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## 5270287921 : MAJOR MECHANICAL ENGINEERING

KEYWORDS : SPINAL TRACTION/ FORCE CONTROL/DATA BASE
NUTTAPHON SARIPHUN : COMPUTER BASED CONTROL AND OPERATION OF A
SPINAL TRACTION UNIT. ADVISOR : PROF. VIBOON SANGVERAPHUNSIRI,

Ph.D., 109 pp.

This research work is to present the development of a computer based control of a spinal
traction unit develop at the Regional Center of Robotics Technology. The safety unit and the
traction force control are improved over the previous development. An user friendly operation
program with patients database is developed to help to operate the traction unit and to manage
patients past records of treatment. The more robust controller for position and force control is
consisted of two loops. The inner loop is based on the state variable feedback control while the
outer loop with responsible for the traction force control which is based on an integral action. The
operation program can be easily chosen the type of traction and easily adjusted the magnitude of
the traction force. The treatment information is automatic updated the patient treatment record.
The scope of this research work is to develop a more advanced controller and a user friendly

operation program ready for any commercially spinal traction unit.

Department : ___Mechanical Engineering

Field of Study : _ Mechanical Engineering _Advisor’s Signature
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Digital Computer
____________________ : IW(O
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I
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| I Connecting to Digital Devices
I
I
I
I
I
I

Digital I/O < »
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Sensor <

I v(t)
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e*(kT) A9 tyﬂymwﬂwmmﬂ%mﬂ e*(kT)- y*(kT) 1150 UV IUANNUAANAIATIRNY
(indicated error)
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A o ~ '3 v . ..
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A 4 [ < I~ o aa ..
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converter)

o aa I [ <
D/A #o gUnsalndasdygrudinea lihiudyyiseuraon (digital-to-analog

converter)



27

d Al
3.3.2 gunsaimalvlihildmauau
o a d o [ a 4 9 a 4

ginsalmeluasuiiuges dimsumelunsununesizilizneudlsnouninesiay

] o < I an .. [ aa [~
urusulasdyaaueuiaoniuavnea (analog-to-digital) Hazuilasdyarunvasanlu

< .. 091’ v o Y (% A v

a8 (digital-to-analog) TINNIATY (Counter) Tasld19935u1lasdyaa 8%o Sensoray 11

o o o Y 1 o a 0 Y o
msudasdyaiv 1esuasdyarasiivindsdygyivan ldsunsunouniaes 1NNy

Y

gunsalvenedayana i (Amplifier) noudenszua i idsuemesaely dnsisdesy

@ Y I 9
ﬂ]uﬂlu']mﬂ']ﬂlﬂl‘liﬂﬂlﬂﬂiaﬂﬂjﬂ

JU7 3.15 uruavsu)aadayaas Sensoray [3]

= [ [

gilnsalmeusnaouiianes lumsaiuguiniesnnszendunasldiimsadiandes
o A Y 1 o a v 1 9Yq Y 1
arugumsninune 7 e lidiedenisiinunazinannulasaisaod 14 Taonaos
auguuaasnagli 3.16 Taedszneulidae
e yiloualad (Power supply) vimnutladliihaszuaadunn 220 Toad 19
A =~ 4 1< 1 o
ManLied 60 1iaa taziuumaandsnuuessuy
o insalutlasnszua il Rectifier) ivihiudlas lwihnszuaady 60 Thad
nnnteuas Idlu Wihnssuansa
o ginsaiverodaana Il (Amplifier) $iihveedyana lvihddannn

Dyl 0 o

a s (A Y Y d? Yo 1 [ J
aouanesnisunaeslnniu Taoldsuuvamasaunnglnsainlas
aszua T

o unaavsninaneln Mdusainaelnfosnainaouiimes oo uaoiy

o4
gUnsalou



28
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T (s) = Ju(s)s + Bus) (4.7)
V(s)=K,L(s) (4.8)

9
Yo A

nnawms 4.7 awnsodagy laasi

w(s) 1

= (4.9)
TP NISKB
UNUANNS 4.6 1Az 4.8 asludums 4.9 laaail
o) KX (4.10)
V(s) Js+ B '
MINANMS 4.10 ansoWouliodlugimsviaBayn (Angular displacement)
K /K
o) __K /K, (4.11)

