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This paper proposes a design process for additively manufactured mirrors. A central support aspheric mirror and

tripod support structure were manufactured via selective laser melting. To achieve substantial weight reduction, an
additively manufactured body-centered cubic lattice structure was used in the mirror design. Simulation analysis
showed that the mirror had good rigidity. Single-point diamond turning was applied to obtain an optical qual-
ity mirror. After assembly, the rms surface shape accuracy of the mirror was 0.069A (A = 632.8 nm). The surface
roughness (Ra) of the additively manufactured metal mirror was 8.125 nm. These findings provide a strong theo-

retical basis and technical support for the preparation and application of lightweight metal mirrors.
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1. INTRODUCTION

With the continuous development of optical measurement
and remote sensing, more stringent requirements have been
established for the weight, volume, preparation speed, and
environmental adaptability of optical components [1,2].

Silicon carbide material is currently the preferred material for
aerospace mirrors, with the best specific stiffness and stability
[3]. However, the processing route of silicon carbide material is
cumbersome, and the entire processing cycle is long. Therefore,
rapid production is unachievable. In addition, the aluminum
alloy material is still the main material of the load frame struc-
ture. When a silicon carbide mirror is mounted on a support
structure, multiple material transitions are required, which
increases the difficulty of design and processing. Meanwhile, to
reduce the sensitivity of the optical lens to temperature changes,
the aluminum alloy mirror can be manufactured from the same
material as the support structure [4]. Aluminum alloy materi-
als are easy to manufacture at a low cost. To meet the need for
rapid preparation of small and medium aperture mirrors, metal
mirrors have become an option for the optical components of
aeronautical optical equipment [5]. Compared to other mirror-
preparation materials, the specific rigidity (£/p) of metal
mirror materials is lower [6]. It is therefore necessary to improve
the rigidity of mirrors in the structural design phase. Current
aviation airborne photoelectric remote sensing equipment has
strict requirements in terms of the volume and weight of the
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optical system. Achieving a reasonable balance between weight
and rigidity remains a technical challenge in the design of metal
mirrors.

An advantage of additive manufacturing technology is that
it can realize complex lightweight structures, reduce weight,
and achieve high structural rigidity [7]. It thus can effectively
resolve the conflict between weight and stiffness to meet the
need in terms of practicality and speed more effectively [8].
Consequently, additively manufactured metal mirrors have
received increasing attention [9,10].

The lightweight design of the additively manufactured mir-
rors is one of the highlights of the previously reported literature,
and relevant scholars have conducted considerable research on
this topic. The one-piece mirror structure [11], the internal flow
channel type mirror [12], and the honeycomb design sandwich
structure mirror [13] are some of the structures that are relatively
easy to fabricate by additive manufacturing. To achieve a highly
lightweight state, the lightweight structure form inside the mir-
ror is particularly important [14]. The hollow lattice structure is
aunique lightweight structure that is used for additive manufac-
turing [15]. It can achieve a perfect balance among engineering
strength, function, durability, statics, and dynamics. The hollow
lattice is designed and manufactured by periodically replicating
a large number of individual cells. Its mechanical properties,
such as strength, can be adjusted by altering the relative density
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of the lattice and the shape and size of the cell [16]. Itis thus an
ideal lightweight method.

Post-processing of additively manufactured metal mirror
substrates is critical for mirror fabrication. The internal stress
of the additively manufactured mirror substrate can be released
through a suitable heat treatment process to ensure good dimen-
sional stability [17]. Additively manufactured mirror substrates
have good processability and can directly perform optical
processing such as single-point turning and polishing [18-20].

This paper introduces a method to design and fabricate an
additively manufactured mirror with a lightweight lattice struc-
ture. The method flows from design to preparation with a goal
to significantly reduce the weight. According to this premise, the
design and preparation of an aspheric mirror were realized. To
improve the structural rigidity of the metal mirror and achieve a
higher degree of weight reduction, a body-centered cubic lattice
structure was used in the lightweight design of the mirror. The
optical processing of the mirror was completed using single-
point diamond turning (SPDT). Related theoretical research
can be performed on the preparation of extremely lightweight
additively manufactured metal mirrors.

