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M-file a2 Simulink

1. M-file §1%5U%11 FFT analysis vosdayaausaii 7a1aa1n force sensor

RAE for force signal $%%%v%32
cles

clear;

load('fft force signal.mat')

t=fift _ force _signal.X.Data ;

force master=fft force _signal.Y(1l,1).Data ;
force_master_fllter fft_force_51gnal.Y(l,2).Data 7
force_slave=fft_force_signal.Y(l,3).Data 7

force slave filter=fft force_signal.Y(1l,4).Data ;

%% % : master force {on power supply)
figure(1)

subploeiti( 2 714l )
plot(t,force_master,'b') ?

xlabel ('time(s) ', 'fontsize',12)
ylabel ('force(N)', 'fontsize',12)
title('force signal {(on power supply)
axis ([0 4 -2 27])

grld on

v, fontsize',12)

FFT & Amplitude analysis %
N length(force master) ;
Y=fft (force master,N);

Py = Y.* conj(Y) / N; & The power spectrum
f = 33333*(0:N/2)/N; “ Ts=0.00003 & Graph the first haft of
N

subplot (2,1, 2)
plot (f,Py(l: ((N/2)+1)))

title('FFT-Analysis : freguency content of master force (on power

1

supply) ', *fontsize',12)
xlabel ('fregquency (Hz)"')
ylabel ('Amplitude")
axis( [O 16000 0 800])
EHARLERRY 1% master force {on power supply) %%

flgure(2)

plot (t, force master, 'r--="} ;

hold on

plot(t,force_master_filter,'b') H

hold off

xlabel('time(s) ', 'fontsize',12)

ylabel (' fc¢ e (NYY, "fontsizel,12)

~'lee"' o force with and without filter', 'fontsize',12)

leqend( signal', 'force singnal with low-pass filter',1)
1)

axis ([0 4 —2 2
grld on
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2. M-file : 9113 UDONUVVAINIUAN (design controller)

AR AR A EX AR FEESR slave-controller 3
cley
clear;

s=tE (=)
G=1/1((s5%2,)*%4.4e-8);
imshow ('¥m2xs.jpg")

%% %% % P-controller(slave side)%%2
figure (1)

subplot (2,1,1)

rlocus (G)

subplot (2,1, 2)

step( 1*G/ (1+1*G) )

CHERLE %25 PD-controller(slave side)%%%
k=15;

pd=(s+22);

figure (2)

subplot (2,1,1)
rlocus (pd*G)
subpllet (241, 2
step( k*pd*G/ (1+k*pd*G) )
%% t% PI-controller(slave side)%%

kk 10

PI=(5+1}Hs>
figure (3)

subplot(2,1,1)

rlocus (PI*G)

subplot (2,1;2)

step( kk*PI*G/(1l+kk*PI*G) )

2% %%4%%%%% PID-controller (slave

side) %%
kkk=1;
PID=(s+5) * (s+20)/s;
figure (4)

subplot (2,1,1)
rlocus (PID*G)
stbploet (2,1, 2)
step( kkk*PID*G/ (1+kkk*PID*G) )

& compare root rocus of ect system %
figure (5)

subplot(2,2,1)

rlocus (G)

title('root locus of the system (P-contrcller)', 'fontsize',10)
subplot (2,2,2)

rlocus (pd*G)

title('root locus of the system (PD-controller)', 'fontsize',10)
subplot (2,2, 3)

rlocus (PI*G)

title('root locus ¢f the system (PI-controller)', 'fontsize',10)
subplot (2,2,4)

rlocus (PID*G)

title('root locus of the system (PID-controller)', 'fontsize',10)
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5% master-controller %%

clicy
clear;
M=4.4e-3 ;
1=0.004 ;

s=tf('s");

Zh=(((3.06/1000) *s"2)+4.32*s+98.9) ; %%% human hand impedance

G=Zh/ (M*s"2+(Zh* (1/2/pi)) )
figure (1)

rlocus (G)
axis([-110,0,-25,25])
ppp=pole (G)

2Z2Z=zero (G)

