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ABSTRACT
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LM 629 are our tools for controlling the motion of this automatic guided vehicle.



annssudszmea

s g

a = o s dyo =1 vy Yo 4
ﬂiiyt‘gmwu‘ﬁﬂuuumﬁ%m"1ﬂﬂ’JUﬂ ﬂlWi’]:,’jﬂﬁlm'Tlouﬂﬂ'ﬁnﬂ TIFITATINITY AT.

d a

Tosu wsulsdisyd wazewnsdaiins 718 aMmnganuuzThndouis ianusomde

Yo o

t 4

uinazdSminasan nueuzdSahvensveunszquiiluetiagan u Temad uaz

o @ o o s w 4 a (4
veveunmnsouaivesnuziiah it ldliidslonnaea uenvinivevouqa quiljad

[] 1 4 . »

wingu ildduuginnnaes qaioiiveveuqaniton q yoauilumadruazuenain
a P 9/ ] 24
I lianurismienasaun

ARIHIAN



2ap
il
=

2.3
2.4
3.1
3.2
33
3.4
3.5
3:6
3.7
4.1
4.2
43
4.4
5.1

«
(A0

fgyglan

Wi
LUARAlADZUNSNVRTEUSUSUNTI oo 6
NALABTUATYNTARUIMBITIRNT. .o 8
udealagzunsiaes P - Controller , Nawafuasiaulanmefuuutlaundy.. .. 10
uﬁaﬂ‘lmazun?uﬁauq?m"lum?muauuﬂLﬂm’. ........................................................ 10
URAN AR ZUN TULAAIN TN IULBOIE oo 12
WATTUNBUADT oo 13
WATUUAYIN DC 12V AT B Ve 14
W99 RUATYEYIU Clock 1K LMB29...... oo 14
BT TR PIRNTUUA U, 15
A R LT AT N N N S T N W 15
Agliudapiuens ey (e \ e e Yo~ \\ 16
JuepuEnaly LS NN Y. R N il N s AN 18
TG TIT Y R EITPITE: Spppig e A\ RRAGNR B9 I § 22
AT AR AGY ) L T e 24
AATMHUAINALE 180 BN, 26
fnagiausufinng 3 s, 27
TUEAUERUUSUTIRIN oo 28

MEUTRNYTATIBY AGY et 29



o

NI
1 o ~ —a < ar ] « -l o a 4‘ - d1!/ '
guruasruIngeedn U@ vse Acv dmfhujuausirdaunatiauiiedailldatne
. . by v o K
wnduanalugpamnssuninnds 30 I AV uenunwavusilidsesldrudufauisaisly
Aaudunafinvualdieddaednlud® Ay aunsoldunusmumivuzend u soussyn
<l k3 [ - a4 y a ) o a & ' a v ¢ &8 a v
vizaldunussuuananiuandes AGYV fwifiudeingay Judiu nanduevitedudian
dody s o d
anuuiielUdsEniuile
AcV luaqivlafunmseenuuuiielianansavinanunaldnisauauainaaudia
iwefdaunan Taaarunsnlusunsuly Acv Avlumudunuasugadasiiumiatimung|
athagnsiaduiugdn AV daulunjazgnimualfiedaui lumumnaduiiesdsfinmeeg
d” a o el'a v a4 ar 0 vt’l’ 74 ala ng [~ v
AN A iasifianldenfiiu nsfeanasain i nsldunu@Rauuiu s
lanadwnnauandmiu AGV dauminasiduwintinennrusiilédagenfiau o,
NA8Y YTedUINTes
ANUNAAUMTILa AT UMAITEY AGY aziimTuilefilanculaanis  AGY dau
wnazlduumneiatinnsia - n7a uazdulmdeusianameafnssuans
fednasszuy AGY Aaliinsny , nsdasamuduirieslandavguaunsada
v oy - a & ssa e A ;
wasudlyldiry doufadeasiintulunsdlifanenisudadaniiaouuuey , Wunu
i o , a : .o o g vy 5
nMrugIun aseasunsruaiiulledsiadiasnaaaian vnldsesld Acy
] L4
Aumnivintlunudnrusdoniu Jaduntsaufeadivly
uananlulssengraminssiude Acv Saanmnsoiluuszgnaldiuausduau -
ariiviu mssudunistlidaiassing 9 lulaaus , nsfudaanatsiudrtiney | nasusnig
amsminusuaziRaA1T vienssudedag luanuiimduannuduniesanis
NOHHNITAILANNITINUTEY AGY uazutinTudawsing 4 el
- nqennsaasnsdieyasening AGY AumanRamefdiunat
- NquNTiged
- 4 x
- NEHNITATLANNITARIURLASNNTIAYY
s ; v o vy & a v a o < a3 v
- oy 1 1wy aduganileiansmadumiaeng vieldaammady

LIAULLAAS TN LANIATIETNINANTANY



y k4 ~ = & )

Anea ALY aX!

° . a a 1 ' ° [ dl 1Y
asimsdediayatiuuadunsisasiaanuiireuiegs ualidadinasfinisdesiag

-3 -

L . ' 4 4 o
Whuwuamsaingu sennlglineimmnnisiearsdieyasaniuing deliifoywinseiianadl

1

3

drynyrusunanlsl vananiudaiideditantesdungunnednsos munfidnwusdeys

franRamasdiunaeiy AGV Aagnsiudsznaudas

- Adan1iuAAeu
- Fayantesinumia
- ° 1]
ngeininiidng

< acl o d”
Huaneds sell
1) madeslagldnnaifuingas
e 0 udv a 9 o a : v = ] dp v

1.1) msthanasitnleinu danldiunn lunsinssasdiningssesmuiuud
feanasinihantlszinn 0.5 T wdynssiiesenanfenasinend nsldauasGulag
daulnadumnigeunsainialfiAsnamdaainausuivgn usduildlssuno
40 Tl nszuatlszano 400 Aaduent] uazamaiildegludag i - 16 AlaEsmd Aoy
Azlivania 2 aAReRmATLAUINLIMEN WA natesati nedia AGY egan

g ' ar ]

WENAEFLNEA ANAUINLNIMANTIIR IF A Nt ae9a LR ATYINTY usdh AGY B
dl e O ] < all - A’ d’ :’: al Koy 1 e
davwdldannuuraneinin aumudvdnitieiufieaadsvaadas i vty ErATY
AuanfazdsdryaynlluFuusisianianisieees AGY Imsenanasin faigees
dvd ] d‘ <t 73 . 1 % i 4 1e4 1 [ 9 1 72
UAalianuieialige nunu daudedede ssunlidiaveu mesauwacudlavialdean
LLﬂz@h'l‘i?q'w'lun'\sﬁmﬁnga‘[mamww:ﬁfm”m‘uum‘lm:az'lna
’ 173 ol & 7 Y A’ o v
1.2) Munudvramlazfeuuadfiauuifinu. AGV AzAssAfAdLLLIdUNIT8Y
« ¥ o ﬁd:d‘ ° 1 1 e k74 d‘ [ L7 '
waua 1emravisliAssruLihaslddudeu nadsuudasuslavnldie aaanausdn
'l‘i"a'ﬂﬂ'lum?ﬁmﬁqgn watialun1mmaduunudl 2 28 dud
n i lfirumes meaduaundueasiasyaundutumn fonvaens i
e v ] ] v o 4 v (‘:; ! ]
uTesAeaFIsNELAzIIANgN mmmmmamﬂﬂw?mmumamuaau‘luqmammw

o <

T2UNLANIN AnVauouRiaasiRaunasiisa@avnelddng UBNINTAMNASAAUD

]

RUANNAGaNTTFTIA YL UL



3
1) Wn&aaid WenihdynaunmilETuiminnlssuaauaienmaiuees
woLALutY THaRAeaun oA oLl whiuoudiuesiininaeidewite
drgadameliliieinin vinliarunsni lildaudennsuanatansls uwidadadine
AN lunsUsznanannd Ay
1.3) Wuaulave mefhuuuuuuiiesfuuoud whldniendtimiurefiflusnma
FusumiunuTanziu
1.4) Wuouusimdn faelufuiudnernnsmaia 1 fuf AGV azmaradunaLw
wanseuunuAAdueef tay AGY @:Lﬂ%‘lﬂummuLLuqmumm AAATBUAUATTN
azfluFariusunidlunnefeun anrusinuARd L flssnaLdan exciting coil 1
10 , detecting coil 2 T8 exciting coil AxHARAUINUHIMANANINARLTAYH detecting coil
patATRdLAUINLEIMEN nedlf AGY AYATUIUALWMAN AU MENARRdLLE
cilAunniiga
2) mathseauurEme  WuniniseslaglifafinfaninBiuinsesnaiiy AGY a1mnen
indauiildatinedasy Telduaeis Aol
2.1) m?ﬂ'xmqﬁwﬂz‘i‘uﬁm ﬁﬁf'zmmsnméhumiwmq“mnfimﬁlauﬁ'luﬁm?ﬁﬂﬂ?z
i Tnsflasuivaresnsnmadususiatesesiuamuianeilawes Sande duie
winaginlfaduingiianteasiauuas ooty Yinlinassiaumdsenaaanugn
FeaudUEn AN EMINYELILATEINITATAAURINGA 100 (AT
2.2) nanimasTaserdussuunadisn. amrsawisiuuaulianlglaanisia
suilelnfresdoyrunnumnaifien wiruazBngeaarasmaiiatiae 10 wms
2.3) nslfiaeiinssaznig 'lwann’mmuu\ﬂwwmammwmuawmnwmmu
HAAWELAZAMNATIBIATRIN MR AUINATag lumissTuRiues dauntsdanag
sunuszeglumiedafums dedavediiaeldldluunansdiviniu wegssunms
wgvenswindhnFuaudnidadeiinumidegliafundasmmaduly venaand
wirasa MR auuazaumamus iy

u

2.4) nTUsznalanIn wsnuude AGV TnaldndesFmauinaiuaedtiasine ndaq

)

Mdaraazduuuy tube wie ced MWUnNNNTAINESS ced HAINASI B EALT~10 500

pixel acyrmmmwvflm"qnuﬂuﬂ“mauﬂ



1 v
< o B

al
nqufmefliafauuaznIsGes

. | o 4 s
AGV daulunjdndssulunmsdundeusnuuminesiiansia - nen uazduimdaulse

3 - < o v v ) (4
THuawmefnsruanndadinisniuauianianaunu , Anuduaziunisiagldraniamed

1 v
<@ a a ]

TARAFNBLLU AGY dnusumafianstientas AGV tuariunulasaieresszude souy
FamuUnanldruaadlursuy 3 Ko viseszuy 4 defld WewBuudaussuy 4 de fu
2UU 3 faudasvuy 4 Rasvfiafiusnandndt , M&WINeANdn , davdnnunatiaand
wiszuy 3 de fedmseRissuuAe biteendudeu Tasssaiiintnunndndein e
neaMANALANULAEETIENNGN Taseaieraesruudatad AGY Svansuuy iy

- 5211 3 Ko iaenlaadauti 1 de Inalideuds 2 daiudedy

- szuv 3 de 1agnTng 2 Aaude doudentiufiudedu

- svuu 3 de Kewthiduideduuacien dou 2 devdaiiudadae

- 5201 3 da dealag Mndnnasmlufidrssdinuiusesdends 2 do daudewh

o & vy
Ad1ursnas lsisas

[l (3
v v v ¥ a -l

- §2uU 3 a8 denndaitiudeduiaunraidenldlnadasy

4

¥

¥ < s o a (Y 4 v v a v 3| 1 4
- 2xu 4 Ao wealealdvannavyulufaassiudinges 2 dadu an 2 falude
¥iphd]
b 2 o ﬁl v rl s v t 13 ﬂ’l‘ v v
- 32Ul 4 da Tuirdeulaviy 4 Re uasdeusavdiaiusaiaad lisan
- 22UU 4 qa 2 Aewifiwiededuissidnn dau 2 aevdadudadas
1 4 4 24 ° ar d" ] v [ 4 < v
- STUL 4 &8 2 deundmides diu 2 devaaliudedy
- 72Uy 4 a8 2 Aevanlwisdedunaziaen dou 2 fawtudludedas TulFouoyn
Unudariutlidenldrsunitutunsdidnmdmiussuy AGY
s
wplulafigy 1

Tunsld AGv mnalssnuvdaaniuiisng - tymiidaanude daginaane Aeldding

A

Il
<l v

Asmumatuladlunimmadudnginean Tnefivaedfidu msliadusanilafia , nas

Huasdunsee uasnisldndaend ugu

<}

UANANTULHAIN AGY IHWAITUANNULAAST AFaTTrLUATIAT LS ULLALAS

welinisvineuduluetresiaileq



5
a o L1 < - ) k-4 9 o ] <)
alszassanBygriwudaiul  AdeliiduiugrudwiuaunseantsFeous
st ldWrundssansfldiimnsauiuamiiazin Ay Wlld
G’l’ a £~ d” ] <
WazeFygatinusatiutiasnanaia
- AnwnuznshnsiaiuLedn 8032
- aarfunawmefiaalddn LM 629
a«s L4 5 '
- AEnmmannsuamas $auviawnAl Pl-Controller
a e a3
- srunduefaunssafildeu
ar -l °
- vannndaullsunsunisineu
- LANIINARDN
- ansrozaastdoyviniiniu

- dalAUaNUY



md

38 1lszana Transfer Function gasszule 9liiflussuuduguiing

A1sznng transter function TeeszLLlaIiiussuususiLTnT 19U v en

transfer function 284 inner loop lusrulilussuududuAnil WemmazmnlunsHiase

outer loop 1DITTUL

o e é 4 b2 . <5
AMNTTULTUALANTAz A block diagram 1295sULAB

/P o/P
o8 \

SHB 4

V(s) Ys)

gﬂﬁ' 2.1

4 ol
e o =mm*n'lm'1

B = ﬁhm‘ﬁl'lm']

2+ Y oo . <l 3
AW Buns i step input NuaNUAAIua v,

wuAa Vis) =V, /s

47N block diagram Ax14 response 1eesTLLAIZUR 1.1 ) warldAaudNwuT s

AunA Vis) 1L 16TWA Y(s) fail

Y(s) = VIs) x [0t/ (s+B)]

Yish = {Vyx o)/ [sis+B)]

~
~

Yis) = (Vyx or BB /s(s+Pll
o -1 b4
s LYl 16

-1
v = [VoxoiBlx C [ B/sis+P)]

y(t)=(a/B)(1-e'B[ A

(1)



7-

ﬂi - a; o L d‘
AMNANNTTN 1 NNTUIMADIUTAIAT | steady state ) #5aN t —>

wagli v Ao yit) Nanuzasa azld

Vs = (/BNT-0V,
Lo
1A
o = yss[3 'V
AINANNTN 1 LAY 2 ﬁqﬁﬂmmwmzﬁnmlm
W T st v e k wieea v
wszasthuas s

Tk
B

Brx

K Yss = (yssB/VO - e Vo

yT) = (/B 1-e

B =[-n(1k) /T,

(2)

(3)



8

N19 Test Motor

mlﬂﬁmi { tachometer )

dhuefasiefanunsonfauwdaunaliidundsandnii uazldtnda wg

WA Voltage Mifludndauriuminavesmanuiiudagu

4 1 0 . a
L4aAe Voltage input 1114 step input 218 21.8 Taay;

Motor Tachometer

Lﬁ’ﬂ V,, = Voltage Input
V, = Voltage AN Tachometer
2214 Response 189 V, WAz Response 184 d6/dt gl (1.2)
finane step input 717 A 21.8 1oy AL IR LA Max speed b/t ) = 371

rad/sec 138 V. = 50.5 Tan

t,max

wezaziu azlfnuduiusaes v, iU derdt
V, =(505/371)( do/ct )

V, =0.136 ( d6/dt )

wezasiuls transfer function 284 tachometer (1Y

transfer function 994 transfer function ( K, )= 0.136



-9
oy W a
ﬂun']i’n‘ﬂ\lu'ﬂlﬁ’ﬂim‘ﬁ\]'\uQ‘a\!
R sy v -
'Q"mNﬂﬂ”l?‘f\mﬂmquWqH{]‘ﬂ’l\imu Tﬂﬂﬂﬁi‘ﬂ@lﬂﬂﬁ’]ni‘:,’uﬂﬁi‘d‘llu’m 24 TQ@VI

wazm it ldiauia 70 soumuni/laadt aLlduasall

o & a
NITIAATIN 1

14 harlaaiawadawa = 6437 Taasf
Taviaad 632 % = 40.68 Tan
A1 Time Constant = 0.154 A
ANgNN17i196iu
WP = 649
o = 121847
neimAsai 2
“§ haimafamadame = 65.00 Tayt
Tavimai 632 % = 41.08 Toadt
A1 Time Constant = 0.148 i
AINANT 17195
5 Y B wys
a = 1278.55
mMsinAsan 3
"5 havimahainnaqae = 6560 Taadl
Tavimadl 63.2 % = 41,47 Tnavt -
A" Time Constant = 0.146 A
Anaur st
WO B = es47
o = 1310.52
aqUenAldNa
W B = sz
04 = 1270.20
soweffaunndugel = _189.583

1+0.1498



Input

-10-

Output
Pl Kr(1+sTr) K 1 > P
- sTr sT+1 S

sl 23 vdenlaazunsuuasspauinsamasuuy Pl

wasiaulpsinafludiutleunay

o~

] L
TunsmAsaul a1z 1978 Symmetrical Optimum wuLiEl | - Element F9T3FunsaT

1) Awuald Tr 4*( Time Constant 184NaLADT )

2) imuald Kr = (Time Constant 484 | - Element ) / 2*(Time Constant 184NaiAed)
3) WaswninsdssanniAnuuufiasiniiAnlane Magaiundt 5 % salusazin
N15182995 Smoothing 111l
=l [ 4:
HANNNIAIL 1/(1+8Tsm) Tt Tsm = Tr
° . d‘ 1 7 .d' ] a P 3 ' d’ : 3
Aruminldiinluazegfidaugunn @59 Summing Point) naufiazidingy
** | - Element ldidalthNauasmnuautluszazng +

o‘dl K] v ﬁ‘l’ ' »
f-nnmJmﬁ‘uﬂmewm‘lmnauummmumm‘lﬂ

]