2. METHODOLOGY

The elements of the mirror and mirror support structure
were designed according to input conditions, such as optical
indicators and volumetric weight. First, the diameter-to-
thickness ratio of the mirror [21] and the support method were
determined. Then, according to the lightweight rate index, a
lightweight mirror structure was designed. Finally, the ratio-
nality of the design of the mirror assembly was determined by
analyzing the surface accuracy, natural frequency, and optical
processing methods [22]. The design and analysis flow for the
additively manufactured mirror are shown in Fig. 1.

A. Diameter-to-Thickness Ratio

The diameter-to-thickness ratio of the mirror affects the accu-
racy of the surface shape. Yoder [23] conducted a detailed
study of a mirror with a circular edge. They determined the
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relationship between the diameter-to-thickness ratio and
the deformation caused by the weight of the mirror itself.
The empirical formula for the maximum surface deflection of
the mirror is given by

301 —pP)pgrt
16E:2
where 7 is the diameter, ¢ is the thickness, p is the material den-

sity, ¢ is the acceleration of gravity, u is the poisson ratio, and £
is the elastic modulus of the material.

1) (1)

B. Support Method

The support form of the mirror was designed by determining
its diameter and thickness. A mirror back support, which can
reduce space and volume, is the most commonly used support
method [24]. The number of support points on the back of
the mirror is related to the material of the mirror, the size of the
mirror, and the required amount of deformation. When the
number of supporting points increases, the distribution of grav-
ity becomes more uniform, which enables better deformation of
the mirror. However, an increase in the number of supports will
cause problems, such as positioning and assembly difficulties,
and increase the mass of the entire component and complex
thermal deformation. Therefore, the supporting principle of the
mirror is that, under the premise of meeting the requirements
of the mirror surface deformation, the smaller the number of
supporting points, the more effective it will be. Hall [25] pro-
vided a formula to calculate the number of support points N ofa

circular mirror:
N 1522\ |/ og
t ES

C. Lightweight Structure
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Adopting a lightweight design is an effective means to solve
the problem of the excessive weight of mirrors, especially for
use in aerospace. To reduce the weight of the mirror alone, the
back shape of the large-diameter mirror is often designed in
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a specific shape, mainly flat back, concentric circles, noncon-
centric circles, cones, double arches, single arches, and other
shapes. In comparison, shapes such as nonconcentric circles,
double arches, and cones are lighter; however, the corresponding
structural rigidity is lower. Therefore, it is necessary to select
a reasonable structural form comprehensively in the actual
design and application. After determining the shape, an internal
lightweight structure is realized through the additive manu-
facturing method. There are three main structures: hollow
sandwich and thin-walled reinforced structures [26], hollow lat-
tice structures [27], and special-shaped topology optimization
structures [28].

1. Hollow Sandwich and Thin-Walled Reinforced Structures

These are similar to the closed-back structure in the traditional
lightweight structure. With a combination of a thinner panel
and thicker core, the panel material bears tensile and compres-
sive stresses under a bending load, and the sandwich structure
bears the shear stress and part of the compressive stress.

2. 3D Hollow Structures

This structure type has a high degree of spatial symmetry, which
can evenly decompose the external load to ensure the carrying
capacity. In areas with high structural strength requirements,
the density of the lattice unit is increased, and a hollow lattice
unit with high structural strength is chosen. In areas with high
weight reduction requirements for structural parts, hollow
lattice units with a large lightweight range are added to fulfill the
demand for considerable weight reduction. A typical additive
manufacturing hollow lattice structure is shown in Fig. 2.

