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THERMOMETRY AND OPTICAL METROLOGY DEPARTMENT
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Temperature mapping of storage areas

* Technical supplement to WHO Technical Report Series, No. 961, 2011
Annex 9: Model guidance for the storage and transport of time- and
temperature-sensitive pharmaceutical products

Additional sensors:
DL17, 18: Directly in front of evaporator grilles
DL19, 20: Near refrigerator unit condensers

to monitor heat build-up

RTD: Recording Temperature Device

DLO03 —y

PACKING AREA
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Report of Temperature mapping
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Measurement and Traceability
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“One Standard, One Test,
dan. 17025 One Certificate, Accepted CODEX

ISO/IEC 17025 everywhere.” GMP

150 9000 World Standards Day 2002 HACCP&ISO 22000

ISO151
150 14000 1P, NTNAFDY, >015189
yan. 18000 Tususey Certificate, IS0 13485
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What is metrology (www.bipm.org)

Metrology is the science of measurement,

embracing both experimental and theoretical determinations

at any level of uncertainty in any field of science and technology.
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Measuring Equipment
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National Standard
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2 3

Reference Standard

1A3DINBNINTFIUNAAUNADIGY 0.005 K

2N

Working Standard
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Measurement Traceability
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- gamniiilu intensive quantity na1fe Avesgungiliaunsasuny
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Temperature Measurement
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Water Triple Point Cells

Thermal £7-4
Contact = =
Liguid

WENEnIUzven Ae YaNthiANaNnaN19RUNHveINY (water-vapour) YBUa7

(water) kag ¥BLT9 (ice) neligumglinazanuiuniaAInis
t = 273.16 K

TPW
3w t,, = 0.01 °C
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Fixed Point Cells
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Freezing Points:

State of phase change from Liquid to Solid

Melting Points:
State of phase change from Solid to Liquid
Triple Points:

Three phases (gas, liquid, and solid) of the substance
coexist in thermodynamic equilibrium

Boiling Points:

State of phase change from Liquid to Vapour

33
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Triple point of argon
83.8058 K

Triple point of oxygen
54.3584 K
50K

Triple point of neon
24,5561 K

Temperature at which the vapor
pressure of equilibrium hydrogen is
about 101.3 kPa: (about 20.3 K)

Temperature at which the vapor
pressure of equilibrium hydrogen is
about 33.3 kPa: (about 17.0 K)
Triple point of equilibrium
hydrogen13.8033 K

10K

Helium gas thermometer

w
» |x
ol

Temperature determined
by vapor pressure of helium
3~5K

| Platnum resistance thermometer

Vapor pressure
thermometer
T 3.2K

Radiation
| = thermometer

Platinum resistance thermometer

Vapor pressure
thermometer
— 0.65K

WWW.nmij.jp/.../temp physprop en.htm

1400K Freezing point of copper
1357.77 K
(1084.627C)

1300K Freezing point of gold
1337.33 K
(1064.18°C)

reezing point of silver
123493 K
(961.78°C)

Freezing point of aluminium

860323
— 300K {660:5225)
600°C—
—800K
sorcs Freezing point of zinc
692,677 K
700K (419.527°C)
400c—]
—600k | Freezing point of tin
300 — 505.078 K
(231.928C)
—500K . " .
= Freezing point of indium
G 429.7485K
(156.5985C)
Melt‘mg point of gallium
higds 02.9146 K

(29.7646T)

2343156 K
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Fnodouaviuadslud (Boltzmann)
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lunktioe kg m? s2 K™

AA. 2019
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NIMT
n

The kelvin, symbol I, is the Sl unit of thermodynamic
temperature. It is defined by taking the fixed numerical
value of the Boltzmann constant k to be 1380 649 x 102
when expressed in the unit ) K™, which is equal to
kg m? s K, where the kilogram, metre and second
are defined in terms of h, c and Avg,

Effective from Moy 20 2019,

memAgaumgiineslulamning audenulnd vihla
wane? widluASifeunnitan Tuaanduunsinen
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luafetud Ao Acoustic Gas Thermometry (AGT)
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NIMT

=

Us5¢3Rva9gunsalingungd
=X Y <
ﬂqﬁlugﬁﬂsau = Lﬂu no scale !l

v

N1SVLIYAILLASRANIVDIDINFA

(Thermoscope) L
o 1592-1603 1650
Liquid-in-Glass Thermometer
°F 1 1724 °C 11742

Sensors ¥UARIY ¢ (RTD, TC, RT, etc.)
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O L‘Vl’e)iiummai LwuUaUNd (Contact Thermometers)

O wasluiitnas Guuﬂ‘luauwa (Non contact Thermometers

. R

38



T

39



B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

NIMT

=Y

N15ALUNLATANNDINUUANN : AUNANNITINUNYA

U

1. MswAgunlasauant@iBena/ Mechanical (liquid-in-glass
thermometers, bimetallic strips, etc.).

2. mMswasuulamielniia: AUAIUNIY/ Thermoresistive (Platinum
Resistance Thermometer and thermistors)

| 3. pswasusasalifinanuaauaiedng/ (Thermocouples)
‘ 4. N15UNSE Radiative (Infrared and optical pyrometers)

5. U9 wu Mswaguklainuaniiniueiivagian, NsiUfeud
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212°F 100°C 373K Water boils
180 100 100
Fahrenheit Celsius Kelvins
degrees degrees
32°F 0°C 273 K Water freezes
-459°F -273°C 0K Absolute zero
Fahrenheit Celsius Kelvin

FONUBNIATINLLAITA

‘ ud »
National Institute of Metrology (Thailand)

NUILIN Y UNNH

°Fahrenheit=|:%><°:| + 3D

°Celsius = PF-32] x%
Kelvin="C+273.15

‘izﬁ’uqmwgﬁ =R 10 OC = 28315 K = 50 OF

= = e
ﬂ’]‘iLUﬁEJULLUﬁﬁ“UBQE;mﬁQLI {At) / ATNHUAARLFADU

1K =18 °F

wiedranuliutuoussss 1 °C =
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ﬂf]ﬁ'gjﬂqm%gﬁiu COId Chain () FONUUNNATINUAITNE

NIMT

pERInnn

Temp. . Temp.
Monitoring Controller
.a, E

g luLsniezy

TURNZAN NS

AALNLALWAN



n133ngamgiily Cold chain ()

* N19IRRUNNNATI TBIAUAIT T UAIVIN AT
* N792MUANRININATINTLAATHANAIA LHBIAN
dl = 2 =
* azasa At unIae UL

. Lﬂ?@qﬁﬂﬁmqmuqﬁﬁ@um

*  ANUAIPIUNNNNANAA
. qquﬁﬁmqﬁumuu?Lqmm'fm AspufuAudn
. qquﬁﬁliﬂmﬁm (Lﬂ?{ﬂmmmiﬂmmm)

. ﬂf]ﬁ‘Lﬂ?}lﬂuLLﬂmammﬁLﬁ@ e Ua dsen

* ANINBINTA UAT §ANNA

* anunnlnArasniaauanguund Temp Controller uaz Storage area
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Cold Chain Temperature monitoring

nsAudsduA1lusavuds duszansSaan laagnals ?
>> AuAunUs R doyagaumndl sewinedivinnsvuds
gampilureadu savuds il singamgiifiesurgnlaganis
>> ﬁmﬁﬁfuawmqmmﬁ Tusaun1sviAnudu compressor
>> Nshariguueseinianigly
>> @NN1IEINIANYUDN

>> F9UNITAZAIBUINDS N13U979 (Half load /Full load)

6

>> ALAUIVDUNDS LULLADS

U

A o
NNANIA

a4



vimaam%’uqmmﬁﬁ anaalavinle ? (> 3&31#?;??;;;@;%@

NIMT

PiAAUA ‘ (A) (-17 +0.5) °C (B) (-15 + 3) °C

juds (<-18°c
RS C (A) (2 + 2)°C  (B) (3+1)°C

uaidu (0 - 4°0)

(A) (8% 2)°C (B) (8x4)°C

finuazualdan (4 - 15°0)

mﬂ%’muashqgﬂé’aq NNSABULNYU

[e]

LazInNTTATesliaingumn)il a819gnReIRedfry




ﬂﬂlﬁl,aa f Lﬂ%aﬂﬁa%ﬂ aq m‘viﬂﬁ (,) RONUUNIATINYINAITIA

” National Institute of Metrology (Thailand)

- 9299aundildey uazsTAUAUQNADS

- Inguszasalunislyeu

. uauazimtn NMIReRe nsuaaNe wazdieToudaya

© UINTFIUVBINAANUAN LYW ANEZDIN AUUARANY i.e. food,
medical, petroleum, heavy industrial

- N15U1393nE1 NsEULigUy

+ psmuuseanznnsling Wy anuti duaseas



1.

2.

