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ABSTRACT

According to standard requirement, the calibration of instrument for industrial
measurement and process control needs to perform under specific conditions and controlled
environment not only room ambient temperature and relative humidity but also operators of such
activity. The appropriate skill and experience of the operator are essentially required for accurate
and reliable process system. This study presents the calibration procedure for temperature
measurement using PT100 as a case study. The model developed consists of a temperature
stabilizer which can provide the fixed temperature ranging from 25 °C 10100 °C and 3 sets of
PT100. The experiment was simultaneously performed under 3 different conditions and data were
collected by data logger for 5 °C increment and then transmitted to a computer via RS-232 serial
port. For statistical analysis, mean, standard deviation, statistical error, and uncertainty of each
measured range were automatically estimated by database system developed. Moreover, the
calibration system proposed in this study can also used with 8 calibration modules simultaneously

by referring with the standard instrument for ease and time use reduction.
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N aoudion3siieeld Dry Well 111572 Standard udmha fisgarouiiion (UUT) 1n
Fmsaeuiioy Fanilnfudiia Sendard vsdodRn it nndeuifioy UT) Uszua
4 89 100 ¥IN3TH Dry Well 3 Error 1 °C Futusasiaeuiion (UUT) szdesd
Error 4 °C.iliii0901071 UUT A3 Error wn Sinliiiganttin1dens Suflumpmanilald

= = = MJ
NANIT T UNYUDINITUN
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-35msaeuinon Taoman)Soufsuny SPRT (Standard Platinum Resistant

Thermometer)

uuT l STD

DTM

1N 2.8 Maaowney Tavnanfasiiouny SPRT

9 J "

Msaaunen 319219 Probe 11UAD Standard sA 1@ INIZFBUINOY (UUT) 11911

= = s =) Al o l:; o -1
msaoungy (mmlﬂmtﬁqm Standard nzﬁ’\'mﬂﬂﬂmwmmmumuu (UUT) sz

- ; oy o Y T R a
4 83 10 117 9103711109970 Probe 4 Error 0.5 2C flavudinogsinndomngl (UUT)
& e % ¢ It =i

224041 Error 2 °C (¥4 Error 115naznin 18 Tauiin 1) Seildmssomievdsiidiuniion

v ldam

2.3 anuliinduenvedn15Ia (Uncertainty of Measurement)

AU UVBIMITA (Accuracy of Measurement) o A Indifesvenamsianu
AnsevesdsfiThngda 519zuenaniue (Accuracy) vouasariadulSunmnny
AmAIAGDY (Error) Y0eamaasnnmazuiluinaunlosiduaniedmauauysol

A lniueuue 179 (Uncertainty of Measurement) 19 namsdsziiuiieize
Tfiuauiidinwe lugrsiimadimeievesdaiivz auiiiuey Tavaliezszyndondao
aamninziiu T 18dvmssdunawiulainledidud undennlimiveuniszuas
‘ll'E)ﬂIﬁﬂﬁl%ll’:‘]ﬂfgﬂwmﬂﬁﬂﬂluLéf)ﬂfu Taoszidivnnanud anmdhlaluszuumsiai
Aordosfuamniu msvannudanithlgms1anans Safidesudnd 18 higndos

1INIATFIM ISO-9000, ISOMEC 17025 fAmualuiFesmsia msaewiioud

o q Y1 Bl o a
1

wdesminnu himiveuvesnmsiataeziliiih wamsialaqnldviuiiguamaweny

1 4 ¥
o 9 4

anudsImsvesnuuanzauniela duiudUjiaculuduiiddesiisysziiu

2aAEnNouAI9 A
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2.3.1 HEUANUAAINADUVDINTIA
AMUARIAINADY  (Error) 710 ANLANAIITZHIIINAVDINITIANDAIITIVDI
=9 A o ar o 1 1 Y r.;-::' 9
USyainimssa vasnnmsud lua1 (Correction) uadluniisveldnsmnmianizanonuy
P =1 [ a
1n@ (Normal Distribution Curve) Tumsuaasliifiuanunine fAnsidesni 1naiesa
' o ] I | = - ' =4
agludumisasanmsveuduid uihaeswzamsafieniuilaqn 1dnioldidu s

Y9051

—————ufblbcopfidence ————»

Probability Desity

e Y

i | t i
;

3¢ 26 - +a +20 3o
U 2.9 msuanuannd

; & 32 drd X o o
mmmmmmmmmﬁau maﬂ’nmmﬂmaﬂumnﬂ‘uuil‘mmﬁm’m'mﬂ?mmm

3 = d? . o ar L] L
ulslae fiu anmsafavy Idnnnawsmauaznanoiledodoiu sndaed g

- Favnmsiaiinadt

- Aannanuianmeaveunsesilodame nazeinmsaoufoinasu
- IHANNMITDIUAIAA HTOVINNITATUIDHA

- HATINANNLIAADY LAZMTTUNIUIINNIWUDN

- Aannmssunauiimanlila

- INATINUKAIDUY 40
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232 ¥iiavesnnUAMAIMEEY

Taosia s wlsnuaaandew (Eror) it 2 ¥iia

2321 ANUAMARABUILTEN (Random Error) D ANILANMIsEHaHaMs AT
Aauvuman g Aoy lifssdoumunsnniven shezueuilu “dasunauilid
szibouminen” Tunszuaums '3'¢m'mmmmﬂﬁauuwﬁuf‘:ﬂzqﬂﬂs piium IagIin1eaia

2322 ATUAMAINADUYDISZUY ( Systematic ) 1D ANWUANAINAINIS Fuia
iJ1nmm“hjfmusnﬂuszwmsﬁ'ﬂmnﬁﬁun% ATNUANIANABUIINTZVUMAITIRHAIN
vndaidald  (gungi anuAu A uazinansenudniudiuavoainai
s Sadaun 151 MaamIAnABNAIA3 3 HUdE msRanuAMAIR Ao U

' 4 A a 9 &gy
quiunmwm mmﬁummﬂammaaumm‘izuu‘luaﬂmuﬂm'lﬂ

2.33 A liniueuveIn15Ia
- a Woa wa fl - T P G el
fenamslsziiuinizee luiguauiimmnzlunaimananTwwesdine daiy
1 ar " ) o " s o
fiuog Taoa Tezszymiondaainaunieaniulyf ladwaszauanuiile (Confidence
e o a2 o U 1 ] A a. ) a " '
Level) mlodidud  undsnnuliminouvesmsaoviiounissiagangll - ananw i
LU IZHIININ
) o o a .4 e
- Amnnindimes luimedinesg i1y
1 =) o - o =1 3
- iadesamaoanes luiiineinasgiunly
- eseviaanudiumu vismsasulnihinly
- pavinnnuiouluanoiued PRT
- HANNM AT RN DIRD
- L @ o 1
- wanamsTen niegudrda i ldnmunas g
2 ¢ ' ' @ a
- AR EULINNIAMANATINAIT NABAAT I ohm 3B my AuguMgl Wiy

- dug
2.4 35sziumany linvou

uyaiuass2iEiu “u1 A (Type A)” A1 “tu B (Type B)”
MUY A ﬂizLﬁuiﬂﬂmsﬁm'mxmn‘qm’fagams%’ﬂéﬂﬁunmua%&ﬁ"m%%maﬂﬁﬁ
wuw B: AomslsziiuTaudsoua i 1ils “uup A”
Ky A oz B aunsovenanylimiveudreaniivauumasgm (Standard

oL ¥ L4 = £ "o a '
Deviation) Taoms31desdisznouiiviinzay Tastuegiumsauyannuminziiuvesns
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v v
Azt dmdulnsenuisudeniawy A uaz B mnldauswiu Tasluaiuves

Software 19 Type A @91 Hardware 19 Type B

2.4.1 madsziiumanalimiveu “Type A”
= Yt aa =Y d 9/ @ : qa
1. dlumsdsziiulasldineada lumsainszvyadoyonamsiadne nu
¥ v ¥ ¥
WawaRse azinsanANunveImsdaldadgiu a1da n s
2. 0 ldmamataiv ¢,.4,.¢5. 44,9504,

3. AUINAUNAY

g =+ 2.2)

s(q;) = 23)
b. ﬁ1u‘)ﬁl?h Standard Deviation ‘Uﬂﬁﬂl“ﬁa'ﬂ

s(q) = %—) 2.4)
6. AIMUART Type A Standard Uncertainty

u(x,)=s(q) 2.5)
7. A1UIUA1 The Degrees of Freedom

V.=n-1 (2.6)

370453
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2.4.2 madszmiuamnaalimiven “Type B”
14 " v
M3fNI9I7 Type B Uncertainty 11 1519¢d0ssunmunisnlaoudoyait 1dinlmily
. v ' P d'd? LRV ) ‘:ﬂ Y]
Standard Uncertainty 1auminisdaemqnilsivuegivdnuuzanuilulylldvesms
A52910A1A 210 11 UeY (The  Probability of the Uncertainty) 1nilunuulalaed
b4
pamlsznenlumsdsziiiudail
- dioyavn Calibration Certificate
- doyaninmsialuofa

"
" =1

- Mnannveusy

4 3

- doyanindoimuasimzvodnan

W

9 d A 3
- maummﬂsmumim HIDNNUZ

“

¥ "
[=) =

W a v
- UDUADUANINYIVD

aQ

2.5 mannamandbiudveulunsdaved Type B

2.5.1. Rectangular Probability Distribution
' 1 3 or - ' = = 3
ma niuomyiiunsanldanndiugga vaziiTemailumla
"o oo kS
N Avaalalae
1 é A 1 ;
1. mmAsmieIsIgaga-mgaiiu <

2. W30 /3

'y
e
A 4
4
>
v

p-alE J prah

Rectangular Distribution

g‘llﬁ 2.10 N5 Rectangular
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v Ed
#0019 Type B Uncertainty i Rectangular Probability Distribution Al

§o Arien MA@ (a3 00

a) Accuracy +0.05% 0.05 2 U(A)
&k

b) Resolution 1°¢ 0.5°C ia) U(B)
V3
; 0 0 0.1

¢) Drift 4001 C 0.01 C ks U(C)
3

2.5.2 Triangular Probability Distribution
U ] ) dydl Py Y 1 B ar a ¥ 9 iy
annyliivewinvil fie psmnsi idulngaesininigeglnadinaisves
o A A €43 ' ! "o 3
m3nszae Huae Temanmaay hiiveuvziumeaaiiudoulng dAnoalalan
& 4 ' o
1. mmAsaniiesregeaa-maaiii “a”
2. wisdef1 6

4
>
M
>
v

1A

p-ae - j,rl'a"\g

Triangular Distribution

g‘ljﬁ 2.11 75 Triangular
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2.5.3. U-Shape Probability Distribution

A ' ] 1 ;4 = a 'Y w =) ] a

Ao uudueunyuil fe nsdnanny iy vie idoandoanu
(Mismatch) ¥93@284 N 7251189

1. ldanw linivouvesdnds flu U,

2. hlvmany limiveuvesdasy v U,

4
A - A
2
<
>
A- / )(-N;If \ A+
pa/v petal N2
-Shape Distribution

gﬂﬁ 212 3 U-Shape

2.5.4. Normal or Gaussian Probability Distribution
Aoyl uoyRuennwdaumisaun 1o 1% 95% 130 99% N15HIAT 1

»
Standard Unecertainty YaTaomsdaoniae 11

Confidence Level W3 ﬁ’)f.l
95% %
99% 3
K p+o

p-c

Gaussian Distribution

g‘l]ﬁ 2.13 N3 Gaussian
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2.5.5 Combined Standard Uncertainty
¥ b
iienanueany liunuousiina199na Type A Uag Type B (B, B,....B,) taziily

1
#1198 Uncorrelated Type 15192111 UINTWAU A1)

Uc(y)=,/_ic,-’u(x,-)2

= A +B} +B} +..+ B} 2.7)

Taoil C fio Sensitive Coefficient 14 Temperature Coefficient of Expansion hudu

¥
=

Autluwiia Correlated Type 1519HINATNINT I A3
U, = +fd B B, ¥+ B.) (2.8)

2.5.6. Expanded Uncertainty
' 5 " o 3 o Jst 1 & ar a o A
A1 Combined Uneertainty 0 1811y da bisimanmiulawedimsvauniamnmaiyd o
dinanuiule 51391935 Mun s liuiues (Expanded Uncertainty) Wdnanwal U 714
1IN0 u,(y) AI8AT Coverage factor K
U 1 . : ; ¥ ar or Q.J ¥
Ao Coverage factor K sziifuswilsiiu Yusgiunnudesmsszaunaminly (o) 1

- <] Ao - .
Lflumﬂﬂﬁmu “lf\‘lﬂ’lu'lmllﬁ%'lﬂﬂ'li 14 Student T-Distribution

M 311 Coverage factor K

1% 4 Suasniumsdianmm k

1. 1édm1y uaz u.(y)

2. lszmnmm v, 910 The Welch-Satterthwaite formular

3. e t-factor 1,(v,,) Hasamuszauanuiulafideansisu 95% 91nA1319
Student T-Distribution

4.9 k=1,(v,;) wozdmam U =ku (y)
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v

Student’s t-distribution for different values of v;

31]7&1 2.14 N3 T-Distribution
2.6 Yoy Iny Dry Well (33 9105 -25-140°C)

=~ OO Y. 9 A oa - A Yo 7

Dry Well 1Humsasilodmivaduguugiinifuasaoumvuguvgidiuginsal
gaungil 14151 RTD, Thermocouple

= . ; AP AT ¢

laogaMgiifianns anugy idedrusiudnivannsonulanomoiaeynsy
RS-232

Qs (] © n.u :; Y o lﬁ.

@208 179N 1A 1UIATD9 Dry Well

t=dludrdanlFdmsumssmma Dry well (°C)

ﬂ o a.dq o o a’: ' ag ¢ (o]
s = WuimdsnlgdmiumsnsaganiIna Dry Well (°C)

'
=

v 4 "
sr=dhusidan lgdmsunmsaamnmsn]dounas i Dry Well (°C / min)

517 2.15 Dry well Calibrator HART Model 9105
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Analog Input Module (AT 210) WugUnseifamsnfudaygyin Analog Input 14 8

Channels, Digital Input 4 Channels 1182 AJUAY Digital Output 18 4 Channels IﬂUAnalog

Input @13150 147 Sensor 1AMAWIZVY 19U Thermocouple , RTD , Voltage 11ag Current

msaaaeny Al 210 @13 1dTaoriu Port RS 232 3o RS 485 Mmildaunsanann

Program Uy PC INOOIUM Input HAEAIVAY Output Y03 Al 210 18 Protocol N 1¥AARNRY Al

210 1 1iden 1dnatouny 193 MODBUS. ASCII , ASCII Command (18 31 DDE Server 1®

T¥aanany Program U1 Window 18.

