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Preface
Thank you fo r choos ing  Log oso l M otion  C ontro lle r  fo r  address ing  your au tom ation  needs. Log oso l
is  com m itted  to  p rov id ing  p roduc ts  w ith  excep tiona l v a lue  and func tiona lity.

LS -421 M otion  C ontro l B oard  is  an  in teg ra ted  p roduc t, w h ich  com b ines  th ree  m ajor func tions  in
one b oard : M otion  C ontro l, I/O  C ontro l and P ow er A m plifica tion . Th is  innov ativ e  ap p roach
s ig n if ican tly reduces  the  ov era ll d im ens ions  o f  the  contro lle r , e lim ina tes  a  la rg e  num b er o f
redundant com p onents  and o f fe rs  a  v ar ie ty o f  cus tom  op tions .

W e s incere ly hop e th is  m anua l w ill he lp  you q u ick ly and e f f ic ien tly in teg ra te  the  b oard  in to  your
sys tem .
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I. How To Use This Manual

This  m anua l descr ib es  LS -421 m otion  contro l b oard . It is  in tended to  serv e  as  a  hardw are
re ference fo r sys tem  in teg ra tors . Th is  p ub lica tion  inc ludes  in fo rm ation  ab out the  fo llow ing  top ics :

• Ins ta lla tion . Th is  chap ter p resents  the  req u irem ents  to  the  hos t sys tem  and a  s tep  b y s tep
p rocedure  how  to  ins ta ll the  b oard  in to  your sys tem . B oard  se tup  issues , inc lud ing  jum p er
sp ec if ica tion  and ex terna l p ow er connector p inout a re  cov ered.

• H ardw are  R eference. It descr ib es  the  contro lle r  a rch itec tu re  and hardw are  fea tures , inc lud ing
serv o  channe ls , p ow er am p lif ie rs , d ig ita l inp u ts  and ou tp u ts , encoder in te rface , e tc . The
func tion ing  o f  hardw are  p ro tec tion  and d iag nos tics  c ircu its  is  d iscussed in  de ta il. Th is  chap ter
inc ludes  a lso  in te rface  connector sp ec if ica tion  and p ow er req u irem ents  fo r ex terna l p ow er
sources .

• B as ic  C ontro l P rocedures . Th is  p art p resents  typ ica l p rocedures  fo r in itia liza tion , d iag nos tics
and contro l as  f low charts .

• A ppend ixes  p rov ide  add itiona l re fe rence in fo rm ation . The techn ica l sp ec if ica tion  o f  the
contro lle r  is  g iv en  in  A p p end ix  A . The m em ory m ap  is  g iv en  in  A p p end ix  B .
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II. INSTALLATION

Log oso l M otion  C ontro l B oard  LS -421 is  a  f lex ib le  au tom ation  dev ice  su itab le  fo r m any d if fe ren t
typ es  o f  ap p lica tions . F or a  sp ec if ic  ap p lica tion  the  b oard  m ust b e  conf ig ured  us ing  p articu la r
jum p er and in te rface  connector op tions . In  add ition  to  the  hardw are  se tting s , som e o f  the  fea tures
of the  b oard  are  so f tw are  conf ig urab le  (e .g . m otor curren t l im its ) . Th is  chap ter exp la ins  the
conf ig ura tion  p rocess  and s ta tes  the  req u irem ents  to  the  hos t sys tem , w here  the  p roduc t w ill b e
ins ta lled .

Disclaimer

Logoso l assum es no  respons ib ility  fo r  dam ages or in ju r ies  incurred  to  your
sys tem  or to  the  opera ting  personne l, due to  im proper ins ta lla tion . A s  w ith  any
produc t des igned fo r indus tr ia l app lica tions , a  p ro fess iona l in  E lec tron ics
E ng ineer ing  shou ld  ins ta ll the  board .

The hardw are  ins ta lla tion  m ay req u ire  a  certa in  lev e l o f  know ledg e on  the  serv ice  and
m ain tenance p rocedures  fo r the  com p uter sys tem  w here  the  b oard  w ill b e  ins ta lled , w h ich  w ill b e
further re fe rred  to  as  the  hos t sys tem . C onsu lt the  serv ice  docum enta tion  o f  your hos t b e fore
b eg inn ing  to  ins ta ll the  b oard .

If  you  are  no t fam ilia r  w ith  ins ta lla tion  o f  e lec tron ic  com p onents  seek  he lp  f rom  a  com p uter
serv ice  eng ineer o r con tac t Log oso l fo r  ins ta lla tion  sup p ort.

❑  REQUIREMENTS

Log oso l LS -421 is  a  p lug - in  b oard  fo r a  s tandard  IS A  b us  sys tem . To op era te  LS -421, the  hos t
sys tem  m ust m eet the  fo llow ing  req u irem ents :

• IS A  b us  sys tem
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• O ne v acant 8 -b it o r  16-b it b us  s lo t. LS -421 itse lf  occup ies  sp ace fo r tw o s ing le -s ize  P C -
b oards . O n ly one b us  s lo t connec tor is  used.

• A  m in im um  of 512 K b ytes  conv entiona l R A M  ins ta lled

• A  f ree  I/O  address  rang e x280h÷x28F h or x2A 0h÷x2A F h, w here  x  m ay b e  0 , 1 , 2  o r 3

• C om p uter p ow er ( f rom  the  IS A  b us): + 5V  ± 5%  / 1A , + 12V  ± 5%  /1A

• E x terna l op era ting  p ow er: 24V  D C  ± 20%

• E x terna l m otor p ow er in  the  rang e: 24÷80V  D C

• A  coo ling  fan  w hen dr iv ing  h ig h  p ow er m otors  (hav ing  consum p tion  g rea ter than 3A @ 48V )

Caution

M otor pow er supp ly  m ust be  e lec tr ica lly  iso la ted  from  com puter g round and
from  opera ting  pow er supp ly  ( floa ting  pow er supp ly ).

❑  PREPARING THE BOARD

Inspection

Insp ec t the  b oard  fo r any s ig ns  o f  dam ag e. LS -421 w as thoroug h ly tes ted  and b urned- in ,
inc lud ing  tes ts  on  rea l m otors  and care fu lly p acked b e fore  sh ip m ent. Yet, there  a lw ays  ex is ts  a
s lig h t p oss ib ility o f  sh ip p ing  dam ag e. In  case there  is  any no ticeab le  im p erfec tion , p lease rep ort
th is  to  Log oso l im m edia te ly.

Jumper Settings

There  are  four jum p er b locks  on  the  b oard  (J1  – J4) fo r  the  conf ig ura tion  o f  the  fo llow ing
hardw are  fea tures :

• B ase I/O  A ddress  (J1)

• In te rrup t R eq uest L ine  (J2)
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• C urren t L im it M ode (J3)

• S erv o  O ff  M ode (J4)

Take a  m om ent to  loca te  the  jum p ers  on  the  b oard  and g e t fam ilia r  w ith  the ir  se tting , descr ib ed
under the  fo llow ing  top ics .

■ BASE I/O ADDRESS

E ig ht b ase addresses  are  av a ilab le , dep end ing  on  J1  se tting  – 0x280, 0x1280, 0x2280, 0x3280,
0x2A 0, 0x12A 0, 0x22A 0, 0x32A 0. Thus , up  to  8  b oards  m ay b e  ins ta lled  in  one hos t com p uter
(no t m ore  than 4  if  IR Q  lines  is  used).

9 7 2 9 1 0 6

0 x0 2 8 0 0 x0 2 A 0

0 x1 2 8 0 0 x1 2 A 0

0 x2 2 8 0 0 x2 2 A 0

0 x3 2 8 0 0 x3 2 A 0

J U M P E R  O P E N

J U M P E R  C L O S E D

Figure 1: Base I/O Address (J1 jumper block)

■ INTERRUPT REQUEST LINE

The use o f  a  hardw are  in te rrup t is  op tiona l fo r  the  func tion ing  o f  the  LS -421 m otion  contro lle r .
C onsu lt your so f tw are  docum enta tion  to  f ind  ou t if  you  hos t so f tw are  req u ires  in te rrup t sup p ort.

There  are  four hardw are  in te rrup t l ines  to  choose from : 7 , 10 , 12  and 15 . E ach LS -421 b oard
shou ld  hav e a  un iq ue IR Q  line . Th is  in te rrup t shou ld  no t b e  shared w ith  o ther dev ice  hos ted  in
your sys tem .
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9 7 2 9 1 0 7

IR Q 7 J U M P E R  O P E N

J U M P E R  C L O S E DIR Q 1 0

IR Q 1 2

IR Q 1 5

Figure 2: Interrupt line (J2 jumper block)

■ CURRENT LIMIT MODE

M otor curren t ov er load p ro tec tion  has  tw o m odes o f  op era tion  dep end ing  on  J3  jum p er se tting s :
shutdow n or curren t lim ita tion . W ith  J3  jum p er ins ta lled , the  p ow er am p lif ie rs  w ill b e
autom atica lly shut dow n. If  J3  is  le f t op en, the  am p lif ie rs  w ill rem ain  enab led , reg ard less  o f  the
ov er load, w ith  the  ou tp u t m otor curren t l im ited  to  the  sp ec if ied  v a lue  (curren t l im ita tion  m ode).
S ee a lso  “B u ilt- In  P ow er A m p lif ie rs ” on  p ag e 22 .

9 7 2 9 1 0 8

J U M P E R  O P E NC U R R E N T L IM IT

J U M P E R  C L O S E DS H U T D O W N

Figure 3: Current Limit Mode (J3 jumper)
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■ SERVO OFF MODE

D ep end ing  on  J4  jum p er se tting , the  m otors  w ind ing s  are  shorten  (J4  c losed), o r  le f t op en (J4
op en), w hen am p lif ie rs  a re  d isab led  due to  a  hardw are  excep tion . A  short c ircu it on  the  m otor
w ind ing s  p rov ides  fas te r s top p ing  com p ared to  op en w ind ing s  b u t s top p ing  w ith  op en w ind ing s  is
sm oother. S ee a lso  “B u ilt- In  P ow er A m p lif ie rs ” on  p ag e 22 .

9 7 2 9 1 0 9

J U M P E R  O P E NS M O O T H  STO P

J U M P E R  C L O S E DFA ST  STO P

Figure 4: Servo Off Mode (J4 jumper)

Interface Connectors

■ CN3 CONNECTOR (EXTERNAL POWER)

The C N 3 connector loca ted  on  the  b o ttom  s ide  o f  the  b oard  ( in - line  w ith  the  IS A  b us  connector)  is
the  en try p o in t fo r  the  ex terna l m otor and op era ting  p ow er sup p lies . The te rm ina ls  o f  the
em erg ency s top  inp ut a re  a lso  loca ted  there . A  schem atic  d raw ing  o f  the  loca tion  and p inout o f
the  C N 3 connector is  show n in  F ig ure  12  on  p ag e 35 .

