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CHAPTER I 

INTRODUCTION 

1,1 Background 
T h i s t h e s i s t o p i c developed f r o m a need f o r an 

e f f i c i e n t and complete t e s t i n g procedure f o r t h e 

assembled K i t c h e n A i d dishwashers a t The Hobart Man­

u f a c t u r i n g Company, Troy, Ohio. The cam t i m e r s a r e 

t e s t e d b e f o r e t h e y are assembled on the dishwashers. 

The e x i s t i n g method o f t e s t i n g the cam t i m e r s c o n s i s t s 

o f h a v i n g an o p e r a t o r watch a s e r i e s o f lamps. The 

lamps m o n i t o r the o u t p u t c i r c u i t s o f t h e t i m e r . 

The o b j e c t i v e o f t h i s t h e s i s i s t o de s i g n and 

b u i l d an a u t o m a t i c t e s t e r which w i l l m o n i t o r each 

o u t p u t c i r c u i t o f t h e t i m e r and o b t a i n a d e c i s i o n 

o f acceptance or r e j e c t i o n o f the t i m e r . 
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1,2 A D e s c r i p t i o n o f the Cam Timer 

The b a s i c f u n c t i o n o f t h e cam t i m e r i n a dishwashing 

machine i s t o c o n t r o l t h e f i l l , wash, r i n s e , and d r y 

c y c l e s . A t i m i n g c h a r t o f one dishwashing c y c l e i s shown 

i n P i g u r e 1 , The t i m e r c o n s i s t s o f a s e t o f c o n t a c t s 

which are opened and c l o s e d by r o t a t i n g cams ( P i g u r e 2 ) , 

The p r e s e n t t i m e r c o n s i s t s o f n i n e cams and n i n e t e e n o u t ­

put f u n c t i o n s ( P i g u r e 5). The cams are d r i v e n by a motor 

and a windup escapement. The escapement impulses the 

cams 6 degrees e v e r y i;5 seconds. The escapement a l s o 

a l l o w s t he cams t o be r o t a t e d i n d e p e n d e n t l y o f t h e motor; 

t h u s , t h e t i m e r can be s e t i n a d e s i r e d p a r t o f t h e d i s h ­

washing c y c l e by an o p e r a t o r . 
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P i g . 1 
Timing Chart o f t h e Dishwashing Cycle 
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P i g . 2 
The Mechanical Layout of the T e s t e r 



Pig. 3 
Front View of the T e s t e r 

5 



P i g . k 

Rear View of the T e s t e r 
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CHAPTER I I 

GENERAL CONSIDERATIONS IN THE METHOD OP 
TESTING THE CAM TIMERS 

2.1 Statement of the Problem 

The problem I s t o dete r m i n e i f the r e l a t i v e phase 

and d u r a t i o n o f t h e o u t p u t f u n c t i o n s o f the t i m e r a re 

w i t h i n p r e s e t l i m i t s . The method used t o determine t h e 

above c r i t e r i a s h o u l d have t h e f o l l o w i n g f e a t u r e s : 

(1) The o p e r a t i o n o f the au t o m a t i c t e s t e r 

must be independent o f the i n i t i a l 

p o s i t i o n o f the t i m e r t h a t i s t o be 

t e s t e d . 

(2) A r e s e t b u t t o n raust be pushed b e f o r e 

the t e s t commences, 

(3) A d e c i s i o n o f acceptance o r r e j e c t i o n o f 

the t i m e r i s t o be d i s p l a y e d , 

(Ij.) A d e c i s i o n o f acceptance or r e j e c t i o n o f 

each o u t p u t f u n c t i o n o f t h e t i m e r i s t o 

be d i s p l a y e d . 
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2.2 Proposed Method of T e s t i n g t he Cam Timers 
The method proposed t o t e s t a cam t i m e r i s t o 

compare the c o r r e s p o n d i n g o u t p u t f u n c t i o n s o f a t e s t 

t i m e r and a master t i m e r , as b o t h are r o t a t e d t h r o u g h 

36O degrees or one c y c l e . The problem encountered i n 

t h i s method i s t o a l i g n a c c u r a t e l y t he two t i m e r s i n t o 

t he same e l e c t r i c a l phase i n the b e g i n n i n g o f t h e t e s t . 

The f i r s t a t t e m p t a t a l i g n i n g the t i m e r s was o f a 

mechanical n a t u r e . The o u t p u t s h a f t has a f l a t l o c a t e d 

1 3 d e g r e e s . w i t h r e s p e c t t o the f i r s t impulse o f the 

t i m i n g c y c l e ( P i g u r e 6 ) . The t e s t and master t i m e r s 

were a l i g n e d by means o f t h i s f l a t . T h is method f a i l e d 

because a t o l e r a n c e o f 1 3 degrees upon the l o c a t i o n o f 

the f l a t a l l o w e d t he two t i m e r s t o be out o f phase by one 

t i m i n g i m p u l s e . 

I t i s proposed t o a l i g n t h e t i m e r s e l e c t r i c a l l y by 

m o n i t o r i n g t h e p i l o t l i g h t c o n t a c t s o f t h e t e s t and mas­

t e r t i m e r s . The p i l o t l i g h t c o n t a c t opens and c l o s e s 

once d u r i n g one c y c l e . A t t h e i n s t a n t the p i l o t l i g h t 

c o n t a c t c l o s e s , t he t i m e r i s a t t h e b e g i n n i n g o f the d i s h ­

washing c y c l e ( P i g u r e 1 ) , 

A brake i s used t o h o l d t h e master t i m e r a t the 

b e g i n n i n g o f i t s c y c l e , a c l u t c h t o couple and decouple 
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P i g . 6 
The R e l a t i v e A l i g n m e n t o f the F l a t on 
the S h a f t t o the P i r s t Timing Impulse 
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t h e two t i m e r s , and a 6 - r e v o l u t i o n - p e r - m i n u t e motor 

t o r o t a t e the t i m e r s . The mechanical l a y o u t used 

i s shown i n P i g u r e s 2 and 7. The two z e r o - b a c k l a s h 

gears are used t o o b t a i n the p r o p e r d i r e c t i o n o f 

r o t a t i o n f o r each t i m e r . W i t h the c l u t c h and t h e 

brake engaged, a t i m e r i s p l a c e d on t h e t e s t f i x t u r e . 

The c l u t c h i s disengaged, and the motor i s e n e r g i z e d . 

The master t i m e r i s h e l d a t t h e b e g i n n i n g o f the d i s h ­

washing c y c l e by t h e b r a k e , and the t e s t t i m e r i s 

r o t a t e d u n t i l i t s p i l o t l i g h t c o n t a c t c l o s e s . The 

motor i s t u r n e d o f f , and the c l u t c h i s engaged. A t 

t h e end o f a s h o r t t i m e d e l a y , t h e brake i s r e l e a s e d , 

and the motor i s t u r n e d on. The two t i m e r s are r o t a t e d 

360 degrees d u r i n g which time t h e i r c o r r e s p o n d i n g 

o u t p u t f u n c t i o n s are compared f o r d i f f e r e n c e s . When 

the p i l o t l i g h t c o n t a c t o f the master t i m e r c l o s e s , 

t h e motor i s t u r n e d o f f and tho brake engaged, A 

d e c i s i o n o f acceptance or r e j e c t i o n o f t h e t e s t t i m e r 

i s d i s p l a y e d . 
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B l o c k Diagram o f the Mechanical 

Layout o f t h e T e s t e r 
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CHAPTER I I I 

THE LOGIC DESIGN OP THE AUTOMATIC 
TIMER TESTER 

3,1 Power Supply Requirements 

M o t o r o l a diode t r a n s i s t o r i n t e g r a t e d c i r c u i t s 

are used t o implement the l o g i c . Appendix I g i v e s 

t h e s p e c i f i c a t i o n s f o r the l o g i c c i r c u i t s , A power 

s u p p l y w i t h +5,6 v o l t s i s used t o o b t a i n as l a r g e a 

v o l t a g e change as p o s s i b l e a t t h e c o l l e c t o r o f each 

t r a n s i s t o r . The +5.6 v o l t s u p p l y i s t o d e l i v e r a 

maximum of 2.0 amperes t o supply power t o 25 s i x -

v o l t , f o r t y - m i l l i a m p e r e lamps, and 6 s i x - v o l t , s i x t y 

m i l l i a m p e r e r e e d r e l a y s . The n e g a t i v e s u p p l y i s -5. 

v o l t s . The power s u p p l y uses s t a n d a r d zener diode 

r e g u l a t i o n t e c h n i q u e s , ! The schematic o f t h e power 

s u p p l y i s shown i n Appendix I I , 

13 



3.2 The Design o f the Power L o g i c 

A r e s e t b u t t o n , which c o n t r o l s two r e l a y s , i s 

used t o r e s e t and t o connect the power s u p p l y t o t h e 

l o g i c c i r c u i t s . Thus, the l o g i c i s r e s e t t o i t s i n i t i a l 

s t a t e a t t h e same time t h e power i s t u r n e d on. The 

motor, b r a k e , and c l u t c h should n o t be on a t t h e same 

t i m e . L o g i c i s needed t o d e t e c t and s t o p the oper­

a t i o n o f t h e t e s t e r i f t h i s c o n d i t i o n o c c u r s . 

P i g u r e 8 shows the c i r c u i t used t o mechanize 

the above t h r e e c o n d i t i o n s . Appendix I I I and Appendix 

IV g i v e , r e s p e c t i v e l y , t h e symbols f o r the Boolean 

o p e r a t i o n s and v a r i a b l e s used i n the l o g i c . When the 

r e s e t b u t t o n i s pushed, r e l a y R i s e n e r g i z e d . Then 

r e l a y P' i s e n e r g i z e d t h r o u g h the n o r m a l l y - c l o s e d c o n t a c t 

y' and t h e n o r m a l l y - o p e n c o n t a c t r ^ . Relay P s t a y s 

e n e r g i z e d t h r o u g h i t s n o r m a l l y - o p e n c o n t a c t p^ and 

t h e n o r m a l l y - c l o s e d c o n t a c t y'. The power s u p p l y i s 

connected t o the l o g i c t h r o u g h the n o r m a l l y - o p e n 

c o n t a c t s P2 and p^. The n o r m a l l y - o p e n c o n t a c t s r-^ and 

r ^ o f r e l a y R are used t o r e s e t t h e l o g i c . 

The f u n c t i o n Y d e t e c t s when t h e motor, b r a k e , and 

c l u t c h are on a t t h e same t i m e . 