M990 2.3 SHANAZO UM IAVDITYYIVNANZ YA (Measuring Range Code)

Code Input Type Measuring Range Resolution Accuracy (% FS)
00 Not Use % = =
01 R 0-1700°C i 10.2%(3.4°C)
02 S 0-1700°C 1°¢ +0.2%(3.4°C)
03 2 K (-)250.0-1300.0°C 0.1°¢C 10.2%(2.6°C)
04 g E 0.0-1000.0°C 0.1°¢c +0.2%(2.0°C)
05 | £ ] ()200.0-700.0°C 0.1°C (0.2%(1.4°C)
06 T (-)250.0-200.0°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°¢ (0.2%(1.6°C)
09 Voltage(mV) 0-100 0.00-100.00mV 0.01mV (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 0.01mA (0.1%(0.02mA)
13 (mA) 0-40 0.00-40.00V 0.01mA (0.05%(0.02mA)
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;j"ljﬁ 2.16 Analog Input Modules WISCO AI210

a 1A \J ¢ - 4
2.8 m‘iGIﬂﬂi‘)’ﬁﬂﬁﬁizﬂinqﬂﬂimlmx\/’lsual Basic

MsAadoADI3321 319 Dry well 314 9105 WA Analog Input Module §1 AI1210 fi1)
PC iuszhmsdenAsT UMY RS-232 duumsdadoauuvayniy  dalu
A 13T W uaadndedems Alegly Visual Basic Sui3onfiudl MSComm iy
snmaludeindoyaiteaadedomstuiafidosmunlumsaadonTasunsu Aevzdea
#1711 Baiid rate 1200, Data_bit 8, Stop bit 1, Parity None Tavdnuueiad il 4 lunis
fAnApAOEI321 e PC Y Dry well vzﬁms%’s’ﬁwr‘fﬂumsémdmmﬂqﬁ,msﬁfam Set
point Sasadan 1 Famisidane Wit

¢ = Wufden 1 #dmTums s Dry Well (°C)

5= Lﬂuﬁﬁ’aﬁ‘l‘i’fﬁm%’um'iﬁ"afiwqmﬁqﬁ‘lﬁﬁn Dry Well (°C)

Sr = iudid e g dmsunsdsmmsnldouinlasdiiy Dry Well (°C/ min)

¥ ¥ .
Tavgunvumdainneansligaagii 217

'Change Buttom Connect to Disconnect
If cmdConnect.Caption = "gConnect” Then
cmdConnect.Caption = "gDisconnect”

HSComm2 . CommPort = "1" 'set commport
MSCormm2 . Settings = "1200,n,8,1" !set boud raet

1f MSCommZ.PortOpen = False Then 'if portl close, It's open
MSComm2 . PortOpen = True

End If
SctrClear = MSCommZ.Input ‘clear buffer
ScxClear = ®»
MSComm2 , InBufferCount = 0 'clear buffer

MSComm2 . OutBufferCount = 0

MSComm2 .Output = "s= 357
HSComm2 .Output = "sr=10" ' scanrate
tmrDRYWELL.Enabled = True

- = @ ; 1 % & (o]
3N 2.17 mavou TsunsudaauAan Set point 135 °C
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UATMIAAADADMITTEN I Visual Basic 1y AI210 9214 Tuga MSComm
uReIUAUMIAARDM Dry well Tasazyiinisuon Port fulditiessiniimsaaneny

o @ & a ° = " W o 4 1 o A
qUnsal 2 @ dalidedmualumsiadeduTdsunsy Alimsdemsriuneinoynsuie

¥
92ADIA97A1 BAUD RATE 9600, Data bit 8, Stop bit 1, Parity None WazA AI210 3 Protocol

" "
o @ =

4 o o ﬂ’/ n“ o °" 4 é
Tunsdedrsiiuuesdnes daiulumsdinuzdedlddrdanmzn dadrdanldlums
o o ci 9 1w .:l’
a0 A1210 N Feglaail

fdan1¥1unseum Analog Input 1ABAI0619921AAINITOIUAMNIAGEY 01 A2
gmAi %09 1 3 5 uaz 7 laodden1die #01RAIF1357 [CR] nazdAllugaszaounauin

Y 2 L B o o w o v 4

W A awdlomnilunasies Femn ladiuiuawssannioi 1F1dnun Tasan
bt ' N & @ ' o

Iaunivezuonoomiuses JaeldaSoanuie () uazaudls [CR] Fnnategiadanulu

] 1 ﬂ' L o é

NITDIUAINEDY 1 3 5 uas 7 Tnﬂmwﬂunﬁnmlﬂu AIPXXX YYY,ZZZ ,AAA[CR] %49

3
fodaluniaGongaainda AR10 auns ooy Isinsylaasdiodiade il

'Timer For Auto Buttom

On Error Resume Next
HSComml.Output = ?#00ra1f12345678" + Chr$(13)
Buffer = M3Comml.Input

p(0) =0
tmp = Buffer

For Jd = 0 To 7
If Jv=N\Then
m = Len{tmp)
ans(?) = Left (tmp, m - 1)
Else
p{J) = InStr(l, tmp, ",")
End If
ans (J) = Left (tmp, p(J) - 1)
m = Len(tmp)
tmp = Right (tmp, m = p(d)}]
Next J
m = Len(ans(0))
ans{0) = Right{ans{0), m - 3)

txtMonitorl.Text = ans(0)
txtHonicor?.Text = ans(l)
txtMonitor3.Text = ans(2)
txtMonitor4.Text = ans(3)
txtMonitor5.Text = ans(4)
txtMonitor6.Text = ans|(5)
txtMonitor?7.Text = ans|(6)

txtMonitorB8.Text = ans(7?)
ans (8) = txtShowDTH.Text

3% 2.18 MsWou TsunsudanumssuuaziuamaIng) A1210
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A ' 3 T
2.9 M31¥9NAD Visual Basic 110U Access

- o qy ; o 2 1 - 3 3 9/ &
Tuaadoruil 1dvimsiende Visual Basic INVITSVVFIUVDYAVDI Access U3

y ) & cea 2 v @ e ' o
1uﬂ1il§'ﬂﬂﬂﬂuuﬂ?ﬁﬂ1‘i1ﬁlﬁﬂﬂ1‘l’f’ﬁﬁ1ﬂllﬂﬂ PILAASHANNTINUANVTUGTOUANA TN

é @ o =W n’ 4 ~
T4 damadiioldidon1d Apo unlFlumshanitesuil issnniianuannialums
= v Y @ 5 £ =t = a0
Whisgudoyaldhonazassduanudesns sswazidoalumsitouTlsunsufade
¥ ¥ ' g f dqud o A '
gdoyado ADo aunsesm Idlumarun v. Medulisunsunlfinordumsiyousde

gudeyauaanagii 2.19

Private Sub Form Load()
Adodcl.ConnectionString = _
"provider=Microsoft.Jet.OLEDB.4.0;Data Source=D:\DTAC\Calibrationd.mdb;Persist Security Info=False"

! hdodccustomer .Recordset, Sort = "CustomerID”
'SaveFlage = False
Adodccustomer . Recordset . AddNew

txtserialNoUUT. Text = frmOrder,txtsecialUUT,Text

End Sub

'Private Sub Form Unload(Cancel As Integer)

¥ If SaveFlage Then

i Cancel = MsgBox("48a aFif.0e"pel*.0;E52D", whoKCancel, "IDGRS!D™)
' Cancel = Canceli=i1
! If Cancel =0 Then

\ Adodecustomer, Recordset . Update
' End If

2 Else

L Adodecustomer, Recordset.Cancel
g Epd If

'End Sub

i 2.19 msdouTdsunsudrennFonaog mdona Access A28 ADO



UNN 3

ad d
szuutazIsMsnaaovglnial

3 b
uﬂﬁlf]um‘mm’aﬁa NMIDDALUUIEUULRENATDUIS llﬁz‘lﬂlﬁﬂuﬂ'ﬁ“ﬂﬂﬁﬂﬁiu
5 a =1 - ° v
uAazanIzAmveLIvAYeIMsAny Tasdedsnnngugluumi 2 iwihudeyalsznou

Tunsadeszuumsia

3.1 YUADUMSDONUVU ISV

4 4 & A\ 1 P B i 4
syuvRvenuuuITiuelidulsenol 2 dau Fed1uNnilefo Hardware 1az
¥ v
druiaoafio Software Insludiuuas Hardware 192il58n0D@20A1 Dry well, 811000
¥ »
Bunn (Analog Input Module; Data Logger) laznouiiaags lasginsainanuaiviliznoy

e A ar 4
Muiusguudadizluuoudaiagilin 3.1

T

y. RS 232
' I Al2le e
% 2 3 3
DRY WELL
¥ [t = ﬂ

RS 232

31N 3.1 iR weaasmsFoudes T

= Ud ar Cd a’: o ]
msaouiougUnial STD wnnnasgiugUnsel UUT 11w wdeansziegniold
anmwinadouuazguugiindmuaie Iinannugndeaniuilumsasuiien Tavszuu
4 cf a1 é o Ao 1 4 o a
i 1&eanuuminiisznoudioginssiaegdaimiidsie i Dry well vzshmihnadng

=

qampiilduganouiionTasnsaiuguuesnenfiames iiunlaneinoyniy RS-232
ginsel STD uaz UUT szgnaeiiugasuiaondunmniidiiiuges (Channel) dimsusy
o . 4 v 4 4

doyanm 8 ¥oe e lFlumsinudeyadinuTsunsun 1AReuvunn11sunsu Visual Basic

4 ° Y o o = d 9 ar Y 9 ar ar
“lfQilzﬂ"la[ﬁﬂ"l?J'liﬂﬂﬂzW?ﬂ'lﬁ ﬂﬂﬂlﬂﬂﬂﬂﬂﬂ?m“ﬁﬂﬂﬂu1ﬁ‘“§ﬂﬂﬂuﬂﬁ1€l‘1 a7
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| Module(Data Logger). ||

" @ L} A oW
31 3.2 Aedrszuunldlun1side

TudaufaoutiuTdsunsussuugmdoyanazdszuianat 1dnnnsaouiiion
gUnsaluAazAa Foluiti W umiainTusunsy Vissal Basic lumsaanonuginsl
AUUBNITY Dry well 1102 Analog Input Module Wiolddmsusnasdinnunaanton
a139 nazanw limiveu saulifsnseenluiuiomamaneuiney Falumsiauea

1:’.: = g -] ar o a 1 c:’
Tﬂistﬂsuuumuﬂﬂuiumimammunummmmmsmamﬁmﬂnlﬂu

~Input Data -

T

|..Database -

Calibration O —

v

Certificate

51N 3.3 umugiimsiamveslilsunsy
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3.2 YunauluesnuuuMsaRUINEY

szmjmsﬂﬂmﬁuuqﬂﬂm‘fﬂs'JﬁﬂqmnQﬁiﬂuﬁﬂiuﬁmmm?%ﬁ FunMIN
gnsal UUT  wnihnmsfloudeyaldfuneuiinneidulszneudavdeyagni doya
yifnams Az Serial No. ¥ed UUT fideamisaouifioy sansiuTilsunsuaziimsum
Yszfalugmdoya sz Taegudatauiunszuaumsaouiivunazeenlufusesld
sy Tavamsnidendnuazmsaouiion’ld 3 nsdisnTisunsufe gunsallniidm

4 ] o o 1 =) ' d a U =~ =
ﬂ‘]‘iﬁﬂ‘ljmﬂﬂiﬁu QﬂﬂimLﬂHH1UﬂﬁﬁﬂUm0ﬁ1ﬂﬂ LmsQﬂnsmmuummﬁﬁa‘umumﬂu

=h.

' b4
TavluudazGon lniu Avzlidruvesnrsiiudoyanana esiulUdwaasnuunugiidagl

3.4

(M (v) Q)]

510 3.4 upugiinaasmsmhanuludvesmsinudoyagnssineumsdeuiiiou
(n) nstigUnsal v Avamsaeuionludumsialni
= ¢ v o ~ 9 = : U w A
(v) nsdgUnssimnnodeuiiound) Assmsaouioud ludums Jaay

S 1 a = ' a 1
(®) nsdigdnsalimninuaeuiounds deamsaoumouludmmsialn
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wisnniimsteudoyavesdiginsaiielFlunseenluivsewud widg
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30 30.585 33.243 31.909 24.704
35 35.674 38.459 37.077 24.843
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Set point | Avg.STD | Avg. UUTI | Avg UUT2 | Avg. AMB
(°C) Temp (°C) | Temp (°C) Temp (°C) Temp (°C)
25 24.875 27.464 26.065 30738
30 29.081 31748 30272 33232
35 34.429 37.170 35.614 32787
40 39.947 42787 41.095 33.850
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85 84792 88.379 §5.988 30,680
90 89.898 93.500 90.945 32927
95 95.393 99,157 96.466 29822
100 100868 | 104725 | 101918 | 30.765
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W10 YA Set point 1iuiIar 5 wiRs a1 200 M ludasr 2 Iuhdonsinua 1
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nfFouivpnan ldnnmidaludonlfianmsaoumon INeMIHANIENUUDIGUUNITOVUS

aonsaemiioy Tavisvuildlumanameuaaasedlugn4.11

31 4.11 szuvilFlumsnageunwluies fiamsmuyes



32

M3 4.5 Agungiinituiinaslugndoyaiimmareuluienjiansmues
Setpoint | Avg. STD | Avg. UUTI | Avg. UUT2 | Avg. AMB
(*G) Temp (°C) Temp (°C) Temp (°C) Temp (°C)
25 25.480 28.101 26.891 30.201
30 30.500 33.114 31.900 31.570
35 35.593 38311 36.925 32.328
40 40.639 43472 42.032 32,652
45 45.700 48.576 47.050 32.848
50 50.730 53.700 52.098 32.903
55 55.806 58.782 57.179 33.065
60 60.899 63.858 62.189 33.230
65 65.904 69.126 67.199 33.274
70 70.990 74214 72.204 33205
75 76,030 79.378 77,287 33.379
80 §1.101 84.555 82,299 33258
85 86.181 89.613 87.334 33.302
90 91.202 94.820 92.399 33324
95 96.299 99.915 97.400 33462
100 101382 | 105.055 102.602 33.294
25-40 (C) ;
45
40 .
S 35 [ — 81D
g ’4———_—‘_‘_"—‘ —UuuTt
iy uuT2
@ e e e ——AMB
25 4
20
Time (S)

1 v ]
51l 4.12 M3APVALBIVBA Probe 114 3 Avmz NI AOITIVLYI 25 °C §4 40 °C
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45-60 (C)
70
65
~

o ——

55.
S 50 | : —STD
2 | T
8 % uuT2
g 40 —— AMB

35,

30

25

20

Time (S)

=

i E'd
51/ 4.13 N15A0VAUDIVDY Probe 114 3 AIVMIIIMIAOVITOVYI 45°C D3 60 °C

65-80(C)
90
80 Jf—'
[ |
= 4
70 : g !
j =21
%) o —S§™
2 =T
g uuT2
50
3 ——AMB
- .
30 o
20
Time (S)

H » ]
31 4.14 msneUAUBIYEY Probe 1133 Aavmziiinsaouiouaa 65 °c 614 80 °C
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85-100 (C)
110
100 —
[ i
" ]
80
)
g ™
E wl
b 60
]
50
40
30,
20
Time (S)

—STD
— Uumt

~—— AMB

i & (¢ i Vay ;
31]‘?1 4.15 N13NDUAUDIUDY Probe 119 3 A2VMUSNNINTI AOMNUT YN 85°C 4100 °C
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voulfiiansimuaes

Set point (°C) il v 1A : "“" i
Error(°C) Error(°C)  |L4 STI
= 2588 189 AN
30 2.667 1.191 ‘
35 2.741 1185 g
40 2.840 1148 [B 0004
45 2918 1137 |
50 3.007 1115
55 3.083 1.074
60 3156 1,056 |
65 3.234 1037
70 3332 1.045 '
75 3.406 1.206 :
80 3.515 1.078
85 3.587 1.096
90 3.691 1.047
95 3.765 1.073
100 3.857 1.050
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Temp (C)

4.500

4.000
3.500 |
3.000 -
2.500 -
2.000 4
1.500 -
1.000 -

0.500 -

0.000

25 30 35 40 45 50 S5p0U G5l
Set points (C)