NIMT

dl ¥ g a () FONUBNIATINLIUAITG
Lﬂ s a Q 3\' a rJ ﬂ aq mwg 31 National Institute of Metrology (Thailand)

wasludiimasuisuna (Liquid in Glass thermometer, LIG)

(%4

ININYUNYH (Temperature gauges)
Aaviawmasludinas (Digital thermometer, DTM) & Data loggers
< 1
LYULYDTI:
“Na3luAMasAUAIUNIY (Resistance Temperature detector-RTD)
- Platinum resistance thermometer (PRT)

- WasN&awas (Thermistor)
“nasluaulla (Thermocouple, TC)

a7



1. WasludnasuviaLn

Liquid-in-Glass Thermometer (LIG)

Bor &0

TOTAL
PARTIAL Immersion
Immersion H COMPLETE
U u rmETsion
Worst

Best

FONUBNIATINLLAITA

National Institute of Metrology (Thailand)

Expanszion E

Chamber

Main scale

Contraction
chamber

Augxillary
scale

4
NI

Bultk —
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) ~ g ! 4 RONUWNNATINGILAITNG
WNDSINALADIVIANAT : ()

1. Enclose Scale

_ ama%ﬂmﬂagjuuLLr;JuLLemﬁmmﬂmﬂé’ﬁmﬁuaqmm
- NIEMLAUVRIVBLNAI N LBHUELNE
2. Solid Stem

* UINIPIULUU ASTM

° ANaNANBYUUNTULAI(stem)



FONUBNIATINLLAITA

YaAI53E Ui LIG (Y i

< Aaulyiny miﬁqLﬂmmmamyﬁaiﬁuaqaﬁ’waqmaa

LaZNIU

% DUARNITHANTI, ANALADY, NANITDIUILIA

NANAA MUTTUT ldnsnEn

‘0

* ANUNANAIAINYULNABNYDINITOIY

(parallax error)




2. Temperature Gauge ()

% 7%
W=
B= |
-il]‘g y

Bimetal ldvannisvenesivesian s weatanlasu D
e %

ANNSEUNTRUNTTIUREULUAY NTVLUFIVRIIAR | ‘&

p1fuANNFUNUSLaUlane 2 ¥ia Welasuaiusau n1s

yenefafiuandsiu yiliioulavziinnsldasedy
186 geldanulauslnau
VBRI
Max —Min temp A35Us2018 80% of Full scall
147U Scale > Wudns /7 nsvuidou ad
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3. Digital thermometers (DTM) () nnnnnnnnnnnnnnnnnnnnnnnnnnnn




gunsalBdnnsetind Meuiuwmesiuliwesiduses Ussaiana
wazaualaluduavidnea

- T UEBaZ AL AINTINS?
~ginnuwmeslufmesviangyiin

- RTD, Thermistor, or Thermocouple
- fivany ULUY 578

- IVANgIEAUANNYNADY ALALLIYN

- Resolution WseAuazLsunvawasadile (1, 0.1, 0.01, 0.001,..)
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6 o Lo aLRNATINEUKITG
@ q ﬂ j g ﬂ a U a f] aJ National Institute of Metrology (Thailand)
v

NIMT

a

WINA8 - LAAY NARTUUIIN

u

npFuATyaN

EARIAIAL

Probe

NALAPSHARUNNN

/ NATINHLART LTULTAT

A1 b n1stiunen / assiadaya
(Option)




Temperature Data lo ggers () T

NIMT

a |l

a fu & v = fa & a ¢
wmaslufiwesdaiudayagaugisaiies lalugluuulnddidnnsetind

Y

oV

U193 15ane anansaaneleudayaniu Bluetooth w38 WIFI

[ < . <
AALNULUU Real time d¢nINTINLIT

A0 ILATIZIING L‘T‘Juﬂﬁwsﬁamaﬁtﬁﬂmaﬁﬂé Taslugnsanduiinan

I‘L!‘U']\‘iiu E‘ﬁll'ﬁﬂLLQQLW@U@QﬂﬂJMW@m%ﬂﬂJiﬂ ‘U‘LJ‘V]ﬂ"UE]lIﬁi@
NaNRAY LY am‘wm mm%u m'ﬁauavmau

4831NA G]’e]ﬂ?iﬁﬂﬁi]ﬂﬂUﬂ@ﬂJ‘W']L@@ﬁ%ﬁ@@ﬂﬂimau 9138U8I1NALUANTADULTEY
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6 B FLIRNATINEWAITA
LgULygas DTM / Data logger ()

NIMT

® Resistance Temperature Detector (RTD)

R AT Lﬁ'aqm%gﬁm?{au

WUy 2 Ussian fie PRT RTD (Pt100) wae Thermistor
® Thermocouple

puAnadndiasu Wegumaiiudeuy (nanewuile)

* 3uq 19U Solid State temperature sensors

UFuildeunseuaiiogamniiiudeu



3.1 Digital thermometer with RTDs () o o

=

*  STAUANNYNABIEY U51Age (>0.01 °C)
*  JAAUATUNUAYTINTUNTIANTUL DU

(Resistance Bridge)

* v dlsddulnlTududssdnsnelula
* Juiin/aneleuteyals



waflufimasadnudiuniy (PRT, RTD) () i

Caeramic wdrE il

Platinum
wire coil

J:
@ Multibore

ceramic tube

INDUSTRIAL PLATINUM RESISTANCE THERMOMETER
(CERAMIC ENCASED)

NIMT

Tgnann1snisilfsunlasuesnnun Uiy
Tuduainlanellogumiiuasunas

(thermo-resistive)

Platinum LJulASIa@S19nanve 9
D5 IUTLMBSUYLATLLANISNEALAUYD I ANy
YUADUND AT N TINQUNYNNININUL
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¢ a S v o a oo
masluditnasnua1uniu (PRT, RTD) ()
o \Jumeslufineifigniesgaiiae
* Nominal Resistance at 0 °C : 100 ohm
* Tgarudi9gaumgiindne (-200 9 650) °C
* g AUNURReINITANLLAILENES (U< 0.05 °C)

* Jaulgsiuniv Digital thermometers

* Houlddu Master thermometer 1a
® 3| Class A/ Class B
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¥ o/ ¥ B FLIRNATINEWAITA
GU a ﬂ rg is g rg 0114 ﬂ f] scldlj q ’] u National Institute of Metrology (Thailand)

NIMT

RTD / PRT
Probe

° ammaﬂ mmmu]s%ma

o Fuan/nswunn eudu = deu
ANPINUFTUNIY =D 9UANDUNNH
NANATA

. iggjgﬁju IW 3Uéjg\l ﬁaqm%{]ﬁ é’faq INDUSTRIAL PLATINUM RESISTAMCE THERMOMETER

(CERAMIC ENCASED)

WILNZdl (98719088 15 WINUBUEUNIY

AUEINANg)



National Institute of Metrology (Thailand)

3.2 Digital thermometer with thermistor probes () A G

NIMT

- Transmitter 989 thermistor AANUTULDU
998071 PRT

S RICURE

- fHunlUnuuazasuiNguwuy Digital

Thermometer

a Y 1w

. uauiﬁu@ﬂu Indicator / Data recorders

<



National Institute of Metrology (Thailand)

3.2 L‘V]@%ﬁﬁlm@% Thermistors () FONLUNNATINGUHITA

Ceramic material

Thernmishor swithcak Thermisbar wwikh
Encapsulaticon Encapsulakicon

 Thermistor HUANNISYINNUNLBY PRT wald semiconductor material  unuilanziaziininulise
gaun)iunndn PRT luvauziiranusumuvasgamgineiualanauialidudadumniiou
PRT (NTQ)
Thermistor Standard Forms: 300 Q to 100 MQ

° laiﬁaﬂ%”mﬁammﬁmﬂfjw 100 °C Rod moderate power capacity, 1 kQ to 150 kQ
! v NTC: Negative Temperature Coefficient
(%4 al] Yo a gj i |)
* Tnaaumnnillanluanmniiviedy (commercia
i y " y | PTC: Positive Temperature Coefficient (Safety
application)

*  @ULNBU uncertainty < 0.01 K
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B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

Thermistor 11310 semiconductor languay >> s1a7laung

AANUATUNIU 1K, 2K, 10K, 20K, 100K,... fi 25 °C

U

Fremsidaunaundt PRT uianunsalininugnaedsesu Class PRT
@uiugy) Tunsldnureumgiiuaun Wy gaumgivied

G | thermist =
eneral thermistor eq %:A+Bln(R)+C[ln(R)]2 +D[In(®)]



3.3 Digital thermometer with Thermocouple () sonas N

National Institute of Metrology (Thailand)
NIMT

probe

* syaumNUgnABsligein
*  VUMU F1ANUTEREN

® Accuracy (0.5-5)°C
* U3 @unsadenviln

Yaamasiuauiale




Thermocouples

Metal A, S,

Metal B. S
Measuring
Junctionv
Hot Junction

Reference Junction/
Cold Junction

Thermocouple
Voltage, emf

B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

wasluaUia Asuansan

wsaAaauUlNdn (V) a9nun FUWUS

=

NUAULANATENINRUNYHNYA
508093M (Measuring Junction)
Weuiu 9agaumngliondns
(Reference cold Junction) /
9091489kUM1319UNIFIU TONT

d9ULNeU AR 0°C (Ice Point)
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NIMT

wasluauila (Thermocouple = Thermal + couple)

1 laneaasurnangnany
2 UanulyaunsLinieny

3 Output (V) arwusnugaumim feu TC 199U 2995vaLregnaumd
WANRINIEWINITDYADYINERY 91984 (Cold Junction compensation)
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yilauaryreanmnniildau

