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20. ABSTRAC 1’ (con t inued)

Task two was assigned to Pine Bluff Arset ial (PRA). Its objective was to determine the feasibility of using
industrtal robots to perform on-line functions in a hazardous production environment.

Task three was an in-house project at Edgewood Arsenal (EWA). Its objective was to determine the
feasibility of using industrial robots to assemble items made up of exp losive or other dangerous components.

The results of all investigat ions indicated that industrial robots could successfully perform the assigned
tas ks in hazardous areas.
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The work described in this  report was authorized under Project P4932 / 573 11 55 ,
Application Study of Programmable Indus tr ial  Robots for Production Lines and Demili tar izat ion

- . .  Projects. This work was started in September 1972 and completed in January  1975.

The use of trade names in this report does not consti tute an official endorsement or
app roval of the use ot’ such commercial hardware or software . This report may not be cited for
Purposes of adver tisement.

Reproductio n of this document in whole or in part is prohibited except with
permission of the Director , Chemical Systems Laboratory. Attn:  DRDAR-CLJ-l , Aberdeen
Proving Ground , Maryland 21010; however. DDC and the Nati onal Technical Info rmation
Service are authorize d to reproduce the document for United States Government purposes.
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APPLICATION STUDY OF PROGRAMMABLE INDUSTRIAL ROBOTS FOR
PRODUCTION LINES AND DEMI LITAR IZATION PROJECTS

I .  INTRO DIJ C1 ’I ON.

M o u n t t n e  emphas i s  on sal ’et y in the Department of the Army o. spurring a trend to
a u t o t n a t e  and r eniotel ~ co ntrol  the handl ing  91 sensitive and hazardous muni t ions  and mun i t i on
‘:ompo n ent s .

The appl ica t ion  of automated  technique s to such operat ions as e \p los tve pac kaging.
asSC ml ) ly of sensit ive comp otle t i ts . a nd demi l i ta r iza t ion  of obsolete mun i t ions  c ons t i tu te  only a
few of t he m a ny  .Irea s in which au toma t ion  would f i n d  a beneficial appl ica t ion .

Requi rements  l’or m a n y  f u n c t i o n s  are uni que and demand operat ions which do not
readi l y adapt to si mple au tomated  procedures. An extensive search of avai lable “o f f - t he—shelf’
e quip ment  disclosed tha t  the  indu s l r i a l  robot incorporated most of the unusual  capabi l i t ie s

a req uired to succe ssftitl y pe r form th e complex operations which were envisioned as requ irement s
f ’or many of the proposed a c t i v i t i e s  requir ing au tomat ion .

The obj ective ol’ this assign ment was to develop the expertise necessary to e i ther
p reprogram a rob ot or to direct  i t .  l ’ro m a sal ’e envi ronment ,  to perform its required func t ion .

This task is fu r ther  complicated by the fact tha t .  in on e app l ica t io n , t he robot is
called upon to seek oLi t and retrieve objects in r andomly-oriented positions. In t h is case a simple.
pOsi tion-contro l led m anip t .t lat o r cannot carry out the task. Research ha s shown that touch and
force se nsing in robots , toget her with the proper control system , ca n he used to solve the
problems of adap t ive  control.

II. EXPERIMENTATION.

a A. Equipme n t .

S tan l ’ord Research Inst i tute  (SRI I Project.
.

ihe n t  ma te  * ‘.~ ‘.1cm used in the adaptive control st t id y l’or indus t r i a l  robots is
sh owr l in figure 1 . Figure 1 i l l u s t r a t e s  the  l aho ra lo r ~ c o n f i g u r a t i o n .  i he  operator con t rol sta t ion .
b ot t o tn  r t g h t  of fig u re i . is comprised of a VI P- I 00 word reeo gn izer * * and microphone for
opera tor  control , a t e l ev i s ion  mon i to r  and disp lay for visual  feedback,  and a t e l e t v p e  t h at  is
used to t n t t i a l t , e  and s t a r t  tip the  sy s tem,  as well as to provide d iagnos t i c  messages The pr imar y
method of cont ro l  is h~ vo ice , t he  te l e type  is pr esent sole ly to f a c i l i t a t e  s o f t  ware deve lopment .