■ FRONT PANEL CONNECTOR

The fron t p ane l connector p rov ides  the  in te rface  to  the  contro lled  eq u ip m ent.  The s tandard  f ron t-
p ane l connector fo r  LS -421 m otion  contro lle r  is  a  56-p in  E LC O  connector, show n in  F ig ure  23  on
p ag e 48 . C ustom ized v ers ions  o f  LS -421 m ay b e  eq u ip p ed w ith  a  d if fe ren t f ron t-p ane l in te rface
connector. C heck  the  docum enta tion  tha t com es w ith  your sys tem  to  v er ify the  typ e o f  connec tor
tha t is  ins ta lled  w ith  your sys tem .
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LED Indicators

The LS -421 b oard  is  eq u ip p ed w ith  tw o LE D  ind ica tors  (L1  and L2) fo r  a  fas t and easy v isua l
check  o f  the  contro lle r  s ta tus . In  o rder to  c lose  the  serv o  loop  and enab le  the  p ow er am p lif ie rs
b oth  LE D s m ust b e  O N . The loca tion  o f  L1  and L2  is  show n in  F ig ure  7  on  p ag e 19 .

The L1  ind ica tor is  O N  if  the  a ll o f  the  fo llow ing  cond itions  are  m et:

• C om p uter p ow er is  p resent

• The contro lle r  is  in itia lized

• M otor p ow er sup p ly is  p resent

• There  is  no t a  short c ircu it b e tw een a  m otor te rm ina l and the  com p uter g round or b e tw een a
m otor te rm ina l and the  g round o f  the  op era ting  p ow er.

The L2  ind ica tor is  O N  if  a ll o f  the  fo llow ing  cond itions  are  m et:

• O p era ting  p ow er is  p resent

• N one o f  the  d ig ita l ou tp u ts  is  ov er loaded.

❑  INSTALLATION PROCEDURE

• P ow er O ff. D isconnect the  p ow er to  the  hos t sys tem . N ev er touch e lec tron ic  c ircu its  o r w ir ing
w hile  p ow er is  on . Th is  p ro tec ts  you and your hardw are .

• S ta tic  E lec tr ic ity  P recautions . U se a  p rop er ly g rounded and s ta tic  e lec tr ic ity sa fe  w orkb ench
w hen p erfo rm ing  the  ins ta lla tion . Touch e lec tr ica l g round to  ev entua lly d ischarg e a ll s ta tic
e lec tr ic ity accum ula ted  in  your b ody.

• B oard  S etup. S e lec t the  I/O  address  w ith  J1  jum p er b lock . O p tiona lly se lec t IR Q  line  w ith  J2
jum p er b lock . S etup  the  S erv o  o f f  M ode (J4) and C urren t L im it M ode (J3). S ee jum p er layouts
in  sec tion  “Jum p er S etting s  ” on  p ag e 7 , ear lie r  in  th is  chap ter.

• E x terna l P ow er.  P lug  in  the  m ain  p ow er connec tor C N 3. C heck  p ow er sup p ly – m otor p ow er
(24÷80V ) and op era ting  p ow er (24V ). M ake sure  the  em erg ency s top  contac t b e tw een p ins  7
&  8  o f  C N 3 connector is  c losed.

• Insert in  S lo t. P lug  in  LS -421 in to  a  f ree  IS A -b us  s lo t. A ny s lo t m ay b e  used.
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• S crew  the  B oard . F ix  LS -421 w ith  a  sc rew  to  the  chass is . N ev er sw itch  on  the  p ow er b e fore
LS -421 is  f ixed  to  the  chass is . The b oard  m ig ht hav e tilted  w ith in  the  s lo t and short-c ircu ited
the  b us  w ith  unp red ic tab le  resu lts .

• T es t the  ins ta lla tion . S w itch  on  your sys tem  and check  w hether o r no t the  b oard  in te rfe res
w ith  the  norm al com p uter op era tion . S w itch  on  the  LS -421 ex terna l p ow er sup p ly. R un the
ap p lica tion  so f tw are .
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III. Hardware Reference

This  chap ter exp la ins  in  de ta il the  hardw are  fea tures  av a ilab le  in  LS -421 m otion  contro lle r . The
sub jec ts  in  it a re  o rg an ized to  re f lec t the  ov era ll s truc tu re  o f  the  contro lle r , w h ich  is  an  assem b ly
o f th ree  m odu les  (B ase M odu le , Inp ut B oard  and In te rface  W ir ing ):

• A rch itec tu re  O verv iew  is  a  b r ie f  descr ip tion  o f  the  contro lle r  s truc tu re  and fea tures .

• B ase M odu le  descr ib es  the  hardw are  com p onents  and fea tures  sup p orted  b y the  B ase
M odu le , am ong  w h ich  are  the  M otion  P rocessor, the  D ig ita l O utp u ts  and the  S erv o  C ontro l
and D iag nos tics  c ircu it.

• Input B oard  exp la ins  D ig ita l Inp uts , Inc rem enta l E ncoder In te rface  and A b so lu te  E ncoder
In te rface , loca ted  on  tha t m odu le

• In te rface  W ir ing  g iv es  the  schem atics  o f  the  w ir ing , w h ich  connects  the  B ase M odu le , the
Inp ut B oard  and the  f ron t-p ane l in te rface  connector.

• E x terna l P ow er S upp ly  s ta tes  the  req u irem ents  to  the  ex terna l p ow er sources  and o f fe rs  an
exam p le  schem e fo r a  typ ica l ex te rna l p ow er sup p ly

❑  ARCHITECTURE OVERVIEW

LS -421 is  a  4 -ax is  m u ltip urp ose serv o  contro lle r  w ith  b u ilt- in  p ow er am p lif ie rs  fo r  D C  m otors  w ith
q uadra ture  inc rem enta l encoders . It is  des ig ned to  m eet the  req u irem ents  fo r h ig h  p rec is ion  and
h ig h  re liab ility essentia l to  indus tr ia l ap p lica tions . The b oard  is  des ig ned as  a  p lug - in  b oard  fo r
P C /A T com p atib le  com p uters  w ith  IS A  b us . The un iq ue F lexW are™  des ig n  a llow s f lex ib le  w ir ing
and p in  ass ig nm ent to  m eet sp ec if ic  req u irem ents  and to  ach iev e  com p atib ility w ith  the  ex is ting
hardw are . To  a tta in  h ig her re liab ility o f  op era tion  in  indus tr ia l env ironm ents , a ll inp u ts  and
outp uts  a re  op to iso la ted  f rom  the  com p uter g round.
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To de liv er u ltim ate  p erfo rm ance and adap tab ility to  d if fe ren t ap p lica tions  LS -421 is  des ig ned
us ing  the  la tes t ach iev em ents  in  IC  techno log y. The onb oard  25M H z P M D  M C 1401A  D S P
p rocessor g uaranties  p rec ise  and sm ooth  m otion  contro l, and  uses  sp ar ing ly the  hos t com p uter
resources . In  th is  m anua l, the  M C 1401A  ch ip se t is  re fe rred  to  as  the  M otion  P rocessor (M P ).

A ll inp u t, ou tp u t and contro l s ig na ls  a re  p rocessed b y an  In -S ys tem  P rog ram m ab le  ( IS P ) ch ip se t
to  a llow  fas t and easy user-de f ined cus tom iza tions . Th is  ap p roach a llow s easy fac to ry
cus tom iza tions  o f  the  contro lle r  inp ut and ou tp u t ass ig nm ents .

LS -421 contro lle r  is  eq u ip p ed w ith  the  fo llow ing  hardw are  sa fe ty fea tures :

• E m erg ency s top  inp ut

• O utp u t ov er load p ro tec tion

• A m p lif ie r  ov ercurren t p ro tec tion

• M otor p ow er underv o ltag e and short c ircu it p ro tec tion

• O p era ting  p ow er underv o ltag e p ro tec tion

• A  ded ica ted  d iag nos tics  c ircu it fo r  iden tif ica tion  o f  the  causes  fo r hardw are  excep tions  and
ac tiv a tion  o f  p ro tec tion  c ircu its  (e .g . d isab ling  the  am p lif ie rs ) .

Controller Architecture

LS -421 is  a  th ree-p iece  assem b ly, w h ich  cons is ts  o f  the  fo llow ing  com p onents :

• A  m other-b oard  re fe rred  to  as  B ase M odu le  (B M )

• A  p lug - in  b oard  tha t sup p orts  a ll inp u t c ircu its , re fe rred  to  as  Inp ut B oard  ( IB )

• A n  In te rface  W ir ing  ( IW ) to  connect B M  and IB  to  the  LS -421 fron t p ane l connector

B M  can b e  com b ined w ith  v ar ious  typ es  o f  IB s  to  c rea te  the  op tim a l so lu tion  in  each m otion
contro l ap p lica tion . The s tandard  IB  av a ilab le  f rom  Log oso l and com p atib le  w ith  the  LS -421 B M
is  LS -421-2112.
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Figure 5: LS-421 main components

W ith  resp ec t to  func tion , LS -421 p rov ides  the  fo llow ing  m odu les :

• M otion  P rocessor, im p lem ented as  a  D S P  m otion  contro l ch ip se t (M C 1401A )

• P ow er A m plifie rs  w ith  P W M  outp ut

• Inc rem enta l E ncoder R ece iver

• A bso lu te  P os ition  E ncoder R ece iver

• D ig ita l Inputs

• D ig ita l O utputs
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• S ervo  C ontro l and D iagnostics  C ircu it, w h ich  contro ls  m otor am p lif ie rs , d ig ita l ou tp u ts ,
ou tb ound p ow er sources  and the  IR Q  line  to  the  hos t, b ased on  hos t com m ands or on  s ig na ls
com ing  from  on-b oard  p ro tec tion  c ircu its .

• P ow er S upp ly , w h ich  contro ls  th ree  ou tb ound p ow er lines .

The in te rconnections  b e tw een the  ab ov e func tiona l m odu les  are  p resented  in  the  fo llow ing  f ig ure :

9729105a

Figure 6: LS-421 block diagram
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Memory Map

LS -421 is  des ig ned as  a  s tandard  IS A  b us  p er ip hera l dev ice . The hos t sys tem  com m unica tes
w ith  the  LS -421 m otion  contro lle r  us ing  des ig nated  p ort addresses .

To sav e I/O  sp ace, LS -421 uses  on ly 16  b ytes  f rom  the  low est 1024 I/O  addresses  rang e. The
res t o f  LS -421 reg is te rs  occup y the  sp ace loca ted  a t o f fse t 0x400, 0x800 and 0xC 00. F or
ins tance, if  LS -421 b ase address  is  se t to  0x280, the  fo llow ing  I/O  address  are  in  use  –
0x280÷0x28F , 0x680÷0x68F , 0xA 80÷0xA 8F , 0xE 80÷0xE 8F . E ig h t b ase addresses  are  av a ilab le ,
dep end ing  on  J1  se tting  – 0x280, 0x1280, 0x2280, 0x3280, 0x2A 0, 0x12A 0, 0x22A 0, 0x32A 0. S ee
“Jum p er S etting s : B ase I/O  A ddress” on  p ag e 8 .

In  th is  m anua l and in  o ther re fe rence sources , reg is te rs  a re  nam ed cons is ten tly w ith  th ree  to  s ix -
le tte r  ab b rev ia tions , w h ich  corresp ond to  the ir  func tion . The tab le  b e low  show s LS -421 reg is te r
loca tions  re la tiv e  to  contro lle r  b ase address . The o f fse ts  a re  in  hexadec im al no ta tion .

