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1. IBmFroii I 1

A proposal for the crashworthiness specification for the
basic Trainer was prepared by A.R.L., in response to a request from
the RA.

A draft based on existing ailitary standards, was sent
to the RAW In June 1961 and is reprodumed in Parts 1 and 2 of this
memorandum. A.R.L. was subsequently asked to interpret or expand

m aspects of the requiremnts by the Australian Aircraft
Consortim (AAC) and the Coinnwsalth Aircraft Corporation Ltd (CAC)
and this was done by discussions and amoranda. These comimnications f
(ARL ile 8500) have been collated vith the minim= of editorial
change are presented in Parts 3 and 4 of this document.
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PAMT 1. PROPOSD CRSBORNZBS DIREMITS

(Prepared in April 1981)
1. General

1.1 Cabin and fuselage

(a) The Structure and equimnt surrounding the occupants should
withstand the inertia loading shown in Table 1. (Seat and
occupant restraint loads are detailed separately).

TABL 1.* CRASH LMING INWsIA FACTORS

Direction Load Factor 9

Forwards 30

Backwards 11

Downwards 22

upwards 9

Sidewys 9

4I
In the event of an overturn the Cabin should withstand aloading~~~~~~ ~ ~ ~ ~ eqiaettrgo h irrf rs egtals
to the top of the cabin in a representative way. The structure
should not deform sufficiently to crush the occupants.

(b) The underside of the fuselage should be designed to minimise
earth or water scooping if the aircraft lands with the landing
gear retracted.

Cc) cockpit Interior surfeae which could be struck by the
occupants In crash conditions should not hae" sharp edfes or
projections which would be likely to cause injury.

(M Care should be taken to prevent entrapment of the body and
particularly the feet.

1. 2 M~m Wa

After a crash it shall be possale fac All mobil

ocoepents to evacuate the aircraft In not ow them 30 seconds.

1.3 la~mom

(a fts lamb*n gew Abu be abe to desaldmte en aircraft at K
eseNsI 9e 10"96t em a Van""l velestT of6 Was
witbot ellaja t"e fumm" to emaef ve~ c ahe006" Ann~e to MON ag.



(b) The landing gear should be arranged so that if it fails it
does not penetrate the cabin or rupture fuel tanks.

1.4 Fire prevention

(a) Flamable fluid systes shall be designed to be tolerant to
structural distortion such as could occur in a survivable -

crash.

(b) Flammable fluid systems shall be separated as far as possible
from ignition sources and electrical system.

(Principal reference for 1.1,1.2,1L.3 a 1.4, Mil Btd 12901).
2. Seats and Occupant Restraints

2.1 Restraint system

The Provisions of A8CC Air Std 61/21 apply to the restraint
system with an occupant with a was up to 100k4 and stature and
sizes as indicated by the A.R.L. Anthroponstric surveys. The
strength requirements for the safety harness assemly harness-to-
eat, and seat-to-structures or harness-to-airfrmzi as specified

in 18CC Air Standard 61/22 are 309 in the famwds, backwards and
downwards directions and 15q sideways and upwards. The buckle
and end fittings Shall withstand misalignment of the strap forces
such as could occur in a survivable accident.

2.2 Seats

The seat shall withstand the forces shown in Table 2 without
failure at any position in its adjustmeant range, when the forces
are applied in a representative manner e.g. by the ARL pivoted body
block. (See Part 3 para. 2.2).

TABLE 2 SERT DSIUI UIEDOMT FC= -ky

Forwards 30 0 0 Air StA 61/21
Backwardim 11 0 0 Nil-B-177A4

Dwnwards 0 is 0 mil-S..e177A
Upwards 0 9 0 NKi-"-177WA

FradaDm9 16 0 now
Forward a Sidswayl is 0 9no

Nts flue dOWMars load of 1i earrespands to 229 acting on Bt
of the oau-en09s mss to allow fmr the support to the les
from the feet.
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2.3 Seat energy absorption

To protect the spine from excessive loading in the
vertical direction,the seat shall be designed to compress,
or stroke, in a substantially downwards direction whLlst
applying a decelerative force to the body and thus abeorbing

The stroke shall be the maximm attainable in the space
between the seat and the floor but shall not be less than
300=m in the vertical direction (i.e. normal to the aircraft
longitudinal and lateral axes).

The decelerative force on the pilot should be the
greatest safe value, but to accommodate the probable range
of pilot mass with a fixed decelerative force, a value for the
force transmitted to the pilot of ll1 kN is recommuded.'
The force limiting mechanism should allow for a force of
23 time the weight of the moving parts of the seat to act
simultaneously with the 11*1 kn load on the pilot.

The force should be nearly uniform during the stroke but
the maximma value mast not occur in the first 15% of the stroke.
Energy absorbing efficiency, measured by the ratio of
maximm energy absorbed (ntergral of force with respect to
stroke) to the product maximm force time total stroke,
expressed as a percentage shall not be less than 60%.