* Se rIes 2 ,1)1)1) Unimation Inc . l) . tnh i ry , (‘ onnecticl it

\t -IH V IP- lou t lireshold I edmnll l( lgv . (‘ Innaminson . \ e \ V  .ilir s c \
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F l u e t.J n i n t a l e  is  eq ui tppeLl  w i t h  a t l i r e e - f f t  ~ered end L ’ f f e c t o r  which  senses t h e
locat ion ol and grabs I l i e  h o t i u h l e l  -

2. Pine B l u f f ’ A r se n a l  I P13A I I 1 r o i cc l  -

A Ve rsa tr a n \ l t ldcl 1 302 Rohol ( f i g u r e  2) .  m a n u f a c t u r e d  h~ A M I - ’I’h ermatoo l  Inc. ,
55, 15 Lised. J l i i s  p o i n t — t o — p o i n t  ‘.~ ‘.1cm cOnsists ( if f o u r  major corn p o n e n t s  : ( I the  mechanical
uni t , 1 2 ) the  control  console , (3 ( t h e  hyd rau l i c  power pack.  anu (4 t he  main switch enclosure.

3. Ldgewood A rsenal  ( E W A )  Project.

A \‘ersat ran Model  L302 was also used in this project. .-\ dditiona l equipment
inc luded a variable— s peed turnt able , an air—operated clutch , and a niechanical hand - Figure 2
provides a functional i l lustration of ’ t he system.

13. Insestigational Procedures and Resul ts .

S t an f o rd  Research Inst i tute ( S R I )  Project.

This investigation is concerned with the des e l o p r n e n t  of a sy stem w h i c f ~ - with
l imited operator assist a nce,  is able to locate , gr asp.  and re m ove oh tec l s  in ati unpredictable
locat ion.  In order to test the l’e isihil i lv of the concept .  a “ 00- m u m H onest  John  nose sect ion
fil led w i t h  o — \1 I 31) bomb let ‘.u hmuni t ions was used -

The marl ipulator is n o r m a l l y  directed by voice coninia t id  u t i l i z i n g  the  \ I I I- I ( 1( 1 s~ ord
a recognizer.  This utiit recogni/es i n d i v i d u a l  words or Phrases and is p ro~rj mme d for a 32—word

voca bulary . The robot ’s search and grab s\ stem is in i l iafed I~ t e l e l  ype. I h e  opera tor  s ew’. the
nose colic by means of a c losed—circu i t  id es i s ion ( \ ‘ \ c e n t e r  l og  r e t i r l e  is sup ’ri niposed upon
he v i ewing  screen of ’ t he  TV -

T h e  oper lor ta l k s  t h e  m a n i p u l a t o r  i n t o  p os i t i on  ( l i rec ~ lv hose th e  bombl e t  selected
f o r  ren i os  i i .  ‘

~~ l ien  the o p er a t o r  li i’. a h omhl e t  centered on the  ret i d e  r f  l i i ’ .  T \ m o n i t o r ,  lie
issues t h e  a c t I o n  comma i l ( l  ‘‘( ;R \  13— l i ’ l i i ’ .  t e r m i n a t e s  t h e  m a n u a l — c o n t r o l  Ph ase of the
horn b l e t — r e t n o s a  I proces ’. amid i n i t i a t e s  the  a u t o m a t i c  ph, ise -

In  the  a u t o m a t i c  p h ase - ( l ie P 1 W — l U  command c o mp u t e r  performs a sequence ot f ’ive
dif ’f ’e rent  a L t i v i t i e s  s v i t l i o t i r  o p e r a to r  . i s s i s t a i i c e . it s l i s ted  he loss

a. It locat es ( l ie  d e s i g n a t e d  h on ih ie t  d e t e r m i n e s  i t s  world coord ina tes  I

h. II determine ’ . the su hvo l t t t ne ol’ t he missile nose base in s~himc1i the
des igmia t ed horn b le t l ies

c , It places the graspt i i g  d es t ec  in the p~ rp er  o r i e n t a l  t on  to remove a
hornhlet f r o m  t i l t  st ibso lt i tne ,

—- - -.~~~~~~~~ ~~~~~~~~~~~~ 
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d - I t  places t lie f i n g e r s  of t he des cc aroutid t h e  designated horn h l et
g u i d i n g  it  by touch .

e. It  grasps the  bomblet, r emoves it f rom the  tiose base , and car r ies  ml to
the  con sevor  belt.

The function. I’ lNl)BOMBPOS. which executes  in the I’I)P- h 0 computer per fo rm s
time  act iv i t ies in the  I t s  e s t e p s  (a t h rough  e) listed above. A flow ch ar t  ( f igure  3 I shows some of
these steps ~i series of su bsteps ) in more detail. The key step in t h e  success of (lie a u t o m a t e d
phase is s tep d. dur ing  which  phase time U n i r n a t e  is adapt ivel y controlled, based on sensory
in f o r m a t i o n .

Fe~t s i b i l i t ~ and r e l i a b i l i t y  of th is  system were s a t i s f a c t o r i l y  demonst ra ted  fo r  the
\ ‘er ’ . a t ran .  Spec if ic  a p p l i c a t i o n s  considered inc luded  whi t e  ph osphorus load and pack l ine .

