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Summary:

There is very little reliable information about the forces needed fo cause
injury to the human body. Namely, it is very difficult to obtain reliable reports
about the influence of mechanical forces and the subjective reaction to these
forces, mainly due to the complexity and diversity of the human body in both
physical and behavioral aspects.The need for the study of physical,
physiological and psychological reactions of living beings in a laboratory, under
controlled conditions, has led to the development and use of specialized
devices for the simulation of impact and vibrations in order fo carry out
experiments on humans and animals. "Anthropometric” or "anthropomorphic”
dummies that simulate the basic static and dynamic properties of the human
body are widely used in the study of plane and car crashes. Thus, for example,
a Hybrid lll dummy is used in case of a frontal crash of the car. Various
research works about automotive and aviation accidents as well as experiments
with both dummies and living beings show that full support to the body and
limiting the movement of the limbs provide maximum protection from the forces
of acceleration.

Key words: anthropometric dummy, crash, human body, vibration,
shock, aircraft, accident, automobile.

Introduction

The man, as a mechanical system, is extremely complex and his
mechanical properties are often subject to change. There is very little
reliable information about the forces needed to cause injury to the human
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body. To avoid injuries to humans when collecting such data for the
examination of mechanical damage, it is necessary to carry out experiments
on animals. However, resulting data must be subjected to detailed
examination to determine the extent of their applicability to humans that
differ from animals not only in size but also in their anatomical and
physiological structures. It is occasionally possible to obtain useful
information from situations involving accidental injuries to the man; however,
while injuries can often be assessed, the forces that cause such injuries
cannot, so data thus obtained are rarely useful. It is also difficult to obtain
reliable data on the effects of mechanical forces on various actions and
subjective reactions to these forces, mainly due to a wide variation of human
beings both in physical terms and in terms of their behavior. Measurements
of some of the mechanical properties of the man are, however, often
possible because they require only weak forces.

Definitions and characterization of forces

Forces can reach the body through gas, liquid or solid materials. They
may be diffuse or concentrated in a small area. They can vary from
tangential to normal, and can operate in several directions. The shape of
the solid body that violates the surface of the human body is also
important, as well as the position and shape of the human body. All these
factors must be taken into account when considering injuries that arise
from vehicle collisions, explosions, vibrations, etc. Laboratory studies often
allow a fairly precise control of forces, but real situations are much more
complex. Therefore, it is often very difficult to predict what will happen in a
real situation on the basis of laboratory studies. Also, it is difficult to
consider terrain studies without the help of laboratory studies.

The term "shock" is used in biology and medicine differently than in
mechanics. Therefore, one should be careful when using this term. In this
paper, the term "shock" is used in its "engineering" meaning. In essence,
forces that reach the maximum value for less than a few tenths of a
second and last no more than a few seconds can be considered as forces
that cause a shock in the human body.

The term "impact" refers to the force applied when the human body
comes into a sudden contact with a solid body and when there is a large
transmission of pulses, e.g. when speed is sharply reduced in a vehicle
crash or when a solid body that moves at high speed slams into the human
body (Harris, Piersol, 1988).
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Methods and instrumentation

Most quantitative research works on the effects of shock and vibration on
humans are performed in a laboratory under controlled simulated conditions.
Significant results from these tests can be obtained only if the methods of
measurement and instrumentation are adapted to the specific characteristics
of biological systems under study in order to avoid the influence of the
measurement on the behavior of the system. The behavior of the system can
be seen in the physical, physiological and psychological sense, although
these parameters, if possible, should be studied separately. The complexity of
living organisms makes such consideration, even if it is assumed that the
parameters are independent, only approximately accurate at best. In many
cases, if not taking care while planning and leading experiments, an
uncontrolled interaction of these parameters can lead to completely erroneous
results. For example, the dynamic elasticity of the tissue of a specific part of
the body may depend on simultaneously excited vibrations of the other parts
of the body, or elasticity can be varied during measurements since the
physiological response of a living organism varies, or elasticity can be
influenced by psychological reactions of the living organism to the test itself or
to the measurement equipment.

Control and compensation for nonuniformity of living systems is very
important because of variations in size, shape, sensitivity and response of
people since these factors can vary for an individual, depending on the
weather, experience and motivation. Using a proper experiment project is
necessary and almost always requires a large number of observations and
planned controls (Harris, Piersol, 1988).

