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FATIGUE AND WORKLOAD IN FOUR-MAN C-5A
COCKPIT CRFWS (VOLANT GALAXY)

INTRODUCTION

Triple Inertial Navigation Systems {INS) are currently being installed on ]
C-5A aircraft. Because the triple INS is extremely reliable, Headquarters
fititary Airlift Command (HQ MAC) directed that the USAF Airlift Center con-
duct an operational test and evaluation (VOLANT GALAXY OT&4E) to determine if a
4-man cockpit crew (aircraft commander, copilot, and 2 flight enginecers) can
successfully perform required missions on triple-INS-equipped C-5A aircraft.
Presently, the basic C-5A cockpit crew is comprised of 5 crewmen: 2 pilots, 2 b
flight engineers, and 1 navigator. Under the 4-man concept most of the navi- :
gator duties are assigned to the aircraft commander and copilot positions.
The navigator duties not assigned to the pilots are assigned to the flight
engineer station.

At the request of the USAF Airlift Center, the Crew Performance Branch of
the USAF School of Aerospace Medicine (USAFSAM/VNE) assisted in the VOLANT
GALAXY evaluation of aircrew fatique and workload. An initial version of this
USAFSAM report was prepared for inclusion as an annex to the USAF Airlift Cen-
ter's VOLANT GALAXY Final Report (11).

METHOD

VOLANT GALAXY test flights were conducted at the 60th Military Airlift
Wing (MAW), Travis AFC CA, in April ond May 1979. A test cadre of five, 4-man
crews flew INS-modified C-5A aircraft on representative MAC routes. Pilots 1
selected to participate had accurwulated no more than the average C-5A flying '
time for their crew position. The flight engineers selected for the test
crews represented a cross-section of C-5A experience. Prior to the start of
the VOLANT GALAXY test, all test niembers were trained, qualified, and current
in INS and aerial refueling (AR) operations. Additional training was conduct-
ed in revised procedures for a 4-man cockpit crew.

The Airlift Center requested that 2 MAC observers fly on each test mis-
sion. An INS-qualified, C-5A navigator/safety observer was required to be ]
present on each test mission. When the mission inciuded an aerial refueling,
the navigator/safety observer had to also be air refueling-qualified. The
second test observer was usually a C-5A flight examiner or instructor pilot,
[n addition to their flight-safety functions, the MAC test observers evaluated
the 4-man cockpit aircrew operations and procedures during each test mission.

During May 1979, USAFSAM personnel collected aircrew self-ratings of
fatique and workload throughout 4 VOLANT GALAXY test missions involving 4 dif-
ferent test crews. Additionally, in July 1979, these data were collected dur-
ing 3 nontest missions flown on triple-INS-equipped aircraft by qualified
5-man crews incorporating a navigator. The intent of USAFSAM was that these 3
standard HAC channel missions would serve as "control” missions for comparison
of the findings from the 4 test missions. FEvery attempt was made to select
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control missions which were replicglions of the test-mission itineraries, hut
with a navigator assigned to each ALrew.
L

Sutwiaries of the scheduled itineraries and nission logs for each of the 7
missions observed by USAFSAM/ personnel are presented in Tables A-1 to A-7,
Appendix A: Tables A-1 to AZ4 surmarize the 4 test missions (missions #1-4);
Tables A-5 to A-7 summarize the 3 control missions (missions #5-7). Enroute
events having major impact on mission schedule and itinerary are identified in
each table. Not identified arc the dozens of frustrating minor delays related
to ground transportation, maintenance problems, passenger processing, and car-
go transfer which typically occurred on each mission.

A1 of the VOLANT GALAXY missions originated and terminated at Travis AFB
CA. Two of the test missions (missions #1 and #3) werc westbound and return
and 2 (missions #2 and #4) were eastbound and return. Aerial refuelings were
scheduled for both of the westbound missions, but not for the eastbound mis-
sions. Aerial refuecling was completed successfully on nmission #1.  Tanker
rendezvous was successful on mission #3, but mechanical problems prevented
completion of the aerial refueling, resulting in the only inflight diversion
during the 7 missions. By changing a scheduled crew-rest point to a quick-
stop, the last 2 scheduled legs of mission #3 were combined into an extended
duty day. To proceed in accordance with regulations, a rested pilot augmented
the crew at this point and flew most of the final leg. Therefore, the fatigue
and workload data collected from the basic test crew during the final Teg were
not valid and were excluded from analyses. During mission #4, & maintenance
problem discovered during preflight required that the crew return to crew-rest
status.

