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Study on Surface Quality of Face Gear Grinding Based on Orthogonal Experiments
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Abstract: The surface quality of grinding has a direct influence on the performance of face gears. Based on the
orthogonal experiment results of face gear grinding, the method of analysis of variance has been adopted to obtain the
influence law of grinding wheel speed n,, work-piece feed speed v,, and grinding depth a, on grinding surface roughness
R,, thus proposing a parameter optimization scheme. By using multiple linear regression method, a prediction model
of the relationship between surface roughness and grinding parameters has been established, with the experimental
results testifying its better accuracy. An analysis has been made of the metallographic structure of the grinding surface
of the gears, thus obtaining results of the experimental matrix and the residual austenite volume of the tooth surfaces.
A prediction model of residual austenite on grinding surface can be established by adopting quadratic response surface
method. With the residual austenite volume to be predicted, the model exhibits an obvious significance in testing.
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2.1 SKEGEH

SEHG FHEE I A IEAC A FE, e AR SNk
1 Fios, Wk RN 18Cr2NidWA , 3k 14y
N 2 Fros . TE75 5l ALK S B0 IS i /L QMK S0A |
AT R B A S0 . BB B AR N 300 mm, SR
VI RS, KGR HIR, BEHDREENE 1

JIoR
R HERERSY

Table 1 Basic parameters of face-gears

ERE Ui
L 86
FL /mm 3.5
JESif /(o) 20
e (o) 90
N2EAZ fmm 145
HhAE /mm 170
UNE T 23
RPN 25

&2 I8Cr2NidWA FEWZER S
Table 2 Main chemical compositions of 18Cr2Ni4WA

JLE C S Mn P S C W Ni Cu
A% 0.16 024 037 0.012 0.011 1.47 0.89 4.19 0.10

1 EEREEIREE
Fig. 1 Schematic diagram of face gear grinding

22 KWHE

VS 1) 2 TR A B8 52 56 SR T IE S vk, 0
2% 181 58 B A i Hommel Werke T8000, il i | & A
1.5 mm, HFEKEEN 0.25 mm, HEREEhEE N 0.15
mm/s, X TECHLEERE R, 23 B 3 %, BOL-FI{E
Vg S50 1) Fe LS BE SR o B M) 32 A 1
SEIG K Fl LEICA DMIRM AU 4 4 i fi s, WSS G
PR ARV 1, 0065 T 4% TR
RSV R, WS R A 12 V/100 W TR AT, T
RAFHLAT K 1500 5 P,

3 BHIRERELB RS

3.1 EHREHEEEESRESHH

P B RS B E A IAIR T S IR TR R . bR ik
n, JGEH 1300~3 900 r/min; TFHFAHE v, 10
il 1.6~5.8 m/min; BEHITREE a;, LN 0.01~0.11
mm. & IFEAEF Lo(3%), B HI IE 58 3 56 PR & RIK S 4n
F3PUR, IELRIGERANDE 4 PR, WEDPTEER
w5 fim.
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Table 3 Orthogonal experiment factors and levels of

grinding surface roughness

K- — z,
ng/ (remin™" ) v,/ (memin™) a/mm
1 2 000 1.8 0.08
2 2 500 2.4 0.05
3 3000 3.0 0.02
F4 PEHIREAREES SR
Table 4 Orthogonal experiment results of
grinding surface roughness
S N Bﬁ C KRS R,/um
1 1 1 1 0.601
2 1 2 2 0.556
3 1 3 3 0.523
4 2 1 2 0.468
5 2 2 3 0.425
6 2 3 1 0.631
7 3 1 3 0.350
8 3 2 1 0.531
9 3 3 2 0.422

DGE
RS REMAKEE R HRESN

Table 5 A range analysis of surface roughness R,

. W %
S8 A B C
k, 1.680 1.419 1.763
k, 1.524 1.512 1.446
ks 1.303 1.576 1.298
W2 R 0.377 0.157 0.467
R RN % A, B, C,

MR AT LUE 1, W n 8K, BEHI R
FRERE R, BNy TARIEAHEE v, BN, R, BN, BS
HITREE a #/h, R B/, DRI, 3 167 245 56 5 11 22 10
FEURE B2 B M AR 1E 7 2202 AB,C,, BDESE 7 45550
ZH n=3 000 r/min, v,=1.8 m/min, =0.02 mm,

H1 22 5 i 22 R AT, 5 IR 3 ) 3% 1T R RS
FERREM R, YRR, e Tk
FEo i TR FRRUEE, BE— DR TSI SRR, JEXT
SIS AE R AR BE
3.1 AVHHik xS 69 A

