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Annex 12: List of Equipment by Japanese side
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Annex 13: List of Machinery and Equipment
provided by Thai Side
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Annex 13 List of Machinery and Equipment provided by Thai side

No. Equipment Name Manufacture/Maodel Unit Laboratory

1. | Standard Weight OIML Class E1 1 Mass
1kg, 2kg, 5kg, 10kg, 20kg

2. | Cesium Clock HP 5071A 1 Time & Frequency
Frequency Counter HP 53132A 1

3. | Control Bath Hart Scientific 7041 1 Chemicat (pH & Metal)
Voltmeter Keithiey 2182 1 Standard Solution
Calibrator Xitron Technologies 200¢ 1
Hydrogen generator Whatman 75-32 1

4. t Temperature & Humidity Control PGC 1355 1 Humidity

5. | isolate table Chuo Precision CRE 1 Radiation
Volt Meter Agilent 34420A 1

6. | Freguency Counter HFP 53131A 1 Wavelength

7. | Weight Balance Kern & Sohn GmbH 1 Hardness

PB4000-2

8. | Long Gauge Blocks (steel) Schut Geometrische 1 Length
Granite Surface Plate Meetech

9. | High Voltage Resistor Divider NML 1 Electrical

10. | Standard Indenter Class-4 type Asahi Giken Co., Lid. 1 Hardness

11. | Slide Table Automation Service Co. 1 Temperature
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No. Equipment Name Manufacture/Model Unit l.aboratory
12. | Power Meter 432A 1 Time & Freguency

Themistor Mount 1

Cable 4

Toraue Wrench 1

(For SMA/PC3.5 mm)

Adapter N{f-f) 2

Adapter N{m-m) 2

Adapter N{m-f} 2

Adapter SMA(m)-N(f} 2

Adapter SMA{m-m) 4

Adapter SMA(f-f) 4

Adapter SMA(mM-f) 2

DC Rlock N{m-f) 1

Power Splitter 11667A 1

Sweep Generator 83752 1

isolator -A100,110-A1-{F3F3L1a} | 2

Isolator [-160,120-A1-(F3F3L1a) 2

Tuner 1643C 2

Low Pass Filter (100 MHz) 1

Low Pass Filter {1200 MHz) 1

Low Pass Filter (10 GHz) 1

Microwave Converter 11783A 1

Power meter 436A 1

Sensor module 11722A i
13. | Vickers Primary Machine AKASHI/ SHT 41 1 Hardness

Micro — Vickers Testing Machine MITUTOYO / HM-124 1

Micro — Vickers Testing Machine Bariess / V-Test 1

Uncertified Hardness Block ASAHI 1
14, | Ball plate KOBA 1 CMM
15. | Interface instrument Toshiba & Ni 1 Wavelength
18. | High Precision Bath Hart Scientific / 7008IR 1 Radiation
17. | Digital thermometer Hart Scientific / 1 Chemical

Milli-Q water purification

1529 Chub-E4
Millipore
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No. Equipment Name Manufacture/Model Unit Laboratory

18. | Coaxial Thermistor Mount Agilent / 84788 1 Time & Frequency

19. | Adapter Charger 1 Flow

20. | Stabilized He-Ne laser Laser / SLO3 1 Length

21. | Current Shunt Holt, HCS-110mA to 20 A 1 Electrical
HCS-110 mA to 20 A

22. | Current Shunt Holt 50 A, HCS-1-AF / 50A 1 Elecirical
HCS-1-AF/50A

23. | Current Shunt Holf 100 A, HCS-1-AF 7 100A 1 Electrical
HCS-1-AF/100A

24. | Standard Resistor 1 Ohm L&N /4210 1 Electrical

25. | Standard Resistor 1 Ohm L&N /4210 1 Electrical

26. | Standard Resistor 1 Ohm L&N {4210 1 Electrical

27. | Spectrum Analyzer HP 8590A 1 Electrical

28. | Oscilloscope Tektronix / 118018 1 Electrical

29. | Samping Head Tektronix / D26 1 Electrical

30. | Base With Only Plumbing DH Instruments / PG102 1 Pressure

31. | RPM 4 Base DH Instruments / A700k 1 Flow

32. | MOLBLOC Flow element DH Instruments / 2E3-S 1 Flow

33. | Sony Magne scale GB-A Sony / GB-A 1 Force & Torque

34. | Sony detectors Sony / MD-21/GIBR 1 Force & Torque

35. | Nationat Instrument PCI-232/8,8 Ports 232 1 Mass

36. | Dead Weight Force Machine DWM 1 kN 1 Force & Torgue

37. | Dead Weight Force Machine DWM 10 kN 1 Force & Torque )

38. | Single Channel Ampiifier for SBM /ML B0 B 1 Force & Torque
Frequency

39. | Single Channel Amplifier for SBM /ML 30 B 1 Force & Torque
StrainGauge

40. | Single Channel Amplifier for SBM/ML30B 1 Force & Torque
StrainGauge

41. | Communication Processor to SBM / CP22 1 Force & Torque
Interface

42. 1 Digital Automatic Refractometer Bellingham / RFM 870 1

Chemical
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No. Equipment Name Manufacture/Model Unit Laboratory
43_ | Susceptability Reference with Earth 1 Mass
CER
44, | General EASTERN Hart / SSM 1 Temperature
45. | Reference Pressure Monitor DH Instruments / 1 Fressure
RPMA4ABG15K
46, | Reference Standard Weight Mettler-Toiedo / 1 Mass
Class E0; 1 kg
47. 1 Reference Standard Weight Mattier-Toledo / 1 Mass
Class EQ; 1 kg
48. | Reference Standard Weight Mettler-Toledo / 1 Mass
Class EO; 1 kg
48. | Handy Logger Handy / MR2041E 1 Mass
50. | Torgue Transducer 1 Force & Torque
51. | Amplifier Supply 220 V. 1 Force & Torgue
52. | Reference Torque Wrench Kriechen / 1 Farce & Torque
EB0O148,DRS20NmM
53. | Reference Torque Wrench Kriechen / 1 Force & Torque
EB0153,DRS1000
54. | Pneumatic Osciliator Vibration 1 Force & Torque
55. | Hardness Tester Mitutoyo / 0055712-00 1 Force & Torque
56. | Monitor Computer Samsung / 3 Force & Torque
Sync Master2137
57. | Petrotest 26-0017 Specific Gravity | 26-0017 1 Chemical
Bath
58. | ASI Cooling Circuiation Bath 1 Chemical
59. | Giass Bell Cover with High Glass Bell 1 Mass
Grade Aluminum
60. | Glass Beli Cover with High Giass Bell 1 Mass
Grade Aluminum
61. | Hart Carousel Holding Fixture Hart / 2018 1 Temperature
62. | Chamber Ambient Stability 1 Mass

Container
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No. Equipment Name Manufacture/Model Unit Laboratory

*63. | Electric Aspirator VE-11 2 Chemical

*64. | Dryer SG-WDN Al-1241-010 1 Chemical

*65. | Dryer SD-50N Al-1242-010 1 Chemical

*66. | Thermo Hygrograph TH-26-MN7 8 Chemical

*67. | Utrasonic Bath STURDY / UC-150 1 Chemical

*68. | Dehumidifier RAM 201 5 | Chemical

*69. ! Hotair Oven MMM / Ecocelf 111 2 | Chemical

*7G. | Tool Kit Al-1133-010 3 | Chemical

*71. 1 Autodessicator Bossman / SBK98 2 | Chemical

72. | Universal Length Measuring Mahr 1 Diameter
Machine

73. | Three flat test accessories Fuiinon 1 Flatnhess

74. « Power Sensor 8481A 1 RF Microwave

75. | Attenuator Switch 11713A 1 RF Microwave

76. | Programmable Step Attenuator B84G4N 2 RF Microwave

77. | VSWR Bridge ZRA 1 RF Microwave

78 | Power Standard - 1 AC Power

79. | GPIB-USB Converters - 3 Photometry

80. | Thermohygrometers with Loggers | - 2 Photomeitry

a0. | GRIB Cables - 11 | Photometry

91. : Height Gauge - ) 1 Photometry

92. | Level Scope for Lamp Alignment - 1 Photometry

93. | Telescope Stand (Custom - 1 Photemetry
Ordered)

94. | Vernier Caliper 600 mm - 1 Photometry

95, | Gas Regulator - 1 Photometry

86. | Timer - 1 Photometry

97. | Power Surge Protection Outiet - 1 Photometry

98, | Serial PCl Interface - 2t Photometry

89. | Handheld Digital Multimeter - 1 Photometry
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No. Equipment Name Manufacture/Model Unit Laboratory

100. | Piston Cylinder Pressurement 1 Pressure

101. § Bath Hart Scientific/7341 1 Temperature

102. | Gas Handling System Hakuto 1 Temperature

1063, | Pump Pfeiffer/DUO20M 1 Temperature

104. | 3 Axis NMR Probe Holder for - 1 Magnetic
Electromagnet System.

105. | Compaq DAQ Set Ni 1 Magnetic

106. | 3 phase 380 V to 3 phase 220 V - 1 Magnetic
(Line to Line) Transformer.

107. | 3 Axis Hail Probe Holder for - 1 Magnetic
Helmholtz coil System.

108. | GPIB to USB cable NI 1 Magnetic
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Annex 14: Annual Budget Allocation of NIMT
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Annex 15: Annual Budget Allocation for the Project
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Annex 15 Annual Budget Allocation for the Project from TICA

Description of Subsidy Budget Allocated for JICA Experts, Other Expenses Segment FY 2005

Name of Expert & Position:

Country:

To be under:

Working duration:

Budget allocation duration:

. Dr Y. AKIMOTO, Chief Advisor

1
2. Mr. J. MATSUDA, Standards on Physics

3. Dr. J. KINOSHITA, Standards on Electromagnetic
4. Or. A. NOMURA, Standards on Chemical

5

. Ms. | NIZEK]I, Project Coordinator
Japan
Ministry of Science and Technology,
National institute of Metrology (Thailand)
October 16, 2002 - Octeber 15, 2007

October 1, 2004 - September 30, 2005 (12 months)

Annex 13

Request for
Allocation from

Expsenses

Travelfing Expenditure

- Upcountry housing expense (Expert}

- Traveling per dium (Expert)

- Transportation expense (Expert}

- Upcouniry housing expense (Secretary)
- Travelling per dium {Secretary)

- Transportation expense (Secretary}

- Upsauntry nousing expense (Driver)

Per paid but not exceed 1,600 THB/day

500 THB/day

Per paid
Per paid but not exceed 1,200 THB/day
180 THB/day

Per paid

Per paid but not exceed 500 THE/day

126

Deseription Approval Rate of Ministry of Finance implementing Allocation Approval
Agency
Remuneration
- Housing Allowance - BKK & Regional
- First 15 days Per paid but not exceed 1,600 THBE/day
- 15 days after Per paid bui not exceed 10,000 THB/month
- Housing Allowance - Regional
- First 30 days Per paid but not exceed 1,000 THB/day
- 30 days after Per paid but not exceed 8,000 THB/Mmonth
- Medical Fee Per paid but not exceed 5,000 THB/year
Temporary Payroll
- Payraoll for 1st class Secretary 8,610 THB/month 516,600.00 516,800.00
Social Security Subsidy
Cclober - September 5% 431 THB/month 25,860.00 25,880.00
- Payroll for 2nd class Secretary 8,500 THE/month
Social Security Subsidy
Qctober - September 5% 330 THB/month
- Payroli for Typist 4,700 THB/month
Social Security Subsidy
October - September 5% 235 THB/month
- Payroll for Driver 4,700 THB/manth 282,000.00 282,000.00
Social Security Subsidy
Qctober - September 5% 235 THB/month 14,100.00 14,100.00




- Traveiling per dium {Driver)
- Transportation expense (Driver)
- Vehicle maintenance

- Postage Charge

- Treating expense

Materials Expenses

120 THB/day
Per paid
Per paid but not exceed 5,000 THB/year

Per paid but not exceed 1,000 THB/year

Rate per Reguiations of Disbursement of Treating
Expense for Foreign B.E. 2536

Annex 15

- Gasocline Per paid but not exceed 38,000 THB/year 180,000.00 180,000.00
- Car Materials Per paid but not exceed 5,000 THBfyear 25,000.00 25,000.00
- Office materials Per paid but not exceed 6,000 THB/year 30.000.00 30.000.00
Totat 1,073,560.00 1,073,560.00
Grand totai allocated from TICA 805,170.00

Remark:

1. TICA approves budget allocation 75% of amount of request.

2. Amount approved can be averaged with the expenses, but not exceed the rate approved by the Ministry of

Finance in each category, without request for approval to TICA.

3. When the approved amount in each category is not enough, please request for allocation approval as well as

disburse the rest amourt.
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Annex 15, 152

Annex 15 Annual Budget Allocation for the Project from TiCA

Description of Subsidy Budget Allocated for JICA Experts, Other Expenses Segment FY 2006

Name of Expert & Position:

Couniry:

To be under:

Working duration:

Budget allocation duration:

. Dr. Y. AKIMOTG, Chief Advisor
. Mr. J. MATSUDA, Standards on Physics

. Dr. A. NOMURA, Standards on Chemical

4
2
3. Dr. J. KINOSHITA, Standards on Etectromagnetic
4
5

. Ms. 1. NIIZEKI, Project Coordinator
Japan
Ministry of Science and Technology.
National institute of Metrology {Thailand}
October 16, 2002 - October 15, 2007

October 1, 2005 - September 30, 2006 {12 months}

Description Approval Rate of Ministry of Finance Request for Allocation Approval
Allocation from
implementing
Agency
Remuneration
- Housing Allowance - BKK & Regional
- First 15 days Per paid but not exceed 1,600 THB/day
- 15 days after Per paid but not exceed 10,000 THB/month
- Housing Allowance - Regional
- First 30 days Per paid but not exceed 1,000 THB/day
- 30 days after Per paid but not exceed 8,000 THB/month
- Medical Fee Per paid but not exceed 5,000 THB/year
Temporary Payroll
- Payroll for 1st class Secretary 10,350 THB/month 621,000.00 621,000.00
Social Security Subsidy
Cgctober - September 5% 518 THB/month 31,080.00 31,080.00
- Payroll for 2nd class Secretary 7,730 THB/month
Social Security Subsidy
October - September 5% 387 THB/month
- Payroli for Typist 5,610 THB/month
Sacial Security Subsidy
Qctober - September 5% 281 THB/month
- Payroll for Driver 5,610 THB/month 336,600.00 336,600.00
Social Security Subsidy
Qctober - September 5% 281 THB/month 16,860.00 16,860.00

Expsenses

Travelling Expenditure

- Upcountry housing expense {Expert)

- Traveling per dium {Expert)

- Transportation expense {Expert)

- Upcountry housing expense {Secretary)
- Traveliing per dium {Secretary)

- Transportation expense (Secretary)

Per paid but not exceed 1,600 THB/day
500 THB/day

Per paid

Per paid but not exceed 1,200 THB/day
180 THB/day

Per paid
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- Upcountry housing expense (Driver)
- Travelling per dium {Driver)

- Transportation expense (Driver)

- Vehicle maintenance

- Postage Charge

- Treating expense

Materials Expenses

Per paid but not exceed 800 THB/day
120 THB/day

Per paid

Per paid but not exceed 5,000 THB/year
Per paid hut not exceed 1,000 THB/year

Rate per Regulations of Disbursemertt of
Treating Expense for Foreign B.E. 2536

Annex 15, 2/2

- Gasoline Per paid but not exceed 36,000 THBfyear 180,000.00 180,000.00
- Car Materials Per paid but not exceed 5,000 THBfyear 25,000.00 25,060.00
- Office materials Per paid but not exceed 6,000 THB/year 30,000.00 30,000.00
Total 1,240,540.00 1,240,540.00
Grand total allocated from TICA 930,405.00

Remark:

1. TICA approves budget aflocation 75% of amount of request.

2. Amount approved can be averaged with the expenses, but not exceed the rate approved by the Ministry of

Finance in each category, without request for approvat to TICA.

3. When the approved amount in each catagory is not enough. please request for allocation approval as well as

disburse the rest amount.
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Annex 15, 1/2

Annex 15 Annual Budget Allocation for the Project from TICA

Description of Subsidy Budget Allocated for JICA Experts, Other Expenses Segment FY 2007

Name of Expert & Position:

Country:

To be under:

Working duration:

Budget allocation duration:

—

. Dr. Y. AKIMOTO, Chief Advisor

rr. J. MATSUDA, Standards on Physics

Dr. J. KINOSHITA, Standards on Electramagnetic
Dr. A. NOMURA, Standards on Chemical

Ms. | NHZEK], Project Coordinator

Japan

S

Ministry of Science and Technology,

National Institute of Metrology {Thafland}

October 18, 2002 - October 15, 2007

October 1, 2006 - September 30, 2007 {12 months)

Description Approval Rate of Ministry of Finance Request for Allocation Approval
Aflocation from
implementing
Agency
Remuneration
- Housing Allowance - BKK & Regional
- First 15 days Per paid but not exceed 1,600 THB/day
- 15 days after Per paid bt not exceed 10,000 THB/month
- Housing Allowance - Regional
- First 30 days Per paid but not exceed 1,000 THB/day
- 30 days after Per paid but not exceed 8,000 THB/month
- Medical Fee Per paid but not exceed 5,000 THB/vear
Temporary Payrot!
- Payrall for st class Secretary 10,350 THB/month 382,850.00 382,950.00
Social Security Subsidy
October - September 5% 518 THB/month 19,166.00 19,166.00
- Payroll for 2nd class Secretary 7,730 THB/month
Social Security Subsidy
Octaber - September 5% 387 THB/month
- Payroll for Typist 5,610 THB/month 67,320.00 67,320.00
Social Security Subsidy
October - September 5% 281 THB/month 3,372.00 337200
- Payroll for Driver 5,610 THB/month 274,890.00 274,890.00
Social Security Subsidy
October - September 5% 281 THB/month 13,769.00 13,769.00
Expsenses
Traveliing Expenditure
- Upcountry housing expense (Expert} Per paid but not exceed 1,800 THB/day
- Travelling per dium {Expert) 500 THB/day
- Transportation expense {Expert} Per paid
- Upcountry housing expense (Secretary)  1Per paid but not exceed 1,200 THB/day
- Travelling per dium (Secretary) 180 THB/day
- Transportation expense (Secretary} Per paid
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- Upecountry housing expense {Driver)
- Travelling per dium (Driver)

- Transportation expense (Driver}

- Vehicle maintenance

- Postage Charge

- Treafing expense

Materials Expenses

Per paid but not exceed 800 THB/day
120 THB/day

Per paid

Per paid but not exceed 5,000 THB/year
Per paid but not exceed 1,000 THB/year

Rate per Regulations of Disbursement of
Treating Expense for Foreign BE. 2536

Annex 15, 2/2

- Gasoline Per paid but not exceed 36,000 THB/year 147,000.00 147,000.00
- Car Materials Per paid but not exceed 5,000 THB/year 20,417 .00 20,417.00
- Office materials Per paid but not exceed 8,000 THB/year 24,500.00 24,500.00
Total 953,384.00 953,384.00
Grand total allocated from TICA 715,038.00

Remark:

1. TICA approves budget allocation 75% of amount of request.

2. Amount approved can be averaged with the expenses, but not exceed the rate approved by the Ministry of

Finance in each category, without request for approval to TICA.

