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ABSTRACT

This thesis is to present the teleoperate temperature calibration via internet. Objectives of
this method are to decrease measurement error, to decrease human work reduction, to increase
efficiency and comfort. This thesis emphasizes to calibrate thermoelectric probe, and reference
working standard procedure. The principle of this method is special calibration of accreditation
laboratory or senior technician who can performed in-house calibration by web browser, such
as Microsoft Internet Explorer. At the laboratory site, the operator is only required to perform
the measurement connection between the hardware and personal computer; hence a non
specialized technician can work the calibration procedure. All apparatuses must have a
communication interface in order to connect them to the personal computer via serial port and
GPIB (IEEE 488) when the automatic calibration software runs. In this situation, the automatic
calibration procedures can be implemented. The measured data are calculated for the errors and
the approved uncertainty in temperature measurement of the Unit under Test (UUT). The
measured data and the calculated data are recorded in the database system. The result of
experiments between teleoperate temperature calibration via internet and manual calibration are
equally value, and the development method used time less than manual calibration (RTD PT 100

= 25.93%, Thermocouple Type K, J = 24.44%).
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Xt-Xm
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% Error = x100% (2.6)

1§10 % Error = MAWAANAIATNY 5L

Xl = A19349 (True Value)

X =a1nA (Measured Value)
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X1t Xot X3t Xy

X= 2.7)

n

-1haunde X #landaamisinnudsuuuninigin S (Standard  Deviation)

AIEUNITN 2.8

(2.8)

-1ha s #ldmminnnubeuyuuInsIUYeIAIRaY o (Standard Deviation of
mean) A4ANNITN 2.9

c=— 2.9)
TagNAANUDIUUULIATFIUYDIAUNTAY (Standard Deviation of mean) #3580 o 1u

aumsh (2.9) dodutlumany liuiuewnasg iy A
U,(x) =o (2.10)

favenan 2 msaamaau ludusulumsSauu A vesnsaoufisusisnawiia Pt100
{ a 0 1 4 :, n’.{i A 1 oA 4 ‘;
Ngungii 50 " C TagoiuaE1 5 asann 10 widi A 1w laziaeil 49.99, 50.00, 50.03, 50.00,

50.00 A1UA1A

92 = 49.99+50.00+50.03+50.00+50.00
5

=50.004°C

-MAuRAY (X) Y9919

-1haunde (X) 7 ldusuaammanudoauniasgig S (Standard Deviation)

w1 (x1-X)? = (49.99-50.004)% = 0.000196

(x2-X)? = (50.00-50.004)> = 0.000016
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5. Avnoamas lulnesIUUNIATIM (DMM2: Standard Digital Thermometer) 8
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8. audn MIFoUAD GPIB (IEEE-488) UL X2 JU 763061-62

51/ 4.9 AFoUAD GPIB (IEEE-488)
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swaziBvalifed
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Temperature Calibration
Database

Software

1L

Hardware Management Modules

RS232 IEEE488
Module Module

Paraller Port USB
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Input Username

&Password

Check

Usernamed&Password

U7 413 wwugiinaaamsihauvesmsasasusiarumodgmivendn

Start
Check Send initial data to
Wire&Instrument instrument

Receive data from

instrument ?

v = o ¥ 1 o y o
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3. wrugiuaasnanmamnnvesmhveiimuanasiumdeyadriagungiideanis

¥ ]
@OV (UUT: Unit Under Test) 9s1iuiinasgiudoya tunsumsiamuansdsgii 4.15

UUT data window

v v v

Click add Click delete Click edit

button button button

y l

Input data of | [Select record to| [Select record to

uUuT delete edit

Confirm data ?

Update data to

database

Y

Save&Close

End
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4. whugiluaasnanmahauyesminedmsuimuatazimumdoyaariagungi

¥ ¥ "
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STD data window

! ' .

Click add Click delete Click edit
button button button
y \ 4 y

Input data of | [Select record to| |Select record to

STD delete edit

Confirm data ?

Update data to
database

e
A4

Save&Close

End
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5. upuginAAIndnmsMIuveanvefuaasdoynveayaainsieslfiinmsaoy

3 [
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STAFF data window

! v .

Click add Click delete Click edit
button button button
4 v ¥

Input data of | |Select record to| |Select record to

STAFF delete edit

Confirm data ?

Update data to
database

S
Y

Save&Close

End
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CUSTOMER data

window
v ; Y
Click add Click delete Click edit
button button button

A 4 y

Input data of | [Select record to| |Select record to

CUSTOMER delete edit

Confirm data ?

Update data to
database

—

Save&Close

End
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7uRuHuaAanMsiauvemvedeuiiougungi (Calibration Window) 1111
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. ° a wa " a d o Y
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a u

MauAegn 4.19

Start
A
MONITOR CALIBRATION Keep all
Window Window calibration data
\  J y
Read UUT data Read set-point data Update data to
from database from database database

-

A
Send set-point data

to Dry-Well
Calibrator

| ¢ Print results of calibration

Read measurement

Calibrator send set-point
from internet (5 Point) ?

data from
Laboratory staff Dry-Well Calibrator
click start button DMMI and DMM2 Print result of
calibration
Y
Measurement data End

of standard probe =
set-point ?

Calculate

error and

uncertainty

=
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8. unuiuaamanmsmhavevenamsseuiioy Wunhveuaasdeyanants
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apuifibuAringuugll TuaoumsmnuuanIRegii 4.20

Start

REPORT
Window

Y

Read all result of

calibration from database

y
Choose UUT serial

number

v

Choose date of calibration

Show data

Print result of

calibration

Print result of calibration

End
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Login webpage
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Input Username

&Password
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&Password pass ?

Show DataUUT

webpage

End
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Start

DataUUT webpage

:

Show picture from

web camera

:

Show data UUT and
STD

Add Set-Point

.

Update Set-Point to

database

End
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Calibration webpage

v
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Show line graph of

UUT and STD

£
h 4
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from database

End
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Report webpage

)

Read results from

database
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Print report

End
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- Serial Number: 5715z $1d2vesdringainpiinihunaouiion
- Received Date: Juiiuaringuugiuasuiioy
- Type: MMUArHAYDIAIIAGUNYH

=

- Manufacturer: UTHNNI0 1590 uNNAnAIngUNR

Y
- Made in: A0 UARAAAIIAQUNAN
- Model: JUY03A2TAQUHMYI

=

- Range: 61413 IAY0A2 IAQUNYL]

9

s

- Aceuracy: flIANUYNABIVBIAI TAgINYT]

- Uncertainty: ﬁ1ﬂ31h1ﬂ1lﬁﬂﬂuﬂ'€l\‘lmiﬁﬂﬂlﬁﬂﬂﬂgﬁﬁLiﬁ”)ﬁlﬂx‘lﬁ’ﬁﬂqmﬂgﬁ
- Standard Probe: Hu101av1/5891A7U8303IAguN NI §1U

- Dry-Well Calibrator: 4032819051991 ii1AT§IMUUVLA

- Digital Multimeter 1: In3osilodagungiidmiviamondriagungiicouiioy
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- Digital Multimeter2: 1n3p3ijaIagungiidmsuiamondriagungiasgiu
- @ uaasdeyavessradguuginasgiu 3Uii 5.24 1nsesiioTagungil 3U0 5.25
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T ICAL ¥.1.0 - Micrasalt fnlernet Explager
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Xt

Hart Scientific Hart Scientific
Model: 9122 Model: 9105
General Spacifications: General Spacifications:
-Range: 35C-600C - Range: -25C-140C

- Accuracy: +/-0.01 Cat 100 C - Accuracy: +/-0.02 C (Drilled Wells)
- Stability: +/-0.02Cat 100C - Stability: +/-0.02 C

- Uniformity: +/-0.05 C at 100 C - Uniformity: +/-0.05 C (Drilled Wells)
- Resolution: 0.01 C - Resolution: 0.01 C

b2 2 C’am e ..
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Digital
Mutimeter

Yokogawa
Model: 7562

The 7562 (6-1/2 digit display) Series is a high-accuracy, high-
speed sampling bench-top digital multimeter lineup using a
YOKOGAWA-original A/D converter (Feedback Pulse Width
Modulatioin method), which features excellent stability, high noise
immunity and linearity. In addition to the basic features, an
optional IC memory card capable of storing 8000 data, GP-IB
interface and versatile measurement functions allow these
multimeters to be used in diverse fields of applcations, from
bench to system uses.
DC A measruement:
- Accuracy: 0.05% (+/- % of reading at 20 mA range)
- Resolution: 100 nA (20 mA range)
DC VY measurement:
- Accuracy. 0.004% (+/- % of reading at 200 mV range)
- Resolution: 0.1 micro-Volt (200 mV range)
Resistance measurement:
- Accuracy: 0.007% (+/- % of reading at 200 ohm range) 4 wires
- Resolution: 100 micro-ohm (200 ohm range)

[y

= e @

311 5.25 swaziBeaveuniesiietaguungiidafagungiasgu

The 7563 Digital Thermometer has 16 ranges of temperature
sensors and DC,V, and ohm measuring functions. yokogawa-
original A/D converter (feedback pulse width modulation method)
feasures superior noise immunity, tability and high-speed
sampling, In addition, applications from test to R&D
Temperature measurement:

- Accuracy: TC(Type K) = 0.26% , RTD(Pt100) = 0.005%

- Resolution: TC(Type K) = 0.1 C, RTD(Pt100) = 0.01 C

DC V measurement:

- Accuracy: 0.004% (+/- % of reading at 200 mV range)

- Resolution: 100 nV (200 mV range)

Resistance measurement:

- Accuracy: 0.004% (+/- % of reading at 200 ochm range) 4 wires
- Resolution: 100 micro-ohm (200 ohm range)

Sampling rate:

-Max. 100 times/s (4-1/2 digits)

3N 5.26 swaziBuaveunsesileoSagungidiiaguugiiaeuiioy
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5.4 HAMINABRITBUINYUM I INQUNYTIKIUBUING 1IN

a a d a @ a 3 P=y
MINANDINOUVNBVYUN YN IUBUIAD IR waousuAIIngungiinaue 2 riia
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laun 81598 mesuemlitlauuy K uaz ) TeoulSeudounain ldsenianmsaauiouniy

a ¢ d = 9/ = . . 3 ac g g
puwosHANUMITauMounUY 1$Aa1on (Manual Calibration) napadnsznudoyalu
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msfamany liuiveu 10 A1 viraa lumseunsas 1 1 Msneasaiaae L

Fs 4 @ @ ar o a { 0
wldginsslunziniesiiofameaiudwandlniade 53 Taosnuigungiives 3 25°c

¥

ANUBFUTUNNT 520717 50 %R TwaziBvatpyaNanIINAaDILATAINIIMIUIM uaasly
MAKUIN N 51002100AA15 197 HUATH Set-point = Agungiindewfioy, UUT - da3a
guMliaouioy, STD = d1inguugiinnasgy, Emror = arAanaia (141 UUT - STD),

1 L} L] o é o ar
Expanded Uncertainty = A19273 liutueulunmsda desdnuniniade 2.4 wih 30
= Qs os a o dia
5.4.1 WamInaaesaeUMEUN I Tagamaiivine13A uUY PT-100

4 = @ ar a oa o ' a =]
M1 5.1 wamsnAnesaeUioudISagumgiiviiae1s iA uy PT100 FuBumes i

Set-point (OC) uuT (OC) STD (OC) Error (OC) Expanded Uncertainty
0 0.14 0.00 0.14 0.107
30 29.77 29.99 -0.22 0.107
50 49.82 50.01 -0.19 0.107
70 69.71 69.99 -0.28 0.107
100 99.59 100.01 -0.42 0.107

