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I .  INTRODUCTiON

The fabric a tion of electronic sys t em s is highly dependent
upon the method of int •rconnecting circuit components , wh ich may
be discr ete part. or Inte g r a ted circuits. Th. two major methods
for providi ng electric a l interconne ctions for discrete parts are
printed — wiring boards and wire—wrapping. Although printed — wiring
ha. an advantag, for high—production and low—density applications
the use of wIr e—wrappin g for short— run d igi t al circuits of high
co pl .xlty 1. commonplace.

W ire—wrapping is a process for interconnect ing a large
number of  electronic components to form circuit functions. The
assembly consist. of a board with component sockets on one side .
and corresponding wire— wrap post . on the other. The components
are connected by wire — wrapping- the posts. This technique
Invo lve , ti g htly w rapping a pr ..tripped wire ar und a square
post. The wrap is s u f f i c i e n t l y tight to cause each edge of the
post to penetrate the wire and form a gas—tight cold—weld. A
proper wrap w i l l  circle the post si~ times , hence effectin g the
e qu i v a lent of 24 cold — weld J oi n t s  (11*. 1).

he  com pleted process usuall y y ields a m u l t i t u d e  of wires.
Post designat ions , which are necessary to differentiat e between
various posts . are often obscured in  t h i s  dense nest of wires.
Obscured designations can lead to t h e  wrapping of incorrect
posts. Althoug h care ma, he ta ken to wrap correct posts only,
th. wrapping of hi gh -den s it y boards is subject to error , and
become . tim e—c on sum in g . To minimi ze wirin g errors and speed up
the process . sem iauto m atic wire—wrapping machine . (fig. 2) are
often used. (~ne such machine Is I n  us. at the Harry Diamond
L aboratories (MDL). The wire — wrapping machine and an associated
computer make up t h i s  s e m i a u t o m a t i c  wire—wrapping system. the

Fig ure  I. W i r e — w r a p p e d  post ..
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comp u ter portion of the sy Stem ta ’es , as Input , a l i s t  of p o s i
Lo cations and t’~rjr c o r r e s p o n d i n g  assigned n ode—nate. . ant
provides , a. output , a n u m ,r l c a l — r n n t r o l  (S/C) paper tape. The
w i r e — w r a p p i n g  m achine processes In for~~a tio n found on t h i s  N/C
tape. The f i n a l  r e s u l t  1’ a m a chine m ovem ent to (1) locate the
corr e ct s t a r t i n g  poet, ( 2 )  p rovide the corr ec t length of
n t r l p r e d  w i re, and ( 3 )  l o c a t e  the correct endin g post. This
p r o c e s s  is t h e n  r e p e a t e d  f o r  a l l  r em aining wires. The actual
w r a p p i n g  of the wi re around the post is done m anuall y by the
ma c h i ne  o p e r a t o r .  The s y s t e m . u s i n w  t h i s  basic method , can
p e r f o r m  w i r e — w r a p p i n g  at rate . at least 7 to 10 times fa s t e r  than
t o t a l l y  m anual methods , and w i t h  fewer error..

Th is paper describe, the software developed to create the
N/C drive tapes , the documentation used by the operator of the
wire—wrap pi ng machine , and the documentation delivered to
t he customer. This paper also describes an a l g o r i t h m  to
verify that the wire—wra p boar d was c o r r e c t l y  wired. This
algori thm is implemented by the verification progra . producing a
te st tape which is used on th. w ire—wrap machi n e. The wire —
wrap machine points to - posts and the ope . ‘~tor
p e r f o r m s  visual and c o n t i n u i t y  t ts . This v e r i f i c a t i o n  process
g r e a t l y  reduces t e s t i n g  time of wire—wrap board..

This project we. accomp l ished as part of the U.S.  Army
m a s u f a c t u r i n g  technology pro gram. Th. primary objective of this
pr ogram Is to develop , on a timely basis , •aa u fsct u rimg
processes , techn iques , an d equipment for  use in the production of
Ar my material.
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This repor t  Inc ludes appendices which give procedures used
to activate various phases of the MDL wire—wrap facility.
Appendi x A gives com puter start—up procedure. , appe n dix I gives
pr ocedures for assembling and loading an ZYDIM program , ap pend ix
C descr ibes the setup and use of the Keytronica wand , appendix 0
describes N/C tape punching, appendix E describes the N/C wire—
wra p machine setup, and appendix P describes the wire—wrap
softwar e.

2. N/C TAPE PUPAPAT ION

N/C tape preparation require. .everal steps. Th. individual
procedures are

1,. data conversi on ,

2. data input .
3. data sort , and

4. tape punch.

Data conversion is the process of translating schematic
information on dra wings to a computer —reco gnizable wire —list.
This wire-list is a coded description of every post to be wire—
wrapped. For a p a r t i c u l a r  post , the coded description consists of
two 7—character words. The f i r s t  word Is a mnemonic describing
the e l e c t r i c a l  signal (8+ . CRD , . . .etc) to be wire—wrapped to
th. pa r t i c u l a r  post. The second word is a mnemonic  d e s c r i b i n g
t he p ’~,sical loc ation of the post.

Data conversion is a c h i e v e d  In two step.:

I. Assign signal mnemonics to all posts to be electrically
Interconn ected by wire—wrapp ing.

2. Assign location mnemonics to all posts to be
el ectrically interconnected by wire—wrapping.

For examp le , figure 3 dep i cts an operational amp li f i er and
it. corresponding signal m nem onics ( 8+ , 15+ , IN— , OUT , CID),

• location mnemonic (DiO) . and component pinout s (1 , 2 , 3, 4,
5). Th’. Dl0’ l ocation mnemonic r e f e r s  to socket loca~~

4 on ID and
s’ct ion c ode D of the wire—wrap board (fig. 4).

The signal ..d loca tion mnemonics and pinoucs ~oabime to
g .s.rate half the w i r e — l i s t , as shown below .

Signal mnemonic Component locat ion meesosic
I N + I X Z X  D 1 0 1 X 0 2
I N — Z Z X X  D I O X X O 3
O U T I X I X  D I O X I O A
s + z x x z x  0 3 0 * 1 0 1
G R D X X X X  D 1 0 R 1 O~~

.7



MOTE: The prev ious wire—lis t (half) represents the b .ginning of
f iv, wire—wrap wires; the ends of these wires make up th. remain-
ing five entries in the wire—list. In general , a wire—list can
contain the beginni ng and ending wire— wrap connections for
hundreds of components. The data conversion step Is concluded
whe n a wire list is created to describe all wire—wrap
a r mina t i o’n s.
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Figure 4. Typical wire—wrap board
(one—secti on socket side). -

The next step, data input. involves the transfer of wire—
l ist information from a written form to the computer. Because of
t he uniqueness of any wire list and corresponding wire—wrap
board , a computer program is required to properly interpret the
wire—wrap list for the main WRAPS program. The wire—list
interpreter is a subroutine called XYDI~~. This subroutine is
a FORTRAN algorithm for calculating the X and Y coordinates of
any post (of a particular board) in the wire—list. This routine
is required because the wire—wrap machine requires X ,T
pos itional data , but the data lists are in alphanumeric
pos itional data. The XTDI$ program relates the two types of data.
All calc ulated coordinates are referenced to a board origin . The
or igin of choice is norma lly the uppermost post nearest the
left or r ight corset of the board. The choice of left or right
is decided by the orientation of component sockets. For
exam p le , the origin of the wire—wrap board shows In f Igure 5
Is the right uppermost post (sect ion A , socke t 3 , post I).
Tb. ZTDIN subro utine to describe the example wire—wrap board
Is l i s ted  is f igure ~~~.
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Figure 5. W ire—wrap board (entire board).