3. When the approved amount in each category is not enough, please request for aliocation approval as well as

disburse the rest amount.
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Annex 16: Organization Chart
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Annex 17: Evaluation Sheet of Technical Transfer
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Annex 18: Budget Sheet on Uncertainty
(A part of Department Quality Manual (DQM))
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UNCERTAINTY BUDGET

For Example: Calibration factor of Power Sensor {3481 A) at frequency 10 MHz, | mW

Srandard Lincerain

Prabability

Ungertaingy ;

C{x;) ' Distribey

7
|

Coeiticisnt Contribution
!
|

e

Terrn

Tlell”

! i 1018 i,3018"
2 LIS IR ID :
; - ; €I . :
AT i 2leiny 23410 ;
- : -
|
g Poaam 1210’ izetg’ |
106 2060107

Expanded Uncertainty: U=k uwlK)
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=
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Round up ta
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Uncertainty Budget:

Example: RF Voltmeter Cahibration at ),

5

my, 100 MHz

Juantiyy

Standard Uncertair

TE

-
2.00e10

s07e00°

Aoy’

9.3%e:0"

Vi 7

.50

._ B 0109107 0,20050" | Pectonzuier x 00963 030107 1 0,02010"
I,I?'E ser ” i} : ) - E : -
g w1 g 010810 : o
i E ) 0,3023 I

Expanded Uncertainty:

Round upto =1,13%

144




CP-TL 1008

Department Of Thermomaetry Metroiogy

HONTUHI AT VLS TR

National Insiitute of Metrolagy (Thailand)

HIZAT

6?.,]_\__»_ - unceriainty due i3 estimaiad the fiow rate vanability
Effzctive Cegree Uncertainty
Cuantity Estimate Stendard Unceriainty Probsbibity Sensitivity
aof Ceniributicn
X, X UK Distribution Ceoefiicient
freedom Wiyl
K K ] (Ch K
. - o . "
Oh,.. X X% £.023 Mormal ; 0.023
Ot o 2.602 & Normal i 0.002
a0 0.0G0 &% raciangular 1 6.000
o 0.003 > rectangular 1 £.002
0 G.00 i rectanguiar 1 0.0060
q 0035 * rectangular i 0.030
o 0.022 I rectangulas 1 £.006
6; ,,,,, & 2.074 * rectangular 1 0.021
St... g 5.01 7 rectanguiar . 0.003
t FEHH (.034
Expanded cncerainty of dev-noint temperaturs measurement: U = kXu(C} = 2X0.034 = 0.088 C =0.08"C
Expanded uncerainty of relstive humidity measursment @26.2%rh & 0.2%rh
Edition Prapared Checked Approvad CP-TL 1008 Page 8
P g
1 By:Thasamn gy:Uthai By:&jchara Of 8
Cn: Cn: G
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CP-TL 1009

Department Of Thermometry Metrology g

AR UNIRSINEULBITIR

Mational Institite of Metsalogy {Thailand)

CALIBRATION PROCEDURE

{CP)

TYFE/WMODEL MO MN/A
NOMENGLATURE:  Chilied-Mirror hygrometer
DEW-POINT R&NGE: -4 °C to +25 °C at dew-point

DEW-POINT UMCERTAINTY:  + 0.08°C at daw-point

Frapared Aporovad
{Thasom Sinhaneti) ‘Aichara Charcensock)

Page Original | Changei | Change? | Change3 | Change4 | Changeb | Changef

L]
2|2 | 2| L | 2| L | L

Edition Prepared Checkad | Approved CP-TL 1008 Page 1
a1 By Thasarn By:lihnat ‘ 8y Alchars .{ Gof 8
! i
G Cn: i O !




CP-TL 1005

Department Of Thermometry Metrology

ANTDUNIAFINEURITR
MNaticna! institute of Metrology (Thadend)

Tast Instrirmnent

Characieristic

Perormance

Spacificeticns

ast

meathed

Dew-point Temperatures

-40 °C 10 +25 °C at devw-point

Comparisen with siandarg

humidity generster

1.0

MEASUREMENT STANDARDS AND SUPPORT TEST EQUIPMENT REQUIREMENTS:

Marmenciziure

Tharactar

fications

Calibration

Equipment

Low Standsrg Bumidity

Standard Humidity Generalcr

20 PRELIMINARY OPERATIONS

oA

frost-poirt Range: -40 to +15 C and

Frost-neint uncertainty: +3.08 'C

daw-point Range: -10 to +70°C and

deve-point uncarainty: + 0.03°C

[

-]
[

o

Temperaiure Pange: © ol

THURMDER SCIEMTIFIC model

THUNDER STIENTIFIC model

2500 S/MNG110324

2.1 Low Standard Humidity Genararor
311 cperator's manuals of chilied mirror undar catibrated betors begin the calibration.
Se sure all electrical cables ars connectad corraotly.

312 w ooint, thersfore, drifi upward 2bove the true dew point. To detarming
whether dissolved contsmirants are affecting dew point messursment. perform the
following step
3.1.2.1 Clean the mirrors with a clean cotton swab or iint fres tissue dampened with

gistiil watar.
2.1.2.2 Follow with = dry cotton swab or tissue.
Edition Frepared Checked | CP-TL 10C8 i Page 2
a Bv.Thascm By:Uthai ! Qi &
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CP-TL 1008

Department 0f Thermometry Metrology

ANTUUNTIATIN L HAIER

Mational tnstitute of Mairolagy {Thaifand)

EXAMPLE OF UNCERTAINTY BUDGET:
hig cnitted mirror hygrometer is caliorated by comparison

emperature = 23°C and dew- point tsmparaturs —1°C,

with two-pressurs standard humidity gensrator af test

Standard Reading

UUC rezding

i :C QC e °n
23,145 =1.017 £3.45 -t28
23144 -1.017 2315 1.22
23,145 -1.023 23,5 128
23,148 i.018 Z3.15 1.28
23,145 -1.028 2315 -1.25
23,148 -1.032 23.15 -1.28
23,148 -1.028 2318 -1.28
23.147 -1.023 22458 128

UUC Standard deviation reading: u (t }

Y

d 1

0 measurements. Uncefaniy due to be calculated from

tandard uncerzinty due to siandard deviation of

6011
Jy
= 0.004°C

— Linearity of the hygrometer to be tested : ult, }
The fiiting routing vields an uncertainly in the eguation and the uncertasinly sssociated with the residuals
which is fourd from the equation:
| ires?
Ytdcorr, 3 = \—;
1i—order—1
res = QO - SO,
uft, ) =0
Edition ) Freparaed Checked Loproved CP-TL 1008 i Page 3
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HEAT

Resolution of UUC | for example was 0.01 °C

Resalution of ambient hygromeater ta be tested in this case is 0.01 °C

(.01

Y r) 61‘?9’-5\}. J

1

Standard humidity generator uth__}

The examination uncarizinty dug to caloulaiing uncertainties arising from two-

nrazsdre gensraior calibration in term

= sppendix A3 The standard uncertainty

Pressure drop across chamber: u{t_:.__cp'}

zornes thae chambar and the sffacis calculated anc

o3 {zes appsandix B L Tha uncedsinty aliowance mainly refiscis th

in

corraction sppiied for

uncarzinty in the pressure-m

Short-term stability of hygromster to be tested: uft

:hcr:-:e:r:—.)

the calibration rreasuremsants areg mads {o delerming ih =rim sizbility to parform al hygromster

ied where it i3 used, The first point of the rarga s repsated to gain information over the hystsrasis.

. | 03
uidt, .0 =

=
243
=0.0035 C
—  Flow rate variability: ut,_ )
Measuremenis of fiow rate of gas can affect iharmal equilibration, so thare are applied for difference
huriities allowance covering both variability in flow.:
. £0.025
udt,,) ===
2\,‘5
=0.007°C
Edition 1 Frepared Checkad 2 Appraoved ; CP-TL 1008 Page 4
1 | oy:Thasorn By:Uihai By Ajchara Cf &
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—  Stability and uniformity of chamber: u(t:h_s__abiw_",
The temperature stability and the gradiants in the chamber during the measuremsant,
LE{BTI._ - 0035
' A
= 0.014°C
- + 0417
£
=0.014°C
. MATHEMATICAL MODEL FOR RANGE: -10°C to +25°C
i
i The mez = 22.00°C, 0.917C is given beicw
szrp - Im;c,a?) +Cr1"p
H ('Tfiﬂ?) - !.\‘fa’ ,ffp - {:.mc. c'fp - (('rhxi‘d N éhs{a’ ) . Csfd,xen) N (Irmc N I‘:.mc':)
i wihere:
.. - reduce corraction 2i aew-point temperatura
he - value of ise humnidity (sse appanain &)
0 b - uncartzd iating by combining the estimared unceraintss arising
from two-press: rater calibration {sge appandix &)
- sensitivity cosfficient in term of “ralafive humidity” {sae apnendix EJ
b - mesan value of 10 measzramant dew-point lempersture the hygramster
under caliration
t.. - mean valuz of 10 temps rassuremsni of thermometer in chamizer which
raading from display st hygromsier to be fested
61 - urcertainty due lo combined of the uncenainty compenant of hygremeter (o be
tested
St . =&t +0t_ +0t +0t,, +Ot, 4Ot
6td - unceriainty due to be caleulated from standard deviation for average of dew-peint
ternperature measursmsnt
6;9; - uncertainty due to resclution of the hygrometer to be tested is that of the display
6t5;_, - uncertainty dus ta linearity of ihe hygrometer to be issted
- uncertainty due to the effects of pressure drop across chamber by calculation
and correction applied for difference humilities {sec sppendix C )
6tsi‘-'_\!‘t-:§':r - uncertainty dug to estimatad shori-term siability during the calbration cycle
Editicn ! Prepared Checkad Approved CPR-TL 1008 Pagse 5
01 \ By Thasom By:Uthai By:Ajchara f G
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Uncertainty budget of depth measuremeant standard calibration

X, Standard Uncertainty Probability Uncertainty Contribution
i(x) | Distribution o] Uiyl
Absolute Reiative Absolute Reiativew—~
o Z. 062115 um - Rectangular | i G.OD:;L;:M -
_ 1 -
Z.. 0,00000 pLm - i Mormizt : E i F00000 1tm :
- i ! ] ;
Z. 006025 [Um Recmngular 4 2,00022 Um - ‘
7. 0.50000 W - Mormai 3 6,00609 ptm o
z, 03.00029 L - ) Recianguizr 1 0,0002% L1; -
7 100289 Lim - Rec{ampefw ---------- 1F 067289 Lm
£, G003 e Rectanguiar 1 005773 pm - %
! g i P 001003 neroal 0432 j "n/eZ w
7. i —' D04 Mormal 2432, o ! ootz
Zow 0.002858 ?:a::“t_angular ! 7. 2.00289 z,___-_
oz ‘ 2.00025 " IQM;M“ i 0.00025
Z - 0.00045 ;f Nomzt |1 | c0002s . !
U7 o 500007 W 020003 z_ - _
A J 50038 wm i 0052 £ o ﬂ
__: " A2 o ; Mormal =2 R Vi Fi _ 0 ._J'];J_/_ _}
Expanded uncerainty of measurement
Uopi(Z )= 2x\{I(0.0036,:;;;;)2 +(0.0052.2, ) {9.4.8.20)
= J(0.007n) +(0.010-Z, )’
£, being the measured value of the depth measurement standard in ym
Editiorz- Prepared Checked }. Approved Chapter Page 108
04 by: Samana by Anusorn : by: Somsak I‘ 948 of 157
on: 250708 on: 28/07/06 I on: 31/07/06 il
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Uncertainty budget of roughness standard calibration, R, parameter
X, Standard Uncertainty | Probability Uncertainty Contribution i
ulx) Distribution ] Uy, |
_ Absolute Relative Absolule Relatlive
E Z.. 000315 gm - Rectan;quu!ar 1 100115 pem -
Z.... 1 000000 pm : Normar 3 3.00000 um | ] ;
Z, ' 300225 - Reciangiar i 3.00023 pm [
Zo : 0000090 tim - MNgrmat - 1 0,000C0 Lm ‘ -
f Z, 1005022 M - Rectanguar 1 000029 Lim - )
z. “;TGC-ESE? Lhri: - R:”a nguiar ! 300288 Lm ; - |
- . i ]
7o 30273 pm : ; Seclanguiar i 000173 Jm .
\ d. - 0,01040 :'\.!c-r:z‘.a;i. 0437 . [ D",{Jrjf_ng z.
A : ' - T
; G - ; OLGen Hormal 0,45 7 - ;04007 2
! Z 065285 R.e'f:tangu-‘a—:r” z. o - 3.00286 7,
1 7. . Go0css pum : h p— '. 00955 | -
2o 18032 pm - Normai 1 000336 Wn | - !
. 1.728585 Hm - Ractangular _\3‘6% 200144 um ;
Sz _ 0.00052 wm' § "o.oaeos 7
N ”urzﬁ - ; a, _Lm 1 06052 Z, .
| Ui Z) Normat ‘ b J“;I"J Lime ] 20102,
§ Expanded uncerainiy of measurament :
i
‘ User (2 )= 2xJ(0.00512m)* +{0,0052-2_Y (9.4.8.47)
= J(0.0102%) +(0.010-Z_)?
Zy being the measured value of the depth measurement standard in ptm
Edition Prepared ) Checked Approved ' Chaptar Page 117 n
04 by Samana by Anusorn by: Somsak |[ 948 of 157 ;
on; 25/07:06 on: 28076 ore 310708 ’
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Uncertainty budget of roughness standard calibration, R, parameter
X, Standard Uncertainty Probability - Uncertainty Contribution
BH(x) Distribution ¢ Uiyl
Absolute Relative ‘ Absolute Relative
7o 0.80%75 jm - Rectangularﬁmu 1 050115 Um - J
{ F 080000 pim L ; Nornz ! i 0.000%C Um
I Z, 0.60029 Hm - ; Re‘-cf_anguier | 1 1.00028 um z -
7., $.00000 pm - ; Morma 1 wrm?)g; T
: Z, .00029 Lim - i Reciangular 1 — 03.03375 Hm -
I - '/T_- “”“““:;?gg L - Reciangu!; 1 G.05288 m -
Z.. 200173 L : .:?emzang;:.fzar t GO0574 m e _ |
g, - L 20105 Mormal L . Gz, |
o Z{,__"' o : m-s}».‘_s-cga '\r—'“' i 500011 7, t
- 3.00280 F?re-:ta;;1g'.,"!ar . z. - ,I 0002827 :
.. 200153 Hm - ,‘J{};‘{‘_gi I 1 600150 wn | ._ - ‘I |
Lo £.01241 pm - T Mormal i ._H_‘(HJ:_D.T_J-’z_‘a Lim - ”—,
7. DL2BBE8 Um ............ i Factanguiar J:/_u G.OGET? um . - ”
vz T 00001t 00555 7 _.
Cwz ' s
: - S U
:: 5 } MNarmai E Kow 2 U,:Jd-\')“]’_frhrlw i 'C,-,O‘:S.Ei—
Expanded uncertainty of measurement :
U2 )= 2%J(0.0201mm)" +(0.0073-Z, ¥ (9.4.8.70}
= J{0,040m)* +(0,015- 2 )} (9.4.8.71)
Ly being the measured value of the depih measurement standard in gm
Edition Prepared Checked Approved | Chapter Page 126
; 04 by: Samana {: by: Anusaorn by: Somsak | 8.4.8 of 157 |
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1 z;
: 9447  Uncertainty Budget of Autocolfimator
Ciuantity Stgndard Uncerainty Probatiity Sensitivily Unzerdaingy
-3 uix} Distrebution coefficient conirioution
ic} Uty]
6. 00717 Normal 1 0071
A0 0.05" | t 1 0.050"
8. 0.027 Rectangular 1 0,020"
9;‘_\: d 6.02" Rectangular 1 0.02c"
o, k=2 0,180
Whers Qx being the angle deviation of the sutocollimator to be calibrated.
6448 Expanded unceriainty of measurement:

; U-k-ul G )=019
coverage factor k= 2

BMC = 0,207

9.4.49 Repored resuit:

The reponied expanded uncertainty of measurement i3 siated as the standard uncertainty of measurement

muttiplied by the coverage factor & = 2, which for a normal distribution corresponds to a coverage

protability of approximately 95%.

Edition Prepared Checkad Approved ! Chapter Page 71
04 by: Watcharin by: Anusorn It by Somsak ‘ 944 of 157
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8456 Uncertainty Budget of polygon mirror using one autocollimator

Quantity | Stangard Unceriainty Frobability Sensitivity Uncerainty :
¥ vy Distrineion coefiiciant cantribution
i fo} ! Uiy)
o 0.671" Normat 1 0.0;‘T'
AQ 0,05 T Normal i 0,050 :
| Oss h; 0.02" Rectangular 1 0,020"
P o

Where

Qr being ihe absolute angle deviation of the polygon to be calibrated

P9 457  Expanded unceriainty of measurement

U=i-u 0 ) =0.178
coverage factar. k = 2

8MC = 5,207

! 9.458 Reported result

'3 The reported axpanded uncerizinty of measurement is stated as the standard uncerainty of
rmeasurement multiplied by the coverage facior & = 2, which for a normal distribution corresponds (0 a

coverage probability of approximately 895%.

Prepared | Checked |

Edition i i Approved i Chapter Page 77
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reraT
L —
: 9.46.8 Uncerainty Budget of angle gauge biock
Exarnple for angle gauge block size 015
i Quantity Standard Probability Sensithvity Uncertainty E
i X, Uncertainty Listribution ! coefficient coniribution }
1 L] {c} Ufy )
" 95 0.671 Normal 1 ; G.671
L By 02000 Normal T | 0.200
A6 0.050 Normal 1 Co0s0m |
g | k=2 0.433
09.46.9 Expanded uncertainty of measurement
I Angle Gauge Block Size Be:S_t:r;t;a_szJ;e_;;w;n expanded uncerainty (k-2) ;
a - D"‘|i_"_J-!F 0.45% ar 0,50 .
= ; o 1
g e e e O_L{)__ i
__.__.____%5;.._ ..... " —
. op* - 0,357 o 0.45
9.4.6.10 Reporied rasuli :
The reported expanded uncertainty of measurement is stated as the standard uncertainty of
measurement multiplied by the coverage factor &k = 2, which for a normal distribution corresponds to a
coverage probability of approximately 95%.
Edition Prepared I Checked E Approved Chapter Paée 24
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9476 Uncertainty Budget of indexing table !
Quantity | Standard Probabidity Sensitivity Uncertainty contribution
% Unceriainty Distribution coefficient Uly)
5 ulx) (c)
B e
: &, 0.071 Normal 1 0,074
i :_ A8 0,0507 | Normal i 0.0s50”
L G 0.020 ' i 0.020"
i
| G, k=2 0.178" _
9477 Expanded unceriainty of measurement:
U=k B
=0,178"
=(),20"
coverage facior. k= 2
BMC = 0,207
|
1 8478  Reported result:
i
i The reported expanded uncerainty of measurement is stated as the siandard uncerainty of
measurerment muliiplied by the coveraae factor & = 2, which for 2 narmal distribution corresponds io a
coverage probability of aporoximately 95%.
Edition | Prepared | Checked Approved j | Page 100 :
! i :
I H i _ i
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Table 8.4.9.2 Uncertainty budget for the Reference Optical Flat diameter 80 mm
_ Il Standard Uncertainty Sensgitivity LUncertainty Contrigution
Cuantity l Protabiity
L Ufx ) o Coefiiciant Uiy}
X, 7 Distributicn - =]
i Absoluie Relative o, Ansolure Relative
i'ax i 0,45 nm - Ngrmai 1 045 am i}
{, o0 am - | Rectangular 3 0.601 nm
., 0,09 am - Rectanguiar i Lo nm - §
fp_ 0.0 nm y Rentanguisr 003 rm
f,un: 0,21 nmoo . Rectangular 1 .81 rm
L e . i L -
fmﬂﬂ, nmoi - Rectangular 1 1.47 i -
u(i"_) ; 1.79 o
; f_r k=2 4 nen

£xpanded uncertainty of measurement :

Vo= keulld

< 2179
= 358 nm
* = 0.004 §um
Coverage factor k=2

BMGC - 4 nm

Report Resuli ;
The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement
muitiplied by the coverage factor k = 2. which for 2 normal distribution corresponds 10 a coverage

probability of approximately 95%.

n | i i
Edition Prepared ' Checked E Approved i Chagter Page 132
04 I by: Muhummad by Anusorn 5 by Somsak ; 849 af 157
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L

Tabie 8.4.9.4 Uncertainty Budget for flatness of aptical parallel. diameteris 30.00 mm

!
: Standard Uncertainty Sansitivig uncenainty Coniribution |
i1 Quenlity _ Probabitity !
Y Coefficiant Liy] !
X Disriburtion
Absolute Felative c, Absalute Relative
fm 35,0004 Um - Normal | i ,0004  pm -
{ 5['5 ond2  pm . niarmal ! i £.002  um
: : e
o, 000604 Um - Rectangular | i 000002 pm | -
(5}’(_? 00006 Hmo . Ractanguiar i 3 30006 pm - E
CYD 000584 e . Rectanguiar E 30084 Fm -
u{l.) 05098 Lm -
l ¥ =2 P00z pm -
- 0 .

Expanded unceriainty of measuremeant ;
Uo=k-ully
=2+ 0.00%6 pm
=0,0192 um
= 5,02 um
Caverage figctor k= 2

BMC = 0.02 pum

Report Result :
The reporied expanded uncertainty of measurement is stated as the standard uncerainiy of measurement

multiplied by the coverage factor & = 2. which for a nomal distribution corresponds to a coverage

probability of approximaiety 95%.

T —— I s

Edition Preparad ; Checked | Aoproved | Chapter | Page 136
f | i |
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Table 9.4.8.6 Uncertainty budget for paralielism of optical parallel
¢ T 1
Siandard Uncertainty Sensitivity Linceriainty Confribution ¢
Quiantity Estimate Prebability
Ul Caeficient Uy
%, : X, Distribution
i Absolute Ralative C Absciute Abzoluts
L, 006 Hm | 0003 Um - Narmai i 0002 pm
ol o um | 0504 um - Rectanguiar i 0404 pem -
ol o pm {0018 pim - Recianguiar 1 0018 Um -
u{l ) 0019  Lm
I L 008 pm k=2 004 pm | - ;
Expanded uncerainty of maasurement ;
U o=k-ully)
=2 0.079
= 0038 um :
= .04 um

i Coverage factor k = 2

BMC = 3.04 pm

Report Result -

The reported expanded uncerzinty of measurement (s staied as the standard unceriainty of measurement
multiphed by the coverage factor & = 2. which for 2 normal distribution corresponds o & coverage ’

probability of approximaialy 95%.

