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ABSTRACT
' This thesis describes the design of control algorithms inorder to control the vertical
balance of" rotatoinal inverted pendulum. The PID control is used for control this system.

|
The“gearbox and arm is used inorder to improves} the pendulums energy transfer and

made it robust.

The experiment results also are shown in this thesis.
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MARUIN U

Tsunsunrugundn ( Swing&ru.cpp )
#include <dos.h> |
#include <conio.h>
#include <stdio.h>
#include <stdlib.h>
#include <bios.h>
#include<jerry.h>
#include<jerry2.h>
void SET_PID_FILTER(unsigned int, unsigned int, unsigned int, unsigned int);
void DECTECT_NEW_HOME]I(void);
void DECTECT_NEW_HOME(void);
int READ_REAL_POS_COUNT(void);
int P2_count,P1_count;
long b,a;
long READ_REAL_VELO_COUNT(void);
void WAITING_FOR_STOP_MOTOR(void);
void main(void)
{
P2 _count=0;
clrscr();
INIT_LM629_20);
DECTECT_NEW_HOMEQ();
INIT_LM6290);
SET_PID_FILTER(4,7,285,10000);
while((bioskey(1)&O0xff) = 0x001b)
{
DECTECT_NEW_HOMEI1();
P1_count= READ_REAL_POS_COUNT();
P2_count=READ_REAL_POS_COUNT _2();
a=(142.7657143 * (1+0.3) * P2_count );
POSITION_OUT(a,1000,10000);
printf{(" posifion _pen(P2):%d\n " ,P2_count);



INIT_LM629();

void DECTECT_NEW_HOMEI(void)

{

delay(3);

WRITE_COM(DFH); //define arm home command
}
void DECTECT_NEW_HOME(void)

{

WRITE_COM(RESET); //reset command code
WRITE_COM(DFH); //define home command
WRITE_COM(SIP);
while(READ_REAL_POS_COUNT 2() < 4002)
{
int P2_count = READ_REAL_POS_COUNT _2();
b=42880;
SET_PID_FILTER(20,0,4000,1000);
POSITION_OUT(b,500,1000);
printf("\nPEN_POSITION = %d ",P2_count);

INIT_LM629_2();



11l5un53 Header File (Jerry.h)
#define ADDR_COM 0X27¢
#define ADDR_DATA  0X27d
#define posConvertC2M 3.0041758E-5
#define posConvertM2C 1//33287
#define veloConvertC2M 1.34297E-6
#define accConvertM2C 254.162
#define filterCommand 0x000F //kp,ki,kd well be loaded
#define posCommand  0x002A

#define SIP 0x03 //set index position data n

#define LPEI O0x1B //load position error for
interrupt data 2

#define MSKI 0x1C  //mask interrupts data 2

#define RSTI O0xID //reset interrupts-data 2

#define LFIL Ox1E //funtion load parameter of
filter to Im629

#idefine UDF 0x04 //update filter parameter

#idefine LTRJ Ox1F //load trajectory

#define STT 0x01 //start trajectory

#define SBPA 0x20 //set break point absolute

#define RDSIGS 0x0C //read signal register

#define RDDP 0x08 //read desired position

#define RDRP 0x0A  //read real position

#define RDDV 0x07 //read desired velocity

struct var_set

{

unsigned int Kp;
unsigned int Kij
unsigned int Kd;
unsigned int II;

long Pos;

long Vel;



long Acc;

enum boolean{ TRUE, FALSE };

boolean exit_loop = FALSE;

char Dir,ch;

int Direction;

int Stop=0;

/* PROTOTYPE */

void INIT_LM629(void); /finitial Im629

void WRITE_FILTER(void); /hwrite filter parameter to Im629

void POSITION_OUT(float,float,float);  //send position command to Im629
int READ_REAL_POS_COUNT(void); //read real position in counter unit
void SET_PID_FILTER(unsigned int, unsigned int, unsigned int, unsigned int);
//--->Sub function

void WAITBUSY(void); /hwait if Im629 busies

void WRITE_COM(unsigned char); /hwrite command to Im629

void WRITE_DATA_BYTE(unsigned char); //write data 1 byte to Im629
void WRITE_DATA_2BYTES(int); //write data 2 bytes to Im629

void WRITE_DATA_4BYTES(long); //write data 4 bytes to Im629

void WRITE_DATA_WORD(int);  //write word data ONLY FILTER DATA
void WRITE_DATA_2WORDS(long); //write 2 words data ONLY TRAJECTORY DATA
unsigned char READ_DATA_BYTE(void); //read data from Im629

int READ_DATA_2BYTES(void); //read 2 BYTEs data from Im629
unsigned long READ_DATA_4BY'fES(void); /lread 4 BYTEs daata from Im629

/* FUNCTION */
void WAITBUSY()//1
{
while(0x01 & inp(ADDR_COM)); //wait util busy flag is zero
}
void WRITE_COM(unsigned char comm)//2
{ 3
WAITBUSY();
outp(ADDR_COM,comm);



void WRITE_DATA_BYTE(unsigned char data)/3

{

WAITBUSY();
outp(ADDR_DATA ,data);

\ .

void WRITE_DATA_2BY TES(int data)/4

{

char *temp;

temp=(char *)&data;
WAITBUSY();
outp(ADDR_DATA, *(temp+1));

' WAITBUSY();
outp(ADDR_DATA,*(temp));

}
' void WRITE_DATA_4BYTES(long data)/5
{
char *temp;
temp=(char *)&data;

. WAITBUSY();

I outp(ADDR_DATA, *(temp+3));
WAITBUSY();
outp(ADDR_DATA,*(temp+2));
WAITBUSY();
outp(ADDR_DATA, *(temp+1));
WAITBUSY();
outp(ADDR_DATA *temp);

! }

void WRITE_DATA_WORD(int data)//6
{
char *temp;
temp=(char *)&data;
WAITBUSY();

| outp(ADDR_DATA, *(temp+1));

outp(ADDR_DATA,*(temp));

}

void WRITE_DATA_2WORDS(long data)//7
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char *temp;
temp=(char *)&data;
WAITBUSY();
outp(ADDR_DATA,*(temp+3));
outp(ADDR_DATA *(temp+2));
WAITBUSY(); ‘
outp(ADDR_DATA,*(temp+1));
outp(ADDR_DATA,*temp);
}
unsigned char READ_DATA_BYTE(void)/8
{
WAITBUSY();
return inp(ADDR_DATA);

}
int READ_DATA_2BYTES(void)//9

{
char temp1[1];
int *temp?2;
WAITBUSY();
templ[1]=inp(ADDR_DATAY);
WAITBUSY();
temp1[0]=inp(ADDR_DATA);
temp2=(int *)temp1;
return *temp?2;
}
unsigned long READ_DATA_4BYTES(void)/ 10
{
char temp1[3];
loﬁg *temp?2,;
WAITBUSY();
temp1[3]=inp(ADDR_.DATA); //byte 1
WAITBUSY();
temp1[2]=inp(ADDR_DATA); //byte 2
WAITBUSY();
temp1[1]=inp(ADDR_DATA); //byte 3
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}

WAITBUSY();
temp1{0]=inp(ADDR_DATA); //byte 4
temp2=(long *)templ;

return *temp2;

void INIT_LM&629(void)/12

{

}

WRITE_COM(RESET);  //reset command code
WRITE_COM(DFH); //define home command
WRITE_COM(SIP); //set index position command

void POSITION_OUT(float pos,float velo,float accel)

{

H

WRITE_COM(LTRJ);
WRITE_DATA_WORD(posCommand);
WRITE_DATA_2WORDS((long)(accel*accConvertM2C));
WRITE_DATA_2WORDS((long)(velo*veloConvertM2C));
WRITE_DATA_2WORDS((long)(pos*posConvertM2C));
WRITE_COM(STT);

int READ_REAL_POS_COUNT(void) /Iread real position in counter unit

{

WRITE_COM(RDRP);
return READ_DATA_4BYTES();

}
void SET_PID_FILTER (unsigned int Kp, unsigned int Ki, unsigned int Kd, unsigned int I1)
{
WRITE_COM(LFIL); //send command code.
WRITE_DATA_WORD(filterCommand); //Kp, Ki, Kd will be loaded.
WRITE_DATA_WORD(Kp); //Kp parameter
WRITE_DATA_WORD(Ki); //Ki parametér
WRITE_DATA_WORD(Kd); //Kd parameter
WRITE_DATA_WORD(II); /I parameter
WRITE_COM(UDF); ) /lupdate filter parameter

}



#define ADDR_COM
#define ADDR_DATA

14Jsuns3 Header File (Jerry2.h)
0X27¢
0X27d

#define posConvertC2M 3.0041758E-5

#define posConvertM2C 1//33287

#define veloConvertC2M 1.34297E-6

#define accConvertM2C 254.162

#def;ne filterCommand 0x000F

#define posCommand  0x002A

#define SIP
#define LPEI
#define MSKI
#define RSTI
#define LFIL
#define UDF
#define LTRJ
#define STT
#define SBPA
#define RDSIGS
#define RDDP
#define RDRP

