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INTRODUCTION

Background

The recent technological advancements in the design of fighter

aircraft have resulted in planes which can withstand high G loadings.

Therefore, the "High Performance Fighter" has the capability for im-

proved maneuverability resulting in increased demands on the pilot.

These planes can sustain the high G loading (up to 15 G) for a consider-

able period of time. Such capability gives a decisive advantage over

the enemy in tactical combat missions, both offensively and defensively

(Kulwicki & Sinnett [l]). However, these high G environments can exceed

the physiological limits of the pilot and therefore, render him less

effective as a component of the weapon system. In essence, even though

the technology has been developed to produce an aircraft with superior

performance capability, lacking the pilot ability to cope with the super

G, results in a system performance short of optimum.

The simple fact is that a fighter pilot in the standard aircraft

seat confijuration has limited tolerance to withstand high normal accelera-

tion forces (Gz), (Physiology of Flight (2], Bioastronautics Data Book [3]).24 z

This is because the "downward g" acceleration pools the blood supply in the

lower part of the body and severely curtails the supply to the head. The

pilot then experiences "gray out" and "black out" depending on the level

and duration of the G environment. This problem can be overcome to af certain extent by wearing an anti-G suit. Special breathing procedures



9

(M-1 technique, Valsalva method) can also be employed to alleviate the

effect of G forces to a certain extent. But these procedures are not

effective at G loads beyond about 8 G. Hence recently, serious attention

has been directed toward tOe concept of changing the posture of the pilot

from upright towards supine so that the "hydrostatic head" required to

supply blood to the pilot's head is reduced. Figure 1 shows this effect

pictorially.

This concept is not new. Gell, et. al., [4] report a centrifuge

study in which the back rest was varied (up to 850) in the rear cockpit

of a Navy F-7 fighter. The G tolerance of the subject increased beyond

450, and at 850, was recorded as 15 G for a period of five seconds.

Crossley, et. al., [5] report an increase in gray out threshold as

back angle was changed from 15° to 70° to a maximum of 8 G.

Von Beck [6] lists the following as the three "desirable" design

characteristics for a tilt seat:

1, Maintenance of forw~ad visibility.

2. Control and instrument location.

3. Emergency escape system.

He also notes that the pilot should be able to land and take off while

reclined.

Replogle, et. al., [7] conducted a centrifuge study using a simulated

air combat task to measure the performance of the pilots. Results showed

that at 9 G with 650 back angle, the performance was equivalent to that

at 7 G with 130 back angle. They also report a lowered heart rate,

improved "G on G" performance and subject acceptance of larger back angles.
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Similar beneficial effects were also reported with a reclined seat

back under transverse (G ) acceleration by a number of authors. Taking
y

advantage of these benefits of reclining the pilot on his back to improve

the G tolerance, a new approach in cockpit design is being considered.

Thus, the "High Acceleration Cockpit (HAC)" concept requires that the

pilot assume a 650 or larger back rest position under high G environment.

Figure 2 shows the improvement possibility in human tolerance to G forces

with a 650 back rest angle. The high G tolerance thus achieved can be

put to best use by the pilot to make better utilization of the aircraft

capability and gain a specific advantage over his adversary in a tactical

combat situation.

While such a tactical superiority can be achieved on G tolerance

basis, certain other problems are encountered by a supine pilot. The

reduction in forward visibility is a very critical one. The pilot can

lose a certain amount of over the nose vision and panel vision as com-

pared to upright seat position. To minimize this effect, the HAC concept

calls for raising the seat and rotating the head forward (by rotating the

head rest by about 40*). This results in a minimum over the nose vision of

-lO0. Secondly, the supine position will call for the utilization of new

types of controllers. Finally, body movement under G environment itself

may produce labyrinthine symptoms [9].

Purpose and Scope of the Study

This study was undertaken to generate engineering/anthropometric data

base for the design of head rests, arm rests, and foot rests for high acceler-

ation cockpit seats of the articulating type to insure optimum comfort for
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the pilot under dynamic conditions without sacrificing any combt perfor-

mance capability. The specific requirements are to provide proper support

of the body and limbs under upright, supine and transient conditions. At

the same time:

(1) Permit head movement to maintain all-around visibility,

(2) Permit hand and foot mobility to operate essential controls

for high G maneuvering of the aircraft.

It is also required that these rests should have adjustability for the

comfort of the individual pilot, taking into account pilot population size.

APPROACH

In order to objectively achieve a feasible design for the head rest,

arm rest, and foot rest for the high G cockpit seat configurations several

design criteria have been selected for each of the components to be designed.

