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AN INVESTIGATION OF SPINAL INJURY POTENTIAL
FROM THE USE OF THE ACES II EJECTION
SEAT BY LJWER WEIGHT FEMALE PILOTS

I. JIntrodugction
Dackground

In November 1973, The Chief of Staff, United States
Air Force, approved a proposal to establish a test program
to train women pilots (22:1467). 8ince the initial test
program of ten female pilots began in September 1976, the
population of female rated officers has increased
substantially. A 1982 report by Gragg et. al. of the
Escape Seat Test Track Division at Holloman AFB notud thut
in 1962 there were over 109 femaie pilots in Air Training
Comamand alone (i1311).

One of the major assignment restrictions on female
rated officers is they cannot be assigned to aircraft that
"engage in a combat mission” (22:183). It is in these types
of aircraft (i.e., fighter/attack aircraft) that most
incidents involving emergency crew ejection occur. Because
females do not fly in combat aircraft there has been
limited acvtention rendered to the famale flying population
regarding injury potential during ejection. However, it is
significant toc note that all female pilots and navigators
must 2o through Undergraduate Pilot Training (UPT) or
Undergraduate Navigator Training (UNT), which involves

1
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!ﬁ flight training in ejection neat equipped aircraft.
Rdditionally, several womsen are assigned to fly ejection
seat equippwd test aircraft. It is quite possible that

with the increasing number of female pilots the restriction

5
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! banning women from combat aircraft may sometime be
rescinded.

Several studies nave addressed the issue of

anthropometric differscices betwesen male and female flyers}
however, none of them have demonstrated significant’
Justification for perforaing ssparate sjection seat tests

based on female data. In 1977, L.C. Rock of the

Asronautical Systems Division determined that injury
potential for female uviators in the T-37 and T-38 ejection
h seats was minimal (22:147-55). Bpacifically., the T-37

; ejection seat presanted the highest probability of injury,

which was only 4 percent for a person weighing 98.7

pounds (22:149). It was determined that because this
probability was s0 low it was acceptable for females to fly

in ajection seat aircraft with no necessary corrective

actions or ejection sasat teut track data (22:49).
Up to this point, the discussion has centered on why
w separate ejaction tests have not bean performed for the

e female flying population. At the time cf the Rock study it

made sense not to test, since the population, as well as
the probability for injury, were so small. However, as

2
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noted earlier, the female flying population has increased

substantially since 1977. Also, on the horizon is a new
trainer aircraft (T-46A) which uses an ejection seat which
was not previously utilized by female aviators.

In this study, the effects of physical
characteristics, such as waeight and height, will be
examined in order to determine if the potential for injury
when using an ejection seat for amergency escape is
significant for female aviators. Studies have been

performed to determine potential injuries to females with

the T-37 and T-38 ejection seats. This study will examine
the injury potential for female aviators with regard to the
ACES II ejection seat. The ACES Il is currently installed
Eﬁ in the A~10, F~16, and F-15; has been delivered for use in
the B-1B; and is designated for use in the T-446A, which

_ will replace the T-37 aircraft. All female aviators will
Fﬂ be required to fly the T-446A air:c. aft while undergoing

initial flying training.

Statsoent of the Problem

Various sxperts in the field of emergency crew sgress
have stated that the pot-ntial for injury when using the
ACES II Ejection Seat may be different for a certain class
of light weight individuals than it is for hesavier

parsonnel (5,8,9,12,13.23). The major problam in

.......
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confronting this issue is that relatively few aviators who
fall into the lower weight classes have been involved in
emergency egress situations requiring the use of the ACES
I1 (8,9). Furthermore, the ACES 11 ejection seat has never
been tested for the lower weight class in question (7).
This means that the potential for injury to flyers in the
lower waight category may be significant, but will go
undetected if not tested in some manner.

The fact that there may be an increased population of
flyers (e.g., feamale aviators) in the lower waight class
who will be required to use the ACES 11 as standard safety

aquipment further compounds this problem.

Qbjectives
The purpose of this study is to determine the

statistical distribution of physical characteristics (i.e.,
age, waight, height, and sitting height) for the currant
population of famale pilots. Also, the study is designed
to decernine if lower weight class female aviators are
susceptible to higher than normal spinal injury potential
if required to use the ACES Il ejection seat for emergency
egress. In order to accomplish these objectives and
establish a guide for this study, three research questions
ware developed. These questions are presented following

the justification ror this study.




dustification
In Ssptember 1963, Headquarters Air Training Command

(ATC) querried the T-46A System Program Office (SP0) as to
whit the minimum and maximum bcdy weights were thot could
ba safely ejected in the ACES II ejection seat (211). The
main concern was for personnel in the lighter waight
categories. ATC personnel desired an engineering analysis
to sstablish suitable weight limits and also to determine
wha "ar ballast (extra compensating weight attached to the
seat) is necessary to snhance seat performance for light
waeight personnel {(211).

For the T-446A 8P0 personnel, the questions raised by
Headquarters ATC were already being investigated because
the ACES 11 had besn qualified for only the 5th through
95th male body waeights. The SPO was aware of the
possibility that light weight individuals, such as female
aviators, may be susceptible tc a higher injury potential
than heavier personnel when using the ACES II ejection
seat (3). This injury rate pertains to those spinal
injuries which are associated with the positive G forces
experiencad during an actual ejection (18:12).

When distinguishing between "lighter" and "heavier"
personnel, the category of interest is the S5th percentile

nude male body weight, which is 140.2 lbs. Below this

»




waight, ejection tests are not conducted (17:7).
Specifically, Military Standard 9479B states that ejection
seats shall be designed to "comfortably accommodate
variations in anthropometric dimensions of crewmembers
between the 3Sth and 95th percentile sizes" (1814). These
figures are basad on "A Review of Anthropometric Data of
German Air Force and United States Air Force Flying
Personnel 1967-1968" (22:17).

The 1947-1968 anthropometric survey was completed
considering only male flying personnel {(there were no
female USAF or German Air Forrce pilots at the time). This
survey provided the anthropometric data used in formulating
Military Standard 844C and Military Standard 9479B;
therefore, no consideration for a female flying population
is given when designing USAF aircraft ajection systems.

When the initial female UPT program began, Aerospace
Medical Research Laboratories (AMRL) conducted a comparison
of male and female anthropometry. They used the 1967-1968
male anthropometry studv and compared it to a "1972
Anthropometry of Air Force Women” (22:17). Table I
illustrates that with regard to these two studies a 1967
Sth percentile maie (140.2 1bs) is comparable to a 1972
80th percentile famale (140.13 lbs) in terms of weight.
This statistic must be viewed with caution with regard to
waight differences between male and female aviators because

)




tha female anthropometric survey was conducted on Air Force
woaen when there were no female flyars. The weight
distribution among femala aviators may differ from United

States Air Force women as a whole.

