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Abstract ,

The function of patient table computerized control
system used to carry the patient into x-rays system. The
table can be move in three direction. That is forward-
backward, up-down and inclined to the vertical axis.

The movement controlled voltages are supplied 10 volts
to the control system by an industrial computer , then the
driver circuits amplified these voltages to x180 volts

for dc motors.
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2.3.2 dudniamauinita (Integral control)
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m, = l\',l+m(o)

m(t)
m, = K.t+m(o)
1 e s R
|
l
l
I
m(o) JT
p—T, ——| .
l 1 { mt = K, [} e (0 a+meo)
e T, - m() = K, e, t+m(o)
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Tg(s) - T (s) - T(L) = (B + sJ)u(s) e (2.24)

a 4 & >
Ugaﬂ1ﬂazuﬂ?ﬂﬂﬂﬂﬂdﬁ«ﬂﬂﬂﬂTﬂﬂﬁﬁulﬂaﬁuuﬂﬂd1ﬁﬂdzﬂﬁ2.27

T,'(s) + T, ()

T - . o)
+ R +Ls L + Js + B

6(s)

T1ii2.27 vlenlaezunsuvesvesidusinediuiea

o
YonasieLng
4 >
duyddnTaadiaviifloutifivasssendiuisedvesneinefildnail  do
g
fu usinefazuyuitunaul FansiiRennenudtuaniaeidevilsfouivaniiaod

o &
nﬁﬁaeﬁutaonaﬁtnnmuTﬂUT1tna%uw1ﬁaﬁnaunq1 (2.18) waziidesnu



32
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G (s) = —"’vl% ’ T (s) +T(s) =0  ....(2.28)
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UsednBam (efficiency)  voIueinedimmtinfluniuuang a9 unn
wlfangarndauvesiniiasdieiyni 3ena AewaTanve LWL 209 Bun

leU

TL o,
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(Reinzxt/xe) +Bo + T+ T
....(2.38)

UseRndam(nhigenu)=
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2.7 Time-domain
» z )
tfenmnsdananuiSavesust nedhauniaant Tudumpu  wdaunend

1HumaeAnTNTENdNg AanuLSafulaan e ldilidneuedequilz. 30
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095—————————--—-———ﬂ————\<::;7£;"———— AL A
090 e 1
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(r— oo)

0.50f—=——~
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P 3/
= = max
Rise time l
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1 time I
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c(t) = c!t) + ca!t)
vile |
ct(t) = transient response
c“(t) = steady-state response
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2.7.1 ﬁlﬂﬂﬁuqnﬂoﬁ%u (step input function)
d1audunnilefdu wTeyllndiauieddu Aefledduiiinns vavuuyasdn
fauusduyndnedeetneraa faviuiiute  Fedgaunsounuiledduilfavaunng
nenfarndadadode i
r(t) = R ,t50 e...(2.40)
= 0 4t«0
tide R udansil

r(t) = Ru(t) cer..(2.41)
vile u (t) Aoyflaat auiteddu FeazLifadnumunuil t = 0

r(t)
R

0 t
suil2.31 yllediauiedsu
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wanouduedavme 1dur
1o
1 Tet2e¥Yngegn (meximum overshoot) iiluAnfluentiinsauinieniiyn
< -~ '
finn7 1 vdvuuyasgendaylied auil Suduwmunndigaiints  davunnilux

venaAn L Hut ved i sud anunuSunus
tedLsuRTetedgngegn = (Tetaedyngegn/Againu) = 100%

2 1289 (delay time;T ) ﬁﬂlQaﬂﬁtﬂﬁﬁﬂﬂﬂﬁﬁlﬁﬁﬁUSO%MﬂJﬁﬂﬂﬂ
7y (steady state)
3 Rising time ;T fAotaaniiteafiumiAusn 10% v 90%veeAgaNnY
4 Setting time;T ﬁat1aﬁﬁnanauauaoﬂdwa@ﬂuiaoﬂuauiu1ﬁ Tay
Unfiaziiu 5% vesAngedinv
Tunqsiin¥id1vtvustiinnTneudussou1asy grunTanTenhia
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flaz L Sudiauentiit 3amI 0 98 nbaz ¥P INNTABLAUB INT AL AAVOITEULEN
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3.1 fadTUsivdised

Lafeanauiat medildunisnuguil Sunuuiindius s ved wazdd
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3.3 dulssnouussLfvanuld
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unuﬁe,uuqunuuau ua:qutﬁue uatna%ﬂﬂﬁﬂauquﬂuuudunuﬁe(ﬂaﬁuq«)
FreyAnudnIgaluahuiunet aefRednudia Faneimefdiailanunnnugunig
tadouiifuncifgegauaesna 120 (TuALuns woLApdAafinlununTL Adoud
ﬂuuuaunuuau%zadﬂu1Unﬂ7tﬂﬁauﬂtiﬂ—aan Wunund - Fenr1uunalunng
\adouiinhiduTeina 80 1sudluaT  drunsiseddagatinuiidlunTacunu
AuL Busve i AuemitddnnTouduini Sualdde 20 sern  Teuilehumie
vesne i nediafieyarninouni nedfednsiindninnuds savariduaiiluafivue

LofudneluniTiedodetuil

A1319713.1: DC permanent magnetic parallel shaft gear motor
for tyristor drives-style PSL

Rating |Deralings{ Rabings Base {Gear | Max.safe|  Armalure Nolor|¥otor |type Nolor

BC | fora  (with fora factor|speed|ratio| torque | Volte| Full load{vieghjand gear| part

0| B|factor | ¥ P (RPX[to 1 | N anpes | Kgs [style | nuaber

220,30 1.2 J8) 14 (1512 10.7 | 180 1 8.2 |T4-PSI-0| GPPTATI

220,300 1.2 8 14 [ 42 |60 | 30.50 | 180 1.1 | 8.2 |T4-PSL-0) GPPTATG
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3.3.2 Lewlnnined

Loutnni ned g duuuudund i sunea(incrimental) wiaiFundn
otnaniladnn29aT11 999 (quadrature ) LB IFUNTF nEIn umisuatad 19
doygomdeunsy 1 oniiynili Andusannranyuvesi sulnaLredauaududes
fio Yoedgy wA,B uazM ndotFunTaufudn ABM dgygudes Auar B 3zl
n1Tun(lead) uatmy (lag) VOILNA %uaﬂﬁuiﬂa:wqunﬁuﬂfanqut%u
ufinn 1ﬂuquﬂuﬁuaznﬂuazﬂﬁﬁ 90 p9f1 Youdggy e M(index signal)
szifinvuruiad i fovyunsy 1 Tou WnrInIvuAtumisve g1 BuTnaL Aed
miftauniativahuruiiadiioenun | daunianugualtn Fanhidtaunnaiu
nQﬂuﬁmaaﬁmmﬂmﬁaéﬁtﬁnﬂu §adqmﬂmﬁaéa:uU1ﬁun10ﬁunﬁ1hquvaotwaﬂ
vovioutaniaed dudel doisulani aeduyudaundnui Sailuandunanuid
srifndudae unardieutant redarunu AusautdfutldNenuadnudi
Ao mIuRULUILNY uBY, WUILNUAILAEYNL Y TauniTnuguluLsat

wWuEAna L Aonidi oulani nedflivunedy (resolution Andne)
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3.3.3 fifluTnaiad uazuvia
LHugunadiinminfunisasus gt duaniutunis L adoudinve st duanu
Winvdauili adoudiae  Suuud eFenmvlusrusrggniudsvusnidou duilud
ndiaduaruudefiidiionun 8fa  wvssentdudufu Taududetdaeania
ANUNAIALUTENNWE0 LBUALNAT NYTLAdBuTve A LluTuud o luuuauny
wout NN Auat pdouiifuas Funanaftiful duafiufelfahuaudeadia uat
dui AueFuas i niloududne dauuvurdahuruddanrnuunafiarus g
117 naTLadouiveediduduuT o ludufiaen i Auoautd adouiis 99

pBan

- 4 4 L4
71i13.3 Ao nAiaduazuuds

3.3.4 veadny uazuyuig
¢ o | - - = »

L Dugunadanfgiigrulunna i adiouiive st fvenuld N1INNIUIL
tnflounulnduagnueu walusrdnianlunisivinanganidn  1fe33nnuea
dnquaruudeardrvanutai duanuiliinaanniauyuveaindun  Tauazilgn

- - & P r -
DugavtunnTiadeuiitfindeciu  veadnquaruuieitididnanun 3 d2 Teu
] [ ¢ ¢ o
AL INNUNDLADT FanTuyuvesueL Ao I IMuBAdNJUyUANY
@ 4 - -
waryeadnynIznh AL dufuud st ndouiidnd voadnynisAuANNIT

‘ - -
Ln%auﬁﬂuuuqnnunauaxunuuauaz%§1:uzwn 20 Nadiung d2unnTnu
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3.3.5 dnydennidis(Power screws)
tBududauiidu afesinana s Ludvunnsuyuadi Sunis i deu 1o
fefuntsuntiniindidaangiuegdas  defunnseenuuuniel fenvunaves
dngdennfsazfesindenduuisurevesdizangilee funsananTeuseds aanu
ﬂﬁuﬂ1n1unﬁ1§uu1ataaumaoﬁaanz napnvunndavnuilfiesnns

4 >
satunouileenanadeniratuaut Avatuinfiun 39 Huiivedoann

o

AL I afiuahaniendtuusanilae fevideyidue TauRansansnnguila.s

sare Uil

() Rathn (a) mudhn

JU#3.5 indundinduuanany

Fruein ;p : mudeTeuemaiiianiuuuiunuvesangaanyanilouu
ndvanile WHegat duafiuyesinduaileydnty
nan (lead;le) : ﬁa1zuznﬁeﬂanzLnﬁauﬂ1ﬁnﬂuuu1maoan1 yy
vz fidngyuluvitasey i dudnguilevnn(single thread) Trurveswdn
wfifvinfuscuein @ wiudnydesunn(double thread) tnduasziiunn
AUTENINSLNAuadesLnAuadegUidl 3.5(v) defuiileangmypuiunileseunna
Ladeufilunudunuvesdangivi udesiinvesrzusiin Junhueat Auafuatmiy
dngduUn(triple thread) winvzilanidudnuinivesszusiin Fotfu
dnanyLduuuy n U Truzvesndede
1. = np N (3.1)
yuddnindeyunin(helix or lead angle;a) :  AOYNIEWIN
sruwilduiafiuanut Susves i nduauacsrunvildeannfivunuvesany A1
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d_ 1 iutdudrguinansiaduuesdng  waruhdauilanguadeuilluuvae iy
vileseuunndveniae1ddnmurioguila. 6 uaryundnie
tana = 1 /e9d 000 @ iiiiieieen. (3.2)
PR p— e .._

mdm

71i13.6 yunin

tHuingudnanatng ;1 Dui dusngudnanefiingiigave sangdetivaau
flamdugevevinfuaniy vwwnaTery(normal size) vovangdunndsvzuen
Taulgvunve st dunasudnaningidue
\Hukngudnanstioy : 1 Huifudaguinansili dnilgavevany

3.3.5.1 iniduduenil(acme thread) wIsinduadinduaanany
tButnduadltnrss i undoil  qudrsvestndva fudivavy

nany Tavilyuinduq(thread angle) 2@ 1nfiu 29 BIFN f9lugui3. 7

¥NT3 UVl nAudslal udnveyluniTiedl v.1 uar v.2 Aumewuan

2¢ 29°

P _losP

7u#l3.7 1nduanenil( Lnduadinduunany)

3.3.5.2 Tutuuibeamivmyuangdaniias

Ansanangdantdadiaquila. s Falyuddnd o« evAuazyuLndulves
ang @ evrn Tuntsuntiawiin W duag nh151nunﬁ1uquuﬂutnﬁu0§aﬁeaq
wufisesfy 1Fundin(collar) auydlfivsor Adundwiindu nTznheyuu

unfuaiilieilvesdny r = -QﬁLéglll- u Auid 0 faguia. 9luwme



53

v
fundantinduve w9t duanny F nTenhuuRAantinve 9L nduadaunag L ndeudl
SERENY

— 8N
gy ¢qum§m
qu n-n [ - :
A uilwnien
/_' .
iy "\-yﬂmuuoqm.tﬁ
o [ el
)
NN

..-',rd mi’uumu'luﬂauh

[PV A ) I 1| qm -

S e ,r"‘ il §yr°° ,ﬂﬂ? o .uu;‘;‘\nt't‘ gt; aE
o Tmet | -"rm nomumawmﬂ'\ :

1% feo i rd+rw\mt 3 A8

V' \ ¥ lw T 2 AR

7uil3.8 Aaednan1Tldangdenndiatfunsiuse

-3} z [ 4
1l F Aeusaudifuadeildadeanntulntinvesindun
n

OA fvtaninedussugeiideunatviafudauiin W udfrmng
CE RETRtY
OB foLanLnaduedusasauTeudnaugy F_uat OA
F, Aaduussdntarnut Juannussuinefaniinve s ndua
wazudiuindua
TAUUTIURUIAIE A

FcosbPcosa =W + Fsina
n n r

ue F = fF T ST SV RL O fTH LT LR IR TP P11
w
F

n cCOosS¢ cosa - f-‘asina
n
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c;;'imtmz_\'_, - o

-
- -

- o ' >
JU73.9 ununmuIGA3u UL nduatlesennisuntinuiinw

i Y . s
WnTv T uiR L Aesanniaguae Foiteundautindu vty vudiveu

LNUNAIIVDIFANT
T =Fr =r [F cosa + F cos® sina]
R n m f n n
T =

r [fFcosae + Fcos®sina]
R m 8 n n n

WNUATF_ nduN1913. 3 asluduniTdnouu uaz%ﬁdh wnut furngudnans
4 - ' [ [ 4 4
LRAUYDIANT mz1ﬁ1utuuﬁuﬂﬁﬂﬁﬂunﬁsunuﬁuun(aﬁusuanzLnﬁuaﬁtuauu

ﬂwenyﬂunﬁsﬂeﬂ ¥. 2%umanuan  d_ fifetdulagudnanoiin d)

~ »
f,cosa +cosd, sina ]

2 cosdn cosa -f sine-
Wd, [ fq + cos @ ,tan®a -
2

cos @ - f tana
n

T = A%

nio T
R

......'....'.(3.4)
Wwn7idaunisfia. 4 nudufivefeananuyy ¢ Feamnsonldtaviiensan
quila. o dail

_ BC
t.and)n = 0B
we BC = AE = OAtan® = OBcosatan®
[
Qazuu . tan® = cosatand cerereasa(3.5)
n

- = ' . ¢ T « z J
Tavunfudoyuddng o azildnfiou(uszuom 2 fiv 6evAT)AIUUATYEY

v LA | &
cosa Fatfiouivnfiy 1 aruutitearndzantunisahuuigly Ieygna
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W @ = & 18 Jann Juusguniail(3.4) i

n 'I‘ _ N4, [f‘s+ cos P tana_]
R 2 cos ¢ - f;tan o

ceeess(3.6)
ﬂun1ﬁmaaﬁn1dqnhﬁoﬁﬂtnﬁuqﬁtnﬁuu yud = 0 nduN1T7H(3.6)

L 1 - )
0Ty suidafiduntiantin W ivinfiy

T = ¥4y [_f_‘g-rr" _tana ]
R 2 1 -f tana

ceee..(3.7)

' <
dfenTenInguiid. o asifiutddntunsdivesinduadivdun  wse F e

4 P
iy OB Fedrfiuhindunahununiteteunnniesnuda aridTruuvoug el

o

iutadat aundndequiis. 10 Taudlyn g 1Tundaguadtuiduaniu e
tang = f
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i)

e

-y oy

3Ufi3.10 usUfAFuruuLnduadivduy

Lo anuTelutuadenazuulTe iy e

W = Rcos(a + B)
F = Rsin(a + B)
e F = Wtan(a + B)
¢ atiu T = Egl = Egltan(a + B).
_'Wd tan p + tan a
- Wc% f1 - ttan«ﬁ} tan a
< _ Ig + Tan a
3o T, = ¥ [f T tana

=
Q.

2tan(p + a)

N

Faindloufivduntail(3.7) Mavwuda
unsfinnauyudang L teuntiautinas uTeF uae farﬁezuﬁs.g iy

vu—— ¥ (] 4
fifne nramgaTintiatluntue vt Auadufiunisunuawlin Fovelhdung
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ERDEDS
gwiuangilyuindua o9
T = Wdy [fy - cos®tan a] .
L 2 cosd + f tana
L] . s 0 L) ..(3'8)
dmiuLndundivduy
_ W4, _ _Wd, [f, - tan a ]
Tr. 2 tan(p @) = 2 1 + f tan a
............ (3.9)

usnINuTefingenhdedngdennd i iAndnauuds  dnyluguiia.s
Hoilug ot FuanuilrTeeduinady w19t Fuanudinhiide 9 dus anToTut wun
(] *v
Detunguntiantinduneasnandu €1 £ wnudnuTsAniacnu duannu
[ +]
TeudIRvtnveNTesTunasuthul nduq w39t duantuazilaninafu
F =fW
‘c cu ) f v ¢
ﬁﬁauqﬁ%ﬁusaLaUﬂnﬁuun1znhﬁ1ﬂﬂtaaumaauﬂsaasu r_ Tuiuui
Dafite gL ifot onsuearnut fuanuilide
T =r fW
. U T AAANN o T Y .y
nquuaunﬁsﬂ(s.e) ﬁaauﬂﬁsﬂ(a.g) TuL wuhdailde 995un1suninniindu
wIoavarwiudngdenhdefilynindua @ uaz 0 surn fle

yuindun & w9An: ¥
T = Wdy [_f:gcosd> tana ] s 5 £

R 2 cos ¢ —fstana
- LN e & » & ®» (3.10)
yuindus 0 aoﬁﬁ(}nﬁuqﬁtnﬁuu):
wd,[f, + tan« ]
= —
T, = 2T =Tt tana J * T’V
e eseans (3.11)
YuILNGu2 @ DIFAN:
_ Wd,| fy-tan e ]
TL - 2 1+fstana : + I‘nu:f.cw
......(3'12)

«
yuindua 0 e (Lnduadivduy):

T;_ ) 1 +fst""a_n p. + I‘mfcw ...... ..(3.13)
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1un1&ﬁﬂ%uu?aqnﬂuﬁu1u(be11 thrast bearing)T895uunuun
599%U  ArduuTeAntnnnu Juantuatdidntiounnn  SenhlitifiosAndadin
r fW Mdun 3. 10 dedunngilz. 13 A1a
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3.4 mMIRtmaumIAdefaaf v l$untTAIuRY
n17iadeuilvest Auenutd

3.4.1 dunannsiadeuiiiuasvesiduenuly

tile v namumisve sust nedilinrununiat adeuiituuuiuunudens
oy lukuIunuuey ua: wuuvedidusileonuuytisoudnetiugy  whldinng
tadouillunudusuuaznnsL adeuliduasve i fu s lidusiuf fuwuui funse ud

-
L Duwvudunnsaenan hAinaTAuAUNNTIRUYB JueL Aed L Reflas 1dAdug

fineani utudaunaruatunn 3INUIN9E19  AAAlTNLT ¢ vrAail
douunu X wazy vz dudeddudefuasfu
e ]| e | 2 O nngudvesisineid
cz=x2+y2

viloc nedl Fefdedsilvovaonauiuiey

v o (-]
AN uRuFve IR NL T2 luIuny X
LAty EINNITOLENIIATAUNITANL WS

LTUBL ENANNTITIINGY

o 4
AMNAIVUAUNUD

2 2
XX =cf -y

} [ 4
NN TANL O T L Tu L onnedn 999

dx _ _, dy
2%3t T ~3x
, & ‘d _ —xdx
Uil 3.11 n) udaenimrnanisLadeuiitu-as T = e

vod1 Auenutidudrvetnengnn
- - <
M)zuaqutnauuﬂaaﬂﬂﬁaanunﬁsLﬂaau

&
#Pu-avsve 9t Avenutd

nIuARIRNdNufTEndnaxuae yudnseyluguila. 11
ANNIINAINTNRUFveIANL FatuTEuEnng Taun1TUtiA2 UL T2%uLnuda
wnunilonsadt aunanu Jusdsudanarezdiisnantunisdut adeus Auedu-as
asitL iz L Hutid feflae il Budunsqudenutd  snnnImL IR0
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LF2uuurusunIf (AL Saueinedaeit) sriiiudananui S tunuiunuyse
Uinedl  Fearui FreilnT L vBvuntacednsTan Saflssuex wnagLdnd
e uafiduifuareveduq Fai91srfieamnnaneasafiifiuadedn seilua
nsznudanﬁqtﬂﬁauﬂmaaLﬁueuﬂnﬁauufaiﬁ LuanIINITLNtveInTininy
ATNhMUATNANL S2unY y Adf udamtNTTAMUANANL S TuR IR NUX
wnu(ndufufivingnaniuds)  Ferrrardeannifiunuueul adeuiiiaunany
197 AuNan1TAYUIY

C = 76.2

X = 0,2 ..76

defined: Vvertical=dy/dt , Vhorizontal=dx/dt

Vhorizental := 0.33 (Vmotor=40 rpm , pith=5 mm => (40%5)/600=0.33 cu/s)

-X
Wertical (x) := +Vhorizontal
2 2
c =X
I 2 2
Y(%) = yc =-x
% 7 (X Vvertical (x)
0] (W 0
2 | [76.174 =0.009
4 76.095 =0.017
6 | [75.9€ =0,026
[ 75.77% =0.035
10 75.54 -=0,044
12 75,245 =0,053
14 74,903 ~0.062 0 =
* [[A6] [74.501 =0.071 N
18} [ 74.044 =0.0 A
20 73. 528 =0.0
22 72.95¢ =0 Vvartical (x)
24 72.322 =0.
26 71,627 =0, 12
28 70,865 =0, 1: T
. 30 70.04€ =0.141
32 69.155 =0.153 -5 L ;
34 63.194 ~0.165 0 % 6
36 67.16 =0.177
38 66,049 =0.19
(46| [ 64.857 ~0. 204
42 63,58 =0.21¢
44 62,213 =0.233
36 60,749 =0.25
48 59,181 ~0.268
50 57.502 —0,287 80
€7 ] £5,7 <0.303__| ~
(53] [53.763 ~0.33]
56 51,676 =0.2%8 g
58 49,421 ~0,.387 y(x) \
60 46,973 —0.422
E 44,298 =0.4¢
64 41.357 =0.5 ‘ 3
66 38,085 =0.572 i
ga] [34.387 =0.653 ) ! -‘
70 30,107 =0.767 0 x 76
72 24,945 =0.952 .