768085 9095 100

— vavlfiifinsaauniou
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s 416 manfSouifisumaaunmanaouyes UUTL 11 3 aoui

Temp (C)

2.000

1.800 -
1.600 -
1.400
1.200
1.000 1
0.800 -
0.600 -
0.400 1
0.200

0.000

T T T T T 3 T T T T T T T T

25 W30 35440 45790 355 6QrB9 70 75 BO\EEI) 90 495 MO0
Set points (C)

— vanlfifnaaunioy
— aavhéin
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51l 4.17 manfFoufoudinnunmantouyes UUT2 Tu 3 aa1ui
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Set point Avg. Eror | Avg. Error Avg. Error | Avg. Error
UUTI UUT2 UUTI UUT2
25 2.705 1.389 2.588 1189
30 2,659 1.324 2,667 1.190
35 2786 1.403 2.741 1185
40 2.698 1.405 2.84 1.147
45 2.642 1.357 5 2917 1.137
50 2.988 1.387 2,970 13 3.007 1.114
55 3.074 1.357 .N\é\ﬁé/ / // 1372, 3.082 1.073
60 3.195 1324 \ /ﬂfl—zsf_: 3.156 1.056
65 3192 1.298 32@ ST 3 1,037
70 3243 1346 |o 3224\ f :" 3332 1.045
75 1304 1.332 »;’Isv 349 |\ Lomasy | 3406 1.205
80 3.431 1320 [ /34 199 o 3sis 1.078
85 3.538 12997 . 1153 3.586 1,095
90 3.498 1280 [ 4 119 3.691 1,046
95 3.692 1.241 BT 37645 1.073
100 3.673 1.244 3857 1.05

o7

=1 v A 4 1 o n’: o
INAITN 4.7 UNMTUAAINIANVANANADUIRAVAADAUIUNITIAYVDI UUT N3 2 A1

T A . - > 4 33wl
TauiloininnuaaIaaaoummasees UUT %42 adnnaasuly 3 gounuinims

o a 3 VoA 4 ' LY - | ¥ aor ' . a
nEeuisuiuudnin wndiimanuananasuumadsmuinioodgied lunusiiossy

A 1 s H 4 o ' o - ' A
14 Fagaslimiung dadhsvendouanunlunmsianhihldinamanuaaiamasulu

msanlasuu)as lnn@unnm lusin

T ] v é - l:
4.5 ﬂ1ﬂ’J'l%l‘lﬂlluui’)uﬂ!ﬂﬂ‘llu‘lﬂﬂ‘liﬂﬂﬂﬁ]‘l}

¥
NAIINNIINATOUIZVUMIAOUNOUNNAT

Tlsunsuazsiimsamammanuli

v
wuoulumsia (Uncertainty) mnlvlavazfansmanuianaiariia A uaz B udiia

Yo 9 1awua [ o ) o U 1] ] o
uerawaldnud§ianuasudion  mildaananlumsduoumanylimiveunasiloaiu
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v ¥
msfmuasAanaannd U iaau Tasmanylimiveuidianiv Aamenaumins
mimany lmiveuluuny 2 Tuidemsdsziivanybimiveulunmsiariia A uaz B

. ¥ b
Taofimnru liudvousiia A dudumsfmiuaumanmsiagn (Repeatability) 1aa3aiall
WIRW0T ANTIBALUIATTINUDIAUNGY (Standard Deviation Of Mean) @auA1n1m 3]
1 = n’.r’ ﬂ 1 ] as a @ s A -:{dv c‘n’; e g
wiveusiia B vwiluanwbiniveuifandigunsel dluiilignsainmuadaldun
° a 4 4 1 Ao o
AI210, PT100 1Az Dry well zdsninnfamanuamamaoudodninduimldnings

L
gunssiansoduunladade i

- UbAI210 - 1.600/+/3 = 0.924
- Ub Dry well = 0.05/2 = 0.025
- UBRTD - 0.05/2 < 0.025

nEanilaMAmamang 2 FiAIFUMINIATHIA Combine Standard
Uncertainty RN RIS INT Yo IUBUINAAY Uneertainty Ao iy
i 3 1#9;[1111?14%’51:511 (Expanded Unicertainty) #o Wseavamusoiuii 95 % iiufio
12AD91INITYNIAY coverage factor (k) A0 "2" aam k = 2 W luns @iy esting lab Tav
v 2 T lunIfindeemsseauaninteiui 99.9 % 1l & = 3

Taonnmanuamanaeufifusmesnn i immhszni ldeenin
Tt seuiougUnsaimelufeslfidmsaoidion Amsniunugumgi TNt
ﬂ'maﬁagjmaamm&uﬁﬁuﬁuamuagjﬂﬁzmm 0.925 Tuvne Set point Faiiorir I Sovidion
f“fmzuuﬁﬁmw"ﬁ'ﬂﬁﬂm'ﬂﬁﬂéﬂﬁmmmﬁv:ﬂmanqmwgﬁummmwfﬂﬁﬁu NYNUA
Tiighafiu tosiioh lunageufivonfiaasmiases Swuiis linandrafunin

A bimiulunsdai dimssnnaeeninanTilsunsyaunsatiwnaglasly

s

] v t
A1519 1a@ 315 19914.8 4.9 naz 4.10 Tastonitlunaasaounaail
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Type A Type A Type A Type A Type B
Set point
STD UUTI uuT2 AMB (b1,b2,b3)
25 0.002 0.001 0.002 0.004 bl,b2,b3
30 0.003 0.005 0.002 0.006 bi,b2,b3
35 0.003 0.003 0.003 0.006 bl1,b2,b3
40 0.002 0.010 0.004 0.028 bl,b2,b3
45 0.003 0.015 0.003 0.016 bl,b2,b3
50 0.002 0.001 0.001 0.016 bi,b2,b3
55 0.002 0.003 0.004 0.007 b1,b2,b3
60 0.001 0.001 0.003 0.008 bi,b2,b3
65 0.003 0.003 0.003 0.016 bi,b2,b3
70 0.003 0.003 0.003 0.005 b1,b2,b3
75 0.003 0.005 0.004 0.011 bl1,b2,b3
80 0.005 0.001 0.003 0.012 bi,b2,b3
85 0.004 0.003 0.004 0.006 bi1,b2,b3
90 0.004 0.010 0.004 0.008 bi,b2,b3
95 0.003 0.003 0.004 0.013 bl.b2.b3
100 0.005 0.005 0.004 0.020 bLb2,b3

Taon b1 =Uncertainty of AI210 = 0.924
b2 = Uncertainty of Dry well = 0.025
b3 = Uncertainty of SPRT = 0.025



15199 4.9 s ludueuiswaa ldan Tsunsulumsianaaih

Type A Type A Type A Type A Type B
Set point

STD UUTI UuUT2 AMB (b1,b2,b3)
25 0.003 0.001 0.002 0.011 b1,b2,b3
30 0.000 0.007 0.001 0.006 b1,b2,b3
35 0.002 0.002 0.003 0.006 bl,b2,b3
40 0.003 0.003 0.003 0.004 bl,b2,b3
45 0.001 0.003 0.004 0.004 bl,b2,b3
50 0.003 0.005 0.001 0.003 bl,b2,b3
55 0.002 0.009 0.003 0.004 bl,b2,b3
60 0:001 0.011 0.002 0.004 bi,b2,b3
65 0.001 0.003 0.001 0.003 bl,b2,b3
70 0.002 0.006 0.003 0.002 bi,b2,b3
75 0.003 0.003 0.002 0.004 bi,b2,b3
80 0.001 0.004 0,001 0.004 bi,b2,b3
85 0.003 0.007 0.003 0.005 bi,b2,b3
90 0.001 0.004 0.001 0.005 bi ;b?,b.?
95 0.000 0.007 0.000 0.005 bi:b2,b3
100 0.006 0.001 0.005 bl1,b2,b3

60
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Type A Type A Type A Type A Type B
Set point
STD UUTI uuT2 AMB (b1,b2,b3)
25 0.004 0.004 0.005 0.023 bl,b2,b3
30 0.018 0.018 0.019 0.024 bl,b2,b3
35 0.005 0.004 0.005 0.027 bl,b2,b3
40 0.004 0.003 0.003 0.008 b1,b2,b3
45 0.003 0.004 0.003 0.008 bl,b2,b3
50 0.004 0.005 0.005 0.008 b1,b2,b3
55 0.004 0.004 0.004 0.015 bl1,b2,b3
60 0.004 0.005 0.005 0.032 bl,b2,b3
65 0.005 0.005 0.005 0.019 bl1,b2,b3
70 0.003 0.003 0.003 0.009 b1,b2,b3
75 0.008 0.008 0.008 0.024 b1,b2,b3
80 0.011 0.011 0.013 0.034 bl,b2,b3
85 0.005 0.005 0.005 0.008 bil,b2,b3
920 0.010 0.009 0.012 0.033 bl,b2,b3
95 0.005 0.005 0.005 0.014 b1,62,b3
106 0.004 0.003 0.004 0.017 b1,b2,b3
Ue 0.925 0.925 0.925 0.925
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A e)yd
1

Taodausmaulifesivesguugisondrefiidiwadonisdadeiuiins
a I 1 a a o A a dy
AinznazaiulaoEuannsinazinazaou ludel

- HANTENUVDIGUNRITOUT 19RO Standard Probe

- HANTENVUDIRUNNITT DU 9ADAD UUTI

- wansyNuveIguUNgilsoutiaed UUT2

a (3 = Vv 1 o A o k4
4.6.1 MIIATHHANIZNVVB QN N5oUT19ABAI Standard Probe M1y
= o = . A o Vv n’;‘
TUNIsAATILHHANTZNUVDIQUUAIN1UUDNADAY Standard Probe A1 191iu151
1 y ¥

annsadh1dTas nsnlSeuisumnialdninanuif 3 Aedesljiansaeuiioy, aaih
= ] a wa o
AnuazelUamMIsHIYes

{ ¥ :{ - s A i3 = o y.oa
Taoi I Idandanl §iiams semitouiluaid198a udrvuiam laninaadh
3 a wa o =4 A Aa L =3 - 1
uazfealfiamamusesulSouiisudn ivenfigaiigungiinioueniziinaneszuy
U ¥ 1 = 4 ar 1 i aar
oat1als Taoluimen lui 1 wdmaziam ldnnmathifisudumialdnnionljidnmsaou

= =§ 9 o d'.
Weuae 1dn1eenunInns 19N 4.1

Man 4.11 naaaminfioumousiszn aienlfians deumvuiumaihan

Setpoint | Avg: STDI | Avg STD2 [/ Brror . ort| Avg. AMBI | Avg, AMB2 | |
25 25.397 24875 10521 L 24808 30.738
30 30.585 29.081 04 24704 33232
35 15,674 34.429 24.843 32.787
40 40.748 39.947 24,949 33.850
45 45.762 45234 24530 33.469
50 50.813 50.182 24266 33,071
55 55.993 54.902 1947, | 24699 32.500
60 61.104 59.637 24.943 31.971
65 66.181 64.705 25.267 32,413
70 71.239 70.031 | 24.840 33.151
75 76.283 74.437 25.033 34.640
80 81.269 78.951 18 24.978 31.417
85 86.447 84.792 ; ' 24.998 30.680
90 91.456 89.898 | -1.558 25.297 32.927
95 96.415 95393 | 24.965 29.822
100 101.516 100.868 | -0.64 24.870 30.765
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Taofi  STDI fio Aundvuesguyginialanin Standard Probe w1y Mvims

Y a wa I=]
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o

STD2 fle AunALYeIgUNYIiNIalann Standard Probe M1y Mvins
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STD3 fio AuRALYEImHAINTalAnn Standard Probe Nl Mvims
9 a wa 4

nagoulureslgianmsiyuiyes

AMB1  fp Aundvvosguugisendie luvazhimanageuly

weolfiiamaaouimey

AMB?2 fie Auadvvasgavgiouds Tuwazivinsnaaeuuuaiaihin

AMB3 - _fip Aundovesguugilsondis luvaziiimsnaaeuly

) = wa d
Weuliamamures

100.000 -

90.000 |

80.000 | S| W WS
= ——Awg. STD1 |
% 70.000 — Awg, STD2

60.000 1
E Avg. AMB1

50.000 - ——Avg. AMB2|

40.000

30.000 4

20-0m T T T u ] T T T T T T T T T T

25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Set points (C)

U7 4.18 nswluansmisnfSouiioudoyaue il Standard Probe
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=1 =1 1 :;. 3/ n:i u’/’ [ ai = d‘d c:.
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amgiisoudegaaoananiu szUVAINT81UAIgUNYIYN Standard Probe i 141a
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nhidenlfiamsaeuiiovdsznm 1§92 °C uagdowIEMIMINATIZHNANIN
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o 1 4 é 1 1 ar o H
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& i) L] ' Vv a wa = [ ) a wa L4
M1 4.12 uanamaSouifouaszniedesl uanmsdeuieuiuriosl jiiamsisuises

Set point | Avg. STDI Avg. STD2 o & Avg. AMB | Avg. AMB
25 25.397 25.480 24.808 30.201
30 30.585 30.500 24.704 31.570
35 35.674 35.593 24.843 32328
40 40.748 40.639 24.949 32,652
45 45.762 45.700 24.530 32.848
50 50.813 50.730 24.266 32.903
55 55.993 55.806 24.699 33.065
60 61.104 60.899 24.943 33.230
65 66.181 65.904 25.267 33.274
70 71.239 70.990 24.840 33.205
75 76283 76.030 25.033 33.379
80 81.269 81.101 24.978 33.258
85 86.447 86.181 24,998 33.302
90 91.456 91.202 } 25.297 33.324
95 96.415 .;9‘6.299 24.965 33.462
100 101.516 101.382 24.870 33294
100.000 - ‘
a0 0, |
a: 80.000 - —-Avg;:. STD1
2 70.000 | < iAvg. STD3
5 60.000 - Avg. AMB1
¥ 50,000 - ——Awg AMB3
40.000 -
0000 L |
20.000 ———————————————
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Set points (C)

51l 4.19 nsmluaaansnfSvuiivudeyavesda Standard Probe

senamsaouhouizou lui 2
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A Ll 1 H J Q’: | ﬁy’ = o L]
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Aaviiou lidnvieo uadigungiinisueniisined luundsuasnminnzi linanisiadl

anugndsasiuilndifssiumsialudesljiamsaeuiion
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4.6.2 MIAATILRHANTZNDVRIRUMRTEUTIIAEMI PT100 Ml Nl
v ] ¥V
Tunisiinnziransenuvesgurgialsuenaedd PT100 M lFauna T s
o s d .w A g aoarey =
ausei1dTas manfSoudeusinda ldnnanunna 3 fevonidmsaouiion, madh
Anuazdol §iidnsmuaos iwuRoaiunisiing 191 d9uvea Standard Probe Minnld Tao
ci ] { e'-v [-3 o 4 Y (=) ' o
s PT100 AiFum swou 2 dadelliivsionan UuT1 uas DUT2 ¥vims
] = o Ao = o ' o a o
AouiouAIusZU IR UIINS AN 1A I1UV08 Standard Probe 1A032MINIsIATIZH
¥