T h e  nua b er~. a long t he  l e f t  margin in f i g u re 6 refer to
th e lin e  numbe rs. l i n e s  1 to 4 are compiler control statements ,
l in e s  S to SI mak e up XY f)I~i for the board in figure 4, and lines
5 3  ~o S’~ are more c o m p i l e r  c o n t r o l  statements.

I n f o r ma t i o n  for loadin g and asse.bling the XYDIM program
is found in appendix 8.

After the loading and assembling of the XTDIM subroutine ,
the data Input process s t a r t s  with a session in which computer
and user eschange pertinent data. During this session , the
computer r e qu e sts header data and w i r e — l i s t  data. Header data
include

5 customer name .

S w i r e — l i s t .

• revision codes , and

• wire— wrap board chara cteristic s.

The computer d i splays data requests on the CR! , t hen pause.,
w a it Ing until the operator respon ds with the ~roper input at the
t e r m i n a l .  After all header data are entered , the computer
requests wire—l i s t  data and displays a series of Is  to
represent the correct input format:

X X Z X X X X  1 1 1 * 1 1 *
( I )

Blinking Cursor • ( X I
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Starting at the leftmost cursor position , wire —list data are
typed beneath the X ’ s. Signal mnemonics are typed beneath the
f i r s t  block of I s ;  location mnemonics are typed beneath the
last block of I s .  W i r e — l i s t  data can be t r a n s f e r r e d  to the
computer by

1. CRT terminal (key board) ,
2. Key tronics wand (optical scanning ), or
3. paper tape.

Of the three m ethods , the CRT terminal is most useful for
entering header d a t a , editin g all data , and passing c o m m a n d
instructio n s to the computer. The second Input method uses the
Keytronics wand , a hand—held optical scanner capable of reading
sp e c i a l l y  p r et yped information. The scanner 1. the opti m um

- method for t r a n s f e r r i n g  w i r e — l i s t  data to a computer. (In—
st ruc ti ons for using the keyt ro ni c s wand are given in ap—
p end i z C.) The l ast inpu t method, paper tape , is most ideall y
suited for i n i t i a t i n g  the wire — wrap programs and c o m p i l i n g
X YD IM al g orith m s.

The d a t a  input session is finished when all header and wire —
l i s t  d ata have been passed to the computer (lie.

Typed or scanned d a t a  ma y Include errors , so it  is
r e a sonable to i n c l u d e  an e d i t i n g  session b e f o r e  perfor ming any
data processing. The ed i t i n g  session begins with a computer—
gen e rat ed l i s t  of w i r e — w r a p  data. A l the data are pr inted on the
sy s t e m  line p r i n t e r , each d a t a  e l e m e n t  Is a s s i g n e d  a “line
number. ” This number is found in the rig htmost column of the
li s t i n g  and is referenced whenever e d i t i n g .

A f t e r  p r i n t i n g  the v l r r — w r a p  d a t a  f i l e , th e com p u t e r  queries
the user on whether or not e d i t i n g  Is needed. U e d i t i n g  Is
r e q u i r e d , a set of e d i t i n g  I n s t r u c t i o n s  (fig. 7 )  is display ed o n
the CRT t e r m i n a l .

( ‘ ‘ ‘N

wI’ete

C • P for r.olsce .
F for delete.
I for Inset, . arid
£ for prid of edit .

I • t P ~e at.rtlnq line for replacements and dd e-
tions or tP • ZInc after ePifeP’ Insertion. are
?~‘ be r3p ee~’

‘4 • t)’ e nueber of l i n e ,  to be replaced , deleted .
or inserted (U N is not sp.clfie ’, It s
•‘t to I).

Figure 7. Edi t i n g  commands as displaye d on (PT. 
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Up to now only the data input part of the WRAPS program
has been active. A f t e r  data e d i t i n g  is f i n i s h e d  and the computer
q u e r i e s  “CONTINUE TO PART 3 ,2 ?“ the re .aining portions of the
W R APS program may be s t a r t e d .

Part 1 of the W RAPS program checks , sorts , and codes each
wire. Part 2 sorts and generates the N/C paper tape. Both
p a r t s  p r o v i d e  d o c u m e n t a t i o n  r e f e r r i n g  to wire length , wire
location, and signal name . Also included i s a  check list of wire—
wrap connections. This check list Is a “ from— co ’ printout
which lists the beginning and ending wire posts.

Tb. f inal procedure I. the actual wire—wrapping , , and th is
occ u rs at the wire—wrap statio n. The station consists of

1. an N/C pap er— tap . reader .
. an N/C wire s t r i p p e r .

3. an X—Y  t a b l e / p o i n t e r , and

~~~. a p n e u m a t i c  w i r e — w r a p  gun.

T h e  rt r m a l  se~~uence of events that  o cc ur d u r i n g  t he w i r e — w r a p
t e r r i n a t  I o n  process is as t o l l o w s .

The MR p a p e r — t a p e  reader pr o ce s ’e s a hl o~~ of N/C da t a , and
pe r fo r. s the f o l l o w i n g  series of  a c t i o n s :

1 . S t r I p s  a w i r e  of s p e c i f i e d  l e n g t h .
2. Point. to t h e  b e g i n n i n g  post to be w r a p p e d .
). Li g h t s  d i r e c t i o n  i n d i c a t o r s  f o r e w a r n i n g  the operator of

the d i r e c t i o n  of the next m a c h i n e  movement.

~~~ . Pauses for operator to wrap the (t r o t  w i r e  (after the
f i r s t  w r a p ,  th. user frees the m a c h i n e , a l l o w i n g  it
to c o n t i n u e  to the nest post position ).

“ . Point. to e n d i n g  po st (after the last wrap, the user
frees the m a c h i n e  to process another block of N / C  data ~~.

This e n t I r e  series of events continues u n t i l  the last post Is
w i r e - w r a p p e d .  The w i r e — w r a p p i n g  s t a t i o n  setup procedures are
de s c r i b e d  in a p p e n d i x  E .

In summar y , the w i r e — w r a p p i n g  system and computer
p r o v i d e  a w r a p p i n g  schese w i t h  t h e  f o l l o w i n g  a d v a n t a g e s  over
manual wrapping methods:

I. increased w i r i n g  rates ,
2. mi nimal w i r i n g  errors ,
3, r epe a t a b i l i t y ,
4. spe ctal ised v e r i f i c a t i o n  techniques , and
S . documentation.

L~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~
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3. VER IFICAT ION OPTION

3.1 Descr iption

The semiautomatic wire—wrap machine normally points to every
-: post desi gn ated in the w ire—listing, but the possibility of

operator error is still open because of board misalignment ,
p in skew , or improper wrapp ing techniques . To manually check the
con tinuity of wiring fo r  th •ae boards is extremely expe n sive ,
time consuming, and us u a l l y  not complete.

To offset the test time and pro vide a complete check for
missin g wires, extra wires , and improper wiring, a w ire—wrap
verification option ia a v a i l a b l e .  This option is realised as a
compu t e r  p r o g r a m  to g e n e r a t e  two N/C test tapes.

• The verification schem . works as follows. A given set of
wire — wrapped posts contains two kinds of wired nets:

1. s I n g l e — w i r e  nets (start post , end post , and , in between ,
a single w i r e )  and

2. tul tiw ir. n.ts (start post, end pos t , and , in be tween ,
sultiple wire—post combinatio ns).

I f all the wrapped posts are correct , t hey can be
mo deled b y many s i n g l e — w i r e  nets (le t t hese nets be c a l l e d
ps eudonets ) .

