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Study on temperature rise for friction spinning based on response surface method

Sun Shouyi, Wang Jin, Li Baoge, Cao Gaowei, Zhang Xinyue
(School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao 266000, China)

Abstract: A Box-Behnken experimental design was conducted to investigate the influence laws of process parameters such as feeding rate,
spindle speed and forming angle of tapered part on the temperature rise in friction spinning process and the interaction between these fac-
tors. Based on the experimental design and temperature measurement experiments, the response surface model of the temperature rise rela-
tive to the process parameters such as feeding rate, spindle speed and forming angle of tapered part during the aluminum alloy friction
spinning process was established, and the causes of different factors affecting the temperature rise in friction spinning were analyzed. The
results show that the forming angle has the biggest influence on the temperature rise, followed by the spindle speed and the feeding rate,
and the difference of process parameters could affect the value of spinning force and the distance that the tool travels on the workpiece, re-
sulting in different processing temperatures. Changing the tool form in the spinning process can significantly increase the temperature of
sheet and improve the formability of workpiece. When the feeding ratio is relatively small, not only the temperature rise in the processing
process is increased, but the surface quality of the workpiece is also improved.
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Fig. 1  Spinning device
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Fig.2  Machine tool (a) and temperature measuring equipment (b)
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Fig. 3 Dimensions of different conical parts

(a) 30° conical part
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Table 1 Factors and levels for experimental design
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A/(mm « min™") B/(r-min"") C/(°)
-1 50 200 30
0 100 400 45
1 150 600 60
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(b) 45° conical part

(¢) 60° conical part
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Fig. 4 Physical picture of parts
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Fig. 5 Temperature rise curves under different tapers at feeding rate of 100 mm + min~" and spindle speed of 600 r - min~

(a) 45° conical part

JEE $82 56 S 300 3 B 8 A 5 ARk ) B R 7 A TR 4 R
FESLBMA BRI, BALGEE e T AR 10 kG 2%,
MUELE LR, ANUEE S A TR
e I g IR, BRI E A=100 mm - min™' |
K2 B=400r - min' FIFZE A=50 mm - min_l\
Z B=600 r - min~" FZH 30°4E I8 19 iR 45 51 vE AT
SFEE, WE 6 B, FEBES BRI, TR A
B S A IR, 3k pl T R R A SR 5 ) PN A o T
B, TR Z BB E BRI S8, iR
UNHIE, TR A
2.2 {HBISH

WAL AT W2 3 iR, AR SCHEST ALY P
7 0.0001, Z55uE/NF 0.01, X idHA 2 (o] ) 4558
HA+o0wEE X 4HE 5 R =0.9709,
R2,=0.9334 (Hrh, R® HMICHREL, FomLmdE
SHE B AR R, TR ARG R AL,
R R R Bt S LG R B W & =8 ) . Ui B
ZBA S SRS R, HEANPEA

(b) 60°4EIA:

1

(b) 60° conical part

6 ARIPEL LT B T AR

(a) 0.25 (b) 0.083

Fig. 6 Workpiece surfaces at different feeding ratios



$124

PINF A5 o TR L T 925 )RR T iR T 39

®2 KBER

Table 2 Experimental results

WE S B C AT/C
1 0 0 81.0
2 -1 0 1 14.5
3 0 0 0 79.0
4 -1 -1 0 35.0
5 1 -1 0 105.0
6 1 1 0 72.0
7 0 0 0 65.2
8 -1 0 -1 53.0
9 1 0 1 31.0
10 0 0 0 79.6
11 -1 1 0 26.0
12 0 -1 -1 118.0
13 1 0 -1 168.0
14 0 1 -1 56.0
15 0 -1 1 30. 4
16 0 0 0 81.3
17 0 1 1 28.0

x3 MMEERSH

Table 3 Response surface result analysis

F# IR Al BEE FH P1A
e 24171.74 9 2685.75  25.91 0. 0001
A 1415.12 1 1415.12  13.65 0. 0077
B 7657.03 1 7657.03  73.88 <0. 0001
C 10592.40 1 10592.40 102.20 <0. 0001
AB 144. 00 1 144. 00 1.39 0.2770
AC 888. 04 1 888.04  8.57 0.0221
BC 2425.56 1 2425.56  23.40 0.0019
A? 725.05 1 725. 05 7.00 0.0332
B? 89. 00 1 89. 00 0. 86 0.3849
c? 151.45 1 151. 45 1.46 0. 2660
B2 725.50 7 10. 364

AT 541.25 3 180. 42 3.92 0. 1101
HXFIRYE 184.25 4 46. 06
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Fig. 7 Response surface diagrams of interaction factors
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