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CONTINUOUS PASSIVE MOTION MACHINE (CMP)

ABSTACT

This thesis presents a design of The Continuous Passive Motive machine
(CMP).The main objective of the development are to give an advance on producing a
modem domestic motive machine. It is comfortable to study and lower exporting cost.

The Continuous Passive Motive machine useful for medical study and physical
exercise . It is preventing the injury from the stiff knee which can be occur after the
operation and unmovement knee joint . The machine design to work by control the flexion
and extension knee the lower speed to avoid an injury part open . It can be used after the
operation 24 hour .

The machine design for the patient to lay down their leg on the pesition and control
the working step by automatic mode or manual mode. Modes, speed and angle of the

movement controlled by MicroController .
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Tuninedeulvonitadi v dsuvdsuediun nezgnauseslineuauanlu
dasflasiinmuduadetufind wazdiundhees medial condyle tasnrEgnAuIRIGN
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gudadandauniiages lateral meniscus Tunartinssgnsiuntliaaranywiraviionasn
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msAundilannsyansing Rehabilitation After fracture)

nnlieRldfuumdy dlvancde aneininlas inlinrzgnidesdnludnunimsa
=) -y 4} q‘o o ar 4 4 5% (’:ﬂ -‘
1? e IndiResdnBianntign Wamry%’{qﬂﬁﬂ‘lﬁﬂfmom‘:‘ﬁmuwﬂwﬁanmﬂwmmwsﬁmn
P - o o . el ¥ - rad
ndvhuganmaa Jowmiiwumdineegniin Aa arardedn nirhideafnmeanzan (
N d; Ay N : -f -4 ) 4 &
non-union) v eideuBafiagy (malunion) rasasuruganwasantwinny sdunesléiy
o o - - - ] -
NIINHIMARINNTEANIN  LazandasuwnimiaalivilBndivesa Ty ndawd ol
aemds wazligloandufuganimingine

NEITATTINEIVRINISBAANSZGNIN (pathophysiclo of fracure)

4 - - d 4 e o - 4 -4 &
\Wefianninasinssgn InsRnssaiiadeyunrzgnluswonioly mainduiesuaniie
J -‘ -J ] - e‘/ 13 -5' d ] o
\detuegie disnvuinedisaien shldmadesluadasnszgnludumistigs
o - -!, -J 1] -~ sy, ar
WIARWAANITAETEY osteocyte wanliatiatumeszaevauaslaeifiFanissnuay

wanfrgnsruountnddaairenseen (healing process or bone repair) Tae Hunter Wiy
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1.Inflammatory stage Aedaq 1-3 0uuﬁ*rmm‘lﬁmnﬂﬂvﬁ‘uﬁaﬂms'ﬂﬁﬂmu‘lumwmms‘:qn
o o - 1 . - G - v Aoy
VNl aea1nifia vasodilatation  finwfiursninvdessaniiniaendigiiaiadrades

R 2 1 -J a o [] c’:'

inflammatory cell 14un polymorphonuclea clls and macrophage Lﬁaaumu’l’ﬂémwmw
dwa £ ¥ v

?zﬂzurl'NL'J’&"I‘LﬂWUQQﬂ’]?ﬁT'NﬂT:Qﬂ‘BﬂH

a vl o,
2.Soft callus stage lusumisTifianszgniiilhematoma fusemiaswniinisenfures
Y d o - 1% - . . ¥ 40 f
Laumaﬂ'l,um‘zgnuauﬂfauum:an ANWHATN fibrin and new capillaries WATMIIEAWUNUS
£ . . . ° 2 # b 3 ] J . ]
UY pleuripoential mesenchymal cell M1UUI aﬂﬂﬂﬂﬂﬁmﬁuua:ﬂs‘:@ﬂﬂﬂmumﬂﬁu

- . - .o . 4 s poad L .
wisu fibrocartilaginous union' U748 osteiod WHaRTI3719NWWUI13 clinical union.

Y . . , o
3.Hard cellus stagee sraziifianisunuidon fibro-ossous union “#8 woven bone (3

a . . o af ¢ - o o X -
bW clarification ‘Tlﬂﬂ"I‘Wi‘ﬂaﬂﬁﬂ’]L‘V‘QJﬂ'J'mNUFNLL‘INLU‘QN’m‘DU UG ~3-4Reu
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4.Remodeling stage Laingnazinfifie normal lamellar bone Taa1uru Tae osteoclast
o J ] - 1 J 1 1

aximidessaronsegnludindadeclinluanc? oseoblast azgFnrzgnawlui Tu
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ousd i nsdaaumiaainafirosis Ya1913n99A8 auluominan Fedunisdasunis
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Dwengrnilasiunanafeudl nezgnviauiiy
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2ymideredwmiisinszgninliigindirzduita iteasnisuoy

" d Ay oy @ A L S
3padaulusd andwalaildiumdy  ebilinwgadurenintesluladiouay

fesriuaniozdedin
a =l a s o o o ot
mssnuagdseMAanasgnin udnnmnislidis
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1. psmnpaeulmresdedy ez ludo il B agy dowsduvdsidniy

¥ o a o A q v | -
paRnanAae e sasuen LWﬂ'qumnﬁﬂmmm:anﬂnﬁu
2 A o 5 o M o '
2. mammqﬂ«mmmuﬂuavﬂﬂnmmwmnm( therapeutic exercise)
- 4 k- - -l
3. mamwmummwu-mwn-aqna’mu-alﬁlnz’alﬁmnuﬂnmmanm
T . o P - .
4. d activity ,gain training Lwadammn'mammmmmzqn
5. Wi aandvulivinuligs

@ NMSAENINTRINR8Ua999( maintain range of motion)

4 \ A 0 (Bler 2 N 4 Y a
Luinsrudusudadudieia  immobilization BawrufisiinnosdeRauiniilady (Rs

o 'Y Y ¥ a o Py - Y Y L.
nuaduiedlondianiie idwduuendas wearaiiiansuadureatiafuds (oint-capsule)
waafinnl@zwdaclufedon Wy Tnnsfates subsynovial-faty tissue dwnsasaly

synovial cleft,

Immobllization ¥irliansvsudautes synovial fluid vialdnsegndeudaimans
L3 . J J -i -
2N NFTANUNNEY Nsunlaanayinlalaeatdanista (sretching) ndtaniie wiliafianag
AJ L% o o 4 (34
wasudaslude dnas i ddn udle wdu capsulotomy flesiulnmedaulnedeflidniu

