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Abstract
In the grinding of aspherical optical surface, an arc-shaped diamond grinding wheel is generally employed, whereas its profile
errors greatly influence the form accuracy of ground workpiece. A high efficiency helical interpolation precision truing method
for the arc-shaped diamond grinding wheel is proposed in this paper. Helical interpolation trajectory and decreasing interpolation
radius with the wear of a rotary truing wheel ensure a constant contact length and a uniform wear of the diamond grinding wheel
and truer. The mathematical models of tool setting errors and measurement error of truer diameter in the truing process were
established firstly. The prediction models considering the wear of truer are coincided well with the truing experiment results.
Based on the mathematical error models, an error compensation truing process was proposed. The profile accuracy of an arc-
shaped diamond grinding wheel was improved to 5 μm (PV) effectively by the error compensation truing process. An ellipsoidal
surface of a fused silica workpiece was ground by the well-trued diamond grinding wheel. A form error (in PV) below 4.5 μm
was obtained after precision grinding.

Keywords Aspheric lens . Ultra-precision grinding . Arc-shaped diamond grinding wheel . Form truing . Helical interpolation .

Error compensation

1 Introduction

From the lens of a surgical endoscope and the camera lens of a
mobile phone with a diameter of a few millimeters to the
mirror of a ground-based space telescope with a diameter of
several meters, aspheric lenses and mirrors with high form
accuracy and surface quality, which leading to correcting of
aberration and improving the image quality with fewer ele-
ments, have been widely used in advanced optical systems [1,

2]. Hard brittle materials such as optical glass and fine ce-
ramics are ideal materials for aspheric lenses and mirrors be-
cause of their high refractive index, high hardness, good
chemical stability, and corrosion resistance. Ultra-precision
grinding is an ideal process for precision machining of hard
brittle materials, which can give consideration to both of effi-
ciency and accuracy [3]. However, inevitable wear of a dia-
mond grinding wheel seriously affects the grinding accuracy
[4], so the envelope grinding became a popular method for
aspheric surface generation. Grinding points on the diamond
grinding wheel are constantly changed in envelope grinding,
which can effectively reduce the wear of the diamond grinding
wheel and improve the grinding accuracy [5, 6]. However,
there are various errors in the process of envelope grinding
including tool setting error, machine positioning error, dimen-
sional error, and profile error of a grinding wheel [7–9]. These
errors can be eliminated by introducing many error compen-
sation cycles in the grinding process, but it is very time con-
suming and may cost several days for a large aperture mirror
[10]. Profile error of a grinding wheel has the greatest influ-
ence on grinding accuracy, which will be directly duplicated
to the aspheric surface [11–13]. It can be removed by high
efficient precision truing of the grinding wheel, which will
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decrease compensation grinding cycles and increase machin-
ing efficiency dramatically. Therefore, it is necessary to find
an effective truing method with high precision for the arc-
shaped diamond grinding wheel.

In recent years, many researches focused on the precision
truing of the arc-shaped diamond grinding wheel. The cup
wheel was employed for truing arc-shaped grinding wheel
by generating method, but a series of complex equipment
were essential to achieve high accuracy [14]. A form truing
method applying mutual wear between the diamond grinding
wheel and GC stone was proposed [15]. Any required radius
of wheel arc profile and non-circular profile could be obtained
by this truingmethod, and truing devices were uncomplicated.
However, because of that, the GC stone in this method was
stationary, truing efficiencywas low, and wear of the GC stone
was serious. Then, an improved truing method was proposed,
in which a rotary GC truing wheel is employed instead of the
stationary GC stone [16]. The diamond grinding wheel was
trued by the circular interpolation movement between the di-
amond and truing wheel. This method had a better truing
efficiency and accuracy. However, the feed of the diamond
grinding wheel along the axis of the truing wheel was not
continuous in this method, which would leave grooves on
the surface of the truing wheel. Due to this feeding mode,
the abrasion of GC truing wheel during the circular interpola-
tion movement would reduce the truing accuracy. What is
more, errors existed in the truing process still need to be
studied.