TC Ref. func.

type range, °C

B 0to 1820

E -270 to 1000
J -210 to 1200
K -270 to 1372
N -270 to 1300
R -50to 1768
S -50to 1768
T -270 to 400

Nominal composition majority component in italics, % in mass

Positive leg
platinum-30% rhodium
nickel-chromium alloy
iron

nickel-chromium alloy
nickel-chromium-silicon
platinum-13% rhodium
platinum-10% rhodium

copper

) ) Inner polymer insulation
OQuter polymer insulation i \

Weld or solder junction by any method /
that gives clean, durable joint

Negative leg
platinum-6% rhodium
copper-nickel alloy
copper-nickel alloy
nickel-aluminum alloy
nickel-silicon-magnesium
platinum

platinum

copper-nickel alloy

FONUBNIATINLLAITA

National Institute of Metrology (Thailand)

NIMT

Irltass 1 sl b reaal [ b=t o g}
AT i Sy

-_——"
-
- P === e
T ———
===
b___=amalh =—=ai
-t
PR =ty | ==
L
.
- e—

S 03ZRCONOND

Welded measuring junction
\%

TR-S

C

Sheath
Thermoelement

Mg0O Insulation
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v LY v () FONURINATINLILAITIA
GU a ﬂ rJ s i g fg Qiu ﬂ ’] 31% Q ’] u National Institute of Metrology (Thailand)

Lyandedkilianamesiudulainieniuiadses

2. WsnsedinseRanusenvmasiuallanly gnaeensanudseian e
= = v a1

Fuweslueses (asviad/nile)

aQ

3. mawesluduila Weldnuaslifigedeluuinaiigumgil
unneine angllsonaginseldlafionmoiivios

4. weslufilanvudesaviinsneuaussianiisiaiini
9AUNNTITIVDIFUM

5. 191lunsdl Low accuracy, Uniformity test #aniaesnasld
A lefigumRdiu Aeaududs uusazdnnsasuiiioy




=\ d' a\ 49( 174 o o 1 o
AURNANAIANDINAVULA LUNIT LTI ()

National Institute of Metrology (Thailand)

. Laanlnsu linseleanduvesnianu

- 1@an TC Type #n

. WUAKIDIDDU

* 123999 Cold Junction compensation 13jﬁmuuﬁaj

. weslufimasiinnsiioud

- aulilunismeuauasguugll (Time Response)

o %wa:u'wl,ﬁmwa Immersion error
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N13daULNBULaZNITNAGU ()

NIMT

AUuEgTunsU{ R

n1saauLigy (Calibration) : ﬂ’]’ﬁ%’]ﬂﬂllLﬁEJQLUU“Umﬂ"I%JUE]ﬂ“UENLﬂ%@x‘iﬁaﬁlﬂﬁ]’]ﬂﬁ’]
WS (MANNAAALAABUTBIATEEeTR) TiumFendumsiliuueu THdwmsu
\n3asilan Tuasdns viegnavnssy NlszuuamNANY BuduinaTasilads
aunsnsuanlfiegnegndes /fisnss

n1INAaau(Testing) : mimmmLﬁmLuuﬁuaqmﬁ??uaﬂﬁuaqm‘%éqﬁai’mmﬁwmmgm
(manueatedsuTanaIsietn) MdmSuidisuarindulumudeiivuadigasnis
Wrwsin) Wlunisasaaduinasesdiadulumudonivun (Specification), 13
asasulunsInTe

Version anqn
Uszndld 29 woAanIew 2560

ISO/IEC 17025:2017

General requirements for the competence of testing and
calibration laboratories



o v o = -3 FLUINATINIUAITG
V‘ r]lu ﬂ a q VI ’] ﬂ f] ia a U LVI EJ U National Institute of Metrology (Thailand)

NIMT

-
us Mational Institute of Metrology (Thailand)
WMT
/ A Certificate of Calibration Al
Certificate No. H TT-20-0067 Cl MRA
. / Tssued by H Temperature Laboratory
/ \ : Thermometry and Optical Metrology Departrment

MEASUREMENT ITENM H Digital Thermometer with Probe

(Precision Thermometer)

MANUFACTURER H Drigitron
MODEL/TYPE q [rgitron Ta
SERIAL NUMBER £ 2341

CUSTOMER : ic Analysis Group

Organic
3/4-5 Moo 3. Klong 5, Klong Luang,
Fathumthani 12120

MEASUREMENT DATE a 8 August 2020
The reportea 15 Based on By A coverage ractor k=1, providing a level af confidends
AR, This May MOt BE rEproaucsd SINEr Than In Tull @Rcept Wilh the permission of the
|rector of Hational Institute of Metralogy [Thailand).
Reference pate Authorized Signatory Person in charge
1-TMC2208-0 120 13 Augus: 2020
et G

[Chanunyrat ¥aok Feel {Oijini Cngrai)
W This certifkate is consistent with the capabilities that are Inclused in Appendix € of the: MRA, drawn up by the CIPM. Under the MRA,




sUwuun1saauLigu Digital thermometers ()

NIMT

1. @UMNYULLUUIIU ** 2. ﬂ@ULﬁ‘c’JULLUULL‘c’Jﬂdeu
LU NS et Unit - :
ARUIBULUULENEIU :

(Temperature Laboratory)

® Probe 2 Temperature
Laboratory

o ** gy D

Electrical Laboratory

drunsalysaunulanane probe

Digital Thermometer with Probe i mBE SR AR =54 - :g:,

aasldow Probe+arsiuwiiuniigue i — - &




N13HULIEULATEIND IO () NS

U National Institute of Metrology (Thailand)

a 1 <,

N1sEaULIgULATRladInaaunuUwTy 2 wuuhe

v

1 . ASHRUHIBUTIMNUINIIINIUNNTULATNIALEAINE

Temperature Laboratory
q — Standard Thermometer VS Unit Under Calibration

Measurement Results :

The measurement results of the Digital Thermometer with thermocouple probe are reported in the table

below:

UUC Reading Standard Reading Correction Uncertainty

C) 0) C) ®
199.2 200.0 08 04
3080 400.0 11 04
5986 65000 14 04
8015 8010 05 10
1001.1 1000,8 03 10
1200.1 1200.0 0.1 12

Digital Thermometer with Probe

End of Certificate

Y v % 1 1 o/
Aa9lY91U Probe+fA281uU52UNULELD




FONUBNIATINLLAITA

N158ULNEULATR IR INQ NN <

g

NIMT

[MEASUREMENT RESULTS:

The measurement results of the thermocouple type S are reported inthe table below:

2. doULNgURUULENEIU

Thermocouple output E-Erer E-Eo® Uncertainty
(°c) (rv) (uv) (K) (K)
200.07 14397 -17 -0.2 04
399.96 32575 -15 -0.2 04
600.03 52394 05 0.1 0.5
799.17 73430 7.0 0.6 10
999.35 95876 79 0.7 10
1098.38 10745.7 79 0.7 10
' Temperatu re Labo ratory 13 B4 29 o L2
— Temperature x output of sensor (Volt, Q)
CALIBRATION RESULTS:
Simulated Input uuc Rcading Correction Uncenalnty
"c c c C
-10.000 -10.070 0.070 + 028
0.000 -0.035 0.035 + 028
10.000 9924 0.076 + 028
50.000 49.921 0.079 + 028
100.000 99.916 0.084 + 028
200.000 199.915 0.085 + 042
300.000 299913 0.087 + 042
400.000 399.910 0.090 + 042

Electrical Laboratory

q — Temperature simulation (V

olt, Q)

d13115a1% Indicator saunulaviaie probe




nSaa U

paAUsznaulunITaR UMY
NNQUNOI

®* Unit Under Calibration

® Standard

®* Temperature Source

L) FLWINAINIUAITG
National Institute of Metrology (Thailand)

Liquid B ath

NANITAAU LN

ArA Nl duaulunig

=
A UNeL
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YUNDUNTITEDUNYU

nseARe UUC way Standard lu Liquid bath

— J
i

Standard

UUC

I

litloendnis whves funnszylulususeua
LEUHUALENAN ~ o
y N13edUWMEU Liquid bath

7



Standard Thermometer ()

- vhwthnduaandannsgiudmsvanevenanliiuinsssilolignasy
Wgy >> gudoundulaguinsgunmia
- AUNABILiugT AndiATeslietundeuLiey

Master
thermometer

Standard Probe +

Standard Indicator
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NIMT

Temperature Sources ()

@ imihlunsasieungll o e laeuiieuineans

Heater

Cooling
coil

Control
sensor

Liquid Calibration Bath -~ =SS Temperature
Furnace Chamber



* Tagligdudasaduiuasusinans
® |UNTANEINSUIU on-side calibration
® Stability Lkag Uniformity agjiwi’jﬂ\‘i 0.05
09 1°C
- 'y @ o
* uansal gnldutums Standard

thermometer wae Temperature source

FONUBNIATINLLAITA

National Institute of Metrology (Thailand)



FAY

o " o a ady A NWHINATINLIUAITA
ﬂma AYUIUBILLHAANINN L‘Uﬂq CLWIQ AUNNBDININIUN nal Institute of Metrology (Thailand)

