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Pongphan Prasittimate. (2004) The Development of a Heat Detector Testing Device for Fire Alarm
System. Master thesis, M.Ed. (Industrial Education). Bangkok: Graduate School,
Srinakharinwirot University, And Advisor Committee: Dr. Pairust Vongyuttakrai

Mr. Ophast Sookwhan

The objective of this thesis was to Develop Heat Detector Testing Device for Fire Alarm
System. The criteria of Thaitand Institute of Scientific and Technological Research (TISTR) are use for
reference. First, Rate of Rise at constant 57 °C and. Second, temperature increasing over 7 °C per

minute. The researcher designed the controller for detecting the heater in to two steps. First,

temperature control of 57 °C % 5°C. Second, Timer delay maximum of 1 minute.
The result of the Development, Efficiency and Physical Evaluation of heat detector testing
device for fire alarm were.

1. The Development: the researcher designed heater to generate 500 watt of heat. 220 V AC.

Then using IC No.LM335 to control a range of temperature at 57 °C & 5°C. and using IC No. 555 to
work as time delay with a maximum delay is 1 minute. The researcher designed the D.C. power supply
output 12 V 500 m.Amp. The Heat Detector Testing Device for Fire Alarm System have dimension 1.2
meter high and 0.15 meter wide

2. The Efficiency of Heat Detector Testing Device for Fire Alamm System as followed;

2.1. Tested Heatl Detector Testing Device at 1 centimeter from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 53.79 °C, range of 12.22 °C, maximum temperature of 62.79 °C and minimum
temperature of 50.57 °C. The result is not following the objective of thesis.

2.2. Tested Heat Detector Testing Device at 2 centimeters from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 58.06 °C, range of 10.62 °C, maximum temperature of 63.04 °C and minimum
temnperature of 52.42 °C. The result is not following the objective of thesis.

2.3. Tested Heat Detector Testing Device at 3 centimeters from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 60.14 °C, range of 7.78 °C, maximum temperature of 62.34 °C and minimum
temperature of 54.56 °C. The result is not following the objective of thesis.

2.4. Tested Heat Detector Testing Device at 4 centimeters from heater with 10

experiments, the Heat Detector Testing Device working 30 second duration and the average



temperature of 60.40 °C, range of 11.38 °C, maximum temperature of 66.53 °C and minimum
temperature of 55.15 °C. The result is not following the objective of thesis.

2.5. Tested Heat Detector Testing Device at 5 centimetes from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 58.78 °C, range of 7.78 °C, maximum temperature of 61.73 °C and minimum temperature
aof 54.04 °C. The result is following the objective of thesis.

2.6. Tested Heat Detector Testing Device at 6 centimeters from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 61.56 °C, range of 12.13 °C, maximum temperature of 67.77 °C and minimum
temperature of 55.64 °C. The result is not following the objective of thesis.

2.7. Tested Heat Detector Testing Device at 7 centimeters from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 59.96 °C, range of 10.13 °C, maximum temperature of 66.79 °C and minimum
temperature of 56.66 “C. The result is not following the objective of thesis.

2.8. Tested Heat Detector Testing Device at 8 centimeters from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 60.28 °C, range of 12.33°C, maximum temperature of 66.66 °C and minimum
temperature of 54.33 °C. The result is not following the objective of thesis.

2.9. Tested Heat Detector Testing Device at 9 centimeters from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 62.16 °C, range of 14.50 °C, maximum temperature of 68.78 °C and minimum
temperature of 54.28 °C. The result is not following the objective of thesis.

2.10. Tested Heat Detector Testing Device at 10 centimeters from heater with 10
experiments, the Heat Detector Testing Device working 30 second duration and the average
temperature of 62.93 °C, range of 12.18 °C, maximum temperature of 67.37 °C and minimum
temperature of 55.19 °C. The result is not following the objective of thesis.