P-controller %%

% 5%%%5%%%%8%%%%% PD-controller
KI—O 0006;

Kpd=tf([1 200],[0.0016 1]); &%
de Kl*Kpd

%% %5 PIceontrol er
K2 01 1z

Kpi=t£f([1 10],([1 0.05]); %%
Cpl K2*Kp1,

PID-controller %

K3 0.4;
Kpid=(s+200) * (s+10)/((s+0.05) * (s+625)) ;

Cpld K3*Kpid;
v\'” qtep response TS

sys close—(Zh*de / ((M*s"2)+ (Zh*(i/é/pi);+(ZH;de))

close loop for PD-controller
figure(2)
step(sys_close)
axis ([0 0.3 0 1.2])
xlabel ('time', 'fontsize',12)
ylabel ('force(N)', 'fonts *_o' 12)
grld on

%

b EERB 55D root locus %
figure(3)
subplot(2,2,1)

rlocus (G)

title('root locus of the master system (P-controller)',"

axis([-160 5 -25 257])

subplot (2,2, 2)

rlocus (Kpd*G)

title('root locus of the master system (PD-
controller)', 'fontsize',12)

axis([-210 5 -25 25])

subplot (2, 2, 3)

rlocus (Kpi*G)

title('root locus of the master system (PI-
controller)', 'fontsize',12)

axis([-160 5 -35 35])

subplot (2,2, 4)

rlocus (Kpid*G)

title('root locus of the master system (PID-
controller) ', 'fontsize',12)

axis([-210 5 -30 30])

’
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figure (4)

frequency response
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for PD-controller

bode((Zh*de)/((M*SA2)+(Zh*(l/2/pi))+(Zh*de)),'k',{lOA—l, 20001})

grid on

3. Simulink @1M3UNMIAIVYNAWNUINTIATDY

position error

From

ANm

6V/20A

From passraty control force

bord gain  Saturation

SwW_M2

neuaan

DS1104DAC_C6 From1 postion Xs
(to control motor)

51 n1 Simulink dwmsumsarugudumismsindounduaan

° [ d
4. Simulink '@n'ﬁﬁ'ﬂf’ﬂiﬂ]UQN“?Q“]Q&]NN]KW]@?

DS1104ADC_C5
{from force sensor)

Board Gaint

switch_reset force

1

P in1

Out1

(1/100/2/pijs +1

stain gage

DS1104ADC_C6
{from force sensor)

Board Gain2

fiset3

low-pass filter

P n2

Pt

Sub_offset to zero

1

it
Outt
P 2

(1/100/2/pi)s +1

offsetd

0.00057(1 200] |
0.0016s+1

PO controllert

From Fm1

A/Nm1

low-pass filter1

A2V

outt |- ;{l:l I

F (master}

Subsystem gain

Goto2

o Lkl

Sub_offset to zera1 Subsystem gain 1

] s>

Board Gain3 Saturation

outt f—300 oI [ 0]

F (slave)

1
b BadLink |
1

SW_M1 DS1104DAC_C5
(to control motor master)

) @ J
51/ 2 Simulink SM5UMITAIVAUUTINNATINANADS
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INA128
INA129

Precision,
INSTRUMENTATION AMPLIFIERS

Low Power

FEATURES

@ LOW INPUT BIA

@ LOW OFFSET VOLTAGE: 50V max
@ LOW DRIFT: 0.5uV/°C max

S CURRENT: 5nA max

@ HIGH CMR: 120dB min

@ INPUTS PROTECTED TO +40V

@ WIDE SUPPLY RANGE: £2.25 to +18V
@ LOW QUIESCENT CURRENT: 700pA
@ 8-PIN PLASTIC DIP, SO-8

APPLICATIONS

@ BRIDGE AMPLIFIER

@ THERMOCOUPLE AMPLIFIER
@ RTD SENSOR AMPLIFIER

@ MEDICAL INSTRUMENTATION
@ DATA ACQUISITION

DESCRIPTION

The INAI28 and INAL29 are low power, general
purpose instrumentation amplifiers offering excellent
accuracy. Their versatile 3-op amp design and small
size make them ideal for a wide range of applications.
Current-feedback input circuitty provides wide band-
width even at high gain {200kHz at G = 100)

A single external resistor sets any gain from 1 w
10.000. INA128 provides an industry standard gain
equation: INA129's gain equation is compatible with
the ADG20.

