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A B S T R A C T

Magnetorheological finishing (MRF) fabrication can effectively facilitate a rapid fabrication of an aspherical 2m
reaction-bonded silicon carbide mirror. The dwell-time algorithm and tool path supported tool-mark mitigation
and virtual-axis employment are analyzed. A rapid-fabrication strategy alternates MRF and a large polishing lap
to converge surface error profile before MRF alone is used to high-precise finishing. In the alternate-use process,
large polishing lap’s dwell time map for low-order space frequency is calculated before MRF’s for high-order one,
but executed later in reality. The fabricated mirror with a silicon modification layer showed accuracy con-
vergence from 0.098 λ rms to 0.019 λ rms at 84.6 h, demonstrating the strategy’s validity for large optical-sur-
face processing.

Introduction

Rapidly developing high-resolution modern optical technology has
required increasing the primary-mirror apertures in large optical-tele-
scope systems. Some of the large mirrors are monolithic, including
Large Binocular Telescope (LBT)’s 8.4 m primary mirror [1], Very Large
Telescope (VLT)’s 8.2m primary mirror [2], Subaru Telescope’s 8.2m
primary mirror [3], Gemini south/north telescope’s 8.1 m primary
mirror [4], Multiple Mirror Telescope’s 6.5m primary mirror [5], Hale
Telescope’s 5.08m primary mirror [6], Southern Astrophysical Re-
search (SOAR) telescope’s 4.1 m primary mirror [7], Space Surveillance
Telescope (SST)’s 3.5m primary mirror [8], Hubble Space Telescope’s
2.4 m primary mirror [9] and other many monolithic large mirrors.
Some of the large mirrors are segmented, including the typical Eur-
opean Extremely Large Telescope (E-ELT)’s 39.3 m primary mirror
segmented by 798 hexagonal 1.4m mirrors [10], Thirty Meter Tele-
scope (TMT)’s 30m primary mirror segmented by 492 hexagonal 1.4m
off-axis aspherics [11], Giant Magellan Telescope (GMT)’s 24.5m pri-
mary mirror segmented by seven 8.4m diameter mirrors [12], Keck
Telescope’s 10m primary mirror segmented by thirty-six 1.8m mirrors
[13], James Webb Space Telescope (JWST)’s 6.5m primary mirror
segmented by eight-teen mirrors [14] and so on.

The materials of most of the large mirror mentioned above are
mainly Zerodur, ULE or Borosilicate [15–17]. But Silicon carbide (SiC)

has been judged one of the best materials available for space-borne
optical mirrors because of its outstanding thermal and mechanical
properties [18,19]. As an example, SiC is used as the material of the
3.5 m primary mirror of Herschel Space Observatory [18]. Reaction-
bonded SiC (RB-SiC) as one kind of SiC material, which is easily con-
figured for large apertures, requires a silicon-modification-layer coating
because the roughness of the two-phase RB-SiC surface complicates
production of a highly polished surface. Fabrication difficulties arising
with large-aperture light-weight RB-SiC aspherical mirrors include
canceling quilting errors, achieving high-precision surface profiles, and
lowering the time and cost of fabrication. The typical sub-aperture
fabricating methods include Computer Controlled Optical Surfacing
(CCOS) [20], Stressed Lap (SL) [21], active lap polishing [22], Mag-
netorheological Finishing (MRF) [23], Ion Beam Figuring (IBF) [24]
and so on. With such techniques used, small and medium size SiC
mirrors are fabricated well today. However, fabrication of large aper-
ture SiC mirror or extremely large SiC mirrors, are rarely reported.

Decreases in the determinacy of fabrication of large-aperture as-
pherical mirrors that follow the measurement of the accuracy of the
surface-error profile to λ/10 (λ = 632.8 nm) would be achieved with
conventional polishing processes using such materials as pitch or
polyurethane pads because of variations in pad material, polishing
abrasive, slurry properties, temperature, equipment type, and setup
[25]. Thus, fabrication typically enters a highly iterative, low-
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convergence process of testing and polishing. Further, this polishing
process, which depends on the application of normal forces, can easily
cause mechanical defects in lightweight mirrors constructed with a
honeycomb-core structure. These defects may take the form of quilting
errors on the mirror’s optical surface [26].

