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1. GENERAL ASPECTS 

1.1. I n t r o d u c t i o n . 

S i n c e b r a i l l e d m a t e r i a l i s n o t r e q u i r e d on t h e same s c a l e as p r i n t e d 
m a t e r i a l , t h e amount o f r e s e a r c h t h a t has been d i r e c t e d towards p r o d u c t i o n 
methods f o r b r a i l l e , has al w a y s remained r a t h e r s m a l l . Hence pe r h a p s t h a t 
t h e a v a i l a b i l i t y o f b r a i l l e m a t e r i a l has h i s t o r i c a l l y a lways l a g g e d b e h i n d 
t h e a v a i l a b i l i t y o f p r i n t e d m a t t e r . ( T h i s f a c t c aused t o a c e r t a i n e x t e n t t h e 
r e l a t i v e l y modest use o f b r a i l l e as a means o f communication between 
v i s u a l l y h a n d i c a p p e d p e o p l e . ) 
The g r o w i n g r o l e t h a t e l e c t r o n i c d a t a p r o c e s s i n g i s p l a y i n g i n o u r s o c i e t y , 
has had a t l e a s t two consequences i n t h e f i e l d o f t h e v i s u a l l y h a n d i c a p p e d : 
- V i s u a l l y h a n d i c a p p e d p e o p l e w o r k i n g i n a d a t a p r o c e s s i n g e n v i r o n m e n t 

have d e v e l o p e d t h e need f o r a f a s t a c c e s s p o s s i b i l i t y t o d a t a banks, i n 
o r d e r t o s t a y c o m p e t i t i v e w i t h t h e i r s i g h t e d c o l l e a g u e s . 

- The d e c r e a s i n g c o s t s o f computers have l e d t o t h e i n t r o d u c t i o n o f t h i s 
equipment i n t o b r a i l l e p r o d u c t i o n , s p e c i a l l y i n t h e f i r s t s t a g e o f t h e 
p r o d u c t i o n p r o c e s s : t h e t r a n s l a t i o n f r o m i n k p r i n t t o b r a i l l e . 
I n o r d e r t o e x p l o i t t h i s p o s s i b l e i n c r e a s e i n i n p u t speed o f t h e b r a i l l e 
p r o d u c t i o n c h a i n e f f e c t i v e l y , a n o t h e r l i n k needed a t t e n t i o n : t h e 
b r a i l l i n g d e v i c e s t h a t were used a t t h e end o f t h e c h a i n . B o t h speed 
and r e l i a b i l i t y o f t h e s e d e v i c e s were n o t matched w i t h t h e same 
p r o p e r t i e s a t t h e i n p u t s i d e . 

The s o l u t i o n t o b o t h problems i s a l r e a d y e x i s t i n g i n t h e " p r i n t e d m a t t e r " 
e n v i r o n m e n t and t h e i r " b r a i l l e " e q u i v a l e n t s would be c a l l e d : 

- a computer t e r m i n a l w i t h h a r d copy b r a i l l e o u t p u t ; 
- a b r a i l l e l i n e p r i n t e r . 

The p r o j e c t about w h i c h t h i s t h e s i s r e p o r t s was an a t t e m p t t o d e v e l o p a 
d e v i c e t h a t c o u l d be u s e d t o s e r v e t h e above mentioned two f u n c t i o n s . 
I t was s t a r t e d i n 1973 a t t h e L a b o r a t o r y f o r F i n e M e chanics o f t h e D e l f t 
U n i v e r s i t y o f T e c h n o l o g y as a r e s u l t o f c o n t a c t s w i t h t h e "Ne d e r l a n d s e 
B l i n d e n b i b l i o t h e e k " a t The Hague. 

1.2. The b r a i l l e system. 

The b r a i l l e system was i n t r o d u c e d i n 1825 by t h e Frenchman L o u i s B r a i l l e 
a s a means o f r e c o r d i n g t e x t s f o r v i s u a l l y h a n d i c a p p e d p e o p l e . The system 
c o n s i s t s o f 64 d i f f e r e n t c o d e s , where each code i s made up o f a maximum o f 
s i x d o t s w h i c h a r e p o s i t i o n e d i n two columns o f t h r e e d o t s . These d o t s a r e 
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made on p a p e r by d e f o r m i n g t h e paper w i t h s m a l l p i n s a t t h o s e p o s i t i o n s where 
d o t s a r e wanted. I n t h i s way t h e s u r f a c e o f t h e paper i s r a i s e d a l i t t l e b i t 
above t h e l e v e l o f t h e r e s t o f t h e p a p e r ; when t h e r e a d e r t o u c h e s t h e 
s u r f a c e o f t h e p a p e r w i t h h i s (or her) f i n g e r t i p s , t h e b r a i l l e d o t s p r e s e n t 
a t a c t i l e image. One advantage o f t h i s system i s , t h a t i t o f f e r s b o t h r e a d 
and w r i t e c a p a b i l i t y t o t h e u s e r . A s u r v e y o f t h e p o s s i b l e b r a i l l e codes 
and t h e i r meaning i s g i v e n i n A p p e n d i x 8.5. 
I n u n c o n t r a c t e d b r a i l l e each m a t r i x o f s i x d o t p o s i t i o n s r e p r e s e n t s one 
c h a r a c t e r ( w i t h a few e x c e p t i o n s ) . Such a m a t r i x i s c a l l e d a b r a i l l e c e l l . 
I n o r d e r t o d e c r e a s e t h e volume n e c e s s a r y t o r e p r e s e n t a g i v e n t e x t a 
s y s t e m o f c o n t r a c t i o n s was i n t r o d u c e d , i n w h i c h one b r a i l l e c e l l c a n 
r e p r e s e n t a group o f c h a r a c t e r s , t h e s o - c a l l e d "grade two" b r a i l l e . 
F r e q u e n t l y used c o m b i n a t i o n s o f c h a r a c t e r s i n a c e r t a i n language can now 
be r e p r e s e n t e d by one b r a i l l e c e l l . T h i s r e d u c t i o n i n t h e number o f b r a i l l e -
c e l l s w h i c h a r e n e c e s s a r y t o r e p r e s e n t a g i v e n p r i n t e d t e x t can amount up 
t o 30% f o r a "grade t h r e e " c o n t r a c t i o n system f o r t h e Dutch language ( r e f . l ) . 
To g e t an i m p r e s s i o n about t h e amount o f t e x t on a s h e e t o f b r a i l l e p a p e r , 
compared t o a p r i n t e d t e x t , t h e f o l l o w i n g numbers a r e g i v e n : on a s h e e t o f 
b r a i l l e p a p e r o f t h e s i z e used i n t h e N e t h e r l a n d s about 30 b r a i l l e l i n e s 
can a p p e a r , each c o n t a i n i n g about 35 b r a i l l e c e l l s . These numbers can be 
compared w i t h a n o r m a l p r i n t e d s h e e t o f p a p e r , c o n t a i n i n g 45 l i n e s o f • 
about 60 c h a r a c t e r p o s i t i o n s . I n u n c o n t r a c t e d b r a i l l e , t h i s means a s h e e t 
o f b r a i l l e can c o n t a i n o n l y about 40% o f t h e i n f o r m a t i o n w h i c h i s on a 
p r i n t e d s h e e t o f p a p e r o f about s i z e A4. 
T h i s d i f f e r e n c e even i n c r e a s e s when we i n t r o d u c e t h e w e i g h t and t h e s i z e 
o f t h e used p a p e r i n t h e c o m p a r i s o n . When s e v e r a l s h e e t s o f p a p e r , c o n t a i n i n g 
b r a i l l e , a r e p i l e d up, t h e w e i g h t o f t h e paper t e n d s t o r e d u c e t h e h e i g h t 
o f t h e b r a i l l e d o t s , making them d i f f i c u l t t o r e a d . A n o t h e r phenomenon w h i c h 
i s d i f f e r e n t from p r i n t e d t e x t , i s t h e p h y s i c a l c o n t a c t between t h e t e x t 
and t h e r e a d e r s f i n g e r t i p s d u r i n g r e a d i n g . T h i s c a u s e s a c e r t a i n amount o f 
wear each t i m e a b r a i l l e t e x t i s r e a d , r e s u l t i n g i n a s l i g h t r e d u c t i o n o f 
t h e h e i g h t o f t h e b r a i l l e d o t s . So i n o r d e r t o p r o d u c e l a s t i n g b r a i l l e , t h e 
p a p e r w h i c h i s u s e d f o r b r a i l l e books i s n o r m a l l y o f a h e a v i e r grade t h a n 
t h a t used f o r p r i n t e d books. A t y p i c a l v a l u e i n t h e N e t h e r l a n d s i s p a p e r 
w i t h a w e i g h t o f 160 grams p e r square meter f o r b r a i l l e compared t o 100 
grams p e r square meter f o r p r i n t e d books. So t h e b r a i l l e v e r s i o n o f a 
p o p u l a r s m a l l p o c k e t - s i z e d i c t i o n a r y o f t h e Dutch language weighs 100 t i m e s 
as much as t h e p r i n t e d v e r s i o n and t a k e s about 175 t i m e s i t s p h y s i c a l 
volume ( r e f . 2 ) . T h i s e x p l a i n s t h e i n t r o d u c t i o n o f a c o n t r a c t e d b r a i l l e 



system. 

Because t h e use o f t h e b r a i l l e s ystem i s l i m i t e d t o v i s u a l l y h a n d i c a p p e d 
p e o p l e and o n l y a p a r t o f them i s a c t i v e l y u s i n g b r a i l l e , t h e b r a i l l e 
m a rket i s s m a l l , and so i s t h e number o f p r o d u c e r s o f b r a i l l i n g equipment. 
Up t i l l now t h i s has cau s e d a l a c k o f n o r m a l i z a t i o n i n t h e 
d i m e n s i o n s o f b r a i l l e c e l l s and t h e b r a i l l e d o t s w h i c h make up t h e s e c e l l s . 
F o r t u n a t e l y however, f o r a d e s i g n e r o f b r a i l l e p r o d u c i n g equipment, t h e 
s i z e o f b r a i l l e d o t s and - c e l l s has t o be ad a p t e d t o t h e s i z e o f t h e f i n g e r t i p 
o f t h e human r e a d e r and h i s a b i l i t y t o d i s c r i m i n a t e d i f f e r e n t b r a i l l e d o t s 
f r o m each o t h e r . T h i s f a c t has a p p a r e n t l y c a u s e d some u n i t y i n t h e s i z e o f 
b r a i l l e c e l l s . F o r i n s t a n c e t h e h a n d b r a i l l e r made by " P e r k i n s " , a l a r g e 
m a n u f a c t u r e r i n t h e U.S.A., p r o d u c e s b r a i l l e w i t h a d i s t a n c e between t h e 
d o t s i n one b r a i l l e c e l l o f 2.2 mm, a b r a i l l e c e l l p i t c h o f 6.13 mm and a 
l i n e d i s t a n c e o f 10.0 mm. A s i m i l a r b r a i l l e r p r o d u c e d by " B l i s t a " (W-Germany) 
f e a t u r e s t h e f o l l o w i n g d i m e n s i o n s : 2.5 mm between t h e d o t s o f one b r a i l l e c e l l , 
6.1 mm c e l l p i t c h and 10.8 mm l i n e d i s t a n c e . 

A c l o s e r e x a m i n a t i o n o f t h e b r a i l l e d o t s shows t h e l a r g e v a r i a t i o n i n fo r m 
o f t h e d o t s when one makes a c r o s s - s e c t i o n t h r o u g h t h e c e n t e r l i n e o f a d o t . 
T h i s can be done by d i p p i n g a p i e c e o f b r a i l l e d m a t e r i a l i n a p o l y e s t e r 
r e s i n , a l l o w i n g t h e r e s i n t o harden and t h e n making a c u t p e r p e n d i c u l a r t o 
t h e p a p e r s u r f a c e . 
I f t h e d i a m e t e r o f a b r a i l l e d o t i s d e f i n e d as t h e d i a m e t e r w h i c h can be 
measured a t a h e i g h t w h i c h i s h a l f o f t h e maximum h e i g h t o f t h e d o t , t h e 
f o l l o w i n g o b s e r v a t i o n s can be made: 
The " P e r k i n s " b r a i l l e r p r o d u c e s d o t s w i t h d i a m e t e r s between 0.8 and 1.2 mm 
and w i t h maximum h e i g h t between 0.15 and 0.42 mm. F o r a " B l i s t a " b r a i l l e r 
t h e d i a m e t e r can v a r y between 1.0 and 1.5 mm w i t h h e i g h t s from 0.24 t i l l 
0.36 mm. These measurements were t a k e n a f t e r r e a d i n g t h e b r a i l l e t e x t s a 
few t i m e s ( r e f . 3 ) . T h i s b r i n g s us t o a n o t h e r i m p o r t a n t p o i n t c o n c e r n i n g 
b r a i l l e , w h i c h i s t h e d e f i n i t i o n o f b r a i l l e q u a l i t y . From t h e s e i n v e s t i g a t i o n s 
(some p h o t o g r a p h s a r e added h e r e i n F i g . 1 ) , i t i s o b v i o u s t h a t i t i s 
d i f f i c u l t t o c h a r a c t e r i z e t h e fo r m o f a b r a i l l e d o t c o m p l e t e l y w i t h a few 
w e l l chosen p a r a m e t e r s . 

However t h e main a s p e c t s o f b r a i l l e q u a l i t y a r e r e l a t e d w i t h o n l y two v a r i a b l e s 
t h e h e i g h t o f t h e p r o d u c e d b r a i l l e d o t and i t s p o s i t i o n on t h e p a p e r . 
I n a c c u r a c i e s i n t h e s e two q u a n t i t i e s have t h e g r e a t e s t i m p a c t on t h e 
r e a d a b i l i t y o f t h e b r a i l l e d t e x t . So good q u a l i t y b r a i l l e c o n s i s t s o f 
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1 mm 

FIGURE 1 

Cross-section through three d i f f e r e n t b r a i l l e d o t s . 

-4-



b r a i l l e d o t s o f c o n s t a n t h e i g h t and w i t h c o n s t a n t d i s t a n c e s between t h e s e 
d o t s ( d o t - p i t c h ) . 

1.3. B r a i l l e embossing p r o c e s s e s . 

The i n t r o d u c t i o n o f a d e f i n i t i o n o f b r a i l l e q u a l i t y a u t o m a t i c l y l e a d s t o 
t h e q u e s t i o n how t h i s b r a i l l e q u a l i t y can be i n f l u e n c e d . I t i s o b v i o u s t h a t 
one i m p o r t a n t p o i n t i n f l u e n c i n g t h e q u a l i t y i s t h e p r o d u c t i o n p r o c e s s t h a t 
i s u sed. T h e r e f o r e a s h o r t s u r v e y o f some b r a i l l e p r o d u c t i o n t e c h n i q u e s i s 
g i v e n h e r e . 

1.3.1 B r a i l l i n g equipment. 

F o r t h e l a r g e s t numbers o f c o p i e s t o be made fr o m a s i n g l e t e x t (above 30 
c o p i e s ) , a p r o c e s s i s used t h a t employs z i n c p l a t e s . A z i n c p l a t e o f t w i c e 
t h e s i z e o f t h e b r a i l l e page t o be made, i s f o l d e d i n h a l f and t h e p a t t e r n 
t o be embossed e v e n t u a l l y i n t h e b r a i l l e p a p e r i s embossed i n b o t h h a l v e s 
o f t h e z i n c p l a t e a t t h e same t i m e . T h i s i s done by f o r c i n g s t e e l p i n s 
w i t h rounded ends i n t o t h e z i n c p l a t e s , w h i c h a r e p l a c e d on d i e s w i t h 
c o r r e s p o n d i n g s p h e r i c a l h o l e s i n them. 

FIGURE 2 

The embossing of zinc plates. 

When t h e complete page i s embossed i n t h i s way ( t h i s t a k e s 1.6 m i n u t e s on 
t h e l a t e s t machine f o r t h i s work) t h e s e two h a l v e s o f t h e z i n c p l a t e a r e 
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s e p a r a t e d and mounted on a r e g u l a r book p r i n t i n g machine. B e f o r e each 
p r i n t i n g c y c l e a new p i e c e o f paper i s b r o u g h t between t h e two z i n c p l a t e s , 
t h e r e a f t e r t h e z i n c p l a t e s a r e b r o u g h t t o g e t h e r and i n t h i s way each 
p r i n t i n g c y c l e p r o d u c e s one complete page. The p r i n t i n g speed on t h i s 
machine ( " H e i d e l b e r g e r " book p r i n t i n g machine) i s app. 20 s h e e t s / m i n u t e . 
One advantage o f t h i s method f o r b r a i l l e p r o d u c t i o n i s t h e p o s s i b i l i t y o f 
p r o d u c i n g d o u b l e - s i d e d b r a i l l e o r i n t e r p o i n t b r a i l l e . A f t e r one s i d e o f 
t e x t i s c o m p l e t e l y b r a i l l e d on t h e z i n c p l a t e s , t h e z i n c p l a t e s a r e r e v e r s e d 
and a second s i d e o f t e x t i s b r a i l l e d f rom t h e o t h e r s i d e on t h e same z i n c 
p l a t e s . T h i s i s p o s s i b l e w i t h o u t damaging t h e t e x t on t h e o t h e r s i d e ( t he 
" f i r s t " s i d e ) by d i s p l a c i n g t h e second s i d e o f t e x t o v e r e x a c t l y h a l f t h e 
b r a i l l e d o t - p i t c h , b o t h v e r t i c a l l y and h o r i z o n t a l l y , w i t h r e s p e c t t o t h e 
p o s i t i o n o f t h e t e x t on t h e o t h e r s i d e . W h i l e r e a d i n g a s i d e o f t h e i n t e r -
p o i n t b r a i l l e , t h e t e x t on t h e r e v e r s e s i d e p r e s e n t s no p r o b l e m t o t h e 
r e a d e r , w h i l e h o l e s i n t h e paper can h a r d l y be f e l t . 
T h i s b e i n g a r a t h e r s a t i s f y i n g p r o d u c t i o n method f o r l a r g e q u a n t i t i e s o f a 
g i v e n t e x t , t h e s o l u t i o n f o r s m a l l e r amounts o f a c e r t a i n t e x t i s l e s s 
s a t i s f y i n g up t i l l now. The method o f p r o d u c t i o n t h a t i s used h e r e , employs 
t h e same b r a i l l i n g d e v i c e s ( w i t h one e x c e p t i o n ) t h a t a r e used f o r manual 
p r o d u c t i o n o f b r a i l l e . The e s s e n t i a l p i e c e s o f equipment h e r e o r i g i n a t e 
from t h r e e s o u r c e s : t h e makes " P e r k i n s " ( A m e r i c a n ) , "Lavender" ( B r i t i s h ) 
and " B l i s t a " (German). 
Of t h e s e t h r e e d e v i c e s , t h e one made by " B l i s t a " i s t h e o n l y one t h a t 
o p e r a t e s w i t h a p l a t e n t h a t moves from r i g h t t o l e f t i n o r d e r t o t r a n s p o r t 
t h e p l a c e where t h e new b r a i l l e c e l l i s t o be b r a i l l e d under t h e f i x e d 
mechanism t h a t p e r f o r m s t h e a c t u a l b r a i l l i n g o p e r a t i o n . Hence t h e paper i s 
moving from r i g h t t o l e f t d u r i n g t h e b r a i l l i n g o f a l i n e , and t h i s makes 
t h i s machine r a t h e r u n f i t f o r an automated a p p r o a c h , because o f t h e problems 
t h a t a r i s e w i t h t h e p a p e r s u p p l y , when w o r k i n g w i t h p a p e r i n c o n t i n u o u s f o r m 
coming f r o m a l a r g e r o l l o r w i t h f a n f o l d . c o n t i n u o u s form p a p e r . So t h e 
machines u s u a l l y t a k e n as a b a s i s f o r some a u t o m a t i o n o f t h e p r o d u c t i o n 
p r o c e s s , a r e t h e ones from " P e r k i n s " and "Lavender". These two h a n d b r a i l l e r s 
have a b r a i l l i n g mechanism t h a t moves a l o n g t h e l i n e , w h i l e t h e paper r e m a i n s 
s t a t i o n a r y and a r e e q u i p p e d w i t h a b r a i l l e k e y b o a r d . A b r a i l l e k e y b o a r d 
c o n s i s t s o f s i x k e y s and a s p a c e b a r . Each key i s c o n n e c t e d t o an embossing 
mechanism w h i c h p r o d u c e s one s p e c i f i c b r a i l l e d o t f r o m a b r a i l l e c e l l . So 
t h e o p e r a t o r has t o know t h e b r a i l l e c o d e and assembles each symbol by 
s i m u l t a n e o u s l y d e p r e s s i n g t h e n e c e s s a r y k e y s f o r each d o t . The u s u a l 
p r o c e d u r e f o r a u t o m a t i o n o f t h i s p r o c e s s , i s c o n v e r t i n g t h e i n f o r m a t i o n f r o m 



t h e i n p u t medium i n t o m e c h a n i c a l movements ( f o r i n s t a n c e by u s i n g s o l e n o i d s ) 
and l i n k i n g t h e s e movements t o t h e b r a i l l e r , e i t h e r from t h e o u t s i d e t o t h e 
b r a i l l e k e y b o a r d o r somewhere i n s i d e t o t h e s e l e c t i o n system t h a t i s c o n n e c t e d 
t o t h e a c t u a l embossing mechanism. W i t h some m o d i f i c a t i o n s o f t h e p a p e r -
t r a n s p o r t system c o n t i n u o u s f o r m paper can be used, i n s t e a d o f t h e u s u a l 
s h e e t s . I f t h i s paper i s coming from a r o l l a c u t t i n g d e v i c e i s added a f t e r 
t h e b r a i l l e r , t o s e p a r a t e t h e i n d i v i d u a l s h e e t s o f t e x t ; o t h e r w i s e (when 
u s i n g f a n f o l d paper) t h i s i s done on a s e p a r a t e b u r s t e r / s t r i p p e r . 
The speed on t h e s e " e l e c t r i f i e d " h a n d b r a i l l e r s can r e a c h a v a l u e o f about 
f o u r b r a i l l e c e l l s p e r second. Of c o u r s e t h i s i s a l a r g e improvement o v e r 
manual b r a i l l i n g , however t h e p r o d u c t i o n o f e.g. hundred s h e e t s o f b r a i l l e 
w i t h t h i s speed s t i l l t a k e s about e i g h t h o u r s . So t h i s k i n d o f equipment i s 
used f a i r l y i n t e n s i v e t o s a t i s f y t h e demand o f b r a i l l e i n s m a l l e r q u a n t i t i e s , 
o p e r a t i n g a t l o a d s and speeds t h i s equipment was p r o b a b l y n o t d e s i g n e d f o r . 
T h i s l e a d s t o i n c r e a s e d wear and t o a d e t e r i o r a t i o n o f t h e r e l i a b i l i t y . 

The e x c e p t i o n a l r e a d y m entioned above i s a d e v i c e , w h i c h can be used f o r 
b r a i l l e p r o d u c t i o n , t h a t i s n o t an e l e c t r i f i e d h a n d b r a i l l e r b u t was d e s i g n e d 
as a h i g h speed b r a i l l e computer t e r m i n a l . T h i s t e r m i n a l (LED 120, m a n u f a c t u r e d 
by T r i f o r m a t i o n Systems, U.S.A.) can be used as a s t a n d - a l o n e b r a i l l e 
p r o d u c t i o n d e v i c e as w e l l . I t o p e r a t e s a t a speed o f 120 b r a i l l e c h a r a c t e r s 
p e r second ( t h r e e l i n e s / s ) on s t a n d a r d b r a i l l e p a p e r i n f a n f o l d form. T h i s 
t e r m i n a l was n o t y e t on t h e market when o u r b a s i c r e s e a r c h was s t a r t e d i n 
l a t e 1973, b u t was i n t r o d u c e d i n 1975. The r e l i a b i l i t y o f t h i s t e r m i n a l and 
t h e q u a l i t y o f t h e b r a i l l e i t p r o d u c e s , made us d e c i d e t o c o n t i n u e o u r 
r e s e a r c h and development. 
The " P e r k i n s " h a n d b r a i l l e r o p e r a t e s i n t h e f o l l o w i n g way: t h e s e l e c t i o n system 
s e t s t h e p i n s , f o r t h o s e d o t s t h a t a r e t o be embossed i n t h e paper (max. 6 ) , 
t o a p o s i t i o n about 1 mm above t h e p o s i t i o n o f t h e p i n s t h a t a r e n o t wanted 
t o emboss a b r a i l l e d o t . A f t e r t h i s an embossing d i e i s b r o u g h t down on t h e 
o t h e r s i d e o f t h e p a p e r and t h e complete b r a i l l e c e l l i s formed. 
Then t h e embossing head moves one p i t c h t o t h e r i g h t , r e a d y t o emboss t h e 
n e x t b r a i l l e c e l l . B o t h t h e h o l e s i n t h e embossing d i e and t h e t o p s o f t h e 
embossing p i n s a r e a d a p t e d t o t h e form o f t h e b r a i l l e d o t t h a t t h e y a r e 
making. 

The " B l i s t a " and "Lavender" b r a i l l e r s work i n a s i m i l a r f a s h i o n . 
The LED-120 t e r m i n a l has more p r i n t i n g p o s i t i o n s a l o n g t h e l i n e and can • 
t h e r e f o r e o p e r a t e a t much h i g h e r speeds. The d e v i c e i s e q u i p e d w i t h 80 
p i n s , w i t h rounded t o p s t h a t a r e p o s i t i o n e d i n a l i n e a t d i f f e r e n t d i s t a n c e s , 
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FIGURE 3 

Embossing mechanism of the "PERKINS" b r a i l l e r . 

c o r r e s p o n d i n g w i t h a h o r i z o n t a l c u t t h r o u g h a b r a i l l e l i n e o f 40 c h a r a c t e r s . 
A complete l i n e o f b r a i l l e can be made by o p e r a t i n g t h e s e 80 p i n s t h r e e 
t i m e s and t r a n s p o r t i n g t h e p a p e r t w i c e o v e r t h e v e r t i c a l b r a i l l e d o t p i t c h . 
As shown i n F i g . 4 t h e b r a i l l i n g p i n s c a n be moved, because t h e y a r e 
a t t a c h e d t o t h e moving p a r t o f a s o l e n o i d by a l e v e r . When a s o l e n o i d i s 
e n e r g i z e d , t h e p l u n g e r i s a t t r a c t e d , t h e l e v e r p i v o t s around i t s p i v o t p o i n t 
and l i f t s t h e c o r r e s p o n d i n g p i n . The end o f t h i s movement i s r e a c h e d when 
t h e d o t i s formed and t h e r e i s no more f r e e space between t h e b r a i l l i n g 
p i n s , t h e paper and t h e beam on t o p o f t h e p a p e r , c o n t a i n i n g 80 s p h e r i c a l 
h o l e s . 

1.3.2 A n a l y s i s o f b r a i l l i n g p r o c e s s e s . 

An i m p o r t a n t p o i n t t h a t a l l t h e s e b r a i l l e p r o d u c t i o n machines have i n common 
i s t h e f a c t t h a t t h e s t r o k e o f t h e b r a i l l i n g p i n s (and t h u s t h e r e s u l t i n g 
h e i g h t o f t h e p r o d u c e d b r a i l l e d o t ) i s n o r m a l l y l i m i t e d by t h e c o l l i s i o n o f 
p i n and s p h e r i c a l h o l e i n t h e d i e , w i t h t h e p a p e r t o be deformed i n between, 
b u t o n l y i f t h e f o r c e d r i v i n g t h e b r a i l l i n g p i n i s l a r g e enough t o deform 
t h e p a p e r u n t i l t h i s p o i n t . I f t h i s i s n o t t h e c a s e , t h e movement o f t h e 
b r a i l l i n g p i n s t o p s e a r l i e r (when t h e d r i v i n g f o r c e o f t h e p i n e q u a l s t h e 
r e a c t i o n f o r c e t h e paper e x e r t s on t h e p i n ) and a d o t w i t h s m a l l e r h e i g h t 
r e s u l t s . I n b o t h c a s e s t h e movement o f t h e b r a i l l i n g p i n s t o p s when t h e r e 
i s a b a l a n c e i n t h e f o r c e s a c t i n g on t h e p i n . T h e r e f o r e t h i s system o f 
b r a i l l i n g w i l l be r e f e r r e d t o as " f o r c e - c o n t r o l l e d " . ( I n German l i t e r a t u r e 
t h i s i s c a l l e d : K r a f t s c h l u s s . ) 
One a s p e c t o f p a p e r t h a t was n o t m e n t i o n e d u n t i l h e r e , i s t h e p r o p e r t y t h a t i s has no 
c o n s t a n t c o m p o s i t i o n o v e r i t s s u r f a c e . B o t h c o m p o s i t i o n and s t r u c t u r e d i f f e r f rom 
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FIGURE 4 

Operating p r i n c i p l e of the LED-120 (from "LED-120 Manual"). 
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p l a c e t o p l a c e . T h i s i m p l i e s t h a t t h e f o r c e needed t o produce a b r a i l l e d o t 
o f a c e r t a i n h e i g h t i s d i f f e r e n t t o o , from one p l a c e t o a n o t h e r . The o n l y 
s o l u t i o n t o t h i s p r o b l e m i n a f o r c e - c o n t r o l l e d system o f b r a i l l i n g i s s u p p l y i n g 
so much energy t o t h e b r a i l l i n g p i n s , t h a t t h e f o r c e r e a c h e s t h e n e c e s s a r y 
v a l u e t o pro d u c e a d o t o f s u f f i c i e n t h e i g h t , even under w o r s t c a s e c o n d i t i o n s . 
T h i s means however t h a t under a v e r a g e c o n d i t i o n s , t h e amount o f energy 
s u p p l i e d i s t o o l a r g e f o r d e f o r m i n g o f t h e paper a l o n e , and t h e r e m a i n i n g 
energy has t o be d i s s i p a t e d e l s e w h e r e , n o r m a l l y i n a c o l l i s i o n o f t h e moving 
p a r t s and t h e s t a t i o n a r y d i e . 
T h i s o f c o u r s e means n o i s e and e x t r a wear. When a l o t o f t h e s e c o l l i s i o n s 
t a k e p l a c e i n a c e r t a i n t i m e s p a n , t h i s i n f l u e n c e s t h e sound l e v e l t h e 
b r a i l l i n g d e v i c e i s p r o d u c i n g . I n a d d i t i o n t h e r e i s t h e p r o b l e m t h a t t h e 
amount o f m e c h a n i c a l energy t h a t can be s u p p l i e d by a f a s t a c t i n g and 
t h e r e f o r e s m a l l system i s s m a l l t o o . So when u s i n g a heavy grade p a p e r (up 
t o 160 grams/m^) t h e amount i s o n l y j u s t s u f f i c i e n t . T h i s l e a d s t o ^ i n s u f f i c i e n t 
h e i g h t o f t h e p r o d u c e d b r a i l l e d o t under "worst c a s e " c o n d i t i o n s e.g. a 
p a r t i c u l a r b r a i l l i n g system w i t h h i g h f r i c t i o n f o r c e s o r a s p o t on t h e paper 
r e q u i r i n g more b r a i l l i n g e n ergy because o f a d i f f e r e n t c o m p o s i t i o n . T h i s 
f a c t i s d e m o n s t r a t e d by a c a r e f u l l e x a m i n a t i o n o f t h e o u t p u t o f f o r i n s t a n c e 
an LED-120 b r a i l l e t e r m i n a l . I t i s c l e a r l y v i s i b l e t h a t t h e d o t h e i g h t , an 
i m p o r t a n t q u a l i t y a s p e c t , i s n o t c o n s t a n t f o r a l l t h e d o t s i n t h e t e x t . 
There i s an answer t o t h i s p r o b l e m : when t h e s t r o k e o f t h e b r a i l l i n g p i n s 
i s n o t c o n t r o l l e d by a f o r c e d r i v i n g them, b u t when t h e s t r o k e i s d i c t a t e d 
by t h e d i s p l a c e m e n t o f t h e p a r t s t h a t t h e p i n s a r e i n c o n t a c t w i t h , t h e 
f i n a l h e i g h t o f t h e p r o d u c e d b r a i l l e d o t s i s a l w a y s c o n s t a n t . Now t h e 
d i s p l a c e m e n t i s t h e i n d e p e n d e n t v a r i a b l e and t h e f o r c e r e a c h e d w i t h t h i s 
d i s p l a c e m e n t i s a dependent v a r i a b l e , d e p e n d i n g on t h e d i s p l a c e m e n t o f t h e 
b r a i l l i n g p i n and t h e p r o p e r t i e s o f t h e paper on t h a t s p o t . Because t h e 
d i s p l a c e m e n t can be a s s u r e d by t h e fo r m o f t h e d r i v i n g p a r t s (as w i l l be 
d e m o n s t r a t e d l a t e r ) t h i s s ystem o f b r a i l l i n g w i l l be c a l l e d : " f o r m - c o n t r o l l e d " 
(German: F o r m s c h l u s s ) . 
I n a f o r m - c o n t r o l l e d system o f b r a i l l i n g t h e d i s p l a c e m e n t o f t h e b r a i l l i n g 
p a r t s i s al w a y s c o n s t a n t and n o t dependent on t h e (inhomogeneous) p r o p e r t i e s 
o f t h e used p a p e r , when a c o n s t r u c t i o n i s u s e d f o r example as s k e t c h e d i n 
F i g . 5, t h e s t r o k e o f t h e b r a i l l i n g p i n i s a l w a y s t h e same r e g a r d l e s s o f 
t h e f o r c e s a c t i n g on t h e p i n , as l o n g as t h e cam i s r o t a t i n g and t h e p i n 
keeps i n c o n t a c t w i t h t h e cam. P r o b a b l y t h i s system o f b r a i l l i n g was n e v e r 
i n t r o d u c e d b e f o r e , because t h e f o r c e s i n t h e b r a i l l i n g system r i s e t o v e r y 
h i g h v a l u e s when t h e a d j u s t m e n t i s n o t c o r r e c t and a d i e i s used t h a t has a 



FIGURE 5 

Form-controlled b r a i l l i n g system. 

s p h e r i c a l h o l e c o n f o r m i n g t o t h e form o f t h e t o p o f t h e p i n . I n t h i s c a s e 
when t h e s t r o k e i s t o o l a r g e t h e r e s u l t i n g f o r c e s may even damage t h e 
machine. T h i s a d j u s t m e n t p r o b l e m can be a v o i d e d by u s i n g a d i e w i t h a 
c y l i n d r i c a l h o l e i n i t , t h a t i s s u f f i c i e n t l y l o n g e r t h a n t h e h e i g h t o f 
t h e p r o d u c e d b r a i l l e d o t . I n t h i s way b r a i l l i n g p i n and d i e a r e ne v e r i n 
c o n t a c t w i t h each o t h e r , n o t even when t h e s t r o k e o f t h e b r a i l l i n g p i n i s 
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l a r g e r t h a n n o m i n a l , t h i s j u s t p r o d u c e s a h i g h e r b r a i l l e d o t . A second 
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advantage o f a f o r m - c o n t r o l l e d b r a i l l i n g system i s t h e p o s s i b i l i t y t o 
c o n t r o l t h e v e l o c i t y o f t h e b r a i l l i n g p i n d u r i n g i t s movement. I n a f o r c e -
c o n t r o l l e d system t h e b r a i l l i n g p i n i s u s u a l l y a c c e l e r a t e d towards t h e 
paper and has i t s h i g h e s t speed a t t h e moment o f c o l l i s i o n w i t h t h e pape r . 
T h i s i m p a c t p r o d u c e s n o i s e . I n a f o r m - c o n t r o l l e d system t h e complete s t r o k e 
can be c o n t r o l l e d and t h i s makes i t p o s s i b l e t o d e c e l e r a t e t h e p i n b e f o r e 
i t h i t s t h e p a p e r , t h u s m i n i m i z i n g t h e i m p a c t n o i s e s . Such a f o r m - c o n t r o l l e d 
b r a i l l i n g s ystem w i l l be used i n t h e b r a i l l e l i n e p r i n t e r o f w h i c h t h e 
d e s i g n i s d e s c r i b e d l a t e r on. 
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2. MAIN DESIGN CONSIDERATIONS. 