The INAIZ&INAL29 is laser trimmed for very low
offset voltage (501V). drift (0.5u\*C§ and high com-
mon-mode rejection (120dB at G 2 100} Tt operates
with power supplies as low as £2.25V, and quiescent
current is only TOOUA-—ideal for battery operated
systems. Intemal input protection can withstand up to
+40V without damage.

The INA128/INA129 is available in 8-pin plastic
DIP, and SO-8 surface-mount packages. specified for
the -40°C to +85°C temperature range. The INA128
is also available in dual configuration, the INA2128.

Ve

It

INA128:

. ‘ INA128, INA129 g1, 500
O R B Ba
= A AN AN
! Y Jal INA12S:
; = 40 aa | WAL 0
- G
AL i
4. W ils
<= %o OVg
r .Y W—
s 5
A yyve S onm
o+ 3| [Over-Voltage s
o8 Do

NOTE: (11 INA129. 24 Tk(2

\1)4

Ne

Femationa Alrpor inguetria Park - Maling 4ccress: FO Box 11430, Tucson AZ 86734 - Sirest Addrees: $T30 §. Tuceor Bivd. Tucson AZ 85708 ¢ Tel: (320 741111 - Te 9139821111
Internet FIIp Ywwa BUIT-DIOWN.cOM: + FAXLOG. {8iC) S54133 (US.Caraca Orly] + Catle: BBRCORF + Telex: NESEST « FAX: [$20) 523-3510 « Immediale Proauct 712! (#00( 5484132

D995 Burr- Prows Covporation

l PLS- 12060 Frinwad 10 U5 A Cowber. 1996




APPLICATION INFORMATION

Figure | shows the basic connections required for operation
of the INA128ANAL29. Applications with noisy or high
impedance power supplies may require decoupling capaci-
tors close to the device pins as shown.

The output is referred to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure gead common-mode rejection. A resis-
tance of 8£2 in series with the Ref pin will cause a typical
device to degrade 1o approximately 80dB CMR (G = 1).

SETTING THE GAIN

Gain is set by connecting a single external resistor, Re.
connected hetween pins | and 8:

INA128: S0k (1
a=1+
R¢
NALY ok (@)
Ly = RI:

Commeonly used gains and resistor values are shovn in
Figure 1.
The 50k2 term in Equation 1 (49.4kQ in Equatien 2) comes

from the sum of the tvio internal feedback resisters of A and
A, These on-chip metal film resistors are laser trimmed to
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accurate absolute values. The accuracy and temperature
coefficient of these internal resistors are included in the gain
accuracy and drift specifications of the INA128/INA129.

The stability and temperawre drift of the external gain
setting resistor, Rg. also affects gain. Rg's contribution te
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
tesistance which will contribute additional gain error ipossi-
bly an unstable gain emor) in gains of appraximately 100 or
greater.

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency” shows
that, despite its low quiescent current. the INA128INA129
achieves wide bandwidth, even at high gain. This is due to
the current-feedback topalogy of the input stage circuitry.
Settling time also remains excellent at high gain.

NOISE PERFORMANCE

The INA128/NA 129 provides very low noise in most appli-
cations. Low frequency noise is approximately 0.2uVp-p
measured from 0.1 to 10Hz (G 2 100). This provides
dramatically improved noise when compared to state-of-the-
art chopper-stabilized amplifiers.

N+
0.1uF

INA128, INA129

AN —AA
40k 40kQ

) 25"52:"3 Vo= 3 iV Vi)
]
-—T——\')
f-,: toad Vo
AMA 5 (
Al !
20k et l_ .

