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ABSTRACT 

Genera l Pub l i c  Ut i l i t i es Nuc l ea r  Corporat i on (GPUNC) , Babcoc k & W i l cox 

(B&W), a nd EG&G I d a ho part i c i pated j o i n t l y  i n  t e s t s  at D i amond Power Spe

c i a l ty Corporat i on, Lancaster,  O h i o ,  to deve l op an i n-s i t u dyn am i c  t e s t  

p rocedu re f o r  app l i c a t i on to t he TM I -2 Ax i a l Power S hap i ng Rod s ( APSRs ) . 

An APSR d r i ve mec han i sm was set up  w i t h  operat i ng con t ro l s  and i nst rument a

t i on . Test i ng took p l ace on an a i r  s t and i n s t a l l at i on and on an autoc l ave 

which s i mu l ated cond i t i on s  of a s t ator i n  a water-f i l l ed reac tor . Dyn am i c  

t es t s  estab l i s hed mec han i sm e l ect r i c a l  t r an s i ent and acous t i c  s i g n ature 

c haracte r i st i c s  as soc i ated w i t h  mec han i sm rP.spon se to energizing and r u n

n i ng in v ar i ou s  modes . Sta t i c  tests determ i ned c haracte r i s t i cs u n re l ated 

to ac tua l mot i on. An a l ys i s  of d a t a  f rom t he contro l l ed experiments resul ted 

i n  deve l opment of a set of b ase l i ne c haracte r i st i c s  to be used as a refer

ence for eva l u at i ng t he cond i t i o n  and re sponse of i n sta l l ed APSRs . A test 

was dev i sed for use at TMI-2 to ver i fy APSR operabi l i ty,  to d r i ve t he APSRs 

to t he i r  l ower l i m i t s ,  and to acqu i re d a t a  for potent i a l clue s to cond i t i o n 

of t he reactor core . 
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INTRODUCTIO N 

O n e  of t he i n i t i a l steps i n  t he TM I -2 C o re I nspect i on and  Recovery Pro

g r am assoc i ated w i t h  reactor vesse l head remov a l  was an attempt to i nser·t 

t he Ax i a l Power Shap i ng R ods ( APSR ) t o  t he i r  l ower l i m i t  i n  o rder t o  uncou

p l e  the d r i ve mec han i sm l eadsc rews f rom t he shap i ng rod s .  Appen d i x  A con

t a i ns a det a i l ed desc r i pt i on of  a n  A PSR d r i ve mec han i sm and  i ts operat i on .  

It was postulated that monitoring insertion would provide data related 

t o  t he cond i t i on of  t he rod d r i ve mec han i sms and t he reactor core. To 

determ i ne i f  one cou l d  ac t u at e  t he APSRs whi l e  mon i tor i n g  the e l ect r i c a l  

p ar ameters and acoust i c  patter ns and  ascerta i n  i f  t he rod assemb ly was d am

aged , Genera l P ub l i c  Ut i l i t i es Nuc l e ar Corporat i on ( GPUNC ) , Babcock & W i l cox 

( B&W) , and EG&G I da ho j o i n t l y  p a rt i c i pated i n  a P roof of P r i nc i p l es Test at 

D i amond P ower Spec i a l ty C orporat i on ,  L an c aster , O h i o ,  in ear l y  Marc h 1982 . 

A typ i c a l  Mark B APSR , as s hown i n  F i g u re l, was set up  w i t h  operat i n g 

c o n t ro l s  and i nstrumen tat i on. By an a l yz i ng t he d at a  f rom n umerous con

tro l l ed c ond i t i ons, a set  of b ase l i ne c haracter i st i cs was deve l oped that 

cou l d  be used as a reference for eva l u at i ng t he u nknown cond i t i on and  

response of t he TM I -2 APSRs . Test i ng was performed b o t h  on an a i r  stand 

and on an autoc l a ve mockup .  T he a i r  stand cons i sts o f  a rod d r i ve stat o r  

and rotor assemb l y  w i t h  a 4-ft sect i on o f  exposed leadsc rew. T he autoc l ave 

test stand is a pressu re vesse l des i gned to  mate w i th the motor t u be and 

d r i ve ,  so t hat tests may be conducted e i t her wet or d ry .  

T he over a l l object i ve o f  t he P roof o f  Pri nc i p l es Test was developmen t  

o f  a n  i n  s i t u dyn am i c  test p roced ure f o r  app l i c at i on t o  t he TMI-2 APSRs . 

Spec i f i c  objec t i ves of t he test were as fo l l ows: 

o Fami l i a r i ze personne l i n v o l ved i n  p roce d u re p reparat i on w i t h  t he 

g ener a l  operat i ng c haracte r i s t i cs of the mec han i sm and i ts 

contro l s  

o St ruc t u re acoust i c  i nstrumentat i on and a n a l ys i s  to: 