Magnetorheological (MR) finishing (MRF) is a typical, deterministic
sub-aperture figuring and polishing technology [27–30]. Its polishing
tool conforms well to the optical surface and presents no mismatch
problems between the tool and parts. The circulating MR fluid ensures
that the MRF’s polishing tool incurs no wear and leads to MRF ex-
hibiting a stable removal function (influence function) during the pol-
ishing process. This performance maintains the high convergence effi-
ciency of the optical-surface error. Further, the advantages of MRF also
include subsurface damage reductions and fine surface roughness. QED,
having done an excellent job in MRF, built a large MRF machine called
Q22-2000F that owns a 2.5 m mirror fabrication capability [26]. A team
from National University of Defense Technology in China built a 2m
MRF machine as well [31]. But large mirrors, especially SiC mirrors up
to or large than 2m size, were rarely reported publicly fabricated by
MRF. MRF presents challenges that must be overcome before it can be
used to polish a lightweight 2m RB-SiC aspherical mirror.

This paper presents the rapid convergence of a lightweight 2m RB-
SiC aspherical mirror’s surface error at the beginning of λ/10 root mean
square (rms). The use of the dwell-time algorithm and tool path to
mitigate tool marks and employment of the virtual axis are discussed.
Then, a rapid-fabrication strategy is followed to fabricate an aspherical
2 m mirror. Finally, the project-used 2m RB-SiC mirror with a silicon
modification layer is fabricated to demonstrate the utility of this tech-
nique.

Experimental setup

Five-axis computer numerical control machine

The working wheel of the MRF module has a diameter of 360mm
with a permanent magnet. Fig. 1 shows its main components: cycle
system, nozzle, permanent magnet, working wheel, recycle device, and
other electrical control systems. The parameters in the cycle system that
require controlled stability are viscosity, temperature, and flow of the
MR fluid.

The base computer numerical control (CNC) machine includes three
linear axes—X, Y, and Z—and two rotational axes—A and C. The ar-
rangement of these axes is shown in Fig. 1(b). Axis A rotates around
axis X, and axis C, representing the working table, rotates around axis Z.
The rotational axes of an MRF wheel or a conventional polishing pad
can be added to this base CNC machine. The maximum diameter of
producible mirrors is 2.5 m

Dwell-time algorithm

MRF inherits its basic subaperture-polishing characteristics from the
general computer-controlled optical-surfacing (CCOS) system [32,33].
The dwell-time algorithm is based on the principle that the desired
amount of optical material to be removed is determined by a con-
volution operation of the dwell time and removal function

= ∗∗E x y r x y T x y( , ) ( , ) ( , ) (1)

where E(x,y) is the distribution of the desired amount of material to be
removed from the optical surface, r(x,y) is the removal function or in-
fluence function, T(x,y) is the dwell-time distribution at the dwell
points on the tool path, and ** indicates the algebraic expression for a
two-dimensional convolution operation. Directly treating the convolu-
tion in MRF using Eq. (1) is difficult. For example, the angle of the D-
shape MRF removal function relative to a certain coordinate axis is
variable when the MRF polishing tool dwells at different points on the
spiral polishing path. The conventional deconvolution methods for
circular symmetrical removal functions—the Fourier transform and
iterative convolution strategy—are not applicable to this situation in
MRF.

The linear matrix equation

=
⩾
>{Rt e σ

σ
, t

0 (2)

can be transferred from the convolution operation to solve the
dwell-time distribution in MRF by considering the subaperture figuring
process [34,35]. This expression includes several values: R is the matrix
related to the removal function, data points on the initial surface-error
profile, and dwell points on the tool path; e is the row vector presenting
the initial surface-error map on the optical surface; t is the row vector
presenting the period of dwell time distributed at different dwell points;
and σ is the positive constraint on the dwell time.

Eq. (2) is a typical algebraic linear-inverse problem with a positive
constraint. One valid method for solving this equation uses the positive
dwell-time algorithm in [36]. This algorithm is fast enough to obtain
the dwell-time distribution of the 2m mirror by MRF with highly ac-
curate determinations of the residual surface error.

This dwell-time computing strategy based on the linear-matrix
conduct operation rather than the convolution offers many advantages.
It may be applied to almost any type of path over which the MRF
polishing tool scans, and the space density of the dwell points or sur-
face-error-map points can be set to any desired value. Moreover, this
strategy provides the possibility that variant removal functions or dif-
ferent types of scanning paths may be used in the same fabricating
process.

