
r -

1 tT AD—AO5S 016 ARMY AEROMEDICAI. RESEARCH LAB FORT RUCKER ALA FIG 1/2
fr AN EVALUATION OF PERCEPTUAL—MOTOR WORKLOAD DURING A HELICOPTER —— ETC(U)

MAY 78 N 6 SANDERS. R T BURDEN. R R SIMMONS
II4CLASSIFIED USAARL Y8 IQ NI.

I 

A



~ I~ T TT:~~::~~~~I~~~~~~~~~
’
~~iT

~~~~~~~~~~~~~~~ TA T~ S 4 USAARL REPORT NO. 78.14—7:~~~ ~~~~
AN EVALUATION OF PERCEPTUAL-M OTORt ~ ~ W ORKLOAD DURING A HELICOPTER

HOVER MANEUVER

By

Micha el G. Sanders
Raymon d T. B urden , Jr.

R. R. Si rnrn:ns D D C
K. A. Ki mba ll

AUG 28 1978 ~fflU s ~ u~uu~~2)
E

AVIATION PSYCHOLOGY DIVISION

May 1978

U.S. ARM Y AERO M EDICAL RESEARCH LABORATORY
FORT RUCKER , ALABAMA 36362

DISTRIBUTION STATt!.WNT A

C) APJAO?.d fo~ public r.I.ai ;
D~atrIbu~on Unlimited

t £



NOT ICE

Qualified requesters may obtain copies from the Defense Documentation
Center (DDC), Cameron Stati on , Alexandria , Virginia. Orders will be
expedited if placed through the librarian or other person designated to
request documents from DDC (formerly ASTIA).

Change of Addres~
Organizations receiving reports from the U. S. Army Aeromedical Research
Laboratory on automatic mail ing lists should confirm correct address
when correspondi ng about laboratory reports.

I sposi ti

Destroy this report when it is no longer needed. Do not return it to
the originator.

Distribut ion Statement

This document has been approved for public release and sale; Its distribution
is unlimited.

Di scla imer

The findings in this report are not to be construed as an Official
Department of the Army position unless so designated by other authori zed
documents .

_M~~~pf w ~
— *nI $sdIsi
OX kff $.ct~s 0
UAHOLINcO
awIcuI~ ~~~~~~~~ -.  

. 

~~ Nr,os/m,u.nJTy OXE~
II’- A1ái~~~~~i~E’

~~~~~j I



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Bp,, D.. E~t•r•d)

fl~~~~#~~~ U’ I’.F~I°I ~ ea~~ i~~ii øA i e READ INSTRUC11ONSI%C rVi~ I IJU ...URCN I A I ~~~~ ~~
f’%

~~
. BEFORE COMPLETU1G FORM

/ ~ 
1. REPORT NUMBER - . ~~ 2. GOVT ACCESSION NO 3. RECIP IENT S CATALOG NUMBER

USAARL L. “~~78-14J ,~ _____________________

4. TITLE (*id Sob(tIl.~ ,~~ ~~~fY PE OF REPOR7 4 PERIOD COVERED

}N EVALUATION OF PERCEPTUAL-MOTOR W~ORKL OAD (
~ 
j  F i n a l  Rep~~t /

DURING A H~.EL ICOPTER HOVER ~~NEUV ER . - — —
~~ ~~ ~~. PERFOR~~~ 9.QBfl ~~~~~ 9PNUMBER

L.. ~~~~~
__,_ .— —~ S. CONTRACT OR GRANT NUMBER(s)

~I4~ G. tSanders , R~ 1./Burden, Jr., R. R.(S.imons ,
M. A./ ees ~ K. A. ‘Kimball

ORGANIZATION NAME AND ADDRESS b PROGR
~

M*4
k

EMENT . PROJECT . TASK

US Army Aeromedical Research Laboratory ~/ 6_..U..OLA1I3A761141A91c/
Fort Rucker, Alabama 36362 29~- - I —

II . CONTROLLING OFFICE NAME AND ADDRESS /
US Army Medical R&D Command / May ~~78 /
Fort Detrick ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~
Frederick, MD 21701 21

~4. MONITORING AGENCY NAME a AOORESS(iI ,ijII., wf f,o,,. Co,,frollh,á Off Ice) IS. SECURITY CLASS. (of fbi. ,. a.i~ ~.._.
Unclassif ied /~ 

L 1 /
15. DECL *551 FIC ATION /DOWR~~RAOI~IG —.

