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This thesis Is a study and development of Computer Control System for testing Tensile
Stress, Compressive Stress, and Fatigue in Hydraulic Universal Testing Machine. This control
system can be adjusted the controller PID gain, sampling time, limiting force/ displacement for
preventing system failure, increased force rate for siress tesling, desired force/ displacement, forcef
displacement amplitude, sine or square wave form, and test frequency for fatigue tesling. The
specimen information, test condition, equipment and sensor status, setting controlled voltage vs.
measured controlled voltage graph, sefting controlled force vs. measured testing force graph, setting
controlled specimen extension vs. measured specimen extension graph and stress-strain curve can
be reported after testing.

Thiz computer control system is developed by Microsoft Visual Basic 8.0 and linked to the
database system in Microsoft Access 97 via ODEC (Open Dalabase Conneclivity). The Universal
Testing Machine has a maximum tensile force at 1,500 N, a maximum compressive force at 4,800
M, and maximum increased/ decreased displacement of specimen at 20 mm. In the specimen
testing at condition: tensile force rate = 200 N/s; maximum force = 1200 M, the errors are 6.24% for
using P controller, 4.41% for Pl controlier, 8.49% for PD controller and 2.59% for PID controller. The
Standard deviations are 12.89%, 14.72%, 12.21% and 13.60% respectively.
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2.3.2.1 Bridge Circuit
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J L5 i s A s
ingl 233 % s lesmsuasinnuauiiafidada (Meter) Ao

RR, = R,R,
=E
f Lﬁa + R)(R, +R,)]

wazt R,= Ry= R,=R w:ld

e, =FE =
4R
fifldnauly (Sensitivity) fia
,deo _E I
dR 4R 4

2.4 MINARDUIHR
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tmhLﬂwwugmm“mmmanuuuTﬂ'nmamq*] Tudddemniunnoadniatiaansmsuas
qmnuu“ﬁmanwaai’arﬂﬁﬂmﬂ'ﬁ’ tlhirfidnafizonlaonalUfims _a7uAu (Stress) ATIMETUR
(Strain) A& (Fatigue) LasAuUdd (Hardness) 1ludiu [9]

2.4.1) AN3LAK (Stress)

ATNAUAD ﬂT‘]tmmuﬁu‘uaﬂuﬂn's:ﬁ"lmuluﬁns:muag;uuﬁﬁﬂq wiafifla usefinssrhda
wilimirefudl ( Vauddamseiia, fhdudammawas)
F
A
lagamursowisfinuasnnuduaanilu  anudufia (Tensile Stress) AUIAUNA

AU o =

(Compressive Stress) 120LAULAAU (Shear Stress) ATMULAULIA (Torsional Stress)
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2.4.2) ANAULATHA (Strain)

tﬂa"f&ﬂgnr|'szﬁ'ﬂmuu‘:ﬂiﬁﬁrﬂnﬂﬁuugﬂ é'm'ﬂthm:wi"lan'l'slﬂﬁuugﬂﬁﬂﬂmﬂmwm’i
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2.4.3) ANAUBINTIVDITER (Strength)
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uanwn msieql dudnuuusilumagewnioficsian (Gradual failure) Tﬁuiuuuu“ﬁqﬁarﬁﬂﬂg
matdomeldennndiluuuuusn @athadu m3fignusinssunnuuydt g

2.4.4) amaiiawviu ( Elastieity )
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[ Steain i fin.
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- Ay e e - 1 R e e = L A L+ I
Gunya B i dedinnnubendu (elastic limit) #a3nee B Tanwilfounimamadunisioiy
- 1 . P . - ) - [V T :
famntiu (elasticity) WaziuUWaaASR (plasticity) mmmﬂmﬂu‘nu.ﬂ’aﬂﬂnusﬁnﬁﬁ'mumsz-mmun-'.-::
Tuaursanadandulmbawdiy s swafiufowldasFondt permanent set [10]
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ﬂmﬁm%mﬁw:ﬁqqﬁ o %m*:w-a::nJﬁuuzﬂaLi"]ﬁmiwtﬁmaTﬂuiﬂﬁmﬂuﬁaﬂﬁuﬂlﬁuuﬁaﬂw
loludwsniv c fu D {‘ﬁﬁﬁﬁ"fﬂqﬁ:Lﬂﬁﬂﬂgﬂiﬂulfuﬂﬁaun'hﬁqﬁ C) 9 C ﬁv:gm"iun'i'] "
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2.4.5) A1NHA" (Fatigue)
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2.4.5.1 mmadeuniaTaRlaEAILANAIUIAK (Stress-controlled Fatigue Testing)
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3.1.1 Aanfamas uas allnsalulasdugnm

Fviunaufium nfﬁlﬂumm‘mqm cilnmEulAne

CPU: Pentium 1l 350 MHz

RAM: &4 MB

Hard Disk: 6 GB

Monitor: 15

IO Card: Advantech PCL-812PG Qﬂﬁ 3.1.4) [13]
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31.1# 344 mui‘qqmﬁ'n auldfiu WD Card Y24 Advantech [PCL-812 PG]
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Specification:
Cylinder: Diameter = 20 mm. Height = 400 mm.
Valve: Pmax = 315 Bar P, = 4-80 Bar
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Directional Control Valve Cylinder
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it 3.1.9 ndmuneianmesanhiimiinssuongy

3.1.3) WwwiTed uarA v uiivn
T ol W oA . a A
gUnsoliowaainldvziieg 2 vhane
- gilefildiauss wndluaasuing (Strain Gauge)

- wflafildSaszusmg ey LVDT (Linear Variable Differential Transformer)
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10 3.1.10 slinuyaguUnsold uBWT WatiswEo |

dAlAsHina (Strain Gauge)

- Ay wd - R "
qﬂnitﬁummn‘izﬁﬂ (Strain Gauge) fil\ihasiiuvas Tokyo Sokki Kenkyujo

ot aar W
*mmmmmu‘iﬂmmnqﬁ 2 Ton Force
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Load Cell Spacification:

Model: TCLP-24

Capacity: 2 Ton

Sensitivity: 2.0 mvViv
Manufacturer: Tokyo Sokki Kenkyujo
NMIADUIALUAIATHIND

-l & 3 e [ ) a
Tumsseuimoumasunatiazdaalanuinatiinu Dynamic Strain Meter: Type DS-6003-F 44
dhgunisieofyyn wiadadhnesfaiasilasiu AD Card: PCL-812PG niauhmIseutiivy
al e e i A N e
finzdasiinUFuieiasiio Dynamic Strain Meter 14}