Fig. 1. MRF device. (a) Component nomenclature and arrangement. (b) MRF working wheel.
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Tool path

The fabrication process for a 2m aspherical surface employs the
usual raster path. However, MRF requires the consideration of two
factors: tool-mark errors on the large-aperture optical surface and the
attitude control of the MRF’s polishing tool in the CNC machine.

Mitigation of tool marks

Tool-mark errors are always present in subaperture polishing tech-
nologies. The tool marks from MRF are more obvious on the optical
surface because MRF is a deterministic polishing technology. Tool
marks are related to several parameters in the polishing process, in-
cluding the distribution of the removal function, depth of removal
material, and tool-path step size [37–39]. We found that an important
parameter, the scanning direction of the MRF removal function, cannot
be ignored.

Fig. 2(a) shows a typical removal function of MRF. The removed
material is Si. The rotating speed of the wheel is 60 r/min. The pol-
ishing distance, that is the gap between the working wheel and the
mirror, is 2 mm. The polishing powder is diamond with 1 μm diameter.
The temperature of magnetorheological fluid is set to 20 °C. The re-
moval rate distribution of the MRF removal function, unlike removal
functions from ion-beam figuring or other technologies that show cir-
cular symmetry, differs in the X and Y directions. These two scanning
directions of the removal function on the tool path are shown in
Fig. 2(b) and (c).

These tool marks can be simulated on a uniform material-removal
layer of the optical surface. Fig. 3(a) and (b) show simulations in which
the thickness of the uniform material-removal layer was 1000 nm, and

the raster-path step size was 3mm. Then, the depths of the simulated
tool-mark errors were 50.33 nm and 8.21 nm for scans in the X and Y
directions, respectively. Therefore, MRF polishing of the 2m aspherical
RB-SiC mirror uses the scanning direction shown in Fig. 2(c) with a
3mm raster-path step size.

Virtual rotational axis

One attitude-control principle for the MRF process requires that the
normal direction of the outer surface of the MRF working wheel is
aligned with the normal direction of the local aspherical surface. This
principle is illustrated in Fig. 4(a) and (b). Even though the MR fluid
can be attached to a large region of the working wheel, its effective
working region depends on the area of the magnet field. In practice, as
Fig. 4(b) shows, the usual attitude control is oriented so that the di-
rection of line BA is collinear to the normal direction of the local optical
surface. That is, a CNC machine used for MRF needs at least two ro-
tational axes to determine a raster path on a curved surface. This re-
quirement increases the cost and complexity of using a CNC machine in
MRF. Obviously, the CNC machine illustrated in Fig. 1 does not possess
two rotational axes for the attitude control of an MRF working wheel
for manufacturing an aspherical 2 m mirror.

A virtual rotational axis is therefore used in the MRF process to
overcome the problem just described [40,41]. One may take into ac-
count the effective region of the magnet and the size of the removal
function by noting that any points in the area between arc CD on the
working wheel can replace point A as the point nearest to the optical
surface. Fig. 4(c) illustrates this arrangement and the area between arc
CD is the effective virual-axis working region. In this case, one of the
two rotational axes mentioned above is no longer necessary. Thus, the

Fig. 2. Removal function and its scanning directions along raster paths. (a) Removal function. (b) Scan along the X axis. (c) Scan along the Y axis.
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cost and complexity of the CNC machine used for MRF both decrease.
The use of the virtual rotational axis requires that the magnet is

designed and optimized to keep the removal function the same as be-
fore. This constraint then requires that the removal function should be
the same as that of point A no matter which point along arc CD in
Fig. 4(c) is used as the point nearest to the optical surface.

experimental mirror with material matching the material in the 2m
RB-SiC mirror. The results appear in Fig. 5(b). The placement of the 0°
value of θ shown in Fig. 4(a) determines that the point nearest to the
optical surface is point A. Then, the maximum angle of the virtual

rotational axis provided by the magnet field falls within± 15°. Fig. 5(c)
shows that the variations of the peak-to-valley (PV) and volume re-
moval rate of the removal function along the virtual rotational axis
remain near 3%. This performance is sufficiently stable to support
polishing aspherical large-aperture mirrors.