Table I

Male/Female Anthropometry

1967-68 Data Comparable |[3th Percentile

Sth percentile Percentile Female
{A) (B) (B)
Stature
(Height) 635.90 b6.07-80th 60.21
{_inches
Weight
140,20 1490, 13-Q0th 102:.29
Bluteal
Furrow
(leag length) 29.40 29.41-70tkL 26.16
Seated
Haight 34.70 34.77-80th 3i.66
Hip Breadth
Seated 13.45 13.50-40th 12.42
4-inches
Spine to
wrist (arm
leangth) 33.50 33.51-95th 29.20
L inches

Adapted from ASD-TR-77-32 (22:18)
(A) NATO Agrograph—-205/AD No. N75~2646335, Summary of
UBAF & German Anthropometric Survay Descriptive Data.
(B) AMRL TR 70-35, Anthropometry of Air Force Women.
The Test Track Division at Holloman AFB established a
more rspresentative anthropometric survey of female flyers

in 1982, The population consisted of 109 female Air

7
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Training Command instructor and student pilots (11:13).
Over 70 percant of the females weighed below 140.2 lbs
(11:27).

As previously mentioned, ejection seat testing does
not include tests for individuals below the Sth percentile
male body weight. The results of the Gragg survey indicate
that a majority of female flyers have not been accounted
for in ajection systems tests. It is for this reason that
the T-446A SPO is interested in probing the matter. Also,
it is the opinion of T-446A SP0O personnel that the issue
could possibly involve more aircraft than just the T-46A.
Besesrch Questions

In order to assist the T-46A SPO in responding to the
Headquarters ATC query regarding the use of the ACES II
ejection seat by lower weight pilots, the following

questions will be addressed in this study:

1) What are the statistical distributions of the
characteristics of age, weight, height, and sitting
height for the current population of female pilots
within the United States Air Force?

2) What percentage of female pilots weigh lsss than
140.2 pounds, this being a charactoristic which places
the female pilot in a category where injury potential
to the spine has not been investigated?




3) Using an ejection system model, what is the
potential for spinal injury to lower weight class

female pilots using the ACES 1l ejection seat?

Literature Review
Crew Escape Systess., A brief literature review is

preasentad to provide background information on the initial
problems of crew escape from high sgeed aircraft,
development stages of ejection systems in general, and the
operating characteristics of the Advanced Concept Ejection
Seat (ACES II).

Injtial Problems, Military aircraft became
instruments of war during World War I and were greatly
improved during World War II. If it was necessary for a
crewmember to abandon these early aircraft in flight, the
process simply involved opening any barriers “o exit (e.g.,
canopies, hatches, or bomb bay doors) and jumping or
falling from the aircraft. This procedure was quite
adequate based upon the aircraft types and speeds.

However, with the advent of high speed jet aircraft, this
procedure was no longer acceptable. Wind tunnel tests
proved that at speemds above 2350 knots, it was nearly
impoasible for a crewmember to physically force himself
from an aircraft. This was due to the aerodynamic forces
which hindered opening exits and inhibited him from exiting

Q
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into the airstream (S). A suitable systom to forcefully
remove or eject the aircrewnember from the aircraft became
mandatory.

Eiection Seat Davelooment, Early ejection system
designs were basad upon a ballistic catapult (charge) which
forced the ejection seat up a sat of guiderails out of the
aircraft. The force applied was very short in duration.
The main drawback to these systems was that the force
required to clear the tail of the aircraft during high
spead ejections exceeded human tolerance levels and
resulted in substantial injuries (4174).

An improvement to the initial designs was the addition
of a rocket catapult which ignited as the ejection seat
cleared the sat of guiderails. The rocket was mounted to -
aim the seat slightly forward to increase the tail
clearance of the ejectes during high speed ejections. The
force applied during the ejection was much greater in this -
design, but because it was spread over a longer duration,
it did not exceed human tolerance levels (4:74). This
aystam worked fine for high speed ejections; however,
during low altitude and low airspaed ejection situations, a
shortcoming surfaced. The slightly forward thrust vector
of the rocket induced ssvere instabilities which resulted
in occcupant fatalities due tc man—-seat separation delays
(6). Ancther improvament was needed.

10
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The addition of vernier rockets (a small rocket system
which sensed and counteracted rotation) to the seat zolved
the rotation problem (4:75). These improved ejection
systems provided for safe ejections throughout a wider
range of ejection conditions (i.e., aircraft speed,
altitude, and attitude) at the time the ejection was
initiated. The ejection seats hacd only one mcde of
operation (the ejection ssquence was fixed) and did not
react to different ejection conditions. The currant
generation of aircraft ejection seats, including the ACES
11, takes into account initial ejection conditions and
modifies its performance accordingly.

ACES 11. In order to provide cptimum perforaance
throughout the ejection envelops and to snhancae aircrew
survivability, an ejection seat must be designed for
maximum flexibility. The ACES II ejection seat is the
current state of the art equipment which mests these
critaria and is installed in high performance U. S. Air
Force Aircraft (1311). Developed Dy Douglas Aircraft
Corporation, The ACES II is standard equipment in the
F-135A/B, F-16A/B, A-10, and B-1B aircraft (1:1). Weber
Corporation under contract with Fairchild—-Republic
Corporation provides this seat fHor the T-44A trainer.

The ACES Il system was designed to meet the
requirements of Military Standard 9479 B (1:1). Theresfore,

11
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when testing was cornducted, data pertinent to lower weight
classes (i.e. below the Sth percentile male - 140.2.pounds)

was not used.

Table II

ACES Il Advanced Technology Characteristics

;{ 1.
z-;z s.
o
SE 6.
-
8 7.
a

Multiple operating moces to optimize performance
over the 0 to 400 KEAS escape range.

Sel f-contained sensing of escape conditions for
recovery mode selection.

Electronics for sequencing and precision timing
in each mode.

Gyro controllied vernier rocket for pcsture
stabilization at slow speads.

Hemisflo drogue parachute for stabilization and
deceleration at high speoeds.

Mortar deployaed recovery parachute for
consistent, positive operation.

Parachute canopy reefing to optimize recovery
performance over full O to 400 KEAS range.

3 I ‘1' ok | 7Y
5 g i ae
r e LR '. *.

]
VI e

Compiled from Report MDCJ-43576B (131)

As was previously mentioned the ACES II is designed
for optimum performance. It is configured to perform
throughout the ¢ to 4600 knots equivalent airspeed (KEAS)
aescape envelope (1:1). It is flexible snough to allow for

;' changes in time delays to optimize high speed performance

12
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for aircraft such as the T-46A, whose maximum ejection
velocity is iless than 600 KEAB (1:311). Table II represents
a list of the advanced technology characteristics provided
in the ACES II.

