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Aerodynamic Characteristics and Fuze Arming Time Determination
of Anti-Armour Aviation Bomb
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Aerodynamic coefficients of the anti-armour aviation bomb (AAAB) are determined in subsonic and transonic flow field
regimes in the wind tunnel. These flow conditions directly affect the fuze arming mechanism time of the bomb. An alternative
and reliable method for the fuze arming time measuring in relation to the expensive flight tests is defined in the paper.
Verification of the method will be performed in the real flight conditions after the wind tunnel testing.
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Nomenclature

(Xa): — aircraft position at instant t

(Xa)n — aircraft position at instant t,

Va — aircraft velocity

v, — aviation bomb velocity at instant ¢

Vi — aviation bomb velocity at instant ¢,

Vo — aviation bomb velocity at instant ¢,

Vio — aviation bomb orthogonal initial velocity at
instant t,

Loin — aircraft minimum level flight altitude

dy, d, dp — distances between aircraft and the bomb at ¢,
t and ¢, respectively

dcr — critical distance between aircraft and aviation
bomb

t — fuze arming time

tr — the instant when air bomb impact target

X — aviation bomb range coordinate

n — the number of arming vane revolutions

f — dominant frequency

i — angle of attack index

a — angle of attack

Cx — drag force coefficient

Cy — side force coefficient

Cz — lift force coefficient

Cl —rolling moment coefficient

Cm — pitching moment coefficient

Cn — yawing moment coefficient

M — Mach number

Introduction

IRCRAFT that attacks a target at the low level flying, for
its own security, has to do it and leave the target area as
quickly as possible due to the growing efficiency of air
defense systems. Since the aircraft flying level is low (up to
100 m from the ground), the aviation bomb explosion on the

target or accidental air bomb explosion on its ballistic path
could endanger the aircraft. Therefore, aviation bombs should
be retarded on their ballistic trajectories, with the precise
reproductive fuze arming mechanism time.
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Figure 1. Time dependence of the distance between aircraft and AAAB.

Self-developed and realized prototype lot of anti-armour
aviation bombs (AAAB) has been tested in the wind tunnel in
order to confirm the projected fuze arming mechanism time
(0.7-1.5) s, [1]. Also, it gives possibility to make some
necessary design corrections of all AAAB samples before
starting the expensive flight tests.

For a given type of aircraft the values of the minimum low
level flight altitude L,,;, were assumed, as well as the flight-
speed during the bombing in the range of v,=(180-310) m/s
and for the designed (numerical predictions) aviation bomb
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aerodynamic coefficients the bomb ballistic trajectories were
calculated, but it is not the subject of the paper. An analysis of
the aviation bomb ballistic trajectory has determined the time-
dependence of the distance between aircraft and aviation
bomb, as shown in Fig.1.

The bombs are ejected from the aircraft under-wing
container by the initial rate that represents a vector sum of the
horizontal speed of the aircraft v, and vertical speed v, given
by a mechanism for impulse rejection. Then, rotation of the
fuze arming mechanism vane is activated. At the same time,
the body tail fins placed around the bomb body are instantly
deployed around the vane perimeter to slow the bomb along
its ballistic trajectory and to stabilize it.

Anti-armour bomb fuze is of a percussion type, with initial
chain interruption, remote-temporal arming and self-
destroying. The fuze should not be armed before the time ¢,
expires, and a safe distance d¢y between the aircraft and air-
bomb is achieved, according to the criteria prescribed by [2].
The fuze arming time ¢ horologe measured from the instant of
the pilot cockpit trigger press is acceptable within the interval
(t1, t). In addition, the fuze arming time must be less than the
time ¢ when the air bomb hits the target.

Fuze arming time ¢ is the sum of the four values:

t=h+L+5G+1,

T, -aircraft electrical installation relays execution time,
T, -execution time of the impulse rejecting mechanism,
T; -fuze arming mechanism execution time
T, -fuze firing pin above the percussion primer relocation
time
The T}, T, and T, times are of the order of milliseconds,
while the T time is of the order of seconds. These first three
values (71, T, and T}) can be ignored in comparison to 73,
because they are smaller for three orders of magnitude.
Therefore, in the first approximation, it can be approved
that the total arming time ¢ is equal to the fuze arming
mechanism execution time 7.

t=Ty, te(t, ty).

