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ABSTRACT

This project was to design and build a tensile testing machine for use in
mechanical engineering laboratory. The mechanical engineering students attending
the laboratory could study and learn about the mechanical properties of materials via
hands-on practice. The tensile testing machine in this project was built on the existing
equipment and additional necessary equipment needed to enable the machine to
function. The tests of this machine were in accordance with the ASTM E8/E8M-13a
standard test method for tensile testing. The pulling speed was achieved by regulating
the hydraulic oil flow rate through a ball-type flow control valve. While performing
a test, LabVIEW collected data from the load cell and linear position sensor. The
results would then be displayed in graphs showing the relationships between the
displacement and time, load and displacement, and stress and strain.

The implementation of this project started with constructing a tensile testing
machine. The form and size of the specimen were chosen according to ASTM E8/E8M-
13a standard. The specimens were made from 6063-T5 aluminum alloy and SR24
steel materials. The tensile testing machine could pull and break the specimen. It
was found that the test speed was not within the speed range of the testing standard.
The reason is that the machine did not have a velocity control system. The test results
from the machine built in this project were compared with ones obtained from the
Shimadzu AG-X100kN universal testing machine. Tensile strength, yield strength,
elongation percentage, Young's modulus Method 1 and Method 2 of the 6063-T5

specimen obtained in this project differed from ones obtained from the Shimadzu



machine by 2.09 %, 126.61 147.56 %, 17.35 %, 46.06 % and 240.91 % respectively.
The differences of the test values of Tensile strength, yield strength, elongation
percentage, Young's modulus Method 1 and Method 2 of SR24 specimen between this
project and the Shimadzu machine were 7.09 %, 12.05 %, 32.12 %, 339.54 % and
533.84 % respectively.
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Y19AA

] (Y] [ =
1.2 ﬂ’)'l&lﬁ;!\‘l‘lﬂll'lﬁlLLag'Jﬂilﬂ'igﬁ\‘iﬂGUENﬂ'l'iﬂﬂ‘l?ﬂ
1. 1990NWUUBALES19ATDINAAIULTIAIE S UTH LA INTNAABIAINTSULASDING
2. W aANYILATERNLUUTEUUAIUANNITYNINUYDITEUULEn Sad NN ulUT LAY

LabVIEW



1.3 d@uyAgIUYDINITANEI
1. A3DIMAABULTIRIANIN TR UNAGOUILYIA
2. annsaldlusunsy LabVIEW Tunsemuaumsvinuvesiaiemaaoulssisls
3. TWsunsu LabVIEW anunsagnuaainsueesnnimuaswanaadunsmliegisgnsies
4. f103 pamaasuus i sasaluldUszneunisiFsunisaeuluivinismeans

AFINITULATDINA

1.4 YaULUANITIVY

1. Wszuulensednuilanszuengu vuindumds 1.5 kw

2. 193 unadeunNIATg I ASTM ES/E8M-13a tu1mLdusLAuENata 6 mm uas
ANNEITZUZNNG (Gauge length) WINAU 24 mm

3. TlUsunsy LabVIEW Tun150eniUussUUAIUANKALKARIAIANL YUY

a a %

4. [ozafiflondanos 6063-T5 uay wman SR24 \Wuianlunisinunageu (Specimen)

1.5 TunsuvasnsAne

1. AnwilassnunisenuuuLASesmnAB ULSIFITIgRLATN Wi AT

2. nAsTunAGOUALLNATEIL ASTM E8/EBM-13a TavioonuuuLriudaume s inuss
(Load cell) wagthludmwin

3. mMsasulisuLAs 0eile LlwulwesTause (Load cell) was twuiwosinseeos (Linear
Position sensor)

4. sonuuulUsunsa LabVIEW #ldauauuasianina

5. ¥hmsisdunedeuiiionsaadeunisinnuvesszuulensedn uagnisuandnaniiu
lUsinsu LabVIEW

6. AnwuazAumgunsaifasinfasafiufudeliaiomaaouussisannsonuau

HIUABNAILADS LAV

(%
(%

7. NAARULAT DINAADULTIAINEIIINAARN QUNTUIMUABNATY WALATIVFBUAIY

NADY
Y
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unn 2

N BiuasuIeNALIVa9

% = = aa A v ' = !

N1309NHUULALATINATBIMAABULIIRTNgul MAsITasnuelidnas uludiuves
55UUlENT08N UINTFILTUNAGDU NIATFIUNITNAGBULIIAG FIUTIVQURNITAIUANGINY B9
o & i a v o = <, =
Tuduseniseoniuunsnaaeuielinisvieuesaassudulyamuvsuiunnis@neinay
Y] s o A O v | v v a 6 A a X
Taguszasrninnun Bnnsdsanunsatislvidilanazaiunsassuieusngnisalsneg Minau
Tunmeaesle

~ A = & d' Yo [ P o a 1

Wesnnlassnuasamaasunsiiadulassnunneddnilafnwuazandunudesin
o = a 44' = = o 9 Yo o a ) A v Y] =
UnAnwinugdenssuaseina Un1sfinen 2560 lvdadingeuisdiuiineatasiuinies
NAAoULIIAe wililanadfisluuTyyrinusiauil SeaunsagteyaludiudulaiuTya,

TnusradlATau NMIPBNKUUATBINARDUKIIFTIAGA [1]

2.1 szuulansedn

szuulanseaniBussuvdsidlagldveavandudinans szuulensednauisadeings
Ié’qmdﬁswdnﬁqé’qLLUUﬁuLﬁaLU%UL%UﬁUWmLLazﬁwwﬁﬂmaaqﬂﬂm‘iuizw syuule
nseandulngiFsgnesnuuumlildduauiidesnsidudundn indesdenarpuinly
anamnssudaguuldsyuulansedndudiudszneu izl ssuuusn wandusosud
sauuAlg (Backhoe) tusiu

2.1.1 gunsaitugruvasszuvlansedn

1. fafuinafulensedn (Reservoir or Tank) ¥wtidiiuwaziningdy vdnds@nUsn
ﬁmqﬁa@mﬁuﬁﬁﬁu wonvlesennIFeenaI Ny Saesyuiemudeusenaniity

2. 91 (Pump) mthitadrensvuansivavestigiu (Generate flow)

3, furinds (Prime mover) iy wawmaslii vise uwnsmdmdunildlunsduti

4. 1780 (Valve) ﬁﬂwﬁwﬁmmmﬁﬁma, AR LAZINIINTTINA

5. gunsalvau (Actuator) ivthildeiiumdsanvedlafumdamana

6. o (Pipe) imihiigndsaniilussuy

2.1.2 msdenasvesszuulansedn

svuvlensedndesenduduidainaieuen esanszuulensednduifivsssuuds

[
[ Y [

Mdainty AU 2.1 Fauananisdemasiiuszuulansedn



FORCE x LINEAR VELOCITY
VOLTAGE x CURRENT
{FOR ELECTRIC MOTOR) TORQUE x ANGULAR VELOCITY PRESSURE x FLOW RATE (FOR HYDRAULIC CYLINDER|

)
* | PIRME MOVER I »I HYDRAULIC PUMP |»| HYDRAULIC CIRCUIT I» I HYDRAULIC ACTUATOR | * EXTERNAL LOAD

TORQUE x ANGULAR VELOCITY
(FOR HYDRAULIC MOTOR)

5UN 2.1 fegrnisdmasesszuulansedn

Y o v 1 o v Y

funndsdsndadnluliduvessuulansadnuiuniawal ANHUTLUIINS19IUNIaNadn

Tasuldasneonsinisiuavesvaaual faluraarallnad dfiivinaus1une, 2187 way

Y

diuUsznaudugvenaslansedn fiauegenszueNgUUsoualnoSUAUNAIUAN

a = Y 1Y v

UsgANSAIn 100% ndsfieanainszuulensedn (Power out) AgiAnNAUAISINAUA

[

Lo

(Prime mover) nglunuszuulansedn (Power in)

2.1.3 nMsvinuvasnszuengulansedn

LOAD\ LOAD\

~— Qp, Qin — Qout

RE (Rod End) T
l HE (Head End) or BE (Blank End)

— Qout ~—Qp, Qin

Reteact Cylinder Extend Cylinder

JUT 2.2 nsvihauvesnszuengulansedin

9n3UT 2.2 Hudtdunuansdaileiifianudugs Nuiidduwansdslaiiiaudusiing
vhauveanszuengulansednlugasiinszuenguinndu Jugretntuiundrniuaudia
yansla (Directional control valve) 1#1m3fiugu (Rod end, RE) Turaigifenfutingy
NNNAUI (Head end, HE) gnaulvanduases Iumqmqﬁ’usﬁwmngﬂquﬁﬂaaﬂﬁﬂﬁu%
Iadmamuiuaglvanduasiamesnuiugy

2.1.4 189RIUANIATINTTLNAG (Flow control valve)

NémuausansinagldifieidsuuUasdnsisivesgngu, uemesudefvinay
due T,ﬂsjmimuaué’mswmﬂwaﬁuaaﬁwﬁulamaéﬂ FeanunsneutendnnITiaILLAY AT

anssivalaainnis@nwaunsalingnsnisivameusuessila (Orifice flowmeter)
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ORIFICE

5UN 2.3 gunsalindnsinisiviadmeusuessila [5]

IN3UT 2.3 wanwsiusaiiangnindalineluvieniivedvalvaniu awnsadiuinm
gmsin1stua (Q)lAarnnisianlaruaunn (Pressure drop, Ap) S 190N UB 03 d

ANUdNRUSYRY Ap iU Q lumhewwnsn (Metric units) [Wuluauaunisi 2.1

Q = 0.0851CA \/% 2.1)

dlo Q e Snsanslua (LPM)

C #p duuszansnisiua (Flow coefficient)

[
=1

A g funsieguuuHueeIa (mm?)
Ap = p; — p, AB AMIUAUANTEINUNUDDIHE (kPa)

SG AD AIANUNNIUNIZUDIVDLNA

2.2 MawRENdanLiNe MINZaNADNISNAFIUNITA

VAo ULINIFIUAMTUNITVIAFOURSIAT ASTM ES/E8M-13a tUuUnIzuIun1snnaaud

'
a

wusnfigaludiegislang lnejunseweliunagey aegun 2.4 Lagvuindunaasunsy

2.5 waganunsaguiidnluniaauanle



Eger—A—FEr 8

2 i HHEHHHHENH

Note 2

;3—4._—_‘:‘91

3= & —

6 R

-

4y Es/E8M - 13a

fo¥Er— A —FE48]
' II===.-H' =

-

s er—i—Fe 35—

BEBES I

Dimensions, mm [in.]

For Test Specimens with Gauge Length Four times the Di: [E8]
Specimen 1 Specimen 2 Specimen 3 P 1 4 Specil 5
G—Gauge length 50 = 0.1 50 = 0.1 50 = 0.1 50 = 0.1 50+ 0.1
(2.000 + 0.005) [2.000 = 0.005) (2.000 = 0.005) [2.000 = 0.005) [2.000 = 0.005)
D—Diameter (Note 1) 125+0.2 125+0.2 125=02 12502 12502
[0.500 + 0.010] [0.500 = 0.010] [0.500 = 0.010) [0.500 = 0.010] [0.500 = 0.010)
R—Radius of fillet, min 10 [0.375] 10 [0.375) 2 [0.0625] 10 [0.375) 10 [0.375]
A—Length of reduced section 56 [2.25] 56 [2.25] 100 (4] 56 [2.25] 56 [2.25]
min min approximate min min
L—Overall length, approximate 145 [5) 155 [5.5) 155 [5.5] 140 [4.75] 255 [9.5]
B—Length of end section (Note 3) 35 [1.375] 25 (1) 20 [0.75] 15 (0.5) 75 [3]
approximate approximate approximate approximate min
C—Diameter of end section 20 [0.75) 20 (0.75) 20 [0.75) 22(0.875) 20 (0.75)
E—Length of shoulder and fillet section, approximate 15 [0.625] 20 [0.75) 15 [0.625)
F—Diameter of shoulder 15 [0.625] 15 [0.625] 15 [0.625]
Dimensions, mm [in.]
For Test i with Gauge Length Five times the Di [E8M]
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
G—Gauge length 62.5 = 0.1 625 =0.1 62.5 = 0.1 625=0.1 625 = 0.1
[2.500 = 0.005) [2.500 = 0.005) (2.500 = 0.005) [2.500 = 0.005) [2.500 = 0.005)
D—Diameter (Note 1) 12502 125 0.2 12502 12502 125=02
[0.500 + 0.010) [0.500 = 0.010} [0.500 = 0.010) [0.500 = 0.010) [0.500 = 0.010)
R—Radius of fillet, min 10 [0.375) 10 [0.375) 2 (0.0625) 10 (0.375) 10 [0.375)
A—Length of reduced section 75 (3] 75(3) 75 (3] 753 75 3]

§ min min approximate min min
L—Overall length, approximate 145 [5) 155 [5.5) 155 [5.5] 140 [4.75) 255 [9.5]
B—Length of end section (Note 3) 35 [1.375] 25[1) 20 [0.75] 15[0.5) 75 (3]

;: approxi approxi approxi approximate min
C—Diameter of end section 20 [0.75] 20 [0.75) 20 [0.75) 22 (0.875] 20 [0.75]
E—Length of shoulder and fillet section, approximate 15 [0.625) 20 [0.75) 15 [0.625]
F—Diameter of shoulder 15 [0.625) 15 [0.625) 15 [0.625)

. v
= a
JUN 2.4 JUNTIVDITUNAFOUAILNINTFIU ASTM E8/EBM-13a [9]
4l Es/esm - 132
Sy
N _____,,_-__]___ AR
E t 7 P
G R
Dimensions, mm [in.]
For Test Specimens with Gauge Length Four times the Diameter [E8]
Standard Small-Size Specimens Proportional to Standard
Specimen
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5

G—Gauge length 50.0 £ 0.1 36.0 + 0.1 240=01 16.0 = 0.1 10.0 +0.1

[2.000 + 0.005] [1.400 = 0.005] [1.000 = 0.005) [0.640 + 0.005] [0.450 = 0.005]
D—Diameter (Note 1) 125+0.2 9.0 =0.1 6.0=0.1 40=+0.1 25=01

[0.500 = 0.010] [0.350 = 0.007) [0.250 = 0.005) [0.160 + 0.003) [0.113 = 0.002)
R—Radius of fillet, min 10 (0.375) 8[0.25) 6(0.188) 4[0.158) 2(0.094)
A—Length of reduced section, min (Note 2) 56 [2.25] 45 [1.75] 30 [1.25] 20 [0.75] 16 [0.625]

Dimensions, mm [in.]
For Test Specimens with Gauge Length Five times the Diameter [EBM]
Standard i Small-Size Specimens Proportional to Standard
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5

G—Gauge length 625+0.1 450+ 01 30.0=0.1 20.0 £ 0.1 12501

[2.500 + 0.005) [1.750 = 0.005] [1.250 + 0.005) [0.800 + 0.005) [0.565 = 0.005)
D—Diameter (Note 1) 125+0.2 9.0=0.1 6.0=0.1 40=+0.1 25=01

[0.500 = 0.010) (0.350 = 0.007)] [0.250 = 0.005) [0.160 = 0.003) [0.113 = 0.002)
R—Radius of fillet, min 10 [0.375) 8 [0.25] 6[0.188) 4[0.156] 2(0.094]
A—Length of reduced section, min (Note 2) 75 (3.0] 54 [2.0] 36 [1.4] 24 [1.0] 20 [0.75)

gﬂﬁ 2.5 wwmaa%uwmaaumummgm ASTM E8/E8M-13a [9]



lunsasreBunagevruindnadsavinlalaen1siieusasaluresuundunageuiuaun

WRsgIuvesiunaaey Wuluauuinsgiu ASTM E8/E8M-13a diududeniunsadunaaeu

Y

fa3uRn 2.4 Wedunaistunaaeulvituung dagui 2.5 Fauuiagunadeulzegluuninly

Uadglumsidenunsawazvuinvesiunagey Ysenaulume 2 Jade sl

1. AWAUNTUTUNAFDUSIUDINIUTUNAADU T997199zdINasnmNUAuluNISNaaay

v
=< a

gunsalfuBadunaaeuludnuuysineg fdaguin 2.6

PIN
THREADED SERRATED SPLI SERRATED

GRIP WEDGES COLLAR WEDGES
E‘U n 2.6 GnE]EJ’NGﬂLLWUQVI‘\JU“UHWG}T&E}ULLﬁUMU‘GU‘UUV]G]ﬁBUSLuaﬂUmuG]’N"] [10]

TnelukiaziIdUTUNAZBULALALAUIIUNISIUTUNAADU 8V TRTN1SARANULAUT
WLTULNNMI DUDULANAINY TIFAUILUNITIVTUNAADU UNAINAUID1ZYIN LA RN AN

wuluBunaaeudwilvdenasonsnagey fagui 2.7

A
T B

ﬂﬂﬂlﬂﬂﬂ]ﬂmﬂ

(b) © @
ulugunuusngg [11]

'a'ﬂ'm 2.7 avwdiudiureannan MAnT
Tuguit 2.7 auiulddnduanududuvesainuidu (Stress flow) luudagsiiduiy
nadaukasiridlun1sTuTunageuwananeiy Jaziuldinlunsiuiatunaaeuwuy

b,d 9 ANANMAUNGIUITANVOUVRITUNAFRY TuualeNINTTUEATUEINLUY a,c tduAIY



[ v

duduvesnnuduiiiiadu fuuavinfuieuynaalufunadeudumngausonismagey
1NN

uaﬂmﬂﬁmsaugmmau (Fillet) ilpanmsiUAsundassuiauuuviuiiviule ausatie
ane eI (Stress Concentration) teliliiunnaeuiinauduiigaans
luinaifinmauasuulasgingiuiu Jeemsanduduiegihnmmeseuluuiiu
FosmsliAnnudsmeduandusuil 2.8 uaglusuil 2.9 ssuandiiuisnsinavendu

ANULLTUTBIANUALTAATUL B TUNAaRUT N saULLkaNwas TN saULLLAaY

Stress Concentration

ﬂ ———— Fillet

=3 ESAGR

Abrupt change Smooth change
Stress “flow lines” crowd “Flow lines” more evenly
together causing high stress distributed causing lower
concentration in transition stress concentration in
zone transition zone

5UN 2.8 ANTUYRIAIAUTARTY [12]

9n3U7 2.8 aznuldindelifinmsauyuumaunnudiuanizynazadtuusniinig
WaguuUasgusienegyiuiy funageuliamsiianuiduguansaalaganil
2. USaUNABINSANAANULASNY aTUNAEULASULSINTZIINIULLILAY TUNAdU
ALLANNSHALAZVIABBNAINAY AINUITIFDINITEDNLUUTUNAFDUL AR VU AT AL S AL ND LA
a a a A v P Y v & =~ A o Y]
WAL EsreluUSUNABINIS BNNIABINISIAILUAINULEEMeNRTmaY Taavaluauin
Qy [~ (v 1 1 [ ¥ v 1 dy | 1 =] Y]
2998 UNA@a UL UANNERTIE@IUN L / d WiNHU 5 a1usgnindavdnanassesindikaznig

ANAIVDINUNLNANVDIVUNAFDU



JUN 2.9 Anudusiugsening L A d wasdneazanudemevesian [2]

o/ < = o v
2.3 EWIT]Li?lﬂﬂ']iﬂ\iﬁ']?ﬂiUﬂ']'ﬁVlﬂﬁaU

ANMNALTIATIN (Yield strength), ﬂ’ligﬂﬁa“uaﬂﬁg@ﬂiﬂﬂ (Yield point elongation), W@z
3AA31N (Yield point) Awmatiierdesnunisivdsundamginssuvesianaindanain
(Flastic Behavior) tJunaiafin (Plastic Behavior) Tun1sviarfinaiuninedy snduiazaag
- aa ) 2 < 9 v A ~ ) A &
1HONIBN1IAIUANSRTITIVRININAGRULSIRI N Iza Weownlunsalvesianindulane
ALvialenaTuediv Sns s lunisvegaau

919899 MN0IMT5IU ASTM E8/ASTM E8M @nansautadsnismvnuesndy 3 35 laun
/M5 A, B uay C

1. 5015 A FuegiunsiiuTuYeIRUAUAY (Tensile stress) "“J%ﬁlff]u"“g%ﬂﬁmmu

BuauluIsneasy E8/ESM uuaned swdwmimaaﬂuﬁquﬁﬂswLmuﬁmaaﬂ"uaami
NAFDULIIAG FUTUTINSUAUVDINTNAFDU 9RTIMILRNTUYRIRNUAUADIDETENING 1.15
249 11.5 MPa/s

2. 385113 B FupgiuAMIATEANATUTENINNITNAFEY dMSUTTHIATRmMAAaURBY
) Y] a . v a v ) a a Y] =
SNUI9RIIANNLAS YA (Strain rates) 1A 1aeldn15TAAIILLAT 8AUDILAT BITANISHA
(Extensometer) N1SLA LT UVDIDHSIAULAS UAH 99LATUNITA IA LT AINLAL I AL
AanaeaauluiL 0.015 + 0.006 mm/mm/min (138 in/in/min *)

3.35m5 C Sﬁuag’ﬁ’ué’ﬁmL%’Jmﬁsumﬁaﬁ’ﬁu%umaauﬁaaaaﬁm (the rate of grip

. =) = a 1 1 LY < [ <

separation) 138L38NBNBYININ BRNTILIIATRALEA (Crosshead speed) 8RTIL3IVDIATOALTA
LHDIFIA LAV D IAAIINENLS UAUYDITUNAFBUEABan 0.015 + 0.003 mm/mm/min
(130 in/in/min *) Ya4ANEMAIUNanUUIN (length of the reduced section) #39T28EW1

1 LYY Qy d' a1 dl o suaddy o I a 1 1 dll
JenINUTUN AU liliduanvun wusilildisimnian Wi suegemailos

Tug 219N ANITULUUNAIERNNINAINTI19ETNI5TARIVEITUIIUNAGOU (Elongation)

111131 5 % dasusalunisnagevanuisaiiutwdy 0.05 aude 0.5 mm/mm/min (‘Vi%’e]
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in/in/min *) 189A211819d U anuun (length of the reduced section) #3a3z8zMWn
stuhahduTunueseuitlifduiianuunn

Tulassuilidenld33ms A muausnsisivesmeaeuussislutimginssudanatin
(Elastic Behavior) 2ufiagnAsin (Yield point) diuluylamginssuuvunatain (Plastic
Behavior) lesananuemdiuiianauin (Length of the reduced section) YIFUNAGOU
Tulassuddanviadu 30 mm Seimunsasudalunsneaeulilaiiu 1.5-15 mm/min

dl 1 ¥ %
mmmmgmwﬂmﬂﬂmmu

2.4 AULAULAZAIIULAIEAYDITER

[y

anusazUszimaziinuaniAinnailuveiies Jnuaudfivailazuansoonuiie

[y

anflusannszyiauiiiisanudemenseinnside uonns Wy Auwlawss (Strength)

o

AUty AruduiusseninsanuAuiuruasen Wudu 3Fviddiannsadnge
AuaudRvesiagld Aen1sunianlunegauiuieiaanaaeueiunisyatd (Universal Testing
Machine) dslun1snaaeuvasiaguaazUssiaviuiuanaaiuesnly wu n1slduseds nasld
Y & v i o = o | B = A o
wsana N3an Wusy wiludagwieailvdiuunnazneaeulaenislousais ainAaiy

a1

WukazAAsen naldazludssun 2.10 Fwuiulddnianaelidinnuusinsin (Yield

q

strength), AIMNNULTIAS (Tensile strength) wazNanaauatdy (Young’s modulus) Fadu

AMUFUNUSTENTWAMUAUAUAWATEA TAIduAuTulug9niougnasIn (Yield

point)
& Strain Hardening Necking
tress t
.
B Ultimate Strength
P Fracture
L D
v Yield Strength
!
)
/| Rise
Run

}fl Young's Modulus = Rise = Slope
i Run

’

> < 0.2% offset

Strain

5UN 2.10 NT1MKARIANFNRUSTENTNANUAUTUAIUATEN WALAINDAGAVDITIVDS

[y

anwtlen (3]
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903U 2.10 1 evnImAgeUNLLAS BaNA@BUBIUNYTEAIA (Universal Testing
Machine) Tne38n1sis usefildfsagyilhifnussnelud ududesgnuuaudeuliidud
AAY Lazsregdnanmadesuvesianazgauunvdsuluidudianunien lned
AUEITUS AU EINTTT 2.3, 2.0 uag 2.5

AL (Stress, ) Al ATlAnanusInszsivietan TaesvilsiianAnnsdesuvieiin

AMULEYINY
F
g = Z (2.3)

4‘ I d‘ o 5 U a v
e F AD IIVINTENIPNRINAUNIIER)

A fio WuiviAngnu s

a s A I aa a LY ) U g.J/ ¥
AULASYA (Strain, €) A ﬂ']VlLﬂ@‘i]’mﬂ'ﬁL‘UaEJULL‘U'ﬁQGUu']WU@Q'JﬁQLV]EI“Uﬂ‘UGUU’WWNWU

l-L
E = T (24)

- = o
W [ A9 AIUENFANIY

L A8 ANNENLSUAY

Wenaavedda (Young’s modulus) fia AIvIvenAmNEanguTaiantudneuazia

N5WdeUREN190195 viselugininsUdsuLUaeUIe

\le E Ao uendaan ndnveuy

g
aa v

2.5 52UUAALENAITUU (Data acquisition)

aa o

FEUUMELBNAITYY (Data acquisition 38 DAQ) unszurunsuUasdayaniay wu

¥

ALY szaevng wazenniilusu ldideyaninea Weliamnsouansinziwazinull
Tupeufiamedld Moty nssviunmsingamgiiluienduafinealasldisuees i
wosludUla (Thermocouple) usiu Insuanadaununinluzun 2.11

STUUAPILENAITTY hussrUsenaulady 3 du sl
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1. wuwes (Sensors) uaunsalngiady, 5us viieusuenaougnisiUaeuwlasum
NINEAMUBIAILUTAIN LU ANl (Temperature), AI1NTY (Humidity), USuna
#m31n15iua (Flow Rates), Auuia (Linear Displacement), A1usiu (Pressure) 1udiu

2. 2995USuan mdryay1au (Signal Conditioning) Tun1sinAaun nuuiLUasdeyay1auin

o

Tndudedddrasinfnssningiuasdygin wavaasilagluiSeniinisusuanin
dyna warenasnienisvene nMsaaneu wson3nsed Wudy wuwesuaazfiienalingg

fRan1IN1TUSUAN NG AUTILANFINaAY
3. fulasdyyraeurdeniduilnea (Analog-to-Digital Converter w30 ADC) a1y

miﬁﬂ%’ayjamﬂmuwaﬁf wnlaaduszaunanunsaianulalnentieussaiana sAunIs

v v

wasuwlamludyaunsiasia aansavenduduau "Ga" dmnninswiudnuin §auu

seaunausaLanadygyIuezudeniazuntu dudasdgyanaddngnldifietideyatiuun

v Y

v

WATIH wazarunulaegansdiLs 1w LabVIEW, Lutron tJusiu

Sensor DAQ Device Computer
; : Signal 1 Analog-To-Digital Driver | Application
LbgsiEg! Jion=! Conditioning= Converter Software | Software

'
v

5U# 2.11 Block diagram 845¥UUTZUUAAULONATTTY

2.5.1 Yoyafinea (Digital Data)

Tunquideya uazszuvansaumaiutoyaiiuanideaniwosdydnvaiilivoilosdaus
agduannsaldalaiiesdnuiudrinaindidnysundududidnyiviediiay diegrugu
lonansteny Felsenausieaniwessnuseidnusuasiaay JULUUTnUINTIgaYe

Toyafdnealussuvasaunanviuaiofetayaluuiduansimeanswesiuavluuns (Gn)

v
Y v A

wiazAausadiamidugesaliinesdu 0 wie 1 Inedeyadnaunsouanseile Aadl
1bit=0,1= 2yadeya
2 bit =00,01,10, 11 = 4 yadaya

3 bit = 000, 001, 010, 011,100, 101, 110, 111 = 8 sqm%’aga

n bit = 2" Yavoya
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2.5.2 Auazden (Resolution)
msldnsudasteyaeudoniuludinea a1 Input Tnazgniaiumediannsedndlu
sULUUIRIgIUEe AnuazBendnasuanadunnudnvesds (bits) nafinuundiuauaiily

U A aa (K @) [ Y 1 1 pRp al . v LY
AOLLDINUBYUNALLUUADIUNNIAY AID819U ADC NUANUALLDYA 8 bit @1N1IOLY1TVd

Y
a <@

Sunnoundenifunilsly 256 seRuiuansaiy
anuaziduadansatmuasgliuazuanaduliad nsdsuudausssulaii

FufufiofuuseiunsiasundadlussiusiaednwnEonin wssiulindn (LSB) wazainy

avden (Q) ¥89 ADC Winnukssnulnin LSB muaztdenunsesuliinues ADC windugianis

Fous AUl lneTILMSAET LI TneAINlAINANNITA 2.6 way 2.7 fall

Q = Lk (2.6)

oM

Weo M A9 anuazidunvesdiutasdyen ADC Tunie bit
Ersg Ao Anmnuuansineiusyminvdigaiuagegaiasosteaunsada

Q fAp MvazldnvpIfuUasdy 1ol ADC

Ersr = Vrerni — VrefLow (2.7)

a

18 Viesni A8 wisdulnliigsgananynsainla

|9

al

ViesLow A8 wsssiulninfisnanfiansadala

q

2,53 9n5INTHUADDEN

sa o o A

9n31N15qui99E73 (Sampling Rate) WWumnislunsifimesndAygavosseuudun

& 9 9

WIaldnaLUUszIAnAednsigUnsalindeya dyauvidivseasisdygiasensdng

8

SnsimaduiiegiedaFenitdammsaunulu N-DAQ uuusuAy A Snsnisfigunsallésy
vdeadraietnsluniazdesdynna snamsguiiedsdunaiinaiiazlisniuiingiu
ﬁﬁazﬁaum%{ﬂunmﬁﬁmum LLazmmiaa%ﬂqé’zgaunmié’ﬁﬂ'jwé’miwnﬁf‘jmﬁaaﬂwﬁ%’] N138319
dyanas 1 Hz Taeld 1000 asioseudl 1000 S/s innsuansiagidenniinisly 10 anseseu

Tudns1eee19 138 10 S/s
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2.6 wuwas (Sensor)

Tulassnuiildiguwes 2 wuu e
1. WwulesInsyegluy Potentiometer
2. WU IALIILUY Strain gauges

2.6.1 WULWBTINTZUZUWUY Potentiometer

s uamwesydnuasunuiun (Resistive Transducer) Wugunsaldidnnseiing
fleonuuuyiieTAUSITiwANF1iY WU wse AURY Qmmﬁuaz'ﬁm Fulasdygiod
wanineuauesiensiasuulawesaninwinden TnsuansnsiUdeuntasiunnugiuniu
gaenaIn n15wasuklasdanunsatalalaonisauaiessiulniiuaznssug n1s
Lﬂﬁaul,maﬂuﬂ%mmmwmsmTwa'ama‘LﬁLﬁﬂmmﬁsmmlaaﬂ’amﬁmmwuaaﬁaLLUaaé{’cyzyw

funu ngsasuanalanagui 2.12

VSupply

20 N\
-/

C

A —AWWWWWA— &
\ Movable

Sliding
Contact

VOut
+ —

JUN 2.12 WHUNNI9TVBUBULTDTINTEULLUU Potentiometer

29959 9AUUTENBUMIENIIUER LB STLAURIUANUAUNIULAZ LTI U NN K50
= v o & A Y i ) a & a
Vsupply 38 Vs @nunsanalainisassiliousieduaualuiugn A wag B nsuaiiwesyiln

d' v A Y oo W d' = ~ v A o =
LWUAgUAMUATUNIU NﬂuqﬁNNﬁLLUULaau%ﬂﬁqﬂqiﬂL‘UaﬂuLLUa@lm "Qﬂ C ARAILUTUU 1“3@%3

auvuwsssuliinedineg Vv, w38 V, axgnindiugn A uay C lagAnlaaunisi 2.8 il

Vo _ Rac _

(2.8)

Sl

Vs Rap

naun1sh 2.8 asunminid ewdudunsegn C Awnnasuliiguiu aeme il
ussnulnirveen V, Javdsulunutu Tunsdilawisamnisnsedalaanisinusaulin

19ne 130 V,
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2.6.2 \WUWDTIAUSILUY Strain gauges
IBULEDS TALSILUY Strain gauges dnarnvansvie lnglulassaudlddenlduin
Pancake 51z ansathuldlddunsang wazuseda Tnsanfieenudadninuusiugg
lesanifudisiuaunes Stain Gauge finnninwuesussiandy 4 lnean Linearity was
Hysteresis aagfluszdfu 0.05 % Javil Load Cell Ussuamilfosninnldfunuaiomnaaoy

WSINAYTOUTIFY NiYUARLE 500 Alandu s 500 fu TanvaeAegUn 2.13

gﬂﬁ 2.13 e TIALIILUU Strain gauges ¥n Pancake

WNTINANNATEA (Strain gauges) Hvann1svinauABIlognsINTeyin agvilvilinn1g
Waguulasgusild Ba va a 99) azifianisidezuainanuidu laeunsinannunsen ag
a 5 ‘5’ (% 5 U IS b=} U Aa 4 % o v
gnanasly oTanvaawuires Jeaznsindumstanienasia NilAdesuinvesian vivlvle
ANFURUEsEMINANA Ul Aussesiinliunesinaueien naleagnield
L39A9 YR TIAAINUATEAUNEAZENITU ANATLVIUTIEASY Laziilsagngliusadn

o § v o a = o o = o a
Vlﬂmnm’mmmLmﬂﬂ%mﬂmuazaum AITUATUNIUIIARNEN @QEU‘V] 2.14
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l

COMPRESSION
FORCE

|

i

TENSION
FORCE

!