Vent valve plu g  

P.l. connector 

Stator connector 

Stator thermo
couple connector 

Position indicator 
assembly 

Stator coolant 
p i p i n g  

Water jacket 

C l osure assembly 

Pressure housing 

Stator assembly 

Lead screw 

Rod 
coupli ng 

!NEL 2 2919 

Fi gure l. Axia l Power s haping rod drive mechanism. 
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Detec t t he i mpact assoc i ated w i t h  latc h i ng of  t he rol l er 

n uts , po l e  s l i p , and u n l atc h i ng 

Detect t he presence and magn i tude of rotat i on pr i or t o  latc h 

D i st i n g u i sh between rot at i on of  t he r o l ler nuts w i t h  and  

w i t hout latc h 

D i fferent i ate qu a l i tat i vely and quant i t at i ve l y  between a 

loaded and unloaded l eadscrew 

Evaluate sensi t i v i ty t o  l oose p arts f all i n g  i n  t he vessel 

Determ i ne i f  t here i s  g as or water i n  t he motor t ube 

Se l ect opt i mum sensor loc at i ons to use w hen performing 

t he work at TMI 

Determi ne electr i c al s i gn at ures for rotor latc h ,  movement, and  

pole sl i p  

Determi ne t he force exerted by t he le adscrew mec han i sm as a 

funct i on of dr i v i ng c urren t  and speed 

Determ i ne i f  absen ce of shap i ng rods c ould be ascert a i ned from 

the dr i ve mec han i sm's electri c al paramet ers 

Determine motor heat i ng r ate i f  w i t hout c oolant 

Pred i ct rotor pos i t i on so t hat i n i t i al energ i z i n g would matc h 

t hat pos i t i on and  not c ause leadscrew mot i on .  

1 



Instrumentation for measuring and Gon tinuous recordin g in real time 

w as p rovided for s t ator voltage a nd c u rrent, acoustic response, developed 

force , and mec h anism temperatures . Static measurements were made o f  stator 

winding resistan ce� and induct ance u nder certain conditions. Visua l  obser

vations p rovided verification of type and degree of movement ( see Appendix 

B ,  Diamond Power A PSR Acoustic Data Report, on microfic he attac hed t o  t he 

in�ide of t he back cove r ) . 

4 



TEST FACILITY 

The tests were conducted at t he B&W Cont ro l Rod D rive Test F acil ity of 

Diamond Power Speci a l ty Corporation in L an c aster , Ohio . The test specifi

cation w as p repared by EG&G I d a ho and reviewed by B&W. The t est w as con

ducted u nder B&W direction . T he dynamic tests were initia l l y performed 

wit h t he APSR mou nted on an open framework c a l l ed an air stand w here t he 

ro l l er nuts we re visib l e  and t he l eadsc rew accessib l e  for app l ic ation of 

weig hts and insertion of a force-measuring instrument . T he t ests were 

repeated and refined wit h t he APSR mounted on t he Diamond Power autoc l ave , 

w hic h i s  more rep resentative of a reactor inst a l l ation . 

I nstrumen ts were c a l ibrated according to t he Nation a l  �ureau of St an

d ards and a l l instruments were wit hin c u rrent c a l ibration dates . A Qu a l ity 

Assu rance representative witnessed t he test . A b l oc k  diag ram of t he con

t ro l  and inst rumentation arr angement is shown in Fig u re 2.  

5 
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Figure 2. Block diagram of APSR contro l and instrumentation arrangement. 
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DYNAM I C TESTS 

Dynamic tests were performed to esta�lish t he APSR electr i cal tran

s i ent and acoust i c  s i gnature character i st i cs associated with the mecha

nism1s response to  energ i z i ng t he stator in various modes. 

The acoustic signals for each event were amplified and reproduced in 

r eal time via a l oudspeaker to familiarize the test personnel with the 

essential audible characterist i cs of that event. To provide specific char

acterization of each type of signature, the data were magnetically recorded 

and analyzed, eit her online or by playback of the record, by a Nicholet 660A 

Signal Analyzer. 

The stripchart recorder used for real time visual display had an upper 

frequency limit of approxim�tely 100Hz, a limit insufficient for providing 

a realistic visual characterization of the acoustic events. Although an 

acoustic signal along with a microphone signal, was displayed during these 

tests, it was to serve as an event marker to call attention to the elecLri

cal data displayed rather than for providing a discernable signature for 

the event. 

Force Generated versus Current and Speed Test 

The primary purpose of the force versus current and speerl test was to 

determine and evaluate the force exerted by the leadscrew on a fixed point 

as a function of the applied current and speed of rotat�on. A secondary 

purpose was acquisition of electrical transient and acoustic signatures 

associated with pole slip events. 

This test could be performed only on the air stand. The mechanism was 

initially set up so that the leadscrew rested against a force cell in the 

down direction. For a given applied current, the speed was varied from 

s i ngle-step up through 100%, and the resulting force measured. A revised 

form of the test for single-step and jog speeds only was instrumented for 

force both up and down. The results of this test are shown in Figure 3. 

7 
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Figure 3. Leddscrew force exerted as a function of current and speed. 
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We i ght Moved versus Current and Speed Test 

The we i ght versus current and speed test was performed bot h on t he a i r  

s tand and i n  t he autoclave. F i gure 4 s hows t he a ir stand setup. The pr i 

mary purpose of t h i s  test was to determine and evaluate t he m i n i mum current 

requ i red to  hold or move a load attached to  t he leadscrew as a funct i on of 

speed and load. For a g i ven speed and load, current was i ncre ased from an 

unlatched cond i t i on unt i l  l atch and rotat i on ensued. The results are s hown. 

i n  Figure 5. 

The secondary purpose of t he test was acqu i s i t i on of electr i cal 

trans i ent and acoustic s i gnatures assoc i ated w i t h  latch and run events. 

Unplanned but acqu i red were w i ndm i ll events. W i ndm i ll i ng occurs when t he 

stator f i eld is  strong enough to release t he brake but not strong enough t o  

restr a i n  t he torque i nduced b y  t he downward load on t he le adscrew. T h i s  

p�enomenon o�curred only at leadscrew loads a t  or above 3 4 0  l b. A t  about  

240 l b, sl ight l y  in  excess of a normal APSR load, a current suff i c i ent to 

ach i eve latch was also suff i c i ent to hold or move t he leadscrew in e i t her 

d i rect i on w i t hout w i ndmi ll i ng. It was determi ned t hat under some c i rcum

stances a w i ndm i ll could be stopped by i ncreas i ng t he current. F i gure 6 

s hows typ ic a l  w i ndmi ll s i gnatures. 

