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SECTION I

INTROD UCT iON

Immedia te l y f o l l o w i n g  B o c i ng- V e r t o l’ s c o n f i r m a t i o n  that  ro tor

blades  made fr o m  advance d composi tes  as t h e i r  p r imary  m a t e r i a l s

of cons truc tion were demons t r ab ly  more e f f i c i e n t  than counter-

part blade s made from convont~ onal metals, it became apparent
t ha t  a method was needed ohereb y these bl ades could be manu-
f a c t u r ed  on a p r o d u c t i o n  m a c h i ne . Sin c e  those i n i t i a l  proto-

type and t e s t  b la d e s  had been f ab r i ca t o 3  by hand , a t h e o r e t i c a l l y
correct  o r ie n L~~t~~on and geomet ri c ar ran g-c n en t  of each l amel la

layer  had , L- -~r cb v , been r e a s o nab l e  v e I l  — s t a b l i s h e d .  It
r emained  onl-~ to develop a workable con~~~pt fo r  an au tomated
m a c b a n e  to r r edu ce , ex a ct i ~~, t h a t  n ’o t t ern , or any s i mi ia r

planar orien~~:tior neede d to fabricate str ictures from these

• material s . U particular , iclicopter ro~ cr  b l a d e s/ s p a r s  and

Otoer - .~~rcr i~ 0 structures naving confi gurations incorpcrating

s~~r : tire.- of r~ rrpound curvature .

2: :~~~~ :. — .r:-.a ax;~~r~ er~ce to .:av~~n I o U  up rotci blades

i rom ad’:ancod :onpositcs , l3oeinq—Vertol ~ as able to translate

the m ’r p l i c  i of novemcnts needed to place composite tapes

In tr er r respe t i ve  pos ition and hi—axial orientation into the

schenat~~c representation of an automatec production nach~ ne

capable of reproducing essentially t h e  same basic movements.

During t; e d~~~i go ph a se  nr e d r atp ly  p i e c c U  -c this machine—

nuU.ding ~~~~~~ Doeiog—Vcrtol ‘5 cuncepru na performance

sne c~~f~ cat~ o:o~ ~erc tranoposed by t h i s  ~ori~ ractoi: into detai ~c-d

u r i~~ ~nos of I c co:p Ute procuction eachii .- - Certain of the

p ~~~ f - -c c were soP eq ~ t l y . cd~~f i e d ~n order  to presen t

a r c.e .:e le~~ - Ul— ~~ro hn i co- nUil~~t: .

8
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The ob j e ct i ve  of t h i n  program was to fahricai~e th e Automated

Tape Layup  Syst em (A TLAS )  macl ine . The o r o g iam  would  hu
- 

s u c c e s s fU l - i  accompl i shed  when  th u  ATLA S m a c hin e , in s t a l l e d

at the B o e in g— V er t o l  f a c i l i t y, had shown i t s  ability to l a y u p
- 3 inch w i d e  g lass epoxy tapes on f l a t  and compound c u r v ed

sur faces to a required degree of r e p e a t a b i l i t y  and reliability .

Succes s fu l  d e m o n s t r a t i o rt  of ATLAS at the B o e i n g— V er t o l  f4 c i l i t y

showed the v e r sat i l i t y  of the machine . F i n a l  acceptance t est s

showed the machine  to f u l l y  meet i ts  requi red p~~r fo rmance  w i t h i n

the l i m i t a t i o n s  imposed by a v a i l a b l e  composite tape s p ec i f i c a t i o n s

and tape p l acem en t  u n i t  d e v e l o p m e n t s .

I
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SECTION II

SUMMARY

This final report presents information on the complete

fabrication and testing of the ATLAS machine.

The program was planned in two phases. Table 1 shows the

program of these two phases .

The first phase was the comp U~te fabr ica tion , assembly  and

test of the machine at the Cont rac to r  s f a c i l i t y, Goldswor thy

Engineering, Inc., Torran ce , Cal iforn ia . The pha se ended w i t h

the disassemb ly and shipment of the machine to the Boeing-

Vertol Company facility .

The second phase was the installation , tes t and demons t r a t i on

of the ATLAS mach ine , at the Boeing-Vertol Company facility

in Ph iladelphia , Pa.

Development w o r k  on the tape d i s p e n s i n g  head  p l a c e m en t  s y st em

was a si gnificant part of the  second phase . The ATLAS mach ine

was s u c c e s sf u l l y  demons tra ted as a comp lete , reliable syctem ,

mee t ing  the requ i rements  of the  C o n t r a c t .

F u rPh e r  dewe lopment  work  w i l l ,  c o n t i n u e  to improve the placemen t
uni ts versatility in order to u t i l i z e  the full potential of the

ATLAS mach ine .

Ii
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SECTION I I I

MACHINE DESCRIPTION

3-1 GENERA L DESCRIPTION

The Automated Tape Layup System (ATLAS ) is a completely
i n t e g r a t e d  six axis numerically controlled Tape Placement

f1achine

The bas ic U f li t S  of the machine are shown in Figure 1

and are as f ol lows :

3-1.1 Cast iron modular base sections with aluminum tooling

plate work surface .

3—l .c Moving gantry (“X” axis) unit with vertical (“Z’ axis),
- ‘ t r ansverse  ( “ Y ” a x i s )  motions on i t .

3-1.3 Tape dispensing h ead , with rotary motion (“C” ax is ) ,
mounted to the ( ’A ” a x i s ) t i i t i n g  car r iage .

3 - 1 . 4  Powered rotary headstock (“D ’ axis) and opposing
t a il stock  u n i t .

‘- 4-

3-1 .5 Two s teady rest units synchronized rotationally to
the heads tock ( “ D’ axis ) and linearly to the gantry motion

(°X” axis).

3 -L6  r-~um e r i c al  contro l sys tem w i t h  associated teletype—
1*1 -~r i t e r  and tape punch , used for  s e l f - p r o g r a m m i n g .

I 
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- - 3-]. General Description (coot.)

3— 1.7 ~1otor control center .

3—2 .8 The ge ne r a l  s p e c i f i c a t i o n s  crc qi -!crI in Table 2 .

Table 2 .  ATLAS ch?noral_S~ ocific-ation s

AXIS MOTION MOVEME~JT (MAX.)FEED RATE ( M A X . )

Long itudinal 432 inches 720 inches/minute

Y T ransve r se  96 inches 720 i nches/minu te

Z Ver tical 36 inches 153 inches/minute

C Rotat ion of Tapehoad 4 0 5  de g rees 10 RPM

- D Rotation of hieadstock lnfinite 10 RPM

- 
A Lapehead Tilt +45 degrees 3 RPM

- ¼. MAXI M UM ~U1LiNE DF-iEdSiOkS

- Length ~72 :ncncs (5~ feet 1

W i d tn  2 O~1 i nches  ( 1 2  f e e t )

- Height 1 32 Uchei; (11 feet)

VP

“I. 
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3— 2 DdS iO N SPE C!  F1Ca ’l1 ON ~-

The desogs c-f t i I C  ATLAS macil Lit - , ~ . or d-~s-~ by Gold s wo r th y

~ing~ reer1ng , f u r . aucier a precU:inu Contrac t:

3—2. 1 h:cnn : cal Speci fi cation c:. ~-;u:; t u e  basis for

the cesiun woo prepared by the i3oein~; ~:~
-
~nI -- t ny , Ver to l  D i v i s i o n

in t h e i r  1 oc u r a L -o E E S — 7 — 3 7 6 , w h i cr i  appea rs in A p p v r l d l x  I of

this r e p o r t .

3 — 2 . 2  Dc-n~~gn of t h e  machine f o l l o w s  the S p e c i f i c a t i o n s

closely, wi th a few deviations .

3—2.3 ~ c or t c i n  amoun t o~ re-desig n was done during this

Coorract , to c-articultr:

3- 2.3 - 1 b;- -- - castin es nod~ fiod to ul low for steady rest

wa- ’s  and c~r i v t n g  gear r5e:

3 — 2 .  3.2 A n o n L e r  of sI --as.~enu ~~ ies i n  n t c  Tape H e a l ;  u n i t

were  m o d i f i e d .  A uccision ~rs maci c to :sc- 3 inch net width

composite Loper , eliminattuc the or~ ~iu al r e q uor em en t  to no

ab L e  to use the 3 lflCfl w ile tape s on 4 inch wtde paper backing.

3—2. 2 .3 CoonJt- te development oil thc LinC Loilower unit

re-guire-l La~~~-~ desi gn arid detaUinq

2— 2.4 Jcs:~~o of the SLteci ;eost iir 1:5 was done from

~p (;~( f i c at i o : i :  i’ece ‘-:e-J fr:,:; P- -a~ n-j \‘L t o~ , d u r i n g  the Fab—

r~ c~ t ion P~~one of I h:- -20n :r a l : t

it’

-1 
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3— 3 Lh\SL SI- CT1u~:S AiJL k-~YS

Desi gn considerations had been given to the possibility of

using a min imum of structure for the work table of the machine ,

b~ mounting the way rails and table top to a rigid foundation .

However , since the machine was to be fabricated and tested at

the Con trac tor ’ s facility , then sh ipped  to the Boeing Ver tol
f a c i l i t y ,  c o n s t r u c t i o n  of two special f o u n dat i o n s  were  not

feasible .

The base sections werc thoretore desi gned at self supporting

u n i t s  w i t h  enough hei gh t  to g ive good ri y L J i t y  and heavy

enough to stand ~n a free state without the need for hold

sown bolts. -

P i gu r e  2 ~h cwn  the ~anera1  layout  of the case sections a t  
-

the headst ock  end of the machine. Locat~ ou of th e gan try
-suppor t  ways , and d r i v i n g  gear rack , as W1U 1 as the steady

re s t  w a y s  are shown .
¼ .

3 — 2 . 1  Base (.‘a s t  Log s

To acni€ -;c t h~ 36 ft. of gantry trave l the baue of the noohc ne

~ s 5(1 f e e t  l o n g ,  and C o n s I s t s  of f o u r  ~- air:; of castinqs , ea ch

14 feet ten-i ani weightng 8,700 lbs.

:rie ca s t  i f l9~~ are  of open - ron s t r uc t ion , w i t h  t I ;e  table s u r f a c e
Le o ng formed by 1 inch thiclz a lu m i n u m  t o o l i n g  p la te .

3-3.2 Ti.~ 1 inch thick a l u m i nu m  tooling plate work s u r f a c e
provodes the ability to drill and ta!- holes , f or w or kp ie c e

loc~~t~ o~~. be ige d sections are eas i ly re~iLace sh1e.

3.3 ~~~~~ c-:utincau;. & I ~~ slet . s , ~~t t h or  s ide  Ut the

- i t  c- ~~ a-  L o t , f - r v I  ic I 1 I O W . . ~ o~ c i - i n  og ~.he f : ;~cJ h e a d —

~- t e c k  O0. j t oe  r — r e~~~~~~~t i o i :~~~~i ’ l e  t a : 1 O L L J C - .: - i:t~~t n .

--4 

—‘-
~~~~~~~ ‘:‘ j
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3 - 3 .4  Ftc main gan try support ways are mounted to the base .

3 — 3 . 4 .  1 The main  gu idance  way in  a h a r d e ne d  3 i n c h  d ia m e t e r

oar located cr a continuous supporting section .

3 - 3 . 4 . 2  On th e oppos i te  s ide c-f  t h e  b :~se- is the  s u p p o r t i n g

way , on which the support side carriage of the gantry rides.

lh~ way , made up of a n umber of butting sections , is a steel

section with hard faces at the bearing surfacer .

3 -3 . 5  Also  mounted to the base ale the driving gear rack

sections together with the precision feedback rack , used for
the gan try ( “ X ” axis) drive.

3 - -3 .5 . 1  The d r i v i n g  gear  rack is 6 D . L . * w it h  3 inch f a r e

w:dth . The rick is m u u n t e c l  w i t h  t h e  t e e th  f a c i n g  downwards

to  p r e v e n t  d i rt  f r o m  b e i nq  t r a p p e d  in t h e  t e e th .  Also it puts

t he  r e i c ti ng  g e a r  loads d i r e c t l y  ont o  the round ways , moun ted
beneath toe rack s e c t i o n s .

¼ .

3—3.3.2 The faedback raco c -o-nsints of m a i - :  s ho r t  s ect io n :

of 1/10 inch ~~~~ tch . The rack is loca ted  a c tin st  the m a i n  d r ive
racks.

* i ~.a n o t r a l  ~ c t ch

Y - 
-
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3 — 4  GAiITRY d P I  I

The mi : (lire t e e  if i r~a 1 on e  h O c -  - n i i ~: I ) r c -~~~~~’: w ~ i t  i - mr s

f o r  ‘~~-e - ! m n t r ’  c o n s tr l l r t l a n , t i t - i r ; - - ; - ~~o- ::< ! c c - - t i j  3 . 11. 5

a~ d 3.5 .3 , ~~~~ ~~ i n i t  i n ~~ t h - ’ O r - o - i l u m i itl i or - - i - ; f l -  c i  no

ru-c t -are I um - - - t h or  s

D o n in q  t b -  icc-a-! i : i - r  - h - c  i i i  c a : t r o t , -to - r i i i - ~ i - a t. i h-a n ~-
g i V e l  to  -n i ul: ; : i i ; t r i ; i . I  - t I t - P  L .  - i - ; h t  s L~~~~1 C c n o  . ! i ( L i ( i l  ~- -r

the

T L �  ~ca s i h i  l it - ;  of a conir>~~ e et . : t o t . t rc- ;’ --in i :r - i :-:-;t i ; a t - .-- - n i t ;

s-n m -: n t  i t i C  - I - ~ r L e . ~ t~~~,n r d -d a t  i r i s P e nn  t o r  a p r c l i n : r a r - - d c s r g : :

Tn ar g  r’~ 1-o~o i i~ , e l i  c i j i o nc e n d  lri :r-:-  f re t :  ott- ;

c-r~~~~, t a d  ~ ~r e R i ’1 CStO h~ l sI-~ J.

( ‘~~1c u 1 O n t o j t ~c Sho wed ih : t  i np o S i t e  st r uc t rc  u s : e e  -:1acr/

P f l ; :~ i ’: t i t  -~ , 1 I 1 O’ l i L  IJ.~~~( ~~e

s t b l e  c r i C t i - J O  t:o ach i ” - - - t he  t e  i t ~~i r - - -~ n t : hj n :- a l i p n - m e r . L  S ] f l h I

cuij I i ena l  r e : ,u i~~eb i 1  tv

II;t ~ t’ i i ; t d - ; ,tt arti ~l i s i dv a n t n r :s ~~~ ~~~~~~~~ ~~~~~ ~~n-”~~ ~~
—
~~~~~- ~~- - ~ ~ :
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I~~ - 1111: 1 ~ it n ; a cbtt ;: u t  :itt i e h j i i - : t t  ~ - j 3  n t ;  to t i re  c O I ( I -  c i t e

g an t  r y ,  t i i ~ ic.; i -J o U t i  l i z e c i  the  g a nt r y  as t i e  main  s t r u ct u r ui

t t t emL -er  sr a n n  Log  the mach i n n  and m o u n t  i ng the s ma i k c - r ~1etac I
- - a n t s  s i : ch  is b e ar i n g s  and dei . -io g e ar b o x  ur~i t :; to two cas t

al r m i n u i u  c ar r i ag e s  lc ’n -a t c -d un-Icr  t :-~~- g a n tr y .

0 c:n u ~~~ -
~~~t 1 u ’: y t ’  J S  i -j l 3 c w  structur~ cii -d x l ;  - r n ~ C l x  11ne~

- c r c  ab l e  t~O L~ C i O l l t m l t h ro ugh  i. t.

3 — 4 . ] The pu~~i I i -  - n ’ i t :n r , Liii ut as a ore  ~.e~eu o  : :ou1~~:n ig ,

consists ci . I t i  r f l c : r  ~~i i t  ck g lass [jl t i --- i  t~ p01-jester resin

o u t e r  ak i n , t h re e  in ch  Lit ck n cr : d urethane foam core , and err

;n n e r  s k i n  of . 125 inch th :  ck n c r s s .

t I ; ? e - e r  a l l  C . LOC tt S i O f l S  are :

96 i f l 7 i C t- Ii t - j h by 161 inc :es  w i d e -  (a c r o s s  it s  span )

i v  -3 3 i nc :ha s  de~a~ ( a l on g  the s tein  supp or t  s i d e ) .

3-- I . 1. 1  ~-n-u - e  d e ta l  Lu (in i t s  constructro:-, are c o n t a i n e d  in

P o e t  i n :  4 — 2  ü f  t~~h i s  r r r r - c - r t

3 — 4 . 2  The m u m  s up p o r t i n g  conn ate , c-n  t :h e d n l v m n g  si Je of

toe g a n t r y ,  is an e lu r t i n um  - c a s t i ng .

At tj - d t~~d en i t  a re  the  a n t i — f r i c t i o n  :i- 1 I e ar i ng s  as w e l l  as t i r e

t’~ u :- 1s ceachno-:  and rr- tn- 1 - xssc r r ,b l r . 

;tpos -; g e nt r y  , v; i rh at  t a c l i c i 1 1 c 1 ; r i  n - i : ; -  .n t ar ’ a-cc I- at e  , 15

, r - i t ed  it:r t r i o  Or -u  nia : ! r I n c t i  su r t ac - -~- f  t o o  c- r rr a g c  and ;s

r~~te;rni w t t I :  5- 2 1. L ’~sS  t . u I : : L - I i  I n t O  I i iO - , a n : r  ‘

F i :~~~r .e  3 s i _ -i - - i t  t i e  ~ar , t r ~- n - c , u r i t * - : U  c i .  t he  c~~i i ace - -; c cc-s t i .  ly

; - - - r t  ~ n - j  i - t r - ;  r - - r : - t ~- I I ; - ;  i t t e c h .  p - _ -~~n t  f u r  tL~

~~ : -  a ;.~~r 1 r  ~ 
- - ~~- - z  ~~u . o ._ - . ~~~ -e}~ i,t - ; - i u  d I I l i - -  .-:~~r - ’~; : n t e -  ‘ -~

t m t ; i , — i - _ , I  s r t l r ,  t. . i . i t , - t  1 - , o~~ •
‘ ;; r n
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- 4 j  i : ~ t i , I

- i a  L- ‘. , , i~ l~~~ 0 t- — or  - - I . l’hct J, - t i  k 3 5  - ., ‘ ; u 0

3 1 7  t n  I a~~ n - ~ .i ~
- . 1 I )

~~~~
t ~~~~~~~ aXia- -J our - - ‘ ;ic -Jeul iacu

-- .. s  ci- - S i  -U I o r  rrr - x : - . I r n u n -  r i - n  - di t ;  -- - i  t i ;  nLn~ :‘;u ; : ; x. act  , a n l u .

~~~~~~~~ a r t ;  u :~ u t  j r - a r - : , m c ;h c r ;  - w i L h  the  7 - V a r  t a c k  (~‘-ui t .~
( _

n - a 0
; t a n -; , , i s ~ p r ~. uadcd -~~~ L o g  C l a i t  c- Si r n t - - u i  pI ;a.~~:rre

-u se i . i .er ~t- rs - ri h~~. t o  * -I.t n~~n .jtc nj ’ :- t . i~~~~i - .

3-- 
~~. 3 . ] .  ~. pcrruvi n r ’rY: . x - j n e t  D . C .  cr i e r  mc -t o L  :5 cc_- :.: u I ’ - -.:

t o  the  ~~~ ~t o f  the :curl;-;x Lhrc .l~~~i a I Ic s.ibl- : - t i - n - c  co o  1.t 0 :

3 — 4 . 3 . 2  1dm O X ’ SX I S  f - .-oc I t j a~2k b y -a 204 1i 1 n n5 / i ( :V .  iOt Iu~~~vr.

c e n code r Las a sp ii - q n ; x l r on i t s h a f t  ch i c ) fl i r t s  r

proc; sion fec~IP- cck gc-ai - r a o~. mount.c-d on the L - t m ;  c - c t i u t r . t  -

i n t o  r e s o l u t i o n  of  the encode r is .001 inch .

F - -
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3 — 5  “ Y ’ , “V AND “ A”  A X I S  M O T I O N S

The desi gn r e q u i r e m e n ts  f o r  96 inches  of “ Y ”  axis  t ravel ,

3ó inches of “ Z ” axis travel and the + or — 45C tilting of

the “A ” axis , dictated the basic c o n f i gura tion , of these
motions.

The desi gn was done to ach ieve simple li ghtwei ght structures
fo r  these machine e lements , without  losing the s t i f f n e s s
requ ired to mee t the ali gnment and repeatability requirements .

For simp l i c i ty, a sin qle ‘Z’ ax i s  dr ive  un i t  is used , overcoming
the need for dual drives and their synchronizing problems .

The “Y ” axis drive is a D.C. motor coupled di rectly to a

backlash f ree  r e c i r c u l a t i n g  ba l l  screw .

For l ightness , the large cross beam is of composite glass fiber ,

rigid foam sandwich constructioz).

Aluminum cas t ings  are used throughout  fo r  yearboxes and moving

carriage assemblies.

Fi gure  5 shows the main machine elements for the “ Y ” , “Z”

and “A ” axes drives , located on the c-rantry assembly .

3-5.1 The two “ Z ”  axis way tubes consist of 6 inch diameter

steel tubing with one inch diameter hardened way shafting

located on either side .

I

3—5 , 1.1 The tubes contain line r s - s u m c h  a r t  as cy l i n d e r s  fo r
the  pneuma t i c  c o u n t er b a l a n c ir t - i  - - - s t em. P1 stic coated flexible

cables , connected to the top of the cross t eam unit , pas s over
Pt i t O  Ll ’.!~~S to t u e  p i s  en ;  i:; tho :1 inders
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3—5. 1 .2 Pressure regulators are sot to provide 35 p.s.i.

pressure to each cylinder , resulting in  a t o t - A L counterbalance

fo rce  fo 1113 lbs .

3—5.1 .3 The way tubes are located i t  th eIr  lower ends to the

two g a n t r y  suppor t  c a r r i age s .  At th e i r  uppe r ends they a re
l o c a t e d  in two su p p o r t i n g  c ast i n g s  w h i c h  a lso house ri gh t  angle

drives and bearing support for the two “Z” axis recirculating

b a l l  screws .

3-5.1.4 The upper supporting castings are fastented to the

interface plates which are bonded and through-bolted to the

front surface of the composite gantry .

3-5.2 The “ Z ”  axis drive is a permanent magne t D.C. motor ,

coupled via  a f l e x i b l e  disc coup l ing  to a I-ielicon gearbox. -

3-5 . 2 .1  A torque tube cross dr ive  s h a f t  t r ansmi t s  the dr ive

to the ballscrew mounted on the support side of the gantry . A

phasing adjus tment , or the cross shaft flexible coupling, allows

relative motion between the baliscrews , to adjust the cross

beam level.

3-5.2.2 Feed back for the ~‘Z” axis is by a 1000 lines/rev.

— 
encoder moun ted on top of the Ilel icon gearbox in l ine with the
ou tpu t  s h a f t , -at a 1 to 1 r a ti o  to the b a l l s c r e w s.

3-5.3 The composite cross beam is fabricated from 6 inch

t h i ck  panel sections. Each pane l section comprises .180 inch

thick ou ter sk ins  of glass fabric and polyester resin , wi th  2
lb/f t3 dens i ty ure thane  foam core .

‘I’.

18
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3—5. 3.1 The outside edges of the panels are clusr- d by

5/ 1 6  inch thick pul truded channel section_- specificall y

desi gned as a c losure  fo r  6 inch th i ck  p a n e l s .

3-5 . 3 . 2  Aluminum facing strips on the upper and lower

surfaces of the beam provide location for the upper and lower

ways for  the “Y” axis carriage .

3-5 . 3 . 3  The upper way is a 2 inch diame ter harden ed and
ground way shaf t , hollow for lightness. The way is mounted
on a tee shape d supporting section fastened to the top surface

of the beam .

3-5.3.4 The lower way is a 1 inch  square  s teel  bar w i t h

hardened surfaces.

3— 5.3.5 Aluminum weldr--rts fastened to the cross beam carly

the recircula ting roller guides for the ‘ Z” axis motion and

also locate t i m e f l a n g e s  of the “ Z ’  ba l l  screw nu t s .

3 — 5 . 4  The “ i ”  ax is drive mo tor is the same as the “ Z ”  ax i s ,

a permanent magnet type , with integral tach . generator. The

motor moun ts to an a luminum cas t ing ,  which also houses the
two bear ings  suppo rt ing one end of the r e c i r c u l a t i n g  bail screw.

3 5 . 4 .l  Tue other cad of the 1 inch pitch thread ball screw

is 1 u c a t t -~i in a h o u s i n g  t ha t  also c a r r i e s  the 1000 l i n e s/ r e v .

ai g c t a l  1~~-n3ba ck encoder  for  the  “I” axis  motion . This  is

- 
- sn ow s  is ~ igu re 6

tin- “1” ca r r i age  assemb ly compr ises  an al uminum
-ca s t  in—j to wh i ch is m o u n t e d  the  s egm ent  gea r  and curved way

f — i  t h ~ “ ,\ “ axi s motion .
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3 - 5 . 5 . 1  The carriage runs on recircui-uting ball  bush ings
on the upper round way , and is located w i t h  cam fo l lower

rollers bearing on the lower square section way .

3 — 5 . 5 . 2  A bracke t moun ted to the rear of the “ Y ”  carr iage
cas ting is attached to the f l ange  of the rec i rcu la t ing
ba l l  screw nu t , providing the drive to the carriage .

3 - 5 . 5 . 3  The gear segm en t  drive fo r  the “ A”  axis also provide s

the  uppe r way guidance fo r  the “ A ”  ca r r i age.

3 — 5 . 5 . 4  Wei g h t  of the  “A’ carr iage , w i t h  a t tached tape

p lacemen t  head , is ca r r i ed  on the curved lowe r way .

3-5 .6  The “A” axis drive is by a permanent magnet D.C.

motor thro ugh a skew axis gearbox to a spur gear mesh ing
wi th the segment  gear , on the face  of the “Y ’ carriage .

Fi gure 7 shows tht~ motor and gearbox unit.

3-5.6.1 Feedback is provided by a 1000 lines/rev, encoder

driven from the inpu t  s h a f t  of the gearbox th rough  a n ti - b a c k l a s h

gearing.

I
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3-6 TAPE PLACEMENT HEAD

The Tape Placement  Head (Fi gure 8) consists of a frame
attached to the “A” Axis Carriage of the ATLAS and on which

are mounted the various component assemblies. These include the

the P a y o f f  Reel , the Takeup Reel , the  Placement  Rol ler , the

Tape Shear , the I n f r a r e d  Hea te r , the Tape S l i t t i n g  Assembly ,

the Guide Shoe and the Loop Box (dancer  a r m s ) .  In addit ion to

these components the Tape Placement Head contains drive motors ,

encoders , pneumatic regulators and valves , control devices and

all required electronics.

- 
The head is a se l f - con ta ined  u n i t  r e q u i r i n g  only power , air ,
and command si gnals from the numerical control system.

This section of the report covers the var ious f ea tu res  of the
Head , f rom the pay -o f f  reel down to the placement ro l le r .

- 
3—6 .1 Main Frame s and “C” Axis Drive

- .  
The main f rame of the tape head is moun te d to a r ing  assembly

-~ which  ro ta tes  w i t h i n  the suppor t ing  tape head b racket .  A pa i r

of cross roller bearings provide the rotational support , and

a r ing gear , shown in Fi gure 9, mounted underneath , is
driven by the “C” axis motor assembly.

3-6.1.1 The “ C” ax i s  motor  a s semb ly  consis ts  of a permanent

magnet D.C. torgue motor with integral tach . generator , wh ich
- - drives the ring gear through a set of spur reduction gears.

3 - 6 . 1 . 2  The feedback device , a 2 0 0 0  l i n e s/r e v,  encode r is

moun ted on the top of the motor assembly and pro trude s through

g the b racket cas ting for ease of access. Figure 10 shows the

~~ encoder , and the  “ C ”  a x i s  r o t a t i o n a l  stops .
33
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3-6.1.3 The positive rotational stops are arranged to l im i t
the tape head r o t a t i o n  to 4 0 5 ° .

3 — 6 . 1 , 4  The limit switch assembly, shown in Fi gure 9 , is
geared from the  r i n g  qear , to prov ide over trave l and emergency
stop signal at u ieh end of t he  travel , as wel l  as a switch for
setting the  home pos i t ion  in conjunction with a reference signal
from the encoder.

3 . 6 . 1 . 5  The maximum speed of rotation , of the tape head ,

is 10 rpm. Thi s g ives a 180° rotation time of 3 seconds .

3-6.2 The Payoff Reel

The payoff reel (l-igure 11) Inctume s the spi~~d1~~, flanges

and a magnetic particle clutch . The d et -u ch a b l e  24—inch

reel can accomodate up to 3500 feet of 3—nil paper—hacked

composite t ape in three inch widths on a 3 - i n c h  core . An

adapter is supplied w i t h  the tape head assemb ly to p e r m it  the

use of an 8—inch core , usually used with boron-filament in :preg—

nated tapes.

3— 6.2 .1 The flanges are faced with teflon sheet to pre-;ent

exce ss ive drag when  the tape is u n s p o o l i n g,  and is r e a d i l y

cteaned to remove resin deposits.

F ~~
- 3-~ .2.2 The payoff reel load sensor consists of a p ivotte d

arm which tears against the tape spool contained on the reel.

bren the spoo1 diameter decreases to a size equivalent to 25

l i n e a l  f e e t  of tape , the arm position tri ggers a limit SwItch

whi ch ene rg iz es  an a u d i b l e  a l a rm moun ted  on the n o m er i c a l

con tr-o~ p m e l.
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3 — 6 . 3  The paper  t a k e up  reel  (Figure 12) inc ludes  o

sp ind le , a reel  s u b — a s s e m b l y  and a gea r  motor  and c l u t c h .

The detachable 12-inch reel can accomodate up to 3500 feet of 3—mi !

p ap e r  b a c k i n g/ l i n e r  in t h r ee  inch  w i d t h s  on a 3- in ch  core or

w i t h  no core . (The reel  hub  is s l o t t e d  to accept p a p e r . )

-

. 
3 — 6 . 3 . 1  The reel d r ive  two speed gear box is used to g e n e r a t e

mo re torq ue dur ing  the ‘ comb-ou t ” cycle  f o l l o w in g  a tape s l i t ti n g

pas s.

3-6. 3.2 The reel drive motor  runs  at a cons t an t  speed and

t i m e  amount  of t ens ion  in the paper  b e i n g  wound up is a d j u s t a b l e

via the variable torque clutch.

3-6.3.3 Also as a part of the paper t~ keup system , a ruhber

bl aded “ ch i cken p lucker ” paddle wheel ouposed by a teflon roller ,

creates a pulling force on the indiv !dual slit paper str :h s

leaving the placement unit. The slit strips are then yuihe-U

th r o u gh a roller system before being spooled up on the takeup
reel .

3 - o .4  The Tape Shear Uni t, shown in Figure 13 , is mounted
- - 

in the p lacemen t assembly fork . Since the shear and the placement

roller are both mounted on the fork , rei ative positions of the

two are not changed when the placement assembly moves. (It has

a t r a v e l  of ~ or — 1/2 inch,)

3 - 6 .4 . 1  Ihe tape shear consists of a supporting frame wh i c h  is
~~~~~ 5~

moun tc- -i to m sp indLe. TI-mc- suppu mt in g frame has two air cylinders

a t t O C h e~ - ~ t and a replaceable teflon shear a~ vi~~. The shear

-‘ hi -id- : is ruunt eu to a pJiten dr iv e n  by th~ air cylinder.
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3 — 6 .  - 1 . 2  TI m e  c en te  1 in’~- of time spi n dl - , seen in Figure 14 ,

c u i r m - i d e s  with the L -onter at the a r m y !  I an -i shear b la d e .  i t o

she ir sp indle , mount (-d in bearings through the placement assembly

fork , is driven by means of a small D.C. geared motor.

3-6.4.3 A 10 turn potentiometer , ge ared to the shear  sp ind1e~
provides analogue feedback for positioning the spindle angle.

3 - 6 . 4 . 4  Shear  ang le commands , programme d by “ S ”  words in the

numerical contro l , are conveyed in b ina ry  coded f o r m  to the

decoder wh ich se ts up the appropr ia te analogue s igna l s  for  the
shea r  ang le d r i v e . The ang les can be set in one degree i n c r er n en t i

+ or — 45°  from a horizontal position of the shear , which

corresponds  to a straight cut across the tape .

3-6. 4.5 A straignt cut is programmed by either a SO or S50

command to the con t ro l .  A + 4 5 °  cut is programme d 595 and a

-45° cut is programmed S5. The “S” word program goes f rom S5
t h r u  S95 .

3—6.4.6 The shear is designed to cut the filament tapes without

c u t t i n g  the b a c k i n g  p a p e r .  Use of the cor rec t  back ing paper , green

in color , ( R e f .  No.  RM 5 2 5 0  3M C o . )  ensures  r e l i ab le  pe r fo rmance .

3 — 6 . 4 . 7  The ~m i r  p r e ss u r e  to th e  ai r cy l inde rs and the length
of t ime the  cy l i n d e r s  are  p r e s s u ri z e d  are both va r i ab le  s e t t i n g s

used to set up the s h ear  f o r  d i f f e r e n t  m a t e r i a l  cond i t i ons .

3 - 6 . 5  The i n f r a r e d  tape h e at e r , shown in F igu re  j4 , is

used to p r e h e a t  the tape pr ior  to the po in t  of p l a c e m e n t.
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3—6 . 5. 1 The parabolic i c flector ar t 5 u : u o n u  ed - . u-i -

r o t a t i n g  h o u s i n g .  On comimm and , when  tm ;~~- is —~‘-art1ng to h O 1

throug h the tape head , the housing rotates I 80~ to aim t he

heater at the tape . At the same time the heater is ~urn --d en.

3-6.5.2 The amount of heat is c o n t r o l l e d  by a v a r i a b l e  contro 1i~~r
w i t h  a hand  operated p o t e n t i o m e t e r  s e t t i n g .

3 - 6 . 5 . 3  As soon as the tape ceases to feed thr ough the head
the heater rotates back and the heat is simultaneous ly turned off.

3-6.6 The Tape Slitting Assembly shown i r m  Figure 15 and

- 16 , is a un ique  f e a t u r e  of t h i s  Tape Placement  Heat .

The purpose of the u n i t  is to s l i t  the 3 inch wide  tape i n t o
equal width strips , and to control the tension in the individual

slit strips by means of a Tape Loop Dancer System.

When the tape head starts to lay tape on a compound curved

s u r f a c e , the Tape S l i t t e r  is ac t iva tec1 . When the s l i t  ‘— . i d t h  ta~-~-

star ts to be laid up on the compound curved s u rf a c e, some of the
s t r ips w i l l  have a g r e a t e r  length demand then  o thers . This
d i f f e r e n t i a l  between the s t r ips  is taken up by the Tape Loop

Dancers .

3 — 6 . 6 . 1  The S l i t t i n g  Kn ives  c o n s i s t  of two sets of d i scs  with
equa l  th ickness  spacers in between.  One set of kn ives  is  d r i v e n

by means of a D.C. motor and a variable torque clutch .

3-6.6.2 The discs are hardened and precision ground tool steel ,

as are the spacers. The two knife units are brought into

en9agement b y an air cylinder. The knive s on one coincide with

the d isc  spacers  arm the other set. M i n i m u m  c lea rance  between t h e

knives ensures clean cutting of all fibers.
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3-6 . 6.3  Urethane rings , ci th te f l o n  ou ter s u r f a c e  cover ing ,
surround the spacer discs acting as stri ppers to preven t cu t

strips from adhering to the knives when slitting ceases.

3-6.6.4 The Tape Loop Dancers consist of aluminum frame s

w i t h  curved ed ges c o ver ed  w i t h  t e f l o n . The f r a m e s  are loca ted

on f ree  r unni n g bearings , giving them frictionless sliding

motion . Air cylinders , be h i n d  the f rame s , force them to move
i nwards  on command.  A i r  p ressure  to the  c y l i n d e r s  is r e g u l a t e d

to set the tension of the tapes passing over the face of the

dancers .

3 — 6 . 7  The P lacement  R o l l e r  r h o - r n  i n  Fi gure  17 , was
desi gned to meet the requirement of the tape head to be able to

lay up on surfaces of 2 inch r a d i u s . The inflatable tire , mounte--J

on an a l u m i n um hub w it h secur ing flanges is able to rotate

fre ely on bearings mounted on an axle .

3-6 .7.1 The axle registers in a t a p e red  location at e mcn end

and is held by two e a s i l y  removeabl e re ta in ing  pins . T h i s  same

location is used by the line follower unit described in Section

4 — 5 .

~-6.7.2 A report on the inflatable tire performance is g iven

in Appendi x I I .

- - , 3-6 . 7 . 3  Development  of o the r p l a c e m e n t  u~~i ts  was done d u r i n g

the C o n t r a c t . These arc covered in Sec t ions  5-3 . 3  th roug h

t-3. 6. The placement units , using the same axle location points ,

replaced the roller and shoe desc LLbu-d in this section .
?*1

3 — 6 . 7 . 4  : s - - c - ~~ ed ~- - i t h  the  p l a c i - men t  roller is the Guide

Shoe , s h o -~-n F~ qa r - - 17. T hi n  un~ t , powered by tue

cy ’i nders , a-~i i ~~s t h - - g - - n , ~~a r t i u  ~m r ’ 1 l - r c e , u r o u r i - u  t - ~
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front of the placement roller. At the end of a tape layup

pass the guide shoe is clang ed to the placement roller preventin~
its rotation and  h o l d i n g  the tape in place .

3—6.8 The Tensiometei (Figu re 18) provides a means of
con t r o l l i n g  the drag torque existing on tile Payoff Reel magnetic

par ticle cl utch . Inclu ded in the mechan ism is a Tachome ter

Generator which provides a speed sensitive signal  to the head

electronic contro l system.

3 — 6 . 9  Tape Head C o n t r o l s

The self  conta ined con trols for the Tape Head f u n c t i o n s  ar e
contained in three places on the Head:

Main Contro l Pane l

Aux il iary Cont rol Panel  
-

Pne um at i c  Con trol Panel

3-6.9.1 The Main Control Panel for the Tape Placement Head

(Fi gure 19) provides those controls most frequently used

for both m a n u a l  and automatic (procrammed) operations.

3 - 6, 9 . 1 . 1  P a y o f f  Reel  Torque - - Th i s  t h r e e - p o s i t i o n, cen te r  OFF

device enabl es the opera tor  to place con trol of the P a y o f f
- ‘- Reel Drag Torque unde r automatic tape tension control (AUTO

L p o s i t i o n ) or set it  at a fixed value (ON position ) by using

the Payoff Reel Drag Torque Knob located on the Au~~ilin rv

Cont ro l  Pane l  ( P a r a g r a p h  3 . 6 . 9 . 2 . 2 . )

3-6.9. 1.2 Shoe - This three-position device enables the operator

to cause the pneumaticall y actuated Guide Shoe to retract by

selecting the OtT position or to “c lamp ’ by selecting the IN

~~ 

ec., i t  ic- n . In  ti m e A~ 60 p o sI t i o n , t~~ie S he a  .~. 11 r~- t r a c t in

i n  acc u r~~ - m r - . e - u  L th p ru~~ra :cmu-d inst r ic
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3 — b . 9 .  1.3 P l a ce m e n t  R a l i~ - i - Preen - ire — This t h r - c — ~,u~~j t j ~~,~j ,

c L- st a r e ty  l ev i c e  t - n a b I ( - : - t i i c - e -  r i t e r  to t urn the Placem ent
Loller pressure eN or  01- I- : : a n s ai  l y or to se l e c t  the A L T O  mode
t e l  pr o d  - t  ion r u ns .  I h e  eie:-e -: u re  is vai i-jLl -- :nI may be
con t ~H) I l u - I  w i t h  the  b u t t  urn r e g u l a t o r  on t ime  P n eu m at i c  C o n t re l
Panel -

.1. Pape r T a k u n ~ — i u ~~~5 - u s - -  — ; - u a ~~t~~on , c e n t e r  OFF dev ice  
e k e s  CeC u p e r a tu r  - - 

~~ -~~
-
~~ - the  ‘~~ - - - u ~. i- - ~- -~- 1 t y s e l e c t i n g  the

-
~‘- [-~- -s~~t~~on .  In t t u - ~- A s— i t : - - : . ,  - - Tu~ eu r- Feel  w i l l  s y n c h —

no ~ :th  t h e  ~~~~-e -n l e5 t  Re l  1cr eH in u — 1 - I  p o s i t i o n , i t  is

~ is i t  a

3— 6 . t . l .5  S l i t t e r  — Tun a H- nec- — 1- - - l t L - - e , - - - ~~ t - - r  ~~- 6

L a s  the  up c -r a t -r  t H : - -  r - : 1 u - u : - i a : u - - u l l - ;  u c t j st t -d

s l i t t i n g  J i scs  tin convo r Ju an-n sli . t n - - t i c -  - u-n i - s - u u -~-r  l :ne r
i: to n~~r i e .i of k- -goa l i - ’ i A t h .  I n  A - -  6 I c  :t i o n , te e S l i t t e r

- . . l~ n~~f c -  in au: - : u- - 1ar -i o i l s  p i s o  ~n Im - - - J  k u : S t r i - ~~t 1~~n u s ;  in

ci F soiiition Lt is d u s i t  l~ -~i.

