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I N T R O D U C T I O N

Aircrewmen have been and are being killed because they cannot activate
the proper emer gency dev i ce under adverse con diti ons . The crewmen mus t be
able to reach and activate their emergency control devices under the wide
range of accelerat~ve condi tions to which they may be exposed in an emergency .

The abi lity of a crewman to acti va te the control wh i ch sets into opera-
tion hi s emer gency equi pment can be dependent on several fac tors : the size
of the crewman , the type of seat , the res traint harness he wears , the loca tion
of the control for the emergency equipment , the physical configuration of the
con trol , and the acceleration environment under which the control is being
activated. These factors may also be interdependent.

This study culminates an effort to assess the importance and influence of
these factors and to introduce a logic by which these factors may be weighed
and to introduce guidelines to enable the comparison of the effectiveness of
the control devices with the seats and under the environments that are present
in aircraft emergency situations . The fi nal result will yield more satis-
factory systems with minimum delays to the emergency devices .

INVESTI GATIVE METHODOLOGY

A series of experiments was designed and performed to reveal differences
existing in current systems and to uncover areas in which improvements are
deemed more critica l and feasible. Realistic environments which do occur in
fl i ght emergencies (1) were programmed for the dynamic flight simulator (DFS).
The experiments reported here were patterned after those reported (2); only
the details that diffe r from the previous report will be given here .

Certain changes were made in the environments . To accommodate more condi-
t ions , those environments which had little or no significance were dropped and
replaced by more severe or other representative accelerative conditions . Spin
was increased in severity and post-stall gyrations and buffet were replaced by
forces representing a skidding (either air or ground) aircraft . Figure 1 is
an ac tual recor di ng of the measure d accelera ti ons use d in these ex periments in
terms of Gx , Gy, and Gz components that compri se d the emer gency env i ronments
developed for use in the experiments detailed herein.

The F-4 cockpit was used as a base; however , a Martin Baker Seat MK-H/7
was used in this study . (An ESCAPAC seat had been used in the previous report.)
The face curtain and lower ejection handle were outfitted with mlcroswitches to
Indicate operation of the control device detent and the end of the pre-ejection
sequencer (fire). Once more , the drag chute actuator was used as a representa-
tive of a side arm emergency contro l and the stores release button as a possible
control located forward on the side panel . The forces necessary to activate the
lower ejection handle and the face curtain were measured and compared with mill-
tary specifications (3). These forces are given in table I.

The follow i ng criteria were used for judgment:
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T A B L E  I

COMPARI SON OF PULL FORCES MEASURED FOR MARTIN BAKER

AND ESCAPAC SEATS WITH MIL SPEC (3)

Detent Fire

(lb) (lb)

Lower Ejection Handle

M u .  Specs 15 to 25 30 to 40

Martin Baker Seat MKH/7 18.5 47

Escapac I 15 40

Face Curtain

Mil. Specs 20 to 40 30 to 40

Martin Baker Seat MKH/7 22.5 39

Escapac I 25 40
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1. abi l i ty to reach ,
2. time to reach , and
3. body position due to environment at the time of decision (in this

experiment , a light and noise) to activate the ejecLion/emergency control .

The following general assumptions appl y to this study :

1 . Crewmen and pilots have equatable reaction times . Crewmen as well as
pilots are required to take emergency actions . Ejection seats are a require-
ment in the Navy ’s inventory of specialized aircraft such as the EA6B and
S3A (both have four ejectable seats ) as well as in hi gh performance aircraft .

2. The subject volunteers are representative of the entire pilot-crewman
population. The subjects used in these experiments span the 3rd to 98th per-
centile (4) anthropometric range . The qualifications for their ratings include
mental abilities similar to those of aircrewmen. Table II shows anthropomorphic
data on the subjects used in this experiment .

3. The current subjects and those of the previous experiment were equally
motivated and have equivalent skills and training.

GENERAL OBSERVATIONS

Prior to any activation , the control must be reachable. The subjects were
placed in the seat. The seat was adjusted as close as possible to the design -
eye position as recorded in aircraft drawings . Certain surprising facts were
evident. The stores-release button on the left side of the front instrument
panel was not reachable at all by a segment of the subjects when the torso
harness was ti ght. This button was reachable with difficulty by the remainder
of the subjects. Thus , to operate the stores release button , tne pilot of the
F-4 requires loose straps . This factor was discussed with and confi rmed by
current F-4 pi lots. The failure to reach this button was correlated with a
combination of short sitting height (>20 percentile) and a short extended reach
(>15 percentile). One individual with a short extended reach (1st percentile)
whose sitting hei ght was tall (70th percentile) could reach this stores release
button , reinforcing the combined requirement of short sitting stature and short
extended reach.

Table III gives the incidents of failure to reach the controls according to
the detrimental environments for both the Escapac and the Martin Baker seats .
In the Martin Baker seat (this report) the experiment was conducted , where
possible , with both tight harness straps and loose harness straps . These
results are Included for comparison purposes .

The harness and inertia reel , which are integral parts of the seat , may
operate in either a loose strap or a tight stra p mode according to the pilot’ s
option.

In the ti ght mode , the subject is held rigid to the seat back. If he is
leaning forward at the time the tight mode is selected , he remains in this
position until he moves back. Any backward motion , however , sets the harness
in a new ti ght position until the subject is eventually all the way back in the
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seat. In the loose mode his straps extend to such a degree that hi~ hea d can
contact the instrument panel . If the strap pulls on the inertial reel under
a fast-onset acceleration of 2 to 3 G , the reel i s ac ti va ted to pull the
subject back to the tight position.

