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ABSTRACT 

There are eight Axial Power Shaping Rods (APSRs) and 61 Shim Safety 

Control Rods (SSCRs) within the Three Mile Island (TMI) Unit 2 reactor 

core. This report aescribes the test results for all eight APSRs and three 

SSCRs. The tests were performed in situ from the Control Rod Drive (CRC� 

system logic cabinets and the transformer cabinets located in the cable 

spreaaing room. The tests were intended to determine the condition ot the 

Absolute Position Indicators (APis), the stator thermocouples, and the 

stators, and to assess each components' survival of the TMI-2 accident. 
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STATIC I� 51TU llSl UF T�ll AX IAL PUWER SHAPING KUU A�G SHIM 

SAFETY CUNTRuL ROU MECHANISMS 

I NTRODUCT I ON 

Each Axial Power �haping Rod (APSR) ana Shim Safety Control Rod (SSCR) 

arive mechanism is an electromechanical device consisting of an electrically 

criven roller nut assembly (rotor), a trans1�tinr, leadscrew inside a pres­

sure vessel, and a stator and position indicating system outside the 

pressure vessel. 

The drive is a 4-pole, reluctance type motor that incorporates a 

special 6-phase, star-connected winding. The stator coils are energized in 

a sequentially-programmed manner pro�ucing a rotating magnetic tiela around 

the rotor assembly. 

The control rod movement is a result of leadscrew translation when GC 
current is supplied to the motor stator from a sequentially-programmea 

power supply. I n  response to these electrical signals, a rotating magnetic 

field causts rotation of the rotor assembly. I t  converts the roller's 

rotary motion to the leadscrew's linear m0tion, raising or lowering the 

reactor control rod that is mechanically connected and locked to the 

leadscrew. Each APSR within the reactor is operated by a separate orive. 

The APSR drive has a built-in brake. Whenever current to the stator 

is interrupted, the brake engages, thereby preventing rotation of the rotor 

assembly. 

The Shim Safety Control Rod drives are oesigned to trip whenever power 

to the stator is interrupted. During such a trip, the leadscrew and the 

roller nut are oisengaged, allowing the leadscrew and control rod to 

gravity-drop into the reactor core to the full IN position. 

The position of the leaascrew within the drive is d�sclosed by the 

Absolute Position Indicator (API), which contains a network of resistors 

and equally-spaced reed switches (see Figure 1). As the leadscrew 
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Figu re 1. Control rod drive mechanism l e adsc r ew network of resistors and 
reed switches. 



translates within the drive, a magnet travels with it. As the magnet 

travels vertic ally, the reed switches in the vicinity or the magnet c lose. 

When the magnet passes a reed switch, it retur�s to its normally open con­

dition. The c losure zone for each switch overlaps, approximately one-tnird 

the c losure zone of each a�jacent switc h; leaving approximately one-thirG 

with no overlap. As a backup, there arE separate switches which c lose lone 

each) at 0, 25, SO, 7S, ana 100% positions. 

There are two sets of Iron-Constantan thermocouples associated wlth 

each control rod arive mechanism. These thermocoup l es measure the stator 

temperature. 

There are 8 APSRs ana 61 SSCRs used in the TMI-2 core. The APSRs are 

aesignated as Control Roos 62 through 69, as shown on the grid positions in 

Figure 2. 
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UBJECTIVE� 

The objectives uf the in-situ testing are: 

• To determine the condition of stators and Absolute Position 
Indicators of eight AP5Rs and three SSCRs 

• To determine the condition of stator thermocoupl es of ll control 
rod orives (10 pheripheral and l central) 

• lo assess the components' survival of the TMI-2 accident. 
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MEASUREMENlS 

Twenty-one control rod drive mechanisms were involvea in the test; tile 

eight APSRs (CRDMs 62 through 69 ) and SSCRs 01, 03, 09, 10, 18, 22, 30, 35, 

46, 47, 50, ana 55. The mechanisms of the APSRs and S�CRs 01, 35, ana 50 

were tested for tneir stator ana position indicators; the mechanism SSCRs 

03, 09, 10, 18, 22, 30, 36, 46, 47, 55, and 64 were tested for tneir 
I 

thermocouple. 
' 

The test of the APSRs ana SSCRs was carried out at the Control �oa 

urive (CRD) system logic cabinets, transformer cabinets, ana Terminal �ox 

Rll39 located in the cable spreading room. It consisted principally of 
resistance, capacitance, inductance, time domain retlectometry (TDRJ, 

insulation resistance measurements on the stator feeder circuits ot all the 

mechanisms, ana resistance and inductance measurements of the thermocouple 

circuits. Also, temperature readings were obtained from eight thermo­

couples. These measurements were made with the cables to the aevices 

separated from the remainder of their control circuits. The measurement 

points are shown in Figures 3 and 4. 

