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NATTHAWUT PRASOETKARN : TENSION CONTROL SYSTEM FOR
APPLYING IN MEDICAL PROCESS. THESIS ADVISOR : ASSOC. PROF.

JIRAPHON SRISERTPOL, 57 PP.

TENSION CONTROL/SYSTEM IDENTIFICATION/REDUCTION DEVICE

Pulling the wrist bone slightly apart is one process of treating a fractured wrist
bone. At present, using masses such as sand, the research presented a tension control
system that can be adjusted to the tension setting and able to compensate for the tension
when disturbances caused by uncertainty such as the stretching or contraction of the
finger traps and other disturbances that will result in the change of traction. The results
ofthe survey of Thai average weight in 2009 found that the weight of males and females
is 68.83 and 57.40 km, respectively. Data from orthopedic doctors suggest that the ideal
tensile force on the patient is 10 percent of Patient weight. The weight is approximately
6.88 and 5.74 kg, so this system is designed to be used in the tensile range of 50 to
80 N to cover the average weight of Thai people. The research began with the design
of the tension control mechanism, load cell sensor calibration, system modelling and
system identification. The design of the PI controller was performed using response
optimization in MATLAB/SIMULINK. After that, it was tested for two operating
cases. First, the control system compensated for the tension all the time. The second
case is that the control system compensates for the tension when the tension is exceeded
the boundary condition. After designing the controller, we tested the input tracking
and robustness by increasing and decreasing traction in the system. In addition, it is
also tested by pulling the wrist. With the conditions of the above 2 cases of control.

The results showed that after the design of the PI controller, the overshoot was reduced



and the tension control system was able to maintain the tension in the range of 50 to
80 N even when the tension control system was disturbed by uncertainty. Motor will

act to compensate for the tension back to the set value.
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sAeTIAATLF 18010530 (Measured tension) Hig N
USIAIRITUA (Desired tension) Hig N

ussg liliimae e Taad (v)

ugasu T miae Taad (v)

178 ¥i1e nlansu (k)
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= [ v A

ABusn Ae vaiseanszanuuy 1rAA (Closed reduction) Az d@IUITNADI AD IAEEINTZAN

$AUMIHIAA (Open reduction) TUTEHINNTLUIUMITNBIDINIZADITNTTANTZANUS 10

Yy 9
[ [

Y A v Y o dd%' ] aa 4
VINDVONIINNUANUDY NUUVUDINUNTTIUINYVDILNNY

=

Y H ] 9
Tuiiudsasasinildegeviilunmslszgndasvesiuanld wu 1Hauvu

¥ A o = 2 . Y q ¥ ¥ A oA Y g A g
UUNADULVIUNIAIUD (Finger trap) u,mclsvﬂizﬁﬂunﬂaamammm“lﬁmw ot uuia

4 [
orahminusnadesen awaaslugili 1.1

A o ¢ A = £ g P P
319 1.1 Aagumndasanisdatinniemsiszgndeilnsaiage

(19 Hguiew w.e. 2561 a1 Tsanenuiaumanedema lulaggiui)
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v ¢
ATUNTILUNNY

(Y d Aav
1.2 'Jﬂﬁ!ﬂﬁgﬁﬂﬂéuaﬂﬂ‘lﬁg‘ﬂﬂ
A =2 A o = ¥y A 1 Ao
12,1 WoonIUDIZUIAIUANLIIAN RTINS N TR Inasn lugeidimue
4 EaRl @ @ Y A a .
122 easdunuugilnisisietanszgnioiolinaudan (Wrist fracture

reduction device)

1.3 UDUUAVDINITIDY
1. AuauusIasluse 50-80 taau
2. M¥nouiiuneiudunesa RAPCON iHuginsainiunu

3. 1%1150n58 MATLAB/SIMULINK lumsigusidanisrinau

r.'d' U Yo
1.4 ﬂi%iﬂ‘ﬂu‘ﬂﬂ]ﬂ’ﬂ%%ﬂﬂiﬂ
s Y =2 A o A Y Y
Qﬂﬂim@uuﬂ‘ﬂ (Prototype) "11@\1‘525‘U°1Jﬂ’J“lJﬂlll,l,i\1ﬂ\?ﬂﬁ'ﬁﬂiﬂW@JHHW@iﬂf\ﬂHﬂ?H
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U

o d a A A Y
ﬂ%‘ﬂﬂ‘l—!?'ﬁiﬂ!ﬂi'ﬁﬂ!!ﬁ%ﬂ1u3 YNNIV

2.1 32UUAIVAN (Control system)
A @ 4 1 A [ YA o Y] v o
JTUVAIUAN AD ﬂﬁﬁ]ﬂﬂ"lﬁﬁ]ﬁﬂﬂi%ﬂ@‘ﬂ@n\‘] 9 mg“luszuu“lmmﬁmamﬁuwuﬁﬂu
A v w A o Y o Y Y 9 (]
LW@‘]JQﬂ‘U‘Vii@‘l]ﬁUﬂ?\iﬁg’l_l‘lJalﬁ‘VINTullﬂ@ﬂiJﬂ’NiJﬂ@Qﬂ"ﬁ Iﬂﬁ\iﬁi'l\iﬂl@\‘li%‘]_mﬂ’llﬂﬂlllmfllﬂu
% /—iy
2 Uszian Aeil
2.1.1 ﬁx‘U‘lJﬂ’J‘lJQN!!‘U‘l.IﬁJﬂ (Open - loop control system)
A I A [l ]
szvuaIuguuuUlaussuuNHana AU (Output) voe5: U lilinane

< [ {
M3IAIVANNTZUIUMT (Process) V04521 tidaslugivesuden laezunsy dagili 2.1

drysyrausunau

(Disturbance)

|

i aunn NANBUEHUDY
—»| Controller > Plant —
Command (Input) (Response)

{ < a
517 2.1 ‘]JaE]ﬂllﬂﬂguﬂ’ill“llﬂﬁigi_l‘]_lﬂ’lﬂﬂ‘NLL‘]J‘]JL‘]Jﬂ (Open loop control system)

U

2.1.2 §$1J1Jﬂ’JUQM!mﬁJﬂ Closed-loop control system)
a I A = J
i%UUﬂ’JUﬂﬂJLLUUﬂﬂLﬂu‘iZUUﬂWﬁ@]’é)‘uﬁuﬂd (Output) UDNISUUUNAADNTT

v 9
ATUAUNTZVIUNT (Process) YOI3Z VU NE1IAB Output NiAAYUIZYNIINNLToUREUNY

Y
= o

Input td2AIANUAANAA (Error) Yosranaudussiinatiugnit l1ddewddnuauszy

U

(Controller) 1o 175z UV lAHaRB UAUBIAINANUABINT VO 1F90 naasTugi]ves

< @ A
vaen laezunsudagiii 2.2



feyeyrusunau

(Disturbance)

|

UG Unm NANDUAUDY
—>{ Controller » Plant B
Command (Input) (Response)
a
Measurement |e