3—6 .9.1.6 L-omiL- — c~u t  — i t i s  L - - u — u - e s l t : - u i , H - r i n g  r~t -t r n — t o — c e n t e r
ciu-V~~cC e nab l e s  the u~ rater to m i  LI~~~~- :Sc racuc i ng piper)

~ On-iao-a t cycle  n -~ n o l d in g  the selector in  the CCNF—OUT position .
it  rs  the function of t n u  conS — o u t  c~-c l e  to es-iLl - :  the m a cn i n e

~i- l -iin contirn ie its p r -n  r ammed p : u l n  w i t s  u n — u t i f  t i ne .  In the
- -  :. -J - ~~~~~~~ l i e n , H e  c o : A i — c e t  cod e 1 o 1 l - O :- ~~.~ t he sL itting 06L-rat un

in 5 c c  rdan ce  w I  th p r o gr am m e-A i n s t r u c ti o n s .

. 7  : hea i  — Th i s 6-mci —posit i on , s - n  n-i  r e t u r n  d e v i c i n
t n  ~C - 5 _ 

o p e r at o r  to a ct u a t e  t i m e  l - : - - u : - - m t  ica l  ly c o n t r o ll u
s h e - n c  m-nerein isl L-y S u l u - e t  m y thu s p r t n - ~ — l  i A~-j  Cu 1- - o S i t cS.  in
— :~e U p o s i t ion , t h e  s h e a r  op e ra t  LO5 in lone in  a c c o r u m a n - 2 0

i t t .  :-r o m r .  tr -ac~ io n s ;  t h o  01- I- ’ 1s - s it i  n i t  is ii: , st ie d .

1- - 2

; ; -- --i ’ -
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-
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3— e  . 9 . 1 . 8  Emergency  Stop — T h is  m o m e n t a r y — u n  dev ice  i - a m  ~l h . I n
all other emergency stop ci rca: ts w l t h u  n t i m e  sy st e m  un-i

accomp lishes the susie results ; the  i nime u L u t e  and complete shut-

down of the system. It is reset from t he  i, ICU * m a i n  control panel
by depress ing  the E-STOP R E S E T  push button and resetting the

B liZ Z ER .

3 — 6 . 9 .2  The A u x i l i a r y  C o nt r o l  Pane l  ( F i gu r e  ~ O ) con tains
six continuously variable resistors w h i c h  are seldom used
r e g ul at o r y  devices  win ch regulate the P -n ice r  Takeup , Shear

C o n t r o l  and S l i t t i n g  device s and , in a d d i t i o n , p rov ide  a
means of r e g u l a t i n g  the ou tpu t  of thu  I n f r a r e d  H e a t e r .

3 — 6 . 9 . 2 . 1  H e at  — This  e - o nt i n uou s l o  vari ib :-- ru-ais tor en;~h-te - s

the  operato r to vary the- output of t h e  Is r n t - A  lie -sLu r t0-

cintain the desired amount of “Tack lflu- SS ” .

3 — 6 . 9 . 2 . 2  P a y o f f  Reel Drag Torque  — T h i s  - 5’ 1n c- -~~s ~t var: A - l u

resist or  e n - _ n les the  o per a t o r  to  v a r y  tb -n m ean t  of  d ra g  he :  n-n
a p p l i ed  to t t i u -  P a y o f f  Reel by the  L i a - u n e t i - :  ~- a r t i c l c  C l u t c h .

3 — 6 . 9 . 2 . 3  Shea r  ‘fnmc-  — This  c o n t i n u o t u - i l  ‘ - :si ’~~-n 1e r e : : i s t- n r

e n ab l e s  t he  operator to c a r y  t h c -  ap 1- - l 1~ - u t i c n  time I the- Shear

Blade . Shearing is a c c o mp l i s h e d  by e x e r e ; n j  a g i - ~’en amount  ot
force for a given period of time . These f~~ -tors w ill v - n r y
acco rd ing  to the- ambient temperature m d  the composition of

the tape .

3 — 6 . 9 . 2 . 4  Comb— An t Time — Thi . s c o m u t i n u u o t : s l y v i r i s h l o  r as h i- f :

enables the operator to adjus t the le ng t h  of t I n e  d u r in g  v l i i e - l u

the comb-out  o p e ra t i on  is f u n c t i o n i n o .

* -I N a a t - u  C o . t u j  Urn

r j

‘-
4

‘ ‘I

- PC — — — -  -_-_ — — —S - ~~ - S~- ‘S tt ~~~~~ • ‘-~~ - - — W I -  -. -. - -

—-—  - - S -~~~ 
s__ - - - --

:~ ... ~~~~~~~~~~
—

~~
--‘— —- -‘- ——~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

— - -e -~~~~~-~~---- - ~~~



~~~~~~~ ur 

- -

~~~

- 

To ,’ -

- ~~~~~

-
. 

-
-

~ - 

~~~~~~

I
-

- 

- -

~ 

.4

- ; ~~~~

S I

~~~i-_ 
~ °‘

~
-
~~

-
~-: ~~~~~~~~~~~

- - n (3 Tape lie-sd Auxil iary Contrcl Panel

.4

~~~~~~ ~~~~~~~~~~~ 

-

~~~~~~ ~~~~~~ -:~~~~ ~~~~~~~~~~~~~~~~~~



3 — 6 . 9 . 2 . 5  Takeup  Torque — T h i s  : on t i :m ou s l y v - i l l  a bl e  i c 5~~s t  r

enables  the opera to r  to v a r y  t he  am o u n t  of t orque b e - i ; ’ ;  u~ L -e d
to the Paper  T a k e u p  Re €-~ b y Liuc  - L u y n u t u c  I m r t i ’ - l -  C l u t c h . .

3 — 6 . 9 . 2 . 6  S l i t t e r  Torque — This continuouun-1 i sbie  r e s ist ~~r
enables  the  operator to adjust t he  d r i v i n g  t u r gu e  of the

Slitting Rolls in accordance with L i t- :~~ -e 1t; ol the  v a ri ou s  t y p e s

of tape that can he run on t h i s  m a c h i n e .

3 - 6 . 9 . 3  The Pneumatic Contro l Panel ~1-’i yure 21) contains

three pressure regulators , each with accompanying gauge , which

control those assemblies requiring frequent adjustment due to

the  d i f f e r e n t  t y p e s  of compos i t e  t aj o that can be used on the
A TLAS.

3-6.9 .3.1 Dancer Force - T h i s  p r e s s u r e  r e g u l a t o r  enables  the

- 
- o p e r a t o r  to vary the a i r  p r e s s u r e  supp l i ed  to the Loop Box a i r

cy l inders . The s e t t i n g  of the reg u la tor is a f u n c tion of the
type of tape used .

3 — 6 . 9 . 3 . 2  Shear  Force - T h i s  pre ssure regula tor enables  the
ope rato r  to vary  the a i r  p r e s s u re supp lied to th e Shear

Assembly actuating cylinders . The setting of the regulator is

a f u n c t i o n  of the  boardines~~ ’ of the tape being used.

3-6.9.3.3 Roller Force - This pressure regulator enables the

o p e rat o r  to vary the fo rce  appl ied  to the P lacemen t Roller  or
Placement Unit. Design parameters are such that the maximum

for c e  is 100 po unds a t  32 PSI G.  A l l  o t h e r  s e t t i n g s  are d i r e c t l y

ii

— _-_-___,_ ,--__-% — - 1~ — ~- - -- ‘-s. —, — .- - -. -. - - . .- - -- . —.-- . . — - — —
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3— 7 lieadstock - mu d Tai  1~~to-H: lim i ts

The I leads tock  a m i d  Tailstu-:k Units have a- ’~l~~~~r of similarities ,
an d were des i g n ed to u se a n umber of identical parts. T u e  s la in

f r a m e , an i ron c a s t i ng ,  ami d the  a d j us ta bl e  vertical slide units

are common to both .

Each has a th ree  j a w  chuck  to lu c i d  : -:crkun  OCr ’ m a n d re l  s.

The two units are located by keys from tile central keyway along

th e cen te r l i n e  of the machine  base , and are clamped to the two

tee  s l o t s  m o u n t e d  be lo w the  t ab le  surtace~ Fiqure 22 Shows
the heads tock  in p o s i t i o n  on the mach ine .

Eleva tion of the chucks from 10” c e n t e r l i n e  hei gh t  above the

table- top to 30” heigh t is by manually operated handle. Integral

ro tating indi cators , in the hand l es , g ive the posi tion of the
s ii des.

3 -7 .1  The He adstock , shown in Fi gure 22 is a powered
u n i t  f o r m i n g  the ‘ D ”  axis of control in the ATLAS system .

3-7.1 .1  The dr ive  and gearbox consis t  of a permanent magnet

D.C. motor coup led to a 80 :1 reduction ra tio Harmonic Dr ive
gearbox. The gearbox was constructed with a m i n i m u m  of back la sh

to the f l e x i b l e  sp line unit.

3 — 7 .  1 . 2  T I m e  f eedback  fo r  the “li ” ai~~is is provided by an

Induc tosyn Scale uni t , shown in Fi gure 23. The rotating

scale  is m o u n t e d  to the o u t p u t  s h a f t  of the  ge a r b o x .

3-7.1.3 The three jaw self-centering chuck mounts to an

a d a p t o r  f l a n g e  a t t a c h e d  to the o u t p u t  sh a f t  of the gea rbox .

~~ i sa  - : u x i l m l uc i~~u~e-d of t he  d r i v e  iS 10 r pm mi - t  I n c  c r l U C k .
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3 — 7 .  1 .4  The ma L i i  cu~~t I - - m l  E u - iii .- ‘ f  tue he-ads to-r I-i car r  ic- a

tjie v e r t i c a l  way s , f a c e d  w i t h  i. i l i ’- i h e - f l u n  st r i ps  to r e d u c e

sl id ing friction . Elevation of the sliding carriage is by a

twin jack screw arrangement , si owS in Figure 24.

3—7 .1.5 The rear of the hOC. umm ot u r and integral tach . generator ,

carries a 250 line/rev , optical encoder geared to the motor shaft.

This is shown in Fi gure 24 . The ou tput f rom the encode r is fed
to the electronic controi system used to synchronize the rotation

of t he Steady Rests  to the- “ D ”  ni x uc .

3-7.2 The Tailstock is shown in Figure 25 . As in the

lieadstock unit , the vertical moving slide , guided by the anti-

f r i c t i o n  ways , has 20 inches  of t rav e l .  Fi gure 26 shows the

fron t of the tailstock with the covers removed , showing the-

ways and moving carr iage unit . Figure 27 shows a re-sr viuw

giving a layout of the twin elevating jack screws and the quill

unit.

3—7.2.1 The chuck is mounted to a hollow freely rotating shaft.

The shaft is hollow to allow a vacuum line to be fed throug h it

for use with blade tooling. The shaft and bearings rotate
-

. 

within a quill unit , wh ich has 6 inch es of trav el .

3—7.2.2 Drive to the qu~ 1l motor is by a ra ck and p in ion ,

m a n u a l l y  dr iven f rom an ex tern al hand l e th roug h a gearbox and

F splined shaft. Figure 28 shows the rack utive arrangement.

3 — 7 . 2 . 3  To a s s i s t  in r e — p o s i t i o n i n g  time Tailstock unit at

d i f f e r e nt pos i t ions along the mach ine base , f our  a i r  cushion

lift pads are moun ted under ti-me main frame . These units arc-

regula ted by time four pressure regulator units shown in Figure

.29 .  A q u i c k  re lease  a ir  l ine  f i t t i n g , mounted  on the rear of

t l u c  t a i l s to ck ,  or i n g s  a i r  finn a f i~~~ii -l ei airline to the our

j o t  L u

-7. -- -- - -
5 - -   
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Des~~yn of t i l e  l t e a2 y  R e ;  t a -v ~~ Ll - . J f l c -  u i  i n - ;  t EL - C o n t r ac t  c-i- ’!.-r. -d

1 - .’ t h i s  0 - 1 1 0  I., f io - I - t , j E  -~e s t s w - -  re  h - - s i  - ; : oh t . - - s oot  tb-

L e~~a I r e m e n t s  01 the -  l e t  l n~I - L - - r  bl~~~~1 s p - -r  oo1~~z u ;  bei ng t a b r i :- ate -s
sy Boeing—Vertol C o mp a n y .

T h e  s p e c i f ic t o e - i  i u 1 ~J ssp~- - J r t  r c- :~u I r u - u c - s t  1 - L t k e  h t ee- idy  Res t s

r e c o tr c - s  r o t a t i o n a l  ~a O  w e l l  iS l i n e a r  c o n t r ol  of t he  u n i t s .

3 — 8 .  1 The-  t oo l i n  ~ u n a i - - t a  o f si. a ~u n i n u m n  m andrel , w i t h  s h a f t s

at  ca sh  e nA  c o r r e s p o n d i ng  to LE e p i tc h  ~x i s  of the  blade . The

mn a o r e l  is a I) shape  f o r  so ot  of it s length . Along the D shape

section a stron oh ack ~~s f i  t t eu  - T h e-  S Linn jback carries ~oce-t~ ny

t o  be s u p p o rt —h b y th e h t ’-  a n y  - .- i ;t ‘u n i t s .  Fi g - m r e  A u  shows

a di c yr a l i lm a t i c  l a y o u t  ot  tI e-- t~~O i  1 07  I C ’ ; - . L E e r  v :t h  the Hoadstock ,

‘{a tl s c c k  an’i two S te a d y  R es t s .

3— 8.1.1 ia y ~u p of t o r s i o na J l- L~es 1 t h e  s t ron ~~~~~ck h s c - c t i o n

c,- n i ~~- t ak e s- s-1a-se f r o m  one si j i- t — -  th -: 01 cr , w I t h  a wr - a c c n :m

m v  the  Jea~~~~~~~ edge . In  
- 

t O - .: C’ - t—enh se ct i on  too

t r r s s c~~a i pfles reo~~i r e a -I o n t ~~ nIs :co ~r i 3~ : ng_jno t i O f l  l i r - 1 i , i

r-~-vo 1 I l a O f l S  o f the toe--i.

3—8.1. 2 SIIp~ orting rollers , moun t.is i i~~~ i dc- the I - t o a d y  i--e- S t  5ifl~~~S~.5 - a l e  lu - s a L e - c l  -in t he  st ro n cj back  w a y s  to y i v -  s u n C ~ur t .  to t he  t c -~- -

~‘Ecn -a At -o d y  i-Ie-St unit moves to a p - i r k i n g  p o s i t i o n , c l ea r  of

L Et- too l , t l ~e su p p o r t i n g  r -u l lers  d isen ~~t m u c  2 r c m n toe strorsjback
way s. Rotational synchronization is moa~~s ta in e d , so that they

n the Steady Rest moves back t o  suppo -t  the tool

- 5 7 - 1 1 0 .
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3—8 .1 .3 The shafts fronm tii. ’ p i t c h x i s  of t he  tool eng~ige

in the chucks of the Headstock and Tailstock . The rotary

mot ion  or the  S teady  Res t s  is s y n c h r o n i z e d  w i t h  the “ D ”  ax is

at all times.

3- 8.1.4 The linear movements of the Steady Rests are controlled

from the relative position of the gantry . A Steady Rest is

positioned either side of the tape placement head , so tha t at

least one unit is giving support to the strongback at all times.

3-8.2 The Steady Rest shawl, in Figure 31 is positioned at

the Tailstock end of the ATLAS machine .

3—8 .2.1 The base frame is a steel weidment and has a set of

- l I o t i— f r i st i o l ’. rollers w h i c h  locate it on the hardened circular

w ay s  set i n to  t he  base of the machine. Pose- heavy du ty cam
r o l l e r s, m o u nt e d  on the  base f r a m e , s u p p o r t  the wei ght  of the

r i n g  a s s e m b l y .

3—8 . - 2 ‘l~— -o ad j  ustabli.- and i ~~~~~~~~ b -cL m ~ )p or t  f r a n c - c ;  n - -. r ry

sets of cam follower rollers to give added support to the

r-:0 u t i n g  ring.

3-~~.2.3 The drive is by a D . C .  motor  to a dual output gearbox,

via LI-J o toothed timing belts. The two output pin ions  f r o m the-

ar b o x  ce- Sb 1-ith the 50 inch p i t c h  d ie-m e t e r  r i n g  q e- a r . :~n t i —

:iack ~imsc; throug h the g e a r b o x  is ach ieved by r o t a t i n g  the two

t C ct h - -c  t~~;n i n q  pu l l e y s , on the  motor  s ide , relative to one

L o s t -  c r - s a tT  103 oppos i t e  p r o — l o a d  in the t im i nq  be l ts

- 
- 10 sp’s r gearin- i .

- o 1 - a~ i- roi l f e e d b a c k  is b y a t ach . y en e rat o r  and  dr - j it a l

he r u r r m t  mountc- d on the end of the  D . C .  d r i v e  mo tor .

— - 
- - — - - -
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i — 8. 2 5  ‘l he r I m c j  a~~o . - c i t , I v , w i t h  ro n - ;  g e a r , c a r r ie s  the  a n t i —

fric t ion supporting ro l l - - i s  which engage with the strongback

ways on the spar tooling .

3—S .2. i . Limo-s r motion is E m c v i - ~cd by a 3/4 }!.P.D.C. motor

drivin .r thr u cm ;im a w o rm  redcmetion qc- -I1:box to a sp u r  i r e- a r  mesh i ng

w i t h  i cm o~ths of gte -m r rack I ocatc-cl alunq the center groove of the

base of the ce-chine ,

3-8.2 .7 Analogue mo sition feedback is used to sense linear

motion. A 10 turn potentiometer unit is driven from the gear

icE with two trinuning potentiometers varying the character—

;s~~ics , to provide adjustaille motion control of the Stead y Res ts

alonci the machine bed .

3—8 .2.8 A ll the control anti power wiri ng to the Stead y Rests ,

w h i c h  have 40 ft. travel , is brought to them by f l a t  sec tion ,

12 condu ctor ca b les , attached to 6 inch wide stainless steel strips.

Teflon sheet coating on the back of thie strip-s -1c rovides less

slidi ng friction between the- moving and  strtionary surface-s.

3-9 CONTROLS

During the preceding den im contract for the ATLAS machine , the

r-scmusreme -nts for the numerical control system were established .

-
- Discussions -m t that time with th re e  manufacturers of numerical

control equipm ent , Bend i x C L — r p . ,  General Electric and r- ’ len-

I 2 . flr-a cIbey , established the- type of controls currentl y avail -able.

The control requirements for six simultaneous axes motions , as

well C-is t h e  seln— pr oq r lcrminq or dio itizi r g capability, wer e on ly
av aibe -~ be as one pack m7e in a “ soft—wired ” con trol.

~ Ttt- coo ‘ro s i c c  re - c m cLose-n e-n~.ah I c  y r  i i ; ; I h- -so r c- - c air- -roe m i E n

wi s t h - -  i~l h ’ n — Er  i ‘mi - c y  7 3 -5(1 .
(S-Il

~7 )
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L m ~~ s s .- t i ~~:m so;ers - i ~I - -n r m m e i - m l  o f  timo :1w -rur al Control

: _ t . LII m t o g e i l w - r w i t l m  t b -  u . ; . - ,e i , 1 t ed D r i v e - c m  f o r  th e  a :-: - .:

mci - s t m mis -

Information relating to Da t -i Preparation for the  Control are
cover -ed in the Programming Section 5 - 5 .

3-9 . 1  The A l l e n — B r a d l e y  7300  cont ro l  is shown in Fi gure 32
The -sn it  is s e l f  c o n t a i n e d  and housed in  a two bay f r e e  s t an d i n g
s ab i n et .  h i nged , e l e c t r i c a l l y  i n t e r l o c k e d  doors providc-
complete access to the inside at t he fromit and rear. Figure

33 shcy .- -s t he  u n i t s  i n s id e -  t he  C o n t r o l .

3-9.1.1 The lbciwlett— Packaru computer , containing 24~ of
memory core , is a comp lete slide-out unit. Illuminated pus h

but tons on its front surface enable manual set-up and input to

the compu ter , as well as visual indication of the contents of

arm y selected memory location .

3-9 .1.2 The interface modules are the “hard-w ired’ portion

of the control. They form the link between the incoming
f e e d b a c k  si g n a l s  to the computer and t he  interface of the

o u t p u t s  to the d r i v e s .

3—9.1.3 The CRT disp lay has a 1000 character c a p a b i l i t y.

I n f o r m a t i o n  d i s p l a y e d  on i t  is divided into three basic -areas.

3—9.1.3.1 The upper  s e c t i o n , of f o u r  l i n e s , is used for  d i splay
of  in forma ti on entered by the manua l  k eyboa rd ( r 1 D J ) .

3— 9.1.3.2 The middle section displays the readouts of the axes
- -positions and feedrate settings.

1 72
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3—9 .1 .3. 3 The lower half is used to disp lay the i n f u r m c - s t m u n

b e -m y read  f r o m  the t ap -  - r e a d e r .  bli g h t  b locks  of i n f or m a ti o n

are read at a time , and displayed. An asterisk indicates the

“ac tive ” block of in formation .

Du r i n g  digit i z i n g  the b lo cks of i n f o r m a t i o n  are d i s p l a y e d  in

the lower half , pr i or to be ing  tran sf e r red to the tape pun ch
and teletypewriter.

3—9.1 .4 The Manual  Da ta In sert  (MD I) key board is used to enter
i n f o r m a t i o n  to the con trol manua l l y.

Completely programme d move s may be ente red by this  keyboard and
d i s p l a y e d  on the CRT .

-rhe keyboard is also used for creating additional information
-

- 
f o r  t r a n s f e r r i n g  to the tape punch and tele typewr i te r  dur ing a
di gi t i z i n g  o p e r a t i o n .

3- 9 . 1 . 5  The tape reade r is a ph o t o- op t i c  device u s i n g  a s ing le

li ght source .

3—9.1.6 The tape spooler has a capability of taking 19-1/2

inch di ame ter spools .

-
- 

3 - 9 . 2  7300 Contro l Panels

The following are the functions of the Contro l P a n e l s  on Lb

7300 system.

¼ 3-9 .2.1 The Main Control Panel - F~~guro 34 provides thcsc
control devices most frequently used for operation of the’ basic

s y s t e m .

72
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3— - ..~ ~1. . 11 C t ’ I ’  h’1’dI’ — A tw o V ) S i t i - -n d - i i - ; - -  t o  -Si: --2511U1 OILs

.oc. i L r m . ;t .  a r m  r-i ~~i e- , m - c . i i i  Iim - ~ ‘ ‘ I L ( - - n h - - c , t i m e -  M~~~~l - ; -  - t o  I ;

- s c  -a  - ln t h e  (‘C p u n  1 L i o n , - 

~!y1 1 -cube - v i  11 cauco rb - .. C-u -

i- .- ., l C~~i i t . i - l  U n i t  c o r n - - t o  an  u c - 1 - r l y ,  p i o g r a ccod r m t p -on ‘ - ic i —

- ~m -c . - t e i ll  m i n i  n- t i on o l i m O  i m - C i - c- C h TC i~ a m : ;  anc  i a r

3 — )  . 2 .  .L12 CYCL E STAR T — A n -om—a nnu mm ci atin g and guarde d

io;cent -iry—on device to enable operator to mnitiate a cycie

or restart an interrupted one.

3-9.2.1.13 CYCLE STOP - A red , mushroom h-�aU momentary-on

device to enable operato r to temporarily halt a cycle when

the system is in AUTO mode.

3—5 .2 .1.11 INDICATORS — A group of 24 un: J:c .-~~mtors cs - cd to

si gnal tI- c- status of given syst .-m r. : u n — s . toO - 
‘ mime: ;e un-h sators

are  Jeta~~luct in  Table 3 amid illu straui --h in Fm ~j~~ e-c 5 5 .

3— 9 2.2 The Secondary  C o n t r o l  l a n e - i  — i- i d e - r e 34 - i c L a r - i s

those centre-I devices less frequently eseb too o p e ra t i o n  of

the basic system.

3— 9.2.2.1 MAC Il ZERO — A togg le switch and an a c c e - m : - p a n y u n g  re--s

annunciator provided to enable opere-tor to return any or all of
the-- axes to a predetermined “home ” pos it ion by u sing the  “JOG”

switi-he-s on the Machine Tool Panel. When the MA CH Z E R C  s w i tch

is in t i e - oN position , the ad j a cen t red an n u n ciator  wi ll be
11] m m - :in o  ted , and  i f  t he -  NO DE SELI-~CT : cw t t m c h  is in h a - ~ -TC position ,

the various axes - w i l l  seek a predetermined Zero position wlmc n

selected by the AXIS JOG SELECT switch and activated by the

“JOG IIXLCUTE” switch . Only one axis at a ti me may be zeroed

woe -mm selected , -,vili r e t u r n  to i t s  h--sic limit swi tch and 

s : ir ’ n u s e  with its true “home ” pm; ito t~r:.

2 . 2.2 ~ i- .T 7 1-I i-to — A mnu m c - s : i t i r y  — - s m m  d c v i  -cc to c n a , , i t c  cpu  ra L’ti

~~
- - mmsta5 ~~j d  z t - r - ’  p u s i t u - s m i  a t  a m ;  ; - - i 01  - I i ~~- : rg  i e - 7  a x i s .
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a )  cr5

L e f t  Panel i~ - adinq f i - ~~ c m lo f t  Cu ri ght - i r d frost  t op  to b o t t om

Annu n ciator C - I  or Meaning

MCU ‘i’l-d-ll Re -ui Com -i tr o l  ( “u r t c - mp c - r at ur e

OVER TPAV !- L 
- 

Red J- > :i. c; O v u - r t r a v c -l

RDR NOT READY Re-d T mp e 1 - e c m d e - r  Not  Re -u dy

E XCESS ERROR tIc - b Eoe~ - . ;c ~C-rv o  Er r o r

PROG END P - c d  1-1/2 or t-~ 7/ 1 — o t iod  — Program Lob

PR OC S l O P  l e e -~ i-i//  or P/ i  De - c~~- - i e d  — m ’ r u - ~ r a m n  S t op

READ ERROR Red Tape- 1: -a -ocr E r ro r/ Tape  Er ror

SlOt-i REV Amber i c c ;  Axis  Sign Rever sed

i~UNPR MODE Green Cc-cm tOlih ~- ode

ABS MODI- Green Ab;;ol utu L’royr e-mu .snq

Li gh t Pane l reading from left to right mou f m - am top  to b o t t o m

An n u n c i at  or Color M e a n i n g

A IN POS Gre -c-n “A ” Axis  In Posi t ion

P iN I’OS Gree n “P’ Ax is In Posi tion
A RDR ON Amber “A” Tape Re-adc’r Is ON
DIG NODE Green Digitizer Control

Y IN POS Green~ “Y ” Axis In Poe-c tics

X 1:1 ~os Green “N ” Axis in Foe- ition

Z IN POS Green “Z” Axis Its Pus i .tiomm

C I N  POS Gr een “C ’ Axis ln Position

AXIS LAG LIMIT Re-il Fee-il Rcitc- F : m ; c m e c ; m c o r  A c t iv a t c b
PUNCH BUSY Gre-en Tape Punch Cannot Ac e-el-C i;uto

TTY B E S Y  Green Teietypwritc- r Cannot Accept batu

Pt NCII LAC Red Tape P u n c h  L . m q g i n q  5 a e - i m i n e

-
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.~ i~~ch .me - 1e0tC; .;s SC I  Z L R O  O U S t n - o t t o : , .  lo

- - r . t l s u n  or  a m  51cm -d U t ) ~~~, sw~~c c i .  1-I ‘ I L  Sm . L C C 1  to ALTO 

o)-i C e - ,  ( C  ~u- ST Am-I l ‘ - .~~s i m  butt o. -

3—9 - - 2 - I hAl-I F) ::T - A mitomo. -n t  r y — -  -cc a- - ci -e to e u - c a r -  t h e

2 :~~ r so r .:m c. i r . u - j l .s i -y s t e ; -  i t ~~ 
- che-:k of ill rIme

- cs cc a ll  c otro l ;umst.ls to verify c i r c e- I t

uI~e r a t i o n .

I — 9 . 2 . 2 4  1- h i I1 - :L-I BYILSe- A L~~ J j le S - . L o u  to en a L l a  t~~u

11CC to icc-m o r e  a l l  f e - e U r o  - ~~~~~~~~ _ ; - ~ i t  ~ : to  a

t r av e r s e-  f o r  f a e -  h e r  m y c l i n g  of test to ;  me -  w . d  p r o c j ro r

1me - sk outs .

3-- li . 11 . .3  RI - lA Ud )  C — .-~ t u  - c - .- ;j t jn selector wh ich cisu - :: tOe

~~~~~~ r a t -  i tm -n pL i es  - f  m i m o n i t o r s r i y t h U  pr Sitim-lc ; Ut  Cue

r e - I  it i v e  to a cj i ’:c n of  s e t  ( ‘~ : I l pos~ t i u : m  ) tsr  a -P S T i 3~ 05

t h u  ~C-1 -L I FE p .- sitiomi including am 1 off U-ts (AIl S l - U s i t i o f l)  -

3— - 2 . 2 - - tII SE l — A src op of three t a m e-n t  i i  v — o n  a t :v i Ce s

emmab ) ifl~ - ) e - 1  a t  - r  ~o :

s .  L i e - m r  . c . s t  m t i c - m i s  A 1171 s I  s - - -

- I l

________
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C - L I L a  r c l i e -  1-17 - ( N a r ;  I . - - r I ~n t - - - m m i i  ) i s t-. m t— cI

conch  t m oct

c.  C l e a r  t h e -  tape !-d ADi ~~c in t ime - ev ent c-f a pru-jroccucciog

erro r -

:-;c e-n the system is in a Cycle Stop con dition , all data may

be olcare b t rom the cu r t--mi t A ct i - ;e  o t o r ay m  block by
Jeco russimo the  ULFICE Re-set ~ O ih ne-CLan . Whenever all data

is to be . s l eor e -d  so a ices pro  ~rumic c-c. I- c stmrt ed , the- 1-171

I~t a c - t  push button is deprescce~.m --t m l  clears the control to

a start—up condition - -r i i f  a-c C s - n  r -J -o icy  St co  f l C j U e-  or an

CPU c o n d i t i o n  exists . If thU.  h e -pin r u - ab e t  cial functi an s be-e

ta a pro grarni-mun -j e r r o r  ‘s’h i  - I i  does cc u :au se-  a sL ut d ow n  to

-occur , t h e  operator may clear the  r e a d e r  l,y ocnses sing the

READER Reset push h ut t o n .

3—9.2 .2 .7 AIl S  SIGN SELECT — A group of  s cx  2— p c s :t on  se1eco~~r s ,

one f o r  eac h axis , to enable operato r to p e r f o r m  m i r r o r  r u n s  on

the  same t ap e .  The ambe-r  S I G N  REV d f l f l ’ J SC l e - t U ’. on t he  s u b — p a n e l
w i l l  i l l um i nat ’.- i f  one or more of tI-iese switches is in the

REVERSE posi ton .

3 - 9 . 2 . 2 .8  JOG RE T RACT - A c lear  annunciating push b u t t o n  t h a t

en ab le s  t he  o per a t o r  to- Jog any  s e l e c t e d  - ix u s  ae--ey f r o m  i t s

p o i n t  of c o nt a c t  w i t h  t he  work piece after first having depressed

the CYCLE STOP push b u t t o n  w i t h  the s y s t e m  in t h e  A u t o m a t i c

mo Ie- . The s e l e c t e d  a x i s  w i l l  c o n t i n u e  to m ove fo r  so long  as

the  J I G  RE t RACT push  b u t t o n  is h e l d  J o j  reased. Cc-pressing

t h e -  CY C L E  START p u s h  b u t t o n  causes  tOe m , - tr a c t e d  axis to

• ret . ir s  to the  l a s t  pr c m :-ul L --i poi n t  i c - i  o r - s  r e t r ac t I o n  in I

c e -n t i n u e  i s  pm gramnn i e d 1 a t h .
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3 . a 2 . 2 . ~~ j i m - s  1- li ’ ( O a : s_ : i l  - m t  m I n s e t - C )  c - - - ,- - a r - I , c~~m . ; i s 5 i n-3

U f  3( : l m r m c o n - L ; , m v i - i e - .~ t o  Ice t i l e -  ii m m m ma  1,- e - - c  ~~~~~~~ - m - ~~ ~

1 : t O  t 0 c o u : p - m t - -r  to s s j - p  P - m t - - C  t h a t  — - m m c c ) .  1:5 ) r e - g i c.5 nd ~~~

l I me  NjU in f o r m a t i o n  is c m ; - .nIc- m c a t e l y dimp l:m - c..- -J on the  f i r s t  f o u r

l I m , c s  of  the  CRT to pLc r r m i l t  o p er a to r  v er i fi c a t i o n  a n d /- or  ma Ci f i ca t i c: -:

b e : - . - t c -  t o t -  b.,ta is C r a n e - i c - r o n -I to L i e  com ;- . p u t e r .  t o e - -  1-101 C c -y e - ou r s

-: u n s m  ut s  oL  3 c- k ey s  ms r u n - j - s - .1 as f o l l o w s :

a. Il - ’ onP b . -. c: -~ a i p h . m  ch aracters :