To s i m p l i f y  the t e s t i n g  concept , men tally unravel all the
pse udonecs and create a row of start and end posts (fig. 8).

First, all the starting posts are tem poraril y wir edt ogeth er ,
w h i c h  Is e a s i l y  a c c o m p l i s h e d  w i t h  any w i r e — w r a p  “ d a i s y — c h a i n i n g
to ol. ’ The r e au lt of the f i r s t  step Is the intentional shorting
of all wire nets together. The next step Is to a t t a c h
a c o n t i n u i t y  meter to the start of the daisy—chain shorting wire
(f ig. 9).

•‘**? D**’ c.’*m IUO OA*I ai&io

V 
~~~~~~~

s,ea, ‘ I~ &•’ I ~?&*~ I I?â•, AIT -

DSJSV O*A~ D5*’ -‘ ‘ CN*~ c”a~ CIOSm - 155

• ‘~ ~
j  I

S55 ‘ 0~~ I ~~‘4O I • 0 co~~~~~~~~C, i.tiis -~~~~~~~~

Fi g ure 8. Single—wIre nets. Figu re 9, Wired nets daisy—chained
together.
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~~~~~~~~~~Before s t a r t i n g  the a c tual testing which is the third step,
note that th. free end of the continuity meter can be used to
v e r i f y  tbe continuity from start to end of all the paeudo n. ts.
This can b . done b y m erely showing that th e r • is c o n t i n u i t y
between th. da i s y — c h a i n e d  wire and the end of every net. Thi s
ch .ck must p r e c e d e  the a c t u a l  testing. The purpose of this step
is to check that each net is a t t a c h e d  to the d a i s y — c h a i n .

The foll owin p verification procedure indicates whether any
net is improperly wired.

1. UsIng the free end of the continuIty meter and st a r t i n g
with th. last end post , v e r i f y  tha t  a good ele ctrical
connection occurs. This checks for missing wires in the
pseudon et.

2. Holding the free end of the c ontInuit y meter on the last
end p ost , remove the d a i s y— c h a i n  wire from the last
s t a r t  post. The c o r r e c t  meter response Is an open
c i r c u i t .  Any other i n d i c a t i o n  Impl ies that the net
under test is shorted to anoth e r net. The di s c o v e r y  of
any w i r e — w r a p  err o r sh o u l d  he Im m e d i a t e l y  recorded.

3. ‘4ove the fre. end of th, c o n t i n u i t y  m eter to the n e x t — t o —
last end pos t , and t h en v e r i f y  c o n t i n u i t y ,  Remove the
daisy—chain wire from the n e x t — t o — l a s t  start post.
t s ing the c r i t e r i a  established in step 2 above , verity
that t h i s  net is not shorted to any other net.

4. Continue as in s tep 3 . by moving the free end of the
conti nuit , tester to th . next end post.

5. R e p e a t  steps 3 and 4 u n t I l  the dai.~~— r h a i n  wire Is
entirel y removed from the boar~ under test.

This v e r i f i c a t i o n  scheme can e f f e c t i v e l y  offset manual
test time , by u sin g wrap data contained in the computer disc
storage f a c i l i t y .  These wrap data can be easily processed
and w i l l  y i e l d  two N /C test tapes. The first N/ C tap. contains
the information required for d a i s y— c h a i n  w r a p p i n g  of the s t a r t
post for all wired nets. The second N/C tape contain s infor m ation
required to perform the c o n t i n u i t y  check portion of the wrap
verification procedure. The following set of instru ct ions
wi l l  properly generate the two N/C test tapes.

1. Before and after punching, an, test tape , generate a 2—ft
leader by p r e s s i n g  the ‘FEEDNOLES ’ bu tton on the
system punch.

2. At the proper time the computer w i l l  make the following
query on the CR T termi n al :

PUPCN TEST TAPES?

14



3. Resp ond:

YES C rLf

(Note: CrL f——carria ge return line feed) I ’
4. Add the final 2—ft leader to the first test tape and

properly mark the tape concerning, customer and tape type
(test—daisy—chain , test— continuity).

5. Add a 2—ft leader for next test tape.

6. Computer responds:

TYPE (CONTINUE ) CrLf

7. Respond:

CONTINCE Cr1.1

M , A f t e r  the second t ape is punch ed , add a 2 — f t  leader and
re— ov e t h e  ta p e. P r e ’p e r l y  mark the second test tape
conc erni n g  ta p e t yp e and cu st om e r  name.

The followin g s e r i e s  of In s t r u c t i o n ,  refers to the proper
app l i ca t ion of test tapes.

I. After an entire back plane Is wrapped , remove the N/C
wrap tape and load the first test tap e (daisy—chain ).

2. Rep lace the norma l w i r e — w r a p  tool with the p n e u m a t i c
d a i s y— c h a i n i n g  tool .

3. Check machine geroing.

4. Perform daisy —c hain operation on posts designated by
th. wire—wrap machine/test tape 1.

5. Upon completion of the daisy —chai n operation , use an
ohm meter and verif y that continuit y exists between
the daisy—chain wir e and the daisy—chained posts. The
Last operation acts as a check on the validity of the
ent ire test sequence.

6. Replace the d a i s y — c h a i n  S/C t a p e with the ‘ test—con—
t i n u i t y ” tape.

7. Under the control of the second test tape , perform the
wire— wrap v a l i d a t i o n  as described in the previous
verification note.

I
_ _ _ _ _ _ _ _ _ _ _ _  
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3.2 ~.~~~~ j~.~~ !odifica tions

A verification step which would precede the above— described
daisy—chain and net—verification process Is currently being
pro grammed. This extra process consists of the generation of an
N/C tape containing the location of all the unused (unwrapped)
pins in a column—sorted sequence. The wire—wrap machine will
sequentially point to all unwrapped pins designat.d by the N/C
tap.. The operator would visually verify that they were indeed un-
wrapped. While the machine Is scanning the columns , the operator
would verify that wrapped pins were indeed wrapped. The purpose
of this procedure will be to increase the probability that
the nets are correct.

4. WIRING OPTIONS

The followin g three w i r i n g  options are available and
can be a c t i v a t e d  d uring the header data input ” portion of
the WRAPS program.

1. S q u a r e — r o u t e

2 .  7— r o u t e

3. Busin g

The square—routing option (fig,. 10) provides enough extra
wire to allow a wrapped wire to be hand—routed into X or Y
channels. A l l  that is required to activate this routing option
is to specif y sq u a r e — r o u t i n g  duri n g  header data input.

The 7—routin g option (fIg. 11 ) provides enough extra wire
to allow a wrapped wire to b. hand—routed into two X—chan nels and
one Y— channel , . All that is required to activate this routing
option is to speci fy Z— r out i n g .du r in g header data input.

It,.,
S CN*~~~~(

, cI,*_I
‘ C1S&~~~%

IC~~~~~~% 155 POSt

Figure 10. Square—routing. FIgure 11. 7— routin g.

T’ e busing option Is used to wire — wrap the back p lanes of
card cages. What m akes card—cage backplanes dif f e r e n t  from
other wire— wrap planes is the rep it iti v e nature of the required
wiring. In othe r words , a g iven signal will be wired in a
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repeatable fashion across the backplane. The busing option
allows a set of ‘bus wires ” to be defined and allows a set of
‘ places ” to be defined. A set of “bus wires ” w i ll be
wire — wrapped to every defin ed “place. ” To act ivate the busing
option , all that is required is a “yes ” res p ons e to the computer
query “DO YOU WANT TO BUS ANY WIRES?”

After the ‘bus wires ” and “places ” are defined , the computer
takes this information and generates a wire —list , which in turn
