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Abstract

Operational smoothness and energy efficiency are critical performance indicators for modern ele-
vator systems. Currently, traditional elevators predominantly utilize mechanical friction braking.
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This method not only suffers from brake shoe wear and significant braking impact but also dissi-
pates a substantial amount of mechanical energy as heat during the deceleration or gravity-driven
operation phases. To address these issues, this paper proposes an elevator braking and energy re-
covery system based on electromagnetic induction. The system innovatively introduces an “inte-
grated electromagnetic-generation” motor control scheme. It utilizes the inertia and gravitational
potential energy difference of the elevator during the deceleration phase to drive the top traction
motor via moving cables, switching the motor into generator mode to produce a smooth, reverse
electromagnetic braking torque. To achieve precise and high-dynamic braking, the system employs
an STM32 microcontroller as the main control unit to construct a “speed-current” dual closed-loop
control architecture. The outer loop incorporates a Kalman filter based on a state-space model
for low-latency sensor data processing, while the inner loop calculates the target damping using a
tuned and optimized PID algorithm. Regarding the main circuit topology, the system adopts a cas-
caded structure comprising a three-phase uncontrolled rectifier, an LC smoothing filter, and a bi-
directional Buck-Boost DC converter. By utilizing PWM technology to dynamically adjust the equiv-
alent input impedance of the system in real time, the generated high-quality electrical energy is
efficiently stored in a supercapacitor bank. Finally, through the introduction of sensitivity tests
based on various application scenarios and a dynamic economic analysis of the full life-cycle mainte-
nance costs, the results verify that this scheme not only significantly enhances the operational qual-
ity of elevators but also demonstrates a notable advantage in cost-effectiveness. This offers excep-
tional commercial promotion value for the green and low-carbon transformation of special equip-
ment.

Keywords

Electromagnetic Braking, Integrated Motor, Dual Closed-Loop Control, Impedance Matching,
Energy Recovery

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

FEAERIMPUABRA LS BelRai i, EmseIUBRH AT 5T, e, RO RONEAT S
WA EFE o BB R S AN T Bk 3R B TR, R RIZEERTT, fefti 8 H a2l 1].

PG PR il 2h 3 ZL AR U AR S i, TR 5 2CAE T I A 55 15 452 I, AN 2 2 BU™ A LI 7,
BEAR B & 75y, R R AT RI I IR B RE 5 L0 34 BE RS AL O PRI B FO B HE 2] BEAE L TR
SR RIBOR KRS, B R SOEA 1 ) R A

AV N HBE B B AR I B ) 2 26 A S RE R Bk AP AN T TN AL AL, BT Lk - &
Al B R S R S A I R B R, ANREE ST e el (K R RS MR B,
A A7 A A R HLRE T T AR GE AR, R IRl X v ] ST, i 7 [ 2R 2 AR A JE 1) 5 14

2. SR SR EWORIT R
2.1. BH - RE—FUHFESERRE

ER I SRR 7 o R RN EHE,  DAHL A RE B MO SRR 2 I SR [3]. R T Z
HUHL, BEUUIE R . STMB32 flidzfil a8 . IE )5 It KO 4L . HeAoh TR 2, AETFHLIN AR
R ERVING EWE R N 7 3s SIS i g N 0l PO < A - R 7 BRI = I 1 vl W B R 4 i el P E 7

DOI: 10.12677/0jcs.2026.15204 50 5 R4


https://doi.org/10.12677/ojcs.2026.15204
http://creativecommons.org/licenses/by/4.0/

R
RESEE S

A HRL B A
HLHLAR B

JREEEES I (R

Figure 1. Overall system architecture
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Figure 2. System control block diagram
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Figure 3. System control block diagram
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Table 1. System initial investment and costs table

F# 1. REVRIR B S EERAEMRER

024/ H AR RS 5% AN (OT) KR SRR IR SR AR
Xyt STM32F103C8T6 % 41 [ &5 Bk 5 i 1 150 JE T I R A
AT T84 1200V/100A IGBT b 5Pk 8 — & 450 Nk 2 B 7o B A A S R R A
A4 16V/500F Tk AH A (75 BMS) 2200 HAESL R A Y
o A HTAE RS . R kas 350 AR T A
AR B, B, e H PCB. A TR TR 850 TR 4T B 5 A b RLSH A48 R T I 9% £ B
FB I (D) - 4000 Lty i