M99 5.2 wamsnaaosaeuifiouda Tagamgiviia RTD wy PT100 19gaouiion

Set-point (°C) | UUT (°C) STD (°C) Error (°C) | Expanded Uncertainty
0 0.22 0.01 0.21 0.108
30 29.77 29.99 -0.22 0.107
50 49.79 50.01 -0.22 0.109
70 69.77 69.99 -0.22 0.107
100 99.68 100.01 -0.33 0.107
L




3% 530 ns i fSoudisumdringuyiivtia RTD iuy PT100 AUAYIRRamQiinasgiu

dnnudeya
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1040 1200

5.4.2 NanmsnaassaoUitui iagamgliviiamesuenilitla muu K

M5131 5.3 annaassdeuiisudiagunisiamesuesilidla uuw K iudumesitia
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Set-point (°C) | UUT(°C) sTD (°C) Error (°C) | Expanded Uncertainty
0 0.90 0.03 0.87 0.107
30 30.60 30.02 0.58 0.107
50 4920 50.01 -0.81 0.107
70 68.80 69.99 -1.19 0.107
100 98.80 100.01 -1.21 0.107

M31N 5.4 naMIneanTeLMsuA InguInglrtiameiveniila wuw K 19daeuiioy

Set-point (°C) | UUT(°C) sTD (°C) Error (°C) | Expanded Uncertainty
0 087 0.00 0.87 0.111
30 29.67 29.99 -0.32 0.111
50 49.20 50.01 -0.81 0.107
70 68.82 69.99 -1.17 0.110
100 98.79 100.01 -1.22 0.109
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M3199 5.5 HANINARDITBUINBLA IRRUINLNU MBI NeMTTa B J Auduinesitia

Set-point (°C) | UUT(°c) | STD(°C) | Ermor(°C) | Expanded Uncertainty
0 1.31 0.02 129 0.107
30 31.60 30.05 1.55 0.107
50 51.90 50.01 1.89 0.107
70 71.44 70.03 1.41 0.107
100 101.10 100.00 1.10 0.107

d' A o o = o o - -
M3199 5.6 mansneapsaeumsuR Iagunglinuumesyemlitla wiia J 1¥ddouiou

Set-point (°C) | UUT(°c) | STD(°C) Error (°C) | Expanded Uncertainty
0 130 0.02 1.28 0.107
30 31.49 30.05 1.44 0.109
50 51.86 50.01 1.85 0.112
70 71.48 70.01 1.47 0.110
100 101.06 100.01 1.05 0.112
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3199 5.7 nfioufounn himiveuvesrisgungiaoumen (UUT) Mnmemanes

Favun
Set-point mnm himiveuvesdriagungiaeunioy (UUT) (°C)
o) RTD (11 PT100 woesueflifla wuu K moiuemldla uu J
dwaeitia | Aoeudioy | Suwmefila | Areudoy | Sumedila | Aveudioy
0 0.107 0.108 0.107 0.111 0.107 0.107
30 0.107 0.107 0.107 0.111 0.107 0.109
50 0.107 0.109 0.107 0.107 0.107 0.112
70 0.107 0.107 0.107 0.110 0.107 0.110
100 0.107 0.107 0.107 0.109 0.107 0.112
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CERTIFICATION OF CALIBRATION

IHSTRUMENT CALIBRATION LABORATORY

DEPARTMENT OF INSTRUMENTATION ENGINEERING
FACULTY OF ENGIHMEERING, KING MONGKUT'S INSTITUTE OF TECHHOLOGY LADKRABAHG

SERIAL NO: ICL-001

pESCIPTION: s
CUSTOMER: C0-001
UUT TYPE: RTD PrloO0
MODEL: -
MANUFACTURER: FW System
RECIEVED DATE: 4/0z2/2007
CALIBRATION DATE: 4/02/2007

CALIBRATOR: __ TTTTTTTTTmTees
TECHNICIAN: Watakarn Moonchaisook
APPROVOR: karn moon

PROCEDURE USE:

This instrument was calibr
Thermometer (SPRT) into Dry

scale used was based on ITS-90

-Well Calibrator

CONDITION OF THIS RESULT OF CALIBRATION:

1. Reference standard instrument:

2. This result of calibration was f

only.

Manufacturer
Hart Scientific

Hart Scientific

YOKOGAWA
YOKOGAWA

RESULT OF TEST:

Set-Point Indicator Reading Standard Reading Error:
(c) <)

0
30
50
70

100

The report uncertainty of measurement was based on stan
coverage factor k=2, providing a level of confidence of =

0.14
29.77
49.82
69.71
99.59

Model
9108
5627

756201-C-7/F

PAGE: 1/1
ISSUE DATE: 4/02/2007

ated by comparison with Standard Platinum Resistance
and immersion depth 150 mm. The temperature

Description Serial Number
Dry-Well Calibrator AZ23765
Secondary Reference 593670

Temperature Std., 1/4"

Digital Multimeter 12W814726H

756301-C-7/F/DA Digital Thermometer 12W731934GC

(c) (C)

0.0 0.14
29.99 -0.22
50.01 =0.19
69.99 -0.28
100.01 -0.42

Technician:

Approved By:

ound accurate as show on date and place of calibration

0.107
0.107
0.107
0.107
0

dard uncertainty multipied by a
pproximately 95%

311 5.33 luswawmamsaeudivudaiagunaiisiaesfia uuy PT100

Aearteal frianmsaouiioy



SERIAL NO: ICL-001

100

CERTIFICATION OF CALIBRATION

INSTRUMENT CALIBRATION LABORATORY

DEPARTMENT OF INSTRUMENTATION LABORATORY

FACULTY OF ENGINEFRING, KING MONGKUT 'S INSTITUTE OF TECHHOLOGY LADKRABANG

ISSUE DATE: 410212007

DESCRIPTION:
CUSTOMER.:
UUT TYPE:
MANUFACTURER:
DATE RECEIVED:

DATE OF CALIBRATION-

AMBIENT CONDITIONS:

CO-001

RTD Pt100

FW System

47022007

4022007

23CH-3C, 50% +. 10% RH

This instrument was calibrated by comparison with Standard Platinum Resistance Thermometer (SPRT) and immersion
depth 150 mm. The temperature scale used was based on ITS-90.

CONDITION OF THIS RESULT OF CALIBRATION:

1. Reference standard instrument:

Instrument Company Model Serial Neo.

1) Dry-well Hat Scientific 9105 66149

2) Digital Multmeter YOKOGAWA  756201-C.7/F 12W814726H
3) Digital YOKOGAWA  756301.C.7FDA 12W731934G
Thermometer 1

2. This result of calibration was found accurate as show on date and place of calbration only.

RESULT OF TEST:

Set-point Indicator Reading ~ Standard Reading Error Uncertainty
(Degyee C) (Degree C) (Degree C) (Degree C) (+- Degree C)

0 014 0.0 0.14 0.107

30 29.77 2999 -0.22 0.107

50 4932 5001 -0.19 0.107

70 69.71 69.99 -0.28 0.107

100 99.59 100.01 0.42 0.107

The report uncertainty of measurement was based an a standard uncertainty multiplied by a coverage factor k= 2.00, providing a level of

confidence of apprximately 95%

Approved By:

Approved Signatory

P I o a o = s a =1
Ui 534 luswaumansaeuifivudringamgiiviine iis uuy pPT100 Hadumediiie
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CERTIFICATION OF CALIBRATION

INSTRUMENT CALIBRATION LABORATORY
DEPARTMENT OF INSTRUMENTATION ENGINEERTNG
FACULTY OF ENGINEERING, KING MONGKUT 'S INSTITUTE OF TECHHOLOGY LADKRABANG

PAGE: 1 /1
SERIAL NO: ICL-002
ISSUE DATE: 4/0z/2007

DESCIPTION:

CUSTOMER: Co-001

UUT TYPE: Thermocouple Type K

MODEL: =

HANUFACTURER: -

RECIEVED DATE: 4/02/2007

CALIBRATION DATE: 4/02/2007
RO e e e

TECHNICIAN: Watakarn Moonchaisook

APPROVOR: karn moon

PROCEDURE USEK:

This instrument was calibrated by comparison with Standard Platinum Resistance
Thermometer (SPRT) into Dry-Well Calibrator and immersion depth 150 mm. The temperature
scale used was based on ITS-90

CONDITION OF THIS RESULT OF CALIBRATION:

l. Reference standard instrument-:

Manufacturer Model Description Serial Number

Hart Scientifiec 9105 Dry-Well Calibrator A23765

Hart Scientific 5627 Secondary Reference 593670
Temperature Std., 1/4"

YOKOGAWA 756201-C-7/F Digital Multimeter 12W814726H

YOKOGAWA 756301-C-7/F/DA Digital Thermometer 12W731934GC

2. This result of calibration was found accurate as show on date and place of calibration
only.

RESULT OF TEST:

Set-Point Indicator Reading Standard Reading Error: Uncertainty
({C)

(c) (C) (C) (c)
0 0.9 0.034 0.866 0.107
30 30.6 30.024 0.576 0.107
50 49.20 50.01 -0.810 0.107
70 68.80 69.99 =1.19 0.107
100 98.80 100.01 =1.21 0.107

The report uncertainty of measurement was hased on standard uncertainty multipied by a
coverage factor k=2, providing a level of confidence of approximately 95%

Technician:

Approved By:

4 4 @ ar a o @ a
i 5.35 luswaumams aeuifivud Saguingiaiiame Tueslitla wuw K
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CERTIFICATION OF CALIBRATION

INSTRUMENT CALIBRATION LABORATORY
DEPARTMENT OF INSTRUMEWTATION LABORATORY
FACULTY OF ENGIMEERING, KING MONGKUT 'S INSTITUTE OF TECHNOLOGY LADKRABANG

SERIAL NO: ICL-002 ISSUEDATE:  4/02/2007
DESCRIPTION:

CUSTOMER: CO-001

UUT TYPE: Thermocouple Type K

MANUFACTURER: -

DATE RECEIVED: 40272007

DATE OF CALIBRATION: 40212007

AMBIENT CONDITIONS: 23CH-3C, 50% +- 10% RH
PROCEDURE USED:

This instrument was calibrated by comparison with Standard Platinum Resistance Thermometer (SPRT) and immersion
depth 150 mm. The temperature scale used was based on ITS-90.

CONDITION OF THIS RESULT OF CALIBRATION:

1. Reference standard instrument:
Instrument Company Model Serial No.
1) Dry-well Hart Scientific 9105 66149
2) Digital Multimeter YOKOGAWA 756201-C-T/F 12W814726H
L s YOKOGAWA  756301.C-TF/DA 12WT31934G

2. This result of calibration was found accurate as show on date and place of calibration only.

RESULT OF TEST:

Set-point Indicator Reading  Standard Reading Error Uncertainty
(Degree C) (Degree C) (Degree C) (Degree C) (+- Degree C)

0 09 0.034 0.866 0.107

30 306 30024 0.576 0.107

50 4920 5001 -0.210 0.107

70 63.30 69.99 -1.19 0.107

100 9880 100.01 121 0.107

The report uncertainty of measurement was based on a standard uncertainty multiplied by a coverage factor k= 2.00, providing a level of
confidence of apprxdmately 95%

Approved By:

Approved Signatory

- = o a  a o o N o d o
31 5.36 luswnumansaeuisudriagungiriamesuediitla uuy K Hadumesiia



103

CERTIFICATION OF CALIBRATION

INSTRUMENT CALIBRATION LABORATORY
DEPARTMENT OF INSTRUMENTATION EHNGIHEERING
FACULTY OF ENGINEERING, KING MOHGKUT'S INSTITUTE OF TECHHOLOGY LADKRABANG

SERIAL NO:

PAGE: 1/1

ISSUE DATE: 4/02/2007

DESCIPTION:

Thermocouple Type J

ICL-003

CUSTOMER: C0-001

UUT TYPE:

MODEL: -

MANUFACTURER: FUI System
RECIEVED DATE: 4/02/2007
CALIBPATION DATE: 4/02/2007
TECHNICIAN: Watakarn Moonchaisook
APPROVOR: karn moon

PROCEDURE USE:

This instrument was calibrated by comparison with Standard Platinum Resistance
Thermometer (SPRT) into Dry-Well Calibrator and immersion depth 150 mm. The temperature

scale used was based on ITS-90

CONDITION OF THIS RESULT OF CALIBRATION:

l. Reference standard instrument:

Manufacturer

Model

Hart Scientific 9105

Hart Scientific 5627

TOROGAWA
YOKOGAWA

756201-C-7/F

Description

Dxy-Well Calibrator

Secondary Reference

Tenperature Std.,

Digital Multimeter

756301-C-7/F/DA Digital Thermometer

Serial Number
AZ3765

593670

174"

12W814726H
12W7319346G

Z. This result of calibration was found accurate as show on date and place of calibration

only.

