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RESUMO

O presente trabalho discute o sistema de controle de uma maquina para
usinagem de prancha de surf ¢ propdem os atuadores, sensores de retroacfio e o
hardware (driver para os atuadores e CPU) para que o controle seja possivel. No
decorrer deste texto sdo apresentados a descrigio de um sistema e da malha controle,
teoria sobre interpolagfio linear, a geragio de perfil trapezoidal de velocidade € a
apresentag8o do LM629, um CI da National que implementa um controlador PID e
gera o perfil trapezoidal de velocidade. Depois ¢ a apresentada a selegdio dos
motores, encoders, detalhes para a construcio hardware, o software para teste ¢ um
meétodo experimental para a sintonia do PID. Por fim discute-se a possibilidade do

uso do hardware desenvolvido para o controle efetivo de uma maquina de usinagem.



ABSTRACT

This report discuss the control system for a surf shape machining machine
and suggest the motors, sensors for feedback and the hardware (driver and CPU) to
do this control. The text shows the description of a control system and a close-loop
control system, theory about linear interpolation, trapezoidal velocity profile and a
brief description of the LM629, a National IC that implement a digital PID filter and
the trapezoidal profile. Then the selection of the motors, the encoders, details for the
hardware construction, the test software and an experimental method to tuning the
PID filter is showed. Finally, the possibility to use the developed hardware for the

control of the machine is discussed.
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1. INTRODUCAO

Este trabalho versa sobre uma méquina CNC dedicada a usinagem de
pranchas, que sdo em geral feitas de um material polimérico, poliuretano rigido, e
utilizadas na pratica de Surf.

Uma versdo dessa maquina ji existe e foi desenvolvida pelo Professor
orientador deste projeto em meados dos anos 90, com o intuito de atender as
necessidades de um “Hobista”. Com o decorrer dos anos o negocio que a principio
era em pequena escala se tornou rentvel e volumoso, de forma que a necessidade de
uma maquina mais rapida e mais precisa se tornou imprescindivel para a sustentagiio
do fabricante no mercado que se tornou competitivo e exi gente,

Esta necessidade criou a motivagdo de participar deste desafio de reprojetar a
maquina, tornando-a mais rapida, mais precisa e claro, se possivel, de mesmo custo.
Devido & complexidade do projeto serfio atacadas somente duas frentes: projeto do
sistema de controle ¢ estudo da usinagem do material, sendo os temas desenvolvidos
por duas equipes. Cabe a esta equipe o tema de controle. O projeto das demais partes
envolvidas na melhora serd abordado no futuro, estando fora do escopo deste
trabalho.

No decorrer do texto & apresentada descri¢@io de um sistema e de uma malha
de controle generalista ¢ uma introdugfio A interpolagio linear e a ao perfil de
velocidade Trapezoidal bem como o LM629, CI da National que implementa um
controlador PID digital e gera perfil de velocidade trapezoidal. Entdio ¢ descrito o
hardware (CPU e drivers) que possibilita os uso deste CI para o controle da maquina,
além da escolha dos motores e sensores e o software desenvolvido para demonstrar a
eficacia do hardware para a fungiio e teste do sistema. Ao final do texto discute-se a

possibilidade do uso do material desenvolvido para o efetivo controle da maquina.



2. REVISAO DA LITERATURA

2.1. Descric¢iio do Sistema de Controle

Para o controle dos motores de corrente continua serd necessdrio mudar a
malha de controle da méquina de aberta (adequada para o uso de motores de passo)

para uma malha fechada. Isso propiciard maior precisdo e velocidade.
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Fig. 2-1- Esquema da malha de controle atual (a) e a que serd implementada (b).

A malha adotada serd do tipo com a retro alimentag&o sendo feita através de

encoder (ou resolver) acoplado ao eixo dos motores.

2.2. Descricdio da Malha de Controle

A malha de controle usada é ilustrada a baixo:
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Fig. 2-2 - Diagrama de controle para o sistema de avango. (a) Partes fisicas. (b) Funcdes

de transferéncia

Nota-se que o sistema se divide em duas partes: uma parte fisica e outra

implementada em um computador.
Deduz-se que o modelo para este sistemal'! & representado por uma funcfo de

transferéncia com a seguinte forma:
K
Gls)=—""1—— 1
v() s° +K,s+K, )
O contador pode ser modelado como:

X(s)_X,
aols) s
Multiplicando (1) por (2) obtém-se a equagiio da planta a ser controlada

(2)

(G.(5)).

O sinal de controle ¥, do controle digital que serd implementado & aplicado a
planta através de um conversor D/A mantedor a cada T segundos (tempo de

amostragem) comn ganho X, , e 0 equivalente a planta em tempo discreto € dado por:



Gc(z)=Kd(1—z“)Z[GfT("')] ©)

Que depois de executar a transformada fica:

KKK, b,z>+bz+b
G = dt 142 e 2 i 0 4
) Ky (z-D)Z+az+a,) )

E os pardmetros sio:

=T [: sinteng T
{]
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b
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Fig, 2-3 - Diagrama de blocos simplificado

O diagrama de bloco correspondente ao controle de posigio é o mostrado

acima ¢ a fungfio de transferéncia em z correspondente a malha fechada é:

DKL) "

Glz)= ———=~
O D6, 0)
Em que D(z) um filtro digital, parte computacional, e tem fungdo de
transferéncia tipical'l

. Z4a
D(z)=k, ) (6)

Onde K ,¢ o ganho proporcional, aé o zero do filtro € b0 polo, e serdo

escolhidos de forma a garantir uma resposta transitoria desejada.



Além disso, deve-se minimizar o erro em regime permanente para alcangar
precisiio em contornos usando varios eixos. Em regime pernmanente um contorno

com velocidade de avango f, constante ¢ modelado como uma entrada em rampa:

T
X, (2)= "(ZfTIZ)j" 0]

Sendo o erro em malha fechada é dado por:
1
Egz)l= ——————— X
€= oK. () ) ®

Aplica-se o teorema do valor final chegando-se a ao erro de velocidade:

, f.Iz _ LK(+8)
Car = izlillz (z- )D()G.(z) = e = KlKerKd(l +a) ©)

Tem-se desta forma o erro de velocidade constante e fica evidente de quanto

maior o ganho da em malha aberta menor sera o erro de seguimento. Porém o ganho
em malha fechada ¢ limitado pela inércia do sistema e os limites do sistema de
acionamento e amplificadores.

Mostra-se que para uma entrada em degrau o erro vai a zero.

2.3. Interpolador Linear em Tempo Real
Esta maquina devera ser capaz de seguir trajetorias complexas interpoladas
através de seguimentos de retas. Para tanto serd apresentado aqui um algoritmo
baseado na integragdio digital da velocidade para dois eixos que sera expandido para
os trés eixos durante a implementagio.
O objetivo deste algoritmo ¢ fazer o centro da ferramenta sair de um ponto P,

¢ chegar a P, percorrendo uma trajetéria reta.

No instante ¢ a posi¢fo dos eixos serd

x(r)=x, + jfx(r)dr,
) (10)
W)=y, + [ £, 0,

em que fs3o as velocidades dos eixos e o periodo de integracdo 7, varia

com o tempo durante o a aceleraglio e a desaceleragio como seri mostrado na



{10) em tempo discreto fica

w(k)= x(k - 1)+ £ ()7, k),
)=yl —1)+ £, () (k)

c

fx(k)=']%, g(@:%.

proxima parte. Este algoritmo serd executado N vezes nos intervalos 7, e a equagdo

(11)

(12)

A variagdo de 7, resulta na variagio da velocidade de avango dos eixos,

i

entretanto o acrescimo de deslocamento séo constantes dados por

X —X y.—- ¥
e 5 s A — e 5 i
N Y
Substituindo as equagdes (12) e (13) em (11) chega-se a

x(k)=x(k-1)+Ax, k)= ylk-1)+Ay.

Ax =

(13)

(14)

Os incrementos sdo constantes e sdo calculados no inicio da rotina de

interpolagéo.

O esbogo de uma implementagfio em tempo real € dado abaixo

Tmin Tempo minimo entre interpolagdes

f Velocidade de avango

XS, ¥S Posigfo inicial

Xe, ye Posigéo final

deltax Distincia em x

deltay Distanciaem y

sign(x) Diregéio de x (1: positivo ou -1:negativo)
sign(y) Diregéio de y {1 ou -1)

N Nuamero de iteragbes

dx, dy tamanho dos passos

xrem yrem  passos que faltamem xey
{Todos valores sfo inteiros com excegdo de f e Tmim)

O calculo inicial é:

deltax = abs{ xe-xs )
deltay = abs{ ye-ys )
sign{x) = sign(xe-xs )}
sign(y) = sign(ye-ys )

deltau = f*Tmin
N = sqrt( deltax”2 + deltay*2 )/deltau




dx deltax/N

dy = deltay/N

Xrem = deltax - dx*N

yrem = deltay - dy*N

line (s, dx, xrem, sign(x), N} //Envia para controle de x
line (ys, dy, yrem, sign{y), N) //Envia para controle de 3%

Apds a iniciagdio dos eixos, cada um pode ser calculado todo periodo 7, com o

seguinte codigo:

function line (xs, dx, xXrem, sign (=), N)
{
x[0] = xs
Xerror
for (i
{
x[i] = x[i-1] + sign(x)*dx
Xerror = Xerror + Xrem
if ( xerror >= N}
{
x[1] = x[i] + sign(x)
Xerror = xerror — N
}
}

0
1; i<=N; i++)

o

t

As posigbes geradas sio enviadas ao controlador a cada intervalo de

interpolagéo.

2.4, Perfil de Velocidade Trapezoidal

A aceleraclo e desaceleragdio sfio definidas dentro do programa do CNC. As
unidades sdo convertidas para counis, o menor deslocamento que o sistema pode
detectar. E o caminho da ferramenta ¢ dividido em N pequenos seguimentos na
diregfio dos eixos durante o periodo de interpolagdo 7.

O menor tempo de interpolagdo deve ser igual ao periodo de amostragem T
ou um multiplo do mesmo. O avango fe o 7 sdo definidos no software de
controle e o passo de interpolagio, como adiantado no algoritmo de interpolaggo
linear ¢

Au= T . (15)

Quando o avango muda durante o processo, Az ¢ mantido constante mas o

tempo de interpolagéo 7, ¢é atualizado como

Au
I =—. (16)
Vi
Usando perfodo de amostragem varidvel muitos eixos podem ser

sincronizados a partir de um célculo unidimensional. A interpolacgio de velocidade e



posigdo ficam desacopladas. Admitindo um deslocamento de Lem uma diregdo

arbitraria, o interpolador € executado N vezes com intervalo de 7, em entre eles:

L
N=—. 17
R (17)

O nimero total de teragdes ¢ dividido em varios estagios dependendo do
perfil de velocidade usado.

Para um perfil trapezoidal, que sera usado pelo interpolador desta méaquina,
ha trés estagios distintos: a aceleragfo, velocidade constante ¢ desaceleragiio como
mostrado na figura.

§ [Countsis)

-t

o with zeto mubal fepd

t t, "D,

b Vekocty o Suring macurwg
¥ig. 2-4 - Perfil trapezoidal para velocidade
Se o avango Inicial é e a aceleragdo A é constante a distdncia percorrida
durante esse periodo ¢
fi
/, :_.Lzélz‘.:fzt:éi (18)
- 2

Como ¢, = J , ¢ nimero de intervalos de interpolagfio durante é
L A

4 f?
sl - YiN 19
' Au 2A4Au a9

Para a desaceleracio D é semelhante

h 12
2" Au 2DAu (20)



Em uma aplicago como esta que esta sendo desenvolvida neste trabalho nio
¢ interessante fazer a maquina parar antes de iniciar um novo seguimento. Entfo para

acelerar de um avango f, para um novo avango f o deslocamento fica

4 T, A 2
L= + ale- e = [1fy + arkdr = 17, + 2’“ @1)
A o
Emque 7, =t, — ¢, = (f - ,)/ A entdo
f>-f
RS i/ 2
1= (22)
L~
2 2
y=Lzto (23)
2 AAu

Para desacelerar de f para f, o processo é semelhante e obtém-se

fZ s f;2
N, =—2= 24
> 2DAu )
Os nimeros de iteragtes sdo inteiros arredondados.

O intervalo de interpolagdo 7; deve mudar a cada intervalo durante a fases de
aceleragfio para manter o passo de interpolagiio Az constante. Desta forma

% A2 o A
Au= jArdr: E(t,‘ -—t,,_l)=5(t;, _fk-lek ‘Hk—l)

LN
Substituindo T,(k)={t, —#,,) ¢ #, = f(k)/ 4", t,, = f(k~1)/4 temos o
periodo de interpolagdio para cada intervalo
2Au
f@®)+ flE-1)

O que lava ao seguinte pseudo-algoritmo

7,(6)-

(25)

for (k = 1; K <= N1; k++)
{

FE) =/ f2 +2kAAu

2Au
T{k)=
'().ﬂm+f&—ﬂ

}

for (k = 1; K <= N2; k++)
{
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Au
T{) =22
t() f

1

for (k= 1; K <= N3; k++)

{
f(k) = {7 - 2kDAu

2Au
') =
Ly gy

Note que as fases sdo codificadas em fun¢Bes separadas ¢ sdo executadas

quando necessério.

Note também que avango e aceleragdes sdo regulados pelo vetor
deslocamento, o que garante sincronismo e velocidade correta em todos atuadores

ativos, contribuindo para o movimento vetorial no espago. Tomando um movimento

em dois eixos, o vetor deslocamento ¢
Au = Axi +Ayj
Dividindo ambos os lados por 7, tem-se

F=fi+hj

em que a amplitude do avango é f = 1/ i+ fy2 e f,, f, sdo as velocidades
nos atuadores x e y. Entiio, uma vez definido Au, o periodo de interpolagdio 7, e o

nimeros de iteracdes Ni, N> e Nj calculados, as velocidades e o incremento de

posigdo para os atuadores X e y estdo automaticamente definidos pelo algoritmo,

como foi mostrado no algoritmo de interpolag@o exposto anteriormente.
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2.5. O LM629

Al
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Fig. 2-5 - Diagrama de blocos para controle de motor CC usando LM629

O LM629 da National Semiconductor ¢ um processador dedicado para
controle de movimento e pode ser usado com uma variedade de motores CC que
possua um sinal incremental em quadratura para realimentagfio (encoder). Ele
implementa um controlador PID digital e executa as tarefas em tempo real
necessarias para o controle do movimento. O software de controle da CPU
desenvolvida faz a interface com o CI através de um conjunto de comandos.

As caracteristicas deste CI sdo:

* Registradores de posicdo, velocidade e aceleragdo de 32 bits;

» Coeficientes dos filtros do PID com 16 bits;

* Periodo de amostragem derivativo programavel;

* Saida sinal-magnitude PWM de 8 bits;

* Velocidade, posi¢do alvo ¢ os filtros do PID podem ser alterados durante

a execugio do movimento;

Este equipamento pode ser operado de duas maneiras: modo posigdo e modo
velocidade. No modo posigio define-se a posi¢do alvo, a velocidade maxima e a
aceleragdo ¢ controlador se encarrega em produzir um perfil de velocidade
trapezoidal, como o descrito anteriormente. No caso do modo velocidade o moior &
acelerado até a velocidade alvo com a aceleragdo desejada ¢ mantém a velocidade até
receber um comando de parada, quando desacelera até parar.

A possibilidade de mudar a velocidade durante o movimento permite a

criag8o de trajetérias como, por exemplo, na figura abaixo. Os pontos de mudanga de
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velocidade podem ser ajusta através de breakpoints, que sio posi¢des

onde o
controlador interrompe o host avisando que chegou ao ponto desejado.
veLoeny 4
(8)  MOOFD TRAPEZOIDAL PROFILE N\ /o T
DR IRIZ

Fig. 2-6- Exemplo de perfil de velocidade
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3. MATERIAIS E METODOS

Nesta parte do texto serfio descritos cada componente que compde o sistema e

detalhes referentes a critério de selegdio e/ou concepgio,
3.1. Atuadores e Sensores

3.1.1, Motores

Dimensionamento do motor do trilho:
* Massa dos blocos das guias de medigfio de forga de usinagem: Skg
* Massa da mesa de fixagio em aluminio- 20kg
¢ Massa total do sistema: 5 + 20 = 25kg
* Aceleragio envolvida: 1m/s?
» TFor¢a de corte maxima: 40N
¢ Forga total envolvida: 65N
* Torque envolvido: 65%(28E-03) = 1,82N.m, onde 28E-03m é o raio primitivo
da polia envolvida.
* Para uma rotagfio de 1800rpm = 30rps do motor ¢ uma redugio de 1:5 =>
61ps, a poténeia envolvida é de P = 1,82*%6 = 10,92W
* Servo motor selecionado: MT-3363 com as seguintes caracteristicas:
- Peso 5,9kg
- Rotagfio 4000rpm
- Torque 1,3N.m
- Tens&o 120V
- Corrente 4.76A
- Fabricante BALDOR

Dimensionamento do motor da guia:
* Massa dos blocos das guias de medigéo de forca de usinagem: i5kg
* Massa do motor: Skg
® Massa ferramenta: 2kg
* Massa total do sistema: 22kg
* Massa do fuso: 1,25kg

¢ Passo do fuso: 5Smm
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¢ Diimetro do fuso: 25mm

e Coeficiente de atrito: 0,1

¢ Cocficiente de escorregamento; 0,005
* For¢a de avango: 100N

¢ For¢a na direclo do deslocamento: ON

Torque estatico:
Test = (passo*coefatrito(25*a + Forga na diregiio deslocamento) )/2*3,14 =

1,99E-03 N.m

Torque de Rolamento:
Trol = passo*didmetro fuso/2*for¢a avango = 25E-03 N.m

Torque de avango:

Tavan = passo/2*3,14*forca de avango =0,31N.m

Torque total:
Ttot = 1,99E-03 + 25E-03 + 0,31 = 0,34 N.m

* Para uma rotago de 2400rpm = 40rps do motor, a poténcia envolvida ¢ de
P=0,34*%40=13,5W
¢ Servo motor selecionado: MT-3353 com as seguintes caracteristicas:
-Peso 4Kg
- Rotag@o 4000rpm
- Torque 0,7N.m
- Tensdo 120V
- Corrente 2,68A
- Fabricante BALDOR

Os motores foram selecionados a partir dos valores de torque, € considera-se
que vérias aproximagdes de massa foram feitas.
Para a selegiio dos motores foi considerada a movimentagiio da estrutura a

abaixo,
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Motor da Guia

Motor do Tril

Fig. 3-1- Desenho artistico da miquina de usinagem

3.1.2. Encoders

A realimentagio de posicdo do LM629 deve ser incremental € em quadratura
podendo haver, ou ndo, um sinal de index. Portanto o gerador de pulsos (encoder)
selecionado, o RI 42-0/1000 AR.41DA da Veeder-Root, atende este requisito.

Este equipamento possui as seguintes caracteristicas:

¢ 1000 linhas de resolucgo;
* saida em quadratura com sinal de index;

¢ saida push-pull 5V, +30mA.

3.2. Hardware

O hardware para controle ¢ composto de dois drivers de poténcia € uma placa
CPU com um microcontrolador PIC que funciona como host de dois LM629 e faz

interface com um PC através de uma porta serial RS232 e um terminal de telnet.
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3.2.1. Fonte: Alimentaciio dos Motores
A fonte utilizada & composta de um transformador de poténcia com duas
saidas de 65VAC 5A e uma ponte retificadora de poténcia disposta em um

dissipador.

3.2.2. Driver

O driver consiste em um amplificador de poténcia que recebe o sinal de
controle do controlador, amplifica e entrega poténcia ao atuador.

O driver desenvolvido possui, como componentes essenciais, quatro
MOSFETs IRF840 ¢ dois Gate drives IR2104 formando uma ponte H conforme o

esquematico abaixo.

4

L1l 2
10s

Fig. 3-2 - Esquema elétrico Driver

3.2.3. Placa CPU
A placa foi desenvolvida com um microcontrolador PIC16F876A rodando
com um cristal de 20Mhz. Possui um diodo-led para sinaliza¢iio e um botdo de reset

de hardware. A placa possui uma comunicagdo serial do tipo RS232 para




comunicagdo com o computador. A comunicagdo serial ¢ feita através de
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um cabo

serial ligada & placa CPU e um circuito de conversdo de sinais TTL — RS232
O microcontrolador funciona como host dos dois Cls dedicados (LM629) que

estdo dispostos na mesma placa. A comunicagiio com os Cls ¢ feita através de um

BUS de dados compartithado entre os dois componentes. Para a selegiio do CI

desejado para passar os comandos, utiliza-se o sinal de ChipEnable que habilita o CI

desejado para a recepgio de comandos.
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Fig. 3-3 - Esquema elétrico placa CPU {pdgina 1/2)
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Fig. 3-4- Esquema elétrico para CPU (pégina 2/2)

3.3. Software

’

E necessario um software para o teste do hardware e para demonstrar a
capacidade do sistema controlar a méquina e realizar interpolagdo linear. O software
implementa os comandos bésicos para o funcionamento do LM629 e possui trés
médulos com diferentes fungdes, um para controle manual (modo manual), um para
demonstrar a capacidade de se implementar interpolagdo linear (modo automatico) e
outro para a sintonia dos coeficientes do filiro PID (modo tuning). Sers apresentada

uma descrigdo funcional de cada médulo e um fluxograma.

3.3.1. Modo Manual

Este modo possibilita movimentar os motores da méquina com velocidade
constante pré-definida tanto na diregio positiva como negativa dos eixos e definir o
zero absoluto para ambos motores.

Para usar este modo deve-se selecionar a opgo 1 do menu principal, a partir
deste momento usas as teclas a, s, d e w para acionar os motores, 2 tecla h para
definir o zero absoluto (home) € x para sair deste modo.

Para mover o eixo x na diregfio positiva, deve-se pressionar a tecla d, o motor
comega a se movimentar, entio para pari-lo pressiona-se a tecla d novamente, Os
demais sentidos e diregdes seguem o mesmo procedimento. A tabela abaixo

relaciona os comandos e agdes.
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Tab, 3-1- Comandos para Modo Manual

Tecla | Agdo

D | Eixo X positivo

Eixo X negativo

A
W | Eixo Y positivo
S

Eixo Y negativo

3.3.2. Modo Automitico

Esta ¢ a opgio 2 do menu principal. Neste modo o usuério define o proximo
ponto em coordenadas relativas (x ¢ y em mm) e a velocidade de avango (f em
mm/s), a CPU calcula os pardmetros, envia para os LM629 e sincroniza o inicio da
operagfo, entdo pede novo ponto para o usudrio e espera o término do movimento

anterior para iniciar o novo ciclo.

.(x,y)

X

Fig. 3-5- Dados para se obter uma trajetoria linear

Para obter uma reta, os eixos devem acelerar sincronizados, obter velocidades
maximas ao mesmo tempo e desacelerar e parar juntos, para tanto deve-se obter

perfis de velocidade como o da figura abaixo.

A

£ £
f.

k 4

tempo

Fig. 3-6 - Perfis de velocidades desejados
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A integral ao longo do tempo de f; (posi¢do y) deve ser em cada instante m

vezes a integral de f,, ou seja:

H !
y=[rdy=m|fdr=mx (28)
[} G
onde f; é a velocidade de cada eixo e
m=2 (29)
X

Para que isso ocomra deve-se ter a seguinte relagdes entre velocidades e
aceleracdes:

f,=mf,ea =ma_. 30y @31

Partindo deste principio a fungdo que calcula os pardmetros a serem enviados

ao LM629 verifica qual distdncia a ser percorrida em mddulo é maior e projeta o

avango f nesta dirego, supondo x a distincia de maior modulo temos:

fo=p—f (32)

xZ + y2

¢ obtém-se f, da equagdo (30).

A acelerag8o a, sera a aceleragdo maxima da maquina € a, € obtido de (31).

O procedimento € analogo para o caso de y maior que X.

Para que estes parimetros possam ser enviados ao LM629 os valores de
aceleragdes, velocidades e distancias devem ser convertidos para as unidades que o
ClI usa, isto &, counts para distancia e samples (amostras) para tempo. Para o encoder
acoplado diretamente ao eixo do motor deve-se possuir as seguintes informacdes
sobre o sistema para efetuar estas conversoes:

e Quantas revolugdes do eixo do motor sdo necessarias para o
deslocamento de 1mm da mesa (rev2mm),

¢ Qual é a resolugiio do encoder (nimero de ranhuras, N), que deve ser
multiplicado por quatro (observe a Fig 3.7), pois 0 LM629 recebe o
sinal em quadratura, 0 que permite contar 4N posigbes em uma
revolugdo do motor {rev2counts),

e Quantos segundos por sample ¢ a taxa de amostragem do seu
controlador, no caso do LM629 este namero é 2048 dividido pelo

cloak imposto ao CI (sec2sample).
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Fig. 37 - Sinal em quadratura do encoder e tabela de decodificagiio

Com estes dados em mdo as conversdes sdo realizadas da seguinte maneira:

X, = XX mm2rev x rev2counts (33)
Jo = f xmm2rev x rev2counts x sec 2sample (34)
a, =a, xmm2revx rev2counts x sec 2sample x sec 2sample (35)

O indice ¢ indica que sdio os valores convertidos e para o eixo y deve-se
realizar o mesmo procedimento.

No LM629 o valor de posi¢io é um inteiro com sinal de 32bits, portanto
deve-se arredondar o valor de x, antes de envia-lo. Velocidade e aceleragdo s#o
inteiros de 32bits, porém os 16bits mais significativos correspondem a parte inteira e
os 16bits menos significativos a parte fracionada, portanto estes parimetros devem
ser multiplicados por 65536 ¢ entiio arredondados.

Para finalizar os pardmetros sdo carregados nos respectivos LM629 ¢ entfio é
enviado o comando STT (start) a cada CI para iniciar a execucdo do movimento.
Cada controlador executa as tarefas em tempo real e garante que o perfil de
velocidade seja o mais proximo possivel do programado, desta maneira os eixos x e y

estiio desecoplados.

3.3.3. Moedo Tuning

A opgdo 3 do menu principal proporciona uma interface com o usuario para
se encontrar os valores dos pardmetros do filtro PID de cada LMé629. Os detalhes de

como se proceder estio na préxima parte (Setup Minimo - Parimetros PID).
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3.3.4. Fluxograma do software

Aqui serfio apresentados os fluxogramas do software, o primeiro é do
funcionamento geral e os outros sdo do funcionamento de cada médulo. A intengdo

aqui € somente mostrar o fluxo de execugiio do software de teste do hardware.

el || ||
P el [ )

Fig. 3-8 - Fluxograma principal
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Fig. 3-9 - Fluxograma do modo manual

Modo Automético

Pede para usudrio

0 proximo ponio e
velocidade de avango

s

€ envia para o LM629

_/

~

erifica se 05 motoras

esi3o parados

Fig. 3-10 - Fluxograma modo automitico
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Fig. 3-11 - Fluxograma modo tuning
3.4. Setup Minimo

3.4.1. Parametros do PID

Para que o LMé629 funcione de maneira adequada, deve-se carregar os
pardmetros adequados para o controlador, de forma a se obter uma resposta com o
sobre-sinal (M), tempo de subida (1,) e tempo de acomodagio adequado (t;). Nesta
parte sera descrito um método experimental, normaimente usado quando ndo se
conhece afundo a dinimica do sistema, para encontrar os pardmetros do PID de
forma a se obter um sistema com amortecimento critico, isto €, o menor tempo de

subida sem sobre-sinal.



25
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Fig. 3-12 - Resposta em degran

»
L

1
Fig. 3-13 — Resposta em degrau de um sistemna com amortecimento critico

Os pardmetros a serem definidos para o filtro digital do LM629 sfio K; (ganho
proporcional), K; {ganho integral), K4 (ganho derivativo), T4 (periodo de amostragem
derivativo) ¢ i; (Jimite integral), € 0 modo “Tuning” do software foi desenvolvido
para que estes nimeros pudessem ser encontrados de forma conveniente.

Este método consiste de varios passos que devem ser seguidos.

1. Preparar o sistema:

Deve-se realizar um reset por hardware do LM629 que controla o motor,
carregar K,=K;=i;=0, K4=2 ¢ dy=1, onde T4 = 256pus x d,, enviar um
comando para que o motor mantenha a posigio atual. Qualquer
movimento do ¢ixo do motor serd um erro, porém com K, e K; setados
para zero o loop de controle ndo pode corrigir.

Usando o modo “Tuning” este procedimento & executado quando se

seleciona o motor para sintonizar.
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Fig. 3-14 - Tela para selecio do modo Tuning
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Fig. 3-15—- Escolha do motor a ser sintonizado

2. Determinagio do ganho derivativo
O ganho derivativo amortece o sistema para diminuir o sobre-sinal ¢
tempo de acomodagéio. A constante de proporcionalidade é d, x K.
Estes coeficientes sio determinados por um processo iterativo. Ky &
aumentado sistematicamente até o sistema comegar a oscilar em alta
freqiténcia. Entdo se soma um a d,. Este procedimento é fepetido até se

chegar ao valor apropriado para o sistema.
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Em geral k¢ e d; devem ser selecionados para que o produto deles dé o
maior valor possivel.

Uma maneira sugerida pelo AN-693 (Apéndice B) da National é iniciar
Kq em 2 e dobrar seu valor a cada passo. Ao aumentar K, ao tentar girar o
eixo déo motor, sente-se que a resisténcia aumenta. Por K4 proporcionar
uma forga proporcional a velocidade, quanto mais rapido se gira o eixo
maior a resisténcia.

Apds a selegiio do motor para sintonizar, serd requisitado um valor para
K4 ou pode-se a aceitar o valor atual (dois na primeira vez). Aceitando o
valor de X, € requerido um valor para d,, aceitar (a) o valor atual ou voltar
(v) para ajustar Ky conforme o método. Para passar para a proxima parte,

deve-se aceitar o valor de K4 e aceitar o valor de d,.

- — f— w— W oW L)

e v €t o= Ly~ = = ” o
Aquvo Edtsr Ewbr Chamar Transferr Apda

Dw &3 0y &

wuw Henu Principal
1 Manual
g Tunning

Motor(0:K, 1:¥), {c)ancela, : @
Kd, (a)ceita: 2
Kd, {ajceita: &
Kd, (a)ceita: 8
Kd, {a}jceita: 16
Kd, {alceita: 32
Kd, (a)ceita: a
ds, afv: 2

ds, alv: a

Kp. afv: v

ds, alv: ¢

Kd, {a)ceita: 6k
kKd, {a)ceita: 128
Kd, {a)ceita: a
ds, afy: 3

ds, alv:

00:06:01 conectado ARSE 9600 B-H-1

v [T ——

Fig. 3-16 — Processo de sintonia do Kd e ds de forma iterativa

3. Determinagio do ganho proporcional
A parte proporcional diminui o erro devido  inércia e a carga. Esta forca
€ proporcional ao erro de posi¢io e a constante de proporcionalidade é K.
Para determinar K, deve-se aumenté-lo ¢ verificar o amortecimento do
sistema, até se verificar um amortecimento critico.
O amortecimento ¢ verificado manualmente. Girando o eixo do motor
com a méio, percebe-se que a constate de “mola™ aumenta conforme o Kp

fica maior. Quando se gira o eixo, o controlador percebe o erro de posigéo
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€ tenta retornar o eixo para a posigdo inicial. Se K, é muito pequeno, este
retorno € muito lento e o sistema esta superamortecido. Se K, muito
grande, o retorno ¢ rapido, havera um sobre-sinal ¢ o sistema demorario a
estabilizar. O valor de K, deve ser o maior possivel de forma a nfio causar
sobre-sinal.

O AN-693 (Apéndice B) sugere iniciar K, com dois e dobré-lo a cada
iteragio até a situagdo ideal.

Pelo software ¢ possivel mudar K, até que o valor ideal seja enconirado.
Determinagfio do ganho integral

A parte integral prove uma forga que pode eliminar o erro de seguimento
énquanto o eiXo esta rodando ¢ a deflexfio de carregamento estitico
enquanto o eixo estd parado.

A constante de proporcionalidade é K;.

Altos valores de K; faz com que haja rapida compensago do torque,
porém aumenta o sobre-sinal ¢ 0 tempo para o sistema estabilizar. O valor
de K; deve ser o menor que dé uma solugdio de compromisso entre sobre-
sinal, tempo de acomodagfio ¢ o tempo para cancelar o efeito de um
torque estatico.

A forga corretiva proporcionado pela parte integral aumenta linearmente
com o tempo. I limita esta forga, prevenindo para que ela nfio aumente
até infinito.

Em muitos sistemas I, pode ser configurado para seu valor maximo sem
prejuizos. Se I for zero a parte integral nio tera efeito.

O dltimo passo do modo “Tuning” ¢ configurar K; e 1,
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4. RESULTADOS

Fig. 4-1- Protétipo funcional

Para a analise dos resultados, construiu-se um protétipo capaz de demonstrar
a capacidade e a viabilidade do projeto apresentado.

O protétipo constitui-se de um hardware eletrénico composto de 2 drivers de
poténcia para acionamento dos motores, uma CPU de controle para monitoramento
do LM629, duas guias compostas de motores de corrente continua e dois encoders
com leitura em quadratura. Para tanto fez-se as ligages elétricas e mecanicas
necessarias afim de observar o comportamento dos motores no sistema mecanico.

Observou-se que o prototipo construido é capaz de comandar sistemas de
posicionamento com velocidades varidveis com precisdo razodvel, visto que esta
depende muito dos encoders utilizados e das folgas mecdnicas do sistema de
transmiss&o. Para esta aplicagBio observou-se que a precisdo variava entre 1 ¢ 2
milimetros, utitizando um encoder de resolugéio de 500 linhas e um sistema mecénico
um tanto quanto desalinhado.