FUfi3. 11a. nImudnIniuRusIEniNIxuazy
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3.4.2 arufufuiszninsszuzinvesinduaiunduiIagegn

voutAusuararnuL Jagegavesnetned

nhmualfit fusilninut Fagegatusuiuey LA cm/s
vetnediidilvun 0.22 kw dauiagege v rpm

nmax
3N Wi2a1 60 Funit wetmedvyula v Teu
Wiaan 1 Jundl weitnednyuid —fmx 3py
uAluL9a7 1 Juadl LAvaiadeuita v cm
iwTnzaziy
n17iadouiivesuained e apy srvviiiAveiadeuit v cm

<4
n17iadoufivesueined 1 Jou seniiiifius adeuil e a0
g
= 7rurAnvesindua FenAoveadngtiuises

d1u1704 Jvul dugnsudasaanuduiugve snaui Favesueined,  veaidug

- P 1
LAt JrutAnveIiLndullanIne Ul

- o & ¢
JrusANYeILNAYD = m'\un'neuﬁua/ AMULTIVDIUDLILABT

(cm/minute)
(rpm)

miay

dueLaedilaanui Iagegnt fuanseiladnu Jagegatduiu  nanafe
L3EunTofeeEnaau1 $alld1eid insnednandausendneninui Taves
\AusdenauLSaveenetaednadl  luniratuanadeqanstlildnnnui $a
WqEAtuN I drdianf L Rueanasavitai fuerni Auat3aeelaifanid
e dofuderdnanu faudnlgegannatuan inanzdndniandesnns
n1uau Iagegavesidue  LarfsenIuifenAanauL Tagegave e

4 ' » [
tnef39szuonArlimInueguida
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3.4.3 nﬁseanuunnﬂsﬁnﬁeLau1ﬂntna§aﬁn§uqut§ueiaetﬁueﬂu1i
n3AndetouTani ned il ayuiBusveatiiue  srfeanmnnsdaiian
umisafinvedidus  detulancfesiioutnninefiliinanuac i Bua(reso-
lution)§eq tw71zn 71 Buavedtfual verrzn Uil eutanL nedL Buaty
1e3ri dufiv sw1q:acﬁu%unﬂ1nqu 1 vorinvesioulnnined Iefeaiian
wufiadenunnnnefineuninedaeniniutd  dedutsnscudnaniann
wu drecidadeenuniinlaluniangu 1 eern Lileldisutnai aedillian
wufiadreTey Awile
NN TIYUIRILBuTARLABS 360 BufnaziiiNadesnyn n  Wad
mMavyuvedteutanined 1 evrnecliiadeenin == Wad
a1 urhuauiiaddonsnn sefudniInfiesntsiiatuau fad/eenn ddauan
tfoat NN resolution vevitoulaniaed (HufelRAusuuiaddeTou)
8141 euTnn L ned il uausiad /1oy Linafiu 2500
fotutanacifidntunnanyu 1 sern arliivadesnun = %%gg
= 6.94 Wad/0f

% ﬁ 4 - o
JUINWDNABUNIL NDTRENTIIVLA

3.4.4 nrrnwauLRenT3t St Rueauld adoudli Audadnuiinsudues

(response frequency)¥8dioulnntneindely

nmunli L Aueautdidnate Fageqe v cm/s
fraofnveaiauinaiL nedilAn r cm
fatiu L dusoung = 2%r cm
TRkl
Jturng 27r cm tiMNadeenun n vad

) v d o
TruULNIY v cm Iz IMNadennun 2:? = = uRad/Fuad (raud)

sntindedls. 4.2 LIIEINNTOAMUIUAIINL TAgIgAvedL Audtd TauLan
11 nAuaiilvzueAiniifiuzo Dadiuns uarueimefilninu $agegni12srpm

-
UNUANANIUGEAT Aoy
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AINLTIIgIgAYBdLAuY = 125x20 nm/m
= 250 cm/m
unurn v in1ddaouun Taushuaudiad/veuvesisulnnined =1200 uat

| 4 ] [ 4 4 z
Inflvevdeivnfiuio cm  Aouu

_ 1200%250
“Z=1.0%60

= 418 Wad/AuA(13nf)

Auuiad /3unit (aauid)

usifinnaudneuduesiluenunanuIsngudn= 200 Ataidnd Jeuanningis

o« ‘ ] ]
L3adunn datuIetiilnade L outnnined

3.4.5 n1IRRNULLNNTRARYLBUTAALABY LARAWuRadgaga
wn1TRndaL ouTanLaed L $aiuidue srdeailredenet $aful sutan
LnefuavdeddesBimdinintatu  1a1scAevesnuuu AevnArt nunzay
Liefler v unuiiadesnung il inflee L Bululd duydtin dusundouiity
viuszuenig 1 Dadlueadaiu  LewlnaipedAszindouily 1 Dadiuns

LUt AuanuL 3191960 1 Dadiuagidusdnede

farsanitoutnnt ned
Jturnng  2ar NadiunT szddnadesnun n Wad
TrusnI 1 Rafiuny eMNadesnu ’E';EF_
= Yuunad/10ad L1 uaT

Az LfiudadafiesniiiahwauRadeenuuingluniTiadeuilt adiuas
atfieviAuahuauniad/vou wieandn r n1TifuAr n Aldeandafianan 39
argeninieuinniaedililin n A1q  daunrtand r AL EntuReenmdide
flutwanve i euinnL Aefuln

froUnIn1 TR NNTOLAA AR 9o 1w
LouTnnL ned A1l uauiad/gou = 1200
uar Fadlddrvsrurui fusnguinatsveviouinniaed =19 Nadiung
UNUARI UGN IAAN 1200/2wr*19
= 10.0 wWad/1dadiung
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3.4.6 mIfwAuNInanaand LleneseiinTsmmfredaudneqguesiug
duyAtiiowtdiiamin x Atandy
1n14aqﬂsﬂuu+1n1otu5nvaatﬂueiuuu = 58 Alan¥y
w o= Yamintdue +dmtinTaveindn +iawiinautd

= (58+x) flanfu

mlehorcadl \DPA/ JOW  \ N

U3, 12 1fueFuvy
/
R : ur9udiFuniliAnsnngeiadiudaed 2 m
R;: uyu§Funili Ansani udnTRaguyuune T

/ /
" R ,R y
1 ‘2 - .
take momentflyn A: (58+x)kg(96-45)cm = R (122-45)cm
R, = 38.41+0.66x(kg)
........... (3.14)
_.ZFy =0 ; 2R| + R, = (x+58)kg
R: = (x+52—R22
unufa R, 99n(3.14) R\ = 0.79+0.69x (kg)
.......... (3.15)
4 [ 4 / 1 t
tev2uiamtinue s neffiauu(s. 2kg) R, A ln du
s (2958+51x ,
Rz = | ) + 8.2kg

= 46.6+0.66x (kg)  ......... (3.16)
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'H'IR: :

9N7Y 3.13 take moment ToURAC : A R = gg*
- %x(46.6+0.66x)kg
R = 69.9+0.99x (kg)  ........ (3.17)

\JeduyAinutiniin 75 Atandu  srswrTonuTsinsnhuuday

R
2

An9qvess Avedurutaded Ao

/ v

R = 22.5 kg (220.5 #l2fiu)

R = 96 kg (940.8 fadu)

R = 144.15 kg (1412.67 fi2diu)

713,13 (Avefunans

/

M R‘ :
917w IFy=0 vesTruuiivaenoudaunet redfivindnTAaquyuniuTs
filyunne 120 o ed

4 L4

R: + Ra = R2 + hu(ﬁﬁuunmaouatnaf = 8.2 kg)
196 R =R -R +W kg
4 2 3 2
= 46.6+0.66x-69.9-0.99x+8.2
R: = =15.1-0.33X .uueenn. (3.18)
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/
"R ﬂﬁn;ﬂﬂ 3.14 take moment ﬂqn z

' 4 - L 4
(uqnun1ﬂ1etn§n§unaﬁa = 25 nlangy)

~

Rx(170cm) = Rax (650m)+25x(850m)+R‘x (1050m)+2RlX(1400m)

]
KNUAT R:,R;,R: TR
/
R = 46.02+0.87x  ........ (3.19)
/
MR :
] 8
/ /
tilevan R + R = 2R + R + 25kg + R
, ] ] 1 4q 3
Ru = 2(9.79 + 0.169x) -15.1-0.33x + 25kg
+ 60.0 + 0.99x - (46.02 + 0.87x)
R: = 53.36+0.13%X e (3.20)

tileduy@vsiautdnin 75 Atanfu  srdwnToMIANveILTITINTENh
vuduAn9que L fuedunanataded fe
/ o
R, =-39.85 kg (-390.53 fiaau)
R = 111.27 kg (1090.44 fiafu)
/
]

R’ = 62.96 kg (617.0 #ia¢u)

- w9 W finsenhdevendnyvesust Aediuuy

snquils. 16 tfleumnuselunuaunuvesany  vrtlawTeiinTennde
dngilen

=
"

(58 + x)sin15°

=
L]

(15.01 + 0.26x)x9.8 #u ..... L..(3.21)

4
21]“3 .15 llﬂﬂ\!ﬂ'\‘!llﬂﬂll?dﬂﬂllﬂaﬂﬂz#m'i8ﬂ’lﬁ T UREINNT
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tlounutimiinvesnutideauy@ifivinfy 75 Atandu srdqunTom
Az siinTenhrisueadnyvesue nedfuuutd e
W = (15.01 + 0.26x75)%9.8
= 338.108 ladiu

- 739 W finTevmdedngvesusinedfunans
3n7U#l 3.16 take moment 7TouURA A
R2*200m = Wax31lcm

W - R,x20cm
31icm
1aufl R = 46.6 + 0.66X%
2
TR W = (46.6 + 0.66x)(20cm)
31cm
W = (36.5 + 0.43x)x9.8 %adu ....(3.22)

4 ' » - -~
unuAuUINinYeInuld (75 ATanTu) a9ludunn3(3.21)ec1AuT W
st fe W = (36.5+0.43x75)%0.8
677.964 Hladu

_!___ ,9'?53._.....__. —\

Uil 3.16 udasusfinTe e nAnTRsTUyNNeTITUNITUNL UL By



68

- uﬁuiaﬁniznhﬁaﬂnIIOGualﬂﬂf%uﬁﬂe :
Wx25¢cm = R°*850m

LNUAI R =53.36 + 0.128x  ......... (3.23)
wlh W = (53.36+0 128x)£§§§gl fiTanfu
W = (181.42+0.435x)%9.8 ti7fiu
......... (3.24)

tHoautdniin7s Atandu ardnursonAtvesuTeiinTenndedngves
' 4
uoLAndfuanals fe

=
]

(181.42 + 0.435x75)x 9.8
2097 .64{l2¢u

1
]
|
]
!
I
L)
i

1 1
& 0.85 N——>itc——0.85 1 —pl

: Z .
FUR 3.17 udnsuseiinTravredauiadeuiidu-asvestduasudng
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- g
3.4.7 ﬂﬁ?ﬁhﬂ?ﬂﬂﬂuﬁﬁﬂlﬂﬂﬂﬂﬂﬂﬂlﬂﬁ%ﬂﬂﬁﬂﬂu

—~ontmun
~anqllTzueiin= 5 JadiuaT, LAuinquinaniadu = 16 Nadiung
~1dudnysiln 4van
~uoinefiluredn = 10.2 Ardu-1uma
-yuindun = 15 BIAN
~u39finTentvieany W = (15.01+0.26x)x9.8 fladu
-ﬁuﬂqzanéﬂaﬁutaunnﬁuvaaanzdenﬁﬁe = 0.11

ek diab HLGL]
aﬂnaunﬂ1ﬂ(3.1) uaz(3.2) fio 1e = np Uar tana = _%aﬁf

UNUANASIUTNNNT
_ 4x5mm.
tana = 18R T
= 0.3978
1971 a = 21.6 89fN
Tl 4 o o

TauduyAiiminvesauld = 75 Ataniu
INANNTN(3.6) Ao

T _ Wd,[ fy+cos ¢ tan « ]
' R 2 Lcos ¢ -f tan a
UnNuaN
T =(338.198x16 ) 0.11+cos(15)tan(216) ]
R 2x1000 cos(15)-0.11tan(21.6)

= 1.444 WPu-LunT
usikTdagegavosueined = 10.2 fodiu-tuns  Feilduanndadn
1.444M2%u-1un7 1N wazsInntTAtuIRTAuNTT L URUULLAIAN RN wiin
50 Atanu fe 200 Atanfu wudn wgedefi200 Atanfu = 2.805U7fu-
tuny Fafdotioundtusedagegavesneined  wdiflendnuvaeaiu  usede
nindrst dlnduei nedae i d1inddusslngegavesueined  TavuTrunu
Fdawtinvesnuldgegatinagariiulso Alaniu Feaedestfusedatrinfu

2.261 Ndu-1unT
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. . ¢
ANT1913.2  udneRLTIDRve s LAeT R Elun 1T IuL Aussuu M2
sntinvesnu¥dduafisun 50-200 AtanFu”

Designed Table Nove in Horimontal Direction

Defined x is the patient's voiéht

X 3= 50,60 ..200 kg /*the weight is vary from 50-200 %/
w(x) 3= 15.01 + 0.26'X kg /*the equation of force that act to power screwst/
w(x) = w(x)-9.8 N /*Change to Newtons @/

f :=0.11 N/m/s /*Frictional coefficients/

8
x
a = 21.6- — radain
180
¢
¢ 1= 15—
180
d = 16 (average dimeter of screws )
m .

d £ + (cos(¢)- tan(a))
9.8 =m 8
T (x) = {w(x)- —_—
R 1000 2 | cos(p) - [t -ta.n(a)]
8
MAXTMUM MOTOR TORQUE : 10.2 N.M
T (x) (Nm ) (kg )
(kg ) R w(X)
50 11.489 274.498
60 12.556 299.978
70 13.622 325.458
80 : 14.689 350,938
90 15.755 376.418
100 16.822 401.898
110 17.888 427.378
120 18.955 452.858
130 20.021 478.338
140 21.088 | 503.818
150 22.154 529.298
160 23.221 554.778
‘L170 24.287 580,258
180 25.354 605,738
190 26.42 631.218
200 27.487 656.698

* AM3NNITANNIY
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- 4
3.4.8 ATAUUNIUY \‘lﬂ LAAINNel ﬂﬂ‘f‘lﬁlﬂﬁ'\\\

nednvesneLned(T) 30.5 WGu-Lung

23.5 Hadiung

-
tndvaflvunat fuiguidnansiadu

Hqzueiin 5 Nadiuny

(1NA T TUNANUIN)

nInyyudn

NANNTN(3.2) 190

tana le/“di

-4 v € ) e -
Lndvailad Sulnduasilantievnn  deviuSedlsruzuda 1 ivfuTsuziin
N (-3

=5 AadlLung
» E) -1 Smm.
t'ln a = tan 35.5% )
= tan™'(0.06772)
= 3.874 931
tana = 0.067225
A INIYUIRYD INeInTiL A d9nnd
Janvun

- INNTANULIAAT W = (36.5 + 0.43x)»0.8 fléu
- duy@tiitiminautd = 75 Alanu 218 W = 673.75 fadu
- @ = 30/2 = 15 ®IAN
- HuTeAndaonutduaniuvesangdenids = 0.20 = f (37nAn319finnAN

aﬁnaunﬁ1ﬁ(3.6)
T = Wdy [fgtcos @ tana ]+rfw
mc C

R 2 cos ¢ -f tan o
UNUANAITUTUNT . ,
_673.75 4[0.2+cos(15)tan(3.874
T == —*23.5%107 | S5 %95, 2tan(0 . 8749}

= 2.206 NIGU-LUNT
<& - I3 o
tufedngdenndvnesnisureda(nedn)wune 2.206fdu-1unT LRefazun
AUy winednvesueimediuunn 30.5M70u-1unT Fauanndnfn 2.206

N S L AusdrunTounautiidtiawin 75 ftanfuta
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#1393, 3 udnsnurdavesustneditlduntsiuiduedunane  sag
dntinvesnul¥eous 50-200 Alaniu”

Designed Table Move Incline; Direétio—;
Defined x is weight of patient
X t= 50,60 ..200 kg /% the weight is vary from 50-200 kg */
w(x) := 36.5 + 0.43-x kg /#*the force's equation that act to pover-seravs*/

w(x) := w(x)-9.8 N /*Change to Newtonss/

b 4 = 0.2 N/n/s
8
4
a = 3.874- — radain
180
T
¢ 1= 15 —
180

a = 23.5 /*average dimeter of screws#s/

wix) = 8

[ a J f + (cos{(¢)-tan(a))

1000 2 | cos(¢) - [ts -tan(a)]

MAXIMUM MOTOR TORQUE: 30.5 N.M

T (x) { Nm) (newtons )
x (kqg) R w(x)
50 1.861 568.4
60 1.999 610.54
70 2.137 652.68
80 2.275 694.82
90 2.413 736.96
100 2.551 779.1
110 2.689 821.24
120 2.827 863.38
130 2.965 905.52
140 3.103 947,66
L50 3.241 | 989.8
[ 160 | ‘ 3.379 3
170 3.517 1.032:-10
80 3.655 3
190 3.793 1.074:10
200 3.931 3
1.116-10
3
1,358 20 |
3
[1.201-10 |

*x ANINNITANUIY
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3.4.9 NI IR L AR Inue L ne Sudng
dnntvun
-dnyilyzuziin = 5 ﬂaﬁtuns,tﬁudﬁquﬁnaﬁe 28 fadiuny Teudl
tﬁuﬁﬂquénaﬂetaﬁu 25.5 NadiunT(37NA111Y WUNAKUIN)
-yuinfud 15 890
-uieﬂnvznﬁdaanziudﬁa W = (150.38 + 1.428x)x9.8 #i7fiu
—dngi fusvuyanidva Teullduuseavd arnut fuanny f =0.2

paIvayuvie tana = —a__
= d

5mh.
7z *25.5mm,

= 0.0624
a = 3.571 93f1

- I 4 o [
1 19715 0un nan

' » ) L4
TounmualiuIntinveIauly = 75 nlandu

-] Q.
_-2101.3 -3{0.2+cos(15)tan(3.571)

T2 —*25.5*107 (5789 -0, 2tan(3. 571 )
= 7.301 #7du-1ung

- ] ' - d
azLﬁuiﬁusouﬂﬂﬁaan111§untﬁuoﬁﬂﬂﬁaunQﬁuseunqqqnvaquaLn01
o 3 v & > o
(30 du-tunT)  detiutduedrunsounauiddeniin 75 Atansutd
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|4 | A ' (4
ﬂﬁ1ﬁ0ﬂ3.4 uﬂﬂiﬁﬂu1dﬂﬂ10630lﬂﬂ%ﬂﬁéﬁdﬁﬂi%ﬂﬂﬁ?ﬂﬂlﬁﬂd Lﬂauﬁuun

voam1¥ LAuuuraveglusanus 50-200 Ataniy’

Designed Table Move Up_down Direction
Defined x is patient's weight

X 3= 50,60 ..200 kg /*the patient's weight is vary from 50-200%/

w(x) t= 181.42 + 0.435'x kg (tth. equation of force that act to screwss/
w(x) = w(x)'9.8 N /*Change to Newtonss/

£f 3=0.2 N/m/s /*Friction coefficient of power screws =/

8
4
a = 3,571 — radian
180
.
¢ 2= 15—
180

d = 25.5 /+Average dimeter of power screws#/
n

w(x) =m s
T (x) = —_—
R [1000 2

.| ] f + (com(¢) tan(a))

cos(¢) -~ [£ -tan(a)
8
MAXIMUM MOTOR TORQUE: 30.5 N.M
T (x) (Nm) w({x) (newtons)

x (kg) R 3
50 ; 6.93 1.992-10
60 7.079 3
70 7.227 2.034-10
80 7.375 3
90 7.524 2.076- 10
100 7.672 3
110 7.82 2.119-10
120 7.969 3
130 8.117 2.162- 10
140 8.266 3
150 8.414 2.204-10
160 8.562 3
170 8.711 2.247- 10
180 8.859 3
190 9.007 2.289-10
200 9.156 3
2.332-10
3

2.375-10

3

2.417-10

* ANINNITANUIU
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1.1 1fudngudnanavesiouinniaed
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1.3 @ﬁuauwaaﬂuuawnwﬁuuua1uuﬁonhunuo1naqﬂnﬁutauq

phuauTrurmaildennde sfiunhumisinagatiai Austauldgas

* DIM = (LIM DIS))
R

DIM =i&usinfuinansvedi sulnniaod
LIM DIS = hwaufadeanahumisToudsnhumisinage

w
TeueN19(mm) =S

R = dwuiadnoTouve i oulnat ned
AMMIUT EUE NN 9IINANL s TouT anthumi s inaganui Ausanatuauiad
v
ﬂ = A 4
WatuauTruzmefiadeudltu 1 fadveaieulnniaed

nou 2

© 0 ~N O O & W N =

fafnneit’ k =28 k =7k =80

ﬁeﬂutﬁuonn%auﬂ1ﬂ 10 ﬂaan;uns tiufinwaluniT13tufinNan1INAaD g
VAuTtuzneludn 10 Dadiung deniAvelndeufiuacduinua
veude 3 unTu 9 ady

deiAvaindeuilty 100 Nafiuny dufinwa

vaude 5 uATU 3 AT9

naututvahumis oy

ot Auaiadouity  0.02 Nafiuns watiufinna

reude 7-8 udiadeuiily 0.05,0.1,0.2,1 NadBiuaT  Auatdin

10 1ydvusn PID i k=10 k =5k, =80
11 vhenude 2 - 9 tusuusﬁuuuaﬂ1ﬂnauuazﬂaqnﬁ1tUauuﬁﬂﬂoﬁ
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2 puauTrusmsiidenndesfivshuruiaditivtasinToudenumisyut Sus
1naqﬂﬁeaao
3 nﬁuﬁuaeﬂﬂﬁaaanﬁaoﬁuszuznﬁaaﬁnTﬁuﬁanﬁuuﬁqquL5ua1naqn
fadestlavidgns
tana =§§
S = srueneiliadeuiainatumisToudeahumisyui Businagaredes
R

4 vnI WU IAIRBNTTL ﬂ%\'auﬁ‘lu 1 'ﬁaé'ua Jiouinal ﬂﬂ%

Frflve gt Ausdnvnyaiafiu

nou 2

#efinpadl PID k=28k =7k =80
doifuaiadouilty 0.5 evrn Sufinwaniinaae 9 lunnsng
tAunaTiadeuitudn 0.5 vern tufinwantanaany
nude 3 aunTy 6 Aty

d9%iL fvat adeuituilnhumia ey

oL Auaindouiity 0.002 eern tudnwa

naude 5-6 udiuAvuyuifiu 0.01,0.05 anuahdy
\Wavudanedl PID 1iiu k =7k =5 k =200
nannde 2-7 LuFvulfuuwailtdnousarvud el uduudinadl

© O N O O S W N =
R.



