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In order to quickly measure the straightness parameters of the deep hole/blind hole axis, a robot for
measuring the straightness of the deep hole/blind hole axis based on the photoelectric prin-ciple is
designed. Using the linearity of the laser as a reference, the straightness of the inner hole can be detected
through the function that the PSD sensor can accurately locate the position of the energy center of the
light. By studying the relationship between the position of the light spot and the output voltage of the
PSD device, the measurement model of the straightness of the deep hole axis is derived. During the
measurement, the robot spiral driving mechanism moves back and forth inside the deep/blind hole, and
the automatic centeting mechanism realizes the precise positioning of the deep/blind hole axis. The
laser fixed on the axis of the automatic centering mechanism can illuminate the PSD target to obtain the
cutrent position data of the deep/blind hole axis. Use the least square median method to eliminate the
gross error of the obtained data, and the least square principle fitting can obtain the measurement results
of the current axis straightness. In order to ensure the measurement accuracy, the measuring robot is
calibrated by a standard ring gauge and used for the age of the pipe with an inner diameter of 135mm to
obtain an error accuracy of less than 0.05 mm for the axis.

Keywords: Deep/blind hole, Straightness, Photoelectric measurement, Self-centering device, Position sensitive
detector

1 Introduction

In modern industry, the deep/blind hole testing
technology of precision instruments is the important
factors that affect the quality of products. There are
deep holes (holes with a length-diameter ratio greater
than 5) or blind holes with different diameters in air-
craft, ships, petroleum equipment and large medical
devices. The detection technology of these holes di-
rectly affects the accuracy of the parts [1]. For deep
hole/blind hole, its axis straightness is the basis for
measuring other aperture parameters, and also the
main index that affects the machining accuracy and
performance of hole parts. At present, the inner diam-
eter measurement technology of small and medium-
sized hole parts is becoming more and more perfect.
However, the measurement of large internal diameter,
especially the internal diameter of large work pieces,
still adopts the direct contact measurement methods
such as the internal micrometer, the arm method, and
the inductive strain gauge [2]. The precision of the di-
rect contact measurement method is difficult to con-
trol, easy to be affected by human, and has poor sta-
bility. With the development of science and technol-
ogy, some scholars have proposed non-contact meas-
urement methods for deep hole diameter parameters.

Kyofu Matsuda of Japan proposed the laser holog-
raphy method, which uses a beam splitter to divide the
laser into two beams, one of which falls beam falls on
the holographic negative to form a target beam; after
passing through the scattering plate, the beam falls and
interferes with the front beam to form a hologram.
During measurement, the straightness error value is
obtained according to the change of interference
fringe [3]. Yu Daguo used ultrasonic and reverse
methods to measure the straightness of deep hole axis
[4]. Getler MW invented an optical hole axis straight-
ness indicator and successfully applied it to the field
of weapon manufacturing [5]. The barrel straightness
detection device proposed by Pont FDU is a detection
technology that combines the optical imaging princi-
ple with the spiral micrometer [6]. Matsuzaki et al. dis-
cussed the influence of different number of guide
block drills on the axis deflection of deep holes during
machining [7]. P. Schalk used the image detection
method to detect the straightness of the axis of the
deep hole online [8]. Dawit H. Endrias of Canadian
TS Technology Company proposed a method to ac-
curately evaluate the regional spatial straightness from
a set of coordinate measurement data points [9]. Akio
Katsuki of Kyushu University in Japan developed a la-
ser guidance device for drilling
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guidance based on the interference principle of hole
axis straightness detection [10]. Mindugas Jurevicius
of the Dimis University of Technology in Vilnius and
others have developed a device for accurately measur-
ing straightness using non-contact optical mechanical
methods [11]. The equipment calculates the straight-
ness of the measured hole through the phase differ-
ence of the two signals received by the equipment.
The straightness measurement of the axis of the deep-
hole parts above mainly includes optical method, im-
age method, ultrasonic detection method and other
methods. Generally, the existing measurement meth-
ods have been applied to the measurement of the
straightness of the axis of the deep hole/blind hole.
However, the existing measurement methods need a
large test space to arrange the equipment during the
test process, and their test instruments are cumber-
some and complex to operate, which cannot measure
the straightness of the axis of the deep hole/blind hole
parts quickly and accurately. Therefore, on the basis
of the existing axis straightness test methods, it is of
great significance to develop a small and precise auto-
matic test instrument for rapid measurement of deep
blind hole parts in complex environments.