CALIB = 100x10"
Low Pass Filter Frequency (LPF) = 10Hz
Attn. Value =01

Gain =05
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Al Specification YBIFITLATULNY, Dynamic Strain Meter, ust PCL-812 PG @ ldlumnnuan

Load (N) Cutput (Volt) Load (M) Output (Volt)

0.00| 0.03 1,275.30 1.29
10 0.09 1,373.40 1.38
196.20 0.18 1.471.50 1.48

. 20430 028 1,569.60 1.57
F - 382 .40 0.41 1,667.70 1.65
490.50 0.48 1,765.80 1.75
. ssee0, 089 1,863.90 1.83
68670 0.69 1,962.00 1.92|
_h 784.80/ 0.80 2,060.10 2.03
88290 0.87 2,168.20 2.11
| 981.00 1,00 2,256.30 2.19
' 1,079.10 1.09 2,354 40 2.27
C arr20l 0 gz 245250 235

-l
@190 344 HamsAaURBUARTWIND

Calibration Curve of Strain Guage

3.00

-

2.50 - A y = 0.001x + 0.0253

2,00 -

1.50

Output (Volt)

1.00

0.50

0.00 500.00  1,000.00  1,500.00  2,000.00  2,500.00  3,000.00
Load (N) :

st 3.1.12 nemluaasuanisasu i suMATIING
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ol [
T lane 0.001 VolyN videvs ladnunuuasmanwng = 1000 N/Volt

A2InTEENI (LVDT)

Linear variable-differential-transformers (LVDT) : Trans-Tek Incorporated

Calibration Record

Model Na. 0244-0000
Input Voltage 30 VDO Max,
& VDC Min.
Full scale output 20,0 VDC @ 24 VDC excitation
Linaarity 0.5 %
Input: Red (+), Black (<)
Qutput: Blue (+), Green (-)

Qutput is positive with core moving toward lead end.
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Output (Volt) ;

Displacement (mm)

Displacement (mm) Output (Volt)

50 8.39 1 0.25
B 48 -8.41 2 0.55
46 8371 3 0.80
B 44 -8.41 4 1.11
42 831 5 1.34
i 40 8.35 6 1.62
38 829 7 1.90
B -36 8.25 8 2.14
-34 -8.20 177 2.53
32 811 10 2.74
30 779 _ 1 3.04
B 28 7,38 12 3.28
26 801 N, 3.55
B 24 548 14 3.81
.22 -5.05 15 403
20 539 16 4.39
-19 5.19 17 461
18 492 18 4.92
A7 459 19 516
=16 -4.41 20 5.42
15 AT 2 5.95
14 389 24 6.40
13 353 2 6.90
12 334 28 7.30
A1 3.09 30 7.70
10 @2m - 32 8.00
9 2.42 34 8.30
8 " 213 36 8.50
7 -1.88 38 8,60
-a 1.68 T a0 8.65
5 -1.39 42 8.68
| 4 -1.06 o a 8.70
| 3 -0.82 46 8.71
2 0.55 e 8.72
-1 0.27 50 B.72
L 0 0.01 o

] - e
AT 3.2 HEnTTEE LM EUATIRTEUEN 1




42

Calibration Sheet of LVDT

&
[ae]
#5]

Output (Volt)

e <]
&0
&

&
&

N

4

[y 4]
@
o

4

e e 0 P 11

-60.0 -40.0 -20.0

T T 1

0.0 20.0 40.0 0.0

Displacement {mm)

Eﬂﬁ 3.1.45 nudnenisdauifinua TR
mnnﬁﬂgﬂﬁ 3145 wrndHan sRaUfbLUAaTEEEnt  sswudinTi ldesduiduns
WrzEszanms —25 mm A9 25 mm- fagrsilesilugfiunsauiumsldnuyintud it
maideoninil Wieszeemefinnniniiiusssuiidaldas i siunsstussasms ilildamansoh
alfiflugunoiiald PmisleimIs AT IRt ulsTuassasldduu
yiaAnuwuaIaInTEuENNIRae 0.27

Lo

WrEndUTHITH ( Specimen Fixture )

[T B X - - al
fwiumbaiuTRuEElEuANAsEIK ASTM E 606-92 a3 3.1.16 [14]

TO LOAD TRAIN
+ -~ SPECIMEN
' CLAMP

= FLAT ANVIL
’ FOR ALIGNMENT

CYCLIC LOAD

31]# 3.1.16 Eﬂuuuundﬁ"ﬁﬂiui:umu {ASTM E 606-92)
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o s w £ X d o
nnnasguit eslipl (o) snsanwuudmfiadun viilemmnmmsadiuiasudadn

a e ] e W o
ﬂumﬂnﬂ‘iﬂﬁﬂ'ﬂu‘lﬁﬂﬁuuu FTIUWHED ATIAMWNE LEs 'Flj‘q”ﬂﬂl.lﬂ 'ﬁ{lgﬂ 31147 [15]

Fixture (Gripper)
T — - -
/ 2 e
i 07 *.Ll‘{; ] ‘I R = = =N .
\ i,} I.\. % -r'f el -~ - ,:-: = ..-:-.::tr —' 1 "—SM'
'\ -Ir__‘_',-'f I [
T T
! \, —
T o
All dimensions in inches s A 5

Eﬂ'ﬁ 3,147 AnilaB e uREERINAREY

@wuba LVDT
e ¥ L) fnd
dwiumiadriarosmnanesywmunl 3.1.18 uadodahiavnnmimwinvesiaia
w w s W as o o ar o . .
sepsvatasildinmsdawlss @ Badulbiidunisiauuunadafivuiviiueus  (Semi-relative

measuramant)



~ diZ (MIN) SPECIMEN
m_i_ CROSS-SECTION
By —
—]
d o (MIN)
F—-:\':_ - e
L
\T di2 [MIN) \. ELASTIC
RETAINER
PROFILEVIEW ~ KNIFE-EDGE PROBES TOPVIEW

[a) LONGITUDINAL DISPLACEMENT MEASUREMENT FOR UNIFORM GAGE SPECIMEM,
PROBES MAY BE ATTACHED TO EITHER TRANSUCER (c) OR {d).