The force transmitted to the body when the cabin is
subjected to combined forwards and downwards loading is likely
to be influenced by the forward loading. To minimise adverse
interaction the locus of the centre of gravity of the seat and
pilot as the seat strokes should not be inclined at more than
300 to the vertical axis. The energy absorbing system should
be designed to met the foregoing requirement when the inertia
load vector acts in a direction dowmards and 30* forwards of
the vertical axis.

The stroking mechanism shall not be rendered inoperative by
structural deformation that could occur in a crash compatible
with the protection provided.

%hen the seat strokes the restraint system should not loose
or tighten excessively. The seat must not change attitude in
a way that would Increase the risk of atumarining" under the
lap belt, and the mat structure and trim miust not trap the
occupant or empose the occupant to sharp or jagged edges.

fth mat mast not stroke or be defomed permanently ruder
any norml flight mno-re.

* with Oft of a Oth percmtile occupant supported by the
goat, lkE ocrespoads to is S.

.IE



2.4 Static tests

Static tests are required to demonstrate strength of the
seat and restraint to the loading requirements of Table 2.

Less critical cases may be tested to 66S of the ultimate
design force, the most critical case shall be tested to the
design ultimate force and failure.

The A.R.L. Articulated body block shall be used. The seat
shall be at its highest or most critical position with the
stroking mechanism locked.

2.5 Dynamic tests

Dynamic tests are required to demonstrate the performance
of the seat, restraint and energy absorbing system, and in
particular to show:

(a) that the maximum force transmitted to the torso of a test
dumy is 11+1 kW, when the unit strokes through its full
travel.

(b) that the energy absorbing efficiency is at least 60%.

The test shall demonstrate that the system is tolerant to air-
frame distortion.

The maximum velocity change shall be determined.

2.5.1 Dynamic test procedure

The dummy shall represent a 50th percentile occupant (77kg)
with 80% of the weight supported by the seat and seat back. A
body block wholly supported by the seat and with a mass of 62kg is
acceptable provided it has a representative buttock form.

The inertia load vector shall be 300 forwards from
vertically downwards.

SThe seat may be mounted in a section of fuselage or in a
representative rig but the rig mist not provide better support
than the fuselage and must allow for simlation of structural
deflection. The deceleration pulse shall be approximately
triangular with a peak value In the range 40-SOg. The velocity
change should be about 12 W/s.



PART 2. SUPPORTING STATZMENS

1. occupant mass

The mass of the clothed occupant should be assumed to be
lOOkg for strength calculations. For optimization of the energy
absorbing seat a median mass should be used (50th percentile) but the
range 5th to 95th percentile mst be considered. The 11 kM force
proposed ensures that the mall (5th percentile) occupant is not loaded
excessively (i.e. is not loaded to more than 23g) and also provides
useful deceleration for the heaviest occupants. Optimization for either
of the extremes of mass will reduce effectiveness for the more common sizes
of occupant. For vertical loading the seat is assumed to support 80% of
the mass of the occupant.

2. Design Forces

The design forces are as specified in Hil-S-81771A4 except
that-a

(a) The forward loading has been reduced from 33 kW to 30 kN
in accordance with the value in ASOC Air Standard 61/2.2

(b) A combined forward and downward loading is introduced. The
resultant force of 18 kW is the same as the maximum vertical
force and the direction is that specified in the dynamic
test procedure of Nil-S-81771A.'

(c) A combined forwards and sideways test is introduced instead }
of the separate load cases on the lap belt and shoulder
harness specified in Mil-S-81771A. Resultant load is
18 kN and the direction is that specified in one of the
dynamic test procedures of Ni-S-817A. q  The separate load

procedures of Kil-S-81771A* a also acceptable as an
alternative to this loading came.

3. Enegy Absorption

Both nil-S-58095 and Nil-Sl71A~specify an energy
requirement with a given velocity change of 15 m/s. The maxiuma allowable
torso deceleration is specified in Nil--58095 but not in Kil-S-81881Ae
which allows the torso deceleration or operating force to be selected to
suit the available stroke. As the objective of this requirement is to
limit the force on the spine It is preferable to specify this fore, or
the torso deceleration, and optiiss performance on this basis. Ninmlimits on stroke and efficiency should be indicated.

-,,, 1 "
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PAW 3. IMIPRETATIS

1. Load Distribution in the Seat and Restraint Harness under Forwards

and Downwards Loads.

(The following information was sent to CRC on 24.2.82).

1.1 Introduction

The position of the centre of gravity for the body (pilot) will
vary according to the loading condition because of the variable shape
of the occupants and non rigid connection to the seat. in addition
the distribution of loading between the seat bottom and the restraint
harness is not statically determinant, and indeed it changes with time
during the deceleration pulse. the direction of the deceleration
vector, the stature of the occupant, and the stretch of the restraint
under load.

