Biodynamics of Ejection-A Resume of Applied
Studies at Institute of Aviation Medicine

Dr. C. A. VERGIESE*

The forces developed during the firing of cjection guns are discussed based on the
teajectory tenced by the ejection scul and the requircment for safe cleprance of the
want (rom aircrafl structiore.  Assessment of ejection characteristics af seal packs and
comfort cushions assume significance in view of the high mogditude of these forees.
Testing of these properties is potsible by recording the domped oscillarory motion of
tha seat pack or vushion afier an impacl force.

Theory and developmental detnilaof srrain gauge accelerometers and anthropomorphis
dummiies alongwith their use in the cvaluntion of ejection cartridges Are digcussed,

Inlroduction

Ejection is the accepted mode of escape
for aircrafts having speeds higher than
200 m.p.l. 1t is well undersiood that above
this speed the force of the slip stream will
be too high, that an airerew trying lo leave
the airerafl will be pushed back inia the
seat, It is. therefore necessary 10 assist the
subjeet Lo escape by means of an ejection
seat which is given an upward velocity
‘Vg' by firing the ejection cariridges.

‘I'rajectory of Ejection Seat

Determination of the ejection seal
frajectory with respect to the aireraft is of
great importance to ensure (hat the seal-
man combination does not foul with any
part of the abandoned aircraft. The equa-
tion for the trijectory can be worked ‘out?
and 15 given by ;
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where Y isthe vertical distance with the
aircrafl cockpil as the origin, Vi the termi-
nal velocity of the seat at the ejection
altitude, Vs the ejection veloeity, Ci and
C, are cocflicients of lift and drag and g
gcceleration due to gravily f and f> are
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functions depending on the [actor =T
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where v is the horizontal distance on the
ihe ¥ — axis.  The eguation shows the
dependence of the trajectory on the drag
produced on cjection. The trajectory
becomes fatter amd falter as the drag
increases with the speed of the aircraft at
which ejection takes place, The only
available method therefore to ensure safe
cjection is to increase the value of *Fg'
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requiring higher velocity cartridges for
high specd ejections,

Human Tolerance to Efection Accelerations

The tolerance limit laid down?s & for
the short duration acceleration of the Ly pe
met with in ejection, and acting along the
vertical axis of the spine is in the range of
300 g/see rate of onset and 25 g maximum
peak.  However, the design criterin of
clection cartridges  have 1o be lower
than this because the forces cxperienced
by the human subject could be higher than
that produced by the cartridges as a result
of the internal dynamies of the M p=seal
systern.  One of the important factors
which contribute to dynamic overshoot of
aceeleration is the type of the sear puck.
When a force is applied rapidly 10 an
elustic mass, such as the seat pack-subject,
4 dvmamic response is initiated in the
mass. It 15 observerd by Walts et af#
thai the peak scceleration at a given point
In a system depends on the time of appli-
cation of force, natural frequency and
damping of the system.

Assessmont of Fiection Characteristics

Good corrclation has been established
hetween thz  sag piek  characteristjes
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Fig. 1 The experimental afrangemant
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(compressibility, damping and natural
frequency) and acceleration experienced
by the subject!,  Assessment of the seql
pack characteristics are carried out using
the experimental arrangement shawn in
Figure 1.

Oscillatory motion of the pack s initine
ted by applying an impulsc force. Mecha-
nical oscillutions are transduced by using
a spectal  grating  with wedge shaped
elements ¢ A beam of intense light
is admitted through a narrow slit &
and then passed through the urating @,
The emergent rays full on a photocell P,
The lamp-slit-phatocell arrangement 1§ seg
anan adjustable platform and the cellre
of the slit 15 made to cojncide with the
centre of the grating which is atlached 1o
the preload,  The amplified oulput of |he
photocell is recorded.

Equivalent Dynamic System

The equivalent circuit of the ExXperiment
adopted iz that of 2 mass My (Pre-load)
suspended from a spriig of mass M, (seat
pack) and a dicplacement given 1o M
the svstem moving through a wviscous
medinm,

The cquation of motion is :

a2 x dx
M + Sx + X —— =0,
di? di

where S is the force required to produce
unit extension and 2¢ iy the force per unit
velocity.
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where Ay and Ag are canstinis

This represents an oscillulion of deervus-
ing amplitude of period,
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Actual record from a typical survival
pack is given in Figure. 2.

