bench is moved, and the standard illumination is found from the value at
each point and the light intensity of the standard lamp. The same
equipment and instruments as used for light intensity calibration are used.

Distri'bution temperature test

The distribution temperatures of test piece lamps are calibrated by means of
~ comparison using the distribution temperature standard lamps.

The standard lamp and test piece lamp are placed on the photometer bench,
© their Iights are received by a B/R light receiver, and the current at which the
test piece lamp yields the same value as the standard lamp is found,

Total flux test using light receiver

The total fux of an incandescent lamp or distribution lamp is calibrated
based on the total flux of the standard lamp. The standard lamp and test
* piece incandescent lamp or distribution lamp are piaced in a 2.5 meter
_ integrating sphere, and the total flux is determined through comparison.

Total flux test by spectrophotometry

Relatwe spectrophctometric dlSlI’IbuIIOH of a test piece lamp is measured

"usmg a speciroradiometer to find the total ﬂux, chromaticity, and relative
color :temp_erziture based on the total flux of the standard lamp at any
intended distribution temperature.

Spectral irradiance measurement

" Spectral irradiance of a light source is measured using a spectroradiometer
~ based on a spectral irradiance standard lamp calibrated in the wavelength
range from 250 nm to 2500 nm.

Spectral radiance measurement

Spectral radiance of a light source is measured using a spectroradiometer
based on a spectral radiance standard lamp calibrated in the wavelength
range from 250 nm to 2500 nm.

Spectra! resp0n31b1hty rneasurement -

Spectral resp0n31b111ty of a llght recelver is cahbrated based on the standard
light receiver with calibrated spectrai responsibility.
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Fig. 7-34 shows the acoustic traceability system. Table 7-19 shows a list of

equipment and instruments.

2) Laboratory conditions

This laboratory requites a space of three modules, since it uses large-sized
equipment, Other conditions are as shown below.

1. The floor must be made of rigid concreie and its surface must be treated
with black powder. A rigid floor free from aged deterioration is needed to
install the photometric bench, integrating sphere, spectroradiometer, and
laser equipment (on a vibration-proof level biock).

2. The room must have no windows to prevent stray light from entering from

outside.

3. The floor, ceiling, walls, elc., must be made of maierial of little reflection.
(In general, they must be coated with black mat paint.)

4. Anentrance room must be provided to eliminate thermal influences caused
when personnel go in and out. It must be so designed that it may be used as
a lamp aging room. '

5. The temperature and humidity must be controlled to 23°C £1°C and 55%
+10%, tespectively.

The luminous output of a fluorescent lamp remarkably differs with the
ambient temperature. The responsibility of photoelectric detectors (such as
the photodiode, photoeleciric tube and photoelectric multiplying tube) also
depends on the temperature: Thus, the set wavelength of the spectroscope
is influenced by the temperature. In addition, the reflectance of the barium
sulfate coated on the internal surface of the integrating sphere and a glass
filter is influenced by the humidity. Accordingly, strict air conditioning is
necessary.

6. Conditioned air must be blown out from ihe ceiling as evenly as possible.
Air inlets must be provided in the lower part of the four walls. The air
amount must be suppressed for even temperature distribution.



7. Separate power supply lines must-be provided for the measurement and
genc,ral use, Thcv'must not be brought close to cach other. The power
supply for the measuring instramerits must have an insulating transformer
on the distribution board to eliminate dlsturbmg nmses

8. An exclusive grounding line must be provided for the measuring
instruments. Its grounding resistance must desirably be { ohm or less.

9. Cooling water facilities must be provided. The lamp houses and light
receivers must have exclusive sinks for cooling water with more than two
cocks.

10. The walls have low reflectance. Thus, the intetior lighting must be three
_times as bright as the normal interior lighting.

11. The ceiling height must be 4 meters at least, since an integrating sphere of
2.5 meters in diameter is placed in the room.

3) Layout plan in laboratory

Fig. 7- 35 shows the layout plan of the photomeiry laboratory.

4) Staffing plan

Research and development of the photometry standards are conducted by three

full-time technical staffs at stating of NML. They may ‘be able to do works

sufﬁ01ent1y for the time being. The employment plan shown below assumes
o that the first year is 1994

. _ 1994 1995 1996 1997 1998 1999 2000
Research Officer 3 3 3 3 3 3 3

 Assistant R/O 1 1 1 1 1 1 1
 Technician 0 0 0 0 o 0 )
" 4 4 4 4 4 4 4

“Total

.' 5) Educatlon and trammg plan

This is an unaccustomed fleld of rescarch Thus the techmcal staffs should be
educated and trained in an overseas metrology organization.
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6) Approximate costs of equipment

The' ﬂpprommatc costs of pmch'tsmg thu eqmpment and mstruments for this
laboratory are 100 m11110n yen. '

I'i1. Magnetic

BN

Facilities and equipment pifin

There are restricted industrial needs in magnetlc standard research. The plan is
intended to establish a system to fulfill the mdusmal needs at. present. It is
difficult 10 establish a satisfactory calibration system with equipment and
instruments obtainable on the market We propose an example of a cahbratlon
system. Figs. 7-36 and 7- 37 show the traceability. system.: The Bureau

~ International des Poids et Measures BIPM (International Bureau of Weights and

Measures) determines the standard values of magnetic based on the physical

constant yp (magnetogyric ratio of hydrogen ai_omic nucleus) measured by the

metrology organizations in many countries. The magnetic standards are derived |
from these vaiues through resonance frequency measurement by means of

nuclear 'magﬁétic resonance absorption (NMR),

The éalibrat_ion sy.s.tlcl_n foxj_éach item shown be}ow_sh’@uld be established to
fulfill the industrial needs. '

1. Calibrstion of Gauss meters

: Gauss meters are. compared accordmg to ranges thh an NMR magnetic
ﬁ_eld measuring equipment, eleciromagnets (30 mT tp_ 2 T), Helmholiz coils
(30 mT or less), etc. -In addition to :the éb_oye_—s'hojwn equip'm'ent and
instruments, a frequency counter, DMM, shunt, elecfromagnets'; and coil
drive power supply are required for the calibration system.

2. Calibration of standard mag_net _
In general, the standard magnet is used for sensitivity adjustment of a
Gauss meter and auxiliary calibration of :t_he NMR' magnetic field
measuring equipment. The standard magnet is calibrated with the NMR
magnetic field measuring equipment by the intermediation of a Gauss meter
with the differential magnctic field measurmg function (readlng expansion -
functlon) based on the values of the Gauss meter.



The NMR magnetic field measuring equipment, Helmholiz coils, frequency
counter, DMM, shun, electromagnets Gauss meters for differential
magnetic ficld measurement, and electmmagnet and coil drive power
supply are required for the calibration system.

3, Calibrati'oﬁ of ﬂu‘x meters

A wxdely used flux meter has an integration circuit conslstmg of DC
amplifier, capacnors and resistors and is de31gned for time-based

~ integration of excitation voltage produced by magnetzc mduction It may
be calibrated with the voltage and nme standards,

Magnetic-_ﬂux of 1 Wb’ represents a time intcgration value (1 V.s) of single
* sweep rectangular voltage waveform of 1 volt, 1 second. For calibration, a
flux meter calibration equipment or fixed phase mutual inducer is used.

4. Calibration of search coils
Search coils used as a detectors of flux meters are calibrated by deciding
the coil constants with a flux meter with calibrated flux density, which is
measured with the NMR magnetic field measuring equipment.

The NMR magnetib field measuring equipment, flux meter calibrating
equipment, digital flux meters, electromagnets, eic. are required for the
calibration system.

Table 7-20 shows a list of equipment and instruments.

2) Laboratbry conditions

This 1aborato’ry requires a space of two modules, In addition to the conditions
shown in 2), Fl above, the following should be taken in_tb consideration,

1. The magnetic field axis of the Helmholtz coil should be adjusted to the east
~ and west direction of the magnetic field of the earth in order to eliminate
the infliences of the earth magnetism. '

2. Easily affected measuring instruments should be installed in a magnetically

shielded chamber in order 1o eliminate the influences of peripheral
miagnetic objects and floating magnetism.
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7.2.2

7.2.2.1

3) Layout plan in laboratory

Fig. 7-38 shows the layout plan of the photometry laﬁprétoryQ' _

4) St'afﬁng plan

Research and development of the magnetic é.tandaxjdé, are conducted by two full-
time technical staffs. As the subject of research extends, two additional

' technical staffs will be employed The staffmg plan shown below assumes that
the first yeax is 1994

1994 1995 1996 1997 1998 1999 2000

Research Officer 2 3 3 3 3.3 -3
Assistant R/O o 1 1 1 L 11
Technician © o 0 o o 0 0

Total 2 4 4 4 4. 4 4

5) EdULatlon and training plan

Thls is also an unaccustomed ﬁeld of research Thus the lechmcal staffs shouid
be educated and trained sufficiently. ' '

6) Approk_ima_te c.os_ts of equipment

The approximate costs of purchasing the equipment and instruments for this

laboratory are 20 million yen.
Expansion Plan of National Calibration Laboratory (NCL)
Outline of plan

A metrological calibration service organization aims {o offer accurate metrological
standards to all industrial fields. It should be established 'an'd man'aged as the unified

_technical infrastructure of the industry. . Thus, an-organization handhng the

traceability of metrologlcal standard and upstream parts should desxrably be
managed by the government. In fact, such organizations are managed by the
government in many nations. ' '

The organization called as the N,a'tional Calibration Labdrat_ory NCL in this report is.
an engineering organization which takes charge of the core of the traceability system
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applicable to a wide range of applications. It is a further development of the current
SIRIM Measurement Centre and covers a wider range of operations. The NCL
should offer a wide range of calibration services and fulfill the engineering needs of
the industry in close cooperation with the NML, which maintains and controls the
national standards. As an organization, it may be considered as one of the internal
sections of the SIRIM like the NML.

The NCLs should be located near Kuala Lumpur, Penang, and Johor Baharu which
are advanced indusiries in Malaysia. In the future, additional NCL will probably be
established in Eastern Malaysia, which is not described in this report, In this repoit,
NCLs located near Kunala Lumpur, Penang, Johor Baharu and in the Eastern
Malaysia are referred to ag NCL-SA, NCL-P, NCL-IB and NCL-EM.

1) Purpose of NCLs

The tunction and purpose of the NCLs are to offer calibration services for the
measuring instruments whose traceability should be certified. At present,
qualified auditors in the SIRIM Measurement Centre take part in the assessment
works based on the SAMM Laboratory Accreditation System. However, such
works are omitted from this report, since this plan covers metrology
technologies only.

