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Research on mechanical properties for internal and external toothed parts
based on multi-process spinning
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Abstract: The anisotropy of SPHC hot rolled steel plate was investigated by unidirectional tensile test and hardness test, and the related
mechanical properties of SPHC hot rolled steel plate were obtained. Then, the mechanical property parameters of each process part were
quantified, and the strain hardening function of SPHC material was fitted. The results show that the anisotropy of SPHC material is not ob-
vious, the yield strength is 251 MPa, the tensile strength is 371 MPa, the yield strength ratio is 0. 68, the elongation is 44%, and the
hardening index is 0. 19. From the original blank to the internal and external toothed parts, the spinning process increases the tensile
strength of the material from 371 MPa to 485.5 MPa, an increase of 31%, and the yield strength is increased by 89% from 251 MPa to
475 MPa, the yield strength ratio is increased from 0. 68 to 0. 95, the Vickers hardness is increased from 136 HV to 188-216 HV, and
the hardening index is decreased from 0. 19 to 0.028. Finally, through the fitting and comparison of the strain hardening functions of
Swift, Voce and Swift+Voce, the strain hardening function of SPHC material is obtained.
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Table 1 Chemical components of SPHC hot-rolled

steel plate ( %, mass fraction)

C Si Mn P S

0.02~0. 08 =0.05 =<0.40 =<0.03 =0.03
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Fig. 1 Blank and each process part
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(a) Blank  (b) Process part of drawing

(¢) Process part of shaping

(d) Process part of flow

('e) Process part of internal and external teeth
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Fig. 2 Dimensional design and preparation of unidirectional tensile samples

(a) Dimensional design on blank and process parts of drawing and flow

(¢) Samples for blank and process parts of drawing and flow

RN FNLEURE I Ty ) L 5% BA 0 SR AR IR DA R
F AT/ o T 5 A A R A e AR L
T BRI S (AR ROT SR T 00 A, 3R 0 BAELIR
ANIE H R ADORDRS B ok R AE, K5 R ] SURFTEST
SJ-210 FHAE B A SO BRI S T XUk 1) 2 i KL
REFEDEAT TN, 2550380, &4TEE 5 iYilAE Y 2 m
FELBE B2 (E 24 /N F M2 {8 Ra3.2 pm, X 36 % ] DIC
( Digital Image Correlation) KUZ4E ARAKH L o) Frff Fg
SRR, R RO RS2 AR R
KA R R g AR TR AL B, i
FEFREE ST, Hok, B TR sh Ty
PR AL K A B AR W 2¢ BT, N 4b
W TR S A R A B (AR an ] 2d s
1.2 #REEILFESENERRHIRE
iR g SR A E 3 s, IR
B AG-100 kN FifHAL, XFEREFE) 9 A REE L M hiE
WL TSR ANA TR 18 A aRREA T 5 17 7 fif
R, HAhiR Tt ke 1~ 8k 6, Wish T
FEAERT IR BE 7 ~ 3K FE 12, T 1% 1 % 0 ik R
13~38FE 15, AN TP Bl RE 16 ~30FE 18,
PRUEIAAEAE R 2o A A T R SRS, B i
A 1.5 mm - nﬁnA, 15 FH T AH AL SR B A4H B 1Y

(b) Dimensional design on process parts of internal and external teeth

(d) Samples for process parts of internal and external teeth
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Fig. 3 Unidirectional tensile test platform
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Fig. 4 Engineering stress-engineering strain curves in various directions for blank samples
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Table 2 Mechanical property parameters of original blank

BRE JEIRGREE, BUbsREE/ iR/ . kA5 4L
R r{H JH i L

Ji MPa MPa % n

0° 254.5 369. 5 1.00 43.75 0. 688 0.19

45° 250.3 370.0 1.04 44.00 0. 676 0.19

90° 248.5 374.0 1.06 43.25 0. 664 0.19

W 251.0 371.0 1.03 44.00 0. 680 0.19
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Fig. 5 Engineering stress-engineering strain curves for samples under different directions in the same process

(a) Process part of drawing  (b) Process part of flow
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(d) Process part of external tooth
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Fig. 6  Engineering stress-engineering strain curves for different process part samples under the same direction
R3 EBRENMNMEIFENNEERESH
Table 3 Mechanical property parameters of original blank and various process parts
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Fig. 7 Change curves of yield strength, tensile strength and yield ratio
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