I ~ grenade l in e , \M47  t’i l h i n g  h i t ie , and whi te  phosphorus f i l l i ng  l ine  -

2. Pine Bl u f t  Ar sena l  ( P B A )  Project ,

Th is inves t iga t ion  is concerned with  the  adap t ion  of i n d u s t r i a l  robots t o  f u n c t i o n  in
a h azardous  prod nd ion env i romin i en t  - A nunib er  of specif i c app l i ca t i ons . ‘~s hich ss ou Id lend
t h emselves to a c t u a l  i i m s t a l l a t i o n  on a product ion line , were reviewed -

The w h m t e  phosphorus  load and p a c k — p l a t t t  a pp l i c a t i on  of load h g  wood en packou t
hoses w t t l m  two I 05—nun MoO m m i u n i t i o n s  was selected ,ts a s p e c i f i c  t a sk  to i t  t e m p t  f~ r a c t u a l
p r o d u c t i o n - l i n e  d e m o n s t r a t i o n .

Tile Vers~t t r a n  was programmed and ver i f ied .  The c~ d c  t ime  of the  robot proved to
be less t h a n  the  required produc t ion rate , and a t t e m p t s  to incre a se the  cycle were to net ,~va i l .
Th i s i . e t  precluded time p lanned  use of the  Versa t ran  on the  p roduc t ion  l ine .

The r ob ot  was employed in a s i i rni l a t e d p roduc t ion—l ine  r m s t ; t l l a t i o m i  which was
comparable ss i t hm t he  l i m i t a t i o n s  oh ’ the e q u i p m e n t .

3 I dne ssood \ r se t i ~i l I lAV A I Project ,

‘I lie i t i ves t ig .  t ion is ~oiic ern ed w i t h  t h e  a d a p t i o n  of ’ an i n d u s t r i a l  robot to p e r f o r m
tasks  of a h a ,a r dous  n a t u r e . TIme a p p l i c a t i o n  ch o sem i cal led f’or l Ime  Inse r t ion  of ’ t I m e  M 2 0 i  A I fu se
i n t o  the  \l I ~ grenade.

T h e  \ c r s . i t r an  was p r e g r , t m n t n e d  to t r i t s e l  to t b :  po in t  a t  w h i c h  t ime  u s e  was oc a ted ,
l I me robot a r um t h e n  descended and e m m g . ged t ime  f u s e , l I me f u s e  w ,is held in place by t i me  t i i agn e I
wh i l e  the  rob ot moved it to a posi t i o t m os-er t ime cart . T h e  arm ie.i in desk en ded . locat lu g  t ime I use
tn t he  th re a ded  co llai ’ on t ime  c an .  Spring press u re was exerted Isv t he  hand - the C ,Il’ t- r t ) t a t e d  f u s e
was th readed  in to t h e  c a n i s t e r ,  I lie opera t ion  presented no pr ohlu ’nmis .  \ i t  . t t h t u s t a b l e  Lo r qUt n g
device was riot  ;t ’ ~i i l i nb i e  hmow cs’ er . t lie hm ~i rid could be m o u n t e d  on such a des i ce  and ch i c fuse
torq tied tt a p r edetermi  tied I On i t ,

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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U.tsed up omm the  resu l t s  of th i s  s t ud ~ it is cot idlLieted tha t  the pLirpo se of this
iri s e s t iga t i on  has been f ’u l f i l l ed  . ‘ l i e  f ’e a s i h i l i t y  of e mp l o y i n g  robots , or robot—oriented s y s t e m s .  to
re l iabl y  pe r tormm i o p e r a t i o n s  t i l  a h m a z a n l o i t s  n a t u r e  has been e s t ab l i shed .

l\ ’ , R F ( ’ O M \ 1 i ~N D A T l O N S

it is recommended th at  in d t t s t r i a l  robots he gi s en serious cons ider at ion  in future
n m oder mi iza t i o i i  plans f o r  es s t i n g  f a c i l i t i e s  and in the  p l a n n i n g  of new ones. Of i m m e d i a t e
concern are the  smoke . p y ro tec h n ic. and pilot  f ’ac i l i t ies  cu r ren t ly  beim ’ig p lanned for P ica t inny .
Pmne Bluff ’. and Edgewood ,- \ r semi , t l s ,

A m m m o n g  factors. o the r  t h a n  s a f e t y ,  which are deserving of consideration in assessing
t Im e value of robot appl ica t io n s  a te  operator  fat igue , ni on otonv - e n v i r o n m e n t a l  I , t c t o r s . r e l i a b i l i t y ,
c o s t .  e t c .
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