f
1
2
3

4
n

83

unii4
Non1333u uncdenad
NANITMRADY
1 1Rvemu1¥dun
19 neSanngi i Nt ahuaataun
dusinguinatsvesi sutaninedivinfy 32 Nadiung
A2uat L Suave vl oulnaLaed Lrinfiu 1200 Waddeveu
MURAETIUIAINAUMIY HOME (ahuwmiadnede e dugud) e
ahundariat Avatnnfiy 14800 Wad
YR RtLTAsInaumie HOME' Sentumisinui fuaiviafiy 1000 Wad
ATAMUINT LU N ITE NS A uuRaditiud
—ANTANUINTEUENTIIINAUMLY HOME flauniafiatdug
t§uvoudvvesioulanLaedivinfu d = 100.53 mm
LouTanLABdMyY 1 Touatiiifiad 1200x4 Wad( gilnnAnuan )

[ 4 z L4 9 4
fatiuuIuRad 14000 ItLvAfuTEUENAY

(100.53mm * 14000)
(4800)

TTUTNIIININNAUNUY HOME Soumdenaidveiviiy 502.65 mm
—NNTANUANTEUENTIIAIN  Home Sanhwundaniul v

SMURAERTUIA N Uiy HOME fenumisnnut fvatnnfy 1000 wad

(100.53%x1000)
(4800)

8 -« [ 4
inTrzatiuTsuenefidunud fude

-UdnINITUIAIAINAL L Bun(resolution)ve gt Ayl
Funad 4800 1vinfuTruznng 100.53 mm

" 1 " 138653 = 0.02 mm
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_d9atis ndoudtunfeae 10 un K =28, K =7, K =80
Ammreur (Aaflewld | atwaudad | avuauiad | shwaunad
n19#td 9 (mm) (mm) fda Ao utd fiaanana

10 0.906 477 473 4
19.9006 19.771 | 950 044 6
29.771 20.636 | 1421 1415 6
39.636 39.50 1892 1886 6
49.5 40.886 2363 2358 5
59.886 59.271 2835 2830 5
69.271 69.136 3307 3301 6
79.136 79.002 3778 3773 5
89.002 88.886 4250 4244 6
98.886 98.772 4721 4716 5
108,772 108.753 | 9490 0485 5
208.535 | 208.535 | 14259 14254 5
308.535 | 398.373 | 19029 10024 5
Aou fi
Pwnscue | Arilgutd [ahwauiad | atuauiad | shwaudiad
n19ld 9 (mm) | (mm) fde fewa #Aanann
0.02 0.0 1 0 -
0.1 0 4 -
0.2 0.063 9 6
0.5 0.398 23 19 4
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3 : K =10, K =5, K = 80
MuuTeue |Aaileutd [ stwausad | atwaudiad [ shuaunad
n19#id 9 (mm) | (mm) #da fignutd franane

10 9.613 477 459 18
19.613 19.185 950 930 20
29.185 28.185 1421 1404 17
38.185 38.369 1892 1871 21
48.369 47.920 2363 2342 21
57.920 57.554 2835 2825 18
67.554 67.146 3307 3288 19
76.146 76.718 3778 3760 18
86.718 86.289 4250 4230 20
96.289 95.860 4721 4700 21
195.860 195.008 | 9490 0470 20
295.009 298.556 ~14259 14238 21
398.556 304.060 | 19029 19006 23
'qv - o
MUTEYE [Aafieuld | dhuauniad | ahuduiad | ahuauviad
1 97d 9 (mm) | (mm) 9 #e e fRanann
0.02 0.0 1 0 -
0.1 0 4 0 -
0.2 0 9 0 0
0.5 0.063 23 3 20

-
*NUWILNA LATBINHY

P
wunudte LAveli adoud
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2 1fAuenul¥Sunany

ATl nefandgiadunnantunaidun

1 1duingudnatevesieuinninedfivinfiu 33.5 Nadiuns

2 aanNariduavediouinaLnedinnfiu 2500 HaddoTou

3 wauiaditiviAsnamumis HOME (shumisrud)Bentumisyugegat dua
a9(15%a fuaiidugadnede) rinfiv 148000 wad

4 waudaditivtdsinenumis HOME  Semmumisyugegat Susiu
(ﬂiﬁqtﬁuetﬁuqﬂﬁﬂaﬁe) tinfiu 3600  Wad

5 %ﬁﬂmaeLﬁuaﬁﬂéﬁnaaﬂaﬁutﬁwﬁu 1535 Nadiung

nIAuIET s e MaTduRUS iU uRad A
—11ANYT2 L HuT BN YR L BUTARLAET
L fungudnansvesiouinaiaed 33.2 mm
ingzariul dusouavvesioutaniaed iiafy 33.2 » « = 105.243 mm
—NNTAMUIUTEUEMINNANUMEY HOME Senhumisyugagat Susdu
LouUTANLABT N 2500x4 Wad L¥NfiuTeueng 105.243 mm

(105.243 = 14800)
148000 71060)

= 155.76 mm

—NTANUIUTEUENNIIINAIUNGY HOME Taumiayugagat duvag

(105.243 = 3600)
(10000)

= 37.8875 mm

~W10IANGIgAyuL Buaag
INYNT tana =§
S=TrurnVIgIgayL Buvng
=155.76 mm
R=3rilvoaifug
=1535 mm
@« = 5.79410 83fN
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~MesnngIgayuL Busiu

Ldut fyafiunranieerngegayui Busas
S ='37.8875 mm
B = 1.4139 BIfn

—aﬂaﬁuauaeﬁﬂﬂtiuaLnﬁauﬂtﬂatauTﬂatﬂ941ﬁﬁaﬁaanuﬁ 1 wad
aﬁuauﬁaéQeqnvaoqutauea¢(tﬁuuﬁuﬁqtﬁue) = 14800

uazahuauaaﬁﬁﬂﬂﬁuamiﬁ = 5.79410 93f1

5.79410
1480

=0.0003915 B3I

4 )
INTITatUUINUIUBIANAENAE =

LUFuu Huufuatuaus drdenadvo 9L oulnnL aes

__360
“10000

= 0.036 ®BIfN
AT iuTinNanITNIRae

v Y - f 4
ﬂgLuLﬂyggﬂéguﬂﬂ1ggz 0.5 ®93fin

AnsflvoInITNRaE k =20k =15k = 200

Muuedrn [ Arflgutd | ahuauiad [ atwausiad | stwauiiad

#ida (89F1) fida figwa FAanana
0.5 0.4952 1272 1265 7
0.9952 0.9936 2542 2538 4
1.4936 1.4904 3815 3807 8
1.9904 -| 1.9868 | 5084 5075 9
2.4868 2.4836 | 6352 6344 8
2.9836 2.9797 | 7621 7611 10
3.4797 3.4761 10156 10146 10
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MR | Aflg s | shwaunad [ stwaunad | shwounad
neitda (09Fin) fida fgw1d #Rawan
0.002 - 5 - -
0.01 0.0055 21 14 7
0.05 0.0458 127 117 10
AnfiveIntTnnany kp =7 k =40 k = 200
WD | Aafisaula | shuoutiad | shwoudad | et unusiad
fida (09f) fdo fgwe #anann
0.5 0.4839 1272 1224 48
0.9839 0.9674 2542 2500 42
1.4674 1.4505 3815 3772 43
1.9505 1.9316 5084 5036 48
2.4316 2.4136 6352 6299 53
2.9136 2.8939 7621 7571 50
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- - -

f
INUUBIAN | ANTIB R | ahudunad | ahuauiad | ahuduiad
nafide (03F0) fida figwuta fanana
0.005 — 12 - -
0.01 - 25
0.5 0.4784 1277 1227 50

- - -
JUR 3.22 1RueauliL AT evAuLLLRISn NI NRae



90

unil 5
dqunan1333utL 1az 3T

L Aueaul ¥

—n"meﬁk =28 k =7 k = 80

ﬁﬁnuanﬁsnﬂaaoﬂﬂnlﬁuonu1MLﬂﬁauﬂ1Uﬂ10az 10 Dadiuns  Fo
udnINaTIIUITadLarTeuemesT i Tudadiuns  ArArnuRananailia
1ﬁacaQﬂﬁdde 4-6 Wad wIeinady 0.08-0.12 FafiunT  uarA AN
ariduailntunaafidn 0.02 Dadiuns Fefvuuannudn sruematioviige
fidvsindouiitafe 0.02 Dadiumr udiilesandnrudanannt induszue
mailovilgaatlduindufestdesildadoud 0.12 Dadiunsdutly 1Auede

-
dWT0 L Adoue

-mmilk =20k =7k =80

aﬂnuanw1LUauun1ﬂoﬂ PID %uunﬂnaﬂuﬂnwawﬂﬂuﬁuiﬂazﬂﬂﬁswuvu
naﬂnwaqszuqﬁe 18-23 Wad nIeivrfustutng 0.36-0.46 Nadiungy
%entﬁuiunﬁunquﬁﬂaﬁnﬂ1anﬂﬂﬂoﬂ k uaz k atfnaninAnule
wana i Audu daunwnqﬁuazLeUﬂﬁazﬂnﬂtﬁuvuﬂqutﬂuﬁu finarfovinidug
LndoufifounTzuenne 0.46 dadiunsduiy tﬁuqﬁoaztﬂaauﬁ

LAvanuliSunang
- fneil k= 20 k= 15 k =200
INNNAMINAABITAAIAITIANS  q  drunTnuiAtnlNatL Suave Iy
Ladoufltuuuayut Buatftinfiy 0.0003915 vt Famunuarnudnifuedn
wniadouiitfednotioudigairinfiu 0.0003915 8ef1 uAIINHANITNARSY
naiadeuiivesi Avelladnulenane  eyludas 4-10 Wad  wielvinfu
0.0015-0.0039 99f1 Favedinadediiunnnin 0.0039 vurn  1Auadeae

L ndoudl
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- Al k =7k =5k =200
ANNINAABI L UALUAAIR  PID wail1dfi dulusunged Aedqan
i1k uaz k srvnifininuiananaidudu  Ardananeidutdeyu
479 42-50 Wad nIeivfiu 0.0164-0.0195 BIF
NN1T L AdeuTivedt Auefedesdu ArpauRawanAYEINTTL AdEY
flatdldade q fu wdauddanedl PID #1¥  naTasfrRluRANARd AT

1A Taun1T L AuAn il kp uaz k

DgmaiiwuluntTneaes
Wnmangeduda dedetfit vt edouiltudsatumivilfiesnns uae
(Ho1fveueiifosntsuda  vewuafaenanadaii Auanyanas adoudiviud

usit o tannnTudiiass sudanudni Ausaslinyaiudl  ussziadeudideludn
VAnfloumuussidovvesueined  Feszifumrudawatnvesszuy  uazdn
A Frve st dueilunduivinte Aamanudananaiazdeil fuuniuanuty
fav  Jedannui Favestdualldaunng tsut vefienhniInTasL Ianthumis

o ‘o ¢ ‘e
L HEN1TBUL NOTTNNINL Fuanya laiviu

FBuiy
tfIntmuanaut T2ve a1 Au el adoudli §a9uL Aulusul sul ved

nMowlilfiu war8ndtvitefife naTuflvisusenuad  FeniAtaunni Juu

Trunand et v adoufidoundutudentumisveafia sutsediug (feaid

nN138uL nedSnia ufoIng
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/ This program is used to control patient table /

/ for horizontal direction

#include

#include

#include

#include

#include

#lnclude

<{dos.h>

<math.h>

{stdio.h>

<conio.h>

"7340drve . h"

"motor.h"

/* unction prototypes */

void far

void far

init_7340(void);

init_pics(void);

void far wremd(int,char);

void far

void far

wrword(int,unsigned) ;

wr2words(int,long);

int far rdstat(int);

long far

rd2words(int);

void Stop_table(int axis);

long read_realpos();

void menu{void);

vold Init_filters(int,unsigned,

/



unsigned,unsigned,
unsigned,unsigned) ;
void initiallization();
void interrupt_contr();
void home();
vold loadtraj();

void trajectory_contr();

int Motor_Command;
int Move_Result;
int MoveStateAxisl;
int Motor_Position;
int Motor_Dir;

int Top_Counter;
int Bottom_Counter;
int Home_Counter;
int Error_Code;

int Home_Limit;

unsigned rdsig;

int i;

char ch;

int command,st;

long velo,acce,vel ,Rvel ,Target,current,rrvel;
unsigned prop,integ,deriv,integlim;

int axis;



int rvel;
float encoder_line,
p_target,targ_conv,

current_rev;

char *table_pos|[] =
{
"UNKNOW POSITION",

"OUT OF RANGE",

"HOME" , "BOTTOM LIMIT",
"TOP LIMIT", "BOTTOM HOME",
"TOP HOME", "BOTTOM OFF",
"TOP QFF", "BOTTOM TOP",

"BOTTOM OFF_ BOTTOM LIMIT",

"TOP QFF_TOP LIMIT"

char *move_state[]=
{
"STOP" ,
" STOP_HOME",
"STOP_BOTTOM" ,
"STOP_TOP" ,
"FIND_HOME",

"FIND_BOTTOM_LIMIT"



"IFIND Ol LM,

"NORMAL_MOVE"

char *error|] =
{
"SUCCESSFUL",
"PROGRAM_ERROR" ,
"MOVE_IN_OPERATION",
"BOTTOM_ERROR" ,
"TOP_ERROR",
"HOME_ERROR" ,
"NORMAL_MOVE_FERROR" ,
"PROGRAM_ERROR"
b
char *move_dir|[]= [ "MOTOR_STOP",
"MOTOR_BOTTOM_MOVE",
"MOTOR_TOP_MOVE",

"UNKNOWN_PREVIOUS_DIR"

"PREVIOUS_BOTTOM_DIR",
"PREVIOUS_TOP_DIR"
};
char *‘move_command[]= [ "GO_DESIRED_POS",
"GO_HOME" ,
"GO_BOTTOM_LIMIT",

"GO_TOP_LIMIT",



"INITIAL"

I

void init_filters(int axis,

unsigned filt_cw,
unsigned p,
unsigned i,
unsigned d,

unsigned il)

wremd(axis,LFIL) ; /* init filters
wrword(axis,filt_cw);
wrword(axis,p);

wrword(axis,i);

wrword(axis,d);

wrword(axis,[1);

wremd(axis,UDF);

void initiallization(int axis )

{

wremd(axis,MRESET); /* init 1lmé628
wrcmd(axis,PORle);

wremd(axis,DFH) ;

*/

*/



void interrupt_contr(int axis)
{
wrcnd(axis,LPES) ;
wrword(axis,Ox71ff);
wrend(axis,MSK1) ;
wrword(axis,0);
outportb(CPO,0x00) ;

outportb(CP1,0x80);

void trajectory_contr(int axis,
unsigned tr_cw,
long acce,
long vel,

long pos)

wremd(axis,LTRJ) ;
wrword(axis,tr_cw);
wr2words(axis,acce);
wr2words(axis,vel);
wr2words(axis,pos);

wrcmd(axlis,STT); /*start move*/

long Target_conv(float p_target,float encoder_line)

{



long current_pos;
floal R;

current_pos = read_realpos(axis);

/*system resolution */

R = encoder_line * 4.0;

Target = (long)((p_target * R)/(M_PI*DIM)+current_pos);
return{((long)Target) ;

}

float targ_calulate(long targ_cal)
{
float R;
float target_cal;
R = encoder_line*4d;
target_cal = (M_PI*DIM/R)*(targ_cal);

return{((float)target_cal};

long read_realpos(int axis)

{
wremd{axis,RDRP) ;

current =(long)(rd2words(axis));

return{(long)(current)) ;

/* start stop motor*/



void Stop_table(int axis)

{
outportb(OUTPUT1,0x40) ;
trajectory_contr(axis,0x0200,0L,0L,0L);
wremd(axis,DFH) ; -
wremd(axis,STT) ;

|

/* end stop motor*/

void show_state()

[ .

printf("\nMotor Position:%s",table_pos[Motor_Position]);

printf{"\nMove Result:%s", error |[Move_Result]);

printf("\nMove Direction:%s" ,move_dir[Motor_Dir]);

printf("\nMove State:%s", move_state[MoveStateAxisl]);

void go_home()
{
long posi;
clrser();
printf(*<<PID CONTROLLER PARAMETER:>>\n");
printf("kp:%4u" ,prop);

printf("ki:%4u" .integ);



printf("kd:%4u",deriv);

printf("il:%4u\n",integlin);

MoveStatoAxisl = FIND_HOME;

if(inportb(INPUT1) == OXF8)./* inport1=80 BOTTOM_limit =*/
{
Move_Result = MOVE_IN_OPERATION;
Motor_Position = DBOTTOM_LIMIT;
Motor_Dir = MOTOR_TOP_MOVE ;
show_state();
trajectory_contr(axis,0x002a,371,500001,250001) ;
= move to left ——===——- vis

} else if(inportb(INPUTO0)==0x80) /*input0 =F8 TOP_LIMIT *

Move_Result = MOVE_IN_OPERATION;

Motor_Position = TOP_LIMIT;

Motor_Dir =MOTOR_BOTTOM_MOVE;

show_state();
trajectory_contr(axis,0x002a,371,500001,-250001);
[P m————— move to right —-——-—we—e—- v/

} else if(inportb(INPUTO)== 0x08) /*input0 = 08 HOME

printf("this pos:home\n");

MoveStateAxisl = STOP_HOME;

/



Move_Result = SUCCESSFUL;
Motbr_Position = HOME ;
Motor_Dir = MOTOR_STOP;
shoﬁ_state();
} else
{
printf(" RANDOM:\n") ;
Move_Result = MOVE_IN_OPKRATION;
Motor_Dir = MOTOR_BOTTOM_MOVE ;
- show_state() ;

trajectory_contr(axis,0x002a,37L,50000L,-250001) ;

!

do f{
wremd(axis,RDRP);
current =(long)(rd2words(axis))

printf("\rFinding Home.. ! Position:%8ld ", current);

]

while((MoveStateAxisl !=STOP_HOME)&&(MoveStateAxlisl !=STOP));
printf("\nMotor Stop Now\n");
trajectory_contr(axis,0x0200,0L,0L,0L);

wremd(axis,DFH); /* find zero postion*/

wremd(axis,STT) ;

delay(100) ;
trajectory_contr(uxis,0x002a,76L,70000L,0L);

show_state();



void go_bottom_limit(int axis )
{
‘clrscr();
Motor_Command = GO_BOTTOM_LIMIT;
MoveStateAxisl = FIND_BOTTOM_LIMIT;
read_realpos(axis);

/*motor position home,top,cw'/

switch(Motor_Position)

{

case BOTTOM_LIMIT:
printf{("\nmotorppos:BOTTM_LIMIT\n");
Motor_Dir = MOTOR_STOP;
Move_Result= SUCCESSFUL;
MoveStateAxisl = STOP_BOTTOM;

break;

case TOP_LIMIT:
printf("\nmotorppos:TOP_LIMIT\n");
Motor_Dir = MOTOR_BOTTOM_MOVE;
/*Motor_Poslition = LEFT_HOME;*/

trajectory_contr(axis,0x002a,0x371,500001,-25000L);

break;



case HOME:
printf("\nmotorpos:HOME\n") ;
Motor_Dir = MOTOR_BOTTOM_MOVE;
/*Motor_Position = RIGHT_HOME;*/
trajectory_contr(axis,0x002a,0x371,500001,-25000L) ;
break;
case TOP_HOME:
if(current>0)

{
printf{"\nmotorpos:TOP_HOME\n");

Motor_Dir = MOTOR_BOTTOM_MOVE;

Motor_Position = TOP_HOME;

trajectory_contr(axis,0x002a,0x371,500001,-25000L);
} else | Move_Resul t=PROGRAM_ERROR;
show_state() ;}

break;

case BOTTOM_HOME :

if(current<o0)

printf("\nmotorpos:BOTTOM_HOME\n") ;
Motor_Dir = MOTOR_BOTTOM_MOVE ;
Motor_Position = BOTTOM_HOME;

trajectory_contr(axis,0x002a,371,500001,-25000L);
Jelse {Move_Result = PROGRAM_ERROR;
show_state() ;]

break;



do |
read_realpos{axis);
printf("\rFINDING BOTTOM_LIMIT%81d " ,current);
Jwhile((MoveStateAxisl != STOP);
priﬁtf(“\nMotor Stop Now\n");
trajectory_contr(axis,0x0200,0L,0L,0L);
delay(100);
trajectory_contr{axis,0x002a,371,50000L,current);

show_state();

void go_top_limit(int axis)
{
clrser();
Motor_Command = GO_TOP_LIMIT;
MoveStateAxisl = FIND_TOP_LIMIT;
read_realpos{(axis);
/* CASE position is home,cw,top*/
switch(Motor_Position)

{

case BOTTOM_LIMIT:

Move_Resul t=MOVE_IN_OPERATION;



Motor_Dir = MOTOR_TOP_MOVE ;
trajectory_contr(axis,0x002a,0x371,500001,25000L);
broak;
case TOP_LIMIT:
Move_Resul t=SUCCESSFUL ;
Motor_Dir=MOTOR_STOP;
MoveStateAxisl = STOP_TOP;
break;
case. HOME:
Move_Result=MOVE_IN_OPERATION;
Motor_Dir = MOTOR_TOP_MOVE;
trajectory_contr(axis,0x002a,371,500001,25000L) ;
break
case TOP_HOME:
/* case position is anywhore*/
if(current>0)
{
Move_Resul t=MOVE_IN_OPERATION;
Motor_Dir = MOTOR_TOP_MOVE;
trajectory_contr(axis,0x002a,371,500001,25000L);
lelse Move_Result = PROGRAM_ERROR;
show_state() ;
break;
case BOTTOM_HOME :

if(current<o0)

{



Move_Resul t=MOVE_IN_OPERATION ;
Motor_Dir = MOTOR_TOP_MOVE;
trajectory_contr{(axis,0x002a,371,500001,25000L) ;
lelse Move_Result = PROGRAM_ERROR;
show_state(); -

break;

do{
read_realpos(axis);
printf("\rFINDING TOP_LIMIT%81d " ,current);

} while((MoveStateAxisl !'=STOP_TCP)&&( MoveStateAxisl !=STOP)

printf("\nMotor Stop Now\n");
trajectory_contr(axls,0x0200,0L,OL,OL):
delay(100);

printf("\ntop limlt:%81d\n",current);
trajectory_contr(axis,0x002a,37L,50000L,current);
printf(“\nTOPCONT:%d\n" ,Top_Counter);

show_state();

void movement_init(int axis)

{

/*SET AIV*/



clrscr();
Top_Counter = 0;
Bottom_Counter = 0;

Home_Counter = 0;

Motor_Position = UNKNOWN_POS; ' -

MoveStateAxisl STOP ;
Motor_Dir = MOTOR_STOP:

Motor_Command =INITIAL;

/*filter parameter*/ 3

/* first must load filter before move*/

prop=10u;
integ=5u;
deriv=80u;

integlim=5u;

Init_filters(axis,0x000f,prop,integ,deriv,integlim);

go_home(axis);

int select_axis()

{

dol{
printf("input axis <0-3> :");scanf("%d" ,&axis);

}] while(axis<0 !! axis>3):



return({(int)axis);

void desired_move(int axis)
( ' . ~
clrscr();
MoveStateAxisl = NORMAL_MOVE;
wrcnd(axis,RDRP);
current =(long)(rd2words(axis));
do
do{
printf("\nTOP MAX LIMIT:%f BOTTOM MAX LIMIT:%f",
TOP_LIMIT_CONV ,BOTTOM_LIMIT_CONV) ;
priﬁtf("\nTOP DIRECTION:POSITIVE BOTTOM DIRECTION:NEGATIVE\n")
printf("\nTARGET: ");
scanf("%f" ,&p_target);
Target=(long)Target_conv(p_target,encoder_line);

printf("\nTarget Conv:%ld" ,Target);

/*case motor Is home,cw,top'/
if( (Target >=BOTTOM_LIMIT_MAX)&&(.Target(= TOP_LIMIT_MAX))
{ if(Target > 0)
[
switch(Motor_Position)
t

case HOME:



printf("\nCurrent Position is Home\n"):
Move_Resul t=MOVE_IN_OPERATION;

show_state();

Motor_Dir = MOTOR_TOP_MOVE;
Move_Result=SUCCESSFUL ;

Motor_Position = TOP_HOME;
trajectory_contr(axis,0x002a,37L ,50000L,Target) ;

break;

case TOP_LIMIT:

if(Target==TOP_LIMIT_MAX)
|
printf("\nCurrent Position is TOP_LIMIT\n");
ghow_state();
Motor_Dir = MOTOR_STOP;

Move_Result = SUCCESSFUL;

Motor_Position TOP_LIMIT;

MoveStateAxisl STOP_TOP ;

lelsef
printf("\nCurrent Position is Top_ﬂomé\n");
Motor_Dir = BOTTOM_LIMIT;
Move_Result = MOVE_IN_OPERATION;
show_state();

Move_Result = SUCCESSFUL;



Motor_Position = TOP_HOME;
trajectory_contr(axis,0x002a,371,500001 ,Target);

]

break;
case BOTTOM_LIMIT:
printf("\nCurrent Position is BOTTOM_LIMIT\n");
Motor_Dir = MOTOR_TOP_MOVE;
Move_Resul t=MOVE_IN_OPERATION;
Motor_Pasition =TOP_HOME;
trajectory_contr(axis,0x002a,371,500001,Target);
break ;
case BOTTOM_HOME:
Motor_Dir = MOTOR_TOP_MOVE ;
Move_Result = MOVE_IN_OPERATION;
show_state() ;
Move_Result = SUCCESSFUL;
Motor_Position =TOP_HOME;
trajectory_contr(axis,0x002a,371,500001,Target);
break;
case TOP_HOME:
if(Target>current)Motor_Dir = MOTOR_TOP_MOVE ;
else Motor_Dir =  MOTOR_BOTTOM_MOVE;
Move_Result = MOVE_IN_OPERATION;
show_state();
Move_Result = SUCCESSFUL;

Motor_Position =TOP_HOME;



trajectory_contr(axis,0x002a,371,500001,Target);
break}.

