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MATERIAL TESTING MACHINE WITH HYDRAULIC

Pramuk Treephopnart

Pichit Timtaungthong

Pipat Jirasuk

Assist. Prof. Chamlong Prabkeo

Dr.Unnat Pinsopon Advisor

ABSTRACT

Nowadays, most of materials testing machines are imported form oversea. The purpose of this
project study is to design and fabricate a material-testing machine by a hydraulic system. The machine
can be uses for testing Tensile Stress, Compress Stress, Punching force, Cutting force on wedge angle,
Deep drawing force or Property of materials, rubber, plastics or paper box. The machine use hydraulic
piston to generate weight. The Proportional control valve which control direction, force and distance of
piston. »

The measured force and distance are fed to computer. Program will calculate relations between

force and distance.
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ear5e (Spring chamber) namdane
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Y
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Y A 3
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@umi"lwmhuwmam (Single through flow)

[ g = =] J
j\w aataadlugln 2.10 alimslvaninnesa p
£ llds B dwmsuldlumsaiuquasva dou

4 a
| WosR Auaz T azgnila

~ U d
JUN 2.11 nrsmonesavIM

Y =) 1 L4 [ [ = o
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cyu W d [
233 w%a‘wa‘swummamnﬁwmmﬂu (Proportional pressure valve)
.o :
Tassaiaveandrivanslugli 2.14

Wundn1Flumsdaau (Pilot pressure valve)

NAMIVANANVAUNEN (Main valve) Dniln

£
U
d’ - Jd
71U 2.13 dgyanwai
Position transducer Proportional solenoid Valve poppet  Valve seat
L \ ; ;
\ Valve spring \ /
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Glu%'wsgfui’mmnﬂmwmwaﬂc‘ﬁdmwmﬂmwmﬂaﬂmmw (Pressure relief valve) ﬂ?@??ﬁ?ﬁﬂﬂ’ﬂh

AU (Pressure reducing valve) ﬁ"lﬁﬁmﬁm“lugﬂﬁ 2.15

Pilot valve NG 6
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Main valve
,
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2.4 110A168d (Load cell)
s < sdq Vo A 0o 1 £ | o 2 @
Tnaaad Wuginsalildiaussiinszidesunanen Tavazdsdyanaeenuiiuus sy
4 ' { o 1 % ° s o
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. i q S w @
I (Strain gauge) HogmoluTnaamadiuduasdann
mAsUINDlany (Metallic strain gauge)
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et 119 @redrausiu Polyamind plastic 19 ua1m312 11 Epoxy 195uamiideamsanuiud

a
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R=PVA=pICD’ (2.1)

v
9

P ~ 9 ¥ . ' 9 ° v o
laoh P = anwdmuma idhwSemanudm s wnzvoadingy g
| = A2NE1IVIN I
A A oy ow @ o & A Vo 2 ' ol et S o A
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A a o 1 W, s 0 q ¥ a 4 4w 6 o
mammﬂﬁzmmiammm%zwﬂmﬂﬂﬂmﬂaauuﬂmmmamuﬂuiammmuu Iﬂﬂ%’

1 Y a { 1 4 { 1 @ '
dwalnamsilasuudasannudrumuainludie Famsadsundamanudiumudinan

awsasueylugaumsavivlosuBoavesaunsh 1 1én

_ ¢cD’(idp + pdi) — 2CPIDAD
dR= 22
(CD7)

1l dp}-
=7 [ldp+pa)—2p 5]

s

WISAUMIN 2 eaumsn 1 a2 ldn

dR _dl _dD , dp
RS\ D72q-
A a g Y
nieosulvunez1dn
dR/R_ dD/D dp
AN |/ 24000, T\ b

o dul = anuasealuuuanu (€a = axial strain)

dD/D = ANUIATIAAIUDI (€] = lateral strain)

(2.3)
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naunlAwes (Gauge Factor ; GF) : lumsiinsanquaniavesmasunaduswilais

0o v o/ S & o [ ] dy I v A dy P 1
ANNMIAYNAD NIuNARDS Femveedutlsaananilazidudinues¥Fnisndsunasvesninnu
9 % ] ' 4 Y 9 a d’ Y 1
aumuludimasun Tagdmunaunauawes azgnszyunlinnlssnududaiioliihene

myinsan nulawes awsadousglugiveaauns Iddde 11

GF =dR/R (2.6)
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Ianurnewmdouiuaumsi 3 uasaumsh 5 Yuios nafe

GF =dR/R =1+2V +dp/p (2.7)
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2.5 1oulpAtAds (Encoder)
o ) 7 g Pl A 4 A o ey &
wulaaeesiuginsaldmsuinssezmandouivenszuengunIeiaszozNsunadoUls
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(Squarewave pulse)
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1. YUATYWIMUIAYY (Single - channel shaft encoders) pulAamessiatiozd WU (Output

channel) Do NN IRB TR FTuauh hidesmsmsasivdeu

o

a ] a dy 1w
2. wilaaesdnynl (Two — channel shaft encoders) 10U IAaIADS ¥ilATlIzdadya Mo 2

ISR 1
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3. YUAMNTYRIY (Three — channel shaft encoders) toU IAAIABS FHATIUBNINIT WA QM
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| Reference pulse
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34 2.18 15ulAunes

d v v a.n
2.6 vosauasdeyananzinasmiludyana@dnea (A/D Converter)
4 @ ~ I o @ 5 1 °
ioanndyyisnesnsinTnanwadiudyuezu1aon (Analog) ¥4 luaiuisatiun
a MY o & £ s o = 7q ¥ &
Uszwranannneuiaees ia duiws lduesaulasdyninezurasniosnainTnanrad 1y
[ aa 4 a 4 o o
dyauAIneaDigitaliive THneuimesasmihdyanaanTvaawaauilszuana 18
g s g = o < o
Tulassnuiisudenldvesaduiegl ET-AD12 wasudyganinezasniludyanama
AvoavUIA 12 Un TnoidouapnUINToIAOUNUADS PC NINOTATUIY (Parallel port) YBIIATDINUN
[ ~ d A ] ' g 4
(Printer port) lagdynimezmiasniitouliuesaiinegsznin 0 vDe 84 +sDvC meluuesa ET-
Y IS < @ = o I~ o aa
AD12 l9lod LTC1298 Wudnfasudyanaesinasniludyanuftnea

