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ABSTRACT 

This paper summarily introduces the experiment platform and experiment method of electromagnetic 
movable coil control rod drive mechanism of nuclear reactor, including experiment control system, data 
collection, record and save system, etc. The coil’s temperature running has been discussed in detail. The 
temperature of the coil increases from room temperature to heat transfer balance, so the balance time of coil’s 
temperature and capability of heat dissipation has been gotten. The experiment results are as follows: The 
balance time of coil’s temperature is about 6 hours while the retentive current value is 3 A, 3.5 A, 4 A, 4.5 A, or 5 
A. The balance temperature increases with the current value. The highest surface temperature of the second coil 
is 68.0 ℃ when the current value is 5 A, but it drops to 30.1 ℃ when the current value is 3 A. The disparity of 
highest surface temperature of the coil reaches 37.9 ℃. Different coil’s balance temperature is different. The 
temperature of the second coil is highest, the first one is lower, and the third one is the lowest. The coil’s voltage 
is different in various conditions. The coil’s voltage becomes higher when the retentive current value increases, 
and it also becomes higher when the temperature increases. The coil’s current value is almost unconverted, and 
the retentive current value equals to the summation of the three coils’ in same condition. The resistance of the 
second coil is 50.2 Ω when its current value is 5 A and reaches heat transfer balance. The highest inner 
temperature can be ciphered out to be 102.2 ℃ when the current value is 5 A by formula that on resistance and 
temperature. Now the inner temperature is probably the highest. All coils can reach heat transfer balance in 6 
hours with no coil destroyed, so the coil’s capability of heat dissipation is acceptable. The rigidity of the 
electromagnetic control rod drive mechanism will debase when the temperature increases too much, so does the 
dynamic running capability of the drive mechanism. 

 
Key words: control rod drive mechanism, movable coil, temperature running, rigidity, dynamic running 
capability 

1 INTRODUCTION 

In nuclear reactor, control rod drive mechanism is the equipment which controls the reactivity of the reactor, 
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and electromagnetic movable coil control rod drive mechanism is a new-styled one which is of great value. Now 
the Nuclear Reactor Equipment Lab, which belongs to the Institute of Nuclear Energy Technology of Tsinghua 
University, is doing experimental study on the electromagnetic movable coil control rod drive mechanism. 

2 EXPERIMENT PLATFORMS 

 The experimental platforms include circulation loop and drive mechanism. The circulation loop is used to 
simulate the water flowing in the primary circuit, but in this experiment of coil’s temperature running the loop is 
shut down. The drive mechanism is made up of stepper motor, ball screw shaft, electromagnet, armature, buffer, 
upper limit switch, and lower limit switch, etc. Armature and simulant control rod are connected by connecting 
rod, and their displacement can be measured through optical grating displacement transducer. Stepper motor 
located between ball screw shaft and encoder, so the displacement of electromagnet can be gotten by encoder. 
The whole experimental platforms are as Fig. 1. 

 

Fig. 1 experiment platform 
 The ball screw shaft is turned by stepper motor, while the coil is dragged up and down by the nut of ball 
screw shaft. The electromagnetic force between magnet coils and armature in the sleeve can drive armature, 
connecting rod and skep to move vertically. For there are three unattached electromagnetic loops, the bearing 
capacity of this equipment is three times of a single loop.  
 Stepper motor has the ability of selfhold, so the electromagnet can keep its position when the stepper motor 
is electrified but doesn’t work. As soon as the circuit of stepper motor is broken, armature and connecting rod 
will drop down fast to the buffer. 
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Fig. 2 construction of the coil 

 The temperature running of coils is an important static indicator for this drive mechanism. Coil’s 
configuration is as Fig. 2. The inner heat source of coils is cupreous coils. Coil box can be cooled by natural 
cycle of the air. There are three temperature transducers placed on the surface of the coil box, through which the 
temperature of the surface can be known. Apropos of the inner temperature, it can be calculated by theory of heat 
transfer.  

3 EXPERIMENTAL METHODS 

 The electromagnet keeps on moving to and fro when the experiment begins. All of the variables will be 
recorded every 15 minutes until the magnet coil reaches its heat transfer balance. The primary mission is to limit 
the stroke of the electromagnet. There are 5 different holding current, including 3 A, 3.5 A, 4 A, 4.5 A and 5 A. 

4 INTERPRETATION OF RESULTS 

4.1 Time of Heat Transfer Balance 
 When the holding current is 3 A, 3.5 A, 4 A, 4.5 A or 5 A, the experiment will be made. The environment 
temperature is 11 ℃, and the mass of control rod is 65 kg. The surface temperature of the second coil is as Fig. 
3. 
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Fig. 3 surface temperature of different currents 
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 The surface temperature of coil’s increases with running time, but it increases lower and lowers as time 
goes on. The stronger the current is, the higher the surface temperature will be. The highest surface temperature 
is 30.1 ℃ when the holding current is 3 A, but it reaches 68.0 ℃ when the holding current is 5 A. The 
difference of surface temperature between the two current is 37.9 ℃, so the value of current can influence the 

surface temperature evidently. Part of cupreous coil’s electric energy turned into heat energyQ , , so 

the stronger current became, the more heat energy came into being, and the higher the surface temperature will 
be. 

