AD

AD-A168 135

Technical Note 2-85

ANTHROPOMETRIC CONSIDERATiONS FOR A FOUR-AXIS SIDE-ARM FLIGHT CONTROLLER

William B. DeBellis
. Kathleen A. Christ. ‘ “

February 1986

4 Approved for public releasej
distribution is unlimited.

OTiC FILE COPY

[tV

U S. ARMY HUMAN ENGINEERING LABDORATOSY

Aberdeén Proving Ground, Maryland

SORFCRIETS = L SRS

&5 o~ e 4 {
. aVa y Boog “owd A
» - - PR -~.-€~‘-~<- IR I N
o« et A IR A I A ~




ST AR Y T Y M F L A T T TR S K r. rmw-*w

-u

Culeh

-

SECURITY CLASSIFICATION OF THIS PAGE (When Dace Entered)

READ INSTRUCTIONS

| REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

Technical Note 2-86
4. TITLE (and Subtitie)

S. TYPE OF REPOART & PEMOD COVERED

ANTHROPCMETRIC CONSIDERATIONS FOR A Final
FOUR-~AXIS SIDE-ARM FLIGHT CONTROLLER §. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(S) . CONTRACT OR GNANT NUMBER()

William B. CeBellis
Kathleen A. Christ ,

9. PERFORMING ORGANIZATION NAME AND ADORESS | 10. PROGRAM ELEMENT,. PROJECT, TASK
AREA & WORK UNIT MUMBERS

Human Enginéering Laboratory ‘
‘Aberdeen Proving Ground, MD 21005-5001

11, CONTROLLING OFFICE NAME ANO AODRESS 12. REPOAT OATE
February 1986

13, MUMSER OF PAGES

21

14, MOMITORING AGENCY NAMEK & ADORESS((! different from Controlling Otfice) | 18. SECURITY CLASS. (of thie report)

Unclassified
iBa, DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. UISTRIBUTION STATEMENT (of this Report)

Approved for public release;
distribution is unlimited.

17. OISTRIBUTION STATEMENTY (of the sbatrect entered In Block 20, (f different from Reporst)

19. SUPPLEMENTARY NQTES

19. KEY WORDS (Continue on reverse side If necessary and identily dy bdlock number)
" ,5ide-Aarm Flight Controller : ‘
" Fly By wire
Fiy 3y Light
Advanced Digital Optical Control Systen '
anthropometry = ="
[ . S
20. ABSTNALT (Taotfuue am revires Mdv # necoveary and {deniity by block numder)

. This report describes the physical positions of a multiaxis side~arm
flight controller and armrest which were selected as being comfortable by a
sample of 77 nonpilot and pilot personnel. Data are presented for males
and females, right-~ and left-hand:d personnel, pilots and nonpilots, and
pilots wearing and not wearing chemical-biological (CB) protective gear.
Generally, the comfort range for the vacious armrest and fiisht controller

DD ,onys MT3  E£ormiom oF 1 wov 8313 OBsOLETEZ

SECURMTY CLASSIFICATION QF THIS # AGE (When Dets Entered)




- e

SECURITY CLASSIFICATION OF THiS PAQE(™han Data Enteved)

P e sciammmas 4 S B w A A CTEER . het ot o e

parameters, as selected by nonpilot, male personnel, is sufficiently broad
to include the effects of gender, handedness, protective clothing, and pilot

experience. //\‘c/ o~ N

e

SECUMITY CLASSIFICATION OF THIS PAGE(When Data Entered)




ANTHRQ

Technical Note 2-86

POMETRIC CONSIDERATIONS FOR A FOUR-AXIS SIDE-ABRM FLIGHT CONTROLLER

‘William B. DeBellis
Kathleen A. Christ

February 1986

APPROVED:

Human Engineering Laboratory

Approved for public release;
distribution is unlimited.