1. Design Criteria

a. Head rest: Based on the changes in seat configurations from the

standard 130 back rest to the new high G concept of 650 back rest, the

head rest should be designed to:

-provide maximum comfort to the pilot

-cause minimum interference with personal equipment used

by the pilot

provide optimum visibility

•provide. freedom of head movement commensurate with visual

requirements (or have a mechanized head rest)

S•-be compatible with ejection seat requirements

-provide adjustability to accommodate the pilot population
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b. Arm rest: Since the new high G seat configuration makes it

impossible to use "conventional" flight controllers, new controller

designs have been proposed [8, 10]. These controllers will likely be

mounted on arm rests and operated with the hand and fingers. Therefore,

arm rests should be designed to:

-provide the needed support for the entire upper extremity

*cause no interference with the operation of essential controls

mounted on these arm rests and immediately adjacent surfaces

-provide upper extremity configuratinns conducive to maximum

biomechanical advantage

-meet ejection seat requirements

-provide individual adjustability

*be synchronized with seat configuration changes

c. Foot rest: Under high G environment, the pilot in the proposed

seat configuration must be provided with heel support. It will serve to

keep the pilot's feet on the rudder controls, especially under high G

levels. The foot rest should be designed to:

-provide support to maintain the position of the feet on

the rudder controls throughout their ranges of movement

-provide adjustability

-meet the ejection seat requirements, if any

-maintain reasonable foot-tibia relationship--to minimize

any detrimental effect on performance

4
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2. Design Parameters

For each of the head rest, arm rest, and foot rest, there are a few

basic individual design parameters that must be considered. The following

section discusses these parameters for each.

2 a. Head rest:

(1) Shape: The head rest must be shaped to provide support to

the head (also neck support, if needed). Proper support

will have to be provided to the head with its protective

gear at the upright and the full range of reclined positions.

(2) Size: Head rest size will be kept as small as possible

to minimize interference with lateral and rear visibility.

At the same time, it should provide the necessary support

at the required areas. Further, the size and shape, as

well as freedom of movement requirements, would also

determine whether support over the neck area is advantageous.

(3) Hinge Point: Hinge point is the point about which the head

rest must articulate relative to the back rest. This point

has to be at the proper position with respect to the torso

to provide comfort and safety upon ejection and at the same

time not cause interference with personal protective clothing

when the seat is in the fully reclined configuration.

(4) Range of Movement: Range of movement of head determines the

total visibility envelope. Therefore, the head rest should

permit movement of the head to meet the minimum visibility

requirements, while maintaining the proper support.
'1

'i"i •..... . ... I I•
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(5) Adjustability: The head rest should have enough adjustability

to accommodate the range of body sizes found in the USAF

pilot population.

44A 4

b. Arm rest:

(1) Shape: The proper shape and contour to support forearm

and controls and to permit easy operation of these controls

has to be considered.

(2) Size: The arm rests should provide enough support area

for the upper extremity and not interfere with the opera-

tion of controls or ejection procedure.

The arm rest should be as small as possible, but at

the same time, it must provide adequate support and stability

for the arms and space for control instrumentation.

(3) General Location and Orientation: The elevation, bearing,

and fore-aft positioning of the arm rests should permit

optimum control manipulation and comfort. The ejection

procedure requirement also has a definite effect on the

location of arm rests.

(4) Adjustability: Enough adjustability must be provided for

the range of pilot population.

(5) Synchronization: The arm rest should be synchronized with

back rest movement (i.e., from 130 to 650 configurations) to

provide the same control location with respect to upper

arm configurations at these Cxtrmne positions as well as
3

during the transitional movements.

®rV
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c. Foot rest:

(1) Shape: The foot rest should be shaped to provide enough

support at the heel without hindering the foot operation

at the rudder pedals under normal or under high G environments.

(2) Size: The foot rest must be large enough to cover the range

of heel positions possible, whether the pilot is in the up-

right or reclining position.

(3) Orientation with Respect to Foot Control: The spatial orien-

tation of the rest should not interfere with the foot control

operation at both upright and supine positions. The foot-

tibia angle changes from upright to reclined position.

(4) Adjustability: There should be enough built-in adjustability

to cover the range of pilot population.

The following section will describe the equipment used to generate the

required data as well as the equipment used to reduce and digitize these

data.

