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Motor power generation energy harvesting system using One-way clutch

Dong Hyun Song’, Jun Young Chun”, Jae Hoon Kim", Chung Hwi Lee™"
and Hyun Taek Lee™

* School of Mechanical Engineering, Hanyang University
** School of Mechanical Engineering, Inha University
**% School of Mechanical Engineering, Kookmin University

Key Words: Health Care(?17¥2]), Fitness Center(&2~74), One-way clutch(9l°] &%), Planetary Gear
(74 71¢1), Harmonic Drive(3}5 =&}o]H), DC Motor(DCXE.E]), Von-Mises Stress Analysis
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Abstract : The purpose of health care services is changing from treatment to prevention. Especially, much
attention is focused on health management through exercise, and the number of fitness centers is increasing.
In this study, we aimed to lead a change in the healthcare paradigm and design a system that can be
developed in various exercise equipment. By setting the main power generation unit as a pulley, various types
of usable exercise equipment were secured. And the structural efficiency is increased by adopting a structure
in which a planetary geartrains is added to the harmonic drive. In addition, it was designed with a detachable
structure that can be used by bonding to existing exercise equipment to maximize usability.

- 528 -



1. M

pi

927} o) g8t
#o] uh#a geh,
W2 <3 A0] 3
@%ﬂ°k9%4ml
Q3, A%
A7 oo

o] & &l A o] (Health Care) AH|~+=

$EL B ALUe

Aoz oiH

71 ofelt o} 7} AA E AR wE, o -
Hjl‘r ﬂ- d A, ‘Eco GYM fitness
s
51—?5_]1:}1 Rl A=
dfctd s A

>

N
-

2,
it rlr 4y o

it
o

L

ox 2
;EL

rz
N

B

o e

=

Ho

=
B
-
=)

s H 2 oy
Hd yo ot oZ

o oy

N
oty
>
off
>
=
(L=
o

a0 kg B4
I0LE 201

(a) Yearly gym increase/decrease trend graph

Fig. 1 Paradigm shift for the Healthcare and fitness center

2.1 AA 22X Mol «
2.1.1 MAH 22X Hel
A BaEo e OHLM 3y

AdE dge] &8

=]
Atk

2~

Z7) o w Hgw

=
e

- 529 -

=
Rl

T oA,

A A|=E oA 99k Al A2

°F 54% Z7}st
D uaka g3

7)ukeh A2 o

center’®] 74-¢- AU

7)ol A sge] HgEgleh web e

2007 55,7559
201844 50 5520
2154 T8 2148

(b) Money spent on health care by year

w2
[e]

2 Ut [Table 1]

=]

o) 77



Table 1 Examples of existing energy harvesting system

Existing system
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Harmonic drive gear assembly with asymmetrical
wave generator and associated flexspline
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(a) Before applying force

Fig. 3 Photos of experimenting with strength training machine using smart phone

(c) Measuring using a smart phone
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5.00 Table 5 Change of maximum Z-direction Acceleration
according to the number of times
4.00
Number o ) )
3.00 Z-direction Acceleration Change [m/ s7]
= of stages
<
é 2.00 1 343
2 2 2.73
c
S 1.00 i b 3 2.24
[$]
£ | H 4 3.01
§ 00 ' 5 2.94
§ 6 3.71
2100
< 7 3.15
200 8 2.03
2 9 2.24
300 10 2.38
11 245
-4.00
12 2.24
-5.00 13 2.38
14 2.10
Fig. 4 Graph of Z-direction Acceleration 15 2.03

by using smart phone application
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Table 6 Relations and Parameters used

the number of

. Relations Parameters
Relation
w, : generator angular velocity
) Wy =w, * Ty w, : pully angular velocity

r, © gear ratio
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FE : Electrical Power
?2) E=K, * w,
‘ ‘ K, : back-EMF constant
I : generator current
3) E=1+« R +1+ R R, : generator load
R, : electrical load
4 il tor effici
=— : generator efficienc
( ) 77g Rg + R] 779 g y
%) T, =K, o 1 T, @ generator torque
T, * T 7, : pully Torque
(6) T, = = . .
U 7, : transmission efficiency ( 1, = 0.8 )
(7 n="mn * My n : System efficiency
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Table 7 Results of analysis
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Table 8 E-bike experiment assumptions

(a) A71AA A2 electrical power= 5ol A H] & 3k},

(b) Transmission A& 7, 0.8°]T}.