#define RDDV

struct var_set

{

/fkp,ki,kd well be loaded

0x03 //set index position data n

0x1B //load position error for interrupt data 2
0x1C //mask interrupts data 2

0x1D //reset interrupts data 2

Ox1E //funtion load parameter of filter to Im629
0x04 //update filter parameter

OxIF //load trajectory

0x01 //start trajectory

0x20 //set break point absolute

0x0C //read signal register

0x08 //read desired position

0x0A //read real position

0x07 //read desired velocity

unsigned int Kp;
unsigned int Ki;
unsigned int Kd;
unsigned int II;

long Pos;

long Vel;

long Acc;
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enum boolean{ TRUE, FALSE };
boolean exit_loop = FALSE;
char Dir,ch;
int Direction;
int Stop =0;
/* PROTOTYPE */
void INIT_LM629_2(void); /linitial Im629
void WRITE_FILTER_2(void),  //write filter parameter to Im629
void POSITION_OUT_2(float,float,float);  //send position command to Im629
int READ_REAL_POS_COUNT_2(void); //read real position in counter unit
void SET_PID_FILTER_2(unsigned int, unsigned int, unsigned int, unsigned int);
/l--->Sub function
void WAITBUSY_2(void); /Iwait if Im629 busies
void WRITE_COM_2(unsigned char); /Iwrite command to Im629
void Wf{ITE_DATA_BYTE_2(unsigned char); //write data 1 byte to Im629
void WRITE_DATA_2BYTES_2(int); /Awrite data 2 bytes to Im629
void WRITE_DATA_4BYTES_2(long); -//write data 4 bytes to Im629
void WRITE_DATA_WORD_2(int);  //write word data ONLY FILTER DATA
void WRITE_DATA_2WORDS_2(long); //write 2 words data ONLY TRAJECTORY DATA
unsigned char READ_DATA_BYTE 2(void); //read data from Im629
int READ_DATA_2BYTES_2(void); //read 2 BYTEs data from Im629
unsigned long READ_DATA_4BYTES_2(void); //read 4 BYTEs daata from Im629

/* FUNCTION */
void WAITBUSY_2()/1

{
while(0x01 & inp(ADDR_COM)); //wait util busy flag is zero
}
void WRITE_COM_2(unsigned char comm)//2
{
WAITBUSY();
outp(ADDR_COM,comm);
}

void WRITE_DATA_BYTE_2(unsigned char data)//3
{
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}

WAITBUSY();
outp(ADDR_DATA,data);

void WRITE_DATA_2BYTES_2(int data)/4

{

}

char *temp;

temp=(char *)&data;
WAITBUSY();
outp(ADDR_DATA, *(temp+1));
WAITBUSY();
outp(ADDR_DATA,*(temp));

void WRITE_DATA_4BYTES_2(long data)//5

{

}

char *temp;

temp=(char *)&data;
WAITBUSY();
outp(ADDR_DATA,*(temp+3));
WAITBUSY();
6utp(ADDR_DATA, *(temp+2));
WAITBUSY();
outp(ADDR_DATA,*(temp+1));
WAITBUSY();
outp(ADDR_DATA, *temp);

void WRITE_DATA_WORD_2(int data)//6

{

}

char *temp;

temp=(char *)&data;
WAITBUSY();
outp(ADDR_DATA, *(temp+1));
oﬁtp(ADDR_DATA,*(temp));

void WRITE_DATA_2WORDS_2(long data)//7

{

char *temp;



temp=(char *)&data;
WAITBUSY();
outp(ADDR_DATA, *(temp+3));
outp(ADDR_DATA, *(temp+2));
WAITBUSY();
outp(ADDR_DATA, *(temp+1));
outp(ADDR_DATA, *temp);
}
unsigned char READ_DATA_BYTE_2(void)//8
{
WAITBUSY();
return inp(ADDR_DATA);
}
int READ_DATA_2BYTES_2(void)//9
{
char temp1[1];
int *temp2;
WAITBUSY();
temp1[1]=inp(ADDR_DATAY);
WAITBUSY();
temp1[0]=inp(ADDR_DATA);
temp2=(int *)temp1;
return *temp?2;
}
unsigned long READ_DATA_4BYTES_2(void)// 10
{
char temp1[3];
long *temp2; .
WAITBUSY();
temp1{3]=inp(ADDR_DATA); //byte 1
WAITBUSY();
temp1[2]=inp(ADDR_DATA); //byte 2
WAITBUSY();
templ[1]=inp(ADDR_DATA); //byte 3
WAITBUSY();
temp1[0]=inp(ADDR_DATA); //byte 4



}

temp2=(long *)templ;

return *temp2;

void INIT_LM629_2(void)/12

{
WRITE_COM(RESET);  //reset command code
WRITE_COM(DFH); //define home command
WRITE_COM(SIP), /lset index position command

}

void POSITION_OUT_2(float pos,float velo,float accel)

{ .
WRITE_COM(LTRIJ);
WRITE_DATA_WORD(posCommand);
WRITE_DATA_2WORDS((long)(accel*accConvertM2C));
WRITE_DATA_2WORDS((long)(velo*veloConvertM2C));
WRITE_DATA_2WORDS((long)(pos*posConvertM2C));
WRITE_COM(STT);

}

int READ_REAL_POS_COUNT_2(void) /lread real position in counter unit

{
WRITE_COM(RDRP);
return READ_DATA_4BYTES();

}

void SET_PID_FILTER_2(unsigned int Kp, unsigned int Ki, unsigned int Kd, unsigned int II)

{

WRITE_COM(LFIL); //send command code.
WRITE_DATA__WORD(ﬁlterCommand); //Kp, Ki, Kd will be loaded.

WRITE_DATA_WORD(Kp); //Kp parameter
WRITE_DATA_WORD(Ki); //Ki parameter

WRITE__DATA_WORD(Kd); //Kd parameter
WRITE_DATA_WORD(l); /MMl parameter

WRITE_COM(UDF); /lupdate filter parameter
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AMARNUHIN

Thank you very much for using Sunx encoder.Please '
read this manual carefully and thoroughly for the
optimum use of the encoder,and keep this manual in

a convenient place for quick reference.

INSTRUCTION MANUAL

Rotary Encoder
.ORE Series

1.TYPE DESIGNATION
ORE- ngJ I Y R |
Body diameter
% g ig gmm Supply voltage
. mm . —
Type of shaft Output Mode ?g?gv I
No mark:Standard shaft type Resolution -V:Voitage Output 2424V ‘
+ExHollow shalt ype “Pulse number - gee Driver Gtpat Y
2.SPECIFICATIONS
ltem \  Model No. ORE-38_ ] ORE-48-"
Detection Method Optical Incremental System :
: Standard shatt type : 6 dia. Standard shaft type : 6 dia. !
Shaft Diameter Hollow shatft type : 5 dia. Hole Hollow shatft type : 8 dia. Hole
100,200,300,360,400
i 00,30 500,1000,1500
Resolution 500,600,1,000,1024,1200 2000.2500.3600 ;
1500,1800,2000,2048 ! ’ il
t
Voltage Output 12V DC£5% Voltage Output
Supply voltage 5V DC+5% < Open Collector Output Open Collector Output

Line Driver Output 24V DC 5% { Open Collector Output

@Max. 100mA under both of 5V and 12V and 24V of supply voltage (excluding
external load current) for Voltage Output and Open Collector Output. |

Consumption
@®Max. 200mA at 20mA of load current between each A-A B-B and Z-Z for
Line Driver Output.
«Voltage Output, Output resistance : 2k Q,Current sink:Max. 20mA,
Residual voltage : Max. 0.4V DC at 10mA current sink.
Output Signal *Open Collector Output,Applied Voltage : Max. 30V DC,Current sink : Max.
20mA,Residual voltage:Max. 0.4V DC at 20mA current sink.
sLine Driver Output,Conformed to RS-422A of EIA Standards.
Max. Response Frequency 100kHz
Max. Operating Speed (Note3) 6,000r/min{rpm}{Note5)

. . " Signal rise time : Max. 0.5 x s,Fall time:Max. 0.1 s
Signal Rise and Fall Time . . A .
'9 (For line driver output, both rise and fall time are 0.1 2 5.)

Green LED (Light when power

Power Indicator 3 N
is supplied.)
Orgin ndicator Red LED (ightwhen Z Phase. 1
. 5V,12V type : —10to +85°C, 24V type ,—10 to +60°C .
Ambient Temperature (Note7) Storage : —25 to +100°C
Ambient humidity 35 to 85%RH(with no dew or ice condensation)
Protection P65 for Standard shaft type
Do Standard shatt type : 53.9N{5.5kgf}
Aliowable | Radial 19.6N{2kgf} Hollow'shatt type : 29.4N{3kgf}
shaft - =
! Standard shaft type : 39.2N{4kgf}

Loading . A.:
j Axial 9.8N{1kgf} Hollow shaft type : 19.6N{2kgf}
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(Note1): The type with commutation sugnal is equnpped with 7 core-shlelded twist pair cabtyre cable 500mm.
(Note2): Electrical max. operating speed can be computed by the following:

Electrical max. operating speed(rpm)=

100X 10°(Hz)
Resolution (P/R)

(Note3): Note that the mechanical max. operating speed cannot exceed 6,000(rpm).
(Note4): If ambient temperature exceeds 70°C,max. operating speed, with which a continuous revolution is
secured,becomes 3,000 rpm.(For ORE-48 standard shaft type only)

(Note5): At 25°C ambient temperature.