A precision helical interpolation truing method for the arc-
shaped diamond grinding wheel is presented in this paper. The
relative movement path between diamond grinding wheel and
truing wheel is a helical line which can be performed by 3-axis
linkage NC interpolationmotion. The diamond grinding wheel
has a velocity component along the generatrix of the truing
wheel, which will improve the truing efficiency. The effects
of abrasion of the truing wheel during the circular interpolation
movement on the truing accuracy can be avoided by this feed-
ing mode, and the wear of the truing wheel is uniform. Tool
setting errors and the measurement error of truing wheel radius
are investigated firstly. Mathematical models are established to
predict the profile error after truing by considering the wear of
truer. The prediction models considering the wear of GC truing
wheel are coincided well with the truing experiment results.
What is more, an error compensation truing process is pro-
posed. At last, an ellipsoidal surface of the fused silica was
ground by the well-trued diamond grinding wheel.

2 Truing principle

The stationary stone truing method [15] and circular interpo-
lation method [16] are shown in Fig. 1a, b, respectively.
Grinding grooves exist on the surface of the truing wheel after

truing by these two feeding methods. During the stationary
stone truing method, the contact length between the grinding
wheel and truer increases with feeding in the depth direction,
which will cause increase of truing force and lead to degrade
of profile accuracy of grinding wheel. In the circular interpo-
lation truing, the contact length is constant, but the raster scan
interval must be very small to keep a small contact length,
which will lead to very low truing efficiency. Intermittent
contact between grinding wheel and dressing wheel in these
two methods will cause nonuniform wheel surface quality.

The helical interpolation truing method is shown in Fig. 2.
In this truing process, the diamond grinding wheel is tangent
to the truing wheel, and the diamond grinding wheel has a
helical interpolation movement along the truing wheel sur-
face. That means that the diamond grinding wheel has a cir-
cular interpolation movement in the y-z plane, and it has a
continuous and reciprocating feeding motion along the x-axis
synchronously. The movement path of the diamond grinding
wheel is shown in Fig. 2. The grinding wheel and truer keep
contact continuously and the contact length is constant, which
will lead to uniform wheel surface quality and high wheel
profile accuracy. The truing efficiency can be dramatically
improved by increasing the feed rate.

These two wheels have different rotational speeds, and the
profile of arc-shaped wheel will be achieved through the mu-
tual wear between grinding wheel and truing wheel. In this
paper, the process of a reciprocating helical interpolation
movement of the diamond grinding wheel is defined as one
truing cycle. After every truing cycle, the grindingwheel feeds
a depth of ap along the radius of the circular interpolation in
the y-z plane. In each truing cycle, every point on the surface
of the truing wheel takes part in the truing process, which thus
avoids the effect of the truing wheel wear on the truing accu-
racy in this cycle. The constant contact length between the
truer and grinding wheel arc keeps a constant truing force
during the whole process which also benefits the improvement
of truing accuracy.

The geometric relationship between the diamond grinding
wheel and the truing wheel is shown in Fig. 3. The radius of
the circular interpolation in the y-z plane, R, can be described
as Eq. 1.

R ¼ r þ r1 ð1Þ

where r is the expected radius of the wheel arc profile and r1 is
the initial radius of the truing wheel. The arc profile of grind-
ing wheel with any required radius can be obtained by chang-
ing the radius of the circular interpolation. The truing wheel
radius will be reduced ap after each truing cycle. Thus, the
radius of the circular interpolation after each truing cycle R′
may be calculated as follows,

R
0 ¼ R−ap ð2Þ
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where ap is the grinding depth of the diamond grinding wheel.
In the truing process, the two limiting positions of the contact
between the diamond grinding wheel and the truing wheel are
point a and point b. The distance between these two points,
B1, can be described as:

r
B
¼ r1

B1
ð3Þ

where B is the width of the diamond grinding wheel.
According to the geometric model in Fig. 3, the influence of
tool setting errors and measurement error of truer radius on the
profile error of grinding wheel arc are analyzed in the part 4 of
this paper.