Latch and Ro 11 

The purpose of t he l atch and rol l  test was to acqu ire  e l ectr i ca l tran

s i ent and acoust i c  s i gnatures assoc i ated w i t h t he latch and rol l event as a 

funct i on of bot h  t he load and t he angular m i sa l i gnment Gf t he appl i ed f i e l d  

from t he rotor pos i t i on. F igure 7 shows t he a i r stand i nstal l at i on w i th  

roller nuts and i nd i cator for latch and roll test. The rotor was prepos i 

ti oned to  a B-C al i gnment ( see F i gure A-2, Append ix  A ) and t he app l i ed 

f i eld offset i n  15-degree i ncrements up to 45 degrees. Forty-fi ve degree s 

i s  a t heoret i cally neutral po i nt at  wh ich  t he rotor, i n  t he absence of 

externa l i nducement, wou l d  not rotate in  e i t her d i rect i on into al i gnment. 

N ormal l y  t here i s  an externally induced b i as towards counterc l ockw i se rot a

t i on ( IN movement of the l eadscrew ) cau3ed by t he we i ght of t he leadscrew 

and attached rods, or exper i mental we ights. 

9 
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Figure 7 .  Air stand setup showing roller nuts with indicator for latch 
and rotation test. 
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For reference purposes, typical voltage and current patterns for jog 

speed without motion artifacts are presented in Figure 8. Typical latch 

and roll signatures are shown in Figures 9 through 12. Typical expanded 

acoustic analysis plots from the magnetic recordings for latch, and latch 

and roll signatures, are shown in Figure 13. 

Pole Slip Test 

The purpose of this test was to acquire electrical transients and 

acoustic signatures associated with pole slip. The test was conducted with 

the leadscrew portion in the simulated reactor environment and the mecha
nism housing filled �ith water (a normal reactor condition) and empty (a 

postulated TMI-2 condition). Figure 14 shows the autoclave facility. The 

mechanism was operated to stop against both upper and lower limits at 

single-step and jog speeds. Typical signatures obtained during testing are 

shown in Figure 15. 

Run Signature Test 

The purpose of the run signature test was to acquire electrical tran

sients and acoustic signatures associated with various speeds of operation 

of the mechanism with the leadscrew in a simulated reactor environment and 

the mechanism housing filled with water, and dry. Figure 16 shotf/S a typical 

signature set. 
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Figure 9. Latch signature at 197 lb and zero degrees mis alignment. 
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Figure 10. Latch signature at 197 lb and 15 degrees misalignment. 
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Figure 12. Latch signature at 197 lb and 45 degrees misalignment. 
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Figure 14. Autoclave facility showing absolute position indicator. 
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Figure 15. Typical signatures for pole slip at obstruction. 
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STATIC TESTS 

Mea s u rements of certa i n  A PSR c haracter i st i c s  u nrelated to actual mot i on 

were made for t hree p u rposes. It was necess ary to determ i ne t he elapsed

t i me l i m i t for energ i z i n g  a s tator w i t hout cool i ng water so t hat t he s afe 

temperatu re for t he mec han i sm would not be exceeded du r i ng t he planned 

e volut i on at TMI-2. It was c on s i dered des i rable to e nerg i ze and lat c h  i n  a 

f i eld or i en t at i on ali gned w i t h  p resent rotor pos i tion so t hat all movement 

would be u nder pos i t i ve cont rol, and n o  i n i t i al movement would occur at t he 

t i me of latc h .  A test was performed to determ i ne i f  rotor pos i t i on could 

be determ i ned on t he b as i s  of s t at i c  i nductance measurements of t he s tator 

w i ndi ngs . F i nally , i t  was cons i dered necess ary to determ i ne i f  acoust i c  

d ata for ot her t han mechan i sm- i nduced n o i se could be obta i ned . 

Stator Heat Up Tes t 

U s i ng calc ulat i on s  b ased on s tator w i nd i n g res i s tance , t he current and 

voltage relat i on s h i p for a w i nd i ng at t he publ i s hed safe l i m i t of 82 . 2°C1 

was e s t abli s hed . Tes t s  were performed w i t h  two and t hen t hree co i ls ener

g i zed w h i le mon i to r i ng t he temperature and t he c urrent and voltage relat i on

s h i p .  Result s for t h i s test are s hown i n  F i g u re 17 . 

On t he b as i s  of t hese res u l t s ,  a l i m i t of 30-m i n  e l apsed t i me f rom 

e nerg i z i ng t he serv i ce power s upp ly was de veloped as a backup  to act ual 

temperat u re ( t hermocouple ) read i ng s. 

Inductance Measu rements Test 

The pu rpose of perform i ng i nduc tance measurements was to determ i ne i f 

rotor pos i t i on could be determ i ned on t he bas i s  of var i at i on s  i n  t he i nduc

tance o f  s tator c o i l s  al i gned w i t h  t he rotor pole as compared to non-ali g ned 

co i ls .  See F i g u re A-1 , Append i x  A ,  a func t i onal d i ag ram of t he rotor and 

s tator relat i on s h i p .  
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The i nduc t ance was meas u red on eac h s tator c o i l for each of 12 norma l 

rotor a l i gnment pos i tions 15 deg rees apart. T he measured resu l ts are s hown 

in Tab l e  1. 

