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ABSTRACT

A series of static and dynamic tests of representative aircraft passenger
seats was conducted. The static tests utilized the procedures of Technical
Standard Orders C-22 and C-39 which embody the test standards for certifying
passenger seats for commercial aircraft. The dynamic tests utilized, in
part, test procedures developed specifically for this project and, in

part, test procedures developed from experience in the testing of Navy
aircrew seats,

A significant difference between static and dynamic test results was found,
thus warranting further investigation of the validity of utilizing static
tests alone for the type certification of aircraft passenger seats for a
dynamic or crash load requirement. The fact that static test results, in
themselves, cannot be related to crash environments is demonstrated and
cited as a definite limitation of static tests. Dynamic test results are
demonstrated as having the capability of being related to crash environments
and are considered to be the more meaningful in defining the behavior of
seat/occupant systems when subjected to crash phenomena,

Dynamic test criteria for the type certification of aircraft seats were
established and used to analyze the static and dynamic test results, A
relationship between the static and dynamic test load conditions was
devised as part of the criteria. Relatively simple methods for dynamic
testing are suggested, and the procedure for analyzing test results is
presented,
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INTRODUCTION
Purpose

The purposes of the project reported herein were (1) to establish
background for dynamic test criteria for the type certification of aircraft
seats and restraint devices, (2) to determine test methods which demonstrate
compliance with the dynamic criteria, (3) to express the present static
test load requirements for aircraft seats and restraint devices specified
in the Federal Aviation Regulations (FAR) in terms of the dynamic criteria,
and (4) to relate the static test load requirements to an actual crash
environment utilizing the dynamic criteria.

Background

FAR's 25.561 and 25,785, and Technical Standards Orders (TSO) C-22
and C-39 specify design loads for aircraft seats and restraint devices
for which the aircraft occupant is to be restrained and protected even
though parts of the aircraft would be damaged, These design loads are
expressed in static "inertia forces' based on the combined weight of
the seat and occupant, with the occupant weight taken as 170 pounds,
The specified inertia forces have remained unchanged since 1957, and
their values are indicated in the test specifications as 9 g's forward,
6 g's downward, 2 g's upward, and 1.5 g's sideward.

Although seats and restraint devices are designed to withstand these
inertia forces, there is no way to relate the forces with the crash
environments that would produce them., The dynamic test criteria establish
a relationship between inertia forces and crash environments by specifying
tests in terms of crash environment inputs, allowing the inertia forces
to develop as short-duration response pulses as they would in an actual
crash, Utilization of the dynamic test criteria, then, enables the inertia
forces on the seat/occupant combination and the seat's capability of
restraining the occupant to be expressed in terms of the crash phenomenon,
resulting in a more realistic certification procedure,.

The dynamic test criteria presented herein can also satisfy the present
need for standardization in the aircraft industry in view of the fact that
Sseveral airlines have for some time required dynamic testing for acceptance
of aircraft seats, with the tests being conducted by the seat manufacturers.
The test specifications have differed between airlines, and the test methods
have differed between manufacturers,

To meet the objectives of the project, it was first necessary to
establish a theoretical basis for the dynamic test criteria, The seat
types to be tested were then determined along with the test methods which
would yield seat response characteristics in a form compatible with the
dynamic test theory. Finally, it was necessary to utilize existing crash
environment data to relate the results of the dynamic tests with actual
crash severity.



Description of Theory for Dynamic Test Criteria: In a static
test of a seat, the specified inertia force for the seat/occupant
combination provide the input to the seat and are applied at the
center of gravity of the seat/occupant combination., The vertical
seat leg reactions are a measure of the response of the seat and
are directly proportional to the input, or inertia force, from which
they can be calculated.

In a dynamic test, the input is the acceleration-time pulse
of the sled on which the seat with occupant (dummy) is mounted. An
actual crash environment is simulated where the input is the acceleration-
time pulse of the aircraft floor in the vicinity of the seat, and the
seat/occupant combination is free to respond as a spring-mass system
(Figure 1). The vertical seat leg reactions are a measure of the response
as they were in the static test, Likewise, the effective inertia force
remains proportional to the reactions, but in the dynamic test becomes
part of the response and can be calculated from the measured reactions,
The direct proportionality between the reactions and the input holds
for the dynamic test, as it did for the static test, provided the input
is of long duration (Figure 2a), If the input is of short duration,
as it is for typical crash environments, the reactions will lag the
input and have peak values lower than those indicated by the long-term
proportionality (Figure 2b).

