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Fig. 1 Diagram of ultrasonic torsional vibration

milling process
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Fig.2  Ultrasonic torsional vibration toolholder

and driving power
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Tab.1 Processing parameters of single factor experiment

i % e BEHIHEE v W .
2H 5 A/pm /(m+ min~") /(pm-z7")
1 0/5/7.5/10/12.5/15 30 40
2 10 30/45/60/75/90 40
3 10 30 20/30/40/50/60
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Tab.2 Factor level of orthogonal experiment

i3S PR BEHIHEE B/ s C/
7K A/pm (m- min~") (pm- 27")
1 5 30 20
2 10 60 40
3 15 920 60

T AR A XS, 2T T R T AT o
Box-Behnken & i1 J& —Fp A7 5 e 5% P A Bk 11, %
W R R LA IR B T B A 38 BAE T 2 30
ASSCRANZ T 75, 28 4 S g i T 126
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Tab.3 Designed header of orthogonal experiment

S A B (AxB), (AxB), C (AxC), (AxC), (BxC), (BxC),
5|2 1 2 3 4 5 6 7 8 11
& 4 Box-Behnken iZit 157
Tab.4 Box-Behnken design 124
g L
i 5% PR B o/ e S/ 3; 0o
% 5 A/ pm (m+ min~") (pm- 2z ") % '
1 5 30 40 = 06
=
2 10 30 60 I
® 03
3 5 60 60
4 10 90 60 \ A ,
0 5 10 15
5 10 90 20 Rl A/ pem
6 10 60 40 B3 AXF R, WM (v=30 m/min, f, =40 um/z)
7 10 30 20 Fig.3 Variation of R, vs A (v =30 m/min, /. =40 pm/
0 s 30 20 ig. ariation of R, vs A (v =30 m/min, f, =40 pm/z)
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Fig.4 Processing state of ultrasonic torsional vibration milling
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Tab.S5 Orthogonal experiment arrangement and its result calculation

e A B (AxB), (AxB), C (AxC), (AxC), (BxC), (BxC), R,/pum
1 1 1 1 1 1 1 1 1 1 0. 484
2 1 1 1 1 2 2 2 2 2 0.511
3 1 1 1 1 3 3 3 3 3 0.579
4 1 2 2 2 1 1 1 2 3 0.723
5 1 2 2 2 2 2 2 3 1 0. 699
6 1 2 2 2 3 3 3 1 2 0. 765
7 1 3 3 3 1 1 1 3 2 0.783
8 1 3 3 3 2 2 2 1 3 0. 817
9 1 3 3 3 3 3 3 2 1 0. 834
10 2 1 2 3 1 2 3 1 1 0.303
11 2 1 2 3 2 3 1 2 2 0.321
12 2 1 2 3 3 1 2 3 3 0.372
13 2 2 3 1 1 2 3 2 3 0. 409
14 2 2 3 1 2 3 1 3 1 0.438
15 2 2 3 1 3 1 2 1 2 0. 425
16 2 3 1 2 1 2 3 3 2 0.618
17 2 3 1 2 2 3 1 1 3 0. 632
18 2 3 1 2 3 1 2 2 1 0. 653
19 3 1 3 2 1 3 2 1 1 0.479
20 3 1 3 2 2 1 3 2 2 0. 563
21 3 1 3 2 3 2 1 3 3 0. 406
22 3 2 1 3 1 3 2 2 3 0.416
23 3 2 1 3 2 1 3 3 1 0.397
24 3 2 1 3 3 2 1 1 2 0. 448
25 3 3 2 1 1 3 2 3 2 0.574
26 3 3 2 1 2 1 3 1 3 0.512
27 3 3 2 1 3 2 1 2 1 0.677
T, 6. 195 4.018 4.738 4. 609 4.789 4.913 4.912 4. 865 4. 964 T =14.838
T, 4.171 4.720 4.946 5.538 4. 890 4. 888 4.946 5.107 5. 008
T, 4.472 6. 100 5.154 4.691 5.159 5.038 4.980 4. 866 4.867
Tf 38.378 16. 144 22.449 21.243 22.935 24.128 24.129 23.668 24. 641
T% 17.397 22.278 24.463 30. 669 23.912 23.893 24.463 26. 081 25. 080
T§ 19.999 37.210 26. 564 22.005 26.615 25. 381 24. 800 23.678 23.679
S 0.2650 0.2493 0. 009 7 0.0587 0.008 1 0.0015 0.000 3 0.004 3 0.001 1
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Tab.6 Variance analysis for surface roughness
Iy 25 R I i 2 - J5 F R Rl ¥y 2% F M ITE 3 LK
A 0.2650 2 0.1325 67.259 Fo.0(2,16) ew 4,
B 0.249 3 2 0.1247 63.299 =6.2262 B[ g B,
c 0. 008 1 2 0. 004 1 2. 081 Fy5(2,16) =3.63 NTES C,
AxB 0.068 4 4 0.017 1 8. 680 Fo o (4,16) Boh A,B
AxC™ 0.0018 4 0.0005 0.254 =4.7726 NS
BxC* 0. 005 4 4 0.001 4 0.711 Fy5(4,16) =3.01 TS
Error ™ 0.024 3 8 0.0030
Error 0.0315 16 0. 00197
®T AxBXEEAZRTER
Tab.7 A x B two-way table
AxB 4, 4, A g
3O
B, 0. 484 0. 303 0.479 &
B, 0.723 0. 409 0.416 =
s
B, 0.783 0.618 0.574 Ei :