‘ Wire : Shorter

) and Thicker
Wire : Longer

and Thinner

[
(Y

UM 2.14 mehawresnnsinanunien Nindeglurugesinnse vaelusafauazuse

[y

uan

()}

]
o =

2995 Wheatstone Bridge tJunisimuadvesimumuiiaunadiiniuseaulaiagi

faguil 2.15

g‘d‘ﬁ 2.15 1995 Wheatstone Bridge

WINFIFUNUIMUATANENAR FB Ry /Ry = Rs/R, twinnin Vp \ueud windinig
WANLLUAIAUDIFIAUNIUAINTIN V) 3giin1sivfsuiuasiiindudeannsadn tazfninu

Iolaeldnguodleviuuandluaunis I = V/R szldnuduiudiudsaunisi 2.9

— R3 _ Rz
Vo= [R3+R4 R1+R2] X Vex (2.9)

e Vgy Ao ussiuluiinmged

v, fo ussaulnihalelunisia
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(%
a

Tulvanad AAUNUNEIHALNLNIUNMBLINTIAAMNASYEA (Strain gauges) Tuns

Y

=

TaauRaeseakaznsivdnaduiu Wenssgnirluldiuinanwadanumuniulunsiazing

10 AnuesenaziUdsullasiayinen 1, 1

= A A W .
2.7 A19EUMNEULASRYIURIA (Calibrate)
~ & N o . = ~
A1SEULTIIULAS 8938 Tm (Calibrate) ABNSTUIUNITIUNISASIFFDULALADULAEU
al A o P o | A P ) o ° v oA v
wn3eslednlviiaiugnieswuvautienuaainndounveusulauasiinuald welila
WnsgIuTiinuwiuglunisemnsuildnu deluiimsaeuiisuidugestuszuud
v a ° = a = T
U39 wazanusaIwunEeulvlunsaeuisuaanily 2 1o fail
1. lifiwugesNauysalhuy
- MIHAANHIEAINT I LA UL TABIAIINNITHANVOE HANT18LA 8N UDA
wANASTuLdnae
- MsRAAwANEANaiY L HRWNINALSDY, ALY @A YaslusErINanIsAUS A
U 1 =}
, N39A&Y NIoN15UTLNOU
6 1 d' ¥ ‘3 d' r-il' ]
- WULEDS U901 018N T IEUNINTY. Mo UaNRIITiUAsuLUaRTaLIAH Y
W Fedudesasuiisuinsesiioduseyy

¢ = 1 a [y
2. LSZIULGZIEﬁLUUL‘WENﬁ'Ju‘IJigﬂEJ‘UL@EJ'JIU?S“U‘Uﬂ']TJ@

¥
1

s 13 1 ] = [ =2 [y 1
- ULYRIRUNIRRN ADC Lﬂuaaumuwmiz‘uumi’smm%uaq UANUBUTUTIULTU

[y [

ms¥agamniituegfumslassiuanufoussniasusosiuazanta
- wuwesinkasazdenvlasuransenuainninszatvalnasulagseunanis
agvounuUannSILaUTINgNNsaimauasBue
- iwuwesidevinaziideianatn ‘venisaqud’ uarlirenisiadumisiuszuud
Maadn
Tne3BnsnaaeumsasuifiouiiBaunnsmsiulunansds dslunmsmaaeuassenaayilan

[ [ A = = 3 1% =
VRHALLLAZDINYVIARALAG DY mamimaaumsaa‘um&m%muimmgﬂm 2.16
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Sensor Output

Measured Parameter

JUN 2.16 namanuduiusseninanldanuges fuduwdsnine

- =] Y1 ad = < LYV Y A4 a Ao w
NFUN 2.16 ziuldindimsasuifisuasdupuduiusvesiuusvisedsnmasaula
n1581uA1YeY A kA aaNa18YaN a1 livayalinA1uARIALAG B A9 UL OV
anuduiususevihwedeyasi q Snduseanaunisvesmsaeuiieulaeldaunisidunss

(Linear Regression) @vazgnidlunisamnneilusiay

2.8 AUANVDINEY"

6= o G (S v (R ° a A = o o
Q‘Uﬂim‘ﬂﬂLSU‘UL"UEJT]@LLiQﬁ]’]LUU@@Q@Jﬂ’ﬁLR}’]%EULLa%‘V]’]LﬂaEJ')LWEJ'EJ@IG]'JLGUUL‘UEJTJ@LL?]

o '
Y =

Fatuiiedosnsidensetudiu 2 Sudideiulnefiaunsanentszneuldlagliidewinany
Fudrudu wazdiaundaussuinneiiazduniunssienisusn (External tensile loads)
A5 TUs (Moment loads) was ALEULEeY (Shear stress) §33fianunsavile e n1s
asrundegalagldanslunisdadisieniu lnsuanuninntndauansdnyuzn1sdaiuves

Fuausguil 2.17 uay 2.18
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|«— h —|
>tk L

|

B =

[‘

FII
-

sUN 2.17 ammthdinuansdnuaznsiaiuesiunumeang [6]

U 2.18 nnnthdinunansssaznaualunsduganiiusednsam (6]

(%
Y

198 Grip length (1) A9 TzugRwualun1sTudanduse@nsnin FI5n1sAILIIIIAT A

41N157 2.10

C(htt)2,  t<d
l_{h+d/2, 8 >'d (2.10

2.9 Adndruaulasnny

AdndaumnuUaenss (Factor of Safety) Ao drunilsvasnisesnuuumimnssunas
Tiuinannsaazfumszannninfiesnuuuliidieds wWu nmseonuuvagmuazeins
denldfaniamsnfuussldinnninfioonuuulineuusn iesanereaziitiadodun flas

ddnananuANLUaBnNY N198IRATUITRANUAILTaveItATIasanazin lUTE 1S e T

ANU150NNUARARAIUAINUUADANY A1UITAANUIALARINANNSA 2.11

FS = FSmaterial X FSstress X l:Sgeometryx FSfailure theory X l:Sretiability (211)
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Estimating the Contribution for the Material

FSmateriat = 1.0 If the properties for the material are well known, if they
have been experimentally obtained from tests on a specimen
known to be identical to the component being designed and
from tests representing the loading to be applied

FSmaterial ='1.1 If the material properties are known from a handbook or
are manufacturer’s values

FSaterial = 1.2-1.4 If the material properties are not well known

Estimating the Contribution for the Load Stress

FStress = 1.0-1.1 Ifthe load is well defined as static or fluctuating, if there are
no anticipated overloads or shock loads, and if an accurate
method of analyzing the stress has been used

FStress = 1.2-1.3 If the nature of the load is defined in an average manner,
with overloads of 20-50%, and the stress analysis method
may result in errors less than 50%

FSstress = 1.4-1.7 If the load is not well known or the stress analysis method
is of doubtful accuracy

Estimating the Contribution for Geometry (Unit-to-Unit)

FSgeometry = 1.0 If the manufacturing tolerances are tight and held well
FSgeometry = 1.0 If the manufacturing tolerances are average

FSgeometry = 1.1-1.2  If the dimensions are not closely held

Estimating the Contribution for Failure Analysis

FStailure theory = 1.0-1.1 If the failure analysis to be used is derived for the state
of stress, as for uniaxial or multiaxial static stresses, or
fully reversed uniaxial fatigue stresses

FStaiture theory = 1.2 If the failure analysis to be used is a simple extension
of the preceding theories, such as for multiaxial, fully
reversed fatigue stresses or uniaxial nonzero mean fa-
tigue stresses

FSfaiture theory = 1.3=1.5 If the failure analysis is not well developed, as with
cumulative damage or multiaxial nonzero mean fatigue
stresses

Estimating the Contribution for Reliability

FSreliability = 1.1 If the reliability for the part need not be high, for in-
stance, less than 90%

FSretiability = 1.2-1.3 If the reliability is an average of 92-98%

FSreliability = 1.4-1.6 If the reliability must be high, say, greater than 99%

U 2.19 dndumnaaonseluleusiieg (8]

= o
mﬂE‘UV' 2.19 a']ll'ﬁﬂﬂ']l@ FSmaterial ) Fsstress, l:Sgeometry ) FSfailure theory e l:Sreliability

Winlumuusandadlrumnuvasnnelunisesntuusialy
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gunsnluazIzn1smeass

unilagnaniengandeainediugunsalnldlunisveass gunsalindsegiieides

Tun15MPa89 LAZITNITNAABANDNAFDULSIAIVDITUNAFDU TI9518aztdeniinemalul

Linear position

=]  4/3 Directional
control valve

1
'
1
1
1
DAQ System '
1
)
1

Ball Valve

! = e Load Cell

il

5U# 3.1 H9MSYinUYeIANaaes

Y

Pump & Motor

Computer

n3uT 3.1 iudsmshauvesyanaasslnousaiilifisveindemaasuussisunain
msdsmdsesssuulansedn nsmivaNdnsnslun1sAsienIsauANsnsINIsinaves
ihifulansoaniunisusundmueausnsinisivauuy Ball valve msU3undmunusag
mslvaazdiuiiissniadiorlurisdeudunimmnasy muaunisiadeuiiveanszuanguiiy
Némvauiirnansialagldfulonfidnegfudiindr vuiviinismadeuussia DAQ
system 2gyinsiuteyatugUuuudygiaussiuliihnneugesiness uaswuwesin
seprdn Mntuulastoyalieglusuuuudeyaitnes uduansmanardufinuasulusuns
LabVIEW TugUsuunsvuansadnaiusseninaseesdniunal nsnuanindnuiiugsening
ussiuszerdn thdoyausauazszosdaludmuaniionanudunsviuansniuiussening

ALLAUNUAIULATYR
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3.1 aunsal
3.1.1 Hydraulic Power Unit
Hugunsnivdnvessyulensednifomnidusasaussildituiifluseuy uasi
wihilunisdsinetiulanseanludgunsallensednlussuy Ysenoudae
3.1.1.1 weweslwihnszuaady 1 wa Tuguil 3.2 sihwthildeiddliszuulansedn
shemsiasuanndanulaiidundsnuna 8% MITSUBISHI §u SCL-KR 1@ 1.5 KW 50

Hz A3558Ug9an 1450 rpm

U 3.2 wewneslnifnszuaadu 1 wia Bve MITSUBISHI u SCL-KR

Masgegaisenisidlunsneaey Wednsnialunisnaaeugegneg 15 mm/min
= P! K o 1 = .
wazusshegeganldlunisnaaeuvedasinuilfnainauns 2.3 A1ANUnULTEa (Tensile

strength) YaaWaN SR24 Msdefuivtfnveunaaay Winfu 10885.62 N

P=Fxv (3.1)
dlo P Ao Mdweswewmes
F A9 uss
v fie dnsndilunisvaaeugaan

INAUNTT 3.1 lAMAFEANABINISWnAY 2.72 W Fatleenitvunauaimasialein
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3.1.1.2 Uuuseunn External gear pump Tuguit 3.3 shwthfiasednsnisivaves
Wiy 89 Marzocchi Ju ALP2A-D-10 ausiuldausioiiiodaaanil 250 bar n15nsedaLis

U3U1As 7 cc/rev (Pump volumetric displacement, cm?/rev) mmﬁ’sqmm 4000 rpm

;s‘l.lﬁ 3.3 Juusziam External gear pump §%e Marzocchi U ALP2A-D-10

3.1.1.3 Mavanmuiu (Pressure relief valve) luguin 3.4 viwnhiiauauu sy

TuszuulaliiAuiingld 8%e HydroTechnic Ju RV-04T-3-30 Suanusuléiasgn 250 bar

LAZOMNIINTTIVaALEn 50 LPM
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3.1.1.4 2dImuausnin1slua (Ball valve) lugudl 3.5 §u TL-KHB-G1/4

anunsasuanudulagasan 500 bar ldmsmyuiieduiioUsudnsnisiva

5 S5

Uil 3.5 NdrmuausasInslva Ju TL-KHB-G1/4

3.1.1.5 1dIpuAufian1anisiva (Directional control valve) 4/3 (3187 4 113 /
3 dunua) wuuun@ta (Normally close, NO) 1u§U‘ﬁ' 3.6 ﬁmﬁwﬁmuqumsmﬁ'auﬁmm

anau lngldulenlunsifeusiumisesdiiiieniunugngu

JUN 3.6 MamuAuian1ansiva 4/3
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3.1.1.6 gUnsalingmsinislva (Flowmeter) Tusudl 3.7 vimthiifadasinisiva
vesszuvlensadn 8ve Hedland u H601A-005 Hasnslyadianunsaiale 0.5 fe 5 GPM

ANURUgIgaNanunsasulane 241 bar

sUl 3.7 gUnsalindnsnsiva 8ve Hedland Ju H601A-005

9

3.1.1.7 fhinsesisiurndu (Return Line Filter) lugudl 3.8 vimiifinsesdandsn
Tuunifulensednneunduasda §%e UFI §u FRA31BO6BNFD32WX sWaldnses (Filter

element) ERA3INFD awsiugsgaiiansnsniuléie 3 bar

SUTl 3.8 sansesthsfurndu B%e UFI Ju FRA31BOGBNFD32WX
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3.1.1.8 NILUBNGULUULNUNALABILATEUT 2 19 (W1-0en) Tugun 3.9 vimiii
Judavhau (Actuator) anunsasueusuldgegn 200 bar awiadurugudnaisuen 90

mm Ldusugudnadly 70 mm sgeedn 220 mm durkuaugnaeiiugy 45 mm

5UM 3.9 NTZUBNFULUULNUMA AL IAREUN 2 N9

3.1.2 lassafsdauazgou

! v < a da I o o o X b4

dvwredlasiaiandunseusnaulansefiniiensludnuagaaniuiulan lnglv
AUNUgUAIIAY AaguR 3.10 lassaiafluunm N9 x 813 x g9 iy 300 x 500 x 540

mm LSS 4 U Jrunaduruaugnans 40 mm

5UM 3.10 laseasegnuazgu
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3.1.3 aunsalgauigasinusg

< & = 59 Y v W = (5

Jugunsalldlunsdawuesiausadrivdmgulugun 3.10 lngaznausuigesinnss
Tidundsmsainarseswniumandalugun 3.11 udBadeang M6 $1uu 8 67 antiuld
gunsaldaurumanluun 3.12 Bauiumdnd1iugIuvedas osvnaauLIIRemIEang M12
1 2

3.1.3.1 wiumangaueosinwse Tuguil 3.11

UM 3.11 winmandnauisesinns

3.1.3.2 fdauiumandiuau 2 su Mlunsdauiumanidiiugiu Tugun 3.12

JUN 3.12 fdaunuiman
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v

3.1.4 KIUIUNAFIU

' [
LY 1 1 % b4 v

Jogn28iu 2 d14 A8 @UNAAAINUNTUAUAIUUY WATAIUNAAN ULYULEDS TS

Y Y

AU AIFUT 3.13 ITUTUIWI 2 drurnunsyusdaiiowiaA1aunsnsin (Yield

strength) ¥893a9 wagyihUuuLitaldiuunageuNTvLIAAILTITeN 3.2.2 Wity

5U# 3.13 Muiuneaey

3.1.5 Funadou
Fuyageu (Specimen) 8ONKUUAINNINTFIU ASTM EB/E8M-13a ﬁ’qgﬂ‘ﬁ 3.14 Fa9y

WnsgIumMsvageuwssieesiagiiiulans Tulasswuiazldianezglileudaasy 6063-T5

Y
v

(Aluminium alloy 6063-T5, AA6063-T5) wazdn SR24 Tunsvihdunaasu

| i

)=

iﬂﬁ 3.14 Junaaeu Imamusmal,ﬂua fifeudaany 6063-T5 uavauvinduman SR24

Y
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3.1.6 Ni USB-6008

Tuguf 3.15 fle gunsaldidnvseiindnvihminilunisudasdyqrainsuaunaingunsal

a o (Y 1 13 <

Avinsinan1eg Tnsauisonlasdygiuanadneadusurdo nuazainsuraendu

aa Al v a ¢ v Ao fo 1 v o= .
AR B LW'L’]IW?’]E]@JW'JLm@ﬁﬂquqiﬂﬂigujﬁwaﬂayjaﬂ3‘U3J']‘U']ﬂq‘dﬂiﬁu'3ﬂﬂ']m']\16]19] 249 Ni USB-

6008 AzLYausanuABLRIMBSINENDSH USB

5UT 3.15 Ni USB-6008

AuauUAvas Ni USB-6008
- AuaziBuneuNGeNduNe WA 12 bit
- DUIABNBUNG 8 YB3
- DUIADNLANA 2 Fos
- FIneadunn/io1ing 12 Yeq
- counter UM 32 bit
wasnuuy USB Sudstayauuy Full speed lasasisesAusenauilendunisldanuves
Ni USB-6008 fldhuusenaundn fail

UsB lulasmaulnsawass

wiheduuazdseandoyasuion /O (input/output)

miedieentoyanines

wasaelwnieusn +5v, 200 mA

Tneillnssainsasduszneuvesilsdtunisldues Ni USB-6008 faguil 3.16
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>
b

External
§ Vs Power +5 V/200 mA
5 Supply
= 3
ke]
@ PFI 0 @
= e
B £
3 3
& USB USB Microcontroller P1.<0..3> @
3 Q
= =
P0.<0.7> =
2
\/ 2
+2.5 V/CAL
f———=l 8 Channel v
— 12/14b ADC A
= Al <0..7> %
& :
©
£
ARN1INE) P  NEF
12b DAC AO 0 o}
Q
=
Ke)
bt 1 L T = ¥ W ) ©
12b DAC AO 1 g

sUT 3.16 TasaadnsesAusznouilsddunsldauves Ni USB-6008 [17]

3.1.7 Wsunsu LabVIEW

lUsunsy LabVIEW fie Tdswnsudssendn lin1sideulusunstuuuninfinnieniw
5UnW (Graphic language) anwauzn15viauwuy Data flow Wulusunsuigniunldiu
\ATeslle ka1 TInlunRimINgsy Msvihuranvesdusunsuiliion1sdanislununisin

a ¢ v Py | ~ a a a & a | .
wardtasigvideyad laureg19iuseansan TusunsuiiWeuduuiaziSenidn Virtual
Instrument (V) #3eip3esdainladouasansigilusunsuiileuduaansavilve ¥
a1u15aAIuANNITIUgUnTalaeqla Virtual Instrument il awuy azUsenaune

d@uUsENaU 2 @ D
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1. Front panel lglunsmuaun1siaulasn sUauaA1dung 1 nALAZLARINE A

a

Un 3.17

3 Untitied 1 Front Panel - 5 X
File Edt View Project Opesate Tools Window Help
> & 10 | 15pt Application Font ~ | Sov o+ v @9~

gﬂ‘ﬁ 3.17 %1619 Front panel

2. Block diagram vJurds 7ideulu LabVIEW ludaudasuszneulusisaidauls

Handu uaznISAIUANNTIINNIULANN FagUR 3.18

I3 Untitied 1 Block Diagram - o <
File Edit View Project Operate Tools Window Help
>® @ N @ % war s [15ptApplicationfont ~ | 3o~ Bav GO~ “ah o PR) s

gﬂﬁ 3.18 #1914 Block diagram
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3.1.8 @uwaiiansg

\wuLes Tause (Load cell) Su ZNLBU-3T lugud 3.19 Ao gunsaliiltlulassaud
ANNasatuMITuLsgeEn 3 fu aulivesdyaa (Sensitivity) Ao 2 mv/V viwdin
wsilnegunIalazuansrAUduiuSsEnIusSatuAssiulninssuansoglugg 5-15

V

U 3.19 Wwuwasausa Ju ZNLBU-3T

3.1.9 Wwulwesinsses

\wuesInssee (Linear Position sensor) 8%e Accuiacy 34 KTC-200 s[,ugﬂﬁl 3.20 fi®
gunsaliltlulasssuiivnsszesdagegn 20.5 cm siwthidaszeznslasgunsalazyinnisde
szoznalagldnsudsuulasminnudiuniu Gendendnnisudsuwlasszernisindoud

wagshunidlviaglusuvasaanuimumunislni fdeaudumiugan 5000 Q
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3UN 3.20 wulwesinsyy

3.1.10 unsnlvenedyyIu
gunsalvenedayayu (Amplifier) 8o KYOWA Ju WGA-1008 Tuguil 3.21 fie gunsaii
THlulassnuiidnsmsiroussiuluiiendmaegi + 10 V nszualadi 4 §s 20 mA vhndihd

Jugunsahsaslwihwuundsildlunisveedyaaliihdidnnsedndlidvuelvagu

Ul 3.21 gunsalvenedayayu B9 KYOWA Ju WGA-1008
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3.1.11 W1sgnnane (DC power supply)
WesTwnany (DC power supply) 8%e UNIT 31 UTP3315TFL-lI Iugﬂﬁ' 3.22 fD
gunsaifldlulassuiiussdiuuioon 0 fa 30 V uay Inszualwiwioon 0 fa 5 A vimiii

Juunasingluilitugunsaiuazimugesinamag

Ul 3.22 wnnesinmany Bvo UNIT fu UTP3315TFL-I

3.1.12 NaBIAUAY

I
Y Y

navsuAy Tugui 3.23 fie naesiildlunata-Un llissludiuveguigasvi 2 i

waznelundesazusznaulume qunsalvenedaau way Ni USB-6008 Aagui 3.24

W
o

JU# 3.23 nguenveIndesnIuAY
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JUN 3.24 aeluresndesniugy

¥
3.2 YUABUNITNAHBU
WteilUsznaumiun150enkuugUnIalA199Ua AT RINARDULIIAY TUABUNITH Y

Y83UNIAlAAEAY TINAITURDUNITITNUATDINAADUKITIA

3.2.1 ARUVFUNAGIY
WaduT unaaeunsoniy (Split collar grip) tunuulasnaiunen $a3uTunaasu

Usuinnilasldlavugunpasussianiitinisyihunnavin dsdervesdudunnasulszam
fuenanndresenisnanuds wsuldfinisnalufid uneasuiitetiuusawdennuldlidy
nadaungaszvitnsAaniioutuiauiunageuialy dufuiduiuneaouidishifus
AMeusnuInsEnUdanelfiAnarAunnd wlusid unaaeunas i nuaa1dadua
Uapaduinu 1.6 laenisuseanauandndiuninulaeniols FS = 1.573 108 FS, el =
1.1, FSqress = 1.1, FSeometry = 1, FStature theory = 1.1, FSretapiiy = 1.3 YUIALEUR1UAUTNAT4

gegalagUszunad 55 mm UagAINe1ITIN 2 eNU (U - d@19) 160 mm 6a5uR 3.25

W

[

JUT 3.25 WduBunageuiliinniseaniuy [1]
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uelun1sasieduTunegeuintyrludiuveinsfaluiniWunagouavainalnim

(%
v oA

JuFunaasuliaiuisausenuiuainwasiinn1sTuUs AN UT UNA @D UL NA LA UNISNA DU

WinpAuEanaIn Jalddniiun1susulsegluuuresiduiunaaeulianuasiendaiui

[V % 1
o a (% )

PavazaILsaRARUNA Ul UL NYINNIINARBI18TUAITUN

Y

3.26 wATINNIIYULTS

[

WTUTUnage UL aLiNAIAIIULTIATIN (Yield strength) veeian wazlavinn1sAILIMAT
dnarupnudasnselavinniu 1.97 Funnin 1.6 Alamnuall

TnednuazvasTuiunaasulntsanuuulivdatduliedumen NuRUSHUUITULS
~ = = o 1 = 1y | v P Iy a aa o
fywadnasiiosniiesiielvidunaaeuaiunsalaidiunlaiensgun 3.26 JUsEnouh
AUTUNAFDU a1u150vlnelRseLvaIITUAUULLE DUAINNRS T e ANUUA L) 91ntulaTy
nageunluganuluvesidu

) vy v & | P a a & W = a a a -

MndeyatauiudiuvilvesTyginusindnyimnssuasenalnmsfng 2560

PINABINITANYUAUANDITEALLDUA MUNITDBNLUULALAS 19T UTUNAEDUANNNTOANYIHD

TanUsgandnusvestinAneienssuinsssnalnnsdney 2560 [1]

3.2.2 NM999NLUURUNIAlEAIULTRTINLSS
lnudnwazretsgUnIaidnguigasinnse sanuuuliivazausnan1ssulse Wageanuy
yupliianunsanenuseneuldaznin TneddaianmsldTanilfiAuausndu nedidunon
il
1. MsimueedadIuAuUaensiy
Adneunaasafuaunsdualdainaunsd 2.11

FS = FSmaterial X FSstress X FSgeometry X FSfailure theory X FSreLiabiUty
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108 FSpatera = 1.1
FSgtress = 1.1
FSgeometry = 1
FSfailure theory = 1
FSreUability =12

ausaAulAdadluANuUasnnulawindu 1.45

2. AsAuusEezlun1syindelia
al a I Al o oo P ¢ a
Reuluilesan sveuvuweiiauwsanlildlunisia dvuadusuaud nasi 6.5
mm LAAMUNUIYEUTUYDTN 34 mm FuFNANFNUUIA M6 WazAIWIUM Grip length