H d a
gﬂﬁ 2.2 ‘]Ja@ﬂhlﬂEJS:LLﬂiiJﬂJENi&‘]JUﬂ’JUﬂiJLL‘lJ‘]J‘]J@ (Closed loop control system)

22 dygunaaall (Test input signal)

P v
lusideiiden lddygumageu Ao dayarauuututiule (Step function signal)

g o

'
(3 =

A A ' o & ' & 1%
o ﬂJuty”|f,u‘mﬂummmmﬁuﬂumanmﬁuﬁ ﬂﬂgﬂ‘i’l 2.3

>

y (t)4

v

9
Y o

517 2.3 dyanmauiiula (Step function signal)

2.3 NANIUAUIIVDITEUY (System response)

NanoaUeIedTz ULzl TzNoUds 2 dau 1dun HaneuaussiIAjIazNaneLAUDS
Tuaanzaad TaoraneUTUDIHIAg (Transient response) ILNANINANHAULIAINZYDITLUL A
NARBUAUBY IUANIIZAIAD (Steady state response) Lﬁﬂmﬂ%uw{ﬂ (Input) ‘ﬁﬁmmizé’uizuu
uaﬂmﬂﬁimuéfqgﬂuﬂqaﬂmﬂu FYUVOUAD 1 (First order system), 5¥UUOUAY 2 (Second order

system) HALTEUU 2UAY @9 (Higher order system)



23.1  HANdUAUDIUDITZUUOUAY 1 (First order system)

y ()4

31U 2.4 p3MINanDUAUDIVBITEUVIUAD 1

mﬂgﬂﬁ 2.4 Samualidune (nput) 154 Unit step inputwamuaum%’mj
(Transient response) 3£0¢ 11424 0 - 4T Wernualdranouauosluaniizadd (Stady state
response) g} 98% V3 BHAABYTUDIFING (Transient response) 908 11F23 0 - ST dormualy
HAAOUAUDYIUAN1IZAIA7 (Steady state response) agjﬁ 99% Wa19NHaneUaLe luTN1IZT
ﬂg'Lﬁﬂaﬁuuéﬁﬁi]zﬁJuwaﬂ”ﬁmauauaﬂuﬁmasmﬁa (Steady state response) SEUUBUAY 1 2]

9
Transfer function 114 S-domain A4%

H(s) = —— 2.1

11® H(s) f1® Transfer function

(%

K Ao 9Ty
A 1 d‘ ] a =
T Ao ANINUDINAT 118 LN

232 WANOUAUBIVOIIZTUUOUAL 2 (Second order system)
v W = 9 Y A 1 . . A A <
FEUVOUAY 2 (NEIVDINUIZVUNUNTUNIN (Oscillation) HIDILUUNUMINY

WA (Energy storage system) HazlNITNIZINNAINIUDDNIINTZ VY (Dissipate energy)



[ YY) ] I 1 o o
TJEUVUDUAD 2 uma’amﬂu 3 ﬂiiﬁ (lliJi'JiJﬂ?iﬂ@ﬂﬁu@ﬂllﬂﬂﬁuqﬂﬁﬂﬂﬂj (Undamped natural
response)) Taun

2.32.1 MIADUAUDIUVLNUNAININGA (Underdamped response)
MIADUAUBILULNUNAINIINGANTATIAIUANUKHUNLINAT 0

uatooni1 1(0< & <1)

Ll

y (1)1

v
—

711 2.5 nsnimsaevauewUWENMNININGA

2.3.2.2 MIADUAUDIVLNUININGA (Critically damped response)

MIADUAUDIULHUNINGANAIDATIAIUANUUUIINY 1 (§ =1)

y (4

\ 4
-t

511 2.6 nalmMIeVAUBIMVUNUININGA



2.3.23 MINOUAUDIVUNUINNU (Over damped response)

MIADUAUOIUUNUNIAULIATIAIUANNHUWNINAN 1 (§ > 1)

yo4

71U 2.7 asmimseevaueuumIuNY

[

Y
F2UVOUAL 2 921 Transfer function 114 S-domain A91

K®;
H(s)= 2.2)
$*+2E®s+ 2
A A .
19 H(s) f® Transfer function
K  flo8a31vene
®, A0 ANNDFITUIIA (radls)
g Av BATIAIUANUNUN

wamuaumﬂﬁ’aﬂj (Transient response) HaENaNB LAWY IUEN 1A

v o 1 a Jd [ {
(Steady state response) YBITLULTUAL 2 UAMMNIINNOITA ) A931/N 2.8



y() 4
N% /ﬂk
1+A

>
o —» 4
&

v
-

{ 1 a Jd v W
gﬂ‘ﬁ 2.8 NILAAINAR DU A UBAULAZATNITIADTAN ) UDNTEUUBUAY 2

[

MIMNUANMANHUL YDINTADUAUBINNITINIADT Wil
I Risetime (t) $193a1fimsnovaues lasduan 0% 4 100% veamgane
2. Maximum overshoot (M,) Mgagavesnsneuauesiiiannagate
3. Settling time (t) 39T uauesTHIgMgateneluTeTis e

2% 130 5%

4. Delay time (t,) FMOMAMIADUTHBITIMAT T woeA 8T
5. Peak time (t) Y290 Tin1IAO U UDITIAGIEA
6. Steady-state error (e,) ATHANAIAVDINITAD VA UDITUAN1IZAIAUNIUND

19 Aa
AT N

d oge
2.4 LAY ININ (Stablllty)
d’ a = ] A = =
WONNTUNADTMNWIUUIUDITINANMT (Roots) 130 INa (Poles) 5EULILUADITNIN
A a ' Y Y A o Y 9 1 A
(Stable) 11 TNABYNIIATUF18UDVDY S-plane TUNIIATINUIINDITINANNITDINIYINO
52UV iTIHe5n M (Unstable) HAMINII5INVOIAUMIDIUULNUIUAN NI DD NTIADOTNIN

aﬂtm (Critical or marginally stable)



LSE == AYAVAVA LU\U U
r . s . lhn?\_— A h///(
- AV - L\&/\

Impulse response for various root locations in the s-plane.
(The conjugate root is not shown.)

317 2.9 anvazMIneUaued JABNIITUINA VDI TNaLY S-plane

ANNAANEIAIHEDIUZAIN (Steady state error)

ManuAanaialuanueaidl (e) Ao ANNAIIAMADUIINAIB D UNDTZ LV

QU

ADIULAIA

e, = limsE(s) = limSRE) (23)
s—>0 s—>01+G(S)

RLER Step input

.. = SR(s) — lim s(1/s) _ _1 _ 1 2.4)
>0 1+G(s) > 1+G(s)  1+limG(s)  1+K,

s—0
RLER Ramp input
2

eSS_ & = |||'T]S(1/S ) = — 1 = i (25)

—01+G(s) 0 1+G(s) lims+limG(s) K

Vv
s—0 s—0
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2.6  ¥HAUDITZUY (System type)

WTUIFHAVOITZ VLN Open loop transfer function Y99 Unity feedback Aastaad iy

A N A A A
glh’] 2.10 YUAVDITEUD 190 Type UNTEUU A 0, 1,2, ... WD n=0,1, 2, ..