! it T = 059 AUt
Kr = 0.0177
Tsm = 059 W

Smoothing Circuit P - Controller aunsNamRas i
. | - Element
) > 1 —’(_\ 1 0.0177(1 + 0.596S) > 189.583 > s
e - —— 1/
{1 +0.596S) 0.5968 1 + 0.149S

O/P |

7un 2.4 uassvRentaezunsufisnysofieanisriuauNeines |



UnNH 3

dauilsznausng 9 2189 AGV

o

1. ETT uagm 8032

vnuihiilszananadfldanisuees, dadule, dernAndauazdayaly LM 629 siglyl

2. LM 629

i fifuArdauazdeyaandigude daaviymiudtuaan PWM magnitude Uaz sign

3. L.298
i AuLaedoyyiiann PWM magnitude, PAM sign (Wdtuauns PWMT & PWM2 347

A1 Duty Cycle lludndauasatandyu iy PWM1T & Duty Cycle = 70% . PWM2 Az

Duty Cycle = 30%

4. PUSH-PULL

Q) ) « & ° v Av L4 ; : v ] ] £ %4 g
it veudawmes 4 6a Mutndunszea inuau uandesiali uainas

5. WuALARTAEA-NIA
DC 12 V 1un4 2 Ah (Amp-heur) 112w 2 gn Taeignuileanaldifusesn 8032, uueneas

g 4 = <, v -
LATURNLTUTRT ﬂ’iu’ﬂﬂﬂﬂﬂU\]qqﬁiﬂﬂUNﬂlﬂﬂT

y

*l}**ili*ililii***{**!*ii**ililii*ili****!***i*i*iii***}l*****i*i*ii******{*i*



12-

MRSbUMBRHLIUELUMYMTIIEE Cj)@@rc eyn 1'e E.ﬂm

4300ON3

<

waun) Yy ZWMJ
HOLOW

TINM
TINd-HSNd

-

ubis WMd
86¢ 1
wain) YyoiH [ INAMY

YHYMELLEY Tosuag

LWMJ

leubis jonuoy
6¢9 W1

¢€08 NdI
apmiube WM

elep 1g g

PLULITUINGLLLLY 10susg

J



semerneerem e Wil

1A

N
14

N
o~

6vzag

@

1A
N

IO 08 20A

L

{4
N

osrca “

14

ostcd

@ 4

@)

14

€627

it 1 6

; &ll@e “

ASe

LR

JOPNN tO8 DO

{

§a§a§§

2
e yusg 15y
bt rums 4
a e
v ax
w ww AM;
b~ -
e me
W 8zar
Y
=
el 4 1
R 6 *
Ry o y [®R
Hesox n
el | o 8USTL
Rnot o t [
T t W
Ho n $ [ )
L
Tl 15 & HH
5
—ul 35 riaa fa
T ring l>~m
15 -
v
" o A ]
ol e (L —
msy
L 8zZ9r




INPUT +12V T7805

| OUTPUT +5V
—T0-1uF =[=o.1 uF
27 33 2easutladt DC 12 V. Wl 5 V.
| d 9
(]! — clock % LMé629
5 MHz
AN — — AN ——
Lk Lk

D>

20 pF

ll!{

U 3.4 29astlau clock Wiy LM 629



.15-
geuuy SENSOR
L1 sensor N4 ua9ast Mendsdunssaiuas MLED 81 dausny

o~

191uaf MRD 750 Taiflanrouennssianeasidarusail

+»V o w +$V
W
! 2
\'\ T L " o
: )
2
GND _ GND
MLED 81 MRD 750

gﬂﬁ 35 uamIAntUsIdUIeinTAdLIdy
anuzinaldnulu 1 9n
MLED 81  azgauasauwsisaiuidunsa vy'qm‘iﬂn?zwuﬁ’uﬁu FeazBaunudlidu
Wumaiueessia ROBOT Taeaziaiduuwuddnly e MLED 81 deuasaanunssnuunuds
Razarfaundutunnds MRD 750 e MRD 750 @"uﬁn;ny\mumﬁ‘lﬁ Aazlidnyryrnueviyy

aanuwuwad de 1ula 0 V.

MLED 21 ! MRD 750

v \
™ Vi
WUIA Y \i)
\

U7 36 uameszaznimineu



F

17

NS NIUUBITEULL T UL IR UUFQ9T

acflifuired 8 9o Adadiunedn A saeweds 8032 muilduandlusidresiuy Taed
39 PA 2 Mifhusiduuaudlunsimdeuiinning dou PA0 , PAT PA3 ua PA4 [Hiilusnida
71 ROBOT dmswndeuieanuanuaudvialan dou PAs , PA7 19lunsduunudlidaviy

: 2 <4 dv 1 : 74 dl' - : v .:‘{‘ -d. ]
MIRUITIEVTBREI  dou PA6 Hillaiiansideaudaasuganndeadielus Tauasugn
i o s & s b - v a A’

s MRD 750 Audtynyrnuuasls Arefidrunyins Wadiiadu

] 1 o ] & e « I << at e‘l’ j

aifwgatan 4 gaassiadniunedm 8 vavuesn 8032 Mlunisidranniidnaousils
truaonillaliuds uasindsasilaniilasield anfifidugef 4 gaasfisunuantifigs
wua 16 a0t udluaunas deansnfisdwinanniiganilasaindauiuninesswesa

B fluuaadn



<
=D
~

I
|

ANBUSNITVINIULRY AGY

1) WidwrefBunsuaaiusaasmaduiduimme sausnuazanni

<l

2) deudntunsing q fiaztuunsunitaziisdiumisaneneenuusnuing s

= d’ v ° d‘ [~ al a v v -1 « v o < a P,
3) LﬂaﬂuwiﬂmumummdmﬂuﬂLquﬂ:w@uLLmeamL‘nummwumuu%mmn 0
¥ u < a <)
DN WLRZHARANLTIY “1”
- oy e ol val Wy i o : y
4) Aaziadeun lWiasusmun g dn1stanls UAZAZUERNRI UM AIENINAUNTIeY

TLIHIR9ATY NN A NNALAT T TazuyUsINAL 180 aedn niax

-

: dl al‘ o ¥ 4 o a‘l o ' al ¥
Auaraunnaulumadunsinuas vgeiismumiaizusiu

U 41 uasesnsuIuA



Flow Chart N5

Gusuldsunsu

y

AUUARUNUSUDALATE
- %
nazldeu

y

Mn1sFual
node path (1:9

y

] 0 ‘. v e
nMuuaAGusuiniy
LM 629 w¥aunienInag start motion

MM emgaadutdutiinig

Y

7

P

P

ML LTSI HELRN
danemavdah

Yes

iAnANansen
Anaiaen

036368



Whivnsngansiaef
Werutiured

najuvneiag "1°
< o o« o ‘A
Wandusnludmumisdusi

RN uIdUlINAN

/'
* < -]
Nnn1sidauuadne
o Ve Yy 4 e
Q’]Lmu«?umumﬂm/

.

l AMsugansiAef

y

( aulisunsu \
AN

S

No———p-

AnadaiAnIg
nFaunNN9ARen




ar

21-

b

SHumsn ] 629

1) n1eassumiitaniasa luminaniiudanldnau

2) tauaAawmafadluluminganusnludiumisiiaaly

3) TufmAnsing 7 Tu LM 629
-~ « ] [ (% 3 [ - -y 7
4) deAfamafainunaA A iU LM 629 wanvaniniseniannainassng

1 ' ° o ] J 1”
5) tlauan trajectory avlulumingipnindnlusqumisiaadld

6) 4R trajectory annutaaanuan el LM 629

7) (FuYINNT start motion

LR AR RAR S SS S RESREERR R R R R SRR SRR R SRR R RS RR TR SR ER T EE R TR R R RY SRR

A4

&/

%a s -]

1) FUAINNESH A 14H7 WERNYININITANNAINUYT

2) and AelAN 000111118

3) WA dinlad st unaring

v o

thiln AcC.2 WatuiusavinToaganduliuansiannuiforesia 2 dawinfu

¥ o

< z 1 Y (-3 g <
a1iiv ACC.1 Wmtuniudnd1ralianluniedaemdnitas WivanAanuiida

¢

dengandadeean 20 %

v o

v v
a1in ACC.3 [miunudaddn saidealunieendndes WinandimuEias

IIUFINGIRATE 20 %

v a

v ACC4 WintuNuanin soiliadtimismnnuantu Wivaasaucidaean

a Y v -

X
\Fnindedrennniy
- =] X t ~ ; 1 <
10w ACC.0 Winusuanein saiianlunredrsniniu WluanAaugae
k3 =3 ‘' ¥ g
freFndndesaniniu

1 74 ;od =1 g -3 ° ? : a J t ol a < :
ﬂ’\‘hJNUVI‘lﬂL‘ﬂWUuN'WLﬂEI n@zm'm'numumu”lﬂw'aﬂ 1 QuﬂQW’QZNUﬂﬁlﬂWﬁ‘UuN’}

***’{i*i**i*i*i*****ii*{l*i*if**i*i*{***iG*i**i*****Il********i}{{***i**********l*ii



.22
o  <p Lﬁ a W o cl "JI za' <y at )
é Ld ; L4 - v ° (-3 1
1) Wenmuauatatemiety Wsunsuasimmaduniaduld uasvinnaifuAiuus
waiulilumiseaiuen
2) vnnaiulsiiduiae fivsdulfiduluiniiaqiu antiminnstuasdituusda
TarnmisganusafiAnidhun
3) nndaluusiiaqiuinduanfiviely
v =l g ¥ e v a
dulugoniilivinnsmgasaiui

Al afiAnag

be

P v wian yood e -
4) Wamawnuvuanduiin Wiaasfinanniing

JUR 42 uandunerestuussineg muiesumiadue sy e
5) e tuinlmdlsy
neudr  uataqdu iy uuaneu
oA Tuelud du Tnuatiagiy
asdn uadald  an iaasinds
vnsfiudluueis 3 § lugtresluisieluua Fundn luviuaniuus
6) WarqiudubnuFauiauiemniafiseniselulaad i ida i

anuzealuualuldsunsy

< o ' ) ' ' - @ o :
. LLﬁﬂumﬂunuTuuﬂnﬂmﬂuumnauaqmmmz‘lwm iaRqua NIy
oA a3 luvuenfianeau



-23-
- Whsudeuiubuadaludnluuadaldegniefireslsredimuaiiaqiuann
SufuAildile iueniadaly
snsnuliviuaniieasdl 4 Inlauiluaedn « 1« Roedadendoeni NSEW
7) Lﬁﬁzj%umummﬁ'ﬂuLﬁﬂu‘[mﬂ'l'ﬁmmqﬁ

- ¥aluvuaniianauinfuisesls

duiuiia N Alaaldliied giuei
dufluiia s flaalllind gfluses
duduiia e Alaalllvadl gfiusny
duduiia wo Alaalllindl gfud

- giunile madaluiuaniiadaty

v

dutlund S flmsalyl
b %4 [~ 3 a o .ff
g duna W NNINITLAEIAYIN
dutludie E Aininaedie

Pl Q < [ a s
- giuaes viansdaluviusnfiadely .

fudludia N Alvimsely
v [~ a - 300 dv
dutludie E AYNNNsIRE2197
Jutluin W AMinasiasadgas

- guan vinmndaluiveniadely

dudlunia W Alvmgaly

dutlunia N ANINITALNTYN
v

Snduna s ANINI7ALge

- iU inmadaluviuandiddaly

StuiA £ Alvssly

dndiuna S ANINI2LRLILIN
v

dutlufis N ANINI9REde

ERERBRRERRERRSREEREER AR RFERERRR RN XX ER IR ERERLRRRRERRREREERN



kg
L2 o £9

AINDINNNISAL

1. AMUINUFATNTIRELNAIN TT8TANTUGIUFNT 189 Robot gl

4921791

4_31 Cm*,

— 81 cm

19 43 usseSalininaaates AV

o

FLULUNTRY 2 R89U = 50 om

FLULYWINRIN Node Sensor 0N &8dU = 56.5 cm

v e

Fatluasdedy = 9 om



-25-
i - 0 74 i :’« o o ©v
Hndsuaindu nedasusaldaunindunadauainithiududaiuuuade

2.
3. adlamn fadaeluy = 31 1uRlmg
o =i 3
FAdouan = 81 [URALNAT
4. AuansrazNAusazdasadiell Tasasuiudiseaisll 174 1audusaunusiazas
5. faatiudy madede
sadrasiaayull  (174) * 2 % (22/7) * (Fafiaelu = 31 9w) = 487 Tu.
AntduluausaLwiInAY  487/(2%22/7* 9] = 0861 79U

AU lutenwd  Jawviadu

4 * Wadanienlanned) * @uausauiuiada)
dawapmgull (174 % 2 % 22/7) * (FAdaeuen = 81 91 = 127.2 9.
ﬁ.mﬂw-‘imu?'auwhﬁu 127.2 [12¢227* 9] = 225 seu
Ardaumaiulugenuad  Haawinfy

4 (Wadainieulaained) * (RIuIUsaLMIUIAT)

romnews 1. nasidesandon 4 il i LM 629 innsdusnacnuen

ANANAT Phase A Uay Phase 8 1adtaulamaastasadllan 4 ase

a’l’ < e <l o d" v i
2. NTRLITY NMUBAUALANLNIAAEI T8 Tred
o o

Fatnaly  Wureedasn

or =i } 2 : 73
SANANUAn  WureNRedie

*************************************************************



-26-
s 5 v e

1. Avuslinyundusioniegon

2. davie 2 de wyuNAURIARY deassaziAReuiiindy

.......... ) WNUABURY

Ul 4.4 AN IIUUFINGL 180 294N

v
1 o v

- AAUNHU 898 MNNAWTANYN 2 a8

91 Al

#ap

A

[ %

-FAdnIINU = 25 uURuAS

4
]

=t ] v t ar
- szaznusarsanyuly wiady
(1/2) * 2 * (22/7) * 26 = 78.54 cm
o d' t v } 4
- MUTALNUAREABFaIMNY
7854 /[2*22/7*9 = 139 79U
3. amA1 Trajectory \un19ALANLLL Position Control ngl
Fanuauniniuresiedraduuanauiswingu
4* (Aadrevaulasnmas) * 1.39
i urumaiuresdasndluauiiaunaingu

4* { Wadeesiaulasinas) * 1.39

*l******l’l'*-l'k*****‘l’il**i***iii*{i*i**i***i*!{*l***!*ii***i***!



HAaN1eNnaad

Tfusuit anuguaail

e

7N 6.1 uamasuiaug 3 Tuus

MminuGENTulanaly RUN Tsunsu fsavineulubisnnnuisalngssnasieann
wua 1 ldelsTvua 2 MU12A LA UN IR AREATIRAR LTSI AT AN A LN 9vee e
druduitesngaiuiuusaAmasauIssiia g 2 udsady Srtaudnlvivinnnda
a ' 1 & a4 o S & v o e - 2 4 a o«
nAnNIAzsanatIle Watiaaiafidngiuun Position innsideadaaiitaastielule
Trua 3 Faudusiumialanenis Waduresasanuiis 3 Aazugmsaiietutiaues (e

MU IBNATIINAYNMNEIGT 1 IRavausanaL 180 83 udadendrlldisumniaiuduy

ANMUTUBITOAITDY (no load ) = 180 em/min
AIINITITONTOANTEY (loaded ) = 180 em/min
A3 1 luiases

Kp = 000F H

Ki = 0001 H

Kd = 0000 H
ﬁwﬁn‘iuﬂmﬁmmmmmﬂﬁ = 30 kg
3zaLIRT AGY Weuldanysal = 30 min.



d‘ ' - e
jUN 52 snurudsruslfiReu



< [ 4
#91nan1snAafaIuarIasl
> o R el £ o, a -, v a < Yo
i AGY  Azvinsulignsiesanysoliiu  asiuiudinfuusmmeians i anaviely

&l ool « . g L =i v
fide lunsdiuummesfasiy ssunduseBunmueassiaauaunsolunismsaady
vdunlmldd unalitoanantu Ay asinewlfgndadififeianana unsdli

d’d o ' [ ] [ 14 e 3 [ 4
uwummaaTinasuIre i liifeawe auainisnlunimmmadudutimisresdumef
Bunssafiavienad iuualdl AGY vinsufianarnlinsemudnds wananmivasuay
yrolreaduimne , unuiuidnaueniduiime | annsusenieuen Wieusiusienas
Anssnumdaiuged Auvaniifinasaninadeuiives Acy

nawAsuulasduniaiduees AcV T AnildlaaieeuAasuinresiuausiay
v ' 1
Tualulsunsuvindu duandlupdfl 53 naruunficsstmuadeafls wiitaly
o ] d" a : ) & dv

MRzt via I iuausias luustusad

wus 1 Wiy qaiEusiu

s 2 Wiy qauan

Twua 3 Wiy asadans

UM 53 uamwunuivas AGV Rawysnl



1) ETT uafaniuAaudwianatade gy

- suwmdsdumefiwinneefallangia
° ' ° ' dl e o v 1 < o .