SCHEDULE

IS. DISTRIBUTION STATEMENT (of fbi. Report)

This document has been approved for public release and sale; its distribution
is unlimited.

17. DISTRIBUT ION STATE M ENT (of he •bafteet lll•r~d in Block 20, if diff.,.n t fro,, R.po~i)

IS. SUPPLEMENTARY NOTES Portions of the. dat.a contained in this technical report
~iere pr2ser.ted at the Aerospace Medi~9~1

’ Panel Specialists Meeting at Fort
Rucker , AL , 1-5 May 1978 and at t~j,~”A~rospace Medical Association 49th Annua l
Scientific Meeting , 8-il May l9~~, at New Orleans , LA.

/

19. KEY WORDS (Cont ,n~ . on recsre • old. iI n.c;0o.,l, end Idonfily by block nc,mb..)

Aviation Multivariate Analysis
Rotary Wing (Helicopter) MEDEVAC Hover
Stability Auqriientation System (SAS)
Aviator Performance
Workloa d

IS..~ ABSTRACT (Con(Inos on ,.o.r.C .id. If nec.... ,) d fdenhIty b~ bfocl, non,b.r)

Stability augmentation systems are purported to reduce pilot workload
during hover , nap-of-the-earth , and [FR maneuvers. The current research
project examines a method of ai ci ng the MEDEVAC pilot in performing a hover
maneuver while perhaps reducing workload. A modular , four-axes stab ility
augmentation system (Ministab) with integrated rate attitude and heading
retention was installed on the USAARL JUH -I H helicopter . Participating per-
sonnel for the project were nine L’S A rmy aviators with a tota l average of 1172
fl ight hours. The aviators hovered at 30 feet above ground level for five

DO I jAI* 73 ~473 EOrTION OF I MOV SS I$ ORSOLETE EJNCLASS IFJEI )
SECURITY CLASSIFICATION OF THIS PAGE (WIlon Del. Enf.,.d) 

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



_ _ _ _

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(WR~~ Del. &ui .d)

20. ABSTRACT (Cont)

~minutes under each of the three following flight control conditions : (1) Un-
aided—n!’normai” hover with visual flight rules conditions , (2~ jis1ng Force
Tr im, and (3~ using the Ministab. Continuous information from twenty pilot
and aircraft monitoring points was recorded on an incremental digital recorder
for all flights . Multivariate analyses were performed on both aircraft Status
variables and control input workload/activity measures . Under the cond it ions
tested, the stability augmentation system evaluated did not provide a clear-
cut improvement in flight performance and workload across all fli ght parameters.

UNCLASSIFIED
SECURITY CLAS SIFICATION OF THIS PAGE ( ’191,n Del. Entered)

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



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

.

SUMMARY

Stability augmentation systems are purported to reduce pilot work-
load during hover , nap-of-the-earth , and IFR maneuvers . The current
research project examines a method of aiding the MEDEVAC pilot in
performing a hover maneuver while perhaps reducing workload. A modular ,
four—axes stability augmentation system (Ministab) wi th integrated rate
attitude and heading retention was installed on the USAARL JUH-1H hell-
copter. Participating personnel for the project were nine US Army
aviators with a total average of 1172 flight hours . The aviators hovered
at 30 feet above ground level for five minutes under each of the three
following flight control conditions: (1) Unaided-- ”norma l~ hover withvisual flight rules conditions , (2) using Force Trim , and (3) using the
Ministab. Continuous i nformation from twenty pilot and aircraft moni-
toring points was recorded on an incremental digital recorder for all
flights . Multi variate analyses were performed on both aircraft status
variables and control input workload /activity measures . Under the
conditions tested, the stability augmentation system evaluated did not
provide a clear-cut improvement in flight performance and workload
across all flight parameters.
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. 1
INTRODUCT I ON