can be processed by WRAPS to create an N/C wire— wrap tape. The
advantage of using the bus option over normal wire —list Input is
the smaller possibility of errors during data input.

S. CONCLUDING REMARKS

the Infor m ation given In this report , along with that
given In the appendices , should allow the reader to understand
the procedures necessary to work the I4DL semiautomatic wire—wrap
machine.

I -
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APPENDIX A .—— COMPUTEI START—UP PROCEDURES

The Information contained in this appendix is in an
instructional format and applies to the wire—wrap facility
found at Marry Diamond Laboratories. A similar set of instruc-
t ions can easily be created to reflect the requirements of other
wire — wrap fac ilities.

The computer is the Hewlett Packard 2lOOA minicomputer and
Includes the following peripherals:

I. HP 2767A line printer .

2. HP 2600* CRT/keyboard ,

3. HP 7900* dIsc drive .

4. HP 27488 tape reader .

S. HP 28958 tape punch ,

6. HP 2155* input/output (I/O) extender , and

7. Keytron lcs M— 9 optical character reader.

Before computer start—up, switch on power to all the above items .

The follow ing instructi ons pertain to computer system
in it I at I on

1 , Power on the computer and perip herals.

2. W a l t until the READY lamp on the line printer turns on
before c o n t i n u i n g .

3. Toggle MASTER CLEAR on the line printer.

• 4. Toggle ON LINE on the line printer.

S. Open the disc drive panel and insert the DOS IlI— 3 disc.
Close the disc drive panel and turn the LOAD/UNLOAD
swi tch to LOAD.

6. Press the LOAD button on the tape reader.

7. Load the DOS!!! boot tape into the tape reads r
(feeding f r om left to right , with the tape feed holes
toward the ape reader).

8. Press the R EAD button on the tape reader.

Th. following i n s t r u c t i o n s  pertain to three rows of push
butt ons on the front panel of the computer (fig. A— I). The
fIrst row is called the display register and the push buttons

____________ — 
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are numbered from 0 to IS. The remaining rows contain push but—
tons to indicate the various modes of ongoing computer
Opera t ions.

7
o ~~~ 000 bob ODD 000
— S S

0 D O D
D D/D DDD\D\ D~~D D  0

[/~•~/ \ \\~~~~1
FAULT / ~ .9fl’ ~~3i5’~~~ FAULT

P4OICATOR / DIsØsy aid Contc~ INDICATOR
OPERATiNG PItASE STATUS 1 6-ffiT ~~GIST~~S
CONTROLS INDICATOf~ OIsp~y aid Coi*d

Figure A — I .  Computer front panel.

1. Press but t o n  P.

2. Pr ess button (LEAP r)ISPLAY.

3. At the displa y re sist er , press and l i g h t  the fol l o w i n g
b u t t o n s  (X • ON , (XJ — OFF).

IS 14 13 12 II 10 9 B 7 ~ S 4 3 2 1 0
X (XI x (XI X X x X X X (XI IX) (XI (XI (XI (XI

0 S 7 7 0 0

(The push buttons display an octal 057700 number code.)

4. Press  button S.

S. Pre ss button CLEAR DISPLAY.

20 
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APPENDIX A

6. Press button EXTE RNAL PRESET.

7. Pres s button INTERNAL PRESET.

8. Press button LOADER ENABLE.

9. Press button RUN.

If the previous series of Instructions is performe d correct—
• lv , the computer s HALT button w i l l  light and the display register

w i l l  ligh t the following push buttons (X • ON , (XI — OFF).

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0
X IX) IX ) IX) (X I X IX ) IX) IX) IX) 7 7 X X X 7

• 
1 0 2 0 7 7

• The octal 102077 ccii, indicates that the boot tape Is properly
loaded and computer sta r t — u p  may proceed.

10. Press bu tton P.

1 1 .  Press button C1.EAg REGISTER.

12. At the display register , press and light the following
p ush button s CX • ON , IX ) • OFF).

- 

iS 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0
IX ) IX ) (XI (X I IX) IX ) IX) IX ) (X ) IX) (X I (XI (X) (XI X (XI

0 0 0 0 0 2

(The pus h  b u t t o n s  display an octal 000002 code.)

13 . Pres s button S.

1 4. Press but t o n  (LIAR REC. IST ER .

IS . At the dis pla y register , press and light the following
push butt ons CX — ON , (XI • OFF).

1 5 14 13 12 II 10 9 8 7 6 S 4 3 2 1 0
(Xi (x l  (Xl (XI (Xl IX) IX) (Xl (XI (X l  lx i x IX) IX) IX) X

0 0 0 2 I

(The p u s h  buttons display an octal 000021 code.)

1 i . Press button EXTERNAL PRESET.

17. Pres s button INTE RNAL PRESET .

18. Press button RUN.
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If the previous series of Instructions is performed correct-
ly, the coaputer s HALT button will light and the display regis-
ter will light the following push buttons (X • ON , (Xj • OFF).

15 14 13 12 Ii 10 9 8 7 6 5 4 3 2 1 0
7 (Xl (71 (X) (XI X (Xi IX ) (XI (Xi X 7 X X 7 X

1 0 2 0 7 7

(The push bu ttons display an octal 102077 code.)

19. Press button P.

20. Press button CLEAR DISPLAY.

21 . At the display registe r , press and li g h t  the follow ing
push buttons (X • OS . I X )  • OFF).

15 14 13 12 Ii 10 9 8 7 6 5 4 3 2 1 0
(XI (XI (XI (XI IX ) (XI (XI (XI LXI 7 IX) IX) IX) (XI (XI (Xl

0 0 0 1 0 0

(The push buttons form an octal 000100 code.)

22. Press button S.

23. Press button CLEAR DISPLAY.

24. Press button EXTERNAL PRESET.

2S. Pres s button INTERNAL PRESET.

26. Press button RUN.

If t h e  previous instructions are performed correctly, the
computer will remain in the RUN mode and will request DATE
information at the CRT terminal.

The following instructions are typed on the CRT terminal and
are the last steps in preparing the computer for the first job.

27. Computer requests:

INPUT: DATE XXXXXZX

User re sp onds:

:D A TE ,05.FLB.7 9 CrLf

(Note: CrLf——carriage return line feed)
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28. Computer responds:

SUICHAN • 01
LIL • SYSTEM

IX)

(Note: IX) is the terminal s blinking cursor)

User responds:

:JOB CrLf

Computer responds:

JOB O 5 . F F L B. 7 9

P
(XI

At this time the computer Is I n  the standb y mode and is rca—
dy t o accep t a job.

L • ________________



A P P E N D IX  B. — — A S S E M B L I N C  AND L O A D I N G  AN X Y D I M  P R O G R A M

The infor m ation contained i n  this appendix Is in an in struc-
tional format and app lies to the wire—wrap f a c i l i t y  found at
Harr y D iamond Laboratories. A sin i l ar set of Instructions can
easil y be created to r e f l e c t  the re quire n ent s of other wire— wrap
fac i l i t i e s .

The ZYDIM progra m is the FORTRAN subroutine used to
generate X ,Y coordinates of a post location. Assuming the
subroutine is already written , the method given in this appendix
can be used to load and assemble XYD IM and WRAPS. (WRAPS is the
main wire —wrap pro gram that calls XYDI PI .)

The followin g i n s t r u c t i o n s  result in a lis t i n g  of computer
job—control ccm.and . that begin and end the new XYD IM
subroutine.

Jser types

JU~ C r L f

~ser t y r e s

: L I S T ,S .6.X Y 7 A T A  C r L f

(Note: XY~)ATA (fIg. 8 — 1 )  is a set of job c o n t r o l  commands
into w h i c h  an XYD IM s u b r o u t i n e  Is i nserted; C r l f — — c a r r i a g e  return
line feed.)

000 1 :Pt ,WPAPS .PA P1~1. PXY~~
000 2 :PP
0003 :PP ,rrt~4.’.l.99
0001 r~~4.i

‘ 0C(~’ ‘~~~~t r : ~~r xYt ’ T~
0004 S P i T  TWX • WY
000 7 rysrNsr~e Ino:.t 2).PCr (6)
0008 COT SOW wIw .w’T. PP.IPAcF .tc Per
0009
:ct S t ( 2 0 ) , I w L ( 6 ) . I P r V .~~P ! f l . 1~~WC .W TP ’~J . ST P t ? . 1 S W I l ,

0010
