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NOTICE

When Government drawings , speci fication , or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation , the United States Government thereby i ncurs no
responsibility nor any obligation whatsoever; and the fact that the govern-
ment may have formulated , furnished or in any way suppl ied the said drawings ,
specifications , or other data , is not to be regarded by imp lication or
otherwise as in any manner licensing the holder or any other person or
corporation , or conveying any rights or permission to manufacture , use ,
or sell any pa tentec~ invention that may in any way be related thereto .

This final report was submitted by Boeing Aeros pace Company , under
contract F33615-73-C-2035 . The effort was sponsored by the Air Force
Aero Propulsion Laboratory , A ir Force Systems Command , Wr ight-Patterson
AFB , Ohio under Project Number 3066, Task Num ber 03 and Work Unit Number
42 with Joseph J. Batka , AFAPL /TBC as Project Engineer . Mr. G. W. N.
Lampard of Boeing Aerospace Company was technicall y respons ib le for the
work.

This report has been reviewed by the Information Office , (ASD/OIP) and
is releasable to the Nat ional Technical Information Service (NTIS). At
NTIS , it ~•i i ll be available to the general public , including foreign nations.

This technical report has been reviewed and is approved for publication .

[ 1w  ,s
~ /

oject En ‘eer e

FOR THE COMMANDER °

‘i 
CHARLES E. BENT Z st~~~~~ t0~ ’*,AIL~,tt~fl C&~~s

Technical Area Manager - Controls 
____

~~~~~ I :
Copies of this report should not be returned unless return is required

by securi ty considerations , contractual obligation s , or notice on a specific
document.

L. 
~~~~~ ~~~-i:i~ ~~ 

-
~~~~±~~~~~~ i - ~ri.*~ ‘~uu.~



UN CLASSJF I £1.3
S E C U R I T Y  C L A S S I F I ~ A~~I . ) N  OF T~ IIN P A G E  (Wb.,, fl~ I. F Ir,,~ 1)

R E A D  I N S TR U C T I ON S
- 

EPORT DOCUMENTATION U B E F O R E  C OM P L E T I N G  F ORM
R E PO R  ~~~~~~ ~~~~~~~~~~~~ NO 3 R E C I P I E N T S  C A T A L O G  N U M B E R

‘L.~ F AFAPL ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~

k~~~~IT L F  ~7~~7~~~~~~~~~~~
— .—— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 T Y P E  OF R F P O ~~~ & P E R I OD C O V E R E D

~~~ Integrated Propulsion Control System~~Ina J Reporl Technical Report (Final)
Volu me T, SUMMARY —- 

- 1 March 1973-30 August 1976

L — -: 6 P E R F O R M I N G  ORG REPDR~ N .I M B E~~

7 A u T I ~OR(,  ~~~~~~ 
B C O N T R A C T  ~~P G R A N T  NiJMB ERI~~

/)i ~~~n 0 ~~~~~~~] F336~~-73-C-2O 35
9 P E R F O R M I N G  O R G A N I Z A ION NA M E  A N D  A D D R E S S  IS P OI A M E F  T P P OJ E C r  T A 5 ~

Boeing Aerospace Company •1—’
P. 0. Box 3999 P.E. 62203F , PR~~r 3066 Task
Seat tl~~~WA 98124 ,‘~~ 306603. W .U . 3066~~T

I I .  CO~. r P O L L N O  O F F I Z ~ NA M t  A N D  A D D R E S S  / IZL.. 8LP QRT DAI E ....q —1

Air Force Aero -Propulsion Laboratory (AFAPL/ 
/ 

Au gt~~ 1976 ~ ~‘~IAir Force System Cori~nand 
1 ... ES

Wr ight Patterson AFB OIl 45433 _____________________________
4 UON~ T2BThO ~~~~~~~~ N ANE & A D D R E S S O I  a t  r,ro r f rom Co troIt~ng Of f , ~~r)  5 S E C U R I T Y  C L A S S .  (of I h ,  rAporf)

/ . 
-. ~~

., -I _fj~~~ _ _ _ _ _ _

‘
I fNj ,, 

1~ 
.7 r /  

I 
l5~ D

~~CkDAS SI
E
FI C A T I O N

I E DS I R  I ON ST A T  EM EN T I thi  S ~ U 

/
Approved for Public Release; Distribution Unlimited.

7 ~~ s r p P  J T ? O N  S’  A T F M E N 1  ‘of ISo IOf I~~~ t rntrrrd in P l o - b  20 if  all fo,onl Iron, Rrpo rl :

lB SU PPL. EMEN A R Y  NO T E S

19 I~EY W O R D S  Confin,~• on ~~~~~~~ .,,do if nronn,~ ry ArId d~n ’f f y by blooll num h..r~

Gas turbine testing , digital *,;itrols , propulsion controls , F— h i
TF3O , flight testing ,integrated control

20 A R S T R A C T  
~The Integrated Propulsion Control System (IPCS) program was conducted to pursue
and demonstrate the advantages of Integrated propulsion controls. The program
encompassed the design , build , flight qua l ification , and flight testing of
control modes , software , and hardware. The flight test veh icle was an F-lll E.
The left inlet and 1F30-P-9 engine were modified to operate under contro l of an
HDC-601 computer. Iwo sets of hardware were built or modified and two sets of
software were developed; one implemented the bill -of -material s control laws and
one implemented control laws developed under contract. A Step-b y-step sequence
of tests of Incre asing complexity demonstrated suitability for fli ght . Fifteen
flights were conducted to evaluate th~ IPCS . The proqram description and results
are sunenarized In this document .
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Pour i ls  Per ‘ , ‘cPrn ’J
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SF00 Co~ twar e field Chance Order
S-is Sa;-~ l e ard Hold
SIA Simulat ion 7 ; ’er faue Adapter
SLS Sea Level Static
SM U t c e c u i nq  ‘~lp~~or D r i v e rs
SMITE P~ WA Thchr ,i r~ue for I terative Solut ions in 25- i ’ ital

Sin r iil at ; on Prcr~rai’
S/N Ser ial No.
SOA PP P&W4 Modular Program Ass embl y Procedure
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TIGT Turbi ne Inlet Gas Temperature
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j I’~ - - n  ~~~ ‘,r(u l ‘ S p u O l l  ti o’ a i r -  m i t t  ~r p, ‘- po n d - h  E.i ice f i’ ,te ’ : , ’ n ’ nU pr~ pul slon
‘ n - J ~~- s t i ~~- ond ti n ’ s  j r -n t pe rfoni , :sr ’ ’,e  curl be i ’ lPr ’( ’II-’i , ~~ ‘ i r i -  li f n ;,,rl he

estcnn ded , s a l  c m ’ .- ,‘.n ‘‘ ‘ l a d  ( S r  be ,‘e ,ju_ ’’j , . ,  . Ii- ‘ ‘i- ’ , -- Ini r’ I’’ ’ iI ’ i ’I’; rh- app l i cab le  to
b- ,t n  m l ~ rv  iOU c n ’ . 1 ‘ j r  a i r c r a f t , in c H ’ -  r~~t d t l i 1 i  - i ’ . e n  Impeded by t h e l i m i t o t n o n s  of
‘ , i l ’ - ’ u ” i ’ ’ : r n i l il ‘ iCr  - l~ and C i i  in i c re a s i r  ‘I oo ,- p l .- . i t ,  of - owe n n’ i ’ J i S i O n  c i s t e ’ .

The A i r  ~~~~,- . . . s o o n s , n - ’ t U, , :ns ’- rottu C’ r Jilu lsio n n’ e : l t ’j ; c c ’  ~IPC S ) proqrsir ’  tO- ; - r’,uru
.ini 1. - - p , Cn ’ j t - ’ t i e  - J , ~~n 1-’ ,- ‘ ‘ n i t , ’ ’ ’ l ~ ‘1 ‘ l n ( , j , j lS ’ fl r ’: ’ ro ls .  Tar - ur- - c r i p t i o n  at  the
pro ’ ’’ - r i  s i ’ j r i f ’  ‘ i n ’ “ e — ,~~It s  a r -  ‘- ‘  f - r C a  ‘a n, - ,- f i na l r’ l’pLI ’ C .  ‘ c- t o ~~r volumi- ’, f
th ,n ‘ - r , ]  repor a ’ - ’  a S f l  “ ‘ ,, -

‘

‘/OL ,‘‘L ‘ , ‘-“-‘TrP / 0’,’ ,- RECO S” -Il ‘ C - ’-
“ -N IPCS b 00 2 P, A ’ I  [CiC I CAL DESCR PT ION

V OL 2’i : : i  IPCS rLIi ’,j iT T [ S~ P[P O~ T
I, IPCS ME tHODOLOGY

C r’ ,,- IPCS “ ‘ n e i ’ n L p o ’,”ed tao 0 , - o l i n , bui ld , fl I , ’: ‘ p a l i f c a t i o r . and fli gh t  tes t i ng
r i - i o n  c a t  - - pu -s , ‘ ,o~ C- - i re , and ha~ dwu r”  - The f light test iehicl  ‘~ wac  o r .

C - L I t .  ~nt- Hf’, i - l u ’, and TL.’J-P- ’U -r ~”Hnr- nuf ’ r’ , modi f ied to Up er- ite u nder f u l l _ ~ u l r a ’ r t ~
c~ ’ - t ’ ’ n~ of ar inUC-EUl o’ ”i i t 5l ‘u- , t I - n ’ . t O/ l ’rr ”eat ;~SrtICiC-5n t ’. in t t  pm’ ,o r u i  , E ’ r -  t O
Ai r  ~~r - e Aero-i’ r - :, i s b n Labo rator y , NASA C e - I S  Pe’Y’on , r 0 ,-r iCer , and NASA . Un - ,’ i ic-r i  F] i gn . C
Cn- ue m p h  t , - r  C r .  - ‘ j a r  l ;o r ,C rac Ca r- ;  we i n  Tr iO Boeing i-a’ ra’p, ce Co -- p a n y ,  - nrr e ’/ ,cc- II , - 

- 
-

‘id ~‘rdtt urid sr t a o ,  Al rcni t C .

Iwo co mp lete sets propu ls ion  and u’ n tnu l  ‘-idrl idre were p ii ’ I t or m od ified for JPCS. Two
; , ,t ’ , ,o~ saft~~ re ;-,’e,-e uruvel oped ; ‘crc ( B O ’ i C i C ’  was  a dig ita l  representat ion of the b il l -’~f-

- 
~~
‘ - “ is] con trol :‘:ip ’I ; ;  the other ~IPCS i r : i ie :’ ’sntnd advanced control n odes develo ped

“‘I -
~~ 000 t r l n C .  A ste c—o - i—sten c aeni p u o~’ t e s t s  of inc reas ing  comple i t ’v  dem ons t ra ted

-, ,m ibi l ’ i t y  f o r  c I i , , rm ~ t o m -jon -nt and suts/o t i m - tests were conducted followed by a bench
to , ’ m~~~’re e l e c r r - onn cs  in ’ r- -fupe ;i wi t e tn - mod i~~m ed fuel controllers. A real —time hybrid
si i’ ,u~ itro n of t~ a eng ine and in le t  .so t. us ed to close the loop in the bench t e c t o .  The

u , , T r p l le rs  w ere “ i C e d  to ~F’3 r~~P~~9 eng in es and s c I ,ii~ ptad  t o s e a — l e v e l — s t a t i c , t he n a l t i t ude
te s n o .  ,l ls w as ‘i i m i e d  by (‘ ‘ C i n S i v e  ground tes t i r ’ a  in tniit F — 1 1 1 E  a i rc ra f t . Fifteen
‘ ‘ ight s were c - ’ nd u o t e d  to -i0L at p the IPCS. T ime f o l ic ’ -,ir, c -o pera t i o na l  advantages were
de-unnstrated in t’m- f l i ght test Crog - u rn :

- Fast e r  e ng in e  acce lera t ion ; both ass Oene’ m t or and a fterburner
- :“ u r -czea u nup ’, and SFC at some f Ii qht cond it ions
- Pe- lucin i t h m r o ’ ,t dt f li~~U id le
- Exte nded s e r l i c e  ce i l i ng
- Reduced or eliminated ground t rir -
- S ito n- at i c  ;ta ll de tec t ion  and s t a l l  recove ry de tec t ion

One of the IPCS prug rac ’ goals was  the demonstrat ion of a management methodology that cou td
reduce tSr’ COS t and r 5~~ in  the deve lopm ent of complex systems . The essence of IPCS
umc- t hn d s loq, rimi des in tn’-ee concep tu : :1 ) Earl y p l a nn ing ‘or ir”teq ration , (2) Earl y
involvemen t of all concerned parti es , and (Ci Leer interor ganiz ationa l communication at
a ] )  s i e l s  than is considered common in weapons system orograms . T’~ ef’ectiveness of the
IPCS methodolog y is demonstrated by the fact that the program was on schedule at completion,

A list of recommendat ons for work that would expedite the development of a future integrated
propulsion cont rol oyste r” is in cl’d oi ,

-i
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I n .,- s~ ,- ’ a ’ iOnd] , a r O i l i t ,  - , j l n ~~~~~’’  C r  I- ’ c ’~~~uniCr’ nj t y  ‘c ’  of i n , t r ’ r ’ ri ’, c - m J  propulsion

- ‘‘ r’, ,l~~, ‘- C e u r i~~— S t - i l . - - r q i n . ’ ii- , ’ ’, ’ ri p t’ m ’ u t , SIC ) c a r ,  be : -‘
~~r ’ v - ’ t by a i r - r a t i n g

C ‘ - ‘ ‘  t ’j  n , ”: e n i i J m n m ”  l i r r i i t s ,  L t e n u l  dist ,, n I - n e ,  n - i n  is ‘ ; i - I , jt r-d  t y  s r i i f t i ri y  the
i ’ ll , a,- 0 ’ ,- ’ C i n m ~ p u n t n o i ’ ’ ’- dora ’ 11am r ,’ th~ ins t i r l a n i c e ,  Faster , smoother t rans ien ts

