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I SUMMARY

I’he Remotel y Manned Undersea Work S stems developed at th e Na va l Ocean
Sy ste m s (‘enter tNOSC ) are herein desc ribed. This paper begins wi t h  a description and
analysis of ’ typical underwater  work tasks , Based on the function derived ti’om the t a sks

-~~ an alysis , various underwat er tr ansporters (vehicl es or divers syst t ’ Imis )  will  he’ tJe’scrihed~
the sensors required to locate and provide support at the work site will he discussed. Based
on the various components requi re d to perform underwater tasks thus delineated . sy ste ms
sv nt l i~sis is applied to provide the most e t’t icient operations by best combining the coiupk-

I mentar y characteristics of each of the subsystems.

The tasks de’ fined and equipment described arc applicable to most under sea oper—
- 

‘ I ati OflS such as survey, inspection , search, salvage . recovery of items from the seafloo r ,
emergen cy rescue otsubmersib les or habitats , as well as per form ance o fd exter ous  task s

- ‘ on undersea install ations.
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\n~ discussion on th e research and dc~elopmue nt of work sv st e ’mns must  he 1ziii  w i th
an underst andin g of the t asks to be accom plished l’he u l t ima te  ohi~’ct i~ e of the s~ sk ’ii)s
and con~ponen ts discussed in t h is paper is to perf orm u s e f u l  work  in th e sea lh t ’me t o i e ’.
k now k’dgt’ o f both the  unde mse , i  environment  and th e r equired t a sk s is parani ount  in p lan-
ning and conduct i ng a rese arch and develo pment progr am b r  un dcr~ .ite r s~ omt 51 CI1 ) s

I Ihe  t ask s tha t  most si I ol )gl ~ a I t t ’t’l th e’ develop ment ot t i n de ’ s~ ~1 ~‘i s\ s t e m s am c

bo U o~% ~:

SI •~R t I  I ‘ to f ind lost it em s ,  locate wor k s i t C s , and sur\  e\ 5 e , t f l O t Ii  , I Ie ’ ,Is

INSPI  ( • 1 I ( )\ - to ~‘I.iss i F~ dete cted ta ree’ts mon i t o r  e o I ) I i n m i i n g  o p e r a t i o n s  tie t ine

the in teg r i t ~ of s t ructura l  components or pipelines . det ect  kakage of pol l u tau t ~ . .i nel record
t he condition o t obj ects . e g .. ships , airc ra t ’t . and canned ~ , i s t ,’. on th e’ sea floor

R I - OV I RI — to a t t a ch  l i f t ing  ele \ ices , cut as~ a~ moorings or cR i t t e r ,  and pto~ ide
vertic a l  and hori iontal  l i f t ing  forces to effect t ran sport  ot obiects from the seafloor to the

I surfac e
- ‘ ASSI :MBI I , MOl) lFI (’ -~ l ION. OR RE PAIR — to conduct work  on ob~eets  on

sea floor or wi th in  the volume , assemb le part s . and e ffect repairs . mmp ro ~ ements . om

I al t erat ions
N I - I  I R A I  lt .•~ FION — to modify obj ects (po ssibly b~ e \p losi% e im i car i s  I t o  r end er

th t’ si te  sa t~’ for t~itur e operations . eg . .  min e  ~‘fearance or re’mo’ ~m l ot olsst rii~’tmng  ss r eck ,ige.

I
I
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(1 R \ l i l t  f igure 3 I . a more modern antI clc ’epem ~tc’plll t e ’i Sh i l l  cit  th ~’ I. R \‘ II  I s

c~p~hle’ ol op er abimug in ist . l t e i  tIt ’pt l l s s i t  ‘fbi.) le ’et 21  34 m m l e ’te t s  I I l ie ’ ( ~ RV I l l  s~ stem
is comprised oh the  is chicle , c’oml t rol e’ahle, ,iiic i con t  rot 5on sohe  ~I t t iou i gli  ii i i or iui , i l l ~

t Oj ’ c’l ,~~ ~‘s from ti le ’ ~ I N \- 34. ) the’ sis sI e’l l i  ts dc’siguue’eI so t h a t  all m,uor opeta t  ioui , i t  c c i i l i  pout ’
-~~~~ cuts c~iil be etis5msse’nihleeI , . I I E  t r a i is p or t e’d to .i ~ ork s i t e ’ - , i i icI I i ls t J i Ie ’d oil .imi~ siLl  lace e i . l  f t

t ha t  hi. is .ie he’qt i ,i t e’ d e c k  s(’ , l s L ’ . 1 l I e ’ S ch i c l e ’ n om l ’l , i l l \  5 j i i  I C ’S a Iu~ cI r . i t i l iealI ~ — opera te d  e l , u t t
loi a t t a c h i m u g  an t i re ’e o i s e r h n g  u t e i u i s  suc h ,ls or e lu i ,m n ce ,  i i o t u i  t i l e ’ ci cc’,In floor I e ’l speci a l
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l ht e’ is chicle  also c’Oil t .Ii t iS t i l e ’ t i ~’ce . ’~,ir \ e’c lu ip i l l e ’tit  h c ’i seal c l i  111g. IOt jt ing, j m id dIOc ’th I l l e ’i i t  u n g
th e’ ho st i t em ( omit  rol oh t h i t ’ is ehu ~’t e , tu i t i  m t i o n i t c i r u l l g  of the ’ ci t ie m a l l s  ‘I l s  a it ~ t l t i i t t ’ i i i  t lie t ’ t ) il

trol is an I lte ’ %c ’l h i e l e ’ Is c ’ S ~~ ~~ , S b~ I ‘
~ led Ici ng 2 b~ ,‘ h is ~ iule ’te’rsl , .umuci isis ei~ f is  4 SOb

pounds 2040 kilogranisl in air .  It  not i i i . i i I ~ ON’ I . It e ’s to dept h s c i t 00t) hee l  ( 2 1 3 4  I i l e t e ’i s l
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~ hut  ~aui be’ iui o~h t ied lc ’i c’ l l I e ’i L’s’l1~~ is e ipc ’r ~it l s ’l l \  to I 0.000 leet  3fSf ui le ’t~’L ~~l I t s  u i i s t r u i m l u e ’m l t

su i t e ’ imis hLuc les  a S~ r , i. ’a ~id0 ,tc I IS e’- f’assi\ c’ sonar wit h tr .unspc iiicle ’r im i te ’g I.i( iciim s,ihi ,ihlhi(\ -

acoust ic’ alt im ule ’ter , imi d eie’l i t l t o i u l e t e ’r , e’c i l i i f’ ,is ’s isis ~i 1k d ro Prodii ~is t c ’le ’S i %ic ~il 5 j i l le’I .1’,

isis ml i i  Im g h ts , ,in~I an I ~ ; 3 urn s t t l l  e . I i i l d ’ ra isis u t l i  st I

t i .  RV I I I  is  a is e’rs,it tic ’ unci em isis  , I t s ’ l i s c’ i i i ~ Ic t h at  c an  be re’, uci u l is  i i i o ci i  t i 5 s l  t~ i .1, c s ’iu

iiic ~cI. itt ’ j St ide ’ is .uil e’(\  c i i it nti e ’r isis , 1t 5 ’ I t ,IS k ’. It h a s  ete ’ii~c iii s t m, i  tech i t ’ s se . I t  c i i  .ii id i e’cs”  e l

e,Ihi .iI S i hi t ics c i l l  the ’ isis est s s ’ , tst  ,ls i s i s e’II ,I’. t U t i l e ’ ~ i I a i u h u c  t i s c , l i I , f lhs ist i t i t , uh ’ t ~ ~i t i i i n g  t h e ’

— 
l~~’ 3 e’s c t h e ’ s ’f ’ t i l e’ P1St I S I l l  stih siuue ’ms ilsle o i l  Ii  ~‘I.lilcf -
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I R I % t O l  I ( \ ~1 ~“.\I I) % S ORK S\ SI I M

( l l ds ’i t h e  I i s’c ’li t l s c’, i i i  I s’ s h i m t c i It i~ ’s l~
( i l l  1 ’l 5 ’g i , i i l h .  \i, i~~ is s id ’S e~Ic i~i u m l g  RI \~

I “ memiititc ’t’, —~, s s t i t m c i l I c’~i stth iiie ’rstlile ’ sis ‘s (c ’i i i  tli ,it s i l l  ~ t ’i l c ’ i h l l  ,i is , u r l s ’ I i s  c i i  isis o ik  ljsk’s , t l

s ’s L ’, i l t  sb s ’ ( i t l u s  id ‘i ) ( ) O ( )  l~~~I u ’m) bi ) m e l 5 , ’ .  I hi s dep Ot 5 , i p . i i ’ t h i t s  pros is le ’s ,t~ cs ’s’. to  l h I c ’ic ’

t t i , u m i 5I~~ l’c’ i s e’i i t  o l  b i t e ’ s ’ec’,i ml ~~~~ I lie ’ ~i s ’ . I 5’ni l’s sls ’S Id i I s ’sl 101 , I l t  t I , m 1 1 s 1 ’ c i i t  .in~l sh s ’1 ’Ic iis ih l s ’ i h t

I l l e1ihi  sI’e’s i l i s s I  s It  i f ’ s s ’l ci ;ip cil I util u t \ -

R I \\ ‘~ c’cI t l u I ’ m l l e ’ i l (  s ’ih t he ’ s tu I ’ pc imt  slu t’ s s ’ li s i ’ .t ’  s it  ~i 1i i t t i - ~’l s l I t s i  - I ’ Is ’ l i s ’Ii s s ’I O I ’ s l i

s, l t i c iu i  5 h 5 5 k  Ii , u m u c i i i n g  sis ‘s t e i n  m ‘it t  I i I i’s I  sh t s ’ss ’l ~ 0\is s I  s’s’u ls ’l , l t s ’Is  .i i i e i  i l l j l l h l c ’ I l , t I I s s ’ i s , I i l  ‘is