. - = : ° . . .
BN immobilize 'Lumr‘t'mr,’jﬂwlummmwﬂ&m n17 14 continuos passive machine (CPM)

-

v
4 Salter Idvinevsassludadwudiansodaddurviunisdesusniirenssgnesuuas
- - o o o 4 - . H -
dusuiildFuumdulnauuzdrdarninedeud 45 Juifseremidanandninidoracde

wazarsnananarliaudinisesald

@ Physical modalities



T [ e

o it

— e R TR S O

e T = em—n T

- R

. e W W TARCTUT v ope vawen meemes w oWhn e W6

T v e T v —— b —“

B o W W omm

=

12

“Heat \#28m81N171/98 88 muscle spasm WidlevursazAT imflammotion Tne iy
gﬂﬁﬂa superfacial heat ;moisture heat %4 hydrocoliator,whirlpool L¥1 relaxation é#8
WATAINATE exercise (BAARINITYIN ganluiersnirgaiaeisiifomdenaudiag 14
diathermy ,deep heat modality Lﬁmmfﬁmﬁﬁgﬁ RPTOT streching

-TENS garn ldanainirlan # active exercise Tudowily

-Electric stimulation (ES) #{MumwFesaariunisia isoelectric exercise Tudoudl

; - o o Y 4 % R RET I
Qn immobilize PREAIENINATBINATNLUR U U‘Bﬂﬁ'\ﬂuﬂﬂ»‘mﬂﬁ'ﬁﬂuﬁﬂ\lﬂ@'n?ﬂmﬁﬂ'm;

non-union.

. \ 7 . J
-Massage 21114 stroking technique Lﬁﬂtmmﬂ'ﬂaﬂau’ﬂm@ﬁﬂlw‘:ﬂ::ﬂﬁm?
¥4 o -y g -ﬂ, < ' -J o 4 o b4 g

VILAABITTN aaianmadauiranregnludwmisin'd  luszasudinerld friction

massage AAWIHA

4 gLl

9mlszasd nis Exercise (edatnispsanimBeiafdureds audusaes
¥

nunueIndaniie

1. Range of motion exsrcise (PROM)

M ludsmniifieninbnuoadladhisaranenusld Fermnimnisaiaulug
1ecdeilestudedin Srfaesriunamedelinluadlifinmben weainentsusdy
%ulﬁﬁ'wriﬂqﬂﬂ'anlmﬁw'lwmzﬁﬁ'] Passive Exercise fin1sl4 Continuous passive motion
(CPM) LeqalszasiiAnaruifiusToadadaanlusm afiAanszgninnislude

- d
1.1 passive range of motion exercise (PROM) vunimidniesgnimnar

- o - e i ) oW .
- wdeulve sesde deertudedin Wludsusniidefienisuauegidihedtlisuimannu

o o o 4 ] 4 ) ¥
16 feresszdy AenssdrriafdzninadenlmWeyludadlfiadhifiennison virelailifg
o _ o 0= s X
Taeeanusaiiuluanszivia Passive exercise twzaasi bifiansuimdia s 1Bt 1d

'd &, 1 [] -
CPM Liteqmilrzasdisitorad wudiflirzlaaternanninmewms lusnsiltnezgninanely

&

8

. - . o ,
1.2 Active assistiva exercise (AAE) 4y exercise ‘?{Lﬂm:amﬂqﬂwzﬂmqmu
e Y od 2 - ° . . 9 Y 2 o
Andwranedaulus uazdilon dwrnfiasin  active exercise uUNdINAINTIEMIN
) - -\‘ x 4} zc 3 10 - 4
Passive selildfdtrecdafssniudelfifad widedliiildifnenisdes a1sldise

. o - . - - s 4 J ¥ ::
{lu muscle reduction diofleeiuninfia strain Runndivliandaniiaseuiedu
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1.3 Active exercise (AE) ldilefianiinsnandwrandruniledady auauarn
nrtfisdrusatiudosrestantdaaidavacde

1 00 -

- - J J o -
1.4 Stretching exercise luszasyafinszgndouivindlenminmuge usdedidym
) Y 1o ar o 2 :’/
TeRnagilaansdadondaiu
2. Strengthening exercise
. . o " o -4 &
2.1 Isometric exercise TursesusnisiaslinarrianinaRaulvizasie srurrnae
1 - S
anwaaaiurmandiutiesauqfe saviufanimuyuisureadenluediudy uay
datilaariuniaifia deep vein thrombosis
. o ‘J . 04 ] -J ar
2.2 Resistive exercise 1iluszazudafidl healing 1esdwmilsiisinszgninudonas
3 o & & o 2 -!’ :’, & & k4
suwanudeuranezilg qairzasAiersnauduraendm et axlfuswiulneg
v
dnviFedlatianideldginsel idugasimin arsaisde
3. Conditioning aerobic exercise
'Y ° 'Y v y | - . o »
glaauwrieeaaniuses immobilize vrauauaguwAsaiwoaiuin 1unal
¥ { L .
physical capacity anamnsWupjdosdasliBaudladafa function capacity Tl
. , o o o oo < Joad o~ oo v X
aerobic exercise AaNITaaniFINITAinmAdeulIAe iawmasd RS uTRING e
' -J a:' -y 9 o=y o -dd -u'
vatanga haadss@ninmnimitcnuresrsuugudaladimilauaslesnieidunitamy
0 m : [ - ' g -4 =l 0  ar 8 - ar
niulunisiifiansrasiey idunnds nasdaed s fasmdrAtguanludteiuin

fivh e luggeeny

Nz sn<dau( Complication of facture)
L4 - -g 4 o - b4 «f -j -d o
AT NIngaun Al "u‘l’uﬂ&l ﬂ') ﬂﬂ?:@ﬂﬁﬂ fA419LN ﬁWﬂN”IWﬁLﬂ SAUBIINNIITUIALIY

o o 9 ) | pri " .
L‘ﬁuﬂ"lfﬂ']ﬂwﬂﬂ'wkﬂuﬂfzﬁ']ﬂ LWATLH W ABANT DB 1N A UBIRINITTAEN L‘ﬁu compartment

