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exact characteristics for  another aircraf t  f o r  the  tac t i ca l  f ighter and at tack in-  

ventory. W e  believe tha t  the basic F - I I I A  and F-4 inventory o f  the future must 

have other aircraft. The views o f  t h e  characteristics which th i s  a i rcraf t  o r  these 

aircraf t  should have vary widely. By study, by  wargaming and b y  tests a t  our 

f ighter centers a t  Nell is and Eglin A i r  Force Bases, we are seeking to f ind  these 

hest characteristics end the best combi ra t ion  o f  a i rcraf t  fo r  our tac t i ca l  f ighter 

force mix. 
M y  bel ief  i s  tha t  a smaller a i rcraf t  than the F-I I I and possibly the F-4 i s  

needed now. It can be  smaller because we wil l p lan t o  use it fo r  air superiority 

and close air support  and can accept less range and payload in order t o  ge t  

superior agi l i ty  i n  aircraf t  performance. I feel  tha t  we can accept less range be- 

cause the major i ty c f  the close air support  targets we expect are wi th in 250 
miles o f  the forward edge of the  batt le areas, less payload because of improved 

ordnance and the potent ia l i t ies fo r  more accurate delivery. It must be able t o  

win the air superiority air f i gh t  over the batt lef ie ld.  It should be  a medium 

cost aircraf t  because we wil l need many o f  them. 

I believe tha t  we must have an aircraf t  which can f i nd  and destroy targets 

a t  n igh t  and in  bad weather. 

I believe also tha t  we need a l i gh t  at tack and u t i l i t y  a i rcraf t  i n  our tact i -  

cal force mix t o  employ in counterinsurgency and low scale l im i ted  wars. 

Looking toward  1975 and the changes we can expect, the  changing inf lu-  
ences o f  improved enemy defenses using ground t o  air  missiles and ant i -a i rcraf t  

guns, plus improved aircraf t  wi th missiles and guns, challenges us t o  come up  

with be t te r  Bir t raf t ,  be t te r  avionics and be t te r  ordnance to  win air superiority, 

navigate accurately, f i nd  targets, h i t  and destroy them. They challenge us to  
higher performance in all areas, especially i n  pu t t ing  together systems which 

are reliab!e, superior t o  the enemy and which are no more costly or complex 

than they must be t o  do  the  iob.  They challenge us t o  take in to  account the  

i u l l  spectrum of warfare f ram counterinsurgency t o  general war, for as a nation 

we have accepted the challenge o f  meet ing armed aggression a t  whatever level 

i t  i s  used to  deny peoples their  freedom. 

THE MAN -MACHINE CONFLICT IN HIGH 
PERFORMANCE TAC AIRCRAFT 

b y  
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Deputy for Operations, Tact ical  A i r  Command 

I regard  it a s  rather a privilege i o  have the oppor tun i ty  to  discuss with 

you a subject which I am certain i s  very close t o  all o f  you i n  your act iv i t ies 

and pursuit of a i rcraf t  development. 

It i s  my  understanding tha t  the discussion o f  the man-machine conf l ic t  i 5  

generated by  the di lemma constantly confront ing the aircraf t  designers on  .+he 

one hand, and pilots and aircrews on the other.  
Conf l i c t  i s  def ined as mufual interference o f  opposing or incompat ib le 

forces or qualities. 

For the purposes o f  this discussion, let  u s  conf ine the man por t ion  t o  +he 
tact ical  f ighter pi lot ,  a l though in generdl the same situation prevails with other 

aircraf t  and crews, and since the conf l ic t  i s  more acute wi th increasingly de- 
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manding aircraf t ,  perhaps we should think o f  performance characteristics reach- 

i ng  in to  mach numbers o f  2.0 t o  2.5, high tolerances such as characteristic of 
f igh ter  aircraf t  and rather chort take-off and landing distances, bu t  most par-  

t icularly a machine equipped with a f i re  control system enabling rap id ,  accurate 

delivery o f  the  spectrum o f  weapons f rom conventional t o  nuclear in bo th  +he 

air-to-air and air- to-ground roles. 

W e  started our activit ies over f i f t y  years ago and ever since then the 

folks a t  the bicycle factory have been in a quandary a t tempt ing  to  guess how 

much assistance in the way o f  automat ion wil l fit the pilot's needs. With very 

l i t t le research, one can be convinced tha t  since the days o f  the Lafayette esca- 
dri l le and those renowned pilots wi th their  inventiveness, in i t iat ive and courage, 

we have gone inexorably f rom the simple to  the complex. Periodically, ef for ts 

to  hold the line and prevent -further increases in complexity of the air machine 

are made. 

