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Abstract: To address inherent geometric errors caused by misalignment between the upper and lower
racks of a single door leaf in dual-motor-driven large-dome doors, an error-compensated synchronous con-
trol method is proposed. The method reduces unbalanced loads in the dual-motor drive system without re-
quiring additional stress sensors. The structure of the large-dome door and the transmission mechanism of
the dual-motor gear-rack system are first described. The rigidly coupled configuration used to drive a sin-

gle door leaf is clarified, and a mathematical model of the dual-motor gear-rack system is established. The
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inherent geometric error is subsequently measured using a master — slave scheme, and its relationship with
door travel is analyzed and incorporated into the synchronous control algorithm. The robustness of the al-
gorithm under constant-load conditions, over the specified operating-speed range, and under wind resis-
tance is evaluated. Feedback currents of the two motors are compared to assess structural stress variations
during operation. Simulation results indicate that the synchronization error varies only slightly within the
specified speed range. As wind speed increases from 4 to 7 m/s, the required driving force increases ac-
cordingly but remains within the rated torque range of the motors. Experimental results demonstrate that
the proposed synchronous control method substantially reduces the difference between the feedback cur-
rents of the two motors. The absolute peak current difference is reduced from 1.7 A to 0.7 A, indicating a
significant reduction in unbalanced dual-motor drive loads on the single door leaf. The proposed measure-
ment method enables effective identification of inherent geometric errors under physically constrained con-
ditions. The error-compensated synchronous control method effectively reduces internal door stresses in-
duced by unbalanced loads in the dual-motor drive system. The proposed approach is applicable to rigidly
coupled dual- or multi-motor drive systems in which geometric errors are difficult to measure directly but
are repeatable.

Key words: double doors of large dome; dual-motor drive; inherent error compensation; synchronous
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Tab.1 Characteristic of the servo motor

Parameter Unit Value
Rated torque Nem 7.0
Rated current A 2.6
Rated power kW 1.1
Rated speed r/min 1500
Stall torque Nem 7.2
Peak torque Nem 28.0
peak current A 11.8
Rated voltage \Y% 308

Torque constant Nem/A 2.98
Rotor inertia kgem” 3.85x10°"
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Tab.2 Simulation result under different wind speed

Wind speed/ Wind load/ Percentage of

(mes ™) N Friction/N rated torque
4 635 684 51.3%
5 992 684 64.0%
6 1429 684 79.6%
7 1945 684 91.8%

3.3 EIIE

P10 Sy [ A7 JUART 5% 22 #MEE IS, B 1] IF I
S PAVAT AR v B ] T R L S B R A Y
ZEAE, SRR B0 R LA B AN B epno TN IED BT
N AR 22 RS BT E AL e A AR LA
1R 28 M B € o, T ARZS T A

P 1L Al FH T 1 22 A I, B ) R
HIL A S5 15 PR 00 B e 25 (. [R) AR IRV el L X 1) 2
B AE TR 22 1 A X TR E PIL S 5 E AL R B
JALEE 5 A E AT AR A AR I SO
TR 25 AMEE R ik e TEXT TR A P SRR R,
FL AL S 15 L O 25 1 4 R 15 3 B S BRI, FL R 5 el
TEMMIEMER 1.7 AW/NE 0.7 Ao BIAESTFF
U e Pl AR v A el B 1) R LR B ) R 8
AP A BT N R ) A5 B e 2 R AR .



2630 e K LR %34 %
2900 2000
g 1500 | @ 1 500
s s
b5} b5
£ 1000} £ 1000
5] =
2 &
2 2
£ 500} £ 500
O &}
0 ‘ ‘ - 0 ‘
0 25 50 75 100 0 25 50 75 100
Opening process/% Closing process/%
(a) FFITHE (b) RIMTRE
(a) Opening stroke (b) Closing stroke
P10 25 1 28 b 2 ik
Fig. 10 Measured fitted error compensation value
2 0.8
—— Upper-motor current
——Lower-motor current 0.78
1.5F ——Current difference
1 { Opening stroke Closing stroke < 0.76
% 0.74 |
< 05 ~ 072
2 ]
= 3 L.
S .05 % 0.68
R [ R 1 1 r"tl r' nq.-) 0.66
Al |
0.7A 0.64 |
-1.5¢ 0.62 -
0.6

0 100 200 300 400 500 600 700 800
t/s

ES RS %0 = = 1T o N2 I v i R R =S
Fig. 11 Feedback currents of two motors of single door leaf

and current difference with error compensation
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