HUMAN ENGINEERING LABORATORY
Aberdeen Proving Ground, Maryland 21005-5001

.—-—‘—""“—__—_—_-

SR
By.____.____.___________
-'Distribu@ton/»__
‘#kvailan&1xtv Codes
" avail end/or
special

Accession ¥or :
NTIS GRARL

DTIC TAB a
Ununnoun“d Q !
Justirication——~—-““‘




CONTENTS

INTRODUCTION « 4 & & v = o « s o o o o o o o o o a°8 o
BACKGROUND"“.l'...l."-..a..'...
OBJECTIVES « + « » o o o « o o s o o o o o o o o o o o «
_HETHOD......................o,'.
RESULTSO.....‘...".‘!..--..1;“.'
DISCUSSION o « o o o ¢ o« o o s o o« o o ¢ o o o o« o ¢ 9 »
CONCLUSIONS.oooc.cc--.-tooooﬁcfo-
BIBLIOGRAPHY".l“.‘.l.l.l‘.l..“l‘
APPENDIX
Subject and Population Data . . , . . . . . e e
FIGURES
1. Multiaxis Controller .+ « ¢« « v ¢ « v o « o o &
2.TestSetup..........-.......
3. Pilot in Partial Mission-Oriented Protective
Posture (MOPP) GEABT « « o « v o o « o '+ o o o
4. Angular Conventions Viewed From the Front . . .
5. Angular Conventions Viewed From the Right Side
6. Angular Conventions Viewed From the Top . . . .
7. Controller Rotation Conventions Viewed From the

8. Hand Attack Angle Showing a Typical 10-Degree
Offset From the Controller Rotation . . « + .

TABLES
1. Controller Characteristics .+ . « o o « o o o &
2. Controller Rotation .« .« ¢« « & & o « o » o o o o
3. Controller Angle Fore/Aft . + « v v v ¢ o 4 o«
4. Controller Angle Left/Right . . . . . « ¢« + o .
5. Controller Position Forward of SRP . . . . . .
6. Controller Position Above the SRP . . . « . . .
7. Armrest Angle Upward . . . . v ¢« & ¢« ¢« ¢ o o &
8. Armrest Angle Qutboard . . . . . . ¢+ . . « . .
9. Hand Attack Angle « . v o ¢« 4 4 4 4 e 4 e 0 oa o

16

17

19

12
12
13
13

15

Pt ot b
il ol o I o JRVe AV~ Jie s Je SRV, |




ANTHROPOMETRIC CONSIDERATIONS FOR A FOUR~AXIS SIDE-ARM FLIGHT CONTROLLER

INTRODUCTION

This investigation is the first in a series of studies to generate a
data base on multiaxis side-ara flight controls. The rapid advances in
fly-by-light technology, automatic stability systems, and onboard computers
have combined to create flexible flight control systems which could reduce
the workload imposed on the operator by complex new equipment. This
side~arm flight controller combines four coantrols into one unit and should
simplify the pilot's task. However, the use of a multiaxis side~arm flight
controller without ccmplete cockpit integration may tend to increase the
pilot's workload.

BACKGROUND

One of the jpurposes of developing a wmultiaxis side-arm flight
controller is to eliminate the three flight controls (cyclic stick,
collective lever, and yaw pedals) required to control a helicopter and
combine their functioms into 2 single control. The new flight controller
should reduce the piloting task by freeing the pilot's left hand for other
tasks.

Fly-by-light technology is being developed through a combined effort
of the Army's Aeromechanics Laboratory and Boeing Aircraft Corporation and
through the advanced digital/optical control system {(ADOCS) program. This
techaology uses encoded signals from the controller which are transmitted
over fiber optic cables. The main purpose of the ADOZS program is to
demonstrate that an Army helicopter can be flown with a multiaxis side~arm
controller and fly-by-light technology. The impact on the pilot's workload
has not been addressed.

Because of rapid technological advances in flight controls, there is
not yet a data base for crew station designers and evaluators to work with.
We believe that many positive benefits may be realized through the use of
the multiaxis side-arm flight controller in Army aircrart. The controller
will have a strong influence on aircrew station design. There will be more
flexibility in seating posture and airframe design, and fabrication will be
simplified. A greater range of male and female personnel may be able to
fly; and control inputs can be "tuned" to each pilot, airframe, aircraft,
flight phase, and mission phase for optimum effectiveness.

