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(54) Apparatus for simulating sunlight

(57) An apparatus for simulating sunlight includes a
light source (3) for generating light rays, a first reflector
(4) having a curved surface (43) that is disposed to re-
ceive and reflect the light rays from the light source (3)
to form first reflected parallel light rays that travel in a first

direction, and a second reflector (5) disposed to face the
first reflector (4) and disposed to receive and reflect the
first reflected parallel light rays from the first reflector (4)
to form second reflected parallel light rays that travel in
a second direction. The first and second directions are
mutually orthogonal.
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Description

[0001] This application claims priority of Taiwanese
application no.101217695, filed on September 13, 2012.
[0002] The present invention relates to an apparatus
for simulating sunlight, which is adapted for use during
testing of a solar battery module having a light receiving
surface, and a method of testing the solar battery module.
[0003] As oil reserves dwindle, more and more coun-
tries are focusing on environmental issues, and therefore
the demand for alternative energy resources is becoming
more important. For instance, alternative energy resourc-
es such as wind power, tidal power, solar power, etc. are
being developed. The use of solar power modules is
booming, and there is ongoing research for a better con-
version efficiency of the solar power modules. For now,
high concentrated photovoltaic (HCPV) battery modules
have good photoelectric conversion efficiency. The
HCPV battery modules utilize lens design to gather sun-
light rays that are approximately parallel onto light receiv-
ing elements of the solar battery module to increase light
absorption rate.
[0004] However, after the manufacture of the solar bat-
tery module, there is a need to go through testing for
determining the conversion efficiency of the solar battery
module. Since natural light (sunlight) is affected by
weather and have varying intensity, the natural light is
unstable and uncontrollable to be a light source for testing
of the solar battery module. Commonly, indoor artificial
lighting is used to simulate sunlight with uniform luminos-
ity, which is irradiated towards the solar battery module,
for obtaining voltage and current characteristics of the
solar battery module.
[0005] Referring to Figure 1, in order to simulate the
characteristics of sunlight that is approximately parallel,
the solar simulator test device 11 utilizes a projection
light 111 to project light towards a curved mirror 112. The
distance between the projection light 111 and the curved
mirror 112 is much greater than the focal length of the
curved mirror 112. Therefore, the light rays reflected off
the curved mirror 112 will be approximately parallel. A
solar battery module 12 can be set in the path of the light
reflected off the curved mirror 112, for performance test-
ing of the solar battery module 12.
[0006] However, the solar battery module 12 is placed
horizontally (as shown in the dotted line) for transport.
Therefore, in order for the solar battery module 12 to
receive the light reflected off the curved mirror 112 during
a test, the solar battery module 12 is required to be flipped
upright, in order for a lens portion 121 of the solar battery
module 12 to face the light reflection path and thus re-
ceive the light. Accordingly, during the test, a mechanism
for enabling the solar battery module 12 to remain upright
is required (not shown). This complicates the structure
of the solar simulation test device 11, and the testing
duration of the solar battery module 12 becomes longer
as flipping of the solar battery module 12 has to be per-
formed.

[0007] The object of the present invention is to provide
an apparatus for simulating sunlight that may alleviate
the above drawback of the prior art.
[0008] According to one aspect of the present inven-
tion, there is provided an apparatus for simulating sun-
light including: a light source for generating light rays;
a first reflector having a curved surface that is disposed
to receive and reflect the light rays from the light source
to form first reflected parallel light rays that travel in a first
direction; and a second reflector disposed to face the first
reflector and disposed to receive and reflect the first re-
flected parallel light rays from the first reflector to form
second reflected parallel light rays that travel in a second
direction. The first and second directions are mutually
orthogonal.
[0009] Another obj ect of the present invention is to
provide an apparatus for simulating sunlight, which is
adapted for use during testing of a solar battery module
having a light receiving surface, and which includes:

a light source for generating light rays,
a first reflector having a curved surface that is dis-
posed to receive and reflect the light rays from the
light source to form first reflected parallel light rays
that travel in a first direction, and a second reflector
disposed to face the first reflector and disposed to
receive and reflect the first reflected parallel light rays
from the first reflector to form second reflected par-
allel light rays that travel in a second direction toward
the light receiving surface.

[0010] The apparatus further satisfies at least one of
the following conditions: the first and second directions
are mutually orthogonal; and the second direction is gen-
erally orthogonal to the light receiving surface of the solar
battery module.
[0011] A further object of the present invention is to
provide a method of testing a solar battery module, in-
cluding:

using a first reflector to receive and reflect light rays
generated by a light source to form first reflected
parallel light rays that travel in a first direction, and
using a second reflector to receive and reflect the
first reflected parallel light rays from the first reflector
to form second reflected parallel light rays that travel
in a second direction toward a light receiving surface
of the solar battery module.

