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Parameter calculation and precision analysis of 3D
digital measurement model for thread gauge

Cui Yongdan Yu Jing Li Jizhen Cai Jinhui Kong Ming

(College of Metrology & Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: Aiming at the problems of solid thread gauges including difficult to process, high cost, easy wear and cumbersome verification
procedures, a digital measurement model establishment and parameter calculation method of thread gauge based on three-dimensional
point cloud was proposed. In order to realize the digitization of the physical thread gauge. First, the 3D digital model was obtained, and
the key parameters of the model such as large diameter, middle diameter, small diameter, pitch and tooth profile angle were obtained.
Secondly, the single error and comprehensive error of the model are analyzed, and the relative error of each parameter is less than 5%.
Finally, the uncertainty and extended uncertainty of each parameter of the digital model are calculated, which proves the accuracy of the
digital measurement model of thread gauge. The results provide a research basis for the digital development of thread gauge and have
reference value for the digital transformation of measurement industry.
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Fig. 1 Standard thread gauge model
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Fig.2 Point Q of intersection between

thread gauge and tooth shape
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Table 1 Measurement data of parameters of

standard thread gauge model
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K% d/mm  15.997  16.000 -0. 003 -0. 188
/MEd/mm 13,817 13.835 -0.018 -1.303
42 dy/mm  14.698  14.701 -0. 003 -0.204
WEHE P/mm  2.001 2. 000 0. 001 0. 499
FHEIff a/(°) 59.973  60.000 -0.027 -0. 450

CAMR S FUBIR R /MR 22 6 2 160 pum, ]
HAM/INMRZ X ] R (1/10~1/3)8=(16.0~53.3) pum; 12
BEAZE 8, N4 pm, /MRZXE A (1/10~1/3) 6, =
(0.4~1.3) pm; TSNS, 7 0.33°, /MR X (1]
H(1/10~1/3)8,=(0.03~0.11)°, HFE 1 /[, KT
BORZE N T HUMRZERE N, BARXTRZE T4,
AN R | DR O ) T T 15 T %) R 0 et W AH 5 S50
AL
1.2 SELNEMEE

R AR ECSE R e W 2 e AR | i S A TR [
IESAF K B = HE IR S LE A SO S A MR S A 7 05,
ZHARA R 8 AT SRR g oA AN AR ) A
e H SRR B A AT B R A A R 2 Ak T 1 R
W7 h X SR RO R G AR RISk | RS
THE Al 28 1l 1) — A MR 275 I e MR S MR 5t AR 2 T A
=EE

FLR X5 B ) =4 S = B 4 gk i as &
RCH P EIE AT 1 2 IFAR G 25 A ok i =
HEA TR S0 43 S BUORS T8 SR, 1103 R 25 5 AR 30 1% 1)
A HERBUNT 0, W% X Sk = PR R, 3RS B R



- 116 - G R - C I T 8375
b BRI I =80 . B R A ISR BPA H i [ PR R ] [ SET R AT J
SRR A R 18 2 AT A AL B, S S S SR M“%M
& 3 FroR
1 3
i) e
# I
i T
®» ®»
= #=
(a) MM (b) EHEH Ah Ae
(a) Point cloud model (b) Reconstruction model
3 Sl MR 2 B o AR
Fig.3 Measuring gauge point cloud and reconstruction model =
x Gy /N % w
5 5 “ = i
I -3 R L= 05 MO T 5 o 7 4 A S-S A
#=

B, AT SR i A X 825 A2, AN 2 IR

F2 ZINBLZEMRBZSENFEE
Table 2 Data of measuring parameters of

screw thread gauge model

S5 MAHE  BISE ARz A2 HIRHREZE/%
K& d/mm  15.962  16.000 -0.038 -0.238
Mz dy/mm 13,268 13.835 -0. 567 -4.27
T dy/mm  14.662  14.701 -0.039 -0. 266
1285 P/mm  2.003 2.000 0. 003 0. 149
TR a/(°) 60.089  60.000 0. 089 0.148
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Ac, = /A1, = Ah,” =3.00 pm
Ac, =./A1,” = Ah,” =18.00 pm
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Table 3 Parameter comparison and error

analysis of thread gauge model

28 MBS AMER R SEONTIRE Ae N2

KA% d/mm 15.965 15.997 37.56 um

/NZ d)/mm 13.250 13.817  566.69 pm 160 pm

1% dy/mm 14. 659 14. 698 38.59 um

1205 P/mm 2.002 2.001 2.68 pm  4.00 um
FRIE a/(°)  60.089 59.973 0.08 0.33
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Fig. 6 Cloud image of deviation of measured screw

thread gauge 3D model comparison results
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Table 4 Parameter uncertainty of thread gauge model
AT AN R BB 28 BE AN S B 5 bR e i R

E 20 gE g am A APER e

w, U, iy iy u, U

KA d/pm 2,400  1.732  21.685 0.011 21.955 43.9
/MR /pm 2,345 10.392 327.179  0.009 327.352 53.6
PiEdy/pm 2,370 1.732 22.280  0.010  22.472  654.4

BABE P/pm 0.455  0.577  1.547 \ 1.808 3.6
Ffas(°) 0.015 0.016  0.046 \ 0.053 0.1
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