3. Physical Evaluation from three specialists as the followings:

3.1. Structure of Head Detector Device at moderate level at the average of 2.83

3.2. Implementation of Head Detector Device at good level at the average of 3.50

3.3. Safety of Head Detector Device at good level at the average of 3.67

3.4. Preventive Maintenance of Head Detector Device at moderate level at the

average of 3.33



For the Conclusion: The Heat Detector Testing Device for Fire Alarm System work correctly at

5 centimeter 30 second and the average temperature of 58.78°C
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3. MITRAIILULILTY 150 > t, I (3)

o A d ar
TN 1 URAININITOIWIUAINRNNIT N 1 URS 2 Nawvlﬂﬂﬁng'luwma

and (sec) Fulszananuidunodlwi 4005uwf  Q (Btulsec) Kw = 0.948 Biu/sec
10 0.01 0.63 0.59
20 0.01 2.50 2.37
30 0.01 5.63 5.33
40 0.01 10.00 9.48
50 0.01 15.63 14.81
60 0.01 22.50 21.33
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o e o a o , ar a ad A &
1319 2 u,ammmauwuﬁuammwauwuﬁnus:mwusaﬂuvlﬂﬁ'muqmﬁgumwmu

ussaw (lad) guunil ( pdeEALBLR)
2.73 5
2.78 10
2.83 15
2.88 20
2.93 25
2.98 30
3.03 35
3.08 40
3.13 45
3.28 50
3.33 55
3.48 60
3.53 65
3.68 70
3.73 75
3.78 80

2.1.3 émqﬂnmfﬂs:nauuaumsiaihu'lw
° o A W ) 4
msfmwmmwklnaanazidenlsndaulas Wi ( Power Supply) Aaunasdnalnass 7
o s o 1 A s 4 o« = _~l s d & » A 8
MmmumsﬂauslmmqwsmaqﬂnsmmaS] FIGUNUTHUR IO UNULUN AT LI UenIIMsIasls

A o A& A fe o = ' A ) A& a2 a a w
LURLAET AU9ATAlaNNIadnduumdunis ldmunzay wzliangnsldaunam Jsinshiadulay
L9 L [ . ° ¥ A 9 s @ A o ]

mslfgunsalmeinm electronic avinmsutaslwainliuninldnuliidulvass FasSendui

Power Supply

W \ = A 1 L Qs ]
anpesauwardursesudadliasssuunlifins Regulate launisld lalaa 4 ¢ dalu
. _ X4y, < A
ANWMMzUDS bridge  LUDT 1N4004 2993uuUREI1UHNT regulate  azidwr9asnudasinassd]

a a ¢ A 4 4 = A A Ada ' R ° Y )
ﬂi:a‘l’lﬁfnwm'\ Na?uﬂlﬂugﬂﬂﬂu“?ﬂﬂliﬂﬂ?ﬂ npple i;'\?Uqﬂu']'lﬂl’ﬁﬂll?\ﬁaiﬂ'ldﬂszkﬂﬂ LAUINRT



31

A - A e a ™M A N AL = \ A < . 9
LﬂiaﬁLaﬂeﬂ@a\jﬂ'}Sﬂmﬂ'\WLaU\?‘lulﬂ FAIINTVDI rlpple %:Nﬂ’“l}u 2 WU 93A1NN NN Y input N

v A4 a 4 o & 4 R = & <
LS'\I"BHLVJU’]%%QN?\I’JWNQ 50 Hz aNuuAINNNLDY ripple Nazitln 100 Hz asmwdsznau 25

240V

IL

(a)
cinl)

F1
Yo

—

+

LOAD

||lH

on

C1 (Vmin) = Vo x 1.414
F1 (A)= (2x )/ N (N = tums ratio)
Vsec = Vo / 1414

Vo (no load) = Vsec x 1.414
Po=VoxIL
Load (RL) = Vo /IL

MWLz Noy 29 19aTuRaIIY MW
( AK. Theraja . 1994: 1467)

NTEBNLULINETY power supply WU requlate l@ELIISBIMT WIIAH output 12-13 V 378
n3zUAlAZIaR 500 mA ripple gaga liin 2.5% uaz wefifud regulate 5%