2.1. S p e c i f i c a t i o n s t h e p r i n t e r must comply w i t h . 

From t h e d e s c r i p t i o n o f b r a i l l e as g i v e n i n C h a p t e r 1 i t i s o b v i o u s t h a t , 
though t h e r e i s no f o r m a l n o r m a l i z a t i o n i n t h e d i m e n s i o n s o f b r a i l l e d o t s 
and b r a i l l e c e l l s , a new b r a i l l e p r o d u c i n g p i e c e o f equipment must produce 
b r a i l l e t h a t has d i m e n s i o n s c l o s e t o t h e ones t h a t were e s t a b l i s h e d t h r o u g h 
t h e y e a r s by o t h e r m a n u f a c t u r e r s . The b r a i l l e c e l l t h a t was chosen h e r e has 
a v e r t i c a l d o t p i t c h o f 2.5 mm and a h o r i z o n t a l d o t p i t c h o f 2.4 mm. I n t h e 
o r i g i n a l d e s i g n t h e h o r i z o n t a l p i t c h was 2.5 mm t o o , b u t w i t h a b r a i l l e c e l l -
p i t c h o f 6 mm, t h e d i f f e r e n c e between two d o t s f r o m one c e l l (2.5 mm d i s t a n c e ) 
and two d o t s from d i f f e r e n t c e l l s (3.5 mm d i s t a n c e ) p r o v e d t o be d i f f i c u l t 
t o d i s c r i m i n a t e . R e a d i n g t e s t s w i t h e x p e r i e n c e d b r a i l l e r e a d e r s ( b o t h 
c o n g e n i t a l l y b l i n d and l a t e - b l i n d ) showed t h a t t h e y had a p r e f e r e n c e f o r a 
l a r g e r "space" between t h e i n d i v i d u a l b r a i l l e c e l l s . So t h e d i s t a n c e o f 2.4 
mm was c h osen. ( T h i s v a l u e l i e s between t h e c o r r e s p o n d i n g v a l u e s o f t h e 
" P e r k i n s " and " B l i s t a " b r a i l l e c e l l s . ) T h i s p r e f e r e n c e f o r a l a r g e r space 
between t h e b r a i l l e c e l l s i s p r o b a b l y p a r t l y c a u s e d by t h e r e l a t i v e l y l a r g e 
amount o f " P e r k i n s " b r a i l l e r s t h a t a r e used i n t h e N e t h e r l a n d s , and t o t h e 
f o r m a t t h i s machine p r o d u c e s , t o w h i c h t h e u s e r s g e t accustomed. 
F o r t h e l i n e s p a c i n g a v a l u e o f 10 mm was c h o s e n , w h i c h i s a m u l t i p l e o f 
t h e v e r t i c a l d o t s p a c i n g , f a c i l i t a t i n g t h e n e c e s s a r y p a p e r t r a n s p o r t mechanism. 
I n t h i s way i t i s p o s s i b l e t o r e d u c e t h e number o f n e c e s s a r y components i n 
t h e p r i n t e r by u s i n g a s o r t o f m e c h a n i c a l m u l t i p l e x i n g . I n s t e a d o f h a v i n g 
240 embossing p o s s i b i l i t i e s i n t h e d e v i c e , o n l y one row o f b r a i l l i n g p i n s 
has t o be p r e s e n t (a t o t a l o f 80 p i n s ) and a c o m p l e t e b r a i l l e l i n e i s 
b u i l t up by embossing t h r e e t i m e s , u s i n g t h e same s e t o f p i n s b u t w i t h two 
papermovements ( v e r t i c a l l y ) between t h e t h r e e embossing c y c l e s . A f t e r 
embossing t h e l a s t row o f b r a i l l e d o t s a papermovement o f 5 mm p r o v i d e s f o r 
t h e s p a c i n g between t h e l i n e s and t h e machine i s r e a d y t o emboss t h e n e x t 
l i n e . I n t h e l i s t o f s p e c i f i c a t i o n s t h a t has t o be c o m p i l e d a t t h i s s t a g e , 
t h o s e f e a t u r e s d i r e c t l y i n f l u e n c i n g t h e q u a l i t y o f t h e p r o d u c e d b r a i l l e 
c e r t a i n l y may n o t be m i s s i n g . I n o r d e r t o s e t a q u a n t i t a t i v e s t a n d a r d f o r 
t h e two p r i n c i p a l p r o p e r t i e s o f t h e p r o d u c e d b r a i l l e , t h e r e l a t i v e p o s i t i o n 
o f t h e d o t s and t h e i r h e i g h t , an i n a c c u r a c y o f 10% i s t o l e r a t e d . From t h e 
measurements p e r f o r m e d on b r a i l l e f r o m t h e most w i d e l y used b r a i l l e r s i t 
can be c o n c l u d e d t h a t t h i s t o l e r a n c e i n h e i g h t o f t h e d o t s would be a 
d e f i n i t e improvement. Our r e a d i n g t e s t s w i t h b r a i l l e t h a t c o n t a i n e d i n a c c u r a c i e s 
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i n t h e r e l a t i v e p o s i t i o n o f t h e b r a i l l e d o t s , ( t h e s e i n a c c u r a c i e s were 
pr o d u c e d on p u r p o s e and t h e i r v a l u e s were known t o t h e c o n d u c t o r o f t h e 
t e s t s , n o t t o t h e r e a d e r s ) p r o v e d t h a t randomly d i s t r i b u t e d d e v i a t i o n s from 
t h e n o m i n a l d o t p o s i t i o n s were n o t n o t i c e d by t h e r e a d e r , when t h e r e v a l u e 
d i d n o t exceed 0.35 mm. Even a s y s t e m a t i c v a r i a t i o n o f + 0.35 mm i n t h e 
v e r t i c a l d o t p i t c h f o r a complete h o r i z o n t a l row o f d o t s i n one l i n e was n o t 
n o t i c e d . ( T h i s t y p e o f m i s a l i g n i n g m i g h t be i n t r o d u c e d by f o r i n s t a n c e p l a y 
i n t h e p a p e r t r a n s p o r t mechanism.) 
As a r e s u l t o f t h e s e t e s t s t h e t o l e r a n c e f o r b o t h p o s i t i o n and h e i g h t o f t h e 
d o t s was s e t t o 10%. F o r t h e p o s i t i o n o f t h e d o t s t h i s means a t o l e r a n c e 
o f + 0.25 mm and f o r t h e h e i g h t a v a l u e o f + 0.05 mm. 
A d e v i a t i o n from t h e n o m i n a l l i n e s p a c i n g o f 10 mm i s l e s s d i s t u r b i n g t o 
t h e r e a d e r because b r a i l l e i s r e a d on a l i n e by l i n e b a s i s and m i s p o s i t i o n i n g 
o f a c o m p l e t e l i n e does n o t i n f l u e n c e t h e l e g i b i l i t y o f t h e l i n e i t s e l f 
b ecause t h e coherence between t h e d o t s w i t h i n one c e l l i s n o t i n f l u e n c e d . 
T h e r e f o r e t h e a l l o w e d t o l e r a n c e i n t h e l i n e s p a c i n g i s s e t t o 0.5 mm ( t w i c e 
t h e v a l u e f o r t h e s p a c i n g between d o t s w i t h i n one c e l l ) . 

A n o t h e r phenomenon w h i c h may i n f l u e n c e t h e q u a l i t y , b u t on t h e l o n g term, 
i s t h e p a p e r d u s t t h a t i s p r o d u c e d when t h e b r a i l l e d o t s a r e formed. D u r i n g 
t h e l a s t s t a g e o f t h e f o r m i n g p r o c e s s o f t h e a c t u a l d o t , t h e paper a t t h e 
t o p o f t h e d o t i s s l i g h t l y t o r n and t h i s p r o d u c e s p a p e r d u s t . Because o f t h e 
c o m p o s i t i o n o f p a p e r , t h i s d u s t u s u a l l y c o n t a i n s some amount o f c h a l k w h i c h 
i s added as a f i l l e r t o t h e b a s e m a t e r i a l c e l l u l o s e . T h i s c h a l k i n p a r t i c u l a r 
can be a s e r i o u s s o u r c e o f wear when i t g e t s between s l i d i n g p a r t s . The 
p a p e r d u s t i t s e l f , when t r a p p e d i n a s m a l l c l e a r a n c e , m i g h t c l o g t o g e t h e r 
and i n c r e a s e t h e f r i c t i o n f o r c e s even t o t h e e x t e n t t h a t , when s l i d i n g 
p a r t s a r e moved w i t h f i x e d low f o r c e s , no more movement i s p o s s i b l e . T h i s 
c o u l d happen f o r i n s t a n c e i n a system w i t h t h e b r a i l l i n g p i n s s l i d i n g i n 
d r i l l e d h o l e s , when one does n o t t a k e t h e n e c e s s a r y p r e c a u t i o n s , because 
t h e d u s t p r o d u c i n g s o u r c e i s so c l o s e t o t h e c l e a r a n c e between p i n and h o l e . 
I n a f a s t b r a i l l e p r o d u c i n g d e v i c e some p r e c a u t i o n a g a i n s t p a p e r d u s t s h o u l d 
a l w a y s be t a k e n . ( I n low speed machines one m i g h t s o l v e t h i s p r o b l e m by 
r e g u l a r maintenance i n t e r v a l s , a t w h i c h t h e t h r e a t e n e d p l a c e s a r e c l e a n e d . ) 
F o r t h e number o f c h a r a c t e r s t h a t t h e p r i n t e r s h o u l d be a b l e t o p r i n t on one 
l i n e t h e v a l u e o f 40 was chosen. T h i s number i s t h e u s u a l v a l u e i n b r a i l l e 
p r o d u c i n g equipment b o t h European made and A merican made, a l t h o u g h i n 
Europe h a r d l y e v e r more t h a n 32 p o s i t i o n s a r e u s ed, u s u a l l y t o c r e a t e a 
wide l e f t m a r g i n t o f a c i l i t a t e b i n d i n g . As t o t h e s i z e o f t h e p a p e r t h a t i s 
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c u r r e n t l y b e i n g u s e d , a g a i n t h e r e seems t o be no f o r m a l n o r m a l i z a t i o n . 
F o r b o o k p r o d u c t i o n i n t h e "Dutch L i b r a r y f o r t h e B l i n d " a t The Hague a 
p a p e r w i d t h o f 250 mm i s used. The s t a n d a r d p a p e r w i d t h used on t h e LED-120 
l i n e p r i n t e r t h e r e i s 11.5 i n c h (292 mm). T h i s w i d t h i n c l u d e s t h e e x t r a 
p a p e r on b o t h s i d e s c o n t a i n i n g t h e p i n - f e e d h o l e s f o r t h e p a p e r t r a n s p o r t 
system. The custom i n t h e U.S.A. however on t h i s t y p e o f equipment i s t o 
use t h e same 11.5" p a p e r w i d t h b u t t o add t h e w i d t h n e c c e s s a r y f o r t h e p i n 
f e e d h o l e s , l e a d i n g t o a t o t a l p a p e r w i d t h o f 12.7" (323 mm) . The maximum 
p a p e r w i d t h t o be used on t h e p r i n t e r under c o n s i d e r a t i o n h e r e i s s e t t o 14" 
(356 mm). 

A n o t h e r i m p o r t a n t f e a t u r e when someone i s u s i n g t h e l i n e p r i n t e r i n a t e r m i n a l 
c o n f i g u r a t i o n ( f o r i n s t a n c e i n c o n v e r s a t i o n a l computer use) i s t h e 
a c c e s s i b i l i t y o f t h e l a s t l i n e o f b r a i l l e t h a t was p r i n t e d . I t s h o u l d be p o s s i b l e t o 
r e a d t h e l a s t l i n e c o m p l e t e l y once t h i s l i n e has been p r i n t e d . To a c h i e v e t h i s , c a r e 
s h o u l d be t a k e n i n d e s i g n i n g t h e system i n such a way t h a t t h e l a s t l i n e i s 
p r e s e n t e d a t an a n g l e t o t h e u s e r t h a t makes t h e t e x t e a s i l y r e a d i b l e . 

v \ W W \ V \ ^ W \ \ \ V \ 

FIGURE 6 

Position of the finger, while reading b r a i l l e . 

I t s h o u l d be n o t i c e d h e r e t h a t b r a i l l e i s u s u a l l y r e a d w i t h t h e u n d e r s i d e 
o f t h e l a s t p h a l a n x r a t h e r t h a n w i t h t h e t o p o f t h e f i n g e r . I t s h o u l d be 
p o s s i b l e t o r e a c h t h e l a s t l i n e a t such an a n g l e t h a t t h i s i s p o s s i b l e . 
The b r a i l l e p r o d u c t i o n speed o f t h e d e v i c e i s s e t a t t h i s s t a g e a t 300 
l i n e s p e r m i n u t e , o f c o u r s e m a i n t a i n i n g t h e a l r e a d y d e f i n e d q u a l i t y 
s t a n d a r d s . From o u r f i r s t e x p e r i m e n t s i t seemed t h a t t h i s speed c o u l d be 
a t t a i n e d , u s i n g c o n v e n t i o n a l e l e c t r o - m e c h a n i c a l a c t u a t o r s . 
So f a r t h e s e c o n s i d e r a t i o n s have o n l y d e a l t w i t h t h e o u t p u t s i d e o f t h e 
l i n e p r i n t e r . To make i t p o s s i b l e t o pr o d u c e o u t p u t , t h e s p e c i f i c a t i o n s f o r 
t h e i n p u t s h o u l d be s t a n d a r d i z e d as w e l l . A t t h i s p o i n t a c h o i c e has t o be 
made f o r t h e d e v i c e t o be d e s i g n e d : e i t h e r a b r a i l l e l i n e p r i n t e r o r a 



b r a i l l e t e r m i n a l . The b r a i l l e l i n e p r i n t e r was chosen here f o r two r e a s o n s : 
- a l i n e p r i n t e r i s e a s i e r t o t e s t once a p r o t o t y p e has been b u i l t ; 
- t h e o r i g i n a l r e q u e s t was f o r a l i n e p r i n t e r . 

F u r t h e r m o r e t h e m e c h a n i c a l p a r t o f a l i n e p r i n t e r i s n o t n e c e s s a r i l y much 
d i f f e r e n t from t h e m e c h a n i c a l p a r t o f a t e r m i n a l , when i t i s known from the 
s t a r t t h a t t h e same b a s i c u n i t s h o u l d s e r v e b o t h f u n c t i o n s . The most 
i m p o r t a n t d i f f e r e n c e c o n c e r n s t h e i n t e r f a c e , t h e a d d i n g o f a k e y b o a r d and t h e 
d i f f e r e n t f u n c t i o n i n g o f t h e d e v i c e , b u t t h i s i s a c c o m p l i s h e d by c h a n g i n g 
t h e c o n t r o l e l e c t r o n i c s , n o t t h e b a s i c m e c h a n i c a l u n i t . T h i s i s t h e r e a s o n 
t h a t an i n t e r f a c e was chosen t h a t would e n a b l e t h e l i n e p r i n t e r t o o p e r a t e 
as a s t a n d - a l o n e u n i t , making o t h e r equipment i n a t e s t s e t - u p (such as a 
computer1 r e d u n d a n t . 
The i n t e r f a c e chosen i s a FACIT SP 1 i n t e r f a c e ; t h i s i s an e i g h t b i t p a r a l l e l 
d a t a t r a n s f e r i n t e r f a c e . A d e t a i l e d d e s c r i p t i o n o f t h e FACIT SP 1 i n t e r f a c e 
can be f o u n d i n Ref. 4. 
T h i s i n t e r f a c e e n a b l e s e.g. a FACIT 4020 t a p e r e a d e r t o o p e r a t e as i n p u t 
d e v i c e . T h i s i s a medium speed (maximum 300 c h a r a c t e r s p e r second) o p t i c a l 
p a p e r t a p e r e a d e r , f a s t enough t o f e e d t h e l i n e p r i n t e r a t a s u f f i c i e n t r a t e . 

The c o n s i d e r a t i o n s m e n t i o n e d up t i l l now c a n be summarized as f o l l o w s : 

I n t e r f a c e : FACIT SP 1 
P r i n t i n g speed: Up t o 300 l i n e s / m i n u t e 
Max.number o f c h a r a c t e r s p e r l i n e : 40 
L i n e s p a c i n g : 10 mm (+_ 0.5 mm) 
C h a r a c t e r s p a c i n g : 6 mm (+ 0.25 mm) 
B r a i l l e c e l l d i m e n s i o n s : 2 x 3 m a t r i x 

h o r i z o n t a l p i t c h : 2.4 mm (+ 0.25 mm) 
v e r t i c a l p i t c h : 2.5 ram (+ 0.25 mm) 
d o t h e i g h t : 0.5 mm (+ 0.05 mm) 

Paper f o r m a t : c o n t i n u o u s form, f a n f o l d 
w i d t h : 8"-14" (200-360 mm) 
w e i g h t : up t o 160 grams/m2 
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2.2. D i v i s i o n i n t o i n f o r m a t i o n and energy c o n v e r t i n g p a r t s . 

A u s e f u l l d i v i s i o n w h i c h can u s u a l l y be made i n f i n e m e c h a n i c a l equipment 
i s t h a t between e n e r g y c o n v e r t e r s and i n f o r m a t i o n c o n v e r t e r s (Ref. 5 ) . 
I n t h i s c a s e t h e t o t a l d e v i c e would be c l a s s i f i e d as an i n f o r m a t i o n c o n v e r t e r 
I n o r d e r t o g e t an i m p r e s s i o n o f t h e energy l e v e l s t h a t a r e a s s o c i a t e d w i t h 
t h i s i n f o r m a t i o n c o n v e r s i o n , t h e energy n e c e s s a r y t o form a b r a i l l e d o t i s 
d e t e r m i n e d . F i g . 7 g i v e s t h e r e s u l t o f measurements o f t h e f o r c e w h i l e 
embossing a b r a i l l e d o t o f t h e n o m i n a l s i z e (0.5 mm h i g h and 1.4 mm d i a m e t e r ) 
as a f u n c t i o n o f t h e d i s p l a c e m e n t o f t h e b r a i l l e p i n . Two f a c t s can be 
c o n c l u d e d from t h i s p i c t u r e : 

0 0,1 0,2 0,3 0,4 0,5 mm 

FIGURE 7 

B r a i l l i n g force as function of the produced dotheight (Paperweight: 

160 grams). 

- The maximal f o r c e e n c o u n t e r e d d u r i n g t h e f o r m a t i o n o f a b r a i l l e d o t 
amounts t o c a 20 N. 

- The amount o f en e r g y n e c e s s a r y t o pro d u c e one b r a i l l e d o t o f t h e n o m i n a l 
s i z e i s c a 6 mJ. 

Compared t o t h e amount o f energy r e q u i r e d f o r t h e p r i n t i n g o f a complete 
c h a r a c t e r on a " b l a c k - p r i n t " l i n e p r i n t e r , u s i n g normal r i b b o n , t h i s i s 
about t h e same (Ref. 6/7). However t h e p r o c e s s i s c o m p l e t e l y d i f f e r e n t : 
The s t r o k e i s much s h o r t e r , r e s u l t i n g i n f o r c e s t h a t m i g h t e a s i l y be t e n 
t i m e s as h i g h . So t h e energy r e q u i r e m e n t f o r a b r a i l l e c e l l c o n s i s t i n g o f a l l 
s i x d o t s c o u l d be s i x t i m e s t h e v a l u e m entioned above. F o r a speed o f 300 
l i n e s p e r m i n u t e , each c o n t a i n i n g maximal 40 c h a r a c t e r s , t h e n e c e s s a r y 
m e c h a n i c a l power can be c a l c u l a t e d t o be 7.2 W. 
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F o r an i n f o r m a t i o n c o n v e r s i o n a l o n e t h i s i s a r a t h e r h i g h v a l u e , so t h e 
p o i n t can be r a i s e d whether i t c o u l d be advantageous t o make a s e p a r a t i o n 
between t h e i n f o r m a t i o n p r o c e s s i n g p a r t s i n t h e l i n e p r i n t e r and t h o s e 
p a r t s t h a t a r e r e s p o n s i b l e f o r t h i s energy c o n v e r s i o n . The d e f i n i t i o n o f 
t h e i n f o r m a t i o n p r o c e s s i n g f u n c t i o n h e r e , i s t h e a c t u a l s e l e c t i o n o f t h o s e 
p o s i t i o n s where a b r a i l l e d o t s h o u l d appear on t h e p a p e r , t h e energy 
c o n v e r t i n g f u n c t i o n i s p e r f o r m e d by t h e a c t u a l b r a i l l i n g mechanism. There 
i s a n o t h e r phenomenon wh i c h p o i n t s i n t h e same d i r e c t i o n . O t h e r r e s e a r c h 
i n d i c a t e s t h a t t h e e f f i c i e n c y w i t h w h i c h e l e c t r i c a l e n ergy i s c o n v e r t e d i n t o 
m e c h a n i c a l energy i n c r e a s e s w i t h t h e s i z e o f t h e e l e c t r o - m e c h a n i c a l c o n v e r t e r 
(Ref. 81. So i t i s much b e t t e r t o have one ( l a r g e ) e l e c t r o - m e c h a n i c a l 
c o n v e r t e r s u p p l y i n g t h e b r a i l l i n g e n ergy and a s e l e c t i o n s y s t e m d e c i d i n g t o 
w h i c h p o s i t i o n s on t h e p a p e r m e c h a n i c a l energy s h o u l d be d i r e c t e d , t h a n 
f o r i n s t a n c e 240 r e s p . 80 s m a l l e l e c t r o - m e c h a n i c a l a c t u a t o r s , each c o n v e r t i n g 
t h e e l e c t r i c a l e n ergy f o r t h e embossing o f one b r a i l l e d o t and s e l e c t i n g 
b r a i l l e d o t s by s w i t c h i n g on and o f f t h e s e e l e c t r o - m e c h a n i c a l a c t u a t o r s . I n 
t h e f i r s t c a s e t h e e f f i c i e n c y o f t h e t o t a l system w i l l be b e t t e r . 
Of c o u r s e , as w i l l be shown i n l a t e r c h a p t e r s , when a l a r g e e l e c t r o 
m e c h a n i c a l c o n v e r t e r i s used, one s t i l l needs a l a r g e number o f s m a l l 
e l e c t r o - m e c h a n i c a l a c t u a t o r s t o p e r f o r m t h e s e l e c t i o n f u n c t i o n , and t h e s e 
a c t u a t o r s have a p o o r e f f i c i e n c y . But because t h i s d i f f e r e n c e i n energy 
l e v e l e x i s t s between t h e b r a i l l i n g system and t h e s e l e c t i o n s y s t e m , t h e 
amount o f e n e r g y t h a t i s l o s t i s s t i l l s m a l l e r , r e s u l t i n g i n a b e t t e r 
e f f i c i e n c y f o r t h e t o t a l system. 

The r e a s o n f o r p a y i n g so much a t t e n t i o n t o t h e s y s t e m e f f i c i e n c y i s i n t h e 
f a c t t h a t e l e c t r o - m e c h a n i c a l a c t u a t o r s w i t h l e s s e nergy l o s s e s can be 
s t a c k e d c l o s e r t o g e t h e r . T h i s means s m a l l e r moving masses c o n n e c t i n g t h e 
a c t u a t o r s t o t h e i r o p e r a t i n g a r e a . T h i s r e s u l t s i n h i g h e r o v e r a l l o p e r a t i n g 
speeds. 
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3. THE BRAILLING SYSTEM. 

3.1. The b r a i l l i n g e l e m e n t s . 

The p r i n c i p l e o f f o r m - c o n t r o l l e d b r a i l l i n g , a s was i n t r o d u c e d i n C h a p t e r 1, 
i s implemented h e r e f o r t h e c a s e o f a b r a i l l e l i n e p r i n t e r . The o p t i m a l 
d i m e n s i o n s o f b r a i l l e p i n and c o r r e s p o n d i n g d i e have been found from t e s t s 
t h a t were c a r r i e d o u t w i t h d i f f e r e n t s i z e s o f p i n s and h o l e s , t o see what 
s i z e would f i t a f o r m - c o n t r o l l e d b r a i l l i n g p r o c e s s b e s t . The d i m e n s i o n s 
t h a t p r o d u c e d a b r a i l l e d o t o f t h e n o m i n a l s i z e , as i n d i c a t e d i n C h a p t e r 2, 
a r e s t a t e d i n F i g . 8. 

B 
A 

01,8 

A z 

/ / / 

t > > 

01,4 

R 0,7 

FIGURE 8 

Dimensions of the b r a i l l e producing parts. 

The c o r r e c t h e i g h t i s p r o d u c e d when t h e t o p o f t h e b r a i l l i n g p i n ( l e v e l A) 
i s moved upwards u n t i l t h e bottom o f t h e c o r r e s p o n d i n g h o l e ( l e v e l B) i s 
p a s s e d o v e r a d i s t a n c e o f 0.4 mm. The d e p t h o f t h e h o l e s h o u l d be such 
t h a t i n t h i s p o s i t i o n t h e r e i s no c o n t a c t between t h e end o f t h e h o l e 
( s u r f a c e C) and t h e t o p o f t h e p r o d u c e d b r a i l l e d o t , n o t even when u s i n g 
t h e t h i c k e s t k i n d o f pape r . T h i s i m p l i e s a m i n i m a l h o l e d e p t h ( s i z e D i n 
F i g . 8) o f 0.5 mm. F o r a good form o f t h e b r a i l l e d o t , i t i s e s s e n t i a l t h a t 
t h e c e n t e r l i n e s o f h o l e and p i n c o i n c i d e . Because b r a i l l e p i n and h o l e a r e 
moving r e l a t i v e t o each o t h e r d u r i n g b r a i l l i n g , t h i s i s n o t m e r e l y a q u e s t i o n 
o f good p o s i t i o n i n g o f t h e s e p a r t s b u t a l s o o f a r e l i a b l e b e a r i n g system. 
The b e s t p o s i t i o n f o r a b e a r i n g o f t h e p i n s i s as c l o s e t o t h e t o p as 
p o s s i b l e , b u t t h i s i s a l s o t h e most dangerous s p o t w i t h r e g a r d t o t h e 
p r o d u c e d p a p e r d u s t . T h e r e f o r e a b e a r i n g i s chosen t h a t i s n o t a t a l l 
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s e n s i t i v e t o d u s t : each b r a i l l i n g p i n i s g u i d e d by two l e a f s p r i n g s , e n a b l i n g 
a x i a l movement o f t h e p i n by e l a s t i c d e f l e c t i o n . Such a p a r a l l e l g u i d e 
mechanism g u i d e s t h e p i n s b u t t h e movement i s n o t r e c t i l i n e a r . The d e v i a t i o n 
from t h e s t r a i g h t l i n e i s g i v e n by H i l d e b r a n d (Ref. 18) a s : 

3 f 2 

v = ? I (3.1) 

w i t h v = d e v i a t i o n from t h e s t r a i g h t l i n e 
f = d e f l e c t i o n o f t h e l e a f s p r i n g s 
l = l e n g t h o f t h e l e a f s p r i n g s . 

T h i s does n o t m a t t e r f o r t h e b e a r i n g o f t h e p i n s , because t h e y a r e s t a n d i n g 
s t i l l d u r i n g t h e f o r m a t i o n o f a d o t . T h i s can be a c c o m p l i s h e d w i t h a s e t - u p 
as shown i n F i g . 9. Each b r a i l l i n g p i n g u i d i n g i s s l i g h t l y p r e s t r e s s e d 
because i n t h e t o p p o s i t i o n o f t h e p i n s t h e l o w e r l e a f s p r i n g s a r e i n c o n t a c t 
w i t h a f i x e d s h a f t A t h a t g i v e s a l l p i n s t h e same h e i g h t . 

FIGURE 9 

Bearing system for b r a i l l i n g pins and beam. 

On t o p o f t h i s a beam i s mounted, i n i t s l o w e r s u r f a c e c o n t a i n i n g h o l e s 
c o r r e s p o n d i n g w i t h t h e p o s i t i o n o f t h e p i n s , p e r f o r m i n g t h e b r a i l l i n g 
o p e r a t i o n when i t comes down. To be a b l e t o make a s e l e c t i o n between p i n s 
t h a t s h o u l d p r o d u c e a b r a i l l e d o t and t h o s e t h a t s h o u l d n o t , s m a l l b l o c k s 
a r e added t h a t can move p e r p e n d i c u l a r t o t h e movement o f t h e b r a i l l i n g p i n s 
and t h e b r a i l l i n g beam. 
When t h e b r a i l l i n g beam moves downward, t h e p l a y on b o t h s i d e s o f t h e p a p e r , 
between h o l e s and p i n s , i s d e c r e a s e d t i l l z e r o and t h e n t h e p i n s s t a r t 
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moving downwards. When a d o t s h o u l d be p r o d u c e d , t h e s e l e c t i o n b l o c k i s 
manoeuvred under t h e p i n , and when t h e p l a y between u n d e r s i d e o f t h e p i n 
and s e l e c t i o n b l o c k has d i s a p p e a r e d , f u r t h e r downward movement o f t h e p i n i s 
b l o c k e d and a b r a i l l e d o t i s formed. F o r t h o s e p i n s t h a t s h o u l d n o t pro d u c e 
a d o t , t h e s e l e c t i o n b l o c k i s moved away from under t h e p i n so t h e pinmovement 
i s n o t b l o c k e d . The l e a f s p r i n g s t h a t g u i d e t h e p i n s a r e so d i m e n s i o n e d , t h a t 
even i n t h e i r l o w e s t p o s i t i o n , t h e y e x e r t a f o r c e on t h e p a p e r t h a t i s s t i l l 
so s m a l l t h a t t h e paper i s n o t deformed and s t a y s f l a t . 
The g u i d i n g o f t h e b r a i l l i n g beam i s d e s i g n e d as a l e a f s p r i n g p a r a l l e l g u i d e 
as w e l l . However h e r e , when t h e b r a i l l e d o t i s formed, t h e beam i s moving 
downwards, so t h e d e v i a t i o n f r o m t h e s t r a i g h t l i n e i s p r e s e n t d u r i n g b r a i l l i n g , 
c a u s i n g a m i s a l i g n m e n t o f h o l e s and p i n s . T h e r e f o r e t h e l e n g t h o f t h e l e a f -
s p r i n g s g u i d i n g t h e b r a i l l i n g beam i s chosen l a r g e r t h a n t h e l e n g t h o f t h e 
l e a f s p r i n g s f o r t h e p i n s , and i n t h i s way t h e m i s a l i g n m e n t c a u s e d by t h e 
c u r v e d movement o f t h e beam i s l i m i t e d t o 0.015 mm. T h i s p r o d u c e s no 
s u b s t a n t i a l d e v i a t i o n from t h e n o m i n a l d o t form. 
More i n f o r m a t i o n c o n c e r n i n g t h e d i m e n s i o n i n g o f b e a r i n g systems e m p l o y i n g 
e l a s t i c d e f l e c t i o n i s g a t h e r e d by B r e i t i n g e r (Ref. 1 5 ) . 
A n o t h e r i m p o r t a n t d e c i s i o n t h a t has t o be made c o n c e r n s t h e number o f p i n s 
t h a t s h o u l d be p r e s e n t i n t h e p r i n t e r and t h e number o f p i n s t h a t s h o u l d be 
b r a i l l i n g s i m u l t a n e o u s l y . The s t r u c t u r e o f b r a i l l e , each c e l l c o n s i s t i n g 
o f a maximum o f s i x s i m i l a r d o t s , a l r e a d y s u g g e s t s t h a t some form o f __c 
m u l t i p l e x i n g s h o u l d be p o s s i b l e . The number o f p i n s t h a t i s chosen f o r t h e 
p r i n t e r i s 80, p o s i t i o n e d i n one s t r a i g h t l i n e i n 40 group s o f two, each 
group h a v i n g t h e p o s s i b i l i t y t o p r o d u c e one t h i r d o f a complete b r a i l l e c e l l 
i n one s t r o k e . I n t h i s way t h e l e a f s p r i n g s f o r t h e p i n b e a r i n g can be clamped 
i n a s i m p l e way. I n o r d e r t o a t t a i n t h e f i n a l speed o f f i v e c o m p l ete l i n e s 
p e r second (300 l i n e s p e r m i n u t e ) , t h e s e 80 p i n s have t o be o p e r a t e d 15 
t i m e s p e r second. I f t h e d r i v i n g mechanism i s o p e r a t i n g c o n t i n u o u s l y , t h i s 
speed s h o u l d n o t p r e s e n t a p r o b l e m . F o r t h e s e l e c t i o n o f t h e b r a i l l e d o t s 
t h e s e l e c t i o n b l o c k s have t o be o p e r a t e d 15 t i m e s p e r second as w e l l . 
Because t h e s e movements can n o t be p r e d i c t e d b e f o r e h a n d , w h i l e t h e y depend 
on t h e i n f o r m a t i o n t o be p r i n t e d , t h e movement o f t h e s e l e c t i o n b l o c k s w i l l 
be d i s c o n t i n u o u s . B u t t h e s e l e c t i o n b l o c k s t h a t a r e n e c e s s a r y a r e s m a l l 
( d i a m e t e r 2 mm, h e i g h t 2 mm) and so i s t h e i r mass (50 mg) so i t s h o u l d be 
p o s s i b l e t o move t h i s mass a t t h i s speed u s i n g normal e l e c t r o - m e c h a n i c a l 
a c t u a t o r s . 
F o r t h e p a p e r t r a n s p o r t s y s t e m t h i s way o f w o r k i n g means t h a t t h e paper 
i s n o t t r a n s p o r t e d o v e r t h e l i n e s p a c i n g o f 10 mm i n one o p e r a t i o n , b u t 
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t h a t t h i s movement i s d i v i d e d o v e r t h r e e s m a l l e r movements. W i t h a numbering 
o f t h e b r a i l l e d o t s as i n d i c a t e d i n F i g . 10, t h e p a p e r i s t r a n s p o r t e d a f t e r 

1 o • 4 

2 e e 5 
3 • 0 6 

FIGURE 10 

Numbering convention of the dots within a b r a i l l e c e l l . 

t h e b r a i l l i n g o f d o t s one and f o u r o v e r a s t r o k e o f 2.5 mm, t h e same a f t e r 
b r a i l l i n g d o t s two and f i v e and f i n a l l y o v e r a s t r o k e o f 5 mm when d o t s 
t h r e e and s i x have been made. The p r i n t e r i s now r e a d y t o s t a r t b r a i l l i n g 
t h e n e x t l i n e . So b r a i l l i n g t h e complete l i n e i n t h r e e c y c l e s does n o t 
change t h e average speed o f t h e paper t r a n s p o r t s y s t e m . 
The f i n a l i n f l u e n c e o f t h e c h o i c e o f o n l y 80 b r a i l l i n g p i n s i n s t e a d o f 240, 
t h a t s h o u l d be d i s c u s s e d h e r e , i s t h e i m p a c t i t has on p r i c e and r e l i a b i l i t y . 
I f t h e p r i c e o f a complete s e l e c t i o n s y s t e m i s e s t i m a t e d t o be somewhere 
about D f l . 20,-- and t h e c o s t f o r t h e a s s o c i a t e d d r i v e r e l e c t r o n i c s t o be 
D f l . 1 0 , — (component c o s t s , m a n u f a c t u r i n g c o s t s , assembly c o s t s , e t c . ) , 
c h o s i n g 80 p i n s i n s t e a d o f 240 w i l l d e c r e a s e t h e c o s t s o f t h e t o t a l system 
w i t h D f l . 4 . 8 0 0 , — . S i n c e r e l i a b l e o p e r a t i o n o f t h e p r i n t e r depends on t h e 
r e l i a b i l i t y o f a l l s e l e c t i o n systems, ( f o r a r e l i a b i l i t y a n a l y s i s a l l 
s e l e c t i o n systems can be assumed t o o p e r a t e i n s e r i e s ) , t h e r e l i a b i l i t y o f 
t h e p r i n t e r can be fo u n d as t h e p r o d u c t o f t h e r e l i a b i l i t i e s o f a l l s e l e c t i o n 
systems (assuming h e r e t h a t t h e s e systems a r e t h e o n l y ones i n f l u e n c i n g r e l i a b i 
l i t y ) . When f o r example R( 100) =0,999 f o r one s e l e c t i o n system ( t h i s i n d i c a t e s t h a t 
from a p o p u l a t i o n o f i d e n t i c a l s e l e c t i o n systems 99,9% i s s t i l l f u n c t i o n i n g 
a f t e r 100 h o u r s ) , t h e R(100) v a l u e f o r t h e complete p r i n t e r i s improved from 
0,786 t i l l 0,923. I f a c o n s t a n t f a i l u r e r a t e i s assumed, t h i s means t h a t 
80 s e l e c t i o n systems w i t h a MTBF o f 10^ h r each, w i l l l e a d t o a p r i n t e r 
w i t h a MTBF o f 1250 h r , i n s t e a d o f 417 h r w i t h 240 s e l e c t i o n systems. 