Figuring procedures

Using only one polishing or figuring technology to obtain high ac-
curacy of the surface profile at high material removal rates with low

Fig. 3. Simulation of tool marks for different scanning directions. (a) Scanning in the X direction. (b) Scanning in the Y direction.

Fig. 4. Attitude control of the MRF polishing tool. (a) Effective working region of the MR fluid on the wheel surface. (b) Attitude control along the real rotational axis.
(c) Attitude control along the virtual rotational axis.
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iterative-convergence processes is almost impossible in producing 2m
aspherical optics. This paper presents the introduction to the fabricating
process of both a large polishing lap as a conventional polishing process
and MRF. These additions to the proposed technique occur after the rms
of the 2m optical material was decreased to λ/10. First, the large
polishing lap and MRF were used alternately to produce highly accurate
polishing of the initial surface with some remaining error. Then, MRF
was used alone to converge the surface error to the desired level.

Alternate-use of large polishing lap and MRF

For the dwell-time map calculation in the alternate-use process that
produces dwell-time maps and predicts polishing results, the initial
surface-error map is separated initially into low-order and high-order
space frequency parts. The Zernike polynomial is employed to separate
the initial surface error according to space frequencies. Thus,

= +E E Elow highini (3)

and

∑= ×E C Z ,
N

i ilow
i (4)

where Eini is the initial surface-error map, Elow is the low-order space
frequency-error map fitted by the Zernike polynomial in Eq. (4), N is
the number of the Zernike polynomial, Ehigh represents the high-order
space frequency-error map, which is the residual part after the initial
surface error is fitted by the Zernike polynomial, and Ci is the poly-
nomial coefficient.

Fig. 5. Virtual rotational axis of the working wheel. (a) Magnetic field distribution. (b) Surface maps after 20 s for values of θ of −15°, 0°, and +15°, from left to
right, respectively. (c) Variations in PV and volume removal rate of the removal function.

Fig. 6. Flowchart of dwell-time map calculation in the alternate-use process.
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Fig. 6 shows that the large polishing lap is used first to correct low-
order space frequency-surface errors arising from the dwell-time map
calculation of the alternate-use process. Then, the residual surface error
from the large polishing lap and Ehigh are synthesized together. MRF, in
this approach will correct the synthesized error map virtually. The
dwell-time maps for the large polishing lap and MRF are both obtained
from the process depicted in the flowchart in Fig. 6. Even though the
dwell-time map of the large polishing lap is calculated first, the large
polishing lap is carried out after MRF in real fabrication. This ordering
takes into account the capacity of the large polishing lap to smooth out
tool marks of MRF as shown in the real alternate-use process outlined in
Fig. 7.

Final surface-error-correction with MRF

Fig. 7 shows that when the accuracy of the surface-error map ap-
proaches ε1, which usually falls in the range of λ/30 to λ/40, the 2m

mirror enters the domain of the high-precision figuring process by using
MRF alone. In this stage, the large polishing lap is not readily available
to achieve higher accuracy by reducing the surface error because of its
low determinacy in the polishing process. MRF, however, retains a high
convergence rate. Moreover, the amount of residual removal material
in this stage is small, yielding weak tool-mark errors from MRF.
Therefore, MRF can provide effective convergence of the surface error
to higher accuracy ε2 through a low-iterative process with weak tool-
mark errors.

Results and discussion

The mirror examined in this research project had a diameter of
2040mm and was composed of a silicon modification layer on an RB-
SiC substrate. This parabolic mirror had a clear aperture with a dia-
meter of 2000mm. The lightweight, honeycomb-core structure is illu-
strated in Fig. 8(a) [42,43]. Some of the basic process parameters for
MRF and large polishing lap are shown in Tables 1 and 2.

After several iterative operations to perform testing and polishing
on the silicon modification layer, the surface-error map mainly dis-
played quilting errors with rms 0.098 λ, as shown in Fig. 8(b). The
presence of quilting errors is attributable to the dependence of a con-
ventional polishing lap on a high normal pressure that causes me-
chanical defects in the mirror during its polishing. Fig. 8(b) presents the
initial surface-error map and is the starting point for this paper’s ap-
proach to the whole polishing or figuring process.