AuauTAYDIUDsTA ET-AD12

Conversion time : 60US

Sampling rate 3 11.1 kHZ
ADC/Channel : 2 Channel

Gain error : +/-2 LSB

Aﬁalog input range : -0.05Vto-505V
+VCC Supply : +9 VDC

Msmauvedled LTC1298

'
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e =T Y o 3 o an a
loa LTC1298 1iluledimininlasudyamozuiaoniludyanudinoa vina 12 i
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111U 2 Foadyay194(Channel) Taontlu lodndaod ludanay DIP v11a 8 v1 Fal5 100280060
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PIN1 (CS#SHDN) : iluwnidyapnmdunm Idauqumsiiauvedled vawi Tadngud e
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@ a 4 S| o Y v IS} 4 dy < a : o =)
HldsuTadnguivsumaidonmsian i lod (Enable) wewiiituTainuiiaazililedngans

WaazegluTvuaila (Shut down)
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o

PIN2 (CHO) : tluandyanaios 11aondunmnuedvoadaaai0 (Channalo)

o

PIN3 (CHI) : 1luandyanaesuiasnduynvearosdayaiai (Channall)
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U
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@
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=
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M15190 2.2 naasveyamdeulinylod LTC1298
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SGL/DIFF ttag ODD/SIGN L‘lJH‘UE)Hﬂ(h)'ﬂTl'T‘JUmﬁuﬂUEISL%E]f]?fﬂﬂﬁq}liy?ﬂml@ﬂﬂiyﬂﬁmﬂ

Aoansutas (Convert) Az uagiuuoIdyanM0 AN BUYMAINT 197
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SGL/DIFF ODD/SIGN CHO CH1 GND
1 0 + -
1 1 + =
0 0 + =
0 1 e +

3 U 2.1 9 A/D Converter

J
2.7 lulasneuInsaaes(Microcontroller)
<3| o A 1 @ 4 ¥ o 1
luTasaouInsameseruilumi liduannidn deSeudfieusudiilulas s
4 . & o 9 ' ' o ~ g @ A
103 (Microprocessor) 4T IFnUuNT a1 TasdinaziE ondududilszuananans wio
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v

v A ' uij Y =3 Y A = 1 a A g '
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oy gy o g < a s A A ~ .
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o = o y o) v ™ 3 s A
aﬂymzdm‘ﬂmmzﬁwnumilﬂmﬂauimmaaﬂﬂjmm Nﬂﬂzlﬂu@’]uﬂiﬁigﬂ@“ﬂ&ﬂﬂ’)

Foatumsmugy nSedamsdyyuduneiodiavonstidimseindiaz1asfsnoade Wy

FTUVUTAINA H305YUVADUNY izuumuqumaium?m“l%"lﬂﬁw udu c‘?wumuqmméwﬁyﬁﬂ

v lifmsRasniidudeumnin uazdesms iufivewnasisifa
nnmadenlduesantuguluaszga Mcs-s1 i diden1d Ccp-ss252 V2.0 Fannau

anfAeuily Sfy shauwuFuiedn (SINGLE CHIP) Tagannsavianuaz Tvaadoyaaslu

wireanui ldneludi liusendam 9 annsomhaunnmitsanusiniouen lunsdii

wireanuiimeluhive uahidesmsfeuvesanuauln muisaioudefuusy (RAM)

dmsuinudeyaiiluiuauin veenesa 8255 ;ﬁaweé’mm%ﬁg "lajsﬁmwaﬁﬂﬂ%’muqumauaﬂ

dsostoyaluusy e lildy

AMaNIAYDI CP-S8252 V2.0

- MCS-51#AT89S8252 or #AT89S53 Microcontroller

- On-Board Down Load

- 4 Bit LCD Character port

- 12 Bit 2 Channel Analog to Digital #L.TC1298 (Option)

- RTC# DS1307 (Option)

- Serial EPROM #24xx (Option)

- Back Up Ram #DS1210(Option)

- RS232 Communication

- RS422/RS485 Communication (Option)

- 72I0Z80 #8255 port

- 7210Z80 #AT89S8252 port

- P3#AT89S8252 port

- RAM#62256 (32KByte) or EPROM #27256 (32K Byte)

- ET-SDPS port

- Speed Xtal 18.342 MHz

- On-Board 5V Power Supply
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POWER JUMPER BACKUP P3 RS422'RS485 RS237

8255

Jumper EEPROM/RA

jumper COMBI/DATA/COD)|

8255 PORT * jumper EA CPU PORT Lo

31N 2.20 uanaginsainieluvesalulnsnoulnsaaes
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MmnuATIAN wmhyATIEY wefawamny nefAuAUNTY
ROM “RAM PO UART
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|
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gunraluusunIINIYIen gunmBunmndnaseyaniuuen

3 2.21 wemsinauialfveslulasaeulnsames

2.8 nguinaantAnnavesiag
E4 1 v
lumseenuuuFudiuaioaininasdosdinmunavesiudiuda Taodiiebaan

wa [ o) o W : P Aas o ' ' @ N Ya
auanunaveiagiudiiy  FaswuniiFesondeeguin  daiusg dhaua

a1 Bwoduanldai

v Aa . . I~ ~ o
AMFUMUIIIND AAIHA (Ultimate tensile strength ) ,Cu Lﬂl&ﬂ’ﬂlll‘t%ﬁi@ﬂ‘lﬂﬁm NI
A Y v 4 Hq YR o Bl.é)ijq's/wa 9 . A
5ula mmmm1¢1mnmiummﬂ%m’;ﬁﬂmimawumwummﬂu uagimueigyn C 1u1ﬂﬂ

C u): =) ) 9};/’ 0w Yy Y =3 E
2.21 Tuvninsioeisenliauaslddn A1mAdmus A (tensile strength )
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A o W I [V 2 s g I~ ' Y 4 A g Y 1

