1 U a
7.4.3 Mapaeuinefeinet9sydastldetiaiivAs sl as adaiaagauuladnm g IuEnaEe N1nsgn
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7.4.4 masaiussnifludndouluanatinuazdnitsiaaae ANNIBNMUATBININTTINENNEN NmsgIulEeu
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waziATaaladaLAazLlssnm
745 misldiAresiieninggiu
| o Y o i -5 - ~ a
- neuldynAfifensgaaallaa NI EN LA LW LA A ADUWE NIFBLIWEL
U o U 9 dlbd 9 dln/ a 1 a Aﬂl dl U o Aﬂl A
- msldnuasin IR e AR SURREa s NAN 13N NN e e LLATRINe

- ATRINENINTYIUAIAELINELRINI LSRR AN LANE

Sudiaduld - 12/10/09 Wi - 3/3

7171 4.22 ARlan1slriRunsseundulfaainisin



UNN 5
s % [
nsdsuilgaunlatlyimnmaunisnagaunnuuds
annnisdnaatlymuazivuauanislunisudlafygmluonin 3 wutlymdu

namaaeuAHLiaesielfifinie  Gfyuiudnunainnimeasuiianain uar N9

TUNNNANIINAZALRANAA f‘?Nrﬁl’mcv‘hLﬁunwmﬂﬁﬂﬁLﬂumﬂl,umm”uﬁ”buﬂﬁ?uﬂw Tngiwen

ﬂ@ﬁﬂﬁmjmﬂmmmﬁmmmuwﬂﬁ q@ﬂi‘uﬂm W2 luRn 9197 5.1 uaz 5.2
P99 5.1 ﬁ@@ﬂmmmamw@nmmu@wmﬂgumms
—— i -

_—

/..-"' f""
‘-f

NINUINNT RN URAANWTWNNT umi N3 RNANNAINN9D
nageLuugusesiiiu Steel ;@;u_u'av il [ aganTinanuneaeuimanzan

TN s RUAMNAINN9D

o 2 =
WUNITUAN Lﬂ@ﬂuﬂqu?’ﬂﬂﬂﬁ LA
L‘a‘ﬂﬂ W39 lUN1INAAaURA NS mﬂQWﬁﬂ\ﬂuﬂm@ﬂUﬁ NNCAN

NAADUNARNA U, TMBP

.i"‘_ |.J}l

&
= T

AN lUNNINARALILNG

ﬂu\immumnmmm ﬂﬂ"é‘]_l ﬂ@‘ll'r]‘]J rﬂﬂﬁ'ﬁ“"u sraizinglunIng

At Indre LTy pdbUusazASs SFBain9ann

,-_I'"

nagauLiulil ﬁmwh”l,?
(mnrmO8
mm%@m‘lumswmmﬂn iinasszyszazinanlung usas
o WL Yﬁl e
Weane Tannsszyanl Fau poulitaLaL
4 Additional Test Force LL@.V HANAAALIFNIANNIRNAT - ldlinNsmsaRnnNNRANM AL
enr G RA T 3 O AN I NBAR D
LAZRANLAREN

fufinuanamagenadluszuy | nammmeseufiiudssiuldiognaly | - wwnrefilunsiufinuanis
Aananalag Input AAuLdeR | uiazsumisianans NAgaLLATMTNAansTuAnaa Y
Edge @&URLUT Center szuvligenndaaiu

- lifinsdumsaaaaunanis

NAFDLNAITUNN




176

;113199 5.2 nsilfutlpaulatlyymainatmeiuiasaaasilyminismasaunanuud

Tdfununislsziduamnnuainnsn | -Nnusuwanenslsvidunay
P99LATANIALATNITNIMAGeL | WanwadREninaulugianis
=X o dl
WANNZAN NNALTNNIINGIY (LN 4)
-Uszenslfinaiia MSA lunns
s
< : ,
& Tddnnssszasviaslungs “rssagaun i lflfuadsnmagey
= y —
§ NOADLILARZAINANFIE T N Work Instruction
& winls / | |
= 6 4 | % A k% ad
Taifinnaszejaeficioan Wigns usia: 1 wldlduesisnimeasy
Tumnaulvdn @i f — [\ q%rk Instruction
mﬁi Control Chart lun1sm394
THHANNINAGaLLTNLTEAN
& 7 s/5uilssuuunafunniunnuaay
[ et -
= NARLUATNTNABNTLWTTHA T Haaaluszuyldiarduniaiuinug
(= B L A AR :
a_—l 1 9 2 o < (’ & 4 o
@ svuvliaanndasni ' ﬁm@mﬂu
g : -
[cN
=
& Tadfinneg IHNAIINADUHANTT
(e
[ .
= ST aauyn Shift T Work
V§ )
d
& A NS
= N

"1 2 /s

ARG R Y172

¥

ABnameasuma N [ Work Instruction ag/ludesfjiians lanuuaiinimeaausix
NImsgIuaINaluniImagaLuiumuanlnednaga Method of hardness test for metallic materials (JIS
72245:2005) fanuasinnsniauiiaudsnismaaeuildugiiensdjimaulaqiuiusninsgiu e
n13nsadaLAN M A9 aN1IMAReL AR 5.3 TeannndTeuis LA anmAgaUNLIN
2% U ) o Y o o 1A a oA U v o Aﬁl £% s
sl iAnsteesinnisiudggRed fiRnuliassadesiuninsgiunimaasy e ldwinem

A aa

dfimRnuldatngnsies Asiu awinnisliudeaiieddnislfimnunagey Hardness (W-TQ-TL-WT-

al

041)



177
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197 5.3 (sie) nsiffauieuianimaseuit i luglenisujiRauiiaqtiuiuninsg

JIS Z 2245:2005

1ay

ANan19UiRU Hardness

Cause No. | Requirement in JIS Z 2241: 2005 msudsuilgs
(W-TQ-TL-WT-041)
Rn289TuanuAqsEay lNdsdndsn | Avualiviiminndsainduau -
11 oxide scale wazliAsiATIL NAGAY Aotfngnsing el
Testpiece | 6(a) | und Wl uazReanilsnasn (Hazy
Tugdaudn)
= a A’J o K K 2 = oa o 1
BT EE Bl T BT TN N B S A i R En R B T L I -
AN LagATIL LY 1ia9d1nnas | WiAneeky N ldiNunszuaunig
6(b) | Hnunszu@WingHeating lag cold | Heating #3a Cold working
working A@el Tmm@wq:@ﬂ'w@hu RGN
nstlaacsgefaghd £ ==
. o . 77 Ty LS - 7 P
Test piece Wanatansadlyifiugaanay \ 4 IAEnsIuAANUWIANge | NN uaY
AUNARBT 8N Taei Adqm Tt A 9T 9NWN L N sagey WARIAINNLN
. » J e dd v-_.-’a'y ¥ >
AEATNTUINATUILAANGNAAE, | hardness AuNAsEIU JIS uda | Tuaunagey
6(C) o d vl v
10h or 0.02(100-H) ~pidelailétunns update datiy
\He h A8 ANNANLBNTEENG UAZ H | Fawinnng update W Irfmsariy
A1 haidness N Aifuangn
il '
Tnevio TR EnTe estag—TAERmgmv lunmaaey | Wiuvinda
Tudaa 10°C- 35°C lunag test@na | AanLIalin 10°C- 35°C wsitls | @nazwamaan
pouAN Inagflutag 23°C + 5°C Tadleezylalu wi Tunsmage
Test K . -V . T cw = T o - s =
7(a) | TWBARIINNEEUL Advil dsuss || IPFamedaunegtiuulfzszan | dinlwiadede
Method A o A o o
LazsTL FIaNAUWNULRY Indenter | NHAIINUINUIIAINNARTFU AN37TS

i = 2
WANBINI TS IAA N T

AUz Apply s

s laldazulud Wi dednig

NAABDL
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197 5.3 (sie) nsiffauieuianimaseuit i luglenisujiRauiiaqtiuiuninsg

JIS Z 2245:2005

1ay

ANan19UiRU Hardness

Cause No. | Requirement in JIS Z 2241: 2005 msudsuilgs
(W-TQ-TL-WT-041)
20ueh Apply U4 preliminary (F) | T Wi szyanlivinnismsu -
Viunszunn aziien vvedu handle 417 ldlAnng
: - . gy o
7(c) | aa9an289usd Preliminary Tipas | nszunn iweligau anvil 1
v 33U Funszwin Astiien TUINUNARRLINBEANTATU
A o o Py a o«
iredn AR ivuaan 3N 1-3 Jund
daananlunag apply Additional W Lildszynannanlunis | dinsaazidan
7(d) | test force«(EPRT e T 148 Apply Additional test force Tusiadiadanisg
U \ NAAaL
I‘ T
wsesan (B=> (F +F) Ly w Tdlfiszynananlunis | Winseazidan
7(e) A A g
pasine BN Lie eI 4529109 | p1snasauIaN T vineme
- o T W YR = o
ludusaunignn maﬂmnum’?‘?fé}q O aNkiEnnsseylFlu wi Winluidade
O | sl o fy A .
Test slvinsuin e diu =0 SR, GREERPR
g - Sty J
T (P 3 F ] 2
method riauazBudn vig@nsdiileradldlald | 1w fvuadnaiasndinig -
v ony W ,
Nuu uazynAsEREiiasadu Flagu Minor load Major load,
Indenter uaz anvil #2349 check Wi | anvil viseiinadlaiazesludinn
() O P e N
dulanaudnesasetluaninindan | A9 feionagnavianien 3 4m
amdararsnaiianen 2 A el ansas|1aiATetasien
neuNaziufinAa NNAITIINN AT
! d‘ 1 o 1 M v U % [ AI a
- qpusinzapiae Asvinaiuetinag s | Twwi ladldseydn daslides HEREEGET
& ' . ' MYy =& v v o
watl 4 Wiated Diameter Ja359enh | 01972 mm. (uaz T lAnannns Tuidadunau
Wrisaalsitioandn 2 mm. TTELYNNANNTBLTBITUINUIN | N1INARSL
7(h)

290 7N ARNSTANEINTBLINAY TN
Titenda 2 Wines9T99 Diameter

984708NA WA LHTe8NgY 1 mm.

v (7 1 1 ﬁl
neg ladiiaenon 2 wiapsetad
Diameter 1a95aena wastiliiae

191 1 mm
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ANaIEN1TU IR IUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

- Cutting out and work of test piece (W-TQ-TL-WT-056)

1. 1ANA1981984

- Hardness Tester (S-TQ-TL-SM-009)

- Micrometer (S-TQ-TL-SM-00)

- Drying Oven (S-TQ-TL-SM-006)

2. 1u¥in

- uwuuWeSunaniaaey Hardngss test (F-TQ-TI-WT-016)

3. Angisrasn

- LﬁﬂmmmmlﬁmqLLﬁJu’%mmmM@udﬁirﬁmummgmﬁﬁwuw%”l,zi

4. ARLLAA '

- mmﬁmﬁiﬂumﬁmmm’muéﬁwaﬁumu Ay Standard JIS 22245 : 2005

5. aAsFIUNLNENUal g

- WmIgIUNNINRGaL JIS Z2245 12006
- wmIguKARAel IS G 3303: 2002 (Tinplate and black plate)
- WRTgURARAA  JIS.G 3141: 2005 (Cold — Reduced carbon steél.sheets and strips)

6. @MNwInaaNluN1TNaAFEaL »

- grungilunimageu sendag 10 - 35°C

7. ansainldlumsnasay

- Anvil Steel (j’mﬁ“ﬂ‘]_l )

- Anvil Diamond ( §9WT7 )

- IndenterSteelball=( ¥iann Steekbalkauan 1 /16 %)

- Drying Oven ( tanail 200° C')

- Micrometer

- Standard block { 3 a8la (AN WI9Y84iau Standard block v %u@g’ﬁummmmmuﬁmm)

- fazerndauniudatuaunagey ( Bangag )

wAbUASIN : 07

ar o a

Sufitiaauld : 18/5/09 WA 1717
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ANaIEN1TU IR IUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

ngadaulas : ayudRLag :

- vegeUALLHMANEUNWANINATG 35 mm.

8. AUIAURITUNARAL

- GauldlAee

L AU IV AGELI ST AR AN ( We TQ-TE=WT=056 )

- gl lunnsvinAnuaraiaanetiingey Normal Hexane ﬁmﬁwmwmmm%umummu lnsuLas
Faantlsnean

9. MeMNULBILATDINARAY

- Hardness Tester #1404 ( S-1Q-TE-SM-009 )
- Micro meter #1901 (S-T@Q-TL-SM-007 )
- Drying Oven #1904 ( S-TQ-TL-SM-006 )

10. gunsol Safety Mlumsnagail

A 9 ¥ A 9 Il u: — ¥ o Y Vé’ é’d;
- INHNBANN mﬂfﬁmmmm%ﬂmﬁzmﬂiummmmmmmu g kflallanfAeesedsTununagauunataNaLay

q Y 9 y ﬂ
sv 39l Na At uRanTinIa9 TN U nnae

o

- paflefduannufeu MumzL TR ET AR LINLAZa8n Drying Oven-200° C

=)

- dhleayniuansedl i dnnanindasaiamsaiNormalHexane- Haea T A2 1 AT UNAADL

11. ¥en

2

- ANUNEURNAN Hardness

o A \
- anEnAganldlunnanaagiiiag Scale

ANUNIEURIAT Hardness tester 13

{lA%n19megeL Hardness test mmﬁmémﬁ*ﬁuﬂixﬁu@mmwmamﬁmsv‘f Cold rolled sheets (CRS),Tin mill
black plates ( TMBR ) lLas Galvanized Steel (GIS)
A" Hardness 18aanANLANAIe h = (h3 — h1) Tunuae mm. Imﬂmmé’%ﬁﬂﬂﬁwmmmu@m Converting Formula

%u@gjﬁuumz Scale A4M1319919819 (Table. 01)
® h1 :pNanseananielfusenm Preliminary
® h2 :AINANTeuNA Total test force = Preliminary + Additional test force

® h3 :ANANTRLNA UAINN Additional test force aannnalfiLsana Preliminary

wAbUASIN : 07

ar o a

Sufitiaauld : 18/5/09 WA 2/ 17
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ANaIEN1TU IR IUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

ayudRLag :

ngadaulas :

Initial load Test load Initial load

v v v
—> —> -
.m ----- ’

Table. 01: Rockwell hardness and Rockwell supetficial hardness

Method Scale | Hardness | JIndenter Preliminary | Additional Total test Hardness
Symbol test force ;' | test force : force : F definition formula
Fy (N)- E, (N) (N)
Rockwell
; HR=130-(h/
Hardness B HRB Steel 6F 98.07 -/ 882.6 980.7
0.002)
Test hard‘metal
Rockwell 30T HRSOT ball with a 477 147 1
superficial diameter HR=100-(h/
15T HR15T 29.42
Hardness 1.5875 mm 2648 5942 0.001)
Test

FHAUDIAT Hardness A1UTLANANAUT TMBP AsNA4auAN Hardhess Lipantilis 2 anwsonde

Normal Hardness

Aging Hardnéss Ipgi el saninadtinian 1 -b anlndnnedn Nomial Héxanelinaaiuazeann( 1a1isduuazaa
andsnean)upztinllaungoungil 200 asAnaimed Wuiaal 30 win uashaliidungom

UNILLUA LHB9ANNWIAN TMBP azfiadg

A

Suiiiaauld - 18/5/09

a

wAbaAsan : 07

al

NR¥eINaUNITNARDL

ninllguayn waziilatauaonaFauanuzguazinliudea

- ——————————————————————————
WU : 3/ 17
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ANaIEN1TU IR IUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

ayudRLag :

MSATUINIANNNUIENFAN LT Lun1snadaL Bl

Hardness
Rockwell hardness Rockwell superficial hardness
Type of indenter

Ball indenter

168 or 0.03(130-H)

15h or 0.015(100-H)

e h A8 AYNANIBITRENALMIM) WAZH A8 AN hardness

3.4

i

3.15

{ramy
i

3

R & F§EET

i
B

- ===y

285 —
7

X |

‘\\ﬁgﬂ-

2,55
24

g

]

y
T gt
5k

e

™~

4
f":‘?‘l‘

.

4
13
]
. [hha b %
Wit il sk pas of teabPiece
=
.

0

Minimum thickneaa of test picce I [enm)
-
=]
om

1_

0 40 40 60 60 70780 90 100

F 9

Rockwell hardness (Scale B)

Suiiiaauld - 18/5/09

Shgedn @ 0 60 0 8 0100

! | 16T

Rockwell hardness (Scale T)

WIT 4 /17
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1 aa

ANBIENITUHUANUNATDY

Rockwell Hardness test

W-TQ-TL-WT-041

ngadaulas : aydRLAg :

o _a ' A
Musazmeiineaiulszneunses Hardness

aand \a - Ta ( Power switch ) T I

N

2. qpenalviaan nszua 100 - 120 Ta¥l (Outlet only AC 100=120") ——
3. SPC output
4, RS -232C output

A6RLATEINNN ( Printer outpuis)

o

a4 ( Fuse holder)

~

Ggﬂiﬂ/\lﬁh ( Powerin)

o 4 X o 3
8. @INTB4 ( Main body )vinagatioatkian ( Indenter)

9. Twuaeadna (Lamp)

10. gmmﬁﬂ (Anvil )

11. Nﬁ’fﬂﬂﬂiﬂmmugm ( Thread cover)

12. uNUINAYIFIU ( Threaded Shaft)

13. fovyudmsunaaeu (Handle )

14. anHaen ( Select switch ) g

15. uM923995 i ( Electrical unit )

16. mSusZaY (Leveling bolt)

V2 -
17. fhaseuduuy ( Topidover ) "\‘;L'F

18. thasouduuria LFront caver,)

19. mewumﬁaﬂ Load ( Minor load selector ring®)

@

20. yavanAgnuUeaman ( Indenter shaft) 10. L

Fuitiald : 18/5/09 wii 5 /17
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ANaIEN1TU IR IUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

ngadaulas : ayudRLag :

22. wtiaa LCD ( LCD display )

23. 37984 (LWL ) ( Table option )
1
24. @gm‘mulﬁ@mm ( Major load selector dial )
j1=-=1) 23.
[ = —
24.
———
1
E? LN
~aps , X
1 _i____+_
ﬂﬂiLﬂ%ﬂNﬂﬂunﬂ?ﬂﬂﬂﬂU )

1. nAZINT ON ANUNRALATEY Hardness Tester MUa9a479 Baziiinae LCD azRntundaniuiauus

MR b !E LAN o

nInkapstiRaRIngy
HRC  : Scale flaztnisnagew ﬁhﬁiﬁ%ﬁuﬂgﬁu Major load U4z Indentior fael
100 ABHEL
HV - 1flu Scale 17%[31’@\‘1 Converted a7n HRC > HV
150 kgf : A1 Major load ( qAMYLLAGNLSY ) sy (Fig. 04/24)
DIA  :%anm Diamond (\W9)

Minor R : 1@®n Minor Load R ( Rock well Hardness 10 kgf )

Suiiiaauld - 18/5/09 uilupsan - 07 W7 ;6 /17
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ANaIEN1TU IR IUNAREY

Rockwell Hardness test

W-TQ-TL-WT-041

ngadaulas : ayudRLag :

12. AURBUNITNARAL »

. Wegipditla- Unfuuaaasad
1. deadndiile- 1

A s

INFINATOUANULYY

aaila-taniog

jad 7-..-} "y a
i

° i A o] e f )
2. MN19AIRADL Anvil LAY Ingenter (Steél ball) a‘fmmﬂfﬂwmﬂﬂ%uﬂ?‘?q Hardness et/ luaninndauld &

Al WInITuaNAReL LAY ilgffq Shift Leader LiaaNL L1744 4
s

gy

anaadLezad e luan

U

WHUgNLEY Emergency Plan (W-TQ-TL-PX-006) —
‘II - ¥
- inmsnadeuTfvavaAuaedlAsas Hardness Tester iagluuuassnnu ldgnindaszdunnsuulsy Inadauns
g; o o % 1 dJ 56/ o o v 901 al 54 % dJ Y O A o dl

gnu1dnITAUATFagatiasnna Wb g inszdutngnuua e sl egsulafunils Wianisuyuvsedun
wsnlaaanlfizia 4 296eiwdn - GaiinasfainagitindnizhulindauiuAundngninazegnsauEinaunmang

- mmqmumﬁfmm@uﬂum Steel (Indenter Shaft) Tmaﬁmﬂﬂmnﬁ;mmqu MHuLﬁﬂﬂ ltoad ( Minor load selector
. ° o o = Iy g v o P
ring) NNI8AAATATRNAANLEE Steellagin AsIadeLidn1WgNUa4 Steel nndlsadilanvzald dalliinnaasu
withagluaanng linannazeslaadadead daquueaneses ndsaintiuiinislseneugaianagnues Steel
Triuriu

- INANNATeIA Anvil uazTesadn Anvil InennslddauneanaseaiiaLFMALRNAANTIIIWEY Anvil 119 2

1A (Steel uaz Diamond) waztdaddax Anvil liiazaanniign

FuiniaAvild : 18/5/09 wihil : 8 /17
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Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

3. AmadeuMazidyatuwiNeldanainianm, aunreeiing, Major load , Minor load, Anvil HAMNANRWETL

ANNVUNLRSTUNUN AL A9UaLTIWeIU Special test THIRAMNTLNTRITUUNARALAYE Micrometer WA L1
A 9 A ! 3 . . 14 ! 14

n3eunLlue Normal test IMQWJWMWWI Mechanical tesLinstruction list laas AaUNIMAGELARIATIARAL TL-

NO LALAMNNIIAALLTUINUNAZaN9IR99R1 TL-No maawldlunninasunanismagan Hardness ( F-TQ-TL-

WT-016 ) vizald

ANTNLAANANNANN UG I LS NHARN uFillazRockwell Hardness testing Scale

Guarantee
Product Thickness (mm) Test Scale Anvil
Scale
T<0.25 HR 15 T HRB
Cold rolled sheets (CRS) 025 < T <0.60 HR30T HRB
T:2/0.6000 4 HRB HRB
1<.0.20 /. HR 15T HRB Steel
Annealing =
Galvanized 2.0 2000 HR30T HRB
Steel (GIS) 7508080, HR15T HRB
Non Anrnealing :
T>0.30 HRESE-T HRB
T<0.20 FIR™ 15=F HR 30T
Tin mill black plates (TMBP) Diamond
T>0.20 HR30 T HR30T

UNEILG)

- wAasuT GIS azndalldgn CoilING. Lo ik SAnnealing st Non Annéaling TH&aina Product symbol AN
5 uaz 6 i MO A8INon Annealing