EQUIPMENT

The major pieces of equipment used in this study were: The AMRL

photogrammetric system, the digitizing equipment, and the experimental

seating/controller positioning device. Of these, the photogrammetric

system and the digitizing equipment have been used earlier. A complete

description of these may be found in Ayoub, et. al., [14].
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Photogrammetric System

The photogrammetric facility used in this study was designed and

built at the Aerospace Medical Research Laboratory of U.S. Air Force. A

schematic layout of the system is shown in Figure 3. In essence it consists

of two pairs of front surface, minimum distortion mirrors and a 70 millimeter

fast sequence camera with strobe units. The components of the system

are so laid out as to obtain two orthogonal view images of a task area

on a single frame of picture. For additional detailed information, see

reference [143.

Digitizer Unit

A Viable Systems x-y digitizer unit was employed to extract coordinates

from the film projections. It consists of a 70 mm projector, a rear pro-

jection screen with a mirror, a x-y digitizer with a movable cursor and a

paper tape punching unit. The system was assembled using commercially

available components. Figure 4 shows the x-y digitizer unit.

Targets
The skin surface points were identified by suitable surface type

target or extension type targets. Surface type targets were made up of

adhesive f .l tape in black and white and were directly attached to the

skin.

j At locations where surface type target may not be seen in both views

of the picture extension type targets were used. An extension type

target consists of thin white plastic tube 1/4" diameter and either 3"

or 1.5" long. Figure 5 shows an extension type target 3" long. The ratio

of distances AB to BC is 1:2. Thus, if the locations of A and B can be

,,,, • • l• I ll • IIIP " f ll
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determined from the orthogonal views, then the location of skin surface

point C can be computed. The point C was always attached to the skin

surface point using suitable foam rubber base and adhesive tape.

Seating/Controller Positioning Device

The seating/controller positioning device was specially designed and

fabricated at AMRL facilities for this study. It was designed to provide

flexibility to change back rest and seat pan configurations, and hand

controller and foot controller locations. Figure 6 shows the general

arrangement of the seating device along with hand and foot controllers.

Seat Configuration Capability

The seat can be adjusted to provide the following configurations

as a futiction of seat pan, back rest, and head rest angles:

1. Back rest angle 00 to 700 measured backwards from vertical

(backwards). 4
2. Seat pan angle 0* to 30' measured upward from horizontal.

3. Head rest angle 0° (flush with back rest) or 300 (forward of

back rest measured from plane of back rest).

Suitably mounted hydraulic jacks provided the basic mechanisms for back
rest angle and seat pan angle adjustments. The back rest was made in two

segments with provision to adjust the length of back rest from 17" to 25".

(See Figures 7 and 8.) This provides adjustability of both the back rest

length and the position of the hinge point of the head rest.

Hand Control Location Adjust*ents

A vertical cylinder 1.5" in diameter and 4" long represented a hand

controller. The controller can be tocated at different points in space

34;I
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Figure 8 Back View Showing Back Rest and Head Rest and
Provisions for Back Rest Length Adjustment
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with respect to the Seat Reference Point (SRP) within the following extreme 4

positions:

Fore - aft: +24" to -4"

Up - down: +15" to +3"

Left - right: -3" to -18" (negative coordinate indicates the adjustment

was possible on right side only)

The hand controller was supported by means of suitable hardware to provide

the needed adjustments. The hand controller was provided on the right hand

side of the chair. (See Figure 9.)

Foot Control Adjustment

Two horizontal cylinders 2" in diameter x 6" long represented rudder

pedals to be operated by feet. They were mounted on a sliding platform

directly in front of the seat. The axes of the pedals were at a height

of 5" from the top surface of the sliding platform. A horizontal separation

of 18" center to center was maintained between right and left pedals.

The pedals can be positioned and locked individually on the sliding plat-

form at 1" intervals over a range of 10" along the fore-aft direction.

The sliding platform itself has provision for movement fore and aft, such

that a rudder pedal located over the midline of the platform can be posi-

tioned from about 30" to 42" forward of SRP. (See Figure 10.)

44I

EXPERIMENTAL DESIGN AND PROCEDURE

Experimental Design

In order to study the effects of upright and semi-reclined body

positions on the design requirements of the seat, the five seat configura-

tions shown in Table 1 were selected to be included in the experimental
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TABLE 1

CHARACTERISTICS OF SEAT CONFIGURATIONS

Back Rest Head Rest Seat Pan4
Seat Configuration Angle- Angle* Angle

I 130 QO100

11 270 QO100

111 510 300 100

IV 650 300 100

V 650 300 2001

*Head rest angle measured forward from back rest.
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design. Thus the back rest angle chosen for the study are 130, 27', 1

510, and 650 from the vertical. It was found that at 130 and 270, the

head rest was not essential, but at 510 and 650 back rest angles, the

head rest, inclined 30' forward would provide the desired support and

comfort to the subject. The fifth seat configuration was different from the

fourth in that the seat angle was changed from 100 to 200. This was done

in order to assess the effects of increased seat inclination in providing

more area of support to the thighs.

