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Development of a semi-powered escalator generating electricity

Gyeong-Hwan Gong*, Guk-Young Lim* and Yeong-Heon Ku*, Chul-Hee Lee*¥

* School of Mechanical Engineering, Inha University

(Received September 27, 2021)
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~ANHE NAA AAe A5 WAVEES AL T
arh. e A 48 el ke o AUl
= sl AGUAG HHom, A/west ok

ES 8 Ao AE Y

=
=g o] ~AgolE & M= NS Exs
A3y, 7)ZEo] o AAYoolE HEE 4 Q)

12 [-H

A9 st T U OR o] W LRSS of 91.7% gAY, B, ouA HZkE dol uli-
o 23y B FEOoRNEH Frh Y AU EZR L5 MATLAB vlolH £4& & F-&
Aol o 2ule] wjee T A 7TASSIY. INVENTORS 7]wew 3D Rdds 219
ki 3DPE #E-dte] FAW Y (Prototype) s AXT =M HA FA ] g THeds SIS

Abstract: This study aims to develop non-powered escalators by applying the mechanism of mechanical
clocks. The developed device is limited to downward escalators. The cost was reduced by designing it to
apply to the existing escalators and power consumption was significantly reduced by about 91.7% using a
load of passengers as the main power source. It is also designed to generate power from the movements of
internal parts. The smooth driving of the step was computerized through MATLAB data analysis. By
conducting 3D modeling based on INVENTOR and manufacturing a reduced model using 3DP, the possibility
of driving the actual device was confirmed.

1. M B
o7z st 7% AdEe] AT E3LoA BAstL k. HL vl F w2 °9F, 25
So2 s A, o] H4E whd, T A7) v A A xuyols AX 54k Subse]
gre Oy BT oo BEujo)mrt Al o] dt 3 Soll AMAVE SATMAE Fo] AF &
LS =o]7] 93 HAZ AWt 2018 FZoA - 7] FHF | T AR FAIPCO)NA AN
HauAo] 2w, 2030d 744 2010 thH] o] b3tk v &3S 45% 30401: 715 =& 4E 5 3

ki3
. W}E‘r’ﬂ °ﬂL17<1 dobe 913 HAHQl ete] ool thFEHA vk e W 25l &3 AR
B A7IREE ol gdl F5H AAcNE= Al 7hHs HH duAES AEsA &
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Hssieh. by Qg A
A Al g A7A F A

o

Fo] we Wity y|For YHT 5,64IMWhe] H7E ALEEER. o5 &
NHE(S), LEA, AE3, HoEet vlFo R kg A 979,841,7009 O 2 E}
Wk Hole duA die] Fade et gEol AAAR] olfE FAc] T A IS u
AXE o] &3t 7t H o FE3A e Al=wlo] o] XA zhFo] A} AT o] A
7 olFE Y3 nFHFY FAE HAVIEREZ FEAACL 7] v a&EHe
& stk oo & A HAL skl ghate] 7)AA AAY F
dlol, 9% A/ERE AR AN Al WFEY WA o ahdoE S AAse 57 of
of £RHE JUAR U Agehn ARHon, AT Bade] /e Buw @l

(¢3

2

2.1. oA ol e o]

o 2 olH 9] oY elo] 9 'Scala(AlD)et o] Elevator(Z& HlolE)7F A3 Ho] AEo= @
2UgE Ad, 'aa2 FHole Adold oulE 7pth o] W& F A AHH(Charles Seeberger)7}
A FH AG7HA 2oli Atk daZAHelHE HEFR EfAE AshE AlE L
kel g- 2o T AL 2% Ao dA AR Ave M3 AJA F
A AME FEThE ot Hx9 A oHE Ao tEA 284
Agk FHE G EAT sk BEE HE2 53 1859 ujAFFEA =T
A28 S 2" (Steam) 0.2 TEEE FA AT vk -7t @3 9l dl=Ad ol
= Wzoll 18973 Charles Seebergeroll 2|3 thA] A A/ 2t =] ST}, Charles Seeberger= 2 ElZ~ 2] H|o]E]
(Otis Elevator Company)9} & 3lo] 18991 w7 = Yonkers® A& Otis oA A UL A=A o]
EHE A otisoll W= "1920d ] David Lindquist”} ©]71% Otis 1A o] Jesse Reno$} Charles
Seeberger ol =Z ol HAAE AT, /Idste] S5d AME T3 Aul] A=Al FFoRE &