Edition Frepared ‘ Checked Approved i Chapter i Page 140
!
04 by: Muhummad | by: Anusorm oy Somsak } 849 1 af 157
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Table 2.4.2.8 Uncertainty budget for thickness of optical parallel, nominal length is 12.00 mm

Quarntity Standard Uncertainee Sensitivity Uneenainty contribation :
‘ Provability :
5, uix coefiiciant Uiy ) i
: Distribution o - I
Absolute Relative ic) Absolute () ¢ Relative {b)
Zm 4012 Limm - Norma ! 1 2.0z plin -
(37_, 0.025 Lkt 0.685E-08 / Mormai 1 0.025 L 0855E-08 /
&A_ 0.004 L - Secianguiar ! 0.0404 tm
o %o - 2.845-04 [ Spesial i - 36404
Sor x AT - Fog-05 1 Speciai i . 7.0E-05 [
— o R - — .

uidy’ = (002802371058 ;um

utly) = {G.028Y + (037107 I¥17 : um

Expanded uncenainty of measuremant

U= keutl)=2- \,ff(a,ozg)9+(}J,37-10‘3-Jf ;

i -
! !r ; IR 7
V(0,06 ) +(0,?4-m - -f} S um
[
Coverage factor k=2
E BN P AN €
| BMC = (0,06 ) +\0.74-107° -] . um
' Note: / being the nominal size of the Optical Parallel in mm
Report Result ;
The reported expanded uncertainty of measurement is stated as ihe standard uncertainiy of measurement
multipked by the coverage factor k = 2, which for a normal distribution corresponds 10 a coverage probability of
approximatety 85%.
Fdition Prepared Checked ' Approved Chapter Page 47
| : !
G4 By Muhummad | by Anusorn t by. Somsak 949 Il of 157
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5.1 Uncertainty budget for analog vibration meter at acceleration function

Type | Source of Uncertainty | Value | Probability | Divisor | C1 | u(xy) Yesr
+ Distribution
A Repeatability of Us normal 1.0 1.0 Ua 5
Standard
B Reference standard Ugs normal 2 1.0 | Ugs o0
2
B Voltmeter Uyp | rectanguiar J3 1.0 ¢ Uy 0
measurement v@
B Conditioning Uea | rectangular \E 1.0 | Uca ®
amplifier J3
Uc | Combined Uncertainty normal
iJ Expanded Uncentainty nonmal
(k =2}
U Approved Uncertatnty
|
5.2 Uncertainty budget for analog vibratios meter at velocity function
Type | Source of Uncertamty | Value | Probability | Divisor | C1 | u(x1) Yeir
+ Distribution _
A Repeatability of Ux normatl 1.0 1.0 Ua 5
Standard
B Reference standard Ugg riormal 2.0 1.6 | Ugs o
2
B | Voltmeter Uve | rectangular 3 1.0 | Uy 0
measurement J3
B Conditioning Uea | rectangular NE) 1.0 | Uca o
amplifier NE)
B Sine Generator Usg | rectangular J3 1.0 | Usg 0
J3
Ue | Combined Uncertainty normal
U Expanded Uncertainty normal
(k=2)
U Approved Uncertainty
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Uncertainty Budget
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Page 9 of 15

5.1 Uncertainty budget for analog vibration meter at acceleration function

Type | Source of Uncertainty | Value | Probability | Divisor | Ci | u(x1) Yeer
+ Distribution
A Repeatability of Us normal 1.0 1.0 Ux 3
Standard
B Reference standard Urs normal 2 1.0 | Ugs =
2
B | Voltmeter Uyy | rectangular NES 1.0 | Uy )
measurement J3
B Conditioning Ura | rectangular NE) 1.0 | Uca o
amplifier J3
Uc j Combined Uncertainty normal
U | Expanded Uncertainty normal
(k=12)
U Approved Uncertainty
5.2 Uncertainty budget for analog vibration meter at velocity function
Type | Source of Uncertainty | Value | Probability | Divisor | Ci | u{xi} Yerr
+ Distribution
A Repeatability of Ux normal 1.0 1.0 Ua 5
Standard
B Reference standard Ugs normal 2.0 1.0 | Ugg o0
2
B | Voltmeter Uve | rectangular NG} 1.0 | Uy 0
measurement 3
B 1 Conditioning Uca | rectangular NE) 1.0 | Uca @
amplifier NE)
B Sine Generator Usg | rectangular J3 1.0 | Usg o
3
Uc | Combined Uncertainty normal
U Expanded Uncertainty normal
(k=2)
U | Approved Uncertainty
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5.3 Uncertainty budget for analog vibration meter at displacement function

Type | Source of Uncertainty | Value | Probability | Divisor | Ci | u(xi) Yot
+ Distribution
A Repeatability of U, normal 1.0 1.9 Ua 5
Standard
B Reference standard Ukgs normal 2.0 1.0 | Ugrs o0
2
B | Voltmeter Uvy | rectangular NE) 1.0 | Uwpy o
measurement 3
B Conditioning Uca | rectangular 3 1.0 | Uca 0
amplifier J3
B Sine Generator Usg | rectangular J3 2.0 | Usg o0
3
~
Ue | Combined Uncertamty normal
U | Expanded Uncertainty normal
(k = 2) N
U | Approved Uncertainty

5.4 Method of calculate upcertainty budget for analeg vibration meter
5.4.1 Uncertainty of repeatability of standard (Type A); Ua

U \ — Op

When

O i - "*”'1'-" Z(x; “;)2

5.4.2 Uncertainty ef reference standard; Ugg

U g5,y from Certificate
2

U RS(ta] =
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5.4.3 Uncertainty of voltmeter measurement; Uyg

Accuracy specification of valtmeter
U vofic) = \6

5.4.4 Uncertainty of sine generator; Usg

Accuracy specification of sine generator

UsG(m} = =
J3

Remark: Apply only in velocity and displacement function
5.4.5 Uncertainty of conditioning amplifier; Uca

Uge = Accuracy spectfication of conditioning amplifier

V3

5.4.6 Combine uncertainty; U

For acceleration function

Ue = JUL+ U+ U, + U2,

For velocity function and displacement function

Uc = ‘JU PRt +U v UG

5.4.7 Welch-Satterwaite equation; Y

Ye:ﬁ"

when
Ui = Ua, Uks, Uve, Uea, Usg
Degree of freedom = n-1

<
I}

= Number of measurement
5.4.8 Expanded Uncertainty; Ugso,
Usony = k x U,
When Cofactor k=2

5.4.9 Approved Uncertainty by approximate expanded uncertainty (U)
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5.5 Uncertainty budget for digital vibration meter at acceleration function

Type | Source of Uncertainty | Value | Probability | Divisor { Ci | u{xi) Tetr
+ Distribution
A Repeatability of Ua normal 1.0 1.0 Uy 5
Standard
B Reference standard Ukgs normal 2.0 1.0 | Ugs o0
2
B | Voltmeter Uvp | rectangular J3 1.0 | Ugy o0
measurement NE}
B Conditioning Uea | rectangular g3 1.0 | Ucs o0
amplifier NE)
B Resolution of UUT Ups | rectangular | 2./3 1.0 | Ugs )
23
Ue | Combined Uncertainty normal
U Expanded Uncertainty normal
(k =2}
U Approved Uncertainty
5.6 Uncertainty budget for digital vibration meter at velocity fanctien
Type | Source of Uncertainty | Value { Probability | Divisor | Ct | u(xi) Yerr
+ Distribution
A Repeatability of Ua normal 1.0 1.0 Ua 9
Standard
B Reference standard Uks normal 2.0 EO | Ugs o0
2
B | Voltmeter Uyo | rectangular J3 1.0 | Uy o
measurement 3
B Conditioning Uca | rectangular Jg 1.0 | Uca o0
amplifier 3
B | Sine Generator Usg | rectangular 3 1.0 | Usg o0
V3
B Resolution of UUT Ups | rectangular | 2./3 1.0 | Ugs o0
243
Uc | Combined Uncertainty normal
U | Expanded Uncertainty normal
(k=2)
4] Approved Uncertainty
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5.7 Uncertainty budget for digital vibration meter at displacement function

Type | Source of Uncertainty | Value | Probability | Divisor | Ci | u{xi) Yeir
* Distribution
A Repeatability of Us normal 1.0 1.0 Uax 9
Standard
B Reference standard Ugg normal 2.0 1.0 | Ugs o0
2
B | Voltmeter Uyg | rectangular 20 1O | Uwg o0
measurement 3
B Conditioning Uca | rectangular J3 1.0 | Uga 0
amplifier 3
B | Sine Generator Use normal e 2.0 | Uss o
3
B Resolution of UUT Usg | rectangular | 2.3 1.0 | Ugs oo
243
e | Combined Uncertainty nornal
U Expanded Uncertainty normal
k=2)
U Approved Uncertainty

5.8 Method of calculate uncertainty budget for digital vibration meter

5.8.1 Uncertainty of repeatability of standard (Type A); U,

UA - n—1

Jn
When

O-n—l -

— H

X = X,
i=]

n = 10

5.8.2 Uncertainty of reference standard; Ugs

Urs(18) = Ujoseqy from Certificate
2
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5.8.3 Uncertainty of voltmeter measurement; Uy

Uvyo(18) = Accuracy specification of voltmeter

V3

5.8.4 Uncertainty of conditioning amplifier; Uc,

Uea = Accuracy specification of conditioning amplifier

V3

5.8.5 Uncertainty of sine generator; Ugg

Usi(18) = Accuracy specification of sine generator
J3

Remark: Apply only in velocity and displacement function

5.8.6 Uncertainty of resolution of UUT; Upgg

Ups = digit x 100
mean of standard value x 2 «B

3.8.7 Combine uncertainty; Ug

For acceleration function

Uc - \/U i +U ff.a' + Ui:'n t U(E‘A

For velocity function and displacement function

U = JU UL + UL+ U, + U2

NS

5.8.8 Welch-Satterwaite equation; Yo

il
chf = " L 4
Uy = Ua. Ugr, Uy, Usc, Usg
v, = Degree of freedom = n-1
n = Number of measurement

3.8.9 Expanded Uncertainty; Uso,
Uggsony = kx U
When Cofactor k=2

5.8.10 Approeved Uncertainty by approximate expanded uncertainty (U}
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5.0 UNCERTAINTY BUDGET:

5.1 Uncertainty budget for vibration exciter at acceleration function

CP-AVG02
Page 6 of 10 Pages

Type | Source of Uncertainty | Value | Probability | Divisor | Ci u{xi) Yerr
+ Distribution
A Repeatability of Uav normal 1.0 1.0 | Uay S
Standard from
Yoltmeter
B Reference standard Ugrg normal 20 1.0 | Ugs o
2
B Voltmeter Usyp | rectangular NE) 1.0 | Uy o
measurenent J3
B Conditioning Uea ] rectangular NE) 1.0 | Uca 0
amplifier NE)
Uc | Combined Uncertainty normal
U | Expanded Uncertainty normal
(k=2)
u Approved Uncertainty
5.2 Uncertainty budget for vibration exciter at velocity function
Type | Source of Uncertainty | Value | Probability | Divisor { Ci | u{xi) Yerr
+ Distribution
A Repeatability of Uavy normal 1.0 1.0 | Uav 9
Standard from
Voltmeter
A Repeatabtiity of Uar normal 1.0 1.0 | Usr 9
Standard from
Frequency meter
B Reference standard Ugs normal 2.0 1.0 | Usg 0
2
B Voltmeter Uvo | rectangular NE) 1.0 | Uy o
measurement 3
B | Conditioning Uca | rectangular NE) 1.0 | Uca o0
amplifier J3
B | Frequency meter Ugr | rectangular J3 1.0 | Usr o0
e
Uce | Combined Uncertainty normal
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U | Expanded Uncertainty normat
k=2)
U | Approved Uncertainty
5.3 Uncertainty budget for vibration exciter at displacement function
Type | Source of Uncertainty | Value | Probability | Divisor | Ci | u(x1) Yerr
+ Distribution
A Repeatability of HIRY normal 1.0 1.0 1 Uay 9
Standard from
Voltmeter
A | Repeatability of Uar normal 1.0 1.0 | Uar 9
Standard from
Frequency meter
B Reference standard Ugg normal 2.0 1.0 | Ugs 26
2
B Voltmeter Uvo | rectangular J3 1.0 | Uy o
measurement J3
B Conditioning Uca | rectangular 3 1.0} Uea @
amplifier NE)
B Frequency meter Ugr rectangular ﬁ 1.0 Ugr )
J3
Uc | Combined Uncertainty normal
U | Expanded Uncertainty normal
k=2)
U | Approved Uncertainty

5.4

54.1
Uav
Uav
When
Gn—i
¥
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1i = 10

5.4.2 Uncertainty of repeatability of standard form Frequency meter
(Type A), Uar

Uar = =

When

543 Uncertainty of reference standard; Ugs

U oy Jrom Certificate
2

URS (16) =

5.4.4 Uncertamnty of voltmeter measurement; Upy

Accuracy specification of volt meter

NE)

U.llo)=

5.4.5 Uncertainty of frequency meter; Uy

Accuracy specification of frequency meter

x i
V3

Usr (]0') =

Remark: Use in only velocity function and displacement function

5.4.6 Uncertainty of conditioning ampiifier; Uca
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when

549

When
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Accuracy specification of conditioning amplifier

Uu(lo-): \E

Combing uncertainty; Ue

For acceleration function

2 -1
UC = \/Uf vt er.r + Ur;s + UET"J + U(:

For velocity function and displacement function

UC = \/L‘r,:f. + UiF + Ujs + Uzz'-'.- + U; + L‘r;r“

Welch-Satterwaite equation; Yoy

ﬁ v
Yo = T

Z_.._‘.

i1 U
U; = Ua, Urs, Uvg, Uea, Usg
LI = Degree of freedom = n-1
n = Number of measurement

Expanded Uncertainty; Usgsw)
Uteseny = kx U

Cofactor k=2

5.4.10 Approved Uncertainty by approximate expanded uncertainty (U)
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Figure 1 Show the set-up of accelerometer calibration by back to back method

5.6 UNCERTAINTY BUDGET:

5.1 Uncertainty budget for analog vibration meter at acceleration fanction

Type | Source of Uncertainty | Value | Probability | Divisor | Ci | u(xi) Teor
x Distribution

A Repeatability of Uag Normal 1.0 1.0 | Uxg 30
Sensitivity

B Reference standard Usg Normal 2.0 1.0 | Usg i
{Accclerometer with 2
charge amplifier}

B Volumeter Upvs | Rectangular J3 1.0 | Upvs ]
measurement of NEY
Standard

B | Voltmeter Ugvy | Rectangular 1 f3 1.0 | Upyy |
Measurement of UUT J3

B | Conditioning Ugcu | Rectangular J3 1.0 | Usw |
amplifier of UUT I3

B | Transverse Ura Special 1 1.0 1 U,, [
acceleration 18 1

18
Ue | Combined Uncertainty Normal
U | Expanded Uncertainty Normal
k=2)
U | Approved Uncertainty
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5.2 Method of calculate uncertainty budget for analog vibration meter

5.2.1 Uncertainty of repcatability of standard (Type A); Uag

G,
Uas = =

When

5.2.2 Uncertainty of reference standard; Ugpg

Upr(10]) = Urasw) from Certificate
2

5.2.3 Uncertainty of voltmeter measurement of standard; Ugvg

Upv(103)

I

Uasyy from Certificate
1.732

5.2.4 Uncertainty of voltmeter measurement of UUT: Upyy;

Use(10)

Ugase from Certificate
1.732

5.2.5 Uncertainty of conditioning amplifier of UUT; Ugcy
UBC = Uggj%) from Certificate

1.732
5.2.6 Uncertainty of Transverse acceleration; Ura

175
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TA Y, (Siz + Sil );;E

Where
Sv1  1s Transverse sensitivity of reference transducer.(max.=2%)
Sv2 18 Transverse sensitivity of transducer to be calibrated.

. 74
Uy = .

18

5.2.7 Combine uncertainty; Uc

- 3 2 2 2 2 72
Ue = \/UA_\.' Uy + Uy ¥ Uy + Uy +U

8F% 74
5.2.8 Welch-Satterwaite equation; Yy

U4
Yert = £

when

=
1

Uas, Uau, Upvs, Upvo, Ur, Ugne

Degree of freedom = n-1

U
i

Number of measurement

joe
i

5.2.9 Expanded Uncertainty; Uygse,)
Ugss) = kx U
When Cofactor k=2

5.2.10 Approved Uncertainty by approximate expanded uncertainty {U)
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5.0

5.1 Uncertainty budget for ratio method

UNCERTAINTY BUDGET :

CP-AVD04
Page 13 of 20

Probability

Type | Source of Uncertainty | Symbol Distribution Divisor | Ci wxi} | Yem
Accuracy of ratio Y
B counter aF rectangular J3 1.0 N w
A Repeatabitity of ratio Us normal L0 1o U, 9
counter
nstabil U
B Wavelength instability U; rectangular NE) 1.0 A &0
B Accuracy of Sine Uy rectangutlar J3 2.0 = L]
generator 3
a | Repeatability of Us normal 0 1o Us |9
voltage output
U
B Accuracy of voltmeter Uy rectangular \6 1.0 7;6 £l
il
B Uncer.iamty of Charge Us normal 20 L0 U ]
Amplifier
U
B Effect of distortion Ug normal 1.0 1.0 T; 1
: Uo
B Effect of transverse Usq special ﬂ 1.0 "J_ig [
Repeatability of )
A Sensitivity Utn normal 1.0 1.0 10 9
Resolution of i Uy
B sensitivity Uy rectangular 3 i.0 NG Ll
Uc | Combined Uncertainty normat
: normal
U Expanded Uncertainty k =2)
8} Approved Uncertainty
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5.2 Uncertainty budget for mivimum peoint method

CP-AV004

Page 14 of 20

. Probability . . . ﬁ
Type | Source of Uncertainty | Symbol Distribution Divisor | Ci | u{x1) Yett
B | Wavelength mstability U rectangular J3 1.0} U o0
V3
B | Accuracy of Sine U, rectangular J3 201 Uz =)
generator V3
A Repeatability of Us normal 1.0 1010 U4 6
voltage output
B Accuracy of voltmeter Uy rectangular J3 10} Uy .
V3
B Uncertainty of charge Us normal 2.0 10| s ]
Amplifier 2
B | Effect of distortion Us normal 1.0 1O} Ug ]
J3
B | Effect of transverse Us special Jis | 10| Ug 0
V18
A | Repeatability of Us normial 1.0 1.0 Us 6
Sensitivity
B | Resolution of FFT Us rectangular J3 1.0 | Uy I
Analyzer J3
B | Resolution of Uso rectangular J3 1.0 | Uig 0
sensitivity report NE)
Uc | Combined Uncertainty normal
. normal
U Expanded Uncertainty (k =2)
U Approved Uncertainty

5.4 Method of calcalate nancertainty budget for ratio method
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5.4.1 uncertainty budget for ratio method

No. Source of Symbol Method of calculate uncertainty budget
uncertainty
L | Accuracy of ratio Ui . ( LSD] lRMS Resoiution’
counter U, = +] x 100
L R, ‘ E Ry
where
LSD I
RI Gate Timex f ..
RMS Resolution 2x \/I T (fm“,m,; x B Tngger E”m’)h
R, Gate Timex {44
B Trigger Error = 0.64 x 107 s
2 | Repeatability of th U - S.D. i countee X 100
ratio counter 3 Averageralic:cwunlcr x ’\/;;
3 | Specification of Us 3 :EQOIXIOO « 0.00008 %
Wavelength T 632.815x2
4 | Accuracy of Sine Us UJs From specification of funchon/arbitrary waveform
generator generator.
U, =0.004%
5 | Repeatability of Us U 8.D., g % 100
\foitage Olltput 577 Averagemmga X ‘\/;
6 | Accuracy of Us U, From specification of voltmeter.
voltmeter
7 | Uncertainty of U Uy From certification of charge amplifier
Charge Amplifier !
8 | Effect of distortion Ug The effect of distortion can measured by distortion
meter on output voltage.
US = l(dn:vr )2 x 100
2
No. Source of Symbol Method of calculate uncertainty budget
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uncertainty
9 Effﬁct Of Ug U? — '\J;SE X{‘IE — J622 X.12 - 02 0/0
fransverse ..
S = Transverse sensitivity of reference, S,max.2%
a = Transverse vibration for vibrator,
a,max.10%
10 | Repeatability of Uty S.D. iy * 100
Sensitivity 10 Average,,, i * \/;
11 | Resolution of Un _ Resolution x100

sensitivity

[ - T
] Sensitivity x 2

5.4.2 uncertainty budget for minimum point method
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The combined uncertainty, u(t,), can be expressed in the form of

u(t, )

The expanded uncertainty will be

U

k= u(t,)

2

cu(z,)

Ju( Sstd)’ + (37, ) + (S remnm ) + W(Fhg ) + (8, )’

6.0 UNCERTAINTY BUDGET ¢
Quantity | Estimate | Standard Uncertainty | Probability | Effective | Sensitivity Uneertainty
u(x,} Distribution | Degree of |Coefficient; Contribution uily}
X; % Relative | Absolute (s} freedom (v} ¢ Relative | Absoluie {s}
T 0 - - Nomal 999 i - -
8. 0 - 814,52:10""*} rectangular o 1 - 814,52410°"
Surcenuo| 0 - 9.13-10° | Normal % i - 9,13.10™
Sireq 0 - 1,5 =10 Notrmal a i - 1,310
Scabie 0 - 0 Normat @ 1 - a
T 0 - 814,52-10°"
Expanded Uncertainty :
U = ke u(Fy)
= 2+ 814,52« 1077
= 1,629+ 107" s
= 2 ms
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Uncertainty budget of force measurement (according to ISO 376 :1999)
I. Uncertainty of the Force standard machine (ugp)
U = Ugm /2
= 20 ppm.
2. Unecertainty of reproducibility
Ugo” = (bY/2

= 15 ppm.

