Dynamic Response under Short Acting Forces:
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Abstract ;

A COFIERATIONS experienced by human sub-
jects during (he application of short aeting Toroes
(e gjoctions Trom airerafr) ave signibicantly iffe-
rent from those applied o the svsiem becnese ol the
visticlastic  propoerties of  Lhe pick
cassemblye Dhwnamic Response Incdex which is being
currently osed in the ewiduation of ejection acocler-
tions is discussed  alongwith the percentage spinal
[ractures obiained in cjections

MaEan — &iEid

The paper alsoe describes o onovel method of
determining the dvnamic overshoot of accelerations
during the cjecticn Loost lased on the Trequency
dependent mechanical impedence of human subjects,
Experimental supporl for this coucept is furnished
from ejection rials osing Anthropomaorphic Thommy.

Introduction-:~
xL_,.-v-"‘Tﬂr: vertebral column of o human hody s

sirnernvally comprisel  of  rigid  bony  vertebroe,
vartilagenous  intervertebral  dises wirh  lipamend
arrachments, . Thos this forms an elastic  system

capable of a dyvnamic response. The inorganic and
orpanic conslituents  of  this  structure oller high
co-npressive tensile  stilfness.  Flexion t:!.l:t_[lpt'ﬂ:iﬁiuu
and expansion which are the properties of  this
structure mainly depend upon s elasticity. This
praperty in Lwm provides a man with  posrural
stabilitv, lateval  amd  vowational  bewding. The
convex — concave artangement of various inrerverto-
bral dises of the stracture contribules preatly Lo the
overall spinal elasticity and thus dynamically Mt
tain the centre of gravity inoa man,

The rale of onset ol accelerntion® during an
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inirial phuse of sjeetion, togethen with the
propertics ot rhe hurean  bady
SEFLLCELNE Gl ciass il acceiedalion oversh
soetimes  incveases the  inertial loadi
sping resulting in spinal compression ﬂl’_[l:il
Fractuye,

elasric

In the ejection seat assembly, whe
cjected out, the elastic gualities of the
andd enshidns will alsa contribote ﬂL
overshoot of accelevanion®.  ‘The ﬂ?-l".éﬁ.t
by the ejeerinn envevidges s applicd
seatlo gel modihed signilicantly as @ resul
dynmmies ol othe tnan — seal syslenms
criteria, for the ejection lorces have mo
the lynamic response of Lhe hunn s't't?
Gierke? had sugpested the use of dymin
inddes, with the cjection lype of Tories,
is being wsed in the LISAD and s now
v the BAF and NATO countriés),

There is g Lerge percenlage ol ‘R’El'té_
duving ejections ranging upta 0% in
Al Forces of the world  using differen
ejeerion seals and earlvidges. Critical gonl
'Goprofile experienced by 1he ﬂ_jﬂctiﬁ; .
cascnttial in minimising the injury cales
tudes of the fajury, aned therchy preventin
e imcnprcitation, ol long periods o
ol expensively triuined i experiencer

Diynamic Response Index and ils Determing
The dvnamic response index which

currently  wsed in US  aiwl NATOS
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-'_:': lgsed om a single massspring model with a
gnping element :

g 1

_jm;e & is the compression af the spring in leer, K.
e damping  ratio of the madel, Wno i its
ndamped natural  frequency in yadians/sec  and

ar.
PR Wn 3‘7\? + Wind = _E'!fl%

it

kS LE e :
i the £ axis acceleration.
The DRIZ G5 given @)
wWin ﬁm;.!
e}
The values of K and Wn for 1 model eiuivalent
4 the human body have been estimated o he s
K
Win -

DRl =

assaciated
anel mmar

0,224 and

52.0 xad [sec

Applving these numerical values

B e o dd diz
| -‘ﬁ;- +237 o 2798 8 = g (2)
I' :iml
DRI = 86.9 4 max (3)
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In actual practice DRI is obtained from d max
Cmiimated from the Goprofile by a compuler.

