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Gray dynamic prediction of large gear tooth profile error

measurement under multi-impact factors coupling

LI Qiang, WANG Zhong-yu, YAN Hu, WANG Qian

(Key Laboratory of Precision\Opto-Mechatronics Technology of Ministry of Education,
School of Instrumentation Sciencé and Opto-electronics Engineering,

Beijing University of Aeronautics-and Astronautics, Beijing 100191, China)

Abstract: A large side-mounted model of gear measurement mechanism was proposed,
and the main error’sources and features of measurement precision were analyzed. A grey dy-
namic prediction méthod was presented to deal with multi-impact factors coupling. Firstly,
the error sources influenced tooth profile measurement precision were analyzed and demarca-
ted according to the characteristics of measurement mechanism, and then the sensitivity coef-
ficients of various error sources were calculated. Secondly, the limited error source data were
separately resampled, and a grey generation operation was given; the measurement results
affected by each error source were calculated in the resampling process; then the error cou-
pling results could be obtained in the error synthesis process. Finally, the measurement pre-
cision of large gear tooth profile could be improved greatly by removing the coupling effect
existing in measurement result. Compared with the measurement results obtained by the
three-coordinate 0. 5um precision measurement machine, the experiment results show that

the measurement system presented can meet the measurement requirement of tooth profile
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for large gear of three-level precision above.
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large gear; multi-impact source error; tooth profile error;

dynamic measurement; gray dynamic prediction

KAV 5 — 248 FME K F 500 mm Bl 2 A5
BRTF 25 mm MiGHRYY. BEERRKR 2
IO T AT K e R B L R A R 2S5 ATl . 2 R
TR A 1 45 1 S B AR B 1 KRG B 1 TR
A R IEMN R AR . — A T
VEF- AR A ) T BRI 7S k)N o o R R 3, AR IE
e 38R BE , AT DUAE K 15 % 1) feff ] . KR 4
AR PR T2 T4 58 1Y I 5% 22 L [A) I K
R %6 1E R WG 3 I B e 2 (B) 4% B R
PR E R E SR A
AYPE AR S KR O Fe Pk R AN 9 — TR R AR
— e A7 s ) 2 ok B SR SRR, EEERBER
TG 6 A5 B R T 9 147 8 5 A R T 9 S R 42 ik
FREE, ROV IR 13 25 ISR AG T iR 25 K, & R8O bR
E23 LR AN AP AT =€ 1107 N = R I o S £
A AT A RE ) s TR B R, S il A
P A) P R A A T A ek 07 g S MG TS 5] SR
VA7 T 3k R A AR LA . R 5 4R 15 TP 1%
25 5 U5 58 0 RS BE AU TR OF 26 YA G , Hop
T 2R B s i Tk

TRV E M S5 R AU s g T
R AR o L S B0 A R R O O 2 1
AR TN AR B BT A S R WA A
ZARE S IR 7 VG AR T 158 2 e G RE DU &, ™ o
M52 e ¥ RS A G BT 3RS BE PR RE RN BT & L &
R U SR A5 F A M R G B ) f 2 — e

[ AR R Y 145 56 1Y e A R I i )y T R AP 8
RUORRARM, ELE MR REGE N &5 e, 2
Klingelnberg /A & B9 P300 %4 = A k5 =0 145 48 M &
b BRGSO ) S LR R R Y [
S A B B2 1 L T A R T I S a0 A
T R A ARG M BE R A K AL R 4R A
IR A7 1 45 K AR A% 24 3 500 mm, He b 5 9 1%
22 I B K BE AR T 1 pem

FE] P T R B T R 2R R T3 T 5 4R )
30 Sk AE A R B U A U T 0 A A, T S A6 A R
SE/N I B T IR I R 22, HLA R A 0 0 AR
PE T G R B i HL ] LA A R WA T
L300A Bt %00 45t vty , AT 14 56 1) B RABEHCH
50 mm ., Fx KAME A 3000 mm, & KFEHN 1.5 X

10" kg™,

AL ] P A i Y Y Y U e I A A A, 3R
FEFE LA ). D3 28 DU e okG B2 1Y) R I 3 434K &
1o A BE LA PR RE s O D s 15 PR R ) 7 0 e R
N 2 250 R AN 5 DI s FS 4 2 ol N %% U 1 R 8 ) B
S5 LR A ME LUAE % 45 1 2R 7 B 37 K I ) AR 2
TAE s @I 5 38 n 2H AR AR O 2% RS 20K
FEO B RGN L2 BRI K
ZEVE Y B R AR I P 0 KB AR O T A
RS

DIRSAS S BT B A8, R 00 B 5K 5%
FET A a7 PR 45 R R ARG e 00 DU 8 4 1
— A B R ALG Fe I B R G (R 5 R A R R R
AR R T7 1) o g P v R R N e 2B R 3R
S50 YRy SR Bt 7% 3 X0 ik 2 AR 1) 25 A R X
AR AR 38 b ok, (O AR 45 0 AR O Y D i R
B e SE IR OB U A8 U TS 25 04 e kG R A
ST 7 A D RS R B B Al R T X R R
RE AR SCHR 7T 55 i ) R TG A T i R 4
R b 38 7 5. AE R A G W R R R A A L
T T I AR T rh A 15 22 TR Y S e #E AT 03 B L 3
BRL 45 1 25 DT I £ 235 SR i 158 25 A% o R A JR X 4%
A1 F5 1% 25 R I 2 KRS T ) AT R R b B SR
Ji e BE R 25 A B J7 vk H AR LR 0 TR R 2% B
Je 0 S I e R b B AR 58 2%, T S B
HAFE .

