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SUMMARY

Dynamic tests were done using conventional lap sash seat belt restraints, and
assemblies incorporating energy absorbers in the sash strap. Three restraint
geometries, rigid and cushioned seats and assemblies with the straps slack, tight and
preloaded were tested.

The load in the sash strap with an energy absorber was half of that in the same
strap of a conventional restraint in tests with the same peak acceleration of 280 m/sys.,

The results were also compared with those from previous tests where a shorter
acceleration distance was used.
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1. INTRODUCTION

Seat belts with upper torso restraint provide valuable protection for the occupants of an
aircraft or motor vehicle in the event of a crash. The restraint forces in the conventional webbing
system are clearly dependent on the vehicle deceleration, but the relationship is complex and may
also depend on the velocity change. the restraint geometry, the initial slackness of the system and
the stretching properties of the restraint. Incorporation of energy absorbers into the system can
reduce restraint loads and alter the relationship between load and vehicle deceleration.

To investigate these factors. dynamic tests were done on a crash simulator to measure
restraint loads and dummy movement with:

(a)  Conventional all webbing restraints having separate anchorages for the lap and sash
straps. (Four-point system).

(b) Conventional all webbing restraints with the sash strap joined to the lap strap. (Three-
point system).

(¢) Conventional tour-point systems with rigid and cushioned seats

(d) Conventional four-point systems titted with initial slack., fitted tightly and fitted with the
straps preloaded.

(¢) Energy absorbing systems with two alternative tvpes of energy absorber installed in the
sash strap.

The test acceleration pulses ranged from a peak acceleration of 90m s"toa peak of 280m 57,

although not all configurations were tested over this whole range. The lowest acceleration was
intended to produce loads comparable to the current design strength of aircraft restraint systems
(which is based on a deceleration of 9g on an occupant of mass 77 kg with a factor of safety of 1.33).
I'he high accelerations were comparable with the design longtitudinal pulse suggested in the Crash
Survival Design Guide for the cockpit region of hght aircraft. ( This s a triangular pulse with an
average acceleration of 15g, peak 30g and velocity change of ISm s.). The high acceleration pulse
was also comparable to that used in automotive test conditions. and provided for testing an energy
absorber designed for automotive use.

I'he crash simulator sled acceleration stroke was approximately one metre. This corresponds
to a vehicle stopping distance of a hittle less than one metre and also to the stopping distance
implied by the Crash Survival Design Guide pulse. The distance was greater than that commonly
used in automotive restraint tests and in earlier A.R.L. tests *'. Comparison with these earlier
tests, which used a similar peak acceleration range but lower velocity changes, allowed assessment
of the relative importance of peak acceleration and velocity change.

The work was done as part of the Crash Satety Programme supported by the Department of
Iransport (Air Transport Group).

2. TEST EQUIPMENT
2.1 Crash Simulator

The tests were carried out on the General Motors Holden's “Hyge™ crash simulator. This
machine reproduced the essential dynamics ot a crash deceleration by accelerating a sled carrying
the test seat and restrained dummy from rest to the required velocity. The acceleration pulse was
approximately sinusordal

2.2 Test Dummy

-

An “Alderson”™ VIPSO anthropomorphic dummy (mass 77 kg) representing a S0th percentile
male was used. It was clothed in cotton stockinette garments as shown on Fig. |.

2.3 Test Frame and Seat

A test trame mounted on the sled provided anchorages for the seat and restraint as shown in
Fig. 1. Mostscat belt instailations have the high mounting tor the sash strap on the outer side of the
seat relative to the cabin, therefore the side of the test assembly having the high sash anchorage 1s
referred to asthe “outer side™. and the side with the low mounting for the sash or the intersection of
the sash and lap straps at the buckle. 1s referred to as the “inner side™

The seat base had a strong frame and a scat pan formed by a lattice of seat belt webbing as




shown in Fig. 2. In most tests this was covered by a plastic foam cushion, but in four tests the
cushion was replaced by a rigid wooden platform. Unless referred to as a rigid seat test. results
apply to the cushioned seat.