Laa

Uncertainty of repeatability
Uep” = (BY 712
= 10 ppm.
4. Uncertainty of zero deviation
ug® = () /12
= 8 ppm.
5. Uncertainty of interpolation
wt o= (R)/6
= 4 ppm.

6. Uncertainty of Reversibility

thy (vY /12
= 12 ppm.
7. Uncertainty of Resolution
u,es2 = ( resolution )2 /12
= 6 ppm.
Combined standard uncertainty
U= (e ®) Hupe P U Yo" )+ () + (P ) ()

= Q0) +(15)" + (10) +(8)" + (&) +(12) +(6)’

= 32 ppm.
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Expanded standard uncertainty
U = kg (k=2)

= 2(32) ppm.

= 64 ppm. = 0.0064%
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UNCERTAINTY CALCULATION :

5.1 Standard uncertainty of the weighing process, ., (A, } (type A)
The standard uncertainty of the weighing process, u,.{(Am_ )}, is the standard

deviation of the mass difference. For n cycles of measurement :

sam,;)

6
T (6)

u W (&EL‘ ) =

where s(Am,,} is pooled standard deviation of mass comparators obtained from

the previous performance check made under similar conditions.

i

s{am,) = vJ"H}—l Z (A, — A, )2 {7

i=1

For the calibration of 50 kg weights by use mass comparator {CC50001S-L), the
standard uncertainty of the weighing process, u,.(Am, }is calculated by

u’E xS(Am i )

o (o) 2
X~ #

(8)

5.2  Uncertainty of the reference weight, u(m,, ){type B)

The standard uncertainty w{m,, Jof the reference weight is calculated from the
internal calibration results by dividing the expanded uncertainty U, by the coverage
factor k (k=2) and should be combined with the uncertainty due to the instability of the
reference weight

!

o, )= \[%] ru2(n,) ©

For the calibration several reference weights m_; are combined and the standard

erf

uncertainty «{m_, ) is the linear summation of uncertainties

u(mc, ) = Z f!:‘(h‘?m ) (1 0)

where u(m,_, }is the standard uncertainty of the reference weight i.
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5.3 Uncertainty of air buoyancy correction, #, (type B)

The uncertainty of air buoyancy correction 1s calculated from

2 2 2

— i i

u} {mc, . =01) p’}um} #lmg (pa=p0 F 2+ m2 (0, - po Mo, - po )2l - 2o 35 (11)
prp{ pg P

where % ,, = The standard uncertainty of the air density.

P = The air density during the previous calibration of the reference
weight.

u, = The standard uncertainty of the density of the test weight.

u, = The standard uncertainty of the density of the reference
weight.

The standard uncertainty of the air density {%,,} is estimated from the

uncertainty for pressure, temperature and hunidity. The variance of the air density is

o2 £p7g ) ¢({Z‘pl,l, N | épa
II(;JEJ)-— JI{F +( ap .,{P] Ik oT HT | 4 ERH, (12)

where .= uncertainty of the formula used (for CIPM approximate formula:
up=2x107 p,).
Pa = 1{]'5Pa'1pn

5P
ap -l
28 =3 410K o,
ar * P
ép 2
2 =-10"p,
GH &
0.34848 p — 0.009 2oy px expl0.0621¢
amd Py = d () xpl0.0624 (13)

273.15+¢

If the density of the test and reference weight, or its uncertainty is not known,

the mean value recommended by OIML R 111 is used.
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5.4 Uncertainty of the balance, ©,, (type B)
- Uncertainty due to the sensitivity of the balance
2 k >
[0 7))
u, ={Am, -+ : 14
ey Ll l) (14
where Am, = The average mass difference between the test weight and the
reference weight.
m, = The sensitivity weight of mass.

u {:‘?I s ]

A, The change in the indication of the balance due to the

The standard uncertainty of the sensitivity weight of mass,

sensitivity weight.
w{af, ) = The uncertainty of A/, .

- Uncertainty due to the display resolution of a digital balance

™,

» =(—%Jx«f§ (15)

i,

In order to reduce the negative effect of the eccentnic loading and the magnetism
of the weight, a levelMatic pan with a number of concentiic circles on the top surface is
used. The uncertainty confribution due to the eccentric loading is already covered by
the uncertainty u,(Am, )of the weighing process, and the magnetic interaction is
reduced by placing the nonmagnetic spacer between the weight and the load receptor.
The uncertainties due to the eccentric loading and the magnetism, therefore, can be
neglected.

In case AX64004 that the interchange is performed during a calibration
procedure which the weighing results are nearly so not necessary interchange

In case CCS0001S-L that the interchange 1s performed during a calibration
procedure which the weighing results are not nearly so interchange is necessary, the
average of the two indication differences shall be taken as the weighing result and the

uncertainties due to the eccentric loading can be neglected.
Consequently, the uncertainty of the balance, w;, 1s estimated by

My, = AJul +ub {16)
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5.5 Expanded uncertainty, Ulm,,)

The combined standard uncertainty of the conventional mass of the test weight
is given by

u. (m“ ) = x_/uf, (ﬁ?ﬁc)+ 2w’ (mcr)—i- u§ + uﬁa (1 7}

The expanded uncertainty, U, of the conventional mass of the test weight is as
follows

Hm,, )= ku {m,) (18)

where the coverage factor, £k =2, 1s used.
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Uncertainty Evaluation

|. Uncertainty Evaluation for Digital Hall magnetometer its calibration by using
NMR magnetometer. (2.5 T to 30 mT)

Uncertainty factor

7» (Gyromagnetic Ratio)

) Frequencv Measurement
NMR measurement : Natural width of NMR sample
N\’IR probe position {magnetic field homogeneity)

Rtso ution of detection circuit

Anﬁic of Hall probe and measuring magnetic ficld (B

| =Bcosf)
Hall probe position ' Intluence by reason of distance of NMR probe and Hall |
: Pfobe N .
| Magnetometer resolution of a digital indication
| Type A R

2. Uncertainty evaluation for Digital Hall magnetometer or Fluxgate magnetometer
calibration by using standard field coil (less than 30 mT)

Uncertainty factor

. Coil Constant of standard f'eld coil L

C’ihbr'\non of standard Resistor
' Long term stability of resistor
Current measurement : Calibration of voltmeter
Long term stability of' v oltmeter
Voltmeter resolution ofa digital indication

External magnetic field | Earth’s magnetic ficld o |
' Magnetic noise (period of measuring)

- Angle of pmby and measuring magnetic field (for
Probe position fexample B =Beostl)
: Influence by reason of magnetic field homogeneity

i Magnetometer resolition of a digital indication
Tvpe A (including current variation)

Lh
A

Magnetic Standards and its Calibrations.
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3. Uncertainty evaluation for Coil constant of standard field coil at 30 mT

Uncertainty factor

NMR measurement

D ¥ fG\aromagnetic Ratio)

§ Frequenc:\ \/‘Ie’nsurement
Natural width of NMR sample
NMR probe position {magnetic field homogeneity)
Resolution of detection circuit

Current measurement

: Calibration of standard Resistor

Long term stability of resistor

Calibration of voltmeter

Long term Sldbl]lt\ of voltmeter

Voltmeter resolution of a digital indication

: External magnetic field

Earth’s magnetic field
Magnetic noise (peried of measm ing)

Type A

4. Uncertainty evaluation for Reference magnet

Uncertainty factor of Reference magnet 2.5 T to 30 m¥F

NMR measurement

v. (Gyromagnetic Ranoj

: Frequem\ Measuxumnt

: Natural width of NMR, sample ) }
. NMR probe position (magnetic ficld homogeneity) |
Resolution of detection circuit

Hall magnetometer

Angle of Hall probe and measuring mdwm_tm field(B™ 1
i = B cos 9)
| Influence by reason of distance of NMR probe and Hall !
| probe

Short term stability

Tyvpe A (mdudmn Hall Sensor position)

Uncertainty factor for Reference magnet less than 30 mT

Coil Constant of standard hdd coii

i Current measurement

Calibﬂtlon of standa:d Ru;istm
I Long rerm stability of resistor

" Calibration of voltmeter
i Long term stability of voltineter
: Voltmeter resolution ol a digital indication

External magnetic field

Earth’s magnetic field

| Magnetic noise (period of measuring)

Probe position

’\ngle of probe and measuring magnetic field lfor
i example B'=Bcosh})
Influence by reason ofmdgnenc field homocenelt\'

Macnetometer resolution of a digital indication

Type A (inciuding Hall sensor position)

Magnetic Standards and its Caltbrations. 56
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Calculation of Measurement Uncertainty {Laser Beam Power Meter Calibration}

Power : 1 mW

Source of uncertainty Type of Standerd | Probability | Degree of | sensitivity 1 Uncertainty
uncertainty | uncerainty | distrubution | freedom cosficient |contribution
1. Repeatability (n=5) A 0. 100% normal 4 1 0.100%
2. Uncertainty of Standard
1) Uc from certificate B 2.150% nermai o i 0.150%
2) Pasitioning error B 0.030% | Rectargular oL 1 0.030%
3) Control error B 0.010% | Rectangular o i 0.010%
4) DC measuring equipment B 0.050% | Rectangular o 1 0.050%
5) Long term stability B Ractangular
6) -
3. Uncertainty of DUT
1} Positioning error B 0.030% | Reciangular o 1 0.030%
2} Resclution B 0.005% | Rectangular o 1 0.005%
Combined standard uncertainty 0.192%
Expanded uncertainty {k=2) 0.384%
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Calculation of Measurement Uncertainty {Optical Fiber Power Meter Calibration)

Fower : 1 mwW

Source of uncertainty Type of Standard | Probability | Degree of | sensitivity | Uncertainty
uncenainty | uncertainty | distrubution]  freedom | coeficient |contribution
1. Repeatability {(n=3) A 0.100% norrmal 4 1 0.100%
2. Uncertainty of Standard
1) Uc from certificate B 0.150% normal o g 0.150%
2} Positioning error B 0050% | Rectangular o 1 0.050%
3} Control error B 0.050% | Rectangular o 1 (0.050%
&) DC measuring equipmsant B 0.050% | Rectanguiar oL 1 0.050%
5] Long term stability B 0.050% | Rectangular o0 1 (1.050%
6} NA dependence 8 0.050% | Rectanguiar o0 1 0.050%
7)-
3. Uncerainty of DUT
1} Pasitioning efror B 0.050% | Reciangular o€ 1 0.050%
2} Resolution B 0.050% | Rectangular o0 1 0.050%
Combined standard uncertainty (.224%
Expanded unceriainty k=21 0.447%
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Plan of Accreditation for ISO/IEC 17025
Fiscal Year 2008

1. Field of Measurement: Gas Standard

2. Laboratory: Gas Analvsis Laboratory. Department of Chemical Metrology and Biometry

3. Parameter
3.1 Calibration of oxvegen standard mixture and paramagnetic oxygen analyzer
3.2 Calibration of carbon monoxide standard mixture and carbon monoxide

analyzer

4. Scope of acereditation:

Measurand/Calibration " Description/Measurement Range Best Measurement
Item _ | Capability (k=2)
i 1. Oxygen standard O in N2 /0-30% s_ 1% - 2%
2. Oxygen analyzer ¢ Paramagnetic sensor £ 0 — 30 % 1% - 2%
i 3. Carbon monoxide CO i Ny /0 - 100 umol/mol ;: 1% - 2%

standard mixture

- 4. Carbon monoxide : ) — 100 wmol‘mol 1% - 2%
: [
. analyzer i _ L

* Waijting for the result of bilateral comparison

5. Attachment
3.1 Traceability chart

5.2 Evaluation of measurement uncertainty
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{. Evaluation of measurement uncertainty
The uncertainty of calibration by 3-point calibration is calculated as foltow:

1.1 The standard uncertainties of the oxygen contents. /), w/xy). ufxy are
associated with oxygen calibration standards. In the case the expanded uncertainty (U) is given in
the certificate, U must be divided by the coverage factor state in the certificate (usually & = 2).

1.2 The standard uncertainties of the responses, w/v;). ufyy), wfy; are from the
repeatability of oxygen analyzer responds and estimated by eq 1.

u(;)zsi) d=1.3 {n
77
where
SD = the standard deviation of measurement results of calibration standard
" = the number of measurement
N = the number of calibration standards

1.3 Parameter and its uncertainty of the analvtical function x; = hgp = by were
calculated with 1SO6143 implementation software “B_LEAST version 1.117 After that, the oxygen
contents (x;) and standard uncertainty 1/x¢ls; 4z of sample gas were calculated from the vesponse iy
and its uncertainty w(yy). as follows.

(oG S e Y G (
H i | ; wul .-'r.C=f|
u'(.t._ ) ‘ u'(a )+ . u‘(h b+ 2 - " - wmbp b, } (2}
B ZI &ho Z Z I '
W s P
where
rlx, ) = the standard uncertainty of the oxygen conient x;.
catculated using x= Gy
u(}-;,_,) = the standard uncertainty of the response )y
i b i ) = the variance of the parameter b, of the analysis function

u'{b, b, }= the covariance of the parameters ;4. biy of the analysis function

The combined standard uncertainty of analytical concentration ufx./ is evaluated
from the following equations;
2, L 2 .
i (xm:m’) ) |(-\’/I‘r.‘m'.-'m evele T i (\.} hemresir Crfes (3)

where

, ;;:(.\C—, S ST o :('\‘\'- 1543
o, o Ko T UG s g (#)

I

w(X, o the standard uncertainty tor each cycle
7 = the number of cyele

Gas Analvsis Lahoratory
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n .
uAX) popveen eycle = TF (9)
N 7T
SO = the standard deviation of analytical concentration results
n = the number of cyvele
1.4 The expanded uncertainty. L. is given by ¢q. 5 for a coverage factor of two.
(X grai ) = KU ) = 20X gt ) (6)
Uncertainty budget
Uncertainty of gas analyzer calibration following a 3-point calibration
| . — - ——— ey
| Uncertainty | Estimate © Distribution Standard P Sensitivity  Contribution 10
: - : ) i .. : . i
; source ! uncertainty | coefficient | standard uncertamty |
; ) i : ; 3 |
Analytical ! k6143 | normal X i eyele 1.0 LU fwitein cyele i
: ’ : : i
congentration ! i i |
Repeatability ki normal U(X) pevworn cyeles | 1.0 , WX ) penveen cvelos !

Combined standard uncertainty

DU X patt

Lxpanded uncertainty (k = 2)
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Annex 19: Report of Technical Evaluation
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Annex 19:  Report of Technical Evaluation

Improvement of technical capability of NIMT staffs trained in this project

The improvement of technical competence by training was estimated through
interviews of six NIMT staffs.

As average, technical competence of NIMT staffs trained in this project was estimated
to be improved from 1.2 to 2.8. We can recognize that all counter parts have improved their
technical performance through the training in Japan. Many of them keep good relationship
with their trainers and 1t assists to establish their own metrology standards and quality
system for calibration.

For AC power supply, the training was mis-matched with the present calibration
system and for vibration the training period was too short.

Among 6 staffs, three has experienced to give lectures for their own calibration in
ASEAN seminar sponsored by NMIJ/AIST and JICA. They have demonstrated their
competence improved in the project.

Three issues were pointed for the training:

1. Period of training should be more flexible since it needed longér time to learn the whole
program planned,

2. The training is mis-matched with the calibration activities in NIMT. Calibration method,
which the counter part is trained, is not utilized in NIMT for one quantity,

3. In Phase 1, the technical collaboration activities have been limited only for calibration,
while it is necessary to include research activities in future.

There were several problems in process, however, the technical competence has been

improved evidently by training in this project.

Improvement in National Measurement Standards and Calibration Capabilities

All of eight fields, where technical transfer has been completed under this project, the
Nattonal Measurement Standards have been established completely or in main parts. Also,
that of Vibration has almost established by “pre-project” activities. Among them, three
quantities, Wavelength, Hardness and Vibration are new fields for NIMT, while other nine
quantities big improvement were achieved in methods and/or in accuracy.

For all of these nine fields, the calibration capability has been improved through the
JICA project, especially through training in Japan and consultation by the trainers.

The training was mis-matched in AC power measurement. There, JBIC loaned
instruments have been operated using the procedure trained in Canada. As total activities

of calibration, the capability has been enhanced in the laboratory, but the effectiveness of

s okl
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JICA training is not good for this quantity. _ _ :

All of nine fields, measurement uncertainties have been estimated and almost completed
in the project. It is key issue to demonstrate their technical competence quantitatively. The
calibration manuals also have been documented.

The quality system has been assessed for accreditation in two fields, Wavelength and
Acoustic. The quality system has been established in these two fields, although some
problems were pointed out by assessors from NMIJ and NITE. After the assessment, the
corrective actions were documented with consultation under this project and we can expect
to be accredited soon for these quantities,

In other seven quantities, documentation is almost completed and can be expected to be
accredited in near future. For Hardness and Vibration, the laboratories plan to apply

L{ accreditatton within one year. These activities and plans indicate that the calibration

capabilities have been enhanced so rapidly.

3) Activities for the CIPM-MRA _

In order to participate the CIPM-MRA, two requirements have been established as the
criteria, A. To demonstrate quality system of calibration services, B. To participate
international comparisons of measurement standards.

For the criterion A, laboratory accreditation is required as the good evidence to
demonstrate the quality system. It is in process under the project. On the other hand, the
criterion B has not yet well achieved in the project. Some of comparisons have been
implemented or planned, but not according with guidelines of international comparisons for
the CIPM-MRA. Also, the APMP comparisons seem not enough to cover the quantities of
newly established. It is recommended to increase participation in international

- comparisons considering for the issues below: _
1. To require the APMP to arrange regional comparisons NIMT needs,
2. To arrange bilateral comparisons between NIMT and NMIJ according with
CIPM-MRA guidelines

3. To organize regional and bilateral comparisons.

These are examples for how to increase the participation in international comparisons
and it is necessary for participation in the CIPM-MRA.,

4) Report of laboratory visit
The evaluation team visited laboratories of Force, DC high voltage, AC power, Wavelength and
Acoustic laboratories. Some findings are written below:

4-1) Equipments
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The equipments in laboratories, where the evaluation team visited, are maintained properly and
utilized as National Measurement Standards or calibration activities. Some of them were
purchased with Yen-loan. It should be pointed that some of new equipments are in trouble,
which require to repair by manufacturers. Although the accurate measuring instruments are
delicate, but the ratio of instruments with trouble seems to be high comparing with other
well-established NMIs. It is recommended to review maintenance system of equipments.

The manuals of equipments and calibration/maintenance records of them are files
systematically in all five laboratories. These jobs, required in quality systems are arranged very

well.

4-2) Calibration manuals, uncertainty budget and calibration records
Calibration manuals have been documented in all laboratories we visited and they include
uncertainty budget of the calibration. These documentation are maintained in suitable way and
all staffs can refer them in laboratories. We can say that the documents control is sufficient in
many of laboratories.

For force, the training was completed in the last December and short-term expert has
not yet visited. Therefore, for this quantity, the estimation is in process of development.

Calibration records are also filed systematically with copies of calibration certicficate.

4-3) Environmental conditions in laboratories
The environmental condition was recorded for temperature. It is done in taboratories of high
accuracy measurement. However, considering ground vibration and stability of electric power,
the total environment condition seems not so good as high precision laboratories although the
air conditioning works sufficiently.