}

lelse if(Target<o0)
{
switch(Motor_Position)

{

case HOME:
printf{("\nCurrent Position is HOME\n") ;
Move_Resul t=MOVE_IN_OPERATION ;
show_state() ;
Move_Resul t=SUCCESSIFUL ;
Motor_Dir = MOTOR_BOTTOM_MOVE;
Motor_Position = BOTTOM_HOME;
trajectory_contr(axis,0x002a2,371,500001,Target);

break;

case TOP_LIMIT:
printf("\nCurrent Position is TOP_LIMIT\n");
Motor_Dir = MOTOR_BOTTOM_MOVE;
Motor_Position = BOTTOM_HOME;
trajectory_contr(axis,0x002a,371,500001,Target);
break;

case BOTTOM_LIMIT:



if(Target==BOTTOM_LIMIT_MAX)

{

printf("\nCurrent Poslition Is BOTTOM_LIMIT\n");
Motor_Dir = MOTOR_STOP;
Move_Resul t=SUCCESSFUL ; -
Motor_Position =BOTTOM_LIMIT;
MoveStateAxis1=STOP_BOTTOM;

lelsef
printf("\nCurrent Position is BOTTOM_LIMIT\n");

Motor_Dir = MOTOR_TOF_MOVE ;

Move_Resul t=MOVE_IN_OPERATION ;

show_state() ;
Move_Result=SUCCESSFUL;
Motor_Position =BOTTOM_IOME;

trajectory_contr(axis,0x002a,371,500001,Target);

break;

case TOP_HOME:

printf("POS :BETWEEN TOP&HOME\n") ;
Motor_Dir = MOTOR_BOTTOM_MOVE ;
Move_Result = MOVE_IN_OPERATION;
show_state();

Move_Resul t=SUCCESSFUL;
Motor_Position =BOTTOM_HOME;

trajectory_cotr(axis,0x002a,371,600001,Target);



break;
case BOTTOM_HOME:
if(Target>current)Motor_Dir = MOTOR_TOP_MOVE;
else
Motor_Dir = MOTOR_BOTTOM_MOVE ; -
Move_Result = MOVE_IN_OPERATION;
show_state() ;
Move_Resul t=SUCCESSFUL ;
Motor_Position =BOTTOM_HOME;
trajectory_contr(axis,0x002a,371,500001,Target);
break;

]

lelse

printf("\nPOSITION IS EXCEEDED MAXIMUM_LIMIT\n");

printf("LOAD NEW POSITION\n") ;

lwhile{((Target>TOP_LIMIT_MAX) | {(Target< BOTTOM_LIMIT_MAX));
gotoxy(100,200);
printf("\nDESIRED POSITION:%8ld\n",Target);
do |
wremd(axis,RDRP) ;

current =(long)(rd2words(axis));



currgnt_rev = targ_calulate(current);
st = rdstatus(axis);
printf("\rMoving to Target POSITION:%81d %8.3f STATUS :%02
current,

current_rev,st); -

Jwhile( tkbhit());

getch(): |

show_state();

pricif{" \nARE YOU TO CONTINUE Y/N:");
ch = getch();

lwhile( (ch=='Y') |} (ch=='y"')):

void menu()

{
printf("\n-----ommm e \n");
printf("\nTABLE CONTROL BY COMPUTER \n");
printf("--——=-=——-—— \n");
printf("SELECT FUNCTION:\n");
printf(" N= DESIRED MOVE\n");

printf(" H= GO HOME\n");



printf(" C= GO BOTTOM LIMIT\n");
printf(" E= GO TOP LIMIT\n");

printf("quit=ESC\n ") ;

float colect_encode()
{
printf("Encoder = ");
scanf("%f" ,&encoder_line);
encoder_line= (float)(encoder_line+11.986268);

return({(float)encoder_line);

void main()
{
init_7840();

init_ples();

axis= (int)select_axis();
Initiallization(axis);

interrupt_contr(axis);
init_filters(axis,ox000f,281,71,801,71);

encoder_line=1200.0;



wovoment_Inft(axts);

dof .
menu() ;
command = toupper(getch());
switch(command)
{
case 'N':desired_move(axis); break;
case 'H':go_home(axis); break;

‘case 'C':go_bottom_limit(axis); break;
case 'E':go_top_limit(axis); break;
}

}while(command !=ESC);}



/* 7840drv.c: Interface drivers for 7340

/l"‘..ll.."..“"“l‘ll‘..0‘.0"‘00".‘l“..‘i‘.'C‘l“‘.“l‘.“‘.

/* 7340 INTERFACE DRIVERS

/e
/" COPYRIGHT PRO-LOG CORPORATION, C 1990
/®

/* Revision X1 5/15/90 PE

/

/llt“t‘ll“&‘.%‘&‘*t‘tlt#t"t“-“lllt.ktilJG‘A‘&?"aittt‘.l"l)llll

#include <stdio.h>
#include <dos.h>
#include "motor.h"

#include "7340drve . h"

#define AXIS_CMD (axis * 2 + LM6280_CMD)

#define AXIS_DATA (axis * 2 + LM6280_DATA)

extern int MoveStateAxisl;
extern int Bottom_Counter;
extern int Home_Counter;

extern int Top_Counter;



extern int Move_Result;

extern int Motor_Dir;

extern int Motor_Posltion;

extern int axis;

extern long posi;
/t’ll‘lt'!.‘tttitl‘ltit‘l‘t‘ll‘u0"'l‘U“l‘t-“..l.l.l‘lllllllllltl!ul
/0

/* LM628 HOUSEKEEPING ROUTINE:

/* Call this routine before attempting to use the 7340. Interru
/* initialized and cleared. 1/0 ports are initialized. 1Is esse.
/* to reset the 82C59A-2 interrupt éontrollers after reset, sinec
/* initialization state is undefined. Failure to do so may caus
/: wanted interrupts.init_7840 takes care of this detail.

/*

/lll.l“!‘l".ﬁ0“““"‘!.'F‘$*'l.‘ll0lt!‘llllllll'lYlOll‘&"'lll.)'

init_7340()

{

disable();

/* 11_8259 initialization sequence */

/* IR0-3 edge triggered 1m628 interrupts

/* IR4 cascade interrupt for 12_8259 */

/* IR5 cascade interrupt for 13_8259 */

/* IRO-7 masked */

outportb(I1_8259_0, ICWI | ICWI_ETM | ICW1_CASCADE ! ICW1_IC4);

outportb(I1_8259_1, ICW2 | VECTOR_BASE + 0);



outportb(I1_82569_1, ICW3 | ICW3_S4 | ICW3_S5);
outportb(I1_8259_1, ICW4 | ICW4_8086);
outportb(I1_8259_1, OCW1 | OCW1_MO | OCW1_M1 | OCWI_M2 | OCW1_M3 !

OCW1_M4 | OCWI_M5 | OCWI_M6 | OCWI_M7 );

/* 12_8259 initialization sequence */

/* IR0O-3 edge triggered, CCW_LIMITS, AX1-4 */
/* IR4-7 edge triggered, CW_LIMITS, AX1~-4 */
/* IRO-7 masked */

outportb(I2_8259_0, ICWl ! ICWI_ETM ! ICWI_CASCADE ! ICWI_IC4);

outportb(I2_8259_I, ICW2 ! VECTOR_BASE + 8);

outportb(I2_8259_1, ICW3 | ICW3_ID4);

outporth(I12_8259_1, ICW4 | ICW4_8086);

outportb(I2_8259_1, OCWl | OCWI_MO ! OCW1_MI1 ! OCWI_M2 ! OCW1_M3 !

OCW1_Md4 |} OCWI_M5 | OCWI_M6 | OCWI_M7 );

/* 13_8259 initialization sequence */
/" IR0-3 edge triggered, HOME_LIM, AX1-4 */

/" IR0O-7 masked */

outportb(I3_8259_0, ICWI [CWI_ETM | ICW1_CASCADE | ICWI1_IC4);
outportb(13_8259_1, ICW2 | VECTOR_BASE + 16);
outportb(I3_8259_1, ICW3 | ICW3_ID5);

outporth(I13_8259 1, 1CW4

1CW4_8086) ;
outportb(I3_8259_1, OCWl | OCWI_MO | OCWI_MI | OCWI1_MZ2 ! OCWI_M3 |

OCW1_M4 | OCWI_M5 | OCWI_M6 | OCWI_M7 );



enable();

/* initlalize output ports */
cutporth(OUTPUTO,0) ;
outportb(OUTPUT1,0);
outportb(CP0,0);
outportb(CP1,0);

return 0O;

}

/ltt‘t.&l‘.“llllll'tllt.ll'lll““l‘U."‘t“'l.‘.‘"“l‘t'l‘.l.il.
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/* LM628 I1/0 UTILITIES

/:

/.‘.“‘l‘.l“‘.-““‘l!‘t““‘kl'!“llll“‘l‘l"“l“t"l“l“.l'ltl

/* determine if Im628 is busy */
void waitbusy(int axis)

{

while(inportb(AXIS_CMD) & BUSYBIT)
continue;

/* write command byte to 1m628 */

vold far wremd(int axis, char code)



{
waitbusy(axls);
outportb(AXIS_CMD,codu);

}

/* write data byte to Im628 */

void far wrbyte(int axis, char byte)
{

outportb(AXIS_DATA,byte) ;

}

/* write data word (2 bytes) to 1lm628 */
void far wrword(int axis, unsigned word)
{

waitbusy(axis):

wrbyte(axis, (word & WUPPER) >> 8);
wrbyte(axis, word & WLOWER) ;

}

/* write double data word (4 bytes) to lm628 */
void far wr2words(int axis, long words)

{

wrword(axis, (unsigned)((words & LUPPER) >> 16));

wrword(axis, {(unsigned)(words & LLOWER))

]



/* read status from Im628 */
int far rdstatus(int axis)

{

return(inportb(AXIS_CMD)) ;

}

/* read data byte from 1lm628 */
char far rdbyte(int axis)
{

return(inportb(AXIS_DATA));

I

/* read data word (2 bytes) from Imé28 */
unsigned far rdword(int axis)

{

unsigned high, low;

waitbusy(axis);

high = (rdbyte(axis) << 8) & WUPPER;
low = rdbyte(axis) & WLOWER;
return(high | low);

/* read double data word (4 bytes) from 1lm628 */

long far rd2words(int axis)



/*1sigsreg (signals register upon interrupt. */
/* A word of caution: be sure to disable interrupts */
/* before *//* calling the LM628 driver routines above,*/
/* otherwise interupts may destroys LM628 data transfers*/

/* which are partially completed. B */

int Istatusl, Isigsregl, Intrmasksl;
int Istatus2, Isigsreg2, Intrmasks?2;
int Istatus3, Isigsregd, Intrmasks3;

int Istatusd, Isigsregd, Intrmasksd;

/* Interrupt specific control registers.*/
/*These registers may be useful in selectively */
/*masking interrupts. This code uses these*/

/*varables local to init_pics and dis_pics. */
int Msk_8259_1, Msk_8259_2, Msk_8259_3;

/* interrupt service routine for axis 1 */

void interrupt isr_axis_1(void)

{

Istatus]l = rdstatus(AXIS1);/* read and store status */
wremd (AXIS1, RDSIGS);/* read sigs register */

Isigsregl = rdword(AXIS1);



{

long top,bottom;

top = ((long)rdword(axis) << 16) & LUPPER;

(long)rdwaord(uxis) & LLOWER;

i

hottom

top | bottom;

bottom
return(bottomn)

I

R N A P N R S I R T
/o

/* 7340 INTERRUPT SYSTEM:

/* INITIALIZATION AND SERVICE ROUTINES

/®
/01“t‘$tl“‘to.tttt»tstltoto;luinlotl:l‘tttlxllOtttitttttt'n.ttt‘ltot
/* The following variables make are used by the 7340 */

/*to pass information between the interrupt processes’/

/* and your background routines. By initializing the

/*Intrmasks variable to the desired mask, the interrupt */

/* routines for the LM628's will only generate */
/*desired interrupts. Background routines can ¢/
/* monitor Interrupted, and when TRUE, may examine */

/* Istatus (status register upon interrupt) or ¢/



wremd(AXIS1, MSKI);/* mask all interrupts */

wrword(AXIS1, Intrmasksl);

wremd (AXIS1, RSTI);/* reset all interrupts */

wrword (AXIS1, 0);

outportb(I1_8259_0,0CW2 + OCW2_NS_EOIj);/* signal EOl tce 3259 'y

]

/* interrupt service routine for axis 2 */

void interrupt isr_axis_2(void)

{

Istatus2 = rdstatus(AXIS2);/* read and store status */
wrcennd (AXIS2, RDSIGS);/* read sigs register */
Isigsreg2 = rdword(AXIS2);

wremd (AXIS2, MSKI);/* mask all interrupts */
wrword(AXIS2, Intrmasks2);

wrced (AXIS2, RSTI);/* reset all interrupts */
wrword(AXIS2, 0);

outportb(I1_8259_0,0CW2 + OCW2_NS_EOI);/* signal EOI to 8259 */

}

/* interrupt service routine for axis 3 */

void interrupt isr_axis_3(void)



{

Istatus3 = rdstatus(AXIS3);/* read and store status

wremd(AX1S3, RDSIGS);/*' read sigs register */
Isigsregd3 = rdword(AXIS3);

wrcmd (AXIS3, MSKI);/* mask all interrupts */
wrword(AXIS3, Intrmasks3);

wrewd (AXISS, RSTI);/‘ resct all interrupts */

wrword(AXIS3, 0);

outportb(I1_8259_0,0CW2 + OCW2_NS_EOI);/* signal EOI to 8259 */

/* interrupt service routine for axis 4 */
void interrupt isr_axis_d(void)

{

Istatus4 = rdstatus(AXIS4);/* read and store status

wremd (AXIS4, RDSIGS);/* read sigs register */
Isigsregd = rdword(AXIS4);

wremd (AXIS4, MSKI);/* mask all interrupts */
wrword(AXIS4, Intrmasksd);

wremd (AXIS4, RSTI);/* reset all interrupts */

wrword{AXIS4, 0);

outportb(I1_8259_0,0CW2 + OCW2_NS_EOI);/* signal EOI to 8259

£/



/* interrupt service routine for U41 cw and ccw limits

void interrupt isr_TOP1(void) /'cw limit switch */
|
int in_serv_reg;/* determine interrupt status */

outportb(I12_8259_ 0, OCW3 ! OCWS_RD_IS);

in_serv_reg = inportb(I2_8259_0);
if(in_serv_reg)
{
/* interrupt occured, place user code nere */
/* outportb(OQUTPUTI1,0x40) v/

/* outportb(OUTPUT1,0x0); ¢/

switch(MoveStateAxisl)

{

*/

case FIND_HOME: /*HIT ONE TIME ERROR OCCURRED */

Top_Counter++;
if(Top_Counter==1)
Move_Resul t=HOME_ERROR ;

MoveStateAxisl1=STOP;



break;

case FIND_BOTTOM_LIMIT:

Top;Counter++:
iIf(Top_Counter==1)
{
Move_Result=BOTTOM_ERROR;
MoveStateAxisl=STOP;

break ;

case FIND_TOP_LIMIT:

/*HIT ONE TIME ERROR OCCURRED

read_realpos(axis);

Move_Resul t=SUCCESSFUL ;

Motor_Dir =

Motor_Position=TOP_LIMIT;

Top_Counter = 0;
Bottom_Counter = 0;

Home_Counter =0;

MoveStateAxisl=STOP_TOP;

break;

MOTOR_STOP ;

*/



}
/* acknowledge interrupt occured */
outportb(I1_8259_0,0CW2 + OCW2_NS_EOI);/* signal EOI to 8259 */

outportb(12_8259_0,0CW2 + OCW2_NS_EOI);/* signal EO! to 8259 */

}

void interrupt isr_BOTTOMl(void) /*cw limit switch */
{

int in_serv_reg;/* determine interrupt status '/

outportb(I2_8259_0, OCW3 | OCW3_RD_IS);

in_serv_reg = inportb(12_8259_0);

if{in_serv_reg)

{
/* Interrupt occured, place user code here */
/* outportb(OUTPUTI1,0x40) : o4
/* outportb(OUTPUT1,0x0) ; */
switch(MoveStateAxisl)
{

case FIND_HOME: /*hit not more than one time®*/



Bottom_Counter++;
if(Bottom_Counter>2)
{
Mova_Rosul L=HOME_FRROR ;
lelse

if(Bottom_Counter<=2 )

Motor_Position = BOTTOM_LIMIT;

Motor_Dir = MOTOR_TOP_MOVE;

trajectory_contr(axis,0x0200,0L,0L,0L);

delay(1000) ;

trajectory_contr(axis,0x002a,371,50000L,-25000L) ;

break;
case FIND_BOTTOM_LIMIT:
read_realpos(axis);
MoveStateAxisl=STOP_BOTTOM;

Move_Reéult=SUCCESSFUL;
Motor_Dir = MOTOR_STOP;
Motor_Plosition=BOTTOM_LIMIT;
Top_Counter = 0;
Bottom_Counter = 0;
Home_Counter =0;

break;



case FIND_TOP_LIMIT:
Bottom_Counter++;
if(Bottom_Counter==1)
{
Move_Resul t=TOP_FERROR;
MoveStateAxis1=STOP;

!

break:

/* acknowledge interrupt occured */
outportb(I1_8259_0,0CW2 + OCW2_NS_EOI);/* signal EOI to 8259 °*/

outportb(I2_8259_0,0CW2 + OCW2_NS_EOI);/* signal EOI to 8259 */

}

void interrupt isr_udl(void) /*ew limit switch */
{
int in_serv_reg;/* determine interrupt status */

outportb(I2_8259_0, OCW3 | OCW3_RD_IS);

in_serv_reg = inportb(I2_8259_0);

if(in_serv_reg)



[ 1
/* interrupt occured, place user code here */
/* outportb(OUTPUTI1,0x40) v/
/* outportb(OUTPUT!1,0x0); */

}

/* acknowledge interrupt occured */
outportb(I1_8259_0,0CW2 + OCW2_NS_EOI);/* slignal EOI to 8259 */
outportbh(I2_8269_0,0CW2 + OCW2_NS_EOI);/* signal EOQOI to 8289 */

/* interrupt service routine for U42 home limits */

void interrupt isr_homel(void) /'HOME SWITCH ACTIVE*/

{
int in_serv_reg;
/* determine interrupt status */
Outportb(lé_8259_0, OCW8 | OCW3_RD_IS);
in_serv_reg = inportb(13_8259_0);
if (in_serv_reg)
{
/* interrupt occured, place user code here */
switch(MoveStateAxisl)

{

case FIND_HOME:



MoveStateAxisl = STOP_HOME;
Motor_Position = HOME;
Top_Counter = 0x00;
Bottom_Counter = 0x00;
Move_Result = SUCCESSFUL; —
Motor_Dir = MOTOR_STOP;
break;
case FIND_BOTTOM_LIMIT:
Home_Cdﬁnter++;
if((Motor_Position == BOTTOM_HOME) && (Home_Counter==1))
{
Move_Result = BOTTOM_FERROR;
MoveStateAxisl=STOP; /*ERROR OCCUR MOTQR STOP NOW*/
lelse
If((Motor_Position==TOP_LIMIT) | {(Motor_Posltion==TOP_HOME))
if(Home_Counter>2)
{
Move_Resul t=BOTTOM_ERROR ;
MoveStateAxis1=STOP;
!
break;
case FIND_TOP_LIMIT:
Home_Counter++;

if((Motor_Position==BOTTOM_LIMIT) |i(Motor_Position== BOTTQM_HOME)



|
if(Home_Counter>1)
{ Move_Result = TOP_ERROR;
MoveStateAxis1=STOP;
lelsed
if(Motor_Position==TOP_HOME)
if(Home_Counter==1)

{ Move_Result=TOP_ERROR;

MoveStateAxis1=STOP ;]

break;

I

/* acknowledge interrupt occured */

outporth(I1_8259_0,00W2 + OCW2_NS_EOI) ;/*

outportb(I13_8259_0,0CW2 + OCW2_NS_EOI);/*

}

void interrupt
{
int in_serv_reg;

/* determine interrupt status */
outportb(I2_8259_0, OCW3 |
in_serv_reg = inportb(I2_8259_0);
if(in_serv_reg)

{

/*current position

is negative*/

} /*ERROR OCCUR MOTOR STOP NOW*/

/*current position is negative*/

signal EOl to 8259 */

signal EOI to 8259 */

isr_homel(void)/*home switch active*/

OCW3_RD_IS) ;



/* interrupt occured, place user code here */

/* acknowledge interrupt occured */

}
outportb(T1_8259_0,0CW2 + OCW2_NS_ROI);/* signal EOI to 8259 */
outportb(18_8259_0,0CW2 + OCWZ_NS_I201);/* signal EOl to 8259 °*/
}

/* spurious interrupt service routine for U43 */

/* this interrupt may occur if any CW or CCW limits become acitve

/* and are refoved before the CPU has enough time fo generate an

/? interrupt acknowledge sequence */

void interrupt spurious_udi(void)

{
/* acknowledge interrupt occured */
nutporth(11_8259_0,0CW2 + OCW2_NS_EOI);/* signal EOl to 8259 */

!