Static tests can be related to dynamic tests by utilizing
the response level (vertical seat leg reaction level) as a parameter,
For a given seat, lap belt, occupant weight, input direction, and peak
seat leg reaction level, there exists one static input (inertia force)
and an infinite number of dynamic inputs (acceleration-time pulses)
which will induce the given peak seat leg reaction level, Since there
are an infinite number of dynamic inputs, they can be expressed as a
curve, called a sensitivity curve, provided an empirical relationship
can be established between the dynamic inputs and the peak seat leg
reaction level and provided the dynamic inputs can be expressed in
terms of two variables, such as velocity change and average acceleration,

Figure 3 shows a variety of input acceleration-time pulses
and their corresponding response curves for a given seat, lap belt,
occupant weight and input direction. These response curves can be
obtained empirically during the type certification testing of the
seat and are the means by which the dynamic inputs and the peak
vertical seat leg reaction level can be related, Each seat test
produces one point on the curve, Other points are obtained by testing
the seat with input pulses of different magnitudes. The response
factor C, for each test, can be calculated as follows:

€q (1)
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Where go is the effective peak inertia force on the seat/
occupant combination calculated from the measured peak vertical seat
leg reactions, and G is the average acceleration of the input acceleration-
time pulse calculated from the measured pulse as follows:

¢ - AV (2)
g X t,

Where g is the gravitational constant, t, is the measured pulse
duration, and AV 1is the velocity change of the measured pulse obtained
by calculating the area under the pulse shape:

(3)

In
av = | £(6)dt

o

Ihe variables velocity change and average acceleration
(&awv and G) describe an input acceleration-time pulse and can be used
to generate sensitivity curves that define an infinite variety of input
acceleration-time pulses which induce, or are sensitive to, a given peak
response level in the seat (vertical seat leg reaction level) (Figures 4
and 5). Points on sensitivity curves can be calculated from response
curves by assuming a constant value for gg, Equation (1), which corresponds
to the desired peak response level in the seat, and calculating the
corresponding values of 8 and a v, Equations (1) and (2), for each
assumed value of t,. If the peak response level selected corresponds
to the seat leg reaction intensities induced by the standard static test
prescribed in the FAR's, any point on the resulting sensitivity curve
defines an input acceleration-time pulse which converts the present static
test into a dynamic test, The derivation, application, and limitations
of the sensitivity curve technique are given in References 1 and 2 and
will not be discussed in this report,

It can be seen from Figure 3 that the response curve is a
function of the shape of the input acceleration-time pulses that produce
it, If, in a given investigation, the input pulses are of the same
general shape, as was obtained in this investigation including the results
in Reference 3, one response curve will sufficiently define the relationship
between the input pulses and the peak response level for each seat and
loading direction, thus considerably simplifying the dynamic method,

To use this technique to express the present Federal Aviation
Administration (FAA) static test load requirements in terms of dynamic
criteria, it was necessary to determine the response characteristics of
a representative number of aircraft seat/occupant systems to both
statically and dynamically applied loads,
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Three different types of seats, designated as A, B, and C,
were selected to represent the majority of equipment being used by the
airlines, All of the seats were three-place tourist class, but differed
in construction. Seat A was of tubular construction, floor-mounted;
Seat B was of sheet metal construction, floor-mounted; and Seat C was
of tubular construction, floor/sidewall mounted (Figures 6, 7, and 8),

The seats were instrumented to measure the data necessary to
establish dynamic seat test criteria comparable to the present FAA static
test load requirements, It should be noted that these tests were not
conducted for the purpose of certifying any particular aircraft seat
or to compare static testing with dynamic testing per se. The seat
installations on the test facilities simulated, as near as practical,
the seat installation in an aircraft, but no attempt was made to
simulate the aircraft floor structure because of the difference in the
floor construction from aircraft to aircraft, The seat tests were limited
to the forward and downward directions only, because of the cost of the
test specimens and because these are the most common seat loading
conditions which occur in an airplane crash. This, however, did not
limit the technique to these particular cases,

Test Methods and Procedures: The static tests were conducted in
accordance with the present FAA regulations at the National Aviation
Facilities Experimental Center (NAFEC), These tests were conducted to
provide load and failure data that could be compared with similar data
obtained from the dynamic seat tests, Similarities and differences
between the two means of testing were thus noted, The seats were
attached to a test stand using instrumented attachment fittings. Body
blocks, weighing 170 pounds, were positioned and secured in each seating
place with standard airline seat belts. Loads as specified in TSO C-39
were applied to each body block simultaneously by means of hydraulic
cylinders, An electrically driven pump supplied the pressure to the
hydraulic cylinders, and the load was regulated by a control valve
housed in a console, Typical setup positions are shown in Figures 9
and 10,

The input load supplied by the hydraulic cylinders, the seat
belt tension, and the reaction forces of the seat attachments were
recorded by two oscillographs, Motion picture cameras were positioned
to photograph the test from various angles, Time correlation between
the cameras and the oscillograph was used, A complete instrumentation
description of the static tests is contained in Appendix II,

The horizontal and vertical dynamic tests were conducted under
an agreement with the Aerospace Crew Equipment Department (ACED) located
at the Naval Air Development Center, Philadelphia, Pennsylvania., Under
this agreement, the seats were subjected to several nondestructive dynamic
tests where the velocity change was held constant while the average
acceleration was varied. The seats were again tested holding the
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average acceleration constant and varying the velocity change. Finally
each seat was tested, increasing either the velocity change or average
acceleration, until the seat was damaged.