3. Topological Optimization Structure

In agiven design field, the optimal material distribution of a part
can be achieved. The combination of additive manufacturing
and topology optimization involves topology optimization
methods to leverage the advantages of additive manufacturing
technology. Accordingly, complex structures can be prepared in
part manufacturing, and an optimal lightweight configuration
can be obtained. The combination of topology optimization
and additive manufacturing also fully leverages their respective
advantages and realizes the potential for topology optimization.
These three methods are effective in achieving lightweight
structures. In terms of design difficulty, hollow sandwich and
thin-walled reinforced structures are the simplest structural
forms. Meanwhile, topological optimization forms are the most
complex, although the obtained structures are more reasonable
and rigid. Therefore, choosing a hollow lattice structure as the
lightweight structure of an additively manufactured mirror
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Fig.2. Latticestructures.
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can simplify the design process, while obtaining a high rigidity
and lightweight, which can produce better results compared to
traditional metal mirrors [29].

D. Optical Processing

Mirror processing is an important element in mirror prepa-
ration. With the wide application of SPDT technology, the
aspheric machining of aluminum alloy mirrors has achieved eco-
nomic benefits and efficiency [30]. The optical mirror surface
of an additively manufactured mirror can be directly processed
using SPDT [31,32]. Small-diameter mirrors are relatively easy
to process by hot-melt adhesive bonding on the fixtures or direct
mounting on the SPDT lathe [33]. However, large-diameter
mirrors must be designed with reasonable processing fixtures
to eliminate the stress caused by the installation during mirror
processing.

The design of mirror fixtures must consider the following
two points: the stability of the mirror during processing and the
installation stress between the mirror and mirror fixtures.

In optical processing, such as high-speed rotation and turning
processes as well as mirror polishing processes [34], it is nec-
essary to ensure that external forces do not affect the surface
accuracy of the mirror. The assembly process for the mirrors and
fixtures adds stress to the structure. It is necessary to ensure that
the surface shape accuracy of the mirror changes minimally after
the mirror is removed from the mirror fixtures.

3. MIRROR DESIGN AND ANALYSIS
A. Design Input

The optical system of this study has a re-entrant optical struc-
ture. The main mirror is a reflecting mirror, and the remaining
mirrors are lenses. Compared to a traditional transmission sys-
tem, the optical aperture of the focusing lens is greatly reduced,
and the weight and volume of the optical system are smaller. The
main mirror is a typical reflective mirror with a lightweight addi-
tive manufacturing structure. The optical system is illustrated in
Fig. 3.

The optical index requirements are shown in Table 1. The
mirror was aspherical, and a margin of 4.5 mm was set on one

Fig.3. Optical system.
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side. The mechanical structural size of the mirror was deter-
mined to be ®149 mm in diameter. The parameters were
inserted into Eq. (1), and the theoretical thickness was deter-
mined to be 5.98 mm. To ensure a certain margin, a safety factor
of four was adopted, and the thickness of the designed mirror
was 24 mm. The parameters, including the diameter and thick-
ness of the mirror, were inserted into Eq. (2), and the number
of support points were N = 0.863. Therefore, the number
of support points was 1, and the center support method was
selected.

A centrally supported reflector with a diameter of ¢149 was
designed. The material used for the mirror fabrication was
AlSi10Mg, which is widely used in additive manufacturing [35].
Considering the environmental conditions in which the optical
system is located, the structural parts should be as light as pos-
sible to ensure appropriate structural performance. Therefore,
the design goal for lightweight additively manufactured mirrors
is70%.

B. Lightweight Design of Additively Manufactured
Mirrors

Considering the mirror shape, a mirror with a double-arch
structure has a higher weight-reduction rate. It is also suitable for
centrally supported small-diameter mirrors. The double-arch
structure is conducive to adopting a lightweight structure form
of additive manufacturing. Through reasonable matching of
materials, the reflector can achieve high rigidity. Therefore, a
double-arch-shaped structure with a closed-shape structure was
selected. On this basis, an internal lightweight structure design
was developed.