(c) Generator : Maxon Group EC motor IDX 56M( @ 56mm, Brushless, 350W )

R, =0.146Q , K, = 0.0624 [ V/rad/s]

¢ 7}HE3} Power [W] = torque [Nm] x angular velocity [rad/s] & ©]&3le] AgHoz xHA nl
Zof 7}l A= torque} angular velocityS 7+ ¢ UL, AFgkS ol 2] [Table 9] ¢ #t}.

Table 9 Power, rpm, Angular velocity and Torque according to the number of stages

the number of Power Velocity Angular velocity (w#) Torque (T#)
stages (W] [km/h] tpm [rad/s] [Nm]

1 70 14 104.82 5.493 5.102

2 140 17.5 131.04 6.866 8.162

3 210 20.5 153.49 8.043 10.452

4 280 22.6 169.21 8.867 12.641

5 350 24.8 185.69 9.730 14.399
TI~T5 & AREAE 7ok A4 Ede ol 422 o wpeb E= TS

o) 74

30

w5E [Table 719] 2] (a), (b), (c)°ll

Electrical load [Q]
& 3
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(a) gear ratio - Electrical Load

Fig.
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(b) gear ratio - System efficiency, Electrical Power
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Table 10 Examples of Exercise equipments
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Table 11 Total System view and description

Total system view

Part-by-part description
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Table 12 Specification of operating mechanism

9 ded A4 A
(a) &7 A& BT AFEA] % Ea 3 9 E2dE dd
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Table 13 Specification of pulley and One-way clutch
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Fig. 8 Difference between before and after using One-way clutch
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Fig. 11 Detailed design of harmonic drive
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Table 13 Motor Data

Nominal voltage 48V
Torque 0.622 ~ 20.5Nm
Current 9.35 ~ 328A
Max efficiency 91%
R, 0.146Q
Fig. 12 Image of Maxon Group EC motor K, 0.0624 V/rad/ s

2.5.4. ESS ( Energy Storage System )
ESS(Energy Storage System):= A& T3] E8% dE€S Hdg AF AGo=2 HIAAA AT
T AEF e 9ES stal AL Y [Fig 13] 3 2an, A A2 [Table 14914 &&= 3l
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Table 14 Specification of each ESS part

System FHE
e Arke dEe) Bt Agke o
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ESS Battery

Lol =
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Fig. 13 Schematic Diagram of ESS
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Fig. 14 Dimension of pulley
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g0 6 7 | seoo
HE %iﬂ]:ﬁ ’ 210:%
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Fig. 15 gear reduction ratio

(b) ShEY Sefoln + f47]0] MY 23 Hv

sy melelnt [Fig 163 ol A#e] 2Zekel, #4709, Hex 2Zeelor P4 9
ok Zlolel U A Yol Bg FURESE MY FEE BN A AFe 2ZeelelAe] 4
A A4e Agsch o BA YW Bal WFEAL WHHEA FUAT F ANSYSE o] §F U

e Ryt AFE3E A& [Table 1519} ZTh

(a) Disassembled view (b) Assembled view

Fig. 16 Detailed design of harmonic drive

Table 15 Specification of relations and parameters
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the number