The horizontal tests of Seats A, B, and C and vertical tests
of Seat A were conducted on the ACED Horizontal Linear Accelerator, This
facility is a hydraulically controlled, pneumatically driven catapult
device incorporating a test sled and 386 feet of track., The seats,
facing opposite to the direction of acceleration, were mounted to the
sled by means of instrumented attachment fittings, Instrumented
anthropomorphic dummies, each weighing 170 pounds, were secured in each
seating place with standard airline seat belts. Typical test arrangements
are shown in Figures 11 and 2-3,

The sled was accelerated by a piston which receives its energy
from the expansion of a fixed air mass entrapped in an accumulator. The
sled, seat, and dummy accelerations, seat belt tension, and the reaction
forces of the seat/floor attachments were transmitted by direct line
from the sled and recorded by two oscillographs during the acceleration
stroke, Motion picture cameras were positioned on and around the sled
to photograph the tests from various angles, A complete instrumentation
description of these dynamic tests is contained in Appendix II,

The vertical dynamic tests for Seats B and C were conducted on
the ACED 150-Foot Vertical Drop Tower (Figure 12), This facility is a
150-foot tower incorporating a 10- by 10-foot test car which can be
dropped from any height up to 112 feet and is arrested by metal straps.
Mounting techniques similar to those used on the catapult were incoporated
for the installation of the seats on the drop tower test car, Again,
anthropomorphic dummies were secured in each seating place with standard
airline seat belts.

The car was raised to the desired height then dropped and
arrested by the controlled bending of the metal straps. The sled, seat,
and dummy accelerations, seat belt tension, and the reaction forces of
the seat attachments were transmitted by telemetry to a ground station
and recorded on magnetic tape, The tests were photographed from various
angles by motion picture cameras mounted on and around the test facility.
Refer to Appendix II for instrumentation details of these tests.

Selection of the Acceptable Dynamic Test Methods: To determine methods
of testing aircraft seats and occupant restraint devices to show compliance
with dynamic seat test criteria, a study was made of existing seat test
facilities, both static and dynamic, ©Since seat testing is primarily
conducted by the manufacturer, consideration had to be given to the
amount, complexity, and cost of the test equipment and facilities
required to certify an aircraft seat under dynamic conditions,

15
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FIG, 12 ACED 150-FOOT VERTICAL DROP TOWER
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Visits were made to airlines, seat manufacturers, airframe
manufacturers, and government test facilities to study the existing
static and dynamic seat test requirements and procedures, A variety
of test reports and documents was obtained and reviewed, and is
contained in the Bibliography.

Seat Strength Versus Crash Loads: The measure of an aircraft
seat's capability to restrain its occupant is the maximum load the
seat can withstand without failing, Presently, the crash load
requirement specifies the strength of a seat in terms of statically
applied inertia loads. Unfortunately, an airplane crash is a dynamic
phenomenon with a variety of loading conditions which cannot be
exactly defined or reproduced by static loading.

By expressing the present FAA crash load requirements in
terms of dynamic criteria, a comparison can be made between actual
aircraft crash inputs and the present seat strength requirements, This
was accomplished by calculating and plotting the sensitivity curves
for each seat type and input direction based on the static test load
response level and plotting, on the same graph, acceleration-time
inputs of the aircraft floor produced in an actual aircraft crash. If
all of the data points plotted from the aircraft crash test lie to the
left and below the sensitivity curve of a particular seat, the present
crash load requirement would be adequate for that particular seat in
the given crash, However, if any of the points lie to the right and
above the sensitivity curve for a particular seat, the present crash
load requirement would not be adequate, since the existing loads
required to certify the seat would have been exceeded (Figure 13).
This assumes, of course, that all of the dynamically applied inputs
used from the actual aircraft crash test were below those that would
cause the human tolerance of the seat occupant restrained by a lap
belt only to be exceeded,

DISCUSSION AND RESULTS

Static and Dynamic Tests

Seventy-four dynamic tests and nine static tests were conducted
to establish dynamic seat test criteria.

To use the sensitivity curve approach, it was first necessary to
define the response characteristics of each seat/occupant, spring-mass
system in both the longitudinal and vertical directions. Knowing the
response characteristics for each system, a sensitivity curve was
established (for each direction) that represented the applied dynamic
inputs that produced the same peak seat leg reaction level as did the
FAA-required static test load.

18
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The spring response characteristics of each seat were defined in
terms of the effective peak inertia force on the seat/occupant combination,
ge, and the average acceleration of the input acceleration-time pulse, G,
and were expressed as response factor C, Dynamic response curves were
plotted for each seat/occupant system in terms of the response factor, C,
versus the input acceleration-time pulse duration, t,, whereas in
Equation (1), Page 2:

] Effective Peak Inertia Force _ Wt x go _ g¢

Effective Weight* X G Wt x G c

and where the effective peak inertia force was calculated from the
recorded reaction loads, Examination of these response curves, shown
in Figures 14 through 19, indicates that each seat has different spring
characteristics and that the spring characteristics can change with
loading history; i.,e., response level. This was most evident in the
vertical dynamic tests of Seat A where the anthropomorphic dummy
bottomed out on the aft stress tube (Figures 15 and 20), Seat C,
because of its unique energy-absorbing design, established two
longitudinal response curves as shown in Figure 18,

To derive the sensitivity curves for each seat comparable to the
present static load requirements, the values of & and AV were
calculated for a specified statically applied load; i.e., 9 g's forward,
using the respective response curves for each seat to determine the
appropriate response factor C,