- 4 o~
syndrome A1azdefin nszgnitaiingy

n1azdatinfia (Joint Stiffness)

o

-y a7 ~ . HH 4
mardafiafiasinwylfiane wdsandl immobilization twasruiu Hearuisald
J !f ) ar - - o - —‘
naneaaulmdiuiulsitdsaswudiddifi fgudefandandinian i dafinaca
1 Q. 4 -, O s o 1] 4

uda Fwildvenludioanszgninfifalndrule wavhddelaesselaaameatiadalug

) o Yo ¥ A e % ' - Y P ) & a
aadinszgniinlndrivte revinddelaesn sraamzetndludloanilfywiiade

”

. . N N ) J o v . .

(degnerative joint disease) agnau Anziivutiesludn mma‘nmﬁ persistent joint

stiffness 813LAAIIN
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1. Periarticulas adhesion \iAN78iRAA 1211979 Fibrous capsule WABAWMAEUNATH
Jg o' -4 - “ A’ “
Luﬂﬁﬁq%mﬁmm‘lﬁmﬂmnﬂaﬂw ¥ie gliding AnenB
) o . : - . .
2. Intraarticular adhesion (e nTinszgninididerauiRania fibrinous deposit
nelu synovial Wae articular cartilage siaa v ldiinstsfinetemuusdunislude
- PR [ :: - - 04 A f
msinnTaRaINA NAWMEYRE8ITEA MARINNITAT stretching exercise B8
) o 1 d
ua Tufalug idulua i prsFarraiia mainipulation under anesthesia udsRnludies
4 v
werenumEnNInAzaRestadull 8134 continuous passive machine (CPM) ¥
} 4
n1evi1 exercise usivnududendng idu Vodedle Aaserdunisthdoudly
R m X ' % g ¥y o s 1% X o - -t
3. nutiefaffisTursrdundadessanuviTadundraidenunssgn aaninig
-? . o ] 5 '
Anmaresndranilaadaaannuredsily fibrous scar tissure und Tuswwisdunyéiae
- - - . oy ‘& T 1 ! o 8§ W
Tunrzgrinaasnresgniaeidausinpianirgafarenaisiiaquadrceps  HiTlvg1laena
uinlallgddnendaanas stretching lallduaszdamanasidaudle
" & o Y e e d
ueNINANAWMETNF LA g RURB BN
[} -d o ‘4 2 1
4. nsiidalaiadaulua oz ldnineadeulanas duwosrdonsousd
¥
LiRudnenaadudlgywideds
- - o J - ¥ ar - ) ar JJ
5. Rowligniiianeniesannishiade anrsnaundRinsdisn vresnnisigdau
Failalgndalidng
NS T o q Y 4 ¥
6. nevgnauiinAnnagiia ez ninaRawlusteds
- ﬁ -g % ' —g » ar_ ey -g o 44 o)
7. nisdeaniiladadulefneditunelude dRsturinudrinnsdiviaadl
% o o / v 2
anndannnmalude nsnmeas i amaninTuastsrRci AUt e
aunlug] ity invidelud wilalAeamuisiudefidauisdn
| o ' . o - - i
narldsreatonduteesdwsaiins (CPM) lunisdrsAvireresidaninmaaylug
N A & cé 4 o ¥
ﬁﬁamﬂﬂﬁmqmﬂﬁmmﬁnﬁﬂﬁuﬁu
- 5 X Y 4 Y o k¥ & - ¥ o @Y -
8. nwRpRIniieEeraLie v \EeyTs LB uEnde nanndere Iy inInARe Y
* & ] J & &
Iaszudrtusesiassairaudiiinanonsmiiy nefeluszaaunlalnosdonsn ey
- o o el A A X o 0 o o o o
azfivihlndwdaledadinmauiniy asrldneinenenaniwingg waslifloaady
by a O H ] O ‘J [}
FaaadafunBusdoinisdonsinetnazyuazsiaaninundienasldimies Continuous
Passive Motion F93#98
9. ﬂmﬁﬁm?é’mﬁwmné"nmﬁﬁnngn‘lﬂé”]‘ﬁﬂ '

- - o o
10, NITNANANTSV UL NI uﬂ?:ﬁqﬂﬁﬂ'ﬂqﬁqﬂ
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unfi 3 myenmuamslszgndls
1391 CONTINUS PASSIVE MOTION (CPM)

dwndesilei ¥ lunsunnd Fel¥Funeumemsnimiia yilizaadlunisadha
19583 CPM iieTazanniszveinnianmiliin M esas fms 131 Tuilsgius muandilaedi
vﬁ'mmmmﬂmunnimaumnmn‘m Tohsnowinmenmiidainisanniu

wies ceM dhundesilumsnisn i wel¥snugilmmdsnnii Wniseh
Gurfnasiasi Faesldnunlufumounes Passive Exercise #8 w8191 WU 33y MTe
ddn ylszmadndniietosiunisifinensunsndeuiGnd1 dosadn (Foint Stiffness)
Tﬂﬂ?ﬁmsi"’nmﬁwWaaéﬂwwmé‘eu"lﬂm (Flexion and Extension) Tnogfilaohidesesnuss
TninFevsdludnindunsindeni i hlsissve Fapuwesderieznidmnlases
AaBALIA

muS lunsHawsedunamdafididdiun Tnosseglugas 45-3600 Furiisen
uaz yuiinisaldoulaswe afﬁ'emavagimaa 45 - 130 937

dnymznIImenveaniel CPM sxiuuinmnadn 812 1013 n13 40 wuRnIAs
g1 50 YUALIAG Tnaﬁ'ﬂam:nwm‘lﬁ'%“ummwmﬂsaamyax 25 83 ﬂnsmnwungﬂw

T, = NS ' . - . k4
UBUBY e::ﬁ5’4'1111msmmwe'ﬂmﬂumwﬂum:m1ﬁwnm Mechanics uazw‘t?ﬂ"lﬂﬁ‘lmu

