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Abstract; Shear connection is an important process in headless rolling technology, and there are shearing, extrusion and upsetting in the de-
formation process. Therefore, in order to grasp the change laws of the forming load, based on the upper limit method-primitive rectangle
technology and multiple regression analysis, a forming load prediction model when the reduction amount was one times the thickness of sheet
metal was established, and the theoretical forming load under any combination parameters of edge width and overlap amount was solved.
Then, the process experiments were conducted on the shear connection, and the primary and secondary order of influence of the process pa-
rameters on the side convex rate, the thickness percentage of head-cutting end and the load value, and the optimal scheme relative to each
judgment index were obtained. Furthermore, the optimal parameter combination was obtained by establishing a comprehensive evaluation in-
dex and conducting range analysis. Finally, the experimental load was compared with the theoretical load of the established prediction mod-
el, the data of the two were similar, and the maximum relative error was less than 8%. Thus, this research has laid a theoretical foundation
for the high-temperature solid-state shear connection of intermediate billets and has a certain guiding effect on the production practice.

Key words: endless rolling; shear connection; forming load; side convex rate; thickness percentage of head-cutting end
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Fig. 1  Solid-state shear connection of intermediate billet

(a) Schematic diagram of solid-state shear connection
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(b) Sheet metal before and after shear connection
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Fig. 2 Schematic diagrams of side convex (a) and

EEX

head-cutting end (b)

C'=(C-2G)/2G x 100% (1)

R' =R/2H x 100% (2)
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Fig. 3 Main influencing parameters
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Fig. 4 Plane of overlap amount
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Fig. 5 Top view after sheet metal shear connection
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Fig. 6 Comparison diagrams before and after sheet metal shear connection

(a) Before connection
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Table 2 Results of single factor experiment

(b) Head-cutting end surface after connection

SIuS B/ A/ ¢/ R/ I far/
L/% C'/% R'/%

05 mm mm  mm mm kN

I 9 50 30 45.41 4.39 19.74 68.07 264.6
9 75 30 48.51 11.52 12.49 43.07 282.4
9 100 30 54.05 24.25 7.83 27.00 287.6

9 125 30 57.53 32.25 3.53 12.17 285.8

9 100 30 54.05 24.25 7.83 27.00 287.6

I
I
v
A 6 100 30 52.69 21.13 7.29 25.14 250.9
VI
VI 12 100 30 55.86 28.41 8.02 27.66 318.6
VIl

15 100 30 56.58 30.07 8.27 28.52 342.5

NEHIR, 7] AR EORL AT BORL A BT D) ) A A
FERRTE, MR T ey, HORMERL R T Y ad
SR N T LTINS o5t e o G S A N 1):1%17
BATHEE R M RAI R, JeRdn g mT e, KT

(c¢) Side convex surface after connection
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Table 3 Schemes and reselts of orthogonal experimen

S B/ A/ c/ L
L/ % C'/% R'/ %

%45  mm mm mm mm fir/kN

1 6 50 20 47.21 8.53 19.88 68.55 252.4

2 9 75 20 51.40 18.16 13.26 45.72 286.8

3 12 100 20 55.12 26.71 9.98 34.41 318.0

4 15 125 20 60.68 39.49 4.45 15.34 332.6
5 6 75 25 49.52 13.84 13.24 45.66 271.2
6 9 50 25 47.98 10.30 19.10 65.86 262.4
7 12 125 25 60.52 39.13 4.62 15.93 282.1
8 15 100 25 57.26 31.63 8.23 28.38 340.2
9 6 100 30 52.88 21.56 7.68 26.48 253.6
10 9 125 30 58.21 33.82 3.98 13.72 290.2
11 12 50 30 47.62 9.47 18.98 65.45 302.3

12 15 75 30 51.86 19.22 14.34 49.45 332.1

13 6 125 35 55.86 28.41 14.48 270.0

14 9 100 35 55.21 26.92 7.58 26.14 289.6

15 12 75 35 52.12 19.82 13.40 46.21 298.9

16 15 50 35 47.98 10.30 19.45 67.07 292.5
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Influences of parameter changes on evaluation indicators

(b) Overlap amount
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Table 4 Comprehensive evaluation indexes of

orthogonal experiment

S EEATEIN RS || S RIS
1 4.81 9 3.37
2 4.18 10 3.16
3 3.96 11 4.87
4 3.43 12 4.49
5 4.07 13 3.05
6 4.76 14 3.54
7 3.28 15 4.26
8 3.86 16 4.91
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Table 5 Average comprehensive evaluation indicators and

range analysis at various level
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Table 6 Comparison between theoretical and experiment

forming loads

S PSR

S8 B/ /%A/ Ky KA SCRE SRR AHXTR
5 mm mm FiRE/ TR/ fa/kN - fii/kN - /%
mm mm

V 6 10030 52.69 53.82 0.54 250.9 262.1 4.46
VI 9 100 30 54.05 54.93 0.56 287.6 297.4 3.4l
VI 12 100 30 55.86 56.05 0.57 318.6 323.1 1.41
VI 15 100 30 56.58 57.16 0.55 342.5 343.4 0.26
3 12 100 20 55.12 56.05 0.82 318.0 292.6 7.99

15 100 25 57.26 57.16 0.66 340.2 330.4 2.88
9 6 100 30 52.88 53.82 0.54 253.6 262.1 3.35
14 9 10035 55.21 54.93 0.49 289.6 293.7 1.42
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