R(s) + E(s) K(s +z)(s +25) - C(s)‘

- s"(s +p(s+py) -

3UN 2.10 UHUAIN Unity feedback

Type 0 Type 1 Type 2
Steady-state Static error Static error Static error
Input error formula constant Error constant Error constant Error
1 1
Step, u(t - K, = Constant - K, & 0 K, = 0
P. (1) 11K, & Bx ‘O P
1 1
Ramp, tu(r) — Ky =10 o0 K, = Constant — Ky =06 0
K K,
1, 1 , e !
Parubolm;[‘u(l) a G 0 dK.=0 00 K, = Constant x
2 a a

g‘ﬂﬁ 2.11 ANNFURUTTEHNS Input, Steady state error Lig Type

27 wENNYRIRIAIUNN

4 Y A Y Y o A~
Q‘]Jﬂiiuﬂ]‘]JﬂiJilzgﬂ@@ﬂ!L‘]J']Jll’JLW’E)GlTTE‘TSNﬁ’il]uﬂﬁmﬂ?ﬂﬂuhlﬂﬂ’lﬂﬂuizﬂﬂ [SNIGRY]

o a . a 2 A Ao a . A g J =X
AUYIUAANAIA (Error signal) INAYU IUDNTYUIUHANAA (Error signal) Vlhlmﬂuﬁuﬂ FIDD

g o

A o

g & = A0 & SnyY 9 A A
Wuwariiowwninmsdsunlasimdwsodyarusuniun 18 vihhvesszuaiuguioe
WYIINAIVANAIYTVDI5Z VU (System variable) 1 HA1 Ind1Re9UAINADINIT (Desired
. = Y ~ @ [ Y o dy a 4 =l v  Jdaa
variable) ¥vo1vajUnihnvesdaarugunedauutllaneil Gyad nasisziugas, 2556)
« aamANNAANa1A a0 1UZAIAI (Minimize the steady state error)

< AAAIAANN (Minimize the settling time)
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A ] o ' . A o A o v
. Lwaalwwamuaueﬂuﬁmawmg (Trans1entresponse)uaﬂ‘lelﬂ‘lxﬁlm‘lflmﬁuﬂ'l?

] 9 o Y 1 a A 9 d‘ o 1 9 d' o " W 1 1
LBU @1mmsm“lwqumuumuawqw ATHUANUIAUVIN NUUAATDATITIUNITH U

(Damping ratio) HaZAINNNDFITNHA (Natural frequency)

2.8 @3n3unuuuUNlen (PID-controller)

281  FINILANIVUTATIU (P-controller)

[

o o 1 I v @
Gl?ﬂ?ﬂﬂﬂllﬂﬂﬁﬂﬁﬂu (P-controller) ﬁilluill'lmﬂ’)ﬂﬂhﬂglﬂuﬁﬂﬁﬁuiﬂﬂﬁﬁﬂﬂﬂ

]

[ a { A 1 1 LY Y a o [ o
1 illuﬂlu'lmﬂ’ﬂllN@]‘WﬁW]ﬁLﬂﬂiﬂﬂWaG]N5314’31\‘1?]1?(%1]%1]1&!@1\1@\1f‘l“]J?fiUilgﬂﬂ!LE]Wl‘V!W]J@ﬂi&Ll‘]J

g U ]
£

{ 9 @ v 1 A @
NA0INMIAIUAN AIAIUANLUTAT LI AVITAY0ITLUVAIVANAIT
A [ 1 ) < 2 [
« M3 Kp FI0aad Rise Time (t) v 1¥szuumaudvulusiasn
« M3LNY Kp B89 Steady State Error
A = = A A ° 9 ' T Ay
o 1DDIYANINMIINY Kp 924NN Overshoot (M,) 1M szuuundaluyraizuau

282 MIMUANUVVBUANTA (I-controller)

4
AIAIVANUDVBUNNTA (T-controller) 3z upgnUA luoAa liilouny

LTl

a o

v Y 1]
ArmuguuudadIudsrziuediumlagiu dniuguuuudninialdiedoinisan

' Aa @ @ <
mmmmwamiuﬁmazmm GllfllgLaﬂﬂﬂulﬁaﬂﬁﬂ']W“llﬂﬁﬁgﬂﬂﬂﬁ]gﬂﬂﬁ}@ﬂﬁﬁﬁlﬂﬂ N13AIUNY

a o

a I A v w @ @ a Aa o A
LﬁJ°]Jf’J'Ll1’1ﬂiﬁlﬂuﬂTiLWﬂJﬂuﬂUiﬁ}ﬂﬂﬁgﬂﬂ ﬂ’lﬂ')”].lf’]ill!,‘llll’ﬂuﬂﬂiﬁﬂ%ﬁﬂmﬁﬂﬂ@m@ﬂiZUU

E4
(%

=
AIUANAIL
« M3 Ki $19aaf1%3800 Steady State Error
) f ' . . o 9 s 2 9
« M3 Ki 9788AA1 Rise Time (t,) M1 1135z 00m N5 uantioy
A = = 2 : A o q ¥ ' v A g
o 118DI9ANTIMNILNN Ki 9213 Overshoot (M) MINszuuundalugisuay
% o d
2.8.3 INIVANUVUIYNWUS (D-controller)
o v J @ ! a
IAIVAUUVVIYWUT (D-controller) Av dasmMsfasunasesnnuianain
g‘/ (J v A [ -
MNNTZUVIUMITU AINIVAVIVVOYWUTILUA D ANTAVDIIZUUAILANAIL
o M3LNY Kd 32aA Overshoot (M,)
« M3N Kd 92801981419 (Settling time)
nsl¥danruquuuueyWussaududnIuauuuudadIu (S0

vy o a Aa o A v

“PD-controller” a1 uAuuUDFad 145 mAUBUNNTaiana1 “Pl-controller” ttaz i 1967

= 1

AuuuUDdadIuTwiudIauguuuUduinfauazdnruauuu oYU azidoni

v

(Z -4 1 A ' 1 o
“PID-controller” Tﬂﬂ@]?ﬂ?ﬂﬂullﬂﬂﬂuw‘L!‘ﬁi]3GH’JEJL‘WIIﬂ”lﬂ’J”I?JWU’NGLﬁ}ﬂ‘UiziJTJﬁﬁ}ﬂﬂﬂ”li

o Y = = 49! =) [ <3 T w o ~ @
CAIUAY ﬂﬂmwwmaﬂimwmmu VUSIAYINUISIHUNAYYIUDIANANDDNIINAD
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=

v J I @ a 4 @ a v o
'J‘]JﬂﬂJL!‘U‘UﬂkuﬁlﬂuﬁmﬂJ1il!WlﬂﬂﬂWﬂfﬂﬁ‘VHf)lélwuﬁﬂlﬂﬂﬁﬂ]uﬂ]uﬁl!ﬂ'ﬂuNﬂwa'lﬂ ANUHU