Figure 2. Aviation bomb test model (disarmed original AAAB)
1-bomb body, 2—stabilizer tail unit with folding fins, 3—arming vane with
centrifugal safety pins

The model of the bomb, which is tested in the wind tunnel,
was a disarmed original anti-armor aviation bomb. This model
is suited for two types of tests:

1. Aerodynamic forces and momentum measurements on
model configuration using tensiometric air-balance

without arming vane mechanism (Fig.3),

2. Vane rotational speed (number of revolutions 7) and fuze
arming execution time 73 measurements, from the
moment of the vane unlock, when the desired Mach
number in the wind tunnel is reached, until the vane
separation from the tail stabilizer unit (Fig.4).

Both types of the wind tunnel tests have been carried out in
the range of characteristic Mach numbers, between 0.6 and
0.9, [3]. In this way, the interval of aircraft velocities between
180 and 310 m/s is covered.

The model of the anti-armour aviation bomb for the wind
tunnel testing is modified to be placed on the back holder and
integrated with the sting-balance named ABLE MK XXV 1,
[4] . The body of the anti-armour aviation bomb is cylindrical
with the same diameter nose flat base. Since the test model
represents the disarmed AAAB, its shape is geometrically and
aerodynamically identical to the original (Fig.2). At the rear
side of the cylindrical anti-armour aviation bomb there are six
peripherally located and symmetrically arranged folding fins.
They make a stabilizer tail unit (2), (Fig.2). The freely
rotating arming vane mechanism (3) is located behind the
stabilizer.

Figure 3. Aviation bomb test model on a straight line sting

Method of Measurement and Data Processing

Measurements of aerodynamic forces, moments and fuze
arming mechanism execution times have been carried out in a
trisonic wind-tunnel T-38 in the Military Technical Institute
in Belgrade, Serbia, [S]. For the aerodynamic forces and
moments measurements the ABLE tenzo-metric six-
component sting-balance was used (Fig.3). The base drag of
the model has not been corrected. On the sting-balance the
following features were measured: axial component, normal
component, lateral force, pitching moment, yawing moment
and rolling moment. In addition to the axial component,
which was the basic measured feature, other properties were
measured (C,, C, C, C,, C,), although it was not a
requirement of the test. The results of their measurements are
shown in Table 1 and Table 2 in form of the aerodynamic
coefficients dependence vs. the angle of attack.

Measurements of the ballistic functional properties (time
T, n) were conducted on a sting in form of a broken line
(Fig.4), with an elbow angle of 15 degrees. Both tests were
conducted in the transonic section of the wind-tunnel. The
flow velocity approximately corresponded to the Mach
numbers M=0,6+0,9. TELEDYNE acquisition system was
used for data collection. VAX 11/780 computer and standard
software package were used for data processing.
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Figure 4. Aviation bomb test model on a broken line sting

A small tube, whose task was to measure the arming vane
rotating speed and its separation time, 75 was built into the
aviation bomb body. One end of the tubing is positioned
under the rotating arming vane. When each of the four
centrifugal safety pins passes over the tubing, the air pressure
at the end of the tubing is changed. Therefore, due to the
rotation of arming vane the cyclic pressure changes are
registered. When it comes to the arming vane separation, a
differential pressure sensor (PRT), embedded into the air-
bomb body, registers an average pressure jump (Fig.5).

The arming vane rotation number #n is obtained as the
quotient of the dominant frequency f and the number of
centrifugal safety pins N:

"TN

For the transducer filtering, in accordance with the
expected arming vane rotation number (3000 min™") that was
estimated before the wind tunnel tests, a 1000z filter is
chosen. A velocity of 200 m/s has been achieved, which
approximately corresponds to the Mach number of M = 0.6.
On the basis of the resulting dominant frequency f= 192 Hz,
the rotation number of arming vane is calculated:

n= % .60 = 2880 min""!

|
c% S (] (1) (11

Figure 5. Plotted Diagram of Pressure Changing Frequency
(I) — airflow acceleration, (II) — T time, (III) — arming vane separation (fuze
arming)

Test Results

By matching the values of C, columns, for the complete
model (Table 1) and blunt body model configuration (Table 2),
the following can be concluded: except of the AAAB
stabilization on its trajectory, the stabilizer fins also represent the
air-brake which has a dominant (in relation to influence of bomb
nose flat base) role in reducing the speed of AAAB, in order to
allow it to hit the target and to explode a little later when the
aircraft reaches the safe zone.