The theory behind the operation of the ACES II is that
it provides an automatic ejection sequence for the
crewmember (23:14-1). This means that once the ejection is
initiated by the crewmesber pulling the ejection handles,
noc further action is required on the part of that
crewnember to safely completo the ejection up through and

including parachute deployment.

Tablo III
ACES Il Event-Time Sequsnce

Typical Event Timing time (seconds)

@l
g

sode 1 |moda 2)mode 2imode 3
(A-10) | (F=-13)
(F-16)
1. Rocket catapult firess 0.0 0.0 0.0 0.0
2. Drogue deploys N/A «17 17 .17
3. Stapac ignites .18 .18 .18 .18
4. Parachute deploys .20 .97 1.17 »
5. Drogue releases from seat N/& 1.12 1.32 »
é. Seat releases from crawnan <43 1.22 1.42 *
7. Parachute inflates 1.8 2.6 2.8 »
8. Survival equipment deplioays| 5.5 b1 b.3 »

# sequence is interruptec until seat crosses mode 3
boundary, ther deploys parachuts after .82-second

delay (A-10) or 1.0-second delay (F-13/14).
Reprinted from report
MDCJ-4376B (11311)

13
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There are thrree modas of operation for the ACES II.
These modes Jepend on the aircraft spsed and altitude at
the time of ejection (2314~1). Optimal performance is
obtained through multiple modes of operation combined with
electronic sequencing, and use of recovery and drogue
parachutes (1:17). The event and tima sequence for the
various modes of operation is presentad in Table III.
Also, Figure 1.1 illustrates a graphical piot of the mode

envelopes.

16 T

T
1 \\\ mode 3
pressure \\\\

8 N
altitude mode 2
(1000 ft) mode 1
4
\\
o Y.

o 100 200 300 400 S[00 600 700
Airspead (KEAS)
Figure 1.1 Mode Envelopes
Reprinted from report
MDCJ-4374B (1:11)
The ACES I1 has baen statically tested at the Douglas

Long Beach facility. Also, over 130 complate system tasts

were performed at government test t acks (1:20). These

14




tesnts were conducted in order to meet the %th througn 95th
anthropometric design requiraments of Military Standard
9479B.

+ remains to be seen what the results of complete

systems testing will yvield for the T-446AR aircraft. These
tests will begin in August of 1934 and are presantly

prograsmed in accordance with current ACES Il requirements

. T g e o . i
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and thersefore will not address the increasing population of
flyers below the i967 3th percentile male. Even if the
ACES II is successfully tested according to the current
military aspecifications, it still remains to be seen what
the test results would bae if lower weight class criter‘a

ware included in these tesats.

Sunmary
Since the advant of female aviators in the United
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States Air Force, there has beaun a steady incre.se in the
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femala sagment of the flying population. Based on

historical anthropometric data, it is evident that women

S oy SN

are generally smaller in staturs and weight than men
(11:16-7).
Bacause there nave been no formal ejection seat safety
&i tests fcr lower weight class individuals (i.e., below the

Sth percentile male) (17:7), the possibility for higher

fj' injury to these people has not besen fully examined. A

135




current survey of the female flying population and the use
of an ejection system model should provide a determination
whether or not female aviators have a higher than normal

spinal injury potential if required to use the ACES II

ejection systenm.
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I11. Methodology and Survey Results

Overvigw
The first objective of this study was to determine the

statistical distributions of female pilot physical
characteristics. From this first objective, the percentage
of female pilots in the lower weight class for which ACES
11 ejection seat testing has not been accomplished can be
determined. The second objective was to determine the
potential for spinal injury during an ARCES Il ejection for
these lower weight class female pilots.

In order to meet these objectives the following
mathodolnagy was employed:

i. Obtain actual physical characteristic data from
the current population of female pilots.

2. Use the actual physical characteristic data to

datermine what percentage of female pilots are in a
waight class for which ajecl.on seat tests are not

conducted.

3. Analyze actual ACES Il ejection data to determine
the percentage of lower weight individuals (i.e.,
beiow 140.2 pounds) that sustained apinal injuries
during aircraft ejections.

4., Establish a representative sample of inertial and
centar of gravity properties for the lower weight
class females.

3. Simulate actual ACES II ejections using the
inertial properties obtained in step 4 as input
parameters to the 232ACES2 ejection model.

é. Calculate Dynamic Response Index (DRI) for several
simulated ejections using a ~omputer program designed
for this purpose.

17
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s This chapter describes in detail the methodology

i' employed in meeting the first research ocbjective. By

%; following the first two steps of the overall methodolcogy,
& guidelines ware established in order to answer the research
questions associated with the first objective. Also
included in this chapter are the results of the survey,
which are presented following each subsection of the
overall methodology.

Presented in chapter III is the methodology, as well

ags the results associated with that methodology, employed

in meeting the second research objective. The last four
steps of the overall methodology are the guidelines for

meeting this cbjective.

Physical Characieristics Data Collection
fﬁ Physical characteristics data on female pilots
ii includes the individual’s age, weight, height, and sitting

height. This information was necessary to determine the
distribution of these characteristics among the current

female pilot population.

was used to identify Air Force Specialty Codes (AFSC)

o To obtain this data, The Air Force Manpower and

E' Personnel! Center ‘s (AFMPC) ATLAS data base was queried to
‘b identify the current population of female pilots. AFR Jé6-1
o

associated with aircraft and duty positions to which women

18
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can be cssigned for flying duty. Combat aircraft (e.g.,
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T,

F-1S5, B-52) AFSC’'s were not used since females, by Law,

o N

cannot be assigned to combat aircraft. AFR 3461 was also
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consulted to identify flight surgeon AFSC’s. All

a

applicable AFSC’'s ware used so that there was a point of
reference to begin the information search. This inquiry
provided a listing of all USAF female pilot’s and USAF
flight surgeon‘s names and current duty locations. The

information provided by the AFMPC ATLAS included:

1. Names of all woman who are currently assigned to
the requested AFSC's.

2. Duty locations of these women.
E 3. Names of al! USAF flight surgeons.

4. Duty locations of the flight surgeons.

r RLeAD
oSN

A The ATLAS data contained the names of 261 female
pilots assigned to 52 different duty locations. The ATLAS
flight surgeon data identified the specific flight
surgeon(s) assigned at each of the 352 duty locations. A
flight surgeon from each identified duty location was
contacted to explain the nature of this study and the
reason the physical characteristics data was required to

complete this research. A letter (see Appendix A) was then

DN LPIEARARAN £ ) et
botets et 'I'f.

sent to each contactad flight surgeon identifying female

pilots assigned to his/her wing. The flight surgeon was

L R

ol ko Lok s
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requested to praovide the age, weight, height, and sitting

height (physical characteristics) of sach female pilot
which was identified in the letter. In addition, they were

requested to provide the same characteristics for female

pilots not identified by the ATLAS data base search, but
who had recently been assigned to that wing. Each flight

surgeon was explicitly requested to return the data in a

— —
4 it 1
¢ msn U g E Py
‘_—'j‘ll' LN PR

different order from the list of names provided sc that the
physical characteristics data could not be associated with
a spacific person. The identity of the individuals was not

required in the research.

