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FOREWORD

This report was prepared in the Crew Equipment and Human Factors
Division (ENEC), Direc tora te of Equipmen t Eng ineer ing, Deputy for
Engineering , Aeronautical Systems Division , Wright—Patterson Air Force
Base , Ohio. The work was performed under Project Number ASDD0008.

This report covers work performed when the ATCA was still required
to perform in the Emergency War Order (EWO) environment . It does not
consider the revised operational requirements , programming, and basic
commerc ial configura tion which have been under cons ideration since
July 1975.
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ABSTRACT

To determine the minimum crew complement required for an Advanced
Tanker/Cargo Aircraft a series of contractor and AF task analyses were
reviewed and evaluated. Coupled with these analyses were a series of
f l ight tests which verified some of the task times and procedures
required for Advanced Tanker/Cargo Aircraft. It was concluded that a
three man crew (P, CP , Boom Operator) had crew work overloads dur ing
several flight segments and this crew size would be unacceptable in
a Emergency War Order (EWO) environment. A four man crew (P, CP , N/FE
and Boom Operator) was the most advantageous and could handle most
tasks below a 100% task loading.

iv 

—- -~~~- -~~--------- - - --- - --~~~- -- - -_ _ _ _ _ _  _ _ _ _ _



— - - -
~~~~

- -
~~~

--
~~

------
~

-
~ •1

TABLE OF CONTENTS

SECTION PAGE

I INTRODUCTION 1

II METHODOLOGY 4

III RE SULTS 5

1. DC—lU Doug las Crew Workload Study 5

2. ENECC Task Analysis Based on KC—l35 Data 8

3. Boeing 747 Task/Training Analysis 14

IV CONSOLIDATED ANALYSIS 16

V DISCUSSION 26

VI CONCLUSIONS 29

APPENDIX — PRELIMINARY KC-l35 TASK ANALYSIS 30

I

V



_ _ _ _ _ _ _ _  ---~~~~ - - - - -- - - - .—-- - --~~~~~~~~~~~~~~~~~~~~~ - - ~~~
. 

—.~~~~~~~--

LIST oF ILLUSTRATIONS

FIGURE PAG E

I AIR REFUELING TRAINING MISSION PROFILE 10

la AIR REFUELING TRAINING MISSION PROFILE 11

2 CREW WORKLOADING DURING RENDEZVOUS 17

3 CREW WORKL() ADING DURING MISSION CHANGE RENDEZV OU S 20

4 CREW WORKLOADING DURING AIR REFUELIN G 23

5 CREW WORKLOA DING DURING INS CALIBRATION 25

LIST OF TABLES

TABLE PAG E

1 PERCENT WORKLOAD FOR RENDEZVOU S PORTION OF KC-135 13
REFUELING MISSION

2 LIST OF EMERGENCY OR UNUSUAL OPERATIONS THAT 18
MIGHT OCCUR ON AN AERIAL REFUELING MISSION

3 BREAKDOWN OF NAVIGATORS TASK DURING RENDEZVOUS 22
AND MISSION CHANG E DURING RENDEZVOUS

vi

_ _ _ _ _ _ _  -- -~~~~~ - - - - .- ~~~~~~~~~~~~~~~~~ _ _



_ _ _  —--—— - - ~~~~~~~~~~~~~ - - - -

SECTION I

INTRODUCTION

The requirement for an Advanced Tanker Cargo Aircraft (ATCA) capable

of refueling the C—5 and o ther  a i r c r a ft  was imposed in an austere economi c

environment with guidance to procure such a system at the lowest possible

acquisition and life cycle costs. At the same time the Federal Aviation

Administration (FAA) requirement for more precise navigation over water

was imposed for the 1980 time frame . These events made it attractive to

the Air Force to procure an off—the—self system that carried more

sophisticated navigational equipment such as an inertial navigation system

(INS). The DC—lU and 747 commercial aircraft appear to be 1ikel~’

andidates.

There are some obvious differences between these aircraft and the

present KC—l35 tanker , aside from the size and cargo capacity. In addition

to a pilot and copilot the KC—l35 has a navigator and boom operator ; while

the commercial aircraft under consideration have a crew composition of a

pilot and copilot , and a f l ight engineer who is also a pilot. The

differences in crew composition are related to the missions of the

respective aircraft . On the KC—l35 the requirement for the boom operator

obviously is tied to the refue ling function . The pilot and cop ilot

perform similar function s in both the commercial and militar y aircraft

howeve r , the navigation duties are large ly assumed by the cop i l o t  in the

commercial aircraft a f t e r  the flight engineer accomplishes the i n i t ia l

setup of the INS. In addition to the INS setup t h e  f l i g h t  eng in& ’cr

primarily monitors the various subsystems , e.g. , electri cal , air h a n d l i n g

units , hydraul il’s , propulsion , and fue l subsystems . The f ii ghi t en~ j n1.’, ’ l ’ s

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



functi on on t h e  K G— i 35 is  sha red  b y the  co p i l o t  and boom I t j ) e r a t o r .  1 1 1 ( 11

are o t her  func  t i o n s  r e l a t e d  to r e f u e l i n g  not r e q u i r e d  on t i l e  conime rci a I

a i r c r a f t  t h a t  are assume d by tile n a v i g a t o r  on t h e  K G — I  35 .

I f  t he  A i r  Forc e  is to use a conune rc ia l  a i ri - r a f t  as an Advanc ed t aiike r

t h e r e  w i l l  be a f u p c t i on  reallocation r equ i r ed  t o  accommodate  di  I I er en i -es

in mission , crew c o m p o s i t i o n , t r a i n i n g ,  and al r i - r a f t  i-on f i g u r a t i o n . Of

primary i n t e r e s t  in t h e  r e a l l o c a t i o n  of  f u n c t i o n s  is of i - olir sc ’ t h e

poss ib i l  I tv  of the  navi ga t ion  f u n c t i o n  be ing  assumed by t h e  copi  l o t  as i t

i s  in  the  coianercial a i r c r a f t .  This  w o u l d  r e s u l t  in i-e ns i d er a b l i -  r edu~-t io n

in l i f e  cvi ’ le  coSt S  p r o v i d i n g  t ha t  the m i s s i o n  capab i l  i t v  r e m a i n s  t h e

same . However , the  r espons ib i l i t i e s  of the  navi ga tor  are q u i t e  e x t e ns i v e ;

th ey include not o n ly  mission p l a n n i n g  and n a v i ga t i o u  du t i e s  per  so , but

commun i cat  ions du r ing  rendezvous and cel l  formation (seve ral KG—I 3N t ank i -r s

refueling several receive rs). The KC— l 35 n a v i g a t o r s  also have coiling

and decoding and safe passage proce dure s dur ing  t h e  emergeni-v war order

(EWO ) mission . Th us , the  i n s t a l l a t i o n  of an INS r educes  the ove ru l 1

work load in onl y the n a v i g a t i o n  area w i t h  the o t h e r  f u n c t  ions e s s e n t i a l  l\’

r~ ma t i i i n g  u n c h a n g e d .  There fore  , if we are to eliminate t h e navigator ’s

p o s i t i o n  a l l  of h i s  o t h e r  f u n c t i o n s  mus t he a s s u m e d .

