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Developing Next-Generation Workout Machine with

Electro-Hydraulic System
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Main requirements for the proposed powerpack design
The parameters of components

Inputs/Outputs of the main control board
Specifications of LED panel components

Parameters of hydraulic powerpack

Technical parameters of lat pull down machine
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1 Type of conventional weight machine applied by (a) weight bar (b) hydraulic

damper (¢) Pneumatic device
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2 Type of digital weight machine : (a) tonal (b) speediance (c) gymera
3 Type of digital weight machine : (a) two arm machine (b) chest press
4 Real User Hydraulic weight machine demonstration

5 Future work: Workout Data based app, Al workout posture correction trainer and

VR rowing machine demonstration
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6 The overall digital weight machine system

7 The schematic of the hydraulic powerpack

8 Schematic diagram of the optimal system specification selection
9 The block diagram of the load control system

10 The ESP32-based central processing unit

11 Power Supply Module

12 The schematic of amplifiers

13 The schematic of relay module

14 The 3D view of the PCB

15 Schematic of the PCB design for main control board
16 The block diagram of display subsystem

17 The commercial Arduino Uno board

18 Load control algorithm

19 Display control algorithm

20 The real hydraulic powepack

21 The 2D drawing of hydraulic powepack design

22 The 3-D design of Lat Pull Down Machine

23 The 3D Design of the Chess Press Machinet

24 Validation of Calibration process

25 Load Setting Calibration Result

26 Loadcell Indicator Calibration Result

27 Load setting 50kg test results

28 Load setting 100kg test results

29 Maximum Load setting 130kg test results

30 Real user demonstration for LED Speed Test Results
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Fig. 6 The overall digital weight machine system
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Table 1 Main requirements for the proposed powerpack design

No. Specification Target Target Value

1 Maximum load 130 kg

2 Control accuracy 92% of desired load

3 Regulation resolution 1 kg

4 LED panel Equivalent to human motion
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= J, Variable
Hydraulic Orifice s
Pump
3-phase YF
AC Motor

Fig. 7 The schematic of the hydraulic powerpack
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7 - Specific heat ratio
£, - Accumulator pre-charged pressure

Vr - Accumulator total volume (air volume at pre-charged pressure)
£y~ System pressure at lowest exercise position

Foo- Accumulator pressure at lowest exercise position

Vio- Fluid volume at the lowest exercise position

F, - Human force at the lowest exercise position

R, - Drum radius

D,, - Hydraulic motor (pump) displacement
D, . Hydraulic pump displacement

N - gear ratio (N=1, 2, 3, )

Kwn - A coefficient defined to simplify the mathematic model
Mp>"lm - Torque efficiency of hydraulic pump and motor, respectively

"hp>Thm - Volumetric efficiency of hydraulic pump and motor, respectively.

Q,,(l) - Pump output flow at time ¢
P(1) _ Pressure at time ¢
Weee® - Electric power at time ¢

@, - Electric motor rotation speed

_’|2_
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AP, - Accumulator pressure difference between the highest and lowest exercise positions

AV - Accumulator fluid volume difference between the highest and lowest exercise pos
itions

AP - System pressure difference between the highest and lowest exercise positions

AV, - Volumetric change in the hydraulic motor between the highest and lowest exercis
e positions

As - Exercise stroke

AF - Human force change between the highest and lowest exercise positions

Fomea - The medium load force (around 2/3 of the Foms )
@pmea - The medium rotation speed of the electric motor.
o] AlAE el ohgul gt