- AumiuaasauAulaIn e uefanuua I IS uswa@auaslunduiieny
Tl

v ]

- nanan dauigaaa it luae Power Down Off fiau Hastiunadd Run

Wsrunsuuefaselivianas Run Tulsunsuls

2) ss7uant pin AwiuiduaiadeyasesiiAinArusuniuszuitesnuan 4 ussan

1
ar

idalafiAAusmuRes 123 Tewutint v llliRansfudedeys

3) uriwnaesfhi U lvsduiawsniianeameauadaitemuks 1 fmmuseudnlifeiy

4. Sia9sin C UNUMANIEMINNET Vee U Ground 13N LM629 el InTidnemai

5) WumeRunssnildsussaldton il waztduinslianysalifeadnias
dugeifazaradulinuiifndefinuanls iy lunsdifinmaduivunlungs

xﬁﬂmﬂgmu?wqmn‘bﬂﬁ

6. wuRLnaFis LWl ETT Uadn 8032 Auwdurmadld Iviun vin ol anulély

wudn é]’ﬂqmﬁmwmuLﬁaﬁfmﬁum'nw'fq'lmafﬁ:aa 1

2

L4 &
a - v o . v & v e vy v oy o
1) szuuduaaimsliuuuiinssdussacliinniu amanuduimaldudidudage
T weananiiiinn s dure Fdeiinasepinadauiizesnroindae
2. asulagunizasuanan ETT ueda ulutasnaulnsamesunuitatsusnman
d!’ 4#' k74 ‘:’ o o v 4?’
uaeuildend muiansauaufiazyinldinatu

3. AasfinsasmmiaseLLsIAuTeLUALA S RAsaRa I liTARey



-31-

PNT1591904

1) Dipl. - Ing. Arne buxbaum , Dipl. - Ing. Klaus Schierau , Professor ; Design of
Control Systems for DC Drives ; Springer - Verlag Berlin Heidelberg 1990

2) a5. 95 fsarusds ; nonufnfuaunisuemes

3) Usnu§ Uszuenium?, Yowed wWadly ; gilomsdszgndlfonlulnsaoy
Tnsames MCs - 51 ; U3 FBagiadu $1i (umwu ) : W, 1. 2536

4) filovesa ETT - 8032

5) Data Sheet MLED 81 ; Motorola Semiconductor

6) Data Sheet MRD 750 ; Motorola Semiconductor

7) Data Sheet LM 629 ; National Semiconductor



-32-

AMAEUIN . A8ENTUTUNTNNIINNINRTENA 3 THus

;FILE NAME MOBILE .ASM
;DISCRIPTION
; ASSEMBLER SXA51/DOS
;DATE-M-Y 4-4-96

; HEX ; DATA BYTE
RESETCODE EQU O0O0H ; 0
PORTS EQU O0SH ; 0
PORT12 EQU 06H ; 0
DFH EQU 02H ; 0
SIP EQU 03H ; 0
LPET EQU 1BH ; 2
PLES EQU 1AH 2
SBPA EQU 20H ; 4
SBPR EQU 21H ; 4
MSKI EQU 1CH ; 2
RSTI EQU 1DH ; 2
LFIL EQU 1EH ; 2 - 10
UDF EQU  04H ; 0
LTRJ SRy, 120 IR T 7
STT EQU 01H ; 0
; RDSTAT EQU NONE ; 1
RDSIGS EQU OCH ; 2
RDIP EQU 09H ; 4
RDDP EQU 08H ; 4
RDRP EQU OAH ; 4
RDDV EQU 07H ; 4
RDRV EQU OBH ; 2
RDSUM EQU ODH ; 2
L. COMMAND EQU 0E040H
L_DATA EQU 0EO041H
R_COMMAND ~ EQU OE042H
R_DATA EQU 0E043H
PORT A EQU O0E020H
PORT B EQU OE021H
PORT C EQU 0E022H
P_CON EQU  0E023H

ORG 00000H
jX*¥*kkkx**x  FILTER DATA ADDRESS *+**%*%%

BANKO : DS 8
BANKI1 : DS 8
BANK?2 : DS 8
BANK3 : DS 8
OLD: DS 1
STATUS: DS 1
LFIL _DATA: DS 10
L_LTRJ: DS 14
R_LTRJ: DS 14
L_V: DS 4
R_V: DS 4
Al: DS 1
STACK: DS 32



OUT L
OUT_R
PRESS
FINISHBIT

CHECK_LINE:

DO_00I00:
DO_0I000:
DO_000I0:
DO_I0000 :
DO_000O0T :

O0IO0:

OIO00:
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EQU STATUS.O

EQU STATUS.1

EQU STATUS.2

EQU STATUS.3

ORG S8000H ;

LJMP DRIVE_ START
MOV DPTR, #0E002H
MOV A, #06H

MOVX  @DPTR,A

MOV DPTR, #PORT A
MOVX A, @DPTR

CPL A

ANL A,#00011111B
MOV DPTR, #0EQQ1H
MOVX  @DPTR,A

JB ACC.2,DO. 00I00
JB ACC.3,D0_0I000
JB ACC.1,D0_000QIO
JB ACC.4,D0O_I0000
JB ACC.0,DO_0000I
; COUNT TIME

LJMP ~ CHECK_LINE
LJMP  00IOO

LJMP  0IO00

LJMP  OOOIO

LJOMP  I0000

LJMP  000OI

MOV R_V+0,#000H
MOV R_V+1,#001H
MOV R _V+2,#000H
MOV R_V+3,#000H
LCALL RR_V SET

MOV L V+0,#000H
MOV L V+1,#001H
MOV L V+2,#000H-
MOV L _V+3,#000H
LCALL LL_V_SET

CLR OUT_L

CLR OUT_R

RET

MOV R_V+0,#000H
MOV R_V+1,#001H
MOV R_V+2,#019H
MOV R_V+3,#099H
LCALL RR _V_SET

MOV L_V+0,#000H
MOV L V+1,#000H
MOV L _V+2,#0ESH
MOV L _V+3,#066H
LCALL LL_V_SET
SETB  OUT_R

CLR OUT_L



0001IO0:

I0000:

00001I:

jXFkkdkkkxxk*x TURN LEFT* *****x**

TURN_LEFT:

RET
MOV
MOV
MOV
MOV
LCALL
MOV
MOV
MOV
MOV
LCALL
SETB
CLR
RET

MOV
MOV
MOV
MOV
LCALL
MOV
MOV
MOV
MOV
LCALL
LCALL
SETB
CLR
RET
MOV
MOV
MOV
MOV
LCALL
LCALL

MOV
MOV
MOV
MOV
LCALL
SETB
CLR
RET

MOV
MOV
MOVX
LCALL
MOV
MOV
MOVX
LCALL

MOV
MOV
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R_V+0,#000H
R_V+1,#000H
R_V+2,#0E6H
R_V+3,#066H
RR_V_SET
L_V+0, #000H
L_V+1,#001H
L V+2,#019H
L_V+3,#099H
LL_V_SET
OUT L

OUT R

R_V+0, #000H
R_V+1,#000H
R_V+2, #090H
R_V+3,#000H
RR_V_SET
L_V+0, #000H
L_V+1,#000H
L_V+2,#00FH
L_V+3,#000H
LL_V_STOP
LL V_SET
OUT_R
OUT L

R_V+0, #000H
R_V+1,#000H
R_V+2, #00FH
R _V+3,#000H
RR_V_STOP
RR_V SET
L_V+0,#000H
L_V+1,#000H
L_V+2,#090H
L_V+3,#000H
LL V SET
OUT T

OUT R

DPTR, #L_COMMAND

A, #DFH
@DPTR, A
L_BUSY

DPTR, #R_COMMAND

A, #DFH
@DPTR, A
R_BUSY

DPTR, #L._ COMMAND

A, #LTRJT

; LEFT

;i RIGHT

;LEFT



MODE

MODE

MOVX
LCALL
MOV
MOV

MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL

MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
LCALL

MoV
MOV
MOVX
LCALL
MOV
MOV

MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
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@DRTR,A
L_BUSY
DPTR, #L,_DATA
A, #00000000B

@DPTR, A
A,#00001010B
@DPTR, A

I, BUSY

DPTR, #L_DATA
A, #00H
@DPTR, A
A,#01H
@DPTR, A

I, BUSY

DPTR, #L_DATA
A, #00H
@DPTR, A

A, #00H
@DPTR, A

I, BUSY

DPTR, #L_DATA
A, #00H
@DPTR, A

A, #00H
@DPTR, A
L_BUSY

DPTR, #L_DATA
A, #20H
@DPTR, A

A, #0DOH
@DPTR, A
L_BUSY

DPTR, #L_COMMAND

A, #STT
@DPTR, A
L_BUSY

DPTR, #R_COMMAND

A, #LTRJ
@DPTR, A
R_BUSY

DPTR, #R_DATA
A,#00000000B

@DPTR, A
A,#00001010B
@DPTR, A
R_BUSY

DPTR, #R_DATA
A, #00H
@DPTR, A
A,#03EH
@DPTR, A
R_BUSY

DPTR, #R_DATA

;FWD, POSITION

; V,P

;RIGHT

; FWD, POSITION

; v,P
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MOV A, #50H
MOVX @DPTR, A
MOV A, #00H
MOVX @DPTR, A
LCALL R_BUSY

MOV DPTR, #R_DATA ;P

MOV A, #00H

MOVX  @DPTR,A

MOV A, #00H

MOVX  @DPTR,A

LCALL R_BUSY

MOV DPTR, #R_DATA

MOV A, #55H

MOVX  @DPTR,A

MOV A, #0FOH

MOVX  @DPTR,A

LCALL R_BUSY

MOV DPTR, #R_COMMAND

MOV A, #STT

MOVX ~ @DPTR,A

LCALL R_BUSY

RET
;********* TURN RIGHT***********
TURN_RIGHT:

MOV DPTR, #L_COMMAND  ;LEFT

MOV A, #DFH

MOVX  @DPTR,A

LCALL L_BUSY

MOV DPTR, #R_COMMAND  ;RIGHT

MOV A, #DFH

MOVX  @DPTR,A

LCALL R _BUSY

MOV DPTR, #L_COMMAND  ;LEFT
MOV A, #LTRJ

MOVX  @DPTR,A

LCALL L_BUSY

MOV DPTR, #I, DATA

MOV A, #00H ; POSITION MODE
MOVX @DPTR, A
MOV A,£00001010B ; V,P

MOVX  @DPTR,A
LCALL L _BUSY

MOV DPTR, #L_DATA  ;V
MOV A, #00H

MOVX  @DPTR, A

MOV A, #03H

MOVX  @DPTR,A

LCALL L_BUSY

MOV DPTR, #1._DATA

MOV A, #50H

MOVX  @DPTR,A

MOV A, #00H

MOVX  @DPTR,A

LCALL I _BUSY
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MOV DPTR, #L. DATA ;P
MOV A, #00H

MOVX  @DPTR,A

MOV A, #00H

MOVX  @DPTR,A

LCALL I BUSY

MOV DPTR, #I_DATA
MOV A, #55H

MOVX  @DPTR, A

MOV A, #0FOH

MOVX  @DPTR,A

LCALL I _BUSY

MOV DPTR, #I_COMMAND
MOV A, #STT

MOVX  @DPTR,A

LCALL L BUSY

MOV DPTR, #R_COMMAND  ;RIGHT
MOV A, #LTRJ

MOVX  @DPTR, A

LCALL R_BUSY

MOV DPTR, #R_DATA

Mov A, #00H ;i POSITION MODE
MOVX @DPTR, A
MOV A,#00001010B ; v,b

MOVX  @DPTR,A
LCALL R _BUSY

MOV DPTR, #R DATA  ;V
MOV A, #00H

MOVX  @DPTR, A

MOV A, #01H

MOVX  @DPTR,A

LCALL R_BUSY

MOV DPTR, #R_DATA

MOV A, #00H

MOVX  @DPTR,A

MOV A, #00H

MOVX  @DPTR,A

LCALL R _BUSY

MOV DPTR, #R_DATA ;P
MOV A, #00H

MOVX  @DPTR,A

MOV A, %00H

MOVX  @DPTR, A

LCALL R_BUSY

MOV DPTR, #R_DATA
MOV A, %20H

MOVX  @DPTR, A

MOV A, #0DOH

MOVX  @DPTR, A

LCALL R _BUSY

MOV DPTR, #R_COMMAND
MOV A, #STT

MOVX  @DPTR, A



;**********

COMPLETE:

COM:

;**********

CHECK_TURN:

Cl:
C2:

C3:
DO:

RIGHT:

END_TURN :

LCALL
RET
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R’BUSY

LTRJ COMPLETE ? *¥¥*%*x

MOV
MOVX
JNB
MOV
MOVX
JNB
RET

DPTR, #L,_COMMAND
A, @DPTR

ACC.2, COMPLETE
DPTR, #R_COMMAND
A, @DPTR
ACC.2,COM

CHECK TURN****x* %k *%*

MOV
MOVX
CPL
ANL

CJINE
SJTMP
CJINE
SJMP
CJINE
JNB
LCALL
LCALL
SJIMP
LCALL
LCALL
RET

DPTR, #PORT_A
A, @DPTR

A
A,#10101110B

A,#10100010B,C2
DO
A,#10100100B,C3
DO
A,#10101000B, END_TURN
PRESS, RIGHT
TURN_LEFT
COMPLETE
END_TURN
TURN_RIGHT
COMPLETE

jR*x Kk kkkkkkx TURN 180

TURN_180:

MOV
MOV
MOVX
LCALL
MOV
MOV
MOVX
LCALL

MOV
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX

DPTR, #L._ COMMAND ; LEFT
A, #DFH

@DPTR, A

L_BUSY

DPTR, #R_COMMAND ;RIGHT
A, #DFH

@DPTR, A

R_BUSY

DPTR, #I, COMMAND  ;LEFT
A, #LTRJ

@DPTR, A

L_BUSY

DPTR, #L._DATA

A, #00H ; POSITION MODE
@DPTR, A

A,#00001010B ; V,P
@DDTR, A

L_BUSY

DPTR, #L, DATA  ;V

A, #00H

@DPTR, A

A,#02H

@DPTR, A



39-

LCALL L_BUSY

MOV DPTR, #L_DATA
MOV A, #00H

MOVX  @DPTR,A

MOV A, #O00H

MOVX  @DPTR,A
LCALL L_BUSY

MOV DPTR, #L._DATA ;P
MOV A, #00H

MOVX  @DPTR,A

MOV A, #00H

MOVX  @DPTR,A

LCALL L_BUSY

MOV DPTR, #L_DATA
MOV A, #36H

MOVX  @DPTR,A

MOV A, #4CH

MOVX  @DPTR,A

LCALL L _BUSY

MOV DPTR, #L,_COMMAND
MOV A, #STT

MOVX  @DPTR,A

LCALL L BUSY

MOV DPTR, #R_COMMAND  ;RIGHT
MOV A, #LTRJ

MOVX ~ @DPTR,A

LCALL R_BUSY

MOV DPTR, #R_DATA

MOV A,#00H ;POSITION MODE
MOVX @DPTR, A
MOV A,#00001010B ;i V,P

MOVX  @DPTR,A
LCALL R BUSY

MOV DPTR, #R_DATA  ;V
MOV A, #00H

MOVX  @DPTR,A

MOV A,#02H

MOVX  @DPTR,A

LCALL R_BUSY

MOV DPTR, #R_DATA

MOV A, #00H

MOVX  @DPTR,A

MOV A, #00H

MOVX  @DPTR,A

LCALL R_BUSY

MOV DPTR, #R_DATA ;P
MOV A, #0FFH

MOVX  @DPTR,A

MOV A, #OFFH

MOVX  @DPTR,A

LCALL R _BUSY

MOV DPTR, #R_DATA
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MOV A, #0C9H

MOVX  @DPTR,A

MOV A, #0B4H

MOVX  @DPTR, A

LCALL R_BUSY

MOV DPTR, #R_COMMAND

MOV A, #STT

MOVX  @DPTR, A

LCALL R_BUSY

LCALL COMPLETE

RET
j¥**x%%%%x FIND START POINT ... FINISH

START POINT?: MOV DPTR, #PORT A

MOVX A, @DPTR

CPL A

ANL A, #00000100B

JNB ACC.2,END_POINT?
BENDING

MOV DPTR, #PORT_B
MOVX A,@DPTR

CPL A

ANL A,#00001111B
CINE A, #01H, END_POINT?

SETB FINISHBIT
END POINT?: RET

j¥**xkxxkx  FIND MARK TO STOP TEMP ***

MARK? : MOV DPTR, #PORT_A
MOVX A,@DPTR
CPL A

ANL A,#00001110B

JB ACC.1,DO MARK

JB ACC.2,DO_MARK

JB ACC.3,DO_MARK

LJMP  END_MARK?
DO_MARK: = MOV DPTR, #PORT B

MOVX = A,@DPTR

CPL A

ANL A,#00001111B

CIJNE A, #03H,END MARK?