Do hardware construido, notou-se que a fonte utilizada apresentava uma
queda de rendimento quando os motores eram acionados ao mesmo tempo em

velocidades altas. Isto fez com que a demonstragfio ficasse prejudicada quando altas
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velocidades eram empregadas aos motores. Para tento basta utilizar uma fonte com
poténcia maior.

Quanto aos drivers apresentados, notou-se que foram muito eficientes e nio
apresentaram muitos problemas com dissipagfio de calor nos Mosfets, visto que o

acionamento em PWM tende a ser ideal.

4.1. Hardware

Nesta segdo serdo apresentadas as placas confeccionadas.

4.1.1. Driver

Fig. 4-2 - Driver para acionamento do motor

O Driver construido visou o funcionamento de motores de tensiio de operagio
de 120VCC e corrente de 8A, porém pode ser utilizado para o acionamento de
qualquer tipo de motor de corrente continna desde que a tensdo minima de operagéio
do motor seja de 24 VCC e a corrente ndo exceda 8A. Utilizou-se um dissipador que
fosse suficiente para dissipar a poténcia de 4 MOSFETs de SOW cada, ou seja, 200W
aproximadamente, pois no pior caso quando os dois motores estiverem funcionando

quatro transistores estardo conduzindo.
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4.1.2. Placa CPU

A placa CPU construida foi desenvolvida em uma placa padro visando a
versatilidade e facilidade da construgdio. Os componentes foram selecionados
conforme as necessidades e requisitos implicitos de outras partes do hardware. A

placa atende aos requisitos e necessidades do trabalho.

4.2. Software

O software foi escrito em linguagem C para ser compilado usando o
compilador PCM 3.147, que compila o codigo para ser executado em
microcontroladores PIC de 14bits da MicroChip, e usa alguns arquivos de include
proprietarios deste compilador. O codigo-fonte comentado estd disponivel em anexo.

O software apresenta o fluxe proposto e os comandos enviados para o LM629
foram depurados usando a porta serial e enviam os dados da forma correta.

O teste com hardware nio pode ser feito até a presente data devido a atrasos

ne processo de importacio dos LM629,
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5. DISCUSSAO

Os resultados apresentados pelo protétipo montado mostram-se muito
satisfat6rios se levarmos em consideragdo o fato de que vérias adaptages tiveram de
ser feitas, assim como varias dificuldades mostraram-se relevantes no bom
desempenho do sistema.

Observa-se que o tuning dos atuadores, ou scja, a definigdo dos pardmetros do
controlador PID, é muito dificil de ser feita, pois os pardmetros sfio muito
influenciadores no desempenho do movimento e na sua precisio.

O parémetro Kp (parte proporcional do PID) que € responsavel pela rigidez
do movimento dos atuadores ¢ um dos parimetros mais “lineares” e de mais ficil
calibragio ¢ € responsavel para contornar problemas de rigidez do sistema.

O pardmetro Kd (parte derivativa do PID) meostrou-se mais dificil de ser
calibrado, pois uma pequena mudanga deste fator, torna o movimento dos atuadores
muito melhor ou muito pior. Observa-se que conforme este fator ¢ mudado, pode-se
observar um movimento cheio de “soquinhos” dos atuadores. O pardmetro ds é um
fator relacionado com o tempo derivativo do intervalo de amostragem. A
combinagiio dos pardmetros Kd e ds, influenciam na estabilizaciio estatica do
atuador, ou seja, influencia no sobresinal do sistema de posicionamento. Quando este
fator estd bem ajustado, o motor fica parado estavelmente, sendio este fica oscilando
em alta freqiiéncia nos dois sentidos sem nunca estabilizar sna posigdo.

O parémetro Ki (parte integrativa do PID) ndo foi estudada neste protétipo
pois 0s testes foram feitos sem carga.

A calibragio em geral ¢ dificil de ser feita, porém pode melhorar muito o
desempenho de um sistema mecénico (atuador + transmissdo) se corretamente

efetuada.
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6. CONCLUSOES

O hardware de controle apresentado neste trabalho é suficiente para se
implementar o controle da maquina proposta possibilitando a geragiio de trajetoria
linear da ferramenta. Trajetorias mais sofisticadas sdo possiveis usando o recurso de
breakpoints, que avisa quando o motor chegou a determinada posigéo, disponivel no
LM629 e fazendo o pré-processamento dos pontos a serem interpolados de forma a
se encontrar os breakpoints onde devem ocorrer as mudangas de velocidade dos
motores de forma a se obter os perfis de velocidade que gerem a trajetoria desejada.
Para isso o microcontrolador embarcado seria usado como intermedidrio entre o
LM629 um PC (ou uma CPU dedicada para esta finalidade) e o microcontrolador
seria responsavel em receber os breakpoints e velocidades calculados pelo PC via
canal serial e gerenciar todas as peculiaridades do LMé629, como estouro de
contadores, limites de erros integrais entre outros. A parte do hardware que se
designa aos atuadores (drivers de poténcia) atende aos requisitos presentes, porém
em uma aplicagio real deveria ser mais robusto, ou seja, possuir sensores de corrente
para evitar super-aquecimento no caso de algum motor travar, possuir um cooler
mais adequado para dissipag8io da energia entre outras caracteristicas para melhorar o
desempenho e evitar falhas. A fonte utilizada também poderia ser melhorada, visto
que a tensdo utilizada no motor atualmente ndo & o valor exato de operagio do motor.

Portanto conclui-se que o hardware apresentado é suficiente para demonstrar
a funcionalidade dos recursos explorados neste trabalho, porém deve ser melhorado

para uso comercial.
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7. ANEXO - CODIGO FONTE DO SOFTWARE DE TESTE DO
HARDWARE

fravadsrsr s uSofiware de conkrolesssssaeie)
/* Arquive principal

27/10/2003

Marcel Henrique Vieira Gongalves

Daniel de Paula Nestrovsky

Versko D101

Compilador PCW */

f** Pays funcionar ho made com interpolagao deve=-se descomentsar a préxima linka

* Modo interpolag#o: Filtros do PID pré~definidos

M Interpolacko ponto & ponte com entrada pele usvario
® através de terminal

* Modo calibraglo: Para encontrar o3 coeficentes des filtros

v/

kdefine interpolscao

finclude “C:\Workdir\Tocumentos\TF\shaping0l161. 0"
#include <fleat.h»
#include <math.h»
#include <stdio.h>
finclude <string.h>
#include <stdlib.h>

FZERO. RAM

/*Variaveis Locais®/
UCHAR EgtPrinc;
UCHAR EstMcodeoManual;
UCHAR EatModeAuto;
UCHAR EstModoTunnlng;

UCHAR Usestzr{g8]; //5tring para receber os parimetros via comunicagfc serial
UCHAR contled:
intl EatlLed;

/*Conkantesy/
const unsigned char RCEITA[)] = ™, afv: "

f*Prototipos Locais*/

void maln(veid);

UCHAR RDSTAT [ wveid );

void Inicializacao ({void);

void WriteCmd {UCHAR aCmd);

void WriteWord (UCHAR *aData);

void ReadWord (UCHAR *aData);

void SendCmd (UCHAR aCmd, UCHAR *aData, UCHAR aDakaSize):

vold GetParam {UCHAR aCmd, UCHAR *aData, UCHAR aDataSize);:

void [LM&2%HdwReset (int1 aMotor);

void SelectMotor (intl sMotor):

vold SendTrajParan (ink32 aPos, inkt32 avel, Inbtd2 aldcel);

veid SendVelParam {intl abir, intl aParar, int32 avVel, int32 alkcel);
void Start(veld);

void CaleculateTrajParam (float a¥next, float a¥next, flcat aF);

vold LoadFilterParam {UCHAR aTd, intle sKp, intl6 aKi, intie akd, inti€ aii};
void UpdateFllters(void);

#int _RTCC
RTCC isr() /i1 6ms
{
ContLed++;
if (ContLed == 100}
{
EatLed = ~EstLed;
autput _bit (LED, Esklad);

}
//Reloglos();
t

#int_TIMERI
TIMER1 1sx () /710, dms
i

i

§int_TIMERZ
TIMERZ isr() /{1G0us
I
I

vold main({void)
1
ungigned intlé Kd, Kp, Ki, il;:
UCHAR Td;

float pontoj3j:

setup_adc_ports (NG _RNALCGS) ;

zsetup_ade [ADC_CLOCK_DIV_2):
aetup api (FALSE) ;

setup_counters (RTCC INTERNAL,RTCC DIV 32)
getup timecr 1(T1_INTE ALITI DIV BY H);
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setup_timer_2 (T2 _DIV_AY_ 4,126,1);
enable_interrupts (INT_RTCC);
enable_interrupts{INT_TIMER1) ;
enable_interrupts (INT TIMERZ);
enable_interrupts(global);

Inicializacao(};

delay ms(1);:
//digable_interrupts (INT_RTCC) ;
disable intarrupta(INT_TIMER1);
disable_interrupta(INT_}IMERE];

while(l)
1
switch {(EstPrinc)

{
case ldle: //Liguei E estou aguardando o inicio do recebimento da
/ftraietoria
pubs ("*** Menu Principal™);
putsi”™l Manual®};
#ifdef Interpolacac
puts ("2 Automatica");

#endif
puts ("3 Tunning™):
gots{ UsrStr );
EstPrinc ~ atoi| UstStr );
break:

cane ModoManual:
awitch (EatModoManual}
f

cage Mover:

unaigned char tacla;

tecla = gete():

if (tecla == 'd'y
{// Eiza ¥ na direcdo positiva com velocidade constante
3electMotor (MOTORX); //Seleciona LM629 gue controla o eixo ¥
SendVelParam {1, 0, VEL_MANUAL, ACEL, MANURL):; //Envia comando

£/ para andar com velocldade
// ¢onstante

Start{); //Envia comendo para iniciar o movimerto
da //Bapera a tecla d ser precionada novamenta

{

tecla = Tx';

tecla = getc();

]
while (tecla != 'd?);
SelectMotor (MOTORX);
SendVelParam (1, 1, VEL_MANUAL, ACEL_MANUAL);  //Envie camando
/f que desliga o motor
Start{);
t

else if (tecla == '3")
{// X negative
SelectMotor (MOTORK) ;
SendV¥olParam {0, 0, VEL MANUAL, ACEL MANURL);
Start{);
do
{
tecla = 'x';
tecla = gete{);

}
while {(tecla i= Y3');
SelectMotor (MOTORX);
SendValParam {0, 1, VEL_MANUAL, ACEL MANUAL};
Start{):
}

else 1 (Lecla == 'w')
{// Y positivo
SelectMotor (MOTORY);
SendvelPacan {1, 0, VEL _MANUBL, ACEL_MANUAL) ;
Start{):
do
{
tecla = 'z%;
tecla - getc{);

i
while (tecla != 'w'];
SelectMotor (MOTORY);
SendVelParam (1, 1, VEL MANUAL, ACEL MAMNUAL);
Startf);
¥
else if (tecla == ‘st
{// Y negativo
SelectMotar [MOTORY) ;
SendVelParam (0, 0, VEL_MRNUAL, ACEL_MANUAL);
Starti);
do
{
tecla = 'x';
tecla = gete();

while {tecla i= "35');

SelectMator [MOTORY);

SandVolParam [0, i, VEL MRNUAL, ACEL MANUAL) ;
Start{);




else if (tecla == 'h'}
{
/! Guarda a posigBo atual como HOME: (D, ©) absoluto
SelectMotor (MOTORX);
SendCnd ( CMDDfh, NULL, CMDDfhSize );
SelectMotor {MOTORY):
SendCmd { CMDDfh, NULL, CMDDfhSize };
I

@lse if (tecla == 'x'}
EstModoManual = Sair;

I

break;

casea Sair:
EstPrinc = Idle;
EstModoManual = Maver;
break;
i
kreak:

{ifdef Interpolacac
caze ModoAuto:
gwiteh [ EstModoAuto )
1
caze ProximoPonto:

/1 Recebe prézine ponto e velocidade de svango
int is
for [i=0 ; 1<2 ; L++)
[
printf (™nte: M, {i==0) 7 "x' : 'y' );
gets{ UsrSte };

ponto[il = akof{ UsrStr |;

}
printf { "\nvel: " };
gets{ Usc3ktr |;
1 { bsdigib( YerSerio) 1 )
pontoi{2} = atof| UarStr )

EastModoAuto = CalcTrajParam;
I
break:

wase CalcTrajParam:

CalculateTraiParam {ponto[0i, ponto(l]), ponte[2]);
EatModoAuto = SincronlzaEixos;
break;

<ase SlncronizaBixos:
// Sincreniza os wixos
SelectMotor {(MOTORX) ;
Starti);
SelectMotor (MDTORY) ;
Start(};
EgtModeAuto = FimProg;
break;

case FimProg:
// Pergunte ao usudrio se dessja cxegutar mais uma trajetéria
printf ("\oMzist: ");
gets{UsrStr);
if { UseStrlC] == ‘s' )
EstModaAute = FroximePonto;
elas iF [ UscStr{df == 'n'
[
EstPrinc = Tdie;
EstModoAuto = ProximoPonto;
]
break;
1
break;
tendif
//#ifndef Interpolacac
caze ModoTunning:
awitch ( EstModoTunning )
|
case SelMator:
prinkf { "\nMotor(D:X, 1:Y), {(clancela, : ™ );
gets { UscStr }:
if { isdigit{ UseStof0] ) )
!
int Motor;
Motor = atoi( UsrStir }:
if [ Motor <= MOTGRY |
[
Kd = 2; Td = 0; Kp = 0; Ki = 0; il = 0;
SelectMotor| bit_test{ Motor, 0 ) );
LMéZ fHdwReset { bit test{ Motor, 0 } };
LoadFilterParam (Td, Kp, Ki, XKd, il];
UpdateFiltars(};
SendTrajParam (0, ¢, 0):
Start();
EatModoTunning = Acertakd;
¥
i
@lag if | UsrStr{0} ~= "ot )
{
ExtPrinc = Idle;
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}

break;

case Acertald:

printf { "\nKd, {ajceita: " }:

aets [ UseStr );

if ( isdigit( UscStr{0} j )
1
Kd = atol{ UscStr };
LoadFilterParam {Td, Kp, Ki, Kd, il);
UpdateFilters(});
|

alae if [ UseSte{0}l == 'a* )

[
EztModoTunning = Acertabs;
break;

case AcertaDs:
printf { "\nds%s", ACEITA}:
gatz { UscStr );
if { isdigit( UsrsStr(0l ) )
{

Td = ateil UscSkr };
LoadfilterParam (Td, Wp., Ki, Kd, ii);
UpdateFilters():

}

else if { UsrStril) == *a* )
[
EsztModoTunning - AcertaKp:
;

else if ( UscStr[Q] == ‘¢* }

{
FatModoTunning = Aoeriad;
i

break;

case Acertakp:
printf [ ™\a¥p%s™, ACEITA );
gets { UsrStr };
if { isdigit( UsrStrio] } )
{
Kp = atol{ UsrStr );
LoadFilterParam {Td, Kp, Ki, Kd, il);
UpdateFilters{);
I
else if ( UseStr{0] == *av )

[
EatModoTunning ~ AcertakKi;
}

wlae LE { UsrSkr[0] == ‘¢! }

EstModoTunning = hcertaDs;
i

break;

case Acertakl:

printf { "\nki%s®",ACEITA ):

gets ( UsrStr )3

if ( disdigit{ UsrStr[G] ) }
{
KL = aktel { UsrStr );
LoadFilterParam {Td, Kp, Ki, Kd, 1l}:
UpdateFilters();
!

else if { UseStr{0] == ‘a’

EstModoTunnling = Acertail;
1
else if [ YarsStr(0) == 'y¢' }

[
EstModoTunning = Acertakp;
4

break;

case Acertail:
printf { "\nil%as“, ACEITA );
gets { UsrStr );
if { i=zdigit( UsrSer{G] ) )
{
il = atol [ UarStr }:
LoadFilterParam {Td, Kp, Ki, Kd, il);
UpdateFilters();
}
elae if [ UsrStr{f] == 'a' )
i
EstPrinc = Tdle;
EstModaTunning ~ SelMotor;
1
else if ( UarStr{0] == 'v' )
i
EstModoTunning = Acertakiy
}
break;
t
braaks
/7 $endif
fefauvif:
BatPrinc = Idlaj
broak;




}
}
H

void Inicializacao {veid)
port_b_pullups (false);

// Estados iniciais da maguina de estados
EstPrinc =~ Idie;

EstMadoTurning = SelMotor;

EstModohute = ProximoPonte;

EstModoManual = Mowver;

#ifdef Interpolacao
// Executa o reset dos LME2Y
IME29HdwRe et (MOTORK) ;
LME29HdwRaaet (MOTORY ) ;

// Carrega os filtros do PID para cada LMG629
SelectMotor (MOTORX] ;
LondFiiterParam (0, 1000, 200, 2000, 1000); //(Td, Kp, Ki, Kd, i1}
UpdateFiltar=s(};
SelectMotor (MOTORY) ;
LeadFilterParam (0, 1000, 200, 2000, 1000);
UpdateFiltera();
$ondif

!

// Estes funges seguam o timing definido no DatsSheot

// L& o byte de Status <o IM522
YUCHAR RDSTAT { void )
|
UCHAR aData:
output_low(bPS};
cutput_low(bRD; ;
delay us(l);
abata = GetData}
output_high (bRD}:
printf ("R&x", =aData);
return (aData);
}

// Envia um byte com o comando pars o LMG629
vold WriteCmnd {UCHAR aCmd}

{

CheckBuayBit ;
output_low{bPS)
output_low{bWR} ;
SetData (aCud) ;
delay_us(l);
cutput _high (bWR]
1

// Envia uma palavra do 16bits para o LME29
// Os pardmetros dos comandos do LM629 slo enviados en palavras de 16bita
vaild WriteWord (UCHAR *aData)

{

CheckBusyBit;

output_high{bPS5);

output _low {(BWR);

SetData (*alData);

printf(" %x ", *abData);

delay_us(l);

output high(bWR):

cutput low(bWR) ;

SetData (* {alata+l)});

printf (™ %z *, *(aBata+l));

delay_us(l);

output_high{bWR) ;

}

// Recebe uma palavea de 16bltsr do 1M6Z9
/f O LME2¢ reperta dados em palavras de 16bits
/{ Deve—sge passar um poonteiro para um UCHAR[Z]
void ReadWord (UCHAR *aData}
{
ChackBusyBit;
oukput_high{bRS);
output_low(bRD);
delay wa(i};
*zDeta = GetData;
autput_high (bRD) ;
autput_low(bRDj s
delay us(1};:
*(aDatatl) = aData;
output high{bRO);
CheckBusyBit;
}

// Envia um camando de controle o seus pardmetros para o LME29
void SendCund {UCHAR aCmd, UCHAR *aData, UCHAR aDataSize)}

)

UCHAR i;

/¢ Envia o comando

Writetmd {aCmd) ;

printf ("\n&x ", aCmd);
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// Envia oz parSmetras

for (i=0; i<aDataSize; i+=2}
1
WriteWord| (aDatatl} }:

/4 Envia o comande de Data Report & reccbe palavras de controls do LM629
// O ponteire abData deve ser grande suficiente para receber os dados
void GatParam (UCHAR afmd, UCHAR +abata, UCHAR aDataSize}
1
UCHAR i;
// Envia o cowande de report
WriteCnd {aCmd) ;
// Recebe os dados
for (i=0; i<aData; i+=2}
|
ReadWord (aDatati};
i
i

// Resota o LM629 por hadware e suas interrupcées
// Executa a rokbina de resek proposta no AN-693
void LM62%HdwReset (intl aMotor)

|

UCHAR sta;

UCHAR datal2];

SelactMotor {aMotor);

/{ Reset por hardware
do
I

do
{

//iE (aMotor == MOTORX)
output_low(bRSTR);

f/else

/7 output_low{bRSTY};

delay mg{5);

F/LE (aMotor =~ MOTORY)
cutput_high (bRSTX) 5

f/else

7/ output_high (bRSTY);

ats = RDStat();

delay ms(5); f/ Desve-se esperar pele menos 1.5ms
sts = RDStak ()i

i
while { {(sts != Oxc8) && {(sts != 0x84) };

// Resst das Lnterrupsdes
data[0} = Qx00;
datafl] = €x00;

SendCmd (CMDRsti, &data(Dj, CMDRstiSize);
CheckBuayBit;

stz = RDStat{):

printf {("%x\n", sts);

|
while ( (sts I= O0xed) &8 (sts 1= DxB0O) });

// Seleciona ¢ LMG2Y a ser usadc fazendo o inkertravamente entre eles

// Btiva o chip select de um o desativa o do outre, paca que os componetes
/fpossam usar o mesmo bus de dados

void SelectMotor (intl aMotor)

|

1f (aMotor == MOTORX}
|
output_high (bC3Y)
output_low (bCSKjs
printf ("x"};:
I

alse
[
output high (bCSX) ;
autput_low{bCSY];
printE{"y");
I

}

/7 Envia os parBmetros de trajetéria pars o modo posigaoc
// Os bytes mais significativos devem ser enviados antes dos LSB
vold SendTraiParam (int32 aPog, inkd2 aVel, int32 ahcel)

[

UCHAR trajlidl;

traj[0]=0x00¢ // Pogition Hode

trnj[11=0x2B; £/ BAcoloragdo e Velecidade absclutas s Powigdo relativa

trajlzl=*(&ahcaltld);

tralj[3]=* (&ahcel+?)

trajf4le* (sahcael+l};

traj[5]=*{gahcel);
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traj{é]=*{caVel+3);
trat[7]=*(gaVel+2);
traj[8]=*{saVel+l);
trajig]=¥(gaVel);
traj[10i=>LaPos+3) ;
trafj[lli=*(&aPos+2};
traj[l2j=*{saPosil);
traj[13]=*{&afo3):

SendCmc (CMDLtrj, &trajfc], 14):
|
// Envia parfmstres de trajetdria para o nodo valocideds
vold SendVelParam (intl ablr, intl abarar, int32 aVel, intd2 ahcal)
[
UCHAR traj[io]:
trai[0}=0x08; // Velocity mode
if (aParar == 1) // &Parar == 1 comando para parar

[
bit_a

SendCmd (CMDLRrj, &braj[o], 2);
raturn;

i

if {(aDir == 1) // abir == 1 sentido pesitive
blt_set{trajf0l,4):

traj{l}=0x28; £ Aceleragic & Velocidade absolutas
traj{2i=*(&afcal+3);

traj[3i=* {&aRhcal+2] ;

traj[4]=*{&adcai+1l};

traj[5]=*{&ahcel);

traj[6]=* (savael+l);

traj(7]=*(gavel+2);

trajl8]=*{gavel+l);

traj[9]=*[&aVel);

SendCmd [CMDLtrj, &trajl0l, 103;
|

// Recebe o proximo ponto (em coordenadas relativas e mm),
// @ velocidade de avango (em mwn/g), calcula os parametros
/f da trajetoria & envia pera os motores.
void CalculataTrajParam {float da¥nexzk, Float aYnext, £loat aF)
{
int32 POS, VEL, ACEL;
float aFx, aFy; /fVelocidades de avango
float ahcelx, aBcely; //Aceleragdes

/# Calculo dos pardmetros
if | {fabsla¥next) » fabs(a¥next)) }
1
// ProjagBo de sF no eixo X
aFx = {{fabsz(aknext))/ogrti{aX¥nezt¥aXneze)+ (a¥next*a¥next) ) ) ¥ {aF);

// Verifica se nio exceds a velocidade maxima
if (aFx > VEL_MAX) aFx = VEL _MAX;

/f Ajusta a velocidade de y em relagio a x
aky =« fabsa(({(a¥naxt}/(a¥next))*aFx);

/f Imp@e =z méxima aceleraghBo ac eixe x
aRcalx = ACEL_MAX:
// Ajusta a acelerscio de y em relagéo a x
afAcely - fabsi({a¥Ynext)/(aXnext)) *aAcelx);
1

elaze
1
// Procedimento andlego ap cutro caso
afy « {((fabz(aYnext))/zqrt ( (o¥next*aXnext)+{aYnext*a¥next)))*(aF);
1f {aFy>VEL_MAX) afy = VEL MAX;
aFx = faba{((aXnext)/(a¥next))*alby);

ahcely = ACEL_MAX:
afcelx = fabs(({{adneat)/ (a¥next)) *afcely);
i

// Conversio des pardmstros de mm para counta
aknext = a¥next * mmZrevi * revieounks;
afx = afx * mm2revi ¥ revicounts;
ahcelx = afcelx ¥ mm2revi * revioounts;

a¥next = a¥nexi * mmZrev¥ * revZcounts;
aky - afy mm2revy ¥ g cuntg}
afcely = afcely * mmirev¥ * revZcounts;

*

f/ Conversfio da unidade de tempo, de s para samples e s*s para ssmple¥sample
aFx = aFx * secZsample;
ahcelx = alcelx * sec@sample * secZsample;

alfy = afy * gecZaample;
abcely = alcely * secRsample * sec2sample;

{fEscalonande a velocidade e & aceleragio
aFx = afx * SCALE_FACTOR;
aAcelx = aRcolx * SCALE FACTOR;
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aFy = aFy  * SCALE_FACTOR;
aAcely = aAcely * SCALE FACTOR;
printf {737, aFx);

/7 Verifica se o valor da zceleracio nfio excede o valeor da velocidade
// No LMG629 estz condigfc deve ser zatisfeita
if f(aAcelx > aFx)

]

akoely = aFfx;

shcely = aFy;

¥

// Envia pardmetros para cada LME2%
SelsctMotor { MOTORA ):

POS = aXnext;

VEL = afFx;

ACEL = aAcelx;

SendTraiParam { P05, VEL, ACEL );
SelactMotor { MOTORY );

POS = aYnext:

VEL = aFy:

ACEL = ahcely:

ZendTrajParam ( POS, VEL, ACEL ):
1

/f Carrega o= filtros do PID no LM629
void LeadFilterParam (UCHAR aTd, intlf akp, intl6 aXi, latle aKd, intié aIl)
l
UCHAR Eilters[10];
filters{0}=aTd;
filters{1i-0x0F; /7 Kp, ¥i, Kd, il gsersm carregados
filtersiz2]="*{gakp+l};
filtersi{3i=*(zakp]:
fllters{4}=*{&akitl};
filters[57=*{&aKi);
filtersi6l=>(takd+i);
filters[T7i=*(&aKd);
filters{B]=*(&akl+l);
Filtersiol=*{g&ail};

SondCmd (CMDLFil, &filters[0}, 10};
t

// Inicla a execugdo da trajetéria

// Apta carreqar os parfimetros, este comando deve ser executado
/f pars iniciar o movimento

vold Startivoid)

[
SendCmd { CMDStt, NULL, CMDSttSiee ):
1

/7 Atusliza o3 coeficiéntes do Filtro PID

// Apds carregar cs flitres, este comande deve ser executado
// para atuazlizar os coeficlentes no LM629

void UpdateFiltersi{void}

i
SendCmd { CMBUdE, MULL, CMDUGdESize )¢
]
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[\i"l‘i’df***l’rw*i-software de ccntrole**kﬂr**#-k*/
/* Arquivo de Include

27/10/2003

Marcel Henrique Vieira Gongalves

Daniel de Faula Nestrowsky

Versdc 0101 ¥/

tinclude <16F876a.hb>

fuze delay{clock=2000000H)

fuze r5232(baud:QSBG,xmit=pin_c6,rcv-pinmc?}
#fuses HS, NOPUT, NOWDT, NULVE, NOPROTECT, NOBROWNOUT

fdefine UCHAR unsigned char

Fdefine MOTCRX 0
bdefine MOTORY 1
#define LED PIN 3

jdefine bCSX PIN AS
#define bISY PIN C2
#define bRSTK  PIN_CO
fdefine bRSTY  PIN_C1

//¥define BINTER PIN_C2

fdefine bPS PIN Al
#define bRD PIN_AZ
tdefine bWR PIN 23

//3define Botl PIN_C1
//idefine Bot? PIN 4

#define BDATA  PORTB

fdefine GetData input_bi{}

fdefine SetData(x} output_b(x)

fdefine RDBusy {RDStat{}] & 0x01

#define RDTrajComplete (RDStat{)) & 0x04

#define CheckBusyBit while(RDBusy} //Verifica o busy hit

fdefine BDATAD PIN_BO
#define BDATAL  PIN B1
#define bDATAZ PIN_ B2
fdafine bDATA3 FPIN_B3
fdefine bDATA4 PIN_R4
fdefine HDATAS PIN_BS
#define bDATAE PIN_B&
#define bDATAT PIN_B7

fdefine BotApertade @

//MAguina de Estades Principal

#define Idie 0

ddeFfine ModoManual
/¢ Maquina de estadc ModoManual
Fdefine Maver 1
¥define Sair 2

#define ModoRuto 2
// Maquina da estade ModoRuto
#define ProximoPonto
#define CalcTrajParam
#define TrajPronta
#define CarregaTrajParam
fdefine SincrenizaEizxos
#define FimPrag

#define ModoTunning 3
// Miquina de estados ModoTunoing

LN N =]

#define SolMotor 0
define Acertakd I
ddefine AcertaDs 2
$dofine Acertakp a
fdaflne Acertaki 1
fdefine Acertail 5
andos para o IM&629
//Descricho de cada comando se encotra no Data Sheet
#dofine CMDRoset 0xGh
#define CMDRasetSize 0
fdefine CMDDIh 0x02
#define CMDDERSize 0
#defing CMDSR Dx03

#define CMDSoSize ¢l

#define CMDLpel Oxld
#define CMDLpeiSize 2

#define CMDLpes Oxla
#define CMDLpesSize 2

#dafine CMDSbpa 0x20
#defing CMDSbpaSize 4

#define CHMDSbpr Ox21
fdefine CMDSbprSize 4

fdefine CMDMaki Oxle
fdofine CMDMskiSize 2

fdefine CMDRsL] Dxld
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fdefine CMDRstiSize 2

fdefine CMDLEiL Dxle
fdefine CMIUAL 0x04
#define CMDUdfSize O

#define CMDLErj Oxif
fdefine CMDSLL 0x01

#define CMDSttSize 0

¥define CMDRdsigs OxQc
fdefine CMDRdsigsSize 2

fdefine CMDRdip Dx09
#define CMDRALpSize 4

fdefinn CMDRdAdp Q0z08
fdefine CMDRddpSize 4

#define CMDRdrp 0x0a
fdefine CMDRdrpSize 4

#define CMDRddv 2107
#define CMDRddvSize 4

#define CMDRdrv 0x0k
§define CHMDRdrvSize 2

tdefine CMDSum Ox0d
#define CMDSumSize 2

// Constantes de conversin
/4 Encoder acoplado no eixo do motor

fdefine mmZrevi 0.BB3392//0.02841037 // (rev/mm)

ddefine mmlrevy G.8832%92//.2 // (rev/mm)

fdefine revicounts 2000 // (counts/rev) Encoder de 500 linhas acoplade ac cixe do mobor
fdefine gecZsample -000939//LM_FREQ = 2,18MHz (2046/LM_FREQ] // (sec/sample)

fdefine SCALE_FACTOR 65538

//Const de definig¢io do projeto
#define ACEL MAX 30// {mm/ar2)
#define VEL MRX 0 // {mm/ =)

#define VEL_MANUAL 307691  //counts/sample
#dofino ACEL MANURL 1150 //counts/sample/sample




44

8. REFERENCIAS BIBLIOGRAFICAS

[1] Altintas, Yusuf, Manufacturing Automation, 1* Ed, Cambridge University
Press, 2000

[2] Baldor Eletric Company (http://www.baldor.com/products/dc_motors.asp)

[3] Beer, Ferdinand P. ¢ Johnston E. Russel, Jr, Mecdnica Vetorial para
Engenheiros Cinemdtica e Dindmica, 5° Ed, Editora Makron Books, 1994

[4] Ogata Katsuhiko, Engenharia de Controle Moderno, 3* Ed, Editora LTC,

1998
{5] Ogata Katsuhiko, Discrete-time Control System, Prentice Hall, 1987




APENDICE A - DATA SHEET LM628/1.M629



National
Semiconductor

LM628/LM629
Precision Motion Controller

General Description

The LM626/LM629 are dedicated motion-control processors
designed for use with a variely of DC and brushless DC
sarvo motors, and other servomechanisms which provide a
quadrature incremental position feadback signal. The parts
perorm the intensive, real-ime computational tasks required
for high performance digital motion control, The host control
software interface Is facilitated by a high-level command set.
The LM628 has an B-bit oulput which can drive either an
8-bit or a 12-bit DAC. The components required to build a
servo system are reduced to the DC motor/achuator, an
incremental encoder, a DAC, a power amplifier, and the
LMB28. An LMB29-based system is similar, except that it
provides an 8-bit PWM outpt for directly driving H-switches.
The pars are fabricated in NMOS and packaged in a 28-pin
dual in-line package or a 24-pin surface mount package
(LM829 only). Both 6 MHz and 8 MHz maximum frequency
versions are available with the suffixes 6 and -8, respec-
tively, used to designate the versions. They incorporate an
SDA core processor and cells doesigned by SDA.