2.4 Instrumentation

I'he loads in the straps adjacent to the anchorages. the horizontal load in the seat and the sled
acceleration were measured and recorded on an oscillogruph. Velocity was calculated by
integrating the sled acceleration pulse. Movement of the dummy was recorded by two high speed
cine cameras. One of these was mounted on the sled. the other was in a fixed position on the
opposite side of the sled. Timing marks on the film and oscillograph trace allowed synchronization
of the records.

3. THE RESTRAINT SYSTEMS
3.1 Four-point System

I'he inner side of the tour-point system is shown on Fig. | The position of the outer lap strap
anchorage corresponded to the position of the inner lap anchorage. but on the other side of the
seat: the upper sash strap was connected to the frame by the link AB

In addition to tests with conventional webbing straps, tests were carried out with energy
absorbers inthe sashstrap. Twotypes of energy absorber were tested: these were designated tvpe A
and type B. Type A was titted to the link ABat A.whilst type Breplaced the ink AB. The length of
webbing between A and the lower sash anchorage was the same tor all tests

3.2 Three-point System

This was an automotive lap sash assembly. The upper sash and outer lap anchorage positions
were the same as with the four-point svstem., but the straps from these anchorages were joined to a
common inner lap strap at the buckle as shown on Figs. 3and 4. The outer lap and sash straps were
tormed trom a continuous length of webbing which could slide through the buckle tongue.

the assembly was tested with the common inner lap strap anchored at two alternative
positions. shown on Figs. 3 and 4

4. THE ENERGY ABSORBERS

I'he Type A energy absorber, shown on Fig. Sa was a commercial unit which dissipated
energy by twisting a torsion bar. Extra webbing on the end of the sash strap was stored on a reel.
the rotation of which was controlled by the torsion bar. When the torgue trom the tension in the
strap exceeded the torsional strength of the bar the reel rotated and allowed the sash strap to
extend. Tests with this type of load limiter have been described by Seiffert® et al.

The type B unit was developed at ALR L. and dissipated energy by plastic bending of two mild
steel strips. These were tolded to a Ushape and fitted ina case. One end of each strip was welded to
the case. Load was applied to the case and the other end of the strips. When the load overcame the
bending strength of the strips the told rolled along the case allowing the unit to extend.
Construction is shown on Fig. 5b. L oose packing pieces stabilized the strips in the case. The unit
has been described previously

5. PROCEDURE

T'he nominal peak acceleration levels were 90,180,240 and 300 m s°. These values were not
achieved exactly and actual peak values were 93,170,220 and 280 m s°.

Conventronal tour-point systems with a cushioned seat and 25 mm of slack were tested at all
acceleration levels. Conventional four-point systems were tested at 170 m s* peak acceleration
with a nigid seat. tight and preloaded straps. Conventional three-point systems were also tested at
peak accelerations of 170 m s with a cushioned seat and 25 mm slack.

Energy absorbing systems with a cushioned seat and 25 mm slack were tested with peak
accelerations of 170 and 280 m s . The test sequence is shown in Table 1. The final test. without
dummy or restraint was to determine the load produced by seat inertia.

In cach test the dummy was positioned centrally in the seat and against the backrest. A new
belt assembly was fitted and adjusted to the required position. Except for tests with tight or
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preloaded straps the assembly was adjusted to allow 25 mm of forwards movement of the dummy.
This is consistent with the amount of slack specified by the Australian Design Rules®, and
Regulation tor Testing Seat Belts proposed by the Economie Commission for Europe (E.C.E.).
Details of the method used tor setting the slack are given in a previous A.R.1. Report

In the test with tight straps the straps were tightened as much as possible by hand, using the
normal adjusters.

In the test with the preloaded straps. the normal adjusters were used to obtaina ‘snug'fitand
tension was applied to the straps by moving the anchorages backwards by a mechanical loading
device. The anchorages were secured with tension in the belt.

After adjusting the straps the webbing was marked where it passed through adjusters. and the
test pulse was applied. After the test the webbing was checked for slip and energy absorber
extensions were noted.