INA128: INA129:
6= 1. 500 P L]
Rg Ra
=
Vie O
INA128 INA123
DESIRED R, | NEAREST | R, | NEAREST 1
GAIN (VV) | (€ | 1% R (5 | (1 1% Ro (Y [ e
NC HC nC HC <
2 £0.00k 49 ok 43,4k 40.0k s
B 12.50k 124k 12.35k 12.4k
1c £ 556k 5.62k 2450 547k
2 2832% | 26 2800 261k
0 1.02% 1.02k 1008 1%
100 511 400 400
200 240 248 240
£00 100 v 100
1000 20 425 209
2000 i 240 47 249
5000 ¥ 10 z.82 .76
10400 | =001 <09 4.0¢ «87
NC: Nc Cennection.

NOTE: (1) HA12Q: 24.7k2

Also drawn in smplified form:

INA128 Vo
Ref

FIGURE 1. Basic Connections.



OFFSET TRIMMING

The INA128INA129 is laser trimmed for low offset voltage
and offset voltage drift. Most applications require no exter-
nal offset adjustment. Figure 2 shows an optional circuit for
uimming the output offset voltage. The voltage applied to
Ref terminal is summed with the output. The op amp buffer
provides low impedance at the Ref terminal to preserve good

common-maode rejection
Ve
‘ 1CCuA
1/2 REF200

1020

‘ 1/2 REF200

£1Cmv
Adusiment Range

Vo ¢

80

Hydrophcne

e

Microphone. i

=
= | INA128
Canl
=~ =
47> kQ
INA128
[+

Therroccus e

Centes-tap provides
bias curren: rezurn

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INA128ANA 129 is extremely
high—approximately 10'%2. However. a path must be pro-
vided for the input bias current of both inputs. This input
bias current is approximately £2nA. High input impedance
means that this input bias current changes very litile with
varying input veltage.

Input circuitry must provide a path for this input bias current
far proper operation. Figure 3 shows various provisions for
an input bias current path. Without a bias current path. the
inputs will float to a potential which exceeds the common-
mode range, and the input amplifiers will saturate

If the differential source resistance is low. the bias current
retun path can be connected te one input (see the thermo-
cauple example in Figure 3). With higher scurce impedance.
using two equal resistors provides a balanced input with
possible advantages of lower input offset voltage due to bias
current and better high-frequency common-meode rejection.

INPUT COMMON-MODE RANGE

The linear input voltage range of the input circuitry of the
INA128/INA129 is from approximately 1.4V below the
positive supply voltage te 1.7V above the negative supply.
As a differential input volage causes the output voltage
increase. however. the linear input range will be limited by
the output veltage swing of amplifiers A} and A, Sc the

FIGURE 3. Providing an Input Common-Meode Current Path.

linear commen-mode input range is related 10 the cutput
voltage of the complete amplifier. This behavior also de-
pends on supply voltage—see performance curves ~Input
Common-Mode Range vs Output Voltage™.

Input-overtoad can produce an output voltage that appears
notmal. For example. if an input overload condition drives
both input amplifiers to their positive output swing limit. the
difference voltage measured by the output amplifier will be
near zero. The output of A, will be near 0V even though both
inputs are overloaded

LOW VOLTAGE OPERATION

The INA128INAL29 can be operated on power supplies as
low as #2.25V. Performance remains excellent with power
supplies ranging from +2.25V to +18V. Most parameters
vary only slightly throughout this supply veltage range—see
wpical performance curves. Operation at very low supply
voltage requires careful attention to assure that the input
voltages remain within their linear range. Voltage swing
requirements of internal nodes limit the input common-
mode range with low power supply voltage. Typical perfor-
mance curves. “Input Common-Mode Range vs Output
Voltage™ show the range of linear operation for £15V. £5V.
and +2.5V supplies
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FEATURES

® No zero-current deadband
Only one potentiometer!

Component socket
configures amp completely
®  Flexibility! Internal 40-pin
socket configures amp with
no soldering
e Separate current limits:
Continuous, peak, and peak-
time
® No integrator windup
when disabled
® [ault protections:
Short-circuits from output to
output, output to gnd
Over/under voltage
Over temperature
Self-reset or latch-off modes
® 3kHz Bandwidth

® Wide load inductance range:
0.4-40 mH.