=
NasaINIY

- MSIATIEHHANIADUAUIIGogUNRTOUTIa0I UUTI

MmN 4.13 uanansalSouiouaise e slfianmsaeunouduamihan

Setpoint | Avg UUTI-I | Avg.UUTI-2" | Biror, | Avg AMBI | Avg;AMB2 | CEr
25 28.102 27.464 0638 |, | 24808 30738 ||
30 33.243 31748 1495 24704 33,232 |
35 38459 37.170 " |[2R1290. 24.843 312787 |
40 43.446 2787 | 0659 24.949 33.850
45 48,404 48152 - [H-0050% 24530 33,469
50 53.801 53189 | 0613 24266 33.071
55 59.066 57.985 ) E3-BO8] . 1" 24.699 32.500
60 64.299 62792 fameliS07 24943 31971
65 69.372 67939 | -1433° [ 2066 | 25267 32413
70 74.483 73363 | ohi20 | 24540 33.151
75 79.587 77.842 25.033 34.640
80 84.700 82.466 24.978 31417
8 89.985 88.379 24.998 30.680
90 94.954 93.590 \ 25297 32.927
95 100.107 99.157 24.965 29.822
100 105.189 104.725 | 24.870 30.765
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110.000

100.000 |

90.000

80.000 -

70.000 -

60.000 4

Temp (C)

50.000

40,000

30.000 -

20.000

— Awg. UUT1-1

——Awg. UUT1-2
Avg. AMB1

— Aw. AMB2

25 30 35 40 45 5055 6065
Set points (C)

75 ““O0m, 85 90 95 100

i 4.20 nawluaasmsnSouieudeyavesda UUTT ssnianmsaouisu@on lvii 1

Tao?l  UUTI-1 fia UUTI ints aouiopfitosljianisaouion

UUT1-2 fio UUTI fidintsaoumovnaiaihan

M9 4.14 naaamsafiouisua g ninsienlgian souieusutenl finisamires

j?\f?*

Setpoint | Avg. UUTI-1 | Avg. UUTI-3
25 28.102 28.101
30 33.243 33.114
35 38459 38.311
40 43.446 43.472
45 48.404 48.576
50 53.801 53.700
55 59.066 58.782
60 64.299 63.858
65 69.372 69.126
70 74.483 74.214
75 79.587 79.378
80 84.700 84.555
85 89.985 89.613
90 94.954 94.820
95 100.107 99.915
100 105.189 105.055

A
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110.000

100.000

90.000

—Awg. UUT1-1

—— Avg. UUT1-3
Avg. AMB1

— Aw. AMB3

Temp (C)

20.000 T T T T T + - - T
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Set points (C)

717 4.21 namlamamsiSomAsudoyavesds UUTL sswdmisdeuiivuidon lvi 2

v
=

Taghl UUT1-3 fin DUT #7011 ihnisaeuionivos) fiamsaumes

snnsnfouisumiuiowleil 1 Aonsfousasznimamhantuieslfiams
aoufsuiuwuhifasaamanaonluniada dssuio 2 °C dmamanfoufoud
doului 2 iidumsaSsmiivusasgn inaionl jiamamsusesfuonlfidn s aondioy
wai lademiianulndifoeiu Tageziinamamamaou ssne 0.2 °

naﬁ"lﬁ’mﬂmiul‘%'umﬁunqﬂnsaf?fq 2 @30 Standard Probe 111 PT100 fithuivaaoy
it 1 U T lumnageusuiamih IR mAmamAeuveais 2 gUnsal
Tsrnmsnageyludestfiansaowivuogidszaim 2’ °c daunrsnamonlu
ﬁ’mﬂﬁ‘ﬁ’ﬁmswmmaﬂﬁ'ﬂ'mumwammﬁawmﬁ"a2 giasai Tlvnnisnaaeuly
Foulfiiansaouiivveginlszing 0.2 °«c Framnsoosuioldluilesdiimaeuszuuly

anzadounilonnni lnmmdiraremanuaaiamasy lumsiavesszuy uaie 1vine

o

B!a

=2 o

T, - o' 1 A a g = o & P
ﬂ'J'liJLI']L‘h'f)ﬂﬂﬂ'lﬂﬂlu‘ilﬂﬂ'lﬂﬁ?lﬂi131411«!?7’314913% UUT2 inumauvuon 1 mm«‘i‘.lu PT100 W

19Tl

- M3 ANTITHHANIADLAUBIADYUNITOUTIIVY UUT2
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:i =] 1 " 9/ a wa =1 [ =
193191 4.15 uﬁmmsLﬂ"?uumvumszmnumﬂguwmmaumﬂunumﬂ%m

Set point Avg. UUT2-1 | Avg. UUT2-2 or | Avg. AMB1 | Avg. AMB2
25 28.102 27.464 | 24.808 30.738
30 33.243 31.748 24.704 33.232
35 38.459 37.170 24.843 32.787
40 43.446 42.787 24.949 33.850
45 48.404 48.152 24.530 33.469
50 53.801 53.189 24.266 33.071
55 59.066 57.985 24.699 32.500
60 64.299 62.792 24.943 31.971
65 69.372 67.939 25.267 32.413
70 74,483 73.363 24.840 33.151
75 79.587 77.842 25.033 34.640
80 84.700 82.466 24.978 31.417
85 89.985 88.379 : 24.998 30.680
90 94.954 93.590 (A& 25207 32,927
95 100.107 99.157 ' - 24.965 29.822
100 105.189 104725 | 24870 30.765

Tagfi  UUT2-1 fle UUT2

fmsaaui

=4

4 L
suhRelfiamsasmiey

A &i/o A A =
UuT2-2 A8 UUT2 Wl‘l‘lﬂﬁﬁf)lllﬂﬂﬂ“/lﬁ?ﬂﬁﬁﬂ

Set pciims
(©) 20.000
100.000 -
80.000
g ——Awg. UUT21
. e ——Awg. UUT2-2
§ Awg. AMB1
5 — Aw. AMB2
40.000
20.000
0.000 T T T T T r T T T T T T T r T
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Set points (C)

517 4.22 nswluaasmsnfSouifendeyavesds UUT2 ssriamisaeuiou@en lui 1
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d’ = 1 1 9 a wa = w 9 a wa o
M 4.16 uaaamsnfSouioumsgniadenl fiiansaoumsuiuiesl jiamamuyes

Setpoint | Avg.UUT2-1 | Avg UUT23 | Emor Avg. AMBI | Avg. AMB3 | En
25 26.786 26891 | 24508 | 30201 | 5394
30 31.909 31.900 24.704 31570 | 6866
35 37.077 36.925 24.843 32328 | 7485
40 42,153 42.032 24.949 32,652
45 47.119 47.050 | 245530 32.848
50 52.200 52,098 4| 24266 32,903
55 57.350 57.179 208 | 24.699 33.065
60 62.428 62.189 3 24943 33.230
65 67.479 67.199 A 25267 33.274
70 72,585 72,20 24.840 33205
75 77.615 77.287 1 25033 33379
80 82,589 82209 |£0290) 24.978 33.258
85 87746 §7.334 {04110 [\ 0468 24998 | 33302
90 92.736 92399 |03 25,297 33324
95 97.656 97.400 24.965 33.462
100 102.760 102,602 24870 | 33294

= & 15 A a wa
Taoit~ UUT2-3 fie UUT2 msaouinounipsd fiiamsiaises

120.000

100.000 -

80,000 -
7 ——Awg. UUT2-1
(5]
2 60,000 —Awg. UUT2:3
g Avg. AMB1
P —— Awy. AMB3
40.000 1

20.000 -

0.000 v . ' | ' ' . : " : - : - .

25 30 35 40 45 S50 55 60 65 70 75 80 85 90 95 100
Set points (C)

4 a o ' a A4 i
311 4.23 nsmluansmsnfSouifoudeyavesds UUT2 sewnhemsaouiiouiton lui 2



70

- i 4'1 :i & = 1 2 o 9 a wa
vinmafSouieumluden lvi 1 Aemsifvurasznimaidniuioalfjiians
')
=) o - T é o 1
gousuiunuInfamanuaaamnaonlunisda sz 2 °C daunamanfTouiouai lu
4 H - [ a wa o o e =1
idou'lvd 2 idumanlSeuiiourasznsieslfiamsuwesiuesd fiansaouiiou
wan ldneamanulndifveny Tavezlianuaaianaou Uszanm 0.2 °C
& & o = - ' A - e > ﬂ
FuiomnsnSounsuamanuaaiamasuiinavuuivszansaajliuaiag

ll’ﬁﬂQﬂ1ﬂ‘)1ﬂﬂﬁ1ﬂlﬂﬁﬂuﬂlﬂﬂﬂuﬂiﬂﬂﬁ‘lﬁ’ﬂx‘lﬁ'lﬂ%ﬂ 4.17

M3190 4.17 agwamsnfSeuifisumanunaianaeuvess Ty

%A ge Error
= Ref X | Avg. Error ‘ Avg. AMB Error
nsfsunsURaNsNATOY | [
nmafhaniouiy STDI| "STD2. |/ ~0.153 7.957
vonlfimsaeuiion | vuTia | vutz | 0.163 7.957
LIUP1=27 | pULET 2°2 -0.200 RO57

Ref X Avg. Error Avg. AMB Error

S suifiepsanismatey SO | 7 s
AN s STDI | STD2 -1.220 <% PRI e | 7.465
AveulfiRnisnuyesivivy ———e _’.\:

UuTI-1_| UUT2-1 21 15% 7.465

fudenlfiams aeuifiey

UUT1-2"| UUT2-2 -1.444 7.465

5 i A . J T ] ¥
WA K, e /1 Correction factor Fuhuminehi Miavinulofisuanunaianion

1 &

snmsnadoy lwaansiadouindmany

mﬂmmﬁ'amﬁnw'hmmﬂmmﬂﬁauﬁsﬁﬁumﬂemqﬂﬂsﬁﬁ% 3 gnfuuaaaliiiiy
msihszuylunageufinafhdndsiigungisoudhanlaouinlasegaasanioglusis
30°C @4 34°C tuiien K, 0t 2:51.% wazmsnaaeuluenlfifmsmuresiigumgi
30°C i3 34°C vzdif K, ogi 0.241 % Faiidtimmansoneah 1 lumssawemsaou
(fiow Probe Aau 14 laviideimualumsidonldm &, Fail

K,=2.54% dodumsaeuifivunuumoueniiigaumgiieglusi 30°C fa 34°C

K= 2.54% ijoiflums aouiiounisludosdafifiqungiiegluga so°c fla 34°c

wazansaldmi I lumsaeuifiougamgidaudsae 25°C @1 100°C piifu i

] ¥
awnsalFnurengannilla
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5.1 agdwamsidy

v 4 L
MInMsnaaeszuuTamivu vameludenl fiAnsaomisunazniouen
9/ a e =1 o 3 3 z:; ' é c§ = i é Y d'
veulfiiamsaouiiioy hldis 1dmasiamiaguiond K, 4 ldnnamasnaaouszuuh
finnmndaiuvogungisendna Tavanmziduuuniile iilauiariunazgumgil

a4 ' ' = N Ve o -t a A
asi nlaounlaseglugag 30°C fa 34 ccazanzupuilai lullaufiauasiguvgiinoy

“

i ' oo | a ~ " '
124 30 °C 14 34 °C liag¥1voRAUMn MM dawRoueg iy 25 °C 3 100 °C Tavis

¥ 1
annsovhai Idni lddnnasnnumnldnnmsgouion Probe Taviia PT100 A90
= o dy L3 v ' = ety 1 o Va o =t
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¥
Ao ° o ar ] o
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5.2 taymimavuluaiiae

aw A

~ aw o aa 7 ° 1 ' =
Haymiwuluauisesuife gunssinlumsiauddvil liieane wu pT100 3

° T ' = o @ 0 2 ! A 3
$maurderi luansaiznaaeuluglnssinaiwadd 18 uaziinnuganinlunsinaoudio

d 9 9

issvnivnalug uazlumsdoudegnsaidhdredunundusenden ludaiing i

]
S o

¥ ¥ @ [l

Tramsiaianuiaiiou1diie uazluvazihimsnageuiinluyenishanmeima

o I { :’ = @ w e o o ar
wlsdsou mld limusonszfudeyadiluannz@oaduiuim 1318 uazdagunsaidald
P & ar - a A = & = Y o Yo P '
wosa RS-232 daluilipiuneufiuassmenieshitineiatiudilidnnnlumayeudo

o o w a _w & A = v 2 2
atnsal uazilaymidigdndunilife $rsveamsdeumoyegn 2s °C 94100 °C Falu

= 1

g 4 =t = 4 o ¥ o any ¥
vnsaginsaidesnis aeuiouiigamngiiganii $391 Dry well lianunsaiguugiildas

o
]
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- 1 g/ ) g Yo a e ar 1 Ill o 9
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d A - 2 v J A Py a8 a
ginsalmusnivznnm ninnboudeldazainnnin iodumaimlszanininves

o ° i = 43 . @ e,
52U dunsafivziimenaaouiaguugiyinduiesos s lunatsn i nazias lu
A 1 dq Yt - [ 9 J 1 o 9 [ 24 1
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Industrial Insm.gnan;

Analog Input Module
AI210

- 8 481 Analog Input (Rentladtyryindld (Programmable Analog Input)
13 qiia sia 1 channel

- wendoyoynadn (Isolation) Analog #vt Relay, Digital Aot OPTO ELECTRONICS

- n"cgnpmmsef\'ﬂaw A E§e RS-232/RS-485 (A7 RS-232 to RS-485
Converter naelu)

- 2 ¥errunumlumsdesas (Communicate Protocol) Wuri  MODBUS (ASCII)
Protocol Compatible uaz Wisco Protocol

= HemeadalunisfudsSeyalifen 4 uuy fa 4800, 9600, 19200, 57600

T sy
Analog Input fi1d2 (-)0:3 - 15V
Digital Triput §a + & — (-)0.3 =30V
Digital Output §2 +V f -V 50 V, 500 mA
Operating Temperature 5-80.9C

Al1210D Technical Data Page 1 of 23

Wisnu and Supak Co., Ltd 102/111-112 Tessabansongkroh Rd., Ladyao, Jatujak, Bangkok 10900
Tel (662)591-1916, (662)954-3280-1, Fax (662)580-4427 ~ www. wisca.co.th - info@wisco.co.th



" & (Spacifications)

Acquisition Time
Analog Input
Resolution

Accuracy
Thermocouple

Industrial Instruments

gagn 0.3 Tui (300 ms)

geseuwind 5
gnstumling 5
R;S,K.EJT1,B

Cold Junction Temperature Compensation Accuracy

RTD
Amperage
Resistance

Voltage

Input Impedance

Current

External Resistor

+2 PC
Pt100 3-wire type
= 0.25 mA
giam 5 Qe Laww (5 Q Max./Wire)
0-10 V, 0-5 V, 0-100 mV
= 200ka
0-20 MA, 0-40 mA (Frawineaadiunmun euanfag)
= 100-250 Q

Digital Input
Input Range 0-24 V (Low < 5V, High > 9 V)
Input Impedance = 1 ka

Digital Output
Qutput Type Open Collector Transistor 50 V, 500 mA

Communication
Signal Level EIA Standards, RS-232, and RS-485
Data Format 8 data bit, 1 stop bit, none parity
Station Number 0-31 (00H-1FH)
Baud Rate 4800, 9600, 19200, and 57600 bps
Distance RS-232 max. 20 m, RS-485 max. 1. km
Number of Devices Max. 32 stations

Page 2 of 23 Al210D Technical Data

W nguazasin 4977 10211 1-2minidniannm T ouumANAMIAI T WERMALNY 175G N1 NN 10900
Tne. (02)591-1916, (02)954-2280-1, UnnT (02)580-4427 = www . wisco.co.th - nfofwisco.co.th