(Note6): At ambient atmosphere and shaft/coupling section.

3
b
a

.3.CAUTIONS
<INSTALLATION>

@ Do not drop encoder on the floor or subject the cable to

excessive stress.

@For the connection with the shaft of other equipment,use a
coupling which is available as optional.(For standard shaft

type only)
@Do not bend or deform the coupling.

[Eccentricity]

[Inclination} .

Couphngs ,
5 a4 Mounting tolerance
" : Weight(g)
Eccentricity (mm) | Inclination(" )

0.4 4 4

<0.2> 48>

0.8

o - =

‘i-CPG6B" <015 3 13

) ]

. (Note) : If revolution is 2000 r./min or over, use figures in < >.

@When mount encoder using thread scréws, clamping torque must be around 0.49N-m{5kgf-cm)}.
@WHhen wiring after mounted,do not give the cable a strain more than 28.4N(3kgf),nor stress on encoder or

its shaft.

@Care should be taken that encoder is not exposed to water or
oil, except the ORE-48 standard shaft type models,

@When rotating the encoder clockwise or counterclock-wise, pay
attention to the mounting direction and addition-subtraction

direction.

@®When drivfng the encoder by the Z phase setting at the cam
origin of the connecting device, be sure to mount the coupling in

the Z phase mode.

@Avoid loose mounting screw by giving a proper screw-securing treatment.
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Standard shaft type
gmct mounting -Mounfing by square

P S ey —

4.WIRING DIAGRAM (Color of lead wires has been altered according

- - D

to the revision of JIS standards

Hollow shaft type
@t‘al fixture included \

N3 Screw® as sccessory
\ h |
------ g Hex‘?%m: :‘o?:k:txgg::(?ncluded)
socke o .
- e AN e
7 S ﬁ # 488 modsts: e (Thisls to
[=o moun:, to !
mounting H
T& SRS 2
g @ ‘ Metal fixture included
\orrss.04 as accessory
«Clamping torque:Approx. @Aiign the metal fixture to the
0.49N-m |skgf-cml. mounting panel.
*: Please prepare M3 * : Please prepare hexagonal @Align the metal fixture to the
screws locally. socket bolts locally, encoder.
@Tighten the encoder.
- *Mounting by round flange | *Mounting by MS-ORE48N *Metal fixture
( ¢ 38.8 models) { ¢ 48.8 models) available by separate order
. M3 h
w;xggnm Metal fixture socket bosnctud
This is to mount to encod
Mohersgorsl  Sendomre
slsto \_ i
gunt to %
mounting
panei) i

’i Metal fixture available by
separate order

@Align the metal fixture to the
Engage the encoder to the flange after |  Fix the metal fixture to a mounting panel encoder.
the flange is fixed by the metal fidure. | after ratcheting the metal fiture atenc- || (@Fix to the mounting panel with
* : Please prepare M5 hexagonal | 0der's concave part the metal fixture on.
socket bolts locally. *: Please prepare M5 hexagonal
socket bolts localty. K /

)

+Voltage output *Open collector output
+ Enclosure 2 Enclosure ]
= 0 +V(Red)—Brown - O +V(Red)—Brown
| %zkgl A phase(Bfue)—~Black 8 | A phase(Bluet
,;_’ Ir Output---eevesee B phase(Green)—+White B Tr Output-—-- { B phase{Gre
g ﬁ { | Z phase(Yellow)—Orange 8 (T— Z phase(Ye's
(4
@» OV(Black)~Biue ) . « - OV(Black)—Blue ’
o022 uF ' 002 uF l
: .;——o Shielded I—g Shielded /
-Line driver output
A phase(Blue)—Black
Enclosure ~{ 8 phase(Green)—White
. i | Zphase(Yellow)~Orange
=§ f———————0 +V(Red)-+Brown ; .
2l & output } ( K phese(Blue/White)-+Black/Gray ™
g _——[:2—-6 (11T, — B phase{Green/White)-»White/Gray
2 I Z phase(Yellow/White)—Orange/Gray e
% . <, e Ak e

——I——T OV(Black)~Blue

00224F I oldog LG diiver output can ransmi data via RS-422A interface. Capabilty s extendable _
shiel

to 1200m by twist palr cable. Appropriate receivers are the following 6 types.
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<WIRING>

@ORE series employs a line-bypass
capacitor system to enhanse electrical
noise resistance.lf there is any
equipment near the sensor such as
supersonic welding machine which
produces a high frequency noise,and

in addition,if sensor mounting framework is electrically conductive,an insulation is required between the

sensor and the framework.

[insulated transformer]

[Auto-transformers]

|

onsor curuit

=
g
o
.
2
5
]

Beside,do not use a power source with an auto-trans former as it may resulfin a
failure to danger if any fault happen at intemnal circuit.

@Do not connect the shielded cable of the encoder to circuit 0V or GND.Leave the shielded cable o
" unconnected by taping it with insulation tape or similar material. When extending cables,leave the

extended cable unconnected.

@Check voltage fluctuation so that it does not exceed the rated value.
@If the power source is subject to surge,a surge absorber should

be connected.

-
B

Flange

Cable extension

P
1
’
2
]
v
]
]
'
.
»
"
[
[
'
+
1
'
[
’

Shielded cable

.Make the cable length as short as possnble so as to avoid p|ck|ng up electnc noise.lf a rather long cable
must be used or the encoder must be instdlied in an electrically hazardous area employ a Schmitt circuit

ora SImllar device to shape the waveform.

@Do not use the encoder output signal for 0.1s immediately after the power is supplied.
@Make wiring connections after the connections are completely understood. Mis-wiring may cause a fault of

an internal circuit.

@To extend the cable ,it is recommended to use line driver output type encoders which are suitable for long

distance transmission. For cable extension,use a twisted shield cable and a line receiver conforming to RS-

422A in the receiving circuit, Take voltage droppage into consideration.
@Do not run sensor cables toghther with high-voltage lines, power lines or put them toghther in the same

raceway. This waming should be strictly observed to prevent malfunctions caused by inductive interference.

5.0utput signal wave form
@ \oltage output , Open collector output

H— H
ZPhase, 4 Phase'_
< Tt0.4T
H:Output transistor OFF
L:Output transistor ON

Hight-Voltage or
Power lines

@Line driver output
::~ T ' -
H h H
!APhasr , I l l APhaso
L
APhase
L I_I l__l
BPhasa:m_j—_LBPha“

B Phase

ccw

xr

mee, LILT

UL

; L L
o H ]
; ZPhaseL I | 2 PhaseL I I

r-::r-::,-

E H
L




MANUIN D

General Description

The LM628/LM628 are dedicated motion-control proces-
sors designed for use with a varlety of DC and brushless DC
servo motors, and other servomechanisms which provide a
Quadrature incremental position feedback signal. The parts
perform the intensive, real-time computational tasks re-
quired for high performance digital motion control. The host
control software interface is facilitated by a high-leve! com-
mand set. The LM628 has an 8-bit output 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/actuator,
an incremental encoder, a DAC, a power amplifier, and the
LM628. An LM629-based system is similar, except that it
provides an 8-bit PWM output for directly driving H-switches.
The parts are fabricated in NMOS and packaged in a 28-pin
dual inline package or a 24-pin surface mount package
(LM629 only). Both 6 MHz and 8 MHz maximum frequency
* versions are available with the suffixes -6 and -8, respec-

™

NNational Semiconductor
13

LM628/LM629 Precision Motion Controller

February 1995

Features

W 32-bit position, velocity, and acceleration registers

® 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)

Intemnal trapezoidal velocity profile generator

Velocity, target position, and filter parameters may be

changed during motion

Position and velocity modes of operation

Real-time programmable host interrupts

8-bit 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 (LM629 only)

L4

DIGITAL
PD FILTER

tively, used to designate the versions. They incorporate an  trrsTATES B of National [=
SDA core processor and cells designed by SDA.
LM628
HOST 1/0 PORT
COMMAND POSTION HOST
. SEQUENCER(3? nrr)| |§muc: TO KOST PROCESSOR

(1s8m)

POSMON FEEDBACK
PROCESSOR(32 5)

o e

INCREMENTAL
ENCODER

e

TLH/9219-1
FIGURE 1. Typical System Block Diagram
Connection Diagrams
! LM628N LM629N LM628M

_ _ ./

[ 28 vy e 28-vpp Ne —J1 24103
A={2 27 - #st A={2 27 = 5T D22 2304
3 26 b-cik b3 28}-c1x 13 2215
or=—14 25 p=DACO 074 25F=NC po— 4 21 =06
ps—s 24 |~pact pss | 241-Nc —

ps—{e 23f-pac2 ps—fe 2sf-ne il 201=07
b7 2 }-pacs 7 22f=ng R0 16 i

[ Y 21f-oace 03—s 2tf=nc 6o —7 13-4
pz{s 20 }~Dacs p2~49 20}-Nc WR—{8 170N

b1 10 19 |~pacs pi—10 18 }-pwM a6 =19 161 Vop
po— it 18 1—DAC7 vo—{11 18 |~-PwWi SIGN HI—110 15 -RsT
B-n 17f-H G2 17-H P sign =4 11 14-cLk
M—13 16[=F5 13 16173 swe—d12 13 Pum was

CNO—~314 15— WR GND~—114 15—
TL/HI8219-2 TL/MH/9219-3  *Do not connect. TLMH/9219-21

Order Number LM629M-6, LM629M-8, LM628N-6, LM628N-8, LM629N-6 or LM620N-8
See NS Package Number M24B or N28B

0‘”5 National Semiconductor Corporation  TL/H/9219
3

H

£
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49]]0J3U0D UOLON UOISIOa.d 629INT/829INT
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] .
Absolute Maximum Ratings (ote 1)
i Military/Aerospace specified devices are required,
pleaée‘ contact the Natlonal Semiconductor Sales
Ottice/Distributors for avallability and specifications.