A n o t h e r p o i n t t h a t has t o be d e c i d e d on, i s t h e c h o i c e o f a mechanism t h a t 
w i l l d r i v e t h e b r a i l l i n g beam. The b e s t s o l u t i o n f o r a f a i r p r i c e i s an 
e l e c t r i c motor when t h e movement may be c o n t i n u o u s . The c o n v e r s i o n from t h e 
r o t a r y m o t i o n o f t h e e l e c t r i c motor i n t o t h e o s c i l l a t i n g m o t i o n o f t h e 
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b r a i l l i n g beam i s p e r f o r m e d by t h e mechanism t h a t i s d e p i c t e d i n F i g . 11. 
A s h a f t d r i v e n by means o f a b e l t by t h e e l e c t r i c motor c o n t a i n s two 

FIGURE 11 

A c t i v a t i o n of b r a i l l i n g beam. 

e c c e n t r i c p a r t s , on w h i c h " r o l l e r s " a r e p l a c e d . 

These a r e s p e c i a l ( s e a l e d ) r o l l e r b e a r i n g s from w h i c h t h e o u t e r r i n g i s 
t h i c k e r t h a n n o r m a l , so t h e l o a d t o t h e b e a r i n g can be a p p l i e d as a 
c o n c e n t r a t e d l o a d a t one p o i n t o f t h e c i r c u m f e r e n c e o f t h e o u t e r r i n g . T h i s 
does n o t cause such a d e f o r m a t i o n o f t h e o u t e r r i n g t h a t t h e l i f e t i m e o f 
t h e b e a r i n g i s s u b s t a n t i a l l y s h o r t e n e d , as would be t h e case w i t h a normal 
r o l l e r b e a r i n g . The form o f t h e o u t e r r i n g c a n be a l i t t l e s p h e r i c a l t o 
a v o i d a l i g n m e n t p r o b l e m s . The i n n e r r i n g o f t h e b e a r i n g i s r o t a t i n g w i t h 
t h e same speed as t h e s h a f t , t h e o u t e r r i n g i s s t a n d i n g s t i l l because i t 
i s i n c o n t a c t w i t h t h e t o p o f t h e b r a i l l i n g beam. W h i l e t h e b r a i l l i n g beam 
i s making i t s up and down movement, t h e o u t e r r i n g o f t h e b e a r i n g i s 
r o l l i n g f rom l e f t t o r i g h t and v i c e v e r s a o v e r t h e t o p s u r f a c e o f t h e beam, 
w i t h o f c o u r s e t h e same s t r o k e as t h e v e r t i c a l movement. Because t h e r e a r e 
no s l i d i n g p a r t s i n v o l v e d i n t h i s c o n s t r u c t i o n , o n l y r o l l i n g a c t i o n , t h e r e 
i s a good g u a r a n t e e t h a t t h e s t r o k e o v e r w h i c h t h e b r a i l l i n g beam i s moving 
w i l l n o t d e c r e a s e w i t h t i m e . T h i s would o f c o u r s e d i r e c t l y i n f l u e n c e t h e 
h e i g h t o f t h e p r o d u c e d b r a i l l e d o t s . 
D e t a i l e d c a l c u l a t i o n s o f t h e d e f o r m a t i o n s t h a t o c c u r d u r i n g b r a i l l i n g i n 
a l l p a r t s o f t h e b r a i l l i n g mechanism a r e g i v e n i n Ap p e n d i x 8.6. 



3.2. D e s c r i p t i o n o f t h e b r a i l l i n g system. 

Drawing 8.1.1 g i v e s a c r o s s - s e c t i o n o f t h e b r a i l l i n g a ssembly. T h i s u n i t 
c o n s i s t s o f two s u b - a s s e m b l i e s : The b r a i l l i n g frame (beam 47, s i d e p l a t e s 3 
and main s h a f t 5) and t h e b r a i l l e f o r m i n g system ( b r a i l l i n g beam 6, 8, 15 
and b r a i l l i n g p i n s 2 5 ) . B o t h s u b - a s s e m b l i e s can be b u i l t up o u t s i d e o f t h e 
l i n e p r i n t e r and a l l n e c e s s a r y a d j u s t m e n t s can be p e r f o r m e d a t t h i s s t a g e . 
B o t h u n i t s a r e 'then mounted a g a i n s t t h e s e l e c t i o n - s u b - a s s e m b l y ( d e s c r i b e d 
i n C h a p t e r 4 ) . 

3.2.1 The b r a i l l i n g frame. 

The main frame o f t h e b r a i l l i n g system c o n s i s t s o f a f i x e d beam ( p a r t n r 4 7 ) , 
two s i d e p l a t e s ( p a r t n r s 3) and t h e main p r i n t e r s h a f t ( p a r t n r 5 ) . These 
a r e a l l s t e e l p a r t s . Each o f t h e two b a l l b e a r i n g s t h a t a r e u s e d t o s u p p o r t 
t h e main s h a f t , i s mounted i n one s i d e p l a t e ( p a r t n r 3) u s i n g an e c c e n t r i c 
b u s h i n g . By r o t a t i o n o f t h e s e b u s h i n g s t h e p o s i t i o n o f t h e main s h a f t can 
be changed and i n t h i s manner S i e r e s u l t i n g h e i g h t o f t h e b r a i l l e d o t s can 
be i n f l u e n c e d . So o n l y two a d j u s t m e n t s a r e n e c e s s a r y t o c o r r e c t t h e b r a i l l e 
d o t h e i g h t o v e r t h e complete l i n e . 

3.2.2 The b r a i l l e f o r m i n g p a r t s . 

The b r a i l l i n g beam c o n s i s t s o f t h r e e main p a r t s : an a l u m i n i u m m i d d l e p a r t 
( p a r t n r 8) and two s t e e l beams ( p a r t n r s 6 and 1 5 ) , t h a t a r e b o l t e d t o g e t h e r 
a t t h e same t i m e c l a m p i n g t h e f o u r l e a f s p r i n g s ( p a r t n r s 62) t h a t p r o v i d e 
t h e b e a r i n g f o r t h e movement o f t h e b r a i l l i n g beam. T h i s c o m p o s i t i o n o f t h e 
b r a i l l i n g beam p r o d u c e s a l a r g e b e n d i n g s t i f f n e s s w i t h o u t a d d i n g t o o much 
mass. The l e f t s i d e o f t h e b r a i l l i n g beam i s k e p t i n c o n t a c t w i t h two 
r o l l e r s ( p a r t n r s 4)_ mounted on two e c c e n t r i c p a r t s o f t h e main s h a f t by 
means o f two h e l i c a l s p r i n g s ( p a r t n r s 1 4 ) . 
The s t a i n l e s s s t e e l b r a i l l i n g p i n s ( p a r t n r s 25) a r e mounted between t h e 
f i x e d beam and t h e b r a i l l i n g beam by means o f l e a f s p r i n g "combs" ( p a r t n r s 
2 7 ) , These a r e " c o m b " - l i k e s t r u c t u r e s , e t c h e d from s p r i n g s t e e l p l a t e , 
w h i c h a r e g l u e d t o t h e b r a i l l i n g p i n s and a c t as a p a r a l l e l g u i d i n g f o r 
each p i n . Each l e a f s p r i n g comb has t w e n t y t e e t h , so t h e complete row o f 
e i g h t y p i n s u s e s 4 x 2 combs. They a r e clamped t o g e t h e r a t t h e base o f t h e 
comb. A square s t e e l beam ( p a r t n r 28) c o v e r e d w i t h a damping r u b b e r s h e e t 
( p a r t n r 30) a s s u r e s t h a t a l l b r a i l l i n g p i n s t a k e t h e same a x i a l p o s i t i o n 
because t h e i r l e a f s p r i n g s a r e p r e s t r e s s e d and i n c o n t a c t w i t h t h i s beam. 
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I n t h i s f a s h i o n t h e c l e a r a n c e i s a d j u s t e d t h a t e x i s t s between t h e r i g h t -
hand ends o f t h e p i n s and t h e l e f t - h a n d s u r f a c e o f beam 47. I n t h i s 
c l e a r a n c e (when t h e b r a i l l i n g beam i s i n i t s l e f t most p o s i t i o n ) t h e movement 
o f t h e s e l e c t i o n b l o c k s t a k e s p l a c e . 
The base b l o c k f o r c l a m p i n g o f t h e l e a f s p r i n g combs forms one assembly 
w i t h two a l u m i n i u m s i d e p l a t e s ( p a r t n r s 134) and an a l u m i n i u m beam ( p a r t n r 
2 6 ) , w h i c h has a w i n d o w - l i k e appearance. T h i s window i s c l o s e d by a s i l i c o n e 
r u b b e r d u s t c o y e r ( p a r t n r 38) t h a t p r o t e c t s t h e s e l e c t i o n system from t h e 
d u s t t h a t i s p r o d u c e d d u r i n g b r a i l l i n g . The b r a i l l i n g p i n s p r o t r u d e t h r o u g h 
t h i s c o v e r t o t h e r i g h t . 
The s i d e o f t h e b r a i l l i n g beam t h a t i s f a c i n g t h e b r a i l l i n g p i n s , i s c o v e r e d 
w i t h f o u r s p r i n g s t e e l p l a t e s ( t h i c k n e s s 0.8 mm), each c o n t a i n i n g t w e n t y 
h o l e s ( d i a m e t e r 1.8 mm) o f w h i c h t h e c e n t e r l i n e s c o i n c i d e w i t h t h e c e n t e r -
l i n e s o f t h e b r a i l l i n g p i n s . These p l a t e s a r e e t c h e d a l s o , u s i n g t h e same 
mask t h a t c o n t a i n s t h e p a t t e r n f o r t h e l e a f s p r i n g combs ( p a r t n r 2 7 ) , so i f 
t h e r e i s any i n a c c u r a c y d u r i n g t h e r e d u c t i o n phase o f t h e masks, b o t h h o l e s 
and p i n s s h a r e t h e same i n a c c u r a c y , c a u s i n g no change i n t h e i r r e l a t i v e 
p o s i t i o n . F u r t h e r m o r e the c l a m p i n g b l o c k s f o r a l l l e a f s p r i n g s , g u i d i n g 
b r a i l l i n g p i n s o r b r a i l l i n g beam a r e b o l t e d t o g e t h e r , v i a t h e p a r t s numbered 
68 and 70. 
The s e c t i o n s t h a t a r e used t o g u i d e t h e paper t h r o u g h t h e l i n e p r i n t e r a r e : 
A f u n n e l - s h a p e d assembly o f a l u m i n i u m p l a t e s ( p a r t n r 8 1 ) , e n a b l i n g an easy 
i n p u t o f t h e f i r s t s h e e t from a new box o f p a p e r , an a l u m i n i u m T-shaped 
beam ( p a r t n r 23) w i t h a l i f t i n g p l a t e ( p a r t n r 22) g l u e d t o i t , t o l i f t t h e 
pa p e r f r o m t h e t o p s o f t h e b r a i l l i n g p i n s a f t e r each b r a i l l i n g c y c l e and 
t h e c u r v e d p a r t s ( n r s 20 and 24) t h a t bend t h e p a p e r , a f t e r i t has been 
b r a i l l e d , i n t h e d i r e c t i o n o f t h e p a p e r t r a c t o r mechanism ( p a r t n r 3 4 ) . A l l 
p a r t s t h a t a r e i n c o n t a c t w i t h t h e p a p e r when t h i s i s t r a n s p o r t e d , a r e 
c o v e r e d w i t h e i t h e r " T e f l o n " t a p e o r c o a t e d w i t h " T e f l o n " s p r a y t o r e d u c e 
t h e f r i c t i o n f o r c e s between t h e s l i d i n g s u r f a c e s . The s t r i p w i t h p a r t n r 114 
i s f u n c t i o n i n g as a s e a l i n g a g a i n s t p a p e r d u s t , p r o t e c t i n g t h e s e l e c t i o n 
system. 
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4. THE SELECTION SYSTEM. 

4.1. The s e l e c t i o n p r o c e s s . 

As m entioned i n C h a p t e r 3 t h e i n d i v i d u a l b r a i l l e d o t s may be s e l e c t e d by 
moving a s m a l l b l o c k u n d e r n e a t h t h e c o r r e s p o n d i n g b r a i l l i n g p i n o r n o t . 
The d i m e n s i o n s o f t h e s e b l o c k s must be chosen i n such a way t h a t t h e complete 
s t r o k e o f t h e b r a i l l i n g beam can be made w i t h o u t d e f o r m i n g t h e paper when 
t h e b l o c k s a r e i n t h e " n o t - s e l e c t e d " p o s i t i o n . T h i s can be a c c o m p l i s h e d by 
u s i n g c y l i n d r i c a l b l o c k s (which a r e easy t o f a b r i c a t e ) w i t h a d i a m e t e r o f 
two mm and a h e i g h t o f two mm t o o . I f t h e s e b l o c k s a r e p o s i t i o n e d w i t h t h e i r 
c e n t e r l i n e s c o i n c i d i n g w i t h t h e c e n t e r l i n e s o f t h e b r a i l l i n g p i n s , as shown 
i n F i g . 12, a p o s i t i o n i n g i n a c c u r a c y o f 0.3 mm can be t o l e r a t e d i n a l l 

FIGURE 12 

Position of the selectionblock r e l a t i v e to the pin p o s i t i o n . 

d i r e c t i o n s , s t i l l m a i n t a i n i n g t h e f u l l b o t t o m s u r f a c e o f t h e b r a i l l i n g p i n s 
t o p a s s t h e l o a d t o t h e f i x e d s u p p o r t . W i t h a s t r o k e o f 2.5 mm f o r a l l 
s e l e c t i o n b l o c k s , t h e r e i s a t o l e r a n c e o f 0.8 mm i n t h e " n o t - s e l e c t e d " 
p o s i t i o n b e f o r e t h e b r a i l l i n g p i n h i t s t h e s e l e c t i o n b l o c k and an unwanted 
d o t i s b r a i l l e d . 

A t t h i s p o i n t a g a i n , c o n s i d e r i n g t h e number o f s e l e c t i o n s t h a t have t o be 
made f o r e a c h b r a i l l i n g c y c l e (80 i n d e p e n d e n t movements), t h e p o i n t can be 
r a i s e d whether 80 s i m i l a r s e l e c t i o n s y s t e m s s h o u l d be p r e s e n t i n t h e p r i n t e r 
o r t h a t t h e p r i c e and t h e u n r e l i a b i l i t y o f t h e equipment can be f u r t h e r 
d e c r e a s e d by a p p l y i n g some fo r m o f m u l t i p l e x i n g . I f a system i s d e s i g n e d 
t h a t e n a b l e s movement o f t h e s e l e c t i o n b l o c k s i n two d i r e c t i o n s w h i c h a r e 
p e r p e n d i c u l a r t o each o t h e r , one s e l e c t i o n s y s t e m can be u s e d t o s e l e c t two 
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d o t p o s i t i o n s . The d i m e n s i o n s o f t h e b r a i l l e c e l l i n f a c t a l r e a d y s u g g e s t 
s u c h a s o l u t i o n . 

D o t p o s i t i o n s 
A 

A 

t> B 
S e l e c t i o n b l o c k 

FIGURE 13 

D e f i n i t i o n of the d i r e c t i o n s of the s e l e c t i o n movement. 

I f a g u i d i n g s y s t e m can be d e v i s e d t h a t g u i d e s 40 s e l e c t i o n b l o c k s i n t h e 
A - d i r e c t i o n ( F i g . 13) and t h i s system as a whole can be moved i n t h e B-
d i r e c t i o n , 40 s e l e c t i o n s y s t e m s can s e l e c t 80 d o t p o s i t i o n s . The movement i n 
t h e A - d i r e c t i o n w i l l be t h e a c t u a l s e l e c t i o n s t r o k e ( p l a c i n g t h e b l o c k s 
under a p i n o r n o t ) , w h i l e t h e s t r o k e i n t h e B - d i r e c t i o n c a u s e s t h e b l o c k s 
t o a l t e r n a t e between t h e " l e f t " and " r i g h t " b r a i l l e p i n s w h i c h a r e t o produce 
one h a l f c e l l each. A n o t h e r i m p o r t a n t argument f o r t h i s r e d u c t i o n i n t h e 
number o f s e l e c t i o n s y s t e m s i s t h e a v a i l a b l e space i n t h e l i n e p r i n t e r . I f 
f o r t y s e l e c t i o n s y s t e m s have t o be accomodated i n t h e p r i n t e r , t h e a v a i l a b l e 
space a l o n g t h e l i n e l e n g t h i s i n c r e a s e d t i l l 6 mm. T h i s i s j u s t s u f f i c i e n t 
t o employ t h e s l i m m e s t c o m m e r c i a l l y a v a i l a b l e e l e c t r o - m a g n e t . 
A g a i n assuming a r e l i a b i l i t y o f 99.9% f o r each s e l e c t i o n s y s t e m and t h e same 
r e l i a b i l i t y f o r t h e mechanism t h a t c a u s e s t h e movement i n t h e B - d i r e c t i o n , 
t h e o v e r a l l r e l i a b i l i t y (R(10011 can be i n c r e a s e d from 92% t i l l 96%. The 
s t r o k e o f t h e system f o r t h e B - d i r e c t i o n i s about t h e same (2.4 mm) as t h e 
s t r o k e i n t h e o t h e r d i r e c t i o n , b u t o f c o u r s e t h e mass t h a t has t o be moved 
i s a t l e a s t 40 t i m e s as l a r g e , because a l l 40 b l o c k s have t o move a t t h e 
same t i m e . The a c t u a l mass i n t h e p r i n t e r i s s t i l l l a r g e r because t h e 
g u i d i n g system f o r 40 movements i n t h e A - d i r e c t i o n w i l l have some mass t o o . 
Because t h e movement i n t h e B - d i r e c t i o n o n l y has t o d i s c r i m i n a t e between 
two p o s i t i o n s t h i s system w i l l be c a l l e d t h e d u p l e x - s y s t e m , and t h e mechanisms 
c a u s i n g t h e movement i n t h e A - d i r e c t i o n w i l l be c a l l e d " t h e " s e l e c t i o n s y s t e m s . 
I f t h e speed o f t h e s e s e l e c t i o n s y s t e m s i s n o t d o u b l e d compared t o t h e speed 
t h e y s h o u l d have i n a p r i n t e r w i t h o u t d u p l e x - s y s t e m , t h e o u t p u t s p e e d o f t h e 

-26-



complete p r i n t e r would drop t o h a l f t h e i n i t i a l v a l u e . So t h e s p e c i f i c a t i o n 
f o r t h e speed o f t h e 40 s e l e c t i o n s y s t e m s has t o be d o u b l e d t o m a i n t a i n an 
o u t p u t s p e e d o f f i v e l i n e s p e r second. 
( I t s h o u l d be s t a t e d a t t h i s p o i n t t h a t i n c r e a s i n g t h e speed o f a mechanism 
m i g h t have an a d v e r s e e f f e c t on i t s r e l i a b i l i t y , meaning t h a t t h e above 
mentioned r e l i a b i l i t y c a l c u l a t i o n s a r e no l o n g e r v a l i d . ) 
A g u i d i n g system t h a t can g u i d e a l l 40 s e l e c t i o n b l o c k s i n two m u t u a l l y 
p e r p e n d i c u l a r d i r e c t i o n s can be c o n s t r u c t e d i n t h e f o l l o w i n g manner ( F i g . 14) 

A A 

FIGURE 14 

Operating p r i n c i p l e of the s e l e c t i o n mechanism. 

I f a l l s e l e c t i o n b l o c k s a r e p r o v i d e d w i t h s m a l l h o l e s , p e r p e n d i c u l a r t o t h e 
c e n t e r l i n e , w i r e s p r i n g s can be a t t a c h e d t o t h e s e b l o c k s by g l u e i n g . 
I f t h e s e w i r e s p r i n g s a r e p u t t h r o u g h a beam c o n t a i n i n g 40 h o l e s t h a t a r e 
somewhat l a r g e r t h a n t h e d i a m e t e r o f t h e w i r e s p r i n g s , t h e w i r e s p r i n g s can 
be moved i n t h e d i r e c t i o n o f t h e i r l e n g t h ( t h e y s l i d e t h r o u g h t h e h o l e s ) 
b u t t h e p o s i t i o n o f t h e h o l e i s t h e g u i d i n g mechanism f o r t h i s movement. I f 
t h e beam c o n t a i n i n g t h e 40 h o l e s (the duplex-beam) i s moved a l o n g i t s l e n g t h 
( d i r e c t i o n B i n F i g . 14)_ d i f f e r e n t p a t h s o f t h e s e l e c t i o n b l o c k s d u r i n g t h e 
s e l e c t i o n movement a r e p o s s i b l e . 
I f t h e l e n g t h o f t h e w i r e s p r i n g i s s u f f i c i e n t , t h e p o i n t o f i n t r o d u c t i o n o f 
t h e "A M-movement does n o t have t o move i n t h e B - d i r e c t i o n as w e l l , because 
t h e d i f f e r e n c e i s t a k e n up by b e n d i n g o f t h e w i r e s p r i n g s . So t h e 40 s e l e c t i o n 
systems can re m a i n s t a t i o n a r y , w h i l e t h e r e s u l t o f t h e i r a c t i o n (the p o s i t i o n 
o f t h e s e l e c t i o n b l o c k s ) can be d o u b l e d . I n t h i s f a s h i o n each s e l e c t i o n b l o c k 
can r e a c h f o u r p o s i t i o n s . By s u i t a b l e d i m e n s i o n i n g o f l e n g t h and d i a m e t e r 
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o f t h e w i r e s p r i n g s t h e r e s u l t i n g b e n d i n g moment a t t h e p o i n t o f c o n n e c t i o n 
t o t h e s e l e c t i o n systems can be k e p t t o an a c c e p t a b l e l i m i t . Because o f 
t h e f a c t t h a t t h e g u i d i n g mechanism f o r t h e d u p l e x movement (the d u p l e x -
beam) i s a t some d i s t a n c e o f t h e elements o f w h i c h i t s h o u l d c o n t r o l t h e 
p o s i t i o n ( t he s e l e c t i o n b l o c k s ) , an i n a c c u r a c y m i g h t be i n t r o d u c e d , so 
e s p e c i a l l y t h e dynamic b e h a v i o u r o f such a mechanism s h o u l d be a n a l y s e d . 
V i b r a t i o n m o d e s o f t h e w i r e s p r i n g s m i g h t c r e a t e d i s c r e p a n c i e s between t h e 
wanted p o s i t i o n s o f t h e s e l e c t i o n b l o c k s and t h e i r a c t u a l p o s i t i o n . 
A n o t h e r advantage o f a g u i d i n g system e m p l o y i n g w i r e s p r i n g s i n h o l e s , i s 
t h a t t h e g u i d i n g i s n o t l i m i t e d t o one d i r e c t i o n (the d u p l e x d i r e c t i o n ) b u t 
can a l s o be a p p l i e d t o a d i r e c t i o n p e r p e n d i c u l a r t o b o t h d u p l e x d i r e c t i o n 
and s e l e c t i o n d i r e c t i o n , i n o t h e r words i t can c o n t r o l t h e h e i g h t a t w h i c h 
t h e s e l e c t i o n b l o c k s a r e moving. T h i s a b i l i t y w i l l be u s e d h e r e t o keep t h e 
s e l e c t i o n b l o c k s c l o s e t o t h e s u r f a c e o f t h e i r supportbeam, t h i s w i l l keep 
t h e c l e a r a n c e between t h e t o p - s u r f a c e o f t h e s e l e c t i o n b l o c k s and t h e 
b r a i l l i n g p i n s a t t h e r i g h t v a l u e . The s i z e o f t h i s c l e a r a n c e i s i m p o r t a n t 
i n t h e t i m i n g o f t h e movements o f s e l e c t i o n b l o c k s and b r a i l l i n g p i n s 
r e l a t i v e t o each o t h e r . The s e l e c t i o n movements ( i n b o t h A- and B - d i r e c t i o n 
o f F i g . 14) s h o u l d be c o m p l e t e d , when t h e c l e a r a n c e s t a r t s d e c r e a s i n g , o t h e r 
w i s e t h e s e l e c t i o n systems m i g h t g e t damaged. 

4.2.1 P o s s i b l e c o n c e p t s f o r the d u p l e x system. 

A t t h i s p o i n t we can d e f i n e two mechanisms t h a t , when w o r k i n g t o g e t h e r , 
w i l l o p e r a t e a l l 40 s e l e c t i o n b l o c k s i n t h e way d e s c r i b e d above. One 
mechanism i s n e c e s s a r y f o r d r i v i n g t h e duplex-movement, f o r t y s i m i l a r mechanisms 
a r e wanted f o r t h e a c t u a l s e l e c t i o n . The s p e c i f i c a t i o n s f o r t h e duplex-beam 
d r i v i n g mechanism a r e : 
S t r o k e o f t h e mechanism: 2,4 mm 
A l l o w e d t i m e f o r t h i s movement: 22 ms 
R e s t t i m e : 11 ms 
T o t a l c y c l e t i m e : 33 ms 
Mass t o be moved: 30 grams. 

The c h e a p e s t way t o r e a l i z e t h i s p a r t o f t h e s e l e c t i o n s y s t e m would be t o 
c o n n e c t t h e duplex-beam t o t h e p l u n g e r o f a s o l e n o i d . Because t h e s e 
a c t u a t o r s nave a n o n - l i n e a r f o r c e - s t r o k e r e l a t i o n s h i p t h e b e s t "system would 
p r o b a b l y be t o use two s o l e n o i d s p u l l i n g t h e duplex-beam a l t e r n a t i n g from 
l e f t t o r i g h t . I f a p a r a l l e l s p r i n g g u i d i n g i s u s e d t o g u i d e t h e movement 
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o f t h e duplex-beam, t h e s p r i n g r a t e o f t h i s mechanism c o u l d be chosen t o 
match t h e c h a r a c t e r i s t i c s o f t h e s o l e n o i d s t o o b t a i n a smooth movement o f 
t h e beam. I f t h e re s o n a n c e f r e q u e n c y o f t h e duplex-beam i s p r o p e r l y t u n e d , 
t h e speed a t b o t h end s t o p s would approach z e r o and t h e n o i s e l e v e l s h o u l d 
be a c c e p t a b l e . F o r t e s t s such a system was d e s i g n e d and e v a l u a t e d . As 
s o l e n o i d s two " H a r t i n g 08 20607 2028" s o l e n o i d s were used. These a r e g e n e r a l 
p u r p o s e p l u n g e r - t y p e s o l e n o i d s w i t h a power r a t i n g o f 16 Watts f o r a 50% 
d u t y c y c l e . The plungermass o f t h e s e s o l e n o i d s i s 45 grams, b u t t h i s mass 
c o u l d be d e c r e a s e d t i l l 21.5 grams. T h i s was p o s s i b l e because t h e s o l e n o i d s 
were used i n a p a r t o f t h e i r c h a r a c t e r i s t i c where no danger o f magnetic 
s a t u r a t i o n o f t h e p l u n g e r i r o n e x i s t s . T h i s e n a b l e d t h e r e m o v a l o f a p a r t o f 
t h e c o r e o f t h e p l u n g e r w i t h o u t a d e t e r i o r a t i o n o f t h e m a g n e t i c p r o p e r t i e s . 
B o t h s o l e n o i d s were e q u i p p e d w i t h end s t o p s t h a t were c o v e r e d w i t h a 
s y n t h e t i c r u b b e r l a y e r o f 1 mm w i t h good damping q u a l i t i e s . T h i s system was 
o p e r a t e d from a c o n s t a n t v o l t a g e s o u r c e , s w i t c h i n g b o t h s o l e n o i d s a l t e r n a t i n g 
on and o f f , p r o d u c i n g a 50% d u t y c y c l e f o r each s o l e n o i d . Our e x p e r i m e n t s 
p r o v e d however, t h a t t h i s s ystem c o u l d d r i v e t h e duplex-beam w i t h t h e r i g h t 
c y c l e t i m e s , a l t h o u g h t h e r e was a l a r g e p h a s e l a g between t h e v o l t a g e on t h e 
magnet c o i l s and t h e a c t u a l p l u n g e r p o s i t i o n , b u t t h a t f o r a r e l i a b l e system 
t h e v o l t a g e had t o be r a i s e d t o a l e v e l where a c o l l i s i o n w i t h each end-
s t o p o c c u r r e d p r o d u c i n g a n o i s e l e v e l t h a t c o u l d n o t be a c c e p t e d i n a p i e c e 
o f o f f i c e equipment. 

So t h e f i n a l d e s i g n h a s a d r i v e s y s t e m f o r t h e duplex-beam t h a t , though more 
e x p e n s i v e , o f f e r s r e l i a b l e o p e r a t i o n t o g e t h e r w i t h an a c c e p t a b l e n o i s e l e v e l . 
The system c o n s i s t s o f a s h a f t t h a t r u n s a t h a l f t h e speed o f t h e main s h a f t 
d r i v i n g t h e b r a i l l i n g beam and on t h i s e x t r a s h a f t a cam w i t h one o f i t s 
a x i a l s u r f a c e s c o n t a i n i n g t h e p r o f i l e t h a t i s d r i v i n g t h e duplex-beam. The 
duplex-beam i s e q u i p e d w i t h a r o l l e r t h a t i s k e p t i n c o n t a c t w i t h t h e 
c u r v e d s u r f a c e o f t h e cam by means o f a h e l i c a l s p r i n g . T h i s c a m s h a f t i s 
d r i v e n from t h e main s h a f t by means o f a t i m i n g b e l t so t h e s y n c h r o n i s a t i o n 
o f t h e l e f t - r i g h t movement o f t h e d u p l e x beam i s a s s u r e d . 
Compared t o a s o l e n o i d d r i v i n g system t h i s c a m d r i v e n system has l e s s 
f l e x i b i l i t y i n t h e c h o i c e o f t h e b r a i l l i n g sequence. On each n e x t b r a i l l i n g 
c y c l e t h e duplex-beam moves t o t h e o t h e r s i d e , so t h e b r a i l l i n g sequence 
has t o be: d o t 1-4-2^5-3-6. A f t e r t h e s i x t h c y c l e t h e duplex-beam moves t o 
t h e l e f t a g a i n and t h e system i s r e a d y f o r t h e s e l e c t i o n o f t h e n e x t b r a i l l e 
l i n e . Had s o l e n o i d s been employed t h e b r a i l l i n g sequence c o u l d have been: 
1-4-5-2-3^6, 4-1^-2-5-6-3. T h i s would have h a l v e d t h e number o f l e f t - r i g h t 
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movements o f t h e duplex-beam ( F i g . 15) . 
T h i s can be seen as a n o t h e r d i s a d v a n t a g e o f a c a m d r i v e n system, a l t h o u g h 
t h e c o n t r o l sequence can be more s i m p l e because t h e d o t sequence i s t h e 
same f o r each b r a i l l e l i n e , where a s o l e n o i d system would be w o r k i n g w i t h 
two d i f f e r e n t d o t sequences. 

f i r s t l i n e 

second l i n e 

cam d r i v e n s o l e n o i d d r i y e n 

FIGURE 15 

Two possible b r a i l l l n g sequences. 

4.2.2 P o s s i b l e c o n c e p t s f o r t h e s e l e c t i o n system. 

The s p e c i f i c a t i o n f o r t h e f o r t y s e l e c t i o n systems c o u l d be summarized as: 
S t r o k e o f t h e mechanism: 

R e s t t i m e : 
T o t a l c y c l e t i m e : 
Mass t o be moved: 
Maximum s i z e i n one d i m e n s i o n : 

2.5 mm 
A l l o w e d t i m e f o r t h i s movement: 22 ms 

11 ms 
33 ms 
100 mgrams ( b l o c k +• w i r e s p r i n g ) 
6 mm. 

The l a s t p o i n t needs some e x p l a n a t i o n : 
The i n t r o d u c t i o n o f t h e duplex-mechanism has i n c r e a s e d t h e a v a i l a b l e space 
i n t h e " l i n e " - d i r e c t i o n f o r each s e l e c t i o n s y s t e m t o 6 mm (the p i t c h o f t h e 
b r a i l l e c e l l s ) . To keep t h e components f o r t h e f o r t y s e l e c t i o n systems cheap 
and s i m i l a r f o r a l l f o r t y , a s e t - u p i s p r e f e r e d i n w h i c h a l l systems can 
be s t a c k e d n e x t t o each o t h e r a l o n g t h e l e n g t h o f a l i n e . T h i s i m p l i e s t h a t 
t h e a d d i t i o n t o t h e t o t a l l e n g t h f o r each s y s t e m may n o t exceed 6 mm. 
As p o s s i b l e c o n c e p t s f o r t h e e l e c t r o - m e c h a n i c a l a c t u a t o r w i t h t h e s p e c i f i c a t i o n s 
s t a t e d above, t h e f o l l o w i n g o p e r a t i n g p r i n c i p l e s can be c o n s i d e r e d : an 
e l e c t r o d y n a m i c system (e.g. a moving c o i l mechanism) , an e l e c t r o - m a g n e t i c 
system o r a p i e z o - e l e c t r i c system-. An e l e c t r o - d y n a m i c system i s n o r m a l l y used 
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i n t h o s e a p p l i c a t i o n s where a l i n e a r c u r r e n t - f o r c e r e l a t i o n s h i p i s r e q u i r e d , 
because t h e a c c u r a c y o f t h e d i s p l a c e m e n t i s c r i t i c a l . T h i s i s t h e case i n 
e.g. l o u d s p e a k e r s and moving c o i l m e t e r s . There t h e r e l a t i v e h i g h p r i c e 
(because o f t h e use o f permanent m a g n e t i c m a t e r i a l s ) p r e s e n t s no pr o b l e m . 
I t would be d i f f e r e n t i n t h i s b r a i l l e l i n e p r i n t e r because 40 systems a r e 
needed and t h e y would have t o be custom made. T h e r e f o r e t h e i d e a o f u s i n g 
an e l e c t r o - d y n a m i c system i s dropped. I n f a c t t h e o n l y systems t h a t a r e 
r e a d i l y a v a i l a b l e a r e e l e c t r o m a g n e t i c systems i n t h e form o f s o l e n o i d s , and 
p i e z o - e l e c t r i c systems i n t h e form o f bimorphs o r m u l t i m o r p h s . Because t h e 
p i e z o - e l e c t r i c e f f e c t i s r a t h e r s m a l l t h e d i s p l a c e m e n t s o f bimorphs o r 
m u l t i m o r p h s a r e s m a l l as w e l l ( i n t h e o r d e r o f ym's). When a s a f e t y m a r g i n i s 
k e p t between t h e v o l t a g e t h a t d e p o l a r i z e s t h e p i e z o - c e r a m i c m a t e r i a l and 
t h e a c t u a l o p e r a t i n g v o l t a g e , t h e s t r o k e t h a t can be o b t a i n e d from a m u l t i -
morph o f 70 mm l e n g t h ( P h i l i p s s t o c k n r 4322 020 04830) amounts t o 1.25 mm 

(assuming a f r e e l e n g t h o f t h e c a n t i l e v e r o f 60 mm) a t an o p e r a t i n g v o l t a g e 
o f 250 V o l t s (Ref. 1 4 ) . T h i s c a l c u l a t i o n assumes t h a t t h e f r e e end o f t h e 
m u l t i m o r p h can move f r e e l y ; when a f o r c e i s a p p l i e d t o t h e f r e e end t h e 
r e s u l t i n g d i s p l a c e m e n t i s s m a l l e r . F o r t h e system s k e t c h e d i n F i g . 16 t h e 
f o r c e n e c e s s a r y t o o b t a i n a d i s p l a c e m e n t o f 1.25 mm a t p o i n t A can be 

FIGURE 16 

Outline of a piezo^ceramlc s e l e c t i o n system. 

c a l c u l a t e d t o be about 12 mN. From F i g . 17 i t can be c o n c l u d e d t h a t t h i s 
d e c r e a s e s t h e s t r o k e o f t h e element t i l l about 0.8 mm. T h i s l i m i t s t h e t o t a l 
s t r o k e a t a v a l u e o f 1.6 mm.(Reversing t h e v o l t a g e r e v e r s e s t h e o u t p u t s t r o k e 
as w e l l . ) T h i s i s o n l y 75 % o f t h e n e c e s s a r y s t r o k e . Because m u l t i m o r p h s 
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FIGURE 17 

Stroke versus force of the multimorph from Fig. 16 (from Ref. 14) . 

o f t h e s e l e n g t h s a r e v e r y v u l n e r a b l e , no e f f o r t was g i v e n t o d e s i g n some 
means o f a m p l i f i c a t i o n o f t h e s t r o k e o f such a mechanism. 