- WARATWY FMBR ﬁchumsAging AAMINIIOULAATUT JIS, G-8308:2002 TpedpatinduumagaLinAINy
aza1nlnan19a8 Normal-Hexane V1°'1m*mmzmm(L@’]ﬁﬁﬂw,lm?q'mnﬂsnﬂﬂn)LL@:ﬁwiﬂﬂuﬁ@mmqﬁ 200 89P1

watea Wuaan 30 wii wasicidungompiivieailunanatnelias 10 Wil feunmeasy
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Rockwell Hardness test

W-TQ-TL-WT-041

o e

4. wawnlineazauaiagmuudaionisiaen scale Inanianawln ‘ LCD @4azuand Major load ,

Minor load Nazfadilsu

Sudaieauld : 18/5/09 Wi - 10/ 17
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Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

4.3 @enTiALATINIAT8ITINA, FIUNA AnTagaiBenldaInuiae LCD (lutlaqiuldqnues Steel 1/16

i 1178 1.5875 mm)

4.4 @an Anvil AIMNA1379lLd83. ( Diamond or Steel )

Diamond o — Steel

5. tTuumaae AN UALT R85 M. havaAsIlAze ns e azana R aL i 2 Fu e daen
RN IRl
wifuuaz@eantlsnean Ak tdia

6. WNTWIUNARBUINLUTIU Anvil NiMAGALT EnATIMEREIHIAEYW Minor Load , Major Load , Anvil #seiin9itln

wizaslu A3 Faainnisnaiieneu 3aaielil apdisaesieTasasiaANdauianuAniew )

- EY (Steel)azfaendariunagauinalifnuanneal (dunnddenyie e duda etlesiunia

19UB95UEEL (Steel) uAZRANITNAGELTNANAIA L (I9azlapIHe LG TuaT)
. o ol P o =< @ v o 2 '
NG9 (Diamond) ludneagnimaseunaiiuaclirmulanumienails mezduanaesdununaaeuayly

oy

VLﬂzﬁ”meﬁugqumei (Diamond) #1339 31WWs (Diamond) umumuﬂuﬂ'ﬂmmmmdﬂgm Steel

a

- AIWULREBININALIEN UNAREL ANTRZRLLTIIA NN AINTRNT R NIndaL Az YN A MARE LY NARIgIgA

o

7. innsuyu Handle aRdiuAinatinedn o laliiianisnszunn L‘ﬁ@lﬁﬁm Anvil ﬁﬁ%mmmmmmwmgﬁwm
furiang WaZA AR ETo i it @R« 8 And fsmeing TN A Ui B v 7N LAZAILALATRISN
WYUAULATRYINURILRES ‘AN’ fnuaALIaT 1-3 Aun) fivtiiag LCD Azdnl AUtO WA Loading iises
Hardness Ax/N1ImAdaL uazuAAANTINARELLLWNAE LCD

- MODE &uunnasaingn (#1984 S-TQ-TL-SM-009 )

Timer 1 42919811113 Apply Additional test force (F,) A990g/lut99 1-8 3u1% Lab Svuan 3 AT
Timer 2 dog0anunnsliusasanaasinunliag utos 4 + 2 fuad

- MODE @5UN135418 8950 9iRauaadATadazn1959inazii Maximum intrusion 38l (81989 S-TQ-TL-SM-009)

Fuiniaavild : 18/5/09 Wi - 11717
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Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

8. vnnsneasianaeaninanisvyu Handle naudanifin] ieligiu Anvil lieuasudaniinisdudununaasy

= ° o b | I~ a ' e : o 'y 1y . ,
Lﬂ@ﬂuiﬂiuml,mumu Imﬂm:mmwmﬁgmwnmLmu@m\m@ﬂ 4 LWWﬂﬂQﬂQﬂ@LLﬁW]@\ﬂNU@&Iﬂ’N 2mm. Lagu

AMNUBLTUINUNINNGN 2 WNATIIRTARALE TR e N3 1 hime

9. fnmAgey 3 9a ¥N1Meael 3 A5 LAGRRINIENARaLLAAZAn Liaetiuin adluuuunesu Hardness
Tester ( F-TQ-TL-WT-016 ) iU Lil@@s1.8" 36 KR ianI1anIAdwRas)

a9aabilga JIS 22245 : 2005 waz JIS'G 3808 : 2002

- Asaneusetnaf LTl TMBP TR uass gL JIS G8803 : 2002 Avum sl Diamond Anvil
lunsna NasaunseenzgeinuuEas ‘

~ A Minimum Thickng®s ifiedld fel Thickness 11 findnen@ild fesvinnmeaerlngan Scale
A4 11 HRB—» HR30F—» HR15T

- nadiAl HR15T udndlaiinsteduvduanyismeliansanaaenly a1alddeswun Annex A Taald
Diamond Anvil tieslisatnanzqidaunasly azsaeshunaiu HR30 Tm W%@m%\ﬁmmﬁwm%mmum

Fiaianm (NTUEINA Steel ball 338495 HR30Tm):

13. NMTATIAFDULASIAUBHNATNITNAFDL

- wuuWasudld F-TQ-TL-WT-016 (HARDNESS TEST)
- MIMARAY 397 FB 1 FR8Ene Ui A998 Hardness wiazqn fagrineiuliifu 0.8

\iu qA9 1 Hardness, 165415 An7 Hardness 151539

q

qA% 2 Hardness 19 54.7  OK qn9 2 Hardness 1§ 54.9 13 oK

q

Qﬂﬁ 3 Hardness 16.54.3 , ﬂﬂﬁ 3 Hardness. 18 54.0

- pInegen 3 Auwila (Edge and Center) 114 AN2849 Hardness 2189ufazauvitasiaarinaniuldinu 2

OP qa# 1 Hardness 1§ 67.0 OP 4% 1 Hardness 1§ 67.3
CT a7 2 Hardness 14 68.3 OK CT Qa7 2 Hardness 16 68.0 1o OK
DS 4n# 3 Hardness 1% 69.0 , DS qa#l 3 Hardness 1§ 71.0

Fuitiald - 18/5/09 Wi 12/ 17
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Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

- wlasAnan1madau Rt uAMNABINITURILAR S AR 9T

N3N 1 A1 Hardness N9als Tdlag lumnsnsulasan (Wea Hardness IndAn Hardness Nagflunnea
o .

W AN Hardness 90 kA8 36.3 (HR30T)azian1sulasa s HRB GalunnsautasaAntis HA13v1ndng 36.5 - 36.0

VH1EAN Hardness 36.5 lfae insnzAaHardness 36.3919n lavwinanda 36.0

NN 2 A1 Hardness A3a e 11ife luaAs il aihin (LAY Hardness ag51919p1 Hardness 2 Anlusngneuiag

AN) 1 AN Hardness 7idalsAa 385 (HRBOT) e #anisuiladdiilu HRB TelunisnsuilasaAriuilfA1sendng 34.0 -

33.0 1A lEF1 Hardness 34.0 T@Las!

N3N 3 A1 Hardness T8IHARAUTINAR GIS (Non Annealing) #29:¥knNINN319T2w L 0.30 mm.
Auualimagau HR 30T w&a Reportfin HRB daAmyaaauld HR 30T uaqlfAnum1319 Conversion la
gunrandasAn Report i HRB 16 Wiinnanegenineld HRB Ialaensa 1y nagay HR30T 6@ 82.9 AN

{1A1319 Conversion Nn1nadauiangld HRB

WAL UNISNARaL

WAIAININ TR UNAgaLaeNA NG a1 Drying Oven Uaa AWERNUNsFaL 13aundnTuumaastas lgnmnivias

al

- mammm%umuwm'auﬁmmw%umumﬁ@ﬁgmﬁﬂu (Anvil Steel) Iazaznn lFnan1MAdaLRAAINAINN

flusdauarinliiinget lntowynieg ey

'
v v o A

- enalaLazauInegiafe (Indenter) Cgaune (Anvil) Wiansesuazseiaasadnszunnisadu

a
'

- Fununagauininimasesudoluasnausniaziayus urdsliiaeun N ennesqai 2 119a1nqane
usn 8 winadgiang
nsiagugIn (Anvil) azfiedidauuny Spindle ( Elevating spindle ) Wnnasuazldilatisiang (Indenter) 13iive

flaariugau (Anvil) nszunniudiang (indenter) Tuzuznanvizaldgin (Anvi)

wAbUASIN : 07

ar o o

Sufitiaauld : 18/5/09 Wi ;13 /17
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1 aos a oy
@umﬁmﬂlgumvuwmﬂ@u
Rockwell Hardness test
W-TQ-TL-WT-041
m1514 Conversion Table ( A1519n1501A3A1)
Rockwell Superficial Rockwell Vickers Rockwell Superficial Rockwell Vickers
15-T 0-T B Scale M3 T 30-T B Scale
15-Kgf Load | 30 -Kgf Load | 100-Kgf Load| 15 Kef Load | 30 -Kgf Load | 100-Kgf Load
1/16 —in Ball | 1/16 —in Ball | 1/16 — in Ball 11 G=in Ball | 1/16 —in Ball | 1/16 - in Ball
730 116 380 3 o 52.0 534
1 41.9 38.3 1 52.2 53.7
2 42.1 386 . 52.4 54.0
3 423 39.0, 3 52.6 54.4
4 42.5 a0 | 4 52.8 54.7 100
5 42.7 . 5 53.0 55.0 100
6 43.0 5. 6 53.2 553 100
7 43.1 # ) 534 55.6 101
8 433 i & 8 §3.7 56.0 101
9 435 . 9 53.8 56.2 102
74 0 437 — | TRANO 54.0 56.5 102
| 439 A 1 54.2 56.8 102
2 44.1 e 2 54.4 57.0 103
3 443 3 547 57.4 103
4 44.6 ’ .. 4 54.9 57.8 104
5 4.8 'y Z2 B 55.0 58.0 104
6 45.0 . ol 6 55.3 58.4 105
7 452 e 7 55.5 58.7 105
8 45.4 —— —= 8 55.7 59.0 106
9 45.6 ] 4 ML 55.9 59.3 106
750 45.8 e 1807 0 56.1 59.6 106
1 46.0 s — i 56.4 60.0 107
2 46.2 = -:i e = 56.5 60.2 107
3 46.3 - i 3 - 56.7 60.5 108
4 46.6 4 L 569 60.8 108
5 46.8 5 = 4570 61.0 108
6 47.0 6 X J57.3 61.5 109
7 472 7 75 618 110
8 474 8 57.7 62.0 110
9 47.7 9 580 62.4 11
7%. 0 47.9 : 81. 0 - 502 62.7 1
1 48.1 47.6 | 58.4 63.0 112
2 483 480 2 58.6 63.3 112
3 485 4832 3 588 63.6 13
4 487 48,5 4 59.0 64.0 114
5 ago 488 5 59.2 64.2 114
6 4610 49.0 6 59.4 64.5 114
7 493 49.4 7 59.6 64.8 115
8 49.5 49.7 3 59.7 65.0 115
9 493 50,0 9 60.0 65.5 116
77. 0 499 50.4 g2.] q 60.2 65.8 17
1 50.1 50.7 1 60.4 66.0 17
2 50.3 51.0 2 60.6 66.4 118
3 50.5 513 3 60.8 66.7 119
4 50.7 51.6 4 61.0 67.0 119
5 51.0 52.0 5 61.3 67.3 120
6 51.2 52.2 6 61.5 67.6 120
7 51.4 52.5 7 61.7 68.0 121
ER 51.6 52.8 8 61.9 68.2 122
9 51.7 53.0 9 62.1 68.5 122
v oo o & o v a
Suieauld : 18/5/09 Wi 14 /17
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Rockwell Hardness test

W-TQ-TL-WT-041

ayudRLag :

Rockwell Superficial Rockwell | Vickers Rockwell Superficial Rockwell Vickers

15-T 0-T B Scale 1527 0-T B Scale

15 -Kgf Load | 30 -Kgf Load | 100-Kgf Load| 15 Kef Load | 30 -KgfLoad | 100-Kgf Load

1/16 —in Ball | 1/16 —in Ball | 1/16 — in Ball W1 6=inBall | 1/16 —in Ball | 1/16 — in Ball

83. 0 624 69.0 1230 i J—) 726 843 163
| 62.5 69.2 124 1 72.8 84.6 164
2 62.7 §9.5 124 2 73.1 85.0 163
3 62.9 6948 125| 3 732 85.2 166
4 63.1 70.0 125) 4 73.4 855 167
5 63.3 104 126§ 3 73.6 85.8 168
6 63.5 70.7 127 6 738 86.0 169
7 63.7 740 137 7 74.0 86.4 170
8 63.9 713 4128 8 74.2 86.7 172
9 64.1 716 129 9 744 87.0 173

84. 0 64.4 720 =130 89, 0 747 873 174
1 64.6 722 {30 # I 749 87.6 175
2 64.8 1248 131 2 75.1 88.0 177
3 65.1 730 132 3 753 88.3 178
4 65.2 732 13297500 4 % 75.5 88.6 179
5 65.4 73.5 133" = &% 75.8 89.0 181
6 65.6 738 1547 L 6 75.9 89.2 182
7 65.7 74.0 e b [ W 76.1 89.5 183
8 66.0 i/ 135 = 3 763 89.8 185
9 66.2 74.7 ¢ 136 ptidd o 76.4 90.0 186

85. 0 66.4 75.0 137 190 o 76.7 90.4 187
1 66.6 753 137/ plll 76.9 90.7 189
2 66.8 5.6 =" 138 v =T 77.1 91.0 190
3 67.1 ™ 76.0 139 3 §713 913 192
4 67.2 W 76.2 140 4 o s 91.7 194
5 674 | = 76.6 141 = v & 92.0 195
6 67.7 77.0 141 6 8.0 92.3 196
7 67.9 71.2 142 7 1 782 92.6 198
8 68.1 715 143 g 78.4 93.0 200
9 68.3 77.8 144 9 186 932 201

8. 0 68.4 78.0 144 91. 0 78.8 93.5 202
1 68.7 T8 145 1 79.0 93.8 204
2 68.9 787 146 D 79.1 94.0 205
3 69.1 79.0 147 3 79.4 94.4 207
4 69.3 7653 148 q 79.6 94.7 209
5 §9.5 79.6 148 5 79.8 95.0 210
6 69.7 80.0 150 6 80.0 954 213
7 9.9 80.3 150 p 80.2 95.7 214
) 70.1 80.6 151 8 80.4 96.0 216
9 70.4 81.0 152 9 80.6 96.3 218

87. 0 70.5 81.2 153 9. 0 80.8 96.6 219
1 70.7 81.5 154 1 311 97.0 222
2 709 81.8 154 2 813 97.2 223
3 711 82,0 155 3 815 975 225
4 71.4 824 156 4 81.7 97.8 226
5 71.6 82.7 157 5 81.8 98.0 228
6 718 83.0 158 6 82.1 984 230
7 72.0 833 159 7 823 98.7 232
8 722 836 160 8 825 99.0 234
9 724 84.0 162 9 82.7 99.4 236

o a

iTamuld : 18/5/09

wAbUASIN : 07

Wi ;15 /17
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Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

14. nrstlaunanisnagauANLIaluszuy [ 3

- uthaafld : Mechanical test records entry 4 ( Hardness Test ) Wl Screen Nldduiuileunanmnaay
Hardness Test ( NINAKBLAINNLIN ) LLﬂdﬂ‘ﬂﬂvlﬁLﬂuéjh iz

a9y
1) dunsnagauiuy Room Temperafure (muqmqum{{.ﬂ

i

2) flunismadeuuuy After Aging@indumadasayuT 200°C AN 30 Wi AelElFdusanudaninly

AR - Y
cords entry 4 |
dness test)

24/FEB/2009 10:24

- (Eay
";. / (. ::I

Request display TL-Na
Input end

H
£
=
[m]
e
[w]
o
=d
—
=
]
m
=
o
m
H

)| (=Bl
T
b1 1 I | [

l L A

l_l—lﬁj—ﬂ [N jjm)

W)
o

—I'—Iﬁ_l—l'—lflﬁ_l—l—l—l_l—l;l—l_l—l—l—l—l

2
-
)

=3
:'5

Sudiedld - 18/5/09 Wi - 16 /17
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Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

1. nm F4 (DFS06) LWeLaen Screen Mechanical test records entry 4 (Hardness Test) PN KTt

AUADWNIS LTINU

L?i@uﬁqm:w?ﬂﬂ@ﬁﬁm Request display TL-No. uaaldsiaiaa TL-No. Agaanstlaunaidinly

3. e F12 antuntinaefazlsd TL-Now fife9nnstaudafadou LazMachine(Measuring Scale B #sa 3)
‘AeuFanszwsLINatfites Centermasni Th-No. 1euanmaemnsasnsiiaudoya

4. fleunanageuiides Edge UAY Edge”mduainiingilannai Center i@asanszwiuaziaeul iy
Edge (A28¢19 050.5) NATEN™ 51 wiAtis

5. vinstleunanage Hardness AN TL-No.&i@iﬂ@ummw'ﬁ’mfmﬁﬁmma

6. Lgauﬁqnazw?um@g'ﬁﬁm Input end L@ ldiaa 1 agldiudana £12 fazled Pop-up 91 DFS06 Want to
register Winm OK wdaazlad Popfup 8ndn DFS06 Testvalue was register Winm OK antiuteq Acpt/rit
AzuAnINg tlaunadiiiu Acdept Wiaa 1 vizelinaw Reject iiliia 2

7. w1 Lot gnunsofiuvitleuns|deias liAu 20 samplé /.

8. nmF11 fesanunainwtiae 22

n1sasIAgauNanIsilauiaya

5% Shift Leader sinnnsmsaaaaiidipyalissin i unesunisiuiindaE-T@-TL-WT-016 (HARDNESS TEST) 91

maariuvzell Tnaquasaaaay SHft a2 1 A

Fuitiamld - 18/5/09 Wi - 17/ 17
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v Machine |  Shift Date Time
11 1
P st 0 HARDNESS TEST
TEST LABORATORY
Measuring| Thickness Value Report
NO.| TLNo. Name | Position AVE
Scale 1 2 3 HR15T HR30T HRB HV
Edge
1| B e
Center
Edge
P20 S USSR SO DU NS, S SO S S N - (R ———————
Center
Edge
3 | e e e
Center
Edge
POl D A SR—— — . . . L LE 0 [N SRR SRS SO R ———— S ——
Center
Edge
s | 000000 Fe e — | oeee—— |
Center
Edge
6 | 00 bl T g N B R e
Center
Edge
Center
Edge
s | 0 T B BEGE. L CHE R R R L
Center
Edge
9 | 000 e R R L4 R R S )
Center
Edge
w| 0 TN R i . T Y e ]
Center
Edge
11 B B ] T e T R e B e
Center
Edge
15 0 T Rt i W e S et Ik I
Center
Edge
L Y (St R et Attt et el e et A ey I
Center
Edge
4] FFUEM YT TR OO TITH T ST T S Sl T ru Y o]
Center:
Edge
3 I Aty ittty it [y - i ) ™ gy I Cauh , ] R ey R
Center
Edge
2 [ I e B i e b e B L Rl A B DR It ekt Ry
Center
Edge
B o I (et et et Atk et Al e [ttt et ey I
Center
Oanma] Boom Temp ...cocvvmvinnn MADE BY CONTROL BY
O Aging
Juitifadl¥ : osiosioo Revision : 01

717 5.2 uansuuuafunsTunnuan maaauANwlaAs UL
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5.2 NNSNIUADLLATDINDNAFDLIAITNLLA
nsnaugaLATasadaLANLiNiunimouse e Ul san T WaB LTS

1 G

nageu ey luniansldeu TnadRiaseeeasses i wselunisna siana el
dl a 3 d} -] 2 [~3 dl v a
AasLAaaullanANaINNTEeY TeananalfAnANudsnldannnmageutananall
A A « . "
NNINIUABLLATESHANARAL AN kivaanu 2 Uszinn Ae
5.2.1 N1sNUAAUN9IMSY (Direct Verification)
nsnaugaunwAsiunImauaauidann i uaesgLnIneATasAaa LA
dgunsnimantiuder luanmildanlin watdtaldidullnunnsgiu EN 1ISO 6508-2
do . . 3 -
Anuuald fagnunsouLiaean i 4 sneapngeat
1) nimnaudausane(Verifieation of the test force) I praailadnannuLsans (Elastic
proving device) %aslut,l,ﬁizmm?m%iﬁm\mmummmm NINTIAUAAZIUIATDILI
nA a1 3 AR UL ALt LIaNAA KAZIINNATIN INAUTINIMUAAI N
ARALAAD TR ETN Al IN g BgtuTad +0.2%
2) namauaauianalVedfication of the indenter) AR UTANALLILNINAN TNAGe
e uazlsghipseesims z%q’fii?“uﬁfmmmegﬂ%ﬁﬁmngﬂﬂmﬂ Audng
S ;J';" ) a o i’/
wa9tlsilanarnae ARSI UagtlaAaINIaL Rl ManAvNINe SE N gl
wnndneunredunugiuEing 1 dageseenuan uazinAnule Aieuuail

J
o
i

avsiasat N isiinuAAINAAIALAREAINNIRE A1

3) mwaummﬁ?éqﬁﬁm (Verification of the depth méééure device)

4) nImKdaUTean luntmmadal (Verification of testing cycle)

NITUALINNA AT anaae ARl LTaTs 2 LAsed SV RS IGIRREIR
ATNTOIANN bALEN Lﬁmmﬂmmg'mﬁmumiﬁm?;mmmuﬂmmﬁqrﬁfmmumaﬁmumu
e @i ldsunsiused 1SO 17025 Gel&lKaRasianmsime s AN MIuge
Lﬂ?ﬁlmﬁﬂmummgm EN ISQ) 63082:2005 WazANMHAN SN IURALTII AT AdRL
Avadienia 2 ides e luannildanlda
5.2.2 N9NIUEaUN19RaN (Indirect Verification)

{fudsniamauaauipsesiiadn  Tnannsldiand1sds e Standard Block AN
£ a oA dl Yo o A o o
vesdfiAnmeaeunlAiun1siusenIngg L ISO/IEC 17025 vive anunsnaeunaw ey

AnNTUNIATIMEUWNTIR L U UKAS, NIS Tnanismeuasuaydnedeianisluds uansgiu
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EN I1SO 6508-2:2005 Tun19%n Indirect Verification lfiuaAzasilanaaatifiodat uanind

