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ABSTRACT

A control rod drive mechanism(CRDM) is a reactor regulating system, which inserts, withdraws or

maintains a control rod containing a neutron absorbing material within a reactor core to control the

reactivity of the core. The top-mounted CRDM for Jordan Research and Training Reactor(JRTR) with
5 MW power has been designed and fabricated based on the HANARO’s experience through KAERI

and DAEWOO consortium project. This paper describes the performance qualification test results to

demonstrate the operability of a prototype and four production CRDMs during the reactor lifetime.

The driving performance, the drop performance and the endurance tests for CRDM are carried out at

a test rig simulating the actual reactor conditions. A vibration of internal components due to the

coolant flow is also measured using a laser vibrometer. As a result, the CRDMs are driven having a

good driving performance without a malfunction between command and output signals for the step-

ping motor. Also, the pure drop time and the impact acceleration are within 0.72's and 4.2 g to meet

the design requirements, and the vibrational displacement of control rod is measured as maximum

5.2 ym.
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Fig. 1 Overall view of CRDM for JRTR

Table 1 Major specification of instruments

Components Specifications
Electromagnet Holding force > 2000 N
Torque > 300 N-cm
Stepping motor at 1000 steps/s
Steps per rev. = 200
Rotary encoder | Output = 200 pulses/rev.

Linear transducer | Effective stroke > 670 mm

Reset and limit

Unable active dist.| < 3.24 mm
switches =

Hysteresis 0.66 mm
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Table 2 Major requirements for CRDM

Items Requirements

< 0.15(initial delay)

Drop time(s) < 1.5(before damping)

< 3.0(including damping)

Drop impact(g) <10
Positioning error of
CAR(mm) <+
Endurance Stepping error, drop time
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Fig. 2 Schematic view of FSFC test rig
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Table 3 Hunting motion for motor’s endurance test

Table 4 Performance test results of stepping motor

Steps/ ol Steps/ Syl Steps/ ol Mode  |Dircction Total |Command| Encoder Error*
cycle cycle cycle steps steps steps
-15 20 -4 1695 7 876 Uni- Up 32251 32251 32251 0
-14 36 -3 1950 8 650 directional | 1y vn | 32251 | 32251 | 32251 | 0
-13 80 -2 2155 9 463
Advance & Up 53730 | 32280 | 32280 0
-12 132 1 2288 10 317 TEVEISe | Down | 53730 | -32280 | -32280 | 0
-11 208 0 2334 11 208
Complex Up 33730 Total Total 0
-10 317 1 2288 12 132 (up) Down 32280 86 010 86010
-9 463 2 2155 13 80
X 650 3 1950 » 36 Complex Up 32280 Total Total 0
- (down) Down | 53730 86010 | 86010
-7 876 4 1695 15 20 * Error indicates difference between command and encoder
signals
-6 1136 3 1416 Total cycles :
5 1416 6 1136 2178
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Fig. 3 Discrepancy between motor and linear trans-
ducer by advance & reverse mode
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Table 5 Drop test results of prototype CRDM
Drop height Drop time(s) Acc.

(mm) Initial delay | Pure drop | Full drop @®

330 0.07 0.38 0.68 2.7

440 0.07 0.44 0.76 3.1

460 0.07 0.45 0.77 3.6

600 0.07 0.50 0.87 42

650 0.06 0.50 0.88 4.1

Table 6 Drop test results of production CRDMs

CRDM Drop time(s) Acc.
Initial delay | Pure drop | Full drop ®

#1 0.06 0.68 0.88 2.73
#2 0.06 0.72 0.88 2.48
#3 0.07 0.72 0.91 2.80
#4 0.07 0.72 0.98 2.03
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