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(routine & type test) IEC61526[5] (Type test), (Routine test),
(Performance test)
IEC IEC61000-4-series IEC61526
IEC61000-4series 8 [6]
Table 1, 2,
IEC61526
know-how Table 1, 2, 3
IEC
IEC61526
2. .
2.1 ,
(IAEA) 1999
(.S No. RS-G-1.3, >Equivalent to IEC) IEC61526 ,
KS IEC Standards ,
196 ) Table 2 , ,
1 (Immunity  test)
Table 1. Electric and environmental characteristics of dosemeters.
Line Characteristic under test or Minimum rated range of influence Maximum permitted value for Sub-
influence quantity quantity correction interval half width,a, clause
Total effect of electrical and o ;
1 environmental influence Asinline2to 7 N aq’ 10.1
quantities as given in line 2 to 7 0 =V linextor
100 h continuous use for primary battery ?
2 Power supplies or 24 h continuous use for secondary 10% 10.2
battery”

3 Ambient temperature a) Indoor use +5°C to 40°C 15% 10.3

4 Relative humidity 10 % to 90 % relative humidity at 35°C 10% 10.4

5 Atmospheric pressure 86.0 kPa to 106.6 kPa” 10% 10.5

6 Sealing precaution to be stated 10.6

7 Storage -25°C to +50°C for three months To operate within specification 10.7

? Additional 8 h measurement after the indication “operational life is going to end”is available.
® The display of the dosemeter may be frozen, read out at room temperature must be possible
9 A lower limit of pressure of 70 kPa may be required at high altitudes
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Table 2. Electromagnetic disturbance characteristics of dosemeters.

Line Influence quantity Minimum rated range Fre- Maximum permitted value for ~ Crite Sub-
or instrument parameter  of influence quantity quency  correction interval half width  -rion”)  clause
a4(10Ho) ¥
total effect of all
1 electromagnetic Asinline2to9 asinline2to 9 ag? B 11.1
disturbance as 10%= Y tineton
giveninline 9
Electrostatic discharge OkVto 8kV/air 10 distur-b.
2 . g discharge 0kV t0 4kV  |EC 61000-4-2 Istur-bance 7% B 11.3.1
charging Voltage . per hour
contact discharge
Radiated 80MHz to 1GHz;
Electromagnetic 0V/m to 10V/m IEC .
3 10% of time 7% A 11.3.2
fields, field strengthand ~ (rms,unmodulated) 61000-4-3 °
modulation 80%AM(1kHz)
800MHz to 960MHz;
Radiated electro 0V/m to 20V/m
4 -magnetic field,of 1.4GHz to 2GHz; IED 61000-4-3 10% of time 7% A 11.3.3
mobile phones,field 0V/m to 15V/m(rms,
strength and modulation unmodul.)
80% AM(1kHz)
Conducted disturbance .
10 distur-
induced by fast 0 kV to +2kVV IEC
7% B 11.34
5 transientfourst 5/50 ns(t ) 6100044 IeePT ‘
peak voltage
Conducted disturbance ~ OkV to £2kV non-sym. .
6  induced bysurges, peak  OKVto+1kVsym.  IEC610004-5 10 disturbance 7% B 1135
voltage and rise time 1.2/50( 8/20) 5 per hour
Conducted disturbance 15inHi(t)i>/80MHz 10%
7 induced by radio- 010V(ms, 1E¢ 61000-4-6 ! % A 1136
unmodulated) of time
frequency and voltage
80% AM(1kHz)
50Hz(or 60Hz as 10%
8 appropriate) magnetic 0to 30A/m IEC 61000-4-8 of time 7% A 11.37
field, field strength
Voltage dips/short 10ms(30% reduction) IEC61000-4 10 disturbance 7% B 1138
9 interruptions,duration  100ms(60% reduction) -11 per hour o
2.2 Figure
1 ADR
221 X, Y
222
ADR( , Alarm Digital BIPM medium X-ray 4
Radiation  monitor) ) Cs-137 Co-60 6
ISO 7 30 cm x 30
60 kevV ~ 3 MeV +20 % [8]

cm x 15 cm PMMA slab

phantom
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Table 3. Mechanical disturbances characteristics of dosemeters.