Yadinanuiludaaiv ( Proportional limit)  lumanudugameidudadiulasasa
@ = A4 9 1 v I Y sy 2 wa & g
Aunnuasen  Wenuyai ludinsesdudulds lumal§idesnaiionnmn aziulums

mM3eanuuUITnIatonldnnudunIuNTIAInTIA( yield strength ) INY

o W ) 1 1 q | I~ 4
YadianNNEANEY ( Elastic limit)  0g5zni19ga A uay B lugli 2.21 ifhugagaiaile

Y Qy [ 1 @ = 1A 1 ; = 4
DUSINUDNBOALAITUMBINNATRUIZNAUINTVIamIAY  n51Wlure AB fazlinnulda

uazilos
A

A
ANIAY
C, Max. Load

A, Upper yield

J3reak

B, lower yield

Modulus of Elasticity

Elongated at break

>

ANATA

31N 2.22 wumEAIA I BIAK-A NASEAYITaAI e

v =< 3 3 o A A P A A
AIUAUNIIAINTN ( Yield Strength) s G'y Lﬂuﬂﬂﬂ“ﬁuﬂﬂﬁﬂﬂﬂﬂa@ﬂllﬂll'lﬂiﬂﬂﬂlwnuiﬂ

a

'
=1

a2 2 v L A A Wy A o v BT A ) Aa g @
DNANUBDULNIUU (ﬁi@ulilhlﬂﬂ/‘lll) PIUNUAIYIA B HIBLIINIYANTIIN ANUAUNIALIDIUAR

a

g @ o v § =) ] < 1 a3 I~ @ q
lumseenuuuimll dmsviaghlitigansin wu maande Aenldanudunsaduiundnly

{ ' Y A v
m’:‘aammu’ﬂ?am%%mmmﬁuﬁﬁﬂﬂﬂ mmmum}ﬂﬁﬂm’n (Proof stress ) m“].‘mmuﬂ’mwafm

il
g 1 =3

=2 g Y 3 Y s 3 7 ~ P
LLIAIATIN lauN1Fa NI UYUIUN ﬁ?ﬂﬂtﬂﬂlﬁl&ﬂiﬂﬂl@@ﬂiWIWHJHJEJ‘SWMG] VOINIUIATIAN

]

Y o a

doamsdsgli 222 Tawm ludainez1d 0.2% naziiionaasanuinnausenisanumduiaia
& ) = 2 qVo o s Y A A ' A ~
DT AUANNMULTIANTIN W FdydnyainnuanuAuitadanis 02% 11 G, nieaFun

¥

o ' a 4

due T AU 0.2% A
ANIAY

Cu

(&)

0:2

B>

o o 5 0/ () 20/ "
Typical Offset Values 0.1%,0.2% -

d’ b4 IS [
32]7) 2.23 A!N?-Jﬂ7W!m’ﬂdﬂ?7wlﬂ%~ﬂ?73J!ﬂ5ﬂﬂ‘l/8x??)ﬁ'@ﬂ/§73
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[ 1% A 1Y A ' .. <3| @
SNI?J@’QE[ (Young’s modulus) maim@aammaﬂﬁqu (Modulus of elasticity) (1Uon51

' ' Y o = ' ~ I Y
amsznInNuANAUANUas oa lugduinsvlidhuduas
E S o/E (2.8)
v A [ < '

TugdmAou ( Shear modulus)  13e TugATAMMITINNTS (Modulus of rigidity) M3

4
naseunaIulagldusuieundnTounswlssniannududon (Shear stress)  AUAMNIATYA
A . < £ [ P=} [ = o 1 U Y A )
1ADU (Shear strain) vz IAnsanvuzRoITUMINATOLITIAY SATeuszIANURMRa UMY

= A I a g Y = ' o A
anunsvameuluduvesnsnduduase Sond Tugdaion

3 F v ¥
AIMAY : Stress (O)  ADAMFARIUTZHINTINOUDN (F) RINsEiaoiud (A)vosduy

€

©) = F/A (2.9)

NUWBVDIANVAY - TIRUADMITNTARNAT (V /) NFD (MPa)
4 v
e O =anuiAu

F=u34naNnsgiiaoies

'
= Y w @

v '
A=fuinihdavesiaainaaou

= 1w 1

ANNIATEA : Strain (E)  AesdadIuvedialaianie laeSoufeuszriaaive i

Y
@

d. d' d’ = o o 1 aa :/) Q’ £ 1 d‘d o
Tunuasuudasliiletinsaninssidy maealmius uduio uiiius annsei
€ = O/L (2.10)

€ =  anunlea
0 = szozilasuuilas
L

= ANUYNAY

¥HAVDINTNATDU
-MTNATDULTIN (Tensile Test)
-NINATOVLUTINA (Compressive Test)
-MINATOULTIAA LAY (Bending Test)

-MINAAOULUTUNDU (Shearing Test)
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NIINATBUVLIING
A
HIINA

F Max. Load

Break
Modulus of Elasticity

F Deflected at break

P>
, : FTYTHAN
I = v v J U 4
31/7) 2.24 H@eNMIINaao UL IINe 31/7) 2.25 ﬁi?ﬂﬂ?73JZ7’3JW1Jﬂ§§f‘H?NM§x?ﬂ7J
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anudatazlszlesiiildonnsasioaouTag
1. wWieRguianuaalumsesnuuy

A g o Y A A
2. elundnisziuvesnnuieiio

4 "y
Weoaulanany

I

4. ietlesiumsilesies
&4 q g Y °
5. el ldawmesgunazdoyadume
6. tensnaeulunIZIIUMIHES
24 a a I o 1 1
7. iodssiiupaadunve g

A4 3 g s o o '
8. L‘WFJLﬂ‘lJL‘lJL!”U’E)Hﬁfﬂ’ﬁﬁ‘u%ﬁ@ﬂﬁlﬁ

2.9 Ysunsumuuaalyl (Delphi)
2 ; . e N D d
wa liflugansesiodmsuadsuelwamdunsuiuiulasWindows) Favsiiniesie
U Yq ¥ d' Y Y 1 a n'/ d' Y u):
a9 W g nuneilylumsesnuuy 8319 nagen tazuandeuolwaingunegd 19y
1 1 [~ 1 9 1
adtlsznouaa vl nuatly 2 dawlngn fe
1 ~ [~4 V= é’l a v £ Y
grunvzriununielama bl ¥asznovdae
-3uTadndn  (Main Windows)
2 da .
-poulnAoudUNABS (Object Inspector)
-Wosy (Form)
a s
-TAReANe3  (Code Editor)