F o r an e l e c t r o m a g n e t i c system t h e d i s p l a c e m e n t o f 2.5 mm i s a no r m a l v a l u e 
w h i l e t h e speed o f o p e r a t i o n s h o u l d n o t p r e s e n t a p r o b l e m e i t h e r f o r a s m a l l 
system. An i n d i c a t i o n f o r t h e p o s s i b l e o p e r a t i n g speeds o f s m a l l e l e c t r o 
m a g n e t i c d r i v e systems i s g i v e n by H e i d e r (Ref. 19) who s t a t e s t h a t systems 
w i t h a s t r o k e o f 1.5 mm can s t i l l o p e r a t e w i t h a f r e q u e n c y o f about 400 Hz. 
The p o s s i b l e o p e r a t i n g f r e q u e n c y d e c r e a s e s when t h e s t r o k e i n c r e a s e s . 
However no c y l i n d r i c a l s o l e n o i d i s c o m m e r c i a l l y a v a i l a b l e w i t h a d i a m e t e r 
s m a l l e r t h a n 6 mm, so a s t r a i g h t s t a c k w i t h t h i s t y p e i s n o t p o s s i b l e . 
An e l e c t r o m a g n e t , on t h e c o n t r a r y , can be s m a l l i n a t l e a s t one d i m e n s i o n . 
T h i s t y p e i s s u i t e d f o r b u i l d i n g a s t r a i g h t row o f s e l e c t i o n systems, i f a 
magnet can be found t h i n n e r t h a n 6 mm. 

4.3. F i n a l c o n c e p t o f t h e s e l e c t i o n system. 

I f an arma t u r e i s d e s i g n e d t o work w i t h t h e H a r t i n g magnet 08/01501/0107, 
t h e e a s i e s t movement f o r t h i s a rmature ( w i t h r e s p e c t t o t h e d e s i g n o f a 
b e a r i n g system) i s a s m a l l r o t a t i o n . F o r t h i s p u r p o s e t h e armature can be 
a t t a c h e d t o a l e a f s p r i n g , t h a t p o s i t i o n s t h e arma t u r e i n f r o n t o f t h e p o l e s 
o f t h e e l e c t r o m a g n e t , e n a b l e s a s m a l l r o t a t i o n and d e l i v e r s t h e r e s t o r i n g 
moment n e c e s s a r y t o r o t a t e t h e armature back t o i t s s t a r t i n g p o s i t i o n when-
t h e magnet i s d e - e n e r g i z e d ( F i g . 18)1. 
W i t h an armature o f 25 x 4 x 1 mm and a l e a f s p r i n g w i t h l e n g t h 10 mm, w i d t h 
5 and t h i c k n e s s 0.2 mm t h e funda m e n t a l r e s o n a n c e f r e q u e n c y i s 77 Hz, so t h e 
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FIGURE 18 

Selection system employing an electromagnet, 

n e c e s s a r y speed s h o u l d n o t be a pr o b l e m . I f f o r example t h e c o m p l e t e s t r o k e 
o f t h e armature s h o u l d be made i n 10 ms ( m a i n t a i n i n g a c e r t a i n s a f e t y margin) 
an e s t i m a t e can be made o f t h e amount o f m e c h a n i c a l energy t h a t i s r e q u i r e d : 
I f i t i s assumed t h a t t h e armature i s a c c e l e r a t e d d u r i n g t h e f i r s t h a l f o f 
i t s s t r o k e w i t h a c o n s t a n t a c c e l e r a t i o n and t h e second h a l f o f t h e s t r o k e 
d e c e l e r a t e d w i t h t h e same d e c e l e r a t i o n t h e n e c e s s a r y m e c h a n i c a l energy can 
be c a l c u l a t e d t o be about 0.1 mJoule. O n l y a s m a l l f r a c t i o n o f t h i s e n ergy 
i s r e q u i r e d f o r a c c e l e r a t i o n , t h e l a r g e s t p a r t i s d i s s i p a t e d i n f r i c t i o n 
i n t h e w i r e s p r i n g g u i d i n g . A d i s a d v a n t a g e o f an e l e c t r o m a g n e t i c system as 
d e s c r i b e d above i s t h e l o w e f f i c i e n c y o f t h e c o n v e r s i o n o f e l e c t r i c a l energy 
i n t o m e c h a n i c a l work when t h e system a i r g a p i s l a r g e . T h i s i s due t o t h e 
l a r g e amount o f m a g n e t i c s t r a y f i e l d s i n t h i s s i t u a t i o n . T h i s means t h a t a 
f a s t w o r k i n g system has t o be made by a p p l y i n g a r a t h e r l a r g e c u r r e n t 
t h r o u g h t h e c o i l o f t h e magnet when t h e a i r g a p i s l a r g e . When t h e armature 
ha s r e a c h e d i t s e n d p o s i t i o n t h e v a l u e o f t h e c u r r e n t may d r o p t o a l o w e r 
l e v e l , t h e " h o l d i n g " c u r r e n t , because i n t h i s p o s i t i o n t h e a i r g a p i s c l o s e d 
and t h e system e f f i c i e n c y i s b e t t e r . The form o f t h e c u r r e n t as a f u n c t i o n 
Of t i m e i s s k e t c h e d i n F i g . 19. 

The maximum v a l u e o f t h e c u r r e n t t h a t i s r e a c h e d i n t h i s way o f s w i t c h i n g 
m i g h t e a s i l y be t e n t i m e s as h i g h as t h e c u r r e n t d u r i n g " h o l d i n g " . 
The " d i p " i s ca u s e d by t h e sudden change i n i n d u c t i o n when t h e armature 
r e a c h e s t h e c o r e and t h e m a g n e t i c c i r c u i t i s c l o s e d . The po o r e f f i c i e n c y 
o f t h e system ( i n t h e o r d e r o f about 5%) n e c e s s i t a t e s t h e i n s t a l l a t i o n o f 
a l a r g e r p o w e r - s u p p l y , s w i t c h i n g t r a n s i s t o r s f o r a l a r g e r c u r r e n t - r a t i n g 
and a h i g h e r mean o p e r a t i n g t e m p e r a t u r e f o r t h e e l e c t r o m a g n e t s . 
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FIGURE 19 

Current versus time for the system from Fig. 18. 

A n o t h e r f a c t t h a t i s w o r t h m e n t i o n i n g h e r e i s t h e r a t h e r u n c o n t r o l l e d 
movement o f t h e a r m a t u r e : i n r e a l i t y i t i s a c c e l e r a t e d o v e r t h e complete 
s t r o k e u n t i l i t h i t s t h e c o r e and s u d d e n l y comes t o a s t o p . E x p e r i e n c e has 
p r o v e d t h a t t h i s sudden d e c e l e r a t i o n c a u s e s c o n s i d e r a b l e s t r e s s e s i n t h e 
c o n n e c t i o n s ( s p r i n g w i r e and two g l u e j o i n t s ) between arm a t u r e and s e l e c t i o n -
b l o c k . 
To p r e v e n t t h e above m e n t i o n e d d i s a d v a n t a g e s o f t h e e l e c t r o m a g n e t i c s e l e c t i o n -
s ystem t h e system i s a l i t t l e m o d i f i e d . Because f o r t y s e l e c t i o n systems a r e 
p r e s e n t an e l e g a n t s o l u t i o n i s p o s s i b l e , w h i l e t h e c o s t o f t h e a d d i t i o n a l 
hardware can be d i v i d e d among f o r t y systems. 
The s o l u t i o n c o n s i s t s o f an e x t r a beam t h a t c o n t r o l s t h e movements o f a l l 
f o r t y a r m a t u r e s and t h a t i s d r i v e n f r o m t h e a l r e a d y a v a i l a b l e s h a f t on w h i c h 
t h e cam f o r t h e duplex-movement i s f i t t e d ( F i g . 201. 

FIGURE 20 

Selection system with controlled armature movement. 
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T h i s a s s u r e s t h e c o r r e c t s y n c h r o n i s a t i o n w i t h t h e t i m i n g o f t h e d u p l e x -
movement. The p r i n c i p l e o f o p e r a t i o n i s t h a t a l l f o r t y a r m a t u r e s a r e moved 
towards t h e e l e c t r o m a g n e t s d u r i n g each b r a i l l i n g c y c l e . I n t h i s way t h e 
arm a t u r e s can approach t h e e l e c t r o m a g n e t s w i t h a speed t h a t i s d e c r e a s i n g 
t i l l z e r o . When t h e a i r g a p i s a t i t s s m a l l e s t v a l u e , t h o s e magnets t h a t a r e 
t o s e l e c t t h e i r b r a i l l i n g p i n a r e s w i t c h e d on. A f t e r t h i s t h e " p u s h i n g " beam 
i s r e t r a c t e d and t h e n o t - s e l e c t e d a r m a t u r e s move back a g a i n . I n t h i s way 
one o n l y has t o s u p p l y t h e r e l a t i v e l y s m a l l " h o l d i n g " c u r r e n t and b o t h 
movements o f a l l a r m a t u r e s , t h e r e and back, can be c o m p l e t e l y c o n t r o l l e d , 
because t h e s e l e c t e d magnets r e m a i n s w i t c h e d on t i l l t h e n e x t b r a i l l i n g c y c l e 
when t h e p u s h i n g beam i s r e t u r n e d t o t h e l e f t - m o s t p o s i t i o n ( F i g . 20) and 
t h e s w i t c h i n g p a t t e r n i s changed f o r t h e n e x t b r a i l l i n g c y c l e . I f a magnet 
i s n o t s w i t c h e d on, t h e c o r r e s p o n d i n g armature keeps f o l l o w i n g t h e movements 
o f t h e p u s h i n g beam because a l l l e a f s p r i n g s c a r r y i n g t h e a r m a t u r e s a r e p r e ^ 
l o a d e d i n t h i s d i r e c t i o n . The energy t h a t i s r e q u i r e d t o move t h e ar m a t u r e s 
i n b o t h d i r e c t i o n s does n o t have t o be s u p p l i e d by t h e magnets i t s e l f ( w i t h 
t h e i r i n h e r e n t l y low e f f i c i e n c y ! b u t can be s u p p l i e d by t h e main motor w h i c h 
has a much b e t t e r e f f i c i e n c y . (The e f f i c i e n c y o f e l e c t r o m a g n e t s d u r i n g 
t h e i r work s t r o k e has been r e p o r t e d t o be around 10% compared t o t h e 
e f f i c i e n c y o f an e l e c t r i c motor o f about 58%.) (Ref. 9 and 10.) 

4.4. D e s c r i p t i o n o f t h e s e l e c t i o n system. 

Drawing 8.1.2 i s a c r o s s - s e c t i o n t h r o u g h t h e sub-assembly t h a t c o n t a i n s 
t h e d u p l e x system and t h e f o r t y " s e l e c t i o n " systems. A l l u n i t s a r e p o s i t i o n e d 
between two a l u m i n i u m s i d e p l a t e s ( p a r t n r s 138) t h a t a r e k e p t on a c e r t a i n 
d i s t a n c e from each o t h e r by two a l u m i n i u m beams ( p a r t n r s 43 and 9 8 ) . F o r t y 
e l e c t r o m a g n e t s ( p a r t n r s 83) a r e clamped between two beams ( p a r t n r s 75 and 
851 t h a t a r e a t t a c h e d t o b o t h s i d e p l a t e s . The e l e c t r o m a g n e t s a r e pushed i n 
from the bottom, u n t i l t h e y h i t t h e s t e e l beams ( p a r t n r 7 7 ) , t h a t a r e 
c o n n e c t e d t o t h e beams 75 and 85, t h e n t h e s e t screw 76 i s t i g h t e n e d , so 
a l l c o r e s o f t h e e l e c t r o m a g n e t s end i n one p l a n e . To p r e v e n t e x c e s s i v e 
d e f o r m a t i o n o f t h e p a r t s 75 and 85 when t i g h t e n i n g t h e s e f o r t y s c r e w s , a 
t h i n s t e e l p l a t e i s added t h a t c o n n e c t s t h e t o p s u r f a c e s o f t h e s e beams 
w i t h each o t h e r o v e r t h e complete l e n g t h o f t h e beams. When a l l f o r t y 
magnets have been assembled, a s t e e l p i n i s p u t t h r o u g h t h e c i r c u l a r h o l e s 
o f a l l magnets as an e x t r a p o s i t i o n i n g d e v i c e . 

The ( s t e e l ) c a m s h a f t ( p a r t n r 411 c o n t a i n s two r a d i a l cams ( p a r t n r s 40) and 
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one a x i a l cam (not shown on t h i s d r a w i n g ) . The two r a d i a l cams d r i v e t h e 
" p u s h i n g " beam ( p a r t n r 79) up and down o v e r a 2 mm s t r o k e by means o f t h e 
two f o l l o w e r s ( p a r t n r s 80) t h a t a r e a t t a c h e d t o t h e p u s h i n g beam by t h e 2 
b l o c k s 45. (These cams were c a l c u l a t e d w i t h t h e a i d o f a " c a m - f o l l o w e r " 
d e s i g n r o u t i n e t h a t was d e v e l o p e d w i t h i n t h e s e c t i o n " P r o d u c t i o n A u t o m a t i o n " 
o f t h e m e c h a n i c a l e n g i n e e r i n g department o f t h e D e l f t U n i v e r s i t y . ) 
These b l o c k s a l s o s e r v e t o clamp f o u r l e a f s p r i n g s ( p a r t n r s 96) t h a t g u i d e 
t h e p u s h i n g beam d u r i n g i t s movement. 
Two h e l i c a l s p r i n g s ( p a r t n r s 461 keep f o l l o w e r s and cams i n c o n t a c t . The 
a x i a l cam on t h e c a m s h a f t 41 d r i v e s ( a g a i n u s i n g a s p r i n g l o a d e d f o l l o w e r ) 
t h e d u p l e x beam 33; t h i s movement has a s t r o k e o f 2.4 mm and i s d i r e c t e d 
p e r p e n d i c u l a r t o t h e p l a n e o f t h e c r o s s - r s e c t i o n . The d u p l e x beam t o o has a 
p a r a l l e l l e a f s p r i n g g u i d i n g ( p a r t n r s 391 -
U s i n g t h e s m a l l e t c h e d s t r i p 32 t h e s e l e c t i o n b l o c k s f o l l o w t h e movement o f 
t h e d u p l e x beam. The d u p l e x beam p e r f o r m s one c o m p l e t e movement d u r i n g each 
r e v o l u t i o n o f t h e c a m s h a f t ; t h e p u s h i n g beam p e r f o r m s two c o m p l e t e s t r o k e s 
d u r i n g e ach r e v o l u t i o n . 

The w i r e s p r i n g s 74 c o n n e c t t h e s e l e c t i o n b l o c k s 31 t o t h e i r a r m a t u r e s 78 
w h i c h a r e g l u e d t o t h e l e a f s p r i n g s 151 by means o f s m a l l r u b b e r b l o c k s . 
The p u r p o s e o f t h e s e r u b b e r b l o c k s i s t o e n a b l e a s m a l l r o t a t i o n o f t h e 
( s o f t i r o n l a r m a t u r e s t o a l i g n w i t h t h e p o l e p i e c e s o f t h e c o r e s o f t h e 
e l e c t r o m a g n e t s , w i t h o u t d e f o r m a t i o n o f l e a f s p r i n g 84 . A c o a r s e a d j u s t m e n t 
(and s i m i l a r f o r a l l a r m a t u r e s ! can be made by c h a n g i n g t h e p o s i t i o n o f t h e 
c l a m p i n g beam 90. T h i s beam c a n r o t a t e about p i n s 88 t o s e t t h e degree o f 
p r e l o a d on l e a f s p r i n g s and a r m a t u r e s , b u t t h e p o s i t i o n o f p i n s 88 i s 
a d j u s t a b l e a s w e l l , because t h e y a r e f i t t e d i n t h e s i d e p l a t e s ' by means o f 
e c c e n t r i c b u s h i n g s . The l o c a t i o n o f t h e p o s i t i o n o f p i n s 88 r e l a t i v e t o t h e 
c l a m p i n g p o i n t o f t h e l e a f s p r i n g s 84 i s chosen a t one t h i r d o f t h e l e a f -
s p r i n g l e n g t h : t h e v i r t u a l p o i n t o f r o t a t i o n when t h e l e a f s p r i n g ; i s b e n d i n g 
t o f o l l o w t h e movements o f t h e p u s h i n g beam. I n t h i s way a change i n t h e 
amount o f p r e l o a d (a r o t a t i o n about p i n s 881 does n o t i n f l u e n c e t h e p o s i t i o n 
o f t h e a r m a t u r e s i n t h e v e r t i c a l o r h o r i z o n t a l d i r e c t i o n . 
The c a m s h a f t ( p a r t n r 41)_ i s s u p p o r t e d i n b o t h s i d e p l a t e s u s i n g two b a l l 
b e a r i n g s i n b u s h i n g s t h a t have an e c c e n t r i c b o r e ( p a r t n r s 1081• A r o t a t i o n 
o f t h e s e b u s h i n g s changes t h e p o s i t i o n o f t h e s t r o k e o f t h e p u s h i n g beam 
( 7 9 ) , so c o n t r o l l i n g t h e r i g h t c o n t a c t between a r m a t u r e s and e l e c t r o m a g n e t s 
i n t h e l o w e s t p o s i t i o n o f t h e p u s h i n g beam. The complete s e l e c t i o n sub
assembly i s f i t t e d a g a i n s t t h e f i x e d beam 47 (from t h e b r a i l l i n g frame) by 



b o l t s , a s s u r i n g t h e c o r r e c t p o s i t i o n o f t h e s e l e c t i o n b l o c k s above t h e s u r f a c e 
o f beam 47. The b r a i l l e f o r m i n g sub-assembly ( b r a i l l i n g beam and p i n s ) i s 
b o l t e d a g a i n s t t h e l e f t s i d e o f t h e s i d e p l a t e s 138, w h i c h e n a b l e s an a l i g n m e n t 
o f t h e r e l a t i v e p o s i t i o n s o f p i n s and s e l e c t i o n b l o c k s . 
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5. THE PAPEETRANSPORT SYSTEM. 

5.1. S p e c i f i c a t i o n s . 

W i t h t h e p r i n c i p l e o f b r a i l l i n g t h a t was d e s c r i b e d e a r l i e r , t h e r e i s a need 
f o r a p a p e r t r a n s p o r t system, t h a t i s a b l e t o move t h e paper a t moments t h a t 
can be e x t e r n a l l y c o n t r o l l e d o v e r d i s c r e t e d i s t a n c e s o f two d i f f e r e n t s i z e s . 
The papermovement may n o t be c o n t i n u o u s l y c o u p l e d t o t h e main s h a f t because 
i t s h o u l d be p o s s i b l e t o have t h e main s h a f t r u n n i n g and t h e paper s t a n d i n g 
s t i l l . I f t h i s i s p o s s i b l e , some f l y w h e e l - a c t i o n can be added t o s t o r e 
k i n e t i c e n e r g y and g i v e t h e p r i n t e r a more c o n s t a n t b r a i l l i n g c y c l e . Two 
d i f f e r e n t s t e p s i z e s a r e needed i f t h e system s h o u l d t r a n s p o r t t h e paper o v e r 
t h e d i s t a n c e between d o t s 3-6 and 1-4 (5mm) i n one o p e r a t i o n . I f t h i s i s 
a c c o m p l i s h e d t h e o u t p u t o f t h e p r i n t e r i s maximized. Because o f t h e c o n t i n u o u s 
l y r u n n i n g main s h a f t t h e b r a i l l i n g beam i s c o n t i n u o u s l y moving as w e l l , so 
the a v a i l a b l e t i m e f o r p a p e r t r a n s p o r t i s l i m i t e d . I f t h e paper has t o be 
t r a n s p o r t e d i t can o n l y be done when t h e b r a i l l i n g beam i s i n such a p o s i t i o n 
t h a t t h e r e i s enough c l e a r a n c e a t b o t h s i d e s o f t h e ( b r a i l l e d ) p a p e r . I f 
t h e b r a i l l i n g beam i s moved w i t h two e c c e n t r i c l y mounted r o l l e r s , as 
d e s c r i b e d i n C h a p t e r 3.1, t h e movement o f t h i s beam as a f u n c t i o n o f t i m e i s 
r e p r e s e n t e d as a s i n e - f u n c t i o n . I f t h e a m p l i t u d e o f t h i s movement i s 4 mm 
and t h e c y c l e t i m e i s 33 ms, t h e a v a i l a b l e t i m e f o r p a p e r t r a n s p o r t can be 
deduced i f t h e n e c e s s a r y c l e a r a n c e s a r e known. 

The v a l u e o f 4 mm was chosen as a compromise between l a r g e r v a l u e s t h a t 
r e s u l t i n l a r g e r speeds o f t h e b r a i l l i n g beam when i t s h i t s t h e p a p e r , 
p r o d u c i n g more n o i s e and u n b a l a n c e , and s m a l l e r s t r o k e s w h i c h l i m i t t h e 
a v a i l a b l e p a p e r t r a n s p o r t t i m e . 



I f t h e movement o f t h e b r a i l l i n g beam i s d e s c r i b e d s t a r t i n g a t i t s l o w e s t 
p o i n t , t h e f i r s t 0.5 mm o f i t s movement i s t a k e n f o r t h e r e s t o r a t i o n o f t h e 
c l e a r a n c e between s e l e c t i o n b l o c k s and b r a i l l i n g p i n s . The n e x t 1.0 mm i s 
n e c e s s a r y t o f r e e t h e paper from b o t h b r a i l l i n g p i n s and b r a i l l i n g h o l e s 
( F i g . 2 2 ) . 

FIGURE 22 

Three phases from the b r a i l l i n g process. 

I f t h e minimum c l e a r a n c e , n e c e s s a r y a t b o t h s i d e s o f t h e paper b e f o r e t h e 
p a p e r t r a n s p o r t can b e g i n , i s s e t t o 0.25 mm, t h i s means t h a t p a p e r t r a n s p o r t 
can s t a r t when t h e b r a i l l i n g beam has t r a v e l l e d 2 mm upwards from i t s 
l o w e s t p o s i t i o n . T h i s p o i n t i s marked as p o i n t A i n F i g . 21. I f t h e same 
minimum c l e a r a n c e i s t a k e n a t t h e end o f t h e papermovement ( p o i n t B i n 
F i g . 21) t h e a v a i l a b l e t i m e f o r p a p e r t r a n s p o r t can be c a l c u l a t e d t o be 
18 ms. I n t h i s t i m e t h e t o t a l movement ( i n t h e " w o r s t " c a s e 5 mm) s h o u l d be 
c o m p l e t e d . 
A n o t h e r d e c i s i o n t h a t s h o u l d be made i s t h e c h o i c e o f t h e form o f t h e p a p e r . 
I t i s p o s s i b l e t o g e t paper i n b r a i l l e q u a l i t y on l a r g e r o l l s ( w i d t h 250 mm, 
d i a m e t e r o f t h e r o l l 450 mm) o r i n f a n f o l d form. I n t h e l a s t form t h e paper 
c o n t a i n s h o l e s a t t h e s i d e s t o e n a b l e a s p r o c k e t - o r t r a c t o r - m e c h a n i s m t o 
h o l d t h e p a p e r . Because t h e f a n f o l d paper i s by f a r t h e most c o n v e n i e n t 
form f o r t h e u s e r t h i s t y p e i s chosen. (The h a n d l i n g o f a r o l l o f paper o f 
t h e s i z e s t a t e d above by one p e r s o n i s h a r d l y p o s s i b l e because i t s mass i s 
about 25 kg.) The l a s t p o i n t t h a t has t o be mentioned h e r e i s t h e d i r e c t i o n 
o f t h e p a p e r t r a n s p o r t movement. N o r m a l l y t h e d i r e c t i o n i s such t h a t a b r a i l l e 
l i n e i s b u i l t up by b r a i l l i n g t h e sequence 1-4-2-5-3-6. I n t h i s f a s h i o n t h e 
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p a p e r t r a n s p o r t d i r e c t i o n c a u s e s t h e paper t o appear a t t h e t o p o f t h e l i n e -
p r i n t e r . I t i s p u t i n a t t h e bottom o f t h e p r i n t e r , where t h e paper i s p u l l e d 
from a box. I m m e d i a t e l y a f t e r t h e p l a c e where t h e b r a i l l i n g t a k e s p l a c e , t h e 
p a p e r i s b e n t backwards, away from t h e u s e r (when t h e equipment i s used as a 
t e r m i n a l ) , so t h e b r a i l l e d pages can be c o l l e c t e d i n a box b e h i n d t h e p r i n t e r . 
A l t h o u g h c a r e has been t a k e n t o p r e s e n t t h e b r a i l l e d l i n e as soon as p o s s i b l e 
a f t e r i t i s b r a i l l e d , a t a c o m f o r t a b l e a n g l e t o be r e a d , t h e l a s t b r a i l l e d l i n e 
i s n o t a t an a n g l e so t h a t i t can be r e a d as such. T h e r e f o r e , i f t h e r e i s no 
a c t i o n on t h e p r i n t e r f o r a p e r i o d o f one second, t h e p a p e r i s t r a n s p o r t e d i n 
t h e n o r m a l b r a i l l i n g d i r e c t i o n f o r two more l i n e d i s t a n c e s . T h i s t a k e s about 135 ms. 
A t t h i s p o s i t i o n t h e l a s t l i n e can e a s i l y be r e a d . When t h e n e x t l i n e i s t o be 
p r i n t e d t h e p a p e r i s moved i n t h e r e v e r s e d i r e c t i o n o v e r 22.5 mm and t h e n 2.5 
mm i n t h e normal b r a i l l i n g d i r e c t i o n . T h i s l a s t s t e p i s done t o r e s t o r e a l l 
b a c k l a s h a t t h e same s i d e as i t used t o be, and p u t t h e p a p e r i n e x a c t l y 
t h e same p o s i t i o n i t had i m m e d i a t e l y a f t e r b r a i l l i n g t h e l a s t l i n e . A t t h i s 
p o i n t t h e b r a i l l i n g o f t h e n e x t l i n e i s s t a r t e d . 

5.2. P o s s i b l e c o n c e p t s . 

S t a r t i n g from t h e p a p e r i t s e l f and w o r k i n g towards t h e b e g i n n i n g o f t h e 
t r a n s p o r t c h a i n a t r a c t o r d r i v e - s y s t e m i s c h osen. T h i s i s because t h e s e 
systems d i v i d e t h e f o r c e t h a t i s n e c e s s a r y t o move t h e p a p e r o v e r a l a r g e 
number o f p i n s w i t h o u t t h e n e c e s s i t y f o r a l a r g e space, w h i c h would be t h e 
c a s e when u s i n g s p r o c k e t s . The p a p e r t r a c t o r s can t a k e t h e p a p e r a t any 
p l a c e where t h e p a p e r i s f l a t o v e r a l e n g t h t h a t i s s u f f i c i e n t and t h e r e i s 
no need t o d e s i g n t h e paperway such t h a t i t c o n t a i n s a r a d i u s t h a t f i t s t h e 
r a d i u s o f t h e p a p e r s p r o c k e t . I n t h i s d e s i g n a t r a c t o r - a s s e m b l y i s used t h a t 
i s s u p p l i e d by D i g i t a l Equipment C o r p o r a t i o n . The e f f e c t i v e r a d i u s o f t h e s e 
t r a c t o r s i s 9.5 mm, so f o r a s t e p o f 2.5 mm t h e t r a c t o r s h a f t has t o move 
0.26 r a d i a n . The moment o f i n e r t i a o f t h e t r a c t o r a s s e m b l y was measured t o 
be H-IO^ 5 kgm 2 (Kef. 1 1 ) . 

As (mechanical) p o w e r s u p p l y f o r t h e p a p e r t r a n s p o r t s y s t e m t h r e e p o s s i b i l i t i e s 

e x i s t w h i c h a r e f e a s i b l e a t f i r s t g l a n c e : 
- an e l e c t r i c s e r v o m o t o r ; 
- an e l e c t r i c s t e p p e r m o t o r ; 
- a m e c h a n i c a l c o u p l i n g w i t h t h e main e l e c t r i c motor t h a t d r i v e s t h e b r a i l l i n g 

beam. 
To s t a r t w i t h t h e l a s t i t e m : A m e c h a n i c a l c o u p l i n g w i t h t h e c o n t i n u o u s l y 
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r u n n i n g main s h a f t t h a t e n a b l e s two d i f f e r e n t s t e p s i z e s o f t h e paper i n two 
d i r e c t i o n s and s y n c h r o n i z e d w i t h t h e movement o f t h e b r a i l l i n g beam, w h i c h 
on t o p o f t h i s has t o be s w i t c h a b l e sounds l i k e a r a t h e r c o m p l i c a t e d mechanism. 
F u r t h e r m o r e t h e s e m e c h a n i c a l s w i t c h i n g e lements u s u a l l y show a c e r t a i n amount 
o f wear t h a t t e n d s t o i n f l u e n c e t h e i r p e r f o r m a n c e on t h e l o n g r u n . Because o f 
t h i s t h e l a s t p o s s i b i l i t y i s dropped. When comparing e l e c t r i c s e r v o m o t o r s 
and e l e c t r i c s t e p p e r m o t o r s t h e s t e p p e r m o t o r s a r e u s u a l l y t h e c h e a p e s t s o l u t i o n 
when t h e t o t a l system i s c o n s i d e r e d and i s c h a r a c t e r i s e d as " p o s i t i o n -
c o n t r o l l e d " . When a " s p e e d - c o n t r o l l e d " system i s c o n s i d e r e d (the speed i s 
t h e most i m p o r t a n t a s p e c t o f t h e o u t p u t ) t h e servomotor m i g h t be t h e b e s t 
s o l u t i o n . Because t h e most i m p o r t a n t a s p e c t h e r e i s t h e a c c u r a c y w i t h w h i c h 
t h e s t e p s a r e made, a s t e p p e r m o t o r i s p r e f e r r e d . To make s u r e t h a t t h i s was 
t h e most economic s o l u t i o n , b e s i d e s a system e m p l o y i n g an e l e c t r i c s t e p p e r -
motor t h a t was d e s i g n e d and b u i l t , a system w i t h an e l e c t r i c s e rvomotor was 
e v a l u a t e d , b u t f o r t h e s p e c i f i c r e q u i r e m e n t s i n t h i s c a s e , t h i s system p r o v e d 
t o be a t l e a s t t w i c e as e x p e n s i v e . 

5.3. The s t e p p e r m o t o r system. 

As s t e p p e r m o t o r a "BERGER RDM 569/50" motor was chosen, w h i c h p r o v e d t o be 
t h e c h e a p e s t s o l u t i o n f o r t h i s p u r p o s e . The i n v e s t i g a t i o n i n c l u d e d t h e p r i c e 
o f t h e d r i v e r e l e c t r o n i c s t h a t a r e n e c e s s a r y w i t h each motor t o o b t a i n t h e 
p r e d i c t e d p e r f o r m a n c e c u r v e s . The s t e p a n g l e o f t h i s motor i s 0.72 degrees 
(500 s t e p s p e r r e v o l u t i o n ) , t h e a d a p t a t i o n t o t h e r e q u i r e d s t e p a n g l e o f 
0.26 r a d i a n a t t h e p a p e r t r a c t o r - s h a f t i s a c c o m p l i s h e d by t h e use o f a t i m i n g 
b e l t and m u l t i p l e m o t o r s t e p s f o r each papermovement. T h i s t i m i n g b e l t o f f e r s 
t h e o p p o r t u n i t y t o match t h e i n e r t i a o f t h e r o t o r o f t h e s t e p p e r m o t o r w i t h 
t h e i n e r t i a o f t h e l o a d as i t i s "seen" by t h e motor a t t h e s t e p p e r m o t o r -
s h a f t . The i n f l u e n c e o f t h e l o a d i n e r t i a i s r e d u c e d o r a m p l i f i e d w i t h t h e 
square o f t h e speed r a t i o , d e p e n d i n g on whether t h e d r i v e i s d e c e l e r a t i n g 
o r a c c e l e r a t i n g . The t i m i n g b e l t a l s o o f f e r s a c e r t a i n amount o f damping 
a t a r e l a t i v e l y s m a l l c o m p l i a n c e (Ref. 1 2 ) . 

I n a p p l i c a t i o n s where t h e o p e r a t i o n o f t h e s t e p p e r m o t o r c o n s i s t s f o r t h e 
l a r g e s t p a r t o f a c c e l e r a t i o n and d e c e l e r a t i o n o f t h e l o a d , t h e minimum 
r e s p o n s e t i m e i s o b t a i n e d f o r l o w i n d u c t a n c e m o t o r s , when t h e i n e r t i a s o f 
motor and l o a d ( a t t h e m o t o r s h a f t ) a r e t h e same. Here t h e i n e r t i a o f t h e 
t o t a l p a p e r t r a n s p o r t assembly ( t r a c t o r s , s h a f t s and paper) amounts t o 1*10~~> 

kgm 2, and t h e r o t o r i n e r t i a i s 4*10*"5 kgm 2. I f a speed r a t i o i s chosen o f 
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2.1 ( a c c e l e r a t i n g ) t h e n o m i n a l s t e p o f 2.5 mm i s r e a c h e d w i t h i n 0.3% when 
10 m o t o r s t e p s a r e t a k e n . The l o a d i n e r t i a as seen by t h e motor i s 
2. 1 2 x 1 x 10~5 = 4.41*10 --" kgm 2, w h i c h i s about t h e same as t h e r o t o r i n e r t i a . 
I f t h e p a p e r t r a c t o r - s h a f t has t o move 0.52 r a d i a n (5 mm o p e r a t i o n ) t h e 
s t a r t i n g t o r q u e o f t h e motor can be c a l c u l a t e d i f an a s s u m p t i o n i s made f o r 
t h e v a l u e o f t h e a c c e l e r a t i o n as a f u n c t i o n ' o f t i m e . I f i t i s assumed t h a t 
t h e motor can e x e r t a t o r q u e as a f u n c t i o n o f t i m e , as s k e t c h e d i n F i g . 23 
t h e t o t a l movement can be c a l c u l a t e d . 

FIGURE 23 

Torque of the papertransport stenper motor versus time. 

T h i s a s s u m p t i o n l e a d s t o a t o r q u e as f u n c t i o n o f t h e motor speed t h a t a g r e e s 
q u i t e w e l l w i t h t h e motor c h a r a c t e r i s t i c (see App. 8.7). 
A p p l y i n g t h e c a l c u l a t i o n method from App. 8.7 t h e B e r g e r "RDM 569/50" can 
make t h e l a r g e s t e p (5 mm paper movement) i n a p p r o x i m a t e l y 12 ms, w e l l 
w i t h i n t h e 18 ms t h a t a r e a v a i l a b l e . 