3 Experimental

3.1 Design of experiments

The experimental process is shown in Fig. 4. Firstly, the ef-
fects of tool setting errors of z axis and y axis and the mea-
surement error of truing wheel radius on truing accuracy were
investigated, respectively. The mathematical models of these
three errors existed in truing process that was established to
predict the profile error after truing. Truing experiments were
conducted, and appointed errors were artificially introduced in
truing process. The experimental results were compared with
the predicted results in order to verify the accuracy of the
prediction models. Based on these mathematical models, an

Fig. 3 Geometric relation between the diamond grinding wheel and the
truing wheel

Fig. 1 Schematic of a stationary
stone truingmethod and b circular
interpolation truing method

Fig. 2 Schematic of the helical interpolation precision truing method
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error compensation method was proposed and error compen-
sation truing experiments were conducted. In the error com-
pensation experiments, the errors existed in truing process
were random and not intervened artificially. The profile errors
of the wheel arc profile and surface topographies of the dia-
mond grinding wheel were measured after truing. At last,
aspheric grinding experiments for the ellipsoidal surface of
fused silica were performed utilizing the well-trued diamond
grinding wheel.

3.2 Setup and parameters of experiments

The precision truing and aspherical grinding experiments
were performed on a 3-axis CNC ultra-precision grinder
NAS520-CNC, which is shown in Fig. 5, through 3-axis link-
age NC interpolation motion. The wheel arc profile was mea-
sured by the Keyence LK-G10 laser displacement sensor
while the grinding wheel was rotating, as shown in Fig. 6a.
The envelope curve of measured profile was used to represent
the profile of the diamond wheel in the grinding process.
Surface morphologies of the diamond grinding wheel were
measured by Keyence VK-X200, a confocal laser scanning
microscope(CLSM), as shown in Fig. 6b. After truing, surface

morphologies of the diamond grinding wheel were duplicated
by the vinyl polysiloxane impression. Then, the impression
was measured by the CLSM after duplication. Surface mor-
phologies of the diamond grinding wheel could be obtained
by reversing the height data.

The parameters of the diamond grinding wheel and truing
wheel used in the truing experiments are shown in Table 1.
180# (average grain size of 90 μm) GC (green silicon carbide)
truing wheel was chosen to be the truer for the 120# (average
grain size of 125 μm) diamond grinding wheel, because the
truing efficiency is the highest when the grain sizes of the
diamond grinding wheel and GC truing wheel are similar,
meanwhile smaller grains of the truing wheel will improve
truing accuracy. The truing parameters are shown in Table 2.

An ellipsoidal surface of the fused silica was then ground
by the well-trued 120# resinoid bond diamond grinding wheel
through the error compensation truing process we proposed.
The setup of grinding experiments is shown in Fig. 7. The
fused silica workpiece used was ground by parallel grinding
method. The detail information about grinding wheel, aspher-
ic workpiece, grinding conditions, and parameters is shown in
Table 3. The form error of the fused silica workpiece was
measured by scanning along the Z axis direction on-machine
with the laser displacement sensor before and after grinding.

4 Results and discussion

4.1 Analysis of errors in truing process

4.1.1 Analysis of the tool setting error of z axis

The relative position relationship between the grinding wheel
and the truing wheel in z axis is established through
conducting the lateral surface of grinding wheel to contact
with the edge of the lateral surface in truing wheel. In the tool
setting process of z axis, the possible error is that the diamond
deviates from the ideal position along the positive or negative
direction of z axis. If the diamond grinding wheel deviates to
the negative direction of z axis and the value of deviation isΔz,
the actual truing condition is shown in Fig. 8a. Due to the tool
setting error of z axis, the material removal volume of the left

Fig. 4 Schematic of experimental
process

Fig. 5 Setup of truing experiments
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side of wheel arc profile is larger than the ideal value; mean-
while, the material removal volume of the right side is smaller.
The corresponding central angle of these two parts is θ1 and
θ2, which can be described as Eq. 4 and Eq. 5.

θ1 ¼ α1−α2 ¼ sin−1
B=2
r

−sin−1
Δz=2
r1

ð4Þ

θ2 ¼ α1 þ α2 ¼ sin−1
B=2
r

þ sin−1
Δz=2
r1

ð5Þ

The normal deviation along the radius direction at point
P(x, y, z) which is on the actual diamond grinding wheel arc
profile is defined as ez(P). Supposing that the truing wheel is
not worn in the truing process, the law of deviation ez(P)
varying with z coordinates can be described as Eq. 6.