2) 'Types of applicable quantities

The NCLs offer calibration services. As described in section 7.2.1 above, the
NML is to offer, for the time being, calibration services for the quantities which
the SIRIM Measurement Centre does not handle now and the NML will handle
newly. The NCLs offer calibration services all over Malaysia. The NCL-SA
near Kuala Lumpur, where the SIRIM Measurement Centre is located now, will
play a major role. Therefore, the NCL-SA will cover all the quantities which
the NML will handle, in principle, As for the fields which the NML will handle
newly, the NCL-SA will offer services when calibration needs increases. Table
7-21 shows the measures handled by the NML and NCL.

The quantities which are to be handled by NCL-SA are as follows,

Length

Mass

Volume and flow
Force and pressure

EalE O e
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e

5. Temperature

6. Electrical
PC current
Resistance
LC
AC
Electric power
Time and frequency

The NCL-P and NCL-JB will offer calibration servicés of only the basic
quantities in much needs as follows. In the future, they will expand their
operations according to the needs. The NCL-EM to be locaied in the Eastern
Malaysia should begin its calibration services of the measures s'hown below.

Length
Mass
Force and pressure
Temperature
Electric measures
DC current
Resistance
LC
AC
Eleciric power
“Time and frequericy

Building plan

We assume that the current SIRIM Measurement '.Ce_ntre 1s enlarged and
renovated for the NCL-SA. The problems of the current building aré described
in Chapter 4. Our plan assumes that it will be renovated as far as possible. Its
points are as shown below. | |

- Both flanks of the current building must be extended to increase the floor

- A storage room of equipment and iﬁstiﬁmenté requested t'o be célibrdted must
be provided, _ ' _ | |

- A space for making test pieces, elc. must be secured. N |



4)

- Lifts for carrying equipment and instruments requested to be calibrated must
be provided.

-~ Reception work must be done out in one place.

The arca of the laboratories of the NCL-SA based on our plan is approx. 1300
m2, The ;t_oml floor area i_s‘approx. 3000 m?. Fig. 7-39 shows the layout of the
building. Details of the calibration laboratories are described in the fotlowing
section. Table 7-22 shows the conditions of the laboratories. The current
SIRIM Northern Branch Office is planned to be rebuilt into a new building, and
accordingly the expansion plan of the NCL-P will be made in relation with it.
In princip]e,' the NCL-P will be constructed newly. The NCL-JB must be also
built newly. The general requirements of these buildings must refer to the NML
conditions described in 7.2,1 above. Table 7-23 shows the conditions of the

* laboratories.

The area of the laboratories of either the NCL-P or NCL-JB is approx. 450 m?.
Thus, the total floor area of either building will be approx. 1000 m?,

Equipment plan_ |

‘The NCL-SA will use most equipment and instruments currently used by the

SIRIM Measurement Cenire. As we researched the industrial needs as a part of
this study, the equipment and instruments currently in use will meet most needs.
Thus, the facilities and equipment plan of the NCL-SA is fulfilled by making
use of the most equipment and instrurnents currently in use and by purchasing
some new equipment and'i'nstruments For the NCL P and NCL-JB, most

: eqmpment and instruments will be purchased newly.

The equipment and instruments 10 be purchased should be adjusted with
consideration of 1mprovement of the calibration abilities of private accredited

laboratones

The following shows the equipment plans of the laboratories and their costs we

estima_téd. ‘ (Thé costs are estimated in yen and shown for reference only.) The

" NCL-SA requires approx. 248 million yen, and either the NCL-P or NCL-JB

requires approx. 170 million yen each, amounting to approx. 588 million yen.

7-57



L

Equipment costs of the NCL-SA

Length calibration laboratory
Mass calibration laboratory

- Volume and flow calibration laboratory

Torce and pressure calibration laboratory
Temperature calibration laboratory
Electrical calibration laboratory
DC voltage -
Resistance -
L
- AC voltage
Electric power and energy
Time and frequency

. Diverting equipment currently in use

Approx. 10 million yen

Approx. 8 million yen i

Approx..40 million_ yen

Diverting equipment currently in use
Approx. 190 million yen '
(Approx. 40 million yen)

tApprox, 40 million yen).

(Approx. 30 miilion y-._én)_

(Approx. 50 million yen)

(Approx. 30 million yen)

(Diverting equlpment currentiy in use)

Total

Approx. 248 million yen

Note: Figures in pa_rentheses mean breakdown of those of "Elecmcal calibration

laboratory

2. Equipment costs of the NCL-P and NCL-JP (per laboratory)

Length calibration laboratory

" Mass calibration laboratory
Force and pressure calibration laboratory
Temperature calibration laboratory
Electrical calibration laboratory

Approx..50 million yen

Approx. 50 million yen
Approx. 20 million yen

- Approx. 5 million yen
- Approx, 45 million yen

Total

Stafﬁng and training plans

- Approx. 170 million yen

- The staffing plan of the NCL- SA assumes that the techmcai staffs of the.

Measurement Centre will move to the NCL-SA. However, if it is executed
together with the NML plan described in 7.2.1 above, it is clear that the NCL
will be short in technical staffs, sincé the NML is to té.ke charge of research and
development and requires technical staffs expenenced in metrology and

- accordingly  its staffmg plan assumes that the technical staffs of the

Measurement Centre: wxll be transferred to the NML. Thus, we have to point

before executing this plan.
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We calculated the number of technical staffs for calibration services of each

. NCL's laboratory and made a staffing plan up to the year of 2000, Details of the

necessary technical staffs for each calibration laboratory are described in the
following section. The table below shows the employment plan outline, 1t
assumes that the first year is 1994,

1994 1695 1996 1997 1998 1999 2000

Length calibration aboratory 5 6 6 1 8 9 9

Mass calibration laboratory 6 6 6 8 8 8
Volume and ﬂow calibration laboratory 6 \6 8 8 8 10 10

_ Force and pressure cahbratmn laboratory 6 6 6 7 7 8 8
A 'lemperature ca]rbrauon laboratory 4 4 6 77 7 7
‘Blectrical calibration laboratory 17 25 28 29 32 34 37
BC vo_ltagé { resistance - © O g0 (1 noan gz 03
LC/AC vollage S ® @ ® G an a2
Electric power r_md energy @ @ | 2 (2 (2)7. | @ @
Time and frequency - @ & O O & 6 49

' Total 4 53 60 e 0 76 19

- Note: Numbers of technical staffs in parentheses mean those of "Electrical

6)

calibration laboratory" in each parameter:

5 -

Since the NCL offers cahbrauon services, 1t requrres general affairs, financial
affarrs planmng, pubhc information and other staffs, and office workers of

: receptron, ‘safe keeping, issuing test report and so forth, in addition to technicai

staffs. Provided the number of such staffs and office 'workers is 1.5 times as
large as the number of technical staffs, the whole NCL requires approx. 100

‘e'rrrpl'oye'es at the beginning and approx. 200 employees in the year of 2000.

Since the NCL-P and NCL-JB are established newly, they require newly

4'employed technical staffs. For these technical staffs, it is necessary to make a
~ plan for employmg, tramlng and developmg them before executing this plan.

'Management plan

) The NCL offers cahbrauon services upon requests of the industry, etc. It is

expected to gain some profits.- We believe that calibration charges should be
used to run the NCL for promoting nongovernmental management of such
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7)

' organization in Malaysia after the NCL begins its operations, though a huge

amount of initial investment including constructing buildings, purchas'iﬁg
equipment and facilities, etc. should be born by the Government. Many

overseas calibration oxgam?auons have: self-supportmg accounting syslems,'

though calibration services are highly public business operations. The
Governments give'restricted subsidies. Thus, the cahbrauon_ charges should be
determined with consideration of th'e.marlagelnén:t conditions of the
laboratories. ' o '

Implementation plan

We think that the'N'CL-SA should be establish_ed' first and, after education and _
training of technical staffs make progress 10 some extent in the NCL-SA, the
NCL-P and NCL-JB should be estabhshed ’I'herefore, the 1mplementat10r1 plan
will take the followmg steps.

Step 1: Establishment of the NCL-SA

.1. Making a facilities and equipment plan and a renovation plan of the
current SIRIM Measurement Centre

2. Employing and training technical staffs (Desk study and OJT by
means of supporting practical operatmns)

3. Renovating the buildings and purchasing and mstallmg facilities and

equnpment
4. Startmg operatlons of the NCL SA

5. Education and training of techmcal staffs mcludmg lugh level
technique

Step 2: Estahlishmem of the NCL—P .

1. Mdkmg a facﬂxtles and equipment plan a.nd a building plan

2. Employing and traimng techmcal staffa (m t‘1e SIRIM Measurement
Centre or NCL-SA) ' : e : .

3. Constructmg the bulldmgs and purchasmg and mstallmg -

4, Movmg techmcaI staffs to the NCL-P and employmg addnmnal'
technical staffs

5. _ Starting operations
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7.2.2.2

- 6. FEducation and training (Educating and training the technical staffs
- already trained in 2. in higher level technique. Educating and training
newly employed technical staffs from OIT practical training.)

 Step 3: Establishment of the NCL-JB

Same as described in the NCL-P, in principle. Step 2 has a problem of

secuﬁng the budget. If we do not take it into consideration, step 2 should

desirably be started at 3 of step 1. Step 3 should also be started at 3 of step

1 in the earliest case, takmg account of the calibration needs in Johor
 Baharu,

Fig. 7-40 shows the flow of these steps.

NCL establishment plan for each quantity

Dimensional calibration laboratory

The capability of this laboratory should be 'strehgtheﬁéd since demands for
calibrating gauge blocks are increasing year by year. At present, the most demands
are made for calibrating the class C gauge blocks. One or two demands for
cahbratmg the class 00 gauge blocks are made every month, and such demands are
increasing gradually At present, the class 00 gauge blocks are calibrated by
comparing ‘them with the class 00 gauge block possessed by the SIRIM length
laboratory. However, it is hard to meet the-reqﬁired accuracy with such method.

In the future, the light wave interference meters must be used for absolute
measurements in Malaysia like in other overseés _countries. For the time being, the
class 00 gauge blocks should be calibrated by the NML since there are few requests.
Other calibration works should be taken charge of by the NCL.

1) Facilities and equipment plan

When new facilities and equipment are installed in the NML, the calibration
facilities and equipment cuirently possessed by the length laboratory of the
SIRIM 'Measilrement Centre will be transferred to the NCL-SA.

“For the’ future increase of demand of calibration work, a certain duplication of
the eqmpment may be considered.

