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1. DESCRIPTION 

1.1 General 

The Servo Denand Drive Uni - t  consis ts  of  a notor-driven, dual pre-  
c i s ion  potentiometer and ad jus tab le  ro ta ry  l i m i t  switches. 
external  dc reference voltages a r e  appli.ed across the  potentiometer 
sect ions,  and the demand signals  a r e  taken from the  wipers of the poten- 
t iometers.  A front-panel meter displays .t;he demand signal ca l ibra ted  0 
to 110$? corresponding t o  0 t o  8.25 v. 
remotely through s u i t a b l e  switching from a source of 32 v dc. 

Accurate 

The drive motor i s  actuated 

l . 2  Construction 

The Servo Demand Drive U n i t  i s  constructed i n  a module 2.83 i n .  
wide, 4.72 i n .  high, and 11.90 i n .  deep. 
plug-in module of t h e  Modular Reactor Instuumentation series depicted 
on drawings Q-2600-1 through Q-'&OO-5. 

It i s  a standard "2-unit" 

1 . 3  Applicatton 

This module provides a remotely adjusted reference voltage which 
i s  used as the  power demand signal i n  a reac%or power-level cont ro l le r .  
The voltage vs percent power ca l ibra t ion  and the  rate  of change of de-  
mand s igna l  a r e  both fixed. 'The upper and lower l i m i t s  of power demand 
are adjustable  mechanically. 

1 .4  Specifications 

1. Calibration: 0 t o  8.25 v dc equals 0 t o  llO$ power deila-nd (7.50 v 
= 100%) and has provisions f o r  an ex terna l  meter, 
C t o  500 Pa? and 990 ohms. b t h  pos i t ive  and 
negative voltages a r e  ava i lab le  simultaneously. 

2. Denland r a t e  : the  rate of change of dermnd i s  1.5'$/sec o r  gO$/min 
within 110%. 

3. L i m i t s :  the  upper and lower l i m i t s  o f  power demand a r e  ad- 

lower, 10%; upper, 1LO%. 
just;abl.e from >($ t o  grea te r  khan 1104. 
adjustment ltmits are: 

%he i n i t i a l  

4. Power required: +32 t h v de, 1 amp, unregulated; -f10.00 t 0.05 v dc, 
25 m, regulated within m.055; -1.0.00 ? 0.C5 v dc, 
25 ma., regulated within kCo.05$. 



1 .5 Appli.cable Drawings and Specifications 

The following l i s t  gives the  drawing numbers (OKNL Instrumentation 
and  Controls Division drawings number:; and s u b t i t l e s  and the fabr ica-  
t i o n  spec i f ica t ion  numbr f o r  the, Servo Demand Drive hit: 

I. Q-2607-1 Circui t .  

2. 61-2607-2 &tails.  

3. Q-2607-3 Metalphoto Panel. 

4. Q-2607-4 Assembly. 

5. Q-2607-5 Parts  L i s t .  

6 .  &-2607-6 &%ex- Scale. 

7. SF-241 Fabricat  ion Specification. 

The following l i s t  gives t h e  drawing numbers and s u b t i t l e s  f o r  t h e  
Plug-In Chassis System: 

1. Q-2600-1 Assembly. 

2. Q-2600-2 Details . 
3. Q-2600-3 Details. 

4. Q-2600-4 Details. 

5. €1-2600-5 Details. 

6, Q-2600-6 Details. 

2 .  73HEORY OF O€XRATLON 

The k r v o  kinand Drive Unit i s  b a s i c a l l y  two, ganged, motor-driven, 
precis ion potentiometers and a rotacry l i m i t  switch assembly. 
reference i s  applied across one potentiometer, and a -10 v reference 
across the other .  The demand s igna l  output voltages are taken from the 
potentiometer wipers, and both pos i t ive  and negative demand signals a r e  
ava i lab le  simultaneously. A f r o n t  -panel meter cal-ibrated i n  "Percent 
Power Demand" i s  driven from the  wiper of potentiometer R3A. 
500-IJ-a meter, located on the  operating console, is also driven from the  
same point  thrqugh appropriate m u l t i p l i e r  r e s i s t o r s .  The percent power 
c a l i b r a t i o n  i s  t h a t  0 t o  8.25 v equals 0 t o  110% power demand, or t h a t  
7.50 v equals loo$. 