NnauMs 2.10
l=h+d/2
=34+6/2 =38mm
fed msidenanudngindeaiiiinndt 38-34 = 4 mm uagldenliii 16 mm
3. M3AAMANNLISgsgaisuldvesangusiazen
AvuASULSIRaT 3 fu Uszana 29430 N Iuansnniiageiieumesinusssuls oz
IussiaUszanas 3678 N sisang M6 nilaf uagUsvanas 14715 N sloang M12 nilsia lu
msBawueesausdldans M6 viavun 8 ¢ way M12 vavn 2 ¢
31naNng 1Ay M6 Property class 8.8 31A1 Proof load (LLi\‘lﬁﬂQ\iqmﬁmmmﬁﬂﬂw
fuadnindes feglidenaliiAnnisidesu) wiidu 11600 N anansaduane FS lavinfy
3.16 Uaz31nang tag M12 Property class 8.8 d#1 Proof load 171U 73700 N @131158)
Fuaman FS T8winfu 5.00 &4 FS femnndt 1.5 s 2 aunn
4. M3rmnamaImuYesgUnsaBaisuees iausaivsnzan
91nM1591809828TUsUATY SOLIDWORKS Tneimuaussgeganuiiansuraysi
1630 wazidenanman ASTM A36 7iflr1A1A11Ls9ATIN (Yield strength) WU 250 MPa
91NN531809 UUmMANTITALMLY 32 mm 713ULTa 3 fu lsen Von Mises Stress Wity

165 MPa uag a@11n3aunen FS lawintu 1.52 @sldaunnnin FS firnmuals ﬁqgﬂ‘ﬁ 3.27
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Ltin | 2,026 +04 Yiel e +0
{Min2 ,,u‘ P vielc 1408

U 3.27 wadnéilsannnisdaszideulniludiodmusisinulusunsy SOLIDWORKS

£% ]
o v

wiLfloaanmdn ASTM A36 anumul 32 mm ﬁswmﬁqa wardunun Iden
LA ANTLY 25 mm lusiasanissunse Tnsfuiaanussiagegaiildainnns
mmaammﬁwaﬁ;uwmaui’a@mﬁﬂ SR24 wmﬁusﬁuqu&?ﬂaw 6 mm AINULIIATIN
(Tensile Strength) ¥y 525.08 MPa lalsefageaniviniu 14838.76 N 31nN133108UNY
wianfidaumun 25 mm Liaa Von Mises Stress 11y 98.65 MPa @13150A 18R FS
gy 2.77 eldunnnan FS fidmuals

esuussnnan 3 fu uiuwdndfiauvun 25 mm agilaAn Von Mises Stress

WU 196 MPa a@nunsasuiaan FS lewiniu 1.25 Jaldtesnin FS fitavuals usainns
$raestandtliianisidesuuasannsonuussisganld dduiadonldamumu 25 mm

5. aaﬂmemoﬂ,ﬁmmwauﬁwmmaagmméaﬂ wazasaneausznaulaazaIn
Flaguit 3.28

262.00

1.00 0.00-]
8 Hole, M6x1.00
Deep 16.00
/ \ | R18.00 |
‘ |
1

{
4
] A b
150.00 : p—
ﬁ} & &// 4 W 5.00}_
4 4

2 Hole, R6.00

T

t |
25;00 17.00 : : i

I I
(SR S i
| |

5UN 3.28 nmilisukuuvesgunsaldniguaiinus

6. I ianlunTviTuII
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¥ %

7. dHEATUITY INUUULALIARNT1A

8. ihluneaeuUsenaunuLAIag

9. wnluuarusuuy

3.23 N13RENUUUTUNAGEY

Sandltlunisnda Ae uisergiilondansy 6063-T5 uazwan SR24 TnsvunmLdusiny
AUONA 13 uag 12 mm swd iU Tunadoudnedenuainggiu ASTM E8/ESM-13a Tnedl
YuIALAEUTI HagUT 3.29

wnralunindenldunaaevamnidn inszdsiufinddavosdunnaeudvunnidn

uwsanlglunsAduneaeugeanazdatosad 31naun1s 2.3 UIAIAIUNULTIAY (Tensile

¥ v
v A A Yoo a

Strength) maaazqﬁﬁamé’aaaa 6063-T5 Lazlnan SR24 UAUNUNUNAUINAVDITUNAFDU
Tudremnueszuing (Gauge length) LﬁamLLiqqqqmﬁiﬁéﬂumiﬁq dmsuTunagsUILn
WusuAudnanslugenLeIseeeiing (Gauge length) iU 6 mm agldusilunisis
29an 5259.03 N uag 10885.62 N aud iy uidwmivdunaaeuiliidurinugudnaraiy
8 mm 2yl9usslunsiagean 9349.38 N uay 19352.21 N aziiulsnusedildlunisisgeqn

WANLNDY 1.77 i1

64,00 30.00

5UM 3.29 vunlariUiavetunaaey [1]
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SuneuNInAstunaaey

1. dnwvitezgiiiflondanoy 6063-T5 w3ewndn SR24 lwdoaueiUszuin 40 - 50
cm ﬁ‘%asuumﬁidl,ﬂ‘%aaﬂﬁaLLé’aiajﬁﬂﬁLwiqazqﬁlﬁaué’aaaa 6063-T5 wisowian SR24 LAANS
wissnauAuly

2. I9AUgIYTEINN 70 mm wagyiN1INARUVEREUNIUANENA 11.9 mm

3. 4pAmEn 7 mm uwagihieieaaneld shmsndsanuaanvunaduriugudnan
12 mm uwae 7.9 mm é’iy’aLwiamﬁ'ﬁwm%wmalﬂuswsmqﬁwm 50 mm

4. fpndigavinaiomangliludupeud 3 (Juszesianun 10 mm wazshnandsan
YUIRINFUNIUAUENAN 7.9 mm WmER 6 mm \Hunanuenstesiss 30 mm

5. ﬁwmsaugmmauqmﬁﬁmsmﬁauuﬂawﬁwéfmmﬂmu@uéﬂmq 7.9 mm Wy 6 mm
YASANIUNTAUYLAD 6 mm AINWUY

6. thaunuludalildpuenunnitmiugnauLuuEntesdsdesfawman

7. nasUaninluduiivinssalildmnuemnauwuy

Tunsndsdunnasuaisndediuiiiiduiiugudnans 6 mm ThSeviigaielsldai
andosfiamilothiunaseuluAdlien uasluninfudiandeusazasshinsiudleanun
Wuludesiudaninanudeme Tnefimsldnupiosnaswesniaisimnssunsena fagy

7 3.30

5U# 3.30 n1sndsBunaaey
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3.2.4 N5aUIBULIULIYRSINLTILAZIYUYRIINTEY
AsaeufisuAsasiatn Aenszurunislunisasivdeusazdouiioundelenlad
mNugnFesYeUTIBANAaAAA sufisousulduarimualy W elrlFumsgiusuEs
aauugluniseuaneutildiu lnswuesfigewhnisaeudioululaseny Seeiy 2
i AolrulesIaLIINULTULYRI InSs Y
3241 YuneunsasuTisuuesInsTey
doufleuruweiinsveslnonisiasugesTnssezfiouiundumnsfisvaseeg
1. fowumaswasinszes du Ni iawdoudnsulusunsy LabVIEW Tu
ADUNIUADS
2. \UalUsunsy LabVIEW wumwsssulain Weuduladimes
3, ynshasuwesIaszesiiszes 0, 5, 10, 15 way 20 cm lagluusasszozas
Auaussuliin $1uau 3 ade
4. WA nssrulii1vesunazsres wiAea s waavluadiansinuans
ANENNUS TSl AUsTEE NI
5. Maun1s Linear regression wisldlunseunaefiidusaausiely
6. ¥N13A5Id0UANNTST MR en15A U szagsnag TnefisuAifiwandly

TUsunsuiupsulans fagui 3.31

1!
e . S “\; fﬁ -
| L - —

JUN 3.31 TBsaeuiiisuuesinssusiinanmsfugugesinssusiieuiunduins

3242 FupounisaeuiisuueiTans

FMTaeULTiBULLLTeSTaRsIEIAI WadauUsunUIzaR (UTM) 29nn1a3%)
%aﬂiimqm’mmigﬂﬁ 3.32 1A8N1INARIUUMILTULLDSAIULTINAAFG9)

1. dowuesiwasinuss iy Ni ieideudiiulusunsy LabVIEw Tu
ADUNILADS

2.1 UAlUsKNSY LabVIEW iumuseauluin Weuiuladiwes

3. MANINALTLLTES TS IRELASEINA ABWST 2500, 5000, 7500 wag 10000 N

wazvzliinisne Iasluwsazusaneaziuawsasuliill s1uu 3 A%
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4. vausaulii e susasinndn miAned s wdaluadisnsinuans
audutussEr sl s siing

5. M@uns Linear regression wisldlunisdunmefiidusuavsiely

6. ¥n13nTI9EEUALNST LA R8T raTi v Tnewisudniwanslu

TUSWATUAULSINNA

JUT 3.32 TN15a0U g ULge s InL SN NKIINNAULYRT TAL TS

mﬂm'%'mmaaumuﬂﬂisaﬂﬁ Shimadzu AG-100kN

3.2.5 TUABUNIIILVBUATDIMAROULIIAS

ssuetumunslinuiedomaaounidasanden tasdvomn 9 uneu

1. Fumshauvesszuulansednlasnsiaaindueines

2. Ufundamuausnsnisiva (Ball valve) eglushuwiisln uaznsivaoummsiui
valitundianussty Tunsmnaesioludmmualid 40 bar

3. USundimuaudnsinisina (Ball valve) udwinisindnsniilvegszning 1.2 &
15 mm/min uugiiluiisidesensusuegsesing 10 8 15 mm/min

0. Ususzesshiutunaaeulviegluszesiinofsionsldiunaaey wasthiuneaouldly
Tugunsaiduiunnaeuligassezden

5. \WalUsinsy LabVIEW udanaisumsviauvestsunsuilelvidudinavoasuiees

6. Bunmsvaaoumenstadudulenndrmuauiianenisiva (Directional control
valve) é1¢ld iielitudrethifuiiundmunuiianisnisinavhlignguindeud wduiu

e UITSURTUNAFRUliEnog19t Y JUNTENIINERNIINAULEIRMEAYTIINITNAGRY
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7. seminiifsiunnaouandldnneueesTousuanisueoi inssazmaasgniily
Fiasrgsiluldsunsy LabVIEw 713 pulidnlusd@ wazuansnaidunsnwnisminaely
AduusueuTainssyhiusresdn Anudiniusvessrogdatunat uazthdeyaluduan
wansarmduiusTasA A LiUATILATEN uanantutoyawatl w areazgniiudin
aslugduuuraslng Text

8. lglddoyannmsfstuneaeuiimunin udiniuAnmanuduiusvesauéy
fuenaaIeaiAnd uiilonnan Auantinisnadidrdny Idud Araunsensn (Yield
strength), AI1UNULTIA S (Tensile strength), wan da@veaes (Young’s modulus) kae
A308AZNI5EA (% Elongation)

9. a@junan1imaaes



unil 4

NanN15ALEUIY

Tuuntlagusenaume Nan15eBNWUULASBINAZBULIIAY, NANTAD UL UULDS, Na

NSNAABULATDINAABULSIAY, 98 19lUTUTNNANISNAGDY LaTIATAUNANITNAADY

4.1 Naﬂ'ﬁ'é]@ﬂLLUULﬂ%E]\‘WIﬂﬁa‘ULL‘NaQ
HAUDINITODNLUUNISNNUYDIATOINAZDULTIAG LUy 2 drumenu d@unsn
ADLASDINAADUKTIAG dUNADIABIUTLNTY LabVIEW UaAIaInadauwsin

4.1.1 LATDIVATBULLIIAG

(%
v

< = v v a ) o a o Y 9 oA
Lﬂi@ﬂmmaai}LLiQ@QImNﬂWiG\@mQ NYAYULYULYDIIALETI] G]WG]QLGUULGZJ@i']ﬂigElg@]’ﬂMN LINH

[

nassmuAudLduduivgunsalvenedygiu wag Ni USB-6008 LA38VndouksImaaunso

= v

ldunaaey LarAWiunAaaUININ AIFUN 4.2 uazuansrarulusunsy LabVIEW 16 yasu

[

AdavaaA3smegauLTIiedeausalisuiuyanaasdleansednilesiulusud 4.1 74

gunsalvineu Usenaume nszusngulardewmesansodn
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v

5UN 4.2 JunaaeuveignaauLIn

4.1.2 TUsunsu LabVIEW 81nSuLlA3eanangausns

L Data Filename
o ¥ nd Term)
A Laosso
Hmnm
. o Sl B B
useA\Desktop\UTM 2nd Term)
50 manq

Load-Displacement

2000}
6000
40004
2000~}

0=

O ' T ' FAR 1t a1 R R S
00 005 0i0 015 030 035 030 O35 040 04 050 00 10 20 30 40 50 69 70 80 90 100
Strai Time (second)

000 030 040 060 080 100 120 140 160 13004
Displacement (em) 1

5Ufi 4.3 Front Panel vaslusunsa LabVIEW fioonuuuld

n3U 4.3 Mavhaurestusunsuazuusesnidu 3 Junau (Step) Al

Tunaun 1 Wunislanaddidnasduiingluasnanismeaes

35 = < 1 1% 1 L4 a v =
YURDUN 2 Lﬂuﬂflﬂaﬂ'n,aumugmaﬂmq LAZAINUYNITTEENAR (Gauge length) 53189

LAPIATLIUSUAY, STEziBuR wazdnsnsrtagiuvesiduiunaasy
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Tunaun 3 Junsuaniloyauenss ssuzin ALY LaTAURSEN VERITY
VAU kazuanInTaudLTuisEnIsaiuszesdn, anuAuiuanesen uay

STYLNNNULIAN

lneiin1seenuuy Block diagram ¥e4lUsunsa LabVIEW fagufl 4.4 Uaganunsag

vatRulunaeuante

5UT 4.4 Block diagram wdlusunTa LabVIEW fleenuuuli
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5

ﬂput Load and Displacemen/ .

Calculate Velocity

Display Initial load, Starting length and Velocity
DONE button e ]
Initial load and Starting length J

Press DONE button
Y

ﬁput Load and Initial Ioad/ .
If load = initial load +60
|

Loop 1

4

Yes,

Input Load, Displacement, Initial load,
Starting length,Diameter, Gauge length
and Save File Location ﬁ

Y
[ Calculate Stress, Strain, Load and Displacement ] Loop 3
v

Display Stress-Strain, Load-Displacement
and Displacement-Time curves

@ing Data Displacement, Load, Voltage and Time (
‘ STOP button |

Ul 4.5 Flow chart msvhauveslusunsy LabVIEW fleenuuuld

TUsunsy LabVIEW fieenuuuliusenausie 3 qu (Loop) mefudsiiuanssud 4.4 uay

=

JUN 4.5 nasannadususulusunsy aglvldiumiannsvealld Text wagguan 9a9 1 lu

=

UV

4.3 ensazduiin andunadu OK Livelingauusn
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Tuguil 1 9auszasdvasqUil aifuA1doyausasudu (nitial load), srozidudy
(Starting length) waz3adns1suioldlumsisdunnasy lngidoyauss uarszezdngin
ol I8fvuac1 Sample size agjfl 1 Sample/sec Wilalwamsafiazg1usiain
aemldioauandusd (ndicator) ikanslunth Front panel 907t 2.2 Tuguil 4.3 fuans
LSUTUAY SToziEusy LLaSEQ]IG]i’]L%’Jﬂﬁ]ﬂﬁﬂ“ﬂ@ﬂﬁ”ﬁU%ﬂV]ﬂﬁ@U uaziilouuszazvesgnguly
otflusvnzitanunsalatunaaould dyraliiunmaudsuludulndinged 2.3 Tugui 4.3

wasantadunaaey uwaznatu DONE TUswnsuiuAIws sy wazssazisusu weluldly
auneqlu wazazidndaud 2
Y vy

lugui 2 9aUszasAvedguil inelililusunsuduiinAneunduintesineseninedu

Y

v v Y

neaeuiuTTuTuMAaey lnsnisiivAmdoyaussinuees lamvuaa Sample size og7

100 Sample/sec Ingdnyanailndunsazidasuludulndios iged 3 Tugud 4.3 1ileuana

v
= a ISP 1 1

TsuAuRBunageuld mnflusedsniimunnnitlvansusu 60 N Tusunsuaziingaun 3

a

lugui 3 nUszasdvesquil ieAwiie, uanensvl uazduindeya lagisuainld
Aunianasveslaidesnistudinluduneun 1 1aan 1 lusun 4.3 anduldandusinu
AUENANYRITUNARBY UarA1AINEISEeEiing (Gauge length) Tutuneuil 2 a7 2.1 Tu

Ut 4.3 Tiasuiilethluldlugudl 3 munen Sample size agf#t 100 Sample/sec Lialsilst

T a ]

Y
£2 1 o v v [~ U dl d‘
YBUAN BLEJEJ@LWENW@G]@ﬂ’]iUW@H@iUI“U 1R8azJUN1SIAWIY hazszaen19MUasuLUag

[y

1

senieRsdunaaeuihluinauiuatusasudy wazszessudu dolhliusawazszoziaves

%ummaauﬁgﬂéfaq MnuLEnInTlmLETUSsEIg MaduUmLATEn, LSafuTTeE

B, svogBaiuna wasuansdeyaifusuanlufved Tumiiues Front Pannal 99 4 Tusy

743 iamﬁﬂﬁuﬁﬂ%gaﬁwﬁﬁﬂmmlé’faﬂulv\lé Text waz3Unti1ae Front Panel Aidsdelsneu

w1 Mntumndunedeuiinisuinesnainfuiaiy wsodnayu STOP falusunsuazmya
ca v = &

nsvinulugui 3 uazdseeninanduiinlaludamumianaenivuall uaglusunsuasvgn

ANSYINNIUAY
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4.2 Nan1saauigu
LLﬁﬂﬂNaﬂqﬁﬁ@ULﬁﬁlUL%uL%a%ﬁﬂa@ﬂéf'fUaﬂLﬂ%ﬁ]\i%@]ﬁﬁ]ULL'ﬁﬁaﬂ Ui%ﬂaUé]}'JEJ L%uma%ﬁl@]
8YY LLa%LSUULGZia%iJﬂLLiQ

4.2.1 WwWUwasInsyey (Linear Position sensor)

25

N
o

y=1.9925x+0.061,.@

=
€2}
[ ]

ot
o
.

Displacement (cm)
"
[en]
[ )

ot
.

0 2 4 6 8 10 12
Voltage (Volt)

JUN 4.6 nuansRanuduRussErisaiulniniusseen

INNSAB UL LI T N15ALIULLBT IATL L NBUNUAS ULLASTSE8Y 0, 5, 10, 15
waz 20 cm lagluwmazssazaziduausasulnii §7u7u 3 ase thAwsasulni1vesusay
sveglumaady walrthluas1ans I nlansmnuEURLSsEnILsasul NN Us L EN19a I
@un1s Linear regression Wialdlunisiunamnidusiuavsely
IN3UN 4.6 A13130MM1@UN1T Linear regression 1ol

y = 1.9925x + 0.061
d' =) 1
e y Ao syezny Tuniiy cm

x A9 ALsan Ul Tunqe Volt
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4.2.2 UwasIALse (Load cell)

16000
14000
12000
10000 y = 2486.3x - 17.301...3""'

8000 ’

Load (N)

6000
4000

2000

0 1 2 3 4 5 6 7
Voltage (Volt)

JUN 4.7 nouanaraauduiusseniusaiulniihiuinnen

NNsauLeulagldisInAINIATBINARDUBIUNUIEASAYDINIATYIIAINTTUENEN
N5 YINNISNALYIULLDS TALIIAIEA LTS 2500, 5000, 7500 kaz 10000 N wazvagluinig
na Tnelunsazisaneaziiuansesuluiiduiu 3 ase dhausesulidvessaziindnly

| a Y o v v o & | o o a 1%
ARaY WAt luas19nN51NLEAIAINUFUNUS TEMI9LTIAUINAN UL NG LAUEUNS

Linear regression tiialdlunsaunamiduiiavdely

NFUN 4.7 @1130M1aUN1T Linear regression el
y = 2486.3x - 17.301
Wo y Ao Untn Tumidie N

x Ao Awsasulnin Tuniie Volt
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4.3 WHANISNAFBUNITVINNILYDLATIINARBULIIAS
Nan1INAdeUNNITIiegiiilendansy 6063-T5 wavwian SR24 WuTanlunsvngaey

WazIABNISN1T A RINUNTTIU ASTM E8/E8M-13a 8ns1nsldmnuidusiasegsening 1.15

fla 11.5 MPa/s Tunsmuqudnsniivennd smaaeuuseddlutiamginssunuudaiadin
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file Edit Format View Help

©.000000 ©.000000 178042.301330  -18.197436 5.836054 ©.120280 0.805360 ~
©.008018 -1.443163 178042.301330  -8.136234 5.036054 ©.784956 ©.005360
©.025022 -8.645251 178642.30133@  ©.848290 5.836054 1.378503 ©.085360
©.029024 ©.067274 178042.301330  1.832648 5.036054 1.443533 ©.005360
©.038023 ©.145340 178042.30133@  -0.090793 5.036054 1.316464 ©.005360
0.048052 -8.007200 178042.301330  -©.548383 5.036054 1.286234 0.005360
©.058127 -8.243490 178042.361330  -©.021148 5.836054 1.321065 ©.005360
©.068130 -0.001677 178042.301330 ©.170758 5.036054 1.333743 ©.005360
©.078119 ©.013542 178042.301330  ©.042014 5.036054 1.325238 ©.005360
©.092209 ©.003332 178042.301336  -0.038155 5.836054 1.319941 ©.085360
©.099245 -8.003026 178042.301330  -0.003701 5.836054 1.322218 ©.005360
0.109396 -8.000294 178042.301336  ©.017752 5.036054 1.323635 0.005360
©.119249 ©.001408 178042.301330  ©.016999 5.036054 1.323585 ©.005360
©.129251 ©.001348 178042.301336  ©.002496 5.036054 1.322627 ©.805360
©.141254 ©.000198 178042.301330  ©.007588 5.036054 1.322963 ©.005360
©.148290 ©.000602 178042.301330  ©.007686 5.836054 1.322970 ©.805360
©.158295 ©.000610 178042.301330  ©.014048 5.036054 1.32339 ©.005360
0.172331 ©.001114 178042.301330 ©.008227 5.036054 1.323006 ©8.0805360
©.178335 ©.000652 178042.301330 ©.011848 5.036054 1.323245 ©.005360
©.188341 ©.000948 178042.301338  ©.007112 5.836054 1.322932 ©.005360
©.201440 ©.000564 178042.301336  ©.912711 5.036054 1.323302 0.005360
©.208506 ©.001008 178042.3013320 ©.009875 5.e36e54 1.323114 9.0805360
©.218698 ©.000783 ©.000000 ©.015124 ©.000000 1.323461 ©.803327
@.232701 ©.001199 ©. 008 ©.003809 ©.000000 1.323844 ©.003327
0.239711 ©.000699 178042.301330 ©.010727 5.036054 1.323171 0.005360
0.248715 ©.008851 178042.301330  ©.006692 5.836054 1.322904 0.005360
0.262708 ©.000531 178042.301336  ©.010967 5.036054 1.323187 ©.005360
©.269745 ©.000876 178642.30133@  ©.8@5581 5.036054 1.322831 ©.005360
©0.278773 ©.000443 178042.301330 ©.011638 5.036054 1.323231 ©.005360
©.288772 ©.000923 178042.301330  ©.008118 5.036054 1.322998 ©.005360
©.299808 ©.000643 178042.301336  ©.0611060 5.036054 1.323193 0.005360
©.309932 ©.000877 178042.30133@  ©.806767 5.836054 1.322909 ©.005360
©.319967 ©.000537 178e42.301330 ©.010302 5.036054 1.323143 0.005360
©.327991 ©.000817 178042.301330  ©.005048 5.836054 1.322796 ©.805360
©.338002 ©.000400 178042.30133@  ©.013979 5.836054 1.323386 ©.085360
@.348011 ©.001109 178042.301336  ©.012310 5.036054 1.323275 ©.005360
0.359048 ©.000976 178042.301336  ©.814922 5.036054 1.323448 0.005360
0.373052 ©.001183 178042.301330  ©.006150 5.036054 1.322868 ©.005360
©.379052 ©.000488 178042.361336  ©.811529 5.036054 1.323224 ©.805360
©.389041 ©.000914 178042.301330  ©.011285 5.036054 1.323208 ©.005360
©.403084 ©.000895 178042.301330  ©.015341 5.836054 1.323476 0.005360
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4.3.1 araliillundanay 6063-T5
AINNITNARBINITNAADULIIAG LI BLASIAUNISNAADY Front Panel ¥aalUswnsy
LabVIEW 32La@nansInantdunusseningamnuauiuaniiasen, NS NALEUnUSSEniIng

o = v o 5 i A o o =
LSINUTZEZEA LaZNIINAMUFUNUTIENINTLULTANULIAN @QE‘UV] 4.10

Header Column
iversal Testi hine ;; Bl = -
Universal Testing Machine g
5 - - -~ D = Displacement (cm)
* The results of this test are valid only for the test specimens being tested *

Step 1 : Setting Filename Step 2 : Prepare Specimen Step 3 : Operating

Data Filename
C\Users\usen\Desktop\UTM 2nd Term\ | it

 ALG0G3-5.0xt

Picture Filename il
C:\Users\user\Desktop\UTM 2nd Term\

1 AL6063-5.png

Load-Displacement Plot0

Diameter (mm) Initial Load (N)

— i Grip Clearance
4 48

Load (N) Displacement (cm) Saving Data

. -75.8322 0556188
Gage Length (mm) ~ Starting Lenght (cm)

12400 147
NEW (mm/min)  Velocity (mm/min)

[2130 1065

Stress (Pa) Strain

-2.68094E+6 0231745

Displacement-Time Ploto N

T —
0050100 150 20.0 250 30.0 350 400 450 500 550 600 650

-500-7 ! " " "
010 000 01 020 030
Displacement (cm)

a v

U7 4.10 Front panel ndsasadunsvinassianevgiilendaasy 6063-T5

9 Y

= [y

3UM 4.11 dnyagnisidemevestunngeuvedianesaiilondansy 6063-T5

9 Y

= [

13U 4.11 Ae Junaaeuivihainianezqiilendansy 6063-T5 NAIINYNAIAUVIA

9 Y

NHIRINLESAFUNITNAAD
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4.3.1.1 dnsUSIVEULATUNAADU

Stress rate - Time
Aluminium 6063 -T5
T T T

Stress rate (MPa/s)

£ == ) i RN, L T} i 1 { - | |
0 5 10 15 20 25 30 35 40 45 50

4 Time (Second)
5UN 4.12 nevluansraauduiusseninednsanuey lumheuaaaseiund

a A %

fuan Tumhigiunil vesianeraliillondaase 6063-T5

Y

INFUT 4.12 dasnissiaduvesaunulugadatain (feulduds Juin 0-17 lu

'
a

5UM 4.12) lainsemuannsgiun1smaaaunidentifedsnis A 31nunsgIu ASTM E8/E8M-

&

13a 893 INSINTUVRIANUAUABIBYTENING 1.15 D8 11.5 MPa/s (Fraseninududundly

UM 4.12) 899NN IULINTFILLALUYI 11 FUITWINVINITNAGRY weilugae 11-17

) @an

1Y

Wil SrsnsinTuTsInIAuAuAsgIuNINageundentiluidndes
‘NI d‘ ] ! - QI d’( ¥ 1 1
91INAUNTIN 2.5 WIBUIAIIRIINISNTLYRIAUAUIUYINIATFIUTENIN 1.1-11.5
MPa/s ¥13/8A1NaAaYa9E4 (Young’s modulus) veseygiliiley 6063-T5 Fuviniu 68.9
GPa AglaA18nI1NSNLTUYBIAIULATEATUYIININTFIUTENIN 0.0000167-0.000167
mm/mm/s wazillgaiuAIAIInesseriing (Gauge length) 71 24 mm aglasgns s
wnsgulugdanainvesnismaaeuegi 0.0004-0.004 mm/s #58 0.024-0.24 mm/min

9n3U7 4.13 dnsusiluradanafnveaniomadeunsis dwiuesalilendancy 6063-

< ! <
T5 AZEIINTIHINIFIUYNUAUA
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Velocity - Time
Aluminium 6063 - TS

Velocity (mm/min)

10 40

Tirﬁe (Second)

JUT 4.13 nsmluansranuduiussznindnsnss lumheladunshouii

913U 4.13 azuiuldindnsniludimdsangaasnuesnismaaey (daduden
Uszanaumdaannduiifl 17 Tugud 4.13) liiiud1dnsnsinanasgunisaaeuiidont i
1.5-15 mm/min (§2sszvinadudunslugud 4.13) wwifludsiifanindfiazamesnaniud
Snssafiutuauiu 15 mm/min lUdndesreuiitansnoenaniu uardwmalvisngig
YDINTTUBNFUIIA UL 191N

Sns1dmesnimadeuLarsamaiinduresauduisslioglutadunasgiud
denliifesannlifigunsaiiannsomuaussuuauaudasniidnlud@ vilildanse

ATUANEMIINTANTUTDIAIUAULEE BRI U5IRILA

4.3.1.2 A5MLEAIANNELRUSIENINeSTezEanunan

Displacement - Time Curve
~ Aluminium 6063 - TS

Displacement (cm)

1
O ’%
Time (Second)

JUN 4.14 nsmuansramuduiusseninessegtn Tumhewufuns

fuan Tundieiunil vesTanezgiitlvndaasy 6063-T5
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21307 4.14 wandliiiuisdnsuialunisfsd unaaeusngiinimaass gaausnd
dasugatn (a7 1 - 2) TanezeglutiamgAnssunuudaiadn (Elastic Behavior) ndasinumag
fanandrusufiugedu @afl 2 - 3) egadiulddndesnintanianiadesledinnvie
wuunaain (Plastic Deformation) IudunageuwnsanaInfiufiszey 0.603 cm (ﬁgmﬁ 3) 14