A lightweight structure was designed inside the arched reflec-
tor structure. By appropriately setting the parameters—the
layer number, diameter, and cell spacing—of the lattice rods,
the target lightweight rate value could be obtained. A regular
octahedral body-centered cubic cell structure was used for
the lightweight structure. Body-centered cubic structure is a
typical crystal structure of metals. Metals and alloys contain-
ing this structure exhibit high strength and lattice friction in
a wide temperature range and strain state. The body-centered
cubic structure, which is a typical lightweight unit of additive
manufacturing, can achieve a relatively high support height
and lightweight rate. The internal lattice structure was sym-
metrically distributed. The diameter of the lattice rod was
0.8 mm, the cell spacing of the array was 8 mm, and the lattice
structure had two layers. It thus fulfilled the requirements of
lightweight manufacturing. Because the reflector was a closed
lightweight structure, it was necessary to arrange four powder
discharge holes evenly around it to ensure the smooth discharge

Table 1. Optical Index Requirements
Surface
Accuracy
Effective Requirements Natural Optical Band
Aperture (mm) (RMS) Frequency (Hz) (um)
140 1/10A >200 3.7-4.8

(A =632.8 nm)
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of the internal powder. The lightweight structure of the mirror
(partially hidden) is shown in Fig. 4(a).

The structure of the traditional aluminum alloy mirror is
shown in Fig. 4(b). It has a lightweight structure with peripheral
machining. Compared to a traditional aluminum alloy mir-
ror, the weight reduction rate of the additively manufactured
mirror was 69.87%, which is an increase of 18%. Considering
the errors in the preparation process, the weight reduction
rate was also considered to meet the index requirements. The
comparison results are listed in Table 2. It can be observed that
the mirror that was designed and manufactured using additive
manufacturing technology significantly improved the weight-
reduction rate. When the diameter of the mirror was increased,
a greater amount of weight could be saved, an advantage that
became more obvious. The fixed constraint was applied through
the position of the mounting hole on the back, and the natu-
ral frequency of the mirror was calculated. Table 2 presents a
comparison of additively manufactured mirrors and traditional
aluminum alloy mirrors, where the additively manufactured
aluminum alloy mirrors have higher structural rigidity.

A central flexible support structure was used to support the
additively manufactured mirror. The support was a tripod flex-
ible support, as shown in Fig. 5. Being a semi-moving support,
tripod support has the advantages of no hysteresis, no friction
effect, and no required maintenance. Compared to a traditional
bipod support structure [36], a tripod flexible support can
provide higher 3D rigidity and is a more suitable structure for
center supports. The material was AlSi10Mg, which can ensure
structural rigidity. The same material can avoid changing the
mirror surface shape due to the difference in the linear expansion
coefhicient when the temperature changes.

The flexible support consists of three flexible rods that are
conical in their spatial arrangement. Any two flexible rods were
at the same angle, and they were evenly distributed along the
centerline of the cone. Three flexible links were provided on

Fig. 4. Aluminum mirror: (a) lattice lightweight structure and
(b) traditional lightweight structure.

Table 2. Comparison of Additively Manufactured
Mirrors and Traditional Aluminum Alloy Mirrors

Weight Modal

Reduction First-Order

Name Material Mass (g) Rate (Hz)
Traditional 6061-T6 484 51.87% 603.55
aluminum mirror
Additively AlSi Mg 303 69.87% 712.57
manufactured
mirror
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Fig.5. Tripod flexure.

each flexible rod. The flexible link could use the elastic defor-
mation of the material to transfer movement, force, or energy.
Through the deformation of the flexible link, the assembly stress
of the mirror and supporting material was compensated, and the
high-precision support of the mirror was ensured. The extension
lines of the three flexible rods intersected at a point that was the
pivot center of flexure. When the neutral surface of the mirror is
approximately coincident with the aforementioned point, the
influence of the mirror’s bending moment due to gravity on the
mirror’s surface shape accuracy can be reduced. The aluminum
alloy mirror could obtain the best surface accuracy without
astigmatism [37].