9ulsd Tnafiaaniunana Direct Verification N1nats

AURD umemuaaumaé’a UUBILATRIIAANN Llﬁﬂ

1. FnM9utTentImAgeLALLdeRnL deuase iedenldsan ’]ﬁﬂﬁﬁﬁ’mgj
’Lum\imiwmmfauﬁuqmmumu %qmmzmLn_i\'ifa@ﬂLﬂuﬁqqﬁwjmwmﬂiﬂ
NIMTFIU EN SO 6508-2:2005 (Table 4) fananslumisnesia il

SO 6508-2:2005 (Table 4)

AN 5.4 UWAAIMUIEIARINNINTTIM E

80 HRB 85 HRB - 100 HRB

5 B
/ﬁﬂi\?\‘\ 87 HR15T | 88 HR15T — 93 HR15T

HRB

HR15T
HR30T ‘ i R T \O 69 HR30T | 70 HR30T - 82 HR30T
2. qmuqﬁmsmm gl ' o\
3. MNNTAIIRADUAANNI Tuannldauls uaz sleann
fiu a dusenai NALINNATINDELTTUIN 3-5
0N
4. lock laeinanaaall 5 A3 / Block Tng
RGN uuqaﬁmﬁuq
5. Pe >ermissible repeatability of

the testing macmne muLLmﬂm'J\‘imm?’\\‘i’]ud’]\‘im

AR Itk d (i

< 0.04(130 - H) or

ﬁl’]ﬁ"]\‘i‘V] 5.5 A7

repeatability o

20 HRB to < 45 HRB

B >45 HRB to < 80 HRB + 3 HRB 1.2 Rockwell units

>80 HRB to < 100 HRB +2HRB

< 0.06(100 — H) or

T All + 3 HRT
2.4 Rockwell units
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6. WIaLeUAI Error WAz Permissible repeatability of the testing machine AN
msnvannudn ey lunnsgausiadninnig Direct Verification nauaewiAsedin
Tudd
AAUANNNIONININIUARL Indirect verification LATRINAGBLIAINNLTIITA 2 LATES
. e X 4 vo &
ANNTIANNLTITG 9 F29aNA13197 5.4 sl

m19149% 5.6 Indirect Verification: Machine A

Rockwell | Reference o) ‘
hard Block Repeatahiiy °ﬁF%flpéwck Eror | Repeatabilty | Compare
araness e
. ,, / | (Have- Hre) (Hmax - Hmin) It
scale Hrel H1 H2 HS-‘.H:F 'H5 Haﬁd min Hmax f rest
332 | 328|324 | 328 [326733.0)| 327 1.0.2 324|330 -05 06 Pass
HRB 703 | 701 | 70.3 | 70,0700 (703 70.1 | 0.115700, | 703 | -0.2 0.3 Pass
932 | 932934 Z93.«( 8.2/1/95.4 4933 | 01./'932 | 935 | 0.1 0.3 Pass
792 | 79.6 | 796 | 794 | 708 (794 [[7956 | 0.1,/ 79.4 [ 79.8 | 0.4 0.4 Pass
HR15T | 846 |84.8 848 %8'4% jﬁ.gﬂ\fez?.e '@'4._7_ 01 | 846848 | 0.1 0.2 Pass
so3 | 892 |89.0 800 @9@ gd0 | 89.1 | 02 |80.0)] 89.4 | 0.2 0.4 Pass
543 | 544|546 | 546 | 546 | 544|545 1101 544 | 546 | 0.2 0.2 Pass
g ‘v,'.
HR30 T 66 | 66.0 | 66.0 66.0,/66__.@*_‘66.2 6';._3,;;.19.1 66.0 | 662 | 0.1 0.2 Pass
765 | 762|762 | 762 | 7627641 7621 0.1 | 76.2 | 76.4 | -0.3 0.2 Pass
P S AR T o
199N 5.7 Indireejt Verification: Machine | f
o ——————3
Rockwell | Reference (— |
- Block - J_:-Il?epeatablhty of reference bi?_.;s) Ene Repeatability | Compare
ardness ] : gt
! ! (Have- Hre) (Hmax - Hmin) |t
Scale Hre' H1 H2 JHG} H4 H5 Have SD Hmin.L!‘ Hmax f rest
332 | 3290328 | 3309327 | 33.0 [.329 0.1 [ 327 | 330 -0.3 03 Pass
HRB 703 | 70.0 /708 |(70.1 {1705, |(70.0'| 702 |02 [.70.01|170.5¢|  -0.1 05 Pass
932 | 93.5[93.3|935|936|935|935]|0.1.] 933 | 93.6 0.3 0.3 Pass
7020, |179.6 || 796 ,79:0| 79.8"||70.8 || 796 | 0.3 | 7900 [-70.8 04 08 Pass
HR15T | 846 ©|846|84.8|848 848|850 84801846 | 850 0.2 0.4 Pass
893 |89.2|89.4 |89.4|896|89.0|89.3|02]89.0 | 89.6 0.0 0.6 Pass
543 | 54.8|54.0 | 542|544 | 544|544 03] 540 | 54.8 0.1 0.8 Pass
HR 30 T 66 | 66.0 | 66.0 | 66.2 | 65.8 | 66.2 | 66.0 | 0.1 | 65.8 | 66.2 0.0 0.4 Pass
765 | 76.0 | 75.8 | 76.2 | 76.0 | 76.0 | 76.0 | 0.1 | 758 | 76.2 | -0.5 0.4 Pass

1 2 1
AMNUANNINA Indirect Verification W31 LATANNARALIAIHNUANI 2 LATAY

mwmmm‘lum?mmum’mLL‘ﬁqmummgm ISO EN ISO 6508-2:2005
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1 ' 1 [~3
5.3. n1sdszanaAtAN i uauluNISAFa LA NI
Wl JuRN1IMARRLIINIINAGELANINLINAINLATENNAALAINILINAIWIN 2
AT AINTNN1TTAAINUINNIATFIUAIN EN ISO 6508-2:2005 (Table 4) #7a AN9187

5.4 MuLiga9n13dniin 9 999 annsndszanndtAn liuiua AN uaanNsee Fai

A9 5.8 LLM@'\‘iﬁﬁﬂﬂJﬂx‘iﬁ'}’miﬂLLiiu’rJ‘Lﬂuﬂ’]ﬁ‘V]@@ﬂﬂﬂ’)’]ﬂLLﬁ\‘i(Refer ASTM E 18-05)

Symbol Source of Estimate value Probability Divisor Ci Degree of Uncertainty
uncertainty Distribution Freedom contribution
Urepeat Repeatability SD/\/n Normal 1 1 n-1
Ureprod Reproducibility SD Normal 1 1 o0
Uresor Resolution (0.1/2) = 0.05 Regtangular \/3 1 ) Value x C,
Uptach Calibration Indirect vesification Normal 2 1 o0 Divisor
machine IlJ.

Ty Combine uncertainty of meastrement Normal L \/ U pepent T Reprod + U2Resol + quepeat + U2Mach
Ui Expand uncertainty of measurement: | N:orm;l‘(k A S, =R

@"]ﬂ[ﬂ'ﬁ"NVl 5.8 @WNW?OVIWﬂ’]?ﬁ’TNQMﬂ’]ﬂ’NHiMLL‘LL‘LL@“L&N’Wﬁ?ﬁquLLﬂﬂLL[ﬁl@vﬂﬁ‘wLﬂ‘V}

-‘-;u 3

Imﬂﬂa‘vmmmmnmmimLLuuﬂumm LLM@\‘IW&J{]M’N“] ‘Vl\‘l Type A AL Type B LAY Vl’]ﬂ’]?
AU Expand uncertainty éluwuslﬂi coveragefaator (k) Winny 2 mymmfmwﬂ@mu 95%
LL@“’?QNL?IWﬂ‘LI mmmmmmm@@u ABS Lﬂum’miuLLuuﬂummmmvammmumm

U =ku,, +ABS (B)

JE3S,

T8l Measurement Bids (B) LﬂummLu;mﬁiwiwdwmmﬂwﬁqLL@:ﬁw‘éwaﬁm@ 99
gavlszannuannen Error A1 l§ann Indirect verification (B = H - A, 5,)
5.3.1 mfiﬂfizmmﬁhmw'l,:iLLﬁu'aummg'm Type A

HunsLlsz AR [ Annsdmen Repeatabllity viaaliudaaeinguluunanisin
lnaGuanmemAneduadinraniabuansin udsnAeas wayBAnueLw
NRTFIU af (IR A PR

1. wRNTuOUFeE AN MIFU TmﬂLﬁ@ﬂ@qﬂLLﬁJumﬁﬂﬁlﬁmmLLﬁqmﬁwﬁw

AU 131119197 5.4 1892 Punch LUEU9UA11U 20 T FART9AINLTS

v
%

1 B9t IAN1sNTUINUATELAGNNIINAGEL 6 F9ANNLE
2. nnmagauing Operator AUAETUIVINA
3. YiMainANLdEuUaL 3 90

4. Thunnuantmedauasluluunasy




5. AUIUATANNLHLUUOU Upp

A1519% 5.9 AN I wlleuaNnn139atn Repeatability: Machine A
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Rockwell Repeatability test piece
hardness Hardness range
scale H ave n SD Ugepeat =SD A n
20 HRB - 50 HRB 39.9 20 0.29 0.06
HRB 60 HRB - 80 HRB 65.2 20 0.23 0.05
85 HRB - 100 HRB 9}1.1 20 0.19 0.04
73 HR15T =80 HR15T | No mé-te'r’i'al, - - -
HR15T 81 HR15L. =87 HRT5T |« 86.2 20 0.16 0.04
88 HR15T — 93HRA5T No material . - -
43 HRS/ZIS@ HR30T I'ti 47.8 20 0.17 0.04
HR30T 57 HRS/Z'69 HRSOT J' 66.2 20 0.20 0.04
70 HFy&F[BZ FIRS0T_ - = 03% 20 0.18 0.04
mzr’mﬁl 510 mﬁ It u@u@’mm?&ﬁé’] Repeatability: Machine B
Rockwell el f \ Repeatability test piece
hardness Hard es ange Jf‘i&‘ \ \
scale s @ n SD Ugepeat —SD A n
20 HRB - 50HRB %;ﬂ 20 0.18 0.04
HRB 60,HRB - 80 HRBl é5.2 20 i ) 0.22 0.05
éSfHRB — 100 HRB 91.7 2071/ 0.20 0.04
73 Hli1 5T — 80 HR16T No material —i - -
HR15T 81 HR15T — 87 HR15T 86,2 20 0.19 0.04
88 HR15T - 93 HR15T |/ NO material - - -
43 HR30T - 56 HR30T 47.8 20 0.24 0.05
HR.30, F 5%, HR30F 69-HR301 652 20 0.24 0.05
7O'HR30T = 82"HR30T 93.5 20 0.22 0.05

5.3.2 miﬂfizmmﬁhmw"lsil,uiu'aummg'm Type B

dWudautlsznauAtaanalduduenuuuszuy (Systematic) Tnenfluaanuliuiueuly

ANz aad ANANN THLULANANNNNTRALNELLATAIND LAY AMAIINAZIDEIAUAILATAIND

4,
TaLLiananiy
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Reproducibility 289n159mann Standard Block N1 In1INe1umn9AL A19ian 8N

[ %

AU FILAANEANIINAZAL BN ANUAN LAZAINNTDATUIIANANH Il ARl

A9 5.11 Aonaladidueuannnisingn Reproducibility: Machine A uwaz B

Standard block Ugeprog —SD
Rockwell Hardness range
hardness scale Value Machine A Machine B

20 HRB - 50 HRB 33.2 0.10 0.15
HRB 60 HRB - 80 HRB 70.3 0.05 0.10
85 HRB-= 100 HRB 93.2 0.07 0.11
73 HR15T =80 HR1_§T L 0.15 0.29
HR15T 8IHRIET . 87HR15T 84.6 0.10 0.13
88"HR 15T 93 HR15IT 89.3 0.16 0.20
43 HR30T + 56 HRBOLF 54.3 0.10 0.27
HR30 T 57HR30T = 69 IILIRBOW:" 66 0.10 0.15
70 HR3QT 482 H}esoﬂ. ; 76.5 0.08 0.13

Resolution AMNAL L@ﬂmmmem@ﬂumﬂmm (0.10/2 = 0.05)

Uncertamty 2189 Machine Wiﬁ@ﬁﬂﬂ’l?ﬁﬁ’] Ind|reot Verification smlmfa\‘mmmumw

LL"}.I\WN 2 Lm’ﬂ\‘ivl,mmum’;‘"@albration GI’HHSO ©508-2:2005 Iﬂ&lﬂuﬂﬂ”lﬁ]?’]‘ﬂf;ﬁ ‘V]

uuqmmmmm HRB ﬁmumm’;‘ﬂhﬂ*}mcertamty /1N Certificate

fite ﬂmﬂu HR15T waz HR30T 34

Tdannsnindassullszimannanig Calibration Tﬁié’ﬁu Aadaeinnnsdeae

Standard Block 11&51n"3 Calibration #13 1SO 6508-3 a1 UKAS NAHAN19M9%

A9 LABENIRTITaIN T AR SFaie RIS T AR PHR30T WaSiAnn1sAMInL A

Uncertainty 184 Indirect Verification sl

AN919975. I2adsnanaasendiniuen lun s Aras T arn 2L

Source of Probability C Degree of Uncertainty
Symbol Estimate value Divisor

uncertainty Distribution Freedom contribution
Ucrm Certificate of CRM Uncertainty Normal 2 1 oo Value x C,
Upoeo, Resolution (0.1/2) =0.05 | Rectangular V3 1 0 Divisor
Ugepeat Repeatability spA/n Normal 1 1 n-1
Uptach Combine uncertainty of measurement Normall Uyoon = \/ u, fecol quepeat
Ustach Expand uncertainty of measurement | Normal(k =2) | U, =2 XUy,
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e NealfiAnsMnmaae LA NudeRRa i i s W un1etes 289n19dnAeTil

anunsnagianulaliiuauaInnieyin Indirect verification LATasinANLTNTY 2 LATas T

LFARZTNURIUUILNITTAAINANTINT 5.4 1HF9T

A13197 5.13 Uncertainty of Indirect Verification: Machine A

Rockwell | Hardness range Referance Repeatability of reference block Uncertainty of Indirect verification
hardness | of the reference
scale block Value | Uncer |y | M | H, | H, | Ho | SD | Yo | Uk | Y | Yy | Yneen
20-50 29.67 0.9 0.9
HRB 60 - 80 69.37 0.5 Certificate of Calibration No. MHR-0019-08 0.5
85-100 101.21 0.5 0.5
73-80 79.2 0.69 ghon= =2 (X} ’J79.4 /9.8 | 7194 | 796 | 0.15 | 0.35 | 0.03 | 0.07 | 0.35 | 0.71
HR15T 81-87 84.6 0.63 848+ 848 |1846 | 846 | 846 | 84.7 | 0.10 | 0.32 | 0.03 | 0.04 | 0.32 | 0.64
88-93 89.3 0.64 SO#" i 3910 “'139.0 89.4 | 89.0 | 89.1 | 0.16 | 0.32 | 0.03 | 0.07 | 0.33 | 0.66
43 - 56 54.3 0.66 o4 I 54.6 %4.6 546 | 544 | 545 | 0.10 | 0.33 | 0.03 0.04 0.33 0.67
HR30T 57 - 69 66.0 0,69 66.0 |/ 66.0 GEO 66.2 | 66.2 | 66.1 | 0.10 | 0.35 | 0.03 | 0.04 | 0.35 | 0.70
70-82 76.5 0.65 £6.28-16.2 E | 762 | 764 | 76.2 | 0.08 | 0.33 | 0.03 | 0.04 | 0.33 | 0.66
R
A15197 5.14 Uncertainty of Indiréct \/eri:fjca';:atll"on: Machine B
FI T BE Tl
Rockwell | Hardness range Referance ] a';'i;:Repeatabm eferénce block Uncertainty of Indirect verification
hardness | of the reference Block - 5"
scale block Value | Uncer | .. 4_, ’{*..Hz l Hﬂ:‘i{—'—‘ H, | H.. | SD | Ucrw | Yreso | Yrepoar | Unach | Ynacn
20- 50 20,61 0.9 - 0.6
HRB 60 - 80 69.37% [, 0.5 Cerificate of Calibfation No. MHR-0020-08 0.6
85100 10121 | 05 ' 05
73-80 79.2 ﬁ-O.69 796 | 796 | 79.0 | 79.8 | 79.8 | 79.6 | 0.29 | 0.35 | 0.03 | 013 | 0.37 | 0.74
HR15T 81-87 84.6 0.63 84.6, | 84.8.|.84.8..| 84.8 [.856.0.] 848 [~0.13 | 0.32 | 0.03 | 0.06 | 0.32 | 0.64
88-93 89.3 0.64 89.2 |189.41| 89.4 | 89.6 | 89.0 | 89.3 [10.20 | 0.32 | 0.03 | 0.09 | 0.33 | 0.67
43 - 56 54.3 0.66 548 | 54.0 | 542 | 544 | 544 | 544 | 0.27_| 0.33 | 0.03 | 0.12 | 0.35 | 0.70
HR30T 57#69 6610 0.69 66.0.[166.0.1| 66.2(/65.8 [166.:2 || ©6.0] 0.45% 0.35 | 0.03 | 0.07 | 0.35 | 0.71
70 -82 765 0.65 76.04|"75.87"76.2" 76.0 1¥76.0 " 760 | 0.137 0:83 | 0.03 0.06 0.33 | 0.66

Aatil annnsndszinuAiAnliuiuvey annisiarauwdsaesieslfiFEng

TnatlszanuAiainanliuiueuaes unaaninIene7] 99 Type A uaz Type B Uaz 11019

AWIRL Expand uncertainty Junild coverage factor (k) Winiu 2 NszAUANNITRNM 95%

TnalunistszunuAimnduineudmiunimeseumiinudaesiesdjizng azianag

1 v 1 v
tsranniAnAy ldiiuaunedLATaINaNARaLING 2 1ATAY A9




A1319% 5.15 Uncertainty of Measurement : Machine A
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Rockwell Uncertainty contribution
Hardness
hardness Combine Expand ABS (B)
range
scale U epeat Ureprod Uresol Uptach uncertainty uncertainty
20-50 0.06 0.10 0.03 0.90 0.91 1.82 0.52
HRB 60 - 80 0.05 0.05 0.03 0.50 0.51 1.01 0.16
85-100 0.04 0.07 0.03 0.50 0.51 1.01 0.14
73 -80 - - 8 - - - 0.36
HR15T 81 -87 0.04 0.10 0.03 0.64 0.65 1.30 0.08
88 — 93 - = J- = - - 0.18
43 - 56 0.04 0.40 0.03 0.67 0.68 1.36 0.22
HR30T 57 -69 0.04 0.10 0.03 0.70 0.71 1.42 0.08
= |
70-82 0.04 0.08 0.03 0.66 0.67 1.33 0.26
1 } '
AN971971 5.16 Uncertainty of Me,as_ureme'_r_ft”: Machine B
Rockwell rtainty, contriﬁfwn
Hardness —
hardness s ierecd fa Combine Expand ABS (B)
range —
scale U epeat Ure 67 Tat ) 1 CRaselaug (R Mach uncertainty uncertainty
20 - 50 004 4045 | 003 | 060Mml 062 1.24 0.32
HRB 60 - 80 005 0.10 0.03 0560 7 x 0.61 1.22 0.12
85-100 0.04 o= 0.03 0.50 . 051 1.03 0.28
7380 - - - - - - 0.36
HR15T 81-87 0.04 0138 0.03 0.64 066 1.31 0.20
88 — 93 - - - - - - 0.02
43 - 56 0.05 0.27 0,03 0.70 0.75 1.51 0.06
HR30T or —69 0.05 015 0.03 0.71 0.73 1.46 0.04
70 -82 0.05 0.13 0.03 0.66 0.68 1.35 0.50

A1nNIsAInIANANH LW IeIN1s iR AN TeesLf RN maseLIEang

¥ o dl % :j/ V% a oa v Y o 1 1 1
ATNLANTINUAN 5.4 LA umﬂg‘umma?mmmmmmmiuLLuu@u aenaunieeenu

nananaaauliiugnAtmndeinuuai 5.10 uanainiigesesaniunislsziinfiaay

1 1 o | o = o dl v o dl o 1%
VLN LLuu‘ﬂu@’mﬂ”Iﬁ"}@Lﬂuﬂﬁ‘zquﬂﬂﬂﬂﬂ@’mmiﬂ‘ﬂ’m’]ﬁ“l’]’)u@‘ﬂ‘]_lLﬂ?‘ﬂflfJﬂLL@fJ

5.4 N193LATITNSLULNNSIAN Measurement System Analysis (MSA)
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vesdfiRnimaaeulAdnliinimeseumNdIuiyrestindsanig aavie
wiinuresieeljimng  IneauilunmegeumNNInggIl ey ANHANIINARRLIYEY
NN ULAAZ ALl UELAT N ST TUNAN AR TNNNTIATZITIELILNN DA
Tnedgnnsandunisiiasziaanulsilsan (ANOVA) Taavinnisufsaumeaunaunisiiulg
mmgmlmzmumuLﬂ?:mﬁ@mmu

54.1 NN5AATIEUTTULNITIANauNIsUSuLlga

TUN19IMAAaLIZULNITARNLNNNARALAMNLTININNTRaNATadn A Iaeld

WINIUTA 3 AUNINIITATWINE O Tulinlng FIRT5T uay HR30T Wanin1mmedadl Las
1fuaniImAgaLAal )

1 L 14
FI1999 5.17 HaNN3IAATTNL TSN 11 3 A AN a1TL9 Tu neuniswdlayFuly

Test Piece Operator A \ Operator B Operator C

No. 1 ’ of I < a d 2 3 1 2 3

1 83.6 834 836 84 | 842 84.2 83.3 83.5 83.3
2 86.2 85.8 85.8 86.1 | 86l 86.3 85.5 85.7 85.7
3 84.4 84 84:2 84.2}'1-' ¢ 845 84.6 83.7 83.7 84.1
4 60.2 60.2 602 58.7-f 588 58.8 58.7 58.5 58.5
5 57.2 57.2 57 56.3ff 56.4 56.3 55.5 56.1 55.7
6 56.8 57 i 566 | 667 | 56wl s67 | s67 | 567 56.7
7 55.2 | | 554 55.6 55.3 55.3 55.1 54.9 55.1 54.7
8 61.6 761 61.6 60.7 60.6 60.6 61.1 60.5 60.3
9 60.4 60.4 60.6 60.4 603 | 604 60.7 60.3 60.3

NINFAUATILTATLLLNNTTARINAINT 5.17 1AtiAan13 ANOVA saaililsinsy Minitab

LDQ
She

Gage R&R Study - ANOVA Method

Gage R&R for Hardness before improve

Gage name: Hardness Before Improvement
Date of study: 9/12/2008

Reported by: Sasithorn A.