BRE ! RERRR

Bhysical Characteristics Data Collection Results
ii 0f the 52 requests for information that were mailed

out, 48 were returned. This means that 92 percent of the

ﬁ% flight surgeons contacted responded to the request. The
F; information returned contained data on 215 female pilots.
i The ATLAS search (February 1984) identified 241 female
pilots on active duty, a difference of 46 pilots exists.
This difference can be represented by the following
categoriaes:

1 - Separated from the service.

1 - Eliminated from UPT.

14 - TDY or PCS, medical records unavailablae.

1§ - Flight surgeon failed to respond.
13 - Unknown - no explanation provided.

46 - Total

20
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Based on the given categories, the actual female pilot
Hi population was no higher than 259 and may have been as low

as 244 sffective February 1984. Using the higher of these
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two figures, the physical characteristics data collected
represents 83 percent of all female pilots on active duty.

Appendix B contains a table zhowing the response from
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the bases and how we arrived at these percentages. The
following section discusses the statistical analysis of the

data collected.

Ehysical Characteristics Data Analvsis

Deucriptive statistics were used in order to determine
the actual distributions of the physical characteristics
data. Also, by using this method, the percentage of female
pilots in the untested lower weight class (i.e., below

140.2 pounds) was determined. The volume of data obtained

N
1:‘.'
B,
l..'

was too cumbersome to manually calculate the various
statistics. For this reason the Statistical Package for
the Social Sciences (E5PSS) was applied to analyze the data.
PS8 is an integrated system of computer programs designed
for the analysis of social science data (19:11).

8PSS allows the user to compute descriptive statistics
by using two subprograms entitled CONDESCRIPTIVES and
FREQUENCIES (19:181). For the purpose of analyzing the

female physical charactzristic data the subprogram

21
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FREQUENCIES was usaed. It snables the user toc compute the
following dracriptive statistics: mean, standard error,
median, mode, standard deviation, variance, kurtosis,
skewnaess, range, minimum and maximum values of the data.
Also, the FREGQUENCIES subprogram is capable of generating
histograms on any designated variable (19:200-201).

When analyzing the female physical characteristic data
all capabilities of the FREQUENCIES subprogram werae not
utilized. The following paragraphs briefly discuss the
various descriptive statistics that were used to analyze
the data. Each characteristic (i.e., age, weight, height,
and sitting height) was evaluated on an individual basis.

Evaluation of the data was accomplished in both
grouped and ungroupaed form. Grouping was used so that
individual characteristics could be ssparatad into equal
size classes. For axample, the weight data was separated
into classes such as 100 to 110 lbs, 110 to 120 1lbs, 120 to
130 lbs, and so forth. The use of grouping also saswed the
burden aof esvaluating a large number of finite cata paoints.
It alsc aided in the developmant of more precise
histograms.

The first statistic used with each variable (i.e.,
age, weight, haight, and sitting height) was the range.
The ranQe is calculated by determining the maximum and
minimum value of the variables encountered and then

22

...............................
..............................

. g e



subtracting the ainioum from the maximum (19:1182).

b‘,’,“

E. The arithmetic mean was the second descriptive

s statistic used. It is a measure of central tendency for

the variables of interest (19:1183). For ungrouped data the

F. mean is simply the sum of all values for each case divided
k by the total number of cases (146:1184). For grouped data
the formula for calculation of the mean is revised as

h follows:

x|
[ ]
X
L) o)
o
x
=

where: = the grouped mean
= the number of classes

= the class mark (middle value
of each class k)

= the frequency of values
falling into each class k
-

the total number Gf cases.

3 N x|

n

I' Calculation of the mean for the femaie’'s age, height,
%i weight, and sitting height determined the point of central
tendency for sach of the variables.

!L Another descriptive statistic which was used to
evaluate the data was the median. The median, like the

o mean, is a common measure of location (16:186). It is the

¥ numerical value of the middle case or the case lying

£ exactly on the 30th percentile (19:183). This means that
Q? half of the cases lie above the median and half below the
LL' 23
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madian. Once again, the calculation for the median for the
female pilot physical characteristic data was accomplished
using both grouped and ungrouped cata.

It is important to note that the median may or may not

be a unique value, and the median may or may not be one of

the actual data values (1631846). For the physical

1 characteristics data the median demonstrated the 50th

! percentile value for each of the variables (age, weight,
height, and sitting height).

Unlike the mean and medium, the next two descriptive

5 AN

statistics that were utilized are measures of dispersion
rather than location. The first one used in analyzing the
h data was the variance. This statistic measures the

dispersion of the data about the mean of the variable. It
is one way of measuring how closely the individual values
of the variable cluster around the mean (19:184). By using

the variance, the measure of dispersion for ages, weights,

gi heights, and sitting heights about their respective grouped
g means for the female pilot popuiation was determined.

The second measure of dispersion and the last of the
descriptive statistics used in analyzing the female pilot
physical characteristic data was the standard deviation.

It is simply the squars root of the variance. The reason
it was used here and in general is to provide a more
intuitive interpretation of the data in relation to the

24
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mean (19:183). The basis for this intuitive intarpretation

=4

is the fact that the standard deviation is expressed in the
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same units as the original values of the variablus.
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Before concluding this section of the methodclogy it

TR
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is necessary to briefly discuss one more descriptive method

e 3

which aided in analyzing the female pilot physical
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characteristics data. This method was the use of
histograms.

Construction of the histograms was based on the

grouped data. The relative frequency for each class was

tﬁcn plotted as a bar axtending upward (vertically) from
the horizontal axis of the graph. The horizontal axis
(x—axis) is the plot of the data values which are separated
by class size. The vertical axis (y—-axis) is a plot of the
frequency. Unlike the previously discussed measures of
location and dispersion, the histogram provides a visuasl
display of the range of the data, the central tendern-y. and
the character of dispersion throughout the range of values
(146:201).