3 90 TR AT [m U TR N 2 P G B RS TR 2R R
PER I, A2 R 2 O 3 0 O TR I T A A 2
A IERG, BEAT T I I, 2% 8 F 4 i T2 %05 1
IR 22 o A A% T HELRS J3E 000 % 22 YU 1 4. 19% ~
7.28% , X F W] iy (AL AR AE A 1, AT T B
FHRBEHI B A 4 TC11 A 2 ThTALRE 1%
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Tab.8 Processing parameters of verification test

and experimental results comparison

el gewley  dEgE B WA M

R \
A/ v/ 1/ R/ LA %

%
pm  (m- min’])(pdm. z7')  um pm %

1 7 20 30 0.383  0.357 7.28
2 12 40 30 0.370  0.388 4.60
3 7 60 40 0.547  0.525 4.19
4 10 80 50 0.526  0.504 4.37
5 12 100 70 0.314 0.332 5.42

8 N f. =40 pm/z i v 5 A XF R, AW i
VL, ] 7 S 4 TR HEL A I A ) 3 32 %) v T G K, B
P W A 15 RS K 5w/ Dy, X 5 B R 3R 4 R —
B #E—F/ W, S IRIE/NT 10 wm B3 T A RS 2
W6 B 1 B 0 T e R X B S RS E Y
I S A G, B oo, = 2mfA A] R, PR I B Il A
R RE AN VIR E 25 By 3k 3 i B R X 55 A0 Y
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Fig. 8 Response surface of surface roughness vs milling

speed and amplitude
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Prediction of High-speed Machining Kinematic Performance

Xie Dong'> Ding Jiexiong' Du Li' Wang Wei' Song Zhiyong’
(1. School of Mechanical, Electronic, and Industrial Engineering, University of Electronic Science and
Technology of China, Chengdu 611731, China
2. School of Electric & Information Engineering, Chongqing University of Science and Technology, Chongging 401331, China
3. CNC Machining Factory, Chengdu Aircraft Industrial ( Group) Co. , Lid. , Chengdu 610092, China)

Abstract; The kinematic performance of the CNC machine tool plays an important role on surface
processing quality and contour accuracy of the workpiece in high-speed CNC machining. This paper
proposes a kinematic performance prediction method to investigate the dynamic indicators of the CNC
machine tool. The feed rate is taken as main researched object. By the control mode of flexible
acceleration and deceleration, the equation of state is established considering the constraints of machine
tool parameters and the segment connection velocity. The preloading follow-up constraint status is used to
simplify the solving for state variable and decision variable of the dynamic programming. The feed rate
curves and jerk curves are presented to identify the constraint parameters and constraint axes. The
experiment of the specimen cutting is implemented to verify the feasibility of this method.

Key words: Multi-axis machining Dynamic programming Acceleration and deceleration control  Feed

rate  Dynamic indicators
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Surface Roughness of Titanium Alloy under Ultrasonic Vibration Milling

Wang Minghai Li Shiyong Zheng Yaohui
(Key Laboratory of Fundamental Science for National Defense of Aeronautical Digital Manufacturing Process,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract; The effects of processing parameters ( amplitude, milling speed, feed per tooth) on surface
quality machined by side blades in ultrasonic torsional vibration milling (UTVM ) were investigated.
Based on a series of UTVM experiments, the influence of single-variable processing parameter on surface
quality of milled surfaces was obtained. Furthermore, the significance of these effects of each factor and
interactive factors of processing parameters on surface roughness was studied by variance analysis and
response surface methodology. Processing parameters were optimized and prediction model of surface
roughness was established. The experimental results show that applied ultrasonic torsional vibration can
obviously reduce surface roughness of milled surfaces, and the amplitude is the most significant factor of
affecting surface roughness in UTVM, while the milling speed and feed per tooth are the second and the
third, respecitively. Large amplitude and low milling speed are more likely to improve the roughness of
the milled surfaces.

Key words: Ultrasonic torsional vibration Vibration milling Surface roughness Variance analysis

Response surface methodology



