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Processing Method of Spatial Complicated Curved Surface of
High-speed WEDM

Abstract. To solve the difficult problems of machining spatial curved surface parts in high-speed wire cut electronic discharge machining (WEDM),
an automatic indexing and turnover NC rotary table based on the mathematical models of spatial complicated curved surface was designed. Then
the multi-axis movement WEDM system and its experimental device were established. Through machining experiment, it shows that the multi-axis
movement WEDM system has high machining quality and low cost and has practical applicability, to produce a novel research direction for solving
the difficult problems of machining spatial curved surface parts in high-speed WEDM.

Streszczenie. W artykule przedstawiono projekt stotu rotacyjnego typu NC stworzonego na potrzeby stanowiska do wycinania elektroerozyjnego.
Budowa stotu oparta zostata na modelach matematycznych obiektéw o przestrzennie zakrzywionych pfaszczyznach. Wykonano i przedstawiono
wyniki prac eksperymentalnych, potwierdzajgcych wysoka uzytkowos$¢ stofu dla metody WEDM. (Obrébka i wycinanie obiektéow o

skomplikowanych krzywiznach przestrzennych metodg elektroerozyjna WEDM o duzej predkosci).
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Introduction

WEDM is a machining technique which uses the pulsed
spark discharges to produce local instantaneous high
temperature to realize the ablation of materials [1, 2]. It is
suitable for machining spatial complicated curved surface
and be widely used in die manufacturing industry field.
However, the machining of spatial complicated curved
surface abroad is realized on low-speed WEDM, which has
high cost and is unsuitable in high-speed WEDM for our
country [3, 4]. To get high tapered spatial complicated
curved surface parts, it is necessary to do some further
studies for the additional device. Some scholars of Harbin
institute of technology designed a two-axis CNC worktable,
which could drive the machined part to rotate with a fixed-
axis and meanwhile to swing with another axis. However, it
could only machine some simple spatial surface parts [5, 6],
and its applied range urgent to be expended [7, 8].

In this paper, the spatial complicated curved surface
machining of high-speed WEDM was studied, and a NC
rotary table which can indexing and turnover automatically
was designed. Then the mathematical models of spatial
complicated curved surface and the multi-axis movement
WEDM experimental device were established. It provides a
foundation for solving the difficult problems of machining
spatial curved surface parts.

Turnover NC rotary table design

For the high-speed WEDM, the machining for rotational
surface is always the bottleneck to hinder its development
[9]. The multi-axis movement WEDM system is composed
of a high-speed WEDM and a turnover NC rotary table. The
schematic diagram of transmission principle of the NC
rotary table is shown in Fig. 1.

Fig. 1. Photo of the NC rotary table

Models of spatial complicated curved surface

Taking the central axis of workpiece as X axis, and the
polar coordinate of machining system is established as
shown in Fig. 2. +X is the horizontal feed movement along
positive and negative X axial direction. A is the clockwise
and anticlockwise rotation with X axis. E is the distance
between X axis and the wire electrode. 6 is the angle
between X axis and the wire electrode. a is the angle
between processing direction of wire electrode and the
projection line of X axis on worktable.

Wire electrode

Workpiece

Worktable

Fig. 2. Polar coordinate of machining system

The general formula of motion form can be expressed
as Z[(J_r)x +(£)A+E +9+a] , Which contains all motion
parameters under the polar coordinate of machining
system. The other motion forms can be transformed from
the general formula. Taking the coordinate plane YOZ

rotating for ¢ with X axis to get a new coordinate
0O1X1Y1Z1, the relationship can be expressed:

X
) Y =Y cosp+Zsing
Z =-Ysing+Zcosg¢

Taking the point Oy moving horizontally to point O
( vtcosa-sinf,—vtsina,vtcosa-cosd ) to get a new

coordinate OwX:Y:Z:, the relationship can be expressed as
the following:
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X =X, +vtcosa-sinf
(2) Y =Y —vtsina

Z =7 +vtcosa-cost

When the workpiece moves with speed v and rotates
with angular speed w until time t, it can be:

Y -E
(3)
Z =—tan@- X

Taking Eq. (2) into Eq. (3), we can get:
Y =E-vtsina

(4) 1
Z =-tan@-X +vtcosa-

cos ¢

From Eq. (4) and Eq. (1), the model of system can be
expressed as the following:

Ycosgp+Zsing =E—vtsina

(5) . |
-Ysing+Zcos¢g=—-Xtanf+vtcosa-

cos

where: 96[0,7[/2] and ae[—ﬂ/2,7z/2].

According to the processing principle of WEDM, any
complicated ruled surface parts can be machined by the
multi-axis movement WEDM, which can realize the
composite motions by using the NC rotary table.

