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Abstract

Laser wireless power transmission technology avoids the traditional cable transmission
requirements regarding the territory and environment, and facilitates vehicle-mounted
laser wireless power transmission to provide accompanying power supplies to multi-
target unmanned clusters. This can reduce the dependence of unmanned equipment
(especially unmanned aerial vehicles) on power storage batteries, providing broad
application prospects for the battlefield. However, the current laser wireless power
transmission technology lacks a standardized technical index system and mature test
and evaluation method; this is not conducive to the application of this technology

in diverse combat scenarios. Accordingly, this paper proposes specific indicators for
the component-level and system-level performance testing of laser wireless power
transmission technology and constructs a corresponding test system and evaluation
method, providing a yardstick for selecting laser wireless power transmission systems
adapted to the battlefield.

Keywords: Laser wireless power transmission, Test and evaluation, System level,
Component level

1 Introduction

Laser wireless power transmission technology has the advantages of a high power den-
sity, good power convergence, good directionality, long transmission distance, and small
transmitting and receiving aperture [1, 2]. These advantages allow users to keep the
beam focused, even after long-distance transmission; more generally, the beam is easy to
focus and has better directionality. Vehicle-mounted laser wireless power transmission
has the characteristics of a concomitant moving target, miniaturization, and light weight
[3], making it especially suitable for powering long-distance mobile devices, and provid-
ing good development prospects for remote power transmission [4]. Accordingly, vehi-
cle-mounted laser wireless power transmission can be used to provide a remote power
supply and communication for unmanned aircraft under navigation [5, 6]. Examples of
vehicle-mounted laser wireless power transmission applications are shown in Fig. 1.

In the process of long-range wireless power transmission, the transmission efficiency
index of the system is extremely important. Commonly, the system includes a laser [7],
transmitting antenna, collimation system, and photovoltaic [8]. The laser performance,
transmitting antenna performance [9], and other factors will directly affect the system
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Fig. 1 Vehicle-mounted laser wireless power transmission applications

transmission efficiency [10]. It is particularly important to construct a laser wireless
power transmission system test and evaluation method from both the component and
overall perspectives, so as to guide the design of system components and selection of
laser wireless power transmission systems adapted to the battlefield [11, 12].

This paper presents system-level and component-level tests and evaluation methods,
including test conditions, test objects, test devices, test procedures, evaluation indexes,
and analysis methods, aiming to provide theoretical and experimental support for the
evaluation and development of laser wireless power transmission technologies [13, 14].

2 Methods

2.1 Laser system performance test evaluation test

2.1.1 Test object

The laser system in this study contains a laser power supply, laser, and water cooler, and
the test objects are the power of the laser power supply, power after water cooling, opti-
cal power of the laser, and near-field optical power after collimation.

2.1.2 Testing device

The test instruments used for laser system testing include an AC power meter, DC
power meter [15], laser power meter, and test device; the system arrangement is shown
in Fig. 2.

2.1.3 Test methods

First, the test instruments are placed and connected in the order shown in Fig. 1. The
focusing lens set is selected to ensure that the beam is incident from the center of the
laser power meter light receiving surface. (When the laser beam diameter is too large,
i.e., larger than the laser power meter probe size, we need to use the lens to focus the
beam, i.e., to ensure that the measured spot is projected into the laser power meter light
receiving surface diameter at a 2/3 area; the judgment process is shown in Fig. 3.) The
suitable optical power meter range is selected, and light gates are used block the light
entering the laser power meter, to avoid instability immediately after the laser opens and
damage to the instrument after a long laser exposure.
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Fig. 3 Test judgment flow

The power supply is adjusted such that the laser emits the specified power.

Two AC power meters are selected, along with DC power meters of the appropriate
range. According to the specified time interval, the system records the AC power meter
1 reading P4, AC power meter 2 reading Pr;, DC power meter 1 reading Py;, and laser
power meter 1 reading P;.

2.1.4 Evaluation indicators
The performance of the laser is mainly evaluated based on the efficiency of the laser, the
efficiency of the laser with the laser power supply, and the efficiency of the entire system
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of the laser [16]; these need to be calculated from the measured AC power, DC power, and
optical power at the transmitting end.