•!~~w 5 I ( S ) . L X . w : X . TwT .P I Y . ! N C P D t ~1r ) . N F T ( 7 ) . P 4 P I N f 7 ) .Ci r’X .

rtr~y .
0011
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0012 100 srrvp~0013
00 1 4 fl~f’S
OOIS iST.P.PXYDP
0014 XCI.
0017 ~PP .IC~it’P.7.1
001S PwPAP.P~W1 .PXYT)P
0019 /P
0020 !PT’ .PXYflP
002 1 s T Y

“ ‘  LIBI P WP ~~~‘‘

F igure fl — I. Listing of XYDATA control statement s .
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Instead of typing both the XYD IN subroutine and the
corresponding job—con trol s t a t e m e n t s , the system line editor is
used. The line editor allows the user to insert the XYDIN
subroutine between the appropriate control statements , thus
localizin g any typing errors to the subroutine.

The l i s t i n g  d i s p l a y e d  in f i g u r e  B— I includes a column of
l ine numbers along the l e f t  m argin. The XYT)IM subroutine is
inser t ec~ between line numbe r ’. Ii and 12 b y the use of the system
editor. The f o l l o w i n g  serie, of i n s t r u c t i o n s  puts the
co m puter into the e d i t i n g  mode and allows the insertion of the
XY DIM su b r o u t i n e .

1. Type
:EDIT .XY DATA ,l ,(new fi l e  name ) CrLf

(new f i l e  nam e) is the dis f i l e  where the XYD IM
subro utine and job—control state m ents are to be stored.
New f ile name has a m a x i m u m  of five alphanumeric
ch aracters.

2. Type

/INSFR T . I l CrLf

This command prompts the system for user input.

3. T ype I n the new s u b r o u t i n e  s t a r t i n g  with data
statements.

4. Type

fIND C rLf

/END terminates the e d i t i n g  session and store.
the ne w XYDIM under (new f i l e  name ).

S. Type

:!t ST .S ,#~.(n,w f i l e  name) Cr!.!

‘he new X Y ~~1N s u b r o u t i n e  •n~ job—control statements
are l i s t e d  on the svst~’— line p r i n t e r .  The printed
c o l u m n  of li n e  number ’ a long the lef t m argin must be
refer enced if f u r t h e r  e d i t i n g  is  requi red.

‘~~ . I f  no editin g Is r e q u i r e d , go to step 7.

Ty pe

:F !)1T .(new f i l e  name ), I Cr !.!

Perform r en u i red e d i t i n g  and type

/ENt) CrLf

- . 5  - - S~~~~~~ • 5- - - - - -- 5- - - - --- -- —~~~~.— -~~~~~—~~~~~- -—~~~~~~~~~~
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7. Program assemb l y involves the linking up of the
new XYD IM sub routine w i t h  the main program. The easiest
method for a chieving the link up is to run the new XYDIN
and job—control s t a t e m e n t s  in BATCH. The following
series of in s t r u c t  ions results in the proper linkup.

Ty p e

:D U M P .4,(new f i l e  name ) C r L f

This command t ra n sfer. the er ’tI r e XYDIP 4 and job—cont rol
state m ent s onto a paper tape. Remove the paper tape and load the
tape I n t o  the p h o t o  reader (fe edh o le s away from operato r ).

T ype

:SS Cr L f
:U .~~’~cT~~’4 , I 1. r~
:MA ~~C” .S Cr:

A t  ~ I ~ inc t - e 9 e W  X Y D  ~ sub ro u t  toe is lo aded and • if no
• c o rps Ir e r r o r s  occ ur , the Si~ F P T’ ~~~ R S ’ mes sage is d i s p l a y e d  on the

C P T . ~~~~~e~~i t h e  er~~t r e  p r o g r a m  Is l i n k e d  and assembled , the
~o l 1 o w 1 n ~z S r r l * ’ % ~‘t s t a t e — e n t s  is d i s p l a y e d  on the  CRT.

I ‘~ A~~ ’ ~~~~~~~
:P t’ .~~XYD ’~
R X Y M
X TY

( X )

The W R A P S  mn d XYD I” p r o g r a m s  are l i n k e d  and read y to
run. ‘he .‘nt ir e s t a r t , lo ad , and link process req uires
a p p r o x i m a t e l y  1. S h o u r s .

.7
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APPENDIX C. ——SET UP AND USE OF K FYTRON ICS WAND IN W I R E— W R A P

The i n f o r m a t i o n  c o n t a i n e d  in this appendix is in an instruc-
t i o n a l f o r m a t  and app lies to the wire —wr ap f a c i l i t y  found at
Harr y Diamond Laboratories. A s i m i l a r  set of instructions can
easil y be cre. ,ted to r e f l e c t  th e requirements of other wire— wrap
f a c i l i t i e s .

The K e v t r o n i c ,  wand is a h a n d — h e l d  o p t i c a l  c h a r a c t e r  reader
c a p a b l e  of s c a n n i n g  s p e c i a l  pr e t yp e d i n f o r m a t i o n  and t r a n s f e r r i n g
t h t s  i n f o r m a t i o n  t o  a c om p u t e r .

T h e  ke-v t r o n l c s  wand i s  w i r e d  in p a r a l l e l  to the CRT
t e r m i n a l .  The t e r m i n a l  is u s e d  to o verride the wand in
s i t u a t i o n s  w~ ere a s cann ei c h a r a c t e r  1e u n r e c o g n i z a b l e .

The b e v t r o n i c s  w a n i o f f e r ’. P 1 g b — s p e e d  t r a n s f e r  of data to a
omp u t c r  w t t h o z t  t h e  e r r o r s  n o r u ’ a l l v  a s s o c i a t e d  w i t h  CRT t e r m i n a l

1n ~~ u t

The p r e t v p e d  i n f o r m a t i o n  tu st be

1 . t y p e d  tn )cRA ( o p t i c a l  c h a r a c t e r  r e c o g n i t i o n  version A)
font

. d o u b l e  spaced , and

3. ten characters per Inch.

When the keytronic. wa n d is used to scan w i r e — l i s t  d a t a , the
f o l l o w i n g  forma t is used:

XX X X X X X  X X X X X X X

XX XX XXX X X X X X X X

The X ’s ” d esignate character p lacement for th. signal
mnemonic and post location mnemonic , each with a m a x i m u m  of seven
alp hanumeric symbols. Th. second row designates the p l a c e m e n t  of
th. next signal mnemonic and post location mnemonic. The
remaining data follow in the same f a s h i o n .

The next series of i n s t r u c t i o n s  p e r t a i n s  to s e t t i n g  up the
keytr onics wand.

1. Turn 8A1D SELECT to Code 5.

2. Turn thumbwhee l switches to Ii on channels 1 and 2.

3. Press and set s p e c i a l  mode switch 5. Press INTR switch.

4. Check PRINT QttAL ITY d i a l s  and verif y the I to 4
se t t i n g .  (Adjust if required.)

——— - - -5  .5 — -- -— - •- --— - ---  - - - - -- 5- — ----. 
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S. Plug wand Into channel I.

6. Ii the computer is read y to accept scanned data , the
user ca n st a r t  at this t i m e .

is. . - ~~~~~

•
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T~~e 1n f ~i r — a t i o n  c o n t a i n e d  in this ap p endix is in an instruc-
t i o na l format and app lie , to the wire—wrap fa c i l i t y  found at
H arr y Diamond Labora t ories. A s i m i l a r  set of in s t r u c t i o n s  can
easily be created to r e f l e c t  th e requirements of other wire—wrap
f a c i l i t i e s .

Af ter w i r e — l i s t  data are processed by parts l and 2 of the
W R A P S  pro gram , t he n u m e r i c a l  c o n t r o l  (N/C) tape is ready to be
punched. This N /C tape w i l l  c o n t a i n  a l l  the i n f o r m a t i o n  required
by the w i r e — w r a p  m a c h i n e  for w i r i n g  a backplane.

The f o l l o w i n g  series of I n s t r u c t i o n s  gen erates the N /C tape.

G e n e r a t e  •* . — ~~~L~~ng ~~ cr t a p e  hy p r e s s i n g  the FF!~t)
HOL~~S ‘.w t ’ c 1- on t h e  ‘ . v s t e  p un e b .

‘.- p . -  t b ,. o I -~~ t n ~’ i r  r r~~~r’ ~n c e  to t h e  c o m p u t e r  es sa g e
h . 1.1  ‘.IC ‘ A P ’  ‘‘

Yr’~ 
(‘e l ’

( ‘ . o r : ( r i ’ —— _ i r r : . i ~~n r,~~ u r n  l i n r ~~ce~.)

v~ n t ’  e s v i-~~~ ’ —  ‘-‘ un c ’ l x  I t n t s h e d  g e n e r a t i n g  t h , N/ (
5 ~ !— ~ t — ~~~) r .  ~~~~~~~~~~ t o  t P - e C f l t~ of the t a p e .

I~ at .~“y t t e  t h e  p a p e r  :- spe su~~~ Iy run s out ~-‘e f o r e  the N /C

