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1. Introduction

In recent years, the new generation weather radar maintenance and maintenance
test platform project have been completed and planned by the China Meteoro-

logical Administration and the meteorological bureaus of Liaoning, Inner Mon-
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golia, Shanghai, Hubei, Guangdong, Sichuan, Yunnan, Gansu and Xinjiang
provinces, autonomous regions and municipalities in China. In order to maxim-
ize the functional benefits of the new generation weather radar maintenance and
repair test platform, and to improve the maintenance and maintenance capabili-
ties of radar support personnel, technicians at all levels of radar stations are re-
quired to fully understand the structural principles of the platform and under-
stand the transmitter charging switch components. Load to design analysis ideas
are crucial to future maintenance and repair work. The radar test platform is an
open system, which is implemented by software radio technology. It can not on-
ly test existing radar equipment, but also add software modules to test different
types of electronic equipment in different frequency bands. The provincial radar
test platform supports the secondary development of the platform by the user,
and can also be used as a radar training device for technical training.

Transmitter (SA) tool is the most important component of the new generation
weather radar maintenance and maintenance test platform. It is extremely im-
portant to the radar test platform and is an important reference indicator for
measuring the operation quality of the radar evaluation platform. When the radar
test platform is working, the transmitter has high voltage, high current, high fault,
and the charging switch component is prominent. How to detect whether the
charging switch component works normally and whether the charging current
waveform of the platform test switch component is satisfied (sawtooth wave) are
the technical difficulties of test platform. Therefore, it is necessary to simulate
and analyze the input and output circuits of the charging component, fully si-
mulate the test signal of the component, the output equivalent load of the com-
ponent, and further miniaturize the test tool, and finally reach the test require-
ment through simulation simulation design analysis [1]-[6].

The innovation of this paper is to test the existing weather radar equipment
with a radar test platform, an open system. Taking Liaoning provincial radar
maintenance test platform as an example, the input and output circuits of the
charging component are simulated and analyzed. For the meteorological de-
partment, it is necessary to solve the problems faced by the technical support of
the new generation weather radar equipment as soon as possible and improve

the maintenance support capability.

2. System Architecture of Provincial Weather Radar Test
Platform

Taking the China Liaoning Provincial weather radar maintenance test platform
as an example, the Liaoning provincial radar test platform is based on the na-
tional test platform. At the same time, combined with the objective characteris-
tics of the existing radar system construction in Liaoning Province, a fixed test
platform is built, mainly including fixed test platform tool, fixed test platform
instruments and software. The fixed test platform consists of instrumentation

and special equipment, test tool, maintenance and test platform software. The
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fixed test platform tool mainly adopts off-line test and maintenance. The fixed
software is mainly divided into six functional modules: basic database software,
test platform software, TPS programs to test set, fault diagnosis program test set,
expert experience library, remote test diagnosis software, instrumentation con-
trol and display assembly. The basic database software, test platform software,
TPS program tests set are the basic functions, the fault diagnosis program test
set, the expert experience library, and the remote test diagnosis software are
comprehensively programmed and counted according to the number of tool
components of the test component. The instrumentation control and display
assembly is tested according to the number of instruments selected. The total
system of Liaoning provincial radar test platform is mainly divided into five
subsystems: the whole life cycle management subsystem of the tested compo-
nent, the remote fault diagnosis subsystem, the expert experience library sub-
system, the system integration and test subsystem and the system management
subsystem. The system is designed in a “layered mode” with five levels: hu-
man-computer interaction layer, functional module layer, data layer, device
driver layer and physical device layer. The working process of Liaoning provin-
cial radar test platform is mainly divided into test analysis process and fault di-
agnosis process. The test analysis process is divided into a test modeling process
and a test analysis process. The troubleshooting process is divided into a fault

modeling process and a fault diagnosis analysis process.

3. Design of Transmitter Charge Switch Component Load for
Provincial Weather Radar Test Platform

3.1. Charging Switch Assembly Input and Output Circuit

The SA transmitter three-phase rectifier component (A2) is filtered by the capa-
citor component (A9) and outputs DC510V as the DC power source of the
charging switch component. The charging switch assembly charges and charges
the charging transformer when the charging trigger timing comes. Since the
charging transformer secondary is a different name termination method, the
modulator artificial line is charged after the energy storage ends. When the dis-
charge pulse comes, the voltage on the artificial line is controlled by the thyristor
to discharge as shown in Figure 1.

Since the charging transformer is an inductive load, it can be known from the
three elements of the circuit that the charging current is charged to a defined
exponential relationship of a time constant 7 (L/R), and when R is small, it is
approximately linear. The actual charging current waveform is shown in Figure
2. Due to the influence of the distributed capacitance of the charging transfor-
mer and the RC absorbing circuit of the modulator, the charging current starts

with a very high current spike.

3.2. Charging Switch Component Related Circuit Parameters

Calculated from the operating parameters of the transmitter, the actual charging
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Figure 1. Simplified diagram of the actual charging switch assembly circuit
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Figure 2. Actual charging current waveform.

time of the narrow pulse of the charging switch assembly is approximately T =
170 pS, the characteristic impedance of the artificial line of the modulator are 3
Q, and the pulse width of the modulator is designed to be 2.5 uS.

