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A PROGRAM SYSTEM FOR MANUFACTURING CONTRO L TAPES FOR A PRINTED

• CIRCUIT BOARD DRILLING MACHINE

Dr. Habil. W . Hoehne; Enginee r G. Kuckelt; Graduate Mathematic ian F.

schweuk; Graduate Mathematician D.. Urban; Engineer C. Zenses

Report from the Cente r for Scientific Instrument ConstrUction of the

Acade my of Sciences of the GDR

• 0. INTRODUCTION

With the increasing use of electronic circuits in products of

the scientific i~trument construction ind ustry the develop ment and

finishing costs for printed circuit boards has increased. The

introduction of miniaturized subassemblies and especially of

integrated circuits has led to a further increase in the complexity
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of these printed circuit boards. Special si-jnificance is given

therefore to a simplification of the processes in design, of

manufacturing, of com ponents and of testing of prin ted circuit boar ds

employing computer technology. For reducing the labor expense in

producing the bases for printed circuit boards various solutions have

been suggested which range from manual procedures to partially 
- 

-

automated, to fully automated techniques [1) to [5]. In s:ientific

instrument construction Where for the most part small quantity

production predominates and where the development expenditure and the

time of development are significant factors, an extensiv e automa tion,

-

• 

like that to be strive d for in the case of mass pro duction, may not

lead to optimum results. Here it is a questio n of a flexible system 3
which makes possible short running times.

It is obvious that the requirements for flex ibility 3f the

system and for short running times are easier to fulfill if in the

manufact ure of the bases compute rs are incorporated dire:tly into the

design process. roday, however, t1~is can probably only be realized

with small computers.

1. STATEMENT OF THE PROBLEM

For pu tting a printed circuit boa rd drilling machine of the VLB

Rlektroaat Dresden (Type SNCB— 2) into operation in the Center for

FTD—ID(RS) I~ l1~99~ 76
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Scientific Instrument Construction of the Academy of Sciences it was

necessary to develop a prog ram system which makes it p3ssible, using

an existing Hungarian small computer of the type TPA 1001. to

automatically pr3duce control tapes for the NC drilling machine. The

outpu t data necessary for this is gained following manual design of

the con ductive pattern at a digitizin g poin t of the V E B

Rechenelectronic Meiningen/Zella—Mahlis. For clarification of the

mode of operation of the  program it is f i rst necessary to br i e f ly

look at th e data f orma t of the digi tiz i ng device an d a t th e comman d

forma t of the dri llig machine.
ri¶ h,h ,x~~~~~jy~~,FJm1m2...)

-~ - The digitizing point provides data items in the form

h1h2h 3 
/ 

iden t i f i a b le signal , da ta a bou t character occurren ce

x 1 x2 x ,x 4 x—coordinate of the particular point in tenths of

reference grid steps (0.125 mm )

y, y2y 3y ,  y— coordina te  values

I& I~~... m acronumber  (only present with macros) .

By the term macto we understand frequently recurring structures

-

‘ 
wh ich are not explicitly digitized each time but which are determined

FTD—ID(RS)I—l~ 99—76
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• unambiguously by the indication of the macro identifiable s.~.gnal, the

coordinates of the macro reference point (Which is always represented

by a drilling point) and by the two—digit macronuaber .

The command fo rmat  of the printed cir cui t boar d d r i l l i n g  machine

reads

(2) N:1z,:,w1w,d~d3d,.4d,kv 
•

N t he f lag fo r  the beginnin g of the comman d

• z 5 z2 z 3 comma n d n u m bers

w1w2 number  of eq ui distant bore holes

d1d2d3d,d3 the distance between sequential starting point s and

drilling points

k coordinate

v sign of the displacement.

The co mman d s t ructure  (2) makes it possible to see alread y t ha t

•lw~ ys onl y one movement in the x— or y— direct ion is possible. In

-~~~~~~~ — -~~ - • -
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order to realize processing times maximum l y approachin g th e opt i m u m

under these conditions it is recommended that the bore holes which

lie in row be drilled one after another and and that a mea nder—shaped

sweep be made over the printed circuit board during drilling. In the

event that there are bore holes with different diameters they can be

wo rked with two d r i l l i ng  spindles in to  which  the appropria te  bits are

to be placed. In t h i s  case it is expedient  to first dril l  all of the

ho les of the same size and then to move to the holes of the second

size since when c h a n g i n g  bits, as well as when swi tching f r o m  one

spind le to another the machine must be brough t to the off position.