Accumulator

P, (VT —Vio ) = Pp (VT)y

P P, if <P,
“0 F, otherwise
Accumulator

(Boo + ALYV, Vg = AV, Y =B, (V)
(B,~P, if B+AP<P,
F,+AP—-P, otherwise

a

Motor & Drum

p :271}7;) R, 2rF

0 - ><I(IQDI\,
N D,N 1,
R
K — dr
RDN D N

m

_’|3_



Motor & Drum
AV, =—AV,

As DN _ As 1
271, R, _27”71;”, Kow
27AF R, 27AF
B Nw DN B 7,

AV, =

m

K

RDN

m

Electric motor

wlip

Pump

9,0=n,D,0,
T (t) — M
P 2”77

ool 27isto] A|MetE Ale chgt ek
Known system parameters:
I/I"Asanwnaﬂ,m,ﬂvp,ﬂ,p,}’,

F,=F,

min

—>F ..
Constraints:
Imein S I::u S Ppmax

R, R
min SK < dr max
D,...N. YD,

mmax ™ ' max mmin~ " min

S Dll S Dnmax

pmin

Settling time for low load condition

I/Filaw (E)lr)w) < T
Qp max

Limited electronic power:

W;Iec (E)med ’ a)pmed ) < W

elec_max

Limited system pressure:

P, + AP|F0 <P

=Fymax max
Problem: Find ©»Kwv:D, to satisfy all constraints and minimize the cost function

max(AP/R) with Fyy <F <K,

max ¢
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Step 1: Calculate the PO

2rF,K

RDN

77 m

P =

0

Step 2: Calculate the initial states of accumulator:

{a if B, >P,
acc0 =

B P, otherwise

BY .
v, ||| TR>E,

accO

0 otherwise

Step 3: Calculate the increased term AV. at the maximum exercising stroke:

As

AV =———
Kypy27n,,

m

Step 4: Calculate the increased term AP at the maximum exercising stroke:

PV,

AP, = = -P,.

acc (V _I/[«O _AV)y acc0
AP=P, .+AP, —P,

ace() ace

Step 5: Get the 1*-layer cost function: AP/P .

S8 BAE Clel BUG 93 23 FOIL MEEE A22A, W) 1L w3l
el Ul Saksho} stoz, Al 24 A 8§ T4

Exoz )
4P
max<7)F Fomin™ Fomin (1)
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Input the pre-defined parameters:

eta_vm(z,,),eta_tm(7,,),

eta_vp(7,,),eta_tp(7,,),

gamma(y),F_min(F,,;,),F_max(k,,,, ), MaxP(£,,,),

ds(As, negative),FO_low ([, ),T low(7, ),

wp(@,), Welecmax (W s, e, ), FO_med(F5,,.;), wp_med(@,,,.,)beq(Vy,.)
VTmax(Vy,,, )VTmin(V;..)

Ppmax(P,,,,, )Ppmin(Z,;,)

Rdmin(R, .. ),Rdrmax (R, ... ),

Dmmin(D,, ;. ), Dmmax(D,, .. ),
Nmin(N,,,), Nmax(N,,, ),
Dpmin(D,,,,), Dpmax(D,,..),

\ 4

Run the optimization
simulation

Adjust the pre-

defined parameters
A

Is the result satisfied?

Approximate the
commercial parameters

Y
Run the test
simulation

No

Is the result satisfied?

Yes

Conclude the final
specification

Fig. 8 Schematic diagram of the optimal system specification selection
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Table 2 The parameters of components

Component Parameter
Hydraulic actuator - Displacement: 37 cc/rev
Hydraulic pump - Displacement: 2 cc/rev
Electric motor - Power input: 3-phase 220VAC

- Power: 750W (1HP)

- Rated speed: 1430 rpm (revolution per minute)

Inverter - Power supply: 1-phase 220VAC
- Output: 3-phase 220VAC

- Minimum Power: 1.5kW

Accumulator - Volume: 1.4liter

- Precharged pressure: 18bar

Pressure sensor - Power supply: 24VDC
- Measurement range: 0- 250bar

- Signal output: 0-10V

Encoder - Power supply: 5VDC
- Resolution: 1024 ppr (pulse per revolution)

- Signal outputs: A, B, Z

Drum - Radius: 4 cm

Relief valve - Setting pressure: 150bar

_’|7_
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Fig. 9 The block diagram of the load control system
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Table 3 Inputs/Outputs of the main control board