[}
-

4 d 1 . ]
nasuf ‘Bﬁﬁ’li%ﬁﬂﬂ’ﬁ']‘ﬂ Mechanics U89 1ATB

3,1qmﬁ"amiﬁmuﬁmmmﬂgﬂdewmmﬂanuﬂu azdl 2 doundnfie
1. doursasdesna(Mechanics) Aedouihpdaud szAIuAsnABeuTloecn L
AudneuznInARauTiTaT
2. dovwresnisAounu Ae doufiidniifusieined fdedy Ball Screw TatazAay

- . 4 o o
ANNANN (flexion & extension) TTHININARBUN AITT TTHZLIAT LUNITVINIY
lagandunismruguuyuda # Encoder il Feedback
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3.2 Hannisu19IT23Asa3 CPM
° o - - 4
AR AsiN1sudeyan1y Keyboard wazaslllszananafiosarnsuna aamaivell

5 .
b du uawmef 1aadl encoder 1flush Feedback

£ -J ar o t 1 ar AJ
yavrafazlfaunaauiWit uwaniuna wazassiaagiy Ball Screw vildgunis

oo = a s ‘ od -
waauisnanaaludunrateliduatons Wiadsuidsenaslrznaufaanisnnaey

e

-
Nagaasuuy
4 -
1. nnAfaui ludouzeninaaswlasy

o - -
2. nnARRUTRrEEn s s wlamnaeii ide anwuls

, 4
; MIFAIU DC Ball Mechanic ATLAGEY
> o
; GH Motor screw Movement gt
3
sspef MU
1 —
nINAREY
} Encoder 3
: GAFIEY
| feedback ey
E
§

7171 3.1 Block Diagram n5¥euaeNLATAS CPM

o e Tt

33 Tansehamanaveamis: ceM anlszneudinshuddy 3 dhimdie
1. Tasaadrafidlugm

. 4 4
2. Tassadredmuanisinasufinness s au

Ve T p £

3. 3xpUFINIG;

-

ssuuTasadrauiaily 3 vilafie
33.15xuuTavsadwiidhinssadisvennies  Selddhudiugnidiasudauiagues
19581
33230 ngaarefidh Tassadefifimsndeudt andnyasvesn alsneudasd
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ATTAIUAD
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3321 6 auvewudusestaraoh Tnseagiugniluatlad goilueladveagiu shaft
annugmuldiilu Guide hidaun

33.22deslmsnszfuuisesgiiflondlundn wasdidaenauauaaarndniy
danlaohh TnsssAndudereia

33238 1A uwr vzl uexg il disuAnegiud auduun Tnoesdilosndluuna
Bxgiitioy FmdmdansAnnudanvemmifivuuiuiy

3324 AR IR AR ud R warasAnfuaTIrIOURYIUTIE AU
Fammmludans wlidhaiiuyunsmdeuiivesduvt uassessuusail
nRaRndIunile

3.3.3 A2augad 16@azﬁﬂﬁudammﬁm11‘18:169aﬁ'miﬂaaziﬁﬂymzlﬂugﬂﬁa Y uaz
laneRunilsiniy Ball Screw

33.3.1Ball Serew ¥eiszon 1RGN 3.8 Cm e seumsmAeniivznen
UG H

3.3.3.2 Motor Aeagiussun i1 Tasii Broad Control Motor AIUUA1SIRABUTBEEN
fnils vewefrzndoundsnu i dundinunadedusuFanadewd

R [
3.4 N19RANLULAILRY Mechanics Sdunaudiiine

ar &
1. Tnsaa¥andnvsunsss CPM

. o 3 o\ o
vnnssanuuimun i e sdilsnaiyuiuiy 25 semn ddnynedsgl 3.2

\#789 CPM
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2. AMTAIUIRAINEITB9T7

- TR NAEERTE wwle?. sk Tl SR rEOTIOR A YO

Fayauazgar Awanmiaan wikde Beagrand tng needar Trearuwd
F29A21UGY ARl 155 - 185 LouBlass

$=69.089 +2.238 F

S=66544+1.422F +1.089T

S = AANFITBIAY

F = nszgneiuen Femur

e mem e e e W TR RN mvm————

T = nregnuiiaudl Tibia

AINGITRRLYin = 7.5 - 0.4 L1uBlams
fimarage 71 156

156 =69.089 + 2.238 F

F = 38.4 LTURLIAT

[ Rt

155 =66.544 + 1.422 (38.4) + 1.0890 T

) T  =31.8 L uslums

E ArNendlaneradiain = 31.8 + 7.6 =:39.4 LruBlaime
E ﬁmmqqﬁ 185

* 185 = 69.089 + 2.238 F

F =518 L1uflums

165 =66.544 +1.422 (51.8)+1.089 T

T =423 usams

! At laamrandenin = 42.3 + 9.4 = 51.7 LoufiLume
* 1N saBnaueding ﬁwinmmuqa 185 = 98 filanFu

4 z o i) o g O -
ovqin aandeyeiunld umdhaiasviaty 19% 13 dawine

038496
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WMINT1IBIAUGY 185 LIUFLNAT = 98 * 0.19 = 18,62 Urzaubiviaiy 19

Alanfu

3. ANFATMIEINT TORQUE LGS Power 189 NaLsas

o 4 d . o o
NITATHIUNITZESNNNILARBUTITAY Ball Screw fiaa1Iasiad v aawly

1
F1'51.4¢
WI9Kg
Fé6S5em
\ i
9
it a6
b = sin "'(( 30*sin 25 )/65) = 11.25 8977
c = 180 - 25 -11.26 = 143.75 2371
d = 90 - 25 2 65 297
L = 30 cos 25 +165.Cos 1125 = 27.2 +63,75
= 90.94 cm
WATINTBIFA K
Fsin 143.75*0.30 - 19 *9.81 *sin 65 * 0.518 & 0
F k 439.3 N
Nﬁi”m#‘iﬂ Cx
Cx - 494 *cos 11.25 = 484.5 ez = 490 N
spisd L ideud 56.5 cm
NART8Y L Vi 90.94-56.5 = 34.44 cm
‘i'lﬂi‘ﬁﬂ:ﬂ']ﬂﬁgﬁuﬂﬁﬁ-‘l Ball Screw 1 781 LYY 38 cm
R (ball screw) 3.8/(2*3.14*100)=  0.00605 cm
NGHT Torque = FR
= 490 * 0.00605 = 2.9645 N.m
f = ((2 * dL) A2 * Pi * R))/(60/45)

