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Abstract

generation aircraft toward massive, heavy duty, and extended life. High precision measurement of geometry and physical

Higher standards for assembly quality and precision have been introduced with the development of next

damage in assembly is the basis and key to regulating the aircraft assembly process and ensuring the assembly standard,
which has an important influence on the service performance of the aircraft. With a focus on the requirements of the new
generation of aircraft with the significant rise in structural size and the development of composite bearing structure, this
paper discusses the development of large space point location high precision measurement method, large structure shape
high precision measurement method, composite structure assembly defect high precision detection technology, and other
aspects of theoretical research and technology application at home and abroad, and indicates the future development trend
and prospect of relevant technology.

Key words instruments, measurement, and metrology; high precision measurement; aircraft assembly; large space field

construction; assembly contour measurement; defect detection
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Fig. 1 Measuring principle diagram of laser tracker"”
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Table 1 Comparison of large-size space digital measurement systems
System of Principle of Typical .
. Range Advantage Shortcoming
measurement measurement precision
Spherical coordinate ) .
Laser tracker Good dynamic .
system, laser absolute ) Single use angle
) ADM: 20 pm/m; performance, wide )
ranging, laser . . error is large and
. . . interferometer: 35 m measuring range, o
interferometric ranging, . . price is more
. (4 pm—+0.8pm) /m high ranging accuracy, .
and grating angle . expensive
and good portability
measurement
Indoor GPS o ) ) Need multiple base
Principle of triangulation, Full-range measurement, .
) 0.12 mm(10 m)— . ) stations to
. angular velocity, and 2-300 m  high measuring accuracy, .
—~ ) 0.25 mm(40 m) . . cooperate with use
time measurement and wide measuring range L
and price is high
Joint measuring arm Non-orthogonal Low degree of
coordinate system and INFINITE2.0: 3 Good portability automation and low
m
grating angle 0.05 mm and freedom measurement
measurement efficiency
Three-coordinate 1000 mm X
i i LK H-T: 400 mm X ) o ) Poor portabilit
measuring machine Cartesian High precision, high P . Y
I . 1.3 um—+length 600 mm . and measuring
coordinate system efficiency, and good o
K . measurement, 4000 mm X . range is limited by
and grating ranging versatility .
L(mm)/250 pm 1600 mm X size of workbench
. 2000 mm
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Fig. 2 Multi-modular large size measurement
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Table 2 Comparison of contour digital measurement systems

System of Principle of ) o )
Typical precision Range Advantage Shortcoming
measurement measurement
Laser scanner .
Large measuring range,
, . ) RIEGL LMS-Z4201 high measuring Low measurement
Laser triangulation 2-1000 m o
/ <10 mm efficiency, and good accuracy
portability
Linear laser
measurin . .. .
. sunng e High precision, high .
mstrument . . KEYENCE LJ- o Small measuring
Laser triangulation 285-600 mm efficiency, and good

! X8400: 5 pm

Lidar Spherical coordinate

system, laser
t 4 MV 330/350:
frequency modulated
. 24 pm(2 m)
coherent ranging, and
] 201 pm (20 m)
grating angle
measurement
Digital
Dt 3 9

photogrammetry Principles of

triangulation and =
V-STARS S8:

(4 pm-+4 pm)/m

angle measurement
g by image processing
m technology

!

MV350: <50 m
MV330:<<3 m

- range
portability

Good measurement

accuracy, resolution and | heati )
.ong preheating time

and high

measurement cost

anti-interference
performance, large
measurement range, and

certain portability

Low requirements for

working environment,
<10m high measurement More error sources
efficiency, and good

degree of automation

position camera

6 TSy ARG L A 4 ) = ot o A i
Fig. 6 Schematic diagram of global 3D reconstruction based on

visual positioning of rear camera'”
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