N Function Specification
0.
1 | Monitoring the system pressure Analog input: 01 (0-10V)
2 | Setting load Analog input: 01 (0-10V)
3 | Controlling the inverter: - Digital output: 01 (Relay contact)
- Run/stop inverter - Analog output: 01 (0-10V)
- Control the speed of the motor
3 | Controlling the solenoid valve Digital output: 01 (Relay contact 220VDC)
4 | Run/stop machine Digital input: 01
5 | Safety Digital input: 01

3.1.2 Aol BE= HHA

w5t Ao AlAEY J|5T} QJ2/E ABo] AJFE JlutoR, ol Ho] Bet
ESP32 Olo|32meA|AE slgoz UAstech o Als], Hot Ao BEo] Zdl
5o AZY Rolg ansoz Aosts otk oy AU FF At Ei of
ot Bol A% 7152 ZPATH WA, U st Batol W) PE L BA AN
oM 2R ClolElE Yo Wirh 53], RN Baks Hojsly] Y FHL
W 4 9T, A AEHo|AS Fo R AAHA ok XY A S Y
gogz wirh 53 Aat @A $o} ge] UL AN ColeE R AAsd] wns)
L2 A5 NI B QEmolAl R AAH Eb A9 Ao] At
A@ste, 2 OAE SA Z2E2S S5 o2ojAick e RUHPL R g
B2 RUEA T Wed 49 A Rusts 7152 mydch Yt Aoj meo
FAHA 715 9 YEY NS ALY e e e

Centrol Processing Unit

Amplifier Block

- Communication Circuit

Relay Module

Power Supply

Expander Module
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3.1.3 Y X 2]AX|(Central Processing Unit)

I" 1 C ng 3V3
ESP32-WROOM-32U
I_I_I_LI_LJ_H ho. Ras R49
2kQ 2kQ
GND-1||—1 END GnD (28 e o
i[> 3v3 1023
_L ENDﬁ EN 1022 o< _BCK
c27 cig LC SENSOR_VP TXDO RXD
100nF oo PS[ 2 SENSOR VN  RxDO X |TXD -
| DS 1034 1021 DA
.. L 41035 NC
GND GND PWM2 g 1032 1019 | D§
PWMI1 5] 1033 1018 5 D7
DAC1 1025 105 D6
DAC2 5] 1026 1017 5 TX1
D4 511027 1016 RX1
CLK 1014 104 D5
MISO 1012 Joo IDO
SZanoxeady
memudmeQ
W
-
= la A
GND

Fig. 10 The ESP32-based central processing unit
ESP32 Do|Z2 LR AINE stEglol AYe Jivtos A28 ug HUS A
o A2 A2 AFgHD, o ARl Jlat Fig. 100] e olch. ESP32-WROOM-
32U= 7}=dsty HE Wi-Fi + Bluetooth + Bluetooth BLE MCU(Micro-Controller
Unit) 22 XA Aol 7P 7Ith2g Aol o] 27|7HK] thefst 3-8 +2ofof

gt 4 glon, opdrd Y& AsE F8YT 4 Qb sHAEZ AT 4 9
ch E3t 12C, SPL UART S 2% 41 m&0| ofu] $4slo] slo] A7 oA
48 AE AR AIZLS BEE & otk
3.1.4 A 39 =&

POWER SUPPLY

Fig. 11 Power Supply Module
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Fig. 13 The schematic of relay module
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Ao AlARIOlA AFGEIE Qe U &ewolc Wuet e AAE Aofstr] A
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T = Fig. 130 ®A|EHC

3.1.7 PCB A4

I°C, UART, SPL
MAX3485 COMMUNICATION

Fig. 15 Schematic of the PCB design for main control board
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il Aof BES] PCB of¥ FEl= Fig. 143} il Thefel
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Power Unit
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+ LED7SEG 4 DIGIT
Command Data

