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FORE WORD

1. This is the Strategic Air Comand report on a test conducted to
determine the feasibility of replacing the navigator on the KC-135
crew with an enlisted radar/systems operator. This test was an out-
growth of a previous test, G IA NT CHAN GE , which explored the possibility

• of reducing the crew size by eliminating the navigator crew position.
The test aircraft was configured wi th a dual Inertial Navigation System
and those functions normally performed by the crew navigator were assumed
by the copilot and the enlisted radar/systems operator. Navigation
responsibility was assigned to the pilots. The test was conducted from
Jun 76 to Sep 76 under the exercise term GIANT BOOM .

2. The OPR for this report is HQ SAC/DOT. Questions or coninents should
be addressed to HQ SAC/DOTPX , AUTOVON 271-4256.

REVIEWED :

~ 9~~e~~GENE 0. MYERS , Co l or~1, USAF
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ABSTRACT

1. The Strategic Air Convnand conducted a test to determine the
feasibility of replacing the navigator on the KC-135 crew with an
enlisted radar/systems operator while at the same time maintaining
mission effectiveness. This crew composition was based on the results
of the previous dual Inertial Navigation System (INS) test, G IANT
CHANGE. The results of that test indicated that reducing the crew
complement to three with the copilot assuming navigation duties utiliz-
ing a dual INS was not feasible. Additional workloads imposed on the
pilot and copilot during some phases of flight created potential
safety problems . To alleviate this condition , a fourth enlisted crew
member was added to perform the duties of safety observer and systems
operator. The test crew consisted of a pilot , copilot , radar/systems
operator, and a boom operator. The exercise term assigned the test
was GIANT BOOM .

2. Fourteen productive missions were flown between Jul 76 and Sep 76
on an aircraft configured with a dual INS. Test sorties were designed
to evaluate the aircrew s capabi lity to perform the Emergency War Order
(EWO) mission as well as missions covering nearly the full range of air
refueling squadron flying activities.

3. It was concluded that addition of the fourth crew member , a specially
trained enlisted radar/systems operator , reduced pilot overload conditions
during emergencies and critical phases of flight. Al though workloads on
the pilots were understandabl y increased during certain phases of the
flight because of navigation responsibilities , at no time did pilot !
copilot overload condition constitute a discernible safety problem .
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BA CKGROUND

1. The Strategic Air Command (SAC) has been involved in a continuing
effort to modernize the avionics on board the KC-135 tanker fleet.
Improvement/modernization of the KC-l35 navigation equipment holds a
high priority In this effort. SAC has been considering the installa-
tion of an Inertial Navigation System (INS) to provide the navigational
accuracy necessary to accomplish the mission . CINCSAC directed that
tests be conducted to determine the expanded capabilities of the KC-l35
aircraft if a dual INS were installed . The INS equipment and the con-
figuration of the aircraft used for the GIANT BOOM test were identical
to that of the GIANT CHANGE test. The reliability of this equipment,
its adaptability to the air refueling mission , and the fact that it does
significantly expand the capabilities of KC-l35 aircraft were all estab-
lished during the conduct of GIANT CHANGE. This test (GIANT BOOM) was
designed to examine the feasibility of altering the aircrew composition
to replace the navigator with a specially trained , nonrated , enlisted
crew member. The two persons chosen to fill this new position , for the
test, were KC-l35 boom operators with considerable experience. The
pilots were to assume responsibility for aircraft navigation utilizing
the dual INS system. The designation of the new enlisted aircrew member
is the Flight Systems Operator (FSO).

2. Specific test objectives were :

a. To determine the capabilit y of the Fligh t Systems Operator to
perform those duties normally performed by the aircrew navigator with
the exception of actual aircraft navigation which was the responsibility
of the pilot/copilot. These duties included such i tems as:

(1) Equipment turn on/operation.

(2) Monitoring departure , cell join up, enroute cell procedures ,
and station keeping.

(3) Radar scope interpretation to include position fixing,
weather detection , electronic rendezvous , and airborne radar directed
approaches.

- • . (4) INS position fixing and plotting .

(5) Monitor of aircraft position during copilot overload situa-
tions , i.e., refueling , emergencies.

(6) Monitor penetration and approaches .

b. To assess the impact of special communication procedures , mission
changes while in flight , and emergency procedures on crew workloads.
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c. To determine the crews ’ capability to complete the miss -on
wi th a simulated loss of the inertial system .

3. The 509 BMW , Pease AFB , NH and the 93 BMW , Cas t l e  AFB , CA were
selected to support the mission .

a. The 509 BMW was to supply two of the aircrews used in the GIANT
CHANGE test. This was to preclude the requirement to train the p ilu t ’
copilot team in the dual INS system. Unfortunately, only one of the
GIANT CHANGE crews was still intact and available so a replacemen t ~is
selected and trained in the INS system along with the two FSOs . The
509 BMW also provided two highly experienced boom operators to be tr~i rted
as flight systems operators .

b. The 93 BMW developed a course to train the boom operators in the
operation of the navigators equipment and to perform all the tasks out-
lined in the test plan (atch 4) and mentioned as specific object ives of
this test. (See atch 2 , 93 BMW Course Control Document.) The course w~-conducted from 1 Jun 76 thru 30 Jun 76 and included : 72 hours 01 class-
room in s t ruc t ion , f i v e  T-l0 trainer periods and four aircraf t orientation
flights . (See atch 1 , GIANT BOOM Trainin g Plan.) In addit ion tOe
93 BMW and 1 CEVG modified a KC-135 navigator ’ s checkl ist to reflect
the duties of the flight systems operator . It should be noted that a dual
INS equipped aircraft was not available for the traini ng flights .ooducted
by the 93rd . Therefore , the flight systems operator was not trained ur
a dual INS aircraft where the pilots are responsible for navigation. A
dual INS was used on the GIANT BOOM test missions at Pease. This l a k  ,t:
INS training was to later i mpact on the number of sorties required b~f”~-valid data could be collected on the new flight systems or’erators.

4. As stated previousl y, the equipment used for this test w d S ident ic~ 1
tc that used for the GIANT CHANGE test. Its make -up and location will
also be included in this report because of its essential fun ction in iJe
conduct of this test. The PINS (Palletized Inertial Navigation Sj~~tiu

- ,
leased from Delco Elec t ron ics , is a pa lletized version of the stand~r~Ca rousel IV system . This system requires approximately 15 minutes f o r
ground alignment before the aircraft can taxi . Because of this , i t  would
not meet SAC ’s fast reaction alert criteria. Discussions with Delco
representatives indicate ti t a permanent installation integrated wi th
the a ircraft doppler and with certain software modif ications , cc~1d
provide a fast alignment (seven mi nutes) and an in-fliqht al iqnmer n t
capabi lity .

a. Modification of the aircraft was accomplished at Pease w i th  the
assistance of Delco personnel . It consisted of installation of rh
pallets , controls and displays , Remote Display Unit (RDU), Hori zon-to !
Situation Indicator (HSI), and associated cables . The RDU was ins~af led

2
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at the FSO position to allow remote monitoring of both INSs ; however ,
no data could be entered into the system at this position . All mission
flight plan data , whether in the air or on the ground , had to be entered
at the pilot or copilot ’s position. The HSI was installed to give the
crew a visual reference of cross track error and desired heading to selected
waypoints . The information displayed on the HSI was slaved to the pilot’ s
INS. System controls and display panels were l ocated at the pilot and
copilot side panels. (See Figures 1 thru 5.) The system software for the
dual PINS installation was modified :

(1) To provide steering information for holding a precise orbit
at an Air Refueling Control Point (ARCP) (referred to as Mode 22).

(2) To accommodate operation of the RDU .

5. Training in dual PINS configuration was conducted by a Delco representa-
tive at Pease on 7 Jul 76. Receiving the training were the two FSOs and
the test crew that had not been involv ed in the GIANT CHANGE program .
Specialized areas of training such as basic navigation procedures , radar
scope interpretation/fixing procedures and grid steering (when required )
were accomplished by the project officer.

a. The Pease project officer , Major John Tucker , was also designated
as the SAC on-site test director. He is a fully qualified instructor
navigator in the KC-l35.

b. A third pilot flew on each test mission to ensure flight safety .

c. The first mission was a “hands-on ” orientation flight which both
FSOs flew on.

6. The SAC on-site test director flew on the orientation flight and each
test mission . Extensive post-flight critiques were conducted after the
orientation flight and after the first two test missions for each FSO to
train out deficiencies in present procedures or to establish new procedures
to ease their integration into the test crew. Personnel from Air Force
Systems Command (Aeronautical Systems Division , Directorate of Equipment
Engineering) flew on test sorties to provide an assessment of aircrew
workloads and capabilities. Their analysis is conta i ned in Appendices A
and B of this report.
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AIRCREW EXPER IENCE

Two 509 BMW aircrews and two highly experienced boom operators were
selected to participate In this test.

a. Pilot Experience

Crew 1 2
Age 28 28
Total Flying Hours 1450 1300
KC-1 35 Flying Hours 740 1100
Experience as KC-l35 Pilot 20 mos 18 mos

b. Copilot Experience

Crew 1 2
Age 25 25
Total Flying Hours 980 760
KC—l35 Flying Hours 760 530
Experience as KC-l35 Copilot 18 mos 2 yrs

C.

Boom Operator 1 2
Rank SMSgt MSgt
Age 40 41
Total Flying Hours 2700 7765
KC-135 Flying Hours 2700 3221
KC-135 Boom Operator

Experience 7 yrs 10 yrs

15
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TEST ACTIVITY (509 BMW)

1. Active flight testing commenced at Pease AFB on 14 Jul 76 ~nd was
completed on 10 Sep 76. Fourteen missions were flown in support of
the test.

2. Mission objectives established in the GIANT BOOM Te-~t Plan (atch 4)
concentrated on those areas that created the greatest p il: t over l oads
during the conduct of the GIANT CHANGE test. They are ri:ferrr~ to as
“tasks ” on the mission summary sheets . Except for the fjrc r few ~wrtie5
the missions were fairly demanding . If potential overload si t.~~tic n~
did not normally evolve , they were created by the tes t dIrector tht~ - j F
inflight mission changes . A radar navigation leg was usually planned on
each mission to test the FSO ’s ability in radar scope i nlt E - rpN- tation ,
radar/INS fixing (to include plotting) and route mon iton ing. The ~.y ~~- t

sorties chosen as test missions were representative of the f i ll ra nue - r
KC-135 flying commitments. (See Sortie Summary Sheet , Table 1.) All tr;e
minimum crew requirements established In the Mission Scenarios s ecti - n
of the GIANT BOOM test plan were met or exceeded .

3. Mission planning was not evaluated during this test. rt was not
established as an objective in the GIANT BOOM Test Plan nor were the
FSOs trained in it at Castle. Mission planning for the test missions— was , however , a total crew effort with the pilot , copilot , FSU , and
boom opera tor preparing all necessary paperwork except for the actual
preparation of the SAC Form 200 , Mission Flight Plan. This was cre~~~n - a

by a KC-l35 instructor navigator. If the GIANT BOOM concept were
actually impl emented , this requirement could be met by: training toe
FSO in mission planning , using canned mission data , or h iv ing the ~issionplan prepared by a staff navigator.

4. It became evident early in the flight test that the first two - n r ies
for each FSO would involve considerable training in ord r for theo ~work effectively in their crew position on a dual INS equippe d air r~ ‘ ‘

It should be noted that the average KC-l35 CCTS graduate has had 10-17
missions prior to reporting to his unit; in this case the F~O had only
four. (See atch 1 , GIANT BOOM Training Plan.) In addition , one of
the FSOs had a long break without a test sortie so t~-~o additional s u l i ~’-
were flown to bring him up to an acceptable level of proficiency . ~e~ - : -~e
of this, and to accommodate the additional training requir -~’.

1 on t h~ e-ir li~-rmissions , approximately six sorties beyond those antic i l~~t ui by the test
plan were flown . In the interest of gett i ng the most v ol id data rc- ~- ihl~ ,
the additional sorties were justified .
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Table 1. SORTIE SUMMARY SHEET

SORTIE
NO. DATE CREW # ~so DURAT ION MISSION ACTIVITY

1 14 Jul 76 1 1 & 2 3.2 Radar Nay - RNDZ ,
AR - *ARDA - 1+10
late T.O.

2 16 Jul 76 2 2 7.0 RNDZ AR (2) - Radar
Nay - ARDA

3 20 Jul 76 2 2 5.7 MITO - RNDZ , Cell  AR -

Radar Nay - M i nor Msn
Chg - ARDAs (2)

4 22 Jul 76 2 1 5. 4 Radar Nay - M i nor Msn
Ch g - RNDZ , AR - ARDAs (2)

— 26 Jul 76 2 1 CANX 2 hr 1.0. delay , scrubbed
as GB sortie

5 28 Jul 76 1 1 5.4 MITO - RNDZ , Cell AR -

Radar Nay - Msn Chg -

ARDAs (4)

6 4 Aug 76 2 2 5.2 Radar Nay - M i n o r  Msn
Ch g - RNDZ , AR - ARDA -

7 6 Aug 76 1 2 6.8 RNDZ , AR - Overwater
Nay - ARDA

10 Aug 76 1 1 CANX Sorties lost because of
11 Aug 76 2 1 CANX WX evacuation

8 17 Aug 76 2 2 5.9 Radar Nay - TNKR DIR
RNDZ , AR - Msn Chy - ARDA

9 19 Aug 76 2 2 11.2 Polar Radar Nay in GRID
Si mulated RNDZ , AR

• 10 24 Au g 7~- 2 2 7.7 ALT RNDZ , Cell AR (6 ship
cell) - Overwater Nay -

11 2 Sep 76 2 1 5.6 ALT RNDZ , Cell  AR -

Radar Nay - ARDAs (3)
C

12 7 SeL. 76 2 1 4.5 TNIK R DIR RNDZ , AR -

Ra dar Nay - ARDA

17
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13 8 Sep 76 2 1 4.3 Radar Nay - Msn Chg -

Simu lated RNDZ , AR -

ARDA

14 10 Sep 76 2 1 7.1 RNDZ , ;P - Radar Flay

Simulated 2nd RNDZ , AR

85.

Sorties for #1 - 7
Sorties for #2 - 8

(Both FSOs flew on the first sortie.)

* Ai rborne Radar Directed Approach
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Tabl es 2 throu gh 15 rep resen t summaries of each
miss ion fl own durin n the (IANT BOOM test nroqram .
They are based on observations by the test director
recorded immediatel y after the fliqht and contain
comments of both an objective and subjective nature.
Because of their limited perspective , they should
no t be looke d on as conc lus iv e in  the mselves .
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Table 2. 14 July 76 Mission Summary

Crew #1 and 2 FSOs (Msn #1) ~~- - -~ Msr ~l

1.0. Time : 2018 EST Landing Time : 2330 [ST

Mission Duration : 3.2 hrs

Tas ks Accomp l i shed: Rendezv ous , air refueling , 40 minutes of radar
navigation and one Airborne Radar Directed Approach (ARDA).

Comments : This was the hands-on orientation fl ight wi th  both ~~~onboard . In light of this no attempt was made to evalua te crew
workloads; instead refresher training for the FSO and a general
orientation into the dual INS setup for both the FSO and the pilots H
were accomplished. A one hour and ten minute late takeoff reduced H
the training time available. The FSOs spent a great deal of time H
in the radar scope for target interpretation . Crew coordinatior .
was rough; the role of the FSO in assisting the pilots with aircraft
navigation will require further definition . The FSOs seem to have
a good grounding in TERPS procedures and the requirement for monitorin q
departures (SIDS), penetrations and approaches . On this flight ,
however , the excessive time spent interoretinc i the radar scope
caused them to miss i tems that should have been monitored during the
approach and landing.

p
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Table 3. 16 Jul 76 Mission Summary

Crew #2 FSO #2 (Msn #2) Test Mission #2

1.0. Time : 0901 EST Landing Time : 1601 EST

Duration: 7.0 hrs

Tasks Accomplished : Two rendezvous , two air refuel i ngs , two hours of
radar navigation and one ARDA .

Comments : For their first flight with the INS , the pilots adapted
quite well. Their coordination with the FSO on aircraft navigation
was rough during the early phases of flight but smoothed out somewhat
as the flight progressed . They failed to make the ARCP with the 15
minutes called for by the flight manual. The pilots did not appear
to be overloaded during any particular phase of flight although at
various times they devoted too much time to the INS and navigation .
The FSO n~ade some minor procedura l errors and was a little awkward
with tne radar at first but showed a marked improvement as the flight
progressed . He was given a l ittle assistance during the ARDA but was
able to meet basic safety of flight considerations for monitoring
descent , approach , and landing . The FSO was unable to conduct the
rendezvous because he nevpr acquired the receivers beacon. His
procedures and checklist usage were weak in the area of rendezvous
and air refueling .

H.
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Table 4. 20 Jul 76 Mission Summary

Crew : #2 FSO #2 (Msn #3) Test Msn #3

T.O. Time : 0915 EST Landing Time : 1455 EST

Mission Duration : 5.7 hrs

Tasks Accomplished : Minimum Interval Takeoff (MITO), cell join-up,
lead change , rendezvous , air refueling , radar navigation with a minor
mission change and two ARDAs .