For the female pilot physical characteristic data,
each of the individual characteristics (i.e., age, weight,

height, and sitting height) were plotted using histograms.

In this way, visual presentations of tha data ware provided
to reinforce the previously measured descriptive
statistics.

3
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i; By using the methoducl gy described in this section, an
i adequate answer to the first ‘<o research gquastions was -
& obtained and the first obiective of this research met.

ES First, by using descriptive ststistics the statistical

i distributions of the physical characteristics for the

X current population of female pilots .3 the United States

! RAir Force was deterained. This will enable interested

! users of this type of data to further examine

%E anthi-opometric differences that axist among fomale pilots.
:

Secondly, from analysis of the data, the percentage of
female pilots who weigh less than 14C.2 1bs was identified.
Recall that below 140.2 lbs is the weight class for which
ejection seat testing is not conducted and therefore spinal
injury potenti. is not known. The number of female pilots .
who fly United States Air Force Aircraft and whose physical
characteristics have cauvsed them toc be excluded from
ejection seat testing have been identified. Results of -
this data analysis follow in the riext section. A detailed

analysis and comparison of these results with regard tc

other anthropometric surveys is discusa=: in Chapter 1V.

Physical Characterjstics Data Analvsis Results

The results from the SPSS computer runs are pressnted
in order of ungrouped statistics followad by the grouped

atatistics. Also, sach of the physical characteriatics are

26

...............................
.........................

PR AT I AR IR T I AT R AL I PRI P T R I T St Sy S Y < et
S SoEL S ML SU s S o g e S S AP ST S N S WY G W St Tl T TR FEE SR TS ST MM ML UL SEE. St e s L =P S~ e " .~~~




presented in order of age, weight, height, and sitting

g height.
L Table IV represants the statistics associated with

ungrouped data.

ﬂ Table IV

female characteristics data obtained in the current survey.

The statistics pressnted are those obtained from the

Physical Characteristics Statistics

: STATISTIC AGE WEIGHT HEIGHT SITTING
. HEIGHT
% (ysars) (pounds) (inches) (inches)
L range 14 95 11 8.75
i - maxisum 35 198 73 38.73
ﬁi = sinimum 21 103 62 30.00
-l Mean 25.433 133.271 b4.579 35.233
f:;IE: Madi an 24,737 131.938 b4, 086 35.043
n Variance 8.265 | 216.824 3.934 1.116
i{.;.' : Standard 2.873 14,725 1.983 1.056
The FREQUENCIES subprogram calcul ated the absoclutwes,

the physical characteristics. The appropriate

contained in appendix F.
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ﬁor the ungrouped data the frequency distributions
were used as a basis for developing graphical depictions of
the physical characteristics cummulative distributions.
The following figures, Figures 2.1 thru 2.4, are the
gkaphical representations of the distributions for age,

weight, height, and sitting height respectively.
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These cumulative distribution; are a means of
identifying a measurement (e.g., 145 1lbs) with a specific
percentile (e.g., B0.3) of the female population. Using
these graphs along with the raw data from the computer
printout, a precise answer to the second research question
was obtained.

The second research question in abbreviated form is:

"What percentage of female pilots weigh less than 140.2

. pounds?" The answer to this question, based upon the

previously discussed results, 1s 73.3 percent of the 213

females pi1lots surveyed weigh less than 140.2 pounds. This

30




means that approximately 190 pilots of the current female
pilot population are in a category (i.a., below the fifth
percentile male weight) where ejection seat tests are not 2

conducted.

Along with the cumulative distributions depicted,

another representation of the physical characteristics
data, Q}stograms of the grouped data, is provided to better
answer the first research question. Figures 2.5 thru 2.8
! are the tabular, as well as graphical, depictions of the

grouped physicél characteristics data distributions.

AGE  FREGUENCY
59+ . CYEARS) (REL. PCT.)

b et et g it e S e o

“’ P
. = olt e,

P 1 (21-23) 24.2 %
: E 401 2 (24-26) 48.8
7 R 3 (27-29) 14.9
- ) ! 4 (38-35) 12.1 §
! E .
g N
r:: T 20t
2 A
2 G )
3 e 1@
- . 1 2 3 4
g _ | FIGURE 2.5

FEMALE PILOT
RGE DISTRIBUTION




MEIGHT  FREGUENCY
o+ (LBS)  (REL. PCT.)

i 1 <183-118) 5.7
P s {i 2 (>119-128> 13.5
E A BN 2 (>120-130) 293
R opl 1S B 4 (0138-140) 27.3
c Bl BEl 5 (>140-150) 11.6
E 4ol i3 6 (>158-168) 7.9
N 3’5‘ 7 (>168-198) 4.7
A 1] )
i
G 'ﬂﬁ*
E 51} g
fig
° 3
FIGURE 2.6
FEMALE PILOT
WEIGHT DISTRIBUTION
- HEIGHT  FREQUEMCY
60+ (INCHES) (REL. PCT.)
5 1 (62-63) 1.4
2 P spi 2 (»83-6b) 31.6
g E 3 (66-69) 338.6
h Rl 4 (569-73) 3.4
C ms e
E
8 TR |
2 ' zaf
p Q
E 16t

FIGURE 2.7
FEMALE PILOT
HEIGHT DISTRIBUTION

32

...........................




SITTING HEIGHT FREQUENCY )
(INCHES> (REL. PCT.)

1807
P 1 (36-33) )
E 86t 2 (233-35) 83.1 =
‘ R 3 (236-33) 16.8
C ]
B E 0
3 T e
: T ]
: n
- & a0
& g
: "
FIGURE 2.8
FEMALE PILOT SITTING
HEIGHT DISTRIBUTIGON i
Summary ]

The results of the statistical analysis of the female
pilot physical characteristics data provided the answers to
*[: the first two research questions. In Chapter IV, an
i} analysis of these statistics is discussed with regard to
. identification of the fifth, fiftieth, and ninety—-fifth
r!- percentile female categories, comparison with the Gragg

Study, and finally a comparison of these statistics with
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the associated male pilot statistics (i.e., A Review of
Anthropometric Data of German Air Force and United States
Air Force Personnel 1967-19468 (22:16)).

The next chapter focuses on the second resaarch
chjective. As such, the discussion in that chapter
pertains to steps three through six in the methodology and

the results associated with that objective.
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111. Spinal Injury Investigation Results

: Qverview ;
' Presented in this chapter is a detailed discussion of

the various methods used in meeting the second research
objective. As was previously mentioned, this objective was
to assess the spinal injury potential for lower weight
female pilots required to use the ACES II ejection seat.
Only one research question, which essentially asks what the
spinal injury potential is, was used to meet thie
objective.