Positions for the centre of gravity and load distributions are
recommended based on a study of specifications and the results of tests
at ARL and other establishments. A test installation was set up at
ARL to represent the Basic Trainer Geometry, and the results
are given in Part 3.2.

1.2 Centre of gravity for aircraft balance, i.e. steady 'l g' condition

AvP 9707 and Kil-S-25073A8 (USAF) show the body CG 12 and 10.5
inches (305-267mm) above the seat and 10.75 to 11.5 inches (273-292mm)
forward of the back rest. This range appears representative. See Fig.
1.

1.3 Centre of gravity under crash loads for the evaluation of seat
reactions onto the airframe

, Under high inertia loading the body will distort. Downwards loads
will pull the arm down but the feet will be supported b the floor
rather than the seat. The Crash Survival Design Guide 0 suggests that
for downwards loads 80% of the body mass be assmed to act 6.5 inches
(165mm) from the seat back. Forwards loading uses the full body mass
10.5 inches (267mm) above the seat as shown on Fig. 2. (The loads
proposed by ARL take account of these mass proportions).

Since it is considered that some allowance should be made for
forwards deflection of the body, it is reconmended that:

The cantre of mass of the occupant is assumed to be
200mr in front of the back rest and 267mm above the
seat. A !-ton 1

- . -NO

.*-- | _ m --- ---- -- -------- ___ -
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1.4 Evaluation of the loads within the seat structure

The loading within the seat assembly will depend on the centre
of action of the downward loads onto the seat pan and the magnitude
of these loads. If subjected to a downwards load the occupant will
tend to slide down the back rest and the component of the load parallel
to be back rest will be reacted by the seat pan, at some distance x
in front of the Seating Reference Point, SRP, as shown in Fig. 3
For the design of the seat structure it is recommended that:

The component of load parallel to the seat back
rest is assumed to act 200mm in front of the
SRP Assumption 2

The downwards load on the seat pan is generated directly by
downwards inertia and indirectly by the forwards inertia and tensions

in the restraint system. These tensions can not be determined
statically, but there is sufficient empirical evidence to evaluate
loads for design purposes. The inclinations of the straps, the seat
pan and the back rest to the inertia load vector are important and to
simplify the analysis a coordinate system based on the back rest is
recommended. This is inclined to the aircraft axis but is approximately
parallel to the seat rails (which is of significance for the sliding
friction analysis given later). The relative axes and nomenclature
used are:

xx Longitudinal aircraft axis

zz Downwards aircraft axis

x'XI "Forwards" axis perpendicular to back rest

z'z' "Downwards" axis parallel to back rest

PxPz, Components of inertia load in directions xx and zz

Px#,Pz',Components of inertia load in directions xx' and zz'

TL Load in lap strap (sum of tensions in both straps)

Ts  Load in shoulders strap (sum of tensions in both straps)

PD  Downwards load on the seat pan (parallel to z'z')

FDD Down load from PZ'

F Down load from P I
FDI x S
0 Slope of lap belt to x'x'

-- The effects of any tension in the crutch strap are neglected
and the shoulder straps between the shoulder and anchorage are
assumed to be parallel to x'x'. The loads onto the body are thus as
shown on Fig. 4.

7
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The tension in the lap strap TL, produced by the 'forwards'

inertia force Px', has a 'downwards' component TL sin 0 at the
occupants lap. Part of this is reacted by the thighs, which in turn
press down on the seat, and part is reacted by the shoulder strap
tension, T8 , however this exerts a downwards force on the shoulders
so the total downwards load on the body, and hence on the seat,
will be TL sin 0. It is therefore recommended that:

The downwards load on the seat induced by the
forwards load, be assumed to be TL sin 0

Assumption 3

-Empirical evidence shows that the lap belt load can be as
much as 70% of the forward load thus for the lower parts of the seat
an.- restraint assume

TL - 0.7 Px' Assumption 3A

Combining Assumptions 3 and 3A and adding the downwards
inertia component P.9 the total down load on the seat is given

FD sDI D

- 0.7 Px' sin 0 + Pri

This load should be considered to act 200mm in front of the
SRP as in Assumption 2.

Empirical evidence shows that the shoulder strap load is
likely to be between 30 and 40% of the forwards load so for design
of the upper part of the seat and restraint assume

TS - 0.4 Px ' Assumption 3B

These recommendations are summarised on Fig. 5.

(px' and PZ' are evaluated from Px and P. in the
usual way).

2. Stat.c Tests for Load Distribution

(Based on a communication to CAC of 24.2.1982).

2.1 Procedure

The proposed method for estimating load distribution was
checked using a rig employing a restraint system from a CT4 Airtrainer,
and set up with Basic Trainer geometry on the A.R.L. articulated
static test body block. The assembly is shown on Fig. 6 and the body
block is detailed in Fig. 7. Load was applied to the body block in

~ t
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a forward direction, either parallel to the seating surface (PI) or
inclined 00 downwads relative to the seatinag surface (P2) , (This

corresponds to a load parallel to the fuselage datum with typical
seat and back rake.)