[0012] The light receiving surface is disposed on a sub-
stantially horizontal plane, and at least one of the follow-
ing conditions is satisfied: the first and second directions
are mutually orthogonal; and the second direction is gen-
erally orthogonal to the light receiving surface of the solar
battery module.
[0013] Other features and advantages of the present
invention will become apparent in the following detailed
description of the preferred embodiment with reference
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to the accompanying drawings, of which:

Figure 1 is a perspective view illustrating a conven-
tional testing device capable of simulating sunlight;
Figure 2 is a perspective view illustrating an appa-
ratus for simulating sunlight and for use during test-
ing of a solar battery module, of a preferred embod-
iment of the present invention;
Figure 3 is a side view illustrating a first reflector of
the preferred embodiment of the present invention;
Figure 4 is a schematic view illustrating the first re-
flector having hexagonal reflector plates;
Figure 5 is a schematic view illustrating the first re-
flector having rectangular reflector plates; and
Figure 6 is a side view illustrating the preferred em-
bodiment of the present invention in a state of use.

[0014] Referring to Figure 2, an apparatus for simulat-
ing sunlight 2 of a preferred embodiment of the present
invention, includes a light source 3 for generating light
rays, a first reflector 4, and a second reflector 5. The
apparatus for simulating sunlight 2 is used during a con-
version efficiency test on a solar battery module 9, es-
pecially on a high concentrated photovoltaic (HCPV) so-
lar battery module 9. The solar battery module 9 has a
light receiving surface 91. However, the solar battery
module 9 is not limited to be a high concentrated photo-
voltaic (HCPV) solar battery module, and may be a flat-
plate solar battery module.
[0015] In this embodiment, the distance between the
light source 3 and the first reflector 4 is much greater
than a focal length of the first reflector 4, and the light
source 3 operates in an intermittent mode, suitable for
batch testing of the solar battery modules 9 in a produc-
tion line. Of course, the light source 3 may operate in a
continuous mode, but operating in a continuous mode
requires additional measures to prevent problems asso-
ciated with excess heat generation.
[0016] Referring to Figure 3, the first reflector 4 in-
cludes a base 41, and a plurality of reflector plates 42
that are attached to the base 41 and that cooperate to
form a curved surface 43 of the first reflector. In this em-
bodiment, the base 41 has a curved plate mounting sur-
face 411, and the reflector plates 42 are attached to the
curved plate mounting surface 411. Preferably, the first
reflector 4 is a convex mirror. The curved surface 43 is
used for reflecting the light emitted by the light source 3
(see Figure 2),such that the reflected light rays are es-
sentially parallel with each other. The shape of the re-
flector plates 42 may be hexagonal as shown in Figure
4 or rectangular as shown in Figure 5, but is not limited
to such.
[0017] Of course, the first reflector 4 may be modified
to not include the base 41, and to only include the reflector
plates 42 having a convex curvature that cooperate to
form the curved surface 43. However, this type of reflector
plate 42 requires high precision when being assembled.
Otherwise, deformation and irregularities of the curved

surface 43 may be formed, thus rendering production
more difficult. Similarly, each of the reflector plates 42
may be hexagonal or rectangular as mentioned above.
[0018] Referring to Figure 2, the second reflector 5 is
disposed opposite to the first reflector 4, and reflects the
light from the first reflector 4. In this embodiment, there
is a 45 degree angle θ (shown in Figure 6) formed be-
tween the surface of the second reflector 5 and the light
reflected off the first reflector 4. The light reflected off the
second reflector 5 is perpendicular to the light reflected
by the first reflector 4, and the light reflected off the sec-
ond reflector 5 is projected towards the light receiving
surface 91 of the solar battery module 9.
[0019] Referring to Figure 6, the following describes
the optical path in the present embodiment. The light
source 3 projects light towards the first reflector 4 along
a path A. Since the distance between the light source 3
and the first reflector 4 is much greater than the focal
length of the first reflector 4, the light rays reflected off
the first reflector 4 are parallel to one another, and the
light rays are reflected toward the second reflector 5
along a path B. Since the surface of the second reflector
5 and the first reflector 4 forms an angle θ of 45 degrees
with the path B, the light along the path B will be deflected
vertically downward along a path C towards the light re-
ceiving surface 91 of the solar battery module 9. That is,
the light reflected off the second reflector 5 is perpendic-
ular with the horizontally disposed light receiving surface
91 of the solar battery module 9 that is being tested.
[0020] It is worth mentioning that, if the light projected
onto the solar battery module 9 has a specific area that
has a particularly high intensity or brightness, light-shield-
ing material (e.g., dot-like ink) may be applied onto a
corresponding area in the first reflector 4 or the second
reflector 5 to lower the intensity of light projected in the
specific area. This enables the light projected on the solar
battery module 9 to have good uniformity, which is similar
to outdoor natural light. The sizes of the first reflector 4
and the second reflector 5 should correspond with the
size of the light receiving surface 91 of the solar battery
module 9, enabling the light to be fully reflected onto the
light receiving surface 91.
[0021] The second reflector 5 is utilized to deflect the
light reflected off the first reflector 4 such that the light
receiving surface 91 of the solar battery solar battery
module 9 is able to receive the parallel light rays. There-
fore, during testing, flipping of the solar cell battery 9 is
not required, and in addition to accelerating the speed of
the test, the structure and the control system of the testing
equipment for the solar battery module 9 can be simpli-
fied.
[0022] A method for testing the solar battery module
9, which is to be implemented using the apparatus 2,
includes:

using the first reflector 4 to receive and reflect light
rays generated by the light source 3 to form the first
reflected parallel light rays that travel in a first direc-
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tion; and
using the second reflector 5 to receive and reflect
the first reflected parallel light rays from the first re-
flector 4 to form the second reflected parallel light
rays that travel in a second direction toward the light
receiving surface 91 of the solar battery module 9.