Deve l opment of a p redic tive tec hnique i nvo l ves man i pu l at i on of t he r aw 

data to a common base l i ne , i n  t h i s c ase to re l ate t he v a l ues to a commo n 

average. I t  is obv i ou s  t hat t he average measured va l ue bf C and C C  c o i l s  

i s  hi g her t han t he average of ot hers . A set of normd l i zed va l ues i s  pre

s ented in T ab l e  2. A l so shown i n  Tab l e  2 a re t he resu l ts of pred i c tions 

based on t he fo l l ow i ng c r i ter i a: 

o A s i ng l e  d i s t i nct m i n i mum v a l ue ( at l east 2 l ess t han t he next 

hi g her v a l ue ) i nd i cates al i gnment to t he center of a t hree-po l e  

con f i gurat i on w i t h  t he m i n i mum at t he po l e. 

o A pa i r  of c l ose ( separat i o n  l ess than 2) m i n i ma l  v a l ues i n d i cates 

a l i gnment w i t h  a two-po l e  c on f i gurat i on .  

The success rat i o  for t he test s tator i s  87 . 5%. When app l i ed to t he 

l i m i ted data obt a i ned f rom t he e i g ht A PSRs dur i ng i n  s i tu stat i c  test i ng ,  

i t  i s  j udged t hat a success probab i l i ty f o r  pred i ct i o n  i s  approx i mate l y  70%. 

Ac oust i c  I mpact 

W i th a ful ly assemb l ed d r i ve mec han i sm and ful l - l ength leadsc rew sus

pended i n  the a i r f rom an overhead crane, a pendulum of 0. 203 l b  was 

a l l owed to i mpact t he l eadsc rew b ayonet c oup l i n g  f rom v ar i ous ang l es about 

12f t  be l ow the motor hous i ng, impart i n g 0.1 ft- lb , 0 . 25 ft - l b and 

0 . 5 f t - l b  of  e nergy . Ac oustic p i ckups were mounted in severa l  p l aces on 

t he stator and near t he top of the motor tube about 12 ft above the 

s tator. T he res u l t s i nd i c ate a sens i t i v i ty def i ned by t he APSR i mpact 

s i gn a l  to runn i ng s i gna l n o i se rat i o  equa l to 1 7  d B  for a 0.25 ft- l b  i mpac t 

act i ng on t he l eads c rew bayonet. Th i s  i s  b e l i e ved to be very good 

sen s i ti v i ty and any object f a l l - i n g i nto c ontact w i th t h i s  structure , or a 
s i mi l ar acoust i c a l l y  c oupled structure , shou l d  be  heard . 
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TABLE 1. INDUCTANCE MEASURED AS A FUNCTION OF POLE ALIGNMENT (mH) 

Rotor Alignment (15 degrees apart) 

Coil CC-A-B A-B A-B-C B-C B-C-AA C-AA C-AA-BB AA-BB AA-BB-CC BB-CC BB-CC-A CC-A 

A 194 195 198 198 198 197 196 198 199 199 198 196 

B 198 197 196 197 199 200 199 197 199 199 199 199 

c 201 202 203 202 200 202 203 204 203 201 200 202 

N 
""'-J 

AA 194 195 198 193 198 196 196 198 199 199 198 196 

BB 198 197 196 197 200 201 200 198 197 199 200 200 

cc 20 1 202 203 202 200 202 203 208 202 201 200 202 



N 
co 

TABLE 2. NORMALIZED DATA AND PREDICTIONS FOR SUCCESS 

------------ --------------------------------------------

Coi 1 

B 

c 

Successt, 

Coi 1 

13R 

cc 

�����nt Prediction/ 
LritPrion 

AA-A-B 

195.067 

198 

197.342 

All 

s 

AA-A-8 

195.145 

197.663 

197.101 

All 

5 

A-B 

19fi.0/?.S 

197 

198 . .3<'3 

A-B/2 

s 

A-B 

196. 151 

196.665 

198.081 

A-13/?. 

A-8-S 

19°.0R9 

196 

1Q9.305 

B/1 

s 

A-B-C 

199.168 

115.667 

199.062 

B/1 

s 

8-C 

199.089 

197 

198.323 

B-C/2 

s 

B-C 

199.168 

196.665 

198.081 

8-C/2 

s 

ll-C-M 

199 

196.36 

Cll 

5 

8-C-AA 

199.66 

196.12 

Cll 

5 

Rotor A 1 i gnment ------------· ----------------------- ------

C-AA 

198.083 

zoo 

198.323 

C-AA/2 

s 

C-M-BB 

197.078 

199 

199.305 

AA/1 

5 
Rotor A 1 i gnment 

C-AA 

197.156 

200.658 

198.01li 

C-AA/2 

s 

C-AA-BB 

197. 156 

199.66 

!99.111i? 

AA/1 

s 

AA-BB_ 

199.089 

197 

200.287 

B/1 

FC 

AA-86 

19?. 168 

197.663 

203.965 

AA-BB/2 

s 

AA-88-CC 

200.095 

199 

199.305 

BB-CC/2 

F 

8B-CC BB-tC-A 

200.095 199.089 

199 199 

197.342 196.36 

8B-CC/2 CC/1 

5 5 

AA-BB-CC BB-CC BB-CC-A 

199. 168 

------

200.174 

196.665 

1')8.081 

88-CC/2 

F 

200. 1 74 

198.667 

197 . 10 1 

68-CC/2 

5 

199.66 

196 . 12 

Cr.t1 

s 

CC-A 

197.078 

199 

198.323 

CC-A/2 

s 

CC-A 

197.156 

199.66 

198.081 

CC-P./2 

s 

�. 1 , i! -;inqle distinct minimum value (at least 2 less than the next higher value} indicated alignment to the center- of a 3-pole crmfiguration with t;,., 
minimum i!t th<: pole; 2 = a  pair of close (separation less than 2} minimal values indicated alignment with a 2-pole configuration. 

b. �wc�-;s ratio is 21/24 or 87 .5%. 

c. F.Jilur�. 