The safe haven of the womb o f  simplicity i s  very appealing. Every f ighter 

p i lo t  desires t o  return t o  it. H e  i s  riven, however, with the knowledge that our 

technical people can and wil l provide him with capabi l i t ies which wil l enable 
him to  outstr ip his contemporaries, foreign or domestic. 

Very br ief ly,  let  us trace the  highl ight  o f  combat  f igh ter  development and 
sophistication and I believe that you wil l immediately associate these and other 

changes with the  intensification o f  the man-machine conflict. Advances i n  air- 

. c ra f t  performance, increased capabi l i t ies in weapons, mult ip l ic i ty o f  missions 

and tasks, day, night and all-weather use, altered tactics have inevi tably led to 
more complex duties fo r  t h e  f ighter pi lot .  

There i s  no need to  go over the missions o f  close air support, interdiction, 

air superiority, reconnaissance and air l i f t .  You are all completely fami l iar  with 

these. 
Beginning with the fixed sight svnchronized machine gun of W o r l d  W a r  I ,  

and dive bombing  which required a sight or an aiming device, the introduct ion 

o f  so-called "bl ind f ly ing" i n  the midd le  twenties as pioneered by J immy Doo- 
l i t t le brought us t o  the beginning of Wor ld  W a r  II, w i th  the  f igh ter  p i lo t  con- 

tent  t o  deliver his ordnance visudlly i n  dayl ight  wi th what we look back on a i  
rather pr imit ive methods. Parentheticdlly, I might add, almost i n  the same fashion 

we are do ing  i n  Southeast Asia today. Later an elite lead comput ing gun sight 

was furnished, rockets were introduced and things began t o  ge t  more and more 

~ compl icated. 

The involvement i n  the nuclear strike role with i t s  inherent instrumentation 

or automat ion procedures appeared. Auto-pi lots dppeared in f igh ter  aircraft. 

And some genius invented the LABS maneuver. I 
Long range deployments became necessary, generating requirements for  

more sophistkated navigat ion systems. The air defense f igh ter  proceeded on a 
paral le l  course i n  constantly increasing complexity. I 'm  sure all of you are aware 

o f  these things and I could go  on in much more detai l  and a t  greater length. 

The ul t imate now found i t s  expression i n  the F-I I I. The f ighter aircraft had t o  

be able t o  d o  all things a t  all t imes fo r  all people under all circumstances every- 
where i n  the wor ld and a f ighter p i lo t  must be  trained t o  d o  this. 

Let's look a t  this tac t i ca l  f ighter p i lo t  who i s  supposed t o  do  these things. 
H e  i s  27 years old. H e  averages two years of college, two thousand hours i n  a 

f ly ing machine and today  he's been on deployments almost everywhere on +he 
globe. 
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H e  i s  a p re t ty  capable individual. 

A n d  he won't turn down assistance. 

Since we have about  a mi l l ion dollars invested i n  him, perhaps we should 

t r y  t o  help h im out,  and hence provide him with some automat ion, mechanical 

assistance, p i l o t  re l ief  or  a id  in making a decision. AID IN MAKING A DE- 
CISION. 

Here  i s  the  crux o f  our discussion. 
This indiv idual  can be  helped in a myr iad o f  ways - mechanically, e lectron- 

ically, b y  advice f rom the  ground, by  ground based aids, b y  airborne aids, b y  

d r i l l  and preparat ion,  etc. But he sti l l  has to make the  decision. There i s  nothing 

tha t  we can provide h im with which wi l l  make the  decision for h im 100% of  

the  t ime and infal l ib ly.  

Unlike a bomber  pilot's decision which can be  made almost hours i n  ad -  

vance, except f o r  minor refinements, or  a t roop  carrier a i rc ra f t  commander's 

decision, which similarly can be made almost be fore  he leaves the  ground, o r  

an air  defense interceptor pi lot 's  decision, which i s  of t imes made fo r  h im i r o m  

the  geometry o f  the  attack by  ground based environment. The tac t i ca l  f igh ter  
pi lot ,  on a dive-bombing, strafing, rocketry, bull-pup, shrike, napalm or any 

other conventional ordnance delivery, or  fo r  t ha t  matter,  nuclear delivery, can- 

no t  can  his attack program. Most  important ly,  however, the  decision making 

processes which he must undergo in  air- to-air  combat  de fy  automation. 
W e  have t r i ed  t o  make this decision making process simpler. W e  have pu t  

two  pi lots i n  an aircraft. However,  there comes a t ime when one man has .io 
make a decision. H e  can be  assisted b y  the  second p i lo t  b u t  the  p i l o t  i n  com-  

mand s t i l l  has t o  make the  decision. 