Simulation of mechanical environment

The desire to study the physical, physiological and psychological
reactions of living creatures in a laboratory under well-controlled conditions
has led to the use of standard and specialized devices for shock and
vibration experiments on humans and animals. Some of the devices used
in such tests are given in Figure 1 (Harris, Piersol, 1988).

A precise simulation of environmental conditions a man is exposed to
is often not feasible for technical and economic reasons, or may even be
undesirable because of the need for more systematic research under
slightly simplified terms. Therefore, most studies have been limited to the
study of one degree of freedom in which the man is exposed to vibrations
in one direction only. For this purpose, mechanical and electrodynamic
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vibration testing tables are often used. The conditions to be satisfied by all
the devices for shock (impact) and vibration testing are: adequate
protective measures, secure and precise exposure control and payload
equal to the total weight of the subject, seats and instrumentation.

One vertical accelerator, for example, simulates large amplitude
sinusoid or random vibrations such as those encountered in accidents
during high-speed flight at low altitude, or those expected in the launch
and return phases of spacecraft. This device can be programmed to record
acceleration achieved in real flight conditions.

Type of machine A[:);f)lflg?::m Frergrl:sgcy Maximum amplitude
- mechanical acceleration
Shake table T 0-50 Hz upto15g
(Figure 2) ﬂ electrodynamic
<:> 15-1.000 Hz
Vertical accelerator 2 0-10 Hz displacement £3 m
(Figure 3) ﬁ1 acceleration 3,7g
-
. ‘l. Down to 2 -1
Shock machine T T=0.16 s 10°do 10" cm
°
Horizontal or LI Rate of
vertical decelerator <:| |:> acceleration 40g peak
or accelerator U to 1.400 a/s
(Figure 4) ﬂ C P : 9
Siren <:> noise
(airborne sound) x = 25-100.000 Hz 160-170 dB
Head impact machine for :> Depending on the Impact velocity
a dummy >
; machine 43 m/s
(Figure 6)

Figure 1 — Summary of the characteristics of shock - impact and vibration machines used
for experiments on humans and animals (Frequency range and maximum amplitudes
refer to the values used, not to the capabilities of such machines)

Puc.1— O630p xapakTepuCTUK YCTPOUCTBA Arst UBMEPEHUS YOapOB 1 BUGpaumn,
NPUMEHSEMbIX B SKCMIEPUMEHTaX C y4acTUeM MoAen 1 XNBOTHbIX (AMana3oH 4acToT U
KonebaHun, OTHOCATCS K UCMONb3yeMbIM 3HaYEHNSIM, @ HE K BO3MOXXHOCTSIM YCTPONCTBA)
Cnuka 1 - lNperneq kapaktepucTtuka ypehaja 3a wok-ygap 1 Bubpauuje koje ce kopucte
3a eKcneprMeHTe ca rbyamma 1 XMBOTUH-aMa (PacrnoH pekBeHLmja 1 MakcumarHe
amnnuTyAe ogHoce ce Ha kopuwheHe BpegHOCTH, @ He Ha MoryhHoCTU mMalunHa)
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Other machines for the study of the sensitivity threshold in the man
ejected from an aircraft moving at high speed (ejection seat) have straps
for upward or downward acceleration on movable seats with explosive
charges.

Figure 2 — Shake tables: hydraulic — left, electric — right
Puc. 2 — BubpocTon : ruapaBnnyeckuin — cnesa; 3NeKTpU4eCcKuii - cnpaea
Crniuka 2 — BubpaumoHn CTOMoBW: Xmapaynuyki — Crivika NeBo, eNeKTPUYHU — Crnka OeCcHO

— g,

Figure 3 — Ejection seat trainer
Puc. 3 — CumynsaumMoHHoe KaTanynbTupyemoe Kpecno
Cnuka 3 — CnmynaTtop usbaumeor ceguiuTa

Horizontal straps with rocket sleds that can be stopped by special
mechanisms are used to study the effects of line speed reduction, similar
to those that occur in car or aircraft accidents (Harris, Piersol, 1988).
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Figure 4 — Martin Baker Eurofighter rocket sled
Puc. 4 — PakeTHble caHn MapTuH Berikep ona mogenupoBaHus pa3roHa camoneTa
Eurofighter
Cnuka 4 — PakeTHe caHke Martin Baker 3a cumynauujy yop3sawa Ha aBmoHy Eurofighter

Studies involving a combination of acceleration and vibrations are
carried out by mounting an oscillator on the centrifuge. Exhaust pipes,
sirens and respirators are used to study the reaction of the body to the
distribution of pressure around it.