Similar in format to chapter II, this chapter
addresses the last four steps of the overall research

methodolcgy along with the specific results. Analysis and

discussion pertaining to those results, and the answer to
the third research question are reservad for chapter IV.

The major impetus in this chapter revolves around the
use of an ejection system model which incorporates a

subprogram designed to assess spinal injury potential. All

aspects of the methodology, except the examination of
actual ACES Il ejection data, are related to the use of
this ejection system model.

Presented, once again, are steps three through six of

the cverall methodology.

3. Analyze actual ACES II ejection data to determine
what percentage of lower weight individuals (i.e.,

3
B
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belaw 140 pounds) that sustained spinal injuries
during aircraft sjections.

4. Establish a representative sample of inertial and
center of gravity properties for the lower weight
class females.

S. Simulate actual ACES Il ejections using the
inertial properties obtained in step 4 as input
paramaters tn the 232ACES2 ejection model.

&. Calculate Dynamic Response Index (DRI) for seaveral
. simulated ejections using a computer program designed
:3 for this purposea.

s Thase steps provide a guide to answer the last research

question and thus meet the second research objectiva.

An anzlysis of ajection statistics was accomplished

with respect to the A-10, F-15, and F-16 aircraft. Thase
LUgAF aircraft are the only aircraft in the current .
inventory that utilize the ACES Il ejection system for
anergency aircraw sscape. The Norton Safaty Center
Ejection Seat/Egress Manager provided data on more than 40
emargency ejections involving the identified aircraft (9).
Thae major area of concern in analyzing this data was
whether or not there were a2 significant number of instances
in the data that demonstrated an incresased spinal injury
rate® as weight decreased. In other words, did light weight
individuals ex erience spinal injuries at a greater rate
than heavier individuals when actually using the ACES II
ejection seat? Prior to discussing the actual analysis of

36
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the data, a list of significant definitions describing the
types of injurios sustained is provided for :
familiarization.

Definitions., The following definitions are used to
insure a common understanding of the injury severities and
injury types during the analysis. The injury types are
broken into two areas: first, the injury types caused by
factors other than ejection forces; and second, the
injuries caused by ejection forces. Many of these
definitions are the same as d-finnd in a technical report
written by Walker and Mehaffie (24i1xi,xii). These
definitions are important because they constitute the

coding conventions used by the Norton Flight Safety Center.

i. Injury Severities (In Order of Increasing
Severity).

4. None - No injuries were sustained by the
eajectes.

b. Minimal - Injuries sustained by the
ejectee resulted in a wewk or less before heing
physically qualified to return to flight duty.

€. Minor - Injuries sustained by the ejectee
resulted in more than a weak before the person was
physically qualified to return to flight duty (note:
physical qualification to return to flight status
expected within a reasonable period).

d. Major - Injuries sustained by the ejectee
resulted in a doubtful or sxtended period before the
person was physically qualified to return to flight
status.
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@. Fatal - ejectee did not survive the
ejaction or died from injuries related to the
ejection.

2. Injury Due to Factors Other Than Ejection
Forces.

a. Contact injuries -~ injuries resulting
from ejectee contacting a structure or object. These
injuries are listed in the time sequence of most
likely occurrence beginning from the initiation of the
ejection sequence. The injuries result from: cockpit
contact, canopy contact, external aircraft structure
contact, contact with debris from wrackage, contact
with seat after seat separation, and confact with
survival gear (seat kit).

b. Environmental factor injuries - injuries
resulting from environmental factors. These injur.es
result from windblast (force of airstream acting on
ejectes prior to seat separation), air deceleration
(deceleration of the ejectee relative to the air mass
after sesat separation), and descent exposure (@. 3.,
frostbite due to extreme cold tamperatures at high
altitudes).

€. Parachute injuries - injuries involving
the parachute system. These injuries are due to
parachute opening shock, and ejectee entanglement in
the parachute shroud lines.

d. Ground impact - injuries resulting from
landings. These injures included unchecked fall
either from a malfunctioning parachute or due to
ejection too close to the ground without enough time
for parachute deployment.

®#. Miscellaneous injurias - injuries due to
other factors. Injuries in this category would
include ejection rocket burns where one aircraft
occupanrt sjects and the saccnd aircraft occupant is
burned by the first’'s ejection seat rocket blast.

3. Injury due to ejection forces.

a. Injuries due to excessive force -
injuries related to force applied by the ballistic
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catapult or the rocket catapult. These injuries

generally result in major to fatal injuries. The

injuries are categorizad as spinal compression
injuries.

After reviewing these definitions it is cquite evident
that there is a large number of recorded injury types and
injury severities. Of interest to this study are the
ejection force relaied injuries (i.e., injury due to
ejection force).

Election Data Analysis, The analysis of the ejection
data first required an investigation of all the cases to
identify those which resulted in spinal injury to the
ejectee. The next portion of the analysis required that
the physical characteristics of the ejectee who sustained
the spinal injury be recorded. In this manner, it was
possible to note whether or not there were any trends with
respect to the physical characteristics of those sustaining
spinal injury (i.e., a trend could be identified if the
spinal injury rate increased as the ejectees’ weight
decreasaed).

To identify those individuals who sustained spinal
compression injuries during aircraft ejections, the time
sequence of sustaining injuries and ultimate survival of
the individual is important. The injuries resulting in

spinal compressions occur within the first .2 seconds after

the ejection sequence has been initiated. Therefore, in
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the many possible instances where ejection force iz listed
as one of several causes of injury, it is most prcbable,
bacause of the time sequence involved, that the spinal
compraession injury was the first to occur. Cther injuries
most likely could not have caused the spinal injurys;
howaver, spinal injuries may have complicated cther typas
of injuries. For the purposes of this study. a listing of
ejection force related injury in the Norton Safaty Center
cata will be cateqgorized as an ejection resulting in spinal
compression injuries.

The ultimate survival of the ejectee was another
factor which was treated carefully. It ia possible that
death could have been caused by & spinal compression injury
which left the occupant physically incapable of survival.
Because of the difficulty of determining spinal compression
injuries, especially during an autopsy, those ejection
cases resulting in fatalities were not considered in
determining whether or not the ejoctee suffered a spinal
compression injury.

In recording the physical characteristics of the
ejectees, care was taken to ensure that the data on a
spacific accident was kept together. In addition, a check
on the physical characteristics was made. During this

check, any obvious unusual entries such as an 8 foot tall
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or a 450 pound individual were the basis for eliminating a
specific case from the data base.

fis was praviously mentioned, the goal of this analysis
was to determine if thero are any trends relating the
physical characteristic of weight with the possibility of
sustaining spinal injuries during an ejection emergency.