Tolerance: -

Misc: -

Two-Way ANOVA Table With Interaction

Source DF SS MS F P




206

i !
Compgneﬁs of Variation

Test Piece 8 12874.7 1609.34 3803.82 0.000

Operator 2 4.6 2.30 5.43 0.016

Test Piece * Operator 16 6.8 0.42 13.55 0.000

Repeatability 54 1.7 0.03

Total 80 12887.8

Alpha to remove interaction term = 0.25

Gage R&R

%Contribution
Source VarComp (of VarComp)
Total Gage R&R 0.231 0.13
Repeatability 0.031 0.02
Reproducibility 0.200 0.11
Operator 0.069 0.04
Operator*Test Piece Q131 0.07
Part-To-Part 178.769 99487

Total Variation 179.000 100.00

Study Var. %Study Var

Source StdDev.(SD) (B 60R) SV)

Total Gage Ré&R 044810 2.8857 3.59
Repeatability 041767} 1.0604 1.32
Reproducibility 0.4473 2.6838 3.34

Operator 0-2636:2 & 1.5814 1.97
Operator*Test Piece 0-3614+ 2.1685 2.70

Part-To-Part 1B ._3T05=F 802227 99.94

Total Variation 1323791\ #80.2746 100.00

Number of Distinct Categories: = 39
Gage R&R (ANOVA) for Test : f }*'f

J "i_-- Eﬁ?ﬂéd by: Sasithorn A.
Gage name: Hardness Before Improvement ; Flﬁle‘rance:
Date of study: 9/12/2008 et “,“7 =

J Test by Test Piece

1001

801

701

Percent
o
=}

601

i

0l ——f
Gage R&R

Repeat Réprod Part-to-Part

R Chart by Operator

Test Piece

Test by Operator

0.84

UCL=0.6865

80

044 704

~

; *
AN
oo ¥ \-[

6071

alad!
ivdan

Sample Range

{0
an|

a@

001

LCL=0

Xbar Chart by Operator

>1ooer
TG &

Operator

Operator * Test Piece Interaction

o D &

80 801

10

701

Average

601

Sample Mean
~
o

—"—

\

S—p
\\,b,\\rd’/ o

Operator
@A
[ ]

c

et bt g

i, 2 3 4 5 6 7 8
Test Piece

9

o

U7t 5.3 nadnEN9AeNiamee93an1g A

2ah

TunsfiANNTE Branuau)iaLax R 39lunstisyuunnsdnilnnas

NOVA niaun1siliuilss

Up

v ¥

AU

AINAINTTD I suEnANuANFN AR Taamiineu C HAnnudundsainnisdnuiniign
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AMNUHBYNAILAN Xbar WUF1ANALLLIA NaNMRTe9sTILNNSIAR AT TR NN

1
v =

IHaNIUALAMN AU N A IB9IZULINTHAR ﬁqﬁumﬂsﬂ@mﬁmié’mmmﬁﬂ@:mm
AR 399N 2L T LS TRefian st Andc Sl 39 BadnsviLdaid]
ANNANNTD TN TLEN AN LANA LA

ARSI N Rasaating %ﬁmmﬁmmummgmmm%sﬂwmmﬁ“\mmﬁﬂ'q
133791 HR Wuanuidesimannduoumagey 13.3705 HR wasiupanaiiey
NIMTFIUAINTZULINNTIA 0.4810 HR

pduutsfilazannanidnesss s @:ﬁmmﬁuuﬂﬂm%’mﬂ@%mm
80.2746 HR30T LLNAANIHWAANEWLLTAANNIELABAAKNEAR 80.2227 HR WazAINNELLLS
AMNTTULIA 2.8857 HR

LﬁﬂﬂmﬁumLﬁﬂuﬁummﬁuuﬂi@mﬂizmumi (TV) %78 P/TV a2W191 81A9N
sTuLLﬂ@mﬂ\‘m@:mumiﬁﬂimﬁu%’mﬂﬁmﬂ@ﬁmﬁwm 100 HR azlupandiuuisann

o ]

AURBINTTLAUNNTUAR 99.87 HIR Li@uﬂumwﬁuuﬂ@mm:um"m 3.59 HR Taeiquiia

DR >
aaniuAuiul s NaNWEE IV TaR 1.32 HR paauduilsannanmezilsfadias

3.34 HR Fautveendlumanudiulsarnningauds 1.97 HR wavAnutullsananina
ald o Y
FAINTENINNUNUIATLTUINTA 270 HR-

anasAlszneuanuulsilsoieiiniaieydudFesazudoasnudt  uaau

utlstlsauannnszuupdsas 99.87 uazaanuilssanainesunin 0.13 deArnuuLlsLleu
tfutseanidunnuilstlsauainavisannnzdan 0.02 arwinaudn 0.04 uaziiuae
an 0.07 uaruulsLMuaInamsesENs WA TINTBIN I I ALALTINWTR

o

e pA P value NAade sl L, 0410, kas AIFAENG F vy 13.55 AN
NN LAASINENENA TN TZII NN T AL RN IR A AT R s2A U 0.10 Aeaiiunig
AunaMRaA NRUIsAIRa 1T va NN Lg NNl C Hanagandiidilsannnisinga

= o o o | ol = 4 o~ ax

e i [ dEULgakasinnA ST Wl UFlieuiATesiiauazisnig
noageuliidunimegiu  saisuilaanmsienaneliifianimesesianaindaluda 5.1

1%

PAIRNNANTRUNT IFNINTIATIZH AN NANNITDURINNT R TN A9l

54.2 N15AATIEUTTUUNSIANAINISUSULlg
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UN19MARALIZULNITAALNNITNARALAMN LI RaNATadn A Taeld
WINUTA 3 AUNINIITATUENU 9 TuNanInIadal taelfuanimmagaLfail

FN3199 5.18 NANNFIAANITBINITNGIY 3 AL AMNTWINUI T ndInauiilatlFutlys

Test Piece | Hardness Operator A Operator B Operator C
No. Scale 1 2 3 1 2 3 1 2 3
1 HR15T 79.6 79.4 79.8 80.0 79.8 80.0 79.6 79.4 79.8
2 HR15T 84.8 84.6 84.6 85.2 84.6 84.8 84.5 84.6 84.4
3 HR15T 89.0 89.0 89.4 89.4 89.0 89.4 89.0 89.2 89.4
4 HR30T 54.6 54.6 54.6 548 54.6 54.6 54.6 54.2 54.4
5 HR30T 66.0 66.0 662 66.4 66.6 66.6 66.4 66.2 66.4
6 HR30T 76.2 (O 76.2 76.2 76.4 76.2 76.2 76.4 76.2
7 HRB 32.4 3278 32.6I OR4O o9 32.9 32.9 33 32.8
8 HRB 70.3 £0.0 70.0‘. . 70.4 70.1 70.2 70.2 70.3 70.4
9 HRB 93.4 9#'s 982 _ 93.6 18,0 93.6 93.4 93.6 93.4

MnstiAzinassuunsghagnangasi 5.7 Inelsn1s ANOVA daalisunsu Minitab
Al v v
Gage R&R Study - ANOVA Method )

Gage R&R for Hardness : sl
Gage name: Hardness .- . e =
Date of study: 9712/2009

Reported by: Sasithorn A.

Tolerance: 4%

Misc: —-

Two-Way ANOVA Table With Interaction

Source DF SS MS E P
Test Piece 8 25849.6 3231.20" 75973.1 | 0.000
Operator 2 0.4 0.22 5.1 "0:019
Test Piece * Operator 16 0.7 0.04 1.6 0.109
Repeatability 54 175 0.03

Total 80 *-25852.2

Alpha ta; remove interaction term = 0.25

Gage R&R

%Contribution
Source VarComp (of VarComp)
Total Gage R&R 0.039 0.01
Repeatability 0.027 0.01
Reproducibility 0.012 0.00
Operator 0.006 0.00
Operator*Test Piece 0.005 0.00
Part-To-Part 359.018 99.99

Total Variation 359.056 100.00

Study Var %Study Var
Source StdDev (SD) (6 * SD) (wSV)

Total Gage R&R 0.1966 1.179 1.04
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Repeatability 0.1644 0.987 0.87
Reproducibility 0.1077 0.646 0.57
Operator 0.0803 0.482 0.42
Operator*Test Piece 0.0719 0.431 0.38
Part-To-Part 18.9478 113.687 99.99
Total Variation 18.9488 113.693 100.00

Number of Distinct Categories = 135

Gage R&R (ANOVA) for Measured
Reported by: Sasithorn A.

Gage name: Hardness Tolerance:
Date of study: 9/12/2009 Misc:
Components of Variation J} Hardness by Test Piece

1004 [ % contribugion _4f*

[ % studyvar

50

Percent

Gage R&R Repeat Reprod Partito-Part |

Test Piece

R Chartb Oggvdf
2 / I Hardness by Operator
UCL—E 7151

0.8

757
(o]

M Nmr RB= o.z';_zsd*; 504
Q

0.0 IFroc=o :

5 Operator
XbarChart by Operatg o v,
A I Operator * Test Piece Interaction

100
|«'ﬂ M
ety —
v ‘-J:‘ 1 2 3 4

')“ 7 » Operator
754
501
—
— — . Test PIECE

0..

IS

Sample Range

>0 O (guod
0 O Do

100

a

c

Average

Sample Mean

X=71.904 j
Apazei e A \ /

‘“—“:7“8; ' 75-"/”\ /e
gﬂ‘ﬁ' 5.4 mﬁwﬁrmmﬂmﬁqm@héﬁﬁ%ﬁw ANOVA naan131Fulga

Flatls T AR e e RSN (TV) e P/TV WUINAINNER
LLﬂimnmmmmmzﬁqummam 99.99% uAZINARTL Iz Nz LU S AIRES 1.04%
TneutaflupuifuulsanpaweEinmedan 0.87% avmduulsannanvellsicidan
0.57% aesfauridpn i upd il sSR! 0409 B E AP uuulsannanEnas
TN LT WAL 0,38%

An AR v AN TS s Added an s udn feta iR @gnudn  drann
ulstlangfanaeie 100 ezl uuLlslsuannnssLaunnIHan | 99.99% LAY

wlssauanszuuniadn 0.01 % MNIAINANURRUEANNTAR douamssnusilsfagi

q

o

apardAdennnindugud  AalulannansnaresninuinaliftdAnsenan
Auntlsresdayaluszuunisdn uazen P Value winriu 0.109 e WeuAeissAuiadnAny
0.10 wAaiANINNGN AeTiuszuLdntaNisneaniuld

55 N15UsENUAMNIWRANITNAFAL
55.1  nsdsziiunanisnagauandIuiyagluialjisnns
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IuﬁfaqﬂgjﬁamiﬁLﬂ?"mmmummLL%ﬁﬁﬁﬂﬁ%ﬂmw?fauﬁmmLma’ﬁm Az
smsgrudeaty defissylilu Wi eghslsfmadesfiFnng 8 lEiansssidunanis
nasauIzwinaFsesilar 2 d1fleuuansnefuvield Tasvnnen Standard Block du
Feafilpeminuauieaiuanissesi 2 lEnansdafmeadusng

A1519R 519 LAASHANNINAFBLIANNLATEINAREL A LAY B

Measure Machine : A Machine : B
1 49.8 50.4
2 50.2 49.9
3 49.74 50.3
4 50.4 A
o) 50.6'Il 50.3
Xdoar 5(_).14&_ P 50.28
S 0304, 0.204
s’ Y0115 9% 0.042

=

antinNIlsTiiunaredM @A NI TAaRN R g A EnannIn s lunistsziiiy
o4 & "|Jd'.-| 1 ]
1) NMIMNARBLAMNUANGANIEIAIIA LDRBTER, 2 1ATeY B9 Afnatia t luniamasey

nsnageuingldllsunsy Minitab 15 Tunastlszaoana Iananistsvidiuadl

Two-Sample T-Tes"_t‘énd Cl

Sample N Mean StDev SE Mean
1 5 50.140 0:385 0.17
2 5 50.280 0.228 0.10

Difference = mu (1) ==mu (2)

Estimate for difference: -0.140

95% ClI for difference: (-0.601,70.321)

T-Test of differeiice =0 (vs not =): T-Value' = 0170 P-Valuel= 0.504 DF =
8

Both use: Pooled StDev = 0.3164

717 5.5 nan1smagau T-Test faelisunsu Minitab 15

AMNUANINARALNLINAT P Value 1AM 0.504 F9HANNINNG 0.05 A91ULAAIINLATEY A

o

uaz B ldfimnuuansneiuaseliad Ay
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2) NNINARDLAINLANAINTZUINANNLUIUTIUIBY 2 1AFed TnsaAafiahia F uay

nn1sdszananasae Taaldlilsnau Minitab 15 Tunistszanana Tenansseiiliv

40(
he

Test for Equal Variances

95% Bonferroni confidence intervals for standard deviations

Sample N Lower StDev Upper
1 5 0.193129 0.344964 1.19342
2 5 0.114735 0.204939 0.70900

F-Test (Normal Distribution)
Test statistic = 2.83yp-value = 0.337

Jest for Equal Variances

= —

F-Test

Test Statistic 2.83
P-Value 0.337

T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
95% Bonferroni-Canfidencerintervals,for,StDevs

717 5.6 uannINAAEL T-Test Aoalisunsu Minitab 15

AMNUANTNARALNLINAN P Value HA1 0.337 FIHANNINNG 0.05 A9TULAAIINLATES A

o o

uaz B ldfimnuuansneiuednesliadAny

552 n1sdssiiukansnagauANTIuInssuIevasdjisng
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FeslfiAmslfRasetlsranuiumissnuiidduFeuifiaunanmmasey
SRR AR PRGN T R Pt tab Tnendagaudananaldiunisiusesnsgn
ISO/EC 17025:2005 uainnssausankanIsmageuaniisasufidiBaufieuiesi
REIEERITT dwsunadsnfunaiiemasenanuuiesiefomnaglddnsom
WRenifisnnatesniednlumion Hardness Measurement Rockwell Scale B lasiia

NAFALAAIIUNIINIUAALANN ISO 6508-2

FUNUNNAFaL

1. Reference Block 43143149 f1A1 @83 BloCK Artifact 1l3zneusag Hardness Block
211494 9 Blocks AR audiaie) ik A9mIsN

AN91971 5.20 memmmt@:m Reference 184 Block Artifact

| UWARLAUEAUENAN X AN
Reference Block =

: " T 4 BUI
o5fRE £ £ 65mmx 1.5 mm
30 HRBS f 65 mm x11.5 mm
4OHRE | Bsmmx11.5mm
50HRB =~ | 1 88mmx 1.5 mm
60 HRB 65 mm x 115, mm
“70 HRB 65 mm x 15 mm
80 HRB 65 mm x 46 mm
90,HRB 65 mm x.15.mm
100 HRB 65 mm x 15 mm

. ~ o ' PN Y] v = v 4
2. Sheet, artifact PszusuMiaNIMaApUEEBaaLA) S9sdhdusion  whWTuaw
HNATFIUNRARINYILA 3min Uagd mm.
. . . d‘ o 1 = % % dI [
3. Cylindrical axle artifact NszyAuMsNIIadauEaLieauds  Filsznavsae

=

FUINUNTNILUBNNNFAR 5 mm, 8 mm. Lay 12.5 mm.

e

¥ a a v o d
M’ﬂdﬂguﬂﬂ’]‘iVIL“ﬂ’]‘JQNVI’]ﬂ']ﬁLII?JEIUL‘VIEI‘LI
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1. ADNUUNIRAITINYILUSTE (NIMT)

2. UNA. AUINAFA DUFAGT (Sahaviriya Steel Industries PLC)

3. AuFimuUILazdAsianlR1e3ddn  (Material  Properties  Analysis  and
Development Centre)

4. wyanendemaTulatingzaaundinszuasmiie (KMITNB)

a o = a
5. UTHN A/ 1 AR ANNA (NI1T1)

6. HastfjiRnnssneterestEEnilaineAnw

Aunaulunisnii PT Tasld Hardness Téster (Machine B)

1. naunen Hardress bleekadnlil check tpaasnats
2. waeinfluid ball it Gau Steal iNa3nN 19 deformation 1031A5es Tnel4iin
=X 1 o i =R U a 9 Qy = =R 1 i’/
@Y neuinnstiunakngs 1 s AsuliAnAsnaw 3 A%
3. wlatuii ball Tury 1 dvia ba!l ﬁﬁmmfﬂmm 1/16 m §14 Steel LL@')ﬂmVNWJﬂ

mumﬂmﬂ@u 3 ﬂ‘NLL@ﬁJ LANNAAIL: Standard block v 3 mqmm Block /1N

NIMT §19ARUATL : 7

[ 444 £ 'J-v. '
4. wasugwiu Spot anviI'Ltéﬁﬂﬁﬁx‘lﬁf}ﬁ%uﬁ’]uhj \WednANUdeLed sheet riau
fam”memﬁmvmmu\mumﬂmmm,

5. Lﬂ@muﬁmmu v HianeLilu ball 1/16 m LL@QﬂﬂVNﬂQﬂLM@ﬂﬂ@N 3 ﬂNLL@’JN')m

T Cyllndef i Nt

6. ﬂifrﬂﬂi’mﬂuﬁﬂmﬁﬁmﬂmm Rockwell Hardness Testing Machine, Standard
Indenter, Testing Candition kA Environmental, Candition.ae4resf)imnsadly
WLLWesY

7. dszifiunanisdnlneusaviiestlfiin1smasianisUsziiiy Unbeftainty 19908013

70 T8 Hardness Testing Machife IMan1snaagLih

NAan1TnAdal ﬂ’J'INLL:ﬁQ

vesdfiRntsvinnimesevlinanimagenmnud wazAnAiAn lduduewlung
o iNan1IMARLAINIIIGT 5.21 - 5.23

A13197 5.21 LARINANNTTALAS Uncertainty 184 Block Artifact

Measured value of each hardness block number

Nominal Value (HRB)
25 30 40 50 60 70 80 90

100
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Indentation 1 27 33.2 414 51.7 62.1 71.5 80.8 90.7 100.9
Indentation 2 26.9 32.7 40.8 51.3 62.4 71.5 80.8 90.8 100.9
Indentation 3 27.3 32.8 414 51.4 61.7 711 80.7 90.7 101.0
Indentation 4 27.3 33.6 41.0 52.1 62.3 71.5 81.0 90.5 101.1
Indentation 5 271 33.2 411 51.5 61.7 71.2 80.7 90.8 100.7
Average Value 2712 33.1 41.14 51.6 62.04 71.36 80.8 90.7 100.92
S.D. 0.179 | 0.361 0.261 0.316 0.329 0.195 0.122 0.122 0.148

Correction Value - - S 4 - - - - -
Corrected Value 27.12 33.1 41.14 S 62.04 71.36 80.8 90.7 100.92

Expanded uncertainty i

(k=2) 2.893 | 2.910 2:899 1.763 imallD 1.744 1.737 1.622 1.165

A9 522 memmﬁmtfw Uncertainty 284 Artifact Tua1unsengzuan

i

Measured value

Radius of Cylindrical Axle 5-Imm 8 mm 12.5 mm
Nominal Value (HRB) 113{)0"" 100 100
Indentation 1 1054 + 105.8 105.9
Indentation 2 10‘545:.. 105.5 106.1
Indentation 3 1066 105.5 106.1
Indentation 4 10560 44 1056 105.6
Indentation 5 105.9 105.8/ 105.6
Indentation 6 105.7 1057 105.4
Indentation 7 105.3 105 105.8
Indentation 8 105.7 105.5 105.8
Indentation 9 1055 105.7 106.1
Indentation 10 105.7 105.7 106.2
Average Value 105/58 105758 105.86
S.D. 0.175 0.235 0.267
Correction Value 2.5 1.5 0.5
Corrected Value 108.08 107.08 106.36
Expanded uncertainty (k=2) 1.162 1.1661 1.1692

A1319% 5.23 LARINANNITALAY Uncertainty 284 Artifact TRIUMELUAN

Measured value

Sheet Thickness

3 mm

4 mm




Nominal Value (HRB) 70 70
Indentation 1 69.9 68.9
Indentation 2 69.6 69.3
Indentation 3 69.0 69.1
Indentation 4 68.8 68.7
Indentation 5 68.5 68.6
Indentation 6 69.2 69.1
Indentation 7 .2 68.7
Indentation 8 (87 69.2
Indentation 9 < 697 68.0
Indentatien 10 68.2 69.1
Average Vailie |\ 169.7 68.9

SiY. | 41.461 0.386
Corfection Value = ‘II" -
Corrected Value. "J (;9.7 68.9
Expanded uncertainty -
1,991 1.752
(k=2) 2/
4
maulfFauiisunanigdn FE,

Fuaniloe 1 Hiliansaas ISOAEC GUIDE 43-119974t8x ISO/IEC GUIDE 43-

2:1997 “Proficiency Tésting by the Interlaboratory Compari‘sb-ns” IPEARINITUIAN

{Heiunanns$aann Reference value uazwn E. number Faannnasieliil
1) Deviation, d
d=X-X,
Tmel: X 5 Fhe-measured-value of participants
X = the reference value that procided by NIMT
2) E, numbers
E =X-X,

2 2
\/U (Xi) +U (Xref)
a 1 dl = o = o 6 o dal
NITNANTRUIAN E, numbers L‘W‘ﬂmq‘ﬂN@ﬂ’]?Lﬂ?‘ﬂULVIﬂMN@ﬂ’]?’m NUAANNTUNAIU
- The comparison result are satisfactory if | E, | <1

- The comparison result are unsatisfactory if | E, | > 1

215
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- The measurement system should be investigated when 0.5 < | E, | <1