Experiments with the loose strap condition were not run in the -1G
environment since this environment was achieved by turning the subject upside
down . An inflatable collar was required to be worn by the subject to provide
additional support to the .eck. Fi gure 2 shows the subject ready for the
tight and l oose strap runs . After a few runs It was discovered that the face
curtain was out of reach for subjects in a strong -Gx environment. Therefore ,
under loose straps conditions , the face curtain was eliminated in the -2.5 Gx ,
skid and spin; all of which have -Gx as an important constituent.

The subject with loose straps was subjected to the hazardous environment
generated by the same profiles (see figure 1) used for the tight straps.
Although values in excess of 3G were achieved , the pull on the straps was
not sufficient to activate the automatic locking device . Situations of this
nature are comon in aircraft fl i ght. The presence of the neck collar on the
subject did offer some interference . It tended to provide support for the
head in the +5Gz experiment , thus restricting head motion in this environment.

EFFECT OF DEVI CE/ENVIRONMENT ON CONTROL ACTUATION TIMES

Under normal conditions , it takes approximately 1 second , after the deci-
sion to activate an emergency device has been made , until the firi ng mechanism
is initiated . This time delay results from the completion of several necessary
events and may be infl uenced by the shape and location of the particular device
and the environment in which the action must take place , Thus the times which
measure the action become a criteria to measure the environmental or device
effect.

In flight the pilot (crewman) makes his own decision to activate the
emergency device ; this study assumed that the decision had already been made
and examined responses from that point , A combined light and noise signal
alerted the crewman to activate his control as quickly as possible. Micro-
switches in the cockpit indicated the crewman ’s hand position at the time of
the light activation , when he removed his hands , when the detent re l ease d 1 and
final activation of the control.

The time to activate each control was broken down as follows :

Time from light/noise on to hands off; “on to Hoff”
Time from hands off to device activation ; “Hoff to off”
Time from hands off to detent disengaged ; “Hoff to detent”
Time from detent disengaged to device activation ; “Detent to off”

In each case a micr oswitch gave an indication of the state of the action . In
each time segment the physical environment may be detrimental , beneficial or
both. As an illustration of this point , when Inverted (-lGz), the face curtain
might be easier to reach but more difficult to pull.

- 10 -
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T he ON TO HOFF t ime se gment i s primaril y the reac ti on time of the indi-
vidual; however , env ironment may have some influence . The initial position
required the subject to have his hands on the throttles and the control stick
as a pilot must do In flight. Those environments which tend to press his
han ds to the con trols may lead to an i ncrease of re l ease time .

Not all the controls , which were required to be activated in this experi-
ment , had a detent . In mak ing comparison , the HOFF TO OFF times of those
controls which had no detent (stores release and drag chute) were compared
with the HOFF TO DET times of face curtain and lower ejection handle.

Fig ure 3 s hows the mean values for On to Detent/Of f acro ss all the
subjects grouped according to the device to be activated . The effect of the
environment and the type and location of each control device can easily be
seen. Under the ordinary environment (denoted as 1G), reaching the lower
ejection handle took the least amount of time both with tight and loose
straps . The white area in each column represents the time spent in going
from Det to Off. As reported before (2) and reinforced here , the pu l l  of the
lower ejection hand le , as noted in the Detent to Off , shows much more varia-
tion in time while the face curtain , once out of detent , shows a uniform ,
consistent time to complete the activation . This is in spite of the rather
long travel of the face curtain compared to the travel of the l ower ejection
handle. This area is certainly one in which better engineering m ight well
produce positive results .

REA CTION TIME DATA ANALYSES

The data of the various reaction times were collected and analysed for
statist ical si gnificance according to analysis of variance techniques , In
an experiment which involves people , data points will be missed. Among the
reasons for missing data points were the following:

1. The subject was unable to reach the device ,
2. The experimental data was not readable , and
3. The subject was delayed in reaching the activation device by such

unrelated factors as mechani cal failure of the experimental equipment not
relevant to the experimental design; hence the time was unduly long.

Inclusion of these artifacts as data points would statistically obscure
any significant change of time for either the device or the environment. To
facilitat e the statistical analysis , a value must be inserted for the missing
or obviously erroneous point. If the remaining data are to be meaningfu l ,
the mis sing data point must be inserted so as to have little influence on the
results. Therefore , an average of the subject’ s basel i ne 1G runs for that
parti cular device was selected . The Influence on the null theory was towards
a type- l error which would lead toward a conservative determination of the
statistical significance . Tables IV , V., and V I s how the computed F rat i os
and degree of significance which may be attached to this point of the experi-
ment.

Only in the case of two subjects with the tight harness strap conditi on
was there a signifi cant difference of time resulting from the detrimental

- 12 -
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effect of environment. In the Escapac seat there were five out of seven showing
s ig n ifi can t detr imen t as a resul t of the a dverse env i ronmental cond i t i on. Al l
significance was judged at the 95 percent confidence level for positive signifi-
cance. In contrast seven of nine subjects responded signifi cantly different to
the character and location of the device. In the loose harness strap condition ,
similar observations are noted.