of Relations Relations Parameters
o : the calculated bending stress at
the root of the tooth
F, : the transmitted tangential load
K, : the overload factor
K, : the velocity or dynamic factor
1) o=F, « K, K, * Lo, K » K P : the diametral pitch
bem J .
b : the face width
m : the metric module
K, : the size factor
K, : the mounting factor
J : the geometry factor
o, - the allowable bending stress
S, : the bending strength
) Oal = % K, : the life factor
K : the temperature factor
K, : the reliability factor
o, : the calculated contact stress
C, : the elastic coefficient
K, : the velocity or dynamic factor
K, : the size factor
K, K,+C 1/2 b : the face width
0. =G By Ky o K. bd ST T d : the pitch diameter
1 1/2 K, : the load distribution factor
CED = 0.564 2 2 C, : the surface condition factor
3) 1—v, 1—wvy !
Ep Eg [ : the geometry factor
) m, : the gear ratio = dg/dp = Ng/Np
1= sing * cosd o (for internal gears mG is negative)
2y me 1 my : the load sharing ratio = 1 (for
spur gears)
E : the modulus of elasticity
v : the Poisson’s ratio
@ : the pressure angle
0. ° the allowable contact stress
S, : the surface fatigue strength
S .0y Oy C) : the life factor
“) Ocal = W Cy : the hardness ratio factor

K @ the temperature factor

K}, : the reliability fact
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(¢) 71019 38734 = AA: The AGMA Method

A (1)& o]g3te] 7]ojol 7heiAlE AL (5) o = 85MPa & P 2(2)S o] &3l 7] 3
& HIAE (5) o, = 38.5MPaZ 3T

%) )% HtHeE FIAE o7t AT AEe,, B 2 AS el &
(d) 71919l vl27% AA: The AGMA Method

A3y o] gdte] Jloldl AL FABE (7) o, = 3TAMPaE T @A) o]&ste] 7]ole]
&8 HALE (8) 0.4 = 206.5MPaS T3HATH

D% ®F MHFoR 1ESY o0 HEWNESY 0., Bob A AL FAT & dn

A& 75317] 918 ANSYS &5 ©]&3t9 Von-Mises &5 314 33Tt
AxHoz AL SUS-304 Stainless SteelS AP, Zdx ~Zeke) Ao AA9E 3 Fe

Ze 2ZeRle] Jjojold] FHom A Pom B

Fig. 17 Harmonic drive durability analysis

Aol AAE [Fig. 17]914 gQ1g 4= gd5to]l <jabde] W2 A9 fldal Aol Von-Mises &9 ©]
25.5MPa”} EE%H AT} o] SUS-304 Stainless Steel®] Von-Mises &7 E=H T}l WA Yely <A A
o7 g 4 ok
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© F471°]

(a) Spur gear version (b) Harmonic drive version

Fig. 18 Change from spur gear to harmonic drive

[Fig. 18] Z7] Fcte|d Hr]olE sty tgto]lBE WA AR}E HolF, ol
1) ~4) ¢

rir
o
&

) Al=ge) =7 32 A A

H7lol2 o]FojA FHu & A|=HL ¢o]E Egolyd wild AH&3lr|el| AlFFzze] wEL) olE
Bas 7 3E T2 olgetx @ AMEI Fxol Yy Zeloln A|AE o7 WA sl {Z] Al 2~
Hel A7) 3 FA] FAE At SolE Edold mal wi l*E“ “ZlOﬂ folds galFut
Ee Fo leA= 9 RUES] AR F AA HHS SHAA ES F 5 Uk

Algoll A A dEek ¥ WETE A AL ¢ o

2~Hle 2 Jojng FEE MRS F
oluf &t2Y =e}o] B+ back rashS H AR slo] Hojyt wkiEA

4 $FF AT Ars 54

golE Edeld malel HEatr] 918 A Axge 7] A o] o g auesop @
ool sfry EgholH = V)& ZHETlel Hlsl &gl v Aobd w2 IHHE A o® DCEE
of ddstel ¥ JlenlE AT 5 Aot

263 & ME oA
(@ % 74

WoAA A AFEEE FHE [Fig. 1918 58 & 5 gl%o] F dol7t 46mmo]al, HE-7F YW A
FAEFY, AL zl6mmo|tt.
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v EF E0

=4 2 46,000 mm
|

Ha HeE| 46.000 mm
B

v d=E1(H)