Despite the diligent efforts of the MAC project officers, there were con-
siderable differences between the test-mission and control-mission itinerar-
jes. The 3 control missions consisted of 1 eastbound (mission #5) and 2 west-
bound (missions #6 and #7) missions. A scheduled aerial refueling was suc-
cessfully completed on mission #7. Delays resulting from major maintenance
problemns occurred once each on all 3 control missions: i aintenance problens
discovered during preflight resulted in the crews returning to crew-rest sta-
tus during missions #5 and #7; on mission #6, a landing gear retraction mal-
function required immediate recurn-to-hase following takeoff, with the crew
subsequently returning to crew rest.

During each preflight interval, usually shortly after show time, each of
the crewmen completed a Crew Status Checkcard {SAM Form 219, Fig. 1) and a
Subjective Fatique Checkcard (SAM Form 1365 Fig. 2). While airborne, the
crewrien completed the Crew Status Checkcard on an hourly schedule. At every
fourth hour, they also completed a Subjective Fatigue Checkcard. If asleep,
crewnien were not awakened for administration of the USAFSAM checkcards. With-
in the hour following each landing, each crewman again completed both check-
cards.
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CREW STATUS CHECKCARD

SUBJECTIVE FATIGUE

INSTRUCTIONS: Circle the number of the statement which describes how you
feel RIGHT NOW.

V. | FULLY ALERT; WIDE AWAKE; EXTREMELY PEPPY

-1

1

4 — o

' 2.0 VERY LIVELY; ENERGETIC; NOT AT PEAK, BUT VERY REFRESHED

3. QUITE FRESH; RESPONSIVE; INDUSTRIOUS

a.I OKAY; TYPICAL; SOMEWHAT FRESH
T
|

[S——
{ 5. A LITTLE TIRED; LET DOWN; LESS THAN FRESH
!l 6. 1 EXTREMELY TIRED; FADING; VERY DIFFICULT TO CONCENTRATE

7. { COMPLETELY EXHAUSTED; UNABLE TO FUNCTION EFFECTIVELY; READY TO ORQOP

WORKLOAD ESTIMATE

INSTRUCTIONS: Circle the number of the statement which best describes the
MAXIMUM workload you experienced during the PAST HOUR. Estimate and record
the number of MINUTES during the past hour you spent at this workload level.

1.|NOTHING TO DO; NO SYSTEM DEMANDS

2.|LITTLE TO DO; MINIMUM SYSTEM DEMANDS; PASSIVE MONITORING

J.|ACTIVE INVOLVEMENT REQUIRED; EASY TO KEEP UP

4. |CHALLENGING, BUT MANAGABLE

5.(PRESSED; VERY BUSY BUT ABLE TO KEEP UP

I 6. |OVERLOADED; TOO MUCH TO DO, POSTPONING SOME TASKS:. HIGH CHANCE OF ERROR
-T7. UNMANAGABLE ; POTENTIALLY DANGEROUS; UNACCEPTABLE

SAM TO™ 219 rome e caLv) Place Comments on Reverse

Figure 1. On each mission leg each crewman completed a Crew Status Checkcard
(SAM Form 219) during preflight, at approximately l-hour intervals
while airborne, and within 1 hour after landing.

The Crew Status Checkcard is a recently developed USAFSAM survey for use
in field evaluations of crew fatigue and workload. It consists of two, 7-
point forced-choice scales. The fatigue scale directs the crewman to identify
which statement best describes how tired he feels at that point in time. At
the extremes of the subjective fatique scale, a complete absence of fatigue
("fully alert; wide awake; extremely peppy") is scored as 1 while a feeling of
exhaustion ("completely exhausted; unable to function effectively; ready to
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drop") is scored as 7. The workload scale directs the crewman to select the
statement which best describes the maximum workload he has experienced during
the past hour. At the low end of the scale, a no-workload situation ("nothing
to do; no system demands") receives a score of 1; at the upper end of the
scale, an unmanageable workload ("unmanageable; potentially dangerous; unac-
ceptable") is scored as 7. Responses to workload statements 5, 6, and 7
reflecl varying degrees of high workload.

NAME AND GRADE TIME/DATE

INSITRUCTIONS: Make one and only one ¢ v ) for each of the ten items. Think
carefully about how you feel RIGHT NOW.

STATEML NT BETTER THAN SAME AS WORSE THAN

P e ———— e ——

V. VERY LIVELY J

2. EXTREMELY TIRED

- ———— e e e e o

3. QUITE FRESH

b — - —— PSP UP USRS R S ——

4. SLIGHTLY POOPED

b — e [ SRR S S

S. EXTREMELY PEPPY
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1"l

n

=)
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6. SOMEWHAT FRESH ¥z

7. PETERED OUT g

pooo e e i

8. VERY REFRESHED u

- — - - - - - Cemme i m e e e g

Ll FAIRLY WELL POOPED 0

. e e >

w

10. READY TO DROP K
SAM ‘°:" 136 SUBJECTIVE FATIGUE CHECKCARD

SE 78

Figure 2. On each mission leg each crewnan completed a Subjective Fatigue
Checkcard (SAM Form 136) during preflight, at approximately 4-hour
intervals while airborne, and within 1 hour after landing.