From the previous experiment (2) on the Escapac seat , it was determined
that environment contributed to delays in activation rather than the device
sought. Thus , it seems that the system should be examined rather than the
individual items to arrive at optimum (least) delays .

VIDEO DATA

Position Determination

In addition to the time of reaction data , data of body position (or out
of position) of the subject at the instant of command by the light to reach
for the device , was recor ded. Thus , environmental contributions to reaching
difficulties were included in this study .

This record was determined by a unique method. Prior to running of the
experiments , a 1-inch screen was built and inserted in the cockpit. This
ccreen was pictured on the video tape monitor and a grid constructed as an
overlay for the monitor screen. A video tape was made of the trials. Each
subject wore a small target (patch) on his shoulder bone protrusion and on
his helmet. These served to indicate the initial position of the subject.
The initial position of the subject was marked and then the new position was
read as x and y from the initial. The requirement to firmly grasp the control
stick and throttles at the start of each run tended to return the subject to
the initial position after each trial , Typical “Out of Position ” views are
show n in figure 4. Observations taken from the video tape on the consistency
of the subjects in returning to their initial positions can be found in
Appendix A.

The camera was aligned with the lens surface parallel to the X-Z plane
through the man. Thus , when a combined motion is achieved , suc h as a turn.,
the movement of the head in rolling will not be differentiated from a straight-
forward motion of the head.

The use of the overlay method negated artifacts which would occur within
the equipment Itse if , such as non -linearity , camera alignment , etc .

One of the distinct advantages of this rather simpl e method of detecting
position shif t was that there was no apparatus , either measuring or supporting
a measuring device, which would by its presence interfere with the subject’s
freedom . The greatest disadvantage is the difficulty in reading the position
on the video screen .

The position of the target mounted on the subject was determined with a
degree of accuracy of ±0.5 inch . The data were fed into a computer so that
they could be group according to subject , device , environment, repetition ,
or any desired combination.

— 17 —
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FIGURE 4 - VieWS of Sub j ec ts  under Environment at or Just Af ter  A c t i v a t i o n  Cue.
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The data were printed out as lines from the origin (subject’s initial
position) to the x , y position where the subject was at the time of reaching
for the designated emergency control device. This line does not indicate
the path the subject followed in reaching the position but is rather a vector
from or i gin to end position . The original position is desi gnated as a small
plus (+). A circle drawn about this plus sign would roughly approximate the
accuracy of the readings. Zero or no movement has been eliminated from the
plotted data to give an increased clarity to the remaining lines , Using the
outermost lines in forming an enclosure developed an envelope which repre-
sented the possible positions resulting from a chosen grouping of the data .

Figure 5 is the result of examining all the variables ; sweeping across
env i ronme nt , device , subject , and repetition. The distinct contribution
(envelopes) of the five environments considered in this report is shown in
figure 5 outlined by a combination of striping and stippling . It is noted
that the multicomponent skid and spin envelopes encompass an area outside
those of the single -component environments , Forward movement of the head of
from 10 to 12 inches was not uncommon even though the straps of the torso
harness which held the subject in place were as tight as possible.

To assess the influence of tightness of the harness straps , position
measurements were also made with the loose strap. Figure 6 gives the total
pos ’tion environment (straps loose) for the four environments considered ,
with the contribution of the individual environments represented by the same
coding as fi gure 5.

The support provided by the tight harnesses is dramatically illustrated
in figure 7 which compares the tight and loose positions for the -2.5Gx en-
vironment only. In those environments which contain the strong -Gx , the head
is near or resting on the Instrument panel when the harness straps are loose ,
thus representing the extreme position achieved in those relatively “mild”
environments. This Gx movement could be partially resisted (as did subject #3)
if the subject is not caught unprepared. All the groupings of the video data
are given in Appendices B , C and 0. There were no negative Gz runs with loose
straps .

The environment to which the subject was exposed contributed much to his
change of position prior to reaching for the device. However , the identity
of the devices to be actuated exerted little or no such infl uence . There is
some shoulder movement by the subjects in anticipation of face-curtain activa-
tion ,

Comparison of individuals does show distinctive differences . Some m di-
viduals seem to repeat their behavior very well while others deviate from run
to run. Appendix C gives the tight strap data for subjects 1 and 3 for specifi c
enfi ronments in illustrat ion of this individual variation .

C O N C L U S I O N S A N D  R E C O M M E N D A T I O N S

A comparison of the reachability to various emergency control devices from
the Martin Baker seat reveals that the l ower ejection handle and the drag chute
han d le are , i n genera l , the most easily accessible. The stores release button
on the left instrument panel is often inaccessible. The face curtain also is
found to be inaccessible under many emergency accelerative environments .

- 19 -
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Although tight straps restrict reach , they do not prevent involuntary
slum pi ng an d other moti ons by var i ous se gmen ts of the body when severe forces
are applied . Loose straps , wh i le genera l l y enabl i ng grea ter reach , aggravate
the force Induced motions. Subjects who have an infinite combination of dif-
ferent individual percentiles and body proportions respond in varying patterns
to both tight and loose straps .

Subjects tend to give experience-oriented evaluations of proposed improve-
ments due to their own physical measurements which may or may not be generally
applicable.

The environments which caused the greatest difficulty were those that
contained the negative (2.5) G~ 

com ponen t or the ne ga ti ve Gz component. Both
of these acce l era ti on com ponen ts are often encoun tere d i n emer gency env i ron-
ments where rapid egress is imperative to the health of the individual.