' A Y 1 Y 0 Y v ~ Y o W = Y
druigen Jauninaegdesms 14 (lassenldaunndidalunm) Falszneudin
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- Tusidndmunes (Project Manager)

- LJJH?\Q%NE]&{ (Menu Designer)

_Sufinsniinines (Integrated Debugger)

- 0OURNAUI IO (Object Browser)

Tumsadumiemadeuii 15118 Tsunsu walrlinlFlumsdadeldamiuglfinie

F4

] 4 ’ ’
wadey ldlumsdnnanaildndeuiwananaildliinaaouiuman wethSimszvins

4 ' a = 9q ¥ ! 0
namould ilosnngaruvesnivusa bide TytuuunglansodgTusunsumsinunas 14

&40

2.10 Tsunsumumeasuua (Assembly language)
a g Y 1 o A o w 7 v o =&
Myueawuua Wums lenquimiedadnyal lumsunuanuneueIsiasiay &4
J Y Y K dyd ot 1 A @ @
TuTasnouTnsamesazernsadileld Senwiliflunnniegsz vihamuuasoatunmssduga
o o o Aqg o ~ s ] ) y = ~
TaomuszaugagldgamdanndiReadunmiuusdidilldie diunsuasoswsdunmilsd
= a s v
WIgIUaDIFInoUT IR0zt 1o
v
Tsunsumpwedauud Usznevualoaiuaian aeluil
2.10.1 INYBU BUARTATY (Machine Instruction) AeyafidanIyuATod Tasunud-esia i

TNﬁﬂ(Mnemonics) 151 MOV, ANL ndJu i

'
o o IS

J = > < A 3| oo o d?l
2.10.2 upenwuaes lasnfin (Assembler Directive) W3oMmdafomd umdaifmuain
= ' { S| @ y ~ o o
Tunwwemsuudlaee lignu/dewnlawiuswanivunies ilAdwmsudmualasaeadi
v W ' 1 <) Y
Tusunsu, dydnyol oyan1an 1fu ORG,EQU 1udu
3| o o o
2.103 uomauyans aen Insa(Assembler controls) iHuyamaalumsnIuaud Y
4
1003
S| ~ a ! ~
2.10.4 ADWIIUA (Comments) 1Tumsibounsinen i luTsunsy

i 4 -4
lumsafunTomaneuiiua Idih Tsunsunwwemsuudn14lumsauauiuduly

Ha o J

al A s D] v @ 2 & q v A ~
mstlalaveanar Tagazlimsnadadnys A ARduesa iumsdalinszuenguinaond
A v w 2 v q Y A = v o 2 v q v
YU namonys B wmlumsdalinszuonguiniouiiag uaznadisnys ¢ Wumsdal
° 9 v o A g ] s
nsgvongurgamsa wazlylumssudygiuninlses wuldaaes (Rotary
y Y
1 g a s 9 o 1 v v A q v
Encoder) tdraaliinouiiumesiinlamiorinaldszunana  saiadaienTsunsuledsy

o a o | & a o a oA ) ' 5 )
amnﬂnmaumaaaﬂm mammgﬂmuma%nﬂaﬁquwmﬁmamma
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UNN 3
MU INLAZ DNV

d A v v d 1 v v
3.1 ﬂ]‘jﬂﬂﬁﬂﬂiﬁﬂﬂ!maﬂlwaﬁ1ﬂ31Nﬁﬂwuﬁ§$ﬁ31d!!‘§\3ﬂﬂlliﬁﬂu‘ﬂ%ﬂwﬁW

b
910 Method of Least Square awwldaumsdadl

i m ixi ) Fa— = ] iyl ]

i=1 i=1

X X; ’ b < S:xi ¥i

i=1 i=1 i=1

2 o v A o dyy Y
nnnsnadeu Inaamad laoi Tvasmad lunadinnseanadeuiaai ldmasgn uds

o s 4 A s = o Y1 oo &
Jaednaiueunana1sees sweenuuTuns suma Il Idmasi
° Y
fmuali x = Voltage
Y

v '
o

IUIUATINTIMINATOV(M) = 11

ﬂ‘?&‘ﬁ F Voltage X, 2 XY,
1 0.011 0.02 0.0004 0.00022
2 4.274 0.05 0.0025 0.2137
>} 10.59 0.14 0.0196 1.4826
4 16.29 0.23 0.0529 3.7467
5 20.95 0.3 0.09 6.285
6 27.27 0.31 0.0961 8.4537
7 31.02 0.45 0.2025 13.959
8 35.18 0.51 0.2601 17.9418
9 41.77 0.61 0.3721 25.4797
10 46.46 0.68 0.4624 31.5928
11 51.16 0.78 0.6084 39.9048

total 284.975 4.08 2.167 149.06

q’ z:’q' U a J
FIITNN 3-1 TN tmmfimmwmﬂaanwmmuawwaﬂmmm
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@

unua lu Method of Least Square laa#ail
11 4.08 a = 284.975
4.08 2.167 b 149.06

udeuns 1A a = 130393, b = 66.33132

' 9 9 v v 7 U o [
UNUA a ez b luagumsiduasa(y = a+bx) 92 ldaumsanuduiusszninas sduusadumalildh
fail

F=1.30393 + 66.33132(Voltage)

o ° Ay A a1 o v d < v da
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3.5 Tnsea31eveninses
nnmsesnuuy frualiguuuiazgIua1veIfInTalvinam e x 813) = 300 x 500
¥
mm. Jraianun 4 du sunsaldgaga 15 AunSominy 147.15 kN

v
o =)

Jagiiaonldlquauia Ao imannas(ASTM A47) ligans n(yield strength)i1fiy 32.5 ksi

HIDNAUNINY 224.0875 N/mm’

Lﬁaﬂcl‘ff'fhmv!?;,wﬂma{(safety factor , N) = 2
Yoty v 1oy (C,)f 224.0875/2 = 112.044 N/mm’
Fafid0IRNIUMIAD VLIV UAMAZANUMUIVOITIHUAUTINE

3.4.1 YUIAVOAUT uIINNIEMTUE Az AuTaI 147.15/4 = 36.7875 kN

c, = F/A

112.044 = 36787.5/A

A = 328.33 mm’

A = TID'/4 = 32833 mm’
D = 20.5 mm.

