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POSSIBILITIESOF THE USE OF THE PAWA-1 PASSIVE ARMOUR
MODEL FOR PROTECTION OF THE HELICOPTER AGAINST RPG-7

Abstract: This paper contains results of experimental testthe use of PAWA-1 passive armour
model as a protection of the helicopter fuselagdehagainst PG-7 projectiles launched from RPG-7
hand grenade launcher. The maximum level of the RAMprotection probability against PG-7
projectiles was definedhe influence of PAWA-1 model on aerodynamic cadédfints (drag, side and
lift forces, bank, yaw and pitch moments) of theseflage model of the Sokol, are shown. The
percentage of the increase of the aerodynamic afr&pkol helicopter model after the installation of
the PAWA-1 passive armour model is estimated. Tiflaénce of the PAWA-1 passive armour model
on the helicopter fuselage model on static stgbfbir the o andp attack angles in tunnel wind is
presented.

MOZLIWOSCI UZYCIA MODELU PANCERZA PASYWNEGO
PAWA-1W CELU OCHRONY HELIKOPTERA PRZED RPG-7

Streszczenie: Artykut zawiera rezultaty testow élmiadczalnych #ycia modelu pancerza pasywnego
PAWA-1 w celu ochrony modelu kabiny helikoptera quazpociskami PG-7 wystrzeliwanymi
z reeznej wyrzutni granatdbw RPG-7. Zostat offomy maksymalny poziom prawdopodohétwva
ochrony pancerza PAWA-1 przed pociskami PG-7. Rtasdono wptyw modelu PAWA-1 na
wspotczynniki aerodynamiczne (sity: oporu, boczmepjosnej oraz momentow: przechydapgo,
pochylahcego i odchylajcego) na model kabiny Sokét. Oszacowano procentomarost
aerodynamicznego oporu na model helikoptera Soxa@ginstalowaniu modelu pancerza pasywnego
PAWA-1. Przedstawiono wptyw modelu pancerza pasgeaneAWA-1 na stabilnid modelu kabiny
helikoptera dla rinych lkatéw wiatru w tunelu aerodynamicznyei f.

1. Introduction

One of most widely applied, the simplest, the mpspular and the cheapest hand
grenade launchers, used in the world, is RPG-7vatiedifferent type of projectiles - shape
charge, fragments, smoke ones, etc. A specially7Pshape charge projectiles are very
dangerous against heavy and light armoured vehiilesanks and light fighting vehicles.
Penetration ability of this type of ammunition irh 300 mm to ~ 800 mm depth of
penetration of rolled homogeneous armour RHA dejgndn the use of one-warhead or
tandem shape charge warhead.

From the beginning of Russia war against Afghanid?G-7 projectiles have been used
against non-armoured objects like helicopters. Nlegtsame situations took place during the
wars in Iraq and Afghanistan last time as a resaflfsghting against terrorists. During these
wars a lot of helicopters were shot down with tise of RPG-7. Now the protection of the
helicopters against PG-7 shape charge projectdesiched from RPG-7 hand grenade
launcher is one of the several subjects of NAT@eddDefence Against Terrorism.



2. The PAWA-1 passive ar mour

The PAWA-1 passive armour has been elaborated in Mylitastitute of Armament
Technology in Poland. The PG-7 projectiles werédted electrically during the static tests
and they were launched from the RPG-7 hand grelzaoteher during the dynamic tests of
PAWA-1 (Fig. 1).

Fig. 1.PAWA-1 armour on the stand with steel witness plate

The tested PAWA-1 passive armours and soft stestle phs the witness plate were
installed on the stiff stand which was stiffly moed on the ground. As a result of this the
PAWA-1 could not move during impact of PG-7 projectThis armour was mounted at the
distance of 700 mm from soft steel witness platee Witness plate, sized 2000x1000x(3+8)
mm, was situated behind the tested armours. Tleealdhe PAWA-1 passive armour (Fig. 1)
were: the mass of ~ 60 kgfnand size 500x500x(<100) mm. PG-7 projectiles wizesl ffrom
RPG-7 launcher which was assembled stiffly on theds