The strong -Gx force is particularly detrimental with loose straps since
it can carry the subject out of position for the essential reach motion , out
of body position for safe ejection , and out of position for continued control
of the aircra ft.

It has become an acceptable “fact” that the forces will be less detrimental
if the harness strap is tight; however , this mode has been shown to prevent cer-
tain necessary actions from being accomplished by subjects within certain per-
centile ranges and body proportions . It should be remembered that individuals
in a given wei ght range may be short , stocky , tall or slim ,

Comparison of the data herein with those previously reported indicates
that the effect of the adverse environment upon the individual and upon his
response thereto are strongly dependent on the overall design of the specifi c
seat-harness complex. Therefore , it is recommended that seats now in design!
production be examined with the restraint system contemplated for use under
dynamic emergency conditions. This would ensure that “improvements ” to seat-
harness -restraint system do not impose unwarranted limits on the subject reach
and capability to respond properly and safely. It is the total complex rather
than the individual components which should be tested. Implied under reach-
ability is the location and activation of the control device ,

Due to the wide variation that occurs across individuals , even when they
mee t re qu i remen ts for acce pta bi l ity as naval  crewmen , it is suggested that a
physical /anthropological measurement safety instruction be developed for each
Individual who may some day have to resort to ejection . By comparison of the
individual’ s own unique dimensions to standard computerized criteria , the
individual can be made aware of his own peculiarities and the limi tations that
result such as the short sitting heig ht and short functional reach combination
Identified herein. Other combinations with detrimental results will probably
surface. Then should he be so unfortunate as to be involved in an aircra ft
emergency , such knowledge may save him from wasting precious seconds , possibly
enable him to save the aircraft , reduce the probability of serious ejection
injury , or even save his life .
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Existing equipment needs modification to prov i de the lower ejection handle
with the same smooth unifo rm pull In the detent-to-fi re phase that is found in
the actua ti on of the face cur ta i n . I t i s th i s smooth qu i ck res ponse that  con-
tributed to the face curtain ’s reputation as the primary ejection handle.

In interpreting and using the data presented in this report ) it should be
remembered that these data were generated by subjecting humans to unusual en-
v i ronmen ts . Thus , the data ran ge was l im ited by concern for the wel l bei ng of
these individuals. During fl i ght , the environment may be far more severe . For
exam p le , one of the environments explored herein is -2.5 Gx, whil e environments
as great as -7 Gx are being reported . Obviously the difficulties encountered
i n the la tter env i ronmen t coul d be much grea ter. Thus , the effects registered
in this report are representative of emergencies most often encountered rather
than those of the extremes .

The position envelopes resulting from dynamic forces which are reported
are preliminary in nature . Envelopes of this type can have many uses . They
can assist in planning equipment locations wi thin the cockpit. These envelopes
which detail possible pilot positions under adverse environments are areas which
should remain free of encumbrance. Today ’s pilots are further burdened by life
preserv ers ,survival vests with bulky items , i tems wh i ch were not worn in the
ex per ime nts re por ted here. These it ems can also con tr ibu te to the lessen i ng of
movement freedom by the pilot.

Knowledge of likely positions of aircrewmen in adverse aircra ft attitudes
will assist in the determination of ways to avoid severe cockpit impact and
ejection injuries. Designers of clothing, helme ts , protect i ve wear , restraint
system , etc . should find these data useful .
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A P P E N D I X  A

COMMENTS ON THE INDIVIDUAL VARIATION S OF SUBJECTS

ASSUMING THE ORIGINAL VIDEO POSITION

Subject #1 had considerable freedom of movement within the torso straps
even though they were pulled as tight as possible. This freedom caused his
initial position to vary 3 inches prior to the onset of adverse environment.
This circumstance results in a greater variation in the degree of reproduci-
bility of his individual efforts . Subject #6 exhibited the same type of
variation but to a lesser degree .

The rema i nder of the subjects achieved a remarkable degree of consistency
in returning to their original positions . Subject #5 moved his shoulders in
antici pation of the device he was to activate . Th i s was no t cons id ere d as
detrimental to the experiment since a pilot might well react in this manner
when he had made the decision as to the device he would be reaching for.

A -  1 

- -. 
~~~~~~~~~~ 1..• 14.T/~

_ .-— 
. ,

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



-~~~- . - .-_. —--..- ~~~—‘- -  ~. ----- I

NADC-771 05-40

Thi s  page i n t e n t i o n a l l y  blank

t .  - -

.

~~~~~

-
. -  .- - - - , .



NADC -7 p105-40

A P P E N D I X  B

GRAPHS OF POSIT iONS (TORSO HARNESS STRAPS TIGHT)
GROUPED ACCORDING TO:

Chart No.

Al l  Var iab les 8-1

First  Repet i t i on 8 — 2

Second Repet i t i on B-3

1 B- 4

2 B-5

3 B-6

4 B-7

5 13-8

6 13-9

7 8-10

8 B - l i

10 13-12

Env ironment — +SGz B-13

Env ironment - -lG z B- 14

Environment — -2.5Gz 8—1 5

Lnv i ronment - Sk id  8-16
) t iv i ror iment — Spin B—i  7

- L)ra4 ; 8-1 ~
- Stor i ~’. R e l e a s e  B - I ’ J

Device - Lower E ject ion Handle 8-20

D e vi c e  - Face Curtain 8-21
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A P P E N D I X  C

GRAPHS OF POSITIONS (TORSO HARNESS STRAPS TIGHT)

GROUPED ACCORDING TO THE FOLLOWING COMBINATIONS :

Subject No. Chart No.