M - Motor 

Y = M.B«C B - Brake 

C - C l u t c h 



1 V o l t s 11 2 
Pcwer 11 L o g i c 
Supply - j -

-5.6 M P 3 V o l t s M P 3 

M 
B 
C 

P i g . 8 
The Power Log i c 
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A r e e d r e l a y c o i l w i t h n o r m a l l y - c l o s e d c o n t a c t y' i s 

the l o a d i n the c o l l e c t o r c i r c u i t o f power gate ( 1 ) . 

Thus, t h e c o n t a c t y' opens when Y equals a l o g i c 0, 

and r e l a y P d e - e n e r g i z e s . W i t h r e l a y P d e - e n e r g i z e d , 

t h e power s u p p l y i s d i s c o n n e c t e d f r o m t h e l o g i c . 

16 



3.3 The Design o f the C o n t r o l L o g i c 

The i n p u t v a r i a b l e s t h a t are used f o r c o n t r o l 

purposes are o b t a i n e d f r o m the p i l o t l i g h t c o n t a c t s 

of t h e t e s t and master t i m e r s . When the p i l o t l i g h t 

c o n t a c t c l o s e s , i t t r i g g e r s a f l i p - f l o p i n t o t h e " o f f " 

s t a t e . P i g u r e 9 i s a diagram o f the c i r c u i t used t o 

accomplish t h i s . P^ i s the o u t p u t o f the f l i p - f l o p 

t h a t d e t e c t s t h e c l o s i n g o f TT, the p i l o t l i g h t c o n t a c t 

o f the t e s t t i m e r . Reed r e l a y K e n e r g i z e s a f t e r TT 

c l o s e s . T h i s causes t h e n o r m a l l y - o p e n c o n t a c t k t o 

c l o s e , and a n e g a t i v e p u l s e t r i g g e r s P^ t o a l o g i c 1 , 

Appendix I I I g i v e s the t r u t h t a b l e s f o r a f l i p - f l o p , 

P l i p - f l o p (1) i s r e s e t by t h e n o r m a l l y - o p e n c o n t a c t r ^ * 

P i g u r e 10 i s a diagram of the c i r c u i t used t o d e t e c t 

the c l o s i n g of MT, the p i l o t l i g h t c o n t a c t o f t h e 

master t i m e r , 

P i g u r e 11 shows a t i m i n g c h a r t f o r t h e c o n t r o l 

of the M ( m o t o r ) , C ( c l u t c h ) , and B ( b r a k e ) f u n c t i o n s 

w i t h t h e i n p u t s P^ and P^, A t the time t equals t 2 , 

the motor i s e n e r g i z e d and t h e brake r e l e a s e d . However, 

t h e r e i s no change i n Prp o r P^, A t i m e - d e l a y stage 

which t u r n s t h e motor on and brake o f f i s i n t r o d u c e d . 

The time d e l a y s t a r t s when P^ changes t o a l o g i c 1 , A t 

t h e time t equals t _ , a s i g n a l from t h e t i m e - d e l a y stage 

17 



+5.6 V o l t s 

K ) Reed Relay C o i l 

TT ( T e s t Timer P i l o t L i g h t C o n t a c t ) 

+5.6 
V o l t s 

D 3.3K^ 
i AA/WV-

J r l 
+5.6 V o l t s 

P i g . 9 
The C i r c u i t Used t o D e t e c t the 

C l o s i n g o f TT 
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+5.6 V o l t s 

J ) Reed Relay C o l l 

MT (Master Timer P i l o t L i g h t C o n t a c t ) 

+5.6 V o l t s 
+5.6 V o l t s 

sc 

Ro 
+5.6 
V o l t s 

M 

M 

3.3K 
i v^A/WW^— +5.6 V o l t s 
=- r l 

P i g . 10 

The C i r c u i t Used t o D e t e c t t h e 
C l o s i n g o f MT 
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t ^ 1 Time 

t - S t a r t o f the Test Cycle o 
t 1 - Contact TT Closes 
t2 - End o f t h e Time Delay 
t ^ - Contact MT Closes 

P i g . 11 

A Timing Chart o f t h e C o n t r o l P u n c t i o n s 
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causes X^, the o u t p u t o f a f l i p - f l o p , t o change t o a 

l o g i c 1 , By c l o s i n g a s t a r t b u t t o n a t t h e b e g i n n i n g of 

the t e s t c y c l e , S, the o u t p u t of a f l i p - f l o p , i s changed 

t o a l o g i c 1, P i g u r e 12 g i v e s the t i m i n g c h a r t of t h e 

c o n t r o l l o g i c f o r one c y c l e . The v a r i a b l e 

i s shown a l s o . 

The v a r i a b l e s S, P , and X are used t o c o n t r o l 
T M 

the o u t p u t f u n c t i o n s M, B, and C. Prom the t i m i n g c h a r t , 

i t i s observed t h a t t h e r e are f i v e s t a b l e s t a t e s . The 

p r i m i t i v e f l o w c h a r t c o r r e s p o n d i n g t o these s t a t e s i s 

shown i n P i g u r e 13. The s t a b l e s t a t e s are c i r c l e d . 

Prom the p r i m i t i v e f l o w c h a r t , a merged f l o w c h a r t i s 

o b t a i n e d by combining "row" s t a t e s Q ) , Cl), and and "row" 

s t a t e s (D and(T£). "Don't c a r e " terms are u t i l i z e d i n t h i s 

s t e p , ^ T h i s c h o i c e of merging r e s u l t s i n o n l y one f e e d ­

back v a r i a b l e , 

P, the feedback v a r i a b l e , i s coded as shown i n 

P i g u r e l l ; . P i g u r e 15> shows t h e Karnaugh maps f o r t h e 

f u n c t i o n s f , M, and B, 

X — Pip , X^ 

B 
M 
f 
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The c o n t a c t TT c l o s e s 
The time d e l a y ends 
The c o n t a c t MT c l o s e s 
The r e s e t b u t t o n i s pushed 

P i g . 12 

A Timing Chart o f the I n p u t and 
Output C o n t r o l P u n c t i o n s 
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X © X 0 1 1 
X X 5 1 0 1 
1 X X 0 1 1 

P i g . 13 
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Merged Plow Chart 
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P i g . 15 
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By comparing the t r u t h t a b l e s o f f and a s e t , r e s e t f l i p 

f l o p , i t i s observed t h a t t h e y are i d e n t i c a l , P i g u r e 16 

i l l u s t r a t e s t h i s , 

P i g u r e s 1? and 18 show, r e s p e c t i v e l y , a b l o c k 

diagram and t i m i n g c h a r t f o r the f u n c t i o n s used i n the 

c o n t r o l l o g i c , G i s t h e o u t p u t o f a power NAND gate 

which t u r n s on a t e s t lamp when the l o g i c i s r e s e t . 
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D i r e c t Set- Reset 
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1 1 No 
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f l i p - f l o p 

X 7M f 
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T r u t h Table o f f 

P i g . 16 

The T r u t h Tables o f f and the 
D i r e c t Set- Reset P l i p - f l o p 
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A l l R e s i s t o r s are 

B l o c k Diagram o f t h e 
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P i g . 17 
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3,L|. The Design o f the Comparison L o g i c 

Each c o r r e s p o n d i n g c i r c u i t o f the t e s t and master 

t i m e r s i s compared b y an e x c l u s i v e OR g a t e . P i g u r e 19 

shows the f o u r NAND gates used t o implement the e x c l u s i v e 

OR f u n c t i o n . A t i m e - d e l a y stage determines i f the c o r r e ­

sponding c i r c u i t s o f the t i m e r s d i f f e r by a p r e s e t time 

i n c r e m e n t . 

The o u t p u t o f the t i m e - d e l a y stage i s a n e g a t i v e 

p u l s e t h a t t r i g g e r s a f l i p - f l o p i n t o t h e " o f f " s t a t e . 

Q,, the o u t p u t o f t h e i - t h f l i p - f l o p , i s the i n p u t t o a 

lamp d r i v e r . I f T ^ the i n p u t f r o m t h e i - t h c i r c u i t i n 

the t e s t t i m e r , i s f a u l t y , t h e f o l l o w i n g c o n d i t i o n s occur: 

Qi = 1 
^ = 0 

When C^, the o u t p u t o f t h e i - t h lamp d r i v e r , equals a 

l o g i c 0, the i - t h lamp i s t u r n e d on. This d i s p l a y s 

which c i r c u i t i s f a u l t y i n the t i m e r . The f l i p - f l o p i s 

r e s e t by the f u n c t i o n 7 d u r i n g the n e x t t e s t c y c l e . 

The o u t p u t s o f the i n d i v i d u a l comparison c i r c u i t s 

are t he i n p u t s t o a f i n a l AND g a t e , which d e t e r m i n e s 

whether the t i m e r i s accepted or r e j e c t e d . P i g u r e 20 

shows t h e AND gat e mechanized w i t h NAND gates and i n ­

v e r t e r s . The o u t p u t i s 
16 

Rrp = TTO. 
1 1=1 1 
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^ +5.6 V o l t s 

P i g . 19 
I n d i v i d u a l Comparison Stage 

I n p u t s Are 
Prom the 
I n d i v i d u a l 
Comparison 
C i r c u i t s 

P i g . 20 
P i n a l AND Gate 
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where i s the o u t p u t of each comparison c i r c u i t , 

A,p - Rrp 

Gate (1) i s a lamp d r i v e r f o r the accept lamp, and 

i n v e r t e r (2) i s a lamp d r i v e r f o r t h e r e j e c t lamp. 

The t i m e - d e l a y c i r c u i t i s shown i n Pig u r e 21. The 

c i r c u i t i s a u n i j u n c t i o n t r a n s i s t o r r e l a x a t i o n o s c i l l a ­

t o r , ^ The b a s i c e q u a t i o n f o r the time needed " t o f i r e " 

t h e u n i j u n c t i o n t r a n s i s t o r (UJT) i s d e r i v e d as f o l l o w s : 
| v c c 

Rt 
E 

UJT' 
B2 | 
B l V 0 

P i g . 21 
U n i j u n c t i o n T r a n s i s t o r R e l a x a t i o n O s c i l l a t o r 

When 

where 

v c = cc 

(1) 
(2) 

= The i n t r i n s i c s t a n d - o f f r a t i o o f 

t h e UJT 

the t r a n s i s t o r ' s e m i t t e r (E) t o base 1 ( B l ) j u n c t i o n i s 

f o r w a r d - b i a s e d . This a l l o w s c a p a c i t o r C t o d i s c h a r g e and 

31 



the r e s i s t a n c e ( R B B ) f r o m base 2 (B2) t o base 1 ( B l ) 

reduces. A n e g a t i v e p u l s e appears a t B2. E q u a t i o n 

(2) i s s u b s t i t u t e d i n t o e q u a t i o n ( 1 ) , and the time i s 

deter m i n e d as a f u n c t i o n o f R and C: 

t = - R C l n ( l - I f ) 

W i t h ^ f = 0.7 
t = 1.2RC 

Since one impulse o f th e t i m e r corresponds t o 

167 m i l l i s e c o n d s , the minimum and maximum time d e l a y s , 

r e s p e c t i v e l y , are 15 m i l l i s e c o n d s and 500 m i l l i s e c o n d s . 