ol gel st

22. dl2=AdolEe T2

w, HEHY
ojglat

AR HEE

e L=
AESADRA
27|

FSHU

Fig.1 The structure of the escalator
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223. 75 A
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Fig.2 The structure of a mechanical clock system Fig.3 The components of Escapement

2.4.1. MQl 223 ¥J(Mainspring)
°F 30.48cme] =3 w AU FEje] AFstE gk 55 Stipolth HMQ AEEHS
AR S AFe) =3, 23 @ aEla FEY(Click)Z Agste], 3 Weko s 37 d).
2.4.2. o] 227 o] XL E (Escapement)
HQl 22 o] oUYAE W] WEsA ¥i, dATFES AEH R BEIJET -3 E AT
2, &8 ZI(Pallet Fork)2} o] 2 A 0] 2 (Escape Wheel)= T-/d €t}
2.4.2.1. 2 X A(Pallet Fork)
<Fig.3_1>, dloj=x ol ofste] F-5 5 ojxAlo]x He] o|7f &Yl Xt FE F I HEHA T
_-_Qo-] 011:—] J—]-E'“ J.g_,] H]—]:H % HOP%}\]Z_ ‘1494' H]—\:Hi —6—30} ]_/_\_ 3L =
5 29 X3 vHEE 374 "k
2422, ¥ L (Pallet Jewel)
<Fig3 2>, &3 X379 Fo] FRHo|, o]=Ao|Z Hute] HFS x4dsy] A 4A
2423, o]2=FA o] X Z (Escape Wheel)
<Fig.3 3>, &3 2399 HES T3l ouA WES 243 sdste 7loje] dFolvt

2.43. ¥~ Z(Balance Wheel)
<Fig3 5>, WA~ AL dA3 g5oz ZW XI5 YolIR ~Y(Swing)st=F 3ln, o|xAo|=
2% el 2xge) oAt A4 Ao A WEHES 2ART,

2.4.4. M| 7} 22X 2 (Hairspring)
<Fig3 4>, WA Ho| N PB LFAES FEIT,

2.5. 71AIA AA A 9] e

ZIAA AAE A& E S AEE AUAE W] AZHEI)l AP AdE 22y g
3 AMAAZE ej Aol B A= H ol&HY IS B ouAe WES =dsy] fste,
2 x5 F8 olxAlolz Fo /AAS WESA dFomA duAe WES dsta £
% Fdetes v ojw), #H E A7} ojAAo|Z Ho| & AV 9t FojAEY S o&
gt Fojazgol A W HelA 3 g5 ety #Y 2471 7S stEE vk 9o AlAE
wHuR Sl dAds o] YojHlE Fal A7 AH, 23 22 23S AP
26 &Y oz olE A 53 Abd #4¢



Fig.4 Similar patent model

Jm

7]E& B3 <E3HE . KRI01465344B1>2 1 ofojr]oje} FALS F-538 oA olHo| st 53§
ol 7] 53 o] wEW Aglo oS TEHOR {FX 57| Y ol olH #Hd Fol o]~
o] FH(TE Ao FHl)o]l FaH o . dld R 714N AAY 2 HAUES HEssler,
o2y, #el x93 ala olaAoX AR pFAYL. a#y daFYcHE FAste 4 Ay
71E =AY olE A7 AAe E3l “i AztE Wale] opd, ~® ZbZho| defli= Fo] oA ol
R gy SstE FHolth &% 7o) A dFo] HodA gorz o o]Fdt ~HS
Aoz ZolgEy] Yels o %ié-% =l EEM Al e ol sk otk g, ~F 7he]
2 Fo] FEH UAA] &7 o] &gt ~® vy 28 9] AFIE FEH et wekA
o= g FEo|A F FAo] AT & o] VT TFolY 79) Al AT $F o] oAE

mlo lﬂ

2
ol
)