1 Environment -Gz 1

1 Environment -2.5Gx 2

3 Environment -Gz 3

3 Environment -2.5Gx 4

Environment -Gz , Device - Lower Ejection Handle 5

Environ. ient -2.5Gx , Device - Lower Ejection Handle 6

Env ironment .~Gz , Device - Face Curtain 7

Environment -2.5Gx , Device - Face Curtain 8

C - i

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . ~.
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HERD P O S I T I O N S

-GZ . S U BJECT 1

TSUBJ ECT =
I O~~V IC E VAR .

E N V I R .

L~~
PET. = V A R .

H-

Li

-J

L.f) 
~

0
C?

C., 
_______-- I - -- _ _- I ,  -. -

- 5 .00  1 3.0 0  5 .00  1 0 .3 0  1 5. 0 0  2 0 .0 0  75.00
X-DISFL A C&M ENT (IN )

SHOULDER P O S I T I O N S

-GZ . SUBJ EC T I

S U B J E C T  = 1
I OEI V CE V A R .
ENV (R. = 1z~. [~~E P E T . = V P R~J

a 0(flc~,

C,
C.,

1:,

.5.00 ~ .oo 10.00 15.00 20.00 5.00
X-OISPLPCEMENT ( I N )

CHART C- i

-— .~~
-. 
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HERD PO SITIO N -S

- 2 .5GX . SUBJ ECT F

- . 

[ SUBJECT -.

D E V I C E . = vc~~.
C) E N v I R .  = 3

2:

n- CD

C) ~~

C )
C)

C-) 
_ _  _ _ _ _  _ _ _

T 5 0 5  0.J F 10.00 (~~ .OQ 25 .0 0  2 5 . 0 0
v -D IS PLAC EMENT (I N )

5~~f l U L D E k  POS ~ T IONS

2 ~~~~ 51 1P. .FX T

C-).
-. 

SJB JE CT =

I [ JLV  I C E  V A R .
EN V I R .
R F P F T .  V A R . ]

2
Li CD
2:

C,
Li
zr
-J

Cr) 0

C.)
C

0
—— I 1 I — I

-5.00 0.00 5.00 10.00 15.00 20.00 25.00
X -O ISPLPC EFI F. NT ( I N )

CHART C - 2
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HERE] P O S I T I O N S

-Cl. 5U~~JEiTT 3

I D EV I C E. = V A R .
I E N V I R .  = 1

~~ E P ET .  = V AR .

a--
2
Li C)

Li

C)

o

_ _ _ _— I - —
-5.33 0.00 5.31) 10.03 (5 .3 3  20 . 33 25 .00

X -DIS FLACF -.MEN I (I N )

S H O U L D E R  P O S I T I O N S

-GZ . SUBJECT 3

[~~J~~ E C T = 3
DEVICE VAR .
E N V I R .  = 1
REPEl.  = V A R .
_ _ _

- V -_ _ _ _ _

-1~ .OO 0 . 0 0  5 .0 0 (0.00 15.00 20.00 25.00
X- DFSPLPCEJ1ENT (IN )

CHART C-3
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~~~~ HERD P O S I T I O N S
-? . )~~~~~ I SUB JE C T  3

~~~~BJ F CT =~~~~

I D E V I C E  = V A R .

-~~~~ 
E N V F R .  3

zC-’ [~~EPEI.  = V A R .

I — 
~~~~~~~~ 

— — — 
~~~~~~~~~ 

— 1— — —

- 1~~..1O 0 .00  5 .00  (3.33 1 5 .0 0  2 0 -  ~O 2 5 .3 0
X - O I S P L P - r ) M E N T  ( I N I

S H O U L D E  P PC ~S I

-
~~~ .5Gv . 5 : ) BJF CT ~

D E V I C E  VAR . I
— C I  F~~~ I R .  = 3

~EPEi.~~~~~ V P R .  I
z

r - tI

C?

-. — - — —_  - V — — —~~~~—— —  - I — 
-5 .0 0  0 . 0 0  I 00 10 . 0 0  1 5 - 0 0  2 0 . 00  75 .00

X ¶ 1 I S PL PC EI I F.NT (I N )

CHART C- 4
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HERD p~~5 J T I fl~~5

-C! I L D W F  R E J E C T  F - .’N I~ LNI1L  F

1 SUB J
f l E V I C E  -- 2

.. . C ) I o N ~~~R .

~~~~~~~~~~~~~~~
C - )  /

n- CD I

0 !

C)
—

~~~
—. —--  - —  -— .

~~~~~~
-- - - -

~~~
- . -. - . -

~~~~
- . - -  -

~~~
- -

‘ -S ly; ‘ o S  5 . 00  ( . 1.00  5 .3 1)  ?L ).IT ‘5 . 00

~~~f l I S P L A [ E M F N T  I J N !

5H~ UL D E R P O S I T I O N S

-SI . LOWER EJECTION ~R N D 1 E

I SUBJECT =

D E V I C E
I E N V I R .
[j~EoE l .  V A R .  

I
~~~~

C ,
C?

C?