In recent years, with the rapid development of sen-
sor technology and robot technology, a large number
of robots with different detection functions have
emerged [12-14]. This research is based on robot tech-
nology and photoelectric measuring principle, and a
high-precision blind hole straightness self-centering
measuring robot based on PSD (position sensitive de-
tector) is designed. The axial travel mechanism drives
the axis self-centering device to move along the axial
direction of the deep hole, and the laser emitted by the
laser transmitter at the end of the axis centering mech-
anism projects on the PSD detection surface target.
The signal processing system collects PSD spot posi-
tion signals to form a sample set of the center of the
cross section at different positions of the deep blind
hole. The spatial linear equation of the actual hole cen-
ter axis is obtained by data fitting, and the evaluation
of the deep blind hole axis is completed by using the
least square principle. The original contribution of this
research is to combine robot technology with photoe-
lectric measurement technology, and design an auto-
matic measuring robot for deep/blind hole axis, which
greatly reduces the layout environment of measuring
optical instruments, and can quickly obtain the
straightness parameters of part hole axis in a small
range. By placing the measuring robot inside the inner
hole of the deep hole to be measured, the sample set
of axes at different positions of the deep/blind hole
can be quickly obtained. The obtained data are fitted
to obtain the spatial linear equation of the actual hole
center axis, and the evaluation of the deep blind hole
axis is completed using the least square principle.

2 Materials and Methods
2.1 Measuring principle

Photoelectric measurement technology refers to a
physical phenomenon that light irradiates an object to
cause the conductivity of the irradiated material to
change. As a commonly used position sensitive device,
PSD divides a circular photosensitive panel into four
independent four-quadrant photodetectors [15] with
equal area, same shape, symmetrical position and iden-
tical performance. When light sources in different po-
sitions il-luminate PSD panel, the spot areas projected
on the four quadrants are different, and the voltage
signals generated are also different. The voltage signals
of each quadrant can be amplified and measured by
the signal conditioning circuit. That is, the offsets and
of the spot center in the and direction can be ob-
tained [16,21].

Fig. 1 is the working principle diagram of PSD de-
vice. When the light illuminates the panel, the offsets
and of the spot center in the and direction s are
proportional to the incident spot areas of the four
quadrants, which can be obtained by equation 1 and
equation 2.

Collimated light source
—_—

Signal
conditioning

_ -
—_—
circuit

Fig. 1Working principle diagram of photodetector
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Where:

V4, Vg, Ve and Vp... the signal voltages output by
each quadrant of the detector [V],

Sa, Sp, Sc and Sp... the spot areas of each quad-
rant of the detector [M?],

Ey; and Ey; ... the potential difference signal out-
put by the detector in the sum direction [V],

ky and k,, ... which are obtained by calibration,
Constants [].
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2.2 Design of measuring device

Based on the above photoelectric principle, the
structure of a high-precision self-centering measuring
robot for deep blind holes is shown in Fig. 2. It is
mainly composed of seven patts: a spiral axial

travelling mechanism I, an axis self-centering device
11, a laser emitting device I1I and a PSD position de-
tection panel IV, a PSD initial position zeroing device
V, a data acquisition system VI and an upper com-
puter processing system VII.

VoIl

Fig. 2 High-precision self-centering measuring robot for deep blind hole straightness

2.2.1 Spiral axial traveling mechanism

The structure of the axial traveling mechanism is
shown in Fig. 3, in which items 1-7 are lithium battery,
guide wheel, stepping motor, rotor, spiral wheel, wire,
Bluetooth module and control circuit.