V(s) s(]s + B)
o 4 = < < P
531]1]Waﬁ']ﬁﬂiiﬂﬂﬁjll"ll@\‘]u@lﬂﬂﬁﬂigllﬁﬁﬁ\i AT VEUY UUNUNINUADN llﬂﬂ\i

waaalugin 4.3

V(s) | T 0
N K ) 1 ’ 1
K, Js+B s

A 3 7
zﬂ‘ﬂ 4.3 LHUNNUADNUDINBDIADITNITSLERNT

—>

\ 4
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4.2 Wﬂﬂ]ﬁﬂgmﬂﬁﬂﬁﬂﬂﬂ!ﬂﬁ1ﬁﬂ

nalnmsaesideninuemes esdiuiu 3 drlumsdaidelaomosn 1 fuileq

[ [

o 4 1 1 A o A o w [ A
UMAIINVOINDS 1AsATI dIR 1WA IN 2 Lag 3 auanl ﬂdllﬁﬂﬂiugﬂ‘ﬂ 4.4

311 4.4 szvuilosdahay

1IN9IUAVINITRINUU VLA AU UAToIAINTEAndUra [3] M ld laaunis

v o J 1 A v A
ANUFUNUTIZHUND9 3 A7 Ao

= J W, = Bk (4.12)
Tauil

Jo=d, 4+ 1) (n,) (4.13)

B =B, +B,n) (4.14)

J, Ao Equivalent moment of inertia
B, Ao Equivalent damping

2 .
n  f9 gear ratio

A I A

He9NNOMBSNTZUUIWOINA
L=""=n (4.15)
T 1

I&aunssanslu

(4.16)
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11713 Laplace Transform

w(s) L (4.17)

= = n Y A
memmammauim"lﬂ 19

Os) 1 (4.18)
Tnn  s(Js+B)

£ = I <3 XY ~
“])'foﬁlll'ﬁﬂlfllﬂulﬂuuWUﬂ’]W‘Uﬁﬂﬂl‘lﬂﬂqzﬂﬂ 4.5

T, 1) 0
nan 1

J.S+B, s

|

—»

~ <] A = @ @
Eﬂﬂ 4.5 llWUﬂ1WUﬁ@ﬂBUENﬂallﬂlﬂja\iﬂ\jﬂigﬂﬂﬁUWaq

J 4 U v
4.3 waﬂmmi’ammm%aﬁangnauﬂm

fmniaﬁmamﬁ@45611amamaﬁmzwamaﬁ{mmﬂa”lﬂdqﬁwﬁamg%umuﬁu”lﬁ' N

J1 4.6

V(s) I T 0
i nan ¢ 1
K

Ki= Js+B, | | s

A 4

A < A =2 o [
g‘ﬂ“l/l 4.6 HHUNNUADNTINVDUATOIAINTEANTUN AN

§ I 3
Fagunsaowduaumsianldilu

ois)  mn, (K /K)

= - 4.19
V(s) s (Js + B) (4.19)

uilag Laplace Transform Ny

. K
b= —[5]9 + [M % (4.20)
J a
A K KB |.
130 V= . +|——10 (4.21)
nn K, n,n K.J
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amnsndioulioglugl State-Space 1a

410 0 1 0 0
J K

a

uel939917131 TN T IVAIAIVDITLVY 151399 0991N1TINAADUNDHIAIVBITL U

nazINauMINdn 4.19 enunsadagilaumsluila fe

o(s) _ mn, (K, /K B)

V6l 3[[/B)s +1] .
fvuald
K, =nn, (K /KB (4.24)
%= J/B (4.25)
unuadlluaums 4.24 uaz 4.25 Tluanms 4.23 18
gl % (4.26)

V(s) = S(Tms + 1)
4.4 ﬂ]iﬂﬂﬁf’]\‘]ﬁ1!!1]‘1]%01@93Wﬂﬁ1ﬁﬂ§dmﬂﬁu®!ﬂﬂ'§
MINAUNTTEUA I3 01521MAT Transfer function 1@ Taensnaasuivet 5w
AT 1TIRB T VeITEUY 19U 7 uaz K Tasninaaes Fufus vz deamianuduiug