Sensor | | Display

Data Control Board 12C Communication

Fig. 16 The block diagram of display subsystem

Fig. 17 The commercial Arduino Uno board
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Table 4 Specifications of LED panel components

No. Function Specification

1 LED7SEGMENT 4 DIGIT Display - Power supply: 5VDC

- Control method: I12C communication

2 LED panel - Power supply: 5VDC
- Number of LEDs: 30

- LED Driver: WS2812B

3 Power unit - Input: 220VAC

- Output ports: 12VDC and 5VDC

4 Display control board - Power supply: 12VDC

- Digital output: 01

- Encoder input (A, B, 5VDC, GND): 01
- Analog input: 01 (0-5VDC)

- 12C Communication: 01

(SCL, SDA, 5VDC, GND)

_24_



3.2.1 ¥5 24 <&

w4 @ Ao AlAaEof] ARl AREEE Alo] W2 72X S 2 proportional-integ
ral-derivative(PID) A|o][24]2} SHEAQl 14 Alo] ®#IAIO 2 State estimate feedb
ack, fuzzy control, backstepping, self-tuning fuzzy sliding mode, auto-tunin
g PID [25-33] 59 g Aof717F /HEEHUY. 2 =72 A7 79 TA 438 25
719 st AFdAlo AR 4 e AedSol 58S F710 PID Feedforwar
d(FF-PID) Ao} ®A]S A& TH34].

M A7 7 8™ HAIE &5 7l9t= PID Alo] Al B 7HA] SHAPPE o). AR,
& A AE2 A4S Aojstr]of vlAY AlAEOA Fofstth. EE, Alof o] At

. d

of7]o] ZaHAIsET 9% ZHdo] thel of2igto] WAIGICE of2lat o]z, ol2lat ulA
@0l QAtZ Zol7] 95 FE-PID Aloj2 o) ¥she 42izto] wAg 2 ok,
o] FF-PID Ao} g4 A] 33} et

d .
j+kff o (Load setting) (3)

u==rk, - e+k1fe(z‘)dr+k0d—

e = Load Setting — Load Actual (4)
O]]IH; kpvkjy kD % }E)}__/F—?:V]:o]q

FF-PID Aol Ao d=o
A5 Aol AE=s Tl
Aol d=HZ ALbstal, ol meul Fo] Y=o g}, &£7]of, AREAR= 7Y
719l BAE o AesiAl Alojstr] sl st F7%k(Load Setting)&
A fY AR WA sts FAl(Load Actual)?] QAHS | Asto)
p7gol st Al Ageh 4= Alojo g u|dF g APE F71st
&Aool WAYstE R, o] 5 HAsHs] gt WHo] sttt o] QA= Al 45
AR Bob ghZ W gro = Agolstet. oj2fst Ao WS
glo] AA|2 Hdst= PR =} & e 58
A Aol wldF ol digk BE Fal FA9 st Aozt 7t

U
rir o
|
|
1%
>
fol
o
=2
K
i
N
N
i)
ro
oX
ez
uju
S~
>,
ofo
ol
ol
8
>

o
off

Mo

oo o o
- D:-c,)-d jg rOll
_lﬂu:kﬂoﬁmi_lﬂirgﬂﬂ
S o
- =)

2 > x

O Ob o o rE N owx ot |

=

=2
_
=
<
S
N
L
@
3
s
S
o T-
ofm
nr S o
H
oX
ol
i)
rr
ok
i

(o]
B35} Ao} YuelEe Fig. 180 AY= ZIAY v]A} v



1z
ol
ol

Cro2io] N5 Qeiurrt. 44 cholUol4 Ut A&y ADC g dsh:
#91(0~130kg71A]) k9] TS

_o'h
K
hy
r&
o
&
0
e

m
i
>~

:
FANA2ZEEH A ol 2c
Trigos YHMA J1E AR Hotel ZAA0 71% 23}
gtk H7] DE- BI AAEe AlAS QERhe S7bA|Z
BaA717] YA Sewols WuS ALgs|of Sttt matA], A Rapr
wsturt Abe A9 PID Alof Fuels Aesto] AR et dsts
APl metz 4 JE= Aojsi AA ¥

AU st 2t wzEs 7

S~
>
ofo
ol
o
.2
22
ol o r_)': :
(i
g o 2P

)
|o
=)
S~
[> J
o

-

rr o
Mo dz
o o X
ok of¥ oo e S o
RN

w
] 2
.

