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Structural optimization and performance analysis of lifting lamp rope tensioning device
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[ Abstract ] This paper addresses the issue of lifting ropes becoming slack or overloaded and breaking in scenarios such as stage

lighting, industrial illumination, large high-speed railway stations, large venues, large factories, and airports.It delves
into this problem and proposes an innovative rope tensioning device based on dynamic adjustment of torsion
springs.This device ingeniously integrates a movable rod, an arc-shaped limit hole, and a dual-travel switch detection

system, not only achieving adaptive regulation of the rope tension but also providing effective safety protection
mechanisms.After a series of rigorous experimental verifications, the research results show that the device can maintain

tension fluctuation within 15% over 1000 consecutive lifting cycles, with the error rate for maximum load protection
triggering being less than 0.5%.Its compact structure and high reliability offer new ideas and references for the safety

design of aerial work equipment, especially lifting lamp systems.

[ Key words ] lifting lamp; tension device; structure optimization; travel switch; safety protection

L5[&

1.1 iFgE s 5t

FHREETE F TR A skl , KBS, KA B, Al
Y, BT ELE E B AR A TR FHEET 8 % T
W BA IS e TR AR S ATIR Z (B TR R, THEAT
BYFHREI AR R, TR T B R A TR BORAS, PRIETHB#
IRERRREME A k£ EIR BB E &R T Eas kT
HAsk B2 E, (MR TRENHERS . IS HRET,
PRI L e MR B R 5 5 o AR 4 I i i e e e R (AR
Pe R Wia JOE 9 S T XA LG JE 8 . A VE R I 5K, Tl
¥ 07 ZE DN R A i B L e & 2 BR ) T H 2 R o R
ARSCIETHUES B R, $2 8 T — R R S S S 5
RCPR AN F— PR ) B A R B | B el 5 A s

4, FRusT R TR

1.2 HIARBR

HTTHEST B 2g 2R K SR T2 U R
e T =R MUK BB DI R A o &, i
H P SEER SI , (B G A R (AN e e
PRRRGL 1.5m’ ), SHASWANIRZE (AL NI ] 2 F),

62

MELASE N R R e o TR O 2R I IR R
AR S P RS BE AR IR T U L2 A 1

(PALEARYES 9% IR 3000 JC ). HL P30y S aed £ AR FL WL K
WK S, BT 0.5mm ATAMERERE , (H AR
KA R I e R B, RGBSR U ZS R4 T2
30%.

IR R R, AR SR B A2 B 6
2023 4 (CHUBR TRE“F#4 ) HGE MGG AL sk EHLK , 3l
TR AR S BERE R IR (L BUASHE I 50% H RS
NAPESZBR . ML Z T, HUAKER 8 0 ZE7E T Sy T G 3
B3, I B W AAE TR T sh K (LG 451 i sh
ik 25% ). i EAEY S (LRI R ] 1.5 FD ) SRR
BEAh, A% B B T 22 R FH SRR AR 2544, A K
F1=5 BIHEAE 3%-5% L HER

1.3 WF5EHbsR

ANBIFE B G625 THREAT L& 481 777 2K, #SL LA T #%
NNEET

(1) ik S h A5 . &S THIE-FTFFBEBIAY F s
PIH, SCITHRE AR AR Rk T SR < 15%, HHLE
g iR e MR T 40%

(2) GLphysRie. MWHBFTERIF AN RS, i
ARG R ] < 1 R, R R R i R R 2R <



&

cacaec) Modern Science and Technology Research MRXRHZR £ 5% F 2 #2025 £

0.5%, 2 RARMTZE XU 5

(3) SR it =i AR, K
ARG IE B AL SNSRI 40% ( HARAFL 0.5m’), [A]i}
PREF P67 B4 2590 LIGE W &R Z4 b5

(4) KJEWIATEEE . SRATmTES 2 G MR IR A 25 44 1%
T, SCHEER A AR TEE 2000 WABRERLL I, dEdr I AE
KEZHHITEM 3 £5,

Wit iR ARSI, LA H R ZE AR
PSR ARRE R BT ok ke B, Ry R AL SR TR
JTR ARG R PN LU T 26

25 B A S Lk

2.1 KOs

(1) Frfefish

Sl AR IR ZF RIS TR SRR AL IR
1 6061-T6 515 < 4 B T AL, X AR AT AL EAT RAF A5 2
RIS JE5 b , RERE PRS2 AT HT R A p = A Y 2 R g o L
TSR BLA R, FERIBE AR AT BT A O T
E o — ORI S LSBT R 15% 75, LTRSS
RAETHEE R A R OG5 vhvas 1] , sl b R iod B A B 4
MFERIR FrFRIAERITL T Vv MR, 5EEN
6mm [ SRBRLFAETHIELE 2RI A A X Rl X AR AL
WA T A8 AR AOBER , SER TR dr. 1eoh, &
I FE AR B BT 1 R 3 A [ e e, D7 (AR AN [RIT HLAY
LA E ATV, PR TR E R