To calculate G, Equation (1) was expressed as:
6 _ ge
c
where C is determined drom the response curve for an arbitrarily selected

pulse duration, tp., The velocity change corresponding to the same
duration, tp, was then determined from Equation (3), Page 6:

AY = G xgxt,

* Effective weight is the weight of the seat plus that weight of the
anthropomorphic dummies on the seat, In some cases, the dummies'
legs were partially supported by the floor, and the effective weight
was correspondingly reduced,

20
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The sensitivity curves derived for each seat describe the input
acceleration-time pulses which induce the same peak seat leg reaction
level as the applied static loads specified in the FAR's, Inspection
of Figures 21, 22, and 23 shows clearly that seats certified for the
same applied static loads responded quite differently to the same
dynamic inputs, This is evident since the spring characteristics of
each seat differ as previously mentioned.

Figures 24 and 25 are examples of the data collected from the
dynamic tests and demonstrate the value of the sensitivity curve,
Note that 8§ for Tests 39 and 40 are nearly equal; however, the seat
failed during the latter test. This demonstrates how the velocity
change affects the loading on the seat, All of the data used in this
reported are contained in Appendix III, Data Summary.

Acceptable Dynamic Testing Methods

Dynamic test methods and instrumentation need not be elaborate.
The basic test facility would only require a means of accelerating
the test article to the specified velocity, a means of decelerating
it to obtain the specified acceleration pulse shape and acceleration
average, and a means of recording the necessary input and response
variables,

The methods of obtaining the desired velocity for the forward and
sideward seat tests could range from the use of a simple pendulum or
an inclined plane, to the more complex catapults and rocket sleds
(Figures 26, 27, and 28). The downward tests, for the best results,
were found to be limited to the use of a drop tower. Adequate deceleration
can be obtained by the use of shock absorbers, arresting cables, or any ;
energy-absorbing technique which will provide the desired average
acceleration and acceleration pulse shape,

Ideally, the instrumentation of the input would be a continuous
acceleration-time trace throughout the deceleration or impact cycle.
This can be achieved by utilizing one accelerometer, mounted on the test
sled, and recording on an oscillograph with timing. The pulse shape
can readily be determined, and the three input variables, velocity
change, average acceleration, and pulse duration can readily be calculated,
Equations (2) and (3). Once confidence can be established in the
repeatability of the input pulse shape, the instrumentation can be
further simplified to any means of accurately obtaining any two of the
three input variables. For example, the velocity change could be reduced
to some means of obtaining the velocity just prior to impact. This
velocity would represent the velocity change if the seat/occupant system
comes to rest at the end of the impact cycle.
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Instrumentation for the response of the seat/occupant system
involves the recording of only the peak seat leg reactions. Continuous
traces of the reactions throughout the deceleration cycle are not
required, Peak reactions are required for all four legs in the down-
ward and upward tests., For the forward and sideward tests, peak
reactions are required for only the two legs subjected to tension,
The tension legs are selected to minimize the random effect that
occupant rebound may have on the response characteristics of the
seat/occupant system, Occupant rebound is otherwise important in
the evaluation of human survivability, ultimate damage to the seat,
and the restraint capabilities of the seat, The tension legs are the
two aft legs for the forward tests, and the aft leg and forward leg
on the side opposite to the direction of the inertia force for the
sideward tests,

An acceptable method of recording input data would be the use of
high-speed photography. This technique would probably be more desirable
to the seat manufacturer since it would provide him with a visual account
of the test, along with the required data, using a minimum amount of
equipment, For this method to be acceptable, time and the required
distances must be recorded on the film.

In conducting a dynamic test, the test setup should be similar
to that used in the test portion of this project with the exception of
the elaborate instrumentation, The seat should be mounted to a rigid
test bed using the same tiedowns (track and floor fittings) planned
for the seat installation in operational aircraft. A rigid test bed
is recommended in lieu of the simulated aircraft floor structure for
several reasons:

1. Even though it would be desirable, it is doubtful whether
or not the structural response of an aircraft floor could be simulated
since such a small portion is required for the seat test installation.

2, The floor response characteristics will vary from aircraft
to aircraft and from seat location to seat location in any given
aircraft, For example, the transverse beams which support the seat
tracks in one aircraft have a spacing of 20 inches, The seat spacing
used by most airlines is 34 inches. Since 20 is not a multiple of 34,
it is obvious that some seats will be mounted directly over the
transverse beams providing a comparatively more rigid installation than
those seats straddling the beams.

3. A rigid floor structure will usually create the most severe
test condition for a seat and will insure test consistency for better
seat evaluation,

The use of anthropomorphic dummies was found to provide more
realistic test results because their response and seat pan impression
were more representative of that of a human than the body blocks
prescribed in the present FAA requirements (TSO-C-39)., The most
representative human response simulation available is necessary to
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accurately evaluate a seat. It was found during the many dynamic tests
conducted in this project that many of the forces experienced by the
seats were not considered in the initial seat design. For example, a
forward seat leg attachment came loose from the floor track due to the
dummies' rebound from the initial acceleration inducing a tension force
on the attachment (Figure 29), Since all the test conditions for forward
facing seats prescribed in the FAR, with the exception of the sideward
and upward loads which are comparatively low, places the front legs in
compression, it is logical, therefore, that any sizeable tension load

in the forward leg could be overlooked.