The inductance-capacitance-resistance ( LCR ) and insulation resistance 

tor the stators were measured from each winding to neutral. These data are 

shown in Tables l ana 2, respectively. 

The tests, conducted on the position indicators, were basically 

resistance measurements. The results are shown in Table 3. 

TuR measurements were performed only on the stator feeuer cables ana 

one position inaicator caole. The TOR measurements on each stator were 

made between each stator winding and ground, and between neutral and ground. 

The DC resistance data for the thermocouples are shown in Table 4. 

Temperature data are shown in Table 5. 

5 
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TAbLE l. PRI�1ARY S'lAllJR I�DuLTANCE--CAPACITANCE--RESI�lAf�Ct IN-SITU �lt:.ASUkEt1IE.f�T LJA.TA 

Control 
Rod 

Number 

01 

35 

50 

62 

(Axial Power Shaping Roas [APSRs ] and S1im Satety Control Roes [SSCks] 01\-35, ana SO 1,1:re 
t este d fur their stator and position indicators; U1e others were tested for tt1eir thermocouple. 
Hz, kHz values indicate frequency.) 

Test 
Point 

A-N 
B-� 
c -r� 
AA-N 
bB-N 
CC-N 

A-f�t 
8-N 
C-N 
AA-N 
Bb-N 
CC-N 

A-N 
B-N 
C-N 
AA··N 
Bb-N 
CC-N 

A-N 
8-N 
C-N 
AA-N 
BB-f� 
CC-N 

Capacitance 
( n F) 

C D 
( l 0 �Hz) J.l 0 kHU,_ 

55,3a 

59.7a 

58. sa 

54.5a 

sg,ga 

57,9a 

3.42a 

3.22a 

3.24a 

3.soa 

3. l8a 

3.3la 

Inductance 
(mH) 

Lp Lp Q , 
ll_?_� llQ_�fj_u_ l 12 0 Hz ) 

22G 
223 
222 
221 
224 
222 

213 
21 0 
210 
213 
21 0 
210 

214 
21 7 
214 
21 3 
21 7 
214 

21 2 
21 0 
208 
21 2 
21 0 
208 

321 
321 
316 
320 
326 
318 

294 
284 
289 
293 
287 
289 

;::97 
305 
302 
298 
309 
301 

1. 658 
l .  621 
l. 6S6 
1. 645 
1.623 
l. 653 

l. 689 
l. 712 
I. 724 

l. 689 
l. 71 8 
1 .  721 

l. 689 
l. 653 
l '686 
1 .6�2 
l.6SCJ 
1 .686 

l. 678 
1 .701 
l. 715 
1.672 
1.701 
1.715 

Q 
( 10 kHz) 

0.61 6 
0.607 
0.622 
0.609 
0. 601 
0. 616 

0.663 
0.6�0 
0.682 
0.667 
0.690 
0.681 

0.657 
0.636 
0. 648 
0.655 
0.627 
0.648 

t:.ffE:Ctive 
Series 

Resisto.nce 
lohms) 

R 
\1 k�z) 

i�63 
1244 
12S8 
1245 

l L52 
1254 

1245 
1253 
12S9 
1249 
'1264 
1258 

·124s 
123 �  
124� 
1250 
1 236 
1246 

81 9 
b06 
8 13 
81;( 
813 
808 

DC 
Resistance 
-��-

i. bS 
7.87 
7.90 
7.89 
7.87 
7.87 

7. 91 
7. s 1 
7.�0 
7.80 
7.89 
7.8S 

7.97 
7.98 
7.96 
7.9b 
7.96 
7.97 

7.98 
7.96 
7. 9S 
7.94 
7.�4 
7.93 



TABLE l. (continued) 