IN SITU DYNAMIC TEST PLAN 

On the basis of the results of the various tests, a plan for dynamic 
testing and positioning of the APSRs at TMI-2 was developed and tested at 
Diamond Power. Shown as a flowpath in Figure 18, the plan embodies the 
following principal functions and their verification: 

o Init1al latch and resulting motion, if any 

o Initial motion up, out of the core, to establish that the drive 
mechanism operates and to remove ambiguity regarding non-operation 
due to possible obstructior to IN, or down, movement 

o Initial slow motion to verify ability to move in the IN direction 

o Run IN at 3 in. per minute until bottomed or obstructed and no 
further motion possible 

o Acoustical monitoring of mechanism response, especially pole slip 
and external impacts 

o Time and temperature monitoring of excited stator. 

This plan was eventually developed into and implemented as 
Procedure 007 007 076, Job Ticket C 963l.a 

a. During the actual In Situ Dynamic Test at TMI-2, an additional sequence 
was added to attempt further motion once repeated pole slip at maximum current 
was achieved. This sequence involved repeated reversal of motion and unlatch 
and relatch steps. 
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12.a 

Figure 18. Flowpath for dynamic testing and posi 



positioning of APSRs at TMI-2. 

1. Install acoustic monitors 

2. Calibrate acoustic monitors 
3. Predict rotor position 

4. Select latch current 

5. Preset service power supply (SPS) controls 

Power off 

Select stator current 

Jog speed 

6. Connect SPS to APSR 
7. Connect instrumentation 

8. Connect service power to SPS 

9. Turn on instrumentation 

10. Turn on SPS 

11. Confirm latch (yes or no) 

11a. Turn off SPS 

11 b. Is current set to maximum (yes or no) 
11c. Increase current by 1 amp 
11d. Stop 

12. Check stator temperature (OK or high) 

12a. Turn off SPS for ___ hr. 

13. Did rotor move when latched? (yes or no) 
(Acoustic signature) 

13a. Was movement more than 3/32 in. (yes or no) 

13b. Turn off SPS 

13c. Does API indicate rod at bottom (yes or no) 

13d. Stop: test complete 

14. Reduce current to 9 amp 

15. Single step up 

16. Is pole slip detected (yes or no) 

16a. Is current set to maximum? (yes or no) 
16b. Reduce current ;o 9 amp 

16c. Increase current by 1 amp 

17. Check stator temperature (OK or high) 

17a. Turn off SPS for __ hr 

17b. Turn on SPS 

18. Has rotor moved 6 steps? (yes or no) 

19. Single step down 

20. Is pole slip detected? (yes or no) 

20a. Is current set to maximum (yes or no) 

20b. Stop 
20c. Increase current by 1 amp 
21. Check stator temperature (OK or high) 
21a. Turn off SPS for ____ hr 

21b. Turn on SPS 

2�. Has rotor moved 12 steps? (yes or no) 
23. Operate SPS in job mode 

24. Check stator temperature (OK or high) 

24a. Turn off SPS for __ hr 

24b. Turn on SPS 

25. Continue (or resu(ne) jog 

26. Is pole slip deteC•ed in excess ol 2? (yes or no) 

27. Has rotor moved 48 steps? (yes or no) 

28. Has API changed? (yes or no) 

28a. Turn off SPS 

28b. Does acoustic data show motion (yes or no) 

29. Does API indicate bottom (yes or no) 

30. Stop: test complete 
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CONCLUSIONS 

The tests were concluded with positive answers to all of the origina l 

objectives. A test was dev i sed for conduct at TMI-2 that would positi vely 

determ i ne APSR ope rab i l i ty, and if operable, d rive the APSRs to the lower 

l i mit. The procedure to determine absence of s hap i ng rods was not included 

i n  the reco�nended TMI-2 dynamic test because it necessitates d r i ving t he 

APSRs at maximum speed i n  both the IN and OUT directions while decreasing 

d rive current and not i ng at w hat current level pole sl i p  occurred . It was 

judged that this  wou l d  impose too great a r i sk to the accomp l i shment of the 

p r i mary objective, w h ich  was to place the rod s in the uncoupl i ng pos i tion. 

There i s  a good chance for succes sful remote indication of latch and 

ro l l  rotor movements, pole s l i p, and structured no i se. There i s  a 

70% chance of pred i cti ng rotor pos it i on for i n i t i al energ i z ing without 

movement. A t i me l i m i t  of 30 m i n  for operat i on of an uncooled mechani sm 

has been estab l ished. 
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APPENDIX A 

APSR DESCRIPTION AND PRINCIPLES OF OPERAT IONa 

The Axia l Power Shap i ng Control Rod Dr ive Mechani sm i s  an electro

mechanical dev i ce consisting of: an e l ectrica l l y  d r i ven, rotating nut 

assemb l y  (rotor) wit h i n � p ressure ves se l ;  a 4-po l e, 6-p hase stator; a 

trans l ating l eadscrew that converts rotary motion of the nut to l inear 

travel of t he leadscrew and contro l rod; and a brake that prevents mot i on 

of the leadscrew control rod assembly when power is interrupted to the 

stator .  