First, MRF was used to converge the initial surface-error map gra-
dually to avoid risk to the 2m mirror used in the project. This also
permitted adjustments to the rate of the removal function for the next
iterative process that followed the precorrection results of the surface-
error map. Fig. 8(c) shows the 20 h real-fabrication process of the 2m
mirror by MRF, and Fig. 8(d) shows the result of this precorrection
process. The rms of the surface error converged from 0.098 λ to
0.079 λwithout the aspherical distortion correction in the optical me-
trology. The accuracy of the surface error obviously decreased to a
small extent, which proves that MRF is capable of correcting the surface
error of a 2m mirror.

Next, the alternate-use of the large polishing lap with a diameter of
300mm and MRF with the removal function sized to 16mm×35mm
was introduced. The step sizes of the path for MRF and the large pol-
ishing lap were 3mm and 50mm respectively. Fig. 7 presents the
flowchart of the dwell-time map calculation process. The rms of the
precorrection result shown in Fig. 8(d) was 0.077 λ after the aspherical
distortion correction depicted in Fig. 9(a). Then, the surface-error-map
separation was conducted using the first 36 terms of the Zernike
polynomial. The low-order and high-order space-frequency surface-
error maps are shown in Fig. 9(b) and (c), respectively. Then, in the
dwell-time map calculation process, the low-order space-frequency
surface-error map was converged using the large polishing lap; the re-
sult of this operation appears in Fig. 9(d). Here, the rms was
0.017 λ after polishing for 5.0 h. The synthesized surface-error map, as
shown in Fig. 9(e), used data from Fig. 9(c) and (d). Finally, Fig. 9(f)
presents the synthesized surface-error map figured by MRF through the
virtual process of alternate-use of the large polishing lap and MRF.
Although the virtual residual error can be calculated with higher ac-
curacy than 0.014 λ rms by the dwell-time algorithm described in
Section “Dwell-Time Algorithm”, the total dwell time of MRF was kept
to 41.3 h. The 0.014 λ rms demonstrated in this approach exceeded
practical engineering requirements.

The real fabrication process that alternately uses the large polishing
lap and MRF is shown in Fig. 7. Here, MRF is used first because the tool
marks from MRF can be eliminated by the large polishing lap. The re-
sult of the process of alternate-use appears in Fig. 9(g) and (h); here, the
rms values were 0.031 λ and 0.029 λ before and after the aspherical
distortion correction, respectively.

Finally, the 2m mirror was figured only by MRF, as shown in Fig. 8.

Fig. 7. Flowchart of the real fabrication process.
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Fig. 8. 2m mirror precorrection process. (a) Lightweight mirror structure. (b) Surface-error map after conventional polishing lap operation. (c) 2 m mirror polished
by MRF. (d) Residual-error map after precorrection process with MRF.

Table 1
Basic process parameters used for MRF.

Parameter Magnitude unit

Rotating speed of the wheel 60 r/min
Maximum magnetic intensity 5000 Gs
Polishing distance 2 mm
Diamond powder diameter 1 μm
Temperature 20 °C
Feed step 3 mm
Removal function size 16×35 mm

Table 2
Basic process parameters used for large polishing lap.

Parameter Magnitude unit

Rotating speed of the lap 200 r/min
Cerium powder diameter 3 μm
Temperature 23 °C
Feed step 50 mm
Lap diameter 300 mm

L. Li et al. Results in Physics 10 (2018) 903–912
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Fig. 9. Results from alternate-use of the large polishing lap and MRF. (a) Residual-error map after precorrection process with MRF, aspherical distortion correction
applied. (b) Surface-error map of the low-order space frequency. (c) Surface-error map of the high-order space frequency. (d) Virtual residual-error map from the
large polishing lap operation (e) Synthesized surface-error map for the dwell-time map calculation process. (f) Final virtual residual-surface-error map for MRF. (g)
Final real surface-error map before the aspherical distortion correction. (h) Final real surface-error map after aspherical distortion correction.
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In this process, the desired amount of material removal became small,
and the rms of the initial surface-error map was 0.029 λ, as shown in
Fig. 9(h). Then, the corresponding rms of the virtual residual-surface-
error map was 0.011 λ, as shown in Fig. 10(a). The final rms of the real
surface-error map after performing MRF alone for 18.3 h was 0.019 λ,
as shown in Fig. 10(b). The corresponding surface-error map with as-
pherical distortion correction was 0.018 λ, as shown in Fig. 10(c).
Further, the fringe map of the final surface-error map of this 2m SiC
mirror appears in Fig. 10(d).