HANNINAFBLLRYRIUTRANNT (3-01) wannAlnEaLUNAINLITINNYeY Artifact AIgLN

5.7 - 5.12 Amiunsuassniafsauiauas dsiarefidnsonniaFauiaunaa 6 ui

Tnevfastlifinasldava 3-01 Tunisfsaunaudeuansliunig1ei 5.24 - 5.26 AuUNAN

Uszinnaes Artifact uaz AuunusiazieelfiAn1sfegLi 5.13 - 5.15

: Block Artifact
i BlockArtifact _ | 150
1
a0 ——————— ' A
2200 = .
p
c il
%ﬂ.ﬂ{l ' ' T = 4
E.z = 22 = 10 zq 58 0 ~30 40 50 (b 70 BO o0 100
4100
-5.00
51091 5.7 N3 19IUAAL Deviation Y3 TH LBl et LIFFAd En Numbers 39471474 Block Antifact
!
Cylindrical Axle Arti (= ylindrical Axle Artifact
2.00 v
bl
Log = - Zi' = 4
2 = )
= ek 00
2000 v 7 - N '-____'_____ j :
g T 1% - e 5 4 135
-L.00 P ol )
-1.00
31/11 5.8 N313IULA AT Deviation Y83 ‘Ea Numbers 493534313 Cylindrical Axle
| 1
g Sheet Artifact
i Sheet Artifact g 7 e
1o l Q| Fa¥ T, :
200 .P
Elm = m & E'EGA
2000 1 —-— ‘ Eﬁ.ﬂﬂ o —
e iR —
= [ - -1.00
-3.00 - -
200 = -150

3171 5.9 1319IUA AL Deviation VDITU 1Y Sheet




#15199 5.24 : The deviation from reference value and En number of Block artifact

217

Reference Deviation from reference value (HRB) Deviation Uh{sz En number
Block (HRB) 0-01 1-01 2-01 3-01 4-01 5-01 0-01 -—:L__;(-ll . 2-01j 3401 jmd=01 5-01 0-01 1-01 2-01 3-01 4-01 5-01
25 -0.36 0.86 2.08 1.58 -0.91 -1.30 0.97 4.67 2.92 29 4.63 4.71 -0.37 0.18 0.71 0.54 -0.20 -0.28
30 -1.97 0.42 0.46 0.62 -1.02 -0.70 1.12 473 29% 298 4.64 4.64 -1.76 0.09 0.16 0.21 -0.22 -0.15
40 -3.19 1.14 0.08 0.68 -0.52 0.28 0.99 4.65 2.92 2.9 4.63 4.64 -3.21 0.25 0.03 0.23 -0.11 0.06
50 -1.44 0.36 -1.44 -0.14 -1.46 -0.08 0.68 381 2.23 e 1.80 3.49 3.49 -2.10 0.10 -0.65 -0.08 -0.42 -0.02
60 -1.98 0.82 -1.06 0.46 -0.16 0.24 0.68 3.4t E . 1.82 3.50 3.53 -2.92 0.23 -0.47 0.25 -0.05 0.07
70 -2.69 0.12 -0.96 -0.12 -0.28 -0.26 0.64 3.50 3122 il.77 3.49 3.48 -4.23 0.03 -0.43 -0.07 -0.08 -0.08
80 -1.38 0.16 -0.32 -0.14 -0.22 -0.20 0468 3,50 235040 1.77 3.48 2.37 -2.02 0.05 -0.14 -0.08 -0.06 -0.08
90 -0.84 0.11 -0.23 -0.09 -0.14 -0.41 0.69 2.34 153 }5"1.6-5 2.34 2.34 -1.22 0.05 -0.15 -0.05 -0.06 -0.18
100 -1.06 0.10 -0.48 -0.18 -0.12 -0.34 0.70 2.34 1538 fL21 2.33 2.34 -1.50 0.04 -0.31 -0.15 -0.05 -0.15
miN‘ﬁ 5.25 : The deviation from reference value and En number of Cylindrical axle artifact
Radius of axle Deviation from reference value (HRB) - === ]‘)Jé-';;i:;it‘ion ,{Jﬁ:é"rf%(-k:z) P En number
(mm) 0-01 1-01 2-01 3-01 4-01 5-01 "«'. :_fr__O-OI 1-01 2-01 3-01 4-0+— ;:Sfl)l 0-01 1-01 2-01 3-01 4-01 5-01
5 -0.65 0.04 -0.38 -0.11 0.15 -0.23 0.70 2.34 1.54 1.22 2.35 2.34 -0.94 0.02 -0.25 -0.09 0.06 -0.10
8 -0.65 0.29 -0.79 -0.44 0.12 -0.40 0:68 2.34 153 "2 2.34 2.35 -0.95 0.12 -0.52 -0.36 0.05 -0.17
12.5 -0.76 -0.13 0.20 -0.64 -0.05 -0.59 0.69 2.34 1..53 1.21 2.34 2.34 -1.09 -0.05 0.13 -0.53 -0.02 -0.25
mswﬁ 5.26 : The deviation from reference value and En number of Sheet artifact
Radius of axle Deviation from reference value (HRB) P” Devia}ion Uncertainty (k=2) En number
(mm) 0-01 1-01 2-01 3-01 P .4%-0}-.! d‘:- 5.55.'01_ = %0.1,.;-.. .ii}_-"o}-‘ﬁ - |F 2{?1— i 3-01, ,—i"4ﬂ1¢i & 5-?1—._} ﬁ;)-%}‘ 1-01 2-01 3-01 4-01 5-01
3 -0.16 1.54 -0.27 -0.83 10.62 -0.03 0.73 3.50 223 2.02 3.49 2.44 =0.22 0.44 -0.12 -0.41 -0.18 -0.01
4 0.39 1.96 -0.90 -1.96 -0.43 -1.54 0.70 3.50 2.25 1.84 3.51 2.63 0.56 0.56 -0.04 -1.07 -0.12 -0.58

Llc
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L.00

0.00
-1.00
-2.00
-3.00
-4.00
-5.00

Block Artifact

i

20 &0

100

[ o-01

B

ﬂ‘ﬁ' 513: rm L '

0.00

-0.50

-1.00

-1.30

wuﬂ’]u Block Artifact

.

-i O s-o1

917 5.14 ; A——. jiLﬂ?ﬂmﬂﬂu En number m@ﬁimu Cylindrical Axle Artifact

10O

0.30

0.00

-0.50

f ua“iwmﬁim*m

O o-01

1-01

2-01 M 3-01 [O40

3-01

91l7 5.15 : nansuFBLRLL En number 989114911 Sheet Artifact
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asuuanisulFauiiauanudiuinyseningiailiinnis

Tun9cieeq Block artifact tlifANsuNDeNaN19dALe4 0-01 WudTeslfiiFnng
(3-01) HPouaNn9n NI TR INLINT8Y reference block NANAMNUTNgS THRANGN AN
\JeNuuAann Reference value 1lagiszndng -1.44 HRB 4 2.08 HRB uazAn En numbers
2’/ 1 ! =X [ A ¥ o Y Y E\l/ a
Wuagsendng -0.65 04 0.17 Tunanduiudinlduanisdnaedidnsanienunlunisvansan

nanfsifenauazls Adleaniuann Reference value Wiagjszndng -3.19 HRB 09 2.08

TuNIV9I TUINBNQINIINGES /@ﬁﬂ Reference value Hiagsening
waEiovaas -4.23 19 0.17 Arnandediuuiiu

-1.09 HRB 714 2.08 HRB uazA Ef numbers 1

pRaaUN LA a1audlalflas

JUNUR error §4N3N1330

ANLLINTeY referenc A N1 ALLIENLLIWANN Reference value 11

AU INENINGINS
ARIAN TN INGINY
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UnNN 6

nsdszifivnanisdsuilgaunla

Tudauzesuniiazidunisdssiiunanistiudpauilanldndiunisldudaluuny 4
dl dl 1 o a | ] A a v
WAz UN7 5 Teazuiinisiinisdssiiiunaeaniilu 2 dou Aa nasdsziiuaanundeslunig
UiReuRaNIsHANNINTFI ISO/AEC 17025:2005 189tiedLJiRn1mmageLidang uay
Tudaunasspe nsulsziliungnisdivilgsudladainmiaannismasaumnuudeaes

% a A
wesfifnng o

6.1. msﬂe@muwamsﬂsnﬂﬁmumm?ﬁm ISONEC 17025:2005

a

‘wmﬂgummﬂmmmmmmuumwnmmmmmmﬁm lazAns i liTuAanssud
mmﬂgumm@mLuumimummﬁm ISO/IIEC 17025:2005 smmuumiwmﬂgummmm
@mmiyuurmmmimuwmuﬁq,zmﬂum@mﬁamﬂﬁmmmqﬂgu CINaER I I HE AT
N19LTUN TN LL@”?ﬂH’IVLQGHQﬁ‘”UUﬂ"’]ﬁ“LIT‘VHNﬁﬂﬁmﬂﬁ‘zﬁmﬁﬂ’lw LW@"lquluﬂmmwm
N13NARDL ANNTBNIUUARINENY umﬂgummﬂmmLuummmm’nmumm@m@mum
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ANaIENTUHUAVIUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

L ANA1TA19DY

- Cutting out and work of test piece (W-TQ-TL-WT-056)
- Hardness Tester (S-TQ-TL-SM-009)

- Micrometer (S-TQ-TL-SM-00)

- Drying Oven (S-TQ-TL-SM-006)

ar

un

- LULWasNNAaN1IMAZaU Hardness.iest (F-TQ-TL-WT-016)
Tnnilseaan

di 1 [~3 1 Qg/ ' % z:{'o | ]
- LW‘ﬂﬂ’]ﬂ’]ﬂ’]’]NLLﬂN"ﬂ'ﬂ\’iLLN‘L&TUQ’]M%@K]@U’J’]VL@Wﬁmﬂﬁﬁliﬁﬂuﬂﬂﬁﬂuﬁﬂﬁ'@iu
ABDULURA

- wmeguilflunisdnAimanudiegetigian 1au Standard JIS 22245 : 2005

mmg’mﬁtﬁimim
- ADAARANNL JIS Z2245 : 2005, JIS'G 330372000

ainsainldlumsnagay

- Anvil Steel (g’m@‘ﬂu )

- Anvil Diamond ( §1ULW13)

- Indenter Steel ball ( WanA Steel ball 1w 1/16 ")

- Drying Oven ( 18121 200° C)

- Micrometer

- Standard block H3 aflp (AT 26y TeH StaHdard blosk i %u@gﬁummmmmuﬁmm)
- fhazenndmiudsmununeaey ( gingIng )

AUIAVDITUN ARDL

- NAFRUAURHEAAN R UALEN A 1CB5IMM.
- Gaulilise
- ANUMINTRINIMIAAR LR TUNAARY BN (W-TQ-TL-WT-056 )

n
o o

untaAuld : 25/12/08 uAlunsad : 06 Wi 1/ 11
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ANaIENTUHUAVIUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

- asednldlunismiiannazeniuiunaaey Normal Hexane 4N1ANNEYAIATULNAASL La1NHULAY

Avandsnaan

N5 L FINULRILATRINARAL

- Hardness Tester #1494 (S-TQ-TL-SM-009 )
- Micro meter #1404 (S-TQ-TL-SM=007.)
- Drying Oven #1909 ( S-TQ-TL-SM=006 )

a1lnsal Safety NElunsnasay

- pailef nrldgeiietnenaas liideRaniina s UTLaLNedal) 60 NeLa1Fe9TAIT N uNAge LN AN a kAL

q q

o

I N VY CUAG TR ALY AT TR A IRE AR oY Tl
- pefleuannFen eunzunaen @ aknas i dazean Drying Oven 200° C
VA o = VY a o = 1 o QQ./
- dhleayniuansedl 1N Taayanugn s g Normal Hexane 19A2 18810 NUAASL

AMNUNILURIAT Hardness tester

ATN1IMAR8Y Hardness test mmgmz%ﬁm"u Cold foﬂed sheets (CRS ) ,Tin mill black plates (TMBP) L8
Galvanized Steel (GIS)_ A Hardness 1A fiiansia b — (3 <hl) TneinlFaztiliAuanmngns Converting
Formula '%ufagjﬁmwi@x Scale
L] L?Illﬂﬂ Initial load (hl)
® Joadtest(h2)

® Initial load ( h3 ) AanA5

Initial load Test load Initial load

} ; }
= —> R

I Test piece I

0
o o

untaauld : 25/12/08 unlansad : 06 Wi 2/ 11
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ANaIENTUHUAVIUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

®  ITAUaIA1 Hardness A1USLUARNATUT TMBP N13NARAALAN Hardness bLaantily 2 ansnde

- Normal Hardness

- Aging Hardness Tngifiaqtinfinanumngaiiiinniae=ens etafs4u Normal Hexane 11028820710 118 UMAZAS

' v
= a =1 a vy !

andsnaan)uaztihlilaunguingil 200 asAawia Fyg 1uieat30 107 uazialiifiuniguugivasiaunimagey

] al

¥
=

d‘ =3 2 ° a dll % o a1
UNELUR LUBANANLaN TMBR fammgnmiﬂﬂ;umﬂ LL@3LN@I@Hﬂ')’]Ni@uﬂmz‘ﬁU@ZVﬂiﬂLL"]J\WJLL

YUABWNITLATUNLATRINDAUNIST UAR R 3
- EudlaeTed 4 A ¥

0 Y

.. 5 (A
#.,f F, o 3 J h
F A d
I o é;- ok o T;w ':i

o

untaauld : 25/12/08 Wi 3/ 11

wAluAsan : 06
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Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

o a 1 4’
mnaziesinedIuilszneunses Hardness

21. @and 1a —Ta ( Power switch ) T i

22. qpanalnean nszia 100 — 120 198 (Outlet only AC 100~ 120 ) —
23. SPC output
24. RS - 232C output

5. 'ﬂmﬁimﬂ%qﬁuﬁ( Printer output.)

26. Wad ( Fuse holder)

27. ffngLWL‘fJ'ﬁ ( Powerin )

28. @AT99 ( Main body )ﬁaﬂﬂgﬂuaamﬁﬂ ( Indenter?)

29. Twluereadna (Lamp)

30. g1umaAn (Anvil)

31. ’Nﬁﬂuﬂiammugm ( Thread cover )

32. uNUINA®Ig U ( Threaded shaft )

33. Hewyudmsunadou (Handle )

34. 4N ( Select switch') 8. W J

35. ura2993 Wi ( Electrical ufit)

36. 5T (Leveling bolt) L
37. thaseuduuu ( Top cover) ’@IE'
38. Fhaseuduntin ( Front Govet)

39. Lm:]u‘l/ilgmaaﬂ Loada( Minor load selector ring )

40. ‘Ig@ﬁaﬂﬂgﬂuaamaﬂ ( Indenter shaft) 10, .&

o

untaavld : 25/12/08

Wi 4/ 11

wAluATIN : 06
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ANaIENTUHUAVIUNAREY
Rockwell Hardness test

W-TQ-TL-WT-041

nsaagaulne : AYNRLAL :

22. #iinaa LCD ( LCD display )

23. §7U389 ( WWNAN ) ( Table option )
Y
24. AAUHWABNUIS ( Major load selector dial )
j1=-=1) 23.
[ = —
24,
E? L==1
caps , X
G 1 _l____+_
NISLASEANNDUNITNAADL !

2. nA&INT ON A UNAdLATaY Hardness Tester WHAIATN LAZ1TNA8 LCD AzARTLNSaN el

nMnwLaasriiaaRFasing
HRC  : Scale fiassinnianagay mﬁvlﬁ%%uﬂg'ﬁu Majordoad Wag Indentior piagl
101 - ARy
HY o ilu SCadfiRdscoavertedmniHRE S HY
150 kgf : A1 Major load ( qAvKWAGNLIY ) s (Fig. 04/24)
DIA  :%anm Diamond (LW9)

Minor R : 1@8n Minor Load R ( Rock well Hardness 10 kgf )

Fuitiamild - 25/12/08 Wi 5/ 11
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Rockwell Hardness test

W-TQ-TL-WT-041

3. n13U5u Scale nszvinlu Measurement Screen laging A v \@8n Scale MtiNaBazLAAIAY Major Load WaY

Minor R figias Set 15y Major Load Iaginnsuyuiaenuss ( Fig. 04/24 ) ANLATRLEAS LAz Major Load lag
me;umulﬁ@mm ( Fig. 03/13) ANUANTILA AT

3.1 wuueed Scale AN 7] (SUS 19 HRB , HR30T , HRA5T )

3.2 WUUL93 Major load (qauywaanuss) (1615, 30,400

3.3 WULTB Minor load ( WANUUKLIABNLTE) (RIS )

YUADUNITNARDL

3. FAAMNNUUNLBSTUUNAGEL e ide Ak et iunnsiaanaiatiane, auinaesianm, Major load ,Minor load,

Anvil (FNAUSTUATNAN NN VAT LA LAAAD1 ) F98191990 198795 (Han1vus e ldiazaaniunimagas)

Product Tlhife lpess [ mm. ) # Test Report Anvil
E= 020 HEM 5T HE. 30T
IMEP z Diamond.
e} PR 3T HE. 30T
t <A ETE. 15T HEE
Annealing : ‘
L fER 20T HEB
GIS = =
=T BB 5T HEE
Non Annealing < e
t> 030 HRE 30T HEE Stz=
b2 R 3T HEB
CRS 0.25 < t= 0,60 HRE 30T HEB
t = (o0 HPE HRE

NRANELRA
- NARADLTT GIS axnaailagn Coil No. 1n 1l Annealing VB Non Annealing 197d89nm Product symbol AWALNT 5
U 3| A 3| d‘ KX o d”
LAY 691 Lﬂu B0, B3, B5, B8 #i7a L']JLL MO TIRNUNIAIU
*B0) B3,/B5 /B8 —H NN e=Anfiealing) SLMY NG
* MO = Full Hard = 14 18dn1NNg Annealing (Non)

411 Normal Test ‘lﬁ‘@m’mum@’m Mechanical test instruction list 5as
——— ——————— — —————————————— —— —— |
Juntdaauld : 25/12/08 unlaAgadn : 06 WU : 6/ 11
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Rockwell Hardness test

W-TQ-TL-WT-041

4. vasnlfmaazidenlngsuudainnislfuRIAnFa1ATed Hardness Tester Tn2ig1Eiaaumiinas LCD 1096191A309

4.1 13uus9 Major load 15, 30 , 100 tHluqausuAIUTNL0969LATE

43 Laﬂnonﬁm LL@zeﬂuﬁlmoﬂ@ A3 IWLRELZA3 a4 HIaRGIe LCD ( 1uﬁ‘ﬂ"§ﬁ/u‘1%@ﬂ‘1_l'ﬂ@ Steel 1/16

149)

"1
4.4 \@an Anvil mummﬂu‘*ﬁﬂjl. ( Diamond or Steel )

Ay

Diamond

ar o ar

unTaauld : 25/12/08 Wi 7/ 11

wAbUASIN : 06
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Rockwell Hardness test

W-TQ-TL-WT-041

5. TIWUMAALIWIAEUNIWARINAIN 35 NN, RTinAuazeInfaafinazeaf lilaw 19 2 Au iiednien

wnifunaz@eanilanean (GIS , CRS) daundnsinel TMBP 1d3aM1Auarennlaaqu Normal Hexane nawdn
WL 200 °C w9

6. WTUUNAAILINLUFIU Anvil AlAeN TS (NATIATANSIUAE W Minor Load , Major Load , Anvil #3aiinns
a = ' & ° o W - ' a [ ' & '
ilaagadlus YNAsI Aawinnsnafenan 3 AaLalL AR 1R9LATRIRIRAAYNEIUTIUNANDY )

® UGN ( Steel JazsinensTununndamiaa i uAnaean (Funndaanvie ldialeduda iietlesiunisin
' = e 1% 3 [T G a
1989 WEEL ( Steel ) uazHaRITAZatARANe 0l ( T9aginaniaaniniluasa )

. o 4 1// Y Y 4 dl < ¥ % Q&/
° FIUNDT ( Diamond ) ludnumen sl idaiia i uladauminna fld inezfuantasTvaunagauay

|
' o« '

TlUdndaiugnumns ( Diamend ) ud @5 atins { Diamond ) fvdusimausinanauALndng 1 Steel
®  FAUNNTBINIINALUTUIUNAGEL ANTIEAE LITNIRTNNANNLANTLIUNAGaL Az liA AR LYNFEIgI4R
® raunnImadeLfainmagal TL- No WAZAN kMmN 126 TG R Iunaga L9 naeiu TL-No Mlauldluwuuwesuna
& o o o el o 19 ol o
N1INAKAL Hardness ( F-TQ-TL-WT-016 ) R ( LWfﬂ-ﬁ@gnuvl,ueLMummmaumu TL-No)
7. nnsneavianaeaninaniss Handle noudauafingie lvigan Anvil iheuasudaionisduduenunagey
waswlTusrumisan Tnaldsvaziiainaaiine sxadasdas 4 Wivasiong
8. ¥nsmeaey 3 9 widinnsnsenAKARIINAGELAd I iLLYle FuNan1INAAeL Hardness Tester ( F-TQ-TL-
o X e
WT-016 ) lHBATL 3 9A WALA4IIINI9UIATLRAE
RGN
® MODE @u5uUn13fanan ( 81989 S-TQ-TL-SM-009 )
Timer 1 12819 Apply Major load/lAsea Hardness Test@annanmanan lHAIus 0 — 30 U7 WALATLUNNZAN
JIS mMuualidn 2 - 837 (SUS Ny ldn s Auad)
. A ! o ) vy a ° 9o a A
Timer 2 1aNavaniRIa N Apply Major load @131308918 0 — 30 3w (SUS Anuua 3 0 Aund)
® MODE éwiSumifadesdnnipudnaiiediia énasdd1aztin MaxihimintrdSion Migall ( 61989 S-TQ-TL-SM-
009) : BUZZER (ON/OFF) (nnuua 47 ON), DEPTH (ON/OFF) (nuus 147 OFF)

o o o

o ludumeunimageuden 5 warlunisuu Handle Wwaligiu Anvil NRTwunaae et dndaiuinauazay
a o o A N a = o Py a a
\NAdsnazaessioweies azilides “An” (Mvuananldn 1 - 23u)