/* spurious interrupt service routine for U42 */

/* this interrupt may occur if any HOME limits become acitve */

/" and are removed before the CPU has enough time to generate an

/? interrupt acknowledge sequence */

void interrupt spurious_ud42(void)

L)

’/

v

*/



/* acknowledge interrupt occured */
outportb(I13_8259_0,0CW2 + OCW2_NS_EOT);/* signal EOI to 8259 */
outportb(I1_8259_0,0CW2 + OCWZ2_NS_EOI);/* signal EOI to 8259 */

}

/" 1nterrup§ service routine for unused interrupt inputs */

void interrupt unident_irq(void)

{

cputs{"A masked interrupt has occurced, this is a hardware error!");
enable();

while(TRUE) ;

}

/* intiallze LM628 Interrupt system, intialize PICs, and set vectors

void init_pics()

{

int ax;
disable();

/* LM628 interrupt masks */

/* "OR" in other masks that your softiware needs */
Intrmasksl = TRAJCOMP ;
Intrmasks2 = TRAJCOMP;
Intrmasks3 = TRAJCOMP;



Intrmasks4 = TRAJCOMP;

wremd (AXIS1, MSKI);/* mask LM628 interrupts */
wrward(AXIS1, Intrmasksl);

wremd (AXIS2, MSKI);

wrword(AXIS2, Intrmasks2);

wremd (AXIS3, MSKI);

wrword(AXIS3, Intrmasks3);

wremd (AXIS4, MSKI);

wrword(AXIS4, Intrmasks4):

/* reset host interrupts for all axes */
for(ax = AXIS1; ax<=AXIS4; ax++) |
wrcnd(ax, RSTI);

wrword(ax, 0); /* data word for all interrupt masks cleared */
}

/* axes 1-4 */

setvect(VECTOR_BASE + 0, isr_axis_1);
setvect(VECTOR_BASE + |, isr_axis_2);
setvect (VECTOR_BASE + 2, isr_axis_3);
setvect (VECTOR_BASE + 3, isr_axis_d4);
setvect(VECTOR_BASE + 4, unident_irq);

setvect(VECTOR_BASE + 5, unident_irq);



setvect(VECTOR_BASE
setvect (VECTOR_BASE
/* u4l pic - cw and
setvect(VECTOR_BASE
setvect (VECTOR_BASE
setvect(VECTOR_BASE
setvect (VECTOR_BASE
setvect (VECTOR_BASE
setvect(VECTOR_BASE
setvect(VECTOR_BASE

setvect(VECTOR_BASE

/t
setvect(VECTOR_BASE
setvec.t (VECTOR_BASE
setvect (VECTOR_BASE
setvect(VECTOR_BASE
setvect (VECTOR_BASE
setvect (VECTOR_BASE
setvect (VECTOR_BASE
setvect (VECTOR_BASE
/* 11_8259

/o

ud42 pic ~ home limi

initialization

TR0O~-3 edge triggered

+ 6, unident_irq);

+ 7, spurious_u43);

cew limits ¢/

+ 8, isr_ud4l);

+ 9, isr_u4dl);

+ 10, isr_u41);

+ 11, isr_TOP1);

+ 12, isr_u4l);

+ 18, ist_u4l);

+ 14, dsr_udl);

+ 156, 1sr_BOTTOM1)

sl Al
+ 16, isr_ud2);
+ 17, isr_u42);
+ 18, isr_u42);
+ 19, isr_homel);
+ 20, unident_irq);
+ 21, unident_irq);
+ 22, unident_irq);
+ 28, spurious_ud2);:

sequence ‘',

Im628

interrupts



/* IR4 cascade interrupt for 12_8269 */
/* IR5 cascade interrupt for I3_8259 */
/* IR6-7 unused, must be masked *

outportb(I1_8259_0, ICWI
outportb(I1_8259_1, ICW2
outportb(I1_8259_1, ICW3

outportb(I11_82569_1, ICW4

ICWI_ETM

/

ICW1_CASCADE |

VECTOR_BASE + 0);

ICW3_S4

ICW3_S5) ;

ICW4_8086) ;

Msk_8259_1 = (OCWl | OCW1_M6 | OCWI_M7 );

outportb(11_8269_1, Msk_8259_1);

/* 12_8259 initialization sequence

Py,

/* IRO-3 edge tLriggered, CCW_LIMITS, AX1-4 */

/* IR4-7 edge triggered, CW_LIMITS, AX1l-4 */

outportb(12_8259_0, ICWl
outportb(I2_8259_1, ICW2
outporth(I2_8269_1, 1CW3
outportb(I2_8259_1, ICW4
Msk_8269_2 = ( OCW1/* |

OCW1_M4 | OCWI1_M&

1CWI_ETM

1CW1_CASCADE |

VECTOR_BASE + 8) ;

TCW3_1D4) ;

ICW4_8086) ;

OCWI1_MO |

OCW1_M6

outportb(12_8259_1, Msk_8259_2);

/* 13_8259 initialization sequence

OCWI_M1 | OCW1_M2

*/

OCW1_MT7*/);

/* IR0-8 edge triggered, HOME_LIM, AX1-4 */

/* IR4-7 unused, must'be masked */

outportb(I3_8259_0, ICWI1

1CW1_ETM

ICW1_CASCADE |

ICW1_IC4) ;

ICW1_1C4) ;

1CW1_IC4);

OCW1_M3



outportb(I3_8259_1, ICW2 | VECTOR_BASE + 16);
outportb(I3_8259_1, [CW3 | I[CW3_ID5);

outportb(I138_8259_1, ICW4 | ICW4_8086) ;

Msk_8259___.3 = ( OCW1/* | OCWI_MO ! OCW1_M1 | OCW1_M2 ! OCWI_M3 |
OCWI1_M4 | OCWI_M5 | OCWI_M6 ! OCWI1_M7*/);

outportb(I3_8259_1, Msk_8259_3);

enuable();

}

/* disable interrupt system by masking all interrupts */
void dis_pies()
{

disable();

?

/* disable 11_8259 */
Msk_8259_1 = ( OCW1 | OCWI_MO | OCWI_M1 | OCWI_M2 | OCWI_M3 !
OCW1_M4 | OCWI_M5 | OCWI_M6& | OCWI_M7:);

outportb(I1_8259_1, Msk_8259_1);



Msk_8259_2 = ( OCW1 ! OCWI_MO | OCW1_M1 | OCW1_M2 ! OCWI1_M3

OCW1_M4 | OCWI_M5 ! OCWL_M6 | OCW1_M7 ):

outportb(12_8269_1, Msk_8259_2);

/* disable [3_8259 */

Msk_8259_3 = ( OCW1 | OCWI_MO | OCWI_M1 | OCW1_M2 | OCWI1_M3

OCW1_M4 | OCWI_M5 | OCWi_M6 | OCWI_M7 );

outportb(I3_8259_1, Msk_8259_3);

enable();

!



/*This is included file for table moving horizontal direction */

/* motor_position */

#define UNKNOWN_POS 0x00
#define OUT_OF_RANGE 0x01 )
#define HOME 0x02
#define BOTTOM_LIMIT 0x03
#define TOP_LIMIT 0x04
#define BOTTOM_HOME 0x05
#define TOP_HOME 0x06
#define BOTTOM_OFF 0x07
#define TOP_OFF 0x08
#define BOTTOM_TOP 0x09
#define BOTTOMOFF_BOTTOMLIMIT O0x0A
#define TOPOFF_TOPLIMIT 0x0B

/*move state*/

#define STOP 0x00
#define STOP_HOME 0x01
#define STOP_BOTTOM 0x02
#define STOP_TOP 0x03
#define FIND_HOME 0x04

<
:
o

_V

#define FIND_BOTTOM_LIMIT

4

#define FIND_TOP_LIMIT 0x06



#define
Adofline
#define
#define
#define
#define

#define

/*motor
#define
#define
#define
#define
#define

#define

/‘motor
#define
#def ine
#define
#define

#define

SUCCESSFUL
PROGRAM_KRROR
MOVE_IN_OPFERATION
BOTTOM_ERROR
TOP_ERROR,
HOME_ERROR

NORMAL_MOVE_ERROR

direction'/
MOTOR_STOP
MOTOR_BOTTOM_MOVE
MOTOR_TOP_MOVE
UNKNOWN_PREVIOUS_DIR
PREVIOUS_BOTTOM_DIR

PREVIOUS_TOP_DIR

comieand* /
GO_DES IRED_POS
GO_HOME
GO_BOTTOM_LIMIT
GO_TOP_LIMIT

INITIAL

0x00

0x01

0x02

0x03

0x04

0x05

0x06

0x00

0x01

0x02

0x03

0x04

0x056

0x00

0x01

0x02

0x03

0x04



/*tinput port*/

#define
#define
#define
#define
#define
#define
#define

#define

INPUTO

INPUT1
BOTTOM_LIMIT_MAX
TOP_LIMIT_MAX
TOP_LIMIT_CONV
BOTTOM_LIMIT_CONV

DIM

ox1

ox1

=100

18
1A

OL /*20.9437mm compare with h

24000L /*502.65mm* /

502

20.

32

Ox1b

.65

9437

/*encoder dimeter®/
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8.300
" 1.5 | 8.250 | 9.300 | 7.200| 7.500
.2 8.000 | 9.500 | 6.500 | 7.000
30 1.5 | 9.250 | 10.300 | 8.200 | 8.500
.2 9.000 | 10.500 | 7.500 | 8.000
2 | 10.000 | 11.500 | 8.500 | 9.000
" .3 9.500 | 11.500 | 7.500 | 8.000
) 2 |11.000 | 12.500 | 9.500 | 10.000
1 3 | 10.500 | 12.500 | 8.s00 | 9.000
- 2 | 13.000 | 14.500 | 11.500 | 12.000
®3 | 12.500 | 14.500 | 10.500 | 11.000
: 2 | 15.000 | 16.500 | 12.500 | 14.000
L ®4 | 14.000 | 16.500 | 11.500 | 12.000
'8 2 | 17.000 | 18.500 { 15.500 | 16.000
o4 | 16.000 | 1a8.500 | 13.500 | 14.000
| 2 | 19.000 | 20.500 | 17.500 | 18.000
®4 | 18.000 | 20.500 | 15.500 | 16.000
3 | 20.500 | 22.500 | 18.500 | 19.000
22 ®5 | 19,500 | 22.500 | 16.500 | 17.000
: 8 | 18.000 | 23.000 | 13.000 | 14.000
"3 | 22.500 | 24.500 | 20.800 | 21.000
24 e5 | 21.500 | 24.500 | 18.500 | 19.000
’ 8 | 20.000 | 25,000 | 16.000 | 16.000
3 | 24.500 | 26.500 | 22.500 | 23.000
26 o5 | 23.500 | 26.500 | 20.500 | 21.000
- 8 | 22.000 | 27.000° | 17.000 | 18.000
1 3 26.500.| 28.500 24.500 25.000
28 #5 | 25.500 | 28.500 | 22.500 | 23.000
8 | 24.000 | 29.000 | 19.000 | 20.000
3| 28.000 | 30.500 | 26.500 | 27.000
30 ®6 | 27.000 | 31.000 | 23,000 | 24.000
10 | 25.000 | 31.000 | 19.000 | 20.000
_ 3 |.30.500 | 32.500 | 28.500 | 29.000
‘32 6 | 29.000 | 33.000 | 25.000 | 26.000
10 | 27.000 | 33.000 | 21.000 | 22.000

wuratdu mm
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*

.3 32.600 | 34,500,
, 34 .6 31.000 | 35.000
: 10 29.000 | 36.000
3 34.500 | 36.500 | 32.500 | 33.000
36 *6 33.000 | 37.000 | 29.000 | 30.000
10 31.000 | 37.000 | 25.000 | 26.000
3 36,600 | 38,500 | 34.500 | 36,000
. 38 o7 34.500 | 39.000 ( 30.000 | 31.000
10 33.000 | 39.000 | 27.000 | 28.000
3 38,500 | 40.500 | 3s.500 | 37.000
. 40 o7 36.500 | 41.000 | 32.000 | 33.000
10 35.000 | 41.000 | 29.000 | 30.000
3 40.500 | 42.500 | 38.500 | 39.000
42 o7 38.500 | 43.000 | 34.000 | 35,000
10 37.000 | 43.000 [ 31.000 | 32.000
) 3 | 42.500 | 44.500 | 40.500 | 41.000
44 *7 40.500 | 45.000 | 36.000 | 37.000
: 12 38.000 | 45.000 | 31,000 | 32.000
3 44.500 | 46.500 | 42.500 | 43.000
‘46 *8 42.000 | 47.000 | 37.000 | 38.000
12 40,000 | 47.000 | 33.000 | 34.000
3 46.500 | 48.500 | 44.500 | 45.000
48 o8 44,000 | 49.000 | 39.000 | 40.000
12 42.000 49,000 35.000 36.000
3 48.500 | 50.500 | 46.500 [ 47.000
50 o8 46.000 | 51.000 | 41.000 | 42.000
12 44.000 | 51.000 | 37.000 | 38.000
3 50.500 | 52.500 | 48.500 | 49.000
52 og 48.000 | 53,000 | 43.000 | 44.000
12 46.000 | 53.000 | 39.000 | 40.000
3 53.500 | 55.500 | 51.500 | 52.000
55 .9 50.500 | 55.000 | 45.000 | 46.000
14 48.000 | 57.000 | 39.000 | 41.000
3 | 58.500 | 60.500 | 56.500 [ 57.000
60 .9 55.500 | 61.000 | 50.000 | 51.000
14 53.000 | 62.000 | 44.000 | 46.000

wanidu m
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4 6§3.000 65.600 60.500 61.000
‘65 *10 60.000 | 66.000 54.C00 56.000
16 57.000 67.000 47.000 49.000

: 4 68.000( 70.500| 65.500 ' 66.000
70 *10 66.000| 71,000 590.000 60.000
' C 16 62.000| 72.000 52.000 64.000 |- -

4 73.000| 75.500| 70.500| 71.000 =
75 *10 70.000| 76.000| 64.000| 65.000
16 67.000| 77.000( 57.000 59.000

. : 4 78.000| B80.500| 75.500| 76.000
G . 80 ' ®10 75.000| 81.000| 69.000| 70,000

16 72.000 82.0G00 62.000 64.000

; 4 83.000| 85.500| 80.500 81.000
85 P *12 79.000 | 86.000 72.000 73.000
y 18 76.000 87.000 | 65.000 67.000

_ 4 88.000| 90.500| 85.500| 86.000
g0 v _ ' ®12 84.000 Q1.000 77.000| 78.000
' 18 ‘81.000| 92,000 70.000| 72.000

It » B 93.000| 95.500| 90.500 91.000
95 , *12 89.000| 96.000 82.000 83.000
18 86.000| 97.000 75.000| 77.000

- L N . 4 98.000 ) 100.500 95.500 96.000
' 100 ®12 | 94,000{101.000| 87.000| 88,000
' ' "] 20 | 90.000|102.000| 78.000| 60,000

4 |103.000| 106.500 | 100.500 [ 101,000
108 | 12 | 99,000 106.000| 92,000 [ 93.000
20 | 95.000|107.000| 83.000| 85.000

s 4 108.000|110.500| 105.500| 106.000
! 110 : 12 104.000 | 111.000 97.000 98.000
: 20 100.000 | 112.000 86.000 90.000

6 112,000 | 116.000 | 108.000 | 109.000
116 ®14 108,000 117.000 99.000( 101,000
22 104,000 (| 117.000 #1.000 93,000

' 6 117.000f 121.000| 113.000| 114,000
120 *14 113.000 | 122.000| 104.000| 106,000
22 109.000| 122,000 96.000 98.000

i du mm
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, 6 | 122.000 1za;ooo 118.000 | 119.000
126 | *14 | 118.000 | 127,000 | 109.000 | 111.000
22 | 114.000|127.000 [ 101.000 | 103.000
8 | 127,000 /131,000 123.000 | 124.000
130 ®14 | 123.000] 132,000 | 114.000 | 116.000
j 22 | 119,000{132.000|106.000 | 108.000
; 6 | 132.000/136.000| 128.000 [ 129.000
136 | ®14 | 128.000|137.000(119.000 | 121.000
| 24 [ 123.000(137.000 [ 109.000( 111.000
y -3 6 | 137.000|141.000| 133.000 | 134.000
140 | ®14 | 133.000|142.000 124.000| 126.000
24 | 128.000| 142,000 114.000| 116.000
6 | 142,000/ 146.000 | 138.000 | 139.000
145 | *14 | 138.000/147.000| 129,000 131.000
24 | 133,000 | 147.000|119.000 | 121.000
: 6 | 147.000|151.000| 143.000 | 144,000
150 *16 | 142.000| 152,000 | 132.000 | 134.000
24 | 138.000] 152.000| 124.000| 126.000
6 | 152.000|156.000 | 148.000 | 149.000
165 | ®16 | 147.000|157.000| 137.000 | 139.000
24 | 143.000157.000 | 129.000 | 131.000
6 | 157.000 | 161,000 | 153.000 | 154.000
160 ®16 | 152.000(162.000 [ 142.000 | 144.000
28 | 146.000| 162,000 130.000 | 132,000
; , 6 | 162.000(166.000 | 158.000| 159,000
i 166 | ®16 | 167,000 167,000 | 147,000 | 149,000
28 181.000 (107,000 | 136,000 137,000
b 6 |167.000|171.000/ 163.000| 164,000
170 ®16 | 162,000 | 172,000| 162.000| 154,000
28 | 156.000|172.000 | 140.000 | 142.000
‘8 [171.000|176.000 | 166.000 | 167.000
175 | 15 | 167.000|177.000| 157.000 159.000
28 | 161.000|177.000 | 145.000 | 147.000
8 |176.000|181.000( 171.000| 172.000
180 ®18 | 171.000 | 182.000| 160.000 | 162.000
28 | 166.000 | 182.000 | 150.000 | 152.000

wwnidu mm
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JEN '8 | 181.000| 186.000 | 176.000| 177.000
186 18 176.000 | 187,000 | 166.000| 167,000
; a2 169.000| 187.000 | 161,000 | 163.000

8 186.000| 191.000 | 181.000 | 182.000
190 ®18 181.000 | 192.000 | 170.000| 172.000
32 174.000| 192,000 | 166.000 | 168.000

) 4 - _ i ) ‘s B 191.000 | 196.000 | 186.000 | 187.000 =
" . . 196 ®18 186.000| 197.000 | 176,000 | 177,000
J ' 32 179.000 | 197.000 | 161.000 | 163.000

' -8 196.000 | 201.000(191.000| 192,000
200 |- ®18 191.000| 202,000 | 180.000 | 182.000
32 184.000 | 202.000 | 166.000 | 168.000

. 8 206.000 ( 211.000 | 201,000 | 202.000
210 ' ®20 200,000 | 212,000 | 188.000| 190,000
36 192.000| 212.000| 172,000 | 174.000

8 216.000( 221.000(211.000| 212.000
220 ' - *20 210,000 | 222.000| 198,000 | 200.000
2 36 202.000| 222,000 | 182,000 | 184.000

8 226.000| 231.000 | 221,000 222,000
230 | *20 220.000| 232,000 208.000| 210.000
' 212.000| 232,000 | 192.000| 194.000

. 8 236.000| 241.000 | 231.000 | 232.000
240 ] €22 | 229.000| 242.000| 216.000| 218.000
: 36 | 222.000| 242.000( 202.000| 204,000

b+ 12 | 244.000] 251.000237.000 238.000
250 | ®22 |239.000| 252.000| 226.000] 228.000
| “40 |230.000/| 252.000 | 208.000 210.000

, : 12 | 264.000 | 261.000 | 247.000| 248,000
260 1| e22 |249.000 | 262.000|236.000( 238.000
. \! 40 |240,000|262,000|218.000| 220.000

12 | 264,000 271.000| 267.000| 268.000
270 | ®24 | 258.000| 272,000 | 244,000| 246,000
40 |250.000| 272.000| 228.000| 230,000

' 12 274.000( 281.000 | 267.000| 268.000
: 280 24 268.000| 282.000| 254.000| 2566.000
40 260.000( 282.000| 238,000 240.000
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: 12, | 284.000| 291.000| 277.000 | 278.000
290 *24 278.000| 292.000 | 264.000 | 266.000
44 268.000| 292.000 | 244.000 | 246.000

12 294.000| 301.000| 287.000 | 288.000
300 .24 288.000| 302,000 | 274.000| 276.000
44 278.000| 302,000 | 264,000 | 256.000
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Chapter 1
Introduction

Four Axis Servo Confroller 7340

The Pro-Log 7340 Four Axis Servo Control Card for the STD
bus provides position and velocity control for four independent
axes of motion, It accepts incremental encoder feedback from
standard quadrature encoders and produces a +10 volt output
to drive standard DC servo and brushless servo amplifiers.
Utilizing four National Semiconductor LM628 motion control
processors, this card controls servo motor velocity and
position without the need for tachometers, (although they may
be used for applications requiring extreme low speed
smoothness),

Position, maximum velocity, and acceleration are 32-bit values
programmed by the user. Trapezoidal motion profiles are
produced. At any time during a move, maximum velocity or
final position can be changed “on-the-fly." The 7340 utilizes a
PID (Proportional + Integral + Derivative) control algorithm to
compensate the conirol loop. Each coeflicient is
user-programmable, and position error is calculated in
real-time based on the programmed motion profile and current
position.

The 7340 provides high resolution 12-bit analog ouiputs,
digitally filtered single or differential encoder inputs (including
Z channel), and end-of-travel limit inputs for each axis. A
variety of conditions can be programmed to generate
interrupts, such as move complete, excessive following error,
or limit reached.

