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This is an experiment on the closed loop DC sentommntrol system3MC). It will able to be used for
practical use with/without some modifications. Tdhesed loop servo mechanism requires real-timeoserv
operations, such as position control, velocity oardand torque control. It will be suitable for ilementation
to any embedded 32 bit RISC processors as a middéewn this project, these operations are prodesgé
only a cheap 8 bit microcontroller.

Recently, most servo systems are using brushlessrsnmalled "AC servo motor” to reduce maintanaces.
The AC servo motor with PM rotor is a kind of th€ notor, difference between AC servo and DC sesvo |
only motor driver. Any other block includes theany the servo control is same as DC servo system.
Hardware

Figure 1. Block diagram
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Figure 2 Circuit diagram(Obsolated)
Figure 3. Built servo controller boz
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Figure 1 shows the block diagram for SMC. Thisustlwith only an AVR microcontroller and a PWM med
power amplifire. Whole of servo operation is prasgkby software implemented servo processor. Aajogn
component for servo operation is not used.

Figure 2 shows the circuit diagram for SMC. The ApiRcesses most serfunction, such as position captt
servo operation, PWM output and motion command fhast controller. The power amplifire is high
efficiency PWM mode H-blidge motor driver. It canwe a motor rated up to 50W at 12V supply voltage.

JP1 is an ISP connector to program the AVR, andritalso used to attach BBD display boardP2 is a host
interface to be controlled by any host controliecan be connected to PC's serial port directllyisPa pulse
commanded interface like most servo controllers.

Figure 3 shows the built servo controller boards built on a proto board 44mm by 85mm.

Softwar e

Figure 4. Positioning servo operation
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Figure 4 shows the theory on the positioning semeghanism. Current motor position is fed back eogérvo
controller with a potentiometer or a rotary encodére motor position is compared to commanded joosit
the motor is driven according to the position ereard the motor is moved and held to the commanded
position.

The servo operator consists of error amplifires RHal filters. Until 1980's, the servo operatoreglized with
op-amps, F-V converter, differential counterAOzonverter and many analog components. After E@jital
signal processing is popularized for the servoradiet, and new servo algolithms, such as Al cdntabust
control and fuzzy control, have also been develd@e applied.

The single loop servo control shown in figure 4aied "Conventional servo mechanism"”. Becausgeitgo
performance is worse, it is not used for | performance servo controll
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Figure 5. Operation diagram for the SMC (Cascadedirol)
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Figure 5 shows the servo operation for SMC. It idtiple feedback configuration which is most popwdad
fundamental servo mechanism at now. The servo tpenahich has multiple feedback, is called "Caszhd
control”. It is a kind of "Advanced servo mechanlsat the cascaded control, one or momtrol term whoe
response is faster than major loop is chosen, and imto the major control loop as minor contimbp, the
overall servo performance is increased.

Now, these servo operations are processed by gefimglemented digit servo operator. To make discrete
approximation of the servo operation, the updategevhich is fully faster than mechanical respoisse
required. Normally, the update rate from 1 kHzdwesal kHz is selected. It will able be processét most
microcontroller without DSP at now. SMC process$esdervo operation at 1 kHz update rate, everyabiper
Is processed within 92 pusec, so that AVR can bd feservo processing with ease.

SMC can operate &bur different servo mode, positioning (tracking) mode, constant velocitydapconstant
torque mode and constant voltage mode. The operatazles are determined by data path of servo poces
Each operateion can be controlled by a host cdetraeia SMC's serial interface. Additionally, itrcalso
operate as a stand alone motion controller withwgrdate of its firmware.

Mode O (voltage controlled mode) drives motor at constant voltagéode 1 (torque controlled mode) drives
motor at constant torque independnt of rotatioleig). Mode 2 (velocity controlled mode) drives motor at
constant veocity independnt of load torghMiede 3 (positioning mode) drives motor for the commanded
position and hold there. This is called "trackiegv®" which is typical usage for motion control tgrs.

The servo parameters, such as any gains and lcaitshe changed dynamically. However, SMC doesné h
automatic tuning feature, so that you have to tpriba servo parameters manually for the propeofiestual
motor and load. AVR has 128 bytes of non-volatdéadnemory, the servo parameters can be saveddrdo
to the memory.