550135

550.13

More information:
EURAMET Calibration Guide No. 13
Version 4.0 (02/2017)

550125

g
2 55012
H

gsso.us

]

550.11

550105

550.1




AAu luaulun s Ui uNIgnnl ()

Y

39.000°C

Standard / STD indicator
Calibration / Drift

UcC

Resolution / Hysteresis

Heat Sources
Uniformity, Stability
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A28819 [USUIDINAN1SaaU
wisu (1/3)

WNELATTDY LU LN
NNELATUDUNDFINNLADT
= dl =
TNHASLALALATANND
VUNRADUNELLATANND

dl dl 1 %
TRALASNBLUDIQNAN

A

("_ .
ua Mational Institute of Metrology (Thailand)

NIMT

e

Certificate of Calibration & dTEE—

—cCIP RA
Certificate No. H TT-20-0067 el

Issued bay H Temperature Laboratory
Thermometry and Optical Metrology Department

Page | of 3 Pages

MEASUREMENT ITEM H Digital Thermometer with Probe
(Precision Thermometer)

MAMNUFACTUREIR H L¥i gitron
MODEL/TYPE H Drigitron TG00
SERIAL NUMBER 5 IS4 T

CUSTOMIER

Pathumsthani 12120

MEASUREMENT DATE = g August 2020

The regorted ureriainty Is based on a standard uncartaingy multiplied by a coverage factor k=1, prosiding a level of confidence
of approximately 95%. This calibratson certificate may not be reprocuced other tham in full escept with the permissien of the
Derector of Mationad institute of Metralogy (Thailand).

Reference Dare Authorized Signatory Person in charge
1=ThACZ20E-01/20 13 August 2020 /
"-/-___rﬂ—"xf | N

(Charuavrat Yaokulbodes) {Dijini Cngrai)
This certificate is consisient with the capabilities that are included in Appendix O of the ARA dressm up by the CIPRL Undes the WA,
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Continuation of Certificate of Calibratton Number TT-20-0067

Customer - I

Description Digital Thermometer with Probe

Page2 of 3 pages

(Precizion Thermometsr)
Aodel : Dhgitron T600
Serial Number - [
Manufacturer : DMgitron

Measurement Period 8 August 2020

ENVIRONMENTAL CONDITIONS:
The measursment was carried out in an ambisnt temperature of (23.0 = 2.0) °C and the relative
bumidity of (33 £ 100 %5,

MEASUREMENTMETHOD:
The digital thermometer with probe was calibrated accordmg to calibration procedure CP- TT
1002 by comparison of its readmg with a Standard Platmum Resistance Thermometer (SPRT) m

stirred ltqutd calibratton bath. The sensor of thermometer was mmersed at approximately
mmmersion depth of 150 mm. The temperature scale used was the ITS-20.

TABULATIONOF RESTULTS:

The tzbles reported in the following page gives the calibration results at the point specified by
customer and their associated measurement uncertainties.

UNCERTAINTIES:
The uncertamty stated iz the expanded uncertamty obtaned by multplymg the standard
uncertamty by the cov erage factor §= 2. Ithas been determined in zccordanee with DAKKS DED-3

or EA publication EA-4/02 M: 2013 “Evaluation of the U neertamty of Measurement m Calibration™

and JCGM 100:2008 “Evalustion of messurement data - Guide to the Expression of Uncertainty in
MMeasurement”. The wvalue of the measurand lies within the assigpned rampe of wvalues with a
probability of 95%6.

TRACEABILITY:
This certificate provides traceability of mezsurement to recognized nationzl standards, and to the
rezlization of the Intemationzl System of Units (SI).

FONUBNIATINLLAITA
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NIMT

A19819lUSUSDINANISdaUIgU
Digital Thermometer (2/3)

an1znasanlun1Iga UL
Qddl £ = dl Y
FLUITN AN mmﬁmwiﬂj
FrelzqNAadindnmasiuiinafaate
v [ % % =
n17daLsaunau lfuaINanIsga LYy

NNFLAANHALAZ AT AN I UL
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Continuation of Certificate of Calibration Number TT-20-0067 Page 3 of 3 pages

MEASUREMENT RESULTS:

The measurement results of the digital thermometer with probe were reported in the tables
below:

UUC Reading Standard Reading Correction Uncertainty
) %) )] &)
17.61 18.00 0.39 0.02
19.60 20.00 0.40 0.02
21.59 21.99 0.40 0.02

Note: UUC is Unit under calibration.

End of Certificate

taa1u iU Tdau

1 (%4

ANR39/HanN1590= ATNIALA + Correction

%4

ANR39/HAaN1520 = ANIALA - Error

B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

MTNVITBNAFRUNLY (ANUINTFIU:
STD, AUsd: UUC)

Tatuamikarnsaugavesluiuses
HANTTAR UL

Uncertainty YBINANITADULTIEU L
SYLAUANULYDLU LU 95% (k=2)

AN
(Correction = STD-UUC) %58
ﬂ"m’nuﬂmmﬂﬁau

(Error = UUC - STD)
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Calibration Results

W-TC5

Digital Temperature
Code : 2005

STD uucC Correction Uncertainty
(°C) (@) (°O) (+°0)
(k=2)
-18.000 -17 -1 0.5

B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

sre9unatduaud (Correction) = STD - UUC

vaaun lulgenu

ANR39/ManN159n = ANNIALA + Correction

wiaunluTgeuase rseslioauaila -17 °C wuena

GURRVTHIRER

= (AMIALlA + correction) + A1AuldnduaU

= -17+(-1)

(-18 + 0.5) °C
(-18.5 to -17.5) °C
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+

W-TC5

Digital Temperature

Code : 2005
Calibration Results
STD uuC Error Uncertainty
(°C) (°C) ("0 (+°C)
(k=2)
-18.000 -17 1 0.5

wauluTgeuase 1rseslioauaila -17 °C wueng

=Y

AN
9 v

259 =

B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

sneuratduaInuaalataaau (Error) = UUC - STD

taa1u iU Tdau

[ %

ANR39/NAaN1520 = ANIALA - Error

(Aala - error) + A1 ladduay

-17-1
(-18 +0.5) °C
(-18.5 to-17.5) °C
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Fluke 1551a Stik Thermometer

=

FONUBNIATINLLAITA

diayadwng: Fluke 1551a Stik Thermometer & Temperature Calibrator

Aaya=Eing
2NN

auuiugin (1)

. o
wihanuanINa
ilszsnwenurias
Aduilszdnsgainitasina
AN DI ULDT

gidvarEurIas (IAdIuIIaY
ilaan)

AUANBAIATIU UG

JaqAsauIaAs

nataaldauad

ud
National Institute of Metrology (Thailand)
NIMT
1551A Ex 1552A Ex
-50 °C 9 160 °C -80°C &9 300 °C
(-58 °F §i9 320 °F) (-112 °F 3 572 °F)
+0.05°C (x0.09 °F)
°C, °F
RTD wuu#lauum 100 Q PRT wuuaiaviu 100 Q
Anad 0.00385 Q/Q°C
=10 uu. =30 1.

3uu. (0.1 )

7 aia. (2.8 1) 12 ai. (4.8 1)
TavzalauLad

iafifidurinuaudgnaie 4.8 u. (3/16 #): 14 Jund
andaffldusinuautgnaia 6.35 uu. (1/4 §): 21 Jund
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Certificate Of Calibration
Fluke Calibration, American Fork
Temperature Laboratory

Cartificate Mumber: COS16041
Dats of Calibration: 12 Jun 2020

Status: Ap-Lall Fass

Date Due:
Maoded: 18514 T parature: Mwas C
Serial Number: ABETON4 Relative Humidity: 20 o 55 %
Descrigtion: Digital Thermomsar with Probe Pressure! Bl &0 BESKPa
Procadure: AFC1024 Rew 001 Iszue Cate: % Jur 2020
Callbration Moded: 15514
Customer: FLUKE SOUTH EAST ASIA PTE LTD
Locatian: SINGAPORE, 50
PO Mumber: 2ER18ET-FCO-WTHMEASURE

RMASO Number: 9551371

This calbration i raceabia 1o the intemational Sysiem of Unis [SI) thicugh mesgnized natcnal melrology Inssiutes
(NIST, NRC, PTE. NPL, iz, raliometic techniques, o natal physical constants and is in complance with
|S01TO26:2017. Calbestion carifcates withoul ientification af the autharizing person am not valid Ths certficala
sppiins t anky Lhe item idsrmNied and shali not be reproduced axcopt i full, withoul the spaciic wettsn approval by
Fliig Corporation. This canificate shall not be used o ciaim procuct certication. apgroval, of endorsement by HYLAPR
NEST, o any agency of the LU S, Government

This carffcain of calbration may contain data that = nol covensd by the Scope of Accreditsfon The uracoredited
messuremant points are indcaied by e # symbol or confined b sy Marked sectans

Measurement uncertaimies al the Sme of calibration are ghen whers spplicabia, Thay are csicuisted in accordance
wwith the method descrived in the 150 Guide to the Expressian of Uncérsnly in Measurement (GUM). The: apcriad
axpanded uncerainty of measorement is staled 89 the standard uncenEnly of messurement muliplisd by e
coverage factor k such at the coverage probabiity comasponds lo approerabely 85 %

