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Design Method of Face Gear Cathode Based on Standard Cathode Characteristics

ZHOU Yuan, BAI Yu, CAO Yan, QIAO Hu, HUANG Liang
(College of Electromechanical Engineering, Xi'an Technological University, Xi'an 710021, China)

ABSTRACT: The paper aims to solve problem that simple surface cathode design method can not guarantee the machining pre-
cision in the process of ECM. A orthogonal test was carried out with standard cathode to obtain the optimal electrolysis process
parameters of steel face gears. Then, those parameters were used to redesign the cathode. Finally, the original cathode was mod-
ified by measurement results of the specimen to obtain final cathode shape. The optimal electrolysis process parameters obtained
for the steel face gear are K=20, U=10 V, v=0.6 mm/min. The optimal shape correction value derived according to the result of
error measurement of samples was 0.4602. The cathode design could guarantee the process thickness of the face gear and can
process parts with IT7 grade precision. Also, it presents a feasible cathode design method for high precision electrolytic ma-
chining of complex facets.
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Fig.1 Geometric properties of sampling points
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Tab.1 Modeling point coordinates of local cathode head surface

Hr—xla] Y BT Tcla] iy B
e x y z 5 x y z
1 64.8253 0.1463 —25.9796 1 56.3684 7.4447 —25.9482
2 63.8268 0.3093 —25.9760 2 57.3247 7.7861 —25.9525
3 62.8283 0.4674 —25.9723 3 58.2831 8.1153 —25.9566
4 61.8299 0.6237 —25.9685 4 59.2433 8.4342 —25.9607
5 60.8316 0.7791 —25.9647 5 60.2045 8.7466 —25.9647
6 60.8316 0.7791 —25.9647 6 61.1662 9.0562 —25.9685
7 59.8333 0.9372 —25.9607 7 62.1279 9.3668 —25.9723
8 58.8351 1.1020 —25.9566 8 63.0894 9.6791 —25.9760
9 57.8370 1.2772 —25.9525 9 64.0501 9.9963 —25.9796
10 56.8390 1.4648 —25.9482 10 56.4135 7.2077 —27.6200




116 o oW TR 2018 4 7 A

xoz V-1l

=BT sk BT

22 WIS o REE S
WHLk3 HiiLks
a FER YA AR b =4Sk
&2 Bk YT Y = e A
Fig.2 3D model of cathode head surface
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Tab.2 Parameter table of orthogonal test

HELS R
v /(mm-min ")
0.25 (/&)
022 ()
0.20 (fi%)
022 (&)
0.20 ()
0.18 ({1%)
0.20 (/&)
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0.18 (/&)
0.16 ()
0.14 (fi%)
0.17 (/)
0.15 (H)
0.13 (%)
0.18 (/&)
0.16 ()
0.14 (%)
0.12 (%)
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0.06 ({%)
0.10 (/&)
0.07 ()
0.04 (fI%)
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Tab.3 Orthogonal test results of electrochemical machining

TR LRI TS LR IREL TR LREIRETHRL
1 72.61 10 80.07 19 65.64
2 74.86 11 70.42 20 67.80
3 71.13 12 68.91 21 62.73
4 69.44 13 67.99 22 74.44
5 67.74 14 71.09 23 70.17
6 70.97 15 83.25 24 67.22
7 65.67 16 62.57 25 58.63
8 63.94 17 64.00 26 61.33
9 66.29 18 65.66 27 64.78
82 RIS,
80 £5 818y BOEANTRLTRARIZE
& 78 Tab.5 Actual coordinate points and errors along direction
Iy +y for gear face of gear 1
% 76 :
b LR w2/
& 7 e ’ : i
72 1 65.6121 0.1510 -26.2716 0.1140
0 . ‘ . ‘ ‘ ‘ 2 61.3753 0.9991 —26.4143 0.2953
00l igp;;/ 04 0506 07 3 57.6344 16919  —26.3840  0.2828
SRR = min) 4 653278 12344 281418 02932
K7 2(4)ny k% ih 5 61.3779 1.3734 —28.1477 0.2672
Fig.7 Function curve of equation (4) 6 57.3757 1.7877 —27.7475 0.2353
x4 BABGIESHAASTHHANESIREEG 7 65.3667 2.1274 —29.7694 0.1990
Tab.4 The corresponding comprehensive error index un- 8 61.7000 2.3738 —29.5174 0.2803
der the optimal process parameters of each group 9 57,3898 1.9889 -29.5428 0.1546
e %ﬁ T PEL T E/ é%%ﬁ 10 653778  3.1898  —31.4125 0.1868
B K WEV  (mmmin)  EWy 11 61.7113 2.8242 -31.3625 0.2510
1 100 15 0.6 70.66 12 57.6766 2.2962 -31.2135 0.2263
2 100 14 0.6 68.35 13 65.3445 3.9932 —33.0900 0.2056
3 100 12 0.6 63.46 14 61.4020 3.6050 —33.0912 0.1565
4 33.33 14 0.6 67.76 15 57.3301 2.5171 —32.8889 0.2433
5 33.33 13 0.6 65.38
6 13.33 1 0.6 60.32 MR 5 Fros Byl 45 5 R B, AU in 15 i A
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Fig.8 Modification theory of cathode machined surface