The purpose of t h i s  overa l l  an al y s is  i s to do t e rm i no  t h e iii in imuill c re~ ’

compos i t  ion r equ i r e d to accomp 1 ish the ATC1\ m i s s  ion wi t l i  miii imum ch :m ~e

to  the  crew st a t  ion of an o f f — t h e — s h e l f  comnie rci a I al r c r a f t  . In o r d e r  to

accomp I i  sh t h i s  a t i l  roe phase program was pursued d OllS 1, 5  t i l l  I t he

fo l  l o w i n g :
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A task anal vs is of  c u r r e n t  a i r re f i ie  I ing  o~ e r ; i t  ions  in KU—I 35 ‘s

t o  d e f i n e  peak i- ri-~s- W o r kl o a d s  , e q u i p m e n t  c o n f i c t i r a t  i re ; , and - r o w  r i l e—

d i i  ri -s . A second  s tep  in th is a n a l  ys is W I S  t h i i -  ex t r ap o l i t  ion of iii i~ of

h i is da ta  to an ATCA coii f i g u r e d  a i r cr ;l  I t

In  t h e  second p hase Si-Vi r a t  m o c k u p s  of t h e  t w o  p r i n c i p a l  crew

s ta t i o n s  w ere con f i g c ’ i - ~l in a C— I S in i u l a t o r  oh e  1 1

3. In the t h i r d  phase the h uman Fac to r s  b r a n c h  ( [ N I - L I ) c i  t i le

A e r o n a u t i c a l  Sys tems  D i v i s i o n , Wl ’AFB , w i l l  p a r t i c i p a t i -  in  a I l i gh i t  t i - s t

c a l l ed  C [AN t CHANCE w i th  the  S t r a t i -g l i  A i r  Command (SA t ’) . \  p a l l e t  i zed

INS and a min imum crew c o m p o s i t i o n  of  p i l ot  , co p i  h o t  , and boom o p e r a t o r

w i l l  he u sed.  The c u r r e n t  r epor t  d i s c i i s s & -s t i i & - I r s t  p h ase of t h e  [NI - UI

t r ade  s tudy : the t a sk  ;i n ; i l v s  i s  of K U — I  t~ i - r o w  d u t i e s , i- x t r : ip o l a t i o n  t o

A I C A  con f i gured a i r c r a  f t  and r e f u e l ing f l  i g h i t s  ofl K U— I 35 ;ii r r a f t  . One

ma~ or goal of  t h i s  s tud y was to  examine in de t a i I the  i-re v dut  ies  o I~ the

navigator. The inc reased  sop h i s t  ic at  ion of  n ;iv i g ;it  ion equ i pment  and the

c u r ren t  p r a c t i c e  of no t  us ing n a v i g a t o r s  on large  commerc i a l  a i r c r a l  t

have led to a reevaluation ~ f the need fo r  a nav i ga to r  on a m i l i t a r y

a i r c r a f t .  The navi ga to r ’s r e s p o ns i b i l i t i e s  on c u r r e n t  KC—1 3 5 a I r

re f u e l i n g  ope ra t ions  and in advanced t anker  o p e r a t i o n s  were  t h e r e  l or e

anal yzed  in g rea te r  d e t a i l  than  du t i e s  of  e the r member s .

‘
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METHODOLOGY

Several sources of data were used to analyze workloads (Phase I)

that would be encountered in an air refueling mission using the ATCA.

ENECC completed a task analysis describing the activities of KC—135

Pilot , co—pilot , navigator and boomer in art air refueling mission . The

analysis identified and organized in a systematic way the sequential and

the interactive activities performed by the flight crew in all phases of

flight. The major emphasis in performing a task analysis in the KC—135

aircraft was to identif y overall and peak crew loadings . T 2  resulting

data were then used to optimally mix man and machine in ful ire

modifications to the KC—135 and possible modifications for adweiced

refueling operations (single or multipoint refueling) on advanced tanker

aircraft. A second data source for determining crew workload was a

trade study conducted by Douglas on the DC—lO. The third data source

was a Boeing Task Analysis based on a London/New York commercial fli ght.

4
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SECTION III

RE SULTS

DC—l U DOUGLAS CRE W WORKLOAD TRADE STUDY

Doug las conducted a trade study of DC—lO/ATCA crew consolidation which

involved the analysis of a three—man crew (pilot , cop ilot/navigator and

fligh t eng ineer/boomer) and a four—man crew (p ilot , cop ilot , nav igator/fligh t

engineer and boomer). In this study they postulated an air vehicle that was

equipped with communications , naviga tion , and rendezvous eq uipmen t which

would be common to an ATCA conf igured aircraft system. A complete listing of

the equipment is shown in Table 1. A major objective of this effort was to

quani t f y the crew workload during differen t phases of the mission . Among

the factors examined were definition of tasks , task times, and task

assignments. A workload analysis as a function of aircraft and aircrew

configuration was also included.

To quantify workloads Douglas computed average workload as: ratio of

time required to complete a task to the time available for that particular

segment. This procedure yeilds the following formula:

Percentage Crew Workload = time required x 100
time available

This formula gives the average time/unit to accomplish a task . For example ,

a 77% crew workloading would mean that for 77 minutes out of a 100 minute

mission segment an operator would be busy accomplishing some required task

or tasks. The time available is determined by thie mission , aircraft

perf ormance , operational environment , or some combination th iereof.
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[ ‘l it . I i i’s - r e l u l  t’t - d  i s  dep e n d e n t  on t h i t  i rew coil  I i iy ;latiun p l - r I t  i i a i ~~1

p ! -  o r - s  , tank time , or- some combination thereof. If the time required

is g a l  r t han  t h e  t ime a v a i l a b l e  then one would obtain a perc ent age

c r -  t e l  t h i n  100. This would indicate an overload situation on the oh il- r ,lt i

‘ I ~~tLS member. In this type of situation , the ope rator must work luster to

a &- -cmp ? ish all the tasks required , or if that is not possible then some

t a sk s  would he omitted. A third alternative could he that the tasks would

I t ’ comp leted , but take a longer time than allowed. In t h e firs t case , you

so ri h ave ,i stressful situation ; in the second case you would encounter a

cegradation in p er f o r m a n c e ;  and in the third case you would have a f a i l u re

~a ~i r ’et some required schedule of events. Any one or i-omhination of events

C i ; !  J occur in an overload situation . This problem will be addressed itt

~n r e  detail in the discussion section .

The Douglas workload analysis model was applied to a composite mission

s-:i -isi r id ) which incorporated three rendezvous patterits :

(1) Rendezvous with ATCA as a receive r

(2) Rendezvous with B—52 ’s as receivers

(3) Rendezvous with F—106’s as receivers

Iiìc I i~ IiJ in this re fue Ii tig miss i o n  s c e n a r i o  were modi ficat io n_ s  to  the  H i gI;

~ 
I - t i  I - ave 1 se the C r  dange r a ro;is

l,tsed on th e i t o ve m i s s i o n  si -en ;t r i o  the fol h iv ing -onc lu sions we re

1 rawn ‘ - i t  - r u i n g  c i  ew compos it ion and we rkload

(I) Ho iii th i roe —man and f o u r— m a n  mi a s i  on ci  ct ’ con fi gilra t i ii-

I r e t I  vs  i i - i  h i  y ~ rae  t I i’ah Ic for t lie DC— h o  ATCA

7
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(2)  Navigation duties can be performed satisfactoril y by either

a combined copilot (pilot)/navigator or a combined navigator/fligh t

eng ineer.

(3) Refueling operations can be performed satifactorily b y e ither

a combined boom operator/fligh t eng ineer or a separate boom operator.

(4) Refueling missions can be performed satisfactorily by ei ther

a three—man or four—man mission crew within acceptable workloads.

The conclusions that a three—man crew could operate the system

successfully , based on computer workloading, seems warranted and correct.

However , the conclusions are warranted only under conditions of minimal

change , and no emergencies , which severely limits the applicability of these

results to an operational environment.

The two mission changes programmed to avoid weather and dange r areas

occurred during air refueling segments .  This would be a segment in which

the navigator ’s tasks would be lower and the increased navigation work-’

loading would not have as large an impact on mission success as it might

during the rendezvous segment (a period of high navigator workloading).

In fact , one of the recommendations Douglas made in their report was that

additional trade studies should be performed to include the effects of

emergency/contingency conditions . Such an analysis was conducted by

ENECC and is described later in th is  r epo r t .

ENECC TASK ANALYSIS BASED ON KC-l35 DATA

The task analysis performed by ENECC using the KC—l35A mission as a

baseline was accomp lished in an evolutionary manner. The first step WaS

an appraisal of an existing training task analysis performed by the

8 
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Logicon Corporation (Reference 2). This analysis contained much useful

information but since its objective was to provide for an instructional

system development (ISD), effort it did not provide a time line base to

overlay on the crew tasks . This is mandatory for assessing crew task

loading . These data , coupled with an analysis of two SAC training films

of am air refueling scenario , resulted in a preliminary task analysis

contained in the appendix of this report. This preliminary task

analysis was then finalized and verified during four air refueling

missions flown with the 17th Bomb Wing, located at the time at Wright—

Patterson AFB . These four missions were as follows : two B—52 refuelings

(SAC m ission) , one multiple refueling of three F—4 aircraft (TAC mission ),

and one night drogue refueling of three F—lOU ’s (ANG mission). These

missions were analyzed from flight planning throughout the mission and

continued through debriefing . A pictogram of major events in these

Wright—Patterson A}’B refueling missions are depicted itt Figures 1 and Ia.