6. THE ELECTRONIC CONTROL SYSTEM. 

6.1. S p e c i f i c a t i o n o f c o n t r o l f u n c t i o n s . 

A t t h i s p o i n t t h e s p e c i f i c a t i o n s w i l l be assembled o f t h e f u n c t i o n s t h a t 
t h e c o n t r o l system has t o p e r f o r m . A FACIT 4020 t a p e r e a d e r can s u p p l y t h e 
d a t a t o be p r i n t e d a t a s u f f i c i e n t r a t e , b u t t h e h a n d s h a k i n g t h a t goes w i t h 
t h i s d a t a t r a n s f e r has t o be i n i t i a l i z e d by some e x t e r n a l d e v i c e . T h i s i s 
t h e f i r s t f u n c t i o n t h a t t h e c o n t r o l system has t o p e r f o r m : o p e r a t e as d a t a -
a c c e p t o r i n a FACIT SP 1 i n t e r f a c e . From t h e t a p e r e a d e r t h e c h a r a c t e r s a r e 
t r a n s m i t t e d i n s e r i a l form, w h i l e t h e l i n e p r i n t e r can o n l y p r i n t t h e l i n e 
when a l l c h a r a c t e r s on t h a t l i n e a r e known. So t h e second f u n c t i o n i s t o 
o p e r a t e as a d a t a - b u f f e r . When t h e r e a d i n g o f t h e p a p e r t a p e i s s t a r t e d f o r 
t h e f i r s t t i m e , t h e t a p e i s advanced u n t i l t h e f i r s t "End o f l i n e " -
c h a r a c t e r i s e n c o u n t e r e d . A l l p r i n t a b l e c h a r a c t e r s b e f o r e t h i s f i r s t EOL-
c h a r a c t e r a r e i g n o r e d . B r a i l l i n g s t a r t s w i t h t h e f i r s t l i n e a f t e r t h i s EOL-
c h a r a c t e r . T h i s i m p l i e s t h a t t h e f i r s t l i n e on each tap e must be p r e c e d e d 
by an EOL-symbol. T h i s has t h e advantage t h a t , when one wants t o s t a r t 
p r i n t i n g i n t h e m i d d l e o f a t a p e , i t i s n o t n e c e s s a r y t o p o s i t i o n t h e t a p e 
e x a c t l y w i t h t h e f i r s t c h a r a c t e r o f t h e f i r s t l i n e t o be p r i n t e d i n t h e 
r e a d i n g p o s i t i o n . I t i s s u f f i c i e n t t o p o s i t i o n t h e r e a d i n g p o s i t i o n o f 
t h e r e a d e r somewhere i n the p r e v i o u s l i n e . T h i s i s a s i m p l e p r o c e d u r e . 

When t h e c h a r a c t e r s a r e r e a d i n t o t h e d a t a - b u f f e r , each c h a r a c t e r i s c o u n t e d 
and when l e s s t h a n f o r t y c h a r a c t e r s a r e r e a d f o r one l i n e , t h e r e s t o f t h e 
l i n e i s f i l l e d w i t h space c h a r a c t e r s . I f an a t t e m p t i s made t o p r i n t more 
t h a n f o r t y c h a r a c t e r s on one l i n e , t h e r e a d i n g i s s t o p p e d and an e r r o r -
c o n d i t i o n i s s i g n a l l e d . A f t e r t h e c o m p lete l i n e i s r e a d t h e b r a i l l i n g can 
s t a r t . F o r t h i s p u r p o s e t h e c o n t e n t s o f t h e d a t a - b u f f e r t h a t has j u s t been 
f i l l e d ( t h e " r e a d " b u f f e r ! a r e t r a n s f e r e d t o a n o t h e r d a t a - b u f f e r (the " p r i n t " 
b u f f e r ) t h a t i s a l s o f o r t y c h a r a c t e r s l a r g e , and w h i l e t h e c o n t e n t s o f t h e 
p r i n t - b u f f e r a r e b r a i l l e d t h e r e a d - b u f f e r i s f i l l e d w i t h t h e c h a r a c t e r s o f 
t h e n e x t l i n e . T h i s s i m u l t a n e o u s b r a i l l i n g and r e a d i n g i s done because t h e 
maximum r e a d i n g speed o f t h e p a p e r t a p e r e a d e r i s 300 c h a r a c t e r s p e r second, 
so t h e r e a d i n g o f t h e maximum l i n e - l e n g t h o f 40 c h a r a c t e r s t a k e s 133 ms. 
I f t e a d i n g t h e n e x t l i n e i s p o s t p o n e d t i l l t h e p r e v i o u s l i n e i s b r a i l l e d 
t h e t o t a l c y c l e would t a k e 333 ms. Now t h e t i m e t o r e a d a l i n e and b r a i l l e 
t h e p r e v i o u s l i n e i s 200 ms. 
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The c o n t r o l s y s t e m d e c i d e s w h i c h magnets s h o u l d be s w i t c h e d on i n t h e f i r s t 
b r a i l l i n g c y c l e and s y n c h r o n i z e s t h i s w i t h t h e a n g u l a r p o s i t i o n o f t h e main 
s h a f t and t h e p o s i t i o n o f t h e duplex-beam. The same h o l d s f o r t h e n e x t b r a i l l i n g 
c y c l e . Then t h e p u l s e t r a i n f o r t h e p a p e r t r a n s p o r t s t e p p e r m o t o r i s s t a r t e d , 
a g a i n w i t h i t s f i r s t p u l s e s y n c h r o n i z e d w i t h t h e p o s i t i o n o f t h e main s h a f t 
t o e n s u r e t h e c o r r e c t minimum c l e a r a n c e s a t t h e s t a r t o f t h e papermovement. 
By s u p p l y i n g t h e c o r r e c t number o f p u l s e s t h e paper i s moved 2.5 mm. The 
b r a i l l e d o t s 2, 4, 3 and 6 a r e b r a i l l e d i n t h e same way. A f t e r b r a i l l i n g d o t s 
6, t h e paper i s moved o v e r 5 mm by s u p p l y i n g t h e d o u b l e number o f p u l s e s t o 
t h e s t e p p e r m o t o r and t h e co m p l e t e sequence can be r e p e a t e d f o r t h e n e x t l i n e . 
The c o n t r o l system assumes t h a t p a p e r i s used t h a t has p e r f o r a t i o n s a t 12" 
d i s t a n c e s , so t h a t 30 l i n e s can be p r i n t e d on one page. 
There a r e two f e a t u r e s added t o a s s i s t t h e o p e r a t o r i n p o s i t i o n i n g t h e 
pa p e r . The f i r s t i s t h e " s i n g l e l i n e " b u t t o n . When d e p r e s s e d t h e p r i n t e r 
advances t h e paper o v e r one l i n e d i s t a n c e . The second f e a t u r e i s t h e " t o p o f 
form" b u t t o n . T h i s f u n c t i o n t r a n s p o r t s t h e paper t i l l t h e b e g i n n i n g o f t h e 
n e x t page i s i n t h e p r i n t i n g p o s i t i o n . T h i s can be c o m f o r t a b l e when t h e u s e r 
wants t o s t a r t new o u t p u t ( f o r i n s t a n c e from a new p a p e r t a p e ) on a new page. 
Something t h a t w i l l a i d i n t r o u b l e s h o o t i n g i s t h e i n c o r p o r a t i o n o f a " t e s t " 
b u t t o n . T h i s b u t t o n i s n o t on t h e f r o n t p a n e l o f t h e p r i n t e r b u t c a n o n l y be 
r e a c h e d a t e r o p e n i n g t h e c o v e r o f t h e e l e c t r o n i c s . A c t i v a t i o n o f t h i s b u t t o n 
w i l l cause t h e p r i n t e r t o b r a i l l e one co m p l e t e page. F o r t h i s p u r p o s e no 
e x t e r n a l i n f o r m a t i o n i n p u t i s n e c e s s a r y because an i n t e r n a l l y g e n e r a t e d 
t e s t p a t t e r n o f 4 b r a i l l e l i n e s i s p r i n t e d and t h i s p a t t e r n i s r e p e a t e d 7 t i m e s 
on t h e page. The p a t t e r n was chosen t o e n a b l e a f a s t d i a g n o s i s o f p o s s i b l e 
p r i n t e r f a i l u r e s . I n t h i s manner t h e p r i n t e r can be t e s t e d w i t h o u t u s i n g 
any e x t e r n a l i n p u t medium. 
A l l p ush b u t t o n s can be a c t i v a t e d a t a l l t i m e s b u t t h e a p p r o p r i a t e p r i n t e r 
a c t i o n w i l l o n l y f o l l o w , when a t t h e moment o f a c t i v a t i o n t h e p r i n t e r i s n o t 
p r i n t i n g o r t r a n s p o r t i n g p a p e r , o t h e r w i s e t h e a c t i v a t i o n o f b u t t o n s i s 
i g n o r e d . 
A n o t h e r f e a t u r e t h a t was added t o f a c i l i t a t e t h e use o f t h e p r i n t e r i n a 
t e r m i n a l s e t - u p (and t o a s m a l l e r e x t e n t when used as a s t a n d - a l o n e p r i n t e r ) 
i s t h e a u t o m a t i c p o s i t i o n i n g o f t h e paper i n t h e r e a d i n g p o s i t i o n when 
t h e r e has been no p r i n t e r a c t i o n f o r 1 second. I f t h i s happens, t h e paper 
i s a u t o m a t i c a l l y advanced 2 l i n e - d i s t a n c e s t o b r i n g t h e l a s t l i n e i n a 
p o s i t i o n i n w h i c h i t can e a s i l y be r e a d . When t h e r e i s new a c t i o n o f t h e 
p r i n t e r , t h e paper i s r e s t o r e d f i r s t i n i t s f o r m e r p o s i t i o n , and t h e b r a i l l i n g 
o f t h e n e x t l i n e s t a r t s . 
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The c o n t r o l hardware. 

To p e r f o r m t h e c o n t r o l f u n c t i o n s t h a t were mentioned i n t h e p r e v i o u s 
c h a p t e r an I n t e l SBC 80/10 u n i t was chosen ( S i n g l e B o a r d Computer 80/10). 
The SBC 80/10 i s a complete computer system on a s i n g l e 7 by 12 i n c h p r i n t e d 
c i r c u i t c a r d f o r OEM a p p l i c a t i o n s . T h i s system was chosen because i t i s 
based on t h e I n t e l 8080A m i c r o p r o c e s s o r (the "T-Ford" among t h e 8 - b i t s 
m i c r o p r o c e s s o r s ) , t h a t i s f r e q u e n t l y used i n b o t h t h e department o f 
E l e c t r i c a l E n g i n e e r i n g and t h e department o f P h y s i c s o f t h e D e l f t U n i v e r s i t y 
o f T e c h n o l o g y , so t h a t s o f t w a r e s u p p o r t was p o s s i b l e t h e r e . An i n t r o d u c t i o n 
t o m i c r o p r o c e s s o r a p p l i c a t i o n s i n g e n e r a l i s g i v e n by Altma n and S c r u p s k i 
(Ref. 1 6 ) , w h i l e W e l l e r and S h a t z e l (Ref. 17) d e a l more s p e c i f i c l y w i t h 
t h e I n t e l 8080, a l s o i n r e a l - t i m e a p p l i c a t i o n s . 
F o r program development t h e development system ( I n t e l MDS) o f t h e department 
o f P h y s i c s c o u l d be used. The SBC 80/10 c o n t a i n s 1 K 8 - b i t words o f Random 
A c c e s s memory (RAM) and s o c k e t s f o r up t o 4 K o f non v o l a t i l e Read-Only 
memory (ROM) t h a t may be added i n l K i n c r e m e n t s . The 80/10 c o n t a i n s 48 
programmable I n p u t / O u t p u t l i n e s and a programmable s e r i a l communications 
i n t e r f a c e . Mode o f o p e r a t i o n (synchronous o r a s y n c h r o n o u s ) , d a t a f o r m a t , 
c o n t r o l c h a r a c t e r f o r m a t , p a r i t y and t r a n s m i s s i o n r a t e a r e a l l under program 
c o n t r o l . The SBC 80/10 a l s o i n c l u d e s jumper s e l e c t a b l e t e l e t y p e o r RS 232 C 
c o m p a t i b l e i n t e r f a c e s , w h i c h f a c i l i t a t e t h e i n t e r f a c i n g o f t h e l i n e p r i n t e r 
when o p e r a t i n g as a t e r m i n a l . A l s o a s i n g l e - l e v e l i n t e r r u p t c a p a b i l i t y i s 
p r o v i d e d . 

Because t h e SBC 80/10-board a l o n e does n o t o f f e r enough l / 0 - l i n e s t o s u p p o r t 
t h e l i n e p r i n t e r , an e x p a n s i o n b o a r d was added t o t h e system and t h e SBC 80/10 
was bought as p a r t o f a SBC 80P p r o t o t y p i n g package. T h i s package a l r e a d y 
c o n t a i n s an e x p a n s i o n b o a r d and a SBC 604 c a r d c a g e and b a c k p l a n e , t o g e t h e r 
w i t h a system m o n i t o r , t h a t i s v e r y h e l p f u l l i n t h e p r o t o t y p e s t a g e . 
A d e s c r i p t i o n o f t h e SBC 80/10 hardware can be found i n t h e "SBC 80/10 
Hardware R e f e r e n c e Manual" (Ref. 131. The hardware t h a t was added on t h e 
e x p a n s i o n b o a r d w i l l be d e s c r i b e d h e r e . A l l components t h a t were added c a n 
be found i n t h e Ap p e n d i x on s c h e m a t i c 8.2.1. The t h r e e most i m p o r t a n t 
a d d i t i o n s a r e t h e p a r t s i n t h e c e n t e r o f t h i s s c h e m a t i c w i t h t h e " I n t e l " 
t y p e numbers 8259, 8253 and 8255. 

The 8 2 5 5 - c h i p p r o v i d e s a programmable p e r i p h e r a l i n t e r f a c e , c o n t a i n i n g t h r e e 
8 - b i t s p o r t s w h i c h add 24 I / 0 - l i n e s t o t h e a l r e a d y a v a i l a b l e 48 l i n e s . • 
The 8 2 5 3 - c h i p i s d e s c r i b e d as a programmable i n t e r v a l t i m e r , c o n t a i n i n g 
t h r e e i n d e p e n d e n t 1 6 - b i t s c o u n t e r s . T h i s 8253 can g e n e r a t e a c c u r a t e t i m e 
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d e l a y s under s o f t w a r e c o n t r o l . Each o f t h e c o u n t e r s o f t h e 8253 can be 
programmed w i t h t h e d e s i r e d q u a n t i t y , t h e n upon command t h e 8253 w i l l c o u n t 
o u t t h e d e l a y and i n t e r r u p t t h e p r o c e s s o r when t h e programmed t i m e has 
e l a p s e d . So t h e r e i s no need f o r t i m i n g l o o p s i n s o f t w a r e and m u l t i p l e 
d e l a y s a r e e a s i l y m a i n t a i n e d . The o u t p u t o f each t i m e r i s c o n n e c t e d w i t h 
one i n p u t o f t h e 8259, wh i c h i s a programmable i n t e r r u p t c o n t r o l l e r . T h i s 
i n t e r r u p t c o n t r o l l e r i s a b l e t o r e s o l v e p r i o r i t y among e i g h t d i f f e r e n t 
i n t e r r u p t s o u r c e s , where t h e s t a n d a r d SBC 80/10 r e c o g n i z e s o n l y one i n t e r 
r u p t l e v e l . The 8259 r e s o l v e s p r i o r i t y among a l l e i g h t p o s s i b l e i n t e r r u p t 
i n p u t s , a c c o r d i n g t o an a l g o r i t h m w h i c h i s programmable by t h e u s e r . The 
320 5 - c h i p decodes s i x l i n e s from t h e a d d r e s s bus t o p r o v i d e " c h i p s e l e c t " 
s i g n a l s f o r a l l t h r e e d e v i c e s m e ntioned, once t h e i r s p e c i f i c a d d r e s s a p p ears 
on t h e a d d r e s s bus. The f r e q u e n c y o f t h e " C o n s t a n t C l o c k " s i g n a l t h a t i s 
a v a i l a b l e on t h e system bus ( p i n 31) i s d i v i d e d by 1000 i n 3 "7490" el e m e n t s 
t o s u p p l y a c o n s t a n t f r e q u e n c y w i t h a p e r i o d o f 108 y s e c as c l o c k s i g n a l 
f o r t h e t h r e e 8253 t i m e r s . 

The s i x s o c k e t s on t h e extreme r i g h t o f t h e s c h e m a t i c a r e f i l l e d w i t h e i t h e r 
"SBC 902"-elements (a r e s i s t o r network) when i t c o n c e r n s i n p u t l i n e s , o r 
"7437" c h i p s ( l i n e d r i v e r s ) when o u t p u t l i n e s a r e c o n c e r n e d . The two 8226 
d e v i c e s a r e b i d i r e c t i o n a l bus d r i v e r s , used as a b u f f e r between t h e system 
d a t a bus and t h e components on t h e e x p a n s i o n b o a r d . 

Ihe a d d i t i o n o f t h e 8259 n e c e s s i t a t e d a change on t h e o r i g i n a l 80/10 b o a r d . 
O r i g i n a l l y when an i n t e r r u p t i s acknowledged by t h e 8080 m i c r o p r o c e s s o r , t h e 
program a l w a y jumps t o t h e same memory a d d r e s s . W i t h t h e 8259, t h e jump 
depends on w h i c h 8 2 5 9 - i n t e r r u p t i n p u t r e c e i v e d t h e i n t e r r u p t r e q u e s t . The 
a d d r e s s t o w h i c h t h e program s h o u l d jump i s i n s e r t e d by a normal " c a l l " 
i n s t r u c t i o n , t h a t i s g e n e r a t e d by t h e 8259. To make s u r e t h a t t h i s " c a l l " 
i n s t r u c t i o n r e a c h e s t h e m i c r o p r o c e s s o r , a change was n e c e s s a r y i n t h e c o n t r o l 
c i r c u i t f o r t h e 8226 bus d r i v e r s on t h e 80/10 b o a r d . The d i r e c t i o n o f t h e d a t a 
f l o w i n t h e s e d r i v e r s i s changed when t h e INTA/-pulse i s g e n e r a t e d . ( T h i s 
means an i n t e r r u p t r e q u e s t has been acknowledged by t h e m i c r o p r o c e s s o r . ) 
The t i m i n g s i g n a l s f o r t h e p r o c e s s o r emanate from two " i n t e r r u p t e r a s s e m b l i e s " 
( L E D - p h o t o d a r l i n g t o n c o m b i n a t i o n s ) t h a t a r e mounted on t h e p r i n t e r and 
t r i g g e r e d by a t i m i n g d i s c on t h e main s h a f t o f t h e p r i n t e r . The t i m i n g d i s c 
c o n t a i n s h o l e s i n c e r t a i n p o s i t i o n s and t h e p a s s i n g o f each h o l e p r o d u c e s 
an i n t e r r u p t r e q u e s t f o r t h e 8259 c h i p . A n o t h e r i n t e r r u p t e r assembly i s 
mounted i n such a way t h a t i t can d i s c r i m i n a t e whether t h e duplex-beam i s 
i n t h e l e f t o r t h e r i g h t p o s i t i o n . 

A m i c r o s w i t c h i n t h e paper t r a c k i s used t o d e t e c t i f p a p e r i s p r e s e n t i n 
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t h e p r i n t e r o r n o t . 
I n t h e p r o t o t y p e a l l e r r o r c o n d i t i o n s a r e s i g n a l l e d t o t h e u s e r by l i g h t 
e m i t t i n g d i o d e s . E v e n t u a l l y t h e s e LED's o f c o u r s e have t o be changed f o r 
an a c c o u s t i c o r t a c t i l e s i g n a l s o u r c e t o accommodate t h e b l i n d u s e r . 
The p a p e r t r a n s p o r t s t e p p e r m o t o r i s d r i v e n from a p r i n t e d c i r c u i t b o a r d 
s u p p l i e d by t h e m a n u f a c t u r e r o f t h e s t e p p e r m o t o r . F o r our purpose t h i s 
PCB ( b e s i d e s o f c o u r s e t h e power s u p p l y ) o n l y needs two s i g n a l s : s t e p p u l s e 
and s t e p p i n g d i r e c t i o n . The main e l e c t r i c motor i s c o n n e c t e d t o t h e mains 
s u p p l y by a r e l a y t h a t i s c o n t r o l l e d by a m i c r o p r o c e s s o r o u t p u t l i n e . T h i s 
e n a b l e s t h e m i c r o p r o c e s s o r t o s w i t c h t h e main motor o f f when t h e r e has 
been no a c t i o n on t h e p r i n t e r f o r about one second. 

The f o r t y s e l e c t i o n magnets a r e d r i v e n by f o r t y o u t p u t l i n e s t h a t c o n t r o l 
f o r t y s w i t c h i n g t r a n s i s t o r s . These magnets have a s e p a r a t e p o w e r s u p p l y . 
Summarizing, t h e I / O - l i n e s o f t h e c o n t r o l system a r e used as f o l l o w s : 

I n p u t ; F u n c t i o n Number o f l i n e s 
Data from r e a d e r 8 
C o n t r o l from r e a d e r 2 
S y n c h r o n i z a t i o n p u l s e s from p r i n t e r 3 
Paper d e t e c t i o n 1 
F u n c t i o n s e l e c t i o n push b u t t o n 4 
"Not u s e d " 2 

— + 

T o t a l 20 

Output: F u n c t i o n Number o f l i n e s 
C o n t r o l t o r e a d e r 3 
S t a t u s i n d i c a t i o n (LED's) 4 

Steppermotor c o n t r o l 2 
Main motor c o n t r o l 1 
S e l e c t i o n magnets 40 

"Not used" 2 

T o t a l 52 
+ 



6.3. The c o n t r o l software*-'. 

The s t r u c t u r e o f t h e c o n t r o l program i n i t s s i m p l e s t form can be o b s e r v e d 
i n t h e f l o w c h a r t s from Appendix 8.3 

6.3.1 I n i t i a l i z a t i o n sequence. 

A f t e r t h e " r e s e t " i s g i v e n (the system f e a t u r e s b o t h manual and an a u t o m a t i c 
r e s e t two seconds a f t e r t h e power has been s w i t c h e d o n ) , t h e program goes 
i n t o t h e i n i t i a l i z a t i o n sequence ( f l o w c h a r t 1, l e f t ) , t h a t s t a r t s by 
b l o c k i n g a l l i n t e r r u p t s . H e r e a f t e r a l l t h r e e t i m e r s a r e programmed t o 
o p e r a t e i n t h e d e s i r e d mode, t h a t means t h e y s h o u l d i n t e r r u p t t h e p r o c e s s o r 
when t e r m i n a l c o u n t i s r e a c h e d . A t t h i s moment t h e c o u n t e r o u t p u t w i l l go 
h i g h and produce an i n t e r r u p t r e q u e s t s i g n a l . T h i s o u t p u t r e m a i n s h i g h u n t i l 
t h e s e l e c t e d c o u n t r e g i s t e r i s r e l o a d e d o r u n t i l t h e mode i s s e t a g a i n . Re
l o a d i n g t h e c o u n t r e g i s t e r d u r i n g c o u n t i n g w i l l r e s t a r t t h e p r o c e c u r e , t h e 
c o u n t e r o u t p u t r e m a i n i n g low. A f t e r programming t h e t i m e r s , a l l n i n e e i g h t b i t 
I / O - p o r t s a r e programmed t o o p e r a t e i n t h e r i g h t mode. Three o p e r a t i o n a l 
modes can be s e l e c t e d : b a s i c I/O, s t r o b e d I/O o r b i - d i r e c t i o n a l bus. Here 
a l l p o r t s a r e programmed i n t h e f i r s t mode, where t h e o u t p u t l i n e s a r e 
l a t c h e d and i n p u t s a r e n o t l a t c h e d . 

The "8259" I n t e r r u p t C o n t r o l l e r can o p e r a t e i n f o u r d i f f e r e n t modes: f u l l y 
n e s t e d , r o t a t i n g p r i o r i t y , s p e c i f i c p r i o r i t y o r p o l l e d mode. I t i s programmed 
t o o p e r a t e i n t h e f u l l y n e s t e d mode, w h i c h means t h a t a l l i n t e r r u p t r e q u e s t 
l i n e s a r e a s s i g n e d s p e c i f i c p r i o r i t i e s r a n g i n g from z e r o t o seven. When an 
i n t e r r u p t i s acknowledged, i n t e r r u p t s o f l o w e r p r i o r i t y a r e i n h i b i t e d , u n t i l 
a l l i n t e r r u p t s w i t h h i g h e r p r i o r i t y a r e s e r v i c e d . 

A f t e r t h e mode s e t t i n g a l l i n t e r r u p t s a r e e n a b l e d and t h e p r o c e s s o r s t a r t s 
m o n i t o r i n g t h e v a r i a b l e PRSTA ( P r i n t e r s t a t u s ! t o see whether t h e p r i n t e r 
i s r e a d y t o s t a r t . I f no a c t i o n f o l l o w s t h e program s t a y s i n a l o o p d i r e c t l y 
a f t e r " r e a d y " , meanwhile s e r v i c i n g a l l i n t e r r u p t s t h a t a r e coming. 
I n t e r r u p t s emanate from t h e f o l l o w i n g s o u r c e s : 

No to.: The. AofitiMAz. that u> deA<uvLbe.d hexz, kat> actually nun on a phototype 
ol the. LlnephJLntex that u)cu> buXJLt in the. Finejme.ahanlca£ WoikAhop oft the. 
VeJLfat UntveAAJXy ol Te.chnotogy. TheAe.faoh.e- it contatnA minon dLfafaex.ena.eA 
fanom the. pfiognam that ti> neceMhOKy -in the fatnat design, faon. tnAtance 
in the numbex. ofa puJL&eA neceA&ojiy to dnxve. the papeAtnanApont &te.ppeA. 
moton [S Instead o& 10). 
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e v e r y p u s h b u t t o n a c t i v a t i o n ( l x ) ; 
s y n c h r o n i z a t i o n p u l s e s (2x) ,-
a l l t i m e r s ( 3 x ) . 

(Two i n t e r r u p t r e q u e s t l i n e s r e m a i n unused.) 
I n t h i s w a i t i n g s t a g e t h e v a r i a b l e PRSTA has t h e v a l u e z e r o . A c t i v a t i o n o f 
any o f t h e f o u r p u s h b u t t o n s (Tape, T e s t , Top o f Form, S i n g l e L i n e ) s e t s 
PRSTA t o a d i f f e r e n t v a l u e and when t h e s w i t c h - i n t e r r u p t i s s e r v i c e d t h e 
p r o c e s s o r jumps t o a r o u t i n e c o r r e s p o n d i n g t o t h e b u t t o n t h a t was p r e s s e d . 
The a c t i o n f o l l o w i n g a p u s h b u t t o n a c t i v a t i o n i s i n d i c a t e d on f l o w c h a r t 1 
t o o . I f PRSTA i s one o r f o u r t h e a c t i v a t i o n o f t h e p u s h b u t t o n t h a t c a u s e d 
t h e i n t e r r u p t i s i g n o r e d . T h i s c o r r e s p o n d s t o s i t u a t i o n s i n wh i c h t h e 
p r i n t e r i s p e r f o r m i n g an o p e r a t i o n and c a n n o t y e t be programmed f o r t h e 
n e x t o p e r a t i o n . PRSTA=1 i s t h e c o n d i t i o n d u r i n g normal r u n n i n g , PRSTA=4 
o c c u r s when t h e p r i n t e r was s t o p p e d because i t r a n o u t o f p a p e r . 
When new-commands may be a c c e p t e d , t h e p r o c e s s o r scans a l l p u s h b u t t o n s t o 
d e t e c t w h i c h one caused t h e i n t e r r u p t . T h i s i n f o r m a t i o n i s s t o r e d i n t h e 
v a r i a b l e " S w i t c h S t a t u s " , f o r f u t u r e use by t h e main program. Then t h e 
p r o c e s s o r c h e c k s i f t h e r e i s paper a v a i l a b l e . I f t h i s c o n d i t i o n i s f u l l -
f i l l e d t i m e r 1 i s s t a r t e d t o c o u n t down a d e l a y o f f o u r seconds. When t i m e r 
1 has been l o a d e d , a l l s t a t u s i n d i c a t i o n LED's a r e c l e a r e d and t h e main 
motor i s s t a r t e d . A f t e r t h i s t h e s w i t c h i n t e r r u p t r o u t i n e i s c o m p l e t e d . 

D u r i n g t h e f o u r seconds t i m e r 1 needs t o c o u n t down, t h e main motor has t h e 
o p p o r t u n i t y t o r e a c h i t s n o m i n a l speed. When t h e i n t e r r u p t comes from t i m e r 
1 t h e f o l l o w i n g happens ( f l o w c h a r t 1, r i g h t ) : When t i m e r 1 e x p i r e s a f t e r 
a f i r s t s t a r t o r a r e s t a r t (PRSTA=0 o r 3 ) , a l l i n t e r r u p t s a r e d i s a b l e d and 
t h e p r o c e s s o r w a i t s t i l l t h e p u l s e from d i o d e 1 a r r i v e s . T h i s p u l s e o c c u r s 
once d u r i n g e v e r y r e v o l u t i o n o f t h e main p r i n t e r s h a f t . A t t h i s moment t h e 
v a r i a b l e "DIO 2" i s a s s i g n e d t h e v a l u e z e r o , t o make i t p o s s i b l e t o 
d i s c r i m i n a t e between t h e two d i f f e r e n t p u l s e s p e r main s h a f t r e v o l u t i o n t h a t 
appear on t h e l i n e f rom d i o d e 2. (See App. 8.4,1 
Then t i m e r 1 i s r e l o a d e d t o c o u n t down a 4 seconds d e l a y , and a l l i n t e r 
r u p t s a r e e n a b l e d a g a i n . From t h i s moment on, no more i n t e r r u p t d i s a b l i n g may 
o c c u r , o t h e r w i s e t h e c o r r e c t d i s c r i m i n a t i o n between t h e two d i f f e r e n t 
"DIO 2" p u l s e s m ight be l o s t . 

PRSTA i s a s s i g n e d t h e v a l u e 1 and t h e i n t e r r u p t r o u t i n e from t i m e r 1 i s 
co m p l e t e d . D u r i n g normal r u n n i n g t i m e r 1 i s r e l o a d e d e v e r y t i m e a p a p e r -
t r a n s p o r t o c c u r s , so n o r m a l l y i t w i l l n e v e r produce a n o t h e r i n t e r r u p t . O n l y 
when t h e r e i s no a c t i o n on t h e p r i n t e r f o r f o u r seconds ( f o r whatever reason) 
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t h e t i m e r p r o d u c e s an i n t e r r u p t . Depending on t h e s i t u a t i o n t h e main motor 
i s s w i t c h e d o f f t h e n , w i t h o r w i t h o u t t r a n s p o r t i n g t h e paper o v e r two l i n e -
d i s t a n c e s t o b r i n g t h e l a s t l i n e i n t h e r e a d i n g p o s i t i o n . When a r e s t a r t 
o c c u r s , t i m e r 1 i s used a g a i n t o a l l o w t h e main motor t o r e a c h i t s n o m i n a l 
speed b e f o r e s y n c h r o n i z i n g . When t h e c o n t r o l system i s s y n c h r o n i z e d t h e 
paper i s r e s t o r e d i n t h e p r i n t i n g p o s i t i o n and t h e i n t e r r u p t s e r v i c e r o u t i n e 
o f t i m e r 1 i s co m p l e t e d . When c o n t r o l i s r e t u r n e d t o t h e main program, PRSTA 
has been s e t t o 1 and a jump o c c u r s t o t h e program segment t h a t w i l l p e r f o r m 
t h e o p e r a t i o n t h a t was s t a r t e d by p u s h i n g a b u t t o n . 

6.3.2 Normal b r a i l l i n g . 

F l o w c h a r t s 3 and 4 d e s c r i b e t h e e v e n t s t h a t o c c u r a f t e r t h e "TAPE"-button 
has been d e p r e s s e d . The p r o c e s s o r s t a r t s by s e t t i n g t h e v a r i a b l e CHCNT 
( C h a r a c t e r C ounter) t o z e r o . Then t h e p r o c e s s o r c h e c k s f o r paper p r e s e n c e . 
I f PRSTA i s s t i l l 1, t h e h a n d s h a k i n g w i t h t h e p a p e r t a p e r e a d e r i s i n i t i a t e d 
by c h e c k i n g i f t h e r e a d e r i s r e a d y . 
I f t h i s i s c o n f i r m e d , a " r e a d one character"-command i s s e n t t o t h e r e a d e r . 
I f t h i s d a t a i s t r a n s m i t t e d t o t h e p r o c e s s o r t h e r e a d e r i s p u t a t r e s t and 
t h e c h a r a c t e r i s p r o c e s s e d . I f a l l c h a n n e l s on t h e t a p e were z e r o o r one, 
t h e n e x t c h a r a c t e r on t h e t a p e i s r e a d . T h i s means t h e p r i n t e r a c c e p t s 
p a p e r t a p e s w i t h b o t h l e a d i n g z e r o s o r ones ( " d e l e t e " ) . I n t h i s way t h e 
" l e a d e r " o f t h e t a p e i s t r a n s p o r t e d u n t i l p r i n t a b l e i n f o r m a t i o n i s 
e n c o u n t e r e d . When t h e c h a r a c t e r t h a t i s r e a d , i s a b r a i l l e c h a r a c t e r o r a 
space c h a r a c t e r , t h e c h a r a c t e r c o u n t e r i s che c k e d t o see whether i t i s 
a l r e a d y f o r t y o r n o t . I f t h i s i s n o t s o , t h e c h a r a c t e r i s s t o r e d i n t h e 
r e a d - b u f f e r ( t h i s b u f f e r can c o n t a i n 40 c h a r a c t e r s ! and t h e c h a r a c t e r 
c o u n t e r i s i n c r e m e n t e d by one. Then t h e p r o c e s s o r r e t u r n s t o "START" t o 
r e a d t h e n e x t c h a r a c t e r . I f t h e t a p e c o n t a i n s more t h a n f o r t y c h a r a c t e r s 
on one l i n e , t h e main motor i s s t o p p e d and t h e "FORMAT ERROR"-LED i s l i t . 
I f t h e c h a r a c t e r t h a t i s r e a d i s n e i t h e r a b r a i l l e symbol nor a spa c e , i t 
i s c h e c k e d whether i t i s an "End o f L i n e " - c h a r a c t e r , I f i t i s t h e f i r s t EOL 
t h a t i s r e a d a f t e r t h e "TAPE" b u t t o n was d e p r e s s e d , t h e complete r e a d - b u f f e r 
i s c l e a r e d , t h e c h a r a c t e r c o u n t e r i s p u t t o z e r o a g a i n and t h e n e x t c h a r a c t e r 
i s r e a d . I f t h e EOL-symbol was n o t t h e f i r s t one, t h e p r o c e s s o r w a i t s a t 
t h i s p o i n t t i l l t h e p r e v i o u s l i n e i s c o m p l e t e l y p r i n t e d . Then t h e i n f o r m a t i o n 
from t h e r e a d - b u f f e r i s t r a n s f e r e d t o t h e p r i n t - b u f f e r . The r e a d - b u f f e r i s 
c l e a r e d , t h e c h a r a c t e r c o u n t e r s e t t o z e r o and t h e v a r i a b l e PRBRE ( P r i n t - b u f f e r 
r e a d y ! g e t s t h e v a l u e one. T h i s i s t o i n d i c a t e t h a t t h e p r i n t - b u f f e r has 
been f i l l e d w i t h t h e n e x t l i n e and t h a t p r i n t i n g may commence. W h i l e t h e 
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c o n t e n t s o f t h e p r i n t - b u f f e r a r e b e i n g p r i n t e d , t h e r e a d - b u f f e r i s already-
f i l l e d w i t h t h e n e x t l i n e . 
I f t h e c o n t r o l c h a r a c t e r t h a t was r e a d , was no EOL-symbol, i t c o u l d have 
been an EOP-symbol (End o f Pa g e ) . I f t h i s i s t h e c a s e , a f t e r w a i t i n g u n t i l 
t h e p r e v i o u s l i n e i s p r i n t e d , t h e paper i s t r a n s p o r t e d t i l l t h e t o p o f t h e 
n e x t page i s i n t h e p r i n t i n g p o s i t i o n . The c h a r a c t e r c o u n t e r i s s e t t o z e r o 
and t h e p r o c e s s o r i s r e a d y t o r e a d t h e n e x t frame. I f t h e p r o c e s s o r r e a d s a 
c h a r a c t e r w h i c h i t does n o t r e c o g n i z e , t h e r e a d i n g o f t h e t a p e i s stoppe d 
a t t h a t p o i n t and t h e p r i n t e r motor i s st o p p e d as w e l l . 
The a c t u a l p r i n t i n g o f t h e c h a r a c t e r s t h a t a r e now i n t h e p r i n t - b u f f e r 
s t a r t s on t h e p u l s e s from d i o d e 2, once PRBRE r e c e i v e d t h e v a l u e 1, and i s 
d e s c r i b e d on f l o w c h a r t 5. When d i o d e 2 p r o d u c e s an i n t e r r u p t ( t w i c e d u r i n g 
each p r i n t s h a f t r e v o l u t i o n ) t h e v a l u e o f t h e v a r i a b l e "DIO 2" i s checked 
t o d e t e r m i n e whether i t c o n c e r n s t h e f i r s t o r t h e second p u l s e d u r i n g t h e 
p r i n t c y c l e . On one o f t h e two, t h e p o s i t i o n o f t h e d u p l e x beam i s chec k e d ; 
on t h e o t h e r t h e s w i t c h i n g p a t t e r n o f t h e f o r t y s e l e c t i o n magnets i s changed. 
I f DIO 2 i s z e r o , t h e duplex-beam p o s i t i o n s h o u l d be chec k e d . I f t h e p r i n t -
b u f f e r c o n t e n t s a r e r e a d y t o be p r i n t e d (PRBRE=1), PRBRE i s s e t t o two t o 
i n d i c a t e t h a t t h e p r i n t i n g has s t a r t e d and PCYC ( P r i n t c y c l e ) i s a s s i g n e d 
t h e v a l u e 1 t o keep t r a c k o f t h e number o f p r i n t c y c l e s t h a t have been 
p e r f o r m e d s i n c e p r i n t i n g o f t h e new l i n e s t a r t e d . A t t h i s moment a l r e a d y t h e 
c o n t e n t s o f t h e p r i n t b u f f e r a r e scanned t o see w h i c h s e l e c t i o n magnets 
s h o u l d be s w i t c h e d on when t h e n e x t p u l s e from d i o d e 2 a r r i v e s . T h i s i n f o r m a t i o n 
i s s t o r e d i n f i v e memory b y t e s (MAPO=magnet p o s i t i o n ) , t o have t h e s w i t c h i n g 
p a t t e r n i m m e d i a t e l y a v a i l a b l e . T h i s i s done h e r e , because t h i s i s a r a t h e r 
t i m e consuming p r o c e s s and t h e magnets s h o u l d be s w i t c h e d i m m e d i a t e l y 
a f t e r t h e p u l s e from d i o d e 2. (Under w o r s t c a s e c o n d i t i o n s t h e assembly o f 
t h e s e f i v e o u t p u t b y t e s t a k e s about 8 ms.J 