I ‘s i l l~~h s ’ ,, s ’,i’,i,t l i ’l~ ’ l i i~~h i s t m e ’ml g t ll sis ii t I i 5 ( ~5 t h I s  cs ’u l i i s ’ s C ’ . t li5 s~~~m i 1  tot c e l l i ~~I , i i h s i  t I l e ’ l ’ i i
mu , ir ~ ~, ih i l ~ lc ’ I i l ) i i h , i l l t ’ll Pt I I I I t t ’ I~t I ~~~~~~~~ ,is ,i l ine ’ isisei~’ l t t  I s ’ ,iid  omi - s t , t t i c i i i k e ’c’j ’ui te
.umicl t o li m i t l o m 5 ~’s t hi .u t  i l l u d t l i  c i t h i e ’iis is l ’ s  I’~’ t l . i i l s t l l l i l s s h  to  t h i ~ isis o iL  is ~‘I t i ~ l~’ It I s  t i l e ’ j ’c iis% ‘I• I , i i t c i  s t~’ii , ul c l i s t i  u b t u t h c i l i  s e’ i i h s ’i l’e’t isis e’c’ih i h ~5 ~‘ i i t t i , t i  is s , l t ’I s ’ .ii t~I t t l e ’ i1~’’c i b t e  m h i u u l t l c c i lus i t u 5 I s ” l

i s d ’ h % l s  Is ’ t . ’ i I t 5 i  ~i~’ u t l i  i t s  c ’ S % i l  t ’ i s i I ’ i l I s l s ’I l s \  t t 5 ’ l h i ,  I t  , i t ’ . s ’ h ’ 1s ’’ t - , I s s h h c ’ ,ij ’ . i h i h i t i s  1~ ’i ‘ h l m f’
cos ’ m c h i  u i . u t e ’cI ( I  , i r i s t t  ic l s ’ss ( l i e ’ s ’s~~’, I I i  lis i t il Is ’ c’st.i t ’h i ’hi m:5 ss It ~’I , l I I G ’  h’ i s’ .t t i o i l ,

I I he R I  ~ S sis . ’iL  is c’ l h i c l e ’ t i g u i i e  4 i , isis 1mG lt  i s c 5 t e h i s  4~~ i t i)  1’( ’t l i l s l s  I ~i s t i

in air is  4 “ l’s 45 his II lee ’t Iom ls ~ ~I 4  1’’~ 14  l i ’s 3 4 iui ~’ t 5 ’i ~~I I h i5  isis oiL \ e h h i 5 l~ l l h ~ ’i s s ’”

lr ee ’I ’s , it t h e  e~il ci o l  ,I l~t Lc i\ , i m l t  hle’’5uh ’Ie t e ’ t h h c ’t 5Iej ’hois  s~sl 11001 t i l e ’ P~’I - \ e h u i s l s ’ s s i i s s ’i’s i l l -

I e l U c i s  , iIl , i 5 t i i s e p.tssIS e (II ‘it Sc ’i l , i i ,  t’c i t t c i m th t l . l i l s ~~t ii hcle ’l I i l t s ’ e i , l t s ’i , I h l l I l h c ’ b s ’i - die s h s t l h s i i i l

e’t~’L , s s u l l I I ’ LSS , h u e . i d 5 s ’ um p leci sl~’ i e ’s ’ te ’ i c i s i s i o u u isis i t h  hu g hts , .in5h I ~4~~( 3~~i n m n  sti lt e , I u l u e ’l , u

sis it hi ‘. ( i~~l’ s’s -~~ll su ~~u i , i I s  , i IheI  ;‘osis ci i~’~’~Ie’~I is ’ s ’ I l I  iol .111th s ’f ’ s’ i , i l t ’ l i i i ’ s h h l ’ m l l e ’i ’s m h t e ’ ne ’
i l h h h l t l b ’ bs ’s,e si c i i i  t h e ’ singl e 5 o , l \maI  5o i e  o h  t h i c ’ p m h m i h . l i \  s . l t 5hc ~ \ i l t i ~I iI ~ . I s s t l h . i t e  s ls ’s’I ’ c ’c c ’ , l l l

I 11,15 C I I  i s ’il sis  s t e in  pro s ide ’s e O O i c i i i l , i t e ’ct u i l h ’ t l t s  to t ll~’ is e h i i 5 I c ’ s s ’f’ e’ i , l t O I 5 ~~i th t i  t h i 5 ’ st h l ’ l ’ O i  I
• shi i ; i ’s h i i 5 l c5 ’

I l ie’ ~I c’epos:e. iml ilais iga t i c im i s\ S~~c’ifl . ih l t i  .1 Ic ’s, ,lI . I i e ’,l l ’ Ot t 5 ’I i I - s c ’. i l c h l  ‘.s’il . l i  a i c  ius5 sI t ’\

t i le’ s ’ f ’ L l , I l ~~’i to guide ti le’ is c’h i i c t e  isis o i L  s i t 5 ’ \t  t i l e ’ isis s ’l k s i t e ’ ,i ~~~~~~~~ I - l l c ’e’s l c ’ u i i  g i , t h i t ’ e’i

t h u d s  i l i e ~ ist o t k p i s s , e , isis h u e  ,i h i i i ~h iI is  tIc ~\ t d i s ’i I ’  — e leg I es ’ s ’I ‘ I 5’s’sts iiii I l l , u l l i t ’ t m l . i t s ’i f ’ s ’ s t h i c ’il ’s

i i t 5 i i i s  m~t im. i lk  pc ’isis s’ied t s i c i ls c i t  p er l t irms  ot he ’i i s i s o ik  t I I l l s t i s ’iis

I

I m~u ie ’  .1 RI isst

~~~ ~~~~~~~~~ 
_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _



— ,‘.,~~~~~~, ~-.‘- - - ~~~ - ~~~~~~~ -~ ~~~~~~~ - - ~~~~~~ - - - -,- - —, - ~~~~

I
I

is t h u e  s u i i . m l I ~ st  I i i  ,I s s i l i ’\ c i t  I t c h t t i s t c i e h ~t f , s i I I , I l i h , ’ i : I I 1 I . I l l I h e ’ eh l i I l s h ~ ‘s i

is~ ’j i Ic  I c ’ s’s s ( c ’ i I I s  H t i i f i  .1’s .1 11 s \ f ’ 5 ’ I l i l l c ’u I t ~ u l  c h i d e. i i Is 5 , L j ’ , ) hls ’ ~i h i i  r\ i i I ~~ ,I t c ’ I s i s  t s i s ’l l  , i l i t e ’ i I

isis i lh  .1 I t i u m  isis . i t t  i i c ’ l s  i i i ’ s  s u f ’ s ’I I t c i f I t  ss ’ I l i s  C l u l l s ’ I l l s ’ ,~~,i d l l i s t l s ’ l l t l t s I I I  ‘is ‘su ch , I I  s , l I l  l c ’ ’ h , i s  L’

S ,i d i i s e i  l i i i  i l I , i l l i s  I , t sk s  i l l  I. % h m ~, h l  s ’t’’ss ’ i i s . i t t c i i i  5 1  s i l f l . c’ i l I , t l l d C  is l c ’ s f t u i l e e I  S”st i t ) I ~’i l u c i l l e ’ “ i

I i , t s  list s~ i h l i l s I t i c ’ l c , i l  I l l s ’s

-
‘ 

I I .111 I ’ i s ’ t ’ u u l ’ s l s ’il 5 5 5 5  ~~~ t ’s s en t  h u h  I l l s  ‘s i l l  I t s  i, I ’~ Ii ’ s c h r , u u u l i c  l i l i c ’’. an~I
I I .111 , L I I l c ’ I l i . i t l d  , l c j ’ I h i k e’ c’t ’ i i I i ~ ca f G t h ’ i I i l ~ l ’s f ’ t s ’\ i t ie ’ sb t ’ .\ ,t is . I i I I I ’ Ic ’ htR ’\  s i l l s  is

5 1 l , u t h i h ’ e’i , i i i ~ I ,i 5l s ’ j ’ t h i  l i , ’c’si h , i s  I’, s\ s(~~ t i I

is, s l t i i ll , s I c s  t 1 1 5 , L l h i s  ~~~~~~~~ ~ i , u b h ’ s i  is h l h c ’t u l I t C ~ h s il l t i l e ’ t s ’ i i s t , i l e i  s l i d  I s ’ I  u i u i l ’ l . t l i t I u i C  c’ i

s i l l s ’S i i l t, I i c ’ b l t i s % s i C I l t  s ’i ’h ~’s1s I I s i s e ’I i I s I e ’ is  .i j ’ f ’ i s ’ \ l I l i . I t e ’ I i s  I b~ 
‘ h ’\ 3 te c h I~ine t t l

( 1 s  h is  t i s i I l t s ’ I C I S I . ‘se~ ’igh ts S~ l t’ c ’i ish ’ .  i k i h 5 ’n , t , i t s l  i l l  .10 111~1 c ’ j ’c i ~ I l c ” s .11 sI’ c’ c s l s  I s ’ 2
K r I s ’b ’ s 1 1 U i * Is l ‘s i  ‘Cs ‘n5i I I t t  5L 1 t l i s  s ’I  l O l l  Cs ’l  d i i  W e t e’ I \ I

.1 e
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I I LECI’RI(’ SNOOPY

I I  111  I R I ( ’  SN( )( )l”t i l ie s s I ccc ’s’sor of SNOOPY , p r inc ipa l ly  c h i l l e r s  l ro i i t  i t s  pr e—

I che ’e e ’io~oi in i i ’ .  propuls ion sch em e Ihis expe ri itiem ita l vehicle (figure ’ (~ uses thre e 4 —h orse —
f l d l W e ’r , oil— tilt ed , prc’ssure’— h:th:t ii~t’(l elect rk’ niolors fOr thn is l  I i i  t he f i o r i t o i i l a l  and ver t i ca l
ehirecbiouis . I his approach I I I I ( ’ws  t I l e ’ use o t a Sutiahl —c l i auihete ’r i t i u i c ’i i (0.( ce iit i iiie ’ter},

I
i SOld— fOot 457 iite ’te’rs I, coa xia l—hc ’tlh’r cabl e ’, A ( ‘ power. along wi Lii i nu m l t iplexeel control
sl~~i i J h s . is Sell I c lown t tie cabl e and conve ’rt e’ei to variable . I )( —motor—el  riven is- sil t age I Ii rought
i l i c ) t d ) r  coi i t  rollers, -‘i siitgle joystick controls f’orisva rd . reverse’, ami d Iii ruin g mi iol ion s .  1 ‘ s t i l t

I
I hu l l s  house all vel i i i,’lt,’ elec t II te’ht ’vhsj uil camera ~~ a simper— S I l iO is le ’ d l l h I i d ’r a.
al t  o t ~- I i ich i  provide II st rea iiihiite ei and rc’st~oulsiv e ve’iiis ,le, Ilie ’ super—s caiiie’ra pm’s ~d~’s
itt te’risltls ( -  - 5’tiori fool :mgc’ or a ha r t ~e IltlIhil )c’r of i i t c hit ithlhal—Irautl e ’ pho tographs . ‘i simi g ie

I 
l ig h t  illum inates 110111 th e’ tele’~isioui aitel film caiuc ’rlls, 1 lii ’ I 5— i~ 2 ,0— h~ s ~~)‘I()()t lnIlg
I 0,s l i v  0.lu by f ( )  i l i e ’ t e ’ I S  I veiiie ’he’ weig h s  I Si.) pou nd s 1 ~~~~ k i logra m s I i l l  air 5inch operates to
ele’p this 01 I sf0 k’ct I 4~ 0 meters

‘ 
tt1t hen used in c o f lj ( i l l c t i o i l  isv ith a small huuov5in t reel • I l i t  I R I (  ‘ SN( )( )h’Y has

ete ’h l l Oi lSh  rated t h at it can he uise’eh he ) :itt achi ligh t I l I l e  t o  II se a lloor ( I l I ldL t , s ihc i l  I t s  a
‘stru c kc’mt uiianne ’ch stIhIils ’u’sihlc . so t h at ,u Iii ,’a’sv hilt h ide ’ is t- ith i a ‘i ! s I — h i L ’ ( h l ’r c l i i i  l i e ’ guided to
II lla reh p o i n t  for surt~mcc’ lift ,

f igure (u F l ec I r k  SNOOPY .

I

I
I

; .‘.

~ 9 j
_________________ —