MOV DPTR, #L_COMMAND  ;LEFT
MOV A, #LTRJ

MOVX  @DPTR,A

LCALL I, BUSY

MOV DPTR, #L_DATA

MOV A, #01H ; STOP
MOVX  @DPTR,A

MOV A, #00H

MOVX  @DPTR,A

LCALL I,_BUSY

MOV DPTR, #L_COMMAND

MOV A, #STT

MOVX  @DPTR,A

LCALL L _BUSY



41-

MOV DPTR, #R_COMMAND  ;RIGHT
MOV A, #LTRJ
MOVX  @DPTR,A
LCALL R_BUSY
MOV DPTR, #R_DATA
MOV A, #01H ; STOP
MOVX  @DPTR,A
MOV A, #00H
MOVX  @DPTR,A
LCALL R_BUSY
MOV DPTR, #R_COMMAND
MOV A, #STT
MOVX  @DPTR,A
LCALL R_BUSY
CHECK: MOV AL #27H ; CHECK KEY 1

LCALL 0030H
CJNE A, #01H, CHECK
SETB  PRESS

: ~ LCALL TURN_ 180

END_MARK?: RET

I-******** LM628 RESET *kkkkkkk
LL_RESET: MOV DPTR, #L_COMMAND
MOV A, HRESETCODE
MOVX  @DPTR,A
LCALL L _BUSY
RET
RR_RESET: MOV DPTR, #R_COMMAND
MOV A, #RESETCODE
MOVX = @DPTR,A
LCALL R _BUSY

RET
jREE XK XA K DEFINE HOME ***kx#*%x**kkkkkhtktt
LL _DFH: MOV DPTR, #L._ COMMAND

MOV A, #DFH
MOVX  @DPTR,A
LCALL I, BUSY
" RET
RR_DFH: ' MOV DPTR, #R_COMMAND
MOV A, #DFH
MOVX  @DPTR,A
LCALL R_BUSY
RET
;******** DEFINE 8 BIT (RS A RS L SRR EEX XXX IR
LL_PORT8: MOV DPTR, #L_COMMAND
MOV A, #PORTS
MOVX  @DPTR,A
LCALL I, BUSY
RET
RR_PORT8: MOV DPTR, #R_COMMAND
MOV A, #PORTS
MOVX  @DPTR,A
LCALL R _BUSY
RET
jY*x**kxx+  FILTER CONTROL COMMAND ***#%%+



LL_LFIL:

RR_LFIL:

MOV
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
RET
MOV
MOV
MOVX
LCALL
MoV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX

-5
Y
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DPTR, #I,_COMMAND
A, #LFIL
@DPTR, A

I, BUSY
DPTR, #I. DATA
A,LFIL DATA+0
@DPTR, A
A,LFIL DATA+1
@DPTR, A
I,_BUSY

DPTR, #1,_DATA
A,LFIL_DATA+2
@DPTR, A
A,LFIL DATA+3
@DPTR, A
I_BUSY

DPTR, #L_DATA
A,LFIL DATA+4
@DPTR, &
A,LFIL_DATA+5
@DPTR, A

L BUSY

DPTR, #L_DATA
A,LFIL DATA+6
@DPTR, &
A,LFIL_DATA+7
@DPTR, A
L_BUSY

DPTR, #L_DATA
A,LFIL_DATA+8
@DPTR, A

A, LFIL DATA+9
@DPTR, &

DPTR, #R_COMMAND
A, #LFIL
@DPTR, A
R_BUSY

DPTR, #R_DATA
A, LFIL_DATA+0
@DPTR, A
A,LFIL_DATA+1
@DPTR, A
R_BUSY

DPTR, #R_DATA
A,LFIL DATA+2
@DPTR, A
A,LFIL_DATA+3
@DPTR, A
R_BUSY

DPTR, #R_DATA
A,LFIL DATA+4
@DPTR, A
A,LFIL_DATA+5
@DPTR, &

; KP

;KI

;IT

i KP

; KI
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LCALL R_BUSY

MOV DPTR, #R_DATA i KD
MOV~ A,LFIL DATA+6

MOVX  @DPTR,A

MOV A, LFIL DATA+7

MOVX  @DPTR,A

LCALL R_BUSY

MOV ~ DPTR, #R_DATA ;IT
MOV~ A,LFIL DATA+8

MOVX  @DPTR,A

MOV A, LFIL DATA+9

MOVX  @DPTR,A

LCALL R_BUSY

RET
;****** UPDATE FILTER khkkkhkhkdkhkhdhkkdk
LL_UDF: MOV DPTR, #L_COMMAND

MOV A, #UDF

MOVX @DPTR, A

LCALL L_BUSY

RET

RR_UDF: MOV DPTR, #R_COMMAND

MOV A, #UDF

MOVX @DPTR, A

LCALL R_BUSY

RET
PR b Trajectory Control Command *****%x
LV_LTRJ: LCALL L BUSY

MOV DPTR, #L. COMMAND
MOV A, #LTRJ
MOVX  @DPTR,A
LCALL L _BUSY
MOV DPTR, #L_DATA
MOV A,L LTRJI+0
MOVX  @DPTR,A
MOV A,#00001000B
MOVX  @DPTR,A
LCALL I, BUSY
MOV DPTR, #L_DATA -~ ;V
MOV A,L_LTRJI+6
MOVX  @DPTR,A
MOV A,L _LTRJ+7
MOVX  @DPTR, A
LCALL L BUSY
MOV DPTR, #1_DATA
MOV A,L _LTRJT+8
MOVX  @DPTR,A
MOV A,L LTRJ+9
MOVX  @DPTR,A
LCALL L_BUSY
RET
LL_LTRJ: LCALL L _BUSY
MOV DPTR, #1,_COMMAND
MOV A, #LTRJ
MOVX  @DPTR,A
LCALL L _BUSY
MOV DPTR, #L._DATA



o r—— Y

. b
MOV A,L LTRJ+0
MOVX  @DPTR,A
MOV A,L LTRJ+1
MOVX  @DPTR,A
LCALL L _BUSY
MOV A,L_LTRJ+1
JNB ACC.5,LL V
MOV DPTR, #L _DATA ;A
MOV A,L LTRJ+2
MOVX  @DPTR,A
MOV A,L LTRJ+3
MOVX  @DPTR,A
LCALL L_BUSY
MOV DPTR, #L_DATA
MOV A,L LTRJ+4
MOVX  @DPTR,A
MOV A,L LTRJ+5
MOVX  @DPTR,A

LL_V: LCALL L _BUSY
MOV DPTR, #L_DATA — ;V
MOV A,L_LTRJT+6

MOVX  @DPTR,A
MOV A, L LTRJ+7
MOVX  @DPTR,A
LCALL L_BUSY
MOV DPTR, #L_DATA
MOV A,L LTRJ+8
MOVX  @DPTR,A
MOV A,L LTRJ+9
MOVX  @DPTR,A
LCALL = L_BUSY
RET

RR_LTRJ: LCALL R _BUSY
MOV DPTR, #R_COMMAND
MOV. A, #LTRJ
MOVX  @DPTR,A
LCALL R_BUSY
MOV DPTR, #R_DATA
MOV A,R_LTRJ+0
MOVX  @DPTR,A
MOV A,R LTRJ+1
MOVX  @DPTR,A
LCALL R_BUSY
MOV A R_LTRJI+1
JNB ACC.5,RR_V
MOV DPTR, #R_DATA ;A
MOV A,R_LTRJT+2
MOVX  @DPTR,A
MOV A,R_LTRJ+3
MOVX  @DPTR,A
LCALL R_BUSY
MOV DPTR, #R_DATA
MOV A,R_LTRJT+4
MOVX  @DPTR,A
MOV A,R_LTRJ+5
MOVX  @DPTR,A



RR V:

;*******

LL_STT:

RR_STT:

;*******

L_BUSY:

R_BUSY:

;*********

FILTER:
WORD
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LCALL R_BUSY

MOV DPTR, #R_DATA iV
MOV A,R_LTRJ+6

MOVX @DPTR, A

MOV A,R_LTRJ+7

MOVX @DPTR, A

LCALL R_BUSY

MOV DPTR, #R_DATA
MOV A,R_LTRJ+8

MOVX @DPTR, A

MOV A,R_LTRJ+9

MOVX @DPTR, A

LCALL R_BUSY

RET

START MOTION ****x*%%
; MOV DPTR, #L_COMMAND
; MOVX A, @DPTR

; JNB ACC.2,LL_STT
MOV RO, #00H

DJINZ RO, $

MoV DPTR, #L._ COMMAND
MOV A, #STT

MOVX @DPTR, A

LCALL L_BUSY

RET

; MOV DPTR, #R_COMMAND
; MOVX A, @DPTR

; JNB ACC.2,RR_STT
MOV DPTR, #R_ COMMAND
MOV A, #STT

MOVX @DPTR, A

LCALL R_BUSY

RET

BUSY ki kkkkkk

MOV DPTR, #L_COMMAND
MOVX A, @PTR

JB ACC.0,L BUSY
RET [
MOV ' . DPTR, #R_COMMAND
MOVX A, @DPTR

JB ACC.0,R_BUSY
RET

FILTER CONTROL COMMANDS *****x
MOV LFIL_DATA+00,#00000000B

MOV LFIL DATA+01,#00001111B
MOV LFIL_DATA+02,#000H
MOV LFIL_DATA+03,#00FH
MOV LFIL_DATA+04,#000H

MOV LFIL_DATA+05,#001H
MOV LFIL DATA+06, #000H
MOV LFIL_DATA+07,#000H
MOV LFIL_DATA+08,#000H
MOV LFIL _DATA+09,#00FH

RET

D R R P T TR A P SO N

CONTROL

KP

KI

IL



I-********

LL TRAJ:
WORD

RR_TRAJ :
WORD

;********

;** INPUT
RR_V_SET:
WORD

LL_V_SET:
WORD

RR_V_STOP:
WORD
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TRAJECTORY CONTROL COMMANDS ****
L_LTRJ+00,#00011000B ;

MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
RET
MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
RET

L_LTRJ+01,#00101000B

L_LTRJ+02, #000H
L_LTRJ+03,#000H
L_LTRJ+04, #000H
L_LTRJ+05, #0FOH
L_LTRJ+06, #000H
L_LTRJ+07,#000H
L_LTRJ+08,#000H
I__LTRJ+09, #000H

R_LTRJ+00,#00011000B ;

R_LTRJ+01, #00101000B

R_LTRJ+02, #000H
R_LTRJ+03, #000H
R_LTRJ+04, #000H
R_LTRJ+05, #0F0H
R_LTRJ+06,#000H
R_LTRJ+07,£000H
R_LTRJ+08, #000H
R_LTRJ+09,#000H

LM628 VELOCITY SETTING
?_V+0,1,2,3 O0=HI BYTE
R_LTRJ+00,#00011000B

MOV

MOV
MOV
MOV
MOV
MOV
ACALL
ACALL
s MOV
s MOVX
; INC
; MOVX
RET
MoV

MOV
MOV
MOV
MOV
MOV
ACALL
ACALL
RET
MOV

MOV
ACALL
ACALL

R_LTRJ+01,#00001000B

R_LTRJ+06,R_V+0
R_LTRJ+07,R_V+1
R_LTRJ+08,R_V+2
R_LTRJ+09,R_V+3
RR_LTRJ

RR_STT

DPTR, #0E001H
A, @DPTR

A

@DPTR, A

d* %k ok k*

e e we e wmy wy g me m,

R T T Y

CONTROL

A

CONTROL

A

, 3=LO_BYTE

e e wy me w,

L_LTRJ+00,#00011000B ;

L LTRJ+01,#00001000B

L_LTRJ+06,L_V+0
L LTRJ+07,L_V+1
L_LTRJ+08,L_V+2
L_LTRJ+09,L_V+3
LV_LTRJ
LL_STT

e ms w w, w,

R_LTRJ+00, #00011001B ;

R_LTRJ+01,#00000000B ;

RR_LTRJ
RR_STT

CONTROL

v

CONTROL

v

CONTROL



LL_V_STOP:
WORD

;****‘**

LL_INIT:

RR_INIT:

RET

jh*xkkkxkkx** DRIVE

- DRIVE_START:

CHECK_ALL:

FINISH:
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MOV L_LTRJ+00,#00011001B ; CONTROL
MOV L LTRJ+01,#00000000B ;
ACALL LI _LTRJ
ACALL LL_STT
RET
MOTOR INITIAL SET ACC AND V=0 **%*
LCALL FILTER
LCALL LL_RESET
LCALL LL_LFIL
LCALL LL_UDF
LCALL LL_TRAJ
LCALL LL_LTRJ
LCALL LL_STT
RET
LCALL FILTER
LCALL RR_RESET
LCALL  RR_LFIL
LCALL- RR_UDF
LCALL RR_TRAJ
LCALL RR_LTRJ
LCALL RR_STT
RET
START***********
CLR PRESS
MOV DPTR, #P_CON
MOV A,#10010010B
MOVX  @DPTR,A
LCALL LL_INIT
LCALL RR_INIT
;************ CHECK LINE***********
CLR FINISHBIT
LCALL CHECK_LINE
LCALL CHECK TURN
LCALL MARK?
LCALL ~START POINT?
JB FINISHBIT, FINISH
SJMP  CHECK ALL
MOV DPTR, #I, COMMAND  ;LEFT
MOV A, #LTRJ
MOVX  @DPTR,A
LCALL L_BUSY
MOV DPTR, #L_DATA
MOV A, #01H ; STOP
MOVX  @DPTR,A
MOV A, #00H
MOVX  @DPTR,A
LCALL L_BUSY
MOV DPTR, #I, COMMAND
MCV A, #STT
MOVX  @DPTR,A
LCALL L_BUSY



MOV
MOV
MOVX
LCALL
MOV
MOV
MOVX
MOV
MOVX
LCALL
MOV
MOV
MOVX
LCALL

END
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DPTR, #R_COMMAND  ;RIGHT
A, #LTRJ

@DPTR, A

R_BUSY

DPTR, #R_DATA

A, #01H ; STOP
@DPTR, A

A, #00H

@DPTR, A

R_BUSY

DPTR, #R_COMMAND

A, #STT

@DPTR, A

R_BUSY
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NIANUIN 1. Data Sheet LM 628/629

National
Semiconductor

General Description

Tho | ME0/LME29 are dedicatnl motion-controt procos.
§0r3 dosignod for use with a varlaty of OC and brushiess DC
$01v0 Molos. and oIher sarv i which provido a

LM628/LM629 Precision Motion Controller

Features
® J2-but position, velocily, and accaleration réQislors
Progeammable digitat P10 filtar with 18-bit cootticlents

Quadraturo Incramantal paaiton loedback slgral. The parts
portorm tho intensive, roal-t atonal luske ro-
quirad lor high periormance digual mouon controtl. The hosl
control soltware interface s facifitatea Dy 4 nigh-iavel com-
mand st Tha LM628 has an 8-bu output wnich can anve
ither an 8-tit or a 12 LIl DAC The COMPGHONS [equired to

Progr derivative sampling intarvat

8- cr 12.bIt DAC ouiput data {LM828)

8-bil sign-magnitude PWM oulpul data (LMa2g)
Internal trapazoldal veloclty profite generator

Velacity, larget posttion, and fiter paramsiers may be
changed during motion

Duild 2 $urv0 $ysiem are reduced 16 the OC molorfactualor,  ® Posiion and valucity modes of cpecaton
an ngremonial eicodor, a DAC, a puwer ampliiar, and the @ Raal-time programmable host interrupts
LMG28 An L11629-busud system 1s Simutar, except that it & B-bit paraliel asynchronous host Intemace
Provides an 8-bit PWM culpui for dirucily driving H-swilches. Quadrature i al encodsr Inied with index
Tna parts are sbncated in NMOS ung pacxagadin a 28-pln pulse inpul
dudl n-hne packago, and are oltarest n both § Miz and
8 MHe froquancy ions. Tho sulf G and -0,
10spachvaly, 010 usud 10 GOSIHDIS vasion. Thoy incorpo.
iy 80 SOA €oro procussor wund cutls dosignod by SDA.
LMg28
AT 170 Pust
‘ 10 w5t Processon
* A
€ KO
(1880}
FLLn §1{eaLa
FROCIL L 4] fuf)
o s
LB 1N
FIGURE 1. Typical System Dlock Diagram
Connection Diagrams
LM628 LM829
=t » L'w "~y vy
a=fr -t ity ni- M
L K = Cen 11— =z
=44 25 -0ag0 wr—{s P
=43 e l=GaCt 1L Rt §1 =
o3- ¢ 2 b-tac2 s 1ene *
Uemdd 12 ~04c) [Tk e
os—{s nh-gact 1 v3—{s nf-uc
or-{s 1ap-oacs 0~ Wi-ac
0= A p=Cach D10 A9~ P mals
w=—n 18 =0al) fo—f1s ol TR 7-]
. a-fu len . 38 11—
B Y ST R [ 23]
o —{14 1 o] Ot tss tsp=-R
LS PIT ) TLe2IY.a

Order Numoer LME2BN-6, LME20M-8, LMG29N-& or LMG2SN-8
Seo NS Package Number N288

415

629W1/823W1
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+ — —
Absolute Maximum Ratings ivate 1) Operating Ratings
it Miliaiy’Aeroepace specified devices are required, Temperature Rangu ~40'C < To < 185°C
plekss contact the Nallonai Semiconducior Sales Clock Fraquency.
Oftice/Dlatributors for availatiiy aad speciticats LME28N-6, LMEZ911-6 VOMHZ < 1y 6.0 Mz
Voliage st Any Pin watn LMG29N-8, LME2IN-8 FOMHZ ~ I+ RO Mg
Raspect 10 GND (Pin 14} =0.0Vio + 7 0V vpp Rango 18V - Vgp - S5V
Ambient Storayge Temperature ~65°Cto +150°C
Leud Temporatura (Solusring, 3 sec.) 260°C
Madimum Powur Dissipation S50 mw
ESOD Tolerance
(Czap = 120 oF, Rrap = 1.5k} 2000V
DBC Electrical Characteristics (Voo ana T, per Opuranny Hatings: i 6 MH2)
Symbol Parameter C i1 Testea Um“:..
Min Max
i Supply Curraci un A
1HPUT VOLTAGES
Vi Legee 1 lnput Vohags 20 v
iy Lagi¢ 0 Input Voliage 0y v
fiy Inout Currents Q<X Vi 2t Y 10 10 nA
OUTPUT YOLTAGES o
You Logc 1 lonw * =1 8mA 2.4 v
Vou Logw 0 Ion = 1 6mA Q4 v
Iout TRI-STATE® Qutput Leskage Curront 0 £ Vout ~ Voo ~10 10 nA
AC Electricat Characteristics
Voo and T, par Oparating Raungs; fcix "t 8 MHE Cigap = 50 pF, Input Tust Snul i, iy 10 ny)
Y. d
Timing Intoevat Te 2213 Limng - Ualts
Min Max
ENCODER AHD INDEX TIMING (Sou Figura 2)
tiotor-Pnase Puise Width Tt 16 :
fctk &
Owell-Time par Stata T2 A ”
; .o '
Index Pulse Selud ard ot 3 ° s
{Roiztrse 13 A and 8 Low) 4/ D
CLOCK AHD RESET TIMING (Sne Fryure 7) 7= e Y
Clock Pulse Vdth
LMU288-8 o7 LMG2YN & T4 ‘4 "y
LMB20HM-6 or LME20I.8 T4 B Al e s
Cloch Porlod
LIB28N-8 or LM629MN.6 T 186
LMB2BM-8 of LMB2IN.8 15 125 S
Aeset Pulas Vidth TE 8 .
Icuk [