SUALUINITDEADIRINIINTIN 2zdaslsndautasiniediu Secondary s1olWirinlng? annfiun
FDINTIUTIFW Output 13 V uazit diode D2 uaz D4 wwmilu silicon diode saumiiatiurinsiwiozd
WSITUANATOALGRZ 0.7V Ga%u 119 D1 waz D4 azasauusssuly (0.7x2) V uazanaunnsa 6 ms
wdaslwuuy bridge o

Thatnanoutput = Tainafl va secondary Tasusiaulag (Vsec) x 1.414 (6)

W A a, .o . & .o a v e
AIUU Vsec = (13 + 1.4) /1.414 geuauniny 10.2 V asnwrdaudasninlsmeauaa Secondary
dasudasnle 10.2 v wialndifusdniu

WRZANT Y ripple Midaans ripple goqﬂ'l&isﬁu 2.5% UAIUSINUN output Gain aaUIaTaS
wsaeuian aznaniewldlumiapuss rms A 13x0.025 = 0.325rms uazdmnfaluziuas Vp-p 130
2921647 ripple # vefisnillu Vrip=0.325x2.828 =0.92Vp-p Beenitsazinllumssmamdinas ¢ A
azihanlFaulursas@es ripple mnﬁm‘fau%uag’iﬁ'umﬂ«ﬁ ¢ luaves. Femsdashunltluns
furudefa nmﬁl‘&‘lun’rsﬂs:’&gwaa ¢ wnzdmamresldithuluunasinsln AC seinesle

P P o . =~
1/('5\’3”\&!“’”9\3 npple) = 1/(2)(50) =8.33mSec UA/IRINIIN 7 IWIUAT C A

C: (UF) = ((LxT) Vrip)) x 10 e+6 @)
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G+ = ((0.5A X 0.00833) / 0.92V) X 106
C:=0.00453 X 106 = 4529 or 4700 uF

, o o A A @ - o & » - [
URZATENTINTINBUTIAUVES C MiTaziianlitnt 1hasnnusianoutput A8 13 V a3nudl C Mmlonls

NUADINUUTIOULS TAINI13x1.414= 18.33V dufanlde snaspiwmarissamanivoain 25 v

SMTIMITNUNTIR WD Diode (PIV) Tailinfidsediitafis dudendrdrfiazrinli diode Wold
wdnanulderineh iy 2,828 x Vsec wisluftiia 20 v HeaeeshifneflWidandunnsguiige
g sldnldim §usnsnInunszuauas dicde % sxdaslWunni 2 hassnszua
gaqwﬁ output fia 2x0.5 = 1A Lua§ﬁﬁﬁqﬂﬁsta:L§an1’E@ﬁuﬁa 1N4004, 1N4006, 1N4008 «‘Emnﬁaﬁ

AATIMINUNTZUR 1A URSPIV 400,600,800 MuAIaY

maRenidaundonias :nAnTzua Output A 0.5A UR: Vsec Aa 10.2V a3ik wiauiaf
9 L = =3 A L3 ~ 9 o L4 AJ
1Famazdiasll VA fia 10.2x0.5 = 5.2 VA damsidanlfnuaaanidssinmsiion nlautainiispec