~~~~~~~~~~~~~~~~~~~~ -~~~~“-~~~-~~~~ “ ~~~~~~~~~~ 

~~j~~
— - -

~~~~~~
-
~
—-— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

I
\ ‘ i t  I V. S\Ot)l ’\

N ‘i\ I ‘it ‘i ”st i t ) I ’ \  Is t s i i m , i h l  i c ’uuioi eh s s d i l u i l s s l l s , l  is s ins I s ‘s is ‘ s I s l u l  t h u  isis , t s  t t C ’s I t ’ I I s

5 i i id  h ’ I l u h l  l i i i  f l i t ’ “c , i i s , i l  I , l s i h u h i ~’’. I l l g m m I t ’ t ’ l l l u i ’  I c i l l l I I I , l l i c h  i t i ‘ . u i~ ’pt i I t  i i i s i l l  s ’ I i ’ s t i l i s  i l i ’ I I

isis t i m - I t ’. h’ i l I u I . i i i s  usc ’s , l I c  si~’l is il  ‘, l I I i s s \ ’ , c i i  h u l c i l i siss ’sh l I l i t h s  “ s I  t s i i l s l I l l s  I t i l l  s t i  I i i l h i l , u I l i

l l i c ’ u l I  ‘.u l s ’ ’~ s i l l s  e ’ i h h , t u u s  e , i t u e h  ~~~ u l i t i s ’ i i h j t t s ’ii s i t  t h i S  s i  i ’ f ’ s l  i l  l O l l ’ .  .11111 h c ’ i l e ’i II u i u m s l s u s s

l l i ’s f ’ s ’s t l s i i l  .111 th  c hc i d % l u i l c ’ u l I J h i O i l  I Ic 2 his ‘ ‘is - I I t i t i t  h c ’ i l i  ~()  o I i ’s I l  t ’  l’s I -
‘ l u i e l s i s  I

s 5 - l u i 5  I5 I t i g u l u e ’ ,‘ I i s s  s i g h s  ~()() ‘t ’u u i i c h ’ ~ i, I “ i ’  L u l s s c i , i i i i ’ s I  I I I  , i h i  .in~l s ’ f ’ s l l t t ’s I~’ I ‘~(~()  I s s i

h i ()  i n s i s ’ h s i  I t  u i i u l i  ~5 t u tu I u \ t h i , I u l h l s  , i h h i s  l’ si isis e’ i c d h  t h l l L h s t c ’iS Is il hi ~~u i  oi~l u I  , i l i t i  i s s i l i t  .il
t ’\ d l i i ’ . l t i i i \  I hl ~’ t I n s ’s’ l i s ’ u u ou l t , l l  t h i u m t s t s u ’ s , i i ’s~ c ’ u i t i s i h l s cI t ’is  ,i t I u i s ~ I s i ’  i~ ‘~I ’ ’l I i t ’ i u a h  I
‘ ‘is ‘.1k Is h~ii  h I l ( e ’ g m , l t t ’ t i  t t ’l \ t , l i t l  l c ’ i s t ’ i s s  t i l i l l u m i e , i l l s l  h , t t c ’ i , i l s s ’hi s  ~ i u l s ’t l t ’Iu ’ . t h i s  ‘s s ’ i l I t  i l

t h i i t l ~ le ’i S c c ’ I i t l c i l  l Is t ’s , I l l t ( i i i l . l t i e  c tc ’ I i t l u  , i i i s h , i h i i t i u c h e ’ hu s i l t t i i m g s I l t  t h u  is isis 1111 l I l , l h i l i , i h  s ’\ i i

I I s I s  ‘is I c i is is  l i g h t  he ’is eh I t ’l L ’S l s l t i u i  5 , i I l t d ’ i , l  isis itt i ,i ,‘ s~ h isis ,ttt , 5 1 4 1 1 1 1  h /  i s ’s l i  5 t h  h i g h u t  u s usc ’s1 ls ’i Ii s ’sS 1 1 1 g .  h I d  1 ‘s i l h i e’I S 11105 h e ’ , l I l l t ’ i , l  I’IOS h I s s  s O t O l  ~~~ i u l l u s u u h . l t l s ’ u I  ( u i l l s I  5~~11501’. l I I ~ b u s t s

,l s t ~ l u l ~~.Is’ s , . I h t i h l le ’ I e ’i , c i c ’ h ’ t l l s ’ l i i s ’ h s l  h i d  ‘s i l l  ,i ‘ ‘ s ( )  h’ . i ’s ’s i 55’ I s 115~ c i t  ‘ii ‘ss ’ i i , u i  I l i 5

is ‘ h I l s h c ’ ’s l’t)%is c i  • t s ’ l l I  i i l  ‘s l t ’ l I . h I s  \ i s h c ci s i g u i , u h  .illt h i l i s l u i l l l l c i l t  d , l i , l  , I l s ’ i i l i u h t l h ’ h s ’ \ s ’ di c i l I t i t

s i t u s ’ l s ’ s ’,i~~u , i I  i e ’ t l i s ’i

I t i l l s  ‘ N \ \  I ~
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I SI ’N SOR S

I lie ’ is c’llie ’ls ’s .il i c ’i l’s ci~
,”.~ i it u~

,ch h i d ’ h )luiuiaiil\ u n I t  hitteti tis i ti m eciiuiui i e ’ icm ,mIl ~ ,m s, u i hhlh i lc ’I ‘ss’l i soi  ‘s ’ s s t d i ns , c’ g ,  h i g h ic ’s o t u t i t i i i  ‘ . o i i , h i ’ ., te ’le ’is ‘. ioii  h ind t ’m h m , t  s a i t l e ’I ,is e ’ c I l l u I ’ , i ’ .sc ” . hui i t i
clc ’ h u t I l _ h l i i d h  l l e ’ l g h i t - ’ . s’ i i s i i i p cieis i c e ’ .  Sp e c i a l  ss ’ i I ’ . o m cieis t ’ l c ’p i u ie ’ u iu  i i i  t h e  t u s ’kI ’. c i t  i t u g hu i c ’soh ut
f mi i,l ,ie i h l s l i t  i i ? i j g, l lg ,  ii’~i I — I i i n e ’ ophi c .il fl~~~)~iJfl~ ,ffld , i i i , i ,m , ij j  si,~~h s t i I l , l i  ,iuit j liii ’ , l J i l u l J e , I

I h i o l i  ot j’ i c” . ’ . u i l e’ t d i l c ’ l h m u u I d’lc ’e h i d l l h l s  t I ’ l l - )  s l i u h i h u O i l t ’i i t s  t o all s ci ’ .si l u h e ’ s’s ~t e ’m i i s  I i i  h u e ’ s tub
l s ’ s t ’s c i i  s I l l  i s ’ii h i s ’Ss ’h I i e ’hi and e t e ’ ’ s e l o p m n e n t  ~~ogm~nn ’s In , i d e l i t i c i n , t i l t ’ t i i h t j i l m l h i c i i l i  i n , u i s , r i a l ’ s
l s ’’.c’ , l i t I I  .in cl cie ’ise ’lo i u i t t c ’ii h d u m e s h l ~ .uppl ic ’’. 10 tI i ~’ ‘ . I u u i~~t i i i , , h  e c u l t l p c l n e m l l ’ .  i s i su i l c IOt i s  ‘., .111t h

I cah u hu i tg  s’s s t t ’i i i s  c i t  u m i i d e’ m ‘ca sis o iL  s’s ‘.1 c’ l I l ’ .

\ u o L s I  I t ’ Ri U IN ( ;  S\ s  I I ’M ‘i lSI

I I bu s ’ , l c c i ui s hlc mmil.ugumlg p r c igl.m iti iss . is  u i i i t i a t c ’d as p a i l  s ’t  h I l t ’ \ ,i i s i s  “
. 1 1( 1 1 ~u u c i g i , m m u I  t c i

l l il~ i i c i % c ’ t i l t ’ I . i i l g e ’ oh  h i u i c I t ’i ’sis a h c ’i m ’ . i h ’ i h m l i s  , Ii .ir h u t u m i a i l ’ s  in h u i i I ’ i i I  ss , I t e i  I he ’ gc’m ie ’m ah c ih ut ’~ u
is e’ us l i i  elc ’sc ’ki~u .u i i ch t le ’ i i u t i u i ’ . t m , i h e ’ is s u l u s l i e m m u i ; l g i m i g  h c ’s I i i i c ’ h s ie is  kim t m im ~he ’iss .i i c ’i ‘sc ’ , h l s t i , I c ’

I c ( i % c ’(~ , ~ I , i s ~ u h i s  , l i u o i i  m i l . h I i m t ’ ( l l a t i c i i u ,  , i i i t ( i l t ’ . h ic’c t u t u m u  , i l ic ’ ,m i c I  iiI , lmiiit ’cl ,Iuc ( i l i imml , lhimis ’cf ‘ .umhu i uie ’i
SI lu l s ’ s to  d l d ’h u t I i S  oh I 2,15)0 h e e l  (3 ( i ( i ( 1 uulc ’ts ’I’.I I hi c ’ ~‘r s ’g I h i i i l  lu . i s  l s c s uise ’cI d i i i  t h i ~’ dc ’se ’lc ip-
m l i e ’ l i t  s i t  .1 hu t u l t i g i . I j i I i I s  I lc ’mi s le ’’.s I s’s s t e ’ i iu  I hi e ’ ‘I S St as elc ’si) ~Iu ~’ch I i i  ,i~I um ~’is c’ ~i I s ’5 I i i ’ l u i / . I I i I c’
l u u i , ige ’ c i t  .1 b~e t i  c , I I I  i i i  t i l l  h i t1 i s s a f c’m I I  1, 111Cc’. to  2’ ls ’e ’t I S i l i e ’ t c ’ i\ I l i i ’ s  is’c l l s ’ l s ’ isis ii tii ui t h i 5 ’

I I - Iu ~ I I - d ic ’ t’ i c ’ s ’ 4 0 .2  i , i s b i , i i i ) f i e l d  c i t  is less - I h i g e ’r u i h u i s ’c l’. s .iil I’e’ ‘ss’e i I  . ih  i , l i l g e s  imp I i ’
I “ I )  he ’e’l t h i ’  i t t t ’ t e ’i ’. )  h’hti il ogi-,i 1uhl ’ . . u m c ’ t a k e u u  ~uh t i l e ’ m , i l t ’ c i i  t ’ m i c ’ t ’is c’ i \  2 ‘ .eet ’ i i c ls  sis iii

I 
itmiti r e 5,s 1’,ih i t i l~ c i i I ”  li t ’I se’t oimil  I l i t ’ ‘sis s t e i n  c o n s I s t s  of  hiss ci .isss ’u t i l ’ l i t ’’. I I ) , i u i  u i i i c l t ’;-
i s i s a t e’u u n i t  1 tigu i i~’ 5) wh ich Iu.i ’. .it l acc ’ius t ie - p i c u h c ’t t ’ l I  ic ’c’c’i\ iuig li~ d i d i h u h i c i l i e  ~l i  I l i s  amid

~1r (i e e ’’.’.ii1~ ehe c t i c u l l l s - s .iit t h 4 2 1  1 m,i ~ k ti f coii titul el c’e’t io m u i c ’ . t li , iI tlt4c -I’s h hus ’ eouil r cul p.iii c’ls
I i ) I J l l d ’c i I J i h i l u t c ’i l I J t ,3 ~!u ’ J c ’ e’ t i f l ’ . h I l I e l c i i  , , i i icl  c h l s ) i I ~i’s s

1 1
L I

1’
I m g ~i it ’ S I l i l I s I I I I i h t ’l l l ’ , c ’ i % c l  h m i l i l  h i m  is c ’I i ’ s l l s  uiml . l g u i ig  ‘.\ s h i l l
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I l ue ’ h m s oust is proje ’e’tor sends h i g h I i e ’c l ul c ’ i u c \  Ui4 2 k u loh ie ’rt I I s c i t I t i t h  i n to  t i l e ’ ‘sis , l t c ’i

t )Iu~e’c t s i t ’ t )e’c’t t lie souinc i  isis , iis c’s in I’ ah t e ’ i i l s  that hire ’ dc’h u eti d e ’nt di l l  t h l c ~l I sh ape’. I l i e ’ .ic ’ciu st Is

de’t ~’c’tt ) i ~4S ~ ‘)(, elenteults i i i  hi 2— I c ic i t  ( O ( i  i i i e ’t ~’i I s d I u i s h i e  I ‘sc’lISc ” , l u I l i d i , ’ ss(’s , hi l lel S i t  l i e ”. t i l e’