RESULT OF TEST:

Set-Point Indicator Reading Standard Reading Error:
(C) (C) (c)

0
30
50
70

100

Lo FE
3l.6
51.9
71.44
101.1

0.021
30.051
50.01
70.034
100. 006

(C)
1.289
1.549
1.89
1.406
1.094

Uncer%ainty
)

.107
-107
=107
-107

The report uncertainty of measurement was based on standard uncertainty multipied by a
coverage factor k=2, providing a level of confidence of approximately 95%
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CERTIFICATION OF CALIBRATION

INSTRUMENT CALIBRATION LABORATORY
DEPARTMENT OF INSTRUMENTATION LABORATORY

FACULTY OF ENGINEERING, KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG

SERIAL NO: ICL-003

DESCRIPTION:
CUSTOMER:
UUT TYPE:
MANUFACTURER:
DATE RECEIVED:
DATE OF CALIBRATION:
AMBIENT CONDITIONS:

CO-001

Thermocouple Type J

FW System
410272007
40212007

ISSUEDATE: 40212007

23CH-3C, 50% H- 10% RH

PROCEDURE USED:

This instrument was calibrated by comparison with Standard Plstinum
depth 150 mm. The temperature scale used was based on ITS-00.

Resistance Thermometer (SPRT) and immersion

CONDITION OF THIS RESULT OF CALIBRATION:
1. Reference standard instrument:

Instrument Company

1) Dry-well Hart Scientific
2) Digital Multimeter YOKOGAWA
3) Digjtal

Thermometer HOROO AW

2. This result of calibration was found accurate as show on date and place of calbration only.

Model
9105
756201-C-1F

756301-C-7/FIDA

RESULT OF TEST:
Set-point Indicator Reading  Standard Reading
(Degree C) (Degree C) (Degree C)
0 131 0.021
30 316 30051
50 519 5001
70 71.44 70034
100 101.1 100,006

The report uncertainty of measurement was based on a standard

confidence of apprxmately 95%,

Approved By:

Serial No.
66149
12W814726H
12W731934G
Exrror Uncertainty
(Degree C) (+- Degree C)
1.289 0.107
1.549 0.107
1.89 0.107
1.406 0.107
1.094 0.107

uncertamty multiplied by a coverage factor k= 2.00, providing a level of

Approved Signatory
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1.1 8190 NQUNYINAIFIM (Dry-Well Calibrator) 31 9105 vesw3i/n Hart

Scientific

M319N 2.1 100z1BoAe 1905 19UNYTINATFIN F1 9105 YBIUSEN Hart Scientific

Specifications
4 AR Fic | Power 115 VAC (10%), 50/60 Hz, 230 VAC (+10%),
‘ 350 watts
Ambient 5-50°C (40-120°F)

Temperature

Operating Range | -25°C to 140°C (-32°C to 284°F) at 25°C (77°F)

Resolution 0.01°C or 0.01°F

Accuracy Drilled Wells  +0.2°C (0.36°F)

Center Well +0.1°C (0.18°F) with 6.35 mm
(1/4”)probe

Uniformity Drilled Wells  +0.05°C (0.09°F)

Center Well +0.2°C (0.36°F) with 6.35 mm
(1/4”) probe

Control Stability 0.02°C (0.04°F)

Controller Hybrid analog/digital controller with data retention

Test Wells One 3/4" dia. x 6" deep, two 1/4" dia. x 6", one

3/16" dia. x 6" deep, and one 1/8" x 6" deep
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.2 Digital Thermometer YOKOGAWA Model 7563 (6-1/2 Digits)

7563 I

| SPECIFICATIONS |

B DC VOLTAGE (DC V)

® Ranges: 167 ms shows 16.66 ...,
SRR 7 ing Tme ) 'ng.ﬂm lme%z_u_l_:g'l'_lm S T 3
. (500/200ms) | (100/20/16.7 ms)* . (25 ms} hm:w s Max: Input
z ax Reading | Rosofution | Max Reading | Resolulion | Max Reading | Rescluion | Resistance | 7%
200 mV 199.9999 100 nV 199.999 [y 199.99 10 pv 2200 V peak between Hi and Lo,
2,000 mY 1.999.999 1V 1.999.99 1oy 1.999.9 100 pV > 1 G [ 242V peak between Lo and
oV 19.99999 T0 WV 199999 100 gV 15999 Tmv g::;;‘vps,k S pordond
200 V 199.9999 100 pv 199999 | mV 199.99 1omV  |loMQ 1%, |case )
@ Accuracy (Integrating Time 500 ms): +(% of reading+digits)
' Range - nn23t1C 20 days, 2345°C 1 year, 135°C ot
200 mV 0004+ 20i3) 4] 0.006+254) |4] 001+25@) 4] 0.0007+506) {.2]
2,000 mV 00025+ 8i2) 3] 0.0045+ 1Di21 (3] 0.0075+ 10021 |3] 0.00055+ 102 1.1]
20V D003+ 472 |3 0.005+ 10w ]3] 0.00A4+ 1012 |3 000085+ 10,27 1.1]
200 V 0.0043 4+ 10021 [3) 0.0094 1521 [3) 0.0164 1502 ]3] 000075+ 14,2 1.1)

" Temperature range: 5to 18, 26 10 40°C,

® Accuracy at 24 hours, 2321°C is the value for the calibration
standare.

@ Auto Zero ON, Null.

® Integrating time: At 200 ms, 2 is added to the value tchgits) in
integrating time 500 ms.

® ( )indicates the value idigits) in integrating time 100 ms. At 20/
16.7 ms, 2 is added to the value idigit) in integrating time of ( 1

® | | indicates the value (digits) integrating time 2.5 ms.

B RESISTANCE (OHM)
® Ranges:

® AtAuto Zero OFF . temperatune coefficient of +i0.0015% ofrange

25 Vi C s added (at 5 o 40°C),

Comimaon Mode Rejection: | 20 dB or more. Inte rating time: S(ny

200/100:20/16.7 ms. Rs = | k{2, 50/60 Hz 40, [

1Rs: sipgnal source resistance.)

® Naormwal Mode Rejection: 60 dB or more.
200{100/20/16.7 ms, 50/60 Hz +0.1%,

L

Intzgrating time: 500/

® Accuracy at 24 hours, 23+1°C is the

= : z - value for the calibration standard,
e | Tarih: o ey s HERE g T Qurent & Auto Zero ON, Nl
Wi, et T R T Inknowi & Integrating Time: At 200 ms, 2 s added
& IM:RWMII&W Max. Reading| Resolution |Max. Reading|Resolution | Un! " to the value idigits) in integrating time
200 £ 199.9999 100 pQ2 199.999 I mQ2 199.99 10 mi2 I mA Sl)L?mS. L
20000 | 1,999.999 | m{} 1.999.99 1omQ | 19999 100 mQ) 1 mA L Il{)dlc.:'rgalhe \?Iugi:ilgrts;} in :nleg?&
ing time | 00 ms, For integrating time
20 M2 | 19.99999 10 mQ 19.9999 [ 100 mQ 19.999 10 100 pA 16.7 ms. 2 is added 10 the value (dgitss
200 K2 | 199.9999 | 100 mQ 199.999 10 199.99 106 10 A enclosed in the parentheses,
2,000 K2 | 1,999.999 I 0 1,999.99 100 1999 9 104) 2 | pA e | Eit_‘ldicmes the value (digits) in integrat-
20M0 199999 | loo Q 19.9999 100 £3 19.999 1 k) 100 nA ingtime 2.5ms.
e For20M02 atsampling interval 400 ms or
® Accuracy (4-wire, Integrating Time 500 ms): (" of reading+digits) more. Accuracy is not prescribed in inte-
! %almg time 2.5 ms. )
5o Temperature ® Al Auto Zero OFF, temperature coeffi-
Range | 24h,2321°C | 90days, 2325°C 1 year, 2315°C Coefficient cient on 200  range is +i0.013% of
; {USe) rangei’C, on other ranges +10.003% of
200 Q | 0.004425u) 14 | 0.008+ 3005 M| 00024 30060 4] 00+ 10425 [0.5) range”"C is added iat 5 to 40°Ch.
2000 @ | 0003+1500 3] | 0.006+ 25 3] 001 +25i50 3] 542055 |0.1) ® For 2-wire system, 2 mC is aclded.
- i I 3 @ Excluding the influence of leadwires.
20 KO | 000357500 [3] | 0.006+ 2505 13 001 +251%1 3] 5420051 [0.1] ® Open Circuit Voltage: Max. 10V
200 K2 | 0.005+2003) [3] | 0.008+30151 (3] 0.012+3015 (3} 5+ 100,51 j0.1] e Maximum tnput\"ull.nqu: 200V peakor
2,000 kQ [0.024+ 135015 1200 [0.03+ 1500200 [30] [ 005+ Thoiaw 1301) 00034 200,50 (0. 1] 200V rms. (_hem-een 1and Lo )
20 MO 0243000 0.2+ W) 0,02+ 300500 002+ 10 ® Response Time: 0.4 s orless on 2,000 kil

* Temperature range: 5to 13, 280 307C

20 ME2 ranges 1o final value).
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7563 I

B TEMPERATURE (TC)