Successful comp l etion of the Army medical missio n often requires
that the MEDEVAC helicopter pilot be capable of performing precise
stabilized hovers during the extraction of injured personnel . The
precision hover, required for hoist extractions , is one of the most
difficult and taxing flight maneuvers . The potential severi ty of this
mission -essential maneuver , when high altitudes , adverse weather and
immediate threat factors are considered , requires efficient execution.
Thus , the ‘1 out~of~ground effect1’ hover maneuver contains two prima ryelements of concern--a need for a high degree of precision and a con-
comitant potential for excessive workload . These two areas also reflect
the input and output of a multidimensional tracking task which is another
way of describing the precision hover. A schematic of the control l oop
involved might be described as fol l ows:

Psychomotor Activity Aircraft Status Parameters

Con trol Inp uts  Aircraf t  response to control
Cyclic left-ri ght , in puts as well as aircraft
fore-aft, collective response to environmenta l
and pedals factors such as winds

The aircraft status changes ,
as depicted by the fl ig ht 

__________instruments and outside vi-
sua l references , serve as
stimuli for precise psycho-
motor control

1
In a study by Anderson and Toivane n (1970),1 pilot workload was

evaluated relati ve to varying levels of autopilot assistance during an
IFR formation flight using a UH- l flight simulator . This eva luation
“revea l ed that the increased autopilot capability enabled the pilot to
perform considerably better under the highest workload condition tested .”
As well , “pilot control inputs and aircraft responses required for
position control were significa ntly l ower when the outer loop [heading,
altitude , and heading and altitude] hold modes of the autopilot were
engaged. ” 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A four axes stability augmentation and altitude retention system
(Ministab) was installed on the USAARL JUH-lH test vehicle for a com-
parative evaluation with other standard flight control conditions
(Kaiser, 1976). The intent of the system was to augment the pilot’ s
performance in pitch , rol l , heading and alti tude hold. The fourth axi s
(altitude hold) was not operated during the current evaluati on. The
objective of the current study was to evaluate aviator workload and
aircraft status maintenance capability when using the stability aug-
mentation and attitude retention system as compared to more typical
flight control conditions.

2 2



METHOD

Subjects

Participating personnel for the project were nine US Army aviators
wi th an average age of 27.7. Their rank varied from Chief Warrant
Officer to Captain and their average total flight hours were 1172.2.
The UH—l helicopter was reported to be the aircraft in which they had
logged the most flight time. The subjects were all currently in assign-
ments which required flying and had been on flight status for an average
of 3.8 years.

Apparatus

The Ministab was made available for testing by the US Army Air
Mobility Laboratory at Fort Edstis , Virginia. The Ministab is a “modular
stability augmentation system wi th integrated rate attitude and heading
retention that can be applied to any helicopter having boosted flight
controls.” A computer with an integral rate gyro which senses motions
of less than 1/100 of a degree/second is dedicated to each axis.

The test vehicle was a JUH-1H helicopter instrumented to measure and
record pilot control inputs and aircraft position , rates and accelera-
tion. This Helicopter In-Flight Monitoring System (HIMS ) measures
aircraft position in six degrees of freedom while simu l taneously re-
cording cyclic , collective and pedal inputs and aircraft status values .
These data were recorded in real time on an incremental digital recorder.
Continuous information from twenty pilot and aircraft monitoring points
was recorded for all flights. Tabl e 1 provides a list of these parame-
ters along wi th a partial listing of measures that can be derived from
the directly recorded information.

Pilot inputs to controls were generally defined in the following
manner. Control i nputs on the cyclic fore-aft, cyclic left-ri ght, and
pedals were required to have the following characteristics: (1) seven
successive samples of data (the data were sampled 20 times per second ;
therefore, .05 seconds per sample) were compared to data sampled .25
seconds later; (2) differences were obtained between these data occur-
ring .25 seconds apart; (3) the average for three consecutive differ-
ences had to exceed .075 inches ; (4) this difference had to be in the
same direction for five consecutive comparisons. The same general
requirements were made of the collective control i nputs wi th the excep-
tion that six consecutive comparisons were required at .09 inch movements
per comparison.