M1 VA ganiniwidnday uszdiunszuadiu secondary 1eluge Yszanm 10 v

v o E =X o < s v .
myRenldam Fuse mitdanlfam fuse uuddununszuanazluatiun1adiu primary vad
naaudas MIduImAlTanTIEIuYasndanlatfa ik E/E: uinIzus L wwisaasiifieliiien
. P o . , A | a &
¥INNIT NIzUANLIIGaINIIRIRARL 2 winNeyszlusitluisaans safety 2993 A9uu b =
, A P & ' e P 2 4 d
[2x50/[240/10.2] =0.4A enfudanlEiarvazmienn wnidluddn anenidanidsn 100 mA unulass
I [l ‘ﬁ\ v v
Wudant bddoni
° « & A A @ A A & [
2.1.4 fmuaiaqadniol uaziedasiis lumsWawissssiianaseugunsainsiaivaiy
ToudmIvTzuUuTaAnInE S Tnal
2.1.4.1 19
2.1.4.1.1 vid WAS. w0 3/4 47 1180
2.1.4.1.2 nassawnyizasd 1 1o
2.1.4.1.3 Toaa NAE. vuia 4 #2 1 3u
2.1.4.1.4 Wi 2ua 0.5 #uads DAL B0 5 1303
2.1.4.1.5 weHudTunsIuas 1 ueiw
2.1.4.1.6 azmuani 1 9%
2.1.4.2 gunsnk
» oW W L ’ L:’
2.1.4.2.1 SAUAIVGUANUTOU dsznauan qﬂnszﬁaawe’tﬂu
1. BaRINANUTa%

2. NAau
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21.422 duuﬂaaﬁuqﬂnstﬁ HARZWIILIAY
1. ANNAIUN
2. iy v
3. lo & LM 555
4.'la % LM 335
5. auani
6. lalan
7. 58
2.1.423 r;imqﬂﬂmfﬂs:nauu.a:Lma'a'«a'mvlw
1. AWM UMY
2. Fufiudszy nih
3. wilautas Wi 220 v 7 ov
4. lalaa

5. #ha

2.1.4.3 1930380

2.1.4.3.1 Ya@inas
2.1.43.2 usniliinas
2.1.4.3.3 m@naaainas
2.1.4.3.4 LNIDSTWNL
2.1.4.3.5 Wauds Wi
2.1.4.3.6 Nganzi
2.1.4.3.7 lymanald
2.1.4.3.8 luans
2.1.4.3.9 9AUIUAT
2.1.4.3.10 (Banain
2.1.4.3.11 Wussvia

2.1.4.3.12 anlwi
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2.1.4.3.13 fanainw
2.1.4.3.14 winvihgud
2.1.4.3.15 thnmavsuns
2.1.4.3.16 4a

2.1.4.3.17 Aoy

2.1.4.3.18 NITINIAA AR
2.1.4.3.19 dan

2.1.4.3.20 Ay

2.1.4.3.21 ﬁuﬂmqm

w A o a4
2.1.5 FTNBUULTSIHRUASURNNHANIINGR 83

£ o ] [
asvnuulszidinissansmundvooniilu 2 naw A

Aawn 1 LUUAITINURANNANISNARDY

nMsAnwuNEINUTaInsssiaanaiaw a1 st lasnsieau (Forced convection)
A 4 P @ , A = [% @ e [ | P v @ & oA
Aamsinfeunzssamuiauszninefiussuduazuading lanlinsgndeduldiedannldfudaiufia
~ e A - o a £ o P
vasudslaunalnaiouen iwunnan nis wTasguiin (WNANT gimuTe. 2533: 2-3) idu (Newton)

@ o @ A A w [
vl,mauaaums mmmamwmsmaauw’uaamwsaﬂﬂﬂmsww MU

q = h (Th-Tc) (8)

P o . 1Y ' . & od o ) = 2
I@UYI q = aasINITHNEIaNNTauGdanII NN Driaeniu Wm
a a £ 1Y ' 2
h = sulEEnTMIWIeINTOR ﬁ'ﬁu"lﬂuﬁju W/m K

Th= gapiindeund (Th (C)+ 273.15  Iminilu K

ad & . o A/ =
Tc= amnpinownd (Te (C)+273.15  Anthiu K
9 g wildamansq=@A  Iudaiu wim’ ©)

| ¥ A 2 2 o [V Y , e p: ]
ol awiadui (A =.07854 x D () fvualy idudguinanaini 0.1 wessaiu

FwausIviaas lumsassiuanusawldismasnduanuson
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o el A o
1379 3 HANIANWIUINAKNNIT 71 3 LA 4 Nﬂﬂiﬂﬂiﬁﬂﬂluﬂ"li’l@