U o
Y

[ a @ o o 4 { 4
Tﬁﬂ]uQJU'lﬂlﬂ'JnJWﬂWa1ﬂuuﬁﬁmm1ﬂ!ﬂ1ﬁﬁﬂﬂ'}uu1ﬂ ﬁ'iUiUu1ﬂ!l@’lﬂmﬁﬁ@ﬂﬂu’m%ﬂﬁglﬁﬂu

eyl g

fl
Y
]
' v A ' o o a A ' 9 = v
ﬂflu"’UN3J1ﬂLum%mmﬂ%mﬂmﬂlmﬁﬂgﬂlﬂmuﬂTﬁLﬂaﬂuuﬂaﬂuﬂmﬂﬂuﬂﬂﬂmm KN %31/”111
(= = 4
53U1Jﬂ’JUﬂ1]m@Qli’]UliJ3J!ﬁﬂﬂjﬂ’lwllﬂ

AUMTVBIAINIVAVUVUTATIY AINIVANLULDUNNTAUAZAINIVAVUDY

Jd AAa

@ < @ a @ {
pynus niounailudyarunnuianaia naasldasannisf 2.6 uazmsudasan)ara

ﬁ1h1iﬂllﬁﬂﬁqﬁ)ﬁﬂﬁhﬂﬁﬁ 2.7
u(t)= Kp*e(t)+Ki*J.e(t)d(t)+Kd*@ (2.6)
K.
U(s)= (Kp +?'+S*de*E(S) (2.7)

< < ) o 4
Uaf]ﬂllﬂ@zllﬂiuﬂqﬁﬂjﬂﬂﬂﬂ'I]lllj:]if]‘ﬂﬁ'n’?i'UN@L@@ihlwvs‘hﬂiguﬁﬁi\nluu

wilanlddmuguuuuiled uaaslddagali 2.12

T.(s)

wq(s) 1 Wi (5)

s, + R,

ki

W (s)

A < 3 0w s
5‘]J°VI 2.12 ‘]Jai’)ﬂhlﬂi’)gllﬂiuﬂ”Iiﬂ’J‘]JﬂﬂJﬂTJ”I?JLi’Ji’E]‘]Jﬁ”IWSTJ?JE’Jm’f)i]l%lﬂWﬂiSLLﬁ@iﬂ

U

A A 9 o = =
suvntanldanuauuuuiiled
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an - BR=! .
29  35msUSumiiled (PID tuning method)
Y Y
TuanudseiinerveanuIzmsdsumiiled Taeld 2 33ms dese 'l
1. Manual tuning method
% J . Y o A a dy [ A
Tasmsnaasedlsua Kp, Ki iag Kd udrdunanansvauesinavy U5u 5 ee
o WAL ldNanoUaLIINADINT
o . I 4 [ 1 J 1
o f1ruald Kivay Kdilugud udanisdiuaunwig Kp nou aunitez'la
Y . A 9
HaRRUAUDIINAA Set point NABINS
A A 9 ' 9 Y . a9
o NAT Ki Nazdipgaunineg lananouauealndnn Set point NABINS
= 2 ] A ] = 9 [ 9
o MANAADUANDINNITUN-29 (Fluctuate) ADES 1NINA1 Kd Hazripsauniieg la
PR L Ay
nanoUaUea1naA1 Set point NABINTT
1 I an . A 3 ama 19 9
9619150171035 Manual tuning method giviiouiduaTNi1e uadesldiaas
2 Vo 7 ]
YuednulszaumsalveddoaniyL
9 .. . Y
2. g Response optimization a91151n5u MATLAB
TRg3UINMIMHUAVDLIVAVDINAADUAUDINABINTT 1AL Step time, Initial
9
value, Rise time, Settling time 1182 %Overshoot 91011141 15Un5 N 8AUIMMIAT Kp, Ki, Kd

Aag1li 2.13

Iij Block Parameters: Check Step Response Characteristics X
Check Step Response Characteristics
Assert that the input signal satisfies bounds specified by step response characteristics.

Bounds  Assertion

Include step response bound in assertion
ITNA

Step time (seconds): {0_ ' | E

Initial value: o i Finalvalue: :

Rise time (seconds): 0.5 i % Rise: :
Settling time (seconds): i % Settling: :
% Overshoot: 15 i % Undershoot: D :
Enable zero-crossing detection
Show Plot Show plot on block open Response Optimization...
9 Cancel Help Apply

] U 2.13 nihane Response optimization #18 MATLAB
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210 womes v

¢ ' { o { { o < o
voraos IhAeglnsainig Iihamihnasundsau i I dundsauna
o o a a J 1
AMuNIYNIURTUI T MAnedIu w. A, 2554 1 1dHemanunuIeveINoIani N Ao
o A o @ [ 4 I o o %
“nagUniainlFdmsundasndvnuglduldidundsauna Taenldinvenuieds
S o @ o I [ o 1 a
nagUnssindmsuunlamasnu Wi ndundinuna” vewes TWdhutsauriavesnis
Ténszua'liih1d 2 atia Ao
4 @ .
1. wowos hnszuaeaay (Alternating current Motor)
o
2. wowas Wihnszuaasa (Direct current Motor)
A 4 A Y AaAA a A < o Y 1
iosnnuemes ihnszuaasadidennomniuguussdanionnuisii lddaenii
o v a & o~ ' =~ vy < £y A
woMPINIZLAAAUDNNIGIiNanaUdUBInoM T Aounilas (Response) 1a3aa157 Metvall
Y
a o 14
nudveiivadenlduemes linszuaasanldlumsnaaes
a d d
2.10.1 aumsmendiamansvesuames lvlihinszuanss
4 a ] <
N%imamaﬁ”h\lﬁhﬂszuﬁmwummmaﬂmas (Permanent magnet DC motor)

aunsadowiuinsidsznonlddelaseasama ey Tnssadnena dag1d 2.14

51/ 2.14 Tnssadrama il Taseadamenaveswewmes Trlifnszuanss

[ @

& ¥ v ¢ o 2
G]f\‘]ﬁnﬂﬁﬂllﬂﬂiﬂﬁﬂﬁi'mﬁ'lﬁ‘:']Ul@ﬁ']il fllu YU AN a”lﬂu

Va Ao Armature voltage ATRERY

A . P! ]
R, D Armature resistance 118 2
L, D Armature inductance U129 H
i 9 Armature current 1120 A

O fi® Rotation speed 11170 rad/s
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J A® Moment of inertia 111118 kg.m2

e, A Back electromotive force voltage AR LAY

T, A9 Motor torque 111128 N.m

K, A Back electromotive force coefficient 11178 V.s/rad
K, Ao Torque coefficient 1M Nav/A