=5 50.265 mm
L5 201.062 mm2
» =EE

= 16,000 mm
HHRj S B8.000 mm
£9 50,265 mm
a= 360.0 deg

ol A 2719 a2 . HAE 410g0 F9 Asolth. F WAE ==}
One-way clutch®] FAIE & 1125ge|th. weba] 53} o] Hof tjgh A8} (Axial Static Load) ©] Al
S w, 98 FAF 29E 35S A+E A XE(Free-Body Diagram)S 53 YeEL® [Fig. 20] 3 %
o] YEA it

otk
ol
S
ol
o
sy
)
=+ 4
P

rr
o

® Reactions @ Axial Load @ Vertical Load
0.015kN

0.0075 kN 0.0075 kN

I I I I 1
0.000 0.010 0.020 0.030 0.040

Distance from Left of Beam (m)

Fig. 20 Free-Body Diagram when static load occurs
that ol F Bukd M A, B Adoletar aH, gl A7) WE(R,, RpS (1), QF F
o

(1) DF,=0 (- & BI)
o R, + Ry = 1535¢g
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2 MM =0 (v EAE HF )
R, + Ry = 1535¢g

() T 9lA R, = Ry = 767.5g = 7.529IN

le)
2
>
-
ot
B
T,
L)
o
o,
o
:<I>1:t
He
lo
)
Yo
=

o 2&3l= Fo AFH =2 % One-way clutchE
Axbstadar, ol ok 2 A

(3) Omm < x < 23mm
YF,=08V-R, =0 -~ V=R,
SNM,=0eM-R,x2=0 ~M=R,xx

(4) 23mm < x < 46mm
YF, =0 R, —V—15359=0 . V=R, — 1535 = —765.5¢

NM,=0=M+1535(x—23) — Ry xz=0 .. M= R, <z — 1535(x—23)

B)F @A z=23mm= M= M,, =17652.5g « mm = 173.169 N « mm = 0.1731TN « m

=0,z =46mm=>M=M_, =0N+m

(3) ~ HE ©] 83} Shear Force Diagram(SFD) ¢} Bending Moment Diagram(BMD)E 12| X o}
[Fig. 2113} #t},

Shear Force Diagram Bending Moment Diagram

HcE N]

0 5 10 15 20 25 30 35 40 45 0 10 2
£200] [mm]

30 40 50
10/ [mm]

e
wm

Fig. 21 Shear Force & Bending Moment Diagram when static load occurs
wtA w3 skl s BEREZF B AA dele (M) 9% ZHE 23mm "ozl A H
MER SAES o 5 Uk ol thewl go] wakwt),

_ .81
M= M,, =17652.5g « mm = 17652.5 X 10" *m x %N: 0.17317N « m
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A7o] 16mm Q) 98 FAF) A= AohEel g AMFIeAL B B Ak

xD? 7w < (16mm) ) -9 3
7 = = = = e
Q) 39 32 32 1287 <10 "m

M, .
20 _ M Toax _ OABITN ™ 430638.46 Pa = 4.306 MPa

0, = =— = =
xD? Z Z 1287 <10 *m?

Z @ Section modulus of circular section

0, : Maximum bending stress on the shaft
D : shaft diameter

M : Maximum bending moment on the shaft

= l

i

© 98%9 A8k MEY ¢ vEY 7

E2o] dEl= 144Nm o] EFe] o3& =2 Ad4dH Fel vEYH EUEVL 2§t o] i, v
=9 EREE 2 A F uoA Aol dAg ghe zty] Wil Fo] 4R #&s= HE
Y EHEE T = 144Nm °|th. WA ()= &3 Fel Al vEd S8& At

3 3 -3 3
) J— wlzg _ X (11(gmm) _ X (16>1<610 m) — 64r X 10~ O m?

T=144N o m

T P . .
167 T _ ‘max _ 144N -m = 17905000 Pa = 17.905 MPa

o Tmax ops g J 647 <10 "m?