January 2003

Features

m 32-bit position, velocity, and acesleration ragisters

™ Programmable digital PID filter with 16-bit coefficients

= Programmable derivative sampling interval

® 8- or 12-bit DAC output data (LM628)

® 8-bit sign-magnitude PWM output data (LM629)

® Internal trapszoidal velocity profile generator

= Velocity, targst position, and filter paramelers may be
changed during motion

® Position and velocity modes of operation

® Real-time programmabie host interrupts

m 8-hit parallel asynchronous host interface

® Quadrature incremental encoder interface with Index
pulse input

® Available in a 28-pin dual in-line package or a 24-pin
surface mount package {L.M629 only)

LM628
coumno posmon | | wost | [AOSTVOPORT e
SEQUENCER(32 BT | | iNTERFACE e
2 DIGITAL DAC PORT
PID FILTER —
.. {168} 8
POSITION FEEDBACK
PROCESSOR(32 BIT)
vy INCREMENTAL
Ranta ENCODER

TRISTATER® is a registerad trademaric of Natlonal Semicanductor Comoratisn,

FIGURE 1. Block Diagram

00821807

€ 2003 National Semiconductor Corporation  DS008218
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LM628/LM629

Connection Diagrams

I.M628N LMa29Mm

N i Ny

i1 28 =y Ne =t 2403

A2 274-RST Dz—{2 2304

=13 26 f—CiX D1=—3 22—D5
o7=y4 25 [~ DA oo~ 4 2106
DE=—15 24 -DACt e ael=p7
ps—46 23 |~pac2 —

S e | b =1 5 19f~5

. | (o GND —{ 7 18—
n2—¢ 20 f=mics Wi =18 75N
p1=410 13 |=DACE PS =4 9 16 f= Vip
po—]i1 18 ~DAC7 Hi—~F10 15 }—RsT
B2 17-H PWM SIGN —] 11 14 = LK
5 I il ne =12 13 |=PWM uaG
oHn=]14 15)-we

[0 9] 30
00921802 rReings *Do not connect.

Order Number LM629M-6, LM629M-8, LM628N-6, LM628N-8, LME29N-6 or LMG29N-8
See NS Package Number M24B or N28B

www,national.com 2



Absolute Maximum Ratings (o 1)
It Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Office/

Distributors for availablity and specifications.

Voltage at Any Pin with
Respect to GND
Ambient Storage Temperature
Lead Ternperature
2B8-pin Dua! In-Lins

~0.3V to +7.0V
-65°C to +150°C

{To < 85°C, (Note 2) 605 mW
ESD Tolerance

Operating Ratings
Temperature Rahge

Clock Frequency:
LM628N-6, LM629N-6,

~40°C < T, < +85°C

Package (Soldering, 4 ssc.) 260°C LMB29M-6 1.0 MHz < fo « < 6.0 MHz
24-pin Surface Mount LMG26N-8, L ME29N-8,
Package (Soldering, 10 sec.) 300°C LMB29M-8 1.0 MHz < fg,c < 8.0 MHz
Maximum Power Dissipation Voo Range 4.3V < Vpp < 5.5V
DC Electrical Characteristics
(Vpp and T, per Operating Ratings; {5« = 6 MHz)
Symbol Parameter Conditions Tested Limits Units
Min Max
bbo Supply Current Cutputs Open 110 mA
INPUT VOLTAGES
Viu Lagic 1 input Voitage 20 \
Vo Logic 0 Input Voltage 0.8 v
In Input Currents 0<Vius Vo =10 10 HA
OUTPUT VOLTAGES
Von Logic t lon = —1.6 mA 2.4 v
VoL Logic 0 loL = 1.6 mA 0.4 v
lour TRI-STATE® Quiput Leakage Current 0 < Vour € Vpp ~10 10 UA
AC Electrical Characteristics
{Vop and T, per Operating Ratings; ferk = 8 MHz; Gy gap = 50 pF; Input Test Signal t, = t; = 10 ns)
Timing Interval T# Tested Limits Units
Min | Max
ENCODER AND INDEX TIMING (Ses Figure &
Motor-Phase Pulse Width T 16
= us
folk
Dwell-Time per State T2 8
. ps
foLk
Index Puise Sstup and Hold LK 0 us
{Relative to A and B Low)
CLOCK AND RESET TIMING (See Figure 3)
Clock Pulse Width
LMB28N-6, LME29N-8, LM629M-6 T4 78 ns
LMB2BN-8, LMB29N-8, LME2aM-8 T4 57 ns
Clock Period
LM&28N-6, LM&29N-6, LM&29M-6 TS 166 ns
LMB2BN-8, LMB29N-8, | M629M-8 TS 125 ns
Reset Pulse Width T8 8
fok i

www.nationat.com
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LM628/LM629

AC Electrical Characteristics (continueq)
{(Vop and T, per Operating Ratings; fc . = 6 MHz; G gap = 50 pF; Input Test Signal t, = { = 10 ns}

Timing Interval T# Tested Limits Units
Min Max

STATUS BYTE READ TIMING (See Figure 4)
Chip-Select Setup/Hold Time 17 0 ns
Port-Select Setup Time T8 30 ns
Port-Select Hold Time T9 30 ns
Read Data Access Time T10 180 ns
Read Data Hold Time T 0 ns
RD High to Hi-Z Time T12 180 ns
COMMAND BYTE WRITE TIMING {See Figure 5)
Chip-Select Setup/Hold Time T7 o ns
Port-Select Setup Time T8 30 ns
Port-Select Hold Time T9 30 ns
Busy Bit Delay T3 (Note 3} ns
WH Pulse Width T14 100 ns
Write Data Sstup Time T15 50 ns
Write Data Hold Time T16 120 ns
DATA WORD READ TIMING (See Figure 6)
Chip-Select Setup/Hold Time 17 1] ns
Port-Select Setup Time T8 30 ns
Port-Select Hold Time T9 30 ns
Read Data Access Time LY 180 ns
Read Data Hoid Time T11 0 ns
RD High to Hi-Z Time T12 180 ns
Busy Bit Delay T13 (Note 3) ns
Read Recovery Time Ti7 120 ns
DATA WORD WRITE TiMING (See Figure 7}
Chip-Select Setup/Hold Time T7 0 ns
Port-Selact Setup Time T8 30 ns
Port-Select Hold Time T9 30 ns
Busy Bit Delay T13 (Note 3} ns
WH Pulse Width T14 100 ns
Write Data Setup Time Ti5 50 ns
Write Data Hold Time T16 120 ns
Write Recovery Time T18 120 ns

Nota 1: Absolute Maximum Ratings indicate imits beyond which damage to the device may occur. DC and AC elactrical specifications do not apply when operating
tha device beyond the above Operating Ratings.

Nota 2: When operating at ambient tamparatures above 70°C, the device must be protected against axcassive junction tamperstures. Mounting the package oh a
printed circuit board heving an area greater than three square inches and surrounding the leads and body with wide copper traces and large, uninterrupted areas
of copper, such as a ground plane, suffices, The 28-pin DIF (N) and the 24-pin surface mount packaga (M) are molded plastic packages with solid coppar lead
frames. Most of the heat generated at the die flows from the die, through the capper lead frame, and into copper traces on the printed circuit board. The copper itaces
act &5 a heat sink. Double-sided or multi-layer boards provide heat ransfer characteristics superior to thase of single-sided boards.

Note 3: In order to read the busy bit, the status byte must first be read. The fime required to raad the busy bit far exceeds the time the chip requires to set tha busy
bit. It is, therefore, Impossibla to test actual busy bit delay. The busy bit is guaranteed %o ba valid as soon as the user is able to read i.

www,national.com 4
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FIGURE 2. Quadrature Encoder Input Timing
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FIGURE 3. Clock and Reset Timing
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FIGURE 4. Status Byte Read Timing
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LM628/L.M629
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FIGURE 5. Command Byle Write Timing
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FIGURE 6. Data Word Read Timing
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FIGURE 7. Data Word Write Timing

Pinout Description

(See Conneclion Diagrams) Pin numbers for the 24-pin sur-
face mount package are indicated in parsntheses.

Pin 1 (17}, Index (IN) Input: Receives optional index pulse
from the encoder. Must be tied high if not used. The index
position is read when Pins 1, 2, and 3 are low.

Pins 2 and 3 (18 and 19), Encoder Signal (A, B} nputs:
Receive the two-phase quadrature signals provided by the
incremental encoder. When the motor is rotating in the posi-
tive (“torward") direction, the signal at Pin 2 lsads the signal
at Pin 3 by 20 degrees. Note that the signals at Pins 2 and 3
must remairt al sach encoder state (See Figure 9 for a
minimum of 8 clock periods in order to be recognized. Ba-
cause of a four-to-one resolution advantage gained by the
mathod of decoding the quadrature encoder signals, this
corresporids lo a maximum encoder-state capture rate of 1.0
MHz (fo = 8.0 MHZ} or 750 kHz ({fo = 6.0 MH2). For
other clock frequencies the encoder signals must also re-
maih at each state a minimum of 8 clock periods.
Pins 4 to 11 (20 to 24 and 2 to 4), Host O Port (D0 to D7):
Bi-directional data port which connects to host computer/
processor. Used for writing commands and data to the
LM628, and for reading the status byte and data from the
LME28, as controlled by CS (Pin 12), PS (Pin 16), RD (Pin
13}, and WR (Pin 15).
Pin 12 (5), Chip Select (€S } thput: Usad lo select the
LMB28 for writing and reading operations.
Pin 13 (6), Read {RD } Input: Usad to read status and data.
Pin 14 (7), Ground (GND): Power-supply return pin.
Pin 15 (8}, Write (WR ) Input: Used to write commands and
data.
Pin 16 (9), Port Select (PS ) Input: Used to select com-
mand or data port. Selects command port when low, data
port when high. The following modes are controlted by Pin
16:
1. Commands are wiitten to the command pont (Pin 16
low),
2. Status byte is read from command port {Pin 16 low), and

3. Data is written and read via the data port (Fin 16 high).
Pin 17 {10), Host Interrupt (Hl} Output: This active-high
signal alerts the host {via a host interrupt service routine)
that an interrupt condition has occurred.

Pins 18 to 25, DAC Port {DACO to DAC7): Cutput port

which is used in thres different modes:

1. LM628 (8-bit output mode): Outputs latched data to the
DAC. The MSB is Pin 18 and the LSB is Pin 25,

2. LME28 (12-bit output mods): Dutputs two, multiplexsd
6-bit words. The less-significant word is output first. The
MSB is on Pin 18 and the £LSB is on Pin 23. Pin 24 is
used to demultiplex the words; Pin 24 is low for the
less-significant word. The positive-gaing edge of the
signai on Pin 25 is used 1o strobe the output data. Figure
8 shows the timing of the multiplexed signals.

3. LMé629 (sign/magnitude ouiputs): Outpuls a PWM sign
signal on Pin 18 (11 for surface mount}, and a PWM
magnitude signal on Pin 12 (13 for surface mount). Pins
20 to 25 are not used in the LM629. Figure 11 shows the
PWM output signal format.

Pin 26 (14), Clock (CLK} Input: Recsives system clock.

Pin 27 (15), Reset (RST) Input: Active-low, positive-edge

triggered, resets the LM&28 to the internal conditions shown

below. Note that the reset pulse must be logic low for a

rninimurn of 8 clack periods. Reset does the following:

1. Filler coefficient and trajectory parameters are zeroed.

2. Sets position error threshoid to maximum value (7FFF

hex}, and effectively executes command LPEI.

The SBPA/SBPR interrupt is masked (disabled).

The five other interrupts are unmasked (enabled).

Initializes current position to zero, or “home” position.

Sets derivative sampling interval to 2048/f . or 258 us

for an 8.0 MHz ciock.

7. DAC port outputs 800 hex to “zero” a 12-bit DAC and
then reverls to 80 hex to “zero” an 8-hit DAC.

immediately after releasing the reset pin from the LM&28,

the status port should read “00". If the reset is successfully

completed, the status word will change 1o hex “84" or “C4”

e ;s w
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LM628/LM629

Pinout Description (continued)

within 1.5 ms. If the status word has not changed from hex
“007 to “84” or “C4" within 1.5 ms, periorm another reset and
repeat the above steps. To be certain that the reset was
properly performed, execute a RSTI command. If the chip

[

has reset properly, the status byte will change from hex “84*
or “C4" fo hex “80" or “C0". If this does not ocour, perform
another reset and repeat the above steps.

Pin 28 (16), Supply Voltage {Voo): Power supply voltage
(+5V).

2048

fork

7l
A
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(PiNS 1BEAg;j \ X 6 LOW BITSXG HIGH BITS
¥

SELECT:

STROBE:

(PIN 25) _\

|

Ly oY
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{PIN 24} \ f

8
8 e
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/ BREI

Lz ]
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FIGURE 8. 12-Bit Multiplexed Output Timing

Theory of Operation

INTRODUCTION

The typical system block diagram (See Figure 1) illustrates a
servo systern built using the LMB28. The host processor
communicaies with the LM628 through an ¥O port to facili-
tate programming a trapezoidal velocity profile and a digital
compensation filter. The DAC output interfaces to an exter-
nal digital-to-analog converter to produce the signal that is
pawer amplified and applied 1o the motor, An incremental
encoder provides feedback for closing the position servo
loop. The trapszoidal velocity profile generator calculates the
required trajectory for sither position or velocity mode of
operation. In operation, the LM628 subtracis the actual po-
sition {fesdback position) from the desired position {profile
generator position), and the resulting position error is pro-
cessed by the digital filter to drive the motor to the desired
position. Table 1 provides a brief summary of specifications
offered by the LM628/LM620:

POSITION FEEDBACK INTERFACE

The LM&28 interfaces to a motor via an incremental encoder.
Three inputs are provided: two quadrature signal inputs, and
an index pulse input. The quadrature signals are used to

keep track of the absolute position of the motor. Each time a
logic transition occurs at one of the quadrature inputs, the
LM628 internal position register is incremented or dacre-
mented accordingly. This provides four times the resolution
over the number of lines provided by the encoder. See
Figure 9. Each of the encoder signal inputs is synchronized
with the LM628 clock.

The optional index pulse output provided by some encoders
assumes the logic-low state once per revolution. If the
LMB28 is so programmed by the user, it will record the
absofute motor position in a dedicated register {the index
regisier) at the time when all three encodsr inputs are logic
low.

if the encoder does not provide an index oulput, the LM628
index input can also be used to record the home position of
the motor. In this case, typically, the motor will close a switch
which is arranged to cause a logic-low level at the index
input, and the LM628 will record motor pasition in the index
register and alert (interrupt) the host processor. Permanently
grounding the index input will cause the LM&28 to malfunc-
tion.

TABLE 1, System Specifications Summary

Paosition Range

~1,073,741,824 10 1,073,741,823 counts

Velocity Range
counts/sample

0 to 1,073,741,823/2¢ counts/sample; is, 0 to 16,383 counts/sample, with a resolution of 1/218

Acceleration Range

0 to 1,073,741,823/2'8 counts/sample/sarnpie; ie, 0 to 16,383 counts/sample/sample, with a
resolution of 1/2'® counts/sample/sample

Motor Drive Output

LM&28: 8-bit paraliel output to DAG, or 12-bit multiplexed output to DAC
LMB29: 8-bit PWM sign/magnitude signals

Operating Modes Position and Velocity

Feadback Device

Incremental Encoder {quadrature signais; support for index pulse)

www.rniational.com




Theory of Operation (continued)
TABLE 1. System Specifications Summary (Continued)

Control Aigerithm Proportional Integral Derivative (PID) (plus programmable integration limit)

Sample Intervals
65,536 s for an 8.0 MHz clock).
Proportional and Integral: 2048/, .

Derivative Term: Programmable from 2048/, . to (2048 * 268)/5 in steps of 2048/ . (256 to
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Encoder Signals
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(a) STANDARD TRAPEZOIDAL PROFILE TME

veLociry 4

(&) MOGIFIER TRAPEZOIDAL PROFILE

FIGURE 10. Typical Velocity Profiles

VELOCITY PROFILE (TRAJECTORY) GENERATION

The trapezoidal velocity profile generator computes the ds-
sired position of the motor versus time. In the position mode
of operation, the host processor specifies acceleration, maxi-
mum velocity, and final position, The LM628 uses this infor-
mation to affect the move by accelerating as specified until
the maximum vslocity is reached or until deceleration must
bagin to stop at the specified final position. The deceleration
rale is equal to the acceleration rate. At any time during the
move the maximum velocity and/or the target position may
be changed, and the motor will accelerate or decelerate
accordingly. Figure 10 iliustrates two typical trapezoidal ve-

TIME

)

QogzigIe

locity profiles. Figure 10(a) shows a simple trapezoid, while
Figure 10(b) is an example of what the Irajectory looks like
when velocity and position are changed at different times
during the move.

When operating in tha velocity mode, the motor accelerates
to the specitied vslocity at the specified acceleration rate and
maintains the specifisd velocity until commandsd to stop.
The velocity is maintained by advancing the desired position
at a constant rate. if there are disturbances to the motion
during velocity mode opsration, the long-time average veloc-
ity remains constant. If the motor is unable to maintain the
specified velocity (which could be caused by a locked rotor,

wiww.hational.com
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LM628/LM629

Theory of Operation (continued)

for example), the desired position will continue to be in-
creased, resulting in a very large position error. If this con-
dition goes undetecled, and the impeding force on the moter
is subsequently released, the motor could reach a very high
velocity in order to catch up to the desired position {which is
still advancing as specified). This condition is easfly de-
tected; see commands LPEl and LPES.
All trajectory parameters are 32-bit values. Position is a
signed quantity. Acceleration and velocity are specified as
16-bit, positive-only integers having 16-bit fractions. The
integer porticn of velocity specifies how many counts per
sampling interval the motor will traverse. The fractional por-
tion designates an additional fractional count per sampling
interval. Although the position resolution of the LM628 is
limited to integer counts, the fractional counts provide in-
creased average velocity resofution. Acceleration is treated
in the same manner. Each sampling interval the commanded
acceieration value is added fo the current desired velocity to
gensrate a new desired velocity (unless the command ve-
locity has been reached).
One determines the trajectory parameters for a desired
mave as follows. I, for example, one has a 500-line shaft
encoder, desires that the molor accelerate at one revolution
per second per sacond until it is moving at 600 rpm, and then
decelerate fo a stop at a position exactly 100 revolutions
from the start, one would calculate the trajectory parametars
as follows:
let P = target position (units = encoder counts)
let R = encoder lines * 4 (system resolution)
then R =500 * 4 = 2000
and P = 2000 * desired number of revolutions

P = 2000 * 100 revs = 200,000 counts {value to load)

P (coding) = 00030040 (hex code writlen to LM628)
tet V= velocity (units = counts/sample)
let T =sampletime (seconds} = 341 s (with 6 MHz clock)
lst G = conversion factor = 1 minute/60 seconds
then V= R* T * C * dasired rpm
and V = 2000 * 341E-6 * 1/60 * 600 rpm

V = 6.82 counts/sampls

V {scaled) = 6.82 * 65,536 = 446,955.52

V (rounded) = 446,956 (valus to load)

V (coding) = 0006D1EC (hex code writtsn to LM&28)
let A = acceleration {units = counts/sample/sampls)

A=R*T*T * desired acceleration (rev/sec/sec)
then A = 2000 * 341E-6 * 341E-6 * 1 rev/sec/sec
and A = 2.33E-4 counts/sample/sample

A (scaled) = 2 33E—4 * 65,536 = 15.24

A (rounded) = 15 (value to load)

A (coding} = GO00000F (hex code written to LME28)

The above position, velocity, and acceleration values must
be converted to binary codes to be loaded into the LM6&28.
The values shown for velocity and acceleration must be
multiplied by 65,536 (as shown) to adjust for the required
integerfiraction format of the input data. Note that after scal-
ing the velocity and acceleration valuss, literal fractional data
cannot be loaded; the data must be rounded and converted
to binary. The factor of four increase in system resolution is
due to the method used to decode the quadrature sncoder
signals, see Figure 9.

PID COMPENSATION FILTER

The LM628 uses a digital Proportional Integral Derivative
(PID) filter to compensate the control loop. The motor is hald
at the desired position by applying a restoring force to the
motor that is proportional to the position error, plus the
integral of the error, plus the derivative of the error. The
following discrete-time equation illustrates the control per-
formed by the LM&28:

n

u(n) = kp*e(n) + kiz aln) +
N=0

kd[e(n') - e(n* = 1)]: (Eq. 1)
{1
where u(n) is the motor control signal output at sample time
n, e{n) is the position error at sample time n, n'
indicates sampling at the derivative sampling rate,
and kp, ki, and kd are the discrete-time filter param-
eters loaded by the users.

The first term, the proportional term, provides a restoring
force porportional to the position error, just as does a spring
obeying Hooke's law. The second term, the integration term,
provides a restoring force that grows with time, and thus
ensures that the static position error is zero. if there is a
constant torgue loading, the motor will still be able to achieve
Zero position error.

The third term, the derivative term, provides a force propor-
tional to the rate of change of position error. It acts just like
viscous damping in a damped spring and mass system (like
a shock absorber in an autornobile). The sampling interval
associated with the derivative term is user-selsctable; this
capability enables the LM628 to control & wider range of
inertial loads (system mechanical time constants) by provid-
ing a better approximation of the continuous derivative. in
general, longer sampling intervals are usseful for low-velocity
operations.

In operation, the filter algorithm recefves a 16-bit error signal
from the loop summing-junction. The error signal is saturated
at 16 bits to ensure predictable behavior. In addition to being
multiplied by filter coefficient kp, the error signai is added to
an accumulation of previous errors (o form the integral
signal) and, at a rate determined by the chosen denvative
sampling interval, the previous error fs subtracted from it {to
form the derivative signal). All filter multiplications are 16-hit
operations; only the bottomn 16 bits of the product are used.

The integral signal is maintained to 24 bits, but only the top
16 bits are used. This scaling technique results in a more
usable (less sensitive) range of cosfficient ki values. The 16
bits are right-shifted eight positions and multiplied by filter
cosfficient ki to form the term which contributes to the motor
controf output. The absolute magnitude of this product is
compared to coefficient il, and the lesser, appropriately
signed magnituds then contributes to the mator control sig-
nal.

The derivative signal is muttiplied by coefficient kd each
derivative sampling interval. This product contributes to the
motor contrel output evary sample interval, independent of
the user-chosen derivative sampling interval.

The kp, limited ki, and kd product terms are summed to form
a 16-bit quantity. Depending on the output mode (wordsize),
sither the top 8 or fop 12 bits become the motor controt
output signal.
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Theory of Operation (Continued) transfer the next byte pair (when transferring multiple
words}). Data transfers are accomplished via LM628-internal
LM628 READING AND WRITING OPERATIONS interrupts (which are not nested); the busy bit informs the
The host processor writes commands to the LMB28 via the host processor when the LM628 may not be interrupted for
host /O port when Port Select (PS ) input (Pin 16) is logic data transfer (or a command byte). If a command is written
low. The desired command code is applied to the parallal when the busy bit is high, the command will be ignored.
port line and the Write (WR ) input (Pin 15) is strobed. The The busy bit goes high immediately after writing a command
command byte is latched into the LM628 on the rising edge byte, or reading or writing a second byte of data (See Figure
of the WR input. When writing command bytes it is neces- 5ihru Figure 7).
sary to first read the status byte and check the state of a flag
called the “busy bit” (Bit 0). If the busy bit is logic high, no MOTOR OUTPUTS
command write may take p!ace. The busy bit is never high The LM828 DAC output port can be configured to provide
longer than 100 ps, and typically falls within 15 s to 25 ps. sither a latched eight-bit parallel output or a multiplexed
The host processor reads the LM628 status byte in a similar 12-bit output. The 8-bit output can be dirsctly connected to a
manner: by strobing the Read (RD } input (Pin 13) when PS fiow-through (non-input-latching) B/A converter; the 12-bit
(Pin 16) is fow; status information remains valid as long as output can be easily demultiplexed using an external §-bit
RD is low. fatch and an input-latching 12-bit D/A converter. The DAC
Writing and reading data to/from the LM628 (as opposed fo output data is offset-binary coded; the 8-bit code lor zero is

80 hex and the 12-bit code for zero is 800 hex. Values less
than these cause a negaiive torque to be applied 1o the
motor and, conversely, larger values cause positive motor

writing commands and reading status) are done with PS (Pin
16) logic high. These writes and reads are always an integral
number (from one to seven) of two-byte words, with the first

byte of each word being the more significant. Each byte torque. The LME28, when configured for 12-bit output, pro-
requires a write (WR ) or read (RD ) strobe. When transfer- vides mgnals which control the demultiplexing process. See
ring data words (byte-pairs), il is necessary to first read the for details.

status byte and check the state of the busy bit. When the The LMB29 provides 8-bit, sign and magnitude PWM oulput
busy bit is logic low, the user may then sequentially fransfer signals for directly driving switch-mode motor-drive amplifi-
both bytes comprising a data word, but the busy bit must ers. Figure 11 shows the format of the PWM magnitude
again be checksd and found to be low befors attompting to output signal.

DUTY CYCLE: PWM_MAGNITUDE WAVEFORMS (pin 19):
1 (oN)
(a) L= oFF

128

e 1 FE
) 75 =oawe ; ﬂ i fl Il i
256

. soz»l r_fﬂ.l(

128 pRive
o

MAX 1
® :23 38

00821913

FIGURE 11. PWM Output Signal Format (Sign output (pin 18) not shown)

TABLE 2, LM628 User Command Set

Command Type Description Hex Data Note
Bytes
RESET Initialize Reset LME28 o0 0 1
PORT8 Initialize Select 8-Bit Qutput 05 \] 2
PORT12 initialize Seiect 12-Bit Quiput 06 0 2
DFH Initialize Define Home 02 0 1
siP Interrupt Set Index Position 03 0 1
LPEI Interrupt Interrupt on Error 1B 2 1
LPES Interrupt Stop on Error 1A 2 1
SBPA Interrupt Set Breakpoint, Absolute 20 4 1
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LM628/LM629

Theory of Operation (Centinued)
TABLE 2. LM628 User Command Set (Continued)

Command Type Description Hex Data Note
Bytes

SBPR Internupt Set Breakpoint, Relative 21 4 1
MSKI Interrupt Mask Interrupts 1C 2 1
RSTI interrupt Reset Interrupts 1D 2 1
LFIL Filter Load Filter Parameters 1E 2t010 1
UDF Filter Update Filter 04 0 1
LTRJ Trajectory Load Trajectory 1F 2i0 14 1
STT Trajectory Start Motion o1 0 3
RDSTAT Report Read Status Byle None 1 1,4
ADSIGS Report Read Signais Register oc 2 1
RDIP Report Read index Position 09 4 1
RDDP Report Read Desired Position 0B 4 1
RDRP Report Read Real Position A 4 1
RODV Report Aead Desired Velocity o7 4 1
RDRV Report Head Heal Velocity oB 2 1
RDSUM Report Read Integration Sum oD 2 1

Note 4;: Commands may be executed “On the Fly” during motion.
Note 5: Commands not applicable to execution during motion.

Nota 8: Command may be axecutad during motion if accslaration parameter was not changed.
Note 7: Command negds no code because the command port status-byle read is totally supporiad by hardware.

User Command Set

GENERAL

The following paragraphs describs the user command set of
the LME28. Some of the commands can be issued alons and
some require a supporting data structure. As examples, the
command STT (STarT motion) does not requirs additional
data; command LFIL (Load Fllter parameters) requires ad-
ditional data (derivative-term sampling interval and/or filter
parameters).

Commands are categorized by function: initialization, inter-
rupt control, filter control, trajectory control, and data report-
ing. The commands are listed in Table 2 and describad in the
following paragraphs. Along with each command name is its
command-byte code, the number of accompanying data
bytes that are to be written {or read), and a comment as to
whether the command is executable during motion.

Initialization Commands

The following four LM&28 user commands are used primarily
to initiafize the system for use.

RESET COMMAND: RESET THE LMG28
Command Code: 00 Hex
Data Bytes: None
Exscutable During Motion: Yes

This command (and the hardware resst input, Pin 27) results
in seiting the following data items to zero: filtor coefficients
and their input buffers, trajectory paramsters and thair input
buffers, and the motor control output. A zero motor control
output is a half-scale, offset-binary code: (80 hex for the 8-bit
output mode; 800 hex for 12-bit mode}. During resset, the
DAGC port outputs 800 hex to “zero” a 12-bit DAC and reverts
to 80 hex to “zero” an 8-bit DAC. The command also clears

five of the six interrupt masks (only the SBPA/SBPR interrupt
is masked), sels the output port size 1o 8 bits, and defines
the current absolute position as home. Reset, which may be
exacuted at any time, will be completed in less than 1.5 ms.
Also ses commands PORTS and PORT12.

PORTS COMMAND: SET OUTPUT PORT SIZE TO 8
BITS

Command Code: 05 Hex
Data Bytes: None
Executable During Motion: Not Applicable

The defauli output port size of the LMG28 is 8 bits; so the
PORTE command nesd not be executed when using an 8-bit
DAC. This command must not be executed when using a
12-hit converter; it will result in erratie, unpredictable motor
behavior. The 8-bit output port size is the required selection
when using the LMB629, the PWM-output version of the
LME28.

PORT12 COMMAND: SET OUTPUT PORT SIZE TO 12
BITS

Command Code: 06 Hex

Data Bytes: None

Executable During Motion: Not Applicable

When a 12-bit DAC is used, command PORT12 should be
issued very early in the initialization process. Because use of
this command is determined by system hardware, there is
only one foreseen reason to execute it later: if the RESET
command is issued (because an 8-bit output would then be
selected as the delault) command PORT12 should be im-
mediately executed. This command must not be issued
when using an 8-bit converter or the LM629, the PWM-
output version of the LM628.
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Initialization Commands (Continued)

DFH COMMAND: DEFINE HOME
Command Code: 02 Hex
Data Bytes: None
Executable During Motion: Yes

This command declares the current position as “home”, or
absolute position 0 (Zero). If DFH is executed during motion
it will not affect the stopping position of the on-going move
unless command STT is also exstuted.

Interrupt Control Commands

The following seven LME28 user commands are associated
wilh conditions which can be used to interrupt the host
computer. In order for any of the polential interrupt condi-
tions 1o actually interrupt the host via Pin 17, the correspond-
ing bit in the interrupt mask data associated with command
MSK} must have been set to logic high {the non-masked
state).

The identity of all interrupts is made known to the host via
reading and parsing the status byte. Even if all interrupts are
rmasked off via command MSKI, the state of each condition
is stilt reflected in the status byte. This fealure facilitates
polling the LM628 for status information, as opposed to
interrupt driven oparation.

SIP COMMAND: SET INDEX POSITION
Command Code: 03 Hex
Data Bytes: Noneg
Executable During Motion: Yes

After this command is executed, the absolute position which
corresponds to the occurrence of the next index pulse input
will be recorded in the index register, and bit 3 of the status
byte will be set to logic high. The position is recorded when
both encoder-phase Inputs and the index pulse input are
logic low. This register can then be read by the user (soe
description for cornmand RDIP) to facilitate aligning the defi-
hition of home position (see description of command DFH})
with an index pulse. The user can also arrange to have the
LM628 interrupt the host to signify that an index pulse has
occurred. Ses the descriptions for commands MSKI and
RSTL

LPEI COMMAND: LOAD POSITION ERROR FOR
INTERRUPT

Command Code: 1B Hex
Data Bytes: Two
Data Range: 0000 to 7FFF Hex

Executable During Motion: Yes

An excessive position error (the output of the loop summing
junction) can indicate a serious system problem; g, a
stalled rotor. Instruction LPEI allows the user fo input a
threshold for position error detection. Error detsction occurs
when the absolute magnitude of the position error excoeds
the threshold, which resuits in bit 5 of the status byte being
set to logic high. If it is desired to aiso stop (turn off) the
motor upon detecting excessive position error, see com-
mand LPES, below. The first byte of threshold data written
with command LPEI is the more significant. The user can
have the LM628 interrupt the host to signify that an exces-
sive position error has occurred, See the descriptions for
commands MSKI and RSTIL.

LPES COMMAND: LOAD POSITION ERROR FOR
STOPPING

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

Executable During Motion: Yes

Instruction LPES is essentiaily the same as command LPEI
above, but adds the feature of turing off the motor upon
detecting excessive position error. The motor drive is not
actually switched off, it is set to halt-scale, the offset-binary
code for zero. As with command LPEI, bit 5 of the status byte
is also set to logic high. The first byte of threshold data
written with command LPES is the more significant. The user
can have the LM628 interrupt the host to signify that an
excessive position error has occurred. See the descriptions
for commands MSKI and RSTI.

SBPA COMMAND:
Command Code: 20 Hex
Data Bytes: Four
Data Range: C0000000 to 3FFFFFFF Hex

Exscuiable During Motion: Yes

This command enables the user to set a breakpoint in terms
of absolute position. Bit & of the status byte is set to logic
high when the breakpoint position is reached. This condition
is useful for signaling trajectory and/or filter parameter up-
dates. The user can also arrange 1o have the LMB28 inter-
rupt the host to signify that a breakpoint position has been
reached. See the descriptions for commands MSKI and
RSTI.

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

Executable During Metion: Yss

This command enables the user to set a breakpoint in terms
of relative position. As with command SBPA, bit 6 of the
status byte is set to logic high when the breakpoint position
(relative to the current commanded target position) is
reached. The relative breakpoint input value must be such
that when this valus is added to the target position the result
remains within the absclute position range of the system
(CO000000 to 3FFFFFEF hex). This condition is useful for
signaling trajectory and/or filter parameter updates. The user
can also arrangs to have the LM628 interrupt the host to
signify that a breakpoint position has been reached. See the
descriptions for commands MSKI and RSTI.

MEKI COMMAND: MASK INTERRUPTS

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

Exscutable During Motion: Yes

The MSKI command lsts the user determine which potantial
interrupt condition(s) will interrupt the host. Bits 1 through 6
of the status byte are indicators of the six conditions which
are candidates for host interrupt(s). When interrupted, the
host then reads the status byte to leam which condition(s)
occlrred. Note that the MSKI command is immediately fol-
lowed by two data bytes. Bits 1 through & of the second (less
significant) byte wiitien dalermine the masked/unmasked
status of each potential interrupt. Any zero(s} in this 6-bit
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LM628/LM629

Interrupt Control Commands
(Continued)

field will mask the comesponding interrupt{s); any one(s)
enable the interrup{s). Other bits comprising the two bytes
have no effect. The mask controls only the host interrupt
process; reading ihe status byte will still reflect the actual
conditions independent of the mask byte. See Tabie 3.