51-

6Z9W1/829%

-
AC Electrical Characteristics {Continued)
(Vo ang Ta por Operating Aatings; lcuk = 6 MH2: Coap = 50 pF; Input Test Sgnait, = t; = 10 na)
: “Thming intervat Te Teated Limits Unlts
B - e .- ——— M'“ M.x
STATUS BYTE READ TIMING (Sou Fryura 4)
Chup-Saloct Sulup/Hold Time T7 0 ns
Port-Sedact Salup Time T8 30 ns
Port-Selact Hotd Time T9 0 ns
Read Lila Access Timo Ti0 180 ns
| _mﬁ._(_: Oata Hold Thna . Ti1 0 ns
) n_n High 16 Hi-2 Tirme E = T12 180 ns
COMMAND DYTE WHITE TIMING (So0 Fars )
Cm.l.m Setmn/Hokt Tuna 17 0 ns
v Tor S} NN % -
PoEelacl H-o'mims - = T9 30 ne
Busy Bu Oulal_ AW T13 {Ncie 2) ny
- 'W;zliw—w:m: B Yl T4 100 { ns
7 ~Wnu.- D:rta Satp Tinn | T8 50 ns
Wate Datg Hoid Ting . T16 . 120 ns
)ATA WORD AEAD TIMING (Sew Figura 6
Chup-Setect SeiupsHold Time I7 0 ng
Pon-Saigct Selup Timo T8 30 ns
Pon-Semct Hold Tima W ~ T9 30 ns
3 ITI::;— o Roents T e 7 Al .”TTH 180 ns
;I;:;;l Uista Hold Tunn ‘ .tr'x | [ ng
DV ot T Tiz 180 ns
Busy 8u Detay T {Nole 2) ns
fload Racovury Tuno T17 120 ns
OATA WORD WRITE TIMING (Suve Figuro 7)
N et fotaniitaias fa 0 0 e
PonSubnct Soiup Tanu o] 8 ra = ns
N\ “l:c:.:-.Snlucx Hoiy Tnn(_._ ) A 0 30 ns
“Ll::-y m;; o 2 :‘j — ™ (Noto 2) ns
WR Puis e Widih T i __: ’ Ti4 100 ns
Wile Duia Sowp Twnn -“ o T15 50 *ng
.-V.A.l-n_l‘u_alln Hold Timo - ) Ti6 120 ns
___Wro Recovary n'_lfﬂ _____—‘ __k ms 120 ns
Hule 1 ALSTRES 2085 4MAN RIS Wik, 310 ovaty DayInd whech damags 1o INa dewce may vccw OC srvf AC stactmcal soeciicabons do 701 sngly whan operabng
1 v ByOnet the wlarn Opormieg feasrgs
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LM828/LM62¢

Pinout DSSCTlpﬁOH {Sve Connucuion Disgrams)
Pla 1, Indax (1) Input: Receves optional index pulse irum
the ancodor Must bu ted gh If not usad. The indax posi-
fioh is read wran Ping 1,°2, and 3 are iow,

Plne 2 and 3, Encoder Signat (A, B) Inputa: Recaive the
tvo-phass quadralure signals providad by 1he incromental
sncodor, When (hg molos le 10tating v tho positive {"lor-
ward”) direcuon, tne signal al Pin 2 1eads the signat al Pin 3
by $0 degraos. Mnta that ins wignals al Pins 2 and J must
ramaln at each oncodor siato {Seo Figws 91 for & mummum
ol 8 cioch panods in crdar to te recognized, Secause of a
four-10-0n8 rusolution advanlage ganed by the mothud of
ducoding the Quadrelurs encodar signals, ttus corrasponds

2

v

LME2B (12-bit output moaur Oulpils wo, muttiptuxod
6.0l words. The iess-siyaificant word is oulput {ist. Tho
MSB 13 on Fin 18 und tha LSO 1s oa Pin 23, Pin 2415 used
10 damuluplux the worids; Pin 24 13 low far thu iussesigr.
cant word. Tho positive-ging edga of thy sgnal on Pin
25 is used 10 3U0LA tha Oulpul Ydra, Fiyure 8 shows the
Wming of e mwliplessn signals,

LMEB2Y {siyn/magriuds cutputs): Outputs a PWM sign
signal on Pl 1 and & PWM magniuge signal on Pin 19,
Pins 20 10 25 aro nul usnd in the LMG29. Figwra 11 shows
e PWM vutput signat tormat. Connect pin 25 to ground.

Pin 28, Clock (CLK) Input: Aeceives 6 MHy Systam ctock.

Pin 27, Aeset (AST) Inpul: Aciive-iow, posiitve-u0go Ing-
@ored, roscts the LMB28 10 o intornn conviiiona shown

10 4 maxiinum encoyar-siale capiure rate of 1.0 Mi1z {fcex
“ 8.0 MHz) o 750 xH2 (g k = 60 MMz} For owher slock

freuencing 1he 0nGOAee manals must ARG 10main Al naCh
Aale a i Of 1 Gk Pt

Plng 415 13, loe1 170 Porl (DD 10 07): Brduschcnnl uula
port whicl connacts to host comGutae/ peocussor. Used for
witing commandy and datu 10 1ne LIAGZ8, and for 1eaUing
the sinlus Cyiu and duia Irom ihe L1628, 83 conrontoy by
C3 (P 12), PS (Pin 16), RD (Pin 13), and WA (Pin 15),
Pin 12, Chip Salect {CF) Input: Lsed 10 suluct the | MG28
ot wielting and reaamg opsrations,

Pin 13, Nead (RD) tnput: Usud 1o read siatus and dsia.
Pia 14, Ground (GND): Puwer supply retinn Pt

Pin 15, Weita (Wn) Input: Used o wnile commands snd
Gata.

Balow Moto Ml e s e et Do koggies bowe b

U HUTITRTT R TR TS O

N -

LT

~

4 Hant dhies o lotlowig,

« Fillor couthiciont andg HBIOCICIY PALAINGIYYS a1G Zuro0d

Suts POsN Liror veshold 16 massuum valuo {?FFF
hax), and sHectvuly usucutes command LPEL,

Tho SUPA/SDPH Pl IS inusaod (d tise)

Tna tive uihor interrupls are unmasked {unablau).

Hauslizes currant position to 2010, Of “home™ posilion.

Sels donvalive sampling intsrval to 204871y or 258 pus
for an & U MKz clack,

. DAC purt oulputs 800 hox 10 “2ur0™ a 12-bit VAC and

then ravarts 10 AU hex 10 “zer0™ an 8-bit DAC.

Plin 18, Port Salect (FE) Input: Used to ssiect or
data pun. Selucts command port whan low, dsta pon when

diutoly attur Y he reset pin rom thy LM628,

thy status pun snould read 00", if the rosal is successiutly

high. Tha tollowinyg modus ara conlroilea by Pin 18:

1. Cemmands ace wrntten 16 the command pon {Pin 18 low},
2. Stalus byly i read fram command pon (Pin 16 low), and
3. Onta is wrttion ants 1eudd via tho dals o (F1n 18 highy

Pin 17, Host Intareupt {11) Cutput: This aztiva-high signai
atorts the nosl (via & host intetrupt sennce rouling) thal an

comploton, the siatus word will change 10 hux "84’ or ‘Ca*
within 1.5 ma. it tha stalus word has not changed Irom hex
‘00" 10 '84° or "C4’ wahin | 5 ms, portoren anoihos tassl and
rupoat the ntiove s10p. T0 be Cortein INAL tha ruse1 was
proparly pactarmad, oeucute 4 RSTL commnrul 11 tha chip
has ragat propuny, the sistus byt witl cnanga hom hine ‘84°
ar *'C4” 10 hax '80° It tis dous not atcur, parlorm anothar

Intmrupt Londivon has occurred
ine 168 1o 25, DAC Port (DACO 10 DACT): Quiput pont

fesal and repoal the above s10ps.
Pin 28, Supply Voltage (Vpg): Powes suppty valtage

wivich ls usud in three dillorent modas: {1 5V),
T 1L 1LIB28 {B-tt vuiput model: Quiputs taiched data 10 the
DAG, The 1458 1s Pin 18 ana the LSB s Pin 25.
204n

frin -I

DALA:
{Fies 18~ 73)

x aLow anls X & wiGH Uns

N—T>

20
SELECT: fax {
(PIH 24) p’ h
STROWE:
{PIn 23)

LIRTTY TTNYY

FIGUAE 8. 12-811 Mulliplased Ouiput Timing
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Theory of Operation
INTRODUCTION

The iypical systam block dugram (See Figurs 1) dlusiralas
4 36¢vO system buill using the LM628. The host processor
cemmunicates with tha LMB28 through aa 140 port lo lacili-
\ate proyranuning a Wiapazaidal valocity profde end a digital
compensation titer. Tho DAC output intertacas to an extor-
nat digital-to-analog converier o produce the signal that is
power amplitisd and applied 1o the motor. An incramental
oncoder provides {eedback for closing the position sarvo
loup. The rapazoidal velocity profile genarator caiculales
the required trajoctory for vither position or velocity mode ol
oparauon. tn operation, the LMB28 subtracts the aclual po-
siion (lesdback poswion] rom tho desired position (profite
genarator position), and thu rosuling posion arror is pro-
coasar by tha digital hline 10 ve 1IN0 malor 10 tho dnslirod
pomton  Laldo 1 provides a Selot y ol spucllicail
oltored by 1ho | ME2D/LMB2Y:

POSITION FEEDBACK INTERFACE

The LMS2B intorfaces 10 & mo10r vid & mcromorial encod-
ot. Thta0 inpuls are proviaol: twi quadrdling sigasl Inputs,
and an Indsx pulsa inuut. The auuadratuce signuls are used
to keop track of the absoluto position of the motor. Each
ume & logic wansilon occurs al one of the yuadrature In-
puts, tha LMB28 i | position togistor is wncr or

decremanted accordingiy. This provkies four times the teso-
lution over the number ol lines provided by the ancoder.
See Figure 9. Each of tha encoder signal Inputs is synctwo-
nized with tha LM828 clock.

The optional index pulse output provided by some encodars
essumas the logiclow state once per revolulion. If the
L1628 Is 50 programmed by the user, it will record the ab-
solute molor position in a dedicated regisler (the Index reg~
istar) al tho lime when ek three encoder inpuls are logic low.

Il the ancoder dues not provide an index output, the LM828
index Input can also be used to recard the homs posttion of
the motor. In this case, typicaly, the motor wiil close a
switch which Is arranged lo cause a logic-low level at the
ingax Inpul, and the LM528 will tecord motor position In the
indnx ropiator and alusy (L the hosi p . When
using the Indox inpul In this manner, the user shoukl asswre
that the Index Input doas not remaln logic low during shaft
rotation bucause LME28 inlernal inlermipts ara generaled
avary uma all three ancodaer Inputa are logic low. Thesa In.
tarnal interrupls will causs tne LIME28 to maltuncton If the
veloclly Is laster than about 15,000 couniz/sscand (when
using g 8 MMz clock, or aboul 20,000 counta/secand with
an 8 MHz clock).

TABLE |, Syatem Specilications Summary 3

Pasition Range

- 1.073,741,824 10 1,071,741,823 counts

Velocity Range
coums/sampla

010 1,073,741,823/210 counts/samgla; le, O to 18,383 counts/sampls, with a tesalulion of 1/218

Acceleration Ranya

010 1,073,741,823/218 counts/samplu/sample; ie, 0 10 16,383 counts/samcle/sample, with a
rusolngn ol 1728 counta/sample/samplo

Motor Drvo Quiput

LMR20- 6 Lit parallot output ta DAC, or 12-bit mudtiploxad oulpul 10 DAC
LMA20. 0-vit PWM sign/magniiude signais

Operaung Modos Pamion and Valocity

Feedbuck Dovice

incremental Encader (quadrature signsla; support for index pulse)

Contral Algorithm

Pioporuonal integral Denvaiiva (PIO) {plus programmable integ: ation dimit)

Sample Intarvais

Propornonat and litgral:

048/l
< 1
H

Oonvative Term: Programmabte lrom 204871 i 10 (2048 * 2E6)/Ic « In steps of 2048/1¢ (256
10 65,538 i3 for an 8.0 MHz clock).

CPNIN IAP noatmy



LM628/LM829

Theory of Operation wonnuao)

wf
ot (HCOOER
TRt

Ryipipl

L N |

1 N ]

s [ t
L) 1

[ TE IR TR 13 12 posne

Py [
»

—t be— mOfR = d.

F17314

Gom

=
A
@

SH

|

LU

TLrvedm-n

FIGURE 0. Quadrature Encodar Signais

vILOCHY

Y LIWHTWG YELOCHTY

COnsaant SIOPPG POSITION
ACSRLEAL oA —" A NIEGRAL OF
4D SECTLEAATION TarEIon

viLoQrs

(s} STANDARD T3 APEIORAL PAOFLE e
(Y] ORI TRAPEZ0OAL PROTRE i N\ /  mc .
i : TLHR210-12
FIGURE 10. Typical Valocity Protiies ' :
; .
goes d. Lnd ths Impading lorce on the

VELOCITY PROFILE (TRAJECTORY) GENERATION

The tapezoidel valocity profite gonerstor camputas (ha de-
sired position of the motor versus ima. In the position moda
of operalion, the host procussor specities accelsratlon,
maximum velocity, und knal position. The LM828 usos this
information 10 stfect the move by acceleranng as specified
untll the maximum valocity is (@ached or until Jocalaratcn
must begn to Slop at the specihed hinal postion. Tha decal-
erauon ¢ole is equal 10 tne accelwration rala, At any lime
duting the move the maamum vetocity and/or ihe turget
Position may bo changud, and tha mator wit accslerals or
decularale sccordingly. Figury 10 dlusiralas two typical trup-
wroidal velocity prohles. Figura (0 (u) shows a simple trapo-
toid, whito Figure 10 (b}is an examgale of whal the trajactory
looks kke wnan velocity and posibon are chanysa al ditfor-
ant timas dunng the move, .

Whun ozergung in the velocity mode the motor acceléraies
10 tnhe speaified veisaity st the soscifiea sccetaration rato
and mamlains the spucified veloCity untd commanded o
210p. The volocty 15 maintained by advancing the desired
POBdion 8l 4 constant rate H thers gro diswrbancos to tha
molon Junng velocny mode oposauon, he long-tme svor-
8n velocity tamaing conalant it the molr |8 unable 0
Mantan hia 3pucihag valotity (which could Le caused by a
lock.ed rotor, 13 9xampts), e Jeswend posiion will continue
10 Lo mcraased, rasulling in a very largs pusition encr. il this

motor iy subsequently mlmLsed. ths mo.\w could roach a
vary high valocity In order to katch up ta tHe desireu position
(which is sult advancing s specified). Thit conuition is eask
ly detecled: see commlnds.LPEl and LPES,

All irzjectory paramelars are J2-bit vaiues. Posiion 13 &
signud quantity. Accoteraudn and valocily are specified as
16-bil, positive-only inlogers having 16-tat tracuons. The -
tegor portion of velocily specilies how many counts per
samphng intervai the molor will lraveise. The iractional por-
hon dusignates en additional Iractional count per samphng
nterval. Alinough the postion resolution Gt the LMBS28 is
limiiad to integer counts, the fractionai counts providi we

. creased avaoraya valocity resatution. Accolaration 1S trealod

in (ne sama mannur. Each sampling interval the command-
ad accolsration velue Is added 10 (ho current desirad velock
ty 1o gonerais 8 now deswed velocity (uniess the command
velocily has baun reached),

One deiermines 1he trajoclory paramatars Iof s duswed
movo as Ictiows, If, for oxampls, ane has a 500-lina shaft
ancodue, dnsiios inat tho molor accolerato at 0no rovolution
POF 3LCONA pur 30cOnd unlid |t is moving at 660 rpm, and
ihan dacoinaite 19 a 31op nl & puson axactly 100 ravohs
tions from ne sisri, one would ceiculaie ihe Uajeciory pa.
rameters a3 (ollaws;
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Theory of Operation onunuey
ot P = rgol posiion (units:  uncouor counts)
ot R = uncodor lines * 1 {systern resonstion)
then R = 500 * 4 = 2000
nd P = 2000 * desrad number of revolutions
P = 2000 * 100 rovs = 200,000 counts (value 1o
load)
P (coding) = 00030040 (hax code wrilten to LM828)

el ¥V = velocity {unns = counts/sampie)
st T = sample ime (saconus) = 343 ;18 (with & MiHz
clock)
it G convorsion taclor 1o/ 6 suconds
hen V = R*T*C* deswod ipm
and V = 2000 * 341E-6 * 1/60 * 600 pom
V =~ 6.82 counts/sampio
V (scaled) = 8.82 ° 65506 446,955.52
V {roupded) = 446,958 (valus o load)
v (coamg) “ 0008D1EC (hex code writlen to LME26)

ol A = acceleraticn {units = coums/:'.amplalsamplo)

A= R"°T"*T " dosired acceleralion (rav/soc/sec)
then A = 2000 ° 341E-8 * J41E.8 * | rov/sec/sec
and A =~ 233E—4 counis/sampia/sampie

A (scaled) = 2.33E~4d * 635,536 = 15.24

A (roundey) = 15 (valus to loau)

A (couing)  0000Q00F (haia codn wition to LMB21)
The above 3 ity, and valuos must
b0 convertyd to tinury codas 10 bie 1oadad into the LM620.
The values shown lor velocity and accoleration must be
multipliad by 65,538 (as shown) to adjust for the required *
ineger/lraction formal of the input data. Note that alter i
scallng the velocity and accaloration values, lisrai fractional ;
data cannot ba loaded; the ditta inust be roundod and con- |
vented Lo binary. The lactor of tour Increase in Sysiem rogo-
ltion is duo 1o tne method used 1o dacode the quadrature |
encoder slgnels, see Figre 9, i I

PID COMPENSATION FILTER

The LM628 usos v owmal Propar Jonm integral Danvaive
(PID) lilter 10 compunsnts the control toop, The motor is
held st ine dusired position by applying a rastonng foica 0
the motor that Is proportionel to Ine position arror, plus the
inlegral of 1he error, plus thn dedvative of the error. The
loilowing iscrete-timo equation iltuswates the controt por-
lormed by the LM628;

n

u(n) = hp*a(n) mz a(n) +
H=0

kdle(n’) ~ e(n" ~ 1)} (Eq. 1)

wheds u(n) i3 the molor control aignal output al sampia lime

0, e(n} Is 1ne position error at sempla lime a, n’ indl-

cates samphng ot the denvaive sampling rate, and

kp, ki, and hd are the discrata-tme filer parametors
loadad by tha users.

