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Uncertainty evaluation of CMM measurement for gear profile
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Abstract; Several kinds of evaluation methods for the uncertainty in coordinate measurement are intro-
duced and it points out that most of these methods are failed to the uncertainty evaluation for special
objectives because of lack of theory support or practicability. Therefore, this paper investigates the
uncertainty evaluation of gear measurement with Coordinate Measurement Machines (CMMs) by the
Monte Carlo method. Firstly, a measuring model is established based on the files for the calibration
and compensation of the specific CMM, then the mode is used to obtain measuring results with a large
number of sample points. Using these simulated results, the uncertainties can be evaluated more con-
veniently. Finally,the Monte Carlo method is successfully used in evaluating measurement uncertainty
of gear profiles and obtained stable results show that the maximal difference among the results is less
than 0. 03 pm when the typical uncertainty is 0. 96 um. The paper suggests that Monte Carlo method
can support specific uncertainty measurement and can change the situation that common evaluation
method can not be suitable for the commercial CMMs.

Key words: Coordinate Measurement Machine(CMM) ; gear profile; Monte Carlo method; uncertainty evaluation

W B HI:2011-12-06; 11T HH#E:2012-01-08.
BEEWE : EHEZRHE E KT I GE R 50 LR 5 ZLR il 15 %€ 45O 9 B30 H (No. 2010Z2X04014-091)



A0 IR L 25« = AR bR BIL I i 047 8 A7 RS 4 AN W R BE AT Y 767

1 3 7

[ B A o b 2 20 (1SOD 1 [ bR i, T. & 51 &
(IEC) & i ity 8 AN 8 22 B 19 2 om 7 i 46 /)
(GUMDF§ i, — T 52 4% [y ] 2 25 20 38 0 24
IR SR E BT 1SO 17025 H5 5 I
e Y AT 38 W R R A ) BT ) b A a5 R IR
TE AT 36 Wk i b o B v B R AR 4 bR e T Y
T, DA S 2 AN s L [RRE L AR AR
I AL CCMMD 1 I 5t 3% 3 A 07 15 2 DA b 2K,
CMM T3z W F F 22 Ff T 08 i I b, 38 S R
Iz ABAEAE I B AN i BEE AP By R, B
AT, CMM 8 N 8 52 BE P O ik £ 20 4e it
SO RBRBURATIE R AW AL
IERTE S

il BT 9 B SRR A Hh DR A 1R 2 VR A 4 B R ¢
I 45 SR 1 R0 3R B R A 1R 2 TR I O B
(RS A A, 3K AR SR e A A LA 4R A 1)
DL AT i Mk . CMML (1% 0 2 S A o2 BE Sk R £
T4 G FR I A A4S i A AR MEAT 2% St

ity ik AR R SR At L A T SR PN S R,
LR B e 0 AT K A B 2, R A
e BSCHE 1) S HIORR B R B I N A E B L KRR
P BRI R AT, X T Tl A P2 RS

LR PN WL TR AR N B AR AR CMM,
FEXFFT VA B CMM g ik I A & £ 5
(250, Gk = 02 A0 AR JE A% 1 0 2 5080 s T
fEZ Oy k. % B o OB TR N B &
5 ME LA (A T e AR AL .

THR ML B Y 32 2 AR AR 4l R o AR A
e AL A% 158 2 U ] e B A AR R OC R L HE T
I 2R e A AN 5 AR I R 0 O 1 1 ) 4 o A
PR 22 1 /N 0 A R AE L R A 1% 25 TR A B
AU AT A5 B0 4 45 R IR N

ETFIHENGET L RE2MRERIETA
[Fi] 1y R 0L S A ol Oy 58 . PR 53T B (PTB)
R T AR FR AL (VOMMD) 1Y HE &, I 15
T 055 I A O B B PR Y. fF 2% Eind-
hoven K2 HIEAUE S B CMM 1y HLIE 12 22 15
B LS HEET L AR A AR UK L TP
LR T R I AN A P AR E T
JTZ R . B E Bath K2 R 5000 e A A

ST KDL R AORE RS, BRUAS T AR A i s R
H AR AR 5 K24 L L7 R0 T 0 e 0t rpocs 19
R e T,

TE D 5 AN B 0 V7 L TS AL B
7 FH AR 37 AR L 2 — S
i ] SRS 0 5 AN B A B AN O R R R R
AR SCH SRR VA I AN L R T
27 B 10 S 5 T st A — 6 G B [ L SR T
XF CMM il #9474 14 J86 4 2 09 AS B8 o B2 PE AR .

2 FRREEIREFHRAFTET R

SR 8 S — Pl T X AR R I R R A
G By (1 G B N S # A 3E A HR BE AL
A 5 ) A AR A (S i AL AR R Y S8 T O
SR )G A L E AT R GE T B (N— o) (9 3 5 ML B
BUBEADL )y 100 N 7 400 B e st 1 o, B2
) i I P A TR 2 VR A M SRR AR R, (8 0 o 4 O
BT SR i, SR I 3 ot 22 R 0 LI o A B K
(10T % AR AR Al 3 2 2 LD A 0 N

X T2 B9 CMML, He {5 FLASE D R 35 22 4 £
J7 2 AT DARA GE 1, 1R 25 M AR e K I
BRAE . (AR RE I A AT S 2 0 151 22 R B 52
ET NI UL RIRAS- A I TRFHELE RS N
B A R VR I R G s AR 25 SR R R T
20 CMM I BN B ) BB &

PSR 38 07 T2 CMM. A4 0 4 AN ff 5
R ) 32 B2 St 2 R P 1 TR

| wmmrotmsss |
1
ML 5t EL Y

EMRREEE |

BT SRR %05 EO5 iR 0 S

Fig.1 Process of Monte Carlo simulation
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Fig. 2 Model of one single flank of bevel gear
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Fig.4 Results of simulation
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Fig.5 Calculation of profile error
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Fig. 6 Histogram of simulation results
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