The Subjective Fatigue Checkcard (8) has been used successfully to eval-
uate crew fatigue in a wide variety of USAF operational environments. In par-
ticular, a large MAC data base has been developed for this checkcard during
previous studies such as Operation Cold Shoulder (4, 6) and operational tests
of inflight crew rest (7, 9). Crew responses to this checkcard have been Sys-
tematically related to sleep loss, extended duty periods, circadian rhythms,
environmental stresses, and rest and recovery. The Subjective Fatigue Check-
card results in a score ranging from 0-20 {arbitrary units) with lesser scores
indicating self ratings of greater fatique. In general, scores of 12 and

i
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above indicate feelings of alertness, scores of 11 down to 8 suggest roderate
fatigue, and scores of 7 and lower indicate severe fatigue. It should be
noted that this scoring procedure is the opposite of that for the Crew Status
Checkcard, where lower scores indicate less fatigue. Administration of the
Subjective Fatigue Checkcard during the VOLANT GALAXY test and control mis-
sions not only provided a means of validating the fatigue scores reported on
the newer Crew Status Checkcard, but contributed contemporary information and
continuity to the MAC data base.

In addition to the checkcard data collected by USAFSAM personnel, an
effort was made to document the time devoted by each pilot to selected cockpit
activities. A portable, cassette tape recorder was modified and interfaced
with a multiple-input switch unit. Each input was assigned a cockpit activity
and the USAFSAM observers activated the appropriate switches as the selected
activities occurred. An internal clock permitted the timing of each switch
activation.
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The composition of the 4-man crews flying the 4 VOLANT GALAXY test mis- 3
sions was well defined in terms of USAFSAM data collection. However, because
of necessary operational and training considerations, the composition of the
aircrews flying the 3 control missions was not always well defined, especially
in terms of USAFSAM data collection. The aircrew composition on each of the 3
control missions was greater than a standard 5-man basic cockpit crew. Mis-
sion #5 involved 3 qualified pilots, 3 qualified navigators, and 4 (2 quali-
fied, 2 unqualified) flight engineers. USAFSAM data were collected from all
the pilots and navigators and the 2 unqualified flight engineers, since 1 of
the 2 of them was on-station most of the time. The mission #6 aircrew consis-
ted of the basic crew complement of 2 pilots and 1 navigator, but included 3
qualified flight engineers. Mission #7 was flown by a highly experienced crew
composed primarily of USAF Reservists: 3 qualified pilots, 2 qualified navi-
gators, and 3 qualified flight engineers. However, at USAFSAM request, 1
pilot and 1 navigator limited their active participation in this mission. The ‘
flying experience of the pilots actively involved in each mission is presented )

in Table 1.
RESULTS .
Subjective Fatigue E

pilots and flight engineers during each of the 7 missions were typical of
those previously observed during other USAFSAM and MAC studies of long-range
transport operations (4, 6, 7, 9). These data are presented graphically in
the upper panels of Figures B-1 to B-14, in Appendix B. For each leg of each
rmission, the crewnen reported well rested for preflight, feeling fresh and
alert. On the average, feelings of fatigue gradually increased as each leg
progressed, attaining moderate but not severe levels at the termination of
legs occurring during the latter half of a mission. The findings for the Crew
Status Checkcard scores (SAM Form 219; also presented in Figures B-1 to B-14,
Appendix B) were very similar to those of the Subjective Fatigue Checkcard.

The mean Subjective Fatigue Checkcard (SAM Form 136) scores for the i
1
1
)




Test missions

Micsion |

Mission /

Mission 3

Mission 4

TABLE 1.

Control missions

Mission 5

Mission 6

Mission 7

USAFSAM VOLANT GALAKY :
COMMANDERS (A/C) AND COPILOTS (CP)
ORSERVED MISSTONS

N

P

R/
cp

A/C

cp

A/cb

cp

a/ch

cp
cP

A/C

cpd

A/C
cp

aThe A/C on mission

brhe A/C on mission

FLYING TIMC FOR

Total flying time

ATRCRAFT
N USAFSAM

C-5A flying time

(hr) (hr)
2718 744
259¢ 191
9250 1550
2200 277
2900 700
3050 145
2523 802
2149 345
2523 802
2400 560
2600 340
3400 450
2718 744
5950 2400
4480 3280

#1 was 4also the CP on wission #6,

4 was also the A/C on mission #5.