Tne st tivn, iho proporlionul 16rfn, proviias a 10310¢iny

torce porportional v the positiun arrar, jusl ns does s spring

obaying Hooka's law. [he socona term, Ine integration

lerm, provides a rasloring larce that grows with Lme, sand

thus ensuras that the static pusition errcr is zero. if thars s

A constant luryue loading, the motor will suit be-sble 0
achieve 26rq position error,

The third term, the derivative term, provides a force propor-
tional 1o ihe rate of change of position arror. It scts fust fike
viscous damping In a damped spdng and mass system (like
a shock absorber in an automobile), The sampling Interval
laled with the o ive term is user-sel le; this
capability enables 1ho LM628 to control a widar range of
inurtial loads (systen mechanical time constants) by provid.
ing a botter appro ion of the i derivative. tn
general, longer sampling inlervals aro useful for fow-veiocity
oporallons,
tn . tha Hitor algontham Ivas a 18-bit arror signal
trom the 100p summung-juncion. The error slgnat Is satural-
od at 18 bits 10 ensure prediciable behavior. in addition to
oeing mulipliad by filter coeiticiant %p, the error signal is
added to an accumulstion of previous errors (1o lorm the
tn18gral signal) und, 21 a rals oetermined by the chosen de-
fvalive sampllng Intarval, the previous error Is sublractod
from it {10 torm the darivatve aignal). Al fitar multiplications
are 18-bil oparalions; only the bodom 19 bils of the product
are used,
Tha integral signal 1s mantained 10 24 bits, but only 1hs top
16 bits ara used. This scaling technlque resulta in & mars
usable (less sunsitive) range of coatficlant ki values. The 18
dits are righi-shilted eight positions and muitiplied by filver
coelficient ki 10 torm the term which coniributes 1o the mo-
tos conret output. The absolule magnituds of this product (s
comparud 10 coetlicient il, and tho lasser, appropriatoty
signed magniuda thun conlrbutas ta the malor controf sig-
nat,
The denvallve signal Is muttiplied by coelficient kd each de-
rivative sampling inlerval. This product contributes to the
mat0r control oulpul #vevy sample intervat, indspendent of
the user-chosan derivarive sampling interval,
Tha kp, limited kI, and kd product terms ere summed 1o form
4 16-bit quantity, Depending on the oulpul moda {wordslza),
aiher the top B or lop 12 bits becoms the molor control
ouiput signat, .
LIM6B28 READING AND WRITING OPERATIONS
Tna host processor writas commands 10 the LM628 vis the
hast 170 pon when Port Seslec! {F5) input {Pin 16} is logie
fow. The dasired co d code Is tled 10 the parsilet
port line and tne Wiits (WR) Inpul (PIn 15) Is sirobed, The
command byte Is laiched into the LM828 on the rising edge
of the WA input. Whon wriling command bytes it Is neces-
sasy lo firsi read Ihe status byte and check the stale of a
Hlag cailed the “busy bit" (Bit 0). It the busy bit 13 logic high,
no command wrily may 1ake placa. The busy bit is never
high ionger than 100 ps, and typicaity falls witgin 15 us to
25 ps.
The host procassor reads 1he LM628 siatus byta in a similar

manner: by siroblng the Read (KD} input (Pl 13) when PS.

(Pin 161 i3 low; stalus Informaticn remains vaiid as long as
i3 low.
Waiting and reading data lo/lrom tha LM828 {as opposed lo
writlng commands and reading steius) ars done with PS {Pin
16) logic high. Thase writes and reads are siways an inte-
gral aunbar (Irum onw Lo seven) of wo-byte words, with the
fust byte of vach word being the more signiticant. Each byt
¢equirwa & write (WA} or read {RT0) srobe, When ransterring
data worcs (byls-paies), R 12 necessary 1o first read {he
status byte and check the atate of tho busy bit. Whan the

4-23
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Theory of Operatlon (Conuima

Luey tdl ta logic iow, Ihe user may ifen soquentislly transtor
both bytes comprising a deta word, but the busy bit must
80ain be chacked and tound v ba low balore atiomplng o
tianetor the nex1 byte par (when transiernng muhiple
wordz), Data vensfers are ished vis LM628. I
Wlesrupts (which are naot nestorl); the busy bit Informs he
host processsr when the LIMB24 Mmay nol be literrupiea for
dala \ far (or & d byto) i1 a Is writtan
whaen the busy it Is high, lhe command will ba ignored.
Tne busy bit goes hign Immediataly altar writing a command
byte, or reaulr or wridng & sacond by of vaia (See Ay
ey 5inng 7).

MOYOR QUTPUTS

The LME28 NAC outpu port can De configured 1o provigs
sither a lalched eight-it parailel otiput oF & mudtiplaxed
12-bit cutput. Tha 6-bi outpul can be diceclly connuctad o
8 flow-Inrough {non-input-igiching) O/A convarter; tha 12:ait
Oulpist can be easily demultiptoxed using an extermal 8-bil
latch and an Input-tatching 12-bi D/A converiar, The DAC
Oulpul data is offsel-pinsry codad, the 8 bti codo for zoro Ia
80 hex ard tha 12:bit codw lor 2010 Is 800 hew, Valuss loag
than thess cause s negatrze torque to de appiiod to the
motor snd, canverdely, laiger values cause positive motor
torque. Thae (14628, when configured tor 12.-bh output, pro-
vhias signals which controt the demulilplexsing process, See
Fipure ¢ far dotafls.

The LMB28 providos o-bi, 313N and magmituge PWM oulpul
signms for directly dilving switcn-mode motor-drive amplifi-
a8, Fiyura |1 ehows ths lonmat of the FWM magniudo out-
pul signal,

ouh Cyart:
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FIGURE 11. PWM Output Signat Formal

TABLE 1. LM628 Usar Command Sel

Command Type Description Hen :;“:. Note
RESET Initlatize Rasel L MB28 0o 0 1
PONTE Initialize Select 8-811 Output 05 (] 2
PCR112 initatize Sulnct 12681t Qutput os [*] 2
CFH inidalize Define Homa 02 [+] 1
Sip Intasrupt Satingex Postiion: 02 0 1
LPEs intasnipt Interrupt on Ercor : 18 | 2 [}
LPeS Intarnupt Stop on Error VA I2 A
SEPA inteerupt Sel Breakgoint, Allsalute 20 4 . 3
SBPA Intevrupt Set Breakpoint, Adiative 21 4 l 1
MSKI Interrupt Mask tterrupts 1G 2 t
.AsN Intarrupl Aovet Intucrupts 10 2 1
LFIL. Fiher Load Fillor Paramaiees 1253 21010 i
UOF Fihae Update Fitter 04 0 1
LTRY Teajoctny Load Trejuctory 1F 210 14 |
ST Teajncicey Stun Mutlon o 0 3
RADSTAT flepon Road Status {fyto None 1 14
AGSWGS faport Raag Signels Ragister 0oc 2 1
HOap Heport Read Indux Pesition 00 4 1
ROOP Ropent Read Osesirud Position 08 8 i
HNAP Repon Road Rani Position 0A 4 1
ROV Report fesd Destred Valociy 07 4 1
ROAYV Report Read Real Velocity o0 2 1
ROSUM Ruport Read tntagration Sum 00 2 |

Hove 1: Cummands may be sasased “On the Fiy” Jairg mopon,

Hate & C not

w Qg moson
um&w"ynuwwm-ulm-mwm--umum
Nc\-hmmmmmwauumm-umhwumwnuu-ux
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User Command Set istoly This d must not be lasued
whan using an 8-bit convertec or the LM828, the PWM-out-
GENERAL put version of the LM828,
The following paragrapns d e the user selof

the LM626. Some of o commands can he Issued alone
11 80MS (GGUMS 8 SUPEOAing dALA Structurs, As examples,
the command STT (STarT motion} does not requice addi-
tional daa; command LFIL (Load Filer paramatars) re-

Atk

nuires | data (derivat pling Inlerval
and/or filter paramatars),
C ds are i by function: inlielizallon, Infer-

fupt control, fitter conlrot, trajectory control, end data teport-
Ing. Tho commands are tistad In Table 1l snd” described in
tho lollawing paregraphs, Along wisrasch command name
is its command-byte cods; the rumber of accompanying
dula bytes thai aro to be written (o raad), and & comment
as 1o wheihar the comniand Is exacutebla during motlon.

Initlalizatlon Commands

Tha icltowing {our LMB828 ser commands are used primari-
Iy 10 Inianz® the aystom for use,

AESET COMMAND: RESET tha LMy28

Command Code: 00 Hax

Oala Bytes: None

Exocutabio Dunng Motion: Yes
This command (and the hardware reset tnput, Pin 27) re-
2ults In sotting the tollowing dats itoma tu zero: litor coetfi-
clenls and thelr inputl butlers, tralectory parameters and
thew tnput buflers, and the metor control oufput. A zero mo-
lor conlrot oulput (s a hail-scale, offser-binary code: {BO hox
for the 8-bil culput mode; 800 hox for 12.bit made), Ouring
tase, the DAC port oulputs 800 hox 1o “z8:0” a 12-bit DAC
and roveris 16 80 hox to “zero™ on 8-bit DAC. The command
aiso cleara five ot Ihe aix Intorrupt masks (only the SBPA/
SBPA Interrupt Is masked), 3ets 1hs oulput pon she (o
8 bite, and delines tha cusrenl absolule pOSIon 63 homa.
Aogay, which may ba axacutod al aiy tlma, wil bo complol-
od in iass than 1.5 ms. Also swu commands POATS and
POATI2. f

POATS COMMARND: Set Output PQRT Size to 8 Sits

Commana Code:’ 05 ni

Data Bytes: None,;

Executoblo Ouring Motion: Not Applicabla
The defaull output pon size of the LI6E28 is B bils; 8o the
PORTB command nevd not be executed when using an
8-bit DAC. This must not be when uaing
8 12-bil convurter; il will tosuil in oaic, unprediclabla no-
tor bubavior Tho 6-bil outpul port 3120 Is 1no requivesd snioc-
tlon when uming tho LME28, 1he PWM-oulput voralon of the
Lmaze,

PORT 12 COMMAND: Set Quiput PORT Size 10 12 Blts -
Command Code: 06 Hax -
Duta Bytes: None .
Executably Owing Motion: Mol Appilcable
Wnen 8 12-tR DAC is used, command POAT12 should be
lssued very early in the inllalizatlon p B use
of this cammand I dotermined by system hardwars, thare fg
only one foreseen reason 1o evecute it later: f the RESET
command it Issuad (because an 8-bit cuiputl would then be
salocied aa tha dofauit) commana POATI2 should ba im-

DFH COMMANO: Define Home

Command Coda: 02 Hex
Daia Bytes: Noae
Executatle During Motion: Yes
This d dacl the current p as “home”, or

absciule position 0 (2sro). If OFH Is executey during motion
It wik not atfect the slapping position of the ongolng move
unless command STT s ulso axecuted.

Interrupt Control Commands

The loliowing seven LM628 user commands are assoclated
wilh condltions which can be used lo Interrupt the host com-
puter. In ordar for any of the polenttat Interrupt conditions to
actually intenupt tha host via Pl 17, the corresponding bit
in the Interrupt mask data assoclated with command MSKI
must have baan sat 10 logic high (ihe non-masked stale),
The identity ot all intorrupts Is made known 1o the host via
foading and parsing ihe stata byta, Evenif all inlerrupts are
maskaa off via command MSKI, the alate of each condition
la silit reflecied [n the staius byts. This feature lacilitates
pafling the LMB28 for status informaton, as opposed 10 In-
lecrupt driven operation.

SIP COMMAND: Sel Index Position
Command Code: 03 Hex
Dala Bytas: tone
Execulablte Durlng Motlon: Yos

Atiar this commend Is sxecuted, tha absolule poaition which
corresponde 10 the occurrance of the next Index pulse input
will ba recocded In the Index rogiater, snd bit 3 of the slatus
byte will ba sat 10 logic high. The position la recorded when
both encoder-phase lnpuls and the Index pulss inpul are
leglc low. This register can then bs road by the user (sce
descrip! for ADIP) to faciitate ahgning the deafi-
nitlon of home posi {see description ol d DFH}
with an Indox pulse. The user can also arrange 1o have the 5
£M028 Intarmupt the host 1o signily that an Indax pulse has
occurred. Ses the deecriptions for commands MSKI and .
RSTL r ’

LPEI COMMAND: Load Position Error for Interrupt

Command Code: 18 Hex
Daia Bytes: Two
Daia Range: 0000 to 7FFF Hox

Exscutable Dudng Motlon: Yes

An oxcessive posillon arror {the output of the toop summing
juncion) can indicato a serous aystem problem; e.g.. a
sisllag rotor. Insiruction LPE! altows ihe usar 10 tnpul o .
it id lor posilon error d lon, Error o lon occura
whan the sbsoluts magnituda of the posilan emor sxceeds
the tnreshald, which rasufta In bit 5§ of the sidtus byte being
sel lo loglc high. It it is desired 10 also stop (brn otf} the
maotor upen d ing Ve position efror, see com-
mand LPES, below. The flrst byte of threshoid dals writien
with command LPE! is the more significant. Tha user can
have the LMA828 Interrupt the hast to signity that an excoe-
sive tlon arrcs has See the dascriptl for
commands MSK' and RSTL
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Interrupt Control Commands {Continuea)
LPES COMMAHND: Load Poaition Erroe tor Stopping

Command Coua: 1A Hex
Data Eytes: Two
Qata Ranye: G000 10 7FFF Hux

Exocutabiu Owing Motion: Yos

Inabiuchon LPES is essentishy the same as commana LPE}
sbove, byl aude lhe leature of turnlig off tho notor upon
daiecing axcessive positlan error. The mator drive s not
nctusily switchod oft, it is sal 10 hali-scala, the oltaol-tinary
code lor zora. As with commang LPEL bl £ of the stalua
byte W atso sci 1o fogic high. The hrst byta of theshotd date
viitton with commend LPES is the mors signiticant. The
U0 can have the LME28 inturrupt \he hest o signity hut an
0nCassive position amtx has occurred. See the doscrptions
loe samvennnia MR aind NSTE

BB2A COMMAND;

Comeuand Code. 20 Hex
Onta Bytae: Four
Dala Renge: CO0C00U0 10 SFFFFFFF Hau

Exacutable Ounng Motun: Yes

This command onablss the usar 10 sat a breakpolint in lerms
of adsoluts poslion, Bi 8 ul the staws byto 13 sal lo logic
tigh when tne breskycint posion is roached This condltion
is userul 1 signaling trajectory ana/or fiter paramoter up-
dites. Tha user can also sirenge 10 nave lhe LAMB28 Inter-
APt tive hostlo sigrily thet a droakpeint positon has baan
te8ched Seu tho duscripuons lor commands MSKI and
RAST.

8BPK COMMAND;

Cumman Coua; 21 Hox
Nata Bytos: Four
Qata ilange: Sea Taat

Evecutubly Duiing Motion: Yas
This comynund enablas tha usar 10 asi & biaarpolnt in larma
of inlabh ik As with sind SHPA, bit § of the
"Stutus Dyt Is sat 10 lopic high when the treakpoint position
{relative 1o the currant commanded targot cosivon) |s
foacned. The retstive broakpoint input velue must be such
that when this vshse is added 10 lhe largat position the result
femainn within the absoluts positlon range of the systam
[COCO0CO0 15 IFFFFFFF hax). Thia canditlon 1 uselul for
5 tignaling Urajectory and/or fiter paremeler undales. The

- - Uner Can wlso arrangs 10 Nave the LIB28 Intamupt the host

to dignity that a braakpoint positiun has bean reachad. See
the descriptiung for commands MSKi and ASTI,

MSKI COMMANG: MaSK Interrupta

Commany Code: 1C Hex
Data Byloa: Two
Data Ranga: See Tex

Exscutabila During Motion: Yos

6-bit fieid will mesk i1ne corresponging interrupi{s); any
one(s) anable tho intadrupi(s). Othar bits compxising the two
Lyies nave no etlect, Tha mask conirols onty tha host Inter-
nIpE procuss; rauding ine statuy byle wilt il cefloct the ac-
lusi conditions Indapondent of he niask byla. See Table U,

TABLE lil. Mask and Raasl By Aliocations tor lntarrupta

i.

DR Paattion Functlon
dhe 151heu 7 Nt Used
Bito Breskpoint imurrupt
Bits Pogition-Error Interrupt
Bit4 Wrup-Around Interrupt
Bit3 tadtex-Pulae interrupl
N2 feajnciory.-Complata Intmaapt
i Commnng-Enor ittt
Bito ot Used
RSTI COMMAHND: RaSeT Interrupts

Command Coda. 10 Hux

Ouata Hytes: Two

Osta Range: See Text

Exocutalls During Motion: Yes

Whea one ol the potential Intesrupt conditions of Table 1
cccurs, commaund RSTI Is used o rosel the cotrospending
Intemupt flag bt In the stalwe byte. The host May 1648t one
or all llag bita. Resstiing tharn one ai 4 time aliows tha host
{0 sardce tham onu al & Iknu according lo 4 priority pro-
grammed Dy the usar. As in the MSK! conunand, bits 1
thraugh 6 of the tecond (lass slgnificant) byte correspond to
the potentiat intemipt conuiions showa in Tuble il Also
20v descrigtion of ROSTAT comunand, Any 20s0(8) In this
8-tit field resot tha cormeapoading inturrupi(s). The remain-
Ing tis havo no altact,

Filter Control Commands

The Icliowing two L M828 user commands are usad lor sel-
ting the duivaitve-tarm sampting Intarval, Tor adjusting the
liftér parainetars an roquired tp tuns the System, and 10 con-
ol tha timing ol these syste: changes.