W i t h a l O ^ f . c a p a c i t o r 

RMIN - 1 K ^ 
RMAX = 

A 5 0 K A p o t e n t i o m e t e r i s used t o charge the 1 0 ^ f . 

c a p a c i t o r ( P i g u r e 2 2 ) . The f a l l time o f th e pulse a t 

B2 o f the u n i j u n c t i o n t r a n s i s t o r i s t o o l o n g t o t r i g ­

g e r a f l i p - f l o p . T h e r e f o r e , the p u l s e i s d i f f e r e n t i a t e d 

b y a O . l / c f , c a p a c i t o r , and t h e l5K.n-voltage d i v i d e r 

a d j u s t s t h e a m p l i t u d e o f the p u l s e t o the c o r r e c t 

v o l t a g e l e v e l needed t o d r i v e t h e two NAND g a t e s . 
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Output 
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Time Delay Stage 
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Time-Delay Stage 
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3.5 A D e s c r i p t i o n o f t h e Power C o n t r o l C i r c u i t s 
f o r the Motor, Brake, and C l u t c h 

A method o f t r a n s f e r i s needed f r o m the v o l t a g e o f 

the l o g i c c i r c u i t s t o the o p e r a t i n g v o l t a g e o f t h e c o n t r o l 

d e v i c e s . A s i n g l e - p o l e , n o r m a l l y - o p e n reed r e l a y i s used 

t o mechanize t h i s t r a n s f e r . The reed r e l a y c o i l i s i n 

the c o l l e c t o r c i r c u i t o f a g a t e , whose o u t p u t i s the 

complement of the d e s i r e d o u t p u t f u n c t i o n . Thus, when 

the f u n c t i o n i s a l o g i c 1, the reed r e l a y c o n t a c t i s 

c l o s e d . 

The e l e c t r o m a g n e t i c brake and c l u t c h operate on 90 

v o l t s d-c. P i g u r e 23 shows t h e c i r c u i t used t o c o n t r o l 

the brake and c l u t c h . One c i r c u i t i s needed f o r each. 

Upon c l o s u r e o f t h e r e e d r e l a y c o n t a c t , the s i l i c o n -

c o n t r o l l e d r e c t i f i e r (SCR) conducts e v e r y o t h e r h a l f 

c y c l e o f the 115-volt, 60 - c y c l e s u p p l y v o l t a g e . The 

l ^ O j a - d r o p p i n g r e s i s t o r and I j ^ f , c a p a c i t o r p r o v i d e 

a p p r o x i m a t e l y 90 v o l t s d-c. t o the brake and c l u t c h . 

There i s a s i z a b l e r i p p l e c o n t e n t t o the v o l t a g e , b u t 

i t i s n o t o b j e c t i o n a b l e . 

The motor operates on 115 v o l t s , 60 c y c l e s , P i g u r e 

21}. shows the c i r c u i t used t o c o n t r o l the motor. The SCR's 

are connected back-to-back; t h u s , t h e y p r o v i d e a s o l i d -

s t a t e s w i t c h f o r t h e motor. The leakage c u r r e n t f r o m 

t h e anode t o the gate o f each SCR i s used " t o f i r e " t he 

3 k 
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C o n t r o l C i r c u i t f o r the Motor 
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SCR's when the read r e l a y c o n t a c t i s c l o s e d . 
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CHAPTER IV 

EXPERIMENTAL DATA AND RESULTS 

L. 1 I x p e r i m e n t a l Data 

Since the e n t i r e t e s t depends upon the a l i g n m e n t 

o f t h e t e s t and master t i m e r s , i t i s e s s e n t i a l t h a t the 

f l i p - f l o p s , whose o u t p u t s are P T and P M, are n o t t r i g g e r e d 

by c o n t a c t bounce of t h e i r r e s p e c t i v e p i l o t l i g h t con­

t a c t s . The upper t r a c e o f P i g u r e 25 shows the v o l t a g e 

across the p i l o t l i g h t c o n t a c t of the t e s t t i m e r as i t 

c l o s e s . The upper t r a c e o f P i g u r e 26 shows the v o l t a g e 

across the same c o n t a c t as i t c l o s e s , w i t h an R-C f i l t e r 

across the c o n t a c t . E x p e r i m e n t a l l y , 100-n. i n s e r i e s 

w i t h a 33>if. c a p a c i t o r was e f f e c t i v e i n damping the 

n o i s e . 

P i g u r e 25 shows t h e c o n t a c t bounce across the p i l o t 

l i g h t c o n t a c t and the o u t p u t of t h e c o r r e s p o n d i n g r e e d 

r e l a y c o n t a c t . Note t h a t the c o n t a c t bounce i s t r a n s ­

f e r r e d t o t h e r e l a y c o n t a c t , 

P i g u r e 26 i s the same as P i g u r e 25 except t h a t an 

R-C f i l t e r i s across t h e p i l o t l i g h t c o n t a c t . I t i s 

observed t h a t t h e t r a n s f e r of the n o i s e t o t h e r e e d r e l a y 
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Sweep Rate: 1 m i l l i s e c / c m . 

Amplitude 

Upper Trace: 2 volts/cm. 
Lower Trace: 2 volts/cm. 

Upper Trace: Voltage across contact TT 
without an R-C f i l t e r 

Lower Trace: Voltage across contact k 

P i g . 25 

The T r a n s i e n t Voltage Across the P i l o t 

L i g h t Contact o f the Test Timer Without 

an R-C F i l t e r 38 



Sweep Rate: 1 m l l l l s e c / c m . 

Amplitude 

Upper Trace: 2 volts/cm. 
Lower Trace: 2 volts/cm. 

Upper Trace: Voltage a c r o s s c o n t a c t TT 
with an R-C f i l t e r 

Lower Trace: Voltage a c r o s s contact k 

P i g . 26 

The T r a n s i e n t Voltage Across the P i l o t 

L i g h t Contact of the Test Timer With 

an R-C P i l t e r 
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c o n t a c t i s reduced except f o r one l a r g e p u l s e . T h i s 

p u l s e i s b e l i e v e d t o be due t o an i m p e r f e c t i o n i n the 

cam. Moreover, the f i l t e r e l i m i n a t e s a source of n o i s e 

t h a t feeds back i n t o the +5.6 v o l t s u p p l y . W i t h o u t t h e 

f i l t e r , t h e motor w i l l n o t s t o p when the p i l o t l i g h t 

c o n t a c t o f the t e s t t i m e r c l o s e s . T h i s i s due t o n o i s e 

f r o m t h e c o n t a c t changing t h e s t a t e o f t h e f l i p - f l o p , 

whose o u t p u t i s P„. 

A l s o , i t was d i s c o v e r e d t h a t t h e reed r e l a y s were 

a source of n o i s e . Upon opening and c l o s i n g the c o n t a c t s 

of the r e e d r e l a y s , the s t a t e of the f l i p - f l o p s changed. 

Diode s u p p r e s s i o n of t h e reed r e l a y c o i l s proved i n e f f e c ­

t i v e . Suppression of the reed r e l a y c o n t a c t s w i t h 

. O l ^ f . c a p a c i t o r s h e l p e d , b u t d i d n o t e l i m i n a t e the 

problem. The c o n s t r u c t i o n of t h e reed r e l a y i s such 

t h a t t h e c o n t a c t s are coupled m a g n e t i c a l l y t o the c o i l 

( P i g u r e 2 7 ) . The c o i l has a p p r o x i m a t e l y 10,000 t u r n s so 

t h a t t h e c o n t a c t and c o l l a c t as a p u l s e t r a n s f o r m e r f o r 

any v o l t a g e change across the c o n t a c t . This problem was 

s o l v e d by u s i n g a separate power s u p p l y f o r the reed 

r e l a y c o i l s . 

The f i n a l n o i s e problem i s due t o n o i s e p i c k u p 

frora t he a-c. l i n e of the motor. I t i s observed on the 

o s c i l l o s c o p e t h a t the l o g i c c a l l s f o r the motor t o be 



C o i l 

v -

Reed Contact i s Enclosed 
i n the Glass Tube 

P i g . 27 
C o n s t r u c t i o n o f the Reed Relay 
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e n e r g i z e d i n the m i d d l e of the t e s t c y c l e . However, 

the f l i p - f l o p , whose o u t p u t i s f , changes s t a t e as t h e 

motor e n e r g i z e s . P i g u r e 28 i l l u s t r a t e s t h i s . P i g u r e 29 

shows the same n o i s e except t h a t the l o g i c o u t p u t f o r 

t h e motor d i d n o t change. The b o t t o m t r a c e i s M, The 

motor has s u c c e s s f u l l y e n e r g i z e d and i s r o t a t i n g the t e s t 

and master t i m e r s . The upper t r a c e i s t h e +5*6 v o l t 

s u p p l y . A t 2,2 m i l l i s e c o n d s a f t e r M has s w i t c h e d t o a 

l o g i c 1, a n o i s e s i g n a l i s observed i n the +5.6 v o l t 

s u p p l y . T h i s n o i s e s i g n a l i s r a d i o - f r e q u e n c y n o i s e f r o m 

the motor. I t i s coupled t o the +5.6 v o l t s u p p l y f r o m 

th e a-c. l i n e o f t h e motor. 

P i g u r e 30 shows T^, the i n p u t f r o m the t e s t t i m e r , 

and C^, the o u t p u t from an i n d i v i d u a l comparison s t a g e . 

Both i n p u t s t o the e x c l u s i v e OR gate are a l o g i c 1 u n t i l 

the c o n t a c t of t h e t e s t t i m e r c l o s e s . Then the i n p u t 

f r o m the t e s t t i m e r changes t o a l o g i c 0. A f t e r 35 

m i l l i s e c o n d s t h e o u t p u t of the lamp d r i v e r changes t o a 

l o g i c 0. 

P i g u r e 31 shows the r e l a t i v e a l i g n m e n t o f the t e s t 

and master p i l o t l i g h t c o n t a c t s . The c o n t a c t s a r e a l i g n e d 

w i t h i n 2 m i l l i s e c o n d s of each o t h e r . T h i s corresponds t o 

1.2 per c e n t o f one impulse o f the t i m i n g c y c l e . 