27 N2& B=8 o Aol Ao A7

BOE 6o MEd 7)E dhae] BAAS dAsty] 95t AEA AAS A3 A8 7k
T4 EAAS A sk, AQLE S 2F AAVE AfHol = FHY 7= A=Al E 483
T =S AT <Figs>elA & 5 Slto] Ade v AZeZlor iy ol e ARZE
o|aAO|Z S F-Fshe WS ajts] A&tk o] Al A AE) 7&9] A 2] oS Al
Agenn ddds = @ e Frelng ALY sleld A
A A St o g e ole) <Figs>9l 2
o}

Fig.5 A draft of a new semi-powered escalator model with
Escapement Unit
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AddlolEl= Fgdol dHol7|o der|7h Aol on, 7IAA AAlS del(E & 2.5)
2R ds7lE Agsta, ol tAlshs olxAlol: FRE AEA A

7|E ol 2
s H85e
27.1.1. 5% Tl Eag A
dli‘éﬂlOlEH e
Aol Fol ol 4, I ¥4
th 3FARE o] F, H|E¥ /< (Spring rate)E
= 2] HEY el gEo] e
TEe ol=Aeele e F& Aolfyle]
= AA Al AEAE W, 228 A 2xE Feis
dloj=Zy e AALEA A @l =
=2 a7 (Carbon Stee) 0.2 THEO] A ALEEHE R B HAo| =
ARt o] 9] F-E5E dFuE 60612 AAste] A5 A B
S5 Aoyl o~z ol 31 7(0), AbEe] dhs(m) LE L 3 g
st 74 kel wste]l wE dolE g §3l <Fige> A BRI o7, Fojiz
o] o)} £ kel et Aol stgm) 23E =EEit wHe A71E
o7 AAs7] Ysto] =& HolHE Yo R <Fig7> 5 A3 @ nEPAITY] A
5 7k(0.1837 Nm/rad)e FHarste] Azl 7hso] 7hedt 5749 stgo]l mEH RS W A1ke)
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Fig.6 Equation of Energy conservation

Input parameters section Results section
Free Begin Tensile Modules Shrin ODaIAt Allowed Life
ol b OD ID State andEnd Stressof  of ) ;mg Pitch L T ‘;"ess 9 Operanng Cycles
Coils Length Material Elasticity Stress  Prediction

Material
degre | N.mm /

mm mm mm mm coils mm Nmm* Nmm
e |degree

mm mm Nmm Nmm? Nmm® Cycles

Carbon
Steel
Carbon
Steel
Carbon
Steel
t: Material OD : Outside T : moment or 8 Angular deflection in L : Length of active

b Material width | 1D : Inside diameter
thickness diameter torque degree material

1 20 | 104 | 36 85 20 1210 | 206000 | 383 | 3.206 4 1869 | 1228 | 368 1089 | Over 100K
05 8 68 | 12 8 20 1380 | 206000 | 440 | 0.238 35 | 1005 1049 629 1242 | Over 100K

190 | 1300 | 60 5 290 1300 | 206000 | 1804 | 42.64 124 10681 76916 607 1170 | Over 100K

Fig.7 The property table of commercial Carbon steel springs
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2 AN
120

110 110

100

mAtErel FE)

0% =3 = y S 0
KEIoIAZY 444) o 0 s 60 a0 100 120 140 180
theta(&lziz)

Fig.8 The grape of mass values according to Spring

rotation angle(©) and spring rate(k)

2013
29(1)