; mz‘dah i mm-mmnu@%unpt (% of rdg +°C)
: : S e | days, B335°CH | year, 2335°C 4
-500 o 0°C -580 0 32.0°F 21°C0.1°H D05 405 7| 0007 + 05 [0.7) 001 +0s5(07)
R 00 10 100.0°C 32010 212.0°F 01°C . 1°F 0005 +0 4 {05) DO + 04 (05} D01 +04(0.5) 0OV + 007
1004 0 600.0°C 202000 LIN2ZOF | 01°C 0, 1R D05 +03(04) V007 + 0.3 {0 4) DOl +03 (04
00 0 1.760°C | L1120 10 L2000 | 01.C @19 0005 + 0 2 (03] V7 40 2[031 ] 001 402103
~500 w 0°C =580 1032} 0°F 01C Q1 COX5 +06(07) 07 + 0.6 [0.7) 001 +06[0.7)
5 0.0 1o 100.0°C 32.0 0 212.0F 01°C QO1°F) 0.005 + 04 {05) D007 + 0.4 [0.5) 001 +04 [0.5) 0001 + 007
1000 o 600.0°C 2120 10 1,1 12.0°F Q1 W0 1F) 0005 403 {04} 0007 +0.3 [0 4) 001 +03([04)
00 0 1.760.0°C |1L,1120 10 3 000°F | 019 0 |1°F) Q005 + 02 [03) D007 +0.2 0 3 0.01+02(03)
0.0 1o 42%C 32010 107 &F —_ — —_ s
4210 1o 100.0%C 1076 10 21 2.0PF D.1°C W, 1°F VOIS + 70 N0) DOUF +7 0190} 001+ 70901
B 100.0 1o 2000°C 2120 W 392.0°F 01°C 10,1°F) Q005 4 1.5 (20] 0007 + 1520} 001 + 15120
2000 1w 3000°C 3920 w572 ONC i), 156 0005 4+ 1.00) 2) 0007 + 1.0 .2} 00 +1.0(1.2) 0001 + 002
3000 w400 0°C 5720 10752 O°F O 1.C 0.1 00085 +0.7 [046) 0.007 + 0.7 (03 O 07 [0.9)
4000 0 1,B82004C | 7520 10 4 WBIF | 0.1°C @ 1°F; 0005 30,3 4] U007 4 0.3 [0.4) 001 + 0.4 (0.4}
=2700 to - 250.0°C <4540 10— 4180°F D1°C 10 IR D+ 1 325) D006 + 13125} D01+ 1 3(125)
" =250.0 10 = 200.0°C |- 4180 lo- 328.0F | 0.0°C 0. 1R D4 405 {0 Y] U006 + 0.5 [0.9) 001 405 (0.9 0.0007 +0.02
=200.0 1o 0.0°C - 328.0 w» 32.0°F QPC 0 IR V04 403 [04] 0.006 +0 3 [0.4) Q01 +03(04] iy =
0.0 to | 370.0°C 32000 24980F | O.1°C @,1°F OO 402 10 3) 0.006 + 0 2 (0.3} 001 +0.2(03)
=2100 10 - 2000°C |- 3360 W-328.0°F | 0 1°C {0.15F 004 40 406) 0.006 + 0.4 (06} 001 +04 (0.6)
i =200 0 10 -150.0°C |~ 3280 10-238 0°F Q1°C 0. 1R D4 +03(08) 0.006 + 0.3 {0 5} D01 +03 (05 0007 +00)
= 1500 b 00 = 2380 w 32 0°F 01°C 0. 1°R D004 +0 2 (04] 0.006 + 0.2 [0 4} D01 +02(04) i
0O to 1,200.0°C 32010 2,192.0F | 0.1°Ci0.1%R D004 +0 03] 0006 + 0.2 [0 3} 001 +02(0.3)
=2700 to - 250.0°C |- 454.0 to— 418.0°F 0.1°C (0.1°F 0.004 + 08 11.5) 0.006 +08 (1.5} 001 +08(1.5]
=250.0 10 - 200.6°C |-418.0 10 328.0°F | 0.1°C 0. 1°F 0.004 + 0.1 [06) 0,006 + 0.3 [0.6) 001 +03(06) QU007 + 001
E = 2000 10 0.0%C = 3180w 320¢F O1C O 1R Q004 + 0.2 [ 4) 0.006 + 0.2 [0.4) OO +0.2 (0.4) :
0.0 to 1 000 04 3100 LBA20F | 010 & 1°F 00N + 0.2 [0 1) 0.006 + 0 2 (0.3} CUT + 0.2 (0.3)
=2700 0= 250.00C [~4540 lo- 418 °F D 1°C a0 1°R DN+ 1015 0006 + 105} Dol +10(1L5]
T =2500 to - 200.0°C [-3180 lo- 1280F | 0 1C w0 |F V004 + 0 3 (05 0.006 + 0.3 [0 5) 001 +0310.5] 01.0007 + 002
= 2000 to 400 0°C |- 328.0 | 752 CFF D1°C W 1R Q004 402 (03] 0.006 + 0.2 [0.3} 001 +0.200.3]
=2000 o~ 100.0°C (- 3280 10148 0%F 01°C [0 1°Fi 00M +03j04) 0006 + 0.5 10.4) 001 +035(0.4)
U [-1000000C |- 138010320F | 01°C 0 1R CO044+0304) [ 0006 403003} [ 001403104 00007 + 001
00 1o 600 0% 200 LINZOF | 01°C 0 1°F DO +0 ) 03) 0006 +0.2 [0 2) Q01 +02104)
=200 0 - 1000°C [« 3280 lo- 1484°F D1C 0, 1R DO +0 3 [04) 0006 + 0.3 [0 4] D01+ 03 (04) o o
- 10010 900 0°C  [=1480 10 1L6S20F | 01°C @ 1%R 0004 4902 03] 0.006 4021031 | 00140203 Q00 S
N 10w 1 300.0°C 3200 237200F | 01%C 0 1R QOM+0203) 0.006 +0.2 [0 3) 001 +0.2(0.3) 007 + 002
W 00 to 2,315.0°C 32,0 w4 199.0°F | 0.1°C W19 0004 402 [04] 0.006 +0 2 (04} 001 +0.2[0.4) 0.00) +0.03
0.0 1p 200K [LNTN 0005 + 1.3 [04] 0.007 4+ 0.3 {03} 0011 +0.3 |0.3)
KPvsaysFe|  20.0 10 70 0K - 01K POms 0208 10007 +0.2002) |4 0011 +02 10.2) 0001 + 005
TO0 1o 300.0K 01K G005 + 0.2 10,2} 0,007 +10.210.2) OUT +0.210.2)
" AstotheR, S, B K. | E, Tand N, the provisions of [EC584-1 apply. ? KPvsAu7Fe:  $ 0% of rdg + Ki=C
Astothe Ul and L, these of DIN 43710 Jpg)ly. “ Incase of accuracy arl temperature cosdficient of “F, muliply 1.6 x
As to the W, those of Hoskins Mig Co. (USA) apphy . o ! !

As 1o the KPvsAuTFe. thase of N
1% of rdg + K

KPvsAu7Fe:

Vol. ThA apply.

® Accuracy of reference junction compensation

e

Condition: At an
HPCIB2 1o 104°F

hbient temperature of 5 1 187C 41 to 64°F and 23 L8]
i

5 ; = : B Accuracy
o Range L mmmm - Description @ The accuracyisin the case of REAR input, external RIC ireference
T - - — — unction temperature = 0°C.)
R.S.B.W, 10.3°C (£0.6°F) AVHhe ambisnt ® In case of FRONT input, 0.2°C should be added.
KPvsAu7Fe tempx of ® [ ] indicates the values in integrating time of 2.5 ms.
KLEUL +0.2°C i+0.4°Fi 5to 40°C ® Auto Zero ON.
N.T o ® Accuracy of RIC is exclucdked.
® The accuracy for Type B at 0 to 42°C is ot prescribed.
® Incaseofinternal compensation, the ahove accuracy of reference ® Common mode rejection: | 20dB or more. Integrating time: 500,

unction compensation should be ac
® The accuracy of TypeB oo 42

B Temperature unit: Changeable
however, that only K app

Wded to measuring accuracy.
“Cis not prescriber,

among “C, °F, and K, Provided,

tes as 1o hPysAu7Fe.

200, 100, 20 and 16.7 ms,
@ Normal mode rejection: 50 dB or mor

200, 100, 20, and 16.7 ms, 50/60 Hz
® In case of integrating time 200 or 500 ms at measurin

ture, the response time is 100 ms by setting FILTER.

Rs=1 ki, 50/60 Hz + 0.1%
e. Integrating time: 500,
+0.1%

g tempera-
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7563 l

B TEMPERATURE (RTD)

; ' _ Sy ature Coefficlent
lmduﬂon m * Accuracy (Integrating Time 500/200 ms): + (% of rdg+°C) I(n l:;m tmlj‘
| s0r200/100ms | R [, hours, 23+ 1°C| 50 days, 23:+5°C | 1 year, 23 £ 570 Tm%“‘
P10 | oo 1 203,001 | 201 @011 | 1 mA s i e 0,001 40005
oo | O30 0%k, | 0o1C0rR | 1ma e e o 0,001 +0.003
Ptooo [ e | 001 001 | 0.1ma o o s g ooy 0001 41003
1263°B 2.0t0 300.0K 0.1k Rl K i ST i o 10,001 40,003

1 Asto Pt1oo, IEC751-1995 apply. As 1o JP1C0, |15 604- 1989 apply.
As to 1000, the fiption for Pr100 of IEC751-1995 applies.
72 263°B: 4% drc{:ﬁ:j

*1263°B: £1% of rdg+ Ki2C.

B TEMPERATURE UNIT
Changeable among *C, ‘F and K, but as 10 |263°B only K applies.
B ACCURACY

® Same accuracy for both FRONT and REAR input.
® Allowable conductor resistance: Less than 10 2.

® ( )indicates the accuracy in integrating time of 100, 20, 16.7 ms.

® [ ]indicates the accuracy in integrating time of 2.5 ms.

B TEMPERATURE COEFFICIENT

® For 3-wire P1100, 1263 ... 0,.003°C/°C
IPt100, Pt1000 ... 0.002°C~C is added.

B SAMPLING INTERVAL

10 ms to 60 min. iResolution: 1 ms, 15 at 3 s or more)

B MINIMUM TIME OF THE FOLLOWING CON DITIONS
® DC V,OHM, RTD (2- or 3-wire),

TC (refere

15 ms
45 ms
55 ms
215 ms
415 ms
1015 ms
® RTD (3-wire)
L nlsnlingTime T Measuring Interval
2.5 ms 95 ms
16.7 ms 145 ms
20 ms 155 ms
100 ms 395 ms
200 ms 695 ms
500 ms 1595 ms
2.5 ms 70 ms 150 ms
16.7 ms 135 ms 215 ms
20 ms 150 ms 230 ms
100 ms 470 ms 550 ms.
200 ms 870 ms 950 ms.
500 ms 2070 ms 2150 ns

"4 In case of accuracy and temperature cceflicient of °F, multiply 1.8 °C

"> Conditions: Ambient temperature 5 to 187C 14| to 64°F). 28310 40°C (82
to 104°Fi

B GENERAL SPECIFICATIONS

Operating Principle: Feedback pulse width modulation method.

Sample Mode: Auto/Single/N reading.

Maximum Reading: 1999999

Overrange Information: ol - sign display.

Data Memory: 1,000 data, measured data can be stored and
recalled: ISTORE/RECALL).

R.\ngh;; 1 AUTO, MANUAL, (remote control anc programming pos-
sible).

Analog Output (D/A converter): Optional,

Bumnout: TC burnout idefective connection or disconnection etc.) is
automatically checked and indicated by alarm display (ON or
OFF selectable).

2 k2 or less (normaly, if the value is higher than 30 k£, the
connection is cut down. Current 2.2 RA or so. Pulse width
detection; 2.4 ms of so.

Operating Temperature Range: 5 to 40°C (41 to 104°F)

Humidity Range: 20 to 80% relative humidity.

\-\r‘almu'{a Time: Approx. 60 minutes to rated accuracy.

Power Requirements: 1007115 V AC 10% (1007115 V- selectable
bgiswnchl, 50 or 60 Hz 1200/230 V must be specified, select-
abler

Power Consumption: 20 VA max.

Dimensions (Approx.): 2130W1 x 88(H1 » 350iD) mm, 18-3/8 » 3-
1/2 x 13-15/16"

Weisht {Approx.i: 3 kg 16.6 Ibsi

® GP.1B Interface (756301)

Electrical & Mechanical Specifications: Conforms to IEEE St'd
488-1978.

Interiace Function & Identification: SHI, AH1, L4, SR1, RL1, PPu,
DCIE)DTI . CO. Address mode, address and header ON/OFF are
settahle,

® RS-232-C Interface (756302)

Transmission Systens: Start-stop system,

Data Transier Rates: 75, 150, 300, 600, 1,200 2,400, 4,800, 9.600
bps. Hand Shake made, hps rate, No. of bits and header ONy
OFF are settable.
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7563 | | | SR

B STANDARD ACCESSORIES

_ _ _ | AVAILABLE MODELS |
No.f  Name PartNo. | Descriplion Qly
3
o Alioatt 01 A 20qY ! Mode | Sutf Codvs Decripton
2. | Remote conneetor | A10041D = ] el ol [ T T [DCV.ONM, TEAF 1C 8 RO GPID:
— | Instruction manual — — | 256302 digits | DV, OHM, TEMP (TC & RTDy
3] A1007WD | 100V series (15 standadl | 1 — ey ::‘:‘;::im
4. A1006WD | 115 V series (UL stan dardh | == - -
= ?0:'(;-" supply AT009WD | 200 V series (VDE sindardi || A |- 3 lm\cj Af” 150& ) Hz-n, 115 ¥ AC changeable
& | A1013WD [ 230 V series (SAA standard) |1 it D o [NISVACISOS 6 Ha, 100V AC changesble
= AT023WD | 55 standard 1 ) 5 |- 200V AC (50 & 60 Hzi, 230V AC changeable
i S|V AC (50 & 6 Hp, 200V AC changeable
*Specified one. T [ [ ianded
A e JUL gandard
Power Cord i 3 VDE standard
R |+~ | 5AA standard
A - |BS standard
Oplional Featups DA | DA converter

B OPTIONAL ACCESSORIES

Memory card (8 k bytes) 17890 | Setting & measured data

& | Memory cord (16 k bytes) 378902 | Setting & measured data
Memory card (64 k bytesi ITE901 Setting & measured data

— | Dummy card B9SBONG | Dust cap for memory card skt

— | Rack mounting kit 751501 | EIA single mounting!