- 2416 FRUABUIT
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W = 2*Pi*f/60 = 2%3.14*24.16/60
= 258
Power = W*T = 2.53 *2.9645 W
= 7.5 W
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dsenevdondauazvdnnasinuditldiana iy Block Diagram lumdhsiell
arfirasdavalsenanlumsenIuna
1. USER UNIT
FUlaziminiileufeya Taogain Display ua:‘ﬂﬂw‘hdwmqﬁaﬁ
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2. MCS 51

Fudeya uas uanyiayania Display

leladeyaan USER AaztiliAuaos uaz defeyalida Board Motion
Control Unit

\ile Board Motion Control Unit MieufiazdaniuzniminnIunduad
Mes 51 kel MCs 51 faviaufisdauliuda dwirnwadauda MCs 61 fiazds
Tayaqasialy
3. MOTION CONTROL UNIT

Fufeyasin MCs 51 amuduiinirdrcasans SdonAILANIAT

Drive Motor
-l 9 o - o

IEUTNARAAN9Y  Encoder NAsAATYSUEUAILAN Feedback NAUWE
pruaxsawes Len iy nnesuiesuanel

grusinfiazdsniuzllds MsC 51
r 51 ? b I, o | #\L o 0 q -
lalflaetesafarn samefazgniiiniaadauiill daswndegud

4. 9937 DRIVE MOTOR

% Ic 202 1w 1C 114 Drive sinisdnanssualdirusames e dfudoye e

3119 Control Motor VNN TN NTF NS

5 MOTOR
azfimagiu Ball Screw atlldy Mechanic

IUIATRINBLADT 15 W

6. ENC R
dadieyey ey Feedback ndvlild Board Motion Control Unit Lﬁﬁ#ﬁzmv@m
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o o Y o]
snunusraumahianauAanTiuTenAT A e andlTlugU 3.8

11t 3.8 uanthilaAsun

= ; ] . =
n15191uFit8s Continuous Passive Motion 91ng1l#l 3.8 wanwusudrdianougu 78
. X
nrldeuiiaeg
TR\ 7 &
1. Weila ae LATeaazlamqsiFausiuAedn 180 89

; e\ Bl 4 2 r
fanmdandeiisinanalu SELECT lag sxillwBafiiwmnisfazeaciinigs

[RS]

] v
f1 2 aeeRe 1. SPEED Ae Aoadaniiareunisiaenu aransoidenAsaus 45 -
- Ve J = -
3600 w17 , 2. POSITION Aggs1resiaiinfiazandeuil Ae 9NgAENaIN 180
] -J c) ] 1 o
(@m54) B ANTLAeNgagadl 45 Ae ﬁ'agm‘n'mﬂwmnn 45 @31 , 3. ROUND Aa
o 4 =lf o ! B g 25l
ATUINTFRUAITLAAD UAV INNAS ATV AN LUTI9RINFLE 0 119 9999 791
¥
o 1 4 ol .
3. nederndladendaden iy denludl SPEED neAMEanIs dwden 100 uag
- & v - 1% o o -t e -
newammang # a1ldaRavaialing ¢ waninnaenTual LRIMINMABNIY
ATl
4. naevaenudl 2 reaniminaTwRe 1. natlu MANUAL Ae Sdhivifenduudamgs |
2. Apjal RUN AUTO ABAZANIUS UATUTALNNTYINY
- J ° ° ¢
5. WiladainrlidsmganivhauRelinalu sTop dwesnisliinaruseliing
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a1 Block Diagram N5t zuuauAsaz sy flédentlulas
Aauinaaes 8031 1AE999TN 1IN NIY &uaamluzﬂ 3.10
N19AMUA 183 Micro Controller lunasldau
P10  1ilu LED Speed
P11 iU LED Position
P12  \il4 LED Round
P13 il 69 set disable fiu enable Ifuaainas

8 . .
Port 0 Aaril 8255 RvuA Port 8255 Tunis i usa®

PA0 (iU Port output Fadiddwmh  a 189 Segment
PA1 1 Port output ifedsAI PR WML b 183 Segment
PA2 1w Port output [ederTidums ¢ 184 Segment
PA3 iU Port output LitedAI AR UMY d 184 Segment
PA4  Lilu Port output Fededfiduuds e 199 Segment
pAS  uilu Port output LiNedeFi BB f 199 Segment
PA6  Lilu Port output e dasindisuss g 1849 Segment
PA7  1ilu Port output Lt deAn IR WML p 183 Segment
PBO (il Port output LveFUAIAN Switch Auto

pe1 lailald

PR2  1fu Port input LiteuAtaan Switch Start

PB3  uilu Port input tiveFUA1R N Switch Stop

PB4 iy Port input \FesuAran Limit Switch Zero
PeS  ilu Port input \iveFuAaN Switch Function

Pes laflald

PR7  uflw Port input iiteFuAn N Limit Switch End

2945 Power Supply A luszuasld 2 Bridge Rectifier 14 IC Regulate duef
ar J J o g
L7805 ffu L7824 71 L7824 14 1C MJ2955 iiteduassraimimesmuanslugilil 3.10

d919947 Drive Motor 924 IC Luef L1292 aruasagléannianun
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1Nl 4 MINATBILANTUTNIHD
Jagibizaed
4 A, < '
1. tersrnaeussoemalumsindenitiigndesani Weenuuy Bude b