1 ERRENENLIATIE

AR SCHR HY A R Y AT 5 0 e AR e A Al s T
1 B B CT 30 g Bk 4 58D I LR (A
SN 2 s R ER IR PR W3R 1.

FI A DL A4 1A B R 22 0 o 07 kA R Rk (1L
B B WA TR R A bR i
TR HE T 5 IS W T A Bk 52 L AT I
PR HE AR 5 B R AE B AL LR 8 5 4 o 14
TE ORI He AR 5€ B 8 9 5 G 5 9 U =5 95 00 445
5 1A )00 P R A7 e e ) B i
W A 2l 25 R B Sl 25 I A B0 R AL DN RS R Y
SRR 2 AT O A0 A BT LA K 0k B A 8] Y
25 B R /NG Z Rl AR R T AR AR K.



184 i 2 B h %

9530 %

[ZifAIRE RS R s =

[ Z e B LR S o

Z w5

YRR R e

——{ VA B HLIR S il e

i;—%xm@mmm&ﬁﬂﬁﬁk—*
¥ | e

. i k5%
h
5
B
i

v

R ke

ATA
I Ehlimlge |
i il 52

——

GRS RGL S

R
(6 S L 2 2 05
> LR B R

Xl iz 535

{ YRR IR ES

pak:dl
| eI

Y

Y Hili ] i L EhL

XS5

- P s SR

)l . B BL SRS 28 5

BT ORI AR R G 45 7R 2 A

Fig. I\ Structure diagram of measurement system of lafge gear
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Table 4 Technical index of PMM-F

S8 Bl
F Kz F#HE /(mm/s) 600
KR INEEE/ (mm/s*) 3000
= A AR R 4 B/ mm 3000,2000,1000
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Table 5 Measuring data of tooth profile (unit: mm)

J¥ 5 M fE 2 J¥ 5 A L F

1 (14.1757,935.2776) || 21 (21.4932,979. 3376)
2 (14.6272,937.4876) | 22 (22.2013,981.5376)
3 (14.8911,939.6876) || 23 (22.7301,983.5376)
4 (14.8023,941.9876) || 24 (23.4775,985.9476)
5 (14.5393,944.0876) || 25 (23.5119,988.1476)
6  (15.5709,946.2876) | 26 (23.5023,990.3476)
7 (15.3151,948.4876) | 27 (25.7494,992.5576)
8  (15.6546,950.6976) | 28 (26.4696%994.7576)
9  (16.1455,952.8976) | 29 ((26.7494,996.9576)
10 (16.8600,955.1076) | 80 (27.0696,999. 1576)
11 (17.1707,957-3076) || 31\ (27,2148,1001. 3676)
12 (16.9222,959.5076) || 32 (27.3463,1003.5676)
13 (18.2197,961.7076) || 33 (28. 5544+51005. 7676)
14 (18.6141,963. 91767 || 34 (29.9582,1007.9776)
15 (18.0222,966. 1176) || 35 (30.7043,1010.1776)
16 (19.6163,968.3176) || 36 (31.3467,1012.3776)
17 (19.1449,970.5276) || 37 (31.7478,1014.5776)
18 (20.1917,972.7276) || 38 (32.8907,1016.7816)
19 (20.4160,974.9276) || 39 (33.6618,1018.9881)

20 (20.9032,977.1376)
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Table 6 Generative lengths of measuring data of tooth profile (unit:mm)
T B ELT A T B
IAhe N - Ei=2 N - Jr5 o -
A BE 1 A 1 B BE L WA L, A A L
1 97. 4440 97.4576 14 253.0492 253.0052 27 346.9683 346.9058
2 116. 7652 116. 7422 15 261.2629 261.2909 28 353. 2614 353.1993
3 133. 3315 133. 3035 16 269.3957 269.3417 29 359. 3550 359. 3990
4 148. 0469 148. 0519 17 277.2014 277.2134 30 365.5325 365. 5095
5 161. 4406 161. 4906 18 284. 8806 284.8526 31 371.6217 371.5627
6 173.9338 173.9128 19 292.3199 292.3109 32 377.5560 377.5080
7 185. 5089 185.5329 20 299.6416 299. 6346 33 383. 3839 383. 3769
8 196. 5230 196. 5420 21 306. 7807 306. 7697 34 389. 1871 389.1991
9 206. 9415 206. 9455 22 313.7822 313.7602 35 394.9074 394. 9254
10 216. 9449 216.9189 23 320. 6347 320. 6157 36 40075512 400. 5852
11 226.4574 226. 4344 24 327.4052 327. 352 37 406. 1107 406. 1817
12 235.5663 235.5883 25 333.9742 333.9852 38 411. 6757 411. 7277
13 244. 4662 244. 4212 26 340. 4277 340.4837 39 417.1572 417. 2212
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Fig. 9 Comparison of measuring result on measuring points
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Table 7 Results of analysis of error sources
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Fig. 10  Prediction error of measuring points
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Fig. 12 Comparison of tooth profile error by different methods
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