Two possible drawbacks to this new technology are that the piloting
task may be increased and current operational capabilities may not be fully
realized. The stand.ord cyclic and collective control heads contain a
significant number of switches which are used td operate various subsystems
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aboard the helicopter; the ADOCS programs have not addressed the issue of
where to locate these switches if a single flight controller is used. 1In
addition, normal mission and piloting tasks have not been imposed cn the
simulation studies.

The Human Engineering Laboratory (HEL), through the use of its
simulation and computational facilities, has designed a series of
investigations to develop the data bsse and to determine if the side-arm
flight control concept is operationally beneficial.

In the following investigation, pilots will fly the HEL simulator with
the controller adjusted either orthogonal to the airframe or for the
comfort of the pilot. If it can be shown that a position based on comfort
is suitable, fatigue may be reduced and the piloting task simplified.

OBJECTIVES

The main objectives of this investigation were to: (a) determine the
physical iocation of the multiaxis side-arm flight controller and armrest
which weuld be comfortable in a static situation and (b) determine the
effects -f mission-oriented protective posture (MOPP) on those location
parameters ..

METHOD

Description of Mvltiaxis Controller

Figure 1 shows the multiaxis controller used during this investiga-~
tion. It is a small deflection force controller with the characteristics
as shown in Table 1., The design ie not based on any specific Army require-
ment and was purchased off the shelf. , ’

Figure 2 shows the test asetup. Both the armrest and multiaxis
contruller could be adjusted in rotation and position with respect to each
other and with respect to the seat reference point (SRP) as defined by
MIL-STD-1333Al., A nonform-fitting armrest provided consistency within the
investigation by not forcing the forearm into a particnlar position.

Figure 3 shows a pilot in partial MCPP, As can be seen, the subject
pilots wore closed outer garments and no boots; their right-hand gloves and
liners and their masks were carried to their left side, Over the outer
garments, the subject pilots wore body armor and a survival vest.

Sub jects

Seventy nonpilots and seven Army helicopter pilots were picked from
available personnel, Eight of the subjects were left-handed and eighteen

TDepartment of Defense. {1977). Military Standard on Aircrew station
geometry for military aircrafr (MIL-STD-1333A). Washingtonm, D.C.: Author.
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Figure 1. Multiaxis controller.

TABLE 1 _ . <

Controller Characteristics ,
(Model 404~G717, Measurement Systems, Inc.)

Parameter ‘ X~ and Y-Axes Z-Axis - Torque Around Z
Force over Linear Range + 20 1b ‘ + 40 1b + 60 in-1b
‘Maximum Allowrd Force + 160 1b + 528 1b + 1056 in-1b '
Sensitivity + 10% : 0.5 v/1b 0.25 v/1b 0.17 v/in-1b
Deflection at Maximum + 0.4 in + 0.1 in © + 4.0 deg/in-1b

Operating Force

Note: The applied force and deflections are taken at a point 4.25 inches above the
center of the transducers.
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were female. ~included in the subject sample were militayry personnel

.assigned' to the HEL, All pilots were male. All subjects were cooperative

and did not appear to introdvce any artifacts into the data. Information
about the sample, like age, weight, and anthropometric messurements, is

contained in the Appendix.

Procedure

The investigation was conducted in two phases which separated the
pilot personnel from the nonpilot personnel. We anticipated that data
generated from pilots would be influenced by flight experience and any
experience witn side~arm tracking controls which would have biased the

perception of comfort.

The purpose of the investigation was explained and a series of
anthropometric upper body measurements were taken of each subject. The
subjects then sat in an AH-64 helicopter seat mock-up with the adjustable
controller and armrest at their immediate right side. The subjects were
told to sit squarely with their backs in contact with the back of the seat.
They were then asked to relax but not to slouch forward. 1If the seated
subjects lowered their right shoulder as if to anticipate contact with the
armrest, they were asked to reassume & squared position. The experimenter
ad justed the controller and armrest to a position where the subjects felt
them to be comfortable. Once each subject was satisfied with the position
of the controller and armrest, a film record was taken of the subject
holding the control. Pilots would then wear MOPP and a second film record

was taken.