11 t h e - u  1 , 1 , 3 , 1< , :~i , 0 , R , 5, 1 , I-I , IF and Z

Il - I i  -j :m:  r i vs ~1 Lb re - 9

- ~~~ L L h i - s t. m c  p1 U (
~~ 

I aol  c o c c u s  1 — )  si ‘35 5

C. P curm u m m a ( ,  ) sm :md a :1 -ace ( C l - A C-I )  kc - 2 -

e - A t r a n sm i t  ( C M I I  k u - v  f i r  Cr a n s f cr r i rc 3  b a t 5

to t he  c - p u t  er

f .  A n or r i s - ; -  u - t u r n  (- 1 - . )  m: -y f o r  i : ; - .m t t :  ng -an

ROB code t # )
l~ left c irsor or I-m ck space- i ~ ) key

mc - P r i I t mc L :rSLS r or I o r wa  r U m spa -c- (~ ) key

To roneoc a -sharocter , ho ld  the  ap p r o p r iat e  Coy d e p re s s e -)  until

t he  b e - s i r ed n umber  of r U - m e t s  t in - na  h av e  been r m c , m b c . C i i  b i t e -

must be- prefixe d with a type code u--c-fore C-c-sn-3 tra ssrnit tc--i to

the computer. Examp les of these cod e-s or-, i S S t L - -J i. u low :

Iie-ncal Icata Input 1-1 1

Sequence Search 1-I S

Too] length Offset

Fi;-:ture Offset

Cu t  ter  ° c - ,c- - .:m s - :mt iOn

Block bItt i L l

‘-.5

~ 

~
x-.~
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- 
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3— ~~~~. 2 . i . l  N— I l - d I R — A ~ x m c - :  ] o n m - .) L - - I , k t ’P - K m . - I !  - C - v i a h r

I ~~ - p - - ’.-~~~m . :;~~: - t  - - ~L . L m m ~ i a

t o  e m m a h i -  I me- 1-1~~.: m m  - :- - J O I ~ - -~~ ,~~~~ I d , - ; !  -~~~~~~~~ ‘ I L -  -l - .m. m

fo r t I e  I-C t h a s  is~-e n - 1  - s e c.

3—9 .2.1.2 Li t J l l ~ lu - 1~ — A com m - s t - -i  ~m t c - e - m t e ’ d  .i idibl e al-irm :~ d e v ic e  to

signal an ( - f l i e r - l e n  v : d c c i t l a~ s 01 a l t  o c C U r  c o nd it i o n  r - m q u i r i n g

imn m e t i s a t e  a m - c - i , c  r - m : 1

3—9 .2 . 1. 3 B t C F I I I  1 - )  Li’lt ” l O h  — -~ ap r i rc ~ I o..mb -J , t h r e e  posit ion

devsce- to u-;l-dc : s )c- .i -n - i cc  :m i - m m o ;  c o r i t m i t i on  -i i - c  disable the

h u z z e  m and  r e o U - t  t i m e  b u z z e r  c i r c e - i  t r y .  In t . he OFF :> ‘m s i  t son , tne
CCC w i l l  be f o rc c ~C m t - s  a F’u - i - d  i -ho ld  c o n d i t i o n  as ev idenced  by

the  i l l um i n a t i o n  of the  F E E D  h OLD anrc - e -n c i a t o r .

3 — 3  . 2 . 1 . 4  EI-fl - : v ; l l C c Y  S 2OP - /m red , mu s hr o~ -m head m o m e n t a r y- c s

device which , w h en depressed , de-c-nerg i-zes al l  d ri ve  c ont a~ctc - re-

and causes a l l  b r a k e s  to 1 € .  ap e li e d , b r i . n gi n c;  t h e  Tape Loyup

1-loehine to an abrupt halt.

3 — 9 .  2 .  1. 5 11— STOP RLSLT — A rc~1 an n u n e i a t i n -j  ari d gua rded  m o m e n t a r y -

on device  to d c -— e n e r g i z e  and “ s a f e  ti - m e L ;c - .-rge ’n cy  Stop r e l a y  and

to r e s to re  the sy s t e m  to an o p e r a t i o n a l  c o n d i t io n .

3 — 9 . 2 . 1 . 6 DACA S L U i t t ’ I - I  S 1- lmP. t f — A f o u r  p s  i t so n  ro tar y  de - ; ico  to

en a b l e -  o p e rat o r to s e l ec t  t i -m e d e s i rL -d d a t a  source f o r  use as -:1

c-cm: lpu te r in p u t  , as appi  i e - m~I to the Al LAh , ci -: sw i tch  mus t  al~t ~c s

- 
- be at the  R e -a c er  A p o s i t s -c c .

3 — 9 . 2 . 1 . 7  1-1000 ~ i l h 1.C i ’ — A f o m i  u s  t i m e -n r o t m m : v  d ev i ce  to enable-

o p er a t o r  to s c - i c - - c t  the  ic-s i ced  sol e  of - -p er a t i o n . Se l ect

tIm e 
- 
AUTO - -it I on of t h e  R U D E  SELECt s w st ch  causes  the  c o n t r o l  tc

-ope- r a t - c  in  a con t a  tie - - m s ly  cs-cU ny  m i - . : c , r e m - I  i n -3  mmc d executing

- m c m :  omen m r - c a f l C e  w i t h  i t s  m - r o g r ’ am e - m C m c m u t r u c t i o - s s .  Sm c i e c t i s q
8_ i

- ,
~
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tm ,iS mmmc ii- cm 1 1 on A cm e - -  t i m s  - i i  1~e - m i  st ’i c m  u rn - i m l - i ’  La.- !  - .~ - m m  I s e-  L i i

left of th e -  s e l ee t o m ’  k n o b  to  i l l o m n m c u t e .  Sc l e ct inu  t h e  S 1CC0i:

BLK position cause-s i :!oc utah i o n  in t h e  next accessible buf fer

~rca to ice transfe-rre-s to A C L l t ’ lI a:] e:-:ecutt.-d. If r~o data is

present in buffer s t a m - a - , :;e lu- . Lion - f this t ro d :- w i l l  O~5OSe re -al e c

Cd )  r e -a d  3 b l o c k s  of  onm .i i : c to  L i - c  buffe r and to execute on-i

h l  ,- -~-i-c . Tm : the FILI Y N Ai-: 1 ~os: h i  mu , C i i i -  -lanual icota Insert i-iec —

board is eoable-d t o  a I  I - ‘ t he  ope rater t ie- m a n u a l l y  i np u t  d aron

tn t  .c a buffer star ye - i - c a  m m :  C- - - c -xec ut .e it. The MAC poss tion

~~s use D f o r  - m m c v op e  r a t m  - : .  1 - - mjr m i im:y um LIon of the axes , o c h e r

t h a n  f rom: -  t n- cc j r  f t c - t i m  k - c  i t ;  c~ -m m :m c s md , such e-s JOG or MAt h

Z EC - ) . S e l ect i o n :  of t h i s  cm mie - i i  c i c o n e -  t h e  blue a-” 

be] ow arc s t Q  th- : n y C ”  -if t i m e  sole-cL-or knob to illurrinato.

3—9.2.1.8 IIP,ifiL TYPI — Two- -control dcvi in-is c t -bin-- to d O l e - U  Ic
- - r a t  or  to se l ec t  t I c  t - ;pc  of Ca f e se icC d c - u  re -I a~~ ) C l - n

b m .r e c t m c m i  o f  t h e  tape C r a n e - i .

a. “Search Mode Selector ’ — 1 four posi ’ i or. rotary

Cevico to enable 0:-c-rotor to select the Ce-sire-c) ~~~~~~~~~~~

is- . “ Tape Direction Selector ’ — A tl’mree pcss-ition ,

sprm n-~ return-to—center device to enabU operate-i to al -/ I C c : :

the  ic - s i r e d  s e a r c h  d i r e c t i o n  and to a c t iv at e  the capsta: ~rive .

in  the 0-DO REF position of the ‘Search IloC Sc-lector ” , tim

reeler will move one block in the di rectie-n selu- -:tei l y the

• ‘ f o m T e Di r ec tion  S e l e c t o r ” w h i c h  umucu t be t u i : :- i to t i n  -s-/sir-a d

emre-ctio n and r e l e a s e d  --‘lie n the 1-PJCL 51110 CT switch iS ri the

1-iAN position . In the N SEARCh! mo-I- : , -d id- . -can ~ enailed on l y

when the MODE SELECT ow r te l . i s  in - l~~ Y E ,  I - . - - A l - i p o si t . s on au -I

is a ct i vi s t c-C by the CYCLE START p ash i -u t  t c ,n ,  t i - m e  c or p ut e - r

chooses the d i r e c t i o n  of  m o n a r c h  a f t e r  b e i n g  told chat number to

~ocK- f o r b y the  M a n u a l  Da ta  I n s o m  t ( M i n i  ) i-lu -y O u - a c  1. The cc-mI S te r
.5 

1S :5 ;c:t- .3 that the desired r m c ; m b e r  is in the  f o r w a r d  d i r e c t  ion an-I

wilt always read forwarD to tim e rm-::-P :m ;n j - -r on t h e  t a p e . At

- 85
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t h i s  p o i n t , f l i t s  : m : p  .m~ em cu m :mp a rCm S the- N :me-i ]i-s u. arm t i m e  t a 1- u-

w i t h  t h e  d e s i r e d  N n u i m l - -r  a: : -  m l e - C 1  d m e - b y l i i i  m c d  ~:i tude of

the number - M m - n - t h e - n t o  cant i : ’m ucc in  the me- n e-’0rd direction or

t n  r e v e r s e .  l-i c c -neve  r the i- id - - c nomi naL inC t i e -  e x a c t  c l o c k

c-a l  j t / U i  for, an “N CU) N b A t h - I  i lme ssomi J o  ~~~ J I be - d i s p l a y e d  ma rc
on c e  CRT . I l l  , w h e n  seam cli mm - ,j Lois mr. l , 5:1 M~~2 cr 5130 code

is e - : :-n o u n t cr e d  or , wh e m :  sc- -uc chul ny reverse , an EOR (EJA) or

a ~- ( A S C I I )  cu d i  is e n c o u m i t  -r e d , t i m e  sca rd : :m ( i l / Or a t i o n  w i ll

be- hal t e d .  In t he  SLEW pu si  t i e -n , - -ch ic-h --- i  11 be e n a b l e d  onl y
c i t e -n  t h e  MODE SELECT s w i t c h  is  in I-IAN p o s i t i o n , the r~- ad . -r

-~.i1I c o n t i n u o u sly  mo le a t  road  :;pe -eU 11: t h e  s e l e c t e d  d i r e c t i o n

f o r  as i -c-ic y us t;~c “ T a p e  Directiomc l3nlector ” is uiel-s in

p o s i t io n . W h e n  tb-s ds r d i c t  ion nc - s  Cc:  L : ;  r e l e ao u d , the reader
—~‘i11 stop on L ice n e x t  EON . I f , ‘ - l i o n  Sl. c- : -;ing, an -W 2 , ac: - 13Ø,

a % , or an EOR code is en :nccntcre s , th0  reader will stop .

When the  r eade r  is SI c - s an g  in  t he  f - tou r - I  d i r e c t i o n, data is

t~e a - D  i n t o  b u f f e r  s t o r a dj c  an - i  c-ic-mire- i  a t  c a ct i  L O S .  When

S loe -  i nJ  in t he  r eve r se  d i r e c t i o n, no c at a  is read int o  b u f fe r

st o r a g e  u n t i l  t h e  d i r e c t i o n  s - - i t c h  is r e l e a s e d , a t  w h i ch  t ime

the reader stops on the :cext EON , reverses itself , and rae-ads

forward one block , inserting it into buf i er storage . When in

the C REF position , enabled only when t oe - MODE SELECT s w i t c h

ss sri MAN position , the reader w i l l  move back in the sele cted
direction to the next scquence number  on t h e  tape .

3-9.2.1.9 BLOCK STOP — A rod annunci atmn g and guarded tromentary—
- 1: on device to enable operator to halt an automatic cycle at the

en -i of the block being i rocessed.

3—9.2.1.10 ULE E E L E T F  — A two positio :c device to discrir,ln;mte

a t-a c n s t  d at a  U I - c - -c-ks pro-ceded U - 2 - a sl a s- . code-. In the OFF

1 .sik ,i-c m : , slash code bloc-ks; are ifl -j- Jtt i l cm t are disp laym:d on tm.

Cl- i for mnf c-rmc :ati on -ccl: - . in the  Oh p o s i t ion , s l a sh code L l - ,n k s

i t ’ - . - .-xccut el .

ton
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~— -J .2. 3 The M . m l i c m ’ -  1 -  1 l ane ! ( F i - i m m - ~ / )  ~-i r .Vi i e- s  those

c a n n io l  device s  p c - c - m l i a n  to ti me opel ation of the ATLAS Tape Layup

M a c m i n c - .

3—9.2. 3.1 The FE E D RAT FI  sc - l e a - f  - in  I - e r m i t ~; modi  fic-ition of the
proyranuned feed rate i n  I i )  m~ i n -  - r c - mcic -nt .; fi - - i c  I) ~ ( F L I P  H O L D )  to

- 
- 120% b u t  never  g r e a t e r  t h a n  t i m e  r m m a x m m u m  a l l o wab l e  axis velure-i. LI.

It will override the p r o g r a m m e- c l  eeC rate w1i~ -n  t i c t  system is

in ALTO mode . When the sy s t e m  is in I-IAN mode i t  w i l l  c o n t r o l

the r a te  of the  MACI ! ZERO movement and  o v e r r i d e  t he  c o n tln u o ss

JOG m o d e .

3— 9.2.3.2 The AXIS JOG SELECT permits time - sd on of an

axis for a JOG , MACH ZERO or SET ZERO move when time system is

in  t i m e  MAN mode .

3 - 1 0 . 2 . 3 . 3  The JOG SELECT permits the selection of any of tOe-

u c -m it i nu o u s  JOG modes; 1.5 1PM (LO) , 15 l i T - I  ( I - I L l : )  , or 150 Il-I-I

( H I )  or any of the s ix  i n c r em e n t a l  JOG niod~-s at a fixed rate of

10 1 P M .

Note : Feed rate override is -bisa b it ’-! ohm -n

the  JOG SELECT is se t  to any  onc- o f  Lion

i n c r e m e n t a l  n o d e s .

3 — 9 . 2 . 3 4 The “ JOG E x e c u t e ” i c - i t c h  s e lec t s  f tc -  + i lr e e --t i c s :c  the

select-c d axis will move isnd initiates t he-  m o v e men t .  Ad di tionally,

t h i s  d e v i c e  w i l l  i n i t ia t e -  t b -  -IA CII ZERO - - : c - r a t i o n .

137
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3 - 9 . 2 . 4  The T~ Rea d e r /~~ j~~ o U - r  P a n e l  (Figure 38) j . i o v i 1 : m

those con t r o l  d e v i c e s  m e - g U I  i c d  f o r  -~~- &: r a t iu n  of t ime ‘V-ape U -sader /
Spooler.

‘ l im e  ATLAS c o n fi g - i r a ti o n  i m .is erie tape c-c-aC er. it is enabled by

~~ the NC POWER s w i t c h  o-: c v i d e m m c c - d  b y the illum ination of the

c a p s t an .  The toggle switch at t ho - left end of the capstan will

e n :.able the capstan i-rub’: - - - ; lm - -n in t i m e  PLC-) poi-mi tlOfl . Om. a subpanc-l

at tne bottom of time t -ip ’ - Leader pane] are four d e v i c e s ;  -a sel  d c - C u r
a r-i a n n u n ci a t or - , and f . m- n - - h / U 5 ~I i bai t L or is .  The se lec to r  e n a b l e s  the

iIJ.ADER ONLY mode , in t le - .  l e f t  p o s i t i o n , onl y when  the UATA S O U R C E

~~ SELECT switch in in one of the three reade r positions. ‘i’he R E AU L L

SPOOLER mode , in the  r i gh t  p o s i t i o n , is f u n c t i o n a l  any time the-

tape reader is enabled. The tape drive is turn-ad OFF in C m - m e  c c n t -~ r

posi tion . The clear POWER an n u n c i a tor will illuminate only in  t he-

READER SPOOLER m ode and the two push buttons , one in each lowe r

corner , determine the direccion of travel of the Spooler. TI-me

tape reader normall y feeds from left to right and is loaded with

t c m e  s p rocke t  holes  toward  the back of the  p an e l .

3-9.2.5 The Digitizer Panel (Figure- 39) provides those contro l

devices requ ired for operation of the accessory li ne followe r
e - g u i pm e n t .

3—9.2 .5.1 “i-lode Select ” — A three position rotary device to
- 

- enable opera tor to selec t the d e s i red  c o n t r o l  mode . ‘rhe “Co n t r o l

- 
- I-I -a -ic Selector ” se lec t s  be tween  t i m c -  CCC (C o m p u t e r i z e d  Num e r i cal

-
- Control) mode (to the left) , the D I G I T I  lIFE M OD FI ( t o  t h e  r i y :c t ) an d

-i - F ( c e n t e r ) .  The CNC p o s i t i o n  p u t s  the s y s t e m  u n d e r  the c o n t r o l

o of t he-  Numerical Control Unit.

J 

:. 3~~
-’L2.5.2 The “Printout Selector ” selects w h i c h  :so-ii p h e ra l

device will be utilized for the  Digitizer printout; the ‘I APE I f CCIII ,

‘n e -  TTY or E~~T C .
- ;  
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- U I  m . i m ; i  L c i. ’ - ’ - I r m m c c I m i t r ~ - 1  t o  t. L- - ~e-’ l e - ct ’ - i  p I c r i t o m i t  me-vice .

~ - —a _ 2 H  5 i - ’  m l  . - . c - m O t  C- - m m  c m - I l u r t - - m  ( I - ’ I - j c _ m  - - -1 ii~ p - ’~ ide s t i c - - s .-

— - c a m - m t  i’-4 it ,- . i r s  iw 1 n i r - J  m u m  s p c - I a  loS u l  th c-  t:~- accr -s sor l ’

St-. m m y  m-c -sts

3 — 9 . 2 . 1 0 .  1 S t U A D Y  RFII10 ’i 12 c i ’ A L Y  CUT-i P1:1 — 1 — - - — c cc l f — c c - - r m t e r i n g ,  l e f t

m m m c i  n i t c h t  m o m e i m t . c m - y — c m m h - -c- ices m m c c -  p r o v m : l c - - i  to  j a -j  e~~t h or  S teady

Rest in the  d e r i r - - -1 r ot at i ’ - n m m i d i r e c t i o n .

— 9.2.6 .2 Sl ’lIA I ’ RES’I’ LINI-I A R CONTROL — A two p o s i t i o n  d evr c e  ic

I 

m -r o v i d e d  for- oi.ich Ste iS-c Rest to a l l o w  t i m e  operator moo s e l e c t

ca t h e m :  t he  manual or automatic contici imcude to be e f f e c t i ve .

C c e m r  e i t hc - r It e a d y  F e - st  is in t he  m a n u a l  con t r o l  mode , i t  can be

-
- 

- ;r ’. v c--i Lv r o t a t i o n  of t i m e  k n o b  l o c a ted  b e m - c - it h  the  e f f e c t i v e

selector device .

Ri can  either Stead y Re mI t i s  in  t h e  a u t on m a t i c  mode i t  w i l l  r e m a i n

; ‘ a t i o n m m r v  t i n t  i i  the  C a n t  cv enters a pi- d~set  proximity zone at

-~-lci ch time the Steady R e s t  w i l l  move in such a manner as to

maint ain the -his Lance bc- C -c - c - ri t nself and ti-me Gantry .

- - 1—9 .2 . ‘~~~. 3 TA P E  l u lls!: RE i d  LOAD — An u .m d t l ’ - l  a n n u n c i a t o r  an d cr c n t r : .  I

d c - n i c e -  are p r ov l ue  .1 C~~ a m m n o -smcce to t~ ic - ap e -  r a ter  t h a t  ti -me L a y o f f

! 

l Ied c o n t a i n s  no n -more t h a n  20 f e e t  of T m j ~C .  ‘fhe a pr - r a t e r  Can
si. l e l i  cc- t im a a m  I i i :  Fe a l ar m  1:y de~ -rccs :; i n g  t i c , ?  e nt Ccl d e vic e  C-u t

t ome l m m r - : p  w i t c i n  t h e  dev~~c-e ic - c  1.1 r e n a  in  emc m m i c  f -ed  u n t i l  a new tape

spool 
- 

is p 1 aced c-n t i c -  l a - - - i l l  lOn e 1.
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7 ~1~~L t n t r 1 C’~n t  u 1’ t r w l  ( F i gu r e  4 1 )  p rov ides  those

con t ro l  UL vices r e q u i ru i t u  d is~~t~le th e  “ A ” , “ C ” and “ Li ” axes a~
w e l l  as the l i n e a r  and r ot a r~ c on t r ol  of t he  two Steady R e s t s .

3 - 9 . 2 . 7. 1  AXIS COU TRO L - A two p os it io n  devfc e is provided to

enable  or d i sab le  the “ A”  and “ Li” axis drive motors. A similar

device is prov ided  to c o nL r o i  t h e  “ C” ax is  dr ive  motor .

3 - 9 . 2 . 7 . 2  STEALY REST CON’l R~)L - A two posi t ion device is provided

to enable or disable the rotat ional drive motors for both Steady

Rests. A three position device is provided to disable both linear

drive motors , enable  the ‘A’ drive motor and enable both the ‘ A ’

and ‘ B’ drive motors .

3-9.3 Motor Control Units - The two cabinets housing the motor

drive amplifiers are shown in Figure 42. The cabinets are

positioned adlacent to the Allen—Bradley 7300 control.

3-9.3.1 Main 3 phase power enters the left hand cabinet via a

main d isconnect , which is operated by a leve r mounted on the
door of the cabinet.

3— 9.3.2 The left hand cabinet also contains a 3 axis (for “X” ,
“ Y ” , “Z” ) and a 2 axis (“A” ,”~~”) hyperloop drive amplifiers with

associated inductors .

3-9.3.3 The right hand cabinet contains a 2 axis hyperloop drive

for the rotary steady rests and 3 Westamp drive amplifiers con-

~ro1ling the “ C” axis and the two linear motions of the steady

3~~ o)~~~3 • 4  Fu ses , relay s , overload trip contactors associated with

~~~~.‘ ~ri’:ers , ar e located in both  c a b i n e t s .
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-IACUINL : F A h h L C X P  ION

This section covers the complete febrication erogram of the

ATLAS m a c h i n e  at the C o n t r a ct or s  I - oc i l i t y  in Torrance , C a l i f o r n i a .

It covers various a~ ;ecte ot the b U n  cet ion of the machine sub —

assembl ie s : de si gn end lcvclo :n!s-nl ~~05 k en the l ine  fo l lower  ~nd
steady rests :

Genera l  Assembl y end Al i qnnsent.s

Ma ch ine/Nu mor i ca l  Con t rol I nteg ra t i on

- P r e l i m i n a r y  Tests and Demonst ra ti ons

- Dis-assembly and Shipp ing  to the Boeing
Vertol  f a c i l i t y  in Ph i l ade lph ia , PA.

In terms of t ime span i t  covers the per iod  between May 1972 and
- 4 V :  December 19 7 3 .

4.

3- .

4
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4—1 itese ~~~~~ ions  — t h e  ! - ~~~~
t 1  V 1 ;  - V~~~~~j,J J i l i g  ; b i ( , . - ! ’ J  that Ic s-

V 
t t e l n  base see t L V )f lS  \ V ’ O L t j  I -  ! ‘ a c L i t J  i Loins L f l  t I l L  f ab n i  cat io l l

of the machiinc’. ~;oi~s’’ ~~ ~~~ e ---s I i s ;~ sj n  we :; done to a l low for

addi t i ona l  way s to  be 5 5 1  ~Ie,- ; i s  be low Lise working surface , for
tho  tr ave1in~j  s t eady  t o s L u .

4 — 1 . 1  The de siq n  of L b s  cw;L i ron hod sec t i ons  had been done

so t h a t  they  were of :~~~~~i s :  i c r  ~~~-: sect ion form , irs 2 ft. increme nts.

4 — 1 . 2  To a c h i e v e  the 5~ ft. bed lo n J LIl required for a gantry

movement of 36 f t ., four 14 FL . long bed sections were used

wi th another  set of {( V V l1~ along side  w i t h  ~he j o in  on the mach ine

c e n t e rl i n e .

4 - 1 .3  To obv ia te  t h e  need for  p rec ise  m a c h i n i n g  of the  ends o

the 14 ft. sections to make them exactl y to length and square

w i t h  the sides , th e  des ign  was made to group the bed sections
in four pairs. Each pair was joined along the machined s ui f a c e s

on the machine centerline . The pairs were then butted together

at their  ends , and m a c h i n e d  spacers used to set up th e  exac t

ali gnment between them .

4 — 1 . 4  Cas t i ng  of the  base sec t ions  was done l oc a l l y ,  usinV ; -a

40 ,000 psi iron . Each section weighed 8 ,750 lbs .

4-1 .5 Figure 43 shows LbC first bed sections being positi-~ned
for assembly. 
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4-2 Composite Gantry - In the preceding desi gn contract i t

had been decided to use a composite fabricated gantry . Studies

showed that it would be adequately stiff enough for a tape

layup machine , and that the fabrication cost , when conispared to

metal structures , would be lower.

The fabrication of the gantry was achieved in four phases;

(a) Scale model development of shape .

(b) Full scale wooden mock-up .

( C )  Female molds made on wooden mock-up .

V (d) Fabrication of one piece gantry structure ,

in the molds.

4-2.1 Scale Model of Gantry - A 1/8 scalL model of the gantry

was made so that the compound curved surfaces and corner radii

proportions could be more easily developed. It also provided a

very useful tool in the discussions with prospective fabrications

as mold parting lines and fabrication sequences could be worked
out.

Figures 44 and 45 show two views of the scale model , including -
the front eye—brow cover , also to be molded in qiass fiber.

4-2.2 Full Scale Wooden Mock-up - The basic plywood structure

for this mock-up had been constructed during the previous design

contract.

Using the 1/8 scale model as a guide , the fabricator built up the

mock-up using wood and plaster.

The s~urfaces were paint~sd and prepared to take the glass fiber

molds from it. Figures 46 and 47 show th� mock-up during

~ its construction .
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4.2.3 Gantry Molds — The tuiitale mold was made in three sections.

Each mold section was heavily reinforced to ensure minimum

distortion - The sections are shown in Figures 48, 49 and

50. The molding surfaces were polished and suitably prepared

for construction of the one piece gantry .

4-2.4 Gantry Construction - The basic parameters for the design

of the gantry were that it would  be a one-piece structure having

.180” thick polyester resin impregnated glass fabric skins backed

with 2 and 4 pound density urethane f oam , with an inner skin of

.125” thickness. Interconnecting ribs at 6 inch intervals to

tie the inner and outer skins together.

The basic design policy of th e machine  had ucen to minimize the

number of load bear ing  mechanica l  in terf ace points on the gantry

structure . V

4-2.4.1 There are only four interface connection points on

the gantry . -

4—2.4.1.1 Large underneath surface on the main support side .

- - 4-2.4.1.2 Smaller underneath surface on the outboard supporting - -

leg side .

4-2.4.1.3 Two surfaces on the upper part of the front face where

F the vertical tubular way structures are located.

4—2.4.2 Positive m etal to metal surfer’s interface was achieved

by fasteniny external a l u m i n u m  plates through to insert plates

laminated into the structure . The outer skin at these points

is being sandwiched between the two plates. Figure 51 shows a

typical section through th e gantry .
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4-2.4.3 The outer skin was make up of:

a gel coat
- surfacing mat

1-1/2 oz. chopped strand mat

woven fabric

24 oz. woven roving interspersed with mat

all to make up the .180 inch thickness.

4-2.4.4 The interconnecting webs , between the outer and inner

skins were achieved by wrapping the foam “logs ” , 3” thick by
6” wide , in resin impregnat~d glass cloth and setting against

-: the outer skin in the mold. The wrapped “logs ” were placed

side by side to make up the complete structure prior to layup

of the inner skin .

4-2.4.5 The one-piece construction was achieved by layup of
the outer skin and foam core in the three mold sections , but

leaving the core away from the joining edges of the molds. The

V 
three sections were then brought together. The joining edges

H were bridged across with additional layers of glass cloth , to

tie the outer skins together. The remainder of the foam cores

were then put in place -and the inner skin laid up to complete

- ~
- the structure .
4.

4-2.4.6 Access to the inside of the gantry is by means of a

- 
,V. rectangular hole in the top surface .
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1 4—3 Composite Cross Beam

In keeping w i t h  the  poli y f o r  scvinq t I;s:’ machine structure

as li gh t as possib le , the use of a glcss fiber composite

structure for the large cross beam proved to be successful.

4-3.1 Construction of the beam ‘~es from three 6” foam cored

panels. Each pa ne l consi sted of .180” thick polyester resin

with 2 lb./ft.
3 density urethane foan, core and interconnecting

ribs between the skins at 6 inch intervals.

- 
V 

4-3.2 The edges of the panels were closed in by p u l t r u d e d

channel sections of 5/16 inch nominal thickness , made by the
Contractor.

4-3.3 Aluminum strips , on the lower and upper surfaces ,

bonded wi th epoxy adhesive and faster.cd to the pultruded channel

wi th screws and metal ins er ts , tr ovided surfaces for attaching

the ways fo r the “Y ” axis carriage .

- ‘  
4—3.4 Figure 52 shows c plan view part section of the

beam cut away to show the skins and interconnec ting web s.

4.3.5 The effectiveness of this fabrication technique is
- 

b ui T~C out by the ligI-tn ess of the bC~~I~~V ( 4 u  o u u n d Vs)  in comparison
4.
V to its size (18 inches th ick , 24 inchus ~

V V I d e  and i86 inches long.)

V,.

*1 V

I 

. 

, ~~~ V 

V

- V
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- V PULTRUDED CHANNEL SECTION
1~~~~~
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V V V~ 
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_ _  

V

MAIN PANEL SECTION ‘ / / V

.18O THICK SKIN S / ‘

V V

, / /
/ F R O N T O F

/ , , BEAM

2 LB/FT3 U R E T H A N E  CORE
_ _ ] 1 ~~~~ / / ~

CONNECTING WEBS

A L U M I N U M  MOUNTING PLATE 0ON TOPSURFACE

1
- 5  

0 0

~‘igure 52. Part  Section of Cross Beam
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4-4 ~~~~ Placement lIe-sd

Th e Tape Placement  h ead was f V d , r j c , 5 t , ’ - I and  assembled on a free

standing supporting frame , jVrior to a tt ach ing to the comp leted

machine structure.

The Tape Placement Head , as described in Section 3-6 , has a

number of sub units incorporated in it , enabling them to be

pre—assembled and tested before being -attached to the he ad

itself.

This section of the Report outlines the f abr i ca tion , testing , V

and assembly of the Tape Placement Ibe V Id . —

4— 4 .1 Main suppor ting Frames-- Pattern makina and casting

of the two main tape head members  w ’- r e  accomp lished early in

the schedule. The design a 1 these two castings in aluminum

had been concerned with liqhtness as well as rig idity . Figures -
~

V 
53 and 54 show the ma in  s u p p o r t i ng  r i ng and the main  tape

V 
head f r ame  to wh ich  a l l  the s ub - u n i t s  are attached .

V 
4 - 4 . 2 Tape S l i t t i n g  U n i t —  The f u n c t i o n  of the tape sli tt ing
u n i t  has been descr ibed  e a r l i e r  in Sec t ion  3 — 6 . 6 .  D u r i n g  the
fabrication and testing of the u n i t , a c e r t a i n  amount  of deve lop—

ment work was done to ensure continuous , clean , accurate slitting -I
of monofilament glass epoxy tape . The basic princi p les of the

s l i t t i n g  had been e s t a b l i s h e d  d u r i n g  the p r e c e d i n g  des ign  c o n t r a c t .

4 — 4 . 2 . 1  The f i r st  t as k  was to a c h i e v e  t he  r e q u i r e d  s e t u p  of

the knives to g iv e clean  cu tt ing to g las s epoxy filament tape .

Each set of cutters has space r s  between th a c u t t i n g  d i s cs .  By
v a r y ing the t h i c k n e s s  of the spacers , the c lea r a n c e  be tween  the

S ides  of th e  meshine k n i f e  d i scs  was ~](i)US tV O ( I  -
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4—3.2.2 When first assembled , the clearance between the kni fe

discs had been set at .005” . This was found to be excessive , as

a number  of uncut fibers brid ged across between the slit tapes.
The clearance was reduced to 0 to .001” , which produced the

desired clean cutting.

* 4-4.2.3 With virtually no clearance between the knife discs ,

accurate position of the two sets of cutters became more significant.

4-4.2.4 The other development work was concerned with the depth

of mesh between the cutters and preventing the tacky side of the

tapes from adhering to the spacers and pulling away from the

backing paper. Clean break-away from the cutters was also a

requirement so that on release of the cutters , the tapes would pu l l

away cleanly .

4-4.2.5 To achieve these requiremen ts , ent rance  r i n g s  were made
up and fitted to the outside of the spacers so that the diameter

of the rings was l e s s  than that of the cutting discs .

4-4.2.6 When slitting the entrance discs were slightly deformed

and thus  pushed the s t r ips away on release of the cutters .

Teflon shrink tubing was used to cover the entrance discs to

preven t adhesion of the tacky.filament tapes.

4-4.3 Tape Shear Unit - The basic principles of the Tape Shear

had been developed by the contractor on previous tape placement

heads . A bench mounted  t e s t  ri g was used to evaluate the shearing

charac te r i s tics of d i f f e r e n t tape sys tems, and more si g n i f i c a ntl y ,
wi th different types of backing paper. 

V

The r~ain effort during the fabrication and -assembly phase was

involved in set tinq up the automatic positioning system , whi ch sets

the shear unit angle , p r io r  to the cu t t i n g  a c t i o n .
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4-4.3.1 The use of an in—line D.C. torque motor , in itia lly,

was found to be unable to achieve stable p o s i tt e n i n g  to th-

+ or - 1/2 degree angle tolerance . By mounting a small geared

D.C. motor to drive the shear spindl e via a bevel gear segment ,

the r e q u i r e d  p o s i t i o n i n g  a c c u ra cy was  ~ch i e ’c J .

4-4. 3.2 Figure 55 shows th e shear rc,Lur-~ d riv e  sy s t e r V L , wi  I

the motor and beve l gear , ~nd t h e  feedback by nicans of a precisi’s

gear d r i v e n  po tent iometer .

4-4.4 Tape Placement Head Rotation , “C” Axis Drive - The retatianal

control of the  head is an i n t egr a l  part ot it. The drive motor

and gea r ing  un it is a ca r t r i dge type as sembly , easily remove-able .

The drive is to a 24” dia bronze gear , mounted under the rotational

supporting ring.

4—4 .4 - 1 During the initial testing phase of the whole assembly,

- - it was found that although the drive motor produced sufficient

torque to rotate the tape head , it would  be i n s u f f i c i e nt to h o l — -1

V the head in a continuous hi gh torque conditie- .,. Such a

w’)uld occur when the “A” ax i s  would  he se t -v c -r  to more t h an  3 0 0

and t h e  head positioned to lay tape in l i n e  w i t h  the Y axis motion.

4 - 4 . 4 . 2  The - dr r v e  and gear ing u n i t  was  m o ul f i ed  to g ive a s i g her
g ear  reduction -and a hi gher torque D.C. motor was fitted. i h O S O

~roved to be capable  of f u l l  con t ro l  of thu head u n d e r  t h e  n i g h r - s t

t o r q u e  cond i t ion .

•
-
: V b V V

4 .5 Placemen t Roller — The desi gn of th e  P l a c e n en t  Roller , ‘ :in - ~

n inflatable reinforced tire , had been d ‘eloped from previous

exoerience with other tape placement heads . The reguiseneri t of this

rol b r tc con form to 2 inch radius surfaces r~~s’i1 f u r l  in a thin
N sec t  iSS tread .
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4—4.5.1 The tire was molded in rubber , w ith transverse reinforcing

of glass f ib e L s  to p reven t  the t V l  ead I~ 0111 5~~ t ’  i J i i ( ~ S

under load. This would displace l a i d  s t r ips of t a pe .

4—4.5.2 Fi gure  56 shows the t i r e ’ , (
~ ( 1~~ t ~er 

V~~ th  I ’  hub  , n h

at taching flanges. Also shown is the  axle.

4-4.5.3 The tire was assembled to the  a l u m i num hub  and after

ini tial  air  leakage problems , ca used by porous c a s t i n g ,  w e-re

corrected , it was able to hold a i r  p ressure .

4—4.5.4 A series of tests was done to evaluate the ability of t b V C

placement roller to conform to the 2 inch radius requirement. Tk~~
report  on these tests  appears in App en d i x  I I .

4-4.5.5 The report concludes that the roller did meet the desi gn

requirements.

4—4.5.6 At this stage of the machine build , the tape p lacement

head was a separate unit sitting on its assembly stand . It was

not  p o s s i b l e  to t e s t  t he l ay-down p e r f o r m a n c e  of t he  p l a ce me n t

roller.

4—4.5.7 During the machine c h e c k_ oat  and  tes t  p hase , the  berformar.ce

of the placemen t ro l le r wa s eva lua ted .

Tests done and subsequent design changes in the placement area ~.r - -

covered later in this report.

PS.
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4 — 5 Digitizing Line Follower

The digitizing line follower system is a five axis tracer unit

mounted under the tape p lacemen t head .

A survey of available electrical and photo—electric tracers showed

* 

that there were none capable of performing the required motions.

The complete development of the unit was therefore undertaken as

part of the contract , and took place during the Fabrication Phase.

4-5.1. Requirements — The basic requirement was tha t the unit

should control the five fundamental axis of the machine to follow

a reference line placed on the surface of the layup tool.

Thus it would control “X” or “Y” and “C” axis by following the

l ine , as well  as “ Z ”  and “A” axis by fo l lowing  the u n d u l a t i o n s
of the tool surface.

4—5.1.1 The unit should fit into the space left when the place-

men t roller is removed , so that the point of reference coincides

with the central point of the tape placement path. This point

is on the cen ter of rotation of the tape placement head , “C” ax is ,

as wel l  as the center  of ro ta t ion of the head t i l t, “A”  axis.

4—5.1 .2. Electrical outputs from the unit’ s amp lifiers wi ll con-

tro l the corresponding axis drives instead of the numerical contro l

I :-
~ 

system .

4—5.2 Development Work — The major task was the development of the

optical line sensing uni t so that it would g ive outpu ts of bo th
a x i a l  mot ion , as wel l  as ro ta ry , w i t h  a posi t ional  accuracy
in the order of + .0025 inches. This had to be accomp l ished bo th
on flat as well as curved surfaces and with varying ambient liuh

i~’i ~~o f ld i t i O 1

12 2
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4-5.2.1 Closely ñlied to the optical line sensing system

- 

- were the design parameters for the reference line tape.

Certa in physical constraints dictated the final dimensions.

On compound curved surfaces , it is not possible to lay wide
tapes to conform to the desired fiber orientation. For this

reason the tape placement head has the slitting system to

sli t the tape into widths of .270 inches.

For this same reason , the w i d t h  of r e fer e n c e  tapes p laced on
these same surfaces must be limited to the narrow width , namely,

.270 inches. Any wrinkles or unneccessary undulations in the

re fe rence  tape would give erroneous outputs from the line
follower unit.

4-5.2.1.1 The refexence tape was designed using a white back—

groun d with a black reference line.

The black line width was chosen to be .070 ” so that on a .270
k- V

wide tape there would be at least .10” of white background on

each side of it.

- - 4-5.2.1.2 The following is the specifications for the Digitizing

Reference Tape in the 3” wide form .

The Digitizing Reference Tape is to be 3.000 + . 005  inch wide
matte white finish lithograph stock , 3 to 5 m i l s  th ick , having

a pressure sensitive adhesive backing and with a printed black

i~~ne . 0 7 0  + .005 inch wide centered on the paper so that the

cen terline of the line is coincident with the centerline of the

pa~~ez  t o within .005. The pressure sensitive adhes ive  b a c k i n g
m i s t be of a ty~~e which allows easy removal of the paper tape

after use wi th out damage to the surface it adheres to. The

print ed 1 m e  shall h-c opaque black and of u n i f o r m  d e n s i t y .

123
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Fi gure 57 shows a reel of the 3 inch wide reference tape ,

4-5.2.2 Two photo-optical sensing systems were evaluated.

( a )  A q u a d r a n t  photo-cell and lense focusing system .

(b )  Two “bow—tie ” shaped fiber-optic sensing devices.

4-5.2.2.1 Figure 58 shows the basic principles of th e two

systems .

4-5.2.2.2 Quadrant  Photo Cell Sensor - The pr inciple of th i s

uni t was to focus the image of the black re fe rence  l ine on to
the photo cell. By looking at the outputs f rom the four cells
d i f f e r e n t i a l ly the d i sp lacemen t of the cell u n i t  f rom true posi t ion
a long  ti~e r e f e ren ce li ne cou ld be determined and appropriate

a m p l i f i e d  si gnals sent to the corresponding axes drives to correct
the error.

This system required good illumination of the reference tape in

order to get a clear reflected image .

- 
-
~ 4-5,2.2.3 Fiber Optic Line Sensor — In the fiber obtic system ,
: 1 three bundles  of f i be r s  were brought to two triangular shapes ,

V touching at the apex of the t ii ang les. Th e three bundles of -

fiber s were connected at their other ends to two photo cel ls
and a light source . The fibers in each triar.gle were arranged

so tha t ther e were an equal  di spers ion of f i b e r s going to one
of the photo-coils as well as the light source .

W it h  the  u n i t  in  c o n t a c t  w i t h  the r e f e r e n ce tape , ou tpu t s  f r o m

the two photo—cal is were looked at di f f o r en t i a l  ly  to g ive the
amour~t of d i s p lacemen t from the true (~~1V S ter of the line.
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Figure 58. Line Sensing Units
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One “bow-tie ” un -t would be sufficient to give output signals

to correct for  side to side errors. To get rotational sensing ,
two units would be needed. The X and Y signal unit would be

mounted on the center line of the “C” axis rotation , and the

sensor for rotational guidance would be trailing behind it at
a given radius .

4-5.2. 3 Tests were done to evaluate the line sensing systems ,

us ing  a tes t ri g with a micrometer adjusted movable platform ,

with the reference line on it .

4—5.2.3.1 Both systems were found to give sufficient output

to meet the ÷ .0025” pos i t i on  to lerance.

4-5 .2.3.2 It was decided to use the quadrant cell system ,

since the fiber-optic units would involve more mechanical motions

in order to keep them in close contact at all times with the

re fe rence  tape laid on compound carved s u r f a c e s .

4-5.3 Design of the Line Follower Unit - In order to give

output signals  to the “ Z ” axis and “A ” axis , two mechan i ca l l y
compounded motions were built into the Line Follower Unit.

4-5.3.1 The photo-optic unit ,and light source were mounted to
V 

a carriage which  moved in an arc , w i t h  the cente r of the arc -

being the line sensing reference point. Free running wheels

on either side of the unit maintain it norma l to the surface

2 at all times.

4-5. 3.2 Figure 59 show s the mot ions  of the Di giti z e r .

4-5.3.3 The mot ion g i v i n g  the  ou tpu t  si gnal to the Z axis ,

cons i s t s  of pivoting the photo cell block about a neutral poin t -

to produce an up or down displacement,
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4 — 5 . 3 . 4  Sig n a l s  to the A and Z axis drives are produced

i imilarly . Each has a pair of photo-cells r e c eiv i ng  l i gh t

from two small in-line lamps. ~4ovement of the ax is  of the
l i ne  fo l lower  causes one cell to receive more l ig ht  and the
other less. Outputs from t he  ce l l s  g ive  the  r equ i r ed  d i r e c t io n
of motion for the corrective action by the respective drive .

4-5.4 The comp leted line follower unit is shown in Figure

60. Also shown is the hand held contro l pendant used to

control the machine in conjunction with the line follower unit.

Fi gure 61 shows the unit in position under the tape placement

head .

4-5.5 The h and h eld control pendant shown in Fi gure 62

has the following controlling functions.

4.5.5.1 F-STOP - A red momentary—on device capable of shutting

off all machine power.

4.5.5.2 AXIS STOP LOCI(- A blue momentary-on device used to stop

and hold all machine motions.

-L5 .5.3 CYCLE STOP - A yellow momentary-on device used to halt

il l m achine motions. Note: Axis will continue to drift until

t:~~~ CCLI h o l d  bu t ton  is depressed .

;.5.~~.4 7flflTh EXECUTE - A blue momentary-on device which , wh en

de: ro-ssc 1 , txiggers the N/C tape punch to write the position

of a l l  ax e s  at  th-it  instant. It is used when manually di gitizing .
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4 - 5 . . 5 CYCLE ~ AR ’! — A green m o I u e n t V ~ rv — o n  duv~ cC u -; . d  Lu

i n i t iat e  t u e  mOVen1ent ci. a ll  u s i a  . ! r i o L  to the  c~~n t  ol -

l ock ing  on LO the  pr i n t e d  line t he  b u t t o n  mu s t  be held  depresseu

u n t i l  the two Ro l l e r s  located on the unders ide  of the l ine  fol low-

ing assembly are in contact with the work piece . dnce tue system

is enab l ed  by the  Rol le rs  con tac t ing  the workp iece , the b u t t o n

may be re leased .

4 . 5 . 5 . 6  SPEED CONTROL — A r o t a ry  device which  controls  the

velocity of the “X” , “Y ” and “ Z ”  axis  af ter the control  sy stem

has been enabled  by the l ine  f o l l o w e r  ‘ see ing ” the line .

4.5 5.7 :--Axlh - A combination of a rotary device axid a ~1V CC
device which provide control over the machine movements in the

-t a e r ec t ion . ~‘aien the lever is in t h e  MAN pos i t i on , the

rotary knos can he moved in either direction away from tao center

p o Si ti o n  an-a t he  m a c h i n e  w i l l  f o l l o w  at  a ra te  commensura te  with

tne amount of knob r o t a t i on . Clockwise  mot ion  of the  k n on  pro—

vi de~ + X m a c h i n e  m o v e m e n t .

~ n -au the  l ine  f o l l o w i n g  sys t em is enabled , the  lever is p laced

in the  AUT O p oa i t i o n , placing toe X axis  d r ive  under  a u to ma t i c

a- :it r el .

4 . 5 . 5 . 8  Y -A X I S  - A combina t ion  of a r o t a r y  device and a l e w e i~
ce/ ic e  wUic provide control over t ue  mac h i n e  movements  in

- 

- 

j ir e c tio n . They perform identical f u n c t i o ns  as described for

th e  A

4 . 5 . 5 .  ~ Z - A A I t  - i~~ r ot a r y  dc-vice which controls th e machine move-

;;cs ts in toe- ~ S direction . Clockwise knob niovement d r ives  the

m a c nin e  up w a r d a t  a r u L e  c om men s ur at e  -~ iL a  Lao knob  r o t a t e— n .

t a u n t :  r—clockwisc movemen t  d r i v e s  the  m a cn i n e  d o w n w a r d .  — O O ~:

L b . - l i n e  t e l l  w - r  ~u l  L or s  c o n tac t  the  -;ork~ ~ecc , the “Z” a x is

n~~v - : m e nt  j a  c u nt r o l l e & ~ u u L u ~~a ti c ü l  l~’ a 2 the — - ‘c rk p icca  s u r fa c e .
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4 — 5 . 5 . 1 0  ~~i— .- . -. J h  — A c- o n L ~~n it L o u  OL a i t ~t a ry  dev ice  and a lt~ver

~evice  w h i c h  h r — c ; i cle c~u . t  V.A . J 0 V 1  t u e  z u i c : k u i n e  in  L a o  + A d i r e c t i o n.

Clockwise r c-Lati - ,n ar t he  e n -  :uaL s a l u ’ -k w i s e  rotation of the

ax i s .