Sweep Rate: m i l l i s e c / c m . 

A m p l i t u d e 

Upper Trace: 1 v o l t / c m . 
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Sweep Rete: .5 T n l l l i s e c / c m , 
A m p l i t u d e 

Upper Trace: 2 v o l t s / c m . 
Lower Trace: 2 v o l t s / c m . 

Upper Trace: +5.6 V o l t a g e Supply. 

Lower Trace: V o l t a g e o f the o u t p u t f u n c t i o n M, 

P i g . 29 
A D i s p l a y o f Noise i n the Power Supply 



Sweep Rate: 5 m i l l i s e c / c m . 

A m p l i t u d e 

Upper Trace: 2 v o l t s / c m . 
Lower Trace: 2 v o l t s / c m . 

Upper Trace: Output o f an i n d i v i d u a l 
comparison c i r c u i t . 

Lower Trace: I n p u t t o the e x c l u s i v e OR 
gate from a f a u l t y t i m e r 
c i r c u i t . 

P i g , 30 
A D i s p l a y of t h e I n p u t and Output 

V o l t a g e s o f an I n d i v i d u a l Comparison C i r c u i t 



Sweep Rate: 5 m i l l i s e c / c m . 
A m p l i t u d e 

Upper Trace: 2 v o l t s / c m . 
Lower Trace: 2 v o l t s / c m . 

Upper Trace: V o l t a g e across t h e c o n t a c t MT 
w i t h an R-C f i l t e r . 

Lower Trace: V o l t a g e across the c o n t a c t TT 
w i t h an R-C f i l t e r . 

P i g . 31 
A D i s p l a y o f the V o l t a g e Across the P i l o t L i g h t 

Contacts of the Master and Test Timers 



l\.,2 E x p e r i m e n t a l R e s u l t s 

I t was found upon assembling t h e complete system 

t h a t the f l i p - f l o p s i n the l o g i c were s e n s i t i v e t o n o i s e . 

The sources o f n o i s e were determined t o be t h e f o l l o w i n g : 

(1) R a d i a t i o n f r o m f l u o r e s c e n t lamps, 

(2) R a d i a t i o n f r o m the motor, 

(3) E l e c t r i c a l n o i s e f r o m the motor, 

(Ij.) E l e c t r i c a l n o i s e f r o m the reed r e l a y s , 

(5) E l e c t r i c a l n o i s e from the t i m e r c o n t a c t s . 

The r a d i a t i o n f r o m the f l u o r e s c e n t lamps was 

s h i e l d e d e f f e c t i v e l y . The e l e c t r i c a l n o i s e f r o m the reed 

r e l a y s was e l i m i n a t e d by u s i n g a separate +5*6 v o l t 

s u p p l y f o r them. The e l e c t r i c a l n o i s e frora t h e t i m e r 

c o n t a c t s was f i l t e r e d by an R-C network. 

The r e m a i n i n g problem i s t o f i l t e r the e l e c t r i c a l 

n o i s e f r o m the motor. By s u b s t i t u t i n g a 115-volt, 100-

w a t t lamp f o r the motor and r o t a t i n g the system b y hand, 

i t was c o n f i r m e d t h a t the n o i s e i s from t h e motor. The 

l o g i c s u c c e s s f u l l y sequenced th r o u g h the t e s t c y c l e . 

I t was determined t h a t a t e s t t i m e r can be a l i g n e d 

a c c u r a t e l y w i t h a master t i m e r . Thus, a comparison of 

t h e c o r r e s p o n d i n g c i r c u i t s o f each t i m e r i s a f e a s i b l e 

method o f t e s t i n g the t i m e r s . 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

5.1 D i s c u s s i o n o f the E x p e r i m e n t a l R e s u l t s 

Since n o i s e a f f e c t e d the l o g i c c i r c u i t s , t h e des i g n 

should be m o d i f i e d t o improve t h e n o i s e immunity o f t h e 

system. The f o l l o w i n g changes are recommended by the 

a u t h o r : 

(1) The z e r o - v o l t l i n e s h o u l d be i s o l a t e d 

f r o m t h e c h a s s i s . 

( 2 ) The c h a s s i s s h o u l d be connected t o 

e a r t h ground. 

(3) A l l cables s h o u l d be s h i e l d e d . 

(k) The a-c. and d-c, l e a d s should be k e p t 

as f a r a p a r t as p h y s i c a l l y p o s s i b l e , 

(5) The motor sh o u l d be f i l t e r e d e f f e c t i v e l y 

f o r r a d i o - f r e q u e n c y n o i s e . 

With the above steps t a k e n , i t i s the a u t h o r ' s 

o p i n i o n t h a t t h e t e s t e r w i l l o p erate s u c c e s s f u l l y . 

Since high-speed l o g i c i s n o t necessary f o r t h e 

s u c c e s s f u l o p e r a t i o n of t h i s t e s t e r , i t would be b e t t e r 

i f t h e l o g i c were mechanized by d i s c r e t e components. The 

1+8 



t r a n s i s t o r s of t h e f l i p - f l o p s c o u l d be b i a s e d c o m p l e t e l y 

i n t o the s a t u r a t i o n and c u t - o f f r e g i o n s . 

The r e q u i r e m e n t s o f the d e s i g n as s t a t e d i n S e c t i o n 

2.1 were met s u c c e s s f u l l y . I t was demonstrated t h a t a 

t e s t t i m e r can be a l i g n e d e l e c t r i c a l l y w i t h a master 

t i m e r . 

9̂ 
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MC254 M C 2 5 0 DTL S E R I E S 

3-Input Diode TranBistor Logic NAND/NOR Power 
Gale. 

M A X I M U M R A T I N G S (TA = 2 5 * C ) 

Characteristic Symbol Ratio: Unit 

Applied Voltage V 7 , 8 ( 9 .8 Vde 

V 5 t 

-6 

\* •6 

Forward Current I 5 thru 10 30 mAdc 

Load Current "3 75 mAdc 

Operating Temperature Range TJ Oto 75 •c 

Storage Temperature Range T , -65 to «17S •c 

MC254 POWER GATE 
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Moiorola Iniografed Circuiis 

MC254 ( c o n t i n u o d ) ( v , = 4 v d c . v« = 2 v d c , V ! = 0, 
E L E C T R I C A L C H A R A C T E R I S T I C S T J = 2 5 - 0 u n l e s s o t h e r w i s e n o t o d ) 

C ha rac ts ristic SytTibol I I M n n i Typical MaiiiDum Unit 

Ouiput Urcakdown Volt3tjt DV Vdc 
( I 8 - 5/iAdc, V 7 - 0 6 - -

"1" Output Current h 
( V 7 , e o r 9 - 1 - 0 V d c ' V , - 6 V d c ) - - 100 

^ V . S o r Q - 0 - 7 5 ^ ' V a " 5 ^ . - 100 
T , • 15' C) 

^ T . a o r D - 1 ' 1 7 * ' V 3 . 6 V d c , - 100 
T • 0" Cl 

"0" Output Current l 

3 
mAdc 

p,o or y J 30 
m 

_ 

T . - 0 to 75'C) 
J 

Input Dreakdown Voltage 
( I 7 - 10;/Adc( V e . 0) B V , 8.0 - -

Vdc 

(l a - IGfiAdc, V 1 . 0) B V 8 8.0 - • 
( I 8 - 10(/Adc, V , - 0) 8.0 - -

Input ! .I .„J.C C u r r e n t 
(V, • 5Vdc, V . - 0) 7 * 8 ' 7 0. so 

/ /Adc 

(V, • 5Vdc, V 8 - 0, T j - 76* C) i 7 

• _ 2 S 

(V 8 • SVdc, V , - 0) '8 - - 0.50 
(V 8 - SVdc, V , - 0, T j - 7S* C) 

' a - - 25 

(V. • SVdc, V , . 0) 9 ' 7 ' 0. 50 

(V 9 . SVdc, V 7 . 0, T j - 75* C) •9 
_ • 2 S 

Input Turn-Oft Current 
^Alternately, Vy • it) - 4 . S 

mAdc 

tAiternateiy, Vg Vg • u ( 

T j - O t o V S ' C ) ' 
( v 1 0 - o ) ' i o • - - 5 . 5 

Output Capacitance C 3 Pf 
(V, - J.OVdc, V, - 2SmVrm8, 3 ' I n ' 15 

I • Ime, unused pins grounded) 

Input Capacitance 
(V 1 - Z.OVdc, V ^ - 25mVrms, C 7 10 

Pf 

f = line, unused pins grounded) 

(V- • 2.0Vdc, V, • ZSmVrms, 0 in c e 10 
I > Ime, unused pins grounded) 

(V 9 - 2.0Vdc, V ^ - 25mVrms, C 9 10 
1 = Ime, unused pins grounded) 

Power Supply 
(Output "OFF", V 7 - 0) 23 

mW 

(Output "ON") 66 
Switching Times 

Turn-On Delay t 
on 

' o i l 

35 
neec 

Turn-OH Delay 
t 
on 

' o i l 

100 

Average Propagation Delay 
'PO 

40 nsec 
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w.c25S 

• Motorola inlegrafed Circuits • 

M C 2 5 0 DTL S E R I E S 

-Jr »-2 

Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 

M A X I M U M R A T I N G S ( T J = 2 5 * C unless otherwise noted) 

Ctiaractimtic Symbol l u l h | Unit 

Applied VolUge 

^ , 4 , 6 thru 0 
V 5 

V 

.8 

-6 

+6 

Vdc 

Forward Current 

h thru 4, 
7 thru 10 

+30 

-30 

mAdc 

Operating Temperature Range T J 0 to +76 •c 

Storage Temperature Range T 
Btg 

-66 to +175 •c 

M C 2 S 8 

6 — 

C7 
D8 O 9 

E9 O — — 

F - A B C - C D E 

3-2 NAND/NOR GATE 

-9 vAÂ  
Q S F 
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—Motorola Integrated Circuits —— 

M C 2 5 S (continued) 

i 

E L E C T R I C A L C H A R A C T E R I S T I C S 

(V. = 4 Vdc, Vi = 2 Vdc, Vi = 0, T J = 25*0 unless otherwise noted) 

Characti ristic Symbol Minlfflum Tyjilul Mailmum Unit 

Output Saturation VolUge Vdc 
V 0. 55 

T . . 0 to 75* C) 