LANNNTANANUA 49 U

4.3.1.3 NLAAIANUFUNUTTEMINLIINUTEEZER

Load - Displacement Curve
Aluminium 6063 - T5

DAEH

% 4 o™ A

5000 — 2 / :3

6000 T T

T T T T

1000 /

\
| 1 | 1 L 1 o 1 1 1 L |
0 0.05 0.1 0.15 0.2 025 0.3 035 0.4 045 0.5 055 0.6 065 0.7

Displacement (cm)

JUN 4.15 nvluansrauduiusseninn sy el

= %

Auszortn Tumbulgufuns vevidnezaililondaaoy 6063-T5

) Y

Tuguh 4.15 ledhaamneias 1, 2 uag 3 3n3U7 4.14 muandbilunsmnssezdasien

Miluandl 4 YunaaeuaIunsaTUNTELIRasEnlaWiniY 5776 N
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4.3.1.4 NSLEAIANUAUNUSTEMINANUAUNUAINUASEA

Stress - Strain Curve
Aluminium 6063 - T5

4I T T T
(S ———

Stress (MPa)

L 1 | - L L 1 L L
0 0.025 005 0.075 0.1 0.125 015 0.175 0.2 0.225 025 0.275 03

Strain (mm/mm)

U 4.16 nyvluansraaudiussenitenueulumheUaas

=

AUANULATEA suamamqa Hillvndaany 6063-T5
N b a Y = ¥ o v U IS
f\]qﬂ?l_h/] 4.16 memmmuuazmmLmﬂmanaamlmmﬂmiuwagamizﬂmzawm

LA Tnegndl 1 2 3 uae 4 lunsinpeganilniseuasssevdanednuiuanlugun 4.15

9

o

Tneqafl 1 AegnitfanFuinnisidesy 3afl 2 AevasiiennitianFugemnfnssuuuudaadin
(Elastic limit) msendsantutaninndeguuniuosaiulédn ani 3 Aogniitunnaey
P98I INAUTAIANMAL Uszanal 103.6 MPa 37l 4 WaAIAIAUMULTIAT (Tensile
strength) Uszanad 204.2 MPa A1m1uuseas N (Yield strength) Tnaunannldansnsadane
asnlaegrednian aliismndunsarunuiudunnutulugidatainveinsmaiuiy
LazAAsen tnedgadaunuusuiiaLATEAWAY 0.002 (0.2 % Offset yield) L
iesannsfluguil 4.16 lailduananudiiusuuuidunss (Linear relation) Turasdanafin
villdansnsomainnuusinsniiuiueuls udazUszinandurisiinsmiinisudeuutas
auduegiulidn Jufnanmsdsuulame@nssuandatadin (Elastic Behavior) Ly
wanadn (Plastic Behavior) 9109071 5 agldAimuussATINUTEANAL 172-188 MPa A5
Amenaauedd (Young’s modulus) 14 2 38ehedu 3591 1 1dendrsangazusduvesns iy

quiagaidanananduiiuend milswesrinunsinsn (Yield strength) WAy 86 MPa f

v
Y a o

wWudhulugy 4.16 danmeianudureuiazy Mnsumudutasnueds iy
glaA1uonaaveede (Young’s modulus) 1M1y 4.82 GPa 359 2 1dentaafinsmluang
ATudUUSLUULE LAY (Linear relation) WuAdedlusudl 4.16 uasmararuduteadudy

wliruendavesduviniiu 11.25 GPa
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nslugrasusuvesntsneaslidnvaglalilifidnvauzidunsidunse Wesnya
naapsdtlianunsamuangnssRdlinle sauddludmveinsindususesinszeznd

Taidne vinlvmungawuesinszeranatinisinadrlunausuAUNISNAdDU

4.3.2 wian SR24
INNNTNARDINITNAFOULTIAG LIDLASIAUNIITNAABILAD Front Panel valuswnsy
LabVIEW 32ba@ndns1nanudunusse1ItgmndlAunuaInu@sen, A naA U un s sEnIg

% =l U [y} 6 1 =l [ U Qll
LSINUTLYLEAN LagNTINAIMUAUNUTTEUINTLHLLANULIAN mgﬂm 4.17

Header Column

° I . h . Ready A = Time E = Load
B = Strain F = Voltage Displacement
Universal Testing Machine g 8 - stain e
D = Displacement
ON Step 1 : Setting Filename Step 2 : Prepare Specimen Step 3 : Operating
ata Flename E— Diameter (mm)  Initial Load (N)
C\Users\user\Desktop\UTM 2nd Term\ | Ar-es K | Grip Clearance Load (N) Displacement (cm) Saving Data
B sos-0a > . 126387 fleass
Gage Length (mm)._Starting Lenght (cm) -
Picture Filename - 2975 15.84 Stress Strain
C:\Users\user\Desktop\UTM 2nd Term\  [LAlle [ 432203 0552907
4 SRo4-1.0ng L
Load-Displacement Plot0 Stress-Stain Plot0 BN Displacement-Time Plot0 AN

.05 000 005 010 0.15 020 025 030 035 040 045 050 0.5 0.60;
Strain

-2000-7 ' I " T ' I ' " T i =50, 020 n n T 0 n n 0 " i
020 000 020 040 060 080 100 120 140 160 180 -0. 00" 1000 2000 3000 4000 5000 6000 7000 800.0 9000
5 Time (s

U 4.17 Front panel #ada3adunsvnassianman SrR24

JUN 4.18 dnvun1sidenevestiunaaeuresiannan SR24
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N3 4.18 fia YuneaeUINTANMAN SR24 MHIINGNAIIUIN NRIRINETIFY

ANEYI2I51N

4.3.2.1 8R5USIVeULATUNAADU

Stress rate - Time
SR24

Stress rate (MPals)

IR |

ey,

o it Wi 2 {5 SRSSERS PRI STPTIRPETY PPN PP ETY S Y PRI P | N - WY
0 50 10 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Time (Second)

JUN 4.19 nsmluansmarnuduiusszninednsndilunbeiiadunssowd

funailuviiedundl vesdanunan SR24

INFUN 4.19 SasmseindurasauauluyenaugnnsIn (Mewdudsn Ju1in 0-40
Tugui 4.19) lnsmnusnasgiunmegeunidonlifeTBn1s A 9NUNsgIU ASTM E8/E8M-
13a §nsmsldanuiAudieegsening 1.15 § 11.5 MPa/s (Fuaseninadudundluguin 4.19)

92i919NATINUNINTFIULALLYI 27 FUITILINTDINITNAADU usilua 27-40 Fu9l 8nsn
madfisturesenuduiuinasyunmaaseuiidentiludeudsnn

Mnaumsd 2.5 iethadnnmaiuturesaudulugianasgussning 1.15-11.5
MPa/s v3efmandauesd (Young’s modulus) veawdn SR24 Favifu 210 GPa aylel
AATMainT eI ILAS Rl LTIASE LS 0.00000588-0.0000548 mm/mm/s
waztlugauiuAtALeITEeeiing (Gauge length) 7 24 mm azlegnsusannsgulugig

Sanadnvosnismaaeuayl 0.000131-0.00131 mm/s %38 0.00789-0.0789 mm/min 91

a

JUN 4.20 dnsnsalutiBanafinuadniomaaaunsifs d1msuman SR24 93151n30M S5

e ©

YNUUR
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Velocity - Time
SR24

Velocity (mm/min)

| AA
AW VAV

100 500 600 700

Time (Second)

JUN 4.20 nsmluansraanuduiussznindnsngs lumheladunsdeund

fuvaan lumbhiedunil vestanmdin SR24

PN @ Y1 v <@ 1 [ [ Y A o
ﬂ’]ﬂgih/l 4.20 Q%L‘Vi‘u‘lﬂ’ll’]E]Gﬁ’]Li’ﬂusﬁ’r‘l\‘maﬂﬂ"lﬂﬂﬂﬂi’]ﬂ%@\‘iﬂ’]i‘ﬂﬂﬁ@‘U (MAILEUAAN

Usganaumasanniwiiii 40 Tugud 4.20) Wiflagasednsnsmnumnsgunsnageuiidentd

a

71 1.5-15 mm/min (@sseniadudundusui 4.20) Tassasisidnlvavesimaaines
oeffiusvana 0.5 mm/min
Snsisnesmmadeuuazsamaiinturesniusisgludseninasgiude
WAty Yanesafidloudanny 6063-T5 sunianaun1suruesdflaluund 2 aunsi
2.1 \flomufudnunssuengugiuilesantaniidivuussis (Tensile strength) gq dwali
ArufuanszvinaususeI iadian toras vilvidnalnanisvesiduiidanasmailude e

dnsavenhduanasdnsniansiesnssuanguivanas aulieglutiwinsgu



4.3.2.2 n51LEAIANNAUNUSTEMINITEazEnnuLIan

Displacement (cm)

Displacement - Time Curve
SR24

T

50 10¢ 150 200 250 00 150 400 450 50 550

Time (Second)

funantuviieIundl vesanunan SR24

JUN 4.21 nemiuansnamuduiusseninsssestn lumheiwuiiuns

60

9n3UN 4.21 wandbiiuiadnsnsilunisfiunageusuzyinnisaaes 91nn1siiey

AunsImANNFUTuSTEnI NANuAUMERUAIATER AT 1-2 Tanazeglutimafnssy

a a - 5, LY 1 [ { [ @ Y :J a [
Luvaaann (Elastic Behavior) #adniuyNndnationstaivuiag (ﬁgfmn 2-3) LNNAINBHIING

ILTUVDILTFANANBEINN IUTUNAFBUVINBDNIINAUNTZEE 0.997 cm (3991 3) Tdhaan

ANSANNUA 796 U

4.3.2.3 NLEAAIANLFUNUSIEIINSITUSTeEEn

18000

16000

14000

12000

10000
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8000

6000

4000

2000

Load - Displacement Curve
SR24

4
©

| | L | L | L 1
0.1 0.2 03 0.4 05 06 07 0.8

Displacement (cm)

JUN 4.22 nemuansramuduiussevninauss Tumhedasiu

fuszesdn Tumbewufiuns vestanman SR24

1
0.9
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Tugun 4.22 ladgavaneian 1 2 wag 3 31039 4.21 wwanalilunsmiissesia

Wweaiu Tugedl 4 Junedeuanunsasuniseusafgeanlawiniu 15874 N

4.3.2.4 N LAAIANNFUNUSTEMINAMUAUNUAIULATEA

Stress - Strain Curve

SR24

00 T T T 4 T T T
O

500 —

a
3
3

Stress (MPa)

N
S
S

100

L 1 1 | 1 1
015 0.2 025 03 035 0.4 045

Strain (mm/mm)

JUN 4.23 nsvluanswaruduiusseninsenunulumsuiaamaiuauasen

Yosianman SR24

NFUN 4.23 wananiiauiazAunsgnasiandtlaannnaiteyaniseiussey

Y

ALAEIUAUAtUgUN 4.22

Y

galuAnm laeged 1 2 3 uay 4 lunsnpegeaninissuasssey

De 2D

lggai 1 AegeTansuianisidesy a9l 2 AednnainiriandugangAnssuwuudanain

(Elastic limit) imnsendsaintuianinindesuinniueshadiulddn 9nd 3 Aogniitunnaey
¥1A98NINAUTANANUAY UsEan 425,53 MPa 9071 4 LARIAIANNLUSIFS (Tensile
strength) Usguad 562.33 MPa ‘Luﬂiw\lﬁaflmmé’qLﬂmﬁmﬂifmuu (Upper yield point) i
390.68 MPa Laz3AA51na"4 (Lower yield point) 71 380.81 MPa nsynANendauesd
(Young’s modulus) Miguiienfugud .16 azlduendavesdalaglddsa 1 wirfu 1156
GPa 3511 2 Wiy 16.67 GPa
nswlutaasudureanmaassiidnualielildfdnvandunsvidunss esanys

naaesdiliaunsamuausnsnstliaadly suddudiuresnisindusueesinssuzindy

Taidne vinlvaungauesinszeranatinisinaddlunausuAUNITNAEDU



62

= = o/ = 3 a a
4.4 WUSIUMPUNANITNAADINULATDINAEBUBLUNUTLAIAYDINIAIYIIAINTTU

AAENNIT
WguigunsmANLFURUSsE IR NUALrReUNEAaNUANLLASEA LA TTAN

JOUATLIINUAT DINAFDUKTIAI I ULATINUTNULATDINAEDUBLUNUTLEIAYBINIAZIYN

2 v
AAINTIUNAMNTT U1UBAMINA 1IN EAINTINEIUIUTUNTU MATLAB ¥898UAMAAIY

AFINTTUNEMNITANATY NPouATIelAlHASes Shimazu TunisveaeuTaniia 2 vila

4.4.1 azgiiiluudaaay 6063-T5

Stress - Strain Curve
Aluminium 6063 - TS
I T

I I
—UTM IE Data
—— Tensile Testing Machine ME16 Data

Stress (MPa)

t | L I ! | [ I
0 0.025 005 0,075 01 0125 0175 0.2 0225

Strair)1 (mm/mm)
JUT 4.24 nyluanswaruduiussEnineaAuiuANASEAvesTan
availlloudansy 6063-T5 lngiduddu Ae Lasewmadouusanalulassuil

LazLdUET AR LATBIMAADUBUNUIEAIATDINIATIYIAINTINYAANNIT
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a = = i = = = o
M19190 4.1 LLa@IQﬂqﬁL‘Ui’U‘ULVlEJ‘Uﬂ']ﬂ'J']ﬂJF"Iﬁ'WILﬂa@um@ﬂLﬂi@ﬁﬂﬂa@‘ULLiﬂ@ﬂIu1ﬂ§Qﬂ7uuﬂ‘U

\ATRAIAABUBIUNUTZANAYRINIATYIAINTINNamNIT Inelddunageuldy

avaliilvudaasy 6063-T5

Mechanical Properties TENSILE UTM | Aluminium % Error (IE) % Error
TESTING IE alloy (Aluminium
MACHINE 6063-T5 alloy

ME16 6063-T5)

Tensile strength (MPa) 204.20 208.55 186 2.09 9.78

Yield strength (MPa) 172-188 75.94 145 126.61-147.56 18.62-29.65

Young’s modulus (GPa) B9 1 4.82 3.30 68.9 46.06 93

Young’s modulus (GPa) B9 2 212§ 3.30 68.9 240.91 83.67

% Elongation 252 30.49 18 17.35 40

NANIN9 4.1 FeagldrANUAAIAARDUTDY AIATIUNLLIIAY (Tensile strength), A
ANULTIATIN (Yield strength), AuaRdaadd (Young’s modulus) kagaseeazn1stn (%
Elongation) Szminaipbemadeuussnslulassnuiifuins e wadeu siunUszasAuasnnian
AAINTTUAAINNT WU 08aZAIAIINARIAAG BUAIAIINNUKITIAT (Tensile strength)
WU 2.08 %, AIAINUARIALARBLAIAINLIIASIN (Yield strength) Wiy 126.61-147.56
%, AnALAAIALAABUASaEAaYNISER (% Elongation) AU 34.24 % ﬁwv-namm%umaaé“a
99381 (Young’s modulus) 3571 1 WU 46.06 % uazAIAIINAATALAG DULBAEAVB IS
(Young’s modulus) 3371 2 Wirfu 240.91 % sEminuA3 samedeuwsen lulasauil fuen
AnauURANINavetergilillondaany 6063-T5 WU ZoLaANAILARIALAEDUAIAINNLLS
f4 (Tensile strength) 111U 9.78 %, ANANLARTALAR DUAIAINNLTIATIN (Yield strength)
WU 18.62-29.65 %, A1AINAAIALAARUANS08aN15EA (% Elongation) Windu 40 % A
AaNALAARUNENEEYDT (Young’s modulus) 3571 1 Winfu 93 % wazAiANuAATALARB LS

Aaaveed (Young’s modulus) P9 2 Wiy 83.67 %
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Stress - Strain Curve

SR24
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Stress (MPa)

JUN 4.25 nsmluananan iy

0.2

1

R

03

Stréin (mm/hm)

NANAUTUAIUATEAVDI TER

045

Tensile Testing Machine ME16 Data
——UTM IE Data

AN SR24 Tnelduddy Ao 1SaIneaauLsInslulasul tazdudi A

LATOIMAHDUBLUNUTYAIAYBINIATYIAINTTUONAINNNT

A5199 4.2 LanIN1SUSYUBUAIAINUARIALARBDUYDLAI DINAZFBULSIAIUTATI U

LASBINAABUBIUNUIZANATEINIAIYIMINTINgRa1NS Tneldtunageudu

\Wwan SR24

Mechanical Properties TENSILE | UTM IE SR24 % Error (IE) % Error

TESTING (minimum) (SR24)*

MACHINE

ME16

Tensile strength (MPa) 562.33 525.08 385 7.09 46.06
Yield strength (MPa) 390.68 348.68 235 12.05 66.25
Young’s modulus (GPa) B9 1 11.56 2.63 195-210 339.54 - (94.45-94.49)
Young’s modulus (GPa) 37 2 16.67 2.63 195-210 533.84 - (91.45-92.06)
% Elongation 40.93 60.30 21 32.12 94.9

* 0% Error (SR24) Aa 398aAINULANANIINAIYU

WWuauAeiiAtosninedus

T
[

Y A

fandaduuinAeuINnINATURT B1dlan
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NPT 4.2 FazldAImuAAIRLAREUYBY ANAINNULIR (Tensile strength), A
AULIIATIN (Yield strength), AuaRdauadd (Young’s modulus) kagA1seeasn1stn (%
Elongation) 58w3131A3 panadeuLseslulnseauil fuadsmageuuseicwoin1nian
AAINTTUAAINANT WU S a8aTAILARIALAG BUAIAIIUNULIIFG (Tensile strength)
WU 7.09 %, ANAINLARIALAG BUAIAINNLTIATIN (Yield strength) V1AU 12.05 %, A1
ANAANALAABUASREAZNTER (% Elongation) vInAU 32.12 %, mﬂmmﬂ?{auma@é’mm
&3 (Young’s modulus) 3871 1 11U 339.50 % warA1AuAAIALAG BUNBAAAVDIS
(Young’s modulus) 337 2 winffu 533.84 % sminandemaaeuws i dulasaui fuen
AsandAvanadudires SR24 wudnFerazAIAINARIALAR DUAIANNAMLLTIR (Tensile
strength) fiAnannninFntusin 46.06 %, AnPLAAIAAABLATAIILIIATIN (Yield strength)
feAunninadusi 66.25 %, A1ANLAAIALAA BUAISDEAENISE A (% Elongation) A1
1ANIIANT LS 94.9 %, mmmﬂamLﬂﬁaumaﬂﬁamaaﬁﬂ (Young’s modulus) 357 1 tou
ni1Atus 94.45-94.49 % wazAAuAMIAIARULBRFAvE3E (Young’s modulus) 3571 2

Wihifu Hesninandusi 91.45-92.06 %

4.5 33150INANIINAADY

1. nswilurraFudureansvaassiidnwarldauutondinuudoalalafidnyusdy
nldunss iileannyamaaesdilianinsamuaudnsiiiidiaild saufdudiuveins
Aasaruweesinszaedadvlifne vlimuiidaeumeinszezenafimslisilunoududu
NINAdeY

2. §arFesmanaaeuuistaslieglutsaanasguiidentiiilosanlifigunsaid
ANLNINAIUANTEUUAIUANSATIEISRILER vilRldannsomuguEnTImaiuturesniny
Aunazdnsnifsld muidawueesinszozonainmslisilunsuiudunimagey 819
dawalviengnandivesianiinanuaaiaindeu

3. WiguiigunTuanian I uduius send19A A A UAINNLATEA YOI AN
ovaiilondaay 6063-T5 uasvdn SR24 seuinuaiesnaaouussidlulassnuiiuindes
NAAUBLUNUTEAIAY0INIATYITAINTTUGAAINNIT WUTIAIAIIUNULTIA (Tensile
strength) fiAnlndlApaiu uwiAnuaTRnenaduqlilndifeaiu esnnsmaaeulalald
FBnsmuaNsns§itiAetu uedunadeuusariuistudntes wasintuneaoula
Fevdaistuluiuneuniands dmalitunaaoumsduiuaylimanautininadisaty

4. nanAstunagou sudufesndmualudwildaduihiviunnaeuliann il

& v A 1% v v Y 1% .
andeaiiiolianinsaldls waznisauyuurauLuudusonii (Concave Fillet) musnnsgiu
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ASTM E8/E8M-13a lslanunsavils wesandedddfinnadludnvasianis 3eldvnslduuy
au (Chamfer) uni Faenadanasiansingdlé

5. e iaus Az ures Tnsrurdandanndivinnsaouiisund i luRnaad iy
Lﬂ%iawmaaumqﬁqLLas‘v‘hmiwmaaqmmmmewalﬁgﬂﬁm uragalsAnuardasiinisaeu
Feudeslefasniielfnuludnsrenfieliisuroiuanaldgniosuazusiue

6. @150k lUsLASH LabVIEW Mﬂ'ﬁmwgumiﬁwmwuaqm%amaamwﬁaiﬁimﬁa

TUsunsu LabVIEW anansagnusanwugesniuasiansandunsmlamundenis
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N3NN8

o

1. nqUszasA

v s

o -

P v o v ol
1.2 WislinAnwilaiseusuanmsmaaeunsd

v
-

o ot ) i v -t
1.3 wiefnwdnvuznmsideguvedlansidiolisuusadia

ad d vy
2. ﬂqﬂaﬂlﬂﬂ?ﬂaQﬂUﬂ'ﬁﬂﬂﬁa\l

2.1 AMUAULAZANUATAYDIIER

o '

AuAsen idwvinduamdulugineugansin (Yield point)

Strain Hardening Necking
Stress

1399 NMIVAABULIIA (Tensile Test)

1.1 wisliindnwldiSeuamanifininandidynneg vesiagimanlane

TaquravUssinvavilanautinanaduvesiies Sugmanifvariszuansoonuniletand
wsanssvhawidliAeanudemenioianisidegunnas wWu aaaudiauss (Strength) mmiwiles
audniugseninemduiuanueion [Husu Builannsoliaszinuantivesianld fo
nsvrianlunnaeuiuins samnasuLsRaaING (Universal Testing Machine) dslunisvaaeuues
Tanuaiazussiviiufuansaiueenty wu mslduseiie nsldusena msda Wudu wilulanmilen
mludnmnnaznaaeulaonisliuseis ednrrnnudunaramein waiildandudesui 2.1 3
wiulaa17anzfiA1A1A1UUSIATIN (Yield strength), AITUNULSIAY (Tensile/Ultimate

strength) uasAsiandaanmiangu (Young’s modulus) Fadumnuduiusseninemnuaudu

I C

Ultimate Strength

A

7 Yield Strength
/| Rise
Run

& Young's Modulus = Rise = Slope
Run

Fracture

D

-2 < 0.2% offset

= v o ' [ a
UM 2.1 NI 1HUEAAIANUANNUSTENINANUAUNUAIUATEA

v

witien

Strain

uazgANeRdaaNMEANE TR TR
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mng'lh?'i 2.1 davhn1svadeuruLAIpmAdaULSIRIEINa (Universal Testing Machine) Ton
Bsie useiliasiliRaussmelutudndergnuusvasiludumaudy wavssesBan
msdeguvesianargnuusvasuludumanuiaien nefimsduiustufaunmsaelui

AMULAY (Stress, o) Ao ATmINUsINSEIAetan Tasvhlifaniansidsgunieinaany

Home

o =§ (2.1)

o F Ap useiinseyhaseiniuiaian

.

a X d v oo d o
Afd HWUYTUINAVIONWIINTE

AINNATEA (Strain, &) Ao ATIinRINMsAsuL A UIATRI TaRLTIBURUTLIAGIAL

=L
€5 T (22)
die | fis muemgaving

L Ao ANNBNISUAY

AweandaanimBanegu (Young's modulus) Aa Afivsuanaudanguvesianlutiseudiay

a ' P - = '
Winnsidezuegnnns visluginiinsiasuulasgusie

w19

e E fie wendaanmdangy

- o - '
2.2 psinseudagiie liinnauAan1sNAAaUNSAY
aa o o - -
FBvaaeunInsgIUEMSUNIIMAREURSIRY ASTM E8 / E8M-13a 1Junsvuiunisvaaeuiiny

winvigalusegdlany lnegunsivestunaaoy AU 2.2 uaraunBunadeudsguin 2.3
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G-Game v

[
.

At e et

PP it

8L f it i (s 1
o s

G- o w3 sackon B 13 mom zpes 2pm

Eirngh o Wi s Vet smrr. st pem nEm ]
O & et g s pes

JUii 2.2 JUnstvasBunAdeURIANASEIL ASTM E8 / E8M-13a

A esvesm - 13a

e ey 8

umm-nu-p\.mm—-.u—u-

‘SmalS:z0 Specmens Procorionsl 10 Standard

750 « (1250 + 0.008]
D—Dameser (ot 11 125402 20401 €001 40201

A~ Hadus of tiet, mn 10 {o.375) 8jo3s) (0188 4jo1se 2[0.08¢)
ALongth of reduced sectan. min (Note 2 75 130] =120 ®i14] 4 (10) w075

Ui 2.3 vnAvesTuNABUMMINASEIL ASTM E8 / E8M-13a

lumsadred unedevumnadnanusaildlasmsiiieusandiuvesuind unadeuiusunn
wnsgruvestunaaey [ulumusnsgu ASTM E8 / EBM-13a ﬁafﬁuﬁangﬂmaﬁumaau gy
il 2.2 diovmnadrtunaaeuliiivun figuil 2.3 Swustunnasuazagluundaly

adelunmdengunsuasmuavesiunndey Usznauluias 2 Uado dil

1. fuwmitidulumageusdinhiiuiunadey Srenmavdsraremmidilunisnadou

a v v a & 0 va a & v s Y v 3
2. UShafidesmsiiiiaaudone Wisliiaaudsmeluuiinuinesns snvismeanisii

- o ) & o ) ' w v v -t
Wiuamnudsmendaeu Tnemalvsunvesdunaaeuilulumudnsidiu L / D wirdu 5 tifesninil

' ' o o & 4 v oo &
CAHNANDITYLYANIUATNTITANAIVINUNNUNAVDITUNAT DU
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uanAniimsavyuuvay (Fillet) anansadisliliiiannuiduiigaamzaluuinamiinig

- ' Y}
Waguudasgusngviuiu

2.3 dnwauzmsdezuvastunadou

dwsvlangiidaudangugs (Ductile metal) Ineialuszuansnsuaninuuudasuas
N33 (Cup and cone) fauandlugud 2.4 danuiiutivinvasiunaaouiinnisnanas (Necking)
MEnaINNTIM Stress-strain H1UYAFIEN meluvinaiuimiwadindmasiadevindngi
138171 Microvoid $1u2uIN wae Microvoid vm‘]ma‘wi‘i”azﬁwmﬂ'lmﬁuwu1L?{auﬁmﬁmL'flusaal
unnuwialvguinunsinanlneiisruuressesunniaInfuiianieus sis deutunadeuiianis
unnvinazdinisvesumvessesunnmussuuusadou (Shear plane) '?Jvuﬁ'uawaa%uwmauuamﬁm
nmafeulosessesuanisasniaudnumnisuaninuuy Cup and cone #anan iasdung
fHuRnsuaniindaendnsdiuduimidewniduiiuinfiogesy fuanduguil 2.5 msuaniin
WUU Ductile fracture Hfasiinspadundssiusswinmsunninaoudrennmezs suinantsunniin
uRnmsasugULuuwaaRnegaiulidn

Propagation along Typical cup and
shear plane cone

< o o v
SUN 2.4 anyeNSUANINKUUNIBWALNI38 (Cup and cone fracture)

v

dmdulaneiiiinnuisie (Britle metals) WiidnunziufMsWANTiGouLasmm
Tuunnsdiormensiudunguves Brite facets Idwnd usnuiivuiavesnsu (Grain) inerusin
nIamninsuvaslansdvuinidn 1518015005998 Brittle facets lavinndesganssa
SianmseunuudeInsIn (Scanning Electron Microscope : SEM) é’auam‘lugﬂﬁ 2.6 MUANYNULUY
Britte facture flafimsgadundssussninanisuaninneutaios ladulugYagfuayi dn

Yield strength ﬁﬁau‘l‘f’mi‘]\i
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3. gunsalitlinmaes

- -
3.1 IATDIMAFDULIIAY

§1J°?'i 2.6 Brittle Surface fracture
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BIAUSYNBUTDIATDMAADULTIAY
1. nsvuengu
2. wuwesinsyuzia
3. 27@nuANTiA1INsivg (Directional control valve) 4/3
4. gasuia
5. MdmuaNdnsIn1siva (Ball valve)
6. ABUIMDS
7. Wmneidnwany
8. WiuTaLA3es
9. n@vIAILAY
10. [wuwesTus
11. hafudunagou
12. Sumedeu

3.2 NABIAUAY

= : ) )
UM 3.2 navsmuny
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Displacement.
Transducer

U 3.2 nsreaendesniuay

ymssielruseii 10 Tidn mnvmnesdvmans Wilimnoiay 1 ndwntilivianisse
anglrnsuie i insvesiivineias 4 wansuwesinustivaneiay 5 dauliinsseasdense
fAumeuamesiivinuiay 5 gavhevhnislenadndannsumis OFF TUgh ON fivneiay 2 uag
waenliivieiay 3 szainsiu

3.3 wiesgwwais (DC power supply)

-

guﬁ 3.3 wnlesdvwans (DC power supply) 80 UNI-T §u UTP3315TFL-I
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3.4 TUsunsu LabVIEW

Universal Testing Machine g

Step 1 : Setting Filename Step 2 : Prepare Specimen

sonsnn sion5e () o culmen
= “

GogeLengn w9 Lenght el °
S O—

A0S ok ek ok 1o (M.us Ll o ol bie ab A 0B b s ok anoEh CIRCR T
L L.] S

gﬂﬁ 3.4 Front Panel TUsuns1l LabVIEW Y891A30 Madaulsei

3.5 Funaasu
FunageuilylummaaeslignasaBuauangIgiu ASTM E8 / E8M-13a 1unauayjuvse

YDIUNAADUAIFUT 3.5

= ' &
EUVI 35 wmmazzﬂswuaa‘nuwmaau

4. 3N1INARDY
4.1 Wensenasmuaniuunasieln 10 Taan, wuiwes uavaeufiames
4.2 Gumavhauvesszuulensednlasmslaaindueines
4.3 Ysunaamunusasimsiva (Ball valve) Weglusuwmisln uaznsanaeunuduiinimun

Uiundanuseiu Tunisvaaesseluiiimualin 40 bar
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4.4 Uplusunsu LabVIEW natjuidusulusunsu

4.5 Tuties Step 1 Witmunsumisiidevaslid Text uaguaw fidosnisezdiuiin smnifuna
UJu OK

4.6 msinvunduduguinarestunaaey warlutes Step 2 Winsenvuaveaduriou
Quénmaﬁi’cﬂﬁ warnsenA1 Gauge length Wiy 24 mm aslulusunsu

4.7 Vsummuisiveansyuengulifeglunag 1.25-15 mm/min wusthlugsiihesien1susu fe
10-15 mm/min

4.8 Vusvevvesgngulueglussasiiansolatunaasuls dyaailn Clearance axidsuan
unsluiulndih Sohnsldunagey wavnay Start

4.9 windayadlyl Push the lever Wisnduasazudeuludulndih WivinisGududu,
Aulenndmuauiianianisiva (Directional control valve) Anel3

4.10 91um n3muazuiinua Tu Step 3

4.1 winfunedeumneenINMlUsuNsIREMAM YT Wiownlingavhns Winady
STOP

4.12 Wnlrddoyaillddiiiluneuusn indoyannmsidunaaouimun sndnwanuduiug
vesanuAuiumILATeaTiiaty iewd auauTRmenaiidifey i Anmmusensin (Yield
strength), A2IUNULSIA (Tensile/Ultimate strength), A1A11USIATIN (Yield strength), AN3eAdA
anmiiavgu (Young’s modulus) wavA¥euaznistn (% Elongation)

4.13 asunansnaasy
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AU UANKNANTTNAADY

=) @
LATDINAFDIUNTINYG

Tensile Testing Machine

v oo o o
RINNIIVAGDAN...... UN
wneavdu | Taguestunadey | mnuiinisia | dukiuAudnay | Gauge length | svoziiudu | svorgaving
VLR (mm/min) (mm) (mm) (mm) (mm)
A199EUNE
) Funadeu
gnsAuy

Cross Section Area

(mm?)