The lever h-ia taree p o s i t i 0 - u s . The cen te r  p o s i t i o n  provides  the

m a n u a l  con tro l  f snot ion wh~ Le the lower pu~~ition provides automatic

cont ro l  when the  t ap e  :~ -uJ ~ s p o i n t e d  anywhere  w i t h i n  the 6 o ’ clock

to 12 o ’clock -.~uadrants , when viewed from above (+180° to +0°).

The upper  a u t o  p o s i ti o n  is used when  the ‘rape Head is pointed any-

where within t he  12 o ’ clock to 6 o ’ clock quadrants (-0°  to — 1 8 0 ° ) .

Note : If the  wrong  p o s i t i o n  on the  lever were to

be chosen , the axis drive w .ll receive a “hard over ”

si gnal  and drive the Fiend to e i t he r  the + or - 45°

posi t ion .

4 - 5 .s . 1 J.  C - A X I S  - A ro tary  device which provides control of the
speed and direction of rotation of the 0 Axis. It is used in

con j u n c t ion with the Speed Con trol devic e d u r i n g  the di gi t i z i n g
opera tion. Basica l ly  it can be set at a convenien t ro ta t iona l
speed and lef t there while the position of the other axis can be

controlled with the Speed Control device , but there may be places

on the workp iece where  it w i l l  be des i rab le  to mani pula te the “D”

A x i s  w n i l e  v a ry i n g  the o v e r a l l  mach ine  speed.

- V - -  
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4— 6 Steady Rests

The des r gn , as well as the manufacture and assembly of the

Steady Rests , was done d u r i n g  the Fabr ica tion Phase of the
ATLAS m a c h i n e.

The des ign  and descr ip t i o n  of the f u n c t ion of the s teady res ts
has been covered in Section 3—8.

As the desi gn was being done d u r i n g  the machine  f ab r i cation ,

s c h e d u l i n g  of the  f a b r i c a t i o n  of the steady rests was of
importance .

In order  to keep the f ab r i ca t ion  on schedule, the desi gn of the
steady rests eliminated the requirement of any long lead
d e l i v e r y  items , such as skew axis gears .

4 -6 . 1 F a b r i c a t i o n  of the steady res t s  was done u s i n g  mos t l y
“she l f  i tem ” components. By using a dual drive an ti-backlash

sys t em , the gear box was built of standard spur gears to commercial

t o l e r a n c e s .

4-6 .2 The onl y major non-standard items were the two 50 inch

pitch d i a m e t e r  gears .  -

p..— 
V
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4-7 Machine Assembly

This sub-section covers the assembly of the machine from

the alignment of the base sections to the time of integration

of the control system.

4-7 .1 Base Section and Ways - The base castings were positioned

and roug h l y  ali gned us each one arrived at the plant. Leveling

was achieved by a number of j a c k i n g  screws bear ing on to steel
p l a tes  placed on the floor.

4-7.1.1 The main guidance ways and drive side of the base

sections were used as the datum side to obtain alignment along

the base. With the base sections in position and basically

ali gned , the 3 inch diameter way sections and support were

attached. The flat ways on the support side were also attached.

4-7.1 .2 An alignment carr iage , shown in Fi gures 63 and 64 ,

was used to provide fine adjustments of the base and ways. A

target , moun ted to the carriage , was observed by an optical
transit.

V A maximum deviation from a strai ght line motor in both p lanes
of ,0 l5 ”  was achieved at thiis~~stage of the mach ine  assembly .

4-7.2 Gantry and Carriages - The composite gantry was  received

f rom the f a b r i c ator wi thou t th e alumi num in te r f a c e  p lates attached.

4-7 .2.1 The two cast aluminum gantry support carriage s with

anti-friction bearings attached were positioned on the bed ways.

Ri gid support was given to the car r i ag es and a d j u s tments  made
to bring their top surfaces horizontal.

i_ I 
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4-7.2.2 The anther surf-ice s of the gantry and the aluminum

interface plates were prepuri- d for bon d ing .

4-7.2.3 With the interface plates positioned on top of the

carriages and coated with filled epoxy adhesive , the g a n t r y
was lowered into position , creating a bond to the plates.

After cure of the adhesive , all the locating and holding screws

were put in place.

4-7.2.4 The gantry , on its carr iages , was then mobile and
was easily pushed along the . ways.

4-7.3 Vertical Ways and Baliscrews — The vertical ways ,

ballscrew and gearbox units were positioned , and the interface

plates between the two upper gearboxes and the gantry front

surface bonded in position . Figures 65 and 66 show the

two assemblies in position .

4-7.4 Cross Beam - The composite cross beam had been pre -

assembled with the upper and lower Y axis ways mounted to it ,

as well as the aluminum weldments carry ing the anti-friction

vertical way rollers .

4-7.4.1 With the two ballsctew nuts at the same level , the
beam was positioned and fastened in place .

4-7.4.2 True horizontal alignment of the I Axis ways was

achieved by adjustments of the phasing device on the cross

torque tube , which  changes the r e l a t i onsh ip between the two
ballscrews.

4 - 7 . 5 -  “1” carriage and “A” carriage assembly. The I carriage

carries the curved way and gear sector for the “A” axis carriage
- -to rice on.
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4-7.5.1 The curved way and gear sector were pre-assembled

to the I carriage casting. A certain amount of distortion had

occurred to the lower way durinq processing. Dy clamping it

to the machin e reg ister on the I carriage casting a true
curved way was achieved.

4—7.5.2 The A carriage and gearbox was assembled to the

I carriage and the complete unit mounted on the cross beam.

4-7.6 1 Axis Drive Assemb ly - The ba ll screw had been
assembled to the two end bea r ing  u n i t s  as a sub-assembly .

It  was then pos i t ioned under the cross beam and located
parallel to th e Y axis motion , w i t h  the ba l l  n u t  suppor t ing
bracke t fastened to the rear of the I carriage.

4—7.7 Tape Fiend - With t he  gantry positioned at the extreme

end of the mach ine , the  tape head was a t t a c h e d  to i ts  locat ion

on the “A” axis  ca r r i age .

4-7.8 Drive Motors - The “X ”  motor and gearbox, the Y motor
and z motor units were located. Using a D.C. power supply,

each motor was run to check the individual motoring for free

running. Also , f u r ther a l i gnment checks were made.

4-7.9 Wiring - With the Numerical Control system , and Driver

cabine ts in position , complete wiring of the machine was done .

‘ 4-7.9.1 The primary harness was from the control cabinets
thr ough the l a rge  power t r ack to a h inged term inal  panel on
the side of the gantry drive carriage . Figure 67 shows the

position of the power track .

4 - 7 . ) . 2  A s e cun d a r y  harness rum; from the terminal panel up

through the inside of tue gantry and down in a loop , to the cross
b~~ir . -hn he :ross b e - a~ , 1 n m - i ] . i ci  a ~%V e V  L r a c h  t a k e s the w i r e s

} ~~ t :- .~
- - Y - - - i r r  i i  j , as uh -jwn in  F L q ’~ r -  6 8 .
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4-7.9.3 Wires to the tape head were conducted through the
upright conduit unit , which allows for the 405° of rota tion
required by the tape head .

4-7 .9.4 Earlier problems with broken conductors in some of
the moving multi—conductor cables were overcome by chang ing
the type  of w i r e s  used , and also by r e d u c i ng  the n u m b e r  of
wires required by eliminating two stepper motor drives in
the tape head .

4
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4-8 Con t ro l I n t e g r a t i o n

This sub-section covers the integration of the Al len—Bradley

7300 Control to the  m a c h i n e .

P a r t  of the  i n t e g r a t i o n  work was concerned  w i t h  the development

I - of ACCEL/DECEL requirements and with the  trials of the digitizing

~ system.

- n and set-up of the multi—axis drives are also

covV- re-J .

4~~~~.1 ~-Cror Dr ives  — The two drives control cabinets contain

a to tal of t - n  SCR~ d r i v e  a m p l i f i e r s  contr’~1l in n  ~ ll the D .C .
motors on the ATLAS machine.

lfljti~~ insta l l a tion and te s t i n g  of t h e s e  d r ives  w as concerne d
w i t h  tu n in j t h em  w i t h  v e l o c i t y  feedba -n l- o n l y ,  p r i o r  to c o n n e c t i n g

the d~ ai ta1 po si t i o n i n g  cont ro l  f r o m  t h e  7 3 0 0  system.

4— 8.2 The A llen—Bradl ey 7300 Numerical Control System , as

d e s or i b ed  in Se ct ion 3—9 , b e i n g  “ s o f t-w i r e d ”  is adap tab le  tu

- 
~~

- , any typ e of machine and therefore relies on specific software

s e t — u p  to s u i t  a p a r t ic u lar n~ach ine  duri ng integration .

4-8.2.1 After the control had been wired up and checked for

-2 o r rc c t  c o nn e c t i o n s , i t  was put t h rouqh  a number  e~ d i ac u o s ti c
teats to ensure that everything w i t h i n  the control was functioning

c o r r e c tly .  For example , tes ts  for  tape read er , CRT ~~~~~~~~ . -t ~~~~~.

4—8.2.2 Following these tests , the SvsLc-r :~ Tap e-  wis  l o a ded .  T h i s
575 teni  tape was made specifically for the itl L itb m a c h i n e , an d  in

It .; final form contains all the software information .

* : t h  a t un u s  f o r  S i l i c o n  C o n t r o l l e d  1-ecU t i e r .
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4-8.2.3 Being  c o n t r o lle d  by a computer , changes  to the s y s t e m

are f air ly easi ly mad e. Wi th t he  s y s t e m  tape i n f o r m a t i o n  in
the core storage memory , changes to it can be made via the

computer front panel buttons. The change s, or “patches ” inside

luring the set-up , were recorded for inclusion on the next

edition of the System Tape .

4—8.2.4 Each of the six machine axis was put under contr~~l

in turn . Changes were made to adjust the “gai n ” as well as to

set—up the maximum speed of each axis to its correct value .

4-8.2.5 Initiall y the X and Y axis had been set—up to have

four (4) servo bits for each increment of resolution (.001”).

When running the machine in tests , it was found that the

acceleratl-an and deceleration was too abrupt. The “ f o l low in g
er ro r ” on X and I axes had been extended to the maximum capacity

of the system. In order to double the “ f o l l o w ing error ” , the
servo b it was ch anged to two ( 2 )  fo r each increment of re so lu t ion .

4 8.2.6 The start and stop characteristics were still not

smooth en cac j l-.,  w i t h  the extended “following error ” showi rie the

need fo r  a controlled acceleration and deceleration . Further

information on this is in 4 — 8 . 3

4—8.2.7 The ability of ch ang ing v a r i o u s  c h a r a c t e r i s t i c s  of
the control by “patching ” into the computer proved to be a

- - - u s e f u l  f e a t u r e . However , t ime was los t  due to sudden , unexp l a i n ed ,
loss of system software within the computer. Overheating iS the

V con t ro l due to lack of an air conditioning system caused a

of components to function incorrectly. An air conditioning

system was fitted to rectify this.
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4 - 8 . 3  A c ce l e r a tio n/ D e c e lor a t i o n  — I he  need f o r  c o n t r o l l e d

~ccelerat-ion and 
deceleration of th e prime axes (X and I) of

t h e  m a c h i n e  had been an t  i c i patecl du r i ng  the p reced ing  des i gn
cuntract . Since the machine elements were desi gned to he

~Ig : ;t er  in  wei g h t  and less stiff than normal  N . C .  m a c h in e

tools , a lower natural frequency was expected.

More importan t was the detrimental effect on the tape lay ing

sys t em caused by sudden  a cc e l e rat i o n .  Good adhes ion  of the cur:tpos-

ito tape to the tool surface is essential , particularly at

th~ s t a r t  of  a lay down pass . Thu t ape ;I aS  to reel off the

l a rge  p a y - o f f  spool and therefore transmits forces needed to
accelerate the spool rotation.

4 — 8 . 3 . 1  Even w i t h  the inc reased  servo  b i t  si -he and m a x n ; : r T

en Lcn;lcd f o l l o w i n g  error , the accelerator chiarac t - i . s t  i n  (~ f

th e  X ax is , in p a r t i c u l a r, was too a b r u p t .  13y l o c - k i n j  a t

ve loc~ ty t race produced by th e outpu t f rom th~ t oH . -it-a - c - I t

on the “ X ”  axis motor , the shape of the acceleration c u r - .- -~
,V as  ob se rved .  Fi gure  69 ( a )  shows , typ~~cal1y , the v - l u u i t y

trace obtained. The sharp change at the beginning of ~he

no-;e is the undesirable feature .

4-8 .3.2 A preferred velocity trace is shown in F~ gurc- ~9 (L- :

T h i s  was the t yp e  of acce le ra t ion  r e q u i r e d  ‘.-.- i t h  a st ea c i~~~: n st~ m t
m ot Io n.

- 1- 8 . 3 . 3  A c c e l e r a t i o n/ D e c e l e r a t i o n  h o f t w a r e  - Develomin-e nt of

the Acceleration/Deceleration Software was done by t h e  c a st r o - 1

m a n a f i c t - a r e r  A l l e n- B r a d l e y  Company .
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SUDDEN ACCELERATION

TIME LO.6 SECS~~
(a) VELOCITY TRACE X AXIS WITHOUT ACCE L. CONTROL

720 _ _____  — __________  — ________

1PM

VELOCITY -

0

T IME 1.5 SECS —

( b ) P R E F E R R ED VELOCITY TRACE X AXIS

Fi gure 69. Acceleration Curves
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Th- m a j o r  p r o b l u i - i  ~ n ( I ( ’ v e l o j ) i I l l l i i ;  n o t  twa i was  t - } n -  c1 l ;f h - x ~ t 7
of the  s i x  a x i s  of c o n t ro l le d  mo t ion , p a r t  i c ul ar ly  w h e r e  o no r t

“b locks ” of i n f o r m a t i o n  occur , c o i nc id in ’j  w i t h  an a cce l e r a t i on  or

deceleration condition . The need for velocity matching between

toe end of one b lock  and the s t a r t  of the  n e x t  block would  r e s u l t

in some axis being bro ug h t to a zero velocity.

4—8.3.3.2 By considering th e velocity of only the X and I axIs ,

the situation becomes less complicated.

4 — 8  - 3 . 3. 3 The s o f t wa r e  produced g ives  a c ce i c rat i o n/ d e c el ur a t  on

wheneve r  the re  is a con t ro l led move , w f th the control  in au t ecn~t i c

or keyboard  mode .

4—8.3 .3.4 There are two variables which con be chanjed in t

computer. One is tli e acceler-~tion/decciJor ;ttion rate and t u e  o th ’  r

i s the creep speed ra te , w h i c h  is reached at the  end of a d e ce l e r—

-at icn be fo re  dropp ing to zero speed.

4—8 .3.4 During the final machine check out at t1~e B o e i r i j - Ve c t c l

f a c i l i t y, v a r i o u s  s e t t i n g s  foi-  the A c c e l e r a t i o n/ D e cel e r a t ion  and

creep speed were tried. Velocity traces were  recorded on a
- ~~~ ; ho t  pen c h a r t  recorde r run at a paper  speed of 100 nun/ sec. A

ser ies  of 30 inch  moves , in pOs it ion i n g  mode (GCO) , were pr oc r amn ;od
f o r  t he  “ X ”  a x i s , w i t h  a f eed r a t e  of 720 i pm.

4 - 8 . 3 . 4 . 1  The f i n a l  t races  are shown in 1-i gure 70. ‘rhe acce l-

eration and the deceleration both show a time of 1 .7  secs .  to go

f r o m  0 to 720  i pm and back to 0.  Tht- creep speed setting for this

fin -it set up was 60 ipm. The trace shows i t :  o c c u r rin a  f o r  a w r y

ah ~~r t  ime .
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4.8.3.4.2 Visual observation of tVh C m ac h i n e  mov ing  w i t h  t i c5e

a c C el c iV at i o f l/ J C c e l e r a t i o f l  ch ur a c t c r i s t i c n  nI: r,w t i l l - I l t n  h e

smooth, even w i t h  repeated 30 inch positioning moves at 720 ipm .

4.8.4 Digitizing — I > a r t  of the  con t ro l  i n te g r a t i on  was t he

check out of the digitizing software . Dig i t i z e d  info r ma ti on in
th e  form of punched  tape and pr in ted forma t is produced oi-~ the
n i gh  speea tape punch and tao teletypewriter units positioned
beside the 7300 control , and connected to i t  wi th  plug-in cables.
Dig i t i z e d  i n f o r m a t i o n  is produced in two modes , ei ther manu al l y
or in autom at ic . The pun ched tape ou tpu t, f rom both modes , is

in machine languag e (ASCI i coded) and can be replayed tn rough
the control tape reader t~o reproduce the machine  motions. All

dig i t i z e d  i n f o r m a t i o n  is in absolute coord ina tes .

4 . 8 . 4 . 1  M a n u a l  D i g i t i z i n g  - The manua l  d i g i t i z i n g  mode doe s not
require much software . When in t h i s  mode , depress ing  the M a n u a l
Execu te  b u t t o n  causes all the position information of the six
axis  to be o u t p u t t e d  to the t e le t y p e w r i t e r, or tape punch . It
is a lso  possible  to t r an s f e r  i n f o r m a t i o n  entered on the first
f o u r  l ines  of the CRT , by the MDI key board , to the di g i t i z i ng
na rdware equi pmen t. V

4 . 8 . 4 . 1 . 1  Check out of dig itizing in this mode was done and
fo .xnd to be work ing correctly f rom the i n i t i a l  so f tware  received.

4 . 8 . 4 . 2  A u t o m a t i c  D i g i t i z i n g  - The automatic digitizing feature

prints out positional information as the machine travels along
the  p a r t .  The di g i t i z i n g  s o f t w a r e  an a l yz es tue i n f o r m a t i o n  be ing

received from each axis looking for a change  in the p a t h  vector

slo p e .  When the change exceeds the s lope uev iat i o n  c o n s t a n t ,
that point is di g it ized.

15’i
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4—8.4.2.1. Before starting to digitize , the slope devia t ion
constan t is manually entered by the keyboard and is disp layed

on the CRT .

4-8.4.2 .2 The basic principle of this slope deviation computation

is shown in Fiqure 71.

4-8.4.2.3 Considering just two axis , X and V and t he i r  moves f rom
X1 

Y
1 
to X

2 
‘1
2 and then to X

3 ‘13 . The computer calculates the deviation

which  is the hei gh t of the tr a i n g l e  formed by X 1 Y1 and X 2 ‘12 arid

X
3 

Y
3
, and if it is greater than the preset amount causes the point

X
3 ~~~~~ to be di gitized . This basic calculation is done by looking

at every combination of pairs of axis of the machine.

4—8.4.2 .4 To check the pe r f o rmance  of the automa tic di git i z i n g ,

a pen trace technique was used . A ball, point pen , spr ing  loaded
ver ti c a l l y, was mounted in the placement roller location under
the tape head .

The machi ne a x i s  (X , I and Z )  were put under control from the line

fo l lower manual  control  box and a rando m trac e done on a boa rd
placed on the table surface. Punched  dig itized tape wa~~~produced

by the tape punch  d ur in ~~ the trace.

4-8 .4.2.5 The machine was put back under numerical control and

the digitized tape fed into the tape reader . Exact reproduction

V of the original trace was achieved , within the limits of the ball
- 

~~. point pen system .
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4—9 -Pests - m d  Demonstrations

It  had been t I l O  ori-4inal intention to have the machine in a

c om p l e t e l y  d e v - l o p e d  and t e s t e d  c o n d i t i o n , ab le  to meet the

r e q u i r e m e n t s  of  t h e  P l a n  of P e r f o r m a n c e  Test P lan . (Appendix III)

d u r i n g  t h i s  P h a s e  of the C o n t r a c t .

A number  of c o nt i n u i ng  ma~~f u n a t  i ons , p r i m a r i l y  in th e control

sys t em , d e l a y e d  the  s c h e d u l e , and s h o r t e n e d  the amount of

deve lopment  w o r k  don e at  t h i s  t ime . This  sect ion of the  Repor t

covers testing an d  d em o n s t r a t i o n  work  ( lone  at the  Cont rac tors

f a c i l i t y.

4—9.1 Mach ine Motion Checks - The f i r s t  tes ts  done to check

the p e r f o r m a n c e  of the ma c h i n e ’ s c oer d in at od  m o t i o n s , were clone by

on t r a c e s .  These w o u l d  show the i n t e r p o l a t i o n  a b i l i t y  and repeat-

a b i l i t y  of the  X -and Y a x i s .

4 - 9 . 1. 1  A ba ll  point pen mounted vertically under the tape

;l ~~e- :-’ont h - t i  - -las used to do a number of programmed t racOs on

a p i e c c  of f l a t  h oa r d  pos i t i oned  on the table of the machine .

4 - 9 . l . .  Ti-ic p r o g r a m  was w r i t t e n  to tes t  the r epea t ab i l i t y  of

tue  X and I axes  as wu 11 as acturacy of interpolation . Fi gure 72
shows tuc pru-irammed p a tt e r n .

4 - 9 . 1 . 3  The an g led l i n e s  were  desi gned to show the s t r a i y i it

l i n c -  i n t e r p u l i t i o n  of t h e  X and I a ni s .  Ti ic two c i rc les  d e m o n s t r a t e

tu e  c ir cu l a r  in ~~e r p s l a t i o n  mu w e l l  is any l o st  m o t i o n  in  the
i- .acb- ne driven at the r e v e rs al  p o i n t s .

4—9. 1.4 R e s u l ’  ; shooed  t ha t  th e  mc c i i i  no and control were work in .~
w i t h i n  t h e  s~ e — -~ f e d  t o l e r a n c e s .  True c i r c u lar  t r a n c e ; , w i t h ,  no

f a t  spots - i t  t h e  f o u r  duadrailt p a in  Ls , S; u w e~~ t h e  i n~ r l o t  on

~~ -ani r l r i - ;cs  to l~c- w:- r k i n y c o r r e c t l y .  A r o b - c  i L  3 r u n  .,h - ,-: -J  L u  i t

r - : c i t a :~ 1i - w 1:, I ~kc i - - e o l u t i - - n o~ t h e  n ’s  trace , in t i e

o r d + - r  c - f  + . (30 5” .- - V -  I s - )

.4
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4—9 . 1 .5 ‘Irac es wen c- r tin at i s~ -~~ - i  o: 11) 1 ip ~- . ~~~~ t i .  . r t - - r
n - u .s ~ ui~~ a t  150 and .~OU L 5 1 , t I n  I I - i S- S  u t  t h V . - c-i r c~~1ur i t - i S ’~S

r u c h u ~~, - l  i i i  c h i u : ~t e t e r  , ch ij e ‘ c~ m l h ’ ) ~ L r I ~~~ e r r : r ’ i r i e r -~z t  i It

s e r v o  dr i  vc- n cqi.~ i i  innS . i < e l w t i i t a b  i Li  ty - t u B  ci me nsiun s  o~ the

s t r a ig h t  l i n e  t L Vi V I C c V VS  W~~~~i S t  ~ ffc - c t - d  by t h e  hi gher  speeds .

4 — 9 . i . t T h i s  t y p e  of pen trace system was used to demonstrate

t he  ba s i c  c~~t - u L  c l i t i e s  of the macil i S V  to do c o o r d i n a t e d , u n cu r a t e
m o t i o n s  -

4 - 9 . 2  P lot  P a t t e r n  Layup — ‘ike f i is t  t u s k  in the f l a t

p a t t e rn  layer’- ‘eot ~ram v m s  to c - u t ib I i  si t h e  e x a c t  “ c u t — o f f ”  l e n g t h .
This is the distance t r av e l l ed  by t i e  p i a c -u r R e n t  u n i t  f rom the

pos i t i on  w h e r e  it  stoje- ; to do the sh ea r i n g opera t ion , to the  end

-: of a 1ayclowr ~ pa s s .  This  d i s t a n c e  has  to correspond to the leng th
of tape f r o n t  t he  p o i n t  of ; r b t e a r i m q  c the cen t e r l i n e  contact

po in t  under  the  p l a c e m e n t  r o l l e r .  In a c c u r a c y  of “ c u t — o f f ”  l e n g t h .
become s e a s i l y  v i s i b l e  when  one pass  is completed and the head

r o t a t e d  180° and a r e t u r n  pass made . The two ends of the passes

w i l l  not  be lev el if  the  “cut—off” l e n g t h  programmed is too
long or too s h o r t .

4 - 9 .2 . 1  By making Successive a d j u s t m e n t s  to the p r ogr a m , a

• “cut—off” l e ngt h  was e s t a b l i s h ed  fo r  the placement  roller set—up .

The a l lowab le tole rance  on a la id  t a p e  l en g t h  is + . 0 6 0 .  This
gives an a l l o- ,~-a b le  t o l e r a n c e  at the end of + . 0 3 0 , a s s u m i n g  the

m a c h i  inc  ax e s  move accur atel y ru~e i u ur e ~ d i s t a n c e s .

4 — ~ . 2 . 2  W i t h  t he  “ c u t — o f  f ’  l e n g t h  es t - ib l i sh e d  the p r o g r a m

fo r  the  f l a t  p a t t e r n  p e r f o rm a n ce  t e s t  ( A p p e n d i x  I I I )  was w r it t e n .

• The p u r p o s e  - L  t h i s  r a t t e r n  was  ~o d- -n ; u r ut r a t e  f l a t  layun- in  he

X ,iria V V i l r - ’ C L L ( ns , is w e t  us 4 5°  nati o n .  ‘ th u  1— e r  I u r n u -ince ot

t h e  s s r r , m r on i- b e  45  n au se a  coo - - i i  so ho evaluated. The 3 -r o c r a r

~~ - c - i ; ’ .- -’’ - i t  te n f t -  O r d ; j ’~~ 0 s n — v o l  l o p - - n  i~~t i n n  On s~~Bc ly -Si de

is .;es -;t ’ b  1 in -h ~r d * 0 1 - 0 .
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4— 9.2.3 Due to a number of factors , th i s  layup  pa ttern was
no t s u c c e s s f u l l y  demonstra ted d u r i n g  t h i s  phase of the prog ram .

Problems with the condition of the glass epoxy tapes , and the
run-out of the surface of th e inflatable placement roller made

the lay ing of long (120 i nches )  s t ra ight passes to a reute’-n ablc

degree of accuracy difficult to achieve .

4-9.2.4 Fuller investigation of lay—tip on flat surfaces

was done dur ing  the nex t Phase of the Con tract , at the Boeing-
Vertol f a c i l i t y , and is covered in Section 5-3.

4—9.3 Root End Mock—up — Part of the final p e r f o r m a n c e
test was the demonstration of the ‘iachine ’s abili ty to do a

series of lay-up wraps on the root end mock—up of a helicopter

blade spar .

4-9.3 .1. This mock—up , shown in i-’igure 73 in a suppor ting
stand , was made up from a luminum temp lates and faired in with
plaster . To prevent the surface plaster from cracking , a sk in
of glass fiber cloth was put over the mock-up .’

4—9.3.2 Test 2 of the Performance Test Plan (Appendix III)

outlines the type of wraps to be done on the mock-up.

4-9.3.3 Development of the program for one of these wraps

was done by di gitizing techniques us described in Section 4.5
from reference tape hand laid on the surface in the desired path .

4—9.3 .4 Lay—up of tape ott h i s  p i  ~ ‘;r ,animerl pa th  was  not  demon-

s t r , a t e 1 at t h i s  t ime . T h ì e c o o r c i i n , m t - t d  s i x  ax is  m a c h i n e  r m - t i u n s

r e q u i r e d  tu  f o l l o w  the ~ rogrammed t at hi w e-re demonstrated.

¼
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4-9.4 Steady Rests - The steady rests described in Section
V 

3-8 were desi gned to give controlled support to helicopter blade

- 
spar tooling. To demonstrate their function and ability to do

I 

th i s , a simulated spar tooling set-up was made .

— 4-9.4 .1 The tooling set-up consisted of an alloy steel

- helicopter blade spar to which was attached an aluminum strong-

back . The strongback had 1” diameter steel way strips mounted
V along it. Recirculating roller units , moun ted wi th i n  the two

steady rest  r ings loca ted on the strongback ways, gave support
to the spar .

4-9.4 .2 The spar tooling, set-up between the headstock and

t a i l stock and supported by the two stead y res ts , demonstra ted
the principles of the system.

4.1
0 -0

m 
-

1-4
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4—10 Shipp ing

The d i s a s s e m b l y  of the  ATLAS m a c h i ne  marked  the end of this

F a b r i c a t i o n  t i ;a s e  of t h e  C o n t r a c t  a t  the Contracto r ’ s facil ity.

4-10.1 The machine w ,is broken down into u n i t s  s m a l l  enoug h
to be loadeu  on to t r u cks f o r  sh i pmen t tV o Ph i l a d e lphia.

4 — 1 0 . 2  The A l len -Br a d l ey  7300 con tro l u n i t  was sh i pped to
the i r  f a c i l i t y  fo r  complete  t e s t i n g ,  p r i o r  to s e n d i ng  on to
Bce inc .-  Ver t o l .

4-10.3 Table 4 gives t h i ~ s h i p p i n g  conf i g u r a t i o n  fo r  the
componen t subassemblies .
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S H I P P I N G  CONFIGURATION FOR COMP ONENT SUI3AS SEMDLIE S

TABLE 4

WEIGHT APPROX . SIZE
DESCRIPTION QTY . (LBS. EA.) (INCHES)

Bed and Table Top 8 9 , 000 16 x 53 x 168

R e c t a n g u l ar Way 7 2 35 1.5 x 5 . 5  x 96

Round Way 4 510 3 dia. x 168

Gear Rack 14 65 1.5 x 3 x 48

Head Stock 1 1, 500 24 x 45  x 46

Tai l  Stock 1 1,50-0 24 x 45 x 46

G a n t r y  1 1, 505 94 x 102 x 164

X—Axis Drive 1 1,110 20 x 21 x 108
Carr i  age

X—Axis Support 1 345 16 x 21 x 40
Carri  age
Y—Axis Assembly 1 1,690 26 x 48 x 198
Z — A x i s  Dr ive  2 450 12 x 12 x 90
Assemb ly
Tape Head 1 900 24 x 24 x 60

- - Assemb ly

Gantry Cover 1 100 14 x 24 x 160

Mo tor Contro l 2 3 ,000 36 x 72 x 84
- 

~- Center

Contro l  Console 1 1, 200 30 x 52 x 72

Steady Rests  2 1,500 60 x 60 x 30

Crates containing attaching hardware and miscellaneous

small  parts .

- - ______________—__
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INSTALLATION OF’ A’I’LAS AT BOl ’[N G-VERTOL

This  sec t ion  covers  the  1 i 0 1i l  i n st a l l at i on  of h’l’LAS ot  the

Boeing—Ve rtol Company facility, f rom t h e  i n i t i a l  s et u p  t l i r o a y i

to the successful demonstration and acceptance . Development

work on placement units and details of programming t e chn iques
are also contained in this section .

5—1 Installation

TOe machine , ~hi ppud by trucks from tne Contractor ’s

facility , was re-assembled in the Boeing-V ertol plant. Re-

assemb ly followed similar procedures to the original assembly.

(covered in Section 4)

Base sections were positioned and leveled on steel pads placed

on the floor . No special foundation s were provided.

V Fi nal ali gnment checks and adjustments were made after the

control  sys tem had been ins ta l led .

5 .1.1 The Allen-Bradley 7300 Numerical Control unit , whi ch

had been shipped via the vendors facility for complete check-

out , was installed and wired to the machine . Complete check-out

was done after installation and before controlling any of trie

machine axes. The diagnostic routines confirmed tuat everytning

was working satisfactorily.

5.1.1.1 Setting of the following error for the machine axes

.~uS facilitated by the use of a program manually entered into

the control computer. This program disp layed the “ f o l l o w i n g

error ” of the axis under control on tue CRT . By programniilng the

axi s to run ,,~t maximum ve loc i ty , the  “ t o l l o w in g  e r ro r ” was r h t s p l y - - - i
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allowtnq i - - i i ~~t~~ ’u t u r i n v ;  ~ f l i t -  i t - t i : -; t~~ h i r i n g  he ‘
l i i  i , - ~~- i t t ’ ~~

e r ro r ” to the  dc~ it  oh va I uc . When stat i otiary , the number

d i s p 1ay~~d r s pr  - -e n t ~ -d the “st indi n’; error ’. This allowed

L - a l a n c i_ - adj-u t i m - t i ’ s of ‘~~~~~~ - h i  l e t s t 1) b e  n~ t i t n i z e d .

s— i  . 1 . 2  Vu~~~n h  of i -h e  Rotary InJect osyn ~ca in wave form

W as  a s s i s t - - -~ h -1 i tou t H f  * iite rt -d 1 n t )  I c -  c o r t i p u t e r .

The rotary i n -h  ; :t o s y i i  SO -a l e  is th e  feed  i ;~~ck de v i ce  i~m u s t - I

on the I t e - i h u t cl- . I n  i - I ’  “ F) ’ as-t i n i - j~~ i i .

5 — 1 . 1 . 2. 1  ~‘i io tnn n t  of t i c  rotating sc-ale with~ respect to

the  f i x e d  s o i l  ~s c r i t i c  i i  for hot  hi C O f l C c f l t r j cj t v  and a ir

gap . I t  was di  sco’,’ered that excessive I n a i l in g  on the  h e a d -

stock ch-a:k w o u l d  cause  the r o t at i n q  s c al e  to tilt. By

mecha n i c a l l y  a d ju s t i ng  t : e  sc a l e s  u n - I  opt -  i lL : ~~Z i 5 g  the- w a v e f o r m s

being generated , the “D” axis was set-up.

5 — 1 . 1 . 3  P a r t  of the  f i n a l  se t — u n  was  the o p t i m i z a t i o n  of

the Acceleration/Deceleration ch aracteristics for the X and

V Y axis. Velocity traces done on a - lt a r t rrcor I’tr provided the

information recuired to select the desired rate-s and creep

speed settings. The Aceele ritoi:~ Deculer-itor finally s e t— u p
- 

: is shown in  i-’i cu r e  7 0 .

5—1 .1.4 The digitizing software performance vu5 checked

in bo th  m a n ua l  and automatic modes.

5 — 1 . 1 . 4 . 1  In  a u t o m a t i c  mode , a ran d om shape  per t r a c e  was done
by m o v i n g  the  X and Y ax i s under  m a n u a l  c o n t r o l  f rom the  l i ne

f o l l o w e r  h a n d  h e l d  con t ro l  box.

p.. The punched  t ape  v ’ s  r e - p lay e d  to J~ ”O a p r o d  so r e p r o d u c t i o n

of the or~~c; ina 1 trace .

~~
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5— 1 .  1 . 4 . 2  ‘I’o check the m i r r o r  image f e a t u r e  of th e  cent  ro l ,
the same pro gram was run thr ou gh four t i m e s .

a )  w i t h  X and Y in normal  s e tt in g

b)  w i t h  X r eve r sed

c) w i t h  on ly  Y r e v e r s e]

d) wi th X and Y reversed

The r e s u l t i n g  trace showed th e  p a t t e r n  to be ac c u r a t e l y  produced
in the four quadrant images.

‘V V

7
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5 — 2  ALI CNM IIN ’i ’  AND RI- ~PL1i rAl r F l Y  ( l 1 I - ~~ t-

The machine axis al igiun ctit chic-eks ,uid ri h eat ability tests

are  o u t l i n e d  in the coordinated test p lan in Anpendix lit .

‘rho test p lan formed the basis f or th e  ch e c k s  done- d u r i r i e

the  i n s t a l l a t i o n  at  t h e  B o e i n c j — V or t -1  f a c i l i t y .

In the Repea tab i l i ty tes ts , the m :ijor interest was in tI~r-

performance  of the composi te ga n t r y  s t r u c t u r e  r e l a t i v e  to

positional repeatabili ty in the X ax i s  d i r ec t ion .

5 — 2 . 1  Motion in the  “X” direc tion — A precision transit

was used to si ght a target scale mounted on the tape head .

The gantry was moved in 4 ft . increments. A series of read-

ings were taken showin~ side to si-~1c dev ia t ions of mo tion ot

— the gan t ry  a long i t s  suppor t ing  and guid ing way .

Results are shown in Table 5 (a).

5-2 .2 Ver tical Al i gnments  in X~ Direction -A

precision transit was used to sigh t a targe t scale m o u n t e d  on

the tape head , to look at vertical deviations in motion when

the gantry was moved in 4 ft. increments .

The resulting readings are shown in Table 5 ( b )

p.-.
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(a) Horizontal Devia Lions — 4— -& —~~ +

Gantry Position Devtation in
V Distance in feet ____ ____ .001” increments

X 0 Home P o s i t i o n  0

4 0

8 0

12 +6

16 +12

20 0

24  +4

28 +2

32 +7

36 +6

(b) Vertical Deviations

Gantry Position Deviation in

Distance in feet .001” increments

X 0 Home Pos it ion  - 0

4 0

8 -l

12 +2

16 0

20 —12

24 +6

~~ 28 —2

32 —25

.4 36 9 168

Table 5. X Axis Ali-inment
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5- 2. 3 I l o r i i  c i t  ;il A t iiln lnu nLu of i’ Ax i t;  — A target sca l e

was positic-ned under this t a 1 e i i i  - i t -us-itt l oad in  t h e  p l a c em e n t

roller lucation .

A transit was set up in l i ne  w ith t h u t  Y a ;-: i s motor  p o s i t i on o d

at the Y d~~i e ct i o n  end .

The Y c a r r i a g e  was ~~~ i: ;r . s ; Iu -d to stove in 10” increments. The

i ni t i a l  r e a d i n g  was  t ak e n  at  Y 0 or h o m e p o s i t i o n .  The r e s u l t s

are shown in l’able 6 (a)

5 — 2 . 4  V e r t i c a l  A l i gnmen t  of V ax i s  Motor  — Wi th  a s c al e

moun ted on t h e  V carri age , a transit levc-l , located at the head—

stock end ot the  machine , was used I ~ ob t a i n  changes  in  Lhc
height of the Y carriage , moved in 10” in crements.

The gantry rema ined stationary at. a position X-192.O0.

The r e s u l t s  are shown in Table 6 (b )

~~
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( a )  H o r i z o n t a l  Devia t ions  - * —  0- —-p +

Gantry Position Deviation in
Distance in feet  .001” increments

X 0 Home Posi t i o n  0

10 +1

20 +5

30 +7

40 +2

50 +5

60 —1

70 —1

80 —1.5

90 0

V ( b )  Ve r t i ca l  Devia t ions

Y car r iage  posit ion 
- 

Devia t ion  in
Dis tance  in inches . 0 0 1”  increments

~~ 0 - - 0

V 10 : —
~~~

20 . —9

30 —12

40 —12

50 —12

• 60 —12

70 — 8

— 80 —2

90 
- - 

0

Table 6. V Axis Alignment
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5 - 2 . 5  V A x i s  Squareness  w i t h  X A x i s  - To c h e c k  t he  squa r e-

ness of the V Axis  mo tion w i t h  the X mot ion , two p r e c i s i o n

transits wete used.

The first was ali gned along the length of the machin e- parallel

w i t h  the center  l ine .

A too l ing  p l a t e  4 8 ”  s q u a r e , wi th f o ur r o un d  t o o l i n g  p ins

accurate ly se t to f o r m  a square  p a t t e r n , was mounted on the
table  sur f a c e  wi th two of the p in s para l l e l  to the f i r st t r ans i t.

The second transi t was then set-up to be in line with the other

pair  of pins.

The l ayout  is shown in Fi gure 74 . The target was mounted under

the tape head , and the V carriage moved in 10’ increments.

Read ings , taken with the transit along the V axis , are shown

V in Table 7.

The r e su l t s  show the s t r a ightness of motion of the Y axis at
the tape p lacement  poin t , superimposed on the general  squareness
of the Y axis to the X axis direction .
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V Ax i s  Squareness  to X A X L S

V Carriage Position Deviation in

Dis tance in inches .001” increments

V 0 h ome p o s i t i o n  0

10 0

20 — 6

30 
- 

-11

40  -16

50 — 16

60 — 1 6
V 

70 —17

80 — 1 8

90 — 2 0

Lable 7. V to X Axis Squareness
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5—2.6 Z Axis Squareness to X I\x is — T h e  Z ax i s  way

t u b u l a r  s t r u c t u r e s  m o u n t e d  on Lini two gentry carriages

were checked for squareness to the ‘t’i ” Axis . Since -- it is

the motion of t h e placement p~~~1r i t  under the tape lie-ad which

e f f ects pl acemen t accuracy , most ali g n m e n t  checks  w e-- re  cone
by observing targets positioned there .

For the two Z way checks , the Lope head was f i rs t  p o s i t ion - - I
at f u l l  V+ travel , on th e main suppor t side of the gantry.