A q ¥ PR Y s Voo
LailﬂclmfmWllsllummumufjmﬂﬂaNMWﬂ‘U 25 mm.

Y U Y o
342 ANUHHIVDITIUDUNVTIUAN m’iE)’c)ﬂLL‘U“U%;JBQgWUﬂﬁLﬂHﬂN

0% 11 105 M/l c=h/2,1=bh’/12
112.044 = (147.15 x10° x 250)(h/2)( 300 x h*/12)
h = 81.03 mm.

= Y 2 Ao
La@ﬂimﬁﬁﬂﬂhﬂ’ﬂﬂﬁiﬂ 85 mm.

::1' 4' v a d
Uil 3.4 yunSeanaaoviagszuylonsednd
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Switch on Valve
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I voltage 297 load cell
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v

ATUIEL O = X [ A

L S

o<
I
4

o o .
31 4.2 Yumeunisaamvedli sunsu

36



A¥ Material Testing Machine

File Help
Control Center

((((( Iﬂ anu al S G ARH R s A Ut Gm atl C A R

%Seltirxg

“Simulation ——3 ¢ Status o

Distance -Y :

'g’ S 4175 mm,

Force @
1.38 kN

I

k€

Cmpabroller ekt

M arual Control

U 4.4 vananinoolsun sy Manual




 Simulation

;:p‘

A

T —
Distance - ¢
21,79 mm.

Force
37.28 KN

~ Semi-Auto Control

€3
@ o= ]

<< HidetGraph l

Reset 1

“Graph

Force (ki)

Force and Distance
v ¢ 3o o
35- ‘ 3
o L
20+ :
25
20 }
15 :
10- : : P
! St B
Z ¢ S ¢
D 7 4 5 8 3 [
b of oy : gl L S S B
; : o F g g sy
0 e S R AR S Mia an ASAFEAE TN s,
01 23 4358676 9101M121314151614718182021 22

Distance {mm.)

38

“uto Cortrol

UM 4.5 uansrioelisunsuuyy Automatic



v

=
UNn s

39

nINaaouitasHNan1INaaDy

NINIMNARALAZUNTUNAGDLAIDENNARD LA ULATAIRBAN LU LA N T UNAga LA g uilll

o A o - S 4y o i any = o
‘V]ﬂ@'ﬂuﬂuLﬂ?@\jwmﬂ’ﬂuﬂqmiﬁquwmq\?ﬂ’]ﬂLﬂ?@\jﬂ@N@ﬂ“LLZ‘VJ u’]ﬂf]wlmmquﬁﬂutmﬂuﬂu Iﬂﬂﬂ'ﬁ“ﬂﬂﬂ@u

azliinmenageunnilsunsuiselfaunseiadaqianisunnindegy e ldRenBunaaauietinan

2 4 Ao -1
41U TIHANBUEANU

PUA A UNINAIAAN

¥ia B ozgiiiou

¥UA C NOWIF PVC

WA D Voozgiiiion

817 38 Uaaluas

durugudnats 22 iadas

25x25 Uaaluas
MU = 0.6 Uaaung

817 65 Haaluas.

817 53 Hoaluns
U1 2 Haaag

@urugudnans 35 iaawns

917 35 Haaluas
WU 1.5 Haaes

v ' J a a
TURIUGUENAN 30 Haaluag

g

a

anviia B

(]

31N 5.2

€

a

.3 Jagyida C

€
=
Y)Y
n
(o]



5.1 %10 A
407:%;" ; B AR 5 1 5 A
__i__i, . ’1( L T )—& o i W#:’t
Eiim S e S EEREaaes ﬁ _
30 2 o ! Ll
S 20 B SHSBEREEEE RNy S AEE
B - pes sEERaEnunEnENG ,
v —Hr” e | % v | S Sl T
e 1'~HH 2601 o o mf
0 1 : ‘ i Fofa ‘ I !y v B I ;{1{1_‘; lti ;

SZULHA (mm.)

A5 5.1 managevlaginseaionas 19t (viin A)

31n5197 5.1 115 9g9en 37.76 kKN, 5582MAAD 21.783 mm.

50 T
F
40 = e tin. N
= : : : : A
z X i P
% > [ ;
£ 20
10 - -
0 o ’r
0 5 10 15 20 25
ST HANI(mm.)

' 3 A
n5197 5.2m3naaeulagn5eaNnIgIM (Via A)

N3l 5.21Au5979aR 40,312 kN, 55821AAD 20.735 mm.,

40



41

52 %4a B
15
~ 10
g a
E 5
.
0 7——0/"* : :
0 2 8 12 16 18 20 24 27 28 38 40 42 46 48
FEULUWARY (mm.)
N5 5.3 n1snagevlnainiesionas 199 (¥iia B)
N5l 5.3 1dusegega 13.91 kN, 55021AR7 47.331 mm.
\ R mr/ e
i
0 “ifamis
g /# AAAAA
z . B |
) . = g
0 10 20 30 40 50

Sxﬂx‘ﬁﬂ&h(m m.)

n3 1A 5.4 mInaaevlaeInTeaIATFIM (Vila B)

NIV 5.41AuT9g9aR 14.167 KN, 73851AGT 45.285 mm.



5.3 ¥¥a C

10 -

159 (kN)
N

1 3 5 P/ ONIN\\W3/ /A7 077 19 203,23 25 27 29

LY (mm.)

NI 5.5 MInagevlagnTesNnInas NuM (¥ila C)

11003197 5.5 1859999 8.606 kKN , 5202MAR 19.517 mm.