Voitage at Any Pin with

Respect to GND -0.3Vto +7.0V
Amblent Storage Temperature —65°Cto +150°C
Lead Temperature

28;pin Dual In-Line

Package (Soldering, 4 sec.) 260°C

24-pin Surface Mount ,

Package (Soldering, 10 sec.) 300°C

Maximum Power Dissipation (T < 85°C, Note2) 605 mwW

ESD:Tolerance
(Ckap = 120 pF, Rzap = 1.5k) 2000V

Operating Ratings

Temperature Range

Clock Frequency:

LM628N-6, LM629N-6,

LM629M-6

LM628N-8, LM629N-8

LM629M-8
Vpp Range

—40°C < T4 < +85°C

1.0MHz < fg g < 6.0 MHz

1.0 MHz < fg k < 8.0 MHz
4.5V < Vpp < 5.5V

DC Electrical Characteristics (Vpp and T4 per Operating Ratings; fo x = 6 MHz)

Symbot Parameter Conditlons Tested Limits Units
Min Max
lm:gr Supply Current Outputs Open 110 mA
INPUT VOLTAGES
ViH Logic 1 Input Voltage 2.0 \
Vi Logic 0 Input Voltage 0.8 \
Iin Input Currents 0 <ViN<Vpp -10 10 pA
OUTPUT VOLTAGES
Vou Logic 1 loq = —1.6mA 2.4 v
VoL Logic 0 loL = 1.6 mA ’ 0.4 \
lout TRI-STATE® Output Leakage. Current 0 < Vourt < Vpp -10 10 MA
AG Electrical Characteristics
(VDLJI and Ta per Operating Ratings; fci x = 6 MHz; CLoap = 50 pF; Input Test Signal t =t =10ns)
Timing Interval T# Tested Limits Units
Min Max
ENCODER AND INDEX TIMING (See Figure 2)
Motor-Phase Pulse Width T 16 s
foik #
‘Dwell-Time per State T2 8
— ns
fok
Index Pulse Setup and Hold
(Relative to A and B Low) T3 0 ks
CLOCK AND RESET TIMING (See Figure 3)
Clock Pulse Width
‘LM628N-6, LM629N-6, LM629M-6 T4 78 ns
"LMB28N-8, LM629N-8, LM629M-8 T4 57 ns
Clock Period
LMB28N-6, LM629N-6, LM629M-6 TS 166 ns
1. M628N-8, LM628N-8, LM629M-8 T5 125 ns
Reset Pulse Width T6 8
— s
; fok




AC Electrical Characteristics (Continued) j
. (Voo and Tx per Operating Ratings; folk = 6 MHz; CLoap = 50 pF; Input Test Signal t =t = 10 ns)
Timing Interval Te Tested Limits Units
Min Max
| STATUS BYTE READ TIMING (See Figure 4)
Chip-Select Setup/Hold Time T7 0 ns
I 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 T11 0 ns
* AD High to Hi-Z Time T12 180 ns
COMMAND BYTE WRITE TIMING (See Figure 5)
Chip-Select Setup/Hoid Time T7 0 ns
Port-Select Setup Time T8 30 ns
' Port-Select Hold Time To 30 ns
Busy Bit Delay T13 (Note 3) ns
WR Pulse Width T14 100 ns
Write Data Setup Time T15 50 ns
Write Data Hold Time T16 120 ns
DATA WORD READ TIMING (See Figure 6)
Chip-Select Setup/Hold Time 7 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 T11 0 ns
AD High to Hi-Z Time T12 180 ns
Busy Bit Delay T13 (Note 3) ns
Read Recovery Time T17 120 ns
.| DATA WORD WRITE TIMING (See Figure 7)
Chip-Select Setup/Hold Time T7 0 ns
Port-Select 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 T15 50 ns
i Write Data Hold Time T16 120 ns
¥ Write Recovery Time Ti8 120 ns
:  Note 1: Absolute Maxi Ratings indi limits beyond which damage 1o the device may occur. DC and AC electrical 3pecifications do not apply when operating
, e device bayond the above Operating Ratings,
Note 2: When operaii g at ambient t €8 abova 70°C, the device must be protected against excessive junction temperatures, Mounting the package on a
printed circuit board having 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 DIP (N) and the 24. pin surface mount Ppackage (M) are molded plastic packages with solid copper lead frames,
Most of the heat generated at the die flows from the die, through the copper lead frame, and into Copper traces on the printed circuit board. The copper traces act
&8 & heat sink. Double-sided or multi-layer boards provide heat transfer characteristics superior 1o those of single-sided boun:_ls.
Note 3: in order to read the busy bit, the status byte must first be read. The time required to read the busy bit far exceeds the time the chip requires 1o set the busy
bit s, therefore, impossible 1o test actual busy bit delay. The busy bit Is gueranteed to be valid as soon as the user is able to read it,
3
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Pinout Description

(Sﬁe Connection Diagrams) Pin numbers for the 24-pin sur-
tace mount package are indicated in parentheses.

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

Plns 2 and 3 (18 and 19), Encoder Signal (A, B} Inputs:
Heceive the two-phase quadrature signals provided by the
incremental encoder. When the motor Is rotating in the posi-
ﬂve (“forward”) direction, the signal at Pin 2 leads the signal
ati Pin 3 by 90 degrees. Note that the signals at Pins 2 and 3
myst remain at each encoder state (See Figure 9) for a
minimum of 8 clock periods in order to be recognized. Be-
cquse of a four-to-one resolution advantage gained by the
method of decoding the quadrature encoder signals, this
corresponds to a maximum encoder-state capture rate of
1.0 MHz (foLx = 8.0 MHzZ) or 750 kHz (foLk = 6.0 MHz).
For other clock frequencies the encoder signals must also
remain at each state a minimum of 8 clock periods.

Pins 4 to 11 (20 to 24 and 2 to 4), Host 1/0 Port (DO to
D7): Bi-directional data port which connects to host comput-
er/processor. Used for writing commands and data to the
LM628, and for reading the status byte and data from the
LM628, as controlled by TS (Pin 12), PS (Pin 16), BD D (Pin
13), and WR (Pin 15).

Pin 12 (5), Chip Select (C5) Input: Used to select the
LM628 for writing and reading operations.

Pé‘l 13 (8), Read (RD) Input: Used to read status and data.
Pin 14 (7), Ground (GND): Power-supply return pin.

Ph 15 (8), Write (WR) Input: Used to write commands and
data.

Pin 16 (9), Port Select (FS) Input: Used to select com-
mand or data port. Selects command port when low, data
‘port when high. The following modes are controlled by Pin
16:

1. Commands are written to the command port (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 (Pin 16 high).
Pin 17 (10), Host Interrupt (HI) Output: This active-high
signal alerts the host (via a host Interrupt service routine)
thht an Interrupt condition has occurred.

Pins 18 to 25, DAC Port (DACO to DAC7): Output port
which Is used In three different modes:

-

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

LM628 (12-bit output mode): Outputs two, multiplexed
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 demuitiplex the words; Pin 24 is low for the less-signifi-
cant word. The positive-going edge of the signal on Pin
25 is used to strobe the output data. Figure 8 shows the
timing of the multiplexed signals.

3. LM629 (sign/magnitude outputs): Outputs a PWM sign
signal on Pin 18 (11 for surface mount), and a PWM mag-
nitude signal on Pin 19 (13 for surface mount). Pins 20 to
25 are not used in the LM628. Figure 11 shows the PWM
output signal format.

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

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

triggered, resets the LM628 to the internal conditions shown

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

minimum of 8 clock perlods. Reset does the following:

1. Fiiter coefficlent and trajectory parameters are zeroed.

2, Sets position error threshold to maximum value (7FFF
hex), and effectively executes command LPEI.

3. The SBPA/SBPR interrupt is masked (disabled).
4. The five other interrupts are unmasked (enabled).
5. Initializes current position to zero, or “home™ position.