The second set of readings was taken with the Y c a r r i a g e  at

home pos i t ion . -

V 
A p rec is ion t r ans it , set in a true leve l condition , was

used to si ght , in a ve rt i cal p lane , a target posi tioned under

the  tape head .

The results of the  two sets  of readings are shown in Table

S (a).

V 
5-2.7 Z Axis  Squarenss to Y Axis - The transit was set

— up at the headstock end of the machine . The target mounted

on the cross beam , was sighted at five vertical posi t ions  o~
the cross beam .

The readings are shown in 1ahle 8 (b~

L ~~~~~ 
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( - m ) k Sq u a r e ne s s  t i  -
~ A x i s  + - —

2 P O s i t  ~uti Deviat Lon I .

D i s t a nce ho Pes . 0 0 1 ”  licreiti ents

~~~~~t i t ;  I)rivc~~~i d~ ~~~
t ;
~~~~~

t
_
Side

7. Dc u~ h i  s: el  U 0

— 5  — 1  0

-15 -3 ‘ +1

-25 -5 -6

— 3 2  — 6  —8

~b) Z Squareness to V Axis

Z Pos i t ion  P e v i a ti o n  in
D i s t a n c e  in i n c h e s  . 0 0 1 ’  i n c r e m e n t s

Z Top o f T r avel V 0

-5 -1

—15 +4

— 2 5  + 6

— 3 2  ÷ 10

Tab le  8.  Z kxis  Squareness  to ”~-”~ and Y ”_ Axes
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5-2 . 7  R e p e a t a b i l i t y  and Lost Mot ion  of “ X ” Ax i s  - Of

p a r t i c u l a r  i n t e r e s t  were the  r ep e a t a b i l i t y  and lost mot ion

checks made in the X Ax i s  d i r o c t V l o n .

Since the gantry is driven and guided from one side , any

blacklash in the drive aiid p lay in the guiding bearings

wo u ld sh ow up in these checks. A l t o  the checks reflect

the stiffness of the supportiny gantry and its ability to

maintain critical alignments .

5-2.7.1 A f i ng e r  type of dial indicator , graduated in

.0001” increments , was set up above the working surface of

the machine , and positioned 12” in . from th e edqe of tie: b.i~~u
on the gan try suppor ting  leg side .

A dowe l pin was located under the tape placement head.

5-2 .7.2 The X axis was moved to bring the dowel pin against

the ind i cator and a ze ro estab l ished .

The X axis was then programmed to make ten excursions of 5”

moves , going  in a + direction at first then r e t u r n i n g  to c o n t a c t  
V

the indicator.

5-2.7.3 The readings taken are shown in Table 9.

The y show very good repe atab ili ty ,  well within the + or - .0025”

of the specification .

5-2.7.4 Lost motion check - The n e x t  check was f o r  repeat-

a b i l i t y  of X axis from the other direction , as well as showing

the lost motion . The dial indicator sc’ti up was unchanged frsstt

the repeatability checks preceding .

k.
17 &
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Readings taken with X axis approaching from the:

+ D i r e c t i o n  - D i r e c t i o n

V 0

- . 0 0 1 ”  + . 0 0 2 ”

— . 0012 + . 0 0l 8

— .0013  t .0 0 2

- .0016  + .0 0 l9  2nd set of

— .0013 ~.oo l 9  read ings  f r o m
opposite direction -

— .0014 +.002
showing lost motion -

- .0013 + . 00 l7

— .0012  ~ . O Q l 6

— .0013 +.0 0 l 8

The ( - ) sign indicates

the p in is s h o r t  of the
ori g ina l  0 s e t t i n g .  

-

Table 9 . X Z ~xis l~~j~~~tability
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5 - 2 . 7 . 5  A program was written which first moved the V
;~xis to take the indicator away from the pin.

The X axis  then made an exc ursion movi ng f irs t in the —

d irection fo l lowed by returning the V axis to its ori ginal

position .

5—2.7 .6 The readings shown in Table 9 show a simila r

pat tern to the repea tab il ity readings shown f rom the othe r
direction . -

The results show a total spread of lost motion and repeatability

of . 0 0 3 6”  or ÷ .0 0 1 8 ” .
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V 5-2.8 Repeatability and Lost Motion of V Axis - These

checks were done in the same m a n n e r  us th e X Axis.

- - 
5—2. 8.1 First the repeatability checks moving V + then
- in 5” excursions.

5-2.8.2 Then , repeatability and lost mo t ion in the other

d i r e c t io n  was chocked by f ir s t  moving X a x i s  to c lear  the
pin  f rom the ind ica tor .

5 — 2 .  8. 3 The r e s u l t s  , shown in Table  10 , show a hi gh degree

of repeatability and virtually no lost motion .

- 5—2.8.4 The design of the V axis drive using an anti—

blacklash recirculating ba il screw drive mounted unde r t ic cross

beam close to the work surface resulted in the precision of

this axis.
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Read ings taken with Y axis approaching from the

+ Di rec t ion  - D i r e c t i o n

0

- . 0 0 0 1 ”  + . 0 0 0 l

— . 0 0 0 1  + . 00 0 l 5

— . 0 0 0 1 5  + .00 0 13

— .0001 +.00012 2nd set of readiri -~s

— .0001 + .000l4 
showing lost netlon

f rom the ori gi n al
— .00015 +.000l5 V -zero position.

— .00013 + .000l

— .00014 ÷.000i

- .0001 +.00 015

- ) si gn ind ica t e s

the p in is short  of
the d ia l  ind ica to r

V 

- 

ori ginal zero setting.

Table 10. V Axis Repe atability

t
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5—3 ‘rAPE_ PLACEMENT _ DEVELOl’M1-~Ni’S

Development of a placement system to place and compact tapes

on flat and compound curved surfaces became a sig n i f i c a nt
par t of th e ATLAS Con tract .

The inab ility of the first pneumatic placement roller to- lay

long straigh t pass w i t h  the required degree of con trol resu l ted
in a number of different systems being tried. Those ranged

from rollers to a flexing pressure foot.

This  section of the Report covers €he development work done
on placemen t systems as w e l l  as soile obser-.-stions on thie

glass epoxy tapes used .

5—3.1 The f rst pneumatic p1 ac,IiIs-st roller , a:; described

in earlier sections of the Report and in Appendix II , had
V been desi gned to lay tape s on compound curved surfaces. The

basic philosophy was to use the pneumatic feature to give a

more uniform pressure distribution t::an a solid tire , and the

ah~~li ty to change  the size of t h e foot—p ri nt , for give-ri dc

fo rce , by va ry i n g  the  i n f l a tion p re s su re .

5—3.1.1 This placement roller war ;  u n a b l e  to l ay  long passes

on a flat surface with sufficient accuracy due to the flexability

- - .. of the  t r ead , w i t h  r e s u l t i ng  l~~ck of f r ~-e r un n ~~r ic  a l : - r l i t y .  To

irsprovo on this condition , another tire was made up \-:ith a flatter

and s t i f f e r  t r e a d .

5—3 .2 The p lacement roller tire w i t h :  the tiatter and stiffer

V r im , or tread , was the one used in :he 1ni t ~~ a l  t-r;o lace-mont

t r i a l s  at the Boein-j--Vertol facilifV s ~.

The b i t i c  constructIon ot  t his: -  t i r e -  - - i ;  :;irs i r a r  t -  t h e  or; :lr;a1

~~ a fter one , c r-s -: ~~~ t t h i s ’ it hOd t h ~~ck c r  - i n . i  ~~~ t i f f e r  l - i :’i r  O f

t 5  f i h or  re ;  IIo r 2Lrlq .
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At ter moulding, the t i r e  had been mounted  on a mandrel  and

the outside diameter ground .

In sp ite of t h i s , i n s p e c t i o n  of the  o u t e r  s u r f a c e  a f t e r  m o u n t i n g

tV O  the hub and axle assei-sbly sh owed a degree of run-out , w h i c h

Oss to prove unsatisfactory he r flat lay up work .

5—3.2 .1 With the roller lnc)unt:ed in position under th e tape

head , a d i a l  i n d i c a t o r  was PO:~~ t Lone .1 against the rim and a

series of readings taken to check the run—out. The indicatcr

was positioned in three places; on the  center  l ine  and 3/ 8”
f rom each ed ge. The ro l l e r  was ro ta ted  to take run  out r ead ings

al l  a round .

5—3 .2.1.1 Readings were taken for two different inflation

pres su re s , 15 psi and 25 psi. The results are shown in Table

11 and Table 12.

5-3 .2.1.1.2 The change In inflation pressure did not make

much difference to the run-out characteristics.
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Ind icator Posi tion

Ind ica to r  Readings in Inche’~.

Rota t ion
* Posi t ion  Ri ght Center Left

--- -n--V -

~~~~~~~~~~~~

1. — . 0 0 3  . 00 0  + . 0 09

2 .  — . 0 0 2  + . 0 0 1  -t- . O l O

3. — . 0 0 0  + .001 +.005

4 .  -.003 - . 0 0 2  + .0 0 5

5. - . 0 0 2  — . 0 0 3  + . 0 Q 3

6.  -.002 - . 0 0 1  + . 0 0 3  
V

7.  — .003 — . 0 0 9  
V 

— . 0 0 2

8. - .003 - .015 - .01 0

9.  - .0075 - .015 - .010

10. - .0185 - .016 - . 0 0 9

11. - .014 - .0 1 8 - .014

12. - .010 - 
— .017 - .016

13. - .010 - .014 -.012

.1 -1 . 
‘ - . 0 0 1  - . 0 08  - . 0 0 2

15. 
- 

- . 0 0 2  - . 0 0 9  ‘ - . 0 0 3

16. — . 0 0 0  ‘ - . 0 0 0  + . 0 02

Iflfl4tion tressure 15 psi.

Table 1 1. P1 sc :n:nerlt Roller Run—out

_ _ _ _ _ _ _
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Indica tor Po si tion

Rotation

Posi tion Ri ght Contei Left

V 1. — . 0 0 7 5  0 4 .011

2. -.005 + .003 4.014

3. — . 0 0 2  + . 00 5  + . 0 14

4 .  — . 0 0 6  . 0 + .0 10

5. — . 0 0 7  — .0 0 2  4 .005

6 .  - .008  ‘ - .0 0 2  4 .0 0 5

7 . - .014 
- 

-.012 — .005

8. - .015 - .015 — .010
V 

9 .  - .014 - .015 — .010

10. - .019 - .013 - .005

11. - .012  - .010 — . 0 0 2

12. — . 0 0 7  — . 0 0 7  — .002
• 

13. - . 0 0 3  
- 

- .003  4 .005

14 .  - . 0 0 4  0 + . O 0 8

15. + .0 0 2  — . 0 0 2  ‘ 4 .001

16. 0 0 4 . 0 0 4

I n f l a t i o n  P r e s s u r e  25 p s i .

Table 12. P lacement  Ro l l e r  Run-ou t
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5—3.2.1.3 The most u l g i l i l  r e i n t  ad - e e L  -
~~~ be ou t vu:;

the difference between l i i  ‘ - - ,~~~~~~ 1 -‘ ~~g~ ’t,. i - ox t a-simple , at

r e a d i n g  No . ~ on tire 25 p - a r -i:€-ektt , l a b i a  12 , a I : i r i a t i rj n

f r om — . 0 0 6 ”  a n one si lo - . 0 1 0”  on tb - et lac r S l Ur -  crea ted

a “ wof,jj  1 e “ a - - t -  Len t t~ a 1 1 irs . 01 b “ 
, a C i i  ~J aS tV 0 - v U t)

during place ment t e st s .

5— 3.2.2 Placanco t ‘ l e n t :  W 1 i l L  R o l l e r  — A 12 x 4 f t .  s hee t

of 1/4”  t h i c k  al  u l u in u m  w a s  used as the working surface to

lay up 3 inch w i d e  g l o at -; etux-j tape during tests with the

placement roller. Initial lay up was in short passes (24”)

in  the  V ax i s  d i r e c t i o n .  P1a- s i r r e n t  a c c u r a c y  on tn d - S e  abort

passes  was w i t h i n  + . 0 2 5 ” . Pla n lo n g e r  ~-u sses ( 1 0 0 ” )  c-or e
made in t h e  - d i r e c t  Ion , p 1 ace~I:~~n t e r rors  became re urasar cnt.

By du i r ;  n u xa L i u05 l e t up ~~~5J 5 C b  , c u n s’ jn k : l - ;  o ver  500 y d .  of

g lass  esox- : t ap e , t i r e  f o i l  o w in g  f a c t o r s  were  f ou n d  to have

- 
- 

effect —an taic l - v  down r - cr f o rm ar i c e  of t he  r o l l er

a )  Run o u t  of the  p l a c e -r u e -n t  r o l ler

b )  T i l t  of the  A ax i s

c)  S k e w i n g  of the C a x i s

d )  C o n d i t i o n , particularly tcmpcratur~ , of

t i r e  t a p e .  -

5 - 3 .2 .2 . 1  The- Run out  of the P l ac e m e n t  R o l l e r  Su r t 3 c e  -

The run  out  showed up d u r i n g  s ide b y s ide  lay ups in the  X
d i r e c t i o n .  Tire p r o g r a m  was w ri t t en  to l a y  110” long passes ,
side by s ide , st ar t i ri ci a iw a c s  t rom one cml  and m o v i n g  X a x i s

in a + d i r e c t i o n .

A f t e r  the r e - t u r n  of t he  ga n t r y  at  the  end  of er ich  ;- -a .~oa , t h e  V ax i s
was ra-~~v~ 2 . 0 5 0 ” . l i a ls t— ’ou ld g ive  u t h e o r et i : a  I gap b e t w e e n

asses of  . 0 5 0”  f o r  3 . h O O ”  c i d th  t ar - - . Tl . - y r - a t h r of tb -a t r ip e  v a r r - ~u
b~~t v-i; ; . 0 2 0 ”  d l i  aver-rue

l8~
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5 — 3 .  2 . 2 . 1 .  1 Ei ght  passes Were made . Th e ‘J~~pS vrirr el ft

. 0 1 0”  to . 08 0 ” . A l s o  t he  qap ;~ w e f O  tie ~ p i r a l  I c - i a l on g  ~~~~

~ass showing  a w an d er i  sq t y p e  C p~ 
t b

A i a pe - st i n g  p a t t e r n  i i i  the  gups  was eb se r ved .  ‘Ib is riOt t - rn

was though t  to be caused b y t h e -  r u n  o u t  of the  r o l l e r  s u r f r c e .

5-3.2.2.1.1 The program was re—written so that the lenothi

of the passes were exactly four (4) revolu tions of the place-

ment roller (a length of 98.017”).

5 - 3 . 2 . 2 . 1 . 3  Lay ups done w i t h  t h i s  program showed t h a t  the
gaps were now uniform , so tha t each pass was behav ing  in tire

same way and following a similar path. This program was usc-i

in a l l  the f o l l o w i n g  investigat ions on the ro l l e r .

18b
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5—3 . 2 .  2 . 1 .4  To check i f  the var  i i t  ion i n  p 1 l e e r ;  nt P url

had any eff ,- -t on the pl iccirrc-nt r )’-r tor Inaine -J of L b - -  i o i l i - r

a ser ies  of B s is s  s id e by ci U t . - lay up:; were dow w i t h  vary-

ing pirreortieri t force- . ‘t’ti0- - j i p s  w a r - a  me a s u r e d  acrous the auir: e-

po in t s  of  t a r  -u -h n et  t 1 1 1 ( 3  l - ~~- u p .  1lrc- r ’ - s u lt s  are  t : h ow r i  in

Table  13.

5—3.2 .2.1.5 lIre s - s u l f a  tr:-hc ~~te l u s t  c h r n q :- s Ln  loai  or the

p l a c e m e n t  r o l l er  C r 1  n et  ‘- r ~ ’ t i l a y  
~~~~~ 

acciarac-

5—3 .2 .2 .2 Effect of “ ‘
~~

‘ s-a i r  Tl lt  - -  ‘I l v -  e f f e c t  of t i l t i n g

the “ A ”  ax i s  on the o~~~-u r a cy  o f  tape p lacc-~u e nt  u s i ng  t h e

r o l l e r  was b r i e f l y ifl\i S L j t i t t r d .

5—3. 2 .2 .2 .1 Using the same pro~~ramn;cd l a y  up l eng th , lasrac s

were made wi th different pos i t ions  of the “A” a x i s .  The “ A ”

axis rotates about the center p o i n t  of the pia cemen t r o l l e r ,

and t h e r e f o r e , t i l t i ng  w i l l  cau : ;o  one s Lie of the r o l l e r  to
V compress  more  and the o t h e r  l e ss .

By m a k i ng  one ~ss t h e n  t i l t i n g  t h e  A a x i s  1/2 d e g r e e  f o r  the

next pass , a r u t ;  ou t  of . 10 0 ”  was  observed  a t  t h e -  end of the

second pass. ririnq ir-t t h e  ‘A ” - ax i s  hack to its in i tial  pos i t ion
broug ht the la ’ up :; back i n  line a f t e r  the  t h i r d  p a s s .

V 
5 — 3 . 2 . 2 . 2 . 2  :~n qu 1a r  s e t t i n g s  as c r i t i c a l  as t h i s  wou l d  make
accurate d ig i t  izinq oral progcamminq e s s e n t i a l .

5—3. 2.2 .3 h:- E f f e c t  of C A x i s  Skia c- i r ia  — Some lay  u s  w ar e -

done to nec - t h-a iii - ;n itu cle of the nlacnment errors c o u s~-d when

the “C” 5:-a is t - i l s  skewed ~rnt-; a trw- in— I I no position.

~
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D I R E C TI ON OF’ LAYUP

V PASS * 1 ~~~
— - ---_ - - -  V . -  I

# 2  # 2

* 3 # 3
V
t 

# 4 4

~ ~ L ~ 5

6 j  ~, # 6  
- V - V

4
# 7

I
# 8 !  -

— PROGRA MMED LENGTH 9 8 . 0 1 7 ”

* Pressure setting or. p la cerrent f o r ce

- 
GAP 110 15 PSi T 20 PSI 

- 
30 P SI L 40 PSi ~~~~ — _____

1 45  30 45 30 Gaps
- measu red

V 
2 40 40 20 25  in . 00 1”

45 20
- I

4 20 20 35 35

5 45 45 45  45

6 ~ 30 35 30 35

7 50 H 45 
-

N o t e :  P re s su re  s e t t i n g  of 32 PSI = 100 lbs.  of p l acemen t  f - i c e .

TARLE 13 - EFFECT OF’ COMPACT [ON LOAD ON ROLLER

- PLACEMENT ACCURAdi’.

•1~.

- V 180
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The mach ine  was programm ed to I u y  some 30 ”  passes wi th  the
Placement RoLler moving in th e Y direction .

Passes wero made with “C” at 270.000 , the n changed by 1/ 2 degree
to 270.50° . Wi th the 1/2 degree change , the tape ran out by

.060” in the 30’ pass l e n g t h .  R e t u r n i n g  “C” to 270.000 brought
successive passes back to a parallel condition .

5—3.2 .2 .4 The Effect of Tape Condition — Poor iayup accuracy was

observed when some iayup passes were done with tape in a too cold

condition. The tape , in a 500 yd. roll , had been in a cold storage
room at 0°F and brought into the controlled 70°F ambient condition
area and allowed to st ab i l i z e  for  4 5 m in utes.

5-3.2.2.4.1 The machine was programmed to lay successive 98.017”

long strips on top of each other , and al l  laid in the same direct ion.
The second pass wa s seen to be out of l ine compared to the f i r s t
one beneath it. Successive passes showed a random pattern in

terms of misplacement .

5- 3.2.2.4.2 Six passes were made and measurements taken to

evaluate the placement errors. At the worst position , the total
band width was found to be 3.630 inches. The tape was 3.020

wide , thus  giving a maximum placement error of .610 inches or
+ .305 inches.

5-3.2.2.4.3 The tape was allowed to stabilize for a further

60 minutes. The ~umo layup was then r e pe a t ed .  This time the
maximum laid width was 3.125 , given a placement error of .105

Y inch es.

5— 3.~2.2.4.4 Subsequent lay ups were always done with tape stabilized

to room temperature for 24 hours before.
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5-3.3 Solid Rubber Rim Ro]ley - Jt was dc’cidcd 1o fabricate

a solid rubber rim placement roller to investi gate i t s pe r fo r mance ,

particularly its ability to conform to a 2 inch radius surface .

5-3.3.1 The 1 1/2 11 thi ck x 4” wide rubber rim was molded on

to an aluminum hub in an accur~t tely machined concentric mold.

The material used was RTV s~~Liccne rubber , white in color. The

hardness was found to be 45 ~1iu~ u.

5-3.3.2 To test its ability to conform to a 2 inch radius ,

it was positioned over a 4 inch dia cylinder with its axis at

right angles to the cylinder and loads with a force of 150 lbs.

The width of the footprint was measured and found to be 1.75 inches.

5-3.3.3 A much softer rubber would be required to give a full
3 inch wide footprint.

5— 3.3.4 One disadvantage with a solid tire is the uneven pressure

distribution which would lead to uneven compaction of a composite

layup .

H 5-3.3.5 While this roller was being fabricated , other placement

systems were being evaluated which showed promise of being able

to do the accurate tape placement. Consequently ,  the solid rim
tire was not further developed.

5-3.4 Spatula Type Placement Unit - The first non-roLating

placement device tried out was a form of spatula. Made of .030”

th ick  s ta in less  steel sheet , the spatula formed a curved gui de
to bring the tape from its vertical path round to the poin t of

placement. A roll of rubber sheet , mounted under a rigid suppor t

in the axle location of the tape head , provided the compaction

force  t~~ the spatula. Figure 75 (a) shows the principle of the

system.
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LOCATING

I AXLE

COMPACT IO N I BACKING PAPER TO
TAKEUP SPOOL

• 
ç 

~ ~~~~~~S~~ T R UBBE R 

/ ~~~~~~~~~~

LAVUP
SURFACE

\
I,,, , 

, ,,,,,,
(a) SPATULA TYPE PLACEMENT UNI T

TAPE LOCATI NG
FEED 

~~~~~~~~~~~~~ 
AX LE

BAC K IN G PAP ER

• AI R OPERATED + — TO TAKEUP
TAPE CLAMP 

I_i 

—F SPOOL

I”.

G U ID E S E GMENT~~~ 
....j LAV UP SUR FACE

C WI TH SIDE I
FLANGES ______________________________

/ 7 / T, ,  ~~~~~~~~~~~~~~~
TEFLON FACED R IGID
PLACEMENT FOOT

(b) RIGID TEFLON FOOT PLACEMENT UNIT

Figure 75. Non-Rotating Placement Units
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5-3.4.1 A number of lay-up passes were made to evaluate the

placement accuracy . side by side passes showed better placement

than had been achieved with the roller.

5-3.4.2 To check its compaction ability a 10 ply lay up was

done . The height of the 10 ply was measured with a depth
micrometer and found to be .106” . The tape thickness was
measured at .0105” .

5— 3.4.3 The major disadvantage of the spatula device is the
difficulty in making it conform to compound curved surfaces

since it already has curvature in the opposite plane .

5-3.4.4 The system showed that placement with a sliding type

of unit would work .

• 5-3.5 Rigid Placement Foot - The second sliding type placement

unit tried consisted of an aluminum strip 3/4 ” wide , faced with
rigid teflon . The object was to investigate this narrow place-

merit foot with the idea that the principle could develop into

a flexible device capable of conforming to curved surfaces.

5-3.5.1 Trial layups with a simple teflon faced pressure
foot showed that the principle would work.

H
5-3.5.2 A complete unit was designed and fabricated. Figure
75 (b) shows the features of the unit.

5-3.5.3 The tape feeds down past a clamp which is actuated by

two air cylinders (previously used for the shoe on the Roller

system). The air cylinders are actuated by “M” function commands
from the numerical control. The purpose of the clamp is to

hold the tape in position when lifting off at the end of a pass

until the next lay down pass is started.
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5-3.5.4 The tape is then guided round a curved guide which

has side flanges on it. Tue fl.’rnges help to guide the tape

providing accurate sideway s location c lose to the placement
point. The initial guide had a dimension of 3.025” between

the flanges.

5-3.5.5 The placement foot , te f l on faced with a ch am f e red

leading edge , is rigidly mounted as par t of the unit.

5-3.5.6 This placement unit was fabricated , assembled and

lined up in true position in the axle location under the tape

head . Adjustments were made to position the flanges on the

tape guide equally about the centerline of rotation of the

tape head.

5-3.5.7 The “cut-off” length from the tape shear to the
V center of the placement foot was estab lished by meas urement

and by successive trial lay ups .

1.,

5— 3.5.8 This ~lacement unit was used for the ATLAS Demonstra-

tion , and for the Flat Pattern Acceptance Tests. Reports of

its performance are covered in Sections 5-4.2 and 5— 6.

5— 3.6 Flexible Placement Foot — A flexible placement foot

uni t  was designed and f abricated. Its design wa s base d on the
same configuration as the previous riqid foot unit and uses

a number of the same components. The clamping system and flanged

tape guidance segment are common to both.

~
p4
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r
5-3.6.1 The flexible foot consists of a p iece of rigid tef lon
attached at its center and allowed to flex at its ends through

a linkage system. The linkage system is connected to an air

cylinder. When the air cylinder retracts , the ends of the

flexible foot are forced downwards.

Figures 76 and 77 show the unit with foot flat and flexed.

5-3.6.2 The unit was mounted to the tape head and the tape

guide flanges located accurately. A solenoid valve was connected

to the numerical control system and set up to switch “on ” and

V 
“of f”  by “M” function commands.

5-3.6.3 Tests showed that the flex foot would conform to a

3 inch radius.

5-3.6.4 A program was written to lay up a pass on the root

end mock up mandrel along the centerline starting at the almost

flat section and finishing on the 6.75 diameter section .

5-3.6.5 Successive lay up passes done with the program showed

the flex foo t unit to be able to lay tape with good repeatability
on flat and curved surfac es. Observation of the laid tape showed

that the pressure distributign on the foot had not been uniform .

5-3.6.6 This unit was used during lay up tests discussed later

in the Report. In particular , it was used for the root end
wrap Acceptance Test passes.

5-3.6.7 Experience gained in using this flexing foot placement

unit showed that the basic principles are sound. A second gener-

atiori unit will be designed and tested.

11
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5-4 ATLAS DEMONST RAT I oN

Part  of t h i s  Phase  ot  th ~ ATLAS p r o g r a m  W d S the demonst ra t ion

of the machine  to 1~VSCOM and o the r  pe r sonne l .  The demonstra tion

was desi gned to show ~1io m ac h i n& s r e l i a b i l i t y ,  r epea t ab i l i t y,

and potential fo r  l a y  up of compos i te  s t r u c t u r es .

This section covers the preparation work done , and the various

aspects of the demonstration .

5-4.1 Six axes coordinated mot ions  - This part of the demon-

• stration was to show the six axes of the machine in motion ,

individually , and moving all to~ ether .  A shor t  program was

written to do th is and run through repeatedly before the demon-

stration to tes t the rel iabil ity of t he machine being exerc ised
at top speed. V

5-4 . 2  F la t  Pa t t e rn  Lay up — The r i g id t e f l o n  faced p lacement

foot un i t  was the one used fo r  lay up of a demons t ra t ion  f l a t
pa t tern . To demons t ra t e  the  f l a t  p a t t e r n  a b i l i t y  laying at

d i f f e r e n t  ang les w i t h  d it f e ren t  path l e n g t h s , a program was

wr i t t en  to lay up the  word ATLAS u s i n g  3 inch wide  tape . The
letters of the word ATLAS were programmed to be 31 inches high

by 22 inches wide .

The program to lay up the let ter “A ” is shown in Table 14.

More information on programming the ATLAS machine is contained

in Section 5-5.

Some po int s in the lette r “A” program are worth noting at this

stage .

- ~~~~~~~~ — ‘~~V.~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ •I1;~ , — • V~• V _  ~~ _~~~~~~~~~ • V _ _ V.~~~~~-~~~~ ~~~~~ -- I



-- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ V~~_V V~VV ~~~ ~~~~~~~~~~~~~~

V ,~ ~~~
J t ” ~ Y~~71A~~C I ~~~~~~~~~~ (ATLAS )

~~~~~~~~~~~~~~~~~~~~~~~ A )
V 3 c ~~I

XI~I’~~Y - 3’~~~-1

I 7-S~~

Mf~
V 

974

“_ t
~443YI77I~fl

v _4 q 4 ~~~ y 13 ’ ~~Q 7

M 7 S
M~S37

‘•c- ~~~~~~~~~~~~~~~~
~- I”~1 Y-”3 I C- I1 ~I~~
S7~

SI,,

54 7 4

~ 14I5~17c

‘~-I Y23 l- ~— h I ~~~

~~~~~~~~~~~~~~~~~~~~~

MI11

V_ I~~4 4 3 V _ t 7 7 I ~fl
M~~~~I~

Y-L i~(4~~Y— I 3’~Q7
517 S

‘- V.

-Y
3~~~~~~Y/j C t ~~~~~~ ( 1~~~~~~~ T )

W I

ti

TABLE 14 . - LETTER L PROG RAM PR1:~’~oUT

l~)8

14 • V t

-~-1 -: V -• ~~ . V . ~~~~~~~~ LI. ~



5 — 4 . 2 . 1 The i oqr :an~ wu~ Wr i. t ton 1 h~ r h  aLso]  Ut : e  and i ncr~~~e r 1 t a l

coord i n a te  ha t  .i . ThI cr 110 G~)Q sot 1. t in to absolute (OO ~ d iraJ to.~
to cs tab i i sh i  t h e  s t  j t t . i nq  p o i n t . i i i  } l Ock N I  and t . ~ ; then swi tch~~;

i n t o  in c r e m e n t a l  m o .h ’  ( P 9 1 )  f o r  t he  l ay  up of t h e  l e tt e r .  By

t h i s means t h e  nos i t i o n  c i  t h e  l e t - Le r I ’ ou l d  U” r euo~;i t ion ed  w i t h —

out chang ing t h e  c o o rd in a t e  in t o r m a t V i o n  ~ n i t .

5 — 4 . 2 .  2 The ‘OV • I ’  w o r d s  IV~~~~~~~ Q L I d  s 70 are ~~~~~~~~ to r e t  the  sn o a r

angle  to — 2 0 °  and  +200 r e s p e c t i v eL y .

5 — 4 . 2 .  -~ The M6 2 , ~l7 4  , h 7~~, 511 3 ~~~~~~~~~ ~f l r~~a .iro u~~e(1 to t u r n  th e

tap e head  a u t o m a t i c  f u n c t V  ~~~~ 
II~~~~ “ o f f ”  and to ‘ unc l amp ”

V 
- an d “ cla mp ” the tape on t he  I . l a c ~~ r -

~~~ t en L .

5 — 4 . 2 .  4 Domonstrat L o f l  of  t h e  A l 1 - I t  j - V d~~ u r n was s u c c e s s f u l ly
acconip l i s hu e .  A second p 3 y  ~‘ .is I a Id  :~p t o  he~.~o nst r a te  the hi gh
degree of r e p e a t a b i l i t y.

5- 4 .~) Root E n d Wrap — A length of b l ac k  line r e f e r e nc e  tape
V 1/2” wide was p laced on the root en u  mock up in  a pa th  s t a r t i n g

at the f l a t  por t ion  and s pir a l l y  wr a p p i ng  in towards  the root
cnd a t t ach  sec t ion .

This  pa th  was then  d i g i t i z e d  to develop the  program fo r  the
mach ine  m o t i o n s .

Par t  of the program invo lved  d e ve l op i n a  a ~.a th SO t ha t  the tape
h ead would  leave the  s u r f ac e  of t h e  ~ a rt  and in a ser ies  of

2 smoothed coord ina ted  moves , w r ap t he t ape over the  ed ge se c t ions ,
i n s t ead  of contact  p l a c i n g .  This  type of combined p lacement  and
w rapp ing  had not  been done Pu f o re .  Dcvc up r fl&: fl L of t Vh lS  t y p e  of

p ro gram is covered more l il l y  in S e c ti o n  ~ — 5 . i .
WI
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5—4.3.1 At t i l l ’ h u e  et ( I ’ ’  I i r l I L , l  r a t  h I n  u n I v  t h e  r i g i d
p l ac e m e n t  f oo t  u n i t  w e ;  ava  i i  iL Ic ’  . Li t : h u i  S V / a L  0- ~t su . t e d  t o

p la c e m e n t  on t h i ’  rue  — e n d  r 11i r~i I r~ , ac t  uo I t ape  p 1 acen~er:t

was f lat  d e n ion s ti a t e d .  ‘l’hc ~~ ~~~ w i : : Li own to  m ake  t h e  six
axis  c o o r d i n a ted  moves t 01 low ~nq t lie dic 1i t i z ed  r e f e r e nce  p a t t i .

5 — 4 . 4  T o r s i o na l  Pl~ W i s p  — ‘I’ itc uue1’;trate the combined
placement  ari d w r a u p i ; upe rat t en , on the roo t—end  mock up ,  a
program was IeV elopCu ~a do a sin g le  45 °  to r s ional  p ly w r a p
on the f l a t t e r  po r t i on .

fly s e l ec t i ng  ai. ir ost  f l a t  s ur fac e : ;  fo r the st a r t  and end of
t h e  w rap , t h e  ri gid  p l a c e n cr i t f o o t  .-;ss able  to p lace the  t ap e
s a t i s f a c t o r i l y .

rl he di g i t i z i n g  t e c h n i qu es iaed fu r  h i s  t ype  of p rogram are
covered in Sec tion  5-5 .

5 — 4 . 4 . 1  D e m o n s t r a t i o n  of t h i s  Torsion Wr ap  u s in q  ? “  w i de
glass  epoxy tape was s a t i sf a c t o r i l y a ch iev e d .  A slow , 60 ipm
f e e d r a t e  was used so tha t  th e  w r a p p i ng  operat ion could be
closely observed.

‘ W I
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5-5 Pi~u CRAMMIhG

DeV e l o p m e n t  of p r oy r a  Ofl i  i og t c ’chin  i d t i e s  for  t h e  ATLAS mach inc
p r esen t s  a con~~ia u in g  e t t o r t .

Programming  f o r  t h i s  typ e  c i  u t 1 ~~ t t  100 pri s ’~~t S I L  f fc r e n t  approaches

V than thu s e  used for conventional :: sehiining operations. For

1 ~.S t ance , in t he  combined p 1 icemen t~ and w rap p i n g  opera t ion , the
placement u n i t  l eaves  the s u r fa c e . The p a t h  i t  m u s t  t a te’ i n

space mus t  keep the t:apc 1o .l l o w i n g  h n h i i  nd i t  on t h e  r i q }it  p a t h
as w e l l  as keeping the tal e iie &d rut-ition at r i e t t  an g t o s  to
t h a t  p ath . The p r c y r  amin ing  f o r  t h i s  is , t h e r e f o r e , s i m i l a r  to
filament winding .

This section covers the Numerical Control programming format

and covers the  di g i t i z i n g  and programming techni ques used during
the f i n a l  p hase of the con t rac t . A sec t ion  on programming

o p t i m i z a t i o n  look s at ways  of s i ni ol i f yin g  the tasks  involved in
the programming of lay up on spar sections .

5—5.1 Following is a descri ption of the c’ochine reed for the
V 

ATLAS . These codes will be used for all data inputted to this

sys tem.

~— 5 . 1.1 Word Format — All inputted data will be formatted as

follows : :;4 . 12 ..‘~+4 3. Y~~43. Z 43 .A-~-4 3.~’:52 . D V, ~4 3 .  14 ~.343.F43. 52 . M 2

~A) ; where the alpha character d en o t e s  tue type of ins truct ion

and t h e numeric indicates the magnitude of the quantity and the

n ’i rnber  of si gnificant i i y L I ~eL ; r e q u ir e  I (i.c~. N4 is a 4 di git

secuerice or block number -end 14:3 Ls an arc center offset xxxx.xxx).

5— 5 .1 .2 ~~ i i Dercriptions — F~~I 1OV .I !1 I t  (‘  dor -criut ~n ns of  the
tvnes of instructions to be in p u ~~ted to accomplish specific tasks.

2 0 1
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5 — 5 . 1 . 2 . 1  ‘ ;e qu e nc e/ R l o e k  N u m b e r  ( h i )  — 1; foci din t whole

V number used to designate a ~ i t  i on  o f  ~ p r o g r a m  a:; a spec i ~ ic

sequence as def i n e d  by t h e  programmed sequence number .  T h i s
code is used for  p ro gram st a t em e n t  d e f i n i t i o n  only  and does
not affect machine motions or operations.

5-5.1.2.2 Preparatory Functions (C2) - A two digit whole

number used to establish a mode of operation , as follows :

G~ Ø - (modal) Positioning Mode

Multi-Axis moves will be made vectorially at

the programmed feodrat-c. When operating in

this mode , thi” active block will close out

following error to the in position band before

the next block is transferred to active . This

mode of operation is not recommended for con-

touring. Cancels GØ1 , GØ2 , or GØ3.

GØ1 - (modal) Linear Interpolation Mode

V This mode is the turn-on or reset mode and is

the recommended mode for  slope con tour ing .

• Cancels GØ~~, G~~2 , or CØ3.

GØ2 - (modal) Circular Interpolation Clockwise
An arc generated by the coordinated motion
of 2 axes in wh i ch the  cu rvatu re  of the path
wi th  respect to tVhC workp iece  is clockwise
when v i ewing  the plane of motion in the negat ive
direction of the perpendicular axis. Cancels
G~~~, GØ’l, or GØ3 .

2 0 2
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5-5.1.2.2 (cont)

G~~3 - (moda l )  C i rc u l a r  I n t e r p o l a t i o n  Counterclockwise
An arc gene ra t ed  by the coordinated motion of

2 axis in w h i c h  the cu rva tu re  of the pa th  of the
tool with respect to the workpiece is counter-

clockwise when viewing the plane of motion in

the negative direction of the perpendicular

axis. Cancels GØ~
’, CØ1 , or CØ2.

G~
’4 - (non-modal) Dwell

This code es tabli shes a dwell in conjunction

w i t h  a programmed F-word . The F-word is pro-
grammed in seconds (l~’I2 format) allowing dwell up

to 327.67 seconds. At completion of the dwell ,

the program resumes a u t o m a t  ion] ly. A previously

programmed F-word will be reinstated and no other

G-codes arc cancelled . -

V G17 - (modal) XY Plane Selection for circular interpolation.

V Th3V S mode is the tarn—on reset mode . Cancels

G18 or Glg .

G18 — (modal) ZX Plane Selection for circular interpolation.

Cancels G17 or G19

Gl9 - (modal) YZ Plane Selection for circular interpolation .

Cancels G17 or GiS .

G9Ø - (modal) Absolute Programming Mode . This mode is

t u r n — o n  or reset  mode . Th is code cancels Gal.

2 0 3
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5 — 5 . 1 . 2 . 2  (con t)

G91 - (modal) Incremental Programming Mode . This

cancels G9Ø .

C93 — (mod a l)  V/D Feedr at e  C o d i n g .  Al lows f eed rath
coding by p rogranun ing  an F-word designating
V/D ( inverse  L i m e )

G94 — (m9dal)  1PM l-’ecdratc  Coding.  This  mode is the
turn-on  or reset m ode . Allow s feedra te  coding

in 1PM for  any combinat ion of the x-y -z axis

or degrees per m i n u t e  for  any combination of

the A~ C~ I) ax i s .

G98 — (non—modal) Insert Absolute Offset. This code

shal l  be used to preset  any axis posi t ion to
any desired absolute dimension . The machine

slide w i l l  not  move and absolute o f f s e t s  may

be en te red  on tape or t h r u  MDI . The absolute

position of the slide relat ive to machine zero

at the tu ne a G98 o f f s e t  is inser ted  and stored.
(NOTE : It  is assumed t h a t  a f t e r  power tu rn -on ,
a machine zero s y n c h r o n i z a t i o n  procedure had
been p e r f o r m e d .)  The G98 block then e s t a b l i s h e s

a new absolute pos i t ion  for  the same s l ide
physical position . G98 does not cancel any

• other G codes. and the inserted offsets arc

cleared by programming the actual slide physical

— locations r e l a t i ve  to machine zero along w i t h

another G98 , by resynch r o n i z i n g  the axis wi th  a
Machine Zero operat ion , by programming a G99

cancel l ing code , and by MCIJ RESET . It should be
noted that  the G98/ sc t  zero o f f s e t s  are accumula-

tive and m u t u a l l y  inc lus ive.

G99 — (n o n — m o d a l )  Cance l s  Abso lu te  O f f s e t .  G99 will

cance l  the accurv ,m J a t  t on  C C9 8 p r e set s  and  set

zero o f f se t s .
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5 — 5 . 1 . 2 . 3  Misce l laneous  Funct ions  (M 2)  - A two digit whole
number.

Key : A - Activated ( A f t e r )  in te rpola t ion  of the
block in which  s to red .

I - Act iva ted  ( I m m edi at e l y ) upon t r a n s f e r  into
active storage .