By means o f d i o d e 3 t h e p o s i t i o n o f t h e duplex-beam i s checked and r e c o r d e d 
by v a r i a b l e DUL (Duplex L e f t l . T h i s c o m p l e t e s t h i s r o u t i n e i n t h e c a s e where 
DIO 2 was 1 ( f i r s t p u l s e ) . , On t h e n e x t p u l s e from d i o d e 2 (DIO 2 i s z e r o 
t h e n ! t h e s e l e c t i o n magnets a r e s w i t c h e d . I f PCYC i s z e r o (the normal cas e 
when t h e p r i n t e r i s n o t p r i n t i n g ) a l l s e l e c t i o n magnets a r e s w i t c h e d o f f . 
When PCYC has t h e v a l u e 1, t h e p r o c e s s o r c h e c k s whether t h e duplex-beam 
was l e f t o r r i g h t d u r i n g t h e p r e v i o u s p o s i t i o n c o n t r o l . I f i t was l e f t 
d u r i n g t h e p r e v i o u s p r i n t i n g c y c l e (DUL=1), i t i s now on t h e r i g h t h a n d s i d e 
and a l l magnets a r e l e f t s w i t c h e d o f f . I f t h e duplex-beam was r i g h t (DUE=0), 
i t i s now l e f t and p r i n t i n g may s t a r t . The s e l e c t i o n magnets a r e s w i t c h e d 
a c c o r d i n g t o t h e p a t t e r n s t o r e d i n MAPO and PCYC i s s e t t o two. The p r i n t -



b u f f e r i s scanned a g a i n h e r e t o f i l l MAPO w i t h f i v e new o u t p u t b y t e s c o n t a i n i n g 
t h e i n f o r m a t i o n f o r t h e p r i n t i n g o f d o t s 4 from a l l c h a r a c t e r s on t h i s l i n e . 
T h i s c o m p l e t e s t h i s i n t e r r u p t s e r v i c e r o u t i n e . 
The p r o c e s s i s e s s e n t i a l l y t h e same f o r a l l s i x p r i n t i n g c y c l e s t h a t a r e 
n e c e s s a r y t o p r i n t t h e complete l i n e : F i r s t a p o s i t i o n check on t h e d u p l e x -
beam, t h e n t h e s w i t c h i n g o f t h e s e l e c t i o n magnets and f i n a l l y t h e assembly 
o f t h e new s w i t c h i n g p a t t e r n , t o be u s e d i n t h e n e x t c y c l e . The f i r s t 
p r i n t i n g c y c l e may s t a r t w i t h t h e duplex-beam i n t h e wrong ( r i g h t h a n d ) 
p o s i t i o n ; t h e p r o c e s s o r t h e n w a i t s one p r i n t - s h a f t r e v o l u t i o n and p r i n t i n g 
s t a r t s w i t h t h e duplex-beam i n t h e l e f t h a n d p o s i t i o n . D u r i n g f o l l o w i n g 
p r i n t i n g c y c l e s however, t h e duplex-beam p o s i t i o n i s ch e c k e d a g a i n , b u t i f 
i t i s now i n t h e wrong p o s i t i o n , t h i s i s caused by e i t h e r a m e c h a n i c a l o r 
an e l e c t r o n i c f a i l u r e . The p r i n t e r motor i s s t o p p e d t h e n , a l l magnets a r e 
s w i t c h e d o f f t o p r e v e n t f u r t h e r e r r o n e o u s p r i n t i n g and t h e "PRINTER ERROR"-
LED i s l i t . 

6.3.3 P a p e r t r a n s p o r t . 

A f t e r p r i n t i n g d o t s 4, 5 and 6 t h e p r i n t i n g c y c l e i s f o l l o w e d by p a p e r t r a n s p o r t . 
T h i s i s a c c o m p l i s h e d by i n t r o d u c t i o n o f t h e v a r i a b l e s TP 4 and TP 8 
( T r a n s p o r t P u l s e ) . TP 4 i s s e t t o f o u r a f t e r p r i n t i n g d o t s 4 and 5, w h i l e 
TP 8 i s s e t t o e i g h t a f t e r b r a i l l i n g d o t 6. ( A t t h i s moment PRBRE i s s e t 
t o t h r e e t o i n d i c a t e t h a t t h e c o n t e n t s o f t h e p r i n t - b u f f e r have been p r i n t e d 
and t h e l i n e c o u n t e r i s i n c r e m e n t e d by one.) 

The v a r i a b l e s TP 4 and TP 8 a r e p r o c e s s e d when d i o d e 1 p r o d u c e s an i n t e r r u p t 
p u l s e , once d u r i n g e v e r y p r i n t - s h a f t r e v o l u t i o n . I f TP 4 i s f o u r o r TP 8 i s 
e i g h t , p a p e r t r a n s p o r t i s s t a r t e d a t t h i s moment. O t h e r w i s e no a c t i o n i s 
t a k e n (Flow c h a r t 6 ) . Timer $ i s s t a r t e d t o c o u n t down t h e d e l a y t i l l t h e 
second p u l s e t o t h e s t e p p e r m o t o r s h o u l d be s e n t o u t ( r e s p . 1.9 and 1.5 m s l , 
and t h e d i r e c t i o n b i t i s s e t a c c o r d i n g t o t h e v a l u e o f PRSTA. ( T h i s d e c i d e s 
whether p a p e r t r a n s p o r t s h o u l d t a k e p l a c e i n t h e normal ( f o r w a r d ) d i r e c t i o n 
o r i n t h e r e v e r s e d i r e c t i o n ) . S t e p p u l s e l i n e and d i r e c t i o n l i n e a r e s e t 
a t t h e same moment and t i m e r 2 i s programmed t o produce a d e l a y o f 50Q ]is. 
T h i s i s n e c e s s a r y t o r e s e t t h e s t e p p u l s e l i n e because a l l o u t p u t l i n e s a r e 
l a t c h e d . T h i s c o m p l e t e s t h e d i o d e 1 i n t e r r u p t r o u t i n e . 

F l o w c h a r t 2 d e s c r i b e s t h e p a r t o f t h e program t h a t i s e x e c u t e d when t h e 
"TEST" b u t t o n i s d e p r e s s e d . F i r s t t h e l i n e c o u n t e r i s ch e c k e d t o see i n what 
p o s i t i o n t h e paper i s . I f t h e f i r s t l i n e o f a new s h e e t i s n o t i n t h e 

-52-



p r i n t i n g p o s i t i o n , t h e paper i s t r a n s p o r t e d u n t i l t h i s i s a c c o m p l i s h e d . 
Then one l i n e o f paper i s t r a n s p o r t e d w i t h o u t p r i n t i n g and a t e s t c o u n t e r 
i s s e t t o seven. I f enough paper i s p r e s e n t , t h e f i r s t t e s t l i n e o f a s e t o f 
f o u r t e s t l i n e s i s t r a n s f e r e d t o t h e p r i n t - b u f f e r and p r i n t e d , u s i n g t h e normal 
s y n c h r o n i z a t i o n p u l s e s from d i o d e s 1, 2 and 3. The same p r o c e d u r e t a k e s 
p l a c e w i t h t h e n e x t t h r e e t e s t l i n e s . T h i s p a t t e r n i s r e p e a t e d seven t i m e s , 
so t w e n t y - e i g h t l i n e s a r e ' p r i n t e d . A f t e r t h i s one b l a n k l i n e f o l l o w s and t h e 
p r i n t e r i s r e a d y t o a c c e p t new commands. 

The program p a r t s t h a t a r e e x e c u t e d f o r a s i n g l e l i n e o f p a p e r t r a n s p o r t o r 
f o r t r a n s p o r t t i l l t h e t o p o f t h e n e x t form i s i n t h e p r i n t i n g p o s i t i o n a r e 
n o t d e s c r i b e d i n f l o w c h a r t s because t h e y a r e r e l a t i v e l y s i m p l e . I f one l i n e 
must be t r a n s p o r t e d two TP 8 p u l s e s a r e g e n e r a t e d w h i c h c a u s e s t h e paper t o 
be moved o v e r a t o t a l d i s t a n c e o f 10 mm i n two s t e p s . T h i s t a k e s two p r i n t 
s h a f t r e v o l u t i o n s . F o r a "TOP OF FORM'Vtransport t h e a c t u a l v a l u e o f t h e 
l i n e c o u n t e r d e c i d e s how many TP 8 p u l s e s s h o u l d be g e n e r a t e d . 

Flow c h a r t 7 d e p i c t s t h e sequence t h a t f o l l o w s when t i m e r <p p r o d u c e s an 
i n t e r r u p t . When p a p e r t r a n s p o r t s h o u l d o c c u r , t h e f i r s t o f t h e p u l s e s t o t h e 
s t e p p e r m o t o r i s g e n e r a t e d i n t h e d i o d e 1 i n t e r r u p t sequence ( f l o w c h a r t 6 ) . 
From h e r e t i m e r <p i s l o a d e d f o r t h e f i r s t t i m e . I f t e r m i n a l c o u n t i s r e a c h e d 
t h i s program p a r t p r o d u c e s a s t e p p u l s e and t h e r i g h t s e t t i n g o f t h e d i r e c t i o n 
b i t , a c c o r d i n g t o t h e v a l u e o f PRSTA; t h e n t i m e r f i s r e s t a r t e d f o r t h e 
n e x t i n t e r v a l t i m e . The p r o c e s s o r keeps c o u n t o f a l l p u l s e s by d e c r e m e n t i n g 
t h e v a r i a b l e s TP 4 o r TP 8 by one, each t i m e a s t e p p u l s e i s s e n t t o t h e 
p a p e r t r a n s p o r t s t e p p e r m o t o r . I n t h i s way d i f f e r e n t i n t e r v a l t i m e s and p u l s e 
numbers a r e r e a l i z e d f o r t h e s t e p s o f 2.5 and 5 mm, t o p e r f o r m t h e f a s t e s t 
papermovement w i t h o u t o v e r s h o o t . Timer 2 i s a g a i n u s e d t o r e s e t t h e s t e p 
p u l s e l i n e , each t i m e 500 -ps a f t e r i t has been s e t . The o p t i m a l v a l u e s o f 
a l l i n t e r v a l t i m e s have been d e t e r m i n e d e m p i r i c a l l y . Because t h e v a r i a t i o n 
o f t h e l o a d o f t h e p a p e r t r a n s p o r t s t e p p e r m o t o r i s n o t l a r g e , such an open 
l o o p c o n t r o l system can be t o l e r a t e d . 

The c o m p lete program as d e s c r i b e d h e r e t a k e s about 1.5 Kbytes o f Read O n l y 
Memory. A c c o r d i n g t o B u r s k y (Ref. 20} a program o f t h i s s i z e t a k e s a 
s o f t w a r e d e s i g n e r about 200 days o f programming ( i n c l u d i n g t e s t and 
d e b u g g i n g ) . 
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7. THE FINAL DESIGN. 

7.1. D e s c r i p t i o n o f t h e f i n a l d e s i g n . 

Drawing 8.1.3 g i v e s a c r o s s - s e c t i o n t h r o u g h t h e complete l i n e p r i n t e r i n c l u d i n g 
t h e n e c e s s a r y e l e c t r o n i c s . Drawing 8.1.4 g i v e s a t o p v i e w o f t h e same 
assembly. I n d r a w i n g 8.1.3 t h e s u b - a s s e m b l i e s t h a t were d e s c r i b e d i n t h e 
c h a p t e r s 3.2 ( b r a i l l i n g system) and 4.4 ( s e l e c t i o n system) a r e j o i n e d i n s i d e 
t h e main l i n e p r i n t e r frame. T h i s main frame ( p a r t n r 2) c o n s i s t s o f two s i d e -
p l a t e s t h a t a r e c o n n e c t e d by means o f cross-beams ( p a r t n r s 61, 86 and 9 5 ) . 
The b r a i l l i n g frame i s f i t t e d t o b o t h s i d e p l a t e s u s i n g e i g h t b o l t s and 
b u s h i n g s ( p a r t n r s 140 and 141). The s e l e c t i o n system i s c o n n e c t e d w i t h t h e 
f i x e d beam ( p a r t n r 47) by f o u r b o l t s . The main motor ( p a r t n r 57) i s b o l t e d 
a g a i n s t one o f t h e s i d e p l a t e s and d r i v e s t h e main s h a f t ( p a r t n r 5) and t h e 
c a m s h a f t ( p a r t n r 41) by means o f a t i m i n g b e l t ( p a r t n r 117) and t h r e e 
p u l l e y s ( p a r t n r s 115, 116 and 1 2 0 ) . Between r o l l e r s ( p a r t n r 4). and main s h a f t 
b e a r i n g s ( p a r t n r 130)1 t h e b a l a n c i n g masses ( p a r t n r 131) a r e clamped. They 
a r e d i m e n s i o n e d t o compensate h a l f o f t h e u n b a l a n c e t h a t i s ca u s e d by t h e 
r e c i p r o c a t i n g mass o f t h e b r a i l l i n g beam and t o compensate t h e u n b a l a n c e o f 
t h e main s h a f t c o m p l e t e l y . So t h e r e m a i n i n g u n b a l a n c e f o r c e s have h a l f t h e 
a m p l i t u d e o f t h e o r i g i n a l f o r c e s and a c h a n g i n g d i r e c t i o n . The d i a m e t e r r a t i o 
between p u l l e y s 116 and 120 i s two, so t h e c a m s h a f t speed i s h a l f o f t h e 
speed o f t h e main s h a f t . F i x e d on t h e p u l l e y o f t h e c a m s h a f t i s t h e a l u m i n i u m 
t i m i n g d i s k ( p a r t n r 921 t h a t works t o g e t h e r w i t h two o p t i c a l s w i t c h e s 
( p a r t n r s 10) t o p r o v i d e t h e n e c e s s a r y t i m i n g p u l s e s . B o t h s w i t c h e s a r e 
mounted on t h e same s u p p o r t b l o c k ( p a r t n r 9) t h a t i s f i t t e d a g a i n s t t h e 
b r a i l l i n g frame s i d e p l a t e ( p a r t n r 3 ) . Because t h e p o s i t i o n o f t h e main 
s h a f t and c a m s h a f t can v a r y r e l a t i v e t o t h e p o s i t i o n o f t h e main motor, 
t h e t e n s i o n i n g d e v i c e w i t h p a r t n r s 65, 118 and 119 was added. T h i s e n a b l e s 
t h e s e t t i n g o f t h e r i g h t t i m i n g b e l t t e n s i o n f o r a l l p o s s i b l e s h a f t p o s i t i o n s . 
Two s p r i n g s ( p a r t n r 14). keep t h e b r a i l l i n g beam i n c o n t a c t w i t h t h e two 
d r i v i n g r o l l e r s ( p a r t n r 4¡L. The p a p e r g u i d i n g ( p a r t n r 81) i s g l u e d t o t h e 
b l o c k w i t h p a r t n r 68, j u s t t h e same as t h e s w i t c h s u p p o r t ( p a r t n r 6 3 ) . 
Seven s t a i n l e s s s t e e l w i r e s a r e b e n t i n a form t h a t matches t h e fo r m o f 
p a p e r g u i d i n g 24 and a t t a c h e d t o beam 11 by means o f seven s c r e w s . They 
a c t as p a p e r g u i d i n g , b o t h as a new s h e e t o f p a p e r i s p u t i n t o t h e p r i n t e r 
and when t h e paper i s moving backwards t o r e s t o r e t h e paper i n i t s p o s i t i o n 
a f t e r i t h a s been p r e s e n t e d w i t h t h e l a s t l i n e r e a d a b l e . 
The p a p e r t r a c t o r assembly i s p l a c e d s l i g h t l y t i l t e d w i t h r e s p e c t t o t h e 
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h o r i z o n t a l p l a n e f o r two r e a s o n s : I t p r e s e n t s t h e b r a i l l e t e x t ( a t l e a s t t h e 
l i n e s t h a t were p r i n t e d l a s t ) a t a c o m f o r t a b l e a n g l e t o t h e u s e r when s i t t i n g 
b e h i n d t h e equipment and s e c o n d l y i t r e d u c e s t h e papermass t h a t has t o move 
immedeately when a l i n e i s t r a n s p o r t e d . I f t h e a n g l e o v e r w h i c h t h e paper 
i s b e n t had been 90 degrees (now i t i s a p p r o x i m a t e l y 80 d e g r e e s ) , t h e paper 
t r a c k would have been c o m p l e t e l y s t r a i g h t from t h e b e n d i n g p o i n t ( p a r t n r 24) 
t i l l t h e extreme r i g h t o f t h e p r i n t e r ; so when t h e paper i s a c c e l e r a t e d f o r 
t r a n s p o r t , t h i s c omplete l e n g t h o f paper would have t o be a c c e l e r a t e d a t t h e 
same r a t e . W i t h a second bend ( t e n d e g r e e s when t h e paper r e a c h e s t h e t o p 
o f t h e case) o n l y t h e f i r s t p a r t o f t h e paper has t o have a h i g h a c c e l e r a t i o n , 
w h i l e i n t h e extreme case t h e r e s t o f t h e paper may s t a n d s t i l l . The 
d i f f e r e n c e w i l l be t a k e n up by a change i n t h e p a p e r t r a c k : The paper w i l l 
move h i g h e r above t h e t o p s u r f a c e o f t h e p r i n t e r h o u s i n g ( p a r t n r 11, Of 
c o u r s e t h e a c t u a l s i t u a t i o n w i l l be between t h e s e two extremes. F i g u r e 24 
d e s c r i b e s t h e s i t u a t i o n j u s t a f t e r a l i n e has been t r a n s p o r t e d . T h i s s i t u a t i o n 
i s n o t permanent and a f t e r some t i m e t h e paper w i l l be l y i n g on t o p o f t h e 
case a g a i n , because t h e w e i g h t o f t h e paper t h a t i s h a n g i n g down from t h e 
p r i n t e r on i t s r i g h t s i d e (on d r a w i n g 8.1.3) t e n d s t o p u l l t h e paper towards 
th e p r i n t e r c a s e . 

I 
I 
I 
! 
I 

FIGURE 24 

Position of paper immediately after a linefeed operation. 

Each paper t r a c t o r has been e q u i p e d w i t h a paper s u p p o r t p l a t e , t h a t 
e x t e n d s towards t h e m i d d l e o f t h e paper and t h a t i s a l i t t l e b i t l o n g e r 
t h a n h a l f t h e maximum p a p e r w i d t h , so t h e two s u p p o r t p l a t e s s l i d e o v e r 
each o t h e r i n t h e m i d d l e o f t h e p r i n t e r . The l o w e r o f t h e two ( p a r t n r 35) 
i s b e n t down a t t h i s p o i n t and r e s t s on t h e f i x e d beam ( p a r t n r 47) 
s u p p o r t i n g b o t h i t s e l f and t h e o t h e r paper s u p p o r t p l a t e . T h i s means t h a t 
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t h e minimum p a p e r w i d t h t h a t can be used on t h e l i n e p r i n t e r i s a l i t t l e more 
t h a n h a l f t h e maximum p a p e r w i d t h (7.5 and 14 i n c h e s ) . B o t h t r a c t o r s can be 
p l a c e d anywhere a l o n g t h e l i n e l e n g t h ( o f c o u r s e m a i n t a i n i n g t h e m i n i m a l 
d i s t a n c e o f 7.5 i n c h t o each o t h e r ) so t h e r e i s some freedom i n t h e p o s i t i o n 
o f t h e t e x t r e l a t i v e t o t h e l e f t and r i g h t p a p e r edge. 

The r i g h t hand p a r t o f t h e l i n e p r i n t e r on d r a w i n g 8.1.3 i s s e p a r a t e d from 
t h e m e c h a n i c a l p a r t s by two p l a t e s t h a t e x t e n d o v e r t h e complete w i d t h o f 
t h e p r i n t e r ( p a r t n r s 94 and 9 7 ) , and c o n t a i n s t h e n e c e s s a r y e l e c t r o n i c 
hardware. T h i s space i s v e n t i l a t e d from t h e l e f t hand s i d e o f t h e p r i n t e r 
t o t h e r i g h t hand s i d e by means o f a b l o w e r ( p a r t n r 5 4 ) . The l o w e r p a r t o f 
t h e e l e c t r o n i c s compartment i s f i l l e d w i t h t h e m i c r o p r o c e s s o r c a r d c a g e , t h a t 
c o n t a i n s t h e m i c r o p r o c e s s o r p r i n t e d c i r c u i t b o a r d and one e x p a n s i o n b o a r d . 
I t p r o v i d e s t h e space f o r two o t h e r e x p a n s i o n b o a r d s . The p l a t e 104 i s 
formed t o accommodate a d a t a c o n n e c t o r and a t t a c h i t t o a main frame s i d e 
p l a t e . The m i c r o p r o c e s s o r c a r d cage i s s h i e l d e d from a l l o t h e r components 
by p l a t e 94. On t o p o f t h i s p l a t e a l l t r a n s f o r m e r s and power s u p p l i e s a r e 
mounted. The paper t r a n s p o r t s t e p p e r m o t o r ( p a r t n r 50) i s mounted a g a i n s t 
t h e i n s i d e o f one main frame s i d e p l a t e and p r o t r u d e s i n t o t h e e l e c t r o n i c s 
compartment. Because t h e p o s i t i o n o f t h e p a p e r t r a n s p o r t d r i v e s h a f t ( p a r t n r 
36)_ i s f i x e d t h e r e i s no need f o r an e x t r a d e v i c e t o r e g u l a t e t h e t i m i n g 
b e l t t e n s i o n . An i n i t i a l a d j u s t m e n t o f t h e v e r t i c a l p a p e r p o s i t i o n i s 
p o s s i b l e ( f o r i n s t a n c e when t h e l e a d i n g s h e e t from a new box o f paper has 
been b r o u g h t i n ) by s w i t c h i n g o f f t h e power t o t h e s t e p p e r m o t o r and t h e n 
r e a c h i n g t h e new p o s i t o n by means o f r o t a t i o n o f knob 124. The d e t e n t t o r q u e 
o f t h e motor can s t i l l be f e l t when i t i s n o t e n e r g i z e d ; t h i s shows t h e 
" p r e f e r e n c e " - p o s i t i o n s o f t h e s t e p p e r m o t o r . When t h e s t e p p e r m o t o r w i n d i n g s 
a r e e n e r g i z e d a g a i n , t h e maximum a n g l e o v e r w h i c h t h e r o t o r moves i s e q u a l 
t o f i v e m o t o r s t e p s ( f o r t h i s 5-phase s t e p p e r m o t o r ) . So t h e d e v i a t i o n from 
t h e wanted p o s i t i o n i s 1.25 mm a t maximum a f t e r e n e r g i z i n g . 
The l i n e p r i n t e r i s housed i n a p o l y - u r e t h a n e foam c a s e , t h a t i s p l a c e d o v e r 
t h e p r i n t e r from t h e t o p and s e c u r e d w i t h s i x scr e w s . The c a s e i s c l o s e d 
w i t h two p l a t e s ( p a r t n r s 60 and 99) t h a t a r e f i x e d t o t h e c o v e r by sc r e w s . 
The complete p r i n t e r i s mounted on a frame by means o f f o u r t h r e a d e d r u b b e r 
b l o c k s . T h i s frame (not drawn) p u t s t h e p r i n t e r a t a c o m f o r t a b l e h e i g h t f o r 
t h e o p e r a t o r and p e r m i t s p a p e r t o be f e d from a box s t a n d i n g u n d e r n e a t h t h e 
p r i n t e r . The c a s e has an o p e n i n g a t t h e f r o n t t o accommodate a p l a t e ( p a r t n r 
58) i n w h i c h s w i t c h e s , l i g h t s , and an a c o u s t i c s i g n a l s o u r c e can be mounted. 
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7.2. A d j u s t m e n t s and d i s a s s e m b l y . 

N o r m a l l y a l l a d j u s t m e n t s on t h e s e l e c t i o n system and on t h e b r a i l l i n g system 
a r e a c c o m p l i s h e d on t h e s e u n i t s b e f o r e t h e y a r e b u i l t i n t o t h e l i n e p r i n t e r . 
N e v e r t h e l e s s some a d j u s t m e n t s can j u s t as w e l l be made on t h e assembled 
p r i n t e r a f t e r removal o f t h e c a s e : 

- C o r r e c t i o n o f b r a i l l e d o t h e i g h t by r o t a t i o n o f two bushes ( p a r t n r s 129) 
and s e t s c r e w s ( p a r t n r s 128); 

- The t i m i n g b e l t t e n s i o n t h a t goes w i t h t h i s new s h a f t p o s i t i o n , by 
c h a n g i n g the p o s i t i o n o f b r a c k e t 65; 

- The c l e a r a n c e between t h e u n d e r s i d e o f b r a i l l i n g p i n s 25 and t h e s e l e c t i o n -
b l o c k s 31, by c h a n g i n g t h e p o s i t i o n o f beam 28 by means o f a s m a l l 
r o t a t i o n o f the a d j u s t m e n t e c c e n t r i c s ( p a r t n r 88) (Drawing 8.1.4); 

- The amount o f p r e l o a d on t h e ar m a t u r e s ( p a r t n r s 78) by r o t a t i o n o f t h e 

c l a m p i n g beam ( p a r t n r 89) around t h e p i n 88. T h i s a d j u s t m e n t i s f i x e d by 

t h e two b o l t s 91; 
- The p o s i t i o n o f t h e a r m a t u r e s w i t h r e s p e c t t o the p o l e f a c e s o f t h e 

e l e c t r o m a g n e t s 83, by r o t a t i o n o f t h e e c c e n t r i c p i n s 88 (Drawing 8.1.3); 
- The v e r t i c a l p o s i t i o n o f t h e s t r o k e o f the ar m a t u r e s can be changed by 

a r o t a t i o n o f t h e e c c e n t r i c b u s h i n g s i n which t h e camshaft b e a r i n g s a r e 
p l a c e d ; 

- When t h e main motor has been removed t h e p o s i t i o n o f b r a i l l i n g beam and 
b r a i l l i n g p i n s can be a d j u s t e d w i t h r e s p e c t t o t h e p o s i t i o n o f t h e 
s e l e c t i o n - b l o c k s . 

When t h e l i n e p r i n t e r s h o u l d be d i s a s s e m b l e d , f o r i n s t a n c e f o r i n s p e c t i o n o r 
i n o r d e r t o change p a r t s , t h i s i s p o s s i b l e i n d i f f e r e n t p h a s e s . A l l d i s 
assembly s t a r t s w i t h t h e removal o f t h e bottom p l a t e s and t h e n t h e removal 
o f the c a s e . The f r o n t p a n e l ( p a r t n r 58) remains c o n n e c t e d t o t h e p r i n t e r . 
The m e c h a n i c a l p a r t s o f t h e p r i n t e r can be removed as a whole o r i n d i f f e r e n t 
g r o ups. I n b o t h c a s e s t h e two main frame s i d e p l a t e s ( p a r t n r 2) can remain 
i n p l a c e , c o n n e c t e d t o each o t h e r and s t a n d i n g on t h e f o u r r u b b e r b l o c k s 87. 
Removal o f a l l m e c h a n i c a l p a r t s a t once can be a c c o m p l i s h e d a f t e r t a k i n g o u t 
the main motor and t a k i n g a p a r t a l l e l e c t r i c a l c o n n e c t i o n s between t h e 
m e c h a n i c a l p a r t s ( s w i t c h e s , magnets and motors) and t h e e l e c t r o n i c s . 
When t h e e i g h t b o l t s 140 a r e t a k e n o u t , t h e b u s h i n g s 141 can be removed and 
a l l m e c h a n i c a l groups can be t a k e n o u t as a whole. Only t h e p a p e r t r a n s p o r t 
s h a f t s , t r a c t o r s , b e l t and s t e p p e r m o t o r r e m a i n between t h e main frame s i d e 
p l a t e s . When t h e p u l l e y s from main s h a f t and camshaft and t h e main motor 
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a r e removed, t o g e t h e r w i t h t h e s w i t c h s u p p o r t 9, t h e c o m p l e t e assembly can 
be s h i f t e d 16 mm t o t h e o t h e r s i d e and l o w e r e d o u t o f t h e main frame. 

The second p o s s i b i l i t y f o r d i s a s s e m b l y i s t a k i n g o u t a l l p a r t s i n d i f f e r e n t 
g r o u p s . One such/a group c o n s i s t s o f b r a i l l i n g beam, b r a i l l i n g p i n s and 
p a p e r g u i d i n g n r 81 . T h i s group i s b o l t e d a g a i n s t t h e two subframe s i d e -
p l a t e s ( p a r t n r 138) by u s i n g f o u r b o l t s . I f t h e main motor has been t a k e n 
o u t , t h e c o m p lete subassembly can be removed i n a downward d i r e c t i o n . A f t e r 
t h i s t h e s e l e c t i o n subassembly can be removed, when t h e b o l t s c o n n e c t i n g 
t h i s a s s embly t o t h e f i x e d beam ( p a r t n r 47) have been l o o s e n e d . The b r a i l l i n g 
s ubassembly (main s h a f t , f i x e d beam and t h e two s i d e p l a t e s n r 31 can be 
removed l a s t . A l l p a r t s o f t h e p a p e r t r a n s p o r t mechanism ( s t e p p e r m o t o r , 
s h a f t s , t r a c t o r s , b e l t and p u l l e y s ) can be removed i n d i v i d u a l l y . 

The m i c r o p r o c e s s o r c a r d c a g e has been p l a c e d i n such a way t h a t a l l p r i n t e d 
c i r c u i t b o a r d s can be removed w i t h t h e cage s t a y i n g i n t h e p r i n t e r . W i t h t h e 
l i n e p r i n t e r c a s e removed, t h e s e b o a r d s can be drawn o u t t o t h e r i g h t (on 
Drawing 8 . 1 . 3 ) . A l l power s u p p l i e s can be r e a c h e d from t h e t o p ( w i t h t h e 
c a s e removed). 

7.3 T y p i c a l e t c h e d p a r t s . 

N o r m a l l y t h e m e t a l e t c h i n g t e c h n i q u e i s a p p l i e d t o m e t a l p a r t s t h a t a r e 
p a r t l y c o v e r e d by a c o a t i n g (the " r e s i s t " ! w h i c h s e l e c t i v e l y p r o t e c t s p a r t s 
o f t h e m e t a l a g a i n s t t h e a c t i o n o f an a c i d t h a t i s s p r a y e d a g a i n s t t h e p r o d u c t . 
I n t h i s way t h e c o v e r e d p a r t s r e m a i n , w h i l e t h e exposed p a r t s a r e d i s s o l v e d 
and washed away by t h e a c i d . By c o n t i n u o u s s p r a y i n g o f a c i d i t i s p o s s i b l e 
t o e t c h " t h r o u g h " a m e t a l p l a t e . T h i s can g i v e p r o d u c t s comparable t o t h o s e 
t h a t a r e punched from s h e e t m e t a l . The d i m e n s i o n a l a c c u r a c y o f t h e e t c h e d 
p r o d u c t can e a s i l y r e a c h a v a l u e e q u a l t o one h a l f o f t h e t h i c k n e s s o f t h e 
p l a t e . 
One way o f s e l e c t i v e c o v e r i n g o f t h e s h e e t m e t a l w i t h t h e a c i d - r e s i s t i n g 
c o a t i n g , i s u s i n g a m a t e r i a l t h a t p o l y m e r i s e s under t h e a c t i o n o f U l t r a 
v i o l e t r a d i a t i o n . The c o m p lete p r o d u c t i s c o a t e d - w i t h t h i s m a t e r i a l and i s 
exposed t o t h e U . V . - r a d i a t i o n t h a t f a l l s t h r o u g h a mask c o v e r i n g t h e c o m p lete 
p r o d u c t . A f t e r a c h e m i c a l development o f t h e c o a t i n g t h e unexposed p a r t s 
a r e n o t p o l y m e r i s e d and can be washed away w h i l e t h e exposed p a r t s form an 
e f f e c t i v e c o v e r i n g o f t h e s h e e t m e t a l a g a i n s t t h e a c t i o n o f t h e e t c h i n g a c i d . 
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The masks used d u r i n g t h e U.V. exposure can be made w i t h normal p h o t o g r a p h i c 
t e c h n i q u e s and may have r a t h e r c o m p l i c a t e d forms. 
As an example o f t h e p o s s i b i l i t i e s o f t h e m e t a l e t c h i n g t e c h n i q u e F i g . 25 
shows t h e masks t h a t were used f o r t h e f a b r i c a t i o n o f t h e s p r i n g s t e e l l e a f 
s p r i n g s ( p a r t n r 27) and t h e b r a i l l i n g d i e ( p a r t n r 2 8 ) . 

A O Q • J 

FIGURE 25 

Masks that are used during the metal etching process. 

The b l a c k p a r t s on t h e s e masks show t h e p l a c e s where t h e s p r i n g s t e e l 
s h e e t w i l l be i n c o n t a c t w i t h t h e a c i d and c o n s e q u e n t l y w i l l be e t c h e d away. 
The c i r c l e s i n t h e l e a f s p r i n g comb a r e n e c e s s a r y t o l e t two b o l t s p a s s 
t h a t c o n n e c t t h e two s t e e l p a r t s t h a t form t h e l e a f s p r i n g c l a m p i n g . The 
two s m a l l s t r u c t u r e s l e f t and r i g h t o f t h e s e two c i r c l e s a r e i n t e n d e d t o 
form a t r i a n g l e and a r e c t a n g l e w i t h f l e x i b l e s i d e s . The s i z e o f t h e s e 
f i g u r e s i s s u c h , t h a t t h e i n s c r i b e d c i r c l e s t h a t c a n be drawn i n them, a r e 
j u s t 0.1 mm s m a l l e r t h a n t h e d i a m e t e r o f t h e p o s i t i o n i n g p i n s o v e r w h i c h 
t h e y a r e p l a c e d i n t h e l i n e p r i n t e r . So t h e r e i s al w a y s a n e g a t i v e c l e a r a n c e 
between p i n s and t r i a n g l e r e s p . r e c t a n g l e , t h a t i s t a k e n up by b e n d i n g o f 
th e s i d e s o f t h e s e f i g u r e s . I n t h i s way i t i s n o t n e c e s s a r y t o m a i n t a i n 
an extreme t o l e r a n c e on t h e s i z e o f t h e s e h o l e s , what would be n e c e s s a r y 
i n o r d e r t o a c h i e v e a normal p r e s s f i t . The t r i a n g l e p o s i t i o n s one p o i n t 
o f . t h e l e a f s p r i n g comb? t h e r e c t a n g l e p r e v e n t s t h e r o t a t i o n a b out t h i s 
p o i n t . 
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The r e a s o n s f o r u s i n g t h e m e t a l e t c h i n g t e c h n i q u e here were: 
- The l i m i t e d q u a n t i t y o f p r i n t e r s t o be b u i l t ; 
- The f a c t t h a t t h e e t c h e d p r o d u c t i s n o t deformed by any f o r c e s d u r i n g 

e t c h i n g and so t h e e n d p r o d u c t i s f r e e o f s t r e s s e s ; 
- The i n t r i c a t e shapes o f t h e p r o d u c t s ; 
- And t h e f l e x i b i l i t y t h e d e s i g n e r has d u r i n g development t o change t h e 

form o f t h e p r o d u c t . 