— | Rack mounting kit 751502 | EIA double mounting)

— | Rack mounting kit 731303 | IS isingle mounting)

— | Rack mounting kit 731304 | IS idouble mounting)

| 4owire resistance medsuring lead | 751510 [0am

< Rack Mounting >

1€ memory card -1 N N B
(378901, 378902, 370903)

4-wire resigance measuring lead
751510

| DIMENSIONS ]

Unit: mm finchi

3o
e deneisg -:13-.!!“? 2134 (81
o

!,

o

N~
NS 1Single mounting
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V.3 Digital Multimeter YOKOGAWA Models 7561, 7562

DIGITAL MULTIMETERS

7561 & 7562
Digital Multimeters

7561 (b-1/2 digits)
213 %88 > 330 mm kg
(8378 « 3-12 % 13* 5.6 sy

| = i
50 61,2 diis)
213 £ 88« 330mm 3kg

(B-3Bw 3-12 % 13- 6 Alha

The 7560 (6-1/2 digit display Series is a high-accuracy, high-
speed sampling bench-top digital multimeter lineup using a
YOKOGAWA-original A'D converter (Feedback Pulse Width Modu.
lation method), which features excellent stability, high noise immu-
nity and linearity. In addition to the basic features, an optional IC
memory card capable of storing 8000 data, GP-1B interface and
versatile measurement functions allow these multimeters to be uesd
in diverse fields of applications, from hench to System uses.

FEATURES

® High Accuracy, and Excellent Stability and Linearity
* 7560 Series

DC voltage accuracy  : =0.003% of rdg = 15 digits
(90 days, 23 = 5°C)
OHM accuracy : =0.009% of rdg = 30 digits

(90 days, 23 = 5°C)
® AlLarge Memory Capacity of 8000 data by Using IC Memory Card
The 7560 Series can store 1000 measured data by using internal
memory tor 8000 data by using an optional IC memory card),
This allows high-speed sampling without being affected by trans-
mission capacity via a communication bus,
Data can then be transferred to a controller after completing
measurements,
These storage functions allow DMA's 1o be used as high-speed
data logger.
® High-Speed Sampling
* 7560 Series: 333 times/s
The feedback PWM A/D converter. which includes a new
counting system, allows a high-speed response without
changing any excellent features
The sampling rate of 40 times's can be obtained even with a
5-1/2 digit display. The 7560 Series offer high system through-
put with a large memory capacity, high-speed auto-ranging,
programmable sampling interval, and integrating time
® CP-IB Interface (Standard)

The following functions are available with COMMUNICAtian Inter-
face,

YIROG W,

* Functions executed by panel key operation

* Measured data output

* Panel-set data output

* Stored data output

* Status byte output

An Input-Site Change betwen Front and Rear Panels

7560 Series has the input terminal for the voltage and resistance
between front and rear panels.

UNCTION

MEASURING RANGE
Auto Range Mode
When the display data increases more than 20000/200000, the
range is automatically changed tincreased), whereas when the
display data goes down 1o less than 1800/18000, the range is
automatically changed idecreased).

Manual Range Mode

If the measuring range exceeds upper-limit setpoint, —ol- (over
loacl) is displayed.

SAMPLING FUNCTIONS

Auto Mode (AUTO)

Data is samplerl at a preset integral time and measuring inter-
vals.

Single Mode (SINGLE)

One datum is sampled at the preset integral time every time a
trigger signal is generatecd,

N Reading Mode (N RDGS)

Data are sampled inthe cycles set by the integral time and mea-
suring intervals.

TRIGGER FUNCTIONS

The following three ways ane available for generanng trigger sig-
nals.

* Press the TRIG key on the front panel.

* Input a contactsignal or TTL logic signal to the 1O signal
connector (pin No. 11

Send the “E” or GET command through GP-IB.

In STORE mode, triggering performs three types of operations
according to measurement modes as follows:

In AUTO made, data are written leaving NS-1 data before
generating trigger signals and the STORE mode s
autematically turned OFF when memory capacity is full.
Amounts of data that are written depend on the built-in
memory or IC card memory. (PRE-TRIGGER FUNCTION;

In SINGLE mode, samplex data is storec every time a trigper
signal is generated. If NS data that are preset are stored,
STORE mode is automatically turned OFF. (PRESET
COUNTER  FUNCTKON)

In N RDGS modle, each NS data is stored every time a trigger
signal is generated. STORE mode & in halt status until the
next trigger signal is generated. The STORE mode is
automatically wrned OFF when memary capacity is full,

In RECALL mode, data are recalled whenever a trigger signal
is generated according to measurement mode. In AUTO
mode, data are automatically recalled at measurement
intervals which have been st at the time of recall
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YOOGS

B TIME DELAY FUNCTIONS (TD)

The time interval between a trigger signal generation and the
sampling can be set from 0 to 60 minutes.

This allows accurate measurements when a signal source has dead-
time or the measurement circuit shaws a first-order lag response.

Input _J.
!

Response of
I’m‘_‘uﬂ[‘w aebame i e =
circuit : Time delay
H Ta
Trigger Samipling
point
Time Dulay
NULL FUNCTIONS (NULL)
Y=X-X%
where: Xo :© initially set value INULL value)

Y :  computed value

X :  measured value
Reset an initially set value idata being displayed) to zero as a
NULL value.
Thereafter a value subtracted by a NULL value is displayed as a
measured value. This null function is used 1o eliminate leachyire
resistance of cancel initial values

AVERACING FUNCTION (AVG)

The AVG function is used to average the measured data, This
comes into effect when noise components or variation of mea-
sured data at high-speed sampling must be eliminated from the
measured value.

The calculation expression is given by:

Y = iXar + Xapy + ..o + X, WAT

where: AT : 210100 (number of average dotas
X o measured value
Y oo computed value
® Measured data
_ B Vioving average value
T 1 L ] |
z ® ] 25 4
= L] ° g =
b3 ® | 3
Z | e o ®
3| 1 L *
7 | -
= ! 1a window L4
2nd window 17_]
3rd window
Ath windeay
1 i |[a]

Sampling Times

Averaging Function iNumber of averaging = 10)

MATHEMATICAL FUNCTION (MATH)
® Scaling
The scaling function serves not only to indicate a multiple with
preset multiplying factors but also to determine deviation from a
preset reference value.
Y=iX-AiB,
where : Y : computed value
X: measured value,
Aand B : constants,
whene :
-1999999E9 < A = 199999afg
-1999999E9 <B < 1999999E9 B 2 0

@ Decibel

The decibel function serves to perform logarithmic operations
Icommon lagarithms) for measured values for null ar averaging
values).
Y = Cxlog, (XD
where ; Y computed value,
X : measured value,
Cand D : constants,
where :
-1999999E9 < C < 19999999
-1999999E9 < D < 1999999E9, D = 0

® Comparator

The comparator funciion compares a measured value ior null of
averaging valuesi with the reference value to determine which
value s larger or smaller if the measured value is within the limits,
X=H .. High
H>X>L..Pass
LzX..Low
X ‘measured value,
Hand L: constants,

where :

-1999999E9 < H < 1999999E9

-1999999E9 <L < 1999999E9
If H and L are set to the same value, whichever value is larger or
smaller is indicated. And the computed result is displayed and
output 1o outer computer pin.

B STORING FUNCTION iSTORE)

Store the measured data in builtin memory or IC card memory.
When an IC memory card is installed, the measured data is
stored in the IC card memory.

The STORE function has three operations depending on mea-
surement modes as follows:

@ In AUTO Maode

In AUTO made, press the STORE key to store data in memory. If
the memory overflows, the oldest data are automatically erased
and replaced hy the newest data. If the STORE mocke is OFF,
cata is no longer stored. In AUTO mode, if a trigger signal is
generated, data can be wiitten 1o the memory, leaving NS-1 data
before generating a trigger signal. IPRE-TRIGGER FUNCTION;

Ol data Store mode OFF Triger signal
i1st 151thy is generated

1200ths

NS = 150
00000 - 00O “+ OO0 000

Pretrigg=s 1149} ‘
Data No. —149 Data No. 0

Data No, 350 Data Na. -1
Data storing direction

Maximum No. of data 15004
Memory capacity
* Built-in memcry: 1000 data
* 8K bytes IC card memaory: SO0 data
* 16k bytes IC card memory: 1500 data
¢ B4R bytes IC card memary: 8000 data

Pre-trigger Function
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®

In SINGLE Mode

In SINGLE mode, data measured in each sampling cycle are
stored every time a trigger signal is generated. If NS data that
was preset are stored, STORE mode is automatically turned OFF
(PRESET COUNTER FUNCTION)

InN RDGS Mode

NS data are stored every time a trigger signal is generated. The
STORE mode is in halt status until the next trigger signal is gen-
erated. If the memory overflows, the STORE mode is automati.
cally turnecl OFF. (POST TRIGGER FUNCTION)

RECALL FUNCTION (RECALL)

Recalls the stored data from the memory. The recall functions
are as follows:

In AUTO Mode

Data are output at the preset measurement intervals, When the
final dlata are output, the recall mode is automatically turned
OFF.

In SINGLE Mode

Data are recalled every time a trigger signal is generated. When
the final data are output, the recall maode is automatically turned
OFF.

In N RDGS Mode

NS data are output at the preset measurement intervals when-
ever a trigger signal is generated. Then the mode is in the halt
state. If the trigger key is pressed again, recalling of data is
started. If the final data are output, the recall mode i automati-
cally turned OFF,

IC MEMORY CARD

The 7560 Series are the first DMM with IC memory card {optional.

1€ memory card allows you to:

* Save uplo 8000 measured data.

* Functions, ranges, and mathematical functions ONOFF
sample speed and so on. are savexd.

* Setting programs using the front panel keys and measured
data can be stored.

* Automatic loading of setting program at power ON,

7560 Series get the more applications by the above IC memory

card functions.

The data format of IC memory card is compatible with that of

YOKOGAWA LR Series Recorders, so the measured data can be

recorded in analog form on strip chart.

i &
LN |

Connection Diagram for LR Series Recorder
Automatic Loading
1€ memory cards allow measurement parameters and conditions
10 be set without using the panel keys. If a memary card containing
set data is inserted and then the powver is turned ON, the memory
contents are automatically read and programmings are set,
This is very useful for measurements that are repeated under the
same conditions. and this can be a powerful support ol such
asin the production line.

® Programming Function

Ii-an IC memory card is installed, up to 20 steps can be pro-
grammed either by front panel key operations or via communica-
tion interfaces. The required functions, ranges, and mathematical
functions can be set ON or OFF, and muttichannel measurements
<an be performed in a combination with scanners.

(DMAG (Programming)
e LOCV ..