6. Sets derivative sampling interval to 2048/fcLk or 256 ps
for an 8.0 MHz clock.
7. DAG port outputs 800 hex to “zero” a 12-bit DAC and
then reverts to 80 hex to “zero” an 8-bit DAC.
Immediately efter releasing the reset pin from the LM628,
the status port should read '00. If the reset is successtully
completed, the status word will change to hex ‘84’ or 'C4’
within 1.5 ms. If the status word has not changed from hex
*00’ to ‘84’ or ‘C4’ within 1.5 ms, perform 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 properiy, the status byte will change from hex ‘84’
or ‘C4’ to hex '80' or ‘CO". If this does not occur, perform
another reset and repeat the above steps.
Pln 28 (16), Supply Voltage (Vpp): Power supply voltage
(+5V).
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FIGURE 8. 12-Bit Multiplexed Output Timing
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Theory of Operation

INTRODUCTION

The typical system block diagram (See Figure 7) lllustrates
a servo system built using the LM628. The host processor
communicates with the LM628 through an 170 port to facili-
tate programming a trapezoldal velocity profile and a digita!

compensation filter. The DAC output interfaces to an exter-.

nal digital-to-analog converter to produce the signa! that is
power amplified and applied to the motor. An incremental
encoder provides feedback for closing the position servo
loop. The trapezoidal velocity profile generator calculates
the required trajectory for either position or velocity mode of
operation. In operation, the LM628 subtracts the actual po-
sition (feedback 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 ! provides a brief summary of specifications
offered by the LM628/LM629:

POSITION FEEDBACK INTERFACE

The LM628 interfaces to a motor via an incremental encod-
er. 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 in-
puts, the LM628 internal position register is incremented or
decremented accordingly. This provides four times the reso-
lution over the number of lines provided by the encoder.
See Figure 9. Each of the encoder signal inputs Is synchro-
nized with the LM628 clock.

The optional index pulse output provided by some encoders
assumes the logic-low state once per revolution. lf the
LM628 is so programmed by the user, it will record the ab-
solute motor position in a dedicated register (the index reg-
ister) at the time when all three encoder inputs are logic low.

If the encoder does not provide an index output, 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 position in the
index register and alert (interrupt) the host processor. Per-
manently grounding the index input wiil cause the LM628 to
malfunction.

TABLE |. System Specifications Summary

Position Range

—1,073,741,824 t0 1,073,741,823 counts

Velocity Range
counts/sample

0to 1,073,741,823/216 counts/sample; ie, 0 to 16,383 counts/sample, with a resolution of 1/216

Acceleration Range

010 1,073,741,823/216 counts/sample/sample; ie, 0 to 16,383 counts/sample/sample, with a
resolution of 1/216 counts/sample/sample

Motor Drive Output LM628: 8-bit paralie! output to DAC, or 12-bit multiplexed output to DAC
LM629: 8-bit PWM sign/magnitude signals
Operating Modes Position and Velocity
Feedback Device Incremental Encoder (quadrature signals; support for index pulse)
Control Algorithm Proportional Integral Derivative (PID) (plus programmable integration limit)
Sample Intervals Derivative Term: Programmable from 2048/fc i to (2048 * 256)/fc i in steps of 2048/1c k (256

to 65,536 ps for an 8.0 MHz clock).
Proportional and Integral: 2048/fc k




Theory of Operation (continued)

ONE
ot ENCODER 1o
1 UNE

~THHL

1 |
[ T T B |
Ll ) |

A aqaly )
R |

1121354 12314 STATE

—+] l+— INDEX = ReBelN

STATES [B {A

110 ] POS

DIRECTION
g l NEG

(18]

TL/H/8219-11

FIGURE 9. Quadrature Encoder Signals

LNITING YELOCTTY

YELOCITY

CONSTANT STOPPING POSION
ACCELERATION IS INTEGRAL OF
“ AND DECELERATION TRAPEZOID
(s) STANDARD TRAPEZOWAL PROFRE TME
VELOCTY
(v) MODIFIED TRAPEZOIDAL PROFILE \ / TME ~

TL/H/9219-12

FIGURE 10. Typlcal Velocity Profiles

VELOCITY PROFILE (TRAJECTORY) GENERATION

The trapezoidal velocity profile generator computes the de-
sired position of the motor versus time. In the position mode
of operation, the host processor specifies acceleration,
maximum velocity, and final position. The LM628 uses this
information to affect the move by accelerating as specified
untll the maximum velocity Is reached or until deceleration
must begin to stop at the specified final position. The decel-
eration rate 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 illustrates two typical trap-
ezoidal velocity proflies. Figure 10 (g) shows a simple trape-
zold, while Figure 10 (b} s an example of what the trajectory
looks like when velocity and position are changed at differ-
ent times during the move. '

When operating In the velocity mode, the motor accelerates
to’'the specliied velocity at the specified acceleration rate
and maintains the specifled velocity until commanded 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 operation, the long-time aver-
age velocity remalns constant. if the motor Is unable to
maintain the specifled velocity (which could be caused by a
locked rotor, for example), the desired position will continue
to be increased, resulting in a very large position error. If this

condition goes undetected, and the impeding force on the
motor 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 easi-
ly detected; see commands LPE! 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 in-
teger portion 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 resolution. Acceleration is treated
in the same manner. Each sampling interval the command-
ed acceleration value is added to the current desired veloci-
ty to generate a new desired velocity (unless the command
velocity has been reached).

One determines the trajectory parameters for a desired
move as follows. If, for example, one has a 500-line shaft
encoder, desires that the motor accelerate at one revolution
per second per second until it Is moving at 600 rpm, and
then decelerate to a stop at a position exactly 100 revolu-
tions from the start, one would calculate the trajectory pa-
rameters as follows:
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Theory of Operation (continued)

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) = 00030D40 (hex code written to LM628)

let VvV = velocity (units = counts/sample)
let T = sample time (seconds) = 341 us (with 6 MHz
clock)
let C = conversion factor = 1 minute/60 seconds
then V=R * T * C * desired rpm
and V = 2000 * 341E—6 * 1/60 * 600 rpm
V = 6,82 counts/sample
V (scealed) = 6.82 * 65,536 = 446,955.52
V (rounded) = 446,956 (value to load)
V (coding) = 0006D1EC (hex code written to LM628)

let A = acceleration (units = counts/sample/sample)
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) = 0000000F (hex code written to LM628)

The above position, velocity, and acceleration values must
be converted to binary codes to be loaded into the LM628.
The values shown for velocity and acceleration must be
multiplied by 65,536 (as shown) to adjust for the required
integer/fraction format of the input data. Note that after
scaling the velocity and acceleration values, literal fractional
data cannot be loaded; the data must be rounded and con-
verted to binary. The factor of four increase in system reso-
lution is due to the method used to decode the quadrature
encoder signals, see Figure 8.

PID COMPENSATION FILTER

The LM626 uses a digital Proportional Integral Derivative
(PID) filter to compensate the control loop. The motor is
held at the desired position by applying a restoring force to
the motor that is proportional to the position error, plus the
integral of the ermor, plus the derivative of the error. The
following discrete-time equation illustrates the control per-

formed by the LM628:
n

u(n) = kp*e(n) + klz e(n) +
N=0

kd{e(n’) - e(n' —~ 1)] (Eq.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’ indi-

cates sampling at the derivative sampling rate, and

kp, ki, and kd are the discrete-time filter parameters
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 torque 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 automobile). The sampling interval
assoclated with the derivative term is user-selectable; this
capability enables the LM628 to control a 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 useful for low-velocity
operations.

In operation, the filter algorithm receives a 18-bit error signal
from the loop summing-junction. The error signal is saturat-
ed at 16 blts to ensure predictable behavior. In addition to
belng multiplied by filter coefficient kp, the error signal is
added to an accumulation of previous errors (to form the
integral signal) and, at a rate determined by the chosen de-
rivative sampling Interval, the previous error is subtracted
from it (to form the derivative signal). All filter multiplications
are 16-bit operations; only the bottom 16 bits of the product
are used.

The integra! 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 coefficient ki values. The 16
bits are right-shifted eight positions and multiplied by filter
coefficient ki to form the term which contributes to the mo-
tor contro! output. The absolute magnitude of this product is
compared to coefficient il, and the lesser, appropriately
signed magnitude then contributes to the motor control sig-
nal.

The derivative signal is multiplied by coefficient kd each de-
rivative sampling interval. This product contributes to the
motor contro! output every 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),
either the top 8 or top 12 bits become the motor contro!
output signal.

LM628 READING AND WRITING OPERATIONS

The host processor writes commands to the LM628 via the
host 1/0 port when Port Select (PS) input (Pin 16) is logic
low. The desired command code Is applied to the paralle!
port line and the Write (WR) input (Pin 15) is strobed. The
command byte is latched into the LM628 on the rising edge
of the WR input. When writing command bytes it is neces-
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 command write may take place. The busy bit is never
high longer than 100 ps, and typically falls within 15 s to
25 ps.

The host processor reads the LM628 status byte in a similar
manner: by strobing the Read (RD) input (Pin 13) when P
(Pin 16) is low; status information remains valid as long as

RD is low.

Wiriting and reading data to/from the LM628 (as opposed to
writing commands and reading status) are done with PS (Pin
16) logic high. These writes and reads are always an inte-
gral number (from one to seven) of two-byte words, with the
first byte of each word being the more significant. Each byte
requires a write (WR) or read (AD) strobe. When transferring
data words (byte-pairs), it is necessary to first read the
status byte and check the state of the busy bit. When the
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Theory of Operation (continued)

busy bit is logic low, the user may then sequentially transfer
both bytes comprising a data word, but the busy bit must
again be checked and found to be low before attempting to
transfer the next byte pair (when transferring muitiple
words). Data transfers are accomplished via LM628-internal
interrupts (which are not nested); the busy bit informs the
host processor when the LM628 may not be interrupted for
data transter (or a command byte). If a command is written
when the busy bit Is high, the command will be ignored.
The busy bit goes high immediately after writing a command
byte, or reading or writing a second byte of data (See Fig-
ures 5 thru 7).