B D Coefficient of viscous friction 111178 N.m.s/rad

T f® External load disturbance 111178 N.m

el

aumane I azaumsmenavesuomes ldiinszuaass uaasla

AEUMITN 2.8-2.11

Va (t) = Ra*ia(t)-"l—a*%ﬁ'eb(t) (2.8)
e, (1) = K, *on (1) (2.9)
T (1) = K i, (1) (2.10)

1o dlen®)

= [FBrOn O TLO =Ty () 2.11)

nsudasartara (Laplace transform) aun15N 2.8-2.11 @105 0LaAd 18

SIAUMIH 2.12-2.15 UGS
V,(8) =R, *1,(s)+s*L,*1,(S)+E.(s) (2.12)
E,(S) = Ky *o,,(s) (2.13)

T,(8) = Ki*1,(s) (2.14)
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s*I*w,, (s)+B*w,(s)+ T, (s)=T,(s) (2.15)

Jd o 1 { @ o 4 1 < a
ﬂﬂﬂ%umﬂauﬂlmizUuﬁﬁmmﬁuwu‘ﬁizwawmmlmwwmms

useau Ilihuwn Ae

O (8) - K,
V,(s) (J*La)*82+(J*Ra+B*La)*s+(B*Ra+Kb*Kt)

(2.16)

Jd o U 1 o o o 1 o 1 a
1/1\1ﬂG]f‘Llﬂ?ﬂif’)lﬁl’ﬂx‘lig‘ﬂ'ﬂﬁﬁﬂ?'llJﬁ'ﬂJWu‘ﬁﬁ31/?’31\‘]&511!,!,141!\‘]&51)'\134%!,!,’@3

useau Irlihduwn Ao

O (s) _ Ky
Va(s)  ((I*Ly)*s® +(I*R, +B*L,)*s +(B*R, + K, *Ky) *s

(2.17)

< 3 o [ 4
‘]Jaf)ﬂllﬂ@gllﬂill (Block diagram) NITAIUANAIULIITOUAINIVNDLADT
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=

Tlihnszuaasauunaila uaasldaasin 2.15

U

T, (s)

I,(s) T, (s) @, (s)
,/+ N 1 K _"G_— 1 N
e/ R:z T Las ‘ / Js+ B

A 3 < o W 4 A
510 2.15 vden laezunsuvesmsauguaruisaseud mSunemes Wihnszuaasuuuluila
I~ d
211 1D IANT
< s w 2 7 v 3 o A
B UE0S A9 (Load cell) 1i Uz vU W3 Nu)aan1inmiinn1anaveaa 1ve
[ a [ 3 =Y [ { : .
(05, nlansw) TdhdudFuama i s, vy saaslugili 2.15 §elsznouaae Strain
~ I 1 v = ~ 1 =) o A %’ o o
gauge (U7 2.16) ifludinavy Faagaenfdsumnnusssannasuiiesniniminueiag

I 1 4 o 1 { . ' v .
Auamnnudumu i Worhannudiumui 18310 Strain gauge 1A0IT11 12995 Deflection
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X 1 o L o <] 1 o ¥ @
Bridge “TN@'I@L‘lsl}']ﬂﬂllﬁaﬂﬂ’]ﬂlli\iﬂ“ﬂigllﬁﬁiq (DC Voltage) NISHINITOVIAUDINWAVDIUINUN

Fagidlunldouwnlasiluawsedu i 18 Aomis amyuzwssal)

g1 2.16 ginsaluazszuy Tvanwad
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< Jd o A . A A 1 ~
IFULEDIIANIINIATYA (Strain gauges) N D Q‘]Jﬂiﬂﬁ/]MﬁaﬂﬂTiLﬂaﬂuﬂ’]ﬂ'ﬂMlﬂiﬂﬂ

! { o 4 ¥ o @ J ! .
(Strain) NlaeuuaslUswiiosniniminuesing aue1anan 14910 Strain gauges Ao

Aanudumuin/asunilas (Ohm) AnyuzUo4 Strain gauges tanalugili 2.17

- End Loops
Gria
Acive Alignm et
cicLagn | g e
t— End Loops
Backing and
Encapsulmion
. t—— Solder Tabs

317 2.17 an¥ALYOI Strain gauge

[ 0 < I v . @ {
NANMITINNUYDUFUIEDT IANINIATIA (Strain gauges) I01A8N51A8UF V04

9 o A A o = = S)dy I [ 1 [ A o
LAUDINDUIUDINIVINLIINUINTE NN Gmm‘i!,ﬂaﬂug‘ﬂ"lﬂu wudadIuAULTINUINTZH
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= A o 0 Y = = 9 1Y 9 =
"lNLLﬁ\11/]Nqﬂigﬂwntﬂvnalﬁaﬂﬂﬂﬂ@ﬂﬂﬂﬁﬂﬁﬂﬁl’]ﬁ1ﬂu gﬂl!ﬂusll@\uﬁuﬁjﬂllﬁﬂ\iﬁlugﬂﬂ 2.18
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P fin dudszAnEanudunivuesaledni
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A fin funmidaveadunia
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717 2.18 anvazveuduaIanog 1y Strain gauge

{ 1 4 { [ I
VInaums lugda 2.18 wuduiledualaiinislasundas liteziunaliiduaia
@ A A < = 1 1 9 o o Y] 1 /9 Y .
NAAIYIBEABBN NITUHAADAIAINAIUNIUYDIAIAAINT 479819151 528nA 151U Strain
. ,
gauge T Inaaesaauaaslugin 2.19
A A o o q ¥ 7o ~ ) Y = q 9
nngURdelusanaasi InFuwes IanUATEA (Strain gauges) MUVUILYNAI

A o Yy 1 9 é’ ' I Jd o ~ .
gadeanimliiainnuaiunulddhunty drudusesianiuasen (Strain gauges)

Y ' = 9 ) PR Y
muaNi]zgﬂ1J1Jlewémmﬂwnmﬂ’Jmmumu"lvdﬁm@m

(+) T
Strain gauge #1 FORCE p .