7.4. P r a c t i c a l p r o t o t y p e e x p e r i e n c e s . 

T h i s c h a p t e r i s i n t e n d e d t o g i v e an i m p r e s s i o n o f the k i n d o f t e s t s t h a t 
were c a r r i e d o u t w i t h a l a b o r a t o r y p r o t o t y p e o f t h e b r a i l l e l i n e p r i n t e r and 
the (sometimes s u r p r i s i n g ) r e s u l t s o f t h e s e t e s t s . The p i c t u r e s 26 and 
27 were t a k e n o f t h e p r o t o t y p e w i t h w h i c h t h e t e s t s were c a r r i e d o u t . 

FIGURE 26 

The laboratory prototype of the l i n e p r i n t e r . 
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FIGURE 27 

The laboratory prototype of the l i n e p r i n t e r . 

7.4.1 M i s - a l i g n m e n t t e s t s . 

One o f t h e f i r s t t e s t s t h a t were p l a n n e d , was t h e one i n wh i c h t h e b r a i l l i n g 
beam was m i s - a l i g n e d on purpose w i t h r e s p e c t t o t h e p o s i t i o n o f t h e b r a i l l i n g 
p i n s . T h i s was done i n o r d e r t o v e r i f y t h e i n f l u e n c e on b o t h t h e b r a i l l e 
d o t q u a l i t y and on t h e b e a r i n g systems o f b r a i l l i n g beam and b r a i l l i n g p i n s . 
The t e s t s were c a r r i e d o u t w i t h the b r a i l l i n g beam s l i g h t l y o f f - s e t w i t h 
r e s p e c t t o t h e b r a i l l i n g p i n s , w i t h t h e c e n t e r l i n e s o f p i n s and c o r r e s p o n d i n g 
h o l e s i n t h e b r a i l l i n g beam r e m a i n i n g p a r a l l e l . The d i r e c t i o n o f t h i s 
o f f - s e t was chosen i n t h r e e d i f f e r e n t ways (see F i g . 28) t o s u b j e c t t h e 
b r a i l l i n g p i n b e a r i n g l e a f s p r i n g s t o d i f f e r e n t l o a d s : D i r e c t i o n A p r o d u c e s 
an e x t r a c o m p r e s s i o n i n the t o p - l e a f s p r i n g s , d i r e c t i o n B has a t w i s t i n g 
e f f e c t and) d i r e c t i o n C p r o d u c e s e x t r a t e n s i l e s t r e s s e s i n t h e t o p s p r i n g s . 

The t e s t s showed t h a t when t h e v a l u e o f t h e m i s - a l i g n m e n t d i d n o t exceed 
0.25 mm, no i n f l u e n c e c o u l d be d e t e r m i n e d on t h e shape o f t h e produced 
b r a i l l e d o t s . When t h e m i s - a l i g n m e n t i s l a r g e r t h a n 0.25 mm, t h e s i d e where 
th e c l e a r a n c e between p i n and h o l e i s a t i t s s m a l l e s t v a l u e s t a r t s c u t t i n g 
t h e p a p e r , p r o d u c i n g a b r a i l l e d o t w h i c h i s p a r t l y punched o u t o f t h e pape r . 
I n c r e a s i n g t h e m i s - a l i g n m e n t up t o 0.5 mm i n c r e a s e d t h i s p u n c h i n g e f f e c t 
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FIGURE 28 

Mis-alignment d i r e c t i o n s with respect to the b r a l l l l n g pin bearing 

springs. 

f u r t h e r , b u t d i d n o t damage t h e l e a f s p r i n g b e a r i n g s o f t h e p i n s . R e s t o r i n g 
t h e o r i g i n a l p o s i t i o n ( z e r o m i s - a l i g n m e n t l p r o d u c e d a b r a i l l e d o t o f t h e 
r i g h t shape a g a i n . The d i r e c t i o n o f t h e mis^-alignment had no e f f e c t on t h e 
above mentioned phenomena. 

7.4.2 J o i n t s between b r a l l l l n g p i n s and l e a f s p r i n g s . 

T h i s t e s t was s e t up t o d e t e r m i n e whether a " s n a p - a c t i o n " j o i n t was f e a s i b l e 
between b r a i l l i n g p i n s and t h e i r b e a r i n g s p r i n g s . 
The i d e a was t o produce b r a i l l i n g p i n s w i t h two g r o o v e s w i t h w i d t h s s l i g h t l y 

i 
l a r g e r t h a n t h e t h i c k n e s s o f t h e s p r i n g m a t e r i a l s . W i t h t h e ends o f each 
s p r i n g shaped l i k e i n F i g , 29? i t s h o u l d be p o s s i b l e t o push t h e p i n between 
t h e two b e n d a b l e p a r t s and "snap" them i n . 
A f t e r some r e s e a r c h i n o r d e r t o f i n d t h e b e s t f o r m o f t h e s p r i n g end t o 
l e t p a s s t h e p i n w i t h o u t p l a s t i c d e f o r m a t i o n and y e t g i v e maximum " g r i p " , 
a t e s t was s e t up t o d e t e r m i n e t h e r e l i a b i l i t y o f t h i s c o n n e c t i o n . F o r 
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FIGURE 29 

Shape of the spring ends for a "snap" j o i n t . 

t h i s p u r p o s e a s e t o f f o r t y p i n s was t e s t e d by moving them r e p e a t e d l y o v e r 
a s t r o k e o f 1.5 mm i n t h e d i r e c t i o n o f t h e i r c e n t e r l i n e . T h i s was done by 
c l a m p i n g t h e l e a f s p r i n g s and p u s h i n g t h e b r a i l l i n g p i n s away from t h e i r 
n o m i n a l p o s i t i o n by an o s c i l l a t i n g beam w i t h f o r t y p i n s mounted i n i t . The 
end s u r f a c e s o f t h e s e p i n s (each w o r k i n g t o g e t h e r w i t h one b r a i l l i n g p i n 
d u r i n g t h i s t e s t ) had d i f f e r e n t a n g l e s t o t h e c e n t e r l i n e o f t h e p i n s and 
d i f f e r e n t o r i e n t a t i o n s w i t h r e s p e c t t o t h e l e n g t h a x i s o f t h e l e a f s p r i n g s . 
T h i s was done t o i n t r o d u c e l o a d s i n a l l t h r e e d i r e c t i o n s o f F i g . 28. 
The t e s t i n d i c a t e d t h a t t h i s method o f c o n n e c t i n g l e a f s p r i n g and b r a i l l i n g 
p i n was n o t r e l i a b l e , because some p i n s worked l o o s e o f t h e i r r e s p e c t i v e 
s p r i n g s a f t e r a p p r o x i m a t e l y one m i l l i o n c y c l e s . The c o n n e c t i o n was t h e n 
made by j u s t e t c h i n g a round h o l e from t h e s p r i n g ends and t h e n g l u e i n g . 

7.4.3 C o n n e c t i o n between s e l e c t i o n b l o c k s and w i r e s p r i n g s . 

A c o n n e c t i o n t h a t gave some t r o u b l e i n t h e p r o t o t y p e phase was t h e one 
between t h e s e l e c t i o n b l o c k s and t h e w i r e s p r i n g s t h a t cause t h e i r movement 
( p a r t n r s 31 and 7 4 ) . 
O r i g i n a l l y t h i s j o i n t was made by g l u e i n g t h e s e p a r t s t o g e t h e r , u s i n g 
A r a l d i t e , a f t e r a h o l e had been d r i l l e d i n t h e s e l e c t i o n b l o c k w i t h a 
d i a m e t e r 0.1 mm l a r g e r t h a n t h e w i r e s p r i n g d i a m e t e r . T h i s p r o c e d u r e p r o v e d 
t o be u n s u f f i c i e n t however: Some b l o c k s were found b e n e a t h t h e i r o r i g i n a l 
p o s i t i o n , a f t e r a few h o u r s p r i n t i n g w i t h t h e p r o t o t y p e . A n a l y s i s r e v e a l e d 
t h a t a l w a y s t h e c o n n e c t i o n between g l u e and w i r e s p r i n g had f a i l e d , n e v e r 
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FIGURE 30 

Test set-up for pin-spring connections. 

t h e one between g l u e and s e l e c t i o n b l o c k . The cause f o r t h i s f a i l u r e was 
p r o b a b l y t h e v e r y smooth s u r f a c e o f t h e (drawn) w i r e s p r i n g . The p r o b l e m 
was s o l v e d by a s l i g h t e t c h i n g o f t h a t p a r t . T h i s e x t r a t r e a t m e n t s o l v e d 
t h i s p r o b l e m ; d u r i n g a l l l a t e r t e s t s a l l s e l e c t i o n b l o c k s remained i n p o s i t i o n . 

7.4.4 The p a p e r t r a n s p o r t system. 

S i 

time (ms) 

FIGURE 31 

Position of papertransport shaft vs.time during 5 mm step. 

(Optimized pulse sequence.) 
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T h i s s e c t i o n shows t h e i n f l u e n c e o f t h e p u l s e f r e q u e n c y t o t h e p a p e r t r a n s p o r t 
s t e p p e r m o t o r on t h e a c t u a l paper movement. F i g . 31 shows t h e p o s i t i o n o f 
t h e p a p e r t r a n s p o r t t r a c t o r s h a f t (pos.nr 36) as f u n c t i o n o f t i m e , when t h e 
st e p p e r m o t o r i s f e d w i t h t h e p u l s e sequence t h a t i s i n d i c a t e d i n t h e same 
f i g u r e . T h i s i s t h e s h a f t movement t h a t r e s u l t s a f t e r o p t i m i z i n g t h e p u l s e 
sequence f o r t h e 5 mm p a p e r t r a n s p o r t s t e p . F i g . 32 shows t h e s h a f t movement 
as f u n c t i o n o f ti m e when t h e i n t e r v a l t i m e s 4, 5 and 6 a r e t o o s h o r t : The 
motor s t a r t s l o o s i n g s t e p s and t h e accompanying paper advance i s s m a l l e r 
t h a n 5 mm. 

FIGURE 32 

Papertransport shaft position vs. time during 5 mm step. 

The n e x t two f i g u r e s show t h e 2.5 mm paper t r a n s p o r t movement; 
F i g . 33 shows t h e movement w i t h t h e o p t i m i z e d p u l s e sequence and F i g . 34 
shows what happens i f t h e p u l s e s a r e s p r e a d o v e r t h e a v a i l a b l e t i m e span 
f o r t h i s movement (15 ms). The motor s t o p s s h o r t l y a f t e r each p u l s e and 
t h i s p r o d u c e s e x t r a n o i s e and presumably e x t r a wear. From t h e s e f i g u r e s 
i t can be c o n c l u d e d t h a t t h e s t e p p e r m o t o r s t a r t s moving 2 ms a f t e r t h e 
f i r s t s t e p p u l s e , so i t needs a f i x e d " s y n c h r o n i z a t i o n advance" o f 2 ms. 
The optimum p u l s e sequences were d e r i v e d by i n d i v i d u a l l y c h a n g i n g each 
i n t e r v a l t i m e , s t a r t i n g w i t h t h e f i r s t , i n o r d e r t o e x p l o i t t h e maximum 
s t e p p e r m o t o r t o r q u e a t a l l m otorspeeds, r e s u l t i n g i n a c l e a n rotormovement 
w i t h o u t l o s i n g s t e p s and w i t h o u t o v e r s h o o t . 



FIGURE 33 

Papertransport shaft position vs. time during 2.5 mm step. 

0 2 4 6 8 10 12 14 16 18 
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n n n n 
FIGURE 34 

Papertransport shaft position vs. time during 2.5 mm step. 

7.4.5 The s e l e c t i o n system. 

To g e t an i m p r e s s i o n about t h e a c t u a l movement o f t h e s e l e c t i o n b l o c k s , t h e i r 
movement was r e c o r d e d by means o f a h i g h - s p e e d camera. The a n a l y s i s o f 
t h i s f i l m r e v e a l e d t h a t t h e movement o f the s e l e c t i o n b l o c k s was e x a c t l y 
a c c o r d i n g t o t h e c u r v e s o f b o t h cams on t h e cams h a f t . A d i f f e r e n c e c o u l d 
o c c u r f o r i n s t a n c e i n t h e duplex-movement d i r e c t i o n , because e v e r y e x t r a 
b e n d i n g o f t h e w i r e s p r i n g s caused by mass f o r c e s c o u l d c r e a t e e x t r a 
r e s o n a n c e s . However t h e t h i c k n e s s o f t h e w i r e s p r i n g s p r o v e d t o be s u f f i c i e n t 
t o p r e v e n t t h i s . 
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7.4.6 The d u p l e x system. 

F i g u r e 35 shows the system e m p l o y i n g two s o l e n o i d s t h a t was t e s t e d f o r t h e 
d u p l e x movement. The two s o l e n o i d s a r e a t t h e bottom o f t h e p i c t u r e and 
f i x e d t o t h e ( b l a c k ) f i x e d beam t h a t r u n s from l e f t t o r i g h t i n t h e m i d d l e 
o f t h e p i c t u r e . On t o p o f t h i s f i x e d beam t h e (aluminium coloured), d u p l e x -
beam and t h e two l e a f s p r i n g s t h a t form i t s b e a r i n g system can be seen. The 
l e a f s p r i n g c l a m p i n g s a r e a l s o c o n n e c t e d t o t h e f i x e d beam. The two p l u n g e r s 
o f t h e s o l e n o i d s a r e c o n n e c t e d t o each o t h e r by means o f a v e r y t h i n r o d 
(1 mm d i a m e t e r s t e e l w i r e ) . T h i s i s done t o g e t a c o n n e c t i o n t h a t i s s t i f f 
i n o n l y one d i r e c t i o n t o a v o i d a l i g n m e n t problems between t h e d i r e c t i o n s o f 
th e p l u n g e r movement and t h e duplex-beam movement. A s l i g h t m i s - a l i g n m e n t i s 
t a k e n up by b e n d i n g o f t h i s ( s p r i n g s t e e l ) w i r e . Clamped t o t h e m i d d l e o f 
t h i s w i r e i s t h e c o n n e c t i o n r o d t o t h e duplex-beam. T h i s e n a b l e s an easy 
a d j u s t m e n t o f t h e symmetry o f t h i s d r i v e system. 

FIGURE 35 

Solenoid driven duplex system in the laboratory prototype. 

F i g . 36 shows t h e d i s p l a c e m e n t o f t h i s system as a f u n c t i o n o f t i m e . T h i s 
r e c o r d i n g was made u s i n g a camera t h a t " l o o k s a t " a b l a c k - w h i t e t r a n s i t i o n 
on t h e moving o b j e c t and g i v e s an e l e c t r i c a l o u t p u t v o l t a g e t h a t i s p r o 
p o r t i o n a l t o t h e p o s i t i o n o f t h e b l a c k - w h i t e t r a n s i t i o n . 
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By c h a n g i n g t h e s p r i n g r a t e o f t h e l e a f s p r i n g b e a r i n g o f t h e duplex-beam i t 
was t r i e d t o a c h i e v e a smooth f a s t movement, b u t as s t a t e d e a r l i e r , t h i s was 
n o t s u c c e s f u l l . 

v o l t a g e a c r o s s one s o l e n o i d 
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FIGURE 36 

Displacement of the solenoid driven duplex system vs. time. 

7.4.7 N o i s e p r o d u c t i o n . 

The e l e m e n t s i n t h e b r a i l l e l i n e p r i n t e r t h a t appeared t o be t h e n o i s i e s t 
d u r i n g t h e f i r s t r u n s w i t h t h e p r i n t e r , were t h e c a m - f o l l o w e r c o m b i n a t i o n s 
f o r s e l e c t i o n movement and d u p l e x movement. T h i s was c a u s e d by t h e r e m a i n i n g 
g r o o v e s o f t h e m a n u f a c t u r i n g p r o c e s s ( m i l l i n g l on t h e cams. W i t h t h e h i g h 
speed o f t h e s e cams t h i s p r o d u c e d a c l e a r l y a u d i b l e n o i s e . T h i s n o i s e was 
g r e a t l y r e d u c e d by p o l i s h i n g t h e cams and t h e a p p l i c a t i o n -of g r e a s e on t h e 
c o n t a c t i n g s u r f a c e s . A f u r t h e r r e d u c t i o n o f t h e p r o d u c e d n o i s e was a c h i e v e d 
by c o v e r i n g t h e i n s i d e o f t h e l i n e p r i n t e r c o v e r p l a t e s w i t h a 3 mm t h i c k 
foam l a y e r . A n o t h e r n o i s e s o u r c e i s t h e p a p e r t h a t i s h i t d u r i n g each c y c l e 
o f t h e l i n e p r i n t e r by t h e o s c i l l a t i n g b r a i l l i n g ^ - b e a m . No measures were 
t a k e n t o cope w i t h t h i s n o i s e . Even i n t h e u n c o v e r e d p r o t o t y p e v e r s i o n t h e 
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n o i s e seemed t o l e r a b l e f o r a p i e c e o f o f f i c e equipment. 

7.4.8 Wear a t c o n t a c t s u r f a c e s . 

A f t e r p r i n t i n g about 12000 l i n e s t h e l i n e p r i n t e r was p a r t l y d i s a s s e m b l e d 
t o l o o k a t t h o s e p l a c e s where wear c o u l d be e x p e c t e d . 
The s u r f a c e s o f the cams were "run i n " b u t showed no wear. So was t h e b r a i l l i n g -
beam a t t h e p l a c e s where t h e r o l l e r s ( p a r t n r 4) had been i n c o n t a c t w i t h i t : 
L o c a l l y t h e m a n u f a c t u r i n g g r ooves were " r o l l e d o u t " y i e l d i n g a f l a t s h i n y 
s u r f a c e , b u t no wear c o u l d be d e t e c t e d . The same can be s a i d o f t h e w o r k i n g 
s u r f a c e s o f s e l e c t i o n b l o c k s and f i x e d beam ( p a r t n r 4 7 ) . (The s e l e c t i o n b l o c k s 
were hardened t i l l HRC 58, w h i l e t h e s u r f a c e o f t h e f i x e d beam was n o t t r e a t e d . ) 
Between t h e s l i d i n g s u r f a c e s some MoS2-powder ("Molykote") had been a p p l i e d 
as a l u b r i c a n t . 
F u r t h e r t e s t i n g w i t h t h e b r a i l l i n g p i n s and the b r a i l l i n g - b e a m was c o n t i n u e d 
t i l l t h e e q u i v a l e n t o f 300.000 l i n e s was p r i n t e d . Then t h e form o f t h e 
t o p s o f t h e b r a i l l i n g p i n s was compared w i t h t h e i r o r i g i n a l form w i t h t h e 
a i d o f a p r o f i l e p r o j e c t o r . No d i f f e r e n c e w i t h t h e o r i g i n a l c o u l d be s p o t t e d . 
The same h o l d s f o r t h e edges o f t h e h o l e s t h a t work t o g e t h e r w i t h t h e 
b r a i l l i n g p i n s t o form t h e b r a i l l e d o t s ( p a r t n r 2 1 ) : t h e edges were s t i l l 
s h a r p . 

F i g . 37 shows a s e t o f b r a i l l i n g p i n s t h a t was used i n t h i s t e s t . 

FIGURE 37 

A set of b r a i l l i n g pins used in the tests. 
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FIGURE 38 

Typical holes from b r a i l l i n g die (partnr 21) before use. 

FIGURE 39 

Typical holes from the b r a i l l i n g die (partnr 21) after 

b r a i l l i n g 300,000 l i n e s . 



APPENDIX. 

M e c h a n i c a l e n g i n e e r i n g d r a w i n g s . 
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DRAWING 8.1.3 

B r a i l l e l i n e p r i n t e r assembly. 
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DRAWING 8.1.4 

B r a i l l e l i n e p r i n t e r assembly. 





- - 1 "T ~| KCHM-BUI lUnfLHIt IHILKHtSS 1,5" HL 41 T~ CONNECTION ROD AL 
Sí 1 CONNECTING BEAM AL 42 4 SPRING FASTENING PIN *4x1S~ ST 50 
37 1 PARTITION PLATE THICKNESS 0-5 SPRING STEEL 41 1 CAMSHAFT ST 50 

96 1 LE ft F SPRING THICKNESS 0,S SPRING STEEL 40 1 RADIAL CAM ST 

95 1 CONNECTING BEAM 115x430 ¡AL 39 2 GUIDING SPRING DUPLEXBEAM THICKNESS 0,4 SPRINGSTEEL 

3 4 1 SUPPORT PLATE ELECTRONICS THICKNESS 0,5 ST 38 1 DUSTCOVER \ THICKNESS 0,l\siLICONE RUBBER 

9 3 1 MOUNTING PLATE AL 37 1 PA'PERSUPPORT PLATE, RIGHT THICKNESS 1 AL . TEFLOli COKTiD 

92 1 TIMING DISK AL 36 1 MAINSHAFT PAPERTRACTION ¡DEC 7*, -11075-00 

91 2 CSLINDER HEADSCPEW 114x18-NEN 1241 35 1 PAPERSUPPORT PLATE, LEFT THICKNESS! AL. TEFLOtl COftTEb 

90 1 CLAMPING BLOCK ST SO 34 2 PAPERTRACTOR I BEC 12-11662 -M/05 

as 1 CLAMPING iifll 1 ST SO 33 1 DUPLEXBEAM L-20x15x3x320 AL 

SB 4 ADJUSTING ECCENTRIC AL 32 •4 GUIDING PLATE THICKNESS Oi SPRINGSTEEL . 

87 4 SUPPORT RUBBER ERIKS VIBR0ST0P 2062 um.B 31 40 SELECT/ONBLOCK sr HRC: 58 
86 1 CONNECTING BEAM 4 is um I 30 1 DAMPING RUBBER THICKNESS Of 

S5 1 MOUNTINQBEAM SELECT I0NMAGNETS L 30x20,6,370 AL 29 1 SUPPORTROD FOR PAPERTRACTORS DEC 74-1/076-00 

S'i 4 LEAF SPRINGC0M8 \ SPRINGSTEEL \ 28 1 STOPBEAM ST50 

33 4 0 SELECTION MAGNET HARTING 08 01501 0107 27 4 COMB OFLEAFSPRINGS THICKNESS 0,2 SPRINGSTEEL 

143 10 CYLINDER HEÑ0 SCREW Mix IS NEN 1241 32 4 STIFFENING PLATE THICKNESS 0-2 SPRING STEEL 26 1 U-PROFILE 10x10x15x370 AL 

m 1 SPRING FASTENING PLATE THICKNESS 1 AL 31 1 PAPERFEED GUIDING AL .mSILC Tl FLOM COATED 15 80 BRAILLING PIN STAINLESS STEEL 

14 1 s DISTANCE TOBE \ AL 30 2 FOLLOWER INA KR 16 PP 14 1 PAPER GUIDING PLATE THICKNESS 1 AL TEfLO/V COMED 
HO s CHLINDER HEAD SCREW MSxbO.NEU 1241. 79 1 PRESSING BEAM L 20x20x3x250 AL 23 1 T-PROFILE ¡10x9,3,370 AL 

139 1 HELICfíL SPRING | <* 1,4 LENGTH37 « TURNS »S SPRING STEEL 73 4 0 ARMATURE SOFT IRON 22 4 PAPERLIFTING PLATE THICKNESS 0,2 SPRINGSTEEL 

na 2 SIDEPL RTE SUBFRAME RL 77 1 CLAMPING BLOCK ST50 11 4 BRAILLING DIE THICKNESS 0,1 SPRING STEEL 
137 1 FOLLOWER INR KR ib ?P 76 40 SETSCREW A -MSxS-NEN 2343 20 7 PAPERGUIDING »1,5 STAINLESS STEEL 

136 1 AXIAL CAM sr 75 1 MOUNTING BEAM 5ELECTIÔNMAGNETS AL 19 7 WASHER A-3,2-NEN2269-ST 

13? 1 DUST SEHL *5 SPONGE RUBBER 7k 4 0 WIRESPRING tOfi SPRING STEEL 18 7 CHLINDER HEAD SCREW M 3x10 ST 

«•í 2 ROD RL 73 1 CLAN PING STRIP AL 17 l CONNECTING BLOCK \ AL 

133 1 PIN RS MOUNTING RID 05x 30 srso 72 T CLAMPING BEAM BRAILLW6, PINS AL 16 2 SPRINC FASTENING PIN 94x20 ST SO 

132 7 CHL INDER HERD SC RE W 714x20 NEN 12*1 71 1 CONNECTING PLATE ST50 15 1 BRAILL ING BEAM, FRONT PART ST 50 

131 2 BALANCING MASS sr 50 70 2 CONNECTING BLOCK AL 14 2 HELICAL SPUING 0 1,8 LENGTH35 10 TURNS 012 SPRINGSTEEL 

130 2 BALL S ERR/NC SKF 6001-IPS 63 1 CLAMPING STRIP ST 50 13 6 CONVEX HEAD SCREW M4x15 \S TAINLESS STEEL 

m 2 ADJUST INC RING ST 50 68 1 MOUNTING PLATE AL 12 1 MICROSWITCH ROBERTSHAW 1CMD 1 - I8AXX - All - 45 

HS 4 SET SCREW A-M4t10- NEN 2343 67 2 DISTANCE BLOCK AL 11 1 TOPBEAM BRAILL IHGFRAME AL 

127 1 tl RIN no TUR CONDENSER ajiF- ¡,oo V 66 2 DISTANCE BLOCK AL 10 2 OPTICAL SWITCH | MONSANTO MCA SI 

126 1 PUL LEU VAN GELDER 21 U 037 OF 65 1 TENSION PULLEH BRACKET AL 9 1 SUPPORT FOR OPTICAL SWITCHES AL 

12S 1 Tiff/Ni BELT YAH GELDER 5Ù XL 64 1 CLAMPING BLOCK ST SO a 1 BRAILLING BEAM , CENTRE PART AL 

724 1 PAPER ADJUSTING KNOB rïYLOH 63 1 SWITCH SUPPORT THICKNESS 1 AL 7 2 SPRING FASTENING PIN 04x25 ST 50 

113 1 PUL LEU VAN GELDER 1D XL 0376F 62 4 GUIDING LEAFSPRING BHHILLINGBEAM THICKNESS 0,6 SPRINGSTEEL 6 1 BRAILLING BEAM, REAR PART ST 50 

iL! 1 LOCKING PIN ST SO 61 1 CONNECTING ROD * 15 X 430 AL 5 1 MAIN SHAFT ST50 

121 1 CONNECTING BUSH RL 60 1 BOTTOMPLATE THICKNESS 1,5 AL U 2 ROLLER SKF 361204 

120 1 PULLEH VAN GELDER 60 XL 037 6A 59 4 SELF-TAPPING SCREW 43x12 3 2 BRAILLIHGFRAME SIDEPLATC AL 

113 1 TENSI0U PULLEH SPINDLE RL 58 / SWITCH BOARD THICKNESS 1 AL 2 2 MAINFRAME PLATE AL 

IIB 1 TENSION PULLEH AL 57 / MAIN MOTOR PAPST KLZ 42.60 -28 204 1 1 CASE PUR -FOAM 

117 1 TIMING BELT VAN GELDER 107 XL 56 4 FAS TENINGBLOCK FOR CASE AL STUK Nr. AANTAL OMSCHRIJVING AFMETINGEN MATERIAAL OPMERKING 

116 1 PULLEH VAN GELDER 30 XL 037 6 F SS ; POWER SUPPLH MICROPROCESSOR INTEL SBC-630 SCHAAL: DATUM 

Iii 1 PULLEH VAN GELDER 20XL037 6F 54 i BLOWER GET.: N.R.KEMPER 1978-12 

m 1 DUST SEALING STRIP 45 SPONGE RUBBER 53 f POWER SUPPLY CARD S TEPPERM0T0R GEC: wfsruwo 
103 2 ECCENTRIC BUSHING AL 52 1 CONTROL PCB STEPPERMOTOR GEZ.: BEWERKINGSTEKENS VOLGENS NEN 3637 103 2 ECCENTRIC BUSHING AL 52 1 CONTROL PCB STEPPERMOTOR 

BENAMING: 

Braille lineprinter 3 
OMSCHRIJVING DATUM PA RAAI 

107 1 PIN 43x250 ST 51 1 SUPPLH TRANSFORMER SELECTI0NMAGNET3 
BENAMING: 

Braille lineprinter 3 
OMSCHRIJVING DATUM PA RAAI 

107 1 PIN 43x250 ST 51 1 SUPPLH TRANSFORMER SELECTI0NMAGNET3 
BENAMING: 

Braille lineprinter 3 106 40 BLOCK THICKNESS 1 SPONGE PUBBEe 50 1 STEPPERMOT0R BERGER RDM 569/SO 

BENAMING: 

Braille lineprinter 3 
105 1 STRIP THICKNESS 1 SPONGE RUBIER 49 i POWERSUPPLH PCB SELECTIONMRGNETS 

BENAMING: 

Braille lineprinter 3 
101, 1 PLATE THICKNESS 1 STAINLESS STEEL 4 « 2 MOUNTING BLOCK AL 

BENAMING: 

Braille lineprinter 3 

103 4 CHL IN DEP HEAD SCREW Ml x5-NEU 1241 4 7 1 FIXED BEAM ST SO n l i VAKGROEP 
1-1 i l pi I WERKTUIGBOUWKUNDIGE 
I 1 LI LI PRODUCTIETECHNIEKEN. 
U SECTIE: FMT 

FORMAAT TE K.Nr. 

101 11 CYLINDER HEAD SCREW M3xB'-NEN1241 4 6 2 CONNECTING BLOCK AL 
n l i VAKGROEP 

1-1 i l pi I WERKTUIGBOUWKUNDIGE 
I 1 LI LI PRODUCTIETECHNIEKEN. 
U SECTIE: FMT 

FORMAAT TE K.Nr. 

101 4 CONNECTINQ'PLSTE\THICKNESS 0,5 ST 45 Z HELICAL SPRING 01,6 LENGTH 29 13 TURNS IÁ 9 SPRING STEEL 

n l i VAKGROEP 
1-1 i l pi I WERKTUIGBOUWKUNDIGE 
I 1 LI LI PRODUCTIETECHNIEKEN. 
U SECTIE: FMT 

FORMAAT TE K.Nr. 

100 1 MICROPROCESSOR CARDCAGE INTEL SBC 604 44 12 CLAMPING BLOCK 1 ST 50 

n l i VAKGROEP 
1-1 i l pi I WERKTUIGBOUWKUNDIGE 
I 1 LI LI PRODUCTIETECHNIEKEN. 
U SECTIE: FMT A ANT. BLADEN : ¡ BLAD Nr. 

B r a i l l e l i n e p r i n t e r p a r t s l i s t . 





8.2. S c h e m a t i c s o f t h e e l e c t r o n i c hardware. 
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DRAWING 8.2.1 

Components on expansion board. 
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C o n t r o l s o f t w a r e f l o w c h a r t s . 



S T A R T O F 
A L L P R I N T E R 
O P E R A T I O N 

R E S E T 

D I S A B L E 
I N T E R R U P T S 

" T A P E " 
" T E S T " 
" T O F " 
" S . L I N E " 

I N T E R R U P T 
T I M E R 1 

" T I M E R 1 " F U N C T I O N S - S Y N C H R O N I Z A T I O N A F T E R M O T O R S T A R T , 
- M O T O R S T O P , 
- P R E S E N T L A S T L I N E I N R E A D A B L E P O S I T I O N , 
- R E S T O R E I N I T I A L P A P E R P O S I T I O N 

B E F O R E N E W P R I N T I N G O C C U R S . 

o -
" R E A D Y " 

I N I T I A L I Z E 
T I M E R S & 
I / O - P O R T S 
PRSTA:=0 

P R O G R A M 
I N T E R R U P T 

C O N T R O L L E R 

E N A B L E 
I N T E R R U P T S 

R E S T O R E 
/ ' . P - S T A T U S 
& R E T U R N 

D E T E C T 
W H I C H 

S W I T C H 

S T O R E 
I N F O R M A T I O N 
I N " S W I T C H 

S T A T U S " 

P A P E R 
P R E S E N T ? 

PRSTA :=0 

R E S T O R E 
M P - S T A T U S 
& R E T U R N 

2 L I N E S 
P A P E R -

T R A N S P O R T 
( F O R W A R D ) 

P R S T A : = 3 

3 L I N E S 
P A P E R -

T R A N S P O R T 
( R E V E R S E ) 

1 L I N E 
P A P E R -

T R A N S P O R T -
( F O R W A R D ) 

P R S T A : = l 

P R S T A : =0 

D I S A B L E 
I N T E R R U P T S 

W A I T T I L L 
P U L S E F R O M 

D I O D E 1 

S Y N C H R O N I Z E 
D I O D E 2 ; 

S T A R T T I M E R 1 
4 S E C S 

E N A B L E 
I N T E R R U P T S 

P R S T A : = 1 

I 

B r a i l l e l i n e p r i n t e r d r i v e r - F l o w c h a r t 1. 



"PRINT 7x4 TESTLINES OF 40 CHARACTERS" 

NO 

TRANSPORT 
TIL L TOP OF 
NEXT PAGE 

TRANSPORT 
ONE LINE; 

TEST-
COUNTER : =7 

PAPER 
PRESENT? 

C:=4 

TCOUNTER-1 

1 
B r a i l l e l i n e p r i n t e r d r i v e r - F l o w c h a r t 2. 
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'TAPE" "PRINT DATA FROM FACIT 4022 TAPEREADER" 

B r a i l l e l i n e p r i n t e r d r i v e r - F l o w c h a r t 3. 
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LIGHT 
•FORMAT-
ERROR" 

START 
TIMER 1 

TO 
STOP MOTOR 

STORE 
CHARACTER 

IN 
READBUFFER 

INCREASE 
CHCNT 

YES 

CLEAR 
READBUFFER 

0 

TRANSPORT 
TILL TOP OF 
NEXT PAGE 

SHIFT CHARS 
FROM 

READBUFFER TC 
PRINTBUFFER 

CLEAR 
READBUFFER 

CHCNT: =0 

PRBRE:=1 

B r a i l l e l i n e p r i n t e r d r i v e r - F l o w c h a r t 4. 
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"CHECK POSITION 
OF DUPLEX BEAM & 
SWITCH MAGNETS" 

f INTERRUPT \ 
l DIODE 2 J 

STORE 
PRESENT 

pP-STATUS 

DI02:=0 

NO 
PRBRE=1 2 

]YES 

PRBRE:=2 
PCYC:=1 

ASSEMBLE 
OUTPUT BYTES 
FOR DOTS 1 

DUL:=0 

RESTORE 
pP-STATUS 
& RETURN 

B r a i l l e l i n e p r i n t e r d r i v e r - F l o w c h a r t 5. 



(INTERRUPT \ "SYNCHRONIZATION OF START OF PAPERTRANSPORT" 
DIODE 1 ) 

STORE 
PRESENT 

HP-STATUS 

TP4:=3 
START TIMER i 
FOR 1,9 MS 

NO 

RESET 
DIRECTION 

BIT: 
"REVERSE" 

SEND OUT 
STEP PULSE/ 

'+ DIRECTION/ 
BIT 

START TIMER 
FOR 

RESET 
STEP PULSE 

RESTORE 
/!P-STATUS 
& RETURN 

SET 
DIRECTION 

BIT: 
"FORWARD" 

TP8:=7 
START TIMER 0 

1,5 MS 

B r a i l l e l i n e p r i n t e r d r i v e r - F l o w c h a r t 6. 



