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Braking Torque Enhancement Method of Star Sealing for Permanent

Magnet Synchronous Traction Machines in Elevator System
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Abstract: The braking torque of an elevator with contactor star sealing or conventional electronic star sealing is
decreased at medium and high speeds, to ensure safe and effective braking when the elevator loses control in the
medium and high speeds scenario, an electronic star sealing method based on optimal resistance is proposed in this
paper, where the braking torque can be enhanced by the original drive system without any additional devices. The
braking characteristic varies with different stator resistance when the conventional contactor star sealing is employed.
By analyzing the relationship between phase voltage and current with a fixed PWM (pulse—width modulation) duty
during electronic star sealing, the relationship between virtual resistance and PWM duty is disclosed. Then, it
dynamically changes the PWM duty based on the current amplitude, DC-link voltage and rotational speed, thereby
changing the equivalent resistance of the permanent magnet synchronous traction machine, and ensuring that it is

equal to the optimal resistance for the maximum braking torque, so as to enhance the braking torque. Finally, the
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feasibility and correctness of the proposed method were verified through experiments, and the braking torque at

medium and high speeds is increased significantly compared with the conventional electronic star sealing.

Key words: elevators ; star sealing ; braking ; torque enhancement ; optimal resistance
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Fig.1 Schematic diagram of star sealing by contactor
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Fig.2 The torque and current of the motor at different operating

frequencies with start sealing by contactor

2 ETRMEBENBEFHERR

FEAR 3 BT, S5 AN A AN iz ok
SRR, RS T L B R SCBL A AT R A
PRI G A e s AR, Y st AL Bl K
FHIRAEAR I ER, AN, 3 R AR, |
R R T 1 2 BT ) 5 a5 R AR B A A2
Xof b7 P S — o B R AR R Ok s S AN A ) R
T e B B A ) S AR S R AR K ] 3h ) AR
FRE /N, DT S350 KA . DRI g v e e sl g et AR A
O LA 1 2 4 28 T 2L

B (TR R TR T, 155

dr, _ 3

drR. 2

—R! + 30’ R(L,L, - L}) + w'L,L} (8)

nlo, ;
(R + wL,L,)

A dT /AR, = 0,15 B 3 — 8 B~ il 20 5% J A
Xof 17 F L BEL A



136 PN QR 2]

2025 4F

= e

/ Lq(3LJ - 3L, + JOL} - 14L,L, + 9L§) (9)

H1C(9) T, 24 L AL A SRR AR S I, o Sl R R
Fe RIS R ) FE BHL 5 F AL 47 00 R BE EE . A
K3 B, A 2 1 LB A R, e KB 2 i sh % 0
B ZAEXE I ) B BLIZ AT AR AR ZAEAEHE K, X 42
e R T R A S A AR A T — MR AT 7
S AEMF R AR, 3 W KR R AP S | LR BB o
FEBEI g, 7K ik AL S B O AR Lt , fee DG ri BEL
5 5 R I AR ALY, 78 52 BRI H Al R
i BB T T8 (9) B THEE:, RIS 4 i A9 dg b
HLUR , 0 2 R Y 7 AR BOCH BT 57280 T Y dg iR g%

0.00

0.25

0.50

T./p.u.

0.75

l 00 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

S
B3 wAUE T W [T H) 3D 3 4E 69 % va
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Fig.4 Schematic diagram of electronic star sealing
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