Th Tc h o} Q Remark

27 27 25.8473 - -

33 27 25.7845 154.71 1.22

39 27 25.7220 308.66 2.42

45 27 25.6597 461.88 3.63
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TISTR
Request No.  BK-P 152/46 MTC No. PSL-T 313/46
Nomenclature : Hydra Data Logger with Sensors Model / Type : 2625 A
Maker-: FLUKE Serial No. : 7590033
Sensors : Thermocouple wires Type T (31 ea.) Sheath Material : Teflon
Customer : Photometry and Temperature Standards Laboratory , MTC., TISTR.
Address : 196 Phaholyothin, Chatuc}:ak, Bangkok, 10900. Tel.: 5791121-30, Ext: 5216.
Date of request : 9 May 2003 Date of Calibration : 10 June 2003

Place of calibration : Temperature Standards Laboratory, MTC., (Bangpoo).
Conditions of test : - Ambient temperziure: 25+2 °C, Relative humidity : 55+5%.

- Calibrator stabilized at conditions of test for 60 minutes prior to measurement.
Reference Standard : Standard Platinum Resistance Thermometer (SPRT 25 €2), Model: 5628, Serial No.: 0229,
which was calibrated on 19 October 2001, can be traceable to NIST, USA.
Support Equipment : 1. Ice Point Unit, Model: KT-D003 A, S/N.: AX04AACH.
2. Low Temperature Bath Unit, Model: LUI00B, S/N.: 6367400.
3. High Temperature Oil Bath Unit. Model: KT-B205, S/N.:AX04FACI.
4. Resistance Bridge, Model: F174A, S/N.: 520-8/061.

Calibration Procedure : Comparison Technique; The Indicated of UUC (Unit under calibration) was compared to

temperature obtained from the Reference Standard at calibration points.

The temperature scale in use of this laboratory is the International Temperature Scale of 1990 (ITS-90).
The reported uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing a level

of confidence of approximately 95 %, the method explained in M 3003 Edition 1, December 1997.
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The above results Arefvalid exclusively for the tested/analyszd sample(s)/calibrated item(s) as mentioned in this report/certificate.

Advertising the Report/Certificate and publicity of the results except in full are prohibited unless written permission is obtained from the governor of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR) FM. BL. MTC.002 Rev.1

HEAD OFFICE INDUSTRIAL METROLOGY AND TESTING SERVICE CENTRE
166 Phahonyothin Road, Chatuchak, Bangkok 10900 Soi 1, Bangpoo Industrial Estate, Sukhumvit Road,
Tel. (66) 0 2579 1121-30, 0 2579 5515, 0 2579 0160 Amphoe Muang, Samutprakan 10280

Fax. (66) 0 2561 4771, 0 2579 8592 Tel. (66) 0 2323 1672-80
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TISTR
Request No. BK-P 152746 MTC No. PSL-T 313/46
Serial No. 7590033
Results :
Correction for Reference Temperature
TC-T-1~14 | -75.0 | -30.0 | 0.0 | 100.0 | 150.0 { 190.0
InModule#1} (°C) | (°C) | (°C) | (°C) | (°C) | (°C)
1 -1.3 -0.1 -0.1 0.3 0.8 1.0
2~ -1.3 0.1 0.0 0.3 0.8 1.0
3 -1.3 ¢.0 -0.1 0.2 0.7 1.0
4 15 1 00 | -001 ] 08 | 06 | 06
5 -1.5 -0.1 | 994 ] 498 1 0.7 1.0
6 -1.5 -0.6 | -99.2 | -49.6 1.0 1.0
7 -1.1 04 | 994 | 4971 07 1.0
& -1.2 -0.6 |-99.2 | -49.6 1.0 1.3
9 -1.3 -0.5 -0.2 0.6 0.9 1.2
10 -1.2 -0.3 0.0 0.2 0.8 1.2
11 -1.2 -0.2 0.0 0.4 0.8 1.0
12 10 { <02 | 01 f 05 | 1.0 | 1.3
13 -1.5 -0.2 -0.1 0.4 0.6 0.7
14 -1.5 -0.3 -0.1 0.4 0.8 1.0
Note : TC-T~ 1~14
Uncertainty of measurement : +0.2°C
o
£ e[ page 2 of 4

The above resulth a_/g valid exclusively for the lested/analysed sample(s)/calibrated item(s) as mentioned in this report/certificate.