1 v
®  AaNINIINARRIINAINTIB TR UNAGE LB NTRE 4 Winaasiang

wAbUASIN : 06

s o o

uitTaauld : 25/12/08 W7 : 8/ 11
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Rockwell Hardness test
W-TQ-TL-WT-041
M1514 Conversion Table ( A1519N15w1la9A)
Rockwell Superficial Rockwell Vickers Rockwell Superficial Rockwell Vickers
15-T 30-T B Scale 15-T 30-T B Scale
15-KgfLoad | 30 -KgfLoad | 100-Kgf Load 15-Kgf Load | 30 -Kgf Load | 100-Kgf Load
1/16 —in Ball | 1/16 —in Ball | 1/16 — in Ball 1/16—in Ball | 1/16 —in Ball | 1/16 — in Ball
73. 0 416 380 ( 78. 0 52.0 534
1 419 38.3 r ) 1 52.2 53.7
2 42.1 386 J g 2 52.4 54.0
3 423 39.0 ,A(,/f,a 52.6 54.4
4 42.5 392 i 52.8 54.7 100
5 427 s _ 53.0 55.0 100
6 43.0 (3 53.2 55.3 100
7 43.1 hy— 534 55.6 101
8 433 8 53.7 56.0 101
9 435 9 53.8 56.2 102
4. 0 43.7 0 54.0 56.5 102
1 439 1 54.2 56.8 102
2 44.1 2 54.4 57.0 103
3 44.3 3 54.7 57.4 103
4 44.6 4 54.9 57.8 104
5 44.8 5 55.0 58.0 104
6 45.0 6 55.3 58.4 105
7 452 7 55.5 58.7 105
8 45.4 8 55.7 59.0 106
9 45.6 9 55.9 59.3 106
75. 0 45.8 0 56.1 59.6 106
1 46.0 1 56.4 60.0 107
2 462 A 56.5 60.2 107
3 46.3 3 56.7 60.5 108
4 46.6 4 56.9 60.8 108
5 46.8 5 57.0 61.0 108
6 47.0 6 573 61.5 109
7 472 7 57.5 61.8 110
8 474 L3 57.7 62.0 110
9 4717 K] 58.0 62.4 11
7. 0 47.9 0 58.2 62.7 11
1 48.1 i ol i58.4 63.0 112
2 48.3 2 T 586 63.3 112
3 48.5 3 t's8.8 63.6 13
4 48.7 4 = 590 64.0 114
5 489 5 59.2 64.2 114
6 49.0 6 = 3504 64.5 114
7 493 7 59.6 64.8 115
8 49.5 8 59.7 65.0 115
9 4947 9 60001 65.5 116
77. 0 499 0 60.2 65.8 17
1 50,1 1 60.4 66.0 17
2 503 2 60.6 66.4 118
3 505 3 60.8 66.7 119
4 50.7 4 6L0 67.0 119
5 510 5 61.3 67.3 120
6 51.2 6 61.5 67.6 120
7 51.4 7 61.7 68.0 121
8 51.6 8 61.9 68.2 122
9 51.7 9 62.1 68.3 122
v a o o & o v a
uiTaAuld : 25/12/08 Wi# 9/ 11
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Rockwell Hardness test

W-TQ-TL-WT-041

AYNRLAL :

Rockwell Superficial Rockwell | Vickers Rockwell Superficial Rockwell Vickers

15-T 0-T B Scale 15-T 0-T B Scale

15 -KgfLoad | 30 -Kgf Load | 100-Kgf Load 15-Kgf Load | 30 -Kgf Load | 100-Kgf Load

1/16 —in Ball | 1/16 —in Ball | 1/16 — in Ball 1/16-in Ball | 1/16 —in Ball | 1/16 — in Ball

83. 0 624 60.0 123 A _gl] 726 343 163
| 62.5 69.2 124 1 728 84.6 164
2 62.7 695 124 2 73.1 85.0 163
3 620 698 125 3 72 85.2 166
4 63.1 70:0 125 4 734 855 167
5 63.3 704 126 5 73.6 85.8 168
6 63.5 70.7 127 6 73.8 86.0 169
7 63.7 7140 127} 7 74.0 86.4 170
8 63.9 723 128 8 742 86.7 172
9 64.1 716 139 9 744 87.0 173

84. 0 64.4 72.0 ; 130 489 o 74.7 873 174
1 64.6 722 830 1 749 87.6 175
2 64.8 7205 131 2 75.1 88.0 177
3 65.1 3.0 132 3 753 88.3 178
4 65.2 732 132 4 75.5 88.6 179
5 65.4 7345 133 5 75.8 89.0 181
6 65.6 738 134 6 75.9 89.2 182
7 65.7 74.0 134 ] 76.1 89.5 183
8 66.0 74.4 133 8 763 89.8 185
9 66.2 747 136 9 76.4 90.0 186

g85. 0 66.4 750 137 50, 0 76.7 90.4 187
I 66.6 o3 137 s a1 76.9 90.7 189
2 66.8 75.6 138 = 77.1 91.0 190
3 67.1 76.0 139 = 3 77.3 913 192
4 67.2 76,20t i 140 =N 775 91.7 194
5 67.4 76.6 141 5 7738 92.0 195
6 67.7 4 77.0 141 6 £-38.0 923 196
7 679 T = 372 P4z ¥- 8.2 92.6 198
8 68.1 715 143 8 8.4 93.0 200
9 68.3 77.8 144 9 78.6 932 201

8. 0 68.4 750 144 91, 0 78.8 93.5 202
1 68.7 734 145 1 790 93.8 204
2 68.9 78.7 146 2 79.1 94.0 205
3 69.1 8.0 147 3 79.4 94.4 207
4 69.3 793 148 4 9.6 94.7 209
5 69.5 796 148 3 79.8 95.0 210
6 69.7 800 150 6 20.0 95.4 213
7 69.9 80.3 150 ;) 80.2 95.7 214
3 70.1 80.6 151 8 80.4 96.0 216
9 70.4 81.0 152 9 20.6 96.3 218

87. 0 0.5 8.2 153 92" 0 80.¢ 96.6 219
1 70.7 81.5 154 1 31.1 97.0 222
2 70.9 81.8 154 2 813 97.2 223
3 711 820 155 3 815 97.5 225
4 71.4 824 156 4 817 97.8 226
5 716 82.7 157 5 81.8 98.0 228
6 718 83.0 158 6 82.1 984 230
7 72.0 833 159 7 823 98.7 232
8 722 836 160 8 82.5 99.0 234
9 724 84.0 162 9 827 99.4 236

Suiiiaavld : 25/12/08

wAbUASIN : 06
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Rockwell Hardness test
W-TQ-TL-WT-041

N1FATIAAALILALLAUBNANITNAFNDL

- wuunesunld F-TQ-TL-WT-016 (HARDNESS TEST)

- MIMAARL 3qA sia 1 AN 1 A28 Hardnessiugiazan Siasvineiulainig 0.8

!

\iy 4n7 1 Hardness 16 54.5 Ap# 'Hardness 16 53.9
qA#1 2 Hardness 1 54.7 (- OK an 2 Hardness 16 54.9 T oK
’a‘mﬁ 3 Hardness 14 54.3 , @ﬁﬁ 3 Hardness 1% 54.0

- N1INARAL 3 AUWLS (OP, CT, DS) 14 ANaN Hardness 18ausazaATbtiasiagvinariwlaiing 2

]
a

OP ¥ 1 Hardness & 67:0 OR. 4aA# 1 Hardness 14 67.3
CT  4n7 2 Hardness % 68,3 OK G+ 47 2 Hardness 1% 68.0 1 OK
DS qma#l 3 Hardness 1§ 69.0 . w.D8) an91 8 Hardness 16 71.0

- wlasAuaninageu iR uA R asn s LeslAasNanAnA LR s9de 3.

n3gii 1 A" Hardness 19n14 liflagumaaulassn (wiraHardness Tnddn Hardness et Tunnang

1 A1 Hardness 7198 1&Aa 36.3 (HR30T) agfiarasiila A1l HRE elunsautasentis SAnseming 36.5 - 36.0
514N Hardness 36.5 14188 sz Hardiness 36,3 ipdamlindnan 36.0

nacilii 2 A1 Hardness 719014 lifiagluniemauslasen (e Hardness atséwinean Hardness 2 Avlumnansutlas
A" 114 A Hardness 3plEADS4.5 (HR30T) azianiauilasanidls HRB f A uLlaeAntuTiAn sy dng 34.0 -
33.0 1#14A1 Hardness 34.0 1&g

n3MA 3 M Hardness YoaHAASUAMED-GIS (Non Annealing)ANUHUINIANIHTBNY 0.30 mm. Tvuald
nade1 HR 30T 1141 Repbit a1 HRB Saaafinadonls HR 30T 1@alasuiunis 1 Conversion liauisantas

a1 Report 11l HRB 14 TsmsnaaenTagld HRB, 1d1asasa 11 naaeu HR30T 1dA1 82.9 ANALA1319

Conversion 11549 5011 Tl HRB

o

SuRiTaauld - 25/12/08 uilunsad - 06 Wi 11/ 11
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Machine

Shift

Date

Time

HARDNESS TEST

TL.No/Name

Measuring| Thickness Value

Report

Position
Scale 1

(=

w

AVE

HR15T

HR30T HRB

oP

cT

DS

oP

CT

Ds

oP

CT

Ds

OoP

cT

DS§

(03

cT

DS

oP

CcT

Ds

(003

CT

Ds

oP

cT

DSs

oP

cT

DS

oP

CT

D3

aF

CT

Ds

OP

CcT

DS§

o=

LA

O Normal
O Aging

Room Temp ..covvereiinnn

MADE BY

CONTROL BY

aauls : 1s/05/07 Revision : 01




292

Wasunstiudinug erniediate Check Hardness Aaefiau CRM

g

AUEINLNINEING
PAIATUAMINYAE



INTERMEDIATE CHECK

EVERY WEEK OF MONDAY

Na, Date Mechanical |Standard block Value AVET age Range Shift Leader Remark
operator 1 2 3 4 g
* Remark 151831775 Check Sample Standard A5 he

3. ¥

P ] 3 L = by
HNMINDA Group Leader LA ilpad L At Laa L

® Permissible repeafbiftty of the tesfing Machine{ RAVGE ) & P‘J'TQ’&Q’FI = F‘J'Tl‘ﬁq’ﬂ

Permissible error

1. HRB 843= = 30

1. HR 15T range < 2.4 3. HRBrange < 1.2 2. HR15TS818= = 3.0
2. HR 30T range < 2.4 JHR T 60.2= = 3.0
Permissible repeatibility of the testing maching | Pepmissible eproreefer IS0 6308-2:2008 ( E
o ,1,] ;
JHNUALY ¢ 2112/2009
Signature Group Leader & ..oveeieririnmssnsunsmrmnnssnnen

293

€6¢


nkam
Typewritten Text
293


TaYANITUANTG 15U n9AUIns Uncertainty

g

AUEINLNINEING
PAIATUAMINYAE
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Test Hardness Result (HRB) Test Hardness Result (HRB) Test Hardness Result (HRB)
. Average . Average . Average
piece 1 2 3 piece d: 2 -, piece 1 2 3
1 40.2 40.2 39.9 40.1 1 64.8 64.8 65.3 65.0 1 91.9 91.9 91.6 91.8
2 40.1 40.0 40.0 40.0 2 65.2 obS2 65.2 65.2 2 91.5 91.5 91.8 91.6
3 39.9 40.2 40.1 40.1 3 648 6541 65.6 65.2 3 91.8 91.8 91.5 91.7
4 39.7 39.6 39.8 39.7 4 64.9 65.4 65.2 65.2 4 91.7 91.7 91.6 91.6
5 39.8 39.6 40.0 39.8 5 65.4 651 65.1 BE%2 5 91.7 91.7 91.7 91.7
6 40.4 39.8 40.0 40.1 6 65.5 65.3 65.3 65.4 6 92.0 92.0 91.5 91.9
7 40.0 40.3 40.5 40.3 7 64.9 5.2 65.3 65.1 7 92.0 92.0 92.0 92.0
8 40.3 40.0 40.3 40.2 8 65.6 65.1 65.1 65.3 8 92.0 92.0 91.6 91.9
9 39.7 39.9 39.3 39.6 9 65.4 654 65.4 65.3 9 91.8 91.8 91.6 91.7
10 40.0 39.7 39.9 39.9 10 65.6 6512 64.7 65.1 10 91.5 91.5 91.5 91.5
11 40.1 39.8 39.8 39.9 11 65.2 65.3 65.0 65.1 11 91.5 91.5 92.0 91.7
12 40.0 40.3 40.3 40.2 12 65.3 64:8 64.9° 65.0 12 92.1 92.1 91.8 92.0
13 40.1 39.8 39.6 39.8 13 65.3 65.3 65.2 65.2 13 91.6 91.6 92.0 91.7
14 39.9 40.1 40.3 40.1 14 65.4 654 64.9 65.2 14 91.7 91.7 91.8 91.7
15 39.6 39.7 40.1 39.8 15 65.2 65.2 65.3 65.2 15 91.8 91.8 91.8 91.8
16 40.0 39.8 40.2 40.0 16 64.9 65.6 65.1 65.2 16 92.0 92.0 92.0 92.0
17 40.2 40.3 40.5 40.3 17 65.1 65.0 64.8 65.0 17 91.7 91.7 91.4 91.6
18 39.6 39.7 394 39.6 18 65.3 65.3 64.9 65.2 18 91.6 91.6 91.6 91.6
19 40.2 39.6 40.3 40.0 19 65.6 64.9 64.9 65.1 19 91.9 91.9 91.7 91.8
20 39.7 394 39.6 39.6 20 64:6 65.3 6512 65.0 20 91.5 91.5 91.6 91.6
Machine A H Ave 39.9 Machine A H.Ave 65.2 Machine A H Ave 91.7
Hardness Range (20-50 HRB) SD 0.29 Hardness Range (60-80 HRB) SD 0.23 Hardness Range (85-100 HRB) SD 0.19
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Hardness Result (HR30T)

Hardness Result (HR30T)

Hardness Result (HR30T)

Test piece 1 > 3 Average Test piece T > 3 Average Test piece 1 > 3 Average
1 47.7 47.6 47.7 47.7 1 oF ot 65.4 65.3 65.4 1 94.0 93.5 93.6 93.7
2 48.0 47.8 47.9 47.9 2 6501 65.4 65.0 65.2 2 93.4 93.6 93.4 93.5
3 48.0 48.2 47.9 48.1 3 6449 64.9 65.1 65.0 3 93.8 93.4 93.2 93.5
4 47.8 47.7 47.9 47.8 4 65.3 65.3 65.0 65.2 4 93.7 93.6 93.8 93.7
5 47.6 47.9 47.6 47.7 b 65.4 65.4 65.2 65.3 5 93.5 93.8 93.5 93.6
6 47.5 47.8 48.0 47.8 6 65.2 65.34 65.1 65.2 6 93.1 93.5 93.4 93.3
7 47.7 47.7 47.9 47.8 7 65.5 65.2 64.8 65.2 7 93.6 93.6 93.5 93.5
8 47.7 48.0 47.7 47.8 8 65.2 6531, 64.9 65.1 8 93.7 93.5 93.3 93.5
9 48.0 47.9 47.6 47.8 9 65.2 64,8 64.9 65.0 9 93.6 93.2 93.6 93.5
10 47.9 47.6 47.8 47.8 10 65.5 65.3. 65.7 65.5 10 93.3 93.5 93.3 93.4
11 47.9 48.0 47.9 47.9 11 65.3 6532y 6571 65.3 11 93.8 93.6 93.5 93.7
12 47.8 47.8 47.7 47.8 12 65:3 G 65.1 65.2 12 93.6 93.7 93.7 93.7
13 48.0 47.8 48.1 48.0 13 64:9 65.2 . 65.1 65.1 13 93.8 93.4 934 93.5
14 48.0 48.0 47.8 47.9 14 65.4 64.9 65.1 65.1 14 93.3 93.3 93.7 93.5
15 47.4 47.5 47.9 47.6 15 65.6 65.0 65.0 65.2 15 93.5 93.6 93.5 93.6
16 47.9 47.7 47.9 47.8 16 65.0 65.2 64.9 65.0 16 93.7 93.6 93.6 93.6
17 48.2 47.9 47.6 47.9 17 65.3 65.2 64.9 65.1 17 93.5 93.4 93.6 93.5
18 47.8 47.9 47.7 47.8 18 65.8 65.2 65.0 65.3 18 93.5 93.6 93.5 93.5
19 47.7 47.6 47.8 47.7 19 65.2 64.9 65.2 65.1 19 93.5 93.5 93.2 93.4
20 47.7 47.7 47.8 47.7 20 65.1 65.1 64.9 65.0 20 93.4 93.8 93.6 93.6

Machine A H Ave 47.8 Machine A H Ave 65.2 Machine A H Ave 93.5

Hardness Range (43-56 HR30T) SD 0.17 Hardness Range (57-69 HR30T) SD 0.20 Hardness Range (70-82 HR30T) SD 0.18
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Test Hardness Result (HRB) Test Hardness Result (HRB) Test Hardness Result (HRB)
. Average . Average . Average
piece 1 2 3 piece ' K S, piece 1 2 3

1 40.2 40.2 40.0 40.1 4 65.2 65.1 65.4 65.2 1 91.4 91.7 91.6 91.6

2 40.2 40.2 39.7 40.0 2 65.0 65.3 65.3 65.2 2 91.8 92.2 92.0 92.0

3 39.8 39.8 39.9 39.8 3 65.2 64.9 65.0 65.0 3 91.8 91.8 91.5 91.7

4 39.7 39.7 40.0 39.8 4 65.4 65.1 64.8 65.1 4 91.4 91.8 91.5 91.6

5 39.7 39.7 40.0 39.8 , 65:3 65.0 65.4 65.2 5 91.8 91.5 91.5 91.6

6 39.8 39.8 39.8 39.8 6 65.4 65.6 64.9 65.3 6 91.7 91.8 92.0 91.8

7 40.1 40.1 39.8 40.0 7 65:0 6541 + 64.8 65.0 7 91.6 91.7 91.9 91.7

8 40.1 40.1 39.6 39.9 8 65.0 65.4 65.0 65.1 8 91.8 91.8 91.8 91.8

9 40.2 40.2 40.2 40.2 9 65.4 653= 65.4 65.3 9 91.3 91.5 91.8 91.5

10 39.7 39.7 39.7 39.7 10 65.0 65.0 65.1 65.0 10 91.9 92.0 91.8 91.9

11 39.9 39.9 39.8 39.8 11 654 65.3 65.0 65.2 11 91.1 91.7 91.3 91.4

12 40.0 40.0 39.8 39.9 12 65.4 65.0- <} " 65.1 65.2 12 91.6 91.7 91.9 91.7

13 40.2 40.2 39.9 40.1 i3 65.1 65.2 64.9 65.1 13 91.4 92.1 91.7 91.7

14 39.9 39.9 40.1 40.0 14 65.0 65.4 65.6 65.3 14 91.5 91.6 91.8 91.6

15 39.6 39.6 39.9 39.7 95 65.1 65.4 65.4 65.3 15 91.6 91.7 91.7 91.7

16 40.1 40.1 40.0 40.1 16 65.1 64.8 65.4 65.1 16 91.7 91.7 91.5 91.6

17 39.8 39.8 39.9 39.8 17 65.2 65.2 65.3 65.2 17 91.7 91.5 91.6 91.6

18 40.1 40.1 40.2 40.2 18 65.4 65:0 65.0 65.1 18 91.7 92.1 91.7 91.8

19 40.0 40.0 39.9 40.0 19 6501 65.4 6515 653 19 91.7 91.8 91.4 91.6

20 40.1 40.1 39.9 40.1 20 65.5 65:3 65.1 65.3 20 91.6 92.0 91.3 91.6

Machine B H Ave 39.9 Machine B H Ave 65.2 Machine B H Ave 91.7

Hardness Range (20-50 HRB) SD 0.19 Hardness Range (60-80 HRB) SD 0.22 Hardness Range (85-100 HRB) SD 0.20
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. Hardness Result (HR30T) - Hardness Result (HR30T) . Hardness Result (HR30T)
Test piece Average Test piece Average Test piece Average
1 2 3 " 2 = 1 2 3

1 48.1 47.6 47.8 47.9 1 65.1 65.0 65.4 65.2 1 93.3 93.3 93.3 91.4
2 48.3 47.7 48.2 48.1 2 64.8 65.2 65.0 65.0 2 93.0 93.7 93.6 91.8
3 47.5 47.6 47.8 47.6 2 65.2 65.2 64.9 65.1 3 94.0 93.0 93.5 91.7
4 48.5 47.9 47.5 48.0 4 65,0 65.1 65.2 65.1 4 94.1 93.5 93.5 91.9
5 47.4 47.5 48.0 47.7 5 64.9 65.2 65.2 65.1 5 93.9 93.4 93.5 91.7
6 48.1 47.6 47.6 47.8 6 65.6 65.1 64.9 65.2 6 93.5 93.6 93.7 91.7
7 48.0 48.1 48.0 48.1 4 65.0 65.5 65.4 65.3 7 93.2 93.0 93.2 92.0
8 47.8 47.8 47.7 47.8 8 64.9 64.8 65.2 65.0 8 93.4 93.4 93.8 91.9
9 47.8 48.0 47.9 47.9 9 65.8 Bhi3 & 65.0 65.4 9 93.2 93.5 93.5 91.9
10 47.6 47.6 47.6 47.6 10 65.3 65.4 65.2 65.3 10 93.5 93.4 93.6 91.6
11 47.6 48.0 47.7 47.7 11 65.4 65.1= 65.4 65.3 11 93.6 93.7 93.9 91.8
12 47.7 47.8 48.1 47.8 12 652 6584t 65.3 65.3 12 93.5 93.5 93.5 92.0
13 48.0 47.6 47.5 47.7 13 65t 65.3 65.6 65.3 13 93.8 93.5 93.5 91.6
14 47.6 48.1 48.3 48.0 14 654 65.0. - |..65.2 65.2 14 93.2 93.3 93.4 92.0
15 47.8 47.9 47.9 47.9 15 64.8 65.5 65.3 65.2 15 93.3 93.4 93.5 91.6
16 48.1 47.7 47.4 47.7 16 65.5 65.1 65.1 65.2 16 93.0 93.7 93.5 91.5
17 47.8 47.8 47.7 47.8 17 64.9 65.2 64.9 65.0 17 93.7 93.4 93.7 91.7
18 47.8 48.3 48.3 48.1 18 65.4 65.3 65.5 65.4 18 93.6 93.4 93.5 91.4
19 47.7 47.8 48.1 47.9 19 65.2 64.6 65.1 65.0 19 93.5 93.3 93.4 91.9
20 47.4 47.8 48.1 47.8 20 65.3 65.3 65.2 65.2 20 93.6 93.7 93.9 91.6

Machine B H Ave 47.8 Machine B H Ave 65,2 Machine B H Ave 87.6

Hardness Range (43-56 HR30T) SD 0.24 Hardness Range (57-69 HR30T) SD 0.21 Hardness Range (70-82 HR30T) SD 0.23
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Hardness Result (HR15T)

Hardness Result (HR15T)

Test piece 1 5 - Average Test piece 1 > 3 Average
1 86.0 86.2 85.9 86.1 1 86.3 85.8 86.6 86.3
2 86.1 86.0 86.3 86.1 2 86.2 86.3 85.9 86.2
3 86.1 86.2 85.3 86.0 3 86.3 86.0 86.1 86.1
4 86.2 86.2 86.0 + 86.2 4 86.3 86.4 86.2 86.3
5 86.1 86.3 86.6 - 86.3 5 86.2 86.1 86.3 86.2
6 86.2 86.1 85.9 i 86:1 6 86.3 86.0 86.3 86.2
7 86.1 86:5 86.1 /86.2 7 86.3 86.0 86.6 86.3
8 86.2 86.1 86.0 86.1 8 86.2 86.5 85.9 86.2
9 86.1 86.1 86:8 86.4 9 86.0 86.2 86.6 86.3
10 86.4 86.2 86.0 86.2 10 86.4 86.3 86.1 86.3
11 86.5 86.2 86.1 8627, 11 86.2 85.8 86.3 86.1
12 86.1 86.5 358 86.2 12 86.1 86.3 86.4 86.3
13 86.0 85.9 86:3 86.1. / 13 86.2 86.3 86.1 86.2
14 86.2 86.0 86.1 86.1 14 86.1 86.3 85.8 86.1
15 86.2 36.2 36.1 36.2 ‘) 86.0 86.3 86.3 86.2
16 86.0 86.1 86.5 86.2 16 86.1 86.0 86.1 86.1
17 86.3 86.1 86.0 86.1 17 86.0 86.2 85.9 86.0
18 86.1 86.1 86.1 86.1 18 86.2 86.2 85.9 86.1
19 86.4 8612 86.0 86.2 19 86.4 86.1 86.2 86.2
20 86:1 86.2 86:3 86:2 20 86.2 86.3 86.1 86.2

Machine A H Ave 86.2 Machine B H Ave 86.2

Hardness Range (81-87 HR15T) SD 0.17 Hardness Range (81-87 HR15T) SD 0.19
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(V) Justification for the.