To obtain all the needed data, the experimental design called for

three sets of photographs for each seat configuration. These three sets Z;

of photographs would relate to head rest, hand rest and foot rest studies,

separately. In each of these pictures, the interest was to determine the

spatial locations of certain body landmarks. The specific body landmarks

considered are listed in Table 2.

Subjects

A total of 24 subjects participated in the study. Of these, three

subjects did not participate in the head and upper torso part of the

study (see page 35). All the subjects were volunteer male students. They

were selected to represent U.S. Air Force pilot population especially with

regard to their segment length, i.e. limb and torso. These and other anthro-

pometric characteristics of the subjects are listed in Table 3. Initially,

every subject was told about the purpose of the experiment and his responsi-

bilities. Every effort was made to make sure that each subject understood

his duties. Table 4 shows a comparison between the subjects' anthropometric

characteristics and the corresponding characteristics of the U.S. Air Force

flying personnel.

S, • = | mr~ll I •I • 4
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TABLE 2

SPECIFIC LANDMARKS CONSIDERED IN THIS STUDY

AND IDENTIFIED WITH A TARGET

Study
Target

Location Ratio Head Hand Foot

01 Nasion 1:1 * * *

02 Menton surface * * *

03 Supra sternale 1:1 * *

04 Rt. Acromion 1:1 * * *

05 Rt. Elbow 1:1 *

06 Rt. Wrist 1:1 *

07 Rt. III Meta-Carp. surface *

08 Trochantion, rt. 1:2 *

09 Rt. Knee, top 1:1 *

10 Rt. Knee, pop.notch 1:2 *

11 Rt. Knee, front surface *

12 Helmet rear no Target *

13 Upper back no Target *

14 Lower back no Target *

*Indicates the specific landmarks used in the respective part

of the study. All landmarks monitored are surface landmarks.

(-
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TABLE 4

STATISTICAL COMPARISON OF THE ANTHROPOMETRIC CHARACTERISTICS

OF THE SUBJECT STUDENT SAMPLE WITH U.S. AIR FORCE

PILOT POPULATION

SAMPLE SIZE 24

Subject Sample U.S.A.F. - 1967

Anthropometric Characteristics Survey
Mean Std.Dn. Mean Std.Dn.

Age - years 20.9 1.48 24.03 2.84

Weight - lbs. 160.6 17.00 170.00 20.80

Stature - inches* 69.9 1.54 69.88 2.28

Gluteal Furrow Height 31.3 1.40 31.69 1.58

Shoulder - Elbow Length 14.6 0.53 14.09 0.63

Acromion - Radiale Length 13.0 0.53 12.99 0.63

Radiale - Stylion Length 10.1 0.95 10.63 0.55

Elbow - Grip Length 14.2 0.57 13.90 0.59
Stylion - GripLength 3.0 0.26 Not available

Trochantion Height 36.2** 1.30 39.97 1.71

Tibiale Height 18.5 0.82 Not available

Sitting Eye Height 31.0 0.87 31.87 1.19
Sitting Acromial Height 23.4 0.82 23.94 1.10

Buttock - Knee Length 23.5 0.98 23.74 0.98
Sitting T-4 Spinous Process Height 21.8 0.92 Not available

Sitting Cervicale Height 25.5 0.86 Not available

Sitting Knee Height 21.8 0.83 21.97 0.94

* All linear dimensions in inches.

** The difference between the study population and the US'F pilots with
regard to Trochantion Height appears to be one of technique in measuring.

.,4
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Experimental Procedure

The following procedural steps were adopted in recording the needed

data on film:

-The -ubject was initially briefed about the experiment and

his cooperation was solicited. He removed his clothing except a

small brief. The subject wore a standard Air Force helmet and

a pair of flight shoes.

*The experimenter measured and recorded all the necessary

anthropometriE dimensions.

"The specific landmarks were identified and proper targets

were affixed on these landmarks.

*A horizontal line at the level of the spinous process

of T-4 (4th thoracic vertebra) was drawn on the back of the subject.

*A line joining the right ankle joint and the right knee joint

on the lateral surface with the subject standing erect, was also drawn.

"The subject was seated on the chair, which was pre-set to one

of the five seat configurations described earlier.
"After the subject was seated, the back rest/head rest hinge

axis was adjusted to the line marking the T-4 spinous process. This

adjustment was done for every change in seat configuration.