T



Industnal [nstruments

ins (E LDi -
LS )
- 160.0 mm -
& 7
90.0 mm
¥
Top View

—— 62.0 mm —-——J

N> j Sl
a—45.0mm —»] 21,5 mm

58.0 mm

26,5 mm

}-——90,0 mm —-——l

AI210D Technical Data Page 3 of 23

Wisnu and Supak Co., Ltd 102/111-112 Tessabansongkroh Rd., Ladyao, Jatujak, Bangkok 10900
Tel (662)591-1916, (662)954-3280-1, Fax (662)580-4427 — www.wisco.co.th - info@wisco.co.th
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Industnal struments

12-24VDC

= [ 1224 vec |

0] ||

-+ —[+][-v[oaJos[o2]oa [av][[-[+[-[+]-[+ -+
nov| [*° o RS 485 Digital Output DI4 | DI3 | DI2 | DI1
Wisco Analog Input Module . o1

e

AI 210 L )

o o

Do4 DM

ATL A2 | A3 Al4 ALS A6 A7 AI8 | Expansion
1]2[3[1]2]3[1]2]s} [1]2]a[1]2[3[1]2]s] [1[2]3]1[2]3] Pm

ESP sl g 44 “NCX A S ¥ ERER
L{:J—-—] |—c;::>J Yoy 1»'—-()J mV/V
RpH 1B Y P Tie

RS;232 RS-232
AI210 | Master AI21Q0 |Master
RS-485 RS5-485
Al210 |Slave AI210 |Slave
Al210  |Slove AI210 |Slave
Page 4 of 23 Al210D Technical Data

11 Ancuunzarin 47T 10201 11-112 maitnRuiainm il ouumANARIA 1T LINIIGEN. IIRAGSNT AR 10900
. (02)591-1916, (02)954-3280-1, winT (02)580-4427'= Www wisco.co.th - info@wisco.co.th



Industrial Instumen

- ¢ > Y - e
Code | Input Type Measuring Range | Resolution ‘“"gg Sg" rs)
00 Not Use - - -
01 R 0 -1700°C 1% +0.2% (3.4 °C)
02 - 5 0 -1700°C 1C + 0.2% (3.4 °C)
3 | S K |()250.0-13000°C| 0.1°C £ 0.2% (2.6 °C)
04 8 E 0.0 - 1000.0 °C 0.1°C + 0.2% (2.0 °C)
05 E 3 | (-)200.0-700.0°C 0.1°C +0.2% (1.4 °C)
06 5 T | (-)250.0-400.0°C 0.1°C +0.2% (0.8 °C)
07 B8 0 - 1800 °C 1°C £10.2% (3.6 °C)
08 | RT.D.Pt100 | (-)200.0 - 800.0 °C 0.1°C + 0:2% (1.6 °C)
o9 | VolteoelmV) | 000~ 100,00 mv | 0.0tmV {4 0.02% (0:02 mV)
10 | yoltage | 0- 5 | 0.000- 5.000 V 0.001V | :0.04% (0.002V)
11 ™ |o-10| 0.000-10000V 0.001 V + 0.02% (0.002 V)
12 | cyrrent | 0-20|  0.00 -'20.00 mA 0.0 mA | +0.1%(0.02 mA)
13 | (MA) 1o-40| 0.00- 40,00 MA 0.01 mA_ | +0.05% (0.02 mA)

AI210D Technical Data

Page 5 of 23

wisnu and Supak Co., Lid 102/111-112 Tessabansongkroh Rd., Ladyao, Jatujak, Bangkok 10900
Tel (662)591-1916, (662)954-3280-1, Fax (662)580-4427 ~ www . wisco.co.th - info@wisco.co.th
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Industnal l.luﬂ.nunsmé

nndeusiads AI210 snnsndensesamnmsgnAenmrgiu RS-232 uer RS-
485 Touanmrgms RS-232 andunmadensieswing AT210 iy PC wilwievilaviody dow
wmrgne RS-485 azmnnmadeseridledinommarielmanmodere AI210
Sovme 32 wiamdeutusoutu Computer #n 1 wies tm'?’f«:ammmpm:ﬁ%aﬁw
(Protocol) pariulunisfssieriu AT210 Tondieandanfridld

- Hmﬂi ][!M. Prot I

Foyni¥lunwimseuluge AT210 suiunia ASCIH oo d el e
Usznsulldion

[MH ummﬂf:«uiu—” fndy lm_]

Yk Tisnverlibpaitdddsaing lescld
#nas 4 o
vartn olsE S 09 w0 180 Tugaduduns difidnnssie 1 auwies

Faoud 2 9 W WasmarsoRelsd DIP Switch ufa
Tagn 4oasileiidousi 00h-1Fh wariinavhisnena foi

A Fodsildulagn dnviil AT210 azBfiwsie 19 Ands

Tusian TusfaminePaeniiluosiinfusseigarnds  tous:Ad
[CR] (Carriage Return) Fuihigneizdon 13 Tumena
ASCIT sfhudatioing

Character # 0 Q R A I LY e 4 5 8 | CR
ASCII Code| | 23H | 30H | 30H | 52H | 41H | 2AH | 31H | 32H | 34H | 35H | 38H | ODH

Page 6 of 23 AI210D Technical Data

i Aaogunzarin 40 102011- 112 maitiuduisuand ouummnesans ol NARINT IRRGINT NI 10900
nt. (02)591-1916, (02)954-3280:4, urind (02)580-4427 — www. wisco.coith — info@wisco.co.th
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Industrial Instruments

- ) . &

2 £ 1318

(D =1 byte, II’ = n bytes, = Carriage Return )

1. Adaitlgauan Analog Input
Fudnidan 'RAL mudnadesdtynyiniiazany uazsuie '[CR]’ iy g Al

anissaantiat 00 489 1, 2, 4, 5, 8 a2lidndadsis ' #00RAI12458[CR]’

[¢][oTol[rIATr][s]2T 4 s s][c]

Tnoriugassmounduznily ‘AL> maﬁwm#ﬁnﬁﬁmmgmls Tntusnztes
qmﬂnﬁuﬁm ' Muszsusing "[CR]’ Fedathadl ‘Al >0FD1,05A3,...,072E[CR]’

(Ao (o[F[ofa[.To[s[Al5[. T . [.Te[7T2]e][cx]

¥ i 4 . \ .
nscififaanisgnueen AT 1718 9o W4 'RAL ufirausen [CR]' Vian

(] fefe]fria L[]

z . .
ﬁqﬁdwmmuﬁmudmﬁﬂuﬁﬁ:Wﬂﬁgnﬁm Beasrngsmamtenlin

manmsutlaatiays Analog i Sign Integer ﬂa@vﬁ’nqmﬁw

2. Andaiidsuas Analog Input (Fleating Point)
aleituda 1w Amathtusdon RATF msdadasdeyaginifiassn uazey
dnw “[CR]" wu dms Al Sqnefenenaas 01 sasi 1, 3, 5, 7 SrledaRn
‘#01RAIF1357[CR]’

T AR

Tousnlugaanoundusnidly "AL>* sondnaimdialfidua aveilsy falfinunso

S iA L Rat AT Tma:‘ﬂﬂm:qnﬁ%uﬁmﬂ L uavausie [CRY Faaating)
‘Al>12.1,470,...,-0.5[CR])’

3 3 O 3 P I S Y R B Y

nariildigsnazdaue AL s 8 83 W RATE adaaifnn "TCRY Wian

(Jlols] [~ AT e ca]
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Industrial I_qumﬁni.s
3. Ardaiildsus Analog Input (Expansion Module)
wilowiude 1 willendeysainluge AI210 Foeriulugaeda EX24 Vil
ansnsneniiARusites 1-24 Fuduindadon RAIX' muﬁ'm‘ﬁmimtmm?[q:équ Tan
g uuuaes bit wovam 6 Tuif (MSB -> LSB, '0" = g, 1’ = 61) usssudng
[CR]’ 15u durn Al Sanisfannnoas 02 fesi 24, 22, 20, 17, 16, 15, 10, 7, 4,
3, 2, 1 el dadsil "£02RAIXAOC24F[CRY’

[]lelz][rIAls [x][aToTc 2]+ T F][ex]
Tnushlugnesmeundusni ATS" mudoumiia sty 16 Inausiazdes
sgndon’,” ueesuden *[CR]’ Asmatnail ‘Al>0FDY,05A3 .07 2E[CR]’

LBl L[ Al L L [elr(a]e] [«

-

rediidsiraaAT AL % 24 o1 WA RAIXFFFFFF udnsudon "[CRY Tise
(] elz][rRIAT DxJ[FT e [ Tef el Fl[er]

4. mdiissuds Analog Input (Floating Point - Expansion Module)

Adnerude 3 uddiihiusideg "RATFX mido et aedaganadiazans laold
gutuuzes bit Fanim 6 Tudl (MSB <> LSB, '0" = i, "1’ = fu) uszsuin
Y[CR]" viiv dnirn Al sinwdenanemar 03 fasi 24,23, 22, 18,13, 10, 9, 5515
Fdsévd "#O3RAIFXE213 10[CR]’

R T elz 2 [ i o] [ex]
Tgsnlugsszanundusniihe Al> madememlidus meion Yllisnsen

ThenAliNdde b Tagusiasdonsgndudne ' uaaudon [CR)’ Fwnane

‘A1>12.1,470,...,-0.5[CR]’

AOEGEELEL P LIl sl

niciAgaansg s AL ¥ 24 ges W RAIFXFFFFFF uissudan [CR]' Wi

(o] [RIAT Te Ix] el el [FTFTe] [ex]
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Industnal mal_m.méms
5. Adaiideudn Digital Input

X s g 5 gk e o Pt ¥ Sy
Tususan 'RDI’ uazausag ‘[CR]" Wazmnisenean DI s 4 a3 Al

[][eTs][r[e[1] (]

tnerhlugeammeundusniily 'DI>' nudneAiiinlé (0' = OFF, '1’ = ON)
otz 1 Tudf uazaudan '[CR] FaFasinet 'DI>0010[CR)’

[o[:]>][c]o]s]o][cr]

6. Adiiii¥EuAn Digital Qutput

adnarde 5 wAtEmaihiududen ‘RDO’ uazaufe [CRY Siaznissrud
¥
DO vi1 4 das &edl

Trgshingasznatnausndu *DO>’ pudaamatals ('0° = OFF, "1’ = ON)
dasas 1 lud uazausat '[CR] ﬁaﬁmfjwﬂ‘DO:voml[CR]'

[ofo]>JfeTsTeT}[er]

7. Aidaiidenua Input/Output v aim
Waeasszaniunsdw Al DI we: DO ynasamdasiu Wi @i
B4 RADIO’ nazudes "[CRY Tz liAndassil  #07RADIO[CR]

[#][e]7][’[aTe]1To][cr]

Tnelaimaazasun dusnii AL madand Al \ikaagul6 % 8 der loe
uﬁa:ﬁamzqnﬁ"w’wu ' madiesen DI ¥ 4 g3 Fudon )" snaidatrn DO a4 go
uazsusae [CR] ﬁ’ed"m;ifwig 'Al>0FD1,05A3,...,0110,0011[CR]'

[A[T)fe[FTo[:].T T.1eTaTslo]. Jofo]s1][cr]
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Industrial Instruinents
8. s Input/Output vavias (Analog Floating Point)
plrafude 7 wie i fsiimuiudon "RADIOF’ uszsufion [CR]’ easlhfnd
#l* #0BRADIOF[CR]’

[#][e]e][r[ae]sTo]F][cr]

’ »
Tawslugrasmeunduanidu ‘Al>* sadao Al mfiialfidusmesion vis 8 o9

?muuﬁﬁ:'ﬂﬁqﬂ:qné"mﬁ‘w ' musossn DI ¥ 4 983 Audon*,’ mdausn DO ¥ 4 g
usssudan [CR] Fshatne 'AI>15.2,-9.83,...,0110,0011[CR]’

(A ][ feL T T.To i sfol. JoJo 1] 1][cr]

9. ﬁf’nfﬁriﬁﬁﬂdﬂ Input/Output Waam (Analog Expansion Module)
wiiule 7 wildéndeysanbi AT210 Tefubigady EX24 s
#idadnn 'RADIOX” un=i i [CR]" $as=Tidndaii *#09RADIOX[CR]’

[e][eTe](rTaToTx o] x][ex]

Tnushlupassmeunduanidlu ‘AL>* madiesn Al dhasrganls ¥ 24 409 Tow

wsnzasszgnAwdnn ! mudotsn DI T 4 duq Aadon L g DO W iy uss
sulne [CR]* Aednetant ‘Al>15.2,9.83,...,0110,0011[CR]"

Al el il = [ Je[x[i[o] . [o]oT2 1] {cx]

10. AT Input/Output vinsais (Analog Floating Point - Expansion

Module).
pderude 9 wilBuuihudhuiog ‘RADIOFX uszauiin TCR]“acliind
#15 #OARADIOFX[CRY

F1[eTAl(xTaTe 3 o  F[x][ck]

Taemhlugaszmsundisindu AL>" mamedl AL dhus meilen ¥ 24 46
Tnuusinsdascgninudian ' nandousn DI %1 4 d99 Fudia ", mandand DO ¥y 4 d8e
urtsudon TCR]’ Mdeeinst JAI>15.2,-9.83, ., ,0110,0011[CR}*

IR R T T Tof e afo] Tofofefs][er]
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Industrial Instrumeits

11. A BEusimaianandaia EEPROM

{dndan "REE" mudnevsnuiaad EEPROM fiazsms 1 Tudf (Ardeaniuih

EEPROM Tmu@aniuann 0) mudassnumniadadu 4 Tusf Audaedaluiasdn 4
Tusf wazsusion ‘[CRY i s1usn EEPROM Tinesmmneas 0B TauGasniuvni
200H swsu 500 Address (01F4H) Q:'lﬁﬁ'\éaﬁaﬂ *#0BREE0020001F4[CR]’

[Flele][’IeTe] o] [eT2To o] (e Te TF [«][cr]

Tneshilugaazmeunduanidy ‘EE> madonrnfiogly EEPROM 1Thasgulé

Py

padaten Checksum @n 2 Wi (334 monshuindie 3iAs Checksum drviu Wisco
Protocol) uazavfan [CR] ﬁqﬁ'xar}'wﬁ ‘EE>0320FF45...A79Dxx[CR]’

[e[elifela[z[ol e Fe s [ . [a[z[o o] [elx]{cr]

2. ﬁa&ﬁ“lﬁaﬁﬂ R Shunt
ditidan RRIY wdimadnosasfiazanm R Shunt geess 1 Tudf uszaudng

'[CR]" wiu g1wen R Shunt Snifestias OC dadll 2, 6, 8 aglidndoiel
' #0CRRI268[CR]’

[ochR Rl![|2|3l8|

Trasilupes smounduanidy ‘RIN>" pradiandy R Shunt idwsmeiion ous
ﬂ:-ﬁaw:gnw"mﬁw Y usesudas "[CR]Y Fadaatinei 'RIN> 15,4,205,9. 73[CR]’

(RN =T s [ ToT T ] {<r]

»
nadliiFaanise1uen R SHunt w1 8 fe B4 RRY' udes udae "[CR]" Thiaa
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Industrial Instruinents
13. ArdiilEue R Shunt (Expansion Module)
wilewTude 12 wiliéwsn R Shunt awnfuge AT210 Foiefulsgeidy
EX24 sl mrsnius Ukswides 1-24 Saoniududndadion RRIX sadouden
R Shunt fazgu Tnu\q'!fﬂuuu'mﬁw%wm 6 'lusf (MSB -> LSB, '0" = lism, ‘1’
= gu) uszsusne [CR]' v e7udt R Shunt snieenmmas 0D deeit 23, 22,
17, 14, 10, 9, 8, 7, 6, 4, 3 s=Véndassl ' #ODRRIX6123ECICR]’