Read pressure

sensor and
setting dial
i Emergency Button
is Pressed?
Calculate

actual load and
desired load

Open discharge valve

Current Setting Load <
Previous setting load

Stop electric motor

A

Execute PID algorithm S— i
Block discharge valve el dischalgevalve

Actual Load <
Setting load

Actual Load >
1.2xSetting load

Open discharge valve Block discharge valve

2 Stop?

Yes |:

Fig. 18 Load control algorithm

_26_



3.2.2 gJAZgo] AAHl Aol &1 Z

gageo] AlARIY Alo] #AEE Fig. 193} o] Uerdtt, taZefo] A 28]
%8 7)%52 LED7SEG 2Eo|A £At2 EPE|T LED mdo]A LED7} ARl: 315

2 wolz0] Sl Yol MF ¥olE mAISCH 3t LED Tdojx Algxie] ¢
5 Aol et 4t oI5 3 olF A siele] BAUC o fish, Aol &
Aol me 58 danol Frel Ustt Hats WAL HA tolde] AsE AB
sflof 2},

Calculate the

) number of turned-on
Receive data P LED t&lls ;

from sensors !

— | .

P Compute the :
{ starting index of
the turned-on LED block | i

jos)

ls)
.

=

——
.
-

Analyze ]
received data

v

i Y i

Display E Update the display '
on LED panel ! of LED panel :

and LED7SEG i '

Fig. 19 Display control algorithm

aZelo] AAElS Aojsly] A Fate kg ol Mok WA, A cio]
2 % ARSIl e dlolgt dazol Aof wEd) ofs) YRt olo) we
At 2o WSOl YRS FaAsA A 4 9ok LED e o

D2 4eloi, LED E2jols] (WSZB12B)E ALBafol shifel clole] gloz2 2
232)s) Aolg 4 9tk ofu], @Y LEDY] 4t Wstt EEOﬂ afe} A

A}, o2 Sol. 30719 9 LEDJL 9ln At 25} 130kgolel, 2E 4%
BAISL7] 9ISl 13709) @ LEDE AF§% 4 9tk UniA] 17719 LEDE: %} B
A2 BASHE O A8 5, 2 10kgd 17]19) LEDO] s]at LED mdo] 7
A= PA o2 LS,



3.3 71A 2A

AR 9ot mpejmo] Ajobo] e} &
/a4 2A AAol Thsal HE A Wt A4 20kgolAl &
of 130kg7txlo]B], o] A}&Ate] Chop 290] tgstr] st Wz mst
qrt ol2jst WYl Uolld BA AL WelshA adst] e, 2 A4 s
kg A4S 2 Qlw= M A=t

o] Q9 mejmo] Uj7f W4t Table5oA AHAS] MAE R, o] BE Fof 57

70 27 o] @A MojE L Qo] thE HrE Bl

a

o
Mo

Is)
@.
o
==
u
ofn W 0%

ol

ok
>
29,
0
w
W)
ko
e
ol

= .
2 Sof AZHoz AT & b 9% WYUWO AX| Fef Fig. 20004 LR
of. E4, 2D UARlS Fig. 2104 I 2 9lou], o2 Fo) 4 mejmo 1
q9 AtRg S5 9%

2 wixlof] digh gAlet WS It 4 Qo oAl A4
_]

=
of| et d¥2 =wol Hs FANCR 2 & Ao

Table 5 Parameters of hydraulic powerpack

Specifications Value
Dimension 500 x 280 x 420 (mm)
Min and Max. load Min. 20kg, Max. 130kg
Drum diameter 40 mm

@ N

Fig. 20 The real hydraulic powepack
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Fig. 21 The 2D drawing of hydraulic powepack design

3.3.2 3 F O 7|+ =g AA

Fig. 22 The 3-D design of Lat Pull Down Machine
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Table 6 Technical parameters of lat pull down machine

Frame Technical requirements

Designed based on hydraulic power unit size.