The experimental procedure was divided into several phases. These

are:

.Head and upper torso study,

"Forearm and hand study,

*Foot rest study.

These are presented in the following sections.
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Head and Upper Torso

After the subject was seated on the seating device, pictures for

head rest and mobility data were taken. For this a head rest angle of

30' (forward) was used in conjunction with back rest angles 650 and 510.

In the cases of 130 and 270 back rest angles, the head rest was in line

with the back rest, and subjects did not rest their head on the head rest.

The subject was required to be seated centrally on the seat. A thin black

tape affixed along the centerline of the seat helped in guiding the

subject in positioning himself centrally. The subject rested his feet on

the foot control platform and rested his arms on his thighs in comfortable

positions. While in this basic configuration, six photographs were taken

in sequence for the following head/neck postures:

1. Subject's head was in a natural erect posture while looking

straight ahead.

2. Subject's head was flexed along midsagittal plane.

3. Subject's head was hyperexternded along the midsagittal plane.

4. Subject's head was rotated to the right and looking straight

ahead.

5. Subject's head was rotated to the right and flexed downwards.

6. Subject's head was rotated to the right and hyperextended

upwards.

All of the above head/neck postures were voluntary maximum head/neck

movements without discomfort to the subject. While flexing and extending

SI at the neck, the subject was requested not to shift his original seated

posture and try to keep his upper torso in the same position.
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Forearm/Hand Study

For this phase of the study, the subject was requested to remain

seated centrally on the seat. The hand controller's lateral location

was adjusted and locked at 9" to the right of the sagittal plane passing

through the SRP. The subject gripped the handle in his right palm and

the controller was moved so that (i) the elbow was just touching the back

rest and (ii) the forearm was horizontal. The hand controller was fixed

in this position, denoted as reference position, and the x (fore-aft)

and z (up-down) coordinates of the hand controller were recorded. One

set of pictures were taken with the subject holding the controller and

looking straight ahead. The hand controller was then adjusted to posi-

tions 2 through 6 in sequence and a set of photographs was taken for

each controller position while the subject was grasping the controller.

Figures Ila and llb show the different positions adopted for hand control

position under different seat configurations. The hand controller was

always displaced 9" laterally to the right of the mid-sagittal plane.

However, the x and z coordinates varies depending on the reference

position which again was determined on the basis of elbow touching the back

rest and the forearm being horizontal. Thus, the six locations for hand

controller were adopted separately for each of the five seat configurations

for any one subject.

Rudder Pedal Study4

In the foot rest (rudder pedal)study three locations controller levels,

relate to SRP, were studied. They were:

(i) 1" above SRP. A,

it'..., m 4m m ' I • - l ' '
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2"1 2"1

I6
211

Hand controller
3 _ _ 5 positions used with

seat configurations
III, IV, and V -
back rest angles 510
and 650.

Reference 4
Position T

2"1

I Hand controller
Spositions used with

5 seat configurations
3- I and II - back rest

T angles 130 and 270.
X Axis

2"

Z Axis

Figure 11 Controller Center Positions AdoptedV for the Five Seat Configurations
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S(ii) 1.25" below SRP.

(iii) 3.5" below SRP.

These positions establish the location of the horizontal planes through the

axes of rudder pedals. The left foot control was maintained at 6" fafther

away in front of SRP compared to right rudder pedal. This w'ýs done in
order to simulate maximum SRP-to-pedal distances to the two extreme posi-

tions, assuming a 6" throw (range) for pedal travel. The subject was required

to be seated all the way back on the seat and to rest his left foot on the

left rudder pedal and push it all the way out as far as he can by extending

the leg at the knee. The subject was instructed not to shift his seated

position or bend forward during this maneuver. Th? rudder control plat-

form was then bocked in this position with a pair of setscrews. The neutral

position of rudder controls (i.e., the mid-point between right and left

rudder controls) along x axis was measured from SRP and recorded. The right

rudder was then placed on the right foot pedal in a comfortable position.

Next a set of pictures wias taken with the subject looking straight ahead

and resting his feet on the rudder pedals.

Data Reduction

The exposed film was processed at the Technical Photo Branch at Wright-

Patterson Air Force Base. The processed film was projected through the

digitizing system at AMRL/HED facilities and the specific coordirate of the

selected body landmarks were punched on paper tape. This was later converted

to real world coordinates with respect to the standard right hand coordinate

system with the SRP as the origin.

Body landmarks 1 through 11 were identified with the help of suitable

targets. Landmarks 12, 13 and 14 were not identified with any visible

,' Ai
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I~ targets, but rather these points were identified in the photographs in
the following manner:

Landmark 12 - The rear-most point on the helment.