Strain gauge #2

Strain gauge #1

Strain gauge #2
() )
Bridge balanced Bridge unbalanced

511 2.19 mahudues ianuAon (Strain gauges) liszgnd 191U Tnaawad
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Mu-Tian (8¢ Pin-Hsum Huang (2004) Wﬁuﬁuasz‘umammmmﬁwmmmmmﬂﬂ
9 o 4 . 4 @ ] o 4 a 4
(Closed-loop control) ?ﬂ‘l’ii‘mﬂ%’ﬂﬂ Wire-EDM Lﬁ@‘ﬂiﬂ‘ﬂ?Qﬂ’)']mmuméllﬂ\ilﬂ%ﬂﬂ Tagaznsiew
o 4
HageonuUY lNAaLUUNAIA (dynamic models) maqqﬂﬂimmuqmmiﬂaummmz'isz
=< 9 a 9 v =\ @
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GU’ENFI’JTZJ“],MIJJ‘L!EJ'I1uﬂ13@]ﬂ%uﬂ1ull’d$£ﬁiﬂﬂ’mqﬂﬂim“]ﬁﬂﬂﬁﬁu (Absorber) Hunodlsan
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d @ o < 1 = a @ 1
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53‘]J°]Jﬂ’3‘]Jﬂ3J’NL“]Jﬂ (Open-loop control) Llﬁﬂﬂllﬁﬂﬂiﬁlﬂu31ﬂ31hWﬂWﬁWﬂﬂJﬂ\iL’guiﬂﬂﬂﬂﬁ

@

' - H] 3 S0 ad Y,
ﬂ’laﬂa\iﬂigﬂ’lm 50% Llagﬂj’]lﬂjﬂu@ﬁ\iﬁ’]lllnzl')@qsll@\iﬁuq']uﬂ Q@ﬁu%ﬂﬂjﬂ Llwuﬂ']Wﬂa]lﬂ

aaaasluglin 2.20
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" Dynamic Absorber
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!
Wirc Recel
Electromagnetic Load Cell

Brake

319 2.20 na'lnszuuAIVRUAILA VDI IANULITIA (Closed-loop control)

M5 VIR0 wire-EDM

Baoji Ma 1482 Sun Dong (2010) T 1au0ms w1 us1a8990953 UUAIUANLTIA
Tunszurumsdrndulondniwaune 1 1dnnuuiudingalunisdiudadinsadis

o a P ¢ 1 2 ¥ Agy = )
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Ltiﬂﬂﬂllﬁﬂﬂugﬂﬂ 2.21

Dancer roll

Load cel |

A = 9 Y] Y o
g‘ﬂ‘ﬂ 2.21 LLN‘L!ﬂW‘I‘lJ’fNi$‘]J‘]Jﬂ’J‘UﬂML!Nﬂ\ﬂuﬂ33‘]_]ﬂ‘l‘lﬂﬁiﬂu&ﬁuﬂlt’lllﬂﬁu'ﬂlﬁﬂ
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Zhengkang Xie etal. (2016) 1a39881nsaisrsianszanuaninusnudarouyy

Q Y

Y
a A

(Fracture reduction device for distal radius) 338521 191nsaifiaiifugunsalfudanlna
Hunumeingounngiianizan (Reduction) filae Jduilsznou fie 31u (Base), gilnsal
aamﬁﬂmmuwyumm%ﬁa (Calibration device for wrist rotation axis), §1H’JN‘]JEHEJLLGUU@:
(Double forearm supporting device), d19udavonon (Elbow fixation device), 137 VIR UYL
(Upper arm fixation device), 319150331 2 52U (Double-plane curved guiderail), na lng afiiile
(Traction mechanism of thumb) LA N A 1naa ﬁI’J gniiu ‘LQ;}’J Wauile (Traction mechanism of
fingers except thumb) DINHANIINAABIE BN AT iwndiTisanuderainsnlint oeiiot
lums fanszaniinaniinusnalatsnvu (Distal radius fracture reduction) vosgilae 10619
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ATNITTIULADT ‘l/lﬁ]"llﬂu(hllﬂqﬁi]ﬂﬂﬁgﬁ]ﬂ (Fracture reduction) (YU YUIALLI HU T I1WI0IAAN
v a v X9 oo X g9 /9 ¥ 4 v oA
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Traction mechanism

of thumb Force sensor

Force sensor Upper arm

fixation device
Finger trap

Upper limb
Traction

mechanism of
fingers except
thumb

Calibration
device for
wrist

Force sensor rotation axis

Elbow fixation
Weinberger device
hand traction
device Double
forearm
supporting
device

Double-plane
curved guide

rail Base
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31 2.22 na'lngilnseisieianszgnuantinusna)ateman

(Fracture reduction device for distal radius)
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Haixiang Huang et al. (2020) l@snauen13eoniunuaz 1051e 13z UUAILANLIIAY
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a13197 3.1 mavinmsifudeyasenausedsiuuseiullifunde

dhniinTiean usaaulnlih (v) wsasadlrlyiunae 13909
in3ea¥a (kg), W afaii1 | afaiiz | a¥efi3 V) (N) = W*9.81

2.0 2.27 2.26 2.24 2.26 19.6

2.5 2.45 2.46 2.44 2.45 24.5

3.0 2.61 2.66 2.63 2.63 29.4

35 2.84 2.86 2.86 2.85 343

4.0 3.02 3.10 2.94 3.02 39.2

4.5 3.17 3.32 3.11 3.20 44.1

5.0 3.28 3.42 3.26 3.32 49.1

5.5 3.44 3.50 347 347 54.0

6.0 3.67 3.71 3.66 3.68 58.9

6.5 3.74 3.80 3.76 3.77 63.8

7.0 3.95 4.16 3.94 4.02 68.7

7.5 4.12 4.27 4.09 4.16 73.6

8.0 4.33 443 4.32 4.36 78.5

8.5 4.51 4.66 4.50 4.56 83.4

9.0 4.69 4.67 4.68 4.68 88.3
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3.8 5$14!@namslmﬁummuﬂs‘lmmumam%un

1. % System identification tool Tuldsunsu MATLAB
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2. szymansuuuaetaTaeldaunisi 3.2 @aiudall 1 zeros uazdi 4 poles
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3. wamsszymaautlsnunaumsdan idinianugndeuiiedudeyainiudin 13

(Wadof 3.4.1) 0g 96.86% Aaanaluaunsi 3.3

0.145s+0.004385 (3.3)
s* +0.8737s°+ 0.9091s+ 0.1494s+ 0.004385

o { d 1% . {
WIAUNIN 3.3 WIMINWIUYDI P controller AIULHUANTN Block diagram 11319 3.8
v & o . o ! A o . . S J
Tuvazi@erduniiiauni1sn 3.3 11911 Simulation 142111WA91NN1T Simulation WHU1TE YA
AulsiNenIA a, a,, a,, a, 1AL a;, 1UaNN5N 3.4 Tae 1Y Parameter estimation A28 151A5Y
A [ o 4 1 =3 a 1 Y] A [l
MATLAB I1W0H1AUTUWUT 5131915979039 (F,) sousaau Wi (v) A laisau 1
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controller 118491092 @03090 PI controller Mxuz an ludunouae 11
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F (s) _ a,
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M13197 3.2 waanmyszymaas luaunsin 3.4

daydnualimls M
a, =k ka, 2.6578
a,=L] 1
a,=RJ+Lpb, 0.7571
a,=Rb, +Lkk, 0.8698
a, = Rk k, + k kk, 0.0086

