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Abstract: The grid gap determines the working performance and reliability of the ion thruster. Automatic
detection of grid gap is of great significance to improve grid assembly efficiency and quality. In order to solve the
problem of automatic detection of grid gap, a three—dimensional point cloud model of double-layer arched grid
was established by using line laser scanning technology. The point cloud density operator was used to distinguish
the edge points and non—edge points in the point cloud model, and then the edge points were clustered according
to the continuity of the data through the DBSCAN algorithm. Aiming at the problems of noise and uneven density
distribution in point cloud edge data, a center calculation method of edge data was proposed and whether the
shape was a circular hole was judged by the dispersion of the distance from the edge point set to the center. Final-
ly, the distance from the center coordinate to the lower surface of the grid was calculated as the grid gap. The ro-
bustness and accuracy of the proposed algorithm were verified by experiments. The results show that the algorithm

had good robustness when Gaussian noises with standard deviation of 0.05mm and 0.1mm were added to simulate
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the environmental interference. Comparing the calculated value of the algorithm with the traditional manual meth-

od, the maximum error was 36pum and the average error was 17wm. The research shows that this method is ex-

pected to replace manual measurement and realize non—contact and automatic detection.

Key words: lon thruster; Grid gap; Three—dimensional point cloud; Circle extraction; Center calcula-

tion; Automatic detection
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Fig. 1 Gap measurement system
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Fig.2 Grid point cloud model
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Fig. 3 Schematic diagram of the grid

[ ]

s lll Line laser
W i
; S

Fig. 4 Schematic diagram of the grid gap
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Fig. 5 Schematic diagram of non-edge points and edge

points
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Fig. 6 Edge point cloud model
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Fig. 7 Schematic diagram of hole feature point
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Fig. 8 Schematic diagram of algorithm results
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(a) Original hole model

(b) Model adding noise with standard ~ (¢) Model adding noise with standard
deviation of 5%
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Fig. 9 Edge points with Gaussian noise
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Fig. 10 Distance between the center of the original model

and the noise model

Table 1 Main robustness parameters of algorithm

Parameter 5% 10%
Minimum error/pwm 6 10
Median error/pm 8 20
Maximum error/pm 18 33
Average error/pm 9 20
Sigma/pm 3 5
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Fig. 11 Grid gap measurement comparison
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Fig. 12 Grid gap measurement error

Table 2 Main measurements parameters of algorithm

Parameter Value
Minimum error/pm 2.5
Median error/pm 17.2
Maximum error/pm 35.9
Average error/jLm 16.8
Sigma/pm 10.0
4 % it

AR SCHE T — B I T = 4R A i B 2 A ) B
W7k T MG B T IR AT R 5 R 1K

5, WA r

(1) 7 —Fh e T = 4k i = 2l 19 B L AR 1R
S ORI B0 TH 58 07 1, 1% 07 1 B AT B0 1Y W 7S T T
210600-6



a3k 11l

BT = 4k i 2 B A 8] B 5 ik

2022 4F

PLRE Ty 76 B 5 W (0 RN R = 20 2 9 B O A R 3 11
175 00 T RE RS S B BCHS (520 A B L ARRALE

(2)38 33 oA R T 2, =57 T R A =
2 508D 5 38 5 e R R R o A PR [ L AR AE O 1 53 T
O L S BN AR ) B A 42 Ak =X A Sl A AG I 4G D B
KiRZE N 36pum, RZEIIH N 17pum,

AR 3CH i) L O A B AR EAT T A SR
FH PTG 0 5 ¥R ST A B BE S 2K B X R
LG 1R DR B AN A2 T 3L, SR FH R 006 T & 119
5V T A L P A A ot o R, A 2
AR T B 8 G K
B ARG BT AN VL IXRE B MG I | 9 T R K
SRR R 2= QB 5 A BT H s ).

S 30k

(1] 8 %=, ¥ 58, KT, 5. LIPS-300 & ¥4 Jj %
W 2 V) 0G5 5w B o R (D). et R,
2018, 39 (3) : 715-720. (HU Jing, WANG Liang,
ZHANG Tian—ping, et al. Research on Equivalent Mag-
netic Circuit of Ring—Cusp Magnet Field for LIPS-300
Ton Thruster [J].
2018, 39(3): 715-720.)

s g, TORA, Tk T TH AR 55 00 H HE IR T R 2%
TEREME AL S HIL)]. F Ak, 2016, 37(8): 1006-
1014.

NI, JR 2, MR, . 30em B T SRR
WEE TR TAE S S Rt w5 [0 ], HESEHR
2021, 42(3) : 711-720. (SUN Ming-ming, ZHENG
Yi, YANG Jun—tai, et al. Working Points and Thermal

Journal of Propulsion Technology,

[2]

[3]

Control of 30¢cm Diameter lon Thruster in Orbit[ J]. Jour-
nal of Propulsion Technology, 2021, 42(3): 711-720.)
INEIBY, Bk i, £ ST, L SETERFE T
30cm &5 i g 4% = A i 41128 1D BE AR Ak 0 205 A ().
FERFM, 2019, 40(11): 1375-1382.

Wirz R E, Katz I, Dan M G, et al. Electron Back-

[7]

[8]

[9]

[10]

[11]

[13]

[14]

210600-7

streaming Determination for lon Thrusters[J]. Journal of
Propulsion and Power, 2011, 27(1): 206-210.

Soulas G C, Frandina M M. lon Engine Grid Gap Mea-
surements [ C]. Florida: Proceedings of 40th Joint Pro-
pulsion Conference and Exhibit, 2004.

ARG, BB, A, S BT SR AR A A
P ) BRI A R e (0] T B R B R e e R,
2020, 42(1): 51-58.

JEREAR . — 0T T8 T O A5 A A LA % AN B
Jrik A B[Pl E LA 201410449605.9,
2014-12-24.

Trava—Airoldi V J, Garner C E, Pivirotto T J, et al. An
Optical Technique to Measure lon Engine Grid Distor—
tion due to Differential Thermal Expansion [C]. Orlan-
do: Proceedings of 21st International Electric Propulsion
Conference, 1990.

Pollard J, Welle R. Thrust Vector Measurements with
the T5 lon Engine [C].
Joint Propulsion Conference and Exhibit, 1995.

San Diego: Proceedings of 31st

Qian Xie, Dening Lu, Kunpeng Du, et al. Aircraft Skin
Rivet Detection Based on 3D Point Cloud via Multiple
Structures Fitting [Jl. Computer—Aided Design, 2020,
120(10).

Arthur D, Vassilvitskii S. K-means++: The Advantages
of Careful Seeding[ C]. New Orleans: Proceedings of the
Eighteenth Annual ACM—=SIAM Symposium on Discrete Al-
gorithms, 2007.

Ester M, Kriegel H P, Sander J, et al. A Density—Based
Algorithm for Discovering Clusters in Large Spatial Data-
bases with Noise[ M |. Portland: AAAI Press, 1996.
Wang Hanzi, Suter David. Robust Adaptive—Scale Para-
metric Model Estimation for Computer Vision[J]. IEEE
Transactions on Pattern Analysis and Machine Intelli-
gence, 2004, 26(11): 1459-1474.

Bazazian D, Casas J R, Ruiz—Hidalgo J. Fast and Ro-
bust Edge Extraction in Unorganized Point Clouds [C].
Sydney: International Conference on Digital Image Com-
puting : Techniques and Applications(DICTA), 2015.

(%% .M BE)