Calibratipn stabus should be interpreted &8 follmes
Az-Found Data collecied befors Bhe unil was. adjushad and ! or repaind
Found-Lefi: Dats calecsed without anmy adiusiiment and | or repair periormad

As—Lefi:  Dala collecied after the unit Fas been ajusted andlor repairned.
‘Commants:
o
N ) —
3 E Authorzed By
Matt Nawman
Banior Calibration Tech
Fluke Corporation Talophona ntormet
Diah valey Drive  Amencan Fork, UT $4003 LISA 13553235 watwr lukecal com
Page1ocfl

= = am m mAnA _._Aa
Calibration Data
Maximum
Reference Measurement Measurement Expanded Permissible
Description Value Result Error Uncertainty Error Status
As Left Data
Adjustment Parameters
RO: 99.929831 Fluke 1551a Stik Thermometer
A: 3.921311E-83
B: -6.454208E-07
C: -5.776125E-12 p
MINOP: -6
MAXOP: 170
DEVICE CAL 1: 50.0080:0.1000
DEVICE CAL 2: 100.0020:0.1013
DEVICE CAL 3: 150.0070:0.1044
DEVICE CAL 4: 200.0000:08.1120
USER CAL 1: -50.0000:0.0000
USER CAL 2: 0.0000:0.0000
USER CAL 3: 157.0000:0.0000
Test ID: C0163115683205
Temperature (°C)
-50 °C -49,9857 -49.9844 8.001 8.012 0.050 P
-25 °C -24.,9368 -24.9438 -08.007 8.012 9.050 p
8 °C 9.0104 0.0211 9.011 ©.012 9.050 P
100 °C 99.9979 99.9964 -9.002 0.012 0.050 P
157 °C 156.9001 156.9022 0.002 8.012 8.050 P
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Calibration Laboratory

Equiprment:
Model:

Serial Mo.:

ID Mo
Manufacturer:
Customern:

Adddress:

Calibration Report

ature Recorder
-
1030021990

LogTag

Ambient Temperature: 23+ 3%

Relative Hurnidity:

Received Date:
Calibration Date:

Date of lssue:

55 % RH + 15 % RH

Cert No.: T-1806185

Page 1 of 2

Calibration Laboratory

Calibrated by:
Engineer
Approved By:
(
Approved Signatory

25-Jun-18
25-lun-18
26-Jun-18

REVIEW
MARK

START
CLEAR
sTOP

N\

v

~
LR

Page 2of 2
Job Mo.: 1815-184738
Calibration Procedure: WI-DC01
Calibration Method:
This instrument was calibrated by comparison with standard thermometer in liguid bath at

termpemature calibration point

Condition of this result of calibration:
1. Reference Standard Instruments Usad:
Platinum Resistarce
BT TiT101 181363 ZEMar-19 TRA MIMT
Thermometer
Tharmormeter,
Chub-£4

1529 AL2037 ER-00181-17 OH0ct-18 MIMT MIMT

2. This result of calibration was found accurate as shown on date and place of libration only.
3. This result of calibration was found accurate for this eguipment only.
1. Thiz calibration report docurnent the traceahility to nation standards, with realize units of

measurement according to the international Systern of Units (SI).

Result of Calibration: Without adjustment

STD Walue UUC Readine Emor Uncertainty (1)
(=c) {=c) =) (=c)
200 1.9 L0 015
8.00 e 040 015
15.00 148 020 015
20.00 198 020 015
25.00 248 020 015

ULC = Unit Under Calibration

The reported expanded uncertainty is based on a uncertainty multiple by a coverage factor

k = 2, providing a level of confidence of approsimately 95%

End of Calibration Report
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NIMT

TRID30-7R: (uuateasuuuldnu'le)
=305 =B @22 R = ) )

0.1°C (0.2°F)&m3un3sia-30°C~+40°C(-22°F~+104°F)
0.2°C (0.4 ° F) &wmsunisiaa uuu +40° C (+ 104 ° F)

#nd1£0.5°C (2 0.9°F) ammiunsiaan -20°C~+40°C (-4°F~+ 104 °F) lan
111+ 0.3° C (0.6 ° F)
#n31t 0.8 ° C (¢ 1.5 ° F) dwmfun1siedu - Taairlldat 0.5 ° C (0.9 ° F)

Taavirlduaraniasndt 5 uni (T90) luaaniAAdaui (1m/ s)

wihaauianiurindaya: 1uia 7770 (n1siiuiin 53 9u @ 10min, n1s1iuvin 80 Su @
15min)

wihaauInaadasdsiedu (@msunaauu LCD): guaasainiu 30 Junasml Max / Min
wayANsyasLIan

5u'la, 30 Juriaevanatlug
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Calibrated b :

hfiss Jarunee Tubsay

e b o

Iy 1 E’:: Ceriificate Mo. ; MT20-506%
98149 3 z o chaimart
E Function : Temperature measurement Rasult 1 Without adjestment
= RO Calibration point 235 25 15 .5 5 18 'C Resolution HE R B
= A Immarsion depth : 140 mm
:"' Mode: Dy Block
[~ = H H Calibration uuc uuc* Standard uuc* Uncertainty
s Cel'tlflcate Of callbratlon point setting reading reading correction of measurement
¢ . (c) {C) {°c) {c) (‘c) [ +-*C )
artificate No. : MT20-5058
Page : 1of2 -35 -35.0 -35.0 -34.878 0.022 0.4
Customer = Mon Logistics Complex Co. Lid. 25 -25.0 -25.0 -24.988 0.0m D14
-8 =180 =158.0 14,980 0020 014
su TP17450 | TP17650M | TP17165S TP17200S TP 3M 165E -3 -5.0 -50 -4.504 G.018 0.14
5 5.0 50 5.023 0.023 014
16 16.0 16,0 15.018 0018 0.14
15 =350 =350 -34.981 0019 0.14
. HU:AUVIUAGRYMISH _ L . ) _
ﬂ\SZU\'ﬂU o LHUAzAUDIUNQoYMISNIgauHAUNYaIUaILa:anugy
DIUHADIAUFY
, . _ -35°C
voumsMaeukl | RT..450°C RT...650°C 1165°C -55°C~+200°C -35°C ~+165°C
A" Tolerance +0.6°C +1°C £0.2°C <+ 0.2°C
+ o
fn Stability +0.1°C +0.05°C +0.01°C (DB,LLIR) / Evaluation termperature measurement { Stabilily & Radial & Asial }
+0.1°C(SU)
Stahility it v =
voweo Block | 2609/ o8 i/ 41150 @ 60 L. / 3n 170 Tampacaluts IOR 1 S tompav oty bo| A Hen
ocC @ Uu. / an Ju. a 5
an 150 uu. Uy, ) deattteh) Sth, f20)
-35t0 15 ooz 0.021 0.028
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LUINILLUSUNENRSUNISNIUED UL S LTIl A DS
S¥91119N75 [W9U819418

_ yhmsasadeuAiumeslulinesinasg Uik sEe UTsUINLA o
RUNNITRY Wrasi gl

_ yhnsnsadeuadesiiony Ice Point (0 °C)

. MIMuEeUINYsEIRNNTER UL
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NMUFIUINUILIANANITHD UG ()

Y mesluiwmessesihunisasuiisuluseunan Tne Summary Drif

P wa Y I = 7 E | Dwift (70
ATHUsTIRazan litaunin 3 s9UNISaRULIYY T o ’r
wLU%EJULﬁEJUﬂ'WﬂTﬁa@ULﬁauﬁﬂﬁqﬁu U AIFIUAIAY 2020 0.7 0.4
2021 0.5 0.2

WU AauUnYl 1 U (control chart)
Y femnuuiugBdy thuseSanisaeudisuu
NATUITIUNURNANITNIUEDU

Drift / °C

% A1U150YNUAYaNAN9ETH IUIENANURY
W5l TURUURE WAL 967
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National Institute of Metrology (Thailand)

1. ASRFIUNULATDINBNINTFIU (Master Thermometer) () sanas I

NIMT

Standard Thermometer

/ [ 1

.