S• Landmark 13 - The body surface point about the thoracic vertebral

region at which separation between the body and the upper back rest occurs.

Landmark 14 - The body surface point over the lumbar region at which

maximum separation between the body surface and the back rest can be

observed. (See Figure 12).

The positions of these 3 landmarks on the projected image were determined

based on the judgemnent of the data reduction analyst. Figure 12 shows the

locat'on of these landmarks as defined above.

RESULTS

i CI Engineering/anthropometric data generaLed from this study are presented
in thwee separate sections:

(1) Head/upper torso data,

(2) Haid/arm rest data,

(3) Foot rest data.

Head/upper Torso Data

This part of the study was performed to collect data pertinent to the

"design of the head rest. Figures 13 through 18 show the spatial locations

of nasion, acromion, upper-back-contact point with bacK rest and the rear

most point of helmet under each of the five seat configurations. (See

"page 35). Points 1, 12 and 13 are generally expected to be alcng the mid-

sagittal plane of the subject. It can be noticed in these figures that
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their locations along x and z axes change with the seat configurations. As

expected, no appreciable changes were observed with regard to the position

of these landmarks along the y axis. Between configurations IV and V,

a change of 100 in seat pan angle results in a change of about 1/2" in

locations of the points mentioned above. It must be remembered that the

landmarks, "helmet rear" and "upper back," are not fixed anatomical points.

Their positions are altered with changes in seat geometry. Appendix A-lIJcontains the same data presented in Figures 13 through 18 in a tabular

format. In additions these tables also show the standard deviations for

each data point. Figure 19 shows the nasion coordinates alone for the

five seat configurations studied. The location of the mean, the 5th and

95th percentile limits in the mid-sagittal plane are shown. It should be

noticed that in seat configurations I and II, the range of the nasion

location is wider along the x axis than in the other three seat configura-

tions. This is because the head rest was not used in seat configurations

I and II. But it was consistently used during configuration III, IV and V.

Thus the subject had much more freedom to position his head under configura-

ions I and II than under the other three configurations. This information

will be useful in determining the required movement of the seat in the

forward and upward directions under a given configuration so that the eye

position may be maintained the same as the standard 130 seat configuration.

S~These data are also presented in Appendix A-1 in tabular format.

Figure 20 shows the distances of T-4 position and landmark #13 from

SRP along the back rest. T-4 point is the skin surface mark which identifies

the 4th thoracic vertebra at upright seated position. Point #13 is the

body point of contact with the subject's back and the back rest. T-4 mark

t Tý) 1- 419-- 0 t si g,, -0 -a k ~ " -1
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is a fixe& mark on body surface while landmark #13 may be changing with

seat configurations. Under 130, 970 and 510 back rest configurations,

point #13 is below T-4 mark level. In other words, if point #13 can be

taken as the hinge point for back rest, this hinge point can be located

below T-4 surface mark for 13', 27' and 510 configurations. Nowever, at

650 back rest configuration point #13 and T-4 mark seem to coincide when

the seat pan angle is °00. But when the seat pan angle was raised to 200,

this shifted the entire upper body. Such a change resulted in moving the
position of T-4 mark atrve landmark #13.

The data on locations of mention (point #2)and suprasternale (point

#3) under different seat configurations and head positions are given in

Appendix A-2. This information will be useful in determining the clearances

available in the region forward of neck for purposes of possible inter-

ferences with face masks.

Hand-Arm Study
This study was performed to gather data on arm-hand configurations

as a function of controller locations. These data will he useful in pro-

viding arm rest design parameters. Figure 21 shows the locations of nasion,

acromion, elbow and third metacarpal joint for hand position 1 (i.e., the

elbow in most rearward position against the back rest) under different seat

configurations. Position 1 serves as reference and varies from subject

to subject. Figures 22 through 26 show the same locations of nasion,

acromion, elbow and third metacarpal for hand positions 2 through

6 respectively. It should be noted that hand positions 3, 5 and 6 were

lower than hand position 1 for seat configurations I and II only. In the

case of seat configurations ill, IV and V hand positions 3, 5 and 6 were
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higher than position 1. The legend shown in each of these diagrams would

be of help in noting this. The information shown in these figures is also

presented in Appendix A-3.

Figure 27 shows the mean elbow locations along with the 5th and 95th

percentile limits for hand position 1 under the different seat configurations.