“or the 36 crewnen studied over the 7 missions, the average within-subject
Pearson product moment correlation coefficient (r) between the 2 fatigue
metrics was -0.89 (Table 2).

TABLE 2. USAFSAM VOLANT GALAXY: MEAN WITHIN-SUBJECT r-VALUES FOR
SUBJECTIVE FATIGUE RESPONSES TO THE CREW STATUS CHECKCARD
AND THE SUBJECTIVE FATIGUE CHECKCARD

r-value

Four test missions -0.902
(15/16)8

Three control missions -0.879
(18/20)

Seven missions combined -0.889
, (33/36)

dRatio of crewmen having significant (p <01) correlations
between their responses to the two checkcards.

During the test missions, the 8 pilots responded to the Subjective
Fatigue Checkcard a total of 102 times. Scores of 7 or lower, indicating
severe fatigue, were reported on 6 occasions (5.9%). The 8 flight engineers
also reported scores of 7 or less in 3 out of 102 instances (2.9%). All 9 of
these scores occurred at the end of a mission leg, after landing. During the
E control missions, the 7 pilots reported a Subjective Fatigue Checkcard score

of 7 or less a total of 6 out of 105 times (5.7%); the 8 flight engineers, 11
out of 102 {10.8%); the 5 navigators, 7 out of 65 (10.8%). Of these 24 scores
indicating severe fatigue, 20 (83%) occurred at the completion of a leg after
landing.

The highest fatigue response to the Crew Status Checkcard was 6; scores
of 7 were never reported during any of the 7 missions. O0f 230 responses by
the test mission pilots, a score of 6 occurred 7 (3%) times. Of 217 responses
by the test mission flight engineers, 3 (1.4%) were scores of 6. The control
mission pilots reported a Crew Status Checkcard fatigue score of 6 in 10 out
of 223 instances (4.5%); the flight engineers in 8 out of 238 (3.4%); the nav-
igators in 7 out of 138 (5.1%). As with the data for the Subjective Fatigue
Checkcard, most of these Crew Status Checkcard scores indicating notable
fatigue were reported at the end of a leg, either during the final few hours
airborne or just after landing: 9 of 10 for the test missions; 20 of 25 for
the control missions.

Although the control missions differed from the test missions in number,

crew composition, and itinerary, statistical comparisons of each of the check-
card responses were tenable after calculating overall mean scores for each

9




ciceinn tor 2 osgbaets of date: oftter topocftofeor-Travis AFP; after landinn-

Mo Trey s AL and the gvevaae of ccores foilowing other-significant-imission-
cvernts iathey totocfoo o oarhee Lapeenan o and aerial refuaelings), For the
Dandine- o Tpay i S0 e et v was necessary 1o subetitute the landing
W taae P ver e el che bondine at MeChord AYE for mission #6, as

vatid data were rot collecrad atoor Uheee landings on these missions.  The
neans of the pitots’ ~onres wlane [(Teble 3} and the pilots' and flight engi-
neers' scores coboec Clebhlbe 30 were stotistivally analyzed for each subset.
dne-tated L-rests were L T Cuinhere 1owissions versos control missions,
s it owas essuned tho it vhore was oy difference between S-man and 4d-nan
Crevus, taving e oravcgear wouls vesu i oveeter fatigue. However, none of
The t-Lesty d

tected oy atistdcal by cignificant (1<UBS) differences in the
resoences Lo eithes oo the talinue survovs during tesi missions versus control
Frge tane

WO e o gt temntag
Sirots--Tlo s weet o seren e nresented for each ission in the lower
anels Of Fiaores =l e Topd, Loendix B. For hoth ‘est and control mis-
SIiANG,  aaxinur word inad et oo reparted by the pilets seldom exceeded a
score 0F 5 o{"prested, very bany b able o obveep o up'). Of 229 workioad re-
spenses  reported hy e o Py the b test niseions, 16 (79) were

scores T 5 oand 2 (el v sooves o S0 6 or 7. O 226 workload respons-
o5 resorted by othe U oot coine the s comeol missions, 24 {10.6%) were 5

and 25 1l.55) were Soor o0 T e v bnad seeres of 7 oreported dur-
ing the control viissians. v o0 0 e o b0y pmre were usually reported
in association with [ abecite e Do viraar o 17 of the 21 instances during
est o miissionsg din 10 o o ot e cond el missions. During pre-
flight -reparations, if o s ool oo esceeded a scare of 4 on oonly 2
GCCAsinnsy @ h owen ot o o ans e s rrefhiaghl and a3 was reported
during a mission #/ :rotioonc, Cactia orafse conditions, “manageable”  and

"eany-to-keep~up o woreloa s were v ocal iy reported by both the test and con-
trol ilots.