“ ‘ i L ,  r o~
, ,!C rig t n ’ ii ’ ~~ r- U~, l -n , l ’, i r l i 1  liin t,s (sacrificing fuel economy or

~~~~ - rum ’ r ’ n , t u r r i  1 , ’)  U Ir ni’ doO r’  Is ‘ r ’ii ‘ , i c ’r e l s . Engine l i fe  and time betwn’ ’,’n overhauls
L i ’  is’ ,- l , ’ r m . i ’ ’ ’: Ii rio , ’.- C , ’ , ‘, ‘, t , - n  f I r m , :  i’ ii 1’ 01 u :x- r ’ , r r / u s e r  - t i c  o r  ituro arid o v e r — s t r e p ’ ,

p, “li n , m r r m .’ r ’ , t ,- ”p c r s I u n c’ ‘ ,‘a l i n i ; ,  C r . ,- ’ ,i , r ’~ load coy be reduced t h r o u g h  a
-:  0 ’ aut o  , m ’ n - i n i  “ a ‘i I n  m r ’ ri g r ’  n, n i c-  eng ine - - an be reduced or eliminated ,

e h e  “, r’o’im’ - ’ n ’  ~ “ - o I l cable r - ‘ both nih t i n’ -ro d ci ~- li an al rcra tt , i m spl en en tS Ci On
‘‘i - bee ’ . nr ’i, c ’d n’d t / tn. - ‘ ‘ ‘ ‘ - n ’.’ I li m n m l ’ , ‘ r u n s  i t n~~dr ’> r ’ e ’  nan ir,,i l contro ls and by the fac t

- ‘ ‘  ‘ ‘ - ‘O”,-I’ ~~, lion, 0r115C r’~ pror ”u l s~ r i  ‘ , s s T c ” -u ‘ire ‘ - n -  di ffi c a l t to control

‘me A~~r H” , -- ’ - : son ud I’ , .- i n t - ,’l r ,r C e j  ‘ r r r p r . 1~~ iun: Cont rol ‘,-v ’ , C ’r ” (IPCS) pro’ nar under
Con ~I”~~~ “ 5’ , C ’ lm ’, l O - 7 - —S , - ,;, 35 ‘i ,r’,-,- roil ‘i- ” ’ ’ tr a nc . ‘he -i d ’/rn tv .qr- s of in te g ra te d
t I ’ o I .u l s lO I l  r , n i t ” , i S C ” - - ’ p r i p ’  Ion ’: u ’ I’ ’: p r - i ’  r i -  and sb q nir ‘I ant resu l ts  are set forth

‘l ii repc- ” ’ ~~‘
,- f - u ”  vi i p ’  ,‘ H” final ‘e r m u r t  a , -  as fo l l o w s :

‘ ‘ S i C “ C’ - -  ,, ‘,,. RE , , ‘“ ‘i ’,,,-- ’ I ,I,.
, , l - ,, -e I I  PC S :p,L0 O1,~ ,r ’NI CAL DESC’- IPT IG N
- ‘ , , “ I I I  I PCS FL Is m I T  TEST ~[ IQ PT
.H u”:e I’ . PCS “1 Cn i , ’ p;

~1 P u ll - u P”.’-’ G’.’F ’ P ’/IE~

I PCS ‘- ‘ - c c - ’  ,“, - ,o”~ a ’;-, - d ’ - ’  ic - i n ’ , b u i l d , f l n ’ r ,t q ualification and ~l i gl t testing of
:- ,.l si a n n , ‘ r ,nr ’r,J ‘ dc- ,, st f ’ ,-, r e , ‘uS hdr ’nj warc ’ , T a ’  flight test vehicle was an F — lll E

d r r ’ I’ i ‘ 1  i a ’ ,, I H C ’ m e  - : ‘~~. ‘ -  n a i l : ’ , T h -  li~ft~ band in let and TF3O-P-9 engine were modif ied
op era t i - ‘ I n n  t u e  f . 1 1 -saloon - 

- ‘ ci t ‘•o] of an Hone’,-well HDC-60l di g ital computer
~~a - ’ ~ ’ ‘‘al i n c  the an rp r aft w’ .l . c n ’  s ba n . T’u’- f 1 i’~m t, t e s t  aircraft is shown in Fi gure 1 .1—1 -
“c, t~~sC 5 ,, ‘ re oonc ’ L ,Co d arid ‘- t ’~ ci - sli ze d tec ”r r rcal guid an ce was provided by NASA ; the
raP- ’ Fl n or ’ Pr- s e j rc  n C - a t ” m  “uFR C ) and C: ,“wr S Rese arch Center ~LeRC). Major contractors ‘C

Boein g Ar -rosp~ - - Iu” ; ’ -.r / ,  ku ’ .. ’ 1 1 , Li-u ,, G~AP Dnvi s ion , and Pratt and Whitney
Di.’ s o n  a’ C ra ted Tech nolo gy 0. ’.- - A di ag n ’-a -’ si mo- .- ’ng organizational re sponsibilities
is q- ,“rr ‘‘ Fi’]ur~ 1 .1—2.

H,- ,.prn’ r~ c,t 0- Cc: ‘cid S 1 ‘-‘ jr-a n 1973, Toe pro qran- usr. ’-dul e is shown in Fi gure 1 .1—3 .) An
ana i ,’ ,is ~nld i e u i ’ j ’  -j’dse ~‘,m about fHn, o, , “~rnt hs f o l l o w e d ;  the f inal desi gn review was

n’ . ’j ,j , t:- ,J l a t e  r n  “i -I ,’ lR 5 -i , B a sel ine C - u ’s were conducted to document the characteristics
‘ the C a s t  ~c n r i n m e s  a’ :d a nn’

C, ’. ”, co r’ p l n ’ t -  - C ,  of h , i r d  Il -n ” - e ’ ”e  fa brt , ,mted or r”odi fied for the IPCS program. The first
oa t  o~ ha rdware  and p c f ” ,-,arp was delivered by S u n - ’, nn’ ir’ ll on 28 October 1974. Syste m level
t e s t s  a t  the as H ‘uel u ,- ,t i - ” test bench f a c i l i t y  be ga n ira -m edi atel y. The e lec t ron ic
‘ ,rd -io re wi’, “ at~ d with th’u- nodif r o d  Bendi x  fuel c o n t r o l s  and a modi f ied F-lU inlet
- m - ,t ’u tioc, m odule and opera~ c-d , closed loop, us (rm q simulations of the eng ine and inlet
s r-nn ud ’ , nnvmics t~s close the loop. A two-month test series followed dun inq which various
na ” iware and oa f ’ a’are defi ci en ci es were corrected.

Ck-u r’ o m li fie d F uel ~,; r r T r r i S  ‘,-,eca t h i n  i n s ta l l e d  on the two TF3O—P—9 engines that were
dci pa to’d to tee IPCS program , eng i’ro1 P-676627 and P—676629. Testing commenced in the
sea—level tesi cell o’r 21 January lU 7u and continued through 27 March 1975. A total of 97
h aum p  ard 57 minut es ru nn i ng time was accumulated on the two engines during the sea level

~ ‘- i n ’ Force Aero Propulsion Laboratory
Ai r  Force ‘ c  ~~~~~ 1,or -m conrd
United States Air  Force
Wright — Patterson AFB , Ohio
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NASA—LeRC 1 N A S A — D F R C

ENGINE TEST 
J FLIGHT TEST

AF~~L

LI’ROGR~~ MANAGER1

PRIME :NTRAcTOR~~~~~~~~~

HONEYWELL I PRATT & WHITNEY

CONTROL DESIGN T ENGINE DESIGN

Figure 1.1-2 IPCS Organization
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otm nm , ’  c r 1  ‘ n t ’  (P-Hr . - , ’ , r )  dOd ‘u ’ o’ - i , n m r n a r l  r r ~ 
c m u rdw dre i r e  SuI j ’n Cci to ra t e n p i v e  tests in

the ‘~Ta .,~, L eOL ~ C i  n,udi’ n o ,, hr C , - The i””, - nr- n i ’ nr’ , ive nature i f  toe tests n ’~ ’,ui ted in the
an a u r,l~~t io n - dl) ‘ v ,,r , r i  ‘u’Jr i t m a e  a n t  70 : 1 - i  is on the engine - The eng ine was se nt to
‘n, A i r  r ’  - , r : rn - r a u i ‘ d , , m I :~~ ‘.‘ a lter  C’s’ altitude test arid subsequentl y returned to
in i ~ n’’ to r , - - - a ]  - i t i .d’ ’  - - ‘ ‘ , t S  dem :~~n- ,t r  ,rted t 1mc f l i g h t — w o r th iness  of both t i me hardwa re and
t n ’ -  contro l - -ic- ’ . ~~‘, r ” i l , r : e n m t , ’ d  in ~~r ’  s o f n n- o, r ,’ ,

The oIl ier cog r i , -  0- - ’ :, . , - ‘
~~ 

j~~, l assoc i ‘ i- U  e l - i  1 r’onr Ic equ i i :’ , en m t w as shipped to i iA’uA/D l ’ PL
a - ’ .  I’ ‘er r i n s t i l led in h ’ r ’  1—1 1 11 t . - ’ . t  a i r c r a f t  by a tlA~ A crc- a . After a ’ comprehensive

cnct ’ c ,‘ , -i il i’1 n : t  t , ”,t  ‘ c - r i O t ,  wv’ , r ,m ,nducted to evaluate the IPCS in a f l i gh t
r n ,  t

~ t o l l  ‘ ‘ C o ’ ,t ’ u d j - s t ,r t e  and t n - m r  1’ i C  e n g m rm e ,rnr- i  o i n c n ’.utt e vents was cond om ted at al l
C ’  - tes C condi t a: , S h o w n  in Fi gure 1 - 1-4 . Nev i ,i n, ,‘ - p i V l rn r  ope rating hours were accumulated

C’:’: e r , . i ine during t ’ ii r n y f ive ,l runlr ln l  “ur ic and t i l n ,o .c ’ ni f l ights .

It: no ‘nm copies o~ tIm ,’ reduced Oa t, t ’ ,  the basel ine and IPCS evaluation tests conducted
‘it tir e Nn’,CA ’LeRC al tit ude faci l it , and at , ‘iASA /DFRC have been subn citted to the Air Force
,A cr , ,’ -Pn ’opu ls ion  Labora t ’ ,H (J, J, n t , - , ) iiA SA/LeRC (J. R , Zeller) , and NASA/ OFRC (F . W.

.2 Sli t i! F lcC ’, RESULTS

The IPCS mcu’r n i r  successful ’ -, d r’ i -~ m i  , p r ’, c r e d  op e ra t i ona l  advantages on the test airfr arnm e /
eng ine inst a l la tion , i t  demonstrated in a f l i g ht environment advanced technical features
t h a t  had un .v rou.l y been studied o”l y th eoreticall y or in a laboratory environment , and it
demonstrated a ‘‘an - , qe”r ent method ol ,gy that can be. ~-~p t lied to reduce cost and nis~ in the

‘‘ an m n r t n ’ gr a i  eu propulsion control p ~ster r for a lii gh performance aircraf t of
th~ ~~~~~~~

T~ n’ IPCS operational a,inan r ,.l ,le s are listed in Table 1 .2— i . f h e ’,n’ were achieved even
triou .’ih the propulsion ‘;‘~oto”  had not been designed Cc exploit t1c” advantages of the
dd ’ nar r r . ’c con t ro l le r ;  no L n i d n i - i ’ ,’ , ,-,‘:re ‘ dde to the eng ine laS path or the inlet aerodynamic
s u r f a c e s. It rv u ’v t  be niotH trai t t he opera t iona l  inmprove r- c ’ nts  arc ’ c o n f i gurat ion—dependent ;
a d i f fe rent eng i n e/ a i r f r ,i r ’ rc ’  - ‘ n m ’  bi’ r a t n o n  miq hn 0 . 1 : bit other i r n r un c . ’ . u -r , ’~,, -

The IPCS advanced t m- j hn ical fea t u res are l i s ted  in  Table 1 .2—2.  The u’- t  s ign i f icant
advantage to be gained throug h application of these feat r j m n- s is t~’s a b i l i t y  to operate
closer to the propulsion s ,’’u ic’r ’ i limit ’ for optimum steady -state nc rn ’,jSn and fuel consum ption ,
and to “etreot fr-u ”, these 1 j r - i t s  r” n r-a ’ nn t, i rj 1 y to execute t r  r nsie r r l c or to accommodate
dis t i rbances. Hence , the ~i ro :,ulsion s’~stem and the control ‘-,jc ’e” must be desi gned con—
purr” t l j  in order to exploit full / the pro ’ ‘c c c i  advan tages ,

T a b le  1.2 —1

dEi,IUI, I T R T T E D  OPER A T Io NAL BENEFITS OF IPCS

Faster eng ine acceleration; both gas generator and afterburner ,
8etter thrust and SFC at soi’ne flight condition s,
Reduced thrust at fli ght id l e
Reduce or elim inate ground trim require m ents.
Extended service ceiling.
Automatic stall detection and stall recovery detection ,

Table 1 .2—2

IPCS ADVANCED TEC HN ICAL FEAT URES

Integration of engine and inlet controls ,
Full authority di g ital propulsion control.
Use of compressor discharge Mach numb er for surge protection .
Automat ic  de tec t i on  and suppression of inlet b u z z ,
Contro l of compressor bl eeds on sensed d is tm i r t ion
Fuel man i f o ld prefi l l log ic to smooth afterburner transien ts.
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r r m n , , t rar - n i . ~~~~~~~~~~~~ i ’j  1 1 .31 ~.- ‘ ‘ - r ’ o n I ’ ii’ ‘-n - -I ; ‘ t ’ ’ ‘- - . , I ( I

c n a r l : i u n n , r c  ‘ n o r :  I’ ’ ‘ ‘ ‘ ‘ ‘ ‘ i  a, ’ r sc ’  ‘ i - -
~ - it  ~l i u , - .- ‘ - ~~~~ I lin d e ’ ’  I ~~‘~~F_ n ‘ ‘  ~c’-iponiS ; ,Y err

1 ’ : ’  .i ni ’ ,, l n ’ ’j:,c’r’ , n j  m , r r , r . t c ’ r ’ ,r’ ’ . ’ - ‘ ‘, ,,~~‘ , , ‘‘ .‘ ,‘i- ‘ i’ ’ ‘
~ 

- - r n, ~~‘ ,ur~d - - ‘ ‘ - ‘  ‘ or . ‘F~, coY
‘ i’. ~ , nu’ l ~ c c c’s s ‘ cor plc ’ i  e t c - c u ’ ’  - ir a in’ u’ ‘ r ’ ’ S -

U r uc ’ ’ ’ n m t r ’ i -  — P 1’ n r ,
~ ,‘f ’  r i -’ , r ’ o ’ ’  - n I r  1 n ni ’ .u’ n i - I , _ , , . , ‘ , ‘ l, , ~~ - , ‘~~~~

- n , j r , . -’. 

~

r

~

j i i ’-  - .‘. - — ,
t n , ’  , — ‘ r ’ - -r el, ’ r ’ , n ’ ~~- ’ , ’ n t h i ’ ,  ‘ ‘ —  i - u n r ’ , n b i l l t , .  ,~~ ‘ f ~~ rj ,  ‘ b’ p ‘ ‘ ‘ n , - , ’ —- I ~or s ’ i t i — . ’ ’inr ’ id l
‘ ‘ , , i c i  .-c- :  ‘ - r u ’ .,: ‘ ‘ , C ’ - - ’  , ,~~~

n t ,  i n ’ . ‘ - r’ ~ i l l  ~r ’  n’- Cs o~~ ’ - - ’ ’ ’ i.’)’ - , ‘ c - f r o m , , ) , c,u , r , , r , t u,i l r I d
r n - , tr r . a l ,  C ‘ - - m , t r i r  n iOn - u , ’’ , )  ,i 1 corr po n i ,.n r n- . ‘ ‘ “ ‘ / ‘ ‘“ • C ’  ‘,er ~~” a n - I  SO 4 ’ w , Inn ’  , 15

, i ’ , ‘ ‘ i’ ’ i O t ’ i u n ’ n -i a  n ’ ’ ’0 p , r n ’ s i b i l

F’” p rn’ r’ jrj ‘- l u n rc ” ~s Ut tie II’LS ‘ ‘ ni c douloq, ’ I’ ~- ‘“i ’ 0r I t occur in ‘C” ear l y sta te ’ - f
‘ ‘ iii d~~v ru I a” .eot  uru i ;n ’ r ’ , ni 1

~~’ r , j ’ ’ , i n ni , ii r ’ , ‘ - .‘ . i 5 i . fl’ “~ Ot Inn’ ~iJc-  a”’j the ‘ ‘a - p o r t i n g
r o ’ i’, n i u j l  Y j f f ’ , : , m , ’ no ’ be f a i l ,  O ’’ ; rn ive ’i , ‘r ur goal in pr,’- i r ’ n m g  th i- j -J ’ n , ,“c ’ ru t  W d S  t o

n ”- ,’ dc ass - t,u ’ , . e n c’ C , ,  bl 1 -u nn i r u m ’ ’. ’- :,-~ - I oso o n , arid di “cc’ ion ‘~~,ut a r 11 m inm ml ze p ” u u u ~rd r’
:sk uni m i cost . To t nuis en~d ‘ i ’  au,’ i n c  :oii’J U S~~~’ i S ’, ions of On ’’ , “ ran age r ” c un t “ € ‘ C ’ rr , du1on j ~

nm ’ r ’ l  ‘ - n n  r r see ri rnq ,r u,t ic c’ ,1;O n cHat , to t h u  d’- .’ n r l - a  or C o~ n ’ ’ i’-~ra t c ’ d  propulsion , c n m t r o i s
a’ n - c . -,‘.‘ .ul d app1] i t .  Sp,-~, ’ ’ nc ireas ‘“ ‘“ .1 Ire :

~‘rc~ r a’ r “, r r , d t , ’ - ( . r , t
1. - v u - l i ,, f l” ’ of sys te ’  no u m r C r ” c ’ r u t
Co ntro , ‘ nU e des ign
‘,,~~
‘ C - ‘ -u ru ml,’ a’ 1 :~n:’ ,c nr t