7-61



2)

3)

4)

Equipment layout plan

The facilities and equipment transferred from the length laboratory of the
SIRIM Measurement Centre will be installed according to the new operation
conditions. The shape measuring equipment and instruments currently installed
in the force and pressure laboratory of SIRIM Measurement Centre will be
moved to the gauge block calibration room and be used in the temperature and
humidity conditions necessary for precision length measurements.

The length laboratory of the SIRIM Measurement Centre will be extended to
outside, and the effective area will be increased to approx. 200 m2. Fig. 7-41
shows the layout plan of large-sized equipment to be installed in the extended

laboratory.

Laboratory Condition

The laboratory condition of this laboratory must be referred to those of NML
and the followings must be taken into consideration.

1. The temperature and humidity should be controlled 20°C *1°C and 60%
+5% respectively.

2. The cleanness is required.

Estirnation of work amount and staffing plan

The number of applications increased in 1991 and is still increasing in 1992,
though there were not so many applications in 1989 and 1990. As shown in
Table 7-24, the number of applications will reach approx. 5000 in the year
2000, or six times as many as the current applications, provided applications
increase at the same ratio. It is a quite sharp increase in comparison with the
increase of applications in other fields, which is approx. three times as many as
the current applications. Approx. 60% of operations of the length laboratory is
related to the gauge blocks. If we apply the above-shown value, there will be
30,000 requests for calibrations per year, which means that 112 gauge blocks
should be calibrated everyday. The NCL should have the capability to handle
most of that work amount.

Provided the work amount does not increase, two additional technical staffs are
required. If we take account of the future increase of works, technical staffs



should be increased to nine by the year 2000 according to the technical staff
increasing plan shown below. This plan assumes that the fivst year is 1994.

1994 1995 1996 1997 1998 1999 2000

Research Officer

1 1 1 2 2 2 2
Assistant R/O 2 2 2 2 3 4 4
Technician - 2 3 3 3. 3 3 3

5 6 6 7 8 9 9

- Total -

4) Cahbratlon wo;ks by NCL-P and NCL-1B

“The cahbration facilities and operation systems of the NCL-P and NCL-JB must
be prepared and established in the order shown below. The equipment plan of
the NCL-P and NCL-JB is the same as that of the NCL-5A.

1. Gauges blocks
2. Scales

3. Angle

4. Othe

Other length standards
B. Miass calibration }abbraiory

D Facilities and equipment plan
The mass cahbrauon laboratory of the NCL calibrates the class F1 or lower
class weights using the class E2 weights calibrated by the NML. At present, the
mass laboratory of the SIRIM Measurement Cenire has the basic minimum
standards and measurmg instruments. - The NCL will purchase some new
equipment to carry out specified operations. The standard welghts balances,
- ete. possessed by the mass Iaboratory of the SIRIM Measurement Centre should

 be transferred to the NCL-SA,

The foilowmg shows the standards equlpment and mstrumenls possessed by the
mass laboratory of the SIRIM Measurement Centre and those transferred by the

re_,s_earch section.
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1. - Balances used for transferrihg_Class E2 to Fl standard W'eights

| Weighing capacity/readability _ ' Posscssxon

60kg / 10mg Posscssed currently
20kg / Img ~Not possessed
10kg /01mg -~ Notpossessed
5kg /0.1mg - Possessed currently
kg /0.lmg - . . Possessed currently -
1kg / 0.0lmg Not possessed
200g / 0.0lmg : Possessed currenily
100g / 0.001mg . Not possessed
20g / 0.00lmg ~ Possessed currently

5g /0.0005mg Possessed currently

2. Balances used for transferring Class F1 to F2 arid below

Weighing capacity/readability .~ - Possession

50kg / 10mg  Possessed currently

20kg / 10mg Noft possessed . -

 Skg /0.lmg Possessed currently
3kg / 0.1mg Possessed currently
kg / 0.1mg ' Possessed currently

200g / 0.1mg Possessed currently

Lacking equlpment and instruments shou!d be purchased newiy Table 7-25
shows alist of eqmpment and mstmments to be acquired.

Equipment l'ayout plan:

The balance room of the SIRIM Medsurement Centré is too narrow The
calibration room and balance room should be enlarged The large welght
cahbrauon room should also be enlarged Then' work envzronments should be
improved. The posmon and structure of the apphcatlon reccpnon room should

be so 1mproved that operatmn may be carried out smoothly If the mass

laboratory of the Measurement Centre is enlarged to the outsuie, its effective
space becomes approx. 200 m2, Fig. 7-42 shows the layout plan of the
equipment and instruments to be inst_al_lé,d in the enlarged laboratory. |



3)

4)

5)

6)

Laboratory Condition

The laboratory condition of the laboratory must be referred to those of NML
and the followings must be taken into consideration.

1. The temperature and hljmidity for precision measurement of class E2
should be controlled 23°C +0,5°C and less than 60% respectively. '

Those of other measurement should be 23°C +1°C and less than 60%.
2, The cleanness of the laboratory is required.

Estimation of work amount and employment plan’

Judging from the work amount in these three years, the number of applications

“séems to have reached the limit though there were many applications in number.

As shown in Table 7-24, the work amount in the year of 2000 may be two times
as many as the current amount, even if applications will increase hereafter. The
employee increasing plan shown below is necessary in the long run.

1994 1995 1996 1997 1998 1999 2000

Research Officer 1 i i 2 2 2 2
Assistant R/O 2 2 2 3 3 303
Technician 3 3 3 3 3 3 3
Totat - 6 6 6 8 8 8 8
Equipment costs

The approximat'e costs of purchasing the additional equipment and instruments
for the NCL-SA as described in the equipment plan are 10 million yen.

Calibration works by NCL-P and NCL-JB

The ‘equipment and instruments of the same level as those of the NCL-SA
should be used for mass calibration works by the NCL-P and NCL-JB.
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C. Volume and flow calibration lahoratory

1y

2)

3)

4)

Facilities and equipment plan

The facilities should be expanded to carry out the operations shown below in
order to fulfill the industrial needs, in addition to the current operations.

. On-site calibration of fluid flow meters using calibrating equipment (on
automobiles) |
2. Calibration of viscometers

The standard tanks and flow meters for calibretion:_'are necessary for on-site
calibration of the liquid flow meters as well as cars for carrying them to
factories. Calibration of the viscometers assumes that the NML establishes the
standard of that field. Necessary instruments are viscometers on the assumption -
that the standard vrscosuy fluid is supplxed by the NMi.. Table 7- 26 shows list
of cqu1pment to be acquired. Calibration is accompamed by temperature
compensation. Thus, the temperature ; must not change during cahbratron The
laboratory should be eqmpped with a stable air conditioner.

Equipment ldyout plan

The volume and flow laboratory of the SIRIM Measurement Centre will be
used as is. Since a part of the equipment currently i in use 1s to be transferred to
the NML, a wider space will be available. Fig. 7 43 shows the layout of the
equipment to be installed in that space.

Laboratory Condition

. The condltton of the laboratory must be referred to those of NML The

temperature and humtdrty of the iaboratory should be Lontrolled 23 +2°C and
less than 60% respectively.

Estlmatron of work amount and employment plan

: Judgmg from the work amount in 1992 the work amount m the year 2000 may-

be four times as much as the current work amount as shown in Table 7-24,

provided the work amount continues to increase.
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6)

B

Most of the current work is witness calibration. With new facilities, calibration
works in the laboratory may increase. The employment plan to cope up with the
increase of the work amount is shown below,

Witness calibratidn works most of the current works, oh the user sites are
executed with the aid of other sections. To handle works which may increase in
the future by the correspondmg secnon by 1tself ten technical staffs are
necessary in the year 2000.

_ 11994 1995 1996 1997 1998 1999 2000
Research Officer 2 2 2 2 2 2 2

Assistant R/O 2 2 3 3 3 4 4
Techniciai <2 2 3 3 3 4 4
Total 6 -6 8 8 8 S 10 id

Eqmpment costs

The approxxmate costs of purchasmg the additional eqmpment and instruments

 for the NCL-SA as descnbed in the eqmpment plan are 8 rmlhon yen,

Calibration works done at other than the NCL-SA

The equxpmem plan described above expands the range of the calibration

_services of the NCL-SA and enables cahbranon in factones On the other hand,
‘witness calibration does not require any special instruments since technical

staffs visit factories. Therefore, the NCL-P and NCL-JB will not have volume
and flow calibration laboratories, If the NCL-EM is established in the future,
technical staffs for witness calibration in Eastern Malaysia should be assigned.

' Re'la'ti(jﬁVWithﬁNML voziumelﬁo'v'.r stahdards Iaborafory

There are stronger relatmn between NML Volume/flow standards laboratory
and NCL Volume/flow calibration laboratory compared to other guantities,
Accordmgly, it is necessary 1o exchange technical information and interchange

" technical staffs of both laboratory. It is recommendable that location of NML.

and NCL are close by from those technical point of view.



D. Force and pressure calibration laboratory

1) Facilities and equipment plan

The force and pressure calibration laboratory should have the standard force
meters and Toad cells calibrated by the NML in ‘order o ‘offer cahbration
services in expanded ranges up to 500 tons, whxch are great]y needed by the
industry. For calibration on the user sites, the standard force meters calibrated
by the NML are used. Calibrated load cells are used for calibration of the
standard force meter in the laboratory There are many industrial needs for
calibration of the torque meters and hardness testers Eqmpment for cahbratmg
these meters and testers.should be prepared.

The current calibration level of the pressure gauges in the range near the normal-
pressure seems to be satisfactory. However, the ]aboratory has no ST unit pascal
standard pressure gauges, which should be prepared. As for PSI system
calibration, the equipinent currentiy in use should be used.

At present, mercury column manometers are used to, cahbrate the vacuum
gauges for the range near the atmosphenc pressure They are capable of

" calibration in four units: Bar cmHg, PSI and l<:g/cm2 The readmg accuracy
should be 1mproved

There are no demands for ca]ibrating the baronieters and high vaeuu'm gauges at
present However, there will be such needs in the ‘futuré. * A equipment

' mstallauon space should be secured. The foilowmg shows the operations of the
laboratory for calibration of foice and préssure of the NCL.

1. Force

a) Callbrauon of standard force meters and ioad cells (Extended up to
500 tons) _ '

b) Calibration of torque (New)

¢) Calibration of hardness testers (New)

2. Pressure
a) Calibration of Bourdon's tube pressure gauges
b) Calibration of vacuum gauges

c) Calibration of barometers (New)
d) Calibration of high vacuum gauges (New)

7-.68.



Table 7-27 shows a list of required equipment and instruments. A cerlian
duplication of the equipment may be necessary in the future.