(I} Reguirements in JIS (II) Inter-| (III) Requirements in Inter- ) (IV) Classification and details
national | national Standard of technical deviation between' | technieal deviation and future
Standard JI8 and, the International LBUKULes
numher Standard by clause
Localion of deviution: text,
[ Annexes
Indication methed: dotted
underlines or ¢continmnns
sidelines
Clause Content Clause [ Content Classifi- | Detail of technical
cation by | deviation
clause
4 Symbols | Expression of symbols, 4 Expression of sym-- | MOD/ IS specifies the | JIS expands the upper limit of
desigmation of symbols bols, designation of alteration | range of hardness |'A scale (the object is hardmetal),
and hardness symbols and herd- wider than ISO. and will prapose again to ISO
ness for the use of hardmetal. JIS
expands the lower limit of C
Table 1 Tahlel | scale (the object is low carhon
Applied scales Applied scales steel sheet), and will prapose
AB C,D,EFGH, Same as JIS. again to ISO the actual circum-
EN,T . ferencesin the automotive in-
Range of hardness Range of hardness The results of dustry. . .. '
measurement are | In ¥SO, it is expressed in intro-
A scale: 20 to 95 At 20 to 8 different between | duction that the results are dif-
C scale: 1010 70 G 2040 70 @ steel ball in- ferent between a steel ball and a
Other scales: Same as denter and a hardmetal ball. Will be pro-
180, table 2 and fig- hardmetal ball in- | posed to be inserted to 150,
uare 1. y denter.
<} 0.102 F eorresponds to <) and 4) The meaning of There is no technical difference
the total test force. Hé corresponding ex- numbera.used as | and will not be proposed to ISO.
& vSame a5 . pression to JIS. symbols ia added,
5 . Testing Based on JIS B 7726. 5 Based on ISO 6508- |IDT — R
machine 2. |
1. Roquirements in J1s { UMD Intex-| @I Reguirementsin Inters V) Clansification and dotalle D Justificetion for the
ational | mationad { of tect deviation betwes: and future

I 12 srkbroAve

Indica on:methnd dotted
u.nderlmes or oonhnuous
sidelines

i Detail of technica?

Lhere is po corre:

| Clause 1 Gtause Contant Classifi-
| .. | cation by} deviation
U 4 ‘ clause

& Test | Condition of test piace. | 1s st MOD/ad- | —
§ Prece (Even surface, finishing | ] {. Gonditionioftest | dition
] piece, the mini- piece :

Same as JIS.
) Information Introduce the

| method toprevent
the indenter dam- |

In general: 10°C to
35°C

.|.. Undex controlléd condi- |
“igidt

Cx6°C

d.an.lé.ge\ of the d.xamond. { age.
indenter aconrdmg to 1
1l alE . ] J :
'Remark.s 2 { .'.I'here ie no corre- " =" bﬂéﬁlaﬁo!l"fc;r—v Thefé ls ho techmcal did‘e'l'énce. .‘
Hardness of test/piece = | spondiug expression | | mulaaf hardnega
¢ -reliding + corcection -t dIS. " efter:the correc:: . |
i : 1 i B [ ' B 3T : tion is added: -

7 Test pro- 7 Procedure

cedure . L

a) Tésting temperature: 71 Testing témperature

] Bame as JIS.

!
™
iy
B
o

|

|
S
g&
|
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- T
{I) Requirements in JIS (1) Inter- | (IID Requirements in Inter- IV} Classification and details | (V) Justification for the .
national | national Standard of technical deviation between | technical deviation and future N
' Standard | JIS and the International  measures N
number . Standard by clause b
Location of deviation: text, ot
Annexes I
Indication methed: dotted
underlings or continuous
sidelines
Clause Content i Clause | Content Classifi- | Detail of technical
. - cation hy | deviation
) clause
b) Supporting of test piece 7.2 Supporting of test T -
I piece .
e} Load of preliminary test 7.3 Load of preliminary [IDT —
force | test force
Duration of load: Shall Same as JIS
not exceed 3 5. Information: Nene.. |
Information: For the
dial gauge type, the da-
tum position . . p
+5 HR.
d) Load of additional test 7.4 *f Load of additional mr —
force ' test force
Duration of load: 1sto Same as JIS.
RS Information: None.
Information: As for
practical condition, the
time of loading opera-
tion measuring the spe-
cial hardness test piece
is expressed,

ang g

- 629 —

[ 0 Reguirsménts in.Jxs

i 5 B8 B Ldsy at
1 BXRUL 61, ye2ryuR my- I rsttsr{iitlni-d

e beeupys | [ntaber

EX) -Inter. | (1) ' Reqdirements in Inter
N Hifr el e

)xlm_-u;irg lonand detas)
Ehnicals u}s&ﬂaﬁfﬁﬁe

i
raethod: |

Lo ."I gy AL SR o : :
dication fethod: d j  ghasy ot e !
* “gidelines: . 2

" £
v

waderlines or contintious

 Clansa : Claggifi-' § Detail of technical |,

: : cation by | deviation f
\ - clause

1.5 ~

gl & ‘the |
duration of total test : i
+ force shall-be:controlled |- i
© to-satisfy the maximum |
; ,permissible error of the |
ting machine.. ...

Derivation of hardness ™ |1

1 - Dériation
'Formulas given in figure | Ress :
‘Y-and table 2. | -
. | Protéction from vibration | 3
| throughout the test. : - . o
Preparation procedure i 7.8 .{ Preparation proce- "
before the test. i M c dure before the test. |i
Twice of hardness test | Same as JIS. .

shall be performed.

- SWERiZ —
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r(]) Requirements in JIS (I} Inter-[ (1Y) Requirements in Inter- {IV) Classification and details | (V) Justification for the |
| national | nafional Standard of technical deviation between | technical deviation and future ol
o Standard | JIS and the International measures ﬁ
b number : Standard by clause v
’ Location of deviation: text, or-
. I Annexes |
Indication method: dotted
[ widuilinos or sontinuows
. ' sidelines
Clause Content ‘Clause | Content . Classifi- | Detail of technical
cation by | deviation
| clause ‘
il The position af indanta- 7.0 Samo ac.JIS. IDF -—
tion, '
Between the centres:
Four times or over and
2 mm or over.
Distance to the edge:
2.5 times or over and
1 mm or over.
8 Uncer- Pointed that roughly ‘|18 Uncertainty of re~ DT —
tainty of the | classified into two causes” sults "
results which are the testing Samb.as JIS
machine and the testing
procedure.
Remarks 1 : (> NOTE
Evaluation of uncer- Uneertainty can he
" tainty shall be based on met with table 5 of
GUM of ISO, 180 6508-2. 7
Remarks 2 ' MOD/ Clearly expresaes Table § in ISO 6508-2 corre-
“Uncertainty of test ma- alteration | that the uncertainty | sponds to the uncertainty of test
chine can be met with of test machine only machine, and expresses clearly
*maximum permissible can be met with -the meaning of FSQ standard
‘error of testing ma- “maximum permis- | sentence. There is no technical
chine” in JXS B 7726. sible errar of testing | difference.
2 BLT LA . (8 LR And witl b:.f:‘\:po:::s to XSO to
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TABLE 23 Maximum Nonumformlty of Standardized Test Blocks

Nonunifonwity of the Test Block
Shall Not Be Greater Than

Nominal Hardness of
Standardized Test Block

C Scale*

60 and Greater 0.5

Below 60 1.0
A Scale .

80 and Greater 0.5

Below 80 to 80.5, incl 1.0
15N Scale

90 and Greater 0.7

Below 90 to 69.4, incl 1.0
30N Scale

77.5 and Greater 07

Befow 77.5 to 41.5, incl 1.0
45N Scale

66.5 and Greater 0.7

Below 66.5 to 19.6, incl 10
B Scale © .

45 and Greater 1.0

Below 45 to 1.5, incl [
F Scale

99.6 t0 57.0, incl 1.0
15T Scale

76.3 and Greater 1.0

Below 75.3 to 60.5, inc 15
30T Scale

46.2 and Greater 1.0

Below 46.2 to 15.0, incl 15
45T Scale

17.6 and Greater . 1.0

Below 17.6 fo0 1.0, incl 1.5

A All other scales on steel blocks of the equivalent converied values are'as
follows: 70.0 HRC to 0.0 HRC = 0.5 and 59.9 HRC 19 20.0 HRC = 1.0.

8 Al pther scales on brass blocks of the equivalent converted values are as
follows: 100.0 HRB to 1.0 HRB = 1.0.

the markings are on the side of the block, the markings shall be
upright when the test surface is the upper surface.

21.3 Each block shall be supplied with a certificate showing
the results of the individual standardizing tests and the arith-
metic mean of those tests, including the following:

21.3.1 Date of standardization,

21.3.2 Serial number of block, and

21.3.3 Name of manufacturer or mark of supplier.

22. Keywords

221 metallic; Rockwell Hardness

APPENDIXES

(Nounmandatory Information)

X1 LIST OF ASTM SPECIFICATIONS GIVING HARDNESS VALUES CORRESPONDING TO TENSILE STRENGTH

X1.1 The following ASTM standards give approximate
Rockwell hardness or Rockwell superficial hardness values
corresponding to-the. tensile strength values specified for the

materials covered:. Test Methods and Definitions A 370 and
Specifications B 19, B 36, B 96, B 97, B 103, B 121/B 121 M,
B 122/B 122 M, B'130, B 134, B 152, B 291, and B 370.

X2. EXAMPLES OF PROCEDURES FOR DETERMINING ROCKWELL HARDNESS UNCERTAINTY

X2.1 Scope

X2.1.1 The intent of this. appendix is.to_provide a basic
approach to evaluating the ancertainty of Rockwell hardness
measurement values in order to simpli 1d_unify i
premﬁnn nf uncartainty by users of Rockwell hardness,

X2.1.2 'L'his appendix provides busic provedurcs for deter-
mining the uncertainty of the, followmg values of hardfiéss:

X2.1.2.1 The Hardness M Machme; “Error” Determined as
Part of an Indirect Verification (see X2. 6)—As part of an
indirect verification; a wiuniber 6f Rockwell hardness measure-
ments are made on a reference test block. The average of the

measurement values is compared to the certified value of the

reference block to determine the “error” (see 13.2) of the
hardness‘machine. The procedure described in sectich. X246
provides a | method for detemnining the uncertainty in this
measufemeént “ferror” of the hardness machine. The uncertainty
value may be reported on the verification certificate and repunt.

X2 1.2 Raclwel! Hardness Vialue Measured by a User (see
X2.7)—The procedure provides a method for determining the
uncertainty in the hardness values measured by a user during
the normal use of a Rockwell ELardncss machine. The user may
report the uncertmnt)Mﬁshremem value.

" X2.1.2.3 Certified Value of a Rockwell Hardness Test Block
{see X2.8)—The procedure provides a method for determining
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the uncertainty in the certified value of standardized test
placks. The standardzzmg_gency muy report the uncertainty
value on the test block ccrt“ﬁéate i

Note X2.1-~When calculated, uncertainty values reporied by a field
calibration agency (see X2.6) are not the measurement. unceriamties of the

hardness machine in operation, but only that of the measurements mads 4t
the timeé of verification to ) determine machine “error.”

NoTe X2.2-—The procedures outlined 1n this appendix for the determi-
nation of uncertainties are based primarily on measurements made as part
of the verification and standardization procedures of this test method. This
js done to provide: a method that is based on familiar procedures and

ractices of Rockwell hardness users and standardizing agencies. The
reader should be aware that there are other methods that may be employed
to determine the same uncertainties, which may provide more accurate
estimations of the uncertainty values.

Nore X2.3-—This standard states tolerances or limits on the acceptable
repeatabﬂny and error of a Rockwell hardness machine (Tables 21 and 22)
and the nonuniformity of standardized blocks (Table 23). These Hmit
values were originally established based on the testing experience of many

where H is the average of the set of n hardness measure-
ments H;, H,, ..., H, as defined in Eq X2.1.

X223 The absolute value (ABS) of a number is the mag-
nitude of the value irrespective of the sign, for example:

ABS(0.12) = 0.12
and
ABS(—0.12) = 0.12

X2.3 General Requirements
X2.3.1 The approach for determining uncertainty presented

in this appendix considers only those uncertainties associated
wiih the overall measurement performance of the Rockwell

hardness machine thh(esgect to reference stan

users of the Rockwell hardness test, and therefore reﬂect the normal .

performance of a properly funcuomno Rockwell hardn
including the normal errors associated with the rieastrement procedune
and the machine’s performance. Because the dimits are Based/ontesting

ine, |

=rience, it is believed that the stated limit valucsitake into account a

1 of uncertainty that is typical for valid Rogkwell hardness nieasure-
ments. Consequently, when determining compliance with Tables 21-23;
the user’s measurement uncertainty should not ba' subtwacted from the
tolerance limit values given in the tables, as is commonly done for other
types of metrological measurements. The calcalated valves for repeatabils
ity, error or block nonuniformity should be directly compaged 10 the
tolerance limits given in the tables.

- Nome X2.4—Most product specification tolerances for Rogkwell hard-
aess were established based on testing an crforgpance experience, The
tolerance values reflect the normal performance of a propedy funcnonmg

" Rockwell - hardness machine, including the normal_acceptable errors
assoctated ‘with the hardness measurement process. For these prodigcis; the
stated tolerance limits take into account a level of uncertainty that is
typical for valid Rockwell hardness measurements. Consequently, when
zcceptance testing most products for Reckwell hardness, the user's
measurement uncertainty should not be subtracted from the tolesarice It

“values given in the specification. The measured hardness values shouid be,

s, directly compared to.the. tolerances. Ther: y be excaptional circum-

“\$tances where the hardness of a product must-fall-within deterimined
tanges to a high level of confidence. In these rare occasions, special
agreement between the parties involved should be obtained before the
hardness measurement uncenamty is subtracted from the tolerance limits.

‘ore such an agreemcnt is made, it is recommended thar the product

wign take into consideration the anticipated influence of material and

dgﬂ”@‘ﬂﬁe
perfonmance uncertainties reflect the”combined ettect of the

separate uncertainties associated with the numerous individual
components of the machine, such as the force application
sysiem and indentation depth measuring system. Therefore, the
uncertainties associated with the individual components of the
machine are not inchuided in the calculations. Because of this
approach, it is important that the individual machine compg-
nents are operating within tolerances, It is strongly recom-

o

metailurgxca] factors on the product variation as well &s-typical mdustry ;

hardness uncenamty values.

%2.1.3 This appendix does ot address uncertaintiés at the -

primary reference standardizing level.
X2.2 Equations

X2.2.1 The average (AVG), "H.0f alscfsof 4 hdzdness
measurements H,, By, ..., H, is caleulated as:

— H+H, + ..+ H,

AVG(H |, Hy o HY=H 7 (X2.1)

X222 The standard deviation (STDEV) of a set of n
hardness measurements H,, H,, ..., H,, is calculated as:

(H, - BY gL, —~Hy
n=1

STDEV(H,, H,, ... H,) = \/
{X2.2)

145

mended tha 'This. rocedure be applied only after successfully

X2.3.2 The procedures given in this appendix are appropri-
ate only whea the Rockwell hardness machine has passed an
indirect verification in accordance with the procedures and
schedules of this test method standard.

X233 The procedures for calculating the uncertainty of
Rockwell hardness measurement values are similar fo;:.bmh,a‘_\
standardizing machine and testing 1 machme The principal
difference is in thf?hleyarchy level of the referencc test blocks

[&514
,f\"‘fV) \.rtg,l, y \“"““j“}*'/'"‘v«- .
XZ 34 To_estimate: the overall' uncertainty of Rcckwell
hardness measuremect yalues, contributing components of
uncertainty must be determined. Because many of the uncer-
tainties may vary; dependmg\ on the spe-mﬁc hardness scale and

L

magﬁ}ge NHpruq\&_\v-{ d .
X2.3.5 Uncertainty should be determmed w1th respect toa
country’s highest level of reference standard or the national
refererice! standard of ‘another Ceintry. In somc cases, the
highest level of | reference standard may be a commercial

reference standard.

X2.4 General Procedure

X2.4.1 This pmceduré calculates a combined standard un-
certainty u,. by combining the contributing components of
uncertainty «,, u,, ... such that:

» Uy,

=\l (X2.3)
« t 2
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X2.4.2 Measurement uncertainty is usually expressed as an
expanded uncertainty U which is calculated by multiplying the
combined standard uncertainty u. by a numerical coverage
factor k, such that: .

U=kXu, 24

X2.4.3 A coverage factor is chosen that depends on how
well the standard uncertainty was estimated (number of mea-
surements), and the level of uncertainty that is desired. For this
analysis, a coverage factor of & = 2 should be used. This
coverage factor provides a confidence level of approximately
95 %.

X2.4.4 The measurement bias B of the hardness machine is
the difference between the expected hardness measurement
values as displayed by the hardness machine and the “true”
hardness of a material. Ideally, measurement biases should be
corrected. When test systems are not comected Tor-measure-

ment bias, as often occurs in Rockwell hacdness tesiing, the.

bias then contributes to the overall uneertainty in a measure-
ment. There are 2 number of possible methods for incorporat-
ing biases into an uncertainty calculaiion, each of which has
both advantages and disadvantages. A simplé and conservative
meshod is to combine the bias w;th the calculation of the
expanded uncertainty as: ’

U=, +hBS(B)

where ABS {(B) is the absolute value of the bias.

X2.4.5 Because several approaches may_ﬂmm evaluate
and express measurement uncertainty, a brief description of
what the reported uncertainty values represent showold be
included with the reported uncertainty value.

(X2 5)

XZ 5 Sources of Uncertainty

L

measurement value would differ from all other measurement
values (assuming sufficient measurement resolution). There-
fore, lack of repeatability prevents the hardness machine from
being able to always measure the true hardness of the material,
and hence contributes to the uncertainty in the measurement,
X2.5.3.1 The contribution that a hardness machine’s lack of
repeatability makes to the overall measurement uncertainty is

- determined differently depending on whether a single measure-

ment value or an average of multiple measurements is to be
reported. Additionally, in cases where the reported average
measurement value is intended to be an estimate of the average
hardness of the material tested, the uncertainty contributions
dueto_the machine’s lack of repeatability and the non-
upaformity.in the hardness of the test material are difficult to
separale_and must be determined togetner. The up crtainty
contributions for each of these c1rcumstances may t mafed’

~as follows.

X2 5.1 This section describes the most SIgmﬁcant ources :

I

of unceriainty in a Rockwell hardness medsurement and
provides procedures and formulas for calculating the total
uncertainty in the bardness value. In later sections, it will be
shown how these sources of uncertainty, contribute to the total
- meusurement uncertainty for the three measurement circum-
stances described in X2.1.2,

X2.5.2 The sources of uncertainty to be discussed are (1) the
hardness-machine’s*lack | of repeatability, (2) the non-
~uuniformity. in- bardnéss .of \the material undér:test, (3) the

hardness machine’s lack of reproducibility, (4) the resolution
of the hardness machine’s measurement display, and (8) the
uncertainty in thescertified valugrof the reference test block
standards. ‘An_estimation of the measurement bias and its
inclusion into the expanded uncerlamty will glso,hedi cussed.

X253 Urzcertamty Dite to Lack of Re_ggatqpl_ll_t)z ,J(u_qq,m,)
and when Combined with Non-uniformity (g, ny+—The
repeatability of a hardness machine is an indication of how
well it can continually produce the same hardness value each
time 2 measuremient is made. Imagine there is a material, which
is perfectly uniform in hardness over its entire surface: Also
imagine that hardness measurements are made repeatedly on
this uniform material over a short period of time without
_varying the testing conditions (including the operator) Even
‘though thi¢ setua) hardness of every-test Togation 18 “exactly the
_ Same, it would be found that due to random errors each

__“hardness values measure:

146

X253 Single Hardness Measurement—For a future
single hardness measurement, the standard uncertainty contri-
bution #g,,,, .., due to the lack of repeatability, may be esti-
mated by the standard deviation of the values from a pumber of

hardness measurements made on-afuniform test sampE;as
Maepeos = STDEV(H, H, . JH AN T x26)

where H,, H, o H,are the 7 hardness” values In general,
the estimate of repeatability is improved as the number of
hardness measurements is increased. Usually, the hardness
values measured during an(imdirect verification will provide an
adequate estimate of uRepe:,“however the caution given in
Note X2.6 should be considered. It may be more appropriate
for the user to determine a value of Ugepear DY Making hardness
measurements close together (within spacing limitations) on a
uniform m;gtepal such as a test block.