Comments : The performance of the FSO on this flight was probably not
up to the standards we would expect of the FSO if this crew make-up
were actually implemented . An alternate rendezvous was accomplished
partially because of equipment problems and partially because of
procedural errors on the part of the crew. This sortie included a
mission change implemented by the SAC test director that involved
changing two points on the flight plan to accommodate an imaginary
emergency air refuel ing . The crew handled this navigation problem
fairly well and probably would have been able to effect the emergency
AR if it were actually required . There was a certain amount of
difficu l ty, however , as indicated by the fact that it took 18-20
minutes to determine the end AR point and request an ATC clearance .
The crew had trouble visualizing the AR IP--ARCP/orbit pt--end AR
alignment. During this time the FSO and the copilot were almost
totally involved in the problem at the expense of other duties. The
FSO ’s first attempt at an airborne radar directed approach was unsuc-
cessful because of procedural errors and di-t ficu lties with radar scope
interpretation. During the approach he became so involved with
attempting to read the radar that he neglected other requirements for
monitoring the approach. Based on the results of this and the previous
flight , the personnel from Air Force Systems Command , ASD requested
that two additional flights be provided for each FSO. The first two
sorties were devoted to training and valid workload data could no t be
derived until approximately the fifth and sixth sortie per FSO/crew
combination .

24

~15 —--- - ---—-- _.-~~~~ 
- 

‘~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _— --- - - ‘-S-—— --_— - ‘—-~—-__--- —S’ _ - -----S - —. S



‘I’

-, \ -

~~~~~ 

-. . H: - 
‘\ ‘

— 4

~~~~~~~~~~~~~~~ ~~~~~ 

~~~~~ 

I 1—

- 
‘

~~~~~~~~~~~~ 
tS - 5 ’~~ t

\ 
~~~~~~ 

S — S 
- . N-

~ 

~ ~~~~~~~~~~~~~~~~~~ 

5 - - 
I

~~~~~A I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -C ,.. H’~ - I— ~

‘ -

( 
~~~~ ~~~1 C 

(1)
-, /c__’_’

_ _
’
~’
,.- ~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \ 

5- 

1 • .-• ~~~ f - - - S. ) — 

- S

~ 

~~~ C)

‘_‘~
‘\ j’  -

~~~~ / ‘~C~’.~~(~~~~~ - 
- - , -1

_ -_• 1 —  ¶ , 
- • - ~‘. - -  -\. - 

~~~~~~~~~~~~~~~~~~~~~ - ~ ~~, I - 55 ‘21. ~ - I • - - - 
C._ ~~‘

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ k~ I ’
- - ~- .‘S

~~ / , - ~~ I 5 S

F
- ~~~~~~~~~ ~~~~ - 

~~~~
- ~ sH H ~~ ~~~~~~

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -5. I ~- I~~~~~~~~ 

‘
~~~~~ 

~~~~~~~~~~~~~~
. 

~~~~~~~~~~~ ~~~~~~~~~~~ ~. 
- -C 

~~~~~~~~~~5. 

1 

4
~~~~~~~ T 

~~~~~~
- - :

~~ ~~~~~~~~~~~~~~~~~ h 5~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~ 
- : - - . -:-~ 

- 
, S~ - , - 

- ‘5

-~~ 

I\ 

/ 
- 

$

-~ - 

4 

+ 
) 