‘\

133(kN)

0 5 10 15 20

STEZHANI(mm.)

o 4 -
N3l 5.6 managevlamnieannsg iy (vila C)

10n3 117 5.6 1AUT79gA 8.913 KN, 5585 HAAD 17.876 mm.

42



43

5.4 ¥HaA D
| 8 e A e esmea s
= : e,
7 - N’%x::i
6 T 5 S
5 o /{
§ e P, -+ =
& 4 S
g /
s
- 3 — A
Bt il
| B aE e e : e
. - = E% e ;
o SRR e e e Ee -+
0 1 2 3 4 5 6 7 8 9

4’ 4‘ d’u b4 ; a
1N 5.7 fﬂSﬂﬂﬁaﬂiﬂfﬂﬂiaxﬂmﬂﬁ'i?\?‘ﬂu (¥Hn D)

nn51vl 5.7 18usegagn 7.453 kKN, 52021AA7 8.754 mm.

8 : ¥ ¥ ]
B O BT
6 ‘ o
7 A
= i &
& 4-  Em &
o 8
s 7 ) B
) & o a T \ i
# :
| i
0 I
0 2 4 6 8 10
Jzazvia(mm.)

{ 4; =
ns1li 5.8 ManaaoulaeinToaNIgIM (VA D)

010N 5.8 18U 9gage 7.598 kN . 55851AAT 8.316 mm.



44

UNH 6

a I v
ﬂ'E‘IJWﬁ JP1IY Gi’fasaueuuz UAZUHINIINTINAHHUN

a d
6.1 aguwauazinisa
ava Y A' a d Y o [ d’l =) s a'
namsUfiRaunsemadeuszuy leasedndudnimsnaden aquion/souiisunad
v A dyy Y oo
Teninasean lduiasgiu wamsnaaov ldnanail
o @ =1 4 A 3 a
6.1.1 szozmsgudlvediaginnuaaianiounnmnlannuasgie uaslinnuaziden
v ' a ny - 4 2 sv P a & & =
fosnin  o1naldananuazideavedlsars wulaawes violuanmsfndanananuaaIA
4 4 Y o Q @ 4 3 g 7 { 4 o
waewilosnnldorlumsduda Hldsaiivoalsas BulaamesiasulUdatinalinmsiiuin

RanaadY

v
a Y KX A

x:'cu 9 d:l 1 ] a Y o q Ya d' =
6.1.2 Lliﬂ‘ﬂ’)ﬂhlﬂiﬂﬂmiﬂﬁﬂ iN‘U'L!ilf’ﬂhl?JLLuu@HiJﬂTiLLﬂ’N@’J mlAAana1ANAToIN

@

v ' a2 o Y v W { a
Tdunsgn uansmuaasmsgudalidsnsasgduuuadions  msundedivesns i ldmauain

@ { Jd ' o 9/ 1 = ]
gUnsalvenoussnui 1avin Inaawaddeniopniniinisduedidl §IuAN0zIBsAT0 UL
° i Y I~ o % o g aa =
vinldgassmnamsnlaouns s i uiuns enszi nSemiandasdyanaeniaeniufineall

ANuazidea line

v A

4 4 9 A a T Y Y 1 2 o qumy
6.1.3 fﬂﬁWfalﬂﬂ'ljfﬂﬂﬁﬂﬂﬁﬂﬂlﬂﬁENﬂﬁi’l\ﬂ]ﬂl@ﬂﬂgmﬂﬂ?llla’]‘ﬁ']ﬂ')'] N‘Vlﬂ“ri%ﬁgﬂﬂﬂﬂﬁﬂil

A )L a & A st 4 Y oA '~ B A o v
ﬂ'ﬂllﬂa']ﬂlﬂa@u%Wﬂﬂa’lulﬂuﬂﬁ\‘l ﬂqﬂ!ﬂﬂmULu@Qﬁ]TﬂQﬂﬂﬁmuﬂ"ﬁﬁﬂﬂ'ﬁ"lﬂ ﬁﬁaﬁﬂiQNﬂW'iﬂu@’J‘Iﬂ']

@ v I

TUsunsumsdangaiianuiioanniaauaniniinamldmsnganaaeuaidn 1a

a

4 o Ao < 1 a @ @
6.1.4 Wemsnageuiaaiiimanuuiunn sgniumsnas1veziiansauaIvoiag 1a
A o Y 3 o S o (i R (R VY
L‘Ll'f)\‘]"tﬂﬂﬂWiEqJUﬁ'JVlﬂéll@\THnJulgﬂiﬂaﬂﬂﬂﬁﬂﬂ'ﬁﬁﬁllﬁﬁm@ﬁﬂ@ﬁqua"&m@@@

4
6.1.5 mseanuuviinaiaainnuilumsnagey wdssesnuuulRiinsnansziag

' a

nnuaznIENBUTIENNENeNUIuAMIAAuesTg  mIiznsnaTeuIanizliegae1nsi

a

o @ MY o q Y1 Al Y 4
ms Inaavediag la mlvmn latanuaaianasu

6.2 1TUBUUZUAZ NS U

4

= Y q Yy ¥ v o o ¥ A v Ao
6.2.1 Ms5Nazdoans i ldszozvoamInaniinaznizil 1A laenisiaenglnaliaiil

£ k4
@

= dy A = saq Yo 14 ~ U )=}
ANUALIDYANINUU Wﬁ@iﬂﬁﬂuzﬂuﬂ‘l}@‘ﬂﬂﬁm711‘]5'39133U?;WNLL@U?]'ﬂlﬂ‘ﬂﬂ\]@ﬁ\‘]ﬂ'ﬂlﬁ“!‘ﬂu MIUNTT
=. & ) " e o A y Wy v
@WW]\‘]@qﬂﬂim@@ﬂl&fwuﬂnlazNu'ﬂﬁlwaﬂ'ﬁUﬂﬁzﬁg lﬂgﬂ@a\j

o Y o R A e A 4 A q v

6.2.2 ﬂ]ﬁrﬂﬂﬁaﬂjﬂﬂﬂ0Jﬂ]u@”ﬂﬂ’ﬂllfnlﬂ?ﬂluﬂ'lﬁﬂﬂ‘U@QJ,ﬂﬁ@\‘] L’H@JﬂWﬂ‘ﬂﬁ@\‘]ﬂﬂl”Uﬁi‘UU
v o ¢ e 8 aw o & w He e 5 Y < Y A vq ¥
l@@j@aﬂﬁ leflﬂz‘UuaQﬂUﬂ'J'])Jﬂ‘l«!‘U@QN'INHV]’TJMT]']ﬂWjﬂ@uiﬁ“ﬂﬂﬁgU@ﬂQU ﬂ@ﬂ@ﬂla@fﬂﬂflﬁ