Line Influence quantity or Minimum rated of influence quantity Maximum permitted value for Sub-
instrument parameter correction interval half width,aq clause
1 Total effect of all mechanical Asinline2to 4 121
disturbance as givenin line 2to 4 10%> Zm;ﬂ 4‘“12
Drop on surface 1.5m onto hard wood surface(IEC60068-2-27) 7% 12.2
Vibration 20m/s? over frequencies 10Hz to 33Hz 7% 12.3
Microphony 60 times 0.1m onto hard wood 7% 124

surface(IEC60068-2-27)

Table 4. Energy dependance of ADR.

Radiation Energy Actual Reading Response Normalized Response
BIPM 100 53.3 keV 2Sv/h 0.86 Sv/h 0.432 0.411
BIPM 135 63.4 keV 2.08 Sv/h 1.88 Sv/h 0.901 0.856
BIPM 180 80 keV 1.51 Sv/h 1.55 Sv/h 1.026 0.975
BIPM 250 123 keV 1.71 Sv/h 1.97 Sv/h 1.151 1.094

Cs-137 662 keV 0.5Sv/h 0.526 Sv/h 1.052 1.000

Co-60 1.25 MeV 1.5 Sv/h 1.57 Sv/h 1.043 0.991

keV IEC +30 %[5

Table 4 Figure 2

Response

0.4 +

0.2

T T T
50 100 500 1000

Energy (keV)

Fig. 2. Energy response curve of RAD-60.

Fig. 1. Photograph of measurement of X, y-personal dosemeter with
ICRU-water phantom.

BIPM medium X-ray 4
137 Cs-137
0°, =20 +40 =60°
53.3 keV, 634 keV, 80 keV, 123 keV Cs- 662 KkeV

137 662 keV Co-6.25 MeV . 0.806 1.045 IEC
662 keV 0.411 Am-241 : 50 %, Cs-137 : =30 %
1.094 60 Table 4 Figure 3
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Table 4. Response of angle of incidence(Horizontal direction).

Radiatio Energy Angle Response(Normalized)

-60° 0.923

-40° 0.810

-20° 0.966

BIPM 100 53.3 keV 0° 1.000
20° 0.961

40° 0.806

60° 0.933

-60° 0.965

-40° 0.854

-20° 0.986

BIPM 135 63.4 keV 0° 1.000
20° 0.981

40° 0.848

60° 0.985

-60° 0.979

-40° 0.892

-20° 0.977

BIPM 180 80 keV 0° 1.000
20° 0.968

40° 0.871

60° 0.983

-60° 1.006

-40° 0.943

-20° 0.980

BIPM 250 123 keV 0° 1.000
20° 0.965

40° 0.946

60° 1.021

-60° 1.030

-40° 1.032

-20° 0.953

Cs-137 662 keV 0° 1.000
20° 1.028

40° 1.045

60° 1.037

(Vertical direction)
Radiation Energy Angle Response(Normalized)

-60° 1.030

-40° 1.032

-20° 0.953

Cs-137 662 keV 0° 1.000
20° 1.028

40° 1.045

60° 1.037
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Angular Dependance
(Horizontal direction)

0

80

N

—=— 123 keV
—e— 662 keV,

|EC 61526 requirement
Angle range : £ 60°
for Am-241 : £ 50 %
for Cs—137 : £20 %

Angular Dependance
(Vertical direction)

-80

—@— 662 keV

-20

20

80

Fig. 3. Angular dependance of RAD-60.

2.3

231 (Drop test)
(Vibration)

15 m

[
0.07

|EC 61526 requirement
Angle range : £ 60°
for Am-241: £ 50 %
for Cs—137 : £ 20 %

(Microphony)
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10 cm
(] 0.07
6 10 cm
10 60 30
200 nSv-h
10 ~ 33 Hz, 20
m-s‘2 007
(
)
10 ~ 21 Hz
20 m-%s 15
(X-, y_i z- )
22 ~ 33 Hz
4
6 .
150430 nSv-h
Figure 4
D
6 15 m
, A LCD
C
Figure 5
Figure 6 A
D
2.0 £ =
1.8 é o
5 1.6 —
© E =
S 14 E= —
6 1.2 B requirement(upper limit) _3
SE O o~ =
S = : - aur =
O 08— requirement(lower limit) —
0.6 —
Y | | A
A B c D
Dosimeter

Fig. 4. Microphony test results.