The film record was obtained through the use of three orthogonal data
cameras located at the subject's right side, top, and froant. The cameras
were started simultaneously and ran for about 3 seconds. Film records were
read on a film analyzer and individual point coordinates were fed directly
to the computer, where the data were reduced and analyzed.

RESULTS

Tables 2 through 9 summarize the data obtained in this investigationm.
Angular data are presented in degrees, while position data are presented in
centimeters and referenced to the seat reference point (SRP). Figures 4
through 7 display the sign convention for measurements.

A descriptive analysis was performed. The Q1 and Q3 values are
the first and third quartiles. For small sample sizes, the maximum and
minimum values replace the quartiles. Selected individual comparisons were
accomplished pest hoc by t test using a pouled variance and assuming a

normal distribution.
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TABLE 2

Controller Rotation

(dagrees)
———— — — 1
Personnel N Min 52 Q1 Meaan Q3 952 Max
All Nonpilot 70 -23.56 ~15.4. .-4,0 4.4 11.4  30.0 38.4
Male 52 -23.6 ~15.8 ~-3.1 5.8 14.4. 31.9 38.4
Right-Handed 46 -22 ~15.9 =4.0 4.9 13.9 30.8 38.4
-Left-Handed [ .8 0.8 0.8 12.8 4.5 31.9 31.9
Female 18 -15.1 -~15.1 =5.2. 0.1 7.7 11.7 11.7
Right-Handed 16 -15.1 -15.1 =-5.6 =~0.1 7.2 11.7 11.7
laft-Banded 2 - 4,7 = 4,7 =4.7 2.2 9.0 9.0 9.0
All Right-Handed 62 -23.6 ~15.6 =4.3 3.6 11.4 27.8 38.4
i Left~Handed 8 - 4,7 -4.7 0.8 10.1 19.4 31.9 31.9
All Pilot
Not Wearing CB Gear . 7 -15.8  -15.8 =2.3 0.2 5.7 1.7 7.7
Wearing CB Gesr 7 - 6.6 = 6.6 -6.4 0.8 6.7 6.8 6.8
When viewed from the top, a counterclockwise rotation is positive.
TABLE 3
Controller Angle Fore/Aft
(degreaes)
Personnel N Min 5% Ql Mean Q3 952 Max
All Nonpilot , 70 -11.9 -3.3 3.6 8.6 13.8 24,2 30.0
Male ) 52 - 3.2 -2.3 4.1 10.0 16.1 16.1 30.0
Right-Handed 46 - 2.6 -1.7 4.1 10.8 17.9 27.8 30.0
left-Handed 6 - 3.2 -3.2 -0.7 4.0 7.6 8.6 8.6
Female 18 -11.9 -~11.9 1.7 4.5 9.3 16.7 16.
Right~Handed 16 -11.9 ~11.9. 1.3 4.6 9.5 16.7 16.
Left-Handed 2 2.1 2.1 2.1 4.1 6.2 L2000 6,2
All Right-Handed 62  -11.9 - 3.3 3.8 9.2 15.0 25.2  30.0
All Left-Handed 3 - 3.2 - 3.2 -3.2 4.0 7.6 8.6 8.6
All Pilot
Not Wearing CB Gear 7 = 3.3 = 3.3 =0.6 8.1 19.5 22.7  22.7
Wearing CB Gear 7 2.6 2.6 3.6 11.1 20.1 21.4 21.4

When viewed from the right side, & clockwise rotation is pos:tive.