The applied load, shoulder harness load and the loads at the

back and front of the seat were measured, and from the last two
measurements the total seat load, FbI and the distance (T) of its
line of action from the seating reference point (SiP) could be evaluated
These are as shown on Fig. 5.

2.2 The body block

The dimensions shown in Fig. 7 correspond approximately to
the size of a 50th percentile occupant with a tightly fitted belt.
The position where load was applied to the body block was derived in
a previous study 9 which matched the proportions of the lap and
shoulder strap loads to those measured in dynamic tests with a full
anthropometric dumy. The distribution of load is typical for
dynamic tests. The articulated body block is preferred to the more
usual rigid type because the 'thighs* resting on the seat can affect
the strap load distribution. If the base of the body block is long
it can minimise shoulder loads or if very short (as shown on Fig. 2)
can "dig" into the seat and reduce lap strap loads.

2.3 Seat and restraint geometry

This was based on the Commonwealth Aircraft Corporation design
for the Basic Trainer. The angle between the back rest and the
curved seating surface was taken as 97". The seating surface was
represented by a flat, rigid plate covered by a sheet of stainless
steel and a sheet of PTFE to minimise friction between the "seat" and
"body". The lap belt was found to slope at approximately 300 to the
seating surface. It was also found that the shoulder strap anchorage
was 130mm higher than the shoulder of the dummy and about 100m
higher than the miniasm recommended in the Crash Survival Design Guide.
The assembly was tested with this high position of the straps, but
as the proposed method for estimation assumod the anchorage to be
about the sam height as the shoulders the assembly was also tested
with the shoulder strap anchorage level with the shoulder of the body
block.

The proposed method also assmes that the negative "go strap
has little effect on the loading and the assembly was therefore tested
both without a negative 0g' strap and with a negative *g" strap,
fitted to the front of the "seat" in a representative position.

2.4 The emtimated seat load

The proposed method, Part 3, para. 1.4, gives the seat load

To m P + 0.7 • Pul sin O



For the above seat belt and back rest angles

0 - 230

For load applied parallel to the seating surface i.e. 70 to

Px'-= P O e .9P

Pz1 M P1 sin 70 - 0.122 P1

predicted YD M 0.39 P1

For load applied 10* down i.e. 170 to x'x'

PX'- P2 cos 17 = 0.96 P2
-z'= P2 sin 17 - 0.29 P2

predicted FD - 0.55 P2

2.5 Test results

Test results are shown on Figs. Ba and 8b. It is seen that
the predictions are in close agreement with the results obtained
with the low shoulder strap. (squares and crosses) and also that
installation of the negative Ngw strap made little difference to
the loading. Seat loads produced with the high shoulder strap
anchorage (circles) were less than predicted, because the upwards
slope of the shoulder strap resulted in a smaller 'down load' onto
the shoulder. The reduction in the load at the shoulder, A, would
bes

A - TS sin a

where a is the slope of the shoulder strap relative to the x'x'
axis.

Part 3 para. 1.4 indicates that TS is likely to be between
0.3 P.' and 0.4 Px.

The angle a was approximately 300 in the test installation
with the high anchorage position therefore adjusting the prediction
to allow for the slope of the shoulder strap and assuming TS = 0.3 Px,
the value of FD is reduced by:

A 0.3 PX' sin 300

approximately 0.15 P or 0.144 P2-

F . D -0.24 Plor 0.4 72.

4Znn

- 1
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These values are shown on Figs. Sa and Ob as broken Lines, Very
close agreement with the test results is evident but in mast cases,
particularly if the anchorages are not so high or if allowance is
made for a taller occupant the method given in Part 3 para. 1.3 is
considered adequate.

Tension in the shoulder straps was also affected by strap
slope and anchorage height. With the low anchorage, the shoulder
strap tension TS ranged from the lowest value of 0.26 P2 to the
highest value of 0.31 P1 , and with the high anchoage, TS ranged
from a low of 0.32 P2 to a high of 0.36 Pl. The proposed design
value of 0.4 PxI corresponds to 0.38 P2 or 0.40 Pl which is slightly
greater than the measured values so the proposed design value is
conservative.

The position of the line of action of YD ranged from lS0a
to 220m from the Seat Reference Point and agreement with the
proposed value of 20m is considered satisfactory.

2. 6 Conclusion

The proposed method for estimating loading of the seat is
satisfactory.

3. Effect of Side load on Lap Strap Anchorage*

(Based on comuication to CAC 23.*2.1962).

3.1 Evaluation

The proposed case is 16 kv acting fu..rwrds together with 9 ku
acting sideways, which resolves to 18.4 kM 300 to ame side.