6. RESULTS AND DISCUSSION

6.1 Comparison of Four-point and Three-point Systems

Both contigurations were tested with 25 mm slack and sled peak accelerations of 170 m s’
I'vpical strap load traces are shown on Fig. 6. The maximum loads are summarised in Table A,
and 1t is seen that the total strap load was simular with cither system. The upper sash load was
shightly smaller and the outer lap load shghtly greater with the tour-point system. This was
probably because the lower sash strap was higher on the dummy. as shown on Figs. 7and 8. The
load distribution on a body would appear to be better with the three-point svstem. but the four-
point configuration would have been better it the lower sash anchorage had been lower or further
torwards.

Ihe three-point systems were tested with the inner lap strap attached at two alternative
positions. T hese gave a noticeable ditference inthe slope of the lap strap inthe unloaded condition.
as shown on Figs 3and 4 but during the tests the loads developed inthe straps, givenin Table HA.
and the slopes of the straps. as shown on Figs S and 9 and in Table B, were approximately the
same with both anchorage positions

As desceribed tnsection 3.2 the strap formuing the sash and outerlap strap could shde through
the buckle tongue. but examination of the cine tilm showed that slip only eccurred late in the
acceleration pulse.

6.2 Comparison of Tests with Cushioned and Rigid Seats

Four-point assemblies were tested at 170m < peak acceleration with the flexible seat cushion
and with the rigid seat. Tvpical load and acceleration traces are shown on Fig. 10. and results are
summarized 1n Table I When set up with 25 mm slack the strap loads with either ngid or
cushioned seats were approximately the same. In all tests with the cushioned seat there was an
abrupt increase in the seat load at about the time the dummy reached its furthest forward position
(*Peak scat load” on Fig. 10.). This was probably a direet loading between the dummy and the tront
member of the seat frame (through the compressed cushion). and was particularly severe in tests at
higher accelerations. It is reterred to later in section 6.4

6.3 The Effect of Tightening the Straps

light or preloaded assemblies should produce an carlier build up of load and the maximum
values should be lower than an assembly fitted with initial slack. Tests to investigate these effects
were carried out with the rigid seat at a sled peak acceleration of 170 m s%,

I'he strap loads in the tight system were approximately 106 less than those with 25 mm of
lack as shown in Table I Preloading the straps produced a turther reduction of 10¢¢ in the lap
strap. but did not reduce the sash load. The preload applied was approximately 600N but this
dropped to about 200N by the time the acceleration pulse was applied. The loads in the tight and
preloaded systems were only developed slightly carlier than with the slack system as shown in
Tabie 111

6.4 The Effect of Sled Peak Acceleration on the Strap and Seat Loads.

Strap and scat loads developed i a test on a conventional four-point system at a sled peak
acceleration of 280 m s> are shown on Fig. 11. The sharp peak in the seat load referred to in section




6.2 is evident. Vertical loading of the seat was not measured. but elongation of bolt holes in the
front legs of the seat indicated that a load in excess of 18kN had been developed. The magnitude
of these seat loads would depend on the rigidity of the seat frame and dummy. or body, so the
possibility of such loading should be considered in the design of the seat. There are two important
reasons for such consideration, firstly such a shock loading to the spine or pelvis could be
injurious, and secondly the seat and its attachments could be overloaded.

The peak loads in the sash strap are seen on Fig. 11to have been reached later than those in the
lap strap. and therefore the maximum value of the sum of the loads in the straps, (the total strap
load) was less than the sum of the maximum loads in the individual straps. The maximum strap
and seat loads. and the total strap loads are shown over the range of peak accelerations from 93to
280 m s in Table V. The total strap load is plotted against peak acceleration on Fig. 12, and this
indicates that the typical aircraft design load of 9.1 kN (170 1b x 9g x 1.33 = 2060 Ibf = 9.1 kN)
would be reached with an aircraft deceleration peak of about 80 m s* corresponding to 8g.

6.5 Dummy Displacement

I'he maximum forward displacement of the dummy torso in the test of the conventional four-
2. g : :
point system at a peak acceleration of 280 m s™ 15 shown on Fig. 13. Shoulder displacement was
300 mm.

The maximum torward displacements of hip and shoulder datum points with the four-point
system, over the range of peak accelerations from 93 to 280 m s™ are shown on Fig. 14, where the
upper sash load is plotted against shoulder displacement. and the combined lap strap loads (inner
plus outer lap) are plotted against hip displacement. The lines (AB and CD respectively) also
correspond approximately to load deflection measurements made successively during a single test.