D : shaft diameter

J: Polar moment of inertia on the cross section of the shaft
7T: Maximum torsional moment acting on the shaft

: Maximum torsional stress acting on the shaft

Ty

) & A8 AA

9 AAE B3l 2 Al AH—LHL Zol Zgole RUES EALS FHo Ao w zges A
ol ofd LAsE w3 SHHET m2Yd o3| H“@ st HEY $Eo] oF 4] A= ¢ Atk A
< (5) ~ (6% =3 -i&fﬂim ol#l o] 22l FAE gz F A o ¥ vEH F HEH
89S F AR dAVFoR Fodrt

webA Fo] QA vER S 7H ZIAA Aol glojok S ERlgnt. olol] FHo AEH =
g NAH 54L& nEHd d&] & 44S 7HAoF e 4, dHAEE HFE FY 5 U
=3
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gdF 5 A A =E5EE F USE AKX, o=
mEbA] AAR FoAlAE F2AAdd 73k Austenitic

Table 16 Difference in safety factor according to material properties

For Ductile Material Brittle Material
Examples Mild Steel Cast Iron
Factor of safety Factor of safety
FOS B Yieldpoint Stress B Ultimate Stress
Working or Design Stress Working or Design Stress

(e) Von-Mises 53

gstzol 2-&e w, WA= g dial] dolr kTt
L 7ol AF-8-¥ SUS-304 Stainless Steel A A= olth oju], AARE P18 52 ZAW
e A AR Fgo] dojur] wEel Ho AW E oA o] &(Von-Mises-Hencky theory)S
&3 dAE Xt
A H8E 53 2o
1 > 2 o1t v g o B,
@) 120[(01 0y) +(0y—03)" + (03— 0y)°] Yo S, oA G 21+0) =3
olul, 9FAE n(Safety Factor, n) /'gS =PsHA o] dojuli= Ay Aoy o=l (7) 4
(®)F o] WP
1
2 ‘ 5 5
® 20— or oy =02+ =) =
S’u IS o . = = 2 [e) [ [e)
o] of, P A& 3 (Equivalent Stress), o, = thAlstaL, Hw-38 Aejel ¢, =0 ¢ F$, (8) 4
9% Zo] WPt
1 1
2 = L
©) \/2>[(U1 02)2+(02 03)2“’(02 01)2]2 =0 = (U% 0102“’02)2 =—t= O
ghi, 2 Aol AMREE Fol ¥e S dWW w3 $9H HEE Y& worE, x¥ETS
ae djof gk F, 0, =0, =7, =7, =0 ¢ £ dlA F&H2 (1007 2ot
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O—U
10) 01, = ==

1
=0, = (02-1-37'2 )2

ol (9 4 o WYshu - )" ol

) ~ 6)°14 o, = 4.306 MPa, 7,, = 17.905 MPa °|B2 Fol| #gst= @8zl g Von-Mises
SEE 1y 2o

Sy
n

1

K :
an 7*’ = o, = (4.306° +3 < (17.905)*)? = 31.3099 MPa

G : Transverse Elastic Modulus
v : Poisson's ratio

FE' : Elastic Modulus

S, + Yield Strength

(H) kA& A4t (Calculation of Safety Factor, n)

%9 272 SUS-304 Stainless Steel & L= 205MPa%0]ar, (11) 2o A& th&3 7o)
ot -&o] AskEn

205MPa

S,
g, = 31.309 MPa = — =
n n

" n=0645> 14

Table 17 Proper safety factor for each material

Material Steady Load Live Load Shcok Load
Cast Iron 5t 6 8 to 12 16 to 20
Wrought Iron 4 7 10 to 15
Steel 4 8 12 to 16
Soft Materials 6 9 15
Alloys 6 9 15
Leather 9 12 15
Timber 7 10 to 15 20

webA] [Table 1713 2ol Steel o A H = HdE10 o] o] ghs 7HAR=E, ¥ A= A4t
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(e) ANSYSE &3l 4% Von-Mises &9

Fig. 22 Result of stress analysis using ANSYS Program

9] A8 24 SUS-304 Stainless Steel & AP, T o] 2ZIDS HZF3H7] ¢8] ANSYS T2
o2 Fo gig AL dPsich 1 A 9 [Fig. 2213 #Zo] FHdl Von-Mises 52 °] 30.9MPa”’}
=EHATH

