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Development of electricity generation system for subway tracks
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Abstract: The purpose of this design is to develop a system that converts the load on the tracks into
mechanical energy and uses that energy to generate electricity. To this end, a 3D modeling program was
used to design pad part that combines with new subway tracks, gear part that includes power transmission
devices, and power generation part that combines with flywheel, and a reduced-size model was also produced.
With growing interest in energy harvesting technologies that recover wasted energy, we hope this paper will
contribute to the power supply of domestic public subway institutions and, further, to save national energy.
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Fig. 1 3D design of whole system and structure of the model
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Fig. 8 Gear parts before clutch
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Fig. 11 Motion of pad
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Fig. 14 Aperture structure (Locked)

o] el M=o A3} Aperture X, Aperture TFol| SHEY APTE: & o] AxdoR
H& A9 de TE27t e

ojel whtj=, Az ro] ol A pikel Bk A5 3y FAE welFol 1y FATF 53
& wAe s gk FE3e] Sl B OR Aperture®] ool ] ARLES] AGE sAlA
==y

—

Fig. 15 Aperture structure (Opened)

of AHel Nt ATES Aperture TE7E BelHo wHHel Y AYL ¥ & gt 99 Fust
o), o) W dei 2300040 Ao JA Fro| o8 A% PO $4Y £ Yk olAe LEG

3) Aperture Tt& % AFXE 7|0l L&

- 183 -



Fig. 16 Motion of aperture structure
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Fig. 18 Motion of clutch
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Fig. 20 Flywheel structure
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Table 2 Overload factor &7

Driven Machinery
Source of power Uniform Moderate Shock Heavy Shock
Uniform 1.00 1.25 1.75
Light shock 1.25 1.50 2.00
Medium shock 1.50 1.75 2.25

K% % 7 4ReA |, @ suelel el Table 2914 2E #Fe @

Uniforms Al €] 2+ A2 o}y 7] Light shock, 7]1°17} Uniformds}Al ZH&slA] @il shss &S
AA T 7L ® AFs B2 Heavy Shock®] &3 7H438tH K, =2.00°0]t}
Zgto]dol] AA4% 7]oJE Table 20914 Light shock?! 43 A7t ZFe)x|9} Zelo]Hol| 2&] 719
7F Y dAT A5 s 2te 21S ALefd Uniform®] 8-S 7H438HH K, =1.250|th
Table 3 Load distribution factor X,""
Face width b (mm)
Characteristics of Support 0-50 150 225 400up
Accurate mountings, small bearing 1.3 1.4 1.5 1.8
clearances, minimum deflection, precision
gears
Less rigid mountings, less accurate gears, 1.6 1.7 1.8 2.2
contact across the full face
Accuracy and mounting such that less than over2.2 over2.2 over2.2 over2.2
full-face contact exists

K,%= % 7FA 3elA w1, @ sye] 7]oi= Table 3914 7|01l FA 70mmol 7} 717ke
0—50mm<e B9, precision geargl 7}F83S wl K, =1.3°|t}. Z2to]Ho] AZAH 7]oJ= Table 3904

71019l F7A 150mm =, precision gearZ} 7FH S W]l K, = 1.4°]t}
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Table 4 AGMA Geometry factor J!”

Number of teeth in mating gear
Number of teeth
1 17 25 35
38 0.275 0.391 0.404 0.414
45 0.280 0.402 0.415 0.426
Rack 0.305 0.465 0.484 0.499

JE T 7HA AstdaA ®md,) @ 3] 7]ojE Table 4914 @I} 7)o 814 2070¢ HUdojm
17-25014 A& H Z(linear 1nterp01ation)% 3 J=0.472°]t}.

Zaloldel] AZAH 7]oJ Table 4014 710] Sl 40709} 2070¢) YU o] 2 38-45, 17-25004 A&
X Zk(linear interpolation)S dFH J= 0.399°]t}.

Table 5 Allowable Bending Stress at Root, o Flim (Carburized and quenched gears)"'?