Tests with the three-point system and with the rigid seat both resulted in slightly less shoulder
movement and shghtly more movement at the hip. Tightening the straps produced less movement
at both places.

6.6 The Effect of Energy Absorbers in the Sash Strap.

T'he development of the Toads in the sash straps of the conventional and energy absorbing
systems at a sled peak acceleration of 280 m s are shown on Fig. 15, The type B (A.R.L) unit is
seen to have limited the load to halt the value developed in the conventional system. and to have
maintained an almost uniform load. The load was less uniform with the type A (commercial) unit.
but the peak load was still much less than with the conventional sash strap.

The reduction in load was achieved by permitting a greater extension of the restraint.
Movement ot the shoulder is shown on Fig 15 and the extreme forward position of the dummy
with the energy absorbing system is shawn on Fig. 16 (¢f. Fig. 13 for the conventional system)

The maximum upper sash strap loads. displacement of the shoulder and extension of the
energy absorbers are summarized in Table Vand plotted against peak acceleration on Figs 17and
I8, At the maximum peak acceleration of 280 m s it is seen that for the 504 reduction of load
there was a S0 increase in shoulder movement. It can also be deduced from Fig 17 that the sash
load in the energy absorbing (tvpe B) svstem at a sled peak acceleration of 280 m s corresponded
to the load to be expected in the conventional system at a sled peak acceleration of approximately
120 m 5% Sash strap loads are plotted against shoulder displacement on Fig. 19 to indicate the
“trade off™ of load against displacement,

The two types of energy absorbers displayed approximately similar effectiveness, with type B
giving marginally greater reduction in load, probably because of its more uniform load extension
characteristics.

Ihe loads in the lap straps were up to 130 greater. when the energy absorbers were fitted in
the sash straps. (see Table V1) This was probably because the increased torso movement
transferred load to the pelvis. however the total strap load was lower with the energy absorbing
system than with the conventional assembly. In a previous report it was shown that by using
energy absorbers in both the sash and pelvic restraint, the loads in all the straps can be reduced.

6.7 Comparison with Previous Tests

I he restraint loads depend on the peak acceleration and the velocity change. In this series of
tests the acceleration distance was approximately constant and velocity change was a function ol
the acceleration. Itis not possible to separate the relative importance of the two parameters from
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these test results, but the relative importance may be inferred by comparison of the results with
those of a previous test series which used a shorter acceleration distance . Three-point restraints
stmilar to those referred to in section 3.2 were used but. as 1s shown in section 6.1, the total strap
load with the three and four-point systems are similar and therefore results of the two series can be
compared. The total strap loads for both series are shown on Fig. 20 and it is seen that similar peak
accelerations produced similar foads. This 1s also shown in Table VI and it is seen that the
relationship of load to peak acceleration was much closer than the relationship to velocity change.

7. CONCLUSIONS

. Tests with a conventional seat belt indicated that the forces in the restraint could reach the
typical design ultimate loads tor hght aircraft, at a cabin peak deceleration of only 80 m s’
corresponding to 8g.

2. Energy absorbers in the restraint would allow the system to withstand cabin decelerations of
greater severity without an increase n the restraint torces.

3 Incorporation of an energy absorber into the sash strap of a restraint system reduced the load
in that strap to half the value developed in the conventional configuration.

4. When tested with the same acceleration pulse. the total load developed in the straps of the
three-point system or the four-point system with the cushioned or rigid seat were all
approximately the same.

5. High loads were developed between the dummy and seat frame in the tests using a cushioned
seat.
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TABLE |
TEST SEQUENCE AND CONDITIONS
Test' Peak Vel. Seat System Strap
No. Accn Change fitting
m s° m s
1336 93 10 cushion conventional 4pt slack’
1337 93 10 cushion conventional 4pt slack
1338 170 14 cushion conventional 4pt slack
1339 170 14 cushion conventional 4pt slack
1340 170 14 cushion conventional 3pt? slack
1343 170 14 cushion conventional 3pt’ slack
1344 170 14 cushion conventional 3pt* slack
1345 170 14 ngid conventional 4pt slack
1346 170 14 ngid conventional 4pt slack
1347 170 14 rigid conventional 4pt tight
1348 170 14 rigid conventional 4pt preloaded
1349 170 14 cushion EA type A dpt slack
1350 170 14 cushion EA type B dpt slack
1351 220 16.6 cushion conventional 4pt slack
1352 280 19 cushion conventional 4pt slack
1353 280 19 cushion EA type A 4pt slack
1354 280 19 cushion EA type B 4pt slack
1355 280 19 cushion EA tyvpe A 4pt slack
1356 280 19 cushion none nore
Notes: 1. Test numbers allocated by G.M_H.