Agvertising the Report/Certificate and publicity of the resuils except in full are prohibited unless written permission is obtained from the governor of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR) FM. BL. MTC.002 Rev1

HEAD OFFICE INDUSTRIAL METROLOGY AND TESTING SERVICE CENTRE
196 Phahonyothin Road, Chatuchak, Bangkok 10900 Soi 1, Bangpoo industrial Estate, Sukhumvit Road,

Tel. (66) 0 2579 1121-30, 0 2579 5515, 0 2579 0160 Amphoe Muang, Samutprakan 10280

Fax. (66) 0 2561 4771, 0 2579 8592 Tel. (66) 02323 1672-80

URL : http://iwww tistr.orth TISTR @mozart.inet.co.th Fax. {66) 0 2323 9165



TISTR
Request No. BK-P 152/46 MTC No. PSL-T 313/46
Serial No. 7590033
Results :
Correction for Reference Temperature
TC-T-1~17 | -75.0 | -30.0 0.0 100.0 | 150.0 190.0
In Module 52| (°C) | ¢cC) | ¢C) | cT) | cC) | c0)
1 -1.3 -0.6 -0.2 0.2 0.6 0.9
2 -0.7 -04 -0.1 -0.1 0.0 0.0 |
3 - -1.3 0.0 -0.1 0.2 -0.1 0.0 ]
4 -0.7 -0.1 -0.1 -0.1 -0.1 0.0
5 -1.1 -0.5 1 -994 4t -02 -0.1 ~0.1
6 -1.5 -0.6 | -99.2 0.2 04 | 0.7 B
7 -1.5 -04 1 994 0.1 0.5 0.5 B
8 -0.9 0.6 { 9921 -0.2 O;O 0.0 )
| 9 091 06| -992] 02| 00 00
10 -1.0 -0.3 0.0 0.0 0.0 0.0
11 -1.0] 02 o 0.1 | 0.1 01 |
12 -1.0 -0.2 -0.1 0.3 0.6 0.9
13 -4} 021 -01{ 0.1 0.6 | 0.7
14 08 -03({ -01{ -021{ -0.1{ 00
15 .15 03] -01 ] 0.1 0.5 1.0
16 -1.3 -0.3 -0.1 0.1 0.6 1.0
17 -1.3 -0.3 -0.1 0.2 0.5 1.0
Note : TC-T-1 ~ 17
Uncertainty of measurement : 1 0.2 °C
— Z’Z/_\ ' page 3 of 4
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The above results dre yalid exclusively for the tested/analysed sample(s)/calibrated item(s) as fentioned in this report/certificate.
ﬂvenising the Report/Certificate and publicity of the resuits except in full are prohibited unless written permission is obtained from the governor of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR) FM. BL. MTC.002 Rev.1
HEAD QFFICE INDUSTRIAL METROLOGY AND TESTING SERVICE CENTRE
196 Phahonyothin Road, Chatuchak, Bangkok 10900 Soi 1, Bangpoo Industrial Estate, Sukhumvit Road,

Tel. (66) 0 2579 1121-30, 0 2579 5515, 0 2579 0160 Amphoe Muang, Samutprakan 10280

Fax. (66) 0 2561 4771, 0 2579 8592 Tel. (66) 0 2323 1672-80

URL : hitpi/iwww tistr.or th TISTR @mozart.inet.co.th Fax. {66) 0 2323 9165
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Request No. BK-P 152746 MTC No. PSL-T 313/46
Serial No. 7590033