TEIBYE )R, A RGCR Ao ik sh. KHE CRERZE IRIFIINY (TSG T5002) A Huph4E
TRAME AT ECHE , A% GoATU bR B F2 360 ] A3 4 B 5 000 10 BL BB P 8 4 . MUBRIE S A & I s N T3 20N
800~1200 JT/4Fo FIAARRGE, KRB 7HUAE W KIS EZ 5B, R 2 A R4
I AEAR AT LI RE Sy PRFEL S =800 JU/4FE. [FINY, BEE AR RS0 HL T Inas 4 145 KA 4k 2 M
=100 JT/4F[6]

3.5.2. ZIHREBMEWERIEE

HLBR PR AT AR v B AR T L AL (R SRR Y . R A i N4, A SO R DL R o LAY 11
LRy, JRas & B 50K eZs B ML 2 ) A AT 1) LR BEHAN bRvEE(LL 0.85 J8/kWh i), EAT BUsk
WAL e 000 B«

e s, WRARY . = WEERE, &3 R s B REm . Wk, RIEITCR
GiA L S B, Tl A 25 mT RIS e 5 LR Q) = 456.25kWh .

SETTHEE IR E, = 456.25kWhx0.8570/kWh ~ 387.87C

LEAEEINES(R,): R, =E,+S, —M =387.8+800-100=1087.87C

FEHRSIE B 3 St (Wil fa R/ X)) 1% 37 50 BRI AT B W] 2 1) LM = W v e, H 318 AT
MG HEBERC. 2 A5 40% RIS, BRI E O, =182.5kWh .

SETTHEIREE: E, =182.5kWhx0.85 J6/kWh ~155.1 JC

GEEIFWE(R,): Ry =E,+S, —M =155.1+800-100 = 855.17C

3.5.3. ¥ BEEIRAAROD Y
KA FS BB RO T, ) A 20 LR WS35 34T 555 20 PR -

-t
A5 SRR RN T
R I B R O T, = 1‘(;2308 ~ 3.684F
PSS R O T, :%: 4,684

IMTEEREW], BT QR R “HURLER T A" BTN LTI, ARG
TAEGHRBETRESOE “ IARYEERK” BT, BUEE R (T oo & i 5 e 4T e 5t
T, RGEWBAEANL 5 F N B EWEWIEEER % . BB TR A S50 SRR 10 4

DOI: 10.12677/0jcs.2026.15204 55 5 R4


https://doi.org/10.12677/ojcs.2026.15204

TR 5%

PAERI Bt Ao, 12 R fi A 1 JE Bl QG A0 IE R i, FRBILE 1A% i A m b v s T 474 5 4
I E-

4. BlFTR &R
4.1. BIFT=

(1) $RH “Ffh - A A" #0775, SEBL T A el ) S

QU EA ] 85 LR a8 4T SR B, AEANEANME IR A ARARI AT I T, R sade b B v 2 7 35 g
SR A G LR O A U S e 3 PR JER NE 7 2E 13 S TR B, AR 3 B 1 A% SEAL ) DL
(¥ BE SRR 5 R B IR, KRS A 1 R B (K 8 A i

(2) MR XA + YR 1EMHI50, BOE 1 IZhBHJE B UG T A .

PRFE 1 AL GURERE M Bl bR ] E VB B A9 JE 7 3, DL STMB2 %O ide 1 “ S RE - FLiRL” XU
WEH ARG SPAGIASE T HORS ZE R FE IR /R @ I8 B EFRHE N, AIMEE R E 1 PID
FVESER ST PWM 525, I G2 Buck-Boost 84 2% 1 A 00U RG0SR A BEPT, S 7 K43k
LT Bl AR AR HEE E 5 T R e

(3) BRI IR AN, KL T SRR TR AR

Bt EUBR R 5 R ) BE T HL R BB, et T AR TR + LC P + Buck-Boost
AR BIDRIDR T BB AT o IZBE PSR AU ROP T A R ARk, SR ik 70% )il AL
EERAL N R R RS B, 2 e/ EN TGRSR, R & K2 ORI A
BT OIS AT I TRE .