AT AT S I B, IO A 5 TRE v, Ry 2.4
m/min, BFEEEE n, 435020 1 500, 2 000, 2 500, 3 000
r/min, SEEHERE a; o0 0.02 mm B, SRS U5 H
HLEERE R, 23518 0.530, 0.481, 0.425, 0.386 um; 45
HINREE a, 4 0.05 mm I, 75045 TTHLRE B2 R, 535114 0.603,
0.546, 0.491, 0.454 pm. FAKKEE R, SHPFFEHE n,

ISR I Z NI 2 R

0.65

—A— a=0.02 mm;
—m— a=0.05 mm

FETRELAS EE/um
(=)
=

0.401

1500 2000 2500 3000
WrEEEH/(r + min™)

B2 FEMAEESWREEENXR
Fig. 2 Relationship between surface roughness and

grinding wheel rate
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3.1.2 T Hrutshik ExbpEE 69 R

T ESHIRT, BUEHITRE a4 0.02 mm, TfF
VRS v, 2391 1.8,2.4,3.0, 3.6 m/min, 4Pk
# ng oA 2 000 r/min B, SEEGINAS G TEDHLAEFE R, 239
7 0.450, 0.481, 0.523, 0.560 pm; YRPHHEHE n, N
2 500 r/min B}, FSTADHLREE R, 405174 0.392, 0.425,
0.470, 0.565 um. FRMEHLKERE R, 5 TR HE v,
oG ZR M E 3 FiR

0.575
—— =2 000 r/min;
—A—n =2 500 r/min
0.525]
g
=
X
#0475
=
=
S
0.425F
0.375 . . . .
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HEAVHEE/(m - min™)
B3 FcEERESIGHAEENXR
Fig. 3 Relationship between surface roughness and

workpiece feed speed
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3.1.3 B RIIRE S HAS B 69 h

A e B B, PR 5% 3 n, o 2 000 r/min,
FEBIRIE a; 2394 0.02, 0.05, 0.08, 0.11 mm, 4T
PR TFE v, 4 1.8 m/min 5, SZHG I A5 Uk i LS E
R, 53917k 0.450, 0.520, 0.601, 0.694 um; 4 T1FUESS
HPE v, 4 2.4 m/min B, 5 TAPHLEEEE R, 435124 0.481,
0.556, 0.625, 0.720 um. FEHAEE R, SEHIRE a
HIE R ML 4 PR .

0.75

—A—v =1.8 m/min;
0.70 1 —- vW:2,4 m/min

04 1 1 1 1
8.02 0.04 0.06 0.08 0.10 0.12
JEHE /mm

4 REERESENRENLR
Fig. 4 Relationship between surface roughness and
grinding depth
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R, ERYREOR D, 2GRN e B I AR BRI
Ao P L LT F1 70 308 e S T A DX A A e 2 T PR T 1Y
DR TREEIG I, DA e 147 e AEL R 2 (B
32 BHIRESHEARIE
JEHI N T A e, S A B PR S A DR R AL
%, HrhEH| 2S8R iR, bl
ne. BEHIRIE ap. TAFIEGAHE v, MERSEHHY 341
WK, WA n, N x,, BEEIRE a N x,, TAF
HELGIRIE v, O xy, SEB AR BUETE 5 3.1 55 AR o
Fex0 (1) X 3 AR AT G i, S0 IR 2K 25 )
BNk 6% s .
X, =(x, -2 600)/1 300,
X, =(x2 —0.06)/0.05’ (1)
X, = (x3 —3.7)/2.1O

xo6 SHAALKERREHRAKE
Table 6 Experimental factor coding and

levels of micro-structure

I x/ (remin™) X,/mm x/ (memin™)
1 3900 0.11 5.8
0 2 600 0.06 3.7
-1 1300 0.01 1.6

A 19 YRR U S8 ] A S B B S
SERBARINGR 7 B, Horh Ar FOR TN R R T TEAR

BIGR
xR EEERRBERESIWIEITERERER
Table 7 Experimental design matrix and results of
residual austenite amount of tooth surface

iz ng a; Vy X, X, X, Ar/%
1 1300 0.01 1.6 -1 -1 -1 18.9
2 3900 0.01 1.6 1 -1 -1 17.2
3 1300 0.11 1.6 -1 1 -1 13.9
4 3900 0.11 1.6 1 1 -1 10.3
5 1300 0.01 5.8 -1 -1 1 19.0
6 3900 0.01 5.8 1 -1 1 17.5
7 1300 0.11 5.8 -1 1 1 13.4
8 3900 0.11 5.8 1 1 1 11.1
9 1300 0.06 3.7 -1 0 0 16.7
10 3900 0.06 3.7 1 0 0 14.9
11 2 600 0.01 3.7 0 ! 0 18.6
12 2 600 0.11 3.7 0 1 0 12.3
13 2 600 0.06 1.6 0 0 ! 16.2
14 2 600 0.06 5.8 0 0 1 15.8
15 2 600 0.06 3.7 0 0 0 15.1
16 2 600 0.06 3.7 0 0 0 16.4
17 2 600 0.06 3.7 0 0 0 14.9
18 2 600 0.06 3.7 0 0 0 16.1
19 2 600 0.06 3.7 0 0 0 15.5
4 PEHIREREHNEREE