- ‘ an ” i . ,nre d~t- ,’i’ l - p r ’ r c u n : t
N , s t c ’ r ’  i r r t ’ ’ ’ ; n a t i  ‘ - a nd tes t ing

‘u,iv ,- J tC”  .0Cc-i to ide n ,t if’ n riuc nnost - ;‘a ’ C~i n r t  d a t a , t r a d e s , and dec is ions  that are
n cr -p u rred in - a 0 ’: of trese ~re- .~c -ed p m ’Ia de ‘ju m rla n ne in F m r m d n n g  ‘ Ir e  data and making the

I” - and ,~~
c , n, i o n s  -

~
, 1 P~U’ .PAt ’ t “AII4NL ” 11, I,T

levc i ,H”en , t of an i n m I .,’ J n ’ t t c - J  con trol sys’ - -- . requires adaptat ion of ma nagement disciplines
to th e s p e c i a l  s i t u a t i o n  in -,ah r u: Fm equ i [ r ’ r e n t  bu i l t  by one contractor will operate under
:,‘,‘ rt ro t of a nomupri ter ~,s t c ”: des igrui~’l and bui l t  by another contractor to a set of requirements
, ‘ ‘ ‘ u 1

~~ r ’ - iiCj b- i a corn tra ’ Coi n Ce-c” . The -r a in objective of the management effort is to
“ ‘ c u r ’ -  tiu-i C , a v a n l . i tI i ’ ~c- 5Ou c i” , are aopli ed to achieve the end objective most effectively ,
~, r n- , r cn g co”r ’..” m ’e o rq an n iui t , ions ,m ’r m era ll v provide the discipline and Structure necessary
• ‘ ‘ - f ” - H ’ .’iu ‘,ura r - 1 , r u t  “nm d i ’ i c a t l , n n r s  ~~‘c accepted practice for nr na x innum ef f ic iency ,
U t m L : o r t . u r i l C l e p  ‘O r ’ n”t i s t r - t , t i o n  o f  work outs ide the t radi t ional  boundaries of responsib i l i ty

moi s t  Cc’ siezed “ ‘ c - n m  i t  is m n - m i- c o t ‘ n u t  benef i ts  to the orogram w i l l  resu l t .

I , 1 P1 a u n  C -~

n. - . ’ .1 nlanr , inr - m is ; , irr ~~,, j 1  ‘- I i  : “ p : r t , u n t  in the deve loument of an integrated system
n ” i  ‘~‘~:.‘ c ’ n , j c  , u m - ’ ’ n ’ , n .- - , , ‘ - - ‘ ., t ’~ - n ot . “,‘,-r ,il cont rac tor s and aqu ’ nr nies . The concepts of

h u l l  “e t b odo l c inly, ,,,Jr iv m i  1 i , nu in : ;  I n ’ integration liv all concerned parties and free
c or ,i ,uuni c,i ’ ion , ‘ r m , ”, n lu ’ ap p li a - ’l n . ~ aaoid de la y s and dup lications of effort. A teq urr nce of

ev en ’s has ‘~c’ -n . c’’ dou.ir, a rm ‘he tu ne line shown in Figure 2 ,1- 1. Five major phases are
1 . 1 ,  n f n  en ’ r a n ‘ ,c r v r ’ r ‘he ‘,,-, ‘r lod u-I t ime ‘ 1 ia t  starts w ith the identification of a system
-ll .u iml mrratrnnnn arid ends wit h tIm e selecti on : -~~~ r , , n t r d c t o r”~ ~or development of the system
r r ’ a ’ ,’ ’ ,pc’ Anr~ l’, ’- is is n~o~ ‘ , h m m w n r  a , i : ’  h~~’,c’ s i nce  ~~f is necessary to contin ue a comprehensive

‘c i i  1 , - i s  e ’ 1  ‘ ‘ f - i n ’ ‘ t i c ’  t o ’  i ’ on of .ate”  deve l o p - r en t - The t u n e  l ine has been s t ruc tured
‘a f r I  rr r enq ir n ’ ’ ; ” r ~i . rsoni . - in l et nn ’ r- - :r ’ ,r ion mr u qr ni r n ’:. i f the proqran r involves other
pm’ , ’ -  r a t i o n  ‘ ‘ ‘ ‘ ‘  , e~ ’i - in S a l - : -  n - i c . ‘ ‘‘ pr ’ n ’1 r’ ,r” r , p t  wil l he necessary to  subs t i tu te

n . - -I b’nt ’,.

C h r ’ ,  1 : 1 ’  I i n , ’ ‘ , I c i :  ~ i umu ~i y ti c ’ i onuv ’ ’ n ‘ c d  ‘ ‘ ‘ a ‘-or,’ Ic- I - riled r ’u] t i—tn e red schedule to
u ‘- i t  ‘‘ c - n  t ,,- n n il  a inn - i , ‘ - r i - s n m i t  ‘ a’ c ome ’ ’’ l - n ’u-q ”c ’ °s  and acconp i ‘ cU r - r e n t s  of the
I - ’
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he part ic i p a t i o n  ot e c u , ’: - ( c r ’ ’ ‘i m  t a r ’ and c ’ i c ’ n r u  y ‘ u ’, t rc ’ f  Ic ” - I due conce rn  f u r  pmw ~;t r5S1O f l
and ‘,,,rmc ,j,l i n 0  ot n c - ’ c ’ a o r ’ ’,c ’ , ‘ n as c- c I  t r’ ,i Ii t ies and o - i t i ’ j t c’ r ’, In rain, cases the
t i ,  u n t i e ’ , arid c a p abi l it , a m ’” on-~~e’l I’,’ ‘ inc ’ l ( u i c - r n n r : e n m t .  Av~ i la I - m 1  i t ’ , and poss ib le  use ol
tfi c’Sc? I ad ii ties should Cc-— ‘- np l - nr c -mi in deo th - Cc- ’ br ro loq uc a 1 cap~bi l i t ,’ r,uj ~~ also be
e x a m - m i n e d , smc , .,lu as that rn -r i o c rc ’d fo r  the dc ’ ’ .i’j r and r’:a nuu l. i ct ure of ai r ’f  r’,m r’me ’, , eng i n e ’ .,
el ci , t r u rm r . S , and -,o ft,’c-a r c’ -

2 .1 . 2 A s s i i i r u u ’ m c ’ n u t  r.j f  Pe- ’.pons i b i l i t i e s

Pros pect i-.’ -” p,r r ’ t i c r I : . , n i ’ c s  in , Cn’ c r  sysn u m u’ dev ct i om , , n ’ ,c ’n, t shoul d work out agreements ‘c over ing the
d i v i s i o n  01 ‘Cc’ C-j ’ ,~ -turing t h e  p rrn --a ,ur-tr ’d’,C m Jal c r  co m pe t i t ive  phase,. he c o n t r a c t ua l
relationships that ore es t ab l i .~ c-j iiill prob ali / be determined by thc ’ nature of the
a n t i c i p a t e d  u r o o o r n .nr’ - c m n u t , a; ooposed ‘c ‘he re la t i on ’ ,hi p that hay ‘,CCi’ i  most a t t r a c t i v e
f o r  the  , l e v c l o - ,c r - i’ nr ’c C c- t’o’ i n i t c ~, mn ’ irted O ’ O m i u u l s i O n  i . ’, jnrtr cj l - however , the work ing  relat ion-
shi ps should be es t ab lished rind doco” c ’n r ’ced r on sis tent with to e contractual constraints.

One contracto r r u s t  have ‘- - : ‘ - r ’ i b i l i t y  f- j r - a c - in u r
~’ ov er a ll systenm studies and decisions ,

Th is  contractor s fuc- ,c- ld haa-  C ” ’ -  rc - s pon s ib i  l i t ,’ c- , ,- p rum ’ m d ry inte rface w ith the customr:er , If
a single prime c o ’ m t r ’ ,. . t i s  an,Ci c i:u , m ’,od , it .-i ’ ,uald be logical for this responsib i l i ty  to be
a s sun med by t he p r i me -., ‘onm lr - j . Cc,- o , An i n t eq ra t i o n  - ‘‘ .‘c r,’i , tor is another possibility. One
of the associate contractors mig ht ha y ’- ‘ c c m~~’c rr- ’.;,orm - , i b i l i t i in the case of a tyoical
government i c - i o n: s ]S t n ’ c rn r  pro ,u ru nu ’ r e nu t .  f ti m e c-n ’,C- j ”ner elec t. to retain this resp onsibility ,
he should be p repu n ’crl for -,u ir- ,t, n i tia l invo l- y ei:’:”:t w i t ’ , the cont rac tors  in a l l  aspec ts  of
their  wo r k ;  t echn ica l , u ,Qru ’c ra r tr ial , and f 1 n u ~~r m, ia ) - The ‘:rr,rtdnu ’ .e of open communicat ion
in al l  11 n~ -s c o r n - u t  be ‘ o - m  a t r o rm ’l l y 5’ . n ’c; coed - . ‘,ni f ‘. ; ‘ i rà  tion “ or ’ m i  of al l  components of
the system : , hard y - -a r-- and ‘cc,’ t O a - ” , is n r n , ’ k ’ c . r ‘“ p 1 r n ,ar u t r espons ib i l i t y,

The IPCS pro ’Jrmn was based on a , r i m - r e / , u t - c , r - ,tra’.t relationship in the belief that it
provided the most effic i eru t ‘ .r: nu t n a cti r m’ i ‘‘ c u m , n m j nis i nn , All Clue participants contributed to
program direction , but ~oni t r ’-jl rem ’ r a i ’ u u- d in the hands ‘ f I ra- prir re contractor with direct
r e s p o n s i b i l i t y  to the cus tomer u r i c - r u .’ , This orovided .1 very direct -- me - hanism for rapid
decision m a k i n g . Justif icat ion for nis dppr oac nm l ies in the fact that the 3-year program
was comp lete prec ise ly  or: th u t i me schedule of the or iq ina l contract ,

The development of an i ntegrated ~rr ’jpu 1sion contr o l s i s t e r ”  can be d iv ided into four
areas:

Engine control node’
Inlet ,-’ ai rf n- nc r- cr ‘c o r ut r cm l modes
Control hardware
‘~ui F ‘wa re

It would be natural , alth ,u om i n m r ot e ssential , t h at C c - n - ’-” pa’ i ru’;e ’, be divided , intact , among
the program part icip ants. :,cu cr mne n ’it io ’r between companies m d  in ter -grou p flow of communication
are essentia l . I t  is an absolut e requi rc-’- n ’ : ’n- t ‘hat no un i l atc ’ -r ’al decisions be made in one
area that may impact another area .

The control hardware ‘nay be div ’d ed i i’ ’  ‘-e nr ’ ,ors and a c tu a t u ’ cn-~ on the eng i n e , sensors and
actuators in the inlet and air f r - .r”c’ , and the computer hardware . Eng ine and airframe
manufacturers must reta i n: u l t i m a t e  re ’po nsibi l itj for the structural integrity and operational
characteristics (e.g., accurac y , band pass ) of th eir respective sensors and actuators as
well as the responsibility for pl- uu - t r i m m m : , n n ro urmt inc g bn ’~I - ,~ c-Ur , etc. Responsibility for
signal conditioning ‘,‘m rc , m u l u l  be extend ed to i n m c ,lud e t ransducer e x c i t a t i on.

Integrated propulsion - , o n utrr ’-l develo p” u, r n ut , could also be divided by technology areas to
take advantage of possible specialized H ills of the im ,’cr t i ci oa nts , This situation has
particular application where --ore than one of the . , rm nm t r’ -,, trurs have similar capabilities ,
for example :

mu ir I t — - ’ ] m ode Irs ign
£ i e c t n- - , n m b ,  desi gn ,rnid tn anu f a c t u r ’ ng
‘I’:, nan ic a l  do -s m m  and nna nufa , t u r ing
~,0f Cw .r r’’ en ,’; m fleer I ng
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The :- ‘ : p ’ r r t a r m ’ c  objec n. i . r- ot t i c  .i ; .;,ro ,i ’ C li to - m i ; -  r,fm ~ - m n , t i ’ ’~,’d t io,, ~n c ~ I a v o i d  du p—
1 i c - d C  ion, Th is is a u ’ ’  F, - - t 1 , - .‘t Lr l ,r a;q ,r - - ,  .o . C t i - i t  hat ‘,or ’ .e ‘~- t I n n i ’ c a ’ ; c ’ ’ . ‘ c c - c - - ,  n r c -  Lur(’du - . e
l i re ;  approach if the or ;dn r i ~’-r ’ m ’ ,- ru , u I ;r nu , I c O r , t n , ,c n c - i l d i r t  r c u l ’ j e s  can i-u’ ove’ ’ - , ’r ’’ - c- - C ; - -j ; .- o r c t ion
among t i c -’ ‘ m u I r - u, 1,- c  - ‘s  - ‘ - - m m ’ a l .  A i~ood cr r ,j ’ rr p l u ’  is control  ‘ made dw s r . ; r : , In ~ra- _ t i c e ,
t he  r ’i,’ u i u  - ‘ - a r ’ ; - , : w r t n  , nj n m t , ’ c . ]  ‘ - - d r  d f ’ s : - l n c  would ~ ‘ u u h a m - I  i r n r , l u nJc-  ‘ ‘ c - : - ” i- ’ , n - ’  ‘ at  I.’”’ - _c~

en m-;inl e , a r i m - , ’ - 0 and con , ’ ‘ ‘ . 1 c’,armivi ,m r,. . c n mr ,fa: t n  r i - c ’’ ,

C r c - m u m  ant i  ., I c ’ f i n i t r r  n t ’ . ‘ - r ’ ’ : ’ ’ t o  ‘ - , ‘ , i i ’ ( ’ - . r : : ; - ’ n ’ c - r  ‘ ‘ ‘d y n ’ r ”  and SO ”w ,nr ,-  s u p p l i e d  f , ’  t i ne  
c -w ’’ ;ani z d t l O f l _  i t , ’ c on u ’.r ’uI a l r 1 Q c ’ i t n ’ -  is on l y ~nme ot ‘,c - y , n’,il e s s e n t i a l  :.. r ’oq rdm r m r - , o d n l e s .

Sonnne ,,,t t i u , ,- r -  ‘‘ ,o d ic - l c ’ ‘i,’’-’ n , t ’nIc - - i , n , ’ c ’  jr,’ ‘ c - i iar -i’ , u l  - _ a n  ru a - / i -  a - - ‘ ‘ c r  f e -  ‘, O rm t he  imp l einrent—
-at I mu n t  the - “c m t i e l  t rod -  -

2 . 1 - 3 Cu; - o m m  1 ’ i  I inn

l , r -: ’:m : m J nr l c dtiOni um rm o r ,y ,i~ - p -.~rt , i ’ - - J c - o-c - n’ tc, l i ,0  x c - u ( k i cuq  e n g ineer ’ ‘ n.’~~l 1 5  n es se nutia i f O i , r t i Q r ,

‘ ‘ r at  n o m i r e s  su p- mt H ‘ n m a nm x ’;’r m r- r t,. A l l  co m ’ b m a ” i e c ‘ - -i -vt ’ rc - .’c - I - c ,ued d i s c ip l i n e ’ ;  xr , il
r e s tn i .” ’ ’ . o r m ’ , On t h t-  ‘ru n ; ‘c it’ -l - ,c - t m  rr ’ ’a r r c r -  - -0 m a C  a re  Su ’ ’ ’ -d  tr, n b e m r O’,-l’ , s i t u a t i o n s ,
wh i ’ ,h — a r e  mcm i’-, - i i ’ , ~ ‘ ‘  cr ,n t’ ,c - c i~~ ‘i t  ‘ca ’ iO r  i ’  ‘. c -ui u cr ’i ’y , t ’ ’ c t’ ’ i”  r’ ’ ’ l at i , ,c u- , , and r - t tu e c’

responsibi l  ities - r , - ’ c requ ~t h ’ ’ n a  m o o t  be adapted i 0 tl’m rr ‘.iJcn ia l needs m l  tnt ’ i n ’mt r- ” ; —

ra ’. cud n r u pm / S m u r r m  cnn ’ “ ‘ c i  sy s c;r .~~~~c’- c e  ! c up nrm t ’ m mt .

A gm ,~,,mr: c a 1 ’- ’, shom ,Id hr ‘I ’ - ’.’ l u te-u i  r ,, u- ’-’ c-u r,- proper prute ,, r non o f  r~’ - ;irn et ar y in~ r;n -r - ’a tmo n ,
In ’emcur ’ , n u o mu n a ’~ meu , i t ’  a rc  e s s c - - ’ - r  i ,c I Cu a l l o y ,  - - m - o um;n; I c - - n ’ , n ’ n Qr ’ Co flow to do the job
ef F c ient i  -

~ an -mi cc’nr -vc nm c c ’ ,  t ]  v .  “c- po int  is to e t- i~ ii sh I ! :’ -  r,l,,i nr r r e l  s f- m r - - ‘m y ron i n a t i o n  of
a l l  ‘cater - la) , a n d  t,~, iure , ’ i d e  ‘he n’m ’ .i c c - ;sa r ’, mech an is m t’c : ‘ - ,- - - t  i - - m~c m - p e r ’ use of speci f ic