CURVED TIPS
FOR CENTERING

" DIAMETRAL DISPLACEMENT PROBES

PROFILEVIEW TOPVIEW

{b) DIAMETRAL DISPLACEMENT MEASUIREMENT FOR HOURGLASS SPECIMEN.
PROBES MAY BE ATTACHED TO EITHER TRANSDUCER (c) OR (d).

l STRAINED SHAPE
i STRAIN GAGES
& L
! :I 1
10 E
PROBES : CISPLACEMENT
A SIGNAL OUTPUT
: EXCITATION
— VOLTAGE
{. WHEATSTONE BRIDGE CIRCUIT
SCHEMATIC FOR RESISTANCE
(€} STRAIN-GAGE DISPLACEMENT TRANSOUCER — STRAIN GAGES
SOLID SPRING HINGE
(KEEPS PROBE TIPS IN CONTACT
WITH DIAMETRAL SPECIMEN) —, INDEPENDENTLY
. \m.lusmBLE SUSPENSION
9 /
10 = s =—— — I g LY v |
PROBES CGw T (LINEAR VARIABLE
— DIFFERENTIAL
SPEC. € | } TRANSFORMER)

AFEATRNLES

AC I!] ~
MECHANICAL AMPLIFICATION = X5 / X4 EXCITATION_] E, SIONAL DUTPUT

(d) LVDT DISPLACEMENT TRANSDUCER

31]11 3.1.18 dr089vaIns0anuuUdDaduifaTaTosiaf anyosBnem (ASTM E 606-92)
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ol - e P asde A o g e e A em '
Tagaingdi 3.1.18 3 (a) TahanaaulaaialiariaszoememuTniafenumiutunulusm
- e el e om -~ e ¥ o ¥ ¥ e we
RNTETATS Iﬂﬂﬁﬂﬂﬂlﬂ:muagumuu dwiudududnasi W ldnwnsiun wasdedantsiadnuiu

i P \ w~ w |
o gafifluazvassyin UifslWaunsoldes@adriaiuuald dspufl 5.1.19

LVDT Gripper: Top

fIJ
o]

ELS
4

S NT SR

s rgl -

| \ Dirill, M5 Tappod
P ER TN
e ! | ] i i AN
RN 38 RN
P o 112 267 T\ % 3
LVDT Gripper: Bottom
M2 Tapped

=

. |
11 | ag ]
40 _.’F‘, 10 T
>

Rll Dimensions in millimetre

gﬁﬁ' 3.1.19 drdadudriastuendmiviaiomanou
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3.1.4) Buaunaaau

a'"l“%'U'T;m'mﬂﬂﬂnuﬁi:'l.'ﬁ'mmg"mmu ASTM E 606-92 [14] muzﬂ’r"\ 3.1.20 laeasifianii
swriiafidanenarastraiunge twmvadduuauing 1 o Uiamamay (d) a{]'r':l a8 fih Jag
Feshwiduiununazavaniuwaradndmnssurfialndozdvia  (Polyacetals: POM  wia
Polyformaldehydes) %ﬁLﬂuwawﬁnﬁﬁmwﬁﬂﬁnga mugﬂﬁ 3.1.21

‘_-- B 20 d £ 4d [OVERALL NOMINAL LENGTH) |
| - |
- - FLAT
UMY s
] \ 3dxd N,
¢ Ad - 2
[¢) THREADED 0.2 ' E " THREAD MAJOR DIA = 24
CONNECTION — ON ENTIRE SHANK
+ " SMOOTH BLEND
1- NO UNDERCUT
d; UNIFORM TO £ 0.2%

d) BUTTON-HEAD L_ 4 (] UNIFORM.-GAGE TEST SECTION
CONNECTION I*SEE RECOMMENDATION OF FIGURE Sal
&

_ N‘s
Imh 1

e

(el EFFICIENCY

e | 14 /] y
O 55

j (b} HOUR.GLASS TEST SECTION J C

ift STRAIGHT SIDED

COLLET-GRIF -~ w v
L - .
r A Fa N s A
EXAMPLES OF END CONNECTIONS TEET SECTIONS EXAMPLES OF END CONNECTIONS

31]1'{ 3.1.20 mn':g'lm:mﬁu‘mﬂnunmmmﬁn {ASTM E 606-92)

Specimen
f{ -—:\ e ——__—— K
i :“. I i imie) sllol nunl B o i w o iy | [ — — - " — e oy
L
I. r L 3 L r
= e X - - ™ ’

All dimensions in inches

gﬂﬂ 3.1.21 Bwomdmiunaaoy
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132122 plEwomnadausuuuuiinenes

au 3.1.23 g
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3.1.5) aulnsalys Qoo uazunaITIENEINK

s s ] a " - oA ol s '3
dwmugUnsolusnodygn uazwwdiiewdiiivadnsalinganilafidawaddny aunsol
A Lo | . "
wairiailududauszwinganuau(Controller) Aumanizi (Actuator) lagazdmsianuauzl

d - . a a . e
I!Jﬂ 34.24 I'I"I'S'HH'Fl'vr.'l'.i':‘.-“‘il"l\lﬁﬂI.I'I‘l".ILHi-.l'EI'I!I.IFi'IJ'I'IT“'i‘H".I'Hﬁ.IJ l.'I.'EI!".-L'l',i'I.I'I.'!IEIEI'THUN'IW'III'H'LI[I'IUHHEIEH'I[I

TASUAIAY I (VO Connection Board)

=] & o o a ' - 4 I Iy
ﬂuamm:tf]uqmmnumyrmmx:wmﬂnummmnuqﬂmmmm}.n usztruiwat angl ew
& s ¥ 'y - ¥ " s
wanIFanAuTIEAaININIA PCL-812PG lunaufinat mm:m'ﬂaneiaﬂfmshﬂ:aia'lﬂmqﬂnmi
#7149

