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ABSTRACT: The work aims to analyze the effect of the curvature radius of workpiece, dwell time and finishing angle on
material removal depth and the offset degree of material removal curve in ultrasonic assisted magnetic abrasive finishing of
titanium alloy curved surface and establish material removal functions for different tool paths. Single point finishing
experiments were carried out on titanium alloy curved surface under different curvature radius of workpieces, dwell time and
finishing angles. The variance analysis method was used to analyze the influence of various factors on material removal depth
and the offset degree of material removal curve. The material removal curves of material removal pit in xoz plane and yoz plane
were fitted by the least squares method. The function expressions between the coefficient of material removal curve functions
under different finishing parameters and the parameters were constructed based on quadratic polynomial stepwise regression
method, and the accuracy of the function expressions was assessed. From the variance analysis of material removal depth, the
value of dwell time was equal to 8.06 and the F value of finishing angle was 2.296. The material removal depth rose with the
increase of dwell time and the curvature radius of workpiece, and increased in the beginning and then decreased as the finishing
angle enlarged. From the variance analysis of the offset degree of material removal curve, the F value of curvature radius of
workpiece was equal to 2.176 and the F value of finishing angle was 7.647. The offset degree of material removal curve
decreased as the curvature radius of workpiece increased, and rose with the increase of dwell time and finishing angle. In
addition, the correlation coefficient value R of the fitting material removal functions was in the range of 0.97 to 0.99. The dwell
time has the most significant effect on the material removal depth, the secondary is finishing angle, and the last is the curvature
radius of workpiece. The finishing angle has the most significant effect on the offset degree of material removal curve, the
following is the curvature radius of workpiece, and the least is dwell time. The fitting result of material removal function is very
accurate and can meet the actual finishing requirements.

KEY WORDS: titanium alloy curved surface; ultrasonic assisted magnetic abrasive finishing; single point finishing; quadratic

polynomial stepwise regression; material removal function
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Tab.1 Finishing parameters

Finishing parameters Value
Spindle speed/(r'min ") 1000
Feed rate/(mm-min ") 20
Machining gap/mm 1.25
Amplitude/pum 10
Ultrasonic frequency/kHz 21.91
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Tab.2 Scheme of orthogonal experiment

Experiment Curvature Dwell Finishing
number radius/mm time/min angle/(°)
1 100 15 30
2 100 20 45
3 100 25 60
4 100 30 75
5 150 15 30
6 150 20 45
7 150 25 60
8 150 30 75
9 225 15 45
10 225 20 30
11 225 25 75
12 225 30 60
13 340 15 45
14 340 20 30
15 340 25 75
16 340 30 60
17 510 15 75
18 510 20 60
19 510 25 45
20 510 30 30
21 765 15 75
22 765 20 60
23 765 25 45
24 765 30 30
25 1150 15 60
26 1150 20 75
27 1150 25 30
28 1150 30 45
29 1725 15 60
30 1725 20 75
31 1725 25 30
32 1725 30 45
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Tab.3 Scheme of experiment groups

Surface types Mode one Mode two

First group Second group

Type one (Mode one. Type one) (Mode two, Type one)

Third group Fourth group

Type two (Mode one. Type two) (Mode two, Type two)
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Fig.5 Schematic diagram of material removing pit
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Tab.4 Material removal depth

Source of Square of Degtfee Mean Value of Signi-
. . square .
variance deviance F ficance
freedom  error

.Dwell. 63.620 3 21.207  8.060 okl
time/min
Finishing ¢ 5, 3 6.041  2.296 *
angle/(°)

Error 16.095 25 2.631 — —

Sum 97.837 31 — — —
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Tab.5 Offset degree of material removal curve

Source of Square of Degree  Mean Value of Signi-
. . f square .
variance deviance F ficance
freedom  error
Curvature , o, 56 7 0.0037 2.176 *
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angle/(°)
Error 0.0052 21 0.0017 — —

Sum 0.0697 31 — — —
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0 —— Material removal curve
é —— Fitting function curve
a,
< 2.5
=
s
)
§ 5.0
=
=
L
|-
S 7.5
_10.0 1 1 1 1 1
-1.5 -1.0 05 0 0.5 1.0 1.5
x/mm
a xozY-TH
0 —— Material removal curve
:EL —— Fitting function curve
=
8 2.5
S}
=
g
g —5.0F
e
=
5
s 1.5
=
_10.0 1 1 1 1 1
-1.5 -10 -05 0 0.5 1.0 1.5
y/mm
b yoz -

K10 Btk 2B th 2 AL A0 G pR A 42
Fig.10 Material removal curves and fitting function curves:
a) xoz plane; b) yoz plane
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Tab.6 Coefficient of X0z plane fitting function and
its correlation coefficient

Experiment Coefficients of fitting function Correla.tion
number coefficient

1 a=—8.656x107, ¢=0.792 0.996

2 a=—11.897x107, ¢=0.793 0.991

3 a=—12.751x103, ¢=0.781 0.994

4 a=—13.325%10", ¢=0.789 0.989

36 a=—18.325x10"2, ¢=0.791 0.99

x7T yoz FEHBARHRBEEBXRY
Tab.7 Coefficient of yoz plane fitting function and
its correlation coefficient

Experiment Coefficients of fitting functions Correla'tion
number coefficient
I Ay X
T o
S
=t
“ a=—12.221x10"3, 1=1.141, 0.989

1=—0.206, c=0.501
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f=b, +ib,.x,. +Z”:b,,.x,.2 + bx.x; (12)
i=1 i=1 i=1
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Y=(X, Y| igiv
= q,xl.) 8 +&,i=(q,q+1,---,m) (14)
HAR AR F8 = oA
Fy(i)=(m—q-1)-B*(x,N,x,,)/ RSS,,, (15)

Kb: B RSS,,, 205 A [ AN R K e/ =
Fefliit Gk 2 F M, N, =1-X' (X, X)X, .
M52 Fy(q) 9 Fy () ek, gk 2 5X(16).
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Tab.8 Coefficients of regression equations

Coefficients Sfar fa fi Sl

b, -1.127x10°¢ -7.362x1077 0 -2.984x107°
b, -8.948x1072 5.85%1072 -1.629x1073 0

b 0 0 —-3.435x1073 2.149x107*
by 8.328x1072 5.442x1071° 1.527x1078 5.733x107°
by 5.679x1072 3.711x1072 1.5x107 ~7.863x107°
bua -1.607x10°% -1.05x10°8 -1.222x107* ~7.625%107°
by -2.609%10°° -1.705%10°° 1.87x10°° 5.152x1077
bra -7.225%107° —-4.721x107° 2.933x1078 1.022x1078
b 2.409x107* 1.575x107* 0 1.743x1076
bo 8.98x107° 5.871x107 1.051 1.281x107"
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Fig.11 Accuracy examination of fitting material removal functions: a) xoz plane; b) yoz plane
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