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This paper presents force control along the z-axis during friction stir welding
(FSW) using a hybrid machine (F1300, Hwacheon Machinery). An admittance
force controller is applied to control the position compensation of the tool for

force change. During FSW with P-control, the values of the coefficients m, c,

Keywords:
FSW(friction stir welding)

Admittance control

z-axis direction force control
Coefficients optimization

Hybrid machine(FSW and milling)

and k satisfying the position output of the tool for unit force input are selected
as the coefficients for the controller. In the frequency domain analysis of the
open loop transfer function, the coefficients are optimized to suppress, low
pass, or cut-off of noise of the vibration data. Verification experiments revealed
that the sensitivity of the axial force was up to 32.5 kgf, the tool position
compensation value in the axial direction was stably controlled within 0.1 mm,
and the internal voids of the material could be further reduced.
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Force Sensing
Data

Industrial PC
|< Y Load Cell
(7EA)
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Fig. 1 Configuration of sensor system
Table 1 Specification of sensor system
X-axis 1,000 kgf
G Load cell axis 1,000 kgf
frame Y . g
z-axis 2,000 kgf
Sensor Temperature sensor -50~150C
module Accelerometer sensor +10g
Operating system Linux
Force . ;
Communication with F1300 Ethernet (20 Hz)
controller
Communication with JIG RS-232C (20 Hz)
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Fig. 3 Developed JIG frame and sensors
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________________________________________________

Fig. 4 Diagram of position controller of hybrid machine
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Fig. 5 Diagram of force controller of hybrid machine



In-Gyu Park et al.

(F)oll tie = ¥ A4A(2)9] AEgge7E o8tz A (DY
Laplace ¥gH2 th3at 2t} 4] 2)& & ZEHsh= 22t L
o 7152 4=t
- 1
2ls) = m82+cs+k’F(S) @

Al 2y AA Aoj7]ollA FLdst7] YoliA o]ik Aloz ZAkSH
sto] Zelstd A (3= A Hok

Fln) = z[n]— 2z[n;21]+z[n72]) o [n]*;[n*l] +kzln) (3)
oA7IN T, WEYAZIOIT A (3)S Helohd thet 2k
c  2m
zln] = ()1 - Fln] i Sn zln—1]
k+ T,Jer k+ Z+F
m “
17
- c" - z[n—2]
k+f+F

oA7I1M Fln]& f— f,2 71583 3 AMolA 2743 3l9]
Aol 2 A3kl z[n]
2L AR 2,& AT

Ag m, ¢, ke 37 FAE Atolof] Agsto] 54 EX4ol ¢
St Pt =g ARt A4 W9l Fln]ol Y(unit)
E4 z[n]o] Y=g MY o A4sty, 54 5449 =

L FSW 2 3 89 A5 348 FsbAL aAla A%
5} 0|22 AAT 5 Yk WoIA g,

w
[Ih]

o Y HE

3 Alof 52 ®AsH] Fig 59 ol=rElA 3] Ao 7|te=
N Sath 3 Aolo) A8 7718 Tk lsto] Fsw
Q) Al e S0l Helg o] St AEe S
A% 27 A% Z7E ARSI} 1400 rpm, 500 mvming] 7=
Z710| £351TE FSW= 2 3oz 4 AAste] ARjE
AAEYT The URE Sehs HIATY Tkgo R Qs o
58 310) Pes 9L & glov, A W Fehs Fig. 63}
2t =0 e Yshe 3] AFeR, & E¥A|(probe and

shoulder plunge)7t T Fof F3L7F o]Zst YA AJ7Ho]
e 32 Asie] 774 S S5 F 7 Aol

-l)
r°"
_:L

112

900

800

700 Shoulder /

= 600 Plunge

2 ]

Z 500

g 400 Traverse S:;;jztgonzt;onle
8 Forward P

N 300

200 Pin Plunge

100

0 1 2 3 4 5 6 7 8 9 10 11 12
Time (sec)
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Fig. 10 Results of force control experiment in Case 1
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Fig. 11 Results of force control experiment in Case 2
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2) Case 2 : Type A, 1000 mm/min, 1400 rpm
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3) Case 3 : Type B, 500 mm/min, 1400 rpm
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Fig. 12 Results of force control experiment in Case 3
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mm/min, tool type A, w/o control, (b): Case 1, (c): Case
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