¢ Surface mount technology
construction, lower part
count.

APPLICATIONS

® Voice coil motors
X-Y stages

® Automated assembly
machinery

® Magnetic bearings

THE OEM ADVANTAGE

® Same package as 4122, 4212
models lets systerm designers
‘mix and match’ types.

® Conservative design for high
MTBF

® No soldering required to
change header parts.

® Custom configurations
available (contact factory)
No-pots, custom headers

81

MODELS 41227, 4212Z

DC BRUSH SERVO AMPLIFIERS

MODEL POWER I-CONT I-PEAK
41227 +22 to +90 VDC 10 20
42122 +22 to +125 VDC 6 12

FEATURES

"Z" versions cf 4122 and 4212 mode:s
feature 50% modulation that celivers no
zero-current ceadband for agplicasions
that require fine moticr arcund zero
such as voice coil motors, laser
fccusing. and wire bonding.

Mozels are mecnarically icentical to
4122 and 4212 tyges so that system
tuilders can ‘mix and match’ with a
common mounting scheme

Built using surtace-moun: technoiogy.
these amplifiers ctier piug and glay
ceeration in a very smail package. Al
models take industry standarg +10V
control signals as input, and cerate
motors in torque mode, cr velccity mode
using analcg brush tachome’ers.

Velocity lcces using trush-tachcmeter
feecback are used for open-loop speed
controls, or in pesition control loops
requiring imprcved regulation at low
speeds.

Mozcel 4122Z operates trom -22 o
-90VDC unregutated pcwer supplies,
and outputs 10A continuous, 20A peak

Model 4212Z operates from =22 1o
-125VDC cower supplies, and outguts
6A continucus, and 12A peak.

The active logic-eve: of the amplifier
Erable input is jumper selectable to
GND or +3V to interface with gifferent
conirol cards. {Pos and /Neg enatie
inputs remain graund active fcr ‘ail-safe
ceeration.

Mosfet H-bridge output stage delivers
power ir four-quacrants for bi-
directicnal acceleration and cece’eration
of mators.

An internal solgerless socket holos 17
components that configure the various
gain and current limit settings o
customize the amplifiers for a wide
range of loads and apgiicaticas.

Header coreponents permit
compensation cver a wide range of lcas
inductances to maximize bardwidin with
differert motors.

Indivisual peak and continuous cusrent
limits allow high acceleration without
sacrificing protection against continuous
overioads. Peak current time limit is
settable to maich amplifier ¢ motor
therma! or commutaticn limits.

All mccels are protected against output
short circuits ( output 16 cutput and
output to ground § and heatplaze
overtemperature.

With the /Rese: input open, output
shorts or hea'plate overtemperature wili
latch cff the ampiifier urtil power is
cycled cff & on, cr uniil the /Reset input
is grounded. Fer self-reset from such
conditions, wire /Reset to ground and
the amplifier will reset every 200ms.

A bicolor led speeds diagrostics during
set-up, or for fault isciaticn after the unit
is in senvice.

[E e — B R S— A A ~——

Copley Controls, 20 Dan Road, Canton, MA 02021

Tel: 781-828-8090

Fax:781-828-6547
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do o
3. 9Un 3! I 1MUY (incremental encoder)

7
useE= OEM Miniature Optical Kit Encoder
DIGITAL E4 Page 10f 8 Sgﬁs

@ Description

“he E42 miniature enozder s des gred 1o prevce digtal quadrature encccsr
feedback for high velurre apo cations wita limitec spacs censiraints. The E4P
verscn wilizes an innovative, patented push-on occdewneel which ascepts shaft
diameters of 1.5mm w0 .25C°

The £47 encodsr is the leader for high quantity CEM applicatcns. bt the E4 is
the ceal choice when a set-screw codewheel encoder ' required is<e the £4
pagel G

The E4 miniature enocder base provides mcuntng ha'es for hwo #3-45,

length 147 or twee M2.Ex.45mm, ‘ength Bmim screws on a 5567 balt zirc 2. \When
mounting holes are not available, 3 pre-acgilied trans’er adhesive with pee-cf
backng) s ava 3cle for "stick-on™ mourting.