Another condition which can best be evaluated by use of an
anthropomorphic dummy is the possibility of the seat occupant ''bottoming
out' on the seat’'s basic frame. Many back injuries have been experienced
in aircraft accidents in which high sink rates or vertical decelerations
have caused the seat occupant to bottom out on the seat structure. This
is especially true of crew members whose seats were mounted on a pedestal.
The anthropomorphic dummy provides a more realistic seat pan impression
and provides more accurate seat load distribution, The body blocks
presently specified have a large seat imprint., Examination of Figures 20
and 30 shows the difference between the results of tests using dummies
and those using body blocks.

Seat Sensitivity Versus Crash Loads

Having established sensitivity curves for Seats A, B, and C
comparable to the present FAA static crash load requirements, a comparison
of these requirements was made with actual airplane crash inputs and
the realism of the present seat strength requirements determined.

The actual crash inputs used for the comparison were those taken
from the crash test of a Lockheed 1649A aircraft. The data and a
detailed description of the test are reported on in Reference 3, The
data used in this report were those longitudinal and vertical acceleration-
time histories measured at Fuselage Stations (FS) 195 and 685 when the
aircraft impacted a 6° and 20° slope (Figures 31 and 32).

The most severe longitudinal acceleration-time pulse for each impact
was reduced to terms of velocity change and average acceleration, These
quantities were then plotted on a composite of each seat's sensitivity
curve comparable to a 9-g forward static load. Inspection of the composite
plot which is shown in Figure 33 indicates that the present crash load
test requirement was not adequate in this crash for most type-certified
seats had they been mounted in the crew compartment area, FS 195, However,
the requirement was definitely adequate for such seats mounted at the
aircraft's center of gravity, FS 685, and aft during the impact with both
the 6° and 20° slopes, Although the horizontal floor acceleration obtained
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at FS 460 was not analyzed, the fact that a Seat A configuration containing
dummy passengers and located at FS 417 did not fail horizontally indicated
that the present requirement was probably adequate for type-certified seats
had they been mounted anywhere a few feet aft of FS 380 where a complete
fuselage break occurred. It should be noted that the velocity change and
average acceleration determined from the acceleration-time history, measured
on the crew compartment floor, FS 195, during the aircraft's impact with
the 6° slope, fell below the sensitivity curves (safe region) for Seats A
and C, but above and to the right of the sensitivity curve (failure region)
for Seat B, This demonstrates the inadequacy of the present static crash
load test requirements to define a consistent level of safety for the crash
environment, since all of the seats used in the project either met or
exceed the test requirements for certification.

Similarly, a composite was made of velocity changes and average
accelerations, determined from the vertical acceleration-time histories
recorded during the aircraft's impact with the 6° and 20° slopes, and
each seat's sensitivity curve comparable to a 6-g downward static load
(Figure 34). Inspection of this composite shows that the present crash
load test requirement for this condition was only adequate for Seat A,
mounted at the aircraft's center of gravity and aft during the aircraft's
impact with the 20° slope. The inadequacy of the present crash load
test requirement in defining a consistent level of safety for an aircraft
crash was again demonstrated, since the velocity change and average
acceleration determined from the acceleration-time history measured at
the center of gravity during the aircraft's impact with the 20° slope
was in the safe region for Seat A, but in the failure region for Seats B
and C,

Certification Procedure Utilizing Dynamic Tests

The dynamic test methods should provide the response characteristics
of a seat and restraint device in terms of the response curves, and, in
the absence of sufficient human survivability data, the present static
inertia force requirements should be selected as the peak response level
parameters with which the sensitivity curves can be analytically generated
from the response curves. The sensitivity curves will define the maximum
crash severity level for each input direction at which the occupant can
be successfully restrained. At least one test should be performed in
each direction for which the seat and restraint device are subjected to
the maximum crash severity level., The occupant should be an
anthropomorphic dummy equal in weight to the present occupant weight
requirement for the static tests (170 pounds),.

The test methods should be such that the response curves reflect
the effect of the parametersy input pulse shape and response level.
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Pulse shapes approximating those encountered in actual crash environ=-
ments, Reference 3, should be used, and tests producing response levels
close to the peak response level requirements should ultimately determine
the response curves,

In order to embody the above recommendations, the certification
test procedure for each seat/lap belt combination for each input
direction should be as follows:

1. Utilizing one seat and lap belt, obtain a response curve
using inputs which induce peak response levels within the elastic range
of the seat/lap belt system, About five tests are required (Figure 35a).
The seat and lap belt can be utilized for additional testing.

2, Generate an approximate sensitivity curve for the peak
response level requirement (Figure 35b), Select two inputs each at
one of the "asymptote' locations on the sensitivity curve (Figure 35c),
and, using two different seats and lap belts, perform two more tests,

3. Permanent deformation characteristics of the seat/lap
belt system will probably be noted causing the two additional points to
fall off the previously determined response curve (Figure 35d).