3.9 aammuéfumuquﬁ"la (PI controller)
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[
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9 =KX 9 A
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2. WANIINATOUILUUAIUANANNITIUNIU TAeNIN15TUNIUAIENITTUTON
A A A = Y & ' 3 Sy o
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4.3 ﬂﬂﬂﬂﬂﬁ%ﬂﬂﬂmﬂu‘ﬁﬁmﬁvmu
43.1  szuuauamuuulSudInum
1. euluisudu (nitial condition) Yszana 10 a6y
2. Glﬂ?’ﬁummmm‘iy’uﬁullﬂ (Step input) 50-80 AU Wiy unayanasseay
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(IR} H g’z A § 3 1 A
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Identification and Control of Counter-traction Mechanism to
Finger Traps for Fracture Reduction

N Prasoetkarn', N Numanoy', S Saengsri' and J Srisertpol'

! School of Mechanical Engineering, Institute of Engineering, Suranaree University of
Technology, Nakhon Ratchasima 30000, Thailand

E-mail: jiraphon@sut.ac.th

Abstract. Finger traps are a valuable tool that can be maintained the traction. The devices
stretch the thumb and other four fingers separately in order to achieve better reduction effect.
These are applied individually to the fingers and the limb is suspended, with gravity providing
counter-traction to disimpact the fracture by traction. However, personal gravity can’t be used
to maintain the appropriate tension. This paper proposed an experimental study on the tension
of counter-traction mechanism to finger traps for fracture reduction. This mechanism is
particularly useful to help for the patients. Transfer function estimation from experimental data
can improve the overall identification performance and the parameter. The feedback control
system design for compensating tension that loses from disturbance tension consisted of the
controller as PI controller and actuator as DC motor with counter-traction mechanism.
Experimental results were demonstrated the efficiency of the proposed system to maintain the
appropriatc tension.

1. Introduction

Recent decades, surgical approaches such as open reduction and internal fixation have been increasing
use. Complications such as tendon afflictions and further surgery can arise from surgical intervention.
Therefore, closed reduction and cast immobilization remains an important treatment option in a
majority of cases. A very commonly used method of closed reduction is manual traction. An assistant
provides counter-traction while the operator provides traction and manipulates the bone fragments into
position. Even though it has been the most commonly used method for at least the better part of a
century, the evidence of its effectiveness is ambiguous [1]. Another method is mechanical reduction
by finger-trap traction [2] which dispenses with the need for an assistant as the forearm is suspended
by finger-traps in the radial fingers. The traction mechanism stretches the thumb and other four fingers
separately in order to achieve better reduction effect [3]. Counter-traction is provided by weights
suspended on the arm ncar the elbow joint with gravity as shown in Figure 1. This restores the
longitudinal axis without further actions, and the operator can then apply manual dorsal pressure to the
fragments, if necessary, to restore the volar tilt of the wrist [4]. Closed reduction by finger-trap
traction seems to offer better correction of radial shortening. However, the optimal weight to relate
with tension of closed reduction remains to be determined.
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1

Figure 1. Finger-trap traction

This paper proposed an experimental study on the tension of counter-traction mechanism to finger
traps for fracture reduction. This mechanism is particularly useful if there is no assistant available.
Simplistic transfer function, to improve the overall identification performance, the parameters and
mechanism were first estimated using a DC motor signal. The PI controller with the DC motor control
has been design based on the concept of feedback control system for compensating tension load that
loses from disturbance tension.

2. System modelling

The objective is to model the interaction between the counter-traction mechanisms with tensions of
DC motor control. Although the counter-traction mechanism that controls the positions and torques of
mechanism in follow the tensions generated by controller. In general, the drive system contains two
major parts. The first one is the electronic control system, actuator, controller, and load cell. The
second one is the mechanical system such as the motor, lead screw, spring, and tension connector, etc.
The control system with feedback is a closed-loop system as shown in Figure 2.

i sirec X;
o PI P loe | [\nesa | * [Femie| F

controller ~| Motor | screw " |eonnector

Figure 2. The diagram of counter-traction mechanism

2.1. Counter-traction mechanism

The motor models have been proposed for system identification and controller design [5]. The motor
torque is transmitted to the lead screw with tension connector that has a damping coefficient of rotary
motion (B) and angular displacement (&)
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2
d-e deé
T:J—2+B—+TL [€))
dr dt
where Jis the total inertia of coupling, motor shaft, tension connector and lead screw.
The torque, which is used to move the tension connector, is generated by applying input voltage (V) to
the amplifier which has a torque constant (K}), such as

V:Lﬁ+iR+Ki,ﬁ (2)
dit dt

T=K,i (3)
The current (i) is fed to control the DC motor, where L, R and K. are inductance, resistance, and back

electromotive force constant of DC motor, respectively. The tension load (F) from wire tension at nut
of lead screw is transmitted as the axial load torque (77) as

T, =F®r 4)
Where ® denote the cross product operation is perpendicular. The total axial displacement of the

tension connector is contributed by the axial movement of the lead screw reflected at the nut (X;) and
the angular displacement (@) of the lead screw translated as the axial displacement [6].

F=K X, =K. (5)
where K is tension gain of spring, and the transmission ratio is r = p/2n with pitch length (p).

Taking Laplace transform of equations (1) through (5), the transfer function between the tension load
(F) and input voltage (V) can be expressed as

o K K
Vo JLsS +(BL+ JR)s® + (F*LK, + BR+K,K,)s + r°RK,

(©6)

The mathematical model in equation (6) is the theoretical analysis of dynamic phenomena of the
counter-traction mechanism. The parameters of the model aren't an unknown and uncertain values.

2.2. System identification

Methods of system identification, parameter estimation and optimization applied to problems of
modelling and control. The counter-traction mechanism is the closed-loop control process [5]. The
mathematical model can be estimated from experimental data. In this, the most popular method for
curve-fitting is described. Collection data base on time domain, the desired tension was constant at 3
N, an initial condition. The input signal was generated the desired reference a force between 50 to 80
N and each of the step was changed 10 N with 400 seconds.

0 i -
—— Desired tension &
—— Desired tension
Measured Mo
80 — Simulated easu
l el %1 === Simulated
3 80—
L} i
Lo o |
300 i ” i
H
4 b o T
0 200 10600 1500 2000 2500 12000 12500 13000 1350 1400 1450 1500 1550 1600
Time (s) Time (s)
Figure 3. The performance of identification and Figure 4. Comparative convergence of the

measurement response at 80 N




54

Thus, the approximated parameters from identifications as shown in table 1, and rearrangement are
given by
F by
v a3, 2. . M
Vo s +ays” +as+ap

Table 1. Parameters of counter-traction mechanism

Symbols Values
by = rK:K,/JL 2.6
ao= (BL+JRY/IL 4.4e-3
a = (PLKA+BR+K,K)/JL 9.6e-1

a2 = rRK,/JL 9.7e-1

The responses that behaviors of the system identification to simulate (solid line), measurement (gray
line), and desired tension (dashed line) were shown in figures 3 and 4. In the extended scale in a point
of tension at 80 N, the behavior transients of the convergence comparisons can be expressed the
response as shown in figure 4. The phenomenal response reveals the rise time of 8 seconds, the settling
time of 9 seconds (steady state of 2%) and the overshoot of 1.5%.

