duimemyanaly wisveund 11NN

szuumsaeuiiisugargiionluiinlaald DATA LOGGER
AUTOMATIC CALIBRATION TEMPERATURE SYSTEM

BY DATA LOGGER

ORI

MEE I Hara3ANeY
=
WINAIUGHA Tvaioan
= 7
wanafIan WORYAE

A § <2 LY o
PagndinusiiludiumiiwesimsanmnmanangasiSygimnssumansiama
MYIVIIAINTINMTIANN

a o v a d
MAIWININTINMTIANY  AMSIAINIINANAAS
% S Y Y %
aoiumalilagnszaeananngunmsmanssia

Umsnu 2546

lam‘l’ﬁ;!'........’..v..;..-;...g,..nm /
<o b 2 S — S siem
[AUNTLIUU U eecsnsesrsssnssssssane £

=7 138 2544

o ) =
'Ju,lﬂau,l’nnuunn““lllllul.



AUTOMATIC CALIBRATION TEMPERATURE SYSTEM

BY DATA LOGGER

TAWATCHAI SEANGRATIPEN
NARUMON CHAI-EAD
PAWEENA PHAJONPHAI

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN INSTRUMENTATION ENGINEERING
DEPARTMENT OF INSTRUMENTATION ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

2003



MAIFIAINTIUMTIAAY

AN TNMans

aotihunalulaginszeemndudiganmsaiansyil

TufusenuSaaniinus

dewantinus  szuumsaeuiisugungisa luidlasl¥ DATA LOGGER
AUTOMATIC CALIBRATION TEMPERATURE SYSTEM BY
DATA LOGGER
WnANRIAM TRU) 61t ueasamey- sHeaseiida 44015469
UNANIUGNA lyoioon sAaUszidn 44015470
wwaen HIQYNY sHAI296) 44015475
WSgyan AN IsumaasUang
AN AN Iumsianu
Unsfinun 2546
onnstifmugnlSyaninus awiledio
s
Wel. IR §

uSung BsIanTnEImg N s <Jl///
919150U5U 3 g =] IW/E:__

[ =} = t:i
Sunaeuil nasy

Founasy

UNTFN 24 VUINWW.H. 2547

Q

a a o a a @
a1 fosaouUTyHNUT N1AIBIAINTTUNITIAYY

a (%4 v
MAIBIIVIBINAT

e

d
d
(3. Usza@ns qaua3aed)

HININNIAIBIIAINTINMITIAAN




Hioaniinus  szuumsasuiouguvgiisa Tuiid lavld DATA LOGGER
AUTOMATIC CALIBRATION TEMPERATURE SYSTEM BY
DATA LOGGER
VnAnRIAM werSy¥e  waesamig  sWadszdidd 44015469
weEugua  lreden sHasediaa 44015470
walan  wWaysy sHeszindn 44015475
¢l a Ao
ainsddfidinm HeLIPIA GER(aME
¢al ' dile s v do
pw1senfinmsan  91mIdUTUNT FITANTAVIBUE
Umseinmn 2546

w
UNANEID
= a o‘:s’l =< =1 a o e AR
ﬂitgnunuwuﬁmﬂumﬁﬁﬂmuamammuiﬂiuﬂmmiﬁaumﬂuqmmmﬁium 9
o = =% g a 3 I~ =1 v 4 @ d
Tl lumsaeuieuimusunviiu txdumsaeuieusznitginsslnaspuiugilniel
c; o o =} é o a Y A :l' @ a 3 d' 9
S eimimsaeuiioy Fawsaiinis aeufion lanesnsas 1 @2 dnnaan 1y luns
~ Ay gl 9 2R o q Y a A o &
gouioumsesiiodadosldnannuneaunsiuih indenawn Taslsaniwustidlums
A Aa a A o 9 [ o I3 d’
sintszansnmlumsaonienusazvhldlssndanarlumsnmsaeumney HowInaINge
° a ¢ Y 1Y) ' "1 P a ' R & B o o 3 v P
smsaeudenldndey q duvatw 9 ¥o3 (@ NN 8 ¥B9) BNNNNMITAMTINUIBYAN
9 1 9 P ° a Jd 9 ~
1dureesgnaes Tag1dsimstiineunawesn % lumsdeuieutaz a3 088NI181UNT
=1 2 1 ﬂ [} A ] A I a [ 1 a o
goufioy Galdsunsuaziiiaeenidly 3 @au Ao daunusn WUMIAAADTEHANADUNIINDS
[ 4 4 v { i o a 1
Sugndains dawfiaes dudndunsinnunavenisaenfisugungil uazdaugaie
' a o a o @
Wudmvesgmdoya TaoTsunsuazudainan1anounIABs LazANN U UTRINaMIdoL

