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Abstract: The conception of virtual separation technology about high/low frequency of electronic module was put forward
based on the analysis of tactical performance testing of radio fuse. By means of the principle of fuse Doppler signal acquisi-
tion and injection, the high/low frequency of electronic module was virtually separated, and one of important parameters—

burst height of radio fuse is tested precisely.

Key words: virtual separation; tactical performance; electronic module; Doppler signal acquisition and injection

CLD number: TN911.7
Article ID: 1674-8042(2013)04-0339-04

0 Introduction

The emergence of radio fuse is a very important
innovation for the development of fuse technology.
Because radio fuse can greatly improve fuse warhead
coordination, it has attracted more attention from
many countries all over the world and has been
equipped in the troops. The property of fuse will be
changed in the process of storage, especially, the
damage effect will be seriously influenced by change
of burst height, so it is be tested in this paper.

Usually, burst height is measured through target
test, which will consume huge manpower, material
resources and financial resources. In this paper, the
burst height of fuse is measured by testing electronic
components of radio fuse under laboratory condi-
tions, which can not only greatly reduce the test
cost, but also meet the needs of scientific research
and production. Furthermore, it can provide a new
method for design and property improvement of
production.

1 Testing principle

The electronic devices of radio fuse generally con-
sist of detector and signal processor. The Doppler
signals are outputted by the relative motion of de-
tector and target. The displacement and velocity in

* Received date: 2013-09-12
Corresponding author: XU Ai-guo (jxjsyjsxag@126.com)

Document code: A
doi: 10.3969/j.issn. 1674-8042.2013.04. 008

Doppler signals can be extracted by signal processing
circuit, which timely outputs ignition signal pulse to
explode the projectile’ .

Doppler frequency of the fuse aiming at the
ground is proportional to fall velocity of the projec-
tile, and amplitude is inversely proportional to
height from the ground, which has nothing to do
with the fall velocity. Because it is difficult to col-
lect the signal when the missile is approaching to the
target, we use a kind of method that high speed is
simulated by low speed to obtain the Doppler signal,
only frequency of which is different from that of
the actual Doppler signal after accelerated through
computer. And then the collected Doppler signal of
low frequency is simulated into the Doppler signal in
the real environment. Sequently, the signal is trans-
mitted into the processing circuit and ignition pulse
is collected synchronously. Thus burst height of the
fuse can be calculated from the position of ignition
pulse.

2 Virtual separation of high/low fre-
quency of electronic components

In radio fuse test, high frequency and low fre-
quency parts are needed to be separated. But in gen-
eral circumstances, the high frequency and low fre-
quency of fuse can not be physically separated. How
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to virtually separate the high frequency and low fre-
quency components to ensure the accuracy of
Doppler signal acquisition and injection is related to
success or failure of the test method.

After electronic components are encapsulated,
there exists a detection line to facilitate the test.
The Doppler signal can be directly collected from
this detector line. Because it is slow, it cannot be
injected into the signal processing circuit. The ap-
propriate load must be matched in order to ensure
accuracy of the Doppler signal.

There are two conditions which guarantee accura-
cy of the Doppler signal injection: the first is that
the low Doppler signal should be accelerated to the
actual Doppler signal; The second is that high fre-
quency oscillation stops. In this way, the high fre-
quency will not input signals to the low frequency
part. The acceleration of Doppler signal is complet-
ed by the computer and the high frequency oscil-
lation can stop by external intervention.

3 Doppler collection and

injection

signal
[3-7]

The detector, RC coupling circuit and signal pro-
cessor are responsible for collection and injection of
Doppler signal. As shown in Fig.1, R, is the output
impedance of detector; R, is the detector load or
the input impedance of signal processor; C is the
coupling capacitance; A is the point of collection
and injection of Doppler signal and is connected
with detection line.

________________

Detector

Coupler

Signal processor
Fig.1 Local circuit diagram of electronic components

In the experiment of missile target intersection,
by using the low speed to simulate the high one, the
fall speed of testing missile is 100 times less than
that of actual missile target intersection. Doppler
signal frequency f, is extremely low. The capaci-
tance impedance of C is 100 times larger than that
of actual missile target intersection. R, and C can
not play a role in normal coupled signal, therefore
Doppler signal can not be transmitted to signal pro-
cessor, at the same time, detector load changes
from original R, to oo (seec the following calcula-
tion). Therefore, the signal amplitude at point A is

different from the amplitude of missile target inter-
section. If the signal is extracted from point A at
this time, a large error will be produced. Thus, R,
and C, are paralleled between A and the ground not
to damage the original workload of the detector. As
shown in Fig.2, let R, =R, C, =100C, the load of
detector can be simulated by paralleled R, and C,
branch circuit under the condition of actual missile
target intersection, and Doppler signal can be ex-
tracted from point B. This can ensure validity of
the Doppler signal collection when missile and tar-
get intersect at a low speed. At the same time, the
Doppler signal extracted from point B is a pure AC
signal and DC component at point A is blocked up,
so it is advantageous to the signal collection and
transformation.

® [

Fig.2 Principle diagram of Doppler signal collection
with slow speed

The slow Doppler signal is accelerated by a com-
puter. When the frequency increases, the accelerat-
ed Doppler signal should be constructed, and mean
while the accelerated Doppler signal could be inject-
ed from point A into the signal processing circuit.
As shown in Fig.3, if power of the accelerated
Doppler signal has no inner resistance, the signal
amplitude will not distort; if the waveform genera-
tor of hp33120A is used as a signal source, as the re-
sistance of hp33120A is 50 Q, the signal amplitude at
point A will decrease. When the actual signal is in-
jected, the waveform at point A must be measured
and modified to ensure that the accelerated Doppler
signal by injection is consistent with low Doppler
signal by collection.