An Indicator of nteno ookt oty ily was Lhe occurrence of both on-
duty pitobts simuis v T 0 vy wer beea seores of 5 oar more. Light such
TNSLAnCes LoeLrred o e T in 4 rases both nilets reported
scores of 5y 0 7 oan e oo brrst o e red in 3 casesy and scores of 6 and 7
were palred once (7.0 00 o0 oge of the gqimultancous piltot reports of high
warklnad occurred <orine e oo assions, and another 4 gccurred during the
control missinns, Pechoot tie 0 nstances  of  both pilots simultancously

rep ing high workloet ccooread i association with @ takeoff or a landing.
Inf1gght energencies v oo Ledling gear retraction proolems nccurred in
conjgncion with 2 of these abeotfs (missiong 72 and #6).  Tanker rendezvous
sceurred dnmediately tber anather oof these takeoffs (missions #1 and #4).

N
I8

taral of Howorvloes ccoren ot boor 7 owere reported by pilots during the
4 test adcniong. Umeoscore b Gowas reporte ' ony the miiasion #1 corilot during

Canver rcendezyvous and aorict redieling dmmediately atter tareoft from Travis
AT, Shimltancously, the arroraft cormander reported a workload score of 5,
Thie gl oinclLance oy 0D dissions ol a f-work load score occurring while on




TABLE 3. USAFSAM VOLANT GALAXY:

Takeoff-Travis
Other-Events
Land-Travis

Takeoff-Travis
Other-Events
Land-Travis

Takeoff-Travis
Other-Events
Land-Travis

Subjective Fatigued (SAM Form 136)

Test
N X SD
2 12.00 2.830
4 9.95 0.504
3 10.00 3.500

Subjective FatigueD (SAM Form

Test
N X So
4 3.75 0.957
4 3.93 0.294
4 4,25 1.555

Workload Estimate® (SAM Form

SUMMARY OF PILOTS' CHECKCARD SCORES
(TEST VS. CONTROL MISSIONS)

Test
N X SD
4 4.75 0.646
4 4,15 0.480
4 3.75 0.646

Control
N X SO
2 13,20 1.650
3 10.48 3.940
1 9.50 —
219)

Contral
N X SD
3 3.72 0.948
3 3,96 0.493
3 5.17 0.289
219)

Control
N X SD
3 3.78 0.631
3 3.79 0.473
3 3.72 0.948

aScale range of 0-20; Tower scores indicate greater fatigue.

bscale range of 1-7; higher scores indicate greater fatigue.

CScale range of 1-7; higher scores indicate greater workload.
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Takeofi-iravis 2z SN tL5%0 Z 14.00 1.410
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Land-Tray -« [ 3.270 1 7.20 S

s Control
X N X SD
Tavenft oy s } _ (.57 . 0.666

0.399
0.700

=

K

.

£
<
RS
[SSRR S
oo
.
O =~
Do~

Control

Taveoit-Travisd ; N.239 3 3.37 0.322
Othor-tyo tgd ; o 5.129 3 3.06 0.272
Land-Trovis, : RS 0,657 ] 3.42 0.684

CSealn range of oo tages scores oadicate greater fatigue.

bocale range of - 5 reane: scores indicate greater fatigue.

Cicale rance of o+ wi e ceoren ondicate greater workload.
Amean workload o - onn ot Ty greater for the test
missione than for *he oot o cene Co by one-tatled t-test).




the ground was reported by the mission #2 copilot during preparations for
departing RAF Mildenhall. Subsequent to the mission #2 takeoff from RAF
Mildenhall, a landing gear retraction malfunction occurred. The copilot
reported scores of 7 and 6 during the 2 hours encompassing the takeoff and
resolution of the gear problem. The aircraft commander simultaneously report-
ed workload scores of 6 and 4, respectively. The copilot failed to make a re-
quired air-traffic-control radio check during this emergency.

The only 2 pilot workload scores of 6 recorded during the control mis-
sions were both reported by the mission #6 aircraft commander. One 6 was
associated with a landing gear retraction problem which required returning to
base immediately after takeoff., Simultaneously with the aircraft commander's
response of a 6, the copilot and navigator each reported scores of 5. The
other workload score of 6 was reported in association with another landing.