7 ~The load may be considered to act 20im in front of the "eat 5 I
back as for downwards loading. Considering the body to be rigid
and the lap straps not to &Up. around the body the forwards11 p

p coponents of load at the anchorages on enob side of the seats can
be found by taking noments about one side e.g. at 3 am shown in
Fig. 9a. This gives the forwards -o W.ent at A of 12.5 kM and at
3 of 3.5 WM. Side loading at the anchorages resulting from
inclination of the straps would be shared in similar proportions
e.g. 7.03 kX at A. This represents an eutrese case because the
straps would tend to slide around the body and equalize the tension.
If the tension loads at A and a are equa the forwards P 9 w, I at

* A and 3 would be 8 WM and the sideways omonmets at A and 3 would
be 4.S WE as shown on fig. 9b. This Is again an entrame case and
reality would lie betwee the tw cases. Per design puposes It
would he conservative to aes that for either acae the forwards

*conet could be 12 .5 k together with a sidmiys component of
7 kW acting towards the centre of the eat or a forwrd omomet
of D kX together with a sideays ge Ism of 4.5 SU acting smay from
the Centre of the seat.

I7
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PART 4. FRICTION ANALYSIS

This information was ccmmnicated to CAC on 12.3.82 together
with a spoken explanation. The following text has been amplified.

S1. introductionL

The seau shown diagramatically in Fig. 10 is deflected dowards,

controlled by an energy absorber and guided by the rails when and if the
cabin is subjected to excessive deceleration, so that the forces on the
spine of the pilot can be limited to a safe value. The seat will slide
when the inertia force exerted by the mass of the pilot and seat, in the
direction parallel to the guide rails, overcomes the resistance of the
energy absorber and the friction in the guide bearings. The energy
absorber force should be selected to give the highest safe deceleration
to the pilot in order to provide the maxiae energy absorbing capacity.
It follows that unpredictable variation in the bearing friction would
degrade the effectiveness of the system because high friction could over-
load the occupant, or if the energy absorber force is set to give the
required occupant deceleration with the maxium friction envisaged, the
deceleration could be insufficient in a low friction situation.

As the centre of gravity of the seat and pilot is in frost of
the seat rails, the loads on the guide bearings, and consequently the
sliding friction, will be governed by the downwards, forwards and sideways
components of the applied inertia load.

The following analysis was made to investigate the sliding

friction and the variation in friction with the range of loading conditions.

2. Procedure and Nomenclature

The seat geometry, taken from the CAC drawing current at the
time of the analysis, is shown on rig. 10, the centre of gravity is p
assumed to coincide with the centre of gravity for the occupant as
recoeended in Part 3 para. 1.2

The loads on the bearings are assumd to be substantially fore
and aft. The sideways component would be small and have a negligible
effect on the magnitude of the resultant load. The two lower bearings
were assmed to react the moment from the side load, upper bearing loads
are assumed equal. The forces were resolved into axes parallel and
pezpndicular to the seat rails. The nomenclature used is as follows:

Al A2  upper bearings

.1 22 lower bearings
z longitudinal axis parsllel to fmselage datw )

aIxcaft
y sideways axis per9endcular to fuselae dat- m

a d saxIS IeuMd ar to fuselage datV

ti-
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So "forvards" axis perpendicular to seat tail )

yo "sidoways" axis perpendicular to seat rail ) seat
rail

so "dowwards" axis parallel to seat tail ) axis

P Applied inertia force

Px'Py PS' coaponents in x' y' z' directions

x searing loads *

M N %1 " MB upper and lower bearing Loads

FR  sliding friction I i Z K

S coefficient of friction

FS  total sliding force - P' when seat slides

3. The Analysis

The upper and lower bearing loads . N W.E 3 and %2- shown

on Fig. 11, may be foumd by taking moments. Asthe entire sievay
momnt due to P is assumed to be reacted by B] and 12" NAIL " A2 and
the combined effect NAl + NA2 NA

VA I 0.12PX , + 0.83PZ ' (1) :

31 - 0.44PX' - 0.42PSO + 2 .6Py' (2)

%2 " 0 .4 4x - 0 .42,' - 2 .6oy* (3)

The friction force . "

r m u(I"AI + Nl1 + IN321) (4)

FR can be expressed in terms of Px', Py', PSI or the proportion i
of the sliding force due to friction, FR may be expressed in term of7, S
PS and PI. These ratios indicate the directions of the applied

load vector.

If the side load P' is sero

*'ml % (0.4P' - 0.421*3)

-~~% 
-. %.51*Lau5 (O.UWx' -O"S 1~)

T41

I.I
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FR - PIW + 1%1) (S)

If !X' -0.94, N B -0 and FR  s a minimum which occurs if the applied
pz

load vector passes through the upper bearing as shown AC on Fig. 11.

- 0.94
PS

If the vector is more "downwards" than AC Fig. 11 i391 is less than 0.94
and

F3  P 6 '

- - p(l.66-0.76 ) (6)
P ' (6

If the vector is more "forwards" than AC Fig. 1

P.A is greater than 0.94
Pz

FR Pxf

PZ

z s

The resulting variation in !R with Px' is
PSo PZ2

shown for ji - 0.2 in Fig. 12a.