I n c ”, ,  1 ecHo , A ‘mod ea ” iu l  e is a u: p c -  t c - r  p ro p - ian ’ am ice ‘a-,’ -c-- - a p - 3 . ii’ of spec ia l  ized
- r u ’ ’hrct,i n’ lOns . 4um— p~m r’ ’,- ,r- ire” ’uent s w0rc Cx’:’ ‘

~c,terI tu, t ,’neCn ’ iin’- ing and ~‘~~~~ /\ , between Honeywe ll
and P RO- A , a n d  H.’t,’,--,- n , Boemrm q and ,e ’c ’r’il Il v nm dm ’~ cs in order ~

, , H ’ r il i ’ c a’cc -’ in format ion
t r a n s m ’ m n t t a l in w b n c ’ u  e ,r, ’ c on-u p - a n , , ap r -n - I to u- ,e t r a n s r - m i  ‘‘ n ~‘: data  only for the intended
purpose ‘ - ‘ m pr o tect it , ar-I no - to “ . n ’ c -  i r r ’ /  o r , , , t i m o r i z e d  use of i t .  In each case , the two
conup anies m ade m t-n cp roca l ayc ’c.* rm :c- - ’ m t s  and ajn ’fi r ;u- ,j - tu c’ hrnm ,, i ’ it’s t o be observed,

The contractors ‘
~~O

’a ’ be a b le to oc ’ -c-u en md upon being able to ‘ -c ur tm t n r ”  a consistent defi nition
of the c y s t e r m  at  all t i r ’ u u , ,  It is C c -m n ’ , es ce n ’c: al Hu moair, t ,uin a torma) - s y s t e m - u  of documentation
w h i0 h  the C c r r a ’ i c a l  p a rt  c i p a m u ’,; can univ : m n ’,

’

,- e n m e n r t l ’ ,r , Such a r, -1-ste m is outlined in
Fi gure 2 J — 2 .  ho c- of  t n r c - ’ ..c-t doco ” r e nu ts  a re  m , c urr : m ,,  I r e p - u i  re i n- ’ ’  m m ’, n he forma l documentation
of ‘he cont rac t , o t he r ’ . -i rn’  - ,, - The d o cu r - r e r t ,  r , cnr r t r ” r l  c c ,  t - a n u s n i  must be F le , ible and
easi l y c- semi in order to im n su mc - t i~~t ‘np ila te s -a r’ made when needed. The documentat ion
system is the in , to c- c- ’ - ~‘ v ’- c - - n  n- n .  a ” n -ro- control,

A confi guration -c u n ’ crolle ’i qi o ssu r - ,’ ‘c ’ tm ;r” -, ‘: c r n m , l d  a l so  be ; -n ’ r,,v ided in the System Definition
document. Use of these ti- n - ,; shou ld  be ro t m,’ red 0 ,  all -‘cl c-’ -xu-l u p” u en t areas to ensure c o m p a t i b i l i t y .

Forma l and informa l Cm- i n, - , c t I ’il - - r cost and sched ule data are essential for program control.
Routine ‘mon thl y ta ,ifl c” ’ m n ’ .a ’ ~~~ inm ~ ‘— ‘ . ‘c t m n is m r o ’  a d e q u a te f r , r precise control , and informa l
supporting corm n’ , ic - n’ - n u  a non agrec’r c- n t - ‘- ‘ra ha c--c to be set up to :ur i :v id e cost control . V is ib i l i t y
j~ nc ’ces ’ .yu rv , c - H h m r ,  d ‘ c i r~ c ~~~

‘ n o  to  prO v m-l e response i-c - h i ch w i l l  control i i m i v  costs. During
periods c c- m a , - , e , p e r c d ’ n rj re r,i e , w ’ - c - - ’  ,‘ r io -i - a l e- o~ c o s t s  and schedules are probabl y
necessary fo r  e ’ t c ’ r  ‘n ,c- i n t r ’a— c’ mc. ; .u - ,n ,’, ,i r r mi  ‘ n er_ co r’rijar’, ‘ o n ’, t r ’:l -

Use of d i r ’e’:’ v o r t - , c l c oins ’ i n , i C d t l c u n ’ , d’ iuc’ na ml ‘r c - v ‘c” l,o, S is essential , Comm unication by
telephone p i ’ m - n . - ~: a cci Jo r n- u i i - - jr ‘ ‘u- IPC S prog ram , In order to perm - ri t a free exchan ge of
te’,h ’r icai in ’ ,cti on , e d , t m  india -Irc - -i l ‘ a d  to -:1,’ , ’ ;tand thc overal l  pr i’c i ra r ’ r  well enough
tO c-- ’ ’ - ’ se S o m c - r r - I  ; m c d - i ’ - c - ’ r - ’ c  and r’ - ,-c~ c’ c - i I m d  C ’ .c cm , m mnt - -

~~ ‘ -  C s ,  In add i t ion , an e f f i c i en t , internal
telephone -‘ :e- ’ : ,m -u n -d s y s t r ” -  w,c s re- i i r ed t ‘ “ - ‘ ; - , ‘

~~ perso nne l  advised c r f  the substance of
the Convc - r ’ . m t. ions , Tb i~ ‘c- rh r, m c - c - - p r ’c’,’-d - c - c -’~ ‘ ‘ y e f r’cr tb ~- sma l l  R &D ef for t , but the
mag nitude of a major - .I c - c c - ’ l : u , m ’ -” - , ’ - c - - n c r ’ ’ - n c - i d  c - o r Ion ” this procedure to chaos unless
d isc i p l i rm ’ -  is p r a c t c - r ’ I . In ‘ nr rr ~ ‘ a - c - - , I inn ,’ inq t c ,,, i , mr , . r ’m c l a n n m ,  to one individual in each
key di scipi : nI’ mi h t m l he e ’ ; r c a  1 1  c c ‘i- u ,t I ye and should not he a “ , l m ’ d , l c  ‘r, ’ - m:t burden. As an
alten ’na t i ve. it m i  a’ ’ Ire f i sh ’ ] ” t o  a ssi gn t ’ . ’ ’ -~~ i~ ind iv idua l  a counterpart in the other
(,o n p a rm ~~-~s )  tha’ he m’,a / c o n t a  I ‘rpf-I, -

A s im na l l n-f Fcurt  b~~ .1cc- i corns m no m’ - I ,’ ivnr m - ct - Ic t -,c i l l  - n - , s uch as s ;me , rk c -’r -tones , three party
conferenc c - ‘ - i l l s  a n d  Ia’ . i c i c i l i ’  ‘ c  m m m i - , c~ ’ c on ms i , ; c - r , i b ly  i - nu ’ l i m , c c  t h e  rate at w h i c h  prob lems
are resolv”H , ic- ia m rc ml . ,,c- - , ’c-,i l )v ‘aI ls ‘ c - i ’m ,’, ,‘ r ’c~;r -dr ’ ’ n ’ , j rmau hc - -r ’ s ti , prov ide ~ , c - Clr facilities and
en nui raq~- t C n -  i r usc- -
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2 ‘2 DE ,’E C ’ , i ’ - ’i 0; R t Q U . ’c - t l , h i t

‘ Icc - c m ‘ c , - - ’ ’. o’ “ ‘- ; c - n r ’c- ’n ’ c-’n ’S r s a ‘‘- rn ’ ,a p t , l n - - d  to ‘ ‘  - c- . m ’ ’ r v i t i e s  t h a t  lead to a
deta i led set  0 f p m- - I ’ ’  n m , - n ‘,,~‘:, -,,n r - nn ’u ;,n n €- rm t arid ‘ ,r ‘s I c -.-’ - r n - p c - i c - i m t ’, - ‘- ‘I sotr w d n e
r r ’ ;’ , l r ’ r ”Pn’ ’ ’ . , ‘c m ,,’ a a r on c- c - ’ i m y r ’ i € ’ ~~ 

c m)- .’ c ’ r c ’ d c - m ’ ,l’ r ’ ‘ ‘ 1 5  s c - n d i nq  a r c  the c: ” -p-l a t uo n c-f
l .i ’.i , prt- l lvii ,, mr- c - -i c’’,n r ; rm - ml n,o ,m ’mol - ‘- ‘ad , -a nd trad ” s ’ ui c-;, T t ,e ’ .o a c t i v i t i e s  should
begin - - c - i t i c ’’, . - a - I c - a ’ , ’ - ‘ tnt - lje ’y c - l ’  , ‘ c ’ - r ’ ’ P l d’  ( ‘ c c- c-C ~‘c -~ ‘‘ :c ’ 1 m c - -  ln r i o - ~ r€- 2,1— 1) and
‘, ‘,c-,- mc - ) d ;r ” - - I  r i m ,  u ’ ’ e ’ m t l ~ ‘i ’ ’’. t ” c - - ,‘ - °  i n - h - - , - ,- i c ’ ’ i - ; r r  - f  ‘ ‘ - , ‘ n , ’ :in n’ and ai m fra”e ,
Dc-i - c- n u n  - c r ‘1-; ” C m ’ - c-~. .C ’ ,- c - , - rm ‘ ‘ - pr-Ho - ‘ - , r c- s y s ’ , “ 0’ - ’ :’  j I m” and hardware and 

‘I,’ ’ . : ‘ - i ’ m  p m - a:,, - ’’ ‘m m ’ ,c ’ m i ’ .’ ’ ’ mu m n ‘‘ c-n .‘ ;- ,t ~~~ c-- .m t m .i~ ies di , -n ’’od in’
— ‘ - S ‘ i t - a d - rig n-n i r : - t “:r ’ , r

A r u n ‘,r,’ i ‘me m’ , ‘ 
— 
‘‘ ‘ 1’ ,- ’ ’ co c , f ’ ’ -c- ’ it i r a n-

‘o l I n-m r ‘ , u ’ r r ’ , u ’ ,mS and d u t , r rO r s re’ c- ’ m, .yf ‘o t r’ni in npl ,- -’ . ,-’ t i c :r-
i t O  I r, n — i c  ac md : - ~ - - i- ; n l ‘ ‘ ‘, ‘‘‘  * -j ‘ -I’ - rm - - I u.n

Co-m n - t c - c - n ”mr - ’ - ‘cr cap h il - ‘ v n.m- - m m ”  -“ n t- n t
R c c - i m ’ I ’ i l i t ,- ,‘nd ‘ca t ,, ’ “-; ‘c- ’.f ’- me ’r ’

‘- ‘:rJ i ‘c’’’ — -

n m .  rant - c - a m ]  con n . r - r,,l ,c- ’ r ’~ ;mc r t, ,jl e r.ar ,re ’’ c- ’ ’ ;’ ,

Tb r c ’ ; c - -  a c t  m , ’ m n  .. , - i l l  I ,  - 
‘ , ‘ : - n ’ ’ i ; ’ r tc- - l  ,‘ca’  - C o n- ; nd e r - , I  Ic ‘ C l i - act ion Lc - ’ t w c -n on m contr ol

and pert  ,n :  n ’ -‘ p ro -u i- ’ - ‘ . - mi ld ocO ,u m during I ris period m - r ‘ c - c - -  ‘c -- a , cmx : l ) To ensure
na t ;‘- n ’ u; l çm unn: sist , a r g r, un t r -n lla b le ~~‘c 

Cr , , -  d m q r - ec - ’ neces sa n - -f to pr”u v Id c-- the per’’cr-’-ance
I n - c - ” ] ’, - c- nu n  ‘o r ’ed ‘ - ‘.u’ui by n i ,0 pert o ’ - , a t , ’  - - pro c - r ,- ‘2) To -ru - ,jm , c- ‘b-i t performance / s t a b i l i t y

0 S a t ’  Ii;” C ‘ r- - ‘ c - i  aJ f l p . of f 1~~c- i hi l i t  ‘c~f c- O ,’~~~~ ~ ‘ / Sur tih c l i  ‘,ated -‘,- ‘,nt nol s. At the
-ru- mi 0’ t i m ’ S  ‘~~‘ c - , .c coy ’ es ’mm - r a t - -  w i l l  Ic - c ’ p oss i b l e  c - c - - I  a c c n - C n a -  Cor ~‘c- vic -’y, should be

, o n mi m l ( ’”t ‘0 ‘- ,,c]’ .m ’~ - tm -e - , ‘ ,m ta ru i ] i t .- , ‘ n-’~ ha’,u .l i nm e ‘ ‘;nc mr m ] 1 p ~

Cmi , .- y elo u ”e ’- t, 0’ co n-ucr : e m.t  n — n i  m ’ e - ”  nuts is O l S r u ’, ed in ‘l c -’tuil in ,‘~~1 c - r ,e I V .  Comp o n e n t
- can be es n n a rmlns hed  on I- i ,tft’; r tn .,‘‘- t , - ’ ha s C e e m r  -oc- ,uined and the basic

1 .j LlOr ’ n Cr ,; ’ nay been des m r e- I , This lends -mr ’;enm ./ tO t H,sc m activities because
I’m ’ ‘t Ie d ‘,am’r ,, m ’ - n , softea “o , - i ’ - -ii c o r m t r o l ‘ ode design - rrnuu t proceed until component
nm ’qm c- i m ’- ”u ’n ’ t s ‘ am- ’  d e f i n c o .  In , add n n .io n C c -me m’ ma ~ i n - -c- n - possible lead ‘ j u ne  should be provided

onn-;,o , ‘ n- - ve lo u r :  ,.rj’ anal ‘ c-n : r’c’ . , n ’ ,‘‘ ‘ tort.

Re] iab i l i t ,  no p.: rtv’- -en ts are a n - ut- set of time ‘m, ”.poi , em r m, re p- ui  m o m-r en t s  but are listed separatel y
;- n ,- ,, ’ ..- -‘1 C l -cm ‘ ,;, eeial i ;ed ;- i l l s  n ut -e d - - i  to develop ne- ’ -

Tn’; d c r , c ] o u , ’ - ’ t -  n , ’ of ~c-m ,i r ‘- “a” C ,  is arm i t e r a t i v e  :;mo~ e ’c , tha t benef i ts  f ro m: , the f r e e exchange
- - I i nc - arn :mat ion - i fl innl  est  I” ates of rc-’’;u i ’ ’- ’- . t -- ,, a,n be ex a mi red and updated as information
fo- ~,-- “-5 u -v-n - a ble.

2.3 r . r ’ ) ’, C R Q L  ‘ -I Ch ’:, D C 5 I ~c- ’l

Cont rol mode desi ’~nr br i d g es t’. c-- ga p hc -tc - -c P ’;’- ‘ c-re baseline design developed per paragraph
2.2 and the d e t a i l c -- -d d ” t i n i t m o n  of control “ode-n requ ired for p h ysic a l implem entation of
the ;ntemr : . The f - ,,l i0c - c -’I ’n i j “c-.’ , ,) Cs are a c h i e .e d  In C ccv p rocess :

-“,o ,rii rm at r -m ” of the ba- d ine - v , mrr - ,:l algori tt m r ”
h’e’.’elourr nin: t of )o q ic  m iet , - ,- ’ ,rl’,
Sel emn tr on o ’ ga ins . s etpo i n m tc , ,,u” .d cnm mc ,emn ,a t ion

,c ’cobr;c- .ati on ‘c i ~,-:p ’,m m ”rt ‘, , n r a c - ,- ann ‘ rc ’ g m c - e n ,’, v
response requm mc -;m -r erm t y

mc’ i” lopm ent . of f a i l u r e  d e tc -- u ,t ion and t~- , ; c - r  - - c - p :-mode~

p - nm anal / I l ,ca ] ic ,m ui rm te~ m m ’ cc- ‘posed of working 1cr ’ .’ ;  - s rc nne l fr--no the a i r f ra me , control
,inmd enrj i m r e companies sh’m i o l d  be e s t a b l i s h e d  to n r c c-nc ’ the - ‘ in t ro]  “ode design . Their
“ c- ’ , ’l -a r ” n t,~~1 de-,i qn tool will be a n o n — l i n r c - ,ir ‘~ i r u i t a i  d y m m u m ’ ’ i c  simulation of the propulsion
s-inn” and r H-van ’ , norf  n o r m ’ , ru f the a ir ’ r ,c , ’ me . ut f mn ’t ’m r ’ id sin mm , al at ion used for specialized
-, t , c - d n , - S  and ‘.r :.Ff,ymar ~ , ‘~~‘ ‘ ‘ i ~- a it’d 1 nrp-l r models used for loop d e s i  ; nm are der ive d from the
d i g r t a l  s l - : r m c ] i m t on] . Tfp rap ini ]’,’ 1m- ’ie ln ui n q sL i r - ’n ,,’t ’ a oii t i r l ,. nntr cl~ should be explored

I mop dt ,c -. h p - n m  -
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,a m V c -’fl t j Ui ,d] a u t ’ ,-c am e dc- v ,n]o pm a.m n t  ‘ cr hr - c- c,- ,- ,c - n - c - -  ipp ] le d  ~u . m ~~’c ’,t~~l] ,’ dun ing ‘ b c  IPCS
. r ’ -n ; r ” mn . . ‘

c--.a- , conclud ed Cc-a t -.-cm r i t m ’ c , c I ion t i - s t  in -’1 should 1.-.- done w ith  t’ . t’ o;,erat ional
c- ’’d c-c- ’ t n  Crmt -  ‘t o u t , ’;- ] loop closed I,, a m c - ,j]— t l n’ t - plan t S 1 ” m U ] d t i O ’ ’ . me ld support

lu r m ’ m -  m j r ’ can m ’.i I”s t ing  500-u ] d i ‘c i  ‘ide it l ’ -a ’,t one ‘ c - I  tw i ne  e n g ineer to supp ort test shi ft
crc - S ar c - i  u nuc ’  c- - ’ p ” r  cr,, i’d :nu ’ j i v i d ’ j al ,-c - l - .,’nt , ;urar’ inr / r cus p onusi b il i ty is to des ign  ‘ ,o f t w ~ r ’ c - r

mr ,o d ’ ’  i t m , m r m ’ c  a n d  , ‘,a irct ainc -i: - c - m , ’ n a a ’ i , ,n,

,) 5 .- p - - . ~~~~ L . tOp -I ’l l ‘ c-
V

-u - u r ic - , n t ’ -d e. ’e l-a ;’i’ - m - t  co .’ - - r  C l ’ ,- - ,p ’ c- c i’  u r t o t i o n , id’c i ’ ] r r , pru ,- o r ’ c -ni t - n , t, or f- ,br ic ation , and