Gen1d TaoldTsunsuVisual Basic Tums@ivu Talsunsuaetingudn Tuiia



Thesis Title Automatic Calibration Temperature System By Data Logger
Authors Mr.Tawatchai ~ Seangratipen
Miss.Narumon Chai-Ead

Miss.Paweena Phajonphai

Thesis Advisor Asst.Porf.Witsarut Sriratana
Co Advisor Mr.Narin Tammarugwattana
Year 2003

ABSTRACT

This thesis presents the study and design of automatic temperature calibration. In the past
general calibration had calibrated between SPRT (Standard Platinum. Resistance Thermometer)
and UUT (Unit Under Test) with one by one. It used for a long time therefore it spent a lot of
time. This thesis increase the efficiency of calibration and it can save time for the test because it
can use to calibrate many channels (but not over 8 channels) at the same time. This thesis has
management to collect accurately data. And using the computer for collect all calibration data
and certification of calibration. The software has 3 parts , First is the interface between computer
and hardware ; Second is calculator of temperature calibration and the last is the database of

program to print certificate and visual basic program to use for automatic temperature calibration.
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3. U-Shape Probability Distribution
A 1 ] 1 d’ld A a " 9 o A T 9 [}
ﬂammm"lmmuammuu o ﬂimmﬂmm"lmanﬂu ‘Pi'i’f]ulllﬁ’i]ﬂﬂaf]ﬂﬂu

(mismatch) ¥9IA84 AU #250Ta9
3.1 v liuiveuvesdde ilu U,

32 gldmaam limiveuvesdafu il U,

Y
l——
>
4
*
—

Y-Axis

e AX,’IE \ A+
'u+a./ V2

paa
U-Shape Distribution
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4. Normal or Gaussian Probability Distribution
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5. Combined Standard Uncertainty
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6. Expanded Uncertainty
v 9 v
A1 Combined Uncertainty 1 141y &a lufimadulanedminaums
S A o P YAt A ] ] £ 9 o [ 4
wdiwe iamiuanuinle 5sddasmun liuueu (Expanded Uncertainty) 19 eydnu el
8] "V:Illﬁ’mﬂmiﬂm u (y) faef1 Coverage factor K
v 9
Tauf1 Coverage factor K sesfuann1lsiiu  duediuaiiudasniiszdy

o 1 { S A o
anwaiula() miiuflesidu FsdmaalAna1919 Stadent T-Distribution

7. MIWIM Coverage factor K

19 4 S lumssnaiman k

1. lamy uag w.()

2. Yszanaua v, 910 The Welch-Satterthwaite formular
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32258702, myaeunoy IasnsfSeuieuny SPRT (Standard Platinum Resistant
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3.2 g‘du‘u‘u PROJECT (Automatic Calibration Temperature System By Data Logger)

UUT I STD

RS 232

Al210

COM

RS 232

A9 3.3 M3t Data Logger anlglumsaownougungil

A o v
3.3 aunA Analog Input Module (A1210) 1nl¥ay
9 [
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9 A Cfll o TR y3d3 & XK dyﬁ PN o w
Probe l@ifiBensang 1 f1 Manguis Idduniudeilymiaeldiingi@a Analog Input Module
o L 4 '@ a’l’ @
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3.4.1. MMsAPBUDINY Dry Well (3u 9122 35-400°C)
A A o [ 9 a ~ =) aq Y o 4
Dry Well Wuniesiledmsuasegaunginsiuazaouiovgungilinuglnsal
Qmwgﬁ"lﬁ’m}u RTD , Thermocouple
A L] v o o’/’ J
Taggamgiifcunsanugu ldedrumiudnivannsoaiugu ldnnanesaoynsuag
IEEE-488

¥ | o Y d’
ﬂ?ﬂﬂ1ﬂﬂ1ﬁﬂm‘”ﬂﬂlﬂiﬂﬂ Dry Well
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anlgdmSumssIuaIn Dry Well (°C)