Following takeoff and climb—out the tanker proceeds to Falmouth which

is the initial navigational check point . As the flight continues towards

the air refueling contact point the copilot makes initial radio contact

with the receiver at the air refueling initial point (ARIP). This initial

contact occurs 15 — 20 minutes prior to the tanker reaching the air re-

fueling contact point (AR CI’) . The navigator m a i n t a i n s  r ad io  contact with i

the receiver u n t i l  the receiver and tanker are three - miles apart . At that

t ime e i ther  the p ilo t  or the cop i lo t  handles  t h e  c o n u nu n i c a t  i o n s  w i t h  the

receiver while the  t a n k e r  i s  p roceed ing  down the  r e t  u e l in g  t r a i ’k .  As t h e ’

tanker and rec eiver a ppro;lc he’s t h e ARC I’ , t t i e  t at ike r p i l o t  ma I n t~i i  t i n

communi c~i t ions as r & ’qu l  red t in  i t I t h e  r e c e i v e r  c t  u s  I / 2 mi  h e  b~~h i i  it d I h i e

tanker. At that t Ime the h ioi i ~ ’ r in s t ime s  t a n k e r  common i - i t  I on

_ _
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re’sponsthi hit ies (See Fi gure l i ) . Minimum radio contact is m a i nt a i n e d

is t he ’ two a t  re’ r a f t  p roceed down the re h u e ’ i i ng trick until reaching the ’

end of a i r  r et  u e l i u g  (EAR)  . Most of tile d e t t i  led t ask  an a l y s i s  Was

conduc t ed  d u r i n g  t he  rendezvous  por t  ion o f t he  m i s s i o n . The rendezvous

port ion is dc f i n e d  as the  t ime when in i t  ia I c o n t a c t  Was e s  t ab  I ished

between the  t a n k e r  and the  r e c e i v e r  (15 — 20 m i n u t e s  p r i o r  to  ARCP)

and the t i m e  when r e c e i v e r and t a n k e r  were t h r e e  mi l e s  a p a r t .  T h i s

rendezvous segment consumed a p p r o x i m a t e l y 30 — 35 minutes . The

rende zvous port ion i t  the air refuel i n g  m i ss ion was chosen because  t h e

s u c c e s s f u l  c om p l e t  ion of t h i s  segment  d e f i n e s  t he  success of the

o ver a l l  m i s s i o n .  I t  is a l s o  a segment where  h i gh e r  wor k l o a d  fo r  one

or more of the  c rew membe rs wou ld  be’ expected . This is pa r t  i c u l a r ly

t r u e  of the  nav i g a t o r ’s pos i t ion .

Fi gu re  2 d e p i c t s  c rew work I cad i ng t h u  r i n g  r e n dez v o u s .  The met hod of

d e t er m i n i n g  w o r k l o a d  was s imi h a  r to that emp loved in the ’ work load S t u dy

ci iscussed e a r l i e r .  Fi gu r e 2 sh ows the  navi gator wi th  h i ghes t  work  load at

83 pe r cen t  and t h e  next  h i ghest  is tile ~~ l ot wh ose w o r k l o a d  i s  15 pe r c en t .

I t should  be rememb e red t h i s  p e r c e n t a ge  work  1011(1 i ng  i s based on OVe rt

task  l e a c h i n g ,  i .0. , d i r e c t l y  o b s e r v a b l e  b e h a v i o r .  I t  is a p p a r e n t  t h i , i

cov e r t  b e h a v i o r  ( u n o b s e r v a b l e  men ta I p rocessess)  sit e hi aS dec is  i on m~j k ing

is l i s t )  o c c u r r i n g ;  t h i s  c o n t r i b u t e s  to workloading b i t t  is  n ot  o b j e c t i v e ly

m e a s u r e d

12
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BOE[~ i 7-~7 TASK/TRAIN INC ANA LYSIS

h u e ’ Bo~ I c c , l a s k  A n a l v s  is was based on a London/New York connie rc m l

I I i  gJi t  . ‘l i-ic’ crew compos it ion inc l uded: Captain , F’irst Officer , Fligh t

E n g i n e e r  and F l i ght t A t t en d a n t

W h i l e  t he  Boeing  study did not address the ACTA Air Refue ling mission

it did provide 5offl~’ useful dli t i  in two areas:

Fl i g O t  Engineer duties and task loadings

()perat i n  and up d a t i n g  of t h e - INS

a.  Fl i g h i t  Eng ineer

The K C — l 3 5  d c -s n o t  have provisions for a Fligh t  Engineer ’s Station or

a fli ght t engineer (H-:) . On the KC—l35 aircraft tile FE ’s f u n c t i o n s  arc

p er l or me d  by the cop ilot and boome r. Tile C-~l4l aircraft FE is enl istc’d and

has the responsib ilities of monitoring the aircraft systems (electrical ,

l i v d r a u l  i c s , etc.). in the commercial fleet this FE f u n c t i o n  is p e r f o r m e d by

a p i l o t .  Thi’ tanks of  the fli ght engineer in the 747 aircraft were anal yzed

in tern .; i f  wh ich ones could be accomplished by the present crew of a

K C — l  35.

l ) u r i n g  p r e t l i gh t  the  f l i gh ì t  en g i n e e r  is w o r k i n g  at  p c-ak l o a d i n g .  His

ch t t ’c oUt if i iì tc r i or/exterior portIons e)f th e aircraft is similar to

futnc t ion a r re’ sen t  Iv performe d by hoome r and c tuw cl-i ie f  . Cl eckout of the

i n — ~t r i i P c n t  s Ii t h e  fl ighi t deck i s  s i m i l a r  to those a c t  ivit los performed by

KG— I 35 p 11 t)t and cop i l o t . ‘flit’ fligh t engineer also t e ’ St 5  and p ry l oads  t h e

I , b i t t  dot’s n t  tnt’n i t  or t hie~ sys tent during the remain i n g  f h i g h - i t  Sc’ ~~fltOO 1 5

C i t r ic t he’ t i - m i n i n g  I - l ig ht Segments (take—off , cruis e , and landin 0-)

ii i -  fi ighi t i - f i t  I l i t t i ’ I a k  loadings lire’ 1 igh i t  u s i n g  p e r c e n t a g e’  w o i ’ k h oa d i n g s

1-
_

C

- -

~ 



reported in the Doug las s t u dy .  hl t e - rc does not  appear  to be any u n u s u a l  or

d i  f f j c t t l  t tasks which could n o t  he t r a n s f e r e d  to ot h e r  crew members.

b. Operation of the INS

The 747 is c o n f i gured w i t h  a t r i p l e  INS located in the p i l o t ’ s and

f i r s t  o f f i c e r ’ s s t a t i o n s .  D u r i n g  P r e f l i g h t  the  f l i ght  engineer  t e s t s  the

i n i t i a l  c a l i b r a t i o n  of t he  s y s t e m  and loads present  pos i t ion  in INS— l , I N S — 2 ,

I N S — 3 .  The loading of t h e  way p o i n t s  for  the route is pe r fo rmed  by the

first officer. Prior to reaching each way point the Captain and First

O f f i c e r  mon i to r  the  Hor izon ta l  S i t u a t i o n  I n d i c a t o r  (HSI )  and A t t i t u d e

D i r e c t o r  I n d i c a t o r  (ADI)  f o r  prope r inbound course and Omnid i rec t iona l

Range Radio Magnetic Indicator (VOR_RMI)** for prope r heading. Deviations

are noted and INS is updated by the First Officer if needed.

While the Boeing study does define the crew task activi ties during an

overseas  f l i ght , no in fo rmat ion  is given as to the task t ime , s t r e s s

p o i n t s , or extrapolation to Air Refueling operations. During air refueling

there would  be ’ i nc reased  demands on radio  con tac t s , ( r ada r  m o n i t o r i n g  if —

on a secure mission), and continual updating of orbit times and p o s i t i o n s .

l) u r ing  a i r  r e f u e l i n g  the re  wi l l  also be increased demands on fue l o f f — l o a d

monitoring. M u l t i p o in t  re f ueling and weather  avoidances are but  t \~ rt

a d d i t i o n a l  p a r a m e t e r s  wh ich  could add to th is  c o m p l e x i t y .

** VHF O mn i d i r e c t  i ona l  Range — Radio  Magne t i c  l n d i cat o r

15 
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SECTION IV

CONSOLIDATED ANALYSIS

As stated earlier one area not investigated in the Douglas ATCA

Analysis was emergency or contingency events. This consolidated analys is

covers contingency conditions for: (1) emergency or unusual operations

for the KC—l35 based on in—fli ght observations , (2) the three—and four—man

ATCA crew composi t ions  anal yzed by Doug las , and (3) a five—man ATCA aircraft.