19~2441 25~294] 30~3441 35~394 40~424 45~494] 50~544 55~5941 60~6441 654 o4
Apell 4= 219 148 187 169 197 213 197 215 145 141
Bt 72.2 75.6 74.9 5.3 1.9 72.4 .2 8.6 68.4 63.8
EZEA 11.22 10.78 10.19 8.81 8.24 8.29 8.87 7.78 8.27 7.22
Hadk 45.5 51 54 55 49.1 54.9 51.9 51.6 51.5 46.2
#Hed gk 120 116.7 100 100 85 100.8 105 92 95 85
LS 05 i 97.2 94.8 a4 914 88 87.2 86 83 84.2 76.5
HEA590 85 91.1 90 87 83.5 83.6 82 78.6 78.3 72.5
e F10 60 63.5 61.7 63.8 62.8 61.8 60 59 58.6 53.8
WEHF5 56 60.5 60.1 61 60.8 59.9 56.8 5.9 54 52.4

Fig.9 The average weight of an adult male

v Aal Az 3dzbo]l 9geelal A3 E A4 k7b 0.1837 Nm/rad$l 7
109.004kg 0.2 AAk= 9t} <Fig.9> KOSIS 7]% 20131 A9l A} 25~294 &

. oY elErt et B AE AAEHe S ndsY, 10 ¥ A% =i wE
TEole FE7t fls AoR o et

o o] zddele o] o] Az A7
SIAASHE Foot Plated] 2= A% FAstel, 5749 852 4Tk 2o o) Aol %
Fol Ao} mEL $AE #F F2 AWSE, o glol FEH TH aTHE Ak FFud 4
CEEER 7 oRge sdstel f98 AEAUL,

9o AHEE ol<Figl0-s} ¥tk fzo) Wad WAL Yol WHG} 2= AL 7 1)

%

fritzing

Fig.10 The Circuit of Control system
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=24 3tE B SILr

2E 38 X

=26 @Xt 78 O

Fig.11 The flowchart of Control system Fig.12 A part of Control system code
2.9. ¥k e b ool Ee] i Al=¥] A
29.1. o] WA
AP
V,= =—N—
L t
Fig.13 Faraday's law of induction
R

Jo] WA waw Az A/ A%e] WakEs 59 1 ARt SPAseld, fE Age
F& wolth webd WAFS olv] fishe] A A/ A% WEES 2
2 ol

292 BF Aneo A4

= A7F qUAE AF A2 Hges wbd, dA7)E o9 Wi Zg3t AlF 3
712 Zgeua sFovt, 443 g7)9F wAFge s AE AAo oz go] o] CPUFHE
A2 MEzst A2 &Rl

)

A aelo] Mgt agHolmw A& ¥
st Eol7l fldte], cPUZE FolA RPM 7 owA Fall7b 7hedh AFS obeel el
<Fig.14> A7 9 <Fig.15> 7| &3}t

COOLERTEC
CT-12025SH12DBA-3P

Fan Dimension | 120 x 120 x 25mm
Bearing Type 2 Ball Bearing
Fan Speed 4000RPM+10%
Rated Voltage | 12VDC

Rated Current | 0.60A

CTi20258H42088 .

Input Power 7.2W

\ Air Flow 175.8CFM
Noise 58.6dBA
Connetor 3Pin
Line length 300mm

Fig.14 The Specification of CPU cooler
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QUBEAR} (SPECIFICATION)

8 & 0AHYO|EE (ESCALATOR MOTOR)
=8 2k 55kW~22kW

= & 9 500V03t

R =i

=3 4P 6P

= 5 I} 4160, 50Hz

= QI MY

=¥ E:pmax

Fig.16 The Specification of one kind of motor for
escalator

<Fig.16>2 A o= ole§ BEZA (FHA A7 A A #ul A AFL Apdolth

oA ol 4u MHFo] RE o] wel EAT oA olE g RE I F& AAste] Ho A
g y)Zo g Atsigch

e AgalgaFo] B Wil y|Fow HHF 564IMWh(010E 71F, oF 59 7FH 3009 ¥)e A
g5 AgstnRz, dA g8 AVAETE 71E F AAE(S)y2yd aAg yFHgFste] vl AE8H
@ wela o] F V|Eo R 7|E ooy 1Ule dEANSFS AEelth
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A8 (S)