3.4.2. TmsAnE RS Digital Thermometer (DTM)

Digital Thermometer (DTM) fe gunsaifilddnsusiumaavgiinn Probed
Digital Thermometer (DTM) @1413081UA1QMMHATIN Probe 18nssaz 1 f ldanse
aoudfion I8nenz 192 s lfidenal c?u‘ﬂui’lmummmﬁa Digital Thermometer (DTM) (2
Digital Thermometer (DTM) fozihmiaadademssuneuiunes Tnekun e GPIB

daeehe sUunusidenldlunsfndedioasszndiunses DIM (Y Computer MU

e

159 GPIB @3l

Function Program Range Program
Data(Fm1)* Data(Fm2)**
20V R5
DCV F1
200V R6
Pt100 R1
RTD 4W F11
Pt1000 R3

*  Function(FCTN) Setting

** Range(RANGE) Setting

3.4.3. MMSANBUNLINY Analog Input Module (A1210)
Analog Input Module (AI 210) Lﬂuqﬂﬂiﬂfﬁmmm%uﬁtyaym Analog Input 14 8

Channels, Digital Input 4 Channels #8% A9U#U Digital Output 14 4 Channels Iﬂl’JAnalog Input
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ansa i Sensor 1@MAWISUL 19U Thermocouple , RTD , Voltage 14az Current NMIAAAD

&u A 210 11399 18 Taer1u Port RS 232 130 RS 485 11 enunsowan Program 1y PC

e8I Input HAZAILAN Output Y04 Al 210 14 Protocol AlFAaderiy Al 210 HlHidenld

WaWlUD 191 MODBUS ASCI , ASCII Command 4@ 3 DDE Server tioldannafiu

Program UJH Window 4.

MmN 3.1 SHaUaz UM Invesdya nuAazyiia (Measuring Range Code)

Code Input Type Measuring Range Resolution Accuracy (% FS)
00 Not Use = o =
01 R 0-1700°C it o +0.2%(3.4°C)
02 S 0-1700°C L C 10.2%(3.4°C)
03 *§ K (-)250.0-1300.0°C 0.1 8 10.2%(2.6°C)
04 g E 0.0-1000.0°C 0a0E +0.2%(2.0°C)
05 = 7 (-)200.0-700.0°C 0.1(C (0.2%(1.4(C)
06 e (5)250.0-400.0(C 0.1(C (0.2%(0.8(C)
07 B 0-1800(C 1(C (0.2%(3.6(C)
08 RTD Pt100 (+)200.0-800.0(C 0.1(C (0.2%(1.6(C)
09 Voltage(mV) 0-100 0.00-100.00mV 0.0lmV (0.02%(0.02mV)
10 | Voltage 0-5 0.000-5.000V 0.001V (0.04%(0.002V)
11 %) 0-10 0.000-10.000V. 0.001V (0.02%(0.002V)
12 | Current 0-20 0.00-20.00V 0.0lmA (0.1%(0.02mA)
13 (mA) 0-40 0.00-40.00V 0.01mA (0.05%(0.02mA)

3.5 8IUVUD4 Software

MAIN MENU
UUT AND STD GENERAL DATA CALIBRATION REPORT

amii34 juvulisunsumsaeuiou
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3.5.1 autlszneueeadingil

3.5.1.1 UUT AND STD

Name

Serial Number
Manufacturer
Made In
Model

Range
Accuracy

Uncertainty

3.5.1.2 General Data
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fluduvesdoyavosgnd (Customer) uazAUiAeIu (Employee) agd1uns

Name
Address
Telephone
Sex

Position

3.5.1.3 Calibration

LHEPINAIINNTT Calibrate

LLEAAIHA Graph

3.5.1.4 Report

11 Certificate

3.6 IEEE-488 (GPIB)

y
"

m

Tnsaa?19uee IEEE-488 (GPIB) luszuufiug muues GPIB wilszneudleginsal ie

(Talker), élg U (Listener), 48 é}ﬂ 21AU(Controller)

o {9 o '
Talker vinihindsdoya Taslussuvansoll Talker ldvatodd udvedl
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3.6.1. 9Un3aififi GPIB suansauismuwinnlaasi
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° 1] d'ﬂ 5 v v A a < . A o =R
2. MUUIMDY Listener (MUY (U ATBINUN (Printer) , IATDIUUND (Recorder)
Hudu
o Y A ﬂ :/, ' 1 a S A A o A
3. MAUIMUUNG Talker (483 Listener 1914 ﬂ?’)llW')W]i’Jﬁ,Lﬂﬁﬂﬁﬂﬂﬂﬂﬂﬁ']ﬂ'ﬁﬂﬂ?ﬂﬂm
9 9
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3.6.2 ¥nd1Hauss IEEE-488
o o O 34 1d @
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9 Ta A‘l
doqliiAu 15 10309
zgl { T o 1A
2. mumiiangesenivglnsal vzdosenalinu 4 ey uazaNNEIIINVEIMY
wdialuszuazdaos lumu 20 was
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3. anuS lumsdedoyaszdedlanu 1 Mb/Sec (1 &1 Tuareduai)

