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ABSTRACT

This thesis presents the study and implementation procedures of the 2 DOF modeled
helicopter control system. The objective is to utilize the knowledge of control system design for
controlling the pitch and yaw angles of the helicopter.

This project has been conducted as in the following steps. First the model has been
implemented. The dynamic behaviors of the helicopter and related topics have been studied. Some
parameters of the modeled helicopter can be estimated. For simplicity, thé linear transfer function of
each axis of the helicopter is then approximated by the identification technique. The PID control
system for each axis is designed based originally on Ziegler — Nichols method.

The experimental results and simulation are compared and can be observed the capability of

the control system to track the reference signal and eject the effect of disturbances.
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% sampling time = 0.1 sec

Ts=0.1;

% combine output and input for identification
mydata=[[y], [u] ];

% identification using 7th order ARX model
arx715 = arx(mydata,[7 1 5],([],Ts):

% convert to transfer function format

[num, den]=th2tf (arx715) ;

% combine to the discrete transfer function

sysz=tf (num,den, Ts) ;
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% sampling time = 0.1 sec

Ts=0.1;

% combine output and input for identification
mydata=[[y]l,[ul];

% ildentification using 3th order ARX model
arx315 = arx(mydata,[3 1 5],[],Ts):

% convert to transfer function format
[num,den]=th2tf (arx315) ;

% combine to the discrete transfer function

sysz=tf (num, den, Ts) ;
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MANHIN B

PR3 0% L298

572

L298

DUAL FULL-BRIDGE DRIVER

« OPERATING SUPFLY VOLTAGEUP TO 46 V

e TOTALDC CURRENT UPTO4 A

e LOWSATURATION VOLTAGE

=« OVERTEMPERATURE FROTECTION

a LOGICAL "0” INPUT VOLTAGE UP TG 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L2986 is an integrated monolithic circuitin a 15-
lead Multivatt and PowerS0O20 packages. It is a
highvaltage, high current dual full-bridge driver de-
signedto accept standard TTL legiclevels and drive
incluctive loads such as relays, salencids. DT and
stepping motars. Two enableinputs are provided to
enable or disable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are cornected togetherand the corre-
sponding externalterminalcan be usedforthe con-

BLOCK DIAGRAM

PowerS020

Multiwatt1s

DRDERING NUMEBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz. §
L298P (PowerS O20)

nectionof an external sensing resistor. An additional
supplyinputis provided sa that the logic works at 2
lcwer voitags.

+¥55 9

g 1&

C% ;« Mg

L]'nsa.

Int s
L2 ) S
i ) e < | ot b
In2 n3
o—ip? w |
EnA End
o—1* - = "—t—o

SENSE AO—9 J: S-505112
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L298
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Paonver Suppl 50 V
Vss Lagic Supply Voltage 7 vV
V1, Ven Inputand Enalble Voltage -0.3ta7 N
la Peak Output Cument {(each Channel
— Non Repetitive (t = 100us) 3 A
—Rapetitive (80% on -20% off; t«= 10ms) 2.4 A
—-DC Oparaticn 2 A
Voere Seansing Voltage 11023 \J
Pia Total Povier Dissipation (Tease = 75¢C) 256 W
Top Junction Operding Temperatura -25to 120 c
Tag, T} |Storage and Junction Temperature -40to 180 e
PIN CONNECTIONS (top view)
/ l =) 1 ot CURRENT SEMSING B
‘q} 1 AT AN S8 @udPuT 4
lag [N S 2 OUTPUT 3
2, IO T e~k 4
{1 Ty ENABLE B
L[ en— R} (1) o)
| -l LQGIC SUPPLY VOLTAGE Vg
Multivatt15 b B ond
T ATy INPUT 2
oo e e )Y (2E0Y: (T
o'l AN ARN AN | IMPUT 1
4 T SUPPLY WOLTASE Ve
_@_ N M wwwovye QUTRUT 2
2 IS LD OUTRUTH
\ 1‘ N3 [ =2 CLIRRENT SEMSING A
Z TAE COMMNECTED TOPIN 2 DRIN Y
!
BiDo [ 1 20 ™™ GHD
Sense A [ 2 19 1 SenseB
LONCTTT3 18 [ NG
Outl 4 17 |7 Out4
ouz 15 PowerSO20 15 [—7 Cu3
Ve [l 6 15 1 Inputd
Input1 17 14 ] EnabkB
Enable A 1 8 13 7 Input3
Input2 19 12 ] vss
GND [ 10 11 [ 6D
falriitcid
THERMAL DATA
Symbol Paramater PowierSQ20 Multivatt15 Unit
Rihjase |Thermal Resistance Junctioncase Max. - 3 “C
Rihjamb  |Thermal Resistance Junctionambient Max. 13 (% 35 CAN