6 7

Fig. 3 Structure diagram of spiral traveling mechanism

When travelling axially, the hexagonal prism rotor
4 is driven by the stepping motor 3 to rotate circum-
ferentially. Three groups of symmetrically arranged
wheel frames are installed on the outer wall of the ro-
tor, and two wheels are installed on each group of

wheel frames. The rotation axis of the wheels and the
axis of the rotor form a spiral angle (acute angle). The
outer wall of the right hollow hexagonal prism is also
provided with three groups of symmetrically arranged
guide wheel frames. Each group of guide wheel frames
is provided with two wheels, and the rotation axis of
the wheels is perpendicular to the axis of the hexago-
nal prism. The wheel frame on the rotor and the wheel
frame on the traveling wheel are floating bod-ies, and
springs are respectively used to generate certain radial
expansion and contraction, so that the wheels on the
rotor wheel frame and all the wheels on the guide
wheel frame are always attached to the inner wall of
the pipeline to adapt to the change of the diameter of
the pipeline within a certain range. Two parts of the
rotor and the traveling wheel are connected through a
shaft sleeve. When traveling, the controller, driver and
Bluetooth module installed in the travelling wheel
structure receive the control signal sent by the upper
computer to drive the motor to rotate and thus use the
spiral force to drive the device forward and backward.
[20, 22]

2.2.2 Axis self-centering device

The axis self-centering device consists of two-way
symmetrically distributed conical frus-tums 6 (with
one on each side), sliding rails 7 (three on the right and
three on the left) installed on the conical frustum and
evenly distributed at 120 degrees, a sliding block 5
matched with the sliding rails, a leveling block 4, a
fixed measuring rod 8, a replaceable measuring head
3, a built-in tension spring 10, a centering shaft 11, a
ball sleeve 10, an integral sleeve 2 of the fixed axis cen-
tering device, and a detachable right end cover 1.

During measurement, 6 replaceable probes contact
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with the cylinder wall. When the aper-ture becomes
smaller, the probes drive the slider to squeeze the slide
rail connected to the coni-cal frustum under the action
of radial force and move to the middle along the aper-
ture axis. At this time, the spring in the middle of the
conical frustum is pressed. When the axial pressure
and radial decomposition of the spring are balanced in
the axial force component, the system tends to be sta-
ble, so that the local axial position of the current meas-
ured aperture can be accurately determined by the ax-
ial centering device. On the contrary, the spring ex-
pands and contracts, pushing the conical frustum to
slide to both sides. The sliding table and the slide rail
form a rel-ative movement, and the probes move out-
ward along the radial direction until the contact force
with the hole wall reaches a balance.

Fig. 4 Structure diagram of axis self-centering device

2.2.3 Laser emitting device

The laser emitting device consists of a laser sleeve
2 and a spot laser 1 fixed on the right side of the axis
self-centering device, and the structure schematic dia-
gram is shown in Fig. 5. When measuring, the laser 1
emits a spot parallel to the axis and irradiates the PSD
panel sur-face [17].

N

Fig. 5 Structure diagram of laser emitting device

2.2.4 PSD position detection panel

The measuring principle of photoelectric detection
panel is shown in Fig. 1. During the measurement,
when the incident light spot falls on different positions
of the photosensitive sur-face of the device, each
quadrant of the four-quadrant detector outputs elec-
tric signals with dif-ferent amplitudes. By calculating
the amplitudes of these signals, the position of the
center of the incident light spot on the photosensitive
surface can be determined [18].

2.2.5 PSD initial position zeroing device

A typical X/Y/Z three-coordinate adjustment ta-
ble is used to zero the initial position of the photode-
tector signal [19]. The schematic diagram of PSD ini-
tial position adjustment device is shown in Fig. 6, and
its precision can reach 0.001mm. In Fig. 6, items 1-3
are Z coordinate adjustment knob, X coordinate ad-
justment knob and Y coordinate adjustment knob re-
spectively.