[e][eTo][r[=[*[x][e s 2] e <][<r]

Twhlugeasmsundusntupiivuies e 12

RO IR s LTS T~ Tefal«[+]s][<r]
nafilRgeansene R Shunt ¥ 24 96y Wil 'RRIXFFFFFF. ufissufn
[CRY Wian

BER GOSN EERGEEGIE

14. Fadaii s Input Type (Analog Input)
Fudhudon RTY udamadnudosiierdunilonss Al oz 1 Tl usssvdg
[CRY iy drwsnalianad Al sinwemmquas OF deeil 1, 4, 5, 7 s dndaseil
*#0ERTY1457[CRY’

Iznili”n]T]Y||1|4[s]7|

Tnnshingassmaunduandu TYPE>' masouamlangs Al usszdenthaargm
10 tnauﬂn:dm:qnv‘;’uﬁm L uszsndon [CRY Fivnet i EE>1,1,3,12[CRY’

53 52 102 103 5 N 3 R S 2

reaidan s e uTtaTes AL ¥ 8 fes W RTY" whrsudot [CRY Wies

[#][o[=H{a [T Tx Jfex]
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Industnal 1nwnnn§

15. fadafiisnausn Input Type (Analog Input - Expansion Module)
witeniude 14 uildgwdmiares Al sinluga AT210 Friefulugadis EX24
Flamsngnelifusides 1-24 Tududdadnn RTYX madorgesilazdruadaves
Al Tneld7uuuaes bit Fovm 6 Tusl (MSB -> LSB, *0' = L, "1’ = i) unzsu
#an “[CRY’ wu snusaiinaes AT sinwismanaas OF 4eedl 23, 19, 17, 11, 7, 5,
3, 2, 1 5218 dad *#OFRTYX450457[CR]’

[e][eTrl[RI ¥ x][#]sTo «Ts]7][<r]
TnesnlugesmeundusniugisrmFmivie 14

D TeleGIETT [aT=. T - T Tel[er]
nefingesnssiates Al Fa 24 g6y W4 RTYXFFFFFF’ ulasufou [CR]’

Vst

(o] (el r ) [e [T IV x| [F T e T F ] [er]

16. AndsiidiTusa Digital Output
F.8ndnn "WDO' suidnedesdournniiesden Audon,’ ssdndideniess
Frursedesfisairissadm ('0° = OFF, "1’ = ON) uszsumn [CR]’ 19w (Fauen DO
Wiaonnmas 11 des  1=OFF, 2=ON,  4=OFF azWindiil
'#11WDO124,010[CR}

ITedwioToj[xT2]a . To [+ o] cA]

afmlugassmoundusmiu 'DOSOK' uszauday '[CR]" Fi
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Industrial Instruments

17. drdoilMiTuxen Inionnarssnela EEPROM
Tudhadan "WEE' smadomanoiasi EEPROM fexiou 1 'l (Adwasius
EEPROM Toe3sniusan 0) mudbesuwniubu 4 Tl madnedwoulyianiou 2
Tud muﬁwiwn#ﬂ:ﬁuu mashy Checksum (gitAnsntuiade 3An Checksum
dwmin Wisco Protocol) @n 2 ludf uszausios [CR]" wiu (Juue1 EEPROM W
wisnnnmer 13 Teadusnsumis 100H Sy 2 Tuf (12 34) albdndedn

st '# 13WEE00100031234B7[CR)’ (B7 = checksum)
[I]miuw[E]E|E][o|1|o[o||n|z|[1|z]3|4”a 7|@

Tnesnlugea=naunduznid ‘EE>OK' uazsufin [CR]" il

18. Al tiinug R Shunt
Fruinidion "WRI paadintises R Shunt sl dudou =" mudausfideans
anfeoudusameiins uasaudis [CR] vhs Houst R Shunt Winwdsnnooes 13
47l 5 = 245,75 < BA @ #13WRIS=247.5[CR]"

LTI IRIE = T2 e 7 [ Ts] ]

Tnedniugnasnaun@uand ‘RIN( madhaedes R Shunt Faziden mnadon
")>OK' uazandias ‘[CR]" Fasoeghel ‘RIN(5) >OK[CR]’

Rl DT>][elx] ce]

Fof Adaiiadeuah R Shunt Waftas 1 desii
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Industrial nstruiments

19. Avdaiidinmas Input Type (Analog Input)

o P

Fubudinn "WTY’ madnnqaidsiinl destisimnmaiines AL madion *=' ma
ﬁaumﬂﬁmmﬁnimﬂwmgw 10 Imtusiasdesssdumon " uasaushe [CR]" 1y

Arvnsmanes Al Wiiuwtansnoes 14 deedl 1=1, 8=12, 21=9 sWda
Fetie #14WTY1=1,8=12,21=10[CR]’

LTI Ts =TT T2 T2 T=Te][<r]

Treshlugaszmaundunuiu ‘TYPE>OK' uszsusan [CRY Fe

[r[xTeTel>][of«]fc]

s ~ o A v oa ] '.“‘]Ivvi !IIIQ
1unﬂﬂﬁnmn'm'ﬂﬁ"u'lﬂﬁqﬁqhqa&u wingadndniuligndes ﬁ:’iuﬂaq:lﬁﬁnﬁqfﬂn&u
uaEg M Eemen TR Taesciudnung *ERR=" udomsdnuMusy

i 1-6 Foil
1 (illegal function)
2 (illegal data address)
3 (illegal data value)

4 (invalid data frame)

5 {check sum error)

6 (invalid number of byte)

Fndelaignfie sitabigalaifdndn dnd

A s usasdounisdiiinely
aasdeysilugeidiligodes

i A1983 DO Tz lsigndins
PR liman sderine

\gudenien DO Tadlslfl )’ fusewdnamsnenandas
fudiasin

#n check sum hignéias (ersifmanaais
famanarzuinaateys )
smenteyaiiusnliprusnsdmniudlh
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Industnal struments
$23, CHECK SUM sau3i Wisco Protocol
1 AI210 =3 CHECK SUM tunwrasssumasignifesss fayaiiadlldniu Read
vie Write iy EEPROM n1sAn CHECK SUM &m:‘l%mwaniaqaﬁommhﬁwﬁu (uan
ww‘t:iﬂgﬁﬁ'tﬂuﬁom!w’n&u) wanfunaas 1 Tuilaesnfifiu 1 byte Shasreziama s
#R1A 1 byte i 1 complement uaz 2's complement (hifuiFuuFey
faethagu '# 1A WEE 0 0000 05 11 22 33 44 55 [CR]

HEXADECIMAL BINARY
TusGad 00H 0000 0000
00H 0000 0000
05H 0000 0000
WH A 0001 00041
22H 0010 0010
33H 0011 0011
44H 0100 0100
lusfamiine 55H 0101 0101
g 104H 1 0000 0100
Aaniz 1 byte (8 bit) 04H 0000 0100
#1 1's complement (invert) FBH 1111 1011
71 2" complement FBH + 1 1111 1011+ 1
# Check sum 14 FCH 1111 1100

SouaiasAviadu# 1A WEE 0 0000 05 11 22 33 44 55 FGCR)'
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Industnal stuments

((H) = Heximal Value, (D) = Decimal Value, (E) = Extension Module,
xx = check sum, [CR] = carriage return)

Function Command AI210 Response
RAI = Read Al Value (H) #OORAI12458[CR] AI>0FD1,05A3,...,072E[CR]
RAIF = Read Al Value (D)  #O1RAIF1357[CR] AI>12.1,470,...,~0.5[CR]
RAIX = Read Al Value (EH) #02RAIXASC24F[CR] AI>0FD1,05A3,...,072E[CR]
RAIFX = Read Al Value (ED) #O3RAIFXE21310[CR] Al>12.1,470,...,~0.5[CR]
RDI = Read Digital Input ~ #04RDI234[CR] DI>010[CR]
RDO = Read Digital Qutput  #05RDO[CR] DO>1001[CR]
RADIO = Read All 1/O #07RADIO[CR] AT>0FD1,...,0110,0011[CR]
RADIOF = Read All 1/O (H) #08RADIOF[CR] AI>15.2,...,0120,0011[CR]
RADIOX = Read All 1/O (E) #09RADIOX[CR] AI>0FD1,...,0110,0011[CR]
RADIOFX = Read All 1/0 (EH) #OARADIOFX([CR] Al>15:2,...,0110,0011[CR]
REE = Read EEPROM #OBREED020001F4[CR] EE>0320FF45...A79Dxx[CR]
RRI = Read R Shunt #OCRRI2368[CR] RIN>15.4,205,9.73[CR]
RRIX = Read R Shunt (E) #ODRRIX6123EC[CR) RIN>39.6,3.5,....4.48[CR]
RTY = Read AI Type #OERTY1457[CR) TYPE>1,1,3,12[CR]
RTYX = Read Al Type (E) HOFRTYX450457[CR] TYPE>11,12,.,.,6[CR]
wDO = Write Digital Output  #11WDO13,11[CR] DO>0K[CR]
WEE = Write EEPROM #12WEE00100021234B7[CR] = EE>OK|[CR]
WRI = Write R Shunt #13WRI5=247.5[CR] RIN(5)>OK[CR]
WTY = Write Al Type #14WTY1=1,8=12,21=9[CR] TYPE>OK[CR]
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Industnial lus_mméuls

Tugs AI210 swnsald Protocol MODBUS luniesieliituiy Tanasdipiuuuyes
Fadaserelus] (CHAR = Character; 1 CHAR 1szneulil#ou 8 Data Bits, 1 Start Bit,

uaz 1 Stop Bit)

ADDR | FUNCTION DATA ERROR CHECK | EOF sl
REC RESP
2-CHAR | 2-CHAR N x 4-CHAR |2-CHAR R LE
16-BITS |16-BITS N x 16-BITS | 16-BITS

Tuga AI210 ﬁunwuﬂaﬁ%’u-ﬂugmm Modbus o 8 s sisls

MODBUS ASCII

READ OUTPUT STATUS (CODE 01)
READ INPUT STATUS (CODE 02)
READ INPUT REGISTERS (CODE 04)
FORCE SINGLE COIL (CODE 05)
FORCE MULTIPLE COILS (CODE 15)

Wisco

= Read Digital OQutput
= Read Digital Input
= Read Analog Input
= Write Digital Qutput
= Write Digital Output

nrsins Address uuﬁn'l'm_mﬂﬁ\:""

Function Code Reference Address

01, 05, 15 Digita) Qutput Oxxxx

02 Digital Input 1xXxxx

04 Analog Input 3XXXX
Page 18 of 23 Al210D Technical Data
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Industagl Instruiments

Digital Output Table
Name Address
Digital Output Channel 1 00001
Digital Output Channel 2 00002
Digital Output Channel 3 00003
Digital Output Channel 4 00004
Digital Input Table
Name Address
Digital Input Channel 1 10001
Digital Input Channel 2 10002
Digital Input Channel 3 10003
Digital Input Channel 4 10004
Analog Input Table
Name Address
Analog Input Channel 1 30001
Analog Input Channel 2 30002
Analeg Input Channel 3 30003
Analog Input Channel 4 30004
Analog Input Channel 5 30005
Analog Input Channel 6 30006
Analog Input Channel 7 30007
Analog Input Channel 8 30008

*annSuavBere: Modbus asningliain "Modbus Reference Guide e
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Industrial nstruments

-~ 1) «

Function Code 04
2 TudRladne

|°I1| of4][o]oofz][o]ofofa][F]a||cr|iF]

uu-!ula!ﬂrﬁ‘wmu dwmnisFdiu Checksum

Response

@1 2usillr
=1 ; ~|ol [ |u|law

wruwnlrzdnsies l ks ('hxi)l Checksum

Function Code 15

r9 ofF WIOIOIOIFTI:T/ﬁjo 8 %%‘ﬂ }L_Rﬁ

wrminmlrdneies | [numbiin Fnuoufiogs ()

Response

Reu Wit
n s[s|[l¥][e s [e ol (o o e s (e[ <] cxlur

Iwmn\mnﬁul
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Industnal [nstruments
$33n CHECK SUM d1n3u M (ASCID I
1y MODBUS Protocol s:14 CHECK SUM Wumsmsssasumnagnéisssesinysd
a‘a'lﬂaqnﬁwé‘a nsAm CHECK SUM &n:ﬁmmonhgaﬁ’wumhﬁmﬁu (mnmm:ingaﬂtﬂu
] > > » v
:ﬁmun'mi"u) ufmﬁuﬁé‘qa: 1 luflauAinifiu 1 byte whasisssiafia amiu sdrAriild 1 byte viu
w1 1's complement uaz 2's complement uduauieu

fhethagu *: OF 04 0001 0023 [CR] [LF]'

HEXADECIMAL BINARY
Tusidadu OFH 0000 1111
04H 0000 0100
00H 0000 0000
oiw 7 * oooo 0001 ( *
00H 0000 0000
’hjﬁqw?l"\ﬂ 23H 0010 0011
HAENT 37H 0011 0111
fowannz 1 byte (8 bit) 37H 0011 0111
117.1's complement (invert) C8H 1100 1000
1 2" complement CBH + 1 1100 1000 + 1
#in Check sum l# COH 1100 1001

Feynflacdsdadly 1 OF 040001 0023 €9 [CR} [LF)’
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Industnal Instruments

L, & o

4 ) Ll
deunzdfnuunuaelugassn ssmy Dipswitch #Wididen Station (Fouwnisdt 1-5) usx
Baud rate (fuwdsi 6-7) maadiesms wazeosienWivanzaaiunasida Hailhoras
% o
At
= FITHENY WAE FTHATUINIUTEATE
— NFFUNINS NN AEMEN
e i gt WO e ,
- trFmsiatinTandy Lirs Baud rate gamin S srusgiuamnwasgaainedint
. . gty v LAk
dounismivum  Protocol  WildAesiariulugs. WaSen Dipswitch dwwniit 8 A

'0’ = MODBUS RTU, ‘1’ = MODBUS ASCII / WISCO PROTOCOL.