‘ m u g  0 ’ 0 , ’ t , ’m c - ’ m i t s ‘“ - n t  ‘ “- ‘ C  t on -  m t - ’ ; u u r e ” ’ r m t s  d i - , cu c -,sc ;d in aa r u ’ j r c i ph  2.?. It is c o c a - - o n l y

n a: c - nm j tn-a t  C c c c- ‘ m i n t s  mm — c-I c - I t. o r a-ct ‘ c - c ’- - t i c  rep-u i i renments are  u n a v a il ab le , imposs i ble
- m l” , - ‘  i s - np- ‘-- “-‘- ‘logy, or ‘ ‘ c m - -  c-c- . pen n I , , -  t ’ -a ’ r  a t ,  t, ic l im ited . The “eg,m i reu”ent ’ , ‘m o s t  be

- nec nc -’d an I Inc optm c i a  m ‘;In c- ’d . ‘o pc--f ‘i ll y the n ’ e - .;nc - i m t m r - me ru t s can be re laxed . Otherwise
‘ne t r i a l ’ , 

~~
- - ‘ ‘c’ - a ,m ‘ - i ,  : “  t’ - i s  is -c - n ,t c , a sib l e it ‘ r d - c- be n o o n - n a r y  to redes i gn the

cnn tr nl rr~’dc- ‘o el im ’ i i malt ’  t ‘,e .f f - n j  m nr- ~ - c - - p  c- mc- ’ - ‘ mm ,  t , A pro gram : to generate new connpone ’ rt
te~ nm niol- ~g, snu - ,- , m ] i  I-c -- aC ’ ,- - -p t e , I on]’, as a last resort,

‘,Tt ~~RA TLt ,  :.‘,~,

5 r ’ ,’. n i , ’  Support thc-t st r p - r r ” c - ’, fc ’iu a ;ur rro .,’ ,h to system inte gration and testing. Inter—
t i e  t o , C c -  s hould be n niti a’ c - -d h-~ the cc-n , t , ’o1~ m r m a n u fa c t u r e r  as soon as the hardware and
s c - I c - c - u ’- ’- compn m’ - , ; - c t o  b c:;c n ac - a m i able. Final pre -de l i -v e r ’, checkout of software should be
p’-r ’m cr -’-p-j am tc-e actual control computer with its ir :tt-rf ace un it , using a real—time
si - ’ - uli ’ ion to c lose  ti -- c - iOOp~

Tm m~ iPC ‘me l b”-- ,lr t o t  p ”s ’ne d ’ire is sound and is adaptable to other programs , In
d rid m ’i’m r . , a c losed- loop w i n m d — t u n ; , , e l  test  of a fu l ly  actuated inlet model is recommended ,
c - a m  t ’ ’ c -u l ir] - ,  if the inlet oper ates in a m iae d -co ”mp re csi on mode . Sea—level—static testing,
- ] l m i v c -~ ”i hi altiC - ;de te ’c tin g of the dec :o rustrator eng ine is recommended ; in i t ia l  tests
c - n c - c - I d  be run -icing a b ell -i ,out nu i n l e t .  The in t roduct ion  of a bo i le r—pla te  version of the
hi i ‘ c t  in le t  d , n i m ; - 1  toe s e a — l e v e l  C c - -s t  pro -j ra m - r is des i rab le , par t icu lar l y if the inlet is
ac t uaC ~~d during ground or b c - a  speed f l ig h t  opera t ion .

1~ is re’.n m -’ , :-mc’ mm ded that a data recordin g package be designed for use in ground and flig h t
t e s t s , t’,-jeC i ue r  w i th  a mobi le data p rocess ing  van that is moved from f a c i l i t y  to fac i l i t y

P r m r r - m ;  t ,c-e entire test program . T h is  approach ‘ -c- i l l  provide rap id data  t u rna round  t h r o u g h
t u e  use ~f an on—s i te  ded icated data p r o c e s s i n g  f a c i l i t y  and e l iminate the requirement for
i f l t n c ,’f a -  in,] w ith the fainility data processing systems . Control mode development in the
“ie l d c- c- o’u ]d also be facilitated by a real —t ime simulation on site at the test facility to
ci c:se Inc control loop for s-o f t ’ ,’c -~i rC cn~ c kou t,

One mi f the conclusions drawn f r o m m m th is c - ro o m- ;”  is that the tes ts  were too closel y spaced
on the ‘cm’n ’nednul e;  there  n c - a s  n o t  enough time between the tests  to absorb the resu l ts,

I
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3.0 IPCS P c -U - kANt [ [ m a c - c - A L OESCRU’I it],

Controls fr .~n ca n 1 n’ c- rn ., e t ‘ c - mu c j i n c o s  ,- c - ’ n n ’ ,c- d i rect  ,c -n ,mJ simp le. Engine geunm :etmy was fixed and
, m : ’ n ’ ” a t u n u  , m ’ r , c r - ; inm c ,-c - , ’, ,- - ;c nuc ’  ‘mia - ,  ‘c - , I t I  c ’ m ’ ; i n , i -  ‘ uel f i~~;-c- ,is :, ’,c only n’ ’ ci ’ -p ” nr ul c -r, t variable.
c --~ t r -,tj, C , rr / m,,c’ ’’ir ’’l c-au , ~ - , ‘; m ec - c - - ’ j t tm r ’m aur tm a s i m u mpl e ‘c - p - n - m ci ‘ ;  ,—j c ’ m ’ r r m r , A cceleration and dece ler—

C ion t c c l  ac-c- I i m n i - lop- - - m u ]  ,i c-c ‘nin; r ,c- c - mi th open—loop s c ’ ’ .: ,; i es . Th cu s e rep-u i rennents were
n - c - l i ) , ’  s , t i ’  * ‘ lcd by p-n m t :u i clr,m ] a ‘uel . ‘cml v e c - h r - - r i p - b  a S y ’ , t e m ’ : n~ cams nd linka g e’, t ha t  come

be l m , - ,u c - ’ c - r - i s  II, - r m / ’ t m o c , e ’ c ’  c - i  ical fuel contro l - 
5, inure the engine requ i re -- ren ts  mere m i r , i c ma l  , a

s r , r I , m  In’ t m ,, . ; co im t ro l m no u ] ci be ‘c am , : , , - ’ , I l’ ;’ u I - .-c- ’- : ; ‘ m t , and n I-U I y ‘- eli- - able ,

Ti.,i n— t p o o l  “nv- ,;mn ; ~ c-. , t n - I ,; t~ , -  e m r - ; i n m e , ,‘ - c - ’ - id h le  m ,On ’ ’,’res’ . On ’ ‘ ;cr- Um --c-- t ,’ y , a d  a f t e r b o r n m t - m c  e i m g er -a ered
a cormnn pun. —r - m m - . ; inc r-- -’,se ‘ I n  ‘Jct c rmm ’ mp i e x i  -

- i- -- ‘ ‘- ‘control ‘cm~a. ’, c - c - - - -r f r ”  s r t i ’ c f actory opera ion,
T ’ nc- - pr’a - n ’ - ‘ , s : o n c -  tc’ - . ‘ - c - ’ ’ e nc oi m , - - c-- c- - ‘Jr ‘ - ‘ 1-, ‘-o crc - i m j ’, ,’ I a ’ten ,,,-- rs and c’an rd ’u s t nozzles
p L c - u  imP s c - - c-- . r c - -  d c -- mmm , c - mr , j t  u : ’ c ’ n h ‘,c-t roc ,€- c ’ ; a n -  I c-ac - c ontrol ‘ - - ‘ ‘c  01 ogy. The .cdd ed comp l i ca t i o n  of
op-n-o ct ‘- , n u t , .. - ’ - , m rd a s c - n . - r- ,~a.r Ic In ] c c - t  pu’ ,ho,j I, t,c - a c m  re ,,t I,, ,  ur o logy  of h v- i r c m m r - , - c  h an i ca l  con t ro l s
Cc.’ a r m  ap~ 

,,n ’t ’ n m t I p - un I t  - wi t i m c os t S  i n c c m c - ’ o - n i n i - g  and 1 : tt]e mm ;nc- ‘ - f  oma ‘ntd in ing  a reputati’ ; rr for
n - c - ]  l ap - i l i t ,  - E , cnom ’ t r d c , t , bot i’  th e ,,o -,t -arid reliabi l ity r;f di g i ta l  e l i - n  ‘ ro r m ic cont ro ls  have
iron-rn 1 - - - :  c - , - m m ~” na~~i dl- ~ c-r n’urj tr i~ ~n ,:‘,r ’inc - mc, en,t appears to b’ - i - s i  I ned to - :,, , , r  1 nue. Fur -t be rmm ; re ,

n r C , ’ - ; ’  a ’ i c - T m  - m . to  a ‘no”t - ’ r m ,  f l i p - n t .  t / t ,tec~ I’-u ’ miin ,j S ,~nr’n uun icat  ion , -i m P direct connili unicati or w i t h  a
in,i ci un i t  is i ’u tm-- ’ cc-’ m C ] ,’ di ffi cult.

- I I Pu. S PROGPA ]- ] dUAL S

T r im - goa ls cf t i - c -  A i r  p - a rm c-u in’, ,. : r nsc , u n ’ ’] the IPCS proqranr’ we r’e two fo ld:

I ; - r - , c - . - - a n n,. s c - s t e m ’ m c ’  t un ” n c - r , r c  It , i ’- ,;;’ technological ad’,-a n c— s.
2. Reduce the cost and ris - of bc - t i r e  -levebopment programs through an

c ’ ’ : - n u ’ a i ’ - - l  n ica 1 dat’ ; basi c - n 1. ’ rja.C c ’.’.te mi  mama- or -c 1 “met t rodol ogy.

Specn i c goals  e -, t a t ’ I i s h o d  c- nc r t ire IPCt : - , mc , . ’ e the goa ls  - f the  d r  Force Ex p lo ra to ry  Develop—
“m er i t  Pro l m.m -  .‘.  Th e first -:m~ these was to I’.:-v ’ b op, dem o n s t r a t e , and n - - v a l u a t e  in a f l i g h t
env ’  r’rr c- r - c - - f  , c er ta i n,  ad’,- a n cc e d  tech n u i cab c ,;i t i res  tha C have t o  date been explored only under
c - cv r c  r ’ nt r ic t c - ’d co nd i ’ i o ’ r ’; , Th es e are li ‘c - - :  in C - c - l i e  1 ,2 - 2 ,

- c ,- ,. ne -- r id mmm d j a r  - ;oa l  was t i m n -  deve l c pc - ra ’ r t  of an i n m ,er c,o’::pa’u ,~ m ’m d ’ -a qcn ”-ei’,t approach a c - c -. 1 i ca b le  to
C e . - des ign and dcc -veb o pmm rerm t of integ r ated -,ct em : m s , Tb~ I P C S  ‘-ranagement methodology addresses
thr ee areas o f  po t en ti al u .om icern ’u ; assi gnment o~ responsibilitie s , communication and coordination
between qcn ’;mj rac-mci c al b y - cc-ct’, o r g a n i z a t i o n s , and m i n i m i z a t i o n  - : f  t e c~ -’i cab risk and cost throug h
a t im i mely tes t  u, .-p m ucnm: e , Th e  - c - a l i e n ’ lea m n ,r ’- -, ‘c c- t hi- IPCS m ’;o na r re mm ’c --’r- C -l ip -m in i o are listed in
TaI’- Ie 3.1— I .

Ach ievem ent of  t nt - , pro p - n- i ’ m . goa ls  has ,le’itif led po t e mm i  j a b  deve 1 mt”ce ’-t :‘-roHem areas. It has
generated a body of te,”h nical data upon w h ic h  to base further devel opru ent work and has provided
a basis irr, r estim ating the t i - m e  and cost of develo ] mm - ’ent ,  of an- o p e r a t i c - c - a ]  rncs .

T a b l e  1 . 1 — 1

SAL Hid -iIO ’ I URES OF IPCS INTERCO MPANY ]-]A ] l/-G EMEN” APPROACH

- 
‘ i n n - f r ,  ,,t a ] ass i-]r mruent c-f res u on s ihil iC ,- - each o r gan i za t i on  - ised its

own ar ea of c - c ; m ’ - r t i s e  - nver the t - m , ’ i n  ‘an’; , ‘c c - t i r ’- - n c-- a ram.

Direct conhinunication at Il’,n- working bevel was stressed.

Pe ’u ,;lar (, - r c -n mt ’ u I - , ) u c- m ’m c lm nation i- i c - c l ings wc,- re attended by representatives
- 

‘ 
of the prince and major subcontractors .

Perm r,dic working sessic’nm s were conducted with attendance hi’ technical
p-er ‘ ‘n i n e  i :m I each of I h i-’ three firms .

Pro i re ss iv e  - - rc - . : , _ hy_ step hardware and ~~~ c -van e t es t  ‘~‘ -u; u c - i’nu c- ,

Fi nn- i l dcc , i 5 m r r n - ~ w e r ’c urmade by the  m r ’ i , mm ’ ’ ’ n ’ i  r a n  tor at -: , ‘c -’ ’r ’’ ,, - , ’n ,’ drn - u— ,’ tion.
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Sl’ c - [ L ’. D a , n I u ! P l l O t

:Pcs cun, snSt , , , i  jI ‘I r c - ; - ,t hc-c - n ’dw ; ,”  , .na rmtn ui nodes , and ground -,mppo rt h ., rdwa r c- . Two
co i rmmpl ’ - t c’ n c -  t s  -m- ’ n, ’, n - ,lcc- ir” a , - ’  - fat ,, c ited on ‘ m o d i f i e d  for the program. A brief description of
n-vai U ’ t n , , - c -  I nc - -nra , m i - t ’ nm ’cc -’ -i to ‘n c- I , -  t ’ m ’ -  mc i - i c r to understand subsequent nmuateria l , is g i ve n

c - c - ,  d u n  c- - nm -i ] r ’ m n ’ ,n- - r C ’ O f l  is - ; n c - ’ m -  in the ‘,c,’ct ions c-f this rn -pont na t treat the design ,
- a c - -m i  cat m - ,,rc - 

- in d :c - - s t in g c - f  t i _u -  ‘ - m r  m ‘, I - t ual  ‘a~m ’ .~ c - m~c’nt and s u h ’ c - yc t e m ’ . m , -

3 ,2  I IPCS Fi r -i ’ ,] Hardw are

A d ir ’ of tmu c IPC S is hoc - -n ,  inn I m-;  c - c - - ’, 3. 1- 1. The TF3 O- P-9 engine was modified by P&WA to
ext .- ’ - : re - p - c - m red  to interface c - c - i t b  ‘ ‘ me  Di g i ta l Propulsion Control Unit ( DPCU). Pressure

ra ’uS ’ cc - c - en -ms , tar m;u ’ .’ra ’u c uc ‘ c - - n ,  -ors , ar c - i t . - - ’ nnn ’ et erl defined the eng ine state to the DPCU , which
,,‘ .‘ -., ‘ c- i t , ’ ; t n - i n  inf o n ’mc - c - c i io n and p- r - erated connmmn and s that were tra nsmm mi t ted to the modif ied fuel
- n , , ’ J  n m c - , , ; l e  ,.u nut ‘- ‘ c b s .  An ebcu c - r u  u. ;]  t -; r’ ;-m c- mm uot o n servo f i rs t  stage was instal led on the main

, oni tn’; l . A se ] c ,nmr  s o l o - - i d  c - c - an added so that the fuel nietering va lve  could be driven
e n t m u e i  t~v c- h”  e ]e c t ’  h a ]  ‘ : r ’ c t  s tage cc- i U, the im y dmo ’na’cc-ua ru ical b i l l —o f—u na te r i abs  fuel controlle r ,
w e n c h  ,-c- a~, “ - - C a i n - e d .  - Ic -ter m ’; Cal  an-s for c-ac - f , cc - f time fl- i ’m afterburner zones were driven by
- t e; - ; m~’r ’ motors c-nh -; thr- nc -;c- i t h.- -In” ;ubic boosters . T h e  exhaust  nozz le actuator  p i lot  va lve was
,I SO driven b y a c-/a r,i~ i I .;I -v hoo .c - t e - t  st epper motor. Position feedback sensors were provided
c- ’cr all Ic - c - c - c -i - ,ca tc r ’ m r r ’ I  u I - u ’ ’ . , t i - ’ ex ’ r - i , c - - , ’_ nozz le  p i lot  va lve , and  for the nozzle itself ,
Solenoids n-re a d d- I C, operate ti,e nhm t -c - ff valves for the five afterburner zones and the
nozzle. These solenoids , as c-c-e l l as the main fuel control sector solenoid , were selec ted so