5enIN O(t) wag V(t) Taeiin1snaasediedin1snduaguuuy Feedback Control 1agldda

I [ [ {
AUANI UV Proportional Control A4AAIAIF1N 4.7

4 Ky 6

—>O—> « >  s(tps+1)

A

A
v

gﬂﬁ 4.7 MIAIUAULLUL Proportional Control
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NI DVEUETUNT Transfer function VDI3ZUL Feedback Control ©19du521' ¢4
~
qUNIN 4.27
0(5) K1K

V() s(rs+1)+ KK (4.2)

A < I o
NAUNITN "Ut’i)\‘l'iZﬂ’J‘]JﬂiJ Lﬂuﬁﬂﬂ“b'uiﬂﬁiﬂWu"Uf]\i'ﬁZU‘UﬂWﬁﬁﬂﬂﬁuﬂﬁﬂl@ﬂ‘i%‘ﬂﬂ 2nd
k4

v o o 1 a 4 o
order system ﬂQM‘H%QﬁWlI"Iiﬂﬂ"Ii!f.]ﬂ!ﬂ"l‘l/\ﬂi"lllmﬂi"lli’)ﬁixﬂﬂhlﬁl Taglumsaruaam
1 a Yq ¥ _ aa A o 4 . o
mwwmmaﬁw% 2 3% A9 AUININ 101103 PAGIGA (Maximum Overshot) L ATUIUIN

ANUDFTTUTIA (Damped natural frequency)

a o

£ o < @ J QSJ’ o '
Falumsnaaesdyauduwadudyauilanduau (Step response) laafiriuaa

o Q

a Y 1 [
dunm flo 10 150U naz g K a1eq nuoen i

o [ 1 dyd (%} 1 4 o 9
Iﬂﬂ@?ﬂﬂWﬂﬁﬂqﬂulﬂuﬂ?ﬁllﬁﬂ\‘]@]?@ﬂ'l\iﬂ?iﬁ']ﬁl]”IﬂTTINﬁﬁ?ﬁ@liﬂ]@ﬂﬂﬂm@ﬁiﬂﬂﬂl“ﬁ

Y
% LY U

a d o = 1 1" o
aaadunailanFuTu (Step response) 10 131A8U azA1 K 1M1 0.2
as I o J . 9
A5usn umsmuiuen Tenes PAGIGA (Maximum Overshot) Taganinsdszum
1 a J a
ATNITTIURABTUBITSUUITNNITNAADN ulff?], Maximum overshot 1.839 U1 L@ Setting 0.175

a S o d'
i daeraslugilin 4.8

bl

Amplitude (radian)

l | | I f L L 1
500 1000 1830 2000 2500 3000 3500 4000 4500 5000
Time (millisecond)

d' \ o4
5UN 4.8 HanOUAUBIVOITZTUY K 110U 0.2

U



Y
Mmmssamuanmaane 11l

M — Step
PO = = 0.8390
Step
t =0.175
e ™
PO = = 0.8390
1-¢

(1n(0.8390))2
¢ = — 0.0558
4 (1n(0.8390))

w =2 =T _ 17952
T 04T
R ——
J1—¢  N1-0.0558
S ! — 0.4985

" 28w 2x0.0558 X 17.98

Wb 0.4985x (17.98)
K — m n —

1 = 805.7437
K 0.2

£ o Y Y [ dy
GIN‘i/lﬂWﬁﬂﬂﬁllmiaﬁlﬂmmu
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(4.28)

(4.29)
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A, { I~ o o { a
Na9 1 JUMITAIUINN AUININANUDTTIUSIA (Damped natural frequency)
1 a J a
Tasdeam 3l IzanumImIsumes ¥993zuUNMINAADY 1d Maximum overshot 1.839 U1

1ag Setting 0.175 111N

Y
Mmmsmamuaumaaane 11l

Period = PeakTime2 — Peaktimel = 0.3510

27 2T

w, = — = =17.9008
Period  0.3510

17.9008

. B — 17.9287
J1-¢  V1-00558

w

1 1
T =

- — 0.4999
" 2w 2x0.0558 X 17.9287

2
7w’ 0.4999 x (17.9287)