A . A . '
2. WieAsdsmeuR G INTes zoztamt luntsindeuiiiignAeanse i

& ' y & . o T,
3. easmeudeunniosniededenineg el dudeyalunsimulugade

"l
wyssitouazgilnsallumsmagos
1. Lﬂ%ﬁﬁ Continuous Passive Motion

E
}
i
!
]
|
!
|

|
§
b
!
£
f
,'
;E 2. %A Motion Control

3. ¥ARIURUUDARAD
4, WMANITLLA
5. s

4.1 MINATOITO=NFNIUNYBINIATDI CPM

3
f Tnoazinnszomsndeuiiues Bal Screw FevzbieiIfnaloudondusii
; Amanld msdaTaossdusiszemmndias 5 esmuasWnamalumsndewfuii 45
» Tindi deseu lunsnaass
|
I SUN1IN1TATOUTO Ball Screw AeyueamifinldenThl
I} B A191AN1S mannEda | esn | Mennisdan | a1emnntg
;! A1uan mn
j' 45 34.43 34.6 120 16.69 16.45
| 50 33.61 333 125 15.26 15
; 55 | 227 329 130 13.82 13.65
| 60 31.77 31.95 135 12.38 12.15
| 65 30.75 30.5 140 10.95 10.7
f 70 29.63 29.85 145 9.51 9.3
X 75 28.56 28.65 150 8.09 7.85
| 80 27.38 27.25 155 6.69 6.5
85 26.16 26.05 160 5.30 5
90 24.90 24.75 165 393 3.65
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™ e rom, ——

95 23.60 2345 170 2.59 23

100 22.27 221 175 123 1.05
105 2091 20.75 180 0 0

110 19.52 198

115 18.12 17.9

42 MIMAMINNIN u"a‘lum‘sméﬂuﬁvmmém CPM

!
I
1
]
[ v - a 4 - -
; A lunsnaaessnassnnii 45 Jwrideseudieinnemgiiil 1 8y
-y =3 1 - :l % ﬂy &
{983 3600 Jufi it 1 1T FezdlunsomndinTunsdanann Tasnisnaasitiie
ot E $ ¥ ' b, )
; NNABL213I95 soMsRAB U LA ALy voem 98 3m Hullainar lnd Resdufidmuawi s

§

f a2 luntsindenti desen Assszmafinlduhl @s Swift)

| eam 919 Wenn1ssunnl 8am nati Reinnsfuam
| 45 47 120 46

f} 50 47 ' 125 46

: 55 47 130 47

‘ 60 48 135 47

§ 65 48 140 48

E 70 48 145 48

g 75 48 150 48

! 80 © 48 155 48
f 85 43 160 48

' 90 41 . 165 47
E 95 47 170 46
E 100 47 175 42
105 47 180 o (i (nAeuR)

i 110 47
g 115 46

e
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L292

SWITCH-MODE DRIVER FOR.DC MOTORS

L T P

El DRIVING CAPABILITY: 2 A, 36V, 30KHz

. 2 LOGIC CHIP ENABLE

il EXTERNAL LOOP GAIN ADJUSTEMENT

' SINGLE POWER SUPPLY (18 TO36V)
INPUT SIGNAL SYMMETRIC TO GROUND

» THERMAL PROTECTION

'DESCRIPTION

The 1292 is a monolithic LS circuit in 15-lead
Multiwatt ® package. Itis intendedfor use, together
with L290 and L291, as a complete 3-chip motor
positioning system for applications such as car-
Jiage/daisy-wheel position control in type-writes.

iThe L290/1/2 system can be directly controlled by
a microprocessor.

ORDER CODE : 292

Multiwatt 15

é
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vg Power Supply 36 \
Vi Input Voltage -15to+ Vs \ h
Vinhibit Inhibit Voltage OtoVs \
lo “"| Output Current 25 A
Prot Total Power Dissipation (Tcase = 75 °C) 25 w
Tayg Storage and Junction Temperature -40 to + 150 °C
]
TRUTH TABLE CONNECTION DIAGRAM (top view)
Vinhibit Output Stage <7 NOTOR
Condition / ' % 52
Pin 12 Pin 13 @ . T
3
= e
L L Disabled : S—— g::,“mm AL
| == :mrrtem.nm‘)
L H Normal Operation e s
$ b —
te———— Ry
H L Disabled /\ 2N MW O™
— Tab connected toping
H H Disabled
March 1993 1112

13
13
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L292
THERMAL DATA
Symbol A Parameter Value Unit
Rth-j-case Thermal resistance junction-case Max | 3 °C/W

ELECTRICAL CHARACTERISTICS (Vs =36 V, Tamb =25 °C, fosc = 20 KHz unless otherwise specified)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage 18 36 \
la Quiescent Drain Current Vs = 20V (offset null) 30 50 mA

Ves | Input Offset Voltage (pin 6) ' lo=0 +350 | mV
Vinh | Inhibit Low Level (pin12, 13) 2 \Y
Inhibit High Level (pin 12, 13) 3.2 \
kan | Low Voltage Condition Vinn(L) = 0.4 V -100 | pA
. High Voltage Conditions Vinn(H)=3.2V 10 pA
i Input Current (pin 6) Vi=-88V -1.8 mA
Vi=+88V 1 0.5 mA
Vi | Input Voltage (pin 6) Ret =Re2=0.2Q | lb=2A 9.1 v
lb=-2A -9.1 v
lo Output Current Vi=+9.8VRs1=R2=02Q | +2 A
Vb Total Drop Out Voltage (inluding sensing | lo=2A 5 \
- resistors) .
lb=1A 3.5 Vv
Vs gtra(;mging Rsistor Voltage T)= 150°C lo=2A 0.44 Vv
lo Transconductance Rs1 = Res2 =0.2Q 205 220 235 mAN
Vi Rst = Rsz = 0.4 120 mAN
fosc Frequeﬁcy Range (pin 10) 1 ) 30 KHz.

" BLOCK DIAGRAM AND.TEST CIRCUIT

212
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SYSTEM DESCRIPTION

The L2890, L291 and 1.292 are intended to be used
as a 3-chip microprocessor controlled positioning
system. The device may be used separately - par-
ticularly the L1292 motor driver - but since they will
usually be used together, a description of a typical
L290/1/2 system follows.

Figure 1. System Block Diagram

At the time, the microprocessor orders a switch to
the position mode, (strobe signal at pin 8 of L291)
and within 3 to 4 ms the L292 drives the motor to
a null position, where it is held by electronic "de-
tenting”.

The mechanical/electrical interface consists of an

MICROPROCESSOR

L292

OPTO.
ENC.