INTERRUPT 
TIMER 0 

STORE 
PRESENT 

p- P- STATUS 

r

'SEND OUT 
STEP PULSE) 

+ DIRECTION/ 
B I T 

YES 

R ESET SET 
D IRECTION DIRECTION 

BI T : B I T : 
"REVERSE" "FORWARD" 

YES 
TP4=^ 

YES 

YES 

NO 
DECREASE 

TP4 ; 
START TIMER 0 

1,8 MS 

RESTORE 
JHP- STATUS 
& RETURN 

TP8:=0 

TP4:=0 

DECREASE 
TP8 ; 

START TIMER <p 
1,5 MS 

I 

DECREASE 
TP8 ; 

START TIMER 4 
1,3 MS 

B r a i l l e l i n e p r i n t e r d r i v e r - F l o w c h a r t 7. 
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8.4. L i n e p r i n t e r t i m i n g diagram. 
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(mm) 

(mm) 

(mm) 

(mm) 

1 

90 18BL 270 /360 , . . / (degrees) 

/ ,. 0,5 mm play 

• 

b r a i l l i n g 

(above selection blocks) 

210 230 

Braillingbeam position vs. printshaft 
position 

310 330 

Armature pushingbeam position vs. printshaft 
position 

200 320 (degrees) 

5,5 i s 

2Cp 

magnetic f i e l d b u i l t up 
switching moment selection magnets 

(degrees) 

not selected magnets returned 

duplexbeam l e f t 

Position duplexbeam vs. angula 
position of printshaft 

180 
(540) 

360 (degrees) 
(720) 

Paperposition vs. time 

"Diode 1" pulses vs. angular 
position of printshaft 

DIO 2 = 1 ,DI0 2 = 0 "Diode 2" pulses 
vs. printshaft 

position 

switching moment selection magnets 

300 < 

po s i t i 
(degrees) 
on check duplexbeam 

U 
-p c •rl 
u ft dJ 
c 
•H 

•H 

o> fS •H 13 
<B S 
•H 
EH 

4-1 
a 
Q 0 
H 
ft 
iñ 
•H 
O 
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8.5. The b r a i l l e code f o r t h e Dutch language. 

• • • • • • am • • • • • • *• • • • • • • 

a b C d e f g h 

• • • • • • • • • • • • • • 
• • 
• • • • • • 

• • 
• • - • • • •• 

k 1 m n o P q r s t 

• • • • 
• • 

• o • • •• 
• • 

• • 
• • 

u V W X y z 

• • •• •• • -•• •• «. .» • • • • • • . • 

Samentrekkingstekens: 

ch ij oe sch 

Leestekens: 

«• •• •• •• •• •• •• •• •• 
• • •• •• •• •• •• •• •• 

* » 

? ! ( ) 

Deel- en accenttekens: 

• • •• •• • • • • • • • • • • • • • • • • •• •• •• •• • • • • • • • • • • • • • • • • • • • • • • ä ë ï ö ü â ê î ô û à è i ô ù Ç é 

Bijzondere tekens: 

cijferteken § ook exponent versregelteken / 

• • • • 

apostrofe - cursiefteken klemtoonteken herstelteken hoofdletterteken 

Cijfers: 
• • • • • • 

• • • • 
• • 

• • 
• • 

• • • • • • 
• • 

• • 
• * 

• • « • • • • • • • • • 

1 2 3 4 5 6 7 8 9 0 



8.6. C a l c u l a t i o n o f t h e d e f o r m a t i o n s t h a t o c c u r i n t h e l i n e p r i n t e r d u r i n g b r a i l l i n g . j 

The b r a i l l i n g o f a c y c l e w i t h a l l f o r t y d o t s s e l e c t e d , p r o d u c e s t h e l a r g e s t 
d e f o r m a t i o n s i n t h e b r a i l l i n g frame. The p a r t s t h a t show t h e l a r g e s t 
d e f o r m a t i o n a r e t h e main p r i n t e r s h a f t ( p a r t n r 3 ) , t h e b r a i l l i n g beam ( p a r t n r 
6, 8 and 15) and t h e f i x e d s u p p o r t beam ( p a r t n r 4 7 ) , because t h e y a r e s u b j e c t 
t o b e n d i n g . 
T h i s means t h a t t h e d o t h e i g h t depends on t h e number o f b r a i l l e d o t s t h a t a r e 
p r i n t e d s i m u l t a n e o u s l y . D e f o r m a t i o n o f t h e main p r i n t e r s h a f t d e c r e a s e s t h e 
h e i g h t a t t h e same r a t e f o r a l l d o t s t h a t a r e p r i n t e d d u r i n g one c y c l e . 
B e n d i n g o f t h e b r a i l l i n g beam and o f t h e s u p p o r t beam d e c r e a s e s t h e h e i g h t 
o f t h e d o t s i n t h e m i d d l e o f a l i n e m o s t l y . 
An e s t i m a t e o f t h e amount o f h e i g h t r e d u c t i o n caused by t h e s e d e f o r m a t i o n s 
can be o b t a i n e d as f o l l o w s : 
I f a l l f o r t y s e l e c t i o n b l o c k s a r e i n t h e i r a c t i v e p o s i t i o n t h e t o t a l f o r c e 
a c t i n g on t h e b r a i l l i n g beam e q u a l s 800 Newtons. T h i s f o r c e i s e v e n l y 
d i s t r i b u t e d o v e r b o t h r o l l e r s . 

I 

R o l l e r 
B a l l b e a r i n g 

M 
ET T 

FIGURE 8.6.1 

Forces acting on the p r i n t e r main shaft. 

Because t h e d i s t r i b u t i o n o f t h e l o a d i s s y m m e t r i c a l w i t h r e s p e c t t o t h e 
m i d d l e o f t h e main p r i n t e r s h a f t , t h e r e l a t i v e d i s p l a c e m e n t o f t h e p o i n t s 
o f a p p l i c a t i o n o f t h e f o r c e s F can be c a l c u l a t e d as f o l l o w s : 
The s h a f t i s t h o u g h t t o be clamped i n i t s m i d d l e and o n l y one h a l f i s 
c o n s i d e r e d : 
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FIGURE 8.6.2 

Forces acting on p r i n t e r main shaft. 

F o r 0 < x < : B = E I j 
x i < x < X2 : B = El2» i n w h i c h 

B = b e n d i n g s t i f f n e s s (Nmm2) 
E = Youngs modulus (N/mm2) 
I = e q u a t o r i a l moment o f i n e r t i a (mm4) 

T a k i n g t h e p o s i t i v e Y - a x i s downwards 

y ( x 2 ) - y ( x 1 ) = 
F ( x 2 - x 1 ) 3 F ( x 2 - x 1 ) 2 - x 1 

+ 
3EI' E I , 

(8.6.1) 

w i t h F = 400 N 
145 mm 
190 mm 

x l 
x„ 
B 1 = 2,1-10=- £ 3 5 4 = 1,55 - 1 0 1 0 Nmm2 

= 2,1-10 5- - ^ r • 2 4 4 = 3,42-10 9 Nmm2, 64 

t h i s y i e l d s : y ( x 2 ) - y ( x ^ ) = 11,1 ym. 

So d u r i n g b r a i l l i n g o f 40 d o t s t h e r e l a t i v e p o s i t i o n o f r o l l e r s and main 
s h a f t b e a r i n g s changes 11 pm i n t h e d i r e c t i o n o f t h e w o r k i n g l i n e s o f t h e 
f o r c e s F. 
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The l o a d s on t h e b r a i l l i n g beam a r e s k e t c h e d i n t h e n e x t f i g u r e : 

FIGURE 8.6.3 

Loads acting on b r a i l l i n g beam. 

The two f o r c e s F a r e e x e r t e d by t h e r o l l e r s on t h e b r a i l l i n g beam, t h e 
u n i f o r m l o a d q i s a model f o r t h e f o r t y f o r c e s e x e r t e d by t h e b r a i l l i n g p i n s . 
W h i l e a l l l o a d s a r e s y m m e t r i c a l w i t h r e s p e c t t o t h e m i d d l e o f t h e beam, 
a g a i n t h e beam can be t h o u g h t clamped i n t h e m i d d l e because t h e r o t a t i o n o f 
t h e beam t h e r e i s z e r o . 

The d e f l e c t i o n o f t h e end o f t h e b r a i l l i n g beam w i t h r e s p e c t t o i t s m i d d l e 
i s g i v e n by: 

- q x . 4 F ( x 2 - x 1 ) x 1
2 F X j 3 F ( x 2 - x 1 ) 3 q x ^ ^ - x ^ 

y ( x 2 ) = + + + + 
3EI E I 3EI 3EI 6EI 

F ( x -x ) x. 
, (8.6.2) 

E I 



F 

FIGURE 8.6.4 

Loads acting on brallling^beam. 

w i t h : F = 400 N 

X j = 120 mm 
= 145 mm 

q = 3 , 3 3 N/mm 

B = 1 , 2 7 - 1 0 1 0 Nmm2, t h i s y i e l d s : 

y ( x 2 ) = 23 ym. 

U s i n g t h e same model f o r t h e c a l c u l a t i o n o f t h e maximum d e f l e c t i o n o f t h e 

f i x e d s u p p o r t beam, w i t h 

= 120 mm 
x 2 = 190 mm 
g = 3,33 N/mm 

B = 1,6-10 1 1 Nmm2, t h i s y i e l d s : 

y ( x 2 ) = 4,8 y.m. 
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So t h e maximum r e d u c t i o n o f ' t h e d o t h e i g h t amounts t o 4 .8 + 23.0 + 11.1 = 33.9 ym. 
T h i s r e m a i n s w e l l below t h e l i m i t o f 50 ym t h a t was s e t i n t h e s p e c i f i c a t i o n s . 

8 . 7 . S e l e c t i o n o f s t e p p e r m o t o r . 

The u s u a l p r o c e d u r e t h a t s t e p p e r m o t o r m a n u f a c t u r e r s s u g g e s t f o r t h e s e l e c t i o n 
o f t h e i r m o t o r s , i s t o assume t h a t t h e s t e p p e r m o t o r can d e l i v e r a c o n s t a n t 
t o r q u e o v e r i t s u s e f u l l speed r a n g e . N o r m a l l y e l e c t r i c s t e p p e r m o t o r s have a 
t o r q u e v e r s u s speed c h a r a c t e r i s t i c i n wh i c h t h e t o r q u e d e c r e a s e s w i t h 
i n c r e a s i n g speed (because o f t h e i n c r e a s i n g i n f l u e n c e o f c o i l i n d u c t a n c e s 
w i t h h i g h e r s w i t c h i n g r a t e s ) . , so t h e v a l u e o f t h e t o r q u e t h a t a p p e a r s i n 
t h e c a l c u l a t i o n s i s t h e t o r q u e t h e motor can d e l i v e r a t t h e h i g h e s t speed 
t h a t o c c u r s d u r i n g t h e movement. 

Speed ( l o g . s c a l e ) 

FIGURE 8.7.1 

General performance curve for an e l e c t r i c s-teppermotor. 

I f f o r i n s t a n c e f ^ i s t h e h i g h e s t f r e q u e n c y t h a t o c c u r s d u r i n g t h e movement 
o f t h e s t e p p e r m o t o r (the movement b e i n g c a l c u l a t e d assuming a c o n s t a n t 
a c c e l e r a t i o n and a c o n s t a n t d e c e l e r a t i o n ) , t h e n T^ i s t h e t o r q u e used i n 
t h e c a l c u l a t i o n o f a c c e l e r a t i o n and d e c e l e r a t i o n t i m e s . T h i s means t h a t 
d u r i n g a c c e l e r a t i o n and d e c e l e r a t i o n a p a r t o f t h e s t e p p e r m o t o r power i s n o t 
a c c o u n t e d f o r i n t h i s method o f c a l c u l a t i o n . I f t h e movement t h a t t h e 
s t e p p e r m o t o r must g e n e r a t e , c o n s i s t s o n l y o f d e c e l e r a t i o n o r a c c e l e r a t i o n 
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o f t h e l o a d , t h i s c a l c u l a t i o n method i s r a t h e r c o n s e r v a t i v e . 

I f t h e l o a d does n o t v a r y much and one has t h e p o s s i b i l i t y t o o p t i m i z e t h e 
p u l s e sequence t o t h e motor e m p i r i c a l l y t o a v o i d r e s o n a n c e r e g i o n s and 
o v e r s h o o t a t t h e end o f t h e movement, a c a l c u l a t i o n method may be a d o p t e d 
t h a t d e s c r i b e s t h e motor b e h a v i o u r more a c c u r a t e l y . O p t i m i z i n g t h e p u l s e 
sequence t o t h e motor l e a d s t o a motor o p e r a t i n g v e r y c l o s e t o t h e maximum 
t o r q u e i t can d e l i v e r o v e r i t s e n t i r e speed r a n g e. I n t h i s c a s e t h e motor 
b e h a v i o u r can be p r e d i c t e d by u s i n g t h e d a t a i t s m a n u f a c t u r e r s u p p l i e s i n 
t h e s t e p p e r m o t o r c h a r a c t e r i s t i c . U s u a l l y t h e s t e p p e r m o t o r performance 
c h a r a c t e r i s t i c i s d e t e r m i n e d by r u n n i n g t h e motor a t a c e r t a i n speed and 
t h e n i n c r e a s i n g i t s l o a d i n g t o r q u e u n t i l t h e motor s t a r t s l o s i n g s t e p s . 
T h i s p r o c e d u r e i s r e p e a t e d f o r d i f f e r e n t speeds and so a t o r q u e - s p e e d c u r v e 
i s p l o t t e d . T h i s i m p l i e s t h a t t h e s e d a t a were t a k e n when t h e r o t o r f r e q u e n c y 
o f t h e s t e p p e r m o t o r was e q u a l t o t h e s t a t o r f i e l d f r e q u e n c y o r i n o t h e r words, 
t h e r o t o r was r u n n i n g synchronous w i t h t h e s t a t o r f i e l d . I f a s t e p p e r m o t o r 
i s l o a d e d w i t h a l a r g e r t o r q u e t h a n t h e t o r q u e from t h e performance c u r v e 
a t t h e speed a t w h i c h t h e motor i s r u n n i n g , t h e maximum phase l a g between 
s t a t o r f i e l d and r o t o r f i e l d w i l l be r e a c h e d and t h e r o t o r w i l l f a l l o u t o f 
s y n c h r o n i s a t i o n w i t h t h e s t a t o r f i e l d . F o r a l l s m a l l e r v a l u e s o f t h e l o a d i n g 
t o r q u e s y n c h r o n i s a t i o n i s a s s u r e d ( a t t h i s s p e e d ) . 

Assuming t h a t t h e motor t o r q u e d e c r e a s e s l i n e a r w i t h t h e motor speed, t h i s 
t o r q u e can be d e s c r i b e d a s : 

T ( t ) = T 0 - ( t i , (8.7.1) 

i n w h i c h : T ( t ) = s t e p p e r m o t o r t o r q u e (Nm) 
T Q = s t e p p e r m o t o r s t a r t i n g t o r q u e (Nm) 

m 
r a d 
,Nmsv 

s t e p p e r m o t o r damping c o n s t a n t 
<p ( t ) = s t e p p e r m o t o r speed ( r a c^) 

T h i s r e l a t i o n i s p l o t t e d i n t h e s t e p p e r m o t o r t o r q u e speed c h a r a c t e r i s t i c 
( F i g . 8.7.2 w i t h l i n - l o g s c a l e s and F i g . 8.7.3 w i t h l i n - l i n s c a l e s ) t o 
show how t h e s e two compare f o r t h e B e r g e r RDM 569/50 s t e p p e r m o t o r . 

- 101 -



100 

100 1000 10000 ( s t e p s / s ) 
12 120 1200 ( m i n " 1 ) 

FIGURE 8.7.2 

Relation between the actual steppermotor performance and the 

performance that i s assumed in the c a l c u l a t i o n . 

— — actual performance acc. to manufacturer 

assumed performance in c a l c u l a t i o n s 
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FIGURE 8.7.3 

Relation between the actual steppermotor performance and the 

performance that i s assumed in the c a l c u l a t i o n s (on l i n . s c a l e s ) . 

— — — actual performance acc. to manufacturer 

— assumed performance in c a l c u l a t i o n s 
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Combining t h i s w i t h 

T ( t ) = J # (t) , (8.7.2) 

o 

i n w h i c h J = i n e r t i a o f s t e p p e r m o t o r r o t o r and l o a d (kgm ) 
<$ (t) = a n g u l a r a c c e l e r a t i o n o f r o t o r ( r a d / s 2 ) 

t h i s y i e l d s : 

j£(t) + kip (t) = T Q (8.7.3) 

The s o l u t i o n f o r t h i s d i f f e r e n t i a l e q u a t i o n f o r <p (t) can be g i v e n a s : 

2 " f t T 
</>(t) = c 1 — e + — t + c 2 (8.7.4) 

k k 

From t h e boundary c o n d i t i o n s f o r t=0: 

<P (0) = 0 and 

¿ ( 0 ) = 0, 

i t c a n be c o n c l u d e d t h a t 

T T J o _ o c = — and c = — 
J k 

So t h e e x p r e s s i o n f o r <p (t) l o o k s l i k e 

T 

k 
V ( t ) = — (t-T+Te t / T ) , (8.7.5) 

w i t h t = ~ k 

T h i s e x p r e s s i o n i s v a l i d f o r t h e a c c e l e r a t i n g p a r t o f t h e r o t o r movement. 
L e t us assume t h a t t h i s a c c e l e r a t i e 
motor i s d e c e l e r a t e d w i t h a t o r q u e : 
L e t us assume t h a t t h i s a c c e l e r a t i o n s t o p s a t t = t . From t h i s t i m e on t h e 

o 

T ( t ) = -T + k<P (t) f o r t > t , and <p (t) > 0. (8.7.6) 
o j o 

A g a i n c o m b i n i n g t h i s w i t h T ( t ) = J $ ( t ) and s o l v i n g t h e r e s u l t i n g 
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d i f f e r e n t i a l e q u a t i o n f o r y> (t) w i t h boundary c o n d i t i o n s f o r t = t : 

T _ . 
* M t Q ) = ~ ( t 0 - T + x e o / T ) and 

t h i s y i e l d s : 

T 
<p(t) = -2- ( _ X e ( t " 2 t o ) / T + t - T + 2 T e - t o / T ) f o r t > t ( 8 . 7 . 7 ) k o 

T h i s e q u a t i o n i s v a l i d as l o n g as V ( t ) > 0 . I t c a n be c a l c u l a t e d from t h i s 
e q u a t i o n t h a t V ( t ) = 0 f o r t = 2 t , so t h e complete c o n d i t i o n under w h i c h 
t h e e q u a t i o n i s v a l i d , i s t Q < t < 2 t v 

From t h e l a s t e q u a t i o n one can d e r i v e t h a t V ( 2 t ) = 2<p ( t Q ) . So i t i s 
s u f f i c i e n t t o check whether t h e s t e p p e r m o t o r can d r i v e i t s l o a d o v e r h a l f 
t h e r e q u i r e d a n g l e d u r i n g h a l f o f t h e a v a i l a b l e t i m e , u s i n g t h e s i m p l e r 
e q u a t i o n : 

T 
(t) = ( t - T + T e ~ t / T ) . 

An i m p o r t a n t a s p e c t o f t h e above c a l c u l a t i o n s i s t h e a s s u m p t i o n t h a t t h e 
motor i s b r a k e d w i t h t h e same t o r q u e - s p e e d r e l a t i o n t h a t i s used d u r i n g 
a c c e l e r a t i o n . I f f r i c t i o n p l a y s an i m p o r t a n t r o l e d u r i n g t h e movement, t h e 
t o r q u e a v a i l a b l e f o r a c c e l e r a t i o n o f t h e l o a d i s s m a l l e r t h a n t h e a v a i l a b l e 
d e c e l e r a t i n g o r b r a k i n g t o r q u e , so t h e n e c e s s a r y t i m e s t o a c c e l e r a t e t i l l 
a c e r t a i n speed and t o d e c e l e r a t e from t h e same speed t i l l z e r o a r e d i f f e r e n t . 
I n t h i s c a s e t h e s e a s s u m p t i o n s a r e n o t v a l i d . However when t h e f r i c t i o n 
t o r q u e i s no more t h a n 10% o f t h e s t a r t i n g t o r q u e o f t h e s t e p p e r m o t o r , t h e 
t o t a l i n c r e m e n t i n t i m e n e c e s s a r y t o r e a c h t h e same r o t o r p o s i t i o n when 
f r i c t i o n i s p r e s e n t , compared t o t h e c a s e w i t h o u t f r i c t i o n , i s no more t h a n 
1,5%. The n e c e s s a r y t i m e t o r e a c h a c e r t a i n p o s i t i o n depends n o t o n l y on t h e 
amount o f f r i c t i o n , b u t a l s o o f c o u r s e on t h e r e q u i r e d p o s i t i o n i t s e l f . 
T a b l e 8 . 7 . 4 g i v e s t h e r e l a t i o n s h i p between t h e s e t i m e s , f o r s i x d i f f e r e n t 
s t e p s i z e s and f o u r d i f f e r e n t v a l u e s o f t h e f r i c t i o n . The s t e p s i z e s a r e 
b a s e d on t h e a n g l e s t h e r o t o r can r e a c h w i t h o u t f r i c t i o n . W i t h f r i c t i o n 
(a > 0) t h e n e c e s s a r y t i m e s t o r e a c h t h e same s t e p s i z e a r e o f c o u r s e 
l a r g e r (columns 3 , 4 and 5 ) . The f o u r l a s t columns o f t h e t a b l e g i v e 
i n f o r m a t i o n a b out t h e p o s i t i o n o f t h e p o i n t t : The moment when a c c e l e r a t i o n 
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s h o u l d s t o p and d e c e l e r a t i o n s h o u l d s t a r t , i n o r d e r t o r e a c h t h e end 
p o s i t i o n w i t h v e l o c i t y z e r o . I n t h i s t a b l e a i s d e f i n e d a s : 

T f 
a = — , (8.7.8) 

o 

w i t h T f = f r i c t i o n t o r q u e ( c o n s t a n t ) (Nm) 
T Q = s t e p p e r m o t o r s t a r t i n g t o r q u e (Nm). 

TABLE 8.7.4 

Relation between the t o t a l step angle (Vstop)' the necessary time to 

reach t h i s angle (tsi-Qp) and the acceleration time (tQ) in the presence 

of f r i c t i o n . 

-k 
s t o p 
T • T 
o 

t s t o p t 
o 
T 

cc=0 8=0,1 a=0,2 a=0,3 a=0 a=0,1 a=0,2 a=0,3 

0,21 1 1,01 1,03 1,02 0,5 0,57 0,65 0,70 
0,73 2 2,02 2,06 2,16 1,0 1,17 1,37 1,60 
1,45 3 3,04 3,14 3,33 1,5 1,87 2,24 2,64 
2,26 4 4,05 4,23 4,55 2,0 2,63 3,21 3,80 
3,16 5 5,07 5,45 5,85 2,5 3,52 4,38 5,08 
4,01 6 6,08 6,46 7,07 3,0 4,42 5,37 6,30 

A p p l y i n g t h e s e c a l c u l a t i o n s t o t h e case under c o n s i d e r a t i o n n e g l e c t i n g - t h e 
i n f l u e n c e o f f r i c t i o n because t h e f r i c t i o n t o r q u e i s s m a l l e r t h a n 10% o f t h e 
s t e p p e r m o t o r s t a r t i n g t o r q u e , u s i n g : 

T 
<P (t) = -2- ( t - T + T e " t / T ) , 

w i t h T =0,7 Nm, o 
k = 8 . 1 0 - 3 N S | , 

r a d 

<p = 0 , 1 3 r a d , 
t h e accompanying v a l u e f o r t i s 6 ms. So w i t h t h e "B e r g e r RDM 569/50" 
s t e p p e r m o t o r t h e t o t a l s t e p can be made i n app. 1 2 m s . 

( I n t h e c o n v e n t i o n a l c a l c u l a t i o n t h e motor would make t h e t o t a l s t e p i n 15 ms. 
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SUMMARY 

T h i s t h e s i s d e a l s w i t h t h e d e s i g n o f a b r a i l l e l i n e p r i n t e r t h a t i s 
c a p a b l e o f p r o d u c i n g b r a i l l e on paper w i t h the w e i g h t t h a t i s normally-
used f o r b r a i l l e p r o d u c t i o n ( t y p . 160 grams/m 2) and on l i g h t e r grade p a p e r , 
w i t h a maximum speed o f f i v e l i n e s p e r second. The d e s i g n e d l i n e p r i n t e r 
employs an embossing p r i n c i p l e t h a t i s d i f f e r e n t from t h e p r i n c i p l e t h a t 
i s used up t i l l now i n o t h e r equipment f o r b r a i l l e p r o d u c t i o n ; t h i s r e s u l t s 
i n a more u n i f o r m h e i g h t o f t h e p r o duced b r a i l l e d o t s , o f f e r i n g b e t t e r 
q u a l i t y b r a i l l e . 

The l i n e p r i n t e r i s m i c r o p r o c e s s o r c o n t r o l l e d and t h e t h e s i s i n c l u d e s a 
d e s c r i p t i o n o f b o t h c o n t r o l hardware and s o f t w a r e f o r o p e r a t i o n o f t h e 
p r i n t e r as a s t a n d - a l o n e d e v i c e w i t h a "FACIT-SP 1" i n t e r f a c e , t h e 
s t a n d a r d "FACIT" i n t e r f a c e f o r p a r a l l e l d a t a t r a n s f e r . 

A n a l y s i s o f b r a i l l i n g p r i n c i p l e s used i n o t h e r equipment shows t h a t a l l 
t h e s e machines o p e r a t e by c o n t r o l l i n g t h e f o r c e t h a t p r o d u c e s t h e b r a i l l e -
d o t . T h i s can cause l a r g e v a r i a t i o n s i n t h e r e s u l t i n g b r a i l l e d o t h e i g h t . 
I n t h e p r e s e n t e d p r i n t e r n o t t h e f o r c e p r o d u c i n g t h e b r a i l l e d o t i s 
c o n t r o l l e d , b u t r a t h e r t h e r e s u l t i n g b r a i l l e d o t h e i g h t i t s e l f . As a b a s i s 
f o r a l l f u n d a m e n t a l d e c i s i o n s c o n c e r n i n g t h e d e s i g n , a s e p a r a t i o n i s made 
between f u n c t i o n groups t h a t c o n v e r t e nergy and f u n c t i o n groups t h a t 
c o n v e r t i n f o r m a t i o n . T h i s l e a d s t o a p r i n t e r w i t h b o t h a h i g h e r t o t a l 
e f f i c i e n c y and a b e t t e r a c c e s s i b i l i t y f o r s e r v i c e p u r p o s e s . 
A l l t r a n s l a t i n g p a r t s i n t h e l i n e p r i n t e r have b e a r i n g systems t h a t employ 
e l a s t i c l y d e f l e c t i n g l e a f s p r i n g s i n o r d e r t o a t t a i n a cheap way o f g u i d i n g 
t h e movement, i n s e n s i t i v e t o p a p e r d u s t and showing no wear. To e n a b l e t h e 
p r o d u c t i o n o f s m a l l numbers o f t h e p r i n t e r a l l s u i t a b l e p a r t s a r e d e s i g n e d 
s u c h t h a t t h e y can be m a n u f a c t u r e d by m e t a l e t c h i n g . The l i n e p r i n t e r i s 
e q u i p e d t o use f a n f o l d p i n f e e d p a p e r w i t h a maximum w i d t h o f 14 i n c h e s . 
The p a p e r d r i v e system use two p a p e r t r a c t o r s t h a t a r e d r i v e n by an e l e c t r i c 
s t e p p e r m o t o r . 
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SAMENVATTING. 

D i t p r o e f o n t w e r p b e s c h r i j f t een b r a i l l e r e g e l d r u k k e r d i e i n s t a a t i s b r a i l l e 
t e p r o d u c e r e n op h e t normaal gangbare p a p i e r v o o r b r a i l l e p r o d u k t i e (ca 
160 gram/m ) en op l i c h t e r p a p i e r , met een maximale s n e l h e i d van v i j f r e g e l 
p e r seconde. De ontworpen r e g e l d r u k k e r g e b r u i k t een b r a i l l e e r - p r i n c i p e d a t 
a f w i j k t van h e t g een t o t nu t o e g e b r u i k e l i j k i s i n andere a p p a r a t u u r v o o r 
b r a i l l e p r o d u k t i e ; d i t r e s u l t e e r t i n een k l e i n e r e v a r i a t i e i n de geprodu
c e e r d e b r a i l l e p u n t h o o g t e , h e t g e e n een b e t e r e k w a l i t e i t b r a i l l e b e t e k e n t . 
Een a n a l y s e van de b r a i l l e e r p r i n c i p e s die. i n andere a p p a r a t u u r worden ge
b r u i k t t o o n t aan, d a t a l deze a p p a r a t e n de k r a c h t r e g e l e n d i e u i t e i n d e l i j k 
de b r a i l l e p u n t o p l e v e r t . D i t kan l e i d e n t o t g r o t e v a r i a t i e s i n de geprodu
c e e r d e p u n t h o o g t e . I n de h i e r g e p r e s e n t e e r d e r e g e l d r u k k e r wordt n i e t deze 
k r a c h t g e r e g e l d maar de r e s u l t e r e n d e b r a i l l e p u n t h o o g t e z e l f . 
A l s b a s i s v o o r a l l e f u n damentele b e s l i s s i n g e n d i e h e t ontwerp b e t r e f f e n , 
w o r d t een s c h e i d i n g gemaakt t u s s e n f u n c t i e g r o e p e n d i e e n e r g i e o m z e t t e n en 
f u n c t i e g r o e p e n d i e i n f o r m a t i e o m z e t t e n . D i t l e i d t t o t de c o n s t r u c t i e van 
een r e g e l d r u k k e r met een hoger rendement d i e d a a r d o o r s n e l l e r kan werken. 
Het a p p a r a a t i s z o v e e l m o g e l i j k m o d u l a i r opgebouwd t e n e i n d e de t o e g a n k e 
l i j k h e i d v o o r s e r v i c e d o e l e i n d e n t e v e r b e t e r e n . B o v e n d i e n i s g e p r o b e e r d z o 
v e e l m o g e l i j k g e b r u i k t e maken van normaal c o m m e r c i e e l v e r k r i j g b a r e o n d e r 
d e l e n . Om j u i s t de p r o d u k t i e i n k l e i n e a a n t a l l e n m o g e l i j k t e maken van deze 
r e g e l d r u k k e r , z i j n a l l e d a a r v o o r i n aanmerking komende o n d e r d e l e n z o d a n i g 
ontworpen d a t ze v e r v a a r d i g d kunnen worden d o o r m i d d e l van een etsprocédé 
A l l e heen en weergaande d e l e n hebben l a g e r i n g e n d i e e l a s t i s c h u i t b u i g e n d e 
b l a d v e r e n b e n u t t e n t e n e i n d e een goedkope l a g e r i n g t e r e a l i s e r e n , ongevoe
l i g v o o r p a p i e r s t o f en s l i j t a g e . 

De r e g e l d r u k k e r w o r d t b e s t u u r d met b e h u l p van een ingebouwde m i c r o p r o c e s s o r 
h e t p r o e f o n t w e r p b e v a t t e v e n s een b e s c h r i j v i n g van de v o o r deze b e s t u r i n g 
benodigde e l e k t r o n i s c h e componenten en h e t b e s t u r i n g s p r o g r a m m a . D i t program 
ma b e s t u u r t a l l e f u n c t i e s i n de r e g e l d r u k k e r z e l f en r e g e l t de i n f o r m a t i e 
o v e r d r a c h t n a a r de d r u k k e r ; b o v e n d i e n wordt een h u l p m i d d e l geboden om h e t 
s t o r i n g z o e k e n t e v e r g e m a k k e l i j k e n . 
De r e g e l d r u k k e r i s e r o p ontworpen om k e t t i n g f o r m u l i e r e n met r a n d p e r f o r a t i e 
t e g e b r u i k e n met een maximale b r e e d t e van 14 i n c h . Het h i e r v o o r i n g e r i c h t e 
p a p i e r t r a n s p o r t s y s t e e m maakt g e b r u i k van twee t r a c t o r e n d i e worden aange
d r e v e n met b e h u l p van een e l e k t r i s c h e stappenmotor. 







STELLINGEN BEHOREND B I J HET PROEFONTWERP: 

"DESIGN OF A BRAILLE LINEPRINTER". 

1. Het toenemend g e b r u i k van beeldschermen v o o r de p r e s e n t a t i e van a l f a 
numerieke i n f o r m a t i e b e t e k e n t een e x t r a h a n d i c a p v o o r b l i n d e n en s l e c h t 
z i e n d e n d i e i n hun beroep d i t s o o r t i n f o r m a t i e moeten ve r w e r k e n . 

2. Wanneer een b r a i l l e e q u i v a l e n t van h e t b e e l d s c h e r m v o o r t e k s t v e r w e r k i n g 
t e r b e s c h i k k i n g komt, kan de i n v o e r i n g van " T e l e t e k s t " en "V i e w d a t a " ook 
v o o r b l i n d e n en s l e c h t z i e n d e n een u i t b r e i d i n g van hun i n f o r m a t i e p a k k e t 
b e t e k e n e n . 

3. Even b e l a n g r i j k a l s de v e r k r i j g b a a r h e i d van nieuwe t e c h n i s c h e h u l p m i d d e 
l e n v o o r g e h a n d i c a p t e n i s een adequate s e r v i c e - m o g e l i j k h e i d b i j e v e n t u e 
l e d e f e c t e n . 

4. Een b e s p a r i n g op e l e k t r i s c h e e n e r g i e i s t e b e r e i k e n d o o r e r v a n u i t t e 
gaan d a t h e t v e r l i c h t i n g s n i v e a u i n w e r k r u i m t e s , d a t b e n o d i g d i s v o o r de 
a l d a a r p l a a t s v i n d e n d e werkzaamheden, n i e t i n de g e h e l e r u i m t e h o e f t t e 
h e e r s e n , maar a l l e e n t e r p l a a t s e van de w e r k v l a k k e n . 

5. «en e f f e c t i e v e r e methode van b r a n d s t o f b e s p a r i n g dan de (her) i n v o e r i n g 
van een a u t o l o z e zondag i s h a a l b a a r door de a f g i f t e van nieuwe k e n t e k e n 
b e w i j z e n a f h a n k e l i j k t e s t e l l e n van een v o o r i e d e r v o e r t u i g t y p e v a s t t e 
s t e l l e n maximum b r a n d s t o f v e r b r u i k , d i t g e b a s e e r d op s t a n d a a r d t e s t m e t h o 
den. 

6. De i n t r o d u c t i e van programmeerbare e l e k t r o n i s c h e b e s t u r i n g e n vergemakke
l i j k t h e t g e b r u i k v an e l e k t r o n i s c h e b e s t u r i n g e n door d i e g e n e n d i e geen 
s p e c i f i e k e e l e k t r o n i c a k e n n i s b e z i t t e n . 

7. J u i s t i n de o n t w i k k e l i n g s f a s e van h e t mechanische d e e l van een e l e k t r o 
n i s c h b e s t u u r d a p p a r a a t kan een programmeerbare e l e k t r o n i s c h e b e s t u r i n g , 
door de i n h e r e n t e g r o t e r e f l e x i b i l i t e i t , z i j n v r u c h t e n afwerpen. 

8. Ontwerpen i s een g r o e p s a c t i v i t e i t b i j u i t s t e k . 

9. B i j h e t berekenen van b l a d v e r e n d i e v e r v a a r d i g d z u l l e n worden u i t koud 
g e w a l s t v e r e n s t a a i , d i e n t men ermee t e r e k e n e n d a t de e l a s t i c i t e i t s m o d u -
l u s l o o d r e c h t op de w a l s r i c h t i n g t o t 20% g r o t e r kan z i j n dan i n de w a l s -
r i c h t i n g . 

10. Een l o g i s c h v e r v o l g op de e v e n t u e l e i n v o e r i n g van een z.g. l a w a a i h e f f i n g 
op p e r s o n e n a u t o ' s w e l k e wordt geïnd v i a een v e r h o g i n g van de m o t o r r i j 
t u i g e n b e l a s t i n g , i s de i n v o e r i n g van een h u u r v e r h o g i n g v o o r de bewoners 
van g e h o r i g e f l a t s . 
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