K1 ——m n — = 803.4481
K 0.2
Fainlis | @aumaoenmndad
0(s)  803.4481 @30
V(s) s(0.4999s +1)
0(s) _ 1607 @31
V(s) §* + 2s

Y

A gy do @ @ o o ax Y o )
!.ll@hlﬂ'V]i’luu/\lﬂi‘WQ%Uﬂﬂ’]ﬂﬂ'ﬁﬂ’]ugmﬂ\‘]ﬁﬂQTﬁllaj u11/li1uLW€Ji1/\|QG]fuﬂ NNFDINN

< 1 @ { o @ {
waean M wnUNaneUaUDWoITEUDANAad 1A i Iansuaasdegdi 4.9
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Step Response

Peak Time
Period H
Experiment

yvvyEemee

1.5 2 25 3 35 4 45 5
Time (sec)

d' =) = 1 1w
gﬂ“l/l 4.9 nsmllssumeunanouaueIn K 11 0.20

qaz‘ o A a A o o ' 1 A A Y A
NnuIIMInaaounanon laemmslsua K Taea1 K itdenly Ao 1.5,2.5,3.0,

3.5,4.0,4.5,5.0,5.5 182 6.0 MUY HAN1INAAINLNM K Ngeiganiildminmans

U

1 o a0 Y A [ A 1 Y (% d'
naaesuazmMIINMIAIUInia lnameny fe A1 K Ny 0.50 muaﬂﬂugﬂm 4.10

Ampliude

20

18

16

14

12

10

Step Responze

T T T T T T T T T
Peak Time
Period
Experiment

05 1 15 2 245 3 35 4 4.5 5
Time (sec)

~ =) = ! ' o
Eﬂﬂ 4.10 nswlilSeumeurnanouauoIn K tmny 0.50



41

9
v A
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n e HeFunIINMIMUINAI8ID I@L’J@iﬁﬂﬁ;ﬁfiﬂ 19
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@ VA 9 1A 9 o 1 Y &
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auaud i danausufeiny uarzlinuinnuaaiusaiuluegiuanus simadu

U
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'Eﬂ%ﬂgﬂﬁ'lflﬂlll,l,u')ﬂﬂﬂ'liIN!@QLL?QLLUU@NWLL@UW (Impedance) G]fwﬂmsuﬂmmaﬂﬂﬁ%

Y

v o o ' o 4 { { o ]
Twaausalugduuvvesanuduiusszvitusanumsnaoun Tuiinaeduninaz
] { 9 v w 1
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5.1 MINIVANAILIZUDAIVRNUI gilaian (State-Space Design)

Y

9

a v o o ]
lumsussereaumsFeoyiuina lihiuamsousseenioeouedlugduuuves

J a v Jdo o % Y o a o ai’ 1 v
NANVDITUMIIBID YN UTOU “lJ‘Viﬁ\illﬂ G]’JLL“]JTUEN?HJﬂﬁﬁf\‘l’f]lal‘wu‘ﬁuuﬁEJﬂ’JW]’JL!”]Ji’dﬂTL!g
9

9 U a Jd o o 3 l
W30dIAA (state) D WATUNTVBINGUANMTIFIOURUTTUIG WadNENaIT0IZIARIDY

1 9
T3l (space) Falidnnlsmaniuihuiluunuvealsgi anwaalumsussereaumids

o J

E4
ayus lugduniligiianeg  (state-space description) 1

! = a

Y a a 1
oldnalsmsaalui q Tuns

¢ g { A 1
fJ’e)m!,‘mJiz‘U‘Uﬂ”mﬂuGdﬁﬂl,ﬂuﬁufmwummiﬂamm'iwmﬂ’mﬂ ‘VIGEJﬂ'Nﬂ’]ﬁﬂ']‘Uﬂ?J!UJ‘U

v 1 d! = ad dyl ad
ﬁ'llilolfﬂll (modern control) “]Nilgﬁﬂﬂ?]‘ﬁﬂWi@ﬂﬂ!L”]J‘]Ji8‘]J‘1Jﬂ3‘]Jf’]3JU3"Iﬂ15@’E]ﬂLL‘U‘]JIﬂEJ'JTJﬂ"Ii
ﬂ?gﬁmm (state-space design) [10]

a A .. a Y { o a 4
gﬂzm‘uﬂigumm (state-space description) VOITTUUANMIITUTUNAINGNA DS