The AC power P, Py, DC power P;, and optical power Pj, at the transmitter can be
calculated as follows:

1
Py = *Zpai
" i=1
1 n
~D_Pri
n i=1
1
Py = ;Zpdi
i=1

1
Pin=ZZ;Pi
=

Pu2

In the above, Py is the input AC power in watts (W);

P,y isthe AC power in watts (W) passing through the water cooler;
P,  isthe DC supply power of the laser in watts (W);

Py, is the optical power in watts (W) at the transmitting end;
n is the number of tests;
P, Pri, Py and P; are the i-th recorded readings of each meter, respectively, in watts

(W).

The laser system evaluation contains three evaluation indexes: the efficiency of the laser
n1 (DC-optical power conversion efficiency), efficiency of the laser with a laser power sup-
ply (AC-optical power conversion efficiency) 72, and efficiency of the laser system »3.

The electrical (DC)-optical conversion efficiency,n;, is calculated as follows.

Pin o
m= g 100% 2)

The electric (AC)-light conversion efficiency, 12, is calculated as follows.

P‘
N2 = — x 100% 3)
Py
The electrical-optical conversion efficiency of the laser system, 73, is calculated as
follows.
P:

N3 = P—“; x 100% (4)
a

2.2 Collimation system performance test evaluation test

2.2.1 Test object

The collimation system contains a collimation antenna and lens set, and the test objects
are the optical power before collimation, optical power in the near and far fields after
collimation, and optical power distribution map.
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2.2.2 Testing device

The collimation system test used in the test instruments comprises a laser power meter
and spot analyzer, and the collimation system performance can be evaluated based on
the light power distribution in the optical path and the spatial spot aberration situation.
For the laser system device (this device is the same as that used in the Laser System
Performance Test Evaluation test), the test is divided into near-field and far-field tests. If
near-field beam divergence angle is small, a lens group can be added to assist in directly
measuring the optical power, and an attenuator can be combined with the spot analyzer
to obtain the light power distribution and spot diameter.

The test setup and system arrangement are shown in Fig. 4.

2.2.3 Test methods

The collimated antenna aperture R, distance D between spot analyzers 1 and 2, and laser
cell area S are measured using a ruler, and the mass M; of the collimated antenna is
measured using a balance.

The elements are placed in the order shown in Fig. 4 and connected to the test instru-
ment. The optical power Pj, test process at the transmitter side as measured by laser
power meter 1 is the same as that described in laser system performance test evaluation
test.

To select the appropriate ranges for the three laser power meters and provide a col-
limated near-field optical power measurement with the same test method before col-
limation, an appropriate focusing lens set is selected (when the laser beam diameter is
too large, i.e., greater the laser power meter probe size, the lens needs to be used to focus
the beam, to ensure that the measured spot is projected into the laser power meter light
receiving surface diameter to 2/3 of the region), so as to ensure that the beam from the
laser power meter 2 light receiving surface center incidence and spot area of the col-
limated beam after the far-field transmission exactly and completely cover the laser cell.

The scanning range, scanning resolution, and scanning sensitivity of the spot analyzer
are set according to the laser light output spectral range, and an attenuator is used for
the beam before and after collimation to attenuate the light to the normal operating
range of the spot analyzer.

For collimation of the far-field beam using a diaphragm, the opening is circular, and
the area is denoted as S, (with diameter and optical power meter probe size being set to
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Fig. 4 Diagram of the collimation system test setup
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match). The diaphragm and far-field test instruments are placed on an X-Y-axis displace-
ment table, and the diaphragm outlet is connected to the optical power meter. The far-
field measurement instruments are placed a block of glass to receive the far-field large
spot, with a lens to collect light into the spot analyzer.

The power supply is adjusted so that the laser emits the specified power. The spot ana-
lyzer scans in the set waveband, the spot analyzer 1 measures the beam divergence angle
¢, and the spot analyzer 2 measures the spot diameter D;.

The X-Y-axis displacement table is operated to move the light baffle in the X- and
Y-axis directions, and the size of the movement range is set so as to consistent with the
size of the laser cell at the receiving end, allowing the user to obtain different optical
power and light power distributions at the corresponding position of x;y;.