DCA
ACY
AC A
OHM

W

20.DCA

TRIG

Scanner

r'—'ﬁ éND

DC Al [ACV IACA' HM| [DC A

1 2 3 4 5 .20
Example of Programming

B AUTO ZERO FUNCTION

AUTO ZERO (AZ) compensates for zero drift which will be gen-
erated in the internal circuit every time sampling is executed. In
high-speed sampling mode, measurement time is decreased by
eliminating AUTO ZERO function.

B CALIBRATION FUNCTION

The multimeters can be calibrated either by front panel key opera-
tions or via communication interfaces. The multi-meters are cali-
brated without opening the case ancl any special calibration skills.,

< Selection Symbols >

(eev ) (oca ) (orww)
DG Voitage DC Currant OHIM 2owvire
(om-aw) (acvems) ('AC Arma )
OHM #-wire AC Voltage s AG Current rms

G i)
Samping rate Mathermnatics

Internal memory
1330 vmen/s tunction 11.000 data)

(Kccard ) (epis )

IC memory catd  Input-site Change  GP-Binfertace | <7560 Series >
(8,000 gata) betwean front *6-1,2 digits
Al e paneis * 1999099
T e —————r * DOV sccuacy 20005%,
7561 7562

(ev) (oen)) wm)
)
Ee) (i) (a)

(oev) (o0 ) oueny
O (3G Vo) (3G A
Cud () GO

E€=) () (oa)
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SPECIFICATIONS
B CENERAL SPECIFICATIONS

Operating Temperature Range: 5 to 40°C (4] to 104°F).
Operating Principle: Feedback pulse width modulation method. Humidity Rangez 20 1o 80% relative humidity,
Sample Mode: AueySingle/N reading. Warmup Time: Approx. 60 minutes 1o rated accuracy.
Sampling Interval: 3 msto 60 min (7361 and 75621, (1 msmin., Is Power Requirements: 100 or 115, 200 or 230 V AC (must be

at 3s or more) specified), 50 or 60 Hz.
Maximum Reading: 1999999 Power Consumption: 20 VA max.

Overrange Information: — ol— sign display. Dimensions (Approx.i: 213iWi » 88iH) » 330100 mm,
Data Memory: 1000 data, measured data can be stored and recalled: 8-3/8 x 3-1/2 % 13",

ISTORERECALL). Weight (Approx.): 3 kg16.6 Ibsi.
Ranging: AUTO, MANUAL. tremote contral and programming
possible)

7560 Series (Common to 7561 and 7562)
B DC VOLTAGE (DC V)

® Ranges: “16.7 ms shows 16.66
Range - (500720 5 Bt f'l?:m- (2.5/1.2ms} n& Max. Input
_| Max. Reading | = Resolutlen Max. Reading | Resolution Max. Reading | Resolution 4
200 mV [ 199.9999 01 v 199,999 1wV 199.99 10 WV = 1000V pk 108}
2000 mV | 1999.999 1wy 199999 10 uV 1999.9 100 pV >l GQ =6§2VPR-:'_?*-:;?_M!'¥
ween Hi
0V 19.99999 10 uv 199959 100 pv 19.999 I mV e
200V 199.9999 100wV 199.999 I mV 199.99 10 mV 10ME = I, | 21000 V pk continuously
1000 V 1100.000 1 my 1100.00 10 mV 1100.0 100 mV
® Accuracy (Integrating Time 500 ms): =% of reading + digitsi
Range 24 hours, 23=1°C 90 days, 23:5°C 1 year, 23=5°C b T g
200 mV 0.004 + 30(6) |4 0.006 + 4048 |4] 001 + 40i8) 4] 0.0007 + 5(.64[.2]
2000 mV' 0.0025 + 10433 |3] 0.0045 + 153 (3 0.0075 + 15(3)(3) 0.00055 + 10.2][.1)
20V 0.003 + 10i3) [3] 0.005 + 15(33 (3] 0.009 + 15(3) (3] 0.00065 + 1(.2)].1)
00V 00045 + 10431]3) 0.009 + 15131 13] 0016 + 150313 Q.00075 + 1.2} ].1)
1000 V 0.005 + |31 (3] 0.01 4 2003 |3 0017 4 20031 (3] 0.0008 + 10,211

®Accuracy at 24 hours, 23=1°C is the value for the calibration @At Auto Zero OFF temperature coefiicient of =(0.0015% of range
standard. )

+ 25 uVi"C is added (at 5 to 40°Ci.
®Auto Zero ON, Null.

. - . ) ® Common Mode Rejection: 120 dB or more.

rgrating 3 200 ms, 2 ded g . 5 Frihipnts ; g L
®lntegrating Time: ;:tieg?;tir:; timlg ;'i) ms.m the value idigits: in ImeFrmng time 500/200/100/20/16.7 ms, RS = | kO, 50/60 Hz
@ 1indicates the value idigitsi in int ating time 100 ms. For =01

integating time 20°16.7 ms, 2 is added w the value (digits' @ Normal Mode Rejection: 60 dB or more.
enclosed in the parentheses.

i o s Integrating time 500/200/100/20/16.7 ms, 50/60 Hz =0.1%
¢ ] indicates value (digits) in integrating time 2.5 ms. For . ,
integrating time 1.2 ms, 2 is added to the value (digitsienclosed in -~ ® Maximum Allowable V oltage: =500 V peak betveeen Lo and case.
the brackets.
D JRRE C A)
M DECURRENT () @ Accuracy (Integrating Time 500 ms):

® Ranges: =% of reading + digits)
ating Time Integrating Time .
Range | (s00/Z00st00 0/ e s o/ 1) e gt Ruge dyear, 23:5'C

Max. Reading | Resolution | Max. Reading | Rosolution - e 2o I

2nA 1.99999 10 nA 1.9999 100 nA <10 20 mA 0.05+20

20mA 19.9999 100 nA 19,999 1 uA <o 200 mA Q.05+ 20

200 mA 199.999 I uA 199 99 10 uA <120 2000 mA 0.1 +40

2000 mA 1999 99 10 uA 1999 9 100 uA <039

®Auto Zero ON,

®Integrating Time: At 200/100/20¢16.7 ms, 20 is added to the
value idigitst in integrating time 500 ms

@ Temperature Coefiicient: =i 1/10 of measurement acc uracyl/*C

® Allowable Current: 2 A2 A fuse installed)
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B RESISTANCE (OHM)
@ Ranges:
| et | mam e
26‘3 Q 100 o 199,905 1 moy 199 90 IIO mo 1 mA
2000 1999 999 1 ma 1699 .99 10 me 1949 0 100 ma I mA
20k | 1999950 Wwma | 199%s | woma | 199w ) 100uA
200 ko 199 0499 100 me 196999 (-] 10u¢q 102 10uA
2000 kn 1099 044 1o 1909 90 100 1609 0 100 2 1 ud
20 M 19 6099 100 19,995 1046 0 19960 | k2 100 nA
200 Mo 199 999 I ke 160, G000 1 ke 199 o0 10 k2 S0nA

® Accuracy (4-wire System, Integrating Time 500 mnj: =% of reading + cligits)

Range 24hours, 23:1°C | 90days, 13a8'C o tyear, 23.5°C Coefficlent
T s . (510 18, 28 fo 46°C)
200 © 0007 + 40ibi {4) 0012 +5067) (4} 0.016 + 50179 {4) V0012 + 1062) (5]
2000 9 0005 + 25(4) 13} D01 + ¥si& 3} 0014 + 3561 (3] 0.001 + 2(5) (1}
20 k2 0.005 +2003) 13} 001 + 30483 (3} D014 + 305513} V001 + 2(5)L1)
20y k2 0007 + 20{3} (3} DO + 3065 (3] 0015 + 36051 3) D001 + 2(8) 11}
20006 k2 002 + 135185 (20) D03 + 1500201 130) 005 + 1500200 1344 0004 + 2(5)0 1)
20 Mo 0.2 + 300300 02 + 330 02 4 30630 Vo2 + il
200 MO 2 % 20002000 2+ 2008 200) 2 4 20002000 DS + 20
B AC VOLTAGE (AC V) {7562 only)
® Ranges:
* Range b mﬂﬁl%ﬁ’ul 3 'hmum Input Max, Inpal
200 mv 199,099 1 av 199,90 10wV
2000 mv 199904 10 uv 1999 4 1 v tmgarm | T
w0V 19 6909 100wV 19,009 1 my oo 21000V pk
00V 144 oa T mv X 0 mv £ e
700 Vv 700000 [ 700 100 my
® Accuracy (Integrating Time 500 ms); =% of reading + digits). 1 year, 23-5°C
Range | 20t030Hz | 30to4sHz wotoihe | 19% 20 kH: | 2010 s0kHz sl
200 mv 094 200 05 4 200 0.3 4200 0.3 + 300 07+ 50 2 4500
2000 my 08+ 100 4+ 100 015 + 100 0.3+ 200 0.5 4 SO0 2 4500
20V OB+ 100 044100 | 0154100 | 034200 05 4 50 14500
200V 14100 04+ 100 034100 | 0.5+20 0.7 +500 34500
700V 1+ 100 Q44 100 034100 [ 0343 - -
B AC CURRENT (AC A) (7562 only)
@ Ranges:
R Integr Time 1 Time Inut.
Range Wﬂmwzﬂnum) (25/1.2 ms) Resistance.
2 mA 1 99996 10 nA 1.9%99 100 nA <ilon
20 mA 16,4500 100 nA 19,4 1 uA <lia
200 mA 199 G99 I A 199,99 10 pA <lla
2000 mA 1999 60 10 A 19999 100 pA <03Q
® Accuracy (Integrating Time 300 ms): =% of reading + digits), | vear, 2325°C
Range 20t 30 He 30to 45 Hz 45 Hzto 2 kHz 2t05 kHz
2 mA 1.4+ 350 084250 U5+ 250 UE + 300
20 mA 1.2 + 300 084+ 200 US4+ 20 U8+ 200
200 mA 1.2 4 300 084+ 200 0.5 4 200 08+ 200
2000 mA 1.5 + 100 1.5+ 200 1104 200 1.5+ 200

@ Accuracy at 24 hours, 23=1°C is the value for
the calibration standard.

®Auto Zero ON, Null.

@ Integrating Time: At 200 ms, 2 is added to the
value (digits) in integrating time 500 ms.

®( ) indicates the value (digits) in integrating
time 100 ms. For integrating time 20v1 6.7 ms,
Zis added to the value idigits) enclosed in the

arentheses,

.f }indicates the value idigits in Integrating
time 2.5 ms. For integrating time 1.2 ms, 2 is
ackled 10 the value idigits) enclesed in the
brackets,

®For 20 and 200 M@ at sampling interval $00
ms oF more. Accuracy is not prescribed in
integrating time 1.2/2.5 ms.

#® At Auto Zero OFF, temperature coeflicient on
200 Q ranges is ={0.013% of range)/'C, on
other ranges =(0.003% or rangeV"C is added
fat 5w 40°Ch.

@ For 2-wire system, 2 mQ/"C is added.

# Excluding the influence of leadwires.

#Open Circuit Voltage:Max 10V 12,5V max.
on 200 MQ range).

& Maximum Input Voltage: = 300V peakor 300
V rms ibetween Hi and Loy,

@ Response Time: 0.4 s or less on 2000 kQf20
MQ ranges, 5 s or less on 200 MO range.

® Auto Zero ON.

®Integrating Time: At 200/100/20/16.7 ms, 20
is added to the value (digits) in integrating
time 500 ms.

®AC Coupling: True rms value.

® InputVoltage: 5 to 1 00% of range (sine wavei

®Response Time: 400 ms or less (to reacling
within =0.2% of final value).

@ CrestFactor: Upto 3 (atiull scale, up 1o 2 at
full scale on 700 V range).

@ Temperature Coefficient: =11710 of measure.
ment accuracyl™C,

® Auto Zero ON.

@lntegrating Time: At200/100/20/16.7 ms, 20
is added 10 the value idigits) in integrating
time 500 ms.

®AC Coupling: True rms value.

® Input Current: 5 to 100% of range isine wave).