2. Slack — 25 mm.

3. Inner lap attached to torward anchorage

4. Inner lap attached to rear anchorage.

5. No dummy. Test to determine seat inertia load.




TABLE 1A

MAXIMUM STRAP LOADS WITH CONVENTIONAL FOUR-POINT AND THREE-
POINT SYSTEMS

Sled peak acceleration 170 m s°

———

Slack 25 mm

Test No. System Max. Strap load kN
Upper Outer Lower Inner | Common Vo
: otal
sash lap sash lap inner lap
1338 4 Point S5ed 5.6 35 5.3 20.1
1339 4 Point 6.0 5.3 4.5 53 2131
1340 3 Point 6.2 438 8.9 19.9
1343 3 Point 6.7 49 9.3 20.9
1344 J 3 Point 6.7 4.7 8.9 20.3
I'ABLE IIB

THREE-POINT SYSTEM INNER ANCHORAGE POSITIONS AND STRAP ANGLES

Anchorage position

Distance of anchorage below datum'

Distance of anchorage behind datum'

Angle of line from anchorage to
location of lap belt on dummy

Angle of common strap

Angle of strap over lap

Angle of Sash at lap

Notes:

o o i

Rear Forward
Installed |Loaded’ | Installed | Loaded’

mm 130 130 130 130
mm 70 70 =20 =20
degrees’ 45 60

degrees’ 54 40 67 42
degrees’ 19 23
degrees’ 69 7

SN () [ | BRSNS

Datum is the intersection of the seat and seat back.
Angles are projected angle to the horizontal.
Approximately the minimum angle in the test.
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TABLE IV
RESTRAINT LOADS WITH SLED PEAK ACCELERATION 93 TO 280 m s

Conventional four-point systems, cushioned seat, 25 mm slack.

o Max
A Max. Strap loads kN
Test Peak axSteap laads Seat load kN
No. Accn Upper Lower QOuter Inner
m/s° sash sash lap lap Total' Total’ Seat inertia’
1336 93 33 2.2 2.7 2.5 10.5 2.7 0.8
1337 93 31 20 3.0 29 11.0 FL 0.8
1338 170 5:7 3.5 5.6 5.3 18.7 6.2 1.5
1339 170 6.0 4.5 5.3 53 21.0 49 1.5
1351 220 7.2 S 6.5 6.2 22,5 8.0 1.7
1352 280 8.9 6.0 T3 7.6 27.6 12.0 2.2
1
Notes: 1. Max. value of sum of strap loads
2. Including seat inertia
3. calculated seat inertia
TABLE V
EFFECT OF ENERGY ABSORBERS ON THE SASH LOAD AND SHOULDER
MOVEMENT
Conventional and energy absorbing systems
Max.
upper
Test Peak sash shoulder EA
No. System acen. strap displacement | extension
load
m s’ kN mm mm
1338 Conventional 170 .7 220 0
1339 Conventional 170 6.1 220 0
1349 EA Type A 170 4.3 300 120
1350 EA Type B 170 4.1 250 107
1352 Conventional 280 8.9 300 0
1353 EA Type A 280 5.6 400 290
1355 EA Type A 280 5.6 : 300
1354 EA Type B 280 4.5 440 370
Note: 1. Strap cut by arm joint of dummy.