Young’s modulus (GPa)

Load at yield point (N)

Yield strength (MPa)

Maximum load (N)

Ultimate strength (MPa)

% Elongation at fracture
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dyunan1maaag




uni 5

dyunan1Ivnasg

5.1 d@3unan1maag
lassnuiildvinisesnuuuiazasnas oamadounsnsdmsuldluivinisvaass
AAINTINATOING FITmadaunIasiiasavihnuldegvauysal welvidnAnwigusiely

a wa ¥ a ¥

Isasiouftimmaaeusenuies uazSeusiterfuguantinisnavesianainnanismnass
fild BnviadnunazesniuuszuAUANNITUTessruUlans adndlUsLATH LabVIEW
INMINAAOUNITUTBATDIMAABULIIAY annsnasunaldded

1. senuuLaraiuaismmaaeuussrsdmivlfluinnimaaesimnssnaisana na
msafanomaaeuusiilasldiigunsniifegudunzgunsaifimfndsnduidlufngs
fulpeanadsuusIRaeyiiASemaae uLssiaannsavienlld daldaatiovhouduiauas
hlgnmaaeuvesiniosmuisvnaouNnsgIud v uNIIAaaULTRs ASTM E8/EBM-
133 AUATNIORTUNAROUILIIA WoTUARINAHTUIUSUNTY LabVIEW 1§

2. FrudnuantAnianavesian 31nn15naaedsIelA3 eanaaouRIR slneld
avgliilondaany 6063-T5 uavwan SR24 WuTanlunisnaaes azldinsiuansaauduiug
semisauAuiuANIeT B G sa s U e e nausanienaldded Aeanuny
us9R9(Tensile strength), AMAIIULTIATIA (Yield strength), A15pE@azN158A (% Elongation)
LazALenaavedde (Young’s modulus) mmfuﬁﬂmﬂmauﬂ’ﬁsuaﬁaaﬁiﬁmﬂmswaau
Wisuiisuiuinlomaaouussiswesniadvnimnssgaamnng wagAauauifvninaves
fagiadesia alfrnnuemandouresnumuLseRs (Tensile strength), AIATINLIIATIN
(Yield strength), A13o8asn158a (% Elongation), A1uendauedds (Young’s modulus) 339
1 uazAmendavesds (Young’s modulus) 357 2 vesergililunsaasy 6063-T5 ieiiiy
AUNIAIYITIAINTTUGAEINNIT WU 2.09 %, 126.61-147.56 %, 17.35 %, 46.06 % Lay
240.91 % MUY Lﬁmﬁauﬁ’uamauﬁ'ﬁmmamaﬁa@whﬁ’u 9.78 %, 18.62-29.65 %, 40
%, 93 % WAy 83.67 % ANUANFU YBUAN SR24 L:ﬂaLﬂsruﬁ’umﬂ%ﬁmmimqmammi
WU 7.09 %, 12.05 %, 32.12%, 339.50 % uay 533.84 %A Wolflsuiunuaula
mmaﬁﬁguﬁwaﬁa@ WU 46.06 %, 66.25 %, 94.9 %, 94.45-94.49 % uay 91.45-92.06 %
AUEAY

3. penuuUlUTLNTY LabVIEW fiansnsalaniansem, ssevin, Anuay, AanuLesen

WAZTNTUIINITAY TIUDIEIUITARAAINTINANUFURUSTEMINTITUSEELER, ANULAURY
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mATen uagszezdadunal uazduiindeyasisgoeniunld assmuiigalssasduay
voumitldoaniuuly ufisanansntlldldess

4. lpfinnsesniuun1snaaes kagdavihlugduuuvesenaisnisneaes neluenasae
Uszneusie ngufiiieateadunisneass 38n1maass msetiuiinna aguna uilolef
thanwiuselulsioudifeiuguandininavesian sudsasteufiamemios

5. luduvessasuiuaiomaaouussidliamsanuaudnsnisiuturesaiudu
Tughadanadin masnasgrudmsunsmaaeuusais ASTM E8/E8M-13a usidsninglugied
gousUlFvUeNImIgIL DIN EN ISO 6892-1 Gaifusnnsgrumsvaasuusafswesianiiiiy

<@ v

lavie inmualiinaniduezqiiiendecliiiu 2-20 MPa/s uazinandedliiiu 6-60
MPa/s daulugramdsaingaasin (Yield point) mindunageulsiiuianfifaAininumuussds
(Tensile strength) geawiiuly tasemadounssdslulassuiaunsausudnsnialieylu

11A5§1U ASTM E8/E8M-13a filailfiu 1.5-15 mm/min ¢

5.2 dalsdusuue
iesesaaouLssRssiiveideludosilianusanuausasisilunamaaeulineild v
Tidoyaurstasligndes wagldaulsdun Wesandwdudosuiundinuausnsinisiva
wuv Ball valve Tagludnuasioudaifialilésasniifisioanis Snvisdsinlissuulensed
ndshaslufinszuangulddias daalildinanlunsmaaesnndude msudldludoud
anunsavildlneRnfandanuausnmslva (Flow control valve) fiansnsauiusasinig
Ivauuusalusi@ Weliannsanuausnsnislunisiwesaiomaasuuseidlieglugas

NW@ﬁ;ﬂ:’mﬁﬁ?ﬁﬂﬂ@ﬁ@ﬂﬂ’]i%ﬂﬁ@‘U
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This dard has been app d for use by of the Dey

1. Scope*

1.1 These test methods cover the tension testing of metallic
materials in any form at room temperature, specifically, the
methods of determination of yield strength, yield point
elongation, tensile strength, elongation, and reduction of area.

1.2 The gauge lengths for most round specimens are re-
quired to be 4D for E8 and 5D for E8M. The gauge length is
the most significant difference between E8 and ES8M test
specimens. Test specimens made from powder metallurgy
(P/M) materials are exempt from this requirement by industry-
wide agreement to keep the pressing of the material to a
specific projected area and density.

1.3 Exceptions to the provisions of these test methods may
need to be made in individual specifications or test methods for
a particular material. For examples, see Test Methods and
Definitions A370 and Test Methods B557, and B557M.

1.4 Room temperature shall be considered to be 10 to 38°C
[50 to 100°F] unless otherwise specified.

1.5 The values stated in SI units are to be regarded as
separate from inch/pound units. The values stated in each
system are not exact equivalents; therefore each system must
be used independently of the other. Combining values from the
two systems may result in non-conformance with the standard.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

! These test methods are under the jurisdiction of ASTM Committee E28 on
Mechanical Testing and are the direct responsibility of Subcommittee E28.04 on
Uniaxial Testing.

Current edition approved July 1, 2013. Published August 2013. Originally
approved in 1924. Last previous edition approved 2013 as E8/E8M — 13. DOI:
10.1520/E0008_E0008M-13A.

of Defense.

2. Referenced Documents

2.1 ASTM Standards:*

A356/A356M Specification for Steel Castings, Carbon, Low
Alloy, and Stainless Steel, Heavy-Walled for Steam Tur-
bines

A370 Test Methods and Definitions for Mechanical Testing
of Steel Products

B557 Test Methods for Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products

B557M Test Methods for Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products (Metric)

E4 Practices for Force Verification of Testing Machines

E6 Terminology Relating to Methods of Mechanical Testing

E29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E83 Practice for Verification and Classification of Exten-
someter Systems

E345 Test Methods of Tension Testing of Metallic Foil

E691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

E1012 Practice for Verification of Testing Frame and Speci-
men Alignment Under Tensile and Compressive Axial
Force Application

D1566 Terminology Relating to Rubber

E1856 Guide for Evaluating Computerized Data Acquisition
Systems Used to Acquire Data from Universal Testing
Machines

3. Terminology

3.1 Definitions of Terms Common to Mechanical Testing—
3.1.1 The definitions of mechanical testing terms that ap-
pear in the Terminology E6 apply to this test method.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard
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3.1.1.1 These terms include bending strain, constraint,
elongation, extensometer, force, gauge length, necking, re-
duced section, stress-strain diagram, testing machine, and
modulus of elasticity.

3.1.2 In addition, the following common terms from Termi-
nology E6 are defined:

3.1.3 discontinuous yielding, n—in a uniaxial test, a hesita-
tion or fluctuation of force observed at the onset of plastic
deformation, due to localized yielding.

3.1.3.1 Discussion—The stress-strain curve need not appear
to be discontinuous.

3.1.4 elongation after fracture, n—the elongation measured
by fitting the two halves of the broken specimen together.

3.1.5 elongation at fracture, n—the elongation measured
just prior to the sudden decrease in force associated with
fracture.

3.1.6 lower yield strength, LYS [FL?]—in a uniaxial test,
the minimum stress recorded during discontinuous yielding,
ignoring transient effects.

3.1.7 reduction of area, n—the difference between the
original cross-sectional area of a tension test specimen and the
area of its smallest cross section.

3.1.7.1 Discussion—The reduction of area is usually ex-
pressed as a percentage of the original cross-sectional area of
the specimen.

3.1.7.2 Discussion—The smallest cross section may be mea-
sured at or after fracture as specified for the material under test.

3.1.7.3 Discussion—The term reduction of area when ap-
plied to metals generally means measurement after fracture;
when applied to plastics and elastomers, measurement at
fracture. Such interpretation is usually applicable to values for
reduction of area reported in the literature when no further
qualification is given. (E28.04)

3.1.8 tensile strength, S, [FL?], n—the maximum tensile
stress that a material is capable of sustaining.

3.1.8.1 Discussion—Tensile strength is calculated from the
maximum force during a tension test carried to rupture and the
original cross-sectional area of the specimen.

3.1.9 uniform elongation, El,, [%]—the elongation deter-
mined at the maximum force sustained by the test piece just
prior to necking or fracture, or both.

3.1.9.1 Discussion—Uniform elongation includes both elas-
tic and plastic elongation.

3.1.10 upper yield strength, UYS [FL?]—in a uniaxial test,
the first stress maximum (stress at first zero slope) associated
with discontinuous yielding at or near the onset of plastic
deformation.

3.1.11 yield point elongation, YPE, n—in a uniaxial test, the
strain (expressed in percent) separating the stress-strain curve’s
first point of zero slope from the point of transition from
discontinuous yielding to uniform strain hardening.

3.1.11.1 Discussion— If the transition occurs over a range
of strain, the YPE end point is the intersection between (a) a
horizontal line drawn tangent to the curve at the last zero slope
and (b) a line drawn tangent to the strain hardening portion of
the stress-strain curve at the point of inflection. If there is no

Copyright ASTM Intemational
Provided by IHS under license with ASTM
No reproduction or networking permitted without license from IHS

point at or near the onset of yielding at which the slope reaches
zero, the material has 0 % YPE.

3.1.12 yield strength, YS or S, [FL™], n—the engineering
stress at which, by convention, it is considered that plastic
elongation of the material has commenced.

3.1.12.1 Discussion—This stress may be specified in terms
of (a) a specified deviation from a linear stress-strain
relationship, (b) a specified total extension attained, or (c)
maximum or minimum engineering stresses measured during
discontinuous yielding.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 referee test, n—test made to settle a disagreement as to
the conformance to specified requirements, or conducted by a
third party to arbitrate between conflicting results. ~ D1566,

D11.08

4. Significance and Use

4.1 Tension tests provide information on the strength and
ductility of materials under uniaxial tensile stresses. This
information may be useful in comparisons of materials, alloy
development, quality control, and design under certain circum-
stances.

4.2 The results of tension tests of specimens machined to
standardized dimensions from selected portions of a part or
material may not totally represent the strength and ductility
properties of the entire end product or its in-service behavior in
different environments.

4.3 These test methods are considered satisfactory for ac-
ceptance testing of commercial shipments. The test methods
have been used extensively in the trade for this purpose.

5. Apparatus

5.1 Testing Machines—Machines used for tension testing
shall conform to the requirements of Practices E4. The forces
used in determining tensile strength and yield strength shall be
within the verified force application range of the testing
machine as defined in Practices E4.

5.2 Gripping Devices:

5.2.1 General—Various types of gripping devices may be
used to transmit the measured force applied by the testing
machine to the test specimens. To ensure axial tensile stress
within the gauge length, the axis of the test specimen should
coincide with the center line of the heads of the testing
machine. Any departure from this requirement may introduce
bending stresses that are not included in the usual stress
computation (force divided by cross-sectional area).

Note 1—The effect of this eccentric force application may be illus-
trated by calculating the bending moment and stress thus added. For a
standard 12.5-mm [0.500-in.] diameter specimen, the stress increase is 1.5
percentage points for each 0.025 mm [0.001 in.] of eccentricity. This error
increases to 2.5 percentage points/ 0.025 mm [0.001 in.] for a 9 mm
[0.350-in.] diameter specimen and to 3.2 percentage points/ 0.025 mm
[0.001 in.] for a 6-mm [0.250-in.] diameter specimen.

Note 2—Alignment methods are given in Practice E1012.

5.2.2 Wedge Grips—Testing machines usually are equipped
with wedge grips. These wedge grips generally furnish a
satisfactory means of gripping long specimens of ductile metal
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and flat plate test specimens such as those shown in Fig. 1. If,
however, for any reason, one grip of a pair advances farther
than the other as the grips tighten, an undesirable bending
stress may be introduced. When liners are used behind the
wedges, they must be of the same thickness and their faces
must be flat and parallel. For best results, the wedges should be
supported over their entire lengths by the heads of the testing
machine. This requires that liners of several thicknesses be
available to cover the range of specimen thickness. For proper
gripping, it is desirable that the entire length of the serrated
face of each wedge be in contact with the specimen. Proper
alignment of wedge grips and liners is illustrated in Fig. 2. For
short specimens and for specimens of many materials it is
generally necessary to use machined test specimens and to use
a special means of gripping to ensure that the specimens, when
under load, shall be as nearly as possible in uniformly
distributed pure axial tension (see 5.2.3, 5.2.4, and 5.2.5).

5.2.3 Grips for Threaded and Shouldered Specimens and
Brittle Materials—A schematic diagram of a gripping device
for threaded-end specimens is shown in Fig. 3, while Fig. 4
shows a device for gripping specimens with shouldered ends.
Both of these gripping devices should be attached to the heads
of the testing machine through properly lubricated spherical-
seated bearings. The distance between spherical bearings
should be as great as feasible.

5.2.4 Grips for Sheet Materials—The self-adjusting grips
shown in Fig. 5 have proven satisfactory for testing sheet
materials that cannot be tested satisfactorily in the usual type of
wedge grips.

5.2.5 Grips for Wire—Grips of either the wedge or snubbing
types as shown in Fig. 5 and Fig. 6 or flat wedge grips may be
used.

5.3 Dimension-Measuring Devices—Micrometers and other
devices used for measuring linear dimensions shall be accurate
and precise to at least one half the smallest unit to which the
individual dimension is required to be measured.

5.4 Extensometers—Extensometers used in tension testing
shall conform to the requirements of Practice E83 for the
classifications specified by the procedure section of this test
method. Extensometers shall be used and verified to include
the strains corresponding to the yield strength and elongation at
fracture (if determined).

5.4.1 Extensometers with gauge lengths equal to or shorter
than the nominal gauge length of the specimen (dimension
shown as “G-Gauge Length” in the accompanying figures) may
be used to determine the yield behavior. For specimens without
a reduced section (for example, full cross sectional area
specimens of wire, rod, or bar), the extensometer gauge length
for the determination of yield behavior shall not exceed 80 %
of the distance between grips. For measuring elongation at
fracture with an appropriate extensometer, the gauge length of
the extensometer shall be equal to the nominal gauge length
required for the specimen being tested.

6. Test Specimens
6.1 General:
Copyright ASTM International
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6.1.1 Specimen Size—Test specimens shall be either sub-
stantially full size or machined, as prescribed in the product
specifications for the material being tested.

6.1.2 Location—Unless otherwise specified, the axis of the
test specimen shall be located within the parent material as
follows:

6.1.2.1 At the center for products 40 mm [1.500 in.] or less
in thickness, diameter, or distance between flats.

6.1.2.2 Midway from the center to the surface for products
over 40 mm [1.500 in.] in thickness, diameter, or distance
between flats.

6.1.3 Specimen Machining—Improperly prepared test speci-
mens often are the reason for unsatisfactory and incorrect test
results. It is important, therefore, that care be exercised in the
preparation of specimens, particularly in the machining, to
maximize precision and minimize bias in test results.

6.1.3.1 The reduced sections of prepared specimens should
be free of cold work, notches, chatter marks, grooves, gouges,
burrs, rough surfaces or edges, overheating, or any other
condition which can deleteriously affect the properties to be
measured.

Note 3—Punching or blanking of the reduced section may produce
significant cold work or shear burrs, or both, along the edges which should
be removed by machining.

6.1.3.2 Within the reduced section of rectangular
specimens, edges or corners should not be ground or abraded in
a manner which could cause the actual cross-sectional area of
the specimen to be significantly different from the calculated
area.

6.1.3.3 For brittle materials, large radius fillets at the ends of
the gauge length should be used.

6.1.3.4 The cross-sectional area of the specimen should be
smallest at the center of the reduced section to ensure fracture
within the gauge length. For this reason, a small taper is
permitted in the reduced section of each of the specimens
described in the following sections.

6.1.4 Specimen Surface Finish—When materials are tested
with surface conditions other than as manufactured, the surface
finish of the test specimens should be as provided in the
applicable product specifications.

Note 4—Particular attention should be given to the uniformity and
quality of surface finish of specimens for high strength and very low
ductility materials since this has been shown to be a factor in the
variability of test results.

6.2 Plate-Type Specimens—The standard plate-type test
specimen is shown in Fig. 1. This specimen is used for testing
metallic materials in the form of plate, shapes, and flat material
having a nominal thickness of 5 mm [0.188 in.] or over. When
product specifications so permit, other types of specimens may
be used, as provided in 6.3, 6.4, and 6.5.

6.3 Sheet-Type Specimens:

6.3.1 The standard sheet-type test specimen is shown in Fig.
1. This specimen is used for testing metallic materials in the
form of sheet, plate, flat wire, strip, band, hoop, rectangles, and
shapes ranging in nominal thickness from 0.13 to 19 mm
[0.005 to 0.750 in.]. When product specifications so permit,
other types of specimens may be used, as provided in 6.2, 6.4,
and 6.5.
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Dimensions

Standard Specimens Subsize Specimen

Plate-Type, 40 mm Sheet-Type, 12.5 mm 6 mm
[1.500 in.] Wide [0.500 in.] Wide [0.250 in.] Wide
mm [in.] mm [in.] mm [in.]
G—Gauge length (Note 1 and Note 2) 200.0 £ 0.2 50.0 £ 0.1 25.0 £ 0.1
[8.00 + 0.01] [2.000 + 0.005] [1.000 + 0.003]
W—Width (Note 3 and Note 4) 40.0 £ 2.0 125 £ 0.2 6.0+ 0.1

[1.500 + 0.125, -0.250] [0.500 + 0.010]

thickness of material

[0.250 = 0.005]
T—Thickness (Note 5)

R—Radius of fillet, min (Note 6) 25 [1] 12.5 [0.500] 6 [0.250]
L—Overall length, min (Note 2, Note 7, and Note 8) 450 [18] 200 [8] 100 [4]

A—Length of reduced section, min 225 [9] 57 [2.25] 32 [1.25]
B—Length of grip section, min (Note 9) 75 [3] 50 [2] 30 [1.25]
C—Width of grip section, approximate (Note 4 and Note 9) 50 [2] 20 [0.750] 10 [0.375]

Norte 1—For the 40 mm [1.500 in.] wide specimen, punch marks for measuring elongation after fracture shall be made on the flat or on the edge of
the specimen and within the reduced section. Either a set of nine or more punch marks 25 mm [1 in.] apart, or one or more pairs of punch marks 200
mm [8 in.] apart may be used.

Note 2—When elongation measurements of 40 mm [1.500 in.] wide specimens are not required, a minimum length of reduced section (A) of 75 mm
[2.25 in.] may be used with all other dimensions similar to those of the plate-type specimen.

Note 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.10, 0.05 or 0.02 mm [0.004, 0.002
or 0.001 in.], respectively. Also, there may be a gradual decrease in width from the ends to the center, but the width at each end shall not be more than
1 % larger than the width at the center.

Note 4—For each of the three sizes of specimens, narrower widths (W and C) may be used when necessary. In such cases the width of the reduced
section should be as large as the width of the material being tested permits; however, unless stated specifically, the requirements for elongation in a product
specification shall not apply when these narrower specimens are used.

Note 5—The dimension 7'is the thickness of the test specimen as provided for in the applicable material specifications. Minimum thickness of 40 mm
[1.500 in.] wide specimens shall be 5 mm [0.188 in.]. Maximum thickness of 12.5 and 6 mm [0.500 and 0.250 in.] wide specimens shall be 19 and 6
mm [0.750 and 0.250 in.], respectively.

Note 6—For the 40 mm [1.500 in.] wide specimen, a 13 mm [0.500 in.] minimum radius at the ends of the reduced section is permitted for steel
specimens under 690 MPa [100 000 psi] in tensile strength when a profile cutter is used to machine the reduced section.

Note 7—The dimension shown is suggested as a minimum. In determining the minimum length, the grips must not extend in to the transition section
between Dimensions A and B, see Note 9.

Note 8—To aid in obtaining axial force application during testing of 6-mm [0.250-in.] wide specimens, the overall length should be as large as the
material will permit, up to 200 mm [8.00 in.].

Note 9—It is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance equal
to two thirds or more of the length of the grips. If the thickness of 12.5 mm [0.500-in.] wide specimens is over 10 mm [0.375 in.], longer grips and
correspondingly longer grip sections of the specimen may be necessary to prevent failure in the grip section.

Note 10—For the three sizes of specimens, the ends of the specimen shall be symmetrical in width with the center line of the reduced section within
2.5, 1.25 and 0.13 mm [0.10, 0.05 and 0.005 in.], respectively. However, for referee testing and when required by product specifications, the ends of the
12.5 mm [0.500 in.] wide specimen shall be symmetrical within 0.2 mm [0.01 in.].

Note 11—For each specimen type, the radii of all fillets shall be equal to each other within a tolerance of 1.25 mm [0.05 in.], and the centers of
curvature of the two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of 2.5
mm [0.10 in.].

Note 12—Specimens with sides parallel throughout their length are permitted, except for referee testing, provided: (a) the above tolerances are used;
(b) an adequate number of marks are provided for determination of elongation; and (c) when yield strength is determined, a suitable extensometer is used.
If the fracture occurs at a distance of less than 2 W from the edge of the gripping device, the tensile properties determined may not be representative of
the material. In acceptance testing, if the properties meet the minimum requirements specified, no further testing is required, but if they are less than the
minimum requirements, discard the test and retest.

FIG. 1 Rectangular Tension Test Specimens
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FIG. 3 Gripping Device for Threaded-End Specimens

Note 5—Test Methods E345 may be used for tension testing of
materials in thicknesses up to 0.15 mm [0.0059 in.].

6.3.2 Pin ends as shown in Fig. 7 may be used. In order to
avoid buckling in tests of thin and high-strength materials, it
may be necessary to use stiffening plates at the grip ends.

6.4 Round Specimens:

6.4.1 The standard 12.5-mm [0.500-in.] diameter round test
specimen shown in Fig. 8 is used quite generally for testing
metallic materials, both cast and wrought.

6.4.2 Fig. 8 also shows small-size specimens proportional to
the standard specimen. These may be used when it is necessary
to test material from which the standard specimen or specimens
shown in Fig. 1 cannot be prepared. Other sizes of small round

Copyright ASTM International
Provided by IHS under license with ASTM
No reproduction or networking permitted without license from IHS

4y Es/ESM - 132

Spherical
! Bearing
: Upper Head
of
Testing
Machine
Split
Socket---—,
Solid
Clamping
Ring-
Specimen
with
Shouldered
Ends.
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specimens may be used. In any such small-size specimen it is
important that the gauge length for measurement of elongation
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FIG. 6 Snubbing Device for Testing Wire

be four times the diameter of the specimen when following E8
and five times the diameter of the specimen when following
ESM.

6.4.3 The shape of the ends of the specimen outside of the
gauge length shall be suitable to the material and of a shape to
fit the holders or grips of the testing machine so that the forces
may be applied axially. Fig. 9 shows specimens with various
types of ends that have given satisfactory results.

6.5 Specimens for Sheet, Strip, Flat Wire, and Plate—In
testing sheet, strip, flat wire, and plate, use a specimen type
appropriate for the nominal thickness of the material, as
described in the following:

6.5.1 For material with a nominal thickness of 0.13 to 5 mm
[0.005 to 0.1875 in.], use the sheet-type specimen described in
6.3.

6.5.2 For material with a nominal thickness of 5 to 12.5 mm
[0.1875 to 0.500 in.], use either the sheet-type specimen of 6.3
or the plate-type specimen of 6.2.

6.5.3 For material with a nominal thickness of 12.5 to 19
mm [0.500 to 0.750 in.], use either the sheet-type specimen of
6.3, the plate-type specimen of 6.2, or the largest practical size
of round specimen described in 6.4.

6.5.4 For material with a nominal thickness of 19 mm
[0.750 in.], or greater, use the plate-type specimen of 6.2 or the
largest practical size of round specimen described in 6.4.

6.5.4.1 If the product specifications permit, material of a
thickness of 19 mm [ 0.750 in.], or greater may be tested using
a modified sheet-type specimen conforming to the configura-
tion shown by Fig. 1. The thickness of this modified specimen
must be machined to 10 = 0.5 mm [0.400 = 0.020 in.], and
must be uniform within 0.1 mm [0.004 in.] throughout the
reduced section. In the event of disagreement, a round speci-
men shall be used as the referee test (comparison) specimen.

6.6 Specimens for Wire, Rod, and Bar:

6.6.1 For round wire, rod, and bar, test specimens having the
full cross-sectional area of the wire, rod, or bar shall be used
wherever practicable. The gauge length for the measurement of
elongation of wire less than 4 mm [0.125 in.] in diameter shall
be as prescribed in product specifications. When testing wire,
rod, or bar having a diameter of 4 mm [0.125 in.] or larger, a
gauge length equal to four times the diameter shall be used
when following E8 and a gauge length equal to five times the
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diameter shall be used when following E8M unless otherwise
specified. The total length of the specimens shall be at least
equal to the gauge length plus the length of material required
for the full use of the grips employed.

6.6.2 For wire of octagonal, hexagonal, or square cross
section, for rod or bar of round cross section where the
specimen required in 6.6.1 is not practicable, and for rod or bar
of octagonal, hexagonal, or square cross section, one of the
following types of specimens shall be used:

6.6.2.1 Full Cross Section (Note 6)—It is permissible to
reduce the test section slightly with abrasive cloth or paper, or
machine it sufficiently to ensure fracture within the gauge
marks. For material not exceeding 5 mm [0.188 in.] in diameter
or distance between flats, the cross-sectional area may be
reduced to not less than 90 % of the original area without
changing the shape of the cross section. For material over
5 mm [0.188 in.] in diameter or distance between flats, the
diameter or distance between flats may be reduced by not more
than 0.25 mm [0.010 in.] without changing the shape of the
cross section. Square, hexagonal, or octagonal wire or rod not
exceeding 5 mm [0.188 in.] between flats may be turned to a
round having a cross-sectional area not smaller than 90 % of
the area of the maximum inscribed circle. Fillets, preferably
with a radius of 10 mm [0.375 in.], but not less than 3 mm
[0.125 in.], shall be used at the ends of the reduced sections.
Square, hexagonal, or octagonal rod over 5 mm [0.188 in.]
between flats may be turned to a round having a diameter no
smaller than 0.25 mm [0.010 in.] less than the original distance
between flats.

