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Abstract: To solve the difficult problem of precision measurements of class-1 gear involute artefacts, this
paper proposes a new method of spatial geometric error compensation of a double roller-rail involute mea-
suring instrument. First, a mathematical model of the mapping relationship between the spatial geometric
error and involute tooth profile deviation is established. Subsequently, the comprehensive installation error

of the gear involute artefact, the base discs, and the mandrel, and the roundness error of the base discs are
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analyzed based on the established model. Finally, the tooth profile deviations of the gear involute artefact
are measured by changing parameters such as the arc segment of base discs corresponding to the roll path
length of involute, the comprehensive installation eccentricity, and phase. The following conclusions are
drawn. The difference between the measured and theoretical values of the tooth profile deviation caused by
the roundness error of the base discs is no more than 0. 04 pm. Considering the eccentricity e of 3. 46 pm
as an example, when the pure rolling component is assembled according to the maximum profile slope devi-
ation phase (1,=21,=21,=70"), the measured value of the profile slope deviation differs from the theoretical
value by —0. 16 pm, and the relative error is about 4 % . When assembled according to the maximum pro-
file form deviation phase (1,=A,=A,=160°) , the difference between the measured and theoretical values
of the profile form deviation is 0. 01 um, and the relative error is about 2% . The experimental results dem-
onstrate the effectiveness of the spatial geometric error compensation method, which provides measure-
ment means for realizing the high-precision manufacturing of class-1 gear involute artefact.
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100 mm, J@ K FE o #F 0~70 mm, P 311 X 1]
L.} 5~70 mm.

R T U R (B A g IR R 5 2 X N 4 4 AR 1Y
S HL AL, 1 T T R R 11 JR K E o, X
f1hy 5 (B 5% (B S B ( R VR 2l DX ) 8 R = A AN [
DX B, 43 0 Ry X B 4y A A i TR Bl (R an iR
1 0,=0,=—20°) X FR 43 A1 76 M [l 2 Bl (0, =0,
=70") For A fE K 2 8] (6,=6,=25") . W4
3. 1/NY By 43 M, 6,=0,=—20°Fl 0,=8,=70"#
ok 1 AT JEE A0 R A 25 B O AH R B, 0= 0,= 25" ok
F 1A A AR s 2 R 2, EL A B S B X LU AR

i bR W R A A AR U T B s AR B



698 P

K TR

030 %

LA T B S5 I E AT B A0 O S T T R AR
WO VI R b WA T R AR
JE A 22, W B 16 R o il R B A T AUR
- 2R LAY AT 2 TR A7 1% 22 1 30k
DN 0 Sk e S Y 4R R 255 20 nm/120
mm , % ALY I SRS B2 29 R 15 nm, I 4 %
R 43 15 25 T R T 1A G O 2 1) )
AN E FEATIK 0. 4 pm K BEFF A SE 7oK

Laser interferometer

Probe device

PEL 16 e [BA] 4k vy [BA] 8 5 2 5 | P 147 G g 26 ) o 5 5%
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ment caused by roundness error of base disc
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Tab.1 Measurement results of different rolling area
£1 £2 £3
Item 8,=0,——20° 8,=06,=25° 8,=0,=170°
Sio/ pm fu/pm S/ pm fi/pm Si/ pm fu/pm
Value,; 2.40 1.05 2.29 1.09 2.09 1.03
Actual — — —0.11 0.04 —0.31 —0.02
#i—#1 )
Theoretical — — —0.13 0.02 —0. 27 0.00
Difference — — 0.02 0.02 —0.04 —0.02
2 o1
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Fig. 19 Actual measurement curve of different compre-

hensive installation eccentricity
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Fig. 20 Theoretical deviation curve of different compre-

hensive installation eccentricity
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Tab.2 Measurement results in different comprehensive installation eccentricity

=3 #2 #3
Ttem A =21,=—20".2,=160° A =21,=1,=70° A =21,=1,=160°
S/ pm fi/pm fi/ pm fi/pm S/ pm fi/pm
Value, .. 2.81 1.12 —1.81 1.17 2.91 1.55
Actual — — —4.62 0.05 0.10 0.43
#i—21
Theoretical — — —4.46 0. 04 0. 12 0.42
Difference — — —0.16 0.01 —0.02 0.01
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