The same data are also provided in Appnedix A-3. This set of data is

useful in determining the forward location of a hand control because any

location of the controller rear of hand position I may cause the back rest

to interfere with elbow movement and hence controller activation. Figure

27 also shows relative shift in the elbow locations under the five seat

configurations.

Figures 28 through 32 show the change in elbow and wrist locations for

changes in contrcller positions under each of the given seat configurations.

These data are useful in establishing the orientation and length of forearm

support. As can be seen in Figures 28 through 32, the vertical displacements

of the elbow for different controller positions are small for upright

seated positions and are considerably larger for reclined positions.

Figures 33 and 34 show the mean locations of the hand controller along

the x and z axis. Broken lines are used to indicate the effect of change

in selecting hand controller positions for upright (138 and 270) and re-

clined (510 and 650) back rest configurations. Table 5 gives the mean

locations along with the standard deviations for hand controller position

under the five seat configurations. It must be remembered that the lateral

location of the hand controller was fixed at 9" to the right of the SRP.
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TABLE 5

X and Z Coordinates for Controller

Midpoint Location*t

eat Hand Controller Positions**
onfig. Coordinates Statistics 1 2 3 4 5 6

Mean 12.68 14.68 14.68 16.68 16.68 16.68

_ _ Std. Dev. 0.68 0.68 0.68 0.68 0.68 0.68

Mean 11.74 11.74 9.74 11.74 9.74 7.74

Std. Dev. 0.79 0.79 0.79 0.79 0.79 0.79

II X Meant 10.85 12.85 12.85 14.85 14.85 14.85

Std. Dev. 0.76 0.76 0.76 0.76 0.76 0.76

SMean 10.31 10.01 8.01 10.01 8.01 6.01

Std. Dev. U.74 0.74 0.74 0.74 0.74 0.74

III Mean 8.07 10.07 10.07 12.07 12.07 12.07

Std. Dev. 1.11 1.11 1.11 1.11 1.11 1.11

Z Mean 7.13 7.13 9.13 7.13 9.13 11.13

Std. Dev. 0.61 0.61 0.61 0.61 0.61 0.61

IV X Mean 6.29 6.29 8.29. 10.29 10.29 10.29

Std. Dev. 1.09 1.09 1.09 1.09 1.09 1.09

SMean 5.38 5.38 7.38 5.38 7.38 9.38

Std. Dev. 0.47 0.47 0.47 0.47 0.47 0.47

V X Mean 5.92 7.92 7.92 9.92 9.92 9.92

_Std. Dev. 1.30 1.30 1.30 1.30 1.30 1.30

Z Mean 5.72 5.72 7372 5.72 7.72 9.72

Std. Dev. 0.47 0.47 0.47 0.47 0.47 0.47

Y Coordinate was maintained at 9" right of SRP

"t Dimensions are in inches.

** Hand positions varies from subject to subject.
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When the back rest angle changes from the standard 130 configuration,

the pilot's anm configuration is altered. These c'ianges are in terms of the

inclination of the upper and lower arms with respect to the x axis. Since arm

configuration changes may influence the maximum isometric force exerted on

the arm controller, it wa& decided to include these data in Figures 35 through

40 for fa*ture reference. In these figures, angle alpha (a) refers to the

;nclination of the straight line joining radiale and stylion to the horizontal.

Angle beta ( ) refers to the inclitiation of the straight line joining acromion

and radiale to the horizontal. Thus, a provides information requiring forearm

orientation and B provides information on upper arm orientation. These data

are also presented in tabular format in Appendix A-4.

Foot Rest Study

The information on the average foot reach limit under different seat

configurations and foot rest heights is presented in Figure 41 and also

9
provided in the tables in Appendix A-5. This set of tables also gives

8 information on the standard deviations for each reach.

The information regarding visual interference with the knee was

10 sought as a part of this study. Figures 42 through 45 show the mean

F2 locations of eye and knee top for the five seat configurations undor

three foot rest heights. Also shown are the mean locations of acromion

and trachantion surface targets. Figures 26 and 47 show the relative

displacements of knee top for change in seat configuration. These figures

show the mean position and 5th and 95tn percentile limits. The same data

presented in Figures 41 through 47 also are presented in tabular form in

Appendix A-5.
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CONCLUSIONS

The design conclusions based on the engineering anthropornetric data

collected are presented in four sections. These are: head rest, arm rest,

foot rest, and eye design height which influences the position of the SRP

asthe seat reclines from the standard cofigrtio (i30 back angle) to

the 650 back angle. •

Head Rest••i

j To adequately design a head rest, a minimum of two parameters are

needed. These are the location of the hinge point and the length of the

head rest.