Fig. 6 Schematic diagram of PSD position adjustment device

2.2.6 Data acquisition system

The data acquisition system is responsible for the
acquisition of photoelectric signals. The data acquisi-
tion module adopts the high-precision PSD position
sensor signal acquisition and processing board pro-
duced by Shenzhen Daruixin Optoelectronics Tech-
nology Co., Ltd. The signal processor can provide
RS232, RS§485 and USB interfaces. The high-speed 18-
bit AD chip is adopted, and high-precision PSD bias
voltage is integrated inside. The processor can process
photoelectric signals of one-dimensional and two-di-
mensional PSD position sensors and four-quadrant
detectors.

2.2.7 Upper computer system

The upper computer system is responsible for sig-
nal calculation. It can display the Ax; and Ay; posi-
tion deviation of the axis at any position relative to the
initial measurement point in real time, and can display
them in the form of two-dimensional axis.
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2.3 Straightness model and evaluation

2.3.1 Physical model

For deep holes, straightness is the deviation be-
tween the axis of the hole center and the measured
coordinates of the hole center in the ideal state, and its
physical model can be shown in Fig. 7.

Straightnessfi

1 reference hole
- j
Eli/ ideal hole

| actual hole

j(a!b!c) #// p()(i, yi,Zi)

k(0.0,1)_

e

Fig. 7 Spatial straightness evaluation model

Whertein, 0;(0,0,1) refers to the reference hole
center direction vector; M;(X;,Y;, Z;) refers to the
measured coordinates of hole center at different posi-
tions; N; (X}, Y;, Z;) refers to the position coordinates
of hole center in the ideal state.

When measuring, the incident light illuminates the
detection panel, and the spot usually appears in the
following 4 forms on the detection panel.

(a) M; coincides with N;

At this time, the center of the spot coincides with
the axis of the hole center in the ideal state. The center
coordinates are (X,Y,Z;), and the displacement
change of the spot center on the photosensitive panel
is 0. The spot projection is shown in Figure 8, and the
spot equation is as follows.

x% +y* =r? ?3)

by

—— 1 /hﬁ.
il | NN

Fig. 8 Initial spot shape and position

(b) M; is parallel to the N; direction vector

At this time, the spot center deviates from the ideal
hole center axis, and the spot center coordinates be-
come(X,Y, Z;). As shown in Fig. 9, the spot projec-
tion is still circular, and its equation becomes:

(x2 —x?) + (y* -

yi) =77 <

Fig. 9 The photosensitive panel shifts

Among it, X; and Y; can be obtained by the two
equations (1) and (2).

(c) The center of the light spot crosses the
ideal hole center coordinate and intersects with
the direction vector.

At this time, the spot center coincides with the
ideal hole center coordinates, and the spot center co-
ordinates ate still(X,Y, Z;) . As shown in Fig. 10, the
spot projection is an ellipse with the center passing
through the ideal hole center axis.

e

Fig. 10 The photosensitive panel rotates

(d) The center of the light spot deviates from
the axis of the ideal hole center, and M; intersects
with theN; direction vectot.

At this time, as shown in Fig. 11, the spot projec-
tion is an ellipse deviating from the ideal hole center
axis.

Fig. 11 The photosensitive panel translates and rotates
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2.3.2 Least square evaluation

As this design adopts the external plate target
measurement structure and its axis can be adjusted by
the self-centering mechanism, the spot only presents
shapes 1 and 2 on the detection panel, and the shape
1 is a special case of ideal state. Based on this, the de-
sighed mathematical model can be uniquely detet-
mined by the shape 2, which greatly optimizes the
measurement model of deep hole straightness.