[0023] The light receiving surface 91 is disposed on a
substantially horizontal plane, and at least one of the fol-
lowing conditions is satisfied: the first and second direc-
tions are mutually orthogonal, and the second direction
is generally orthogonal to the light receiving surface 91
of the solar battery module 9.
[0024] In summary, the apparatus 2 utilizes the second
reflector 5 to change the path of the light such that the
light can be projected onto the solar battery module 9
during testing and conversion efficiency validation, elim-
inating the need of flipping the solar batterymodule 9.
Without the need to flip solar battery module 9, the struc-
ture of associated testing equipment may be simplified
and the duration of testing may be shortened.

Claims

1. An apparatus for simulating sunlight, comprising:

a light source (3) for generating light rays;
a first reflector (4) having a curved surface (43)
that is disposed to receive and reflect the light
rays from said light source (3) to form first re-
flected parallel light rays that travel in a first di-
rection; and
a second reflector (5) disposed to face said first
reflector (4) and disposed to receive and reflect
the first reflected parallel light rays from said first
reflector (4) to form second reflected parallel
light rays that travel in a second direction, the
first and second directions being mutually or-
thogonal.

2. The apparatus as claimed in Claim 1, wherein said
first reflector (4) includes a base (41), and a plurality
of reflector plates (42) that are attached to said base
(41) and that cooperate to form said curved surface
(43) of said first reflector (4), said base (41) having
a curved plate mounting surface (411), said reflector
plates (42) being attached to said curved plate
mounting surface (411).

3. The apparatus as claimed in Claim 2, wherein each
of said reflector plates (42) has one of a hexagonal
shape and a rectangular shape.

4. The apparatus as claimed in Claim 1, wherein said
first reflector (4) includes a plurality of curved reflec-
tor plates (42) that are interconnected to form said
curved surface (43) of said first reflector (4).

5. The apparatus as claimed in Claim 4, wherein each
of said curved reflector plates (42) has one of a hex-
agonal shape and a rectangular shape.

6. The apparatus as claimed in Claim 4, wherein each
of said curved reflector plates (42) is a convex lens.

7. The apparatus as claimed in Claim 1, wherein said
light source (3) is configured to generate the light
rays continuously.

8. The apparatus as claimed in Claim 1, wherein said
light source (3) is configured to generate the light
rays intermittently.

9. The apparatus as claimed in Claim 1, wherein said
second reflector (5) is disposed at an angle of about
45 degrees relative to the first direction.

10. The apparatus as claimed in Claim 1, wherein a dis-
tance between said light source (3) and said first
reflector (4) is much larger than a focal length of said
first reflector (4).

11. The apparatus as claimed in Claim 1, wherein said
first reflector (4) is a convex mirror.

12. The apparatus as claimed in Claim 1, which is for
use during testing of a solar battery module (9) hav-
ing a light receiving surface, wherein the second di-
rection is generally orthogonal to the light receiving
surface of the solar battery module (9).

13. An apparatus for simulating sunlight, said apparatus
being adapted for use during testing of a solar battery
module (9) having a light receiving surface, and com-
prising:

a light source (3) for generating light rays;
a first reflector (4) having a curved surface (43)
that is disposed to receive and reflect the light
rays from said light source (3) to form first re-
flected parallel light rays that travel in a first di-
rection; and
a second reflector (5) disposed to face said first
reflector (4) and disposed to receive and reflect
the first reflected parallel light rays from said first
reflector (4) to form second reflected parallel
light rays that travel in a second direction toward
the light receiving surface;
wherein said apparatus further satisfies at least
one of the following conditions:

the first and second directions are mutually
orthogonal; and
the second direction is generally orthogonal
to the light receiving surface of the solar bat-
tery module (9).
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14. A method of testing a solar battery module (9), com-
prising:

using a first reflector (4) to receive and reflect
light rays generated by a light source (3) to form
first reflected parallel light rays that travel in a
first direction; and
using a second reflector (5) to receive and reflect
the first reflected parallel light rays from said first
reflector (4) to form second reflected parallel
light rays that travel in a second direction toward
a light receiving surface of the solar battery mod-
ule (9);
wherein the light receiving surface is disposed
on a substantially horizontal plane, and at least
one of the following conditions is satisfied: the
first and second directions are mutually orthog-
onal; and the second direction is generally or-
thogonal to the light receiving surface of the so-
lar battery module (9).
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