K1 JHETAR

(2) FKESITHLE

e 1, A XSO THEIT BRSBTSk T
P RAE B IR LR, ST SEIR4 R i 3k F) o %L
s shAT . K KA S A ST 304
ARG 5 2R AR, AR T S i R R R H
P HHE RS HORYE KT B A H A S AT RS, 44T BT
SR AR I AR 2R S I ST SERIIERS o L T A AL
Fra R L, SR AMESE R AT, (RAFEE R AR
WRERE . KRR RABR LA, XM ERA R
T B SPE RN L, YR TSR Z M R Y, (K

BRCRE NI RE, PhAh, ik B Sk B AT Z [ i
RN T FRR R BRI, B AATE R i i AR R &
R IR B S IR 1 0

(3) FRA S0 R 5

FRA SR 2R 50 2 SN AR () SRAR 2 o 1X R SR
BRI AL . TSI A B L . FATREIF G A, ST PR AL
HIBELO A E R 90° , AVHENFFE + 45° JEHENIED),
R BRBR I T 6 shAT At BER 2l , SBRIE T 5k B s
BOET . L FATRERIFECKRA P67 Bitr g AR e ish
TR, S35 BT ok B AR A SR . fil k1 B e
7 SN, BARE T SR REUERIIT ST, 48R
SEAAIY 120%I6F, TG ShFF 2k ERRAITTFG, 45 R G0 1
VI AL IR, 551 EAT B RS, B ik PR 2T 5 | A e
P, MITHERG, ESHESNTEITFE N 2 TR,
fil & T BRI TFAG S, BUE B, BT R e iR 7E
RN,

2.2 At

(1) W&IBTT

ST BT RE T , SRR 5K 1 AL SR B S Sedh
JERG o A FEE T ARG AF SR RE L, SEIRMEAR R I (P 4
L, PR RIS RS .

(2) B

Mg SR AUE MY 120%0, TSRStk T BR
PTG, 45 RGeS BIIBr AL R IR, 455 AT B THRE S 1
7 11 PR AR 2R T 5 | A T S

(3) fldt 145

STRERG, HESHEhE IR A2 FRRAL, il TR
NHRARS, PreBmbi, wiRk T BR e BIE e E.,

KBSl AL

3.1 JUBRALALS B

I BRASE AL AR B 48 e e 1) o AP AR E 1 2
KHE WA ROCT BT, BRI BROLIE1E 5
IESATRBER LU 1 1.2 B, RS &Gk G ) S i
4, PRI ANE . IR — RS, T 5
e R AL R R LB IR T 42% , BETRTE TAE )
AR X — USRI A i TR A T RENE, BRI
T A AM T AR Ah, BATEXS I BROLAL AT AR 2
T3 7 iAl, AT S5 AT OB S, B T
FRAICR .

3.2 WAL

N T PREE AR AE TR AR R S ) o R BB, AT
BT RS PERT B 5 — P4 25k K4 S Smm
b, RAVETEM BOmbER R o X R RERERE A 245 148 R
RARERWHR , R FE 7o 58 P FAE B R
SIFEPIIINE L ARSI S, T A S X —i
PrE— PR T ERRENE , ARk T AR TS
Hh PRR B A S R 2R AR ) R UL A e,
FATEXSPHOFR AR BEHEAT T4, DL iR A

63



ACADEMIC
e

Modern Science and Technology Research MRXRHZR £ 5% F 2 #2025 £

g i B R RAT

3.3 Bl RSEICAR

R T HRERI RS R TR, RATRH T4 78
IR R BRI LTI T CHLAL A, S PRI 25
A2, RESHNEAHITET, BT HNL S, X
— BRI R T B e AT SR, BRSO
FURER AT B AR BT . SEMEEE R, KRR
TER 1.29%F% % 0.3%LLT, BERI TRENMRERHF
GG, BEAh, FRATIE XS S AL AR A5 SR AN R AU A T T4
b, DABR  HCAG AR B2 R i S0 3