S 23

The system operates in two modes to achieve high
speed, high-accurancy positioning.

Speed commands for the system originate in the
microprocessor. It is continuosly updated on the
motor position by means of pulses from the L290
tachometer chip, whitch in tur gets its information
from the optical encoder. From this basic input, the
microprocessor computes a 5-bit control word that
sets the system speed dependent on the distance
to travel.

When the motor is stopped and the microprocessor
orders it to a new positio, the system operates
initially in an open-loop configuration as there is no
feedback from the tachometer generator. A maxi-
mum speed is reached, the tachometer chip output
backs off the processor signal thus reducing accel-
ering torque. The motor continues to run at rop
speed but under closed-loop control.

As the target position is approached, the microproc-
essor lowers the value of the speed-demand word;
this reduces the voltage at the main summing point,
in effect braking the motor. The braking is applied
progressively until the motor is running at minimum
speed.

Ly §5S; HomMsoN

optical encoder which generates two sinusoidal
signals 90° out of phase (leading according to the
motor direction) and proportionalin frequencytothe

.speed of rotation. The optical encoder also provides

an output at one position on the disk which is used
to set the initial position.

The opto encodersignals, FTAand FTB are filtered
by the networks R2C2 and R3 Cg (referring to Fig.4)
and are supplied to the FTA/FTB inputs onthe L290.
The main function on the L290 is to implement the
following expression:

dVAB. FTA _dVAA. FTB
dt ‘|FTA|” dt " |FTB|

Output signal (TACHO) =

Thus the mean value of TACHO is proportional to
the rotation speed and its polarity indicates the
direction of rotation.

The above function is performed by amplifying the
input signals in A1 and A2 to obtain Vaa and Vas
(typ.7 Vp). From Vaa and Vas the external differen-
tiatior RC networks Rs Cs and R4 C4 give the signals
Vma and Vms which are fed to the multipliers.

312
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The second input to each multipler consists of the
sign of the first input of the other multiplier before
differentiation, these are obtained using the compa-
rators Cs1 and Cs2. The multiplier outputs, Csa and
Css, are summed by A3 to give the final output
signal TACHO. The peak-topeak ripple signal of the
TACHO can be found from the following expression:

4
Vripplep—p = Z (\/2 - ’1 ) * Vihaco DC
The max value of TACHO is:

T
Vtacho max = Z V2. Vthaco DC

Using the coparators C1 and Cz anothertwo signals
fromVaa and Vas are derived - the logic signals STA
and STB.

This signals are used by the microprocessor to
determine the position by counting the pulses.
The L2910internalreference voltage is also derived
from Vaa and Vag:

Vet = | Vaal + |Vas|

This reference is used by the D/A converter in the
L291 to compensate for variations in input levels,
temperature changes and ageing.

The "one pulse per rotation” opto encoder output
is connectedto pin 12 of the L290 (FTF) where it is
squared to give the STF logic output for the micro-
processor.

The TACHO signaland Vret are sentto the L291 via
filter networks Rg Cg Rg and Rg C7 Ry respectively.
Pin 12 of this chip is the main summing point of the
system where TACHO and the D/Aconverter output
are compared.

The input to D/A converter consists of 5 bit word
plus a sign bit supplied by the microprocessor. The
sign bit represets the direction of motor rotation.
The (analogue) output of the D/A conveter -
DAC/OUT -is compared withthe TACHO signaland
the risulting error signal is amplified by the error
amplifier, and subsequently appears on pin 1.

The ERRV sognal (from pin 1, L291) is fed to pin
6 of the final chip, the L292 H-britige motor-driver.
This input signals is bidirectional so it must be
converted to a positive signal bacause the 1292
uses a single supply voitage. This is accomplished
by the first stage - the level shifter, which uses an
internally generated 8 V reference.

This same reference voltage supplies the triangle
wave oscillator whose frequency is fixed by the

4/12
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external RC network (Rzo, C17 - pins 11 and 10)
where:

1 fose = 2—;—-0— with R2 82K Q)

The oscillator determines the switching frequency
of the output stage and should be in the range 1 to
30 KHz.

Motor currentis regulated by an internal loop in the
1292 which is performed by the resistors R1g, R1g
and the differential current sense amplifier, the out-
put of which is filtered by an external RC network
and fed back to the error amplifier.

The choise of the external componentsin these RC
network (pins 5, 7, 9) is determined by the motor
type and the bandwidth requirements. The values
shown in the diagram are for a 5Q, 5 MH motor.
(See L292 Transfer Function Calculation in Appli-
cation Information).

The error signal obtained by the additionof the input
and the current feedback signals (pin 7) is used to
pulse width modulate the oscillator signal by means
of the comparator. The pulse width modulated sig-
nal controls the duty cycle of the Hbridge to give an
o_utpult current corresponding to the L292 input
signal.

The interval between one side of the bridge switch-
ing off and the otherswitching on, t, is programmed
by C17 in conjuctionwith an internal resistor Rx.
This can be foud from:

7= Rt ¢ Cpin 10. (Ci7 inthediagram)

Since Rt is approximately 1.5 KQ and the recom-
mended 1 to avoid simultaneous conduction is 2.5
us Cpin 10 shouldbe around 1.5 nF.

The current sense resistors R1g and R1g shouldbe
high precision types (maximum tolerance + 2 %)
and the recommended value is given by:

It'is possible to synchronize two L292 's, if desired,
using the network shown in fig. 2.

Finally, two enable inputs are provited on the L292
(pins 12 and 13-active low and high respectively).
Thus the output stage may be inhibited by taking
pin 12 high or by taking pin 13 low. The output will
also be inhibited if the supply voltage falls below 18
V.
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L292

The enable inputs were implemented in this way
because they are intended to be driven directly by
a microprocessor. Currently available microproces-

sors may generates spikes as high as 1.5 V during

power-up. These inputs may be used for a variety
of applications such as motor inhibit during reset of
the logical system and power-on reset (see fig. 3).

Figure 2. Figure 3.
L292
CE2 C£&1
12 13
r— 10O Ve
L]
S5-417411 I S-217§
Figure 4 . Application Circuit.
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APPLICATION INFORMATION

This section has been added in order to help the designer for the best choise of the values of external

components.