/

f e N o ARV IV VRNV RV
m;.rﬁE!ED ‘ // nnﬂgﬂﬂﬂ . T

H Sy hi
/ ._"I-—"—J'I-" !
A BT -

31 3.1.25 gadudadym

| PCLB120G |
- Op-Amp Directional Contral Directional
g - Board | ™|  Valve Amplifier Set ®|  Control Valve
Dy/A Card
{(Output)
Pressure Control Valve N Pressure
> /o > Amplifier Set Control Valve
Connection
———————————— Board
< < [rynamic Strain Meter | Strain Gauge
A/D Card -
(Input) —
VDT
g 4 — VD
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gavengywayyIaIwqu: vainoauasl (Op-Amp Board)

e - § -
Wasnntdyyinfisanunainuada PCL-812PG axaglutis 0 s 10 Taad uddynnnd
e s - w w E e
wiuguuaiaumoiygavsmmmugeiicnisdesagluga —10 s 10 Tad dniudsldiam
o ~ v o el
veinealuesdiveunudyy nliaglugefidasms (16]

—_—

zﬂ# 3.1.26 209 snmareangnnlaslfoedusud
nngldaTussvasasaatliiaut] (Op-Amp Gain, Ko) = R, / R,
Taul# R, = 1 KQ, R, = 2 KQ 22'ldidh
Ko=R; /Ry =2
uasilol Vi, = 5 Taad, v+ = 15 1aad uae V- = -15 laad
& v, fidnagiugae 0 fs 10 Taad drwas vg wxlidlutag =10 fis 10 Tiad
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3.2 miaanuuufﬂsunmnﬂaaui'ﬁ@

'Lumn-Tmmi:m.lﬁtj’aﬁ'u'lﬁlﬁanﬁmm*xuuﬁmﬂaﬁmﬂfvu Microsoft Windows 98 1ilasann
Wussuuflslamduininglunsiederudls  biwdenmsldrmuasmunsndilalaing
Fmivlumaianfieelslusunsa Microsoft Visual Studio Tauianld Microsoft Visual Basic 6.0 Tu
TR TEUURAdAD un:n‘mqnqﬂnmf ﬂ"mi'umnﬁu'ﬁ'nHnun:msaanﬂumwmn'immnau @
\Ron uazdpuadnag a:l*ﬁ’s:uug‘ﬁmragamaa Microsoft Access 97 latthunsfiadans ODBC (Open
Database Connectivity) ﬁw"ﬁJmqnalun’mﬁEm'{ﬂmnmmﬂ'ﬂﬂﬁl.wﬂ:

1. diulisunsuasdWann Software Tulnal YWl ldhTusunsufidanls (Microsoft
Visual Studio, Microsoft Access) sfinvsianatvdeiios [17]

2. WaRauIUaiaAIuRY (Advantech) TAWRIWY Driver vaswefarIniisiivesfinderim
suu pos Wamuninldluszuy Windows95/98 Sausiinsinulusunsunisludosves
armivealuunse ussbaGe svsm i iiaduduiuy

3. mifiadenugwBgEHIRNM ADODB 'ﬁ'ﬂ.ﬁmu'ﬁnLﬂ'é'uwi':uug'mﬁmdn‘lﬁhu Tapae
211/Auwann Microsoft Access lutflu Microsoft SQL Server wia Oracle wiavhnan
ABHM Internet 7 L6

Hardware

Advantach PCL-812PG Driver

Database & Report
ADODB
Microsoft Visual Basic 6.0 - . Microsoft Access 97
P _ =
Platform

Microsoft Windows 98

3 T= — .
Eﬂ'ﬂ 3.2.1 Tilsunsuni@an e uazmsRaaasowiallsunsa

nnmsdnwsuudein e B nesisumessuiangandniund@owiudanas
vnrwdimiulusunsunaseuing Taslulysunsussluuy MBI (Multiple Document Interface) #aas
duwnwaslumadhimbasudesnhy bissaontumadifmihaseasldom warnmimdsfiuoy
wiiaaile (Toolbar) ildmsdntaldsunsaudinluld ot Tndnpesmssanuuvivsduuuuluaa
flwmansouily wasesnuuuifiadvde ldie

m‘mnnuuu'[ﬂ‘mn‘mLﬁﬂﬂﬁﬂnui'ﬂrqﬁr‘i:nanuuu'lﬁ’mmmnmanummﬁmﬁ‘unﬂ AU
fa mwﬁ‘ﬂﬁ'muqmu uaznﬂué":ﬁﬁ'mqmzu:wm‘li lavszaunsoasadaamusilaniuuns
ansafmdeund  lihesflumasuns ddaszuzme  (LVDT) wiedussduddssanlununuld
mm‘:nﬁmﬁmﬂﬂmafﬁlﬂumimuqu athaudnui-lo-d Annuvesansaiiadieg awwes

. . . A a . -
ﬂ’l'Sﬂﬂ_l'F!&.l (Sampling Timea) F‘I’II.L‘N‘IFEEIE:!_I:'F'I"IwHJ’IT'I'r’]ﬂ‘ﬂﬂ".‘:‘].:lliﬂ“'m’l'iﬂfﬂlﬁﬂﬂuﬂQHQﬂTZUﬂiﬂ'ﬂiﬂﬂﬂ
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w W Lo ey e o s w
“H-ﬂﬂﬁnﬁﬁ’ln’ﬁﬂ'ﬂﬂﬂﬂlm"lﬂﬁ:ﬂ“ﬂl"lfﬂU“ﬂﬂﬂ’lHﬂ"lj:ﬂlﬂ-ﬂmTﬂ'ﬁﬁﬂU 'Jﬂ'ﬂﬂ‘hi F'I"Ilk'ﬂﬂﬂ'i:ﬁ"lnﬂ'lﬂﬂ

& - o - w A ey 5 . a e
neRey TINITEUzIeYIRgaseunle wianald wasifelWiudem e iwmed J9ladarissuuean
TILTH WRSHRBANTIWE Y

|
U
LTl

™ a A e
322 Wudamaiaue E.'h!I‘I.J‘i'I.LFI‘Il.IT‘Iﬂ i 'I..I'Jﬂ".’l"'!I 1““1 Eﬂﬂﬂﬂumﬂﬂﬂﬁﬂﬂlﬂ.ﬂﬂ

aauRmatuas lsunsurhaou

1.