ez Pð Þ ¼ r1−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21 þ Δz2−2Δz

r1
r
Z−

B
2

� �s
ð6Þ

For example, when the tool setting error of z axis was set to
400 μm, profile error after truing was compared with the pre-
dicted error without considering truer wear in Fig. 8b. The
error prediction model expressed by Eq. 6 was established

by supposing that only material on the diamond grinding
wheel surface is removed, while the wear of the truing wheel
was ignored. Actually, the truing wheel and diamond grinding
wheel were worn at the same time. Hence, there was a dispar-
ity between the experimental and predicted result. According
to the experimental results, an abrasion correction factor was
introduced to the prediction model. Then, ez(P) can be de-
scribed as follows after correction,

ez Pð Þ ¼ t** r1−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21 þ Δz2−2Δz

r1
r
Z−

B
2

� �s !
ð7Þ

where t∗ is the abrasion correction factor.
The abrasion correction factor t∗ means the ratio of radial

wear of the diamond wheel and truing wheel during the truing
process. It is affected by many truing parameters, including
the feeding rate, the rotation speed, and the grain sizes of the
diamond wheel and truing wheel. Its value can be obtained by
measuring the radii reduction of the diamond grinding wheel
and the truing wheel after a truing process. According to the
experimental results, the value of t∗ is 0.22. As shown in Fig.
8b, the experimental results coincided well with the prediction
model after correction. And average deviation between them
was 1.926 μm, which may be caused by other unavoidable
errors existed in truing process, e.g., the positioning error of
machine tool. It can be seen that the shape of profile error
curve is approximated to a straight line when the tool setting
error of z axis exists. The material removal volume of the
grinding wheel profile decreases linearly alone the z direction.

Fig. 6 Measurement of a profile of wheel arc, b surface morphologies of wheel surface

Table 1 Parameters of the diamond grinding wheel and truing wheel

Parameters

Diamond grinding wheel Bond Resin bond

Grain size 125 μm

Diameter D = 205 mm

Width B = 12 mm

Radius of wheel arc profile r = 25 mm

GC truing wheel Grain size 90 μm

Length L = 25 mm

Radius r1=20 mm

Table 2 Truing parameters

Speed of the diamond
grinding wheel (rpm)

Speed of the truing
wheel (rpm)

Feed rate
(mm/min)

Depth of
cut (μm)

800 2000 240 2
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4.1.2 Analysis of the tool setting error of y axis

The relative position relationship between the grinding wheel
and truing wheel in y axis is established through conducting
the lowest point in the arc profile of the grinding wheel to
contact with the highest generatrix in truing wheel. The pos-
sible error in the tool setting process of y axis is that the
grinding wheel deviates from the ideal position along the neg-
ative direction of y axis. Figure 9a shows the actual truing
condition. Due to the tool setting error of y axis, the material
removal volume of wheel arc profile is larger than ideal value.
And the material removal volume gradually decreases from
the middle to the edge of wheel arc profile. The arc profile of
the diamond grinding wheel will be symmetrically after tru-
ing. If the value of deviation is Δy, the law of deviation ey(P)
varying with z coordinates can be described as Eq. 8.

ey Pð Þ ¼ r1−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21 þ Δy2−2Δy

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21−

r1
r
Z−

B
2

� �2
svuut ð8Þ

Consider with the abrasion correction factor, the law of
deviation ey(P) varying with z coordinates can be described as,

ey Pð Þ ¼ t** r1−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21 þ Δy2−2Δy

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21−

r1
r
Z−

B
2

� �2
svuut

0
B@

1
CA ð9Þ

where t∗ is 0.22.
When the y axis tool setting error was set to 450 μm, the

experimental results and prediction model of profile error after
truing are compared in Fig. 9b. The predicted error curve after
correction by abrasion correction factor and the experimental
curve were almost coincident, and average deviation between
them is 1.043 μm. It can be found that the error curve is
axisymmetric, and material removal volume of grinding
wheel gradually decreases from the middle to the edge of
wheel arc profile when tool setting error of y axis exists.

4.1.3 Measurement error of the truing wheel radius

Measured value of the truing wheel radius may be larger or
smaller than the actual value. According to Eq. 1, if the mea-

sured truing wheel radius is r
0
1 which is smaller than the actual

value, the radius of the circular interpolation R can be calcu-
lated as,

R ¼ r þ r
0
1 ¼ r þ r1−Δr ð10Þ

where Δr is the deviation between the measured truing wheel
radius and the actual value. What is more, in the process of
tool setting, appropriate deviation Δz and Δy will occur in the
direction of z and y axis due to the measurement error of the
truer radius.