M~~ - (A )  Program Stop
This  code i n i t i a t e s  a p rog ram stop .

MØ1 - ( A )  Op t iona l  Program Stop .

This  code has  the same f u n c t i o n  as MØ~ except
tha t  it is ignored i f  not enabled by a manual
switch on the Main  Control  Panel .  (Switch  mus t
be returned to the ON position.)

MØ2 - (A)  End of Program .

This code has the s ame et te c t s  as MØØ except
that it indicates an End of Program condition .

• Add itionally , thi s code insures t h a t  all  the
active storage registers are cleared , cancels

* 
parity check until the first FOP is read in the

V forward direction , and sets up the contro )V logic
to beg in a new p r og ram  w h e n  the Cycle S ta r t  b u t t o n
is depressed.  All 11 codes and S codes are

• cancel led by M~’2 .

M25 — ( I )  Z R e t r ac t .

This code causes the  ~ a x i s  to move to home
pos i t ion .  Axis  data programmed in a M25  block
will be ignored.

M3~ 
- (A) End of Program - Rewir1d.

This code has  the  s ame f u n c t i on  as MØ2 exccj -t
t ha t  i t  also commands a t ape  rewind  to the End
of Record ( F O R )  code .

pJ~
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5 — 5 . 1 . 2 . 3  ( co n t . )

M62 - ( I )  Auto h ead Control  ON. This  code is reset
by MØ2 , M 3Ø, M63 , M79 and M89 .

M63 - (A )  Auto Head Control OFF .
This code is reset by M 6 2 .

M64 - ( A )  This  code turns  ON the Slit t ing  Roll s . Th is
code is reset  by M0 2 , M3Ø, M65 , M79 and M89.

M65 - (A ) This code tu rns  OFF the S l i t t i n g  Rol l s .

This code is reset  by M 6 4 .

M66 - (A)  Pay -o f f  Reel , F u l l  Torque ON.

This code is reset by MØ2 , M3~~, M67 , M79 and M 8 9 .

M67 - (A)  Pay -o f f  Reel , Fu~Ij Torque OFF.
This  code is reset by M 6 6 .

• M68 - (A)  Take-Up Reel Low Torque ON.
This  code is reset by MØ2 , M 3Ø, M 69 , M79 and M 8 9 .

M69 - (A)  Take-Up Reel Low Torque OFF.

This code is reset by M 6 8 .

M7 0 - (A )  Unass i gned

M7 1 - (A)  Unass i gned

M72 - ( I )  F l ex ing  Compactor ON.

M73 - ( I )  F l ex ing  Compactor OFF.

M74 - ( I )  Tape Clamp OFF.

This code is reset by MØ2 M3Ø , M75 , M79 and M89.
I
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5 — 5 . 1 . 2 . 3  ( c o n t . )

M75 — (A)  Tape C l u m p  ON.

V This code is reset by M 7 4 .

M76 — (A ) Unass i gned.
This code is act ive onl y w h i l e  the block of

i n f o r m a t i o n  in wh ich it  JV S programmed is in
active storage .

M77 — (A)  Unass i gned .
This code is ac t ive  onl y wh i l e  the block of
in fo rma t ion  in wh ich i t  is programmed is in
active s torage .

M78 - ( I )  Unass i gned.
This code is ac t ive  only  wh i l e  the block of

in format ion  in which it is programmed is in
active s torage .

M79 — (A) Reset  all MDI M Codes.

This code is act ive  only  w h i l e  the block of
• in f o r m a t i o n  in which  it  is programmed is in

active storage .

M80 - (A)  SHEAR ON.

This  code ii; active only w h i l e  the block of
• 

V~~

•

~ 

i n f o r m a t i on  in which  i t  is programmed is in
ac t ive  s to rage . This code i n h i b i t s  t r a n s f e r

of the next  block of i n f o r m a t i o n  to act ive
u n t i l  the machine  si gnals  the  shear  operat ion

is comple te .

M81 — (A)  COMB OUT START .

This code is reset by M~~2 , M 3Ø, M 82 (and

I inhibit removed) , M79 and M 8 9 .

2 0 7
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5 — 5 . 1 . 2 . 3  (c ont . )

M82 - (A)  COMB OUT STOP .

This code will cause a COMB OUT STOP if

the COMB OUT STOP inhibit is removed by

the machine . When a M’d2 code is active

and the inhibit is present the next block

of i n f o r ma t i o n  is inhibited to active until

the V CO~ 1I3 OUT i n h i b it  is removed.

M83 — (A)  Unassi gned

M84 — (A) Unass i gned

M89 - (A)  This  code cancels  al l  MDS M Codes. Upon
output  of M 8 9  a l l  MDS M codes w i l l  be cancel led
and t r a n s f e r  w i ll  be inhibited until the inhibit
is removed by a signal from the machine .

5—5.1.2.4 Linear Motion D i m e n s i o n  Words ( X ± 4 3 , Y ± 4 3  & Z~~43 f o r m a t )  -

All  dimension words cons is t  of a letter address (X, Y

• or Z axis), a direction sign (minus is programmed,
- plus  is assumed) , and a command d imens ion  in i n c h e s.

All l i nea r  motion d imens ion  words have l ead ing  zero
suppression . A l i nea r  ax i s  i s  programmable  to .001
inch resolution and will have a maximum programmable

departure per block of 9999.999 inches even if this is

beyond the machine capability . Any linear command

which  exceeds the ~ hy sica 1  capab i l i t y  of a p a r t i c u l a r
• axis will actuate an Overtravel limi t switch and

I 
- • 

cause the system to shutdown .

5—5.1.2.5 Rotary Motion D i m e ns i o n  Words (A + 4 3 , C!52 & D+4 3 f o r m a t )  —

All rotary axis dimension words consist of a letter -

address (A, C or D axis) , a direction sign , and a
command dimension in inches. All rotary dimension

words have leading zero supression . A rotary axis is

p r o g r a mm ab l e  t:ç ~) . 0]  r-~sc~ ut~ e n .  The m a x i m u m  pruy :a~ —

~~ r u ah i e  d cj Va r ~~~~~Vi r ~~~ t o  na c  P J U~~~
V
~~t 1V 0 5 1 U  be Y’ ’~~9 . 9 9 °  in the

• G91 (incremental) i n p u t  mode . In the G91 mode , the
pos i t ion  c o u n t e r  and d i s p lay  w i l l  e s s e n t i a l l y  roll

2 0 8
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5 — 5 . 1 . 2 . 5  ( c o n t . )

over at 359.99° such that incremental moves are really

converted absolute positions . If G’)Ø is in effect and the

program move is greate r than  3 5 9 . 9 9 ° , a Cycle  Stop w i l l  occur
and an ILLEGAL TAPE FORMAT message w i l l  ap ; ear  on the CET .
If in Keyboard iuode ,the error will be deno ted  by an as ter isk
( *)  in column one , V l i n e  one of the C1(T . T h i s  condition can

be re move d by dep re s s ing  Act ive  R ese t .

5— 5 . 1 . 2 . 6  Feedra te  (F-word )  Coding -

Feedra te chara cteristi cs vary with the  f u n c t ion code i t  is

associated with .

• 5 — 5 . 1 . 2 . 6 . 1  F—word  coding ( r V 1 3 )  ~~~~~ G94 ( 1 P M)  Mode —

In the G94 Mode , the F-woru designates r ehc s per r V i n u t e  for

the linear axis from .001 1PM to 720.0 1PM. Feedrate can be

programmed directly in 1PM in the  GØ~’ ( p o s i ti on i n g )  mode an d
also when c o n t o u r i ng  (Gal , 002 , 0 03 )  w i th  any combinat ion of

V the three  l i n e a r  axes .  The rotary axes should  not be pr ogrami~ed
in combination w i t h  the linear axis while contouring in the G94

mode . If pr ogrV :nmne d th i s  way , li,aea r and rotary motion will
complete their move at the same time as the linear axis. However ,

V 
the feedrate along the contoured path  is not  equal  to the pro-
grarnme d 1PM va lue . Large ro ta ry  depar tu res  combined w i th  sma.ll
linear departures will cause large fe e d rat e s . I f  these departures

cause the rotary feedrates to exceed the value at the gain \
break point , the correct contour will f l O L  be generated. The

2 F-word in c o n j u n c t i o n  w i t h  a (Z94 desi gnates degrees per minute

(DPM) when the rotary axis are programmed without linear axis

movement w h i l e  i n  the G~~ or the 091 mode . The F-word is
modal for the G94 mode .

5 — 5 . 1 . 2 . 6 . 2  •~V V 

~ ~~~~~~~ ( m 4 3 )  a ~ ) 3 ~‘~/ D )  ~~~~ —

i n Lh~ - 3 ~~~~~~~~~~~~ V -Jo , a — V VV O ~~~~~ . - ~ to aPe v~~1oai ~y

~~ in 1PM divided Pv tim e di s lance in inches.

V ]~~~)~~~~/\~ in. 
V

F = 
~~~~~ 

—- l/ :V ~J n .  l/ t  ( M m .
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5— 5.1.2.6.2 (cont.)

The range of the F-word in inverse time mode is .001 to
V 

9999.999. The F-Word is non—modal for the 093 state arid must

be programmed in every block ; otherwise , an illegal tape ~or~ at

will result.

5-5.1.2.6.3 F-word Coding (F32) in G~’4 (J)well) Mode . - The 1.V
~~

word, when programmed in the same block with a 00 4, w i l l  cause a

programmed dwell from 00.01 to 327.67 seconds . The 004 dwell

isV programmab]e with a (39 3 or 094 in effect in either positioning

or contouring mode . The program resumes automatically upon

complet ion of the dwell and a prcviousiy programmed F-word is

reinstated. The F-word is non-modal when used with a 004 dwell.
The dwell must he programmed in a separate block .

5-5.1.2.6.4 FO Rapid Traverse Code - An FØ programmed in either

positioning or contouring mode with either a G93 or a G94 in

effect will cause rapid traverse. At least one zero must be -

programmed. In either the GP’Ø or the GOl mode , a programmed 
V

FO will cause all linear slides to move at a rate necessary to

give a vector velocity equal to the rapid traverse rate . If

an FO is programmed with both linear and rotary axis in the

block in either the G93 or 094 modes , the feedrate of the

programmed axis with the slowest feedrate will be used. The

rotary axis will be follower~ if program.~ed with linear, axis.

An FØ programmed for a combination of two rotary axes will g ive.
a vector velocity equal to the maximum velocity of the slowest

axis. An FØ programmed in the G02 or 003 modes will cause the

respective slides to move at a rate necessary to give a vector

velocity equal to the rapid traverse rate . The FØ code is modal -

in either the G93 or G94 modes respectively. FO replaces a

previously programmed F-word .
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5—5 .1.2.6.5 Feedratc Coding General Characteristics

a. Feedrat c_ S up pr e s s i o n . IV~ach servo controlled axis

wi 1.1 1 aq t he  coiruna n d by dli ail: ( )Ufl t ~~i~O~~O L V t i o n a  1 to
ve loc i ty. T h i s  p o si t i o n  l a g  is cal led fo l l o w i n g

error (FE) . The System 7300 control continuously 
V

moni tors  f o l l o win g  er r o r .  i f  ir ~c’r~’ ises above a
set limit , the control automaticall y reduces by

h a l f  the  command .  This  a l l ow :  • F’E to  d im in i s h

This  f e a t u r e  i s  k n own  as P~ V e d ra t c i  ~u lJpr es sion .

b .  Four ,_ Five , or Slx Axes rR’VJ*_CaiulV ition . Calculating

the  F IJI  f or  p rograms  in v o l v i n  fou r , f i v e  or six axes
involves  special  c on s id e r a t i o n  of th~ o i i e n t a t i o n  of

V 
the ro tary  ax is  w i t h  r espec t  to the c o n ve nt i o n a l  a x i s .
D u r i n g  a mov~~ m er~t , C i R N  should he representative to

the a c t u a l  l e ngth  of the mV axL1 ~ u:a l a ter al path of any
point  on the 0 .b .  of the tape head  ro l le r .  The necess i ty

of si m u l t a n e o u s  rotary motion with conventional linear

mot ions  may r e s u l t  in a swept out pa th  which  is e i t h e r  -

cons iderab ly  longer  or shor t e r  than  the vector descr ibed

by X.  Y , ar id Z .

5- 5 . 1 .2 . 7  Shear Sp ind le  Angle  ( S 2 ) -  This code provides  2 d ig i t s
for  shear  sp ind le  angle  coding.

5-5 . 1 . 2 . 8  Arc Center  O f f s e t s  ( 1 4 3 , J 4 3 , K 4 3 )  — The arc center
o f f s ets ent r ie s , I, J and K d e f i n e  t i m e  d i s t a n c e  between the  V

center of the arc and the s t a r t i n g  no~~i ti o n  of the arc.  The I

en t ry  is the d i s t ance  p a r a l l e l  to t h L  X — i x i s  f r o m  the s t a r t i n g
posi t ion of the arc to Lhe arc center. The J e n t r y  is the

distance parallel to the Y—axis from the starting position of

the arc to the arc c e n t e r .  r1~~e K en t r y  is the d is tance  p a r a l l e l

to the Z — a x i s  f r o m  the  s tar t i : i g  position nf  the arc  to the arc

center. Picjns (+ or — )  m u st  sea  - . .. ot  e m  I V . h a r s  ( V (~fl t e r  o f f—

S e t  entrLes . ~~~~~~~ J . t or P .S .‘~~i u-e s n~ -~ - J  n o t  - -~~~ t o s rV - e - ~~ 
•., e • i

they occur .

* FPN = L oud P V m t e  NUn\LL’ 1

2 1 1 
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5- 5 . 1 . 3  OPERATIONAL FEATU RLS

5—5.1.3 .1 Circular interpolation — S i n g l e  P lane . T h i s  f e at u r e
a l lows the g e ne r a t i o n  of up t o  a f u l l  q ua d r a n t  of a circular
arc  in one b lock 0 tape . Ci r cu l ar  is possib le  in any of the
three  p lanes  d e f in e d  in the  X - Y - Z  coordinate  s y s tem .  Because

of p lane  se lect ion , two b locks  of tape may be necessary  to
genera te  the f i r s t  ‘ q u a d r a n t .  The block sequence and r e q u i r e d
content  are as fo l lows :

1st Block - G17 , (0 18 or 0 19) .  This  en t ry  d e f i n e s  the p lane
of operat ion . G17 de f ines  the XI plane , G18 d e f i n e s
the ZX plane , and Gl9 de f i ne s  the YZ p lane . A plane

- once selected is modal and remains in e f f e c t  u n t i l  a
• complementary cance l l i ng  plane  is selected or an MCU

RESET manual  pushbu t ton  f u n c t i o n  is p e r f o r m e d .  The

G17 p lane  is the turn-on or reset p lane  and is the
plane in e f f e c t  whim control power is tu rned  on .

2nd Block - (302 ( G Ø 3 ) .  Def ines  whe the r  the arc is to be V

generated in the clockwise or counterc lockwise

direction respectively. Direction conventions are

as d e f i n e d  in Paragraph 5 - 5 .1 .2 .2 .
S Note : At the dis cre t ion of the programme r , m u l t i p l e  G codes

may be programmed ip one block ( i . e .  Gl7 , G~~2 ) .

X Dimension -

Defines the X-axis  d is tance from the beg inning of
the arc to the end of the arc . Minus  ( - )  sign must
only be e n t e r e d ;  p lus  (+~ sign is unde r s tood :  (NOTE :
Si gn en t ry  requ i rement  applies also to I and Z
dimensions.)

I D i men s i o n  -

D e f i n es  the  i x m c r e i a e n t a l  d i st a nc e  p a r a l l e l  to the
x-ax i s  f rom the center of the arc to the beg i n n i n g

of the arc .
212
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5—5 .1 .3. 1  (co nt . )

Y Dim ension —

D e f in e s  the  I— a x i s  d i s t a n c e  fro m the beg i n n i n g  of

the  are  to the  end of the a rc .

J Dimension —

D e f i n e s  t i m e  i n c r e me n t a l  d L s t a n c e  p a r a l l e l  to the
I-axis f r o m  the center  of the arc to the  b e g i n n i n g

of the a rc .

Z Di nmc n s  ion —

J e f  ne~-s ~V h L V :,V
~~_ d f V . j S  c I i s t a i ic e  ir om thE I e ~~ i n n in g  of

th e  a rc  to  the  end of  the a r c .

V K Di~~cos ion —

D ef i n es  t h e  rm c r e s s : n t a i  d i  st an ce  p ar a l l e l  to the

Z — a x i s  f rom  t h e  c ent er  cf the ar c  to the  b e g i n n inj

of the  a rc .

F’ Feed r a t e  V a ue —

The f eed  f u n c i , i u n  in ci r c u l a r  i n t e r p o l a t i o n  mode

can be programmed in e i t h e r  dilVect 1PM or Inverse

Time F’eedrate N umber .  In the G9- 4 (1PM ) mode of
V 

- op~’r at  5. V) i ~~~, Iced can be programme d as described

under  I ’aracj r al)h  5 -5 . 1 . 2 . 6 . 1  and w i l l  be t an g e n t ia l
fe e dr a te . In the  093 l/t mode of ope ra t ion , f e e d rat e
as an i n v e r s e  t i me  n um b e r  is expressed  as :

F = where  F’ Feed rat e  number  r ang ing  f rom

.001 to 9 9 9 9 . 9 9 9

V = des i r ed  t a n g e n t i a l  fe e d r a t e  in 1PM -

R = r a d i u s  in inches  9 9 9 9 ~~9 9 9 f l

t h us  F 1” T (m~~~~m t e s - ) - V
‘I’

T~~t ~~~~~~~ :• V : V ; V ~~s::~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~L O L r , S L (  ~- L r ~ 1i a L L O  i~~ 72~ J L-:

althoug h in some app lications of this control , t h i s

ca p a h~~1i ty  w i l l  he l i m i t c - J  t O  50150 lower V V J U C .

/

rr •V V_ — ~~~V , -~ 5 .  •~‘
V

-- 
V 

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V ~~~~~ -~~~~ V , V V ~ ~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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5— 5  . 1. 3. 2 C i r c u l a r  Int er p o lat io n  combined w it h  3rd Axis
L inea r  Movement . IL  is poss ib le  to p r o gr a m  a t h i r d  l i n e a r

V 
, 

axis movement to occur wh i l e  t he  o t h e r  tV WO linear axis are

p e r f o r m i n g  c i r c u l a r  i n t e r p o l a t i o n. This operation permits
the generation of h e l i x— t y p e  contours . Ti m e t h i r d  axi s move-
ment can not  he ro ta ry . P r o gr a m min g  th is  feature is s i m i l a r
to the method used for  c i r c u l a r  i n t e r p o l a t i o n  alone w i t h  two

V exceptions: V

a. The d e p a r t u r e  command b r  the third linear

a x i s  movement  m u s t  be programmed.  This command

is signed.

b.  The ra te  of move imiet i t  f o r  the t h i r d  l i n e a r  axis

V ~S a f u n c t i o n  of a r ise  per radian  command wh ich  is
programmed with the appropriate letter address ( I ,
J or K) correspormdincj to the third axis departure .

The I , J and K ~iurds i.n this application are defined

as f o l l o w s :

I - x d e p a r t u r e  ____— G19
?z ar~~TFm radians

J - 
~~~ eparLure G18
ZX arc  in radians

K — z departure G17
XI arc in r a d i a n s

The I-J-K values  are unVs igned and are fo rma t t ed  as

described in paragraph 5- 5 . 1. 2 . 8 .

5-5.1.3.3 Block Delete - A block of da ta  programme d on tape

and preceded by a s lash code(/ )  w i l l  be ignored by the sys tem

if the “block delete” function has been enabled by a switch on

the Main Control  Pane l .  T u r n i n g  the “b lock  delete ” two-

~ -:~ 
position selector to the ON position enables the f u n c t i o n .
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5—5 .1. 3.4 - Opt iona l  Stop — An MOl p r o g rnn i i s c  U Oii t ape  w i l l
cause  a “ p r o g ram  s t o p ” c o n dit i o n  i f  the ‘ O~~t ~ one 1 st  0,0

f u n c t i o n  has  b~-cn  en a h i  ed by a 5\~ V~~~ t c l i  on t h e Pu~~i i  Coo I ro ]
Panel  . Tu rn  in~ ~he “ e~~t i onal  is to “ two uSiti (in so l ec ter
to the ON p o s i t  ion - n a i V  los  t h e  i unct i_ on.

5— 5  . 1.3 .5  ~1ij i~~r i i n ~m q o  V_ 5 m c ~i . V 5 O V , V 1 ~~~ i 1  S V V; i t ch ( s — 1-bscb ser’.’o
co n t r o l  led a :-: i s  l ies  a:;s- ,c’l a Led \ V V 5 i i  1 L a si gn r e v e rsa l  sw i t ch .
When in  the N ( S b N V V~d V

V

I 5 S L 1 O : 5, t l m i s  n V ; i t : I  ~V i I l  a l l o w  a xi s
V 

movement in the d i r ect  ~c s s  a ;  i - ~ e j 1~~a- V V :~~~ l . hh -n  in  t he iKi- :vLRhE
d i r e c t i o n , ax is  n o v  eme ~n a  w L  l i  i ’  h i  Jic uirect~ ons opposi te  to
t h a t  proyrana~ d .

5— 5 . 1 . 3 . 6  Progr~uiuncd )~~~~~~ V ]  I — V’;C i  s-  to ~2 7 .  67 seconds can
be p r og r a m m e d  wi tb .i  (~~ 4 CO so a m d  - i j ~~1 1 1 i t V V V n L u W er .  Dwell
should  be progi~~: snsed as a scuai a t •  i , l ’  ‘ 5 ~~~~~ t : i ou t  a x i s  d i m en s i o n

commands . Re f e r  t-o P ar s . 5 5 . . 1 . - -n 1 - i - ~ i t  j e n :s l  1nm ~
V
o rm a ti o n .

5 — 5  . 1 . 3 . 7  Block JV V
O rr ~~~~t 512  T . d . V  ~~Q5 ~fl ~~~~ 5

V
5 i 1 5V J I ~~~t J V

V
) f l S  —

5— 5  . 1 . 3 . 7 . 1  I n i t i a l  • V
~~~~ 1 V ,  (~~~~~~~~~~ V V. ; i ~~~ ; : s s - 1 s  — L v c i . ’ U s e  sha ll

beg in in  t h e  f o l l ow i ~ seq uence : V~~~p _ p ( J
~~~V _ V V~~

J }J’ T b L O C K .  Each
V ldd itjon al part pro-jram should ccnnse n sc W i t h  ECU — F I R S T  bLOCK

5 — 5  . 1 . 3 . 7 . 2  End of b ec o r d  — The ‘ r d  of r e c o r d ”  ( f ~o R)  c h e- ~~-c t cr
se rves  as a t ape  rewind stop .ars d must :Jp~~ V s r  at the beg inning

of a tape .

5—5.1.3.7.3 End of Block — The “ e n d  of block ” (POD) character m u s t
be used a f t e r  the l a s t  c h a r a c t e r  i r s  each b loco  of i n f c ~~rms ation .

¼

2 i 5

.~~~~~~~~~~~
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5—5.1.3.7.4 RS-244 (lilA) and RS-358 (ASCII) Coding - The
V 

particular type of tape coding is determined automatically

by the control .  It doe s th i s by decoding the firsV ;t EOB on
tape to determine its coding. Once determined , the coding
remains  in e f f e c t  u n t i l  an End of Program condi t ion  ex i s t s .  -

(An End of Program COfld.1t V l Ofl exists a f t C I
V power turn-on ,

a f t e r  a MØ2 or M3Ø .) The’ decoding arm d code setup procedure

will again  occur at the b r - y i n ni n g  of the  next  program when the
first i n t e n d e d  EOB is road . The tape leader must not contain

an EOB of the E IA or ASCII  se t .

5-5.1.3.7.5 Address Sequence and Block Content - Words w it h in

a block may follow any convenient sequence . Redundant

le t ter addresses are not all owed in a block . The only ex ception

to this constraint are G codes which can be multiple pe r block .
Should r e d u n d a n t  l e t t e r  addr c ’nses  appear  in one block , the one
neares t , the EL* and its associative numerics w i l l  be recongnized

by the System 7300 .  Decimal point , tab cha rac t e r s  and o the r
non—f unctional characters programmed will cause a decode error

(displayed on the CRT) . All word:-; have leading zero suppression .

5—5.1.3.7.6 Man-Readable Information - Man-Readable descri ptive

i n f o rmation m a y  be in clud ed at th e begin nin g of a tape pr io r  to
the first intended EOFI. This information must not contain a

cha rac te r  w i t h  the same hole con f i g u rat i o n  as the RS—244 or

V RS-358 de f ined  EOB .

5 - 5 . 1 . 3 . 7 . 7  MØ2 - M~~3 Code Reset  E f f e c t s  - These codes have

the fo l lowing  reset e f f e c t s :

a. Cancels pari ty check .
b. Cance ls a l l  ac t ive  and t V e mn p o rar y  s t o r a g e  reg i s t e r s.

¼ C .  Sets up the control to read and decode the f i r s t
- i n t e n d e d  FOIl .

~~~ V~~~ t , : Th o r ’ ’  t t. ~~~~~~~~~~~~~ .~~! I . i~~~~t ~• 4 ~~~(5 of

Man—Et adable in f u m m a t ~on be t  W o U S I  t a p es  wls ich arc

sp l i ced  t o g eth e r .

* E l ,  End o L i n e

V 
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5-5 . 1. 3 . 7 . 8  CRT D i sp l ay  Me ssages  U s i ng  Cont ro l  i n/ Con t ro l Out -

A message on t ape  b r a c k e te d  by contVr o l  in ( “ and control out ”)

c h a r a c t e r s  as d e f i n e d  by R S — 3 4 8  w i l l  be d i s pl ay e d  on the  CRT

along wi th the no rmal data in the block in w h i c h  i t  occurs .

This f e a t ui c  can  lie used fo s  ope ra to r  i n s t r uc t i o n  in  c o n j u n c t i o n

with a ~~~~~~~~~~~~~~~~~~~~~~ I L is recommended that the total number

of c h a ra c t e rV s i n  a block u s i n g  t h i s  f e at  u-e lie J i m i tcU to 34

as t im is is the r e x  i m n u m s i  n um b er  s i l l  o t t e d  per  I )  ( ( k  f o r  ci< ’r d i s p l a y
If  mn- are t h an  8 : ha r act o r s  a t e  p rog r amme d , th e  r emainder  w i l l

not  be looked at  or ac ted  upon .

5—5 . 1. 3. 7 .  9 Block Time s of Tal e Pesider — Since the System 7300

con t rol has an e iu h t  b lock  b u f f e r  wh i ch is rop l c n is h~~d fou r
blocks  at a t ins ’ , block read t ime is not  n o r r i I i y  a problem

wi th  th i s  s y s t e m .

5— 5  . 1. 3. 7. 10 M i n i m u m  I n t e r p o la ti o n  Ti Isse - - The m i n i m u m  interpolation

t ime for  a block of d a t a  in a c t i ve  s tor u;s is 60 m i l l i s econds.

5— 5 . 1 . 3 . 7 . 1 1  Delete Codes — The Sy ste m VflOO ~~j11 recogr.:ze

punches in t i s s u E s  1— 7 or 1—8 as b e i n g  dc l  a te cocies r e gar d icss

of the coding L o i ns  used .  Thus , an 8 ho le d e l e t e  code in E S—

2 4 4  can be used t.O de l e t e  EOB chj r ac t :er  w i t h o u t  g iv l ng  a p a r i t y

e r r o r .  W i t h  F 5 — 3 5 8 , the 8 ho le  d e l e te  code is t I e  ncr :nai  dele te .

V 

- 5 — 5 . 1 . 3 . 7 . 1 2  b l u c k  L e n gt h  — B l o c k  l e n g t h  is 84 c har a c t e r  max imum .

. 1 . 3 . 8  D ir e c t i o n s  of T rave l  — ‘ d o  d i r e c t i o n s  of t r avel

i re  in ac:erdenc-a w i t h  i ,L 1\  ~ t m n h u i ~ i ! ) ~~7 A .

5 — 5  .1. 3 . 9  Ar c e i e r at i c - n  and Dccc l r a t i o n  ‘i’ :I i ; ir . rj — There  are

no l i m i tat i o n s  in regard  to the m m n ~~n;um b lock l en u t l i  f o r  a

give n sto p inpu t . The m i n i m u m  bI ~ ck l e ngt h  may ln V programmed
V - Va t  toe :ne~:Js~~V s r  v e l o c i t y s U n .

~ 17
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5 — 5 . 1  . 3 . 1 0  S et  Zero M a n u a l  Op e r a t i o n —  An operator pushbutton ,

located on the  Secondary Cone rd P V S f l O I , when  depressed w i l l  c ause
on a per a x i s  bas is , the p resen t  a x i s  p o s i t i o n  to be d e f i n e d
as the AXIS ZERO position. No slide movement will occur .

5—5.1.3.1 1 Machine Zero Manu al Operation — This o p e rat or
initiated function is the synchronization procedure performed

at power Turn-On to establish the normal MACHINE ZERO or GRID

posi t ions .

5 - 5 . 1 . 3 .12  Feedrate Override - This  control  is equipped w i t h
sin a x i s  feedrate override switch . The feedrate override ranges

f r o m  0 — 1 2 0 %  in 10% steps . System s o f t w a r e  in te r lock ing  insures
tha t no feed above the recommended maximum s can occur because

of these switch settings.

5—5.1.3 .13 Active Storaqe Reset C a pab i l i t y  — An opera tor
ushbu t ton  on the MCD f r o n t  panel provides an ac t ive  s torage

reset feature. This button , when d epressed , clears the ax i s
active storage registers and aborts any machine dependent
f u n c t i o n  in the process of execution. This function is only

possible in a Cycle Stop c o n d i t i o n .

Vi
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5 — 5 . 2  F l a t  L ayup  Program - Thu p r o g r a m  used to l a yup  the
le t ter  L , taken f rom the ATLA S d e m o n s t rat i o n , is ar m example
of a fl at layup program .

5—5.2.1 The letter L proqrain is as tOId -Ws:

G90 V

N4X6~~5 Y435~~ C9Ø~~ (Letter L)

G9 1

z-5~~
M 62
M 7 4

G~~4F l~~~
‘1—16 8553

M8 53 ’
Y- 14 15 53

M75

M63
Z 55353

V X -5 Y35 Ø53 C9 535353
X 2 5353 Z — 2 535353

- -

, 
Z- 55353
‘16 2
M 74

G534F 15353
V 2 X 4 8 5 5 3

Xl41553

~475

M 6 3  V

Z 55353

~~~~

2

4~4
.4
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~~ 
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5 — 5 . 2 . 2  A n a l i z i n g  this program shows the  movements of time

X ,Y ,Z and C axis , as well aS the operation of the required
N functions. rrak i n g  it block by block , as fo l lows :

5 — 5 . 2 . 3

G9 Ø p u t s  the contro l i n t o  abso lu te  mode p r i o r  to time
next block .

N 4 X6 53 5 53 Ø — conta ins  the absc lu te  coordinates  of the X ‘1
ax i s  and the tape head d i r ec t i o n , C , for the f i r s t
pa ss.

G91 puts the control back into incremental departures.

Y—2000Z-2000 - is a combined ‘1 and Z move which brings the

placement u n i t  in a 45° “gli de p a t h ”  to the pos ition
V 

of t l ie  sta r t  of the pass.  r1~11iS “glide path ” is used
to prevent wrinkling of any tape that might have
separated from the  back ing  paper.

Z—500 brings the placement foot down to the surface .

M62 is Auto head ON. This turns on the head functions

and in particular pressurises the placement load
V 

cylinder.

M 74 releases the tape clamp .

Vi
0534F 15353 gives a one second time delay to ensure  good adhesion

of t ime tape to the work s u r f a c e .
pt-.

Y - 1 6 8 5 5 3  is t i m e  f i r s t  par t of the  pass .  The machine  then  stops
to do the tape shear  operation.
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M8~ t he  tape shear is actuated for a g iven t ime set
by the timing contro.l on the tape head . Any movement

of the  mach ine  is i n h i b i t e d  d u r i n g  t h i s  t im e .

Y — 14 1 5~ the  pass is completed by a ‘1 a x i s  move wh i ch is  the
“ c u t — o f t ”  l e n g th  14 . 15 0 ” .

M75 Puts  the  t ape clamp OW .

M63  t u r n s  t h e  A ut o  Head OFF .

Z5Ø 0  g ives a sho r t  l it t  o f f .

Y- 2 535353 Z2 535353 is a p u l l  away move .

4 x- 55353 moves the  head to s t a r t  t im e  n e x t  pass , r o t a t i ng  the
he a d “C’ t:o b r i n y  i t  in l i n e .

X 2 Ø Ø 5 3 Z — 2 5 3 Ø 5 3  time l i f t  o f f  and away at t he  end of the pass .

G9 53 pu t s  the con t ro l  back into absolute departure mode
ready to move t o  the  nex t  letter of the layup program .

pp..
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5—5.3 Multi—axis Programming Using Digitizing Techniq ues —

Two basic dig itizinq techniques were developed to produce programs

f o r  m u l t i — a x i s  l ay u p  w o r k .

5-5 . 3 . 1  The line follower device , with time hand held control

box (described in Section 4 — 5 )  was developed fo r  use when the
unit is in contact with the surface of the part  being di gi t i z e d .  -
It  has a se l f  seek ing  Z axis motion that brings the unit down
until it s t a b i l i z e s  on contact with the surface .

On a helicopter blade layup , this line follower will be used to

digitize the long tape paths going from the tip down to the

V root-end attach point.

To digitize a typical path  u s i ng  the l ine fol lower , the procedure
would be as follows .

5-5.3.1.1 The black line reference tape would be positioned

V along the desired f~Vath . Marks put on it would indicate the

points at which other information , such as tape shear (M80)
would be put.

5 - 5 . 3 .1. 2  Wi th  the l ine  fol lower  posi t ioned at the s ta r t  of 
-

the pass , the M f u n ct i o n s  to operate the tape head would be entered
by the MDI keyboard and the Manual  Execute button . (The slope

deviation number would have been entered at turn-on of the c o n t r o l .)

5-5.3.1.3 The line follower would be initiated by pushing the

Cycle Start button on the hand held control box. The gantry

would then start mov ing in the X d i rection , under speed control
from the control box , and the line follower keep tracking the

line in ‘1 axis and C axis , with “A” and “ Z ”  f o l l o w i n g  the s u r f a c e .
The tape punch would be producing di gitized punched tape as the
fo l lower  moves along th e l in e.

2 2 2
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5—5 .3.1 .4 At a p o i n t  r e qu i  rimmq ext .ra inp it information , the

f o l low e r  i s stopped by pu s l u  eq t I m e  C y c l e  stop and A x i s  Lock

bu t  t ons  . Th is h o ld s  i l l  axe s  u u ~, ’ em - servo pos i t iü rm by the n u m e r i c a l

cont i-o 1 while in forma t j o l t  I s en t .  o~ed b y t i m e  MI ) T k eyboard  -and
t r a ns f ur e d  to punched r ap e  by t h y ’  M~m nua 1 J~xecute button , while

in Manual contro l mode .

5—5.3.1.5 Vr hc I i nc  w o u l d  I s  rn :o1 to the  end of rh o  pass ,

then pos i t i on  locked a q ain  I(~r e n t ry  of t he  e x t r a  cont ro l
i n f o r m a t i o n .

5— 5 . 3 . 2  The development  of t ech n i q u e s  to do both tape p lacement
and tape wrapping , particul arly on to rs ion  ply wraps , r equ i red
some d i f f e r e n t  d i g i t i z i ng  h a r d war e  o ther  t han  the l i n e  f o l l o w e r
u n i t .

On a typical torsion wrap p ass  developed , a total of 16 dig itized

positions was required . Seven of these positions occured with

the placement foot not in c o n t a c t  w i t h  the surface of t he  p a r t .

5 — 5 . 3 . 2 . 1  The digitizing aid developed to do t h i s  task  (shown
in Fi gu re  58) cons i s t s  of a bo lde r  w h i c h  is loca ted  in  place of
t he p lacement  u n i t .  A strip ot mylar I” wide w i th  a black line

V down i ts  cen te r  is located c o n t r o l  t y ,  w i L h  the l i n e  o r i e n t e d  to
V 

be in the d i re c t i o n  of lay d ow um of the  t ape head . A shor t  piece
2 of my lar leads die unit and a longer tail trail s it .

At the center of the holder is located the “bow tie ’ fiber optic

device (described in Section 4— 5.2. 2). Ou t p u t s  from this device
are d i s p layed on the hand he l d j og  he x m e t e r .

5—5 .3.2.2 The VV bow t i u~ u n i t  is used to a id  p o s i t i o n i n g  on
the black reference line t ap e  wh en  di gitizing with the unit in

contact with the surface. arid ‘1 axis can  be jo qqed to n u l l
the meter with a repeatability ‘i f  + .001” . 

— — - - - - . 
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5—5.3.2.3 To obtain the rotary position of time head , the
V black line on the my la r  tape is u s u a l l y  l ined  up with the black

reference line on time part sur  f , i c c , by joqgi ny time “C ” axis.

P o s i t i o n a l  accut acy  of . 1 degr ee  i s  easily detectable , s i nce  i t
represents a movement of .0 1 4” mt the end of the 8 inch long

my lar tail.

5—5.3.2.4 Digitizing a Torsional Wrap — Figure 78 shows the-

seq uence of digitized points required to do one torsional wrap
on the spar tooling.

Point 1 Start of the pass. Bow-tie in contact with

surface. Leading mylar strip gives “C ” angle .

‘Point 2 intermediate point on surface.

Poi n t 3 F ina l  point on surface before wrap.

V 
Poin t 4 h ead lif ted  to release pre ssure on p lacement

f o o t .

V Point 5 Placement foot moves out: No rotation of D at

th is  poi nt .

V Po in t  6 Wrapping  o p e r a t i o n .  Myla r  tail used to lin e

through up X , Y and C. D is moved in 30° increments

10 between points.

Point 11 Contact with surface .

Vi
Point 12 Placement foot brought down 1/2” to provide

p pressure on surface.

Point 13 End of pass.
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WRAP PATH

START OF
W RAP

START 1 2 3 4

/ 

+—~~

/ 

13 END

Fi gure 78. Digitized Points for Cross-Ply Wrap
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5 — 5 . 3 . 2 . 5  A f t e r  the a:<io i n m v e  been l in ed  rip a t  e a c i m  1) Olnt  ,

the coord ina te  ax is  p o s i t i o n s  arc  di g i t i ze d  b y m o m s of thi c-

Manual Execute button on the n u n l c ’ r i c m l  c on t r o l }V)~~~~fl ( V l

Output can be to t ime  t e l e t y p e w rit e r  is  we L I  as t Lu t ~r -u p u n ch ,

if required.

5-5. 3 . 2 . 6  The p r i n t  out of a Lead ing  edqe tors ion  wr ap  p r o g r a m
is shown in Table 15 T i m i  S p r oqr a m  was rn - ide  u s i n g  the digi-
tizing techniques just described in ~‘-5. 3. 2 .1 .

Analysis of the program is as tollciws :

5—5. 3.2.7

G~ l G90 I n f o r m a t i o n  en t : c’red by the  keyboard and CRT
sets the system in contouring mode with absolute

V coordinate depar tures .

X63239Y Position of the head above the su r f ace  at the
start of the pass.

Z287~~ Position of the h ead at time start on th e surface .

G,~4F2p ,Ø Two second time delay to ensure that the Z axis

has comp leted its move prior to the M functions .

M62 Auto head ON. V

M74 Tape clamp OFF.

M72 Flexing placement foot ON.

G,~4Fl~~ One second time delay to allow good adhesion

of tape to s u r tace .

L

~ VV~
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TABLE 15. - PRINT OUT OF

LEADING EDGE WRA P PROGRAM .
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X 66159 I” l .e xi mm-; 1 c - m i nt foot Oil

-1l 6 Pay  o f f  r e a l  i i i ! t o r q u e  ~i i t .  ‘ l I r e  ~~~ V 

~mre

e n t e red  j u s t  m ien Lu li t t mu g off tin í ’ sari ace .

Ti m e pa y o f f  m l  f r ill t.or(~’~(’ ;i yes good

t e n s i on  f o r  t o o  ‘;rop ~)n~~~ m t l u l l , b u t  i s  ne t

des i rab le  at  t h e  s t a r t :  of t h e  pass .

X 68959
TO

74536 is the w r a p p i ng  done iii  a s e r i e s  of di gitized

poin ts  w i t h  approx ima t e ly  30° of r o t a t i o n  of

t h e I) axis between each .

Turns flexing placement fort ON now t h a t  i t
is back on t h e  su r f a c e .

:180 Tape s h e a r .  On this pass  it happened to

coincide with the touch down point.