@ 1 < @
L‘YT']JWSWlJﬂ‘UﬂWﬂ”J'HJLL‘UW@Q’Jﬁﬂﬁ}iﬂ



45

4

Iz = o Yo = v a = E
6.2.3 gUnsariauseiisnhunlsiusiarsmeaumsignasatazinnuazidea v lnainea
a &% :,' Y = a 3 I YA ) =
wgAnssuesgUnsaiiatiu  evvzdesdnyinganssulnldniigduuvedilsuasnnuaziden
1 ~ ° Y a
nauN N 1H11495 9
wva [ ' [ v @ J V
6.2.4 1519zdesAnIANaUAve T IINaNMz e UL DANUT UL TTE NI InALDE
@ @ 5% A Y1 oo a = [l A = Ao
seoznamenannamansiae tovwniuldiiagzinamsuaounasedialsietagansy
usigaganazyitaquanin  hldannsodouTdsunsumsdnuazngamsihan ldodiagn
v
704
_ o @ o o 4 o & gy = A
625 SMSUMINITNALUATOINATODIARUINMINALTUMINATDVUVUMIAL 10
glusz’ < o Y &‘1’ =< o [ = @ x;’
arsonneaou1ane 2 nuundeniin ld nsziiudaihimsdsunlasudail

= o LY Y 1Y Qy Y A ° [ =2 1 ~ a o
= ulazmaﬂymzmﬂmnﬂ‘lwmmsmv%mm‘lmwammumim uagaiIunganany

e =D

S A D A o = =2 a Y 1 ) o = '
ginsaldausanse lnaaaaniiosiimsasunisiaaa e luanyueSuus @ iums e
s o St w Yo =<
Tnassaaiduglnsansunselanananaszfa
v ¥ ¥ 1 )
- wasudnva TUsHnT UM IENITTeIINANBUZNNANTT WU ITTAIDT LT INAIZAN
Auiesunsae mlimsimauvesTdsunsuasu e

o 4 g v ¢ 9 o o v % v
- msmauaeslsaiioulaameszasannisiann Tsunsulumssvanedwa v

o YN Y - g v s A ] A Y Y1 P 1
150505 Idn 1515 ouIdames M TN IUUTeMUANLIEN 131923 1A gnguIATounTY
A
niad
o 7 =g g o ) =g 9 o g s Ao v
- dnvazndri g lumsiannde lUvinildedigiuaiseziiunainiinsdsuains
Y wa v =] @ o q v 4 a a
Tna1dTavnnautiama ldundudniugy  ssilimioanageuiinnazBoanazazainly
v 2 2
M3 1F NGy
o ~ Aaval Y o IA &4 = 2 o
- msianniinsezljiaae lannremsaiugumsaasunnIzuenguILadlaeimue

' Ao Y qy A A Yo 5 wa L 252 P2 o o
ﬂ133EJ$‘VlNﬁﬁ@ﬂT“r’iuﬂLﬁQLm’J]ﬁ!ﬂﬁ@iﬂq 1@’6)@ I1UUA IUNTENUNTVAUAIANG



(4]

(5]

(6]

(7]
(8]

46

UIIMIUNIU
Nash, A.W. : “Theory and Problem of strength of Materials,” ,second ed., McGraw-Hill book
Co.
V.M. FAIRES : “Design of Machine Element” fourth ed., The Macmillan Company.
Richard S. Figliola, Donald E. Beasley : “Theory and Design for Measurements”, John Wiley
& Sons, Inc.1995.
a J 2 Yy L8 Aav Aag o o w

quns Wganen : < mslvau lylnsneu Insamesaisga $0517, UTHN Hdagaty 31
(UMW), W.A. 2537
a a a @ a 7 o @ 4
Inen vansey, eAa e3uANISNY : “srvuAIvaw Iny ITReuWuResF M UNT0NNATOY
o A 1 a d' 1 ai/’ d' a
an” ﬂﬁl]ig‘lglll,ﬂi’E]‘U'lﬂ:]ﬁ']ﬂ'i'ill!,ﬂiﬂ\‘]ﬂm!ﬁﬁﬂiﬁil‘ﬂﬂq‘ﬂﬂﬂ‘i\i‘ﬂ 14, 2-3 WgAaN1euU
2543

[ v a a aa a a o I @
yioyFe Auindauysel, humes Fiuns - <laaseangaamnisy”, V3EM Fdagndu
1NN (UIIT), W.A. 2541

a L=

a § 1 4 § o @ v o w
WITD MNUAITT : UG I WOUS UaiAToIInson [ua”, driiniuiizounda w.a. 2537

a o g

ET-ADI2 USER’MANUAL W% CP-S8252 V 2.0 USER’MANUAL , U5H% 907 3119



47

ARARAR,

t&l @ dl Y o o 14 lﬂ' = 1 5 1 Y o ¥ & Y ;%
wnansiuenansianulidwiunistdanuienisfnyivinuu leugislmhlulduselosuaunisi

lidnsdllag visdu Bnnsudlidaudallenuasiessdadadivedenarsynasaninisuiiluly




Specifications
Application strain gages

Bridge excitation

Sensitivity (10x10” strain input)

Output

Non-linearity

Output impedance

Gage factor

Calibration signal

strain

Frequency response range
Low-pass filter

Operating temperature range
Storage temperature range
Power requirement

Dimensions and weight

Adjustment before measurement

Preheating

48

Dynamic Strain Amplifier (DPM-613A)

60 to 1000 Que

AC 2V,0.5V, switchable

0.2V (R,= 5k2) 3mA (R=30€2)

OUTPUT-V * 5V, 22mA OUTPUT-I %5V, 30mA
1+0.2% FS

10 Q

2.00, constant

+1 t0 9999x10° strain - Accuracy +0.5%+1 x10°

DC to 10 kHz

lO,30,lOO,1kHz,F Amplitude response : -3dB=* 1dB
-10 to +50 °C ,85%RH or lower

-30to +70 °C

ACline,7VA  DC10.5 to 15V,0.4A

49(W)x 142(H) x 264(D) mm  Approx. 1.6 kg

Although the amplifier is operable soon after power supply is started, perform preheating for

10 to 15 minutes to insure stable performance. Take a longer time for preheating (30 to 60 minutes) for

measurement of micro strain or long — term measurement.