            READ            WRITE
D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

0               MC1401A DATA REGISTER 0               MC1401A DATA REGISTER 0
1 READY 1            MC1401A COMMAND REGISTER 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0 8 8
9 IN15 IN14 IN13 IN12 IN11 IN10 IN9 IN8 9 9
A AE RST OPT SPS CL3 CL2 CL1 CL0 A AE RST OPT SPS A
B EMG STP MPF OPF EMGL STPL MPFL OPFL B B
C ADI MPI C ENADI C
D OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0 D OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0 D
E E PCS3 PCS2 PCS1 PCS0 APERES E
F F F

400 400 400
401 401 401
402 402 402
403 403 403
404 APE D7 APE D6 APE D5 APE D4 APE D3 APE D2 APE D1 APE D0 404                     REQ APE#0 404
405 APE D15 APE D14 APE  D13 APE D12 APE D11 APE D10 APE D9 APE D8 405                     REQ APE#1 405
406 APE D23 APE D22 APE D21 APE D20 APE D19 APE D18 APE D17 APE D16 406                     REQ APE#2 406
407 APE RDY BE OF OS BA PS CE 407                     REQ APE#3 407
408 408            CURRENT LIMIT #0 (0x0 - 0xF) 408
409 409            CURRENT LIMIT #1 (0x0 - 0xF) 409
40A 40A            CURRENT LIMIT #2 (0x0 - 0xF) 40A
40B 40B            CURRENT LIMIT #3 (0x0 - 0xF) 40B
40C 40C 40C
40D 40D 40D
40E 40E 40E
40F 40F 40F

807 ID3 = 0 ID2 = 0 ID1 = 0 ID0 = 1 807 807

C07 ID7 = 1 ID6 = 0 ID5 = 1 ID4 = 1 C07 C07

Table 1: LS-421 Memory Map
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❑  BASE MODULE

This  sec tion  exp la ins  the  m ain  p arts  and contro ls  conta ined in  the  B ase M odu le  (B M ) o f  the  LS -
421 M otion  C ontro l B oard . The B ase M odu le  is  the  m ain  p art o f  LS -421 serv o  contro lle r  and it
p lays  the  ro le  o f  a  m otherb oard  fo r the  Inp ut B oard  ( IB ) m odu le .

The B ase M odu le  sup p orts  the  fo llow ing  func tiona l m odu les :

• M otion  contro l p rocessor

• P u lse  w id th  m odu la tion  (P W M ) m otor p ow er am p lif ie rs

• O p to iso la ted  d ig ita l ou tp u ts ,

• S erv o  C ontro l and D iag nos tics  (S C D ) log ic  c ircu it.

Board Layout

The b oard  layout w ith  ca ll-ou ts  to  those p arts , w h ich  can b e  m on ito red , m an ip u la ted  or ad jus ted
in  o rder to  se tup  or serv ice  the  b oard , is  p resented  in  F ig ure  7 . S om e o f  the  des ig nated
com p onents  a re  no t user-serv iceab le .

The B M  b oard  is  eq u ip p ed w ith  tw o LE D  ind ica tors , denoted  as  L1  and L2 , fo r  fas t and easy
v isua l check  o f  the  contro lle r  s ta tus . In  o rder to  c lose  the  serv o  loop  and enab le  the  p ow er
am p lif ie rs  b o th  LE D  m ust b e  O N .

The L1  ind ica tor is  O N  if  the  a ll o f  the  fo llow ing  cond itions  are  m et:

• C om p uter p ow er is  p resent

• The contro lle r  is  in itia lized

• M otor p ow er sup p ly is  p resent

• There  is  no t a  short c ircu it b e tw een a  m otor te rm ina l and the  com p uter g round or b e tw een a
m otor te rm ina l and the  g round o f  the  op era ting  p ow er.

The L2  ind ica tor is  O N  if  a ll o f  the  fo llow ing  cond itions  are  m et:

• O p era ting  p ow er is  p resent

• N one o f  the  d ig ita l ou tp u ts  is  ov er loaded.
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Figure 7: Base Module Board Layout

Motion Processor

LS -421 im p lem ents  the  la tes t D ig ita l S ig na l P rocess ing  (D S P ) techno log y fo r m ax im um
p erfo rm ance and p rec is ion . The contro lle r  is  b ased on  M C 1401A  m otion  contro l ch ip se t f rom
P rec is ion  M otion  D ev ices , Inc  (P M D ).

The M C  1401A  cons is ts  o f  tw o 68-p in  P LC C  ch ip s :

• P er ip hera l inp ut/ou tp u t IC  ( I/O  ch ip )
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• C om m and P rocessor IC  (C P  ch ip )

The C P  and I/O  ch ip s  func tion  tog ether as  one in teg ra ted  m otion  p rocessor (M P ). In te rconnection
b etw een the  tw o ch ip s  cons is ts  o f  a  da ta  b us  and v ar ious  contro l and synchron iza tion  s ig na ls ,
w h ich  are  im p lem ented in  the  hardw are  o f  the  B M .

The M P  em p loys  th ree  in te rfaces  to  the  LS -421 b oard :

• E ncoder in te rface

• A m p lif ie r  in te rface

• H os t in te rface

W ith in  the  LS -421 b oard  arch itec tu re , the  am p lif ie r  in te rface  is  connected  to  the  B ase M odu le ,
the  encoder in te rface  is  connected  to  the  Inp ut B oard  and M P  H ost P rocessor In te rface is
rep resented  in  the  M P -C M D  and M P -D A T reg is te rs  (see  nex t sec tions).

M P  p erfo rm s the  fo llow ing  func tions :

• R eads q uadra ture  encoder s ig na ls  and accum ula tes  curren t encoder p os ition .

• G enera tes  P W M  m otor ou tp u t s ig na ls , w h ich  are  fed  to  the  m otor p ow er am p lif ie rs

• C loses  the  serv o  loop , b ased on  P rop ortiona l- In teg ra l-D er iv a tiv e  (P ID ) +  V e loc ity F eed
F orw ard  (V ff)  +  D C  b ias  d ig ita l serv o  f i lte r ing . O p en-loop  m otor contro l is  a lso  feas ib le .

• P erfo rm s h ig h-sp eed p os ition  cap ture  ( la tch ing ), tr ig g ered b y ex terna l s ig na ls

• G enera tes  the  tra jec tory p ro f ile . The fo llow ing  typ es  are  sup p orted : S -curv e , trap ezo ida l,
v e loc ity con tour ing , e lec tron ic  g ear ing

• C hecks  m otor to rq ue lim its

• D etec ts  and recov ers  f rom  excess iv e  m otion  erro r, w hen m otion  is  s top p ed ab rup tly b y a
p ro tec tion  c ircu it.

• In te rp re ts  hos t com m ands sent to  M P

• S e ts  M P  hos t in te rrup ts

• M a in ta ins  M P  s ta tus  in fo rm ation

The fo llow ing  fea tures  o f  the  M P 1401 ch ip se t a re  no t sup p orted  in  the  LS -421 m otion  contro lle r :

• The contro l l ines  fo r trav e l l im it sw itches  are  no t connected . Thus  M P  ax is  s ta tus  w ill nev er
rep ort trav e l l im it exceeded.
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• Index  and H om e h ig h-sp eed p os ition  cap ture  lines  o f  the  M P  are  connected  tog ether. Thus ,
p os ition- la tch ing  s ig na ls  f rom  LS -421 ( index  p u lses  or inp uts  des ig nated  fo r p os ition  cap ture)
w ill ac tiv a te  b o th  Index  and H om e lines . The hos t so f tw are  m ay choose w h ich  o f  one o f  them
to  use  fo r p os ition  cap tur ing .

■ ENCODER INTERFACE.

Q uadra ture  encoder s ig na ls  a re  fed  f rom  the  LS -421 IB  to  the  I/O  ch ip . S ee “Inp ut B oard :
Increm enta l E ncoder In te rface” on  p ag e 43 .

■ AMPLIFIER INTERFACE

The m otor ou tp u t s ig na ls  a re  connected  to  the  P W M  contro l ch ip  on  B M . S ee “B u ild - In  P ow er
A m p lif ie rs  on  p ag e 22.

■ HOST INTERFACE

LS -421 p rov ides  the  necessary env ironm ent fo r  the  M P  ch ip se t. W ith in  the  LS -421 arch itec tu re
M P  is  in te rfaced v ia  an  8-b it b i-d irec tiona l b us  (M P  b us) and v ar ious  contro l s ig na ls .

To  the  hos t sys tem , LS -421 p rov ides  a  s im p lif ied  and transp arent com m unica tion  in te rface  to  M P
throug h tw o 8-b it reg is te rs , w h ich  are  access ib le  b y the  hos t sys tem  a t sp ec if ic  addresses :

• M otion  P rocessor C om m and R eg is te r (M P -C M D )

• M otion  P rocessor D ata  R eg is te r (M P -D A T)

C om m ands and da ta  a re  trans ferred  f rom  the  M P -C M D  and M P -D A T reg is te rs  to  the  M P  b us . LS -
421 is  resp ons ib le  fo r se tting  the  correc t lev e ls  fo r  the  M P  contro l l ines , b ased on  the  curren t hos t
op era tion  (read or w r ite  to  the  resp ec tiv e  reg is te r) , thus  s im p lify ing  hos t to  M P  com m unica tion
and synchron iza tion . The hos t is  synchron ized w ith  M P  b y p o ling  the  R E A D Y b it b e fore  w riting  to
the  M P -C M D  or M P -D A T reg is te rs .

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0 R/W MP-DAT
Base Addr + 1 Write MP-CMD
Base Addr + 1 Read READY

Table 2: MC1401A register location

M P  com m and se t is  m ade o f  s ing le -b yte  com m ands. D ata  is  o rg an ized in  16-b it w ords . A ll da ta  is
encoded “h ig h  to  low ”, i.e . each 16-b it w ord  is  encoded h ig h  b yte  f irs t, low  b yte  second, and tw o
w ord  da ta  v a lues  are  encoded h ig h  w ord  f irs t, low  w ord  second. C om m ands cou ld  b e  o f  one o f
the  fo llow ing  th ree  typ es :

• D ata less  com m and
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• W rite  com m and

• R ead com m and

A ll com m ands assoc ia ted  w ith  da ta  (read or w r ite )  hav e e ither 1  o r 2  w ords  o f  da ta .

The hos t sys tem  m ust com p ly w ith  the  fo llow ing  req u irem ents  w hen send ing  a  com m and and
read ing  or w r iting  da ta  to  the  M P :

• To  send a  com m and, the  hos t m ust w r ite  the  com m and code to  the  M P -C M D  reg is te r f irs t,
then w rite  o r read the  w ords  o f  da ta  to  the  M P -D A T reg is te r, if  any.

• E ach w rite  op era tion  to  the  M P -C M D  reg is te r m ust b e  p receded b y p o ling  (read ing
rep eated ly)  the  R E A D Y reg is te r to  conf irm  tha t M P  is  av a ilab le  to  rece iv e  the  com m and.

• E ach w riting  / read ing  o f  the  h ig h  b yte  o f  each w ord  to  / f rom  the  M P -D A T reg is te r m ust b e
p receded b y p o ling  the  R E A D Y reg is te r to  conf irm  tha t M P  is  av a ilab le  to  rece iv e  da ta  or tha t
the  da ta  conta ined in  M P -D A T is  v a lid  fo r  read ing . Th is  p o ling  is  no t necessary b e tw een the
b ytes  o f  each w ord  (b e fore  read ing  / w r iting  the  second b yte).

A dd itiona l in fo rm ation  ab out the  M P  ch ip se t m ay b e  found in  the  M C 1401A  R eference M anua l
av a ilab le  f rom  P erfo rm ance M otion  D ev ices , Inc .

