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Abstract. A constant force tool system for the abrasive belt grinding and polishing was developed in
the paper. With the addition of the constant force control during the finishing of curved surfaces, the
accuracy and the surface roughness could be improved. The constant force tool system would be used
on the hybrid machine tool, and was composed by the following function modules, the abrasive belt
system, the detection and compensation unit of the grinding force, and the vibration isolation system.
With the statics simulation, harmonic response analysis and modal analysis of the tool system were
carried out. All results showed that the design was reasonable and effective.

Introduction

The finishing machining of complex surfaces was a technology with a great quantity of advanced
theories and complicated machining processes which was widely applied in machining process.
Particularly, abrasive belt polishing had the characteristics of high efficiency, low grinding heat, elastic
grinding and high polishing quality, so it was widely regarded as a kind of high efficiency and low
energy consumption mechanical manufacturing technology with flexible craft and wide adaptability
[1,2]. Owning to the advantage of low cost, high stiffness and quick response, the traditional passive
grinding and polishing tools was widely used. But the problem of single machining object, rigid shock
and vibration would appear with the process|[3,4], which affects the workpiece dimension error,
surface roughness and the waviness [5,6]. The constant force tool system for grinding and polishing
was used in the independent development blade hybrid polishing machine [7]. Based on the structure
characteristic of the hybrid machine and the movement way of the tool system, the constant force tool
system with abrasive belt for grinding and polishing was designed, which could realize the functions of
flexible polishing, vibration isolation and variable tension.

Theprinciple and structure of the constant force tool system

To realize the constant force polishing for variable curvature of surfaces, the designed polishing
tool system mainly contained three subsystems: the polishing system composed of the drive motor, the
tensioning mechanism and the abrasive belt wheel train, the polishing force detection and compensation
system composed of the cylinder force transducer and the low friction pair, the motor vibration
isolation system composed of the damper bracket and the spring damper.

As shown in Fig.1, the driving wheel of abrasive belt system was driven by the main motor, the
contact wheel of the polishing head can rotated by the abrasive belt under the action of tension
mechanism. In the tension mechanism, the idler which contacted with the abrasive belt was pushed by
the cylinder module. The tension of the abrasive belt could be adjusted after the cylinder module
motion at a set force. The guide column was a part of guide device, which guided the support plate to
move along the column in the vertical direction. The normal polishing force was measured by the force
transducer, and the measurement datawas fed back to the computer to compare with the set value. The
grinding and polishing with constant force could be redlized after the adjustment of the electric
proportional valve and the force compensation of low friction pair cylinder. In addition, in order to
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grind and polish the complicated surfaces, the change wheel motor drove four different curvature
contact wheels of the polishing head, adapting to the curvature of the component surface. Then the
quality and efficiency of the polishing process could be both guaranteed.

(@ (b)

1-Polishing motor 2-Guide column 3-Movable cross-beam 4-Wheel train support plate
5-Support Plate 6-Linear bearing 7- The change wheel motor
8-The complex curvature of polishing head 9-Low friction cylinder 10-Idler 11-Force transducer
12-Cylinder modulel3-Tension mechanism 14-Abrasive belt 15-Damper bracket16-Spring-Damper
17-Driving wheel 18-Coupling 19-1dler shaft

Fig.1 Basic structure of the constant force tool system grinding and polishing

Thedesign of tool system

According to the need of the hybrid machine tool for processing of blade, the maximum polishing
speed Vs in machining process was set to 20 my/s, the workpiece feed speed V,, was 0.2 m/ymin, the
maximum polishing depth a, was set to 0.1 mm, the specific grinding energy Us was 1500 kg/mn’, the
width B of the abrasive belt was set to 15 mm, and the power factor was 0.7. The tangential force of
abrasive belt for grinding and polishing was F;, the normal force was F,, and the motor power was P,
which could be calculated as follows [8].
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The tensioning mechanism was necessary to ensure the stable polishing of the abrasive belt tool
system in the machining process. If the tension force was set suitably, the problems of dippage and
running deviation could be avoided. The minimum tension F,n provided by cylinder module was
calculated as Eq. 4[8].
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where u was the friction coefficient between the abrasive belt and the tension wheel and 1=0.35.y

was the angle between the abrasive belt loose edge and the connecting line of the tension wheel and the

contact wheel, and y was set to 22°; « was the wrap angle of the abrasive belt on the drive wheels

which was set to 200°, £ was the ratio of the normal force and the tangential force and it was usually
taken to 2[8].