V1JQ oniAuc, v.̂  • Vg • Vg • *» uc v 
V 10 

0. 55 

T j - 0 to 75" C) 

v 
V 10 

Output "CMI" VolUge Vdc 
- lOOpAdc, V 3 - l.OVdc V 2 3. S 

U., IUU0AOC, • U, I jvac , V 2 3. S 

T j - 75* C) 

(1̂  » lOO^Adc, V j • l . lVdC, V 2 3« S 

T . - I ^ C ) 

( I 1 0 - 100//Adc, V 7 - l.OVdc V 10 3.S • _ 

( I ^ » 100/JAdc, V^ - 0.75Vdc, V . . 
10 3.5 

m ' 
Tj • 75° C) 

( I 1 0 - 100^Adc, V , - l . l V d c , V 1 0 3.5 - -
T • C Cl 

J 

Input Breakdown VolUge Vdc 
( I j - lO^Adc, V 4 - 0) W J 8 

( 1 ^ > 10(iAdc, V j - 0) B V 4 8 

( I 7 - IQuAdc, V e . 0) B V , 8 

( I 8 - 10(iAdc, V 7 - 0) B V 8 8 

( I 9 - lOjlAdc, V 7 - 0) 8 

Input Leakage Current \\\ «Adc 

(Diode under test at SVdc, aU o.so 
other Inputs > 0) 

(Diode under test at SVdc, all 25 
other inputs » 0 , T j - 7S*C) 

Input Turn-Oil Current mAdc 

v» 
(Alternately V j V^ V , V j V j - 0) -2.3 

(Alternately V 3 ' v 4 ' v 7 ' v a

, V 9 - 0, -2.5 

T j - 0 to 7S* C) ' ' ' 

Output Capaciunce 
( V 2 - Z.OVdc, V 3 . 0, V ^ - 2 5mVrms, . 1 . c , 10 

f - Ime, unused pins grounded) 
( V 1 0 - 2.0Vdc, V 7 . 0, V ^ . 2SmVrms, - C 1 0 10 

I - Ime, unused pins grounded) 
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Motorola Integrated Circuits 

MC258 (continued) 

E L E C T R I C A L C H A R A C T E R I S T I C S (continued) 

Characteristic Symbol Minimum Typical Maiimum Unit 

Inintt CaiwcltAnce 
( V 3 - 2Vdc, • aSmVrma, 1 - Ime, C 3 10 

tt 

unused pins grounded) 
( V 4 = 2Vdc, - 25mVrm8, i - Ime, C 4 10 

unused pins grounded) 
( V 7 - 2Vdc, * 25mVrma ( i - lmc f C 7 10 

unused pins grounded) 
( V e - 2Vdc, V ^ « ZSmVrma, i - ime. c e 10 

unused pins grounded) 
(Vg - 2Vdc> V ^ • 25mVrma ( ( - Ime c « 10 

unused pins grounded) 

Power Consumption Power Supply 
(Output "Off*, V 3 - V 7 - 0) 20 

mW 

(output "On") 34 

Switching Times 
Turn-On Delay 'on 60 

nscc 

Turn-Ofi Delay «oK 60 

Average PropAifaUtm Delay 30 niwo 

MC2S9 M C 2 5 0 D T L S E R I E S 

Diode Transistor Logic Flip-Flop. 

M A X I M U M R A T I N G S ( T J = 2 5 * C ) 

Characteristic Symbol Ratin( Unit 

Applied Voltage 
V 2 ,3 ,4 ,6 ,7 

8,0,10 
V 5 

+8 

-8 

Vdc 

Forward Current 

1 thru 10 

+5<< 
-30 

mAdc 

Operating Temperature Range 0 to +75 •c 

Storage Temperature Range T a t g 

-65 to +175 •c 
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i i i Motorola Integrated Circuits 

M C 2 5 9 (continued) 

MC259 BINARY E L E M E N T 
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—— Motorola Integrated Circuits 

M C 2 5 9 (continued) 

E L E C T R I C A L C H A R A C T E R I S T I C S 

(V» = 4 Vdc, Vi = 2 Vdc, Vi = 0, T J = 25*C unless otherwise noted) 

Ctufacteristic 
UtlC 

Symbol 
Logic 
State Symbol Minimum Typical Mnimum Unit 

OUTPUT L E V E L 
••Oil" Voltage 
( I G - -200(j Adc, V^ - 0. 55Vdc, 

V 7 • Z.OVdc, T A • 0 to 75* C) 

( I 3 - -200»AdC, V^ - 2.0Vdc, 

V 7 » O.CVdc, T A - 0 to 75"C) 

q 1 

1 

V 8 

V 3 

2.5 

2.5 - -

Vdc 

Vdc 

"On" Voltage 
( I 8 • IGmAdc, V 4 • 2.0Vdc, 

V 7 - 0. 55Vdc, T A - 0 lo 75* C) 

( I 3 . 16mAdc, V 4 . 0.55Vdc, 

V 7 - 2.0Vdc, T A - 0 to 75'C) 

Q 

7? 

0 

0 

v e 

V 3 

- - 0.55 

0.55 

Vdc 

Vdc 

DIRECT S E T - R E S E T INPUTS 
"Up" Vollftge " D 

R D 

I 

1 

v 

V 7 

2.0 

3.0 -

Vdc 

Vde 

"Duwil" V O I U B S 
§e 
R u 

0 
0 

V 4 
V 7 

• 

- -
e, 93 
0. 55 

Ydc 
Vdc 

"Up" Current 
(V 4 . SVdc, T j • 75° C) 

(V 7 . SVdc, T j > 75' C) 
S D 
R D 

i 
i 

li 25 

25 

/.Adc 

/.Adc 

"Down" Current 
(v 4 - 0) 

(v 7 = 0) 

S D 
R D 

0 

0 
'4 

"7 

-2.3 

-2.3 

mAdc 

mAdc 

CLOCKED S E T - R E S E T INPUTS 
"Down" Current 

s c 
R C 

0 

0 
'9 

•a 

-1.75 

-1.75 

mAdc 

mAdc 

Effective Clock Input 
Capacitance 

C 10 75 Pf 

SWITCHING TIME 
Clocked Set-Reset Mode 

Turn-On Delay 

Turn-Off Delay 

t 
on 

'off 

100 

75 

nsec 

nsec 

Direct Set-Reset Mode 
Turn-On Delay 

Turn-Off Delay 

t 
on 

'off 

100 

75 

nsec 

nsec 

POWER CONSUMPTION 16 mW 
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.v.c 262 

• Motorola Integrated Circuits-

M C 2 5 0 DTL S E R I E S / •-^_-i/!4 

Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 

M A X I M U M ftATlNQQ ( T j m llo'C unleht i oihttwli,* n a u u ) 

Clunctiristic Symbol Rating Unit 

AppUcd VolUge 
V , thru » 

v 
2,10 

f l 
•6 

Vdc 

Forward Current 

h thru 5, 
7 thru 10 

+30 
-30 

mAdc 

Operating Temperature Range 0 to +75 •c 

Storage Temperature Range stg -65 to +176 • c 

MC202 

3-3 NAND/NOR CATE 

9 6 

I0H 

C A B C H - D E F 
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— Motorola Integrated Circuits 

M C 2 6 2 (continued) 

I L E C T R I C A L C H A R A C T E R I S T I C S (continued) 

OwactHiitic Symbol Minimum Typical Maximum Unit 

(V 2 = 2.0Vdc ( V 3 - 0, - 25mVrnte, 

i « Xmc, unused pins grounded) 
( V l 0 = 2.0Vdc, V 7 - 0, - aSmVrmB, 
. > lmc t unused pins grounded) 

C 2 

C 10 

- - 10 

10 

of 

Input Cap>tciUincc 
(V, » 2Vdc, V, - 25mVrma. f - Ime. * 3 ' I n * 1 

unused puis grounded) 
(V 4 = 2Vdc, - 25mVrmfl, I - Ime, 

unused pins grounded) 
(V, = 2Vdc, V » 25n»Vrnis. I - Ime. ^ 5 * in ' ' 
unused pins grounded) 

(V- - 2Vdc f V. = 25mVrma. f - Ime, 
uitused pins grounded) 

(V 8 - 2Vdc, » 25mVrm8, ( - Ime, 
unused pins grounded) 

(V 9 » 2Vdc, - 25mVrm8, i - Ime, 

C 3 

C 4 

C

5 

C 7 

C 8 

C 9 

10 

10 

10 

10 

10 

10 

91 

power Consumplion from Power Supply 
(Output "OU", V 3 a V, • 0) 
(Output "On") 

IB 

12 

mW 

Switching Times 
Tum-On Delay 

Turn-Oii Delay 

t 
on 

'oH 

60 

60 

nscc 

Average Propagation Delay 
'p-

30 nsec 
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—— Motorola Integrated Circuits — 

M C 2 6 2 (continued) 

E L E C T R I C A L C H A R A C T E R I S T I C S 

(V. = 4 Vdc. Vi = 2 Vdc. Vi = 0 , T J = 2 5 * C unless otherwise noted) 

CkMietwMto Symbol Minimum Tnilul Maiimum Unit 

Output Breakdown Voltage Vdc 
( l j - 5nAdc, V 3 - 0) DV, 6 - -
( I 1 0 - in Adc, V , - 0) B V 1 0 6 - -

" I " Output Current Adc 
(V, . l.OVdc, V , - SVdc) _ _ SO 
( V 3 - O.VSVdc, V 2 - SVdc, "2 - - so 

T j - 7!>*C) 
fV • 1 IVdc V m 5Vdc T 

"a 
so 

T T - 0* C) J 
(V 7 . l.OVdc, V l 0 - SVdc) ho - - so 
(V„ 0.7SVdc, V , . - SVdc, 

7 10 L . ^0 
_ 50 

T , = VS'C) J 

L . ^0 

( V 7 . l . l V d c , V l 0 • SVdc, •io - - 50 
T j - 0" C) 

"0" Output Current mAdc 
(V " 2Vdc. V„ - 0. SS, 1 in ' 2 10 

T j - 0 to 75" C) 

(v^ .avdc , v 1 0 . o . s 5 . ho 10 - -
T j - 0 to 75* C) 

input Breakdown VolUge Vdc 
( I 3 . 10«Adc, V 4 . 0) 8 
( I 4 . lOpAdc, V j - 0) B V , 8 
( I 5 • lOz/Adc, V j - 0) B V 5 8 
( I 7 - lO^Adc, V 8 - 0) B V , 8 
( I 8 - 10/jAdc, V , - 0) B V 8 8 
( I 9 - lO^Adc, V 7 - 0) 8 

Input Leakage Current ^Adc 

(Diode under test at SVdc, al l 0. 50 
other inputs = 0) 

(Diode under test at SVdc, al l 25 
other inputs » 0, T . 75° C) 

Input Turn-OH Current Wt. mAdc 

(Alternately V , V , V . V , V . - 3 . 1 , 

v 9 - o ) 
(Alternately V , V , V , V_ V,. 