3
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TABLE 1

PARAMETERS MEASURED AND DERIVED

Parameters Measured Derived Measures

Pitch Pitch Rate
Roll Roll Rate
Heading Rate of Turn
Position X Constant Error , Average Absolute Error,

RMS Error
Position Y Ground Speed , Constan t Error Avera ge

A bsolute Error , RMS Error
Acceleration X
Acceleration Y
Acceleration Z
Roll Rate Rol l Accelerat ion
Pitch Rate Pitch Acceleration
Yaw Rate Yaw Accel eration
Radar Altitude Ra te of Climb , Avera ge Absolute Error ,

Constant Error , RMS Error
Barometric Altitude Rate of Climb
Airspeed
Flight Time
Rotor RPM
Throttle
Cyclic Stick (Fore/Aft) Control Position , Absolute Control
Cyclic Stick (Left/Right) Movement Magnitude , Posi tive Control
Collective Movement Magnitude , Negative Control
Pedals Movement Magnitude , Absolute  Average

Con trol Movemen t Ra te , Avera ge Positive
Cri’ntrol Movement Rate , Average Negative
Control Movement Rate , Control Reversals ,
Ins tan taneous Contro l Reversals , Control
Steady State , Con trol Movement

Fl i ght Testin g

A Minista b training program of instruction used for system familiari-
zation is provided in Appendix A. A ll in-flight evaluations took place
at the Highfal ls stagefiel d. A one-minute period was allotted just
prior to the actual testing on each condition for practice on that
condition. The aviators were tested under each of the three flight
control conditions: (1) Unaided-- normal ’ hover during visual flight

4
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rules (VFR) condi tions; (2) using Force Trim; (3) using Ministab.
“Force Trim or Force Gradient enables the pilot to trim the control as
desire d for any condition of flight by means of springs and magnetic
brake release assemblies. The Force Trim can be activated on the cyclic
controls and the pedal controls. These devices are electromechanical
un its used to induce artificial control feeling and returns the cyclic
to the desired initial position ” (Operator ’ s Manual , l 97 1) .~

The aviators hovered at 30 feet above ground level (AGL) in essen-
tially the same location (over the stagefield runway ) for five minutes
under each condition. Table 2 indicates the three flight conditions
evalua ted and controls (Con) required . The order of testing for the
three experimental conditions was counterba 1anced to m i n i m i z e  or der
effect bias. The direction of the wind was determined before the test
of each fl ight condition and based on this information a heading was
chosen that  a l lowe d the a i rcraf t to face in to the w i nd dur i ng the hover .

TABLE 2

FLIGHT CONTROL CG D I T Ot S E V A L U A T E D

~~~~~t Cond itions ~~~~~t Parameters

-_  -____ Pitch Rol l Rev d t h w  A

1. ~.naided- - Nornia1” VER Manu al Con Manua l C c r  Manua l Con M-in u a l Con
Hover Con ditions With Cyclic With Cy c lic 

,
~~~ h Pedal s W~ th Collective

Fore-Aft Later al

2. Force Trim Force gradients on w i t h  Force gradi- ~ n ua l  : rt rc l
manual override for con— en t s cr 4 1 b  wit s coflec-
trol changes wi th the manual over- five .
cyclic, ri de for con-

t rol w it h  the
pedals .

3. Stability Augmentation Monitor V i~ e ma nual !- ‘ - 1n lt n r  I. a~~ ‘~‘.i i t  c o n t r o l
A ttitud e- Ret en iion control inputs when ~unua l control w i tr co ll ec—
Sys tem (tli n i stah ) conditions exceed the inputs acer  ye.

10 cont rol authority Cond i~~i nr~ mx-
o f the  Syste . ceed he 10

(
~~nt r c l  au tho r—
t ~~ c v s te ’-

Subjective Evaluation

After each flight condition was completed , a Cooper-Harper Handling
Q u a l i t i es Rat i ng Scale was f i l l e d ou t by the su bjec t (Coo per an d Har per ,
l969).v Post fl ight, the subjects completed a biographical data form
and a questionna i re concernin g as pec ts of their  fl ight un der the d if-
ferent experimental conditions.