2
3
4,
5

aTI9uEa qﬂmr&ﬁmm'ﬂ CERTTY
Yiuudsdnanfanvasldsunsy
Wenimhnimaney

NAREU UaLUUNHA

ATIRFAUHGNIIVREDOL ll.ﬂti’ﬂﬁl.lﬁﬂﬂ JTU

3.2.1) NMIRONUULTEULEHUBYA (Database Design)

lussuuflazusnaandu 2 suds dufilFlumaiudayaduanme wassufildlunsaan
L L t’
oo lasmafiudayanussuonaanidlu 4 a1519 fia (18]

Info (I\fTudnemeyasturmnagey)

TestMachOption (EU LRI IR IMIMARBUBENIFUNUTBIFIMARDY WIRNNTFATTY
Ieriaungagunint 4ay)

TestData (iiudayavesnrmaney LiadhwriianToiiuduem wezbaves
789 :i':uﬂtufhmwﬁ'nﬁﬁqﬂan'l.ﬂﬂ'mqu]

SavedHeader (Ififiugmurasantmasey m namesevlay laoesdouiuaima Info
uaL@afn TestMachOption th voasnagauaivll)



v

Open Database ® @ @ Option Help
'L '
I Select Method of Test i H_\\
Reports ! _ 7
: \ R
y Specimens Data Test Condition
i
I# ¢ \ 4 l Y
i Tension Compression Fatigue Cheack
i -
i
I
1
' v v v
\ 4 :
Manual Test Strain Controlled Forced Controlled /2 Board Check All Hardwara Check

gﬂ-ﬂ 322 :Tarmﬁmwmwuumuqmﬂuamanui’nq
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TestMach
Option

Data Dictionary

it 3.2.4 Taseadhovasgmdiaya
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3.2.1.7) @771 Info 2z .I‘.ﬂﬂﬁ"|lSﬁd‘ﬁdlﬂﬁﬂﬂﬂﬂﬂJm‘lHﬂﬂ?ﬂ’?ﬂﬂﬁﬂﬂIﬂﬂHﬂHﬁ*lﬂﬂﬂﬂﬁ

fo shasauds | 3'5.!Zi~ ::.::'FI'T!HHI.I"IH e E S s

 CondName Text(20) o viermusvasiurmaney

OpName Texi(50) 'nar;]’ﬂmamu

MatT*_.f:; Text(30) TinvesTurmihhrmarey (Uszinmuasiag)

TestLen Single AMNIaYIMIUATISIaTiNAgEY (mm) _

TestArea Single ﬁuﬁmﬂwﬁ'ﬁwu%m"mmﬂqﬁﬁﬂﬁﬂnu (mm’)
| MatDesc Memo fafunodnwusiug P TUNU

Mathlumb;_““ Long Integer “N'\ﬂkﬂ‘n%ﬂﬂu

Remark Memo Hmﬂmﬂﬁuﬂ

3.2.1.2) @179 TestMachOption tIMAITNALALEDUSTAINITNATIY 4 tfogriuld Tosit

) ﬁﬁﬁﬁmﬂw@”’ﬁf@j bk W’ﬁ'ﬂnﬁmu R R

MaxDisp Single '5.,umwnmnﬂﬂmﬂ'lﬂnaummun‘:*uu‘lnﬂ'mﬂnﬂmuﬁ ﬂun"rrﬂ'm
A3 Fmnngaves SetValue nmmm‘l-mr'l'nﬂ'mmmna - Safety
Factor=2)

MaxForce | Single sEuamafannyaiiia lieniinemyamsuylonseinimun (lumnau
9y AMNGATEY. Setvalue ffmmleeldeniivtaes — Safety
Factor=2)

StopTime Single r:mﬁ-ﬁ*’ﬂﬂgaum;ﬁqmﬁauﬁqmqﬂi:uunﬁﬂau

Ks Single n"imm"ﬁ-ﬁ’uﬂa-:rhhaiﬁi’m"l.ﬁ’mnqﬂnmﬁ'm::uzmﬂ.ﬂtﬂmhﬂ::mm
TAITELE

Kf Single dinufilfinlasiladfiialdanaynsaliaussifiudszinmaes
e

Kp Single FNLNUULLY Proportional

Ki Single UMY Integral

kd Single AILNUULLL Derivative

PeriodTime Siaél;._hm | sampling Time Allumssnsinamiewsed fwam udssnayly
AL

3.2.1.3) @17 SavedHeader ;ﬂummﬁ'zﬁmfagwammu:mmﬂﬁﬂﬂﬁmﬂmﬁaq Iﬁﬂﬂ‘!ﬁﬂﬁ':a:
FI.
lTauaanua1ity TestData

Ba Bianuys ANANINY S
FileName Tex1(20) Fa'walasazfiud Default ¥89 YYMMDD_HHMMSS_TT
YYMMOD fia ¥ fiau Tu, HHMMSS @a 1an, TT Aenisfinasau
CondName Text(20) To/ BOTHEITNARDLY maaimda'{wm'.fw]
| MaxDisp Single stosfavasiununasauunfigadaufiszuvesdslandlaasodin
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[ wan Lﬁaﬂ“rmﬂﬂaﬂﬁwwqﬂnmfﬂﬂnan (fafiunT)
[ MaxForce Single Lmmnﬁqmﬁ-rzuumm':ni’u‘l-ﬁ’ﬁﬂuﬁi:um:ﬁl&ﬂa‘:ﬁu‘lamaﬁn
wan Lﬂaﬂ’nnﬂaamﬁwaaqﬂnmfnﬂaau (fadiu)
StopTime Single -:hmmﬂﬂﬁauﬁmnﬁqﬂﬁauﬂs:um:ﬁmqﬂ (i)
ks Single fnuaal LVDT
Kf Single FNwued Strain Gauge
_Kp Single ATLNULLUNTAWHATULUA
Ki Single ANUILUUERTNTa
| kd Single AnnuLuLRsnY
PericdTime Single 'ﬁ%nmﬁtp;uﬁﬁnvﬂp'\mﬁuﬂn uﬁ'ﬁ‘nmma’mnan‘lﬂmmqu (Fuf)
| Dispo Single szuznsBuwsnfienuldandriaszosnenioufiszuuszaisinsses
maldugud
TestCond Byte %nm"m..‘"llmmmmﬂnu
TestRate Double gATIMI WIENAIRGNAREL
TestPreload Double sz uusnfinssyniuuany
TestAmp Double u.auﬂi*‘nﬂwqlmhmzma'r""inT:fhﬁu*ﬁuaw'lun*rmmaaumn*nu
1
TestWave Byte fnwuizyasplafassissusefinssiiamanud
TestPeriod Double mwamﬁnﬁnﬁnau'ﬁﬂ
CreataDate Date ‘Tﬂﬂﬁiuﬂ’mﬁﬂﬁﬂﬂﬂ
Remarks Memo MNEnG :

o e - .
3.2.1.4) w1 TestData (Dua T TINUHAN TNATEY ﬂﬂﬂ"lm?ﬂﬁl”?ﬂﬂfﬂnﬂﬂﬂﬂ FIRLTUYIRREL