Record of oscillary displacement

A r
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Fig. 2 Record of oscillary displacement

Choice of the conlenis of Personal
Survival Packs for their ejection cha-
racieristics have Lo be based on the values
ehianined for damping and compressibility.

Sueh a technigue is currently followed in
the LA.F.

Recording of Accelerations during Fjection

Since accelern "ons produced by curren-
tly used ¢je ction cartridges are quite close
to the human tolerurer level, recording of
accelerations on the ejection seat as well
asat the hip and chest level of the subject
are resorted to in the assessment of ejection
cariridges, survival packs and comfort
cushions. Accelerations with linear
response upto 50 g which ¢can give conti-
nucus record of '‘G* for short duration
{0.2 sec) are required for this purpose.
During our studies on hiodynamics of
gjection we had to develop accelerometers
for physiological recording since  the
central purchase of these items from
Statham Laboratories did not materialise.

Diesign of the Accelerometers

Our design is based on recording of the
strai.tin a Cantilever beam witha weighvat
one end, produced by the effective increase
in weight caused by the a ce erative forces
(Fig. 3) similar to the principle used for
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Fig., 3 Cantillever with load

accelerometer developed by the Cramp
Shipbuilding Company and U.S. Naval Air
experimental station®.  Since high freque-
ney response upto 100.C, P, 8. 15 required
for ciection studies our design has to he
significantly different from the thin beam-
heavy weight used by the Maval Station.

Wihien @ beam ig sirained by the aetion
of a weight W, equilibrium of forees is
estahlished by the internal forees and the
effect  of the load W. For any section
through a point such as *C" the bending
moment W = C8 is balanced by an internal
couple. The depression 6 at the point ‘B’
caused by W is given by the eguation ;

* SR D i
YAK=6 — 3

3
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where Y is the Young's modulos, AK>is
moment of intertia, L is the length of the
beam and B s the weight of the beam.

IT we consider & layer DE of the bar
which is above the ncuiral surface by a
vilue *Z' (Figure 4) and if # N is drawn
parallel to DM, then the extension of the
layer “ds"=# N6 - Z B where 8 isthe angle
PN E. Bwill also be the angle subtended by
the neutral surface MN @1 11% contre of cur-
‘yatare. 17°5" is the length of the unex-

4 J A M8 of Indla, October 1973

Fig. 4 Strafn (n o benl bo

tended element along the neniral axis, then
S= R0

el
Y

Therefore

Z
R
The internal bending moment will be :

H

R

& ey YAK?
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= R

where ¥ ois the Young's modulus, o,
the area of cross sections of the individual
elements and A, the area of cross section
of the bar. This must balance Lhe
moment of the external forces at the seclion
considering the strain of a seetion distiant
' from the fixed end of the cantilever
and it *° 15 the distance of the weight 17
from the cantilever, the external monent
will he :

W(l—d) + W' (s=d)
Since AK® = bt?

12

for beam having

rectangular eross section with width & and
thickness ¢

Yhi*

LI P L
= W{f—rﬂTW(?—d}

So the strain of the section £ K
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ds_ 127 |
i == W |[ W (I —d)+Wi(h-d) I

The &train of the secnon will be  muxi-
mum: if i1 lies on the upper or lower
surfuce of the beam and when the distance
from the fixed edge is minimum.  In the
present design of the accelerometer four
strain gauges are cemented close to the
fived edge, two on the upper Ry and K,
and 1wo on the lower surface Ry and R,

The gauges are connected in 4 Wheal-
stone network(Fig. 5) using a battery witha
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Fig. 5 Strain gauges i wheatstone nep work

voltage *F° and an amplifier-recorder
assembly with resislance ‘Ay°. The bridge
13 hulanced when there is no strain on the
gagiges.  Under 'G°, when a change in
resislance

= y
AR=F.R. 4
is produced. F being the gauge factor,
the bridgs balance will be upset ard thore
will ke i corrent *i gt lowing through the
galvanomeler.

EAR
R, R+R: —(AR)*|

d

F

I'herefore § gis !1'.:1c:|r1}-' related to strain
for change in resistance where the gauge
factor remains unchanged.

Llsing flar grid struin gauge  having
resistance 120 ohms and gaupe fuctor 2.8,
our design aimed a0 1301V outpul per 'g’

The accelerometer in ils final assembled
form and the Cantilever striain  pauge
arrangement are given inFigure 0.