~ 2) Equipment layout plan

The force and pressure research laboratory of the SIRIM Measurement Centre
will be used as is. Since the equipment which is used for dimensional
measurement is to be transferred to the dimensional calibration laboratory, a
wider space will be available. Fig. 7-44 shows the layout plan of the equipment
to be installed in the space.

3) Laboratdfy condition

The condition of this laboratory must be referred to those of NML. The
temperature and humidity of the laboratory should be controlled 23 + 2°C and
less than 60% respectively.

4) Estimation of work amount and staffing plan

' Prowded apphcanons keep on increasing in the future like in the penod from
1991 to 1992, works of this field in 2000 may be four times as much as the
current works.

For éalibrat_i'(iﬁ"in' the Iabo_re{tc')ry oniy, an additional technical staff should be

employéd imm_e_diatqiy; "I_‘o handle inqreasing works, cight technical staffs are
necessary in the year 2000,

1954 1995 1996. 1997 1998 1999 2000

Rescarch Officer = 2 Z 2 2 2 22
AssistaitRO . 2 2 2 3 3 44
Technician 2 2 2 2 2 2 2

Total 6 6 6 7 7 8 8

5). Est_igmate_d equipment costs |
The approxim_ate'costs of purchasing the additional equipment and instruments
for the NCL-SA as described in the equ_ipmem plan are 35 million yen.



E.

6) Calibration by NCL-P and NCL-JB

The following shows the priority of the force and pressure calibration works
carried out by the NCL-P and NCL-JB.

1. Calibration of standard force meters and load cells
2. Calibration of pressure gauges

The NCL-P offers on-site calibration services in Northern Malaysia, the center
of which is the Penang State. The NCL-JB takes charge of Sbuthem Malaysia,
the center of which is the Johor State. Easiern Malaysia should be taken:charge
of by the NCL-SA as ever untii the NCL-EM is established.

Temperature calibration laboratory

The temperature calibration laboratory of the NCL should offer calibration services
using the standard thermometers supplied by the NML. It must be cquipped with
the standard thermometers, thermo.static baths and furnaces for comparison, and
small number of fixed pomt apparatus for checking dewatlon of the cahbrated .

 values of the thermometers.

While the NML should have the facilities to calibrate ‘extra- high-precision
thermometers and temperature standards for spe(nal use, the NCL must possess the
facilities for calibrating moderate accuracy thermometers for mdustry in the ra.nge
from -80°C 1o 1400°C. ' ' -

1) Facﬂitles and equ1pment plan

If the NML is equipped with new facﬂlt:es, the calibration facnhtzes and
equipment presently possessed by the SIRIM Measuremenit Centre should be
transferred to the NCL- SA. The NCL-P and NCL-JB should be provided with
the equipment for cahbratmg glass thermometers for the time being.

In the course of expanding scope of work, some addmonal equlpment such as
those for humidity standard and fixed point realization, should be prov1ded in
the future.. ‘

2) Equipment layout _plan'

The temperature laboratory of the SIRIM Measurement Cenire will be used as
is. The temperature calibration laboratory should offer calibration services

7-170
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4)

using mainly -the facilities and equipment transferred by the temperature
laboratory of the SIRIM Measurement Centre,

A room for installing the thermostatic baths, comparison furnaces and other

heat generating instruments must be air conditioned normally. Electric

" measiring instruments must be installed in a partitioned area. The temperature

and fmmidity for electric instruments must be controlled to 23°C £2°C and 55%
+5%, respectively.

‘The installation plan is shown in Fig. 7-45.

Estih1étibn of work amouit and stafﬁng plan
Provided applications keep increasing in the future like in the period from 1991

to 1992, works of this field in 2000 may be 2.5 times as much as the current
waorks.

This laboratory ‘s:houid have at least three full-time technical staffs from the

begmnmg To handle mcreasmg works addltional technical staffs should be

' employed accordmg t0 the staff 111(:reasmg plan shown below

1994 1995 1996 1997 1998 1999 2000

Research Officer 1 1 1 2 2 2 2
Assistant R/Q 1 1 2. 2 .2 2 2
Technician 2 2 3 3 .3 3 3

Total 4 4 6 7 7 7 7

Cahbranon by the NCL P and NCL JB

- As descrlbed above, the NCL-P and NCL-JB, should calibrate glass
lhermorneters only by using standard thermometers and comparison baths.

‘ Electfical calibration laboratory .

The electrlcal cahbratlon sections must be estabhshed and expanded in a uniform

manner wnh 1mportam,e o the mutual correlanon Plans are made according to the

"basu,’ principle shown below as a whole.. A concrete plan for each section is

proposed below.
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1)

The facilitics must be renewed as r_aecessity requires according to the required

accuracy.

At least two sets of eqmpment of flequem use must be prepared for improved
work efﬁcnency

“The specifications of the faci_lities and equipment- must be wnified for improved

compatibility.

Calibration systems must be purchased newiy if the range and functrons of
calibration are be expanded

Automatlc measurement systems must be estabhshed as far as possrble Office
work must be computerized. : '

DC calibration section
Facilities and equipment plan

The NCL-SA musi use the stahdard cells ca]ibrated by the NML as the
reference standards It must be newly eqmpped w:th the standard potentlal
dividers and current companson type potentrometers It must have two each’
precision calibrators and DMM‘s for enhanced functions and 1mproved
workabrhty It must also have two DC voltage and- current generators to

calibrate mdrcatmg instruments.

2)

Frg 7-46 shows the DC traceablhty system, Tabie 7-28 shows a list of
equipment and instruments. : S _

Laboratory condmons

The NCL-SA's laboratory for calzbrauon of electric measures, except time and :
frequency, covers approx, 360 m2 mcludmg the enlarged second ﬂoor of the
SIRIM Measurement Centre. The_condmons of ‘;he laboratory -are as shown
below. S | |

1. The.room temperature and humidity must be controlled fo 23C +2°C and
55% +10%, respectwely ' -

2. Qil plpmg for renewmg ozl must be provrded near an 011 bath

3. The amount of condrtloned air must be suppressed for uniform temperature'

distribution.



3)

4)

4. Power silpply lines must be provided for measuring instruments and
general-purpose instruments separately. They must not be brought close to
each other.

5. An exclusive grounding lme f01 the measuring instrumenis must be
provided.

6. Emergency power supply facilities, especially, one for the 0il bath must be

provided.

Layout planin labo‘rato’ry

Fig. 7-47 shows the layout plan of the equxpmcnt and facmt;es mcludmg those

'for other parameters, in the electm,al calibration Iaboratory

Estlmanon of work amount and staffing plan

As shown ’I abIe 5-16 and Fig. 5-13 in Chapter 5 above, the electrical laboratory
of the SIRIM Measurement Centre handles approx. 1500 requests for

' Calib'ratibnrseryices, which are increésing. On the other hand, as analyzed in
~ Chapter 5 above, it is pointed out that the electrical laboratory of the SIRIM

Measurement Centre cannot fulfill the industrial needs completely due to its
insufficient capability. It is expected that the number of requests for calibration
services will be more than twice as great as the current number in the year 2000,
To handle such increasing needs, the staff of DC and the staff of resistance
described below should be increased according to the staff increasing plan
shown below. '

1994 1995 1996 1997 1998 1999 2000

Research Officer - 2 2 Z 2 2 y) 2
Assisiant R/O 2 3 3 3 3 3 3
Technician .~~~ 2 3 3 3 3 33

 Total . 6 7 7 7 7 7 7

-5) Eqmpment costs.

The approx:mate costs of purchasmg the additional equipment and instruments
for the NCL-SA as described in the equipment plan are 35 million yen.
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2)

3)
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1)

Calibration by the NCL-P and NCL-JB

The calibration works of the NCL.- P and NCL-JB and thelr facxhnes and
equ;pment plans are described in F7.

Resistance ca!ibration section

Facxhnes and equlpment plan

“The resistance calibration sectmn receives the 1 ohm standard resistor which are

calibrated by the NML and controls a group of five 1 ohm standard resistors to
maintain the NCL's reference standards. It calibrates the resistance ranges from
1 mQ to 10 MQ by means of comparison using the resistance converters. It is
equipped with a large-sized oil bath to méintain and control the standards and to
carry out requested calibration works. It also has direct current cdmpaﬁson type
resistance bridges for calibration. Fig. 7-48 shows the re_siStance traceability -
system. Table 7-29 shows a list of equipment and instruments.

Staffing plan

The techmcal staffs of the DC sectlon shown above shou{d take charge of this
ﬁeld The slaffmg plan is as descnbed in 4) Fi above :

Equlpment costs '

The approximale costs of purchasmg the addltlonal equ;pment and instruments
for the NCL-SA as described in the equlpment plan are 40 million yen.

LC calibration section
Facilities and equipment plan

The LC calibration section should use the standard capac:tors (1{) 100 and 1000
pF) calibrated by the NML as the NCL's reference standard and should offer
calibration services using automatlc capacitance bridges and LCR meters. The
NCL takes charge of the capacity and frequency ranges in which spec1f1_ed '
accuracy may be obtained relatively easily. Calibration of high-freqeency,
large-capacity and high-voltage capacitors. should be taken charge of by the .
NML. As for inductance, impedance, etc., the NCL covers the Tanges which

may be calibrated with LCR meters for the time being. When the calibration

method is established, NCL's operation ranges should be expanded.
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3)

F4.
)

Fig. 7-49 shows the LC traceability system. Table 7-30 shows a list of

‘equipment and instruments,

Stafﬁng pian |
As described in 4), Fl above, the staff of LCiénd AC voltage should be

increased according to-the staff increase plan shown below in order lo handle
increasing works. '

1994 - 1995 1996 1997 1998 1999 ~ 2000

Research Officer 1 1 1 | i 1 1
Assistant R/O 2 2 22 2 2 2
‘Technician 2 3 3 3 3 3 3

5 6 6 6 6 6 6

Total

Equlpment costs

‘The appmx;mate costs of purchasmg the additional equipment and instruments

for the NCL-SA as described in the equipment plan are 20 million yen.

AC voltage calibration section
Eacilities and equiprﬁent plan.

The AC voltage calibration section should have.the AC-DC difference standard
which are calibrated by the NML and offer calibration services in the range
from 0.2 mV to 1100 v at.an accuracy of +100 ppm or less using the standard
AC voltége’ generator or precision digital voltmeter based on DC voltage.

As for AC culre:nt' it should have the AC shunts and impedance standards
which are calibrated by overseas metro]ogy laboratories and offers calibration
services of precision dlgltai voltmeters, 1mpedance standards, AC shunts, etc. in
the range from 1 mA to 100 A at an accuracy of £200 ppm or less.