I -r -~~--- —~

~$ 3() (J . t ( 13 5 . 1313 13.1(0 ( 5 .3~ 20.00 25 .30
X- D F S P L A C E M F N T  ( I N )

CHART C- 5
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HERD P O S I T I O N S
- - 2 . 5 5 x .  L OW ER E J E C T I O N  HAND L E

SU BJECT = V A R .
D E V I C E  = 2
E . NV I R .  = 3
R E I~ET . VA R.

2:

I I  I1
~~S . 0 0  0 .00  5 . 0 0  10.00 15.00 20 .00  25.00

X - O I S P L P C E M E N T  ( I N )

SHOULDER P O S I T I O N S
-2 .5GX . LOW ER EJ E C T I O N  UPNDL. E

1 SUBJECT = VAR .
I D E V I C E  2

—~~~ 
E N V I R .  = 3
R E P E l .  = V A R .

2:

C?

C)

.5.00 0.00 1 0.00 15.00 20 .00 25.00
X-O ISPLACE M ENT (IN )

CHART C- 6

_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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HERD P O S I T I O N S

-C I. FACE. C U R T A I N
a
— 

5J ) .)  -.~ = ~~~~~~

=

~~, 1 P  - I- I . -

~~F1I’F 1~ . 
-

1JD ( - - . . - - .- - 

(DCD I

_ _  _ _ _  I I

‘,. ‘j O 0 .00  5 .00 (0 . 0 0  (5 . 0 0  20.00 75 .00
X- DISP LA CEMF .NT (IN )

SHOULDER P O S I T I O N S
-DI . FA C E C UR T A IN

_____________________
— I SUBJECT = V AR . I

I D E V I C E  = I
J ENV IR .

~~
EFEl.  VAR .

~~ 

I V 1

0.00 5 .00  10.00 (5 .00  20.00 25.00
X-OISP LAC E IIFNT (IN )

CHART C-7
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~ ER~ P O S I T I O N S
CD . -2.SGX . FACE CURTAIN

1 ~~ LBJECT VP~~.
D E V I C E  =

E N v 1 R .  = 3
REPEl . VAR .

2:

.5.J I ]  0 . 3 3  5 - 3 0  (0 . 0 0  15.30 2 0 .3 3  25 . 33
X — D I S PL A C E M F N T ( I N )

3 HO UL DEP L~~i~~5 I HNS

- 2 . 5 ,~~. F O C E  CUR ~~’IN

1 SUBJECT = V A R .
D E V I C E  = I
E. NV IR.  = 3

Z~~ REPEl.  = V A R .

0
C)

— --— -~~~~~~~ - . —________________ —-— -~~~~~~~~~~~~~~~~~~~~ ——  -
- 5 .0 0  0 . 0 0  5 . 0 0  1 0 . 0 0  1 5 - G O  2 0 . 0 0  2 5 . 0 0

X - OI SP L R C FM F N T  ( I N )

_
CH A RT C- 8

L. .-- — -.— . 
-. - - -—-~~- _- — ~_:
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A P P E N D I X  0

GRAPHS OF POSITIONS (TORSO HARNESS STRAPS LOOSE)
GROUPED ACCORDING TO: (

Char t No .

All Variables D-l

Fi rs t Repetition D-2

Second Repetition 0-3

Subject No.

1 0-4

2 0-5

3 D-6

5 0-7

7 D-8

Environment - +56z 0-9

Environment - -2.5Gx 0-10

Environment - Skid 0-11

Environment - Spin D-12

Device - Drag 0- 13

Device - Stores Release 0-14

Device - Lower Ejection Handle 0-15

Device - Face Curtain D-16

D - l  

.
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-

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

-
_
-

~~~~~~~~ 
. —

- ,
.

~~~~~~~ .- -. , - —



— - -~ - - - -.- .~ --~ - - . .

NADC-77105-4O

This page i n t e n t i o n a l l y  b lank 

--
-—

—---
~~~~~

. - --- -. .—-- -- .. .-.



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

-
~~ H F f l S  I T T  fl LJ 5

~ Nv~~ [ U F E  1 ) ’ ~~ A L L I’ A R i O A [ F S

- I SUBJECT VAR.
D E V I C E  = VA R .
E N V I R . V A R .
R E P E l .  V A R .

7
110))

-=~~
- -

~~~~ 0 . 0 0  5 .0 0  10 .0 0  ( 5 . 0 0  2 0 . 0 0  2 5 . 0 0
X - O I S PL P C F I I FN T  ( I N )

SHOULDER POSITIONS

C I  E NV E L  OFF A C R O S S  ALL V A R  I A B F . E C

S U B J E C T  V A R .
DE VICE. = V A R .

- C )  E N V I R .  V A R .
R E P E l .  = VA R .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I ~~~~~~~~-5 .00 0 . 0 0  5 .0 0  ( 0 . 0 0  1 5 .0 0  2 0 . 0 0  2 5 . 0 0
x - 0 1 C 1 ’ L A L E M F N T  ( I N )

________ - ~~~~~~~~~~ ~~
.
— - —  — —



HLRI] P O S I T I O N S
)ST R E P E T I T I O N  E NVELOPE

~~~~~~F C T  = V A R .
D E V I C E  = V A R .
EN~’ R .  = V A R .
REPE l . =

I—

.s . r y i  f J . r , ) )  5.00 10.00 15.00 20.00 25.00
x - D I S P LA C F r I E N I  ( I N )

SHO U L D E R  P O S I T I O N S
151 R E P E T I T I O N  E N V E L O P E

SUBJECT =

OF.V I C F  V A R .
E N V I R .  = V A R .
R E P E l . = I

U.: 
_ _ _ _ _ _

C)

C )

V I
•5 . 0 0 0.1) 0 5.00 (0.00 (5.00 20.00 25.00

X-DIS PLA C EFIE N T (IN )

~~~~~~~~~~~~~~~~ 1. - .. - - - 

C H A R T  O~~~2

_ __ _ _ _ _ _ _ _- - 

-~
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H E R D  P O S I T I O N 3
2ND R E P E T I T I O N  E N V E L O P E

S U B J E C T  = V A R .
DE VIC IC = V A R .