I 

— 
H *~d 5- I -~

‘(
r 

~~ ~

H’~ J’~~~~~~~\~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ ~~

5

IS

-~~~~~~

~~ 
1
~

-
,

i 
- 

jil l ~~~ Pf 
~~~~~~~ ‘~~~~ ~~~~~~~~~~ ~~~~~ •~ 

5’
- 

~~~~ • -5*
••_

S 
C -- - ~ ~~~~~ ~~~~~~~~~~~~ - I 

- - 
- I - - 

- S •C 

~~~~~~~~~~~~~~~~~~~ ~~~~ 1j - t t,’ ‘

~~ ~~~~~~~~ .
~4 - - ----a - \

\ J •
L 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~

25

5- - - - - --—C -



_ _ _ _ _ _ _  
_ _  _ _ _ _ _  _ _ _ _ _ _ _ _  _____

Tab le 5. 22 Jul 76 Mission Summary

Crew #2 FSO #1 (Msn #2) Test Msn ~4

1.0. Time : 0710 EST Landing Time : 1235 EST

Mission Duration : 5.4 hrs

Tasks Accomplished : Two hours of radar and INS navigation , rendezv ous , 
S

air refueling and two ARDAs .

Comments : This was the thir d INS mission for this pilot/copilot
combination and the second for the FSO. The pilots have adjusted
well to navi gating with the dual INS and handled all INS related
funct ions easi l y. Without the primary concern for the radar that
the copilot had under the GIANT CHANGE concept , j t  appears that the
pilots can easily handle navigation (under norma l conditions) and can
in fact get more involved in the rendezvous phase of the mission.
The FSO seemed well prepared For this mission . He backed-up the
pilots well on their navi gation an-I throughout the cr i t ica l  phases
of flight. His radar fixing is basically good ; however , he had
difficulty breaking-out the base as a target during the ARDA . Again ,
approach monitor procedures suffered because of the amount of time
spent on scope interpretation during th€ ARDA. While radar fixing
was generally good , his knowledge of basic dead reckoning procedures
is weak. Practically no attempt at all was made at keeping a log or
recording fixes at predetermined action points. However , as his
radar proficiency improves the FSO will have more time to concentrate
on other requirements of the position.
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Table 6 . 28 Jul 76 Mission Summary

Crew #1 FSO ~l (Msn a3) Test Msn ~ 5

1.0. Time : 1024 EST Landinq Time : 1550 EST

Mission Duration : 5.4 hrs

Tasks Accomp lished : MITO , cel l join—up lead change , rendezvous and all
refueling , inflight mission change , and four ARDAs .

Coninents : T his was a product ive mission for both the p i lo ts  md t h e
FSO. They participated in cell formation join-up, station keepi rn and
demonstrated their ability to handle a major mission change. Moni tor-
ing the join-up and formation seemed to present no particular problel ll--
for the FSO. It is obvious that having someone else to handle the rdd~ c
for the pilots during station keeping eliminates a definite aI -e~ f,r
potential pilot overloads. The rendezvous itself was prob ably the
weakes t area of the FSO s performance ; however , it w i- . adequate to
accomplish the m ission. When the ADF indicated the receivers might
be right of the nose, he attempted to make a turn in the wron 4 dir e tior i ;
however , this was over ruled by the safety observer. Overall it was a
confused and procedurally weak rendezvous but successful in its pri r - a r - 4
objective. The rendezvous procedure i5 an area that is g ivin q the FSO
some trou b le . This will require m ore emphasis in future CCTS training
for FSOs . The mission change required the crew to c (lII cel their p la~i r~ o
navigation and proceed to a second air refueling area . It was a cor~ lex
chan ge but handled well . The crew did not plot a new course on a chart
to determine if it might penetrate a restricted area . They just ente,- C -~
the new data into the INS , achieving the primary objective on time . 1k
ARDAs were good overall , showing a definite impro ver~’ent in tt~is a II ~- .
Recording of inflight data by the FSO is almost nonexistent.

I
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Table #7. 4 Aug 76 Mission Summa ry

Crew #2 FSO #2 (Msn #4) Test Msn #6

T.0. Time : 1841 EST Landing Time : 2350 EST

Mission Duration : 5.2 hrs

Tasks Accomplished : Radar navigati -n , rendezvous and air refuel i ng ,
Inflight mission change and one ARDA .

Comments : The crew handled all phases of this mission quite well. The
FSO had no trouble monitoring departure , fixing on radar , following
mission timing , and backing up the pilots during departure and penetra -
tion . His ARDAs have improved and are comparable to a new n a v i g a t o r
with equivalent experience. The rendezvous was nonstandard , in that the
receivers did not pass over the ARIP , and it was completed with little
difficulty . The mission change required the crew to cancel their
planned navigation and proceed to a second air refueling area . Because
of weather problems in the original area , the scheduled air refueling
was conducted in a new area . The mission changes were handled fairly
well but totally occupied the copilot and FSO for a 15 minute period .
On a crew with a navigator , he would probably handle most of the mission C

change requirements himself and the copilot would not be so greatly involved .
The FSO Is weakest in this area where a know ledge of navigational concepts
Is requ ired , but he has shown progress over the course of the test. It
is apparent that If the FSO will be responsible for backing up the pilots
in aircraft navigation he will require more training in this area .
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Table 8. 6 Aug 76 MIssion Sumary

Crew #1 FSO #2 (Msn #5) Test Msn ~1

1.0. TIme: 0907 EST Landing Time : 1534 EST

Mission Duration: 6.8 hrs

Tasks Accomplished : Rendezvous and air refuel i ng , two hour over water
nav igation leg and one ARDA.

Comments : This mission was the smoothest to date in the GIANT BOOM
series. Crew coordination was good throughout. A norma l receiver
directed rendezvous was conducted without discrepancies. Over water
navigation posed no problems to the crew operating wi th the dual INS.
The FSO had his first opportunity for weather detection and avoidance S

and handled It wi th minimal assistance . The ARDA performed by the
FSO was his best to date and good by any standard . There has been
considerable improvement in FSO proficiency in monitoring departures ,
penetrations and approaches . There is still room for improvement ,
but it should come automatically as the FSO gains proficiency and
spends less time trying to interpret the radar. It is evident from
this mission that the FSO ’s proficiency level Is such that the next
couple of missions should provide excellent data as to his ability to
accomplish those objectives outlined Ip the GIANT BOOM test plan .
The SAC/DOT was on board this flight as an observer.
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Tabl e 9. 17 Aug 76 MissIon Sumary

Crew #2 FSO #2 (Msn #6) Test Msn #8

T.O. Time : 1600 EST Land ing Time : 2155 EST

Mission Duration : 5.9 hrs

Tasks Accomplished : Radar navigation , rendezvous and air refuel i ng ,
a minor mission change , and one ARDA.

Coments: All phases of this mission with the possible exception of
the mission change , were handled smoothly, effectively and wi th
excellent crew coordination . The mission change itself (a simulated
emergency AR) did not present any particular problem ; however , it
probably took longer than necessary and involved more interphone
chatter than should be necessary to determine a course of action .
It was still effectively accomplished in a reasonable period of time .
(They passed over the simulated ARCP within 30 seconds of their
scheduled time.) The actual rendezvous was “textbook 1’ , although it
was the FSO ’s first opportunity to run a tanker directed rendezvous.
His ARDA was also very good . Overall , it was a second very good
mission for the FSO and the pilots. The crew itself is operating
very well under the dual INS/ESO concept .
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Table 10. 19 Aug 76 MIssion Summary

Crew #2 FSO #2 (Msn #7) Test Msn #9

T.O. Time : 0757 EST Landing Time : 1907 EST

Mission Duration : 11.2 hrs

Tasks Accomplished : Five hours of polar navigation utilizing only
radar fixing and DR, a simulated rendezvous and air refueling at 750
north latitude , return polar navigat ion utilizing the INS and radar
fixing .

Coments: In order to test crew member workloads under what would
probably be the worst possible conditions for this crew ma ke up, they
were denied the use of the INS for the first half of the mission .
This required their navigating by DR and radar to a simulated ARCP
located at 750 north . After about four hours of operating under these
conditions , they arrived at the orbit point 10-15 miles from the
computed position and within the established timing requirements .
They required assistance in entering the grid mode of steering because
they had not been trained in grid procedures . After a short while they
adapted to the new steering reference and except for one noteable
instance had no problems with it. When computing a grid heading for
the final turn to the refueling track , the copi lot  measured a course
that was 900 off from the proper refueling heading . This error could
have been very serious had it not been detected wi thin a short while.
It should be noted that the FSO had computed the co—rect heading but
allowed himself to be over ruled by the p i lo ts  who turned to the
erroneous heading . Al so , had there actually been a receiver aircraft ,
there Is a good chance the receiver would have caught the error. In this
case the test director pointed out the error. There was a period of
about 35 minutes which started just prior to reaching the orbit point
and continued through the end AR point when neither the FSO or the
p ilots were sure of their position. It should be noted though , that
radar fixing is very difficult in this area because of certain polar
phenomenon . Workloads for any crew position did not seem unacceptably
high. In this area of navigation and without the INS , the FSO assumed
a larger role in aircraft navigation . Under these conditions the
copilot tended to backup the FSO on radar fixing and in so doing spent
considerable time with scope interpretation and not attending as much
to his other duties .
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Table 11. 24 Aug 76 Mission Summary

Crew #2 FSO #2 (Msn #8) Test Msn #10

T.O. Time : 0445 EST Landing Time : 1227 EST

Mission Duration : 7.7 hrs 
5-

Tasks Accomplished : An alternate rendezvous , multi ple air refuelings
with  f ighter  a i rc raf t , and over water navigation as the lead aircraft S

i n cel l .

Coments : This was a rather demanding mission but the crew handled
it well. The rendezvous was improvised with the receivers doing little
to hel p. The crew ’s alternate rendezvous procedures were sound and
resulted in a successfu l join-up under confusing circumstances . For
the first one-third of the fli ght , the GIANT BOOM aircraft was the
lead in a six ship cell. Even wi th the additiona l requirements of intra
cel l commun ic a ti ons , HF position reporting , and responsibilities as
the navigation control aircraft , there were no discernibl e overload
conditions on any crew member. However , the copilot was at times working
at or near capacity . Actually, position reporting over water is greatly
simplified through the use of the INS and its multiple waypoint cap-
ability . This crew combination handled this mission at least as well
as the norma l KC-135 crew and had the advantage of the more precise
inertial navigation system .
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NOTE : The 11th through the 14th sorties were added to provide data
on FSO #2 who because of cancelled sorties did not have sufficient
experience in the position to provide meaningful evaluations. The
first two (sorties 11 and 12) were provided for his proficiency ;
the last two (sorties 13 and 14) were used to provide data on his
performance in the FSO position .
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Table 12. 2 Sep 76 Mission Summary 
S

Crew #2 FSO # 1 (Msn #4) Test Msn #11

T. 0. Time : 0917 EST Landing Time : 1455 EST

Mission Duration : 5.6 hrs

Tasks Accomplished : Rendezvous and cell refueling , lead change , two
hours of radar navigation and two ARDAs .

Comments: This was the first sortie after a long lay-off for this
FSO and no attempt was made to determi ne crew workloads , because his
performance reflected the lay-off . He was hesitant in his operation
of the equipment and spent considerable time resolving a radar fix.
His back-up of the pilots on altitudes , headings , DMEs and altimeter
settings was not up to his previous standards or what was expected of
an FSO. During his ARDAs he had difficulty main taining the base target
complex on the radar. These discrepancies were understandable in light
of his limi ted experi ence in the FSO position and his subsequent lay
off. The pilots on the other hand have flown on at least seven previou s
dual INS sorties and had no trouble handling all their duties.
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Table 13. 7 Sep 76 Mission Summary

Crew #2 FSO #1 (Msn #5) Test Msn #12

T.0. Time : 1030 EST Landing Time : 1 500 EST

Mission Duration : 4.5 hrs

Tasks Accomp lished : Tanker directed rendezvous , air refueling , two
hours of radar navigation and one ARDA .

Comments : This was the second sortie after a long lay-off and showed
definite improvement over the last mission. He did much better
monitoring departure , descent , approach and landing although there
were minor deviations. His procedures during rendezvous were marginal .
Rendezvous offset was about six miles in error and might have caused
some problem if visibility had been less than five miles. His radar
scope interpretation and fixing were good but basic DR procedures are
lacking . This was observed on previous sorties and will require more
emphasis in a future FSO training program to ensure an ability to
effectively back-up the pilots with aircraft navigation . During this
sortie there was a malfunction in the copilot’ s INS which resulted in
the loss of certain functions; however , it continued to accurately
compute aircraft position.
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Tabl e 14. 8 Sep 76 Mission Summary

Crew #2 FSO # 1 (Msn #6) Test Msn #13

1.0. Time : 1950 EST Landing Time : 0005 EST

Mission Duration : 4.3 hrs

Tasks Accomplished : Radar navigation , inflight mission change and one
ARDA. INS #2 (copilot’s INS) was not operable during this flight.

Comments : The mission change on this sortie required the crew to
cancel their planned navigation and file for and fly to a second air
refuel inq area . They did this in a reasonable amount of time with
no overload conditions; however , the copilot and FSO were again
totally involved for about 15 minutes with the mission change problem .
The pilot is easily able to handle the copilot’ s duties during this
period. The test director requested that the pilots allow the FSO
to direct the aircraft in the orbit as if there were an INS ma l function .
He did this but was never able to establish a standard orbit because
of radar fixing problems . Had there been a receiver , a rendezvous
might not have been possible because of the nonstandard orbit. The
scheduled bomber receiver was cancelled and no actual air refuel i ng
was accomplished on this mission .
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Table 15. 10 Sep 76 Mission Summary

Crew #2 FSO #1 (Msn #7) Test Msn #14

1.0. Time : 0854 EST Landin g Time : 1700 EST

Mission Duration : 7.1 hrs

Tasks Accomplished : Tanker directed rendezvous , air refueling and
radar navigation without the INS .

Comments : The FSO ’s proficiency has improved steadily over the last
four missions. His monitoring of the departure , penetration and
approach was good . His understanding of TERPS procedures is excellent.
To test his ability to monitor the aircraft position and route in a more
difficult radar fixing environment , this mission was flown over a 

-

remote area of Canada. As on a previous polar mission with FSO #2, there
was a simulated loss of the INS for about a two-hour period . Ai rcraft
navigation responsibility became a joint venture between the FSO and
the copilot. Coordination between them became somewhat of a problem in
that it involved far too much interphone conversation. It improved
over the course of the mission but the FSO ’s role in navigation under
degraded condition needs to be defined . Radar fixing was difficult for the
FSO in this area at first but he adjusted well . Recording of inflight
data , which must accompany basic OR , is inadequate. The pilots had
flown under these cond it ions previousl y and had no particular problems
with it. The copilot again spent quite a bit of time working with the
radar; however , by being able to shift much of the radar burden to the
FSO , the overload conditions that occurred during the GIANT CHANGE test
were considerably reduced . The FSO’s rendezvous proce dures have improved
and are now adequate to accomplish the mission .
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ADDITIONAL COMMENTS - - 

-

During the course of the test, the aircrews and test personnel provided
the following comments and recommendations - on equipment location ,
procedures , and training . Some of the i tems listed here were also
mentioned In the GIANT CHANGE final report .

a. Equipment.

(1) Place the pilot’ s radar scope in a more easily observable
and accessibl e position .

(2) The alignment time on the INS , 15 minutes , is too slow
for alert reactions.

(3) If it is to remain in its present location , the INS display
at the pilot ’ s position should be installed flush with the panel . Preferably,
the display units for both pilots should be repositioned for easier observa-
tion and data entry .

- (4) The HSI should be integrated into the instrument cluster ,
w ith one for each pilot operating off an individual INS , or have a switch-
over capability so it could operate off either INS. Incorporation into the
FD-l09 system ’s HSI would greatly siiii~Yi i~- th~ system .

(5) The HSI gives true heading information. It would be helpfu l
if it could be modified to also display magnetic information. —

(6) The capability to enter data or update either INS should be
included wi th the RDU at the FSO’s position . 

-

b . Proce dur es.

(1) Modify checklists so that the pilot and FSO’s INS procedures
are compatible anti take into consi deration the boom opera tor ’s preflight
check list requirements .

(2) Cl early define the role of the FSO in assisting with aircraft
navigat ion under normal and degraded conditions. Define the pilot’ s role
in ut i l izing the radar for rendezvous and for navigation under degraded
cond itions.

c. Training (either in-unit or at CCTS).
C 

(1) The pilots should receive more training in radar scope
interpretation if It is to be Included in their duties.

‘- (2) Incorporate the dual INS into the KC-l35 simulator and allow
the pilots to train on it prior to their first dual INS flight.
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(3) Include a basic refresher course in nav-;ation in addition
to dual INS training for the pilots during CCTS . This should include
problems in in fli ght mission changes on training sorties.

(4) Training in grid/gyro steering procedures should be included
for both pilots and FSOs .

(5) Training f l ights for FSOs should be accomplished on a dual
INS equipped aircraft.
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CONCL US I ONS

1. The results of this test indicate that the crew composition as
proposed in the GIANT BOOM Test Plan is feasible. The radar /systems
operator , referred to t n this report as the Flight Systems Operator
(FSO), was able to significantly reduce the serious pilot/copilot over-
load situations identified during the GIANT CHANGE test. Operating on
a KC-135 aircraft equipped with a dual Inertial Navigation System (INS),
he was able to perform those duties usually performed by the crew
navigator to the extent necessary to safely accomplish the mission . The
pilots ) utilizing the dual INS , were responsible for aircraft navigation.
The conclusions presented here are based on a very limited and unique
sample of individuals. Two KC-l35 boom operators with extensive
experience both in the Air Force and as aircrew members were the test
subjects. It is difficult to ascertain what effect their experience ,
maturity , and airmanship had on the successful test results , but it
must be considered that it was significant.

2. The pilot overload situations encountered during the GIANT CHANGE
test were generally the result of the inordinate amount of time the copilot
spent working wi th the radar. Included in this were his attempts to
derive radar fixes while operating without the INS and his attempts to
perform airborne radar directed approaches while at the same time acting
as a safety monitor. With the addition of the FSO , the copilot was
relieved of almost all requirements to operate the radar. In fact there
Is no reason why the FSO could not perform all the radar functions that
the presen t KC-l35 navigator does. The pilots would still have radar
station keeping responsibilities; but the FSO would assist by operating
the con trols , tuning the radar , as well as acquiring and maintaining the
other aircraft on the scope.

S 3. Operating the IN S , especially during mission changes , was another area
contributing to overload situations. It occurred , primarily, when both
pilots became involved in entering data into the INS because of an inflight
mission change. During GIANT BOOM inflight mission changes , the copilot
worked with the FSO in solving mission change problem s and reentering data
into the INS . The pilot was free to handle the aircraft radios and monitor
other aircraft systems . In this area , however , some overloading still
occurred . During the time it took the copilot and FSO to determi ne a
course of action , plot the information on a chart , and enter i t  into the
INS , they were totally involved in the problem to the exclusion of other
duties. The amount of time required during major mission changes varied
between 10 and 15 minutes. Whether or not this diversion on the part of

C the copilot creates a potential safety problem is difficult to determine.
It Is in this area of inflight mission changes that tradeoffs would have
to be made between the present KC-l35 crew makeup and the GIANT BOOM
proposal. An experienced navigator would have handled the mission changes
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better than the cop ilot/ FSO combination did working with the INS. The
ability of the navigator to react to changing mission requirements gives
the present crew make-up a degree of flexibility the GIANT BOOM crew did
not have. Even considering that the crews did not have a great deal of
experience in operating under the GIANT BOOM concept , it is doubtful that
this lack of experience would ever be fully overcome.

4. Based on the results of the GIANT BOOM test sorties , a crew complement
consisting of a pilot , copilot , boom operator and flight systems operator
working on a dual INS equipped aircraft is a feasible alternative to the
present crew makeup. The progress shown by the FSO during the test indicates
that he would be able to fulfill the demands of the position throughout
the conceivable range of tanker missions. This conclusion , however , is
based on the definite set of conditions that existed during the test.
Included in these were :

a. The enlisted men trained as FSO were highly experienced aircrew
members already serving as KC-135 boom operators .

b. The aircraft was equipped with a dual inertial navigation system
and the pilots were responsible for aircraft navigation.

c. An experienced KC-l35 crew navigator prepared the mission flight
5- 

plan S .

d. None of the crew members on board were required to know or use
celestial navigation procedures for determining heading or position .

Attempting to apply the data or conclusions derived from this test to a
different set of conditions will doubtlessly dilute their reliability . A
decision to im plement this crew combination must also consider the align-
ment time of the INS as i t affects EWO fast reaction requirements . Either
a fast alignment capability or an inflight alignment capability is mandatory
for SAC ( EWO ) tanker ope rat ion 5% .

55

- -—5—— - -—--.5——- —~---—- - —--—-- -5-— - -5 -
. 

— - ---s ~~~~~~~~~~~~~ —- ~~~~~~~~~~~~~~~~~ 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RECOMMENDAT I ONS

1. The advantages of the dual INS avionics package for the KC-135 are
significant enough to warrant altering the crew composition to get it.
If the economies realized by changing from a rated officer crew member
to a nonrated enlisted crew member are real and will justif y acquisition
of the system, then the change should be strongly considered .

2. If a modification proposal calls for only a single INS , then the crew
composition change is not recommended . With only a single INS , the chances
of losing the INS navigation capabilities , although still small , are much
greater than with a dual INS . In addition , if a single INS diverges from
the actual aircraft position , there may be nothing to alert the crew to
the problem and no way for them to verify it. In either of these cases
a strong navigation back-up capability , possibly including celestial ,
would be required . This would be especially relevant when considering
KC-l35 EWO commitments. The amount of training required to provide the
enlisted crew member with these skills would approach the amount presently
devoted to undergraduate navigator training . Under these conditions , it
is doubtful the crew complemen t change would provide dollar savings to help
offset the cost of the equipment. The added capabilities of a single INS
installation do not warrant changing the KC-l35 crew composition .

3. It was evident from the first few missions flown during the test
program that the four training sorties each FSO flew at Castle were not
adequate to prepare them for the demands of the position . Fu ture FSO
inputs with experience similar to the GIANT BOOM selectees would require
more CCTS training sorties (see atch 3). If enlisted personnel with a
different flying background or no flying experience were entered into an
FSO program,much more extensive training would be required (see atch 3).
Because of the demands of the position and the training that will be required ,
personnel inputs should be considered in this order of preference :

a . KC-l35 boom operators with at least three years of experience in
the aircraft .

b. Other enlisted aircrew members with at least three years in their
pr-esent flying position.

c. Nonflying enlisted per sonnel with five years of Air Force experience.

Before personnel wi th less than the qualifications listed above are consid-
ered for entr y in to an FSO tra i n i n g p ro g ram , more tes t ing s imi l a r  to the

C GIANT BOOM test should be conducted .
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APPENDIX A

A S T U D Y  OF T A S K  LO A D I N G  U S I N G

A F O U R - M A N  CREW ON A KC- 135  A I R C R A F T

(HUMAN FACTORS ADDENDUM FOR GIANT BOOM)

BY

MR RICHARD GEISELHART

MR RICHARD SCHIFFLER

CAPT RICHARD KOETEEUW

AERONAUTICAL SYSTEMS DIVISION

DIRECTORATE OF EQUIPMENT ENG INEERING
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Earlier t h i s  year at  the direction of CTNCSAC studies were performed

jointl y by SAC and ASD/ENECC on the feasibility of using a three—man

crew on a KC—135 aircraft (CJANT Ch ANGE). This stud y indicated that

omi t t i ng  the navi gator  and g i v i n g  t h e  navi ga tion f u n c t i o n  to the cop ilot

resulted in excessively h igh  workloads on the copilot that jeopardized

the mission and in some c i a ~-s c o n s t it u t e d  a safety hazard . As a result ,

further testing was directed by CINCSAC . Designated GIANT BOOM, the

purpose of this follow—on program was to determine if the addition of a

f o u r t h  man to the  cr ew would allevi ate t h e  sho r t comings  of using the

three—man crew . This folirtli man was c lfl addi t i on a l  boom operator

designated as a Flight Systems Operator (FSO) who was given training in

che fundamen ta l s  o f nav igation , radar scope interpretation , opera tion o f

the inertial navi gation s , -;t em ( T I ~~S ),  and rendezvous procedures. The

function of the enltsted T-~~lJ  ~-sis to provide assistance t o  the copi lot  who

still had primary responsibility for the n- -Ivigation function. The FSO ’s

primary duties wc-rc to operate ani  interpret t I I 5 - - radar scope and rel ieve

the cop ilot of navig-ition duties durin g peri ods of  peak workload . The

former consisted of m o n i t o r i n g  weather awl approaching receivers , g e t t i n g

nav iga t ion  f i x e s , and shaot  I ng Al r I S I 5 - r n t -  R a d ar  Directed Approaches (ARDA) -

The latter consi a t  ed of rho1 -b i n k - , w a v l - a  l f l t  s on the  I ~~ and p l o t t i n g  a new

course when reqti i red f or  m i s s i o n  change  or weather avoidance. In order

to i n ve st 1 g a ~ e the  work load  rcd~s-t  ion  on t h cop ilot , miss ions  s i m i l a r

to t ha:~ I 
~~fl GIAN T (~H A N ( ~ l-~ ~~-rr-  flown .
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TABLE 1

TEST PROGRAM

TYPES OF MISSIONS

1. MITO

2 .  CELL

3. M I S S I O N  CHANGE

4. HIGH LATITUDE

5. CRESTED CAP

I
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SECTION 11

METHODOLOG Y

The flight test program conducted over a 60—day span consisted of

16 sorties covering a range of refueling operations similar to those

encountered in SAC ’s operational environment . A summary of these

missions is shown in Table 1.

Prior to the test flights the FSO were given a 30—day course at

Castle AFB , California , on fundame ntals of navi gation , radar scope

operation and interpretation and the use of the INS.

Table 2 presents age and flying exper ience averages for  the crew

members par t icipating in GIANT BOOM. Aircraf t conunanders (P) and

safety observer pilots (0) averaged 28 years of age , 1300 hours in

total flying time , and about 900 hours in the KC—l35. Copilo ts averaged

24.5 years of age, 800 hours in total f l ying time, and 600 hours in the

KC—l35 . Fligh t Sys tems Opera tors (FSO or F) averaged 40 years of age,

5100 hours in total f l y ing time , and 2800 hours in the KC—l35. Ps and

CPs averaged 1 1/2 years ’ experienc e in their current crew positions ,

Os averaged just over two years , and FSOs averaged almost 14 years ’

prior experience as boom operators .

The procedure used in this stud y was similar to that used in

ear lier  studies (Reference 1) where task loading was calculated

according to the following fo rmu la :  Percentage crew workload =

C t ime required x 100. This formula gives the average time unit to
p time available

accomp lish a task . For example , a 77 percent crew workloading would

• mean that for  77 minutes  out of a 1 00—minute mission segment an

~ 

- —~~~---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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operato r would be busy accomp l ishi ng some requ i red  task. The

time avai lable  is determined b y the mi s s ion , a i r c r a f t  p e r f o r m a n c e ,

ope rational  environment , or some combinat ion  t h e r e o f .  l’his me.- isurc-s

what could be called overt task loading (i.e., dire ct ly observ able

behavior or task accomplishment).

Overt tasks were tiiped and recorded in the broad categories of

navi ga tion , commun i ca tions , radar , INS , instrument reading and mis-

cellaneous activities. INS and radar categories consisted of only

those tasks where the operator was physically observing , tun ing, or

operating the actual equipment. Activities involving chart , log, or

hand /computer calculations were included in the navigation category

whether or not they involved information to be used with INS or radar.

Other naviga tion tasks , like performing checklists and co1~rputing

estimated times of arriva l (ETAs), were also categorized as navigation.

Communications activities included radio and interphone conversations

wi th crew and receivers , tuning high frequency (HF) radios , obtaining

radio frequencies and authenticating messages. Instrument reading

was that activity where the copilot was reading instruments as cross

checks for the pilot or when flying the aircraft himself. Miscellaneous

tasks were actual workloads that did not rc a -lily fit the other categories.

p

-t 

--



SECTION I 1J

RESULTS

As in the earl ier  GIANT CHANGE Program , the data from GIANT BOOM

was analyzed across those missions on which representative ranges of

task loads were encountered . The datr analysis was also limited to the

later flights after learning effects stabilized . Figures 1 and 2 show

the copilot and FSO workloads , respec tively,  on a mission change involving

an additional refueling . The copilo t task load showed an increase from

50 percent for a standard refueling mission (where no problems occur)

to 67 percent for the additional refueling . The FSO showed a similar

increase in task load — 81 percent for the standard mission* versus

100 percent for the mission change . This full loading extended over a

20 to 30 minute period during which the FSO authenticated the change ,

plo tted and coordina ted rou te changes , determined and discussed new way—

point coordinated , moni tored comp lete INS reprogramming by the cop ilo t ,

calculated new ETAs and necessary airspeed adjustments , and began to

prepare for radio contact with the new receiver.

* The authors feel that ti -to FSO workload figures on the standard mission
were somewhat inflated because the FSO , by and large , performed more 

- 
-

navigation duties than required (this issue I s  addressed in detail in
the discussion s e c t i o n ) .
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The FSO ’s mi ssion change t a s k  load  showed an ln c r c -~~~- in the cock-

pit communicat ion s  needed t o  insure a smooth  c o o r d i n a t e d  change , an

increase in the act u a l  mani p u l a t i o n  of t he  I N S  ( c a r e f u l l y cIi~ cked

dur ing  cop ilot reprogramming as well as d u r i n g  I i x i o ~~) ,  and a v e r y

large increase in n a v i g a t i o n.  This n a v i~~ it  ion I n c re a s e  was p r i m a r i l y

i n fl i g ht route analysis and rep l ann ing ,  and was added onto  the

s tandard  navi ga t ion  workload  b y d r o p p i i i ~ , the x td ~~t ~~ut  ~ l o - t d .  GIA ~ ’i

BOOM crews found the best work load  d i st r i b ut  ion d u r i n g  i sion changes

kept  the p i lot  (P) ou t  of t h e  d e t a i ls  ot t h e  rou te  c h a n g e  and way—

point inse r t -ion ( i . e . ,  I’ scanned o u t s i d e , f l e w  t h e  a i i c r a f t , coord ina ted

on t h t -  s t r a t e g y  of the  ci i ng  , and  made the r a d i o  c a l l s ) .  The cop i lo t

f i g u r e d  the r o u t e  c h a ng es  :n i J  - p r ~~~L aanR d t i t c -  I N~~~ w i t h  the FSO mon i—

tor ing  and c o nfi  rn I ig those  iI1 n I e~; - 1\ c t  ions f o r  t h i s  busy

per iod  ~ c - r u  g iven  ~~~ t he crew ~ i i  t hR I r c i t - c t  i c f l t i res : (1) Since the

cop i lot  has his h t c - ~ i in the  cock p i t  du r  i g. ~~~y~~c m t  i n se r t ion , the P

must  do most of t h e  o u ts i  do c 1 e~ rig and t h e  boom opera to r  should

move up t o  the j u i ; ip  5~~~t to ; t o c i a t  in a m o n i t o r i n g  and c l e a r i n g ;

(2)  Since cop i lo t  and FSO ai~ - so b u s y ,  t i l e  t o u c  o p e r a t or  in the jump

seat should  a i  backup  t i e  P ’ s ommu it  I c o t  ions  m l  th A i r  T r a f f i c  Control

(on ii i s  i n i t i a l  ig ht  , i !  l i n t  b~ g-ai - t i igh t — t u r n  a f t e r  receiving

a le~~t — t t i r n  ln stract i i  d u r i n g  t i m -  m l  m i c a  change )

The copi  lot  t i  l- ’
~~Th t ao l -  1 :id t u g  on a h i gh l i t  i t u d e  f l i  ght are shown

in F i g u r e s  3 and 4 .  C o m p a r i n g  t l i e  c o p i l o t  ‘ s h igh  l a t i t u d e  t ask  load

‘ I 
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data when the INS is ava i l ab l e  w i t h  those of t l t ~ s t a n d a r d  mission

(Figure 3), one sees a sma ll increase in tasking (5 percent), which was

not unexpected . An increase in task load to 85 percent on this same

mission was encountered on that portion of the flight when the INS was

not available. FIgure 3 also shows a peak workload for the copilot of

100 percent .  This ta sk load was measured f o l l o w in g  a rest period when

the cop ilot was out of the seat and upon returning was busy reorienting

himself to the mission whilt- also taking over flying duties from the pilot.

This task load was of short duration (30 minutes). These task loads

con tras t sharp ly with tiio sc- of G I A N T  CHANCE ’ s t h r e e — m a n  crew . The

overal l  GIAN T BOOM w o r k l o a d  f o r  t h u  cop ilot on t h i s  h i gh l a t i t u d e  mission

was 60 percent  less than t hat observed in C I A N i Ci lA ~ CE .

On hi gh lat i tude missions w i t h  INSs s t i l l  op er at i n g ,  the FSO ’ s wo rk-

load increased to 86 p e r c~ - i t  r i - I l e c t i n g  small  increases  in radar and

n a v i g a ti o n  work loads .  On h i gh l a t i tu d e  mi s s ions  wi th  bo t h  INSs “ fa i led , ”

t h e  FSO workload  i n c re a s ed  1 ,  100 pc c t - i t ; l a r g e r  increases  were found in

radar  and n a v i g at i o n  L~t ck ~- - is w e l l  as a new i ncr e a s e  in communicat ions .

T h e  h igh l a t  it u ck -  in c r e t c e  i n  r a d a r  and  i I \ ’ i g i t i c ) n  was due to the

in c r e a s e d  d i f !  icu l  t y  of c i i i  r s cope  i o t er p r t -  t i t  i on  (1{Sl ) i i i  n o r t h e r n

C-i ad i .  Com m -t i n  I c i t  l o u  wo r k I l a i d  i i i  - t eas cci u n t i e  r t i  - I N S out  “ cond i t  ions

s i n c e  more cop i i i i - FSO conv~- m s i t  i o ~ m a .  O - c . . l 1  t o  i d e i t i f y and c o n f i r m

i mi t t  I i  X t - -,, to  a g re e  on G i t 1 1  d i i  eel  ion coT e c r - i ’ n s  ( a u t o p i l o t  o p e rat i n g

f r o m  t h e  N — i  Co i l i mo; ) , n i l  t o  - i o r d  m i t e  h& _ - . i . i  [ u u i ;  ch i au ige ~; —

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



- 

- - - -

~~ 