V :467 Turns  p a y - ot t  reel  f u l l  to rque  OFF. Too much

back tension will p r e v e n t  t h e  tape from feeding

th rough  at the end of the pass , to b r i n g  the
cut ed ge to the  center of the placement foot ,

ready to s t a r t :  the nex t  pas s .

x 7 9 0 9 7  Starts movement  to run out cut length of tape .

— X 82807 Bring the placement foot to the end of the pass .

:175 Tape clamp ON.

• -tm ~ 3 A u to  h ead OFF .

ç X 8281) L i f t s  t he  p lacement  fV oL  f rom t h e  s u r f a c e .

~~ :-1u2 End of P r o gr a m .
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5 — I .  3 . 2 . 8  10 ii - i ! i L ’ ! i I !  ~~V 
~~~ 

V
~ V i t~ ~~~ ‘~~~~i a m : , it can e

t h a t  t o e  -mic’ vr am :~~m s I V  3 1  h lock :; ui  i n t n m I L t i  I i .

b l a d e  l a y — u p  [O - - ~~~~- i  ;i i a-e l to o - - i t  h i s  t o e  ç,f : -o; s

I f l J f l~~
V L I P1CS O’~ ’ - I . 00 d i  j L L z V e l  - - o r  - or : !-  i ‘I h ’  (2 m t  S

w i l t be r e q u L l 1.

5—5 . 4 Pr e  : - i m n m m m 2  n ;  - : o r  i , m -  L - - ‘ - — t e m  o: V !  !k o _ r : -

s h o r t  c u t s  b e- : amnc ’  c�ci l ent  l U l l . ]  V V r  i~~~ V~~ i J  ; ! I j : - 01 m i s

Contrac t

‘I’he l e a d i n g  ed ge t o r s m o r p j ~ ( I SP  I - ‘ r u - - :  o: 5 5 . 3 . ~~.7  j~~

a t y p ica l  p a t t i  w h i c h  w i l l  b e  !~~~~j J P V I t  VI F ur y t i r o r s .

5— 5 . 4.  1 By d i g i t~ sin g  :iud p r o m i  u n u i n c  vi tim much i i l-  O X I  mm

zero positrons coinciding w i f h  t I r e  b i te  ,OV :i5 , U S C  of t he
mi r ro r  image fac i .l  it y  of rol e c o o t r o  1 :-iuu] reduce the amou nt

V of dig i t i z i n g  required. Also by Fi sis’;  th cV G9 8 o f f - s e t  f e- s t ar e ,
a number  of a d j a c e n t  wrap -u: ‘oulJ be l i 2 i i i e ( .’ e l  from one di uitizeJ

pa th  w i t h o u t  ex t ens ive  pro g ram c r d ! m i mV ’m .

5—5.4.2 Fijuru 79 s:uus s V I ]  I CO: - ’ c i  1, 10:0 tool  Lng rc ’ ’sir:n~
4 5 0  torsional wrs:’s in I~nL!I di~~e- ” i - ’ : - , .

I t  is a s su n : e d  t h a t  t h e  tu- ~ l j~ I - ~~~~ F p  - 1 r I - - i U i  ~V ;r -
e 1 , 2 O l V .~

a re s i r : r  la r  V 1 5 ( i  ‘ oa t  m i x r ~ r l n l V R r c  :-; g - s  ou t I C  0 J  m e l t e  d i r e c t io n

I ‘Vl , 2 M and 3M -ran be u c I u i ~~ved ~• V • i t - : t m e  nr :u  rogr si Si f l Ct ’  the
a m o u n t  of m c:’,’o ne r: t ( t  1/ 2 ” )  of t he  h l a V C F V C S t V  i m n i t , o rd e r  ‘he  tape

cad , w i l l .  compensat e for smal l  c i t  - m r : ;  ir-Sal di fferemu cies

5 — 5 . 4 . 2 . 1  i x m s z e  r o positions at .- c ;tab l tshc-d as sh’’vm: in

F’i~~ure 79 w i t h  V
~~<~~

V 0 - i t  ~ t - it i o n 0 ut t h e  s l a t ’ . ‘ l h l s ’ \ - ; o m l d
be 1- -ne u si n c  a ( ; ° t ]  off—set.

I
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~~~~~~~~~ The p a t u  of w r a p  ho . I is ‘i i ’ ; i t ~~zed .

I V .; .~ :: i n  L i a r  s some r r aiim , W I  I I i  t i m e  s asic ~~~ o 1 u t  C coor dl r ,  -~~ t

h~~t t r._ ’ l r x i n q  .~~,U } I p u n s ~; V’f lt l l  a ;~~8 X V S X I _ )  o f f— s e t , wraps

, - 2 am -r I  . 3 c ur u  le ’ V i C l I i ( ’ V C d .

L—5. 4.2 . 3 ~ ir :mi 1ai -1 y t Ie ’ or V :-s n i t e  b r u n d  wise:- ;  Li , 211 , 5:10

can h r  done b y ch snq  L n ~ the  ‘‘f “ , “C” , “A and 0 ;i~:i ii s

r e v e r s a l  s w i t c h e s .

5 — 5 . 4 .  3 T h i s  s o r t  of program optimi nation 511 (010 r e m

the t ime t a k e n  to set  up p rograms  b r  new t o o l  i og .

5—5.4.4 Another pro era mrn ln q  slop I i f i ’ :~~L i on w o u l d  he m u
g r o u p i n g  of “ M’ f u n ct i o n s  to r educe  t i m e  r : - : i d .  r r  c

V , ,V V
,~~~lc~~~~s~~~:

V

to be en te red  d u r i n g  d i - j i t i  z r r m q .  IV ’
O r  e~-.V r np i c  , in toe  t o t s  1( 0

wrap  in  5— 5 .  3 . 2 . 7 , a g r o u p  at  M62 , M 74  , M 7 2 o cc u r e s .  By h a v r : i c

one M f u n c t i o n  ope ra te  these  t h re e , 1:1 S C V b u C m f l c e  it n e c ce ssar r ,

and a l so  p u t  the G O 4 F 1 0 0  t i m e  de l ay  in at.  t i m e en i , : i iqi t i z i n c
t ime wo u l d  decrease , ar m d  t h e  amount  of p r o g r a m  p r o o f i ng  weu d he

reduced.

I ’ i r ese N f un c t io n  cJ I F m i m i n g  r o l lt i n V s  c r : u l d  be t b - i a ’  I i :  t h e  c o n t r o l
by develop ing t h e  r-e p n ir e u  s o f t wa r e .

!i,.
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5 — b  A C C F I N / ’ f a  I H

‘rho reliability and c~~p~ hi. lit ~~e0 of t i m e  A i L A I ;  flr~~ ’l , i i i ~ i l l

been shown at t i m e  I ) emorms t r im ‘:1  on (c~~vcrd - d  Vj p l ( c t  ion 5 4

Fi n s  I du a l  i f i c a t  ion of  t he m : m l m c b m L I m o  Was sub  oct to r u n n  1 m m ;

the t e s t s , as s t a t e d  in  the  j V  r t o rm an c e  Test  P l a n , T.u~. u n 1 i ~
III. The two sign i f i c a n t  t e s t s , the F l a t  P a t t e r n  Lay u~ - ,~~r i m

t i m e  Sp i ra l  Wrap on t h e  lid i ( V  i t c V r bi ode n v ) ck up w e - i ’ ili ~~i’:

5-6.1 Flat Pattern Layup - ‘l’he basic layup p a t t e r!  un -0

is shown in Appendix III , F i g ur e  95. The absolute coord inrite s

f o r  t h i s  p at t e r n  were  changed s l i gh t l y .  Due to t h e  t

t o l e r a n c e  of t h e  3” wide  g l a s s  epoxy ape , the  p r o g r a m m e d o.: ’r’ : -

sion b e tw e e n  success ive  passes was i ncr e a s ed  to 3 . 0 5 0  t r

t h a t  there would be no overlaps in the  l ay u p .

5 — 6 . 1 . 1  The i- iy id L et  t o n  f a c e d  pl~~cera ’nt  l I ! it  w . m s  150 1 0

do t h i s  layup . To check t h e  r(--pL’Emt ab ility of the  S yst e m , tIe

program was run  th roug h two t i m es .  M& ’asur. ’rne n t s  W er e  m ama - t a
check  the  dimensional changes between the 1. irst and second

V l ayups .

Figures 80 and 81 show the layups.

I
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5—6.1.2 M e a s u r e m e n t s  c f  t i e :  i c ’ I - c ’ . i t i i b j  1 i t y  }s ’tween the  two
la y u ps ~- ;r l e  made l1s~~r m 4  ‘s (Jr ,1 h m a t V V .l i r i a q i i l t y i n g  giass .

The m e a s u r e m e n t s  we m e d~ i r ~ an I~ l i e  err is  of each c f  t he  31 passes -
W h e r e  t h e  sc cos h m’ wa s  S t I L l t r t li - in thu f i r .- t  , the difference

m e a s u r e m e n t  wa s  q iv en  is — v~ ’~ s i q i m .  ( *  ( r m i d  ~‘ r r t ~sncu )

Repeotabi lit y or I o:a t U S 1 s obe ’.~ayl ;  d i r e c t  Len  between the f i r s t
and second l ay u o  was also n, m S ’ l r  ‘ ~] s t i u  i n ts  one i n c h  f r o m  the

s t a r t  and end of  e a ch  I ’ ~~~ ’ -

5 6  . I. . 3 ‘l’hc’ c�su I t s  iii c m ;  ii - w i m  t o  I i i  ic  16

V Table  17 is an an -j l vs i s  of I t ’  r u s i lt s , showinc  tha t  on average

the repeatabilit-y is in  t i m e  o ru er  o~ ~ . 0 10 ” .

The h ig her  degree of repeatability of th e  Ph D CUTS is due to

the f ac t t h a t  the machine s tops w h i l e  the  shea r  cuts  the tape s
then moves on by t he  programmed c u t — o f f  l en g t h  t o  complete the
pass . The tape  r ema i n s  in a t en s i a n e ’I  and g uid e d  s t a t e .

5 — 6 . 1 . 4  P l a c e m e n t  e r r o r s  or ’s  cr e st e d  at  l i f t — o f f  at the
c’nd of a pass and 1001SF: ( ‘ m e r i t at  t I m ’ : ’  s t ar t .  of a pass in -s new

d i r e c t i o n.

5 — 6 . 1 . 5  Con;p ie te  u n i t ’ :- n i t v  of t - i l i c r  c; u r s  b e t w e e n  t he p isses

b ad not been e s n e ct ed .  W i t h  t i s n e  w i d t h  tolerances of 3” ± 1/32
as a commercia l  s~ an d ar ’d , t i m e  ab i l i L y  to i ay up  w i t h  r u  O V V, er la p s

to .020” gaps is not p o s sib l e .

5 — 6 . 1 . 5 . 1  I”i qure 52 show s  the  ~: s s  r I l e  i a yup  a c c u r a c y  o f

bo th t h e  t ape ’ a : . ]  t he  tape q c m i d a n c e  sy st e m s  t aken  to t h e i r

extreme r mnuc . -

I 

I~ t h e  t a r - c  can I n  3 . 0 3 0 ”  wi d e , then  toe  t ape g u i d a n c e  :o:.st Po-
made to 3 . 0 h i ” La s a i L .

::~~~~~~~~~~ 
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May 29, 1974 - ATLAS REPEATABILITY CHECKS. TWO PLY ON FLAT PATTERN
LAYLJP

PASS NO. STAR T END START LOC . END r1oc’ . ___________________
V 

1 —15 —20 10 20
2 +15 0 15 20
3 +15 —15 10 10
4 +10 0 5 5
5 0 0 (1 10
6 0 0 10
7 +10 0 o o Numbers represent

8 — 5 0 0 10 d i f f e r e n c e  in . 001”
9 -20 0 0 

between first and10 0 0 (1 0
11 — 5 0 0 second p ly at the en
12 -15 0 5 0 of each laydown pass
13 —30 0 0 0
14 0 0 0 10
15 +10 0 5 0
16 0 0 5 10
17 + 5  0 5 5
18 0 0 0 0
19 +10 0 0 0
20 —10 0 10 0
21 +10 0 5 10
22 0 0 5 0
23 +10 0 0 10
24 0 0 0 5
25 +10 0 10 0
26 —10 0 0 0
27 +15 0 0 0
28 —15 0 15 20
29 + 5  —20 0 20

V 30 +10 —10 35 0
31 0 +10 0 15

b c Er ror  

1 

1st Ply  
TABLE 16

j -ye End/Start 236

~ 
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May 29 , 1974 - REPEATAJ3ILIITY CHECKS. TWO PLY ON FLAT PATTE RN LAYUP

25 Numbers represent difference
BEGINN ING 20 in .001’ between first and
END 15 xxx second p ly aL the  ends of

10 xxxxxxxx each laydown pass.
+ 5 xx

0 xxxxxxxxx
— 5 XX

10 xx
15 XXX 7 4%. w i t h i n  +10
20 X
25 X

20
END 15
CUT 10 X

+ 5
0 xxxxxxxxxxxxxxxxxxxxxxxxxx V

— 5
10 X 94% w i t h i n  ±10
15 X 

-

20 Xx

25 x
BEGINNING 20

V LOC 15 XX
10 xxxx

¼. 5 XXXXXXXX
U xxxxxxxxxxxxxj o x - 94~ w i t h i n  +10

V 
25

END 20 XX)O(
LOC . 15 X

V 10 )000000(X
5 XXXXX 84% w i t h i n  + 10
0 xxxxxxxxxxxxx

TAELE 17.
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V

F t c ju r e  52 sb ws two :)~1 sso~ - h n e  u s i ng  t ;mpc on i t s  lower  w i d t h

limit 2.970” . ‘lime tape favors one side  c f  t im e  p l acement  g u i d a n c e .

On t u r n — a r o u n d  f o r  t he  second pas s , the  t ap e is assumed to remain

in contact W I  t im t i m e  sam ’ ’ qim i cha nce t l ange .

5 — 6 . 1 .  5. 2 The resul tiny gap between  the  two passes  w o u l d  be

.12” . ~\ ls o t h i s  l s s n m I m ;; ne allowable inaccuracies in the r o t a t i o n

of the  t ape p l a~-~~n m nt  head or mm posi L i c u l i n g  accuracy  of the  -

machines motions .

5-6.2 Root-End Wrap - A new p r o g r a m  was developed to make a -

single wrap towards the r u t -e n d  of the  mock up mandre l .  The
program was di gitized us i nq the “bow-tie ” and mylar strip unit -

~

described previously, ari d included “M ” functions to operate the

f l e x i n g  p lacement  f o o t .

The program for the 2 1/2 revolutions of the mandrel had 65
block s of axis coordinates and 18 blocks of other intormation.

I t  was interesting to note that the program punched tape was

over 2 time s the length of the  tape path  of the 2 1/2 revo lu t ion
¼. wra p lay up .

V 5-6.2.1 The wrapping of two passes on the d ig i t i z ed  path was
w i t n e sse d  by AVSC QM p e r s o n n e l .’

S l i t t i n g  of the tape , u s i n g  the s l i t t e r  and dancer  system , was
done throughout the layup . Fi gure 83 shows the s l i t  tape in
position on the mock—up. ‘l’he tape wa ; ;  accurately located w i t h
reference to t i m e  b lack  l i n e  tape r e m a i n i n g  under  i t , showing  t ha t
the method of di qitizing produced accurate layup.

5—6.2~~l.i The second ply of time layimp showed good repeatibility ,

similar to that achieved on the Flat Pattern Layup .

‘-1.;
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3.030 BETWEEN
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5—6.2 .1 .2 The i n a b i l i t y  o f  t h e  f l e x i n y  i - L a c e n m e n t  t o u t  to

prol;OLV1Y c on f o r m t o  t i me  su n  i c r -  a t  t b ’  ‘nd ei m ’ m c h  paSS recoil  ted

in some t o r n  I o e ;t n y  ua~-er  5 L 0 i ~~S Cd L i ie  s l i t  L - pc

5 — ~~. 2 . 2  L V.
V

, i
;

, c - r ~~:1 c 1 - - l  t e l l  he /
V,r ~~~~I ,

V . : m ~hi mc h -~ - m - ~~ iu at e 1 v
J em o ns tr a t~ ~i i t s  a b i  1 L t y  Lu [ s - t d - r m  i i ; ’ -  s i ~~- V - c- V I ‘V~1f dj )  wI  LI  ;n t h e

l l r L t a t  i on s  cj~ t h e  p l m c e l m : o n t  u n i t  . ar ’Jioj l i’ ’ :c ’ ] oc ~ rc’r. t wo rK on

p l a c e m e n t  cle ’.’i eQs w o u l d  be r e ~‘ii red j r  or l ’~~ to  f a t l~’ u t i lI z e  the
ATLAS mach c nes p e-t ent Aa l.

L 
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1.0 INTRODUCTION

T h i s  s p e c i f i c a t ion  d e f i n e s  a m u l t i — a x i s  numericall y
con tro l led mach i n’~ ‘ ox t h e au tomated l a y up  o f pr.’-
impre gnated m om i o f  ilamism nt f iber tapes ~n pr e;~cr ih e d
paths over complex con t o u r e d  s u rfa c e s .  The tape w~~11
b~’ app l ied by i i~t a m m s  O~ n dispensing head aUtomV’itiCal ly
ar iumi fed to a posit i on norma l to  the  work  s u r fa c e  and
c a r r i e d  t h r o ug h  L m ; ~- L- , r ( V s c r ~hi ’d p i t h  as a r e s u l t of
u~ o m , L i n - i ted mac hi no I ‘~i nc t ions.

In ~idditiori , aiixil i iry n u ch  m e  f un c t i o n s  a r e  to  Lu
piov ided t~~ au t ~~m n a t i V V I l 1 y s h e a r  tape to predete r m i ned
leng Lhs.

The anticipated app ] m a t  lOflS , on both a developmental
and a p r o d u c t i o n  basis , include helicopter rotox blade
spar s, V/STOL Li - i~i’~ spars , and a variety of airframe
structures.

1 . 2  Drawing EE— 1331 is included i n  this specification to
indicate the overa ll concept  of the machine and to
identif y the princ ipal ‘;-achine assemblies , required
motions and axes of travel and rotation , l engths  of
required motions , parking requirements , and as socia ted
tooling concepts .

V 1.3 These specifications and the above referenced drawing
are not intended to be r e s t r i c t i v e .  A l t e r n a t e  concepts
are solicited providing that they will meet the intent
of these  s p e c i f i c a t i o n s, are within a reasonabl y
attainabit- state of t i m e  art , are coordinaied w i t h
Boeinq-Vertol prior to submittal of the proposal , and
are included in writing as a part of the bidder ’s
proposal.

2.0 RE QU IREMENTS

2.1 The machine shall apply and cut preimpregnated fiber
tape in programmed paths onto work surfaces havin ci

I - contours varying from flat sections to compound curva-
tures with minimum radius of two inches.

2 . 2  The feed , appl icat ion , and shear  mechanisms  s h al l  be
on a tape dispensing head carried on a moving machine
member.

2 . 3  The application head shall be maintained norma l to the
- work surface along the pa th of app licati c-n.

‘
V i :

’
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2 . 4  The m a c h i t i e  s l ia l  1 be c a pab l e  of a p p l y i n g  t ape  in
in~ 1 n i  t e l y  van a b le  programmed paths in arm y di  1 e~-tien
by means  of coord u t  t ed  inot - i ons  of t ip  t~ f i ve  numer i -
c a l l y  c o n t r o l i m u  ai’ k • -;.

2 . 5  A p p l i ca t i o n  of the  tape s h a l l  be ~~‘ssLble on bo th  t h e
f o r war d  and r et u r n  m o t i o n s  of t h e  m o v i n g  m a c h i n e
n menihe r .

2 .  b Suppor t  t oo l i ng  - .~ m Cz m ~as ii i3~~-ir~ ’h o : m U  molds w i  L I  :,~~V f u r n i s h e d  b~ B o e i n y - Ver f o l  dS t o o l i n g  and is exc luded
f r o m  the  scope o1 t h i s  s p e c i f i c a t i o n.

3.0 DESCRIPTION

3.1 Configuration

3 .1 .1  Sub jec t  to the alt-ernatr~ concepts discussed in section
1.3 , the machine shall be similar to a light duty,
h i g h  speed gan t ry  head v e r t i c a l  p r o f i l e  mi l l  or router
w i t h  m u l t i - a x i s  nu m e r i c a l  c o n t r o l .

3 . 1 . 2  The machine shall include tu e following principal
assembl i e s :

V 3.1.2.1 A fixed horizontal w i r k  t a b l e  approx imate ly  12” above
the f l oo r  l i ne  and i n c l u d i n g  l o n g i t u d i n a l  ways  f o r
the gantry he-id .

3.1.2.2 A horizontally driven qatitry head hav ing  ver t ica l  ways
and a cross r a i l  m o / m i )  i i i  t h e  v e r t i c a l  d i r e c t i o n .
The cross rail sh a l l  have  ways  ar~d a saddle to provide
transverse trayel.

3 . 1 . 2 . 3  A tape  d i s p e n s i ng  head  mounted Os a rotary mechanism
a t t a c h e d  to t h t  c ross  ra i 1 sad d le .

3.1.2.4 A powered rotary headstock ~tt - ~ch e-i t V , - - m e end of the
bed and h a v i n g  a m a n u a l l y  a dj u s t a b l e  d i s t an ce  between
th e c e n t e r l i n e  of the  h i lt s~~( ) - r. sp i nd i e  a nd the top
of the bed .

3.1.2.5 An idler rotary t~~ilstock manually adjuV ;table along
t he  horizunt 1 i an t r y  head  ways m d  having a manually
a d j u s t a b l e  d i s t a t i c  b e tween  t i e  c e n t e r l i n e  of the
t a i l s t o c k  sp i nd le  and t he  top of the  bed .

3 . 1 . 2 . 6  Th ree  r e m o v a l - i c  concave  r o l l e r  steady ~~~V S t S  to  a l i g n
and s u p p o r t  lori~ ~‘o h o g  m ,it mci rels a t t a c h e d  to the

- - ( i S  t uck i n~s t - i I St o ck

~
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i .  l . . . 7  A : ( m i t  1 a x i s  v e n t - , m m r  l i l y  nunae r i~~a l  c o n t r o l  t ;~~V~~V t  Ill , d Oc
I O H ¼ ’ L t O . I  at - i  - u t _ i ~ i I  ;~~ mcauzmteu at) tm ‘ - ~n ’ r a t  or ’ s

- 
V t 1 - mr i t  t ~i m  h i ‘a t a and  mov r r ig h 1 / - n t a  11 y w i t t

I t  - ;  m i m t  I ~ mt- id , t -  p r o v i d e  cen t  i n u n u :;  ope rat o r

I I l - i t i - P

I . ., I - ; : - m -. m mn V . :  Ma ‘hi, fl( V l - ’ u i V t  ~l oi.:~;

3 . . 1 1, 1 n u  I . -~ L ~ I t I t / V  (V axis)

-. h 1 , - 2 1 m 0 - - a t  .~ r k i i t — j  t r a ve l  p l u s  p a r k i n g  space f o r
ho , . I ! m t I 7 1 m *  -~ m I . V E a l  x a t e  ral ige to be f r o n m  72  to

V _ u  i t u a . - s  ~~t - m  w j i a - . t . ’ ~.i t m j i  (j r u : m n ~~ V u  acceier,dt i’Jrm
, t t ~ d - t ~ ‘ . I a - i a ’ . c - im . l’ t ’ov i siorm s sh a l l  be inc luded to
- m l  - w- t m u n . -  t i - I d  nodu lar len it i extensions to

- - ~ C ~ i rn a I y ~ m~ 0 a V e I

3.2.2 Ti U !  ~ V~V j 5~~ t r i ’e 1 ( • axis)

~ inctit’ s - - t w a  i i ,  x ave l  p l u s  p a r k i n g  space io r
t h~, - r n ’ .; i i i  I i~~i j I  t ’ w i t h  tb .  tape d i s p e n s i n g  head
; z m  h. . - c i a  I V t :  - - ‘  p a i t  i H . Feed range  to be
: i  - a r  7 2  ;. 0 i ’  i ‘- S i t  f l m i i i U t C  .~1t :m m -royr~~::ocd

~. P I U  met: u i - I  I.’ - . - r  - i ~~ i-

3 .2.3 .‘, -r ~ ; c u i ‘ r a v e l  ~~ U X I S )

I ’  t i ~ i t ’ : - r  * ; . i sq t r i - - i p 1 - i s  a r k L n g  space fo r
me ‘ i .  s i m ~~~ . m t - - i  r i ’ rarmc.’: ; t o  be f r o m  15 to

( I  ~~~~~~ •
V !  £T . i . U !  . . .t : . ~x Jr ~~ l V V . - a -. -:c~~I r ~ si

~ 1d i ’ -~ m ‘~~~~ i~~ 1 5 .

3 . 2 . 4 ii ~ ~- s ~ r o t a  ion  (A ax s) a r  “ e rt i cal a d j u s t m e n t :

1’ 0 - I t  - r e ’ ’  • I i t .  r a ’ ’  H n 1  toe ~on g i t u d a n a 1  ( X )
i X I  -, .~ 1 U a • V r e g o  o 1 t~ iC R .P.M. Time cente r—

rio of • tmt • - - i.i ~ 
• sh i l l  P . - i n 0 n m j  i ly  a d)u s t a b l e

i em 19 0 1 a - - -h .  a a t  -°vc t he  be- I . To be shared
A a X m S  ‘h  A .

3 . 2 . 5  Tape h i s  u t  i t ;  ( A  axis)

P I s  or m t n u s  45  ci, - greus of r o t a t i o n  around t he
i r u L l  ( X )  axis w i t h  r e t e r e n ce  to the norma l

vert i ‘ - a l position ~A the tape head. To be a shared
a x i s  w i t h  A l .

‘ti 3.2.6 Tape head rotation (C axis):

360 degrees of rotation around the Z axis with a
speed range of 1 to 10 R.P.M. The rotation shall be
i n  both directions. 

‘:
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3.3 Tape dispensing head

3.3 . 1 The tape to be dispensed w i l l  be m o n o f il a m e n t  f i h e r g i a - -s
boron , carbon , or advanced fiber materials in the uni-
directional configuration . It will be mounted on back :~m a t e ri a l  and packaged on ree ls .

3 . 3 . 2 Tape t h i c k n e s s  w i l l  range from .005 to.020 inches.

3 . 3 . 3  Tape w i d t h s  w i l l  r ange  from 1/2 to 3 i n c h e s .

3.3.4 The desiqn effort shall investi gate the feasibility of
p r o v i d i n g  i n i e r c h a r m q e a b l e  heads or su :~-asse m b lie s  to
.accommodat e  t apes  r i n g ing  f rom 3 to 12 inches  in w i d t h .

3.3.5 The head assemb l~ shall tilt in the A 2 axis around the
longitudinal (X axis) ~tS  described in section 3.2.5. The
center of rotation shall be about the centerline of the
app l i c a t i o n  r o l l  i i i  )rJt,cr to reduce the programming effort

3 . 3 . 6  The head assembly shall be r o t a t a b l e  in the X a x i s  around
the vertical (Z a x i s )  as described in section 3.2.6.

3.3.7 A cutter blade assembly shall he provided to shear  the
tape by auxiliary control function commands. The
cu t t e r  blade s h a l l  he preset  and locked in  place in one
degree increments  to plus  or m i n u s  60 degrees f rom the
l o n g i t u d i n a l  ax i s  of the tape .

3 . 3 . 8  The design e f f o r t  s ha l l  i n v e s t i g a t e  the f e a s i b i l i t y  of
• p rov id ing  an a d j u s t a b l e  tape cu t t e r  blade assembly which

w i l l  cut the tape f rom square to 45 0  in both d i r e c t i o n s
with respect to the longitudinal axis. Activation , in
one degree increments , shall be by an auxiliary function
of the numerical control system.

3 . 3 . 9  A v a r i a b l e  pressure  sha l l  be appl ied to the app l ica t ion
r o l l  by means of an a i r  cy l inder  or equ iva l en t  e l ec t ro—
irieclianical device .

3.3.10 A positive feed mechanism shall be provided to dispense
and apply the tape to the work surface.

3.3.11 Provisions sha l l  be made to m i n i m i z e  the ef f e c t s  of
res in  p i ckup  on the  va r ious  head components .

3 . 3 . 12 The desi gn effort shall, investigate the feasibility of
compensating for t ape inaccuracies by sensing the edge
of the  la s t  tape la id  and overring the programmed path
to  ma i n t a i n  the gap b etween  adjacent tape edges within
allowable tolerances.

-1
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V 3.3.13 The design e f f o r t  s h a l l  i n v e s t igate  the f e a s i bi l i t y
of a means  of l o c a lly  h e a t i n g  the t ape i m m e d i a t e l y
p r i o r  to t h e  ap p l i ca t i o n  r o l l  to improve t h e  adhesion
of h u e  t ape t ma t 1w work  si ;x f a

3.4 Controls

3.4. 1 The mac h i n e  f u r m e t  ions  s h a l l  he con t r o l l e d  and coordi-
n a t e d  by means of a i nu l t  i — r i x i . s c o n t o u r i n g  ( c o n t  i n u o u s
path) numerical control system.

3.4.2 The required axes , t r a ve l s , feed and r o t a t i o n a l  r a tes ,
• and a u x i l i a r y  con t rol  f u n c t i o n s  are spec i f i ed  in

section 3 . 2 .

3 . 4 . 3  I t  it ;  an t i c i p a te— i  t h a t  the  r e q u i r e d  cont ro l  sys tem
reso lu t ion  w i l l  lic . 0 0 1  i~m clm or coarser in order to
achieve  the h i gh  po~u t . i o n i r r j  speeds required.

3 . 4 . 4  D u a l  tape readers  s h a ll  be p r o v i d e d  to accommodate
the anticipated loi~~; length programs .

3.4.5 The control system shall be provided by Bendix , Bunker-
Ramo , or General Electric. Specific determination of
make , model , features , and accessories will be
accomplished under the design phase of this program.

3.4.6 The design proposal shall include a line item for the
• furnishiny of an APT III , Fortran IV post processor ,

compatible with the I.I.T. Research Institute post
processor g u i d e l i n e, and con fo rming  to NAS 938 , 9 4 3 ,
and 955 as applicable. The post processor shall be
ca pable of out-putting machine motions and function
commands which  a U ’ -w  the machine  to be operated in  an
optimum manner. An I.B.M. 360-65 computer will , be
used by Boeing-Vertol for N.C. tape preparation.

3.4.7 The design effort shall investigate the substitution
V ‘ or provisions for future retrofitting of direct

numerical control (D.N.C.) as an alternate to the
- 

~. s p e c i f i e d  conven t iona l  numerical control in order to
minimize the problem of excessive tape lengths . Other
areas to be i nves t i ga t ed  w i l l  inc lude  se l f  programming
and tape preparation from actual machine operations.

3.5 Construction

‘.5.1 All equipment proposed against this specification shall
• - he of the high quality associated with aerospace

n a m er i c a l  con t ro l  equ ipmen t , an d s h a l l be des igned f o r
con t i n u o us  service , long l i f e , and ease of m a i n t e n a n c e
arid rep lacemen t .

~ ‘1T : ~~ 1T1. - ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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3 . 5 . 2  Co n s i d e r a t i o n  sha ll I lie g i v e n  .o the  f a c t  t h a t  t h
extreme rig idity and position : ny ,;ccurj y O f - ,

t y p ical aerospace g an t r y  head p r o f i l e  m i l l  15 ut
rejuired i n  t h i  i s  ap p l i c a t i o n .

3 . 5. 3 The ‘jant ry head a i m - a 1 1 be i s  i ;rmed to p ( -V i  ( 1 4  - the
- roqul r ed  i i g i d i  t y  , t n . a x i r n u n a  ob t - i  i : i ab le  p o s i t i o n i r m g

speed , and m i n i m u m  pi ~ic t ic-i I c-_,~~ I t a  - i on—Lie c el erat ion
t i m e s  us in g  m i n i m u m  wei gh t  . - m u r n ;  rm um or maqnes ium
c o n s t r ue  t i O U  15 a i t  ic  i p at ed

3.5.4 The m a c h i n e  ways shall l e  cho-igned for minimum
f r i c t i o n  by the use of rec~~t - u 1 a t i t g ball bushings ,
ba l l  or r o l l er packs , or s i m i l a r  uimethods.

3. 5 . 5  Any oil l eakage , or f i l m , or o i l  m i s t  in the  working
zone of the mach ine  w i  11 be u na c c e p t a b l e  b e c a use  of
possible c o n t a m i n a t i o n  of the tape.  The use of
hydraulic systems shall be avoided if at  a l l  poss ib le .
Air operated components requiring oil mist l u b r i c a t i o n
are equally undesirable. The ~isu  of e l e c t r i c  servo—
drives , electro—rnechanical ac tuators , and non—lubri-
cated air components is hi ghly desirable.

3 . 5 . 6  W i r i ng  and s i m i l a r  c o n n e c t i o n s  to the ma jo r  moving
mach ine assemblies shall be by Gleason Reel “Power—

- Traks ” or equ iva l en t .

3 . 5 . 7  I n t e r c o n n e c t i n g  w i r in g , w i r e  t roug hi , hoses , and
s i m i l a r  i tems shal l  be provided f o r  ~ ui the design
so as to min imize  o n — s i t e  f a b r i c a t i o n  dur ing installa-
t ion .

3.6 Operating environment and avaiiaiic utilities:

3.6.1 The machine will be installed in an adhesive layup
area hav ing  a con t ro l l ed  environment. The nominal
t e m p e r a t u r e  w i l l  be 70 degrees , r e l a t i v e  humid i ty
40% , and air filtration will be used .

3 . 6 . 2  The available utilities will include 460— 3—60
electrical power having allowable voltage fluctu-
ations of + 10%,  compressed a i r  at  80 P . S . I .  m i n i m u m
pressure and domestic water at c50 -85°F. depending
upon the season .

3.7 Electrical requirements:

3. 7 .1  - All motors 1/2 H.P. at.d o v a  :,h ;i l l  c 2 3 0 / 4 6 0 — 3 — 6 0 ,
i n i t i a l l y  wi red  for ’  4 f - O  v o l t s .

gV
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3. 7 . 2  E qu i p m e nt  s ha l l  i uc l u de  motor st a r t e r s  and U i s~ enr ico
swi tche~; .

a 
3.7.3 Motors 15 1!.P .  ~nd cvei shall he provided  w i t h  powe r

f a c t o r  cr~r r e i .~t in g  c a p ac it o r s .

3.8 App licabl e specifi~:atio:s :

MIL-D-l000 Drawing standar-is.

NA~ 938 M a c h i n e  a:•is  and motion n onienclatur

NA S 9 4 3  Conttnuous path numerical control

NAS 958 Pu ;s ’bcd tape st  anuards.

E . 1 . A .  E l e c t r i c a l  c o n s t r i — 2 t l o I I  standards .

E.I.A. Bulletin SP621 — t a p e  standai s.

l . I . T .  Resea rch Institute Post Processoi- Guideline .

N . M . T . B . A .  M e c h a n l V 1 l  standards.

N . M . T . B . A .  and N . 1 - . M . A .  e l e ’ t r ic - a l sta n d a r d s .

J . I . C .  H y d r a u l i c  and P z iu cm at l c  s t a n d a r us , as applicable.

4.0 PERFORMANCE

4.1 Positioning accuracy, in the X axis , shall not exceed
plus or mInus . 0 0 2 5  inches  per foot deviation from
t he  tape command , with a maximum cumulative error of

V p i u s  or minus  .050  inches , and a repeatability of plus
• or r u n u s  . 0 0 2 5  i n c h e s .

r 4.2 Positioning accuracies , in the V and Z axes , shal l  no t
exceed plus or minus . 0 0 2 5  inches  per toot dev ia t ion
from the tape command , w i t h  a maximum c u m u l a t i v e  e r ror
of plus or minus  .010 inches , and a repea tab ili ty of
plss or m i n u s  . 0 0 2 5  i nches .

- - 4.3 T~~~- -jap between adjacent tape edges shall not exceed
.020 inch. J n le s s  specifically programmed, a ny over lap
b e t -~v~ en a d j a cen t  tapes is u n a c c e p t a b l e .

V _-_ — ~~~~~ — -~~
- — V~ V * — .• - • ..-. . —‘ - . -  — —
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5.0 ACCEPTANCE TESTING :

5 .1  The m a c h i n e  w i l l  be checked o u t  by F3oe in~r -

Vertol personnel at the manufacturer ’ s p iar
for compliance with these s p e c i f i c a ti o n s  p r - i c r
to shi pment.

5.2 A complete checkout will he repeated a f t e r
i n s t a l l a t i o n  at  Boeing - V e r t o l .

5 . 3  D e ta i l s of the checkout procedure will  be
developed as par t  of the  design effort . It
is a n t i c i p a t e d  tha t  the checkout w i l l  f a l l  in t o
the following two categories:

5.3.1 Dimensional and perf-’ rman- ’e -,‘ - l o kt - -af tn :’  ma -h ~ no
s Lo p e r  to the r e q u i r e m e n t s  de l  m e d  i r
3 . r  and 4 . 0 , measured  f r - s r: a su i ~~a b i e  r ef o r e r c c
point on the  tape he~~-i ass etb ’ y .

5.3.2 A check of a c t ua i  t r ip e  I 1 ’ U ~ ~~5 a r n a r m d r 1 or’
i::a:~ -_,i~~~l,. ~ o- :i~_’ 1. J : ~~J~:~~~- .~~ l ,o L V i : - u - — ~~~~c s  j j  ,
e i t h e r  s e l e ct ed  j L r o 1r 1c r ~~os i ir - .  a r  ~g t a - r  - i- a c s r  -o ’~~’

h-ape of another type , to - - - f u a s  i shod sv ~-~ r -~ i r i s —
V e rt o~

6 . 0  S U P P O R T  I N d  DC ,’UME NTT ~T 1Ot

In  a d d i ’  i- :,n to  t } Vt  ~r o ’in- ~a e -sir~--i for :he
f a b r i c a t i o n  and assembl y of l i r e  s acbj n e  , th e
f - 1 1  o~i i s~ s u p j c - r - ’ J r g  Js-c u r r - e : rt a ~ i~~ri -~ i i  I L-t
r e qu i  ~~ d :

6 . 1  (Jh er t o :  ‘ S ts ,_~r m u a l

Ma ~n t e s r nce n sa-a l , ~n ; l - : - ,i i n - ;  r l r o rt o : 1 e, o  ir - .s~ r u0t
i or ,~~ , rcplac~ r o -n t  ~s,r t s  l i s t s.  r ’corr a i e r -de d  sn a r e
p~:rLs i~~st s ,p - r~ ~r ’ s t a t v r  r r r ’’ r r  m r - re s c r V c du _ e s ,

d a r n  on ~- r - -’rnsed s . n ~ ’ r s n r t , - p r i n~~~ip s i rar~ i :-~-
a r i  ‘~ i r ’n q  and  plo ;:-. ~ ~ i-aji. ru •

6.3 J n s t a ~~~u t i o r  d r - a w i r ~;a r n - I  s’-er’ fic -It ionrr inc1a- ~ in
O V C : r a t e  Ut 1 lity reqil i (erlestS , ‘~~‘ ‘ i c1h t S , ari d
s r ip ~; m n -~ i n f o r m a t i o n .

~~~~~~~~~~~~ -~~~~~~~~~~~~~
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6.4 Detailed test procedures for acceptance testing .

6 . 5  S ix  cop ies - a s ue  r ep r o d uc ib l c  m a s t e r  of each of
the  abo v e d ocu m en t  a w i l l  La-  r equ i  red

6. 6 The b idde r ’ s ~-ro p oaa .l  she LI  in c l u d e  a a k e t - h  s l m ~~ ’i ng
t n m e  i ri i1ci i~ m l ,ar -;r-;cjia bl Ics and  o v e r a l  I d i n m en s i on s  . It
s ha l l  in c l u d e  ~I ; r ’;I1i ;] i n s t a lL at i o n  ; -c :air~ fli nts , such
as p i ts or specia i  f o u n d a t i o n s  - The t ypes  and u p p r ox i  -

m a t e  quantities of required u t j t i t i V -:; s h a l l  be in d ic au - - ,
t oge the r w i t h  sp e c i a l  u t i l i -~~ ’ r e q u i r e m e n t s , such as
i nstrumentat L O f l  dry air.