1.6
2 [ | | | eE | [ | [ =
1.4 F— 1.4 =
I A ]
§ 1.2 — requirement(upper limit) § 1.2 £~ requirement(upper limit) =
e = =
S 10 E o o © S 10 o 0 ~
g 0.8 |— requirement(lower limit) § 0.8 |— requirement(lower limit) =
o - 8 - =
0.6 — 0.6 — ~—
N | | | ot E—1 | | | 3
A B c D A B c D
Dosimeter Dosimeter
Fig. 5. Drop test results. Fig. 6. Vibration test results.
232 electromagnetic ~ field)
(EM), . ,
(EMS) GTEM(GigaHelz Transverse
(EMC) . |EC61526 ElectroMagnetic) cell 30cm X

IEC61000-4-3(Radiated  30cm X 30cm

GTEM

cell

Signal

AR 100w 10008 Directional Coupler

Senerator

Field prob

50% Termination

Sfrength MTR
ficld | HI-440
PWR | RvD Holaday
MTR
GPIB

GFIE

PC

Fig. 7. GTEM system and it’s circuit diagram for electromagnetic field immunity test.
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LINDGREN GTEM 5405 GTEM ,
VSWR(Voltage Standing Wave Radio)

10 MHz 1 GHz 4, 5 ,
point 4dB-6dB
VSWR 2 GHz 1.6:1 . Hewlett
Packard Model No. Hp3325B, 2
. X- Tecron Model No.7560 ,
& Gamma RFL916 NA=1.0><10'm’
personal  dosimeter .
dosimeter IEC 61000- Leeds & Northrup CO. 100A
4-3 X, ¥ 0.1Q shunt Digital Voltage Meter(Model No.: Hp3458A)
10% 1EC61526
85%
IEC61526 +=7% 234
IEC61000-4-2(Electrostatic ~ discharge) (immunity)
0 kv to =8 kV air discharge, 0 kV to =4
contact discharge
EUT(Equipment Under Test)
Direct
reading ionization chamber
233 . Figure 9 ESD(Electrostatic
, Discharge)
( , ) PULSED EMI - ESD

- Electrostatic Discharge (ESD) is:

® The abrupt release of charge that
. h?a a'ccumulated og :vporaon or object--
P at voitages up to 1 .
Figure 8 ® The accumulation is usually due to
frictional charging.

-

* Extreme cases can result in 20 to 25 kV. However, higher
don't ity rep threats.

Search coil

Double square coil

Fig. 9. Concept of an electrostatic discharge.

Power Amp.

Shunt

Fluxmeter

Fig. 8. Magnetic immunity test system and it’s circuit diagram. Fig. 10. Electrostatic discharge test of a Neutron personal dosimeter.
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#Q

Fig. 11. ESD generator calibration circuit(left) and it’s IP peak configuration.

(@)
(Electrostatic ~ discharge
immunity  test)

simulator
EUT( )
simulator ESD simulator
EUT casing
EUT air discharge

contact  discharge

[6]-
( ) Air discharge

EUT casing
EUT ESD simulator
simulator
() Contact discharge
EUT casing contact
discharge ESD simulator tip EUT

switch-on voltage

Figure 10 ESD simulator Neutron personal dosime

contact discharge
(2) ESD simulator

IEC61000-4-2 ESD
simulator
IP IEC

Table 5. Calibration results of the EDS simulator.

2K
4w
BV
oKy

//’/q-\\
> e
- N
‘ RS
IP peak IEC
Peak 10%
90% pulse 0.7 ~ 1 nano
[6]. Figure 11 ESD simulator
IEC61000-4-2 IP peak graph

(3) ESD Simulator

Figure 12
( 95 %=2)

Table 5 EDS Simulator

Ip peak
kv
14-8-0010-2000

[10].

4
KRISS C-

IEC61000-4-2(1992)

Fig. 12. Calibration system for verification of ESD simulator(Haefely

PESD 1610).

) Ik (A) laons (A) leons (A) (ns)
2 7.5640.53 3.48=+0.38 1.44+0.32 0.88=+-0.06
4 15.30+1.07 7.88+0.87 2.88+0.63 0.86+0.06
6 23.00%1.61 12.20+1.34 5.00%+1.10 0.85=20.06
8 30.00%2.10 17.20%1.89 6.00%1.32 0.91+0.06
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3.
- , , , GTEM ,
, , , , TEM VSWR
set-up .
, Gamma & X-
IEC 10
IEC61526 3
(Drop test) (Microphony  test)
2.3 table 6 90 65%
IEC61526 (  Table2) 7%
(11]
| R
Digit
T plastic
R
S
Know-How
i i;'m,cﬁls[---]’-S?l-w-l-pl-‘.-'--'------| —memm] Tek Run: 5.00G5/s  Sample [HEE
i Az 500mV : : :
| Al 20.0n8
| .
| .55V S
o
| C1 Rise
| ¥ §73.6ps
| ]
TIPS ISP LIPS PPN IPIPISL PRI U S
iza ol .
t 1| %ww%,rm oL _’,,.—""
| 5 -
‘
| T
J |
|
W Somve : WMTG.0Rs CRT 7 2T0MV 19)an 2007  WIN S00mve WM Z0GRE TRT 7" 500mY 19 jan 2007
08:50:59 09:59:12
Fig. 13. Graph of the calibration results of the EDS simulator.
Table 6.
Q) (LCD )
(B)
© ( )
(D) ( >0.07) ( >0.1)