DRI and Safety Criteria:

 Table | gives the DRI values against percentage
. : sk of injury based on ejections in e LISAE:

i adapted R
DRI and Injury Probubility

al injuries Simple forces Complex foroes

B HITOHS . i
AL T i L L E

types of DRI 1%“}‘,:1]‘ gz i:u:v
ol of the i 1n__]l._,. L
uirerew i8S g g 50 170 52l
i i a0 K200 19.0 205007,

: RO, 22.0 Sl
srounditg
PETE The DRI values obtained from § wux deter

mined by computer lrom the G-prolile are compured

tiom : gainst. the injury potentiul given in Table 1,

'R he‘f“;%,t A study has been made on Lhe UK data of
SRR eiections Tor the following airorafis — Guat, Hunter,
| . Javelin and Lighining. "Lhe actual injury rates wore
- BEH0LT, | lenlated  from the mumber of cases of spinal
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atinn o the tolal number ol non-

fructures inorel
The sunnmarised  in

fatal accidents.

Table 2.

veeulls ave

TABLE 2

DRI and Injury potential for diflerent
Adrerndt and Seats

DAL based on

Advcraft E jisction Injury & walues
& seat dita rape for Tor
seal subjects
Genat 1. Total : 26 o0 21
Folland seat 2. Fatal: & PEEs 18 19
4. WVerteheal — LT
[pacture: 6 — 21
Pl
21.2
Linnter 1. ozl 13 0 R
Wlartin Baker 2, Falal ! AT 245 238
WMk D seat B39 236
4. Verrchral
fracture s 6 S S )
Lightning 1, Tatal : 32 17:4: 14
Martin Baker 2. Iaral : 7o4nel 18,6 15
Ik 4 seat
3. Veotchral 9.4 184
Fraciure: 10

Graphieal representation of the DRI against
injury  potential incorparaling the DRI sanges Tor
differenr  aiverilts and  seats is given in Fig. L
Appatently, when DRI values are higher as in
Javedin aml Hunter, the injury rates are lower than
those predicred by DRI When DRI values are
lower as in Gnat and Lightoing, the injory rales
are Ligher than those predicted by th: DRI line.
I'his shows the limitations of the current concepl
of DRL

- DRI Ling
Lightning s L % el
e, s —g— Jouelin
% :#{—ﬂ'_' Hunter
spinul r--u—Fd -~ snot
imjury I.Frav D:-:‘,.-'"
pate f..f’
-
F
DRI
Wi
Fig. 1
s




. ;-I_fimituﬂons of Dynamic Respoose Index ;
' The concepts of dynnic response index have
gut o mumbey of lonitations |

i The dynamic equivalent ol o single uness
! 1
spring 15 oan over simplifed approach.

The spinal injury vares arve rhe ratios of
compression  Dactures e non-fatal ojec
Lions with various tvpes of sears, harness
systemn and survival packs, and are oo
gt.'u{t]':l!tr[! from acrual data fram inrernal
organ damage.

i)

Amnalysis of rhe DRI obtained lor a
number of aiveralt in RAT and  com-
pavison with injury percentage reveal thal
with low DRT walues, the injury rates
ave ligher - and when DRI
highuer then,  the  ingury rates
lower than the predicted values,

i)

wilies

aAnre
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Mechanical Impedence and Force Amplification :

In the prosent sndy an attempt is wade o
explain the acceleration overshool an the basis ol the
mechanical impedence of the human body.  The
mechanical impedence of the system on analoge
with the electrical equivalent can be expressed as the
ralin of the wansmitted lorce to the velocity of rhat
point where the foree Ts reansmitted,

I

Z = _}E " awhere 705 ‘the impedence

F is the foree and X the velogity,

On the basis ol the dynamic efquivialent ol a
single mussspringadamping model  the  welation  of
| £ | with the elements of the system ean be ex-
pressed as Lollows :

7] = muy. ‘\/'_____@?nﬁ_'
{1-n#) 4 noa?