4, Adjust the response curve moving the upper portion parallel
to itself so that the two points are now on the curve (Figure 35d).

5, Generate a final corrected sensitivity curve from the
adjusted response curve for the peak response level requirement
(Figure 35e).

6. If the seat leg reaction data from the last two tests
indicate that the peak response level requirement had not been reached
or exceeded, retest one of the seats at one of the asymptote locations
on the corrected sensitivity curve (Figure 35f), If successful
restraint of the occupant cannot be obtained, perform the test on a
new and previously untested seat and lap belt., Successful restraint
of the occupant during the final test together with a documentation
of the response and sensitivity curves will certify the seat.
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CONCLUS IONS

Based on an evaluation of the methods, criteria, and results of
both static and dynamic tests of aircraft passenger seats, it is
concluded that:

1. Static testing for the type certification of aircraft
seats and restraint devices, as specified in the Federal Aviation
Regulations and the Technical Standards Orders, cannot of itself be
related to crash environments, and, consequently, static test
requirements do not correspond to a consistent level of crash severity.

2. Dynamic testing for the type certification of aircraft
seats and restraint devices, as governed by the dynamic test criteria
established in this report, can be related to crash environments;
therefore, dynamic test requirements can be specified in terms of
crash severity.

3. Dynamic test methods which demonstrate compliance with
dynamic criteria provide a more definitive simulation of the mechanical
behavior of the seat/occupant system when subjected to the crash
environment, Acceleration-time pulses at the level of the seat leg
attachments provide the crash environment inputs allowing the seat/
occupant system (seat-anthropomorphic dummy) to respond as a spring-
mass system, with the dummy capable of contributing secondary responses
such as the bottoming out of the occupant on the seat structure and
the reversing of inertia loads due to occupant rebound.

4, Dynamic test methods can be kept relatively simple
requiring only basic test facilities, equipment, and instrumentation.
The instrumentation should provide the seat leg reaction peaks (peak
response level) and any two of the three input variables: velocity
change, average acceleration and pulse duration.
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RECOMMENDAT IONS

Based on an evaluation of the dynamic test criteria of aircraft
passenger seats, it is recommended that:

1, Dynamic testing in accordance with the criteria and
procedure established in this report be considered for the type
certification of aircraft seats and restraint devices,

2, Additional data be obtained from a study of the crash
test, Reference 3. Data are available for further studies of crash
environment severity, crash environment input pulse shapes, and
response characteristics of seat/occupant systems when subjected to
crash environments.

3. Further effort be expended to establish the applicability
of the dynamic test criteria and procedure to the certification of
other cabin components such as litters, pallets, oxygen bottles,
galleys, etc.

4, 1Ideally, dynamic test criteria and certification procedures
for aircraft seats and restraint devices be such that the seat and
restraint device, of necessity, be designed with response characteristics
that would enable the crash environment severity, which produces the
human tolerance response pulse on the occupant, to be a maximum, The
absence of sufficient data on human tolerance of seat occupants
restrained by lap belt only precludes the possibility of establishing
such criteria at the present time.
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APPENDIX I
GLOSSARY OF TERMS

This Appendix is provided to define terms used in this report

response factor = ge/G
force in pounds

gravitational constant in ft/secz or units of inertia force
based on multiple of W

dummy pelvic acceleration
effective peak inertia force in g's
seat acceleration

average acceleration of input acceleration time pulse in g's
a Vv
4 th

distance between the front and rear seat legs, at the attachments,
in inches

distance from the seat leg attachment to the center of gravity of
the seat occupant combination in inches

mass in pounds sec?/ft.

reaction force in pounds

rear leg peak reaction force in pounds
front leg peak reaction force in pounds

distance from the seat occupant combination's center of gravity
to the point about which the moments are taken in inches

longitudinal peak shear load at the seat attachments in pounds
time in sec

input acceleration time pulse duration in sec

velocity in ft/sec

change in velocity in ft/sec



d

effective weight of the seat occupant in pounds., The effective
welght is that weight which is acting on the seat. In some
cases the legs of the seat occupants were supported by the
floor.

weight of the seat in pounds

total effective weight in pounds W4 + Ws



APPENDIX I1
Instrumentation Summary

This appendix contains descriptions of the sensing transducers,
their locations and the equipment used to record the test data.

To measure the seat reaction forces (R) the standard leg fittings
were replaced by enlarged studs in order to allow the application of
strain gages to this relatively small area (Figure 2-1), Two Budd,
Model EC6-124-350, Strain Gages were cemented to each stud in such a
manner as to eliminate bending forces which might be introduced under
the test conditions. Dummy gages to insure temperature compensation
of the bridge circuit were not used because of the lack of available
space on the stud. However, the gage material was of a ''selected melt"
with an adjusted temperature coefficient for minimum response to
temperature change and was bonded to the steel used to manufacture
these studs, Therefore, the bridge circuits were completed with 1 percent
wire-wound precision 350 ohm resistors. It should also be noted that
temperature compensation of these bridges was not of the utmost
importance in tests of this nature since the load was applied
dynamically; i.e., over a short-pulse duration of approximately
100 milliseconds.