e, M= % 7IEIALol 2 AMZshs 7|24T= 300kwW 0|&2| D20 =g

T2 23(2/kWh)

e ceinan) , ,
Fd ] {53 (6~88) = 7HE23(3~5,9~108) HEE(11~28)
A5 56.6 56.6 63.6
e 7,220 B 109.5 79.1 109.7
FHchgs} 191.6 109.8 167.2
A5sE 51.1 51.1 58.1
YA M 8,320 E7stst 104.0 73.6 104.2
E|ChHstst 186.1 104.3 161.7
A5k 50.2 50.2 57.5
MEq 9,810 E7hst 103.4 72.3 103.6
E|chEst 173.7 96.0 150.5
A5t 55.0 55.0 62.0
M=) 6,630 E7HE 107.3 77.3 107.3
Echgist 188.5 107.6 163.5
A5t 51.2 51.2 58.2
oY = 7,380 e 103.5 73.5 103.5
E|chstat 184.7 103.8 159.7
=t 49.5 49.5 56.6
e 8,190 Eydt-1d 101.8 71.9 101.8
E|CHE S 183.1 102.2 158.0
218} 54.5 54.5 61.4
= 6,590 Epde 107.4 774 107.0
Echstst 188.3 107.8 163.6
a5 49.8 49.8 56.7
aAC ful | 7,520 T 102.7 72.7 102.3
E|CHELs} 183.6 103.1 158.9
ALs 48.7 48.7 55.6
e 1) 8,090 Erd =t 101.6 71.6 101.2
E|cHstat 182.5 102.0 157.8
Fig.17 Electric rates table
gt & B 12417 THE S VIS o R VE daZdelE Y AYAgEy 1 @52 ol Ak
22kW * 12h * 17379 * 309 = 1,375,704
2 AFE F3 Nde v T I ey EEe AYAERY av5s B VA MHE F
3 o dslritt. HA SheS 2ISA LEste B Rue Eow 3 A9 Ut B FAhds
5 0 deF gyt F ZoR JdiEn olF ZAR o]§ F70] B2 A AY AEHE VEoR A
abstith AlE AlElY) 9 WEZ S oF 14,0000 H@Wolt}, olw], 4 A|7F HoF AA gl AA
G 1H Y sARe] g5dte A9w 58 AoZ AW, e HA S5 #kd 109.004kgs Ol F-E 5
=gttt wets] A7) 7 Eiﬁii %L El—t— AR 12A1%F A AIE S gk ARl A w1 A ke

=
=

2eta ek,

o1 A 147
22kW * 1h * 173.79 * 309 = 114,642¢
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2.11. 7]1& o=y olg ¢} vk F5d

BE 2109 A 29E SAZ BS w, 3 @ Fete AHAERF E oF HEAA Z of
91.7%2] oUx] H7E, d~ZAdolE 1HE o sk o )

T3 daZeolErt 2 Y dE, S A A™ 300kw o]ie] Alde] MAFH uie HE o
PE W AFE(S)S VTR AT o~AYelHe AEH au5F 4 wE ApanE ALtsS
L3 7F 577 ARAEC w2 A o aZgole e 4 20219 69 71F 31,6890t ® 1 &
3tk o =AU ol H7F 50%E A ghrha 7Rt o) oF 2,3989] o] HlE AFaHE ottt

oL

2.12. ¥k E59 dbd oA~ olE A& H|&
ol =7 olg A FFE 7|EY oz Q3 HES 55 AAFHE Ay 93 Holt)
FHE A E FES 272 GFrE 6061 o] &3 Aet=d s u8S ofy T 7

BE A A (mm®) T A(g) 7} (USD) 7+ (KRW)
SEY DESE] 797791.2 41.0 48,400
2 x4 601080.0 30.9 36,500
2 Iy 1524039.2 78.4 92,500
W 3] 207962.0 53.5 64,100
Fojaxy = 216313.2 11.1 13,100
o]~z 796.0 1.7 2,000
Al 433.1 255,600