10 JOURNAL OF RADIATION PROTECTION, VOL.33 NO.1 MARCH 2008



ANSI 800A/m 77

IEC61000-4-2
ESD Simulator

(recommendation) - - » KORA  94-1, 1995/1-2.
2004 ) )
2004;193-197.
- . 2005

' : 2005;158-159.
4. , ,
. 2006
. , 2006;162-163.
5. IEC61526 Ed.2,0 Radiation protection instrumentation-
Measurement of personal dose equivalents Hp(10) and
Hp(0.07) for x, gamma, neutron and beta radiations-Direct
reading personal dose equivalent meters and monitors and
personal warning devices. 2002.
6. IEC61000-4-2(Electrostatic discharge, charging voltage),
IEC61000-4-3(Radiated electromagnetic fields, field strength
. and modulation), IEC61000-4-3(Radiated electromagnetic
A~ fields of mobile phones, field strength and modulation),
. IABA S5 RS-G-1.3(1999) IEC61000-4-4(Conducted disturbances induced by fast
Safety  Series{12] transients/burst, peak voltage), IEC61000-4-5(Conducted
Type test Routine  test disturbances induced by surges, peak voltage and rise
time), IEC61000-4-6(Conducted disturbances induced by
JAER Radiofrequencies, frequency and voltage), IEC61000-4-
8(50Hz(or 60Hz as appropriate) magnetic field, field strength),
KAWASAKI IEC61000-4-11(Voltage dips/short interruptions, duration)
type test 7. 1SO. International Organization for Standardization(1SO),
X and gamma reference radiation for calibrating dosemeters
and doserate meters and for determinining their response
as a function of photon energy - Part 3: Calibration of area
and personal dosemeters and the measurement of their
response as a function of energy and angle of incidence.
ISO-4037-3. Geneva. 1999
8. Private communication
9. International Electrotechnical Commission, International
Standard IEC60068-2-27. 1987.
10. Standard procedure of calibration for a Pulsed Electrostatic
Discharge Simulator : KRISS C-14-8-0010-2000. 2000
11. M. Luszik-Bhadra. Electronic personal dosemeter: The
solution to problem of individual monitoring in mixed
. neutron/Photon fields. J. Radiation Protection Dosimetry.
ce 2004;110(1-4):747-752.
12. International Atomic Energy Agency, Safety Standards
Series No. RS-G-1.3. 1999.

routine  test

JOURNAL OF RADIATION PROTECTION, VOL.33 NO.1 MARCH 2008 11



Development of a Techniques of the Performance Test for a Radiation
Protection Devices and it’s International Standards

Kil Oung Choi", Sung Ho Won, Jung Ho Kim, Suck-Ho Hah, Chul-Young Yi, Hyun-Moon Kim, Min Kee Lee
Korea Research Institute of Standards and Science

Abstract - International Standardization in all technical area is gaining its momentum as its impact and implication over global trade is
directly linked. The worldwide competition to secure a dominant position in the standardization process is ever growing over the years.
In 2005, the International Technical Committee on Nuclear Instrumentation, which is a subunit of International Electro-technical
Commission (IEC), was held in Korea under the auspices of MOST (Ministry of Science and Technology). Korea has adopted its Rule
and Regulation as the National Standard. As a part of a link to National Mid-and Long-term Atomic Energy R&D Program of MOST,
the technical development of a performance test for the radiation monitors was carried out under mechanical environment and
electromagnetic immunity conditions. The characteristics of the radiation fields were also evaluated under the conditions and introduced
to a techniques of performance test for the radiation protection instrumentation adopted IEC61526 standards and it's results was
analyzed. We would like to share the experience gained in these efforts, failure as well as success, and to discuss the problems
encountered and serious consideration to be taken into account in the future endeavor.

Keywords : International Standardization, International Electro-technical Commission (IEC), Performance test for nuclear instrumentation
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