Position capture

Figure 6. Encoder output
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To capture the motor position, 52 kHz timer intetris used to sample the quadrature output fromemental
rotaly encoder and update current positiegister. Normally, a hardware buffer countergsdifor the encod:
interface to reduce load of the capturering process. HoweMdIC samples the ing signals directly with onl

http://elnr-chan.org/works/smc/report_e.h 2007.08.11



ELM - DC Servomotor Controlls 4. oldal,6sszesenll
software process to reduce external components.

The maximum count rate of the software samplinghais less than its sampling rate. If input caate
exceeds the sampling rate, count error will ocowt the correspondence between actual motor positidn
current position register will be lost. At the SM@,increase over speed tolerance, a special mocapplied
to the error code. It can accept input count ratéoutwo times faster than its sampling rate. Tiogeg the
maximun input count rate is up to 104k cps. Whd@@ ppr (1600 cpr) incremental encoder is used, the
maximum rotation velocity becomes:

2 * 52k[sps] / 1600[cpr] * 60 = 3900[ rpni

Actually, the maximum count rate will little decezafrom above value due to the jitter of intermgsponse
time and mechanical accuracy of the encoder.

Internal processesfor SMC

Figure 7a. Foreground process
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Figure 7b. Background proct
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SMC has two internal processes, foreground praamedsackground procesBhe foreground process exect
motion commands from host controller. The backgdoprocess processes position caprureing and raal-ti
servo operation.

Online command
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SMC is controlled by online commands form host oaligr via its serial interface. Ther serial dadanhat is
N81 and the data rete is 38.4k bps. It be connected to a PC's serial port directly. Fadlare details for the
online commands.

M - Change servo operation mode

M odett Servo operation mode

0 Voltage controlled mode (default)
1 Torque controlled mode
2 Velocity controlled mode
3 Position controlled mode

M <Mode#>
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This command changes the servo operation modeedhmto change the data path at servo operatiovnsho
figure 5. Position command register, sub-commagdter and position counter are also cleard as#mee
time. The correspondence between mode numberspandtmn modes are shown in right table.

L - Show position counter
L<CR>

The position counter is a 24 bit signed registeictvinetains current motgrosition. The L command shows !
value into console in real-time. Type any key weliminate this command.

E - Change echo back mode

E <Swi t ch><CR>

This command enables/disables echo back of comiectzardicters from the host. Zero disables the ecblo, ba
one enables the echo back. Power-on initial vawme.

To prevent receive buffer overflow at tracking giem with continuous dommands, the command echo b
should be disabled.

S - Set avalueinto sub-command register
S [ <Vval ue>] <CR>

The position counter is a 16 bit signed registeictviis enabled at except mode 3. When the <Valse> i
ommited, current value is displayed and prompiapat a new value.

In mode 0, the range from -255 to 255 is effectared controls output voltage between -Vs to +Vsnbue 1,
the range from -255 to 255 is effective, and cdatonitput voltage between -Vs to +Vs. The outputage is

compensated according to rotation velocity to chogenter generation. In mode 2, correspondencedsat
the value and controlled velocity is as follows:

Velocity [rpnmi = Sub-comand reg. * 15000 / P1 / Encoder resolution [ppr]

J - Set avalueinto position command register

Figure 8. Motion profile by J command
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J <Position><CR>

This command sets a value into position commangterg The position command register is a signetli24
register which is effective in only model8can also be changed by step/dir input alternatively or
simultaneoudly.

When the position command register is changed, mmotwes to the comman position quickly. Long trip b
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the J command will cause overshoot, ringing or madaal noise. This command is suitable for tracking
operation shown in figure 8.

G - Generate a motion

Figire 9. Motion profile by G command
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This command has two different motion profiles shaw Figure 9, each of them are equivalent to GO/G1
commands of NC instruction. The GO command is @isethost quick positioning motion, it goes to the
commanded position with trapezoidal motion profilee accereration and the maxim velocity at theilanas
from servo parameter P6 and P7. The G1 commargk fior cutting motion to feed a work at constant
velocity.

These motions are generated by foreground prosedbat next command cannot accepted until theomadi
finished and motor stabled. If any character igneed during the motion, the motion will be candedad
finished the motion command immediataly.