Table 1. Complete Model

Wind Tunnel T-38

WIND TUNNEL TESTING OF ANTI-ARMOUR BOMB

AAABO1 | Sequence number
testing of blowing: 1

Model Configuration - Complete Model
i a M Cx Cy Cz Cl Cm | Cn
1 -0.10 | 0.604 | 4.4053 | 0.020 {-0.010 [-0.0029| 0.077 |-0.0890
2 1.96 | 0.604 | 4.3549 | 0.053 | 0.190 [-0.0101|-1.175|-0.1967
3 398 |0.604 | 4.38950.098 | 0.249 [-0.0098 |-1.792 |-0.0098
4 5.96 | 0.604 | 4.4307 [ 0.113 | 0.228 [-0.0149-2.098 |-0.0490
5 8.00 | 0.603 [4.4850 | 0.119 | 0.215 [-0.0267|-2.289 |-0.0741
6 10.03 | 0.603 | 4.5486 | 0.123 | 0.199 |-0.0281|-2.479 [-0.0688

Due to the increased resistance of the stabilizer fins, drag
coefficients measured at the sting-balance have the highest
values, C, (Table 1), which were ever measured in the wind
tunnel T-38 for the aviation bombs. Likewise, the explanation
of the stabilizer fins dominant influence with its higher
resistance is obtained by comparing the results with a similar
model without stabilizer fins, [6], [7]. Similar to the results of
measurements in the reference wind tunnels in the world [5],
the expected value of drag coefficient C, =~ 0,8+0.9 (Table 2)
was confirmed on the model without stabilizer tail unit with
folding fins (Blunt Body Model).

The measured value for the fuze arming mechanism
execution time, 75~ 5 s, did not coincide with the expected
value (0.7-1.5) s [1], for two reasons:

1. In the real flight conditions, when the aviation bomb is
ejected from the aircraft, the arming vane
instantaneously enters an airflow that corresponds to the
actual speed of the aircraft, with the adequate value of
the Mach number. This value of the Mach number we
want to achieve in the wind tunnel. However, in the test,
the wind tunnel is not capable to achieve this value of the
Mach number instantaneously with consequence: zone
(I) — Airflow Acceleration, Fig.5. Hence, in the initial
phase of the experiment, the flow conditions are not
equal to the real.

2. One arming vane was used in several tests in the wind
tunnel. Although it is possible to use it in a number of
tests, the mechanism of the arming vane is not
constructively designed for the repeated use.

For those reasons, in order to obtain better results, the
reconstruction of the existing test model was made and new tests
with different model samples were prepared, Fig. 6. Each model
was used only for one experiment. Reconstruction of the model is
made so that the movement of arming vane begins at the moment
when the desired pressure in the wind tunnel is achieved, as well
as the required Mach number, corresponding to the real flight
conditions. The aviation bomb was disassembled, and the
electro-magnets (I and II) were arranged in its interior, Fig.6.
Their lifter (6) and locking fork (7) lock or unlock the rotation of
the arming vane (1). Electro-magnet I, by its lifter and locking
fork, hold the arming vane blocked during the acceleration of the



32 NOVAKOVIC,Z., etc: AERODYNAMIC CHARACTERISTICS AND FUZE ARMING TIME DETERMINATION OF ANTI-ARMOUR AVIATION BOMB

air-flow in the wind tunnel, up to the moment when the desired
Mach number is achieved. After that, the first electro-magnet (I)
stops, and the second one (II) pulls the lifter and locking fork
back, in order to unlock the arming vane, which starts to rotate at
the moment when the Mach number reaches the desired value in
the wind tunnel. This corresponds to the real conditions of use.

3

Figure 6. Redesigned Aviation Bomb Test Model (cross section)

1-bomb body, 2—stabilizer tail unit with folding fins, 3—arming vane, 4—
centrifugal safety pins, 5—electro-magnet I, 6— electro-magnet II, 7-lifter, 8—
locking fork

Table 2. Blunt Body Model

Wind Tunnel T-38
WIND TUNNEL TESTING OF ANTI-ARMOUR BOMB

AAABO1 [ Sequence number
testing of blowing: 4

Model Configuration - Blunt Body Model

i a M Cx Cy Cz Cl Cm Cn

-0.10 | 0.298 [0.7730| 0.051 | 0.020 | 0.0025 | 0.027 | 0.0149
2 1.98 |0.298 |0.7761| 0.060 | 0.022 | 0.0033 |-0.015( 0.0110

3.95 1 0.298 10.7938 | 0.085 | 0.022 | 0.0038 |-0.012( 0.0170

5.96 | 0.298 10.8144 | 0.083 | 0.018 | 0.0047 | 0.022 [ 0.0180

7.98 1 0.296 |0.8537 | 0.050 | 0.040 | 0.0046 | 0.044 | 0.0164

|| |w

10.02 [ 0.296 [0.8827] 0.038 | 0.087 | 0.0045 [ 0.064 | 0.0169

Conclusion

The results (C,, Table 1) obtained, with the calculated
ballistic trajectories show that the aircraft can carry out the
bombing safely, with speeds v,=(180-310) m/s, and altitudes
less than 100 m. The result (73~ 5 s) obtained with the first
test model (Fig. 2) is the same order of magnitude as
referenced (0.7-1.5) s, [1].