(*) Mounted on aluminum substrate
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L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1,15 219 Sense A:Sensz B |Between this pin and ground is connactad the sense resistor to
contrd the current of the load.
23 4.5 Out1; Out2 Outputs of the Bridge A; the current that flowss through the load
connectad between thesa two pins is monitored at pin 1.
4 6 Vs Supply Valtage for the Power Output Stages.
A nondnductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input 1; Input2 TTL Compatible Inputs of the Bridge A.
6;11 8:14 Enable A; EnableB |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enakie B).
g 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for tha Logic Blocks. A100nF capacitor must be
conneded between this pin and ground
10; 12 13;15 Input 3; Input4 TTL Compatible Inputs of the Bridge B.
13; 14 16,17 Out3; Out4 Outputs of the Bridge B. Tha currert that flows through the load
connected between thess twa pins is monitored at pin 15.
- 3,18 N.C. Mat Connactad

ELECTRICAL CHARACTERISTICS {Vs =42V; Vss = 5V, Tj = 25°C; unless otherwiss specified)

Symbal Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage (pin4) Operative Conditicn Vin+2.5 46 \
Vag Logic Supply Voltage (pin 9) 4.5 5 7 \
la Quiescant Supply Cumant (pind) W, =H; I =0 Vi=L 13 22 mA
Vi=H 5 70 mA
Ve = L Vi=X 4 mA
Igg Quiescent Cumert from Vgg (pind) fVe, = H; L =0 Vi=L 24 26 mA
Vi=H 7 12 mA
Ven = L Vi=X 6 mA
ViL Input Low Voltage -0.3 .5 \Y
(pins 5,7.10,12)
Vi Input High Voltage 23 VSS v
(pins 5.7, 10, 12)
iiL Low Voltage Input Cumrent Vi=L -10 UHA
(pins 5.7, 10,12}
liH High Voltage Input Currenit Vi=Hsg Vgg 0.6V 20 100 LA
(pins5,7. 10, 12)
Ven =L |Enable Law Voltage (pins 6. 11 -0.3 1.6 A
Ven = H |Enable High Voltage (pins 6,11} 2.3 Vs V
len =L [|Low Voltage Enable Cument Ven=L -10 LA
(pins 6. 11)
len =H [High Voltage Enable Current Ve = H g Vg5 0.6V 20 100 HA
(pins 6,11)
Vegsa ) |Source Saturation Voltage IL=1A 0.95 1.35 17 A%
I = 2A 2 2.7 \
Veesagry |Sink Saturation Voltage IL=1A (5 0.85 1.2 1.6 Vv
I =2A (5 1.7 2.3 V
Vcgsa  |Total Drop L=1A (5 1.80 3.2 A%
IL=2A (5 4.9 V
Veen=  |Sensing Voltage (pins 1, 15) -1 (1) 2 \i
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1.298
ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
T1 (Vi) |Source Current Turn-off Delay 05Vito091. (214 1.5 us
T2 (V) |Source Current Fall Time 091 to0 11 (20 (4 0.2 us
T3 (Vi) |Source Current Turn-on Delay 05Vita 011 (2);(4) 2 us
Ty (V;) |Source Current Rise Time 011 to0Q1L  (&);(4) 0.7 us
Ts (Vi) |Sink Cumert Turn-off Delay 05Vito 09l (2):(4) 0.7 us
Te (Vi) |Sink Cumert Fall Tima 091 toO. 11 (3);(4) 0.25 us
Tz (Vi) |Sink Cumert Turn-on Delay 05Vito0.91L  (3);(4) 1.6 us
Tg (Vi) |Sink Cumert Rise Time 01l te 091, (3);(4) 0.2 s
fe (Viy |Commutation Frequency IL=2A 25 40 KHz

T1 (Verd |Sourca Current Turn-off Delay 05Vent00.91  (2): (4} 3 s

T2 (Ve jSource Current Fall Tima 081 toQ 11 (2);(4) 1 us

T3 (Verd |Source Current Turn-on Delay 05Vento Q.10 (2);(4) 0.3 s

T4 (Ve |Source Current Rise Time 011 ta091  (2);(4) 0.4 us

Ts (Very |Sink Cument Turn-off Delay OSVento 091 (2);14) 2.2 s

Tg (Ven! |Sink Cumert Fall Time 081 toQA1L  (3)(4) 0.35 us

T7 (Verd |Sink Cumert Turnon Delay Q5Vento 0.9 (2); (4} .25 us

Tg (Ve |Sink Cumert Rise Time 011 to0.91. (3 0.1 i js

1) 1)Sensing voltage can be —1 Y fart < 60 psec;in sleady state Vaan: minz —=0.5 V.
2)Seefig. 2.
2)Seefig. 4.

4;The bad must be a pureresistcr.

Figure 1 : Typical Saturation Veltage vs. Cutput

Current.

G4ty

Figure 2 : Switching Times Test Cirauits.

YSaT
i

2.4

VgaklV¥

Vgg 25V H

314

1.6

1.2

08

0.4

Vg Vgaa2¥
INPUT ¢
14 298N > 2T
ENABLE I
185
RE=200
S-5852 8

s 0B 12 16 20 24

Ia(A).

Note : For INPUT Swilching, set EN = H

For ENABLESvitching satIiN=H
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