®Response Time: 400 ms or less (to reacling
within =0.2% of final value).

®Crest Factor: Up to 3.

@ Temperature Cocfiicient: =i1/10 of measure-
ment accuracyi”"C.

® Allowable Current: 2 A (2 A fuse installed),
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B SAMPLING INTERVAL

Measurement Intervals Measurement Intervals
{In Auto Zoro OFF) (In Auto Zero ON)
3 ms (333750 7 ms (14350
& ms 1125/5) 15 msi6m, 75}
25 ms i4d¥s) 45 msi22.25%)
30 ms (33,351 55 msil8.25%0
110 ms 9. 1/5)
210 ms 14,875
510 ms 125 1015 msil:s

INTERFACE
@ GP-IB Interface

Eectrical & Mechanical Speciiications: Conforms 10 IEEE St'd
Interface Function & ldentification: SH

PPo,
Address Mode, address and heacler ONJOFF

B STANDARD ACCESSORIES

488-1978,

1,AH1,T5, L4 SRI_RL1,
DC1, DT1, Co.
can be setable,

® “Sampling made is AUTO, NULL: off
AVG: m’l‘ﬁ\MTH: off, functicn: DC Vin a

fixed range, without communication func-
tion, using buffer memory.

® Data of sampling interval shows min.
value ifastest sample ratei. Measurement
intervals can be settable mare than the
value of left table.

No. _ | FartNo. | Descripion [ Qty
100V seri
1 A1007TWD | 18 seandans | Model | Suffix Codes _ Description
115V series Fabion 65 [DCV, DC A, OHM, (GP-18)
? A1006WD | (UL standare ; 756201 A8 [0V DC A GHM, ATV, AC A TGP 18:
3 | Power supply card® A1009WD li%l: Vs::lj;r ” [ Varsion, £ Always C
— 330V series -1 100 AC (50 o 60 Hz
. 2 s
4 ATOLIWD | ¢ standard) ! Powar -3 115 V AC 450 or 66 Ha)
5 A1023WD | BS standard | Reiements | 5 200V AC 50 o 60 Ha
6 | Measurement lead B9200TZ - ! 14 2OV A (50 or O HR
1 5 stanclard
7 | Remcte connector A1003)D — | L IS tary
X iD UL srandard
)
o - AT105EF | 02 A 100V I ot = TE——
ANMOEF |0l A20y | o B e
9 |Fuse A1092EF | 24 1 H GB standard
— | Instructien manual —_ —_ | Optional Feature ].-DA DA converted oulput

* Specified one,

B OPTIONAL ACCESSORIES

Ne. Name Code Description Order Q'ty
Memaory caid 18 k byles) }78901 | Setiing & measured data .
10 |Memany casd i 16 k bytes) | 378902 Setling & measured data i :nu::uh
Memaory card 1126 k byvtes)| 178903 Setling & messured dala
= ) - - | Dust cap ko memory 2 unity
Dummy card BYsBLNG e (1 Be Al
731501 | EIA isingle mounting
5150, i i
— lmsck g kit 2 | EIA idouble mountingy
) 751503 | J1S isingle mounting) .
TS1504 |15 idouble mounting) | Pc"“u‘:'m
4-wire resislance - N
" measuring leard 51510 [06em
12 [Input kermina | adapter 751512 —_
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6,.,..‘,
10

Unit: mm iinchi

2108 8516

3011 18

e

Y

i R R
|

12 4

T30 13y

10 IC memory card 1378901, 378902 and 378903 £ B,;-
H dowire resistance measunng lead (7515 10) Sl
12 Inputteminal adapter i751512)

-
an

2

B ..

< Rack Mounting >

- 1/8

i

838 (3516

i

\91|5]{L F
12883 1

15

2308 (B-514)

34 11-1/8;
i

E

Rear Panel
-

=Y

N0y

11781 )
7 1ingie
FT i

gia(sne

13
9161 Ry

it

L.

L

JIS iSingle mounting:
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Option Explicit
Dim SetCal(5, 5) As String

Dim Valcal(20, 5) As Double

Dim SetPoint As Single

Dim No As Integer

Dim UUT, STD, Error As Single ' Declare Mean value of UUT, STD and Calculate Error
Dim uncertainty As Double

Dim STD7563 As String

Dim Temp7562%

Dim Alpha, delta, RO, Ub9122, Ub7563 As Single
Dim Columns, TotalPoint As Integer

Dim data9122 As Double

Dim valueUUT, valueSTD As Single

Dim sumUUT, sumSTD As Single

Private Sub cmChat_Click()
frmChat.Show
frmChat.SetFocus

End Sub



Private Sub cmdBACK Click()
Me.Hide
End Sub

Private Sub emdGraph Click()
frmGraph.Show
frmGraph.SetFocus

End Sub

Private Sub cmdCamera_Click()
frmCamera2.Show
frmCamera2.SetFocus

End Sub

Private Sub Form_Load()
Dim i As Integer
Alpha = 0.003902996
delta = 1.50945
RO =100
On Error Resume Next
Timerl.Enabled = False
If CH_UUT ="" And CH_STD = "" Then
CH_UUT ="4"
CH STD="1"
End If
UuT=0
STD=0
Error =0
MSComm]1.PortOpen = True
With msgCal
.ColWidth(0) = 1550
.ColWidth(1) = 1550
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.ColWidth(2) = 1430
.ColWidth(3) = 1450
-ColWidth(4) = 1387
.RowHeight(0) = 510
.RowHeight(1) =510
.RowHeight(2) = 510
.RowHeight(3) = 510
.RowHeight(4) =510
End With
AdodcUUTDetails.Refresh
AdodcUUTDetails.Recordset.MoveL ast

AdodcEmployees.Recordset. MoveFirst

Fori=1To5
SetPoint = AdodcUUTDetails.Recordset.F ields(i + 3) 'read setpoint from uutdetails tables
ListSP.AddItem "Set-Point:" & i & "=" & SetPoint, i - 1
msgCal.ColAlignment(i - 1) = 4 'Alignment at center
msgCal. TextMatrix(i - 1, 0) = SetPoint
SetCal(0, 1 - 1) = SetPoint
Debug.Print SetCal(0, i - 1)

Next i

No=0

cmdPrint.Enabled = False

Call Sendsp

End Sub

Private Sub Sendsp()

MSComm1.Output = "s=" & SetCal(0, No) & Chr$(13)
Timer3.Enabled = True 'Check STD Temperature<Tolerance (0.02 C)
Timer3.Interval = 2000

End Sub



Private Sub IbIProportionalBand Click()
End Sub

Private Sub Timer3 Timer()
Dim MeanSTD, DataSTD, Sum As Single ' Calculate Mean of STD
Static jent As Single ' for keep data

Static icnt As Integer ' for count data

lfAbs(Val(lxtSTDTemp.Text) - Val(SetCal(0, No))) < 0.02 Then
icnt = icnt + |
Ifient <= 10 Then
DataSTD = Val(txtSTDTemp. Text)
jent = jent + DataSTD
Else
icnt =0
Sum = jent / 10
DataSTD = Abs(Val(txtSTDTemp.Text))
MeanSTD = Abs(DataSTD - Sum)
icnt=0
jent=0
If MeanSTD < 0.02 Then
icnt =0
jent=10
Timer3.Enabled = False

Call Duration ' Delay time for Read STD and UUT Temperature

Else
Call SetWindow
End If
End If
Else

1f0.02 < Abs(Val(txtDrywa]].Tcxt) - Val(SetCal(0, No))) < 2 Then
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Call SetWindow
End If
End If
End Sub

Private Sub SetWindow()

Dim Window As Single

Window = Format(Val(SetCal(0, No)) - Val(txtSTDTemp. Text), "##0.0#")
MSComm]1.Output = "S=" & (txtDrywell. Text + (Window))
End Sub

Private Sub Duration()

Dim diff As Single

Do Until diff < 0.1

diff = Abs(Val(txtSTDTemp. Text) - Val(SetCal(0, No)))
Loop

Call SaveData

End Sub

Private Sub SaveData()

Dim sumUUT, sumSTD As Single

Dim diff, btime, ftime As Integer

Dim i As Single

valueUUT =0

valueSTD = 0

sumUUT =0

sumSTD =0

Timer7.Interval = 5000

Timer7.Enabled = True

End Sub

Private Sub Timer7 Timer()
Dim save(10) As Single

Static i As Integer
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Static cnt As Integer ' for count save data in timer7 sub program
cnt=cnt + 1
valueUUT = Format(VaI(txtUUTTemp.Texl), "HEH0.0H##")
valueSTD = Format(Val(txtSTDTemp.Text), "HHRO.OfHH")
sumUUT = Val(sumUUT) + Val(valueUUT)
sumSTD = sumSTD + valueSTD
" Save each of UUT data in Reading Table
save(cnt) = valueUUT
If cnt = 10 Then
AdodcReading.Recordset. AddNew
AdodcReading.Recordset.Fields(0). Value = No
Fori=1To 10
AdodcReading.Recordset.Fields(i). Value = save(i)
Next
UUT = Format(sumUUT / 10, "HIH0.0811")
AdodcReading.Recordset.Fields(11).Value = UUT
STD = Format(Abs(sumSTD) / 10, "###0.0##")
Error = Format(Abs(STD - UUT), "##0.0##")
Timer7.Enabled = False
valueUUT =0
valueSTD =
sumUUT =0
sumSTD =0
cnt=0
Call caluncertainty
End If
End Sub

Private Sub caluncertainty()
Dim Data As Single
Dim Sd As Double

Dim i As Integer
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Dim xx As Single
On Error Resume Next
Sd=0
Fori=1To 10
Data = Val(txtUUTTemp.Tcxt)
Sd = 8d + (Data - UUT) ~ 2
Next
Sd =Sqr(Sd /9)
AdodcReading.Recordset.F ields(12).Value = Format(Sd, "#HHO.0fHE")
Sd = Sd / Sqr(10)
AdodcReading.Recordset.F ields(13).Value = Format(Sd, "###0.0###")
AdodcReading.Recordset. UpdateBatch
Ub = 0.0535
uncertainty = 2 * Sqr(Sd ~ 2 + Ub » 2) k=2
msgCal.TextMatrix(No, 1) = Format(UUT, "###0.0###")
msgCal. TextMatrix(No, 2) = Format(STD, "###0.0###")
msgCal. TextMatrix(No, 3) = Format(Error, "###0.0###")
msgCal. TextMatrix(No, 4) = Format(uncer!aimy, "HHH0.08##")
Call UpdateData
End Sub

Private Sub UpdateData()
Dim i As Integer
AdodcUUTResults.Refresh
AdodcUUTResults.Recordset. AddNew 'Add New Record into Database
With AdodcUUTResults.Recordset
-Fields("SerialNoUUT").Value = txtserialno. Text
-Fields("calDate"). Value = txtRecieveddate. Text
Fields("Number").Value = No + 1
-Fields("SetPoint"). Value = SetCal(0, No)
-Fields("Hysteresis").Value = "None"

.Fie]ds("IndicatorReading").VaIue =UuT
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.Fields("StandardReading").Value = STD
.Fields("Error").Value = Format(Error, "###0.0###")
-Fields("Uncertainty"). Value = Format(uncertainty, "###0.0###")
End With
AdochUTResuIts.Recordset.UpdateBatch 'Case of Adding Data in Control Textbox
If No =4 Then
MsgBox "Calibration Process Complete !"
cmdPrint.Enabled = True
Else
No=No + 1
Call Sendsp
End If
End Sub

Private Sub cmdPrint_Click()
DataEnvironment]l.Command] Date, txtserialno. Text
rptResult.Show

rptResult.SetFocus

End Sub

Private Sub Timerl Timer()

Dim Temp7563GPIB As String

Dim DataSTD$, DataUUT$

Dim Instring As String

Dim Instring2 As String

DataSTD$ = "MEAS?" & CH_STD
DataUUT$ = "MEAS?" & CH_UUT
Instring = Space(10)