"In"a'dditioh' o above éqﬂipfrfent' as AC calibration system, it shounld provide, the
' hlgh voltage testmg system up to AC 30kV, DC 50kV for the calibration

- services of voltage transformer high voltage meter, and w1thstandmg tester.

Fig. 7-50 shows the AC voltage traceability .system. Table 7-31 shows a list of
equipment and instruments.
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Staffing plan .

The technical staffs of the LC calibration section should also take charge of this
field. Thus, the staffing plan is the same as described in 2), F3

Equipment costs

The approximate costs of purchasing the additiorial equipment and instruments
for the NCL-SA as described in the equipment plan are 30 million yen.

Flectric power and electric energy calibration section
Facilities and equipment plan

The electric power and energy cahbrattan section should have the smgle»phase
and 3-phase standards which are cahbrated by the NML and offer cahbratlon
services using power meters as the working standards The NCL seems 1o
fulfill most of the industrial needs, though the NML handles néeds for high
precision. The NCL will not have any facﬂlt:es and equ;pment for electric
power calibration for the time being, since there are few ln(iusinal needs and
duplicate ;nvestment should be av_mded Fig. 7-51 shows the _power and energy
traceability system, Table 7-32 shows a list of equipment and instruments.

Staffing plan

Two technical staffs may handle the works of electric power and ener gy.

1994 1995 1996 1997 < 1998 1999 2000

Research Officer 0o 0 0 0 0 0

Assistant RIO i 17 1t 1T

Technician _ 1 f 1 1 1 i 1

* Total 2 2 2 2 2 2 2
Equipment costs

The approximate costs of purchasmg the addltzonal equipment and mstruments
for the NCL-SA as described in the equlpmem plan are 30 million yen.



¥6. Time and frequency calibration section

b

2)

3)

Facilities and cquipment plan

The time and frequency calibration section should have the standards calibrated
with the rubidium standard of NML and offers frequency calibration services
using quartz oscillators as the working standards. The facilities and equipment
cun’éntl_y possessed by the SIRIM Measurement Centre will be sufficient for
these works.'Fig. 7-52 shows the time and frequency traceability system.
Table 7-33 shows a list of equipm.ent.and instruments. .

Laboratory conditions

The acoustic laboratory of the SIRIM Measurement Centre will be moved to the

_ NML That space may also be used for the time and frequency calibration

sectlon of the NCL- SA, amounting to a floor space of approx. 120 m?. The
room condittons must be the same as those of the elecmcal calibration
laboxatory '

'Stafﬁng plan

Demands for cahbranon show rapxd increase recently Such trend seems 10
contmue for the time. being. There will he approx. 500 applications for
calibration in 1993, while there were approx 220 applications in 1992,
Estimation of further applications is as shown below.

1994 1995 1996 1997 1998 1999 2000
Demands (Estimate} 500 750 1000 - 1200 1400 1500 1600

To handle such increasing .-d-_emhnids, we propose a staffing 'plén'_3h6wn below.

_ 1994 1995 1996 . 1997 1998 1999 2000
Research Officer 1 '

1 1 1 1 1 1
AssismiRO 1 1 1 1 2 2 2
Technician 2 2 3 3 3 3 3

Towd 4 4 5 5 6 6 6
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F7. Electrical calibration laboraicries of the NCL-P a.‘nd. NCL-JB _

D

3y

The NCL-P and NCL~JB are to offer calibration scrvices in the following fields.

DC voltage / current

1.

2.  Resistance o

3. AC voltage_/c'urren_t _
4, LC :

5. Electric power

6. Frequency / time

Facilitics and equlpment plan -

The electrical calibration labortones of the NCL P and NCL JB must have the
same fauimes and eqmpment They may have lower accuracy and ranges since
they need not be eqmvalent to the Ievels of NCL SA's facxhtates and equipment.
Fig. 7-53 shows the traceabllxty system T able 7-34 shows a hst of equipment

and instruments.

_ Cahbrauon 00m condltlons

The cahbranon room must be controlled to a tempera;ure and hum;duy of 23°C

- 32°C and 55% +10%, respectively. Cahbrat:on services shauid cover only the

ranges where the envuonmental condltzons have no mﬂuences No oil bath or
other spec1a1 facilities are prov1ded Other general environmental conditions are
the same as those of the NCL-SA.

Staffing plan
The staffing plaris of the NCL-P and NCL-JB are shown below. At the
beginning, six techmcal staffs will handie cahbratlon services. The staff will be

increased gradually on the assumpnon that dema.ncls for calibration will increase
as described in the section on the NCL-SA above. The plan shown below

* assumes that the first year is 1995.

1995 1996 1997 1998 1999 2000

.'DCv:o'l‘tage/re'sistance_' R 34 45 6
- LC, AC voltagé_/ electric poWer“ 2 3 3 4 | ] .6
Time and frequency | 2 2 2 3 | 3. | 4
Total 6 8 9 11 13 16
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Equipment costs

The api)roxim_ate costs of purchasing the equipm;e:nt and instruments for the
NCL-P and NCL-JB as described in the equipment plan are 45 million yen.

On-site calibration services

In addition to the current cahbratlon servwes it is recommended that technical

staffs visit clients in on-site service cars to offer calibration services for
‘popularization of incasuring tcchm_ques and more careful services. On-site

calibration services may elimin_afe such problems as temporary shutdown of

‘manufacturing, which are caused if- measuring instruments built in the
‘manufacturing facilities of a factory are sent for calibration. In addition, such

-~ services can reduce the calibfation periods remarkably We consider that there

:_wﬂl be great needs for such serv1ces and propose them as a part of NCL'
preparation and expanswn plan '

_ 'Flg 7- 54 shows an example of the funcuons and faCﬂl[l(’S Though a service

car has an air condltloner there will be resmcnons upon calibration works in
the car judging from the environmental condmom only. Thus, the standards
and measuring instruments to be installed in the service car should be almost
free from in'ﬂuences of temperature and humidity. In other words, on-site
calibration services may only have to cover measuring instruments used on the
manufactunng sites. The precision standards and measuring instruments cannot
be installed in the service car.

The service car has an air conditioner. It is equipped with the standards and
meés'uring instruments systematically for good work efficiency. The same
types, of standards and measuring instruments are installed in the service car as
far as poss1ble for compatibility, easy handling, and mamtenanceab:hty The
measuring instruments may be detached and attached easily to meet hot and
humid conditions.

- The foﬂowing shows the applicable calibration functions and ranges.

1. DC voltage and current
1 mV to 1000 V, 10 uA to 36 A, best accuracy: 50 ppm

2. Resistance

1 m to 1010 Q, best accuracy: 100 ppm
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3. AC voliage and current
1 mV to 1000V, 100 mA to 50 A, best accuracy: 500 ppm

4. Electric cnergy
2 W, single-phase to 4 W, 3-phase, best accuracy: 500 ppm

5. RF
Counter / signal generator

Table 7-35 shows a list of equipment.
Applicable standards and measuring instruments are,

DC voltage and current generators, AC voltage and current generators,
DMMs, indicating instruments, standard resistors, decade resistors, DC
potentiometers, standard potential dividers, standard shunts, ohmmeters, DC
bridges, double bridges, insulation resistance testers, earth testers,
watimeters (2 W, single-phase to 4 W, 3-phase), power factor meters, phase
meters, frequency counters, counters, oscillators, etc.

7-80



ATESS30MN

X{ 008

neaedas

"3prg ur
pepn{oul

SS9T J0 %0L*0. 0TTF0T

098

Iy Sloyduy

(B1)
Juryzaey

/47 Qo1

XTI 0001

41

/A7 001

X1 0001

48

000028

§591 J0 %09°D, 0"¢FET

82s

T4

Ssef a0 %09°0. 07T+

¥29

[EOYI3097Y

w/A7 001

X1 0001

i

{AoyRI0qe]
JUBIRINSEIY] [RJIIUBY)

% F09 ‘0. 07CFLZ

- 000OIT

{Aao)eaoue]

JUMIDINSES) UCISIDBId)

%6 Feg ‘0, 0 1FET

448

83«3&&&

- XT 006T

aieaedag

Axessadey

006022

{AxoreI00W]
UNRBNS By, [BIRUSY)
$581 JO %09°0, 072562

{wIshg
UOTIBOIFI43, DISEY)
$S9[.J0 %00°D. S 0F0Z

{*br1) #¥1

(se9) 91%

HOT3/AUN[OK

Aagssavan

XT 000t

Gl

AJessaoay

XT 0001

o1eaedeg

AXesSSE00N

000 ‘0z

$531 40 %09°D. 0'ZTFET

Wi

. 2JInNssadd

$531 J0 %090, 0CFEE

91z

20404

AJBSSSOON

ATESSAON

X1 goot

g1

000 ‘0S¥

(AsoyeI0qR]
JUSBINSERY [BJauUsn)

| 5521 40 509°0, §'0F 62

 (Aa0yeacqe?
SOUB[EY UOISTDAI])

- ssa1 a0 %090, S0 5T

44}

SSBY

Aressacon

AIESS0ON

- X1 0001

4T

h.:.wmmmamz

AJBSSIOIN

o 000LEE

- r(Aaoyeaoge]
JUBRINSZI [BIRUY)

597 40 %090, §°0F0Z |

(A10yeI00%]

JUSIRINSERY UOISTAALY) |

$591 d0 %050, S '0+02

917

yrdue

SIRUI0

woryeagyy

-1y -

SSBUUBRI]

proTyos -
o1puSEY -
=GJ30019

soueuIuni{1

UoT38007]

 J00F4
30 U
~3000JU19Y

{usX 00OL)
150)

Ayrpumny
pue
858&_8& wooy -

{ 20}

BV 40014

ioﬁponﬂ

SOLIGIEIOGE ] PIEpUIS TN 0] UOBIPU0D)

aueudinby

{-L @IqeL

7-81



. : w.msmaﬁ dpmys opy
10 21GE0110%4d SBY KOAINS O “muomwawsp ‘9118 ) e ABM Jopum Sen jIed UOR)-USIH aﬁﬁnm mo =oﬁpo=&umcoo ayj, n*v 910N

arey Vo
. ,_coow SN
_.ﬁazyzm_mu“ puasy]
© O v © @ 0 KIYIS TeaN
o) o) © e Rl O saed AS0YouyooL
(=¥ (YN O v Y © WIBd UOSL-YSIH Wiy
HOTIBPOMIOODY | U, BIGTA B 3STON | AJT101330911 $5900Y uotyejaodsueay | woaﬁ_@cmq U0 118207

UoT)B07 JO S[Ue] uoStavduo)

%=L 8198l

7-82



Table 7-3  Equipment List (Length)

1. END STANDARDS {(GAUGE BLOCK)

1) Todine-Stabilized Ho-Ne Laser Measurement System -
2) Autématic Gauge Block Interferomoter Systeﬁ

3) Gauge Block Calibration Unit (Comparator)

4) Gaugo Block Set (1 - 100 mm, Steel, Gr.AA Special)
5) Gauge Block Set (1 - 100 mm, Steel, Gr.Ad)

6) Gauge Block Set (1 - 100 iy, Tungs.ten Carbide, Gr.AA)
7) Gauge Block Set (1 - 100 mm, Ceramic, Gr.AA)

8) Long Gauge Block Set (Steel, Gr.AA)

9) Thin Gauge Block Set (Gr.AA Special)

10} Gauge Block Accessories Set

11) Gauge Block Maintenance Kit

12) Precision Ext. Micrometer Sets

13) Precision int. Micrometer Sets

2. LINE STANDARDS (SCALES)

1) Length Bench (20 m) w/Laser Measuremeni System
2) im Length Compabator w/laser Measurcment System

3. ANGLE STANDARDS

1) Autoco] limators

2) Combination Angle Cauges (0 - 90, 3" step)
3) Combination Angle Gauges (0 - 90, 6" step)
1) Precision Polygon (Ref. Gr.)