All user I/0 is provided on a ribbon connector at the front
edge of the card. An optional breakout board is available to
convert the flat cable connections to remmovable Phoenix-type
screw terminals.
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Sarvo
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Features

Q

(8]

0O 0 0 o o0

Four Independent Axes of Servo Control (One, Two and
Three Axis Versions Available)

Utilizes Four High Speed Signal Processors

Digital Control of Position Velocity, Acceleration (32-bit
Values)

Simple Proportional + Integral + Derivative (PID} Tuning
Can Be Used With or Without Tachometers '
Setup Software and Software Drivers Supplied

CW and CCW Limits, Home and Home Enable Inputs

" Optional Screw Terminal Breakout Panel With Status LEDs

+10 Volt Output Drives Standard Brushed and Brushless
Servo Amplifiers n

Vectored Interrupts on Excessive Position Error, Break
Point Reached, Move Complete, Index Pulse, and Limit
Encountered
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Q

0

Digitally Filtered Encoder Inputs [or Error-Free Counting in
Noisy Environments— Single Ended or Differential

On-The-Fly Velocity: Position Changes Make Complex
Motion Profiling Easy

0 Following

0 Ratioing
Synchronizing
Contouring

Electronic Gearbox

C 0O O

O Registration

Software Support

Pro-Log includes a demonstration program with the 7340
that provides on-line, context sensitive help information, A
library of driver and interrupt handling routines written in
“C" and assembly is provided for customer use and
customizing. A user’s guide explaining motion control
basics, servo fundamentals, tuning, and setup of the 7340
is also included.

A graphical trajectory analysis program that compares the
actual motion profile with the desired motion profile is also
provided {o assist the user with servo loop setup.

Specifications

Electrical

Q Four axes of LM628 servo controller
0 Individual 12 bit D/A’'s with +£10V outputs

0 Frequency selectable four stage digital filter input for
“glitch”-free quadrature up to 1MHz

0 Single ended or differential inputs, jumper selectable
0O User selectable termination resistor for differential inputs

O Separate +5 connector for break-out board so encoder
+5 volts can be supplied by STD bus or external supply
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O Software selectable Z channel polarity

O Z channel information gated and latched under software
control

Inputs:

0 CW, CCW limits, active low, 5 to 30V logic
0 Home enable (gates encoder Z channel)
Outputs:

0 Four lndlvidual Enable Outputs, cach held in inactive
state until LM628's initialized

Moving/Not Moving Output

Limit Encountered Output

Fault Output

LEDs on optional break out panel:
» Moving/Not Moving (Green)

« Limit Encountered (Yellow)

e Fault (Red)

Vectored Interrupt Capability:
0 Trajectory Complete

O 0o O O

Breakpoint reached (fmmediate position)
Excessive Position Error (programmable)
Index Position

Position Counter wrap-around

Limit Encountered

Home Enable Active

0 0O 00 0 O O

Command Error

Mechanical

0O Single slot STD form factor, 5/8" slot required

"a Optional break out board with status LEDs and screw
terminal connectors for user [/0

. 14 )
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Environmental

Q 50 G shock, 5 G vibration
0 O to 65°C operating ambient

Available Models

The 7340 is available in one, two, three, and four axis
versions. Each 7340 shipment also includes a User's Guide
and software diskette containing demo program, setup
program, tuning assistance program, and programming
utilities.

Part Numbers
» 7340-01 One-Axis Servo Controller
e 7340-02 Two-Axis Servo Controller
e 7340-03 Three-Axis Servo Controller
e 7340-04 Four-Axis Servo Controller

Options
An optional breakout panel (BP-03) that converts 2 axes
of the card's flat cable signal connections to removeable
0.2" Phoenix-type screw terminals is also available (two
breakout panels are needed for three and four axis
systems). Each BP-03 breakout panel also has LEDs for
motion status, limit status, and fault conditions. The
BP-03 has jumpers that allow the user to select whether
encoder power is supplied from the STD bus main power
supply or from an external supply. If STD bus main
power is selected, users must factor the additional
encoder load into overall system power supply
requirements.

Description

« BP-03 Two-Axis Breakout Panel for 7340 Servo
Controller
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Chapter 2
Theory Of Operation

The 7340 Servo Motion Controller is a powerf{ul four axis
motion controller. Four National Semiconductor LM628 servo
control IC’s coupled with interrupt controllers, flexible 1/0,
sophisticated trigger circultry, and a fully STD-80 compatible
bus interface make the 7340 the most complete single board
servo controller on the market to date.

] Bus LM§28 AB Ip
Intertace Motion I F
Controllers G
| L} A,B,2
TT
z AE
2 ! L R
p4
2 Home je—— S
E' Gates
F Home Input | CW, CCW
interrupt Home Ports Home
Controllers [——
SR %utput Enables,
— 7S Status
7340 Block Diagram
Bus Interface

The 7340's bus interface is implemented with two
programmable GAL's (U19 and U21), which provide decode
logic, interrupt priority chain decode, interrupt vector gate
control and data bus transceiver conirol. W14 provides
address decode to 11 bits of I/0O address space.

2-1



Theory of Operation

Interrupt Control

Three 82C59A-2 interrupt control chips (U41, U42, and
U43), are utilized in the generation of host interrupts. U41
and U42 are connected in a priority fashion to U43. For
reference on the use and programmin% of the 82C59A-2,
refer to the manufacturer’s data sheet'. Seventeen vectored
interrupts are available:

Vector: Source: .

0 LM628 axis 1 (U33)

1 LM628 axis 2 (U32)

2 LM628 axis 3 (U25)

3 LM628 axis 4 (U24)

4. CCW LIMIT AXIS 4 (LOW = INTERRUPT)
5 CCW LIMIT AXIS 3 (LOW = INTERRUPT)
6 CCW LIMIT AXIS 2 (LOW = INTERRUPT)
7 CCW LIMIT AXIS 1 (LOW = INTERRUPT)
8 CW LIMIT AXIS 4 (LOW = INTERRUPT)

9 CW LIMIT AXIS 3 (LOW = INTERRUPT)

10 CW LIMIT AXIS 2 (LOW = INTERRUPT)

11 CW LIMIT AXIS 1 (LOW = INTERRUPT)

12 HOME LIMIT AXIS 4 (LOW = INTERRUPT)
13 HOME LIMIT AXIS 3 (LOW = INTERRUPT)
14 HOME LIMIT AXIS 2 (LOW = INTERRUPT)

15 HOME LIMIT AXIS 1 (LOW = INTERRUPT)

This card cannot generate an Interrupt to the bus until
Control port bit 7 is turned on. This is to provide protection
from extraneous interrupts at Reset or Power-up.

L.M628 Motion Controllers

Four National Semiconductor, LM628 Precision Motion
Controller IC’s occupy U33, U32, U25, and U24. LM628's
are a custom microcoded high performance processor




Theory of Operation

4
which implement a PID control algorithm. Actual position
information is input from quadrature inputs A and B,
desired position is input from the STD BUS via easy to use
commands, and the motor command is output to a 12-bit
DAC (U35, U37, U28, and U24). The voltage generated by
the DAC is bullered by a voltage follower (U27). For LM628
programming information refer to Chapter 4 or the
manufacturer's data sheet2,

Z channel or Index input is generated from the encoder.
The signal is fed through a digital filter (see next section),
and into a programmable logic device. This device, U46 or
U47 (depending upon which axis is being used), has the
capability to gale the index input with the Home limit for
that axis, invert the index pulse, or latch it in such a
manner that only one index pulse is allowed to reach the
LM628 until the programmable device is reset by an output
port. The following table summarizes the function of
output ports CP0O (U49) and and CP1 {(U48):

'CONTROL PORT: FUNCTION:

CPO BIT 0 ENABLE HOME GATE AXIS 1 (TRUE = 1)

CPO BIT 1 ENABLE HOME GATE AXIS 2 (TRUE = 1)

CPO BIT 2 ENABLE HOME GATE AXIS 3 (TRUE = 1)

CPO BIT 3 ENABLE HOME GATE AXIS 4 (TRUE = 1)

CPO BIT 4 INVERT INDEX AXIS 1 (INVERT = 1)

CPO BIT 5 INVERT INDEX AXIS 2 (INVERT = 1)

CPO BIT 6 INVERT INDEX AXIS 3 (INVERT = 1)

CPO BIT 7 INVERT INDEX AXIS 4 (INVERT = 1)

CP1 BIT O LATCH INDEX AXIS 1 (LATCH = 1)
(RESET = 0)

CP1 BIT 1 LATCH INDEX AXIS 2 (LATCH = 1)
(RESET = 0)

CP1 BIT 2 LATCH INDEX AXIS 3 (LATCH = 1

: (RESET = 0)

CP1 BIT 3 LATCH INDEX AXIS 4 (LATCH = 1)

(RESET = 0)
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CP1 BITS 4 THRU 6 UNUSED

*CP1 BIT 7 INTERRUPT ENABLE (ENABLED = 1)
(DISABLED = 0)
*This bit i1s used to enable Interrupts from this card.
Digital Filter

Encoder inputs can be subjected to some harsh EMI that
may cause the LM628’s to lcose track of their position
information. Noise spikes from motors, contactors, or other
electrical machinery can cause the quadrature information
to glitch, thereby falsely Incrementing or decrementing the
internal counters inside the LM628's. Pro-Log has
developed a digital filter which reduces the susceptibility to
EMI. Quadrature input A and B (index input Z as well), are
received by a 26LS32 differential line receiver. Jumpers
W1 through W11 allow the user to configure the input for
true differential (connect pins 2 and 3), single ended
(connect pins 3 and 4), and single ended with ground
shield (connect pins 3 and 4 together; connect pins 1 and 2
together).

When the encoder interface is used in a differential
configuration, resistor packs R2 and R3 may be substituted
for a value which matches the characteristic line
impedance, thereby further reducing noise.

The output of all 26LS32’s is fed to a digital filter which
samples the input and only allows the signal to pass on to
the LM628 if the input did not glitch during four
consecutive sampling periods. The sampling period is
adjustable, with frequencies ranging from 12 Mhz to 0.75
Mhz (selected by W13). If W18 has pins 1 and 2 connected,
12 Mhz will be chosen as the sampling period for the digital
filter. If a noise pulse is present on the input for up to
(1/12 Mhz)*4 (333 ns), it will be rejected. If less than 6
Mhz sampling is selected, the maximum input frequency
which can be counted will be reduced.

Inputs And Outputs

We have already discussed half of the output section CPO
and CP1. OUTPUTO (U51) and OUTPUT1 (U50) are general
purpose outputs which may be programmed under user

\
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software control to indicate status or control functions
within the motion control system. OUTPUTO is connected
to MC1413 darlington driver chips which can drive small
relays or LED’s. A logic O writlen into this control port will
turn off the output driver and generate a logic 1 at the
output. Bits O through 3 of OUTPUT1 are configured the
same way. Bits 4 through 7 are connected Lo a 7407 non-
inverting driver. When a logic O is wrilten to these port
bits, the output will be 0. This is useful when the output is
connected to the enable input of a power amplifier (most
enable outputs are disabled when the disable input is low).
The outputs are reset at power on to a 1 (OUTPUTO,
OUTPUT]1 bits O thru 3), and to a 0 (OUTPUT1 bits 4 thru
7. -

Inputs are provided by two input ports INPUTO and
INPUT1. Both ports read the input values of the CCW, CW,
and HOME limit inputs after the input conditioning
circuitry. The input conditioning circuitry allows the user
to apply between +24V to the input without damage. Logic
thresholds are still at TTL levels (+.8V and +2V). The input
conditioning circuitry inverts the signal before it is
presented to the input ports.

1. Intel Peripherals, Inte! Corporation, Intel Literature Sales, P.O. Box
7641, Mt. Prospect, IL. 60056-7641, (800) 548-4725.

2. LM628/1.M629 Precision Motion Controller, National Semiconductor
Corporation, 2900 Semiconductor Drive, P.O. BOX 58090, Santa Clara,
CA 95052-8090.
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Appendix D
LM628 Description

The following pages have been reproduced from the National
Semiconductor LM628/LM629 Precision Motion Controller Data
Sheet, March, 1989 and are included for reference only.



National .
Semiconductor

March 1989

LM628/LM629 Precision Motion Controller

General Description

The LMOLIU/LMB2Y ary dudicalad motion-cantiol proces:
sors designud lor use with a vanely of DC and brushless OC
58rvo molofs. and other sarvomechanisms which provide a
quauralure ncremental possion feedback signal. The pans
pertorm the ntensive, real-ime computatonal tasks re-
quired for high performance digital motion control. The host
controt software interface s taciitated by a high-level com.
mand set. The LM628 has an 8-bit oulput which can drive
@ither an 8-bit or a 12-bit DAC. The components required o
buld a servo system are reduced to the DC motor/actualor,
an incremental encoder, a DAC, a power ampiifier, and the
LM628. An LM629-based system s sumular, axcept that it
provides an 8-bit PWM output for directly driving H-switches.
The parts are fabncated in NMOS and packaged in a 28-pin
dual in-ine package, and are offered in both 6 MHz and
8 MHz maximum lrequency versions. The suffixes -6 and -8,
respectively, are used 10 designate version. They incorpo-
rate an SDA core processor and cells designed by SOA

Features

8 JZ-Lit punition, valuuily, and accolaralion registary

u Programmable digial PID hiter with 16-bit coatlicients
& Progr samphng mnlerval

& 8- or 12-bal DAC oulpul data (LM628)
| |
[ ]
[ ]

8-bit sign-magnitude PWM oulpul data (LM629)
Internal trapezoidal vetocity prolile generator
Velocity, target posiion, and hller paramelets may be
changed dunng motion

@ Posiion and velocity modes of operalion

@ Real-ume programmable host interrupts

& 8-bit parallel asynchronous host intertace

® Quadralure incremental encoder intertace with ndax
puise npul
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INTRODUCTION
The typical system block diagram (See Figure 1) illusirates
a servo system built using the LM628 The host processor
communicates with 1he LM628 through an 1/0 port o tacil-
tate programming a lraperoidal veiocity profile and a digital
compensation filter. The DAC output interfaces to an exter.
ral digital-1o-analog converter o produce the signal that 1s
power amphled and apphed 10 the motor. An incremental
" encoder provides feedback for closing the position servo
loop The trapezondal velocy profile generalor calculates
the required trajectory for either posshon or velocily mode ot
operaton in operation, the LMB28 subiracts the actual po-
sition (feedback position} from the desired posstion (protile
generator position). and the resulting positon error s pro-
cessed by the digital filter 10 drive the motor 1o the desrred
posttion Table | provides a bnef summary of specifications
offered by the LM628/LM629:

POSITION FEEDBACK INTERFACE

The LMB28 nterfaces 1o a motor via an incrementat encod-
er Three npuls are provided: two quadrature signal inputs,
and an index pulse input The quadrature signals are used
to keep track of the absolute position of the motor Each
hime a logic transition occurs at one of the quadrature n-

cuts. the LM628 internal position register 1§ incremented or,

decremented accordingly This provedes tour imes the reso-
lution over the number of lines provided by the encoder.
See Figure 9 Each of the encoder signal inputs 15 synchro-
nized with the LMEB28 clock

The optional index pulse output provided by some encoders
assumes the logic-low siate ohce per revolulion If the
LME28 1s so programmed by the user, it will record the ab-
soiute motor posiion in a dedicated register (the mndex teg-
1ster) al the ume when all three encoder inputs are logre tow.
it the encoder does not provide an index output, the LM628
index nput can also be used 1o record the home postion of
the motor. In s case. typically. the motor will ciose a
switch which is arranged 10 cause @ logic-low level at the
index input, and the LM628 will record motor position in the
ndex register and alent (interrupt) the host processor. When
using the index inpul in this manner, the user should assure
that the ndex input does not remain iogic low dunng shaft
rotaton because LM628 internal interrupts are generated
every ime all three encoder inputs are logic low. These in-
ternal interrupts will cause the LM628 1o malfunction ¢ the
velocity 1s faster than aboul 15,000 counts/second {when
using 3 6 MHz clock. or about 20.000 counts/second with
an 8 MHz ciock).

TABLE . System Specifications Summary

Pecsiion Range

1.073.741.824 10 1.073.741,823 ¢ounts

Veloeity Range
counts/sample

010 1.073.741,8237216 counts: sample, 1e. 0 to 16.383 counts/sample, with a resolution of 17216

Acceieration Range

0to 1.073.741,823/2'6 counts/sample/sample; 1e, 0 to 16,383 counts/sampie/sample. with a
resolution of 1/2'6 counts/sample/sample

Moror Drive Output

LM62B. B-bit paratlel output 1o DAC, or 12-bit multiplexed output to DAC
LM629: B-bit PWM sign/magnitude signals

Operating Modes Posiion and Velocity

Feedback Device

Incremental Encoder {(quadrature signats, support for index pulse)

Conirol Aigonthm

Proportional integral Derwative (PID) (plus programmabie integration limt)

Sample Inlervals

Dervative Term. Programmabie from 2048/1¢ k to (2048 * 256)/1c x 1 sieps of 2048/1¢c « (256
10 65.536 us lor an 8 0 MHz clock)
Proportional and iniegral’ 2048/1c
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FIGURE 9. Quadrature Encoder Signals
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FIGURE 10. Typical Velocity Protiles

VELOCITY PROFILE (TRAJECTORY) GENERATION

The lrapezowdal velocity profile generatgr computes the de-
sirad posiion of the motor versus ma. In the posilon mode
of operation, the hosl processor specifies acceleration,
maxmum velocity, and hnal position. The LM628 usas this
information 1o atfecl the move by accelerating as specified
untf the maximum velocity is reached or until deceleration
must begin to stop al the speciied hinal positon. The dacal-
eraton rale 1s equal 10 the acceleraton rale. At any time
dunng the move the maximum veloCity and/or the target
posiion may be changed, and the motor wiil accelerate or
decelarate accordingly. Figure 10 illustraies two typical trap-
ezoidal valocity profilgs. Figure 10 (a) shows a simpie trape-
20id, while Figure 10 (b) 1s an exampie of what the trajectory
looks ke whan velocity and position are changed at difter-
ent bmes dunng the move.

When operaung in the velocity moda, the molor acceierataes
to the speciied velocity al the specified acceleralion rate
and maintains the specified velocity untl commanded to
stop. The velocity 18 maintained by advancing the desved
posiion at a constant rate. if there are disturbances 1o the
mouon durnng velgcity mode operation, the long-ume aver.
age velocity remains constant Il the motor is unable to
maintain the specified velocity {which could be caused by a
locked rotor, for example), the desired posiion will continue
to be increased, rasuiting in,a very large posiion error If thug

condition goes undetacted, and the impeding force on the
molor 8 subsequently released, (he motor could reach a
vary high velocity in arder (0 catch up to the deswred position
{which 18 stif advancing as specihed). This condition is eass-
ly delected; see commanas LPEI and LPES.

All lrajectory parametars are 32-bit values. Positon 15 a
signed q ty. A ang velocity are specihed as
16-bit, positive-only integers having 16-bit lractions. The in-
tagar portion of velocily speciies how many counts per
sampling interval the motor will traverse. The fractonal por-
tion designates an addiional fractional count per sampling
interval. Although the position resolution of the LM628 1s
hmited to integer counts, the lractonal counis provide in-
creased average velocily resolution. Acceleraton s treated
in the same manner. Each sampting intesrval the commang-
ed acceleratan value s added 1o the current desired veloci-
ty lo genarale a new dasired velocity (unlass the command
velocity has been reached).

One determings the trajectory paramelers lor a desiwed
move as lollows. If, lor example, one has a S00-une shaft
encoder, deswes that the molor accelerate al one revolulion
per second par second untd it is moving at 600 rpm, ang
then deceieraie 10 a slop at a posiien exactly 100 revolu-
uons from the start, one would calculale the trajectory pa-
tametears as follows:
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fet P = larget pos:ton (unts = ancoder Counis)

Iat R = encoder lines ° 4 (system rasolution)

then R = 500 ° 4 = 2000

and P = 2000 ° desred number of revoluitons
P = 2000m° 300 izve = 200.000 counis (velue 1o
load; s
7 lcoding) = G0030D<0 {hax code whtlen to LMG23)

lgt V= velocity (umits = counis/sampla)

let T = sample ums {seconds) = 341 us (with & Mz
cloca) Mo

let C = convarsion factor "-\tl,mmutslso seconds
then V = R * T *C * desired rpm
and V = 2000 ° 341E -6 = 1/60 * 600'rpm
V = 682 counts/sample "
V (scaled) = 6.82 ° 65,536 = 446,955 52
V (rounded) = 446.956 (valua 1o load)’
V (coging} = 000EDI1EC (hex code wnitlan lo LMB28)

let A = acceleratron (units = counts/sampie/sample)

A = R*T*T * desred accelsration (rev/sec/sec)
then A = 2000 " 341E-~8 * 341E-6 * 1 rev/sec/sec
and A = 2.33E -4 counis/sampla/sampie

A (scaled) = 2.33E ~4 * 65536 = 1524

A (rounded) = 15 (valua l0 load)

A (coding) = 00C0C00F (hex code wnitten to LM628)
The above position, velocity, and acceleration values must
ba convened 1o txnary codes ta be loaded into the LM628.
The values shown for veiocity and accelerauon must be
multiphed by 65,536 (as shown) to adjust tor the requued
mnteger/traction lormat of the input data. Note that allar
scaling the velocily and teratan values, bitaral Ir |
dala cannot be loaded; the dala must be rounded and con-
verted 10 binary. The taclor of four increasa in sysiem reso.
lution s due 10 the method used o decoda the quadratute
encodar signais, sea Figure 9

PID COMPENSATION FILTER

The LM628 usas a digital Proportional Integral Dervative
{PID) fiter 10 compensate the control loop. The motor is
held at the desired posiion by applying a resionng lorce lo
the motor that is proportional {0 the posiion arror, plus the
integral ol the error, plus the denvatve of the arror. The
lollowing discrete-tme aquaton ilustrates the control per-
formad by the LM628:

fa

u(n) = kp°e(n) + qu eln} +
Nt O

kdia(n’) - e(n” = 1)} (Eq 1)

where u(n) s the motor control signal output at sample ime

n, e(n) 18 tha positton error al samgle ume n, n' Indi-

cates sampling al the denvatve samphng rate, and

kp, ki, and kd are the discrele-ime hiter parameters
loaded by Ihe users.

The fus! term, (he proportional tarm, provides a restonng

force porpartional to the position error, just as does a spnng

obaying Hooke's law. The second lerm, the integration

term, provides a restonng lorce thal grows with ume, and

thus ensures that the statc position errcr S zerg. If there 1s

@ consant torque loading. the motor will sull be ablc ta
achiave raro POSIION @ral.