-~ 
- 

The dr ill  holes belon g ing to a ma cro as a rule do not  lie close

to each Other. Therefore they are finished with sequentia l drilling

commands. Since the da ta tape supplies cnly t he coordiates of the

macro reference point and the macr imber , the i n f o r m a t i o n  for the

execution of the remaining macto drillings must be obtained from

parameter lists which ate to be added to the drilling machine

program. In the data tape of the digitization point the data items ,

as a rule, are ordered according to conductor features. ?herefore

they canno t be conver ted in to control comman d s for the d r il ling

machine in the order t ha t  they  are input .  First they must be sorted

according to the t y p e  of d r i l l i ng  (Bacros , 0. 8— mm bore holes, and

1.3—mm bore holes) , according to the  sequence of thei r  f in ishing ( in

mean d er shape) and a chec k for equal distance between sequent ia l
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drilling points must also be made. For this it is necessary to take

over the data in to the work in g storage of the compu ter where by a

considerable part of the available storage space is laid cla im to

whic h limits the scope of the stora ble da ta lists for both group s of

individua l Bore holes and a lso limits the macro bore holes.

2. DESCRIPTION OF THE PROGRAM SYSTEM

The structure of the program system whic h was written in the

assembler language SLANG jS to be described below using a greatly

simplified s t ruc tura l  plan ( f i gu re ) .

The program begin s with the arrangem ent of the converted data of

the digitizing unit in the sequence of its input into specia l lists

while erroneous information is removed . An x—coordinate and

y—coordinate list is kept for each type of drilling; f3r macros, a

suppleme nta ry  macro number  list.

The following processing procedure is completed, depending on

the num ber of types of drilling, in th ree cycles. W ith i n  one cycl e

there is command forma tion in the sequence of increasing V—levels. In

a large program loop after the determination of the actual V—leve l

(TS—value) all commands are formed which trigger the drillings during -:

a movemen t of the drilling bench from left to right or vice versa. 

—p -• - - - . . L S &t . ~~~~~~~~~~ ~~~~~~~~ .- —
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For command forma tion it is necessary to collate all

i— coordinates which belon g to a 1—value and to sort them in an

increasing sequence. From these absolute values, in a special program

part, the incremen tal, information DY and DX~ which is necessary for

the drilling machine is determined taking into account the differing

values of the grid step of the digitizing pon t and of the NC—drilling

machine , of the d i f f e r e n t coor d ina te systems, as well as 3f the
-
• I direction of displacement. The increment calculat ion is attached to

command formation. The data required for a command is converted into

dec imal form , encoded by character in the ISO code and out put through

the output buffer AUPU.

During macro processing the control program has the task of

first of all positioning the drilling spindle of the machine on the

coord inates of the macro reference point and triggering the drilling

procedure. Using t h e  macro number  which  is always to be t a k e n  i n to

consideration in this program cycle the address of the proper macro

parameter l ist is de te rmined .  From this list is taken the  i n f o r m a t i o n

which is necessary for  all fu r t he r  drillings of the macro. After

f in ishing a macro the  d r i l l i n g  bench shou ld f u n d a m e n ta l l y  occupy the