In the grinding process of the abrasive belt, the vibration would affect the quality of workpiece
surface. In order to avoid the impact of the main motor vibration in the machining process, the spring
and damping structure was designed to realize the motor vibration isolation in this paper. As shown in
Fig. 1, the polishing motor 1 was fixed on the damper bracket 15 through four spring dampers 16. The
vibrations caused by the polishing motor 1 would be reduced to the minimum with the help of spring
damper. The transmissibility a was expressed by the ratio of the damper bracket. The relationship
between amplitude of the force X and the amplitude of polishing motor force A could be expressed as
Eq. 5 where the frequency o of the polishing motor vibration was 25Hz. The vibration frequency w, of
the support frame was 6.4Hz. The dampi ng factor was 0.2.
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Based on the above formula, the relationship between the transmissibility and the vibration
frequency of the motor could be showed in an intuitive way in Fig. 2.

Thetransmissibility value was 0.1296 M Pa. With the application of the ANSY S harmonic response
analysis, constraints on the motor vibration isolation system was added. The stress of 1 MPa was
applied on the polishing motor and the amplitude of stress of the damper bracket was 0.16 MPawhen
the vibration frequency of the motor was 25Hz. This could be seen in Fig. 3. The calculation and
simulation results showed that the vibration isolation was efficient.
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Fig.2.The transmissibility value Fig. 3.The amplitude of the damper bracket

The polishing wheel was pushed by the constant force system with the set pressure, and contacted
with the blade tightly. The air medium compressible characteristics, which was the certain amount
floating alowance, ensured cylinder to avoid owing cuts, over cuts, negative rigidity shock and
vibration phenomenon. The application of pneumatic constant force grinding and polishing tools
system could realize the objective of low surface residual stress, low surface roughness and foliar
complete blade. The detection and compensation mechanism of the grinding and polishing force was
composed of the low friction cylinder and the force transducer.
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Thefinite element simulation of thetool system

In order to guaranteed the designed tool system to satisfy the requirement of stiffness and strength
in the process, the linear statics structure analysis of the tool system was simulated by using the
Workbench module of software of ANSY'S.
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Fig.4. Statics structure analysis

Fig. 4 () showed the work conditions after setting the meshing model in ANSYS. After the
repeated correction on the system structure, the final train and stress analysis could be obtained which
are shown in Fig. 4(b).

Besides the static load, the external vibration load and the vibration load of the system had
important influence on the constant force tool system. The modal analysis was carried out on the
structure to avoid the resonance effect between the drive motor and the tool system.

After the smulation analysis of the system, the deformation trend and the six-mode shape had been
obtained, which was shown in Fig. 5 and Table 1. It was obvious that the resonance phenomenon
would not occur.

60301 Max.
53681
45T
40261
33861
26841
2013
1342
067102
OMin

200,00

(a) Thefirst model (b) The second model (c) The third model (d) The fourth model

4291928

10.214 Max
90793
79444
6.8095
SET45
45306
34047
22698
11348
0Min

71817 Max
6.3837
66858
47878
3.9898
31919
23939
15859
079787
0Min

Lt
200.00

(€) The fifth mod (f) The sixth model

20000

Fig.5. Model shape
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Table 1. Structural modal analysis result

Order 1 2 3 4 5 6
Frequency[HZz] | 60.748 67.878 79.268 122.63 129.76 153.02

As shown from Table 1, the range of the inherent frequency of the tool system is from 60Hz to
153Hz. Also, each of the system modal frequencies doesn't has a multiple relation with the motor
vibration frequency, which is 25Hz. Consequently, the resonance phenomenon can't be happened. The
calculated results and the simulation analysis shown above support a fact that the system has a good

dynamic characteristic.
And all of the smulation and experiment above were based on the machine tool as shown in Fig.6.

Fig.6.The constant force machine tool with abrasive belt for grinding and polishing

Summary

(1) During the design of the constant forcetool system with abrasive belt for grinding and polishing,
the factors of the tension force, the vibration and the flexible polishing force were considered. We
systematically solved the problems of the belt breakage, the vibration of the machining surfaces and the
rigid impact.

(2) Considering the machine body and the characteristics of the tool system, the tool system for
polishing and grinding was reasonably designed to guarantee the assembly process and the rational
distribution.

(3) With the smulation analysis of the polishing tool system, the aspects of system stiffness,
strength and modal were checked and corrected to make the system obtain the good ability of
deformation resist, damage resistance and anti- resonance.
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