The ups and downs o f  assisting the  p i lo t  can  be  seen in the  narrow sphere 

of an interceptor decision. W e  have seen the F-86D, single pi lot ,  F-89, and  

F-94, p i lo t  and radar observer. Back to  the 102 with a single pi lot ,  thence t o  the  

1016 with a p i lo t  and radar observer, and back t o  the  106 wi th  a single pilot. 

W e  know the  mission did no t  change, the  pi lots did no t  suddenly become dra-  

mat ical ly more capable or less qual i f ied so other factors must have caused the  

changing new composition. 

I would like t o  digress fo r  a moment and talk about  the indiv idual  fighten. 

pilot. 

H e  learns and accumulates experience, and the  more th i s  takes place, and 
in  some cases the more frequent ly it takes place, the more he improves. You 
can teach him with simulators and bui ld u p  his experience, bu i ld  u p  his learning 
process and compl icate the  problems which we present him unt i l  he becomes 

l i teral ly an expert. 

Incidentally. this poses one of our greatest  problems, because when we 

present an expert professional f ighter p i lo t  wi th ten years experience t o  someone , 
who has no t  undergone this t ra in ing and accumulated similar experience, unle5s 1 
he can lucidly explain i t ,  we are l iterally tongue-t ied and some peculiar con- I 

clusions are drawn. 
W e  have found, also, tha t  the p i lo t  can transfer t o  a large degree th is  I 

t ra in ing and experience f rom one machine t o  another machine. Hence our con- 

version f rom one f ighter aircraf t  t o  another i s  usually simplif ied. 

This man makes mistakes. I recall once, br ief ing Genera l  Lemay, as was the  

custom in  those days fo r  f ighter wing commanders a t  SAC to  br ie f  any acci-  

dent t o  the commander. I was landing a f l igh t  o f  four a t  Eglin 6 after an  air-  
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to-air gunnery mission i n  F-84F's. M y  number four man landed s i x  inches short. 

There was no over-run. H e  hit the  l ip,  bounced sideways on the  runway, wiped 

out the gear, dug and destroyed the aircraft. General  LeMay's comment,  upon 

my descr ib ing this, was, I could bui ld a runway completely surrounding or c i r -  

cum-navigat ing the  g labe and one o f  your best f ighter pi lots would land short. 
These f ighter pilots are error prone. 

Moreover, errors are unpredictable. 

N o t  long ago, when I commanded the 4th Fighter W i n g  of 105'5, I had 

a p i lo t  who was returning t o  MacDi l l  and on landing picked u p  the gear handle 

instead o f  act ivat ing the drag-chute. H e  realized his mistake i n  t ime and - this 
war a nimble ac t  - slammed in to  burner and managed t o  g e t  the  aircraf t  o f f ,  

having ground o f f  the  edge o f  the le f t  gear joining the le f t  pylon tank and the  

ventral fin. Thirty days ! d e r ,  the same pi lot  performed the  same maneuver, only 

this t ime  he d idn ' t  ge t  in to  burner i n  time. A n d  he wiped ou t  t he  aircraft. I 
don ' t  know how th i s  could have been predicted even though it was a direct  

repeat b y  a highly qual i f ied pi lot .  

The f ighter p i lo t  has some intense motivation. 

In the f i rst  place, he wants t o  excel. If he doesn't, t h i s  soon becomes very 

apparent and he disappears. 

Secondly, and associated with his desire to  excel, i s  his desire t o  progress. 

H e  has t o  be  able t o  sense responses i n  the aircraf t ,  learn, and then predict .  

Addi t ional ly,  and not part icular ly minor, i s  his desire t o  live. A n d  so he i s  
mot ivated t o  make decisions which prolong his l i fe. 

H e  f inds himself in a d i f fe ren t  situation a t  least once every f l ight .  The 
more compl icated the f l ight  environment, the more decisions he i s  confronted 
with. 

A n d  then we t ry  t o  help him. 

W e  t ry  to  remove the indecisiveness by  confront ing him with instruments 

which enable him to  make a positive decision; we t ry  t o  provide him with 

assistance which wil l relieve his fat igue, such as an auto-pi lot :  we t r y  t o  provide 

him with all the informat ion we can assemble f rom the ground and transmit  t o  
him t o  assist h im verbally so that  he can make an intel l igent decision, and then 

we, in our cosmic wisdom, present h im w i t h  an aircraf t  and say, have a t  it. 
Now !e?'s talk about  some specifics of t he  so-called man-machine conf l ic t .  