-

~~~~~~~~ 

- -55-~~~-- 55— -

If the G IANT BOOM cop i lo t ’s high latitude workload is combined with

the FSO’s high latitude workload , the resultant total is higher than the

GIANT CHANGE cop ilot ’s workload (140 percent versus 185 percent). This

was due largely to overlaps in some of the basic tasks that cop ilo t and

FSO both have to do when they both keep track of the aircraft ’s position ;

e.g., INS positions on the copilot ’s char t canno t hel p the FSO orient

himself in the radar scope. ~4hile the higher total percentages indicated

more work was being done overall , the more even distribution of the work—

loads showed that neither copilot nor FSO was near the overload condition

of GIANT C HANGE. The lower individual workloads  and navigational

redundancy greatl y decreased the f a t i g u e  f a c t o r  tha t was observed on

GIAN T CHANCE.

The task load data f rom the “cres ted  cap ” rendezvous , a mission

involving a multi—tanker , multi-fighter rendezvous over water , is shown

in Figures 5 and 6. The cop ilot ’s task load increased to 75 percent. The

FSO was f u l l y  loaded (100 l t 1 1 ~~t i t )  d u r i n g  the Rz i tself  since he was

o p e r a t i n g  the  radar  i c  Beacon Mode , d i r e c t in g  the  rendezvous , and pe r fo rming

the communica t ions  w i t h  the fighters . The p i l o t s  complemented the FSO’ s

ac t iv i ty  by maintaining communications , relay ing iNS posi tions , and

c o o r d i n a t i n g  c - h iau gl - - with t i c  o t h e r  t an k e r s  in t h e  ce l l .

1.~~ - 
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___________________________________Queationnaire Data

Detailed responses to thie questionnaire distributed after each fli ght

are presented in the Appendix. A summary of these comments is presented

below .

Problems were encountered by crews in the earlier flights In

operating the INS but as the flights progressed these difficulties

gradu ally disappeared . Most of these difficulties were in learning to

use the Mode 22 of the INS (used for setting up orbit). The FSO reported

some difficulty in picking up receivers ’ beacons but this was largely due

to equipment difficulties rather than lack of knowledge about the system .

The most difficult area for the FSOs was learning to use the radar for

Airborne Radar Directed App roaches (ARDA ) but they bec ame proficient in

the later phase of the program. More’ training in this area may be required.

As in  GIANT CHANGE , there was not s u f f i c i e n t  time for  the crews to acquire

eno ugh knowledge about the more sophisticated uses of the INS.

When quest ioned about the  f e a s i b i l i t y  of pe r fo rming  f l y ing dut ies  and

nav iga t ing, the cop i lots  said i t  was much easier than in the GIAN T C HANGE

Program. The copilots felt that reprogramming the INS presented most

d i f f i c u l t y  and in some cases would require the pilot to handle communi-

cations temporarIly. The p i lots  in the i r  response to this question

s t ressed  the  need for  thorough miss ion  p lann ing  to avoid overloads during

the  miss ion.  They also ci ted the need to hav e the pilot ’s communication

m o n i t o r e d  by the copilot or other crew member if the copilot is not

ava ilable.

-55--- .5- - - —----- --- -- .-5 _ --- .—~~~~~~~.L~~’~~,,
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All crew members replied negativel y to the  question: Did you feel

overloaded during any segment of the mission? The copil ot and FSO

reported periods where they  w e r e  f u l l y loaded but  never overloaded .

Table 3 shows the task  load divis ion b y crew pos i t i on  as reported in the

quest ionnaires.

Question 7 (Appendix A) shows tha t the relative importance of each

piece of navigation equipment is a function of crew po~~iliOfl. The Ii ~~S

HSI was most important to the aircraft commander in his tasks while the

INS display was most important to the copilot and FSO. The HSI was

second most impor tan t  to the cop i lot  whi le  the radar was second for

the FSO.

When questioned about t i e  p osition ing of the navigat ion equipment

added for the test program , th e responses were negative in general (as they

were in GIAN T C HANCE) . Ti m e h I S I  b locks  o u t — o f — t h e — w i n d o w  vision , and the

INS i nLe rfe r e s  w i t h  the  hyd rau l i c- swi tches  and nosewheel  s teer ing .  The

pos i t i on ing  of the  second radar  was a lso  c o u t - c i d e r e d  undes i rab le .

The crews fell additi ona l training was required in the following

areas : r a d a r  (p i l o t / c o p i l o t ) .  G r i d  n a v i ga ion (cop i lo t/ FSO) , and ARD A

(FSO) .

A l l  c rew members  t e l t  t h e  I N S  would i p rove  p rocedures  d u r i n g

r e f u e l i n g  and r t - , v e r y  on an Emergency  W i c  Order ( [W I ) )  mission.  Rendezvous

were qum i cker and smoothc-r hi- - nose the  t anke r s ’ pos [L i o n s  were more

accurat c- ; the p ilot ’s tasks and cross 1 I U I  ks fo r  m a i n t a i n i n g  the rendezvous

o r b i t  were  g r e a t l y s i m p l i f i e d .  The iN~. ‘ap h i f ied the work required on

miss ion  change- s and p r o v i d e s  a s e l f — c o n t a i n e d  f i x i n g  aid for  recovery when

-.5-— —5-- .5-- -
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no other aid is available (when overwater or TACAN/VOR is not usable).

All crew members i ndica t ed  extremel y hi gh conf idence  in successful ly

completing an EWO mission using the test system and disp lays .

Numerous de ta i led  checklist  changes , add i t ions , and dele t ions  arc

given in Questionnaire Item 14. 4

There was some d i f f i c u l t y  r epor t ed  on changing control t imes but

these were reported in the earlier missions (this was not the case as

the crews became proficient). The same was true of workload affecting

safety of flIght. Once crew coordination procedures were worked out ,

there were no overload problems encountered .

Finally, pilots reported “head in cockpit ” time with PINS to average

10 to 19 percent h igher over the total mission than with the standard

KC—1 35 c o n f i g u r a t i o n .  Cop i l o t s  repor t ed  onl y a 10 per cent increase in

“head in cockp it” time over the total mission ; however , they reported

an average increase during the shor t miss  ion change and waypoint  inser t ion

periods of 40 h~ - rc nt -

t
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SECTiON IV

DISCUSSION

The results of this study indicate that the enlisted Fligh t System

Operators performed very well and wer e able to accomp l ish all aspect s

of all missions as required . They were able to run the rendezvous

acr oss all missions particularly well. The use of the radar for weather

avoidance was accomp lished with rio difficulties (in contrast to the

difficulties encountered by the copilots in interpreting weather returns

in GIANT CHANGE). This was , no doubt , due to the FSOs having received

considerably more training on rod o- interpretation than the copilo t

received in the earlier study. On t i m e  other hand , the FSO did have some

d i f f i c u l t y  in shoot ing  ARDAs h u t  t h i s  is cons idered  a difficult task

(even for personnel experienced in such procedures). In add i t ion , the

number of sorties flown in this stud y is not  d eemed sufficien t to

acquire a high lev el of prot icie’ncy in shooting ARDA’s.

Initially , diffic u lties were encountered in using the FSO as

conceptualized in the test plan. There was a strong tendency for the

cr ews to employ the FSO in tim e same manner tha t navigators are currently

used in the KC—l35 rel t a - i  log  mission. In time first half of the study , 
I 

-

the crew had to be co tis ta mi t l y impue ~~o -l with the fact t ha t  the copilo t had

p r i t ; I e  responsibility for m m a v i ~y~t i o n  and the FSO had r e s p o n s i b i l i t y  for  the

radar  funct ion , rendezvous , and to rd jove t h e  cop i l o t  of navi gation dut ies  
I 

-

when the cop ilot was in an overload n i t  u at  I o n .  This  c o n f u s i o n  was

p a r t i a l l y because no detai led and f o r : m m l l z e d  c rew procedures  us ing an FSO i. -

had been developed prior to t lie k -n t - As the program proceeded , the crews

-
~ I
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did a good job of developing crew procedure-s and eventually developed

excellent crew coordination and integration. If SAC does convert to

use of an FSO , such formalized procedures should be further developed .

In line with this observation , the authors also noted that the FSO’s

workload was probabLy higher than necess ary on tim e standard refueling

mission. The 81 per cent task load cit ed in the Results sec tion reflec ts

some self—imposed task loading such as performing extraneous navigation

func tions : using the radar to cross check the INS and taking radar fixes

when not required. This was due to the FSO’s not being sure of his

function and his practicing navigation in anticipat ion of the later polar

flights. It is felt that this artifact in the data inflated the task load

f i gure  a p p r o x i m a t e l y  20 percent so t i - i t  the  actual required workload on

the s t andard  m is s i o n  would have been approximatel y 61 percent. In an

opera t ional  s i t u a t i o n  w i t h  an e x per i e nc e d  FSO , the authors feel that a

real is t ic  task l o~ d wou ld  be at  this level (61 I n - i c c - u t ) .  The FSO task load

on other portious of t h e  t i - s t  ar e  c o n s i d e r e d  aa. orate.

The addition of t h e  FSO in t h i s  study reduced the  copilot ’s task load

a p p r o x i m a t e l y 40 — 60 p e r c en t  d e p e n d i n g  on th u. - type of mission. The

add i t  j c n - 1 1  I c rew - i : ih&- r o v e r - -on e  a l l  time disodvant age s encoun te red  in the

( ; l A N f  ( - i IANI ; E  P i o g r i o .  the  c ‘p i l o t ’ s w o r k l o a d  -sos reduced to reasonable

l e v e !  i;, no cr i t i c a l  (hi (-( ~< i l i t  i t e m s  were  omi t ted and the  concept of “see and

avoid ” was preserved. There ~-.cre isolated instances of errors and some

p h .u - ; c s  where the crews w e - r e  full y Iorucled (hut ncv &-r ove r loaded ) .  In short ,

the crew p e r f o r m a n c e  w o o d r am a t  l i i i  ly c h - itigc d from that observed in
- ‘5-
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GIAN T CHANGE . However , two obse rva t ions  t ha t  were similar were the

requirement to have a b e t t e r  crew s t a t ion  layout  than t ha t  in the test

a i r c r a f t , and the necessi ty  fo r  more t ime to p e r f o r m  p r e f l i ght  checks

- (due to the INS procedures and warm—up) .

- Since the enlisted FSOs pe r fo rmed  so we l l , the question has been

raised : Is it possible tha t  a less experienced individual could with

adequate t ra in ing  also p e r f o r m  the  requ i red  tasks? Our answer is a

- qual i f ied  “yes.” The qualifications are :

a. Much more extensive training will be required .

b. Very ca re fu l  s e l e c t i o n  procedures  wi l l  have to be followed , so

tha t  candidates should show a h igh general aptitude as well as specific

I capac i t i e s  in the skills required . Probably, a selection test for this

- AFSC should be developed .

c. Test ing i n  s el e o u  d squadrons  should  he c o n d u c t e d  prior to

- operat ional  imp l e m e n t a t i o n .
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SEC 1’ION V

CONCLUSiONS

1. The results of this stud y definitel y indicate that m i i i -  u s e  of an

experienced en l i s ted  FSO iii c o n j u n c t  ion w i t h  a c o p i l o t  to p e r f o t  a t h e

navigation function for refueling operations is feasible.

2. The task load figures show no overload situations nor any safety

hazard .

3. The use of a less experienced FSO will require aure extensive

t r a i n i n g  and c a r e f u l  s e l e c t i o n  of c a n d i d a t e  opera to r s .
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APPENDIX A: QUH~T1ONNAI 1tB RESPONB~S

NOTE: Responses listed here summarize common responses throughout the
test program; highly important single comments are included , also.

2. Have you had any prior experience in the use of:

a. INS (Explain fully)?

P -N o
P — Aircraft commander (A/c) for Giant Change
OP - OP for Giant Change
OP — 1 Giant Boom flight
0— N o
0 — OP on Gian t Change
o — 1 Us & 3 trans—Atlantic flights
o — 1 trans—Atlantic flight
F — Passenger on 2 Giant Change flights; 1 Giant Boom flight
F — 1 Giant Boom fl ight

b. Radar (Explain fully)?

