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Automatic feedback correction/and'deviation analysis for
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Abstract: Based on the measurement information of tooth surface, the deviations and
influential factors were identified and analyzed, and the corresponding relations between the
machine-tool motion parameters and the tooth surface deviation were derived. An automatic
identification system was developed to determine the deviation type and the corrected items of
machine-tool motion parameters. By the model of 4-axis computerized numerical control
(CNC) cutting machine and the application of numerical optimization method, the automatic
correction and feedback were realized via the network between the measuring center and the
cutting machine. Experiments and applications show that the expected results of effective
reduction of tooth surface deviation can be achieved, the tooth surface accuracy can meet the
design requirements, and the digital closed-loop manufacturing of spiral bevel and hypoid
gear can be carried out effectively by means of automatic feedback correction of machine-tool

motion parameters and automatic identification of tooth surface.
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Fig. 1 Distribution of tooth surface deviations
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Table 1  Effect of tooth surface deviations of gear
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Fig. 2 Automatic identification system

2.2 HENKEHNSHELE

AR W G 3R 5 15 A ) R AR AR
TAE G4 G BIHLIK , 5 38 5 0 B0 LR 2 il iz 3l
Bk A, AT DLSE B TT 8 5 AR X IB B
o DT TF SR 41 15 40 R0 147 I 1R 25, AR SC P iR iy
VY Al K 2 BCPE BE A HLEL A 4 S B L B 3
XY, Z 5O 14 e CA Bl L E AR
AT Free-form™" RUAL IR AR GE 56 & 14 32 2y, {0
SUBEARAUE T B A0 T AR 76 AT 2 B i 4B 5 A [R] ) A
Xt iz gh 5 1) 5 A0 X O e A R L kAT
DAF BA% GE AL AR Ji Jsid fin T M58 e 4 147 %6

R S5 80 4, W] LA AS BA% BE MUK 32 3 2 4L
HBENIKRZ S H LR

(¢, D) = Scos(q— ¢) + (L— X)cosv

{y@ﬁ,@j) =— Ssin(g— ¢) + E
2($, D) = (L— X)siny— B
(1D
P (2($, @)y y($a @), 2(¢, D)) FRFIEHL
IRizghih X, Y, Z Bl Bk o AL 5 s ¢ ROREE 6 5%
s LR e ih,

APER DIV T R VI R B 248 1, A AR
S HES, 5 X, Y JhEksh 55 3R iz 3h, Z
FEHRER. A SR G M ¢ 75 A PR
2

A($, @) = R+ ($—Ce ¢ — D= ¢")
12

K CH D 43 9 3R Z A= s v R R R
BOE VIRV RAEE , ARhA)dE S 8h, A=
R- ¢
BRILEISHLRIZEN S BN ;. B iy e
PEHN (2($y @)y y($y @)y 2($a D)y Al D)),
A3 BIHLRIZ S BRI E (2" by s 2 AT,
B HLIKIE S S BB IE /A AD (k= 1,2,-+,n
HEETANED, @ = O + AD, KRB IEG L
IR S 40 2 IR LK Z 8 2805 X R 5 I &
ZORL R 1 11 22 5 LR B S B S O R
CIEYECED|
2§ @)+ (ot 8($, @) « 0 ($,, D) = &/
Jy<¢i,<p*)+(p+8<¢,»,cp*)> e, ($, @) =y
1 2(gir @) + (ot 8 @) » (@) = 2
lA(@,@*) = A
(13)
FSHLIRIZ 3 280 @ P E T B 1 H A
BANTIETR na IR 22 O P E T bR GTE H . B
TR TR B2 ) 5 ) RS BRIS LK i 3 2
¥ @, EIE G AY AN g 5 B E 15 58 4 T
BB LU CT3) W0 by JE 2tk f Ak 1] 3L DL A,
gk As i, FORRAENUKZ 31 S8 o 15
VTR 25 00 7 7 AR/, ARAR BRI

45
f($isAD) = min Y | 8¢ D, + AD) |
i=1

a4
B A SR g R LA 31025 147 T 0 435 58 (R A 50
AbHE G Fe M ¢ MPLIRIZ B 2 HUB IE /L A, BETTT
CEILINZR RS U] A P KA
2.3 HMAREHSHEIRE
XtHLIR 2 30 2 80 | 2h S5, al i i 14 48
G BRI e R Bk ML PG R L2
TE1) 149 3040 1 i >f 52 B R4 BE 1 HIL R 44 4 I 4 v
O AT LA I 0 ISR 5 4 2 B U IO ) 5 B
T RIS TG SR L O 2 AR 2
B E BIAT 58 i = 22 B 9 B 5 BaEfE . B
PRI TR 15 48 I & 0 B HLIR 32 30 2 808 1E
RN L NS ) I g 2 O] P AR g 2
PUSE BT LR 12 3 2 5O TR 5 )5 3l 5 19 456
IR 5 B AL IR 32 3 2 0RO 1 5 7 1% i 2 PR
b B B A AL R AR 45 BT TR R ALK Gz 3h =
B UG UL RRE , THIME IE )5 /Y6 5, i i
BE LA 58 D0 & O B IR R R 4 i) R kAT
T AR BER. %A R BB IE RS, AW



1198 i

H¥

]

VAR

906 ¥

1~2 WAEI % AR e AT SRR A 15 152 22, W6 1 T
R ER. 58 A 9 OBHE IE R 589 A an &
3 iR,

Y25 1 2 P Mt o0
i i s
L T TEL 3 e ) [I'H lfl]
W i e 2 25 R i i
BLIAE sh 2 5o 11 % %
6 1E 157 B4
- T . LR
T T TS B -
s o g > it
JE—JJ{:&{‘%JIA it ﬂ% ]X
: 23
UKz NS 5 - T
[EARIE %
— e e
v Kokl
1 L

K3 AR BHEIE R

Fig. 3 Flowchart of automatic feedback corrections
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Table 3 Geometric parameters
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Table 4 Machine-tool motion parameters

corrections of pinion
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Table 5 Initial coordinates of computerized
numerical control axes
X 1 /mm Y %1/ mm 7 1/ mm At/
201. 3070 —115. 5284 60.5231 —37.1853
202.7904 —115.2195 60.5231 —34.7082
223.8251 —109. 3390 60.5231 0
265.2089 —88.3395 60.5231 67.5471
266.4526 —87.4740 60.5231 69. 6002
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Fig.4 Measurement results of pinion after
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Table 6 Corrections of ‘computerized
numerical control axes
X %l /mm Y %/ mm 7%/ mm Afl/ ¢
—0.4871 1.4973 0.3515 0.4028
—0.4936 1.4940 0.3515 0.3760
—0.5847 1.4414 0.3515 0
—0.7527 1.2938 0.3515 —0.7318
—0.7574 1.2883 0.3515 —0.7540
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Fig.5 Corrected tooth surface deviations

of pinion (unit:mm)
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Fig. 6 Corrected tooth surface deviations

of gear (unit:mm)
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Fig. 7 Contact pattern of tooth surface
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