5
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RESULTS AND DISCUSSION

Three primary analyses were performed on the data collected during
the evaluation of the stability augmentation s;stem. The first analysis
to be reported concerned an examination of the existing wind conditions
relative to the research helicopter during the evaluation. Again , the
order of testing of the three flight conditions was counterbalanced
across subjects to minimize order effect bias . Testing was continuous
in that each condition evaluated was imrn.?diately followed by the next
condition (approximately five-minute separations). The wi nd i nformation
collected during the testing periods was evaluated with the Versatile
MANOVA program (Schori , l976)~ to determine if the wind direction ,velocity, or aircraft headi ng relative to wind direction (crosswind com-
ponent) varied among the three flight conditions. The resul ts of this
analysis are reported in Table 3.

An examination of these data reveals that no significant differences
were observed either univariately on any of the variables or overall in
the multivarite test of significance. Indeed , the means listed in Tabl e
3 indicate that very little difference did exist in wind direction
variability , velocity and crosswind component across the three flight
conditions . Therefore, performance and/or aircraft status di fferences
found can be attributed to the flight conditions being evaluated and not
extraneous wind variables impinging upon performance.

The second analysis pertained to an evaluation of aircraft status or
stability variables. These variabl es are listed in Table 4 along with
the findings of the analysis. It is i ndeed noteworthy that none of the
variables examined (aircraft axis variation and rate measures ) proved to
be different to a significant degree across the three flight conditions .
That is , the aircraft position variability and rate variability about
each of the four axes did not change significantly when the stability
augmentation system was activated as compared to the force trim and
unaided flight conditions .

The third analysis to be described concerns the control input data
which could relate to the activity requirements or workload of the
operator. Table 5 contains the flight control variables which describe
performance along each of the four primary flight control channels. The
magnitude of control inputs was examined along with the number of inputs
per second.
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TABLE 5

MULTIVARIATE ANALYSIS OF VARIANCE WITH DISCRIMINANT ANALYSIS
CONTROL INPUT PARAMETERS

Fl ight Condition Means Standardized
* Variable Unaided Force Trim Minist ab F 1 Canon i cal Wts

• Cycl ic Fore-Aft (CFA )
Control Movement Magnitude s 0.35 0.38 0.27 ll .71** O.O37~

CFA Control Movements
No of Occurrences/ Sec 0. 78 0.75 0.50 9.63** 0.0182

Cyclic Left-Right (CLR)
Control Movement Magnitude 3 0.33 0.34 0.32 0.32 —0.O25~

CLR Con trol Movement
No of Occur rences/Sec 0.73 0.68 0.74 0.40 -0.008

Collec tive Control
¶ Movement Magn i tude 3 0.27 0.34 0.43 0.98 0 .007

Collect ive Control Nov
No of Occurrences/Sec 0.02 0.06 O~O4 2. 40 -0.013

Pedals Control
Movement Magn itude s 0.25 0.30 0.20 6.57** 0.012

Pedals Control Mov
No of OccurrencesjSec 0.29 0.38 0.19 5.09* -0.008

Overall Multivariate Test of Signific ance

Wil ks Lambda F-Ratio dfLNum) df (Den)

0.084 2.73 16 18 0.02

Total Discriminatory Power (Estimated Omega Squared) = 0.90

Significance Test, Ind ividual Canonical Variables
Root I- -75 .5  Va ri ance
Chi—Square = 18.7, df = 9 , p = 0.02
Root I1--24 .4 Va riance
C h - ~q~are 9.6 , df = 7, p~ = 0.20 

___________________ ____________

- Univar iate F-Rat io , df = 2/16.
P rim ary Contr i butor .
Unit of measurement-- inch.

‘ p .05
** p = .01

9
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Four of the variables exami ned univariatejy showed significant
differences across the flight conditions (p < .05) and are so designated
in Table 5. Individually, the cyclic fore-aft flight control channel
demonstrated that the Ministab did i ndeed reduce perceptual—motor work-
load in that 35% fewer inputs were required during the Ministab hovers
as compared to the Unaided flight condition . As well , 33% fewer inputs
were required during the Ministab hover as compared to the Force Tri m
hover . The average magnitude of cyclic fore-aft control inputs was also
smaller for the Minis tab hover as compared to the control inputs during
the Unaided and Force Trim flight conditions.