.—. Cj E N V I R .  = V A R .
R E P E l .  = 2

V 1 1 1 1‘ -5 .00 0.00 5.00 (0.00 15.00 20.00 25.00
X — O I S P L P C E M E N T  (I N )

SHOULDER POSITIONS

2ND R E P E T i T I O N  ENVE I.OP L~i
C? __________________

— 

[~~~U B J E C T  V A R .
D E V I C E  V A R .
E N V I R .  = V A R .
&EPF.T. = 2— UD

I _

0
0

C?

7-5T00 O
V
.00 5

1
.00 .00 ( ‘5 . 0 0  2b .00 2~5 .00

X - O I S P L A C E I I EN T  ( I N )

CHART 0-3
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. I r ~~~rj P U N  J T  f l N 3

C) 
~~~~~~ ~1~ ’. F  E - L ~~~~ ‘ J i . I., C ‘

~
-
~

1 UBJH 
- -

CF V I C F
I F I ~‘ CI -

~ !J 1 S~~L ~ C f  ~ VO T I I

H P U S  I T  I UNS

~.II J5J  I O F F - I O I.~ C E . S T R A ~~5

= I
= V A R .

I E N v 1 R .  V A R .
CD IL~~LT~ ±~~~~~~~~~~~~~

-
.

C?
C.?

— . - - -r - - - - - - . _______________-. _______________

5. 03 1) . O Q  I 51) 1 0 - 3 0  1S.00 20.013 25.00
DISPLAC EMENT (I N )

C H A R T  D - 4

- - - - - - - - ~~~~-_ ~~~~. . —
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HE.~ D P O S I T J O N S
SLUJ 2 ENVEI OFF - - L O1i~~F T~~~~ 1~~ I

SUE I~~ ( 1  = 

- -

I 
I C E  A R

F.N V I F .  vR ~~.

~~~~~ 
V A R

- O S  0 . 5 3  0 . 0 0  I L - S O  15 .00 20.00 2 5 . 0 0
v - f l ( L P L A P [ M F N I  ( I N )

SHOULDER P O S I T I O N S

SUB J ? E N V E L O P E  - 100SF. S T R P~~~S

I SUBJECT = 2
D E V I C E  = V A R .
E N V I R .  V A R .
REFE

~~~~~~~~~~
R
~~

J

2

C)
C.)

C)

-s oc ~
‘.oo ~T~~~~~~~ ib .oo 15 .00 20.00 25.00

x- IJISP LRCF. rIFNT 1

CHART 0-5

L. ~~~~~~~~~~~~ 
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I I  L . ] L i ~) I I N S
I - Ci 1 .~ 

I ) I F — U J C F  S T R P ~~5

1 SUBJECT =
I D E V I C E  V A R .

F.N V I R . = V A R .
R E F E T ._ = V A ~~~J

LI ~~~~~ ~~~~~~~~~~~~~~~ 
--

V I --

V -

)3 3 . 3  SO ( 0 . 0 0  I S - S C 7 .03 2 0 - 0 3
~ - C L II L P I F M F N T  I I N )

S H O U L D E R  P O S I T I O N S
SUBJ 3 E N V E L O P E  - L O O S E  S T R A P S

SUBJECT = 3
D E V I C E  V A R .
E. N V ) R .  = V A R .
R E P E l .  =_ vA ~~~J

-S .00 0.00 5.00 (0.00 (5.00 20.00 75.00
X - O I S P L P C E t I E N T  ( I N )

CHART D- 6
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H r R [ J  F~O S I T I O N S
C) 5~~

I
~~ J 5 E N V E L O P E  - L O O SE  S T R A P S

~~ U B J F C T : 5 1
L iF V )Cf = V A R .

.. (.)  F .NV IR . = V A R .
R E P E l .  : V I1R .

7
I.C. C

C)
C)

CD

~~~~~~~~~~ 0.03 1 3 1 3  iEToo i ’5 .oo 20.00 25.00
x - D I S P L P C E M F N T  ( I N )

SHOULDER POSITIONS

SUBJ 5 EN VELOPE - L O O S E  S T R A P S

1 [~~J BJEC T = S
D E V I C E  = V A R .
E N V IR .  VAR .
R E P E l .  V A ~~~~J

* . - V — — -
~
-
~~~

-I-— I I 1I 0.30 .13 (0.00 (5.00 20.00 25.00
x f l 1 5~ P( FI IFNT ( I N )

CHART D- 7

- ~~~~ 
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HH[] P P S I T J O N S

3 -) fN ~’FI OFF - L O O S E  S TR P 1 S

D E V I C E  = VAR .
E N V I R .