The readings (P; from laser power meter 1, P,; from laser power meter 2, Pxiy/. from
laser power meter 3, beam divergence angle ¢ as measured by spot analyzer 1, spot
diameter D as measured by spot analyzer 2, and light power distribution maps as meas-
ured by spot analyzers 1, 2, and 3 are recorded at specified time intervals.

2.2.4 Evaluation indicators
The performance of the collimation system is mainly evaluated according to collimated
antenna’s beam reduction ratio, near-field efficiency, optical power density at the trans-
mitting end, and far-field spatial optical power transmission efficiency. The optical
power at the transmitting end from the near- and far-field tests needs to be obtained,
and the efficiency value is calculated from the spot size before and after collimation.

The optical power Pi, at the transmitter side is calculated in the same way as P, in
laser system performance test evaluation test. The formula for calculating the near-field
optical power P, after collimation is as follows:

1 n
P, = ; Z P, (5)
i=1
In the above,

P, isnear-field optical power in watts (W) after collimation at the emitter;

n  is the number of tests;
P, is the i-th recorded reading of laser power meter 2 in watts (W).

The optical power P, received by the far-field laser cell after collimation is calculated
as follows:

n n
1 2 i=1 Pry;
kil Sl M

P =
° nS,

(6)
The far-field cell-received optical power can be calculated as the average optical power
density (the single optical power divided by the diaphragm area, and then the average
value x the laser cell area).

In the above equation, P, is the far-field optical power in watts (W) after collimation at
the transmitter;

n is the number of tests; and
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Py,y; is the recorded laser power meter reading in watts (W) from the ith time in the
X-axis direction and the j-th time in the Y-axis direction.

The collimated antenna inlet and outlet optical power losses can be determined
using the near-field power transmission efficiency.

The equation for the near-field efficiency of the collimated antenna is as follows:

P,
na = —= x 100% (7)
P in
The equation for calculating the far-field spatial optical power transmission efficiency is
as follows:

P,
ns = — x 100% (8)

P,
The collimated antenna beam reduction capacity can be evaluated based on the ratio of
the spot diameter at a certain distance without collimation to the spot diameter at the
same distance after collimation; it is defined here as the collimated antenna beam reduc-

tion ratio B.

D,
p="12
Dy )

D2:2Dxtan§

Here, D is the spot diameter after collimation, D is the spot diameter at a certain dis-
tance without collimation, and D is the distance between spot analyzers 1 and 2.

The miniaturization and light-weighting of the collimated antennas can be deter-
mined using the optical power density at the transmitter.

The area optical power density is calculated as follows: p; = ﬂplgz'

The mass optical power density is calculated as follows: py = 1\%

By comparing the light power distribution maps of the near and far fields before and
after collimation, the spatial spot distortion and beam uniformity can be determined,

and can also be used as a reference indicator for evaluating the collimation system.

2.3 Turntable performance evaluation test

2.3.1 Test object

The test objects of the rotary table are the positioning accuracy, dynamic error, and
delay error.

2.3.2 Testing device

The testing device comprises a self-collimating latitude and longitude meter, multi-
faceted prism, digital inclinometer, tripod, DC high-voltage generator, high-voltage
pulse power supply, high-voltage probe, current transformer, Bayonet Neill-Concel-
man connector with shielded cable, and oscilloscope.
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2.3.3 Test methods

Rotation angle detection—The load on is placed on the rotary table and fastened; the
rotation angle is set through software control to judge whether the angle of direct
attainment is qualified.

Rotation speed detection—The load on is placed on the rotary table and fastened;
the rotary table orientation and/or high/low axis are controlled for sinusoidal motion
through software, with an amplitude of 10.67° and frequency of 0.60 Hz (correspond-
ing to a maximum rotation speed of 40°/s and maximum rotation acceleration of
150°/s% ). After the sinusoidal motion is stable, the actual displacement curve is plot-
ted by collecting the feedback values of the shaft encoder. The data are compared with
the theoretical displacement curve. According to the double-decade index, if the dif-
ference between the actual motion amplitude A and theoretical motion displacement
amplitude |A — A| < 10%A, and the difference between the actual motion phase é and
theoretical motion phase ¢ satisfies |p — ¢| < 10%¢, it is considered that the maxi-
mum rotation speed of the rotary table orientation or high and low axis meets the
standard.