is t i t i t i th pal t c ’ rui ~lS an ,le t ) i l s h i s  i l c ) IOgI l u u l l , isis I i i c i i  l’s thle ’tl eh ig i t i i e ’eI auth I i  , l l l s h ~’r r e’tI to t i l e ’ It t i lo—
graphi t e ’  tt’e’Ofls L r ui c’t e i r , II digi t al  I l l i l l i c ’euul l p u t e ’i , l i m e ’ i i i u u l i c c i i l l p t i l e ’r pm sic c ’sse ’s t I l e ’ l i t i l o g r a m m i  t o

toru n .utu i i l l~igc WIli c ’hi is t hieiu Jisj ’I , i~ e e l  OIl .1 se’ l e ’e’ t l ,  -\II e’hec ’ t i d l i l l c s ui isidt’ li le ’ umi lcl e ’risis h l t e ’i

ho usi n g .lmd ’ pressure’ to lerant ,  t hu. i t  is , t h e ’ t i eu t i s i i l g  d oe’. i l t i t  isis I t h i s t h l l u c l  t i l e ’ I l u m l h u l e l l l  p i c ’s s i l i e ’ ,

li n t t ra r t s iuuUs  it d i r e c l h s  ho lime ’ L ’ IL ’e h I O h i i k  c’c i u l l j i c l u l c ’ I i t s  h hi c’uii s e ’I ise ’s W i t i l u m i  t i l t ’ ei ul — till e ’ei,

pressurd ’—c ’o m m l l i e’i ls .ut d ’ti c’on th i i l ’ m e r

Ih e  .lc~~’ ( i s t i c  i t u t . i g i t l g  5’. %lt ’il l Is e’ l l i s l S i t i i l d ’ti .i’. hie ’u u ig  is e’i\ u i s e t t i l  l i t  t is is  d l  s c e ’l i . i i  is i s ‘is

-
~ 

- a cI. iSS i  t i c .i t m c i i i  s~~s t e i f l  in c’O i l l t u l i c t l e i f l  isis i t h i  .i ‘se ’. l r c hl ‘.d l l i , i i  , it will p m ism de’ t a r ge ’t it le ’ i i t u  f i ea —
t i on , ,IS would a t e ’lc ’is i s i c i n , bui t isis I l l gre’hute ’r rhim ige’ 1111(1 Ic ” .’. se ’ i i s i t l i s  m l ~ i t t  isis a R t  t t m r h u i e I m h~ - ~iss

hi is isii.ll sis s t c ’ i l i . it pi~~ h id ’S slshl ’ iltI\ h i l l tI l e’ ( l l i L ’ i h i t i c i u l oh t i n c l e ’riss 1it er  ist eir k s’s s t c ’ l I 1 5 . e’ i sd ’il

is ishe’ti t here ’ is t uurb i~iit~ cause th l’s I he ui i u d t u m i i i e ’d up b~ t h e ’ iss e irk s~ st t ’ h l i

RI ’ i I - I IMI ’  011’K’’il M tPPIN(. S\S I I  M (kO ~tSI
I lle’ concept  be’hii net t h e ’ eheis elopmnent s it  R ( )~I S isis .1’. to c t i u i m  tun i c ’ ( t i e ’ qua lm I es oh 4 I I

h igh Opt~c’iiI re sol imi i o iu .  t 2 )  .1 large ’ sisis ,m l t u  isis u t l h h i , , im tt l i~~’ hi r e a l — t u n e ’ l t ’h i e h ti t i t  t c i  p u o e i u i c ’ c’ .1

rc’a I —t i m e c l j u h l c . i l  p icture ’ of til e’ tice1 iui bc ihtoun hc ir t ,m st ss ’ , u t h io  se ’,m ish i .111th i l l . u p pu i lg  I t
hut s brid ges tile ’ gal ’ lu e’tis’. ee’ul c’s i ’s t  ing hic oUst he s’s s t e ’h i l s .  isis Ili e Ii ti l ls ’ I Icing i .m i igs ’ aitd i e ’h i l ’ t l  i l l s ’

‘1 tific’r5ltiOtl but . h i e ’ hi m il ih e d li~ Ioisis i e ’ss i lu t l s i i i  , .luhtI lili0t~~C l.l h i hli5 ‘s is s i i ,’i i ls , isis t ule ll ot Ie ’i 111gb

re’sc luhuoii html . i l s ’ not capab le ’ oh re’ a l — t u m i i e ’ elpe ’rh i t m c i m u

R O%I ’’~ e . l $ ’ . h I ’ l l l l l s ’s 1e’1i1’i,1 l u l p c i u i  hi ‘.e’l s i t  i c i t , h t i u l c ’ t h l i t ’e’— t , I s is ’ lc ’sI I l I h i  l o i s I t i d i l h i l t e c l  c l i i

.1 sing le ’ shlh m t ’t I i l g i u l s ’ c) I I~s’ t m i s t  11111 i c i l s’st, c’ c’l’s ,i ui i i  t ’ s ’ I I  I , I ’ ~c ’r h~e’ .Ii t1 , h s l c ’ss , u I ‘(1 sbe c l c ’t ’
‘ t ) ~~ i . i t l l , i I i S )  ,mng l e I hi t ’ ‘.e’ s c i l i t l ,  sis l i s I i I s l l i l s ’ t,’cl is’, i t l i  t h e ’ l u st - i c ’ c s ’ l ’ s  s ’s ,i f’Ol t i c i l l  ol I lie ’ l’e’lu i l t

re’tu i r ne’el 110111 l I l e ’ se’hh t l t ieii  , i u l d l  it ’ tle ’c t s  it tltic i u m gli ,h hc c s l h s l m l g  s ’c sk I l l  to ,i phuc il uuuulll ht h t i h l t ’u

h u e ’ p huc u t t u ihliultlj i hmc ’r i%ignhil u s pr e’. i m n p h i  t ie d and  l’ l~~c t ’’.55’sh l’e’ t d i i c ’ i t  is h i , l i i ’ . I h l i t i t ’ei It t tIle ’

‘ s l i t  l . t s c ’ isis h i e ’ie  i t  is I t m i t i u e ’r l i i d uee ’\’.e’ dh ( ci i l l ak c ’ it c’c i ull l u ,i t ih i lc ’ isis i t h i  .i s , l t h l c i c l t ’ - l . l \  t t i b e ’ 4 ( R  I
d i i ’ . u i l h m s  - I h ie ’ ( ‘ R I  s h i s t ’ I , i ~ is .irramigetl to  h’ r c ” i s i t h e  .1 ‘‘ isis h i t d ’ l h , l l h . t ’ s i s s i- s h u i i i c ’n’.lsu ui . l I , i uap - t~ u’~’
ehms l’ lhi is , , h t ic l t I l e ’ e h a t . i  5irL’ p~’run5hil e’iltl\ rec’d uidI e’cl t i l l t i h m i ’ eh c° l’\ i~ i b’~~s 1 1 i m i h  , h i t , l I \  ‘ s I ’ s  I ll s ’

,iIs c’i ,mls i r ej i l  ec i m i tr ol h i t ’ chi sh’ I ,h\ hint1  .ielltls t i t s  e’c i i l t l , l s t  ( i I  / d i t ’h tl u i t  O il 1111 O b ’ l c ’s t  c i l  h i l t e ’ l t , ’’.t

I lIe ’ i c ’ s c i t  I I I C  i i l h i  l i i i  I ’. u i i c i t u u i t t ’ei i l l ,I isis . I t e ’r - hil led ,  , i c r \  l ie ’ h ousing to i l i l i l l l l I l ’ c’ l i g h t hs ’’s”s’’s

.11 t i l e’ isis , i t e’m - isis u l l d h s ls is - s l i m  i l i l e ’ i I , l c e I ts  l i e ’icI t t t v i e ’isis Is I c’ s l r l c i e ’dI to hi l egion  neal the ’ ‘ss,’ , h h I s ’s i i

( ci i l i u l l u l i t u / e ’ h i m s t c i l e l s ’r li .mck s~~, l t t c ’i l l , l c k s c a t t e r  I S s l l l l l t ’ie ’u hl ~ ie ’c h t i e ’ecl ho  m mi , ik~’ h l ie ~ sis s l c ’i l i

i’oisve’r I i i i i i t e ’tl ,
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F ig cm re e) Lib les i of th e ’ r ea t—t line 01i i k al ill iippi t lg syst eill -

Fite dle il lon str at ion hardware proviefe s a swath w i th lb o f’40() feet ( 122 nte’te rs)
when ot ieratee l at an a l t i tud e’ 120 f ’eet (37 meters ) above’ the sea tloor. wit l l  a resolution
elem et it site of 3 inches (8 centimeters ) . h igher reso ltmtio n s , but  .smalle r swat h wi d ths .
are obtaine d by lowering the op erating al t i tude ,  A 5—knot  2. (u meters per secoitel ) speed of ’

I advan ce provides a search rate of 0.2 square nautical utile per hour ,

M JN I SON A R

I Fo provide an acoustic navigation capabil i ty  for very small vehicles , a sonar tle’vice
of mniutimnal  site is requir ed. The goal of ’ a current development ci tort at NOS(’ is an d cc—

I tr oni cs ‘‘scan—wit h in—pulse ” sonar wi th  an un eierw at er head miot larger t It aul 3 by (u b~ (i

inches (8 by 15 by I S centi m eters ) that  will  have a range of ’ t OO to 300 feet 3() to Q()
nlet ers ) and a resolution of ’ 3 inches (8 cemit imet er s) .  The prot otype denton st ra t ion  utode’l
is currently tinder test ,

1 PRESSURE TOLERANT ELECTRONICS (PT E)

With I lie ad vent of solid—state electronic cOinpOnet It s , a m ajor inipr ovc’mt ’nt i i i  t t ie

I h)ac’kagi lig of ’under sea electron ic SVSt e ’u t ) s  ~S poss It’. ‘The’ p r iuitiir y t . c I e r i s ~ t ~,f P I F .
i.e., t lte electronics are not prot ected from t h e  pressure , desc ribes its real advantages It
l’rees the designer from constraints imposeei by pressu re vessels , and it provi d es ali l lost t i l l -

I l imited freedom in tlt e cItoice ot ’ container  sue ’, shape , and materials. Since there I S 110

pressure di t’t’erence between t h e  inside and ou tside of ’ the container ,  there is no neeti for
heav containers or high—pressur e’ pe’iletr ators and seals , At the present t ime , all know i t

I P’l’F sy ste m s u s e ’ li quid—tilled , pr essur e—equ~iIi ,eeI conta iners . In addi t ion  to s u t I e ’ m u i l g  the
advantages oh ’ few conl ~ui n er  constraints . sue’hu s st e ’llls e’atl or will be able to allow c’cun I rol oh ’
package hu ovl i i lc ’v e’Iiuui n a (e the ’ polent ial for catastrophic ’ pressure seal hil le l pe’uiel ra t cur
l~ui It m res . provide a low therm al resistan ce p ath  to t hi ~’ ot,’ean , and pe ’rn u i l  thi e  design of
f lexible,  i nexp ens ive’ electronic ‘. ste ’ills capable ’ of ’ ope’ratio n at .un ~ dc’pt hu .  l’he’re are
current ly  a large u tu inher  of ’ electronic devices and e’oullpolle’m lIs  t l t a t has e been tested lund