23.0

uucC

° 19 (95717 T o ' = a v Yo o o

InRRE DUC uae 5T adlu L °  nsnsREeuiguniivies Tasdanaslaul
AIUANRAMAN (Bath / Blocks) luszey o ao < e a
oo ! v P NTounniiieseg1etioy 2 F3LU4N8UYINAITIA
PUNLANIEEU (15 WNVDIFUNIUAUSNAY) A

v =

*  Quindngumnil UUC uay STD

°  RTIIERUAITAEAAGRITURRARUIEUY
lufusemanisnisaeuifigy Tuszezguilvnzay

9

)}

w = I a o Y v 1 = 1'% 1 1 1 =
iw3RslaunsgIuimihunly desruntsaeuiisunlgatatliviuauansay
agluinainiviuall 98



2. 1528aUNU ICE POINT

Validation at 0 °C Using an Ice Melting Point Check

Ice Melting Point Temperature Readings (°C)
Sensor Name 12/8/09 3/7/2011 3/15/2011
TC1 0.0 0.0 0.0
TC2 - 0.0 0.0
TC20 - 0.0 0.0
LA 0.1 0.1 0.4
LB - 0.0 0.0
LC 0.5 0.5 0.5
LD internal - - -0.2
LD probe -0.2 - 0.2
LE1 probe 0.1 0.1 0.4
LE2 probe -0.1 -0.1 01
LF probe - 0.0 0.0
LG internal - 0.1 0.1
LG probe - 0.4 0.4

Cold Chain Management:
Temperature Monitoring Solutions

Michal Chojnacky 4 .
A Standards and Technology fun: Cold chain Management:

ure, and Flow Metrolog)
Temperature Monitoring
solution from www.nist.gov

FONUBNIATINLLAITA
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NIMT

thuds uazgunal iutanfivléde

(thndu davenn antudeuadn mwue)
AuluuLUeY ice point = + 0.01 °C AN
wigueg1enIT / fdleandn
wostuiindeyaitlisuih o1agniianiinly
pemanadndeuirlundlu gauds
Honanlidmiunsusugamniiviauna
mngamgfigatudsiitiufinl funnsnean 0 °C

a

WnnIANLLNENENEnsEULY gunsaladsiasy

saLlagu

Asasuieulud u
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2. 159988UNV ICE POINT (si) ()

Y ensquiringamgfiady Ice Point sufiszylulufuses
HaN1sEeUIgy wIalitesndn 15 Whvaddunugud

NAN9YBINIINQUNN
% 35tlenvaglimmnzan Slildaouiieui 0 °C

Dewar Flask

Siphon Tube —|

Shaved Ice

ICE POINT
CALIBRATION

WITH THREE
DIFFERENT

CONTAINER
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&A ~ NIMT Thermometry
Department

LONENSD19D4

° D.R. White and J.V. Nicholas, Traceable temperatures : An Introduction to temperature measurement and
calibration , 2™ ed., John Wiley& Sons Ltd., England, 2001.

®* R.E. Bentley, Temperature Measurement (series), Sydney: CSIRO Australia, 2003.
®* ILAC G8:09/2019 —-Guidelines on decision rules and statement of conformity, 2019.

® JCGM 200:2008, International vocabulary of metrology — Basic and general concepts and associated terms

(VIM), 2008.

®* ILAC-G24 - Guidelines for the determination of calibration intervals of measuring instruments



B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

ALY 1ALAEN1I5AAU LUSUSDINANISIALLAZNISEULNEU
N9QUNNA FIMIUNINTFIU Q Cold Chain
(Part 2)
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MIRBULNIUAAILAN ARDA LS :mamuaau(}

NIMT

a

’ﬂﬁiﬁaULﬁUU(ﬁ/ﬂ’J‘UﬂﬁJQM%ﬂN

q

(%3

6 ~
¢ @lf}ﬂitﬁdﬂ“ﬂ NP NN AENE

1. seufisuanugndasveinmeausadnazasgaiuauamngil (Accuracy: Error, Correction)

2. drdwlzanimwvesdaiuquannnil (Performance: Stability, Uniformity, Overall
variation)

Continuation of Report No. : - Page 3 of 3

qumgiiAndls
2. Result of calibration : (-i'”u“n sensor “lllﬁ Mﬁnm“u
1 R s e s
Indicating . - i i
Temperature Measured Temperature (°C) at Spread Locations Uncertainty|
*C) #1 w2 #3 4 H#6 H8 Ref. #9 (£°C)
20 19.8 20.0 20.0 20.0 19.6 19.7 19.7 19.8 19.7 1.3
[T A neT CIaTaCTCrzaton jeent
Controller Indicating nperafy Temperature Overall
Temperatur Temperature tability Uniformity Variation
(*C) *C) £°C) °C)
20 20 12 0.6
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NIRBULNEUGAIVANE MANULAZNITNIURD L ()

NIMT

. msaamﬁﬂuﬁmquqmﬁgﬁ

Blood Bank Refrigerator
6.0 —Maximum Deviation, 5.2 C

—e—P1
l —=—P2
5.0 P3
o
P4
%; 4.0
3 —%—P5
g 3.0 —e—P6
g ——P7
= 20 — P8
» P9
1.0 \ Overall variation = 3.7 °C
(o]
0.0 Minimum Deviation, 1.5 C

0 10 20 30 40 50 60
Time (min)
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v : Y L) FLWINAINIUAITG
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NIMT

2. FaULNLULE e oz e

p Al
1. o ULNgULND 8 % L)

Suwlususaswanissay

Contis ion of Certificate of Calibration Number TT-20-0067 Page 3 of 3 pages

MEASUREMENT RESULTS:

The measurement results of the digital thermometer with probe were reported in the tables
below:

Weudasls ?

UUC Reading Standard Reading Correction Uncertainty
¢C) cC) 8] &)
17.61 18.00 039 0.02
19.60 2000 040 0.02
2159 2199 0.40 0.02

Note: UUC is Unit under calibration.

End of Certificate
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* FaudsasunludAduaudeldUeuan A NS LA NI ZUBIN1TNI LAY UBIATLFUI DD

QI Qi o dgj 1o Y Qi v o d = 1 a dly
aenamudnruegivdeyahld (Ussunadwnanasinenszuinailssma uwAnnugy
LAZUUIAATI [UINFaNA ANVILTRNRNWLE)

@”m:rmzﬂ 1TTIENTUNR
Standard uucC Error Uncertaint
reading reading y
0.0 0.1 0.1 0.02
0.0 0.1 0.1 0.2

+0.02
VAN
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* Accuracy
* Resolution
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U

A19819N150UNNU T IRLATOD
Equipment Name: Thermometer Manufacturer : Tomo

Model / Type: ABD 123 Calibration Interval : 12 month
Serial Number : 12344 Accuracy : + 0.5 °C

Range : -18 °C to 30 °C Location: LAB 1

Resolution : 0.1 °C

FONUBNIATINLLAITA

National Institute of Metrology (Thailand)

History
ltem Date Due Date Activity Remark
1 12 Jan 2015 11 Jan 2016 Calibration Pass
2 1 June 2015 - MUFDY Pass
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1
ﬂ ’J ,-] 3\] a luﬂ ,-] 3 a a ‘j_l Lﬁ E] j_l ﬁ ,-] % u @ A0 TE AN TN TYUT IR e SUALE 1) S SUTTYAUUUATUAL ST
) Ei"] le)j' ’? nsaaulilsulaznauaaugunIningavinaninl

dusznaumstuamIniimIasuieunisniudeugunsalnsininonngiuas dufinga

W

(Data Logger) ial¥gunsaifiuszansnmuazniovldnu lnellswasduadall (Fasuft 4.29)
g9 ) 4

UarewUasnulunisniviue Calibration Intervals

* nsflaauifley (Calibration) HUsznaunstudEnmnsmhgunsalnmivtngomgd

nsmuuAnIanIslUasuwUas  Calibration  Intervals  A73 (Data Loggen ﬁ’mmﬂﬁﬂﬁ“ﬂﬁ' waepemhnsaeufieudnaninuay
. 4 N 4 anuananselunsasaadagasgifias 1 as |
ﬂmimﬂmmﬂu@aizmwmmLam“uaﬂmﬂﬁma‘ua«,mama e nsdlvuseu (Verification) fusznaunisvudeinsniiadnsansainamal
o 19w = A (Data Logger) fhunameslAsumsfuTaInnmiseunsuenlUvhnmougay
ﬂUﬂWI"U"iﬂEJSLUﬂ'ﬁﬂE]‘UW]EJU Iﬂﬁ]Wﬁ]'ﬁmq"iﬂﬂ fugunininTaainguwgil (Data Logger) Su q vesuitv sl Munameives

i lldnusasiivlidimiunisnivasuiiidy Tnedusznaunisvuds
msvihinsmuasvagadaslay 2 A

oM nUAYaIATFIU
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Jaduiuasnulunisniviua Calibration Intervals

+AUAUITOVDIUATOIANITATAIAN IS
+ ANSLADUANYDILATDINDTA

+ AUSEIRNTITUSULLA
+ namsaeufisuiusnveuwnlunslduasesle
t NANIENUTIAAIINENIZLINE DL

t Muugthanguaniaieaile

B FLIRNATINEWAITA
National Institute of Metrology (Thailand)

0.5

Error

-0.5

+1°C

+ 0.75 °C

Aﬁ/\_]/_\_}‘“ ) Time /Y

-0.75°C

-1°C
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MIIANIATOIND TALAZAIUANYU 1]

U NIMT

17 feluit i Jﬁﬂﬁm‘s
(Scope oonueditaijm for Calibration)
luusoaai 21-LB0014

A v Aa wn = 1 VL
La a ﬂ Cﬁ a \1 jJ Q 1—] G] ﬂf] ja a j—' Lﬂ EI j—] a Elf] \1 j ? atufl 06 sonlifusiug 2 ﬁt::g:r;g:.m R ;:w’ai‘uﬁ ts ffuge 2565 5
Until) 5" September 2565 (2022)

(1ssue No. 06) Walid from) (2 September 2564 (2021))