Accuracy-preserving angular acceleration detection—If the double ten index is sat-
isfied, the accuracy-preserving angular acceleration of the rotary table orientation
and/or high and low axes are considered to be up to standard.

Position accuracy testing—The turntable is leveled with the azimuth at 0°, and a
24-sided prism is installed in the center of rotation of the azimuth axis of the turnta-
ble. Either side of the prism is adjusted to collimate with the self-collimating latitude
and longitude instrument at the observation point, and the reading of the turntable is
recorded as Cp. The azimuth is rotated to 360° at 15° intervals in the positive direction
of the azimuth, and the turntable is observed and recorded after collimation from C;
to Cy3. Then, the azimuth is rotated to 360° at 15° intervals in the negative direction of
the azimuth, and the readings from Cj to Cy3 are observed and recorded. The data are
processed in the following way § = C; — Cp, where § is the azimuth accuracy of each
measurement position; Co is the value of the rotary table reading at the zero position;
and C; is the result of the calculation of the rotary table reading at each measurement
point. If the § value is within 1.0°, the value is considered as passing the standard. The
high- and low-axis position accuracy detection methods are also reflected in the azi-
muth axis method.

Dynamic error detection—If the double-ten index is satisfied, the difference
between the actual motion amplitude A and theoretical motion displacement ampli-
tude IA — Alis considered as the detection result.

Slip-ring performance test—The slip-ring resistance is measured with a multimeter
in the ohmic range, and if it is less than 1 €, it is considered to meet the require-
ments. The pulse width of the high-voltage pulse power supply is set to 1 us, and the
frequency is set to 150 Hz. The high-voltage pulse power supply is connected directly
to the equivalent load, and the voltage and current waveforms are measured under
the actual maximum voltage and used as the reference values. The high-voltage pulse
power supply is connected to the equivalent load through the high-voltage slip ring,
and the voltage and current waveforms at the actual maximum voltage are measured
under the static and dynamic conditions of the rotary table, to be used as the test
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values. From comparing the waveforms of the two working conditions, it can be seen
that the consistency is good, there is no evident distortion, and the high-voltage pro-
cess (in regard to fire discharge) is in line with the requirements.

Communication test—The network port debugging assistant is used to connect to the
turntable device and send 16112 commands to the turntable controller within a fixed
time period (t). The difference in the internal timer of the controller can be obtained by
subtracting the two adjacent replies, and is recorded as §;. As the controller command
runs for 442 us, the control delay is §; = 0.442 x §; — ¢, in ms; the average value after
several measurements is taken as the final measurement result.

2.3.4 Evaluation indicators
The performance of the rotary table is evaluated in terms of the equipment integrity,
directional axis positioning accuracy, and dynamic errors.

2.4 Laser cell component performance test evaluation test

2.4.1 Test object

The laser cell assembly contains the laser cell, maximum power tracking module [17, 18],
voltage regulator module, and load. The test objects are the optical power at the laser cell
end, and the electrical power output of each module [19].

2.4.2 Testing device

The test instruments used for the laser cell component testing are a laser power meter,
voltammetric characteristic tester, and DC power meter, and the auxiliary instruments
are a 3D displacement table and temperature controller, to realize control of the angle
and temperature.

The static test setup and system placement are shown in Fig. 5.

2.4.3 Test methods
The laser cell area S and mass M5 are measured.

The test apparatus is placed and connected with the parts in the order shown in Fig. 5,
with the laser cell placed on a three-dimensional displacement table with an adjustable
angle and a temperature controller for regulating the temperature at the cell end.

3D movable
latform

laser
cell

maximum
power

regulator
circuit ot
tracking

laser temperature DC power | DC power
power3 controller meterl meter2

Fig. 5 Receiver side battery component test setup diagram—static
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The laser power test is conducted with reference to far-field optical power measure-
ment method described in collimation system performance test evaluation test; here,
the far-field optical power P, denotes the laser cell’s received optical power.