In shape 2, the sample space of the displacement
change M;(X;,Y;, Z;) of the spot center can be meas-
ured by the axial feed of the robot, with
i € (1,2,3,++, k). The sample M;(X;, Y;, Z;) is the co-

ordinate data of the center of the current cross section,

and its measurement basis is based on the preset cen-
tering coordinates 0;(4;, B, Z;)of the measuring de-
vice. It is not necessarily the best evaluation of the
overall center of the cross section, but it has the fol-
lowing relationship with the measured sample:

di = (x; — A)? + (v — By)? ®)

Wherein,d; is the distance from (X;,Y;) to the
center of the circle. i € (1,2,3,--,m — 1).

The circle curve is fitted according to the least
square method. The absolute value of the deviation
between the measured sample point (Xj, Y;) and the
fitted circle is required to be the smallest. Let:

0;=di —R} = (x; = A)* + (y; — B)* — R? ©)

After conversion of the above equation:

0i=xi2+yi2+axi+byi+c )

In the above equation:a = —24; b = —2B; ¢ = A? + B? — R?
When M;(a,b,c) = 02 = ¥[x? + y? + ax; + bx; + c]?is the smallest, it is the least square fitting, At this

point,
(aM (a,b,c)
da
dM(a,b,c)
da
| oM(a,b,c
( )
k da

Based on the above simultaneous equations, the
center coordinates 0;(4;, B;) and radius parameter
R;of the current section M; can be obtained.

2.4 Error analysis and calibration of measuring
robot

In the experimental test, due to the influence of the
machining precision of the robot positioning mecha-
nism and the testing environment, the system can't lo-
cate the pipeline axis completely and accurately, which
will bring the system testing error. The essence of test-
ing is to obtain the accurate parameters of the machine
or structure, so it is necessaty to analyze the error of
the instrument and calibrate it.

2.4.1 Error of centering deicers

The centering device is mainly composed of man-
drel, bearing, frustum, slide rail, probe fixing block,
spring, fixed measuring rod, replaceable probe,
mounting sleeve and other parts. Due to the pro-
cessing reasons, the mandrel's own error is within the
range of A1=0.01mm after calibration. The bearing is
a standard component. Its diameter error is
A»=0.02mm by lookup.

The cone is a machined piece. Its diameter error
after machining and calibration is A 3 = 0.01lmm.

=Y2(x*+y?+ax;+ by, +c)x; =0
=22(xf +y? +ax;+ by +c)y; =0 ®)

=Y2(x?+y? +ax;+ by, +c)z; =0

The slide rail and slide block are precision linear slide
blocks. Their precision is A4=0.007mm mm by
lookup. The radial error of the work piece of the probe
fixing block is As=0.01mm. The fixed measuring rod
and probe are standard parts, and the estimated error
is A¢=0.02mm. Therefore, the total radial error of the
centering mechanism is Ao
@w= (A1 + Lo+ Ast+ Ayt As+2Ag) /2=0.0435mm.

2.4.2 Test error of laser measuring device

As a commonly used position sensitive device,
PSD can measure the position of the incident spot
center on the photosensitive surface with a precision
of 0.001mm by calculating the amplitude of the laser
signal.

2.4.3 Overall error

When measuring, the main precision of the meas-
uring device depends on the precision of the centering
device, and the precision of the centering device is
mainly determined by the machining precision of each
component. If high-precision machine tools are used
for machining, the accumulated error of the compo-
nents can be appropriately reduced. According to the
above analysis, the overall measurement error of this
axis measuring robot is less than 0.05mm.
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2.4.4 Verification

To verify the errors caused by the design and pro-
cessing of the instrument, the project has designed an
experimental verification scheme. The specific exper-
imental steps and scheme are as follows:

I

15/ [
ar

Fig. 12 Professional measuring tool

a) Design and order a professional measuring tool
with a basic size of ®134.997mm, a length of 200mm

Tab. 1 Check 10-point data

and a precision of 0.002 with the assistance of a pro-
fessional measuring tool company, as shown in
Fig. 12.

b) Build a calibration working environment, select
a test plate with the precision of level 0, place the cen-
tering detection mechanism in the standard gauge, and
test the data of different sections and different posi-
tions within 200mm. The calibration process is shown
in Fig. 13.