Fig. & Acceleromcier

{Calihratinon of Accelerometer

The exact unbalonced output potential
per unit ‘g’ has 10 be estimated prior Lo
the use of any gccelerometer, This was
carried out hy using 2 Human Centrifuge.
The gcceterometer was mounted in the
ponidole,  with the acceléromeier axis
along the wertical axiz of 1he gondola
which was on [ree gymbals. The Centrifuge
was run for differénl “g" values ranging
from 52 to 25 2. The records of bridae
output obtaincd on a Grass Model TII

J. 4. M. 5 of Indin. Ogroher JO73 5
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Fig. 7 Calibrution Curves for Accelerometer

Polvgraph are shown in Fig. 7. The accele-
romeicr gave & linear response for all values
upto 25 g as may be seen from the records.

Anthropomorphic Dummy

Because of the dynamic response chara-
cteristics of the human hody, seceleration
profiles obtained from a rigid structure
such #s cjection szat will not give the
aciual acceleration expericnced by the
human subject.  Thousgh it is ideal lo
record acceleraiions from the huoman
subject by fixing accelerometers. al  the
required  siles, it is not advisable 1o
have human subjects for trials hecause
af the injury risk invoelyved. Anthropomor-
phic dummizes, with -elastic and damping
properties as close to the human subjects
as possible, are used for such Irials,

6 J. A M. 8 of Indla October 1973
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TABLE I
Weight Distribution of the Body

Percentape of

dy C '
Body Component total weight

Head and Neck 8.2
Upper Trunk 2132
Lower Trunk 5.5
Thighs P
Legs wnd Feet 16,7
Lipper Arms 5.0
Forearms and |lands 4.5

We have made two such dummies which
have the same weighl distribution of the
limbs and body components asan averape
human subject {see Table L}.

I'ABLE 11

Weight, Height and Length of Body Parts

Weight 65 Kg.
Height 171 cms
Leg Lenglh 107.5 cms
Thigh Length 588 emsy
Sitting Height B9.0 cms

The weight, lieight and length of body
parts of the dummy were similar to those
of the average 1. A.F. Pilot (Table II).
After trials on a number of materials, a
plastic-rubber adhesive combination was
chosen for fabrication of wvertebrae with
compressibility comparable to that of
cadaver. Sample (est resulis on lumbar
vertebrae using Amsler testing machine is
given in Table 11T
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TABLE 111

~D. T, LReadings

Load Ledst count 0000 mm
MR = ey 1 | '[k._._,_,”-'_
= |r£L_||_'.-|"|'|'i_|: | unloading Loading| ;.I;;1I'l.’f.l.1"i.11.}!
0 h] ] { i
40 164 223 15] 13b
(! 220 257 206 273
R pol ) 279 213 295
[0 254 209 1Y 3y

Fig. 8,
Skeleton for anthropomorphic dummy

YEIATION MEICIMU

Rib cage was prepared by heat treatment
of perspex and shaping the perSpex on a
plaster of poris mould of the cage. The
skeletal system was assembled with éssen-
tial joimt movements (Fig. 8)

treated raw
rubber corresponded in propertics to thal
and and foam
rubber-crepe rubber combination

Trials revealed that heat

ol muscle Lissues [muss
cime

close 1o that of fat and skin.

Hendform was fabricated from specially
chosen wood which matches the density
and impact damping properties of the

head.

For the analysis of impact «damping,
fabri-

special instrumgmation seL up was

caled for shock absorption

(Fig. 9). This

Fig. 9
psirmmentation et up for helmer tosting.
is now being used for testing of bone domes
and helmets™.

This equipment included the develop-
menl of a piezoelectric load pauge with
x-cut quariz  erystal (1"43"x1") mounted
in a mild steel gauge body. The load gauge
was mounted ona large concrete block
weighing one ton. The output of loag

. A M. S Crtoher

al India ey 7



Pig, 1fa The Anthropomorphic Dummy Fie. 106 The Dummnmy on the ejection seat

Fig.

Recording Ser up for field studiaa
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Fig. 12
Acceleration profile from ejection cartridge
gavge wik fed toa récorder through an
amplifier.
The dummy in the completed form is
shown in Figure 1.

Ejection Test Rig Trials

1. A. M. accelerometers were used for
trials using an ejection test tig and an in—
strumented anthropomoerphic dummy. One
accelerometer was [fixed on the ejection
seal and Lwo on the dummy: one at the
]'Iip and theother at the chest. The accele-
rometers were connecred by long cables to
4 three cliannel recording system (Fig: 11).

Typical records from the dummy are given
in Figure 12.
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