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Analysis on cold heading of handle screw and parameter optimization
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Abstract: In order to solve the problem of slow production speed and low material utilization rate for a kind of handle screw in turning
process, a three-station cold heading process of necking, pre-upsetting and final forming was designed, and the finite element modeling of
the whole process was completed by Deform-3D to predict the forming results and analyse the rationality of the process. Then, in order to
reduce the forming load of the pre-upsetting and final forming stations and meet the forming requirements, the influence of key dimensional
parameters such as upper cone angle, lower cone angle, head lower circle diameter and lower cone height of the pre-upsetting station part
on the forming load was studied by the orthogonal experimental method, and the optimization was carried out by range analysis method.
The results show that the optimized parameters are as follows: the upper cone angle is 10°, the lower cone angle is 8°, the head lower cir-
cle diameter is @14. 8 mm, and the lower cone height is 5.5 mm, and the forming loads of the two stations are reduced by 22. 2% and
23.5% respectively after optimization. Finally, the actual forming experiments are conducted on the handle screw, and the forming condi-
tion is good. Through the microstructure analysis, no obvious defects are detected. Thus, its size and performance meet the requirements
of manufacturer, which indicating that this process can replace the turning process.
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Fig. 1 Part drawing (a) and forming process (b) of handle screw
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Fig. 2 Rheological curves of 45 steel

HiR A N
- B
\ L3I ALY
w G IR
FHUE 24+
BRI S YA
G IR
BT % RIGTHAT
(b) ©

K3 & T TR
(a) #RTAL (b) WAL (o) BWIETAL
Fig. 3 Finite element models for each station
(a) Necking station ~ (b) Pre-upsetting station

(c¢) Final forming station
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FiBh S /(mm-sT) FEHN S /(mm -s) P BN /(mm -s)
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7.54 12.1 12.1
6.41 5.37 543
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Vs /(mm-sT) Vi Bh% BE /(mm-s1) Vi Bh% BE /(mm-s-1)
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0.00 0.00 0.00
0.00 Min 0.00 Min 0.00 Min
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Fig. 4 Metal flow processes of each station

(a) Necking station ~ (b) Pre-upsetting station ~ (c¢) Final forming station
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Fig. 5 Internal streamline situation of parts at each station
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Fig. 6 Forming results of parts at each station
(a) Necking station ~ (b) Pre-upsetting station

(c) Final forming station
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Fig. 7 Variation curves of load at each station with time
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Fig. 8 Distributions of equivalent stress for parts at each station
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Table 1 Design schemes and load simulation results

CHA T LT THEm BT KRBT
VES R mE B fiEok#E
/(%) B/(°)
D/mm  H/mm kN faf/kN
1 5 5 ®13.6 5.0 581 653
2 5 8 ®14.0 5.5 446 499
3 5 10 Pl14.4 6.0 572 641
4 5 12 ®14.8 6.5 522 587
5 8 5 ®14.0 6.0 558 623
6 8 8 ®13.6 6.5 441 488
7 8 10 ®14.8 5.0 525 593
8 8 12 P14.4 5.5 536 602
9 10 5 Dl4.4 6.5 487 536
10 10 8 ®14.8 6.0 429 472
110 10 ®13.6 5.5 469 521
1210 12 ®14.0 5.0 498 546
13 12 5 P14.8 5.5 517 555
4 12 8 Pl14.4 5.0 438 481
15 12 10 ®14.0 6.5 539 611
16 12 12 ®13.6 6.0 547 619
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Table 2 Range analysis results of maximum load for

pre-upsetting station (MPa)

s e e B LI TR AR :@ﬁﬁﬁEE
WifE1  530.25 535.75 509. 50 510. 50
W2 515.00 438. 50 510.25 492. 00
B3 470.75 526.25 508. 25 526. 50
¥4  510.25 525.75 498. 25 497.25
WZER, 59.50 97.25 12. 00 34.50

x3 KREIMNBEARETRESINER (MPa)
Table 3 Range analysis results of maximum load for final

forming station ( MPa)
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Fig. 10 Influence trend of various size parameters of pre-upsetting part on load
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Fig. 12 Load curves of pre-upsetting station (a) and final forming station (b) after optimization
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Fig. 14 Equipment and material of cold heading test for handle screw
(a) TD17B-3S three-die three-punch cold heading machine ~ (b) 45 steel wire rod
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Fig. 16  Parts of each station in cold heading test for handle screw
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Table 4 Comparison of dimensions between design requirements and test results for handle screw

R (Bt

R KSR 3K,/ K st B/ mm K T H BEZE R/ mm 1222/ %
D1 @22.9~@23. 1 @22.93 B RR @22.97 0.17
L1 D2 ®14.9~D15.0 @14.98 BB RR 14,94 0.27
. ﬁ D3 @5.8~dD5.92 ®5. 88 R R ®5. 83 0. 85
_ L4 L1 53.6~54.0 53.86 HERR 5376 0.19
= — 2 47.9-48.1 47.96 B R 47.98 0.04
a A L3 44.95~45.05 45.01 Bl R R 45.04 0.07
I4 39.9~40.0 39.94 B RR 39.99 0.13
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Fig. 17 Microstructures of different positions for handle screw
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