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Development of Isokinetic Exercise System and
Examination of Its Performance

Yong-San Yoon, and Young-Don Cho

— Abstract—

An isokinetic exercise system was designed and manufactured to perform muscular performance
test and the traning of athletes and the rehabilitation of patients. The system majorly consists of
gear box, D. C servo motor and servo controller, data reduction computer.

Preliminary experiments were conducted to find out the performance of the system. The perfor-

mance of the prototype isokinetic exercise system was turned out to be satisfactory compared with

a commercial product called CYBEX system.

1. M

T

$2}19] A E(rehabilitation) = 550 &
FE0 25 A% 498 98 oEAQ 3’-‘? =
(exercise system) 24 F71x7F Qloh, AA)
o] 43 SA3 FH A (isotonic exercise sys-
tem) 7} U3 EXE SEEEF dA FEHEET &
& A= (isokinetic exercise system)7} ¢lth HA
548 Fd AXe @A 98T AgE Lo
5L shed olde FE&EE WA HE A
olt}, i B48F FH Axe At A3 ¥
Oﬂi A4 £E2 $FIE % 8}1
i oluo) ¥ WNE

T
>
)

m‘l

A4 11990 44109

= 3etvled 1A g st

Dept. mechamical Eng., KAIST

B oA 1986 sty dnk Ay

Yol A ol Foj7 AL AAEACH

ATk Fzte] 3B A, o8 B4
& 4 U7l Ao

&£9% 58 A the-3} Zo] A7IRE AMS
Ak AR o] AT ZE 8% AP A
t}. Barnes'$} Patton 22 o] &£moAlg]
S&£3% 18 M (isokinetic fatigue curves)-g &
AVstget, 18)al GregorSe o2 $E M52 o
Aoz I8e s ZF(fiber composition) I EQ
A(torque) — £ % (velocity) &) #AIE o] FHE o]
f3la] zAREIY Y AAR 28 A% Y3 (muscu-
lar performance test) ol Al 54-8% &3 W (isoki

L ARZE

o -{}:

op i,
ok ool

o

netic methods of measurement) 2 5-3& &4 W
H(isotonic methods of measurement) Ht} 943}
o 9l gwrm ok Y SRR o] Axe #ale) A
gloj] ALE-ETH MaloneSYe 229 &), Wil-
derS®e #a1e] A Bok(gait pattern) < 7St
71 918t o] FRE ALE-3tg oM o] A7} $xte]
&l aFHolatn EHFFT HHZ o] A=
e 73slo] AL&Ec), Coyle 5% 2o] #35 o] &
gto] o] HmolAe T A3E RAMIHEIL Ro-



—BE UG 11, 15 1990—

sentswings’-o- o] F-ite LLE"‘! VJ§}{§_~ o 2 7}=] v
o AJEsla Bl alskgd o), A 2138 o] &
2|7} o35 o] (e Zslol " %uu Fatgul!

T
e BESE wY AN A AR

JESE
9)i= o] lizd] o] Aol Cybex Alzgold, of A

e SR A Wil Qe Adei gou
]
1

7o) abes] awvkel Qo) whadeln] 1 §le) g

B elpel At ThAe] qelahua 950
a = - 1o

[e] :1 LRANe) ar ‘—\J"} %}‘i] %
=y
S

woedel Al A L A 5HSE FE g
o]

(isokinetic exercise system) <= ¢1A]e] o F-4}7 Fig. 1 Perspective View of Experimental System
54 HULEE sk ) ls] .0
o sheg A4, WAslFE ol 2.1 A Fx2| T4
A 0% 4AE 8 10 sl ,
& ; AR AE Ao AeEeE 1920 vehA]
AC 220V 3 DAC ADC
c IBM-XT
Down 1T § R ontrol Box Computer
Trans t s r

100V

Power Supply
o
— Potentiometer
Servo Controller . ':-‘"-7
Flexible
r Coupling
T Gear Box
Tachometer —L Strain Amplifier
Servo Motor
Strain Gage -
Handle =

Fig. 2 Sketch of Experimental Set up



L4
[ B

WA of 7]ef| A AJR-E] = Ho]B ZEZ#(servo co-
ntroller)v> E}sIw e}l (tachometer) 9} 7 FE & HE
of % Hdel Sty Hri ZHE SFA
H}, 7]o] vk (gear box) 9] F =L 300W D.C A
ol REle] osfjA it FAS st st
7] 98te] TES} 7)o] kA Ajolofl= ZUAE 7
Z 2 (flexible coupling)o] AR HUct, o]} Z&
el A el E HE £l BH IASE
2] 171009} AL EE

2.2 7]0f gtA

so} wpzo) Aekwis 1930 VeRRLh o %
A& il e] o] 71o(spur gear) 9} F1) ¢
& 71e](worm gear) “12]51 7]oj7} AAH F3} A
ol Fog +4gF o] ek, HE9 &3l £
H]3= oF 100th 1o]9 FrHe] 9] 71o)= AER
# 2] (starting clutch) & %3}l &3 d4Hc),
7ol x) 2EF el A 85 bake] AislH e
Sahh W% el JoiEHE nloldt ofak
Cia=

(1) 7lo} o] 2Hg9le

710} Btzo) sjetwol o Aste o] X9 2HgY
215 a3 o] Aw et REv) d4aE wiko =
3|AsHH ~Ho] 7]o] C, D, Ex Zt2 agy e
dheko g 3lA gt} o 7lellA] 9 710l X, Y& 7

o & @ my

I

il

Potentlometer

Strain Gage

T

Handle

Motor

Fig. 3 Configuration of Gear Box

sE AR ] Aty oe] AigAlde] ik o —

7t AL duhatE ol glome adn e
WEo R s vl A 99 7ol X, Y 3
A A5 E 747 Wx, Wyzkal 3b8 Wx, Wye o}
=3 &2 #AE wE