Core hardness o Flim
Material
Hy Hy kgf/mm?
Structural carbon steel S15C, S15CK 190 200 18.2
Structural alloy steel SNCM420 370 390 45

0, Table 5914 AEE SNCM420°0.2 A8y 92E 1% 38 3 ZEe %9 ¢E5 & A%

e AHESE 45kgf/mm” o]tk

oA T3 BE A FES Aol dids 7ol FE AAEW 7 A sl 7z
F, = 44679N, F, = 73215N°]t},

AHo] F= FS F 7HA AF BF F=2000kg < 9.8m/s> = 19600N¢|t}. webA H7|o] #3 7
Lo] QAT 228, 3.740] AT 7]ojo] A7|7F AEES & T A

2) Wt 7= (Contact stress)ZAk
Hel Ars F Y 77 HEE o o] o] AR FHAL o AdY & e stes 2
o

a7l 1% gro®, AGMA(V = 71018 F 3]) Standardel] wh=00 22 vhg-3p At

(10)

7
AN oy WA AR, G FA AF, B sks, b 7101e A, 42 7101 A AE, T
3

oA

= 71919] geometry factor, K, SZ=AT, K, &



pad

244 - DI} 22 A3 Fs AL
K,, K, K,< 244 - DolA F 71A 3o w2} 183 ghah 2o
1e] 2002 tgn Ao o= 4, i 71oH|th

L SINPCOSP G e

= 2 i+l (11)
i9 A%, @ Iyde] 7o guydel e gk Feo] WL R AXSERE He WS 10em,

U 12 AEL 200mmE AAS FH i=6.280TF ¢ YnkAQ ¥zl 20° 2 HAAs 2

anel Wgsd, 7= 0138601E}. ZEtoldoll Add 7]oje] Vo= 212 AAHIAV]) i=05L) 5

30° = AAst Aol dYgstH, 7=0.07221

Table 6 Elastic Coefficient C, for Spur Gears'”, in MPa"®

Pinion Material Gear Material
(p=0.3 in all cases) Steel Cast iron Al Bronze Tin Bronze
Steel, £= 207 GPa 191 166 162 158
Cast iron, £F=131GPa 166 149 149 145
Al Bronze, £=121GPa 162 149 145 141
Tin Bronze, £= 110GPa 158 145 141 137

o] Wl SNCM4209] A3E E=200GPa"Vol22 7} 743 Steel-Steel kS 2 8-3l
C,= 191MPa’’ ©| t}.

Table 7 Allowable Hertz Stress, o Hlim (Carburized and quenched gears)!?
Surface hardness o Hlim
Material Hy 5
kgf/mm
Structural alloy steel SNCM420 800 130
Structural alloy steel SNCM420 680 166
ous Table 71 W2 ned B WY AE @ Hel AE F A% Augke FaAE A

&35t 148kgf/mm?o|t}.

AollA g RE AF FGES Ao dglste] vlole] EE AMEHHE T 7bA] gl Zhzt
F, = 34310/, F, = 34647N°]t}.
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AHo] F& sF:L F 7HA A3 BT F=2000kg X 9.8m/s? = 19600N°|t}. wleks] o 7|o]
To) ehAASE 175, 177013 AAZ 71oje) A7)7 4ATdE o 4 Ak

2.4.5 W7ol A4 2 Aw A A
1) #3 7% (Bending strength) AAF
:L-Eﬂ 71—5_‘:. 24.4 - 1)9] /\1(7)34. 7]_:]-1;}

2A(NelA 71919 RES 16mm™ FAS Tem, AFE 25712 A AL, AGMAC A Adtol] g A
T HES Zol Hg)
d=400mmol i, M7l @ Huel o9} e Z&HEQ 95.5rpm S Zha A(8), (9 olE i

A&l At K, —134570]E‘r
K= 244 - D9 #3 #oh

F Mounting typs Maounting rigidity
Maximum to questicnable
" Both gears ane stradie- . *
mountes e * : 1010125
‘One gear sraddie-mounted: iii014
the other overhung
1251158
Both gear owernung

Fig. 27 Mounting factor, X, for bevel gear'”

K, Both gears are straddle-mounted 38 7}43sla 1 5 HAgS &8 1.25t)

0.40
0.36

0.32
0.28

0.24 |

Geomelry factor , J

0.16 L3

Fig. 28 Geometry factor, .J for bevel gear'”
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2) Mt 7= (Contact stress) Ak

et AEE 244 - 2)9 210)F #oh
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Fig. 29 Geometry factor, / for bevel gear!'”
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2.4.6 S+AAS

Aoz & e LA dAH3 3 7ol A Dlﬂ AARE 4 dE stz diEiA AT ue
FEE 1.5~2.09 HAAL7} FLHAE 01177}11 g B A2g HA FHAFE 15082, o=
Auk ol 7|FS USSR HHI} A9 245 AFASS & = duh