The five—man crew was analyzed to cover possible special missions where a

f l i g h t  engineer mi ght be carried as absolute insurance of mission success

on a s tandard configuration aircraft with a separate navigator ’s s ta t ion .

A contingency or emergency condition on a mission might include one or

more of the conditions shown in Table 2. For purposes of this study three

events were selected for a more detailed analysis. These were calibration

o f INS , mission change, and multiple refueling . Of the three selected ,

the mission change during rendezvous was most extensively analyzed because

the successf ul comple tion of this segment defines the success of the overall

mission . It is also a segment where high workload for  one or more of the

crew members would be expected . Fina’ly, a mission change event was

chosen because it has a high probability of occurring .

Figure 2 shows the workload likely to be encountered during rendezvous

for the various crew compositions . The three—and four—man ATCA task

loading is based on the Douglas analysis while the five—man task loading

was computed by ENECC based on an ATCA configuration . The KC—135 task

loading was based on emp irical data gathered during various training flights.

These d a t i  i nd i cat e ’  tile crew workload is similar in both the four —man ATCA

If t
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c o n f i g u r a t i o n  and KC—l  35 w i t h  sonic’ minor e’~ ce’p ti o tt s. f l t i  E C — l 3 5  ah i ws - i

i lig hi er  t a sk  loading au the  p i lo t  , copilot , and boom op e r a t o r  t h a n  t h e  u a r —

man ,-\iCA confi gura t ion. This cli  f f e - r e n c e  c o u l d  be at tribut e -I to Ic~ s

sophisticated equipment in the KC—135 or the f a c t  that one analysis is

t he or e t i c a l  (ATCA ) and the o t h e r  emp i r i c a l  . I t  is most  1 ik e l ’i’ a I i t  t i c  ot

b o t h .  The n a v i g a t o r  is s l i g h t ly  less loaded in the  C C — I  35 b e c a u se  lie do e ’s

not have  a ny  fl  i gh t  eng inee r ’ s d u t ies assi gned as he- did i n  t h e  Ik ut las

at  eiilv . If we were  to c a - tr ap o l a t e  o n l y  nav i  at  ion dut  ic-s  the -t i  the  authors

e s t i m a t e  the  nav iga to r ’s d u t i e s  on t h e  f o u r — m a n  ATCA c r e w  wou ld  d r o p  t o  77

pe rcen t  as they  are shown on t h e  f ive—mail  ATCA wh ich c a r r ie s  ,i  f l _ i gh t  eng i n e t - i .

it  is a l so e s t i m a t e d  th at th e navi ga to r ’ s task  load wou l d  d r oj  t i  1 s i w i l ir  j
f i g u r e  in the  KC— l 35 if  i t  we ’re- eq u i p p e d  w i t h  an I N _ s .  Thu s , i f  : i l l  f t  t a r s

a re  t a k e n i n t o  c o n s i d e r a t i o n, f ou r—ni l - i n  ATCA , f i v e— n L , I n  A I C A , an d  C C — i  35 a I

show s i m i l a r  wo r kl oa d s  . When a t h r e e— m a n  c r e w  is postul ate - i t t i e - - itt m i t  ion

c o p i l o t / n a v i g a t o r  has a work load  of ()_ s p e r c e n t  — — c l o s e -  t o , b u t  wit b in , Ot is

ct t p ; i c  I tv . Base’d on r ecen t  o b s e r v a t i o n s  d u r i n g  ti m i S Si O l l  f I own w i t l i  _ s ’a a

t h r e e — n i - t n  crew in a K C — l 1 5  w i t h  an I N S  w o u l d  have  a similar wo r k l o a d  t I n u t - .

In s u m m a r y ,  a ll  c o n f ig u r a t i o n s  shown i n  F i g u i r i -  ~ i n e h i - t t e  a t t v  o f  t h ~ c l i t ’

c o m p o s i t i o n s  wou l  ci soc ce-Sn f u l  I v  comp i  e t c  an a i r  re f i t c h  ice m i s s  i o n  .

h~~e e f f e c t s  of a m i s s i o n  change  d u r i n g  nt-nile ;’vouis w i n -  ot si rvi - t Y

i~ ; i - : t : : p e r s o n n e l  ant i based on t h i s  d a t i t h ~- cr ew tan k l o a t h  i i t ~~’. h u e -en t o-~-t - t ar

hi t- KG—I 15 we’re i- e-e ’omput c i i  . Th ese pert ’ ent age’s a re shown i n  F’ i c i i i  - . - tod iii

t h u  I n s et  of F i g u r e  1 , a n t i  m d  i c t t e  -i I _ s  to  20 p e r c e n t  i n c i c - i s t -  I or  t h e  ti t v i —

g a t i r ovi -r  a norni a l n i - i u i i - z v i u s . F l i t -  t a s k  l o u t  i n g  or  l i l t ’ 1 lii i c i e t s  - i  I-

i - dn a  i n s  t i c ’  saute . For t h e  K G — h  i _ s  n ay  i u - a t  or t h i s  i t t  l i - c t  s , t  h i  u ’ h i  I , i a k  I O,ii h

l i t
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with some moderate overload ing for short periods , t h i s  w ou ld  c~ - r t a i n l y  n u t

degrade the probability of a su ccess ful mission. l’roje’ ctiii g, i 15 to 2(J

percent increase to the four—man/five—man AICA , data shows similar workloads

and reflects a high probability of miss ion  success . How ev e r , when  We’ i ns pect

the three—man ATCA graph we see a task loading of 113 to 118 perc ent. This

indicates an overload and could jeopardize the air refue l ing rendezvous .

As stated earlier such a task  loading  could cause’ tO te’ c o p i l o t / n a v i g a t o r  to

drop  some task , force him into a stress situation , or c Huse ’ a schedule’ sIi ~~.

An alternative is to relieve the copilot/navigator of some t ,isks .  h i , u i i - 5- ~

2 and 3 show the breakdown of the navigator ’s tasks for u normal anti m i s s i o n

upda te  dur ing  rendezvous for  the f ive—man ATCA crew and the  t h r e e — m a n  A 1 C~-\

crew . As previously stated , the five—man ATCA crew weuld reflect a similar

workload as a KC— 135 with INS.  During a normal rendezvous the navigator ’s

workload (when he has no o ther  non—navigation duties) is 77 percent , 35 per-

cent of which is on navigation duties , 31 percent on communie’:utions ~nid u

percent on scanning the INS . He also has a 4 percent workload tin flight

ins t rument  cross—checks  and a 3 percent  loading on miscellaneous t usks .

When a mission change is required during rendezvous t he  t o t a l  t ask  load

goes up to 92 percent . As can be seen from Table 3, this cause’s an

in crease of 8 percent in navi gation tasks , 5 percent in c o m m u n i c a t i o n s  t a sks

and 2 percent in scanning the INS — — — a l l  o t h e r  dut it’s rema i n  u n c h u n g i ’ i I .  l O u t - s i

increases present no problem for the  f o u r  or f i v e — m a n  e’rew , nor  ~u K(— 1 i _ s

w i t h  or w i t h o u t  an INS , and no f u n c t i o n  r e a l l o c u t  i o n  is  r u e c e - u - i s t r~~. l’iie

same increases on the  t h r e e — m a n  c rew t ake  the  task  l o a d i n g  t o  an ove r l u te !

p e r cen t age  of 1 1 3 .  This workload c o u l d  he r educed  to  100 i f  we conIc !