A side load, Py,, will result in unequal loads ft1 and %2
but if the side load is small, NB1 and %2 will act in the mne
direction, and the inequality will not increase the friction F so
that the values given by (6) and (7) will apply. The boundary
condition is

%1pB2
PY' - 5.2

If the side load is greater than this it will dominate the
e °friction and

r. -i(NA + 5.2') )

Values for FR are shown ont Fig. 12a for several values of and ?a
•, " ps 'PI ' ps'

;WON
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is plotted against on Fig. 12b.
PZ6

It is seen that the mininum friction is about 20% of the sliding
load but that the direction of the load vector, and particularly a side-
ways component, can result innuch higher friction, for example, a
sideways component of 0.25 of the downwards load would result in the
friction being about 45% of the total sliding force.

If the energy absorber force, Z, in selected to give the design
sliding force FPD at an intermediate friction say F - 0.3

pas

FSD + 0.3 (Fs P 5' when the seat slides)

SD FSE - 0.7 Fe..

with miniue friction this would result in a sliding force

rs - 0.7 FS0 + 0.2 FS

S - 0.9 FSD

or with friction i, 0-- 0.45
P a

Fs - 1.3 FSD

If FSD iS selected to produce a 'safe' deceleration of 22g on a light
(60kg Sth percentile) pilot, all heavier pilots (i.e. 95% of pilots)
will receive less than 22g. but at 1.3 FSD the Sth percentile pilot would
receive an injurious 29g and only pilots weighing meo than 1.3z60 - V
80kg would receive 229 or less. This would protect less than 50% of
pilots (Mass of the 50th percentile pilot is 74kg and the 95th percentile
mass is 91 kg). A side comonent of about 0.3 would give a sliding force
of 1.5 FSD and this would only protect the heaviest SO of pilots.
Whilst the side coqmonent has most influence on the friction, the forwards
component has secondary importance. The effects of both are om t on
Figs. 13a and b which plots the forward and sideways loading cmbinations
which will protect 9S%, 50% and So of pilots. The load coaponents are
eressed relative to the seat rail axes in Fig. 13& but they have been
resolved to aircraft axes in Fig. l3b.

The energy absorber force could have bes selected to suit a
greater friction and this would have reduced the fore In the bLhor side
load conditions, bet it would hae rec the emergy seubimg capacity
in low friction cases.

. ...
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It is sen that quite small side forces produce serious increases
in the sliding force. The effect could be reduced by using bearings with
a lower friction coefficient. Variability in the coefficient could further
increase variability in the sliding force and would further degrade the
performance. Bearings with low and consistent friction properties are
required.

It was recomended that the high friction resulting from side loads
could be reduced by mounting the seat xails further apart. The analysis
vas repeated with the lower bearings assumed to be 350= apart and the
increased capacity to accept side load for a given increase in sliding load
is shown in Figs. 14a and b. It was also suggested that three short rails
could replace the two long rails shown in Fig. 10, two rails would be
provided for the two lower bearings and a single central rail for the upper
bearing.

L1tp

I..



REFERENCES

1. Nil Std 1290. Light Fixed and Rotary Wing Aircraft Crashworthiness.
Department of Defense, Washington, 1974.

2. ASCC Air Standard 61/2. Restraint and Parachute Harnesses for
Aircrew. Air Standardization Co-ordinating Committee, 1975.

3. K.C. Hendy. Australian Tri-Service Anthropometric Survey 1977 -
Parts 1-9. ARL Systems Report 15, Aeronautical Research
Laboratories, Melbourne, July 1979.

4. Mil-S-81771A, Seats; Aircrew, Adjustable; Aircraft General Specifica-
tions for, U.S. Department of the Navy, 1975.

5. Crash Survival Design Guide, Technical Report 71-22 US Army Air
Mobility Research and Development Laboratory. Fort Eustis,
Virginia - 1971.

6. Mil-S-58095 (AV), Seat System: Crashworthy, Non-ejection, Aircrew,
General Specification for. 1971.

7. AV P 970, Aeroplane Design Requirements Ministry of Defence. London.

8. Mil-S-25073A (USAF), Seat, Aircraft, 1970.

9. S.R. Sarrailhe, The Strength of Occupant Restraint Systems in Light
Aircraft. Structures Report 375, Aeronautical Research
Laboratories, Melbourne, 1979.

10. Crash Survival Design Guide, US Army Research and Technology,
Technical Report TR 79-22A. Fort Eustis, Virginia, 1980.

Reference 10 is an updated edition of Ref. 5 - points referred to
were essentially the same in both editions, both are referred to
because the proposed specification, Parts I and 2, were coaunica-
ted to the RAAF before Ref. 10 was available. Fig. 2 was taken
from the later edition.

4P"



1 0

Occupant's 
C.G. 