TABLE 4
Controller Angle "eft/Right
(degrees)
Personnel N Min 52 Q1 Mean Q3 952 Max
All Nonpilot 70 -1.9 2.9 9.9 15.6 24.0 35.6 39.6
Male 52 -1.9 2.9 9.8 15.7 20.6 38.3  39.6
Right-Handed 46, -1.9 2.7 7.8 15.2 19.7 35.4  39.6
Left-Handed 6 9.7 4.7 10.0 19.5 28.3 38.8  38.8 '
Female 18 0.1 0.1 13.3 19.2 26.4 33.5  33.5
Right-Handed 16 0.1 0.1 14.8 ' 19.2 25.5 30.2  30.2
Left-Handed 2 5.7 5.7 5.7 19.6 33.5 33.5  33.5
All sight-Handed 62 -1.9 2.5 . 9.6 6.2 23.7 30.3 39.6
All Left-Handed 8 5.7 5.7 9.8 19.5 3..3 38.8 38.8
All Pilot
Not Wearing CB Gear 7  ~7.2 ~-7.2 2.3 6.2 10.7 25.1 5.7
Wearing CB Gear 7 -8.2 -8.2 -3.0 4.2 12.3 18.3 18.3

When viewed from the front, a clockwise rotation is positive.

TABLE §

Controller Position Forward of SRP
(centimec:ers)

Perscunel . N Min 5% Q1 Mean Q3 953 Ma
All Nompilot 70 - 33.2 35.4 39.8 42.8 46,1 51.3 55.8
Male 52 33.2 34.1 39.¢ 43.3  46.7 52.3 55.8
Right-Handed 46 33.2 33.0 40.3 43.8 46.9 52.6 55.8
Left-Handed ‘ 6 37.2 37.2 37.8 40.2  42.1 42.3 42'3.
Female 18 36.1° 36.1 39.5 41.3 42.5 47.9 47.9
Right-Handed 16 36.1 3.1 39.9 41.5 43.1 47.9 47.9
Left-Handed 2 38.4 38.4% 38.4 40.4 42.3 62.3‘ 42.3
All Right-Handed 62 33.2  34.7 40.1  43.2  46.5 S51.8  55.8
" All Left-Handed 8 37.2 37.2 38.1 40,2 42.2  42.3 42.3
All Pilot
Not Wearing CB Gear 7 35.1  35.1 35.5 40.1 44.8 48.1 48.1
Wearing CB Gear 7 39.4  39.4  39.8 42.6 46,4  48.1 48.1

When viewed from the right side, a position to the right of the SRP is positive.
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TASLE 6

Coatroller Position Above the SRP

(centimaters)
e — e m——s e Sy, e S T S U,

Perecnnel ] Min 32 Ql Hesn Q3 952 Max
All Moapilot 70 20.1 26.0 3.8 32.6 35.0 37.4 38.1
Male 52 20.1 24,9 30.3 32.1 4.5 »N.J 38.1
Right-Handed &8 0.1 26,2 .1 3.9 .0 37,4 8.1
Left-Handed 6 30.6 3.6 30.8 33,3 35.0 3%.3% 35.6
Tema.e 18 2.8 9.8 3N.2 33.9 5.8 18,1 38.1
Right-Handed 16 29.8 29.8 32.4 3.0 36.0 3.1 38.1
Lefc-Handed 2 .5 .5 3.5 32.9  35.4  35.4 5.4
All Right-Nanded 62 20.1 C15.6 0.8 32.5  3%.0 37.8 38.1
All Left-Handed 8 30.5 2.5 .7 33,2 33.2 35.6 354

" All Pflet
Not Wearing CB Cear 7 26.3  26.3 21.8 9.7  32.3 329 32.)
Wearing C3 Geasr ? 28,7  28.7  29.3 31,0 33.0 a1 W.1

When vieved irow the right side, a poeition sdove the sar is positive.