9
[

ld?’ 1] . . . . QEJ} = kY A A
Eumsz‘uu"lmuﬂmam (linear time invariant system) uummmmau”lﬂ U 19
t= Az + Bu (5.1)
4 A
HAZaNNIILIANe no

y = Cz + Du (5.2)
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Y
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= = 4 YA
ANUUHWT N TVIUTUNITIDIANA llﬂﬂﬁ]

y=Cx (5.3)

< Aa a o {
Tagausa@eunnumwuaonudasgduuuligiimealdasga 5.1

u X y
— G=Az+Bu |~ C |—

A <] a a
7U% 5.1 umuamuaenuaasgluuuilsgiman [10]

U

{ a d .
Tagh A Ao WNTAFTLU (system matrix)
A a Jo a 4 S
B a9 tunInyayy 1o UNe (input matrix)
A a Jo 4 .
C' A9 WNINFAUYIWDIANA (output matrix)

a d o
D #e wn3ngdyautlou lddreand (feedforward matrix)

o 4 { o a 4
MI0ONLLUVTZVUAILANYBVVTIn0INMTIARoUNHIToUDUT1IaBIN 1NATIAMTAS

d‘ = ) a a da’ —~ 1
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4
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Tinuannda Tagerdedoyadnyanadunauaz dyaraunmzdaaiia ld Fus1azi5oni

1 < v W @
fﬂi‘]Ji%iﬂmﬂ1ﬁLGWILLU°lJm3JE]uWU (full-order state estimator) W?ﬂli1@'ﬁ]ﬂ$’ﬂﬂﬂ!£ﬂﬂ@'§
1 A 1 v Ao nmy A nm Yo 1 q’j £ =~ 1
ﬂszmmmmm LW@ﬂi%iJ"lﬂ!ﬂ”lﬁL@]@LﬂWW%ﬁﬁﬂﬁﬂvlmhlﬂﬂiﬂllﬂhlﬂﬁﬂmTLlu SELTUTYNINIT
szanamawmanuuanoual (reduce-order state estimator)
Y

(% d' A 09// d’ ) [ (% [ 1 d‘ )
VYUADUNTIN AD “UH@]E’J‘L!‘V]LlW]’Jﬂ’J‘]J?]‘lli?]llﬂll@]?]ﬂi$111mﬂ1ﬁm¢l L‘W?J“L!"I]lﬂ(luﬂ”li

auguszuuae 1 Awaaslugili 5.2

waue
u(t) X(t) y(t)
T = Ax + Bu » C
MmN A
T ¥ +
K |= 4 flszinmm
T T
NS AFAIAIE nnwesdsznamaan r

d' 9 % 1
719 5.2 ssvuAIugUNTBNAIlTEINAAAINA [10]

9 v
o v A

[ { g 09/} 09; aw 1 '
TunouusnMduduaoulun1soonuu TS 19T UNAFIATIINOUNAITIBUNA

q

9 a = U B~ 4 A o
91O (command reference) uﬂnﬂug{uﬂ (r = 0) HALTNYVDINITAIUAVN (control law) NN UA

N
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LY

d' £ I a A
faowzaid (u,z ) 510180 v = u — k(2 — 2, ) deiu mnaumsilTai

~ @ Y

AN TIUEAIAIE AN
0= AX + Bu (5.5)

8s 88

y,=CX_ + Du (5.6)
ithmnevesmsesnuuufe desnsi y =r , o =N Tash u = N r

Y
v o

iy ozl

N
T = (5.7)

b
S
=
=

= (5.8)

Q
S
=

N | |A B| |0

N\l ol |1 (59)
dafu aunsves ”tuumumﬂ'mﬂummm@ﬂu"lé'ﬁqﬁy

u:Nur—K(x—NIr) (5.10)

u=—Kz+ (N, +KN,) (5.11)

u=—Kx + Nr (5.12)
amnsndonldn

N=N +KN, (5.13)
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@4na17 (Surface Fitting 1111 Polynomial)