Simulation of the human body

Determining the sensitivity threshold in humans to mechanical forces
and explaining injuries that occur when these limits are exceeded often
require experimenting at various levels of potential hazards. In order to
avoid unnecessary risks to humans, animals were used first for detailed
physiological studies. These studies have resulted in determining the
levels wich are, with reasonable probability, safe for humans. However,
these comparative experiments have obvious limitations. Different
structures, sizes and weights of most animals move their curve of the
threshold of sensitivity to mechanical forces into other frequency bands,
different from those observed in humans. Both generally and partly known
physiological differences between species should be taken into account.
For example, the natural frequency of the thorax-abdomen system of a
human subject is between 3 and 4 Hz, while in mice the same resonance
occurs between 18 and 25 Hz. Accordingly, the maximum effect and
maximum damage occur at different frequencies of vibration and different
models of shock time in mice and in humans. Dogs, pigs and primates are
used in large numbers in these tests (Harris, Piersol, 2002).
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Figure 5 — Hybrid Ill dummy - doll designed for use in frontal motor vehicle crash tests
Puc. 5 — Hybrid Il dummy — aHTponoMeTprMYEeCcKMn MaHeKeH ANns KpaLl-TecToB Ha
no6oBoe CTONKHOBEHME
Cnuka 5 — Hybrid Il dummy — nyTka HamereHa 3a ynotpeby y TecToBMMa 4eoHor
cyaapa MOTOpHUX BO3una

A lot of kinetic processes, physical load, and total destructive
anatomical effects can be studied on dummies similar to people in size,
shape, mobility, overall weight and weight distribution in the body. Unlike
those used only for the purposes of load testing, dummies that simulate
the basic static and dynamic properties of the human body are called
"anthropometric" or "anthropomorphic" dummies. They are widely used in
the study of plane and car crashes (North Atlantic Treaty Organization,
1996).

In the case of a frontal car crash, a Hybrid Il dummy is used, which
has become the standard in North America and Europe to simulate the
behavior of passengers in crash tests and safety-related tests (Figures 5
and 7). The original dummy is designed to match 50% of the population of
North American men. It has a metal "skeleton" covered with vinyl leather
and wool, with a rubber lumbar spine which can bend to mimic the seated
position and a shoulder structure capable of withstanding the load of a
seat belt. In other studies, dummies are used instead humans for the
evaluation of protective seats and belts. An attempt was made to achieve
the same "elasticity" of the human tissue by applying some kind of filling in
such dummies. However, these are rough simulations at best, and their
dynamic properties are generally, if at all, only reasonably coordinated in a
very narrow range of low frequencies. This feature, together with the
passivity of these dummies, makes an important mechanical difference
between them and the humans.

&
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Figure 6 — Frangible Surrogate Headform: a) front view, b) view from behind, c) head on
the neck of the Hybrid Ill dummy, d) Completed Frangible Surrogate Headform
Puc. 6 — 'onoBa aHTponoMeTpu4yeckoro MaHekeHa: a) Bug cnepeau, 6) Bug c3agm, c)
ronosa Ha wee Hybrid Ill dummy, d) o6wmin BMA ronosbl aHTPONOMETPUYECKOTO
MaHekeHa
Cniuka 6 — INlomrbyBa cyporat rnasa: a) nornea cnpega, 6) norneq otnosagu, U) rnaea Ha
Bpaty Hybrid Il dummy, ) koHa4yHK 0BNMK NoMIbMBE Cyporart rnase

Efforts have been made to simulate the mechanical properties of the
human head in order to study the physical phenomena that occur in the
brain in crash conditions. Although these forms only look like the human
head, they are very useful in assessing the protective characteristics of
helmets during crash conditions. Plastic heads, adapted to the standard
dimensions of the head, are designed to "burst" under the same energy
under which a human head "bursts". They are made of skulls and
simulated brain mass (a mixture of glycerin, ethylene glycol, etc.). The
static properties of the skin and the tissue of the scalp are simulated by
polyvinyl foam (Harris, Piersol, 2002).