cc ,- , ’ - -Cer rc-,c- pt ion of cu i c-st r i cab e x c i t a t i o n  would dr ive the engine to a safe operating condit ion;
a f t - ’ n - : - - ,c - r - ’ ,e r ~nf - n ’ a y z  Ie c l mm ’,ed and ‘jas ‘;eimenato r under hydromechanic a l control - The 7th stage
co- ,,ress or :, c - - ; .  c- -c -c rc made to be o u;c -m ’ ma t , le under either DPCU or b i l l -o f—mater ia ls  control.  The

- c - ’ ,- . cou ld open the ] :t h  stage bi-”c - ’ , i,-r. I c c - m ; l ’ J  not override the bill-of —materials (PRBC)
-,, on ’,r m ,c - ] Cr; c l o s e  tm-e m -

to chan ges ac-i-re ‘m a -ic to the ‘- nnm ; ine cycle or to the gas path eacept as required for the installation
of s n - n - n o ’ s .  t’ni ,- t ’ m e a c - t u i t i o n  system was nnodified in the fuel and exhaust nozzle controls;
all  the s c - - r v m c u - ’ c r ’ c n c --venr c- ;n’ ’ p lum b i n g  was retained ,

Cc-nc- ,nI ’-C actuation system was also modified as necessary to interface with the DPCU . The bill—
‘ -,a t c - ’m i abs c - ydnoumre; r h a nicab inlet control was removed and replaced by a servo module that

responded to ,,ommr o;c-Ien corunniands. This module also had a solenoid—operated selector valve that
caused Ih’, inlet surfaces to move to the l ow-speed configuration when excitation was interrupted .
Pressure C- c - m m  , -l - .c - r ’ - r ’ were c-n c -aided to sense inlet control signals and position feedback sensors
c- un- re c mov ided C — c - - c iose Cs” position loops. The inlet aerodynamic configuration was not modified
in ar m , ‘ c - c - c , .

Tim o DPC’j ccc - n’nm i ’ c - t c -- .J of c- aci ma jor conunponents; the dig ita l computer unit DcU and interface unit
iIFU) , a p-cc- c-c-c r suppl y c-nm ’ : 1PSU) and a computer monitor unit (CMU). The DCU was a Honeywell
HDC—6 0l - l ip - it ;] con-pc-ten wiCh a mc--; ,r’ntr ;ry of 84 instructions. (It has a core memory with
l6 ,3r1,[ ’ c - c - mn r -j c  d i v - I c r -I into 32 sectors cr- f ‘12 words each. Word length was 16 bits and memory
cycle time c-c a -c- 1 .2  microseconds ,

The IF U was designed and bu i lt espec i all y for the IPCS program . The input and output capability
of the unit is given in Table 3 .2 -b .  The IFU incorporated three custom input channels based
on the supersonic tr a rns port buzz detector c ir cu it , one each to detect inlet buzz , inlet air
t c c - r m - ’ ,le nce associated with distortion and afterburner rumble.

The CP’, was nu :ounted in the cc- ’ koi t and was the interface between the flight crew and the DPCU.
All control switches and displays were mounted on the CMU panel , which is diagrammed in Figure
3 .2—2 .

It cc-vs ori ginally inte n ded that the power supply be incorporated in the lEO . This plan was
modi fied when it was determined that the flight-qualified stepper motors available for the fuel
system modification required 32 vdc rather than the 28 vdc ships ’ powe r tha t has come to be
accepted as the mr m d mc -~~t ry  standard. The requirement for 32 vdc for the stepper motors imposed
t i- c- c ’ requ ir -n- ‘ c-mu m a separate power supply unit (PSU) after the electronic hardware was well

ru tic, the deve ln jm ,c-. ’,rm t. cycle.

- i—-_ ,~~~___,_ - _ ’ -_ , _ _ _ _ _ ..~~ — -
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l ine layout ‘o t i c - -  ~Pf, c- c- ru ‘‘ c - c- a — n - n  n t  is ‘ ‘ a c - c - n m ‘ r - , F i g — i t ’ ’’ 3. 2 — 3 .  ‘ r ’  f n ’ ucc- v ’ c ’ a l so - ‘ - -a.- - a ‘ - -
m on ,-r - o t - c -  an n d an i n - S i  - c- ’ ’ . ’ c. ’ m ,,r m 

~, ,i- Li p- c - , l,e s un - probe n-’ ’ - I c , c - - s m Ion , ‘.‘ d i c - , ’ i t i - a r ,  c - o n ly
dm c - t ’u flg pr c - -1 mm , in r,m r ’ , - c - u sc - clin i c’) C ,- t - ,; I ? m , - r ’i’ . u l t S ”c t  t t iu i m se t e S t s rn ’ -  discussed in ‘.r o i u m , ,C II.
The ins t ’ ,, -c ntat  i - - ni pac i up - - - S c - p - c m  I u t-u i by ‘d,’ A:I ;FRC is di’ , ’, m ,c - ’ , ’~ -’ i i t ,  de ta i l  c - r u  c- ’ -c,’lume III m l  n .m S
rn - pc - c - n t ,

The IPCS ,~‘i5 in s t a l l e d  in the a m , ’ , n - i t t  liv ~i,t5il personnel . W ire nc - ic -m i le s ., r m m l t r ; h i n r ’ , runs were
fabricated c- i-i ~IASA tic - ft-ne m ng ‘d ’ c-c -v . m m . ’rs - I n ” J m ” e ’ ’  l i p -  ‘-,c c - ] ’~’on ’t was provided on—si Cc- U , the contract or
te a mm . during ti.tit- i ni ’nal l a c -  i-nrc .

Ta i i ]€c  3 .2- 1

, r , ’ .. ”, ’m ,n I .t C a p a b i l i t y  cc- f t he i ’ r t i n f - c -  ‘ Uni’ ,

‘ , -.-. - lea ’-b ana og j30 -‘r u ) 32 -
i - h i gh—bevel cmna l oy (5.12 volt) 32 r . t m m u r c - n r ] s
16-bit discrete word
Resolv”” c-, c - ; n , , i l processi ng 8 c. hanne i s *
I r -’;a ’cm ,‘,- on- - ; - n - t  pressure transducer 8 channels ’
Ta . hm ;”c-’ --r 2 m h-m m c - 1 s
1161 sensor I ‘‘ a ’’ - P
c- il - C (con vr -r c- . ’ I to analog ) 5 i h  ,r m ’ - c - I s

OUTP’iT
Analog H v c-~ v o l t ’c -Ic ) b l , , r i;m , ’, .’l ;
T c ’ r p - n - e  mot -nc — in ’ i ’,’ers I a m ’ u c - r l  if ’,’ U-A
o- c-t.: .t ) 3 channels
Ste;:-~- ’mm note” dri vcn-n ’,from DIO) 6 - c h a n c n m e l s
16— tni discrete ,vcmr’i’, 3 channels
PC- I interface ‘,o c- , rr ~~c-

c -Ic - n rect con ,,e rc ,ion f r - - ” fr c- jrmn - mm . ,i si gnal to dig: ~ul .vç- rp- ,

3.2.2 Con c - n -- c - -b ]-1m ,,m ic - -n

The IPCS engine could be operated in any one ‘cf thr ’,n- control nc-odes; n ’c - d c ’C r ”mr ’ mr l ra n cab , unde r
computer control usi ’i ; a di g ita l rep mr - ’ , c ’n c- u t ’ ion of c c - - . b i l l _ m t ~

-.-0 n- r ials m . i - rmtro l ber (BOMDIG),
or under comput c --r , r ’, r r c - c -’- ’ m u s h rr c -c - s,ft,-.’-cm r ’ Chat implemented ‘tre advanced technical features
l isted in Table  1 . 2 — 2  ; I P C S ) ,

The hydromechanical -“c-In - c - c - ’i. i” u€ ’c - I t ’ c - - b ill ~ n- c -~m at eri a ls c - o m i t t f m ,3 t was retained for the gas
generator only. This cc u rm t r , ,l mode wa’ used both for a hac~- -mc in case o~ computer failure and
as a baseline t ’c  evaluate thc-- perforr ’iance of th c -- di g i ta l  ‘ c j c - -~~c - c - r -

The BOM UI m , program incorporate --I the s’r -” - schedules , setpoint s , and log ic t h a t  the hydronnecha nical
cont roll er was desi gned to imp le- - -c t . C- ’- a’’ enrpt was made to sim ula t e the dynam ics of t h e
ha rdw,’mm , - component - or ‘c ,  hv s t e c ’ c ’ c i i c - , du - - idhar nd s , s t i c t i -munc  or r~~l m c n ’ id ic ’ , ’n c -’ n c ra s ies  of mechanical

- ‘c- devices. The IPCS Sc-n ’ t i-c - ’ c m c -’ n r o- m i r ,n r - r implemented the control laws that are discussed in Section
2.3 of Volume II.

A continuing effo rt was “cadi’ durin g software development to achiev e maximum commonality between
the two programs . Cornnnonali y wa s numc uu-d in t i ’- -  ,4 r ( - ,, of DCII ‘- n - b c -  t a -c t , transducer signal
conditioning, a c t ua t c - n coi r rc -’ -u rc- cI processing , t-I C.

3.2.3 Ground Support hi ,; r,Ic-’,,nre

Ground support e-iuipment (GSE) was provided Ic-u service and test i cr- - fli ght hardware and to
communicate w ith the OCU. The GSE consisted of a Test Set c - n i t (ISO ) and an ASR-35 tele-
typewriter (liv), asso’:,iated ,otlw ,nr ’ , and inte rc onn ec t ,on rs , Ti -ui ’ ISO was a rack-mounted system
consisting of a computer -‘c u ’cnrt ro l unit (CCU), a hi gh speed papc-’r ‘ m i m e reader , a paper tape
punch , a duplicate of t hc- it- C ! tac-,t was mounted in lU cock p it , a fl-t i,’. displays , and speci alized
simulation and test Cl r mult r -, .
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‘ ic - u’ ISU c - uc - c - I d  be - ‘ c m  c-u c’. - - , i out the IFU and OCU aI r, - ‘ these - - m c ” ,;, - ,- - ’ - c -  w c ’ r c ’ d m - ’ , ,,na , c - - . Ca- u t In - .,”
the c ’ n , ’ . m n i , ,- : rns t a l i~~n c - u n , ‘u t e - i - l - j — ’ t _ -ite arid sinusoidal c r  n ,4, i,- m ’, u ’ ’ r ,S  -f c - c - n c - s o c  - _ -c- c - t p - c - t s
s r - I ’ - , c - - c - u n ’ n r c - j ine oper a t c - n -r i c n u - l u C i c - ) n l s  could icr pre -,-- ’ - tc --t c - c - I c -u ,- IF -U c o n , , l i - nc- IF rJ c-.jC i ’ ,c-C ’, o , c - i d
be i-ru ’ - ‘ ‘‘ -c - c- IL tes t - -s onn t’n ’ TS p - I n c - nu t - mm , c - - I -

The I Cc - i a I ,c - c - I ‘ m c - ,or c - u u n, ,  Ce-i a r’ecr ,- ’ .1,- ,  monitor c-d c - n - i c-fiat si m m , , c - I a t--n nt - , -  ‘~r. ’ c -  P~ -~ -c - ’’~ 
- - c - _ C , - ’ -

Ic - m r s ‘- - ‘ ‘ c ’ - c c- d c ’ m c -  ~‘oss ibi” to d isp lay  cc - ru— I i  nu’- and in real t c- nine , any on , ’- of f m t  t c - — ’  -
,r. - c - e l e c - t, c- c ru  words ‘ 1 ’ -  C l y “ m c -- n ,’ - - a - p - m a r  memory , Ic-n ,’ va r- - r I l e  t~~- ’ w a S  a ssc - -cr .t ’d a cc - n - n c - ‘~~ - ‘ ‘ ‘ ‘

l o c - a t u o n m  in - -- - ,r r , . r , ., d be selected f ’ c r  disp ia ,- , ‘ c - m s  c a p a b i l n t v  wa n - c - C r c - -’ ,- I ,’ c- ’ - . ’ .c- d c - ’  i n g
c- nc - c - - C ast  -c-p , - c- • c- c- n c - ’  -

~~3 T E S T

A - ‘- c- . - - Ce - c , ,crjware t,’’c-t - c -’ s conducted to e v a i c - c - a t c ’  t n - i  IPC S . P-is nc - - r u e s  u,- , ’ r , c - nc - - ’,’,ed ‘rom
ic-i ,,- I  ‘ nc - c -  -c- ,- 1 - c a t i on o~ t ’ c - -  b i l l — o f — m n - c t ’ -  c- a b s  system in a low risk , -c - m ,~’c , - L - y _ s t ,,i’ - r ,a nn in - n t lsnnun c-

i l l’’ .’ , i , a  n-an ’  o~ C - u  IPCS. Th r- tec , t f l ow  is dc- a - c r , ,  inc F t - c - a m ’ -  1 .1-I , ~Ic- i~ ‘ - --nc’ pr o gr a m-  
dc -m d hi- i h ‘ - ‘ c - n , f m d ‘- oF sc -, ’ mess at - - c - c - c -t m phase due t ’c t c - - . - ‘ i c - c c - I - c - a l l y  rn mn -m sin g co mpb -- c - m ty of

t he  Cen ts.

Ha” - l - c-. -c ” c -  na n’ c - c - c n n - ruts c- ’ nc- c - at- n c -u t- c -m t to fl n p - n t  ass um a n c - m , c- t es ts  under If ’,, u n - p - n c - c r ,  m . u t c -  ‘c - - v c ’ n r v ” cm f l t
s c - e c n f i c a t n o n s .  The ‘‘ci t’c-c-~ nc’ c-c --.’’- I -m d c l m nto the - onm t ro l c c ’ c-c - p - nat c - - ” , c - m c- m ,n,u yw t c - I b c - nd  -j ,e’j n- d out
us I n , - c -  a me d — t u n e  c c - n u u c i n e  simulation to close the loop. The C m - j bt ,i b C roi ubsion Control Unit
(p - i c - Cm - . -c - .a i n n n . - m ~m m C , . , u  w i ’ . r- the ‘ - - c - c d - t ied eng ine c- c-n-,l controls for tn- c , fi st time at a closed-
loo p i- - c- ’ t c -’c ’c t at  t i - c - - ‘ ‘c

- c-c- c- c- ac u ity , Again a rea l— t ’”rc ’ engine simulation was used to close
thi’ loop.

A series of th~ec’ gm cn u ’ c- d tests w i c - n m  the engine run -i nc - d c -n DPCU - c - n c - t m - i  c- l l ow n c - d ; a sea - leve l
static c- -

- a ~s
’.-iA . arc altitude test at tJASA /LeRC , and a ground ‘. ‘ - ‘ ~~: , c- i ’ c - the eng ir r ’ i ns ta l led

in the a i rc ra ’t at iA ’ -A /DFRC . These tests provided f-j mt t ,c-r fli p - h I assurance and ver i ” ’ c-d
hardware and , .0tc- . , re ,o r ,C a t b b i l u t , ,. Ttrac- y provided the means fl”n’ r e f i rc - mnc q m l, ,- m ncnr n ro l modes
and -c - o i’’wdn ” , b ri n gin g t” e”c- to “itmc - n ’ m t y .

Inn- sy s t e n m ’ - le ’c- c ’ l tu ’ ’ ,C p - o c r c - t c-, are “ ‘ cc - -c -nc- in Figure 1. 1-4 , wi-r i ch also shows thr, c - i c - c-rating envelope
of the Tfl-’,-I ’- y c - n m ’  m ines as mm r cd i f i ed  t’or the IPCS pmc )’ u rd r’ . T c - me pc-’f l~~~c - pf , c- was I ’ ’ o~c- c -n a t e along
1 i nes of . c” C - c - nt Ee c- - 1 ds index and to l i - n i t  the ‘ma c - inc - ui-n engine operat inc u m u - n - s c - ru- , bc - nc ’S-c-
reu l ’c - ing s t n -c - - tural - r c-i - on n-fl~ inc - n - components and rest’- ict ’’ c-c- the “.u ’ r p - ’ - - I - “ c - c -na ’  n on c-f t n -