[~~E F E l .  = V A R .

I
*~~~~~~13 O

V
. O 0  5.00 i b.oo (5.00 25. 30 2 0 . 0 0

X - D ) S P L P C E M F N T  ( I N )

~- H 1L’ L [JE R PUS I T T  iNS
IC ., 7 1 I~J V ~~ I 33 P F _ ( i ~~(~~~~~ C T R R -~’S

- 
I S U B J E C T  7

D E V I C E  = V A R .
E N V I R .  = V A R .
REPE T . = V A R .

— —
7 I

C Ifl

- -- -. 

- 5 .31) 3.131) 5 . 131) 10 .00  15.00  20.00 25.00
s -DISPLACEMEN T (IN )

CHART 0-8
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I f t .~~ D P O U T T I O N S

Dl E . N V E I  OF F.

I S U B J E C T  = V A R .~~~
D E V I C E  V A R .
E N V I R .  = 4
R E PF . T . = V AR .

-
‘
~~~5 . IJ 1O 0.05 ‘,.00 30 .00 (5.00 20.00 25.00

X - D I S F L R C F M F N I  ( I N )

SH PULDE R POSITIONS

+b Dl E N V E L O P E

SU BJEC T  V A R .
DEVICE VA R .
F ” JV I R .  z 4

RE C ’FI . = V A R .

2:
11 C)

‘ ~~

V I
•I ’Jfl 1 .00 50 0  0.00 (5.00 20.00 ~0 0 0

X~~U1S (’Lfi 1.EMFN T (IN )

CHART D-9 

I 
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HER D P O S I T I O N S  -

2 . 5  DX E N V E L O P E

S U B J E C T  = V A R .
D E V I C E  V A R .
E N V I R .  = 3
R E P E l .  = V A R~~J

•
- 5  - I~)~5 0.00 5.00 (0.00 (5.00 20.00 25.00

X - D I S F L R C E I I E .NT ( I N )

S H O U L D E R  P O S I T I O N S
a - ‘ .I~ GX E N V E L O P E

— 1 S U B J E C T  V A R .
D E V I C E  VAR .

i 

E N V IR .  3
REPEl . = V A R .

N

C.)

74 — - - V — V ~~~~~~~~~~~~~~ I V 1
-5 .UO 0 (10 00 (0.00 15.00 20.00 25.00

X - M I S P L R L F M F N I  ( I N )

CHART D- 10
_ _ _ _-- .. -.— .-_- ---_________________
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HERD PO S I T I O N S

Sr~ ID E N V E L O P E
C) ____________________

— 

S U B J E C T  V P R ~~~~~]

D E V I C E  = V A R .
E N V I R  . = 5
REPE l . = VAR ~J

2:

~~~~~~~~~~ 0 .00 ib .oo ‘ 5 .oo 20 .00 25 .00
X - D I S P L A C E M E N I  ( I N )

S H O U L D E R  P O S I T I O N S
S)~ 1D ENVELOPE

C) _________________________________

— 

S U B J E C T  V A R .
DEVICE = V A R .
EN V IR .  = S

Zc
~ , REPE l .  = V A R .

C.,

C?
C?

0

-5.00 0.00 bP~ 15.00 20 .00 ?5.00
X -D I 5 P L PC ~~~M E N T  ( I N )

CHART D - 1 1 
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.
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HERD POSITIONS

S P i N  E N V E L O P E
C) ___________________________

— 
SUBJECT VA R .
DEVICE = V A R .

_.,,
~~ 

F N V I R . = 2
REP E I . VAR . I

500 3 .00 5.30 (0.00 15.00 20.00 25.00
X - D I S P L A C E M E N T  ( I N )

S H O U L D E R  P O S I T I O N S

SPiN ENVELOPE

SUB JECT = V AR .
D E V I C E  = VA R .

C) ENVIR . 2
R E PET . z V A R .

z
C)

N

C?C.,

C.)
-. 

V I I
S.00  0.0 ( 1  5 .00  0. 00 (5.00 20.00 2S.00

X - O I S P L A C E M E N T  ( I N )

CHART D- 12
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H E R D  P O S I T I O N S
SI DE ARM E N V E L O P E

C, ___________________

— 1 S U B J E C T  = V A R .
D E V I C E  = 4

H E N v I R .  v~~ .
R E P E T .  VA R~~J

4 — - —.-—T- r T 1
* 5 3  r~~~~ 14 . L C  3 0 . 5 0  IS .O G 2 ) 5 0  2 S .0 0

~
: . 1 H C [ - LA [ F  M E N T  ( I N )

SH O ULD E~ P O S I T I O N S
1~) 5 1 S F  A R M  E.NVEI . JPE

-
- 

C U B . . v~~~TT
I C E V I E C .  4

~~~II~~ EN V L R .  VA R .
E° E T . V P R . J

S..

I I V 1 V
- 5.00 0.00 5.00 (0.00 15 .00 70.00 25.00

X - D I S P L A C F M E N T  ( I N )

CHART D- 13
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H E R D  P O S I T I O N S
S T O R E S  R E L E A S E  E N V E L O P E

C.) ___________________________________

— 
S U B J E C T  V A R .

D E V I C E  = 3
CD E N V I R .  = VAR .

REPEl. VA R.— CL) __________________

I—
2:

I _
‘ - 5.3J~ 5.O~ (0 .00 1’5.oo 20.00 25.00
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