TABLE 3. Mask and Reset Bit Allocations for Interrupts

Bit Position Function
Bits 15 thru 7 Not Used
Bit 6 Breakpoint Interrupt
Bit 5 Position-Error Interrupt
Bit 4 Wrap-Around Interrupt
Bit3 Index-Pulse Interrupt
Bit 2 Trajectory-Complete Interrupt
Bit 1 Command-Error Interrupt
Bit ¢ Not Used

RSTI COMMAND: RESET INTERRUPTS

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

Executabie During Motion: Yes

Whan one of the potential interrupt conditions of Tabls 3
occurs, command RSTI is used to resst the corrasponding
interrupt flag bit in the status byte. The host may reset one or
all flag bits. Resetting them one at a time allows the host to
setvice them one at a time according to a priority pro-
grammed by the user. As in the MSKI command, bits 1
through 6 of the second (less significant) byte correspond to
the potential interrupt conditions shown in Table 3. Also ses
description of RDSTAT command. Any zero(s} in this 6-bit
field reset the corresponding interrupt{s). The remaining hits
have no effect.

Filter Control Commands

The following two LM628 user commands are used for set-
ting the derivative-term sampling interval, for adjusting the
filter parameters as required to tune the system, and to
control the timing of these system changes.

LFIL COMMAND: LOAD FILTER PARAMETERS

Command Code: 1E Hex

Data Bytes: Two to Ten

Data Ranges...
Filter Control Word: Soe Text
Filter Cosfficients: 0000 to 7FFF Hex (Pos Only)
Integration Limit: 0000 to 7FFF Hex {Pos Only)

Executable During Motion: Yes

The filter parameters (coefficients) which are written to the
LM628 to control loop compensation are: kp, Ki, kd, and il
(integration limit). The integration limit (il constrains the
confribution of the integration term

03" o
N=20

(see Eq. 1) to values equal to or less than a user-defined
maximum value; this capabifity minimizes integral or reset
“wind-Up” {an ovarshoeting efiect of the integral action). The
positive-only input valus is compared to the absolute mag-
nitude of the integration term; when the magnitude of inte-
gration term value exceeds il, the il value {with appropriate
sign} is substituted for the integration term value.

The derivative-term sampling interval is also programmable
via this command. After writing the command code, the first
two data byles that are written spacify the derivative-term
sampling interval and which of the four #iter parameters
Isfare to be written via any forthcoming data bytes. The first
byte written is the more significant. Thus the two data bytes
constitute a filter control word that informs the LM628 as to
the nature and number of any following data bytes. See
Table 4.

TABLE 4. Filter Contro! word Bit Allocation

Bit Position Function
8it 15 Derivative Sampling Interval Bit 7
Bit 14 Derivative Sampling Interval Bit 8
Bit 13 Derivative Sampling Interval Bit 5
Bit 12 Derivative Sampling Interval Bit 4
Bit 11 Derivative Sampling Interval Bit 3
Bit 10 Derivative Sampling Interval Bit 2
Bit 9 Derivative Sampling interval Bit 1
Bit 8 Derivative Sampling Interval Bit 0
Bit 7 Not Used
Bit & Not Used
Bit 5 Not Used
Bit 4 Not Used
Bit 3 Loading kp Data
Bit 2 Loading ki Data
Bit 1 Loading kd Data
Bit ¢ Loading il Data

Bits 8 through 15 select the derivative-term sampling inter-
val. See Table 5. The user must locally save and restors
these bits during successive writes of the filter control word.

Bits 4 through 7 of the filter control word are not used.

Bils 0 to 3 inform the LMB28 as to whether any or all of the
filter parameters are about to be written. The user may
choose to update any or all (or none) of the filter parameters.
Those chosen for updating are so indicated by legic one{s} in
the corresponding bit position(s) of the filter control word.

The data bytes specified by and immediately following the
filter control word are written in pairs to comprise 16-bit
words. The order of sending the data words to the LMB28
corresponds to the descending order shown in the above
description of the filter control word: t.e., beginning with kp,
then ki, ke and il. The first byte of each word is the more-
significant byte. Prior to writing a word (byte pair} it is nec-
essary to check the busy bit in the status byte for readiness.
The required data is writien to the primary buffers of a
double-buffered scheme by the above described operations;
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Filter Control Commands (continued)

itis not transferred to the secondary (working) registers until
the UDF command is executed. This fact can be used ad-
vantageously; the user can input numerous data ahsad of
their actual use. This simple pipeline effect can relieve po-
tential host computer data communications bottlenscks, and
facilitates easier synchronization of multiple-axis controls.

UDF COMMAND:; UPDATE FILTER
Command Code: 04 Hex
Data Bytes: None
Executable During Motion: Yes

The UDF command is used to update the filter parameters,
the specifics of which have been programmed via the LFIL
command. Any or all parameters (derivative-term sampling
interval, kp, ki, kd, and/or il) may be changed by the appro-
priate command(s), but command UDF must be executed to
aftect the change in filter tuning. Fiiter updating is synchra-
nized with the calculations to eiiminate eratic or spurious
bahavior.

Trajectory Control Commands

The foliowing two LM628 user commands ate used for set-
ting the trajectory control parameters (position, velocity, ac-

celeration), mode of operation (position or velocity}, and
direction (velocity mode only) as required to describe a
desired motion or to select the mode of a manually directed
stop, and lo control the timing of these system changes.

LTRJ COMMAND: LOAD TRAJECTORY PARAMETERS

Command Code: 1F Hex
Data Bytes: Two to Fourteen
Data Ranges...
Trajectory Control
Word: See Text
Position: COCO0000 to IFFFFFFF Hex
Velocity: 00000000 to 3FFFFFFF Hex
{Pos Oniy)
Acceleration: 00000000 to 3FFFFFFF Hex
(Pos Only)

Executable During

Motion: Conditionally, See Text

TABLE 5. Derivative-Term Sampling Interval Selection Codes

Bit Position Selected Derivative
15 14 13 12 n 10 g 8 Sampling Interval
0 o] 1] V) V] 0 ] 0 256 us
0 0 0 Q0 44 0 Q 1 512 us
0 0 0 0 0 0 1 0 768 us
0 ¢ 0 0 0 o 1 1 1024 ps, ofc...
thru 1 1 1 1 1 1 1 65,536 s

Note 8: Sampling intervals shown are when using an 8.0 MHz clock. The 256 corresponds to 2048/8 MHz; sample intervals must be scaled for other clock

fraquencies.

The trajectory control parameters which are written fo the
LM628 to control motion are: acceleration, velocity, and po-
sition. In addition, indications as lo whether these three
parameters are lo be considered as absolute or relative
inputs, selection of velocity mode and direction, and manual
stopping mode selection and execution are programmable
via this command. After writing the command code, the first
two data byles that are written specify which parameter(s)
is/fare being changed. The first byte written is the more
significant. Thus the two data bytes constitute a trajectory
control word that informs the LMB28 as to the nature and
number of any following data bytes. See Tabie 6.

TABLE 6. Trajectory Control Word Bit Allocation

Bit Position Function

Bit 15 Not Used

Bit 14 Not Used

Bit 13 Not Used

Bit 12 Forward Dirsction (Velocity Mode Only}

Bit 11 Velocity Mode

Bit 10 Stop Smoothly (Decelerate as
Programmed}

Bit Position Function
Bit 9 Stop Abruptly (Maximum Decelaration)
Bit 8 Tum Off Motor (Cutput Zero Drive)
Bit 7 Not Used
Bit & Not Used
Bit 5 Acceleration Will Be Loaded
Bit 4 Acceleration Data Is Relative
Bit 3 Velocity Will Be Loaded
Bit 2 Velocity Data Is Relative
Bit 1 Position Will Be Loaded
Bit 0 Position Data Is Relative

Blt 12 determines the motor dirsction when in the velocity
maode. Alogic one indicatss forward direction, This bit has no
effect when in position mode.

Bit 11 determines whether the LM628 operates in velocity
mode (Bit 11 logic ons) or position mode (Bit 11 logic zero).
Bits 8 through 10 are used to select the method of manually
stopping the motor. These bits are no? provided for one to
merely specify the desired mode of stepping, in position
mode operations, normal slopping is always smooth and
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LM628/LM629

Trajectory Control Commands
{Continued)

occurs automatically at the end of the specitied trajectory.
Under exceptional circumstances it may be desired to manu-
ally intervene with the trajectory generation process to afiect
a premature stop. In velocity mode operations, however, the
normal means of stopping /s via bits 8 through 10 (usually bit
10). Bit 8 is set to logic one to stop the motor by tuming off
motor drive output (outputting the appropriate offset-binary
cade to appiy zero drive to the motor); bit 8 is set to one to
stop the motor abruptly (at maximum availabie acceleration,
by setting the larget position equal to the current position);
and bit 10 is set to one to stop the motor smoothly by using
the current user-programmed accelsration value. Bils 8
through 10 are o be used exclusively; only one bit should be
a logic one at any time.

Bits 0 through § inform the LM628 as to whether any or all of
the trajectory controlling parameters are abotit to be written,
and whether the data should be interpreted as absolute or
relative, The user may choose to update any or all {of nong}
ol the trajectory parameters. Those chosen for updating are
so indicated by logic one(s) in the corrasponding bit posi-
tion{s). Any parameter may be changed while the motor is in
motion; howsever, if acceleration is changed then the next
STT command must not be issued until the LM628 has
completed the current move or has been manually stoppad.

The data bytes specifiad by and immediately following the
trajectory control word are written in pairs which comprise
16-hit words. Each data item (parameter) requires two 16-bit
words; the word and byte order is most-to-least significant.
The order of sending the parameters to the LME28 corre-
sponds to the descending order shown in the above descrip-
tion of the trajectory control word; i.e., beginning with accel-
eration, then velocity, and finally position.

Acceleration and velocity are 32 bits, positive only, but range
only from § (00000000 hex) to [23°]-1 (3FFFFFFF hex). The
bottom 16 bits of both acceleration and velocity are scaled
as fractional data; therefore, the least-significant integer data
bit for these parameters is bit 16 (where the bits are num-
bered 0 through 31). To determine the coding for a given
velocity, for example, one multiplies the desired velocity (in
counts per sample interval) times 65,536 and converts the
result to binary. The unils of accsleration are counts per
sample per sample. The value loaded for acceleration must
not exceed the value loaded for velocity. Position is a signed,
32-bit integer, but ranges only from —[239) (CO000000 hex) to
[299%-1 (3FFFFFFF Hax).

The required data is written to the primary buffers of a
doubls-bufiered scheme by the above described opearations;
it is not transferred o the sacondary {working) registers until
the STT command is executed. This fact can be used ad-
vantageously; the user can input numerous data ahead of
their actual use. This simple pipeline effect can relieve po-
tential host computer data communications botttenscks, and
facilitates easier synchronization of muitiple-axis controls.

STT COMMAND: START MOTION CONTROL

Command Code: 01 Hex

Daia Bytes: None

Executabie During Motion: Yes, if acceleration has not
been changed

The STT command is used to exacute the desired trajectory,
the specifics of which have been programmed via the LTRJ
command. Synchronization of multi-axis control {to within

one sample interval) can be arranged by loading the re-
quired trajectory parameters for each {and every) axis and
then simultaneously issuing a single STT command to all
axes. This command may be executed at any time, unless
the acceleration value has besen changed and a trajectory
has not been completed or the motor has not been manually
stopped. If STT is issued during motion and acceleration has
been changed, a command error interrupt will be generated
and the command will bs ignored.

Data Reporting Commands

The following seven LM628 user commands are used o
obtain data from various registers in the LM628. Status,
position, and velocity information are reported. With the
exception of RDSTAT, the data is read from the LM628 data
port after first writing the corresponding command to the
command port.

RDSTAT COMMAND: READ STATUS BYTE

Command Cods: None
Byte Read: One
Data Range: See Text

Executable During Motion: Yes

The RDSTAT command is really not a command, but is listed
with the other commands because it is used very frequently
to control communications with the host computer. There is
no identification cods; it is directly supported by the hard-
ware and may be exscuted at any time. The single-byle
status read is selected by placing CS , PS and RD at logic
zerp. See Tablo 7.

TABLE 7. Status Byte Bit Allocation

Bit Position Funection
Bit7 Motor Off
Bit 6 Breakpoint Reached [Interrupt]
Bit5 Excessive Position Error [Interrupi]
Bit 4 Wraparound Occurred [Interrupt]
Bit 3 Inclex Pulse Observed [Interrupt]
Bit 2 Trajectory Complste [interrupt]
Bit 1 Command Error [Interrupt]
Bit 0 Busy Bit

Bit 7, the motor-off flag, is set to logic one when the motor
drive output is off (at the half-scale, offset-binary code for
zer0). The motor is turmed off by any of the following congii-
tions: power-up resst, command RESET, excessive position
emror (if command LPES had heen executed), or when com-
mand LTRJ is used to manually stop the motor via turning
the motor off. Note that when bit 7 is set in conjunction with
command LTRJ for preducing a manual, motor-oft stop, the
actual setting of bit 7 does not occur until command STT is
issued to aftect the stop. Bit 7 is cleared by command STT,
except as described in the previous sentence.

Bit 6, the breakpoint-reached interrupt flag, is set to logic one
when the position breakpoint loaded via command SBPA or
SBPR has been excesded, The flag is functional indepen-
dent of the host interrupt mask status. Bit 6 is cleared via
command RSTI.

Bit 5, the excessive-position-error interrupt flag, is set to
logic one when a position-error interrupt condition exists.
This occurs when the error threshold loaded via command
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Data Reporting Commands
(Continued)

LPEl or LPES has been excesded. The flag is functional
independent of the host interrupt mask status. Bit 5 is
cleared via command RSTI.

Bit 4, the wraparound interrupt Hlag, is set to logic one when
a numerical “wraparound” has cccurred. To “wraparound”
means to exceed the position address space of the LLM628,
which could occur during velocity mode operation. i a wrap-
around has occurred, then position information will be in
srror and this interrupt helps the user to ensure position data
integrity. The flag is functional indspendent of the host intsr-
rupt mask status. Bit 4 is cleared via command RSTL.

Bit 3, the index-pulse acquired interrupt flag, is set to logic
one when an index pulse has occurred (if command SIP had
been executed) and indicates that the index pesition register
has been updated. The flag is functional independent of the
host interrupt mask sfatus. Bit 3 is cleared by command
RSTI

Bit 2, the trajectory complete interrupt flag, is set to logic one
when the trajectory programmad by the LTRJ command and
initiated by the STT command has been completed. Be-
cause of overshoot or a limiting condition (such as com-
manding the velocity to be higher than the motor can
achieve}, the motor may not yet be at the final commanded
position. This bit is the logical OR of bits 7 and 10 of the
Signals Register, see command RDSIGS below. The flag
functions independently of the host interrupt mask status. Bit
2 is cleared via command RSTE.

Bit 1, the command-error interrupt flag, is set to logic one
when the user attempts to read data when a write was
appropriate (or vice versa). The flag is functional indepen-
dent of the host internipt mask status. Bit 1 is cleared via
command RSTI.

Bit 0, the busy flag, is frequently tested by the user {via the
host computer program) te determine the busy/ready status
prior to writing and reading any data. Such writes and reads
may be executed only when bit 0 is logic zero (not busy). Any
command or data writes when the busy bit is high will be
ignored. Any data reads when the busy bit is high will read
the current contents of the I/Q port buffers, not the data
expected by the host. Such reads or writes {with the busy bit
high) will not generate a command-error interrupt,

RDSIGS COMMAND: READ SIGNALS REGISTER

Command Code: 0C Hex
Bytes Read: Two
Data Range: See Text

Executable During Motion: Yes
The LME28 interna! “signals” register may be read using this
command. The first byte read Is the more significant. The
less significant byte of this register (with the exception of bit
0) duplicates the status byle. See Tabie 8.

TABLE 8. Signals Register Bit Allocation

Bit Position Function
Bit 15 Host Interrupt
Bit 14 Acceloration Loaded (But Not Updated)
8it 13 UDF Executed (But Filter Not yet Updated)
Bit 12 Forward Diraction
8it 11 Velocity Mode

Bit Position Function
Bit 10 On Target
Bit 9 Turn Off upon Excessive Position Error
Bit 8 |Eigh!-Bit Ouiput Mode
Bit 7 Motor Off
Bit & Breakpaint Reached [Interrupt}
Bit &5 Excessive Position Error [Interrupt]
Bit 4 Wraparound Qceurred [Interrupt]
Bit 3 Index Pulse Acquired [interrupt]
Bit 2 Trajsctory Compiste [Interrupt]
Bit 1 Gommand Error [interrupt]
Bit ¢ Acquire Next Index (SIP Exacuted)

Bit 15, the host interrupt flag, is set to logic one when the
host interrupt output (Pin 17) is logic one, Pin 17 is set to
logic one when any of the six host interrupt conditions occur
(if the corresponding interrupt has not been masked). Bit 15
(and Pin 17} are cleared via command RSTI.

Bit 14, the acceleration-loaded fiag, is set to logic one wihen
acceleration data is written fo the LM628. Bit 14 is cleared by
the STT command.

Bit 13, the UDF-executed flag, is set to logic one when the
UDF command is executed. Because bit 13 is cleared at the
end of the sampling interval in which it has been set, this
signal is very short-lived and probably not very profitable for
monitoring.

Bit 12, the forward direction flag, is meaningful only when the
LM8628 is in velocity mode. The bit is set to logic one to
indicate that the desired direction of motion is “4Yorward”™; zero
indicates “reverse” direction, Bit 12 is set and cleared via
command LTRJ. The actual setting and clearing of bit 12
does not occur until command STT is executed.

Bit 11, the velocity mode flag, is set to logic one to indicate
that the user has sslected (via command LTRJ) velocity
mode. Bit 11 is cleared when position mode is selectad {via
command LTRJ). The actual setting and clearing of bit 11
does not ocour until command STT is executed.

Bit 10, the on-target flag, is set to logic ons when the
trajectory ganerator has completed its functions for the last-
issued STT command. Bit 10 is cleared by the next STT
command.

Bit 9, the turn-off on-eror flag, is set to logic one when
command LPES is executed. Bit 9 is cleared by command
LPEI

Bit 8, the 8-bit output flag, is set to logic one when the LM628
is reset, or when command PORTS is executed. Bit § is
cleared by command PORT12.

Bits O through 7 replicate the status byte (see ), with the
exception of bit 0. Bit 0, the acquire next index flag, is set to
logic one when command SIP is executed; # then remains
sot until the next index pulse occurs,

RDIP COMMAND: READ INDEX POSITION

Command Code: 09 Hex
Bytes Read: Four
Data Range: CO0000G0 to 3FFFFFEF MHex

Executable During Motion: Yes

This command reads the position recorded in the index
register. Reading the index register can be part of a system
error checking scheme. Whenever the SIP command is ex-
ecuted, the new index position minus the okt index position,
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Data Reporting Commands
{Continued)

divided by the incremental encoder resolutior (encoder lines
times four), should always be an integral number. The RDIP
command facilitates acquiring these data for host-based
calcufations. The command can also be used to identify/
verify home or some other special position. The bytes are
read in most-to-least significant order.

ADDP COMMAND: READ DESIRED POSITION

Command Code: 08 Hex
Bytes Read: Four
Data Range: CO000000 to 3FFFFFFF Hex

Executable During Motion: Yes
This command reads the instantanecus desired (current
termporal ) position output of the profile generator. This is the
“setpoint” input to the position-loop summing junction. The
bytes are read in most-te-least significant order.

RDRP COMMAND: READ REAL POSITION

Command Code: 0A Hex
Bytes Read: Four
Data Rangs: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes

This command reads the current aciual positior: of the motor.
This is the feedback input to the loop summing junction. The
bytes are read in most-to-least significant order.

RDDV COMMAND: READ DESIRED VELOCITY

Comrnand Code: 07 Hex
Bytes Read: Four
Data Range: C0000001 to 3FFFFFFF

Executable During Motion: Yes

This cemmand reads the integer and fractional portions of
the instantansous desired (current temporal ) velocily, as
used to generate the desired position profile. The bytes are
read in mostto-least significant order. The value read is
properly scaled for numerical comparison with the user-
supplied (commanded) velocity; howsver, because ths two
least-significant bytes represent fractional velocity, only the
two most-significant bytes are appropriate for comparison
with the data obtained via command RDRV (see below).
Also note that, although the velocity inpuf data is constrained
to positive numbers {see command LTRJ), the data returned
by command RDDV represents a signed quantity where
negative numbers represent operation in the reverse direc-
tion.

RDRV COMMAND: READ REAL VELOCITY

Command Code: 0B Mex
Bytes Read: Two
Data Range: CO000 to 3FFF Hex, See Text

Executable During Motion: Yes

This command reads the integer portion of the instanta-
neous actual velocity of the motor. The internally maintained
fractional portion of wveiocity is not reported because the
reported data is derived by reading the incremental encoder,
which produces only integer data. For comparison with the
result chtained by executing command RDDV (or the user-
supplied input valus), the value returned by command RDRY
must be mulliplied by 218 (shitted left 16 bit positions). Also,

as with command RDDV atove, data returned by command
RDRV is a signaed quantity, with negative values represent-
ing reverse-direction motion.

ROSUM COMMAND: READ INTEGRATION-TERM
SUMMATION VALUE

Command Code: 0D Hex
Bytss Read: Two
Data Range: 00000 Mex to £ the Current

Value of the Intagration Limit
Exscutable During Motion: Yes

This command reads the value to which the integration term
has accumulated. The ability to read this value may be
helpful in initially or adaptively tuning the system.

Typical Applications

PROGRAMMING LM628 HOST HANDSHAKING
(INTERRUPTS)

A few words regarding the LME28 host handshaking will be
heipful o the system programmer. As indicated in various
portions of the above text, the LMB28 handshakes with the
host computer in two ways: via the host interrupt output (Pin
17), or via polling the status byte for “interrupt” conditions.
When the hardwired interrupt is usad, the status byte is also
read ang parsed io determine which of six possible condi-
tions caused the interrupt.

When using the hardwired interrupt it Is very important that
the host interrupt service routine does not interfere with a
command sequence which might have been in progress
when the interrupt occurred. If the host interrupt service
routine were to issue a command to the LM628 while it is in
the middle of an ongoing command saquence, the ongoing
command will be aborted {which could be detrimental to the
application}.

Two approaches exist for avoiding this problem. If onse is
using hardwired interrupts, they should be disabled at the
host prior o issuing any LM628 command sequence, and
re-enabled after sach command sequence. The second ap-
proach is to avoid hardwired interrtipts and poll the LM628
status byte for “interrupt” status. The status byte always
reflocts the interrupt-condition status, independent of
whether or not the interrupts have been masked.

TYPICAL HOST COMPUTER/PROCESSOR INTERFACE

The LM628 is interfaced with the host computer/processor
via an 8-bit paraliel bus. Figure 12 shows such an interface
and a minimum system configuration.

As shown in Figure 12, the LM628 interfaces with the host
data, address and control lines. The address lines are de-
coded to generate the LM628 TS input; the host address
LSB directly drives the LM628 F5 input. Figure 12 also
shows an 8-bit DAC and an LM12 Power Op Amp interfaced
to the |_M628.

LM628 AND HIGH PERFORMANCE CONTROLLER
(HPC)INTERFACE

Figure 13 shows the LM628 interfaced to a National HPG
High Performance Controlter. The detay and logic associated
with the WR line is used to sifectively increase the write-data
hold time of the HPC {as seen at the LM628) by causing the
WR pulse to rise early. Note that the HPC CK2 output

www.national.com
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Typical Applications (continued)

provides the clock for the LM628. The 7418245 is used to
decrease the read-data hold time, which is necessary when
interfacing to fast host busses.

INTERFACING A 12-BIT DAC

Figure 14 illustrates use of a 12-bit DAG with the LME28. The
74L8378 hex gated-D flip-flop and an inverter dernultipiex
the 12-bit output. DAC offset must be adjusted to minimize
DAG linearity and monotonicity errors. Two methods axist for
making this adjustment. If the DAG1210 has besn socketed,
remove it and temporaiily connect a 15 kQ resistar betwean
Pins 11 and 13 of the DAC socket (Pins 2 and 6 of the
LF356) and adjust the 25 k2 potentiometsr for OV at Pin & of
the LF356.

if the DAC is not removable, the second method of adjust-
ment requires that the DAC1210 inputs be pressented an
all-zeros code. This can be arranged by commanding the
appropriate move via the LM628, but with no fesdback from
the system encoder. When the all-zeros code is present,
adjust the pot for OV at Pin 6 of the LF358,

A MONOLITHIC LINEAR DRIVE USING LM12 POWER
oP AMP

Figure 15 shows a motor-drive amplifier buiit using the LM12
Power Operational Ampiifisr. This circuit is very simple and
can deliver up to 8A at 3oV (using the LM12L/AM12CL).
Resistors Rt and A2 should be chosen to set the gain to
provide maximum output voltage consistont with maximurn
input voltage. This example provides a gain of 2.2, which
allows for amplifier cutput saturation at £22V with a =10V
input, assuming power supply voltages of £30V. The ampli-
fier gain should not be higher than necessary because the
system is non-linear when saturated, and because gain
should be controlled by the LM628. The LM12 can also be
configured as a current driver, see 1987 Linear Databook,
Vol. 1, p. 2-280.

TYPiCAL PWM MOTOR DRIVE INTERFACES

Figure 16 shows an LM18298 dual {ull-bridge driver inter-
faced to the LME29 PWM outputs to provide a switch-mode
power ampiifier for driving smali brush/commutator motors.

Incremental Encoder interface

The incrementat (position fesdback) encoder interface con-
sists of three lines: Phase A (Pin 2), Phase B {Pin 3}, and
Index (Pin 1). The index pulse culput is not available on
some encoders. The LMB28 will work with both encoder
types, but commands SiP and RDIP will not be meaningiul
without an index pulse (or altemative input for this input ...
be sure to tie Pin 1 high if not used).

Some consideration is merited ralative to use in high
Gaussian-noise environments. If noise is added 1o the en-
coder inputs (either or both inputs) and is such that it is not
sustained until the next encoder transition, the LMB28 de-
coder logic wilf refect it. Noise that mimics quadrature counts
or persists through encoder transitions must be sliminated
by appropriate EMI design.

Simple digital “filtering” schemes merely reduce susceptibil-
ity to noise (thers will always be noise pulses longer than the
filier can eliminate). Further, any noise filtering scheme re-
duces decoder bandwidth, In the LM628 it was dacided
(since simple filtering does not eiiminate the noise problem)
to not include a noiss filter in favor of offeting maximum
possible decoder bandwidth. Attempting to drive engoder
signals too long a distance with simple TTL linas can aiso be
a source of “noise” in the form of signal degradation (poor
risetime and/or ringing). This can also cause a system to
lose positional integrity. Probably the most effective counter-
measwe to noise induction can be had by using balanced-
line drivers and receivers on the encoder inputs. Figure 17
shows circuitry using the DS26LS31 and DS261L.832.

19
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LM628/LM629

Typical Applications (Continued)

FIGURE 12. Host Interface and Minimum System Configuration
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Typical Applications (continued)
8 8
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FIGURE 13. LM628 and HPC Interface
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Typical Applications (continusg)

100 ,u.ri-[

1.69K

+30V

MR752

Rt

$10V INPUT

Q00NBIT

FIGURE 15. Driving a Motor with the LM12 Power Op Amp
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FIGURE 16. PWM Drive for Brush/Commutator Motors

23

www.national.com

629NT/8Z9NT



LM628/LM629

Typical Applications (Continued)
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FIGURE 17. Typical Balanced-Line Encader Input Circuit
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LM628 Programming Guide

Introduction

The LM628/LME29 are dedicated motion control processors,
Both devices control DC and brushless DC servo motors, as
well as, other servomechanisms that provide a quadraturs
incremental feedback signal. Block diagrams of typical
LM628/LM629-based rmotor control systems are shown in
Figures 1, 2.

As indicated in the figures, the LMB28/LM629 are bus pe-
ripherals; both devices must be programmed by a host pro-
cessor. This application note is intended to present a con-
crete starting point for programmers of these precision
motion controllers, It focuses on the development of shost
programs that test overall system functienality and lay the
groundwork for more complex programs. Rt also presents a
mathod for tuning the loop-compensation PID filter. (Nots 1)

National Semiconductor
Application Note 683
Steven Hunt

January 1999

Reference System

Figure 15 is a detailed schematic of a closed-loop motor
control systermn. All programs prasented in this paper were
developed using this system. For application of the pro-
grams in other LM628-based systems, changes in basic
programming structure are not required, but modification of
filter coefficients and trajectory parameters may be required.

l. Program Modules

Breaking programs for the LM628 into sets of functional
blocks simplifies the programming process; each block ex-
scules a specific task. This section contains examples of the
principal building klocks (modules) of programs for the
1LM628.

control lines

LME28

1—"*‘-"‘;*""

position/ velosity
profile genarabor

*

host §/0 port
host I I >
interface [ ’ ¥
BAC
digitat port
| PID filter ’t » & or 12-bit
{16-bits) 3 bAc

quadralure
decoder

, H.a8

FIGURE 1. LM628-Based Motor Control System
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FIGURE 2. LM529-Based Motor Control System

Note 1: For the remainder of this paper, all statemants about the LM628 also
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AN-693

l. Program Modules (Continued)

BUSY-BIT CHECK MODULE

The first module required for successtul programming of the
{ MB28 is a busy-bit check module.

The busy-bit, bit zero of the status byte, is set immediately
after the host writes a command byts, or reads or writes the
second byte of a data word. See Figure 5. While the busy-bit
is set, the LM628 will ignore any commands or attempts to
transfer data.

A busy-bit check module that polls the Status Byte and waits
until the busy-bit is reset will ensure successtul hostiLM628
communications. it must be Inserted after & command
write, or & read or write of the second byle of a data
word. Figure 3 represents such a busy-bit check module.
This module will be used throughout subsaquent modules
and programs.

START

F 3

Read the Siatus Byts.

0880C3

FIGURE 3. Busy-bit Check Module

Reading the Status Byle is accomplished by executing a
RDSTAT command. RDSTAT is directly supported by LM628
hardware and is executed by pulling GS, PS, and RD logic
low,

INITIALIZATION MODULE

In general, an initialization module contains a resst com-
mand and other initialization, interrupt control, and dala re-
porting commands,

The example initialization moduls, detailed in Table 1, con-
tains a hardware reset block and a PORT 12 command.

Hardware Reset Block

Immediately following power-up, a hardware reset must be
executed. Hardware reset is initiated by strobing RST (pin
27} logic low for a minimum of eight LM628 clock periods.

The reset routine begins after BST is returned to logie high.

During the reset exscuticn tims, 1.5 ms maximum, the

LMB28 will ignore any commands or attempts 1o transfer

data.

A hardware reset forces the LM628 info the state described

in what follows.

1. The derivative sampling coefficient, d, is set to one, and
all other filter coefficients and titter coefficient input bufi-
ors are set to zero, With dg set to one, the derivative
sampling interval is set to 2048/, ..

2. Alltrajectory paramsters and teajectory paramsters input
buffers are set to zero.

3. The current absolute pasition of the shaft is sst to zero
{*home”).

4. The breakpoint interrupt is masked (disablsd), and the
remaining five interrupts are unmasked (snabled).

5. The position error threshokd is set to its maximum value,
7FFF hex.

6. The DAC output port is set for an 8-bit DAC interface.

( smer )
'r 1

Read the Status Byte.

Strabe RST (pin 27)
logic low for 3 closk
pericds minimum,

Status Byte
= CO or 80

Wait 1.5ms after RST
logic level returned
high, resel sxscution
tima.

CONTINUE

y

Raad the Status Byte.

Status Byte
= C4 or 84

Resst Interrupts.

B10BB005

FIGURE 4. Hardware Reset Block

Figure 4 illusirates a hardware reset block that Includes an
LM628 functionality test. This test should be completed im-
mediately following all hardware ressts.
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I. Program Modules (continued)

Reset Interrupts
TABLE 1. Initialization Module (with Hardware Resel)
Port Bytes [Command Comments
{Note 5} | hardware |Strobe FST, pin 27, logic low for sight clock periods minimum.
reset
wait The maximum time to complete hardware reset tasks is 1.5 ms. During this reset
execution time, the LMB28 will ignore any commands or attempts to transfer data.
c Xx RDSTAT | This command reads the status byte. It is direclly supponted by LM828 hardware and
(Note 2) | (Note 3) can be executed at any time by pulling CS, PS, and FD logic low. Status information
remains valid as long as BD Is logic low.
decision |If the status byte is C4 hex or 84 hex, continue. Otherwise loop back to hardware reset.
C D RASTI | This command resets only the interrupts indicated by 2eros in bits one through six of
the next data word. It also resets bit fifteen of the Signals Register and the host
interrupt output pin (pin 17).
Busy-bit Chack Module
d XX HB don't care
{Note 4)
d 00 LB Zeros in bits one through six indicate aff interrupts will be reset.
Busy-bit Check Moduls
¢ XX RDSTAT |This command reads the status byle,
decision |If the status byts is CO hex or BQ hex, continue. Otherwise ioop back to hardware reset.
c 06 FORT12 |The reset default size of the DAC port is sight bits. This command initializes the DAG
port for a 12-bit DAC. it should rot be Issued in systerms with an 8-bit DAC.
Busy-bit Check Module

Nots 2: The 8-bit host 'O port is a dual-mode port; it operates in command ar data maode. The logic level at FS (pin 16) selects the mode. Port ¢ represents the
LME26 command port-commands are written to the command port and the Status Byte is read fram the command port. A logic level of *0" at P5 selects the command
part. Port d represents the LMG23 data port— data is both written to and read from the data port. A logic level of *1” at PS selacts the data port.