Built-in Power Amplifiers

E ach LS -421 serv o  channe l is  eq u ip p ed w ith  a  b u ilt- in  p ow er am p lif ie r , cap ab le  o f  de liv er ing  up
to  10A . The am p lif ie rs  a re  des ig ned as  H -b r idg es  w ith  F E T trans is to rs  ( IR F 9540 and IR C 530). To
ach iev e  h ig h  no ise  im m unity and re liab ility, the  p ow er c ircu its  a re  op to iso la ted  f rom  the  com p uter
g round.

A  sp ec ia l c ircu it ad jus ts  P W M  s ig na ls , g enera ted  b y the  M otion  P rocessor, to  m eet the  p ow er
b r idg es  req u irem ents .

■ ENABLING AND DISABLING THE POWER AMPLIFIERS

S erv o  C ontro l and D iag nostics  (S C D ) log ica l c ircu it con tro ls  the  am p lif ie r  enab le  (A E ) s ig na l. The
am p lif ie rs  a re  im m edia te ly shut dow n in  the  fo llow ing  cases :

• P ow er fa ilu re

• E xcess  m otor curren t

• D ig ita l ou tp u t ov er load

• E m erg ency s top  c ircu it is  ac tiv a ted .
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The code o f  the  ev ent, w h ich  has  d isab led  the  am p lif ie rs  is  la tched in  a  sp ec ia l reg is te r and is
av a ilab le  to  the  hos t fo r  d iag nos tics . The func tion ing  o f  S C D  is  exp la ined in  de ta il in  “S erv o
C ontro l and D iag nostics  C ircu it” on  p ag e 26 .
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Figure 8: Build-in Power Amplifiers

■ SERVO-OFF MODE

If  the  am p lif ie rs  a re  d isab led  w h ile  the  m otors  a re  m ov ing , they can s top  in  one o f  tw o w ays
dep end ing  on  J4  jum p er se tting . W hen J4  is  ins ta lled , the  m otors  w ind ing s  are  shorten , w h ile  if
J4  is  le f t op en, the  m otors  hav e the ir  w ind ing s  op en. A  short c ircu it on  the  m otor w ind ing s
p rov ides  fas te r s top p ing  com p ared to  op en w ind ing s  and m ay he lp  p rev ent ev entua l co llap s ing  o f
m echan ica l p arts  under the ir  ow n w e ig h t. O n the  o ther hand s top p ing  w ith  op en w ind ing s  is
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sm oother. F or the  loca tion  o f  the  J4  jum p er on  the  LS -421 b oard , see  “Jum p er S etting s” on  p ag e
9.

■ MOTOR BRAKES

If  the  contro lled  m otors  o r the  ac tua ted  m echan ism s are  eq u ip p ed w ith  b rakes , they can b e
autom atica lly ac tiv a ted  w hen the  am p lif ie rs  a re  d isab led . To  ob ta in  th is  func tiona lity, the  b rakes
shou ld  b e  p ow ered b y O P S  outb ound p ow er source  and b e  norm ally c losed ( the  ax is  is  s top p ed
w hen the  b rake is  no t ac tiv a ted). Th is  hap p ens, b ecause O P S  is  contro lled  b y the  A E  s ig na l. S ee
“D ig ita l O utp u ts  and O utb ound P ow er” on  p ag e 24 .

■ CURRENT LIMITS

The outp u t curren t f rom  each H -b r idg e is  continuous ly m on ito red  b y a  p ro tec tion  c ircu itry and is
lim ited  to  a  v a lue  ad jus tab le  in  the  rang e o f  2÷10A . The lim it fo r  each ax is  can b e  p rog ram m ed
ind iv idua lly us ing  a  sp ec ia l reg is te r. The rang e 2÷10A  is  d iv ided in to  16  s tep s . A  tr im m er-p o t (P 0,
P 1, P 2, P 3) m ay b e  used fo r p rec ise  ad jus tm ent o f  the  se lec ted  lim it. If  an  am p lif ie r  ou tp u t is
ov er loaded or shortened, the  H -b r idg e ou tp u t curren t p ro tec tion  is  ac tiv a ted . The p ro tec tion  has
tw o m odes o f  op era tion  dep end ing  on  J3  jum p er se tting . W ith  J3  jum p er ins ta lled  the  serv o  loop
w ill b e  shut dow n autom atica lly and the  P W M  p ow er am p lif ie rs  w ill b e  d isab led . If  J3  is  le f t op en,
the  am p lif ie rs  w ill rem ain  enab led  reg ard less  o f  the  ov er load dura tion . The ou tp u t curren t is
lim ited  to  the  sp ec if ied  v a lue . F or the  loca tion  o f  the  J3  jum p er on  the  LS -421 b oard , see  “Jum p er
S etting s” on  p ag e 9 .

Digital Outputs and Outbound Power

B eing  a  fu lly in teg ra ted  serv o  contro lle r , LS -421 o f fe rs , in  add ition  to  the  serv o  channe ls , 8
g enera l-p urp ose d ig ita l ou tp u ts  eq u ip p ed w ith  h ig h  v o ltag e, h ig h  curren t F E T trans is to rs . It a lso
fea tures  th ree  re lay contro lled  p ow er sources . The re lays  and the  resp ec tiv e  p ow er sources  are
nam ed b ased on  the ir  typ ica l usag e.

• S ys tem  P ow er S upp ly  (S P S ). The S P S  re lay is  used as  m ain  sys tem  p ow er sw itch . It
connects  (d isconnects ) the  op era ting  p ow er (24V ) f rom  a  num b er o f  c ircu its  on  the  B M . The
outp ut f rom  the  S P S  re lay is  fed  to  the  O P T and O P S  outb ound p ow er c ircu its . It a lso  contro ls
the  norm ally op en m otor p ow er re lay. Thus , tu rn ing  S P S  o ff  w ill d isab le  the  p ow er am p lif ie rs ,
as  w e ll as  O P S  and O P T. The c ircu it con tro lling  the  d ig ita l ou tp u ts  is  a lso  p ow ered b y S P S
and tu rn ing  S P S  o ff  w ill sw itch  o f f  the  d ig ita l ou tp u ts . The ou tp u t f rom  the  S P S  re lay is
av a ilab le  as  an  ou tb ound p ow er source  (24V ), im m edia te ly fo llow ing  contro lle r  in itia liza tion .
S P S  outb ound p ow er is  norm ally used to  p ow er sensors  in  the  contro lled  eq u ip m ent. Th is
g uarantees  tha t the  user sensors  w ill rem ain  p ow ered a ll the  tim e excep t w hen the
em erg ency inp ut is  ac tiv a ted .

• O P T iona l P ow er S upp ly  (O P T ) is  a  g enera l-p urp ose p ow er source  and m ay b e  contro lled
ind iv idua lly. S P S  m ust b e  O N  to  enab le  O P T.
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• O utpu t P ow er S upp ly  (O P S ) is  used b as ica lly to  p ow er m otor b reaks  and v ar ious  user v a lv es
and sw itches . O P S  can no t b e  contro lled  sep ara te ly. Its  s ta te  dep ends on  am p lif ie r  enab le
s ta tus  and S P S  s ta tus . If  the  p ow er am p lif ie rs  a re  d isab led  or the  S P S  is  o f f , O P S  is  o f f . Th is
is  use fu l fo r  dev ices  tha t shou ld  b e  shut o f f  au tom atica lly w hen the  am p lif ie rs  a re  d isab led ,
fo r ins tance m otor b reaks  or o ther em erg ency c ircu its .

9729901

Figure 9: Digital outputs and outbound power sources

The outp u ts  a re  op en co llec to r trans is to rs  connected  to  the  g round o f  the  op era ting  v o ltag e. They
are  op to iso la ted  f rom  com p uter g round. A ll ou tp u ts  a re  short-c ircu it p ro tec ted . If  one o f  them  is
ov er loaded, the  p ro tec tion  c ircu it w ill shu t dow n a ll trans is to r ou tp u ts . O P T and S P S  re lays  w ill
no t b e  a f fec ted . The serv o  loop  w ill b e  tu rned o f f  au tom atica lly (am p lif ie r  d isab le ) and th is  w ill
tu rn  o f f  O P S  as  w e ll. O nce ac tiv a ted , the  p ro tec tion  keep s  ou tp u ts  d isab led  un til the  ev ent tha t
caused the  ov er load ex is ts . The ou tp u ts  a re  contro lled  th roug h reg is te r b its  O U T0 to  O U T7. To
ac tiv a te  an  ou tp u t o r p ow er sup p ly, the  corresp ond ing  b it m ust b e  se t H IG H  (1).
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R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xA R/W AE RST OPT SPS CL3 CL2 CL1 CL0
Base Addr + 0xD R/W OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

Table 3: Digital Outputs and Outbound Power Registers

A ctiv a tion  o f  the  em erg ency inp ut w ill d isab le  S P S . In  o rder to  p rev ent an  acc identa l tu rn  on  a f te r
the  em erg ency inp ut is  ac tiv a ted , S P S  is  eq u ip p ed w ith  a  doub le  b u ffe red  log ic . To  res to re  S P S
afte r b e ing  shut o f f , S P S  m ust b e  cyc led  o f f -on , i.e . S P S  contro l b it shou ld  b e  f irs t se t LO W  (0)
and a f te r tha t se t H IG H  (1).

Servo Control and Diagnostics Circuit

The S erv o  C ontro l and D iag nostics  c ircu it (S C D ) a llow s the  hos t to  se t up  the  contro lle r  and to
m on ito r the  curren t LS -421 s ta tus .

■ CONTROLLED SIGNALS

The S C D  c ircu it con tro ls  the  am p lif ie r  enab le  s ig na l b ased on  sev era l in te rna l and ex terna l
excep tion  s ig na ls . In  add ition  to  tha t, it con tro ls  the  M otion  P rocessor rese t s ig na l. These s ig na ls
can b e  m on ito red  or contro lled  b y the  A E  and R S T s ta tus /contro l b its . If  A E  is  se t to  H IG H  (1) the
am p lif ie rs  a re  enab led . A E  se t to  LO W  (0) m eans tha t the  am p lif ie rs  a re  d isab led .

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xA R/W AE RST OPT SPS CL3 CL2 CL1 CL0

Table 4: Amplifier Enable Control

The m otion  p rocessor is  in  rese t w hen the  R S T b it is  se t to  H IG H  (1). S etting  R S T to  LO W  (0)
rem ov es rese t f rom  the  p rocessor.

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xA R/W AE RST OPT SPS CL3 CL2 CL1 CL0

Table 5: Motion Processor Reset Control

■ MONITORED SIGNALS

S ev era l p ro tec tion  c ircu its  on  the  LS -421 b oard  g enera te  s ig na ls  w hen norm al op era tiona l
cond itions  are  v io la ted . These s ig na ls  a re  fed  to  the  S C D  c ircu it, w h ich  se ts  the  s ta te  o f  s ta tus
b its , av a ilab le  to  the  hos t fo r  d iag nos tics . W hen such an  ev ent occurs  the  am p lif ie r  enab le  s ig na l
(and the  resp ec tiv e  s ta tus  b it A E ) is  se t LO W  (0). Th is  inc ident w ill b e  re fe rred  to  as  hardw are
exception .
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9729302

Figure 10: Servo Control and Diagnostics

In  add ition  to  the  reg is te rs , w h ich  continuous ly rep ort the  s ta tes  o f  som e o f  the  excep tion  s ig na ls ,
the  S C D  c ircu it con tro ls  a  la tch  reg is te r, w h ich  la tches  the  v a lue  o f  the  excep tion  s ig na ls  a t the
m om ent w hen excep tions  occur.