Results :

Correction for Reference Temperature

TC-T-1~11 | -75.0 | -30.0 0.0 106.0 | 150.0 | 190.0
In Module #3 1 (°C) | (°C) | (°C) | (°C) | (°C) | (°C)
1 -1.3 -0.1 0.1 0.3 0.6 0.7

2 - -1.6 -0.4 0.0 0.4 0.7 0.7

3 -1.0 -0.2 0.0 333 0.7 0.8

4 -0.3 0.0 0.1 0.0 0.6 0.0

5 -0.7 | -60.3 0.0 0.1 0.2 0.3

6 -1.3 -0.4 0.0 3 0.5 0.4

7 -1.3 -0.3 0.0 0.4 G.4 1.0

S -1.2 -0.4 -0.1 0.5 1.0 1.1

9 -1.3 -0.2 0.0 0.3 0.6 0.7

10 -0.7 0.2 0.0 0.5 1.0 1.1

11 -1.2 0.0 0.1 0.3 0.3 0.8

Note : TC-T-1~11
Uncertainty of measurement : 1 0.2 °C
Calibrated by :

T S
,

(M. Teerapong ‘Somprajob)

ek S
Standag%@ tory
Ref.: 113234606098 20001

[ssued date : 21 August 2003

page 4 of 4

The above results are valid exclusively for the tested/analysed sample(s)/calibrated item(s) as mentioned in this report/certificate.

Advertising the Report/Certificate and publicity of the resuits except in full are prohibited unless written permission is obtained from the governor of TISTR.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR) FM. BL. MTC.002 Rev.1

HEAD OFFICE INDUSTRIAL METROLOGY AND TESTING SERVICE CENTRE
196 Phahonyothin Road, Chatuchak, Bangkok 10900 Soi 1, Bangpoo Industrial Estate, Sukhumvit Road,
Tel. (66) 0 2579 1121-30, 0 2579 5515, 0 2579 0160 Amphoe Muang, Samutprakan 10280

Fax. (66) 0 2561 4771, 0 2579 8592 Tel. (66) 02323 1672-80
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National Institute of Metrolocgy (Thailand)
U2 .

75/7 Rama VI Road, Thungphyathai, Rajthévi, Bangkok 10400 Tel. 2482181 Fax. 2481484

NIMT

Certificate of Calibration

Issued by :  Temperature Laboratory, Thermometry Department

Date of Issue : 31 May 2002 Serial Number: TL-0069/02

Page: 1of 11 Pages

For :  Thailand Institute of Scientific and Technological Research
196 Phahonyothin Rd., Chatuchak,
Bangkok 10900

Deserintion @ Standard Platinum Resistance Thermoricter
Model 1 5681
Serial No. : 61079

Manufacturer :  HART SCIENTIFIC, INC.

The reported uncertainty is based upon a standard uncertainty multiplied by a coverage factor k =2,
_ providing a level of confidence of approximately 95%

Reference : CSR No. 0096/02

Checked by : ,,%}L- Signed : B7@ J,)\O;\]”\ (Authorised Signatory)
Name : Bunjob Suktat  for the Director

This certificate may not be reproduced other than in full, excepr with the prior written approval of the Director of National
Institute of Metrology (Thailand).
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The National Institute of Metrology (Thailand)

NIMT
Continuation of Calibration Report on senzl number TL-0069-02 ” Page 2 of 11 pages
or: Thailand Institute of Scientific and Technological Research
lescription: Standard Platinum Resistance Thermometer
lodel: 5681
ierial No.: 61079
fanufacturer: "HART SCIENTIFIC, INC.

)ate of Received: 8 March 20_02

teasurement Period: 1 tc 13 May 2002

NVIRONMENTAL CONDITIONS:
he measurement was carried out in an ambient temperature of (23.0 & 1.0) °C and the relative humidity of

Y Y
AN ;C'; i}

TEASUREMENT METHOD:

he Standard Platinum Resistance Thermaometer (SPRT) was calibrated with a DC bridge using continuous
urreats of 1.0 mA. In accordance with ths iniernational Temperature Scale of 1990 (I7S-90) edopted by
JIPM, the sub-range from 234.3156 K to 202.6146 K and from 273.16 K to $33.473 K, with the following

xed points, were used 1o calibrate the thermometer.

