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Accurate Contact Force Perception Method for Assembly of Aviation Interference Fit Shaft-Hole

Components

LU Jingjia', SHAO Jianfeng"?, LI Shuanggao', HUANG Xiang', LI Gen', HOU Guoyi'
(1. Nanjing University of Aeromautics and Astronautics, Nanjing 210016, China;
2. AVIC Changhe Aircraft Industries (Group) Co., Ltd., Jingdezhen 333001, China)

[ABSTRACT] Accurate contact force perception is key to achieving active compliance assembly of aviation interference
fit shaft-hole components using the temperature difference method. However, non-contact forces (e.g., gravity and inertial
forces) induced by the load can interfere with force perception, thereby affecting the accuracy and stability of the assembly
process. To address this issue, a contact force perception method based on the joint force sensors of a parallel posture
adjustment mechanism is proposed. First, a self-calibration strategy is introduced to calibrate the mounting tilt angle of
the posture adjustment mechanism base. Then, the method for calculating the contact force between components during
active compliance assembly is described, and a load dynamics parameter identification model is established based on the
principle of force translation and rigid body rotation. Next, the reliability of the parameter identification and contact force
perception algorithms is verified through cosimulations using Adams and Simulink. Finally, experiments to verify the
contact force perception accuracy are conducted on an active compliance assembly platform built in the laboratory. The
results show that the proposed method can accurately identify the load dynamics parameters, achieve precise non-contact
force compensation, and significantly reduce force perception errors.

Keywords: Aviation interference fit shaft-hole components; Active compliance; Tilt angle calibration; Parameter

identification; Contact force perception
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Fig.11 Contact force/torque calculation in active compliance process
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assembly of aviation shaft-hole components

Table 2 Calibration results of installation inclination angle between force sensor and base

ZH Wiligre

a/rad ~3.6896 % 10~
Plrad ~1.6552x10°
y/rad 3.1797 x 10

136 Wi hEEAR - 20254F 55684 552210

JifE IR 2
~8.9628 x 10°
~-2.1028 x 10°°

~1.6770 x 10

JiEIRAR3
—4.3304x10°
2.2284x 10"

5.6797 x 10"

N

—1.4060 x 10°°

~1.3930x 10



PN
RESEARCH HI:%ICEI

13. 000

—11.000

0.00

0.00

0.00

= HENE AElEE

.
2
®
el
=
-

0.00 a: R E] Rl#AdiE: 005

0.00 B PTPERIZEALE

0.00 v 3 SRt

13 AL RSGHERE

Fig.13 Attitude adjustment system software interface
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Table 3 Experimental results of dynamic parameters identification fiﬁmjj ‘H‘%ﬁ%%ﬁ F)f Uﬁ/]\ ° { H EE ﬂ:fj] jj%"%é& E{’J Z: Yﬁﬁﬁ

»

TS5

\

m/kg
r./mm
r,/mm
7,/mm

I./(kg + m’)

Sl
(A
X/mm
Y/mm
X/mm
A/rad
B/rad

C/rad

BEPUE

47.8306
—0.2566
—29.091
143.2353

5.5351

1
—24.0331
—48.6089
566.6235
—0.0463
—0.0534

-0.0774

P, Sl AR AT SR AR B, U HRAE X 717

i ] S5 T R Ay S T 7 AR T CAD (e Y 7 i
I/ (kg - m®) | 32806 TETERE AR , S T 77 1 14 B A P54k
L./(kg - m®) 5.1089 . TEHPERAsh 222805 |, i i iR 22 0k —
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Table 4 Target pose of posture adjustment mechanism

P
2 3 4 5 6 7 8

—33.6165 —28.7052 —27.9944 61.3438 48.7167 58.1440 58.0745
—52.3564 29.6159 34.5833 —42.5170 —42.0790 37.6802 21.5981
641.2436 568.6121 653.8856 577.7619 644.2243 571.2575 648.5706
—0.0448 —0.0549 —0.0557 0.0397 0.0477 0.0465 0.0518

—0.0546 0.0421 0.0582 —-0.0521 —-0.0392 0.0380 0.0479

0.0612 —0.0676 0.0524 -0.0720 0.0590 —0.0656 0.0706
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Fig.15 Contact force and torque calculation data
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