2.4.7 A% A

AzE SR e F A Ee wol HEsh gell SAold o H AEeld wgd 2
b oslel o g N FAABRZ wmle] olFoA & A 24:7} W7o} ol Aol & A%k
9 A Zolth WMsle] o] o] AFEEE Fig 303 el FAHe] g, ol td & AW 2AY

G HE FHAQ RS weldl, FZE BOE AATL ARG 7101@ THAA AFHIAL
A g,

B 003124

n.00781

Fig. 30 Displacement of shaft one
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Fig. 303} o] & A Hdl W= 0.03905mm = L}E}LE}. = A7 W
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Fig. 31 Displacement of shaft two

ol AUHOR TAL 400mm 7oA A Eo ALE @% LS nHAE F AW
N3 A3} Fig 313 2ol & AW HAr) WL 0.0383Imm = ERITh Fig. 309149 v%aA
Ao WSI7k A7) Wl ALE FUR F83 F AWL BE 5 0 Ao oAt

2 He

2.5 Aok =4 2 A =k
2.5.1 Al°F =34

D) #Eshs Alz=ge] dA F) Ao

AE R T30 grsty] 98 v 82 Hasstr] 98 dA Aladle] F97b A
2) n&o® AP A Frlo] v dHHS HAH A A} )

2.5.2 3|42 "ot

A 27 1y AAes] A B3 oyl 9F Fw wEo] B AAS olg FY A9y
Ak SNCM 241E Abgste] 7lojsh ARTES] 449
@ U B AAN AF WA Azgel AAsHE Fu] EF Hisrk

ik - :i.‘.nmrf« |
W oy
-\ \ | ' l
I R\ [%I g

'-'.:l- » \l — ‘
E 1 LY

§ ryyatt
Fig. 32 Placement of gear part
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Ak 27 20 2] Gal SebolAst FHAF ol $Ah AHol $AF] AT W Fig. 333}
of m&ow B TetolHol 4 NG 2AAE Bl BY AR} APsa, AMel A=
el el e Sl

AUz w aperture structure clutchS E3] =% T8 Agdyrst Ads)
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o WE (o
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Fig. 33 Jaw clutch and flywheel structure
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AHo] sl o] duxZE WekEth Ad 139 AEe 40t"9) AFL 13 goln® AF 1T
= | g I} o FAE nyd Aot e skse 2tolF

AAe & W Qv o FF 40707F A7) dsel e Fa Auzith =3 s o 32189 A
& BT ays] 4t F oAyAE ALkt

Ho] Auh A5 Axue At Hgeta, of
2

WA oA EAS AtEoRdt Y dde] EAL o] ghe] wAstE &4, AFA AAT
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aperture structure clutch®] =4o] FQ3gk 1ot}
7101 b =4 AN, mpEe] & 7lo] 098, #lE]o] 0989 EES ZtETHT. E A ~ELS g9y
B ZdolA7A F H7)o] 6, M| 1¥e] &Aoo A} wEbA o IF &4S 1Ee &8 e

= ok 2T
e, =0.98° > 0.98 = 0.868

aperture structure clutch <=49] 79~ aperture”} 7]oj e} AFZEE AZAsE o
Mot} aperture®] 7+ I E ulzZ-& H 7o) 7t wpFolg) 7 e
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N
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Ol
==
B
24
rot
fol
o
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Y AdRe F 4F e &= v Bk
e, =e,xXe, =0.785

of W =
Faguty

2

7] BES ep =092 7S] duA] &AL 1Y dHd F oAdA B, e

Epa, = 50.3328MJx ¢, X e = 35.5453 M.J= 9.8737k Wh

3.2.2 AZALEA] W 584
20179% 78 EAAE WA GAbReh QRAE S dobHW®, AR 17479k WhE AT
2 AzE I Es At A ALk

Aaels dde] gl F5 AR F AEA o 30m 7Rt AAE dod F 204 ES AA
& g 9L oS Tl AR AFH 113%E AN ¢ vk ofE weloR dtetd AE T A48
W, st ge0ntel e A ololE d& & AT
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Fig. 34 Structure of model
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Fig. 36 Gear parts in model
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Fig. 38 Opened & Locked state of aperture model

Aol Az F= A%, 34 T /A duAE 4A
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Fig. 39 Placement of piezoelectric harvester under railway
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Fig. 40 Power-speed graph of piezoelectric device
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