TABLE 7

Arsrest Angle Upweard
(degrees)

Personnel L] Mia 3T . Q Hean Q3 952 LI
All Noapilot 10 -3.7 0.4 b J 7.8 11.2 15.8 18,9
Mele , 52 =3.7 0.9 3.9 7.6 11,3 187 18.3
Right -Handed & 0.5 1.3 4,2 7.7 11.% 15.9 16.5
Left-Handed [ =37 -3.7 1.9 6.3 10.8 11.? 1.7
Female 18 0.1 2.1 3.9 7.3 10.2 16.3 16,3
Kight-Handed 16 0.2 0.2 4.3 8.1 10.8 16.) 16.)
Laft~'anded. 2 0.1 0.1 0.1 2.4 4.8 4.8 4.8
All Righc-Handad 62 0.2 1.2 4.3 7.8 1.5 16.0  18.9
All Left-Marded 8 -3.7 -l 1.0 $.3 9, 11.7 11.?
All Pilot
Not Wearing CB3 Cear 7 1.4 1.4 ) 6.5 12.1 12.7 12,7
Wearing CB Gear ? -1.2 =1.2 =0.2 3.4 7.8 8.6 8.8

When viewed from the right side, a counterclockwise rotstion is positive.
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TABLE 8
Arurest Angle Outboard
l (degrees)
! Persounel » Mia b2 4 Q1 Mean Q3 952 Max
1 ‘
All Noapilot 70 -17.3 - 8.2 -2.% -1.8 S.4 1l4.4 18.5
".1. ’2 -1303 - 70’ ‘lo‘ 207 ‘-7 1306 18-’
Right~Handed 48 ~13.1 - 8.7 ~1.3 3.0 6.9 16.4 18.5
4 Left-Handed ' . ' 6 - ‘-5 - ‘l, -309' °c6 5.0 7;1 7.1
) Female 18 -17.3 -17.3 4.4 0.8 3.4 9.4 9.4
» Right-Handed 16 -17.3 <-17.3 =4.2 -0.4 1.9 9.4 9.4
i htt‘“.ﬂd.‘ 2 - ‘-‘ - ‘n‘ 4.4 -3‘6 -207 -107 -2.7
5 All Right~Handed 627 ~17.3 -9.2 -2.2 2.1 $.7 14.6 18.5
z All LC(C‘HM« ‘ - ‘-’ - 5-5 “12 -0.‘ 3.2 7-1 701
> ‘
LN
4 All Piloc
~- .
’ : Not Wearing CB Cear 7 =~ S.1 =S.1 -0.4 0.7 2.6 4.5 4.5
‘. w.‘fiﬂ' CB Gear ' 7 - ‘n‘ “ 6 -303 1.3 6.7 l‘o, l"’
¢ , ,
; . When vieved from the top, & clockwise roctatioa is poeitive.
» ‘ .
N TABLE 9 )

3

Haaod Attsck Angle

BEE A A AT A

ANV T

(degrees)
— — e e e ]
Personael n Mia 52 Ql Meen Q3 92 Max

All Noapilot 70 -10.5 - 3.7 7.6 14.7 22.6 ¥.3 7.1

Male $2 -10.3 = 7.7 6.3 14.%5 23.9 30.8 7.1

Right-Handed Y -10.% =~ 7.9 6.0 14.4 23,7 . 31,1 7.1

Laft-Handed 6 5.9 5.% 7.3 15.0 25.1 28.) 28.)

. Temale 18 2.2 2.2 12.0 15,1 19.7 27,2 7.2

- R.ght-Handed 16 2.2 2.2 11,2 14.9 19.1 27.2 7.2

: Left-Haanded 2 1.1 4.1 1s.1 7.8 20,9 2.9 20.9

All Right-Manded 62 -10.% - 7.0 7.2 1.3  22.6 0.3 37,1

All Left-Hended 8 5.9 5.9 8.4 15.7  23.3  28.) 28.3

N When viewed from the top, a counterclockwise rotstion is poeitive.
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DISCUSSION

Controller Rotation (Table 2 and Figure 7)

The rotatiou data were obtained from the camera located over the
subject's head. Cosine corrections were applied to adjust for bdoth the
forward and inward cant angles of the controller.