4» 3 , *l 0» 
-2.5 

Vg - 0, T j - 0 to 75° C) 
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Motorola integrated Circuits 

MC267 M C 2 5 0 D T L S E R I E S 

Diode Transistor Logic Dual-Diode Array. 

M A X I M U M R A T I N G S ( T a = i S 9 - C ) 

Ctiaucte ristic Symbol Ratini UnK 

Applied VolUge 
V 2 , 3 , 

7 Uiru 10 

8 
Vdc 

Foi-ward Current 1, thru 5 
30 

mAdc 
7 thru 10 

30 

Operating Temperature Range 0 to t7S •c 

Storage Temperature Range stg -65 to +175 • c 

M C 2 S 7 

DUAL DIODE ARRAY 

4 
- O 
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— Motorola Integrated Circuits 

MC267 (continued) 

E L E C T R I C A L C H A R A C T E R I S T I C S (T< « ati'C union* 6»h*rwli« noted) 

ClancMiUi Symiiol Minimum Typical Maiimum Unit 

Diode Bi*cakdown Voltage 
^h,3,l0'l0>""ic' V 4 - V l - 0 > 
( I 7 8 9 - lOdAdc, V j - V j . 0) 

V 2,3 ,10 
V 7 , 8 , B 

6 

8 

Vdc 

Diode Forward Voltage 
( l 4 . 2 m A d e . V j ^ ^ - V j - O ) V 4 0.80 

Vdc 

( I 5 « 2 m A d c , V , ^ j - V j - O ) 0.85 

Diode Reverse Leakage Current 
< V 2 , 3 , 1 0 " 5 V , k : ' V 4 - V J - 0 ) 

^ s i l O - 5 7 " 0 ' V 4 - V l " 0 ' 
T j - 75* C) 

"a,3,io 0. 50 

25 

(lAdc 

( V 7 8 8 . 5Vdc, V j - V j . O ) \ 8, 9 0.50 
( V ^ ^ . W d c , V s - V j - O . 
T j - 75° C) 

25 

Input Capacitance 

^ . J . I O - 2 ^ ' V 4 - V l - 0 . 
f a Ime. V. - 25mVrm8. 

C 2,3 ,10 10 
Pt 

unused inputs grounded) 
( V 7 j e j 9 . 2 V d c , V j . V j . O , C 7 , 8 , B 10 
( = Ime, V. - 25niVrm8, in 
unused inputs grounded) 

Reverse Recovery Time 
( I F 2 < 3 > 1 0 " I R 2 , 3 > 1 0 ' 2 m A d C l 

V 4 " V l ° 0 " R e c o v c r t 0 0-2mAdc) 
' ^ . J ^ O 4 

nsec 

( I F 7 , 8 , 9 - 1 R 7 , 8 , » ' 2 m A ' k : 

V j - V j - 0, recover to 0.2mAdc) 
' r r t , 8,9 4 

Diode Forward Conductance Change 4 V F 2 , 3 , 1 0 -1.7 mVAC 
with Temperature -1.7 
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APPENDIX I I 

SCHEMATIC OP THE POWER SUPPLY 
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APPENDIX I I I 

DESCRIPTION OP THE SYMBOLS USED POR BOOLEAN OPERATIONS 

P o s i t i v e ' l o g i c i s used. Thus a 1 r e p r e s e n t s +5« 

v o l t s and a 0 r e p r e s e n t s z e r o - v o l t s . The Boolean AND 

and OR o p e r a t i o n s a r e r e p r e s e n t e d , r e s p e c t i v e l y , b y a 

"." and "+". The Boolean complement o f a v a r i a b l e i s 

r e p r e s e n t e d b y a b a r over t h e v a r i a b l e . 

Thus, 

means Rrp i s the complement o f Arp, 

g a t e . 

The b l o c k diagram shown below r e p r e s e n t s a NAND 

0 = 1 

f l o p . 

The b l o c k diagram shown below r e p r e s e n t s a f l i p -

s c ) SD 

Q 

Q 

R, 
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The d e f i n i t i o n s o f the symbols a r e t h e f o l l o w i n g : 

(1) S c i s the a-c, s e t i n p u t . 

(2) RQ i s the a-c. r e s e t i n p u t . 

(3) i s the d-c. s e t i n p u t , 

(ij.) R D i s the d-c. r e s e t i n p u t . 

(5) C 'is- t h e c l o c k i n p u t . 

(6) Q i s the o u t p u t . 

(7) Q i s the complement o f t h e o u t p u t . 

The t r u t h t a b l e s f o r a f l i p - f l o p are shown below. 

Clocked Set - Reset 

s c R c Q 

0 0 ? 

0 1 1 

1 0 0 

1 1 
No 
Change 

D i r e c t Set - Reset 

RD Q 

0 0 

0 1 1 

1 0 0 

1 1 
No 
Change 

Both Q and ^ are i n s t a t e 1 u n t i l 
e i t h e r or R_ r i s e s . 



APPENDIX I V 

DEFINITIONS OP THE BOOLEAN VARIABLES 

1. A^ i s the o u t p u t of a poxver NAND gat e t h a t c o n t r o l s 

the accept lamp, 

2. B i s the l o g i c o u t p u t f o r the b r a k e . 

3. 0 i s the l o g i c o u t p u t f o r the c l u t c h , 

i j . , 0̂  i s the o u t p u t o f t h e i - t h i n d i v i d u a l comparison 

c i r c u i t , 

5. f i s t h e feedback v a r i a b l e i n the c o n t r o l l o g i c , 

6. G i s t h e o u t p u t o f a power NAND gate t h a t c o n t r o l s 

the r e s e t lamp, 

7. J i s the reed r e l a y c o i l c o n t r o l l e d by the p i l o t 

l i g h t c o n t a c t o f the master t i m e r , 

8. j i s the normally-open c o n t a c t o f the reed r e l a y 

c o i l J . 

9. K i s the reed r e l a y c o i l c o n t r o l l e d b y the p i l o t 

l i g h t c o n t a c t o f the t e s t t i m e r , 

10, k i s the normally-open c o n t a c t o f reed r e l a y c o i l K # 

11, M i s the l o g i c o u t p u t f o r the motor, 

12, i s t h e i - t h c i r c u i t i n the master t i m e r , 

13, MT i s the p i l o t l i g h t c o n t a c t of t h e master t i m e r , 

l i j . . P i s t h e r e l a y which c o n t r o l s the power t o the l o g i c . 
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If?, p-̂  i s t h e n o r m a l l y - o p e n c o n t a c t o f P. 

16. P2 i s the normally-open c o n t a c t o f P. 

17. p^ i s t h e normally-open c o n t a c t o f P. 

18. Qj, i s the o u t p u t of the f l i p - f l o p i n the i - t h 

i n d i v i d u a l comparison c i r c u i t . 

19. R i s the r e l a y used t o r e s e t the l o g i c . 

20. r ^ i s a no r m a l l y - o p e n c o n t a c t o f R. 

21. r ^ i s a no r m a l l y - o p e n c o n t a c t o f R. 

22. r ^ i s a no r m a l l y - o p e n c o n t a c t o f R. 

23. R̂ , i s the o u t p u t o f an i n v e r t e r t h a t c o n t r o l s a 

r e j e c t lamp. 

21+. S i s t h e o u t p u t o f a f l i p - f l o p t h a t i s c o n t r o l l e d 

by t h e s t a r t b u t t o n . 

2$, T i i s the i - t h c i r c u i t o f the t e s t t i m e r . 

26. TT i s the p i l o t l i g h t c o n t a c t o f th e t e s t t i m e r . 

27. Y i s the o u t p u t o f a power NAND gate t h a t p r e v e n t s 

the motor, b r a k e , and c l u t c h f r o m b e i n g on a t the 

same t i m e . 

28. y' i s the n o r m a l l y - c l o s e d c o n t a c t o f a reed r e l a y 

i n the c o l l e c t o r c i r c u i t o f a power NAND g a t e , 

whose o u t p u t i s Y, 
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APPENDIX V 

HAYDON ELECTROMAGNETIC BRAKES AND CLUTCHES 
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ELECTROMAGNETIC CLUTCHES AND BRAKES 

UNIQUE ADVANTAGES 

• The magnclk couplmj; taken place in mtllisocomK... no 
mechanical lag. no clearances IO lake up 

• Torino IN applied >m«HMhl\ . gear train backlash or hc\l 
Miiulup iv ahsorhed h\ (he gradual U>ri)iic huikl-up. 

• Torque can be adju\U\l clcciricall> mlinitc control 
atkws sicpless control ot engagement speed. 

• Engaging faces »>1 units arc completely self ailjusting -

no uear take-up or mechanical torque ailfustments nec 
cssary. 

• M.ignelic clutch is a nunlel ol simplicity onl\ a few 
compact pails no bamts. links or cams to wear out or 
break. 

• Power remmcnunls are low the llavtlon 2* Series 
units, capable ol coupling a I IIP JriVC al HUW KPM. 
ulitt/e only 7 Waits Vohs IH 

In any given series there are three basic types . . . 

CLUTCH-COUPLING • CLUTCH • BRAKE 
T h e t'lutch-i'tHtptiftjB anil fhf t'tult h consist three basic 

elemenls; the MJ. the ri»/(»f ami the ttrnuuurv. Ihe lield 
and its coil are held siationarv Ihe rotor is normalK ilriven 
hy a prime mover Mich as an electric motor ami the arma-
lure is attached to the load. When the held coil is energi/ed. 
a Ilii\ path is set up and the armature is magiuticalK at­
tracted lo the rotor. Ihrough tnclion. ihe armature and (he 
load to which il is connecicd will lock in at Ihe same sjved 
as the rotor, as long as the field coil ts energi/ed When (he 
field coil is de-energi/ed. tfw armature disengages, no lonfUtf 
is transmitted, and the aimatim- and load come to test 

Ihe brake consists ol twi. basic elements the frWii and 
the minuttiti I hi In. Ul and its cod au- ln'ld statioiiaiv Ihe 
armature and the load ate itnvcn In a pi ime movci such as 
an electric mi<i»»r, When the field coil is eneigi/ed. a llux 
path is set up and the aimatuie and the toad It* which it is 
connected will be bioughl lo teM d sullieienl excitation is 
applied Ihe prime imncr is iiitrnialk iliseonneeted or de 
energi/ed when the lieltl coil r-. eiteigi/eil When tin held 
cod is de energi/ed. the armatme ttisengages Irom the held, 
no lorque is transmitied. iind the load and pi une nuner are 
again indepenuent i>l the brake 

Friction material used has been Carefully selectetf lor 
stable operation and for its ubdily to withstand the most 
severe application. Do not allow oil grease to contami 
nate the friction surlaces. 