C. Simulation
1. Finite Element Model of an Additively Manufactured Mirror

To improve the efficiency of the optimal design, the model was
analyzed. A finite element model of the additively manufactured
mirror was established, and its surface shape under the action of
gravity was simulated and assessed. The 3D model was imported
into the hypermesh for meshing. Features such as the powder
discharge hole of the mirror were removed. The grid size had
to be set appropriately. The outer mesh size was sparse, which
improved the calculation efficiency. In addition, the mesh was
divided and refined on the force transmission path of the key
parts. Furthermore, the grid of the internal lattice support
structure was refined. The mass, center of mass position, and
mass distribution of the finite element model should have been
as equivalent to the actual structure as possible to reflect the
force of the structure accurately, ensure equivalent stiffness, and
guarantee the accuracy of the analysis. A four-node hexahedral
element was used to divide the finite element model of the mir-
ror. The meshing scenario is shown in Fig. 6. The finite element
model of the mirror had 2,309,656 nodes and 10,031,791
elements. The number of nodes on the mirror surface was 4814.
The boundary conditions, load size, and acting position were
consistent with the actual working state.

2. Surface Accuracy

When the mirror was arranged in the working environment,
the factors affecting its surface shape accuracy mainly include
the maximum acceleration and the maximum temperature
difference of the vibration environment. Both may act on the
mirror simultaneously. Therefore, to ensure that the surface
shape accuracy of the mirror under the worst focus adjustment
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Fig. 6.

mirror.

Finite element mesh model of additively manufactured

can meet the requirements, the maximum acceleration of 2 g
and maximum temperature change of 5°C (under temperature
control) are used as boundary conditions to analyze the surface
shape accuracy of the mirror.

When the aerial photoelectric payload is imaged externally,
the direction of the observation scene changes over time. The
direction of acceleration that the mirror receives when it oper-
ates also constantly varies. Therefore, it is necessary to analyze
the shape accuracy of the mirror in each direction. The optical
axis direction of the model was in the z direction. Through
finite element analysis, the displacement of all the nodes on
the surface of the mirror was determined. Additionally, the
initial coordinates and displacement of the mirror surface were
input into Matlab software to fit the surface displacement of the
mirror. The shape accuracy of the central single-point support
mirror under maximum temperature change and maximum
acceleration is shown in Fig. 7, where the directions of maxi-
mum acceleration are in the X, Y, and Z directions. The first four
Zernike items Z1, Z2, 73, and Z4 were deleted, where Z1, Z2,
73, and Z4 refer to offset, tilt A, tilt B, and defocus, respectively.
These terms for aspheric mirrors can be corrected during the
optical system installation and adjustment process, and they
are usually removed from the simulation results [28]. The Z
direction is the direction in which the surface shape changes the
most, and the rmsvalue is 9.00 nm.

3. Modal Analysis

The fundamental frequency of the mirror component not only
determines the stability of the mirror after assembly, but also
affects the stability of the SPDT process. To ensure sufficient
rigidity, the fundamental frequency of the mirror assembly was
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Fig.7.

Shape accuracy of the mirror under the action of gravity.
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not less than 200 Hz. The natural frequency vibration mode
of the main mirror assembly is shown in Fig. 8. The first-order
mode of the mirror assembly is twisted around the X axis, and
the natural frequency is 305.8 Hz. Through finite element
analysis, it can be preliminarily determined that the flexible sup-
port structure of the mirror assembly meets the rigidity design
requirements.

D. SPDT Fixture Design

To satisfy the stability of the mirror during processing and elimi-
nate the assembly stress, the SPDT fixture scheme was designed,
as shown in Fig. 9. The following measures were taken to ensure
optical processing of the mirror.

First, the mirror was connected to mirror fixture 1 through
a tripod support structure. Because the tripod support struc-
ture had a certain degree of flexibility, it could reduce the stress
impact caused by installation.

After the mirror had been installed on fixture 1, it was con-
nected to the SPDT machine through fixture 2. The force
transmission path was lengthened to avoid the influence of
the vacuum suction of the SPDT machine on the shape of the
mirror.