Fig. 13 Field diagram of instrument calibration

c) Carry out data test, complete data analysis, and
draw verification conclusion. The veri-fication data
are shown in Tab. 1.

Center
No. coordinzt(te (mm) coordin;{te (mm) position
offset (mm)
1 0 0 0
2 0.015 0.019 0.024
3 0.23 0.034 0.041
4 0.032 0.027 0.042
5 0.015 0.019 0.024
6 0.021 0.023 0.031
7 0.01 0.026 0.028
8 0.012 0.02 0.023
9 0.015 0.019 0.024
10 0.021 0.023 0.031

It can be seen from the analysis of data of ten dif-
ferent positions in the above test that the maximum
variation of the diameter measured by the instrument
is 0.042mm within the axial range, which does not ex-
ceed the error range of the instrument. Research man-
uscripts reporting large datasets that are deposited in
a publicly available database should specify where the
data have been deposited and provide the relevant ac-
cession numbers. If the accession numbers have not
yet been obtained at the time of submission, please
state that they will be provided during review. They
must be provided prior to publication. Interventionary
studies involving animals or humans, and other

studies that require ethical approval, must list the au-
thority that provided approval and the corresponding
ethical approval code.

3 Discussion of results

In this paper, the PVC pipe with an inner diameter
of 135mm and a length of 1000mm is measured by the
measuring system. When measuring, the data acquisi-
tion card is connected with the upper computer, and
the appropriate port is selected. The baud rate of sig-
nal transmission is 9600 B/s. Fig. 14 shows the meas-
urement at the test site.
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After the zeroing is completed, the control end
sends a forward signal, and the Bluetooth receiving
module of the deep-hole traveling robot receives the
signal to drive the device forward along the pipeline
axis. At this time, the self-centering device will achieve
self-balancing along with the change of the cross-sec-
tion shape of the pipeline in the process of advancing,
and the light spot emitted by the laser transmitter fixed
at the rear end of the axis of the balancing device will
automatically project on the four-quadrant photoelec-
tric panel. The data acquisition device will collect and
record the real-time pipeline axis position data, upload
it to the upper computer and display it in the test soft-
ware in real time. The test interface is shown in Fig.
16.

Fig. 14 Measurement at test site

When measuring, the relative measurement
method is adopted. Therefore, the first step of meas-
urement is the zeroing of the initial position. At this
time, set the measuring robot to the initial position of
the measured pipeline, adjust the PSD position adjust-
ing device, and place the laser emitting spot in the cen-
ter of the PSD panel, as shown in Fig. 15.

¥ Positionim}

2. 578

1 Fosition(ml
-1.452

il
% Paakthon(ms)
2. 578

T Positionim} u

3% 36:40 40:00 4319 1.452

ERe Fig. 16 Schematic diagram of test zeroing

X Pestentm During the test, due to the high sampling fre-
\ A e u quency and large volume of real-time recorded data,
! the data of different positions of the pipeline are se-

Fig. 15 Schematic diagram of test zeroing lected and recorded as follows, as shown in Tab. 2.
Tab. 2 Experimental data 1 of 135 mm-diameter pipeline measured by mechanism
X1 Position (mm) Y1 Position (mm) (n?rln)
0 0 0
0.24 -0.058 0.247
0.24 -0.054 0.246
0.24 -0.054 0.246
0.22 -0.039 0.223
0.741 0.32 0.807
1.32 0.092 1.323
1.432 0.199 1.446
1.549 0.32 1.582
2.76 -0.506 2.806
2.419 0.066 2.420
2.355 0.094 2.357
2.356 0.116 2.359
2.389 0.119 2.392
2.903 0.021 2.903
3.102 0 3.102
2.641 -0.005 2.641
3.067 -0.374 3.090
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In Tab. 2, the X Position and the Y; Position re-
spectively represent the X and Y position deviation
distance of axis relative to initial position at different
positions of the interface.S1 indicates the radius devi-
ation of the current section from the initial zero point.
It can be seen from the experimental data 1 that there
is a big difference between the left and right axes of
the inner diameter of the pipeline, with the maximum
value of 3.090mm. The broken line of the pipeline axis
change is shown in Fig. 17 If
fi = 251max, thenf; = 6.180mm.