After analysing the all achieved results of bebaviof the PAWA-1 passive armour it
can be stated that the maximum probability of pmtde level of a helicopter fuselage can
achieve 30%, it means that the PG-7 projectilesewmechanically destructed without
explosions and without generating of shape chage |

3. Testing of PAWA-1 passive armour model in wind tunnel

This part contains results of experimental te§the influence of the PAWA-1 passive
armour on aerodynamic coefficients of the fuselaigBokol helicopter model. The tests were
carried out in Institute of Aviation in Low Speedi™l Tunnel T3 with diameter of 5 meters
on the helicopter test stand. Measurements of geewdic coefficients acting on the fuselage
with and without PAWA-1 protection were taken witie use of six—-component strain gauge
internal balance HWG-6 placed inside the modeheffuselage for angles of attagkrom
the wide range -90+90 degrees every 10 degreefoasdeslip angleg= -10, 0, 10 degrees
(Fig. 2). The presented results are shown onlysaful angles of attaak from the range: -
30+30 degrees.
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main rotor axis

Fig. 2. The coordinate system connected with freeflow in wind tunnel test chamber

Formulas for aerodynamic load coefficients caltafes are as the following:
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*« aerodynamic yaw moment coefficie@, |a,f)=
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where:A [m] - characteristic main rotor are®;[m] - characteristic length (the length of main
rotor blade);a [deg] - the angle of attack of the fuselafigdeg] - the sideslip angle of the
fuselage;V [m/s ] - an airflow velocity in wind tunnel teshamber;Fx, Fy, Fz [N] - the
aerodynamic longitudinal (drag), side and lift f@rof the fuselageCmx, Cmy, Cmy - the
aerodynamic rolling, pitching and yawing momentf@ioent of the fuselageMx, My, Mz
[Nm] - the aerodynamic rolling, pitching and yawingment of the fuselage; - density of
air.
The PAWA-1 model tests have been conducted inLtve Speed Wind Tunnel in an

atmospheric, closed-circuit tunnel with an open sextion of 5 meter diameter, and 6.5 m
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length where the wind can reach velocity of 57 with a dynamic pressure of 2000 N/m
The Reynolds number per meter ranged from 0 ta1838 The flow in the test section is
relatively uniform with a longitudinal turbulenceviel of about 0.5%. Turbulence factor
measured on sphere wak=1.22, and turbulence intensity measured by anenesnveas
1=0.5%. Velocity field irregularity waAV=+0.5% and airflow sweep angle irregularifya,
AB=+0.5°.

The six-component, internal strain gauge baladesignated HWG-6, was used for the
tests of helicopter fuselage model (Fig. 3).

Fig. 3. HWG-6 six-component internal strain gauge balance

The measurement range of HWG-6 (static accuradgrmiéned on the base of
calibration) were: drag force 150 N and Fx < 0.1&Ke force 300 N and Fy < 0.2%; lift
force 200 N and Fz < 0.2%; rolling moment 50 Nm avixl < 0.15%; pitching moment
50 Nm and My < 0.15%; yawing moment 50 Nm and Mx 2%.

The fuselage of Sokol helicopter model with PAWAstbtection is shown in Figure 4.

Fig. 4. Thefuselage of the Sokol helicopter model with PAW A-1 protection

Data of the Sokol helicopter were:
1. The fuselage model:

» the fuselage model scale 1:6.49;

* the fuselage model lengt+2.055 m.

2. Main rotor model (for radiu®R and main rotor are& aerodynamic coefficients of
fuselage model were calculated):

* the main rotor model scale 1:6.49;

* the diameter of the main rotor mod+2.42 m;

* the area of main rotor modg+4.5996 mz.

3. Data of PAWA-1 protection model:

* the protection model scale 1:6.49;

* the length of protection modet0.775 m;

* the perimeter of protection mode0.87 m.