In this section, the whole polishing and figuring process for the 2m
aspherical mirror is presented. Starting with 0.098 λ rms of the initial
surface error, it ended with 0.019 λ rms of the final surface error by
three iterative processes of testing and polishing. The total elapsed time
for polishing is 84.6 h as shown in Table 3.

In the second iterative process, by separating the surface error into
high and low-order space frequency, large polishing lap’s dwell time
map for low-order space frequency is calculated before MRF’s for high-
order one, but executed later in reality. This strategy speeds up and

promotes the convergence of the surface error of the 2m mirror. The
total elapsed polishing or figuring time of this process is 46.3 h in-
cluding a 5.0 h large polishing lap and 79.6 h of MRF. In fact, if only
large polishing lap was used to this process, the total elapsed time
would be longer for the large polishing lap is hardly to figure relatively
high-order space frequency whose space period is smaller than the size
of the lap. Correspondingly if only MRF was used, the total elapsed time
would be longer as well, because the rate of the MRF’s removal rate is
lower than large polishing lap who is suitable to low-order space fre-
quency. Furthermore, in this process the tool marks error are also taken
into account seriously, which leads that large polishing lap’s dwell time
calculated earlier but executed later. Therefore, alternate use of the
MRF and large polishing lap in this process is an optimized strategy.

In the third iterative process, only MRF is used to figure the surface
error of the 2m mirror. Just 18.3 h is taken to converge the surface
error from 0.031 λ rms to 0.019 λ rms. In this process, the determinacy
of MRF is made full use of, although MRF’s rate of material removal is
lower than large polishing lap’s. Therefore, while the desired amount of
material removal became small and low order space frequency of sur-
face error map does not dominate, Only using MRF can reach a goal to
fast converge the surface error.

Conclusions

Obtaining high-accuracy large-aperture optics is a great challenge
for modern optical-fabrication technology. MRF, a typical subaperture
optical-surfacing technology, was used here to fabricate a 2m RB-SiC
mirror. A rapid fabrication strategy for this 2m mirror was devised
using the proper dwell-time algorithm, a good tool path to mitigate tool
marks, and the system’s virtual axis.

Fig. 10. Final surface error for the 2m mirror prepared using only MRF. (a) Final virtual surface-error map. (b) Final real surface-error map. (c) Final real surface-
error map after aspherical distortion correction. (d) Fringe map of the mirror surface following final MRF.

Table 3
presents the final data for the high-precision polishing and figuring process for
this 2m aspherical mirror.

Map Accuracy rms (λ)

Technology Starting
Surface Map

Virtual
Surface Error

Real Surface
Error

Elapsed Time
(h)

1 MRF 0.098 0.068 0.079 20
2 Lap+MRF 0.079 0.014 0.031 5.0+ 41.3
3 MRF 0.031 0.011 0.019 18.3
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In this strategy, large polishing lap’s dwell time map for low-order
space frequency is calculated before MRF’s for high-order one, but
executed later in reality. When the accuracy of the surface-error map is
up to high levels, MRF was used alone to provide careful and high-
precision figuring of the surface-error map.

A 2m RB-SiC mirror with a silicon modification layer was fabricated
to demonstrate the validity of this technique. The starting 0.098 λ rms
of the initial surface-error map was converged to 0.019 λ . The total
elapsed time was only 84.6 h, which included a 5.0 h large polishing lap
and a 79.6 h MRF. Several points of conclusions follow.

a. MRF plays a crucial role in the fast convergence of the 2m surface-
error map from the starting point below λ/10 rms to λ/50 rms. Such
a rate of convergence meets the requirements of a practical project.

b. The fabricating determinacy, which compares the real and virtual
surface-error convergence rates, is between 60% and 75%, although
the large polishing lap was used.

c. The large polishing lap, conducted after MRF in the process that
employed alternate-use, not only smoothes the optical surface to
reduce the tool marks from MRF but also converges the low-order
space-frequency surface-error map. It is beneficial for the fabrication
of a large-aperture optical surface.

d. This paper’s strategy merits trials with lower-accuracy stages. For
instance, this approach would remain valid if the rms of the initial
surface profile took values up to λ/5.

The experimental results indicate the validity of the strategy pre-
sented in this paper for the fabrication of 2m mirrors. The method and
technique developed in this paper could be applied to the preparation
of large optical surfaces.
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