The thwd 1erm, 1he danvative term, provides a torca propor:
tionat 10 1K rate ol change of posLON ero?. It aCis ust ke
viSCous damping n 8 dampes spang and Mass sysiam (g
a shock at 037 1N BN & te) The sampling wnlarvel
assotiatad wilh the denvalive larm s user-salectabls; thus
capatity anadles the LME28 10 conuo! a widar range of
nerual loads (System macnanical ims CONSIEnts) oy provid-
ng a pattaer epproumation of the conttnuous dernvauve. In
ganaral, longar samphing intervais arg usalul for low-vatocity
oparauons.

In operanon, the filtar algonthm receives a 18-bil error signal
from tha loop summing-junction. Tha arror signal is salurat.
&d af 16 bits to ensurae pr: ble bah . in 1 to
peing muitiplied by fhiler coeflicient kp, the error signal 1s
added (0 an accumulation of pravious arrors (1o form tha
Jntegral signal) and, al a rate ed by the ae-
nvative sampling interval, the previous error 1S sublracted
from il (10 torm the denvative signal). All hlter muluprcatons
are 16.bit opaerations; only the bottom 16 bits of the product
are used.

The integral signal i maintaned to 24 bils, but only the top
16 bils are used. Thig scaung techmque resuils n a more
ysabie (less sensitive) range of coetticiant ki values The 16
bits are nghi-shufted exght positons and multiphed by tilter
coefticient ki to form the term which contnibules to the mo-
tor contral output. Tha absciute magniude of ttus product 18
compared to coetficient d, and the lesser, apprapnately
signed magrutude then caninbutes to the motor contiol sig-
nal

The d. tive signal 1s multiphed by coefficient kd each de-
nvative samphing interval. This product contnbutes to the
motor control autput every sample inlarval, ndependent of
the user-chosen denvalive sampling niarval.

The kp, limited ki, and kd product terms are summed to lorm
a 16-bit quantity. Depending on the oulput mode (wordsize),
either the top 8 or top 12 bits become the motor control
oulput signai.

LM628 READING AND WRITING OPERATIONS

The hosl processor witas commands o the LM628 via the
host 1/0 port when Port Select (PS) input (Pin 16) is logic
low The deswred command code 1s applied 1o the parailel
pon line and the Write (WR) nput (Pin 15} 1s strobed. The
command byte 1s lalchea nto the LM628 an the nsing edge
of tha WR input. When wniting command bytes it 1s neces-
sary 10 hrst read the stalus byte and check the state of a
flag called the “busy bit™ (811 0). If the busy bit 1S logic hugh,
no command write may take place The busy bit 18 naver
fuigh tonger than 100 us. and typically falls within 15 us to
25 KS.

The host procassor reads the LM628 stalus byte in a symilar
mannar: by strobing the Read (AD) wnput (Pin 13) when PS
(Pin 16) is low; stalus informalion remains vald as long as
AD s low.

Wniling and reading data to/from the LM628 (as opposed 10
wriling caommands and reading status) are done with PS (Pin
16) logic high. Thesa wriles and reads are always an inla.
gral numbdar (from ona (O seven) Of two-byte wards, with the
hrst byte of each word being the mora significant. Each byte
raquires a write (WR) or read (RD) strobe. When lranstfernng
data words (byte-pairs). # 1S necessary to frst read the
staius byte and chech the state of the busy bit. Whan the
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busy bit 15 logic iow, the user may then saquuentiaily transler
both byles compnsing a dala word, bul 1he busy it must
again be cheched and found 1o be low belore atiempting 10
ransler the next byte paw (when lranslernng muiliple
words). Dala transters are accomphished via LM628-internal

The LM629 providas 8-bit, sign and magmitude PWM oulput
signals 10r dweclly driving Swilch-moda molor-anve armpuh.
ars Figure 11 shows tha lormal of the PWM magnitude oul-
put signal I

nterrupls (which are not negted); the busy bit intorms the burerat 1 (ox Fme oot erdiOfel e 10
host processor when ihe LM628 may not be interrupted 10f ts) |:'a' = Off !

data transier (or a command byte) it a command i1s wnilten 0 B

when the busy bil is high, the command wili be ignored ‘ ek 1 T e

The busy bil goes ligh immadiately alier wnting a command ) 38 ‘a:::( In ﬂ ﬂ ﬂ ﬂ_
byte. or reading of wiiing a second byte ol data {See Fiy- 2 1%

ures S thru 7) T 7 e

MOTOR OUTPUTS

The LM628 DAC output pon can be configured 10 provide
eidher a laiched eghl-bit parallel cutpul or a mullipiexed
12-tut output. The 8-bit oulput can be diracily connecied 10
a3 llow-through (non-input-laiching) D/A convener; the 12-bit

|
it LML
L S
was T] ‘tua I
127
whem T VT

20

output can be easily demultplexed using an external 6-oit v -

latch and an nput-latching 12-bit D/A conventer The DAC (o) 128 ,::é !

oulpul data is olfset-binary coded., the B-tit code 101 zer0 15 '8 e 0 (051)

80 nex and the 12-bit code lor zar0 1S BO0 hox. Values less [T PIT N

than ihese cause a negative lorqus 10 be apphed to tha
motor and, conversely, larger valuas cause positive motor
torque The LM628, when conligured tor 12.bit oulput. pro-
vides $1ignals which control the dumulliplexing process. See
Figure 8 for delals.

Note: Sen oulpul (N 18} NGL shown
FIGURE 11, PWM Output Signal Format

TABLE I. LM628 User Command Set

. Oats

Command Type Oescription Hex Bytes Note
RESET Imhahze Reset LM628 00 0 1
PORTS Inianze Select 8-8it Qulput 05 0 2
PORT12 Inbaze Salect 12-8it Oulput 06 0 2
DFH Initiahze Deline Home 02 0 1
SIP Interrupt Sel Index Position 03 0 1
LPE! Intesrupt inlarrupt on Ercor 18 2 1
LPES Interrupt Stop on Etsor 1A 2 1
SBPA Interrupt Sel Breanpomnt, Absolule 20 4 1
SBPR Interrupt Set Breakpoint, Relauve 21 ] 1
MSKI Interrupt Mash Interrupts 1C 2 !
ASTI interrupt Reset inlerrupls 10 2 1
LFIL Filver Load Fiter Parameters 1€ 21010 1
UDF Futer Update Filter 04 0 1
LTAJ Trajectory Loaa Trajectory \F 210 14 1
STT Trajectory Start Motion o 0 3
RDSTAT Report Read Slatus Byte None 1 [}
ROSIGS Repon Read Sgnais Register oC 2 1
ROIP Repon Read Ingex Position 09 4 1
ROOP Repon Read Desired Position 08 ] 1
RORP AReport Read Reai Position 0A 4 1
RODV Report Read Deswed Velocily 07 4 1
RORV Report Read Real Vetocily 08 2 1
RCSUM Repon Read integration Sum 0D 2 1

Note 1: Commands may D@ @secuted “On the Fly * dunng maton

Note Z: Commands a0l appixcabié 10 @18Cubon durng Moton

Nore 3: Command may be @secutad dutiwy mabon [ was nol 9

Note 4; Commana needs No code bucause INe CoOmMmand oA slatus bylu fead s tClally WN Dy Nardware
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GENERAL

The following paragraphs descnbe the usar command set of
tha LMG23 Some of the commands can be i1ssued alone
and soma require 8 supporting data structure, As examples,
tha commancg STT (STasT mouon) does not requira add:-
honal data. command LFIL (Load FllLtar parameters) re-
qurres addwmonal data (denvatve-tarm sampling nterval
and/or tillar parameters).

Commands are calegonzed by function' rubahization, inter-
tupt control, hlter control, trajectory conirol, and data repon.
ing The commands are lisied in Table Il and descrbed n
the following paragraphs. Along with each command name
1s s command-byle code, the number of accompanying
data bytes that are 10 ba wntten (or read), and a comment
as 1o whether the command is execulable during motion

Initiatization Commands

Tha ‘oitowing four LM628 user commands are used pnmar:.
ly to wnuniahze the system for use

RESET COMMAND: RESET the LM628

Command Code: 00 Hex
Data Bytes None
Executable Durning Motion' Yaes

This command {and tha hardware resat input, Pin 27) re-
sulls in sating the lollowing data ilems to zero: filter coet-
cients and ther input bufters, trajectory parameters and
their input bufters, and the motor control oulput. A 2ero mo-.
tor control output 1s a halt-scala, offset-binary code: (80 hex
for tha 8-bit output mode; 800 hex lor 12-bit mode). Dunng
raset, the DAC port outputs 800 hex 1o “zero” a 12-bit DAC
and reverts to 80 hex 10 ""zero™” an 8-tst DAC. The command
also clears live of the six interrupt masks (only the SBPA/
SBPR interrupt i3 masked), sets the oulpul pon size 10
8 bits. and defines the current absoiute posiion as home.
Resel, which may be executed at any ime, will be complet-
ed n less than 1.5 ms. Also see commands PORT8 and
PORT12.

PORTS COMMAND: Set Output PORT Size to 8 Bits

Command Code: 05 Hex

Data Bytes: None

Executable Dunng Motion: Not Applicable
The delauit output port size of the LM628 1s 8 bits: so the
PORT8 command need not be executed when using an
8-tit DAC. This command musi not be execuled whan using
a 12-bit converter; i will resull in erratic, unpredictable mo-
tor behavior, The B-bit cutput pont size is the required selec-
ton when using the LM629, tha PWM-output version of the
LM628.

PORT 12 COMMAND: Set Output PORT Size to 12 Bits

Command Code 06 Hex

Data Bytes' None

Executable During Motion: Not Applicable
When a 12-bit DAC s used, command PORT 12 should be
issued very aarly in the imtiaization process. Because use
ol this command 18 deterruned by system hardware, thera s
only ona forasean reason 10 execute it later: if the RESET
command is 1ssuad (because an 8-bit output would then be
selecled as the default) command PORT12 shouid be im-

mediately executad. Thus command must not be issued
when using an 8-bil convantar or the LM629, the PWM.-out-
put version of tha LM628.

OFH COMMAND: DeFine Home
Command Cade: 02 Hex
Data Bytas: None

Executable During Motion* Yes

This command daclares the current position as “home", of
absolute position 0 (Zero). If DFH 1s exacuted dunng moton
1t will not attect the stopping position of the on-going move
uniess command STT i1s also executed.

Interrupt Control Commands

The lollowing sevan LM628 user commands are associated
with conditions which can be used 1o interrupt the host com-
puler in order for any of tha potenbtal wnterrupt conditions 10
actually interrupt the host via Pin 17, the corresponding bt
in the lerrupt mask dala associaled with command MSK}
mus! have been sel lo logic high (the non-masked stale).
The dentity ol ali interrupts is made known 10 the host via
reading and parsing the status byte. Even if all nterrupls are
maskad off via command MSK!, the state of each conation
15 stll reflected n the status byte Thss feature facinates
poling the LM628 for status nformation, as opposed to n-
lerrupt driven gpearation

SiP COMMAND: Set Index Position
Command Code: 07 Hex
Data Bytes: None
Exacutable Dunng Motion Yes

After thus command is executed, the absolute posiion which
corresponds to the occurrence of the next index pulse input
will ba.recorded in the index register, and bit 3 of the status
byte will ba sat to logic high The position s recorded when
both encoder-ghase inpuls and the index pulse npul are
logic low. This ragistar can then be read by the user (see
descrnplion for command RDIP) to facililate aligning the del.
niion of home position (sea dascnption of command DFM)
with an index pulse. The user can also arrangs to have the
LM628 nterrupt the host to sigmity that an index pulse has
occurred. Sae lthe dascnphions for commands MSK! and
RSTI

LPEI COMMAND: Load Position Error for Interrupt

Command Coda: 18 Hex
Data Bytas: Two
Data Range: 0000 to 7FFF Hex

Executable Dunng Motion: Yes

An axcessive posibon error (the output of the loop summing
junction) can indicate a serious system problem; e.g., a
stalted rotor Insiruction LPE! aliows the user to mput a
\nreshold for position error detection. Error detection occurs
when the absolute magmiude of tha position errar exceeds
tha threshold, which resuits in bt § of the stalus byla being
set lo logic high. Il it 15 deswred 10 also stop (turn off) the
molor upon detecting excessive posiion errof, see com-
mand LPES. below The (irst byia of threshold data wntten
with command LPE! 1s the more significant. The user can
have the LM628 interrupt the host 1o sigruty that an exces-
sive position error has occurrad. See the descnptions for
commands MSKI and RSTI.




Interrupt Control Commands (conunueq)
LPES COMMARD: Load Position Error for Stapping

Commana Code: 1A Hex
Data Bytes: Two
Data Range: 0000 to 7FFF Hex

Executable During Motion: Yas

instrucuon LPES 15 assenually the same as commana LPE|
above, bul adds the feature ot urning oif the molor upon
delecting excassive posiion error. The motor drive 1s nol
actually swilchad off, it 1s set to half-scale, the otfsel-binary
codae for zero. As with command LPEL bit S of the status
byte is also set 10 logic hugh. The hirst byle of hveshold dala
watien with command LPES 1s the more significant. The
user can have the LM628 interrupt the host to signity that an
axcessive position error has occurred. See the descrnpuons
for commands MSKI and RSTI.

SBPA COMMAND: 7
Command Code: 20 Hax
DataBytes: Four
Dala Range: C0000000 1o IFFFFFFF Hax

Executabie Ourning Motion: Yes

This commangd enabtes the user 10 sat a breakpoint in lerms
of absolute position. Bil 6 of the status byte 18 sel (0 10gic
tugh when the breakpont posiion i1s reached. This condiuon
15 uselul for signaling trajectory and/or hiler parameter up-
dates. Tha user can also arranga to have (he LM628 inter-
rupt the host 10 signity that a breakpoint position has been
reached. See the dascriptions lor commands MSKI and
ASTI.

SBPR COMMAND:
Caommanad Code: 21 Hex
Data Bytes: Four
Data Range: See Text

Exacutable During Mation: Yes

This command enablas the user 10 set a breakpoint in tarms
of retative passtion. As with command SBFPA, bit 6 ot the
status byta is 56! 10 iogic fugh when the breakpoint posiion
(relatve (0 the current commanded larget posiion) 8
teached. The relalive braakpont input value must be such
that when this vaiue 1s added (o the target position the result
remaing within the absolute posikion range ol the system
{C0O000000 to IFFFFFFF hex). Thus condition is uselul tor
signahng trajectory and/of hlier parameter updates. The
user can also arrange o have the LM628 interrupt the host
lo sigruty that a breakpoint position has baeen reached. See
the descripuons tor commands MSKI and RSTI.

MSK!I COMMAND: MaSKX Interrupts

Command Code: 1C Hex
Oata Bytes: Two
Data Aange: See Taxt

Exaculable Dunng Molion. Yes
The MSKI command lets the user determuna which potential
intarrupt condiion{s) will inlerrupt the host. Bits 1 through 6
of the siatus byle are indicators of the six conditions wrich
are candidates for host interrupl{s). When interrupted, the
host thaen reads the status byta 1o learn which condiion(s)
occurred. Note thal the MSKI command is ummediately tol-
lowed by two data bytes. Bits 1 thvough 6 of the second
{lass sigruficant) byte wnften delermine the masked/un-
masked slalus of each potental interrupt. Any zero(s) in this

6-bit held will mask tha comesponding nterrupi(s), any
one(s) enaole the interrupt(s). Other tils comprising the two
byles have no eftect. The mask controls anly the nost inar-
rupt process; reading the status byts will stil retiect he ac.
tual condiions independent of the mask byle See Table lit

TABLE iIl. Mask and Reset Bit Allocations for interrupts

8it Position Function

Bits 15thry 7 Not Used

B é Breakpoint interrupt

Bus Position-Error interrupt

Bit4 Wrap-Around Interrupt

B3 Index-Pulse interrupt

B2 Trajactory-Compiete interrupt
Bit1 Command-Error Inlerrupt
8110 Not Used

RSTI COMMAND: ReSeT Interrupts

Command Code: 1D Hex
Data Bytes: Two
Data Range: See Text

' Executabie Dunng Moton: Yas

When one of the potantial interrupt condiions of Table il
occurs, command ASTI 1S used to resel the corresponding
inlerrupt flag bit in the status pyte. The host may raset ons
or all flag bils. Resetung them one at a tmae allows the hos!
{0 service them one at a ime according 10 a prnonty pro-
grammed by the user. As in the MSKI command, bils 1
ihrough 6 of the second (lass sigmticant) byte correspond o
the potential interrupt condions shown in Table lli. Also
see descnption of RDSTAT command. Any zero(s) i thus
6-0it held reset the corrasponaing interrupt(s). The remain-
ing bits have no eltect.

Filter Control Commands

The lollowing two LME28 user commands are used lor st
uing the dervatve-larm sampling interval, for agjusung 1he
hitar paramelars as required 10 tune the system, ang 1o con-
tral the iming of thasa sysiem changes.

LFIL COMMAND: Load FiLter Parameters

Commana Code: . 1E Hex
Data Bytes: Two to Ten
Data Ranges ..

Futer Control Word See Text

Filter Coetliciarus: 0000 1o 7FFF Hex (Pos Only)
Integration Lumit: * 0000 to 7FFF Hex (Pos Only)
Executable Dunng Motioh: Yes

The tiller parameters (coelticients) which are wriltan 1o the
LM628 1o contro! 1o0p compensalon ara kp, ki, kd, and o
tintegrauon imit). The integration hmut (f) consirans tha
contnbution of the integralion term

n

[ T Z o(n)
Ne0
(see Eq. 1) to values equal t0 or less than a user-dahned
maximum value; this capabiily munimizes ntegral or reset

“wind-up' (an overshooting eftect of the intagral acton).
The positive-only input value i1s compared 1o the absoiute

12



Fliter Controi Commands (Continued)

magnitude of the ntegration term; when the magnitude ot
ntegration term value exceeds i, the il value (with appropr-
ate sign) 1S subsututed for the integration term vaiue.

The dervalive-term sampling interval s also programmabile
via this command. Alter wning the command code, the fust
two data bytes ihat are wrtlen specily the derivative-term
sampling intervat and which of the four titer parameters
1s/are 10 be wntien via any forthcoming data bytes. The first
byte written 1s the mare significant. Thus the two data bytes
constitute a filter control word that intorms the LM628 as lo
the nature and number of any following data bytes. See
Table tv.

TABLE IV. Fiiter Control word Bit Allecation

Bit Position Function
815 Dervalive Sampling Interval Bit 7
Bu 14 Derivative Sampling Interval Bit 6
Bit 13 Dernvative Sampling lnterval Bit §
ai12 Denvative Sampiing Interval Bit 4
Bit 11 Denvative Sampling Interval Bit 3
Bit 10 Oenivative Sampiing Interval Bit 2
Bt 9 Denvative Sampung interval 8it 1
Bn 8 Dernvative Sampling Interval Bit 0
Bt ? Not Used
B 6 Not Used
Bua 5 Not Used
Bit 4 Not Used
Bt 3 Loading kp Data
Bit 2 Loading ki Data
B 1 Loading kd Dala
gt o Loaaing it Data

Bits 8 through 15 selec! the dernvative-lerm sampiing intar-
val See Table V. The user mus! locally save and restore
these biis dunng successive wnies of tha fiter conirol word
Bits 4 through 7 of 1he filter control word are not used.

Bits 0 to 3 inform the LM628 as (0 whelher any or all of the
fiter parameters are aboul 10 be wnlten. The user may
choose (o update any or all (or none) of the hiter parame-
lers. Those chosen lor updaling are So indicated by logic
one(s) in 1he corresponaing bit posiion(s) ol 1he Niter con-
trol word

The dala bytes specified by and immediately loliowing the
tilter control word are wntten n pars to comprise 16-bit
words. The order ol sending the dala words 1o tha LM628
corresponds 10 the descending order shown in the above
descripion of the liter control word; 1.e., beginming wilh kp,
then ki, kd and d. The tirst byte of each word 1s the more-sig-
niticant byte. Prior to writing a word (byle paw) it 1S neces-
sary lo check the busy bit in tha status byte for readiness.
The required data is wntten to the pnmary butters of a dou-
ble-buttered scheme by the above descrnbed operations; it
1S nol transferred 10 the secondary {working) reqisters untd
the UDF command is executed. This facl can be used ad-
vantageously; the usear can nput numerous data ahead of
ther aclual use. This simple pipeling elfect can religve po-
tential host computer data communications botllenecks,
and lacitates easier synchrorization of mulliple-ans con-
lrols
UDF COMMAND: UpDate Filiter

Command Code: 04 Hex

Dala Bytes: None

Execulable Dunng Molion  Yes

The UOF command s used 10 updaie Iha filler paramaeters,
the specifics of which have been pragrammed via the LFIL
command. Any or ali parameters (dernvalive-term samphng
interval, kp, ki, kd, and/or i) may be changed by the appro-
priate command(s). but command UDF must be execuled 10
attect the change in hiter turuing. Fillar updating s synchro-
mzed with the calculations 10 elimuinate erratic of spurous
behavior

|
Trajectory Control Commands

The following two LM628 user commands are used for
selting the trajectory conlrol parameters (position. velocily,
acceleraion), mode of operaugn (posiign or veloQily), and
direction (velocity mode only) as required 10 descnbe a de-
srgd molion or 10 select the mode ol a manually directed
stop, and 1o control the iming of these system changes
LTRJ COMMAND: Load TRaJectory Parameters

Command Code: 1F Hex
Daila Bytes: Two to Fourteen
Data Ranges . . .

Trajectory Conirol Word: See Text

Positron: C0000000 1o IFFFFFFF Hex

Velocity: 00000000 19 IFFFFFFF Hex
(Pos Only)

Acceleration’ 00000000 to JFFFFFFF Hex
{Pos Only)

Execulable During Motion Conditionally, See Text

TABLE V. Derivative-Term Sampling Interval Selection Codes

Bit Position Selected Derivative
15 14 13 12 1" 10 9 8 Sampling Interval
0 0 0 0 0 0 0 0 256 us
0 0 0 0 0 0 0 t 512 us
0 0 0 0 0 0 1 0 768 us
0 0 0 0 0 0 1 | 1024 us. elc
thry 1 1 1 1 1 1 1 1 65,536 us

Note: Samping miervais Shawn are when usng 4n RO MMZ Clack Tho 28R corepands (0 J048:8 MY J samDle miervals Must be SC3l6d 107 O Cloch

fraquenges




Trajectory Control Commands (Conunueq)

Tha rajectory control parameters which are wriften o the
LM628 10 control motion are: acceteranon, velocity, and po-
siion In aaquiuon, indicalions as (0 whether these three pa-
fameters are 10 be considared as absoiute or raelalive npuls,
saleclion of velocily moude and dueclion, and manual siop-
ping moge seleclion and execulion are Programmabla via
Ilus command After wrting the command code, 1he lrst two
data bytas that are writtan specily which paramaeltei(s) is/are
being changed. The rst byte writien is the more sigmiticant
Thus the two data bytas constitute a rajeclory control word
thai intorms the LM628 as o the nature and numbaer of any
foliowing gata bytes. See Table Vi.