5) Precision Polygon (Cﬁlibratioh Gr. )

6) Taper Paraliels Combination Set

7) Engineers Parallels
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Table 7-3 Equipnent List (length) - {Cont'd)

A. OTHER RELATED DIMENSIONAL STANDARDS
1) Calibraled Stect Balls (1 - 25 nm, 1 mm step)
2) Calibrated Steel Balls (1 ~ 12.5 mn, 1 wm step)
3) Optical Flats _
4) Optical Parallels (12 - 12.375 mm)
5) Optical Parallels (12 - 25 mm)
6) Universal Monochrome Light Unit
7) Tooilmakers Flat
8) Master Cylindrical Plug Gauges (various size)
9) Master Ring Gauges (various size)
10) Master Taper Plug Gauges (various size)
11) Seif-Centering Inside Micrometers
12) Depth Micrometers Set
13) Micrometer Heads w/Siiding Spindle
14) Screw Thread Micrometer w/Interchangeable Anvils
i5) Thread Pin Gauges
16) Pin Gauges Sets
17} Thread Limit Plug Gauges
18) Thread Limit Reller Gauges
19) Thread Limit Setting Gauges
20) Precision Comparator Stands
21) Digital Height Measuring Machine
22) Centre Bench
23) Surface Plate w/Centre
24) Taper Testing Machine
25) Universal Measuring Biock
26) Universal Measuring Machine w/Digital Readout
27) Testing Machine for Dial Indicaters
28) Toolmakers Microscope
29) Precision Profile Projector
30) Roundness Measuring Machine
31) Surface Texiure Measuring Machine
32) Screw Thread Gauging and Measuring Machine
33) Automatic Gear Inspection Machine
34) 3-Coordinate Measuring Machine
35) Granite Surface Plate
36) Component Measuring Microscope
37) Precision Gauge Measuring Centre
40) Temperature and Humidity Chart Recorder
7 -84



Table V-4 Fquipment List (Mass)

1) Primary Standard Mass (OIML Class El1, 1kg)

2) Standard Weight Set (OIML Class Ef, | ag - 20 kg)

3) Primary Standard Mass Comparator (1 kg/ 1 ug)
4) Mass Comparator (50 kg/5 mg, Class El)

5) Mass Comparator (20 kg/1 mg, Class El)

6) Mass Comparator (10 kg/0.1 mg, Class El)

7} Mass Comparator ( 2 kg/0.5 mg, Class El)

8) Mass Comparator ( 1 kg/0.005 mg)

9) Mass Comparator (500 g/0.01 ng}

10) Mass Comparator (200 g/0.001 mg)

11) Mass Comparator { 50 g/0.081 ng)

12) Mass Comparator ( 20 g/0.001 mg)

13) Mass Comparator { 3 g/ 0.1 yug)

14) Precision Balance (20 kg/50 mg)

15) Precision Balance (10 kg/10 mg)

16) Precision Balance ( 5 kg/ 1 mg)

17) Precision Balance ( 1 kg/0.1 mg)

18) Precision Balance { 1 kg/0.05 mg) S.G. Balance
19) Precision Balance (200 g/0.01 mg)

20) Precision Balance (25 g/0.001 mg)

21) Precision Balance (4 g/ 0.1 ug)

22) Detector System for Determining Air Density
23) Anti-Vibration Balance Tables

24) Ultrasonic Weight Cleaning System

25) Aneroid Barometers

26) Fortin Barometers

27) Temperature & lmidity Chart Recorder



Table 7-5  Equipment List (Volume/Flow)

1. GAS MEASUREMENT

1) Piston Prover (20 litre)

2) Bell Prover (0.5 m*)

3) Bell Prover (3.5 m®)

4) Consiant Volume Meter (65 m®/h)
5} Precision Platform Scalte (600 kg)
6) Storage Tank (1000 litre)

7) Calibration Fluid (Light 0il)
8) Instrumentation & Computers

9) Hoist & Crane System
10) Pumps, Pipings & Auxiliaries
11) Sonic Nozzles (Low Pressure)
12) Sonic Nozzles (High Pressure)
13) Transfer Standard (656 m*/h)
14) Gravimetric Tank (50 or 100 1)

2. LIQUID MEASUREMENT
1) Gravimetric Tank { 500 litre)
2) Gravimetric Tank (1000 litre}
3) Load Cell System ( 2 ton)
4) Load Cell System ( 5 ton)
5) Load Cell System (i0 ton)

3. VISCOSITY STANDARDS
1} Standard Viscosity Meter
2) Viscosity Standard Liquid



Table 7-6 Equipment'bist (Foree)

1. TFORCE - o
1) lydraulic TForce Standard Machine (2 MN)
2} Hydraulic Force Standard Machine (5 MN)
3) Standard Dynamometers (100 kgf - 10 MN) -
4) Universal Foree Calibration Unit ( 5000 kef)
5) Universal Foree Calibration Unit { 27000 kgf)
0) Universal_Fbrce Calibration Unit { 50000 kgf)
7) Universal Fdrce Calibration Unit (270009 kgf)
8) Precision Proving Rings'(variOUS up to 500 tf)
9) Precision Strain Gauge Load Cell (various up to 500 tf)

2. HARDNESS |
1) Hardness Standard Machine (Vickers HV30)
2) Hardness Standard Machine (Rockwell HRB, HRC) -
3) Hardness Standard Machine (Rockwell Superficial)
4) llardness Standard Block (Vickers)
5) llardness Standard Block {Rockwell) "
6) Hardness Standard Block (Brinell)

3. TORQUE ~
1) Torque Standard Machine { 5 - 5K NM)
2) Torque Transducer (5 - 5K N)
3) Torquemeter (5 ~ 5K NM) -



Table 7-7 Fquipment List (Pressurc)

1. NORMAL & HiGH PRESSURE
1) Air/Gas-Operated Digital Pressure Controller (G -~ 10 kPa)
2) Air/Gas-Operated Pressure Balance {100k - IM Pa)
3) Nitrogen Pressure Cylinder
4) Qil-Operated Pressurc Balances (200k - 5004 Pa)
5) Pressure Oscillating Quariz Force Transducers
6) Precigion Bourdon Tuhe Gauges .
7) Piston Gauge (0il:0 - 6000 psi, Air:0 - 10 bar)

2. LOW PRESSURE
1) Liquid (Water, Mercury) Column Mancmeter
2) Standard Haas Barometer
3) Mercury Column Barometer (1 ~ 100 kPa)
4) Automatic Pressure Calibrator for Pressure Gauge

3. BARDMETER
1) Interference Manometer (1 - 100 kPa)
2) Precision Fortin-type Barometer
3) Barometer Test Chamber

4. VACUIM
1) McLoad Gauges (0.1~ 2 Pa)
2) ionization Vaéuwn Gauges (10-*~10"' Pa)
3) Yacuum Gauge Comparator



Table 7-8  EQUIPMENT LIST (Temperature)

. Temperature Fixed Point: Cells (including Reference Substance and Crucible)

1) Triple Point of Argon (~189.344 2 C)
2) Tfiple Point of Mércury {-38.8334 °C)
3) Triple Point of Water (0.01 °C)

4) Triple Point of Galiun (29.7646 )

5) Triple Point of Indiwm (156,598 5 °C)
6) Freezing Point of Tin (231.928°C)

7) Freezing Point of Zinc (419.527 °C)

8) Freczing Point of Aluminium (660.325°C)
9) Freezing Point of Silver (961.78°C)

10) Melting Point of Paradium (1552 °C)

2. Bath or Furnace for Reaiizing Fixed Points (with Regulator)

1} Cryostat

2) Bath for Medium Temp. Range ( 20~200 °C)
3) Bath for Mediun High Range (200~700 °C)
4) Baih for High Range (500~1100°C)

. Standard Ther'mometérs

1) Capsule Type Platinum Res. Thermometer
2) Stem Type Platinum Res. Thermometer
3) Radiation Thermneter (Silicon Detector Type)
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Table 7-9 Equipment List (Electrical) - DC Voltage

Equipment Name Q'ty
1, DCCP 1
2.  Reference Bivider 2
3.  Null Detcetor 2
4. Calibrator : : 1
5. Amplifier 1
6. DWM 1
7. Transfer Voltage Standard 2-
8. 100 1 Liquid He Dewer i
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Table 7-10

Equipment List (Electrical) - Resistance

Equipment Name Q'ty
1. DCCB w/Extender for V/1 - 1
2. Transfer Standard 1lkohm, 10kohm 1
3. Shorting Bar 1
4.  Standard Resistor 10kohm 3
5.  Standard Resistor 10Mobm 1
6. Standacd Resistor 100Mohm L
7. Standard Resistor 11 pieces 1 set
8. Calibrator 1
9. Am;alifier 1
10.  Null Detector 1
11.  Shunt 1 set
12, DW (8-1/2 digit) 2
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Table 7-11 Equipment List (Electrical) - IC

Equipment Name Q'ty
1.  Capacitance Bridge 1
2. Auto Capacitance Bridge 1
3. ILR Meter w/Readwire 1
4. LCR Meter w/Readwire : t
5.  Standard Capacitor 3
6.  Standard Capacitor 1000pF 20kV 1
7.  Standard Capacitor 10nF 2kY 1
8.  Curreni Comparator w/CI 1