P - Change servo parameter

P <Par anet er #> [ <Val ue>] <CR>

This command sets the <Value> into the servo paexmegister specified by <Parameter#>. The pamrarset
can be saved/loaded to non-volatile data memory RYW command.

Parameter #0: Velocity limit
This is an unsigned value which regurats movingeaig} at positioning mode. For example, a motiotoay

trip by J command will reach this limitation. Ag fine SMC3/A, the value should be less than no-Eed,
or servo error might occure.

PO = Velocity limt [rpm{ * P1 * Encoder resolution [ppr] / 15000
Parameter #1: Velocity feedback gain (KF)
Parameter #2: Velocity error proportional gain (Kp)

Parameter #3: Velocity error integration gain (K1)

These are unsigned 16 bit fixed point values whigesmal point is at byte boundary. When you wiskdb
1.5, set 1.5*256 = 384.

Parameter #4: Torque limit
This parameter limits output torque (output curyelttis a unsigned 16 bitalue. As for the SMC3/A, when t

torque is limited for a time, a servo el will be occurec
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P4 = Current limt [Al / Supply voltage [V] * Armature coil resistance [ohn

Parameter #5: Back-EM F compensation gain

Normally, the output torque generated by armatureliwg current is sens and fed back to make torque
control loop. However, SMC ommits the current semsu controls the output torque with sensorlesseat
control method. To supply commanded current tarbéor, SMC applies compensation to back-EME)(E

This is inaccuracy compared to conventional curfeatibacked control. But | chose it because iagydo
build the circuit board.

This parameter is unsigned 16 bit fixed point valudoes decimal point is at byte boundary. Theeran be
calcurated as follows:

P5 = KG [nV/rpn] / Encoder resolution [ppr] / Supply voltage [V] * 3840

Parameter #6: Maximum velocity for GO command

This parameter specifies maximum velocity at GOaod It is a unsigned 16 bit value.

P6 = Velocity [rpml * Encoder resolution [ppr] / 15000
Parameter #7: Accereration for GO command

This parameter specifies acceleration/decelerati@d®0 comand. It is a unsigned 16 bit value.

P7 = Acceleration [rpnlis] * Encoder resolution [ppr] * 17

W - Save servo parameter

Webank#><CR>

This command saves current value of the servo peteaaminto non-volatile data memory. The data mgmnsor
divided in eight banks. The <bank#> specifies thekonumber to be saved.

R - Load servo parameter

R<bank#><CR>

This command loads servo parameters from non-\®@ldéita memory. The bank 0 is loaded automaticlly
power-up initialization.

Result and investigation
Processor usage

Figure 10a. Processor load ri
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Figure 10a shows the processor load ratio for paatess. Because of SMC is capturing encoder injiht
only software, this process occupies most time anaffective processing time. The software encoder
captureing can be used at two axis at the bests@&iw processing seems to right though fireecessing man
operation.

Threfore, over 60 percent of the processor power idle, the AVR has enough capability for seramtol. It
will able be used for up to several axis servo i@t any external buffer counter for encoder caping is

added Actually, | have developped a very low cost sixsas&rvo controller for entertainment machine with&/R (8535) and
some CPLDs :-)

The 80 percent of program memory is in use. It migit enough to use as a stand alone motion ctertrol
reccomend to remove unnessesary functions, sucbnasiand processor, to expand application area.

Servo performance

Figure 11. Measured step respc
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Figure 11 shows the measured step response angaseevo operation (mode 3). This is the moti@cérof
360 degree hopping motion with J commands. It @arebd form the graph, the setting time is less #fans,
and a little overshoot appears.

To use SMC for any motion control, the servo patanseshould be tuned-up for actual load properties.
Normally, to analyse servo systems, filters or F mathematically, the transfer function is usedabB¢erefer t
any other documents on applying the transfer fondib the servo system. You will able to find tleegiments
with the keywords, "transfer function" and "servo".

Technical Data

e Circuit diagram for SMQObsolated)
e Firmware for SM( (Obsolatec
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e Circuit diagram for SMC3/A High Power DriveNov 12, 2005
o Firmware and Changes for SMC3Nov 12, 2005
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