- ins  i gn some of the i n c  r e ’ tu s u ’ e h  d u t i e s  to o t h e r  crew niembe ’rs. I n  C h it- c - t nt- oh

the ’ Incr ease- i !  c omm u n i c a t i o n s  these t i - I  lv i  t i e s  w o u l d  req u ire I itt I i -
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~~~~~~~~~~~~ 
6

SCAN INS- 4 
4 TASK

FLIGHT INS 
_______  — — — — — — — — LOADING

36
C O M M  ‘ 3 1

NAy 35 43

NORMAL RENDEZVOUS RENDEZVOUS WITH

WORKLOAD (77%) MISS ION UPDATE (92%)

RENDEZVOUS— NAVIGATOR

MISC 6 6
-— — — 

10
SCAN INS - 8

_ _ _ _ _ _  — — — — — 
14

FLIG HT INS 14 -

TASK
40 L O A D I N G

C O M M ’  40

NAV 35 43

NORMAL RENDE ZVOU S RENDEZVOUS WITH

WOR KLOAD (98%) MISSION UPDAT E (113%)

RENDEZVOUS — C O P I L O T / N A V I G A T O R

TABLE 3— BREAKDOW N OF NAVIGATORS TASK DURING
RENDEZVOUS AN D MISSION C HANGE REN DEZVOUS
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t r a i n i n g  and t ’ü u l d  e ’ ,i S  ii y lie ’ t rans ferreeh to the p ilot. There is an

increase ’  t u b  8 p e ’rc e ’u t in n a v i g a t i o n  d u t i e s  d u r i n g  m i s s i o n  change that

could poss f b i  v be re -ass  igned to  o t h e r  crew n u m b e r s .  W h i l e  these

a d d i t  i on at  dot  ic ’S seem minimal they are c r i t i c a l  to miss ion  success

and i n  the  event  of a n u i s s i o n  change  must  btt imp lemented rapidl y and

ces rree’t ly . Brie t log othe’r c rew members on mi s s ion  changes such as

,u I t e r n a t e ’ tas ks , o f f — l o a d s , i n s e r t i o n  w ay p o i n t s , e t c , is f e a s i b l e ,

how eve -r , the dec iSion s r e q u ir e eh  te) make appropriate and optima l inputs

re’ly on skills alread y iil t h e  navi g a t o r ’s r e p e r t o i r e . Consequently,

r e as s i gnment  of  these duties would require additional training of the

selecte’d c rew members.

A n a v i ga t io n task asse-ic i a t ed  w i t h  op e r a t i n g  the  INS is u p d a t i n g  t e l

m a i n t a i n  c o r re c t  ~u i  r cr~u f t  p o s i t  ion . This up d a t i n g  p r o c e d u r e  is u s u a l ly

ae’e-omplished with a dopp ler s y s t e m  and is a periodic- task w h i c h  would

need to he p er  fo  rmt ’d b y u cop ! t o t  in t h u e  t lu  re e—n ia n crew.  Cele ’s I h a l

nay i g i  t ion is an a d d i t i o n a l  r equi red task  now pe r fo rmed  by t h e  n a v i g a t o r

a u t h  boon i& ’r. Ne- t e s s - t r y  s k i l l s  would need t o  be’ a c q u i  ret ! by t h e  cop i l u s t

t o  assume’ these task  r e s p o n s ih i l  i t  i c - s .

a iso an a l  yze ’d the  c rew w or k l o a d  to g  d u r i n g  a t -r i  a 1 re lu t e ’ I i  ng

opt’ r a t  ion s .  F l g t ,  re ’ 4 dc- p I c  t s th e ’  resu i t s  u s I t h i s  ;una I ys i s . The-se ’ ~I t t  a

,i re ’ S e - I  I exp 1 rn t i ‘rv and sh ow no p a r t  l i - u i  - i i  prob I c-rn a r e a s .  F i n a l  l v , an

ana i v s  is was made at  i-in i n — t i  i gh t  I N S  u - i l  i b r i  t ion . As one’ t a n  st - c’ I rout

the u i - i t t p r e s e n t  ed in Fi gure ’  _s t Ii is u i  so siuows no s i r  i t - i l l s  p r ob  hems .

- - - ~~~~~~~~~~~~~~~~ -- -- ~~~~~~~~-—- -~~~~~—
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,s h -: C lluu N V

D I S C  S S I O N

There are a n u m b er  a t  p r e h l e ’n tn in t re,tt log work  I u i a d i n g  as ii i

un id  tn t - os  iomul f , u e ’t o r — — a  s i n g l e  nu uiu her  i n d i c a t i n g  pere’ent l o a d i ng  p e r  on i

t inc . Tb is m e a s u rem e n t  v a l u e  i n d i c a t e s  t h e  amoun t of t i c  t iv it v e x i s t - o i l e d pt r

u n i t  time beu t does not  i n d i c a t e  the  qual  i t y  or  d i f f i c u l t y  of wi - i r k  d u r i n g

t h i s  p e r i o d .  For e x a m p l e , a p i l o t  and a navi gator ce uld e xpend _ so : u t  t i e - I  r

t ime on two un i t a r v  tasks  such as a m l  l o u t  on an i t  r i :u 1 re- I i t t - I  i n g  h ue- id i i i

ahead a I the receiver (p ilot t a sk )  , or an exchange  of a 1) 1st ance N1 -a sit u ing

Equi pment (Dt-W) radial with th e receive r during a t u r n  ( n a v i  g u t  o r  t a s k )

These two t a sks  would require different skills , kiiowlt -dge , and p itv n ic ,u I

e-xerL ion and are not  e q u i v a l e n t  . Yet  t h e ’v carrY the name numeri c i i  val iu~’ i i i

determining task loading. In addition , the- leve l at re-spoils ih i  1 i t v  inh e  re - u l t

in accomp l i s h ing sped f i c  t a sk s  mus t be ’ t aken  in t o  a ccoun t . While a s 1 11th ) Ic’

time—line analysis of funct ions p e r f o r m e d  w o u l d  m d i  r a t e  low PC r i  u s r m ince -

levels  f o r  a p i l o t  d u r i ng  a r e f u e l in g  run , t h e  f a c t  t h t t  h - i c, is in  c oi t i n i tu nd ‘ ‘I

a m t u l  t i mi l l i on  d o l l a r  svs tern se rvicing n ev e- r a l  o t h e r  r n u l t i t i u i 11 i o n  t h u - i l  I ;ur

a i r c r a f t  on a c r i t i  cal EWO m i s s  ion flece’n s  i t a t e s  th a t  he m a t n t t u  i i i  a e’Ofli p ie ’te

awa re-ne-s n and capab i i  i t  v te s h i t i n d  I t -  a n y  s 1 t ua C i t - i n  w h i c h - i  c o u l d  a r I se . I I i ~-~-

k i n d s of p r e s su res a i t ’ d i  f t  I u ’ t u l  C t o  q ut i n t i f~’ in  C e’ cnn ot ‘‘ swi t c ! u u u l  u s g v

I u u i u - t  i o n s .  o ne- n ut-- i t be ’  c u r e - f u l  when  r e - a l  l u s c a t  i n g  fune’t ion s t o  t - i k e - s u c h

d i l l  u - r e - u i e c ’ s  in t o  , i c c u s u n t . A t - u - -- ik wi t  I c l i  loads a i1ttv i g~u t o r , 5~t V .~ , t~h te ut

r1 -1  I I O u t  t e e !  t o  a ccii~ iii , t whi t )  i s  no t  as e’xpv r le t - ic c - i! as CIte uni v i g u t  at - , l i l ly

r i t e - a l o a d i n g  e I 30— i_ s  - w i t h  t h i  i s  same t a s k  

—-~~~~~~ 



Another pi ’ob I elm wit i e lt nutty he’ en c ’oun te ’ re - t i i l-i i c - t i I I O u t  I i u g  It u t tot i u s i t t ~ i s

cause d Isv  sequc’nc ig at t a s k s .  It is not a lwtu v s feasibl~ - or ul&51 t i l u l  t o

h r c . ik  t ip t a s k s  to re 1 i t -  vi- an ove r 1 ~ t t d  . I-or e-xainp he ’ , i t  . i  c - t i p  ila I I t t - t v  I - i t  o r

mus t insert a ne’w Sc’ r i d - s  of  way p o i n ts  i t wool d not  be fe ’ ,i s i i )  1 e’ or h-s 1  r . i h i  l i -

fe -i r the cop ~ lo t  to  load ha i f  t hu e coo rd i  na ten  and C i t e  p i l o t  to  l o a d  Cl ue -  - t i c r

ht u I I

Interp retat i t-in c- i f wru rk h c ~t i u .l percen tage’s h - i r e n e - n t  5 ,i di  Ic-tuna , ICe-

consequences of over load ing  arc- lle t e :u s  i l y  ,t sce -r t ; u i n e d  and t h e r e ’  i s  1 itt Ic’

rc-searchi data in th u  is tu r e~t .  Far i n s t a n c e , t h e’ e f f e c t s  u I  st re-sn induced by

ove r l o a d i n g  are ne-i t u l wav s  p red i c t  lit Ic. ‘Cite sc i c - i - i t  i f  ic  l i te r a t u r e  in cH c , t t  c - a

su ch s t r e s s  in some case-s  e n h a n c e’s  p e r f o r m a n c e  w h i l e  in e s th er  d, i sc’s

se- c io u s i  degrades pc rforntance , dc- p e n d i n g  c-in ope r a t o r  c-ha rae’ te n s t i c s .