W hen power i s  off o r  i nterrupted. t he rotor assemb l y  segment arms 

p i vot until contact between buttons on the lower end of the segment arms 

contacts a rotationa l l y  f ixed cyl i nder (motor tube). Contact of the but

tons w i t h  the tube prevents complete d isengagement of the ro l l er nuts from 

t he l eadscrew w h i l e  i mpart i ng a friction force that p revents rotor movement 

and thus l eadscrew translat i on. 

The contro l  system prov i des a d i rect current, sequentia l l y p rogrammed 

input to the 4-po le, re l uctance d rive motor that incorporates a 6-co i l ,  

star-connected w i nd i ng. The stator coi l s  are sequent i al l y  energ i zed i n  a 

unique 3-2-3-2 progress i ve manner produc i ng a rotatin g magnetic f i e l d  

a round the rotor assemb l y  a s  s hown i n  F igu re A- 1. 

When power i s  app l i ed to the stator, the magnet i c  fie l d  estab l ished by 

energizing the stator assemb l y  acts as a magnetic cou p l ing throu g h  the motor 

tube wa l l  to p u l l  the u pper portions of the rotor segment arms outward. Due 

t o  t he pivoting action, t he l ower portions of the segment arms move i nward, 

cau sir� the brake buttons (fr i ct i on screws) to l ose contact wit h the motor 

t ube and.the r o l ler  nuts to comp l ete eng agement with the l eadscrew. 

a. This section contains information derived from Instruct i on Manua l for 
Axial Power Shaping Contro l Rocl Drive Mec hanisms, see-Reference l ma1n text. 
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Coil energizing sequence 
C.W. (out motion) 

A-8 
CC-A-B 
CC-A 
8 8-CC-A 
BB-CC 
AA-BB-CC 
AA-BB 
C-AA-88 
C-AA 
8-C-AA 
8-C 
A-B-C 
(A-8) 

Arrows i nd icate 
field ;"'Oiarity when 
coil  i:; e nergized 

oo (A-B) 

�15°� 
\ 

\ 

INEL 2 2932 

A 

AA 

F i g u re A- 1.  Rotor pos i t i on s  w i t h  t hree w i nd i ng s  ( CC-A-B ) energ i zed . 
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As t he stator c o i l s  are prog res s i ve l y  energ i zed , t he rotor rotate s 

( s teps ) t o  o r i en t  i t se l f  t o  t he new pos i t i on s .  The p rogrammed s upp l y  o f  

over l app i ng s equen t i a l c o i l curren t s  resu l t s i n  1 2  mec han i c a l  step s ,  

1 5  deg rees eac h ,  for each  e l ec t r i c a l  cyc l e .  Two e l ec t r i c a l  cyc l es resu l t  

i n  one revo l u t i on of  t he rotor . One rotor revo l u t i on resu l t s  i n  3/ 4- i n .  

l ead screw and c o n t r o l  rod t rans l at i on .  

T he d i re c t i on i n  whi c h  t he rotor rot ates determ i ne s  t he d i rect i on o f  

l ead screw movement . V i ew i ng d own on  t he d r i ve, clockw i se rotat i on of t he 

rotor a s sembly tran s l ates t he l eadscrew i n  t he OUT d i rec t i on .  F i g u re A- 2 

i s  a c ro s s  sect i on of  t he rotor,  s tator,  and lead screw as semb l y .  

F i ve B a s i c  D r i ve F u nc t i on s  

L at c h  

The l atc h i ng act i on r e l eases t h� b rake and completes engagement of  t he 

rotor as semb l y  rol lers  i n  the leadscrew t hread s to perm i t  subsequent pos i 

t i on i ng of  t he control  rod . To accomp l i s h  a latch i ng operat i on, t he lead

screw may be i n  any s t roke pos i t i on ,  and a current capab l e  of produc i ng a 

m agnet i c  f i e l d  of s uff i c i ent strengt h to overcome the oppos i ng force of the 

segment arm s p r i ngs  and f r i c t i o n mu s t  be app l i ed t o  the stator as semb l y. 

W hen t he magnet i c  f i e l d  attracts t he u pper ends of the segment arms rad i a l l y  

outward, the lower ends of the arms below the p i vot p i ns p i vot i nward cau s

i ng t he brake to release and the rol ler nuts to comp l ete engagement w i th t he 

leadscrew. Latch and rol l i s  the response when the rotor i s  not i n i t i al l y  

a l i gned w i t h  the stator co i l  group be i ng energ i zed. 

Hold 

The control rod may be held stat i onary by plac i n g  t he control system 

i n  t he HOL D  cond i t i on. A HOL D  cond i t i on i s  ach i eved by stopp ing  the co i l 

v o l t age at s ome p o i n t  w i th t he d r i ve operat i ng i n  e i ther the RUN or JOG 
mode . The rotor ma i nta i n s  the ��li gnment w i t h  the stat i onary magent i c  vec

tor i n  tl� stator. The d r i ve i s  capable of ma i nta i n i ng a HO LD cond i t i on 

i ndef i n i te l y .  
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Stator 
winding s  

Pivot 

M otor tube 

This portion of the 
rotor segment moves 
radial ly outward when 
latched. 