P - No
P — EC—47 weather (wx) radar
OP — OP for Giant Change
OP — No
o - No
O — EO—47 wx radar, Primary CP for  Giant  O1~u nge
O — Slight use of wx radar
0 — EC—121 wx radar
O — Some at KC— 135 CP posit ion
F — Radar Systems Operator Course at Castle AFB; 1 orienta-

tion/training flight at Pease AFB
F — Radar Systems Operator Course at Castle AFB; 1 orienta-

tion/training flight at Pease AFB

3. Ilission Data: BummarL’,od in ~tain ~tc cly of renort.

4. !)id you have any diificulties while ope!-nting or using the following 
-

equipment?

a. INS:

— ?4i~or difficulties on initial flights in programming
& “22 Mode” because of unfamiliarity with INS displays,
locat ions , and operating procedures

OP — Slowness & minor difriculties on initial flights

—.5- 5- -_~~~~~~~~~ 5-_~~~5-5-~~ ~~~~~~ .~ —.—-_ -—_ ~~~~~~~~~ —---~~~— _~~__ . 
5- -.5



- 5- 5-~~~5-~~~~ ~~~~~~ --—- - ---~~ —‘5-— -- -:--—-
~~~

-
~
‘—-- -—-—-

- 5--- 
~~~~

--_ _ -

~~~~~~~~
---

~~

0 — On initial flights, crew di dn ’t use INS to fullest extent;
crew was confused at some points on INS operation and
needed time to confirm their findings ; FSO was confused
on “22 Node”

F — Coordinating with pilots slowed down the preflight ;
FSO has no checklist for INS’e 22 Mode; minor difficulty
entering & exiting 22 Node

b. Radar: -

(i) Positioning

P - These are OP & P30 functionj

OP — Coordinated with P30 to understand radar settings
&. changes

P — Fixes on initial flights were 2—4 miles off; Forgot
to adjust variation control; Unable to obtain radar
fix for 30 minutes around North Nagnetic Pole

(2) Rendezvous (Rz)

OP — No , P50 set it up & it worked perfectly ; Repeated
difficulty seeing receiver ’s radar beacon

O — FSO could not pick up receiver ’s beacor : until
30 miles away

F — Often , beacons w~r~ not painted and ADFs did not
work ; Differen tial iNS distances (receiver ’s
reading — tanker ’s reading) used to perform Rz;
Overrun procedures used once because tankers didn ’t
turn until receivers were sighted visually

(3) Station Keeping:

CP — Excellent position maintained by FS0

O — FSO monitored cell position fairly well

(4) WX Avoidance:

All — No significant weather  encountered

( 5)  Other ( Explain):

F — Dif f icu l ty  performing ARDA

- — _ ~~~ - — - ------ -_- -5-- -_ ---- -- -5 - ---- — -5--— - —--- — —-—-- --.-—-- -- - ------=-———----- — . 5 - --- — - ---—-— - - -—-— .5 — 5 -  -.-—- - - . — --~-- - 5 - —--.5~
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5. How do you feel about performing normal pilot duties while
concurrently performing the navigation functions?

P — Initial flights suffered from having to develop an 
-

effective crew coordination & division of labor for -

the new systems; If A/C forces crew to spend enough
time in mission planning, many inflight mission
difficulties are avoided ; Normal & safe if P30 directs
the Rz and backs up the OP on mission navigation; -

Other crew members need to back up the pilots on
headings, altitudes and turn directions during -

mission changes (pilot turned wrong way) ;  System -

forces pilots to maintain much bet ter  position
awareness while providing more time for both navigating
and flying -

CP — Nuch easier to navigate with PINS (FSO monitors its -

accuracy); Pacing was easy except when reprogramming
INS with new waypoints (normal or mission change)—— 

- 

-

at tha t point , pilot mus t assume some of OP workload -

-

(e.g. ,  radio calls )

0 — Slight workload increase: 20-30% more than with a
navigator , and 10—20% more than piloting from TACAN
to TACAN

6. Were there segments of the mission where you felt overloaded
(pressed for time)?

P — Generally , no; During Rz with another aircraft behind
us in cell , I felt  I wasn ’t sufficiently monitoring -

the receiver ’s progress to ARCP

CP — I was fully loaded during INS waypoint—insertion——
if any unusual problems developed , I would have been
overloaded; Fully loaded (not overloaded) during
mission changes because of unfamiliarity with
navigation in general (not INS)

0 — Generally, none observ ed

F — N o  
-

- - -
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7.  ins truments. Rate the in st rum en ts  listed below in the overall
iniportance during this mission. (i = most importan t , 2 = next
most important , etc.)

P ~~ 0 F
H3I ( PINS ) — I - 2 - 15  - 7
INS — 2 — l  — 1 . 5 — 1
Radar — 3 - 3  — 3 — 2
Doppler — 4 — 4  — 4 — 3
Other (TACAN ) — / — / — — /

8. During rendezvous , how much time was devoted to: —

P OP F
a. Using the radar? - 

~% — T~~ % — 41%

b. Looking outside aircraft? 34% — 29% — .0%
c. Using the INS? 26% — 23% — 38%
d. Using the radio? 21% — 14% — 20%
e. Using other equipment 19% — 22% — 1%

( ADF , Air—Air TACAN ,
Checklists)?

9. Comment on the Location and visibility of:

a. INS :

P — Location f i t i o  bu t  control  head should be f l u s h  with
• o ther  equipment panels;  Location interferes  wi th
- - - hydraulic swi tch  and nose — wheel  st eer ing

OP — Computer Di .up }a ~ Un i t  (cDu ) would Le more convenient
in the fuel panel area; P~ode Selector Unit (N SU )
pr esent  locat ion in side panel  is be t t e r  than its
Giant Change locatiun; CIU is awkward to program
“s i de ways ” —— woul d he mu ch bet ter for key pressing - -

and to r~iduce sun gLare If it were positioned moretoward the instru:rient  pa -el on a 4 50  angle to the pilots

— Should be f o , - w ~,rd inure t oward  in s t r u : n -nt panel; INS
“Aler t”  I i~-h t  should  be on H~il in normal  visual
cr ouncheck  area f~~~- } i lo t  r at he r  than d own by his knee

— Good

b. 1151:

P — h I u y k ~ lU o t ’ s v i e w  from 12 o ’clock to 1 o ’clock
e positions in ! i~~}it and when tax iing ; Instruments should

be incoi-p o r -n t e d  i n t o  p i l o t ’ s and copilot’ s ins t rument
panels; Extr emely bad due to glare and blocking outs id e
vision

T 
.
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CP — Usable by both pilots though location causes parallax
reading error; Should have 1 for  each pilot centered
in front of him ; Creates bl ind spot & hard to read
accurately -

O — Each pilot should have his own display ; Incorporate
Into FD—109; Gives small blind spot.

F — Good

c. Radar:

P — CF’s Radarscope should be in central instrument panel
reducing sun glare and readable by both pilots

CP — Poor locatiun and visibility ; It’s physically , very
hard to bend over and use the scope; Glare on the
scope face makes reading difficult; Radarscope is so
low and hood so short that nun’s glare often spills in

0 — Radarecope location is very poor for daytime & aircraft
comman der ’s use

F — Excellent (At  Navigator ’s station )

d. Other (Explain):

P — Pilot’s oxygen panel. location is inad equate since the
“Emergency ” toggle is of ten  depressed when replacing
helmet (need bet ter  location or d i f f e ren t  regulator);
If the “1FF Ident.” s~;itch had a repeater for thepilot , he co u ld r~duce coordination problems and someof the FSO’ s workload during peak problem periods .

10. Based on the results of the mission , what  additional mission
planning items would you accomplish for  your  nex t  mission?

P — Navigational techni qaun  concerning “mission change ”
and “a l te rna te  (second) rendezvous ” procedures; Better
crew coordination between P50 and OP (especially on
navigat ion  responsibilities and necessity of comparing
results)

• OP — Have i n f l ight  IN S reprogramming done by OP and P50
(leave P out of th i s  in order to f l y  aircraft  and
handle rad ios ) ;  Better  coordinat ion between pilots
& FSO over procedures for handling mission changes,
route changes , and navigation when the INS ’ s fail ;
~ore work at unde r s t and ing  Grid reference system for
polar f l ight s; r-~ore on weather avoidance and “fighter
rendezvous ” pr~ cedures  for  Crested Cap

- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — .~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5- .544
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0 — Replan alternate R~ more thoroughly ; Use boom operator
to relieve high crew workload s (e.g. , comm , fuel log)

F — More detailed discussion of the crew ’s division of
labor to accomplish alternate R and mission changes;
Better planning for entering Gr~d and doing Grid
fixing on polar flights

11. Do you feel additional training is desirable and , if so, in
what areas?

P — Many repeated comments on the need for Radar training,
Grid training, and basic navigatIu~frefreshers for
both pilots; Grid for P30; Radar training using scope
photographs

CP — FSO and CP need more training in basic manuel DR,
radar fixing, Grid , and radar R procedures
(especially with fighters); On ~est crew coordination
for performing tasks/activities inflight

0 — Yes , On inflight mission changes and loading INS
properly/rapidly

F — On Airborne Radar—Directed Approach (ARDA); Gri~~ntry ,
Grid exit, and Grid fixing on radar

12. Do you feel the INS would improve procedures during refueling
arid recove~~ on an EWO mission? Explain:

P — Definitely yes , due to the much greater accuracy of
the ~$; Refueling would be quicker because tanker’sposition is more accurate; Yes , mission would be
overwater and recovery bas€-s would be hard to find
otherwise

CP — Yes , def ini tely —— greatly s impl i f ies  the pilot’s
task and crosocheck f o r  mainta in ing  the orbit ;  It
simplifies mission changes and improves position
awarenes~3; It de f in i t ely  improves recovery chances
because TACAN/VOR would probably not be usable

0 — Yes , it would ease the workload and improve the
cjuality of navigation on unscheduled Air Refuelings
(AIR); Ultimate equipment to satisfy total self—
sufficiency of aircraft navigation ; R • are more
accurate and it helps fuel conservat i~n because you
stay on course much better (fuel fig-in-es based upon
on—course nay); You can give better fixes to your
receivers -

V 
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P — Yes , it provides the f l e x ib i l i t y  to proceed to any
ARCP easily and accurately ; It gives instant time
and distance figures for maintilning the proper
refueling orbit

13. Given the present system ( INS )  ari d displays, rate how conf ident
you would be in successfully completing an EWO mission.

7 6 5 4 3 2 1

Very 
— — — — Very

unsure - conf idant

P — 1.25 average (1.0 after 3rd f l igh t )

CP — 1.125 average

O — 1.0 median

F — 1.8 average (1.0 a f t e r  3rd f l i gh t )

14. Do you have any recommended checkl is t  chang~ s/additions/de 1etions?

P — In Prepax-ation for  Contact,  inciu~e: “INS—22 Node ”;
In Before Starting Engines, the f i rs t step should be:
“ INS — 1~av Node ” ; For the I~S checkl is t, move the
“INS — Test”  to a point  a f t e r  the insertion of present
position

CP — Eliminate amplified explanations from checklists ;
Develop a checklist for infl igh t  mission changes that
lists everything that neE ds to get done and by whom

0 — Crew should put INS in Stand by during preflight prior
to aligning ; Eliminate various explanations between
actual steps; hework checklist to put Boom Operator
to better use

F — In Start Engines, change i tem 1 to “ I r - S —N A V ”  ( i . e. ,
insure both pilots ’ INS’ .~ are in NAV prior to engine
start); In Preparation for Contact, add new Item 5A:
“INS — 22 N ode ” (i.e., insur e 1 INS is In 22 — Node
before ARCP) ; In P30 chec kl ist , interior Inspection—
Power On, change Item 4 from “INS—Align ” to “INS—
Checked ” with amplification to read and check Present
Position and ‘,thypoints 1—9 in both INS 1 & INS 2;
Change Item 5 of previous checkl ist  from “INS — Bet”
to “IN S — 22 1’lode Checked”  w i t h  am pl if icat ion to read
and check INS 1 & 2 in the 22 N ode for kRCP
coordinat es ~nd receiver ’s inbound  true track

-i 
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15. Would the INS provide an additional cafety factor for
penetration and landing with external nay aids available?

P — Yes , it assures you have the proper airport & it gives
GB and Drif t  for Instrument approaches; Good back—up
to maintain course and avoid high obstacles/terrain

CP — Some “No ” , Most “Yes ” ; Additional crosecheck on
runway’s location compared to aircraftb posi t ion;
Gives pilots better position awareness and allows
easier planning ahead of t ime; Gives good backup to
monitor FSO ’s ARDA

0 — Yes , Groundspeed function could give backup timing
for ILS Approach; Drift  function useful in all modes ;
Slight safety factor  as long as it doesn ’t caus e an
oversight of normal duties or detract from the
primary approach aids - -

F — Yes , it permits precise entry into landing patterns

16. Was any weather avoidance necessary during this mission?
If so , how d id it affect pac ing, workload , crew coord ination?
Were you able to effectively avoid the weather?

ASD NOTE Only 2 of 12 evaluation flights encountered
weather (on 1 additional Wx flight, FSO’a
inoperative radar forced us to relinquish

~el1 lead)

P — Adequate , no effect on mibsion

CF — Minor alterations by OP & 130 to avoid thunderstorms

0 — Easy , 1uick & accurate

F — Gave no problem;  DR used to position aircraft  and then
radar used to fix aftc-r clear of weather

17. Were control times revised inflight? If so , how did it affect
pacing, workloads , etc?

P — Crews handled mission changes (with second A/R’s and
new control t i m e s )  smoothly and with good pacing

‘5-

CF — Inflight changes increase OP ’ s workload but easily
handled when pilot assumes pa~-t of OP’s workload
(e.g. ,  r a d i o s ) ;  Pacing a f fec ted  by overload & wait
for P50 to pass 2nd A/H ARCP coord inates from FLIP

4: - document 
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0 — Weak area of f l ight —— calls for better coordination
between FSO and pi lots ;  When new AIR was added , CP &
P80 spent 20 minutes working entirely on revised
routing to exclusion of all other tasks —— Pilot spent
1/3 of time controlling a i rcraf t  and comm radios ,
1/3 INS navigating, 1/3 coordinating changes;
Pacing increased —— workload doubled

F — Slow in providing info on initial fl ights because of
lack of confidence in answers ; Pacing good on later
flights -

18. Do you feel there were any segments of the mission where safety
of flight could be jeopardized due to increased workloads?

P — Generally , no (once pilots are familiar with
programming the INS) ; During problem situations
(e.g., mission changes), fuel monitor ing could be
overlooked unless boom operator is made responsible
for it during that period

OP — Yes , inflight waypoint loading by both pilots is
dangerous (not enough scanning & flying aircraft)—— iNS should be done by CF and FSO; Only when the
pilot gets too involved in the OP’s infl ight
loading of waypoints

0 — At night , I~ 3 control panel lighting gives off too
much light for its importance ... not tuned to
KC—135 system

F — Generally , no; Only when pilots do not scan outside
aircraft during mission changes

19. What would you do if your INS rLalfunctioned during overwater
or polar flight?

P — Most responses were to use Dead Reckoning (DR) with
available r m - d a r  f ix ing  to conf i rm DR;

OP — Carry DR’ s f rom las t  known posi t ion (wi th  flight planned
headings , airspeeds ~~ winds )  and use radar and other

- 
- aids available to navigate (di rec t ing  FSO to f ix with

radar also)

0 — 1: Use operable 155 , 2: DR whi le  FSO provides available
radar fixes , 3: Use TACAN/VON whe~cjver possible; When
INS failure was sinulat -d on a polar f l ight , it didn ’t

• seem to change the crew ’s work rate

F — DR from last known pos i t ion  to land or within range
of TL (1Afl/VOR 
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20. List any degradation in the following areas as a result of
increased workloads:

a. Prefl ight:

CP — Slower due to being wi th  new crew learning INS
procedures ; Preflight requires 10—15 minutes extra
time in order to program the INS

O — Extra time to load the INS physically in preflight
has to be planned for

b. Taxi/Takeoff: None

c. Climb:

O — Crew ’s inexperience wi th  INS programming caused some
loss of a t tent ion to cell pos ition

d. Cruise:

P — Slight on init ial  f l ights due to crew ’s inexperience
with INS

CF — With simulated INS fai lure~ navigat ion by DR and
radar is extremely time — consum ing; If INS is
working, workload is s~ mp1~ f led -- if INS is out ,
there is a partial loss of CF for  pilot duties
since he must do radar navigating to check PSO;
Multiple INS displays at all stations (not just nay’s)
would increase crew ’s confidence and task performance
flexibility

0 — Fuel panel management ove~ looked at times

e. Pre A/H :

P — Generally no; because we were leading the cell , the
division of labor became. tigh t and lead techniques
suffered some —- also true during H and some of
time on nay leg z

CF — Slight incre~ se ~n workload when CP monitors the R 7on radar; H easier wi th  INS; Slight increase in
workload du~ to s e t tin g  up 22 — rode of PINS

0 — (On the second evaluat ion f l i g h t )  the orbi t , entry
& were confused due to IN S inexpertise

f. A/H: Generally , none -

- 

~
-
~~~: g. Post A/H : None

- ‘
1
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h. Penetration:

OP — PINS provides additional backup to exist ing nay aids
here; PINS provides good info for planning the descent
& decreases mental workload s

i. Approach Phase:

CP — PINS provides addit ional  backu p to existing nay aids
here

P — P30 needs practice in ARI)A’ s

21. Increased workloads are assumed to increase “head in the
cockpit” time and , thereby , decrease the pilots ’ abil i ty to “see
and avoid .” Estimate the approximate increase in time required
as a result of the increased tasks :