b un ch adequate ’ h’or I’l ’F appl icat ion.  Mati ~ ~u mp l i  h ers . ‘.ugllh ml pioc essing tie ’ i s i c’ d” .. ~mnd ss u iu .u i  

hi 
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subc’omnponeui t s have been built. Figure hO sliciws h i cou iip l ete te’le ’is IsIOit callIe’h’a mi~ iel i lied
with  selected PI ’F parts: t h e  caittera can he taken to aut y depth wi thout  a iieas- y pres sture
case.

Figur e 10. Pressure tolcran i clectrciii ic telev i sio mu.

MATERIALS

1’liere is a constant  searclt hor better materials for usc’ u t  t h e’ underse l l e’nisir ot i i t ie ’t l t  I -

t o  support tmne iers ea work s~ s ic i t is . th t ree  problem areas arc’ re’ c e i i s i m lg special a t t e n t i c u n  at

NOSC: transparent t t iat eriz il s .  high slr e ’ng th—to — w e i gl i t  rat i o mu t a t e r ia l s .  amId tumiclersea t’abl—

ui ~g, the’ t ransparent  mater ia l s  progr am in5 ’l udes c o n i im t t m i n g  deis -e lop nie’n t  c u t  design anti
e’ert i lic~iti eutt  cr i ter i a toi liii,’ u s c ’ c i i  . Is ’ I ’ s  h i s s . gl,is’., ,uittt c’d’t h i l l t i s  s mit  wi i i t loisis ’. I t i g t i r e ’ I I ) .

_

F
~~

ure I I .  l)eep ocean window
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I pressure It ul l s . a u u d struc’tural c’ontpon ent s  for  m c I  e a s i n g  d ept i i  audi st ringc’nt ope’r at imtg

cond itions. I k e  ,u r ani id fiber kc’is- Ia r us being appli ed as .i sh u’engt Ii nte’i nbe’r for nuid c’rsea
c’abling antI as the’ rein torc’in g mn e’mn be’r in plash ~c’ e’olitposite shle’e’ts and structural nt e’nibers .
Flte resulting weigh t s.is um igs u s hi t~icto r c i t  four to si ’s, - I di l ighten t i l e ’ t le’nsitv oh ismutciersea
cables, um lcre ’ase’ tile’ data siguta l bandwidt h  and reduce e’ross—talk am t d outside elec’trica l and
radio—fr equenc y i it ter te r e’nce’ : l’iher—o ptic elentei lts are also bei itg applie d to tile tetiter cable’s
ot ’ t mm icl ersea is

-

~ 

. 

- 
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For nlost rou t ine  uit de rseh i cupe rat i t ui l s . t w t u - f i u i t c t i o n  claws o (various si.’e’s hi l le l

‘.hh ipes. cutters , h ind simple t ’iggle bolts .u re su m t ’hj cic’ut for 111051 work ta sks  l:or c’er la in  e u t ’

( lit ’ mo re t le st e’ro u ms t a sks . m u l t i  t im i i c ’t mo ii i l i 5 lu l i pu m lh i h o l ’ s  anti spe’e’ialiie ’ei too l s h u e ’ nc’cessar \ .

4 i
M A N I P L I L - t I O R S

A i t u a n i p u l l a l t u r  u i l ush  be’ m lu ec’ltautie ’ahI y well cle ’signe ’d for pe’r t o m i m i iug  li i i . ’ re’t l u m i r e d
t a sks itt  thc’ imi ari nc’ e’ns-irtulme’mlt. anti ml 1111151 hu e in t e gm - a te ’d isis - j I l t  c’out h r o ls hill el c l i sp lh iv s

~
cI t bh i t  l i l t ’ Olie’r,i t OT c’hhli  per lorm c’I io r e iu i lh l t d ’el , , l t c ’ i I  t . i  Ic ’ mo t iom ts . “in one s i s u t i t  e’xpe’ riem l c’ e’

in remote work s~ st e ’I i i ’ .  eieis elops tu pi uu ioi t s  ott htosis- to eie’sign mnai t i p u l a t o t  to o p t i n l i t e  Ilk ’
ed p .ih u i l i t  me ’s ol ’ t i lt ’ ope rat or t It r ot ight t hit ’ in a n— nl a c hi  i l i c’ ill  her  fac ’c’. bu t t iie’se op in iculu s mu l I s t  be
rc’c’oite ’ileel isis -i t h i  t h e  c’s pe’rl c’llc ’e di t 01 hers , m e ’ , t lte ’ I t umn a n  t~ictor researc’hte ’r s h i ll e l h u e ’
operators.

Ike  optim um uu t an ipu l a to r  and c’ontro l  sy stem \-~uries ~i s - i t l t  the ’ ta sk. 1:ltei.~ hi lu hih u iI i t i c . s

I of operators also va r ~ , and their  pre t’c’reflc’es hire of ’t ett a t i mnct ioi t  of t h e i r  e’Xt i c’r ie’itc ’e is is- t ihi
p art ic’u la r type’s of nl am li pulalo r s . c’Oilt rols . el i sp lhuVs . hi l idt  tasks.  However, espe’r ienc ’e’ hh is le’eI

- 

, - 
t t l  hi ge’iier al awareness 1u F c’e’rtai n t radeof fs . For esampk ’ : for ta sks re’qni r i u ig  pr ee’ise’

I ~uositjc~iiuig . rale-c’onI nil ele’vic ’es are t l ) O~ e’ .ie’ctl r5i te :  ~is h i e rt ,us for geiter al re ac l iiu ig hillel grhlsp-
miug.  wh le’re c’oordin ation us more in ip ot ’tant thta i t  precision, n ia ste ’ i— s l a is  e mu t au t ipuha tors  h ire ’

it tuch t’aster . lit ra te—c ontrol  manipulators . posit ioil f ’eetlbac’k is purely s i st ma l  whereas

I for in aster— sla is e n la n lp u h a t ors ,  e’ise ’it isis i t l t  e’o it i p u te r — gemt erat e ’d display s . Ih ic ’re’ is also a
lla tur hul I’eehiut g of’ positioll list ci t ypes  t u t  mi t a ster—s l ais e’ controls It ais e been used: i lh i r l l e ’ss h iil el
t e r n luu tus  contr ol -‘i itamess control straps onto , or in St ui i id ’ isis h l \  h i t  th ld ’i id ’S to. the  h I i i i t  t i t  f i l e ’

I operator :  ( l ie t t ’r t iui i i t i s  c’oiit rol ~ held tuttl ~ at t I l t ’ 111111(1 or t e r u t u i n i m s . I Ii e ’~ op er huh e ’ I i )  I l ie ’
Sdflle ’ ~~~~ 

- t i l t ’ maiui pu la t or  ( sh ave )  is clrive’mi I s ’ e’Ol l loi’mil to t i l e ’ e’ tufl h igurati on h i l l e l  posit loll
e i t ’ hh ~t’ control 4 mh uster ) .  the’ lt 5irness control lUl l ’s  be lilost valua b le for USc ’ is vi t hi  h i l l t l t t d i ’

I po m itt ur p hl ic ’ n tani pu latorx . especially thtose is vi th i  ~ rc’elutleia nt i t ml l c t i o i l  t~ir ~~~~ po s i tu t u i l .
l’er n t inu s c’onl rol , ntu ch more e’Ollltil oti in 110 1—cell t ltl ch ehl r work . geIle rh u Il\  hills ’s ’. s Wore’
operator t’reeeltuni and a greater rautg e of ’ nl ot iomt hillel does t lot re’quire ; i i i  hut lt l l ropdutl iorp hie’
mnai t ipul a tor .
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l’or mna nj pulah ors . such as t h ose’ on the RUWS ( f i gure’ 12 )  ami d work s\ sI e l l i s

~uhic ’k h ige (W SP) ,  j (  i5 h i l l t j c ’i~~hit d ’d t hi . i t  t ask s requiring tturce heeeihae ’k will  occur. I - ~ampI e’s
.lre J r ihhimu g and t app ing ope’rahions whie ’re ’ b i t  I l i f l e hi t ’curc ’e cur mi tu s e l i rec tee l  t t u lc ’ e’ i i i i gitt resul t

.i broken tool. 01 course’. w hue ’n.’is - e’r possible ’, hoc u l  e i ru i s  e’ , tc ’eci, hIllel h uh igmlu l t e ’u i t  sh ou ld be’
h l t i t 0 i l th t t i e  t u i t c ( i eu i l s  t) t h u e ’ tool i t s e l f  hilt1 n cu t oh the  m h u i l i p u l a t c u r .  ~ 

I itle u rtu iia teh~ , thus  is
i t t u t  a list hi~ s possible. Al i eu t l l e ’i’ 51 t t mh u t loml  I I I  ist ’llie’ll t ore ’ e’—s e ’u lsing e’ t~~dei lie’ illt po r th in t  du e ’c’tirs
st-lien t i l e’ un a u t iput hut or  t mit esp e c ’tc’ellv c O l l i e ’S ill c’Oui t Je ’h isis m i l l  t i l e ’ isis- tu r k th isk cur t h e ’ 5 e’lllc ’he ’
An d u t hi er  e t i ft ic u l t y  t l t a t  the opcr h it d ur e’itc ’tut m u l t e ’r s is ml ) i u ) h l j m l t h l i m l m u l g  .1 %c ’i i ’sc ’ c i i  tu fld’i t t h i t  Id ul l

Or i eu t t at i on  hillel st h i t i o t l— p e ui n t  tc’edb ac’k hire ’ t u r cuis icle ’cl h~ t is t o iiie ’h h uo c ls: fi’t e’eh e’h i m u le’rh l h ii t dl

m ol l i t cu r  cur i le h uei —c c uu p I ,~eh t cle’is ision ( t i l e ’ la t t e r  u n e t hu e uel  ShI t i t i ld i  in e’orporalc ’ he ’h i e i — h ’o lh owi it g
t r anslat ion . i t  possible) . I he ’ac l— coup le’el te’Ie’vi sion also ltlld ’is l h I t e ’S I 1e’ prob lemii of h i l t t l t e ’ei tlc ’le i

~i I v iew , Sill c’e hi sweep c u t ’ t h e  h ead allows t l te ’ op erat cur to c ui c ’tu i iu l i h i s s  is i s t ia l lv  his l l l t l e ’h l of
thte remote’ eul is iron l t t en t  hI s eIesire’el hi l t dl t i l e ’ sp h i t ihul  r e la t ionship  ci I s ’h ’ I d ’c t S  ik i t  s j u m t u l t a n e o u m s —

s i sm bl e  in the cauttera s h eld euf ’ is’iew is i i t s t i nc t i i s e l y  r e t h im m le ’df ,

- ‘ I

~
IJ-4