'-i+-m----- This port i o n  moves 
rad ial ly i nward 
w hen latched 

I NEL 2 2935 

F i g u re A - 2 .  C ross  sec t i on of  t he rotor ,  s tator and l eadsc rew assemb l y .  
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Run 

The RUN mode i s  performed by t he dr i ve after i t  has been l atc hed to 

move t he l eadscrew and contro l rod to a new pos i t i on .  W hen t he d r i ve i s  

r unn i ng at 1 00% s peed , t he l eadscrew and c o n t ro l  rod a re t rans l ated a t  a 

rate of 30 i n .  per mi nute i n  e i t her t he I N  or OUT d i rect i on .  Under act u a l 

oper at i ng c ond i t i ons , se l ec t i on of t he RUN mode i s  made at  a Control  Board . 

The JOG mode i s  performed by t he d r i ve to  move t he l eadscrew and c o n 

t ro l rod to a new pos i t i on .  W hen t he d r i ve i s  runn i n g a t  JOG speed , t he 

l e ad screw and control  rod are t rans l ated at  a rate of 3 i n .  per  m i n u te i n  

e i t her t he I N  or OUT d i rect i on .  Se l ec t i on of t he JOG mode i s  norma l l y  mad e 

at  a Control  Board . For serv i ce o r  mai ntenance p u rposes , momen tary opera

t i on of t he c o i l c urrent sequenc i n g  prog rammer c auses a s i ng l e  c hange i n  

t he c o i l sequence t hat i s  c a l l ed a s i ng l e-step . 

B rake 

A b r ake act i on i s  i n i t i ated by t he i nterrupt i on of power t o  t he s t ato r .  

W i t h  c ur rent i nterrup t i on , t he magnet i c  f i e l d  decays perm i t t i n g t he segme n t  

a rm s p r i ngs  to force t he l ower end of t he s egment arms r ad i a l l y outward ( see 

F i g u re A-2). T he buttons ( f r i ct i on sc rews ) on t he l ower end of t he segmen t 

a rms contact a rot at i ona l l y  f i xed cy l i nder ( t hrust bear i ng s pacer ) . Contact 

of t he buttons wi t h  t he cy l i nd r i c a l t hrust  bear i ng spacer preven t s  comp l et e  

d i sengageme nt o f  t he ro l l e r  n u t s  f rom t he l ead screw w h i l e  i mp a rt i ng a f r i c 

t i on a l  f orce t hat preven t s  rotor movemen t and t hus  l e adscrew t rans l at i on .  

R e l ated t o  t he b as i c  funct i on s  i s  a mec han i sm response to con t i nued 

sequent i a l energ i z i ng after obs t ruct i on t o  l eads crew t r an s l at i on has bee n 

e ncountered . C a l l ed po l e  s l i p ,  t h i s  response i s  a rotat i on a l  moveme n t  i n  

t he reverse of t he app l i ed sequence as t he rot at i ng f i e l d  app roac hes f rom 

11 b e h i nd 11 t he s t a l l ed rotor to  w i t h i n  4 5  degrees of a l i g nment . 
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Rot o r  

T he rotor assemb l y  when ar.t u ated t hrou g h  magnet i c  coup l i n g  b y  t he s t a 

t or i s  t he compone n t  t hat e ngages , hol d s , a n d  pos i t i on s  t he l ead screw . T he 

rotor i s  p i ct ured i n  F i g ure A- 3 .  The rotor assemb l y  i s  moun�ed i n s i de t he 

motor t u be and i s  n orma l l y  i mmersed i n  p r i ma ry coo l an t . 

T he rotor tube i s  t he cen t r a l  struc t u re of t he rotor assemb l y  and i s  

e qu i pped w i t h  bear i ng j ou r n a l s  a t  each end . I t  i s  ho l l ow t o  a l l ow p a s s age 

of t he l eadscrew. P i vot -p i n  ho l e s  l oc ated near t he l ower end of t he rotor 
t u be a r e  f o r  mou n t i ng t he segment arms . 

T he magnet i c  s t a i n l es s  s tee l segmen t arms are mounted o n  t he rot o r  t ube 

by fou r p i vot p i ns ,  two per segment arm ,  a l l ow i ng t hem t o  rot ate w i t h and 

p i vot on t he rotor tube . T he upper port i on of t he segment arms forms a 

4 - po l e ,  c o l l aps i b l e  roto r .  The l ower por t i on of  t he segment arms i s  a c o l 

l ap s i b l e  sp l i t nut  des i gned t o  l atc h ,  dr i ve ,  un l a t c h ,  and brake t he l ead 

s c rew . A f r i c t i on s crew i s  moun ted o n  t he l ower end of e ac h  segment arm 

and l i mi t s  t he mot i on of t he segmen t arms by contac t i n g t he i nner s u rface 

o f  t he t hrust bear i ng s pace r ,  t hus  ensur i ng t hat t he ro l l er nuts d o  not 

comp l et e l y  d i sengage t he l eadscrew . 

F o u r  c ompres s i on s pr i ngs , l oc ated be l ow t he segment a rm p i vot p i n s ,  

ho l d  t he f r i c t i on s c rews o u t  aga i n s t  t he t hrust  bear i n g space r .  To  com

p l ete eng agement of  t he r o l l er nuts  t o  t he l eadscrew and re l ease t he b rake , 

a force g reater t han t he spr i n g force mus t be app l i ed t o  t he segmen t arms 

a bove t he p i v ot p i n s by t he s t a tor ' s  magnet i c  f i e l d .  

T he four r o l l ers l oc ated i n  t he l owe r port i on of t he segmen t arms are 

a ng u l ar c o n t act bear· i ngs  w i t h grooved outer r aces . Two ro l l ers , mou nted on  

s p i nd l es , are assemb l ed i n  eac h segmen t arm . W hen l at c hed t o  t he l ead 

s c rew , t he ro l l er s  are mou nted 90 deg rees apart and form a ro l l er nut . 