The fo llow ing  excep tion  s ig na ls  a re  m on ito red :

• M otor P ow er F a ilu re  (M P F )

• O utp u t O v er load / O utp ut P ow er F a ilu re  (O P F )

• E m erg ency Inp ut (E M G )

• S top  Inp ut (S TP )

• A m p lif ie r  E nab le  (A E )

• M P  R eset (R S T)
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• M otor C urren t L im it O v er load (C L0 to  C L3)

■ AMPLIFIER ENABLE (AE)

In  case o f  em erg ency, p ow er am p lif ie rs  m ust b e  d isab led  to  p ro tec t the  contro lled  eq u ip m ent
and/or the  contro lle r  itse lf . W hen am p lif ie rs  a re  d isab led , there  is  no  p ow er on  the  m otor
te rm ina ls , b u t encoder feedb ack  continues  to  func tion .

LS -421 am p lif ie r  enab le  s ig na l is  con tro lled  b y A m p lif ie r  E nab le  (A E ) b it. O n ly the  hos t so f tw are
m ay se t the  A E  b it H IG H  (1). The A E  b it can  b e  rese t (se t LO W  (0))  e ither b y the  hos t o r
au tom atica lly b y the  S C D  c ircu it.

Note

A E  b it has  a  dua l m ean ing . In  read m ode it represents  the  s ta tus  o f the
am plifie rs  (enab led  or d isab led). In  w r ite  m ode, it is  a  contro l b it to  enab le  o r
d isab le  the  pow er am plifie rs . T he am plifie rs  o f a ll four servo  channe ls  a re
contro lled  s im u ltaneous ly  by  one A E  b it. T hus , am plifie rs  cannot be  enab led  or
d isab led  on  ind iv idua l bas is .

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xA R/W AE RST OPT SPS CL3 CL2 CL1 CL0

Table 6: Amplifier Enable control

To ac tiv a te  the  am p lif ie r  enab le  s ig na l, A E  contro l b it shou ld  b e  se t H IG H  (1). A m p lif ie r  enab le
s ig na l is  se t LO W  b y e ither w r iting  log ic  zero  to  the  A E  b it, o r  au tom atica lly w hen p ro tec tion
c ircu its  a re  ac tiv a ted  and a  hardw are  excep tion  occurs .

Note

F or sa fe ty  reasons , A E  is  equ ipped w ith  doub le  bu ffe red  log ic  to  p revent an
acc identa l tu rn  on  a fte r an  em ergency  shut dow n.

The sam e doub le  b u ffe red  log ic  is  im p lem ented in  the  contro l o f  S P S . S ee D ig ita l O utp uts  and
O utb ound P ow er” on  p ag e 24 . To  res tore  A E  a f te r an  excep tiona l ev ent, the  A E  contro l b it shou ld
b e f irs t se t LO W  (0). Then, se tting  A E  contro l b it H IG H  (1) w ill enab le  the  am p lif ie rs , if  the  ev ent
tha t ac tiv a ted  the  p ro tec tion  c ircu it is  no  long er p resent.

■ MP RESET (RST)

R S T b it can  b e  contro lled  b y the  so f tw are  or is  au tom atica lly se t H IG H  (1) a f te r the  p ow er up  or
a f te r the  hardw are  rese t is  issued.
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Note

R S T  b it has  a  dua l m ean ing . In  read m ode it represents  the  s ta tus  o f the  m otion
processor rese t s igna l. In  w r ite  m ode, it is  a  contro l b it se t o r to  rem ove m otion
processor rese t s igna l.

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xA R/W $( RST OPT SPS CL3 CL2 CL1 CL0

Table 7: MP Reset control

To p u t M P  in  rese t s ta te , R S T b it m ust b e  se t H IG H  (1).  To  c lear M P  rese t s ig na l and to  enab le
M P , R S T m ust b e  se t LO W  (0).

■ MOTOR POWER FAILURE (MPF)

To p ow er the  m otors , LS -421 req u ires  a  sep ara te  p ow er sup p ly iso la ted  f rom  the  com p uter
g round and the  op era ting  p ow er (24V ). If  M otor P ow er is  b e low  the  underv o ltag e lim it, M P F  is  se t
H IG H  (1) and A E  is  au tom atica lly d isab led . M P F  is  a lso  se t H IG H  (1) in  case o f  leakag e b etw een
h ig h  v o ltag e m otor c ircu its  and any o f  the  low  v o ltag e com p uter o r 24V  c ircu its . A  curren t as  low
as  0 .5m A  w ill tr ig g er the  p ro tec tion . The M P F  v a lue  is  la tched in  the  M P F L b it a t the  m om ent
w hen A E  tu rns  LO W . The am p lif ie rs  hav e to  b e  p rev ious ly enab led  (A E  shou ld  b e  H IG H ) in  o rder
to  la tch  a  v a lue  in  M P F L w hen m otor p ow er fa ilu re  occurs . Thus , w hen am p lif ie rs  a re  d isab led  a
chang e in  the  m otor p ow er fa ilu re  cond ition  w ill b e  re f lec ted  in  M P F  on ly b u t w ill no t a f fec t M P F L.

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xB Read EMG STP MPF OPF EMGL STPL MPFL OPFL

Table 8: MPF status

■ OUTPUT OVERLOAD / OPERATING POWER FAILURE (OPF)

There  are  tw o cond itions  tha t can tr ig g er an  O p era ting  P ow er F a ilu re  (O P F ) ev ent:

• The op era ting  p ow er, req u ired  to  p ow er the  O utp uts  and O utb ound P ow er S ources  is  ou t o f
rang e. The op era ting  p ow er req u ired  fo r the  O utp uts  and O utb ound P ow er S ources  m ust b e
24V±20% . If  it is  b e llow  the  p rescr ib ed rang e, the  O P F  is  se t H IG H  (1) and A E  is
autom atica lly d isab led .

• O ne or m ore  o f  the  d ig ita l ou tp u ts  is  ov er loaded. A ll d ig ita l ou tp u ts  a re  short c ircu it p ro tec ted .
If  any o f  them  is  ov er loaded, a ll ou tp u ts  a re  d isab led  and O P F  is  se t H IG H  (1).

If  any o f  the  ab ov e cond itions  occur, am p lif ie rs  a re  d isab led  and a ll d ig ita l ou tp u ts  a re  tu rned o f f .
To  d is ting u ish  b e tw een the  tw o cond itions , the  hos t shou ld  f irs t se t LO W  (0) a ll ou tp u ts  and then
read the  O P F  reg is te r. If  O P F  has  ag a in  a  v a lue  o f  1 , th is  ind ica tes  a  m iss ing  or ou t o f  rang e
op era ting  p ow er.
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The curren t O P F  v a lue  is  la tched as  O P F L a t the  m om ent w hen am p lif ie rs  a re  d isab led  (A E  tu rns
LO W ).

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xB Read EMG STP MPF OPF EMGL STPL MPFL OPFL

Table 9: OPF Status

If  the  hos t m akes an  a ttem p t to  enab le  the  p ow er am p lif ie rs  b y se tting  H IG H  (1) the  A E  b it,
w ithout d isconnecting  the  ov er load ing  ou tp u t o r se tting  its  con tro l b it LO W , the  p ro tec tion  w ill no t
a llow  tha t to  hap p en and A E  w ill b e  ins tan tly rese t to  LO W  (0).

To  d iag nose w h ich  ou tp u t(s )  is  ov er loaded the  hos t m ust f irs t rese t a ll ou tp u ts , i.e . se t LO W  (0)
O U T0 to  O U T7 b its . Then, A E  shou ld  b e  se t H IG H  (1) and the  ou tp u ts  shou ld  b e  ac tiv a ted  ag a in
one b y one, b y se tting  the  corresp ond ing  O U T b its  H IG H  (1) un til the  p ro tec tion  is  tr ig g ered
ag a in .

■ EMERGENCY STOP INPUT (EMG)

LS -421 is  eq u ip p ed w ith  em erg ency s top  inp ut. To  op era te  LS -421, a  norm ally c losed contac t
m ust b e  connected  to  tha t inp ut. O p en ing  the  contac t w ill im m edia te ly d isab le  the  am p lif ie rs  and
a ll ou tp u ts  and w ill shu t o f f  a ll ou tb ound p ow er sources . F or de ta ils  w here  to  connect an
em erg ency b u tton  or o ther em erg ency dev ice , see  “In te rface  C onnectors ” on  p ag e 34 . In  the
ev ent o f  ac tiv a ting  the  em erg ency sw itch , E M G  b it is  se t to  one (1 ) o therw ise  is  rese t to  zero  (0 ).
W hen am p lif ie rs  a re  d isab led  ( the  A E  tu rns  LO W ), the  m om entary s ta te  o f  the  em erg ency sw itch
is  la tched in  the  E M G L s ta tus  b it.

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xB Read EMG STP MPF OPF EMGL STPL MPFL OPFL

Table 10: EMG status

Note

A ctiva ting  the  em ergency  s top  w ill tu rn  o ff S P S  and w ill d isab le  a ll o ther pow er
sources  and ou tpu ts .

■ OPTIONAL EMERGENCY STOP INPUTS (STP)

S om e o f the  g enera l p urp ose inp uts  o r a  sp ec if ied  com b ina tion  o f  them  can b e  used as  an
add itiona l em erg ency s top . Th is  is  a  cus tom  op tion  and m ay b e  ins ta lled  on  user req ues t. It is  no t
sup p orted  b y de fau lt. S ee “O p tiona l E m erg ency S top ” Inp uts  on  p ag e 42 .

W hen the  op tion  is  ins ta lled  and one or m ore  o f  the  op tiona l em erg ency s top  inp uts  a re  ac tiv a ted ,
S TP  is  se t H IG H  (1). U nder norm al cond itions  S TP  is  LO W  (0). S TP  is  continuous ly av a ilab le  to
the  hos t and the  curren t S TP  v a lue  is  la tched as  S TP L a t the  m om ent w hen am p lif ie rs  a re
d isab led .
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R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xB Read EMG STP MPF OPF EMGL STPL MPFL OPFL

Table 11: STP status

■ CURRENT LIMIT VIOLATION (CL0 – CL3)

C urren t L im it V io la tion  ev ent hap p ens w hen one or m ore  o f  the  m otor p ow er am p lif ie rs  m ake an
attem p t to  exceed the ir  p rog ram m ed curren t l im its  fo r  m ore  than 100 m s 1.

Note

C urren t L im it V io la tion  event w ill no t be  genera ted  w hen the  curren t l im it
p ro tec tion  m ode is  se t to  “curren t l im ita tion” and no t “shutdow n”. T he J3  jum per
se tting  contro ls  th is  m ode. S ee “C urren t L im it M ode” on  page 9 .

The curren t l im it p ro tec tion  has  tw o m odes o f  op era tion  dep end ing  on  J3  jum p er se tting .

W ith  J3  jum p er le f t op en, C L0 – C L3 s ig na ls  (and resp ec tiv e  contro l b its )  w ill nev er b e  se t H IG H ,
reg ard less  o f  the  occurrence o f  an  ov er load. M otor curren t thoug h, w ill b e  lim ited  to  the
p rog ram m ed v a lue .