A +LO v 

A remote 
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The drive tnotor I s  a standard Globe h d u s t r i e s ,  type SS-2 ,  2'1 v dc 
motor with an i n t e g r a l  gear t r a i n .  The output sha f t  speed i s  nominally 
6.2 rpm with 32 v dc applied through a 30-0hm, 3-w dropping r e s i s t o r .  
This yields  a demznd speed of about 90% powcr demand per  minute. 
Switching i s  doiic ?ernotely -- usual ly  from the  operat ing console. 

The dual potentiometer dr ive  motor and ro ta ry  l i m i t  switch a re  
coupled as a u n i t  with spur gears.  BE motor i s  equipped with a s l i p  
c lutch t o  prevenl; damage t o  .the precis ion potentiometers i f  t he  l i m i t  
switches f a i l  t o  operate or a r e  misadjusted. 

!!?he ro ta ry  l imit-switch assembly a l so  has mechanical s tops.  yo 
allow greaier f l e x i b i l i t y ,  the  l i m i t  -switch contacts a r e  brought out  
on connector pins  instead of  being connected in te rna l ly .  Both r a i s e  
and lower demand l i m i t s  are adjustable  mechanically on the ro ta ry  l i m i t -  
switch assembly. k i t i a l  adjustment (see Calibration Procedures, Sect. 
h . 3 )  sets the  range from 10 t o  1104 power demanci. 

3 .  OPERATING INSTRUCTIONS 

3.1 Ins t a l l a t ion  

The &rvo Demand Drive U n i t  i s  a module i n  t h e  ORNL Modular Reactor 
Instrumentation s e r i e s .  Like t h e  o ther  modules of t he  se r i e s ,  it has 
standard connectors and dimensions and a pin- and hole-code on t h e  rear 
p l a t e  so t'nat t h e  module w i l l  not be inser ted i n  a wrong loca t ion  i n  a 
drawer. "!le module i s  i n s t a l l e d  by  placing it i n  i t s  proper locat ion,  
i n se r t ing  the  module firmly, and t igh ten ing  the  thumb screw. 
may be plugged i n  with power on without damage t o  t h e  module. 
spec ia l  precautions may be necessary i f  the  module i s  being replaced i n t o  
an operating system. 

The module 
Some 

All operat ing controls  are externa l  t o  the  modu1.e and w i l l  be 
described i n  appropriate systems procedures, 

3.3 Connections 

A11 connections t o  the  module a r e  m d e  through the  r e a r  connector 
J?lh when t h e  module i s  inser ted.  
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4. MAZNTENANCE INSTRUCTIONS 

4.1 General 

This module i s  designed t o  operate continuously w i t h  R minimum of 
maintenance and adjustment. No per iodic  adjustments are required.  

I+, 2 Periodic Maintenance 

Periodic maintenance i s  not required.  

4.3 Calibration 

Calibration ins t ruc t ions  a r e  combined with t h e  Acceptance Test 
Procedure, Sect. 6. 

5. KEPUCEABTS PARTS LIST 

A descr ip t ion  and an ORNL Stores Number f o r  all replaceable p a r t s  
are given i n  Table 1. 

Table 1. Heplaceable Par ts  List 

P a r t  No. OPNL Stores No. 

R3A, R3B 

k s c r i - o t i o n  

Direct current  motor, type SS, with 
planetary gear reducer, Globe k d u s t r i e s ,  
h e . ,  p a r t  no. l t 3 ~ 5 1 - 2 ,  27 v, in-tegra.1 
gear reduces, 1853 t o  1 reducer., b a l l  
bearing output shaft, output; shaft 6.2 
r p m ,  1.-3/8 i n .  d i a m  by 3-1/8 in. long. 

