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Study on Magnetic Property for Test Coil and Permanent Magnet
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A CRDM (Control Rod Drive Mechanism) is an electromagnetic device which drives a control rod assembly linearly to regulate the
reactivity of a nuclear core. An RPIS (Rod Position Indication System) is used as a position indicator for a control rod assembly of a
CRDM of SMART, and an RPIS consists of permanent magnets and reed switches. SMART is designed for the maximum coolant
temperature of 350 °C, and the permanent magnets are installed inside of the reactor. The reed switches and electrical circuit are
installed outside of the reactor on the other hand. Test coil for a reed switch is test equipment for quality verification of a reed switch,
and a test coil consists of a coil and core. In this study, magnetic property of test coil and permanent magnet on a reed switch is
compared by using finite element electromagnetic simulation.
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Fig. 1. (Color online) BH curve of Alnico500 magnet.

Table 1. Magnetic properties according to alnico grade
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Fig. 2. (Color online) Magnetic effect between magnet and reed
switch [6].

Residual induction Coercvity Max. operating temp

Coefficient induction [20~150°C] Coefficient coercivity [20~150 °C]

Grade B, H, T, o B

AC200 72 kG 0.58 kOe 450 °C —0.03%/°C —-0.03%/°C
AC300 7.0 kG 0.48 kOe 450 °C —-0.02%/°C —-0.02%/°C
AC400 5.5 kG 0.68 kOe 450 °C —-0.02%/°C —-0.02%/°C
AC500 12.7 kG 0.64 kOe 525°C —-0.02%/°C —-0.02%/°C
AC600 10.5 kG 0.78 kOe 525°C —-0.02%/°C —-0.02%/°C
AC800 8.5 kG 1.62 kOe 550°C —0.03%/°C —-0.03%/°C
AC900 10.6 kG 1.48 kOe 550°C —0.03%/°C —-0.03%/°C
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Table I1. Analysis input properties for test coil

Coil Inner diameter 11.06 mm

(copper) Outer diameter 16.96 mm

PP Height 9.49 mm

Core Diameter 9.06 mm

(iron) Height 10.65 mm

. Ampere 8~10 mA
f(iezttili(és Turns 5,000 turns
prop Magnetomotive force 40~50A- T
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Fig. 3. (Color online) Analysis model of the test coil and reed switch.
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Fig. 4. (Color online) Magnetic flux density at test coil and reed switch.



L AGE=1>> Journal of the Korean Magnetics Society Vol. 26, No. 5, October 2016

1.00
0.75
0.50
0.25
0.00

025 -

-0.50 N

0.75 AN

Attraction force [mN]

N/ A
-1.00 AN N

-1.25
-30.00 -20.00 -10.00 0.00 10.00 20.00 30.00
Movement of Reed switch [mm]

Fig. 5. (Color online) Attraction force at reed switch during
movement.
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Table III. Analysis input properties for magnet

Permanent magnet Diameter 15.875 mm
(Alnico500) Height 44 mm
Spacer Diameter 15.875 mm
P Height 12.7 mm
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Fig. 6. (Color online) Analysis model of a permanent magnet and
reed switch.
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Fig. 7. (Color online) Magnetic flux density at permanent magnet and
reed switch.



- 158 -

B [tesla) b [tesla)
1. 300000 1. 30006400
1. 2133400 1.2133€400
1.1267€+00 1.1267€+00
1.0400E+00 1.0400E+00
9.5333E-01 9.5333£-01
8. 6667€-01 8.6867€-01
7. 8000€-01 7. 6200€-01
6.9333€-01 6.9333€-01
6.0667€-01 6.0667€-01
S. 2000€-01 S.2000€-01
4. 3333€-01 9.3333€-01
3.4667€-01 3.9667€-01
2. 6000E-01 2. 6000€-01
1.7333€-01 1.7333€-01
8.6667€-02 2 8.6667€-02 2
0. 0000 +00 . 0000€ 400

-100 mm ,,L -80 mm «L»

8 [tesla) B [teslal
1. 3000€+00 1. 3000€+00
1.2133€400 1.2133€400
1.1267€+00 1.1267€400
1.0%00E+00 1.0400L+00
9.5333€-01 9.5333€-01

8. 6667€-01 8.6667€-01

7. 8000€-01 7. 8000E-01
6.9333£-01 6.9333€-01
6.0667€-01 6.0667€-01
S. 2000€-01 5. 20006-01
4. 3333€-01 4.3333€-01
3.4667€-01 P svsereor
2. 6000€-01 2. 6000€-01
1.7333€-01 1.7333€-01
8. 6667€-02 2 8.66676-02
0. 0000 +00 0.0000E 00 4
-60 mm J**' -40 mm /Lw
8 [tesla) B [tesla)
1. 3000E 400 1. 3000€ +@0
1, 21336400 1.2133€00
112676400 1.1267€+00
1.0900E 400 1.0400 400
9.5333-01 9.5333€-01
8.66676-01 8.6667€-01
7. 6000E-01 7. 8000E-01
6.93336-01 6.9333€-01
6.0667€-01 6.0667€-01
S. 2000€-01 S. 2000€-01
v, 3333€-01 4. 3333€-01
3.4867€-01 | 3.ve67E-01
2. 6000€-01 2.6000€-01
1,7333€-01 1.7333€-01
8.66676-02 8.6667€-02
0.0000E+60 Z 0.0000£+00 Z
-20 mm .L~ 0 mm «L»

Fig. 8. (Color online) Magnetic flux density at reed switch.
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Fig. 9. (Color online) Attraction force at reed switch during
movement.
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