LFIL COMMAND: Loed FiLIdr P-r.m'«.+

Commana Cods: € Hex
Data Bytes: fTwo to Ten !
Qata Ranges .
Filter Connol Worg: Svo Text
Fitter Coalfictanta; 0000 10 7FFF Hux (Pos Ony)

Integration Limir; 0000 to 7FFF Hox {Pos Only)
Executsbie Ouring Mouon: Yos
Tha titer parumatoers (coutficlants) which ace wntlen 1o the
LMYB28 10 canuat iocp compensation are: kp, ki, ka, and it
(integration Himit). Tha !ntogistion fimit () consuains the

The MSKL cormmand lata the user ¢ 1@ wiuch p
Intaerupt Conditianis) will iInterrupt the host, Dits 1 tnegugh 8
of the status byty ure Inaicators of the six conditions which
819 candidales lor hoat intemupi{a). When interrupted, the
host then resds the siatus Lyts 10 lsarn whicn conditfon(s)
occaured. tNols that the HSK! command I irvmodlataly ol
lowsd Ly two dala bytws. Bite t twough 8 of the secomd
{fses significant) byta wriiten dotsimine tha masked/un.
masned slatus cf sach potennal ktammpt Any zuro(s) in this

tribution of Iha integration 1eem
n

ki 'Z s{n)

N=o
fase €q. 1) 10 values squal to or 1ess then u ubr-delined
valve: this ily minimizes integral or ravet
“wind-up"” (an ovarshociing aitect ¢l the integrat action),
The positive-only Input value is compared [0 tha abaolule
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Filter Control Commands (conunves)
magniiude of the intugration torm: when the magnitude of
integration tevm value 8xceeus it, 1he it value (with appropr-
ale 3i9n) is subistituted lor the ntogration term valua,

Tho oala bytes specitied by and i di g the
fiter conlrol word are writlan i palrs to comprise 16-bit
words, The order of sending the data words ta tha LM8e28

The derivauve-term sampling intarvul is also prog b
via this command. Atior writing the command code, tha lirat
two data bytos that are wriltan spucily the dervative-tarm
sampling Intogval and which of tho lour filtar paramalors
is/are 10 b8 written via any tosrtheorming data bytas. The firal
bylo wnilten la the mare signiticant. Thus the two tlaia bytes
consiliula a filler conlrol wora that intorms ihe LME26 as 10
the nature and numoer of sny lollowlng data Dylas. See
Tuble 1V, .

TABLE IV, Filter Control word tilt Allocation

DIt Pasition ‘Funcllon ==
B Ourivauvu Sampllrg Interval 8i 7
Bit 14 Derlvstive Sampling interval 8it §
Bit {3 Danivative Sampiing intarval 8it §
8it 12 Oerivative Sampling tnterval BIt 4
el 11 Donvatve Sampling Interval 81t 3
ah1e Derivalive Sampling Intervar 81t 2
g 9 Oertvaliva Sampting interval it 1
8nh o Oarlvalive Sampting intarvai 81 0
an 7 Not Used
Bl & Not Used
Bit § Not Used
ah 4 Not Used
8it 3 Loading kp Data
8h 2 Loading ki Data
el 1 Loaging ku Data
it 0 Loading 1 Dala - vewng wwsde )

Bita 8 invough 15 selact the durivative-1erm sampling inlu-é
val. Sao Table V. The usar must locally save and fostora |
these bits Juring succossive wiilos ol he Niltar control word. |
Bits 4 thrguyh 7 of the titer conirdl word are not used,

Blta 0 to 3 Inform the LME28 as 10 whether any or sit of tha
{iter parametars are about 1o bp written. The user may
chooss 10 update any or ail {or nFna) of the flitar pareme-
1wrs. Thosd chosen lor updsiing ara 30 Indicaiad by logle
ona(s) m 1ha corrusponding bit pusition(s) ol the hiter con-

- command. Any or all par

o to the d g order shown in the above
description af the filter conirol word: L., beginning with kp,
then ki, kd and il. The lwst byt of sach word la ihe more-sig-
nificant byta, Prior to writing a word {byle palr) it ls naces-
sary 10 check the busy bll In the status byle for readinasa.
Tha roqulred data is weitlen 1o the primary butfers of & dou-
bie-buttared schame by tha sbove desciibed operalions; It
1s not | lerred o the dary {working) reglsters unt
1he UDF command Is exacuted. This fact can be used ad-
vantagsously; the user can Inpul numerous dala ahead of
thels actual use. This simpla plpeline atfect can tellove po-

tonlisl hoat tue vata ‘ ttl s, *
and facritaton oasier ey ratian of multipl la con-
trols, 4
UDF COMMAND: UpDats Fliter

Command Code: 04 Hex

Dala Bytes: None

Executable During Motlon: Yes

The UOF command Is used to update the filtar pearametsrs,
tha speciiics of which have bean programmaed via the LFIL

tdarhmth

interval, kp, kI, kd. and/or I} may be changed by the appro-
prisla command(s}, but command UDF mual be axscuted to
atfect the change In filter tuning. Filler updating la synchro-
mzed with the calculations 10 sliiminate erratic or spurious
behsvior.

Trajectory Control Commands
The tollowing two LMB28 user commands are used for
sattng the trajectory control pararnaters (poaition, velocity,
accalaration), mode ol oparetion (position or velocity), and
direction {velocity mode only) ae toquired to descride a de-
sirad motlon of 1o select the mods of a manuaily directed
stop, and 10 conlral tha nming of thess system changea, |
LTAJ COMMAND: Load TRaJsclory Parameters 4
Command Coda: ‘. 1FHex I F B
Data Bylea; Two (o Fourlsen HES
Data Ranges. .. !
Trujaciory Conirot Word: See Text

rral word. Posttion: C0000000 to IFFFFEFF Hax
Velocity: 00000000 to IFFFFFFF Hax
{Pos Only)
Acceleration: 00000000 12 IFFFFFFF Hex
(Pos Only)
Exocutable During Motlon: Conditionatly, See Text
TABLE V. Darivative-Term § ling Interval Seiaction Codes
Bit-Position . Selected Derlvative
15 " 13 12 1 10 » s Sampling interval
Q 0 0 0 0 0 0 0 258 ps
G [} 0 0 0 0 (| 1 512 pe
0 0 ) 0 0 0 1 0 768 us
[} [} 0 0 ] Q 1 1 1024 pus, otc. ..
thru 1 1 ] t 1 1 1 1 85,536 ne

Hola: Senpling wMiwrvata shown a7¢ wiun wsing an 20 MHz cloch. The 258 Conmosponds 10 204878 Mitr; sample biiervals musl bs scaled ior other Ziock

boquencme
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Trajectory Gontrof Commands (conunuey

The tejestory conned parameimn wiuch are wntten 1o Ine
134323 1o conuol motiun 8ra: sccalerution, votocity, and po.
ehhon. tn aduition, indieations 83 1o wheticr thuse ivoe pa.

satoction of veloctty mods and directiun, and manus! Stope
Gl 11.2ate Lelocton ang 048CUIloN are programmabio via
(s conmend Ator writirn tho comnand vude, the first wo
deta bylea thel are writian racily whdch paramatec(a)insare
hehy cnangad, The first Dyla willtan le the mare siprtllcant.
Thus the twe data bytes constituia o trajectory control word
that Infoums the 134320 es to the funas and number ol any
Ioliowdry data bytus. See Talls VI,

TABLE vi. Trajsciory Contral Wond Bit Allocallon

M Posltions Funcrion

[:LRE HNot Useg
CLEE) tied Used
8n 13 MOt Livend
b2 Funwned Direchian {Vetochy Made Onty)
Bu g Velochty 1400e +" 1% w1 10, ta
M Swp Snnnty (DeCwterata os Frogrummaen)
Un 3 Swp Abeuguy (Maakoum Ducelaeavon)
en § Tum Ot Moier {Ouignat Zoro Dive)
en 7 NIt Used
en 8 Hot Uget
Eit 8 AcCuiersiiin Wil fe Loadm]
-3} Accelsaan Dute 1s Netatve
th 3 Valochy Wit Ge Loesea
o 2 Veiocity Oata Is Hesattsg
Br Pushion \h tSe Loaded
;L Pououn Data 1s Retauve

SR L

Ot 12 determinas the maotor duction whon iy the vetocity
mods. A fogh: one Indicates forward cwaction. This bit hag
ho sltect whan in position mode
NIC A1 dotarminas whather the LMAZA apnaratss in valoaily
maoda (M 11 Jogic ona) or poaition mads (BN 11 logie 2aro4,
Bita & through 10 sre usad to solect the niothed of manually
stopoing tha awtor. These tits wre nof provided tor ane g
mosely spucily the Josled mods ol sloppiny, In gosition
mous aparstions, norrmal tiopping s alweys smooth and
octurs gutoinalicelty ul the ond cf who specifiad trajoctory.
Undse oxcoptiansl croumsiances it May be dasird 10 man-
uatly intgrvena with ihe rajectory gunaration process 1o al-
fect & premansre stop. tn velocity mede opordtions, Nowuy-
&1, the normal neans of stopping 15 via dily & through 10
{usuaily vh 10), Glt 0 1 sot 10 10w one 10 slop ihe inotor by
tumlng olt motar diive output (outputting he sporopriaty off.
sol-binary code 10 8pply 2910 OIvO 1O {he muler); bl 0 ts ant
10 0ne 10 slop the mutar abrupty (a(mumuun avidable
scowlaration, by satiing she targat postion oqual to the qur-
rent poson); and b 10 Is sel to one o stup the motor
snauthly by using the current baw-programmad accolora-
Uon vanse. Blis 8 through 10 are (0 e used exclusivaly; only
one bit ataukd by a logis ane ot any ma.
8its 0 1vough § Inform e L2828 as 10 whathue any ur ail
of ths trajectory COALGING pazamuters ars aboul 10 b verll-
o, 8 whthor the dals shauld 5o inlerretsy as sbsviuts
of tulathve. The user imay choose 1o upaate any or all {or
Aone) of the rejuctory parametors. Tusa chosen tor updal.
Inyg ars w0 indicatod by logic one(a) Ia tha corrasponding bil
postion(s) Any pasameler Mmay bw changed while tho motor

S

Is In mouon; howsver, It cceleration la changad than iha
next STT command must not Le Isaued unttt ing 14828 has
Cumpiuted tha currunt move or has boen manuaity stopped,

The dura bytas specitied Uy and immediately foliowing the
Uujscioy control word ars wnuan In pakrs whicn compilse
18-bit words, Ench dats item {paramsiar) requires two 18.bit
worda; tha word ang bytu ordar ts moat-to-least signiticant,
The ordar of handing the parsmeiera 1o Iihe LMB20 corre-
£0000s 13 1he desconding order shown In ihe above dge-
sception of the irajociory cuntrol word; La., beginning with
#cCuleration, thon velucily, and finally poninon,
Accelerotion and volocity are 32 pits, positive only, bul
farge only from 0 (000COU0D has) to [230) ~ 1 (OFFFFFFF
haa). Yhe tollon 16 bits of both accuteration and velocity
ar6 8Colad as fractional dare; theretora, the loest-significant
integer data LIt for Ihesy pursmalers is bit 18 (whare the bLha
#ra numberod U theough 31), To detarmine the caning 1or a
given valocity, fur OLBMEIg, Ghe multinlies the dasirey veloc.
ity (n counta per sampls Inlarvsi) imes 05,538 and converts
ha rescil to tanry. The unite of accoleration are counts per
sampls par sarnpts. The velue Igaded lor accateration must
ot 8xCoed the value tosded far velocity. Position Is o
signed, 32-uif Integer. but ranges only lrom - (230}
{C0000000 hex) (o {239) ~ { {IFFFFFFF Hon).

The required Jata le wiitten 10 the prmary Lutlars o! 8 dou-
ble-tutisred schenw by tha ebove descibed operations; it
i3 not tranaforred 10 the sucandary (working} ragisters unil
e STY command 1a oxecutad, This fact can be used ad.
vantageousiy; the user can Input numerous Juta ahsad of
insic uciusl usa, Thia simate pinoting effect can reileva po-
tenual nost cornpute: data o lons botd Ka,
and lacililates sasier synchruntzadon of mulliple.axls can.
trols,

Balorw waing LYRS 10 issua a Naw uccuivration valus, »
“motor ol commana must feat be executed (LTRJ com-
mand with bit 0 of tha Tralaciory Control Word aat), This
prtathua ts only naceanary it the accaloralion valua is be-
Ing changad, .

2TY COMMAND: 5TarT Motion Controt

Commund Code: 01 Hex

Dats Bytus: tone

Executable Dunny Motton: Yes, It accolarulion has not
béen changed

Tho STT comunaral is useg 1o 929cute (Ko dosirad trajecio-
1Y, the spedcitics o!f which have boen programmad wia the
LIRS commaral. Syncrnronliatiun of muld-axls convrol {to
~thin 0ne sumpia intorval) can ba urrunged by tasding the
10¢drog Eajoctany puramnotors 1or oach (and svoryj axrs ang
then ulnwhianoously issulng e singts STT comniang to ad
axos. This commang may be executad st any lime, uniess
ra.accatvration valud has bsen changeo and a vrajactory
has not hcen Coinpieted ur 1ha motor has not been manuak
bt $10L.pd. i STT Iy laauay ouiing molion eny accetarafion
t:as Gaon ¢t , & C arrce | it will be ganer-
ated and ths caommaend will ba ignored.

Data Reporting Commands

The foliuwing suven (M028 user commands ere used ta
vUtem Jata irom various registers in the L1628, Statue, po-
sition, and valacity Informatica &rv raporiod, With the sxcep-
ton ol ROSTAT, the data Is read lrom 1ha'LM828 data port
after firat wnting the Cotasopnding command 10 the com-
mand port,




Data Reporting Commands (Continued)
ADSTAT COMMAND: ReaD STATus Byte

Command Code: None
Byte Asart: Onu
Data Rungo: Ses Veat

Executablo Ounng Motion: Yes

The ROSTAT command ls 1enlly NOt & cornmand, but Ia igt.
ad with thn othar commands bonause i fs ussd vary fre-
quanitly 10 control communicatinns with tha host computer.
There Is no identincation code; Il 1s direcily sugportad by the
hardware and may be executad sl any tims. Tha singts-byts

status reed I3 wataciad by placing TS, B wna HIS af logle
z840. Ses Tabie Vit, '

TABLE Vil. Status Byte Bit Atlocalion

8It Posliion Function
Bty Motor Oft
ans Breakpoinl Reschad {intserup]
Bit§ Excessiva Positlon Eror {interrupt)
Bitd Wraparound Occurred {inteaupt)
Bita indox Fulse Obsarved finternupi]
an2 Tra) y Completa {interrupt] .
Bit1 Command Etror {Intarmupi] ‘
anro Busy Bit 4 "

811 7, the imotor-off ftag. Is #at 10 loglc one whan the motor
drva outpul I off (al the halt scale, offsai-binary code for
2ero). The motor Is (urnad off by any of the foliowing condi-
Hone: powur-up reset, command RESET, axcasaive paaittan
orror ( command LPES had boen exscuied), or when com.
mand LTAJ la used to manually aiop the motor via turning
the mator off. Note that when bit 7 is sel in confunction wiih
command LTAJ lor producing & manual, molor-olf siop, the
actual sehing of bit 7 doas not oedur unii command STT Is
Issued to aitact tha stop. BUL 7 Is cloared by command STT,
oxcagl aa dnncrthad In iha pravioun santancn,

Olt 8, 1ha braakpoini-roachag Inu\:punl ftag, 1 i to logle
ons whan tha positlon brashpotM loaded via command
SBPA or SBPA has been déda. Tha flag la funciionai
indepandant o! the host Interrupt mask atatus. Blt 8 Is
cleared via command RSTI.

Oit 5, the 8xCa33NVe-pONILON-8rron Internupt flag, i3 sat ta
loglc one whon a position-error interupt conaiton exisis,
This occurs whan tha arror Ihreshoid loaded via commang
LPE! or LPES nas been excesdsd. The tlag is functional
dapongent of the host intamupl nasx antus, Bt 5 g
closred via commund RSTI, |

8t 4, the wraparound Intoreupt lir ! Is set 1o logic one whan
8 numaerical “weaparound” has oc urred, To “wrapsrouna™
|naens to excesd the posion addrusa spacs of tha LMB26,
which coutid occur during voloclty njods opavation. i & wrap-
round has oceurred, thon positign Informatan will be In
orroe and 1his Interrupi holps tha luser to ensure pogition
data integrity. The flag is lunctional Inaspandent of the liosi
Interrupt tnavk siatus. Bit 4 Is clanded via command ASTL
Bit 3, the Indox-puise scyuirad ints frupt flag, 1s set to loylc
ans whan an index puise has occubea {il command SIP had
bean executed) und Incicates thatithe Indox positicn ragls-
ler hao been updaled. Tha fiag is tbnctonat indepencant of
the host Intorrupt mask status, 8it 3 ls cleared by command
ASTL

.