Table 7-12  Bquipment List (Electrical) - AC Voltage

Fquipment Name Q'ty
1. AC/DC Thermal Transfer Standard w/option -~ 1
2. Calibrator ' -2
3. Amplifier U
4.  AC Measurement Standard 1
5. Inductive Volltage Divider (7 dial) 2
6.  AC Shunt 10mA-208 - 1 set
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Table 7-13  Equipment List (Electrical) - Power and Energy

Equipment Name R ) Lty
1. Multi Junction Thermal Converter - 1
2. Calibrator - 2.
3. Awplifier - 1
4. Synthesizer o  1
5. kattconverter _ - | R
6. Digital Phase Meter 1.
7. DM | . 1
8. Watthour Meter Testing system7 . 1
9.  Standard Watthour Meter (3 phase,4 wire) 2
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“Pable 7-14  Bquipment List (Electrical) - lligh Voltage

Fquipment Name o @ty

-1. CT Testing. systen ' -1
2. Currént Conp. CT.Test Set up to 2000A 1
3. Eiectronic Rurden for CT |
4. Curfent TranSformer 3
5. . High Current Generator System 1

' 6. Reguiator for High Voltage 1
_7; ﬂpJTransformer {(100kY) 1

8. Standard VT (100, 50kV) 1
9. AC High Voltage Meter (50kV) |
10.. DC High Voltage Power Supply 1
11.  DC High Voltage Probe (100kV} ‘ 1



Table 7-15 Fquipment List (Time/Frequency)

Equipment Namo

Laboratory Type Primary Cesium Beam Freguency Standard
Cesium Beam Frequency and Time Standard
Distribution Amplifier

Linear Phase Comparator

Freq. Difference Meter

Quartz Freguency Standard

Rubidium Frequency Standard

Time Interval

Universal Counter

Frequency Synthesizer

GPS Receiver

Time Distribution System
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Table 7-16 Equipment List (Time/Freguency) by parameter

Equipment Name Q' ty

( Attcnuation )
Decade Transformer
Piston Attenuator
Level and Attenuation Calibrator
Attenuation Calibration System
‘Yector Network Analyzer
Standard Attenuator

( RF Power )
Microcalorimeter
Power Bridge
Power Standard
Rigital Power Meter

e i e

( RF Voltage )
Micropotentiometer 1
RMS Voltmeter - 1

{ Noise )
Standard Noise Generator _
Noise Figure Measurement System - . i



Table 7-17  Tguipment List (Acoustic)

Anechoic Room

Dummy, 1"

Dummy, 1/2"

Microphone Power Supply
Microphone Preamplifier (2 sets)
Microphone, 1" (2 sets)
Microphone, 1/2" (2 sets}
Pistonphcne (2 sets)

Power Amplifier

Sound Level Calibrator

Band Pass Filter

. Ratiotransformer (2 sets)

. 1:1 Special Purpose Transformer
. Programmable Oscilloscope Calibrator
. 1/73-1/1 Octave Filter Set

. Pre. Inter. Sound Level Meter

. Sound Level Calibrator

. Barometer

. Computer (CPU)

Video Graphics Color Display

. Think Jet printer

. Printer

Microphone Preamplifiecr
Mici*ophone Power Supply
Programmable Pulse Function Generator
Programmable RC Oscillator

. Universal Counter

AC Voltage Stabilizer

29. Regulated Power Supply

30. Temperature-Humidity Recorder
31. Muitimeter

32. AC Voltage Stabilizer

33. AC Auto Voltage Regulator

®® NSO s W
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Table 7-18 Fquipment List (Vibration)

1. Vibration Calibration System



Table 7-18  Equipment List (Electrical ~ Photometry)

Equipient Name Q'ty

1. Luminous Intensity Standard System
1-1. Luminous Intensity Standard Lamps 3 set
{-2. Luminous Intensity Working Standard Lanps 3 set
1~3., DC Power Supply 50V, 354, GP-IB 1.
1-4. DC Power Supply 250V, 8A, GP-IB 1
1-5. 6m Photomcter Bench | 1 set
1-6. Shunt 56, 10, 34 1 zet
1=7. V(1) Photo Sensor 1
1-8. Distribution.'lhenmuetér 1
1-9. D 3
i-10. Computer 1

2. Total Luminous Flux Staﬁdard System
2-1. Total Luminous Flux Standard Lamps '3 set
2-2. Total Laminous Flux Working Standard Lanz)s 3 set
2-3. Integratirxg Sphere 2.5m 1
2—4._. V() Photo Sensor 1
2-5. DC Power Supply 250V, 84, GP~IB 1
2-6. AC Power Supply 280V, 20A 1
2-7. Reference .Ballast i
2-8. DM 3
2-9. AC Power Méter 1
2-10. Digital Pt. Resistance Thermometer 1
2-11. Computer 1
2~12. Spectroradiometer System 1 set
2-13. 1 set

Life Test System of Standard Lamp
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Table 7-20  Iquipment List (Electrical - Magnetic)

l-Jquipment;Name Q'ty
1. Nuclear Magnetic Resonance System | 1
2. Helmholtz Coil System 1
3.  Electromagnet Syétem 1
4. 'Flukgate Magnetometer 1
5. Gaussmeter o 1
6. Standard Magnet 1 set
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Table 7-21  Allotment Plan of Calibration Works

5 NML NCL

QUANTITY _ - _ -
R&D C_A .. | Shah Alam Penang Johor

Length © AT O O _:O

Mass © © O O

Force © A e R N A

Pressure © A "t) A AN

Volume/Flow © A o o

Temperature Ne) Ef o t) O

Electrical |

Voltage/Resistance © © O O

AC and LC © - © Q O

High Voltage ' @I |

Power/Energy © @ O O

Optical ) o |

Magnet_ié © "Ol |

Time/Frequency © A O O 10

Acoustic © O

HF/Microwave © @)

NML

© Research and Development of Standard
(O Calibration Works until Establishment of Standard

A Calibration Works (Partial) .

NSL

© Calibration Horks

() Calibration Works (Partial)

A Calibration Works {Future)
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Table 7-24 EXPECTED GLOWIH OF CALIBRATION SERVICE (PHYSICAL QUANTITIES)

YEAR MASS  LENGTH VOLWME ~ FLOW  FORCE  TEMPERATURE
o & PRESSURE
1980 4374 336 BT 482
¥1990 4416 350 . U5 518 583
#1991 7258 2260 296 o 1378
*1992 7950 - 7664 . . 313 560 1206 1697
1993 8642 13068 419 750 1708 2016
1994 9334 18472 525 940 2210 2335
1995 10026 23876 631 . 1130 2712 2654
1996 10718 29280 738 1319 3214 2973
1997 11410 34684 844 1509 3716 3292
1998 12102 40088 950 1699 218 3611
1999 12974 45492 1056 1889 4720 3930
2000 13486 50896 162 2078 - 5222 4249
2001 14178 56300 1268 2269 5724 1568

2002 14780 61704 1374 2459 6226 = 4887

Expecting growth in next ten years : B
2002/1992 - 1.87 8.05 4.39 4.39 5.16 2.88

(Source : SIRIM, data from 1989 to 1992)

Note : Number of Calibration in Volume and Flow Laboratory
was not separated before 1991.
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Table 7-25 Equipment List (Mass)

1) Standard Weight Set (OIML Class E2, 1 mg - 20 kg)
2) Standard Weight Set {(OIML Class E2, 1 mg - 20 kg)
3) Standard Weight Set (OIML Class E2, 1 mg ~ 500 g)
4) Standard Weight Set (OIML Class F1, 1 mg — 50 kg)
5) Stlandard Weight Sct (OIML Class Fi, 1 mg - 1 kg)
6) Standard Weight Set (OIML Class ¥2, 1 mg - 50 kg)
7) Standard Weight Set (OIML Class F2, i mg ~ 1 kg)
8) Mass Comparator (50 kg/10 mg, Class E2)

9) Mass Comparator (20 kg/ 1 mg, Class [2)

10) Mass Comparator (10 ke/O.1mg, Class E2}

11) Mass Comparator { 1 kg/ 0.01 mg)

12) Mass Comparator ( 1 kg/ 0.1 mg)

13) Mass Comparator {200 g/ 0.1 mg)

14) Mass Comparator (200 g/ 0.001 mg)

15) Mass Comparator (5 g / 0.5u8)

16) Mass Comparator (5 g / 0.001 mg)

17) Precision Platform Scale (600 kg/ 1 g)

18) Precision Platform Scale (300 kg/ 0.1 g)
19) Anti-Vibration Balance Tahles
20) Ulirasonic Weight Cleaning System
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Table 7-26  Eguipment List (Volume/Flow)

1) Vehicle for Calibration Services
2) Standard Tanks
3) Standard Viscometer
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i-1,

1-3.

2-1.

2-2.

Table 7-27 Equipment List (Farce/Prassure)

FORCE

1) Load Cell (Tensile & Compression) w/Display Unit (0.5, 1, 3, 5, 10 tf)

2) Load Cell (Compression) w/Display Unit (50, 100,-209,:300,-500 tf)
3} Universal Force Calibration Unit (500 tf)

. HARDNESS

1) Hardness Standard Block (Vickers, Rockwell,. Brinell)

TORQUE |
1) Torque Checker .
2) Torgue Transducer .