F u r t h e r m o re- , su c h  St  re- sn  ave r zu sh o rt  p e r i o d  can be t e i l e - r t u t c d  but on a

can C I n u i t l g  has is i t s I esw l  v I e-tu dt-i t i - i  dc’g r tu e l a t  ion  in performance wit i cli c-an

resul t iii a e’a t ,t st  r e u p i u  I c S i t  O tt  C 1cm .

Ovi,- r l  oad ing  I re -q tu e - n t  I ‘
~
‘ ic -ad s to t in ape’ ra t a r  w o r k i n g  t t s  I c r  w i t h a

c _ us r t- e S I - i u sn d i n g  l i l t ’ r t’,u s e ’  in  c’ i’roms . Th ese e’tiIl he ’ e’ j t h e r  rn aj  t s r  e’ r r e i n s  t a r

minor err em rs u st -ce urrin g u t  c r i t i c al  time ’s and can t u l s a  lead to u , i t i51  i’op h i i c

s i t  u , i t  ion s . I i t e ’Se ’ k itlel s a t  i-Ve t - i t s  may ye rv we- I I in c  re- use - u t -c l d e n t  r a t  C ’s h u t

th e- re ’ is t i c s  mock- h fe- i c a c c u r a t e ’ I ~ p r e d i c t i n g  s u c h  in o u t  cuu ni e ’ . A cc it r i te-

i t 4 s t - a s t i t e f l t  o f t i l e ’ t ’I f~- - t n  i s f  t i lc’sc’ u i v e ’ rh u s ad c a n d  It ions  u -an  u sn l v C c ’ aCt  . i i n c d

t i u r e - i u g l t  an c-nip i r i c a l  s i m t u i , u l u i r  51 udv .

Ane uth e- r factor I i t , t t  p n e ’~a ’t i t  ~u p i u t h s  I c ’t n in  t e , t  I I s c i t  j og  t h e -  o t i v i  g i l  t s r ’ s

- t a k s to I u t  l i e ’ r c re ’ w ni t -nbc - r a is  t he’ f a c t we ’ ‘l i t  cieti 1 tug w ith I c sw e i

e’ xpe r I t ’ I i u c ’ l u - y e -I s , i l l l u s t l  g ~ —\C i r e - wa  t into we’ h ive int el in t iii ’ r i t a  t . I-i it It t i e ’

_ _ _ _ _



~‘n e r c v  c r u nc h th i s  experienc e level may he low fo r  some t ime to come .

Finall y, SAC has indicated the workload increase during an E~0

mission nt,tv far exceed the 15 to 20 percent f i gure ca lcu la ted  fo r  a

miss ion change . This will make the overload situation even worse.

Also , not inc l uded in our task loading f i g u r e s  is the workload

,u Sst ) c’i~l ted  w i t h  coding and decoding on an EWO miss ion .  These problems

w i l l  be addressed du r ing  ENECC p a r t i c i p a t i o n  in “G IAN T CHANGE ” and

are discussed in Technical Report A SD—TR—76— 19 , A Stud y of Task Loading

Using A Three Man Crew on a KC—l35 Aircraft.



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

SEC’I’ION VI

CONCLUS ION S

From the evidence available at this time (the Doug las , Boeing, and

ENECC analyses) the following conclusions are drawn:

(1) The four—man ATCA crew consisting of pilot , copilot ,

navigator/fli ght enginec- r , and boon-i operator is most advantageous in

that it is the minimum i-mew composition which can hand le  most r e q u i r e d

c rew tasks below 100 percent task loading under all operatie nial

conditions. This crew compositiotl affords maximum flexibility far

mission change and EWO activities. It also requires the least amocunt

of t r a i n i n g  requi red  to ope ra t e  t h e  a v i o n i c s/n a v i g a t i o n  systems .

( 2 )  The th r ee—man  ATCA c rew shows an overload situtut ion in

most departures from a s t andard  a i r  r e f u e l i n g  mission profile tuid would

appear to generate an unacceptably high workload in the  EWI,) en v i r o n m e n t .

Howeve r , f u r t h e r  emp i r i c a l  s t u d i e s  unde r  ti c t u a l  or  near  a c t u t u l cane ! i t  i ons

are required to d e f i n  i t  i v e - I v  e s t a b l i sh - i  t h e ’ feasibility of a t h r e e — n . m

ATCA c rew ce-impos i t  ion . The Cl ANT CHANCE test program now it o d e ’ r was - oct v

reduce t Ie uncerta inC y c - it such -i a crew e’ornpos it ion .

29
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\. i ’b s ~:y  1 ) 1 V

itkE h ‘- I t  N Ak’ t l A ~~K C C— i i_ s - ‘iNAl,Y Shd

Se ’ gn i ~’n t  1 
- 

(:l-ick e-
~

sf 1 ~ (!irn b )

1 - - -h~\ ‘ ‘ . n- c -i -‘n i Cc it t -s to OFF.
( I ’ . (‘I’)

Chit cC S1F/IFI : u p u - r t m t  ion w it h tin ATC f a c i l i ty . ( I , N )

_ -k i- h i t  t h u  t i d e -  !i c a u t i o n  li ght is out . (CP, N)

Chock 1io u ic o : pc I - t I 01) i s  groutid -- i t i t  c-in is avtt I la b s It- . ( C i i  N )

--~ t ~ 1t i l i c - r u -ra ~ .9.°2 t i C  Fl, 180 . (P . CP , N) lurn cargo compartment
A/C i-taste- c switch to
ON. (BO)

So I rail I s ill r s-u: t c i a , (P , CP , N) Set t empe rat tire t i n t  ro I
to AI lTO~L-\TIC and tempc’ ri-
I t i l t ’ to; desired . (Bob)

N e - t  raili o I t I meter SPA inde x C u - i  2 I 1 I ~( ) I, e I , Se t  r -i i t s  t t l  C m e t  or to
I i ’  - CP t i N i f  app 11, -ab l e . ( N )

hu ’~~k car g o  c o m p ar t m u -im t .  ( I S ) )  ( b i e c~ t c o c a -  is
p t  o h - i c r v s t - c - i t t ’  d .  ( ho)

Set t id  al timete’rs to Chic - Sb A N h i I ( \  nt esd e F e e t ’  n~b l u  i_ ’u ’ l  — a t m  i t I me .
if t h ey  fa il t ,  mo ve  in th i - ~i- .si-: i N C  .

(P, Ci’)

Chu ck t’orgu i campar tn tt ’nt I i n  fu t mei - i  . ( I s i l )

Chi ck thit API in l et and -xh as- - I v u i\ ’ e~
i 1 u - i a~~d.  ( i to )

( h i ~’ -k Co u s i n  ( 110)

lo ck SIF/ IFF op ertir i n  p rior Cc-i c ’pc ’ra t l u g
oil r-; i . t  r coil I t o  I I tb  Ic i i !  rn -ova  u - i c 1st 5 I t I ye’

-ant ri - i l l i -u i -air ag; 5ce- . (N)

~h _ - i l - - i ’  n O V  i t ’ , i t  i ’ll I i X  i t  , - u , nl~s I , . t l u l l )  s i

in - ;t n - itmt ’r i - d e p - itrI i t -  - i N )

-Il

-

~ 
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Log e n t r i e s  to d i r e c t  A/C Arcp . (N)

Compute b - T ~\ to ARCP. (N)

Plot course to most practical entry to
ra~’ctr ack orbit. (N)

Set EPR fo r  cor responding  cruise Mach . (P , CP)

Check cruise a l t i t u d e  ( a l t i m e t e r )  a t  f r equen t
in t e rva l s .  (P , CP)

Check Mach indicator accuracy . (P, CP)

Convert desired Mach n umber to
lAS . (F , CP)

Adjus t EPR to m a i n ti i n  ca l cu la t ed
lAW and starting altitude for the
gross wei gh t .  (F , CP)

Check fuel  f low fo r  f l u c t u a t i o n s .  (1’ , CP)

Pe r fo rm f uel icing function when icing is
suspected .  (P , CP)