Note 3: x - don't care
Note 4: HB - high byte, LB - low byte
Note 5: All values rapresented in hex.

An RSTI command sequence aliows the user lo reset the
interrupt flag bits, bits one through six of the status byte. See
Figure 5. 1t contains an MSTI command and one data word.
The RSTI command initiates resetting the interrupt flag bits.
Command RSTI also resets the host interrupt output pin pin
17).

71654 Jra211]0
Motor Excassive Index Cammard
off Pasition Fulza Ersor
Error Obsarved {interrupt}
{Intarrupt) (Intarrupt}
Breakpoint  Wrap-ecound Trajectory usy-bit
Raacned Decurrad Complste
(Interrupt) {Interrups) {intarrupt)
I0BE008

FiGURE 5. Status Byte Bit Allocation

Immediately following the RSTI command, a single data
word is wrilten, The first byle is not used. Logical zeros in
bits one through six of the second byte reset the corraspond-
ing inlerrupts. See Figure 6. Any combination of the interrupt

flag bits can be reset within a single RSTI command se-
quence. This feature allows interrupts to be serviced accord-
ing 1o a user-programmed priority.
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I. Program Modules (Continueq)

high byte

1511411312 111101918

not used
01088007

low byte

71615 4 S|2f1150

1
| I I l not used

niot used Position Index Commend
Error Fulss Errar
interrupt intsrrupl Interrupt

Breakpoint Weap~ Trejeciory
Interrupt around Cemplale
Intarrupi Intarrupt

1006006

FIGURE &. Inferrupt Mask/Reset Bit Allocations

in the case of the example module, the second byte of the
RSTI data word, 00 hex, resets all interrupt flag bits. See
Tatie 1.

DAC Port Size

During both hardware and software resets, the DAC output
port defaults to 8-bit mode. If an LMB28 controf loop utilizes
a 12-bit DAC, command PORT12 should be issued immedi-
alely following the hardware raset block and all subsequent
resels. Failure o issue command PORT12 will result in
arratic, unpredictable motor behavior.

If the cantroi {oop utilizes an 8-bit DAC, command PORT12
must not be executed; this too will result in erratic, unpre-
dictable motor bahavicr.

An LM829 will ignore command PORTS {as it provides an
8-bit sign/magnitude PWM output). Command PORT12
should not be issued in LME29-based systems.

Software Reset Considerations

After the initial hardware reset, resets can be accomplished
with sither a hardware reset or command RESET (software
reset). Software and hardware resets execute the same
tasks (Note 6} and require the same execution time, 1.5 ms
maximum. During software reset execution, the LM&E28 will
ignore any commands or attemnpts to transier data.

The hardware reset module includes an LME28 functionality
test. This test is not required after a software raset,

Table 2 details an initialization module that uses a software
reset.

Note 8: In the casa of & sofiware raset, the position arror threshold remains
at its pre-rasaet valua,

TABLE 2. Initialization Module (with Software Reset)

Pont Bytes |Command Comments
c 00 RESET |Sese Initialization Module text.
wait The maximum time to complete RESET tasks is 1.5 ms.
c 06 PORT12 |The RESET default size of the DAC port is eighl bits. This command Initializes the DAC
port for & 12-bit DAG. It should not be issued in a system with an 8-bit DAC.
Busy-bit Check Module
¢ 10 ASTI  |This command resets only the interrupts indicated by zeros in bits one through six of
the next data word. It also resets bit filteen of the Signals Register and {pin 17) the host
interrupt output pin.
Busy-bit Check Module
d XX HB Don't care
d Go LB Zeros in bils one through six indicate af interrupts will be reset.
Busy-bit Check Module
Comments and the filler gain coeflicients (k,, k, and k) initialized to

Figure 7 illustrates, in simplified block diagramn form, the
LM628. The profile generator provides the control loop input,
desired shaft position. The quadrature decoder provides the
control loop feedback signal, actual shaft position. At the first
summing junction, actual position is subtracted from desired
position fo generate the control Ioop error signal, position
error. This error signal is filtered by the PID filter to provide
the motor drive signal.

After executing the example initialization meduls, the follow-
ing observations are made. With the integration limit term (i}

zero, the filter gain is zero. Moreovaer, after a resel, desired
shaft position tracks actual shaft positicn. Under these con-
ditions, the motor drive signal is zerc. The control system
can not affect shaft position. The shalt should be stationary
and “free wheeling”. If there is significant drive amplifier
offset, the shaft may rotate stowly, but with minimal torque
capability.

Note: Regatdlass of the free whealing siate of the shaft, the LM828 continu-

ously tracks shaift absolute position,
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I. Program Modules (continued)

FILTER PROGRAMMING MODULE
The example filter programming module is shown in Table 4.

Load Filter Parameters (Coefficients)

An LFIL (Load FiLter) command sequence includes com-
mand LFIL, a filter control word, and a variable number of
data words.

The LFIL command initiates loading filter coefficients into
input buffers.

The two data bytes, written immediately alter LFIL, comprise
the filter control word. The first byle programs the derivative
sampling coefficient, d, (i.e. selects the derivative sampling
interval). The second byte indicates, with logical ones in
fespective bil positions, which of the remaining four filter
coefficiants will be loaded, See Figure 8, Table 3. Any com-
bination of the four cosficients can be loadsd within a single
LFIL command sequence.

Immediately following the filler control word, the filter coeffi-
cients are written. Each coefficient is written as a pair of data

byles, a data word. Because any combination of the four
coefficients can be loaded within a single LFIL command
sequence, the number of data words following the filter
control word can vary in the range from zero to four.

In the case of the example module, the first byte of the filter
contiol word, 00 hex, programs a derivative sampling cosf-
ficient of one. The second byte, x8 hex, indicates only the
proportional gain coefficient wiil be loaded.

immediately following the filter control word, the proportional
gain coefficent is written. In this example, K is set 1o ten with
the data word CCOA hex. The other three filter cosfficients
remain at zero, their reset valus.

Update Filter

The update filter command, UDF, transfers new fiter cosffi-
cients from input butfers to working registers. Until UDF is
execilted, the new filter coefficients do not affect the transfer
characteristic of the filter.

digital PID filter

desired

position/valoelty | pesition * ) s(n}
profile generator 7

Fy

motor drive
u(n) sigral

8 or 12-bit

v

actual

position

P e e e vt e e e

- v e et o e

quedraturs
daceder

{rom quadrature
ancoder

01088003

FIGURE 7. LM628 — Simplified Block Diagram Form
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l. Program Modules (continued)

high byte

15114113} 1211} 10| 9| 8

l

Derivative=tarm Sampling intervel
selaction code

low byte

716 ({541, 13{21110
| A

I i
ko ky I

not used

logical 1 - cotresponding coefficiant
will be (caded

logical 0 - corresponding coefficient
will net be loaded
LAl

FIGURE 8. Filter Contrel Word Bit Allocation

TABLE 3. Derivative— Term Sampling interval Selection Codes

Filter Control Word Bit Position d, Selected Derivative-Term

15 14 | 13 12 | 1 [ 10 8 [ e Sampfing Interval —T ,
0 ) 0 0 0 0 0 0 1 T,
0 0 0 0 0 0 0 1 2 2T,
0 0 0 0 o ] 1 0 3 3T,
0 0 0 (¢} 0 o] 1 1 4 4T,

- L] -

L - L]

- . *
1 1 1 1 1 1 1 1 256 2567,

T, = (2048) x (?&1&) Systom Sample Periad
Ta=dy X Tg Derivative-term Sampling tmerval
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l. Program Modules (continued)

TABLE 4. Filter Programming Module

Port Bytes |Command

Comments

¢ iE LFIL  |This command initiates loading the filter coefficients input buffers.
Busy-bit Check Module
d 0o HB These Iwo bytes are the filter contro! word. A 00 hex HB sets the derivative sampling
d x8 LB interval to 2048/, by sefting d, to one. A x8 hex LB indicates only k, will be loadsd.
The other filtar parameters will remain at zero, their reset defavlt value.
Busy-bit Check Moduie
d 5.t] HB | These two bytes set k,, to ten.
d 0A LB
Busy-bit Check Module
c 04 UDF  |This command translers niew filter cosfficlonts from input buffers to working registers.
Untit UDF is executed, coefficients loaded via the LFIL command do not affect the filter
transfer characteristic.
Busy-bit Check Module
Comments In the case of the exampio madule, the first byte of the

After executing both the sxample intialization and example
filter programming modules, the following obssrvations are
mads. Filter gain is nonzerg, but desired shaft position con-
tinues to track actual shaft position. Undsr these conditions,
the motor drive signal remains at zero, The shaft should be
stationary and “fres wheeling”. It there is significant drive
amplifier offset, the shaft may rotate slowly, but with minimal
torque capability.

Initially, k, should be sel bsiow twenty, d, should be set to
one, and k;, kg, and i should remain at zero. These vaiues
will not provide optimum system performance, but they will
be sufficient to test system functionallty. See Tuning the PID
Filter.

TRAJECTORY PROGRAMMING MODULE
Table 5 details the example trajectory programming module.

Load Trajectory Parameters

An LTRJ (Load TRaJectory} command sequence includes
command LTRJ, a trajectory cantrol word, and a variable
number of data words.

The LTRJ command initiates loading trajectory parameters
into input butfers.

The two data bytes, written immediately after LTRJ, com-
prise the trajectory control word. The first byte programs,
with fogical ones in respective bit positions, the trajectory
mede (velocity or position), velocity mode direction, and
stopping mode. See Stop Module. The second byte indi-
cates, with logical ones in respective bit positions, which of
the three trajectory parameters will bs loaded. It also inci-
cates whether the parameters are absolute or relalive. See
Figwre 9. Any combination of the three parameters can bs
loaded within a single LTRJ command sequence.
Immediately following the trajectory contro! word, the trajec-
lory parameters are written. Each parameter is written as a
pair of data words {four data bytes). Because any combina-
tion of the three parameters can be loadad within a single
LTRJ cornmand sequence, the number of data words follow-
ing the trajectory control word can vary in the range from
zero to six.

trajectory control word, 00 hex, programs the LMB628 to
operate in position mods. The second byle, 0A hex, indi-
cates velocity and position wilt be loaded and both param-
eters are absolute. Four data words, two for each parameter
loaded, follow the trajectory contral word.

Start Motion Control

The start mation control command, STT (STarT), transfers
new Irajectory parameters from input buffers to working reg-
isters and begins execution of the new trajectory. Until STT is
executed, the new trajsctory parameters do not affect shaft
motion.

Note: At this paint no actual trajectory parameters are Joadad. Caleulation of
trajectary paramelers and execution of example moves is loft for a

fater saclion.
high byte
15114713112 11110)] 9| 8
not not not Velocity Moda Stop
used used  ussd Abruptly
Forward
Direction
(Velocity Mode Stop Turn off
only} Smoathly Motar
01088011
low byte
7161514 312110
not not Acceleration Velocity Paosilion
used  used data is will be will ke
ralative loadad lorded
Accaleration Valocity Poxition
will be loaded data is data is
relative relative
01086032

FIGURE 9. Trajectory Control Word Bit Altocation
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l. Program Modules (continved)

TABLE §. Trajectory Programming Module

Port Bytes |Command

Comments

c 1F LTRJ |This command initiales ioading the trajectory parameters input buffers.
Busy-bit Check Module
d 00 HB These two bytes are the lrajectory control word. A OA hex LB indicates velocity and
d 0A LB position will be loaded and both parameters ars absoiute.
Busy-bit Chack Module
d XX HB Velocily is loaded in two data words. These two bytes are the high data word.
d XX LB
Busy-bit Gheck Module
d XX HB velocity data word {low)}
d XX LB
Busy-bit Check Module
d XX HB Position is foaded in two data words. These two bytes are the high data word.
d XX LB
Busy-bit Check Module
d xx HB position data word (fow)
d XX LB
Busy-bit Check Module
c 01 STT  |STT must be issued to sxecuts the desired trajectory.
Busy-bit Check Module
STOP MODULE Note: Bits eight through ten of the trajactory control word must ba used

This module demonstrates the programming flow required to
stop shaft motion.

While the LM628 aperates in position mode, normal stopping
is always smooth and occurs automatically at the end of a
specified trajectory {i.e. no stop module is required). Under
exceptional conditions, however, a stop module can be used
to affect a promature stop.

While the LM628 operates in velocity mode, stopping is
always accomplished via a stop moduls.

The example stop module, shown in Tabie 5, utilizes an
LTRJ command sequence and an STT command.

t.oad Trajectory Parameters

Bits eight through ten of the trajectory control word sefect the
stopping mode. See Figurs 9.

In the case of the exampls module, the first byte of the
trajectory control word, x1 hex, sslects motor-off as the
desired stopping mode. This mode stops shaft motion by
selting the motor drive signal to zero (the appropriate
offset-binary code to apply zerc drive to the motor).

Setting bit nine of the wrajectory control word selects stop
abruptly as the desired stopping mode. This mode stops
shalt motion (at maximum deceleration) by setting the target
position equal to the current position.

Selling bit ten of the trajectory control word selecis stop
smoothly as the desired stopping mode. This mode stops
shalt motien by decelerating at the current user-programmed
acceleration rate.

exclusivaly; only one of tham shoukd be logic one at any time,

Start Motion Control

The start motion control command, STT, must be exscuted
to stop shaft motion.

Comments

After shaft motion is stopped with either an “abrupt” or a
“smooth” stop module, the control systern will attempt to hold
the shaft at its current position. if forced away from this
desired resting position and released, the shaft will move
back to the desired position. Unless new trajectory param-
sters are loaded, execution of another STT command will
restart the specilied move.

After shaft motion is stopped with a *motor-off* stop module,
desired shaft position tracks actual shaft position. Conse-
quently, the motor drive signal remains at zero and the
controf system can not affect shaft position: the shaft should
be slationary and free wheeling. If there is significant drive
amplifier offset, the shaft may rotate slowly, but with minimal
torque capability. Unless new trajectory parameters are
loaded, exscution of another STT command will restart the
specitied move,
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L Program Modules {Continued)

TABLE 6. Stop Module (Motor-Off)

Il. Programs

This section focuses on the development of four brief LMG28
programs.

LOOP PHASING PROGRAM

Following initial power-up, the correct polarity of the motor
drive signal must be determined, If the polarity is incorrect
{loop inversion), the drive signal will push tha shaft away
from its desired position rather than towards it. This resulls in
“motor runaway”, a condition characterized by the motor
running continuously at high speed.

The loop phasing program, detailed in Tabls 7, contains both
the exampls Initialization and filter programming modules. It
also conlains an LTRJ command sequence and an STT
command.

Note: Exacution af this simpla program Is only requirad the first time a new
system is used.

Port Bytes |Command Comments

c 1F LTRJ | This command initiates loading the trajectory parameters input buffers.
Busy-bit Check Module

d x1 HB Thesa two bytes are the trajectory control word. A x1 hex HB selects motor-off as the

d o0 LB dssired stopping mode. A 00 hex LB indicates no trajectory parameters will be loaded.
Busy-bit Check Module

¢ | o1 [ sm | The start motion control command, STT, must be executed o stop shaft motion.
Busy-bit Check Module

Load Trajectory Parameters

An LTRJ (Load TRaJectory) command sequence includes
command LTRJ, a trajeciory contral word, and a variable
number of data words.

In the case of the Loop Phasing Program, the first byte of the
trajectory control word, 00 hex, programs the LM628 to
operale in position mode. The second byte, 00 hex, indicates
no trajectory parameters will be ioaded (i.e. in this program,
zero data words follow the trajectory control word). The thres
trajectory parameters will remain at zero, their resst value.

Start Motion Control

The start motion control command, STT (STarT), transfers
new lrajectory parameters from input buffers to working reg-
isters and begins execution of the new trajectory. Until STT is
executed, the new trajectory parameters do not affect shaft
motion.

TABLE 7. Loop Phasing Program

Port | Bytes |Gommand|

Comments

Initialization Module

Filter Prograrnming Module

c | 1F | | This command initiates loading the trajeclory parameters input buffers.

Busy-bit Check Module
d 0 HB These two bytes are the trajectory controf word. A 00 hex LB indicatss no trajectory
d a0 LB parameters wilf be lcaded.

Busy-bit Check Module

c 01 STT

STT must be issued to execute the desired trajectory,

Comments

Exscution of command STT resulis in execution of the de-
sired trajectory. With the acceleration set at zero, the profile
generator generates a desired shaft position that is both
constant and equal to the current absolute position. See
Figure 7. Under these conditions, the controf system will
attampt to hold the shaft at its current absolute postion. The
shaft will feel lightly “spring loaded". If forced (CAREFULLY)
away from its desired position and released, the shaft will
spring back to the desired position.

If the polarity of the motor drive signal is incorect {loop
inversion), motor runaway will occur immediately after ex-
ecution of command STT, or after the shaft s forced (CARE-
FULLY) from its resting position.

Loop inversion can be corrected with one of three mathods:
interchanging the shaft position encoder signals (channet A
and channel B), interchanging the motor power ieads, or
inverting the motor command signal before application 1o the
motor drive amplifier. For LM629 based systems, loop inver-

ston can be corrected by interchanging the motor power
leads, interchanging the shalt position encoder signals, or
logically inverting the PWM sign signal.

SIMPLE ABSOLUTE POSITION MOVE

The Simple Absolute Position Move Program, detailed in
Table 8, utilizes both the initialization and filter programming
modules, as well as, an LTRJ command sequence and an
STT command.

Factors that influenced the development of this program
included the following: the program must demonstrate
simple trajectory parameters calculations, the program must
demonstrate the programming tlow required to load and
execute an absolute position move, and correct completion
of the move must be verifiable through simple observation.
Move: The shaft will accelerate at 0.1 rev/sec® untl it
reaches a maximum velocity of 0.2 rev/sec, and then decel-
erate to a stop exactly two revolutions from the slarting
position. See Figure 10.
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ll. Programs (Continued)

Note: Absolute pesition is position measurad relative to zaro (homa). An
absoluie position move is a move that ands at a specied absolute
position. For axample, indepandent of the currant absolute pasition of
the shalt, if s absolute position of 30,000 counts is spaciied, upon
completion of the move the absolute position of the shaft will be 30,000
courts {i.9. 30,000 counts ralative to zero). The example program calls
for a position move of two ravolutions. Because tha stanting absolute
position is 0 counts, the move is accomplished by specifying an
absolute position of 8000 counts. See Table 8.

The Quadrature Incremental Encoder

As a supplement to the frajectory parameters calculations, a
brief discussion is provided here to differentiale beiween
encoder lines and encoder counts.

A quadrature incremental shaft encoder encodes shaft rota-
tion as electrical pulses. Figure 11 details the signals gener-
ated by a 3-channe! quadrature incremental encoder. The
L.M628 decedes {or “counts”) a quadrature incremental sig-
nal to dstermine the absolute position of the shaft.

Yalocity (RPS)
0.2 -+
0.1 Rps? e 2
o1 - 1.6 revolutions traveled -

while at maximum velocity =

R R

1
12 t (3aconds)

01088013

FIGURE 10. Velocity Profile for Simple
Absolute Position Move Program
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4 qJofo
1 ] !
1
U e ! 1 f1]e REGATIVE
A ' ' 1 2 111
1
1 1 ]
|1:2IS:4: e ajd
s
1
w L
—=! le— INDEX = A%B*IN
01088014

FIGURE 11. 3-Channel Quadrature Encodar Signals

The resolution of a quadrature incremental encoder is usu-
ally specified as a number of fires. This number indicates
the number of cycles of the autput signals for sach complete
shaft revolution. For example, an N-line encoder generates
N cycles of its output signals during each complete shaft
revolution,

By definition, two signals that are in quadraturs are 90° out of
phase. When considered together, channels A and B (Figure
11) traverse four distinct digital states during each full cycle
of either channel. Each stale transilion represenis ons
count of shaft motion. The leading channel indicates the
direction of shaft rotation.

Each line, therefore, rapresents one cycle of the output
signals, and each cycle represants four encoder counts.

coums)
)X(‘ oY /4N

COUNTS
REVOLUTION

( N CYCLES
REVOLUTION

The reference system uses a one thousand line encoder.

CYCLES ooums) - COUNTS
(tooo nlzvoa.tmon) - (4 ovolE ) % REvaLuTion
Sample Period

Sampling of actual shaft position occurs at a fixed fraquency,
the reciprocal of which is the system sample period. The
sysiem sample pariod is the unit of ime upon which shaft
acceleration and velocity are based.

"
forook

Tg = (2048) % ( ) Systom Sample Period

The reference system uses an 8 MHz clock. The sample
period of the reference system follows directly from the
definition.

1 SECONDS
= (2048 ——rrmrrereren | 22 1
Ts = (2048) x (axmBHz) 256 X 1078 G MPLE

Trajectory Parameters Calculations

The shaft wilf accelerate at 0.1 rev/sec® until it reaches a
maximum velocity of 0.2 rev/sec, and then decelerate fc a
slop exactly two revolutions from the starting position.
Trajectory paramaters calculations for this mave are detailed
in Figure 12.

Comments

After compieting the move, the control system will atiempt to
hold the shaft at its current absolute position. The shaft will
teel lightly “spring loaded”. If forced away from its desired
resting position and released, the shaft will move back to the
desired position.
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Il. Programs (Continued)

A = (4000 ZZ2NTS) x (256 x 10-8 SEBE0N o ( A TS) = 262 x 10-5 22T
A= (2.62 X 10-5 gﬁ%) X (65,538) = 1.7185;)—;';% Acceleration Scaled
= %S; Acceteration Rounded
A =00 000002hex-s%gn-:iP%
V= (0.2048 %—g—z—z—) X {65,536) = 13,421.77-:(:%2 Velocity Scaled
V= 13.422% Velocity Rounded
V =00 0034 6E hexgg%g{g
P = (4000 %) X (2.0 REVOLUTIONS) = 8000 COUNTS
P = 0000 1F 40 hex COUNTS

FIGURE 12, Calculations of Trajectory Parameters for Simple Absolute Position Move

01068020
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Il. Programs (Continued)

TABLE 8. Simple Absolute Position Move Program

Port [ Bytes |command[ Comments
Initialization Module
Fitter Programming Module

¢ | 1F [ LTRJ [This command initiates ioading the trajectory parameters input buffers

Busy-bit Check Moduls
d o0 HE These two bytes are the trajectory control word. A 2A hex LB indicates acceleration,
d 2A LB velocity, and position will be loaded and all three parameters are absolute.
d 00 HB Acceleration is loaded in two data words. These two bytes are the high data word. In
d 00 LB this case, the acceleration is 0.1 rev/sec?.

Busy-bit Check Module
d Q0 HB acceleration data word (low)
d o2 LB
d 00 HB velocity is loaded in two data words. These two bytes are the high data word. In this
d o0 LB case, the velocily is 0.2 rev/sec.

Busy-bit Check Module
d HE velocity data word (low)
d 6E LB

Busy-bit Check Module
d 00 HB Position is loaded in two data words. These two bytes are the high data word. In this
d 00 LB case, the posiiion loaded is eight thousand counts. This results in a meve of two

revolutions in the forward direction.

Busy-hit Check Module
d 1F HB position data word (low)
d 40 LB

Busy-bit Chieck Module
¢ | 01 | STT [STT must be issued to exscute the desired trajectory. il

SIMPLE RELATIVE POSITION MOVE

This program demonstrates the programming flow required
to load and execute a relative position move. See Table 9.

Move: Independent of the current resting position of the

shatft, the shaft will complete thirty revolutions in the reverse

direction. Total time to complete the move is fifteen seconds.

Total time for acceleration and deceleration is five seconds.

Note: Target position is the final requested position. i the shafi is stationary,
and motion has not been stopped with & “motor-6f™ stop motule, the
current absoluta position of the shaft is the target position. If mation
has been stopped with 2 “motor-off” stop motiule, of a position move
has begun, the absolte position that corresponds 1o the endpoint of
the currant trajactory is the target position, Relativa position is position
measured relative to the current targat position of the shafi. A relative
position move is a mova that ends the specified “relative” number of
counts eway from thea currem target position of the shaft. For example,
if tha current target position of the shaft is 10 counts, and a relative
position of 30,000 counts is specified, upon complation of the move the
absolute position of the shaft will be 30,010 counts {l.e. 30,000 counts
ralative to 10 counts).

Load Trajectory Parameters

The first byte of the trajectory contrel word, 00 hex, programs
position mode operation. The second byte, 2B hey, indicates
all three trajectory parameters will be loaded. It also indi-
cales both acceleration and velacity will be absolute values
while position will be a relative valus.

Trajectory Parameters Calculations

Independent of the current resting position of the shaft, the
shaft will complete thity revolutions in the reverse diraction.
Total time to complste the move is fifteen seconds. Total time
for acceleration and deceleration is five seconds.

The reference system tilizes a one thousand line encoder.
The number of counts for each complete shaft revolution and
the total counts for this position move are determined.

COUNTS
)X (‘ GYOLE )‘m

COUNTS
REVOLUTION

CYCLES
REVOLUTION

( COUNTS
REVOLUTION

(1600

) * (30 REVOLUTIONS} = 120,000 COUNTS

With respect to time, two-thirds of the move is made at
maitnum velocity and one-third is made at a velocity equal
to one-half the maximum velocity (Note 7). Therelore, lotal
counts traveled during acceleration and deceleration periods
is one-fifth the total counts traveled. See Figure 13.
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Il. Programs (continued)

120,600 COUNTS

- total counts traveled duri
. 24,000 COUNTS  1otal

leration and decale

24,000 COUNTS counts traveled
S =12,000COUNTS  S9unts traveled during

The reference systern uses an 8 MHz clock. The sampls
period of the reference system Is determined.

1 SECONDS
3 e | 8 e .
Esizit0snz: (axwﬁnz) X0 S AMPLE

The number of samples during accsleration (and decelera-
tion) is determined.

2.5 SECONDS number of samples
S ST SE DS‘WQ?SG SJ\MPLES during -EOGGIQI’BM
SAMPLE

Using the number of counts traveled during acceleration and
the number of samples during acceleration, acceleration is
determined.

o= 22 dstance raverad during
2 tmetataceeleration a

25 _ (2) X (12,000 COUNTS) _ COUNTS
8% T T (ressampLEsg - S0

Total counts traveled while at maximum velocily is fourfifths
the total counts traveled.

14) x (120,000 COUNTS) "20'0;” COUNTE) . 96,000 COUNTS

Note 7: Average velocity during accaleration and decelaration pariods Is
one-haif the maximum valocity,

TABLE 9. Simple Relalive Position Move Program

Port | Bytes [Command] Comments
Initialization Module
Filter Programming Module

¢ | 1 T 1TRI | This command initiates loading the trajectory parameters input buffers.

Busy-bit Check Module
d o0 HB These two bytes are the trajectory control word. A 2B hex LB indicates all three
d 28 LB parameters will be loaded and both acceleration and velocity will be absolute values

while position will be a relative value.

Busy-bit Check Meduls
d 1) HB Acceleration is loaded in two data words. These two bytes are the high data word. In
d 00 LB this cass, the acceleration is 17 counts/sampls2.

Busy-bit Check Moduls
d HB acceleration data word {low)
d 11 LB

Busy-bit Check Module
d 00 HE Velocity is foadad in two data words. These two bytes are the high data word. In this
d 4724 LB case, velocily fs 161,087 counts/sample.

Busy-bit Check Module
d 75 HB velocity data word {low)
d 3F LB

Busy-bit Chack Module
d FF HB Pasition is loaded in two data words. These two bytes are the high data word. In this
d FE LB case, the position loaded is ~120,000 counts. This resufts in a move of thirty revolutions

in the reverse direction.

Busy-bit Check Module
d 2B HB position data word (low)
d 40 LB

Busy-bit Check Modulg
c | 01 | STT |STT must be issued io exoculs tha desired trajoctory.

13
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Il. Programs (continusa)

counts, !
Yelochy (m)!
l 9.‘:"55 48,828 53,594
] y
I |
' 1 i (sampleg)
1 JI
Ll r
1 1
1 1
i :
1 )
\
-2548 -
!
0108515

FIGURE 13. Velocity Profile for Simple
Relative Position Move Program

The number of samples while at maximum velocity is deter-
mined.

10 SECONDS _ nurmber of samples while at
moe 1o SECONDS ~ 3062 SAMPLES P o vetooy
SAMPLE

Using the total counts traveled while at maximum velocity
and the number of samples while at maximum velocity,
veiocity is determined.

40+
Velocity (RPS)
3.0

COUNTS
SAMPLE

96,000 COUNTS
39,062 SAMPLES

= 2.458

Both acceleration and velocity values are scalad.

COUNTS

COUNTS
(0.000252 SAMPLEZ

SAMPLEZ?
COUNTS
SAMPLE

) X {B5,598) = 16,515

COUNTS
(2.458 m) X (65,536) = 161,087.488

Acceleration and velocity are rounded to the nearest integer
and all three trajectory parameters ars converted o hexa-
decirmnal.

COUNTS
SAMPLEZ
COUNTS
SAMPLE

P = —120,000 = FF FE 28 40 hex COUNTS

A= 17 = 06 00 90 11 hex

V = 181,067 = 0002 75 3F hex

BASIC VELOCITY MODE MOVE WITH BREAKPOINTS

This program demonstrates basic velocity mode program-
raing and the (typical) programming flow required to set both
absolute and relafive breakpoints. See Tabls 10

Move: The shaft will accelerate at 1.0 rev/sec® untll it
teaches a maximum velocity of 2.0 revisec. After compisting
twanty forward direction revolutions (including revolutions
during accelaration), the shaft will accelsrate at 1.0 rev/sec?
until it reaches a maximum velocity of 4.0 revissc. After
completing twenty forward direction revolutions (including
revolutions during acceleration), the shaft will decelsrate (at
1.0 rev/sec?) to a stop. See Figure 74.

2.0

1.6 -+

I P

4 3 8

Mask Interrupts
An MSKI command sequsnce alfows the user to determine
which interrupt conditions result in host interrupts; interrupt-
ing the host via the host interrupt output {pin 17). It contains
an MSKI command and one data word.

The MSKi command initiates interrupt masking.

|
I
0 112

1
1 1 I
18 zol 23 t (seconds)

20.5

—

01088018

FIGURE 14. Velocity Profile for Bagic Velocity Mode with Breakpoints Program

Immediately following the MSKI command, a single data
word is written, The first byte is not used. Bits ons through
six of the second byte determine the masked/unmasked
status of each interrupt. See Figure 6. Any zeros in this 6-bit
field mask (disable} the corresponding interrupts while any
ones unmask (enable) the corresponding intarrupts.

www.natlonal.com
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il. Pr ograms (continued)

In the case of the examiple program, the second byte of the
MSKI data word, 40 hex, snables the breakpoint interrupt. All
other interrupts are disabled (masked).

When interrupted, the host processor can read the Status
Byte to determine which interrupt condition{s} occurred. Ses

The example program contains an absolute breakpoint set at
160,000 counts. When this absolute position is reached, the
|.M628 interrupts the host processor, and the host executes
a Smooth Stop Module.

Broakpoint pesitions for this example program are deter-
minsd.

Figure 5. COLNTS
Note: Command MSK) controls only the host interupt process. Bits one (4000 HEVQLUT[ON) X (20 REVOLUTIONS)

through six of the Status Byte reflect acteal conditions Independent of velative

the masked/iunmasked status of individual intenupts. This feature = 80,000 COUNTS breakpaint

allows interrupts 1o ba serviced with & polling scheme.

COUNTS )
" a oo | X {40 REVOLUTI

Set Breakpoints (Absolute and Relative) ( REvoLuTION/ * ¢ LIoNS)

An S8PA command sequence enables the user to sst break-
points in terms of absolute shaft position. An SBPR com-
mand sequance enabies setting breakpoints relative to the
current target position. When a breakpoint position is
reached, bit six of the status byte, the breakpoint interrupt
flag, is set to legic high. If this interrupt is enabied (un-
masked), the host will be interrupted via the host interrupt
output (pin 17).

An SBPA (or SBPR) command initiates loading/setting a
breakpoint. The two data words, written immediately folfow-
ing the SBPA (or SBPR} command, represent the breakpoint
position.

The example program contains a relative breakpoint set at
80,000 counts relative to position zero (the current targst
posilion). This represents a move of twenty forward direction
revolutions. When this position is reached, the LM628 inter-
rupts the host processor, and the host exscutes a sequonce
of commands that increases the maximum velocity, resets
the breakpoint interrupt flag, and loads an absolute break-
point.

. absoluta
180,000 COUNTS breakpoint

Load Trajectory Parameters

This example program contains two LTRJ command se-
quences. The trajectory control word of the first LTRJ com-
mand sequence, 1828 hex, programs forward direction ve-
locity mode, and indicates an absolute acceieration and an
absoiute velocity will be loaded. The trajectory control word
of the second LTRJ command sequence, 180C hex, pro-
grams forward direction velocity mode, and indicates a refa-
tive velocity wili be loaded. See Figurs 9.