The information derived from this analysis must be
viewad from the standpoint that esach of these ejections
involved only male pilots. GBilliam, Gragg, and Adam
completed a study considering a proposed change to the
A/T 37 aircraft ejection seat. The tast dummies included
as the low-end of the investigation a fifth percentile male
anthropometric dummy. Their conclusion was that the
proposed modification was unsafe and they stated, "Since a
Sth percentile male is heavier than a 70th percentile
female, the female population would fare even worse”
(10322). The information in the last section, although it
may provide trend information, is concernaed only with the
male flying population.

Following the discussion of the results, the 232ACES2
ejection model is described xznd also the methodology
employed in collecting inertial and center of gravity
properties on female subjects is presented. This is the
first time that this type of data on female personnel has

been incorporated in an ejection system model (é6).
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Actual Ejection Data Results
Mr. Rudy Delgado from Headquarters Air Force

Inspection and Safety Center provided the requested
information on actual aircraft ejections in which the
ejectes used the ACES Il ejmction seat. This information
coveraed every ACES 11 ejection from early in 1978 through
February 1984. As was previously mentionaed, the aircraft
involved were the A-10, F-15, and F-14. Since these are
designated as combat aircraft, it is not surprizing that
every pilot that has ejected utilizing the ACES II was a
male.

In addition to the above information, Mr. Delgado also
providad a summary of mishaps involving female aircrews.
This information contained ejection as waell as non-ejection
type mishaps from 1980 through February 1984,

In examining the data, the major concern was to
determine if there were any recognizable trends with regard
to ejection forces, spinal injuries, and weight. This was
the case for both the male ejections and the female
e jections.

Examination of the data revealed that there were a
total of 43 actual ejections using the ACES II. The
severity of injuries ranged from nons to fatal. Also,

injuries included those that were dus to sjection forces as

well as those that were not.
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0f the 43 ejection cases sxamined, there vere only 8
which had injuries that were attributed to ejection forces.
Of these eight, only one case resulted in spinal injury to
the ejectee. The injury in this cases was classified as
being major. The weight of the ejectee was 1358 pounds
which places him in a waeight category above the fifth
parcentile mala.

Various types of injuries were attributed to ejection
forces for the remaining seven cases. The most prevalent
type was neck injury, which was present in six of the
cases. In only one of these six cases was the individual'’s
waight below the fifth percentile male and in that case his
waight (133 pounds) was very close to the fifth percentile
male.

Examination of the summary of mishaps involving female
aircrews revealed that only two cases involved ejections.
One was from a T-37 and the other from a T-38 (note:
neither aircraft incorporates the ACES II ejection seat).
The ejection from the T-37 aircraft resulted in fatal
injuries to the pilot. Howaver, the T-38 female pilot
ejection resulted in several minor injuries of which one
was to the back. The individual in this case weighed 1353
pounds, once again above the fifth percentile male weight.

In light of the above findings from both the ACES II

ejections and the female mishap summary, it was determined
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that inadequate data existed with regard to identifying any
recognizable trends. It is not possible to say that lower
weight female pilots have a higher potential for spinal
injury based on only two ejections that resulted in spinal

injury. Alwo, in both these cases the individuals were not
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in the lower weight class.
Further investigation of the spinal injury potential
!I was accomplished using an ejection seat computer model.

Discussion of this model follows in the next section.

£32ACESZS Computer Model
In the preceding chapter and section the discussion

centered on using descriptive statistics to analyze the

hi currant female pilot populatf-n, and the analysis of the
actual ACES II ejection data from the A-10, F-15 and F-14
aircraft. In addition, the results of these analyses were
ii presented. This section reviews the 232ACESZ computer
model , which was used in an attempt to assess the spinal

injury risk potential for lower weight class female pilots.
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The 232ACES2 computer model is a simulation model for
» the ACES II ejection seat. This computer program is a
35 commercial version of the Air Force Flight Dynamics
;; Laboratory’'s (AFFDL) Simulation and Analysis of In-Flight
&E Escape System Techniques (SAFEST) computer model (4).
ii Using various subroutinass, both programs are designed to
2
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compute the trajectory dynamics of an ejection seat and
crewperson as it is catapulted into free flight along a sat
of rails constrained to translate and rotate with the
aircraft (14:8). Mathematical computations of the forces
and the moments upon the seat and the crewperson during the
ejection are used to obtain trajectory dynamics (14:18).

Since the 232ACES2 model is highly complicated and
designed to obtain various ocutputs, such as parachute
performance, it is not necessary to present every aspect of
the model. The major output of interest in this study is
the Dynamic Responsa Index (DRI), which is the indicator of
spinal injury potential specified by MIL-STD 9479B for USAF
ejection seat design.

The DRI is, in itself, the model currently used by the
USAF and USAF Contractors to determine the probability of
spinal compression injury (4:177). It is calculated by
mathematically describing the human body in terms of an
analogous lumped parameter mechanical model consisting of a
mass, spring, and damper (18:127). The following esquations

are used to determin» LCRI:

2 2

d d dJ 2 d z

—— o+ 20w + W § = ———
2 n n . 2

gt dt dt

W 3‘0.)(
DRI = n
g
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where:

d = compression of the spring in feet

{ = 0.224 (damping ratio of the model)
w = 52.9 radians per second(undamped

n natural frequency of the model)

2

- I

2 = 7z axis output acceleration from the

dt seat bucket in feet per second squared.

t = time in seconds
g = 32.2 fest per seconds squared
(acceleration dua to gravity)

Substituting the above values the squation becomes:

2 2
a8 g8 d_Z
2 + 23.7 + 2789 4 = 2

dt dt dt

DRI = B64.9 amcx

(note: Equations Extracted from Mil-8-9479B (18:127)) !

The squations above are used in a subroutine of the
232ACES2 model to computae the DRI. In terms of DRI allowed
by military specification in designing ejection systems,
the maximum value is 18.0 with a stardz * deviation of 1.0
(18:112). This squates to a 5 percent probability of spinal
injury due to ejection system forces (18112).

The most critical phase of the ejection sequence in
which DRI is an appropriate measure for spinal injury
potertial is approximately the first two tenths of a second
time period after ejection initiation (20). To accurately
determine DRI, the forces (i.e., the thrust from the
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catapuit motor) must be parallel to the spine of the
ejectee (not to exceed five degrees from this axis).
Beyond the first two tenths of a second time period, the
ejection seat has departed the aircraft and is no longer
constrained to the guiderails. This is when the last of
three ejection seat rollers departs the guiderails and is
commonly referred to as strip-cff (20). Therefore, the
forces acting upon the ejectee are no longer limited to the
five degree cone about the spinal axis and DRI can no
longar be used as an accurate measure of spinal injury
potential.