~~~pe ncr ., t~~.- n  i s  ( o ? r I l e t r , r~ ’.’ n t h e  ! o i l o v l n g  r e c o v e r y  r r o c e —
-~~‘ i r e  II’t  hr u*r  ~~.

I. Relc ’ a l a new spo o l c f  p a p e r  tape and add a 2—ft leader
as bef o re.

2. T yp e

:U P .4 t rl . f

:P C M ,WR APS CrI . f

3. T y p e

Yes CrL f

in response to the computer message

PUNCH N/C TAPI?

4. A f t e r  the new N/C tape is punched , add a f i n a l  2—ft
l eader.

S. Spool the pa per tape and proceed to the actual
wire— w rapping.

-

~~1 
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APPE N DIX E.— — M U M E R IC A L  (UNTROL W I R E — W R A P  MAC HIN I SETUP

The i n f o r m a t i o n  c o n t a i n e d  in this appendix is in an instru c-
t i o n a l  format and applies to the wire — wrap f a c i l i t y  found at
Harry Diamond laboratories. A similar set of instructions can
e a sil y be created to reflect the requireme nts of other wire — wrap
f a c i l i ti es.

1 — 1 .  POwER— U P PROCEDURE

This procedur . describes how the wire — wrap system at HDL
is started for p e r f o r m i n g  an e n t i r e l y  new job.

1 . See p r o c e d u r e  (section 1—3 ) Co thread wire Into Card ner—
!i env er (C—U ) s t r i p p e r  if wire size change is required.
V e r i f y t hat power to C — ~~ s t r i p p e r  is off b efore going to
s t e p

2 . M o U n t  1./C tape in ’o kem ex tape reader as follows.

a .  A ’  con~~’1e , t u r r  •~ l.er r , w 1 t  c~ OFF.

h . ~~t P ea r i t a p e  rca ~rr , s e t RI N/ I  ) A f l  s w i t c h  to LOAD.

c .  c e t  Sp, ~OI .I I ~~ ‘!‘ s w i r  c - h to Sr’’ sl

d . cr C h em e x p o w e r  s w t t ~~h to ~ (power c o n t r o l l e d  via
c o n s o l e

e. Set ~ ojr sw 1 t c ~ t o

I. Set A S C I 1 F E I A  to A S C I I

• c p t P ~~~‘ T 1  / it) ( A l ~ o RI Wi~ T I

h. Set X ,Y c o o r d i n a t e s w i t c h e s  t o  00000.

t oad pa pe r tat ’. feedi n g  the leader I $ right to
l e f t  f o l l o w i n i  the h i a c k  stripe on the fr on t panel.

. Pc -~~ it i c -~n t ’ . paper t a p e  over th e reader before th e
wr i t I n g  I n ~~orr .i t t on “e g i r s ;  t h i s  p o s i t i o n  ma y be
a f t e r  t d e n ? i ’ t c a t  t~~~r in orr ’at ion.

3. ~et up the wire ‘t r i p p e r  ax follow .:

a. ~et L e f t - i s t  co un ter to 0000001; ch p c k by pushing
red b u t t o n .

b. Set rightmost counter to 000.

c. Set CUT CLAMP . STRIP , and EJECT down to *1170.

J d . Set N/C/OFF to N/C.

_ 
--_ _ _ _
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f. Turn power off.

4 .  Se t up the console controls as follows.

a. PAST/SLOW/CR EEP to FAST.

b . WIRE LENGTH/BIN NO. to WIRE LENGTH .

The following switches are spr ing loaded and require no
sett ings:

REZERO . NACK—UP . UP—DOWN , and 1/K .

5. Turn on p o w e r  a s  follows (read following section before
execu ting ).

a. Turn on air pressure in Machine Shop (green valve).

b. Turn on bench power.

c. Turn on consol e power.

d . Activate red emergency bar i m m e d i a t e l y  upon turning
on console power.

e. Press RE ZERO .

f. Turn on both panel lights.

6. Mount w i r e — w r a p  p anel , c~i r e f r i l 1 v  square panel and check
dept h c l e a r a n c e , Lock depth w i t h  eig ht screws , a n d
check c l e a r % c e  veT e n t i r e  b o a r i— — b e w a r e  of board
bowin g. (l e a r ncc should he fl .OS0 to 0.100 in.

7. 7cm on o r i g i n  pin.

a. Se t MOi) E S W I T C H  to ZERO SET.

h. Set SPEED CONTROL to SLOW .

c . ~iove pointer to de sired o r i g i n  pin w i t h  UP—D OWN and
1— K controls.

d. Move po inter to final posi tion in CRF .EP speed.

e. Nit safety bar (red emergency bar).

I. Set speed to FAST.

g. Press REURO .

34 5
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h . Hit s a f e t y  bar again.

1. Press REZERO once more.

8. Press RUN/LOAD to RUN on Rem ex tape reader.

9. Set MODE SWITCH to AUTO on R e m ex tape reader.

10. Turn on stripper power switch.

11. Index tape using gun advance.

You are now ready to wrap.