Flight engineers--Across all 7 missions, workload scores of 5 were the
highest reported by the flight engineers. O0f 217 workload responses by the 8
flight engineers on the 4 test missions, workload scores of 5 were reported
only twice (0.9%): once during a landing on mission #1 and once during a take-
off on mission #3. UMcrkload scores of 5 were reported & out of 247 times
(3.2%) by the 8 flight engineers who flew the 3 control missions: 3 times
each during missions #5 and #7, and twice during mission #6. Five of these 8
scores were reported in association with takeoffs and landings and 2 occurred
during preflight preparations. The only instance of simultaneous flight
engineer reports of high workload occurred during the mission #7 aerial
refueling, when 2 of 3 engineers reportec scores of 5 while the pilots
reported a 3 and a 4. As summarized in Table 5, flight engineer worklcad
scores of 5 were never reported in association with any of the simultaneous
pilot reports of high-to-unmanageable workloads.

Navigators--The 5 navigators who actively participated in the 3 control
missions reported a total of 142 workload scores, of which only 3 (2.1%) were
greater than a score of 4. Two workload scores of 5 were reported by the on-
duty navigator on mission #5 while in European airspace and on approach to
Rhein Main AB. Another workload score of 5 was reported by the mission #6
navigator during the gear retraction problem following takeoff from Yokota AB
(see Table 5).

Statistical analysis--The workload scores from the pilots and the flight
engineers were subjected to the same data reduction procedures and t-test
analyses as were the subjective fatigue scores {(Tables 3 and 4). For the
pilot and flight engineer scores combined, significantly higher (p<.05) work-
lToad scores were r:ported by the test mission crews than by the control mis-
sion crews for 2 f the 3 subsets of data: takeoff-from-Travis AFB, and
other-,igniticent wission-events. Although statistically different, the prac-
tical significance of these findings may be questionable, as the absolute mean
values of both the test- and control-mission scores indicated manageable work-
loads. However, for each of these subsets of data, the statistical difference
between the mean test- and control-mission scores does reflect a slightly
greater frequency of moderate and high workload reports during the test mis-
sions,
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evaluated because of equipment malfunction. The percent of time devoted by
the aircraft commander and the copilot to manual flight control, autopilot
control, INS operation, and the time only 1 pilot was seated in the cockpit is
presented in Table 6. The small sample size of 3 missions and the complicat-
ing factor of an extra pilot on mission #5 restrict interpretation of these
data. The single-pilot category is potentially very enlightening in relation
to the pilots' ability to acquire inflight rest on 4-man versus 5-man crews.
lthile comparison of this category for missions #4 and #7 suggests a difference
in favor of 5-man crews, much more data would be required for either statisti-
cal or operational significance to occur.

TABLE 6. USAFSAM VOLANT GALAXY: PERCENT OF AIRBORNE TIME
DEVOTED BY PILOTS TO SELECTED COCKPIT ACTIVITIES
(A/C: AIRCRAFT COMMANDER; CP: COPILOT)

Mission
Activity Test #4 Control #54 Control #7
A/C Manual Control 12 9 13
CP Manual Contral 1 2 2
A/C Auto Pilot 76 51 64
CP Auto Pilot 11 38 21
A/C INS Operation 4 4 S
CP INS Operation 5 7 4
Single Pilot On-duty 23 18 35

dMission #5 results confounded by presence of 3 active pilots,

DISCUSSION

The subjective fatigue and workload data collected and evaluated by
USAFSAM do not provide a definitive conclusion as to the feasibility of 4-
man cockpit crews safely performing airlift missions on triple-INS-equipped
C-5A aircraft. That the triple INS reduces the need for traditional onboard
navigational skills is undeniable, but the navigator contributes to mission
success and mission safety in other ways. His training provides unique skills
during radar interpretation and flight planning; and he contributes to the
skilled manpower available for other duties such as scanning, spotting,
system-problem resolution, radio communication, and coping with emergencies.
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but would also add several minutes to the duly day. To save this Uine, ¢f the
16-hour crew duty day was very close to expiration, the onboerd naviqgator/
safety observer interceded and, using the navigator-station radar, dirccted
the aircraft through the cells without incident. Moderate-to-severe thunder-
storins were also present in the Yokota AB area during’a daytime departire of
one of the control missions (#7). Based on his radar interpretation, the ni.-
igator's recommendation of a best course was solicited and followed by *he
highly experienced aircraft comiander. These observations do not indicite
that pilots cannot interpret and use the radar; they do indicate the" “*he
pilots recognize the superior training and skills of the navigator and “i¢
superior guality of the radar at the navigator's station compared to ‘hae: o
the pilots' stations. A large part of the navigation and radar skills ¢f et
C-5A aircraft commnanders have been acquired over time while flying with nav:-
gators. Given 4-man cockpit crews, less experienced and future C-5A j117t¢
will not receive this on-the-job training. Installation of better urc
simpler-to-use radars at the C-5A pilots' stations would enhance the feas'bil-
ity of the 4-man cockpit crew. Regardless, implementation of ‘he A-mar con-
cept would require Tiproved radar training of pilots.