The location of hinge point for the back rest is most difficult to

obtain accurately. However, based on the data presented in Figure 20,

the highest point of contact of the torso with the back rest ranges around

the level of the spinous process of the fourth thoracic vertebra. Therefore,

it may be assumed that the hinge point for the back rest should be at the

same location on the back rest as the supinous process of the fourth thoracic

* vertebra. It should be noted that the head rest is not used for seat con-

figuration I, II (back rest angles 130 and 270).

The length of head rest based on the data shown in Appendix A-l should

be approximately 15.84 inches. This represents the distance for 95 percentile

(based on the subject population used) from the hinge point to the helmet

rear cc~'tact point. This value is based on head position 3 for seat con-

figuration~ V which requires the longest head rest among all head position-

S~seat configuration combinations.

• . ,rmq•rII IN -
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Arm Rest

The arm rest parameters of interest in this study were:

1. Lcca,ion of arm rest.

2. Orientation of the arm rest.

3. The change of orientation of arm rest as the back rest reclines

for a given controller location.

f! Figures 29 through 32 show for a given location of the hand controller,

the position of the desired seat configuration. These data, also available in

Appendix A-4, provide the needed information to establish the expected position

of the arm-rest in space. In addition they give the relative change in orien-

tation as the seat reclines from the, standard seat configuration (SCI) to seat

configuration IV (650 back rest, 100 seat pan). This is illustrated in

Figure 48 which shows the spatial histories of several landmarks as the

seat reclines.

To obtain the arm configuration during reclining of the seat, Appendix

A-4 provides the tabulated data for the elnow and wrist positions from

which the arm rest orientation during reclining of the seat can be determited.

Foot Rest

Three foot rest lo'cation3 were used to establish maximum reach as

well as the position of the knee when the seat is fully reclined. The data

obtained give information on the line of vision of the pilot in the various

seat confic'jration to the top of the knee. These data, given the location and

dimensions of the instrument panel, can define the areas of the panel tha are

obstructed to view by the pilot's knees in the different seat configurations.

~ The maximum reach data give the design limit for location of the

foot controls forward of the seat reference point along the X-axis. Id
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Table 6 gives the maximum foot reach measured from the mid position of

foot controllers.

Eye Design Position

Because of the reclining seat configurations, the eye position moves

both backward and downward as the back rest is reclined. Therefore, in

order to maintain the eye position the same, the seat reference point (SRP)

must be repositioned in order that the eye position is maintained the same.

Table 7 shows the x-z coordinates for the SRP for the standard as

well as the other seat configurations for the 5th, 50th and 95th percentiles

of the U.S. pilot population. From these data the needed SRP translations

along the x and z axes have been computed and are also shown in fable 7.

1T1

2!
4a•
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TABLE 6

Maximum Foot Reach Measured from the

Mid Position of Foot Controllers

Seat Configurations I HI III IV V

1 x 40.29 39.41 38.47 38.01 36.55
a 1.42 1.35 1.30 1.34 1.63

2 x 39.75 39.14 38.06 37.66 35.63

a 1.42 1.47 1.28 1.35 1.53

0
0

3 x 39.38 38.60 37.72 37.17 34.75

a 1.37 1.49 1.32 1.47 1.56

Note: (i) Distances are in inches.

(ii) Controller maximum travel is 6 inches.

F-I11p
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APPENDIX A-1

Head/Upper Torso Data

N(otu: 1. All linear dimensions in the
following appendices are
specified in inches. Angles
are specified in degrees.

2. A blank space indicates thae
the specific data was not
available.
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UPPER TORSO INFORMATION

Head Position 1

- C I II III IV V

(0 4•32 3.846 2,83 2.36 2.33
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UPPER TORSO INFORMATION

Head Position 2

SC I II III IV V
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0 a4-

• -0.94 -0.68 -0.09 0.19 0.24

x w

ý41 -P Q)
Q) ul a 0.55 0.61 0.46 0.50 0.66

4 -p

U)i

0 d 0.02 0.11 0.03 -0.01 0.03

- • 4 0 . 3 .2 0. 6 . 1 . 5
4.J •

w Im

0.23 0.20 0.16 0.21 0.35

V _ _ _ _ _ _ _

1.4 -13 16$14 14



' 135
UPPER TORSO INFORMATION13

Head Position 3

SC I II III IV V
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UPPER TORSO INFORMATION

Head Position 4

SC I II III IV V
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UPPER TORSO INFORMATION

Head Position 5

Sc I II III IV V
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UPPER TORSO INFORMATION
Head Position 6

Sc I II III IV V
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