P — 10 to 19% increase over total mission ; Increases:
Preflight — 10 to 19% ; Taxi /TO < 5% ; Climb — 6 to 9%;
Cruise — 10 to 19% ; Pte A/H — 20%; A/R — 10 t~ 19%;
Post A/R — 10%; Pntrn — 6 to 9%; Approach — <5%

OP — About 10% increase over total mission; Increases :
Prefl ight — 20%; Taxi/ TO — <5%; Climb — 6 to 9%;
Cru ~ se (ON LY during mission changes and waypoint
inser t ions)  — 40%; Pre A/R — 30% ; A/H — 6 to 9%;

- - Post A/R — 10%; Pntrn — 10 to 19%; Approach — <5%
0 — 6 to 9% increase over total mission ; Increases:

Preflight — 20 t~ 29% ; Taxi/ To — < 5~~; Climb — <5% ;
Cruise — <5% for  Pilot , 40 to 49% fo r  CP during
mission change or waypoint  inser t ion;  Pre A/H —

6 to 9% .?or F , -< 5Y for OP; A/H — 10 to 19%;
Post A/R — 10 to l~~,:~; Pntrn — -~ 5%; 4pproach — -~ 5%

F — None reported (due to his position at nay s tat ion )

22. Address any o ther  areas you feel are app l icable to the purpose
of this tes t  progx-am :

P — “See & Avoid” suffers most during infligh t INS
‘ ~- repr ogr -wr ir i~ by both pilots —— b e t t e r  solut ion is

for pi lots  to coord ina te  the waypoints  to be loaded
- 

p 
— & have cP do loading wi th  FSO monitoring; After 3

fl1ght~ we solved the coordination problems : P Is
responsible for  f l y i n g  the  aircraf t & supervising
navigat ion rie€- d~i of the u l I t ~ht , CF coordinates  all
nay ~~~~~~ w i th p i lo t  & compares solutions with
F5O , Y3O che cK ~ all JN ~ p ro~;r a r n r f l i f l ( , conducts A/H
( p i l o ts  ~ack him up wi th  olt~ rr~ati, means) ,  & per forms
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wx avoidance; A flushable toilet fo r  the KC—135 is
another hL~h1y desirable Innovation that would improve
human performance and safety inflight —- its lack
directly interfered with performance on these missions
(especially on the 8 and 11 hour missions); This PIW~test equipment allows a ~~LY e f f e c t i v e  means of completing
the strategic air refueling mission

CP — Careful on—ground coordination required to insure all
crewinembers have the same flight plan points designated
with the same waypoint numbers~ PINS system purchased
should have HSI able to operate off either INS
(P’ s or OF’s) —— with P out of seat and OP flying,
CP cannot reach the waypoint change keys on the P’s
INS ... therefore , he cann9t use the RSI to fly the
aircraft  a f te r  making the course change to go to a
new waypo int ; During mission changes , the fi rs t  task
to be dropped from pr ior i ty  is P’ s a t tent ion to fuel
burn sequence —— best solution is to transfer this
responsibili ty to Boom Operator (not FS0) during
mission changes

0 — To get accurate view of difference an INS makes in
“Head in Cockpi t”  time , you should fly a normal mission
(witri recorders) identical to one with IN S for  comparison;
This crew is much above average and results may reflect
their superior collective abilities rather than INS;
Evident that P ~ CF are very conce~ned with INS and
doing much double work just due to novelty of the
test situation; CF’s radar L’T~Ust be improved if he is
to assu~iw greater radar navigation responsibility

F — FSO needs a condens ed checklist for check ing 22 Mode
of INS during preflight

p

-
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GIANT BOOM TRAINING PLAN

1 . TASKING : The Giant Boom test plan for enlisted radar/systems
operators tasked the 93d Bombardment Wing to develop a course to
train selected enlisted boom operators in the operation of equipment
at the naviga tion station with the exception of the ASN-7 computers.
The academic course was ta ilored to train the selected individuals
to accomplish the tasks as described in the test plan. Five T-lO
trainer periods and four aircraft orientation flights were required
to prepare the selected individuals to operate the equipment. The
93d Bombardment W ing was also tasked to rev i se a curreot KC-135
nav igator checklist to reflect radar/systems operator (RSO) duties.
The fina l area tasked was the training of selected individuals using
a free wheel i ng concept.

2. TRAINING COURSE: The radar/systems operator training course was
developed in two phases , the academic phase and flying phase.

a . The academic phase consisted of 72 hours of instruction during
ten academic days. The course of instruction was designed to meet
the objectives of the Giant Boom test plan. The course material
used in the classroom and for the RSO~s handouts were basically
the same used by student navigators during their CCTS training.
The dead reckon ing and radar scope interpretation handouts were
obtaine d from the undergraduate Navigator Training program to pro-
vide the basic in formation not taught to student navigators at CCTS .
The Instructional Systems Development (ISD) Search Radar~’ programwas used , after the completion of classroom instruction , as a means
to reinforce the search radar operation . In all cases , course
material was reviewed , edite d , or modi fi ed to cover only the infor-
mation that was required for the radar/system operators. The academic
course syllabu s is set down in S~~tion II of the Course Control
Document for Ra dar/Systems pe~a t r , 93d Bombardment Wing, Castle
AFB , Californ ia , da ted 1 June 1976.

b. The flyftu phase consisted of t Q ~~ r training missions. The
ma in objective of this phase was to obtain the maximum amount of
training in radar fixing , DR techniques and rendezvous procedures.
To fulfill these ‘jcal s , the first three t i~~in ing sorties were scheduled
wi th two rendezvous , dci ;ir t 4 re monitor and p crctr ations . plus a minimum
of one hour of radar fixing /DR tecnniqu es . The fourth sortie was a
comp lete prof i le an d was an i nforma l evalua ti on of the RSO ’s performance
in all areas of f1i~ ht. For a complete listing of each sortie objective ,
see Sect ion IV of t F 2  Course Control Document.

c. The KC - l~~ T-lO Simulator ~r~~ir r’ was used in conjunction
with both the academic and f1yin~ training phases. This trainer ’s
pr imar y purpose was to reinfor~e classroom ~~ tr ’ ic tion and simulate
infli ght mission pro 1iles. Th€ first to ur T-1O trainers , each two
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hour periods , were scheduled within the academic phase of instruction .
The final trainer was scheduled after the tir st training mission profile
and consisted of a four hour mission pro file. Section III of the
Course Control Document has the com plete outline of each trainer
period .

3. CHECKL IST REVISION: A KC-135 navigato r ’ s c hecklist was revised
to reflect the duties of the radar/system operator. This was accomplish ed
by the 93d Bombardment W ing Standardization Evaluation Division with
the di rect hel p of the 1st Combat Evaluation Group, wh ich was at
Castle AFB during the rev ision. The final copy of the amplified and
abbreviated checklists were forwarded to 1st CEVG and the 509th
Bombardment Wing . The checklists were used by the RSO throughout the
training program with no resulting problems .

4. ACADEMIC TRAININ G RESULTS: Two Radar/System s Operator trainees
were selected from the 509th Bombardment Wing, Pease AFB , New Hampshire .
These ind ividuals were SMSgt Haven 3. Moore and MSgt Robert A. Whittier.

a. The academic phase began on 1 June 1976. During this phase ,
both radar/systems operator trainees were very receptive to the
classroom instruct i on . Pac~ng was excellent due to their background
and experience. Due to the limited number of academic days and the
vast amount of mater i al to cove r , it was required that each RSO spend
additional hours of study outside the classroom . This work involved
DR exercises and study gu ides plus preparing for the next day ’ s
course material .

b. The free wheeling concept of instruction was utilized when
the RSO completed the course objectives prior to the end of the
classroom time . It was found that a review of the academic material
covered to date was more productive than starting a new subject.
These rev i ews hel ped clarify ma ny ot the important aspects of the
training course.

c. On the fina l day of academi. tr a inir H , ‘~o~ h radar/systemsoperator was g iven a 50 ~uesti on , clos~.~ h~~k exar ~ ira tion . This
comprehensive test had questions o ve rinq all are~ s of the course
of instruction. The test results ~eie ~~~~~ ~lle nt with a total of
six questions missed .

d. It should ~e n tLd that even t i~~i~qh t c t i ~ ra dar/systems
operators did except inno lly w e ll wj~ U th i c phase of the training program
and al l training qoals were accom ii1s~ed , th ej~ lt ’~ el of training and
experience is not equ ivale r I to a ~ oradu ate n av i -~itor. This
could not be expected with ~~e short ~~ademi c  course. The RSO ’

s2



understand ing of departure and terminal instrument procedures were
about equal with tha t of a student navigator. Radar fixing, DR
techni ques , radar sco pe i nter preta tion , and rendezvous procedures
will require additional training and experience before a complete
understanding of these areas can be obtained .

5. FLYING TRAINING RESULTS: The fly i ng phase began on 15 June 1976.
Each of the radar/systems operators received four training missions.

a. Radar fixing/DR techniques started out being very slow and
cautious. A substantial amount of ti m e was spent teaching how to
adjust the radar set to achieve the best mapping presentation and on
techniques for radar scope interpretation. With each flight , radar
fixing /DR procedures improved so that on the fourth training mission
these procedures were satisfactory .

b. Normal rendezvous procedures , with no equipment malfunction ,
did not present a problem . Each radar/system s operator received
four norma l rendezvous with a B-52 receiver. At least one rendezvous
was directed by the radar/system s operator. Al ternate rendezvous
presented a problem because of rendezvous variations. MSgt Whittier
received three alternate rendezvous , two with fighters and one with
a B-52. SMSgt Moore received two alternate rendezvous. Additional
training and experience will be required before all varia t ions of
alternate rendezvous can be accomplished effectively.

c . Crew coordinat ion was t he  strongest area observed . Both
radar/systems operatQrs interacted effectiv~ ly on every flight.
No difficult ies were enco unterc-c au lusting to the new position
and interphone procedures.

d. Departure and terminal in strur~ert rroc~dures received maximum
exposure and training. Each radar / ste~~ ope~ itcr received at least
seven departwe~ . They hid littl e trouble r e n i t o r l n g  the aircraft ’s
posit ion and al ti~~de , an..1 correlating to the Standard Instrument
Departure pl ate. ~wo oeri etr itio ns wer e a complished on each of the
first three n~issi on~ ~-e penetrations w e e  both monitored and airborne
radar directed ap~rcacLe . By the ~~

‘
~n’th trai ni n g missi on , each

radar/system s operat ~, s  paHe - -~~ c o J ~cting an airborne radar
directed approach t~ C~st1e AF E3 ~ntno ut instructor assistance.

e. Wea t U- iv idance ~~~s 1 im it ~-d ~ ~r ~fli instruction only
because of a lack ~~ inu l~ r ent v~~~ m t t m E r  ~n t he C a s t l e  training area .
Additional training w~ l l be e~ iired in to’s area.

f. Each radar ! ~~~~ t~ ~ ui t ’ tc :r ~dS ~‘to wi ed qeah1 e of inflight mainte-
nance. Sim~ lat ec ~ ~~~ .ii~i~~ r~ ~~~~ m d  ra i  oi~estion s inf light were
used to reinforce j- ~od i n t h ’ t  -~~inter~ ri .e or c e du r es .

- ‘ - S
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g. Palletize d Inertial Nav iqat ion System (PINS) instruction was
l imited because of the lack of PINS equipped aircraft at Castle and
training mater ials. Each radar/systems operator received intensive
training in navigational procedures , inclu ding computing alter
headings and ETA ’s.

6. OVERALL EVALUATION: SMSgt Haven 3. Moore and MSgt Robert A.
Whittier completed the train ing course with satisfactory results on
30 June 1976. In the judgment of the inflight instructor navigator ,
both radar/systems operators were capable of handling all areas of
flight , with the exception of PINS operation and weather avoidance.
These areas should receive additional training. 
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FOREWORD

This course contro l document reflects the general nature of the
training provided to enable gradua tes of this course to perform safely
and proficiently as Enlisted Radar /Systems Operators. Students receive
information essential to the conduct of effective professional activities
required . The training standards contained herein specify performance
requirements necessary for successful completion of this course. This
document describes the overall plan of knowledge and ski l ls as set
forth in the training standards.

.
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SECTION 1

GENE RAL

1. COURSE TITLE: Radar/Systems Operator.

2. PURPOSE: Qualify inflight refueling technicians to perform
inflight systems operation in KC-l35 aircraft.

3. Course Prerequisites : Radar /Systems Operators must meet
¶e~~irernent~~~ ecifi~d in S,ACM 5 1- 135 , VOL V , Inf light Refueling

a. Have been selected by their Wing Commander.

b. Be qualif ied and current in the KC-l35 aircraft as an
inflight refueling technician.

c. Be mission ready .

NOTE : Students fail ing to n~~. . the requirements of this paragraph
wil l  be returned to their units.

4. Course Obj ectives :

a. Academic Training:

(1) To provide the radar /systems operator with sufficient
instruction to develop a thorough understanding and appreciation of
approved principles of equipment operation and how these principles
are applied .

(2) To impart sk i l l s  in the area of oral and v i sua l
communication as required for successful m ission accomplishment.

(3) To enable tne radar/s ystems operator to objectively
eva luate inflight situations and to take proper actions in a timely
manner.

(4) To fami l iar iz e the radar/systems opera tor with those manuals,
regulations , d irec ti ves , and procedures applicable to effect ive mission
accomplishment.

b. Simulator/flying tr a inin ~~

(1) Identif y and anal yze common errors and potentially
dangerous situations encountered during flight and be able to coordinate
effectively with other crew members to take safe , prompt corrective action .

1— 1 
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(2) Understand systems operations , performance capabil i t ies
suffic iently to explain actions to be taken by other crew members as
they relate to procedures and m ission accom plishment.

5. Course Duration : The course len gth is 22 days , approximately
30 calendar days . The starting day of the week , number of holidays ,
and number of weekends within a class frequently vary the total
number of days required . Training is identified as follows :

a. Academic /Simulator training — 11 days/ 72 hours. 
•

b. Flight training - 11 daysJ68 hours.

NOTE : Flight training wi l l  normally consist of four flights . Flight
number 4 wi l l  consist of an informa l evaluat i on .

6. General Instructions: Definit ions and standards : The following
criteria are used in student evaluation:

a . Performance level or ability indicated an understanding of
systems operational techniques and judgment. Handled unique/unusual
problem in an effect ive manner . Quality of performance was well
founded and showed indepth understanding of mission profile to
successful completion. Demonstrated excellent initiative and interest
in mission progress.

b . Performance level or ability indicated a fundamental understand i ng
of the events as they occurred . Discrepancies , if any were minor and
transitory in nature. Routine tasks were accom plished . Quality of
inf light duties were timely and mission progress was monitored with
successful results.

c. Performance level o~ ability did not or would not have adversely
affected the mission ; however , performance level was marginal. Routine
tasks were not accomp l ished . Crew coordination was adequate; however ,
i t was untimel y - of little or no benefit. Showed minimal initiative
and overall mission monitoring was weak.

d. Performa i~e level and ability did , or woul d have , adversel y
• affec t the mission. Routine tasks were not accomplished . Student

showed below minimal initiative and overall mission monitoring was
below avera ge , did not meet standards to monitor mission effective-
ness or safety.

7. Course Ov~ r’view : The course is divid ed into two phases: Academic
and Fli ght tra ining .

a. During the academic phase , rddar/systems operators are introduced
to and given the opportunity to observe and operate mock ups , attend

1-2
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mission preparations to include briefings on inflight duties and
are allotted self study time . The student wi l l  be expected to devote
approximately two hours per day of outside time to project prepara-
tion and assigned reading.

b. During the flight phase , the candidate wi l l  complete three
training missions and one informa l evaluation mission. Empha sis is
placed on departures , rendezvous , station keeping , weather avoidance ,
radar scope interpretation , dead reackoning and airborne directed
approaches . During the flight phase each student will demonstrate
max imum crew coordination to includ e coordination with both pilots
in all phases of the mission .

8. Class Schedule. The class and flyinq schedules are included
in Section V of the document.

9. Desired learning outcomes . The radar/systems operator will have
the knowl edge and the capabilities to accomplish the fol l owing :

a . Equipment turn on/operation :

(1) Knowle dge of equipment turn on procedures .

(2) Accom plish turn on in proper sequence.

(3) Operate systems in a competent manner .

(4) Mon itor systems at periodic intervals for proper operat iom .

b. Monitor departure/cell join up:

(1) Understan d departure routing and altitudes .

(2) Make proper altitude calls.

(3) Adv ise pilots of relative position of other aircraft in cell.

(4) Mon itor position and level off points/altitudes .

(5) Accom plish safe join up.

c. Enroute cel l procedures/station keeping :

• (1) Maintain proper position in cel l (± 1/2 NM).

(2) Advise pilots of relative position to lead aircraft in a
timely manner tha t allows smooth position corrections to be made .

4 .
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d. Radar scope interpretation ;
• (1) Adjust gain and tilt for optimum presentation.

(2) Identify major returns on scope (c i t ies , mtns , rivers , etc. )

(3) Distingu ish weather from cultural/terrain returns.

(4) Identif y minor returns on scope (small towns , power plants).

e. Radar / PINS f ixing to include plotting :

( 1) Understand range and bearing method of f ixing.