The SKJH Project - Blast Protection Specialists company produces
surrogate human body parts, such as the lower limbs and heads, for
explosive and ballistic testings. Figure 6 shows a frangible surrogate head
(frangible Surrogate Headform - FSH), made by NATO technology under
the influence of ballistic and forensic investigations conducted by the
Discovery Channel about the assassination of President Kennedy. The
different layers of the head are modelled in one unit that simulates the
human skull (www.sjhprojects.com).
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Figure 7 — Simulation of occupants in crash tests and tests of safety belts
Puc. 7 — MogenvpoBaHue NoBeAeHUS] NACCaXMPOB B KpaLL-TECTaxX U NpU UCNbITAHUSX
pemMHsa 6e3onacHocTn
Crniuka 7 — Cymynupatbe noHallama nyTHMKa y TeCToBMMA yeca U TecToBuma

6e3begHOCTM ccTemMa 3a 3ayCTaBibakbe

The International Organization for improving safety in motor sport -
FIA Institute, together with its partners, has developed a neck for hybrid
dummies to be used in crash tests in order to better present injuries that
occur in racing car drivers. The advantage of this neck is a possibility of its
elongation (www.aimss.com.au).

Figure 8 — Neck for crash-test dummies
Puc. 8 — llles maHeKkeHOB, NCMONb3yeMbIX B JOPOXHO-TPAHCMOPTHbIX KpaLl-TecTax
Cnuka 8 — Bpat 3a nyTKe Koje ce KopucTe npu TecTupawy caobpahajHux Hecpeha

o
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Figure 9 — Crash-test of a helicopter MD-500 with a crew of four anthropometric dummies
- Hybrid 1l dummies
Puc. 9 — Kpaw-tect Beptoneta MD-500 ¢ skunaxem 13 4eTbipeX aHTPONOMETPUUECKMX
Hybrid 1l maHekeHOB
Cnuka 9 — Tectnparse yaeca xenukontepa M-500 ca nocagom oa yetupm
aHTponomeTpuyke nyTtke Hybrid Il dummy

Physical characteristics of the human body

Simple mechanical systems such as the one shown in Figure 10 for a
standing man are often sufficient to describe and understand the important
features of the reactions of the human body to low-frequency vibrations.

Upper torso
ER Arm - shoulder
Chest - stomach BE Ei } system
system
(simplified)
Spine
Force applied to
sitting human body
Legs

™
Force applied to
standing human body

Figure 10 — Simplified mechanical system representing the human body
Puc. 10 — YnpolyeHHasa mexaHn4yeckasi cucTeMa 4ernoBeyeckoro opraHusma
Cnuka 10 — lNojeAHOCTaBIbEHN MEXAHMYKM CUCTEM JbyACKOr Tena
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Protection against sudden acceleration

Various studies about car and plane accidents involving experiments
with dummies as well as those with living beings show that the full support
of the body and limiting the movement of the limbs provide maximum
protection from the forces of acceleration and give the best chances of
survival. If the subject is restrained in the seat, he is protected from moving
around which would cause injuries, because the subject could come into
contact with the inner surfaces of the cabin. The load due to the reduction
rate should be distributed over the whole body in order to avoid the
concentration of forces which leads to bending and shearing effects. The
load should be transferred as directly as possible to the skeleton, to the
pelvic structure most preferrably - not via the spine. Theoretically, a rigid
layer around the body will protect it to the maximum by preventing
deformation. A body fixed to a rigid seat approximates such a condition;
opposing to longitudinal acceleration, a part of the load on the shoulders
and arms is shifted from the spinal column to the seat back. Arm rests can
remove the load from the shoulders to the arms.

There have been many attempts to incorporate energy absorbing
devices, either into harnesses or into a seat, with the intention to change
the time of acceleration so as to limit the greatest acceleration. For
example, imagine an aircraft stopped in the event of a crash at a speed of
161km/h at a distance of 17m - it is subjected to a deceleration of 67g. An
energy-absorbing device designed to be stretched to 17g would require a
displacement of 48 cm. While traveling over this distance, the body or the
seat would be, in relation to the aircraft, slowing by a force of 14.4g and
would have a top speed of 11m/s, depending on the structure of the
aircraft. At this speed, a human head strikes a surface (e.g. cabin interior)
by force many times stronger than the minimum required to cause fracture
of the skull. Therefore, this principle of energy absorption requires that
special attention be paid to the available space for the seat and
passengers in the aircraft design. Seats for jet aircraft are designed to
have mechanisms for the absorption of energy in the form of rear
retractable legs. The maximum displacement of such seats is 15 cm. Such
seats are designed to start moving between 9g and 12g of horizontal load,
depending on the floor strength. During displacement, the legs are moving
at the floor level which is considered useful if the floor wrinkles in a crash.
Theoretically, such a seat can be exposed to a deceleration of 30 g for
0.037 s or 20 g for 0.067 s without transmitting deceleration over 9 g to the
seat itself. However, increasing the exposure time must be taken into
consideration as much as the maximum acceleration. Figure 11 shows a

o
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seat composed of U-shaped front and rear leg members joined in an X-
shaped configuration, which allows their controlled deformation in a crash
situation, i.e. they bend forwards thus lowering the centre of gravity
(www.google.com/patents/ep0256749a2).