-i-FRAfcle*1" C?,L "O/0** ARMATURE 

f iCLO • 

/ / 

' " ' 1 -
MATtHIAL 
fLU> PATH 
SPL *M 0 M U B 

1 
D 

C L U T C H A N D C L U T C H C O U P L I N G FLUX P A T H 
I C I U T C H C O U T L I N G T T P t S H O W N ) 

E K Tf HNAL 
• HAMt C O ' L ARMAU'WI 

f MICTION 
MAItHIAl 

f I UX t'AUl 

SPL INI 0 HUB 

B R A K E f l U X P A T H 

HAYDON 
CLUTCHES and BRAKES 

ll.ivdon manufactures clutches, clutch couplings anil 
brakes in both flange and bearing mounted types. IVesenilv 
three si/cs are availahle: Series (H<, wtih approximateh 
0 X75" di.tmeter fnctional elements and a static torque rat­
ing ol 2 Uv m.; Series I 7. wuh .ipproximalely 1.725" diameter 
fnctional elements and a static torque rating ot 12 lh. in : 
and Series 25. with approximately 2.b4' diameter tnctional 

elements and 70 Ib. m static torque rating 
Ihe 17 and 2** Series are available m all *i.iiul.itd Itpev 

hiflh llange and beatmg inounieil. except brakes, which arc 
llange mounted onlv. Ihe (W Senes is available as staiulard 
in all types, llange mounted onlv Beat mg mounicd os Set ies 
are available on special order Anti backlash aimalures on 
SenOs os and return spring armatures on Series 17 \ 25 .ire 
available on special order 

71 



OUTSTANDING FEATURES 

Now (tai ign, new mamil.iciuring m d h i H l v * . and new 

n u g n e i i e e i r e t u l i ennHe l lnytkvn to offer a hciicr clutch 
.it MihsttanliaHv lower prices. 
Friction taces extend to the maximum diameter of the 
units, providing 2 5 rr greater friction area and a corres­
pondingly longer life than conventional units. 

Rotor surrounds the field coil lo provide high tlux mag­

netic coupling, lower unit force and vlahle operation. 

• Haydon clutches and brakes have ihe highest torque to 
size ratings in the industry, with adequate safety factors. 

• Improved magnetic circuit provides low residual torque 
and fast torque build-up and decay times. 

• New construction allows larger horc sizes to be used. 
• patents applied for 

STANDARD TYPES 
There ore bas ical ly three types of units . . . 

1. i'lttU'h ('ttuptinfi- Used to couple two in-line shatts. The 
rotor is attached to one shaft and the armature to the 
other. 

2. Vlutvh I'sed to couple two parallel shafts. Ihe rotor 
and the aimaiure are mounted on ihe same shaft Ihe 
armature i s bearing mounted on the shall ami i s Iree to 
rotate indepeiHlenl ol it \ knurled extension or extended 
hub with kevwav i\ provided on the hub allowing the 

press fii of a gear or pulley lo il for driving over to Ihe 
parallel shaft. 

I sed lo stop or hold ihe armature and load to 
which it i s attached. Ihe armature is attached to a shall 
which i s connected lo the load. The standard brake unil 
is furnished lor in line connection similar lo the clutch-
coupling unit. 

" 5 

C L U T C H C O U P L I N G 

( F L A N G E M O U N T I N G T Y P E S H O W N ) 

.1 *• 
om •Mil* 

C L U T C H 

( F L A N G E M O U N T I N G T Y P E S H O W N I 

I 

B R A K E 

( F L A N G E M O U N T I N G T Y P E S H O W N I 

Mounting is of two t y p e s . . . 

FLANGE or BEARING 

f lange mounting is utilised lo mount ihe siationarv held 
assemblv on . i fixed frame Fhe field is mechamcallv isolated 
Irom the driving members and shafts. In hearing mourning, 
the field is supported by a sleeve bearing between the field 
and rolor. A pm tab on the tield is used to hold it looselv in 
position lo a fixed frame, thereby restraining it from rotat­
ing with the dnvmg members. H A N C E M O O N T I N C S E A R I N G M O U N T I N G 

I C I U K M C O U P U N C TYPE S H O W N ] I C I U T C M C O U P O N O lYPE S M O W N I 

72 



APPLICATION DATA 

Aiwqys phcc tht clutch. cfmlrlhfumpUng or hrukf on the 
highest vpccJ shuft practical. The torque required n inver­
sely proportional to the speed, as shown in the formula for 
torque capacity. Therefore, the higher the speed of the sh ift. 
the smaller the lite of the clutch O P brake required. The 
actual location of the clutch, clutch-coupling or brake will 
normally be dictated by space or shaft nxe limitations. 

The torque requirement of a given size clutch or cluich-
couphng is dependent on whether the torque is required 
during or after acceleration. The torque capacity of the 
clutch or clutch-coupling when the load is applied during 
acceleration is taken as the torque available at the maximum 
slip speed at which the load is operated. 

The torque capacity of the clutch or clutch-coupling w heq 
the load is applied after acceleration is taken as the static 
torque rating of the unit. When in doubt, select the clutch 
or clutch-coupling unit size based on maximum torque re­
quirement during acceleration. 

The torque requirement of a given size brake is based on 
load application after acceleration - the static torque rating 
of the unit. This will provide a braking time at least equiva­

lent to the time required for a similar-sized clutch to accele­
rate the same toad. For very rapid and accurate stopping 
times inertia and time constants of the system become im­
portant. Such applications should be referred to the Factory, 

The following formula and tables may be used to deter­
mine the size of the clutch, clutch-coupling or brake unit 
required for the ma)orit\ ot standard applications. However, 
for special applications involving such considerations as high 
inertia loads, heavy duty c\cles. rapid acceleration or stop­
ping consult a Haydon Sales Representative or the Factory, 

The formula shown helow may be used lor standard 
clutch, clutch-coupling and brake applications. 

H P i 5 7 5 0 i K , - . J T ^ wh#r» T — Torqw* copooiy nrquirvd - (lb. ( I ) 

HP = Ho' icpow«f driving 
N Moaimwim tp«ed ol dulch or 

broh* - (rptn) 
K == $ * r v K « foctor J 

The torque capacity ol the clutch, clutch-coupling or 
brake selected must exceed "1". derived Irom ihe formula 
ahove. This torque is based on the rated coil current. 

RELATIVE SLIP R.P.M. 
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5«rie» 08 I 1 S«rias 17 1 I Series 2S 

S E L E C T I O N C H A R T F O R C L U T C H E S A N D C L U T C H C O U P L I N G S . 

L o a d i s a p p l i e d b e f o r e c l u t c h i s e n e r g i x e d . S e r v i c e F a c t o r : 3 

TORQUE AT VARIOUS HORSEPOWERS-LB. INS. 
1 i ; 2 

100 3.15 6.30 12.6 31.5 42.0 52.5 63.0 788 105 155 310 315 473 630 945 1260 
200 1 58 3.15 6.30 15.8 21.0 26.3 31.5 39.4 52.5 78.8 105 ;ss 237 315 473 630 
300 1.05 2.10 4.20 10.5 14.0 17.5 21.0 26.3 350 52.5 70.0 105 158 210 315 420 
400 79 1.58 3.15 7.88 10.5 13.1 15.8 19.7 26.3 39.4 52.5 78.8 118 158 237 315 
500 .63 1.26 2.52 6.30 8.40 10.5 12.6 15.8 21.0 31.5 42.0 63.0 94.5 126 in 252 
600 .53 1.0S 2.10 5.25 7.00 8.75 10.5 13.1 17.5 26.3 35.0 52.2 78.8 105 158 210 
700 AS .90 1.80 4.50 6.00 7,50 9.00 11.3 15.0 22.5 30.0 450 67.5 900 135 180 
800 .39 J t 1.51 3.94 5.25 6.57 7.88 9.85 13.1 19.7 26.3 39.4 59.1 78.8 ne 158 
900 .35 .70 1.40 3.50 4.67 5.83 7.00 8.75 11.7 17.5 23.4 35.0 52.5 70.0 105 140 

1000 .32 .63 1.26 3.15 420 5.25 6.30 7.88 10.5 15.8 21.0 31.5 47.3 63.0 94.5 126 
1100 J9 .57 1.15 2.86 3.82 4.77 5.73 7.16 9.55 14.3 19.1 28.6 42.9 573 859 111 
1200 . I i .53 1.05 2.63 3.50 4.38 5.25 6.56 8.75 13.1 17.5 26.3 39.4 52.5 788 105 
1S00 .21 .42 .14 2.10 2.80 3.50 4.20 5.25 7.00 I0.S 14.0 21.0 31.5 42.0 63.0 84.0 
1800 .11 .35 70 1.75 2.34 2.92 3.50 4.38 5.83 8.75 11.7 17.5 36.3 350 52.5 70.0 
2000 . U .32 .63 1.58 2.10 2.63 3.15 3.94 5.25 7.88 10.5 15.8 23J 31 5 47.3 630 
2400 .13 .2d .53 1.31 1.75 2.19 2.63 3.28 4.37 6.56 8.75 13.1 19.7 26.3 39.4 52,5 
3000 .11 .21 .42 1.05 1.40 1.75 2.10 2.63 3.50 5.25 7.00 10.5 15.8 21.0 31.5 42,0 
3600 . I t .35 .88 1.17 1.46 1.75 2.19 292 4.38 5.83 8.75 13.1 17.5 26.3 35,0 
4000 .ot .16 .32 J? 1.05 1.31 1.58 1.97 2.63 3.94 5.25 7.88 11.8 15.1 23.7 31.5 
4600 .07 .14 .27 .69 .91 1.14 1.37 171 2.28 3.42 4.57 6.85 10.3 13.7 20.6 27,4 
5000 .13 .25 .63 .84 1.05 1.26 1.58 2.10 3.15 4.20 6.30 9.45 12.6 18.9 25 2 

UNIT UUlI iOK IA1EB UfOH PKIIIP TOIOUE Sf( !» SIFFEIEWEI 

CASE 1 Load is applied during acceleration. Rating is based on torque availahle at the pickup slip 
speed, which is ihe difference in speed between the rotor and the armature. 

S E L E C T I O N C H A R T F O R C L U T C H E S , C L U T C H C O U P L I N G S A N D B R A K E S . 