NORMAY, & HIGH PRESSURE -
1) Air/Gas QOperated Dead Weight Pressure Tester
(0i1:0 - 6000 psi, Air:0 - 10 bar)
2) Pressure Oscillating Quartz Force Transducers
Pressure Transducer (25, 50, 100, 250, 500, 1000, 2500, 5000, 7500, 10000
psi)
3) Bourdon Tube Gauges

LOW PRESSURE

1) Liquid (Water, Mercury) Column Manometer
2) Standard Haas Barometer
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Table 7-28  Equipment List (Eleetrical) - DC Voltage

Fquipment Name o'ty
1. BCep Ty
2. Reference Divider 1
3. Null Detector : i
4.  Calibrator L2
5. Amplifier 1
6 DM 2
7. Transfer Voltage Standard B |
8. DC éélibratibn System' 2
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Table 7-20 - Equipment List (Electrical) ~ Resistance

Equipment Name Q’ ty
1. - Standard Resistor 1Q 3
2. Standard Resistor 280t
3. High Resistance Standard 1G-1007 1set
4. Digital Teraohmeter | L
5. Calibrator 1
6. Amplifier | 1
7. 0il Bath wDigital Thermometer 1
8. Null Detector 1
9.  Shunt | |

7. 110

1 set



Table 7-30  Exquipment List (Electrical) - IC

Equipnent Name . Q' ty
1. Auto Capacitance Bridge : S |
2.  LCR Meter ' 1
3. Standard Capacitance 1,10,100,1000pp 1 set
4. Standard Capacitance 0.01,0.1,14F _ 1 set
5.  Standard Capacitance {1MHz) 1 set
6. Standard Inductance (Ikilz) 1 set
7.  Standard Induetanée (1MHz) 1 set
8. Freguency Counter (100MHz)}: 1
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Table 7-31  Equipment List (Electrical) - AC

Fquipment Name o @ty

1. AC/BC Thermal Transfer Standard w/option. . _1:
2. Calibrator | 1
3.  Amplifier o 1
4.  AC Measurement Standard L | 1
5. AC Shunt 10mA-20A L 1set
6. Inductive Voltage Divider . . B | |
7. AC Calihration System | o
8. DC High Voltage Divider (s0kv) . . L
9.  DC Righ Voltage Supply (50kV) 1
10.  Voltage Transformer (30kV) 1
11.  AC High Voltage Supply (30kV) 1
12.  Withstanding System (50kV) 1
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Table 7-32 Faquipment List (Electrical) - Power and Energy

Equipmént:Name 'y
i.  Power Generator System i
2. Watteonvert_ér = 3
3.  AC Power .Meter 1
4. AC Power Meter L 1.
5. Digital Phas'e Meter: .
6. DF Meter 2
7. Wattmeter -3
8. M o
9.  Frequency Counter (100Milz) 1
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Table 7-33  Equipment List (Time/Freguency). -

Equipment Name Q' ty

Rubidium Freq. Standard

Quartz Oscillator

Distribution Amplifier NP5087A

Time Transmission System

Freq. Difference Meter Tracor 527E
Synthesized Function Generator HP3325A
Synthesized'Signal-Generator HPB657R
Universal Counter HP5328B

Universal Counter

Oscilloscope Calibrator

Spectrum Analyzer

Multimeter Fluke 8840A _
Digitizing Osciiloscope HP 54501A |
Curve Tracer |
Distortion Meter Calibrator

Wow and Flutter Calibrator
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Tabl'e 7-34  Fquipment List (Electrical) - NCL-P and NCI-JB

Equipment Name Aty
1. D¢
1~1.  Reference Divider 1
1-2.  Null Detector 1
1-3.  Calibrator 1
1-4.  Amplifier _ o 1
1=5. DM (DC V, AC Y, Q, DC I, AC 1) 1
1-6.  DC Calibration System 1
1-7 DC V/A Meter 12 pieces 1 set
2. Resistance
2-1.  Standard Resistor 1 set
2-2.  Decade Resistors 10000 1
2-3. Decade Resistors 100MQ i
2-4.  Shunt 2A-100A 1 set
3.
3-1.  ILR Meter : _ 1
3-2. Standard Capacitance 1,10, 100, 1000pF 1 set
' 3-3. Standard Capacitance 90.01,0.1,1,F 1 set
4. AC ;
4-1.  AC Measurement Standard 1
4-2. AC Calibration System 1
4-3. AC V/A Meter 20 pieces 1 set
5. Power _ :
5-1. Power Generator System 1
5-2. Wattconverter i
5-3.  AC Power Meter i
5-4. AC Power Meter 1
5-5. Digital Phase Meter 1
5-6. PF Meter 2
5-7.  Wattmeter 2
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Table 7-35 Fquipment List (Calibration Service Car)

Equipment Name @'ty
Calibrator 1
DM (DC V, ACV, Q, DC1, &C 1) 1
Decade Resistors 10000 1
Decade Resistors IOGMQ : | 1
Shunt 2A-100A I set
DC Calibration System o 1
AC Calibration System 1 set
Power Generator _ 1
Digital Power Meter 1
Frequency Standard 1
e 1
Freguency Counter 1
Air Conditioning System 1 set
Car ._ _ ‘ ‘ 1
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Fig. 7-1  Organization Chart of MNC

National Metrology Committee

1 Secretariat : SIRIM

Departments | Metrological | |  Academic

in charge of | “Catibration : : Experts

Regulations .{ Laboratories Sector

. Dept. of Weights -SIRIM - «Metrology and . International
“and Measures Measurement Standardization

- Dept. of : > : ' '
Environment . . SAMM Accredited - Regulation .+ Metroiogy and

«Dept. of Laboratories . o Measurement
Transportation :

. Dept. of Electricity
and Gas Supply '

. Dept. of Chemicals

"+ Other Depts concerned
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r'ig. 7-6

Traceability Chart (Mass)

RECALIBRATION
PIRIOD STANDARDS MASS COMPARATORS & BALANCES
international
Prototype Kilogram
(BIPM)
International Comparison
Every 7 years Malaysian Primry National Kilogram of other countries

Every 7 years

Every 5 years

Every 3 ycars

Every 1 year

Standard Ki logram
{SIRIM)
{Accuracy : 3x10-7)

Precision 1kg Mass Comparator

{(Readsbility : 1ug)

 Malaysian Primary
Reference Standard Masses
{(Lmg~-20kg)
OIM, Class Ei

Malaysian Secordary
standard Masses
(1 mg ~ 20 kig)
GIM, Class B2

Mass Comparators Balances :

-0-k2O Mg 200 g/16 pg 20 kg/
20 kg/1 mg 100g/1 ug 10 kg/10
VD 1lmg 50g/1 yug Skl
2ke/S0pug 08/ 1 g 1 kg
2 ke/1 g 5g/1 yg 200 g/,
1kg/ 5ug) 3g/1 ug Wel
500 g/10 u& 4 /0.1

Malaysian Tertiary
Standard Masses
(1 mg - 50 kg)
0IM, Class F1

| Mass Comparators

50 kg/10 g
Wkl

Malaysian Working -
" Standard Masses
(1 mg - 50 kg)
OIML Class F2

7-123

Mass (‘mparétors :

00 kg/10 g
30 /10 mg

Balances :

T RE/S g 5 kg/0.1 mg
600 kg/1 g 3 kg/0.1 mg
300 kg/G.1g 1 kg/.1ng
50 kg/50 mg 1 kg/10 mg
30 kg1 g 200 £/0.1 mg
20 kg/50 mg
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Fig.7-8

Traceability Chart (Gas Flow)

Eéhelon
Level

0.01 %

0.02 %

Standard
kg
2 ~ 6 m/h Basic 2 ~ B m/h
Yerification
Systen-
Constant |3 ~ 6 m/h | Bell Prover |3 ~ 6 m/h Wet .Type
Volume Meter (- 0.5 m Meter
65 m*/h i
2 ~ 65 m*/h 1 ~ 16 m/h
2 ~ 63 W /h
Constant Constant Wet Type
Volune Meter Yolume Meter Meter
65 m*/h 65 m’/h .
1
9~ 65 m/h | Bell Prover 2 ~ 16 m*/h |

3.5m/Mm

{+ Atmospheric Condi tion

Transfer Unit
3 x 400 n*/h

: User's ;
. High Pressure
Standard

7-125

i  High Pressure Condition

8 har

0.04 %

0.08 %



Fig. 7-9 : Basic Verification System

0. 2m3

;gZ ._ | :Lighﬁfﬁii

Test Meter'-

Bell Provef .

_ .52 : ‘ COQiéf L  ;
:E; o

_ Diverte%“ _

¥elghing
. Vesse
0.06»

Storage Tank '

~Light 0Oil
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International

Josephson'Vcl_iage
Standard System

Measurement
Standards
Research Unit

l [ Existing Facility
- New Fagility

Transfer Std.

Zener Voltage Std.
VS84 X2 Statronics
10V; 1.018V

: Aq;oxhatically Cal. System
F Keithly 181 nV Meter

Scanner 320A Daia proof
- System Controller

Facilities to be Reinforced -
. ' ] 'Reference Std. Cells

9152 X3 Guildline

R 4

for Bra.nches.

Fig. 7-17

Standard Cells
YEW 2748
A 4
Méagﬁ;emgm o Industfial__Ficld

Service Unit

Traceability Chart (Electrical—DC V)
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Quantized Hall
Resistance Std.

International
Transfor Std.
Thomas Type L&N
16} 4210
Reference Std. : DCCP
Mcasurement Standard Thomas Type L&N }—4-— 9930
Research Unit 10 X5 2 2ppm +0.2ppm
Existing Facilities
D & Hamon Std.
=24 New Facilitics 4321 100
Facilities to be Reinforced L&N 10:100
Transfer Sid.
10002 ~10M 02
esi SR1010,SR1050
A \\\

L

.............................................................................................................

R

Measurement Services Unit

Fig.7-19  : Traceability Chart (Electrical-Resistance)
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International Standard . AC / DC Difference Std.

........................................................................

..................................................

Measurement Standards Research Unit

for Reference Std. 1 pc _Std'
) — AC/DC Thermal Converter Set | '

AC Calibrator : Holt I
Fluke S7T00A -
220mV — 1000V _

for Primary Std.

L4  AC/DC Thermal Transfer Std. |
Fluke 7924

-----------------------------------------------------------------------

Measurement Services Unit

Existing Facilities
' New Facilities

: Facilities to be Reinforced -

AC/DC Difference Standard

Fig.7-22  Traceability Chart (Blectrical-AC)
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Fig.7-27 Tracesbility Chart (Time/Frequency)

Laboratory Type
Primary Cesium Beam . 1ERS -
Frequency Standard o Leap Second _
: UG
- 3 x Cesium Beam ' - BIPM
Trequency and Tine '
Standard
| VI
Distribution - USNO
Amplifier =
GPS Receiver -
VIC Malaysia
Linear Phase Freq. Difference Time _Ihferval
Comparator . Meter _ Counter
Universal — _
 Counter -~ | Time Distribu-
| _ , — - _ tion System
Quartz Frequency | | Rubidium Frequency | | Frequency DRI
Standard ' Standard | Synthesizer
Frequency / Time Interval S P mime
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Fig.7-29 a)

('Attenuation )

Decade Piston
Transformer Attenuator
Below
50 khz ——
Mesuerand Attenuation - |  Vector
Attenuation Calibration | - Network
Calibrator System Analyzer
Below 10 Miz~18 GHz
10 MHz _ '
Standard
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Fig:7-29 b)

Traceability Chart (RF and Microwave)
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Iig.7-28 ¢) = ‘Traceability Chart {IF and Microwave)
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Fig.7-29 d)  Traceability Chart (RF and Microwave)
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Fig,7-31 Traceabilily Chart (Acoustic)
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Fig, 7-32 'l‘x*aceabilify Chart (Vibration) - Comparisontalibration
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