Pedal control inputs also indicated a significant reduction in
perceptual-motor workload by aviators when hovering with the Ministab.
Thirty -four percent and forty-nine percent fewer pedal control inputs
were made during the Ministab hover than during the Unaided and Force
Trim flight conditions respectively . As well , the average magnitude of
the control movements was smaller for the Ministab flight condition.

An eva l uation of the results of the control input multivariate
anal ysis indicates that performance varied significantly across the
three flight condit ions (f = 2.73, df = 16/18, p = .02). One root
accounted for the significant discrimination (chi square = 18.7, df =

9, p = 0.02) and accounted for 75% of the variance . The total dis-
criminatory power or estimated omega squared was 0.90. A review of the
primary contributors among the standardized canonical scores depicted in
Figure 1 that the flight performance displayed under the Ministab con-
dition is characterized by fewer and smaller cyclic fore-aft control
movements along with slightly smaller cyclic left-right control inputs
as compared to the Unaided and Force Trim flights. Statistically , the
varia bles utilized in the control input analysis produced a significant
separation between the Ministab flight condition and the Una i ded and
Force Trim flights as witnessed by Figure 1. The scores plotted in
Figure 1 represent mean canonical scores or a composite group mean for
each flight condition .

Sub,jective Evaluations

The questionnaire utilized to obtain subjective/pilot opinion i nfor-
mation about the flight evaluation provides several important points
which impact the results of the study . The most important point made by
severa l of the pilots was that the familiarization or instruction period
given the pilots before flight testing (Appendix A) was not adequate for
full proficiency with the system. This implies : (1) the stability
augmentation system either require s greater experience than that descri bed
in Appendix A for adequate proficiency or the system is not automati-
ca l ly easy to master and may or may not be adequately unders tood and
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controlled wi th more experience wi th the system, and (2) the outcome of
evaluation is more dependent upon l evel of experience with the system
than was initially considered. It should be pointed out that the pro-
gram of instruction received by each test subject was along the lines of
that reconinended by the system devel opers. The subjects were also
equivocal about whether or not the Ministab aided or interfered wi th
normal precision control while hoveri ng . Five subjects stated that the
system aided their hover while four considered the system an interference.

UNAIDED (0.221)
MINISTAB

(0.120)
FORCE TRIM

(0.229)

I I I I I I
0 .05 .10 .15 .20 .25 .30

FIGURE 1 CONTROL INPUT DATA

MEAN CANONICAL SCORES

The three flight conditions were ranked by the subjects as to which
gave them their best hover performance. The outcome indicated that the
Ministab provided the best hover performance (mean rank = 1.44) followed
by 1.78 for the Unaided condition and 2.78 for the Force Trim hover
condition. The Force Trim flight condition was not the familiar or
normal mode of hover for the subjects and was considered undesirable
because of control stiffness and reduction in control ‘ touch.”