21

Seating
7 ref point

6I

6 Floor plane4

40-F
FIG. 1 OCCUPANT CENTRE OF GRAVITY

(DIMENSIONS IN m-)
(FROM MIL-5-25073A (USAM)



1.4

MA

076 radius

*0 seat reference
U point

4.j

FIG. 2 STATIC LOAD APPLICATION POINT AND CRITICAL
BODY BLOCK PELVIS GEOMETRY RECOMMENDED IN
T1HE CRASH SURVIVAL DESIGN GUIDE."
(DIMENSIONS CONV~lTU TO *

AI



Centre of:
mass

Component SRP

parallel
paracel Downwards
to back linertia load

FIG. 3 POSITION OF 'DOWNLOAD' ON SEAT PAN.
BODY WILL LOAD SEAT R IN FRONT OF SRP
EVEN IF INERTIA LOAD VECTOR IS CLOSE TO SRP.

tt
Tension in shoulderj
straps T s I

Upwards load from Twackwards load from T

Do awards load from 
TS

Downwards 
loa fro T

load 
from 

S P

L ,* Tension in lap straps TL

FIG. 4 LOADS ONTO THE BODY
SLOPE (0) OF LAP STRAP (TENSION TL
RESULTS IN DOWNLOAD ON SEAT(- TL sin 0)

La



- Shoulder strap tension
ITS = 0. 4

NaLap strap tension

Down load on seat,
FD 0.7 Pvsin 0 + Iz

DI

FIG. 5 RECOMMENDED LOADS ONTO SEAT

Note Px' pz' components of inertia load
perpendicular and parallel to back reut



vimi

FIG. 6 THE ARTICULATED BODY BLOCK AND TEST ASSEMLY



~1301 130i

Loading
Centre

610P

R90 Pivot

4P '

FIG. 7 ARL ARTICULATED BODY BLOCK.
(DIMENSIONS INu)

k4



Prediction proposed
inPart3

Prediction adjusted
ofor shoulder strap
slope

0 i-

.2

00 S ID Is
Load kN1

(a) Forward load horizontalp

Prediction proposed
inPart 3,

~..Prediction adjusted

Oe for shoulder strap
slope

01

0

Load kN

(b) Forward load 100 below horizontal pz)

Key
13 - Low shoulder strap-with neg. 'GI strap
+ - Low shoulder strap-no neg. 'G' strap

*-High shoulder strap-with neg.'Gsta
0 - High shoulder strap-no neg. 'G' strap

FIG. 8 DOWNLOAD ON THE SEAT INDUCED BY FORWARD LOAD'
Note Full line - proposed method of prediction

Broken line -prediction adjusted to allow,
for high shoulder strap



12

4

LO rBody
A 7 B 2

9 (a) Anchorage loads based on moment balance'

L L

AS

9 (b) Anchorage loads with equal strap tension

FIG. 9 EFFECT OF SIDE LOAD ON LAP STRAP:
ANCHORAGES, A AND A
(LOADS IN 113)

OR________ ________________________



X, X,
View looking

down

A

FIG. 10 DIMENSIONS OF CAC SEAT. (mmn)
XDYDZ. Parallel and perpendicular to 4,I

aircraft axes
X' Y' Z1 Parallel and perpendicular to seat

rails

* 
Ar

A ~4



py

NAl' NB2~

---0 bNAil NB 1

/ NAl' N A2

.11.

owl

Vector for PZ'
minimum
friction

FIG. 11 APPLIED FORCES AND BEARING LOADS



p.y
0z

0.2

0.0. tI

F 01rcto
R

0.0.

.9.

01 - - - *- -



0.5
-x-- 2~
p

t

z

0.4

r 0

F R

0.3

01

0 0.2 0.4 06O

z

FIG. 12(b) EFFECT OF SIDE LOAD ON
SLIDING FRICTION



Py

P z'

05 5% protected S-1.5' SD

50% protected' S=1-2 sD

015 protected SSD

0 ~1.0 20P

(a) "Forwards" ( Px) and "sideways" (Pyl) loading
relative to seat rail axes

p1.0
Py
P

zI

_5 poeCted
0.5 P.T.5O0 2. ~

relative to irftas

*S-0.062

p IG 3 LIIG O~l- ACSA- GEMER

0 0. 1.0 I-S .0 25 1

PI



p J1.0

S-..5 r) S

(a) "Forwards" (Fxl) and "sideways" cpy') loading
relative to seat rail axes

2 4S

z

S -S

ii-0.6 - 0I

F 0G 140 SLD2.A RIS30 3.0 APRT



DISTRIBUTION

AUSTRALIA

Department of Defence

Central Office

Chief Defence Scientist )
Deputy Chief Defence Scientist ) (1 copy)
Superintendent, Science and Technology Programmes
Controller, Projects and Analytical Studies )
Defence Science Representative (U.K.) (Doc Data sheet only)
Counsellor, Defence Science (U.S.A.) (Doc Data sheet only)

Defence Central Library
Document Exchange Centre, D.IS.B. (17 copies)
Joint Intelligence Organisation
Librarian H Block, Victoria Barracks, Melbourne
Director General - Army Development (NSO) (4 copies)

Aeronautical Research Laboratories

Director
Library
Superintendent - Structures Division
Divisional File - Structures
Author: S.R. Sarrailhe
A.D. Graham
R.A.L. Arkell
B.A.J. Clark
C.A. Patching

Materials Research Laboratories

Director/Library

Defence Research Centre

Library

RAN Research Laboratory

Library

Navy Office a

Navy Scientific Adviser
RAW Aircraft Maintenance and Flight Trials Unit
Directorate of Naval Aircraft Wqngiering
Directorate of Naval Aviation Policy

*j.