Note 6—The ends of copper or copper alloy specimens may be
flattened 10 to 50 % from the original dimension in a jig similar to that
shown in Fig. 10, to facilitate fracture within the gauge marks. In
flattening the opposite ends of the test specimen, care shall be taken to
ensure that the four flattened surfaces are parallel and that the two parallel
surfaces on the same side of the axis of the test specimen lie in the same
plane.

6.6.2.2 For rod and bar, the largest practical size of round
specimen as described in 6.4 may be used in place of a test
specimen of full cross section. Unless otherwise specified in
the product specification, specimens shall be parallel to the
direction of rolling or extrusion.

6.7 Specimens for Rectangular Bar—In testing rectangular
bar one of the following types of specimens shall be used:

6.7.1 Full Cross Section—It is permissible to reduce the
width of the specimen throughout the test section with abrasive
cloth or paper, or by machining sufficiently to facilitate fracture
within the gauge marks, but in no case shall the reduced width
be less than 90 % of the original. The edges of the midlength
of the reduced section not less than 20 mm [¥ in.] in length
shall be parallel to each other and to the longitudinal axis of the
specimen within 0.05 mm [0.002 in.]. Fillets, preferably with a
radius of 10 mm [3¥% in.] but not less than 3 mm ['4 in.] shall
be used at the ends of the reduced sections.

6.7.2 Rectangular bar of thickness small enough to fit the
grips of the testing machine but of too great width may be
reduced in width by cutting to fit the grips, after which the cut
surfaces shall be machined or cut and smoothed to ensure
failure within the desired section. The reduced width shall not
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Dimensions, mm [in.]

G—Gauge length

W—Width (Note 1)

T—Thickness, max (Note 2)

R—Radius of fillet, min (Note 3)
L—Overall length, min

A—Length of reduced section, min
B—Length of grip section, min

C—Width of grip section, approximate
D—Diameter of hole for pin, min (Note 4)
E—Edge distance from pin, approximate
F—Distance from hole to fillet, min

50.0 + 0.1 [2.000 + 0.005]
12.5 + 0.2 [0.500  0.010]
16 [0.625]
13[0.5]

200 [8]

57 [2.25]

50 [2]

50 [2]

13[0.5]

40 [1.5]

13[0.5]

Note 1—The ends of the reduced section shall differ in width by not more than 0.1 mm [0.002 in.]. There may be a gradual taper in width from the
ends to the center, but the width at each end shall be not more than 1 % greater than the width at the center.
Note 2—The dimension 7 is the thickness of the test specimen as stated in the applicable product specifications.
Norte 3—For some materials, a fillet radius R larger than 13 mm [0.500 in.] may be needed.
Note 4—Holes must be on center line of reduced section within £ 0.05mm [0.002 in].
Note 5—Variations of dimensions C, D, E, F, and L may be used that will permit failure within the gauge length.
FIG. 7 Pin-Loaded Tension Test Specimen with 50-mm [2-in.] Gauge Length

be less than the original bar thickness. Also, one of the types of
specimens described in 6.2, 6.3, and 6.4 may be used.

6.8 Shapes, Structural and Other—In testing shapes other
than those covered by the preceding sections, one of the types
of specimens described in 6.2, 6.3, and 6.4 shall be used.

6.9 Specimens for Pipe and Tube (Note 7):

6.9.1 For all small tube (Note 7), particularly sizes 25 mm
[1 in.] and under in nominal outside diameter, and frequently
for larger sizes, except as limited by the testing equipment, it is
standard practice to use tension test specimens of full-size
tubular sections. Snug-fitting metal plugs shall be inserted far
enough into the ends of such tubular specimens to permit the
testing machine jaws to grip the specimens properly. The plugs
shall not extend into that part of the specimen on which the
elongation is measured. Elongation is measured over a length
of four times the diameter when following E8 or five times the
diameter when following E8M unless otherwise stated in the
product specification. Fig. 11 shows a suitable form of plug, the
location of the plugs in the specimen, and the location of the
specimen in the grips of the testing machine.

Note 7—The term “tube” is used to indicate tubular products in
general, and includes pipe, tube, and tubing.

6.9.2 For large-diameter tube that cannot be tested in full
section, longitudinal tension test specimens shall be cut as
indicated in Fig. 12. Specimens from welded tube shall be
located approximately 90° from the weld. If the tube-wall
thickness is under 20 mm [0.750 in.], either a specimen of the
form and dimensions shown in Fig. 13 or one of the small-size
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specimens proportional to the standard 12.5-mm [0.500-in.]
specimen, as mentioned in 6.4.2 and shown in Fig. 8, shall be
used. Specimens of the type shown in Fig. 13 may be tested
with grips having a surface contour corresponding to the
curvature of the tube. When grips with curved faces are not
available, the ends of the specimens may be flattened without
heating. If the tube-wall thickness is 20 mm [0.750 in.] or over,
the standard specimen shown in Fig. 8 shall be used.

Note 8—In clamping of specimens from pipe and tube (as may be done
during machining) or in flattening specimen ends (for gripping), care must
be taken so as not to subject the reduced section to any deformation or
cold work, as this would alter the mechanical properties.

6.9.3 Transverse tension test specimens for tube may be
taken from rings cut from the ends of the tube as shown in Fig.
14. Flattening of the specimen may be either after separating as
in A, or before separating as in B. Transverse tension test
specimens for large tube under 20 mm [0.750 in.] in wall
thickness shall be either of the small-size specimens shown in
Fig. 8 or of the form and dimensions shown for Specimen 2 in
Fig. 13. When using the latter specimen, either or both surfaces
of the specimen may be machined to secure a uniform
thickness, provided not more than 15 % of the normal wall
thickness is removed from each surface. For large tube 20 mm
[0.750 in.] and over in wall thickness, the standard specimen
shown in Fig. 8 shall be used for transverse tension tests.
Specimens for transverse tension tests on large welded tube to
determine the strength of welds shall be located perpendicular
to the welded seams, with the welds at about the middle of their
lengths.

"
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Dimensions, mm [in.]
For Test Specimens with Gauge Length Four times the Diameter [E8]

Standard Small-Size Specimens Proportional to Standard
Specimen
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
G—Gauge length 50.0 £ 0.1 36.0 0.1 24.0 + 0.1 16.0 + 0.1 10.0 0.1
[2.000 + 0.005] [1.400 + 0.005] [1.000 + 0.005] [0.640 + 0.005] [0.450 + 0.005]
D—Diameter (Note 1) 125+0.2 9.0 £0.1 6.0x0.1 40x01 2501
[0.500 + 0.010] [0.350 + 0.007] [0.250 + 0.005] [0.160 + 0.003] [0.113 + 0.002]
R—Radius of fillet, min 10 [0.375] 80.25] 6[0.188] 410.156] 2[0.094]
A—Length of reduced section, min (Note 2) 56 [2.25] 45 [1.75] 30 [1.25] 20 [0.75] 16 [0.625]

Dimensions, mm [in.]

For Test Specimens with Gauge Length Five times the Diameter [E8M

Standard Specimen Small-Size Specimens Proportional to Standard
pecil 1 Specif 2 Specimen 3 Specimen 4 Specimen 5

G—Gauge length 625+ 0.1 450+ 0.1 30.0 £ 0.1 20.0 £ 0.1 125+ 0.1

[2.500 + 0.005] [1.750 + 0.005] [1.250 + 0.005] [0.800 + 0.005] [0.565 + 0.005]
D—Diameter (Note 1) 125+0.2 9.0+ 0.1 6.0x0.1 40x01 2501

[0.500 + 0.010] [0.350 + 0.007] [0.250 + 0.005] [0.160 + 0.003] [0.113 + 0.002]
R—Radius of fillet, min 10 [0.375] 8 [0.25] 6[0.188] 410.156] 2[0.094]
A—Length of reduced section, min (Note 2) 75 (3.0 54 [2.0] 36 [1.4] 24 [1.0] 20 [0.75]

Note 1—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1 % larger in diameter than the
center (controlling dimension).

Norte 2—If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gauge length. Reference
marks for the measurement of elongation should, nevertheless, be spaced at the indicated gauge length.

Note 3—The gauge length and fillets may be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that
the force shall be axial (see Fig. 9). If the ends are to be held in wedge grips it is desirable, if possible, to make the length of the grip section great enough
to allow the specimen to extend into the grips a distance equal to two thirds or more of the length of the grips.

Nore 4—On the round specimens in Figs. 8 and 9, the gauge lengths are equal to four [E8] or five times [E8M] the nominal diameter. In some product
specifications other specimens may be provided for, but unless the 4-to-1 [E8] or 5-to-1 [E8M] ratio is maintained within di ional tolerances, the
elongation values may not be comparable with those obtained from the standard test specimen.

Note 5—The use of specimens smaller than 6-mm [0.250-in.] diameter shall be restricted to cases when the material to be tested is of insufficient size
to obtain larger specimens or when all parties agree to their use for acceptance testing. Smaller specimens require suitable equipment and greater skill
in both machining and testing.

Note 6—For inch/pound units only: Five sizes of specimens often used have diameters of approximately 0.505, 0.357, 0.252, 0.160, and 0.113 in.,
the réason being to permit easy calculations of stress from loads, since the corresponding cross-sectional areas are equal or close to 0.200, 0.100, 0.0500,
0.0200, and 0.0100 in.2, respectively. Thus, when the actual diameters agree with these values, the stresses (or strengths) may be computed using the
simple multiplying factors 5, 10, 20, 50, and 100, respectively. (The metric equivalents of these five diameters do not result in correspondingly convenient
cross-sectional areas and multiplying factors.)

FIG. 8 Standard 12.5-mm [0.500-in.] Round Tension Test Speci and E of Small-Size Specimens
Proportional to the Standard Specimen
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Dimensions, mm [in.]
For Test Specimens with Gauge Length Four times the Diameter [E8]

Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
G—Gauge length 50 + 0.1 50 + 0.1 50 + 0.1 50 + 0.1 50 + 0.1
[2.000 + 0.005] [2.000 + 0.005] [2.000 + 0.005] [2.000 + 0.005] [2.000 + 0.005]
D—Diameter (Note 1) 125+ 0.2 125 +£0.2 125+0.2 125+ 0.2 125 +0.2
[0.500 + 0.010] [0.500 + 0.010] [0.500 + 0.010] [0.500 + 0.010] [0.500 + 0.010]
R—Radius of fillet, min 10 [0.375] 10 [0.375] 2 [0.0625] 10 [0.375] 10 [0.375]
A—Length of reduced section 56 [2.25] 56 [2.25] 100 [4] 56 [2.25] 56 [2.25]
min min approximate min min
L—Overall length, approximate 145 [5] 155 [5.5] 155 [5.5] 140 [4.75] 255 [9.5]
B—Length of end section (Note 3) 35 [1.375] 25[1] 20 [0.75] 15 [0.5] 75[3]
approximate approximate approximate approximate min
C—Diameter of end section 20 [0.75] 20 [0.75] 20 [0.75] 22 [0.875) 20 [0.75)
E—Length of shoulder and fillet section, approximate 15 [0.625] 20 [0.75] 15 [0.625]
F—Diameter of shoulder 15 [0.625] 15 [0.625] 15 [0.625]
Dimensions, mm [in.]
For Test with Gauge Length Five times the Di; E8M
Specimen 1 Specimen 2 Specimen 3 peci 4 Specimen 5
G—Gauge length 62.5 0.1 62.5 + 0.1 62.5+0.1 62.5 + 0.1 62.5+ 0.1
[2.500 + 0.005] [2.500 + 0.005] [2.500 + 0.005] [2.500 % 0.005] [2.500 = 0.005]
D—Diameter (Note 1) 125+ 0.2 125 + 0.2 125+ 0.2 125+ 0.2 125 +0.2

: [0.500 + 0.010] [0.500 + 0.010] [0.500 % 0.010] [0.500 + 0.010] [0.500 = 0.010]
R—Radius of fillet, min 10 [0.375] 10 [0.375] 2 [0.0625] 10 [0.375] 10 [0.375]
A—Length of reduced section 75[3] 75 [3] 75 [3] 75 [3] 75 [3]

: min min approximate min min
L—Overall length, approximate 145 [5] 155 [5.5] 155 [5.5] 140 [4.75] 255 [9.5]
B—Length of end section (Note 3) 35 [1.375] 25[1] 20 [0.75] 15 [0.5] 75 [3]

G approximate approximate approximate approximate min
C—Diameter of end section 20 [0.75] 20 [0.75] 20 [0.75] 22 [0.875] 20 [0.75]
E—Length of shoulder and fillet section, approximate 15 [0.625] 20 [0.75] 15 [0.625]

15 [0.625] 15 [0.625] 15 [0.625]

F—Diameter of shoulder

Note 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 1 %. larger in diameter than the

center.
Note 2—On Speci

mens 1 and 2, any standard thread is permissible that provides for proper alignment and aids in assuring that the specimen will break

within the reduced section.

Note 3—On Specimen 5 it is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips
a distance equal to two thirds or more of the length of the grips.

Note 4—The values stated in SI units in the table for Fig. 9 are to be regarded as separate from the inch/pound units. The values stated in each system

are not exact equival
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ents; therefore each system must be used independently of the other.
FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens
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FIG. 10 Squeezing Jig for Flattening Ends of Full-Size Tension
Test Specimens

Testing machine jows

4
should not extend 5
beyond this limit -

Note 1—The diameter of the plug shall have a slight taper from the line
limiting the test machine jaws to the curved section.

ber

Gege
Length
152

FIG. 11 Metal Plugs for Testing Tubular Speci , Proper Loca-
tion of Plugs in Speci and of Speci in Heads of Testing
; Machine

Note 1—The edges of the blank for the specimen shall be cut parallel
to each other.
FIG. 12 Location from Which Longitudinal Tension Test Speci-
mens Are to be Cut from Large-Diameter Tube

6.10 Specimens for Forgings—For testing forgings, the
largest round specimen described in 6.4 shall be used. If round
specimens are not feasible, then the largest specimen described
in 6.5 shall be used.

6.10.1 For forgings, specimens shall be taken as provided in
the applicable product specifications, either from the predomi-
nant or thickest part of the forging from which a coupon can be
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obtained, or from a prolongation of the forging, or from
separately forged coupons representative of the forging. When
not otherwise specified, the axis of the specimen shall be
parallel to the direction of grain flow.

6.11 Specimens for Castings—In testing castings either the
standard specimen shown in Fig. 8 or the specimen shown in
Fig. 15 shall be used unless otherwise provided in the product
specifications.

6.11.1 Test coupons for castings shall be made as shown in
Fig. 16 and Table 1.

6.12 Specimen for Malleable Iron—For testing malleable
iron the test specimen shown in Fig. 17 shall be used, unless
otherwise provided in the product specifications.

6.13 Specimen for Die Castings—For testing die castings
the test specimen shown in Fig. 18 shall be used unless
otherwise provided in the product specifications.

6.14 Specimens for Powder Metallurgy (P/M) Materials—
For testing powder metallurgy (P/M) materials the test speci-
mens shown in Figs. 19 and 20 shall be used, unless otherwise
provided in the product specifications. When making test
specimens in accordance with Fig. 19, shallow transverse
grooves, or ridges, may be pressed in the ends to allow
gripping by jaws machined to fit the grooves or ridges. Because
of shape and other factors, the flat unmachined tensile test
specimen (Fig. 19) in the heat treated condition will have an
ultimate tensile strength of 50 % to 85 % of that determined in
a machined round tensile test specimen (Fig. 20) of like
composition and processing.

7. Procedures

7.1 Preparation of the Test Machine—Upon startup, or
following a prolonged period of machine inactivity, the test
machine should be exercised or warmed up to normal operating
temperatures to minimize errors that may result from transient
conditions.

7.2 Measurement of Dimensions of Test Specimens:

7.2.1 To determine the cross-sectional area of a test
specimen, measure the dimensions of the cross section at the
center of the reduced section. For referee testing of specimens
less than 5 mm [0.188 in.] in their least dimension, measure the
dimensions where the least cross-sectional area is found.
Measure and record the cross-sectional dimensions of tension
test specimens as follows:

(1) Specimen dimension > 5 mm [0.200 in.] to the nearest
0.02 mm [0.001 in.].

(2)2.5 mm [0.100 in.] < Specimen dimension < 5 mm
[0.200 in.] to the nearest 0.01 mm [0.0005 in.].

(3) 0.5 mm [0.020 in.] < specimen dimension < 2.5 mm
[0.100 in.] to the nearest 0.002 mm [0.0001 in.].

(4) Specimen dimensions < 0.5 mm [0.020 in.], to at least
the nearest 1 % when practical but in all cases to at least the
nearest 0.002 mm [0.0001 in.].

Note 9—Accurate and precise measurement of specimen dimensions
can be one of the most critical aspects of tension testing, depending on
specimen geometry. See Appendix X2 for additional information.

Note 10—Rough surfaces due to the manufacturing process such as hot
rolling, metallic coating, etc., may lead to inaccuracy of the computed
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Dimensions
Specimen 1 P 2 p 3 1 4 1 5 P 6 7
mm [in.] mm [in.] mm [in.] mm [in.] mm [in.] mm [in.] mm [in.]
G—Gauge length 50.0 £ 0.1 50.0 0.1 200.0 £ 0.2 50.0 = 0.1 100.0 £ 0.1 50.0 + 0.1 100.0 £ 0.1
[2.000 + 0.005]  [2.000 + 0.005] [8.00 + 0.01] [2.000 + 0.005]  [4.000 + 0.005]  [2.000 + 0.005]  [4.000 + 0.005]
W—Width (Note 1) 125+ 0.2 40.0 £2.0 40.0 £ 0.2 20.0 £ 0.7 20.0 £ 0.7 250+ 1.5 250+ 1.5
[0.500 = 0.010] [1.5 +0.125-0.25] [1.5+0.125,-0.25]  [0.750 + 0.031]  [0.750 + 0.031]  [1.000 + 0.062]  [1.000 + 0.062]
T—Thickness measured thickness of specimen
R—Radius of fillet, min 12.5 [0.5] 25 [1] 25[1] 25[1] 25[1] 25 [1] 25 [1]
A—Length of reduced 60 [2.25] 60 [2.25] 230 [9] 60 [2.25] 120 [4.5] 60 [2.25] 120 [4.5]
section,
min
B—Length of grip section, 75 3] 7513] 75 3] 75 [3] 75 [3] 75 13] 75 13]
min (Note 2)
C—Width of grip section, 20 [0.75] 50 [2] 50 [2] 25[1] 25 [1] 40 [1.5] 40 [1.5]

approximate (Note 3)

Note 1—The ends of the reduced section shall differ from each other in width by not more than 0.5 %. There may be a gradual taper in width from
the ends to the center, but the width at each end shall be not more than 1 % greater than the width at the center.

Norte 2—It is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips a distance equal
to two thirds or more of the length of the grips.

Note 3—The ends of the specimen shall be symmetrical with the center line of the reduced section within 1 mm [0.05 in.] for specimens 1, 4, and
5, and 2.5 mm [0.10 in.] for specimens 2, 3, 6, and 7.

Note 4—For each specimen type, the radii of all fillets shall be equal to each other within a tolerance of 1.25 mm [ 0.05 in.], and the centers of curvature
of the two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of 2.5 mm [0.10
in.].

Norte 5—For circular segments, the cross-sectional area may be calculated by multiplying W and 7. If the ratio of the dimension W to the diameter
of the tubular section is larger than about Y. the error in using this method to calculate the cross-sectional area may be appreciable. In this case, the exact
equation (see 7.2.3) must be used to determine the area.

Note 6—Specimens with G/W less than 4 should not be used for determination of elongation.

Note 7—Specimens with sides parallel throughout their length are permitted, except for referee testing, provided: (a) the above tolerances are used;
(b) an adequate number of marks are provided for determination of elongation; and (c) when yield strength is determined, a suitable extensometer is used.
If the fracture occurs at a distance of less than 2 W from the edge of the gripping device, the tensile properties determined may not be representative of
the material. If the properties meet the minimum requirements specified, no further testing is required, but if they are less than the minimum requirements,

discard the test and retest.
O Dad
P

FIG. 13 Tension Test Specimens for Large-Di

@

B
FIG. 14 Location of Transverse Tension Test Specimen in Ring
Cut from Tubular Products

7.2.2.1 Determine the weight to the nearest 0.5 % or less.

7.2.2.2 The cross-sectional area is equal to the mass of the
specimen divided by the length and divided by the density of
the material.

7.2.3 When using specimens of the type shown in Fig. 13
taken from tubes, the cross-sectional area shall be determined

areas greater than the measured dimensions would indicate. Therefore,
cross-sectional dimensions of test specimens with rough surfaces due to
processing may be measured and recorded to the nearest 0.02 mm [0.001
in.]

Norte 11—See X2.9 for cautionary information on measurements taken
from coated metal products.

7.2.2 Determine the cross-sectional area of a full-size test

specimen of uniform but nonsymmetrical cross section by
determining the mass of a length not less than 20 times longer
than the largest cross-sectional dimension.

Copyright ASTM Intemational
Provided by IHS under license with ASTM
No reproduction or networking permitted without license from IHS

as follows:
If D/W < 6:
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Dimensions
Specimen 1 Specimen 2 Specimen 3
mm [in.] mm [in.] mm [in.]
G—Length of parallel Shall be equal to or greater than diameter D
section
D—Diameter 125+ 0.2 20+ 04 36.0 £ 0.6
[0.500 + 0.010] [0.750 + 0.015]  [1.25 + 0.02]
R—Radius of fillet, 25[1] 25 [1] 50 [2]
min
A—Length of reduced 32 [1.25] 38 [1.5] 60 [2.25]
section,
min
L—Overall length, min 95 [3.75] 100 [4] 160 [6.375]
B—Length of end 25[1] 25 [1] 45 [1.75]
section,
approximate
C—Diameter of end 20 [0.75] 30 [1.125] 48 [1.875]
section,
approximate
E—Length of shoulder, 6[0.25] 6 [0.25] 810.312]
min
F—Diameter of shoul- 16.0 £ 0.4 24.0 £ 0.4 36.5+ 0.4
der [0.625 + 0.016]  [0.94 + 0.016]  [1.438 + 0.016]

Note 1—The reduced section and shoulders (dimensions A, D, E, F, G,
and R) shall be as shown, but the ends may be of any form to fit the holders
of the testing machine in such a way that the force can be axial.
Commonly the ends are threaded and have the dimensions B and C given
above.

FIG. 15 Standard Tension Test Specimen for Cast Iron

(1)

A= ()= (5) x| -[(]ﬂ)

x (D—an—Wﬂ—[(D_zqzxmmm< iz

2 D 2T

where:
= exact cross-sectional area, mm? [in.?],
= width of the specimen in the reduced section, mm [in.],

= measured outside diameter of the tube, mm [in.], and
= measured wall thickness of the specimen, mm [in.].

ND s>

arcsin values to be in radians
If D/IW > 6, the exact equation or the following equation may
be used:

A=WXT 2)

approximate cross-sectional area, mm? [in.z],

W = width of the specimen in the reduced section, mm [in.],
and
T = measured wall thickness of the specimen, mm [in.].

Note 12—See X2.8 for cautionary information on measurements and
calculations for specimens taken from large-diameter tubing.

7.3 Gauge Length Marking of Test Specimens:

7.3.1 The gauge length for the determination of elongation
shall be in accordance with the product specifications for the
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material being tested. Gauge marks shall be stamped lightly
with a punch, scribed lightly with dividers or drawn with ink as
preferred. For material that is sensitive to the effect of slight
notches and for small specimens, the use of layout ink will aid
in locating the original gauge marks after fracture.

7.3.2 For materials where the specified elongation is 3 % or
less, measure the original gauge length to the nearest 0.05 mm
[0.002 in.] prior to testing.

7.4 Zeroing of the Testing Machine:

7.4.1 The testing machine shall be set up in such a manner
that zero force indication signifies a state of zero force on the
specimen. Any force (or preload) imparted by the gripping of
the specimen (see Note 13) must be indicated by the force
measuring system unless the preload is physically removed
prior to testing. Artificial methods of removing the preload on
the specimen, such as taring it out by a zero adjust pot or
removing it mathematically by software, are prohibited be-
cause these would affect the accuracy of the test results.

Note 13—Preloads generated by gripping of specimens may be either
tensile or compressive in nature and may be the result of such things as:

— grip design

— malfunction of gripping apparatus (sticking, binding, etc.)

— excessive gripping force

— sensitivity of the control loop

Norte 14—1t is the operator’s responsibility to verify that an observed
preload is acceptable and to ensure that grips operate in a smooth manner.
Unless otherwise specified, it is recommended that momentary (dynamic)
forces due to gripping not exceed 20 % of the material’s nominal yield
strength and that static preloads not exceed 10 % of the material’s nominal
yield strength.

7.5 Gripping of the Test Specimen:

7.5.1 For specimens with reduced sections, gripping of the
specimen shall be restricted to the grip section, because
gripping in the reduced section or in the fillet can significantly
affect test results.

7.6 Speed of Testing:

7.6.1 Speed of testing may be defined in terms of (a) rate of
straining of the specimen, (b) rate of stressing of the specimen,
(c) crosshead speed, (d) the elapsed time for completing part or
all of the test, or (e) free-running crosshead speed (rate of
movement of the crosshead of the testing machine when not
under load).

7.6.2 Specifying suitable numerical limits for speed and
selection of the method are the responsibilities of the product
committees. Suitable limits for speed of testing should be
specified for materials for which the differences resulting from
the use of different speeds are of such magnitude that the test
results are unsatisfactory for determining the acceptability of
the material. In such instances, depending upon the material
and the use for which the test results are intended, one or more
of the methods described in the following paragraphs is
recommended for specifying speed of testing.

Note 15—Speed of testing can affect test values because of the rate
sensitivity of materials and the temperature-time effects.

7.6.2.1 Rate of Straining—The allowable limits for rate of
straining shall be specified in mm/mm/min [in./in./min]. Some
testing machines are equipped with pacing or indicating
devices for the measurement and control of rate of straining,
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TABLE 1 Details of Test Coupon Design for Castings (see Fig. 16)

Note 1—Test Coupons for Large and Heavy Steel Castings: The test coupons in Fig. 16A and B are to be used for large and heavy steel castings.
However, at the option of the foundry the cross-sectional area and length of the standard coupon may be increased as desired. This provision does not

apply to Specification A356/A356M.

Note 2—Bend Bar: If a bend bar is required, an alternate design (as shown by dotted lines in Fig. 16) is indicated.

Leg Design, 125 mm [5 in.]

Riser Design

1. L (length) A 125mm [5-in.] minimum length will be used.
This length may be increased at the option of the
foundry to accommodate additional test bars (see
Note 1).

Use of and size of end taper is at the option of

2. End taper the foundry.

3. Height 32 mm [1.25in.]

4. Width (at top) 32 mm [1.25 in.] (see Note 1)

5. Radius (at bottom) 13 mm [0.5 in.] max

6. Spacing between legs A 13 mm [0.5 in.] radius will be used between the
legs.

7. Location of test bars The tensile, bend, and impact bars will be taken
from the lower portion of the leg (see Note 2).
The number of legs attached to the coupon is at

8. Number of legs the option of the foundry providing they are

equispaced according to Item 6.

9. R, Radius from 0 to approximately 2 mm [0.062 in.]

1. L (length) The length of the riser at the base will be the
same as the top length of the leg. The length of
the riser at the top therefore depends on the
amount of taper added to the riser.

The width of the riser at the base of a multiple-leg
coupon shall be n (57 mm) — 16 mm [n (2.25 in.)
—0.625 in.] where n equals the number of legs
attached to the coupon. The width of the riser at
the top is therefore dependent on the amount of
taper added to the riser.

2. Width

Use of and size is at the option of the foundry.
The minimum height of the riser shall be 51 mm
[2 in.]. The maximum height is at the option of the

3. T (riser taper) foundry for the following reasons: (a) many risers

Height are cast open, (b) different compositions may re-
quire variation in risering for soundness, or (c)
different pouring temperatures may require varia-
tion in risering for soundness.

but in the absence of such a device the average rate of straining
can be determined with a timing device by observing the time
required to effect a known increment of strain.

7.6.2.2 Rate of Stressing—The allowable limits for rate of
stressing shall be specified in megapascals per second [pounds
per square inch per minute]. Many testing machines are
equipped with pacing or indicating devices for the measure-
ment and control of the rate of stressing, but in the absence of
such a device the average rate of stressing can be determined
with a timing device by observing the time required to apply a
known increment of stress.

7.6.2.3 Crosshead Speed—The allowable limits for cross-
head speed, during a test, may be specified in mm/min
[in./min]; in this case, the limits for the crosshead speed should
be further qualified by specifying different limits for various
types and sizes of specimens. In cases where different length
specimens may be used, it is often more practical to specify the
crosshead speed in terms of mm [in.] per mm [in.] of length of
the original reduced section of the specimen (or distance
between grips for specimens not having reduced sections) per
minute. Many testing machines are equipped with pacing or
indicating devices for the measurement and control of the
crosshead speed during a test, but in the absence of such
devices the average crosshead speed can be experimentally
determined by using suitable length-measuring and timing
devices.

Note 16—This method of specifying speed of testing, “Crosshead
Speed”, was previously called “Rate of Separation of Heads During
Tests.”