© .

Fig.3 Testing principle diagram of Doppler signal in-
jection

Due to power-sharing of the detector and the sig-
nal processor in electronic components, when the
signal processor is injecting signal from the outside,
the detector will inject signal to signal processor at
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the same time. Superposition of the two signals may
cause inaccuracy of burst height test. Solution of
this problem is to make the vibration of detector
stop. It has been proved to be achievable that the
vibration of the detector can stop by external inter-
vention from electronic components.

It can be seen from the above analysis that the
key technologies of collection and injection of
Doppler signal are impedance matching, oscillation
stop of the detector and error correction due to re-
sistance of signal source.

The transmission efficiency of radio fuse resis-
tance capacity coupler is calculated in the following,
taking the XX fuse for an example.

The complex impedance of the detector is

;:.7‘+RL:RL (1)

.1
“onrco
where R,, C and f, are given, and f, is the
Doppler frequency when the actual missile and tar-
get intersect. Thus the voltage transfer coefficient
can be calculated as K = 97.8% —99.9% .

It can be seen that the transmission efficiency of
resistance capacity coupler is very high when missile
and target intersect.

In the simulation test of missile target intersec-
tion, the Doppler signal requency is

: 2V
fd = A R’ (2)
0

where Vg is the fall velocity of test bomb, it is equal
to 0. 76 m/s; A, is electromagnetic radiation wave-
length of the detector.

The voltage transmission coefficient can be drawn
by the same principle, namely,

K' =4.7%.

Therefore, the transmission efficiency of resis-
tance capacity coupler is very low when the high
speed test of missile and target intersection is simu-
lated by low speed test.

4 Method of stopping oscillating dur-
ing Doppler signal injection

To stop oscillating of high frequency is to make
the oscillating condition fail. Judged from the cir-
cuit principle diagram, there are two possible meth-
ods: the first method is to change the parameters
R, L and C of the oscillation circuit to make it stop
working; The second method is to change the DC
working condition of triode and make it deviate
from the linear region to the status of saturation or
cutoff, which is the best method to make it enter

cutoff status. The possible solution is to increase the
detection line voltage V. When V. >V, the tri-
ode enters the cutoff status.

It has been proved that for the XX1 fuse, when
DC component of Doppler signal Ve =6.0 V (Ve
=5.05 V), high frequency can reliably stop oscil-
lating; For the XX2 fuse, when DC component of
Doppler signal Vi, =4.0 V (Ve =3.36 V), high
frequency does the same.

The power check on resistor Rj; is carried out as

P(R;) = V(> R;) = 5.05°/270 = 0.094(W).

The design power of R; is 0. 125 W, which is
greater than P(R;)=0.094 W.

The power of R; is not too large. So the method
is feasible, which makes Doppler signal contain DC
component to stop oscillating.

For XX1, Vpc=6.0 V, when internal resistance
of signal source is 50 Q and Vg is 5.05 V.

For XX2, Vpc=4.0 V, when internal resistance
of signal source is 50 Q and Vg is 3.36 V.

5 Testing method of Doppler signal
injection

Because the output circuit of Doppler signal
source is a voltage follower consisting of the inte-
grated amplifier, the internal resistance of which is
very little, it is generally less than 5 Q, therefore,
the error caused by internal resistance of Doppler
signal source can be ignored.

If signal generator hp33120A is used, internal re-
sistance of which is 50 Q, the load of signal genera-
tor will be composed of the parallel connection of
output resistance of the detector and the input resis-
tance of signal processor, and the amplitude of
hp33120A output signal will decline. For the com-
pensation of the error, the correction coefficient K
is added when the waveform is defined by the soft-
ware, keeping the waveform amplified by K times.

After the test, correction coefficient K of XXl
fuse is 1.41.

6 Test results

The tactical property parameters, especially burst
height, of radio fuses XX1 and XX2 are tested un-
der the experimental conditions. To evaluate the ac-
curacy of test results, taking the same batch of
products as samples, the test results of the tactical
property test are compared with those of shooting
range test, as shown in Table 1.
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Table 1 Comparison of the test results of tactical property test with those of shooting range test
Name of Production Shooting range test Tactical parameters test
the fuse elements Consequences Consequences Failure modes
(D The normal tempera- (D The normal tempera- (D'Electromc component
ture rate 60.0% ture rate 63.3% failure 10.0%
XX1 X-XX-XX @ The average burst- o @ The battery failure
. @ The average burst-
height 8.3 m height 8.95 m 23.4%
ght e @Other failures 3.3%
(D The normal tempera- (@O The normal tempera- Q.Electronlfl component
ture rate 72.9% ture rate 69.5% failure 17.4% .
XX2 XXX-XX @ The average burst- @ The average burst- © The battery failure
height 7.1 m height 7.7 m 8.7%
gt st s @Other failure 4.4 %
1. The consequences of shooting range test come from XX base “the inventory report of fuse iden-
tification test”;
Comments

2. The consequences of tactical parameters test come from “the inventory testing report of tactical

parameters test amination of radio fuse”.

7 Conclusions

1) The tested burst height of radio fuse under the
laboratory conditions meets the required demands of
0.5—-30 m, thus it is a useful method for design and
performance improvement of the product.

2) Comparison results of shooting range test and
tactical property test proves that the high test accu-
racy can be obtained by using the tactical property
test of radio fuse to simulate that of shooting range
test and the result is reliable.

3) It should be pointed out that the accurate re-
sults of actical property test of radio fuse under ex-
perimental conditions can be got only on the condi-
tion that the effects of human factors and environ-
mental factors should be eliminated.
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