Trajectory parameters calculations follow the same format
as those detailed for the simple absolute position move. See
Figure 12,

TABLE 10. Basic Velocity Mode Move with
Breakpoints Program

£69-NV

Port | Bytes |Command] Comments
Initialization Module
Filter Programming Madule
¢ | 1C | MSKI [Mask interrupts.
Busy-bit Check Module
d XX HB don't care
d 40 LB A 40 hex LB enables (unmasks) the breakpoint interrupt. All other interrupis are
disabled (masked).
Busy-bit Check Module
c 21 SPBR |This command initiates loading a relative breakpoint.
Busy-bit Chack Module
d 00 HB A breakpoint is loaded in two data words. These two bytes are the high data word. in
d o1 LB this case, the breakpoint is 80,000 counts relative to the cutrent commanded target
position (zero).
Busy-bit Check Moduls
d 38 HB breakpoint data word (low)
d 80 LB
Busy-bit Check Moduls
c iF LTRJ  |Load trajectory.
Busy-bit Check Module
d 18 HB These two bytes are the trajectory control word. A 18 hex HB programs torward
d 28 LB direction velocity mode operation. A 28 hex LB indicates acceleration and velocity wil
be loaded and both values are absolute.

16 www.national.com
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ll. Programs (Continues)

TABLE 10. Basic Velocity Mode Move with
Breakpoints Program (Continued)

Port | Bytes [Command| Comments
Busy-bit Check Module
d 00 HB Acceleration s ioaded in two data words. These two bytes are the high data word. In
d 00 LB this case, the acceleration is 1.0 rev/sec?.
Busy-bit Check Module
d 00 HB acceleration data word (low)
d 11 LB
Busy-bit Check Module
d 00 HB Velocity is loaded in two data words. These two bytes are the high data word. In this
d 02 LB casa, velocity is 2.0 rev/s.
Busy-bit Check Module
d oc HB velocity data word (low)
d 4A LB
Busy-bit Check Module
¢ 01 STT  Istart motion control.
Busy-bit Check Module
c 1F LTRJ IThis command initiates loading the trajectory parameters input buffers.
Busy-bit Check Module
d 18 HB These two bytes are the Irajectory control word. A 18 hex HB programs forward
d oc LB direction velocity mode operation. A 0C hex LB indicates only velocity wil be loaded
and it will be a relative valus.
Busy-bit Check Module
d Q0 HB Velocity is loaded in two data words. These two byles are the high data word. In this
d 02 LB case, velacity is 2.0 rov/s. Becauss this is a relative value, the current velocity will be
increased by 2.0 rev/s. The resultant velocity will be 4.0 revs,
Busy-bit Check Module
d oc HB velocity data word {low)
d 4A LB
wait This wait represents the host processor waiting for an LM628 breakpoint intsrrupt.
c o1 STT  |Start motion control.
Busy-bit Check Module
[ 1B RSTI  |Reset interrupts.
Busy-bit Check Medule
d X HB don't care
d 00 LB Zeras in bits one through six reset all interrupts.
Busy-bit Check Module
¢ 20 SPBA jThis command initiates loading an absolute breakpoint.
Busy-bit Check Module
d 00 HB A breakpoint is loaded in two data words. These two bytas are the high data word. In
d 02 LB this case, the breakpoint is 160,000 caunts absolute.
Busy-bit Check Module
d 71 HB breakpoint data word {low)
d 00 Le
wait This wait reprasents the host processor wailing for an LM828 breakpoint interrupt.
"Smooth” Stop Medule

www.national.corm
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lll. Tuning the PID Filter

BACKGROUND

The transient response of a conirol system reveals important
information about the “quality” of conirol, and because a step
input is sasy o generate and suiticiently drastic, the tran-
sient response of a conlral syster is often characterized by
the respense to a step input, the system step response.

in turn, the step response of a control system can be char-
acterized by thres attributes: maximum overshoot, rise time,
and ssttling time. These step response attributes are definad
in what foliows and detailed graphically in Figure 16,

1. The maximum overshoot, Mp, is the maximum peak
value of the response curve measured from unity. The
amount of maximum overshoot directly indicates the
relative stability of the system.

2. The rise time, 1,, is the time required for the respornse to
rise from ten to ninety percent of the final valus.

3. The settling time, t,, is the time required for the response
to reach and stay within two percent of the final value.

A critically damped control system provides optimum perfor-
mance. The step response of a critically damped control
system exhibits the minimum possible rise time that main-
tains zero overshoot and zero ringing {damped oscillations).
Figure 17 lllustrates the step response of a critically damped
control system.

Abawatis tolerance

T g e 1 . 0.02

01688017

FIGURE 16. Unit Step Response Curve Showing
Transient Response Attributes

[
—

t
D1088018

FIGURE 17. Unit Step Response of a
Critically Damped System

INTRODUCTION

The LM628 is a digital PID controller. The
loop-compensation filter of a PID controller is usually tuned
expefimentally, especlally If the syslem dynamics are not
well known or definad.

The ultimate goat of tuning the PID filter is to critically damp
the motor conlrol system—provide optimum tracking and
settling time.

As shown in Figure 7, the response of the PID filter is the
sum of three terms, a proportional term, an integral term, and
a derivative term. Five variables shape this response. These
flive variables include the three gain coefficients (k,, k, and
ka). the integration limit cosfficient (i), and the derivative
sampling coefficient (d,). Tuning the filter equales to deter-
mining values for these variable coefficients, valuss that
critically damp the conirol system .

Filter coefficients are best determined with 2 two-step experi-
mental approach. In the first step, the values of Kear Ky @Nd Ky
(along with i, and d,) are systematically varied until reason-
ably good response characleristics are obtained. Manual
and visual methods are used 10 evaluate the effect of each
cosfficient on system behavior. In the second step, an oscil-
loscope trace of the system step response provides detailed
information: on system damping, and the filter cosfficients,
determined in step one, are madified to critically damp the
system.
Note: In step one, adjustments fo filter coefiiciant values are inherently
coarse, whils in step two, adjustments axe inherantly fine, Dus to this
coarsa/ine nature, steps one and two complament aach othar, and the

two-step approach is presented as the “bast™ tuning method. The PID
filter can be tuned with alther step one or step two alone.

STEP ONE—MANUAL VISUAL METHOD

Introduction

In the first step, the values of k,, k;, and k, (along with i and

d.) are systematically varied until reasonably good response

characterislics are obtained. Manual and visua! msthods are

used to evaluate the effect of each coefficient on system

behavior.

Note: The next four numbered sections are ordered steps to tuning the PID
fiker.

1. Prepare the System

The initialization section of the filter tuning program is ex-
ecited to prepare the system for filter turiing. See Tabla 77.
This section initializes the system, presets the filter param-
eters (k,, I, il = 0, ky = 2, dy = 1}, and commands the contral
loop to hold the shaft at the current position.

After exscuting the inilialization ssction of the filter tuning
program, both desired and actual shaft positions equal zero;
the shalt should be stationary. Any displacement of the shaft
conslitites a position error, but with both k, and k; set to
zerg, the controi loop ¢an not correct this ercor.

2. Determine the Derivative Gain Coefficient

The filter derivative term provides damping to eliminate os-
cillation and minimize overshoot and ringing, stabilize the
system. Damping is provided as a force proportional to the
rate of change of position error, and the constant of propor-
tionality is ky x d,. See Figure 18.

Coefficients ky and d, are determined with an iterative pro-
cess. Coefficient k4 is systematically increased until the shaft
begins high frequency oscillations. Coefficient d, is then
increased by one. The entire process is repeated until d,
reaches a value appropriate for the system.

www.national.com
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lil. Tuning the PID Filter (continued)

The system sample period sets the time interval betwsen

Proportionat Term

updates of position error. The derivative sampling interval is 4 output
an integer muftiple of the system sample petiod. See Table
3. It sets the time interval between successive position error
samples used in the derivative term, and, therefore, directly m e k,
affects system damping. The derivative sampling interval o N
should be five to ten times smaller than the system mechani- - =
cai time constant — this means many systems will require
low d.. In general, however, ky and d, should be set to give
the largest ky x dg product that maintaing acceptably low
motor vibrations. v
Nate: Starting kg at two and doubling i is a good method of increasing ky. 01086019
Manually turning the shaft revaals that with each increase of ky, the
resistance of the shait to tuming increases. The shaft feals increas- Integral Term
ingly sluggish and, bacause ky provides & force proportional fo the rate
of change of posiion amor, the faster the shaft is tumed the more 4 output
sluggish it feals. For tha refarence systarn, the final values of kyand d, kx4
ara 4000 and 4 respectively.
h tim:
- ~k; x i)
v
01086020
Derivative Term
A cutput
d
m oc'udxd,=kdx,[—
B
¥ Aarr'or
v
010868021
FIGURE 18. Proportional, Integral, and Derivative (PiD)
Force Componentis
TABLE 11. Initialization Section— Filter Tuning Program
Port Bytes |Command Comments
c 00 RESET |See Initialization Module Text
wait The maximum time to complete RESET tasks is 1.5 ms.
c 086 PORT12 | The RESET default size of the DAG porl is eight bits. This command initializes the DAC
port for a 12-bit DAC. It should not be issued in systems with an 8-bit DAC.
Busy-bit Check Module
c 1D RST! |This command resets only the interrupts indicated by zeros in bits one through six of
the next data word. It also resets bit fifieen of the Signals Register and the host
interrupt pin (pin 17).
Busy-bit Check Module
d XX HB don't care
d 00 LB Zeros in bits one through six indicate all interrupts will be reset.
Busy-bit Check Module
[ 1c MSKI | This command masks the interrupts indicated by zeros in bits ere through six of the
next data word.
Busy-hit Check Module
d XX HB don't care

19 www.hational.com
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Ill. Tuning the PID Filter (continueq)

TABLE 11. Initialization Section— Filter Tuning Program (Continued)

Port Bytes |Command Comments
d 04 LB A 04 hex LB enables (unmasks) the trajectory complels interrupt. All other interrupts are
disabled (masked). See Figure 6.
Busy-bit Check Module
¢ | 1E LFIL  |This command initiates foading the filter coefficients input buffars.
Busy-bit Check Module
d 00 HB These two bytes are the filter control word. A 00 hex HB sets the derivative sampling
d x2 LB interval lo 2048/, by setting d, to one. A x2 hex LB indicates only k, will be loaded.
The other filter parameters will remain at zero, their reset default valus.
Busy-bit Check Module
d 00 HB These two bytes set k, to two.
d 02 LB
Busy-bit Check Module
c 04 UDF | This command transters new filter coefficients from input buffers to working registers.
Until UDF is executed, coefficients loaded via the LFIL command do not affect the filter
transfer characteristic.
Busy-bit Check Moduie
¢ 1F LTRJ |This command initiates loading the trajectory parameters input buffers.
Busy-bit Check Madule
d 00 HB These two bytes are the trajectory control word. A 00 hex LB indicates no trajectory
d o0 LB paramsters will be ioaded.
Busy-bit Chack Modute
c 01 | STT [STT must be issued to execule the desired trajectory,

3. Determine the Proportional Gain Coefiicient

Inertial loading causes following (or tracking) error, position
ermor associated with a moving shafi. External disturbances
and torque loading cause displacement error, position error
associated with a stationary shaft. The filier proportional
term provides a restoring force to minimize thase position
errars. The restoring force is proportional to the position error
and increases lincarly as the position error increases. See
Figiire 18, The proportional gain coeffigient, Ke» i3 the con-
stant of proportionality.

Coefficient k;, is determined with an iterative process —the
valua of k;, is increased, and the system damping is evalu-
ated. This is repeated until the system is critically damped.
System damping is evaluated manually. Manually tuming the
shafl reveals each increase of k, increases the shafl “sfiff-
ness”. The shaft feels spring loaded, and if forced away from
its desired holding position and released, the shaft “springs”
back. If k; is too low, the system is over damped, and the
shatt recovers too slowly. If k, is too largs, the system is
under damped, and the shaft recovers too gquickly. This
causes overshool, ringing, and possibly oscillation. The pro-
portional gain cosfficient, k,, is increased to the largest value
that does not cause excessive overshoot or ringing. At this
point the system is crilically damped, and therefore provides
optimum tracking and settfing time.

Note: Starting k, at two and doubling it at sach iteration is a good method of
increasing k. The final value of k; for the reference systam is 40.

4, Determine the Integral Gain Coefficient

The filter proportional term minimizes the errers dus 1o iner-
tial and torque loading. The integral term, howsver, provides
a correciive force that can eliminate following error while the
shalt is spinning and the deflection effects of a static torque
load while the shaft is stationary. This corrective force is

proportional to the position srror and increases linearly with
time. See Figure 18. The integral gain coefficient, k,, is the
conistant of proportionality.

High values of k provide quick torque compensation, but
increase overshoot and ringing. In general, k, should be set
to the smallest vaiue that provides the appropriate compro-
mise betwsen three system characteristics: overshool, set-
tiing time, and time to cancel the effects of a static torque
load. In systems without significant static torque leading, a ki
of zero may be appropriate.

The corrective force provided by the integral term increases
finearly with time. The integration limit coefficient, i, acts as a
¢clarping value on this force to prevent integral wind-up, a
backlash sffect. As noted in Figure 18, i, limits the summation
of emor (over time), not the product of k, and this summation.
In many systems |, can be set to its maximum value, 7FFF
hex, without any adverse effects. The integral term has no
effect if i is set to zero.

For the test system, the final vaiues of k and i, are 5 and
1000 respectively.

STEP TWO —STEP RESPONSE METHOD

Introduction

The step response of a control system reveals important
information about the “quality” of conirol—specifically, de-
tailad information on system damping,

In the second step to tuning the PID filter, an oscilloscope
trace of the confrol system step response is used to accu-
ralely evaluate system damping, and the filter cosfficients,
determined in step one, are fine tuned to critically damp the
system.

www.national.com
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lll. Tuning the PID Filter (continueq)

Software Considerations

The step generation section of the filter tuning program
provides the control loop with a repetitive small-signal step
input, This is accomplished by repeatediy executing a small
position move with high maximurn velocity and high accel-

eration. See Figure 19 and Table 12,
( START )

r

Load Trajsctory
Parameters,

.
Lt
3

Start ths stap,

4
X
.

Read the Status Byte.

Trajectory—
Complate bit set
?

Reset interrupts.

Wait.

01006022

FIGURE 19. Step Generation Seclion of Filter Tuning Program

21
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lii. Tuning the PID Filter (continued)
TABLE 12, Step Generation Section—Filter Tuning Program

Port Bytes |Command Comments
[+ 1F LTRJ | This command initiates toading the trajectory parameters input buffers.
Busy-bit Check Module
d 00 HB These two bytes are the trajectory control word. A 2B hex LB indicates acceleration,
d 2B LB velocity, and position will be loaded and both acceleration and velocity are absolute
while position is relative.
Busy-bit Check Modute
d 00 HB Accelaration is loaded in two data words. These two bytes are the high data word.
d 04 LB
Busy-bit Check Module
d 93 HB acceleration data word {low}
d EQ LB
Busy-bit Check Module
d 00 HB Velocity is loaded in two data words. These two bytes are the high data word.
d o7 LB
Busy-bit Check Modute
d Al HB velocity data word (low)
d 20 LB
Busy-bit Check Module
d 00 HB  [Position is loaded in two data words. These two bytes are the high data word.
d 00 LB
Busy-bit Check Module
d 00 HB position data word (low)
d cs LB
Busy-bit Check Module
c 01 STT ISTI' must be issued to executs the desired trajectory.
Busy-bit Check Module
[+ XX RDSTAT |This command reads the Status Byte. It is directly supported by LM628 hardware and
can be executed at any time by puliing TS, PS, and BD logic iow. Status inforration
remains valid as fong as BD is logic low.
decision | If the Trajectory Complete interrupt bit is set, continue. Otherwise loop back to RDSTAT.
c 1D ASTL | This command resets only the interrupts indicated by zeros in bits one through six of
the next data word. it also resets bit fifteen of the Signals Register and the host
interrupt pin (pin 17).
d XX HB don’t care
d 00 LB Zoros in bits one through six indicate all interrupts will be resst.
wait This wait block inserts a delay between repetitions of the step input. The delay is
application specific, but a good range of values for the delay is 5 ms to 5000 ms.
loop Loop back to STT.

for this purpose. Puring a step, the voltage output of this
circuit represents the system step response, and an oscillo-

Hardware Considerations
For a motor control system, an oscilioscope trace of the

system step response is a graph of the real position of the
shaft versus time after a small and instantaneous change in
desired position.

For an LM628-based system, no extra hardware is nesded
to view the system step response. Duwing a step, the voltage
across the motor represents the system step response, and
an oscilloscope is used to generate a graph of this responss
{voltage).

For an LM629-based system, extra hardware is nesded to
view the system step response. Figure 20illustrates a circuit

scope is used to generate a graph of this response.

The oscilloscops trigger signal, a rectangular pulse train, is

taken from the host interrupt output pin (pin 17) of the

LM&28/LM629. This signal is generated by the combination

of a trajectory complete interrupt and a reset interrupts

(RST1) command. See Figure 19.

Note: The circuit of Figure 20 can be used ta view the step response of an
LM&28-basad system.

www.national.com
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lIi. Tuning the PID Filter (continued

Observations

What follows are example oscilloscope traces of the step
responss of the reference system.

Note 8: All traces were genarated using the circuit of Figure 2.

Note 9: All traces ware ganerated using the follawing “step” trajectory pa-
rameters; relative position, 200 counts; absolute velocity, 500,000 counts/
saphe; accalatedlon, 300,000 counts/sample/sample. Thesa values genar-
ated a good small-signal stap input for the reference system; other systems
will raquire different trajectory parameters. In ganeral, step {rajactory parasm-
stars consist of a small relative position, a high velocity, and a high acoslara-
tion.

The pasition paramater must be relative. Ctherwlsa, a define kome command
(DFH) must be added ta the main loop of the step generation section —filter
tuning program. Sea Figure 19,

The circuit for viewing the system step responsa uses an 8-bit
analog-to-digital convertar. See Figure 20. To pravant converter overflow, the
stap position parameter must not ba set higher than 200 counts,

Note 10: The circuit of Figure 20 produces an “inverted” stap response
graph. The osciioscope inpint was inverted to produce a positive-going (more
familiar) step response graph,

Figure 21 represents the step respanse of an under damped
control system; this response exhibits excessive overshool
and long setiling time. The filter parameters used to gener-
ate this response were as foliows: kg, 35; k;, 5; kg, 600; d,, 4;
i, 1000. Figure 21 indicates the need to increase kq, the
derivative gain coefficient.

Figure 22 represents the slep respense of an over damped
control system; this rasponse exhibits excessive rise time
which indicates a sluggish systsm. The fiter parameters
used to gsnerate this response wers as follows: k., 35; k;, 5;
kg, 10,000; d,, 7; i, 1000. Figure 22 indicates the need to
decrease k, and d,.

Figure 23 represents the stop response of a critically
damped control system; this response exhibits virtually zero
overshoot and short rise time. The filter parameters used to
generate this response were as follows: K, 40; K, 5; ky,
4000; d,, 4; i, 1000.

4 HCTL = 2000 pacesgy  HIZ¥ T
quadrature digital-to—analog 4.99kN
decoder canverter AAA
16 9 5
Veo o7 e
E] 10 -] 13
SEL 3 B2 v ol +5¥ 2
t 7 1% A o
phases A __y, S1, DS B2 comup |—%
and B from 7 T 8 14 2.4%k0 Lo p—. ostilloscope
encoder P18 b4 s B4 Vet ¥ 3., “ input
5 1 9
RST D3 B lgyr
C CLK 02 i L B& 1 z
B
4 15 11 0T {15 Zisaa 2 Jeokn
oF D1 By Vo- vy 22
8 f 12 1 b
GND D0 B8 LS8 &
< 24940
= 41
b——t——— systam clock divided by four e -
r— from LME28/LME29 pin 17 (host intarrupt output)
to seope trigger
-—
1088023

FIGURE 20. Circuit for Viewing the System Step Response with an Oscilloscope

T

T 1 T
g 5V/div
100 mSEC/div

T 1 ] T

Trigger Signal +

Step Response +

| CH2

01085024

FIGURE 21. The Step Response of an Under Damped Control System
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lll. Tuning the PID Filter (continueq)
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FIGURE 22. The Step Responss of an Over Damped Control System
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FIGURE 23. The Step Response of a Critically Damped Control System
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LM628/629 User Guide

1.0 Introduction

1.1 APPLICATION NOTE OBJECTIVE

This application note is intended to explain and complement
the information in the data sheet and also address the
comemon user questions. While no initial familiarity with the
LM628/629 is assumed, it will be useful to have the LM628/
629 data shest close by to consult for detailed descriptions
of the user command set, timing diagrams, bit assignments,
pin assignments, efc.

After the following brief description of the LM628/629, Sec-
tion 2.0 gives a fairly full description of the devica's opera-
tion, probably more than is necessary to get going with the
device. This section ends with an outline of how to tune the
control system by adjusting the PID filter coefficients.
Section 3 “User Command Set” discusses the use of the
LM628/629 commands. For a detailed description of each
cormmand the user should refer to the data sheet.

Ssction 4 “Heipful User ideas” starts with a short description
of the aclions necessary {o get going, then procesds to talk
about some performance enhancements and follows on with
a discussion of a couple of operating constraints of the
device.

Section 5 “Theory” is a short foray into theory which relates
the PID coefticients that would be calculated from a continu-
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ous domain control loop analysis to those of the discrete
domain including the scaling factors inherent to the LM628/
529. No attempt is made to discuss control system theory as
such, readers should consult the ample references available,
some suggestions are made at the and of this application
note. Section 5 concludes with an example trajectory calou-
lation, reviving those perhaps forgotten ideas about accel-
eration, velocity, distance and time.

Section 6 “Questions and Answers”, is in question and an-
swer forrmat and is bom out of and dedicated to the many
interesting discussions with customers that have taken
place.

1.2 BRIEF DESCRIPTION OF LM628/629

LME28/629 is a microcontrolier peripheral that incorporates
in one device ali the functions of a sample-data motion
control sysiem controller. Using the LM628/629 makes the
potentially complex task of designing a fast and precise
motion control system much easier. Additional features, such
as trajectory profile generation, on the “fly" update of loop
compensation and irajectory, and status reporting, are In-
cluded. Bolh position and velocity motion control systems
can be implemented with the LM6268/629.

LME28 or LM629

3

L
4
TRAJECTORY HOST w3 HoST
GENERATOR N INTERFACE F = PROCESSOR
4 WOTOR DRIVE OPTICNS
FOR LW62S or LMG29
18 D FILTER +B &= or 12=BIT
(toop Compensator) L4 DaC
LM628 BACOSO0 or
or DAC1208
v LK628
2
S-BIT PHM hY > BRIDGE
POSITION < N
DECODER DRIVER DC MOTOR
LN 18293
LM 18298

LMD18200 OPTICAL

POSITION
ENCODER

.

LM628/629 is itself a purpose designed microcontroller that
implements a position decoder, a summing junction, a digital
PiD loop compensation filler, and a trajectory profile genera-
tor, Figure 1. Quiput format is the only difference between
LMB28 and LM629. A parafiel pon is used to drive an 8- or
12-hit digital-to-analog converier from the LMB28 while the

FIGURE 1. LM&28 and LMG629 Typical System Block Diagram

1101801

LM&29 provides a 7-hit plus sign PWM signal with sign and
magnitude outputs. Interface to the host microcontroller is
via an B-bit bi-directional data port and six control lines which
includes host interrupt and hardware reset. Maximum sam-
pling rates of either 2.9 kHz or 3.9 kHz are available by

© 2002 National Semiconductor Cotporation  ANG11018

www.national.com

2pIny) 19SS 629/829N1

90L-NV



AN-706

1.0 Introduction (continued)

choosing the LM6268/9 device options that have 6 MHz or
8 MHz maximum clock frequenciss (device -6 or -8 suffixes),

In operation, to start a movement, a host microcontecller
downloads acceleration, velogity and target position values
to the LM628/62¢ trajectory generator. At each sample inter-
vai these values are used fo calculate new demand or “set
point® positions which are fed into the summing junction.
Actual position of the motor is determined from the output
signals of an optical incremental encoder. Decoded by the
LMB28/629's position decoder, actual position is fed to the
other input of the summing junction and subtracted from tha
demand position to form the error signat input for the control
loop compensator. The compensalor is in the form of a
“three term” PID filter (proportional, integral, derivative), this
is implemanted by a digital filter. The coefiicients for the PID
digital filter are most easily determined by tuning the control

system to give the required response from the load in terms
of accuracy, response {ime and overshoot. Having charac-
terized a load these cosfficient values are downloaded from
the host before commeancing a move. For a load that varies
during a movement more cosfficients can be downloaded
and used to update the PID filter at the moment the load
changes. All trajectory parameters except accsleration can
also be vpdated while a movement is in progress.

2.0 Device Description

2.1 HARDWARE ARCHITECTURE

Four major functional blocks make up the LMB28/629 in
addition to the host and output interfaces. These are the
Trajectory Profile Generator, Loop Compensating PID Filter,
Summing Junction and Motor Position Decoder (Figure 7).

{ ALY < MPY
CONTROL,
‘ * F 9
atmp ace -
(%] uy
(%] vy
= £ RAM -
S ROM a8 A 6: 11} - 32716 16}~
2 1kx 16 2 1616 4 /r
PC accimp
F 3 F -~ F 3 F Y
Ato A5 A5 A
h 4 w ¥ r 16-BIT 4
r y DATA BUS 4
.
Ats A 11215 As As P
b4 A 4 L 4 h 4
SEQUEN|CER PLA e
HOST PARALLEL L POSITION
1/0 oUTPUT DECODER
0R AND
[} 8 2 T T T
W1 M2 IN
FROM
N
0 HOST T0 DAC SLGAG/ IRCREMENTAL
ENCODER
o11bia0e

FIGURE 2. Hardware Architecture of LM628/629

Details of how LM628/629 is implemented by a purpose
designed microcontroller are shown in Figure 2. The control
algorithm is stored in a 1k x 16-bit ROM and uses 16-bit wide
instructions. A PLA decodes these instructions and provides
data transfer timing signals for the single 16-bit data and
instruction bus. User variable filter and trajectory profile pa-
rameters are stored as 32-bit double words in RAM, To
provide sufficient dynarnic range a 32-bit position register is
used and for consistency. 32 bits are also used for velocity
and acceleration values. A 32-bit ALU is used to support the
16 x 16-bit multiplications of the error and PID digital filter
coefficients,

2.2 MOTOR POSITION DECODER

LM628/629 provides an interface for an optical position shaft
encoder, decoding the two quadrature output signals to pro-
vide position and direction information, Figure 3. Optionally a
third index position output signal can be used to capture
posilion once per revolution. Each of the four states of the
quadrature position signal are decoded by the LME28/629
giving a 4 times increase in position resolution over the
number of encoder lines. An “N” line encoder will be decoded
as “4N" position counts by LM628/629.
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2.0 Device Description (Continued)

Position decoder block diagram, Figure 4, shows three lines
coming from the shaft encoder, M1, M2 and Index. From
these the decoder PLA determines if the motor has moved
forward, backward or stayed stifl and then drives a 16-bit

one

up-down counter that keeps track of actual motor position.
Once per revolution when all three lines including the index
line are simultaneously low, Figure 3, the cumrent position
count is captured in an index latch.

re— ancodar —m]
i State | A | B
A 1] 1 0 =
positiva
2 1 1
3]0 i
diraclion
£] 0 0
B il 1 ]
nagetive
211 1
11213141 1)] 2| 3] 4|=—STATES 3l 1 b
———
I
= peindex pulse=A B N

DB

FIGURE 3. Quadrature Encoder Output Signals and Direction Dacode Table

FROM OPTICAL ENCODER
M MZ  INDEX

bl

NG
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MOTOR RELATIVE POSITION
POSITION DEC | COUNTER
RECODER =
PLA
LATCH POSITION INDEX
LATCH LATCH
As A18
JF L A

/ MAIN PROCESSOR BUS 16 BITS /

D110MBOG

FIGURE 4. LM628/829 Motor Position Decoder

The 16-bit up-down counter is used to capture the difference
in position from one sample to the next. A position latch
aftached to the up-down counter is strobed at the same time
in every sample period by a sync pulse that is generaled in
hardware. The position latch is read soon afier the sync
pulse and is added to the 32-bit position register in RAM that
holds the actual currem position. This is the valus thal is
subtracted in the summing junction every sample interval
from the new desired position calculated by the trajectory
generator to form the error input to the PID filter.

Maximum encoder state caplure rate is determined by the
minimum number of clock ¢ycles it takes to decode each
encoder state, see Figure 3, this minimum number is 8 clock

cycles, capiure of the index pulse is also achieved during
these 8 clock cycles. This gives a more than adeguate 1
MHz maximum encoder state capture rate with the 8 MHz
fouc devices (750 kHz for the 6 MMz f. . devices). For
axample, with the 1 MHz capture rate, a motor using a 500
line encoder will be moving at 30,000 rpm.

There is some limited signal conditioning at the decoder
input to remove problems that would occur due to the asyn-
chronous position encoder input being sampled on signal
edges by the synchronous LMB28/629. But there is no noise
filtering as such on the encoder lines so it 1s important that
Ihey are kept clean and away from naise sources.
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2.0 Device Description (continued)

2.3 TRAJECTORY PROFILE GENERATOR

Desired position inputs to the summing junction, Figeure 1,
within the LM628/629 are provided by an internal indspen-
dent trajectory profile geneorator. The trajsctory profile gen-
orator takes information from the host and computes for
each sample interval a new current desired position. The
information reguired fram the host is, operating made, either
position or velocity, target acceleration, target velocity and
target position in pasition mode.

2.4 DEFINITIONS RELATING TC PROFILE
GENERATION

The units of position and time, used by the LM628/629, are
counts (4 x N encoder lines) and samples (sample intervals
= 2048/ ) respectively. Velocity is therefore calculated in
counts/sample and acceleration In counts/sample/sample.

Definitions of “targe!”, “desired” and “actual” within the profile
generation activity as they apply to velocity, acceleration and
position are as follows. Final requested vaiues are called
“target”, such as target position. The values computed by the
profile generator each sample interval on the way to the
target value are called “dosired”. Real values from the posi-
tion encoder are called “actual”.

For example, the current actual position of the motor will
typically be a few counis away from the current desired

position because a new value for desired position is calcu-
iated every sample interval during profile generation. The
difference between the current desired position and current
actual position relies on the ability of the control loop to keep
the motor on track. In the exireme example of a locked rotor
there could be a large difference between the current actual
and desired positions.

Current desired velocity refers to a fixed velocity at any point
on a on-going trajectory profile. While the profile demands
accelsration, from zero to the target velocity, the velocity will
incrementally increase at each sample interval.

Current aclual velocity is determined by taking the difference
in the actual position at the current and the previous sample
intervals. At velocities of many counts per sample this is
reasonably accurate, at low velocities, especially below one
count per sample, it is very inaccurate.

3.0 Profile Generation

Trajectory profiles are piotted in terms of velocity versus
lime, Figure 5, and are velocity profiles by reason that a new
desired position is calculated every sample interval. For
canstant velocity these desired position increments will be
the same every sample interval, for acceleration and decel-
eration the desired position increments wil! respectively in-
crease and decrease per sample interval. Target position is
the integral of the velocity profile.

STANDARDS TRAPEZOIDAL VELOCITY PROFILE

VELCCITY

LIMITING YELOCITY

EQUAL RATES
QOF ACCELERATION
AND DECELERATION

STOPPING POSITION
IS INTEGRAL OF
TRAPEZOID

ormas

FIGURE 5. Typical Trajectory Velocity Profile

When performing a move the LM628/629 uses the informa-
tion as specified by the host and accelerates until the larget
velocity is reached. While doing this it takes note of the
number of counts taken to reach the target velocity. This
number of counts is subtracted from the target position to
determine where decsleration should commence o ensure
the motor stops at the target position. |LM§268/629 decelara-
tion rates are equal to the acceleration rates. in some cases,
depending on the relative target values of vetocity, accelera-
tion and position, the target velocity will not be reached and
deceleration will commence immediately from acceleration.

3.1 TRAJECTORY RESOLUTION

The resolution the motor sees for position is one Integral
count. The algorithm used to calculate the trajectory adds
the velocity to the current desired position once per sample
period and produces the next desired position point. In order
to allow very low velocitiss it is necessary to have velocities
of fractional counts per sample. The LM628/629 in addition
lo the 32-hit position range keeps track of 1€ bits of tractional
position. The need for fractional velocity ceunts can be illus-
trated by the following example using a 500 line (2000 count)
encoder and an 8 MHz clock LM628/629 giving a 256 ps
sample interval. If the smallest resolution is 1 count per

sample then the minimum velocity would be 2 revolutions
per second or 120 mpm. {1/2000 revsfcount x 1/256 s
counts/second). Many applications require velocities and
steps in velocity [ess than this amount. This is provided by
the fractional counts of acceleration and velocity.

3.2 POSITION, VELOCITY AND ACCELERATION
RESOLUTION

Every sample cycle, while the profils demands agceleration,
the acceleration register is added to the velocity register
which in tumn is added to the position register. When the
demand for increasing acceleration stops, only velocily is
added to the posftion register. Only integer values are output
from the position register to the summing junction and so
fractional position counts must accumulate over many
sample intervals before an integer count is added and the
position register changed. Figire 6 shows the position, ve-
locity and acceleration registers.

The position dynamic range is derivad from the 32 bits of the
integer position register, Figure 6. The MSB is used for the
diraction sign in the conventional manner, the next bit 30 is
used {o signify when a position overflow called “wraparound”
has ocowved. if the wraparound bit is set {or reset when
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3.0 Profile Generation (continued)

going in a negative direction) while In operation the status
byte bit 4 is set and optionally can be used to interrupt the
host. The remaining 30 bits provide the available dynamic
range of position in either the positive or negative direction
(£1,073,741,824 counts).

Velocity has a resolution of 1/218 counts/sample and accel-
eration has a resolutien of 1/2'® counts/sampie/sample as
mentioned above. The dynamic range is 30 bits in both
cases. The loss of one bit is due fo velocity and acceleration
being unsigned and another bit is used to detect wrap-
around. This leaves 14 bits or 16,383 integral counts and 16
bits for fractional counts.