- Nowe X2.5—The uncertainty g, due to the lack of repeatability of
a hardness miachine as discussed above, should not be confused with the
historically defined “repeatability” that is a requirement to be miet as part
of an indirect verification {see 13.2). The calculations of the uncertainty
Hpepear and of the historically defined repeatability do not produce the
same value, The lmeertamty URepea iS the contribution to the overall
uncertainty of a hardncss measurement value due to a machine's lick of
repeatability, while the historically defincd repeatability is the range of

wing an indirect verificatior. -

"Note XZ 6l matenms exhibit some degree ‘of hardness non-
uniformity across the test surface. ce. Therefore, the above evaluation of the
uncertainty contribution due to the lack of repeatability will ‘also include
a contribution due to the hardness son-uniformity of the measured
materinl. When evalvating repesiability ae discussed ahove, any uncer-
tainty congribution doc to the hardness non-unifermity should be mini-
mized as much as possible. The laboratory should be cautioned that if the
measurements of repeatability are based on tests made across the surface
of the material, then the repeatability value will likely include a significant
uncertainty contribution due to the material’s non-uniformity. A machine’s
repeatability is better evaluated by making hardness measurements close
together {within spacing limitations).

X2.5.3.3 Average of Multiple Measurements—When the
average of multiple hardness test values is fo be reported, the
standard unceriainty contribution ugg.z;, due to the lack of
tepeatability: of the hardness machine, may be estimated by
dividing the standard uncertainty contribution g, {previ-
ously calcuiated from a number of hardness measurements




made o0 2 umform test sample, see X2.5.3.1) bv the square-
roat of the number of hardness test values being averaged, as:

Vo

Where tig,,... 15 calculated by Eq X2.6 and 7 1s the number
of individual hardness test values being averaged.

X2.5.3.4 Estimate of the Material Hardness—Hardness
measurements are often made at several locations and the
values averaged in order to estimate the average hardness of
the material as a whole. For example, this may be done when
making quality control measurements during the manufacture

of many types of products; when determining the machine

«error”” @s part of an indirect verification; and when calibrating

a test block. Because all materials exhibit some degree of

hardness non-uniformity across the test surface, the extent of a

material’s non-uniformity also contributes to the uncertainty in

this estimate of the average hardness of thematerial._Whea the

average of multiple hardness measurement values'is calculated

a5 an estimate of the average material opproducithardness, it

may be desired to state the uncertainty insthis walue with

- respect 10 the t{ggk]mdness of the matesial. Inthis case, the

- {ombined uncertainty v contribitions-due 15 the lack of repaai-

ability in the hardness machice and the nop-uniformity in the

test matexrial may be estimated from the “standard deviation of

the mean” of the hardness measurement/ values. This is

calculated as the standard deviation of the hardness valugs,

dmded by the square-root of the ;number of measurements as:

' ) L A, nad

: ' SIDEV{Hy, Hy, - Hp) “1 Al (;< 2

L Vi
" where Hyy, Hyg, - Hyy are the g e gﬁment values:

X2.5.4 Uncertainty Due to Lack of Reproducibility

uRe’pl'al = (X27)

:
Upepg 8 =

(tgeproa)—The day-to-day variation in the performance of the\

hardness machine is-known as its level of reproducibility.
Variations such as different machine opemtors and changes'in
it e t often influence & performance of the
hardness machine. The level of reprodueibility is best deter-
mined by monitoring the performance of the harduess machine
over an extended period of time during; which the hardness
machine is subjected to the extremes of variations in the testing
variables. Tt is very important that the test /machine be in
- cnntrol during the asscasment afwéproducipility. IS e knuchine
is in need of maintenance or is operated incorrectly, the lack of
reproducibility will be over estifhated.
X2.5.5 An assessment of a hardness machine’s_lackgof
Teproducibility should be baséd on periodic momtonng rn_ca—

Qiﬁl[,h’sw 05"
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L "multiple measurements .and should not significantly over-estimate the .,
reproduczb;hty uncertainty. ;
X2.5.6 Uncermnm7 Due to the Resolution of the Hardness
Measurement Display (ug,.)—The finite resolution of the
hardness value display prevents the hardness machine from
providing an absolutely accurate hardness value. However, the
influence of the display resolution on the measurement uncer-
tainty is usually only significant when the hardness display
resolution is no better than (.5 Rockwell hardness units, such
as for some dial displays. The uncertainty contribution #g,,.;,
due to the influence of the display resolution, may be described

by arectangular distribution-and.estimated as:

S X210

where ris the resolufion limit that a hardness value can be
estimated from the measurement display in Rockwell hardness
units.

X2.5.7 Siandard Uncertainty iy the Certified Average Hard-
ness Value of the Reference Test Block (u Reﬁ,—,J_Reference test
blocks provide the link to the Rockwell standard to which
traceability is claimed. The certificate accompanying reference
test blocks should provide an uncertainty in the stated centified
value, and should state to which Rockwell standard the
reference test block value is traceable. This uncertainty con-
tributes (o the measurement uncertainty of hardness machines
calibrated or verified with the reference test blocks. Note that
the uncertainty reporied on reference test block certificates is
typically stated as an expanded uncertainty. As indicated by Eq
X2.4, the expanded uncertainty is calculated by multiplying the
standard uncertainty by a coverage factor' (often 2}. This
analysi$' uses the standard uncertainty and not the expanded
uncertainty value. Thus. the uncertainty value due to the
uniceriainty in the certified value of the reference test block
usually may be calcmatcd asi. R

L fud S
Uﬂqm
!‘Reﬁlik

where Ug,my is-the reported expanded uncertam{y - of the”
certified value of the reference test block, and kg gy is the
coverage factor used to calculale the uncertainty in the certified

vaw_mf ce standard (usually 2). »
8 Measurement Bias (B}fﬂw measurerpent bias is

the) difference between! the) hardncss measurement values as
displayed bysthe hardness machine and the “true” hardness of a
material. The measurement bias B may be estimated by the
“crrar” defeemined as part of the dndirect verificntion as:

\ BhLn

Hpemit =

B=H=Hypy (X2.12)

"« where H is the mean hardness value as measured by the

=t oy

%ﬂ’zgc;rt_;mwbut ,“ may C csnmated by _thp_r A
leviation of the av-e?é"g‘e“of each set of momtormg va]ues as? 'Mhdrc]ness machine during the indirect verification, and HRC_,B,L is

E\‘ UReprad = STDEV(MF MZ! Mn)

where M\, Mz M, are'irid'mdual averages of each-of the
1 sets of multiple momtormg ‘measurement values.

E\ Nome X2.7—The uncenamrv contribation dug to the lack of rapradne
lbxhty, as calculated in Eq X2.9, also includes a contribution due to the
Meching's ri’fxly of the monnormg
test bluck:

e 9)\ fo the certified average hardness value of the reference test block )

standard used for.the indivect verification.

/ ~—__Verification :
X2.6.1 As part of an md1rect verification, the * error” of the
harduess machine is determined from the average value of
measurements made on a reference test block (see 13.2). This

147
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value provides an indication of how well the hardness machine
can measure the “true” hardness of a2 material. Since there is
always uncertainty in a hardness measurement, it foliows that
there must be uncertainty in the determination of the average
value of the measurements, and thus the determination of the

machine “error.” This section provides a procedure that can be * -

used, for example by a field calibration agency, to estimate the
uncertainty Uy, in the measurement “error” of the hardness
machine determined as the difference between the average of
the measurement values and the certified value of the reference
block used for the verification.

X2.6.2 The contributions to the standard uncertainty of the:
measurement “emon” Kpzaen ate (I} Upe,a sARef Block), the
uncertainty due to the lack of repeatabiiity oi the hRardness
machine combined with the uncertainty due to the non-
uniformity in the reference test block (Eg X2.8), which.is
determined from the hardness measurements madeon a refer-
ence test block to determine the “error” of.he hardness
machine, (2) ug,,.;» the uncertainty due todhe resoluiion of the.
bardness machine measurement display (EqX2.10), aud (3)
g the standard uncertainty in the gertified value of the
reference test block (Eq X2.11). The notation (Refi Black) is
added to the term ug,,. ny to clarify that the uncertainty is
determined from measurements madeon the reference block
used for the indirect verification.

X2.6.3 The combined standard uncemainty iy, ., and the
expanded uncertainty Uy, are calculated by combining the
appropriate uncertainty components described above for each
hardness level of each Rockwell scale as:, 4

(2.14)

be used This ¢overage factor provxdes a conﬁdence level of
approx:matelﬁf ?,S/O/a

Nore X2.8—The ancesrtainty contribution #,,., as calcujated in Eq
X2.13 does not include a contribution due to the machine’s lack of
repraducibility. This is because-it is assumed thatthe indirect verification”
is made while the hardness machine is.operating atits optimal Jgrfor’-
_mance level with_the j:cstossxbluv1ronxpenml condmo,ns w1 1

Nom X2.9—The expanded uncertamly UM,,C;, will commonly be larger
than the value of the hardness machine “error.

X203 Reporfing_the Measurement Uncertainty—Tis ex-
panded uncertainty &), may be-seported by a vérification
agency to its customer as an indication of'the uncertainty-in'the
hardness machine “error” reportcd as part of the indirect
verification of the Rockwell hardness machine. The value of
Upgoer Should be supplemented with a statement defining to
what Rockwell scale and hardness level the uncertainty - is
applicable, with an explanatory statement sucheas, “The
expanded uncertainty of the hardness machine “error” reported
as part of the indirect verification for the stated Rockwell
sealedsy and hardoess level(s) is with wespect ©  Rockweli
Lardness reference standards maintained at
(for example, NIST}. and was caleulated in accordance with
Appendix X2 of ASTM E 18 with a coverage.-factor of 2
representing a confidence level of approxima”,telﬂj_gﬁu%. E

5 2% G‘ 2y
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X2.6.6 The standard uncertainty value u,,, ., can be usec
an uncertainty contribution when determining the measurem
-uncertainty of future measurements made with the hardn
machine (see X2.7 and X2.8).
X2.6.7 Example X2.1 —As part of an indirect verificatior
a Rockwell hardness machine, a verification agency needs
report an estimate of the uncertainty of the hardness mach
“error.” For this example, an evaluation will only be made
measurements made on the low range of the HRC scale. 1
- hardness machine has 2 digital display with a resolution of
HRC. The agency performs five verification measurements
a low range HRC hardness block. The reported certified va
‘joLthe reference test block is 25.7 HRC with an expanc
uneertainty of Ug.mu = 045 HRC. The five verificat
Tneastrements valdés are: 254, 25.3, 25.5, 25.3, and 2
" HRC, zesuliing in an average value of 25 44JHRC d Tepe
ability (range) value of 0.4 HRC and an™ “ern mror” of —0.26 HE

Therefore: o N B

’ | STDEV(25.4,25.3,25.5,25.3, 25.7)
HReps NI (Ref. Block) = 5 _\/5—’ -
OF Upeps. N {Ref. Black) 0.075 HRC

e 0.1
' Hgiamg = W= 0.029 HRC, and .

- 045
Hpeppi F Ty 0.225 HRC

e

V& T t_‘ .\' B - Thus,
o = \/0.075% + 0.020% + 0.225° = 0.239 HRC, and
Upgaon = (2 X 0.239) = 048 HRC

Therefore, the uncertainty in thc —0 26 I-]RC “errof” in -
hatdness machine is 0.48 HRC. Alttiough this evaluation v
made on material having a hardness of approximately 25 HE
the uncertainly inay be considered to apply to the entire 1
rangeof the HRC scale. This calculation must be made for-
mid and high ranges of the HRC scale, as well as for the ran;
of the other Rockwell scales that are verified.

‘ AN X

- Nots -X2.10—The reader should be aware that in computing the f

. uncertainty value in all examples in this appendix, no rounding of res

“sas donc between steps. Consequently, if individual equations are sol
-*fusitg the Tounded values that are given at each step of this example, sc

v computed results might differ in value ig, the l.m decunal place from
\s\results “Stated.

by a user may be thought of as an indication of how well
measured value-agrees with the “true” value of the hardnest
the matenal T

X2 7.2 Single- Measurement Value—When measurem
uncermmty for a single hardness measurement value is to
determined, the contributions to the standard uncertainty u,
are (I) Up,peqp the uncertainty due to the machine’s lack
repeatatility (By X2.6), {2) #gapros the uncertainty contri
tion due to the lack of reproducibility (g X2.9), (3) ug.son
uncerfainty due to the resolution of the hardpess mach
measurement display (Eg X2.10), and (4) u,,.., the um
tainty in determining the “error” of the hardness machine

148



320

A E 18 — 05<"

!

x2.13). The combined standard uncertainty iy, 1s calculated
by combining the appropriate uncertainty components de-
Ncnbed above for the applicable hardness level and Rockwell

503]6 as:

pfeas = .\/u;?epa!r + "Izkpmd + Weset F Hpgacn

X2.7.3 Average Measurement Value—In the case that mea-
surement uncertainty is to be determined for an average value
of multiple hardness measurements, made either on the same
test piece or multiple test pieces, the contributions to the
standard uncertainty ty,,., are (1) ug—. the uncertainty due to
the machine’s lack of repeatability based on the average of
pultiple measurements (Eq X2.7), (2) up,,,,q the uncertainty
contribution due 10 the lack of reproducibility (Fq.X2.9), (3)
Hesatr 1HE uncertainty due to the resolution of the hardness
machine measurement display (Eq X2.10), and (4) 4., the
unceriainty in determining the “error™ of the hardness maching
(Eq X2.13). The combined standard unceriainiy #,,, i3
calculated by combining the appropriaté incertzinty ¢ompo+
pents described above for the appllcablc hatdness™level and

Rockwell scalc as:

- — 2 2 2 2
'K uMeas ™ \/uRepear + uReprod,+ HResal ' Uifnch ‘b} (X2.16)

X2.74 The “measuretment “unicertainty ”dISc'ﬁssed above for
the single and average hardness values only represents the
uncertainties of the measurement process and aré independent
of any test material non-uniformity

X2.7.5 Average Measurement Value as an/ Estimate of the
Average Material Hardness—Measurement Iaboratories_and
manufacturing facilities often measure the Rockwell hardriess
of a test sample or preduct for the purpose of estimating the
average hardness of the test material. Usually, muliiple hard-
1wess measurements are made across the surface of the test
siece, and then the average of the hardness values is reported
is an estimation of the average hardness of the material. If it is
lesired to report the uncertainty as an indication of how well
he average measurement value represents the true average
urdness of the material, then the contributions to the standard
WCEIAINLY Ups,,; 3t (1} Uge,e vy (Material), the uncertainty
e to the machine’s lack of -repeatability combined with the
neertainty due (o he material’s r‘on-umtonmty (Eq X2.8),

-sufficient number of medsurements are made at the appropnate

(X2.15) -

thich is determined fiom the hardnoess measiements madc on ;

16 test smaterial, (2) g, o0, theftncertainty contdbution due to
relack of reproduc:blhty (g X2.9), @) Ui, the uncertainty
ue to the resolution of the-hardriess machine. measurement
isplay (Ey X2.10), and (4) 4y, the uncertainty in determin-
@ the “error” of thc: Hirfdness) misthine (g X2.13), The
dation (Material) is added to the térm {Repa o to Clanity that
€ uncertainty is determined from measuremerits ma&l@_pn the

aterfal under test. The combined standard uncerfainty s, 1 's-
ulated by combining the appropriate uncertainty compo-
Ats described abeve for the apphcable hardness level and

lckmeL_sca]g_asﬂ R
3

ﬂ

K2-7-6 Wlmn reporting 1 am«;alaiuly us un indicaf?'
1l the average measurement value represents the true aver-
¢ hardness of the matetial, iU is Duportant (0 assure that o

nf hnw

‘test locAtions o provide an appropriatc sampling of any

variations in the hardness of the material.
X2.7.7 The expanded uncertainty U,,,,,. is calculated for the
three cases discussed a - e ¥ »

UM' = ‘(‘uMeas + ABS(‘B)

Meax

For this analysisi-a¢overage factor of & = =2 should be used.
This coverage factor provides a confidence kevel of approxi-
mately 95 %.

X2.1.8 Reporting Measurement Uncertainty:

X2.7.8.1 Single and Average Measurement Values—When
ifie reported measurement value is for a single hardness test or
the average of multiple hardness tests, then the value of U,
should be supplemented with an explanatory statement such as,
“Ihe-expanded measurement uncertainty of the reported hard-
ness value (or average hardness value) is with respect to
Rockwell hardness reference standards maintained at

[for example, NIST], and was calculated in
accordance with Appendix X2 of ASTM E 18 with a coverage
factor of 2 representing a confidence level of approximately
95 %.”

X2.1.8.2 Average Measurement Value as an Estimate of the
Average Material Hardness—When it is desired to report the
uncertainty as an indication of how well the average measure-
ment value represents the true average hardness of the material,
then the value of U,,,,. should be supplemented with an
eXplanatory statement such as, “The expanded uncertainty of
the reported average hardness. of .the material under test is
based 'on uncertainty contributions from the measurement
process and from the hardness non-uniformity of the material.
The uncertainty is with respect to Rockwell hardness reference
standards maintained at __ 0 [for example,
NIST], and was calculated in accordance with Appendix X2 of
ASTM E 18 with 2 coverage factor of 2 representing a
confidence level-of approximately 95 %.” If the test report does
not state the number of measurements that were averaged and
the locations that the measurements were made. then this
information should also be included as part of the brief
explandtion of how thestincertainty was calculated.

X2.7.83 Example X2.2 —Forthis example, a company tests
its product by nnkmo six Rg_gm_lcﬂell hardness measurcments
across its.surface as an estimate of the product hardness. The

thardness machinc has adial dxsgla}}"that is Judgcd 0 have a

reading resolution, ()_/D‘:x RC: The values of the hardness
measurements of th% pmdu ere 33, 31.5, 31.5, 32, 31, 32.5,
resulting in an averagé vali u[31 92 HRC. The testing facility - *
would Iike to determine the measurement uncenamty in the
average hardness value. A hardness of 31.92 HRC is closest to

——-—the low range of the HRC scalé (see Table 17). The last indirect

ve_rzﬁcanon of the low range of the HRC scale reported Uy,

= 0.8 HRC and an “error” of —0.3 HRC. Therefore:

STDEV(33,31.5.31.5, 32, 31, 32.5)
5 " et OF

Upeps, wy (Material) = G.300 HRC -

Ygeepd ayy (Materiel) w
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For this example, assume the hardness machine has been
monitored for an extended period. of time, and from Eq X2.9,

it was determined that ug,,,.0 = 7’621 C for the low range of
the HRC scale. Other uncertainty contributions are calculated
ag; T

05
= ——=—=0.144 HRC and
Viz
0.8
== 0.4 HRC, therefore

o

Bpgens = \/ 3007 + 021% + 014424 0.4% = 0.561 HRC

and since B = 03 HRC, Upgore = (2 X 0.561) + ABS (-0.3),
or.U,,,,, = 1.42 HRC for the average value of the hardness
measurements made on the single product itemn.

Upesal

: “M;ch

X2.8 Procedure for Calculating Uncertamr.y. Ceriified
Valae of Standardized Test B]ock3/ o T

X281 Standardlzmg laboratories-enpaged in the calibration
of reference test blocks must determnine the uinceptainty in the
reported certified value. This uncertainiy’ UCert provides an
indication of how well the certified value would apree with the
“true” average hardness of the test block,

X2.8.2 Test blocks are certified .as having an average
hardness value based on calibration measurements made across
the surface of the test block. This analysis is essentialty
identical to the analysis. given in 7.1 for measuring the average

hardness of a product. In this case, the product is a calibrated

teference test block. The contributions to the standard uacer-
- tainty u,,, of the certified average value of the test block are

(I} Upepe vu (Calib. Block), the uncertainty due 0 the stan-
dardizing machine’s lack of repeatability combined with the
uncertainty due to the calibrated block’s non-ugiformity (Eq
X2.8), which is determined from the calibration measurements
made on the test block, (2) g0 hetncestainty contrbulion
due to the lack of reproducibility (g X2.9), (3) ug...;» the
uncertainty due to the resolution of “the standardizing ma-
chine’s measurement display (Eq X2.10), and (4) ups,,, the
uncertainty in determining the *“error” of the standardizing
machine (Eq X2.13). The notation (Culib. Block) is added to the
e ig,., e n $0 Claify that the unCertaifity is"determincd fom
calibratior measurements made on the calibraied block.

X2.8.3 The combined standard uncertainty u,,, and the
expanded uncertainty u.,,, are calculated by combining the
appropriate uncertajaty componcnis«deseribed above-for cach
hardness level of cach Reckwell scale as:

Fen

‘\.\L:if-"f ] VuRCP& NU {Calib Blo"k) + uRep.rod’ + uRcsoJQ_ uﬂ'facf‘l

- Ny
¥

and
e = Kiige + ABS(B) 2z

X2.8.4 For this analysis, a coverage factor of k = 2 shou
be used. This coverage factor provides a confidence level
approximately 95 %.

X2.8.5 Reporting the Measurement Uncertainty—The val
of U, is an estimate of the uncertainty in the report
certified average hardness value of a reference test block. Tl
teported value should be supplemented with a stateme

. defining to what Rockwell scale and hardness level f

(X219
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uncertainty is applicable, with an explanatory statement sw
as, “The expanded uncertainty in the certified value of the te
block is with respect to Rockwell hardness reference standar
maintained at {for example, NIST], and w
caleulated in accordance with Appendix X2 of ASTM E

with a coverage factor of 2 representing a confidence level

approximately 95 %.”

X2.8.6 Example X2.3 —A secondary level test-block sta
dardizing laboratory has completed the calibration of a tc
block in the hardness range of 40 HRC. The values of ¢
calibration measurements of the block were 40.61, 40.7
40.65, 40.61, and 40.55 HRC, resulting in an average value
40.63 HRC and an E18 repeatability range of 0.17 HRC. T
laboratory anust determine the uncertainty in the certifi
average hardness value of the block. A hardness of 40 HRC
considered within the mid-range of the HRC scale (see Tat
17). The last indirect verification of the mid range of the HR
scale reported Uy, = 0.16 HRC and an “error” of +0.11 HR
The standardizing machine has a digital display with a resol
tion of 0.01 HRC. Therefore:

STDEV(40.61, 40.72, 40.65, 40.61, 40.55)
5

hps n (Calib. Block) = 0.028 HRC

mple, let’s assume | tl*ac th«; standardlzmg m

ippay (Calib. Block) = o

the mid rangé of the HRC scale. Other uncertamty contrib
tions -are calculated as:

001
/12

~016 : -
Uptoen =5 = 0.08 HRC therefore,

HRosol =

= (003 HRC and

Hee ¥ N/020287 0,257 £0:003% + 0.08% = 0.151 HRC
and, since B/ =/+011"HRC, Ue,,, = 2 X 0.151) + A
{+0.11), or U,,, = 0.41 HRC for the certified hardness valuc
the single calibrated test block.
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