Note 17—For machines not having crossheads or having stationary
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crossheads, the phrase “crosshead speed” may be interpreted to mean the
rate of grip separation.

7.6.2.4 Elapsed Time—The allowable limits for the elapsed
time from the beginning of force application (or from some
specified stress) to the instant of fracture, to the maximum
force, or to some other stated stress, shall be specified in
minutes or seconds. The elapsed time can be determined with
a timing device.

7.6.2.5 Free-Running Crosshead Speed—The allowable
limits for the rate of movement of the crosshead of the testing
machine, with no force applied by the testing machine, shall be
specified in mm per mm [inches per inch] of length of reduced
section (or distance between grips for specimens not having
reduced sections) per second [minute]. The limits for the
crosshead speed may be further qualified by specifying differ-
ent limits for various types and sizes of specimens. The average
crosshead speed can be experimentally determined by using
suitable length-measuring and timing devices.

Note 18—For machines not having crossheads or having stationary
crossheads, the phrase “free-running crosshead speed” may be interpreted
to mean the free-running rate of grip separation.

7.6.3 Speed of Testing When Determining Yield Properties—
Unless otherwise specified, any convenient speed of testing
may be used up to one half the specified minimum yield
strength or up to one quarter of the specified minimum tensile
strength, whichever is smaller. The speed above this point shall
be within the specified limits. If different speed limitations are
required for use in determining yield strength, yield point
elongation, tensile strength, elongation, and reduction of area,
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Dimensions, mm [in.]

D—Diameter 16 [0.625]
R—Radius of fillet 8[0.312]
A—Length of reduced section 64 [2.5]
L—Overall length 190 [7.5]
B—Length of end section 64 [2.5]
C—Diameter of end section 20 [0.75]
E—Length of fillet 51[0.188]
FIG. 17 Standard Tension Test Specimen for Malleable Iron

Dimensions, mm [in.]

G—Gauge length

D—Diameter (see Note)

R—Radius of fillet, min

A—Length of reduced section, min
L—Overall length, min

B—Distance between grips, min
C—Diameter of end section, approximate

50 + 0.1 [2.000 = 0.005]
6.4 % 0.1 [0.250 + 0.005]
75 (3]

60 [2.25]

230 [9]

115 [4.5]

10 [0.375]

Note 1—The reduced section may have a gradual taper from the end toward the center, with the ends not more than 0.1 mm [0.005 in.] larger in

diameter than the center.

FIG. 18 Standard ion Test Specimens for Die C

they should be stated in the product specifications. In all cases,
the speed of testing shall be such that the forces and strains
used in obtaining the test results are accurately indicated.
Determination of mechanical properties for comparison of
product properties against a specification value should be run
using the same control method and rate used to determine the
specification value unless it can be shown that another method
yields equivalent or conservative results. In the absence of any
specified limitations, one of the following control methods
shall be used. Appendix X4 provides additional guidance on
selecting the control method.

Note 19—In the previous and following paragraphs, the yield proper-
ties referred to include yield strength, yield point, and yield point
elongation.

7.6.3.1 Control Method A—Rate of Stressing Method for
Determining Yield Properties - In this method, the testing
machine shall be operated such that the rate of stress applica-
tion in the linear elastic region is between 1.15 and 11.5 MPa/s
[10 000 and 100 000 psi/min]. The speed of the testing machine
shall not be increased in order to maintain a stressing rate when
the specimen begins to yield. It is not recommended that the
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testing machine be operated in closed-loop control using the
force signal through yield; however closed-loop control of the
force signal can be used in the linear-elastic portion of the test.

Norte 20—It is not the intent of this method to maintain constant stress
rate or to control stress rate with closed loop force control while
determining yield properties, but only to set the crosshead speed to
achieve the target stress rate in the elastic region. When a specimen being
tested begins to yield, the stressing rate decreases and may even become
negative in the case of a specimen with discontinuous yielding. To
maintain a constant stressing rate through the yielding process requires the
testing machine to operate at extremely high speeds and, in most cases,
this is neither practical nor desirable. In practice, it is simpler to use either
a strain rate, crosshead speed, or a free-running crosshead speed that
approximates the desired stressing rate in the linear-elastic portion of the
test. As an example, use a strain rate that is between 1.15 and 11.5 MPa/s
divided by the nominal Young’s Modulus of the material being tested. As
another example, find a crosshead speed through experimentation that
approximates the desired stressing rate prior to the onset of yielding, and
maintain that crosshead speed through the region that yield properties are
determined. While both of these methods will provide similar rates of
stressing and straining prior to the onset of yielding, the rates of stressing
and straining are generally quite different in the region where yield
properties are determined.

Note 21—This method has been the default method for many years for

15
Sold to:NW PA Reg Plann and Dev Co, 811794

Not for Resale,09/25/2013 09:03:44 MDT




971

4y Es/E8M - 13a

Pressing Area = 645 mm? [1.00 in.?]

Dimensions, mm [in.]
25.4 + 0.08 [1.000 + 0.003]

5.72 + 0.03 [0.225 + 0.001]
5.97 + 0.03 [0.235 + 0.001]

G—Gauge length

D—Width at center
W—Width at end of reduced
section

T—Compact to this thickness 3.56 to 6.35 [0.140 to 0.250]

R—Radius of fillet 25.4[1]

A—Half-length of reduced sec- 15.9 [0.625]

tion

B—Girip length 80.95 + 0.03 [3.187 + 0.001]

L—Overall length

C—Width of grip section
F—Half-width of grip section
E—End radius

89.64 + 0.03 [3.529 + 0.001]
8.71 + 0.03 [0.343 + 0.001]
4.34 £ 0.03 [0.171 + 0.001]
4.34 + 0.03 [0.171 + 0.001]

Note 1—Dimensions Specified, except G and 7, are those of the die.
FIG. 19 Standard Flat Unmachined Tension Test Specimens for
Powder Metallurgy (P/M) Products

testing materials that exhibit low strain rate sensitivity such as some steels
and aluminum.

7.6.3.2 Control Method B - Rate of Straining Control
Method for Determining Yield Properties—In this method, the
testing machine shall be operated in closed-loop control using
the extensometer signal. The rate of straining shall be set and
maintained at 0.015 = 0.006 mm/mm/min [in./in./min].

Note 22—Proper precautions must be observed when operating a
machine in closed-loop strain control because unexpected crosshead
movement may occur if the control parameters are not set properly, if
proper safety limits are not set, or if the extensometer slips.

Note 23:—A Rate of Straining at 0.005 mm/mm/min [in./in./min] is
often requited for aerospace, high-temperature alloys, and titanium
applications: and when specified, must be followed rather than the
requirement: above.

7.6.3.3 :Control Method C—-Crosshead Speed Control
Method for Determining Yield Properties—The testing machine
shall be set to a crosshead speed equal to 0.015 * 0.003
mm/mm/min [in./in./min] of the original reduced section
(dimension A in Fig. 1, Fig. 7, Fig. 8, Fig. 9, Fig. 13, Fig. 15,
Fig. 17, Fig. 18, and Fig. 20, and 2 times dimension A in Fig.
19) or distance between grips for specimens without reduced
sections.

Norte 24—It is recommended that crosshead speed be used for control
in regions of discontinuous yielding.

Note 25—Using different Control Methods may produce different yield
results especially if the material being tested is strain-rate sensitive. To
achieve the best reproducibility in cases where the material may be
strain-rate sensitive, the same control method should be used. Methods
described in 7.6.3.2 or 7.6.3.3 will tend to give similar results in the case
of a strain-rate sensitive material. The control method described in 7.6.3.1
should be avoided for strain rate sensitive materials if it is desirable to
reproduce similar test results on other testing machines or in other
laboratories.

7.6.4 Speed of Testing When Determining Tensile
Strength—In the absence of any specified limitations on speed
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Approximate Pressing Area of Unmachined Compact = 752 mm?
[1.166 in.2] Machining Recommendations
1. Rough machine reduced section to 6.35-mm [0.25-in.] diameter
2. Finish turn 4.75/4.85-mm [0.187/0.191-in.] diameter with radii and
taper
3. Polish with 00 emery cloth
4. Lap with crocus cloth

Dimensions, mm [in.]

25.4 + 0.08 [1.000 + 0.003]
4.75 + 0.03 [0.187+ 0.001]

G—Gauge length

D—Diameter at center of reduced
section

H—Diameter at ends of gauge length
R—Radius of gauge fillet
A—Length of reduced section
L—Overall length (die cavity length)
B—Length of end section
C—Compact to this end thickness
W—Die cavity width

E—Length of shoulder
F—Diameter of shoulder

J—End fillet radius

4.85 + 0.03 [0.191 + 0.001]
6.35 + 0.13 [0.250 + 0.005]
47.63 + 0.13 [1.875 + 0.003]
75 [3], nominal

7.88 +0.13 [0.310 + 0.005]
10.03 + 0.13 [0.395 + 0.005]
10.03 + 0.08 [0.395 + 0.003]
6.35 + 0.13 [0.250 + 0.005]
7.88 + 0.03 [0.310 + 0.001]
1.27 + 0.13 [0.050 + 0.005]

Note 1—The gauge length and fillets of the specimen shall be as
shown. The ends as shown are designed to provide a practical minimum
pressing area. Other end designs are acceptable, and in some cases are
required for high-strength sintered materials.

Note 2—It is recommended that the test specimen be gripped with a
split collet and supported under the shoulders. The radius of the collet
support circular edge is to be not less than the end fillet radius of the test
specimen.

Note 3—Diameters D and H are to be concentric within 0.03 mm
[0.001 in.] total indicator runout (T.L.R.), and free of scratches and tool
marks.

FIG. 20 Stand:

d Round Machined Tension Test Specimen for
Powder Metallurgy (P/M) Products

of testing, the following general rules shall apply for materials
with expected elongations greater than 5 %. When determining
only the tensile strength, or after the yield behavior has been
recorded, the speed of the testing machine shall be set between
0.05 and 0.5 mm/mm [or in./in.] of the length of the reduced
section (or distance between the grips for specimens not having
a reduced section) per minute. Alternatively, an extensometer
and strain rate indicator may be used to set the strain rate
between 0.05 and 0.5 mm/mm/min [or in./in./min].

Norte 26—For materials with expected elongations less than or equal to
5 %, the speed of the testing machine may be maintained throughout the
test at the speed used to determine yield properties.

Norte 27—Tensile strength and elongation are sensitive to test speed for
many materials (see Appendix X1) to the extent that variations within the
range of test speeds given above can significantly affect results.

7.7 Determination of Yield Strength—Determine yield
strength by any of the methods described in 7.7.1 to 7.7.4.
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Where extensometers are employed, use only those that are
verified over a strain range in which the yield strength will be
determined (see 5.4).

Note 28—For example, a verified strain range of 0.2 % to 2.0 % is
appropriate for use in determining the yield strengths of many metals.

Norte 29—Determination of yield behavior on materials which cannot
support an appropriate extensometer (thin wire, for example) is problem-
atic and outside the scope of this standard.

7.7.1 Offset Method—To determine the yield strength by the
offset method, it is necessary to secure data (autographic or
numerical) from which a stress-strain diagram may be drawn.
Then on the stress-strain diagram (Fig. 21) lay off Om equal to
the specified value of the offset, draw mn parallel to OA, and
thus locate r, the intersection of mn with the stress-strain
diagram (Note 36). In reporting values of yield strength
obtained by this method, the specified value of offset used
should be stated in parentheses after the term yield strength.
Thus:

Yield strength (offset = 0.2 %) = 360 MPa [52 000 psi] 3)

In using this method, a Class B2 or better extensometer (see
Practice E83) shall be used.

Note 30—There are two general types of extensometers, averaging and
non-averaging, the use of which is dependent on the product tested. For
most machined specimens, there are minimal differences. However, for
some forgings and tube sections, significant differences in measured yield
strength can occur. For these cases, it is recommended that the averaging
type be used.

Norte 31—When there is a disagreement over yield properties, the offset
method for determining yield strength is recommended as the referee test
method.

Norte 32—In practice, for a number of reasons, the straight-line portion
of the stress-strain curve (line OA shown in Fig. 21) may not go through
the origin of the stress-strain diagram. In these cases, Point O in Figs.
21-27is not the origin of the stress-strain diagram, but rather where the
straight-line portion of the stress-strain curve, OA, intersects the strain
axis, see Fig. 26 and Fig. 27. All offsets and extensions are calculated from
the intersection of the straight-line portion of the stress-strain curve, OA,
with the strain axis, and not necessarily from the origin of the stress-strain
diagram.

- — YS(offset=0m %) /— — — — — — — =
/

Stress
~

/
Om = specified offset 4

Strain

FIG. 21 Stress-Strain Diagram for Determination of Yield
Strength by the Offset Method
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FIG. 22 Stress-Strain Diagram for Determination of Yield
Strength by the Extension-Under-Load Method
F——— —— uys

123
13
2
n

Strain

FIG. 23 Stress-Strain Diagram Showing Upper Yield Strength
Corresponding with Top of Knee

7.7.2 Extension-Under-Load (EUL) Method—Yield strength
by the extension-under-load method may be determined by: (/)
using autographic or numerical devices to secure stress-strain
data, and then analyzing this data (graphically or using
automated methods) to determine the stress value at the
specified value of extension, or (2) using devices that indicate
when the specified extension occurs, so that the stress then
occurring may be ascertained (Note 34). Any of these devices
may be automatic. This method is illustrated in Fig. 22. The
stress at the specified extension shall be reported as follows:

Yield strength (EUL = 0.5 %) = 52000 psi (4)

Extensometers and other devices used in determination of
the extension shall meet or exceed Class B2 requirements (see
Practice E83) at the strain of interest, except where use of
low-magnification Class C devices is helpful, such as in
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Stress

t-t : tangent to strain hardening at point of inflection
h-h : horizontal tangent at the last zero slope

Strain

FIG. 24 Stress-Strain Diagram Showing Yield Point Elongation
(YPE) and Upper (UYS) and Lower (LYS) Yield Strengths

H Inflection

Stress

Strain
FIG. 25 Stress-Strain Diagram With an Inflection, But No YPE

facilitating measurement of YPE, if observed. If Class C
devices are used, this must be reported along with the results.

Note 33—The appropriate value of the total extension must be
specified. For steels with nominal yield strengths of less than 550 MPa
[80 000 psi], an appropriate value is 0.005 mm/mm [or in./in.] (0.5 %) of
the gauge length. For higher strength steels, a greater extension or the
offset method should be used.

Norte 34—When no other means of measuring elongation are available,
a pair of dividers or similar device can be used to determine a point of
detectable elongation between two gauge marks on the specimen. The
gauge length shall be 50 mm [2 in.]. The stress corresponding to the load
at the instant of detectable elongation may be recorded as the approximate
extension-under-load yield strength.

7.7.3 Autographic Diagram Method (for materials exhibit-
ing discontinuous yielding)—Obtain stress-strain (or force-
elongation) data or construct a stress-strain (or force-
elongation) diagram using an autographic device. Determine
the upper or lower yield strength as follows:
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Force

Elongation

FIG. 26 Stress-Strain Diagram in Which the Upper Yield Strength
is the Maximum Stress Recorded Method

Maximum__ _
Torce

plateau region

Detail of plateau region
(force scale magnified)
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force, F .y

Force

El,

Elongation

Elongation

FIG. 27 Force-Elongation Diagram for Determination of Uniform
Elongation of Steel Sheet Materials Exhibiting a Plateau at Maxi-
mum Force

7.7.3.1 Record the stress corresponding to the maximum
force at the onset of discontinuous yielding as the upper yield
strength. This is illustrated in Figs. 23 and 24.

Norte 35—If multiple peaks are observed at the onset of discontinuous
yielding, the first is considered the upper yield strength. (See Fig. 24.)

7.7.3.2 Record the minimum stress observed during discon-
tinuous yielding (ignoring transient effects) as the lower yiel{i
strength. This is illustrated in Fig. 24. :

Note 36—Yield properties of materials exhibiting yield point elonga-
tion are often less repeatable and less reproducible than those of similar
materials having no YPE. Offset and EUL yield strengths may be
significantly affected by stress fluctuations occurring in the region where
the offset or extension intersects the stress-strain curve. Determination of
upper or lower yield strengths (or both) may therefore be preferable for
such materials, although these properties are dependent on variables such
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as test machine stiffness and alignment. Speed of testing may also have a
significant effect, regardless of the method employed.

Norte 37—Where low-magnification autographic recordings are needed
to facilitate measurement of yield point elongation for materials which
may exhibit discontinuous yielding, Class C extensometers may be
employed. When this is done but the material exhibits no discontinuous
yielding, the extension-under-load yield strength may be determined
instead, using the autographic recording (see Extension-Under-Load
Method).

7.7.4 Halt-of-the-Force Method (for materials exhibiting
discontinuous yielding)—Apply an increasing force to the
specimen at a uniform deformation rate. When the force
hesitates, record the corresponding stress as the upper yield
strength.

Note 38—The Halt-of-the-Force Method was formerly known as the
Halt-of-the-Pointer Method, the Drop-of-the-Beam Method, and the
Halt-of-the-Load Method.

7.8 Yield Point Elongation—Calculate the yield point elon-
gation from the stress-strain diagram or data by determining
the difference in strain between the upper yield strength (first
zero slope) and the onset of uniform strain hardening (see
definition of YPE in Terminology E6 and Fig. 24).

Norte 39—The stress-strain curve of a material exhibiting only a hint of
the behavior causing YPE may have an inflection at the onset of yielding
with no point where the slope reaches zero (Fig. 25). Such a material has
no YPE, but may be characterized as exhibiting an inflection. Materials
exhibiting inflections, like those with measurable YPE, may in certain
applications acquire an unacceptable surface appearance during forming.

7.9 Uniform Elongation (if required):

7.9.1 Uniform elongation shall include both plastic and
elastic elongation.

7.9.2 Uniform elongation shall be determined using auto-
graphic methods with extensometers conforming to Practice
E83. Use a class B2 or better extensometer for materials having
a uniform elongation less than 5 %. Use a class C or better
extensometer for materials having a uniform elongation greater
than or equal to 5 % but less than 50 %. Use a class D or better
extensometer for materials having a uniform elongation of
50 % or greater.

7.9.3 Determine the uniform elongation as the elongation at
the point of maximum force from the force elongation data
collected during a test.

7.9.3.1 Some materials exhibit a yield point followed by
considerable elongation where the yield point is the maximum
force achieved during the test. In this case, uniform elongation
is not determined at the yield point, but instead at the highest
force occurring just prior to necking (see Fig. 26).

7.9.3.2 Stress-strain curves for some materials exhibit a
lengthy, plateau-like region in the vicinity of the maximum
force. For such materials, determine the uniform elongation at
the center of the plateau as indicated in Fig. 27 (see also Note
40 below).

Note 40—When uniform elongation is being determined digitally,
noise in the stress-strain data generally causes many small, local peaks and
valleys to be recorded in the plateau region. To accommodate this, the
following procedure is recommended:

— Determine the maximum force recorded (after discontinuous yield-
ing).

— Evaluate the sequence of force values recorded before and after the
maximum force.
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— Digitally define the “plateau” as consisting of all consecutive data
points wherein the force value is within 0.5 % of the magnitude of the
peak force value.

— Determine the uniform elongation as the strain at the mid-point of
the “plateau.”

7.9.3.3 Discussion—The 0.5 % value of Note 40 has been
selected arbitrarily. In actual practice, the value should be
selected so as to be the minimum figure that is large enough to
effectively define the force plateau. This may require that the
percentage be about five times the amplitude of the force
fluctuations occurring due to noise. Values ranging from 0.1 %
to 1.0 % may be found to work acceptably.

7.10 Tensile Strength (also known as Ultimate Tensile
Strength)—Calculate the tensile strength by dividing the maxi-
mum force carried by the specimen during the tension test by
the original cross-sectional area of the specimen.

Note 41—If the upper yield strength is the maximum stress recorded,
and if the stress-strain curve resembles that of Fig. 26, it is recommended
that the maximum stress after discontinuous yielding be reported as the
tensile strength. Where this may occur, determination of the tensile
strength should be in accordance with the agreement between the parties
involved.

7.11 Elongation:

7.11.1 In reporting values of elongation, give both the
original gauge length and the percentage increase. If any
device other than an extensometer is placed in contact with the
specimen’s reduced section during the test, this also shall be
noted.

Example: Elongation = 30% increase (50 — mm[2
— in.] gauge length) (5)

Norte 42—Elongation results are very sensitive to variables such as: (a)
speed of testing, (b) specimen geometry (gauge length, diameter, width,
and thickness), (c) heat dissipation (through grips, extensometers, or other
devices in contact with the reduced section), (d) surface finish in reduced
section (especially burrs or notches), (e) alignment, and (f) fillets and
tapers. Parties involved in comparison or conformance testing should
standardize the above items, and it is recommended that use of ancillary
devices (such as extensometer supports) which may remove heat from
specimens be avoided. See Appendix X1 for additional information on the
effects of these variables.

7.11.2 When the specified elongation is greater than 3 %, fit
ends of the fractured specimen together carefully and measure
the distance between the gage marks to the nearest 0.25 mm
[0.01 in.] for gauge lengths of 50 mm [2 in.] and under, and to
at least the nearest 0.5 % of the gauge length for gauge lengths
over 50 mm [2 in.]. A percentage scale reading to 0.5 % of the
gauge length may be used.

7.11.3 When the specified elongation is 3 % or less, deter-
mine the elongation of the specimen using the following
procedure, except that the procedure given in 7.11.2 may be
used instead when the measured elongation is greater than 3 %.

7.11.3.1 Prior to testing, measure the original gauge length
of the specimen to the nearest 0.05 mm [0.002 in.].

7.11.3.2 Remove partly torn fragments that will interfere
with fitting together the ends of the fractured specimen or with
making the final measurement.
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7.11.3.3 Fit the fractured ends together with matched sur-
faces and apply a force along the axis of the specimen sufficient
to close the fractured ends together. If desired, this force may
then be removed carefully, provided the specimen remains
intact.

Note 43—The use of a force generating a stress of approximately
15 MPa [2000 psi] has been found to give satisfactory results on test
specimens of aluminum alloy.

7.11.3.4 Measure the final gauge length to the nearest
0.05 mm [0.002 in.] and report the elongation to the nearest
0.2 %.

7.11.4 Elongation measured per paragraph 7.11.2 or 7.11.3
may be affected by location of the fracture, relative to the
marked gauge length. If any part of the fracture occurs outside
the gauge marks or is located less than 25 % of the elongated
gauge length from either gauge mark, the elongation value
obtained using that pair of gauge marks may be abnormally
low and non-representative of the material. If such an elonga-
tion measure is obtained in acceptance testing involving only a
minimum requirement and meets the requirement, no further
testing need be done. Otherwise, discard the test and retest the
material.

7.11.5 Elongation at Fracture:

7.11.5.1 Elongation at fracture shall include elastic and
plastic elongation and may be determined with autographic or
automated methods using extensometers verified over the
strain range of interest (see 5.4). Use a class B2 or better
extensometer for materials having less than 5 % elongation, a
class C or better extensometer for materials having elongation
greater than or equal to 5 % but less than 50 %, and a class D
or better extensometer for materials having 50 % or greater
elongation. In all cases, the extensometer gauge length shall be
the nominal gauge length required for the specimen being
tested. Due to the lack of precision in fitting fractured ends
together, the elongation after fracture using the manual meth-
ods of the preceding paragraphs may differ from the elongation
at fracture determined with extensometers.

7.11.5.2 Percent elongation at fracture may be calculated
directly from elongation at fracture data and be reported
instead of percent elongation as calculated in 7.11.2 to 7.11.3.
However, these two parameters are not interchangeable. Use of
the elongation at fracture method generally provides more
repeatable results.

Note 44—When disagreements arise over the percent elongation
results, agreement must be reached on which method to use to obtain the
results.

7.12 Reduction of Area:

7.12.1 The reduced area used to calculate reduction of area
(see 7.11.2 and 7.11.3) shall be the minimum cross section at
the location of fracture.

7.12.2 Specimens with Originally Circular Cross Sections—
Fit the ends of the fractured specimen together and measure the
reduced diameter to the same accuracy as the original mea-
surement.

Norte 45—Because of anisotropy, circular cross sections often do not
remain circular during straining in tension. The shape is usually elliptical,
thus, the area may be calculated by 7 - d,-d,/4, where d, and d, are the
major and minor diameters, respectively.
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7.12.3 Specimens with Original Rectangular Cross
Sections—Fit the ends of the fractured specimen together and
measure the thickness and width at the minimum cross section
to the same accuracy as the original measurements.

Norte 46—Because of the constraint to deformation that occurs at the

1

corners of rec peci the di ions at the center of the
original flat surfaces are less than those at the corners. The shapes of these
surfaces are often assumed to be parabolic. When this assumption is made,
an effective thickness, 7., may be calculated as follows: (t, + 41, + 13)/6,
where 7, and 15 are the thicknesses at the corners, and t, is the thickness

at mid-width. An effective width may be similarly calculated.

7.12.4 Calculate the reduced area based upon the dimen-
sions determined in 7.12.2 or 7.12.3. The difference between
the area thus found and the area of the original cross section
expressed as a percentage of the original area is the reduction
of area.

7.12.5 If any part of the fracture takes place outside the
middle half of the reduced section or in a punched or scribed
gauge mark within the reduced section, the reduction of area
value obtained may not be representative of the material. In
acceptance testing, if the reduction of area so calculated meets
the minimum requirements specified, no further testing is
required, but if the reduction of area is less than the minimum
requirements, discard the test results and retest.

7.12.6 Results of measurements of reduction of area shall be
rounded using the procedures of Practice E29 and any specific
procedures in the product specifications. In the absence of a
specified procedure, it is recommended that reduction of area
test values in the range from 0 to 10 % be rounded to the
nearest 0.5 % and test values of 10 % and greater to the nearest
1 %.

7.13 Rounding Reported Test Data for Yield Strength and
Tensile Strength—Test data should be rounded using the
procedures of Practice E29 and the specific procedures in the
product specifications. In the absence of a specified procedure
for rounding the test data, one of the procedures described in
the following paragraphs is recommended.

7.13.1 For test values up to 500 MPa [50 000 psi], round to
the nearest 1 MPa [100 psi]; for test values of 500 MPa
[50 000 psi] and up to 1000 MPa [100 000 psi], round to the
nearest 5 MPa [500 psi]; for test values of 1000 MPa [100 000
psi] and greater, round to the nearest 10 MPa [1000 psi].

Norte 47—For steel products, see Test Methods and Definitions A370.

7.13.2 For all test values, round to the nearest 1 MPa
[100 psi].

Norte 48—For alumi and magnesi lloy products, see Methods
B557.

7.13.3 For all test values, round to the nearest 5 MPa
[500 psi].

7.14 Replacement of Specimens—A test specimen may be
discarded and a replacement specimen selected from the same
lot of material in the following cases:

7.14.1 The original specimen had a poorly machined
surface,

7.14.2 The original specimen had the wrong dimensions,

7.14.3 The specimen’s properties were changed because of
poor machining practice,
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7.14.4 The test procedure was incorrect,

7.14.5 The fracture was outside the gauge length,

7.14.6 For elongation determinations, the fracture was out-
side the middle half of the gauge length, or

7.14.7 There was a malfunction of the testing equipment.

Note 49—The tension specimen is inappropriate for assessing some
types of imperfections in a material. Other methods and specimens
employing ultrasonics, dye penetrants, radiography, etc., may be consid-
ered when flaws such as cracks, flakes, porosity, etc., are revealed during
a test and soundness is a condition of acceptance.

8. Report

8.1 Test information on materials not covered by a product
specification should be reported in accordance with 8.2 or both
8.2 and 8.3.

8.2 Test information to be reported shall include the follow-
ing when applicable:

8.2.1 Reference to the standard used, i.e. E8 or EEM.

8.2.2 Material and sample identification.

8.2.3 Specimen type (see Section 6).

8.2.4 Yield strength and the method used to determine yield
strength (see 7.7).

8.2.5 Yield point elongation (see 7.8).

8.2.6 Tensile Strength (also known as Ultimate Tensile
Strength) (see 7.10).

8.2.7 Elongation (report original gauge length, percentage
increase, and method used to determine elongation; i.e. at
fracture or after fracture) (see 7.11).

8.2.8 Uniform Elongation, if required (see 7.9).

8.2.9 Reduction of area, if required (see 7.12).

8.3 Test information to be available on request shall include:

8.3.1 Specimen test section dimension(s).

8.3.2 Equation used to calculate cross-sectional area of
rectangular specimens taken from large-diameter tubular prod-
ucts.

8.3.3 Speed and method used to determine speed of testing
(see 7.6).

8.3.4 Method used for rounding of test results (see 7.13).

8.3.5 Reasons for replacement specimens (see 7.14).

9. Precision and Bias

9.1 Precision—An interlaboratory test program® gave the
following values for coefficients of variation for the most
commonly measured tensile properties:

Coefficient of Variation, %

Elongation
Yield Yield Gauge
Strength Strength Length Reduction
Tensile Offset Offset =4 of
Strength = 0.02 % =0.2% Diameter Area
CV %, 0.9 2.7 1.4 2.8 2.8
CV %g 1.3 45 23 5.4 4.6

CV %, = repeatability coefficient of variation in percent within a laboratory
CV %g = repeatability coefficient of variation in percent between
laboratories

9.1.1 The values shown are the averages from tests on six
frequently tested metals, selected to include most of the normal
range for each property listed above. When these materials are
compared, a large difference in coefficient of variation is found.
Therefore, the values above should not be used to judge
whether the difference between duplicate tests of a specific
material is larger than expected. The values are provided to
allow potential users of this test method to assess, in general
terms, its usefulness for a proposed application.