- 

Miniature adjustable  l i m i t  switch and 
stop, 0-25 revolutions,  Precision Mecha- 
nisms Cow., model LS-302. 

Potentiometer, 10 tu rn ,  53$ res i s tance  
tolerance,  &o. 23 $ l i n e a r i t y  tolerance 
two-section, ganged, servo mount w i t h  
ba l l  bearings,  f r o n t  sect ion 500 ohms, 
back sect ion 500 ohms, Helipot aodel 
-/2%j, consisting of  R5KL.25 and R5KL.25. 



8 

Table 1. l3eplaceabl.e Farts L i s t  ( cont 'd )  

Part No. OKNL Stores Ho. Description 

Miniature sl ip clutch assembly, PIC 
Design Corp., catalog NO. R3-11. 

bll 06 -050 -1835 Meter, 0-50 Pa dc, 1175 ohm c o i l ,  
accuracy e'$ f u l l  scale, Weston No. 
206-5601101. Mark as shown on drawing 
Q-2607 -6 

RS 06 -933-6200 Fes i s to r ,  30 ohms, LS$, 3 w, w, axia l  
leads,  Ohmite code 7/16-A-54-F. 

R4 06-932 -0165 Kesistor,  30 kilohms, kl%? 1/2 w, 
Stemag, type SUK. 

06-932-01.99 Iicsistor,  200 kilohms, 2121.4, 1/2 w, 
Stemag, ty-pe SLAK. 

E A  06 -932 -02 5 3. Resistor,  I megohm, kl$, 1/2 w, Stelllag, 
type S-LAK. 

D1, D2 06-995-7152 Rectifier, 400 v piv,  la,  type 1N4@01+ 
Motorola. 

6. ACCEPTANCE TEST PEOCEDIJRES 

6.1 Test Fquipment 

T)ie fol lowing tes t  equipment. i s  required: 

1. Power supply, 32 v dc, 0.5 anip, unregulated. 

2. Power supply, -10.00 0.05 v de, 0.1 amp regulated.  

3.  Precision voltmeter, 0.1% o r  b e t t e r ,  range 0 to 10 v, 50 
kilohms/v o r  higher.  

6.2 Adjustment; and Test Procedures 

1. To connect t he  motor for operation, jumper pin Y and pin J 
together .  
switch o r  c l i p  leads t h a t  can be eas i ly  reversed. 

Connect pin B and pin V t o  the  32-v supply through a reversing 
Do not apply powe-s. 
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2. l@ike a preliminary ad-justment of t h e  l i m i t  switches G O  t h a t  
t he  ''lower' l i m i t "  i s  actuated when the  Helipot i s  approximately 3/4 
t u r n  from the  counterclockwise l i m i t  o f  the  Helipot (v-iewed from the  
-- -ha f t  end, f r o n t  of  module) and t h e  "raise l i m i t "  i s  actuated when t h e  
Ilelipot i s  approximately 8-1/4 t u rns  f'rom t h e  counterclockwise l i m i t .  
Thjs i s  e a s i l y  accomplished by: (1) ad jus t ing  t h e  l i m i t  switch unit 
( r e f r r  t o  t he  adjuhtment procedure i n  L i m i t  Stop Assembly, Sect,  6.3) 
t o  have a span bctwecn l i m i t s  of ahout 7-1/2 tu rns  w i t h  t he  gears un- 
mcshed; and ( 2 )  remeshing t h e  gears with t h e  l i m i t  switch u n i t  a t  i t s  
clockwise l i m i t  and the Helipot a t  3/4 t u r n  from i t s  countercloc'mise 
l i m i t .  

3.  Adjust the  s l i p  c lu tch  f o r  minimum tension ( eas i e s t  s l F p )  and 
t i gh ten  the  lock nut .  This w i l l  be i t s  p e m n e n t  s e t t i n g .  

4. Momentarily apply +32 v -to pin B, and check t h a t  the motor 
t u rns  counterclockwise. If it does not  t u r n  counterclockwise, i n t e r -  
change t h e  leads t o  pins  B and J within the  module. 

