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Non-contact detection and deviation evaluation method of
small pitch roller profile
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Abstract: Planetary Roller Screw Mechanism (PRSM) is a new type of heavy duty precision transmission
device, which can realize the transformation from rotating motion to linear motion and vise versa. The
machining quality of the thread tooth directly determines its transmission accuracy and load-bearing
performance. To address the problem of non-complete short arc detection and evaluation of PRSM roller
tooth profile with small pitch, a roller tooth profile curve fitting method based on nonlinear interior point
algorithm was proposed by using high-precision CMM for non-contact detection of roller axial section tooth
profile, and the fitting accuracy of roller tooth profile curve was verified. The evaluation model and
evaluation method of roller thread tooth profile deviation were established for the first time. The evaluation
chart of roller tooth profile deviation based on the model was drawn, and the distribution of roller tooth
profile deviation was analyzed and summarized. The proposed PRSM roller tooth profile detection and
evaluation method with small pitch had a fitting accuracy of 1.5X10 ', The fitting accuracy of tooth profile

radius and tooth profile center 2, coordinate could be controlled at 6 pm and 9.8 pm, respectively. It can
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quantitatively evaluate the shape accuracy and position accuracy of roller tooth profile, and has practical
feasibility in engineering practice.
Keywords: planetary roller screw mechanism; non-contact detection; nonlinear interior point algorithm;

fitting accuracy; roller tooth deviation
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Fig. 2 PMM-C high precision coordinate measuring machine

1.3 KWNRERER

HR A PMM-C g B = Ak b I 22 AL 42 i e 00 it 38 o e VR A S 42 i R 0 o 72 an &1 3 P, 28
T 830 A 5 G 00 A A 2 T SO A B CANARE AP e R CUR 2 45D L 7 1k B ek 22 IR S e ) R 5 A P AR
P A A T 356 o A 7 0 1 T A A R DT 5 D0 Sk 0 B A 5 AT S AT A 4 e ) O A5 S L O I T
LR A BAh, R CRUEI 25 R o M R 2T A Sk s 20 A5 fefT R €8 6 E R B 1R HIOE

(i

v
wiett | [ = | [T | mpesesta || wesmne | o R (SeREHDR
FHE%}' BOUPRORER | hn | smmeres [ bame T RIEEER e

B3 Z&FNEPEEMENRE
Fig. 3 CMM non-contact testing process
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Fig. 4 Data point set of scanning on the left side of roller single tooth
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Table 1 Axial two-dimensional profile scanning data of roller tooth profile
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Fig. 5 Comparison diagram of tooth shape fitting of nonlinear interior point algorithm before and after center x, constraint
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Fig. 6 Iterative flow of nonlinear interior point algorithm
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Fig. 7 Iterative optimization results of nonlinear interior point algorithm
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Table 2 Comparison of fitting effect of different algorithms
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Fig. 8 Comparison of roller tooth shape fitting effect
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Fig. 9 Roller tooth profile deviation
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Table 3 Evaluation data of total deviation, deviation of tooth shape and deviation of tooth tilt
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Fig. 11 Evaluation chart of tooth profile deviation
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Table 4 Evaluation data of axial deviation of tooth profile center

FRFS 1 2 3 4 5 6 7 8
5 RGO Bl 1) g 2% O, /e 9.8 20.8 —23.2 7.8 7.8  —15.0  20.8 25.8
FRIF 5 9 10 11 12 13 14 15
ZF TGO Hlr 1) R 22 0./ ppm 58  —11.2 —=28.2 1.1  —32.8 —9.2 —25.2
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Fig. 12 Evaluation chart of axial deviation of tooth profile center
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Table 5 Evaluation data of tooth radius and tooth radius deviation

7T e A2 2 7T AR (H FilwE | A AR ME AR 2
e R/mm 8r/mm 7 R/mm 8r/mm ¥ R/mm 8k /mm
1 3.600 —0.006 6 3.618 0.012 11 3.626 0.020
2 3.592 —0.014 7 3.593 —0.013 12 3.639 0.033
3 3.623 0.017 8 3.589 —0.017 13 3.607 0.001
4 3.601 —0.005 9 3.603 —0.003 14 3.613 0.007
5 3.595 —0.011 10 3.614 0.008 15 3.624 0.018
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Fig. 13 Evaluation chart of tooth profile radius deviation
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