If  J3  jum p er is  ins ta lled , the  C L0-C L3 s ig na ls  (and resp ec tiv e  contro l b its )  w ill b e  se t H IG H
w henev er an  a ttem p t to  ov er load occurs . E v en short ov er loads  (under 100 m s) w ill show  up  in
the  C L0-C L3 b its  fo r  a  lim ited  tim e. The curren t thoug h, is  a lw ays  lim ited  to  the  p rog ram m ed
v a lue . If  the  ov er load dura tion  is  g rea ter than 100 m s the  p ow er am p lif ie rs  w ill b e  d isab led  b y
S C D  (C urren t L im it V io la tion  ev ent w ill occur) .

W hen A E  trans itions  f rom  H IG H  (1) to  LO W  (0), C L0 to  C L3 p reserv e  the ir  v a lues  as  they w ere  a t
the  m om ent o f  fa ilu re . Th is  is  eq u iv a len t to  la tch ing  the  v a lues . B y read ing  the  C L reg is te r the
hos t can  de term ine w h ich  channe l w as  ov er loaded.

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xA Read AE RST OPT SPS CL3 CL2 CL1 CL0

Table 12: CL Status

■ SETTING OF AMPLIFIER CURRENT LIMITS

The outp u t o f  each am p lif ie r  is  p ro tec ted  ag a ins t short c ircu it o r  ov er load. The curren t is
cons tan tly m on ito red  and lim ited  ( if  ov er load occurs ) to  a  v a lue  tha t can  b e  se t ind iv idua lly fo r
each ax is .

The curren t m ay b e  lim ited  w ith in  the  rang e o f  1÷10 A  w ith  a  4 -b it p rec is ion . O n ly the  four M S B
are  used. W riting  0x00 to  the  corresp ond ing  reg is te r se ts  the  curren t l im it to  its  low est lev e l ( less
                                                                   

1 The protec tion w ill ac tually lim it the current to the program m ed value.
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than  1A ). W riting  0xF 0 se ts  the  curren t l im it to  its  h ig hes t lev e l (10A ). The v a lue  can b e  f ine-
tuned us ing  a  tr im m er-p o t (P 0, P 1, P 2, P 3), show n in  F ig ure  7 .

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0x408 Write CURRENT LIMIT #0 (0 ÷ 0xF)
Base Addr + 0x409 Write CURRENT LIMIT #1 (0 ÷ 0xF)
Base Addr + 0x40A Write CURRENT LIMIT #2 (0 ÷ 0xF)
Base Addr + 0x40B Write CURRENT LIMIT #3 (0 ÷ 0xF)

Table 13: Current Limit Value Registers

F or de ta ils  on  how  the  S erv o  C ontro l and D iag nostics  c ircu it hand les  curren t l im it v io la tions , see
“C urren t L im it V io la tion” on  p ag e 31 .

Interrupt Request Lines

In  the  LS -421 contro lle r  a rch itec tu re  there  are  tw o sources  (s ig na ls )  tha t can  g enera te  in te rrup t
req ues ts  ( IR Q ) to  the  hos t:

• A m plifie r  D isab le  In te rrup t (A D I). A n in te rrup t req ues t can  b e  g enera ted , each tim e the
am p lif ie rs  a re  d isab led .

• M otion  P rocessor In te rrup t (M P I). The M otion  P rocessor can g enera te  in te rrup t req ues t in
resp onse to  d if fe ren t ev ents .

The s ta tes  o f  b o th  in te rrup t req ues t s ig na ls  a re  v is ib le  in  the  A D I and M P I b its , resp ec tiv e ly. A D I
in te rrup t req ues t s ig na l m ay b e  m asked b y se tting  LO W  (0) the  E N  A D I b it in  the  In te rrup t M ask
reg is te r. There  is  no t a  ded ica ted  b it to  m ask  the  M P I in  the  In te rrup t M ask  reg is te r. O n ly send ing
ap p rop r ia te  com m ands to  the  M P  m ay m ask  an  M P  in te rrup t req ues t.

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xC Read ADI MPI
Base Addr + 0xC Write EN ADI

Table 14: IRQ Status and Mask Registers

J2 jum p er b lock  se lec ts  the  in te rrup t l ine  to  the  hos t. IR Q 7, IR Q 10, IR Q 12, IR Q 15 m ay b e used.
F or jum p er se tting s , see  “Ins ta lla tion : In te rrup t R eq uest L ine” on  p ag e 8 .

Board Identifier

D ue to  its  m odu lar des ig n  and adap tab le  In  S ys tem  P rog ram m ab le  ( IS P ) a rch itec tu re , LS -421
m otion  contro l b oard  a llow s q u ick  and easy cus tom iza tions . To  p rov ide  in fo rm ation  ab out the
curren t contro lle r  con f ig ura tion , LS -421 fea tures  an  8-b it ID  num b er av a ilab le  to  the  hos t in  ID 0 to
ID 7 reg is te rs .
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R/W access D7 D6 D5 D4 D3 D2 D1 D0
%DVH $GGU � �[��� Read ID3 ID2 ID1 ID0

Base Addr + 0xC07 Read ID7 ID6 ID5 ID4

Table 15: ID registers

The ID  fo r the  s tandard  LS -421 conf ig ura tion  is  0xB 1.
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Interface Connectors

The B ase M odu le  sup p orts  tw o in te rface  connectors  des ig nated  as  C N 2 and C N 3. C N 3 connector
is  the  en try p ort fo r  the  ex terna l m otor and op era ting  p ow er sup p lies . The em erg ency s top  inp ut
is  a lso  loca ted  there . A ll d ig ita l ou tp u ts  and ou tb ound p ow er sources  are  w ired  to  C N 2 connector.
A  b lock  d iag ram  o f C N 2 and C N 3 connectors  is  show n b e low .
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Figure 11: Block Diagram of CN2 & CN3 connectors
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■ CN3 CONNECTOR (EXTERNAL POWER)

The fo llow ing  f ig ure  il lus tra tes  the  p inout o f  the  C N 3 connector and its  loca tion  on  the  B ase
M odu le .

O P E R AT IN G  P O W E R  G R O U N D  (     )

O P E R AT IN G  P O W E R  (+ 2 4 V)

1

2

3

4

5

6

7

8

9729103

M O TO R  PO W E R}

E M ER G EN C Y S TO P

Figure 12: CN3 Connector Location and Pinout
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■ &1� &211(&725 �2873876 	 287%281' 32:(5�&1� &211(&725 �2873876 	 287%281' 32:(5�

The fo llow ing  f ig ure  il lus tra tes  the  p inout o f  the  C N 2 connector and its  loca tion  on  the  B ase
M odu le .

1 4  - O U T 0

1 3  - O U T 1

1 2  - O U T 2

11  - O U T3

1 0  - O U T 4

 9  - O U T 5

 8  - O U T 6

 7  - O U T 7

 6  - + 24 V  O P S

 5  - + 24 V  O P T

 4  - + 24 V  S PS

 3  - + 24 V  O P E R AT IN G  P O W E R  (FU S E )

 2  - E M E R G EN C Y  S TO P

 1  - O P E R AT IN G  P O W E R  G R O U N D

9 7 2 9 1 0 4

Figure 13: CN2 Connector Location and Pinout
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❑  INPUT BOARD

LS -421 is  a  m ultip urp ose m otion  contro lle r . To  ta ilo r  con tro lle r  I/O  fea tures  to  a  b road rang e o f
cus tom  ap p lica tions , a ll inp u t c ircu its  a re  loca ted  on  a  sep ara te  b oard , the  so-ca lled  Inp ut B oard
(IB ). IB  is  p lug g ed in to  B M , w h ich  serv es  as  a  m otherb oard . A  f la t r ib b on cab le  connects  IB  to  the
contro lle r  in te rface  connector, m ounted on  the  f ron t p ane l.

Note

T he fron t pane l connector and the  input board  m ay be  ordered in  d iffe ren t
cus tom  des igned configura tions  fo r spec ific  app lica tions . T he s tandard  LS -421
Input B oard  is  LS -421-2112.

9737100

Figure 14: LS-421-2112 Input Board Layout

Inp ut B oard  LS -421-2112 fea tures :

• 16  g enera l-p urp ose d ig ita l op to iso la ted  inp uts . Tw o o f  the  inp uts  m ay b e  a lte rna tiv e ly used as
ab so lu te  p os ition  encoder inp uts .

• O p to iso la ted  in te rface  and p ow er sup p ly fo r  up  to  4  inc rem enta l encoders

• 4 -channe l op to iso la ted  rece iv er, p ow er sup p ly and b ackup  b a tte ry fo r  up  to  4  m ulti- tu rn
ab so lu te  p os ition  encoders . Tw o o f  the  channe ls  ov er lap  tw o o f  the  g enera l-p urp ose d ig ita l
op to iso la ted  inp uts  and m ay b e  a lte rna tiv e ly used as  such.

• A ll inp u t lines  and encoder s ig na ls  a re  p rocessed b y In  S ys tem  P rog ram m ab le  ( IS P ) log ic
dev ice  fo r m ax im um  f lex ib ility
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9737904a

Figure 15: LS-421-2112 Input Board Block Diagram
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Digital Optoisolated Inputs

A ll 16  inp uts  IN 0÷IN 15 m ay b e  used as  g enera l-p urp ose inp uts , a lthoug h som e o f  them  m ay
hav e add itiona l func tions . S ix  m ay serv e  as  s trob es  fo r h ig h  sp eed p os ition  cap tur ing . IN 0/A P E 2
and IN 1/A P E 3 m ay b e used as  inp uts  fo r tw o add itiona l m u lti- tu rn  ab so lu te  p os ition  encoders .
A P E 0 and A P E 1 are  ded ica ted  as  inp uts  fo r tw o m ulti- tu rn  ab so lu te  p os ition  encoders .

■ GENERAL PURPOSE INPUTS

The op to iso la ted  inp uts  a re  des ig ned to  w ork  w ith  op en co llec to r o r con tac t sensors .

9737903

Figure 16: General purpose inputs

O n LS -421-2112 inp ut b oard  the  op era tiona l p ow er is  used to  p ow er the  inp uts . The
corresp ond ing  sensor shou ld  b e  connected  b e tw een the  inp ut and the  op era ting  p ow er g round
(fo r the  s tandard  in te rface  w ir ing  the  op era ting  p ow er g round is  a t p in  W ).

Note

T he sensor shou ld  be  ab le  to  s ink  10m A  @  24V  in  o rder to  ac tiva te  the  input.

The hos t can  check  inp uts  s ta te  read ing  the  inp ut reg is te r b its  IN 0 to  IN 15. W hen an  inp ut is
ac tiv a ted  ( there  is  curren t)  the  s ta te  o f  the  corresp ond ing  b it is  LO W  (0).
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R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0x8 Read IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0
Base Addr + 0x9 Read IN15 IN14 IN13 IN12 IN11 IN10 IN9 IN8

Table 16: Input Registers

9737905

Figure 17: LS-421 Input Connection Diagram

■ ABSOLUTE POSITION ENCODER INPUTS

A P E 0, A P E 1, IN 0/A P E 2, IN 1/A P E 3 are  des ig ned to  w ork  as  da ta  inp uts  fo r m u lti- tu rn  A b so lu te
P os ition  E ncoders  (A P E ). A ll four inp uts  use  + 5V  p ow er sup p ly. IN 0/A P E 2, IN 1/A P E 3 hav e dua l
func tion . If  no t connected  to  an  A P E , IN 0/A P E 2 and IN 1/A P E 3 m ay b e used as  g enera l p urp ose
inp uts  (w ith  + 5V  p ow er sup p ly). W hen connected  to  an  A P E , IN 0/A P E 2 and IN 1/A P E 3 osc illa te
H IG H -LO W  re f lec ting  the  s ig na l lev e ls  resu lting  f rom  the  ser ia l com m unica tion  w ith  the  A P E  ov er
tha t l ine .