Δz ¼ Δr ð11Þ

Δy ¼ Δr−r1 þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21−Δr

2
q

ð12Þ

Fig. 7 Setup of grinding experiments

Table 3 Grinding conditions and parameters

Items Parameters

Grinding wheel 120# resinoid diamond grinding wheel

Workpiece Material Fused silica

Length 150 mm

Width 70 mm

Thickness 50 mm

Aspheric equation z ¼ −r2

377:3þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
377:32−0:2�r2

p
Grinding method Parallel grinding, Axial-feed grinding

Depth of cut 5 μm, 1 μm

Speed of the diamond grinding wheel 1500 rpm

Feed speed 450 mm/min
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The actual truing condition is shown in Fig. 10a. Due to the
measurement error, the material removal volume of the left
side of wheel arc profile is smaller than ideal value; mean-
while, the material removal volume of the right side is larger.
The corresponding central angle of these two parts are identi-
cal. If the value of the measurement error is Δr, the law of
deviation er(P) varying with z coordinates can be described as
Eq. 13.

er Pð Þ ¼ r1−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r1
r
Z−

B
2
þ Δr

� �2

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r1−Δrð Þ2− r1

r
Z−

B
2

� �2
s

þ Δr−r1 þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21−Δr

2
q2

4
3
5
2

vuuut

ð13Þ

Considering the abrasion correction factor, the law of de-
viation er(P) can be described as,

er Pð Þ ¼ t** r1−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r1
r
Z−

B
2
þ Δr

� �2

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r1−Δrð Þ2− r1

r
Z−

B
2

� �2
s

þ Δr−r1 þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r21−Δr

2
q2

4
3
5
2

vuuut
0
B@

1
CA

ð14Þ
where t∗ is 0.22.

As shown in Fig. 10b, when the measurement error of the
truing wheel radius was 400 μm, profile error of the dia-
mond grinding wheel arc profile after truing is compared

with the predicted value. After correction of the predicted
error curve, average deviation between these two curves
was 2.706 μm. It can be seen that the slope of error curve
is gradually increasing when measurement error of the tru-
ing wheel radius exists.

4.2 Error compensation

According to the above analysis, due to the tool setting errors
and measurement error of the truing wheel’s radius, it is hard
to obtain a satisfactory form accuracy of wheel arc profile by a
single truing process. The higher form accuracy can be obtain-
ed through error compensation truing processes.

Based on the error prediction models, an error compensa-
tion method was proposed, as shown in Fig. 11. The type of
error that existed in truing process could be judged by the
truing error curve. Then, the compensation value could be
inversely calculated by the prediction models. According to
the calculated compensation value, the relative zero point of
coordinates or the interpolation radius in the CNC program
will be adjusted.

There may be a variety of errors at the same time in actual
truing process. To compensate the errors, they should be
decoupled through error analysis. Wheel profile error curves

Fig. 8 a Schematic of the actual
truing condition with tool setting
error of z axis. b Comparison
between prediction and
experimental profile error curves

Fig. 9 a Schematic of the actual
truing condition with tool setting
error of y axis. b Comparison
between prediction and
experimental profile error curves
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of difference stage of the error compensation truing experi-
ments are shown in Fig. 12. Figure 12a shows an error curve
after the first truing cycle. This curve is approximatively sinu-
soidal curve with a slope, which is out of accord with the
above three kinds of error curves. It can be considered that
there were two or more composite truing errors exist in the
truing process. In Fig. 12a, material removal volume in the
middle area of wheel arc profile gradually increases linearly.
According to the prediction model of tool setting error of z

axis, it can be judged that the tool setting error of z axis may
exist in the truing process. Therefore, least squares algorithm
is used to fit the error curve according to Eq. 7. Meanwhile,
the value of tool setting error of z axis existed in truing process
was resolved, which is 127 μm. It means that this part of error
can be removed by a compensation truing process after
adjusting the z axis reference point by 127 μm along the neg-
ative direction. The predicted residual error curve after this
compensation truing process is shown as the red curve in
Fig. 12b. According to the error compensation scheme, the
tool setting error of z axis was compensated in next truing
cycle.