c r c  - a r - -  sensors .

3.3.1 Ua ’u ’ii ne Tests

Basel ine engine and f l i n i h t  tests were designed to docunnent t oe  pe rf o r m a n c e  of the F - i b l E/ TF3O—
P 9  ‘- ,“r’ t” O ri on to the IPCS mod i f i cat i on- , . During the baseline engine te st , the tw ’- engines
to be modif ied for 1PCS were tested over a ra nge of flight conditions to es t ,uh l is h  ‘ t ead y - s t a t e
and - -- i c m; i ent performance and dist ort ion toler ance. Data from t he test have been ana lyzed and
used to up d at r .’ C ”  d ync - a mm ’ im simulation. The baseline fli ght test provided similar data for the
airplane and inlet.

The 01st , ’-’ ‘on ‘ ,o c - - m o c - c -’,u’n shown in I’ m c - c - n c ’ 3.3—2 with it s test set was a useful c - c s — c - -C C c - u the
baseline tes ts ,  The -_ m c - nmm l , r u t c’ r is i n c - s t a l l e d  in the i ns t num ’ m e n nt -j t  ion package in the airp lane and
computes Vp-i ‘“ - Ii  -i~~

’ - The d i’ ,t rc - mt io n level is thus known to the pi lots via a - ccc - c- c - ’ ’ t  guage
and Cc-c-  c - ne eng ineers vi a t. c--letnietered data , u’-m m crm ’ ’c - , ng expbo rat ’ an -if rhe operatin g i n  m ts  of
the propulsion sy- ct ’- ’-n .

The tua ’- c -- b I n c - c -  ‘r,’st program is discussed i n n  S e c t i o n  5.0 of ~c-’- i m r ’ n c ’  j I .

3 .3.2 c- c - c - c - l-c-.~~ste’m’ Cen t s

Individual component performann ,. n- and physical integrity wenc-- ,i ’-- n ,nn- , tr ’,,t c ’-d , where rcc- c- rc-- nsary ,
t hnru u c - i ’ m  com ponent and subsystem test. Individual co n nponr t- ’ n s wer e ‘ - c - b r ” -  r 

~ - ‘ environmental
tests . trm ,nri ,erature cyci in ! u and vibration in part ic ular , as required t’y the NIcScT sc-ce, i’ m , n t  m o m
21—2. 1 he ErP c-CU hardware ‘ m l  software were t hnro ic- j hl u c-hi ’s L-d out prior t - - - ~ue’ -m n’ t ~ - ‘ c - ’  Ic - m e
Honeywell facilit y as indicated earlier ,
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- ‘‘mu c - - ’- r ’c - c - I c- -an t n-a rm c-c - i ’c- loade d m i t ’ ,  C c - nc - HD C— t , ’ c -I f i  m - j b t  computer a r u m I Ic- c - t e d  in real time with
c - n ; . - loop c l o s e d  Lc-y the i c - c- br, u s imulat ion.  The fli ght conditions explored were sea bevel static

‘ c rnc c - n- ‘-l,m c- ,iu numbers at 4i, ,Ur .c - u) f - - c - - c - :  U i , 1.6 , and 2.1. A full complement of power transients
- e - c ’ . ,ut ed, y’c - m cai fli ght dis t -n ’L ’mn c - ca--c- n- cc-re presented to the system. The effect of transducer

I-i c- I - c - n c -  was , c a a l c - c - - i t e - J  by d i c -c-~ or~n c -’ c - t i n u j  the  si gnal lines to simulate failure . This extensive
me c- c - c-n t c - n u I r ,im m , drasticall y reduced the number o f “bug s” encountered during subsequent

c- ’. t r ” , - l e v e l  t e s t c - ’ r p -  and t fmn- mc ’b y effected s i ’ uc u i f i c a n t  savings  in both cost and calendar time.

3.3.3 Closed-Loop Bench Test

A - :, . c ’ n s ’ i c - c ’  closed-loop bench test followed the conc -ponent tests. The TF3O fuel control ,
u-modified to incorpor ate electric al interfaces , was installed in the P&WA fuel bench test
f a c - i T i t y .  The fl i g ht DPCU was - .c - nrn -’c’_ ted to the fuel sm jn ,t rol through electrical cables of
I c-’ ng t c -tm hon - n- nc - to si inuu late the a i r c n u t c -  i ns ta l la t ion . The inlet acuators , with their pos ition
fn-edb~ c k t ransducers , were irc - c ,tab led in a ji g supplied w ith hydraulic power , and connected to
the r IC ’J. Analog si~c ’il-t c - arc s of t he  eng ine and the inlet aerodynanr ics were provided to close
Cr c - loops and generate the signals that would be sensed by transducers in the aircraft. In
‘ c- c -c - c cases , si ’m c - u bation interface adapters were provided to simulate the transducer output
n’- c - r ’ - - a t .  This test provided a functional chec k out of the modified fuel control unit and
- - s t ’ m b l m s n e m i  compatibility between the DPCU , with its software and the engine and inlet control
~-~~‘ d c - c - a r r~, The closed—loop bench test is discussed in Section 6.0 of Volume II.

3, ~ - Sea-Level Static Test

The sea level static (SLS) test was conducted at the P&WA facility in East Hartford . Connecticu t.
‘ “c modified f - ad  controls were installed on the TF3O-P-9 engines that also had been modified
for the IPCS program. The pr mn m ;, f cc - a l objectives of the test were to verif y the structural
i n c - t e i r i t y  of the engine and fuel system modification s and to evaluate and refine the JPCS
control m ’ode~ a rm - I software with actual eng ine hardware . A total of 98 hours running time was

, u c c - c - c - r c -l ated on the two eng ines durin g the test. Most of this time was spent under DPCU control .

i. -c-a l ’ c - - ct io n of ‘, c - s t c c ” operation indicated that performance of the IPCS components in the sea
In - c - n - i c- -mc -~i r uc -’ env m~~o’cm :r ent was consistent with design objectives. The DPCU software and the
contro l “mo-icc - impbeciue rsted in the software for both BOMDIG and IPCS exhibited several anomalies
relative ‘‘c- design -m,m c”mm atio nal requ i rem ents. These anomalies were corrected through Software
Field Change Orders i c - F C DI during the engine testing and then retested to demonstrate acceptable
c-c - -np -inc - c -’ ope r at ion.

- m C i  - , , IOr completion of 98 hours of steady state and transient testing, and satisfactory
c-- mr - in c ‘- c - , ’yect ions of engine hardware and IPCS probes provided assurance of the structural

m - ’- t c -’ c - : ri c - ’/ c-f the eng ine modifications , and they were judged acceptable for further testing at
‘- c -”CA- ’L’-PC and NASA/D FRC. The concluding acceptance test run on both eng ines per TO. documented
acceptable engine performance on both engines with no deviations.

The sea -l cmve l - ’c t a tic test is discussed in detail in Section 7.0 of Volume II.

‘.3.5 Altitude Facility Test

th e i - m acs t  c - - I , u t m o n s  begun at the SLS test were con t inu ed an d grea t ly ex pa nd ed at th e al titude
te ’ ,t  - ‘c - n d r j c - C e , l  at NAS A /LeRC . The objective of the test was to demonstrate that the IPCS
- a’ u- c - ar e , control modes , and software were flight worthy and that the system was ready to
:c-n ,u , ’u, i to t bn-  flight test phase c-f the program. A comprehensive set of steady-state and
t r , c n -,’ - - , c - t  events was performed. These included accebs , decebs , bod ies ,, DPCU enga ge and
dis e n- uc - i e c- c -- c - c -nut’. , and operation of the facility “puff—jets ” to simulate inlet distortion and
brazz . T wo hundred forty three operatin g hours and seventy nine stalls were accumulated on the
engine - t i c - r i n g  c - be  altitude test program.

The al t itc ide test is discussed in i c - t i c - i  In Se ti o n 8.0 of Volume II.

3.3.6 Fl ight I c - c - I c - ’ ’  mo ’ ‘ c- f I n u c - -  IPCS

C r , , -  m m ,  - 
- - c - - c - - ,  c - - c - ,  t c - f t c - m c - -  IPCS S f 5 ’ ’- ’ ’  n-a ’. the I m m d  e v a l u a t  i unm test co m i c ’ s  conducted at NA SA/DFRC.

C - ,i’ DPCU and a c - U i - -P - i  enq ini - modi f m r - - I  for ‘ i - mi- IPCS proqr ann were installed in a F - 111 E aircraft.
“i--n ~~~~~ l i V e ’ , -‘,n m ’ c , -  t c - - s ” c c - c - c - n ’ -  to -l c - - ’- ,on i ’ctr a te hardware c a p a b i l i t y  and to eva lua t e  operat ion

- ,ntr-o j modes -i - - i  hardware in an . c -  1 ,-r i F— lll E ai ,- u , raft f l ight envin-onment. The flight
I’ m ’ , also L u m n a n - l e c t  n b c - .  c- , , n , m t y m - n  r - v . c - l u a t i c n n nf the inlet buzz detector and closed -
loop - - r , t r c - c - i - . ‘ -  ‘.enced c n l .- t - 1 ’ - n ‘- c- u - - n ’  m m ,  a realistic environment.
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A full set of steady-state and transient eng ine events (acceis , de c-mi s , bodies , DPCU engage and
d i n - c r c - c - i m p - c  events , etc) were conducted at all test conditions shown in Fi gure 1. 1- 4 . Operation
of c - nc - c  Ii’CS sysi c - was also dem om nstn ated for stead y—state and transient aircra ft events (accels ,

decels , angle-of-attack pull ups . etc.) - Seventy-seven operating hours were accumulated on the
eng ine during thimtj five ground runs and fifteen flights.

The f l ight  evaluation of the IPCS is discussed in detail in Volume III “Flight Test Report. ”
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‘ c- c -’ ‘ ‘ ‘ i c- I  - - - C  c - c - c - I t rue I ’ m -c - c - u r n c - c -,,- - c ’m c c - - s  c ’ Se c - t n to , ‘ c - , , I m c - , i t c - ’  nnu tegrated di g ital control of
c- h,— ‘ - I I I I  m c - ’ -, : - - i I S m e  ‘c - t ,”i. i t s , ’ c- - : - ’ c - c - i n wa , to d c c - m ---a n, -,tnate the feasibib iC y of dig ita l propuls i on

c - i n n- cc - I i n n a - m ,r c - - - n , i u n - , ’ c - : - ,- n , c - ,  I ’ - - II m - m c- - c -  c - c - , ’,’ ‘‘-c -g ra m- - c c - n ’, is ted  of 15 f l i gh t s  in wh i ch bot h
- an- I  P1 S w , - r c - -  ‘ ‘‘ - c- n- - I ‘ - c - c - r u - I,’’ mu r ,c - ’ : c - -  and a l t i t u d e  l c - ; i c - i t s  of the airp la ne. Comparisons

,.c- , ,,,- ” adc ’ t I.,, ’- - c - c - m e nm , -I n c-u- , c-c- “ i - c - - c - I  c o n ic - n (lI Mp- , ,  BOMOIG and IPCS at flight conditions through-
c-n - c - n  c - ’ ,c ’  t i n - i n c - c -  n ’ - ,,’ ‘ one ‘Fm c - - c - c- ’- 1 1 - 1 , .

- c - rn , ”, of e ”~ 
m r , c-i ,” :- c - i - , -j  n , m c - c  ‘ - c - ’ -  conducted on each control n- c -c- dc - c prior to flight testing.

‘ “ - n- ~n - :- ’,S Oc -r ’ ,ic-- ,i I- , ~c - -  -c -  c - ’ , ‘ c c - m t -- c-” static performance , identify and correct any problems ,
c- c- c - c - k - u ’, c-n e d,c Th , , - c - c  n , and -ie” - m , n m s t n a t e  c -b c - c - flight worthiness of the DPCU installed in the
a : ’ : .’

’ m r - . A - c - - ’ - -  ‘ c- ’ of c - he prev io r a ’. c - n - s t in g, ‘cost of t hc - -  pref li p-ri t testin g was routine. The 
, ,‘.- - - larp e ic - - ‘ f i n e d  c - -, data syste nc- interfaces , control room displays , etc. The

H ig ht C c - c - c - c -  :c - r ’ c~ r an- m c - c - c - s  - ,Ie - H - r m cc- , c -J to progress ic-ca m- c- t’,e mc ’ l at i v c-l y easy tas ks to the more difficult.
c -nc - c - -’ in” al ‘u r, C m m  c - m a c - p c c - m f c - r’c- ’ rc ’ r i  on BOMOIG . “n - cc - f c- rst f cc - c - r~cs fli ghts documented the IPCS

- - “~‘c- - ,n i c-C -.- c - i r ’  ~ bc - ic - ic contm , I  des i gn , i - c - : t r c - c - u t  c- san ”,’ of the spec ial control l oops. In this way
c- l ’ ~~

’ m’c- - c- ’ eric-C —‘ c- ’- gained c-n or to be- c i n n rr n g ttn i- more difficult tests.

C -s c - c - r u g  ‘I c- ’- ”r c - c -ns t r ,c t ,c - c - l ’,f,-i t di gital propulsion - ‘ a m - c - m i system is effective. The following
-i per,,c- i c - c- ru- a l u’ ivi rr ta ’c -n -n - c--in-re .1 ‘rated in, c - c - c -  c - l i  - 1 iuf test program.

- - - c -e r  e ruj inme a ’,, c - n- it r n ’ - r t ion c - - c- - c- - n - c - ’- gas generator and afterburner
- C ,  - c - - r  C t on

t n - nu n - c - and SFC at cer ta in  f l i ght conditions
- ‘“lc - ,fm d - ‘I lit idle t i- nust

A’, , c - u rat c -c- , ‘ C a b l e  tr im se t  p c- i n i ’~ c - - c - trnC c nc - at m ’  for eng ine
dec-e r

- E c - n - nc - ct c”i serv ice  c- ,c - ’ i l inq
- A,.t’c-; c - t ic - c - a l  ‘ ‘c--c - - ’ ion and c - C u t r- n-’ . -. - -s c-- n~ detection providing

c- . ,-,n - I~~ um~ c-” return C” 5rc - . ‘ c - n i g inal power set t ing.