4.PEREMA S B

AT AP IZ R SR B AR, ARSI T ik
77 =285

(1) skhfseE ik

A M8 ] 50kg BC AT 100 RTHREAGFRINE, itk
THEIRERHIC SR A Rk 1728 SEBREE R Won, sk shve
FI7E 8-12N Z[H], UEHA T3 HA RIFRYSKk ket X
—ZE R ERE AR A R, 48 RAES S E Ak
BORES, W T BBk s T B kT B SR Sh s IR
AN, FATBEX AR 2 BT Bl AT TR, 3030 T2 B 1Y
T A B

(2) ad#Rm

FATHEIN 150% 450 % B AT MR, WL RS
REAS 7RG IS [] P ST T L PR, SEIRES IR BN, RERESAE
0.8 FhP SE WL PRYT, A B IR T BB AT 5| & Wi
o X —25 AR T 2 8 B RS AR DR, AEUSE
KT 2R AT B A RG24 o 1AL, FRATIE XTI 24
BUEIEAT TO0AL, DATE s i AN IR S B A R .

(3) it At

BATHEAT T 2000 RFHFEAGFRIT AR, WMEH A
HAETEAE DL . SRR R, 253 2000 RTHEEIEA ) ,
AR ERCRAUN 4.7% , AR TAT L 20% 0945 % BI1E .
X—ZE SRR T 3 ELA KA AT AR TS, RERSTE I
el A A P AR E RO PERE o BbAh, FRATEXTHI R AR
BRI T T T, AR A A A Ada e

A C I TN R BEAT YeoE St H , IFHs
TS TR AT, BRGSO 1.2 5275
K, MERMAREIG, 2= MGHE 0.5 77K, KRR
e S A AR AP AT AR R, RG4S
JR 2 A, MR AR B IS, dEP A 2 6 J, FEAR
THESP AN T AR fEsfTRE NI, RAARRES,
IBATAHAR R K AEART SR A OGH R, bk T XL RS nAR
FEIBAT o BEAN, FA TR X2 B A SR O P A BT 1 R
BRiook, Wi TORERSABAR AR, st A
e T S50

(AR — 3R, TERTHOCRIBEAT ek it F op, Ffi e
E) T —LERFIR DL, WIERR . SRR S PR R R
FRISEENE o EH XTIk SRR, FAT IR HEAT T BT X A G A
et sk BBt fmBEAERESE, Mt TR
TEA TG L PR T RREIa 1T

6.4515 5

ARSI R THREAT Hk e, SEf AT ML
HLSIBRBN AL, RSB T TR R A A A 2R T AL T Y
T R 5 5 A R o X — B AN UL TR AR
TR, B T XS PRI R A TR . LA
R ARG, AROTE TSR], RN ORI TR R
e ATAEYE, RIVGEAE IR E] | S5 AR T, WREARET
TREMIPERER L. AL, 125 BRI S, JORIEMR 75
Whade A, A RERS NG TE T OS5 1Y K

R SR E T R GE 24 i Raa Tt TR
S IR, AT THRVECR, ARG T INSER
Pt eliid B SRR 5 A 2 Al o FREBASR, Ffl PR+
BOITZA BRI S R BRI TR A . BT, R
BRI B R v € PN g s % NS /) N Uk s N -3
H—ERBEIZW RS % RGN SCI W ZE 2R A 5k 550
AR BRI TARIRAS i Bl 7 S5 30 i, $i i
KB IUEBAE AR T, ITTZE— PRI,
PRl e f) 2 4tk

I, FAT TR R Ji 12k B A O T U, SRR A
Hbmz ki s P eSO i AW st

PETHERE, BATELENET Z AT SR b2 4 | RIEE
5. TR 2 AR DT 58, Bh 14T 25 b S i 2e 4 | B RRAA/F L
Ii:if%o
B
(1. A SRR T B O BE T 5SS BRI TR 23], 2015 (3): 102-105.DO1: 10.3969/.issn.1004-440X.2015.03.025.

[2]AE AR F JEAAEE T 1Y R HITSR[D].2016.
[BERMEAS AT BT RS . CN201120187117.7[P].2011-06-03.

(4L 3cHe P A A BR A R K T BBIAT B IR 5. CN200920167578.0[P].2009-07-24.

64