Y 4 INTIAL
\ POSITION

Figure 11 — Seats with energy-absorbing mechanisms
Puc. 11 — CngeHbs ¢ MexaHnamamm
nornaijarLwmMy 3Hepru yaapa
Cnuka 11 — Ceguiita ca MexaHn3Muma 3a ancopnuujy eHepruje

Another way to absorb energy is the plastic deformation of the front
seat legs (Figure 11), when the seat moves forwards and downwards thus
lowering the center of gravity (www.google.com/patents/us4440441).

Considering that the human body with good support has a high
sensitivity threshold to deceleration force, seats and floors in aircraft and
other vehicles, including the entire interior that surrounds the crew and
passengers, should be designed to withstand deceleration in a crash of
nearly 40g, depending on weight and space limitations. Parts of the
structures that surround the cabin should be arranged so that their
crushing or mashing reduces forces that act on the inside. Any pointed
objects or easily loosened objects inside the aircraft should be avoided. To
obtain the best chance of survival, seats should be exposed to a dynamic
load of pressure of 20g-40g. The Civil Aviation Regulations require a
minimum static load of 9g. The method for assessing seat shock-
resistance at sudden decelerations of the aircraft, with the survival of
passengers or the crew, can also be applied in the case of seats of
conventional design. It was found out that a passenger facing opposite to
the direction of motion is more likely to survive sudden deceleration in a
crash since in this case the impact force is more evenly distributed on the
body. Neck injuries must be prevented by proper head supports. As
opposed to the driving on a train or in a car, driving disadvantages in this
position on a plane are minimal because there is no movement of objects
in the direct field of view of passengers, which could hurt him. Also, with
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seats facing backwards, the center of passenger support during
deceleration is approximately 30 cm above the point where the seat belt
would be attached for forward facing travelers. It follows that the seat
facing backwards is subject to a greater tilting and bending, i.e. if two seats
are of the same weight, the one facing the direction of motion will
withstand higher loads without breaking in a crash. The seat facing the
opposite direction will have only approximately half of the anticipated
strength of a seat facing the direction of motion and about 1/3 of its own
frequency (Harris, Piersol, 2002).

Safety increase in aircraft and automobile crashes can be achieved
by spreading the load of impact over a larger area of the body and fixing
the body more rigidly to the seat. Shoulder belts, thigh belts, chest belts
and arm holders are additional support for the body as shown in Figure 12.
In airplane crashes, vertical and horizontal loads must be anticipated,
while in car accidents horizontal loads are most likely to occur.

Safety belts or seats are used to limit the displacement of people in
aircraft or vehicles and to prevent overturning of passengers on board or
their falling out. Their effectiveness has been repeatedly proven in
laboratory tests and actual crashes.

Figure 12 — Protective harnesses for rapid accelerations or decelerations. The following
devices were evaluated in sled deceleration tests: (A) Seat belt for automobiles and
commercial aviation (B) Standard military lap and shoulder strap (C) Like (B) but with
thigh straps added to prevent head- ward rotation of the lap strap (D) Like (C) but with
chest strap added
Puc. 12 — 3alWmTHbIE CUCTEMbI Ha CryYan BHE3anHOro pa3roHa unun sameaneHust.
CnepytoLme ycTponcTBa NpoLUnM UCTbITaHNS BHE3AMNHOTO 3aMeAfieHuns:

A) aBTOMOGUIbHBLIE N aBNALMOHHbIE peMHU 6e3onacHocTu, B) CtangapTHas BoeHHas
PemenHo-Tnevesas Cuctema: pemeHb Yepes nneyo, C) aHanormyHo B), ¢ gononHuTenbHbIMM
pemHsimm no 6eapam D) aHanoryHo C) ¢ JONONHUTENBHBIM PEMHEM Yepes rpyab.
Cnuka 12 — 3awTUTHNM cMCTeEMU 3a Harno yop3aBare unv cMakwere 6panHe. Crnegehu
ypehaju npouereHu cy y TeCToBMMa ca ycrnopasajyhmm caHkama: A) CUrypHOCHM nojac
3a ayTomobune 1 koMmepuujanHy aBwjauujy, b) ctaHgapaHu BojHM cucTeM nojaca ca
Kauwesmma npeko pameHa, Ll) nonyT B) anu ca nojacesnma npeko 6yTuHa,