AN T AT R B4 b BA AR H i R T2, iR IV
5 2R TR X R B TE I B BA B i LR 28, D,
D, D, D, Frnfil TR 1 B EE s 5 SE BRI
ZBIPERZE, dy, do, dyy d, 535 A AR 2R T2 4% 0 5
Proise 22 S 4 2 ) 2 0 T 2k b 4% BEAE A5 AR I AMEEAE
01, Oy, O, 0, 53 WAl AT 2R 1 4% BRIE A5 B e il 1
1) ] o 5 20 5 0 38 1 e 1 o R0 4 BRI A A o T A8 g
IR, UL M, S0, B PR = A bRl L,
W 5 HE 0 M, AR A SEPR S R 22 (i
D;), HURFFIHE(S) I 7 540 b B AR Jin T84 T 1 1%
BN, T S M eI T AR 28 D, i T A 4]
U B R S5 A I

d =D, (i=1,2,3n) (5)

K. ¢ HBIERE.

e Jr AR R 3 (6) AT LA B 5, M, FIET I 490 1 A A
HRRR N S B IE A MY AR AT o

X, =x,—(A +d,)cosa

y; =y, —(4 +d;)cos § (6)

z,=z,—(A +d,)cosy

I—thj : Xi, Vis Zlﬁ‘j?)ﬂzﬁlgﬂﬁi E‘Jﬁﬂlﬂﬁﬁéﬁ?'ﬁ 5 X/,
vi', z ARG BB IE 5 00 i TRV AR BR A5 a, By M
9 1 B AR 1) i AL TR AR B s 5 A AR x, y, 2 B IS
AN LB

T3 AME R ] bR ) 4k B AR B AL T A8 I A
IE B, BAAETE R & B O OCHE, A T e
RIENRAETE RAL, Sl — > Z A (R 4L
R FHRLA% W1 H A (R AR BUR B TE R AL i@ 1S
5 th EABTE R ¢ i FRIR A ILA(T).

gzlx'm‘(;’j —532)+x:n"(§32 —512)+>i;(§12 -43) 7
2 x,(6-6)+x,(6,-8)+x,(5,-¢,)

HRAE LA i Crh i SE PR B TR 200, BUBTE 2250 &
B L,E,, 8N 0.2,0.3,0.5, X BT A 5 A4 i
PR E A7 A T T, W) e A A R
Xn'=0.2461 mm, x,,"=0.2152 mm, x,,"'=0.1975 mm, #|
A7) E X 3 VA A T A T A 5
RS B TE R BN £y, HOIRFEE TIUIBTE £

BRSBTS ¢y o
I R F NI TE RS, BT 0.4602, Bk
U B 11T R BOTE R e D AE AT R, e i T
R T £ 0 6 8 T T A
AN T, I ELHIN T S B 4 T 352 2% . 1 B3 22
T A TDRDREE HEF I (AR 103 67 ),

®6 RBE1iH+y ANEERSRRALIRSR
Tab.6 Actual coordinate points along direction +y for
gear face of gear 1

=3 R2E/

7 * 7 z mm
1 65.6001 0.1504 —26.2698 0.1020
2 61.4001 0.7897 —26.2631 0.1005
3 576123 14896 262715  0.1144
4 65.3755 1.1256 —27.9574 0.1267
5 61.3679 1.4697 —27.9686 0.1365
6 57.4112 1.7268 —27.9274 0.0894
7 65.4124 2.0963 —29.6160 0.0880
8 61.5666 22111 —29.6192 0.0668
9 57.3552 2.0383 —29.6693 0.1529
10 65.3447 3.1219 —31.3603 0.1656
11 61.6548 2.9269 —31.3480 0.1603
12 57.6611 2.3663 —31.2681 0.1700
13 65.3457 4.0644 —33.0313 0.1604
14 61.3680 3.6663 —33.0294 0.1365
15 57.4234 2.6502 —32.9920 0.0770
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Tab.7 Measurement results of tooth pitch error of
end face gear

) A5 [ISN bIPEy (SN
F5 1R2%/mm Fe TR2E/mm
1531 0.0440 2532 0.0010
3533 0.0396 45534 0.0131
5535 0.0411 6536 0.0163
7537 0.0980 85538 0.0182
9539 0.0147 10540 0.0269
11541 0.0047 12542 0.0322
13543 0.0258 14544 0.0226
15545 0.0787 16546 0.0123
17547 0.0122 18548 0.0250
19549 0.0453 20550 0.0144
21551 0.0149 22552 0.0153
23553 0.0005 24554 0.0196
25555 0.0581 26556 0.0652
275557 0.0342 281558 0.0605
295559 0.0295 30560 0.0866

HIZE 6 RIS 7 AT, 0 1T A7 48 d5 28 1 64 145 T
Lt iR 2e FEAEPAAE 0.1 mm £y, Hf Rk
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