AT 7S Fo ArdAY o2A At vug s u, FNeAE ¢ = o Fo] AtHEh
220 030.9 — 31.310

— 0|
=g XIOO%:T X 100% = 1.3% ©]t}.

gepa B AAE A4l

264 ZE ME AMAH

T, T
RE ] AFE (Table 5I9) A (5) 7, =K, + 19 (©) 7=~ SRVE & F AT g G5
[
[Table 181014 213k 4= 9lth.
Table 18 Constants description
T, T, e
I=-"2= Tt Constants Where written Value
K, K e
T [2.3.2] 14.4Nm
14.4 <0.8 "y [2.3.2] 038
= ——————=3.364
0.0395 < 86.7 K, [2.5.3] 0.0395V/rad/s
T, [2.6.2] 86.7

3, 7]oH] 7t 8678 wl &8 AE2 [Fig. 231914 111W= gelg 4= 9l
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Fig. 23 Graph of gear ratio - System Efficiency and Electrical Power ( r, = 86.7 )

)
)
rlo
L

F3b ARl Melgths A RN T go] wE £

o
o
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(a) AdY AAWH

FAEE Hoto] AAE A YL transient
< AAH AR Steady-state AE]Y] Ho =

o mEbA RS T 28 A4 331V 2 YIS
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e
il
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[
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o,
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Table 19 Specifications for Step-Down Converter

At W9 7~36V

=EHs 1Y 5V IA (LA 1%)
WMela & Max 96%

2915 Fu IMHz (Max 1.5 MHz)

Fig. 24 Step-Down Converter!2)
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(b) e 2

AAY AWEE B8 5 vV & W3y HYS ESS W Batteryd] Y AG o FalEo] AT
&3 Battery®= = COMS AF UK711 ¥l 2][Fig. 25]5 ©]-& 3L, 42 B &= [Table 20] 2 2T

Table 20 Specifications for Step-Down Converter

A= (g ) DC5V/2 A
Al:DC5V/2 A
A2:DC5V/1A

2 17 =4)

i

Fig. 25 UK711 Battery!3)

(© ¥-aE AvE e} 7w A

ESsell Aol S AUAE do] dag el AHgat7] feiA = 717vtg eqteks 44 A4
of g3 Walglordit}t, o]5 934 DC-DC H-F-~E AMEHE A7)

of o] &gt o, WHHE H7|e
Uxlo] thoFst AxPAEo e o] &S 98] 7} A 37| (Potentiometer)’t ETHE A S o] &dlo] U =
< Ads T3 dS dsA 488 ¢ dES AAY
2 AAlAe 54 EHduA AHES 8 WS 56 HYE 23, AgS S48 e
Buck-Boost .5 ©°] €% DC-DC AHEE &3l A5 ALY [Table 217014 &3 4= ok

Table 21 Types of Converter

Converter &7 Converter 7]
ol—u} 7]_‘—

E
¢

Buck 7AW E]

FSl

of¥

~~ ~
(¢
00 M| T2

Boost Z1H

d
of I+ | ok
oy of?L'

~ T
olr

o|¥
2

Buck-Boost 71 1] E

s

o= o
0% o
NG
N
-
olr

o} [Fig. 26] © Handson Technology A}F2] Automatic DC-DC Buck-Boost Module(1.25V ~30V, 2A)=,
g AMEE S8 DC 5V ~ 30V Atolo] gk, ol 8A AF{FE INPUT #ho= Qlgute}l 125V ~ 30V
ZEAY 283 0.2A ~ 10A%] EHAFE 7PAAEY]|Q EZ'A HE (Potentiometer) & &3l =dT

At

o

- 554 -



o2 ulg oz A & AFIF 3A¢9 I=E FAHE o]& e, BAAY
11V, 5AS Q73FE PPS W9 PDEY =E& 7 S d%
3 A8 9193%2, HFTHom AHET & e AYFS g go

BEel v Aol 111w o ~®uhe HAWE e &8, wiEgle] AFEE, 183 DC-DC HE~E
ZAWEe a&S IF T3 1><096><090><092:8823W°]E1r. uEpA 2 oA sl a" A 1
HE T3 2 b A9 % 88.23W & E=ESE3Th