IMETOAH

fo | whaduds | SRR Taiuny Y
Im Integer ﬁsaﬁ'ﬁuLﬁammﬁuwwua_mmmmm,aan‘lﬂmunuaﬁnm
SETVAL Double Mﬂﬂmukﬂ“'ﬂﬂwlu'ﬂf TEHEN
CTRLVAL Double 'fhusaﬁ'uﬂhaan‘lﬂmuﬂunﬁuangumn 1o veda
READVREF Double dundufismldvasdygnuitinuaundmunuanudn
READCTRLVAL ~ | Double sussdungmldvasdygai Waaugimdmunafions
READDISP Double Arseuenafiawlduas LVOT
READFORCE | Double fusafienwldvas Strain Gauge
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3.22 mMyoanuy l.I'.IEﬁT"I HITH

Reports

C Specimen Information ) > Specimen Information
———————— : Force & SetVal
:
'
/77 Disp & SetVal
(] I
( Tension/ Comprassion >— i :
I CtriVal, Read P-Val, Read D-Val
1
< Fatigue: Force Controlled )“""1:
! PR, S—————
C __\\ Ir E Test Condition Data Sheet
I
Fatigue: Disp. Controlled —’/ '
DAL N ot
E—y Test Data
WYV Stress-Strain Curve

3.2.2.1)

3.2.2.2)

Tudmwesnurumimareuizinsuiruamoandy 4 wuy fe

Specimen Information

R TUTTENUENII BTN 1T RUNTBITUITE T USIMAREY ATWE1ID09
Fuamuiimiilinasoy AMARDY ANWMLUBITRR Y&Y
Tension/ Comprassion

1uﬂm1wgm{fm:tﬂuﬂuamﬁﬂ1n~umwau'[ﬂunwﬁa wisnafiununasey Usznay
AIWTILITU 5 1A fE

3.2221) Force & Setval snfunmityudfipuszninsiusefidnszuy
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3.2.2.2.2) Ctrival, Read P-Val, Read D-Val [iunTiviusnisunnuinaniinmed
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anudulunszuangy uaz vefaumodygnuaunundinuquiianevesnszuangy
AFE A

3.2.2.2.3) Test Condition Data Sheet {USIHIMULERIRNTITTRINIITNARDY Ao
sutmvasunmilinasey
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3.2.2.2.4) Test Data Li‘Jm‘r’aHa-nawmu:*umuﬂﬁdwmnmmmm finssusiiauas
Furmitemldrnda Tasssmauas Fi'\tL‘:qﬁ'uﬁsiq'lﬂﬂ':uquunfﬂ Fasumaritesinly
TanTaNTe 3.2.2.2.1), 3.2.2.2.2) uas 3.2.2.2.4)
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ANULATOATBITER
Fatigue: Force Controfled
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3.2.2.3.1) Force & SetVal

3.2.2.3.2) Ctrlval, Read P-Val, Read D-Val

3.2.2.3.3) Test Condition Data Sheet

3.2.2.3.4) Test Data
Fatigue: Displacement Conirofled

'luﬂumwgmﬁ:tﬂuﬂﬂmuﬁuamnﬂwmimﬂamﬁammmﬁ'ﬂauﬂmsmuqu
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3.2.2.4.2) CtrlVal, Read P-Val, Read D-Val
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Graph: SetVal and ReadForce VE Time Dat_000220 152456 48
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Graph: SetVal and ReadForce VE Time Dat_000220 153620_566
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TestCondition DataSheet Dat 000220 _164301_53
| Snecimen |
condition Name Operator N ame Material Type
POM Apichart Arunkunarax POM
Test Length (mm) Test Area (Sq.mm )
a3 100

Material Description

Cylinder, Tapped both ends

Material Number File N ame

2 Dat_D00220_184301_53

|Test Condition

Maximum Allowable Displacemeant af LVDT (mim )

= - 1

Maximum Allowable Force of Strain Gauge (N)

15000
Maximum Test Time (s) Controller Sampling Time (s)

1200 h
Initial Displacement Valua of LVDT far Calibration (mm )

-8.49126

Ks [Displacement to Volt Conversion Unit] Ef [Force to Valt Conversion Unit]

273 1000

Kp [Proportional G ain ] Ki [Integral Gain] Kd [Derivative Gainl
0.0008 0.0020 0.0000

Test Condition Type Test Wave Type

3 1]

Test Rate (N/s) Test Preload Force{N )/ Disp.{(mm)
100 o

Period of Wave (s) Force(N )/ Disp.(mm ) amplitude

o 1]

Created Date

20/2/00 18:43:04

& April 2000 Page 1of 1
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TestData Dat_000220_184301_%3

IT SETVAL CTRLVAL READ-PVAL READ-DVAL READDISP READFORCE

(volt) (volt) (volt) {mm) (N)

o 000 5.00 o0z 0,08 -0.0400 ]
1 -10.00 =502 ooz 0.0 0013 12
2 -20,00 499 D04 0.04 0,013 a2
3 -30,00 5.09 0oz -0.07 0,003 54
9 -40,00 505 011 024 -0.0173 -10
5 50,00 5009 007 0.14 0,040 12
6 -60,00 207 0,10 0.26 -0,0133 -29
7 -70.00 509 0.08 018 -0.0267 22
8 -80.00 3,106 011 0.26 -0,0133 27
9 -G0.00 249 0.18 046 0.0133 22
10 -100.0 523 021 054 -0.0133 29
11 -110.m 525 0.24 0.6 -0.0400 20
127 -120.0 524 027 073 0,013 -24
13 13 531 026 D7s -0.013 12
14 =140.00 5.8 033 0a1 -0.0em 54
15 -130.00 =0 0.30 083 -0.,0267 63
16 -180.00 542 03z 0E87 -0.0267 27
17 -10m 537 D43 124 003 58
1B\ -180.0m0 5.40 D3s 110 -0.0e57 73
19 -180,00 Sdd 042 118 00133 59
20 -200.00 952 EE ] 131 -0.0133 -17
21 -210.m 556 054 155 .03 22
22 200 553 058 167 0,013 44
23 -21m 562 D&l 173 -0.0400 54
24 =240.00 S 064 154 0,060 27
25 290,00 i | 077 222 -0,0667 71
25  -260.00 553 D73 211 -0.1600 2%
2r -2ma 550 055 159 -0.1066 -244
28 -280.00 5,54 061 1.75 -0.1332 -310
20 2300 559 0ss 159 -0.1200 264
30 -300.0 553 061 171 0,137 242
31 -310.0 559 064 187 -0,1065 208
32! | -3200 561 0&1 176 -0.1800 201
6 April 2000 Page 1 of 21