Dimensions: 1576 x 800 x 2010 mm

There are ventilation holes and cooling fans.

The frame is mounted from rectangular iron with d
imensions of 100 x 50 and 50 x 50 mm.

- The pulley mounting positions must be fixed in a
suitable position to connect the conductor.

- Weight display and weight adjustment knob are att
ached on the front of the frame.

Seat and Shell Cover

- The shell is attached to an LED bar.

- The seat position and footrest are properly placed i
n the frame.
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Fig. 23 The 3D Design of the Chess Press Machine

Table 7 Technical parameters of chess press machine

Tower Technical parameters

Designed based on hydraulic power unit size

Dimensions: 541 x 447 x 1500 mm

There are ventilation holes and cooling fans

The position of the two sides is attached with an

LED bar and a weight display screen.

- The adjustment knob is located on the side of the

weight
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display screen for easy adjustment.

- Built-in control circuit inside the tower

Frame

Technical parameters

- The structure is suitable to connect the parts.

- Firm and good bearing with the load of the practiti

oner and the load when operating.

Dimensions: 841.5 x 1070.44 x 1290.15 mm

Backrest angle: 70° from horizontal

The seat must be adjustable.

The backrest must be wide enough for the user to

feel comfortable.
- Suitable and aesthetically pleasing design.
- Must have shock absorbers for the arm.

- The pulley mounting positions must be fixed in a s

uitable position to connect the conductor.

Work-arm

Technical parameters

Arm tilt angle: 70° from horizontal.

Two-arm width: 1000 mm.

Dimensions: 932.39 x 1000.13 x 1042.95 mm.

The position on both sides of the hand is designed

to make it comfortable to hold.
- It has a foam cover for a comfortable grip.

- There is a foot position to create force when pushi

ng and protect the practitioner when overloaded.
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Table 8 Pressure and Actual Load Data for Calibration

No. Pressure (bar) Actual Load (kg)
1 118.99 142.5
2 106.17 125.1
3 104.58 123.4
4 99.33 115.1
5 91.2 100.4
6 81.44 89.2
7 77.05 81.4
8 70.7 74.7
9 64.22 68.3
10 59.46 63.3
11 46.83 50.4
12 40.23 44.2
13 30.22 34.5
14 21.86 28.2
15 15.63 16.1

Alg 271 s MATLAB/Simulink&

s}
[e]
9, ARESES AFESHL 1 AsE o
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k, = 3.2175¢ — 5;ky = — 0.0028; ks = 1.0720;k, = 2.8759.
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Fig. 24 Validation of Calibration process
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AR Bats =7)8k617] 9IsiA LED 7 NI ZHE Bgo] mA|Y AA Rstet Ao
S50 saEy B4 Fob Bl Ade f3shof gt gaEo] Ao B
£9] ADC fat Ao BEo] Ajudold o 44 Bt =g & A ol&

o] 2
sto] o5 BAZ Pafol ach. of MajHeolue 93
St g 2

Setting Load = [0.07;0.37;1.04;1.72;2.16;2.54;3.81;8.13;12.76;17.84;22.09

27.31;32.24;37.09;40.22;43.28;48.66;48.88;53.21;58.43;64.10;68.88;72.4

6;.

75.15;78.88,;82.31;87.09,;90.90;94.18;97.16;103.66;106.12;107.61;109.63
HR

111.04;113.88;116.57;118.43;120.07;121.94;124.18;125.52;127.91;129.40;1
30.00];

ADC_Uno = [75;76;80;88;92;101;131;163;199;229;266;302;336;355;377;401;...