(2) Use best avai lab le known returns for f ix .

(3) A ccuratel y plot f ix  on chart (+ 2 NM)

(4) Record minimum information : time , compass headinq , GS , and
drift , from any source avai lab le.

(5) A ble to use PINS to f i x .

f. Route monitoring:

(1) Understand routing and timing.

(2) Fl ight fo l low by taking f ixes at major turn points/ a.tion
points and at a li n im um of 30-40 minute interval s enroute.

(3) Advise pilots of weather along route observed on radar.

h. Rendezvous:

(1) A ble to accomplish poi r t parallel rendezvous.

(2) Ma ke necessary radio calls to accomplish rendezvous.

i. Monitor airr r u f t position during pilo t/copilot overload situations.

( 1 )  ~a~ isfact l - ily accomplish duties relegated by pilot/copilot.

-
- . (2) Act ill y ~-1i ev e p ilo t/copil t of duties during these times .

j. Moni tO r penetr i t ion ml a ~- r c n e s :

(1) Urrue r~ tar r let uowr~ and ai~ roacL pla tes.

(2) Murit or a l ti tude and headings during penetration and
a pp roaches .

.5 1 -4
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(3) Monitor altitudes and make proper calls.

(4) Advise pilots of deviations noted or suspected .

(5) Monitor weather and terrain on radar .

k. Airborne radar directed approach:

(1) Accomplish radar directed approach without the aid of
external navi gational aids.

(2) Direct aircraft to missed appoach point in such a
manner that a safe landing could have been accomplished .

1. lnfl ight maintenance (1PM ) procedures:

(1) Understand what IFM can be performed .

(2) Perform 1PM as required .

m. Checklist items / responses :

(1) Accomplish checklist items and responses with no major
deviations.

- -
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SECTION II

ACADEMIC TRAINING

1, Specific Ins tructions. During th i s phase , the radar /systems opera tor
wil l be required to become fami l iar  wi th  Basic Dead Reckoning Procedures ,
Search Radar Sys tems , Bas ic Equ i pment and Instruments , Rendezvous ,
Departure and terminal procedures and Airborne Radar Approaches . In
addition to al lotted study times , the radar/system operator will be
expected to devote approx imately two hours per day of outside time to
course preparation and ass igned reading .

2. Academic T rainin~ .

SUBJECT HOURS

ORIENTATION 1:00

BASIC DEAD RECKONIN G PROCEDU RES 4:00
Basic Knowle dge of Dead Re a c kun i r l 4
Famil iarization with aids to dead e’J~or iin g

SEARCH RADAR SYSTEM 16:00
Radar Principles

Radar scope inter Lret J t ion
Preparat ion for tnt~ APt;-59 radar course

Radar Equipment
Inflight use
Limitat ion
Infl ight M i in t e j n i

Check l is t  i rocedu res
Radar Techniques

Operat iona l Te~ hr 1 q A r i ~
RSI Posi t ion F i i i r i ~Radir Map Matching
Stat i ri Keep

• Radar Weather
Rec~q r i t i o n  and ~na] ~r
Techni que for Radar Oper - it  ion
Ci reuruna ~ r • -~ t ion of We~ t her

ISD SEARCH RADAR P’o irRI~M 8:00
Self Study Proq ram Tex t ~.
Carrel Presentat i o ns

• t.-
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SUBJECT HOURS

BASIC EQU IPMENT AND INSTRUMENTS 8:00
Doppler

Operation.
Infl ight Use
Limitations
Infl ight Maintenance

Radar Beacons
Opera ti on
Inflight Use
Limitat ions

1FF / SIP radar Transponder
Operation

HF Radio and Comunications Procedures
Operation
Basic Communication for Rendezvous

— Instruments
Radio Magnetic Compass
Altimeter
N-i Compass
Doppler Ground Speed and Drift Meters
True A irspeed Indicator.

RENDEZVOUS 8:00
• Regula tions

Techni ques and Procedures
Norma l Rendezvous
Alternate Rendezvous

AIRBORNE RADAR DIRECTED APPROACH 2:00
Regula tions
Techn iq ues
Radar Scope Interpretation

DEPARTURE AND TERMI NAL PROCEDURES 4:00
Regulations

• Terminolo gy
Proce du res and Tec hni ques
Crew Coordinat ion

PINS OPERATION 2:00
Review of PINS System

- • Operat i on Procedures

2-2 
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SE CTION III

SIMULATOR TRAINING

1 . Specific Instructions: Simulator training is completed in conjunction
with the academic trainin g to re-enforce instruction . The KC-l35 , T-1O
trainer will be used for this simulated training. All simula tor training
will be under the supervision of a 4017 CCTS/TAN instructor navigator
and/or a Wing CCTS instructor naviqator. Simulator training during
academic phase , will required the radar/systems operator to brief and
demonstrate the uses of radar system s, to perform inflight fixing,
rendezvous , and airborne radar directed approach. Simulator training ,
during the fli ght phase , will closely follow the inflight mission profile.

2. Special Instruction: One simulator training period will be used for
the completion of the ISD Search Radar criterion test. This test will
measure the student ability to operate the APN-59 and state the
corrective action for inf light maintenance problems.

3. Course Train ir~~ Standard:

SUBJECT HOURS STANDARD

Simulator Train ing (Academic Phase) 6:00
Checkl is t Proce dures 1 :00 b
Equipment Identification 1:00 b
Radar Techn iq ues 1:00 b
Rendezvous Procedures 2:00 b
A irborne Radar Directed Approach 1:00 b

Simulator Training (Flight Phase) 4:00
Simulated Mission Profile 3:30 b
Critique 0.30

4 . Simulator Tra inin~ Job Elec ent s :

Simulator T r i lner  No . 1 ~:OO
Accompi ish a l l  RSO he:~ I is ts
Demons tr at e all radar fun ctions

inclu di ng beacon with in APN-59
beacon presentation

DR / Radar f i x i ng  procedu ce~Pract ice DR
Radar fi~ in ,,

Simulator  Trainer No . 2 2:00
Accomp l ish al l RSO Check l i s t s
DR/ Radar f i x i ng  procedures

Prac t ice  DR
•
... Radar Fix inq

Norma l rendezvous (2).
Radar use for penetration (de monstra t ion )

3-1
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Simulator Trainer No. 3 2;00
Accomplish all RSO Checkl ists
DR/Radar fixing procedures

Practice DR
Radar Fixing

Normal rendezvous
Alternate rendezvous
Monitor approach

Simulator Trainer No. 4 2:00
Accomplish all RSO Checklists
DR/Radar fixing procedures

Practice DR
Radar f ixing

Normal Rendezvous
Alternate rendezvous

• Monitor approach
• Airborne directed radar approach

Simulator Tra iner No. 5 4:00
Accomplish all RSO Checkl ists
DR/Radar f ixing procedures

Practice DR
Radar f ixing

Norma l rendezvous
Alternate rendezvous
Monitor approach
Airborne directed radar approach

3-2
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SECTION IV

FLYING TRAINING

1. Flying training is accomplished after successful completion of
the academic phase. The flight phase is designed to allow the radar!
system operator to further develop his techniques and abilities to
effectivel y operate associated equipment under actual conditions and
to effectively coordinate all phases of the mission profile with
other crew members. The radar/systems operator wi l l  be expected to
assist in mission planning , briefing his portion of the mission and
effectively contribute to the mission ’ s overall effectiveness.

2. Special Instructions: The radar/systems operators will be
evaluated on their ability to perform all assigned duties using
principles and techniques learned during the academic and simulator
phases. Six key areas are identified as follows :

a. Pre-Mission Preparation.

b. Chec klist Procedures .

c. Inf li qht Abilities :

(1) Departure Monitor .

(2) Radar Fixing/DR Techniques.

(3) Rendezvous

(4) Terminal instrument procedures.

d. Aircre w Coordinat ion .

e. Equipment usage.

f. Post-Fl ight Dut ies.

In these areas , the ra dar / systems operator should apply the concepts
and demonstrate duties within the parameters of current directives .

3. Course Plan and Ira inin~J S tan da rd s :

a. Training standards for flight mi ss ons are listed in Section I.
The minimum acceptable performan ce standard is b” . Radar/systems
operators receiv irirl performance level s l ower than “ b wi l l  receive
additional train in g to upgrade their performance level . If the
additional training fails to correct the deficiencies , he wi l l  be
eliminated from the course.

: , 4 ]
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b. Each mission invo lves approx imately 14 hours :

• (1) Mission preparation and briefing 3:50 hours

(2) Flight mission 7:50 hours

(3) Post —miss ion debriefing /crit ique 3:00 hours

c . Fly ing Trainin g Job Elements:

(1) Flight Mission #1:

(a) Miss ion preparation and briefing.

(b) Pre Flight

(c)  Depar ture Monitor

(d) Radar fixing/DR Techniques

(e) Ren dezvous:

1. Norma l Rendezvous - monitor

2. Norma l Rendezvous - direct

(f) Penetration :

1 . Mon i tor

2. ARDA

(g) Post f l ight

(h) 0e nr ief ing

(2) Fl ight Mission ~?:

(a)  Miss ion preparat ion and briefing .

(b) Pr€ fl iiht

(c) )eou ture Monitor

(d) Radar f i x in g/ DR Techniques

:. (e) Rendezv ous:

1 . Norma l Rendezvous - monitor

2. Alternate Rendezvous - monitor

4-2
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(1) Penetration :

1. ARDA

(g) Post flight

(h) Debriefing .

( 3 ) Flight Mission # 3:

(a) Mission preparation and briefing

(b) Pre Flight

(c) Departure Monitor

(d) Radar fixing/D R Techniques

(e) Rendezvous:

1. Norma l Rendezvous - monitor

2. Normal Rendezvous - direct

(f) Penetration :

1. Monitor (off station)

• 2. ARDA

(g) Post Flight

(h) Debr iefing

(4) Fli ght Mission #4:

(a) Mission preparat ion and briefing

(b) Pre Flight

(c) Depar ture Monitor

(d) Radar fixing/DR techniques

(e) Norma l Rendezvous - monitor

(f) Penetration - monitor

(g) Post Fli ght

(h) Debriefin g

Th is mission will be an informal evaluation accomplished by the
instructor navigator.
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SECTION V

TRAINING AIDS

1. Training Aids: The fol lowing is a l ist of those aids required to
provide classrooñi instruction and provide the radar/system operators
with adequate tools to complete school requirements:

a. Overhead projector

b. Slide projector

c. Movie projec tor

d. Video tape system

e. Wall charts

f . Chalk boards

2. Publications: The following publications constitute class library :

a. T. 0. lC-l35(K) A-i

b. 1. 0. 1-1C-l

c. T. 0. l-1C-l- 3

d. AFM 51-40

e. 4017 CCTS Course Booklet

f. ISD Search Rada r Handout

g. Terminal Procedure Handout

• h. Flight Information Publi cat i on

3. Special Facilities : KC-l35 , 1-10 Trainer .

NOTE: The preceding lis ts are neither exhaustive nor indicative of
total class requirements. In some cases duplication exists in the
requirements specified in the course control document.
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CLASS ROOM SCHEDULE

ACADEMIC PHASE

Classes are f ifty minutes in duration unless otherwise noted .
Classes longer than norma l will al low radar /systems operators
sufficient break time . Students are provided with study time during
duty hours to al low full use of available base facil i t ies (i.e., chow
hall , learning center , aircraft field trip) in preparation for their
academic and flight phase.

DAY 1

0730 - 0820 In Processing
0825 - 0915 Or ientation
0930 - 1115 Basic DR Procedures
LUNCH
1230 - 1415 Basic DR Procedures
1430 - 1615 Basic Radar Principles

DAY 2

0730 - 1115 Radar Equipment
L UNCH
1230 - 1320 Doppler
1325 — 1415 Radar Beacons
1430 - 161 5 IFF/SIF Radar Transponder

DAY 3

0730 - 0915 Radar Equipment Lab
0930 - 1115 ISD “Search Radar ” Self Study
LUNCH
1230 - 1415 HF Radios and Communication Procedures
1430 - 161 5 Instruments

DAY 4

0730 - 1115 Radar Techniques
LUNCH
1230 - 161 5 ISO “Search Radar ” Self Study

DAY 5

0730 - 0915 T-lO Trainer No. 1 (RSO #1)
0930 - 1115 T -l O Trainer No. 1 ( RSO # 2)
LUNCH
1230 - 1320 Severe Weather Briefing
1325 - 161 5 Radar Weather Avoidance
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DAY 6

0730 - 1115 Normal Rendezvous Procedures
LUNCH
1230 - 1415 T - lO Trainer MG 2 (RS O #2)
1430 - 161 5 T-10 Trainer 14o. 2 (RSO # 1)

DAY 7

0730 - 1115 Alternate Rendezvous Procedures
LUNCH
1230 - 1615 Departure and Terminal Procedures Sel f Study

DAY 8

0730 - 11 1 5 Departure and Terminal Procedures Lecture
LUNCH
1230 - 1415 Airborne Radar Directed Approach
1430 - 161 5 ISO “Search Radar ”Se lf Study

DAY 9

0730 — 1115 Dual PINS Procedures
LUNCH
1230 - 1415 T -lO Trainer No.3 ( RSO # 1)
1430 - 161 5 1-10 Trainer No. 3 (RS O #2)

DAY 10

0730 - 0915 T- lO Trainer No. 4 (RSO # 1)
0930 - 1115 T-lO Trainer No. 4 (RSO #2)
L UNCH
1230 - 161 5 Final Test

DAY 11

0730 - 1115 Flight Line Or ientation
LUNCH
1230 - 1615 Pre Mission Preparation

• 5— 3
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FLYING SCHEDULE

Fl ights are normally of seven to eight hours durat ion with each
radar/systems operator fly in g and completing maximum training on
each fl ight. The followin g schedule is typical of times and events
accomplishe d . Aircraft availability , weather and student progress
could cause si gnif icant deviations to this schedule.

DAY 12

0730 - 1630 M i ss i on Plann i ng RSO 1 and 2

DAY 1 3

0730 - 1630 Flight Mission No. 1 RSO 1 and 2

DAY 14

0730 - 1130 L r i t i ~ ue
1230 - 1430 1-10 Trainer N~ 5 RSO 2
1430 - 1630 1-10 Tra i ner Na 5 RSO 1

DAY 15

0730 - 1630 Miss ion  Plan/ Cri t ique RSO 2

DAY 1 6

0730 - 1630 Miss ion  P la n / ( r it i que RSO 1
Fli g ht Mission Na 2 RSO 2

P~~LIL
0730 - 1630 Miss ion P lan/C r i t i que RSO 2

F li q ht Mission Na 2 RSO 1

DA’~ 18

0730 - 1630 M~ss io n  PL~n- ’C r i t i que RSO 1
Fl ioi t M iss ion  N~ 3 RSO 2

DAY 19

0730 - 1630 Miss io n  Pldn/Cr i t i que RSO 2
F 1 i~ ot Miss ion N~ 3 RSO 1

lA y ~u

: 0730 - 1610 ~~s s1 n P l i ~ / (  r it i gu~ RSO 1
I 1 jh~ f li ssi n, ~O. 4 RSO 2 

~~~~~~~ ____________________
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DAY 21

0730 — 1230 Critique RSO 2
Flight Mission No. 4 RSO 1

DAY 22

OUT PROCESSING
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DISTRIBUTION :

C INCSAC /CC (2)
CINCSAC /DP (2)
CINCSAC /DO (3)
CINCSAC /DOXC (2)
CINCSAC /DOXIT (3)
CINCSAC /DOTK (2)
CINCSAC /DOTNN (1)
CINCSAC /DOTT (1)
CINCSAC /XPMES (2)
CINCSAC /XPMRD ( 1 )

15th A ir Force - March AFB CA 92508
D0/DOTTA/DOTV (2 cys ea) t

45 AD - Pease AFB NH 038 10
D0 (2)

509 BMW - Pease AFB , NH 03810
CC/DO/DOT (2 cys ea)

4201 TESTS - Barks dale AFB LA 71 1 10

1 CEV~ - Barksda le AFB , LA 71110
Commander (3 cys)

CASTLE A FB CA

93 BMW / CC ( 1)
93 BMW/ DO (1 )
93 BMW/ DOT ( 1 )
93 BMW/ DOTK (2)
93 BMW / DOTN ( 1 )
93 BMW/ DOVT ( 1)
4017 CCTS / CC ( 1)
40 17 CCTS /TA ( 1)
401 7 CCTS /TA F4 ( 1)
4017 CCTS / TAZ ( 1 )
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SUGGESTED COURSE OUTLINES FOR FSO TRAINING

BOOM OPERATOR CROSS TRAINING TO FSO

HOURS

Introduction 2
Mission Planning Techniques 12
Emergency Procedures 8
Weather 10• Dead Reckoning 16
AF/SAC Directives 6
SAC Tactical Doctrine 4
Radar Operation / IFM 18
ISO Radar Course 8

• Rendezvous Procedures 8
Ai rborne Radar Approach Procedures 2
TERPS 6
Dual INS Operati on 8
Radio Comunications 2
6 T-.1O Missions 18
Basic Equipment and Instruments 8
2 Orientation Flights 12
Exam and Critique 3

151
Flying Phase
4 T-1O Missions

11 Flight Missions

• AIRCREW MEMBER (OTHER THAN BOOM OPERATOR) CROSS TRAINING TO FSO

SAC Orientation 2
Course I.ptroduction (Summary ) 6
Ai rplane General 26
Mission Planning Techniques 10
Emergency Procedures 8
Basic Equipment and Instruments 8
Weather 10
Dead Reckoning 16
AF/SAC Di rectives/Regulations 6
SAC Tactical Doctrine 12
Ground Servicing 2

• 6 T-10 Missions 18
Radio Communications 4

- 
‘- 

Radar Operation/ IFM 18
ISO Radar Course 8

- ~ Life Support Equi pment 2
Rendezvous Procedures 10

4
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Ai rborne Radar Approach Procedures 2
TERPS 6
Dual INS Operation 8
3 Orientation Flights 18
Exam and Critique 3

203
Flying Phase

6 1-10 Missions
11 FlIght Missions

NON AIRCREW MEMBER CROSS TRAINING TO FSO

SAC Orientation 2
Course Introduction (Summary ) 6
Airplane General 26
Mission Planning Techniques 12
Emergency Procedures 8
Basic Equipment and Instruments 8
Weather 16
Dead Reckoning 18
AF/SAC Directives/ Regulations 6
SAC Tactical Doctrine 12
Ground Servicing 2
6 1-10 Missions 18
Radio Communications 4
Radar Operat ion/ IFM 18
ISD Radar Course 8
Life Support Equipment 8
Rendezvous Procedures 10
Airborne Radar Approach Procedures 2
TERPS 6
Dual INS Operation 8
Aviation Physiolog y 24
4 Orientation Flights 24
Exam and Criti que 3

249
Fly i ng Phase
6 1—10 Miss ions

13 Flig ht Miss i ons
C
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- DEPART M ENT OF THE AIR FORCE , ~~~~

H E A D Q U A R T E R S  S T R A T E G I C  AIR COMMAND :.

- 

OFFUTT A IR  FORCE BASE , NEBRASKA , 68113