‘I’
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C~ - st  ~‘3 ( J~
V ~~~~ . 1 , l97~

- —r

~-‘~~ i tuatio~n of I’~~ i~ - - i ~~
- a j V  ; , r ~~~~

. a  a l  i i  - - i - ’ j r - C i l i a t e

Cir ars ict erist ics

The purpose of ahe ~est s i - -; 1o p a o.-i - l -  t 1~~t m t ~ a~ l ’ V ’ ’ da~~ i cor :e r r .ur i j

the abili ty of t h L -  r o l l e r ’ t~~ ,a55 s:a~ ti ic ~ h - a ~~~.- ~ i .e s i ir f a c c  i t is

bearing against. 
~
y s p e c i r i  m t l O t i , r(h lr~i’ rue1 Ic able to

comply to a m l n o i r a i n  r i i  iS : -  of  i~~ -i - u i r , V s  • i s  I c - it  t h a t  t l , i  s

represents the wor st c i s ’  at . t i~~ i -l iar ~- i I  I soc in 5 e Y ’ ’;Ce ,

therefore it was dec l . i ad  to des L - ; s  a t ost xture wherein it

• would i c  p a s s ie l - to v i s ua l  iv  ob se rve  the c o nt a c t  p a t c h  of tl-~
r o l l e r  t - ;ia -s - n r ubj a ct e d  to ~ c- ,~~1 in a t i r SI  v i i ’v i  n o i n f l a t  i -‘rn
p r e s su re s  and r o l l e r  load it r 1s  w h i l e  i - s ir i ng  a - :  a i r a s t  a c u r ve- i  —

surface with a two inch  r a d i u s .  The t-:’st f~ ytur .r as it f i n a l l y

evo lved is show n in F i gure i34.

T o r t Setuj ~

A welded steel {r ar r :e  is provided w~ th a p o i  of J i ‘‘ V’:O f l d  -r u p l o r t s

through which rasses a 4 inch di au1~- t i r  cL- u ac ry ] ic tube . ,\

lever  type  s up p o r t  s t r u c t u re  i s  1- i V O t ~~ l l y v a u n t  - I  he: ic~~th  ond

:- i r all e l to the  acry lic t b  so th a I  i f r am e  is horizoratal

when the roll -r broirs aoainst the Ic>w -r surf-ace 10  t h e  t u l - .

¼ 
e t u b - ’  has  i t s  u;~per h a l f  r cn s v c - d f o r  sou r d i s t a r V c e  in a r d o r

to c i -~n i n i t e  d i st o rt i o n  ~ hcn v t ew i n  -r the rol i cr / t i l e i n t € - i f m c _ -

he r o l l - n  s u pp o r t  st r  c t - i r a -  is am a r - :  V : a - - v r - I o  a 5:  1 r a t ~~
l i , V ,V e a V n  t b :  e a r n  a r  of  I b~ rol  cr c- a i r  i rt I  i- - I -n ) 

~i : - :  l b . ’  i - -i -  r :iq

4
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platform at the opposite end a~) f  t he  f r a m e . The fries w c- i -~ht

bias provides  an i n i t i a l  2~ p - c .nd f i r - -a at  t h e  r o l l e r  c o n tac t

patch when the f r ame  p l a t f o r - ra i s  u n 1 a ~Lrrn .

Test Procedure

In orde r to provide  data  r i r r - J L r  r a cr -  as  the  rd b r  ep a -r a t i n g

spectrum , a se r ies  of ei gh t  t e s t s  w e r e  p e r fo r r r : c d .  These were
broken down in to  two se t s  of f-s ir  each . The first set was

conducted using 10 PSIG inflation p~ sss-are w I i i e  th second

set was run u s i n g  20 P S I G  i n f l at i o n  pr e s s  ir e . In .  o r d e r  to

insure t h a t  the p ressures  r e n a ;  ned  c o n i s t a r t tL roug h s ut  the  t e s t ,
the valve core was removed -anu -i p r e s s u re  r e gu l a t o r  connected
to the valve s tem.

Each set of tests consisted of Lovs r~~nc th e  r - s - l J r ’ r  in in cr e m e n t s

of 25 pounds . Thus the f i r s t  t e s t  in t i r e  s e r r a s  had the ro l l e r
loaded to 25 pounds and the fourth in the series had  it  loaded
to 10 0 pounds .

-Yel low wate r based p a i n t  was a~-p l i e J  to t h e  p or t i o n  of the  roller

t ha t  would  be in contac t  w i t h  the ac ry l ic t ub - :. As r h e  r o l l e r

was b rough t to b e a r  a g a i n s t  th e  t OhS , LaO no re t  ~as d i sp l a c e d
a a l lowing the b l a c k  rubber s u r f  ice t o  ar r a p e a r . The p a i n t  f ar m e d

a halo aro un d the  p e r i p h e r y  of  f h e  co n t a ct  e-~~tch  th e  r e l ry  h i g h-
li g h t i n g  it and providing a clearl y define-I uc at-siary to the

pa tch.

I

Test  R e s u l t s

The r e s u l t s  of the t e s t s  are  s i ic ,~n r; ; - h L ~ ~o: p hs  i - i c .  ~i5  hr o uc h

92. As can  be seen , the  cc -n t  a — : t p i t  V a r o  r n c r  c , t ~~- t ’ S  1 l ec ’ ar ly

w i t h  i n c r e a s e d  r o l l e r  load t m - p t -  - r ; a a m r a ’ ~~ 
a - 

~~~~~ -h  t e n s  I r a in :

—a

_ _ _  _ _ _ _ _ _ _ _ _ _ _



c on st an t , b e i n g  a~— p r o x i m e L e l y  e qU a l  to the  r o l l e r  i n i l a t i o n

pressure  plus  2 i~Sl .

The amoun t of O i ai - V 1 I M  a m  a I I l I a ( 7  a l  t h ~ mel  1 V j  ) U ’~ as V

t rom the  con tact .  ~~~ V 1L cl  r i - c b s - - I  a n a x i n ~urn of approxitiato’ l y

0.18 inches d u n n ;  ta ’~~L -1 (10 psi inflation pressure , 100
pounds load

The roller did not  e x h i b i t  any r e a c t i o n  to the imposed loads
that would indicate t he  existence of one or more problem areas .

Figure s ~) 3 and ti4 snow tht . ro l  i c i  W i a s i S OX  1-su n  cu r i pr e s s i u n

(10 psi inflation pressure , 100 pounds load) and as can be seen ,

the transitions are smooth and gentle so that  the tape and l in e r

paper can be expected to follow the roller contour providing
a reasonable tension can be maintained on the tape/liner.

Concl us ions

The tests proved the ability of  th i e  r o l ler  to comply w i t h  a two

inch radial surface over a three inch wiaJ ~r i ; .  Further , they

showed the relationship between load and inflation pressure and

their cumulative effect on roller compliance .

It can be concluded from the tests that using an i n f l a t i o n

pressure of approximately 15 PSIG and a load betweera 50 and 75

pounds will provide reasonable compaction with good surface

compl iance in all but the m os t  seve re cases .

Pa.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --
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J A I l i , 1b1hl  5y ~~~

I - 0 I L  1 1 b h P

The p u r p a  5O o f  f li s  ~- l a r a  l~ to do- :- ; ir 1 : - - -  a ues -s :i or

- I i n a c t i o n s ]  ~- f s  t O  is- p a r  i - r i - e d  no. ’ i - V  
~- :  

~~ 1 m y U p Sy~~t c ’i - . ‘1 n m e _ ~o I -
~~~ 

— s i . - i V a  i~c ’n  an - n i  J r i € V  aj J~ st r a a t-

tue  d~i l i t _ y of t h e  s 2a ,t e n ~~ 0 i - & y  t l r r i a - i i - . ;~~~~ —~~~a ~‘ a r a
- \ Vi . L h l e  sp ec -i i ed  t a ler a i o  e - d u r i n g  n~ to -b -a c f  a :  -r  ~L -  a.

~s i b o  u n d er  fu l l  r i u ; ;n e r ~~ - 4], -co n t ra ]

- 2.0 i’PPT 1: F lat  Pu~ 0 1 ;  - a - ; - ; p I~.u f L r e n r s  — i- J ut 1 S t .

- i’r e - cr sr n  t oe  n c m c l ; ; : t e  to  p- i t a m  t : a ~~ ~, , j ( a ;c - V s (-rit-:

i n  t h e  T a b l e  of ,‘L -so i  oLe  o - , ;  - ;  ~~ t - -- a  - a’ lu e  S L O t

provide a .030 in ch  J - i ~~ L - - t ’ ; c- e m t  m sj  m c -  n i  J -  i I- S Cns di.  t u b e
-

- 
i n c h  w a d e  tape .

Ip en  COati ~_ - I t e l  r L o 1 0 t I. h~ - . a t  t o t n  , - - -c -vt  t he  u p : -  ci f l :

b e t w e e n  - ij ~~ - e nt  p i -~~~ ae i , ;  - ~~~~~~~~~~~~~ , r , LOs ~~~~~~5C

i c q a i L e m e r i t s  ot  Li La s •~ a 3 J  ‘t ; a ~ -~~ - -- i - _ i  t o  - u v u r l  j~~ 1 f l ; -

~~ - i l 1 O W L ~C .

— I f  an ove r i ’ - ’ l~ ’a ’: 55~~ - 1 a ;~~~~~r s i o u~~ -~ I-s ~s - ,  c;’crc~: the tansr

I w L u t :  t~o - i s e r t s i n  t I a t  i : ; r~~~ ;r~,- ,~~t e r  r h  3 . 0 10  an  :ocs

-- 
a - i - k- . I f i t :-,;i o - ; t J  a- - ~r - - ~~~u u ’  -: ac  L O 2  i S  r-rrrning cv r

It h , nsaas n t i- s ~~ai ~~ il j l  ~~~~) i :  ~~ S L -e ;’ o n - n  e:ntrol of the

rrich~ ne ana r , - ; a uI d  n - c  Lao ~~~~c e i  to:  as a,:~~ U r -:Q fs i  r ej e c t a u n

of -i~~~I-mna .  lbs S a L: - : 5 1 - C - - t ~~l La true il t i c- : - i p - :  as

~~ n ara ~n I en ~, l i o n  2 . 5 ]  l u i c : o s ~~ i n  c m  d t h  -cr -:: t h e  LJ 5~ - ss tw eun
a - S O S  is ; i : r n i n : j  . r c i e  r l a s ; ;  . 0 0  i oc i cr - .

3 $  

T~~~--— -

~~
-- 

~~~~~
- -

~
- - - -

~~~~~~~ 

:- -~~~~- -.‘-~~~~ 



V 

3.0 J ;- ’i 2: { e l ; a n 1 - ; a ’ i  P i a 1 a  t i i ; a  ( I - r a - I a r e ; a a ’ — i L ~~ ’ i i C  t ’~~. )

: - i - a ; t t o e  
~~

1 0 ( 1  a I ~- I ~ i i .  I I -  I i ~~sd aria ; lojistock cia ~cds

w i t h  Li ~ l a a ~~~~
’
~~~~ ~~ a t i re i t a  - m i ; er i -z o r a t a l  p o o i t i - r ; i .

~I a ) a f l t .  m :0 a -  ~~t f t a V I p J  0 5  m t - c ;  f c ;- e r- ~ i mss taps ian.] r i n ;  (

t~~ a - p i n t vr ; i  l i a r L a t  ed l I’ i ; a i i n e r i c s l  -on t  to] pro-;ra ni tsj e

: 1 ; :: L-e~ - : :  a l a - S -  - - j - c a i  i - a  L i : ( ’  J O  f o l I o s i n - ; / d a j ;  L a Z i t m O

a ;  t : m e l i r a a - n t  saipt - lie-: “ 1  tIm ~~~~~ m a c h i n e .  ‘l’ha- aiesire-J ; -at :n

-~i l l  t i i \ ’ e  U C a fl a:~~~t m b t i ~ l a e u  r~
- a paper  tape  :app l~~ed to t r i o

n~~:- d- ’ :~u r f ; a - - a -  i :  S - a ~~ ;~t i : 5 - o r r a s t  a:; to prs ’cidc 450 + 3~
; € l i  c - il wraps st a n t  i n - i  t a Ut  H - s r i  a m a - i  r u n n i n g  i n t o  the  root

ac b - mdc .

t n sp c - t  t j i t ~ : m j  I t t - a i  t ape  10 0  - ; s ps  and o - ? - r ] i s p n :  L a - t w o c - n a

- m - ; j - i - n : n t  :-:l~~t ;~ . m - 1 r  i s  of  t a r  as oS  w e l l  as a dj a c e n t  passc s

-an ; ohs er--t- t ho  - r o i n m i - j a - f l a - of  - c e n ter l i n e  a-f t h e  f i t - o r —
y :~aus aap1~- tao tn ;a~ ~ - t a ~ 

,-ota b hish ie d t i i e o i - L i a c a l  p a L a .  I f
excess ave qups car o a a : r l a n : - s occu r , c h e c k  t h e  t ap e  ~l -ct  a
to  d e t e i r n r i : a e  i f  ou t  — o f — t o l e r a n c e  f m ote io cs u s ; n g  t ime

problem.

As a qenerat rule , t he  s t r ips of U: 1-c  forme-I by th e  m l  i t ti n-j

cape rat ion  s h o u l d  ba — app lied to the blade surlace in su ch  a

manner  as to present the appearance of a full width (3.000

inch ) tape h a v i n g  been a p p l i e d  to the s - ;r f s c c  w i t h  o n l y
minor  gaps d i s c e r n i b l e  to  the  eye . The exception to t h a s

I  

--
occurs  i n  l o c a t i o n s  of rap idly chsn ;ing suL-fice area such

a r ;  t h e  U l a t ~i1 root. c u d .  In this type of sirfa ce confi guration

the st r i p s  of  t ap e  wi ll fin-i S O l t te a q u i l i b r t u m  l i n e  w l ; i - c h

w i l  I c r e a te  an o v t - r l i r p i n g  c a - n - m i t  i r a n , e m  t h e r  w i t h  In  t ho thrt -e

i n c h  w i d t h  or b e t w e c - n  i - i j a - a - r t  t a ;  e I : I V V , . Sin-c e i t  a~-~

, 

¼ t h e  Scopa -  o f  n a t  - s - -d i n e  tao a - H an - c t o  such a c on d it i c ; ; ,

‘ s h m u j l i : a - - t ” o f  S- 5i- form nius t be a ’ceptec: -
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i’ES’l’ 3- tn - ; - : ‘ , a - -  a I a - i t  - I a : :  a :- - V -

l ’ ~~ S i t a -  a n , - - ; c r - , l a t a ~~~ I - ’ .-: n h-- -- u ~L - -~-

1 : - s t  A o - - . - . a - i i - - , - 0 s a i l  0 ; -  a t -  - h i - t i i n - ~ s t ;L — a~~~~;: . t a i i ~~ r a ,

S i ; - : - -  - :s~- i - — a  -~~ k f : : - . - I : r n a ; - a i ;  Llia -~ a sam - ; J f  i t ~
i r e  a I C  a - a-IS a - L - l i t -  a f~ a t  s , ai a 1 Ia t~ 0 a- at ’ ,: j :  - - A 31 ;:- -

- - - a - a .  :- ~~ t a I - ;  a: -: a - I a ’  i a - - a - - - - a ;  i t  a’ - a ; t  ry  a ; a  - S m O l a c : ,  - - - a
~- ; a ~~ -,a i  s a ~ a : . , r  ~a -  i a - i l  -

- -: a n y  ta a l a  US  a V u: a I ~a 15 , U t  I ‘; ~ l a  - a 
~ 

- m a-: ; at a a i - a - _ a r  - S e ; a  t s  C

m a t h  a O ~~ - a t  :u ~~1 a - i -a d ; ,  - - b : o r a ’ - t h a -  abi i t ;  as;  L a , -.-

; - t e :a ]v  i-ie~~ L - t  t o  i _ t r I - . ;y r o -h a rn n  aSh y cith . th e  ‘ Li ’ -c-~~s.

There  c ; l u u l a  be no - c i a ; 1 ; - -  - i - s t - c ~ -
-
~~t 0 i a  01 t I c  spa r U U a  CO

t a a i l o w a r : - j  c r r - r  On t : a - 1 ° ~~ 0~~ a - i th c t  — -i~~ ’ 1<a:st

h a lv e  t h ~-a i . a r a t r;  V i l J I t t h a s  ‘ - a : , i s  m t 7 2 0  a r e l a e s  I O V  , a a L : .

- a - s e ;  : - ~ a n ’  i o n — t i  t u a c r n i l  i a o t a ,,: a o f  t i a s  I’ ; c’ sb SaISts  t e

i ; a i 05 t a i L  ~~ i - 2 I t  ~~~ 
~~~~~~~~~~~ 

j r ~~~ ( :m - ; c a l r a d t a -  c I c ~u r , a n c a s  L e r w e o a  i L

:1 t a t - : - Ga i t  t c v.

T a 4 ; :~n - si;i~~€— H i - t i :  a r 1 - a - a -  ci C r -a r a b ;  l i v

t’ royror-. O t - - a r - s t - t i cs t o  L~e a - - - s~~a ,  ~- a~ i a - - - , 0 t oot  lc- -~ t i a ~
of t~~, m , - r i  L a ’  U a V a r - : ’ LJ j a a  a:; : L i ~~~~~ - - cit :u i - V C , C t b ’ ’.
l a - r a : h h s  i t  f I r m , - V t l r . - -.’l a c  a .  a ’ 0 to  s- ]~ m : — l  i n a t  I c ,
p~0 a - r n , - l i a r -  ° l i  - 0 1 c ar t a -  V -nm ‘U .  5 a ~ H ~- a ; r : n y
s -- a ks ri a ’ a . i- a m - _ h  p a: ; :a - I .  Oa ‘- 5 - :  V - f l  a - Pp - 5 :  t L O u  t o

th e  a r t~~~~ oLi s pass  ~i t l a i  W i t  t a at a - - L a s  I . O H  in ch  c - m r  h et w e e :
ther,. A t  1 

~~
- i s - ;e S  5 r -  tc- t a -  a ~~- : -  1L : : m ; - a ac as of ç an s h c~

p- - a  m l r : t ’ ,

—
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Rev. ía 6 / 2 E / 7 3

(delete 2.4)

COO i<UIhAT EL )  ‘i-~s’r P~~AG

U — 13 . A P h i a 1ai a~~i-iA’I 131,)

l A P E  h A l  - P  SY i L l - h-I

1 .0 ALI (ViNME N T TES ’ a S

1.1 Work Su r f a c e  F lat n e ss

1.1.1 ~1eth od

Inspect s u r f a c e  a n  1 0 . 0 0  inch  i n c r c - r c a c n t s  a~ onq both

X & Y axe s fo r  a t ot a l  of 430 p o i n ts .

1. 1 .2  A l l o w a b l e  D e v x - m L ~~a~-ri

± .012/12 inches w i t h  a c um u i a t  i ’caa- error no g r e a t e r

than 4.020 in the t o ta l  Bed 1en-~ t / i  or w i d t h .

1.2  St r a i g h t n e s s , Flatness & P sr a l l o- l i sm  of Beai W a y s

1.2.1 Method

Inspect the Master ( i ou r ~d) Wa y o p t i c a l l y  if l  the v e rt a c a l

and h o r i z o n t a l  p l a n e s  at  6 . 0 0  i n c h  intervals. Inspect

t a t e  f l a t  Way u s i n g  a oon3~ i nat i on  of the brid ge type

inspection fixture and uj~L i c u l  equi pment  f o r  v e r ti ca l

strai ghtness , f l a t n e s s  and p a r al i el i sm , then switching

¼ to t h e  b r a  t~r e-~ ui p r - e d  w i t h  s d i  m l  i r a - a l ; -at o r  t o  n;a a - o - c t

i :o r i z o nt s l  s t r  m L - J 1 ;t n t - a s  an u ; - ,ir m l  I c i  i s r a .

_ _  _ _ _ _ _ _  
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PH 1 - r i a l a p ’  
~ ~~j~~- - J  - / 1  ; a r our i ai way 1,a-ur ifl gs to

~ lloa- ’ L t  t O  l A O - ’ t i t  ‘ i a ’ - t (  I - i ’ - a a u - - ; 1~~i a o ]y .  A d j a a a t~~b l e

( : , i ; t  l a - i  ‘ a ’ - a a - t a  - - ‘  I it f } ~ m, a_ a l  n or  - n d  w h i ch  a l l ow

L t  t o  St  i i I O  I , ~~~~~~~~~~~ J ~~ t b ”  h r t u g o  j a r

t h e  i - - c  ‘ .t  0 a I ~a a a I -  a : : a a -  r a n - I  of  t h e  l i r i d - c e  cireetly

:mta -o’,n- t i a a a b - , - ,~~j I - - ; a , 1 - t i ~~~t~ t i m e  — : e u t i c a l  n V o v e r c r $ ;; L of

t h e  s a y .

i -H s it a  - U i  L I 1~~ - m  t, - . ~ t on t i e  extremity of the b r idge

and si aih l~ i i , j u t e  i n  w i t h  -a t r a n s i t  w i ll provide a

referecs’a - - I c r ~-~ a ~orr  .
,V ;hi h the rise ari d f al  of the  Wu ~-

can baa c i ’ f a - r n i ;  ;t ’d . a ea: m di  ngs ,h ~~u 1a l  be’ t a k e n  at  ii . 0 0

i n c h  L f l tc t  ~- a i  I s  a -d r-i’ ~~) -OI1Ci  t r i g t a )  t he  po i r a t s  t ik o n  f o r

the -i a s t r- r b’- a - -  a-c o t h a t  the  r - a r - l a t i v e  p o s i t i o n  of b o t h

Ways to a d a t u m  l i ne  r a n  he e-stab l~~sh ed

-io- a n t  a d i al  i n - i I a : a t u m ’ on t h e  b r i dg e  to h e a r

~ - ;a :n s t  t r i o  o u t e r c a l - l C  o.t the  f l a t  W a y . P~e a din a s  should

ii~: take;; - i t  6 . 0 0  i n c ’lm i nt e rv a l s  corresponding to t he

p a r c i t s L ii-~~’u; f or  t h c  Mas ter  Way so t h a t  the runout of

t h e  f l - i t - b~~- relative to the Master Way can be d e f i n ed .

1 2 . 2 Al lo’i a la- 1 ~: hut -~‘ a  a i L  h ot;

0 f . 0 ) 2 / 12 h i - b c - : .; - “ a t ’i a - - ‘ i m u i - a t i - -!’ - e r r o r  f l a t  u i f l a t a r -r
¼

t h a n  . 0 111 h a  t h a ’  f a j ]  1 li c ’/ ‘ l - t a - t b .

IL 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



1.3 I’r m:as - V’ a -rsla ‘-l~ a v a i n i c r m t h g - m i - - - - i t  II  L o l i a l i t  - i - l i i j ~t l  -l -~ vcment .

I . 3.  1 t- 1 hod

A .  P s I  - a ir - - i  ‘1 s h  ~t i r - t a a ’  of -- i t t / a t  m i o n y  t i e -  ‘1 axis Lv

In- : tI l i t - i  .1 r t n a c ; t  cr t1 it t H iCU SO S On at h amia t rv

n t oU f l t a - I  t a r e - - I . 1 - ‘ i t a r t  t b  i - - n s a- of -1 48 inch l-recis~ on

s - ;u a r - - d lo f la~ t a h e  a ) l - L I a -ai l r ef a -r aa ’n a:-- l i n t .  R e lo c a te  the

r r - in sit l i t - i  a - c ’  l a - i J a ; - 1  a s - - on al r~r t f - ’ i ” r m c e  a l o n e  t :m-a m~~~a - i - ~-

of t h -  -~ - a r~- . ~i - - ; r m r t  a t a r - l e t  on t h u t  m a c h i n e  C ro s t ;  h i  i-ale

and es tal a l is ia a m a - -re set 1 LIan a t a  one eu-i of the Y a r-r i ta

t r a v e l .  h n i v - -  I le t’- i ~~W- - th e  l c - ng t h  o f  t h e  Y a t - a i s  L ,~~kj : i c :

read i r r - .:s i a; I a .0 0  i nc h  i n Cr e rqe n a 
~ -

B.  A l i a o r ; : a t a ’  ‘ l t l l O t I .

1a a - -ant a d in t  in d i c a tor  on ‘ h a  L i n t ry  base . L a y  i - l B

i n - r i i  rarec is iot a slalare an its S~~~cia r t  , -r t i ;  t h e t a b l e , so t h a t  tS - -

t he  d i a l  m d  i — : - -i t e a  -a u: bat u~~cd to  s a a t  t h a t  base of Ch ar -

sajuaira : I - a n a l  ia ’i to t i m e  a L i r t r y  t r a v e l  (1< a x i s) .

A t ta ch  a d ia l  h i m a l i  ‘ nt n r  to tb  e a n a r -h i n e  Cross  Si ide and

near in against t h a t  l a l : m d a a  of t i c - s~l u 1 a r e  . hr  ive taLe Cross

Sl;ic t t ~~a i - a a : a - ~ t I m  of  t b :  b i n - i a - , t a k i n - :  r e a d i n g s in 6 . 0 0

i n c h  in c n r - r :e n t s
I

~~,r - ; -a a ; i i  i - c i  t i - ’  S t i l l  m i ’ a So I Hm ~ h a  :-ocot id  n~ a 1 f  o f  h a- -

- mX~~S t I t V (  1 a ‘-~i }
~~~ 

- - - a -:  k - - a l  as i i i  : t h a t  n ina m~ Ire -  I m
a ..

- - i t t  I m a - -  I

s80
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1.3.2 AlIa,wab le L t e v l j t t o r a

a ~ .0 0 ~~/ l h  i t i ch e c  \a’1i ~t m a r - l a  a l i t  i o n  a-rr o r ma r q r u a t c a r  tb -a n

.015  i n  t h e  ta - a t a i  V - I X I S  L r - r , ’a - t .

1 . 4  He ad M - ; v - - c ; r a a-’~~t Saj :iar- - w i t h  Wol’.K Moun a i n g  Su r f a c e  ~~~

1 . 4 . 1 ron th o d

Locate t b - Cross SI i-h t - i t the ar-eat ci of t h e  Beam with

the  l ienS at  i ts  u l p-e r l i m i t  of  t r a -.- a - 1  - Jat tach a d i a l

indicator to  some p o r t i o n  of the  h e a d  and pos i t ion

the b lad e  Of  d 4 8  i nc h  p r e ci s i on  s- 1u ~~re so th at  the

indicator plunger bears against the b l a d e  ed ge . The

base of the square should lay  a long the X axis. Drive

t he  Heed  to i t s  io’1-/er t r a v e l l i r r ;i  L t a k i n g  re ad ings  a t

6.00 inch intervals. Repeat the procedure with the

base of the square along the Y axis.

1. 4 . 2  A l l) i ~ ab i e  D e via t i o n

± .010 /12  i n c h e s  w i t h  a c um u l at  j \ V O  e rr o r  fla) greater t i~~)f l

- - .015 in the full travel.

:. L 5  R ot a t~~on of I Ie :md around P: v a -t

-

‘ 
1.5.1 Method

:, Ia’ra t l~~car- t a n r - a  a s s e a fa l y  w i t l m  t o o)  t u g  f i x t u r e . ~-ruju ’. - 1 a a l

- i nd i c a t o r  h - a  b a - a r  a - m u st  t’anit;t -~ hail Inrat (:- i ~~fl t I a L

l a ~~;e’ i c - r id  of  t h e  f i : - : t u ; ’ - . P -/ m i  e t h e -  le a - ;  t L r c a i - ~h 360~

-V — - —  — — - 
_ _  - __ _,_s_ _._~ — - is ’— - - - -r. — — - - V...~~.S V V — — V — ~- -



- V —------ -- ~~ —------~~

1 - 5 . 2 Al 1OW~Ab Ic I a c- v  i - i t  l o u t

. 006  ‘lI R

1.6 h ead  ~‘aac a c li~a r I r n u t a t o r i r t a ;  ~~~{ I J

1 .6 .  i r-~a - t h o d

Insert t i-e - . 37 5 0 d i  ~: ta ra r p - i n s  i nt o  the  b u s h in g s

locater; in t h e  Ro1l~~i’ Yoke ai~-J ;ta ee , -;u r e  t h e i r  center

- ij u t an c e . Set the  i - a n d  a t  i t s  0 0  ~a - a s i t i o n  and l oca t e

an n c - :u rn t  € a s t ra i g h t  e a a t a ; aa at  l a  a ria .0 0  i nches  f r o m

each  t a - in .  k r -t a t e  t h e -  IIC m-I in H° i r-i c r e men t s , m e as -~ r iny

the d i st n ra -o :  f r o m  each p in to  t h e  s t r a i gh t  ed ge.

1 - I n th er r at i c a l  ly a J c t e r n i i t ~- La t e  - a c t u a l  a ng u l a r  p o s i t i o n  of

th e h e aa .

1 . 6 . 2  A l l o w a b l e  D e v in t l on

± . 0 2 0  o~ a rc .

i. 7  Pus it i - - n u n g  Ac ca  racy m i a u  Lost  M ot i o n  i n  X & V

1.7 1 r o a r - t h o U

M dra aa i  ly  :— , : ‘ Jcaa r rU  t he  : , a a a c i r ~n- to t r a v el  30 inches  t h e

+ X di r e a :t i o n . i t t  the end  of  t h e  t r a v e l , loca te  a

a i l a l  i : ;  : ‘ator  to  ba: ,ir a - j a l  n st  the  — P a n t r y  b a s e .  Cume an d

t h e  n a - k a m n  t o  trave l 30 inches in t h e  — ) V d ir e ct :~ an ,

t h e n  ~~~ a 1 V , V I  30 i nch e s  in the  +- k - i i i e c - t r n n .  Pr - t~ ~ n ar

in S  a - r i  or  re a d ;  : 1g .  Repeat these m e t  a - ‘u s  a t  l a i: t i h r e

- r r ,ces.
1 2 8 2
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1 7 1  (~ a ‘nt )

Po r fo  m i  t in - S - a t a O t a t ;  i-a a a t ;  - n - ;  t i m  - - m t-t i s u - - t i  on

I . 7 . Ta 1 1 ow - zh I — - I - a . a I ion

+ - 0 u 5  OOS L t a i O a a  I I I t ~ - ; a t C : a  a-  I Ta b e t  I .  a ;-:a - a ;  -

-
~~ . 0 0  ~ r ep e a t a la u l i t - :  m u  b~~~t t m  -~i xe r ;  -

1.8 Longitudinal Move rtaa r;t ;atraiyhtne sa ; ~~

1. 8 . 1  M e t h - -- - J

P o s i t i o n  the ’  Cara t ry a t  t i r e  end  of it s  t r ave l and

p o s i t i o n  the  C m e s s — S U d a - at  the ;ni -apouui t of  it s  t r a v e l .

A t t a c h  a t a rg e t  - i a r a h O  ( ;uL d c-  Shoe of t h e  ‘lope lien-i  and

c e n t e r  a t ransit to it ar tS i a r a l i e l  to na ~~ ~~~~~~~ La y .

D r i v e  the GantrY to the  extreme of it s  t r a v e l  n o t in g  the

shi ft of the tarjer t cen ter  in 1 2 .0 0  inch  tn c r e m en t s .

1. 8 .  A n i o w ab l e  D e v i a t t o n

I

t . () 02  / 1 2 a u c l i c e  . 00 I n a < 1 :u :u i a ;

— 
i . -~ M~~i r or  r a aj a 2  Fu nct 1 o; 1

~~~~

i .~~~ l M e t h o d

Repl ace t a t e  P i . c e e n a a ’u t  l a , l l e r  a- ;r th I~~~e t e c l t na  f ; ;- : t iar e

~ont  i i f l u u i~~ a b-ill - a i:~ t p en .  I n  - a 3 oa t s5u ~ a r a _

~ h a r ’ r - t  of r oper t n a  t h a  t a b l e  a : a  l oc at t a  t l~a a- b a l l  of  tan e

p ert  in  i - a a i a t a a ; t .  I i  i b  t h e  i a -
l i e  r s~ t h a t  t h e  ball I S  l oca ted

a t I n c  - e : ; l er  o f  ha ~~~

2 8 3
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- --- --V — --—V---- _ _ _~~~~~~~_ 
_ _ _ _ _ _ _ _

1. 1 .1 (c-ac t .)

I r ; a i t u  act t a t - :  nn~ - i i : i -  t a ,  r~ j - - a~~~~a ) ( J  — :-: a , m n - i

15.  0-3 0 ( t Y )  . i - e t - ~~i t a  ‘0  a t • f l L C f  a n a l  f l ip  t I l a  / a x i s

r e \ t - raa e S W i t - TI . laa ~~~ a - a t  t I aC t r a v e l  I n s t r u c t i o n s  art .;

i c r  er a  to  ~~~~V j~~~~~~ 
l - t . i i a t l a a  :-: - m r - : L s  r eve r se  n - w i t c h ,

r a t ~~ ’ O t  t I e  t r i v e l i r a a - ; L i u r t i u r a s a :cJ r a - t : i i n  to  z er o .

Fl a : t t a r - V a x; - to i r i s r a a r u n a i  pus  i t i or a  , i ap ea t  t h a t

t r a c e  in st r u c t i o n s  int l  r e t u r n  to n e r o .

r im e  r e s u l t  i n q  pattern sh o ul u  na: c : l a a - c K a - -C a a
O 1f l5O~

- t h a t  each  line drat- : n i s  ) O ’  aa~-~ mO t O - i r a  t h a  a - ; 3 - u a t rt t

l i n e s .

1 9.2 All owahle Devinti- ~-a c

P -at  app l i c ab l e .

1.10  X & Y Axes R e l i a b i l i ty  T oar u [~~~ ]

1.10 .1 M c t h o d

- 
— P r o qr m ::a 10 sep ar a t e l t :~rt u r p o l a t  en) r r m o s  of t h e

le a - ; between -j start point I C - t a t e  1 w a thm n a 12 mncu

a ;q a e r e  a t  one c o zu er  01 the Tab l e  a n n)  in end p o i n t

a, 1 l o a a ’a t r - d  O i  L a i n  a 12 inch  squa re  St a-~on a l ly  en posi  tat

the  f~~r s e  s c u a r a r - , a t t h a t  et he r e ni  of  t i -~-r - T~~i I c .

2 8 - i
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1 .10.1 (cont.)

Mount  the too l  i r i c J  ~~~ L I  I i x L  ure  in p ~ice of the ro 11cr

and a dj u s t  two d i a t  in d i ca t o rs  to read zero at the

s t a r t i n g  p o i n t .  The i n d i cat o rs  shou ld  be att ached

to heavy ang le  p l ate~; and located so as to read the

X & Y coord inat es  (if t h c  ba l l  p o s i t i o n .  Locate two

indica tors  in t h e  ; amc manner  at the end po in t .

1. 10.2 A l l o w a b l e  l) ev ia ~~ioxi

+ .0 0 3  in X d i r e c t i o n  and 
~ 

. 0 0 3  in ~ d i rec t ion.

1.11 A Axis P o s i t i o nin g  i~ C C Ur a cy

1.11.1 Method

Locate and clamp a .1 .000  d iameter  by 18.000 long

gro un d anJ  po l i shed  bar i n t o  the Rol le r  Axle r e t a in ing

notches in the lower end of the Yoke.

Posit ion a ground f l a t  bar ( 2 4  to 30 inches long)

approximately 12 inches below the round bar .  Mo un t a

dial indicator on the rou nd bar and ad just it to bear

agains t the upper surface of the flat bar. Run the

machine back and forth atong the Y axis , adjusting

the leve l of the flat bar to read zero on the indicator.

2 8 5
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1.11.1 (cont.)

Once the f la t bar ~s leve l , ro1~a tu  the A axis in ~ 150

i nc rements  taking r ead ings  wi t h  a lwi gh L gage at the

• extreme ends of the round bar. Subtract the shorter

dis tance fr om th e larger and compare the results with

the tabular value .

A Axis Pos i t ion  He igh t  Reading

15° 4 .6 5 8 8

30° 9.0000

45° 1 2 . 7 2 8 0

1.11.2 Allowable Deviation

+ .150 @ 15°, + .130 # 300 , + .110 @ 45°

1.12 D Axis  Po s i t i o n i ng  Accuracy

1.12.1 Method

Fabricate a “T” shaped gage bar by tak ing a 2 inch

d iameter bar approximately 9 inches long and

accurately locating a 1.000 diameter hole transversely

through the center approximately 2 inches from one end.

~ 86

.— --~~ -
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~~~~,

1.12.1 ( c o n t . )

The ho l e  shou ld  p r r v i (le a s ) I ‘ f i fox. an 18 i n c h  long,

1 .000 inch d i a m e t e r  l~ x r . P r o v i d e  .i tapped hole  in the

end of the 2 inch bar  f o r  a ~ u t  screw to  lock the 1 inch

bar. Insert the 1. i ru:h bar  i n t o  the  ~ inch bar , accura te ly

center it and lock i t  in  p o s it i o n  w i t h  the set screw .

Insert the end of t.h io  2 inch bar  i n t o  the  chuck so

tha t approx i m a t e l y 0.5 inche .~ cl e a r a n c e  ex is t s  between

H the end of the chuok  j aw s  and 1 inch  diameter bar.

Position a ground flat bar , 24 to 30 inches long,

approxima tely 12 inches  below the ro un d bar. Level the

• flat bar optically and rotate t h e  chuck until the round

bar is p a r a l l e l  to the  f l a t  b a r  w i t h i n  .00 1 inches .

Rotate the 0 axis  through + 45 °  in 15° increments

taking height r ead i ng s  from the f i a t  bar to extreme ends

of the 18 inch long roun d bar. su btr ac t  the shorter

dis tance  from the longe r and compare the r e s u l t  wi th

the tabular value .

Axis P o s i t i o n  h e i ght  Reading

15° 4. 65 88

30° 9 . 0 0 0 0

45°  1 12 . 7 2 8 0

2~~7
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1.12.2 Al lowable Deviation

+ .150 @ 15° , + . 1 3 0  (‘~ 30° , + .110 (a 45 ° .

1.1 3 Machine Reliability Test

1.13.1 Method

Program a complete machine cycle consisting of

the fo l lowing ac tions :

• 1 1. Machine goes to start position

(X Y Z C A D )
0 0 0 0 0 0

2. Machine proceeds with pattern 1

(X Y Z C A D )a 0 a o 0 0

3. Machine  proceeds w i t h  pa t tern  2

(X Y Z C~~~A D )a b b ~O o 0

4. Machine proceeds with pattern 3

(X Y Z C A D• I c b h o 45 45

5. Machine proceeds with pattern 4

( X I  ~Z C..~~ A D
C 0 a tX~~o o

6. Machine proceeds with pattern 5

(X 0 Y0 Z0 C180A D
0

Repeat patterns for at least four hours .

1.13.2 Allowable Deviation

None

28 8
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2 . 0  PERFORMI~~CE TESTS

2 .1  Shea r ing  Any le

2 . 1.1  Method

Mount a rol l of fiberglass tape on the Payoff

Reel and string it through the system until the free

end has passed through the Guide rolls located beneath

the shear . Rotate the Shear to the zero angular position

and make a cut.

Pull the tape down approximate ly 6 inches , rotate

the Shear to the +15° angle and make a cut.

• Pull the tape down another 6 inches , rotate the

Shear to the +30° position and make a cut.

Repeat the procedure at ÷45° and again at -15°,

_ 300 , -45°. Following the final cut , remove the tape

from the machine and lay it , paper liner down , on a

fla t surface. Measure the angles cut with an accurate

protractor using the tape edge as the reference edge.

289
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2.1 .2 Allowable D e v i a t i o n

± 0.5°

2 . 2  Sheared Lerigth L\ D

2.2.1 Method

String f i berg l ass tape through the system u n t i l

the end of the tape is centered beneath the Placement

Roll. Drive the Tape Head down contacting the working

surface. Continue downward u n t i l  the Placement Roll

has been displaced 0.5 inches with the air pressure

• regulator set at 16 PS1G . (equivalent to a compaction

load of 50 pounds).

Rotate the Shear to the zero angle setting and

cut the tape. Instruct the machine to travel 18.000
I

inches , stop and shear , then travel an additional 30.000

inches. Measure the distance between the two cut lines.

2.2.2 Allowable Deviation

+ .060 inches
4 . —

2.3 Gap Control 0

2 . 3 . 1  :lethod

P r o g r a m  t hi ~’ ma ch ine  to l ay  f o u r  — 48.00 inch long
2) 0

~ 
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passes along the X -axis , indexing in the I d i r e c t i o n

3.010 inches between each pass. Subsequent passes are

to be made in the oppon~ te (1 iroction to the previous

one , i.e., firs t pass in th e —X direction , second pass

in the +X direction and so forth .

Instruct the machine to move to a location beyond

the aforement ioned i cydown pat tern and make four passes

in the Y direction , each one 48.000 inches in length .

Index in the x direction 3.010 inches between each pass.

Subsequent passes arc to be made in the opposite direction

to the previous one.

Measure the gap between adjacent tape strips at 6

• inch i n t e rva l s .

2.3.2 Allowable Deviation

0 to .020 inches with no overlapping .

The symbols : ~ & 0 indicate those tests which conform
generally to either the AIAA Specification NAS 990 (

~~
) or

the Air Force Materials Laboratory Specification AFML-TR-

71-71 (D) • In certain instances both specifications were

*1 used as a basis for a given test.

2 9 1
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