The actual residual error curve after the second truing
cycle is shown as the black curve in Fig. 12b. It can be
seen that the red and the black error curves in Fig. 12b
show same trends, and the profile accuracy of grinding
wheel profile was improved, but further compensation
should be conducted. The actual residual error curve shows
that the material removal volume of the right side of wheel
arc profile gradually decreases, and the slope of error curve
is gradually increasing. This curve is similar with the pre-
diction model of measurement error of truing wheel radius,
so it can be partially removed by another compensation
truing process after setting a smaller radius of wheel arc.
Using the same fitting method mentioned in the compen-
sation of z axis setting error, the value of the measurement
error calculated based on Eq. 14 is about 59 μm. The
predicted error curve after truing with the compensation
of measurement error of the truing wheel is shown as the
red curve in Fig. 12c; it has been compensated in the next
truing cycle.

The actual residual error curve after the third truing cycle is
shown as the black curve in Fig. 12c. The profile error had
been improved dramatically after two compensation truing
cycles. The shape of this error curve is similar with the pre-
diction model of tool setting error of y axis. The tool setting
error of y axis was solved, which is about 263 μm, by fitting
the error curve based on Eq. 9. The predicted error curve after
truing with the compensation of this error is shown as the red

Fig. 10 a Schematic of the actual
truing condition with
measurement error. bComparison
between prediction and
experimental profile error curves

Fig. 11 Flow chart of error compensation scheme
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curve in Fig. 12d. The error was compensated in the next
truing process.

At last, profile error (in PV) of diamond grinding wheel
after compensation truing processes was reduced to 5 μm
from 19 μm of the first truing cycle, which is shown as the
black curve in Fig. 12d, and the error is well-distributed.

4.3 Surface morphology of the diamond grinding
wheel

The surface morphologies of the diamond grinding wheel re-
ceived frommanufacture are indicated in Fig. 13. As shown in
Fig. 13a, there were almost no abrasive grains protruding on
the surface of the diamond grinding wheel before truing. As
shown in Fig. 13b, a number of diamond grains are obviously
protruding from resinoid bond after truing. The diamond

grains are also well distributed on the wheel surface. The
comparison of wheel surface morphologies indicated that
good dressing results could also be obtained by the truing
method proposed in this paper.

4.4 Form error of ground aspheric surface

The fused silica workpiece with an ellipsoidal surface after
precision grinding is shown in Fig. 14a. The surface of the
fused silica before the precision grinding experiments was an
ellipsoidal surface generated by coarse grinding process.
Form error (in PV) of the fused silica section along the width
direction of the fused silica workpiece before precision
grinding was 15 μm, which is shown as the black curve in
Fig. 14b. After precision grinding with the grinding wheel
trued by the precision helical interpolation truing method

Fig. 12 Wheel profile error
curves at the different stages of
error compensation truing
experiment a after the first truing
cycle, b after the second truing
cycle, c after the third truing
cycle, and d after the fourth truing
cycle

Fig. 13 Surface morphologies of the diamond grinding wheel a before truing and b after truing
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and error compensation truing cycles, form error (in PV) of
the fused silica section in the same direction was reduced
70% to 4.5 μm. Therefore, the form accuracy was improved
dramatically by precision grinding with a well-trued grind-
ing wheel.

5 Conclusion

To improve the precision and efficiency of free form surface
generation of optical elements, the profile of arc-shaped dia-
mond grinding wheel was proposed to be processed precisely
and efficiently by the helical interpolation precision truing
method in this paper. The following conclusions can by
drawn.

(1) In the process of helical interpolation truing, there are
many error sources that lead to profile error of grinding
wheel, in which tool setting errors of z axis and y axis and
measurement error of the truing wheel radius have great
influence on the truing accuracy.

(2) Mathematical prediction models of these three errors are
established to reveal their effects on the profile error of
grinding wheel after truing. The predicted value and var-
iation trend of truing error, which was corrected by con-
sidering the wear of truer, coincide well with the exper-
iment results.

(3) Based on the profile error prediction models, an error
compensation truing process is proposed to obtain a high
truing accuracy. The profile error (PV) of wheel arc pro-
file after truing with error compensation can be reduced
to 5 μm, and it is well distributed.

(4) After aspheric grinding by the well-trued diamond grind-
ing wheel, PV form error of the fused silica section is
reduced from 15 to 4.5μm. The form accuracy of aspher-
ic surface increased 70% by precision truing of diamond
grinding wheel.
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