E:.ffect i ve 
�eries 

Capacitance Inductance Resistance 
Control (nF) (mHJ �ohms) �·C 

Rod Test c [) L L Q Q R Kesistance 
�umber Point (10 �Hz) ( 10 kHz) ( 120PHz) llO �Hz) \120Hz) l 10 kHz) l 1 kgz) \Ct.ms) 

63 A-N 139. 1 0. 14S 222 329 1 . 66 1 0.612 1289 0.05 
B-i� 138.8 o. 145 221 332 1. 689 0.605 1�88 6.06 
C-N 139.2 0. 147 219 336 l. 70 1 0.601 12�U b.06 
AA-N 136.7 0.140 222 328 l '6tl4 u.613 12�1 8.08 
bl:l-N 137.5 0. 145 221 332 1. 69S 0. 611 1299 s.us 
CC-N 137.8 0. 14 1 220 3:Jl ·1 • 7U l o. 611 1297 8.0� 

64 A-r� 137.0 0.148 221 304 l. 63 7 0.641 '1247 7.�5 
8-N 137.2 o. 146 218 306 l. 675 0.646 1268 7.97 

'..0 C-N 136.2 0. 151 217 300 l. 678 0.655 1259 I. �4 
AA-N 134.0 0. 143 221 301 l .  642 0.650 l2S� 7.S4 
88-N 139.0 0. 148 217 304 l. 672 0.649 1266 7.�4 
CC-N 135.9 0. 148 217 297 l. 645 0.660 1255 7 . •}7 

65 A-N 137.0 0.148 221 303 1. 637 0.643 1247 7. s 1 
B-N 137.2 o. 146 218 306 l.67S 0.648 '1268 7.S4 
C-N 136.2 0. 152 217 300 1. 6 78 0.657 '1260 7.90 
AA-N 134.0 0. 143 221 300 1. 642 0.652 l2S2 
BB-N 139.0 0. 148 218 304 1. 672 0.651 12bb 7.�2 
CC-N 138.5 o. 147 217 296 1. 6 7 5 0.661 1255 - \) ,. I • � b 

66 A-N 137.6 0.144 216 282 1. 650 0.695 l2S5 7.83 
b-N 136.5 o. 143 214 279 1.689 0. 715 i 277 i. l:lj 
C-N 137.0 0.147 213 279 1. 69S 0.712 1269 /.88 
AA-1� 136.6 o. '153 217 284 1. 669 0.7G5 12 8(J 7.87 
bb-� 136.4 0. 141 �14 284 l. 6b9 0.707 1 280 7.bb 
CC-N 137.7 o. 154 213 279 1 '704 0.714 l27b 7.85 
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TABLE 1. (continued) 

Control 
kod 

Number 

67 

68 

69 

a. 1 

Test 
Point 

A-N 
B-N 
C-N 
AA-N 
Bb-N 
CC-N 

A-N 
B-N 
C-N 
AA-N 
HB-N 
CC-N 

A-N 
B-N 
C-N 
AA-N 
Bb-N 
CC-N 

KHz. 

• r 

Capacitance 
(nF) 

c 0 
t 10 �Hz) ( 10 kHz) 

134.3 o. 150 
133.2 o. 144 
135.8 0. 150 
131.8 o. 140 
134.8 0. 149 
1 34.0 o. 144 

139.5 0. 137 
138.8 o. 138 
138.8 o. 139 
1 69.0 0.201 
168.7 o. 194 
170.5 0.201 

1 69.0 0.200 
1 65.0 o. 189 
167.6 o. 193 
1 66.0 o. 188 
1 67.5 o. 196 
1 66.5 o. 1 87 

L� 
( 120 Hz) 

209 
205 
203 
207 
205 
203 

217 
2l8 
217 
217 
218 
216 

229 
226 
225 
229 
225 
225 

------------------·��=· -----

Effective 
� '2r i e s 

Inductance ke�istance 
(rnH) {ohms; lJC 

L Q Q k Resistance 
(10 �Hzl_ (120Hz) ( 10 kHz) t 1 k�z) _(ohm�_ 

266 1. 704 0.764 13CJO 7.�3 
262 1. 730 0.7S5 1300 7.93 
259 1. 742 0. 784 1303 7.<:!4 
264 1.704 0.767 1299 7.9S 
263 l. 727 0. 776 1309 7.95 
259 1. 742 0.787 1304 7.93 

