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Control rod drive for high temperature gas cooled reactor 
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Abstract This control rod drive is developed for HTR一10 high temperature gas cooled 

test reactor． The stepmotor is preEered to improve positioning of the control rod alltt the 

scraln behavior．The preliminary test in 160。C ambient temperature 8hews that the selected 

stcpraetor and transmission system Calf meet the I11ain operation function requirements of 

HTR一1()． 
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1 Introduction 

hl ilornl}tl operation the control rod drive 

mechanisln(CRDM)drives the centrel rods up 

or down at a certain speed to centrel the re— 

activity and stop at certain position． But for 

safe shutdown．the centrel rods shouht be in— 

sertcd by its OWll weight at a certain speed． 

The centrel rod position indicator and the ter— 

minal switch are usually installed．The object 

of this proje,：t is to develop CRDM which is 
suitable for the HT1 10 high temperature gas 

cooled test reactor operatcd at 160。C ali1blent 

tem perature． 

The new CRDM we set up in this study 

is mainly based on the f~ility working in cold 

condition we．set up in 1990—1992．which origi— 

nated from the THTR fThorium high temper— 

ature reactor1 first shutdown facility．【l，2j The 

rods and the drive of THTR CRDM arc con— 

netted by a link ehDin．driven by a two phase 

AC motor through the gear transmission (：on— 

sisting of planetary gear，bevel gear，the chain 

wheel and gear wheel reducer． During opera- 

tion the THTR rod can be lleld at a position or 

automatically inoved to the required Olte．F0r 

needed and its positioning property is not idea1． 

The stepmotol"is selected in this study for 

more&Eelirate positioning of the centrel rods i11 

the HTR—l()0 and HT1 M ．Ill result，the scraill 

behaviour is improved nmch because inertia lltO— 

nlcnts of"this motor and gear are Iruth smaller． 

The compositions of the CRDM with steI)一 

motor are basically similar to those with two 

phase motor． But the forlncr torque lllOllleltt 

is SO large that the planetary gear reducer Call 

be onfittcd；additionally，the permanent inagnet 

of the stepmotor has the function of the e．ddy— 

current brake so the brake can also be neglected． 

The CRDM in this project~Ollsists of tim bevcl 

gear and the gear whecl reducer．the chain and 

the chain wheel，the spring buffer and tlt(；ree(1 

position indicator．In additioll the safety phlg 

is provide(1 fbr dislnantling the drive fr(Hit the 

rods in the pressurized rea(；tor and f1)r lixnit． 

ing the gas flow during the operation of"nornlal 

condition． hi order to sarisfv requirenmltt of" 

the alnbicnt temperature the special eh：ctrical 

llcater all(1 insulation COVer are installed．Ait(1 

a special controller is also developed． 

2 R ＆ D of CRDM  
safe shutdown the rods can be inserted into the 

lowest p()sition rapidly by themselves gravity as 2·1 Design requirements of CRDM  

deenergizing the motor，the traveling speed is 

lilnited by all eddy—current brake，and the end 

of the link chain is equipped with a shock buffer 

to absorb the kinetic energy． The two I)hase 

AC motor used in CRDM is the simph：st aIRl 

gear design is also．but a sophisticated centrelis 

In norlllal operation control rods are 

moved to the required position at 1 0 n tlll／S．tlIe 
speed of rapid insertion is 500 inin／s，the,trav— 
cling I)ath of the control rods is 2．6 I11，the alll— 

blent telnperature is 160。C，the rod weight is 

40kg 
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2．2 Developing of stepm otor 