Table 1 The costs of Escapement Unit

w3 V& ooy 8 A Fodoh T& AAFUnt FUtE sk YHolnR, o 24
olE] A AFo] 8 FHA F=vh wEkA 919 <Table 1>°] 371¥ A=l whel 2 A% #]8- oF
255,600 0. & of| At}

I8 ol egl, DONGYANG ELEVATOR CO. LTDA}e] wh2W o =7 olEHE BE = 9F 6,800,000
ojth® ey} B AdAle] oA olHE AlHe] dtFS ol&IRE HEE HA FF stes BEE

= F JdE 9@ ety mepA o aZdolHEn 8o thA W HES 49kW EHE o] &3}
of 5 & da, G ZE 7FFL oF 40%F Yol ol 7|E dlaZolEE REIL 6,800,000
tiH] oF 93.7%2] H]-& dito] 753t
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AP Ige B ATE Fal AAF v PEe o xdeolee] wgolr) o xueelee] At
S0 Agste] 3 25 Aol AN AW 1 FFow Ae AL Jlol7t HAs] At Adw
%2 %a 55 Aolfulel AL Addch A9we $EUL Fa olxdAelx Hol HAsw, of
fAge] Y ¥AF FHY 24 W FANNG BY 39 Ao o8] wReYUE o] sdolx B
3} slojzzale] 9 7 s Ha, 8 4 LB ALa

dojaxeel 57 9% 25 Bel BY EAL foldn QBT o)k oxdol= Ao o)7 T
%3} PEe wEUA 94 FER HAT 5 QA @k ARHow Ade] 0B SAL ARF %
2 sl o

X
2
4
2
R
offf b oy

=

o
2

o N
S e
I m ‘;if
o o o poy
2 2

ot & > ¥ no
ol wj

Ao 7= oo gl FHHo] AR & A= Gl A

> b

o
4% ol Ade] BRW v 9A o 037 ARHE TS
oSl A FE A HA] BAFE A& fdtel HFe] Axge FNET A5, o
AUl E B AFE olEshe FelA Fuol /o) E Agstel Bad W AAHe] TEHL v
Fe AZ9E ARG Gatel, ol 2AdolHt TED W & AFFE A FB LEIHE Ho)
A=)
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AT 7IAA AAS s dEE HE7 b FaE oladeelHE Ales Aol AAR T
& AfFRAS 7€ dz=AuolE el A7y Al %iﬂ%gisﬂ HE EE oaddelHe Mo of
WoRE e =4l e i e dnh A stes d8she WA eE gedte shdehe E
etell 5&& FAE & Ao, F7HHS Ao Al=wlat HW ARl Bkl Adxey e o
A7A ool & Ut

FEd 7 BaL pEIE 2 A A" ATE AAA Bss Ve r Y ARgs Aitstal, ol
Aol daddelHz shgstel O A8 AHEawS AASNS W, 71E oA uolE st Hlaste] of
91.7%, = °F 1,739 o] Axavte AL & Ak Alztel] dad vlg A 7]E 2} B st
W 9F 93.7%, 5 Wd oF 6,370,0009 S ArE AT Ao

2 AFE 7144 AAY BT AE dElE o835t da~AYoHE ARFHE JUAE Fo
), fate] o] Alagly dd A]xEle] Rz qUAE dEF =Y 7teAS AAEAL,
MATLABS &3 tlo]8 Aite=z 25 85 e FQlsgith AAZ yNaR A BE
S &85} xﬂﬂlﬂiiiﬂﬂ A= 7beAd E=3 e ﬂh% K& A717) #o} 3DPY &Y
AA R A BEEE Guglo] éﬂ °}°‘E‘r olZ A3 AFHEL =} oje g, ~¥e] R 7
olf AAHE Fa AUA &

Hl
bl nae ‘?a_”d Oﬂ/\;%ﬂ o]

o i |
|
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