~~~
I-

Figure I ~ - RLIWS n t huil tp em lh ltor .

I t  nlust be caut ieuii ecl tha t  the’ best gene’r a l—purp ose u l l a l l i p u l a to r  for ul m le t e r wh i  h e ’ I

ist -ork is I lc u t  ute ce’ssarilv tile uttost sophis t ie ’ateci or contple\ . (‘cu st , re’h ih ib ih i t ~ , u i u h i u l l t a l m l a l u l l i ( \  r

hi llel  t I le abilit y cut ’ t i le ’ tr a imle e h eupe’r h itd i r to isis- turk w i t h t i l l  I i i t l u t a t i o n s  il iust h ilSdu be’ sise’ughle’d ut

cle’e’i t l in g isis ite ther  to inc’tu rp orh ite see’iit ingly de’si rh u ble ’ i’e’a t u m res
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I ~%ORk S\ S II’ MS l’ - ’ i& t.~, -~t ;t 4 %~Sl’ )

‘ill e’ \ h u i i l l ’ f d ’ ci f  i i i l e ’~’ i , I i l c u i i  01 u i i , i i I I l i t I l . i t c i i ~, , i i ie l  t c u tu ls  u s l s ’ L i i i ~l mi l  t I le ’ rc’ee ’i l t l \  ton i-