The range of adjustment required by pilot personnel wearing and not
wearing MOPP was within the range required by nonpilot personnel. An
ad justment from about 16 degrees clockwise to 32 degrees counterclockwise
rotation satisfied 90 percent of the males and females in our sample.
Within this range, pilots tended to select a comfortable position which was
more orthogonal to the airframe axes because they were perhszs influenced
by the current grip design and the need to operate switches on the control
head itself. The difference between the mean rotational angle selected by
males and females was not seignificant (t(68] = 1,73, P<0.025). The
difference between left- and right-handed noapilot personnel was not
significant, : K

An average comfortable position for the hand when grasping the
controller was to position the hand with 10 degrees more rotation than the |
rotation of the grip itself, This is depicted in Figure 8, The difference
was greater for left-handed personnel than right-handed personnel while
female personnel selected 15 degrees as the most comfortable position,

Fore/Aft Controller Angle (Table 3 and Figure 5)

The range selected by nonpilot males was not sufficient to include the
range selected by pilot personnel. No physical differences were noted
during data collection other than the flight clothing worn by the aviators.
Therefore, the required range should be from 12 degrees cearward cant to
28 degrees forward cant. Within this range, there wvas a shift in means of
almost 7 degrees between left-~ and right-handed male personnel., The effect
of wearing MOPP narrowved the range of comfort selected by personnel without
MOPP rather than to significantly shift it. The difference between male
right and male left means was not statistically significant (£{50] = 1.90,
P<0.025). The difference between the msle and female means was significant
(t(68] = 2,43, P<0.025). i

Left/Right Controller Angle (Table 4 and Figure 4)

The range selected by pilots was from 7 degrees outboard tn 26 degrees
inboard, The range selected dr nonpilots was from 0 degrees outboard to
39 degrees inboard, The mean position of 5.2 degrees selected by pilot
' personnel was not significantly different than the mean position of
15.7 degrees selacted by nonpilot male personnel,. The 9.5-degree shift
toward s more upright position was tested at the 5-percent level using a
two-tailed test,

14
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Figure 8. Hand attack angle showing a typical l0-dagree offs%t from

the controller rotation.




Controller Position (Tables 5 and 6)

The controller position was based on a selected point centrally
located within tihe grip. When personnel grasped the contreller, this point
remained relatively stable when compared to the angle of the controller
within the hand. The range of adjustment was from 38 to 53 centimeters
forward and 31 to 38 centimeters above the seat reference point as selected
by nonpilot male personael. The position selected by pilots was
becweern 39 to 48 centimeters forward and 29 to 34 centimeters above the
seat reference point.

Armrest Angle (Tables 7 and 8 and Figure 5)

Both the upward and outboard armrest 'anglss selected as being
comfortable tended not to follow the upward and outboard angles of the
subject's forearm, Personnel seemed to want the armrest adjusted so that
the muscular portion of the forearm was the only srsa in contact with the
armrest. The perception of comfort seemed to ba influenced by the need to
have some flexibility in upper body movement which was observed as subjects
shifted their upper torsos and shoulders while scelecting a comfortable
position. Normally, if we rest our forearm along the arm of a chair when
sitting and attempt to shift our body, the arm of the chair restricts the
motion of the body. Even though a fully supported forearm is better for
control input, it is not always the most comfortable.

CONCLUSIONS

In general, the dats suggest that the classical approach of providing
a side-arm controller which is orthogonal to the axes of the helicopter is
not normally selected by individuals as being comfortable. The controller
must be significantly angled forward and inboard with a counterclockwise
rotation. We realize that controller design has an impact on how a pilot

"selects a position of comfort and should be looked into with more detail.

Of equal importance is that, even though the controller is comfortable to
hold, the position may not allow the pilot to control the helicopter
without noticeable cross coupling. The concern is, for example, if s
control input to pitch forward were made by initiating a motion along the

.axis of the helicopter, & roll to tha left would also occur,

An orthogonal position of the controller tn the axes of the helicopter
was within the range of comfort selected by the subjects,

MOPP gear did not expand or shift the comfort range selected by the
subjects,

Studies are being planned to investigate the effects of controller
attitude on simulator flight performance. In addition, the effects of
operating swiiches on the control head will be examined with reference to
flight performance,
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