Establishment of multi-axis movement WEDM system

Flow diagram of the multi-axis movement WEDM is
shown in Fig. 3. Taking PC as NC device, most of the
functions of WEDM can be achieved easily. Besides, it has
favorable expansibility and real-time responsive properties.
PMAC multi-axis motion controller and the corresponding
interface integrated card (ACC-8S) are used to control the
motion of all transmission shafts to realize the machining
process. The multi-axis movement WEDM system is
composed of DK7740B high-speed WEDM, PC, PMAC
multi-axis motion controller, ACC-8S interface integrated
card, SMD-530F driver, 86BYGX450B-02 stepping motor
and the NC rotary table.
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Fig. 3. Flow diagram of the multi-axis movement WEDM

The tool parameters: the work table length is 800 mm
and width is 500 mm; the operating stroke along axial X is
400 mm and 500 mm on axial Y; the maximum cutting

depth is 250 mm; the maximum cutting inclination is 16°;
the maximum working thickness is 50 mm; the maximum
cutting speed is 100 mm/min; the maximum working current
is 6 A; the working surface roughness is Ra=2.25um; the
diameter range of the wire electrode is 0.13 mm to 0.25
mm; the wire travelling speed is 11.6 m/sec or 5.8 m/sec;
the carrying weight of the work table is 550 kg; the working
fluid: the special working liquid; the tankage of the working
liquid: 50 L; the tool power supply: AC 3N
380V+10%50+1Hz; the tool power: 2 KVA; the type of
controlling machine: BKDC. The NC rotary table can be
placed horizontally and vertically with Y axis to extend its
processing range as shown in Fig. 4.

RC) W)
Fig.4.Horizontally (a) and vertically (b) placement of NC rotary table

Experimental condition and results:

Taking the machining process of the normal helicoid as
example, the motion and processing parameters of the NC
rotary table are as shown in Table 1.

Table. 1 The motion and processing parameters

NO. Parameters Values
1 Power voltage (V) 24

2 Driver current (A) 0.8

3 Motor step angle (°) 1.8

4 Whole/half step selection half

5 Level direction low

6 Pulse numbers 2000

7 Pulse frequence (1/s) 1

8 Cutting speed ( #m/s) 20

The sample pieces of processing experiment are shown
in Fig. 5.

() (d

Fig. 5. Sample pieces photos of processing experiment: (a) oblique
helicoid; (b) face tooth; (c) truncated cone; (d) hexagonal-pyramid
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From the processing experiment results, it shows that
the apparent shape of these samples are desired. However,
there are some errors for the geometric parameters, such
as the error of machine tool, the error of turnover NC rotary
table, the clamping error of samples and the error of control
system.

Conclusion

A novel multi-axis movement processing method based
on a NC rotary table and a high-speed WEDM was present,
then the NC rotary table which can indexing and turnover
automatically was designed. The mathematical models of
spatial complicated curved surface and the multi-axis
movement WEDM experimental device were established.
Through machining experiment, it shows that the multi-axis
movement WEDM system has high machining quality and
practical applicability. From error analysis, it shows that the
errors are mainly from machine tool, the NC rotary table,
installation of sample pieces and control system. It provides
a foundation for solving the difficult problems of machining
spatial curved surface parts in high-speed WEDM.

Acknowledgments

This project is supported by Science and Technology Fund
of Hunan Provincial Science and Technology Department
(No.2011GK3090), and 2012 College Research Project of
Hunan Industry Polytechnic Grant (No. GYKYZ2012010).

REFERENCES

[11 QU Jun. Development of cylindrical wire electrical discharge
machining process and investigation of surface integrity and
mechanical property of EDM surface [D]. Raleigh, North
Carolina: North Carolina State University, (2002).

[2] HU Fu-giang and WANG Zhen-long, Journal of Harbin Institute
of Technology 35, 1172(2003).

[3] HAN Fu-zhu, CHENG Gang and CHEN Xi-ming, Journal of
Tsinghua University(Science and Technology) 45, 1472(2005).

[4] ZHAO Wan-sheng and LI Lun, Electromachining & Mould 6,
9(2001).

[5] REN Fu-jun and JIANG Yong-cheng, CHINESE JOURNAL OF
MECHANICAL ENGINEERING 43, 214(2007).

[6] Ren Fu-jun, Liu Jinchun and Zhao Wansheng, CHINESE
JOURNAL OF MECHANICAL ENGINEERING 36, 78(2000).

[7] Wang Xin-rong and Ren Fu-jun, China Mechanical Engineering
16, 1439(2005).

[8] ZHANG Zhi-feng and DAI Yue-hong, Die and Mould Technology
2, 50(2007).

[9] M.Y. Ali and A.S. Ong, The International Journal of Advanced
Manufacturing Technology 31, 501(2005).

Authors: Ass. Prof. Xiaolong SHEN, Hunan Industry Polytechnic,
Changsha 410208, Chian. E-mail: ShenXL64@ 126.com; Ass. Prof.
Laixi ZHANG, Hunan Industry Polytechnic, Changsha 410208,
Chian. E-mail: Ixzhzh@yahoo.com.cn; Yunlong LIU, Room D514,
School of Mechanical and Electrical Engineering, Central South
University, Changsha 410083, China. E-mail: myjl2008@163.com.

46 PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 89 NR 3b/2013