- ~~~ o DO . 1 JUN 197~
SUBJECT: GIANT BOOM

- 

TOt See Distribution

- 1. This test plan provides instructions for a CINCSAC directed opera-
-. tional test and evaluation (OT&E) effort to determine the feasibility
• of an enlisted aircrew radar /systems operator to perform the duties of

safety observer on a dual inertial navigation system equipped KC-135.
The test crew will consist of a pilot , copilot , radar /systems opera tor ,
and a boom operator. This test , which is assigned the exerc ise term
GIANT BOOM, is scheduled for the 1 Jun to 31 Aug 1976 tIme frame .

- 2. This plan is effective upon receipt. Amendments to this plan will
- - be published in message form to addressees requiring imediate knowledge

of the changes. The GIANT BOOM OT&E effort will involve aircraft and
crews of the 93 BMW (Castle AFB) and the 509 BMW (Pease AFB) and instruc-
tors of the 4017 CCTS (Castle AFB).

3. The HQ SAC test direc tor is Lt Col Edmund 1. Kane. Questions and
coments concern ing GIANT BOOM shoul d be addressed to HQ SAC/DOTP, cr
telephoned to the test director , A JTOVON 271—4256 or STN 40.

4. This test plan is approved .

/J’ .;
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1. BACKGROUND: During the period of 15 November 1975 to 15 March
1 976, SAC conduc ted an Operational Test and Evaluation (OT&E) at
Pease AFB to determine the expanded capabilities of the KC-135 air-
cra ft wi th a new Iner tial Navi gatio n System (INS ) ins talled . The
test results indicated that during critical phases of flight and
emergency situations the copilot must devote his attention to air-
cra ft control and emergency procedures ; consequently , navigation and
station keep in g requiremen ts , through necessity , are ig nored . The
conclusion was that a three man KC-l35 alrcrew consisting of pilot ,
copilot and boom operator was not feasible because of safety 1mph -
ca tions par ticularl y when emer genc ies are encountered and the compound
pilot/copilot workloads are considered . In an effort to exhaust all
possibilities for offsetting savings as we cor .template the cost of an
improved avionics package for the KC-l35 force, i t Is necessary to
evaluate the feasibi lity of using an enlisted aircrew member as
safety observer during critica l phases of flight in lieu of a rated
navigator officer. This test plan has been developed to accomplish
the task of determining the feasibility of an experienced KC-l35
boom operator to perform these functions.

2. EQU IPMENT: The 509 BMW aircraft that was modified for the GIANT
CHANGE OT&E will be used for this test. It will be configured in the
same manner , i.e., equipped with dual Palletized Inertial Navigation
Systems (PINS) with control and display units mounted at the pilot
and copilot stations. The aircraft will be equipped with an addi-
tional Horizon tal Situa tion Indica tor (HSI) to di splay the course to
selec ted way points. An additional Remote Displa y Unit (RDIJ ) will
be instal led at the navigator station for use by the enlisted radar/
systems operator. No modifications will be necessary for 93 BMW air-
craft.

3. PURPOSE: The purpose of this test is to determine the capability
of the enlisted systems operator to perform those duties normally
performed by the aircrew navigator with the exception of actual navi-
gation of the aircraft which will be the pilot/copilot responsibility .
The following test objectives will be evaluated :

a. Determ ine the enl i sted systems operator ’s capability to
accomplish the following tasks:

(1) Equipment turn on/operation .

(2) Monitor departure/cell joinup.

(3) Enroute cell procedures/station keeping .

• - ______________________
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(4) Radar scope interpretation .

(5) Radar /PINS fixing to include plotting.

(6) Route monitoring .

(7) Weather detection/avoidance (radar).

(8) Rendezvous.

(9) Monitor aircraft position during copilot overload
situations , i.e., refueling, emergencies.

(10) Monitor penetration and approaches.

(11) Airborne Radar Directed Approach.

(12) Inflight maintenance procedures.

(13) Checklist i tems/responses.

4. TEST CONCEPT: During the conduct of this test, emphasis will be
placed on observing the enlisted systems operator ’s capability to
relieve/aid the pilot and copilot tasks not associated with the actual
flying of the aircraft during critical phases of flight and simulated/
actual emergency situations. The pilot/copilot of test aircrews will
use the revised PINS checklists developed for the GIANT CHANGE test.
The systems operators will use the KC—l35 navigator checklist as revised
by the 93 BMW/40l7 CCTS . The two experienced enlisted aircrew members
to participate in this test will be selected by HQ SAC/DOT.

5. TEST PARTICIPANTS:

a. Headquarters Strategic Air Command (SAC)

(1) HQ SAC/DOTP will:

(a) Provide overall test management.

-k b) Assign personnel to support the test effort as
necessary.

(c) Provide support as outl ined in this test plan and
as may otherwise be necessary .

(d) Brief the selected test unit personnel on test
requ i rements.

2
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(e) Write a final report on the results of this test.

(2) HQ SAC/DOOV will provide OT&E assistance to the test
director as requi red .

(3) HQ SAC/LGMA wi ll :

(a) Provide logistics support to modify/demodify one
aircraft for this test effort.

(b) Act as the HQ SAC single point of contact for
logistics matters pertaining to this test effort.

b. Air Force Systems Command (AFSC) is requested to provide per-
sonnel from the Aeronautical Systems Division , Crew and AGE Directorate,
Crew Sta ti on , Escape and Factors Branch (ENECC) to:

(1) Perform analysis of the crew duties in this test effort.

(2) Provide personnel to fly on selected test missions .

(3) Provide comments relating to crew composition , workload
and crew activity .

(4) Provide an addendum for inclusion in the final report.

c. 8 AF and 15 AF will:

(1) Assign GIANT BOOM project officers.

(2) Task the 509 BMW and 93 BMW to support this test.

(3) Coordinate with and assist 509 BMW and 93 BMW as required .

d. 93 BMW wi l l :

(1) Designate a GIANT BOOM project officer.

(2) Develop a course to train the selected enlisted boom
operators in the operation of the equipment at the navigation station
with the exception of the ASN-7 computers .

(3) Revise current KC-l35 navigator checklist to reflect
system operators duties.

(4) Train the selected individuals using a free wheeling
concept , i.e., if course syllabus required two hours instruction on

3
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IFF/S IF operation and the selected individuals are already
knowl edgeable in its operations , dele te tha t portion and proceed —

to nex t subject .

(5) Course wil l be tailore d to train the selec ted i nd ivi duals
to accomplish the tasks outl i ned in para 3a of this plan.

(6) Provide T-lO trainer periods and four aircraft orienta-
tion flights for the selected individuals to operate the equ ipment.

e. 1 CEVG will:

(1) Designate a GIANT BOOM project officer .

(2) Prov id e assis tanc e as necessar y i n develo pment of a ircrew
c hec klists.

f. 509 BMW will:

(1) Designate a GIANT BOOM project officer.

(2) Provide the aircraft that was used on the GIANT CHANGE
test mission. The identified aircraft should not be scheduled for
alert during the test period (1 Jul - 31 Aug 76).

(3) Provide , if possible , the same aircrews (pilot and copilot)
that participated in the GIANT CHANGE test missions to support this test.

(4) Prov ide the necessar y staff support to plan and report on
each test mission .

(5) Provide test missions to meet the task i tems listed in
this test plan and others as may be directed by the test director.

(6) Arrange for HQ SAC and ASD/ENECC representatives to fly
on the test missions and provide them with the necessary flight
equipment (helmets , headsets, jackets , etc.).

(7) Make arrangements with security forces to provide unescorted
entry for project personnel to the GIANT CHANGE aircraft. If this
procedure is not practica l , the unit project officer must arrange
approved escort for project personnel .

(8) Provide quarters and transportation as required for HQ SAC
and ASD/ENECC personnel.

(9) Provide a third pilot to fly on each mission as a safety

~ 
,~~ observer.
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(10) The aircrew navigator will be available to perform
duties as designated by the test director.

(11) Provide an INU to develop each mission , prepare flight
plans and m i ssion paperwork , and give detailed pre—mission briefings
to each enlisted radar/systems operators .

g. All designated project officers will furnish their name ,
rank and telephone numbers (duty/home) to HQ SAC/DOTP.

6. TEST PROCEDURES:

a. Test missions will be flown from the units main operating
base unless otherwise directed .

b. Maximum use of units normal aircrew training missions will
be used for this test.

c. HQ SAC and ASD/ENECC personnel will be TDY to the test unit
periodically throughou t the test effort.

d. The third pilot will:

(1) Receive training in the PINS system .

(2) Act as a safety observer during test missions . He will
under no circumstance allow the accomplishment of test objectives to
jeopardize the safety of the aircraft or crew .

(3) Perform mission recorder duties as follows :

(a) Maintain a record of aircraft position using any
or all navigation aids availabl e at each major mission turn point !
action point , time between position fixes not to exceed 30 minutes.

(b) Record other information as may be directed/
required by test personnel .

e. The selected enlisted radar/systems operators will:

(1) Receive training in the operation and control of the
PIN.S system .

~2) Receive one orientation flight to observe PINS operation
and perform “hands on ” operation. This will be one flight wi th both

I.. 
selectees on board .

f. The exact number of test sorties to support this test effort
has as yet not been determined . It is expected to consist of 
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flights per individual. The number of sorties required will vary with
the number of tasks required and the success of each mission. Addi-
tional mission tasks may be required as the test progresses.

g. The squadron INU will be responsible for development of mission
flight plans and other required navigation preparation. He will ensure
that the enlisted radar/Systems operator is fully briefed on mission
nav igation and will conduct post mission navigation review as deter-
mined by the test director.

h. The aircrew copilots will be responsible for aircraft navi-
gation as in the GIANT CHANGE test, but will utilize the radar!
systems operator as aircraft position monitor duri ng critical phases
of flight, actual/simulated emergencies, during periods of pilot !
copilot overload situations or as directed by test personnel .

7. MISSIOd SCENARIOS:

a. As a m in imum , each mission will be comprised of the following
except as noted.

(1) Minimum interval takeoff in number two position (one
mission for each crew).

(2) Cell departure/join up (one mission for each crew).

(3) Station keeping procedures (one mission for eath crew).

(4) Cell position change , two to one (one mission for each
crew).

(5) EWO type departure.

(6) Point parallel rendezvous (tanker directed).

(7) Airborne Radar Directed Approach (three missions for
each operator).

• (8) In— flight mission changes (at direction of test personnel).

8. MEASURE OF MERIT , RADAR/SYSTEMS OPERATOR: The following measures
• of merit are incl uded as a guide for test~ ’&servers and are not meant

to be all inclusive. The results observed will , by necessity be
mostly subjective on the part of test observers. Any additiona l informa-
tion deemed appropriate will be added at the discretion of test personnel .
The ultimate measure of merit for this test is whether the radar/systems
operator is able to relieve the pilot/copilot of extra duties during
critica l phases of flight.

6 
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a. Equipment turn on/operation

• (1) Knowledoeab le of equipment turn on procedures .

(2) Accomplishes turn on in proper sequence.

(3) Operates systems in a competent manner.

(4) Mon itors systems at periodic intervals for proper
operation.

b. Monitor departure/cell join up

(1) Understands departure routing and altitudes.

(2) Makes proper altitude calls.

(3) Monitors position and level off points/altitudes.

(4) Advises pilots cf relative position of other aircraft
in cell.

(5) Accomplishes safe join up.

c. Enroute cell procedures/station keeping

(1) Maintains proper position in cell (+ 1/2 NM).

(2) Advises pilots of relative position to l ead A/C in a
timely manner that allows smooth position connections to be made .

d. Radar scope interpretation

(1) Adjust gain and tilt for optimum presentation.

• (2) Can identify major returns on scope (cities , mtns~ rivers ,etc.).

(3) Can distinguish wea ther from cultural /terrain returns.

(4) Can identify minor returns on scope (small towns, power
plants).

e. Radar/PINS fixinj to include p lotting

~l) Understands range and bearing method of fixing.

(2) Uses best available known returns for fix.

* (3) Accurately plots fix on chart (+ 2 NM).
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(4) Records minimum information ; time , true head ing , ground
speed and drift from any source available.

(5) Able to use PINS to fix.

f. Route monitoring

(1) Understands routing and timing.

(2) Flight follows by taking fixes at major turn points!
action points and at 30-40 minute intervals enroute.

(3) Advises pilots of weather along route observed on radar.

g. Weather detection/avoidance (radar)

(1) Able to distin guish weather from cultural/terrain returns
on sco pe.

(2) Abl e to advise pilots of best routing around/through
weather.

h. Rendezvous

(1) Able to accompl ish point parallel rendezvous.

(2) Can make necessary radi o calls to accompl ish rendezvous.

1. Monitor aircraft position during pilot/copilot overload
situations.

(1) Satisfactorily accomplishes duties relegated by pilot!
copilot.

(2) Actually relieves pilot/copilot of duties during these
times .

j . Monitor penetration and approaches

(1) Understa nds let down and approach plates .
• :. (2) Monitors altitudes and headings during penetration and

approaches.

(3) Monitors altitudes and makes proper calls.

(4) Advises pilots of deviations noted or suspected .
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(5) Monitors weather and terrain on radar.

k. Airborne radar directed approach

(1) Able to accomplish radar directed approach without the
aid of externa l navigationa l aids .

(2) Directs aircraft to minimum descent altitude (MDA)/
missed approach point in such a manner that a safe landing could
have been accomplished .

1. In-flight maintenance (IFM) procedures

(1) Understands what IFM can be performed .

(2) Able to perform IFM as required .

m. Checklist i tems/responses

(1) Accomplishes checklist items and responses wi th no
major deviations.

9. COMMAND CONTROL AND EXECUTION: Normal command control .

10. SAFETY: Sa fe flight operations wil l  not be jeopardized in order
to fulfill mission requirements. Normal peacetime restrictions and
criteria apply for all phases of this test except when specific waivers
are granted by competent authority .

11. REPORTS: The fina l test report will be written by HQ SAC/DOTP.
Other reports and submissions to the final report will be as directed
by the test direc tor.

12 . SECURITY: The routine conduct of and raw data from this test
will be handle d as unclassified . Norma l communications security
(COMSEC) and operations securit~ (OPSEC) will be adhered to during
all phases of this test.

13. POINTS OF CONTACT :

HQ SAC/DOTP : Lt Col E. T. Kane
AUTOVON 271-4256, STN 40

• Home Phone : 402-291 -8381
-
‘ HQ SAC/LGMA : Capt W. McDonal d

AUTOVON 271-3514
Home Phone : 402-292-6641

ASD,/ENECC: Mr . Dick Geiseihart
AUTOVON 785-4109
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• 8AF/
AUTOVON
Home Phone:

15AF/
AUTO VON
Home Phone:

93BMW/
AUTO VON
Home Phone :

— 5O9BMW/
AUTO VON
Home Phone :

1CEVG /
AU TO VON
Home Phone :
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