It could be recommended to arrange transport to new building and establish better condition

for measurement.
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Annex 20: Record of Seminars

201



suostad 05

TEING ST LNIN 18

IjEIQIES (BMISNODY PUE S2J9JA |9AST PUNOG $0 anbiuyoa | uoheiqied e

1BNIA Wy : PUB(IEUL W #3IAI8S UTHRIGHED PUB PIBPUREG STNSNUIY ¢
powhin.g g © ueder Ul PUBPUELG SDIISN0AY JO BOHENIS JUaUNg -

—

20jAI0S UOHEIQHED) PUE SPIEPUBIS IUSWAINSEAK U JELIWIE

GUGMITUB DUIIBIERE S -
1BING Sy

[HOMIrN- ysane | W

piBpLEIS 59118N00Y

wO0T "L UE

5

suosiad J0i

FESIHS N CDNNAC Ul pUSlY UORBIGHED 18M0Z DY ¢
I{EMEUWE A W
OWIC W PIEPUBIS Jamod JY jO UONenlg Waung -

-

SMAISG UORBIGIED PUB SPIEPUEZIS JUSLUSMSEA UO JeUIUag

nswd Hesiig A

PAVANINY A OUSEW N

UOHEIGIED PUB JaMOd OV

£00Z ‘2l '22d

sunslad Q|

TBUESSE | W PUBIBYL JO WSJSAS AIIQesvel | [Iamoy ‘2
BPIUS| I © UOIRIQIED PUE JUSLIBINSBAN SSAURIEH 13m0y *

—

S0|ABS UONRIGIED PUE SPIBRURIS JUSWRINSEAY LD IBUIWSS

anduadues
IEUESSE | AN

YAIHS! awifeHd A

pIEPURIS SSIUPIEH

£002 £ ABI

suosiad g1

[BUESSE | AN SPUBBL ) J0 WaisAS Allgeasel L [[IMAI0Y ‘2
ePIYS| W | YoNBIQIES) PUB JUBLGINSESR SSEUDIEH [[2mI0 -

20IAUIBS UOIEIQHED PUE SPHEPUBIS JUBWIAINSEaN L0 JELILISS

anduodues
JEuEsse |

VaIHSI Suwiler I,

pIEpUBIS SSaUmIEH

£00Z 9 ABp

sunstad g¢

1EING SSIPy . WOLEMD PUNDS PUE WS JO UoNeIylIan g
BANWEN I T SINSNODY U0 [N OF JSSUES] |edlda)

—

S0IA19T UONBIGIED PUE SPIEPURIS JUSIUINSES|A U0 JEUILLSS

BUOMNUEPLIYIEIENE
1BING 5SijY

YHNWON MeolH W,

PIBPUEIS SDISTI0NY

£002 "6 My

)

suossad g

PIPMYUOLA TSP | 19SET BN-SH udjeziigels

slpo| Jo JualBINsEaW AjulENacUN puB piEPUELS Wbuaaaea JO USWILSIYEIST g

LIOSRUY I ¢

pUB|IBY ), ul WasAS Ajjlgeadel | pue pIEpuEls wbBua jo Jusysgesa

eAMEIUS| N

ayisul ABojonai [BUOEN W piepuels WBUa@AEpA JO UOIENIS IUBLNG ')

ADIASES UONEIQIED} PUE SPIBPUBIS IUSLUSIMSEARY U0 Jeunuag

Jemesnuey SapNJUCKHY SN

YAAYMIHS! Ung Iy

piepugis wbusi@nepa

€00z 'z v

suoslad 1Z

BUBLIES Iy - 9[qe] DUIXapuj BUISN 19]S8 | 5SAUPUNOY JO UolEIqe) 2
WSEARQENEAA I | IUBWAINSEa SSSUPUNOY 4O UOIBNIS JUBNNT L

30195 UONeRIGUED) PUE SPIBPUELS JUBWINSEaY L0 JBUIWSS

BurAbuegbumd eUBLIES JW;

THSY AYw i A W

PIEPURIS SSAUPUNDY

£002 '8¢ 92

suosiad g

BUELIES I ¢
Bupnseay @raweld] 1auug (eondo Buisn afines Buiy jo uoijeiquedZ
eWBAUG| I (PIERUEIS JSIPWERIC O WalsAS AINqeaDel asaueder ‘|

20IABE UONEIQIED PUEB SPIEPUE]S JUSWAINSESN L0 1EUIWSS

BueAbLiegbuaig glRWES Iy,

piepuelg Bury pue Gnje

£007 €1 494

suosied BT

LLDPRUBN i
PUBHIEYL Ul SPIEPUELS J]BWIOLLBLEY, UDREIPEY jO JUSWYSQeNT ¢
elunyes "1g © ueder U UDEIGIED) PUE JIISLIOWIRY | UONRIREY) 'L

20118 UOITEIGHED) PUB SPIEPUR]G JUSWaINSES |y L0 JEUIWLISE

MO NON LUAPrHEN I

WG ALADL 9NZEN Y

FINNAYS SIyiung g,

pIEpUErS
Jajawolay 1 uonetpey

£00Z "L 994

-
|

juedionied jo "oN

akL

uediaunog

Wadx3 uual-poys '

AJIJUENYD JUSIISINSEAN

aleq

=)
Z

= i

9/1°0¢ #auuy

SIBUILIY JO PROIIY (7 Xouuy

202



suosiad Jgz

eINLLENEN "SI | MBI1008

wispopy Ut aInnlISELU] JEMAS|I9jU] PUE JUSLURIMSEaR 2} 0 sauepodi) -
ojoWsfy IQ © 102l6id LININAYDIM 0 UoNEnyS iasns

Ul 10 D30 ddY PUB NYISY 10} spuewag ABojoay

BJUSOUIY I © MUEPUELS SAURISISTY jO SPUAI] PUOM,

Buoieuleyn g NyIsy Ul waisis Ausiway U ABojosjaw uayibuang o moH -
YT | JA L PHOAA 2UI Ul SPIEPUB]S SSBUPJBH 0 LONEZILCWLIR ©
mEsEWEA W saulsnpu| Bunowold 1oy sanlandy wor -

aInoa Aeus|d

I3
9
b
t

JEUIWES NYI5Y

- GO0 97 "uer

Il

suosiad gy

SZ04L DIIFOS] J0 UG
UGEEJIPRID0Y S1IBUAA

UONERPaIaYY O} UGIIONPONYU} UD JEUILSS

—

ONYM QIRGESIES] AL 2inpantig UouRIgQIED

Y00Z 'vTEe dos

suoslad |9

DRWILNYR Iy - LIMIN U Uoneugle) ssauybnoey
BUBWIES "It

LN Ut 318G USHEIGIES) PUB PIEpUERLS SS3UYBNOY JO JUBLISHORIST ©
10BN (] SPIEPUEIS

WALSINSEa 2JMxa ] S3HNS Joj anhiuyosj uolesdled o pualy

a21Aa5 UONRIQIES PUE SPIEPUBLS 1USWRINSEI UC JEUILIRS

Bueibuegbualy

Anzey gl JEpue)s ssauybnoy
BUBILES iy IOYN & M id PIEPUELS

v002'0Z By

Il

suosiad g

NIV T
LININ T S20IIES UOEIGIIED) PUE J3Mmod Y Jo anbuuyda uohieaqes
0JeS S - SIRUBLLEPUN 4 JUBILRINSEIWY SAEMOIDIWE LY
OlBS 'SP YOI Ul WRISAS Auqesaes ) aBelon Jy PUE 19MOd oY

301AUAS UOHRIGIED PUR SPIEPUE]S JUBWRINSES)Y U JEUNLag

|UaRBUGLOUBIYDRA i SpIepuslS
1BleyD I OLvS o18M S JUSLUSINSED |y SASMOIDNAY

pO0E 2 1y

sunstad ¢g

1BuBg (A LININ Ul plepues abeioa yBiH $Q Jo anbluyds] uoliesghe]
eseyaly 'S puBIeygl Ul AdL 03 dn abeioa D3 Jo Allgeanely -
uanB| s - veder ut prepuels sBeloa ubiM D Jo VoRENIS Walng |

SAAIEG UDNZIQIET) PUE SPIBPUBIS WBWBINSESLY uo JEUIWag

— ™

inyielened leueq 1A HONSH fewoL . pepuels abeyos UBIH 30

FO0Z 'PT URd

suostad ¢l

UIOSNUY JJ - DUBREY] Ul WIND JO 2QIAISS LGIEIGIED

ULIBN IAL LN U BUISTL [89UM 1839 JO Sanbiuydat uoneqies
BMESO 10 WD B Buisn anbiuyoa voneiqued abneoy

emeso 0] LN Ul ABojoJispy [Busisuawq

S0IA13S UolRIqRD PUB SPJEPUBIS JUALUBINSESIN UD JeunIeS

Ll o s

BuomeyiueyD UMEN - WAAYSD) O3UDS "] PIRPUE]S [EDLIBWLEL

POOZ #2984

Sk

suosiad 1§

LI0SNUY Y | PUEIEY | Wi D0|g 20nED) Jo 801uag Uolelqied ©
SRRNIUNA S

LN Ul prepuelg YiBuaases Jo anbluyas ) uoteigied

BARENIUS| Iy ; oslolg Jasetuad Byl -

emedYsE N AP prepuRg yibue

SHAISS UDHEIGIED DU SPIEPUE]S JUSWAINSES Lo JBUILIBS

Eati o]

—

PRMESIUEY SOPNIUOA S WIMYAIHGI UNT W, pIEpUEIS wibusieARA

w007 "2z der

<Ol

“juedianied o ‘ON |

Sl

yediajunog Hodxa wis ] -yoys ’ fAueny) JUSWAINSEAW

aeq

on )

0/2'0¢g *auly

SIVHIUAG JO PIOIDY 7 Xouuy

203



pEWWLINGNRY 1Py ‘PIBPUETS SSAULEY PUB(IELL JO} JUSWYSIHRST
wosnuy -1y SABojoljaw o) SanbiuLoa) Jajeweiapau| jo uoljeiddy
iInsjeye | el

:SpoLIeL AANEIa) JO SINSEIW Ag PIBPUEIS SSIUIEY JO JUSULISIRIS]

suosisd Gy SAIRG UONRIGIED PUE SPIEPURIS JUBWIINSESYY U0 JBLILIAG

4
£
'z
insjeye . I (pIEPURIS SSBLNE|S JC puRIL PUOAA 'L

USPPEIN PEWLINLnA 4N

IrASLYYYL pInAlyse Q

piepuels ssaLted

5002 ‘g N

Zi

-3 - UBWBINSEA USHENUaNY J¥ JO AUELSOUN PUE S8nbiuyde) Loielghed
1yseseB| | YOI Ut USHENUANTY A3 |0 385 UoNesjIe]
yseeB) W  siusludinhg Agusnbalg ybiH Ul poyiein SunpueH au1

suosiad g4 . agag UoHEIqIE?) PUE SPIEPUEIS JUSWIAMSEI U0 Jeunusg

eleys
€
k4
1

unyuoyBusLUIuE|YIAA

HSVHYDI nIebus

uolienually 4

G002 82 e

L

LLeYSEM A 1 o0|g aBnen s|Buy Jo POUBIN UDNEIGHED BUL

aqeuriep 10 | UBdEr Ul waysAs A

suosiad g4 80IAI8G UONEIGIED PUE SPJEPUBLS JUSLIAINSEAN LI JEUIUSS

oSNy 1N | pUBElL Ul WSisAg Aiqeadel] a|buy
LBUIEA S T IR 2UIS B Yum Juswainseapy |Buy -

ULIBUDEAA N o) uoDAjog Jo poyiety uoneiques syl
agEUREA I | FIWN 1B WasAS uonesgies Japaduy fejoy
aqaueiep i) | FIAIN 18 WaISAS uoneigled J0jBWIed0Iny
eades) abuy
377 (IWINY ABOICAIBIY JO S1MISU| [BUCHEN JO UOTHPUOD Wasald PIEPUELS albuy -

- d N @

[BIEYD N

RS ULBYIEAA I

IYYNY.LYM ESENNSL U0

plepueis o|Buy

5002 ‘91 “99

a2

pdeualen S | DIBPUEIS WYQ | o dnous) Uleluep 0f MOH
UEI] SBUY USIC W WEeUlIA Ul PIRPURS SDUBISISSY JO 80IAIRS UONEIQIED

S0IAIBG UCHIRIGIED SHJEPUBIS 30URISISSY alodebulg ONIYCS

suossad g2 S0IAI6S UGIRIGIED PUE SPIBPUBIS JUSLUISNSESH] U0 dOYSHION, PUB JBUILISS

¥
‘B
Beny ao4D) Buy W

2
pleydly "SI URIEY L UL SPIBPUBIS S0URISISEY D J0 UOIBLIWSSSIT

—_

WoLunyooyD ideusien si;

YLIHSONIM llor Q|
T

PIERUEIS §0UEISISEY

00T 92 uer

+Bl

suoslad LI 301UBG LIOHEIGED PUB SPIEPUE)S JUDWRINSEaly UO dOYSHIOAL PUE JELIWDS

LiodEARaIg 1 LININ LT ASHUSLHS W ABOjOJja Jo SaiAI0Y jIBdaY

wegyBusia AexeuosBuig Wy @ soB7 Ul SAIAKIY WSIT

P puop 1enuy [y W EISARIEY Ul DIRPURLS [EOIUBLD JO SAAISS UOLEIGED
: BINWON "] ¢ SIEUSIB 80USIBJeY Paas pue ANsiways u Abojodai

— ol oo

imyjuiesiedbue | yanBuon sw
nsBugo™ UooyUng 1.

polyood wiadeisald 10

VHNWON 8% 105

PIEpUBIS |ESIUBYD)

§00Z '92 "UER

J.ww. T

suosiad ¢ . 20iAIDS UORIGIED PUE SPIEPURIG JUSLIRINSEEIY U0 dOUSHIOM PUE JBUILIBG

BI9A, I - PUBHEYL Ul PJEDURIS S$S3UNIEH JO JUBWLSIQEIST
0/ UUES N | WELIAIA U PIEPURIS SSBUPIEH JO $2IAIa5 Uoneque]

Beye | i : SPIepURIS SS3UPIEH 10} $J81U3PU| JO UDNENIISA -

GayBUOUILOSOY [RUIJEYY 10
ajojE e 2aNUoK 1N
|es1peABLIdBUOAA
ueseueyfing sy
SNAUOTAUES -

BuRsse] A

19V L [Usoles A

plepues ssaupled”

S0OZ 92 uer

<Ll

edidiued Jo "oN 2L,

Hedisqunas

Wadxg waa]-poys

Auen) Juswainseay

ajeq

SIVHIUIG JO POy (3 Xpuuy

9/8°08 xsuuy

204



wiodeAamid 0g  LNIN 18 SUOINOS PIEPUELS 21uebID) UD BOUSRIL "G
wonbyg - AydeiBolewoiuD

pue suonnog prepuelg suelip uo plepuRls |[BuoRBLLIau] pUB MEaAITA0) b poiNooyg wodefanid g IHDNDIH oynsiey
WIrBUop "B T LIIN 1B SLONnoS PISPUELS 1jUBWaz U0 3ollovid g
Mo ) :
ANSWIL PUE SUOTNGS PIBPURIS [BIUSWS(T U0 UCIEMIG [BUOKBLISIU] PUE MBIAIBAQ 2
Buoleutgys "N 2INN4 PUE |Uas3ld IS8 - PUEIEYL Ul AsiusyD v ABoonap |
. SUCHNOS pEPUELS [ .
suossad 44 suoiN|OG plepuelg Juebip pue JueBIoy Uo JelMas nyuiesiedbue | yanBuop 51y IO NIEYHY LDM siueBIO) pUE Sebiou] m gonz ‘gl by 6
WIOSEY| Sy . pUBIEY L UL UOEIQUED JsaolBAH 7 '
BINW| Jy ¢ PIEPUE]S JOIEIBUIS) BINSSAl) - OM] 'L i
sU0s19d pir JawaInseay AN ud Jeuiwss auByNG UaSEY] S RN OIUIYSOA N piepugls AP o007 ‘e v 14
- Yor|BUGH Sy HONEIGHED Jatai HI ¥ i !
CINWENERN "I0 SPOUIEIN AEPUOIDS AQ Al@ieinody aniga Hd aInseayy 0} MOH E :
. BINWIBYEN 1] ([I87 pauleH syl Buisn Aoy uop usboipAH Jo luswainseaw 2
i Bueseuiey? 10 PUBNEY ], W juawinsealy Hd o) ABojona jo wawdopaag 'L
suostad gg jusLIaInsSEap HA U JEUWIPS nyjusesiedbue | yanBuUop TSI THAWYHYN ANsns g prEpuels Hd gong 'eE Inl A
1887 A SPUE(IBYL UTUDHEIQIA JO S3DIAIDS LDlBIQIE]) PUB SRIEPURIS Uonelqls, € _
bunay 8ayD uBLD M .
alodeBulg ON|ES 'SINAIES UONRIqIED PUB SPNEPUEIS UCIEIQIA "T
210 “HA “UBdE] Ul PIEPURIS UCIIEID|20DY PUB LAYRIGIA JO $5018014 (Us0aY 'L
_ . _ . plepuels o e ]
suos1ad gy SOAISG UONBIGHED PUE SPUBPLEIS USILNSEAY U doysHION, pUE Jeuiwas |mBueueiey [oaed W L0 By IW UONEIBIEIDY PUE UOIEIGIA SO0Z 0L MO L82
" ' TEUGtI0S Iy -PUBNEL [ Ul JgjsUel} awil] g i
IR IBUES
PELILY "M EISAR[BR TPEYISE WIHIS TN 18 SBtADY Aouanbaiq pue suil] g '
eueAnzng JJ.
PN 1B POYISIY Mals UOWWLD S5 Bush uonesqeD ajoway Aouantelg L
suoslad Oy 2103S UORIGIED PUE SPIRPUEIS JUSLSINSESW U0 doysylops pue Jeuiasg SQ)ASWENN [EUSLI0S "IN YW ANZNS HEUOWS| 10 PMEPUEIS Aouanbal-| puE aul [ . G007 T08 AGN 5D
TTBUD T PREPLEIS Jafsden 00/0Y 40 uosiediio] [suoiEwa 'E i
. pleses ) (UOHBIGIED A0e.-E 10} piepuRg Japsuel) DA-DV Agulud pedwod g
BPIUSO A 1(] L9088, 10} prepuslsg abeljop uosydasor 7| IMYSWS IUsollH IO :
suosiad ¢g MBS UOYBIGIED PUE SPIBPUEIG JUBILRINSERN UG doyusyIop pue JeuRuas DIMERMNG IEYD N WOIHSOA cnueH "1 doel-g GO0z '0E ACM LFC
UBId I(] -aqEZiboay] Wawainsesi Ny3Sv Syew 0} MOH "/
oys g i
walshg sprepuels =beyop uosudasor ajgewweBoly pue 1500-m07 "joedwo] g
elueAnzng 'Jg] ‘piepuels Aousnhisl 4 pue Sl o Spudll PHOM 'S
210 JJAl | PIEPUEIS UOIZIB|@00Y PUE UON2IQIA JO SPUBE] POM ¥
L BPIYSOA A (SPIEpPUBLS (USWBINSEIN JO) WI2JsAS UOJEUILSSSI MaN BRI, '€
OOLWINSIRY “I 100 40 Al Wadey ‘2
BINUIeYEh S
suoslad €41 ueder ul
i admng pue ARpPO | -S[HEUPE)S JUBLWAINSEDY JO SOUBULIULEW pUE uaudoEazg L
_ a8 Aeusld _ JEUIUag NYISY SO0Z 08 AN .67
wedionied Jo 'oN | T pediaIuno) Hedx3 ulel-Hoysg T RQueny JuawaInsesp aleq ...uuz..

0/4707 xeuuy

SIBUIMSY JO PIOIDY T XIUUY

205



JEJEN A AWUIELROUL JUBWINSESY PUE IS8 Jamiy JOSET JO UonRIqle] ¢
pEMeAIl I PIBAVEIS JBMO4 [ESE JO puall DHOAA T
mEmEAIIN A | IUSWBINEES | Jamod 1858 Uo Aoay pue uolieradQ pue Aiayy] JeseT L
suosiad op PIEPURIS 1aM0Od JESET LD Jeunnas iy jeieN I IMVAAY AN DIIUBSEA I 19M0d JosET 1007 "7 ady [t
Upogdsl] 14 pUB|EL L Wi SPIEPUBYS MBUDRl "2 “ ]
eBeuruD | iy | Spdepuels auaubew uo voneoddy L .
suasiad g5 plepuElS S1aubeEp UC JBUES uimese-yeallog upoqdad § S VOYNIWOL BUWNYEL I piepue]g Msubep) 2007 ‘BZIEN Py
sueloy S|y . souepell| jRl0adg | ulergied Ajgulolpey G .
eUIEZ "I  SPIEPURIS PUEB SIU SUIDWOIPEY v uaolelpas euelox 'Sy YINYZ BANSIEL U .
Wy AR sutneigien Alawolold ¢ :
IWONYS U ¢ SPIBPURIS PUE SHUM 210200 7 i
woyy I AISNPU PUE UaIBSSaY pueiey ] ul Anawoipey pue AllRUGIoUd JO $810Y 4 _
suogiad 7g _ Alawigipey pue AsuwojoLd Lo Jeuues |oBUEYIRY W MY kY INOLIHS IYSONH i Aljswioipey pue Adjawioiold L1002 '€F 924 o
UNWBLOIL | MNOULLING 1y - SABMIlY UL Ul UDNBIGILED) PUE JUSLIBINSEDK 83404 g
YARS Wig BN T BISARIEI TATHIS-TINN Ul PIERUELS 80104 Jo Uddoiareg 'z :
#OIT HOH Yoo "My | slodeBulg 'ON|YdS 1B adinag uoneiquer) adloy (| i
suosiad gF SPIEPUR)S JUBLUISINSEA LO dOYSHIOAR PUE JELILIBS 1eyaey D Buodiiy N plepUelS 804 f002 1€ uer LZE
UNBUOIEAA M - PUEJEY] U S3IAISS UoNelglle] pue piepuelS sibuy ¢ i
ojownin.g g pue
noyz BuoH "I ‘agqeuBiepa g - uedep Ul voneagies puB 1uswWaunsesiy albuy g
zimye(IC] Bely snunsnBy U BISSUOPU U S20IAI8S UoNRIQIBD puE prepuelg abuy (L
suosiad zp SPIEPUELS JUSWRINSEa UO doysyiops PUB JBUIwag LIS ULEYDRAA I JAYNY LA BSERNS | Dl plepuelg 9By 2007 L uer  Lif
oWy AG | wadsoid 10slang "sunsay - Jalold LWIN 2
ojouing "1 ) a1epuels afuy ue Jo pual jegolo 9
aqeumiens g | plepuels gjfiuy U Jo puan |2gaD S
HAT NOH HOD I DONIHAS 18 SRIEPUELG 80404 b
BWBANIOY IO S [N JYI0 01 SUOHEIRi Ul $P|3l DIRUBELIONDT]
pue Ayoupa)e Asusnbas-ubi4 1oj PN U sprepuels ABoloseyy Jo luswdoaaag g
uelg 1qg . pueeyl w weysis ABojonaly Z
epnsn JQg | SSNIANDY JINY PUE YHN/NGDID I :
suosiad zoz aimaa Aeliig JeUssS NY3syY 002 “LE uer L 0E
wiedioped 40 "oN EE uediajunon Madx3g e -poys fjuend juswainseay ajeq “ON |

SAHUNHAG JO PIOIIY (7 XouuY

9/6707 xeuuy

206



TBUHUBS NYHGY .