3.3 VELGCITY MODE

LME28 supports a velocity mode where the motor is com-
manded to continue at a specified velocity, until it is told to
stop (LTRJ bits 9 or 10). The average velocity will be as
specified but the instantaneous velocity will vary. Velocities
of fractional counts psr sample will exhibit the poarest in-
stantaneous velocity. Velocity mode is a subset of position
mode where the position Is continually updated and moved
ahead of the motor without a specified slop position. Care
should be exercised in the case where a rotor becomas
locked while in velocity mode as the profile generator will
continue to advance the position. When the rotor becomes
free high velocities will be attained to catch-up with the
current desired position.

~—— 16 Bits ——1— 16 Bils —T— 16 Bity

I Position
L |

{ I
'—-—-—- Integer ——-I-— Fraction —I

I Velocity

I Acceleration

LH1C1806

FIGURE 6. Position, Velocity and Acceleration
Registers

3.4 MOCTOR OUTPUT PORT

LM628 output pert is configured to 8 bits after reset. The
8-bit output is updated once per sample interval and held
uniil it is updated during the next sample interval. This allows
use of & DAC without a lalch. For 12-bit operation the
PORT12 command should be issued immediately after re-
set. The output is multiplexed in two 8-bit words using pins
18 through 23. Pin 24 is low for the least significant word and
high for the most significant, The rising edpe of the active low
strobe from pin 25 shouid be used lo strobe the output into
an external lalch, see Figure 7. The DAC output is offset
binary cods, the zero codes are hex'80' jor 8 bits and
hex'800" for 12 bits.

r,_ S |

o W e

(PRI S j XE_LD'N airs X & won airs \
-

g

s
fok

SELECT: ]
(PIN 24)

STROBE;
(PIN 25)

’

01101807

FIGURE 7. LM628 12-Bit DAC Output Muliiplexed
Timing

The choice of output resolution is dependant on the user's
application. There is a fundamental trade-off betwesn sam-
pling rate and DAC cutput resolution, the LME28 8-bit output
at a 256 ps sampling interval will most often provide as good
results as a slower, e.g. microcontroller, implemantation
which has a 4 ms iypical sampling interval and uses a 12-bit
output. The LM628 also gives the choice of a 12-bit DAC
output at a 256 ps sampling interval for high pracision appli-
cations.

LM629 PWM sign and magnitude signals are output from
pins 18 and 19 respectively. The sign oulput is used to
control motor direction. The PWM magnitude output has a
resolution of 8 bits from maximum negative drive to maxi-
mum positive drive. The magnitude output has an off condi-
tion, with the output at fogic low, which is usefu! for turning a
motor off when using a bridge motor drive circuit. The mini-
mum duty cycle is 1/128 increasing to a maximumn of 127/
128 in the positive direction and a maximum of 128/128 in
the negalive direcition, i.e., a continuous output. There are
four PWM poriods in one LM629 sample interval. With an 8
MHz clock this increases the PWM output rate to 15.6 kHz
from the LM629 maximum 3.9 kHz sample rate, see Figure 8
for further timing information.
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3.0 Profile Generation (Continued)

DUTY CYCLE : PWM MAGNITUDE WAVEFORMS {pin 18):
1 (ON)

'_”drfcu( “—fﬁ_’l
osam [N f
&
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MAX 11*%2-‘1 [ |
S I T

@) 2% aza

2048 !
l fok !
o 28 MAX 1
"3 jave 0 (or)
01101808
Mote: Sign output {pin 18) not shown.
FIGURE 8. LME29 PWM OQutput Signal Format
3.5 HOST INTERFACE
LM626/629 has three inlernal registers: status, high, and low INTERNAL
bytes, Figure 9, which are used 1o communicate with the TATABLS
host microcontroller, These are controfied by the D, WR,
and PS lines and by use of the busy bit of the status byte. 2] status
The status byte is read by bringing RD and F5S low, bit 0 is
the busy bit. Commands are writlen by bringing Wi and PS
low. When PS is high, WFibroughi low writes data into y PINS
LM628/629 and simitarly, RD is brought low to read data A wien i e
from LME28/629. Data transfer is a two-byte operation writ- BYTE o DRIVE
ten in most to least  significant byte order. The above descrip- 1
tion assumes that TS Is low. '
| Low
aYTe
t
01101808

FIGURE 9. Host Interface Internal /O Registers

3.6 HARDWARE BUSY BIT OPERATION

Before and between all command byle and data byte pair
transfers, the busy bit must be read and checked to be at
logic low. If the busy bit is set and commands are issued they
will be ignored and if data is read it will be the current
conlents of the 1O buffer and not the expected data. The
busy bit is set after the rising edge of the write signal for
commands and the second rising edge of the respective
read or write signal for two byle data transfers, Figure 10.
The busy bit remains high for approximately 15 ps.
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3.0 Profile Generation {Continued)

cs \
PS 1 /
WR aor RD \.100 ns/

HOST
1/0 BUS

BUSY

BIT / 15-25 ps typical
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FIGURE 10. Busy Bit Qperation during Command and Data Write Sequence

The busy bit ress! to logic low indicates that high and low
byte registers shawn in Figure 9 have been either loadsd or
read by the LM626/629 internal microcods. To setvice the
command or data transfer this microcode which performs the
trajectory and filter calculations is interrupted, except in criti-
cal areas, and the on-going calculation is suspended. The
microcode was designed this way to achieve minimum la-
tency when communicating with the host. However, if this
cormmunication becomes too frequent and on-going calcula-
tions are interrupted too often corruption will occur. In a
256 us sample interval, the filter calculation takes 80 us,
outpuiling a sampls 10 ps and trajectory calculation 90 ps. (f
the LM628 behaves in a manner that is unexpected the host
communication rate should be checked in relation 1o these
timings.

3.7 FILTER INITIAL VALUES AND TUNING

When connecting up a system for the first time there may be
a possibility that the loop phasing is incorrect. As this may
cause violent oscillation it is advisable to initially use a very
low value of proportional gain, say k, =1 (with kg, k, and il all
sel to zero), which will provide a weak lsvel of drive to the
motor. {The Start command, STT, is sent to LM6E28/629 to
close the control leop and energize the motor.} If the system
does oscillate with this low value of k, then the motor con-
nections should be reversed.

Having determined that the loap phasing is correct k, can be
increased to a value of about 20 to see that the control
system basically works. This value of k, shouid hold the
motar shaft reasonably stiffly, returning the moler to the set
position, which will be zero until Irajoctory values have been
input and a position move performed. If osciliation or unac-
ceptable ringing occurs with a kg, value of 20 reduce this until
it stops. Low values of acceleration and velocity can now be
fnput, of around 100, and a position move commanded to
say 1000 counts. All values suggested here are dscimal. For
details of loading trajectory and filter parameters see Section
3.0, referance {5) and the data sheet.

itis useful al this stage to try difterent values of acceleration
and velocity to get a feel for the system limitations. Thess
can be determined by using the feperting commands of
desired and actual position and velocity, to see if the error
between desired and actual positions of the mator are con-
stant and not increasing without bound. See Section 3.6 and
the data sheet for information about the reporting com-
mands. Clearly it will be difficult to tune for best system
response if the motor and its load cannot achisve the de-
manded values of acceleration and velocity. When correct
operation is confirmed and limiting values understood, filter
tuning can commence.

Due to the basic difficulty of accurately modeling a contro
system, with the added problem of variatiens that can occur
in mechanical components over time and ternperature, it is
always necessary at some stage to perform tuning empiri-
cally. Determining the PID filter coefficients by tuning is the
preferred method with LME28/629 because of the inherent
flexibility in changing the filter cosfficients provided by this
programmable device.

Bofore tuning a control system the effect of each of the PID
filter coefficients shouid be understood, The following is a
very brief review, for a detailed understanding reference (2)
should be consulted. The proportional cosfficient, k,, pro-
vides adjustment of the control system loop proportional
gain, as this is increased the output steady state error is
reduced. The arror between the required and actual position
is effectively divided by the toop gain. However there is a
natural limitation on how far k;, can be increased on its own
to reduce output position error because a reduction in phase
margin is also a consequence of increasing k.. This is first
encountered as ringing about the final position in response
to a step change input and then instability in the forrn of
osciliation as the phase margin becomes zero. To improve
stabllity, k;, the derivative coefficient, provides a damping
effact by providing a term proporniional to velocity in an-
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3.0 Profile Generation {Continued)

tiphase to the ringing, or viewed in another way, adds some
leading phase shift inte the loop and increases the phase
margin.

In the tuning process the coefficients k, and ky are iteratively
increased to their optimum values constrained by the system
constants and are trade-offs between response time, stabil-
ity and final position error. When k, and ky have been
detarmined the integral coefficient, k, can be introduced to
remove sleady state errors at the load, The steady state
erors removed are the velocity lag that occurs with a con-
stant velocity output and the position error dus fo a constant
static torque. A value of integration limit, i, has to be input
with &, otherwise k, will have no sffect. The integral coeffi-
cienit k; adds another variable o the system to allow further
optimization, very high values of k, will decreass the phase
margin and hence stability, ses Section 5 and reference 2
for more details. Reference (5) gives more details of PID
filter tuning and how 10 load filter parameters.

Figure 11 illustrates how a relatively slow response with
overshoot can be compensated by adjustment of the PID
tilter coeflicients to give a faster criticaily damped response.

4.0 User Command Set

4.1 OVERVIEW

The following types of User Commands are available:
Initialization

Filter control commands

Trajectory contral commands

Interrupt control commands

Dala reporting commands

User cormands are single bytes and have a varying number
of accompanying data bytes ranging from zero to fourteen
depending upon the command. Both filtler and trajectory
control commands use a double buffered scheme to input
data. These commands load primary ragisters with multiple
words of data which are only transterred into secondary
working registers when the host issues a respective single
byte user command. This allows data 1o be input before its
actual use which can eliminate any potential communication
bottlenecks and allow synchronized operation of multiple
axes.

4.2 HOST-LM628/629 COMMUNICATION — THE BUSY
BIT

Communication fiow between the LMB28/629 and its hosl is
controlled by using a busy bit, bit 0, in the Status Byte. The
busy bit must be checked to be at logic 0 by the host before
commands and data ars issued or data is read. This includes
between data byle pairs for commands with muitipie words
of data.

4.3 LOADING THE TRAPEZOIDAL VELOCITY PROFILE
GENERATOR

To initiate a motor move, trajectoty generator values have to
be input to the LM628/629 using the Load Trajectory Param-
eters, LTRJ, command. The command is followed by a tra-

jectory control word which details the information to be
loaded in subsequent data words. Table 1 gives the bit
allocations, 2 bit is sst to logic 1 o give the function shown.

TABLE 1. Trajectory Control Word Bit Allocations
Bit Position Function
Bit 15 Not Used
Bit 14 Not Used
Bit 13 Not Used
Bit 12 Forward Diraction (Velocity Mode Cnly)
Bit 11 Velocity Mode

Bit 10 Stop Smoothly (Decelerate as
Programmed)

Bit 9 Stop Abruptly (Maximum Deceleration)
Bit 8 Turn Off Motor (Quiput Zero Drive)

Bt 7 Not Used

Bit 6 Mot Used

Bit 5 Acceleration Will Be Loaded

Bit 4 Acceleration Dala Is Relative

Bit 3 Velocity Will Be Loaded

Bit 2 Velocity Data Is Relative

Bit 1 Position Will Be Loaded

Bit 0 Pasition Data Is Relative

Bits 0 to 5 determine whether any, ali or none of the position,
velocity or aceelsration values are loaded and whether they
are absolute valuss or values relative to thoss previously
loaded. Al trajectary values are 32-bit values, position val-
ues are both pasitive and negative. Velocity and acceleration
are 16-bit integers with 16-bit fractions whoss absoluts value
is always positive. When enlering relative values ensure that
the absolute value remains positive. The manual slop com-
mands bils 8, ¢ and 10 are intended to allow an unpro-
grammed stop in position mods, while a position move is in
progress, perhaps by the demand of some external svent,
and {o provide a method to stop int velocity mode. They do
not spacify how the motor will stop in position made at the
snd of a normal position move. In position mode a pro-
grammed move will automatically stop with a deceleration
rate equal to the accelaration rate at the fargst position.
Setting a stop bit along with other trajectory parameters at
the beginning of a move will result in no movement! Bits 8, §
and 10 shouid only be set one at a time, bit 8 turns the mator
off by outputting zero drive to the motor, bit @ stops the motor
at maximum deceleration by setting the targst position equal
to the current position and bit 10 stops the motor using the
current user-programmed acceleration value. Bit 11 is set for
operating in velocity mode and bit 12 is set for forward
direction in velocity mode.
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4.0 User Command Set (continued)
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FIGURE 11. Position vs Time for 100 Count Step Input

Following immediately after the trajectory control word
should be two 16-bit data words for each parameter speci-
fied to be Ioaded. These should be in the descending order
of the trajectory control word bits, that is acceleration, veloc-
ity and position. They are written to the LME28&/629 as two
pairs of data bytes in most to least significant byte order. The
busy bit should be checked between the command byte and
the data byte pair farming the trajectory conirol word and the
individual data byte pairs of the data. The Start command,
STT, wransfers the loaded trajectory data into the working
registers of the double bulferad scheme to initiate movement
of the motor. This bufering allows any parameter, except
acceleration, to be updated while the molor is moving by
loading data with the LTRJ command and to be later ex-
ecuted by using the STT command.

New values of acceleration can be loaded with LTR.J while
the motor is moving, but cannot be executed by the STT
command until the trajectory has completed or the drive to
the motor is turned off by using bit 8 of the trajectory control
word. If acceleration has been changed and STT is issued
while the drive to the motor is still present, a command error
interrupt will be generated and the command ignored. Sepa-
rate pairs of LTRJ and STT commands should be issued io
first furn the motor off and then update acceleration. System
operation when changing acceleration while the motor is
moving, but with the drive removed, is discussad in Section
45.1.

4.4 LOADING PID FILTER COEFFICIENTS

PID filter coefficients are loaded using the Load Filter Pa-
rameters, LFIL, command and are the proportionat coeffi-
cient k,, derivative coefficient ky and integral coefficient k.
Associated with k, an integration limit, i, has to be loaded.
This consirains the magnilude of the integration 1erm of the
PID filter to the il value, see Section 4.4.2. Associated with
the derivative coefficient, a derivative sample rate can be
chosen from 2048/, « to (2048 x 256)/ oLk in steps of
2048/f;, «, se8 Section 4.4.1.

The first pair of data bytes following the LFIL command byte
form the filter control word. The most significant byte sets the
derivative sample rate, the fastest rate, 2048/, «, being
hex'00' the slowest rate (2048 x 256)/f;, . being hex'FF'. The
lower four bits of the least significant byte tell the LM628/629
which of the cosfficients is going to be loadad, bit 3 is K, bit

21is K, bit 1 is ky and bit 0 is it. Each Hiter costiicient and the
Integration limit can range in value from hex'0000' to '7FFF,
positive only. If all cosfficient values are Ioaded then ten
bytes of data, including the filter control word, will foliow the
LFIL command. Again the busy bit has to be checked be-
tween the command byte and filter control word and be-
tween data byte pairs. Use of new filter cosfficient values by
the LM628/629 is initiated by issuing the single byte Update
Filter command, UDF.

When controlled movement of the motor has been achieved,
by pregramming the filter and trajectory, attention turns to
incorporating the LM628/629 into a system. Interrupt Control
Commands and Data Reporting Commands enable the host
microcontroller to keep track of LM628/629 activity.

4.5 INTERRUPT CONTROL COMMANDS

There are five commands that can be used to interrupt the
host microcontroller when a predefined condition occurs and
two commands that control interrupt operation. When the
LMB28/629 is programmed to interrupt its host, the event
which caused this interrupi can be determined from bits 1 1o
& of the Status Byte (additionally bit 0 is the busy bit and bif
7 indicates that the motor is off). All the Interrupt Contral
commands are execulable during motion.

The Mask Interrupts command, MSK), is used to tell LM&28/
629 which of bits 1 to 6 will interrupt the host through use of
interrupt mask data assoclated with the command. The data
is in the form of a data byte pair, bits 1-6 of tho least
significant byte being set to logic T when an interrupt source
is enabled. The Resst Interrupts command, FSTI, ressts
intetsupt bits in the Status Byte by sending a data byte pair,
the teast significant byte having logic 0 in bit positions 1 1o 6
if they are to be reset.

Exscuting the Set Index Position command, SIP, causes bit
3 of he status byte o be set when the absclute position of
the next index pulse is recorded in the index register. This
can be read with the command, Read Index Position, RDIP.
Exscuting either Load Position Error for Interrupt, LPEI, or
Load Position Error for Stopping, LPES, commands, sets bit
5 of the Status Byts when a position error exceeding a
specified limit occurs. An excessive position error can indi-
cate a serious system problem and these two commands
give the option when this occurs of either interrupting the
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4.0 User Command Set (continued)

hast or stopping the motor and interrupting the host, The
excessive position is specified following each command bya
data byte pair in most to least significant byte order.
Executing either Sat Break Point Absclute, SBPA, or Set
Break Point Relative, SBPR, commands, sets bit 6 of the
status byte when either the spacified, absolute or relative,
breakpoint respactively is reached. The data for SBPA can
be the full position range (hex'CODOD000 to '3FFFFFFF)
and is sent in two data byte pairs in most to teast significant
byte order. The data for the Set Breakpoint Relative com-
mand is also of two data byte pairs, but its value should be
such that when added to the target position it rerains within
the absolute position range. These commands can be used
to signal the moment {o update the on-going trajectory or
filter coefficients. This is achieved by transferring data from
the primary registers, previously loaded using LTR.J or LFIL,
to working registers, using the STT or UDF commands.

Interrupt bits 1, 2 and 4 of the Status Byle are not set by
executing interrupt commands but by events occurring dur-
ing LME28/629 operation as follows. Bit 1 is the command
error interrupt, bit 2 is the trajectory complete interrupt and
bit 4 is the wraparound interrupt. These bits are also masked
and reset by the MSKI and RST| commands respectively.
The Status Byte still indicates the condition of interrupt bits
1-6 when they are masked from interrupting the host, allow-
ing them to be incorporated in a polling scheme.

4.6 DATA REPORTING COMMANDS

Read Status Byte, RDSTAT, supported by a hardwars regis-
tor accessed via CS, RD and PS control, is the most fre-
quently used method of determining LME28/629 status. This
is primarily to read the busy bit 0 while communicating
commands and data as described in Section 3.2.

There are seven other user commands which can read data
from LMB28/629 data registers.

The Read Signals Register command, RDSIGS, retums a
16-bit data word to the host. The least-significant byle re-
peats the RDSTAT byte except for bit 0 which indicates that

a 8IP command has been executed but that an index pulse
has not occurred. The most significant byle has 6 bits that
indicate set-up conditions (bits 8, 9, 11, 12, 13 and 14). The
other two bits of the RDSIGS data word indicate that the
trajectory generator has complated its function, bit 10, and
that the host interrupt output {Pin 17) has been set to logic 1,
bit 15. Fult details of the bit assignments of this command
can be found in the data sheset.

The Read Index Position, RDIP, command reads the position
recorded in the 32 bits of the index register in four data
bytes. This command, with the SIP command, can be used
to acquire a home position or successive values. These
could be used, for examnple, for gross error checking.

Both on-going 32-bit position inputs to the summing junction
can be read. Read desired position, RDDP, reads the current
desired position the demand or “set point input” from the
trajectory generator and Rsad Real Position, RDRP, reads
the current actual position of the motor.

Read Desired Velocity, RDDV, reads the cument desired
velocity used to calculate the desired position profile by the
trajectory generator. it is a 32-bit value containing integer
and fractional velocity information. Read Real Velocity,
RDRY, reads the instantaneous actual velocity and is a
16-bit integer value.

Read Integration-Term Summation Valus, RDSUM, reads
the accumulated vaiue of the integraiion term. This is a
16-bit value ranging from zero to the cureni, i, integration
lirnit valus.

4.7 SOFTWARE EXAMPLE

The tollowing example shows the flow of microcontroller
commands needed to get the LME28/629 to control a simple
motor move. As it is_non-specific fo any microcontroller
pseudo commands WR0OMMH and RDXOO0(H with hex
immediate data will be used to indicate read and write op-
erations respectively by the host to and from the LM628/529.
Decisions use IF.THEN..ELSE, BUSY is a user routine to
check the busy bit in the Status Byle, WAIT is a user routine
to wail 1.5 ms after hardware resst,

LABEL MNEMONIC : REMARK
Initialization:
WAIT rRoutine to wait 1.5 ms after reset.
RDSTAT :Check correct RESET operation by reading the

:Status Byte. This should be either hex'84' or 'C4°
IF Status byte not equal hex'B4‘ or 'C4‘’ THEN repeat

hardware RESET

;:Make decision concerning validity of RESET
Optionally the Reset can be further checked for correct operation as foliows. it is useful to inciude this to resat all interrupt bits

in the Status Byte before further action:

MSKI :Mask interrupts

BUSY :Check busy bit 0 routine

WR, Q000RH ;Host writes two zero bytes of data to
:LM628/629. This mask disables all interrupts.

BUSY iCheck busy bit

RSTI :Reset Interrupts command

BUSY :Check busy bit

WR, 0000H :Host writes two zero bytes of data to LME28/629

RDSTAT

:Status byte should read either hex’80° or 'C0¢

IF Status Byte not equal hex’'80° or *C0’ THEN repeat

hardware RESET

IF Status Byte egual to hex’C0' THEN continue BELSE PORT

BUSY iCheck busy bit
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4.0 User Command Set (continued)

RETIL
BUSY
WR., CO00OH

:Reset Interrupts
:Check busy bit
iReset all interrupt bits

Set Output Port Size for a 12-bit DaC.

EORT BUSY
PORT12

Lead Filter Parameters
BUSY
LFIL
BUSY
WR, 0008H

BUsY
WR, 0032H

Update Filter
BUSY
UDF

:Check busy bit
:Sets LM628 output port to 12-bits
(Only for systems with 12-bit DAC)

:Check busy bit
;Load Filter Parameters command
:Check busy bit
:Filter Control Word
S Bits B to 15 (MSB} set the derivative
:sample rate,

Bit 3 Loading kp data

Bit 2 Loading ki data

Bit 1 Loading kd data

Bit © Loading il data
:Choose te load kp only at maximum
:derivative sample rate then Filter Control
:Word = 00084
:Check busy bit
:Choose kp = 50, load data byte pair MS
thyte first

:Check busy bit

Load Trajectory Parameterg

BUSY
LTRJ
BUSY
WR, 002aH

BUSY
WR, XXXXH
BUSY
WR, XXXXH
BUSY
WR, XXXXH
BUSY
WR, XXXXH
BUSY

WR, XXXXH

BUSY

WR, XXXXH
Start Motion

BUSY

STT

:Check busy bit
:Load trajectory parameters command.
:Check busy bit
:Load trajectory control word:

See Table I
:Choose Position mode, and load absclute
;acceleration, velocity and position. Then
:trajectory control word = O02AH. This means
16 pairs of data bytes should follow.
:Check busy bit
:Load Acceleration integer word MS byte first
:Check busy bit
:Load Acceleration fractional word MS byte first
:Check busy bit
:Load Velocity integer word MS hyte first
iCheck busy bit
:Load Velocity fractional word MS byte first
:Check busy bit

:Load Position MS byte pair first
:Check busy bit
:Load position LS byte pair

:Check busy bit
15tart command

Check for Trajectory complete.

RDSTAT

Busy bit check routine
BUSY RDSTAT

:Check Status Byte bit 2 for trajectory
jcomplete

:Read status byte

If bit 0 ig set THEN BUSY ELSE RETURN

END

*Consult reference (5) for more Information on programming the LM828/629.

1
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4.0 User Command Set (continued)
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FIGURE 12. Basic Software Flow

5.0 Helpful User Ideas

5.1 GETTING STARTED

This section outlines the actions that are necessary to imple-
ment a simple rmotion control system using LM628/629.
More details on how LM628/629 works and the use of the
User Command Set are given In the sactions “2.0 DEVICE
DESCRIPTION” and “3.0 USER COMMAND SET”.

5.2 HARDWARE
The following hardware connections nesd 1o be mads:

6.2.1 Host Microcontroller Interface

Interface to the host microcontroller is via an 8-bit command/
data port which is controlled by four lines. These are the
conventional chip select CS, read RD, _wifte WR and a line
called Port Select PS, see Figure 13. PS is used to select
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5.0 Helpful User Ideas (continued)

user Command or Data transfer between the 1M628/629
and the host. In the special cass of the Status Byte
(RDSTAT) bringing PS, CS and RD low together allows
access o this hardwaro register at any time. An optional
interrupt ling, HI, from the LM625/629 to the host can be
used. A microcontroller output lins is necessary to control the
LME28/629 hardware resst action.

§.2.2 Position Encoder Interface

The two optical incremental position sncoder outputs feed
inte the LM628/629 quadrature decoder TTL inputs A and B.
The leading phase of the quadrature encoder output defines
the forward direction of the motor and should be connacted
to input A. Optionally an Index pulse may be used from the
Position encoder. This is connected to the IN input, which
should be tied high if not used, see Figure 13,

5.2.3 Qutput Interface

LMB28 has a parallel output of sither 8 or 12 bits, the latter is
outpul as two mulliplexed 6-bit words. Figure 14 illustrates
how a motor might be driven using a LM12 power linear
amplifier from the output of 8-bit DAC0800.

LME28 has a sign and magnitude PWM output, Figure 13, of
7-bit resolution plus sign. Figure 15 shows how the LM629
sign and magnitude outputs can be used to control the
outputs of an LM18293 quad half-H driver. The half-H drivers
are used in pairs, by using 100 mt2 curent sharing resistors,
and form a full-H bridge driver of 2A output. The sign bit is
used to steer the PWM LM629 magnitude output to either
side of the H-bridge lower oulput transistors while holding
the upper transistors on the opposite side of the H-bridge
continuously on.

_ po-7§
7y BACO-DACT
& LN628
&0 8 OUTPUT
1]
—_—0,
HOST WD,
INTERFACE ] = Lu628/629 I
M
—il]
" | Lus2¢
. Hi PHM SIGN [ ouTPuT
RST
h—a—n——’
Ia IA i
—
OPTICAL POSITION
ENCODER INTERFACE
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FIGURE 13. LM528 and LM629 Hos?, Output and Position Encoder interfaces

LME28 DACO800

Toupt
8, . ol
o7 _

lour-

+20Y
&
MR732 100 =
%MR?SZ 100 o T
=24V

oh1o1814

FIGURE 14. LM528 Example of Linear Motor Drive Using LM12
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5.0 Helpful User Ideas (continued)
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FIGURE 16. LM629 H-Bricige Motor Drive Example Using LM18293
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5.3 SOFTWARE

Making LM628/629 perform a motion control function re-
quires that the host microcontroller, after initializing LM628/
629, loads coefficients for the PID fiter and then loads
trajactory information. The interrupt and data raporting com-
mands can then be used by the host 1o keep track of
LM628/629 actions. For detailed descriptions see the
LM628/629 data sheet and Section 3.

5.4 INITIALIZATION

There Is only one initialization operation that must be per-
formed; a check that hardware reset has operated correctiy.
It required, the size of the LME28 output port should be
configured. Other operations which might be part of user's
system initialization are discussed under Inlerrupt and Data
Reporting commands, Sections 3.5 and 3.6.

5.4.1 Initializing LM628 Output Port

Reset sets the LM628 output port size 1o 8 bits. If & 12-bit
DAC is being used, then the output port size is set by the use
of the PORT12 command.

5.4.2 Hardware RESET Check

The hardware reset is activated by a iogic low pulse at pin
27, RET, from the host of groater than 8 clock cycles. To
ensure that this reset has operated correctly the Status Byta
shouid be checked immediately after the reset pin goes high,
it should read hex'00. If the reset is successful this wil
change to hex'84' or 'C4' within 1.5 ms. if not, the hardware
reset and check should be repeated. A further check can be
used to make certain that a reset has been successful by
using the Reset interrupts command, RSTI. Before sending
the RSTI, issue the Mask Interrupts cormmand, MSKI, and
mask data that disables all interrupts, this mask is sent as
two bytes of data equaling hex'0000". Then issus the BST!
command plus mask data thal resets all interrupts, this
equals hex'0000' and is again sent as two bytes. Do noi

forget to check the busy bit between the command byte and
data byte pairs. When the chip has reset properly the status
byte will change from hex'84' or 'C4' fo hex'80' or 'CO".

5.4.3 iInterrupt Commands

Optionally the commands which cause the LM628/629 to
take action on a predefined condition (e.g., SIP, LPE!, LPES,
SBPA and SBPR) can be included in the initialization, these
are discussed under Interrupt Commands,

5.5 PERFORMANCE REFINEMENTS

5.5.1 Derivative Sample Rate

The derivative sample interval is controllable 1o improve the
stability of low velocily, high inettia loads. At low speeds,
when fractional counts for velocity are used, the integer
position counts, desired and actual, only change after sev-
eral sample intervals of the LM628/629 (20487, ). This
means that for sample intervals between integer count
changes the emor voltage will not change for successive
samples. As the derlvative term, kg, multiplies the difference
betwesen the previous and current error values, if the de-
rivative sample interval is the same as the sample interval,
several consecutive sample intervals will have zero deriva-
tive term and hence no damping contribution, Lengthening
the derivative sample interval ensures a more constant de-
tivate term and hence improved stability, Derivative sample
interval is loaded with the filter coefficient values as the most
significant byte of the LFIL control word everytime the com-
mand is used, the host therefore needs to store the current
value for re-loading at times of filter coefficient change.

5.5.2 Integral Windup

Along with the integrai filter cosfficient, k, an integration limit,
il, has to be input into LME28/629 which aliows the user to
set the maximum value of the integration term of equation
(8), Section 5.2.2. This term is then able to accumulate up to
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5.0 Helpful User Ideas (Continued)

the value of the integration limit and any further increase dus
to error of the sams sign is ignored. Setting the integration
limit enables the user to Prevent an effect calied “Integral
Windup”. For example, if an LMB28/629 attempis to accel-
erate a motor at a faster rale than it can achiove, a very large
integral term will result. When the LM628/629 tries to slop
the motor at the target position the large accumulated inte-
gral term will dominate the fiter and cause the motor lo badly
overshoot, and thus integral windup has ooccurred.

6.5.3 Profiles Other Than Trapezoidal
4

EQUAL RATES
OF ACCELERATION
AND DECELERATION

VELOCITY

TE
o¥iMmas

FIGURE 1s. Generating a Non-Trapezoidal Profiie

If it is required to have a velocity profile other than trapezoi-
dal, this can be accomplishad by breaking the profile into
small pieces each of which is part of a small trapezoid, A
piscewise linsar approximation o the required profile can
then be achleved by changing the maximum velocity before
the trapezoid has had time to complete, see Figure 16.

5.5.4 Synchronizing Axes

For controiling tightly coupled coordinated mation between
muitiple-axes, synchronization is required. The best possible
synchronization that can be achisved betwsen multiple
LME26/629 Is within one sample interval, 2048/, ., 256 s
for an 8 MHz clock, 341 us for a 6 MHz ciock). This is
achieved by using the pipsline featurs of the LM628/629
where all controlled axes are loaded individually with trajec-
tory values using the LTRJ command and then simulta-
neously given the start command STT. PID filter cosfficients
can be updated in a similar manner using LFIL and UDF
commands.

5.6 OPERATING CONSTRAINTS

5.6.1 Updating Acceleration on the Fiy

Whereas velocity and target position can be updated while
the motor is moving, on the *fly”, the algorithm described in
Section 2.5 prevents this for acceleration. To change accel-
sration while the motor is moving in mid-trajectory the motor
off command has to be issusd by setting LTRJ command bit
8. Then the new accelsration can be loaded, again using the
LTRJ command. When the start command STT is issued the
moter will be energized and the trajectory generator will start
generating a new profile from the aciual position whern the
STT command was issued. In doing this the trajectory gen-
srator will assume that the mator staris from a stationary
position in the normal way. if the motor has sufficient Inertia
and is still moving when the STT command Is issued then
the contro! loop will attempt 1o bring the motor on 1o the new
profils, possibly with a large error value being input to the
PID filter and a consequential saturated cutput until the
motor velocity matches the profile. This is a classic case of
overload in a feedback system. 1t will operale in an open loop
manner until the error input gets within controllable bounds
and then the feedback ioop will close. Psrormancs in this
situation Is unpredictable and application specific. LMB28/
629 was not intentionally designad to operate in this way.

§.6.2 Command Update Rate

It an LM628/629 is updated too frequently by the host it will
not keep up with the commands given. The LM628/629
aborts the current trajactory calculation when it receives a
hew STT command, resulting in the oulput staying at the
value of the previous sample. For this reason # is recom-
mended that trajeciory is not updated at a greater rate than
once every 10 ms.

6.0 Theory
6.1 PID FILTER

6.1.1 PID Filter in the Continuous Domain

The LM628/629 uses a PID filter as the foop compensator,
the expression for the PID filter in the continuous domain is:

H(s) = K, + K; /5 + K s {1}
Kp = proportional cosfficient
K; = integral coefficient
Ky = derivative coefficient

Where

15
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6.0 Theory (continued)
6.1.2 PID Filter Bode Plots
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FIGURE 17. Bode Plots of PID Transfer Function

The Bode plots for this function (shown in Figure 17) show
the effect of the individuai terms of Equation (7). The propor-
tional term, K, provides adjustment of proportional gain. The
derivative term K, increases the system bandwidth but more
importantly adds leading phase shift to the control loop at
high frequencies. This improves stability by counteracting
the lagging phase shift introduced by other control loop
components such as the motor. The integrai term, K i pro-
vides a high BC gain which reduces static errors, but intro-
duces a lagging phase shift at low frequenciss. The relative
magnitudes of K 4, K; and ioop proportional gain have to be
adjusted 1o achieve optimum performance without introdue-
ing instability.