An evaluation similar to VOLANT GALAXY has been conducted previousiv hy
the Aeronautical Systens Division to assess the feasibility of eliminating the
navigator on dual-INS-equipped KC-135 aircraft (3). Tidu test crews consister
of an aircraft commander, copilot, and boom operator. The copilot assumnd tne
navigator duties. fQuestionnaires and inflight observation of the crewnie~ were
used to assess crew workload during several types of aerial refueling riv--
sions. Findings and recosmendations were similar to those for VOLANT UALA/Y,
During critical phases of the missions, excessively high worklcads cccurred
which, in sonie cases, constituted safety hazards. The severe tas< loading
resulted in the deletion or postponement of many normal duties, noually o -
riunication and radar tasks. On some occasions, test mission infegrity 4
maintained only through active assistance from the navigator/safety ohser.or,
Recommendations included redesign of cockpit confiquration, installa* on o
inproved radar, and incredsed training in radar operation and intorpre - ioe.
In a subsequent study (2), an additional boom aperator, designa‘nd o tliigr:
Systems Jperator (FSC), was assigned as a fourth man to the Vi-13% 1.
crews. The FSO was trained in the fundamentals of navigation, rader sc o
interpretation, INS operation, and rendezvous procedures. His primary f.010x
were to operate and interpret the radar scope and to relieve the cojiter ¢
navigation duties during periods of peak workload. With this crew comyle «nt
overload situations did not occur and refueling operalions were feasible il
safe.

[t should be borne in wind that the VOLANT GALAXY O7&L was wonduc oq
under peacetime conditions. Currently, the missions selected for the te<! 1.
usually flown by agugmented crews. During the test missions, they were flogn
by basic crews (without a navigator) only for the purposes of the DT&F. These
missions were selected for the OT&E becduse they involve lony legs and aerial
refuetings. Barring delays, these legs can be completed within the basic 1h-
hour crew duty day. However, due to the currenl low C-5A flying requirenen:
the manpower exists to augnent these missions., The auumentatior he':er
assures timely, safe, and legal mission completion even if sorme delays oce oy
as the augmented crew duty day 1s 24 hours. Training and check-ride roguire-
aenls also contribute to increasing crew size.
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TABLE A-1. USAFSAM VOLANT GALAXY MISSICON #1
Westbound Test Mission/10-13 May 1979

Scheduled Itinerary

Airborne Ground
Station (hr+min) Arrive (hr+min) Depart
Travis 10/23CC7+AR
Yokota 11 + 30 11/1030 16 + 15 12/0245
Osan 2 + 15 12/0500 4 + 15 12/0915
Yokota 1+ 40 12/1055 18 + 15 14/0510
Travis 9 + 20 1371430
Mission Log
Airborne Ground
Station (hr+min) Arrive {(hr+min) Depart
Travis 10/2315AR
Yokota 12 + 55 11/1210 17 + 25 12/0535
Osan 2 + 05 12/0740 4 + 20 1271200
Yokota 1+ 30 12/1330 18 + 00 1370730
Travis 9+ 20 13/16 90

*A1l times GMT
AR: Aerial refueling scheduled and successfully completed.
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TABLE A-3. USAFSAM VOLANT GALAXY MISSION #3
Westbound Test Mission/17-20 May 1979

Scheduled Itinerary

Airborne Ground
Station ihr4inin) Arrive (hr+min) Depart
Travis 17/23007*AK
Yokota 11 + 30 18/1030 16 + 15 19/0245
Osan 2 + 15 19/0500 4 + 15 19/0915
Yokota 1 + 40 19/1055 18 + 15 20/0510
Travis 9+ 2 20/1430
Mission Log
Airborne Ground
Station (hr+min) Arrive (hr+min) Depart
Travis 17/2315
Hickam 5+ 45 18/0500 17 + 30 18/2230
Yokota 8 + 15 19/0645 20 + 15 20/0300
Osan 2 + 10 20/0510 3+ 40 20/0850
Yokota 1+ 40 20/1030 3 + 057 20/1335
Travis 9 + 00 20/2235

*A11l times GMT
AR: Aerial refueling scheduled, but not successfully completed.
Resulted in diversion to Hickam AFB HI.