1—2. RE START FROM ONGOING JOB

1. Set M O P P  SELECT on Pemex to ZERO SET.

2. Turn on benc h power and air  pressure.

3. T u r n  on ,’le p ower on , h it s a fet y bar , and press REZERO ,

Ra n d o m  r e a d o u t s  com e up.

4. Turn on s t r i p p e r  power and both panel i l l u m i n a t i o n
l i gh t . .

S . V~~ger~ .n to o r t ~ ’ in  p i n  of h o a r d  a. fol l o w s :

a. Set sp eed c o n t r o l  to ~~~~~~~

~‘ . 9- ’ve p (-tn~~er to 1 ’ c I r c ~ (‘r igi n p i r  w t t~’ t’P— ~~~W~
. i n d  ~~~~ t o g g l e s .

e. Move pointer to f i n a l  position In CREEP speed.

d . Hit safet y bar.

e . Set speed to FAST.

I .  Press PEZIRO .

g. Hit safet y bar again.

h .  P r e s s  R E ZERO again.

6. To locate proper block In tape reader , do the following.

a.  Se t MODE SELECT to TAPE SCAN.

b. Use REV ERSE —F O RWARD tog gles to find the last com-
ple ted tape sequence nunber.

~

_
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c. Turn mode switc h to AUTO .

d. Index wi th wire— wrap gun.

e. Che ck posit ion and wire length , if any, with
p r i n t o u t .

f. Con tinue wirin g .

E—3 . PROCEDURE TO THREAD WIRE INTO GARDN ER—DENVE R STRIPPER

1. Remove old wire from s t r i p p e r  as follows.

a. Sli de off p l a s t i c  OSHA (Occupational S a f e t y  and
Health A d m i n i s t r a t i o n )  saf e ty guard.

b . Turn off nower to e n t i r e  s t r i p p e r — -n o t e  that de—
r eel motor has a separate power plu g.

C .  Pu l l  out old wire.

2. Thread new wire as follows:

a.  Mount new roll of wire.

b . Pass new w i r e  through der eeler wheels.

c. Pass wire through hole d i r e c t l y b e n e a t h wheels.

d. Pass wire through folded wire feeder.

• e . Feed wire through sp l ice—detector tube.

f. Check that stripper switches are set as follows:

C U T , CLAM P . STR IP , and EJECT are all down ,
N/C is up, and
S I N G L E  C Y C L E  is up.

g. Turn on stripper power.

h. Peed wire through nozzle.

I. Pre ss Jog button. Wire should now be threaded; if not,
pull out wire and try again.

j. R e i n s t a l l  OSNA plastic guard.

‘I
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E— 4. MANUAL PROCEDURE POP “CO TO” POSITION

1. If machine is a l r e a d y  powered up and an origin point has
been chosen , the following steps are followed.

a. Set REMOTE—LOCAL to LOCAL.

b . Se t MODE SWITCH to AUTO or TAPE SCAN.

e. Sec thua bwh eel switches to desired X ; toggle GO
TO X .

-~~ . Set t h u r b w h e e l  switches to desired Y; toggle CO
TO Y .

If r e f e r e n c e  was n o t  set , then perform the zero—origin
p l c .  p r o c e d u r e  (c t cp  7 of p o w e r — u p  procedure , sec t. 1— 1 ) .

m a c h i n e  l x  not  p o w e r e d  up.  e x e c u t e  s t e p s  4 . ~~~, and 7
o f  p ow e r — u p  p r o c e d u r e .

E— 5 .  KF (0LP FROM t O P ’ M  l.IP~ .

I . if t h e  w i r e  is h r o ken w h i l e  the f i r s t  end is being
u c a p p e l . remove t~~e wire and press CYCLE on the
s ’ r i o p e r .  A new wire w i l l  be s t r i p p e d  and you are
a l r e a d y  in the co rre .~t p o s i t i o n  to wire.

If th e w i r e  is d a — a g e l  w h i l e  the second end is being
wrapped , t h e n

a. re -~ove :he second end of the wire .

b . to g g l e  the ~A ( Kl ’P s w i t c h .

c. rc~~ove t~~e f i r s t  end of th e w i r e , and

d . pr e~~ CYCl E on s t r i p p e r  and rewrap Iro this point.

1— 6. RECOUP FROM SAFETY BAR ACTIVATION

I. Set PODI SELECT to ZERO SET.

2. HIt PEZERO to shut off alarm.

3. Perform RCZERO (sect. F— I , step 7) procedure.

4. Set MODE SELECT to AUTO .

5. Toggle BACKUP switch.

6. Advance m achine by w i r e — w r a p  gun. Ch eck for correct
position by tape sequence number and position location ;
continue. ;- 

_____ 
1~~  j

i~. - . ._  . 5 = — - — —=5—--—-- - — — - - -5 _ - — — - 5 - — - -=-- - -=5- -
~~