9.2 Bias—The procedures in Test Methods E8/E8M for
measuring tensile properties have no bias because these prop-
erties can be defined only in terms of a test method.

10. Keywords

10.1 accuracy; bending stress; discontinuous yielding; drop-
of-the-beam; eccentric force application; elastic extension;
elongation; extension-under-load; extensometer; force; free-
running crosshead speed; gauge length; halt-of-the force;
percent elongation; plastic extension; preload; rate of stressing;
rate of straining; reduced section; reduction of area; sensitivity;
strain; stress; taring; tensile strength; tension testing; yield
point elongation; yield strength

3 Supporting data can be found in Appendix X1 and additional data are available
from ASTM Headquarters. Request RR:E28-1004.

APPENDIXES

(N q

y Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

X1.1 The precision and bias of tension test strength and
ductility measurements depend on strict adherence to the stated
test procedure and are influenced by instrumental and material
factors, specimen preparation, and measurement/testing errors.

X1.2 The consistency of agreement for repeated tests of the
same material is dependent on the homogeneity of the material,
and the repeatability of specimen preparation, test conditions,
and measurements of the tension test parameters.
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X1.3 Instrumental factors that can affect test results include:
the stiffness, damping capacity, natural frequency, and mass of
moving parts of the tensile test machine; accuracy of force
indication and use of forces within the verified range of the
machine; rate of force application, alignment of the test
specimen with the applied force, parallelness of the grips, grip
pressure, nature of the force control used, appropriateness and
calibration of extensometers, heat dissipation (by grips,
extensometers, or ancillary devices), and so forth.
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X1.4 Material factors that can affect test results include:
representativeness and homogeneity of the test material, sam-
pling scheme, and specimen preparation (surface finish, dimen-
sional accuracy, fillets at the ends of the gauge length, taper in
the gauge length, bent specimens, thread quality, and so forth).

X1.4.1 Some materials are very sensitive to the quality of
the surface finish of the test specimen (see Note 4) and must be
ground to a fine finish, or polished to obtain correct results.

X1.4.2 Test results for specimens with as-cast, as-rolled,
as-forged, or other non-machined surface conditions can be
affected by the nature of the surface (see Note 10).

X1.4.3 Test specimens taken from appendages to the part or
component, such as prolongs or risers, or from separately
produced castings (for example, keel blocks) may produce test
results that are not representative of the part or component.

X1.4.4 Test specimen dimensions can influence test results.
For cylindrical or rectangular specimens, changing the test
specimen size generally has a negligible effect on the yield and
tensile strength but may influence the upper yield strength, if
one is present, and elongation and reduction of area values.
Comparison of elongation values determined using different
specimens requires that the following ratio be controlled:

L,J(A,)" (X1.1)
where:
L, = original gauge length of specimen, and
A, = original cross-sectional area of specimen.

X1.4.4.1 Specimens with smaller L /(A,)"? ratios generally
give greater elongation and reduction in area values. This is the
case for example, when the width or thickness of a rectangular
tensile test specimen is increased.

X1.4.4.2 Holding the L/(A,)"? ratio constant minimizes,
but does not necessarily eliminate, differences. Depending on
material and test conditions, increasing the size of the propor-
tional specimen of Fig. 8 may be found to increase or decrease
elongation and reduction in area values somewhat.

X1.4.5 Use of a taper in the gauge length, up to the allowed
1 % limit, can result in lower elongation values. Reductions of
as much as 15 % have been reported for a 1 % taper.

X1.4.6 Changes in the strain rate can affect the yield
strength, tensile strength, and elongation values, especially for
materials which are highly strain rate sensitive. In general, the
yield strength and tensile strength will increase with increasing
strain rate, although the effect on tensile strength is generally
less pronounced. Elongation values generally decrease as the
strain rate increases.

X1.4.7 Brittle materials require careful specimen
preparation, high quality surface finishes, large fillets at the
ends of the gauge length, oversize threaded grip sections, and
cannot tolerate punch or scribe marks as gauge length indica-
tors.

X1.4.8 Flattening of tubular products to permit testing does
alter the material properties, generally nonuniformly, in the
flattened region which may affect test results.

X1.5 Measurement errors that can affect test results include:
verification of the test force, extensometers, micrometers,
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dividers, and other measurement devices, alignment and zero-
ing of chart recording devices, and so forth.

X1.5.1 Measurement of the dimensions of as-cast, as-rolled,
as-forged, and other test specimens with non-machined sur-
faces may be imprecise due to the irregularity of the surface
flatness.

X1.5.2 Materials with anisotropic flow characteristics may
exhibit non-circular cross sections after fracture and measure-
ment precision may be affected, as a result (see Note 41).

X1.5.3 The corners of rectangular test specimens are subject
to constraint during deformation and the originally flat surfaces
may be parabolic in shape after testing which will affect the
precision of final cross-sectional area measurements (see Note
46).

X1.5.4 If any portion of the fracture occurs outside of the
middle of the gauge length, or in a punch or scribe mark within
the gauge length, the elongation and reduction of area values
may not be representative of the material. Wire specimens that
break at or within the grips may not produce test results
representative of the material.

X1.5.5 Use of specimens with shouldered ends (“button-
head” tensiles) will produce lower 0.02 % offset yield strength
values than threaded specimens.

X1.6 Because standard reference materials with certified
tensile property values are not available, it is not possible to
rigorously define the bias of tension tests. However, by the use
of carefully designed and controlled interlaboratory studies, a
reasonable definition of the precision of tension test results can
be obtained.

X1.6.1 An interlaboratory test program® was conducted in
which six specimens each, of six different materials were
prepared and tested by each of six different laboratories. Tables
X1.1-X1.6 present the precision statistics, as defined in Prac-
tice E691, for: tensile strength, 0.02 % yield strength, 0.2 %
yield strength, % elongation in 4D, % elongation in 5D, and
% reduction in area. In each table, the first column lists the six
materials tested, the second column lists the average of the
average results obtained by the laboratories, the third and fifth
columns list the repeatability and reproducibility standard
deviations, the fourth and sixth columns list the coefficients of
variation for these standard deviations, and the seventh and
eighth columns list the 95 % repeatability and reproducibility
limits.

X1.6.2 The averages (below columns four and six in each
table) of the coefficients of variation permit a relative compari-
son of the repeatability (within-laboratory precision) and
reproducibility (between-laboratory precision) of the tension
test parameters. This shows that the ductility measurements
exhibit less repeatability and reproducibility than the strength
measurements. The overall ranking from the least to the most
repeatable and reproducible is: % elongation in 4D, % elonga-
tion in 5D, % reduction in area, 0.02 % offset yield strength,
0.2 % offset yield strength, and tensile strength. Note that the
rankings are in the same order for the repeatability and
reproducibility average coefficients of variation and that the
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showed that one laboratory consistently exhibited higher than
average strength values and lower than average ductility values
for most of the specimens. One other laboratory had consis-
tently lower than average tensile strength results for all
specimens.

reproducibility (between-laboratory precision) is poorer than
the repeatability (within-laboratory precision) as would be
expected.

X1.6.3 No comments about bias can be made for the
interlaboratory study due to the lack of certified test results for
these specimens. However, examination of the test results

TABLE X1.1 Precision Statistics—Tensile Strength, MPa [ksi]

Note 1—X is the average of the cell averages, that is, the grand mean for the test parameter,
s, is the repeatability standard deviation (within-laboratory precision) in MPa [ksi],
s,/ X is the coefficient of variation in %,
Sg is the reproducibility standard deviation (between-laboratory precision) in MPa [ksi],
sg/ X is the coefficient of variation, %,
ris the 95 % repeatability limits in MPa [ksi],
R is the 95 % reproducibility limits in MPa [ksi].

Material X S, s./X, % Sg S /X, % r R
EC-H19 176.9 [25.66] 4.3[0.63] 2.45 4.3[0.63] 2.45 12.1[1.76] 12.1[1.76]
2024-T351 491.3[71.26) 6.1[0.88] 1.24 6.6 [0.96] 1.34 17.0[2.47] 18.5[2.68]
ASTM A105 596.9 [86.57] 4.1[0.60] 0.69 8.7[1.27] 1.47 11.6 [1.68] 24.5[3.55]
AlISI 316 694.6 [100.75] 2.7 [0.39] 0.39 8.4[1.22] 1.21 7.5[1.09] 23.4[3.39]
Inconel 600 685.9 [99.48] 2.9[0.42] 0.43 5.0[0.72] 0.72 8.2[1.19] 13.9[2.02]
SAE 51410 1253.0 [181.73] 0.25 [0.46] 0.25 7.9[1.14] 0.63 8.9[1.29] 22.1[3.20]
Averages: 0.91 1.30
TABLE X1.2 Precision Statistics—0.02 % Yield Strength, MPa [ksi]
Material X s, s,./X, % Sk Sp/X, % r R
EC-H19 111.4 [16.16] 4.5[0.65] 4.00 8.2[1.19] 7.37 12.5[1.81] 23.0(3.33]
2024-T351 354.2 [51.38] 5.8[0.84] 1.64 6.1[0.89] 1.73 16.3 [2.36] 17.2 [2.49]
ASTM A105 411.1 [69.66] 8.3[1.20] 2.02 13.1[1.90] 3.18 23.2[3.37] 36.6 [5.31]
AlSI 316 336.1 [48.75) 16.7 [2.42] 4.97 31.9[4.63] 9.49 46.1[6.68] 89.0 [12.91]
Inconel 600 267.1[38.74] 3.2[0.46] 1.18 5.2[0.76] 1.96 8.8[1.28] 14.7 [2.13]
SAE 51410 723.2 [104.90] 16.6 [2.40] 2.29 21.9[3.17] 3.02 46.4[6.73) 61.2 [8.88]
Averages: 2.68 4.46
TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa [ksi]
Material X s, s, /X, % Sg Sp/X, % r R
EC-H19 158.4 [22.98) 3.3[0.47) 2.06 3.3[0.48) 2.07 9.2[1.33] 9.2[1.33]
2024-T351 362.9 [52.64] 5.1[0.74] 1.41 5.4[0.79] 1.49 14.3[2.08] 15.2[2.20]
ASTM A105 402.4 [58.36) 5.7[0.83] 1.42 9.9 [1.44] 247 15.9 [2.31] 27.8[4.03]
AlSI 316 481.1[69.78] 6.6[0.95] 1.36 19.5 [2.83] 4.06 18.1[2.63] 54.7[7.93]
Inconel 600 268.3[38.91] 2.5[0.36] 0.93 5.8 [0.85] 217 7.0[1.01] 16.3[2.37]
SAE 51410 967.5 [140.33] 8.9[1.29] 0.92 15.9[2.30] 1.64 24.8[3.60] 44,5 [6.45]
Averages: 1.35 2.32
TABLE X1.4 Precision Statistics—% Elongation in 4D for E8 Specimens
Note 1—Length of reduced section = 6D.
Material X S, /X, % Sp sp/X, % r R
EC-H19 17.42 0.64 3.69 0.92 5.30 1.80 2.59
2024-T351 19.76 0.58 2.94 1.58 7.99 1.65 4.43
ASTM A105 29.10 0.76 2.62 0.98 3.38 213 2.76
AISI 316 40.07 1.10 275 2.14 5.35 3.09 6.00
Inconel 600 44.28 0.66 1.50 1.54 3.48 1.86 431
SAE 51410 14.48 0.48 3.29 0.99 6.83 1.34 2.77
Averages: 2.80 5.39
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TABLE X1.5 Precisi i % EI ion in 5D for EBM Specimens
Note 1—Length of reduced section = 6D.

Material X s, 5. /X, % Sp sp/X, % r R

EC-H19 14.60 0.59 4.07 0.66 4.54 1.65 1.85
2024-T351 17.99 0.63 3.48 1.71 9.51 1.81 4.81
ASTM A105 25.63 0.77 2.99 1.30 5.06 215 3.63

AlSI 316 35.93 0.71 1.98 2.68 7.45 2.00 7.49
Inconel 600 41.58 0.67 1.61 1.60 3.86 1.88 4.49
SAE 51410 13.39 0.45 3.61 0.96 7.75 1.25 2.89

Averages: 2.96 6.36

X2. MEASUREMENT OF SPECIMEN DIMENSIONS

TABLE X1.6 Precision Statistics—% Reduction in Area

Material X s, s, /X, % Sp sg/X, % r R
EC-H19 79.15 1.93 243 2.01 2.54 5.44 5.67
2024-T351 30.41 2.09 6.87 3.59 1.79 5.79 10.01
ASTM A105 65.59 0.84 1.28 1.26 1.92 2.35 3.53
AlSI 316 71.49 0.99 1.39 1.60 225 278 4.50
Inconel 600 59.34 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.86 3.69 3.95 7.81 5.21 11.05
Averages: 2.80 4.58

X2.1 Measurement of specimen dimensions is critical in
tension testing, and it becomes more critical with decreasing
specimen size, as a given absolute error becomes a larger
relative (percent) error. Measuring devices and procedures
should be selected carefully, so as to minimize measurement
error and provide good repeatability and reproducibility.

X2.2 Relative measurement error should be kept at or below
1 %, where possible. Ideally, this 1 % error should include not
only the resolution of the measuring device but also the
variability commonly referred to as repeatability and reproduc-
ibility. (Repeatability is the ability of any operator to obtain
similar measurements in repeated trials. Reproducibility is the
ability of multiple operators to obtain similar measurements.)

X2.3 Formal evaluation of gage repeatability and reproduc-
ibility (GR and R) by way of a GR and R study is highly
recommended. A GR and R study involves having multiple
operators each take two or three measurements of a number of
parts—in this case, test specimens. Analysis, usually done by
computer, involves comparing the observed measurement
variations to a tolerance the procedure is to determine confor-
mance to. High GR and R percentages (more than 20 %)
indicate much variability relative to the tolerance, whereas low
percentages (10 % or lower) indicate the opposite. The analysis
also estimates, independently, the repeatability and reproduc-
ibility.

X2.4 GR and R studies in which nontechnical personnel
used different brands and models of hand-held micrometers
have given results varying from about 10 % (excellent) to
nearly 100 % (essentially useless), relative to a dimensional
tolerance of 0.075 mm [0.003 in.]. The user is therefore
advised to be very careful in selecting devices, setting up
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measurement procedures, and training personnel.

X2.5 With a 0.075 mm [0.003 in.] tolerance, a 10 % GR and
R result (exceptionally good, even for digital hand-held mi-
crometers reading to 0.001 mm [0.00005 in.]) indicates that the
total variation due to repeatability and reproducibility is around
0.0075 [0.0003 in.]. This is less than or equal to 1 % only if all
dimensions to be measured are greater than or equal to 0.75
mm [0.03 in.]. The relative error in using this device to
measure thickness of a 0.25 mm [0.01 in.] flat tensile specimen
would be 3 %—which is considerably more than that allowed
for force or strain measurement.

X2.6 Dimensional measurement errors can be identified as
the cause of many out-of-control signals, as indicated by
statistical process control (SPC) charts used to monitor tension
testing procedures. This has been the experience of a produc-
tion laboratory employing SPC methodology and the best
hand-held micrometers available (from a GR and R standpoint)
in testing of 0.45 to 6.35 mm [0.018 to 0.25 in.] flat rolled steel
products.

X2.7 Factors which affect GR and R, sometimes
dramatically, and which should be considered in the selection
and evaluation of hardware and procedures include:

X2.7.1 Resolution,

X2.7.2 Verification,

X2.7.3 Zeroing,

X2.7.4 Type of anvil (flat, rounded, or pointed),
X2.7.5 Cleanliness of part and anvil surfaces,

X2.7.6 User-friendliness of measuring device,
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X2.7.7 Stability/temperature variations,
X2.7.8 Coating removal,
X2.7.9 Operator technique, and

X2.7.10 Ratchets or other features used to regulate the
clamping force.

X2.8 Flat anvils are generally preferred for measuring the
dimensions of round or flat specimens which have relatively
smooth surfaces. One exception is that rounded or pointed
anvils must be used in measuring the thickness of curved
specimens taken from large-diameter tubing (see Fig. 13), to
prevent overstating the thickness. (Another concern for these
curved specimens is the error that can be introduced through
use of the equation A = WxT; see 7.2.3.)

X2.9 Heavy coatings should generally be removed from at
least one grip end of flat specimens taken from coated products
to permit accurate measurement of base metal thickness,
assuming (a) the base metal properties are what are desired, (b)
the coating does not contribute significantly to the strength of
the product, and (c) coating removal can be easily accom-
plished (some coatings may be easily removed by chemical

stripping). Otherwise, it may be advisable to leave the coating
intact and determine the base metal thickness by an alternate
method. Where this issue may arise, all parties involved in
comparison or conformance testing should agree as to whether
or not coatings are to be removed before measurement.

X2.10 As an example of how the considerations identified
above affect dimensional measurement procedures, consider
the case of measuring the thickness of 0.40 mm [0.015 in.)
painted, flat rolled steel specimens. The paint should be
removed prior to measurement, if possible. The measurement
device used should have flat anvils, must read to 0.0025 mm
[0.0001 in.] or better, and must have excellent repeatability and
reproducibility. Since GR and R is a significant concern, it will
be best to use a device which has a feature for regulating the
clamping force used, and devices without digital displays
should be avoided to prevent reading errors. Before use of the
device, and periodically during use, the anvils should be
cleaned, and the device should be verified or zeroed (if an
electronic display is used) or both. Finally, personnel should be
trained and audited periodically to ensure that the measuring
device is being used correctly and consistently by all.

X3. SUGGESTED ACCREDITATION CRITERIA FOR LABORATORIES PERFORMING TENSILE TESTS

X3.1 Scope

X3.1.1 The following are specific features that an assessor
may check to assess a laboratory’s technical competence, if the
laboratory is performing tests in accordance with Test Methods
E8/ESM.

X3.2 Preparation

X3.2.1 The laboratory should follow documented proce-
dures to ensure that machining or other preparation generates
specimens conforming to applicable tolerances and require-
ments of Test Methods E8/E8M. Particularly important are
those requirements that pertain to the dimensions and finish of
reduced sections, as found in the text and in applicable figures.

X3.2.2 Where gauge marks are used, the laboratory should
employ documented gauge marking procedures to ensure that
the marks and gauge lengths comply with the tolerances and
guidelines of Test Methods E8/E8M.

X3.2.2.1 The gauge marking procedure used should not
deleteriously affect the test results.

Note X3.1—Frequent occurrence of fracturing at the gauge marks may
indicate that gage marks have excessive depth or sharpness and may be
affecting test results.

X3.3 Test Equipment

X3.3.1 As specified in the Apparatus sections of Test
Methods E8/E8M, the axis of the test specimen should coin-
cide with the center line of the heads of the testing machine, in
order to minimize bending stresses which could affect the
results.
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X3.3.2 Equipment verification requirements of Practices E4
and E83 shall be met. Documentation showing the verification
work to have been thorough and technically correct should be
available.

X3.3.2.1 Verification reports shall demonstrate that force
and extension readings have been taken at the prescribed
intervals and that the prescribed runs have been completed.

X3.3.3 Extensometers used shall meet all requirements of
Test Methods E8/E8M as to the classification of device to be
used for the results determined. For example, an extensometer
not meeting the Class B2 requirements of Practice E83 may not
be used in determination of offset yield strengths.

X3.3.4 Before computerized or automated test equipment is
put into routine service, or following a software revision, it is
recommended that measures be taken to verify proper opera-
tion and result interpretation. Guide E1856 addresses this
concern.

X3.3.5 Micrometers and other devices used in measurement
of specimen dimensions should be selected, maintained and
used in such a manner as to comply with the appendixes of Test
Methods E8/E8M on measurement. Traceability to national
standards should be established for these devices, and reason-
able effort should be employed to prevent errors greater than
1 % from being generated as a result of measurement error,
resolution, and rounding practice.

X3.4 Procedures

X3.4.1 The test machine shall be set up and zeroed in such
a manner that zero force indication signifies a state of zero
force on the specimen, as indicated in the Zeroing of the Test
Machine sections of Test Methods E8/ESM.
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Note X3.2—Provisions should be made to ensure that zero readings are
properly maintained, from test to test. These may include, for example,
zeroing after a predetermined number of tests or each time, under zero
force conditions, the indicator exceeds a predetermined value.

X3.4.2 Upon request, the laboratory should be capable of
demonstrating (perhaps through time, force, displacement or
extensometer measurements, or both) that the test speeds used
conform to the requirements of Test Methods E8/E8M, or other
standards which take precedence.

X3.4.3 Upon request, the laboratory should be capable of
demonstrating that the offsets and extensions used in determin-
ing yield strengths conform to the requirements of Test
Methods E8/E8M and are constructed so as to indicate the
forces corresponding to the desired offset strain or total strain.

Norte X3.3—Use caution when performing calculations with extensom-
eter magnification, because the manufacturer may report strain
magnification, which relates the strain (not the elongation) to the x-axis
displacement on the stress strain diagram. A user or assessor interested in
an extensometer’s magnification may use calibration equipment to deter-
mine the ratio between elongation and chart travel or may verify a
reported magnification by calculating the Young’s modulus from tests of
specimens of a known nominal modulus.

X3.4.4 Measurement of elongation shall conform to re-
quirements of Test Methods E8/E8M.

Note X3.4—Test Methods E8/E8M permit the measurement and
reporting of elongation at fracture in place of elongation, as is often done
in automated testing.

X3.4.5 Reduction of area, when required, shall be deter-
mined in accordance with the requirements of Test Methods
E8/E8M.

X3.4.6 Procedures for recording, calculating, and reporting
data and test results shall conform to all applicable require-
ments of Test Methods E8/E8M. In addition, wherever
practical, the procedures should also be in accordance with
widely accepted provisions of good laboratory practice, such as
those detailed below.

X3.4.6.1 When recording data, personnel should record all
figures that are definite, plus the best estimate of the first figure
which is uncertain. (If a result is known to be approximately
midway between 26 and 27, 26.5 should be the result recorded
(not 26, 27, or 26.475).

X3.4.6.2 When performing calculations, personnel should
avoid compounding of rounding errors. This may be accom-
plished by performing one large calculation, rather than several
calculations using individual results. Alternatively, if multi-
step calculations are done, intermediate results should not be
rounded before use in subsequent calculations.

X3.4.6.3 In rounding, no final result should retain more
significant figures than the least-significant-figure measure-
ment or data point used in the calculation.

X3.5 Retention

X3.5.1 A retention program appropriate for the nature and
frequency of testing done in the laboratory should be main-
tained. Items that may warrant retention for defined time
periods include:
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X3.5.1.1 Raw data and forms,

X3.5.1.2 Force-elongation or stress-strain charts,

X3.5.1.3 Computer printouts of curves and test results,

X3.5.1.4 Data and results stored on computer discs or hard
drives,

X3.5.1.5 Broken specimens,

X3.5.1.6 Excess material,

X3.5.1.7 Test reports, and

X3.5.1.8 Verification reports and certifications.

X3.6 Environment

X3.6.1 All test equipment should be located and connected
to power sources in such a manner as to minimize the effects
of vibrations and electrical disturbances on raw data collected,
stress-strain charts, and operation of equipment.

X3.7 Controls

X3.7.1 Controlled procedures and work instructions should
cover all aspects of specimen preparation, tensile testing, and
result reporting. These documents should be readily available
to all involved in the documented tasks.

X3.7.2 Clear, concise, operating instructions should be
maintained for equipment used in specimen preparation and
tensile testing. These instructions should be readily available to
all qualified operators.

X3.7.3 All applicable verification requirements shall be
met, as detailed in X3.3.2.

X3.7.4 Tt is recommended that special studies and programs
be employed to monitor and control tensile testing, because
tensile test results are easily affected by operators, measuring
devices, and test equipment. Examples of such programs
include but are not limited to:

X3.7.4.1 Round-robin studies, proficiency tests, or other
cross-checks,

X3.7.4.2 Repeatability and reproducibility (R and R)
studies,

X3.7.4.3 Control charting, and

X3.7.4.4 Determination of typical lab uncertainties for each
result typically reported.

Note X3.5—For nondestructive testing, repeatability and reproducibil-
ity are often measured by conducting gage R and R studies, as discussed
in Appendix X2 of Test Methods E8/E8M. These studies involve repeated
determination of a test result, using a single part or specimen, so gage R
and Rs are not directly applicable to mechanical properties, which are
obtained through destructive testing. (True differences between even the
best duplicate specimens manifest themselves in the form of poorer R and
R results than would be obtained for perfect duplicates.) Nevertheless,
quasi-R and R studies conducted with these limitations taken into
consideration may be helpful in analyzing sources of error and improving
reliability of test results.
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X4. ADDITIONAL INFORMATION ON SPEED OF TESTING AND EXAMPLES

X4.1 Many materials are strain-rate sensitive that is, the
yield strength or tensile strength of the material is a function of
the rate at which the material is being deformed. The yield
strength of some materials can change by more than ten percent
when tested with the slowest and then the highest speeds
permitted by Test Methods ES8/E8M. In order to reproduce
yield test results, for strain-rate sensitive materials, it is
important that strain rates during the determination of yield are
similar.

X4.2 The following paragraphs further explain the various
Control Methods required to be used by Test Methods E8/E8M
when other guidance is not given. When other test speed
requirements are specified, those speeds must be followed to
comply with this test method. For example, aerospace specifi-
cations often require a test speed when determining yield
strength to be a strain rate equal to 0.005 * 0.002 mm/mm/min
[in./in./min]; when specified, that speed must be followed in
order to comply with this standard.

X4.2.1 Control Method A - Rate of Stressing Method for
Determining Yield Properties — This method has been the
default method of control in Test Methods E8/E8M for many
years. In this method, the crosshead speed of the machine is
adjusted during the linear elastic portion of the curve to achieve
the desired stress rate (or the speed is set to a predetermined
value known to achieve the desired stress rate). The crosshead
speed is not adjusted when the material begins to yield. The
advantage of this control method is that it does not require any
transducers other than the load indicator itself, although, load
pacers and stress-rate indicators can be helpful. This method of
control has a limitation in that the strain rate of the specimen
at yield depends on the slope of the stress-strain curve (tangent
modulus) and the testing machine stiffness. Because of this, the
strain rate of the specimen when yield is determined can be
different for different specimen sizes, different specimen
configurations, different gripping configurations, and different
testing machines. This difference in strain rate can affect the
reproducibility of yield strength in strain-rate-sensitive mate-
rials.

X4.2.1.1 Itis not the intent of this method to run the testing
machine in closed-loop force control, because as the material
begins to yield the testing machine will speed up, possibly to
its maximum speed. However, using closed-loop force control
during the elastic region of the test and switching to an
equivalent crosshead speed prior to yield is an acceptable
method.

X4.2.2 Control Method B —Rate of Straining Control
Method for Determining Yield Properties - This method is
usually performed with a testing machine that has a closed-
loop control system that uses feedback from an extensometer to
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automatically adjust the speed of the testing machine.
However, some skilled operators can monitor a strain rate
indicator attached to the extensometer and adjust the speed of
the testing machine manually to maintain the required strain
rate test speed. To maintain constant strain rate control during
a test, the crosshead speed of the testing machine must slow
down drastically when the specimen begins to yield. This
method has three advantages. (1) The time to achieve yield
results is short (about 20 to 40 s). (2) The reproducibility of
yield strength test results from machine to machine and
laboratory to laboratory is good. (3) The agreement with the
results of Control Method C is good, because the strain rates
are similar when the specimen’s yield strength is determined.
This method has three disadvantages. (1) The testing equip-
ment is generally more expensive. (2) Proper control and safety
depend on the control parameters to be properly set and that the
extensometer integrity be maintained (accidental slippage of
the extensometer can result in unexpected movement of the
crosshead). Proper safety limits must be set to ensure safety of
personnel and equipment. (3) When materials have yield points
or yield discontinuously, a machine under closed-loop strain-
rate control can behave erratically. This control method is not
recommended for materials that yield discontinuously.

X4.2.3 Control Method C - Crosshead Speed Control
Method for Determining Yield Properties—This method can be
performed on any testing machine that has reasonably good
crosshead speed control. This method has three advantages. (/)
The reproducibility from machine to machine and laboratory to
laboratory is good. (2) The agreement with Control Method B
is good, because the strain rates are similar when the speci-
men’s yield strength is determined. (3) This method of con-
trolling a testing machine is excellent for materials that yield
discontinuously. The disadvantage of this method of control is
that the test time to yield can be more than three minutes,
depending on the material being tested and the compliance of
the testing machine including its grip assemblies.

X4.2.3.1 An example using SI metric units of how to apply
Control Method C to testing Specimen 1 in Fig. 13 is as
follows. The length of the reduced section, that is, dimension A
in Fig. 13, is equal to 60 mm. The crosshead speed is
determined per Control Method C by multiplying 60 mm by
0.015 mm/mm/min to arrive at a crosshead speed of 0.9
mm/min.

X4.2.3.2 An example using U.S. customary units of how to
apply Control Method C to testing Specimen 1 in Fig. 13 is as
follows. The length of the reduced section, that is, dimension A
in Fig. 13 is equal to 2.25 in. The crosshead speed is
determined per Control Method C by multiplying 2.25 in. by
0.015 in./in/min to arrive at a crosshead speed of 0.034
in./min.
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SUMMARY OF CHANGES

(E8/E8M-13) that may impact the use of this standard. (Approved July 1, 2013.)

(1) 3.1.4 was revised. (2) 3.1.5 was added.

Committee E28 has identified the location of selected changes to this standard since the last issue (E8/E8M-11)

that may impact the use of this standard. (Approved June. 1, 2013.)

(1) Replaced 3.1. (5) Added 3.1.7, 3.1.8, and 3.1.12.
(2) Added 3.1.2. (6) Reformatted 3.1.11.

(3) Reformatted 3.1.3. (7) Added 3.2.1.

(4) Reformatted 3.1.4. (8) Added Note 32
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