SPELIS Y
Uooiung N . 9871529 LIMIN 1B SanADY ¢ T
Bualeuigys ig @ puepey | ul AGopajey seg Ul LININO 310y e
: oloWNsiep i AINwsly ABojoiapy [BUOlEN 1B ABojonaw 58S T
' epael 10 T (SSOr) WalsAs sa1ag uoleliqies Uedef Jo Uolonpatul '
suosiad 19 Se) PIBQUEBIS Uo JBULISS usBueoT LoouUng . OLOWNS Lyl 03UngoN g’ 5EC) PIEPUELS 002 0T Wy gr
Juediaiued Jo 'ON oL Jedisiunog padxg wiel-Yoysg . Aynueny Juawainsealyl : aleq .o.zH

9,/9'0g ¥suly

SAHIWOG JO PEODNY (7 Xauuy

207






Annex 21: Traceability Chart of NIMT
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Department Quality Manual (DGM)

} AONTUNNATIVIENWIASEN
Department of Dimensional Metrology

) National lnstitute of Metrology {Thailand}
NIMT

i

1 |
| 5.84  Traceability Chart for surface Texture calibration \
l l
| |
| |
i I
i N |
' |
| |
| 1.
I !
!
i {
| |
| Roughness Measuring Instrument l
E Mfr - Kasaka Lab. N
l !
| Model - ETAD00AK |
.1 |
l SN MB-00538 i
i §
- !
i |
|
|
| |
Roughness Standard |
.
| Depth Measurement Standard ll
| - t.
| |
% Fig. 5.8.1 Traceability Ghatt for surface texture calibration L
‘ i
l |
|

|

;1
l
l l
| |
l |
l l
l
| |
: o _ U ]
il Edition | Prepared | checked l Approved ] Chapter 1[ Page 31 \
L l | ,
I 04 | by: Samana by: Anusom | By: Somsak 1 5.8 | of 42
| i i : : |
l{. l an: 25717 Ge | ! i
L e— i i
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Department Quality Manual (2QM) PR . S,

Nationat Instiiuie of Meirology {Thailand]

Department of Dimensional Metrology

5.9.4 Traceahility Chart for Flatness calibration
5841 For Flatness
E
: lodding sigbilizec He-Ne 'gser, 633 nm
MNIBAT :
Ha-Mg laser, 633 nm
M Showa Optonics. !
; Mcgel : F8DT Intsrferomstier
i
Sl a7
o !
Reference Fiat . Raference Flat Refsrence Fiat :
Wi r=u;mon f : M P . i ujino :
SIN: 285110837 ©OSN 285410818 P BN 28510723
A B c
| |
Flainass (Ogciical Fisi/Parzilal
Fig. 5.9.1 Traceability Chart for flatness calibration "
Edition Prepared ' Checked ! Approved | Chapter Page 36
G4 | by Muhummad by Arusorm ! by: Somsak : 59 of a4z
i H |
I i
L on ,on 31TCE
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7 doiunnsinan
(DQM) Yo

National institute of
Metrology (Thailand)

Department Quality Manual

Department of Acoustics and Vibration

Metrology — Vibration Laboratory

5.3 Traceability to National Standards

The traceability chart of Vibration Laboratory is shown in figure 5.1

Primary Vibration by Laser Interferometer Temper | Massand | Dimen
Electrical Time
Primary
Standard
Primary

Transfer Standard Accelerometer

Acceleromete

Working Standards

Accelerometer Calibration and General

(Single end), Exciter,

Vibration Meter
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Hraceabiiny chart for phH nseasurement
SEunit

é_
Harned cell mcthod
(pH oz o

¥

Primary buttor solnson

1
Secondary butier solution

(chifterenual cell or eluss clecurode)

¥

Workme butter sofution

220



“(NOOOL ~ NOS) 18

{plepueys Buppioan)
(N 0001 — N 002)
{NOOC| — NOG) 1|80 PEOj plepuels Iajsuel |

LN 82404 30 ey jo Aunaesoel |

GUPLINMISU] JUIWBINSESN j2iaUa8)
‘!9
sujoBwl Bunsay [eXeILN
auyosW BUsa) [BSISALIN
usuingsw Buiacid 20104

(pirepue)s s5U24339x)
(N 0001 ~ N 002)

o PO} pIBPURS J8)sUR) LoISiald YbiH

(paepuels Arewidg)
adAy wbampesp jo
SBUIYDEW pIBpUR)S 90104

Jslewinesb amjosqy
AUBLLIBD) " g1

AuBLIgS ' gld

MBUSE 1D PIEPUEIS |BUCHEN
AR ald

L AWl JO PJEPUE)S [RUOREN

AUBLLIBDY * g ¢ o

Avewag ' gld BUID ' N

&
. i
. i
(piepuUR)S 20ULALIY)
|92 pEO| pJepue)s Jaisuel | m
(N D0J — N¥ 01} I190pE0] prepuess Jojsuel} ucisald ybiy |
. B _
m {piepuels Alewrtd)
- S{NN UBleioy " {NY 001 ~ NJ 01) 2dA) )uBrempeap j0 _
: Ui Losleduroalaju _ SUIYDBL PIEPUE)S 92404 _
! pueieyl ' LN
e _ -
igjaunaglf snjosqy
BUID ' ININ
e — P ——— e e et e et ......!!I!i.:.!m i i _. B i - -
‘SR JO piEpURS [BUoNEN Wwbhus| Jo piepueis [BuslieN : SSBUI JO pUepuels [2uolen

mm.E_z 10 piepuBls _mcozmzm
__ veder ‘I SIVATIAN

w BUMD * AN

221



Traceability chart in Future

Wational Standard NO.88

1 mg-20ke

30 kg {2 pes)

100 ke

4

200 kg (Zpes)

v

300 ke

e

1000 kg
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Traceability Chart 1. for Hall or Fluxgate magnetometer

Frequency Standard I

\{:
el

~ Fy

NMR magnetometer

F 3

30 mT Coil

Sptit Coil i‘

F Y

T to 30 0mT ol mY
|

Units of under test :g

Hail magnetometer I
Or

Fluxgate magnetometer

2.

h

Magnetic Standards and its Calibrations. 58
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Traceability Chart 2. for Hall or Fluxgate magnetometer

Frequency Standard Vo

F 3

b o —— ]

NMR magnetometer

& Iy T
i 30 mT
‘ Hail
! maonetameter
4 &
|
|
‘ 30 mT Coil constant
Split Coil |
j
t
25Tto30mT 1‘ I mT o1 mT

Units of under test
Hall magnetometer
Or
Fluxgate magnetometer

Magnetic Standards and its Calibrations. 59
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Traceability System of NIMT's Laser Power Standard

NMIJ

National Metrology Institute of Japan

NIMT

National [nstitute of Metrology (Thailand)

Users, Laboratories, Factories, eic.
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Calorimetric Laser Power

Meter Calibration System
!

1

Calorimetric

Laser Power Meter

7

Laser Power Meter,

Fiber-optic Power Meter
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Annex 22: List of Calibration Procedure
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Annex 22 List of Calibration Procedure

Quantity Name of G/P Status Remarks
1 Plug/Ring Mr. Samana Provided Accredited on 30 Oct. 2006
?2 {Radiation Thermometry |Mr. Narudom  |Provided
3 [Roundness Mr. Samana Provided Accredited on 30 Oct. 2006
4 Wavelength Ms. Monludee |Provided Accredited on 23 Jun. 2004
5 |Acoustics Ms. Surat Provided Accredited on 23 Jun. 2004
6 {Hardness Mr. Tassanai Provided Accredited on 4 Jan. 2009
7 1AC Power Mr. Sittisak Provided
8 |DC High Voltage Mr. Danai Provided Accredited on 11May 2007
8 |CMM Mr. Narin Provided
10 |RF Power/Voltage Mr. Chairat Provided
11 jHumidity Ms. Thasorn Praovided
12 |Roughness Mr. Samana Provided Accredited on 30 Oct. 2000
13 jAngle Mr. Watcharin  |Provided Accredited on 30 Oct. 2006
14 |RF Attenuation Mr. Chairat Provided
15 {Flatness Mr. Muhummad |Provided Accredited on 30 Oct. 2006
16 |Vibration Mr. Pairoi Provided Accredited on 11May 2007
17 {Time and Frequency Mr. Somchai Provided Accredited on 11May 2007
18 iHydrogen lon Activity Ms. Nongluck  |Provided Accredited on 11May 2007
19 |Force Mr. Kittipong In Process
20 |Large Weight Mr. Wirun In Process
21 [lnorganic Ms. Nongluck |In Process
22 |Standard Solutions Dr. Preevaporn iln Process
23 |Photometry Ms. Rojana In Process
24 |Radiometry Mr. Arkom In Process
25 |Magnetic Mr. Thapbodin |In Process
26 |Laser Power Mr. Narat In Process
27 |Standard Gas Mr. Bunthoon |In Process
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Annex 23: Survey and Verify NIMT’s Activities
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Annex 23 SURVEY AND VERIFY NIMT’S ACTIVITIES

Participation in CGPM
Since the establishment of National Institute of Metrology (Thailand), NIMT participated

i CGPM twice as following:

- 1999, Mr. Pravoon Shiowattana, Formier Director, participated m the 21" CGPM and

also signed the Mutual Recognition Arrangement {MRA}.

- 2003, Dr. Pian Totarong, Director, and Mr. Somsak Charkkian, Assistant Duwector.

participated the 22" CGPM.

Participation in APMP
Thailand has been the membership of APMP since 1979 and since the cstablishment of
NIMT in 1998, NIMT has been participated in APMP Meeting, Symposium and General

Assembly every vear.

Hold DEC-WG

NIMT and APMP jointly organized APMP IPRT/LIGT Comparison Workshop during
February 16-19, 2004 in Bangkok by the sponsorship of PTB and supervision of NML.
There were participants from 8 ecconomies to participate the workshop as follows:

Australia. Indonesia, Malaysia, Nepal, Philippines. Singapore, Thatland, and Vicinam.

Entry to CMC
NIMT’s Electrical measurement capability has been putting m the Appendix C of BIPM
Website since July 18, 2003, and Pressure and Mass measurement capability also has been

putting in the Appendix C of BIPM Website since April 18, 2000.

Host to organize the TC Chair Meeting
NIMT was the host to organize the 3™ APMP TC Chair Meeting in May 2004, and the 6"
APMP TC Chair and 10™ DEC Meeting in May 2005,

238



6. Host to organize the APMP Workshop
NIMT is the host to organize the 2" Pressure and Vacuum Workshop in Sep. 2004, the
APMP DEC Planning Workshop in May 2005, and the APMP/TCQM Workshop on Gas
CRM in Feh. 2006,

7. Accreditation by DKD
NIMT applied for an accreditation to DKD and was accredited by DKD in Mass, Electnical,
Pressure and Length standards in 2002, and extended in Mass, Elecirical, Pressure and

Length standards in November 2003 and in process of accreditation m Temperature.

8. Accreditation by [AJapan
NIMT ohtained Accreditation on Acoustics and Wavelength standards on 23 June 2004, on
Rockwell Hardness Standard (HRC) on 4 January 2005, on Form standard (Plug’/Rimng gauge,
Flatness standard, Roughness standard, Roundness standard, and Angle standard) on 30 Oct.
2006, and Acceleration and Vibration, DC High Voltage, Time and Frequency, and pH

standards on 11 May 2007.

i
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() National Institute of Metrology {Thaitand)

3/4-5 Moo 3. Klong 5, Klong Lusng. Pathumthani, 12120, Thailand

HINT

Tel. +65 2577 5100 [Please contact | Customer Senvice Section Ext. 3101-3102) Fax. +68 2577 3850 Website - hitpfwvavw nimt.ar th

Contents
Calibration Fee
. .: Sei’\ﬂce Area ; ; _3. SR ._!tefn No. page
Dimensional Metrology 1-102 1-4
Blectrical Metrology 103-151 4-7
Mechanical Metrology 152-178 -G
Thermometry Metrology 179-187 9
Chemical Metrology and Biometry 198-208 10
Acoustics and Vibration Metrology® 207-212 10
Reference Materials For Sale
Senvice Area ttem No. | Pé_\_ge.
Mechanical Metrology 220 M
Chemical Matrology and Biometry 221-223 11
Note @ 1. Inthe case of accreditaiion calibration cerifficaie, 500 THB shall be added.

2. * Plzaze contact Custermer Service Saction at Rama VI Road. (Tel. +66 2354 3700)
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Mational [nstitute of Metralogy (Thaitznd)

3/£-3 Moo 3, Klang 5, ®long Luang, Pathumitaci, 12129, Thailand

W8 2577 5100 {Flezse cortact | Customer Service Section Cxt. 3101 3902) Fax. +68 377 3639 Waebsito | REpiwesynimt.of th
Price List
Calibration Fee
Htem . - - .
No. Description Range Accuracy f Uncertainty Price (THE} Remark Line Ne.
Oimensional Metrology
1 {lcding Stabilized He-Me laser 3% nm 50y’ 35000/ piece 1
2 |Stabiized He-Ng laser B33 rm 10 x 157 21.000¢piace 2
3 |Lescr interforometar (Laser Head} 6833 nm 8.4 x40° 21.COpizce 3
- Téi’npe'r-éiuré'ée:zsérm ST o ) 2300 first bafﬁt_ ) 4
+ 400 next paoint
- Humidity senser 2,400 first point 5
+ 440next point
« AT prcssul;e ce ]
4 15hor Gavge Block, 0.1 mm to 125 mm Grade K or G0 1,80C first picca |OpYical lnterferametry methad, 7
aaterial 1 Sieel. Ceramic, Tungsten +1,200/ext pisce  |Deviation from central langih
Carbide, Chromium Carbide {Metric tMeasuring faces imspeclion and
Rectangular Gavge Block) [apping. Both side wiinging
S 38 pairs Gauge Biock, according to 0.5 s fo 300 mm vade ¥ or 40 4.8 first pieca QOptical Intarferometny method, £
EAL-G21: 1836 + 1, 2C0¢rext piece  |Deviation from certral length:
Measuring faces inspection and
fapping, Both side wiinging
E |Short Gauge Block, 0.F mmto 125 mm Grade 0 1,800 first piece Companscn method, Dz, Devistion ]
Material @ Steef Caramic, Carbide + 500!new: piece  |fram centrat lergth | Variztion (fo,
(Meiric Rectangular Gauge Block) fus) Bieasuring fazes inspection and
lznging
T |Srorn Gauga Biock, 0065 inch ta 4 inch Grade 1.800 first piacs Companison mathod, Dz, Deviaticn 10
enal : Steel, Ceramic. Carbide + SCOirext pisce fram central length | V. n {fo,
{inch. Rectangular Gauge Siock) fu} Measuring faces inspection ard
lapping
8 |Long Gaugs Block 125 mm 1o 500 mm Crade & 2. 700face Comparison Mathod, O Devigtion it
(4=tric Rectangalar, Square) 125 mm to 1000 mm Grade | 2350piece |from oeriral lenglh, Varation (o, 12
L = ity Bleasuring faces inspection gnd
125 mm tg 190¢ mm Grace 2 1,200fpiece lapping 13
2 iengih Bar 3mm to 850 mm Grada 1 2,2507pisce Comparisan Metned, Dic | Baviatian 14
Grade 2 1_8('}('}_,?;&3 : froem cen:ra! length, ‘J.arialior!. fic. 15
fu} Measening faces inspection and
lapping
) [Gatge Seck Comparater Up t2 190 mm 0,037 um 21620 piace EA1.G21, 15
1 Gauge Blocks 0.5 to 100 mm
11 |Universal Largth Measuring kachine Up to 10C0 mm O0%um + 13T o0 15.000 plens Compadisen with cague black grade ¥ T
UL
12 LAgtocoilinatar {Angloa, Digital) - 100c" n.z° 14,400 piece 18
13 (Pa'vgon B facas 7200 piece 149
12 faces Qibbbiﬁicce Cal. by one autccolimator Flatness ]
. oo R,
36 faces 14,400 piece measurement + 450face 21
72 faces | 36.000ipiece 22
14 |Polygor 8 faces 5,450 23
12 faces " §75Cipece  |Cal by two autecolimator Flainess 24
e 54n o R
36 faces 03 {80 piece measurement + 450 7ace 3
72 fages " 27 00ipiece %
1% jangle Gauge Block 04" o D.55- 2,7G0 first piece Cal. by autocolimater and indexirg 27
ATt 0,
a0° + GC0Mmext piece takle
up to 90 06" 1,800 firsf piece 28
’ + 900/ next piace
16 {Indexing Table 07 to 3807 0z 7.2G0ipizce Cai. by polyoon 8 and 12 faces Pz
17 |Concise Semi-Circla 0% to 3507 1 3.600'piece 30
18 |Gauge Template 0° 1o 3607 T 3,600 piece 3
19 |[Overtay Chart o to 3607 1 3 E0Qipiece 32
20 |Blectroric Incingmeter +10C0" or 4,85 mmim 0.4" of 2 unyr §,300ipicce 33
21 |Precision Level Full rangs 10 umim 4,500/ piece KE]
22 {Cyiindrical Square Up ea 800 mm 2 um+ 6018 ¢ 5.400/piece 35
23 |Standard Square Up ta 800 mm 0.4 pre 2.4x10° ¢ 4,500/ pisce 38
24 |Sguare Master Up to 800 mm e 72105 7 3.600/piece a7
Sifpctive Date : 15 Febeuzry 2007 Baoe 1711
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National Institute of Metrology (Vhailand}