To verify the reliability of the test data, the pipeline
is retested, and the data are recorded as shown in Tab.
3 below. The experimental data in Tab. 2 and Tab. 3
are basically the same, with the maximum value of
3.097mm. The broken line of pipeline axis change is
shown in Fig. 18. If f, =2S2max , then
fi = 6.194mm.

S1 (mm>

/‘\,_,_,_./'/'\0/'

S N

Relative radius
difference

1 3 5 7 9 11 13 15 17

Different positions of pipeline

Fig. 17 Broken line graph of pipeline axis error

S2 (mm)

=~

SN e

1 3 5 7 9 11 13 15 17

—— 52 (mm)

f=]

Relative radius
difference
0o

Different positions of pipeline

Fig. 18 Broken line graph of pipeline axis error

Tab. 3 Experimental data 3 of 135mm-diameter pipeline measured by mechanism

X; Position (mm) Y: Position (mm) (n?fn)
0 0
0.239 -0.054 0.245
0.242 -0.053 0.248
0.240 -0.054 0.246
0.227 -0.039 0.230
0.731 0.796
1.320 1.323
1.435 1.449
1.552 1.584
2.775 -0.487 2.817
2.417 2.418
2.361 2.364
2.384 2.389
2.340 2.343
2.897 2.897
3.104 3.104
2.644 -0.009 2.644
3.073 -0.384 3.097

The two measurement results are compared, and
the S1-S2 difference is taken. The broken line of re-
peated measurement error is shown in Fig. 19.

5 S1-S2
§ o 0. 0600 ?
Q;) 5 0. 0500 /\
25 0.0400 *
a & A
2% 2 0.030 A | —o—series 1
2 €7 0 0200 [V /A .
by ;
S 2 0.0100 [/ \ /| /
a8~ 0. 0000 R lk/l L |W:.1/1

1 3 5 7 9 11 13 15 17
Different positions of the pipeline

Fig. 19 Broken line graph of repeated measurement error

As can be seen from the above figure, the two
measurement results are basically similar. The maxi-
mum repetitive error is in the middle position of the
pipeline, and the error is less than 0.05mm. Compared
with the existing methods, the axis straightness
measurement robot designed in this paper can quickly
measure the axis straightness parameters of part holes
in a narrow space, which greatly reduces the time re-
quired for the layout and installation of other instru-
ments. In the future, a sensor for detecting the char-
acteristic defects of the inner wall surface can be added
at the front end of the measuring device to better ob-
serve the inner wall of the deep-hole parts and provide
a certain basis for the straightness measurement of the
sampling section.
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4 Conclusions

Based on the photoelectric principle, a PSD high-
precision self-centering measuring robot for blind
hole straightness is designed. By studying the relation-
ship between the light spot posi-tion of PSD device
and the output voltage and analyzing the change rule
of measuring light spot, the straightness measurement
model of deep hole inner diameter is deduced. The ax-
ial travel mechanism drives the axis self-centering de-
vice to move along the axial direction of the deep hole,
and the laser transmitter at the end of the axis of the
centering mechanism emits laser light to project on
the photoelectric signal detection board target. The
signal processing system col-lects the spot position
signals to form a sample set of the center of the cross
section of the deep blind hole at different positions.
The spatial linear equation of the actual hole center
axis is ob-tained by data fitting, and the evaluation of
the deep blind hole axis is completed by using the least
square principle. The gross error is eliminated by the
least square median method, and the measurement re-
sults are fitted by the least square principle. The meas-
urement system is cali-brated by the standard ring
gauge, and it is used to measure a pipe with an inner
diameter of 135 mm. The error of two measurements
is less than 0.05 mm. The experimental results show
that the measurement system has certain reliability.
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