The two tenths of a second time period rasults from
the length of time it takes the CKU-5/A catapult to eject
the crewperson/seat combination from the aircraft. (Note:
The CKU-5/A consists of a solid-propellant rocket motor
which is integrated with a solid-propellant cartridge
catapult (1:13)). According to a Douglas Aircraft report,
the thrust of the catapult cartridge which is in excess of
4000 pounds of thrust results in an acceleration of
approximately 14 G's. If the acceleration can be
determined, it can be used to compute DRI's (the
measurement used to determine spinal injury potential) for
any specific individual.

As part of the method of assessing spinal injury
potential to lower weight class female pilots, it was

47
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necessary to cbtain inertial and center of gravity
properties data which was collected on a reprasentative
crosa section of female test subjects. This data was one
of the necessary inputs for the 232ACES2 computar program
to compute DRI's.

Each test subject’'s weight, center of gravity, and
inertial information (see Appendix G) was input to the
computer program in order to simulate an actual ACES II
ejection. With the contractor’'s consant, a simulation of
the three ejection modes was performed using the inertial
and center of gravity properties established for each test
subject (i.e., this required 3 simulation runs for each
teat subject’'s data).

An analysis of the resulting DRI’'s for esach ejectiop
simulation was performed. The results of this analysis was
used in an attempt to determine the spiral injury potential
for lower weight class female pilots. Prior to discuusing
the results, the fr.lowing section addresses the
methodology employed in establishing the inertial and
center of gravity properties which were raquired as an

input to the 232ACES2 computer model.

Center of Gravity and Inertial Properties
Inertial and center of gravity data on lower weight

female pilots was an input required in this study for use
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of the 232ACES2 computer model. The moments of inertia and
the center of gravity are physical characteristics, in this ;1
case of female test subjects, which affect how a body
(mass) will react when acted upon by outside forces. In
avaluating the ACES Il ejection system, the moments of
inertia and center of gravity of the test :.ubjects must be
accurately measured if the 232ACES2 computer model is
expected to provide reliable ressults. This section
discusses the theory behind the device used to determine
this information and then the procedure followed in the
selection of test subjects/collection of data.

Iheory for Center of Gravity and Inertial Properties
Determination., Technology Incorporated designed and

groduced » device which is capable of making the necessary

@y

measurements and subsequently computing the center of
gravity, moments of inertia, and products of inertia of a

test subject for the Air Force Flight Dynamics Research and

Technology Division (AFWAL/FIER). The main component of

the system is a large platform which either rests on three

scales for center of gravity information or swings as a ®
pendulum for inertial measurements (see Figure 3.1) (26:11).

In addition, there is associated measuring equipment which

measures the period of oscillation when the platform is [ )
swinging and a computer program that translates the

measured values (period of oscillation and weights) into
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center of gravity and moments/products of inartia. Whan
utilizing this apparatus, tha first procaedure is to sescure
the test subject into the cradle and lowar the apparatus
onto thae scales and measurs the weight. Tha cradle is
repositioned and the weight is again measurad. After the
first two measurancnts are completed, the apparatus is
lifted from the scales and set into a swinging motion. A
saries of five measurements are then taken with the cradle
in six different positions (a total of 30

measurarents) (27:6-7,10-12,22).

Tha first two measursments in tha sagquence ars to
determine the ceonter of gravity of the test subject. The
platform is lowered onto threa scales that measure tha tast
subjoct’‘'s weight (note: tha weight of the platform/cradle
structure is ramoved prior to beginning this procedure by
zeroing the scales before inserting tha test subject). The
total weight of the subject can be determined from the
following equation (see Figure 3.2 for orientation (26:27)):

W = w + w + w
3 2 z
where: W, W, &w = tha weight measurements
1 2 3 on the three scales.
These measurements determine the center of gravity for the
Xy, Y plane (the plane defined by the X-axis (from the test

subject ‘s back through chest) and the Y-axis (from the test
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subject ‘s right through left shoulder)). The center of
gravity in the X, Y plane can be determined from the

following equations:

cg W
X w
X - 11
cg W
where: x ,y & vy = foaet (sae Figura 3.2}
1 1 3
w L, W & W = pounds
1 3

The test subject is then rotated in the cradle to a
reclining position on her back. A second set of scale
readings is taken to determine the center of gravity in
i relation to the subject‘'s Z-axis (the axis extending from
the subject‘'s feet through the subject’'s head). The center

of gravity can be established by the following equation:

1

; X W

F 4 - a - 11

5 cg W

L where: a & x = feat (see Figure 3.2)

w ' & W = pounds
1
The next procedure is to measure the moments of

inertia of the test subject. This discussion will cover
finding the moment of inertia in the simple case. In a
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similar manner, the three moments of inertia and three
products of inertia can be calculated for any fixed set of
axes (this will be required in the 232ACES2 model because

the sjection seat is in fact mounted in the aircraft with

about a 14 degree tilt back for crew comfort). A simple

pendulum system is sketched below which represents the

T ’

{é inertial properties measurement apparatus (26:18).

P

b Akt

location of ?

center of gravity

2
d 6
l === = - mg(sinf
2
dt
where: I = mass moment of inertia

of the pendulum

= mass of the pendulum

= angle of motion

= distance from the axis of
rotation to the center of
gravity of the pendulum

~D 3
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This is the simple case for the moment of inertia of
the complete *est subject apparatus combination. The input
for the model will cnly include the moments of inertia for
the test subject. This can be accomplished with the
knowledge of the moment of inertia of the apparatus alone
(this has already been determined), and then manipulating

the variables according to the following equation:

2 2
w ¢ T w ¢
c c 2 2
1 " - — - ] - e————————
2cg 2 1
4 g
wherea: I = momant of inertia of the test

2cg subject about its center of gravity

on a parallel axis to the pendulum
axis

w = weight of test subject

€ and apparatus

c = distance of axis of rotation to
canter of gravity of tast
sub ject and apparatus

T = period of oscillation

I = moment of inertia of the apparatus

1

w s weight of the test subjact

2

L = distance of axis of rotation to
2

canter of gravity of the test subject
g = 32.2 feat per second squared
(acceleration due to gravity)

(note: for the complete derivation of these formula=
and the computations to determinae the products of
inertia see Winstandley (26:9-20)).
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Tes: Subjects / Collection of Data., Once having

attained a basic understanding of the theory for
Z; determining the inertial and center of gravity properties,
the next step was to locate appropriate test subjects.
Female personnel assigned to the Air Force Institute of
Technology wara contacted to determine if they wou.d
voluntarily participate in this progra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>