& . n. s .l I
112)|3)|4]|5| Station 1|23 |4|5]|Staton 112|3|4|5| Station
0|/0]|0]0|[D0] O(00h) 1{0}0(1]|0 |11(0Bh) 0(1}1]0]1]22(16h)
1|lofo]lo|o| 1(oih) ojof1|1]o|12@chy| J1f1|1]o]|1]|2317m)
of{1]0]0{0| 2(02h) 1fol1|alo]13@Dh)| |0f0|0f1]|1]24(18h)
1|1{oofo] 3(o3n) oft]2la]olmaen)| |2o]ofafs]2sqsm
ofo]1|o]|o]4(04h) 1|af2|a]of15@m)| |o|1]|o}1|1]26(1an)
1|0}1/0[0] 5(05h) olojo|0|1]|16(10h) 1(1)0}1]%|27(18h)
0|1|1]|0]0] &(06h) 1]0(0|0|1]|17(11h) 0|01 ]1(1]|28(iCh)
1({141]0]|0] 7(07h) of{1[{0{0|1]18(12h) 1(0})1]1]1|29(1Dh)
olojo]1|o]s(osh) 1l1lofof2 {193 | lol1f1]1]1]300En)
1fofo|1]o0]9(osh) olojtlof1|20(4n) | (1|1 |1 |1][2]|31@Fh)
0j1|0}1|0}10(0AR) 1{0{1]0}|1)21(15h)
6 7 Baud rate 8 Protocol
0 o 4800 :
o MODBUS RTU
3 0 9600
0 1 19200 - MODBUS ASCII
1 ;) 57600 / WISCO
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[ndustnal instruments

o o 0 . -~
feynalia sign integer veslugn AI210 wilasnnastnn Faf e dusmaiion

(IEEE741 Floating Point) anvimnsenaienuqaneiion wetieynduinnadusanroiuly

#faurls sign integer mwm 2 'luﬂﬁ#aﬁﬁwmhgﬂﬂa iﬂﬁnwdahqa&‘aﬁua:i’as&nmmm

o ° - ¥ 3 - o 4 a P
duindetmnntes MODBUS 1B éniu feyesla sign integer FURswinvinninAaugn

- o . ™ - & 5. g - P e e ¥
“m"u!"I“lm“launwtﬁﬂn']w'ﬁ'ﬂQfJﬂ']m'ﬂmﬂmqﬁ\i 'Hﬂ‘mma:‘lj’um:\lum’mummﬂﬂ'NR’N

¥ oo -

pednimiaduinnsdviuderunimatio @

a Laak ] . . = o
s ailnuaadoann re——— mAswmniaga | sowsndu
00 Not Use e - -
o1 R D- 1700 °C 0-1700 1
02 o s 0~ 1700 °C 0-1700 1
03 -+ K |(250.0- 1300.0 | (-)2500-13000 | 10
04 g E 0.0 - 1000.0-°C 0-10000 10
0s 5 3 (-)200.0 - 700.0 °C | (-)2000-7000 10
06 F T (-)250.0 - 400.0°C | (~)2500-4000 10
07 B 0 - 1800 °C 0-1800 1
08 RT.D. PELOO (-)200.0 - 80D.0 °C | (-)2000-8000 10
09 | Voltage(mV) 0~ 100 [ 0.00 = 100.00 mV 0-10000 100
10 | voitage | 0-5 0.000 - 5.000 V 0-5000 1000
11 | ™ | o-10 | 0.000-10.000¥ 0-10000 1000
12 | current |  0-20 | 0.00-20.00mA 0-2000 100
13 | (mAY } o-40 | 0.00-40.00mA 0-4000 100

whlankesgar 527wt/ 2850
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Industrial

HIGH-ACCURACY DRY-WELLS '

High-Accuracy Dry-Wells

World's highest-precision dry-wells, accurate t0.0.1°C

Models 9105, 9122 and 9123

Automatic thermal switch testwith display hold

RS-232 and Windows - software included

Programmable ramp and soak seltings

Hart’s dry-wells are the best in this
industry, not only because of their per-
formance specs, but because they'rethe
easiest touse and have avariety of soft-
ware packages available to fully auto-
mate the calibration of sensors.

These units are specifically built for
the demanding requirements of tem-
perature work in calibration labs. Each
instrument has excellent stability, uni-
formity and accuracy and features
Hart’s own proprietary controller for
precision work; you can set the tem-
perature with 0.01°C resolution.

All three dry-wells come with an
RS-232 port and have an optional IEEE

14

interface available. However, unlike the
competition, Hart dry-wells include our
9930 Interface-it software for control-
ling the unit with your PC. And if you
want. more, buy our 9932 Calibrate-it
software, which totally automates the
calibration process for RTDs, thermo-
couples and thermistors.

No other company offers software
packages that are even close to these
two from Hart. Our Calibrate-it soft-
ware is not entry level data acquisition
stufT. ILis atotal automation solution for
the calibration process. These packages
do everything but take the probe out of
your dry-well when the calibration pro-

cess is done, and we're working on a
program that will do that too! (See page
66.)

If you don’t want to use a PC with
these dry -wells, program them through
the front panel to automatically set and
hold up to eight temperatures in the se-
quence and duration of your choice.
Each umit also has a*switch test” proto-
col that locks in the triggering tempera=
ture for thermal switches. The
dry-well’s ramp rate can be set to a
speed of your choosing

Each dry-well is completely tested
and calibrated before shipment, and we
don’t charge extra for the traceability
certificate. When accuracy and stability
are important to your work, Hart is your
best choice, especially when you com-
pare prices.

Model 8105

The Model 2105 Dry-Well has atem-
perature range of —25°Cto 140°C witha

Hert Scientific Calibration Equipment
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Ranges from -25°C to 600°C

[ioVat e e

The 9105 biockis drilled with five caltbration wells,
one of which accepts interchangeable inseris

stability of £0,02°C. It has four outside
wells of various sizes and @ custom-size
center well as shown in the illustration.
Well-to-well uniformity in the drilled
inserts is £0.05°C.

Used with a standards probe, the
Model 91 05 has the test well uniformity
and the stability to give you £0,05°C
calibration accuracy, The high-
precision, microprocessor-based con-
troller has 0.01 degrees of resolution.

You recalibrate your 9105 through
its front panel, which reduces the cost
and problems of recertifying your in-
strument. It comes with a NIST-
traceable certificate at no additional
cost, making the 9105 dry-well an even
better value.

Model 9122

Too many probes to calibrate and not
enough time? The Model 9122 High
Capacity Dry-Well lets you calibrate up
1o nine probes simultaneously, manu-
ally or under PC control Load your
probes in the 9122 and start your eali-
bration. You won’t have to touch them
again until the calibration is complete.

The temperature in any of the nine
test wells is accurate to =0.2°C up to
300°C and £0.7°C at 600°C. This in-
cludes all errors such as uniformity be-
tween wells, repeatability and the

100

The D122 has the most wells of any dryxwell : nine to-
tal with four that accept intarc hangeable ingerts.

The 9123 block has one well that accepts inter-
changeable insert=.

uncentainty of the NIST-traceable cali-
bration performed in our factory. Put
your probe in any well and compare its
output to the 9122’s display, or use it
with a reference probe for comparison
calibrations and even greater accuracy.

For testing only one probe, use the
center well for an accuracy of 0. 1°C up
to 300°C and +0.3°C at 600°C. The
Model 9122 is a great buy, especially if
you have high-volume calibration
needs,

Model 9123

For work between 35°C and 600°C,
the Model 2123 is one of our most popu-
far mstruments. It has a“smart” control-
ler that automatically increases fan
speed for cooling the block and then re-
duces the fan speed at a specific set-
point temperature for maximum stabil-
ity during calibrations.

It has an accuracy of +0.1°C
vp to 300°C and +0.5°C to
600°C. Resolution is 0.01°C
and stability is £0.02°C. In-
serts are available with two
sensor holes for doing
comparison calibrations.
Uniformity between
holes is typically
*0.01°C,

Combine a Tweener with Hart'snew “Lat's Do Lunch * dry-vwell and you Ul never have
to leave the lab.

1-800-438-4278
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Industrial

HIGH-ACCURACY DRY-WELLS

P 0 0

Range ~25°C 10 140°C (~13°F to 284°F) 35°C lo 600°C (95°F to 1112°F) 35°C to 600°C (95°F to 1112°F)
Accuracy £0.1°C Center Well: £0.1°C lo 300°C
10.1°C at 100°C 40.5°C to 600°C
£0.1°C &t 300°C
$0.3°C at 600°C
Stability $0.02°C £0,02°C at 100°C 0,02°C to 400°C
£0.03°C at 300°C £0,05°C to 600°C
$0.05°C 8t B00°C
Uniformity Drilled wells: £0.05°C at 100°C up to £0.05°C in multiple-hole inserts
+0.05°C +0.12°C el 300°C
,,,,, oh ) i $0.45°Cat600°C RN N
Well Depth 6 inches
Computer Interface RS-232 Interface included with Model 9930 Windows® control software
Heating Time to 10 minutes 45 minutes 15 minutes
Max J -
Test Wells 5 wells: 2 al 1/4" (6.35mm). 1 at 3/16" | 9 wells' 4 interchangeable and 5 at 1/4" 1 interchangeable weil
(4.8 mm). 1 8t 1/8" (3.2 mm), and 1 inter- (6.35 mm)
ST T N . s Bl S e
Resolution 0.01°C or °F
Display LED; °C or °F. userselectable h W il
Size 125" Hx 87 Wx 10.5" D(318 x 203 267 mm) L
Weight = 301b. (13.6 kg) [_ N\ 251b.{11.3kg) [ 151b. (6.8 kg)
Power 110 VAC, 60 Hz (220 VAC. 50 Hz optional)

Ordering Information 9105

9105  Low-Temp Dry-Well,
includes 1/4" insert
2125 IEEE-488 Option
2168  Blank Insernt
2169 1/16" Insert (1.6 mm)
2170 118" Insert (3.2 mm)
2171 _5/32" Insert (4 mm)
2172 316" Insert (4.8 mm)
2173 1/4" Insert (6:35 mm)
2174 '5/16" Insert (7.9 mm)
2175 378" Insert (9.5 mim)
2176 1/2Insert (12.7 mm)
2171 5/8" Insert (15.9 mm)
2181 1 User-specified Hole
2182 2 User-specified
Holes
9304 Carmrying Case

Ordering Information 9122

Ordering Information 8123

9122 - High-Capacity 9123 High-Speed Dry-Well,

Dry-Well, includes includes 1/4" insert

N ™ 2125 EEE-488 Option
2125 |EEE-488 Option 3o BRIk \ges
2152  Blank insert 2133 1/8" Insert (3.2 mm)
2154 8" insert (3.2 mm) 2134  5/32"Insert (4 mm)
2165 432 nsert (4 mm) 2135 316" Insert (4.8 mm)
2156 3M8* Insert (4.8 mrm) 2136 1/4"insert (6.35 mm)
57 14" Insert (6.35 mm) 2137 516" Insert (7.9 mm)
2188 516" Insert (7.9 mm) FUA ™ s mp
2158 8" Insert (9.5 mm) 2139 WZ'Insert (12.7 mm)
2160" | A2* Insert (127 meri) 2140 S/8" Insert (15.9 mm)
2161 58" Insert (15.9 mm) 1R) o ineet (VW)
2162 1 User-specified Hole 2142 7/8" Insert (22 mm)
2163 2 User-specified 2150 1 User-specified Hole

Holes 2151 2 User-specified
9304 Carying Case Holes

9304  Carrying Case

116
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Ranges from =26°C to 600°C

Technical Tip

2105 heating and cooling rates.

The progr ble ramp and ssak funcion le
siagla gontrolled rarp to test thermal cutouts.

e - < =

Uoe these dry-wells with a 1560 Black Stack and Hart s Calibrate-it software for the most advanced and com-
Plata automated sensor calibration gystem.

1-800-438-4278 B "



9.1

9.1.1

9.1.2

9105/9107

§ Digitol Communication Inferfoce

Digital Communication Interface

The dry-well calibrator is capable of communicating with and being controlled
by other equipment through the digital interface. Two types of digital interface
are available — the RS-232 serial interface and the IEEE-488 GPIB interface.

With a digital interface the instrument may be connected to a computer or other
equipment. This allows the user to set the set-point temperature, monitor the
temperature, and access any of the other controller functions, all using remote
communications equipment.

Serial Communications

The calibrator is_installed with an RS-232 serial interface that allows serial
digital communications over fairly long distances. With the serial interface the
user may access any of the functions, parameters and settings discussed in Sec-
tion 8 with the exeeption of the BAUD rate setting.

Wiring

The serial communications ea- .
ble attaches to the calibrator RS-232 Cuble Wiring for
through the DB-9 connector at IBM PC and Compatibles

the back of the instrument. Fig-
ure 9 shows the pin-out of this

Inslrument Compsier (DTE}
connector ard suggested cable Conmadtor Conmcton
wiring. To eliminate noise, the (08 "’"1 _.ﬂ' 9t}
serial cable should be shielded +? L e
with low resistance between the L ol & 300
connector (DBY) and the shield. b 4

T =J] m
7am
Setup sas - sas
o “ N
Before operation the serial in-
terface must first be set up by
programming the BAUD rate Instromeat Compater (DTE)
and other configuration parame- Kalggir Conpedar
ters. These parameters are pro- ‘?:' " gl
grammed within the serial 2000 210
interface menu. The serial in- A1 g i

ANC » = AN

terface parameters menu is oul- 5GMD s
. < . ENC » sDse

lined in Figure 6. a1t 27 < 76H0
A b $00

To enter the serial parameter .
ammi ode first press el
Fgpagme o Figure 9 Seril Cable Wiring Dingram
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9 Digital Communication Inferface

9.1.2.1

91.2.2

92.1.23

9.1.24

“EXIT” while pressing “SET” and release to enter the secondary menu. Press
“SET” repeatedly until the display reads “ProbE”. This is the menu selection.
Press “UP” repeatedly until the serial interface menu is indicated with “SE-
rIAL”. Finally press “SET” to enter the serial parameter menu. In the serial in-
terface parameters menu are the BAUD rate, the sample rate, the duplex mode,
and the linefeed parameter.

BAUD Rate

The BAUD rate is the first parameter in the menu. The display prompts with
the BAUD rate parameter by showing “BAUd”. Press “SET” to choose to set
the BAUD rate. The current BAUD rate value is displayed. The serial commu-
nications BAUD rate may be programmed to 300, 600, 1200, or 2400 BAUD.
The BAUD rate is pre-programmed to 1200 BAUD. Use “UP” or “DOWN” to
change the BAUD rate value. Press “SET” to set the BAUD rate to the new
value or “EXTIT” to abort the operation and skip to the next parameter in the
menu.

Sample Period

The sample period is the next parameter in the menu and prompted with “SAm-
PLE”. The sample period is the time period in seconds between temperature
measurements transmitted from the serial interface. If the sample rate is set to
5, the instrument transmits the current measurement over the serial interface ap-
proximately every five seconds. The automatic sampling is disabled with a
sample period of 0. Press “SET” to choose to set the sample period. Adjust the
period with “UP” or “DOWN” and then use “SET” to set the sample rate to the
displayed value.

Duplex Made

The next parameter is the duplex mode indicated with *”. The duplex mode
may be set to half duplex (“HALF”) or full duplex (*FULL”). With full duplex
any commands received by the thermometer via the serial interface are immedi-
ately echoed or transmitted back to the device of origin. With half duplex the
commands are executed but not echoed. The default setting is full duplex. The
mode may be changed using “UP” or “DOWN” and pressing “SET”.

Linefeed

The final parameter in the serial interface menu is the linefeed mode, This pa-
rameter enables ('On”) or disables (“OFF”) transmission of a linefeed charac-
ter (LF, ASCII 10) after transmission of any carriage-return. The default setting

is with linefeed on. The mode may be changed using “UP” or “DOWN” and
pressing “SET”.

Hart Scientific
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9.1.3

9.2

9.2.1

9.2.1.1

9.22

9105/9107

105

9 Digital Communication Interface

Seriul Operation

Once the cable has been attached and the interface set up properly the control-
ler will immediately begin transmitting temperature readings at the pro-
grammed rate. The serial communications uses 8 data bits, one stop bit, and no
parity. The set-point and other commands may be sent via the serial interface to
set the temperature set-point and view or program the various parameters. The
interface commands are discussed in section . All commands are ASCII charac-
ter strings terminated with a carriage-retum character (CR, ASCII 13).

|EEE-488 Communication

The IEEE-488 interface is available as an option. Instruments supplied with this
option may beconnected to a GPTB type ecommunication bus which allows
many instruments to be connected and conirolled simultaneously. To eliminate
noise, the GPIB cable should be shielded

Setup

To use the IEEE-488 interface first connect an IEEE-488 standard cable to the
back of the calibrator. Next set the device address. This parameter is pro-
grammed within the IEEE-488 interface menu. The IEEE-488 interface param-
eters menu is outlined in Figure 6.