The laser power supply is adjusted so that the laser emits the specified power, and
the turntable at the transmitting end automatically adjusts the position of the emitted
laser to ensure that the beam is incident from the center of the receiving surface of
the laser cell.

The appropriate range is selected for the voltammetric tester. First, the voltam-
metric tester is used to connect the laser cell alone, so as to measure the maximum
power point Py,; of the laser cell, as well as other parameters (see the data log sheet
for details).

The three-dimensional displacement table is adjusted so that the light beam is inci-
dent on the battery module at a certain angle 6. The temperature controller controls
the temperature of the battery module to a certain value, selects the appropriate range
for the two DC power meters, and records the readings Pg,;; of DC power meter 1
and Pg,y; of DC power meter 2 according to the specified time interval.

The three-dimensional displacement table is adjusted to change the laser incidence
angle 0 and the temperature is kept constant; then, the readings Py,;; of DC power
meter 1 and Py,y; of DC power meter 2 are recorded at the specified time intervals.

The temperature of the battery component is changed, the laser incidence angle 6
is kept constant, and the readings P,,;; of DC power meter 1 and P,,y; of DC power
meter 2 are recorded at the specified time intervals.

The laser emission power is changed, the laser incidence angle 0 is kept constant,
the temperature is kept constant, and Py,;, Pj,1;, and Pg,y; are recorded at prescribed
time intervals (here, the optical power gradient is set to strong light and weak light).

Because the dynamic system cannot measure the optical power at the receiving end,
it can only ensure that in the wind speed case, the circuit parameters are measured
at the receiving end, using a test device as shown in Fig. 6. The wind speed check
tester monitors the wind speed flowing through the heat sink, and the optical power
is adjusted at the transmitting end. The voltammetric characteristics tester readings
Pmi and other parameters are recorded (see data recording table for details), as well
as the DC power meter 1 reading P,1;, and DC power meter 2 reading Py,»;.

maximum
laser ) regulator
power e load
cell i circuit
tracking
wind -V
: o DC power | | DC power
velocity | |characteristics
8 meterl meter2
tester tester
Fig. 6 Receiver side battery component test set-up diagram—dynamic
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2.4.4 Evaluation indicators
The performance of the cell module is mainly evaluated from the perspectives of the
cell photoelectric conversion efficiency, efficiency of the maximum power tracking mod-
ule, efficiency of the voltage regulator module at the receiving end, etc. It is necessary to
obtain the optical power at the laser cell end and electrical power output of each module
to calculate the efficiency value.

The DC power at the receiving end can be calculated for both the dynamic and static
systems as follows:

1< 1 ¢ 1¢
Py =~ > Puii Py = - > Paorii Pary = p > Pani (10)
i=1 i=1 =1
In the above,

P,  isthe maximum power output of the battery in watts (W);

P4, is actual output DC power of the maximum power tracking module in watts (W);

P,y is the regulated output DC power in watts (W);

n is the number of tests;

P,,; is the maximum power point reading of the battery output as recorded by the
voltammetric characteristic tester for the ith time in watts (W);

Pyy1;  is the ith recorded reading of DC power meter 1 in watts (W); and
P,y s the ith recorded reading of DC power meter 2 in watts (W).

For static systems, the respective corresponding efficiencies can be calculated for dif-
ferent angles and temperature conditions. The laser cell evaluation can refer to its photo-
electric conversion efficiency n;;, which is calculated as follows.

Py,
P,
For the dynamic system, the evaluation of the influences of different angles and tempera-
ture conditions on the cell efficiency can be referred to as the average efficiency 7 for the
photoelectric conversion efficiency ;; calculated for the different angle conditions i and
different temperature conditions j. The corresponding weighting factor X;; is added to it,
the size of which is determined according to the actual needs, as follows:

X oo Xy

g= 0 e DY xy=1 (12)

X - Xy i=1 j=1
The corresponding calculation of the average efficiency is as follows:
= Xjxmuy (13)

To examine the effects of different laser intensities on the photoelectric conversion effi-
ciency of the cell module, the optical power at the emitter side P, can be compared for
different cases of 7).