314-5 Moo 3. Klorg 5. Klang Luang, Pathumthani, 12120, Tkailand

Tel. +88 2577 5100 (Please contact | Customer Service Section BExt. 3101, 3102} Fax. <65 577 3633 Wabsiz | hitpiweswr nimi.or th
Price List
Calibration Fee
Item i . . ) .
No. Description Range Accuracy { Uncertainty Price-{THB} -Remark Line Ne.
75  |Precisicn Square Lip to 600 mm 1 am+ 7.2:10% ! 2. 7C0Ipiece Kk}
26 [Bevel Protectar 0° 1o 3607 1 2,700 piece k]
27 [Comkbinatior Set 0" ta 3607 407 3.600piece 40
2B |Surface Flgle <0.25m? ~ 4 500/piece 3%
— s e (.3 pm+ 2.8x10% 1 Rl - a3
=025 m 540 pisce
2% | Straight Parallet 2 faces " 2, 70 piece 43
[ERERR 0.8 um+ BEx10% ! B I R .
4 faces 5, 400¢pisce 44
30 tsmall Argle Gererator Up to 1000 mm 1 um+ 2.8210% §,400/piece 45
3BC0ipisce |ineiuge angle deviation and latess | 46
angle deviztion, lainess of
measufing face, siraightness of
31 |Sine Bar ug b 500 mm Ly 5.400ipiece roflzvs, d_if!erence oi .roLIars diz., 47
canter distance of rollers,
T Weiism of 2 rollers, parallalism
af measuring face and 2 raliers
32 |Ring Gauge {Plain'Limit} 0.1 1 300 mm 0.37 g1 BAx1050 1800 first pisce + Roundiness measurament + 4z
450mext place 2.700/piece
33 |3Zo-Ma Go rng gacge {Plain/Limis) 0.1 ta 308 mms 0.27 prm+ 134110750 1,800 first piece + Roundress maasuremant + 49
S00inax piece 2 700Gpiace
34 |Taper plzin ring gauge 1t 302 mm 6.5 e 1 840105 2,2?0 first pu_ece + =]
450Inext piece
35 | Ga-No Go laper plain rivg gauge 1to 300 rim 057 e 5 84et0%d 2,250 frst ps.ece + 3
800/nex pisca
36 [Plun Gauoe tAlsinLimit) 0.1t 1mm 0,235 pm . Roundress maasursmen: + 52
1 ta 100 mm 01,230 g+ 143105 2250 first pisce « 2.7000piecs 53
- i 4530/next plece .
100 to 200 mm 0,230 pm+1. 812107 yncerainty 0.1 um 54
37 |Go-No Go plug gauge (PiainLimit) 01to1mm 0.238 ym Foundness measurement + 35
110 103 mm 0,280 um+1 8110 0 2250 firs! plece + 2.700/pizce 56
- LT s B SO0inex! prece
400 ta 209 mm 0,230 pme1 £1x10°d uegertainty 0.1 um &7
38 |Fin Gauge 0110 tmm G.236 um ~ . Raundngss measurement + 55
110190 mm 0.280 wm+ 13143070 z'i;g::;[”;::; 2,10 piece 58
100 to 309 mm 0,220 ume1 810105 uncertainty .1 jzm 2l
39 |Stez] Ball dig. Up 10 306 mm 0,290 i+t ET10% 2,250 first prece Raurdeess measuremanl « 81
. + 430inaxt pipce 2.700ipace
40 | 3-Wirz All sizes 0.2um + Z3:10°¢ 2,250 first set g2
+ B0 nex! sel
41 1Pain {Limit} Snap Gauga Al ranges 1 um < 28107 2,230 first piece 83
+ 430/next picce
47 |Go-Mo Go Plang [Limit) Srap gauge Al rances 1 um + 2.6¢10% 2,250 first piece B4
+ 450next piece
43 [Thread Snap Gauge Al rarges 1uga + 2ax10d 2,250 first plece =3
+ 450Mnext picce
44 |Go-No Ga Thread Snap gavge Adf ranoes 1pm + 2 Bx1oid 2,250 first pince &6
+ 450next pisce
45 |Fiat Internal Lirmit Gauge All ranges 1 um + 260105 2,250 firsi pizce &7
+ 450inext pisce
45 | Taper plain plug gauge 1 to 300 mm 0 290 pm+ 1. 81xi0% 2.250 first pince &8
+ 450¥rext piece
47 |Go-MNo Go Taper plain 1t 300 mm 0,200 pme1 811054 2,250 first pizce £2
plug gauce + Hnext piece
48 | Thread plain ring gauge from & mm_ pitch 1 mm 4 um + 28x10°% 2,250 first piece 70
+ 450next piece
49 [Go-Mo Ga Thread plain ring gagus from @ mm, pitch 1 mm 1 pm + 26107 2,250 first piace 1
+ $00Mnext piece
50 | Tapar theead rirg gauge From & mm. pitch 1 mm fam + 267050 2,250 first plece 72
+ 450/niext piece
51 [G3o-Mo Go Taper thread from 6 mm, pitch 1 mm 1k + 26xi0%d 2,250 first piceg 73
fing gauge + $)inext piece
52 |Thread plain plug gavge from 1 mm, pitch 0.3 mm fam + 26105 2,250 Ffirst piece 74
+ G00inext piecs
83 |Go-Mo Go Thread plain plug cauce irom 1 min, piteh 0.3 mm 1 um - 262705 2,250 first piece 75
+ §C0/naxt piece
54 {Taper thresd piug gaugs from i mm, pitch 9.3 mm fum + 262104 2.250 first piece 8
H + 2lCirewt pece
Effective Date @ 15 Febreary 2007 Paga 2 ¢ 11
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National Institute of Metrology (Thailand}

3#44-5 Moo 3, Klong 5. Kiong Luang, Pathumthani, 12129, Thaitarg

HIMT
Tok +6§ 2577 5100 (Flease contact @ Costomer Sarvice Sectior Ext. 3109, 3102} Fax. +86 577 3653 Websile : hitpufweer nimt.or.tn
Price List
Calibration Fee
it:[m Description . Range Accuracy f Uncertainty Price {THB) Remark Line Mo.
0. . ~ )
£5 | Go-Mo Go Tapes thraad plug gauge from 1 mm, pitch 0.3 mm Tum + 2 G0t 2,250 first piece i
+ G0/ next piece
56 |Height Master (anaig/digital} 0 to 300 mm . 10.850ipiete B
FR .3 um = 3x10° 7 R
0ta 600 mm 18,000/ pince e
57 |Riser Slock Oto 150 a0
o ) 0.3 um +3n10% 4 5.4000i0ce Height and Paralialism Ll
Die 500 mm
58 |Depth Mirro-Checkar tic 150 mm B 7. 2000misse 87
e 0.3 wm + 3wt . . .
0 to 3G0 mm 9.000/piace &4
53 (Inside Micro-Checker G to 300 mm R 7,200/ piece &5
0.4 i+ 20y o . .'.\.
O to 580 mm 10,850 /pince a8
63 |Cakpar Chocker! Vermiar Checker O to 308 mm R 7.200/piecea ar
e e 0.4 um + 20107 7 R
0to 600 mm 10,800/ piece 85
P ag
0 e te 4600 mm 2,700 first funclr_on
.+ B00next furclion .
s 3,800 first function %
&1 |Vernier Caliper 0 mm ta 1500 mm 001 mem + 1.0 %103 B HIFSTRURENO! 5
.+ S00iex function L
¢ mirm 1e 2006 M 5,440 first 1unc.'.|.c|n 51
+ 90Ginaxt function
62 {Height Gauge 0 rarm to 1600 G+ 10 010% 4 50 0ipiece g2
300 mire te 500 mm 2,250 pace a1
Bl |Exdtemal Micrometer » 500 mm to 1060 mm Sum+ 102t Tonipiec: + sEipisce of setting zero rod 84
> 1000 mem te 2000 mm 2.800ipisce 95
€4 [Sahing Zerc Rod Up t2 1008 mm 0.2 am o+ 2 307 T 1,804 first piece 13
+ 450/naxl piece
£5 Micrameter Head G mm o 25 mm . 2.70Hpicce =
6 rmm ta 50 mm 0.8 pm » 23107 3,6005in0e 28
EE [Calibration Tester dmrtie T mm N &, 300 piece o3
s 5 Ly .
Dmmto 5 mm 025 pm + 2,360 &, 300/piece 100
0 M to 59 mm- . 7.200ipiece 101
Cmmio it mn 02yem + 2331071 8 B0ipisce 02’
57 Digt Gauge Tastor
- Scain . 0.8 um + 2305057 5400/piece 103
T Cmmio 22 mm SR T
- Digital 03 e+ 2303077
63  |Torsinal Recovery O men A 40 sm 001 pm = 7.0 x10%) 2. 7C0/piace 104
B8 |Elactronic Comparatar Sum . 16:)
R G ' F . -
{Mu-Crecker / Miliron) 15 um 0.0 pm + 7.5 6107 2600 first range 196
{Inchude; Probe and display unith 30 wm . + 900naxt Reguest siand and Jig lixturs 107
Analog M-Checker 158 um I 0.06nm + 7O X1C7/ rangefdirection 103
500um h . 0%
- DRI 0.06 ura + 7.0 x107 £ C
1500 1m ¥ i
70 |Calibration Gague for Seam hetal 0 to 10 mm 1.5 m o+ 230107 2,257 + 450function T
71 |Leser Hologage Ot 10 mm .
T oL .04 wm + 2.3x10°% 1 9 OiH)fpiece 112
0 ta 25 mm
72 Radius Gauge All sizes 001 mm + 2 3x10°R 1,800 first piece + 113
450 naxt/piece
T3 {Pitch Gauge All sizes 1pm 1,800 first piece + 114
450 naxtiprecs
Al i y 3 3505 1.800 first piece + 115
of . s
74 |Feeler Gauge sizes pmo+ 2 307 450 rnextipiece
: = 1,800 first pisca + 116
75 tandard Foil All rangas O wm + 23107 1 460 nextipiece
76 |Laser Scan Micrometer U to 100 mim 07 em+ 1.3 107y 9.00C/piace 157
[Qisptay Unit, Measurieg Unit)
77 |[igimatic Hellest Up to 180 mm 15 m+ 15 105y 1,500 first plece + 118
450inex piece
72 [L%M Calibration Teol Upto Smm 500 um + 2.5010° | 1,800 Rrat step + 112
4a0/maxt step
75 [Arm Calbrator Al ranges 0Ot mm+ a5 10°) 2,250 first point + [
Hiinext point
an  tSeripcelest Step Gaucs Al renges 0,085 am + 2510 1.800 first step + 129
i Y0dinex! step

live DAt
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National Institute of Metrology (Thalland}

244-5 Moo 3, Kioen 3. Kiong Luzng. Pathumthani. 12920, Thaitard

Tel <66 2577 3100 (Piease camact | Customer Sarvice Section But, 3101, 3102} Fax. +65 377 3682 Weksite : hitpiterssenimi.or.tn
Price List
Calibration Fee
I:;“ Dascription Range Accuracy f Uncertainty Price {THE) Remark . Line No.
81 [Magnification Checker Fult scale 0.F um + 2.3x710°8 4 500/piece 122
Bz |Crefice Plate Up to 1600 mm LG22 pm + 2.3x10°% 25, 2000piece 123
83 |Optical Pacallel max, dig. £0 mm C.02 um (F) 1,600 first piece +  |F beine Flalnass 124
C O GpdumiP) 450inext pises | P being Paralieism
0.08 uma0 74 105 (T} T being Thickness
a4 1Opticat Flat max, dia, B mm 0.0Z um 1,800/ piece 123
&5 |Glass Hemisphera dia. Up ko 355 mm Sarm+4.1% of Reading 9. 000ipiece 125
86 |Magrification Sefling Standard diz. Up 1o 353 mm Tnm+1.1% of Reading 4,000 piece 127
87 |Rougheess Standard {Type Al pta 3 pm Tom+0.010xZ 3.400(step £ heing the measured value 128
Si=p Height
38 Raughness Standard (Type ©or U{R)=0.010um+C.010xZ 12%
. up 0 3 um e L 5.400/range Z... being the measued value
Type D}, Houghness Speciman U{R)=0-.040um+0.016x2,
B3 [Standard Glass Scale 0 mm ko S0 mm 0.5 s + 282107 2. 70ipiece 130
0 mm to 150 mm 07 um + 262167 3,600/pice 13
0 mm to 300 me 0.7 am + 2.6x107¢ 3.400¢piece 132
Temm ta 500 mm 0.7 urm + 28x107 7.20C/pizce 133
G {Stzndard Metad Scalz 0 mm ta 1000 mm Bpum + 2107 T.200/pizes 134
91 |Workitg Stendard Scala O mm o 200 mm 87 um o+ 23005 2 T00/giece 135
@' mm to 500 me 1.0 um + 2.3¢10% 4 500ipiece 15
0 mm 4o G049 mm 1.0 wm ¢ 23x10% 5.400ipiece 137
0'mm to 1000 mm 1.0 m + 2_3;10"5_.; 6'.300-.Jp-iec'é 138
92 |Reading Scale O mm o 00 mm 1.0 e+ 230005 2,700/ ptace ick:]
93 | Calibration Grd 100-0- 100 mm 20um+ 2.3010% 3,600/ piece Crver 100 mem - 5,400 1490
34 IReticle of Scafe Lups Ot 20 mm 0.0 mm + 23105 1.800 first function 141
+ 300/nexl funclion
a8 ... . N © e 142
Digimatic Scale Lni Up to 1003 mim 001 e o+ 2,305 J.600/pisce
95 |Linesr Scele Qmm ta 1002 mm . 4 E0vpiece 143
—— - s 7 =~
£ men to 2060 mie T + 2380 5 400 pince 134
97 ICheck Masler’ Step Gauge Gt 300 mm 7 200ipiece 145
016500 mm 0441 34580 19,80 pieca 145
0 to 1000 mm 147
98 |Gearstendard Sporgear © 25 to 480 mm 10w 3.6um B30 piece 158
Profile stope doviation
80 5ear standard Spur geer up b 45° 100 2.0 pum B.A00/piece 149
Hedix slope devialton
100 |Spur gaar : Pitch up ta 400 mm 2.0 um €,300ipices 150
161 |[Bevel Gear : farm deviation up to 300 mm 2.0 pm 4,300 piece 151
502 |Ball Plate up to 1600 mm 0 60um+1 10 36, 000/piece 152
Electricat Metrology
103 (0C Voltage Stzndard 16V MMB Y D5x10° @0V 10 B0 mece 153
08x107@ 1018V
Standard Cell AV oox1t 10,800isce - 1
104 |AC/DC Transfer Standard 2mv 1o 1kY 131080025107 72 000iem 153
{10 Hz to 1 MHz)
105 |Fhermal Transfer Standars 08VIo1kY 13 % 105 w0 0,25 x 107 54, CO0ALeM 156
{10 Hz o 1 MHz)
105 [Single Junction Thermat Voltage 05 wiky 12210 025 x% 107 7.200/piece 187
Converter Standand 110 Hz 1o 1 MHz)
107 1AC Measuremant Stardard i0mv o 1 kY 54,000 to 63000 |Exciuded WEB Qption 158
As gpecification R ST T g e T -
{10 Hz to 1 MHz) 53,000 to 68,400 With WEB Oplion 153
108 [AC/DC Current Shunt ImA e Z0 A A5 specification {8,400 to 7. 200 pizes 160
{10 Hz 10 160 kHz)
Effeclive Date i Fobruary 2667 Page s (11
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Hational Institute of Metrology (Thailand)

3/4-5 Moo 3, Kierng 5, Klong Luang. Pathurnthant, 12120, Theiland

Tel. +86 2577 3100 (Please comact ;| Customar Service Seclicn S 3104, 3102} Fax. 468 577 2650 Website . hitec/fwas rimi or th

Price List

Calibration Fee

Itom ot - . - .
No Descrigtion Range Accuracy fUncertainty Frice (THE) Remark Linz Ha.
104 {Stanard Resistor Tull to1T0 1% 10% @ 10% 4, 5000piege 161
{Calinrza in oil or in gir) e e e - e el R R -
1mil ta 10 kil <1%10° 5,400iece 162
FTOKA 4 160 D eBeox it B.300ipiece . T 183
T Tonwiin hsspecification | 1,6GG/oint test ) T
110 |Digitel Thermometer (irdicator) 3 ppm 36000t 1683
up to 30 M0 . . .
=& ppm 1.800/point 165
117 [Decads Resistance Box tmok o 10 MG &g spacificaticn 3,600 first decade 167
+ 2.7C0Mext step
0 Mt t T 5 spacification 77,200 Tiest decade T 188
+ 5,400nax step
12 |High Besistance Meler Upta 1Ti2 As spacificatian 1,800 poind 163
113 |Resistance Caiibralor 001 100 M As specification 18,000 piece 170
114 |Fixed, Fused Sikca Dislsctric 1gF, 10 pF and 100 pF G <tx 10° 10.800iptece direct substitution method with the 71
Standard Capaciiors 1000 Hz reference standard czpacitors
115 |Fixed Three Teminal, Mitrogen 10 oF, 100 pF and TG00 pF EEE Rl 8,000 piace 3 nufl method which vsas the basic 172
Digtectric Stardard Capacitors @ 1000 He ratia bridge
136 [Twa or Three Terminzl Mica Diclecinc 0001 uF, 0.6 uF, {1 35 szt 4 500/piecs 3 ruil method whizh uses he basiz 173
Standare Canpacitors ard 1 wF @ 1600 Hz ratia hridee
Aditioral Measurament al angthar Q601 uF, 001 pF, 01 oF 042 2157 100reauency |2 aull method which uses the basic T4
Fraguency and 1 pF @ 160, 1206, 200, ratia bridgs
400, 900 Hz, 2 kHz, S kkz,
11 kHz
17 |Fixed Standerd Capaciors PpF 0 1F @ 1000 HE > 02 07 3E0HpnCe measured by RLG Bigihrdge ander 174
Piesision LLR Meler. direct
el at desired fregitansy
‘Additional Mezsurament al arather 1opFatF @ 12 Hz 1o 1 MHz »020x 10T SCfrequency measUred by FLGC Digibridas and’or irg
Frequensy Precision LEA
measurement, a: desired frecuensics
118 iCecads capacitor 1pF b 10 0F @ 000 Hz 2042107 £ 500 first decade  fa nuli method which uses the bask 177
+ 7,000 rad step e2lia brigge
tpFilot F @ 1600 Hz =020 x st 3600 first decade  |reasured by ALC Digitsidze andiss 178
e . Precision LOR B4 direct measyr
« 1,080 next step
Additions! Measuremant at ancther i pFlo T F @ 19 He to t Mdz] > 0202167 {3.600 first decade 175
Freguency *h00nedd step) ) gosiey frequencies
per ane reguency
118 {Fized Slandard Inductors 100 uH, 1 mH, 10mb, 106 (035 ¢ 107 9,000/ picce mzasured Ty the direcl subsiiwion 120
mH, THand 10 H & 1000 methed with the safzrerce sfardand
Hz meuctors
Additianat Measurement at anather 100 uH. 1 mH, 10 mH, 100 »0.00x 107 SO0ifraquancy | medsured by RLC Dighridae araior 181
Fraquency mH, tHand i0H & 12 Hz Precision LOR Meter. i
ta 1 MHz emners, at desired frequancie
120 |Decade Inductors §uHto 10 H @ 1600 Hz = 020107 3600 first decade  |measured by BLC Cigitridae andis: 182
+ 1600 rext o Presiminn LCR Mater, ot
Ll redd siep L, & desirgd frequencias
Additioral Measurament at arother tuHW WH@iH: | sp20xi0? "T{3 800 first decade | |measured by RLC Digibridge angior 3
Frequercy to 1 MHz + 1,000 next stegi Precision LECR Meter, dire
par one frequancy megsureman. a! desired Fequencics
121 |Precision Capacitance Bridge 1 pF. 10 pF, 100 pF and =ix 0% 27 .000ftem calitrated by comparing 35 reating 154
1000 pF & 1000 Hz or - agains! the refererce slandard
1582 Hez capaciiars. The correction funcicrs are
used tg corect additioral arrer dua 1o lhe
west fviure ard tesl leads before
measurement
122 |LCR Metar with 4 \arminak pair 0.001 pF, 0.01 pF, 01 pfF =012 % 107 To be determingd  |salbrated by compzricg ifs reading 189
configuratianfeithout 4 terminal pair ard 1 uF @ 100, 120, 200, .agains'. 1he stardsrd ca;a:.itcrs. standard
cenfiquration 400, 500 Hz, 1 kHz, 2 kHz mduclc.rs and 5'..andard resistors. The
! < kHz 0 k!:f ! correctinn funstisns are used ta eorrec?
T _L o z . _ i addiicral ertar dus to tho tes? finlure and
1 pF, 10 pF, 10C pF_ 4000 =012 x 10-3 ‘es! leads befare messurement
pF @ 1000 Hz"
100 uH, 1 mH, 10 mH, 190 =016 % 0% “Fer 4 {erming! pai configuration
|mH, 1H and 10 H @ 1000 Hz .
18,5048 16D €1, 1000 O »0.20% 10%
@ 1 kHz
ratn L 15 Fobnary 2007 Fage 5411
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National Institute of Metrology (Thailand)

3/4-5 Moo 3, Kiang 5, Kleng Lusng, Patbumthan:, 12129, Thadlard

Tal, +868 2577 $100 {Please contact : Cusiomer Service Saction Ewt. 3101, 3102) Fax. +66 377 3352 'Websits ; hito ey pim? or th