5. Apply f32 v (or l e s s  f o r  slower speed) to p in  €3 unti l  the 
" ra i se  l i m i t "  i s  reached (Helipot clockwise) and the  motor s tops.  
t he  motor does not s top,  e i t h e r  t he  wir ing t o  t h e  two l i m i t  switches 
i s  interchanged o r  diodes Dl and D2 are reversed, o r  both.  

lf 

6.  Apply negative voltage t o  p in  B and s imi l a r ly  check t h e  
"lower l i m i t .  'I 

7. With exac t ly  3'1 v applied,  check the  motor speed i n  both 
d i r ec t ions .  It should be 6.2 t- 0.3  s p m .  

8 .  Jumper pin P and pin R together .  Jumper p in  X and p in  U 
toge-t'ner. Connect -10 v de from pin X t o  p in  'w. The panel meter 
should now read up sca le .  

3. Corinect a prec is ion  voltmeter from pin  C t o  gyound and 
proceed t o  a d j u s t  the l i m i t s  as i n  s t ep  2 very ca re fu l ly  t o  obtain 
t h e  following meter readings a t  the  l i m i t s :  
2 0.1 v; and (b) "Lower l i m i t , "  0.75 +_ 0.1 v. 
be obtained when the  motor L 5  driven i n t o  t h e  l i m i t s  with a f u l l  32 v 
appl ied.  

10. 
and 110% ( fu l l  s c a l e )  a t  t h e  "Fai;c l i m i t . "  
be within 3%. If necessary, t r i m  the  meter mul t ip l i e r  r e s i s t o r  €2 by 
shunting with another r e s i s t o r  until t h e  panel meter ind ica tes  cor- 
rec t  l y  . 

(a)  "Ihise  l i m i t , "  8.25 
These readings should 

Check t h a t  t h e  panel meter reads 10% a t  the  "Lower  l i m i t "  
The meter accuracy should 
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6.3 Limit Stop Assembly 

6.3.1 Adjustment Procedure f o r  b e c i s e  Angle Between Limit Stops 

1. Clockwise and counterclockwise d i r ec t ions  re fer red  t o  herein 
a r e  viewed froin the end cap as i n  Fig. 1, A-A. 

2 .  Iknge adjustment e f f e c t s  the clockwise s h a f t  l i m i t ;  only.  

3. a. Ioosen the locknut at t h e  end of the u n i t  j u s t  enough t o  
allow ro ta t ion  of t h e  ad jus t ing  screw. 

b .  Eatate t h e  ad jus t ing  screw clockwise as f a r  as it w i l l  go 
using a 1/16 in .  hex wrench. Pie u n i t  i s  now s e t  for zero shaft ro ta t ion .  

c .  Turn the  ad jus t ing  screw counterclockwise thorough an angle 
equal t o  the  required range, i .e . ,  one revolut ion for 360 , two revolu- 
t i o n s  f o r  720°, e t c .  

d .  Tighten the  locknut; i n  place.  

COUNTERCLOCKWISE 
LIMIT SWITCH 

CLOCKWISE 
LIMIT SWITCH 

-NORMALLY CLOSED 

- NORMALLY OPEN 

NO 6 SOCKET WEAT 
ADJUSTING SCREW 

SECTION A-A 

Fig. 1. Limi.t Stop Assembly. 
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6.3.2 Adjustment Procedure for. Precise Angle Between Switching 

1. U s e  the same procedure described in 6.3.1 except that the  
countercloclswise anglt, t o  be set in by the hex wrench (8s in paragraph 
3.c)  must be the reyuircd bwitching snglr. p11x the ove:'travel b u i l t  
i n t o  tho" u n i t .  This i s  approxinated by set t t r ig  t h e  m i t c h i n g  angle  
plus 45 . 

2. When i.t is necessary t o  t r i m  t o  R fSne adjustment when the 
limit switch is clamped i n  place on the gear box, it should be remem- 
bered t h a t  range i s  increased by counterclockwise r o t a t i o n  and decreased 
by clockwise rotation. 
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