I think all o f  you wil l remember an apparent ly uncompl icated system for 
engaging t h e  nose-wheel steering on the  F-100. The or ig inal  version allowed the 

p i lo t  t o  hold down a bu t ton  on the control  stick and steer by  moving the  rud- 

ders. Then someone decided tha t  it was an e f fo r t  t o  hold the bu t ton  over any 

prolonged per iod o f  t ime and incorporated a holding relay. Then all we had .+o 

do  was press and release t o  engage or disengage. As you might  guess, the 

inevi table happened since we had bo th  systems and a p i lo t ,  i n  an emergency, 
held the button, cu t  o f f  the holding relay and smartly ran o f f  the runway. Then 

, t h e  safety people came in to  the picture and further compl icated it by  in i t ia t ing  
, the th i rd  modif icat ion,  which incorporated the  holding relay plus an over-r ide 

, circuit. And,  in fac t ,  t h i s  was a good  mod, bu t  several more accidents oc-  

curred before all the aircraf t  could be completed t o  one particular conf igura- 
tion. A n d  I might  add  one addi t ional  point  - the F-100 nose wheel steering 

had c o m m i n  junction points a t  the brake anti-skid, ta i l  skid retract  and landing 
lights. It needs very l i t t le  imaginat ion to  visualize what an exciting n igh t  a p i lo t  

had when one malfunct ion le f t  his a i rcraf t  wi thout lights. brakes or steering. 

1 
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The culminat ion o f  automat ic weapons delivery occurred i n  the F-105. 
Pressure a l t i tude  and cal ibrated airspeed f rom a central  air data computer 

g-ound speed and d r i f t  f rom a doppler radar. Vertical reference f rom a gyro  

p la t fo rm and angle o f  attack inputs are fed  t o  a toss bomb computer. The 

computer, in turn, gives an automat ic solution fo r  weapon delivery and release. 

All the  p i lo t  has t o  do  i s  monitor the operation. 

A n  accumulation o f  small solution errors places the aircraf t  outside the  
programmed release envelope where other program safety inputs prevent tho 

release o f  the  bomb. This ef fect ively eliminates the p i lo t  f rom the or ig inal  de- 

l ivery calculation, and hence the decision. It fur ther adds the  indigni ty o f  pre- 
empt ing  his r i gh t  t o  decide on an alternate release. Another example. 

The popular i ty i h a t  a i r - to-air  missiles enjoyed fo r  the  past decade resulted 

i n  the el iminat ion o f  the gun conf igurat ion fo r  the air- to-air  role. A i r  defense 

f ighters opera t ing  i n  a highly automated environment, uti l izing sophisticated 

radar  and missiles, obviously enjoy a high kill potent ia l .  

Almost no consideration i s  given t o  effectiveness o f  such missile a rmed 

f ighters i n  an austere control environment. 

Nor  was adequate consideration given t o  the  problem o f  sorting ou t  a 

mix o f  enemy or f r iendly aircraft. 

The F-4C, equ ipped with a high qual i ty,  complex f i re control  system, ou!- 

standing performance, is,  vnfortunately, missing in one vi ta l  i tem, the abi l i ty  

t o  positively ident i f y  f r iend  or foe a t  radar range. 
W i thou t  this the p i lo t  i s  s t i l l  reduced t o  visual ident i f icat ion of the enemy. 

At  th i s  range, tha t  i s  visual ranges, guns are very likely the best weapon 

fo r  attack, part icular ly i f  the  ta rge t  i s  moving. And  where do  we .find ourselves? 

With a podded  gun and a gun sight wi th less capabi l i ty  than .that of late 

W o r l d  W a r  II. 
We l l ,  let 's take an inventory on the conf l ic t  situation again. 

Computers and sensors have far surpassed the expectations of most o f  us 
not only in their  appl icat ion,  bu t  also in their  reliabil i ty. However,  their  decision 

making capab i l i t y  cannot substitute for the human mind. 

Le? me see i f  I can def ine where perhaps the automat ion begins t o  iake  

The unaided ab i l i t y  o f  a p i lo t  l imits his capabi l i ty .  Functions beyond the  

unaided ab i l i t y  o f  the pi lot ,  either in an all-weather air- to-air  or  a i r - to-ground 
situation must, of necessity depend upon automat ion t o  some degree. 

When  such automat ion occurs, a manual over-ride ab i l i t y  must exist ,!o 
provide fo r  the  prevent ion o f  disaster i f  nothing else. 