MOTOR OUTPUTS

The LM&28 DAC output port can be_configured to provide
either a latched eight-bit parallel output or a muiltiplexed
12-bit output. The 8-bit output can be directly connected to
a flow-through (non-input-latching) D/A converter; the 12-bit
output can be easily demultiplexed using an extemal 6-bit
latch and an input-latching 12-bit D/A converter. The DAC
output data is offset-binary coded; the 8-bit code for zero Is
80 hex and the 12-bit code for zero is 800 hex. Values less
than these cause a negative torque to be appilied to the
motor and, conversely, larger values cause positive motor
torque. The LM628, when configured for 12-bit output, pro-
vides signals which control the demultiplexing process. See
Figure 8 tor details.

The LM629 provides 8-bit, sign and magnitude PWM output
signals for directly driving switch-mode motor-drive amplifi-
ers. Figure 11 shows the format of the PWM magnitude out-
put signal.

DUTY CYCLE: PWM MAGNITUDE WAVEFORMS (pin 19):
1 (ON)

°
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TL/H/9219-13
Note: Sign output (pin 18) not shown
FIGURE 11. PWM Output Signal Format

TABLE Il. LM628 User Command Set

Data
Command Type Description Hex Bytes Note
RESET Initialize Reset LM628 00 0 1
PORT8 Initialize Select 8-Bit Output’ 05 0 2
PORT12 Initialize Select 12-Bit Output 06 0 2
DFH Initialize Define Home 02 0 1
SiP Interrupt Set Index Posltion 03 0 1
LPEl Interrupt Interrupt on Error 1B 2 1
LPES Interrupt Stop on Error 1A 2 1
SBPA Interrupt Set Breakpoint, Absolute 20 4 1
SBPR Interrupt 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 2to 10 1
UDF Filter Update Filter 04 0 1
LTRJ Trajectory Load Trajectory 1F 2to 14 1
STT Trajectory Start Motion 01 0 3
RDSTAT Report Read Status Byte None 1 1,4
RDSIGS Report Read Signals Register oC 2 1
RDIP Report Read Index Position 09 4 1
RDOP Report Read Desired Position i ‘08 4 1
RDRP Report Read Real Position 0A 4 1
RDDV Report Read Desired Velocity 07 4 1
RDRV Report Read Real Velocity 08 2 1
RDSUM Report Read Integration Sum oD 2 1
Note 1: C ds may be ted “On the Fly” during motion.

Note 2: Commands not applicable to execution during motion.
Note 3: Command may be executed during motion if acceleration paramater was not changed.
Note 4: Command needs no code because the command port status-byte read s totally supported By hardware,

10
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User Command Set

GENERAL

The following paragraphs describe the user command set of
the LM628. Some of the commands can be issued alone
and some require a supporting data structure. As examples,
the command STT (STarT motion) does not require addi-
tional data; command LFIL (Load FlLter parameters) re-
quires additional 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 Il and described 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 exscutable during motion.

Initialization Commands

The following four LM628 user commands are used primari-
ly to initialize the system for use.

RESET COMMAND: RESET the LM628

Command Code: 00 Hex

Data Bytes: None

Executable During Motlon: Yes
This command (and the hardware reset input, Pin 27) re-
sults in setting the following data items to zero: filter coeffi-
clents and their input buffers, trajectory parameters and
thelr input buffers, and the motor control output. A zero mo-
tor contro! output Is a half-scale, offset-binary code: (80 hex
for the 8-bit output mode; 800 hex for 12-bit mode). During
reset, the DAC 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), sets the output port size to
8 bits, and defines the current absolute position as home.
Reset, which may be executed at any time, will be complet-
ed In less than 1.5 ms. Also see commands PORT8 and
PORT12.

PORT8 COMMAND: Set Output PORT Size to 8 Bits

Command Code: 05 Hex

Data Bytes: None

Executable During Motion: Not Applicable
The default output port size of the LM628 is 8 bits; so the
PORT8 command need not be executed when using an
8-bit DAC. This command must not be executed when using
a 12-bit converter; it will result in erratic, unpredictable mo-
tor behavior. The 8-bit output port size is the required selec-
tion when using the LM629, the PWM-output version of the
LM628.

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 default) command PORT12 should be im-

mediately executed. This command must not be issued
when using an 8-bit converter or the LM628, the PWM-out-
put version of the LM628.

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 executed.

Interrupt Control Commands

The following seven LM628 user commands are associated
with conditions which can be used to interrupt the host com-
puter. In order for any of the potential interrupt conditions to
actually interrupt the host via Pin 17, the corresponding bit
in the interrupt mask data associated with command MSKI
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
masked off via command MSK], the state of each condition
is still reflected in the status byte. This feature facllitates
poliing the LM628 for status information, as opposed to in-
terrupt driven operation.

SIP COMMAND: Set Index Position
Command Code: 03 Hex
Data Bytes: None
Executable During Motlon: 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 posttion is recorded when
both encoder-phase inputs and the index pulse input are
logic low. This register can then be read by the user (see
description for command RDIP) to facilitate aligning the defi-
nition 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. See the descriptions for commands MSKI and
RSTI.

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 excesstve position error (the output of the loop summing
junction) can indicate a serious system problem; e.g., a
stalled rotor. Instruction LPEI allows the user to Input a
threshold for position error detection. Error detection occurs
when the absolute magnitude of the position error exceeds
the threshold, which results In bit 5 of the status byte being
set to logic high. If It is desired to also 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 RSTI.
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Interrupt Control Commands (continued)
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 essentially the same as command LPEI
above, but adds the feature of tuming off the motor upon
detecting excessive position error. The motor drive is not
actually switched off, it is set to half-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 MSK! and RSTI.

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

Executable During Motion: Yes

This command enables the user to set a breakpoint in terms
of absolute position. Bit 6 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 amange to have the LM628 inter-
rupt the host to signity that a breakpoint position has been
reached. See the descriptions for commands MSKI and
RSTIL.

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

Executable During Motion: Yes

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 value is added to the target position the resuit
remains within the absolute position range of the system
(C0000000 to 3FFFFFFF hex). This condition Is useful for
signaling trajectory and/or filter parameter updates. The
user can also arrange to have the LM628 interrupt the host
to signify that a breakpoint position has been reached. See
the descriptions for commands MSK! and RSTI.

MSKI COMMAND: MaSK iInterrupts

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

Executable During Motion: Yes
The MSKI command lets the user determine which potential
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 learn which condition(s)
occurred. Note that the MSKI command Is immediately fol-
lowed by two data bytes. Bits 1 through 6 of the second
(less significant) byte written determine the masked/un-
masked status of each potential interrupt. Any zero(s) in this

6-bit field will mask the comesponding interrupt(s); any
one(s) enable the interrupt(s). Other bits comprising the two
bytes have no effect. The mask controls only the host inter-
rupt process; reading the status byte will still reflect the ac-
tual conditions independent of the mask byte. See Table Iil.

TABLE l1l. Mask and Reset Bit Allocations for Interrupts

Bit Position Function
Bits 15thru 7 Not Used
Bit6 Breakpoint Interrupt
8it5 Position-Error Interrupt
Bit4 Wrap-Around Interrupt
Bit3” Index-Pulse Interrupt
Bit2 Trajectory-Complete Interrupt
Bit1 Command-Error Interrupt
Bito Not Used
RSTI COMMAND: ReSeT Interrupts

Command Code: 1D Hex

Data Bytes: Two

Data Range: See Text

Executable During Motion: Yes

When one of the potential interrupt conditions of Table Il
occurs, command RSTI Is used to reset the corresponding
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 service them one at a time according to a priority pro-
grammed by the user. As in the MSK!I command, bits 1
through 6 of the second (less significant) byte correspond to
the potential interrupt conditions shown in Table ill. Also
see description of RDSTAT command. Any zero(s) in this
©6-bit field reset the corresponding interrupt(s). The remain-
ing bits 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 con-
trol the timing of these system changes.

LFIiL COMMAND: Load FiLter Parameters

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

Filter Control Word: See Text

Filter Coefficients; 0000 to 7FFF Hex (Pos Only)
Integration Limit: 0000 to 7FFF Hex (Pos Only)
Executable During Motion: Yes

The filter parameters (coetficients) which are written to the
LM628 to control loop compensation are: kp, ki, kd, and Il
(integration limit). The Integration limit (i) constralns the
contribution of the integration term

n

ki* e(n)
N=0
(see Eq. 1) to values equal to or less than a user-defined
maximum value; this capability minlmizes integral or reset

“wind-up” (an overshooting effect of the integral action).
The positive-only input value is compared to the absolute
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Filter Control Commands (continued)

magnitude of the integration term; when the magnitude of
integration term value exceeds i, the il value (with appropri-
ate 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 bytes that are written specify the derivative-term
sampling interval and which of the four filter parameters
is/are 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 IV.