Pe r iod ica l ly  vary the t h r o t t l e  s e t t i n g  to
dislodge ice p a r t i nl e s  if fue l icing is
suspected. (P, CP)

Periordically determine center of gravity
using stabilizer trim wheel. (P, CP)

Know and execute standard log and
chart procedures. (N)

Record adequate information to
permit accurate reconstruction
of the mission . (N)

On a f i x  line in the  log record
proper symbol, time , and information
to compute a wind and ETA . (N)

F ir  a DR p o s i t i o n , record adequate
i n f o r m a t i o n  t o  j u s t i f y the p o s i t i o n . (N)

ti-se check marks only to i n d i c ’ ;t t e ’  NO
CHANGE f rom previous entry . (N)



_ _ _ _ _ _ _  - - - - - -‘  - - -  ~~~~~~~~~~~~~~~~ -

Indica te  on the log the source of
each wind used if other than dopp ler. (N)

Record unplanned altitude changes at the
point where they occur . (N)

Indicate all positions in the log on
the chart . (N)

Compute and use deviation on long
straight legs over water. (N)

When deviation is computed and used ,
record cocrected magnet ic  heading
in log. (N)

(Reconunended) Use two log lines to
record a planned turning point. (N)

Record pertinent observations on the
chart  or log at the time they take
place. (N)

If concerns weather tune in APN 59. (N)

Monitor UHF scheduled A/R frequency. (P, CP, N)

Monitor HF back—up AIR
f requency . (N)

Plan t rack  to pass over
ARCP enroute to ARCP.
(N) (Point Parallel)

Determine Heading by us ing: (N)

N— i compass.

T. S.

C. S.

DR

Time (ETA) —

ASN- 7 
—

3 ~l 



_ _  _ _

C o n ta c t  AST e c 1 i-a r to !-,~ I ttt un t I i - i . ( h )

dlvi- p ilot cnc w h t t t , I I O ,  and s ta t  i -u ;

P iS~~ O ,~ t . (N)

30 mm prior t o  ARCT I - t e i . a t R  i t i h i l i t y

15 — 20 p r i o r  to  of  Rz equipf l iet l t

e th i C. ( R x)  (P , CP , N~

E st ab l  i oh op erab ii i  L v  o I Rz e h u i j s i - i !c t u t
30 m i n u t e S  p r i : ’  r to contro l C t ine . (P , CI’ , N )

2~ mm pr ior  I i i  ,‘,RC I l - s t , d i h  ishi r: icltc e c i n t  , i u - t

esstabl ia; r a d i o  con t u, t wi t h u Rx . (N)

w i t h  h ( x .

( ‘I ;i ’cC to deterniine c o r r e c t  an k t  r .  (Rx )  Facii b a t e  Rx ’ s
(tic h i  if i cti t ‘ ) I u  o t~i fl I t t  t~

( N )

30 mm p i t - i  to AR C I ‘ L i t  t ,\ N — ( - - ’  N.

(N)

h’tace Ai N--nY Ca 0h5 [It\ II..

-T N )
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( r ’L o - u-  I- m i t  in] I’ t n I a - t  w i b a  lit-.)

L x i -h a n g c -  A / C dot - t  s- i Ut Rx . (N

Ctinfjrnt Rx biTA t u s  Ai- b (I’ . (C )

Pc - h i t i c t  any u lte rn at i- (u1~lbl5i L5 lix
e-~ soon ta h tsaSlh l - . N )

b ) e s i g o t t t e -  - i i  t L - r n : i t -  Ii~t i i -  0 10 case ’
— of w e : t l i t e r . ( N )

Repor t  in f o r - t ui : t t  l en  it t - i

I ! r i z : i r d , - iua  s i e : t t b~ u r . ( N )

on f i r m  Ra e q u i p m e n t  to l I e  nat -j . ( N )

Del ay 10 mii ;~ itc’ -s i f  is i :-; l r i t c -  rind
no rad io  c o O t - u t has t )t :’Cfl  u ’S t  i n l i sh e d .  ( \ )

Delay c ut e  in  i s rt- li--
i f  no c o n t a c t  w i t h
re cc i ye r.

Two m i n i u t c - s  p r i o r  Ii ’ u n - i t  dc-Carmine
o r b i t  p a t t e r n . ( N )

Es t a b l i s h  the u t 1 - i t  p r c i t - r n .  ( N )

A t t en ip t t o  u S t f l b i  b O l l  r i - ~ i n i l ~ cant- act
i f  Rx i t ;  e a rl ’,- . (P , C C )

t , t g t i  ( 1 5  tsr p u s s  L t io i l  rut orbit c- n C r -:

P t  t a t  . (N)

Comp lete  t L ’ i ( U  c i  -
~~ h O t ’ , “t t i ne c . ( N )

Oh t a m  c u r r e n t  w m c i  d a t a .  ( C )

ti-se- u 1  c a f i t i t  I w i n c 1 c I : u  i - i t  to
comp le te  o r b i t  l i n e ’ - u s f  l - i~~. . ( :~

P i n t - i  - i i  r r I v;i I in i s  i b s  i t  1 5 iii ijs i l  a
,-ihcad 0 1 ARCT . ( - I

b ’t

hrl~~~~~ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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2 miii after orbit _______________________________ 2 mm a f te r  orbit

Establish electronic contact with Rx. (N) _______OR _______Transmit blind
10 minutes prior to
ARCT if no contact is
made . (N)

Use airborne beacon to establish Flash Rz beacon 10
contact with Rx. (N) minutes prior to reaching

the ARCT if no contact
has been made. (N)

Je ttison fue l if
necessary to es tablish
contact with Rx.
(CP , BO) (visual aid)

Facilitate Rx ’s identification of tanker.
(N)

Place APN—69 to STANDBY. (N) Check to determine
correct tanker. (Rx)

Place APN—69 to OPERATE. (N) 30 n u n  prior to ARCT

Determine if Rx has APN — 69 beacon. (N)

If Rx has APN—69 , switch APN—59
to BEACON. (N)

Make positive identification of Rx. (N) ON/OFF to confirm

Confirm A/R altitude to be used , and other
information required.  (N)

Notify Rx of any change in ARCP . (N)

Confirm altimeter setting of 29.92. (N)

Confirm number of tankers . (N)

Determine fix inbound drift. (N)

Con firm off load. (N)

Confirm A/R heading. (N)

Confirm/determine visibility conditions
for A/ R . (N)

36 
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Segment 3 (ARIP Arrival & Departure)

Acknowledge 100—nm range call from Rtx. (N)___________________ lOOnm (Rx in ARIP)

Acknowledge that Rx is depart ing
ARIP at approximately 100 nm. (N)

Acknowledge 90—nm range call. (N) 90

~cknowledge 80—nm range call. (N) 80

Acknowledge Rx is beginning
descent at approximately
80—nm. (N)

Acknowledge 70—nm range call. (N)________

Turn reciprocal of Rx inbound track at 70—nm range call. (P , N)

I f  heading is not recip rico l ,
exe cute lef t turn, 30 bank. (P)

Main tam heading if correct.

Acknowledge 60—nm range call. (N)________

Acknowledge Rx level—off at
below base A/R altitude . (N)

Check operation of AN/ARA—25 UHF/DF. (F, N)

Use orbiting tanker’s
AN/APN--69 beacon for Rz. (BO)

Use bomber ’s AN / APN—69 beacfor backup .
(N) (Tank e r using boomer)

Acknowledge 50—nm range call .  (N) 
_____________

Continue to monitor Rx beacon . (N)

Inform Rut of UHF/DF check -irior to 40 nm. (N)
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Request tone button or mike switch
without talking. (N)

Acknowledge 40—nm range call. (N)

Acknowledge 30—nm range call. (N)

Ac-knowledge 25—nm range call. (N) Acknowled ge position
from Rx calls.

Approximately 5 m m  prior to 21 nm (turning to inboard track)

Boomer starts the following activities:

Begin Preparation for Contact
checklist by chan ging from
forward to aft duty station . (BO)

Turn 02 0FF , forward
s ta t ion ; set fo r  100%. (BO)

Plug into portable 02 bot t le
to transfer to ~ft duty
station. (BO)

Remain connected to walkaround
portable 02 bottle , as desired. (BO)

OPTION FOR BOOME R — Turn 02
ON at aft duty station and
set A/R 0 panel fo r  100%

Open sighting door to enable
location of Rx as soon as possible .