Ot 2, ihe trajactory compigle Inleupt flag, is sut 1o logic
cné when the irajoctory programmed by tha LTRJ com-
mand ang Initlated by the STT command has bean comptel-
ed. Bacause ol overshoot or a miting condltion {such as
commanding the veiocity to bs tighar than the motor can
achieva), the molor may not yet ba at the final commanded
position, This bit Is the logical OR ol bits 7 and 10 ot the
Slgndls Regisisr, soe command RDSIAS below. The flag
functions Independently of the host Interrupt mask status.
Bt 213 cteared vis ccmmand ASTI,

8lt {, the command-emor intemupt ftag, is set to logic one
whaen tha user attempta to read data when & wiite was [1-3
proprate {or vice vorsa). Ths flag Is tunctionat indspendent
of the hosl Intemupt mask siatue, 8t 1 I8 cleared via cem.
mand ASTL,

81 0, ine busy flag, te frequently teatag by the vaer (via the
host computsr program} 1o determine the busy/raady stalus
prior (0 wilting and reading any dats, Such wrliag and reads
may be execulod only when bit O is logle zero {not buay),
Any command or data writes when the busy blt is high wili
be ignored. Any data reads when the busy bit is high will
raad the cument contedls of {he 10 poct butfars, not the
dala expacied by the hosl. Such reads of wrileu {with the
Dusy bit high) will not generats & command-e«or interrupt.
RDSIGS COMMAND: ReeD SiGnaiS Reglster

Command Code: 0C Hex
Bytes Read: Two
Oata Range: See Tant

Executable During Mouon: Yes

The LM820 internal “signals™ reglaler rnay be read using
thls command. The first byts read is the mora significant
The lasa signiiicans byta of Ikis coglster (with the axception
ol bit 0) ouplicales the slatus Uyts. See Tabla Viii,

TABLE VilL Signats Registar BIt Allocation
B\ Position

Funation

815 Hoet Intarmupt

Ot 14 Accalsralion Loaded (But Not Updated)
813 UDF Exacutod (Eut Filter Noy yst Updatea)
eh12 Forward Clrection

B 11 Valocity Mode

Bit 10 On Targst

Bt o Tum Ott upon Excessive Poaiilon Error
‘B 8 Eight-Bit Output Mode

1184 Molor Ot

g 8 Breakpoint Roachad {lnturrupt]

8 s Excessive Posltion Eror Natemupt}

8it 4 Wiaparouna Occumed (Interrupt]

en 3 Index Pulse Acaured [interrupt]

an 2 Trajoctory Compiate {Intarrupt)

it 1 Command Error {intemupt]
Bt 0 Acquira Next Index (SIP Executad)

Bit 15, iho hoat Interrupt fiag, Ie set 1o logle ons when the
hosi Intern:pt outpul (Pin 17) 12 toglc one. Pin 17 1y set to
logic one whan any of the six host interupt condilons oocur
(it tha correspancing interrupt has not been maeked). Bit 15
(and Pin 17) sre clesrad via command RSTL

Bit 14, 1ne acceieration-loaded flag. is set 10 logia ona when

acceleration dala ls written Lo the LA828. B 14 is cleased « .

by the STT command,

RP2om"1 70700
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Data Reporting Commands (Continued)
Bit 13, the UDF-executed fag. 13 361 10 loylc one when the
UOF cutnmand s ex scuted. Becauss bit 15 1s cleared at Ihe
ang of the sampiing Interval 1n whicn it has boen sul, this
signal l2 very short-lived and protiably not very profitable for
monitoring,

B 12, the torwary ditaction fiag, Is roeninglut oriy when
the L5820 18 In vulccity mode. The olt is sat (o togic ons to
indicata that the deniad dirsction of matton le “lorwnarg™;
tor0 Incicaise “revarcs™ Wrection, Ait 12 is 34 and cloarsd
via comnmand LTAL, The actual setting anJ cleasing of bit 12
Goes 10t occur until command STT la snecuted.

8it 11, tha vetoctly mode fay, is 30t t6 loglc orw 1o Indicate
thet the user hos solocied {va command LTRJ) voiocity
md3. Bit {1 1e cleared when position :node I selocied {via
command LTRJ). The sctual Lohlng ang clearing of bit 11
00 A3t occur untit cammand STT 1y execuiad,

61 19, the on target fag, Is vet 10 toyic one whan the trajec-
tory Qeneralor hes campleted ils functions fos e lasi.ls.
ausd STT command. B 10 Ia cisare by he next STT com.
mang

Gy, the unrol! cn-orror flag, I set to !ogk ona when
Summand LPES fe axocuted. BN 0 1a cleared by command
LPEL _

Git 8, 1ho 8-bi. st flag. la set 10 lugic ana when the
LHB23 ts rosst, o whan 'd PORTA Is sxocuted, Bit
6 Is cloarst Ly com:eand PORT12.

D O dwonsgn 7 caplicets ine status Lyts (ses Tanle Vi),
with the exzepton of bt 0, 8it 0, ih.0 dcguire next lndex flag,
18 50l 10 1a0ic 6N when command SIP g sucuied, it then
18mMaing eal Untk the NN INCGX putse ocoun.

NOIP COMMAND: RaaD index Position

Cainmand ode: 09 Hex
Aylas Readt: Fouwr
Duta Range: CO0OU000 10 YFFFFFEE Hax

Exscutaide Durirny toocn: Yas
s curmmand reada the position recormud In tha inder 1og-
lnrer. Rescing the Indax 18jfstor can ho pan ur a system
PITOr chacking schume, Whereer the SIP commiand (s sxe-

FUtad. the nimw indsx position rminus the ofd index pasition,
Uhvdod by the inciements! ancoder rescistion (encoder

NS tinved fow), shoikd slways bs an Intograt numbor, The
BQIP command faciitalps acquirdng these daia for host-
besoa calculutions. The covmand can aiso be used to den.
ity /verily home or soma ciner spocial position. The bytes
Ard (044 i mot-lo-leasi significant oraar,

ROOP COMMAND: ReaD Ovsired Position

; Command Code: 08 1ex
., Bytss Resd: Four
i Dasis Range: CO000000 16 IFFFFFFF Hax

Executudle During Motion: Yes

Jhis command reays the Instumancous Jeswoed {Suircunt
‘omporal pusttion ¢t of 1he pectits Gansratur. This [a the
“salpoint” Input Lo the position-loop summing funclion, The
Lyluz are road In nioat 1o loest skymiicant ordur.

AURFE COMMAND: Heal Resl Position

Comimera Cotu: OA Hax
Ayles Roed: Four
Osta Nacgo: COOUCLO0 10 IFFFFFFF Hex

Executalia Ouing Moton. Yes

This command resds the curent aciual posilion of he mo-
tor. This is the tesoback lnput to s looy summing junction.
The bytas are read In masl-to-leaat signitfcant order.

RDDV COMMARD: ReaD Desired Veloctty

Command Cods: 07 Hex
Bytas Road: Fow
Data Aange: C0000001 to IFFFFFFF

Executuble Durlng Motlon: Yos

Tnla command reads \he Integer and Iraciional poriiona of
the instanianaous dasired {curront temporal) velacily, as
u3ed {3 gonarata the dssirod poaltion profile. The bytes ars
r8ad In most-toeast significam order. The vatue read s
proparly sceied {or numaerical comparison with the vaer-sup-
plied { deu) veloctty; h ', b the two
loast-slgruticant bylas faprasant /iractional volocity, only 1he
two mosl-algniil byles are appropriate for

with the dala cotsinad via command RORV (ses below).
Also note that, athough the velocity Input data ls con-
strzlned 10 positive numbars (see command L1RY), tha cata

18lurned by c W RDOV a signed Y
WNners nagah bers rept t op In the reverse
direction,
ADAY COMMAND: fiead Real Vslocity

Commana Cooe: 08 Hox

Bytos Acad; ~ Two

Data Range: C000 10 IFFF Hex, See Text

Exeuvitable Owing Motion: Yes

This commend reads the intsger ponion of the Insianta-
Naous sciual vatocity of the mator. Ths intarnally maintained
fractionsi pordon of velocity ia not ruporlod becauve the
1eported dala ls derived by reading the incremental encoa-
o1, which produces only integer dava. For compadaon with

. ihe result oblained by sxacuting commend RODV (or the

Usel-8LRPUAG Input valun), the value returnad by commend
ADAY must be aualipliad by 218 {shinad fait 16 bit poal-
lions). Al3o, as with command ROOV above, data relumed
by command ROAV [s & sined Quantity, with negative vai.
ued roprasunting mvuu-diuclk_m mollon,

AD3UM COMMAND; ResD Intbgration Term SUMmad
: B g e Vetue
Commund Code: ¢ ¢ 00 Hex
Bytes Road:.i. Teho' .
Cala Aange: 00D00 Hex o v the Currary
valua of the Intogrbtion Lisnit

Executable Ouring Motion: Yes
Thia command rsaus the value to which the Integration lerm
has sccumuiated. The ebility 1o road this value may be hetp-
tul la Initlaity or adaptively tuning the syslom.

Typlcal Appllcations

Programming LM828 Hust Hendahahing (Interrupts)

A Tow words regasding the LMUE28 nast nandshaking wilt be
helplul 10 the aystem programmer, Aa Indicated In varlous
PONIONg Gt the abovo text, tha LMA28 nendshakes wilh thg
host computer In two ways: via the nost intemupt output (Pin
17}, of via polting \ho slatus bylb tor “Interrupt” conditions.
When the hurdwlred intorrupt is us3ad, the status Dyto Is siso
read snd parsed lo dotormine which of six possibla congl.
uons caused he tntemupl.
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Typlcal Applications conunes)

When using the harawired Intecrupt it is very imponant that
the host interrupt senvice rouline does not Inlartere with a
command sequence which might have been in progress
whén thy interrupt occurred. If the host intarrupt sorvice rou.
ine were 10 issus & command o the LME28 whiie il is In the
middie ol an ongoing command saquence, the ongaing
command witl bo aborted (which could ba detiimental 1o tha
application),

Two oxlst for iding thls p . it one Iy
using hardwired Inlerrupts, thuy snould be disabled at the
host prioc to issuing any LM628 command sequonce, and
ro-anabled afler sach command sequanca. Tha second ap-
peoach ls 1o avoid harawlrod intorrupta and poll the LMB28
3latus byte for “Inlerrupt” stalus. The slatus byle atways
rallocts the intorrupi-condilion yiatus, indepongent of
whiothar of nol 1ho inlarrupts have Loon masked,

1P

Typical Host Computer/Prnocessor Interface

The LM628 i3 intertaced with the host computer/processor
via an 8-0d Parailiel bus, Figuwre 12 shaws sucn an Interlace
and a minimum syslem conligutation,

Ag shown in Figure 12, the LMEB28 inturfaces with the host
data, addiess and control insa. The address lines are"de-
coded o ganerslo the LMB28 C5 Input; the host addreas
LSB direclly drives the LM828 FS inpul. Sigure 12 alsu
shows an 8-bit DAC and an LM 12 Power Op Amp intartaced
10 the LMB24.

LM828 and High Pertormance Controtier (HPC)
Interface

Fujurs 13 shows the LMB28 Intertaced 1o a Nalional HPG
High Purlsrmiance Controliar. The delay and loglc asscclal
od with the WA {ine Ia used to eifectively Incioass the write-
oata hold lima of tha HPC {as enon at the LMB28) by caus-
tnq tha WA putso 10 rdsa andy Nolta thet tha HAG CK2 out-
put providas the Clock Ior the LMO2D. The 7405245 Is usad
lo decreass ihe road-dala hoid time, which Is necessary
whan Interlacing to fast host busses,

intertacing n 12-Bit DAC

Figure 14 lilustrates use uf a 12-0if DAC with the LMG28,
The 7415378 hox gated B ttip-fiop dnf an Inverter damuiti-
: plex the 12-bit outpul. DAC olfset miat by adjusted to nunl-
mize DAC lInoarity and monotonicity enors. Two methods
8xist for making this sdjustmant. it the DAC1210 has been
sockeled, remova it and lemporarily connect & 15 kil raais-
10f botwaun Ping 11 and 13 ¢f the DAG sochet (Plna 2 and 8
of ths LF358) and adjust the 25 kN potantiomatar for OV at
fin 8 ol the LFISE.
it the DAC Is not ramovable, the second method of adjust-
ment raquires that he DAC1270 Inputs be presentsd an ail
z8ros cods. This can be srranged by commanding lhe ap-
propriate move via the Lr4628, but with no faedback lrom
the system encoder. When tho sil-zecos cous s present,
adjust the pol for OV st Pin 0 of the LFISE,

A Monolithic Unear Drive Using LM12 Power Op Amp

Figury 15 shows a motor-drive amplifier bulit uslng the LM12
Power Operational Amplifier. This clrevit I very simple and
can dulfiver up 10 8A &t IOV (using the LM12L/LM12CL).
Aesisiors A1 and A2 should be chosen 10 eet the gsin to
provide maximum oulput vollage consistant with maxinium
Input voltage. Thiy exampie provides a oain of 2.2, which
atlows lor amplifler oulput satwalion at £ 22V with & £ 10V
Input, sssuming power supply vollages of 130V. The ampll-
fior gain shoulg noi be higher than nacessary bacauss the
syslom i3 non-tinear when saturated, and because gain
shouitt be contiolled by ths LM628. The LM12 can also be
conitgured as a current oriver, sse 1987 Linsar Dalebook,
Vol 1, p. 2-200,

Typical PWM Mator Drive Interfaces

Flguce 16 shows an LM18298 dusl fuikbridgs diiver Inter-
facad 1o the LM829 PWM oulputs to provide 8 switch-made
power amptifier for driving small brush/commutaior motors.
Figure 17 shows an 114821 brushless motor commutator
Inertaced 15 the LM629 PWi4 outpuls and a discrate device
switcn-mode power amphfier lor diving brushless OC mo-
tory,

Incremental Encodar interlace

Tha i tal (o 1 leadback} Intartace con-
sisla of oo lines: Phase A (Pin 2), Phase B (Fin 3), and
Indax {Fin 1}. The mndex puse oulput Is not available on
20me sncuders. The LME2B wilt work with both encoder
typas, bul commands SiP sny ROIP will not be meaningha
without an index pulse (or arternative inpul for ihis input
be swe 1o tie Pin 1 high il not used).

Some consideratin Is manted relatve to uss In high Gausas-
lan-noise environmenia. It noise ls added 1o tha encoder
Inputa {alther of both inputs) any ia such that 1! Is nol sus-
tained untll the next encoder tranaltion, the LMA28 decodar
logle wilt roject It. Noise Lhat mimics qusdiature counts of
persiils (nrough éncodar transitions must be eliminaled by
approprista EMI design. ’
Simpls digital “ledng" scnemes mersly 1aduce susceptitil-
ity 1o nolse (thers wik always be nolse pulser longer than
the fifter can efiminate}, Furtner, any nolse fitering schesna
teduces decodar bandwidih, In the LM828 it was decided
(since simple filtering doea not eiiminate the nolse problem)
to nol Include a ncise fiter In tavor of offedng maximum

Ity q tar b ldth A r.n' to deive d

signals 100 tong a distance with simpla TTL fines can also
ba a sowce of “noise” In the torm of signal degradation
(poor nselime and/or sngling). This can slso cause & sysiem
10 losa posilional Integrty. Probebly Ihe most afiective
countermaasure 1o nolse induction can be had by using bai-
anced-line drivers and raceivers on the sncoder inputs, Fig-
wre 18 shaws clicuitry using the DS26LS31 and 0S26L532.
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NIARULN A. Data Sheet MLED 81

TECHNICAL DATA

nfrared LED

This device is designed, for infrared remote control and other sensing applications, and
can be used in conjunction with the MRD821 photodiode. It features high power output,
using long-life gallium arsenide technology.

L.ow Cost
Popular T-1¥ Package

* Ideal Beam Angie for Most Remote Controf Applications

Uses Stable Lang-Life LED Technology

® Clesr Epoxy Package

MAXIMUM RATINGS ; - fpu

MLEDS8T

INFRARED
LED
340 nm

X Rating Symbol | Value | vt |
ir Aeverse Voltage VR s Volts
: Forward Current — Continuous Ig 100 mA
Forward Current — Peak Pulse Ig 1 A
Total Power Dissipation @ Ta = 25°C Pp 100 mw
Derate above 25°C 2.2 mwrC
: Ambient Operating Temperature Range Ta -30to +70 I *C
L Storage Temperature Tstg -30to + 80 @
|, L#ad Soldering Temperature, —_ 26Q C CASE 279801
| S seconds max, 1/16 inch from case
ELECTRICAL CHARACTERISTICS [Tq = 25°C unless otherwise noted} =
: Charecteristic { Symboi i Min Typ Max Unit
! Reverse Leakage Current (VR = 2V) | IR | - 10 - nA
Reverse Leakage Current (VR = S V) f 1 ! = 1 ‘0 A
Forward Voltage {Ig = 100 mA} Vg ! — | 138 v7 v
i Temperature Coetficient of Forward Voltage AVE - | -6 f - mvIX
| Capacitance 1f = 1 MHz) C i — i 25 i - of
OPTICAL CHARACTERISTICS (Ta = 25°C vnless othenwise noted] -
i Characteristic | Symboi | Min Typ | Mex | Unr
; Peak Wavglj‘:lgm.(lp = 150 mA} r P } -— 0 —_ am
Soecirz! Haif-Powar Sandwidth '! KV | —_ - nm-
J 881 Power Ouwzut g = 100 mA} i Oe i - 15 — mw
Temperature Coefficient of Total Power Qutout ] 1@e | - I -o02s - “wK
! Axial Radiant Intensity ilg = 100 mAJ ! la I RY 15 - mwWisr
+ Temperature Coerficient of Axial Radiamt Intensity Ale i - -Q.25 —-— WX
‘Lower Half-Angle = ! - =30 - ¢
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TYPICAL CHARACTERISTICS
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NIANUIN . Data Sheet MRD 750

MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

Photo Detector MRD750
Logic Output

. incorporates a Schmitt Trigger whicn provides hysieresis for noise immunity and
Puise shaoing. The detector circurt «s osurmizea for simpricity of operation and utilizes an i
open-collecior output o aogticatien e biliy ' pHOTO DETECTOR
* Popuiar Low Cost Plasuc fackage LOGIC OUTPUT
* Hign Coupling E£ficiency
* Wide Ve Range
¢ Ideally Suited for MLED7: Smuner
e Usable to 129 wHz

ZACK ——

ORANGE ., ’

. amm
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TYPICAL CHARACTERISTICS
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TYPICAL COUPLED CHARACTERISTICS USING MLED71
EMITTER AND MRD750 DIGITAL OUTPUT DETECTOR
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Figure 9. Test Circuit for Threshold Current

Measuraments
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Current Measurements
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Figure 11. Test Circuit for Supply Current versus
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