@

Y v
Gluﬂ']‘iﬂ'lﬂ’J'IMﬁJNWUf{ﬁH mﬁmu@“lﬁ'gmﬁu'lwih (Volt) Glﬁ}ﬁﬂ'lﬂﬁﬁ TagR1ns

[

naand 5 A3 smuausaau i 0.15, 0.2, 0.25, 0.3 uaz 0.35 Trad ldnsanuduiutas

weraelugilin 5.7

Forcesum

Positionsum Welocitysum

‘lJ‘ﬁ 5.7 ﬂiW\ILLﬁﬂQﬂ’NNﬁNWH‘ﬁ FEHINUTY ﬂ’J”IiJLS’J "lJENlIE]L@]@i HAZAMNU [12]



48

v o J - o I ¥ v o 3 [
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c=10.01172 0.004131 (5.21)

Jya

#in1seenuuuszuualIugy lagldisnisaruguuuuiideae usaduy

Y

o a J o o @ 1
(Linear Quadratic Regulator) Tagn1vualimsndiiiniinvesdsame v50Q  uazan

Y
A

o o @ a A v dy
UINUNUDITYYTUDUNATITD R waaau [11]

o1 o 2 ..
Q=1y gor "E=

E4
ﬂ'"l?JWiﬂﬁ"lﬁ"lLLﬁu\‘]‘lJ@\iIWﬁLlﬁgﬂ"llﬂu‘llﬂﬂizﬂﬂﬂﬂ]lé{ﬁﬂﬁ

Closed-loop poles = (—3.1830,—26.4323)
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6.1.2 M3 n%ﬂuiﬂmnmﬁﬁﬂq (Object-Oriented Programming)
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1. uwu’Nﬂmﬂmﬁq‘m‘nmaumaﬂgﬂuﬂimaa (Analog to Digital) HazHYYIUAINDA

99

< < d o W Y ] 0
Wueauraen (Digital to Analog) 3I4NIAIUY (Counter) GG Sensoray TH 626 11UIU 1 YA

1 1 wruresudasdnyana i 3]

Auauaa e Nddyve T aedyaa

1. 48 digital I/O channels.
2. 20 of the digital /O Channels have edge detection and interrupt capability.

3. 7 of digital Outputs can be used as counter overflow outputs

4. Watchdog timer with several selectable reset periods that can reset the PCI bus.

5. 16 differential analog inputs (14 bit resolution)
6. 4 analog outputs (13 bit resolution) with remote sense inputs to compensate for any external
output resistance.

7. Six 24 bit up/down counters arranged in 3 pairs with:

® [nputs that can be driven in various modes (1x,2x,4x) from incremental encoders
inputs,the digital inputs,the paired counter’s overflow,the system clock or software
driven.

® (Can be used as a programmable periodic interrupt generator.

® (Can be preloaded/cleared on an overflow.
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A1n9fiA199 ¥e4 F 2260 motor
1. Assigned power rating

2. Nominal Voltage

3. No load speed

4. Stall torque

5. Speed/torque gradient

6. No load current

7. Starting current

8. Terminal resistance

9. Max. permissible speed

10. Max. Continuous current

11. Max. Continuous torque
12. Max. efficiency

13. Torque constant

14. Speed constant

15. Rotor inertia

16. Terminal Inductance
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3. yaverenszuauazusinu IWihduuemesnszuaaswnuiingsaniu (Brush-DC
Servo Motor Amplifier) 970 Copley 34 4212P awnsavenszud Iiheaoriiosldgega 6

Jd o
sonls U 1 g

{ o 4 1
310 3 gaveenszuda ihduuewmes nszuaaswuuiinlsani [3]

1. K, 1223 A/V
2. Input Voltage 24-90 VDC
3. Peak Current 12 A
4. Cont. Current 6 A

5. PWM Switching Frequency 25 kHz

v A Y 1 = J
4. 91n3019A3W (Encoder) 810 Koyo 31 TRD-S2500VA %311 uit11 Incremental
= A LY @ g =& Iy 09/’ o =
Rotary Encoder 1ag1A11uaz0eaM1i 2500 Wadaaso B3 lsaaaiuuyagniai iansaag

A % = [ o d =& 9y a’/‘ I o
¥on 1 A7 1ag ANAZIBIANIND 2000 NadaADToU B9 1FAAAIUUNDINDTON 1 A
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