Wx=—Wy (& Wy > 002 ¥z}.)

ool &tolE Felw 7o) A, B7} 84k Bol
Q7 Fo| 5)Ashl ©ek o710 7o) B2 &
745 E Webn sgen) 2e 2exe) g
gatel ket g BAE HEB,

Wx=—Wy < W < Wy

A= Efole 2H A 29 1/1009] 34 &
& 7 Al g e i wbAlA weko e 3 AE
+ Arh

(2) 7]o] ukzo AA

o] 7lof wixo] dAloA HpA] Fag Ko
ato] thaat o] dyEd. AA, 7lof A, B
I5H]3= 2.250]th, & AXel| AHgE 2EE ZY
&= 27(N.m) ol4+e] 0 =27} =88 79 2k 20°
FEo WEEY F
FFoll #7460 FTE 71Uk wEA] v)e] A,
o] ol E 2,252 8t FEo MEHE w11y
& 10° ol3t& Aghsich. =M, HE9] &2 7]
of A%, 7lojel A7, ulSY 7 Sl ufet A
gk AlA, 2ER] AR FA Ree FAE
B9 2B wE ¥olV] At FF9 tE i
By sbsA Ak

2.3 8%

2 2

e

nzgie] A7k, o] &

b

=

2 A48 ZAAole 59 2457 ok AR
FHo 22 AoAE oM EeaE 43}
= Rl A SRR FHol MAAE AE s
Aeg FAshs FEo] vk EeAE YW

w93 575 wiA3Y] $Ete AU E Po}
ok 3 A, 4, B Qg AnE AA
aha1 e vkl o3t &8-S £ A8l full
bridge 3|2& FA43ted FA 34



~ETRg E11% #15% 1990

3.1 Ay &d

HA B Hug xddn 3 A} 4F
o R AR E JF I ARE AR AH T
FAlO e dojeha Wyl AFEEE 28 9

Fee ol 52 diojebs £4, Aelse E29
A

A,
3.2 ofu| M@ ZAnt

149} 5% 1) AL &% &% 100rpm]ell A
EdE Adst Aot o] AdoA Bl B
37} o}l Fe WA e 7 F5 T &
5 E5E A At AS ¢ 4 Uk AAR
A8 AdlA A M 23] rms #2 5.04
[%] Hrolth

:

Y. . CHO
52 (kg

Right Foot
10 (RPMY

TIMESEC)

Fig. 4 Experimental Result of Experiment A

g

Torque(N.m)

Degree

TIME(SEC)

/
54 '
;(/
/
s | d
g ¥
< 5 /
: /
2 //
1t ){ld
/
0 +- y ~+—
0 50 100 150 200
Torque(N.m)
Fig. 6 Relation of Torque and Output Voltage of St-
rain Gage

gelale] AEAY ACALRE Yot AGS &
He Astolh, o] AHE B F3ol Pelt E
ol WAT oA Hu 3~4[%]) FEZ FY
a3t 2 AARE D 5 ek

3.3 48 Znlel M5 Bl

=
o] HollM guwkHo g Wo] &5 Q¥ Cy
bex Al2=®la} 2 A9 A9 ded v, 4

02 ofr el Y52 Bt Y o

o}
b

4

Sl



CGAEE ERAA) N R ool HigAl Bl B -

o'|’\

Table 1 Removal of Bending Moment Effect

Exerted . Measurement
Torque W(il:)ht Value of E(Z/zz;r

(N.m) Torque(N. m)
35 6.28 35.2 0.57
9.21 35.8 2.29
14.08 355 143
18.63 355 143
23.13 36.2 343
60 9.51 594 -1.00
14.08 58.2 -3.00
19.13 60.7 1.17
23.63 L 594 -1.00

MV.T-E.T.
Error(%)=— ET X 100

M.V.T. : Measurement Value of Torque, E.T. | Exer-

ted Torque
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Table 2 Comparison of Experiments A-B and CYBEX
Experiments A-B

ExpA |CExpA| Exp.B |CExpB
(Extension)
Peak Torque(N.m) 135 129 112
and Angle of 320 31.0 431 30.0
Occurrence(0)
Peak TAE. (N.m) 18.0 164 131 14.5
Total Work Performed | 304 219 | 1580 1090
Average Power(W) 91.3 749 61.5 441
(Flexion)
Peak Torque(N.m) 82.5 775 86.8 715
and Angle of 423 72.0 92.7 63.0
Occurrence(0)
Peak TAE. (N.m) 111 10.1 9.17 10.0
Total Work Performed | 212 172 | 1460 868
Average Power (W) 64.0 53.3 56.8 35.0

Exp. ! Experiment, C.Exp. : CYBEX Experiment
TAE. : Torque Acceleration Energy (Work Perfor-
med in the 1/8 Second)
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Table 3 Torques at Prescribed Angles in Experiment
A and CYBEX Experiment A

Prescribed | Experiment A {CYBEX Experiment A
Angle(®) Ext. Fle. Ext. Fle.
9 182 | 121 30.1 12.0
18 485 1 29.1 813 30.1
27 939 | 376 96.4 52.7
36 95.2 | 442 98.8 60.2
45 770 | 485 92.2 60.8
54 65.5 | 539 85.8 59.6
63 515 | 594 74.1 572
72 406 | 60.6 61.7 53.3
81 28.5 58.8 51.2 515
90 152 | 424 38.3 56.6

__Torque at Prescribed Angle
Peak Torque at Extension
Ext. . Extension, Fle. :

Value =

X 100

Flexion
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