Note

T o ac tiva te  A P E 0, A P E 1, IN 0/A P E 2, IN 1/A P E 3, the  load shou ld  be  ab le  to  s ink
20m A  @  5V .
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9738902

Figure 18: Multi-Turn Absolute Position Encoder (APE) Inputs

■ HIGH SPEED POSITION CAPTURE INPUTS

The M otion  P rocessor is  ab le  to  record  the  ab so lu te  m otor p os ition  us ing  the  encoder index  line
as  a  s trob e. S ee M C 1401A  m anua l fo r  in fo rm ation  how  to  use  p os ition  cap ture  m ode. LS -421 is
eq u ip p ed w ith  sp ec ia l c ircu itry, w h ich  a llow s us ing  som e o f  the  contro lle r  inp uts  as  p os ition
s trob es , in  p lace  o f  the  encoder index  s ig na l. The fo llow ing  inp uts  m ay b e  used to  th is  p urp ose:
IN 2, IN 5, IN 6, IN 7, IN 8 or IN 9.

Note:

W ith  IB  LS -421-2112 the  se lec ted  s trobe input becom es the  com m on s trobe fo r
a ll four servo  contro lled  m otion  axes .

The hos t m ay contro l w h ich  one o f  IN 2, IN 5, IN 6, IN 7, IN 8 or IN 9 to  serv e  as  a  s trob e b y w riting  a
coded v a lue  to  the  P os ition  C ap ture  S e lec t reg is te rs  (P C S 0 to  P C S 3).

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xE Write PCS3 PCS2 PCS1 PCS0 APE RES

Table 17: PCS control registers

E ither low  ( inp ut is  c losed to  the  g round) o r h ig h  ( inp ut is  op en) lev e l m ay b e  se lec ted  to  tr ig g er
the  cap ture . F or LS -421-2112 se lec ted  s trob e inp ut is  com m on fo r a ll four axes . F or hom ing
p urp oses , row  14 or 15  f rom  the  tab le  b e llow  shou ld  b e  se lec ted . Th is  w ill a llow  each ax is  to
cap ture  the  m otor p os ition  us ing  its  ow n encoder index  s ig na l.
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# PCS3 PCS2 PCS1 PCS0 Channel#0 Channel#1 Channel#2 Channel#3 Act. level
0 0 0 0 0 IN6 IN6 IN6 IN6 Low
1 0 0 0 1 IN6 IN6 IN6 IN6 High
2 0 0 1 0 IN7 IN7 IN7 IN7 Low
3 0 0 1 1 IN7 IN7 IN7 IN7 High
4 0 1 0 0 Reserved Reserved Reserved Reserved -
5 0 1 0 1 Not used Not used Not used Not used -
6 0 1 1 0 IN2 IN2 IN2 IN2 Low
7 0 1 1 1 IN2 IN2 IN2 IN2 High
8 1 0 0 0 IN5 IN5 IN5 IN5 Low
9 1 0 0 1 IN5 IN5 IN5 IN5 High
10 1 0 1 0 IN8 IN8 IN8 IN8 Low
11 1 0 1 1 IN8 IN8 IN8 IN8 High
12 1 1 0 0 IN9 IN9 IN9 IN9 Low
13 1 1 0 1 IN9 IN9 IN9 IN9 High
14 1 1 1 0 Index#0 Index#1 Index#2 Index#3 Low
15 1 1 1 1 Index#0 Index#1 Index#2 Index#3 Low

Table 18: Selecting Strobe Inputs

■ OPTIONAL EMERGENCY STOP INPUTS

In  som e cus tom ized conf ig ura tions , one or m ore  o f  g enera l-p urp ose inp uts  m ay b e  used as
add itiona l em erg ency s top s .

Note

T he s tandard  vers ion  o f LS -421-2112 does  no t support th is  op tion .

In  a  cus tom ized v ers ion  o f  LS -421-2112 (p art num b er 920420422) IN 2, IN 3, IN 4, IN 5 are
conf ig ured  as  add itiona l em erg ency s top  inp uts . A ll four inp uts  m ust b e  in  ac tiv e  s ta te  (connected
to  the  op era ting  p ow er g round) to  enab le  the  p ow er am p lif ie rs  (see F ig ure  19). If  one or m ore  o f
the  op tiona l em erg ency s top  inp uts  is  d isconnected  from  the  op era ting  p ow er g round, the  p ow er
am p lif ie rs  a re  au tom atica lly d isab led  and the  O utp ut P ow er S up p ly (O P S ) is  sw itched o f f .

S TP  b it in  the  s ta tus  reg is te r is  se t H IG H  (1) if  a t leas t one o f  the  op tiona l em erg ency s top  inp uts
is  le f t op en. The v a lue  o f  S TP  is  la tched in  S TP L dur ing  A E  trans ition  H IG H  to  LO W . S ee
“O p tiona l E m erg ency S top  Inp uts ” on  p ag e 30 .

The fo llow ing  f ig ure  show s a  s im p le  ap p lica tion  o f  op tiona l em erg ency s top  inp uts  (as  4  norm ally
c losed b u ttons) and the ir  w ir ing  to  the  f ron t-p ane l connector.
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A9729002

Figure 19 Optional Emergency Stop Inputs Wiring

Incremental Encoder Interface

LS -421-2112 inp ut b oard  is  des ig ned to  w ork  w ith  q uadra ture  inc rem enta l encoders  w ith  index
p u lse . E ncoders  m ust b e  eq u ip p ed w ith  op en co llec to r ou tp u ts  o r l ine  d r iv ers  cap ab le  to  s ink
20m A @ 5V . M ed ium -sp eed H P 2531 op tocoup lers  a re  used to  p rov ide  20m A  curren t loop  fo r
inc reased no ise  im m unity. LS -421-2112 rece iv ers  a re  ra ted  fo r sp eeds up  to  1 ,000,000 encoder
counts  p er second.
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9737906

Figure 20: Incremental Encoder interface

To p rev ent v o ltag e drop  across  long  in te rface  cab les , LS -421 p rov ides  + 9V  fo r encoder p ow er.
A n add itiona l v o ltag e reg u la to r (7805) is  req u ired . It shou ld  b e  loca ted  c lose  to  the  encoders .

9737907

Figure 21: Encoder Power Supply
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Multi-turn Absolute Encoder Receiver

LS -421-2112 is  des ig ned to  op era te  w ith  up  to  four m u lti- tu rn  ab so lu te  p os ition  encoders  (A P E ).
The fo llow ing  typ es , m anufac tured  b y Tam ag aw a S e ik i C o are  sup p orted :

• S A 35-11/24b it-LP S -5V

• S A 56-11/24b it-LP S -5V

S A 35/56 ser ies  encoders  cons is t o f  tw o m odu les  – inc rem enta l and ab so lu te , w h ich  func tion
s im ultaneous ly and indep endently o f  each o ther.

The increm enta l m odu le  func tions  as  a  s tandard  inc rem enta l encoder. It shou ld  b e  connected  to
LS -421-2112 increm enta l encoder in te rface . S ee “Increm enta l E ncoder In te rface” on  p ag e 43 .
D ata  f rom  the  S A 35/56  inc rem enta l encoder is  rece iv ed and p rocessed b y the  M otion  P rocessor.

The ab so lu te  m odu le  in  S A 35/56 cons tan tly transm its  ser ia l da ta  cons is ting  o f  24-b it ab so lu te
p os ition  and 6-b it s ta tus  ov er the  corresp ond ing  inp ut line  (A P E 0, A P E 1, IN 0/A P E 2, IN 1/A P E 3).
S ee “A b so lu te  P os ition  E ncoder Inp uts ” on  p ag e 40 . M anchester code w ith  3 -b it C R C  is  used.
R ece iv ed da ta  is  decoded, checked fo r e rro rs  and s to red  in  24-b it da ta  reg is te r and 6-b it s ta tus
reg is te r, av a ilab le  to  the  hos t.

The rece iv er w orks  on  req ues t. Typ ica lly, it is  in  s tandb y m ode and w a its  fo r  the  nex t req ues t
com m and. A ll four m u lti- tu rn  ab so lu te  encoders  share  a  s ing le  reg is te r fo r  24-b it p os ition  da ta
and 6-b it s ta tus . B y w riting  to  one o f  the  four req ues t reg is te rs  (R E Q  A P E #0 to  R E Q  A P E #3) the
hos t se lec ts  one o f  the  encoder inp uts  A P E 0, A P E 1, IN 0/A P E 2, IN 1/A P E 3 and enab les  the
rece iv er. Th is  a lso  se ts  LO W  (0) the  A P E  R D Y f lag .

O nce A P E  R D Y f lag  tu rns  H IG H , A P E  data  and s ta tus  are  v a lid  and m ay b e  read b y the  hos t. The
data  is  av a ilab le  in  the  A P E  D A TA  reg is te r, b its  0  to  23 , w here  23  is  the  M S B . The m in im a l tim e
to  com p le te  the  req ues t is  67÷109 µs . In  no isy env ironm ent th is  tim e m ay inc rease. If  the
rece iv er de tec ts  an  erro r, it w ill d iscard  rece iv ed da ta  and au tom atica lly s ta rt new  acq u ir ing
p rocedure . In  m ost cases  the  req ues t w ill b e  com p le ted  fo r less  than 1  m s.

The hos t is  resp ons ib le  fo r read ing  the  ab so lu te  p os ition  f rom  the  encoder in te rface  and se tting  it
as  ac tua l p os ition  to  the  M P .

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0x404 Write REQ APE#0
Base Addr + 0x405 Write REQ APE#1
Base Addr + 0x406 Write REQ APE#2
Base Addr + 0x407 Write REQ APE#3

Table 19: APE request registers
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R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0x404 Read APE D7 APE D6 APE D5 APE D4 APE D3 APE D2 APE D1 APE D0
Base Addr + 0x405 Read APE D15 APE D14 APE D13 APE D12 APE D11 APE D10 APE D9 APE D8
Base Addr + 0x406 Read APE D23 APE D22 APE D21 APE D20 APE D19 APE D18 D17 APE D16
Base Addr + 0x407 Read APE RDY BE OF OS BA PS CE

Table 20: APE Data & Status Registers

The fo llow ing  is  a  b r ie f  descr ip tion  o f  the  ab b rev ia tions  used in  Tab le  20 .

APE RDY APE ready flag. If READY=1, data and status are valid. If READY=0, data acquiring is in progress.
APE D23 ÷ D0 Multi-turn absolute position encoder data
CE Counter error status
PS Pre-load status
BA Battery alarm
OS Over-speed
OF Over-flow
BE Battery error

The sup p orted  ab so lu te  p os ition  encoders  m ust b e  rese t if  d isconnected  or w hen an  erro r occurs
(e .g . ov er-sp eed and ov er- f low ). To  rese t the  encoder the  R E S  contro l b it m ust b e  se t H IG H  (1)
and he ld  in  tha t s ta te  fo r a t leas t 4÷5 sec . To  enab le  the  ab so lu te  p os ition  encoders , R E S  shou ld
b e kep t LO W  (0).