To enter the IEBE-488 parameter programming menu first press “EXIT” while
pressing “SET” and release to enter the secondary menu. Press “SET” repeat-
edly until the display reaches “PrObE”. This is the menu selection. Press “UP”
repeatedly until the IEEE-488 interface menu is indicated with “IBEE”, Press
“SET” to enter the IEEE-488 parameter menu. The IBEE-488 menu contains
the IEEE-488 address parameter,

IEEE-488 Interfuce Address

The TEEE-488 address is prompted with “AddrESS™..Press “SEI™ te program
the address. The defauit address is 22. Change the device address of the calibra-
tor if necessary to match the address used by the communication equipment by
pressing “UP” or “DOWN” and then "SET™.

IEEE-488 Operution

Commands may now be sent via the IEEE-488 interface to read or set the tem-
perature or-access other controller functions. All commands are ASCII charac-
ter strings and are terminated with a carriage-return (CR, ASCII 13). Interface
commands are listed below.



9 Digitol Communication Inferfoce

9.3

Interface Commands

The various commands for accessing the calibrator functions via the digital in-
terfaces are listed in this section (see Table 2 starting on page 47). These com-
mands are used with both the RS-232 serial interface and the IEEE-488 GPIB
interface. In either case the commands are terminated with a carriage-return
character. The interface makes no distinction between upper and lower case let-
ters, hence either may be used. Commands may be abbreviated to the minimum
number of letters which determines a unique command. A command may be
used to either set a parameter or display a parameter depending on whether or
not a value is sent with the command following a “=" character. For example
“s”<CR> returns the current set-point and “s=50.00"<CR> sets the set-point to

50.00 degrees.

In the following list of commands, characters or data within brackets, “[” and
“]”, are optional for the command. A slash, “/”, denotes alternate characters or
data. Numeric data, denoted by “n”, may be entered in decimal or exponential
notation. Spaces may be added within command strings and will simply be ig-
nored. Backspace (BS, ASCH 8) may be used to erase the previous character.
A terminating CR is implied with all commands.

Hort Scientific
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Display Temperature

Reod current set-point Hetpoant] s set: §999.99 (Cor F} ek 150.00 €
Set tument set point o n S etpoint]=n 5=450 Instrument Range
Reod scon hunction st{on] = sean: {ON or DIT} san ON
Set stan fonclion: stfan]=0n/oflf] ON or OFF
Torn on funclion ca se{onj=on =00
Turn ston funchion off se{mn]=offf) stof
Read scon rate stfote] o srat: 999.99 {C ot F}/min srat: 10.0 Umin
¢t scon roe to o degrees per minule sldel=n =5 i _ dw e
Read display temperature hold status hm{ode] b b orNO,
Set disploy temperoture hold mode:  hm[odel=OF(F1/AU[TO1/N OFF or AUTO or O
0/NC o B
Set hold mode 1o off b[ode]=0F(F] hmsof
Set hold mads to outomatie hnfode |-AUTO) bm=artp >
Set hold mode to normally open ___ bm{ode]=NO hm=no
et hold made 10 normally dosed hm{ode]=NC hm=ne
Read lemperature Hemp e ' 1999999 1C o B} £ 55.69¢C
Read hold ot hofld) ho hot{Cosed or Open), 9999.99 (C' ha: Open, 75.0¢
I r— N 77 Y ?‘—:‘\QT R = T
‘Seondary Menu 2T VWS B Nan X e L%
Reud peogortional band setfing M » __ph 9999 phi 159
$et proportional band to 2 pelop-bard)=a pr=8.83 Dzpends on
Configuration
9999 {Corf} micelaY o3 N %
Temperotote Range
pat |
3 = 115
DAt
2
prd Tod
_Reod programmable seb point number 2 o WRAr] P 399999 {Cor ) pl 50 ¢
Set progrommeble szi-point nomber nton  go=p ps3=50 L::,nu-u
_Read program sel-poiat sook fime o o 1i 989 %5
_Set program set-point sak fime lo n minufes pt=n PS5 y fre= 500
Read progrom control mode 3 S g (OFFor O) prog OFF
Sotprogromeontrol mods:  pe=gle]/sllop)/tlont] or STOP or CON
Storl progrom K=glol p=g
Stap progrom pe=sllopl e
Continue program pe=dont] B
Read program fundion o of pkY pkd

9105/9107 7
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Read R calibration parameter 0] r : 999.999 l: 100.578

et RO colibration p ton f{8)=n 1=100.924 9801 1049
Read ALPHA cofibration prameter alfpha) ol ok 9.9999999 o 0,0038573

Set ALPHA colibraion parameter 1o 2 allpha)=n ok=0.0038433 00370 10 00399
Read DELTA calibration porameter della) de d: 9.99999 o 14612

Set DELTA colibration p ton de{fa)=a =145 N 001029

Reod BETA calibration parameter belta) be be:3.9%9 be 0302

Set BETA calibration parometer 1o o beftalen be= 42 —100.0 1 100.0
Operaling Porameters Menu

Sel lemperature unifs: oinitsl=e/f Corf

St temperature unls fo Celiug ulnits]=¢ ust

Sel temperature uns I Fahreahed ufnite)ed ust

Read whovt mode em{ode] i m: fwood om: AUTO

Sof owlout mode: efode]=rleset]/afuls] RESET or AUTO
_Sef twtout to be resel monually em{pde]=es2l] [

Set autout 1o be resel automatically cm{ode]=ofoto] tm=d

Reodopproachseting - opfproach] L »9 L]

Set cpproach eting to n degrees _oplprouch]-n op=1s D1e20°C
Reod dobility 5 i 199 w05

Set ok shabilty bs ndegrees __t=n fal o 499°C
Seriol Interfoce Meny

Reod seriol somple seiting saimpk] ] =9 )

Sehsatiol somplng seting o mseeonds somplela 0 seD 0% 4000
Set sariol doplex mode: _ dfplex)<Hull}/Woll] : FULL or HALF
Setsrioldglexmode tofol _ dplex]=Eull] st

Setsorel duples mode toboff - dulplexeb{uf] dush

Sot saiallngfoed mode: __ Msedj=on/al]f]) O o OFF
_Set szril linefred mode 1o on Weed)-on L2

Set seria inefred mode 1o off Weedhooff] Heot

_Calibration Mems (WARNING — changing the folowing colfbration valoes may change the accuracy of the Instrument.)

Reod B colbston parometes » ) LR L

et B0 cabbration ton “Han B y 99991 9999
_Read BG cabrafion porameter | 'y b #9999 b 15625

St §6 clibration porameter o o “bg=n *bg=156.25 ~§%9.9 10 9999

48 Hort Scientific
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9 Digitol Communication Inferfoce

Sat soltwars culout mods: SON/ORF o s e AR 5 ON o OFF
Set software cutout mode on *sco=0N *xo=on : i {
Se software culout mode off ")  stacolf :
_Mistellaneous (not on menvs)
Read firmware version member *ver(sion] ‘vt ver9999.9.99 ver 9105154
Reod structure of ofl commands Web]l h ligt of *
Legend: [10ptional Commond data
/ Mhemate dharodters of dofo
0 Returas either information
0 Mumeric data sopplied by vset —moy be endered in decimal or exponential notation
9 Numeri data refomed to wser
x Chosacter dota fetumed to usér
Note: mwﬂﬂnahmﬁnwnmﬂhmhn-dkmmdbludhnmwmﬂhhd.nnh
wibue is retumed as indicated in the RETURNED column,
9105/9107
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Basic 1 data consumer ¥a101520N 13U A2 intrinsic control %3067 control N1OUBN, class,
COM, component, A7 control 11111 Homemade ActiveX (‘H?ﬂ User control), %50 Data Report
designer Maziunasdonanmorszmnificunsmfon]d wu @2 control 1111 ADO Data,
class, COM component, User control %30 Data Environment designer
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v
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W38 consumer 911109910 ADO Data control 1318117 intrinsic control Aariunsriunly
¥ A o 9 Y aa o :::‘
ADUNUNI control 1VIWINIYITNITAIU
i . ! = o 1
1 ﬁmg Project nen Components (Project -> Components) 'ﬂ?ﬂﬂaﬂmmﬂmqmu
Tool Box 1A A0N Components 310U popup
4 o o o P4 4 o
2. iiin Iz deniiond Components 15 ngiuldidous1wms 11 Microsoft ADO data
Y a 4 = 1
control 6.0 (OLE DB) 1¥iaan# check box ﬁ'mﬁﬁﬁ Llﬁ,’lﬂﬁﬂlln OK

3. ADO data control 92 1451M5UM30N Tool Box 1atiiyete Adode
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M3tHY Adode (ADO data control) Uuwesu
1. vnldsunsui ldi iliduhezdes]d Adode lumsieunegudeoyanaudiu

S9veunAI981911NEIUAIg 1)

Serial Number UUT o YRty
CERTIFICATE R |

- CALIBRATION -~ -
‘ NamsUUT ! | Calibration Range
e Mo | i L

| Madein

2, AAN{l Tool 494 Adode UM Toolbox uaasuuleuluduimian 1 aninlniads
pgdwmavealosu uddwmuaguaniia Align (Ju 2-vbAlignButon e 1
o 4
awsnSuvnamunein1a
3. @313 Connection dM5UMIIFBUADALFLTOYD
4, ﬁmg View 1fion Property Pages (View -> Property Pages) ‘I’i%‘ﬂﬂﬁmiﬂﬁﬂm}?‘lug’fl
=
1091 Property Pages
o Wl Ny & d 9o a 1w
5. uulnozdeniionduos Property Pages MUY General IWfIHUAAAADNIL
" .4
uvaswouald 3 uuy fin Id Data Link, ODBC Data Source Name (DSN), Liag

Connection String 1191113301800 1% Connection String

Property Pages &

{orena | s Recorsasee | cor | Ft

= Connecion - — ===
} | UseDaaLikFie A=
| JE |
i 1 € Use ODBC Data Source Name
l r _~_| Mew, 1
q l'ﬁ‘ Use Connection Sting g S (e
Ly B ¢ T - 3
Other Attrbutes: [

¥ a o ¥ 3 M v ¥ & "
THaaniludataenues Connection String 118¥DIUDANUAIUAN Connection String
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6. 1ilo151ng lavrdeniiondun Data Link Properties 111190311y Provider T¥iden

Microsoft Jet 4.0 OLE DB Provider 1d3nan1Ju Next
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Miciosolt OLE DB Prowider For Data Mirng Services
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wo| Microsolt OLE DB Prowides for Oracle

Mictosolt OLE DB Provides lor SQL Server
Microsoft OLE DB Simgle Provider

MSDataShape

OLE DB Prowider for Microzolt Dseclory Setvices

Fo M= [ b o |

¥/ ﬁuﬁn Connection 11??150‘?";1111%‘]1111ﬁﬁﬂ%ﬂﬁ‘fl’ﬂﬂ’l’mﬂlﬂ@ Select or Enter Database
Name 921105 Window U84 Select Access Database 1#iiiony midioya (améindie
@en1n- DADTACCalibration3.mdb)_Aanifil Open Fownigmdanatazmineg
Usnglusosdonrmmanomy 1 1e3iit Connection H3aRuimIMuazfog idoya
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AANTIN Test Connection LilBNANBTNIANADIZH AN ADO data control g wdoyai
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~ Source of C:

" Use Data Link File

" Use DDBC Data Source Name
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¥ Use Connection Sting
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Other Attibutes: |

OK
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9. AANTUNY Record source U Property Page 11N 2-adCmdTable 1u¥D9

1 3/
Command Type {WONISANADND table 9INUFDY Table or Stored Procedure Name %

alavudludaataz 5o able 1971000 table ¥0 thiUUT

10. Adnily OK
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Iﬁﬂ‘ﬁ 31 U99 DataField ﬁuﬂ:ﬁmmanuﬂu Field ¥99 Access mﬂmamammsnﬁ
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txtserialuut

txtreceive
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txtmodel
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txtacuracy

serialNoUUT
OrderlD
UUTName
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UUTModel
UUTMadeln
UUTUncer
UUTAccurary
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txtend
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txtTimeuser
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Serial Number UUT ST %
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| CERTIFICATE froo e i e
A Shln oo S Dar i _______.__.,‘,,,,7,,7717,,J

PR L SN ACHT S =y CALIBRATION ———————-

[ || Calibration Range

! |

i Manufacture EMITL | 75 TO w0

| Madein Thaland | Point [i&

| Model FTi00 | TimeUser 2506

i | Recived Date  [15/8/2551

Range T —

Accuracy
Uncertainty

I T Calibration Date [15/3/2551

o] | o | o]
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EQUIPMENT :

MODEL :

SERIAL NO:

MANUFACTURER :

MADE IN :

SUBMITTED BY :

AMBIENT TEMPERATURE

REL . HUMIDITY :

CALIBRATED BY :

APPROVED BY :

ISSUE DATE :

Cert . No. : 0001

Page.No : 1 of 3

RT.D. Pt100

Pt100

RTDO001

HART

USA

INSTRUMENT CALIBRATION LABORATORY KING MONGKUTS
INSTITUTE OF TECHNOLOGY LADKRABANG

BANGKOK 10520

25 +/- 2 DEGREE CELSIUS

50 4/- 10 % RH._

Arthit Tonprasert

APPROVED SIGNATORY

01/August/2008
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Page . No. 20f 3
RECIEVED DATE : 7/30/2008

CALIBRATION DATE : 8/1/2008

PROCEDURE USED :-

This instrument was calibration by comparition 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 Model Serial_No. Cert No Due Date
1) HART 9105 66149 0271897 12 July 2004
2) SPRT 18004B0S06B1 + 593670 37913 4 July 2004

2. Thisresult of calibration was fgund accurrate as shown on date and place of calibration only
RESULT OF TEST==

INDICATOR STANDARD UNCERTAINTY OF

SET POINT READING READING ERROR MEASUREMENT
(DEGREE C) ~ (DEGREEC). = (DEGREEC)'  (DEGREEC)  (+/-DEGREEC)

25 26807 ML 9%/ 281028 2,705 0.001

30 30,565 ' 33.243 ./ 2659 0.005

35 35.674 38.459 2.786 0.003

40 40,748 43.446 2.698 0.010

45 45.762 48.404 2.642 0.015

50 50813 53.801 2.988 0:001

55 55.993 59.066 3.074 0.003

60 61.104 64.299 3.195 0.001

65 66.181 69.372 3.192 0.003

70 71,239 74,483 3.243 0.003

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



Page . No. 30of 3
RECIEVED DATE : 7/30/2008
CALIBRATION DATE : 8/1/2008

PROCEDURE USED :-

This instrument was calibration by comparition 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 Model j&ﬂﬂjg_ «_Cert_No Due Date
1) HART 9105 : 66149 0271897 12 July 2004
2) SPRT 180048090681 593670 37913 4 July 2004

2. This result of calibration was found .aceurrate as shown on date and place of calibration only

RESULT OF TEST:-

INDICATOR -~ STANDARD UNGERTAINTY OF

SET POINT READING 'READING . " ERROR MEASUREMENT
( DEGREE C ) ( DEGREE C) (DEGREE.C ) ( DEGREE C ) ( +./-DEGREE C)
75 76.283 o Fossr v Vakoa 0.005
80 81.269 /184700 - 3.431 0.001
85 86.447 89.985 3.538 0,003
80 91.456 94954 3,498 0.010
95 96.415 100107 3.692 0.003
100 101.616 105.189 3,673 0,005

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