Turn to inbound ARCP track at computed turn range . (P, Cl’, N)

Start inbound turn . (P) (distance variable).
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~~nt 4 (Air  R e f u e l i n g )

Turn to inbound track at UHF/DF
bear in g of 26 lef t heading i f
us ing ARA—25. (P)

Turn to inbound track at slant
range of 21 nm if using
TACAN/VORTA C DME . (P)

Note that A/A TACAN reads 21 nm
before executing turn . (P)

If necessary for manual boom
operation , test signal coil. (BO)

Place telescope—at—disconnect
swi tch - its  desired.  (BO)

Know to place telescope—at—
disconnect  swi tch to MANUAL
for  FB— ll l  fi ghters or Rxs
wi thou t  disconnect  c a p a b i l i t y .  (BO)

N o t i f y  Rx tha t  inbound tu rn
is s t a r t i n g .  (N)

Exchange DME/r ad ia l  i n f o r m a t i o n
with Rx during switch to
AUTOMATIC f o r  inbound turn . (N)

Set extension and elevation switches to
ACTIVE . (BO)

Place emergency override switch in AS REQUIRED Checks
OVERRIDE . (BO) “Good” use normal —Checks

“Be use- override

Call Rx for visual sighting
attemp t when halfway through
turn . (F)

Turn rece i ve r di  r e -c t  or
1 igi u t  sw i t e - It e ’ s t u s  ON
and FULL fo r  dtuy , D I M
for  ni gh - i A / R .  ( 130)

L
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Lower and che ck the
boom. (BO)

N o t i f y pilo t “BOOM
COMING DOWN” and lower
boom . (BO)

Continue to acknowledge 1. Place ruddevator control
range calls: 20 nm , stick in NEUTRAL . (BO)
19 n m —  3 nm . (N)

2. Place hoist level in HOIST
to raise boom for
unlatching. (BO)

3. Move boom latching level to
UNLATCH to unlatch boom.
(BO)

4. Place telescope—at—disconnect
switch to MANUAL . (BO)

5. Place emergency override
switch OVERRIDE . (BO)

6. Comp le tely lower and f ully
extend boom. (BO)

LOCKED RU DDEVATORS

Know that steps I thru 6
must be repeated twice to
free ruddeva tors if they
remain locked. (BO)

Know procedures for
unlocking ruddevators
if eating steps 1 thi ru 6
fails to unlock them.
(BO)

1. Place hoist leve l in
RAISE. (BO )

2 .  Hold ruddevator contro l
stick full up. (130)

3. Place h o i s t  leve l t o  i - R I - h -I
WHEEL w h i  l & ~ hu s l eh ing
rudd eva to r  con t ro l s t i c k
up. (130)

I I



4. Lower boom to trail and
extend 10 feet. (BO)

Check boom opera tion and con trols
for instability within operating
evnelope (30° ± 2° lower , 12° R
or Laxim uth , and 18° — 45° elevation.)
(BO)

Determine if boom lags or leads
controls. (BO)

Determine requirement to use 3° L
or R azimuth on contact. (BO)

Do not cycle sighting door with
hoist lever in RAISE. (BO)

Limit boom aximuth movement to 20°
or less. (BO)

Assume coomunications with
Rx at 3 nm. (P)

Set TACAN to A/A , if requ ired , us ing
channel wh ich was assiged with A/R
track. (P or CP)

Turn radar/Rz beacon to OPERATE
(or leave in Operate) it
visibility is bad when Rut is 3 nm
in trail.  (N)

Return command radio to A/C
pilot when Rz is complete with
Rx 3 nm in trail. (N)

Acknowledge receiving
comman d radio t rom navigator
(Rz complete/Rx 3nm in trail).
(P)

Resume radio communications
with Rut A/C. (P)
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Segment 5 (Refue ling)

Notify pilot “ GOING TO 1/2 nm (Takes a p p r o x i m a t e l y  5 mm
C0~~tAN 1).” (BO) f o r  boonue r hookup 2— 5 fighte r)

Continuously monitor i n t e rphone  at all t ime s d u r i n g  A/ R unless specific
duties interfere . (BO, P. CP , N)

Establish contact with Rx
pilot. (HO)

Turn unde rbody , unde rwing, and
nac le l ights te-i DIM or as
de sired by Rx pilot. (BO)

Notify Rx p ilot t o  stabilize in
precontact position . (BO)

Notif y Rx p ilot that he is
cleared t o  e’ c-i ri  t tic t . (110)

Clear Rut to c o n t a c t  p o s i t i o n  only
when it is cle ar th - i t Rx i s  in a s t a b l e
p r e c o n t a c t  c o n f i g u r a t i o n . ( 130)

Reque-st Rut p ile - i t to r e s t a b - i u l i z e
in p r e c o n r - i t c t  i f  necc’s~;arv . ( 130)

Request Rut p ilot t o  itate ’ h i s
altimete r reading. (130)

State “CONTACT ” to  t he Rut I - i ll at

when contact is e’st~~h 1 i~~h it ’ th . ( 1 3( t )

Acknowledge  Rut p i l ot~ s e o n t i c t
-acknowled gement. (BO)

~hu iii i to r 130— Rut c - t 11s . (Cr)

M o n i t o r  CONTACT MADE I i gl i t
on p ile- i t l n s t ru n e n t  p a n e - I .
(CP)

Transfe r fue l h - tv t u rn ing  A/R
pump s w i t c - b t c - -i-i to t IN. (Cr)



Record initial eontact time
and position . (N)

Monitor offload totalize r
guage . (CP)

Cross chue ck totalizer
against  t ank  guages . (CP )

Use tank guages as p r imary
reading of amount e s f  fue l
transferred. (CP)

EARL Y DISCONNECT PROCEDURE S

Know p rocedures  in case of d i sconnec t
he fc - i r e  comp l e t i o n  c-if A / R .  ( 130)

A e b v i ~~e’ Rut to back  o f f  5 f e e t .  (BC) )

Act n o t e -  d i sc ’ u s n u u e c t  sw t ch  . (BO)

Ret r ick boom ~ t u 15 fe e’ t , theti
f u l l y  e - xt e n d .  ( Bt ))

N et  i t  v Rx when ready  f c s r  new
con t ;t c t  . (130)

Say  (‘ ‘ ct i l I s i gn) READY . ” (130)

Notif y Rut p i l o t  of
any e x c e s s i v e  s pi l  lap e-
or fue l Ic- uk upon
c c n t  ac t  . ([10)

If siphon occurs (excessive fue l escaping) , discontinue AIR. (I’, Cl’, 110)

Turn A/R pump switches OFF upon
completion of fue l transfer. (Cl-i)

Record amount of fuel transferred. (CP)

Record number c~ contacts and A/R t ime . (h’ u s r  N)

Record rt td  io  cusn tacts during AIR. (N)
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Inform BO “OFFLOAD COMPLETE”
when the of f load fuel amount
has been transferred. (CP)

Inform Rut “OFFLOAD COMPLETE.” (HO)

Acknowledge Rx rep ly
“OFFL OAD COMPLETE .” (Bo)

Accomplish disconnect. (BO)

Acknowledge Rx call for disconnect
“GIVE ME A DISCONNECT .” (BO)

Inform Rut pilot “DISCONNECT (on
my count of three).” (BO)

Monitor Rut confirmation of
DISCONNECT . (BO)

Notify Rx p ilot that dis-
connect is complete only
after visual confirmation .

Provide Rut when ARIC ,
f r equency , and instructions. (N)

Provide Rut with position at the
completion of A/R , if requested. (N)

Provide Rut with any additional
information as requested. (N)

Turn radarfRz beacon OFF. (N)

Reset or turn OFF TACAN (AN / ARN —9O)
if Q mission . (N)

Reset and monitor  radios. (N)

DISCONNECT

Retract boom. (BO)

Know to avoid excessive retraction
rates if telescope—at—disconnect
switch is in MANUAL upon
d i sconnec t .  (HO )

- 4 — 4
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Know that the boom must be wetted down after
five dry contacts if addi t iona l  c o nt a e ’ts  a re’ r e q u e s t e d .  (CP , BO)

A c t u a t e  t he c o n t a c t  s i m u l a t i o n
switch. (130)

Turn A/R pumps ON. CP)

Record final disconnect
time and position . (N)

Comp lete Post Air Refueling Report . (CP, N )

Provide Rut with the amount
of fuel transferred. (CP)

__________________PRIOR TO ThIS , NAVIGATOR CONTACTS ARTC CENTER 
_____
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