W hen u n l atched , t he ro l l er n u t  i s  s l i g ht l y l oosened b u t  i s  not d i sengaged 

f rom t he l eadscrew t hread . 
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Tube, rotor 

3.694 max i m u m  
t heoret ical  
d iameter 

Retai n i ng n u t  

Pivot 

Rol ler 
assembly 

Frict ion 
screw 

Segment arm 
_ ___ assem b ly 

I NEL 2 2922 

Figure A- 3 .  Cross sect i on of rotor assembly mounted i nsi de motor tube. 
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Leadscre w 

T he l eadscrew assemb l y  i s  t he connec t i ng l i n k  between t he rotor assem

b ly and t he contro l rod . W hen t he rotor as semb l y  rotates , t he l eadscrew 

a ssemb l y  i s  kept from rot a t j ng by key i ng i t  t o  t he torque tube assemb l y  

t hrough t he t orque t aker . T he l eadscrew as semb l y  t rave l s a l ong t he 

vert i c a l  cente r l i ne of t he d r i ve .  

T orque Tube 

The torque tube , a s  s hown i n  F i g u re A-4 , i s  a cy l i nder app rox i mate l y  

i S l  i n .  l ong w i t h  a 3-3/8 i n .  d i ameter . A f u l l l eng t h  key i s  attac hed t o  

t he i ns i de d i ameter o f  t he torque t u be to  k eep t he l ea d s c rew a s s emb l y  f rom 

rotat i ng .  

T he t orque t aker i s  coup l ed d i rec t l y  t o  t he l e ad s c rew a s s emb l y .  T he 

torque t aker r i des on t he torque tube key prevent i ng rot ary mo t i on of t he 

l ead s c rew . As t he rotor assemb ly rotate s , t he t o rque app l i ed to t he l ead

screw i s  t r ansm i t ted t o  t he torque taker and , s i nc e  t he torque t aker c anno t 

r ot ate , vert i c a l  tran s l a t i on of  t he l eadscrew a n d  torque t aker res u l t s .  

A magnet i s  mounted i n  one s i de of t he t orque taker  t o  operate t he 

r eed swi t c he s  i n  t he pos i t i on i nd i c ator ( P I )  a s s emb l y .  As t he magnet 

t rave l s  vert i c a l l y  wi t h  t he l ead sc rew , t he reed sw i tc he s  i n  t he P I  are 

c l o sed and opened i n  s equence , i nd i c a t i ng t he pos i t i on of  t he magne t ,  and 

t hu s , t he l eadscrew wi t h i n t he d r i ve .  

Pos i t i on I nd i c ator 

The pos i t i on i nd i c ator as semb l y  i s  u sed t o  determ i ne t he a b s o l ute 

p os i t i on of t he l eadscrew w i t h i n t he d r i ve .  A s  t he l ea d s c rew t r an s l at e s  

w i t h i n  t he d r i ve ,  t he torque t aker a n d  magnet t r ave l w i t h  i t .  A s  t he mag

net trave l s  vert i c a l l y ,  t he equ a l l y spaced reed swi t c he s  i n  t he pos i t i o n 

i nd i cator c l ose w henever t he magnet i s  i n  t he i mmed i ate v i c i n i ty .  W hen t h� 

magnet passes  t he reed swi t c h ,  t he reed sw i t c h  ret u rn s  to i t s  norma l l y  ope n 

c o nd i t i on .  
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Torque tube tang 

Torque tube cap 

Locking key 

Key 

Leadscrew n u t  

-- Torque taker 

-- Cyli nder, hardstop 

� S nubber g u ide 

-�'----- Leadsc rew 
INEL 2 29 1 8  

Figu re A - 4 .  C ross s ection of torque tube assembly . 
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D i rect c urrent power i s  app l i ed to  a reed sw i tc h- res i s tor network for 

p rov i d i ng an an a l og pos i t i on i nd i c at i on .  T he ana l og out pu t , when p roperl y 

" m i xed" at t he mea s u r i ng po i nt ,  resu l t s i n  a s i ng l e  v o l tage , w h i c h  i nd i c ates 

l e adscrew pos i t i on t hroug hout l eadscrew trave l . When t he l eadscrew i s  i n  

t he t r i pped pos i t i on ,  t he a n a l og output i s  zero vo l t s .  As t he l eadsc rew i s  

w i t hdrawn v t he an a l og output i nc reases unt i l t he l eadsc rew i s  i n  t he f u l l 

O UT pos i t i on ,  a t  w h i c h  t i me ,  t he ana l og output reac hes a max i mum v o l tage . 

T he output v o l t age i nc reases i n  a step p attern of approx i mate l y  1 %  per step ; 

t herefore , 0� rep resents a pos i t i on f rom 0 t o  approx i mate l y  0 . 5% ;  1 %  

represents 0 . 5 to 1 . 5% ,  etc . 

I n d i c ator s w i tc he s  of i n te re s t  are t he i n - l i m i t s w i tch ( I L S )  and 0% 

sw i tc h .  T he I LS prov i de s  a sw i tc h  c l osure whenever t he l eadsc rew i s  0 . 1 2  

t o  1 . 0 i n .  above t he t r i pped pos i t i on .  T he 0% s w i tc h  p rov i de s  a s w i tch 

c l o s u re 1 . 5 i n . above t he I L S .  T hese sw i tc hes are adj u s t ab l e  over t he 

f i r s t  2 i n .  of  l ead screw out mot i on trave l . 
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