According to requirements，the steplno— 

for shonh1 t)ossess thc following qualities： 

the tol。qne inolnellt in llorina1 1oad is 5 Nin
．  

the tor(1ue lllolnent in tile nlaximmn 1oad is 

12．5 Nnl， tile rotation speed is 1ower tlIan 

300 rpm，tlm IIO1 Ina1 speed is 30．7 rpm
， in fil11 

1oad condition tile IIlotol"can run ii1 positivc 

an(1 negative directions，the inotol·lIas the 1ock 

fnllotion when it is powerc(1，tile contro1 rods 

could descend to its 1owest position by gravity 

wllen deenergized ，the illOtOl·has tile shaft ex- 

tended i11 both ellds． 

The commercially available 130 BYG 30 1 

stepmotor was selected for the test i11 norilla1 

ambient tenq)eraturc． Dtie to its insulator is 

of grade B it Call only be used in the ambient 

temperatnre of 40。C．Therefore better insulatol· 

materials of"gl。ade C WCl·e selected in order that 

it cad be used in 160。C aInbient temperature． 

First，based on electric parameters of step． 

motor high temperatnre stepmotor was de． 

signed，an(1 al1 the electric materials wer,!re． 

placed into grade C：then．tested and inlproved 

step by steI)upto it can sarisfy tile requirement． 

Test results show that tile static torque 

illOl~lellt WaS 12．8 NIn；after it was operated at 

frequency of’30(J pps in the oven of"160。C for 3 11 

its static torque moment and c1laracteristics 0f 

torque verslls frequency were both not changed． 

2．3 M echanical transm ission 

As mentioned above．tile mechanica1 trails． 

1nission of the CItDM consists of tile beve1 gear 

and gear whee1 reducer．tile chain whee1 alld 

chain，the spring shock buffer，tile reed posi． 

tion indicator and the safety plug．Through two 

stag(：retar(1 the reduction gear ratio is 1：12．In 

tlle trallSlnission design the tolerm：ce an(1 tile 

grease which are both suitable for tile lligh tern． 

peratnre condition are selected． 

2．4 Electrical heater 

In ordel。to engender an aIilbient tcmpel'a- 

tllre of 160。C a set of specia1 1mating device[3j 

is installed iii CItDM ．hi the device there are 

4 heating sleeves in which there are heating e1． 

ements all(t st)ecia1 1iquid．tile diameter of"the 

sleeve is about 40 mil1．Ontside the sleeves tllere 

is an iiltegral 1leat insulation cover．The power 

of。tile 1leatcl is 3．5 kW ．Th(：temperature oi’the 

heater Call be controlled autoII1atica11v． 

V()1．9 

2．5 CRDM  controller 

A special eontrollel。is developed for HTIt一 

10 CRDM to COlltl’O1 the movement of th(j cO11． 

tro1 rods and indicate tile position of the COll— 

tro1 rods． The controller iS operated in IIIn1 

tilnode automatically and lnanually
． T1le CO1l— 

troller consists of 5 parts，the rod positiol1 1lllIli． 

nous diode indication，the ro(1 position 111111lera1 

indication，the l'at)id descension．the allton1．Itti— 

cal Inode alld tile IIlanlla1 mode，the motor rt)一 

ration speed setter and power switch． 

2．6 The overall test ’ 

First，110 BYG 401 stepnlotor is llsed to 

determine the torque moment of the CItDM； 

then，130 BYG 301 steplnotor is use(1 iii nor． 

Illal ambient temperature to determin(!design 

parameters；finally，a new special developed 130 

BYG 301 stcpmotor is used in 160。C by heating 

device to test the lifting ability with tile 1oa(1 

of 120 kg (2．4 times of the nortna1 load1~tll(1 

with tile 1oad of 50 kg，and to test tile scralll 

behaviour with tile norma1 1oad of 5(J kg． 

Results show that when the motor was 

deenergized tile 1oad descending for 2．6 n1 takes 

4 s．The pin for eonnecring the cllain and th(： 

spring shock buffer was broken．“len ret)lacing 

it with an enlarging diameter pin．Finally tim 

overall test is quite well after solne inlprove． 

ments were made． 

3 Condusions 

It is observed that tile stepinotor．tile CO11． 

trolh：r ~tll(1 tile mcchanica1 transmission part 

are good enoug}1 to meet tile requirements of 

working at 160。C high ambient teinperature f()r 

HTR 1()． 

T1le further It＆D work should be done to 

solve the sea1 and 1ubrication problem iil lligh 

te,nlperaturc pressurized 1mlium condition 1)v 

carefh1 design and materia1 selection． 
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