412;442;479;519;551;576;594;617;642;676;705;726;750;767;797,817,828;84

4;.

857;879;898;915;929;946;967;981;1003;1018;1022];

f = polyfit(ADC_Uno,Setting_Load,3);
Calib_Load = f(1)*ADC_Uno.”3 + f(2)*ADC_Uno.”2 + f(3)*ADC_Uno + f(4);

plot(ADC_Uno,Setting_Load,ADC_Uno,Calib_Load, 'LineWidth',2.0);
xlabel('ADC Value');
ylabel('Setting Load (kg)');

legend('Experiment', 'Calibration’', 'Orientation’, 'Horizontal');

thehale] Al k) = —7.4355¢ —8ik, = 1.2360e — 4;ky = 0.0862;k, = —7.3608
olty. I At Fig. 253 o] YRt
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Fig. 25 Load Setting Calibration Result
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a) At 1t 50Kg st 47

Load setting: 50kg, Test 1
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b) At 2:
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Load setting: 100kg - Test1
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Table 9 Test results with 5 test cases

Load setting Test 1 Test 2 Test 3 Test 4 Test 5
50 (kg) 52.5 523 52.4 52.4 52.5
100 (kg) 99.1 97.9 99.3 99.9 98.1
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Fig. 29 Maximum Load setting 130kg test results
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At) sl BlAE AT 130Kg AHOR Fig. 297 2ol & 53 Uk Algistol
Table 100] Z+2 2jsteict
Table 10 Maximum Load Test

Load setting Test 1 Test 2 Test 3 Test 4 Test 5
130 (kg) 132.3 132.4 132.9 132.7 132.8

4.2.3 LED 4% HAE
LED &&= HAES Qofd A= Table. 110] AAIE o] Qlod, & Hg2 Fig.
293t o] A A4tdo] AlA HAES vfgoz AE it
Table 11 LED Speed Test Results

Test 1 Test 2 Test 3 Test 4 Test 5
0.62m/s 0.96m/s 0.61m/s 0.87m/s 0.93m/s

Fig. 30 Real user demonstration for LED Speed Test Results
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Developing Next-Generation Workout Machine with

Electro-Hydraulic System

JeeHwan Ahn
School of Mechanical Engineering,

University of Ulsan, South Korea

ABSTRACT

This paper addresses various strength training equipment and operating algorithms to add
ress safety and convenience issues when exercising at home, a concern that has risen si
gnificantly due to heightened interest in health following the COVID-19 pandemic. In or
der to overcome safety and convenience issues associated with traditional weight plate-b
ased equipment, the paper partially adopts a weight implementation method using hydrau
lic dampers and pneumatic systems. However, this method, while providing safety and a
variety of exercise options, has limitations as users cannot adjust exercise intensity to pe
rform consistent strength training. In particular, the hydraulic damper/pneumatic method
has disadvantages such as being costly, having high maintenance costs, and occupying a
significant amount of space. As an alternative solution, a digital exercise equipment calle
d 'Digital Weight Machine (DWM)' has been developed, which includes electric motor-ty
pe weight machines and electric hydraulic-type weight machines. This study compares th

ese two technologies, with a focus on electric hydraulic exercise equipment.

Electric motor-type weight machines enable strength training using an electric motor, all
owing users to control exercises through a computerized control system. On the other ha
nd, electric hydraulic exercise equipment allows easy adjustment of the weight required
for significant power, providing a smooth and precise weight feel through hydraulic actu
ators. This research compares the strengths and weaknesses of these two technologies, in
troduces the developed electric hydraulic exercise equipment frame and controller, and pr
esents test results for 50 kg and 100 kg weights. In conclusion, this study discusses sen
sors and hydraulic actuators for the advancement of digital exercise equipment and prop

oses the development of control algorithms.
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