) nonyt L) ann ca gogatum kanwom npeko rpyan

o

Petrovi¢, Z., Research of the effects of shock and vibrations on the human body, pp. 69-88



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

In a sudden decrease of speed, a traveler facing the direction of
motion and wearing a seatbelt comes into contact with the inner surfaces
of aircraft or vehicle; his hands, feet and upper torso bend forwards until
his chest hits his knees or until the body is stopped by hitting other objects
(back of the seat in front, cabin wall, dashboard, steering wheel, gear stick,
Figures 13 and 14). Since reducing the longitudinal acceleration from 18 g
to 15 g may result in 3 times higher acceleration of the chest hitting the
knees, this load seems to be a limit that the human body can tolerate with
a seat belt alone. Approximately the same limit is obtained when the head-

Puc. 13 — AHMMaums noboBoro CTONKHOBEHUSA
Crnuka 13 — AHuMaumja YeoHor cyaapa

The efficiency of adequately made shoulder and chest belts in car
crashes is shown in Figure 14. The belt across the upper part of the
stomach should be tight just enough to provide comfort without being
loose. When the body moves forwards, about 60% of its mass is retained
by the belt and it represents the belt load. If the upper torso is fixed to the
back of the seat by any type of harnesses (shoulder harness, chest belt
and the like), the seat load is approximately the same for the front seats
and the ones behind them. As far as the threshold of sensitivity of the body
in a crash is concerned, there is no difference between these seats. These
body restraints for passengers and crews must be applied without creating
excessive discomfort.

Airbags in front of the driver, and often the front passenger, which
inflate in the event of a frontal crash, have been installed in most vehicles
during the last ten years. While initially considered as an alternative for
passive seatbelts in case passengers do not wear them, airbags are today
most useful when used together with shoulder and chest safety belts. The
device in the airbag system contains impact sensors, set at the front of the
vehicle. They send signals about speed changes to the control device;
changes over 22 km/h cause a pyrotechnic reaction in which a generated
gas inflates a bag of porous fabric, usually at 25 m/s, so that the bag
inflates enough to distribute the deceleration forces over a large surface

>



area on contact with the occupant. Accident data collected between 1990
and 1997 in the United States have shown that while airbags do save lives
(about 2,620 people), they were also responsible for the deaths of at least
44 children and 36 adults during this period (Phen et al, 1998). Most of the
deaths have been attributed to the size and position of the passenger at
the time of impact with the airbag. If a passenger is not fixed by the seat
belt, the airbag may impact the occupant with sufficient force to cause fatal
injuries (Harris, Piersol, 2002).

No motorist ‘
restraining device ﬂ '
Front seat, passenger side,
- PASSENGER - viewed from driver's side.
Probable N l

FATALITY 25MPH 2550 MPH 0 MPH
Lap belt _/ _| ‘ '
- PASSENGER - Front seat, passenger side,
Probable EN viewed from driver's side.
FATALITY \ .
25 MPH 25-0 MPH 0 MPH

Front portion of the car

Chest belt _f‘l ‘ ' collapses, the steering

- DRIVER - column remains relatively
intact, the driver continues to

SURVIVED \ . move forwards and hits the

25 MPH  25-0 MPH 0 MPH steering wheel.
—
Shoulder belt _f ' ' f—l An action similar to the chest
-DRIVER - belt except that the driver
)’\ does not strike the steering
SURVIVED \ 4 whell.

25 MPH 250 MPH 0 MPH

Shoulder a_nd .Iap __/__—' ' ' The belt system under barrier
belt combination impact conditions restrains
- DRIVER - the dummy from striking any
SURVIVED AN part of the car interior.

25 MPH 25-0 MPH 0 MPH

Figure 14 — Effects of varying safety-belt arrangements on the driver and the passenger
in a 25-mph automobile collision with a fixed barrier (40 km/h).