I l’ l c ’t d ’cI is’. t u r k  ‘s’s si c ’i l i s  I i , i s k . i e e ’ ‘.,u~ ~‘d’~ , e l e ’s, e’ lc i p e ’cl .Is p .ui  t c u t  I h i c ’ I lo I 
~~~~~ .1111 -

I hi e ’ \\ SI’ I l l g u m m c ’ I ~ 1 is c s i l i u l ’ I I s e ’cl ,~ t l I I , I I u i 1 i i i l , I t ~ i I ~, , i i u c i  .1 5 .I u i e ’ t  \ o f h i s  c I I . I t l l i e  i c i cu l ’.

I 
t h a t  . I I e ’ u m i l , ’ c u , i t e ’sh to ,ie e’cu i iu i ’ h ush i  t . isks to  c u e e ’. i i l  tl e’ h ’ t h i s ol 20 ,00(1 f~’5’i i i ’  1(1( 1 i i i e ’ te ’rs l I l ie ’
‘.5 ‘ s t e’ l u i  e’ .i tl l~e m c ’j c l m l ~ .i c l .i j ’l e’ch t o  t I l t ’ l i l , i I l i l e’ch ‘ s u h u i i u c ’ u s i I ’ I t ’s \ I  \ h ~~, SI \ ( l  I I I . .11151

I L  R I l l  .ffleI t i l t ’ i s i l ’ e u t i s c ’h i i t ’le’”, ( ‘L R \  I l l  ,Iii el R ( ’\ \ S t c t e’’i s l C ’I ~cl t h i c ’ u i  ‘s is su i k  e . I I ’ , I I ’ i I : t i c’s

I i i  ,ueiell t ic ’ui , i t  c . I i l  l’e’ ‘s ’Si t is u i l e ’eh ,I i l c t  s O i l  t m c ’hled h i ’ s  5l i i s s ’ l ’ s  t ’I sij’ c’ I .~I ~‘~h I l c i l f l  .1 ‘ s L I T  t , I ~~s - s l u I t I t c t I  I

I s l u l h u  ~~ ‘s ’, ~~~~~ isis .1” c j t ’s h ’ i i t ’sI I t t j \ ’ i h o i  i i i  .1 s c i I i I h ’ I e ’Ie ’ isis c t i k , t l i s’ l , u f t u c i i t  s ’il t I t ~’ “ t i  l lc ’s ’i isis

e t t l t  T s ’ ’ Lml  l . I c l t i ~’ l s ’I t e ic u l l I 1 i 5 ’ I 5 t i . I u i ~~5’ h’ s i t c ’ I l t i , I I  t . I sks  I I I s h u c l e ’ I t t  c i\ f s ’ i i s  - s c i I l s t I i l s  t I s u i t .  l I t s t . I l ’

l , i t i s u i i ,  , i l l c l  I e’( i . i l r  s ’I’ e ’ T . l t i s t u l ”  I c i’.’. — h i g l i i - i t ’’ t ’h te ’hi’l ‘, i t i l l  e , i l l i t ’ I  .1’. I lb  ( 1 11 ,11 I , ’ - i s ’ct i e h t ’

I hI~ t ’~1 h i i ~h i t s  , l ( i i ’ i l t c ’I th  t i l e ’ ci l ’ e’i , I i s i i \  5 1 5 1 0 1 1

I
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I l l , ~i l r e’ I ~V s ’rk  ‘s’s SIs ’;ul ’.

Il ie ’ ske’he’t.ii st r u ict uu m e ’ c u t t h e ’ \\ SI’ is .1 s u I i i I ’ l c ’ t t u l ’ u i l , i m  I t e ’t sis e ii k l . i l ’i i ~ .it ~’~h l l c ’i l l

‘t )S(t’,tll c ’~ .il u mi uuiiui m iit It ’. s s ’I l  I j i ~c I i . I t i s ’Il i ’s l h i e ’ i c ’s i i l t  c ’I si’ .i t i ; i h l ~ . i m r . u n e u i t i ’ .111 11i .I is ’I “ is ‘. t s ’I l t

e’d u m t i h i c ui i e’ i i t ”  I s i i t l s ’ e’t t h t t ’ .i ~~~~~~~~~~~~~~ re’t h i l i r e ’nie ’n ts  , i f lcl  t h l c ’Ii  s ’ t ’l l i l c’c’ l i I l g  t h l c’I l i  isis ut lt .1
s i u i g l e ’ s l i o u l ’,’i ’ , I5 k h i lt ’ plc ’l ’lc ’iu 01 i i ” s ’ isis i t l i  is , I i i t ’ u i ’ s  s u i l ’ i i m e ’i~ i l ’ le ’s is’. i s , st i l t  e’ci l’~ I u i c ui i s l l n~
.uil  u u i i e’i t d e e ’ j i l , u t e’ l’~’t isis s’ t ’ i i  t h e ’ is e’ h u t I ~’ . i t u s l  t h e ’ \\ 51~ I l ie ’ i l l h s ’ l  I , l s s  ; ‘l , i le ’ I’. I l i c ’t l I l t e ’ch I s ’ tIle ’

I’ . I I e ’l l t  is e’ h u i e l c’ lu ~ .1 s u u i g l e’ I i l i c ’l t c h l . i l I l e ’ t s ’l h ’ c i l t  t ,‘ ‘s e’e’ ; i t i l l i e ’ l t ’ l s l  t h i . i t  .111 I ’ d’ “ss ’ i s e ’ I d ’dl h ”~
e’i h h ei c i t  t is is  o e’’cp lt ’sise ’ls — .ie ’i I i . i h e ’cl h ’ c ’hl  ~‘ i l t t 5 ’ I s . I I u e’I c ’l’\ “ ,i i u ’ s I i s  i i t ~ t l i c ’ l e ’ci t l l I c ’ I u i e ’ I l I  l ii i  .1

I s l l lg le ’_ p t u l i i t  i~’l l is c u i l e , I I i . II u l t i t ’ s  isis i t l i  I c ’c h u u i l c l . i i le ’\ -

I t  isis Is  l l c ’ s e ’ ’s’.. I i i s  t c ’ id ’tt l le t ’ t i l e ’ I l l i c l e ’ l i s t  . I t ~’I I’. e’I t ~I l l  s ’I t II ~’ \\ Si’ I 0 u l l , I k c ’ i i  s , u l l t l ’ . I l u h ’ h c ’
is’. f lu t I l t ’ i i  u i l i  s . I I ’ ,ie ’ i t i c ’is t ’l e’.ie ’lI ‘, I l d ’I l  I ‘ s I I l ’ i l I e’ i ” i h ’ l t ’ l l ’ t k ’ . ~ ‘ I s is P t . i c i l e  I c ’,u i i l  is’, i t  I t .1 t le ’it s l t \

I c ’I ~~ ps u uu i t ~l’s pci 5’u i l ’ i ~’ loot  ‘sis~ ’i ~ ’ sI i . ipec l  .I I l c l  l l l c ’ t l l t t e ’cl c ’li t h e ’ j i .u Jk . i~ c’ , i miel  s k ud  s t u i s l i l I c ’

t ile ’ lcu .ii il ‘sis .1” j’ t ’s l l i cu i id ’t t t o  I S t ’Iel  i I l t c’ I l ~’ic ’ l l c ’t’ isis i t  It isis k irk l i u i l c t i c u t t ,  is’, h i I ~’ i ’ i c ’is I c h l i l i ’ ‘~‘~‘~l
st.ut ’ ilmt ~ e I i . I I . I s l e ’ i i s t l s ’s t c i t i l e’ l i c isl is t’Itusle ’. /

‘ 
\ I c ’ i u m i t c ’tl c ’il t’.ic hi e’i lcl c i t  t i l e ’ 11 1,1111 t I  c ’s’s tub e ’ . 11 . .’ his ’. c~ ‘s i i t i q ’ l e ’ uil . u u u i l ’ I i I . i t  5 11 ‘I

‘ i ’ l , I h ’ l ’ e’I .1 1 1 1 1 5  55 li le’hi s i l l  se ’ t i i I t ’ . i i l c l  Il c u lc l  .1 isis c i i k p i c’c c ’ Ic ’I si .il ’il ~t ’ s  c i m . iss ist  t h ~’ c he ’ \ t s i c ’t i s

il I , i I l l l ’ I i l . i t c ’ l  i s i s t i i k  .11111 I Iue ’~ . l i e ’ hu ~ c l t . u t u I i c . i h l ~ , l s t L I , I I e’cl , i i i c i  t h i n  /j ’e’i lc i i l l l  sl\ l I l t ’ s s ’ i u l i c u l l e ’eI

I t u u i i c t i c u l t s  l i t 5 - Iul dimltz .1 ‘-I i t ch  t o l  e’e’ i l t i l l i t ’t s ’ I s i  h i f l e’, I i  s’st c’I l s i t i l l  m I t  5’ , lp ,u5 ’ u t i s  u s  2 “ I )  ;‘s ’t I l l c Is
I I I ~ k uI c u i. ~m .uul i s l .it .1 t I  f~icu t  ( .~ i l le ’ t e ’i’ s I s’ \ I c ’ l i s l t ’ii ,u i i c l  h i l t ’ u ’, i l l ’  t5 u c c ’ ‘s ‘s i lO p01111th ’. I ‘2

k i l t ’,’m 1111 5 1 
-
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Ik e ’ eic’’ste’re uu us is’. om k iiuartipu l,iteur ms .1 se’se’ut ’ltm nct uouu , t i~ el ra ulue ’ hi {l ’ s ,ie’ t t i h l te ’dl , rate-
e’difl trolle’d arn i It id iLili t t ’ti , ib c uis e’ ,inci I c i s tj rbc uhi r el of ecu let .  l i i i ’ .  P051 t i t ul l . i i i  Ie’l.i I mc i i i  to
the eu(ie’rhuteirs mtontild is me’is’.’imlg ~ OSI I IOu hil u t t is e c’e’ll te ’r hin t 1 be’h u int l  the ’ ~‘.ie k , ige ’ , mis hui ihII c ) gI i I i s

to the relative Posit j olts of ’ t ht t’ nghlt arm amid C’s C’ of .i I l tu m lih im I : i t  I hitis I ’ I c us mel t ’s ‘s t u n t’
anthropomorphic I a i n m l i a i m t ~ I t t  t i lt ’ cu p e r a t t u r .  I i t t  e’;ih u a c ’i ts  oh t I le ’ i u th i i t i l u t i l . i t d ul is 100
Peflii ld S ~~ kilograitls) with  Ok’ arias full c’~te’iiele’el l et  t f eet 2 l l l e ’ t e’ l s h  I l i l t’S tr oi ut t i l e ’ / —

ni aiui hy d raulic ’ poisis er I l i l i t  r u in t O t u e  i. i ’sis l i l t ’ Ijisis us ed lui h u pee l isis i t h i  c l t i ic ’k di sc’cu it i t e ’cts
5t tli~’h niat e’ wi th  similar c’oiine ’c’t it ’ l l ’, dii i t i le ’ hi ~ di rh i t ih ic ’ t c u c u l ’s . I ’hm s permits hi~ eli 1tu l ie ’ r oster
le t  he couplet ! un de ris ’ .at e’r an d t rhun sn i i t ted l  to ti le ’ t eu cil whi e’iu it  is gr .usp e’eI . isis u t h i c i u t  t I le ’ nee ’cl
heir h ic i sc is on each tool .

l’lie tools hire huele l b~ c’Oli i l u l i hi l l t  brusite ’s i i i  .i t t m b u h1ir  ah u m i i im tu in  lt olele ’r isis h im e ’I u is

posi tu eun c’tl eu~upe us it e ti le ’ primilar ~ ll lai lu h iU h 1ut O r .ii lc l ile utmhill \  ou t of the  f i c u i t t ~ h is ue ’isis ing .t m ~‘ .i
h h te’ h it ul ele’r chil l be’ e \t e ’m ldieei SO t ha t  t h e ’ too ls are’ e’\ t E h ie ’t Cel cur me ’ph.i ~’ e’tl hih eu ltg a rh idlu , i I l ine

c’orr e’spc u t telin g te u ti le’ m i i an upuml at eu r s line a r e’\ t e’IlSie u ll e’ h ipabi l I t \  . th us  shu c i r t e i t i i t g  t I l e ’ I m I t ’
required to pert ’orm IL too l eis.ch u n ge. Bi ts . sue ’ht .15 thrills or scu c’k e ’t s , . t i e ’ hie ’Iei in ~h i j ’ is .iIollg
t h e  t i l u l u d’r h Il lel e u t s u d e ’ c’el ge cu t ’ t i le’ ht eile ie’r ,

It isis .is t’m t is j s j e~ite’d t h at t h te  WSP weu u le l d o  t h e ’ isis- t urk oh ’ diis e’rs operating at g i e ’.ut
clc’p t hls:  t l u t ’re ft ur e . large too ls .m re ’ ild ut incl u ele’eI . t h e  tools i u r eus iele ’el hire ’ t l t e’ t~ Pt’ ~ite h sl , ’ e’
tha t  would I leu r muhull y be’ u sed h .i llle’e’Iial t ie ’ ~‘c’r t ’orl t uil lg tl~ Iel ope’ r h u t ic uns diii lan d l i l t ’

- , tool sui te ’ sis .us selc’e’t e ’eI on t Il t ’ b .isis of isis cirk t ’une ’ t lOmi s  rt ’e h u i r e ’el to per fou’ ii i tv i’ i~~.uI uul l e ie ’ i—

~~~ 
~

- isis . m t c ’i t.is k ’~, sti ck .us t htu ~e’ e’ne’ e uumn t e ’ree l u t  s .uls h ii,~t’ dipt ’ i h u t i c u i i s .  I I l c ’st ’ i i l e ’ l tmel t ’ elc ’h ’ l I s  s I e ’, I I  . 1 1 1 c c ,
hu l l  pe’llt ’t r 1uti c uml , Ii t ’t ei e is i c’e’ hit t ac ’h t n t t ’ui t  , 1tilcl s ,ulis .igt ’ is .ml i s  e’ e’c u uu p l i i tg  lit  t 1le ’hi i t l t ’il t - Ike’ t es cu l s
.1 I c ’ c Il is u cied l i l t  d i three ’ cd t e ’gc u r ie ’s I cu t  .ui  \ . Iu i l e hi r .  ~ncl poster is elc u c it  \ (e\  IiItusiisel~ -act tm ,it eel I
h ( \ d h t h I t i h l e  cilt e’ rh u( i eul l isis .i~ selec t ed (or ulleust (c ic u l s , .  is we ll .is (or th e’ l l i1ui i i t i ( m h1i( t i ( ’% , I I i sh  c ’tbe ’~
.lc t ui ,ih e u ’ s , h ’ c, c,’ l t i s e ’ c u t  i ts i i t h i e ’re’it t ,I cl ’s , u i t t , i g c ”, cit L ’ I d ’ c l ’ se’ e’ d u i l t r o l .  hu gh pcusiser c le i l si  t~ , h i l le l
i l l ’ s c’ l I s I t i ’ .  l t ~ ( c i  tle ’I ’t hi I ’ I t ’s sU l t ’ l ilt ’ R u b. i I~ is ’s ’Is , s i i e I i  .1 ’. h i t ’ c’lllp ~’iiiV l i . i i l l l l l e ’l , . I l e’ l’~~’.t
b~ sii u , uhl , Ii \c ’ th’d !lS l” l h ic ’ d’il le’ilt  t ’ ist oil  i t le u h cut’S , isis i l i l e ’ t I l e ’ h i u t c ’.um t c i s ihs  .11 e’ ope’I ~ i t e ’cl I’~ h i l le’hi i
,I s 111 , 111 i l ’s  I3c iI Ii r e’pr e ’se’il t .1 I u i s u i l e ’e’ l l l t e  t’ f t c i r t  tc uisis d I s h  .1 e’ cu ill j ’i ’e’hi e’ll siS e’ um n tle r is is  ,i te ’ I Ic ’ s ’l
s U i t e ’ I tie peuisis e’r — is elc i e’j t is t o o l s ,  cable ’ e’ul t t e ’ t ,  .111th ‘s t u i ~l t i tus e’l .ire Usc’cl ill hi l ’ pl i d . t t ic u i l i s  5’. l I t ’l c’
.i hi m ghu ’ e ’iie ’ig ’. o u t p u t  hc ’i .1 short dur a t i on Is dc’s i i e ’el I h le ’\ . t l e ’ s i i t i p le h Iilel e’,iS\ 10 e’I’e’ I . I t e’ ,
but c.iii be’ t l se ’ch cunl ~ once’ during am t operat 1cm ( cunse’d l uie ’ i l t l \  , St ’s e’rah sI’ .lc c’5 ii i t i l t ’ I c i c il
Ilcuhd ler ,ile’ m s’sc’i ‘se’ st tc u r I h le ’sc’ t0c ’l’s h ib t e’ I c’d i i l t1 l i l l s  .1 S t I i i i i t i 1 t r \  she ” .,. I i l i t i c uil c’ I WSI’ t c i s ils

.lil eh th ie ’ur s- .i t ’abi hi t  I t ’s,

18
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I
fabl e I. Sumiulmar\ oh Work Sy ste ’itu s Package tc itul s imi l e