O n e  o f  the unfortunate bu t  Nholly natural characteristics of a f ighter p i lo t  

i s  t ha t  he i s  fanat ical ly opposcd to  removal of the decision f rom his hands t o  
survive. 

H e  insists on decision making prerogati./es which either preclude his loss 
o f  l i fe or enable him t o  complete his mission. 

I doub t  tha t  any o f  us would argue, for  example, t ha t  an automat ic launch 
o f  an intercont inental  ball istic missile based on an automai ic threat level ana- 

lyzer and other such devices should occur. Yet, when we consider a similar 
th rea t  concerning the welfare o f  an indiv idual  f igh ter  pi lot ,  should we be  sur- 

prised t o  f i nd  t h 3 t  he  indicates a similar lac4 o f  enthusiasm for an automated 

response. When  you trust a highly t ra ined and skilled p i lo t  wi th expensive equ ip-  

ment and a mission impor tan t  enough t o  r i s k  the loss o f  the  equipment and 
possibly the l i fe o f  the  operator,  then should you question or ind ic t  h im fo r  not 

over. 
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using automat ion when he i s  confronted with a decision which determines his 
e f fec t i vene j i  or  his abi l i ty  t o  survive? 

STRIKE WARFARE: THE TARGET ORIENTED 
APPROACH 

by 
REAR A D M I R A L  NOEL M. GAYLER, USN 

Assistant Ch ie f  o f  Naval  Operat ions (Development)  

I don ' t  know whether I am speaking for the Navy  or not, bu t  I am speaking 

fo r  attack aviation, I hope. In order to  do  that,  I think it would be pre t ty  handy 

t o  talk about one o f  Clausewitz's Principles o f  War ,  the pr inciple of the  objec- 
t ive. It seems t o  me we ought t o  have in mind pre t ty  clearly what the ob jec t  o f  

the bal l  game fo r  an attack or strike aircraf t  is,  when we design i t ,  and when 

we bu i ld  i t ,  and when we use i t ,  and when we train fo r  it. It seems t o  me per- 

fect ly clear, in a simple-minded way, tha t  the object ive o f  th i s  weapons system 
i i  to attack targets effectively. W h a t  happens in the ta rge t  area i s  what i s  

important.  That i s  where t h e  payoff  i s .  That is  where the greater par t  o f  .the 

lossros are. I think it i s  impor tan t  t o  concentrate on tha t  and t o  start f rom the  

ta rge t  when you start designing the system. W e  know because we learned a 

l i t t le  bit in W o r l d  W a r  II, a great deal  in Korea, and we are relearning it now, 

also learning some o f  the shortcomings of our collective memories, tha t  in l im. 

i t ed  war, gueril la war, targets are tough for the pi lot .  They are usually hard .io 

f ind :  they are almost always hard to  hi t :  they are of ten capably defended. They 

are sometimes not worth very much af ter  you have beaten your way through 

the defenses and h i t  them. There are very of ten only f leet ing opportuni t ies .to 

ge t  a t  them. You've g o t  t o  ge t  them now i f  you are go ing  t o  ge t  them a t  all. 

As human beings. we'd better f igure that  the enemy i s  as smart as we are, 

although he  may not have our base o f  technology. Sometimes he may be  smarter 

than we are, simply because he has more incentive t o  be smart i n  order not .io 
be clobbered. 

To make t h i s  even tougher on a oi lot ,  we sometimes pu t  him under p re t ty  

heavy wraps. Some o f  these wraps are intended as a matter o f  national policy, 

and we can defend ihem to  the guy we send to  do  the iob.  Some of the wraps 

are not intended. certainly not as a matter of policy, and we better be  sure tha t  

we don ' t  impore them on him. 

Wq have pol i t ical  constraints f rom t h e  highest authority. They make sense 
in the polit ical f ie ld and as a matter of national policy. W e  have v i e s  o f  e l -  

gagement which make sense. We have humanitarian considerations which make 

sense i f  we are to  b e  any di f ferent f rom the systems that we are f igh t ing .  
W e  have some other things. W e  have a certain r ig id i ty  o f  command struc- 

ture; we have some shortcomings of intell igence, particularly our capabi l i ty  t o  
generate and use intell igence in sort order. A l l  o f  these things taken together,  

some of them intended, some not intended, some necessary, some not necessary, 
work against surprise, work against concentration, work against mobi l i ty ,  work 

against optimizing our weapons and our iactics. 

Now,  i f  we are going $0 carry out our responsibil i t ies, i t  seems to me we'd 

better bui ld tact ical  attack planes and weapons systems tha t  are adequate t o  

do the iob.  in spite of the  cards we give away. 
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