A

THALAD

s a e = o o 4 A
doumwieliieng M ans O vensawin O dhasm Owaeun O vewanmit
(Laberatory status) (Permanent) (Site) (Temporary} (Mobile) (Multisite)

a v o
* NIWIINNVDMNNAUAVDININTZIU
od = emsasuifiou % 3 FEamasuifiou
douliiBy aREa msdApuEULGEMTIn® A hod)
(Field of Calibration) [Calbration and Meassement Capeability |
i Callbratlon MeaSU rement Capablllty (CMC) dll aﬂ 9. qquﬁ (#o) |Liquid calibraticn:)ath : Comparison between
o A o o o & A R o . Tempenture -80°C to 25 °C (;LcohoL) 0.020 °C two standard platinum
{cont.) 5°C to 50 °C (water) 0.085 °C resistance thermometers
%aoﬂgumﬂf]jaa@ﬂaaaﬂuLﬂm&mwﬂq%uﬂvl”g >50°Ct0300°=(oit) 0050"{ located at different
E : position
> 300 °C to 500 EC (salt) 0.0%0 °C inside the liquid bath.
Dry black : : Comparison between
0°Cto660°C & 0. c two standard platinum
> 660°Cto 1 1 °C 1hec resistance thermometers
o 1 = Y] v - H located at different
71ag19l5399zsulaladn : : st
= = inside the temperature
< v o A 4 . block calibrator
LU u‘lﬂ ﬂ ’] 3\' GU a ﬂ fl Mu ﬂ Digital thermometer with : Comparison with SPRT in
fesistance temperature sensor! A 4 ethanol bath, water bath,
) -196 °C 15 mK oil bath and salt bath
-100 *C to -60 °C 20 mK
-60 °C to 90 °C 15 mK
> 90°Cto 250°C 20 mK
> 250 °C to 400 °C 30 mK
> 400 °C to 500 °C LT
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®* Al
* nslnauIN

® AIHNANNTD

* 33013

» Standard, develop, non-standard

* Validate
4 a

* LATENND
* Accuracy

* Calibration
* traceability

® FU1ULTNTAANT

~a\

niy

U

B FLIRNATINEWAITA
National Institute of Metrology (Thailand)
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Calibration Lab

Standard Thermometer

Under Test

Reference Lab

Internal Lab

Equipment

™

> Accuracy or TUR > 4 ¥

J\

> Accuracy or TUR > 4 L¥in

TUR = Test Uncertainty Ratio

FONUBNIATINLLAITA

ud
National Institute of Metrology (Thailand)
NIMT
Tenafumrrsnvarhetiisesianfifne
o for Calleatian)
Tufusonsyit 21-080014
- e ation ra, 21480014)
w06 monlv AR 2 fus 2569 5 fiuenen 2565
Usue No. 06) vl froe) (& September 7504 (20211 . (5% September 2545 (0L
arumwionlfiins B ons Ouereondd O $mem O wilensil O ot
[Labsoratory status) (Sermanent] t5te) [Termgorary} (Moble) (Mults)
i = TreraTInee »n 2
a TwnTIAsRTYY 7 o TR
Aauidiy maufisuunensine - A,
o Meshed)

(Pl of Callbration)

[Paramater)

Caibesion ard khesasemrt Copabsity]

Liguid calibration bath

0°C to 25 °C {alcohal)
5°C to 50 °C (watar)
> 50°C to 300 °C (all)

= 300 °C to 500 °C (salt)

[Dry block
0°C to 660 °C

> 660" 10 1 100°C

‘:h_‘utat thermometer with
‘-uimm-\ temparatine sonser

=196 °C

100 'C to -60°C

60 °C to 90

> 90°C 1o 250 °C

# 250 °C o 400 °C

= 400 °C te 500 T

123

.
0.080°C
0.0%5 °C
[ .
0080 %C

Be-

=

sEsmmsEsEmEREnE
Ll

<

15mk
2 mK
15 mk
0 mk
3 mk
385 ik

Comparison between
two standard platinurm
rasistance thermomaters
located at different
position

inside the liquid bath.
Comparison between
two standard platinum
resigtance thermormeters
located at different
pasition

intide the lempesature
block calibrater
Comparison with SPRT in
ethansl bath, water bath,
ol bath and salt bath
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qiL -y -y Aa e p=|

Ed DITW %aaﬂgummiaaumﬂu

LN ANTYONTL anau e
+0.1°C . +0025°CT ™o
£1.0°C > +025°C Mame
+4.0°C > +10°Ce e
+2.0 °C > + 7?7 °C TUR=%=4

‘“TUR = 4"
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° ﬁ"l%%@]@]’]&lﬂ’]@]ﬁ;ﬁs’]%

* UG @I’]E\Iﬂ’ﬁlﬁ/{ﬂ%

. Iﬁaflmflmgl@ LT 4 °C, 37 °C uaz 121 °C aamﬁﬂumug@ﬁl‘*ﬁ’mu
* Digital thermometer 1F&1%3ULEN3E39 (monitor) qnmgﬁgTLmﬁmuquaqmﬁgmuma 5°C+3°C miﬁmum}@aamﬁwamﬂ‘s
* (0, 10) °C, (2, 5, 8) °C
* lfsuiduga9 1w -40 °C g 100 °C aa‘uLﬁﬂulﬁmamqumaﬁlﬁm
* (-40, -20, 0, 50, 100) °C, (40 ,0,100) °C
. ﬁﬂauqmqmﬁgﬁﬁaamimm}uqm%gﬁiuﬁaa 0 °C 014 8 °C [ (4%4) °C] @1IWUaAFa ULNIBLGAIUAN
annilagaly
* 4°C

i ﬁﬂaquqmﬁgﬁﬁaamimquqm%gﬁluﬁaa 0 °C 919 8 °C [ (4+4) °C] miﬁmu@g@aamﬁ g1
6 A6 o

a7 luilia aInlEdnIuihizds (monitor) gaungiiatels

* (0, 10) °C, (0, 4, 8) °C
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NIMT

mmeﬁmiﬂaw%“uﬁmu@mﬂazvh ?

@ d = o & d
* L NIHNNNTYONTUVBILATAINONAFAY FAOULTIYL m%ummﬁ'amuam%a
NIBFOU ANVUULNBUAINANITIAINLATOINAAINGT? INLINANUFOAARD
ﬂv‘Uﬂ’J’]3J@Tﬂdﬂ’ﬁ%%@ll’]@]ig’]uﬁﬁﬂ’lfmE]%Ij‘ﬁ%@vlli

® “A food business must, at food premises where potentially hazardous food is
handled, have a temperature measuring device that —
(a) is readily accessible; and
(b) can accurately measure the temperature of potentially hazardous food to
+/- 1 °C”

Source: Standard 3.2.2 Food Safety Practices and General Requirements in Division 6, clause 22

126



NIMT

@ ' @ A B aTmINaINg AN
N133ANI1ILAT8 \ VOIALRTAIV ﬂq £\ ?Jq thA Iq] £\ <) T O

6 e o
¢ Lﬂf%%ﬂ']iil@lﬁﬂﬂ']%%@"ﬂ']ﬂazvh ?

© MABAIMNUINTFIUVBININATDLAN )

. ﬁmu@ﬁnﬂ@;ﬁamaaﬁwﬁmm?aaﬁa

e MRWBANINAMNIRNIZRULND IR FDAAADINUIIUN LT

e MRUAINVIRIRWAVDINAAN TUH

A15199 4.2 YNNIV aUd M UALALNYATUAL D1NT

A10U Usznnauan gaumnliivanzay (°c)
1 Anuazald (0)°c - (15)°c
2 AuAwaidu (0)°C - (8)°C
3 AUAALT Uasn s awiniu (-18)°c
4 loAnsy UniuTanAu (-25)°c
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. ﬂ’lsmuQuﬁmﬂmeﬁﬂ'}maw%’u

+ ANYUA Tolerance Limit (+L , -L)
+ AINUINTFIUNTNAADUANE
+ ndafmuavesgianiaiesdle
+ guAnunzauiie e nade st unuTly

A

+ Upper Limit (+L) °C

Error

>

- Lower Limit (-L) °C
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® “A food business must, at food premises where potentially hazardous food is

handled, have a temperature measuring device that —

® (b) can accurately measure the temperature of potentially hazardous food to +/-

1 OC”
A
+1°C + Upper Limit (+L) °C
o
S 0°C >
L
1°C - Lower Limit (-L) °C
\4

129



@ ' @ A B aTmINaINg AN
N133ANI1ILAT8 \ VOIALRTAIV ﬂq £\ ?Jq thA Iq] £\ <) T O

NIMT

® LUINNNIIAANTUIRANNTAALLNEIL

* NIFNANTUINARLNNINE
* TUR >4:1 (ASME B89.7.3.1-2001)
» Acceptance Limit (AL) = Tolerance Limit (TL)

* Error<AL
A
+1°C ; I 4 + Upper Limit (+L) °C
g 0°C I >
L
1°C - Lower Limit (-L) °C
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* nsansannalael Guard Band
* Acceptance Limit (AL) = Tolerance Limit (TL) — Expanded Uncertainty (U)

e +AL=+TL-U
* -AL=-TL+U
A
Guard Band { + Upper Limit (+TL) °C
. + Acceptance Limit (+AL) °C
o
- >
Ll
- Acceptance Limit (-AL) °C
- Lower Limit (-TL) °C
\4