RtIQ 2=

 When the heat production equals to the heat dissipation, the coil will reach the balance of heat transfer. The 
heat transfer formula is as Eq.1.  

)( fw ttAh −=Φ                Eq.1 

 In this formula, Φ  is heat flux (W), A is the coil’s area of dissipation,  is coefficient of convective 

heat transfer ,  is the surface temperature of the coil (℃), and  is the temperature of 

the environment. 

h

)/(mW 2 K⋅ wt ft

 Convective heat transfer became more fiercely with the increase of , and in certain conditions heat 

transfer can reach the balance. To confirm the balance time, this article draws the curve of difference in 
temperature of two points nearby on the surface of coil as Fig. 4.  
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Fig. 4 difference of coil’s temperature 

 It is known from Fig. 4 that the coil’s surface temperature will level off in about 6 hours. Different coil’s 
surface temperature is different even the holding current is the same. The surface temperature curve is as Fig. 5 
while the holding current is 5 A. 
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Fig. 5 surface temperature of the coil 

 As Fig. 5, the second coil’s surface temperature is the highest; the first one’s is a little lower, and the third 
one’s is the lowest. Same conclusions can be drawn with different holding current. The second coil locates in the 
middle, so its heat dissipation conditions are the worst of the three. Though the first coil and the third coil’s heat 
dissipation conditions are similar, the thermal flow runs upwards, so the first coil’s surface temperature will 
higher than the third one’s. For the second coil’s surface temperature is the highest, this article just need to study 
its tolerance of heat only.  

 

4.2 Compare of Coil’s Voltage 
Coil’s voltage increases with temperature in spite of the invariableness of holding current. The curve of 

voltage and temperature is Fig. 6. As Ohm's law, voltage increase with the resistance when the current doesn’t 
change. The resistance increases with temperature, so the coil’s voltage increases with the temperature. 
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Fig.6 the coil’s voltage 

 
4.3 Current of Coil 

As Fig. 7, when the holding current is 4 A, every coil’s current is between 0.9 A and 1.3 A. The summary of 
every coil’s current equals to the holding current. Different current has the same phenomena.  
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Fig. 7 the coil’s current 

 
4.4 Rigidity of Drive Mechanism 

Rigidity of drive mechanism will increase with the holding current. But when the current is larger than a 
certain value, things are different. As Fig. 8, rigidity will descend when the current turns into 5 A from 4.5 A.  

 

 
Fig. 8 the relationship between rigidity and current 

 
 

The electromagnetic force will drop while the coil’s temperature is too high, so does the rigidity of drive 
mechanism. The coil’s average surface temperature is 55 ℃ when the holding current is 4.5 A, but it reaches 83 
℃ when the holding current is 5 A. The difference of average surface temperature between the two current is 28 
℃. Temperature can influence the permanent magnet inside the coil remarkably. 
4.5 Dynamic Running Capability of Drive Mechanism 

The coil’s temperature can also influence dynamic running capability of drive mechanism. The difference 
of displacement in various temperatures is as Fig. 9.  
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Fig. 9 difference of displacement in different temperatures 
 
 
 In Fig. 9, the holding current is 3 A, and the load is 50 kg. The difference is larger when the temperature is 
higher, while it is smaller when the temperature is lower. 

5 THE INSIDE TEMPERATURE OF COILS 

Table 1 is balance surface temperature of the second coil in different current. 
 

Table 1 Balance Temperature of the Surface of the Second Coil 
Holding current/A 3 3.5 4 4.5 5 

Balance temperature/℃ 30.1 38.3 46.0 56.6 68.0 

The highest inside temperature can be worked out using Eq.2.  

)](1[ 00 ttRR −+= α              Eq.2 

 In Formula (2), the resistance of coil in heat transfer balance 2.50=R Ω; the initial resistance 

Ω; the initial temperature 5.370 =R 160 =t ℃ ; the copper’s temperature coefficient of resistance 

/℃. So the inside temperature 310−93.3 ×=α 2.102=t ℃. 

 The highest inside temperature is about 100℃ when the heat transfer reach balance. This highest inside 
temperature is below the limiting, so that’s to say, the coil can work well in any other conditions.   

6 CONCLUSION 

 This paper introduced the experiment of the coil’s temperature running of electromagnetic movable coil 
control rod drive mechanism, including experiment platforms, experimental methods and the results of the 
experiment. Further more, this paper gave out the inside temperature of coil’s by theoretical arithmetic. From 
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above, a conclusion as follows can be reached: 
1. The coil’s surface temperature will level off in about 6 hours. When heat transfer reaches balance, the 

inside highest temperature is about 100 ℃ while the outside is 68.0 ℃. 
2. The second coil’s temperature is the highest; the first one is lower; the third one is the lowest of all. 
3. The coil’s voltage increases with temperature in spite of the invariableness of holding current. The 
summary of all loops’ current equals to the holding current. 
4. The rigidity of the electromagnetic control rod drive mechanism will debase when the temperature 

increases too much, so does the dynamic running capability of the drive mechanism. 
5. The coil’s capability of heat dissipation is good enough to use in the drive mechanism. 
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