Zero balancing

Zero balancing is required to eliminate initial-unbalanced-components which are generated

through connection of the amplifier with a strain gage bridge or strain gage type transducer. Either

manual balancing or automatic balancing is applicable depending on the type of amplifier. The former to

DMP-601, 602 and 603, and the letter to DMP-611, 612 and 613.
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Automatic balancing (for DMP-611, 612 and 613)

Tune the range selector [RANGE] to “100”. “50”.... and up to a wanted position , starting from
the [OFF] position. Depress the self-check/zero-balancing push button [CHECK/BALL] two times
successively with a short interval (less than 1 second). With this automatic zero-balancing can be
achievable in 1 second thereabouts irrespective of the range selector’s position [OFF] or any other

position.

Zero point adjustment

With the automatic balancing amplifiers (DMP-611, 612 and 613), a zero point can be shifted
following achievement of zero balancing. This adjustment is made by turning the resistance trimmer
with the accessory screwdriver. The trimmer is a 12-turn potentiometer. When it is turned to the right
(clockwise), the zero point moves to the (+) side, and when it is turned to the left (counterclockwise), to

the (-) side.

Low-pass filter setting

In order to eliminate unwanted frequency components involved in phenomenal waveform to
measure, the amplifier is armed by a built-in low-pass filter. The filter’s cutoff frequencies are 10, 30,
300, 1K(1000) Hz — five — steps added by F (PASS at which the filter has no effect). Set and use the
filter at a wanted frequency stage. A setting standard will be foreseen phenomenal-waveform frequency

multiplied by from 5 to 10.

Selection of bridge excitation
The amplifier allows for selection of bridge excitation applicable to a strain-gage bridge, 2V or
5V. In ordinary measurement, use bridge excitation of 2V. (The amplifier is set at 2V when it is shipped
from the manufacturer’s plant.)
-Measurement of material with poor heat-radiation ability such plastics, wood, etc.(A strain
gage is heated by high current to which it is exposed. And, if radiation of the heat is poor,
accurate measurement is impossible. Lower bridge-excitation used helps to reduce heat.)
-Measurement of extra-high strain. (By using 0.5V, the strain measuring range can be expanded
four times as large)
-When using strain gages having extra-short gage length, I mm or less.
To make sclection of bridge excitation to use, remove the side panel of the amplifier and sct the
toggle-switch which is found on the upper section, closér to the rear panel, of the circuit board. Push this

switch down to select 0.5V and push the upward to select 2V.



Measurement
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Upon a finish of preceding calibration-signal application, the amplifier is ready for

measurement.

The strain measurement range varies according to a position of the range selector [RANGE]

and that of the fine sensitivity control [VERN] as shown in the table below. When setting positions of

the knobs to match strain quantity to measure, refer to the below table.

Range Selector

Position of fine

[CAL] value setting and measurable strain quantity range

[RANGE] sensitivity control With 2V bridge excitation With 0.5V bridge excitation
(x100 micro stain) [VERN] Measuring range [CAL] Measuring range [CAL]
(x 10 -6 strain) (x 10 -6 strain)
1 max 1 to 250 1 to 250 4 101000 4 101000
min App. 3 t0750 3t0750 12 to 3000 12 to 3000
2 max 2 to 500 2 to0 500 8 to 2000 8 to 2000
min App. 6101500 6t01500 24 to 6000 24 to 6000
S max 5to 1250 5 to0 1250 20 to 5000 20 to 5000
min App. 15 t03750 15103750 App. 60 to 15000 60 to 9999
10 max 10 to 2500 10 to 2500 40 to 10000 40 to 9999
min App. 30 to 7500 30to0 7500 | App. 120 to 30000 | 120 to 9999
20 max 20 to 5000 20 to 5000 80 to 20000 80 to 9999
min App. 60 to 15000 60 to 9999 App. 240 to 60000 | 240 to 9999
50 max 50 to 12500 50 to 9999 200 to 50000 200 to 9999
min App. 150 to 37500 150 t0 9999 | App. 600 to 150000 | 600 to 9999
100 max 100 to 25000 100 to 9999 400 to 100000 400 to 9999
min App. 300 to 75000 | 300 to 9999 App. 1200 to 1200 to 9999
300000

Calibration values shown in the table are standard. You may use any calibration value provided that it

does not exceed a I]]CEISLII'iIlg range.
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ORG  0000H
LIMP INIT

ORG  0003H
LIMP INTRO

ORG  0013H

LIJMP INTRI1

ORG  0030H
INIT:
MOV
MOV
SETB
SETB

MOV
MOV
MOV

SETB

MAIN: JNB
CLR
MOV
CINE
SETB
CLR
IMP

not a:
CINE
SETB
CLR

IMP

IE,#85H ;Enable INTO & Intl
IP #0ffH ;Set Priority Int0,Intl
ITO ;Set Level trig0

IT1 ;Set Level trigl

TMOD,#20H ;Serial port set
SCON,#52H
THI1,#0FBH

TRI

RLS

RI

A,SBUF
A#a',not_a
pl.l

pl.0

end

A#D' not b
pl.0

pl.l

end



not_b:
CINE
SETB
SETB
end:

SIMP

A#c'.end
pl.0

pl.1

MAIN

3

; ===== Interupt 0 (micro switch) ==

INTRO:

SETB

SETB

RETI

pl.0

pl.1

>

INTRI1:
JNB
CLR
MOV

RETI

END

TLS
TI

SBUF.#0'