4.2. MHA

(1) R ) 2 FLASHEAR A s A R G LG TR R by = R Be DL 1 R 5 RS LR
JRIEBE . B R RZI 5. RIFIREE, ARG FENER B0 5wl RE U Sl ae 15 2tk R L
Bt A%

(2) ZIH/NX SR HGE: B0 E IH RS S WPR IR . RERE 1 L, ATt Al oy —Rh At
MR T 07 % AR A AL ARG MRS T, G FRC R 5 Re B 4m Sl “ P
T+

43. MRERETE

AR XA Gt HUBRHUBHBE 5 1) Zh A7 42 B BE IR S S UM B3 AL, BT PR R it 1 — & T
LR I I Zh S RE R IR Gt WHTTRWI, 2 ARG S0E LA 7 AT STM32 (19 “IJ% - Hiit”
WUHPRGERE, 2553 T ROIRZS R T RE R /R 28R4 5 MATLAB #5E 1 PID 5k, A RIER 1
AU R, SEEL T RARAR AR ZE KA T M SRR DR s AR, R GEAEREMF b BT TR
FESE, KA “ MR + LC 383 + Buck-Boost ZEH#edt” MK AAG SN SPH e, ks
IR TO% AT R UMBE F& 1 o i i o B F s A7 i T LA 23 U S &S AR 7 itk — 2BHE
K, FETH AR WU 17 R AR OR T A G, RGN R AT B a6 450, D IUARHS A se 5 i 2
OARBREE PR T UISErIAT I A TAEVE. AT, REARGERILHES 507 52 Bl b = v AT
Pk, AEAESE [ S PR AR 75T 22 AN BRI S R Ay v A6 A0 i B 280 B 4B 1 T 1) A LA 3 T 00
T KL E T SRALI R FLR el S AR A 5 SR IR RS, RR 5 SIS 22T RE it 3
PR R P B G A s B 0T P TP 6 T 2 OB AR TR I () RS LI L RE TR IR IRl R, R — 20

DOI: 10.12677/0jcs.2026.15204 56 5 R4


https://doi.org/10.12677/ojcs.2026.15204

REgER 5

THRIE A S R AR I WA, R 2 A% BB BN NI SR A JE T U L R LA S I i 48 ek, Tt sk
FEIE BRI I A S A R R BRI RS, 24T PID 4246 5t BLIZh JsE KB R, R sk 25
JE G NBDRIRR L2 /) 45 (FNN) DL 25 48 58 9 RGE R A TO0 T I H@E M i HHRE

&5k

(1]
(2]
(3]
(4]
(5]
(6]

VT, BUBRAR ] R G AR AR SRR 72 (3], BEEHIIE, 2025, 25(9): 135-137.

THf. BRI PR RGUE WM E[T]. KAdsiEfL, 2025(13): 180-182.

BRI, FLASZN. BBEERN S IR IR AN TEIR 4R B 3 R G R[], R4 HLEE, 2026(2): 95-97.
Fih, X, N, . BT R IR L R R B R A AL [0]. VRZE LARIW, 2024(6): 22-28.
THHETE. BRI T SR T[], SRR B, 2025, 42(9): 28-29.

Wl 25 RE AL T 8 1) P Y A 2 PR AR TR 2 N B FE D) [ 2 A i85, bt b ) R (e ),
2025.

DOI: 10.12677/0jcs.2026.15204 57 5 R4


https://doi.org/10.12677/ojcs.2026.15204

	基于电磁感应的制动与能量回收系统
	摘  要
	关键词
	Electromagnetic Induction-Based Braking and Energy Recovery System
	Abstract
	Keywords
	1. 引言
	2. 电磁制动与能量回收设计方案
	2.1. 电磁–发电一体化方法与基本原理
	2.1.1. 动力学与电磁制动方程
	2.1.2. 动态反馈控制原理

	2.2. 能量回收与存储系统
	2.2.1. 整流滤波与储能电路结构
	2.2.2. 能量双向流动工作方式


	3. 综合性能分析
	3.1. 对电磁制动部分的理论计算
	3.2. 对能量回收效率的理论计算
	3.3. 节能减排效益预测
	3.4. 节能减排效益预测
	3.5. 动态成本计算与经济效益分析
	3.5.1. 初始投资与运维成本核算
	3.5.2. 多场景敏感性收益对比
	3.5.3. 投资回报期(ROI)评估


	4. 创新点及应用
	4.1. 创新点
	4.2. 应用
	4.3. 研究结论及不足

	参考文献