Instring2 = Space(10)

Call Send(0, 1, DataSTDS$, STOPend)
Call Receive(0, 1, Instring, STOPend)

xtSTDTemp.Text = Instring ' Standard Text
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Call Send(0, 1, DataUUTS, STOPend)

Call Receive(0, 1, Instring2, STOPend)
XtUUTTemp.Text = Instring? ' UUT Text
End Sub

/Il Read measurement data from serial port ////
Private Sub Timer2 Timer()
Dim Temp9122 As String
On Error Resume Next
loop1:
MSComm]1.Output = "t" + Chr$(13)
Temp9122 = Temp9122 + MSComml.Input
If InStr(Temp9122, "t:") <> 0 And Len(Temp9122) > 8 Then
txtDrywell. Text = Format(Mid$(Temp9122, InStr(Temp9122, "t:") + 4, 6), "##0.00")
End If
If txtDrywell. Text = "" Then
GoTo loopl
End If

' Save Data for Plot Graph

150000 =1_50000 + 1

TempUUT(i_50000) = Forrnat(Val(txtUUTTemp.Text), "HHHO.0##E")
TempSTD(i 50000) = Format(Val(txtSTDTemp. Text), "HHH0.08#1")
End Sub

Private Sub Timer4 Timer()

Static i As Integer

If txtDrywell. Text <> "" And txtSTDTemp.Text <> "" And txtUUTTemp.Text <> "" Then
Adodcl.Recordset. AddNew

Adodcl.Recordset.Fic[ds("Number").Value =]
Adodcl.Rccordset.FieldS("drywell").Value = txtDrywell. Text

Adodcl.Recordset.Fields("7562"). Value = Format(TempSTD(i_50000), "##0.0##")
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Adodcl.Recordset.Fie]ds("7563").Value = Format(TempUUT(i_50000), "H#0.0##")
i=i+1

End If

End Sub

Private Sub Timer5 Timer()
Dim Temp7562GPIB As String
Dim Temp7562 As String
On Error Resume Next
Temp7562% = Space$(50)
Call Receive(0, 2, Temp75628, STOPend) 'Call order in GPIB32 Module
Temp7562GPIB = Temp7562GPIB + Temp75628
If InStr(Temp7562GPIB, "999.") > 0 Then
MsgBox "Do you check all connect”, vbOKOnly, "Connect Error7562"
Exit Sub
End If
If InStr(Temp7562GPIB, "O") <> 0 And Len(Temp7562GPIB) > 8 Then 'Read temperature from
Digital Mutimeter 7562
txtSTDTemp.Text = F ormat(CalTemp7562(Val(R0), VaI(Mid$(Temp7562GPIB,
InStr(Temp7562GPIB, "0") + 1, 8))), "##0.00") 'Change Ohm to C 2 decimal by Call Function
CalTemp7562
End If
End Sub

Function CalTemp7562(R0 As Single, Rt As Single) As Single
Dim a7562, b7562, c7562 As Single

Dim A, B, z As Single

A =0.0039083

B =-0.0000005775

RO =100

z=Rt/R0O

CalTemp7562 = ((Sqr(A ~ 2 - (4 * B * (I1-2))-A)/(2*B)
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End Function

Private Sub Timer6 Timer()
Dim Temp7563GPIB As String
On Error Resume Next
STD7563 = Space$(50)
Call Receive(0, 1, STD7563, STOPend) 'Call order in GPIB32 Module
Temp7563GPIB = Temp7563GPIB + STD7563
If InStr(Temp7563GPIB, "9999.") > 0 Then
MsgBox "Do you check all connect”, vbOKOnly, "Connect Error 7563"
Exit Sub
End If
If InSte(Temp7563GPIB, "C") <> 0 And Len(Temp7563GPIB) > 8 Then '//read temperature from
Digital Temperature 7563
txXtUUTTemp.Text = Format(Mid$(Temp7563GPIB, InStr(Temp7563GPIB, "C")+ 1, 8),
"##0.00")
End If
End Sub
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Teleoperate Temperature Calibration via Internet

Watakarn Moonchaisook, Amphawan Chaikla, Thanit Trisuwannawat,
Narin Tammarungwattana, and Prasit Julsereewong

Faculty of Engineering, King Mongkut's Institute of Techuology Ladkrabang, Ladkrabang, Bangkok, Thailand
(Tel: +66-2-739-2406-7; E-mail: kjprasit@kmitl.ac.th)

Abstract: This paper presents the calibration service for the tem,

perature sensor via the Internet. The purpose of the calibration

service is to provide the teleoperate calibration procedure without skillful technician requirement at the client site. Besides the
automatic measurement equipment that eases the operation, the developed software emphasizes the reliability of operation,
simplifying the measurement data recording and processing, and achieving quality of the temperature measurements.

Keywords: teleoperate, temperature calibration, internet-based system, automatic calibration

1. INTRODUCTION

Since the calamitous financial crash of 1997, the demand
of Thailand’s industrial upgrading to become more
competitive in the international market has arisen causing a
strong motivation to be recognized in global standards such as
IS0 certification [1]. The instrument calibration is one of the
most important activities for this improvement. There are
many objectives for automation of a precision calibration
[2-3], such as the reliability of measurements, repeatability,
consistency, measurement error minimization, and human
work reduction. Unfortunately, in Thailand the calibration
facilities are not spread enough to support such a demand,
with the consequence of an enarmous workload for the
existing calibration laboratories. The main drawback of this
situation is a long time interval required for the calibration of
an instrument and, in turn, a log out-of-service time of the
measurement system based on such an instrument.

To solve this problem, the Intemet-based calibration or
on-site calibration has been introduced in the literature [4-6).
One should note that this solution offers the further
advantage 1o avoid mechanical stress due to the
transportation of the Unit Under Test (UTT), so that a better
reliability can be expected. In addition, the implement of
femole or teleoperate calibrations using the Internet as a
transmission medium is rapidly emerging as a solution to all
of the transportation, environmental, downtime, and cost
issues with current calibration schemes. Moreover, the
benefits emerge in the dissemination of measurement
techaiques and good practice equally 10 ail laboratories.

GPIB Lascr Printer

ILEEAR8

Dry-Well Calibwator

Client Culibration
Laboratory Site

This paper aims to present the teleoperate temperature
calibration via Internet. There are two basic requirements to
implement the proposed calibration, one is hardware
requirement and the other is software requirement. For
hardware requirement, it is required that every element of a
temperature calibration system has the possibility of teleopeate
system-by connection via RS232, GPIB-IEEE488, and the
Internet system (client and server). In addition, the web
cameras at both ends enhance the communication for
troubleshooting and collaboration. The calibration software
requirements are based on the restricted regarding
achievement of demanded performance using Visual Basic
programming language. The database and the Web pages
are developed using Microsoft Access 2000 and Microsoft
Visual Interdev program, respectively.

The experimental results verify that the proposed
teleoperate calibration service allows the calibration procedure
to be remotely exercised without skillful technician
requirement.

2. THE PROPOSED CALIBRATION SERVICE

Fig. I and Fig. 2 show the hardware and the software
architectures of the proposed calibration service based on the
client-server application, respectively. The service allows
the calibration procedure 1o be remotely exercised.
Furthermore, the automatic acquisition and real-time
processing of the calibration results can be accomplished if
the standard and the UTT are equipped  with a2
communication interface.

panesn
SIERA |
009665

Standard Calibration
Laboratory Site

Fig. 1 The hardware architecture of the propased calibration service
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Fig. 2 The software architecture of the client-server application

2.1 Client calibration laboratory site

Fig. 3 The required hardware at the client site

At the client site or the UUT site. the required hardware
for temperature calibration is shown in Fig. 3. The
temperature sensor is to be calibrated using a Chromel-
Alumel (K-type) thermocouple as an illustrated UUT in this
paper. The temperature range of the calibrator is 35°C-600°C.
The central-point of the teleoperate procedures is a personal
computer (PC) with the appropriate hardware specification
and the developed software, which is able to control the
calibration via the Internet. The specification of another
apparatuses can be shown as
- The UUT: Hitachi 4261 K-type thermacouple, 20°C-700°C
range.

- The Standard Platinum Resistance Thennometer (SPRT):
0°C-400°C range, + 0.05°C accuracy.

- Dry-well calibrator (constant temperature bath): Han
Sceintific 9122, +0.1°C accuracy, 0.01°C resolution.

- Standard digital multimeter (DMM] ): Yokogawa 7562,
£ 0.009% of reading accuracy for thermocouple.

- Standard digital thermometer (DMM2): Yokogawa 7563,
+ 0.006% of reading accuracy for thermocouple.

- Web Camera (Web Cam)

- Laser printer: HP LaserJet 2100. (Optional)

All apparatuses must have a communication interface in
order to connect them to the PC when the client application
runs. In this situation. the automatic calibration procedures
can be implemented. At the client site, the operator is only
required fo perform the measurement connection between
the SPRT and the UUT, hence a non specialized technician
can work the calibration procedure.

Initialization

l‘——

Instrument Status

Required Data Sending

'

Waiting for Calibration
Instructions

I

Calibration Procedures

I

Mecasured Data
Recording in Database

'

Calibrativn Results
Sending

'

Inspected Results
Receiving

No

Yes

Certificate Printing

-

End

Fig. 4 The flowchart for client application
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T AL

Fig. 5 The initialization setting window of client application

and Web application programs. During the initialization, the
required parameters such as the UUT description, the
calibration details, the ambient temperature, and the humidity

Required Data Receiving are required to be set as shown in Fig. 5. The measured data
are calculated for the errors and the approved uncertainty in
l temperature measurement of the UUT. The measured data and

the calculated data are recorded in the database and sent to the
standard laboratory site. The calibration results must be

inspected with the standard calibration before the certificate
l printing or the temperature transmitter adjustment.

Calibration Mode Selecting

[ 7
Calibration Instructions
Sending 2.2 Standard calibration laboratory site

Fig. 6 shows the flowchart for the sever application. The
appropriate standard thermometer and the calibration
instructions are selected from the database based on the
sending data from the client site as shown in Fig. 7. Afier all
the required parameters are defined, the calibration

4 instructions are submitted to the client site. The calibration
Calibration Results Calibration procedures results are then transferred back to the standard site for
Receiving Stopping inspecting as shown in Fig. 8. Finally, the inspected results

are sent to the client site.

Calibration Results
Inspecting

Inspected Results

Error Message Sending J. EXPERIMENTAL RESULTS

The K-type thermocouple is used as the illustrated UUT in

Sending | this paper. The number of set point used in the experiment is
l five, which are 50°C, 100°C, 150°C, 200°C, and 250°C,
respectively. Table 1 shows the calibration results based on
l the use of the proposed service. Fig. 9 shows the window of

htibass Recidisg the calibration results at client site.

Table 1 The experimental results

’7&'( point | Measured data Error Uncertainty
- °C °C °C
Fig. 6 The lowchart for sever application (50) 517_3) 2_8) 0121
: : .24 . ;
The client site PC (akes charge of the calibration 19 2 =36 0.121 —
mana e : 150 143.79 6.11 0.121
gement based on the control mstructions {rom  the 200 9118 382 0121 —
standard laboratory site. Fig. 4 shows the flowchart of the ;50 239']3 687 = 3
developed software using Visual Basic 6.0, MS Access 2000, = : 10. 0.121
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Fig. 9 The calibration results window at client site.
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4. CONCLUSION

This paper aims to present the temperature calibration
service via the Internet. The proposed service allows the
calibration procedure to be remotely exercised.
Furthermore, the automatic acquisition and real-time
processing of the calibration results can be accomplished if
the standard and the UTT are equipped with a
communication interface. The experimental results verify that
the proposed teleoperate calibration service allows the
calibration procedure to be remotely exercised without skillful
technician requirement.
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