TABLE V. Trajectory Control Word Bit Allocation

ait Pomition Function
8415 Nol Used
Ba4 Not useg
Bu1d Not Used
B2 Forwarg Dwection (velocidy Mooa Only)
ety velocity Moge
8410 Stop Smootnly (Deceterate as Programmad)
a9 Stop Abruptly (Maxurum Ducelaraton)
81 8 Turn Ot Mator (Outpul 2610 Drive)
8e 7 Nat Used
81 6 Noi Used
Ba 5 Accelvralron Wil 8e Loaded
81 4 Acceteravon Oata is Rvlauve
8t 3 Velocity wil Be Loagaa
Ba 2 Veiocity Dala is Relatve
an 1 Posst:ion Wil Be Loaded
Bt O Posiion Data Is Relative

Bit 12 determines tha motor drection when in the velocity
mode A logic ong indicales forward duecuon. This bil has
no eflect whan 1n posiion Mode

Bit 11 determines whathar the LM628B operates in velocity
mode (Bit 11 logic onae) or posiion moda (Bit 11 logic zero).

Bits B through 10 are used 1o setect the method of manually
stopping the motor. These bils are not provided 10 one 10
mately specity the desired mode of stopping, n posiion
mogde operalons, normal slopping 1S always smooth and
occurs automatcally at the end of the specilied trajuctory.
Under axceptional cucumstancas it may be deswved lo man-
ually intervene with the Irajeclory guneration process to al-
fect a preamalure stop. in valocity mode opuralions, howev-
or, the normal means of stopping /s via bits 8 througn 10
{usuaily it 10). Bil 843 sat !0 logic one o stop the molor by
lurning oft motor drive output (oulputing the approprnale oft-
set-inary code o apply zero drive (10 the molor); bit 915 sel
to one o siop the motor abruptly (al maximum avalable
accelaeralion, by sefuing Lhe targal posiion equal to tha cur-
tanl position); and bil 10 1s set to ona (0 stop the molog
smoothly by using the currant user-programmed accelera-
tion value. Bits 8 through 10 are to be used exclusively, only
one bil shouid be a logic one al any tme.

Buts 0 through $ ntorm the LM628 as to whether any or ail
of the lrajactory conlrolling parametars are about to be writ-
ten, and whether the data should be inlerpreted as absoiute
or raiauve. The user may choose o update any ar all (or
none) of the lrajectory parameters. Those chosen for updal-
ing are so inaicaled by legic ona(s) in the corresponding bil
position(s). Any parameter may ba changed while the motor

18 10 motion; however, Il acceieration 1s changed then the
next STT commana musl not be issued until the LMB28 has
complated the current move or has been manuyally stopped
The gata bytas specilied by and immedialely Ioilowing the
rajectory control word are wnlten n paws wiich comprise
16-ut words Each data itam (parameler) requires two 16-bi
words: the word and byte order i3 most-lo-laasl sigmhcant
The orger of senaing the parameters 10 the LM628 corre-
sponds to the daescending ordef shown in the above de-
scrption of the lrajectory control word, 18, beginning with
acceieralion, then velocily, and hnally position.
Accaleration and velocity are 32 bits, posiive only, but
ranga only from 0 (00000000 hex) to (239] - | (IFFFFFFF
nhax) The bottom 16 bits of both accelaralion and velocity
are scaled as fractional data, theratore, the 1east-sigriticant
nleger data bit for thase paramaters is bit 16 (wharg tha bils
are numbared 0 through 31). To determine the coding for a
given velocity, for axampie, one multiphes the aesirad veloc-
ity (in counts par sample mnterval) bmes 65,536 and converts
the rasuit to tinary. The umits of acceleration are counlts par
sample per sample. The vaiue loaded lor accalerakon must
nol exceed (he value loaded for velocity. Position s a
signed, 32-bit nteger, bul ranges only trom - [230)
(C0GOC00D hex) to {230) ~ + (IFFFFFFF Hex)

The required dala 1s waften to the pnmary butters of a dou-
ble-butlered schems by the above descnbed operatons, il
i$ not lransierred to the secondary (working) registers untd
the STT command is executed. This fact can ba used ag-
vantageousiy; the user can npul numerous dala anead of
ther actuai use. This sumple pipaline eltect can ranave po-
tantat host computer dala communications bdartlenschs,
ana lacilinates eas:ar synchromizalion of mullipia-axis con-
teols.

Before using LTRJ 1o issue a new accelgration valug, a
“molor off”" command musi hrst be execulad (LTRJ com-
mand with bit 8 of the Traectory Control Word set). Thus
procedure 1s only nacessary il Ihe acceleralion vaiue s be-
ng changed.

STT COMMAND: STarT Motlon Control

Command Coge: 01 Hex

Data Bytas: None

Exacutable Dunng Mouon: Yas, i acceldrahon has not
besn changed

Tha STT command 1s usad 10 exaecule tha Jdasirud r3jpclo-
ry. the spaciics of which have besn programmed via the
LTRJ command. Synchromzation of mull-ans control (o
within one sample nlerval) can be arranged by lcaaing the
raquired lrajeclory parameters 'OI each (and every) axis and
then simultanecusly ssuing a-single STT commang to ait
axes. This command may be exacuted at any hme, uniess
the acceleration value has been changed and a irajectory
nas not been complated or the motor has nol baan manual.
ly stopped. It STT 1s issued during motion and accelgraton
has baan changed. a command erfor interrupl will be ganar-
ated and the command will be ignored.

Data Reporting Commands

The following seven LM628 user commands are used 1o
obtain data trom vanous registers in the LM628. Stalus, po-
sition, and velocity mlomganon ara reparead. With the excep-
non ol ROSTAT, tha data is read from the LM628 dala port
after tirst wniting the corresponding command to the com-
mand pon




Data Reporting Commands Contnusa
AOSTAY SDMMAND: Rac® STATus Byte

Corarnana Cots: Nota
Byls Rasd: Cng
Dais Ranga: See Tent

Execurasle Dunng Mouon: Yas

Tng RDSTAT comenand is 1eally not & command, but 1s hst-
&d wiln the Olhei COMMands bacause i 1s used very fre-
quenily 10 conlrol communications with the host computer.
Thera 15 no wWentlfication coda; it 1s directly supported by the
hardware and may be executed at any ime The singla-byte
slaius read 15 selacted by placing CS, PS and RD at logic
rero. Sas Table VI

TABLE VI Status Byte Blt Allocstion

81t Position Function
But7? Motor QH
B8il6 Breakpoint Reached [Intarrupt)
8ns Excessive Position Error [Interrupt)
Bit4 Wraparound Occurred [Interrupt)
Bitd Index Pulse Observed [Interrupt]
B2 Trajectory Complete [Intarrupt]
B4 Command Error (Interrupt]
810 Busy Bit

Bi 7, the motor-off flag, 1s sat to logic one when the motor
driva output 1s off (at the hail-scale, offset-binary code for
zero) The molor is turnad off by any of the following condi-
tions. power-up resel, command RESET, excessive posiion
error (if command LPES had baen executed), or when com-
mand LTRJ is used to manually stop the motor via lurning
the motor off Note that when bil 7 i3 el in conunction with
command LTRJ for producing a manual, motor-alt stop, Ihe
aclual setting of bit 7 does nol occur until command STT s
13sued 10 affect the slop. Bit 7 15 cieared by command STT,
excepl as descrbed in the previous sentencae.

81 6. the breakpomi-reached interrupt flag, 18 sei 10 logrc
ona when the position breakpomnt loaded via command
SBPA or SBPR has been exceeded. Tha llag i1s functional
ndepandant ol the host interrupt mask status. Bit 6 s
cleared via command RSTI.

Bit 5, the excessive-position-error nlerrupt flag, 1s set to
togic one whan a posiion-eror interrupt condition axists.
This occurs when the error threshoid loaded via command
LPE] or LPES has been exceeded The lag is functional
mndependent ol the host interrupl mask status. Bit § s
cleared via command RSTI.

Bl 4, the wraparound interrupt flag, is set o 1ogiCc one when
a numencal “wraparound” has occurred. To “wraparound”
means 10 exceed tha posilion address space of the LM628,
which could occur dunng veloCity mode operation. If a wrap-
around has occurred, then posiion nformalion will be in
error and this interrupl helps the user 10 ensure posiion
data integnty The llag 1s funchional independant of the host
interrupl mask status. Bil 4 15 cleared via command RSTI
Bit 3, the index-pulse acquired interrupt lag, is set to logic
one when an index pulse has occurred (if cammand SiP had
been exaculed) and indicates that the index posiion regis-
ter has been updated. The tiag is lunctional independent of
the hast interrupl mask status Bit J is cleared by command
RSTI

B 2, 1ne wasciory compleie nterrupi llag, is set o logic
ons wian (ng lrejeciory programmed by the LTRY com-
mang and imtaled by the STT command has baan complals
&d. Bacause of ovarshoo!l or & himing condiion (Such &S
commanding the velocity 10 ba highar than the motor can
achigva), tha molor may nol yet bé at tha inal commandad
position. This bt 1s the togical OR of big 7 and 10 of tha
Signals Reqister, see command RDSIGS batow. The flag
funciions independently af the host interrupt mask status.
B 215 cleared via command RST)

Bit 1, the command-error interrupi flag, is set 1o logic one
whan the user attempis 10 read daia when a wrile was ap-
propnale {or vice versa). The flag 1s lunctional independent
ol the host interrupt mask status Bit 1 15 cleared via com-
mand RSTI

Bt 0, the busy flag, s frequently lested by the user (via the
host compuler program) 10 determine the busy/ready stalus
pnor [0 wnting and reading any data. Such wnies and reads
may be executed only when bit 0 1$ logic zero (not busy).
Any commang or dala wntes when the pusy bil 1s hign wat
be gnored. Any data reads when the busy bil 1§ high wall
read the current contants of the 1/Q pon butters, not the
data expected by the host. Such reads or writes (with the
busy til hugh) will not generale a command-error interrupt

ADSIGS COMMAND: ReaD SIGnaiS Register

Command Code: 0C Hex
Bytes Read Two
Data Rangs: { See Tex

Executable Dunng Molion: Yes
The LME28 internal “signais™ regisier may be read using
this command. The first byte read 15 the more sigriicant.
The lass sigmilicant byte ol this ragister (with the exceplion
ol bil 0) duplicatas the stalus byte. See Tabie Vil

TABLE Viil. Signals Reglster Bit Allacation

8it Position Function
Bt 15 Host Interrupt
B 14 Acceleration Loaded {Bul Not Updated)
B 13 UDF Executed (But Filter Not yet Updated)
Bit 12 Forward Direction
B 11 Valocity Mode
B8t 10 On Target
Bit 9 Turn Off upon Excessive Position Error
B8u 8 Eight-Bi Quiput Mode
B 7 Motor Off
Bit 6 Braakpont Reached {interrupt)
Bt 5 Excessive Positon Error [Interrupt)
B 4 Wraparound Occurred (Interrupt)
(=] Index Puisa Acquired [interrupt)
Bit 2 Trajectory Complele {interrupi]
Bt 1 Cc vd Error (interrupt)
B4 0 Acquira Naxt Index {SIP Executed)

B84 15, tha host interrupt flag, 18 set 10 logic one when the
host interrupt output (Pin 17) 3 logic ona. Pin 17 s sat 1o
logic ona whan any ol tha six hosl interrupt conditions occur
(11 the corrasponding interrupt has not been masked). Bit 15
{and Pin 17) are cieared via command RSTI.

ait 14, the acceleration-loaded Hag, is set to logic one when
acceleration data is wntten (0 the LM628. Bit 1415 cleared
by the STT command




Data Reperting Commands Conunueay
81t 13, Ine UDF-axecuted flag, is sat 1o logic one when the
UDF command is execuled. Because bit 13 is cleared at the
ena of the sampling interval in which it has been sat, thus
signal 1S very short-lved and probably not very prolitable lor
manitonng

Bit 12, the lorward direction flag, is meamingful only when
the LM628 is in velocity mode The bit s sel 10 logic one 10
indicale that the daswed direction ol molion 18 “forward’,
2810 indiCales “reverse” direcuon. Bit 12 is set and cleared
via command LTRJ. The actual setting and cleanng of tit 12
doos not occur unuil command STT is executed.

Bit 11, the velocity mode flag, 1s set to logic one 10 indicatle
that the user has seélecled {(via command LTRJ) velocity
mode. Bit 11 s cleared whan posiion moda is selacled (via
command LTRJ). The actual seting and cleanng of bit 11
does not occur until command STT s axecuted.

Buit 10, the on-larget flag, is sel o logic one when the lrajec-
lory generator has completed its lunctions {or tha last-is-
sued STT commang. Bit 10 1s cleared by the next STT com.
mand.

Bit 9. the turn-oHl on-error llag, 15 sat to logic one when
commana LPES is executed. Bit 915 cleared by command
LPE!

Bil 8, the 8-bit culput Nlag, 1s set o logic one when the
LM628 s raset, or wnan command PORTB is executed Bit
815 cleared by command PORT12.

Bits 0 through 7 rephicale the stalus byte (see Tabie Vi),
wilh the exception of bit 0. Bit 0, the acquire next indax fag,
1$ $61 10 logic one when command SIP 1s execuled, il then
remains set until the next ndex pulse OCCurs.

ADIP COMMAND: RoaD Index Position

Command Code: 09 Hax
Bytes Read: Four
Data Range: C0000000 to IFFFFFFF Hex

Executable Ounng Moton: Yes

This command reads the position recorded in the wndex reg-
ister Reading the index register can be part ol a sysiem
erfor checking scheme. Whenever the SIP commangd s exe-
culed, tha new mndex posiion minus the old index pasition,
divided by the incremental encoder resolution (encoder
lines imes lour), should aiways be an inlaegral number. The
ADIP command faciitales acquing these data (or host-
based calculations. The command can aiso be used 1o Wen-
uly/venty home or soms olther special posiion. The bytes
are read in most-10-least sigruhicant order.

RDOP COMMAND: ReaD Desirod Position

Command Code: 08 Hex
Bytes Read: Four
Data Range: C0000000 to IFFFFFFF Hax

Executable Dunng Mouon: Yes
Thus command reads the instantaneous desired (current
tamporah position outpul of the prolile gensrator. This is the
“salpoint™ input 1o the position-leop sumnung junction. The
byles are read in mosi-to-least signihicant order.
RDAP COMMAND: ReaD Real Pasition

Command Code: 0A Hex
Bytes AReaq: Four
Oata Range: €0000000 to 3FFFFFFF Hax

Executable Ounng Mouon. Yaes

This command reads the cut'ranl actual position ot the mo-
tor This is the feeaback npul to the 100p summung uncuon
The bytes are read in most-10-least sigruhicant order

RDOV COMMAND: ReaD Desired Velocity

Command Code: 07 Hex
Bytes Reaa: Four
Data Range: C0000001 10 IFFFFFFF

Executable Dunng Motion: Yas

This command reads the integer and fracuonal porions of
the instantanaous deswed (currenl lemporal) velocily, as
used 10 generate the desued position profile. The bytes are
read in most-lo-least siguihcant order The value read 1§
proparly scaled 1or numancal Companson with the yser-sup-
plied (commanded) velocily, howevef, because (he two
least-sigrulicant by1es represent /ractional veiacity, only the
two mosl-significant bytes are appropnale lor companson
wilh (he data obtamned via commandg RDRV (see below).
AlsQ note that, although the veloCity «/put aala s con-
strained 10 posilive numbars (see command LTRJ), the data
ratlurned by command RDDV reprasents a sgned quantity
where negative numbers represant operation in the raverse
dawecuon.

RDRY COMMAND: ReaD Real Velocity

Command Code: 08 Hex
Bytes Read. Two
Data Range: CO000 10 IFFF Hex, Seo Text

Exocutable Ounng Motion: Yes

This command reads the integer porton ol tha instanta.
neous actual velocity ol the motar The inlernally maniamned
lracuonal portion of veloCity 1S nal reparned because the
reponeqa dala s denved by reading the inCremaental encod-
o1, wihich producas only integer dala. For companson with
the resull oblained by dxecuting command RODV (or the
user-supplied inpul value), the value returned by commang
RDRAY must be muitiphed by 2'8 (shified lan 16 Dit pasi
tons). Also, as with command RODV above, data returned
by command RDRY is a signed quanlity, with negatve val-
ues reprassnting raverse-drection motion.

RDSUM COMMAND: ReaD Integraton-Term SUMmauon

Value

Command Code’ 00 Hex

Bytles Read. Two

Dala Range: 00000 Hex to t the Current

Value of the Integraton Limit

Executabie Dunng Mouon: Yes
This command reads the value lo which the integration term
has accumulated. The ability (o read trus value may be neip-
tul in ininiaily or adaplively tuning the system.

Typical Applications

Programming LM&28 Host Handshaking {Interrupts)

A law words regarding the LM628 hast handshaking will be
helptul o the system programmer. As indicated in vanous
poriions ol the above lext, the LM628 handshakas with the
nost computer in two ways: via the hast intarrupt outpul (Pin
17), o via poiling 1he slatus byte for “intarrupt’ conaiions.
Whan the hardwired interrupt is used, the sialus byte i aiso
teaqg and parsed (0 detéermine wrich ol s possible condt-
tong caused the interrupt.
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Typical Applications (continued)

Whan using (he hardwired intarrupt it is very imporiant that
the host ntarrupt s8rvice routine doas not Inlartere with a
command sequsence which aught have been in prograss
when the mnterrupt occutred. If the host interrupt service rou-
tine were 0 135U8 8 command to the LME28 while i is in the
middie of an ongoing command sequence, tha ongaing
command will be aborted (which could be detnmaental to the
apphication}. :

Two approaches ewst for avording this problem. If one s
using hardwired intetrupts, they should be disabled al the
host prior 10 1ssuing any LMB28 command sequence, and
ra-gnabled aHer each command sequence. The second ap-
proach 13 10 avoid hardwired interrupts and poll the LM628
stalus byla for “interrupt” status The sialus byte always
rollecls 1he ntarrupl-condition  status, indepundent of
whathar or not the interrypis have been masked.

Typical Host Computer/Processor interface

The LME26 1$ interfaced with the host computer/processor
via an 8.bit parailel bus. Figure 12 shows such an interface
and a murimum system configuratton,

As shown in Figure 12, the LM628 interfaces wilh the host
data, address and control lines. The addrass hnes are de-
coded to generate the LM828 C3 input; the host address
LSB dweclly drives the LM628 PS input. Figure 12 aisa
shows an 8-tit DAC and an LM 12 Power Op Amp interfaced
to the LM628.

LM628 and High Performance Controller (HPC)
Interface

Figure 13 shows the LM628 interfaced to a Natonal HPC
High Pertormance Controller. Tha delay and logic assocat-
ea with the WH fine i1s used to eftectively increase the wta-
data hald time of the HPC (as seen at the LM628) by caus-
ng the WR pulse 10 nse early. Nota that the HPC CK2 out-
pul provides 1he clock for the LM628. The 7415245 18 used
lo decrease the read-data hold hime, which 18 necessary
whaen interfacing 1o tast host busses.

Intertacing a 12-8it DAC

Figure 14 Wlusirates usa of a 12-bit DAC with tha LM628.
The 7405378 hex gated-D flip-llop and an inverler demuiti-
plex the 12-bit output. DAC oHset must be adjusted to muns-
mize DAC lineanty and monotonicity errors. Two methods
exisl 1or making this adjustment. It the DAC1210 has been
socketed, ramavae it and temporarily connect a 15 k) resis-
lor betwean Pins 11 and 13 of tha DAC socket (Pins 2 and 6
of the LFJ56) and adjust the 25 ki} potentiomaeter for OV at
Pin 6 of the LF356.

It the DAC 15 not ramovable, the second mathod of adjust-
ment requires that the DAC 1210 inputs be presanted an ail
zeros code. This can be arranged by commanding the ap-
propriate move via the LM628, but wmith no feedback from
the systam encoder. When the all-2eros code 8 presemt,
adjust (he pot for OV at Pin 8 of tha LFJ56.

A Monolithle Linear Drive Using LM 12 Power Op Amp
Figure 15 shows a motor-dnive amplifier built using tho LM12
Powser Operationat Amplitier. This cucwuit is very simple and
can deliver up lo BA at JOV (using the LMI12L/LM12CL).
Rasislors Rt and A2 should be chosen to sel the gan 10
provida maximum oulpul vollage consistent with maximum
nput vollage. This example provides a gan of 2.2, which
allows for amphfier outpul saturation at t 22V with a t 10V
npul; assurming power supply voltages ot t JOV. The ampl-
fier gain should not be higher than necessary because the
system 13 nan-hinear when salurated, and because gan
shouid be controlled by the LM628. The LM12 can also be
conligured as a currani drivor, sae 1987 Linear Dalabook,
Val. 1, p. 2-280.

Typical PWM Motor Drive Interfaces

Figure 16 shows an LM18298 dual full-bridge drnver inter-
faced 1o the LM629 PWM aulputs 10 provide a swiich-mode
powsr amplilier 1or driving smail brush/commulator molors.
Figure 17 shows an LM621 brushlass motor commutator
interfaced to the LM629 PWM outpuls and a discrete device
swilch-mode power amphtier (or driving brushtess OC mo-
fors.

Incremental Encoder Interface

Thae incremental (position feedback) encoder intarface con-
si1s18 of three linas: Phase A (Pin 2), Phase B (Pin J), and
Index (Pin 1). The index pulse output 15 not avalable on
some ancoders. The LMG628 will work with both encoder
typas, bul commands SIP and ROIP will nol be meamngtul
wilthout an index pulse (or allernative input for this input . .
ba sure to le Pin 1 hugh i not used).

Some consideration is 1 ralative to usae v high Gauss-
an-norse environmants. Il noise 18 added (o the encoder
nputs (ather or both inputs) and 18 such that it is not sus-
lained untl the next encoder iransiion, the LM628 decoder
logic will reject t. Nosse that mimics quadrature counts or
persists through encoder lransitions must be elminated by
appropnate EMI design.

Simpla digital “'filtenng™ schemes merely reduce susceptib-
ity 10 noise (thare wul aiways be naise pulses longer than
the hiler can eluminate). Further, any naise lilenng scheme
reduces decoder bandwidth. In the LM628 (| was decided
[since simple hitenng does not aliminata the noise probiem)
10 not inciude a naise filter in favor of oflenng maxmum
possible decoder bandwidih. Altempling to drive encoder
signals too long a distance wilth simple TTL lines can also
be a source of "noise™ in the form of signal degradation
{poor nseume and/ar nnging). This can also cause a system
1o lose posimional inlagrity. Prabably the mosi effective
countermeasure {0 noise induction can be had by using bal-
anced-line dnvers and receivers on the encoder inputs. Fig-
ure 18 shows circuilry using the DS26LS531 and DS26LS32.
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