The studs measuring the aft leg reaction forces on Seat B were
replaced by two BLH, Model U-1, SR-4 Load Cells with a range of 5,000
pounds for the dynamic vertical test. This was done to reduce the
total number of data channels recorded. The same make and model load
cells were used to measure the longitudinal shear forces (V) at the
seat attachments (Figure 2-2), The two shear-force channels were
omitted in Tests 14 to 20, inclusive, because of the change in the
seat's position (Figure 2-3), Lap belt forces (T) were measured by
means of load links, also strain-gaged with Budd, Model ED6-124-350,
Strain Gages (Figure 2-4). Complete bridges were cemented on these
links since the space available was ample, Thus, these links were
temperature-compensated with "dummy gages, ' as well as being compensated
with the proper selection of gage to metal temperature coefficient.
Bending is electrically compensated by the application of ''back-to-back'
gages, In addition, self-alignment was achieved by attaching the links
with flexible cables on both ends to the seat attachment location., Seat
accelerations (gs) were measured with a CEC, Type 4-202, Strain Gage
Accelerometer on the vertical seat axis. The mounting bracket was
attached to one of the seat braces (Figure 2-5)., The dummy accelerations
of the anthropomorphic dummy (g4) were also measured with CEC, Type 4-202,
Strain Gage Accelerometers mounted with respect to the dummy's vertical
(spinal) and longitudinal axis, respectively. Pelvic location of the
two transducers is approximately 4% inches from the back, and 10% inches
from the buttock, and centered laterally.
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The longitudinal sled acceleration (Gp) of the horizontal
accelerator was measured with a CEC, 4-202, Strain Gage Accelerometer
mounted at a location close to the piston attachment., Sled final
velocity was supplied by measuring the time required for the sled to
travel an interval of 6 inches at the end of the required power stroke
and recorded on an HP 522B Electronic Counter.

Sled displacement over the variable power stroke is measured by
passing an Electro-Products, Model 3010, Magnetic Pickup over a series
of sharp metal surfaces spaced according to a set pattern, The first
group of pulses are spaced at one-half inch intervals followed by a
2-inch ''group separation’ interval, followed by a group of pulses
spaced at l-inch intervals, The number of pulses seen on the record
for the first group will be dependent upon the length of the power
stroke. This displacement trace is recorded on both oscillograph
records for each test and, thus, can be used as a reference trace for
time correlation,

The vertical acceleration (Gy) of the drop tower test car was
measured with a CEC, 4-202, Accelerometer mounted near the center of
the car.

The static test input loads (F) were measured with three BLH,
Model U-3G2S5P-4, Loads Cells rated at 5,000 pounds each. The load
cells were attached between the end of the hydraulic cyclinder pistons
and the body blocks (Figure 2-6). A steel cable was used to attach
the load cells to the body blocks to eliminate binding due to seat
bending.

The data sensed by the transducers at the Horizontal Accelerator
Facility were transmitted by a direct-wire system to two Honeywell
Visicorder Oscillographs, Models 1508 and 1012, The data were recorded
on direct-wire light sensitivity paper which was later photographed for
presentation in this report (Appendix III).

Telemetry was used to transmit the data measured at the Drop Tower
Facility to a ground station located in the adjacent building. The
data were transmitted in the Inter-Range Instrumentation Group (IRIG)
format, using frequency bands 7 through 18, and recorded on a
Precision Instrument Tape Recorder, Model PS207A, The tape was then
played back through 12 DCS-DFG-3 Discriminators and recorded on a
Honeywell Oscillograph at the Horizontal Accelerator Facility.

The data measured during the static tests were transmitted by a

direct-wire system to two CEC Oscillographs, Model 5-125., The data were
recorded on direct-wire light sensitive paper.
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APPENDIX III
Data Summary

This appendix contains the data collected in the test phases of
the project. These data are presented in both oscillogram and tabulated
form, Also included are examples of how the data were used in deriving
the response and sensitivity curves for the three types of seats tested.
These three types were designated as Seats A, B, and C,

Seat A: Seat A was a three-place, floor-mounted, tubular-constructed
seat and is shown in Figure 6 of this report, Five of these seats were
tested to provide the data necessary to determine the respective
longitudinal and vertical response curves,

Tests Numbers 1 through 10 were longitudinal acceleration
tests with the seat and dummy facing to the rear as shown in Figure 3-1,
thus effecting forward inertial forces on the system, Test No, 5 data
used as an example in this appendix is shown in Figure 3-2, Test No, 71
was a static longitudinal test and a typical test setup is shown in
Figure 3-3. The data collected from this test are shown in Figure 3-4
in oscillogram form, The pertinent data anlyzed are shown in tabulated
form in Table 3~I, Photographs of some of the types of damage or
failures are shown in Figure 3-5 through 3-8,

The response curve as primarily defined is a plot of the
response factor C versus the applied dynamic pulse duration tp. To
determine the longitudinal response factor for Seat A, Equation (1)
from Page 2 of this report:

Effective Peak Inertia Force

C =
effective weight x average input acceleration
or
ge x Wt
C =
wth

was applied.
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3-5 SEAT A-1 AFTER TEST NO,
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The technique is illustrated in the following example:

We
We
Je*
% L&"’
V
Ra
The following wvalues were taken from Table 3-I for Test No, 5.
Wt = 472 1lbs,, RA = 3197 1bs., L = 24 inches
1 = 17 inches 8 = 8 inches
= 13,3 ft/sec and t, = .37 sec for the sled

Solving for the effective peak inertia force, moments are
taken about Rp

MRF= (gexwth)-(tha)—(RAxl) = 0

(Wg x 8) + (Ry x 1)

B, =

go = (472 x 8) + (3197 x 17) _ 5 32
24 x 472

To solve for the average input acceleration, 6, Equation (2)
Page 6 of this report was applied,

G . AV
g t,

_ 13.3

== = 3,02
32.2 x .137

3-11



Thus the response factor, C, equals

w 5.
c = _t X B _ .__1_2 = 1.69
Wy x G 3.02

This value is then plotted versus the input pulse duration,
th, which in this case equals ,137 sec.

To derive the longitudinal sensitivity curve for Seat A,
Equation (1), Page 2 of this report, was rearranged to solve for
average input acceleration expected

when g, or the effective peak inertia force, equals the present FAA
static test load requirement of 9 g's. The response factor C, is
then selected from the appropriate response curve for various values
of t,. For example, for a value of t, equal to .100 sec, the value
of C from the response curve, Figure 14 of the report, equals 1.70.
Solving for G

6’ = g_u... = 5,3 g's

The corresponding velocity change
AV = E x 32,2 ft/sac2 x t, sec
or substituting the previously derived figures
AV = 5,3 x 32,2 x .100 = 17.1 ft/sec

This process is then repeated for various t,'s until enough
values of G and AV are obtained to plot the sensitivity curve,
Figure 21 of this report.

Tests Numbers 14 through 20 were conducted to collect the
necessary data to establish the vertical response curve for Seat A,
A typical test setup is shown in Figure 2-3 for a vertical dynamic
test on the ACED Horizontal Linear Accelerator. A typical static
test setup is shown in Figure 3-9, The tabulated data for Vertical
Static Test No, 72 are shown in Table 3-II, Photographs of some of
the test results are shown in Figures 29 and 30 of this report.

The technique used for deriving the vertical response and
sensitivity curves is identical to that used to derive those for the
longitudinal inertial forces except for the method of calculating

3-12
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the vertical peak inertia force. Since in this case all forces act

in the same direction, a summation of vertical forces will yield the
inertia force. This also holds true for Seats B and C, See Table 3-I1I
for Seat A vertical dynamic test data.

Seat B: Seat B was a three-place, tourist class, sheet metal and
tubular-constructed seat (Figure 7 of report). Testing was conducted
on six of the seats to collect the data required to determine the
respective longitudinal and vertical response curves,

Tests numbered 21 through 40 were dynamic longitudinal tests.
Tests numbered 82 and 83 were longitudinal static tests. The data values
obtained from these tests are shown in tabular form in Tables 3-1II and
3-IV., Photographs of some of the damage or failures are shown in
Figures 3-10, 3-11, 3-12, 3-13, 3-14, 3-15, 3=16, and 3-17.

Vertical dynamic tests, numbered 65 through 70, were conducted
to obtain the data necessary to establish the vertical response curve
for Seat B, A typical test setup is shown in Figure 3-18 on the ACED
150-foot Vertical Drop Tower, For a tabular presentation of all of the
vertical test data, see Table 3-V, Photographs of some of the damage
and failures are shown in Figures 3~19, 3-20, 3-21, 3=-22, and 3-23,

Seat C: Seat C was a three-place, tourist class, tubular-constructed,
floor/sidewall-mounted seat (Figure 8 of the report).

Because of the seat's sidewall mounting, an energy absorption
technique was designed into the inboard leg which would allow the forward
leg to collapse at approximately 6 g's static load (Figure 3-24), Tests
were conducted on seven of these seats to collect the necessary data to
derive the respective longitudinal and vertical response curves.

Tests numbered 41 through 64 were dynamic longitudinal tests.
A typical test setup for the floor/sidewall seat configuration is shown
in Figure 11 of the report, Figure 3-25 shows a typical longitudinal
test setup for Static Tests Numbers 84 and 85 conducted on Seat C. The
tabulated data of both dynamic and static tests conducted are shown in
Table 3-VI, Photographs of some of the damage and failures which occurred
are shown in Figures 29 of the report, 3-26, 3-27, 3-28, 3-29, 3-31, 3-32,
and 3-33.

Vertical dynamic tests, numbered 73 through 79, were conducted
and the necessary data to establish the vertical response curve were
obtained for Seat C, The vertical dynamic tests for Seat C were conducted
on the ACED Vertical Drop Tower. The vertical static test was recorded
as Test No. 85. Table 3-VII contains the data from the dynamic and
static tests., Some of the seat damage and failures are shown in
Figures 3-34, 3-35, 3-36, 3-37, and 3-38.
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FIG, 3-15 SEAT B-5 AFTER TEST NO, 82 SHOWING TIHAT SEAT BELT
ATTACHMENT FAILED
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