Where mois the mass, 5 =

()

T where 13 is the

e}

damping constant, W, is the undamped natural

frequency and n = where W ois the freqnency

W
WU‘
of forced vibration, the impedence of a pure mass
will then he -

£ omass = mW

The dilferenee in the impedence values between
neass (sear) and the model (hip of subject {dunmy)

£

cin be ohtained from the ahove relations, Fig ( Nn'&-;
gives Lhe impedence values [or o seated B [ s,
subject for different lrequeneies of forced vibraing '

The deviation of the impedence of the
subjeet for any frequency from thar of a rig
can be obtained from Fig, 2. Peak values of a
ation abrained  from a rigid stroctore {ez
from a seat mounted secelerometer) when i
lor the impedence deviation will give the

aceeleration i:s.perieu{:t.'[i by the subjece. :
i [
i
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Fig- 2

Experimental Trials

Expurimental validation for this apps
provided by the Goprofiles collected during ¢
using a lest vig. Anthropomorphic dummy dev
at the Institute of Aviation Medicine was sealod
ly inoan ejection seal  which was mounred
gjection tower, A rigid survival pack wit
ble cushion was used between the seat pann
tdwmmy.  The dummy was instrumented  wil
accelerometers one in ils hip juint while: th
was fixed on the seat struerure, ro give a pi
refative aceelerations on hip and seat smultancoi
during an ejection foree

Ge-profiles were  recorded on an ulim
Viscorder with paper set at a specd of 800 m
with rime markings at HHE m, sec.

Resnlts and Discussion @

The reconds of G-profiles obtained  foom
ultra violet vecovder were traced for analysis
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1 Fig, §(a) and 3 (hy . ¥ram the
of G amd rate of omsct for
jp o the dummy are catculated.
wen in Tahle B

TABLE %

G aml Rate on Onscl

mieol pakG (R
seul level REE at hip
186.5 18,6 247 .10
175.0 15,1 288 .0
1614 164 235, {}
161,40 16.5 252 .0
161.0 16,0 @54 5
1670 17.6 185811
118.5 14.5 UYL
175.0 16.8 201511
167.0 15.9 EATIR)
192.0 16.9 5%.0
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The difference in the G values at hip level
and seat level from the experimental firings can be
obtained from Table 2 The average dilterence in
the prak G values is 27955 hip arcelerations being
higher. The yate of mset, which is more critical @
factor in injury analysis, shows wn average. differenee
af 124%.

An analysis of the onset ol acceleration on the
G-profiles (Fig, & (a] and B (W) gives the fallow-
ing sulient points:

{i) An inirmld slow onset for approxinately
[0 musces with extremely erall € valies

{ify An onset uppmximating o a straight
line.

(1) An onsct approx inating to a sing wave at
the eml vl the steaight limee onscl,

Treating the laller hall of straight ling onsct
and the curved onset at the end as approximafing Lo
. sine wave application. (he duration of onsct can
he worked out and the equivalent frequency of the

T

= —

—
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force application estimated. The values thus ealen-
lated  for che ren dilferene curves ale given in

Talde 4,
TALISLL 4

Time of onser For Sinee Wave

Cartridee Time of Cartridge Time of
M ongel Mo oisel
1 honnaec G 73 mscc
2 B 1nsec i) BOb yrroace
3 Th e ) 70 mesec
4 RO s ) h mase
5 T3 1msed 1i) 7 m.sc

The impﬂdcnm differenee in perocniag for
human subjects compared to o rigid mass is 3375
{(Fig. ¥y and therefore acommits for the deviation of
the hip acoclerations and rate of onset brom the sear
vitlues,

G-profiles obtained from ejection seat ecan he
madified 1o pive Govahoes at the hip level ol a4
subject  knowing the impedence ol the seatonl
subject.  In applying  this  novel  approach,  the

eruivalent mitural [requency of the
is first determined approximating the Iy
of the omsel G-prodile to be o sine w
for seated  subject for Ui Degueency
amd is deviation from che impeden o
mass is estimated.

T the evaluation of ejection &
acceleration  prohles obtained  from
acecleromelers can be used provided 6
applicd  based on rhe impedence appe
corrected value  will give the sccelits
hip level.  Accclerations ae the hiI._'n_] I
Le compared agains, human  tolerine
accepting a particular type of .{:u:l.l'itji’ql.
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