315 1. 680 0.631 850 7.80 
328 1.710 0.615 844 7.80 
321 1. 720 0.631 843 7.90 
312 1. 690 o. 640 854 7.90 
326 l. 710 CJ.622 852 7. 80 
320 1. 720 0.633 845 7.80 

347 1. 650 0. 5 71 8.0 
337 1.680 J.594 8.0 
341 1.690 0.580 8.0 
344 1.660 0.580 8.0 
338 1. 690 0.590 8.0 
341 1 .  6�0 0.580 8.0 



TABLE 2. STATOR CIRCUIT IN�ULATION RESISTANCE DATA 

(Measured in ohms) 

Contro l Rod �umber 
(ohms) 

Tests 35 so 62 63 64 6t:: 66 b7 bel b� 

Points (Xlo11) (Xl011) (X "lO
g) (Xlo11) (X1012) (xl o11) (XlO

�
) \Xlul l) \XlO

�
; \X10lu) 

A-Ground 1.5 1.0 1.3 4.0 2.0 1.0 1.2 6.8 b.O :,,(:i 

B-Ground 1.4 1.3 1.3 4.0 2.0 l.O 1.2 6.5 5.0 b.2 

...... C-Ground 1.4 1.6 1.3 4. 1 2.0 1.0 1.3 6.5 5.0 :,.2 
....... 

AA-Grouna 1. 3 2.0 1.3 4.0 2.0 l. O 1.3 6.4 5.0 b. 1 

BB-Ground 1 .3 2.3 1.3 4.0 2.25 1.0 1.3 6.3 5.0 s. 1 

CC-Ground 1.3 .6 1.3 4.2 2.25 l. O 1.3 6.2 5.0 5. l 

N-Ground 1.3 2.9 1.2 4.8 3.0 1.0 1.3 6.2 b.O �. I 



TABLE 3. AB�uLUTE POS ITION IND ICATOR lAPI) DC kESISTA�CE MEASUREMENT DATA 
lMeasured in ohms) 

Control Rod f'lumber 
Test 
Points 62 63 64 65 66 67 68 69 01 3:, j0 --- ·-- ·-- ··--

d-e 52.64 Open Open Open Open 52.75 Open 52.5S Up en ()pen Lip en 

d-g 602.2 603 604 602 602.4 602.4 60 l. 2 602. l 

e-g 653.0 Open Open Open Open 652.3 Open 652. l 

t -g 2400 2 402 2401 2402 2402 2385 2388 2401 2400 2400 2402 
� 
r'" 

K-G Open Open Open Open Open Up en Open Up en lip en Up en Open 

j-H CJpen Open Open Open Open Open Open Open 2.94 2. 1 2.02 

L.-T CJpen Open Open Open Open Open Open up en Open Up en Up en 

R-T Open Open Open CJpen Open Open CJpen OpE::n 2.59 2.50 2.54 

N-T Open Open Open Open Open Open Open Open Up en Up en Open 

P-� Open Open Up en Open Open Gpen Open Open Open Open Open 
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TABLE 4. THERMOCOUPLE LEADS RESISTANCE DATA 
(Measured in ohms ) 

Thermocouple 
Leads 30 64 22 

Iron l -
Constantan l 56.66 53.47 54.67 

I ron 1-Shielded 17.50 lb.85 17.2� 

Constantan l -
Shielded 51.85 49.3 1  50.69 

Iron 2 -
Constantan 2 56.59 52.88 Open 

Iron 2-Shielded 17.33 16.55 Cpen 

Constantan 2 -
Shielded 52. 14 48.87 Open 

36 

52.50 

16.92 

48.46 

54.15 

� 7. 16 

49.84 

Contro l Rod I� umber 

10 09 03 18 46 �5 47 --- --- -- ---

52.04 �3.62 54.�3 52.6 1 54.6S 53.89 51. I u 

16.8� 17.26 17.36 17.03 17.28 17.30 1 b. 7 � 

47.78 49.68 50. 19 4b .60 50.39 49.64 4 i. l,.) 