Price List
Calibration Fee

item . ; e L '
No. Description, Range - Accuragy / Uncertainty Price (THB) Remark Line No.
172 |Standard 'Watt Converler Wolt ; 600 W 50 ppra 14,400 to 21,600/ em 1868
Current ; 10 4
AG Power 60 Y
Frequensy : 50 Hz, 80 Hz
PowerFaclor: +0lo 1
124 [AC Waitmeter, Digital Powar Meter el 1000 Y 220 ppra 200 to 21.E000em 1T
Cuzrent @ 80 A
AL Power 1 80 KW
Frequency 15 Hz 1o 450 Hz
Pavwer Factor; » {01
125 {Phass Meter Phase Angle ; 8.000°7 10m o 100 14,4005 em 1a3
to + 360.000°
Freguency : 15 Hz to iCC kHz
Armplitde ; 50 mvrms
to 120 Vrms
125 [Phase Source 0.0007 tp 399 ,809° i m® tg 100 m° 21,800 e 188
50 mv o 120 Vs
1 Hz to 104 kHz
127 |Power Analyzer, Harmanics angd Output Volage © 1020V Yaoltzge 100 pom 10,860 ko 21,6G0itam 180
Flicker Ouput Cerrent @ BD A Curent 2 1580 ppm
Frequascy @ 20 Hz and Fowar @ 200 ppm
up to 1 kHz Frequercy @ 50 ppim
Harmaonics : 100 th,
vplo & kHz
Flicrer . 16 Hz to 9 kHz
128 {Freguaney Source
- Rubigium 1 MHz, 5 MHz, " 10,800 151
€1 x 0 B00 e
- Quartz, Othars 10 MHz, 1 PPS 2% e
129 |Synthesizer Signat Genarator ip to 225 MHz As specificatian 5,400¢tem [
130 |Frequency Counter Timer Cournler Upta 1 GHz 1x 107t § 2 10 3EQDRLem 183
13t jFunclion Gengrator As specificatizn &5 specification 54004 124
432 {Tachometer As spacification A5 specification 2 700tem 193
133 |Stopwatch As specification Ag specification 1.800dtem 198
144 |Feedthrough Mount 100 kHz 10 19 GHz, 1 mi 11% 10,600 %em 07
135 |[Power Sensor 100 kHz to 18 GHz, T mw 1.1% i0.800tem 156
136 Power metsr As specifization As specification S.000Mem 123
137 |RF Atteruatar
- Fix Attenuator 10 AiHz to 18 GHz eo7d8 1,800/Freq. Foint 200
- Step Attenuatar 10 MHz to 18 GHz 0407 g8 1.800/Freq. Point/Step 20
138 |Spectrum Analyzer As specification As specification 36.00C/am 202
132 |Oscilloscope As specificalion Ag specification 7.2004tern 202
140 |RF Signal Ganerator As specilication As specification 27 Q0iitem 204
141 |Accessores of RF Microwave Ag specification A5 specification As Cost 205
i42 |RF Velimeter 10 MHz o 1 GHz As specification 9.000ftem 208
143 {RF Voltage Source As specification As specification 10.8040item 207
144 |Rullifunction Caliorator 00 Valtage : 0V 1o 1 &Y 40 £ 10° w0 0.8 £ 10 10,800 10 27,000/ em 208
DA Calibrater T ACWehege: | R
10 my e T kY
@ 10 Hz 1o 1 MMz a -
AC\_fo‘@gé_ - 303 S w020 x 10
WV T1kY
@ 10 Hz to 100 kHz
G Cu 020 A
AC Current 1
160 mA o 20 A 1.5 2167 o 65 x 107
@ 10 Hz to 190 kHz
Resistance : 0 1110 10} 1321070 4.8 0107
Cthers As specification
wWideband Option Up to 30 MHz As specifoation @000 aption acditonat 209
Zeops Optick Up o 800 MEz Ag specrication 13, 80Goption ageiliznal 2
Efingtive Tatz : 16 Fegruary 2007 Paga g/ 11
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Price List
Calibration Fee
it:? Description Range 'Accura_‘_cy..' Uncertainﬁl Price (T HB]. Remark Line No.
145' QUscillcscape Celivrator Up to 600 MMz As spacification 16,800/ charnel 211
T UpwaieHz LT " As spectfication 7 36,0004tem N ) a2
146 fAmplifier Up to 1%V As specificetion ¥.200fitem 213
Precision Power Amphifisr 10 Hz up to 100 kHz
147 |Digital Muliimeter B 1/2 digit As spaecification 7,200 ta 10,28000em 214
T digit As specific - 18.0000em i T 245
"8 2 digit " As specification 315
148 |[Mang Voltmeter OC Voltags : As specification 4 () io 10, 8000em 21T
1 mY to 106 mv
143 DT Migh Voltags Divider 1 kW Lo 160 kY 224 x Flonl (Civision Ratia) = 10KV 2,700 fiest poin 213
+ 1,800 neut peint
> 10 KV 3.600 first paint 219
+ 1,BC0 rexwt point
150 |DC High Veltape Source TRV I 10 kY 233 x 10* 5400 o 12 B005em 220
10 kW 1o 100 BV »85 x 10
181 |00 High Vaolage Matzr TR B 2RV 2RV T2x 10t 3600 o 12.6C0dem 221
2RV Lo 10 kY =10 kv ;BB x 10°
10 KV 1o 20 KV 20KV 188 2 1°
20 KV 1o 100 kv 200KV 2 175 % 167
Mechanical Meirology
152 |Weight or Weight Set tmgtal kg Class E1 3600 peca Mass and Convertionsl mass 222
153 |W/aight or Weight Set 1mg ot ke 1, 440ipiccs 223
2hg 1,500/piecs 224
Thy Class E2 2,200pizce 525
0k ‘2. 50plece 226
20kg | 3.800piece 227
1mgto 5 ki t.OBOfpiece Conventional mass e
3 7 1.440/pizce 228
‘Skg Class F1 1.800/pizce 230
10 kg I Tv o 234
20 kg 2 500ipiece 232
50 kg Class E2 5.000/piece 233
50 kg 2 B00ipisce 734
154 jDensily and volume of weight tgleikg 2 E00/pizce Any class which no cavisy by 238
Toag bydrastatic weighing rmetnod
- 2q
. 5q
g 15 kgfe®, 0.002 e’
) 209 " 10 kgim’. D.004 em®
535 86 kgl 0004 ¥
it'g " eaigint 6004 omt
20g 38 kgl 0.007 em® |
635 I
155 |Wolume magretic susceptibility 1gin2tkg Ity the range of 10% to 20% 1, 800/pizce By the susceptomsater mathod 235
of weight
156 |Pycrometer 50 ol to 500 mi 0. 1% to 1% 1,600 /prace 237
187 |Farce-proving instrumernt 0.04% 9,300 direction Calibrated by deadweight 235
{laad call, proving rirg) ke anf. force standard maching
= 1,026 kgf. to 10,200 kgf. Ascessories shall be provided by
T2243 04, to 22,580 15T, client,
Digetet incicator shall be providad
by client.
20 kN 1o 160 KN 0.05% 6. 500 direction Calibrated by force-comparaar 230
. z%lentioi0tnt, machine
= ‘.‘:_0_-1'3 kg_f. {:_J _‘I_U.E_EEG ?t_gf. Ascessnries shal be provided by
= 2_._248_I_bf._ 1o 22__48_0 I!_)f. L L clent.
= 100 kN Lo 500 kN Q.08% 8,500 direction Diggat indicator shall be proviged 230
. =100, 10 50 tor. by clignt,
= 10,200 kgl to 50863 kgf.
= 2248000 0 112 4045 B
Efigctive Date - 15 Februany 2007 Faoge 7113
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Price List
Calibration Fee

t::’ Descriﬁio‘r_l _ Range Accuracy / Un'ce'rtainty Price {THB) Remark Line No.
156 |Static Targue Measunirg Devices 1M.m 1000 N-m Accerding o DN §120% 5.400frenge 241
{Torgue Transdicer)
152 |Static TorqueTrarasier Wranches 1 Nmto 4200 N-m According to DKD R 3-7 5,400/r2nga 242
Class 326
160 |Static Torgue Calibration devices
- Torgue Wrench Calibrelion Devices INmto 1000 M m According W@ DKT R 3-8 2,7 Hirarce 243
Clazs 1
. Tosque Serewdrver Calinsation Devices A Mmoo 10 Nm CoE ) 2.?00fi'ange 244"
161 (Herd Torgue Tools
- Wrerch. Torsion ro Flexion Bar 1 M-m o 1000 N-m According to 150 6788 1.800frange
T Beravdriver, with Scate or Diat 1 emitg 10 Nem According to 180 6785 N i
ar Display
162 |Recalibration of Reference Block 20 HRA o B3 HRA .45 ARA Reference Block shali be provided 247
Rockwell Seala | HRA HRE, HRC 20HRB 10100 HRE | T iHRE 3,600/ piece by chient. 243
75 HRE to 65 HRG | RA5 HRC 240
163 {Callibration of Tasting Machire 20 HRA 0 88 MRA 250
Rockwed Hardness testing maching 20 HRS 9 100 HRB According b 150 §506-2 2 400 macking CIn-Fite orly 261
20 HRC t0 63 HRC 52
164 |Gas Pressure Balances T bar max » Bxt07xPe o 12107 xPa 21,600 1. Priga per 1 piston & 253
< ‘, x{{j‘éxpé 32 460 oylinder assembly 254
=70 tar to 400 bar max » il kP 21600 2. Calibration of weigh 233
5x10'&><F'e to 1210 wPe 32,4005 =t s incieded, 25FR
< 1210 xPn 38500 257
165 |Hvdezulic Prassire Salannes 1400 bar max 5 Ex10%Ps to Tx107xPa 21,600 258
T < xtEiePe " 32.400 " 259
185 |Gas Presscre beasuning Instruments - 10 mbar to O mbar =By 07 x Pe 3.80frange 268
{gzuge prassure, Pej © B0 Pe 1o 12107 2P £500/arne 261
"< 12107 %P, but not smalker 5.400Hrange 262
than §,003 sabar L
) mbar !0 30 mbar » Bx1F P2 3.800frange 283
0 mbar to 160 mbar » 1_110'5><P9.. 4',50“0}ranée 244
f 1xi0-'3>-<Pe-. bet nat smalkier "'5.300%ang2 263
. . than 6,003 mbar .
0.1 par to 70 bar > But 2, 7C0ange ZBB
0.0%5 bas 1 70 bar Ex107%Pa 1o 12107 %Pe " 4.500franga 257
T daniee 5.4000fangs 288’
» 70} bar to 1000 bar » 6310 4Pe 4 500/range 263
B410°%4P8 10 1x107xPe B300kange 270
< I 107%Pe £ 100/range o4
0'bario -1 bar Mot smalier ther §.2 mbar ¢ 72
Hot smaller than 1 mbar 273
167 |(Gas Pressure Measunng Instruments 850 mbar to 1050 mbar < 1x10 xPabs 274
(absolute pressure, Pabs) an .35 mbar 375
G2barte70bar 35 mbar 278
315 bar to 400 bar . " 7.200karge o77
168 |Margury Szrometers 850 mEar io 1050 mbar Mot smalter than 0.35 mbar 4 3005arge Cistarn ype ?7E
5adirarge  Jrotitpe L
169 [Hydraulic Pressure Measuring Q.6 bar o 1400 bar = B0 %Pa 3 600range 280
Instruments e e _ B
[gauge pressure, Pe) Bx10”xPe fa 1x 107 P 6,300/ ange 291
170 |Gas Difizrential Pressure at High 3500 mbar maximurn 2.5 x 10° x AP, but not less 12 600isensor head  [Price per 1 range of differentiat 232
Slalic Line ressure differential prasscre than 2.8 Pa pressure 2and 1 range of Righ static
frot higher than 400 bar), AP fine pressure
171 |Vacuum Gauges {absoluie pressure : 10* mhar to 107 mbar 0.3% rdg to 1% ndg 4.500fsensar head | Calibration 10 points minimum 253
oirari gasge, thermal condectivity
auge)
172 |Vacuura Gauges (ahsolte pressure : 107 mbar to 167 mbar (.25 rdo 1o 0.43% rdg §,100¢sersor head  |Cahbration 3 decades for the head 284
capacitance diaphiagm gauge) range (1000, 100,10, 1) terr
Celibration 2 decades for the bead
range 0.1 {omr
173 |vecuum Gavges {abscl:ie pressire | 16! mhar to 107 mbar 3.5% rag to B rdg 5,400 + 11,800 per 285
Rot cathede ion gauge, cold cathode decade}
iR gavae]
Page &/ 11
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National Institute of Matrology {Thailand}
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Price List
Calibration Fee

Website ;| htipeifenss nimt.or th

lt;:' Description Range | Aceuracy/Uncertainty Price (THB) Remark . Ling No.
174 Wacoum Gauge {zbsolute pressurs 102 mbar i 107° mbar 0.6% rdg o 4.5% rdp to bz fotormingd 286
spinning rotor gavge
175 jAdditiznal cost for electrical calibration (which the accuracy is not bettar than +-0.04% rda} 1,800 2ar
176 {Adjustment charge 25% of the calibration cost of each range 238
17T |Ligquid Flowmeter 0.19 Limin t 199" Urmin Gl 11,600 rangs Calipration Fluid ; Water 238
T8 |Gas Flowmeter 0007 SLM te 1600 5L 0.2% to0.3% 13, 8000range Calibration Fluid : Gry Air, Miregen 280
SLh = Standzrd Liter per Minute
Reference Conditions &
0 degree C, 101.3253 kPa
* Consult Lah,
T Uncertainty of Labaratony's
Facilties
Thermometry Metrology
173 Fiked poin calls - 33,8344 "C o BEO.3Z3 °C .05 "Clo B.007T °C 24 O0Gipoint By fixed Points compariscn 291
through SPRT
1A {Optical Pyromeates 186 *C ta 1064 °C 03°Cwd5°C 12.000/point By Comparison with Blagk 292
Bedy Fieed Poinis
181 |Optical Pyramaters & Infrares 450 *C e 2200 °C t5°Cte50°C £.000 firs? poant By Comparisor with Transfer 93
Thermameater * 2.000iext poimt 1Standard Pyromater
162 |fnfrared Thermomsters! W15 70 o 4EF D B3*CtodE D 5,000 first point By Comparison with PRT throuch 204
Thermal imagines + 1.000Mext poirl |Black Body Furnace or figuid
Eatn
183 {Dizappeanng-tflament Opticat P00 0 C w0 2200 70 4°Cia o 600G} firsi point By Comparison with the 233
Fyrameater + 2. 000inext point jbeighlress of standerd lamp
134 |Standard Platinum Resistance - 353.834d "C W EED. 323 °C 0.0 °C 10 0.068 *C &, 500/ 0Nt By Firad Points comparison 295
Thermometers (3PRTs)
1E5 |Semi- Standard Platinuzm - 325344 "Cto 410,527 °C £.001 "*Cte 0.G04 °C 8,500/ paint By Fixed Points comparisan 207
Resistance Thermaometers or
Platimmn Resistance Tranmomaiars
186 tSiardarg Platinum Resistance =40 "0 o 420 °C 002°C 0032 3600 frat poiet + By Compsngan with SFRTS 288
Thermometers (SPRTs). Semi- T2linext point in stirrad fiquid bath
Standard Platinum Rosistanze Al laaet 6 points
Trermometers or Flatirsm
Resistance Thermomelsrs
187 |industriaf Platinem Resistance - 40°C 12 550 °C 0.07 " C o003 C 3600 first point + | By Compariscn with SPRTs 298
Thermemesters ((PRTs) T20Ineat point in stirred louid bath
Allzast B poirts
148 |Trermocouplas (Twpe 5, Type R) 0°Ciz 880 °C G4 Crels C 8.000/point By Fizxed Points comparison 30
182 |Fhermocouples (Type 5 Type R) 3Gt 17000 05 Clo1.5°C 3.E0C firsl point + By Comparizen with TC type 5 Ll
T20next poirt cr SPRT in companson furnzcs
ar shirred liguid bath
180 jThermocouples | Base Mstal ) 0°Cte 1100 °C t0'C I 30°C 2.3C0 firs! point Ay Comparisan witk TC bpe & 302
+ SC0/mext poiet or SPRT i comparizon furace
ar stired fiquid ba'h
181 jTemperaturs Bath -40°C e 420 °C 003°Cta0"C 3,000 first paint By Comparison with SPRTs 303
+ 100/ next point
192 |Ory Block and Fumace -40"Clo 420°C 01°C 3,009 first paint By Cornparison with SPRTs 304
+ 7C0ingxt paint
193 [Liquid-in-glass Thermometar -S40 100G i a02°c 1,800 first point By Comparsan with SPRTs in el
1] °Cto 252 °C 0.05°C + AGlinext point stirred liquid bath
124 {Digital Thermomater {with probe) 40 °CHa 25070 1,800 Frst paint By Comparison with SPRTs 308
{resolution<{, 2K} 250 C g 480 °C + 400 mext point in stirred liguid Bath
Digitat Thermometer (with probe} TI40°Crods0 T
{resoiution=0.21)
195 1Dew Point Hygrometer -73°C1e0tC 08" Cet2°C 3300/ poin Comparison with bag oy
temperature dv prossure
Hurmigity Generator B
HoTHHE 0BT 01 27000t [Carmparisan with two pressire 08
Humidity Gengrator
198 |Thermo-Hyarograph Temperature 18 *Ctn 35 °C (05 Wi 8 °C 2,440 first point Comganson with FRT and Chilles A
X Mirror Hygrometer in Controlled
Therma-Hygrometer Humidity {20 to §G1%RH {1.510 31%RH + aqlinet poirt Yopooi o
197 |Data Lagger Tempzrature 15 °C to 35 °C {05 12048)°C 2,440 first point Comparisen with PRT and Chiled 30
Hurmidity (20 to B0¥4ARH (1.5 1c 3)%RA + 440/ noxt point wiErmor Hygremeter in Controlled
Chamber
Effgclive Date | 15 Fahruany 2007 Page 9/ 11
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Price List
Calibration Fee
Item - o e ) . . N :
No Descripiion Range Accuracy / Ungertainty Price (THB) Remark Line Wo.
Chemical Metrology and Biometry
98 [Micropinetls 20 ul to 1 mL 015l 1.900ipiece a1
199 {Volumetric Flask 25 rel to 2000 ml Class A (A) iz
Fipette 1ml oS0 ml Class A A} 1,800/ piece
Beretie Up to 100 m Class A [A)
200 |pH meter with zssociated electrode 1-11pH 002 pH 2,000 set 313
201 IAssignod pH value for sample 1.0G - 11.04 pH .92 pH 2,000 piece 3id
202 |Potassivm Dichoramate Standard 29, 49, 60, 80 ard 100 01 A 7.000iset ; 5 concenteations 15
Solutions {Recalitrate) mafkg (each set choose - 4 conrartralions
from the conesntralions I, .
abovel : 3 concentrations
2 concentrations
203 |Petassicm todide Standard Solution ok 0.5 nm 6.300/s2l 8
{Recalibrats]
204 |Helmum Filter {Recatibrate) 260 nm to 740 nm 4.5nm 4,500/piece 317
205 (Gidymium Fitter (Recalibrate) 200 pm to 700 nm G.5 nm 4 500piece 315
208 jNewtrsl Density Fiter (Racalbrate) 400 nim o 760 rm 0.5 nm 7 Od8ipisce kEE)
Acoustics and Vibration Metrology
207 IMeasuremeant Microphons type L51P 20 Hz to 10 kHz 0.G4 d3 to 0.07 g3 8.5300!piace 320
by the recipracity techrique (Prassure
=ensitivily lavel)
208 |Measurament Microphane type L52P 20 Hz w2 20 kH: .04 45 t2 0.10 dB §.5CU/pieca azi
by the reciprosity techaiguee (Pressure
gensitivity level)
208 Measuremert Microphons by the 3 AHzw 16 KMz 0183t 0.4d3 &, 200 picce 32z
comparison method 74 dB
{free-Rald sensitivity level}
240 |M=asurement Microphane by the 250 Hz erd 1 kHz 0.0 de 4,900 piece 323
ingert voliage techniqus
(pressure sensitivily level)
211 |Pistonphong or Seund Calbrator 746310 124 dB 208 48 3,900 first leval 324
280 Hz, 1kHz 1, 20next lovel
212 Mtifunction Acoustic Cakbrator or T4 dBtn 124 68 009 4B 13,500/ piece 325
tiuki-frequency Sound Calbrator Ft3Hz o i kHz
212 |Sound Level Meter Bazad on |EC 51672 Class 1,2 & 70Cipiece 326
214 (Sourd Level Metsr 31.5Hz e 18 kHz t263%0.4d8 6,300/ piece 27
[Free-feld sound pressure response 7448
level angd absolute sensilivily}
215 [Abserption Coefficient of Material £0 Hz o 8300 Hz 1.5% o 4.0% 3. 500fpicce 328
218 |vibration Meter 10 mes? to 100 miss 1.0% 8.000fpiece 32g
£0 Hz lo 3 kHz
217 |vibration Calibrator 10 mis? to 100 mrs® 0% 4.000 first point 330
50 Hz 1o & kME 1,Ge0next point
215 |Charge Amplifier 26 Hz o 10 kHz 0.1% 4 300piece kK3
219 |Accelerometar by companison 10 pvs® lo 100 mis® 10% 7.000 for first point 332
reference transducsr B0Hzto S kHzZ 1000 next poivt
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Price List
Reference Materials For Sale
item: Descript o co i T . . = -
No escription . R-'_arlge_ Accuracy / Uncertam{y; ‘Price {THE} Remark Line Na.
Mechanical Metroiogy
220 |Catibration of Reference Block 20 HRA 1o 88 HRA 0.45 HRA 333
Rockwelf Scale | HRA. HRB, HRC © 0HRBw100HRE | T1hRE 7.000/pisce Cortifieg Reference Block for sair | 334
77 20 HRC ta 65 HRG B BESHRC - 335
Chemical Metrology and Biometry
221 |Secondary pH standands 323 -402pE 0.02 pH Prthalate pH standsard 335
© EB5-63EpH TR T 4 ooorpicce (sopmly |Phasphate p standard
97-g30pH Cogn2eH ' Tatraborsts pH standard
222 |Potassium Dichoromate Standard 20, 40, &0, &0 and 100 001 A 37,G00set Set 6 5 concertrations 337
Solutions {Certified Refererce Materal} mgrka feach sat chgose : 5060mer Sarf - 4 concentrations 438
from the corcentrations o
ahove] 28000 set Setd . 3 cancentrations 335
T 25000set [Bet3: 2 conceatrations 340
2000056t [8612 - 1 cancentration " ad3
223 [Potassium lodide Stendard Solution rait 3.5 rm 20.00Hset 42
{Certified Reference Meterial)
Effzctyve Daiz o 15 Sebrusry 2007 Page i F i
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