6.2 PID FILTER COEFFICIENT SCALING FACTORS FOR
LME28/629

While the easiest way to detetmine the PID filter cosfficient
K Kg and k; values is to use tuning as described in Section
2.11, some users may want to use a more theorstical ap-
proach to at least find initial starting valuss before fine tun-
ing. As very often this analysis Is performed in the continu-
ous (s) domain and transformed into tho discrete digital
domain for implementation, the relationship between the
continiyous domain cosfficients and the values input into
LME28/629 is of interest.
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6.0 Theory (continued)

6.2.1 PID Filter Difference Equation

In the discrete dornain, Equation (1) becomes the difference
aqualtion:

N
u(n} = er(n) +KT 2 e{n) +Ky/T,[eln) - e(n-1)]
n=0
2
Where:
T is the sample interval 2048/,
Ty is the derivative sample interval (20484 oLk X (1..255)

6.2.2 Difference Equation with LM628/629 Coefficients
In terms of LM828/629 coefficients, Equation (2) becomas:

N
u(n) = kye(n) + kg 2 e{n) + kyfs(n’) - o(n’ - 0)]
n=0
(3
Where:
ko, K and ky are the discrete-time LM628/629 coefficients
e(n) is the position error at sample time n
n' indicates sampling at the derivative sampling rate.

The error signal e(n) [or e{n"})] is a 16-bit number from the
output of the summing junction and is the input to the PID
filter. The 15-bit filter coefficients ars respectivaly multiplied
by the 16-hit error terms as shown in Eguation (@A to
produce 32-bit products,

a(n} or fs{n") ~a(n' - 1}]

kg ar ky

16 bital_ | { |

(LI S— —

6.2.3 LM626/629 PID Filter Quiput

The proportional cosfficient k, is multiplied by the error sig-
nal directly. The error signal is continually summed at the
sample rate to previously accumulated errors to form the
integral signal and is maintained to 24 bits. To achieve a
rmore usable range from this term, only the most significant
16 bits are used and multiplied by the integral cosfficient, ki.
The absolute value of this product is compared with the
integration limit, il, and the smallest value, appropriately
signed, is used. To form the derivative signal, the previous
arror is sublracted from the current emor over the derivative
sampiing interval. This is multipiied by the derivative cosffi-
clent k4 and the product contributes every sample interval to
the output independently of the user chosen derivative
sample interval.

The least significant 16 bits of the 32-bit products from the
three terms are added together to produce the rasulting u(n)
of Equation (3) each sample interval. From the PID filter
16-bit result, either the most significant 8 or 12 bits are
output, depending on the output word size being used. A
consequence of this and the use of the 16 MSB's of the
integral signal is a scaling of the fiiter coefficienis in relation
to the continuous domain coefficients.

6.2.4 Scaling for k, anct k

Figtire 18 gives details of the multiplication and output for ke
and ky. Taking the culput from ihe MS byte of the LS 16 bits
of the 32-hit result register causes an effective B-bit
right-shift or division of 256 associaled with k, and k, as
follows:

Result register
52 bitsk

] | I |

FIGURE 18. Scaling of k, and k,

Result =k, x e{n)/256 = K x s{n) ." Ko
= 256 x K.
Simitarly for ky:
Result = (ky x [e(n") - e(n'—1)])/256
= KyTs xelm .\ k4 = 256 x KT,
Where T, is the derivative sampling rate.

6.2.5 Scaling for k;
Figure 19 shows the multiplication and output for the integral
ferm k. The use of a 24-bit register for the error terms
summation gives further scaling:
Result = k/256 x > a(n)y/256
=K xT. k=65536KxT
Where T is the sampling interval 2048/, ,..
For a 12-bit output the factors are:

Lo
B-bit oulpul

12-bit output
0101818

Ky =16 x K, kg =16 x KT, and k, = 4096 K, x T.

if the 32-bit result register overflows into the most significant
16-bits as a result of a calculation, then alf the lower bits are
sel high to give a predictable saturated output.

6.3 AN EXAMPLE OF A TRAJECTORY CALCULATION

Preblem: Determine the trajoctory parametsrs for a motor
move of 500 revolutions in 1 minute with 15 seconds of
acceleration and deceleration respectively. Assume the op-
tical incremental encoder used has 500 fines.

The LMB28/629 quadrature decoder gives four counts for
each encoder line giving 2000 counts per revolution in this
example. The total number of counts for this position move is
2000 x 500 = 1,000,000 counts.

By definition, average velocity during the accsleration and
deceleration periods, from and to zero, is half the maximum

17
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6.0 Theory (continued)

velocity. In this example, half the total time to make the move
(30 seconds} is taken by acceleration and deceleration. Thus
in terms of time, half the move is made at maximum velocity
and halt the move at an average velocity of half this maxi-

mum. Therefore, the combined distance traveled during ac-
celeration and decsieration is half that during maximum
velocity or 4 of the total, or 333,333 counts. Acceleration
and deceloration takes 166,667 counts respectively.

VELOCITY
REVS/MIN OR COUNTS/SAMPLE

L}
¥ e{n) 24 bits) | ] |
n=0
O 131 — —
Result register
32 bits bem 1 I

[
B-bit output

12-bit output
o1aisis

FIGURE 19. Scaling for k;

4
fo— 166,667 coums——r— 666,667 COUNTS————»tw= 166,667 COUNTS i

MAXIMUM VELOCITY i

i
L
I

[
EQUAL RATES

OF ACCELERATION

1

: STOPPING POSITIGN
1 AND DECELERATION

|

]

IS INTEGRAL OF
TRAPEZOID AND
EQUALS

500 REVOLUTIONS
(4,000,800 COUNTS)

B T S

I
\\ AVERAGE VELOCITY
DURING ACCELERATION

AND DECELERATION

EQUALS 1/2 MAXIMUM VELOCITY

L

|
0 15 30

The time interval used by the LM628/622 Is the sample
interval which is 256 s for a [, of 8 MHz.
The number of sample periods in 15 seconds = 155/ 256 ys
= 58,600 samples
Remembering that distance s = at?/2 is traveled due to
acceleration 'a’ and tima 't\.
Therefore acceleration a = 2842

= 2 x 166,667/58,600

= 87.1 x 1079 counts/sample 2
Acceleration and velocity values are entered into LM628/629
as a 32-bit integer double-word but represents a 16-bit inte-
ger plus 16-bit fractional value. To achieve this acceleration
and velocity decimal values are scaled by 65536 and any
remaining fractions discarded. This value is then converted
to hex to enter into LMB28 in four bytes,
Scaled acceleration a = 97.1 x 107« 65536

= 6.36 decimal = 00000006 hex.

The maximum velocity can be calculated in two ways, either
by the distance in counts traveled at maximum velocity

TIME {SECONDS)

45 60

01101820

FIGURE 20. Trajectory Calculation Example Profile

divided by the number of samples or by the acceleration
muyltiplied by the number of samples over acceleration dura-
tion, as follows:
Velocity = 666,667/117,200 = 97.1 x 107° x 58,600

= 5.69 counts/sample
Scaled by 65536 bocomes 372,889.8 decimal = 0D05B0OAS
hex.

Inputting these values for acceleration and velocity with the
target position of 1,000,000 decimal, 000F4240 hex will
achieve the desired velocity profile.

7.0 Questions and Answers

7.1 THE TWO MOST POPULAR QUESTIONS

Why doesn’t the motor move, I've loaded filier param-
eters, trajectory parameters and issued Update Filter,
UDF, and Start, STT, commands?

Answer: The most like cause is that a stop bit (one of bits 8,
9 or 10 of the trajectory control word) has been set in error,

www.hational.com
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7.0 Questions and Answers
(Continued)

supposedly to cause a stop in position maods. This is unnec-
essary, in position mode the trajectory stops automatically at
the target position, see Section 3.3.

Can acceleration be changed on the fiy?

Answer: No, not directly and a command error interrupt will
be generated when STT is issued if acceleration has been
changed. Acceleration can be changed if the motor is tumed
off fitst using bit 8 of the Load Trajectory Parameter, LTRJ,
trajectory contro! word, see Ssclion 4.6.1.

7.2 MORE ON ACCELERATION CHANGE

What happens at restart if acceleration is changed with
the motor drive off and the motor is still moving?

Answer. The trajectory generation starting position is the
actual position when the STT command is issued, but as-
sumes that the motor is stationary. If the motor is maving the
control loop will attempt to bring the motor back onto an
accelsrating profile, producing a large esror value and less
than predictable results. The LMB28/622 was riot designed
with the intention to allow acceleration changes with moving
motors.

Is there any way to change acceleration?

Answer: Acceleration change can be simulated by making
many small changes of maximum velocity. For instance if a
small velocity change is loaded, using LTRJ and STT com-
mands, issuing these repeatedly at predetermined time in-
tervals will cause the maximum velocity to increment produc-
ing a piecewise finear acceleration profile. The actual
acceleration between velocity increments remains the same.

7.3 MORE ON STOP COMMANDS

What happens if the on-going trajectory is stopped by
seitting LTRJ control word bits 8 or 10, stop sbruptly or
stop smoothly, and then restarted by issuing Start, STT?
Answer: While stopped the motor position will be held by the
control loop at the position determined as a result of issuing
the stop command. lssuing STT will cause the motor to
restart the trajectory toward the original target position with
normal controlled accelaration.

What happens if the on-going trajectory is stopped by
setting LTRJ control word bit 8, motor-off?

Answer: The LMB28's DAC output is set to mid-scals, this
puts zero volts on the mator which will still have a dynamic
braking sffect dus to the commutation diodes. The LM&29's
PWM output sels the magnitude output to zero with a similar
effect. If the mator freewheels or is moved the desired and
actual positions will be the same. This can be verified using
the RDDP and RDAP commands. When Start, STT, is is-
sued the loop will be closad again and the motor will move
toward the original trajectory from the actual current position,
if the motor is off, how can the control loop be closed
and the motor energized?

Answer: Simply by issuing the Start, STT command. If any
Pprevious trajectory has completed then the motor wiil be held
in the current position. If & trajectory was in progress when
the motor-off command was issued then the motor will re-
start and move to the targst position in pesition mods, or
resume movement In velocity mode.

7.4 MORE ON DEFINE HOME

What happens if the Define Home command, DFH, is
issued while a current trajectory is in progress?

Answer: The position where the DFH command is issued is
reset to zero, but the motor still stops at the original position
commanded, i.e., the position where DFH is issued is sub-
stracted from the original larget position.

Does issuing Define Home, DFH, zero both the trajectory
and position register?

Answer: Yes, use Read Real Position, RDRP, and Read
Desired Position, RDDP to verify.

7.5 MORE OGN VELOCITY

Why is a command error interrupt generated when in-
putting negative values of relative vetocity?

Answer: Because the negative relative velocity would cause
a negative absclute velocity which is not allowed. Negative
absoiute values of velocity imply movernent in the negative
direction which can be achieved by inpuiting a negative
position value or in velocity mode by not selting bit 12.
Similarly negative values of acceleration imply decelsration
which occurs automatically at the accelsration rats when the
LM628/62% stops the motor in position mode or i making a
transition from a higher to a lower value of velocity.

What happens in velocity {or position) mode when the
position range is exceeded?

Answer: The position range extends from maximum nagative
position  hex'CO000000' to maximum positive position
hex3FFFFFFF* using a 32-bit double word. Bit 31 is the
direction bit, logic 0 indicates forward direction, bit 30 is the
wraparound bit used to control position over-range in veloc-
Ity (or position) mode.

When the position increases past hex'3FFFFFFF’ the wrap-
around bit 30 is set, which also sets the wraparound bit in the
Status byte bit 4. This can be polled by the host or opticnally
used to interrupt the host as defined by the MSKI com-
mands. Essentially the host has to manage wraparound by
noting its occurrence and resetting the Status byte wrap-
around bit using the RSTI command. When the wraparound
bit 30 is set in the position register so is the direction bit. This
means one count past maximum positive position
hex'8FFFFFFF' moves the position register onto the maxi-
mum negalive position hex'CO000000". Continued increase
in positive direction causes the position register to count up
to zero and back to positive values of position and on toward
another wraparound.

Similarly when traveling in a negative direction, using two's
complement arithmetic, position counts range fom
hex’FFFFFFF' (-1 decimal} to the maximum negative posi-
tion of hex'CO00000C". One more negative count causes the
position register to change lo hex'3FFFFEFF, the maximum
positive position. This time the wraparound bit 20 is reset,
causing the wraparound bit 4 of the status byte to be set.
Also the direction bit 31 is reset to zero. Further counts in the
negative direction cause the position register to count down
lo zero as would be expected. With management there is no
reason why absolute position should be lost, even when
changing between velocity and position modes.

19
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7.0 Questions and Answers
{Continued)

7.6 MORE ON USE OF COMMANDS

it filter parameter and trajectory commands are pipe-
lined for synchronization of axes, can the Update Filter,
UDF, and Start, STT, commands be issued consecu-
tively?

Answer: Yes.

Can commands be issued between another command
and its data?

Answar: No.

What is the response time of the set breakpoint com-
mants, SBPA and SBPR?
Answer: There is an uncertainty of one sample interval in the
setting of the breakpoint bit 6 in the Status Byte In response
to these commands.
What happens when the Set Index Position, SIP, com-
mand is issued?
Answer: On the next occurrence of all three inputs from the
posilion encoder being low the corresponding position is
loaded into the index register. This can be read with the
Read Index Position command, RDIP. Bit 0 of the Read
Signals register, shows when an SIP command has been
issued but the index posilion has not yet been acquired.
RDSIGS command accesses the Read Signals Register.
What happens if the molor is not able to keep up with
the specified trajectory acceleration and velocity val-
ues?
Answer: A large, saturated, position error will be generated,
and the control loop wilt be non-inear. The acceleration and
velocity values should be set within the capability of the
motor. Read Desired and Real Position commands, RDDP
and RDRP can be used to determine the size of the error.
The Load Position Error commands, for either host interrupt
or motor Stopping, LPE| and LPES, can be used to monitor
the error size for controlled action where safety is a factor,
When is the command error bit 1 in the Status Byte set?
Answer:
1. When an accoleration change is atternpted when the
motor is moving and the drive on.
2. When loading a relative velocity would cause a negative
absolute velocity.
3. Incorrect reading and writing operations generally.

What does the trajectory complete bit 2 in the Status
Byte indicate?

Answar: That the trajectory loaded by LTRJ and initiaied by
STT has completed. The motor may or may not be at his
position. Bit 2 is aiso set when the motor stop commands are
executed and compistad.

What do the specified minimum and maximum values of
velocity mean in reality?

Angwer: Assume a 500 line encoder = 1/2000 reve/count is
used.

The maximum LME28/628 velocity is 16383 counts/sample
and for a 8 MHz clock the LMB28/629 sample rate is 3.9k
samples/second, multiplying these valuss gives 32k revs/
second or 1.92M rpm.

The maximum encoder rale is 1M counts/second multiplied
by 1/2000 revs/count gives 500 revs/second or 30k rpm. The
encoder capture rate therefore sets the maximum velocity
limit.

The minimum LMB28/628 velocity is 1/65536 counts/sample
{one fractional count), multiplying this value by the sample
rate and encoder revs/count gives 30 x 107° revs/second or
1.8 x 10 "3 spm.

The LM628 provides no limitation to practical values of ve-
locity.

How long will it take to get to position wraparound in
velocity made traveling at 5000 rpm with a 500 line
encoder?

Answer: 107 minutes.

8.0 References and Further
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1. LMB28/LMB29 Precision Motion Controller. Data shest
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2. Autornatic Control Systems. Benjamin C. Kuo. Fifth edi-
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3. DC Motors, Speed Controis, Servo Systems. Robbins &
Myers/Electro Craft.

4. PID Algorithms and their Computer Implementation.
D.W. Clarke. Institite of Measurement and Control,
Trans. v. 6 No. 6 Ocl/Dec 1984 86/178.

5. LM628 Programming Guide. Steven Hunt. National
Semiconductor Application Note AN-693,
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LIFE SUPPORT POLICY

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
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whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.
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International
ICGR Rectifier

Data Sheet No. PD80046-Q

IR2104(S)

Features

¢ Floating channel designed for bootsirap operation
Fully operational te +600V
Tolerant to negative transient vollage
dVidt immune

e Gate drive supply range from 10 to 20V

e Undervoltage lockout

e 3.3V, 5Vand 15Vinput logic compatibie

o Cross-conduction prevention logic

¢ Internally set deacdfime

¢ High side output in phase with input

e Shut down input turns off both channels

» Maiched propagation delay for both channels

Description

The IR2104(8) are high voltage, high speed power
MOSFET and IGBT drivers with dependent high and
iow side referenced output channels. Propristary HVIC
and latch immune CMOS technologies enable rugge-
dized monolithic construction. The logic input is com-
patible with standard CMOS or LSTTL cutput, down to
3.3V logic. The output drivers feature a high pulse cur-

HALF-BRIDGE DRIVER

Product Summary
VOFFSET 600V max.
lot- 130 mA /270 mA
Your 10 - 20V
tonsoft (typ.) 680 & 150 ns
Deadtime (typ.) 520 ns
Packages
@1’“
(B ]! L
l LY
8 Lead SQIC 8 [ead PDIP
IR21048 IR2104

rent buffer stage designed for minimum driver cross-conduction. The floating channe! can be used to drive an N-
channel power MOSFET or IGBT inthe high side configuration which operates from 10 to 800 volts.

Typical Connection

e TQ

Voo H
P~ VCC VB
IN o IN HO
B o 50 Vg
COM Lo

LCAD

HI
2

(Refer to Lead Assignment for correct pin configuration) This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.
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IR2104(S)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which darna
parameters are absolute voltages referenced to COM. The thermai resistance and

measured under board mounted and still air conditions.

International
IGR Rectifier

ge to the device may occur. All voltage
power dissipation ratings are

Symboi Definition Min. Max. Units
Vg High side floating absolute voltage 0.3 625
Vs High side floating supply offset voltage Vp-25 Vp+03
VHO High side floating output voltage Vg-03 vp+03
Voo Low side and logic fixed supply voltage -0.3 25 v
Vio Low side output voltage 0.3 Voo +0.3
ViN Logic input voltage (IN & SD) -0.3 Ve + 0.3
dVgldt Allowable offset supply voitage transient — 50 Vins
Pp Package power dissipation @ Ta <+25°C (8 lead PDIP) _ 1.0
{8 lead SQIC) —_ 0.625 i
Rthya Thermal resistance, junction to ambient {8 lead PDIP) — 125 SCAW
(8 lead SQIC) — 200
TJ Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds} — 300

Recommended Operating Conditions

The Input/Cutput logic timing diagram is shown in Figure 1. For proper operation the device should be used within the

recommended conditions. The Vg offset rating Is tested with all supplies biased at 15V differential.

Symbol Definition Min. Max. Units

Ve High side floating supply absolute voltage Vg + 10 Vg +20

Vs High side floating supply offset vaftage Note 1 800

VHG High side floating output voltage Vg Vi y
Voo Low side and logic fixed supply voltage 10 20

Vo Low side output voltage 0 Voo

VIN Logic input voltage (IN & SD) 0 Voo

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -5 to +800V. Logic state held for Vg of-5Vto

DT97-3 for more details).

2

-VBs. (Please refer to the Design Tip
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ToR Rectifier

Dynamic Electrical Characteristics
VBias (Vee, Ves) = 15V, CL = 1000 pF and Ta = 25°C unless otherwise specified.

IR2104(S)

Symbol Definition Min. | Typ. [Max.| Units |Test Conditions

ton Turn-on propagation delay — 680 | 820 Vg =0V

toff Tuen-off propagation delay — 150 | 220 Vs = 600V

tsd Shutdown propagation defay - 160 | 220

tr Turn-on rise time — 100 | 170 ns

i Tum-off fall time - 50 a0

DT Deadtime, LS turn-off to HS turn-on & 400 520 | 650

HS turn-on to LS tum-off

MT Delay matching, HS & LS turn-on/off — — 80

Static Electrical Characteristics

Vaias (Vec, Ves) = 15V and Ta = 25°C unless otherwise specified. The ViN, VTH and liy parameters are referenced to
COM. The Vo and 1o parameters are referenced to COM and ars applicable to the respective output leads: HO or LO.

Symbol Definition Min. | Typ. [ Max.| Units | Test Conditions
VIH logic “1" {HO) & Logic “0" (LO} input voltage 3 —_ — Voo =10V to 20V
ViL Lagic “0" {HO} & Logic 17 (LO) input voltage — —_ 0.8 Voo = 10V to 20V

VaD,TH+ $D input positive going threshold 3 — — i Vee =10V to 20V
VspTH | SD input negative going threshold — —_ 0.8 Voo =10V to 20V
Vor High ievel output voltage, Vgias - Vo — — 100 lop=0A
VoL | Low level output voltage, Vo — [ = {10 ™ Io = 0A
ik Offset supply leakage current - — 50 Vg = Vg = 600V
laps Quiescent Vag supply current —_ 30 55 Vin=0Vorsv
loce Quiescent Voo supply current — 150 | 270 | pA ViN =0V or 5V
i+ Logic “17 input bias current — 3 10 Vin=5V
k- Logic “0” input bias current — — 1 VIN =0V
Vocuvs Ve supply undervoltage positive going 8 89 9.8
threshold v
Voouw- Ve supply undervoltage negative geing 7.4 82 9
threshold
o+ Quiput high short circuit pulsed current 130 210 — Vo=0v
mA PW<10ps
lo- Output low short circuit pulsed current 270 360 — Vo =15V
PW=<10us
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IR2104(S) Infernational

IGR Rectifier
Functional Block Diagram
E—&
i

Lead Definitions
Symbolj Description

IN Logic input for high and low side gate driver outputs (HO and LO), in phase with HO

8D Legic input for shutdown

VB High side fioating supply

HO High side gate drive output

Vs High side floating suppiy return

Ve Low side and tagic fixed supply

LO Low side gate drive output

COM Low side return

Lead Assignments

[ — vfe]

2] w w 7]

Gls  w[e]

] om  w0[F]
8 Lead PDIP 8 Lead SQIC
iR2104 fR21048
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[R2104(S)

Internationai
TSR Rectifier

INLO)

= 50% 50%
I | | IN{HO)
ton tr—  tof }‘—" L J'*
" 1] —
5]
L]

Figure 1. Input/Output Timing Diagram

Figure 2. Switching Time Waveform Definitions

= 50% 50%
sD IN
50%
tog H— 90%
HO o HO 10%
LO DT oT
Lo 90%
Figure 3. Shutdown Waveform Definitions
10%

Figure 4. Deadtime Waveform Definitions

INLOY
50% 50%
INHO),
LO, HO
10%
MT MT
90%
LO HO

Figure 5. Delay Matching Waveform Definitions
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Tum-On Delay Time {ns) Tum-0n Ceby Toe [as

Tum-Off Delay Time (ns)
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Figure 6A. Turn-On Time vs Temperature
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Figure 6C. Turn-On Yime vs Input Voltage
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Figure 7B. Tum-Off Time vs Supply Voltage

International

IR Rectifier
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Figure 8B. Tum-On Time vs Supply Voltage
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Figure 7A. Tum-Off Time vs Temperature
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Figure 8A. Shutdown Time vs Temperature
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Figure 9A. Turn-On Rise Time
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Figure 8B. Shutdown Time vs Voltage
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c | 0075 ] 0098 | 018 | 0.25
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010021 11 (MS-012A4)
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Intemational
IR Rectifier

PD-9.376H

IRF840

[EXFET® Power MOSFET

Dynamic dv/dt Rating
Repetitive Avalanche Rated
Fast Switching

Ease of Paralleling

Simple Drive Requirements

escription

nird Generation HEXFETSs from Intemnational Rectifier provide the designer
ith the best combination of fast swilching, ruggedized device design, low

o

VDSS = 500V
RDS(on) - 085Q

1-registance and cost-effectivensss,

1e TO-220 package is universally preferred for all commercial-industrial
yplications at power dissipation levels to approximately 50 watts. The low
ermal resistance and low package cost of the TO-220 contribute to its wide

:ceptance throughout the industry.

bsolute Maximum Ratings

Parameter Max. Units

@ To=25°C Continuous Drain Current, Vas @ 10 V 8.0
@ Tc¢=160°C | Continuous Drain Current, Ves @ 10 V A A
M Pulsed Drain Current @ 32
p @ To=25°C ! Power Dissipation 125 W

Linear Derating Faclor 1.0 WrG
38 Gate-io-Source Voltage +20 Vv
\S Single Pulse Avalanche Energy @ 510 mJ
R Avalanche Current @ 8.0 A
\R Repetitive Avalanche Energy © 13 mJ
r/dt Paak Diode Recovery dv/dt @ 3.5 Ving
| Operating Junction and -55 to +150
TG Slorage Temperature Range G

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nem)
iermal Resistance

Parametier Min. Typ. Max. Units

UG Junction-to-Case — — 1.0
cS Case-to-Sink, Flat, Greased Surface — 0.50 — *C/W
uA Junction-to-Ambient - - 62




|IRF840

IR

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Verpss Drain-to-Source Breakdown Voltage 500 | — — V [ Vas=0V, Ip= 250pA
AV(srinss/AT,| Breakdown Voltage Temp. Coefficient — | 078 | — | V/°C |Reference to 25°C, lp= 1mA
Rbsiom Static Drain-to-Source On-Resistance —_ — {085 | Q |Vas=10V, Ig=4.8A @
Vasg) Gate Threshold Voltage 20 | — | 40 | V |Vps=Ves, Ip=250pA
| Ofs Forward Transconductance 4.9 — — S | Vpz=50V, Ip=48A ®
' — — 25 Vbs=500V, V=0V
lpss Drain-to-Source Leakage Current = = I'Ep HA Vosmd00Y., VoosOV, T 125G
lags Gate-to-Source Forward Leakage — — | 100 o Vag=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qq Total Gate Charge — | — | 63 in=8.0A
Qgs Gate-to-Source Charge — | — | 83 | nC [vpg=d00V
Qg Gate-to-Drain ("Miller") Charge —_ — 32 Ves=10V See Fig. 6and 13 @
{dton) Tum-On Delay Time — 14 — Vpo=250V
i _ Rise Tima — 23 — - I=8.0A
tagemn - | Tumn-Off Delay Time — 49 —_ Ru=9.1Q
ty Fall Time — 20 — Rp=31Q See Figure 10 ®
Lo Internal Drain inductance — | 45 | — E ?mfﬁg 2'.2?:?,
i nH | from package A
Ls Internal Source inductance — | 75| — and center of
die contact s
Ciss Input Capacitance ~— | 1300 | — Ves=0V
| Coss Output Capacitance — | 310 | — | pF |Vps=26V
; Crss Reverse Transfer Capacitance — | 120 | - 7=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Paramster Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current = — | 80 MOSFET symbol B
{Body Diode) ) A showing the
lsm Pulsed Source Current — | = | 3 integral reverse 4
(Body Diode) ® p-h junction diode. 8
Vsp Diode Forward Voltage — — | 2.0 V_ [Ts=25°C, Is=8.0A, Vas=0V @
ter Reverse Recovery Time — [ 480 | 870 | ns |T=25°C, Ir=8.0A
Qe Reverse Recovery Charge — | 42 | 89 | nC |diidt=100A/us @
ton Forward Tum-On Time Intrinsic tum-on time s neglegible (turn-on is dominated by L.s+Lp}
Notes:

@ Repetitive rating; pulse width limited by

max, junction temperature (See Figure 11)

@ Vpp=50V, starting Tj=25°C, L=14mH

Ra=26Q, 1as=8.0A (See Figure 12)

Tug150°C

® Isps<8.0A, difcts100A/us, Vpp<V(BR)DSS,

@ Pulse width < 300 ps; duty cycle <2%.
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing —~ See page 1509

Appendix C: Pan Marking Information — See page 1516 lntematlonal

Appendix E: Optional Leadforms — See page 1525 ReCtlﬁer
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Note the following details of the code protection featurs on Microchip devicas:
- Microchip products meet the specification contaired in their particular Microchip Data Shest,

. Microchip befieves that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

»  There are dishonest and possibly illegal methods used to breach the code protaction feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged In theft of intellectual property.

*  Microchip is willing to work with the customer who is concemed about the integrity of their code.

*  Neither Microchip nor any other semlconductor manufacturer can guarantee the security of thelr code. Code protection does hot
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are commiitted to continuously improving the code protection features of cur
products. Attempts to break microchip’s code protection feature may be a vielation of the Digital Miflennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
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property rights,
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MICrROCHIP

PIC16F87XA

28/40/44-Pin Enhanced

Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC1EFBT6A
+ PIC16F8T7A

+ PIC16F873A
« PIC16F874A

High-Performance RISC CPU:

Only 35 single-word Instructions to learn
All single-cycle instructions except for program
branches, which are two-cycle
Operating speed: DC - 20 MHz clock input

DC — 200 ns instruction cycle
Up to BK x 14 words of Flash Pragram Memary,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory
+ Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

-

Peripheral Features:

TimerQ: 8-bit timerfcounter with 8-bit prescaler

+ Timer1: 16-bit imer/counter with prescaler,
can be incremented during Sleep via external
crystaticlock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

= Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolutionis 12.5 ns
- Compare is 16-bit, max. resoiution is 200 ns
- PWM max. resolution is 10-bit

+ Synchronous Serlal Port (3SP) with SPI™
{Master mode) and 12C™ (Master/Slave)

+ Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

= Parallel Slave Part (PSP) — 8 bits wide with
external RD, WR and CS controls (40/44-pin only)

« Brown-out detection circuitry for
Brown-out Reset (BOR)

Analog Features:

+

10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

Brown-out Reset (BOR)
Analog Comparator module with:
- Two analog comparators

- Programmable on-chip vollage reference
{VREF) module

- Programmable input multiplexing from device
inputs and intermal voltage reference

- Comparator outputs are extemally accessible

Special Microcontroller Features:

100,000 erasefwrite cycle Enhanced Flash
program memaory typicat

1,000,000 erase/write cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 years
Seif-reprogrammable under software control
In-Circuit Serial Programming™ (ICSP™)

via two pins

Single-supply 5V In-Circuit Serial Programming
Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection

Power saving Sleep mode

Selectable oscillator options

In-Circuit Debug (ICD) via two pins

CMOS Technology:

Low-power, high-speed Flash/EEPROM
technology

Fully static design

Wide operating voltage range (2.0V to 5.5V)
Commerclal and industrial temperature ranges
Low-power consumption

Program Mamory Data MESP -
. EEPROM 10-bit | GCP mers
Device Bytes # Single Word SBRAM (Bytas) O AID {ch) | (PWM) o Master | USART 8/16-bit Comparators
Instructions |(BY¥tes) “c
PIC18FB73A{ 7.2K 4088 192 128 22 5 2 |Yes| Yes Yes 2N 2
PIC16FB74A] 7.2K 4096 192 128 33 8 2 Yas| Yes Yes 21 2
PIC18F876A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 211 2
PICtBFB7TA| 14.3K 8192 368 256 33 8 2 |Yes| Yes Yes 21 2

@ 2003 Microchip Technology Inc.
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PIC16F87XA

Pin Diagrams
28-Pin PDIP, SOIC, SSOP
MCLRver —[]°1 7 28{7] == RB7/PGD
RAO/AND = 2 27[] = RBEIPGC
RALANT === [] 3 26 == RBS
RAIANZVREF-CVREF =+—= [ 4 < 25{] == RB4
RAIANINVRer+ ] 5§ [ 24[] = RBYPGM
RAAITOCKHCIOUT =—=T] & 3 23[] - RE2
RAS/AN4SSICZOUT == ] 7 - 22 ]~ RB1
vss—=[] 8 [= 21[] = RBOANT
oscicLk —=L 9 L 200 - Voo
0SC2CLKO «— [}10 5 19[] =— Vss
RCOM10SOMCK] == [ 11 & 18[7] ~— RC7T/RX/DT
RCUTI0SICCPZ =[] 12 17[] = RCE/TXCK
Re2icCP =—= 13 16[ ] == RC5/SDO
ROWSCKISCL =—=[]14 5[] = RCASDUSDA
- &n Q
28-Pin QFN 2239 g
T
é é Tﬂ’.‘ oo
ARCYIAN
RAIANZIVREFJCVREF -—- - RBIFPCM
RAANINREF+ = -~ RB2
RAHTOCKUCIOUT eee ~—+ RB{
RAS/ANASSIC20UT s ~—= RBO/INT
Ves —a 15 = VDD
OSCA/CLKI —ej 6 - V88
OSC2HCLKO =—p7 ——— ROTIRX/DT
ocaSrNTE
2 = 3L O
= 558228
44-Pin QFN &8 SBoSE
P g gk é B8oa2R§
¥ coB-z29 FEaE &
DoRPfrsEenga e @@
s 20
Eaagggggg—s gE
CERRRRREEER
GO OO0 P~ w0
RGTIRXDT ——e 1.3 FITI[REES 333 - OSCIICLKO
RD4/PSPA w—u |2 32| +— OSCHCLKI
RODS/PSPS == )3 31§ -— V5§
e L B
i e VDD
Veo —v |¢  PIC1I6F874A  291=— o0
VDD — |8 ogh w—e RE‘U%IANG
RBOINT w—e |8 25§ «—s REQ/RDIANS
RB1 «—w ]10 24 <= RASIANASSIC20UT
RB2 w—e 11 Tworoe gyt T RATOCKICIOUT
i iy il s B B
Eo o c O v o
p=Rggossz iy
§ “T§EEszof
[ x x| 28 ¢ z
£5
§ &

L
[¥839582B-paga 2
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