51l 4.2.19 foyaduzasmimanay
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Graph: Stress VS Strain Curve Dat_000220_184301_53
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Graph: SetVal and ReadForoe VE Time Dat_000220_1E0I11_2B
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Public Sub RunFeedBack()

' Control Algorithm with pre-calculation
" 1. 060 efn}

" 2. FTUITHEN e{n} = rfn} - ¢fn}

. fuImd min} = p{n} + k0"e{n}

. fwanidn min-1} , e{n-1} uaz efn-2} b

CIIMISHIUIAT p{n} = m{n-1} + ki*g{n-1} + k2'efn-2} A23miln
*7. nivTdvingda 1 Twidnats
"lnput: 0=V-ref, 2=0p-amp Ouiput, 3=LVDT, 4=Laad Call

2
3
"4, 1 WiWnar min}
5
&

ReadAl
If (MDIMain.Tag = 1 Or MDIMain.Tag = 2 Or MDIMain.Tag = 5) Then
En = Setval(IT) - foltage(4) * Kf 'Force
Else
En = SetVal{IT) - (Moltage(3) - DispVollll) * Ks 'Displacemeant
End If
Mn=Pn+ KO En
WriteAQ 0, (-Mn + 5} 'Direction of Cylinder , 5= Reference voltage -> should be preset every time
for tasting
' WriteAQ Positive Value= Compress specimen, Negative Value=Stratch speciment
Wiite AC 1, Abs(Mn) * Force Control

Ctrival(IT) = CObl{-Mn + 5)

ReadVRef(IT) = CDbi{f\Voltage(0)) " Read VA channel 1
ReadCtriVal(IT) = CDbl{fValtage(2))

ReadDisp(IT) = CObl{{fVoltage(3) - DispVolt) * Ks)
ReadForce(IT) = CDbl(MVoltage(4) * Kf)

' Check safely of equipment

If TestlsSafa = False Then Exit Sub

' Precalculate gain
Mn_1 = Mn

En_2 =En_1
En_1=En



Pn=Mn_1+K1"En_1+K2"En_2

frmDatOut.txtShow(0). Text = FormatNum(CtrlVal(IT))
frmDatOut.txtShow(1). Text = FormatNum(ReadVRef(IT))
frmDatOut.txtShow(2). Text = FormatNum({ReadCtrival(IT))
frmDatOuL txtShow(3). Text = FormatNum(ReadForca(IT))
frmDatOut txtShow(4). Text = FormatNum(ReadDisp(IT})
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frmDatOut.txt53how(5). Text = FormatMNum{CtrVal(IT) - 5) " Caleulate back to find D/A Channel 1

IT=IT+1
End Sub

'5

a
Py Yo

\ -,
Cl
P4

l.’“u
L2

\

a
e
N

I

oy
‘;5"_“:: -
i

o2
\g

3

AONUUINYUINNS )
ANRINITNINENAY



Load Cell { Strain gauge ) TCLP-2A
Input  uma (A)[+, M (CI[
Cutput 1187 (B), U (D)
Shield E

www. tokyosokki.co.jp

Wire

IO

Linear variable-differential-transformers (LVDT) : Trans-Tek Incorporated

Calibration Record

Model No. 0244-0000
Input Voltage 30 VDC Max.
6 VDC Min.
Full scale output 20.0 VDC @ 24 VDC excitation
Linearity +0.5 %
Input: Red (+), Black (-}
Cutput: Blue (+), Green (-)

Qutput is positive with core moving toward lead end,

Op-Amp 741 (LLA 741)

1 = OdiBel + I: &= NG
2=in I: Taws
3=in E 6= Cun
4= E 5 = OfSa Mull -
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Dynamic Strain Meter: Type DS-6003-F

Instruction Manual
1. General

- Designed small in size and light in weight.
- Built-in low-pass filter eliminating noises
2. Front Panel

(1) POWER Switch: "‘When this is ON, L.E.D. {12) emits

(2) GAIN Knob [Red]: Sensitivity of instrument

(3) ATT Retary Switch [Black]: turn CCW = Sensilivity attenuates, used when overscale

(4} L.P.F. Rotary Switch [Red]: Frequency response of a built-in filter ( Low Pass Filter )

(5) CALIE Rotary Switch [Black]: Set CALIB switch near an expected strain, use with polarity
switch (10).

(6) R-BAL Knob [Red]: Balance resistance of wheatstone bridge or transducer

(7) C-BAL Knob [Black]: Balance capacity of wheatstoene bridge or transducer

(8) Meter Switch: selects balance adjustment.

- BAL for C-BAL adjustment

- MEAS for R-BAL adjustment.

(9) O-BAL: used in setting ATT switch "0" and balances amplifier

(10) Calibration Polarity switch ([ Positive or Negative )

(11) Meter: used for balance adjustment. This meter deflects only to the right in C-BAL
adjustment.
Maximum meter deflection is approximately £ 3 V.

(12) L.E.D.: emits in applying AC line voltage to instrument.

3. Rear Panel

(13) INPUT Connector: This connects the bridge head or transducer.

(14) QUTPUT Connector: This connects a recorder and the other instrument.

(15) Power Supply Connector: AC 100V supplied in synchronizing with other instrument.
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4. Operalion

4.1 Turn-on Procedure { Refer to Figure in a previous page ) before connecting the sfrain

guage.