The encoger cover 1 23sily snappes onto the base anc is embosses with tre
connecsor pin-out.

The £42 series €ncozer tan b connecisc by using a {righ retention 4- Features
cenductor snap-in pelarized *.25mm pich) connector. Mating cabes and
<cnneciors (ses tre Cables ! Connecters web page! are not ncludsc ans are
available separately.

* Miniature size

+ Push-on hub - spring loaded coilet design
* Minirrum shafl ength of .375°

* Fits shaf diametsss cf .C5§" tc 2507

» Acosgts <= 0207 Axial shaf: play

+ Off-axis mounting tolerance of .C1C°

« 102 to 362 cycles per revclutor (CPR;

¢ 403 to 1443 pulses pe- revclut cn (FFR)
v Sing's =5' surply

€ Related Products & Accessories

CA-=C5-SH-MIC4 E-Fin Lszching ! 4-Pin Micro Shielded Catle ;2 3se price $15.15)
CAMDB-55-MIC4 8-Pin Nadular ! 4-Pin Micro Silver Salin Cab ¢ (Base zrios $11.53)
CaA-MIC4-S~-NC 4-n Micro ' Unterm nated Shielces Cable (Base pree $7.3()
CA-MICH-WA-NC 4-F n Micc ¢ Untermnated 4-Wire Discrete Catle 13ase price $2.80)
CCON-MICA 4-Pin Mcro Connecior (Base price $3.15;

MCTCOL Centering Tecl for 4, E4P, anc ES® (Base prios $5.25)

SPACZR Spacer Too: (Base price $2.65)

* o * o o

. Mechanical Drawing

use= 1400 NE 136th Avenue Inforusdigitalcom Local: 360.260.2468

DIGITAL Vancouves, Washington 98634, USA wwwusdigitalcom TolHree: 8007260194
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L 11
4X 320028 THRU HATISEN P

DATECODE
TEEVILAL DENTIF CATICH

Y o ul ¢

AT vl vayana ﬂﬂ!@ﬂuﬂlﬂaiﬂi:uﬁﬁiq
AMatric SpeSfization;  Swits to Exoslick
Ratad NoLoad Ratzd Load Statt Voltagz | Torque |Temuimal| °L°

PartNuamber| Voltag| Spaed [Cumrant| Toque| Speed |Currant| Powar | Efficie | Tomus | Current| Constant | Constant [Resistanz [Dimensio

Volts | RPM | Amp: | mNm | RPM | Amp: | Watts 1% N | Amps [V ERPM | miNmA | Okms me

116-1271216 | 12 2750 0.1 45 1700 13 g $5%% 130 3821 §.2 45 4.64 €8.3
116-1321216 | 12 2400 0.1 71 1700 1.7 13 623y | 23E 3.3 4.8 46 222 £0.3
116-1271232| 12 4100 0.2 42 3300 1.7 15 1% | 212 7€ 2E 27 1.2¢ 6E.3
1161321232 12 4000 0.2 [S] 3300 ¢ 22 13 | 347 128 25 bt Q.54 EQ.3
116-1251248 | 12 3800 0.3 42 4850 25 22 T | 272 144 2 15 0.7 6E3
116-1321248 | 12 5450 0.4 [ 4750 36 32 T4t | 456 252 21 20 0.38 £03
116-1272416 | 24 2750 0.1 43 1700 0.7 b 3w 130 1€ E3 81 14.97 €E.3

116-1322416 | 24 2450 0.1 Bt 1700 0.8 13 6% | 232 235 5.6 32 &9 §0.3

116-1272448 | 24 3730 0.2 42 4500 12 n 73 | 286

116-1322448 ) 24 3300 0.2 (2] 4200 1.7 32 T 331 146 43 42 1.57 £0.3

N : http://www.hansen-motor.com/brush-16.php
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