Puc. 14 — 3dpdheKT pasnnyHblix cUCTeEM peMHel 6e3onacHocTM Ha 6e3onacHoCTb
BOOMTENNS 1 NAacCaXXUpPOB NpW Hae3ae aBTOMOOMNSA Ha HEMOABWXKHbIN CTaLUOHapHbIN
06bekT Ha ckopocTu 25 mph (40 km/4)

Cnuka 14 — YTyuaj pasnuumMtux cuctema CUrypHOCHUX nojacesa Ha Bo3ada W cyBo3aya
Npun“KoM cyaapa aytomobuna ca MKCHOM npenpekom npu 6pavHn o 25 mph (40 km/h).

G

Petrovi¢, Z., Research of the effects of shock and vibrations on the human body, pp. 69-88



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

The dynamic properties of seat cushions are extremely important if
acceleration force is applied through the cushion to the body. This problem
is especially studied for cushions used in ejection seats. The seat cushion
is almost ideal if, during its compression under static load, it spreads the
load uniformly over a wide area of the body and if it compesses almost
completely under the average weight. Slow-reacting plastic foam such as
honeycomb polyurethane foam of a thickness of 5 + 6.5 cm meets these
requirements.

Figure 15 — Hybrid 1ll dummy
Puc. 15— Hybrid Il dummy
Cnuka 15 — Hybrid Il dummy

Body acceleration just before impact is an important factor of the
threshold of the sensitivity of the human body on impact. The so-called
dynamic overload consists of an imposed acceleration which precedes or
occurs simultaneously and in the same direction with the impact
acceleration. For example, dynamic overload occurs when the driver
brakes the car before it hits a barrier. Experiments show that this
phenomenon reduces the acceleration of body parts at impact, and
therefore potentially reduces adverse health effects. Dynamic load should
not be confused with static load originating from seatbelts.

Conclusion

The mechanical properties of the man as a very complex mechanical
system are often subject to change. The existing knowledge about the
minimum forces that can cause injury to the human body is incomplete and
inaccurate. Most of the quantitative research on the effect of impact and

ot



vibration on humans is conducted in laboratories under controlled
simulated conditions. The need for the study of physical, physiological and
psychological reactions of living beings in laboratories, under controlled
conditions, has led to the development and use of specialized devices for
a simulation of impact and vibration in order to carry out experiments on
humans and animals.

Many kinematic processes, physical load, and destructive anatomical
effects can be studied on dummies which approximate a human being in
size, form, mobility, total weight, and weight distribution in body segments.
"Anthropometric” or anthropomorphic” dummies simulate the basic static
and dynamic properties of the human body, as opposed to those that are
used only for load tests. These dummies are widely used in the study of
plane and car crashes. For specific simulations, several types of these
dummies have been designed. For example, the Hybrid Ill dummy is used
in studies of frontal car crashes to simulate the behavior of passengers.

Finally, the results of research of automotive and aviation accidents,
as well as experiments with dummies, have shown that adequate support
for the body and limiting the movement of the limbs provide maximum
protection from the forces of acceleration and give the best chance of
survival.
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NCCNEOOBAHUE BIUAHNA YOAPOB 1 BUBPALIM HA
YENOBEYECKN OPIFAH3M

3opaHr L. MNeTposny
BoopyxeHHble cunbl Pecnybnuku Cepbus, PB MNBO, 204-as BoeHHO-
BO3ayLHasa 6puraga, batanuua, Pecnybnuka Cepbus

OBNACTb: MalUMHOCTpOeHNe, MexaHuka
BWO CTATbW: o630pHas ctaTbs
A3bIK CTATbW: aHrnuiickuin

Pe3some:

Ha ceeodHsiwHUl OeHb umeemcsi HEOOCMamo4yHO OOCmMo8ePHOU
UHgbopMayuu o cunax, Komopbie npueodsm K pasfuyHbIM mpasmam
naccaxupos. B yacmHocmu, mpyOHo rosy4ums ocmoeepHbie OaHHbIe
0 8MUSIHUU MEeXaHUYeCKUX CUl U 0 cybbeKmueHoU peakyuu Ha 3mu cusibl,
8 OCHOBHOM U3-3a WUPOKO20 pasHOObpa3usi Hesioeeyeckoeo opaaHu3ma,
Kak 8 (bU3UYECKOM CMbiC/le, maK U 8 OMHOWEHUU UX peakuuu.