4.1.1 Turn off POWER Switch

4.1.2  Set GAIN to minimum

4.1.3  Set ATT switch to "0"

414  Set LP.F. switch to PASS

415  Set CALIB Switch t 100x10"

4.1.8  Set R-BAL control near the center
4.1.7  Set C-BAL control near the cenler
4.1.8  Set METER switch to MEAS

419 Do not set O-BAL

4.1.10 Set Calibration Polarity switch to OFF,
4111 e

s s L

4.1.13 Connect the input eable of the transducer or bridge box
4.1.14 Connect the cutput cable

41,15 Connect the attached AC cable

4.2 Adjustment

4.21
422
4.2.3
4.24
4.2.5

426

4.2.7
4.2.8
429

4.2.10

Turn on the POWER switch

Check on L.E.D. emitting

Adjust the O-BAL for zero reading with a screwdriver

Set the Meter switch to BAL

With ATT set to 1/10, rotate the GAIN adjuster CW and sel il so that the pointer will not
exceed the scale. Adjust the R-BAL and C-BAL so that the pointer may reach the zero or
approach it as close as possible.

With the ATT set to 1/5, ¥ and 1 | increase the GAIN until the meter pointer reach the
maximum-value on the scale ( the extreme right. ),-and-then-adjust the R-BAL and C- BAL
s0 that the pointer may reach the zero or approach it as close as possible.

Set the Mater switch to MEAS

Adjust R-BAL for exact zero reading. (Keep C-BAL unchanged)

Set the CALIB swilch to 1DDx1U{, and then confirm that the pointer stops at the same scale
with the CALIB switch set to either (+) or (-).

It may take 15 minutes for this instrument to bacome stable. The double adjustment from

4.2.1 to 4.2.6 will allow highly accurate measurement when the instrument is stable.
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Summary of 4.2

1. Set Meter to BAL: Change ATTN from 1/10, 1/5, %, 1 with adjusting R, C to be closed to 0.
2. Set Meter to MEAS: Change only R to be closed to 0.
3. Set CALIB = 100x10” : No change of pointer when set CALIB to be (-) or 0 or (+)

4.3 Measurement
4.3.1  Setthe ATT to "1" and load the strain gauge with maximum load
4.3.2  If the pointer is over the scale, try to set ATT lo be ¥ , 1/5 and 110 to maintain the scale.

Note: For this system, we use the L.P.F,
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wmaﬂmauﬁﬁwq SUPERLENE ULTRA-HIGH

Properties Test method Superlene Ultra-High Unit
Density " DIN 53479 - 0.93 glem’
Elongation at break DIN 53455 = 350 %
Yield stress DIN 53455 20 N/mm’
Ultimate tensile strength DIN 53455 40 Nfmm’
Flexural stress at 3.5% Deformat DIN 53452 a0 N/mm’
Ball indentation hardnass DIN 53456 a6 N/mm"
30 sec value Test load 365 n

Shore hardness D,3-15 sec value DIN 53505 61-65

Working temperature DIN 53461 +95/ -200 c’

IwdiniianIaluaau (POLYAMIDE wia NYLON)
Indiaflanaluaau (POLYAMIDE : PA %32 NYLON)

Huwara@nfildsinnisdassds=uy CONDENSATION Ssdiamedain DIABASIC
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widwasiu NvLon Tugduasiily F9910 W5y 1Ay wasdon

NYLON ldgmintldiiues wenmdinddanssa (ENGINEERING PLASTICS) sndu lau
fimuduanlwadosing qﬂmrﬁua:m’%mﬂﬂuﬂu‘[am:

Tuaouwso (MOLDED NYLONJ faasudsuss wilon dmsinin finuaniafies nusauda
N 'I"I'H.WNLEEI-'H‘I"I"IH LLE:T‘IH‘Eﬂ'ﬂﬂi

NYLON iluwsa@indnuiinniiofiliyndeuiagagn (SOFTENING TEMPERATURE)

NYLON iilumaflunansdin (THERMOPLASTIC) snindsmuwsonanldnnmaeds viu
uwuuda (INJECTION) uunia (EXTRUSION) uuumsaiwisd (ROTATIONAL) (dudn

FusufilinTiuds EXTRUSION dugtwidnd s g ik wians wianalauru FasanTmh
mﬁu;ﬂlmum:rﬁ'm e nae Bof dale dmaTasdng wndaels Unsolriiadonnusulane (METAL
WORKING) @t

NYLON wﬁﬂmnﬁqnnﬁﬂaanm fa NYLON 66 Ssninuszihemansvamaadin u
CRYSTALLINE PLASTIC) Thnisn NYLON) suistndavusmsimuasdanduwvesman lWetwin
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INVENTOR

HARRY R MELINE

Luggor. olimans fakriaors & Wrraw:u

Recommended Extensometer

Typical Extensomoter
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Typical Specimen
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HAVHIYTYYINIIAIAIVANTIANI (Directional Control Valve Amplifier Set)
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YAVLIAYY NN IAIURNATINAH (Pressure Control Valve Amplifier Set)
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& I -l
ms@adsiwaunagaidnninalamaaey (Specimen Installation)

Open Pump
v

Try to opan Directional Control Valve ( D/A Channel 0 )

To move eylinder up and down.

Test to open Forge Contral Valve { DA Channel 1)
Move cylinder up to top

2

Screw up specimen to top fixture at cylinder

Y

Mowve cylinder down to let specimen touch the bottom fixture
Screw down specimen to bottom fixture at strain gauge

v

Install LVDT (Displacement Sensor) to specimen

d - - -
zﬂn A 30 W WD T VSR A DA AT A LI nuganasay
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Turn on Computer

v

Open TestMach Program

v

Goto "All Hardware Test" Screen

Turn on Strain Meter
Turn on Power Supply

v

Adjust Amplifier Board Supply (Left Panel) to be 24.0 V
Adjust Reference Voltage (Right Panel) to make
Op-Amp Voltage=0 V when D/A Channel 0 Voltage = 5V

Check D/A Channel 1 Voltage = 0 when
Read O/A Channel 1 is about

v

Check ReadDisp is aboul 0 when start

v

Check ReadForce is about 0 when start

4 w 4 .
sulii4.1.31 unwianrailawIsouazasinsanowdu i
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ifnaday (Test Procedures)

Goto "Specimen Data” Screen

v

Viewl Add/ Edit Specimen

v

Goto “Test Condition™ Screen

v

View! Edit Test Condition

v

Select Test Method

v

Input Test Condition

T

Start Test

Pause

Stop Test Test OK

Adjust Cylinder

v

L Add data to Dalabase

.

Show Result

Goto Main

o . - . -
E‘J“ 4432 WHWRHAT TSI B nanafﬁu’[nm TR 1uﬂu§m1u
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