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Evaluation method of helix deviations for ZC1 worm
considering installation errors

Tang Jie"?, Wang Jiawei''?, Shi Zhaoyao'"?

(1. Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China;
2. Beijing Engineering Research Center of Precision Measurement Technology and Instruments, Beijing 100124, China)

Abstract; The installation errors have great influence on the measurement results of gear measurement center (GMC). Focused on the
problem of the ZC1 worm helix deviations evaluation method, based on the measurement principle of ZC1 worm helix in GMC, the
influence mechanism of installation errors on worm measurement is analyzed. The installation error correction model is formulated, and
the evaluation method of ZC1 worm helix deviations based on installation error correction is established according to the definition of helix
deviations. The measurement of ZC1 worm helix deviations is implemented on the GMC, and the helix deviations evaluation results are
obtained under the installation conditions. The maximum difference between the measurement results before and after the installation
error correction is reduced from 76. 2 pm to 4. 2 pm. The ZC1 worm helix deviation evaluation method proposed can effectively eliminate
the influence of installation errors on the helix deviations measurement results during the measurement of GMC.
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Fig.3 Installation status of worm
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Fig. 4 Installation error coordinates
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Fig.5 Measurement of the upper and lower worm

shaft sections
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Fig. 6 Helix deviation evaluation curve''
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Fig. 9 Worm measurement on gear measurement center
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Table 1 Installation error conditions

)y ETRE TR /mm R R JERE/mm TR

g4 0.03 0 {2
| 0.05 0 P12
o534 0.08 0 i
o440 0.03 0.03 > AR
954 0.05 0.05 > w12
%64 0.08 0.08 > AR

15 6 7| A2 %R 22 A g b, 00 & AT B Sl
T BRAT 222 it 410 B A2 25 o AR AR, 2 2 1 S AT I
S R A 0 3 AR ¢ A O R O e o I e AT L
TR LK AT AR | SRAERIBR 250 0. 2 mm, M BR42
3 mm, B AR BRELRAE BN 300 A, 3 3 FR ko
J5 e MR 2 0 e 0l

x2 WA _ERBHEE AR M EHE
Table 2 Part of measurement data of the upper shaft section

) £ A5 X/mm Y/mm Z/mm
1 -24.203 5 -0.001 6 370. 000 0
2 -24.200 0 -0.211 1 370.000 0
3 -24.1957 -0.423 9 370. 000 0
718 -24.200 8 0.633 7 370. 000 0
719 -24.2055 0.422 5 370. 000 0
720 -24.208 2 0.2112 370. 000 0

®3 HoBRELUEHRE

Table 3 Part of helix measurement data

W R X/mm Y/mm Z/mm 6/(°)
1 0 28.3500  222.5450  —56129.0
2 0 28.3500  222.7480  -56129.8
3 0 28.350 0  222.9470  -56130.4
298 0 28.3500  281.9500  -56318.3
299 0 28.3500  282.1510  -56318.9
300 0 28.3500  282.3490  -56319.5
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Fig. 10  Helix curve under different installation conditions
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Table 4 Helix deviations of the ZC1 worm without
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Table 5 Helix deviations considering the installation

errors correction wm

Eilsg
1 2 3 4 5 6
W14H 8.3 7.4 8.0 7.4 7.1 7.6
B2 8.3 8.0 8.0 8.1 7.9 7.9
W3H 7.3 7.5 7.7 7.1 7.4 7.1

4 9.2 8.5 8.9 8.8 9.5 8.7
95 8.1 7.3 7.7 8.4 8.6 8.7

Fodl 8.2 8.2 8.4 8.0 8.1 8.4

considering the installation errors pm
Zivsg
1 2 3 4 5 6

F1d 19.3 24.9 22.9 16.3 24.7 22.6
R 23.5 29.5 29.3 19.8 33.8 34.9
H34 29.1 46.3 41.2 25.5 47.9 45.2
44l 17.0 21.9 16.2 18.1 28.2 20. 4
S5l 47.1 40.2 54.9 42.4 43.8 63.3
Hod 49.6 73.3 75.3 42.2 76.3 80.7
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Table 6 Results of gear measurement center at

initial condition
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Fig. 11 Gear measurement center evaluation report
[Fi) — 2 MR 2k A0 R Kb 2 2 10 22 1) DY 1 45 SR AN 42
i $ DT VR AR U RIS SR 5 A R D o)
B RASTT B BRIE £ fin 22 37 7 45 R 0T LE, LAS 3 41223
R TIIRAT BV HISE 1 A0 2k 56 o ] 1 it 26 n
B 12, NEAARRCRARGLE R g 7 iR, Hrh,
max1 (A) Ay [f] — ZR MR Lk 75 A 25 16 22 3 18 22 5 14 e
O A IR S T MR E £ D 22 0 445 R 1) 22 5 A B R
B, max2 (A) Hy[a] — SRR HELL fE LA R 2B B R 54
FE N b O HRIR A TR MR £ i 25 TN 5 95 2R 10 25 S 19
RARAE, B4R wm,



o5 4 M M

=

& A S e B (1) 7C 1 WRFTURELR i 25 3T 0 T vk 187

5 AN
F 200- ‘H LR E AT
- RREMEN
400 - , !
W
60.0 ! ! ! : >
0 10 20 30 40 50 60
B/ mm

Bl12 55 3 L SHR IR AR Lk fh 2k

Fig. 12 Helix curve for 3 group and initial condition
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Table 7 Comparison of helix deviations

Ay B34 1 2 3 4 5 6
max](A)/pm  12.1 16.9 16.4 9.5 17.6 18.1

W1

max2(A)/pm 1.1 -0.6 L5 0.6 0 3.1

max1(A)/pm 163 21.5 22.8 13  26.7 30.4
5524

max2(A)/pm L1 0 1.5 1.3 0.8 3.4

max1(A)/pm  21.9 38.3 34.7 18.7 40.8 40.7
3

max2(A)/pm 0.1 -0.5 1.2 0.3 0.3 2.6

maxl(A)/pm 9.8 13.9 9.7 11.3 21.1 15.9
o554 4

max2(A)/pm 2.0 0.5 2.4 2 2.4 4.2
A max1(A)/pm  39.9 32.2 48.4 356 36.7 58.8
95554

max2(A)/pm 0.9 -0.7 1.2 1.6 1.5 4.2

maxl(A)/pm  42.4 65.3 68.8 354 69.2 76.2
H64

max2(A)/pum .o 0.2 19 1.2 10 3.9
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