R/W access D7 D6 D5 D4 D3 D2 D1 D0
Base Addr + 0xE Write PCS3 PCS2 PCS1 PCS0 RES

Table 21: APE reset control bit

S A 35/56  m ulti- tu rn  ab so lu te  encoders  req u ire  an  ex terna l b a tte ry b ackup  to  m ain ta in  the  ab so lu te
m otor p os ition  w hen the  m ain  p ow er is  o f f . A  fu lly charg ed LS -421-2112 on-b oard  b a tte ry is
cap ab le  to  p ow er four S A 35 encoders  fo r a  m in im um  of 150 hours . D ur ing  norm al op era tion  the
b atte ry is  recharg ed au tom atica lly.

A  sam p le  ap p lica tion  us ing  ab so lu te  p os ition  encoders  is  show n on the  fo llow ing  f ig ure .
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A9729001

Figure 22: Multi-turn absolute encoder sample wiring
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❑   INTERFACE WIRING

LS -421 m ay b e  eq u ip p ed w ith  d if fe ren t in te rface  connectors . To  a llow  fas t and easy
cus tom iza tion  to  user-de f ined in te rface  and p inout, the  in te rface  connector is  des ig ned as  a
sep ara te  m odu le . It is  m ounted  on  the  f ron t p ane l and is  connected  to  the  contro lle r  w ith  a  sp ec ia l
cab ling  (user harness). The LS -421 s tandard  in te rface  w ir ing  is  show n b e low .
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Figure 23: Standard Interface Wiring
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❑  EXTERNAL POWER SUPPLY

LS -421 m otion  contro lle r  req u ires  tw o ex terna l p ow er sup p lies :

• O p era ting  p ow er (24V  D C )

• M otor p ow er (24÷80V  D C ).

The m otor p ow er sup p ly is  used to  d r iv e  the  m otors  on ly. The op era ting  p ow er sup p ly is  used to
p ow er the  onb oard  inp ut and ou tp u t c ircu its  and, op tiona lly, to  p ow er the  sensors  and o ther
c ircu its  in  the  contro lled  sys tem .

Caution

M otor pow er supp ly  shou ld  be  floa ting . T h is  is  requ ired  fo r the  proper opera tion
of the  pro tec tion  c ircu its . If th is  requ irem ent is  no t m et the  LS -421 contro lle r
and/or the  user equ ipm ent m ay be  dam aged w hen the  m otor te rm ina ls  a re
shortened or w rong ly  w ired .

C N 3 connector is  the  en try p o in t fo r  the  ex terna l p ow er sup p lies . A lso , the  em erg ency s top  inp ut
is  connected  there . The schem atics  o f  a  typ ica l p ow er sup p ly fo r  LS -421 is  show n b e low .

M O TO R  PO W ER

ZE N E R  D IO D E
30 -10 0V  / 0 .5W
(O VER VO LTA G E 

S H U T D O W N )

M AIN S

E M ER G EN C Y S TO P

O P E R ATIN G  PO W E R

24 V

9 7 2 9 9 2 0

TO  LS -42 1 SER VO  C O N T R O L LE R
(C N 3 C O N N E C TO R )

24  - 80 V

Figure 24: Typical power supply
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IV. Basic Control Procedures

This  sec tion  show s a lg or ithm  f low  charts  fo r  som e com m on contro l p rocedures :

• B oard  Identif ica tion

• B oard  In itia liza tion  and P ow er O n

• E nab le  A m p lif ie rs

• D isab le  A m p lif ie rs

• D iag nos tics
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Board Identification

Start

Extract low ID nibble
(Read Base addr. + 0x807)

Extract high ID nibble
(Read Base addr. + 0xC07)

Validate ID

Form ID number

Identif ication OK

End

Identif ication error EndNo

Yes
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Board Initialization and Power On

Start

RST == 0
Yes

No

Deactivate all outputs
APE RES = 0
Disable ADI

Init ialize MC1401A

Init == OK End

EMG == 1 End

Activate SPS
(Set SPS = 0; Set SPS = 1)

Wait 100 mS

OPF == 1 End

Init ialize w ith default values
PCSi = default;

Outputs = defaults;
OPT = default;

Current limit[i] = defaults

End

No

Yes

Yes

Yes

No

No

MPF == 1

MC1401A is already initialized

Error initializing MC1401A
 Set RST = 1; SPS = 0

Emergency Stop is activated
or Operation Pow er  is missing

 Set SPS = 0

Operation Pow er  is out of  range
or an output is overloaded

 Set SPS = 0

Motor Pow er is out of  range
or there is a leakage

Set SPS = 0
End

Yes

No
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Enable Amplifiers

No
End

Yes
End

Yes

End

End

End

Send STOP Command to MC1401A

Yes

Yes

Start

AE == 1

Moving axis ?

OPF == 0
 &

MPF == 0

Activate AE
(AE=0; AE=1)

SPS == 1

Set up Amplifier Disable Interrupt
if  proper interrupt handler is installed

(EN ADI = 1)

No

No

AE == 1

Yes

Wait 150 mS

No

The amplifier enable failed
Run amplifier diagnostic

One or more axes are moving

SPS is not activated

The amplifiers are already enabled

Operating Pow er or Motor Power
are missing

End
No
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Disable Amplifiers

End

Start

Deactivate AE
(AE=0)

Disable EN ADI
(EN ADI=0)
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Diagnostics

Yes

Start

MPF(L) == 1

Yes
Amplif ier is  enabled EndAE ==1

Yes
Update status: Emergency Input activatedSTP(L) == 1

No
Y e s

Yes
Update status: Emergency Stop activatedEMG(L) ==1

Update status: Motor Pow er Failure

No
Y e s

E m e rg e n cy  S to p  p re s s ed E n dE M G ( L)  = = 1

No
Y e s

E m er g en c y  S t op  pr e ss e d E n dE M G (L ) = = 1

No

Yes
CL0 == 1 Update status: Amplif ier channel #0 overloaded

NoY e s
E m er g en c y  S t op  pr e ss e d E n dE M G (L ) = = 1

Yes
CL1 == 1 Update status: Amplif ier channel #1 overloaded

No

Yes
CL2 == 1 Update status: Amplif ier channel #2 overloaded

No

Yes
CL3 == 1 Update status: Amplif ier channel #3 overloaded

No

OPF(L) == 1 Update status: Operating Pow er Failure

NoY e s
E m e rg e n cy  S to p  p re s s ed E n dE M G ( L)  = = 1

End

Yes

If  no hardw are Amplif ier Disable reasons
found,

amplif ier disabled by softw are.



LS-421 Technical Reference

Logosol, Inc. Doc. # 710420103

56

V. Appendix A

❑  TECHNICAL SPECIFICATION

Basic Features

• 4  serv o  contro lled  m otion  axes

• M odu lar des ig n

• B us  in te rface : IS A

• D S P  techno log y b ased on  P M D  M C 1401A  ch ip

• ±10-b it P W M  @  25K H z

• S -curv e  v e loc ity p ro f ile

• P rog ram m ab le  ou tp u t curren t l im it/shu t dow n

• Q uadra ture  inc rem enta l encoder in te rface  (encoder p ow er sup p ly p rov ided)

• M u lti- tu rn  ab so lu te  p os ition  encoder in te rface  (p ow er and b ackup  sup p ly p rov ided)

• A dd itiona l g enera l p urp ose op to iso la ted  inp uts  and ou tp u ts

• F lex ib le  w ir ing

• E m erg ency s top  inp ut
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Motion Control
Motion Control Characteristics
Motor Output

PWM resolution ±10 bit
PWM switching frequency 25 kHz
min load inductance 200µH
typical motor power supply voltage range 24÷80 VDC
undervoltage shutdown 18 VDC
overvoltage shutdown 100 VDC
max continuous current per channel 8.5A
max short term current per channel (t < 10 sec) 10A
max continuous current per board 16A
programmable current limit for each channel 2-10A

Encoder
type incremental A, B, Z
max pulse frequency 1 MHz
optoisolated encoder inputs 20mA@5V

Digital I/O lines
Digital Inputs and Outputs Characteristics
14 general-purpose optoisolated digital inputs 24V/10mA

/6 of the inputs may serve as high speed position capture strobes/
8 open collector outputs with short circuit protection

max output voltage 48V
max current per output 1A
max current per board 5A

3 relay controlled 24 V power supplies
relay type OMRON G6B
max current 5A/30V DC
contact resistance 30mΩ
mechanical contact reliability 20 x 106

Power Requirements
Power Supply Characteristics
computer power supply +5V ± 5% / 1A

+12V ± 5% /1A
external operating power 24V DC ± 20%
external motor power 24÷80V DC
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VI. Appendix B: Memory Map

LS-421 is designed as a standard ISA bus peripheral device. To save I/O space, LS-421 uses only 16 bytes from the lowest 1024 I/O
addresses range. The rest of LS-421 registers occupy the space located at offset 0x400, 0x800 and 0xC00. For instance, if LS-421 base
address is set to 0x280, the following I/O address are in use – 0x280÷0x28F, 0x680÷0x68F, 0xA80÷0xA8F, 0xE80÷0xE8F. Eight base
addresses are available, depending on J1 setting – 0x280, 0x1280, 0x2280, 0x3280, 0x2A0, 0x12A0, 0x22A0, 0x32A0. The table below
shows LS-421 registers location relatively to controller base address. The offsets are in hexadecimal notation.

            READ            WRITE
D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

0               MC1401A DATA REGISTER 0               MC1401A DATA REGISTER 0
1 READY 1            MC1401A COMMAND REGISTER 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0 8 8
9 IN15 IN14 IN13 IN12 IN11 IN10 IN9 IN8 9 9
A AE RST OPT SPS CL3 CL2 CL1 CL0 A AE RST OPT SPS A
B EMG STP MPF OPF EMGL STPL MPFL OPFL B B
C ADI MPI C ENADI C
D OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0 D OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0 D
E E PCS3 PCS2 PCS1 PCS0 APERES E
F F F

400 400 400
401 401 401
402 402 402
403 403 403
404 APE D7 APE D6 APE D5 APE D4 APE D3 APE D2 APE D1 APE D0 404                     REQ APE#0 404
405 APE D15 APE D14 APE  D13 APE D12 APE D11 APE D10 APE D9 APE D8 405                     REQ APE#1 405
406 APE D23 APE D22 APE D21 APE D20 APE D19 APE D18 APE D17 APE D16 406                     REQ APE#2 406
407 APE RDY BE OF OS BA PS CE 407                     REQ APE#3 407
408 408             CURRENT LIMIT #0 (0x0 - 0xF) 408
409 409             CURRENT LIMIT #1 (0x0 - 0xF) 409
40A 40A             CURRENT LIMIT #2 (0x0 - 0xF) 40A
40B 40B             CURRENT LIMIT #3 (0x0 - 0xF) 40B
40C 40C 40C
40D 40D 40D
40E 40E 40E
40F 40F 40F

807 ID3 = 0 ID2 = 0 ID1 = 0 ID0 = 1 807 807

C07 ID7 = 1 ID6 = 0 ID5 = 1 ID4 = 1 C07 C07

Table 22: LS-421 Memory Map
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