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An Orthogonal Experiment to the Softening Zone of Grind-Hardening

Layer on the Internal Surface of Steel GCr15
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Abstract: Based on the grind-hardening orthogonal experiment on the internal surface in the radial plunge
grinding way, the hardness distribution characteristics of the internal grind-hardening layer of the steel GCrl5
was studied for obtaining the information about the optimal combination of grinding parameters. The results
show that a softening zone exists in the wheel circumferential in-out incision zone of the workpiece. The soften-
ing zone is composed of a radial plunge zone, a circumferential engagement transition zone and a circumferen-
tial exit transition zone. The grinding depth has a remarkably significant effect on the arc length of softening
zone, and the feed speed has a significant effect on the arc length of softening zone and the grinding wheel
speed has a less pronounced effect on the arc length of softening zone. Furthermore, the distribution curve of
the softening zone circumferential micro-hardness changes from “U” to “W” in shape as the grinding depth in-
creases. To obtain the minimum arc length of softening zone, the optimum combination of grinding parameters
determined in the experiment is as follows: the grinding depth is @, =0.3 mm, the feed speed of workpiece is

v, =0.20 m/min, the grinding speed is v, =30 m/s.
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Level a,/(mm) o /(m/min) »/(m/s)
1 0.1 0.10 24
T4 Workpiece @, 2 0.2 0.15 27
_ 3 0.3 0.20 30
B2 EHmIKLr=E
Fig.2 Schematics of the grinding process track
YIE G, Falrem . R, R HX - *®2 EXRBSH
1000TMC H shFE 38 B B AL e 2 felii e Tab.2 Orthogonal experimental parameters
JNTZR18 0. 1 mm B [RLC B L8 1 DX S o S fc B - v, v,
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| ABEREE, P £ 350, ORI B ; g 1 g 1‘5) 2‘7‘
9.81 N, NIRRT 10 s, FHRIRRIORA (% . o o o
4 mL, {@*% 96 mL) F%’ﬁﬂ#[ﬂﬁ‘ﬁ)ﬁ E"JU]%U#F ﬂﬂﬁk% 4 0.2 0.10 27
FHIREE, R VHX —700F USRS 5 140 22 5 00 52 85 il 5 0.2 0.15 30
VERE A 22 WIE S, SR H] Phenom — XL % 41 4t H 85 00 6 0.2 0.20 24
MO SUEH, 7 0.3 0.10 30
8 0.3 0.15 24
9 0.3 0.20 27
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a)a,=0.1 mm;v,=0.15 m/min;v =27 m/s b)@,=0.3 mm;v,=0.15 m/min;v =24 m/s

B3 BB R R 4
Fig.3 The typical grind—hardening workpiece
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a)a,=0.1 mm;v,=0.15 m/min;v =27 m/s b)a,=0.3 mm;»,=0.15 m/min ;v =24 m/s
B4 FEERBYIANTIHXHAEBEENFER
Fig.4 Typical macrograph of the grinding wheel cutting—in and cutting—out zone for the grind—hardening workpiece
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Fig.5 Typical circumferential micro—hardness distribution curve of the grinding wheel
circumferential cutting—in or cutting—out zone for the grind—hardening workpiece
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Fig.6 Relationship between the trend of factor level and the softened zone arc length
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Tab.4 Variance of the softened zone arc length

y by £ Eig 5 L
RE=SL Sum:lsfjsj:]fljress Degre(i:' nlf:h}r[idom f Mean j;gujzrium Vv F i Value AL Significance
A 60. 15 2 30.08 109. 09 EH B Very marked
B 4.99 2 2.50 9.06 35 Marked
C 2.85 2 1.42 5.17 *ﬂﬁi% Generally marked
IR2E Errorse 0.55 2 0.28
BT Sum 68.54 8
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