52.59 52.39 55.45 53.21 55. 13 54.73 52. 14 

16. n 17.07 17.42 16.96 17.32 17.33 16.6� 

48.51 49. 56 51.07 49.38 51  . li9 50.43 48. 12 
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TABLE 5. CDR STATUR TEMPERATURE 8ATA 
(Measurea in Farenheit ana Kelvin) 

Contro ·1 kod Numbt::r 

36 10 09 ()3 18 46 ss 47 
---

Temperature (°F) 

Thermocouple 1 73 73 72 70 73 74 7 �  73 
2 74 73 72 70 72 73 74 7b 

........ 

.j:::o 

Temperature ( K) 

Thermocouple l 2 95.9 295.9 295.4 294.3 2%.9 296.5 �97.0 295.� 
2 296.5 295.9 295.4 294.3 295.4 295.9 2S6.5 2ij7.6 



ANALY)l� RE)ULTS 

The measurements maoe on the stators have indicated no obvious trace 

of failure or anomaly. The windings are intact, as evidenced by the con­

sistent DC resistance measurements ranging f rom about 7.8 to 8.1 ohms. 

These measured data are 1n close agreement to the designed stator phase 

resistance value of 0.2 to 5.82 ohms. The difference of about 2.5 ohms 

between the designed and actual resistance is attributed to resistance of 

the cables, splices, connectors, etc. This is further corroborated by the 

LCk data. Likewise, the insulation resistance of the stator feeder circuits 

appears good. It exceeded the minimum requirements of 10 megohms. (The 

,neasurements for Rod 1 registered an unrealistic resistance of infinity, 

which may have been a measurement error. ) Since TOR measurements were made 

between ground and the wires in the cable, unknown variables like the effect 

of the distance between the cable and the ground strap or cable tray 

dim1nish definitive interpretation. 

The condition of the electrical network of tile position indicators of 

Control Rods 01, 35, and 50, and the APSRs is commensurate with the esti­

mated positions of t..c: associated roas. The resistor net�tJorks that are 

associated with the position indicate.:> are all intact as shown by the 

resistance measurements in Table 3. Only those switches associated with 

the estimated rod positions are closed. The shim safety rods are in the 

full IN position, and the APSRs are confidently estimated to be in the 26 

to 27% withdrawn position. Whether the closed switches may be stuck or 

welded in that position cannot be determined by the test. 

All the stator thermocouples tested appear to be good except for one 

t hermocouple in Rod 22 (see Table 4). The thermocouple resistance data 

furnished by the vendor are 6 + 0.5 ohms across the iron and constantan 

lead wires. An American Wire Gage (AWG) 16 iron-constantan lead wire has a 

double length resistance of 0.137 ohm/ft (0.539 chm/m). The total pulled 

length of each of the thermocouple cables corresponding to the stators 

tested is approximately 105 m. Using this number as the effective wire 

length (cable lay, penetration wires and trim are assumed to negate each 
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other), this length would translate to approximately 47 ohms; the circuit 

res1stance would be approximately 53 ohms. This calculated value is con­

sistent \,,th the measured circuit resistance shown in Table 4. Furthermore, 

the resistance measurements from each lead to the shield verify the ratios 

of iron, constantan and shield resistance. They are consistent with a lack 

of unaesired contact between leads or between leads and shields. The 

second thermocouple associated with control Rod 22 has an open circuit. 

The assessed condition of the thermocouple circuits is further sup­

ported by the uniformity of temperature measurements ( see Table 5) that are 

commensurate with the conditions at the stator locations on the reactor 

head. 

Although the inductance data obtained for thermocouple leads were 

consistent, they were not consiaered useful in characterizing the condition 

of the circuit; therefore, they were not presented in this report. 
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CONCLUSIONS 

The stators of SSCRs 01, 35, 50 and APSRs 62 though 69 apparently 

survived the accident. Likewise, the stator thermocouples, except for one 

on Rod 22, appear to be good. The position indicators, resistor networks, 

and switch circuits permitted to be closed, by virture of estimated rod 

positions, appear to be in good condition. 
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