DISTRIBUTION (CON1TD.)

Armyfffice

Army Scientific Adviser
Royal Military College Library
US Army Research, Development and Standardisation Group

Air Force Office

Air Force Scientific Adviser
Director General Aircraft Engineering - Air Force
Director General Operational Requirements - Air Force
Director of Training Aircraft and Radar Projects (2 copies)
Directorate of Aircraft Engineering, AIRENG 4
CO Institute of Aviation Medicine, Point Cook
Aircraft Research and Development Unit

Scientific Flight Group
Library

Technical Division Library
HQ Operational Command (SMAINTSO)
HQ Support Command (SLENGO)

Central Studies Establishment

Information Centre

Department of Defence Support

Central Office

Controller, Defence Aerospace

Government Aircraft Factories

General Manager
Chief Designer
Project Manager - BPTA

Department of Aviation

Director~Library Flying Operations and Airworthiness Division

Director of Aviation Medicine, Dr Morrison

Statutory and State Authorities and Industry

Commonwealth Aircraft Corporation

General Manager
Chief Engineer
Project Manager - mA
Mr. A. Cassidy

9k



DISTRIBUT1ION (CONTD.)

Hawker de Havilland Aust. Pty Ltd, Bankstown

Managing Director
Technical Director
Project Manager - BPTA

Australian Aircraft Consortium

General Manager
Chief Designer
Project Manager

UNITED STATES OF AMERICA

NASA Langley Research Center, Dr Hayduk
Simula Inc. Mr Desjardins
FAA Civil Aeromedical Institute, Mr R. Chandler
Arizona State University, Dr Laananen

SPARES (20 copies)

TOTAL (98 copies)

1

I
I ,...



DOCUMENT CONTROL DATA

I 9. N I. b. Embiielwsm at No 2. Dowumen Dw 3, T No

AR-002-987 ARL-STRUC-TECH-MEMO-366 OCTOBER 1983 DEF 79/202
I__________ DEF 82/155
S. Smwity a. No Paom

PROPOSED CRASHWORTHINESS REQUIREMENTS . docegn 17
FOR THE AUSTRALIAN BASIC TRAINER UNCLASSIFIED

b. de c. Awret 7.No Reft

u u 10
L, Am~rie) 9. DONmlAdsiIm cin

S. R. SARRAILHE

10). Cwmrm Audtm and Addr I I Au*.t to aip, owslv)

A-rcrnautical Research Laboratories m bl c.Dms, a

P.O. Box 4331, Melbourne, Vic 3001 a) DEFAIR

12. boonamdyra Dimilmn (of VA Emunnti,

Approved for public release.

Oftin GWsm.S oulude itOd limitations ehould be raetmd throijl ASDIS. Desnm Inloffition Swgm' sfangh.
OpWervnet of Defence. Cnpbll Park. CANBERRA ACT 2501
13. a. Thi docnwrit may be ANNOUNCED in mtalogum *en Wrvi 's avaible ..

No limitations

13.b. CNWiin fo, @0mw pwpom. i. cmi annoaaenr' my be Injm-i untes,ica@d(*r.aest 13e.
14. Dmo, Ww I6. COSATI Gra

Crashworthiness Design standards
Crash landing 0103
Basic trainer
Airworthiness 0607
Specifications
Crash resistance

. AbmWWt A proposal for the crashworthiness requirements for the
Basic Trainer was prepared by ARL in response to a request from

.49" the RAAF. The requirements, which are based on existing standards,
together with some subsequent interpretations and recommendations
are collated in this Technical Memorandum.

a
pK

b -



This pop s to be uwd to record Infomeion which ib nWlimd by the Eu ishmem for Is oI we but
which will not be tdded so the DISTIS dm e unhm spedfllly uequnted.

16. * r~awj

(.
17. Imprwn

Aeronautical Research Laboratories, Melbourne.

W DemmnemW ftowu Sh*s to. C coo 20. Tvwe of RM , w PaId Cftd
Structures Technical 261215
Memorandum 366 261275

21. COWaw ;;;;;-m Ln

None

22. 1" "d wt Fib "Wl

S 500

Bf

TC

i ~-



- +x~- --- -t

I
*

p A

I

.-- ~-.~$t- S