9 ~ 1 Y o o 1 £ P
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3.6.3 MeazduaneINY TEEE-488
Y
@ @ < @ @ =
Sn¥aeMIMeMn IEEE-488 tiude Wumedyanauuy 24 iduvinununasl
3 1 [ 3 4 1) o o VoW 4 w a
Trdeaglaemeisdesvesdy edefiuginsainiedenuie limedayanaiinnuen

A dgl o 4 Y S Y ' 3 A o Y A o ~
INARNRINE] Gluinummﬂﬂﬂgi\ﬁm 24 10 WO 16 (AIVIUY NHHINUIAYYIN §IUN
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NN 3.5 uﬁmmiuﬁazﬁumﬂﬁmmmm

g g

Taosuaumenldidamns 16 dindais 18 3 szian mugﬂﬁ 1 A0
1. afaveya (Data Bus) $1W24 8 a16A0
DIO1— DIO8
2. AudRNUAILAL (Control Line) $1UIU S5 418 A
IFC (Interface Clear)
ATN (Attention)
SRQ (Service Enable)
REN (Remote Enable)
EOI (End or Identify)
3. AuaUAA (Hand Shake) 3 910 Al
DAV (Data Valid)
NRFD (Not Ready For Data)

NDAC (Not Data Accepted)
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DIOL |

pIO2 |

D103 |

wioa | |

EOT

| GND (rw PAIR WDAV)

| GND crw pAIR WiNRID)
GND (TW PAIR W/NDAC)

| GND (TW PAIR W/IFC)

| GND (TW PAIR WISRQ)

| GND (TW PAIR W/ATN)

| SIGNAL GROUND

|
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MNN 3.6 92A0UDY GPIB LAZNIIIAVIVBINYRIUA

3.6.4 matveunegilnsainiaqluszuy IEEE-488 BUS

) [ 4 v 1 L] 3 s an
dmsumaeudesevnelnseiaise Tusgun TEEE-488 tiulley 2 75 Ao
1. MsioNaBIULISosAIioenNY  (Daisy Chain Configuration)

2. MIFBUABLUBATLIY (Star Configuration)

Device A ’ ! ‘ Device D

‘| Deviee B Device C
Bstihoiid

NN 3.8 MSFOUABLUUUNTZIY (Star Configuration)
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412 doynvesinzosTagamaii (UUT and STD)
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Calibration
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19 Certificate
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Analog Input Module

AI210

qmamﬁ’ﬁﬁmy ( Features )
- 8 %99 Analog Input !ﬁﬂﬂ%ﬁﬂﬁi}l]ﬂpﬂﬂﬁ’ ( Programmable Analog Input ) 13 1A AD 1509
- NG i}JJiIJU"ImL"ng”I (Isolation ) Analog Ay Relay 4ai¢ Digital A Optoelectronics

'
o A

- FyanamsdomImuInAIIIy RS232/RS485 (A2 RS232 to RS485 Converter Malu )

[ty

Y o

- 2 YodyanalumsdoaIs( Communicate Protocal )
Modbus( ASCII ) Protocal Compatible
Wisco protocol

[ < [ ' o wva
-Ysudasusrlumssudedoyacn Tuila ( Baud Rate Automatic Detection )

si’fmqgamww ('Specification )

- Acquisition Time -1)583na 3 N
Digital Input
3 2
- Input Range :5-24V(Low=0-3V,High=4 vV aull)
d
- Impedance -1l52a1104 1000 Toviu
Analog Input
- Resolution - Qe13199 1
- Accuracy : ﬂmiNﬁ 1
- Thermocouple : RSKYERT:B

Cold junction temperature compensation accuracy :+/- 2 °C

- R.T:D. : Pt 100 3-Wire type

a° = J]
- Amperage - 1520 25 Uaauenil
- Resistance - qaga 5 Towvine 1 e
- Voltage :0-10V,0-5V,0-100 mV

a o

- Input impedance -5z 200 A la Toviw
- Current :0-20 mA , 0-40 mA ( #DIADANUAIUNIUAYUDNAY )
- External resister : 100-200 T@ﬁu
Digital Output