TABLE IV. Filter Control word Bit Allocation

Bit Position Function
Bit15 Derivative Sampling Interval Bit 7
Bit 14 Derivative Sampling Interval Bit 6
Bit13 Derivative Sampling Interval Bit 5
Bit12 Derivative Sampling interval Bit 4
Bit 11 Derivative Sampling Interval Bit 3
Bit10 Derivative Sampling Interval Bit 2
Bit 9 Derivative Sampling Interval Bit 1
Bit 8 Derivative Sampling Interval Bit 0
Bit 7 Not Used
Bit 6 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 0 Loading il Data

Bits 8 through 15 select the derivative-term sampling inter-
val. See Table V. The user must locally save and restore
these bits during successive writes of the filter control word.
Bits 4 through 7 of the filter control word are not used.
Bits 0 to 3 inform the LM628 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 parame-
ters. Those chosen for updating are so indicated by logic
one(s) In the corresponding bit position(s) of the filter con-
trol 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 LM628
corresponds to the descending order shown in the above
description of the filter control word; 1.e., beginning with kp,
then ki, kd and il. The first byte of each word is the more-sig-
nificant byte. Prior to writing a word (byte pair) it Is neces-
sary to check the busy bit in the status byte for readiness.
The required data is written to the primary buffers of a dou-
ble-buffered scheme by the above described operations; it
is 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 ahead of
their actual use. This simple pipeline effect can relleve po-
tential host computer data communications bottlenecks,
and facilitates easier synchronization of multiple-axis con-
trols.
UDF COMMAND: UpDate Fliter

Command Code: 04 Hex

Data Bytes: None

Executabie 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
affect the change in filter tuning. Filter updating is synchro-
nized with the calculations to eliminate ermratic or spurious
behavior.

Trajectory Control Commands

The following two LM628 user commands are used for
setting the trajectory control parameters (position, velocity,
acceleration), mode of operation (position or velocity), and

- direction (velocity mode only} as required to describe a de-

sired motion or to select the mode of a manually directed
stop, and to 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: C0000000 to 3FFFFFFF Hex

Velocity: 00000000 to 3FFFFFFF Hex
(Pos Only)

Acceleration: 00000000 to 3FFFFFFF Hex
(Pos Only)

Executable During Motion: Conditionally, See Text

TABLE V. Derlvative-Term Sampllnb Interval Selection Codes

Bit Position Selected Derlvative
15 14 13 12 11 10 9 8 Sampling Interval
0 0 0 0 0 0 0 0 256 ps
0 0 0 0 0 0 0 1 512 ps
0 0 0 0 0 0 1 0 768 ps
0 0 0 0 0 0 1 1 1024 s, etc.. ..
thru 1 1 1 1 1 1 1 1 65,536 ps

Note: Sampling Intervals shown are when using an 8.0 MHz clock. The 256 comesponds o 2048/8 MHz sample Intervals must bs scaled for other clock

frequencles.
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Trajectory Control Commands continueq)

The trajectory control parameters which are written to the
LM628 to control motion are: acceleration, velocity, and po-
sition. In addition, indications as to whether these three pa-
rameters are to be considered as absolute or relative inputs,
selection of velocity mode and direction, and manual stop-
ping mode selaction and execution are programmable via

this command. After writing the command code, the first two

data bytes that are written specify which parameter(s) is/are
being changed. The first byte written Is the more significant.
Thus the two data bytes constitute a trajectory control word
that informs the LM628 as to the nature and number of any
following data bytes. See Table VI.

TABLE VI. Trajectory Control Word Bit Allocation

Bit Position Functlon
Bit15 Not Used
Bit14 Not Used
Bit13 Not Used
Bit 12 Forward Direction (Velocity Mode Only)
Bit 11 Velocity Mode
Bit 10 Stop Smoothly (Decelerate as Programmed)
Bit 9 Stop Abruptly (Maximum Decelaration)
Bit 8 Turn Off Motor (Output Zero Drive)
Bit 7 Not Used
Bit 6 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 Posttion Will Be Loaded
Bit 0 Position Data Is Relative

Bit 12 determines the motor direction when in the velocity
mode. A logic one indicates forward direction. This bit has
no effect when in position mode.

Bit 11 determines whether the LM628 operates in velocity
mode (Bit 11 logic one) 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 not provided for one to
merely specify the desired mode of stopping, In position
mode operations, normal stopping Is always smooth and
occurs automatically at the end of the specified trajectory.
Under exceptional circumstances it may be desired to man-
ually intervene with the trajectory generation process to af-
fect a premature stop. In velocity mode operations, howev-
er, 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 off-
set-binary code to apply zero drive to the motor); bit 9 is set
to one to stop the motor abruptly (at maximum available
acceleration, by setting the target position equal to the cur-
rent position); and bit 10 is set to one to stop the motor
smoothly by using the current user-programmed accelera-
tion value. Bits 8 through 10 are to be used exclusively; only
one bit should be a logic one at any time.

Bits 0 through 5 inform the LM628 as to whether any or all
of the trajectory controliing parameters are about to be writ-
ten, and whether the data should be interpreted as absolute
or relative. The user may choose to update any or all (or

none) of the trajectory parameters. Those chosen for updat-
ing are so Indicated by logic one(s) in the corresponding bit
position(s). Any parameter may be changed while the motor
is in motion; however, 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 stopped.

The data bytes specified by and immediately following the
trajectory control word are written in pairs which comprise
16-bit 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 LM628 corre-
sponds to the descending order shown in the above de-
scription of the trajectory control word; i.e., beginning with
acceleration, then velocity, and finally position.

Acceleration and velocity are 32 bits, positive only, but
range only from 0 (00000000 hex) to {230] —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 (whera the bits
are numbered 0 through 31). To determine the coding for a
glven velocity, for example, one multiplies the desired veloc-
ity (in counts per sample interval) times 65,536 and converts
the resuit to binary. The units of acceleration 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 —[230]
(C0000000 hex) to [230] -1 (3FFFFFFF Hex).
The required data is written to the primary buffers of a dou-
ble-buffered scheme by the above described operations; it
is not transferred to the secondary (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 bottienecks,
and facilitates easler synchronization of multiple-axis con-
trols.
STT COMMAND: STarT Motion Control

Command Code: 01 Hex

Data Bytes: None

Executable During Motion: Yes, If acceleration has not

been changed

The STT command is used to execute the desired trajecto-
ry, 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
required 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 been changed and a trajectory
has not been completed or the motor has not been manual-
ly stopped. If STT Is Issued during motion and acceleration
has been changed, a command error interrupt will be gener-
ated and the command will be ignored.

Data Reporting Commands

The following seven LM628 user commands are used to
obtain data from various registers in the LM628, Status, po-
sition, and velocity information are reported. With the excep-
tion of RDSTAT, the data Is read from the LM628 data port
after first writing the corresponding command to the com-
mand port.
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Data Reporting Commands (continued)
RDSTAT COMMAND: ReaD STATus Byte

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

Executable During Motion: Yes

The RDSTAT command is really not a command, but is list-
ed with the other commands because it is used very fre-
quently to control communications with the host computer.
There is no identification code; it is directly supported by the
hardware and may be executed at any time. The single-byte
status read is selected by placing CS, PS and RD at logic
zero. See Table VII.

TABLE VII. Status Byte Bit Allocatlon

Bit Position Functlon
Bit7 Motor Oft
Bit6 Breakpoint Reached [Interrupt]
BitS Excesslve Position Error [interrupt]
Bit4 Wraparound Occurred [Interrupt]
Bit3 Index Pulse Observed [interrupt]
Bit2 Trajectory Complete [interrupt]
Bit1 Command Error [Interrupt]
BitO 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
zero). The motor is turned off by any of the following condi-
tlons: power-up reset, command RESET, excessive position
error (if command LPES had been executed), or when com-
mand LTRJ is used to manually stop the motor via tuming
the motor off. Note that when bit 7 is set In conjunction with
command LTRJ for producing a manual, motor-off stop, the
actual setting of bit 7 does not occur until command STT is
Issued to affect 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 exceeded. The flag is functiona!
independent 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
LPEI or LPES has been exceeded. The flag is tunctionat
independent of the host Interrupt mask status. Bit § is
cleared via command RSTIL

Bit 4, the wraparound interrupt flag, is set to logic one when
a numerical “wraparound” has occurred. To “wraparound”
means to exceed the position address space of the LM628,
which could occur during velocity mode operation. If a wrap-
around has occurred, then position information will be in
error and this interrupt helps the user to ensure position
data integrity. The flag is functional independent of the host
Interrupt mask status. Bit 4 is cleared via command RSTI.

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

Bit 2, the trajectory complete interrupt flag, is set to logic
one when the trajectory programmed by the LTRJ com-
mand and initiated by the STT command has been complet-
ed. Because of overshoot or a limiting condition (such as
commanding 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 RSTI.

Bit 1, the command-error Interrupt fiag, is set to logic one
when the user attempts to read data when a write was ap-
propriate (or vice versa). The flag is functional independent
of the host interrupt mask status. Bit 1 Is cleared via com-
mand RSTI.