To ensure the stability of the mirror during processing, two
layers of hot-melt adhesive were evenly coated on the periphery
of the mirror. The gap between the edge of the mirror and the
fixtures was less than 0.5 mm, ensuring that the hot-melt glue
would not flow to the side of the mirror.
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Fig.8. First-order mode shape of mirror.
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Fig.9. Mirrorassembly scheme under SPDT.

Vol. 61, No. 9 /20 March 2022 / Applied Optics 2203

E. Preparation and Testing of Additively
Manufactured Mirrors

The additively manufactured mirror was fabricated by selec-
tive laser melting (SLM) using M290 equipment, which was
equipped with a YB-fiber laser with a 400 W laser power. The
laser scanning speed and laser spot size are 1050 mm/s and
0.09 mm, respectively, and the scan spacing is set to 0.07 mm.
To reduce the residual stress, the interlayer alternate scan-
ning mode is adopted, and the phase angle is selected as 67°.
The additively manufactured mirror substrate is illustrated in
Fig. 10. In the SLM process, to ensure that the mirror surface
had a high density, the mirror surface was oriented downward.
The mirror is formed horizontally without adding auxiliary
support structures. The mirror was removed from the substrate
through a wire-cutting process.

The 3D printed components always possess high inner stress,
which affects the stability of the mirror surface accuracy. To
eliminate the internal stress of the additively manufactured mir-
ror, heat treatment and finishing were subsequently initiated.
The heat treatment method has six steps:

(1) Hotisostatic pressing (HIP). The processing temperature is
510°C =+ 5°C, the pressure range is 102 & 2 MPa, and the
hold time is 2 h. After HIP, additive manufacturing of metal
mirrors can increase their density [38].

(2) Solution treating. The mirror is placed at 530°C and main-
tained for 2 h.

(3) Quenching. After solution treating, the mirror is quenched
in water within 10s.

(4) Uphill quench. The mirror is placed in liquid N2 for
30 min. Subsequently, the mirror is submerged in boiling
water. Uphill quench is used to balance the residual stress
generated during the solid solution treatment.

(5) Age hardening. Finally, the mirror is aged at 177 +5°C,
and kept for 8 h. Age hardening is required in the
subsequent processing.

(6) Thermal cycle treatment. After finishing, a heat cycle treat-
ment is done three times. The temperature range is between
—190°C and +160°C, and the temperature change rate
does not exceed 2°C/min.

The mirror after finishing is shown in Fig. 10(b). The mount-
ing surface of the support structure was grounded.

To show the lightweight structure of the mirror more clearly,
the back of the spare mirror (another one being fabricated simul-
taneously) was machined to expose the internal lattice structure,
as shown in Fig. 11. The internal lattice support structure was

@ ®)

Fig.10.  Preparation of additively manufactured mirror: (a) as-built
state and (b) after finishing.
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evenly arranged. The supporting structure was of good quality,
and the surface was relatively smooth, without obvious defects.
Therefore, the lattice support structure was an ideal internal
lightweight structure with low weight and good processing
quality.

The tripod flexible support structure of the mirror was also
prepared by SLM, as shown in Fig. 12. As the tripod flexure
structure is partially suspended, auxiliary support structures
must be added. The auxiliary support structures are an array
of support columns that are thinner on both sides and thicker
in the middle, which can be easily removed. All surfaces of the
flexible support structure of the mirror were polished to ensure
smoothness and the presence of no burrs. The mounting surface
had to be ground precisely to ensure that the shape of the mirror
did not change after installation. The flatness of the mount-
ing surface was better than 2 um. The mirror flexible support
structure was installed on the mirror support. The flatness of the
installation surface of the mirror support was better than 2 pm,
ensuring that the maximum cumulative error of the assembly
after the installation of the mirror was 4 pm.

After heat treatment, the additively manufactured mirror
and flexible support structure were assembled with the fixtures.
Then, SDPT was performed. To obtain the ideal surface shape,
the turning tool trajectory was compensated during the machin-
ing process, as shown in Fig. 13. After the SPDT of the mirror,
the surface shape of the mirror was tested.