— — --= 5—— - _
~~~~~-=5 - - - - - - 5 -- ~- , - — -=5— 

_
~~~

__ _ _=5____~~~
_ _ _ _

~~~~

APPENDIX I

E—7 . TAPE SCAN TO DESIRED TAPE SEQUENCE NUMBER

1. Set MODE SWITCH to TAPE SCAN.

2, Set REMOTE—LOCAL to REMOTE.

3. Move tape through reader by ADVANCE button or by TAPE
SCAN toggle (REVERSE or FORWARD).

4. Stop on the tape sequence number previous to the one you
desire to execute.

S. Se t MODE SWITCH to ALTO .

6 , Advance machine with wire—wrap gun.

E—~~. TURN— OFF PROCEDURE

• The wire—wrap machine is turned off as follows:

1. No te (by writing down) the last se qu en ce number you
comp L et ad.

2. Press REZE*O bu t ton on lef t console.

3. Turn off stripper power.

4 .  T u r n  of I console power.

S. Turn off bench power.

6. Turn off a ir in Machine Shop.
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APPENDIX F. —— HtW L ETT—PAC ~~A RD (HP 210 0A) WIRE—WRAP SO FTWARE

F—I. INTR ODUCTION

The information contained in this appendix is in an
i n s t r u c t i o n a l  format and applies to the wire—wrap f a c i l i t y
f ound at the Harry Diamond Laboratories. A similar set of
i n s t r u c t  ions can ea s i l y  be created to r e f l e c t  the require-
ments of other w i r e — w r a p  f a c i l i t i e s .

The software req u i r e d  to convert a conventional
w i r e  list to the appropriate codes to drive the nu m e r i c a l l y
c o n t r o l l e d  ( N I t  ) c o n t r o l l e r  associated w i t h  the Com p ut e rwrap
w i r e  t e r m i n a t i n g  svs ce r ’ has been w r i t t e n  In FOR TRA ’~ IV for
t h e  ~~~~ fl O OA -~. n1 e om p u t e r .  ~~~~~~~ so ftware consists of t h ree
m a l o r  d i v i x t o n s :

.1. df l  in p u t  ‘.ec ’ion w h i c h  r e c e i v e s  the wire list  data .

~~t c ’~~ e s  i t  in a d i s c  tic , and p r o v i d e s  for e d i t i n g .
L i  .,~~ j.~g , ‘~tc

h . a coi~pt, t .i t i o n a 1  s e c t i o n  w h i c h  c o n v e r t s  a lp h a n u m e r i c
• l n r a  io ’ m n em o n i c s  to post l o c a t i o n s  in Inches ,

co~~’ti c e’ r o u t e  p o i n t s , d oes error c~’ec~~ing, perform s
var io u s  o t h e r  hou~~e k e r p i r~~

’ c h or e s . an 4 p u n ches the
“.iper t a p e s  r e q u i r e - I  f o r  v e r 1~~i c a t i o n  of the w i r i n c . and

c. a s o r t l r ~ and c o n v e r s i o n  s e c t i o n  w h i c h  punches the
paper tape for w i r i n g  t h e  p anel.

F— .~. 
(~~~aP U TA T!OSS

T~~, X .Y cnnr~~ina t e s (in inches ) of the p ost l o c a t i o n s  are
c a l c u l a t e d  h axe d on the p o u t  m n e m o n i c s , using th e s u b r o u t i n e
X YD IW . The l o c a t i o n s  of the b e g i n n i n g  and e n d i n g  po sts of each
net are saved fo r the v e r i f i c a t i o n  section. The level assignment
is made for each wire , alwa y s a s s i g n i n g  the f i r s t  w i r e  in each
n et to the f i r s t  l e vel. The wire len g th is c a l c u l a t e d  based on
the r o u t i n g  s e l e c t i o n , m i n i m u m  wire length , s t r i r  length . etc.
Error c hecks are m ade to ensure that the l o c a t i o n s  computed b y
XYDI~ are w i t h i n  l i — i t s , t hat no net s co n s i st of a single post ,
and that no two c o n s e c u t iv e  posts have the sane location.

F—3. SORTI’~G AND CONV ERSIO N

The wires are sorted by level and by wire lengths within
a le v e l .  The sorted data are then formatted and punched on paper
ta pe.

For each pos t there ii a record on the paper tape consisting
of the codes below:

M d $ d X d Y d D d R d T d B d S E H 5
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• The d code represents a string of di g i t s , and the
a s t e r i s k  r e p r e s e n t s  an end—of—block character .

• M codes are the record sequence numbers , starting
with MO for the i n i t i a l i z a t i o n  record , and incrementin g by
1 throughout the job (maxiriur 9999).

• N codes are the wire sequence numbers , starting with
MO (or the i n i t i a l i z a t i o n  record , and incrementin g b y I
at the start of each new wire (maximum 9999). The wire
sequence number is d i s pla y ed on the Conput erw rap reader .

• X codes are the X coordinates in inches , vary i ng fro m
—99. 999 to +99.999 in,

• Y codes are the Y c o o r d i n a t e s  In i n c h e s , vary i n~ from
—99.999 to +99.999 in.

• 0 codes are d i r e c t i o n  codes l i g h t i n g  four d i r e c t i o n
i n d i c a t o r s  s i n g l y  or in c o m b i n a t i o n  to warn the operator
ab out the next machine movement. The P codes are as
foll ows:

Dl west lamp

02 n o rth lamp

04 east lamp

010 south lamp

0 3  n o r t h w e s t  lamp

06 north e a s t  lam p

D I I  southwest lamp

01 4 southeast lamp

DO al l  lamps off

• R codes are spare s w i t h  no designated use at this time .

• I codes allow prop er i d e n t i f i c a t i o n  of twisted wire pa i rs
by l i g h t i n g  appropriate lam ps. The TO and Ti codes light
B and I.’ lamps which correspond to black and w h i t e  twisted
wires, The TI code t u r n s  off B . W , 5, and I lamps t o
indicate a route position for square and Z routin g.
(S lamp s i g n i f i e s  th e start post : F. lamp signifies the end
post. )

• B codes are the wire lengths in tenths of an Inch. This
code app ears only in records of start posts (maximum 999
or 99,9 In.).

- --~~~ --__ -= 5. .
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• S codes are the start  codes; an S lamp is li t  for the be-
g inning post of new wires.

• E c odes are the end codes; an E lamp is lit for the ending
post of new wires.

• H code sounds a horn.

Punched N /C tape i n f o r m a t i o n  other than post data includes
user i d e n t i f i c a t i o n  codes and system i n i t i a l i z a t i o n  codes. Iden-
t i f i c a t i o n  codes are punched A c C I l  characters representing user
name and job t i t l e .  F o l l o w i n g  i d e n t i f i c a t i o n  codes are the
A c ode and the S y stem I n i t i a l i z a t i o n  code. The A code
t e r m i n a t e s  a tape rewind code , and the sy s t e m  i n i t i a l i z a t i o n
code primes th e sy s tem to r e c e i v e  re gular post data. The
r e w i n d  t e r m i n a t i o n  and s y s t e m  i n i t i a l i z a t i o n  codes are

A ’ ~~~~~~~~~~~~~~~~~~~~ I ~

* • e r c I  o! b l o c k , an’s

A • end of r e w i n d  cc’~
4 r.

A ’t e r  a l l  p o St d a t a hl o c~~s i re pr oce ’~s eI , a rewind c o d e
c o n s i s t i n g  c~ 

‘ A A ’ co~n p I e t e ~. the w i r e — w r a p p i n g  process b y r e-
w i n d i n g  the ~ /(: t,,pe .

~)ii rin g t h e  w i r e — w r a p p i n g  p roces s the operato r may be re-
assured that  t h e  ongoing w i r e — w r a p p ing is corr e ct by ‘icing com-
p u t e r — g e n e r A t e d  w i r e  l i s t s .  these l i s t s  ref 1-e ct t he variou s
st at e s of th e  w i r e — w r a p  s y s t e r . L i s t e d  i n f o r m a t i o n  i n c l u d e s  the
f o l l o w i n g .

Record sequence nu~~h er

~~ire sequenc e number

A l p h a n u — e r t c  post m n e m o n i c s  (from—to)

W Ire l e n g t h  (in inches)

Ro ute point or wire level

F—4. V E R I F I C A T I O N

The v e r i f i c a t i o n  tapes de s cr ibed in the body of this re-
port ar e produced as follows.

The location s of the posts to be wired are computed in Part
I of the software program , and th ose of the first and last posts
of each net are stored u n t i l  al l  have been calculated. ‘Then for
each single—wire ne t (pseudonet). the post which has the smallest
Y—value is selected as the beginning post of the net , and t he

41
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other , t he end. Then the b e g i n n i n g  locations are sorted on X .
Then the locations of this sorted selection of po sts are punched
on a t ape , wh ich is used to form the daisy chain shown in figure
9 in the ma in bod y of the report. Then the locations of the
corresponding end posts are punched on paper tape in the reverse
order. Thus , for the fi r s t  test tape , the wi r e — w r a p  N/C pointer
w i l l  po int to the beginnin g of ea ch pse udon et proceeding from
lef t to rig h t  a; the operator forms the da i s y — c h a i n .  Then for
the second test tape the head w i l l  point to the end of each
p seudonet s t a r t i n g  with the last net In the chain and proceeding
fr om net to net u n t i l  the end of the f i r s t  net is reached.
The form at of these tapes Is i d e n t i c a l  to the tape produced in
Part 2.

I f the w i r e — l i s t  Is not en tered in order by net , t hen a
sort is required to put a l l  post s In the same net in sequence.
The sort routine can process 5120 elements , so the n umber
of posts , wh i c h  is e q u a l  to th e num ber of e n t r i e s  in the wire—
l ist , is l i m i t e d  to 5l ,~O.

If the w i r e — l i s t  is In order by net , then the only sort re-
q u i r e d  Is that in Part 2 , w h i c h  is a sort by wire , so the num-
ber of wires is l i m i t e d  to ~~~~~~ The number of wires , in terms
of nets . is

~~~~— — 1 ) .

1~~l

w h e r e
X — nu m b e r  of w i r e s ,

~ n u mber of ne t s , and
• number of po sts In ne t i.

This section ends the d e s c r i p t i o n  on how verification tapes
are g e n e r a t e d .  A more thorough de s c r i p t i o n  of how the verifica-
tion proceeds i~ found in the main body of this report.
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