The optical power density is calculated as follows:
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P, P,

,03=§§/04:M2 (14)

The efficiency of the maximum power tracking module 7, is calculated as follows:

P
N = % x 100% (15)

m

The receiver-side voltage regulator module efficiency 1, is calculated as follows:

P
Na = 1% x 100% (16)
0

2.5 Turntable performance evaluation test

2.5.1 Test object

The heat dissipation system is tested based on the temperatures of the photosensitive
and backlight sides of the laser cell, and the temperature after heat dissipation.

2.5.2 Testing device

The test instruments for the static system are an optical power meter, temperature
sensor, and static system-set speed control fan to provide a fixed wind speed; for the
dynamic system, the wind speed tester is set to measure the wind speed during flight,
along with the test device and system placement as shown in Fig. 7.

a wind
speed
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laser radiator temperature
cell sensor3
temperature ||temperature
sensorl sensor2
8 speed
fan

laser . l temperature
radiator
cell sensor3

temperature | |temperature
sensorl sensor2

Fig. 7 Battery pack test set diagram
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2.5.3 Test methods
The mass M3 of the heat sink is measured with a balance.

The elements are placed in the order shown in Fig. 7 and connected to the test instru-
ment (for dynamic and static systems, the receiving end is a self-contained heat sink).

Temperature sensor 1 is mounted on the photosensitive surface of the battery plate,
temperature sensor 2 is mounted on the back of the battery plate, and temperature sen-
sor 3 is mounted on the heat sink of the battery plate.

The laser power supply is adjusted so that the laser emits the specified power, and the
turntable at the transmitting end automatically adjusts the position of the emitted laser
to ensure that the beam is incident from the center of the receiving surface of the laser
cell.

For static systems, the speed-controlled fan provides a fixed air speed to the heat sink,
and records the current moment air speed; for dynamic systems, only the air speed at
the current moment is recorded.

The laser power P, at the transmitter is recorded, along with the corresponding steady-
state temperature readings 71, Ts2, and T3 in the temperature profiles obtained from the
three temperature sensors.

The fan output is changed and the wind speed is recorded, along with the laser power
P, at the transmitting end and the reading of each temperature sensor at the current
moment.

The temperature change curve of the battery as measured using the temperature sen-
sor is shown in Fig. 8.

In Fig. 8, T; is the steady-state temperature in degrees Celsius (°C).

2.5.4 Evaluation indicators

The performance of the heat dissipation system is mainly evaluated based on the temper-
ature density, and it is necessary to obtain the temperatures Ts1, T2, and T3 as calculated
from the battery photosensitive surface, backlight surface, and after heat dissipation to
obtain the temperature density. From the steady-state temperature 7 in the temperature

T,
g
=
Pl
a
L]
-]
=
-
a
A
* To
0 e t
Time/s s
Fig. 8 Schematic diagram of laser cell temperature profile
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rise curve, the front and back sides of the battery components and heat dissipation sys-
tem can be evaluated under different wind speed conditions.
For the evaluation of the lightness of the heat sink, the temperature density is

_ TIn-Tg
p5 — SM3$ .

3 System performance test evaluation

3.1 Test subjects

The test object includes a static test object and dynamic test object, and consists of a
laser power supply, laser, water chiller, collimated antenna, turntable, laser battery, heat
sink, maximum power tracking module, voltage stabilization module, and load [20]. The
static test object refers to a ground power transmission system with a fixed receiver end.
The dynamic test object refers to a power transmission system with a movable receiver
end in the process of power transmission, including but not limited to unmanned vehi-
cles (including aerial vehicles) and robot laser wireless power transmission systems
[21-23].

For the lasers, the power ranges of 0-500 W, 500—1000 W, and 1000 W and above are
used to facilitate the horizontal evaluation of system performance; for the power trans-
mission distance, the distance ranges of 0-200 m, 200—1000 m, and 1000 m and above
are used to facilitate the vertical evaluation of the near-field and far-field system perfor-
mance [24, 25].