Then manual line capacitance is

1 7 1 25x10°
CPFN:_ ST

X — ~0.417uF, (1)
2 p 2

where Cppy is the manual line capacitance, 7is the pulse width of the modulator
and pis the characteristic impedance.
The energy stored by the artificial line is approximately equal to the energy

converted by the inductor of the charging transformer, e,

:le,]z:GC,U2 (2)
2 2
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where W represents work, L represents inductance, [/ represents current, C
represents capacitance and Urepresents voltage.
Considering the charging efficiency (5 = 0.9) and the artificial line voltage of
4600 V, the equivalent inductance of the charging transformer is
2
U2 xpxT? S10° x0.9%(170x10°)

—L = - ——~0.767mH, (3)
Cy,xU 4600° x0.417x10

max

where L represents the inductance, U represents the voltage, ;7 represents the
charging efficiency, T'represents the charging time, and G, represents the artifi-
cial capacitance.

According to the calculation of the three elements of the circuit, the peak val-

ue of the narrow pulse charging current is approximately (narrow pulse)

U

— :ZxT:SIO/Ll*UOxlO’(’ ~113A, (4)

and for wide pulses,

Charging =

%xT:SIO/L1*3OO><10’6 ~200A , (5)

where the symbolic meaning is the same as before.

From the above calculation, it can be concluded that the equivalent induc-
tance of the charging transformer relative to the charging switch assembly are
about 0.767 mH, the narrow pulse current is approximately 110 A, and the wide
pulse are 200 A [7] [8].

3.3. Calculation of Charge Load Switch Component’s Equivalent
Load

Since the charging switch assembly accumulates a lot of energy on the inductor
when it is storing energy to the charging transformer, the energy must be re-
leased before the next charging cycle. Therefore, a unidirectional circuit compo-
nent is added to the equivalent load circuit. In summary, the equivalent circuit
of the equivalent load of the switch component are shown in Figure 3. When the
load is charged, due to the addition of a diode, its unidirectionality determines
the energy stored in the inductor. When the energy is released after the end of
the charging cycle, it is consumed by the diode on the high power resistor.

It is important to choose the right resistor and diode. Due to the high peak
charging current, high power resistors and surface contact diodes must be se-
lected. A suitable resistor size is also important. The resistance is too large, the
energy release time is long, and the current has a reverse feedback phenomenon,
and the true charging current waveform cannot be simulated. After simulation
by the PROTUES circuit, it can be seen that the 100 Q resistor is used, and the
energy is basically released after 50 uS. The current waveform of the actual pro-
vincial radar test platform charging switch component are shown in Figure 4,

and the simulation waveform is basically the same as shown in Figure 5.
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Figure 3. Charge switch assembly load equivalent circuit.
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Figure 4. Test platform charging switch assembly actual test waveform.
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Figure 5. Charging component equivalent circuit simulation waveform.
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Compare with Figure 2, due to the distributed capacitance of the charging
transformer and the RC snubber circuit of the modulator, the initial phase of the
charging current has a very high current spike in Figure 2, however, in Figure 4,
the charging switch component load is made by air core inductor, the distri-
buted capacitance is small and there is no modulator RC circuit, and the current

waveform has no actual current spike [9] [10].

4. Conclusion and Discussion

At present, most of the faults of the new generation of weather radars in China
are basically solved by the manufacturers, but it is difficult to maintain the ra-
dar maintenance methods based solely on marketization. Market behavior has
led to an increase in the cost of radar maintenance. As manufacturers use re-
placement components to eliminate radar failures, the number of technicians is
limited, and the number and types of weather radars are numerous. As the use
of new generation weather radars increase, the radar fajlure rate will increase
year by year. High and security costs will also increase year by year, and the
availability of radar services will inevitably decline year by year. In addition, af-
ter the completion of the new generation weather radar, it is difficult for manu-
facturers to maintain the existing technical personnel, which makes the protec-
tion more difficult. The meteorological department must solve the problems
faced by the technical support of the new generation weather radar equipment
as soon as possible. Therefore, it is necessary for the provincial meteorological
departments in China to equip this weather radar test and maintenance system.
After the system is completed, it can promote the construction of meteorologi-
cal radar supports team, improve the technical level of radar maintenance per-
sonnel, reduce dependence on radar manufacturers, reduce radar maintenance
and repair costs, and quickly respond to shorten radar maintenance time to
ensure long-term stable and reliable operation of radar.

Some of the provincial radar test platforms that have been completed provide
a wealth of text and graphic information such as connection diagrams, physical
maps, functional block diagrams, and test procedures of the radar components
to be tested. In order to better use the provincial radar test platform and improve
the timeliness of the radar maintenance support work, each radar maintenance
support personnel must thoroughly understand the principle and design ideas of
the main software and hardware components of the platform, and can indepen-
dently complete the platform inspection work. It also creates a radar test data-
base that collects and intelligently analyzes, tests and diagnoses data, automati-
cally generates test reports, and provides various forms of presentations. In the
end, it will reduce the radar troubleshooting time, speed up the response, and

improve the maintenance support capability.
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