131



@ ' @ A B aTmINaINg AN
N133ANI1ILAT8 \ VOIALRTAIV ﬂq £\ ?Jq thA Iq] £\ <) T O

NIMT

i LL‘LAQVI’Nﬂ’]?ﬁ@W?m’]N@ﬂWMEUL‘ﬁm_l
* nshansunualaal Guard Band

Result of Calibration: Without adjustment

STD Value UUC Reading Error Uncertainty (+)
(°0) (°c) (°c) (°)
2.00 1.9 -0.10 0.15
8.00 7.9 -0.10 0.15
15.00 14.8 -0.20 0.15
20.00 19.8 -0.20 0.15
25.00 24.8 -0.20 0.15

faaeNaNan1saaLgLImesNELAe S
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° LLM"W]’NT]’]?W@’W?M’WN@ﬂ’]’i@’ﬂ‘i_ll,‘ﬁﬁlll

* nsansannalael Guard Band
* Acceptance Limit (AL) = Tolerance Limit (TL) — Expanded Uncertainty (U)

s AL = 1 .O = O. 15 = 0-85 Result of Calibration: Without adjustment
5TD Value  UUC Reading Error Uncertainty ()
%) (%c) (%) (%c)
2.00 1.9 -0.10 0.15
800 7.9 -0.10 0.15
15.00 14.8 -0.20 0.15
A 20.00 19.8 0.20 0.15
+1.0°C +TL 25,00 248 -0.20 0.15
+0.85 + AL
o °C
e o
= o0°% >
L
L
-0.85°C - AL
-1.0 -TL
c Vv
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T + TL

+1.0 °C
AL < Error < TL Condition Pass Risk 50 % + AL

+0.85°C

0°C

Error

- AL

-0.85°C

-1.0°C -TL
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¥ a ¥ v (=1
* AAILANBIUUNN (FVDILEIL)

NIMT
Aa

ﬁmuquqmwnﬂﬁﬁaamamuquqmwg3J
T1829 0 °C 019 8 °C

1. ﬂ?qwgﬂﬁa\‘i"ﬂaﬂﬂqﬂLLa@GNﬂTaﬂ(ﬁﬂ?UﬂﬁJ
oAl
* inuvimuguuaanailudiaat (+1) °C
* Tolerance vaanaslufiiaas Limit £1 °C
® TUR4:1

® Uncertainty < 0.25

a

2. ﬂi:Lﬁuﬂﬁr:ﬁ‘n%mwmaaﬁmuquqm%m

BTl

J Lﬂmsﬁmquaogi”muquqm%n“ﬁ (4x4) °C
* Tolerance maaﬁﬂauquqmﬁgﬁ Limit 4 °C
® TUR 4:1

¢ Uncertainty < 1
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¥ a ¥ v (=1
® AAILANBUUNN (FVDILEIL)

Temperature Position (Reference@ P9) (° C) uue
. Uncertainty
Control Indicator o0
() | e | P2 | P38 | P4 | P5 | P6 | PT | P8 | P | (C

0-8 5.05 413 5.91 5.61 434 | 440 5.32 548 | 446 4.0 2.6

2.45 213 3.3 3.01 1.74 1.80 2.12 2.88 186 «— X —U
1.65 1.3 8.51 8.21 6.94 7.00 1.92 8.08 06 X+U

Refigerator Performance

Temperature Stability | Uniformity Ov.er.all
Control +(°C) +(°C) variation
(°C) - - +(°C)
0-8 2.22 1.01 2.5
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® LUINNNIIAANTUIRANNTAALLNEIL

¥ a Y v <
® FAAILANYIUNNN (ANDILEIL)

. 10.00

O _

< 8.00—— . - e

w - -

5 600 | ! -

E 400 * * *

& 200 - - S

ﬁ OOO T | T | T | [ \ [ -TL°C
P1 P2 P3 P4 P5 P6 P7 P8 P9

Position
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¥ a ¥ v (=1
® AAILANBIUUNN (FVDILEIL)

ID: 47493
9.000
+TL =8°C
8.000 ——Ch1
01
7.000 —=—Ch1
02
€000 Ch1
03
§'000 Ch1
%000 04
o —x—Ch1
€000 05
s —e—Ch1
2.000 00?1 1
—
1.000 o7
0.000 : ‘ ‘ =1L =0
0 10 20 _ 30 460 50
Time (min)
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® LUINNNIIAANTUIRANNTAALLNEIL

¥ a Y v <
® FAAILANYIUNNN (ANDILEIL)

ID: 47493
9.000
+TL =8°C
8.000 —Ch1
1.000 » -~ +AL = 7.75°C +0C1h1
02
%'000 Ch1
03
%.000 03
£.000 o
= —%—Ch1
&3.000 08
= —e—Ch1
F.000 OC?”
—
1999 AL=025°C 07
0.000 - ‘ ‘ . ‘
0 10 20 30 40 50
Time (min) -TL=0
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* LUINNIMININTIHANIRALLALL Qm%gﬁiwﬁ’go@‘i’m’j’] -18 °C
i @Tﬂ'lﬂﬂillqm‘ﬁﬂuﬁé/aﬂﬂqﬁﬂﬁﬂﬂwqm%ﬁﬁi%"ﬁ'ﬂ@@%qﬂjq -18 °C 1 ﬂ’]’]l]gﬂﬁaﬁma\‘]ﬂ’]ﬂLL&@]QNQ?}QQ

* Lﬂmsﬁmquaaﬁmuquqm%nﬁ <-18°C

ANILANDTWANN
q] q q q]

* inuimuguuadnasludiaa’ (£1) °C

A + Upper Limit (+TL) °C * Tolerance 2adinaslufiiaas Limit 1 °C

&
o

® TUR4:1

*  Uncertainty < 0.25

Temperature
\4

2. ﬂiuﬁuﬂizﬁ?w%mwmaaﬁmqu
AWANN
q q

° mmsﬁmquaaﬁmuquqmﬂgﬁ <-18°C
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* ANREIINITNININTINANIFBLLNBIL

J ﬁﬂauquqmﬁnuﬁﬁqmﬁnﬁ 20 °C

u

Continuation of Report No. :

2. Result of calibration :
o Temperature Measure t Accuracy Test

Jof3

T:':;::il?" r—— Measured Temperature (*C) at Spread Locations
("C) #1 #2 #3 #4 #5 #6 #7 8 Ref, #9 (£°C)
20 19.8 20.0 20.0 20.0 19.6 19.7 19.7 19.8 19.7 1.3
Chamber Characterization Result
Controller Indicating Temperature Temperature Overall
Temperature Temperature Stability Uniformity Variation
*C) *C) 1£°C) (*C) °C)
20 20 12 0.6 2.6
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® FaI9NITNTNAINTINANTRAULNYY

. @Tmmuam%nﬁﬁqm%gﬁ 20 °C

U 9 9 uU

* LNIIINITBANTU 18 °C 114 22 °C/ (£ 2 °C)

Indicating Measured Temperature (°C) at Spread Locations .
Uncertai
Temperature o
°C) #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 [Ref #9|nty(°C)
20 19.8 20 20 20 19.6 | 19.7 | 19.7 | 19.8 | 19.7 1.3
Upper Limit 22 211 213 213 213 209 21 21 21.1 21  Temp+U
Lower Limit 18 18.5 18.7 18.7 18.7 18.3 184 184 185 18.4 Temp-U
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a

° ﬁmuquaqm%gﬁﬁqm%nu 20 °C

Temperature (°C)

u

* LNIHINTHANTU 18 °C §14 22 °C/ (£ 2 °C)

23 -
5 + Upper Limit (+T1) °C
21 1 +AL °C
]

20 + L ] [ ] {

* ° ° ° o °
1975

-AL °C
18 A
- Lower Limit (-TL) °C

17

#1 #2 #3 #4 #5 #6 #7 #8 Ref. #9

Position

® +AL=22-13=20.7 °C

-AL=18 + 1.3 =19.3 °C
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National Institute of Metrology (Thailand)
NIMT
A NIMT Thermometry
~
Department

LONENTE1989
. ANDNNTTIUANAMNTVUAEUAIN YATUALBIMIIMYIAUTIVNUUUATUANGNYT
° AUSTRALIAN COLD CHAIN GUIDELINES 2017
° ISO 10012: 2003 Measurement management systems — Requirements for measurement processes and measuring equipment

* ILAC G8 : 09/2019 -Guidelines on decision rules and statement of conformity, 2019.

° ASME B89.7.3.1-2001 GUIDELINES FOR DECISION RULES: CONSIDERING MEASUREMENT UNCERTAINTY IN DETERMINING CONFORMANCE TO
SPECIFICATIONS

. JCGM 200:2008, Uszuaadniiunnsinenseninalsena wwiniiugiunaziuifnralundouddningeudunus
® ILAC-G24 - Guidelines for the determination of calibration intervals of measuring instruments

* G-20 Guidelines for Calibration and Checks of Temperature Controlled Enclosures
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