Bit 0, the busy flag, Is frequently tested by the user (via the
host computer program) to determine the busy/ready status
prior to writing and reading any data. Such writes and reads
may be executed only when bit O 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/0 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 LM628 intemal “'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 byte. See Table VIii.

TABLE VIII. Signals Reglster Bit Allocation

BIt Position Function
Bit 15 Host Interrupt
Bit14 Acceleration Loaded (But Not Updated)
Bit13 UDF Executed (But Filter Not yet Updated)
Bit 12 Forward Direction
Bit 11 Velocity Mode
Bit10 On Target
Bit 8 Tum Off upon Excessive Position Error
Bit 8 Eight-Bit Output Mode
Bit 7 Motor Off
Bit 6 Breakpoint Reached [Interrupt]
Bit 5 Excessive Position Error [Interrupt]
Bit 4 Wraparound Occurred [Interrupt]
Bit 3 Index Pulse Acquired [Interrupt]
Bit 2 Trajectory Complete {Interrupt]
Bit 1 Command Error [interrupt]
Bit 0 | Acquire Nextindex (SIP Executed)

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 flag, is set to logic one when

acceleration data Is written to the LM628. Bit 14 is cleared
by the STT command.
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Data Reporting Commands (Continued)

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 LM628 is in velocity mode. The bit is set to logic one to
indicate that the desired direction of motion is “forward";
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 selected (via command LTRJ) velocity
mode. Bit 11 Is cleared when position mode is selected (via
command LTRJ). The actual setting and clearing of bit 11
does not occur untit command STT Is executed.

Blt 10, the on-target flag, is set to logic one when the trajec-
tory generator has completed its functions for the last-js-
sued STT command. Bit 10 is cleared by the next STT com-
mand.

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

Bit B, the B8-bit output flag, is set to logic one when the
LM628 is reset, or when command PORTS is executed. Bit
8 is cleared by command PORT12.

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

RDIP COMMAND: ReaD Index Position

Command Code: 09 Hex
Bytes Read: Four
Data Range: €0000000 to 3FFFFFFF Hex

Executable During Motion: Yes

This command reads the position recorded in the index reg-.

Ister. Reading the index register can be part of a system
error checking scheme, Whenever the SIP command is exe-

. cuted, the new index position minus the old index position,

divided by the incremental encoder resolution (encoder
lines times four), should always be an Integral number. The
RDIP command facilitates acquiring these data for host-
based calculations. The command can also be used to iden-
tify/verify home or some other speclal position. The bytes
are read In most-to-least significant order.

RDDP COMMAND: ReabD Desired Position

Command Code: 08 Hex
Bytes Read: Four
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes
This command reads the instantaneous desired (current
temporal) position output of the profile generator. This is the
“setpoint” input to the position-loop summing junction. The
bytes are read in most-to-least significant order.
RDRP COMMAND: ReaD Real Position

Command Code; 0A Hex
Bytes Read: Four .
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes

This command reads the current actual position of the mo-
tor. 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

Command Code: 07 Hex
Bytes Read: Four .
Data Range: €0000001 to 3FFFFFFF

Executable During Motion: Yes

This command reads the integer and fractional portions of
the instantaneous desired (current temporal) velocity, as
used to generate the desired position profile. The bytes are
read in most-to-least significant order. The value read is
properly scaled for numerical comparison with the user-sup-
plied (commanded) velocity; however, because the 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 input data is con-
strained to positive numbers (see command LTRJ), the data
retumed by command RDDV represents a signed quantity
where negative numbers represent operation in the reverse
direction.

RDRV COMMAND: ReaD Real Velocity

Command Code: 0B Hex
Bytes Read: Two
Data Range: C000 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 Intemally maintained
fractional portion of velocity is not reported because the
reported data is derived by reading the Incremental encod-
er, which produces only integer data. For comparison with
the result obtained by executing command RDDV (or the
user-supplied input value), the value returned by command
RDRV must be muitiplied by 216 (shifted left 16 bit posi-
tions). Also, as with command RDDV above, data returned
by command RDRV is a signed quantity, with negative val-
ues representing reverse-direction motion.

RDSUM COMMAND: ReaD Integration-Term SUMmation

Value
Command Code: 0D Hex
Bytes Read: Two
Data Range: 00000 Hex to + the Current

Value of the Integration Limit
Executable During Motion: Yes
This command reads the value to which the integration term
has accumulated. The ability to read this value may be help-
ful in initially or adaptively tuning the system.

Typical Applications

Programming LM628 Host Handshaking (Interrupts)

A few words regarding the LM628 host handshaking will be
helpful to the system programmer. As Indicated in various
portions of the above text, the LM628 handshakes with the
host computer in two ways: via the host interrupt output (Pin
17), or via polling the status byte for “Iinterrupt” conditions.
When the hardwired Interrupt is used, the status byte Is also
read and parsed to determine which of six possible condi-
tions caused the interrupt.
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Typical Applications (Continued)

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 rou-
tine were to issue a command to the LM628 while it is in the
middle of -an ongoing command sequence, the ongoing
command will be aborted (which could be detrimental to the
application).

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

Typlcal Host Computer/Processor Interface

The LM628 is interfaced with the host computer/processor
via an 8-bit parallel bus. Figure 72 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 CS input; the host address
LSB directly drives the LM628 P3 input Figure 12 also
shows an 8-bit DAC and an LM12 Power Op Amp interfaced
to the LM628,

LM628 and High Performance Controller (HPC)
Interface

Figure 13 shows the LM628 Interfaced to a National HPC
High Performance Controller. The delay and logic assoclat-
ed with the WR line is used to effectively increase the write-
data hold time of the HPC (as seen at the LM628) by caus-
ing the WR pulse to rise early. Note that the HPC CK2 out-
put provides the clock for the LM628. The 74LS245 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 Wustrates use of a 12-bit DAC with the LM628.
The 7415378 hex gated-D fiip-flop and an inverter demuiti-
plex the 12-bit output. DAC offset must be adjusted to mirii-
mize DAC linearity and monotonicity errors. Two methods
exist for making this adjustment. If the DAC1210 has been
socketed, ramove it and temporarily connect a 15 kf resis-
tor between Pins 11 and 13 of the DAC socket (Pins 2 and 6
of the LF356) and adjust the 25 k1 potentiometer for OV at
Pin 6 of the LF356.

If the DAC is not removable, the second method of adjust-
ment requires that the DAC1210 inputs be presented an all-
zeros code. This can be arranged by commanding the ap-
propriate move via the LM628, but with no feedback from
the system encoder. When the all-zeros code is present,
adjust the pot for OV at Pin 6 of the LF356.

A Monolithic Linear Drive Using LM12 Power Op Amp

Figure 15 shows a motor-drive amplifier built using the LM12
Power Operational Amplifier. This circuit is very simple and
can deliver up to 8A at 30V (using the LM12L/LM12CL).
Resistors R1 and R2 should be chosen to set the gain to
provide maximum output voltage consistent with maximum
input voltage. This example provides a gain of 2.2, which
allows for amplifier output saturation at 122V witha =10V
input, assuming power supply voltages of £30V. The ampli-
fier gain should not be higher than necessary because the
system is non-finear when saturated, and because gain
should be controlled by the LM628. The LM12 can also be
configured as a current driver, see 1887 Linear Databook,
Vol. 1, p. 2-280.

Typical PWM Motor Drive Interfaces

Figure 16 shows an LM18298 dual full-bridge driver inter-
taced to the LM629 PWM outputs to provide a switch-mode
power amplifier for driving small brush/commutator motors.
Figure 17 shows an LM621 brushless motor commutator
interfaced 1o the LM629 PWM outputs and a discrete device
switch-mode power amplifier for driving brushless DC mo-
tors.

incremental Encoder Interface

The incremental (position feedback) encoder interface con-
sists of three lines: Phase A (Pin 2), Phase B (Pin 3), and
Index (Pin 1). The index pulse output is not available on
some encoders. The LM628 will work with both encoder
types, but commands SIP and RDIP will not be meaningful
withiout an index pulse (or alternative input for this input ...
be sure to tie Pin 1 high if not used).

Some conslderation is merited relative to use In high Gauss-
jan-nolse environments. If noise is added to the encoder
inputs (either or both inputs) and Is such thatit is not sus-
tained until the next encoder transition, the LM628 decoder
logic will reject it. Noise that mimics quadrature counts or
"persists through encoder transitions must be eliminated by
appropriate EMI design.

Simple digital “filtering” schemes merely reduce susceptibil-
ity to noise (there wili always be noise pulses longer than
the filter can eliminate). Further, any noise filtering scheme
reduces decoder bandwidth. In the LM628 it was decided
(since simple filtering does not eliminate the nolise problem)
to not include a noise filter in favor of offering maximum
possible decoder bandwidth. Attempting to drive encoder
signals too fong & distance with simple TTL lines can also
be a source of “nolse” 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
countermeasure to noise induction can be had by using bal-
anced-line drivers and receivers on the encoder inputs. Fig-
ure 18 shows circultry using the DS26L.S31 and DS26LS32.

17




T R W oW E W

Typical Applications (continued)
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FIGURE 13. LM628 and HPC Interface
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Typical Applications (continued)
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Typical Applications (continued)
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FIGURE 15. Driving a Motor with the LM12 Power Op Amp
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Typical Applications (Continued)
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