, (Adaptive)
3
PIV&F PID&feedforward

2 6250 (2 Axis Servo Controller)

BLX30
PID&feedforward 4
feedforward
Brushless DC motor
3 6250  BLX30
4

3.1 Brushless DC servomotor

DC servomotor ~ AC servomotor Brushless
servomotor DC (characteristic
DC motor (field winding)"~
armature 6

Brushless

PIV&F

3

DC motor

AC



311
31 (Brush) (Commutator)
N
90
90
(Commutator)
Magnetic flux
B — iqu? i% Q\Térque |
t B  ,-~' r;/_i../—_.— ~> N- *(Permanent
L N ) ) - magnet
Commutator . FBiush 2SO
J,J
Rotor shaft SDOClir:Cnger
31 DC motor
312
3.2
(Commutator) Slip ring A +
B 6 -
Brushless
33 32
(Brush) ~ Slip
ng 2 2 (Revolving-
armature type) 2 (Revolving-field type)

Brushless

28
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Magnetic flux

Toraque: ¥« Torque

A,

S A% _Permanent
e \EI e ~ magnet
Slip 1in & ectric
i g B'US conductor
G B
X - U
Rotor shaft A.C.power
source
3.2 AC motor-1

Permanent magnet
S 3 Elecmc conductor

o
o

% T “Iron core

Rotor sh(;ﬁ A.C.power
source
3.3 AC motor -2
313 [ Brushless
Brushless AC
Brushless
(Brush)
D.C.
motor (Commutator)
[ Brushless 3

34
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34 Brushless
34a) 34D 3 AT
() ( ) 34c)
3.4c) A + V
3.4a)
N
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Reference

speed

Speed
feedback

Speed
amplifier
5
z 3
7 3
U @
o 9
z
3
o
y

Brushless

Triangular wave

generation circuit

Current

amplifier

3l

Brushless

Brushless

Sine wave

generation circuit

Speed detection

circuit

35

3.1.4.1 Rotor position detector

| Rectifier
bridge
Sine wave L ‘
PWM circuit
Driver — {
Comparator
Driver [~ {
|| Driver : { Transistor
Comparator
; -{ bridge
Driver [
Driver [ '{
Comparator
P
Driver [—» {
Current Feedback 1
=13
Three-phase
Rotor position | ¢ ynchronus
detector motor
RE Rotary
encoder

(Rotary encoder)

(Sine wave generation circuit)

Brushless
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3.1.4.2 Sine wave generation circuit Brushless
servo motor sine 3.4¢)
3.4a)
3.4h)
3
sine 3.4c)
sine wave
Speed amp”ﬁer Speed amplifier |
OUtpUt output
0 wlp 0
Speed amplifier \/
output '
n)
Speed Multiplier
amplifier

> X
1

DAC

T

AEYUAAMBAIINLIAT sine wave generator

)
36 ) DC-SIN conversion circuit )
DC-SIN conversion circuit

3.1.4.3 DC-SIN conversion circuit 35
Reference speed  Speed feedback Speed amplifier
DC-SIN conversion
sine 36 ) 36 ) Multiplier
Multiplier ,
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3.1.4.4 Sine wave PM circuit

Linear

31

ON-
OFF ( - )

NUTFLADS

37 Sine wave PWM
32 2 6250
+10 V 6250 2

(Digital signal processing, DSP)W

2 6250



PC
6250

Baud Rate  Data Bits Parity
9600 8 None
321 '

6250

3.9

34

RS232C
RS232C

Stop Bits Full Duplex ~ XON/XOFF
1 / Enabled

PIV&F

Velocity Feedforward(SGVF), Acceleration Feedforward(SGAF), Integral Feedback
(SGI), Proportional Feedback(SGP), Velocity Feedback(SGV) Drive

32.1.1 Proportional Feedback Control(SGP)

SGP

3.2.1.2 Integral Feedback Control(SGI)

SGl

(Steady state Error)
Proportional

(tracking)

Integrator windup Integrator windup

Overshoot
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38 Integrator
windup
;?)(/_P(_)sm‘:?;i,iw;osinon Setpoint e :’_" S oy — Position Setpoint
I?osmor? enoir o? T, / X an
'.:;éﬁme Tlme
oga | Acusqunhs
falio ey by the Infegiol Teim RN
NS GN.15 . Mox. Analog BEE X Mox. Anglog
: P Output(+10V) I i Output(+10V]
Duation”Z oy wnaumt |\ o
(Wd '
Integral at T,
_____ L L~~~ Min. Anclog e e s e e e < MINEANOIOY
\/ Outpul(-10) Output(-10v)
0 b
38 ) Integral windup b)
3.2.1.3 Velocity Feedback Control(SGV)
SGV
(Damping)tl
SGV
(tracking)
3.2.1.4 Velocity Feedforward Control (SGVF)
Velocity Feedforward Control
, Velocity feedback control
SGVF (tracking)
Point-to-point

3.2.1.5 Acceleration Feedforward Control (SGAF)
SGVF Point-to-point

00£0 A K



Velocity feedforward
(SGVF)

-

=

Acceleration

//"\.
i

a /

32UEN9D19D §
|

< v
ANNLINBIIBY

1
L. a
ANHLIIDSDY ’

|
feedforward (SGAF) :

: Drive
|
|
=] |

I Integral feedback : Motar
’I (SGI) |
* |
|
. |

.| Proportional feedback : Load
(SGP) |
|
Velocity feedback |

(SGV) : Encoder
I
\ |
|
39 PIV&F
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Block diagram 39

3.10 Feedback Feedforward
Point-to-point
X, + /l e | J
—pt L — s i
- ~u [ 1] |x
( L/-—M F "——P
* ) e, K, J L
T ‘ K,s
L
310 Block diagram PIV
310
X() _ KyS + K,
Xr()=1s3tK0 2+K1 *kK,
Transfer function PID Pseudo-
Derivative Feedback (PDF) characteristic
X
Kp=300, Ko=7 K
Y- Z
6250 Proportion control Kp 6250
0.5 6250
322 6250
6250 6000 Series Compumotor
(high-level™ ASCII 6000
Series
Dxx
VXX
AX x

GOxx



3.3 BLX30
6250 BLX30
RS232C
X-code
331
6250

CPG Proportional Gain

CVG Velocity Gain

CIG Integral Gain

CFG Feedforward Gain

CTG Filter time constant

(Amplifier)
3.3.2 BLX30
X-code

1AX

1Vx

1Dx

G
34 4

4 PID 311)

6250



Gravitation Force

l N e T PD ¢ Moter+Driver | ]
¢ 21
Rof 4 { Z) Controller ‘-larmoC‘l)c;grwer + | | Encoder —

)
311 4
{ )
+0-4 1
cenTer of Mass o !
@%O Z
N\
X
0.646 rad
312 XL

312
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T, = TTgsin(a)

’ 0
m
g 981 /eC
| 0
a L
a
(Nonlinear term)
1) 4
2) (length)
3) 200 20°
4
feedforward
39
PID (Proportional-Integral-Derivative Controller)
- K 8 +Kdg - +K . \edt- s>gi\(0)mgl(0 +0.646) (3.2)
sgn(9)=+forccw, -for CW 90° >e >-90°
e Or 0
de
dt
= (Cumulative error)
Kp KK
0,0 u

sgn(0')mgl(0 +0.646) feedforward
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sin(0)-0 0-0 1
0.646 2
. (Amplifier) 2.5.12
. Motor&Encoder 257-2.5.9
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