- Output type : Open Collector Transistor 50 V, 500 mA
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Communication

- Signal Level : EIA Standards , RS-232 and RS-485

- Data Format : 8 Data Bit , 1 Stop Bit , None Parity

- NO. Station mneavilszdunsostinndaug 0 A1 255 (00H-FFH )

- BaudRate 1200 , 2400 , 4800 , 9600 , 14400 , 19200 , 28800 , 38400 LiaiE 57600
Bps

- Distance :RS-232 g9¢(A 20 tUAT , RS-485 g¢[A 500 tUA3 ( ?Tuag:ﬁvama:
s ldanu)

-Number of device  :Ap lagagn 32 A2 1ag ludvaiidmindya

[

uaz 256 i lidIdy

'é’)’mﬂuﬂﬁ"l%’mugqq A ( Absolute Maximun Ratings )

v
- Analog input YINMLAY-1 192 - 03V aLLSV
v
- Digital input 92+ 84~ - 03V D430V
- Digital output T3 -V D9 +V 250 V, 500 mA

- 1uguniMs 1y :5.°C 01930°C
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VNAVUBINABY ( Absolute Maximum Rating )

A
h 4

160.0mm.

90.0mm.

W77

AULU (TOP View)

62.0mm

A
Y

45.0mm

21.5mm
y 58.0mm

26.5mm

BS ol o N SNIPIR" =53 v

90.0mm
AN (SIDE View)

A
v



67

MsAeae ( Wiring )

n1sEagng (Wiring)

AIAINILNAEen 100 - 250 €2 mA
+
& R
: . . M [- 1 e
gt s e i
- RTD I"O"l mV/ Volt
e d 2 T ot L alzd
T /
szl sl Tale i aleli [sloli | [aloli]alolilalols
Alg Al7 AlG AlS : Al3 Al2 Al1
H (OFNG)
o RSN
T — é/ ,——/_____’__...- @)
— s ¥ /7 \ : __‘_ —
igital Out N RS Wul 220
+AT ¢ PN A L
\ ‘? 2
# P
% T
e Y
c
Y
S G aula
© & @
6)1 2 »
P C~~e¥~—

. | NN Yaginan

Comm? RS - 232

00 0.0 Q00O
Tel. Network

Modem Modem

dy 1 td' ¥ o U £ lﬂl = 1 gj 1 Y o ¥ L84 ¥
wnanstluenasianulidmiunislidnuienisfinewingu eygrelihlulgusslevimunisin

Lyidnsdiles viedu Snviainudlvidaulasiomuazdotdnddiadivadenaisynasandnisluly



MIFPULUAIENAIBY ( Network Interface )

68

Slave

e S=aa el . EEEE NS
‘ Al210 AI2T0 ‘ l A2 10 ] AI210
| = - o
: e P l ST ]l s ’ l
PC ‘ fffff
e T RS-23 RS-232 RS-185H
|
] rel. Network | [71: s >|Mh,:]
i 00 O O %' G e lele, (f‘] i[, / l',‘)” ] } M)H) ] Al210
Modem Modem MAaste; Slave
M1l SHALazgTUMsIaueIdyauLAas ¥iia ( Measuring RangeCode )
Code Input Type Measuring Range | Resolution | Accuracy (% FS)
00 Not Use G — =
01 R 0-1700°C W +0.2%(3.4°C)
02 S 0-1700°C e +0.2%(3.4°C)
Q
03 =) K (-250.0-1300.0°C | 0.1°C 10.2%(2.6°C)
§ (o] o (o]
04 g E 0.0-1000.0°C 0.1°C 10.2%(2.0°C)
Q
05 = J (-)200.0-700.0°C ;= ade 10.2%(1.4°C)
06 ah (-)250.0-400.0°C 0.1% ~+0.2%(0.8°C)
07 B 0-1800°C G +0.2%(3.6°C)
08 RTD Pt100 ()200.0-800.0°C 0.1°C +0.2%(1.6°C)
09 Voltage(mV) 0-100 0.00-100.00mV 0.0lmV | 30.02%(0.02mV)
10 | Voltage 0-5 0.000-5.000V 0.001V +0.04%(0.002V)
11 V) 0-10 0.000-10.000V 0.001V +0.02%(0.002V)
12 | Current 0-20 0.00-20.00V 0.0lmA +0.1%(0.02mA)
13 (mA) 0-40 0.00-40.00V 0.01mA 10.05%(0.02mA)