y—coordinate of the reference point and the i—coordinate of the last

bore point. For forma tion of the next starting command a correction

~~~~~~~~~~~~~~~~~~~~ _ S-~~~ ~~~~~~~~~~~ S ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r - ~~~ --~ .
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of the i—increment DX
~ 

is usually necessary.

After running through a cycle. i.e., when YS~~~Y ,~~ the cycle

number Z is raise d and in the case Z~~ 3 the following cycle is

begun. If on the printed circuit board whic h is to be finished there

are bore holes with two different diameters, at the beginning of

cycle 3 the  commands are fed into the control tape which transport

the drilling bench to the initial position. Finally an end command is

given whose purpose it is to stop the machine. After the conclusion

of cycle 3 the return command and the end com mand are always added -;

on. 
5-

The output of control commands takes place through the

teleprinter, sometimes on a punch tape and sometimes as printout.

Since this device operates re la t ive ly  slowly the output  processes as

a rule l imi t  the speed of program processing. For shortening

processing tines the  ou tpu t  program was w r i t t e n  as an

in te r rup t—opera tor  rout ine.  Thereby there is parallel operation of

the teleprinter a n d  the  computer. Several software switches and a

wai t ing  loop in the pr ogram part of the command formation assure a

certain program run independent of whethe r the time required f o r

setting up a comman d exceeds or is less than the time required for

outputting the previous command. The program system contains a series

of tests which, in the absence of certain information and in the case

________ - ‘ 
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of incorrect p u n c h i n g  of the tape as well  as when cer ta in  l i m i t i ng

values are exceeded , lead to s topping of the program.  The cause of

the error  can be recogn ized d u r i n g  each s toppage by t h e  posi t ion of

the error counter.

3. E X P E R I E N C E  IN USE A N D  ADAPT ATION POSSIBILITIES

Fin ishing of the p r o gr a m  system requires  a compu te r  ~ f th~ t y p e

TPA 1001 , resp. , TPA/ i  w i t h  a s torage capac it y of 8 K and  an e x p a n d e d

a r i thmet ic  u n i t .  W i t h  the  present ly  developed system a m a x i m u m  of

1008 single bore holes of 0.8 and 1.3 m m diameter as wel l  as 614

macros can be pr~ cessed per pr in ted  c i rcu i t  board. A g rea te r  n u m b e r

of bore holes or macros  requi res  a subdivis ion of t he  data  tape.  A l l

bore holes mu st lie On gr id point s and there  can be a m a x i m u m  of 64

individual bore holes in a y — r o w .

The program processing t ime is determine d basically b y the

output processes, especially since the calculations for preparing the

drilling machine comm ands almost always run faster than the command

output. It is not possible to give a generally valid relationship

between the number of data items in the data tape and the number of

dr i l l ing  mach ine  commands .  The results  of the test have shown ,

however , that the n umber of control commands for the drilling

machine, depending on the number of macros, is greater by a factor of

—— -—- _ _  S—-—-— V~~~~ - ~S —
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1..5— le than the number of data items in the data tape. The total

processing time can be evaluated as the product of the number of data

items and the output time for one command (1.5 s) and the named

numbe r factor .  The computer  t ime  for  p roducing  a control  t a p e  could

be reduced even f u r t h e r  if ou tpu t  wou ld  t a k e  place wi th  a gang punch

instead of a t e l epr inte r .  A para l le l  p t in t ou t  would not be possible

then. In the  ca se of t he  avai labi l i y of a su i tab le  p u n c h - t a p e

controlled type wr i t e r  the p r i nt o u t  cou ld be m a d e  o f f — l i n e .

If t h e  compute r  does not h a v e  an expanded  a r i t hae t i~ un i t  f o r

permanent ly  wired mu l t i p l i ca t i o n  and divis ion the n these ope r a t i o n s

can be carried out wit h subroutines which must be inserted int o the

program system.

As a result of the  ex tens ive  agreement  of the p r o g r a m  l a n g u a g e

SLANG wi th  t ha t  of the  KSR 14 100 , w i t h  a f e w  minor  changes  the

program culd be run  on t h a t  smal l  c o m p u t e r .  Since the  t e l e p r i n t e r

• I 
used as an ou tpu t  d e v ic e  in this  case onl y works  in the  5 - channe l

code, here o u t p u t  w i t h  a gang punch would  be preferred.

The progra m sys tem at the present t ime  does not use al l  of t he

storage space w hic h is avai lable. There fo re  cer ta in  ex p an s i o n s  can be

con sidered such as:

- r n -  . - ~:- ~~~~~~~~~~~~~~~~ V - -
- _- _ _ _
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— raising the number of macrotypes;

— raising the number Of macros which can be accepted in the data

lists;

— chang ing  the  rat io  between the nu b m e r  of 0.8 and 1 . 3 — m m  single

bore holes throug h a dialog progra m befor e the beginning of the

read—in process ( w i t h  a constant  total  number  of single bore holes) .

Thus it  would be possible to a cer ta in  ex ten t  to ad a p t  the

program system to d i f f e r e n t  d em a n d s  of other potent ial applicat ions.
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2) Begin macrocycle; 3) Is the actual  data list busy? ;  4) Has cycle 3

(1.3— mm single bore holes) been reached and is at least one of the

previous data lists busy?; 5) Return to initial position; 6) Issue

end command; 7) Look for V.~.~~~and ~~~ ; 8) Determine the next actual

Y— value (YS) ; 9) Bring all x—values belonging to YS into the XS—list.

In the macrocycle: additionally, put all proper M—nurnbers into the

NS— list ; 10) sort the XS— liSt a cco rd ing  to incr ea sing values .  In t h e

macrocycle: order rn—values correspondingly; 11) Calculate  i n c r e m e n t s

DY and DX~ . Store DX — v a l u e s  in t he  DX—list ; 12) For m c o m m a n d

with y— displacement and transmit it to the out put buffer; 1 3) Form

the next command with X—displacement and transmit it to the output

buffer; 14) Nacrocycle?; 15) Obtain the next macroinformation from

the parameter  list , f o r m  the c o m m a n d  and  t r a n s m i t  it to the  A U P U ; 1 )

• The last c o m m a n d  inside a macro? ;  17) Correct the next DX - ’Va lUe ;  18)

The last x—value  in the  XS—list?; 19) Last cycle?;  20) R e t u r n  to

original position ; 21) Transition to next cycle; 22) Issue end

comma nd.))

EOF 1499
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