Tr,e - ‘ ‘ ‘ a l  ‘ - - - c -  t n - c - t i n p -  established I c c - a t  t he BOMDIG control of the engine was comparable to
‘--~~‘ir ’u s ’ r e r : b - j r m i c a l  cc - c -n-C ’- ’,l . c - c -”- earl y T ’’c c- f bn’ m ’c- ts showed that the basic IPCS without the special
loops c-c- c -- ed c - c - r u m p - c - r i, - Th’s c - - ’ - t -ng also uiccm ’orc -strate d the advantages of the IPCS afterburner

c - - c - n - a l ,  Tn r- c-’ ,~ nj fc - :I,j ‘,-‘- ‘ f ’ l l  Ic - cc , c - n c - f i c r : cut’ cs the need to open the fuel shutoff valves
e l i - - n ’ , c - n , - , the c- lead title as so ci c-it ,-d ,-c -mth c- ,an mi f o l d filling. This resulted in an 11% to 44C

‘ n - - I c - c- tim,, - m ’ a c - c c - i n - n a t i o n  i n - c  re i a t i - c - e  c-c - ‘ii’C for the ‘Ii i to Max transient. This was accomplished
c-

c- C ’  c - c - C cc- nc , t- ,’-1- ’ -c - d - 3 t i c - ’ r u  in “ in’ , - m l b  m a r g i- , During de ,e ie ra t ions  IPCS had more fan sta l l
nc - - c - n p -in dc - c- c -” c-cm t ’ r c - -  d e P t - c - c - - i c - c- T a m i m u i n g  ‘c-f no c - zl e area relative to fuel flow.

L r c - ” i n g  I,”,- later fll’ tht s -‘~l~i -2d ) c-h -c- special IPCS loops were evaluated . In a d d i t i o n  a number
of c’m cm rc - p - c - mcc -  -c- c - - n rc -  ‘made to c- n c - c - bc - i p- I s ’c ” - c - c - r c - c - s s o r  c - c - i t  Mach number , MN3 , control to reduce gas
qener ac-’a ” ac-~ e l c -- ’- .c-tio n c-ice F- un c - c r c - r a t i o n s  I “1~’ contro l were tested : the basic integral
- c - c -c- t n c - 1 , the i n c - f i n a l control c - c - i t O  h i -u i - cr c - -’ gain p - n c - c - i ’d test only ) , a non-linear control operating
at the major : , , c - T~ rate -‘33 Hz ) , and tnc-- non - l i nea r  c,ontrob operating at the minor cycle rate

- Hz), c- rip nec- i c - - , c-- f tn - c c -ne I,c-’- ’ , t - . ind i cates that the MN3 control is a v iable al ternat ive to
- c - n t -”,’ as  d iscus s ed  I ’m ‘l ic - m,it- e I l l - al though it does not solve all the gas generator

‘c- c - n c - n c - al p r c - umIe rc - , s .  ‘limer at iof l  with ‘-‘l c - i  cc - nc - C r c - i resulted in faster engine acceleration than HMC.

A rmeasured d r - - c - n r c - i on  signal was used c -c control the compressor bleeds , open ing the bleeds only
-c-c- c- c- e m ; the distortion c - n rc-mo-n ’ bed the eng ine tolerance to distort ion. This permitted the 7th
stage bleed tc- rec -nra in n closed over a si gn ificantl y la rger portion of the flight placard than for
the  b i l l  of r ’ -- c t c -- nic - n l s bleed control .  C b o ’  ing the 7th stage bleed increases thrust and reduced
SEC. If operated on both eng ines this fc’ature could result in a 35 increase in Specific
E,cc -e s ’ ;  Power wt ,ic h is equivalent to approximatel y 3000 feet increase in service ceiling.

Compressor stall -c-i an ‘let” c - c - - h by r ’ r c ’ a - ,cc - n’ i nq  the rate of decay of burner pressure and comparing
it to a nn’f n- ,-e n- c -’ schedule. Once sta l l c-m a’, detected the eng ine PEA was set to idle and the
bleeds opened . T h is feature was succesn .fu ll y denmonstrat ed at a wide range of fli ght conditions.
it was abbe to detect all but c-c-ny bow umo wc-- r stalls and it did not give spurious stall in—
d i -  - c c - m o n during throt t le tranu s m c ’ n t s ,
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During the lat ,-r I,c-’nt m on m a n the fli ght test a stall recovery detection ‘c- ’ ‘c - c- - -: ’ - was added.
Recove ry c - -c - n -, dc-c -tc - c -c- ’c --’ -I by connparin g burner irm ec - sa re level to a reference ‘ - c - r u ’ - Stalls that
recover quick l c- ( c - a p - ’c- c - c - l l s )  c--c-c c - c - re -c -’ , c - , u ’ a n n t c u l  1mm by c-ire- i ‘ng the “c- n ,:av e ny c- m n - c- - c - -  for  1 n-c- ’,o rmd
after stall ‘ ic - - c - ,,- , c - c - , , ,, amid not ta~ ung action if recovery was accompl s i - nc- h  w l t h m , ,  one second. ic-
not , the b i n- n -d c- w e r n-  opened and c - c -~c- eng inc - n - PLA ic- -t to idle. Once stall rc- -icc- ry waS detected
ta ’ c rc - p - n ncm is n --turned to tic-c power sc-c - tmng - c- rm e’,t c -’ c - m ,ni n ’ c -~ to the -,mc-’, c- I - - c- ‘hrot t ie  ~~~ - n c orc
w i c - b r -c - ut  a r c -  c - l i  - t  acti on. Stall detection and nn”,nav enj was demon-c - c - rat - c - i c - on flight 25 at Ct 0
1 , 1 and -Il ,- i c - r ;  feet,

A portion c-c c- C ’ i c- - t n - s t i n g  was devoted to evaluation of potentia l noise reduction by :,o rc t rc - I l ing
the e’,ha m an - t veloc ity c -- nc - l ie. The intent of this testing was to obtain Static and f l i g h t  d c - C c - c
to evaluate mc c-,, , c - c ’ m ’ t c - a l  noise benefits ol’ duct burning engine. In a dc - c - c - c - burning engi n e the
v e l o c i t y  is c-c- i p - i - c c ’ - , c- at the omi t - c - ide of the jet and low in the core where there is no af ter
bur n inu p - , c - f I eml, ,r - , m cc -m f-an -i di stribution was modified to produce this Cyc-c-e of profile by operating
at - :: ac - i-- u’-- zone arm-i reducing tm ,— core fuel flow. This c-c-a’- conupared to ‘n c- ixi m ’cu ’ ,n zone 5 w i th  all
fuel t I ’ c - w reduced to produce the same thrust. Noise , thn ’ um ’ ,t ônd v e l o c i t y  p ro f i le  measurements
were made on the ground and noise measurements were made on a series of f l ight test points.
Anal ysis of c-he c -e data is continuing separatel y frc-n’c - the IPCS program . Pre liminary resul ts
indicate th c - c - the desired profiles were approxinmated resultin g in some noise reduction.

Throughout the test the advantages of the flexib i lity of dig ital control were apparent in the
ab ility to identify and correct controller problems. The opportunity to adjust gains and
schedules on a run bc-c run basis gi- eatl y facilitated deve lopnnent of c - bc control . The test ing of
the hi gh compressor exit Mach control in which the control mode was changed from , , integral to
non-linear is an exam-ole of the degree of flexibility of the control. lloise testing is another
example - The decision to evaluate noise was not made until the middle of January. No provisions
for or consideration of noise testin g were included in the original control desi gn , but it was
poss i ble , in a relatively short time , to develop a confi guration for the noise testing .

A problem that became apparent during the course of the test was that the ab i l i t y to refine and
improve the contro ller had far outstr ipped the abi l i ty to process the data needed to identif y
the potential improvements. As a result changes to the control which might have greatly
enhanced the test were not recognized until too late for orderl y incorporation. Therefore , it
is strongly rec~nrended that a data processing system be used in future tests that provides
turnaround of printed and plotted data in approximately 24 hours.

Control mode development would also be facilitated by a real-time simulation on-site to close
the co n t rol loo p for c-c c - c - w a r n - che ’Jc-ut ,
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c - - u .- - - p c -n - m m ic - I -- n r c - - ’  ‘c - i - c - c - i - ic - - r e f , ,- c - u~ n- n c - - n p io ra to n,’  c - c - c - nk could f ac i l i t a te  the development
‘ c - I  j t c- torn - i , c - c ’ - ; r ’ ä t c - c - - i  ‘c-um ’map,ul s c - c - n : - c- c - n - c - I  ‘ c - , ’ s t n - c - f l. Tr u e’, c-c are di ‘c - c - c - a c - s n - h  be low. Some bevel  of
‘c- c- Lr - c - S  - c - r  , - ‘ C I ,’ c- c - c ‘ n - - i car nl ’ - - l -c - -n  - .-c-,, n ’c-i ii, some c - c - f  c - nec -mu areas;  this current work should be 

t . c- ’ c - n c-a c-m i, b i t  ‘- c- - to p r o u c - - a l s i o n  co mc - t r o l  c- nd c - c c - t e n n d ’,c-i as necessar y.

Lu’  c - n c - n m  i c s  ‘ n ’ i l - c - c- c - c -  ‘an , : c- c - , -a’- ,,c- :r-n’d ’itions fc-n trade studies are given in Section 3.0 and 6.0
c - C ‘ c - u l c - i ’ n- I. , “~‘ c - c - , , c - c - , t  - c - ,  - ‘ - “ ‘ c - p s  l ice nc - c - n t  - -  c - c - n c - c - -c- of these relate to power source (ded icated
-c - i c - n - c -  m t - _ n  ‘-‘ L- ’Ll ’ i - 7 D - i / c - ’n - ’, r - r , c - m-c - T bUS,  t r c - r l ” c - ,

Re l c-c - I ;  m i t t - c - : “c c - S C  c-n i up- - ‘ n i p - s  ab c - -c - c  c - - c - S C  of e le ’ ,tro nic control steun from concern ab out
nc-c- I ab l y ,  Mn- a- el c- - - mc - c- me t i c r ble - ‘.- - :,-,n m ” nrt s is being pursm ied in many areas. In a d d i t i o n ,
‘i mn- c-cr I n s t  n c s c - c - c -  of ‘c-c- i lab ,  l i t ,’ , fat i c-c-re c - c - ’  t c -c ’  c-io n , and fa i  lure response requirements should be
n - c - c - , rc - 1 : c - - ,c - - c- - ‘ c - c ’ : - .  i t c-n - - ‘ - 1

c - n - C c - p - in c - c -  car - ‘)“‘ - ‘c ”’ll’ , c ’ C c - n c - c - - c - b i e r :  c -bc ” relative advantages of the two possible controller
0cc-Hor s ‘c- bc - mi l d  cc’ as c-- n - sc - c- ’’I q-uc - i nt i t c - ti vel - , ’.

Bac ’ - u p  Co,’- c - r - c - l  c - n :  T r re re lat’ c- -e e l tc - u of c - - c - - n r c - c -  hanical , limited-capability electronics , or
‘ ‘,c - i 1- ’ c - I c -a t  - I n c  mi - c - al n ’ m i l t i - )  - - c r c - r u t - - l u - c- r n  ics should be established .

S m - u I  , n om n : 1 m c - roi ,’d - - c - ’ ‘‘i s fc-r real —t i ’-’, ‘, i c - ’ - c - c - bation of propulsion systems for controb design
I o n - n - H ’ - ‘ c - ’ c - .~c- pc - r’c -  shou ld  n-c- developed .

c - t I t e r  c - n ip - :  T n - c : h nm i - ; ’ ,,,’s c- ’ -,r c - m b c - c - - c - m ” p -  s i gna ls  fm c-” : d ig i ta l -outp ut  (frequency-output) transducers
u-c c - c -- c - ic - c - ‘aerc c - u i i z i - ’ p -  the I i q i t ,m i  c,”J c-,essor are needed .

U i c - ’ t a , - in -n : A n’, c ’ t f ’ c i c - ’ n t  com pil er for a hi g h-bevel programing language mi ght reduce the
c-OSt c- - .c- - ‘ .c- c- c - hg ” - ’. ’ m c - , - c - u y -

p - n c -a c- r , :c- cc- c- :- I- -c- c - c - :  ‘c- c c - i c - c -  n c - - c - -c- c - c - c - ’ -and te:hniques c- On ground check—out of an operational IPCS must
he ‘- - i - - i c - - c - c - c - h -

c - l i ’ :’ - ’ P rm uu ’ n c - i s ion c - c - ’ c -’rol i ’c - t c ”c - u’ mt i on : Only the most cursory explorati on has been done in this
‘i n c - n a .  B a s i c -  co” :cu ;,c -s (c m- -m a in  c-c” be ‘ l c - ’ , e l c - c - : c - ’c-c- d and evaluated . App licability of existing analytical
c- n- h O c - p - - c - n -c- - ‘:us be dc”nnonstr c-ted a’:’l/’c-r n- c - -c-c techni ques developed . Simulation and test requirements
in-I t ’ -  c - n c - m - p c - c - c -’~ i c - i c - - be ‘ n - c c - c r c - ’  ished .

C c - n c - c - c -, c - - c - i  i rn s n c - n a c - , c - ’ n r ts : The ‘ -c ’ c- i am; is nn for -c- pe ci’ c - i nq applica ble aspects of IPCS methodology
; , :uc - t c-n- c c - u I - i c - c - h .

~ p - , c - c - c -i ‘-, ‘/s’ c-- ‘, : T mc - m n ’ -c-r ,c: , c - n i ’ j  of test data much nc-ore rapid than that achieved on the r~cs p rogram
is m,- ,n , ’, c-ic- rc-” J e;ne umt iai for -a cost-e ffect ive test pm ’ap -nar’:,

A i r- r f c -  p - -ut , , Ic - i c- ’;: A uc - to ic - , d ted dat-c tn ~ n mc - fen between on—boa rd computers is an attractive capabilit y
c- I d - r i t a l c c - ’, c- ’.-:’ , ’ c - , A data bus c-u : - ‘ ‘ c - v i d e  the interface must be defined ; trades such as word
c - c -i c - ’  - c - c - , e t c - -  tnonic or f ib c - c - n- optics Ii r n c -  c- , etc. , must be m’ ic p ior ed .
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