Operating Mode I’tuw er I leach Bits I ’ u i t c t u eu n  ( ‘. ip ab uli  R

Reutary h i gh Speech Wire Brush . Bru sh . grind , cut I 2~ u~ It’

I i l y e l r a u h i c  grinder cut-
o t t  st-heel

I Low spt’eet Drill, tap. die l)r i l t . thread 2 ’~ in l I t

Recipre u cating Rope cut 2 - u m t rope

I kiti fr

(‘h ipping itaii lnier (‘hisel (ilip 3 lb . 2 1  s i r cuke ’s

Pt’r ‘se’c c ’l l e h

1 Imp act w i’encll Scic’kt ’ts B c uht .  un b o l t  I 320 in lb

I Winch i’tmll  1000 Il ’

I Linear Jack Jacking I~~,000 lb . 5’ : i i i

Hyd raulic

Sprehue ler Spreact ~ng ~
‘ o lb. I 3 in

(‘able cut ter  Cis ut cable 23.000 lb . I -in
Wire rdipe

‘ 
It euwer (‘able cutter  (‘tut cable’ P i- in isis - ire u tup e
\ eIoc’it ~

I Stud gun Paele e Attach paeieye 1 5’ to ~ S-u t
t htie ’k t l t i le l  cte’e’h

I N U l l S  I m elt - pound = 1 . 1  2’) 848 F-O I Newtomt miteter
I inch = 2~~40 000 l’ -O une te’rs
I pound 4.53~ 024 l’— OI kilograms

I
I
1 I’)
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I
will have aut oper at ing range ot approx inta t e ly  350 n au mtic al  mil e s at a cruise speech 0(24
knots ( 1 2  nteter s per second 1. Is ’. o TCs4-GI -’ -bB tuu rb o shta ft  engines of approxim t tately 2000

I htorsepower eaclt are used to t ins -c 78-m el t-dia m eter ( 19 8 centiniet er sb ,  controllable and
reversible r i tch  propelkr s .

; I
With  all component parts detined and demonstrated I’or various tasks , we will  use

I 
a recent l y com pleted, resc arch- and—d eis -elopmt t ent task as a case I t is to r ~ of ’ t ite sy i t t h t es i s  of
;u is - eltiche for a part icular  app l ica t ion ,  The task ch losem i for t l t i s  example ’ is the need i for
reco is-cry of ’ t h e  solid re)cket boosters ( SRB s I used in the  la i m u c l i  of th e  NA SA space shu t t l e

l 
‘scht ick un to  space orbit  Alter burn—out  of the SRBs dur ing  the i n i t i a l  ir aj ector ~ 011111’
s it u t t l e , the 12 -  too t-d ihlull et er 4 meters ) h~ 1 40-foot—long (43 mete’rs ) SRBs are j et t isoned
anti d ropped in to  ( lie sea by parac htute s . Upon sea impact  they float upri ght in a “spar ”

I mode wi t h t h e  nozzle opening down. The task sth is  to provide a means to descend to tlte
elcpthi of ’ the rocket nozzle 100 feet (3 I meters 1 and insert a p lc mg so t l ta t  th t c  residual
wa te r  could he removed and the SRB til ted to a “log ” mode for towing  to a reclamation
site for reuse,

I The SRB dewater ing  system consists of a nozzle pR ig, control console , power
distr ihutiom i subsystem , and umbilical cables. The remotely controlled, undersea vehicle

I 1lom’tion of th is 5\ Stem.  desi gnated noizie p lug ( NI ’ ) is 14 t~et high (4 mrieters). from 2 5
to 7 .0 feet in diameter (0.8 to 2 meters) . and weigh s 3300 pounds ( 1500 kilogra m si in

4 ai r  ( f igure I S ) .  The NI’ was designed wi th  a m odular  approach f ’or ease of l’ahric ation and
maintenanc e’, The s t ’s  modules can be described as follows ;

1 HYE ) R- ~ULI(’ MO D LJL I -  - The hydraulic module houses two. 1 5-horsepower.
electro -ltydr au lic pumps.  These uni ts  provide the power to the four verti cal a mid two

I 
hori zontal  thru sters  and the locking arms. The hvdra uul ic  sy s tem operates at 3000 pounds
per square inch ( 2 1  megapascais) .

TRANS iTION MODULE - The t ransi t ion module  provides the transfe r in te r face

I for all pneumatic , electrical, and hydrau l ic funct ions ,  It is th te s tr emctura l  portion ot ’t ht e
NP and has the thrusters and sitock-mitigating bumper s mounted on it .  The bumpers pro-
vide the means to seat the NI ’ in the nozzle of the SRB prior to the deployment ot ’ th tc  lock-

I ing arms, Each bumper  has a proximi ty  switch amid provides a signal displayed as a l ig h lt  on
the control console as the NP becomes finnly seated in th te SRB nozzle , Tlte framework
provides the conduit for the electrical power and the air supply from the shi p.

I EL E CTR I (’AL MODULE - The electrical module houses all NP contro l fu nctions .
e.g. . signal control relays, thruster controls, and sensors .

INFLATABLE BAG MANDREL MODULE - The intlatab le bag mandrel module

I holds t he inilatable bag used to seal the nozzle of the SRB during second-stage dewatering
(log mode) . The bag is designed to inflate from 30 inches (76 cent imeters )  in diameter to
56 inches ( 14 2  centimeters ) in diameter to seal the nozzle. The design is based upon the

I Goodrich space saver tire concept. The mandre l also houses th e de’wat ering pipe and sv n-
tactic foam for flotation.

I LOCKING ARM MODULE - The locking atm uti odule provides t lte NI’ with t i te
means to secure itsel f’ firmly to the nozzle omice docking has been assured . The locking
arms are deployed by individua l piston-cylinder arrangements. An over-center design

- __________________
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is used t e u  insure locking u I  th i e’ e’is e’ i t t  c u t  lt~ dra uu l ic  failure. S i t t a ct ic  toant is fitted around
t l t is section to I~rov ide buoy ancy .

1) 1 W A I I  RI N t ;  M ( )I ) I . 1 I - - Ih e  dewate r i n g  me iduhe’ ~‘ont a i ns tI le’ dewhi t e’r i il g hic use ’,
b e l t ’s i s i c i l l  caiil er a h i i l t l l i gh t s . amid s e hl r cht — al tdl —r e ’e’eis e’ry sv s te m i t  t S A R ) .  B u mcuv ami cv  is also pro—
‘. itl t ’d (hr t uu ghi  s~ mitacti c fo huin Fhie clew at e’r ing Ito-se’ is uist’el to channe l t h e’ wat e r  t int  of th e
SRB sis l ie u b I t e  log m it e i d e’ has bt’en a t t a ined ,  Fhte litu se is w m re— h e l i x e’el nm hher  stoisis eeh m it  the
centr a l  e’vh i ne le r  cit the mo t lu mle.  -\ spri mt g— Io h t c le d ar rh ui lgen ie m tt  m ’ s used to deploy t h e  hose’,

- 

- 
File’ t elev ision e’h l i l l e’rhl is mounte d to pro vide’ is’ieleei cI i sp la~ s cu lt the’ l i t on itor .  [lie’ lu g h t t s  li ais e

lIh iI i—power hill el tti ll— i i e iis is’e’r o l i erhi t io i th tl  chipa b i l i t i e s .  SAR e’d lumipi i lef l t  m nc lumeles  j ut acot mstic
pinger . strobe lug hi t . and h i t ’t i m - i g e~-es

TIte’ mioii i e plug is lhuui l i c l icdl  f ’rc iu t i  a su p l u d ur t  sh ip  h ill e l m ’ s u m u h m ne ’ u ms e ’re’el on the sur fa e’e’

to the ’ SRB . Fite p lug is t lt cn sui b m i i e ’r ge’cl amtd p er tont ts  an insp ee’tm o n ci t  b it e SRB e’h isiflg .

ut i l i z ing  t h te  Id es isiout ch ui t l t ’rht s\ s t e l f l  l ’lue operator  tht t ’it a c t luur es  t i l e ’ ito,,le du p em l ing  by
using b i t e’ ShUil t’ te I e’ViSiOli 5\ s t e ’ u i I .  Ti le’ ~u ltmg is p osi t iomte ’tl be’ne’h mth the  SR I 3 , usinu ~ the ’
Ito nz ont a l  ,unc l ver t ical  t h tnm s t t ’rs . amid hit t h e  ap l i rc i p nh l t e  t i m u le  I’, e l rm is e i t  u mp i n to  t h e  noi,le ’s
t l t ro at .  I. pon t locki it g .  iu t d li d ’hu t c i r  h igh t t s  dun t I l t ’ e’ t u l l se u le  shu os is  t h a t  t h e  plu g is seated ant i t l th l t
b u t ’ locking h m r ul ls  hire ’ eft ’ployed to hol d t h e ’ i lev i l e ’ p lug ii i  P~~sI llo1I,  h ) e ’isis h m t t ’ r u mtg h u ur  iS

act i is a t eel  through t h e  umb i l i t ’al e’hi ble , lItdI j  pre ’ssu ure ’ eli f ter e’nt i , u I  l’s a t t a i i t e d ,  t h t u m s  t ’orc i m tg
out the whI ter .  As t h e  w ate r  us egresseel. the 5KB l ,iise ’s e i u m t  cit  t l te  is’. h m t e r , becoittes u i n s t hub le ,
amid1 falls os ~‘r i n to a log i t l c) t l t ’, At ihi s  t ime’. t l t e  ss’, m h u n g  hag is i n f l a t e d  tilt th~’ p l t mg t e l  hu rt’.
i s - c i t t ~uir loss. I) t ’sis a t t ’rin g c om t t inue ’s u n t i l  t i l e ’ 5KB us e i t i p t m e d  - l’lle t i m i tb i h ich i l  e’ables hire ’ elms—

• e’cu nn e c t ee l  t’rom t h e sh ip h ind i t l t e  SRB u s t owed to port .  At port . t h e no zz le  p lu mg is re m t te ive ’el

.us the seal ~ntJ Fe’ t’uir hi sh gne n i of ’ the  S RB us be~ t u Il .  —

I
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CONCLUSION

I To develop work systems that  e ffectively operate in the undersea environment
tit ere tn tmst he a close coupling o f t h e  defini t ion of the tasks to be performed and an
und ers tanding of the undersea environment.  The vehicles , sensors, tools , and support
equipment  must be care f’u l ly  inte grated to match the human oper ator ’s capabilit ies,

- 
Optimizing one contpon ent ot ’a system, or overly sophisticating another  component to
meet all possibl e req uire m ents , can work to t h e  detriment of the total system , and a
h alamice in r equire m ents , part icularly inc luding the Itu mn an operator , is necessary .

‘I
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