P: Quick-stop at Yokota AB required augmented crew to legally support
extended duty day. A rested pilot joined the crew at Yokota AB
and flew most of the return leg to Travis AFB CA. Therefore, data
from this leg excluded from USAFSAM analyses.
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TABLE A-4.  USAPCAM VOUANT GALAZY MISUICON «4
tasthound Test Mission/21-26 May 1979

Scheduled ltinerary

Airbcrne Ground
Station {hrtmin) frrive threming Depart
Travis 14/22307*
Tinker 3400 15/0120 73+ 30 16/0100
Mildenhall 9 + 25 16/1025 26 + (0 17/1025
Dover 8 + 30 17/1855 17 + 15 18/1210
Travis 6 + 00 18,1810
Mission Log
Airborne fround
Station hr#min) Arvive thremin) Depart
Travis 21/2155
Tinker 3+ 00 22/0055 14+ oM 23/ 2055
Mildenhall 8 + 30 24 /0525 1+ A 25/0545
Dover 8 + 25 75/1410 17 + 15 26/0725
Travis 5+ 2 2671245

*A11 times GMT

M: Maintenance proolem returned crew tc crew rest.




*A11 times GMT
M:

Station

Travis
Dover
Rhein Main
Mildenhall
Travis

Station

Travis
Dover
Rhein Main
Mildenhall
Travis

TABLE A-5. USAFSAM VOLANT GALAXY MISSION =5
Eastbound Control Mission/10-14 July 19743

Scheduled Itinerary

Airborne Ground
(hr+min) Arrive {hr+min) Lepart
Wizl
6 + 00 11/0500 23 + Q0 12/0400
7 + 45 12/1145 5+ 15 12010
1+ 10 12/1810 16 + 20 1371030
10 + 2 1372050

Mission Log

Airborne Ground
(hr+min) Arrive (hr+min) Depart
1e/2¢55
4 + 55 11/0350 41 + M 1272140
8 + 00 13/0540 5+ &) 1371130
1+ 00 13/1230 16 + 35 1470505
11 + 25 14/1630

Maintenance problem returned crew to crew rest.
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TABLE A-5.

Airborne
Station (hr+niin)
Travis
Elmendorf 4 + 20
Yokota 7+ 25
Osan 2+ 00
Yokota 1 + 40
Travis 9 + 55
Airborne
Station (hr+min)
Travis
Elmendorf 4 + 30
Yokota 7+ 25
Osan 2 + 00
Yokota 1 + 40
Yokota 0+ 35
McChord 9+ 25
Travis 1+ 25

*AT1 times GMT
Landing gear retraction malfunction required return-to-base; crew

G:

returned to crew rest.

USAFSAM VOLANT GALAXY MISSTON #0

Wiestbound Control Mission/12-13 July 145/9

Scheduled [tincrary

Arrigg

13/0035
1470525
15/0545
15/1140
16/1550

Mission Log

Arrive

13/0325
1470800
15/0200
1570900
16711056
17/1445
1771820

Ground

(hr+min)

21 + 25
22 + 20
4 + 15
15 + 15

Ground

(hr+min)

21
16
5
25
13
2

10
30
20
30
15
10

+~ + + + + +

Depart

12/20152*
1372200
1570345
15/1000
16/0555

Depart

12/2255
14/0035
14/2400
15/0720
16/1030
17/0520
17/1655




Station

Travis
Yokota
Cubi
Clark
Yokota
Travis

Station

Travis
Travis
Yokota
Clark
Cubi
Kadena
Yokota
Travis

*A1l times GMT

TABLL

A-7.

Airborne

OO

+ 30
+ 25
+ 30
+ 00
+ 50

Airborne

(hr+min)

orNnNCcCw—oO

+ 4+t o+ + + +
N
o

25

USAFSAM VOLANT GALAXY MISSION #7

Westbound Control Mission/20-24 July 1979

Scheduled Itinerary

Arrive

20/1030
2170810
21/1255
22/1230
23/1615

Mission Lo

Arrive

20/0050
20/1315
21/1150
23/0330
23/0315
24/0420
24/1940

g

[

Ground

(hr+min)

17

4
19
17

+ + 4+ +
(o8]
w

Ground

(hr+min)

0+ 30
18 + 45
39 + 15M

2+ 20
18 05
35

+
+

Depart

19/23002*
2170345
2171225
22/0830
23/0625

Depart

2070025
20/0120AR
2170800
2370305
2370550
2470220
2470855

[: Airspeed indicator malfunction required return-to-base for replace-

ment.
AR: Aerial refueling scheduled and successfully completed.

M: Maintenance problem returned crew to crew rest.
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APPENDIX B

MEAN SUBJECTIVE FATIGUE
AND WORKLOAD RESPONSES
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