Temperature

Fixed Points

Teo (K) tgo (" C)
Hg MP 2343158 -38.8344
H,0 TR 273.16 0.01
Ga MP 302.9146 29.7646
Sn FP 505.078 231.928
Zn FP 692.677 419.527
Al FP G33.473 660.323

FABULATION OF RESULTS:
M\t the page 3 of 11,there are the coefficients of the pertinent deviation functions of the ITS-80, the

esistance ratios, measured at the fixed points, and their associated measurement uncertainties.
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HART

SCIENTIFIC - NV&[&@

(olibration Laboratory
799 £ Utoh Volley Drive

Americon Fork, Uteh 84003-9775 REPORT OF CALIBRATION
INTERNATIONAL TEMPERATURE SCALE OF 1990

Platinum Resistance Thermometer
Model No: 5628
Serial No: 0228

For tha Scope of Accreditation
Under NVLAP Lab Code 200348-0

Submitted By:
Measuretronix Ltd
Bangkok 10240, THAILAND

This Platinum Resistance Thermometer (PRT) was calibrated by comparison to a laboratory standard SPRT via a Precision
DC Thermometer at a constant current of 1.0 mA. The procedure foliowed is based on the-technical information contained in
NIST Technical Note 1265, "Guidelines for Realizing the International Temperature Scale of 1990 (ITS-90)" pertaining to
secondary PRT's.The following cemparison points and their uncertainties (k=2) were used to calibrate the thermometer. This
calibration is traceable 1o NIST. or natural physical constants and is in compliance with ANSI/NCSL 7540 - 1. This calibration
certificate applie‘sﬁmmm—Wreproduced other than in full, without written approval of Hart
Scientific. It shall'not be'used to claim product endorsement by NVLAP or any agency of the U.S. Government. Calibration
certificates without Signatures are not valid.

' COMPARISON POINT MEASURED MEASUREMENT

NOMINAL ACTUAL " RESISTANCE UNCERTAINTY
-197.000 °C -197.000°C 4.67730 . 0.010°C
-100.000 °C -100.000°C 1521790 .00

-38.834 °C -38.834°C 21.60490 0.008°C

0.010 °C 0.010°C 25.59370 0.005°C
156.599 °C 158.599°C 41.19880 0.008°C
231.928 °C 231.928°C 48.44070 0.009°C
419.527 °C 413.527°C 65.74220 0.011°C
660.323 °C 660.323°C 86.39550 0.015°C

The calibration data were fitted by the method of least squares to obtain the following values for the resistance at the triple
point of water (RTPW) and the coefficients of the pertinent deviation functions of the ITS-90. The attached interpolation tables
were generated using these values,

ITS=90 Coefficients: Rtpw = 255937001 ohms a4 =-3.2208687 E-05 b4 = 2.9929485 E-05

a7’=-1.4379251 E-04 b7 = 2.5080288 E-05
c7 =-1.0286169 E-05

—

STANDARDS USED

| Description Manufacturer | Model No. | Serial No. ;. Due Date
! Thermometer, *Super Thermometer,” 1 ppm: Hart Scientific 1580 ! 8C031 11/15/2001
SPRT, Glass Sheath . Hart Scientific ; 5681 1247 04/20/2002

Laboratory Environment:
Temperature: 23°C
- Humidity: 34% Calibration Performed by: Approved by:
Procedure: HSC106 Rev 2
Calibration Date: 10/19/2001 &
o v
Calibration Due: 10/19/2002 174
PO Number: 01385 Mike Coleman Thomas J. Wiandt

Report Number: A1A1902 (801) 763-1600 (801) 763-1600
Page: t of 6 - .
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