The fuselage of Sokol helicopter model with anthait PAWA-1 protection model was
tested in wind tunnel. The fuselage of Sokol hegdieo model with and without PAWA-1
protection model, mounted on the sting with HWGEs-component internal strain gauge
balance is presented in Figure 5.
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Fig. 5. Thefuselage of Sokol helicopter
model on thetest stand: a - without
protection for a = 90 deg, p = 10 deg;

b - with protection for a =90 deg, p = 0 deg

Results of wind tunnel tests were presented iureg 6+9 as non-dimensional mean
values of aerodynamic coefficients of the helicogdteselage model for various angles of
attack and sideslip. The aim of measurements wasctmparison of the influence of

stabiliser and protection or stabiliser and

lackpadtection on aerodynamic characteristics

(Cx, Cy, Cz, Cmx, Cmy, Cmz) of the helicopter fuselage model for the rangattdck angles:

a =-100 +100 deg;
B=-10, 0, 10 deg.
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Fig. 6. Theinfluence of the PAWA-1
protection and without the PAWA-1
protection on:

Cx drag for ce coefficient (a),

Cy sideforce coefficient (b),

Czlift force coefficient ()

of the helicopter fuselage modé for various
angles of attack and the sidedlip angles
p=-10, 0, 10 degrees
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Fig. 7. The influence of the PAWA-1 protection
and without the PAWA-1 on:

Cmx rolling moment coefficient (a),

Cmy pitching moment coefficient (b),

Cmz yawing moment coefficient (c)

of the helicopter fuselage model for various
angles of attack and the sideslip angles
B=-10, 0, 10 degrees
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Fig. 8. Theinfluence of: the PAWA-1
protection or without the PAWA-1 protection,
and stabilizer or without stabilizer on:

Cx drag force coefficient (a),

Cy sidefor ce coefficient (b),

Czlift force coefficient (c)

of the helicopter fuselage modé for various
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Fig. 9. Theinfluence of: the PAWA-1
protection or without the PAWA-1 protection,
= and stabilizer or without stabilizer on:
O . Cx drag for ce coefficient (a),
Cy sidefor ce coefficient (b),
Czlift force coefficient (c)
- without stabilizer, without protecti of the helicopter fuselage model for various
Sl ot bt _ | anglesof attack and the sideslip angles
—— without stabilizer; with protection p=0degree

The gained results show that the values of forcesfficients:Cx drag,Cy side,Cz lift
and moments’ coefficient€mx rolling, Cmy pitching, Cmz yawing for the fuselage model of
Sokol helicopter with and without the PAWA-1 prdieo model and with and without
stabilizer for the large range of attack angles-100 +100 deg, and sideslip angbes-10, 0,
10 degrees, are very closely.
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4. Conclusions

On the basis of presented tests’ results it castdied the following:

1. The PAWA-1 passive armour can protect non-armowoigdcts like helicopter with the
maximum probability level 30%, where the PG-7 petijes are mechanically destructed
without explosions.

2. For the fuselage model of Sokol helicopter with awithout the PAWA-1 protection
model and with and without stabilizer for the ramajeattack anglesa = -100+100 deg
and for sideslip angleg= -10, 0, 10 degrees the maximum ranges of thesHidents
are very small (Table 1).

Table 1. Forces’ and moments’ coefficients fdeslip angle$=-10, 0, 10 degrees

Forces’ coefficients: Moments’ coefficients:
drag side lift rolling pitching yawing
Cx Cy Cz Cmx Cmy Cmz
0+0.01| -0.035+0.021 -0.045+0.045 -0.0052-+0.005@.022+0.014 | -0.0057+0.005P

3. The installation of the protection causes that hieicopter fuselage model becomes
statically unstable for entire range of angles théick a. It can cause the increase of a
vertical stabilizer area to make a flight possible.

4. It was estimated that aerodynamic drag of ,Sokelidopter model after the installation
of the protection increased about 25%.

5. It is noticed that the increase of a vertical diady area can decrease aerodynamic
helicopter drags and increase airworthiness whjlad.

6. The tests of the PAWA-1 passive armour should bgethout in the future in order to
check:

* possibility of the different assembling of the PAWLAon the helicopter,
» final protection level with the use of helicoptereak.
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