3. Experimental and simulation results

In this section, to test effectiveness of the proposed control method, simulations and experiments were
carried out on the counter-traction mechanism on tensions of DC motor for position control with PI
controller as shown in figure 5. To realize the proposed digital control system using a digital signal
processor (DSP), the DSP-board manufactured by Maneesoon Group Company Limited (MNS) was
utilized. Control algorithms were programmed in the MATLAB and Simulink environment and were
then compiled and loaded to the DSP-board. The sampling frequency was 1 kHz. At each sample time,
four successive 12-bit A/D conversions of each signal were taken. Moreover, there were interface
circuits for command and data communication between the computer and the development module. In
addition, the corresponding tension load was measured via load cell sensor. The input range of each
channel was from 0 to 5 volts.

Figure 5. The counter-traction mechanism, (1) tension connector, (2) lead screw,
(3) DC motor, (4) spring, and (5) load cell sensor
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3.1. Performance of desired input tracking
In the response optimization of PI controller, the maximum overshoots by 2% in the step response.
The rise time and settling time are less than 15 (80%) and 20 (2%) seconds. The controller parameters
are optimized to be P = 0.1219 and I = 7.8097e-04.

For comparison purpose, a display the response impulsive reference using input tracking based on
optimal controller, shown in figures 6 and 7. These results strongly suggest the optimal controller that
were capable reducible the effect of the overshoot and steady-state error.

%0 : 52
Desired tension — Desired tension
" Measured Measurcd
- Sinmulated :
} i 81 Simulated
! |
g J i £ 80 RS-
2 H 7
50 — 2 5
b i 79|
= {
i i
| |
40! . ; . 784 . .
0 500 106 1500 2000 2300 1200 1230 1300 1330 1400 1450 13500 1550 1600
Time (s) Time (s)
Figure 6. The tracking performance of optimal Figure 7. Comparative convergence of the
PI controller response at 80 N with optimal PI controller

3.2. Robust disturbance

In the final test, the experimental result with a disturbance response was studied with the response
effect to the dynamics of the system when there is a change of the external force interference.
Applying traction to fracture reduction requires constant tension. For disturbance testing, changing the
position of tension connector upward or downward one step will change the tension increase or
decrease with magnitude of 8 N. There are two types of controller's working conditions.

an ' 90 ' '
i — Desired tension = — Dasired tengion
i weeme Measurod <o Measured
B0
&5
27 z
g 3 80
g g 80
E 60 &
1
75 -
50 i
f !
i
40 N B K 0! ' 0 ' ~ ' D
0 500 oo 1500 2000 2500 1200 1250 1300 1350 100 1430 1500 1350 1600
Time () Tine (s)
Figure 8. The responding of immediate self- Figure 9. The transient response of immediate
adjustment self-adjustment at 80 N

3.2.1 Immediate self-adjustment. The disturbance of response is a function with a peak amplitude
from the set point. This is considered the robust external interference that occurred. When the system
was disturbed, the output tension changed from desired tension that controller could be adjusted
tension by itself. Figures 8 and 9 show the response of the optimal PI controller with the disturbance.
At steady state 80 N, the system was disturbed by increasing 8 N at time of 1300 sec. The maximum
tension is 88 N. After that the system can be recovered to steady state with the settling time of 10
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seconds (2%). The controllers are suddenly robust to external disturbance, but the response occurred
the overshoot more than 10%

3.2.2 Conditional self-adjustment. The actual application, the disturbances from the tension can be
predicted the boundary. So, the system was disturbed with 8 N, then an increase or decrease
disturbance occurred the boundary at £5% of the references. The controllers are suddenly robust to
external disturbance over +5% of the references and aren't adjusted the tension under boundary as
shown in figures 10 and 11, respectively. The controllers are suddenly robust to external disturbance
in the boundary conditions.
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1] S00 1000 1500 2000 2500 J%(IU 1230 1300 [330 1400 1430 1300 L5350 1600
Time {8} Time (s)
Figure 10. The responding of conditional self- Figure 11. The transient response of conditional
adjustment self-adjustment

4. Conclusions

The analytical and experimental results of counter-traction mechanism demonstrate the effectiveness
of identification and control of wire tension in a closed loop system. In the beginning, prescribed the
PI controller for the system are applied to maintain position with relative the tension load. Transfer
function of estimation explained, the phenomenon between tension and controller was designed by
using an optimal PI controller. The results of a comparative study between an immediate and
conditional self-adjustment for the counter-traction mechanism were discussed in terms of transient
responses and steady state responses. The feedback system can be maintained the tension with
compensation that loses from disturbance in specific range of 50-80 N.

5. References

[1]  Charnley J 1961 The closed treatment of common fractures (New York: John Charnley) p 128

[2]  Holkenborg I, Napel S -J T and Kolkman K 2013 Annals of Emergency Medicine 62 4 S66

[3]  Del Pinal F 2011 American Society for Surgery of the Hand 36 10 1694

[4] Xie Z, Liang B, Wang X and Tian M 2016 Proc. 23rd Int. Conf. on Mechatronics and Machine
vision in Practice (Nanjing) (New Jersey: IEEE)

[5] Khajorntraidet C, Srisertpol J and Prattanarak C 2013 Advanced Science Letter 19 8 2139

[6] LinCY and Lee C H 2017 Applied science 78 776

Acknowledgments
The authors are greatly indebted to Suranaree University of Technology (SUT) and the Maneesoon
Group Company Limited (MNS), for their generous support and their valuable comments.




A Y A
sz InEveu

v
v A a [T

Weaigal UszidSgms adlodui 2 Tguieu W.el. 2536 &1 19HAAUATIIFTNN

9 q

a o

°o < [ % [ o 1% [
duiamsAmszaulsouAny191n 1595 8UTNI1¥INGT SUNOINIT Y TINTAUATIIFTN
0 @ = o w A a 4 a
Tudlmsfinm 2554 nazdusansAnuiszaulSyanesnndnindadmnssumeaas a1v1390
a [ [ o o [
maTuTladssal wianendema TuTaggsuts TuilmsAny 2558 vasnndusamsanyiseay
= [y [ = o v Aa a 4 a
Ysganes fideuldiniunsanuszaulsyan Inludninimdainssumans dr1v1390
AMINTTATOINAUAZTZUVNTZUIUMS WK Inerdoma TuTadgsuts Tuilnsdnyi 2559
' { ] I~ < a = a <3|
Tusznneddnyieg 1at Temailudaousiedyudeununiainssy 1 iiluszezna 37 uaz
twauiuaueuIve lussduuIMIIATIUIY 11599 A9 “Identification and Control of

Counter-traction Mechanism to Finger Traps for Fracture Reduction”



	Cover
	Approved
	Abstract
	Acknowledgement
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Reference
	Appendix
	Biography