The new upcoming series of tests of the redesigned
aviation bomb test model in the wind tunnel are arranged. For
these new tests a sufficient number of model samples is
provided. The purpose of these experiments is to get a
functional dependence of the arming vane rotation number to
surrounding streamlines speed of redesigned bomb test model
(Fig. 6). If the expected test results in the wind tunnel with the
reconstructed test model of the air bomb were confirmed by
the results of flight tests with the realistic aviation bombs, the
test procedure in the wind tunnel could be adopted as a
reliable method for the fuze arming mechanism time
determination.
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Odredivanje aerodinamickih karakteristika i vremena armiranja
upaljaca protivoklopne avio-bombe

Aerodinamicki koeficijenti protivoklopne avio-bombe se odreduju u subsoni¢nom i transoni¢nom reZimu strujanja u
aerotunelu. Ovi uslovi opstrujavanja direktno uti¢u na vreme armiranja upaljaca protivoklopne avio-bombe. U radu se
definiSe alternativna i pouzdana metoda za merenje vremena armiranja upaljac¢a u odnosu na skupa letna ispitivanja. Nakon
aerotunelskih ispitivanja, kao verifikacija ove metode, predvidena su letna ispitivanja vremena armiranja upalja¢a u realnim

uslovima.

Kljucne reci: avionska bomba, protivoklopna bomba, armiranje upaljac¢a, aerodinamicke karakteristike, aerodinamicki

koeficijenti, aerodinamicko ispitivanje, aerodinamicki tunel.
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Omnpenesienne a3poAUHAMHYECKUX XapPAKTEPUCTHK M BPeMeHH
YKPeIUIeHUS 32 KUTAJIKN NPOTUBOTAHKOBO aBHA00OMOBI

AdporuHamMuyeckne Kod(G(UIHEeHTH MPOTHBOTAHKOBOI aBHAa0OMOBI ONpeeIA0TCs B J03BYKOBOM H TPAHC3BYKOBOM
Pe:KUMAaX TeyeHHs B A9POAMHAMUYECKOii TPyOe. ITH yCJI0BUS TeUeHHsI HENOCPEICTBEHHO BIMSIOT HA BpeMsl YKpeIlJleHUust
32:KHTAJIKM TPOTHBOTAHKOBOI aBnadomObl. B paGote ompenesasiiorcst ajJbTepPHATHBHBIH M HAXEKHBIH CIOCOOBI 1151
H3MepeHHs] BpeMeHH YCHJIEHMSI 3a:KUTAJKH MO0 CPABHEHHMIO ¢ HA00opoMm JETHbIX HcnbiTanuii. Ilocie ucnbiTaHuii B
a3poAMHAMHUYECKOii Tpyle, KaK NMPOBEepPKa 3TOr0 MeTo/a, NJIAHUPYIOTCS JIETHbIE UCHBITAHUS BPeMeHHM YKpeIlIeHUs
32:KHTAJIKM B PeajIbHBIX YCJIOBHSAX.

Kniouegvie cnosa: aBnabomo6a, NpOTHBOTAHKOBasI 60M0a, yCHIIMBAHHE 3aKUTATKH, 2POAHHAMHYECKHEe XapAKTePUCTHKH,
aspoauHAMHYecKHEe K0d(PUIMEeHThI, 23poAHAMHIYecKHe MCIIBITAHUS, 23POAUHAMMYECKAs TPyOa.

Détermination des caractéristiques aérodynamiques et du temps de
renforcement du fusée pour la bombe antichar aéroportée

Les coefficients aérodynamiques d’une bombe antichar aéroportée se déterminent dans la soufflerie aérodynamique sous le
régime subsonique et transsonique du courant. Ces conditions du courant affectent directement sur le temps de renforcement
de fusée chez la bombe antichar aéroportée. Dans ce travail on définit une méthode alternative et fiable pour le mesurage du
temps de renforcement de fusée par rapport aux essais en vol qui sont trés coiiteux. Apres les essais dans la soufflerie
aérodynamique, comme la vérification de cette méthode, on a prévu les essais en vol pour le temps de renforcement de fusée
dans les conditions réelles.

Mots clés: bombe aéroportée, bombe antichar, renforcement de fusée, caractéristiques aérodynamiques, coefficients
aérodynamiques, essai aérodynamique, soufflerie aérodynamique