L o a d i s a p p l i e d a f t e r c l u t c h h a s a t t a i n e d f u l l s p e e d . S e r v i c e F a c t o r : 2 

TORQUE AT VARIOUS HORSEPOWERS — LB. INS 
1 i ; 2 

100 3.15 6.30 12.6 31.5 42,0 52,5 63,0 78,8 105 158 210 315 473 630 945 1260 
200 1.58 3.15 6.30 15.8 21.0 26,3 31.5 39,4 52.5 78,8 105 158 237 315 473 630 
300 1.05 2.10 4.20 10.5 14.0 17.5 , 21.0 26.3 35,0 52.5 70,0 105 158 210 315 420 
400 1.58 3.15 7.88 10,5 13.1 15.8 197 26.3 39,4 52,5 78,8 118 158 237 315 
500 ; M 1.26 2.52 6.30 8.40 10.5 12.6 15.8 21.0 31.5 42.0 63,0 94.5 126 1E9 252 
too .53 i ;os- 2.10 5.25 7.00 875 10.5 13.1 17.5 26.3 35.0 52.5 78,8 105 153 210 

•< 
ac 700 .45 .90 1.80 4.50 6.00 7.50 9.00 11.3 15.0 22.5 30.0 45.0 67.5 90,0 135 180 
ui 
cc 

800 .39 79 1.58 3.94 5.25 6.57 7.88 9,85 13.1 197 26.3 39.4 59.1 78,8 113 158 
o 900 • JS 70 1.40 3.50 4,67 5.83 7.00 875 11J 17.5 23.4 35.0 52.5 70.0 105 140 

1000 : J37 .63 1.24 3.15 4,20 5.25 6.30 7.88 10,5 15.8 21.0 31.5 47.3 63,0 94.5 126 
t— 
=> 

1100 .29 .57 1.15 2.86 3.82 477 573 7.16 9.S5 14.3 19.1 28.6 42,9 57.3 85.9 115 
1200 .26 .53 ' i . or^ 2.63 3.50 4.38 5.25 6,56 8.75 13.1 17.5 26.3 39,4 52.5 78.8 105 

•< 1500 i J l A: 
M j 2.10 2.80 3.50 4.20 5.35 7.00 10.S 14.0 21.0 31.5 42.0 63.0 84,0 

o 1800 i ,35 70 ! 175 2,34 2.92 3.50 4.38 5,83 175 11.7 17.5 26.3 35.0 52.5 70.0 
2000 . U ,32 .63 1.58 2.10 2.63 3.1 S 3,94 5.25 7.88 10.5 15.J 237 31.5 47.3 63,0 
2400 .13 J i J3 1 1.31 175 2.19 2.63 3.28 4.37 6.56 875 111 19.7 26.3 39.4 52.5 
3000 : .11 ,21 .42 1.40 1,75 2.10 2.63 3,50 5.25 7.00 10.5 15.8 21.0 31.5 42,0 

5 3600 .09 ,13 .81 1.17 1.46 175 2.19 2.92 4.38 5.83 8.75 13.1 17.5 26.3 35.0 
4000 .08 . I i M ,79 ~ i : o s i 1.31 1.58 1.97 2,63 3.94 5.25 7.88 11.8 15.8 237 11J 
4600 
5000 

%07 .14 31 ,69 .91 ! 1.14 1.37 171 2.28 3.42 4.57 6,85 10.3 137 20,6 27,4 4600 
5000 . .06 .13 .25 ,63 .84 T.or 1.26 1.58 2,10 31.5 4.20 6.30 9.45 12.6 18.9 25,2 

CASE 2 Load is applied after clutch or brake unit is up lo speed. Rating is based on the unit's static 
lorque, at zero slip speed. All standard brake ratings fall into this classification. 
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ENGINEERING DRAWINGS 



SPECIF ICATIONS 

C l U T C H C O U P L I N G SERIES 08 SERIES 17 SERIES 25 
FlanQS Mid. FH08 FH17 FH25 

Bearing Mtd. F G 1 7 F G 2 5 

C l U T C H 

Flange Mtd. FL08 FL17 FL25 

Bearing Mid. EJ17 FJ25 

BRAKE 
Flange Mtd. FSOS FS17 FS25 

'AvailoMc on 
ipvciol order 

RATED STATIC 
2 Ib. in." 12 Ib. In. 7 0 Ib. in. 

Tarque 
2 Ib. in." 

INERTIA (Ib. in.*) 

Clutch Coupling 
Armature & Hub 0.0009 0 .032 0 .24 
Clutch Armature 
& Hub o.oou 0 .032 0.28 
Broke Armalur* 
& Hub 0 0009 0 .032 0.24 
Clutch Coupling & Clutch 
Rotor {bearing mtd. unit] 

0.0019 0 .044 0 .39 
Clutch Coupling & Clutch 

0 0 0 1 9 0 .043 0.37 
Rotor (flange mid. unit] 

TIMc t , v J N i l A N l with Haydon 
F C control [one unit only] 

Build-up ^ , _ i , | i „ . „ j , | 3 7 25 

Decay j 2 3 20 

STANDARD C O I L 
6. 1 2. 24 26 or 90 V D C O l h c n ovoiloblc on ipecial order 

V O L T A G E S 
ipecial order 

RATED COIL CURRENT 
& RESISTANCE liO'O Amp*. Ohmi Amps. Ohmj Amps Ohmi 

2 4 / 2 e V C o i l 0.120 336 0 .210 133 0 .254 110 
90V Coll 0.040 2230 0.043 1420 0.078 1 U 9 

POWER CONSUMPTION 

(Nominal) 3.4 W o i u 5.7 W a l l ! 7.0 Worn 

WEIGHT 
FH 1.2 oz. 0.50 Ib. 1.72 Ib. 
FL 1.3 oz. 0.51 Ib. 1.83 Ib. 
fS 1.1 oz. 0.40 Ib. 1.30 Ib. 
F G 0.50 Ib. 1.70 lb. 
FJ 0.51 Ib. 1.60 1b. 

I N D U C T A N C E (H) 

28V Coll .7 1.0 2.7 

90V Coil 6.8 11 28 

• % * Bore 08 Serie i B r a k e — I . j lb. in.(non-mag. & mag. ihofting), %" Bore 08 Seriei Clutch & Clutch Coupling— 
i . 5 Ib. in. (non-mag. ihofting), 3.0 Ib. In. [magnetic ihafting]; All other 08 units—2.0 Ib. in. static torque rating. 
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APPENDIX V I 

PARTS LIST OP THE AUTOMATIC TESTER 
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MATERIAL LIST 

No. In t e g r a t e d C i r c u i t s 

ij. Motorola MC25I|-G 

Motorola MC258G 

27 Motorola MC259G 

22 Motorola MC262G 

2 Motorola MC267G 

SeTnlconductors 

1 RCA 2Nli;90 T r a n s i s t o r s 

26 RCA 2N1302 T r a n s i s t o r s 

20 G.E. 2N1671B U n i j u n c t i o n T r a n s i s t o r s 

1 G.E. 2N261].7 U n i j u n c t i o n T r a n s i s t o r s 

3 S y l v a n i a 1N[].57A Diodes 

li.3 S y l v a n i a 1N90 Diodes 

2 Motorola lNi|.003 Diodes 

2 Motorola 1N3997A Zener Diodes 

1 Motorola 1N3998 Zener Diode 

3 Motorola INI4.719 R e c t i f i e r s 

k. Motorola MCR230506 S i l i c o n - C o n t r o l l e d R e c t i f i e r s 

Capacitors 

2 Sprague 13000^/tf. 2^ WVDC Capacitors 
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No. C a p a c i t o r s 

2 2,700 MLt,, 25 WVDC Sprague C a p a c i t o r s 

20 1 0-f,, 20 WJDC Kemet C a p a c i t o r s 

20 Kemet S e r i e s "C" 3 3 . 

1 Kemet S e r i e s "C" 3 0 0 ^ . 

17 , l 5 / < f . , 20 V/VDC Sprague C a p a c i t o r s 

22 . l / * f . , 20 WVDC Sprague C a p a c i t o r s 

2 ,br7/tt., 20 WVDC Sprague C a p a c i t o r s 

2 i { . ^ f . , 200 WVDC Sprague C a p a c i t o r s 

Plugs and Sockets 

7 Cinch-Jones S32li.CCT 

1 Cinch-Jones P32i;AB 

1 Cinch-Jones P32I4.CCT 

1 Cinch-Jones S32I4.AB 

1 Cinch-Jones P310AB 

1 Cinch-Jones S310CCT 

11 Amphenol S e r i e s l l | . 3 (22 p i n ) 

1 Amphenol S e r i e s II4.3 (18 p i n ) 

1 E l c o S e r i e s 5007 {2k p i n ) 

1 E l c o S e r i e s 5007 ( 2 l | p i n ) 

P r i n t e d C i r c u i t Boards 

10 3786-XWD 

1 3788-XWD 

1 3792-XWD 
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No. 

1 

2 

Switches 

DPDT Toggle S w i t c h M-80728 (On-Off) 

S w i t c h c r a f t " L i t t e l " Push B u t t o n Switches 

L i g h t s 

1 1 2 5 - v o l t Neon P i l o t L i g h t 

2^ 6 - v o l t S y l v a n i a Lamps 

25 Red P r o f a x Lens Caps 

R e s i s t o r s 

150 1 ,000 . 0 . , 1/2 Watt 

100 3 , 3 0 0 1 / 2 Watt 

k5 l5K-n., 1/2 Watt 

1 120KrL., 1/2 Watt 

2 1 5 0 ^ - , 10 Watts 

1 5 0 ^ - , 5 Watts 

k 1*., 10 Watts 

20 5 0 K . A . , Ohmite P o t e n t i o m e t e r s 

1 T r i a d Type P83-A F i l a m e n t Transformer 

1 T r i a d Type F25-X F i l a m e n t Transformer 

1 Bud Type CR-1728 Deluxe Cabinet Rack 

1 Bud Type CB-1378 7" Panel-mounting Chassis 

1 Bud Type CB-1372 5-lA" Panel-mounting Chassis 

1 Bud Type CB-1375 1 0 - 1 / 2 " Panel-mounting Chassis 

2 P o t t e r and Brumf l e l d 3PDT Relay Type KAli].AG 
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No. R e s i s t o r s 

100 I n t e g r a t e d C i r c u i t M u l t i - l e a d pads (10 l e a d ) 

5 SPNO BRSR1-901 Reed Relay 

1 SPNC BRSR1-902 Reed Relay 
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