2651 vl o2 B HAE B3] FdH A" AXH 57| 10T 88.23We] AHES W &
(e}

ojef £E7IE skl sARE ARgeta 3659 e dthd F 161kWhe] A H S
oo wEbA he] M EY S AE W tod]e] e el 2 AlAES A S-S 1610kWhe]
T 3tk olE Fel BAMeR A 4 gl vlE2 370,175¢9010 & o 4 9

=

of

ok
>

Wehy B AL ol ST SR8 FelHQ oluX A

L3k ol [Table 22] 3} o] ¥ Alx®lo] 3t A 2Zd7tE Al 23}, 1703 427,940 2] H]

gol WS & 5 A

Table 22 Unit price per part

T EE ik ) K
Flex 1
HOuSing 1 PLA 9]_
o One-way clutch 1 - -
A= Planct 3 20,000 3D ZHHE
o 1 F5d AAAG
Pully 1
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Pully bracket 1

Output 1
DC-DC Buck-Boost Module(LM2596S) 1 3,400
Step-Down Converter(NP-DCSD2) 1 16,500
Battery(UK711) 1 21,450
DC Motor(Maxon jitt BLDC 350 W) 1 366,590
A 427,940

3. 21 8 B9
3.1 #|&Z H7AE 3D Printing T2 EEIY

3.1.1 £E5E A

(@ ==7 (b) F74711<

(@ Mg =Zel (e) 71k = (f) A X2

Fig. 27 Each part of 3D Printing Prototype of final design
3.12 29 94 A

(@) SAFAE (b) ARE () BHE

Fig. 28 3D Printing Prototype of final design
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Al ol = oF&l wlAl 9]
BRI} AL

hud

NUA a2y Alzwo] EAT of FeIA B AA AFe] wAWH
WAL R 1z 488E AFE of® Sl YA AR A vel
ECO GYM' o]ehi U] st 28 Jlwk 9= A 7F 2 A9 et sAUET b fa
@RS Asta e FAAT mekd ZAH MNE A AY AEUS A g A4 &
B5E £E/NTES Felo) A2 Mug 2R Ao,

B AAE Fa AMddE ZAas E‘r° [Table 23] I xﬂf‘lo}"f‘ﬁ‘r A EE7TES ARHAY JEYA
A o] 27 go] 30% MMk EF o], AYHA 5 HAL TG £EWAe AP Axy
o] A&stH, &7 9k oA el Aw FA7F Tyl 0‘01 a7t B7bs sttt
Table 23 Improvements made by designed system

Total system view EA
(a) Harmonic =2}o]H &} {4701 &
o83 Flofule H5e FF AHH
ol 75
(b) FALE Wk ol o
FEHE stolo] | SE/FAE A g
s
(¢) +&7]17< ol qA] sl =8 A2
w27t 7hs g
32 =& A= &ggket
oA e mE A SE " Al 2" 7]Ed AXE 57Tl Aol Jhesithe 540 2
thowpebA 71E I EY 2 Aol o] AEEnt ofuel FE ARl AlWEd gt MAE stolojE Ft
FYAS w2t BE V)T AAZ bssths Aol k. ol@A BU 0 AXE ¥ Asge
A AEde] wATF HAA solded wel did 9SS o] &ske AlEECl WolAAl Hal, s
AWAFS Y AU ) 2P S WSl W Abge] @ 5 v
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https://shopping.interpark.com/product/productInfo.do?prdNo=8477946104&goods_n0o=8477946104&gclid=CjwKC
AjwhOyJBhA4EiwAEcJdcWgdwhMmWXBIGCp5-Kx2mHaYy750KnA3LT1zZY07HtVw4m4FLkTkXRoCo2UQ
AvD BwE

16) “A7]&3 k8 KEPCO,2021'\3993U 4 &,

https://cyber.kepco.co.kr/ckepco/front/jsp/CY/D/C/CYDCHP00401.jsp
17) EcoGYM, 202113 8¥ 1€ 44, https://www.ecogymworldwide.com/
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