11



r--
~

--••
~

- -- - • -•

~~~~~~~~~

.- .- -

~~~~~~

• . - -• 

~~~~

- -

~~~~

- ,.•- •—•--•—.-—- = -.—- — — -~~-= . 
~~~~~~~~~~~~~~~~~~~~~~~ 

— -,

The results of the Cooper-Harper Handling Qualities Rating Scale
which was completed by each of the subj ects after each of the flight
conditions revealed the followin g ratings:

Mean Pilot Rati~~ Fli9ht Condition

3.11 Unaided
3.33 Ministab
4.33 Force Trim

These subjective rating data again demonstrate the very slight perceived
differences between the Unaided and Ministab flight conditions-—the
Unaided hover condi tion being the least demand i ng followed closely by
the Ministab with a larger separation occurring between the Ministab and

• Force Trim conditions.

It should be noted that severa l months prior to the investigation
reported in this article, the Ministab system was evaluated by a test
pi lot at Fort Rucker , Ala bama . Severa l of the test pilot ’s wri tten
coimlents about the evaluation seem to support the objective and sub-
jective results of the current investigation (Simon , l976).6

In general , the test pilo t made favorable comments about the system;
however , i t was noted that  the “pure SAS [stability augmentation system)
gain in the roll axis appeared to be higher than it should be.... This
tendency was noted several times during the evaluation , usually oc-
curring in a climbing turn. ” In add i t ion , the test pilot stated that
“the l ength of time required for the ‘automatic fly-through’ process or
synchronization (where the controls are moved a small amount and held
momentarily without depressing the mag brake button) was acceptable for
up and away/cruising flights although a little learning was necessary to
adapt to the time lag. However , this ‘ syncro time lag ’ was excess i ve i n
the hover regime probably due to the frequency of control i nputs required
for holding a position over the ground . It was noticed that a sizable
number of corrective control inputs were made which did not cause or
allow the system to synchronize itself .”

The test pilot suggested a reduction in time lag “wh ich should
further reduce pilot workload. ” It is reported tha ’ this time lag
reduction was accomplished before the current investigation. However)
it is possible that the reduction was not sufficient and coupled wi th
the excessive gain in the roll axis , which was mentioned earlier , these
two factors could have produced the reduction in effectiveness of the
Mini stab (equivalence seen in the number of control i nputs per second
and magn i tude of movement across the three flight conditions) along the
cyc l ic left-right control dimension. No gain problems were noted by the
test pilot along the pitch axis which corresponds to the reduced number

• of control inputs observed in the cyclic fore-aft control dimension for
the Ministab condition relative to the Unaided and Force Trim conditions
(Table 5).

~~~~~~~~~~~~ 
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CONCLUSIONS

In conclusion , under the set of condi tions that existed during the
evaluat i on , the stability augmen tation system examined did not provide
a significant change in aircraft stability . More completely, aircraf t
status maintenance was essentially equivalent across all three flight
conditions .

The mult ivariate analysis data indicated that statistically the
Ministab did reduce the overall control activity requirements for the
av iators . However , performance on the collective control was essen-
tially equivalent across the flight conditions in terms of both movement

• magnitude and number of inputs. This equivalence should be expected
because , as mentioned earlier, the attitude hold mode was inoperative
during the study . Although the aviators tested were aware of this ,
their opinion of the M inistab was based upon the total performance
requ i rement which included collective control activity .

• Another factor which coul d relate to the lack of perceived dif-
ferences between the Min ista b and the Unaided condition was the cyclic
left—right control input data which indicated no differences in mag-
riltude and number of inpu ts across the three conditions. Obviously
control inputs made in the helicopter are a vector reflecting both left-
right and fore-aft components , but because of measurement requirements
the control inputs are descr i bed independently in terms of fore-aft and
left-right activity . An integration of the fore-aft and left-right
information could indicate whether or not more workload is experienced
on the cyclic contro l under one or another of the flight conditions .
However , the key issue here is that the stability augmentation sytem
evaluat ion did not , un der the cond iti ons tes ted , provide a clear-cut

• improvement in flight performance and workload across all flight control
parameters. This position is supported by the results of the ques—
tionna ire as well as the Cooper-Harper rating data . It  i s qu i te pos-
si ble that given a much higher degree of experience on the part of the
test pilots with the Ministab , alon g with more turbulent conditions , the
Min istab could produce a more stable platform for hover operations ,
medical hoist , weapons delivery , etc., an d prov id e a substan tia l  re-
duction in control activity requirements for the pilot. Future research
at the US A rmy Aeromedical Research Laboratory will examine state-of-
the—art improvements in stability augmentation systems in order to
provide i nformation which will enable the pilot to maximize his cap-
abilities , enhance m ission accomp l i shment , and extend the pilot ’s effec-
tive performance range in  con tinuous opera tions.
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APPENDIX A

Ministab Training (P01) Time : 30-60 mi nutes

a. Preflight-—Point out basic components of system associated wi th
the preflight of test aircraft (static stops, computers, radar alt).

b. System Description--To familiari ze pilot wi th internal (cockpit)
controls of ministab system, i.e., control head, circuit breakers,
cyclic, and collective control surfaces (gray control box familiari-
zation).

c. System Operation--To point out system capabiliti es and limi-
tations. Explanations to include emergency procedures of (1) prima ry
system, (2) yaw axis, and (3) LORAS (low airspeed indicator).

d. Pilot Familiarization and Technique--Purpose is to allow pilot
to become comfortable in utilizing system.
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