@ o)

Fig. 11.  Lightweight structure of additively manufactured mirror:
(a) internal lightweight structure and (b) lattice rod structure.

® ©

Flexible support structure: (a) design model (b) as-built
state, and (c) after finishing.

Fig. 12.
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(b)
Fig. 13.  Processing of additively manufactured mirror: (a) during
SPDT and (b) after SPDT.

(b)

Fig.14. Mirror test: (a) test equipmentand (b) surface accuracy.

A Zygo laser interferometer was used to detect the accuracy of
the mirror surface. After the interferometer beam was emitted
from the laser, the beam was expanded and collimated. Then,
the beams were split by the internal beam splitter, and the two
beams of light passed through the fixed mirror inside the inter-
ferometer and the external mirror to be tested. The reflected
light beams from the two locations converged on the beam
splitter to produce interference fringes.

A commonly used detection method for concave parabolic
mirrors is to combine an interferometer with an optical plane
mirror and to install an F1 spherical lens on the Zygo laser inter-
ferometer. The exit beam exits at the focal point of the parabolic
mirror. It is reflected on the parabolic mirror to be detected and
becomes parallel light, which is perpendicular to the reference
plane mirror. It then reflects back to the parabolic mirror and
finally enters the interferometer to form interference fringes.
The testing equipment is illustrated in Fig. 14.

The surface accuracies of the mirrors in different states are
listed in Table 3. After the mirror was disassembled from the
fixtures, the surface shape accuracy underwent some changes;
however, it was within the allowable range. After the mirror was
assembled into the optical system, there was a scant difference in
the surface shape accuracy of the bare mirror. The surface shape
accuracy was 0.0694 (RMS). The effectiveness of the optical
processing fixtures and supporting structure of the mirror was
demonstrated.

Table 3. Comparative Summary of the Surface
Quality at Different Steps

Process Step 14" rms Power
After SPDT 0.460A 0.0621 0.158x
After disassembly 0.5271 0.0721 0.521x
from fixtures

After assembly in 0.5301 0.0691 0.539A

optical system
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X Profile(23.277um)
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Fig.15. Surface roughness measurements.

Fig.16. Additively manufactured mirror.

The surface roughness measurement is crucial to evaluate the
surface properties; in addition, the surface roughness of a mirror
has a direct impact on the scattered light. Additively manufac-
tured metal mirrors were subjected to 3D surface roughness
measurements. The noncontact measurement method of white
light interferometry was used for testing. The equipment used
was ContourGT-X (Bruker, Billerica, MA, USA), and the mea-
surement range of the equipment was 60 um X 45 um. The
surface test result is shown in Fig. 15. The surface roughness
(Ra) of the additively manufactured metal mirroris 8.125 nm.

The finished highly lightweight additively manufactured
mirror is shown in Fig. 16. The successful preparation of the
aspheric mirror clarifies the manufacturing process of the addi-
tively manufactured mirror to achieve a light weight. It is an
effective method to prepare lightweight mirrors.

4. CONCLUSIONS

This paper summarized the design process for lightweight addi-
tively manufactured mirrors and presented an analysis of the key
design elements. A typical additive manufacturing lightweight
structure for aspheric mirror preparation was realized. An
octahedral body-centered cubic cell lightweight structure was
selected, which achieved a weight reduction rate of 69.87%.
The tripod supporting structure was reasonably set up, and the
ideal surface shape was achieved through optical processing;
the surface shape accuracy was 0.069A (rms). The Ra of the
additively manufactured metal mirror was 8.125 nm. Metal
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mitrors constitute an innovative direction for additive manu-
facturing to prepare optical components. This study verified
the feasibility of additively manufactured mirrors and lays the
foundation for further research on high-precision additively
manufactured mirrors. Related methods can be used to prepare
mirrors in aerospace optoelectronic payload optical systems.
Manufacturing large-diameter metal mirrors has always been a
challenge. However, the research theories and results related to
this study can be extended to the preparation of such mirrors.
The light weight and high rigidity of additive manufacturing

metal mirrors make them an advantageous choice.
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