Heobxodumocms nabopamopHo2o usyyeHusi husudecKux,
U3UOI02UYECKUX U MCUXOMo2UYEeCKUX peakyull Xuebix cyujecme 8
KOHMpOupyeMbIX  ycriosusix — crnocobecmeosara pazsumuro U

MPUMEHEHUI0 WUPOKO20 Criekmpa creyuanusuposaHHHbIX ycmpoucmes
Ona  modenuposaHusi  ydapos,  CMOJIKHO8eHUlU U  eubpauud,
ucriofnb3yembIX 8  JKCriepuMeHmax Ha 005X U XKUBOMHBIX.
AHmpornomempuyeckue unu aHmporomMopgHbie MaHeKeHbl,
umMumuUpyrowjue OCHOBHbIE Cmamuyeckue U OuHaMu4vyeckue Kadecmea
4esi0eeyecKko20 Mmena, WUPOKO UCMOMIb3yomes 8 Uccrie0o8aHUsIX
asuayUoHHbIX U asmoMoburibHbIX asapul. Tak, Hanpumep, 2UbpuOHBbIL
maHekeH, Hybrid [ll dummy, ynompebnsiom 6 criydae 1510608020
cmorkHogeHusi ~ aemomoburield.  PasHoobpasHbie  uccriedoeaHusi
asmomobusbHbIX U asuUaUUOHHbIX aeapull, a makxe  Ofbimbl C
MaHeKeHaMUu U XUBbIMU Cyujecmsamu MoKa3blearom, 4mo ycmol4ugoe
buKcUposaHHOE [IO/IOKEHUE mefia U o2paHuYyeHue nodsuxHocmu
KOHe4YHocmel obecrieqyusarom MakCuMallbHy0 3awumy om Cusibl
paseoHa u Oarom 60rbWUE WaHChl Ha 8bDKUBAHUE.

KntoueBble  crnoBa:  aHMpPONOMempuYecKull  MaHEKeH,  asapus,
yesiogeyeckoe  merio, subpauuu, CMOJIKHOBEHUE, camornem,
HecyacmHbIU criy4yall, asmomobursib.
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NCTPAXXMBAHE YTULIAJA YOAPA 1 BUBPALINJA
HA IbY[CKO TENO

3opaH L. MNeTtposuh
Bojcka Cp6uje, PB n MBO, 204. BasgyxonnoBHa 6puraga, batajHuua,
Peny6bnuka Cpbuja

OBJACT: mexaHunka, MalLIMHCTBO
BPCTA YJIAHKA: npernegHu ynaHak
JE3VK YNTAHKA: eHrnecku

Caxemak:

O cunama koje cy nompebHe Oa u3a3ogy rnospede Ha JSbyOCKOM
merly rocmoju epsio mMario rnoy3daHux UHghopmayuja. Haume, seoma je
meuwko Adohu 0o noy3daHux noGamaka O ymuuajy MexaHU4YKux cusma u o
cybjekmueHoj peakyuju Ha oge curie, yarasHoMm 3602 KoMrieKkcHocmu u
pasHonukocmu JbyOCKo2 mersia, Kako y (bUSUYKOM CMUCITY, mako U y
noznedy noHawara. [lompeba 3a rnpoydYyasamem  (hU3UYKUX,
¢hu3UOIOWIKUX U MCUXO/IOWKUX peakyuja xusux 6uha y nabopamopuju,
nod KoHmMposnucaHuMm ycrioguma, doserna je G0 pasgoja u yriompebe
WIUpOoKoe2 criekmpa crieyujanu3oeaHux ypehaja 3a cumynauujy ydapa u
gubpayuja 3a ekcrepumMeHme Ha JbyOuma U KUugOMUH-aMma.
LSAHMporiomempuydke” unu ,,aHmporoMopehHe” fiymke, Koje cumynupajy
OCHOBHE cmamu4ke U OuHaMmu4ke ocobuHe JybydCKO2 merna, y8esluKo ce
Kopucme y ucmpaxusarby asUOHCKUX U aymomoburickux Hecpeha. Tako,
Ha ripumep, xubpudHa riymka, Hybrid Ill dummy, kopucmu ce y cry4ajy
4YeoHoe aymomoburickoe cydapa. PasHa ucmpauearba aymomMobusiCKux
U 8a30yXOr/I0BHUX He3200a, Kao U eKcriepuMeHmu ca Jiymkama U Xueum
buhuma, nokasyjy Ga nomrmyHa nomropa mejsia u 02paHu4er-e Kpemarba
ekcmpemumema obe3behyjy MakcumanHy 3awmumy o0 cuna ybp3arsa.

KrbyuyHe peun: aHmporiomempuydka Jsiymka, y0ec, JbyOCKO merio,
subpauuje, ydap, aguoH, Hecpeha, aymomoburn.
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