Figure 5. L292 Block Diagram.
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The schematic diagram used for the Laplace analysis of the system is shown in fig. 6.

Figure 6.

TLEVEL SHIFTER,
i

EL=

I
R2
v, 0 [l A
H 1
L]

Rl

i
]
T
1
'
B

[

5 &ITEi

Tp;ni' :n; M;forl

]
[ !
+ 1.sAC |, Vin! Gmo !
¥
sReC ' tm
‘ 1{les ﬂ“ X
PO T 1
r~=- - ': r - = .i
: Lo t
! L3 f _;_ Ry
—I-1 1+ aReCe , . Re i
: 1] 1] :
. ' ' CURRENT !
] ! SCNSING
¢« FLTER : AMPLFICR
L. . - P 1

[1¥]

Rs1 = Rsz2 = Rs (sensing resistors)

1
Ra

Lm = Motor inductance, Ry = Motor resistance, Iy = Motor current

Gmo =

6/12

Im

current (Im)).

’S73

— =2.5¢10% Q (current sensing amplifier transconductance)

SGS-THOMSON

| =0 (DCtransfer function from the input of the comparator (V1) to the motor
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5 Neglecting the VCEsat of the bridge transistors and the VBE of the diodes:

[ -

EIEE I .

- W e

R U,

L . —

Gmo = 2V where  : Vs =supplyvoltage (1)
Rm VR
. Vg =8V (reference voltage)
DC TRANSFER FUNCTION
In order to be sure that the current loop is stable the following condition is imposed :
Lm .
1+sRC=1+s— (pole cancellation) (2)
Rm
from which RC = %M (Note thatin practice R must greater than 5.6 KQ)
M

The transfer function is then,

Im R2 R4 1+sRrCr
— (9 = R R mo
\Z 1 H3 GmoRs + s RiC + s2 RF CERs C

3)

In DC condition, this is reduced to

Im Ro Ry 1 0.044 _ A
— (0) = . =— [ — 4
Vi (0) Ri Rs * R R [ J ] (4)

OPEN-LOOP GAIN AND STABILITY CRITERION
For RC =Lwm / Rum, the open loop gain is:

AB = 1 ) & Re a Gmo Rs 1
~ sRsubFC Ry 1+SReCF R4 s 1+sRrCp

(5)

In order to achieve good stability, the phase margin must be greater than 45° when | ABi=1.

That means that, at fr = s mustbe | AB | < 1 (see fig. 7), that is :
27 Rr Cr

1 _ Gmo Rs RrCr <1
271 Rr Cr A4 C 2

AR If=

Figure 7. Open Loop Frequency Response

e I T N e
w a - - -

1AB)

1
2nReCp
od8 /

1 Za s
phase margin ~—pole
LY AN
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CLOSED-LOOP SYSTEM STEP RESPONSE

a) Small - signals analysis.
The transfer function (3) can be written as follows:

s
o _ 0044 't 3Ewo -
Vi Rs 2&s + &
T+ ——%
W Wo
VGmo Rs
where wo = R CRrCF is the cutoff frequency
\ RsC

£ = IR Cr G R is the dumping factor

By choosingthe £ value, it is possible to determine
the system response to an input step signal.

Examples :

1) € = 1 from which

t
0.044 " SRrCr t
m®="f—[1-e 2RFCF 1+ mr oV

(where'Viis the amplitude of the input step).

1 :
2)€ = 2 from which y
1
0.044 t _
=——d- 2R C -
Im Re (1 -cos 5Re Cr e FUF) Vi

8/12
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Figure 8. Small Signal Step Response
(normalized amplitude vs.

t/ReCr).
" ! T T r 1 !l [ T P!“
. ;.' !s'l.'"_'. - -
ng os“ + v
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4. . I
) + e e—— i ..i |:- '
Eevd b 3T
bl
a ) 3 ’ R
V7 =200 mV/div.
Im = 100 mA/div.
t =100 ps/div.
with Vi =1.5 Vp.
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L292

Itis possible to verify thatthe L292 works in "closed-
loop” conditions during the entire motor current
rise-time: the voltage at pin 7 inverting input of the
error amplifier) is locked to the reference voltage
VR, present at the non-inverting input of the same
amplifier. .

The previous linear analysis is correct for this ex-
ample.

Descresing the £ value, the rise-time of the current
decreases. Butforagood stability, from relationship

(6), the maximum value of € is:

CLOSED LOOP SYSTEM BANDWIDTH.

A good choice for x is the value 1 /2. In this case :

0.044

Emin = —1—
2V 2

b) Large signal reponse

The large step signal response is limited by slew-

rate and inductive load.

In this case, during the rise-time of the motor
current, The L292 works is open-loop condition.

(phase margin = 45°)

1+sRrCr (8)

Im _
v, (s) = R

The module of the transfer functionis :

~

I, _ 0.044

1+2s RFCF+282RF20F2

V1 +@2Rr 2 Cp 2 (9)

2

! =R

VI(T+20Rr CF) 2+ 7] [(T-20RFCFYZ+ 1]

The cutoff frequency is derived by the expression (9) by putting l{/—MI = 0.707 « % (=3 dB), from
which : ' s
_ 09 _ 09
“T = Brer fT—2nRFCF

C"' SGS
Y7 ACHL OGS

9/12
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Example :
a) Data - Motors characteristics: LM =5 mH
RM=5W
Lm/ Rm = 1msec
- Voltage and current characteristics:
Vs=20V Im=2A Vi=9.1V
- Closed loop bandwidth : 3 kHz
b) Calculation - From relationship (4) :
Rs = s Vi=02Q
Im
and from (1) :
2Vs &
Gmo = o 1Q

- RC =1 msec [from expression (2) ].
- Assuming & =1/ V2 ; from (7) follows :

g 140G
2 4RfCr . 0.2

- The cutoff frequencyis :

143. 107°
it BEXEED | 3 kHz

¢) Summarising

-RC=1.10°sec C =47nF

_1OOOC_1 R =22 KQ

RFCr

-Rr CFr=47 s For Re =510 Q— CF =92 nF

10/12 d
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