MAXIMUM STRAP LOADS WITH CONVENTIONAL AND ENERGY

TABLE Vi

ABSORBING FOUR-POIN1
Sled Peak acceleration 280 m 's*

SYSTEMS

Test Max. Strap loads kN Max.
Na. System Upper Lower Outer Inner Total
sash sash lap lap Load kN
1352 Conventional 8.9 6.0 7.3 7.6 27.6
1353 EA Type A 5.6 5.8 8.5 8.0 25
1355 EA Type A 5.6 5.3 8.2 8.0 26
1354 EA Type B 4.5 5.8 7.7 7.6 23
Note: 1. Max value of sum of strap loads.
TABLE VI

COMPARISON WITH PREVIOUS TESTS. LONG AND SHORT ACCELERATION DISTANCES

Conventional Three-point systems

Test Acceleration Peak Velocity strap loads kN i
No. Distance acen change :
upper outer inner Al
; sash la lap e i
mm m s’ m's ey ap '
1344 830 170 14 6.7 4.7 8.9 20.3
619' 420 180 1 6.2 4.7 8.9 19.8
623' 420 240 13 7.1 7.1 1.8 26.0
Note: I. Data from Ref. 3.




STRUC. RPT, 359
FIG. 1

:

179 ‘

THE TEST FRAME, SEAT AND DUMMY WITH CONVENTIONAL FOUR-POINT
RESTRAINT SYSTEM VIEWED FROM THE “INNER" SIDE. UPPER END OF SASH
STRAP ANCHORED AT A.




STRUC. RPT. 359
FIG. 2

TEST SEAT SHOWING SEAT PAN MADE FROM A LATTICE
OF SEAT BELT WEBBING.




STRUC. RPT. 359
FIG. 3

CONVENTIONAL THREE-POINT RESTRAINT SYSTEM WITH COMMON INNER LAP
STRAP ATTACHED TO THE REAR ANCHORAGE POSITION.




STRUC, RPT. 355

CONVENTIONAL THREE-POINT RESTRAINT SYSTEM WITH COMMON
INNER LAP STRAP ATTACHED TO THE FORWARD ANCHORAGE POSITION.

FIG. 4




STRUC. RPT. 359

FIG. 5a
Torsion bar Torsion bar
fixed to case fixed to reel
Reel
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CONSTRUCTION OF TYPE ‘A’ ENERGY ABSORBER.
(Commercial unit)




FIG. 5b
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STRUC

RPT. 359
FIG. 7

EXTREME FORWARD POSITION OF DUMMY.
Conventional four-point system. Peak acc’'n. 170 m/s?.




STRUC. RPT. 359
FIGS.8 &9

FIG.8 EXTREME FORWARD POSITION OF DUMMY.
Conventional three-point system. Lap strap on rear anchorage. Peak acc’'n. 170 m/s?.

FIG.9 EXTREME FORWARD POSITION OF DUMMY .
Conventional three-point system. Lap strap on forward anchorage. Peak acc'n. 170 m/s*.




FIG. 10
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FIG. 11
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Max. total strap load kN
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FIG. 12
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L Aircraft design load *
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/ o Aircraft design
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0 100 200 300

Sled peak acceleration m/s?

MAXIMUM TOTAL STRAP LOAD versus SLED PEAK ACCELERATION.

Conventional four-point system. *[9 g on 77 kg x 1.33]




EXTREME FORWARD POSITION OF DUMMY.
Conventional four-point system. Peak acc'n. 280 m/s?.
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FIG. 13




FIG. 14
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MAXIMUM STRAP LOAD versus MAXIMUM DUMMY DISPLACEMENT

Conventional four-point system, cushion seat, 25 mm slack.
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FIG. 16

EXTREME FORWARD POSITION OF DUMMY WITH ENERGY ABSORBING SYSTEM.
Four-point system. Peak acc'n. 280 m/s”.
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Max. upper sash strap load kN
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FIG. 17
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MAXIMUM UPPER SASH STRAP LOAD versus SLED PEAK ACCELERATION
Conventional and energy absorbing four-point systems.
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F1G. 18
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MAXIMUM SHOULDER DISPLACEMENT versus SLED PEAK ACCELERATION.
Conventional and energy absorbing four-point systems.
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FIG. 19

101 X Conventional !
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MAXIMUM UPPER SASH STRAP LOAD versus MAXIMUM SHOULDER D!SPLACEMENT
Conventioral and energy absorbing four-point systems.
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FIG. 20
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