4.1 [EH|REHEREE RN E
FRAE 2 4 v T 47 8 25 1) 3 T MDA J32 1 S8 06 45
B, SRAEASHT, FR R RO 2 7 e 1,

o T LA 6 S ) 3 TR FEE By
R=0n"v/-a’: (2)

Arp: O NI FRE
o, B,y FTEEHEL
) Z2 ULV RN SR AR, RTA5 AT 0 S 1) 2 THIREL
BEFE 5 3ANEE I T 2S804 [ml 3 A n = 3 ),
IZIARITE Sy 3.1 Y 3 A SEEe I 2R A L
R.=134.927 40574y 03309502144 (3)
42 PBHIFREKRRRKESHTNEE
TIASE TR SR FE o iz iy TR AU AR, fR T LS4 )
Jop 1 TEEAT B REE, A T S e, SR
Wl 3 S v B AR TR A R T AR B A Ry
Ar(X), HEA PR B e W i AR R Ry
Ar(X)=K+K, X, +K, X, + K, X;HK X X+
KX XK X Xt K XX Ko Xo XK Xo X+
Ky X X Ko Xo Xt K Xo X te (4)
A e MRZET; K O RIHREL
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K /N e ok AR [l R K, AR
AT 8 3R TR Ak % B FC A St 5 B ) 2 40 ) 1y [l ) 45
BARR (5) , I BIEAGE L 3 AL g =
L
Ar(X)=15.746 3-1.089 4X,~3.020 6X,~0.029 4X,+
0.129 1.X2-0.479 1X,"+0.070 9X -
0.338 3X,X,+0.186 7X,.X;+0.003 1.X,X;. (5)

5 FMREBERRSXESN

5.1 EERIREFERE NS
oA T SR ) R TR P PSR A R, A

BRI R SR 2H BEAL IR 6 2H S 5 2 AL SR (i 4
FA2 RS I, THRHAXTRE, W13k 8 .

3% 8 Al i, P HI R IAHLEE JE R, SCIN{H SR
T FHINMEL 22 8] B9 Foe KA X R 220 11.13%. 36t i 46
DRZERY TR Rl T 48 S AR A 2, T
RN IE T T2 3 D EENER (e, T
PEUEER TR | BEHITRIE ) Xl v 2 ThTRELAS B ) R0
M HAMAN SRR, AEHIIRE) . AR R 2E | R
ARBUSER ZRTE T T3 PR 20 B 1) TR RE R 3 4T
LA —E I, EX AR ZEA K, B
BB TR B4

8 BHIREMELEINE. MUEREBENRE

Table 8 Values of measurement, prediction and their relative error of grinding surface roughness

) % % Mook
WPEEHEH ng/ (remin™ ) TAFSELGHE v,/ (memin™) BEHIRE a/mm SEME /um AT /um  AAXFRZE /%
1 2700 2.7 0.05 0.524 0.495 5.86
2 3200 2.5 0.05 0.459 0.435 5.52
3 1 800 2.5 0.05 0.589 0.635 7.24
4 2200 2.5 0.05 0.546 0.557 1.97
5 2500 2.5 0.05 0.552 0.512 7.81
6 1450 2.5 0.02 0.535 0.602 11.13

52 PEHIRESHALTNER
XoF JUT A P ) 2 T ke A% DL [ M FE A T ASE Y, G
PEBER AL, THX (6) 1Y F il FYERK T,
F IR SHELA R/ INAT S BIABE TR A A i J 2
ED
F=— (6)

K Ey, WIRZEWTT; Ry AERZE T

WKL I K 0=0.05, 54 E,=11.708 8,
R,=0.068 3, F=171.43, £ if] F 5 £i 215 I {4
Fi=Foos (9,9) =3.18. [H A F=171.43>3.18, Jir LA
TSR 2 R B s, S SR A R, X
Ul I FH TSR 00 T 14 e SR AR AR R O, B
R E R

FHAAR A ST A A B, A TR
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FCAARFIHLRRRIE Y, OFP LSRR AR SR ] 2k
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REA R AR AR B IR RIS, — Ak A T8 [ A R
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5 HEREESBEAR
Fig. 5 Metallographic structure of tooth surface of face gears

B o MO ESHEAR
Fig. 6 Metallographic structure of the center part of face gears
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