For static systems, the laser cell is placed on the angle-adjustable three-dimensional
displacement table, with the temperature controller to control the temperature (when
applicable) and the speed-controlled fan to provide the specified air speed to the heat
sink (when applicable); for dynamic systems, the receiving end is required to hover at a
specified speed, and on a specified path [26, 27].

3.2 Test setup

The overall layout of the test device is shown in Fig. 9, and mainly includes the power
transmission system and test unit. The power transmission system includes the laser
transmitter and receiver. The transmitter includes a laser power supply, laser, water
chiller, collimated antenna, and turntable, and the receiver includes a laser battery, maxi-
mum power tracking module, voltage regulator module, and load. The test unit includes
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meter2 analyzel J |analyze2, analyz3 SEnsor

liquid (=
chiller ’1 adiato
city
POV | aser power laser straight laser ‘ma);uwlgm regulator] |
| supply line cell || POV circuit
tracking

| rotary
l table
AC power| |DC power laser laser laser h I-tV_ i DC power||DC power
meterl meterl powerl power2 power3 . ar;c;te;s 151 meter2 meter3

Fig. 9 Overall layout of the test device
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the AC power meter 1, AC power meter 2, DC power meter 1, DC Power meter 2, DC
power meter 3, laser power meter 1, laser power meter 2, voltammetric characteristics
tester, spectral analyzer, spot analyzer, laser rangefinder, and temperature sensor (when
applicable). The more detailed test steps use an attenuator, light gate(s), temperature
controller, three-dimensional displacement table, speed control fan, and other auxiliary
measurement tools.

3.3 Test methods

3.3.1 Site layout

The overall layout of the site refers to the regional division of the test site to ensure the
safety of test personnel and test instruments, i.e., dividing the site into a safety zone,
non-safety zone, danger zone, and laser power transmission test area, as shown in
Fig. 10. The safety zone personnel can observe, shoot, record, and manipulate the moni-
toring instrument to trigger the switch; the non-safety zone is the location where the
laser may be irradiated, and no one is allowed to walk in the area; the danger zone is the
area around the receiving laser battery and load, where the laser has pointing instability
and the optical path may have a small deviation (again, no one can stay here). The test
area is for the laser wireless power transmission system work, and is mainly used for
placing the laser transmitting system (laser power supply, laser, and chiller), collimation
system (transmitting antenna, lens set, and turntable), receiving system (laser battery,
voltage regulator module, and load), and test instruments (AC power meter, DC power

;"l”"’l’l’l’l’l’l"""’ll’lll’l’ll’llll’llll”””””"””””””’
%
Q00 Fir
extinguisher
safety zone non-secure area danger zone
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R R A A 85%
Fig. 10 Site area division
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meter, digital source meter, laser power meter, voltammetric characteristic tester, spec-

trum analyzer, spot analyzer, laser rangefinder, and temperature sensor).
3.4 Test setup

3.4.1 Measurement point arrangement
The data measured at the component level remain valid for system performance evalua-
tion tests, and the overall measurement point map is as follows (Fig. 11).

3.5 Evaluation indicators

The evaluation of the power transmission system can be calculated from the above
measured parameters to calculate the overall electric—electric (DC-DC) conversion effi-
ciency 1 of the system, as follows [28].

P
n= I;LZZ x 100% (17)

4 Conclusion
In this study, a laser wireless power transmission technology index system is examined,
and the system-level and component-level evaluation methods are clarified. The main

conclusions are as follows.

(1) Component-level testing was performed on the laser system, collimation system,
turntable, laser battery components, and heat dissipation system from multiple
angles.

(2) System-level testing specified the test objects, test devices, test methods, and evalu-
ation indicators, forming a complete system of technical indicators and test evalua-
tion methods.

The proposed test method is highly operable and universal, and can be applied to the
overall evaluation of the system, as well as individual evaluations of each component.
It provides reliable technical support and a theoretical basis for performance evalua-
tions of different laser wireless power transmission systems in the future. Moreover, it
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collimated
antenna

l 1 Maximum Power
aser ce Tracking Module

Po

Fig. 11 Overall measurement point diagram
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provides guiding significance for the selection of laser wireless power transmission sys-
tems adapted to the battlefield.
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