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ABSTRACT

In present, the position control of the rotational crane has been controlled by an operator.
For accuracy and safety in the operation, it is therefore required an experienced and skillful
operator. Hence, this thesis presents the control system for controlling the crane to the desired
position with high performance. The rotational crane model and controllers are implemented. In
the experiments on-off controller and PID controller are applied to control the positions of
turntable, sliding-box and hoist. The controllers for each part are independently designed and the
experimental results show that the PID controllers can be designed to yield the sufficiently fast

responses without overshoot.
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a [~ =t
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Private Sub Form Load()
Frame4.Visible = False
MSCom.Settings = "38400,N,8,1"
End Sub

Private Sub ComdSend Click()
If MSCom.PortOpen = False Then
MsgBox "  The device isn't open”, vbOKOnly, " Caution"
End If
If MSCom.PortOpen Then
' Check Length txtSend]
If Len(ixtSend1.Text) = 3 Then
MSCom.Output = txtSendl.Text
Elself Len(txtSend1.Text) = 0 Then
MSCom.Output=0& 0 & 0
End If
If Len(ixtSendl.Text) < 3 Then
If Len(txtSend1.Text) = 1 Then
MSCom.Output = 0 & 0 & txtSend1.Text
Elself Len(txtSend1.Text) = 2 Then
MSCom.Output = 0 & txtSendl.Text
End If
End If
' Check Length txtSend2
If Len(txtSend2.Text) = 3 Then
MSCom.Output = txtSend2.Text
Elself Len(txtSend2.Text) = 0 Then
MSCom.Output=0& 0 & 0
End If



59

If Len(txtSend2.Text) < 3 Then
If Len(txtSend2.Text) = 1 Then
MSCom.Output =0 & 0 & txtSend2.Text
Elself Len(txtSend2.Text) = 2 Then
MSCom.Output = 0 & txtSend2.Text
End If
End If
' Check Length txtSend3
If Len(txtSend3.Text) =4 Then
MSCom.Output = txtSend3.Text
Elself Len(txtSend3.Text) = 0 Then
MSCom.Output=0& 0& 0& 0
End If

If Len(txtSend3.Text) < 4 Then
If Len(txtSend3.Text) = 1 Then
MSCom.Output =0 & 0 & 0 & txtSend3.Text
Elself Len(txtSend3.Text) = 2 Then
MSCom.Output =0 & 0 & txtSend3.Text
Elself Len(txtSend3.Text) = 3 Then
MSCom.Output = 0 & txtSend3.Text
End If
End If
txtSendl.Text =""
txtSend2. Text =""
txtSend3.Text = ""
txtReceive.Refresh
txtSend1.SetFocus
txtSend2.SetFocus
txtSend3.SetFocus
EndIf
End Sub



Private Sub Comdport_Click()
MSCom.PortOpen = True
Frame4.Visible = True
Frame3.Visible = False
MsgBox "Port is already open”, vbOKOnly, "No error”
End Sub
Private Sub MSCom_OnComm()
Dim buffer As Variant
Dim msg As Integer
If MSCom.CommEvent = comEvReceive Then
| buffer = MSCom.Input
txtReceive.Text = txtReceive. Text & buffer
txtReceive.Refresh
End If
End Sub
Private Sub ComdSave_Click()
Dim filelocation As String
CommonDialogl.ShowSave
filelocation = CommonDialog!.FileName
Open filelocation For Append As #1
Print #1, txtReceive.Text
Close #1
End Sub
Private Sub ComdStop_Click()
4 MSCom.PortOpen = False
Frame3.Visible = True
Frame4.Visible = False

End Sub

Private Sub ComdClear Click()
txtReceive. Text =""

End Sub
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I Include various library //
#include<p30f4012.h>

#include<stdio.h>

#include<uart.h>

#include<incap.h>

#include<pwm.h>

#include<timer.h>

" Define various parameter 1

#define PERIOD 0x7332 // Define period (frequency 1 kHz @ osc 7.37287 * 16)

#define Ts 0.01 /I Define Sampling Time Constant for using in Numerical Method
#define Kpl 1.1 // Define Propotional Gain for Motorl

#define Kp2 0.33 // Define Propotional Gain for Motor2

#define Kp3 0.5 // Define Propotional Gain for Motor3

#define Til 20 // Define Integral Time Constant for Motor1

#define Ti2 20 // Define Integral Time Constant for Motor2

#define Ti3 20 // Define Integral Time Constant for Motor3

#define Td1 0.1 ' // Define Derivative Time Constant for Motorl

#define Td2 0.1 // Define Derivative Time Constant for Motor2

#define Td3 0.1 // Define Derivative Time Constant for Motor3

Il Configuration bits 1/

_FOSC(CSW_FSCM_OFF & XT_PLL16);

_FWDT(WDT_OFF);

_FBORPOR(PBOR_OFF & BORV_27 & PWRT_16 & MCLR_EN);
_EGS(CODE_PROT_OFF);
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I Define various variables 1/
intnl;

long puise_1, pulse_2, pulse_3;

float distancel, distance2, distance3, etrorl, error2, error3, MV1, MV2, MV3, pulsel, pulse2, pulse3;

float Pl,P2,P3,Il,12,13,Ki1,Ki2,Ki3,Eo1,Eo2,Eo3,MV1r,MV2r,MV3r,Kd1,Kd2,Kd3,D1,D2,D3,SP1,SP2,SP3,n;
char c[12],i=0,j=0,SW=0,dat[12];

It Initial Function of Input Capture /l
void init_incap()

{

I Config InputCapture 1 1/
ConfigIntCapturel(IC_INT_PRIOR 2 & IC_INT_ON); // Enable IC1 interrupt

OpenCapturel(IC_IDLE_STOP & // Capture disable in idle mode
IC_TIMER3_SRC & {/ Timer 3 count for IC1
IC_INT_1CAPTURE & {/ Capture per 1 count for interrupt
IC_EVERY_RISE_EDGE); // Capture every falling edge only

I Config InputCapture 2 /i
ConfigintCapture2(IC_INT_PRIOR 2 & IC_INT_ON); // Enable IC2 interrupt

OpenCapture2(IC_IDLE_STOP & // Capture disable in idle mode
IC_TIMER3_SRC & // Timer 3 count for IC2
IC_INT_ICAPTURE & // Capture per 1 count for interrupt
IC_EVERY RISE_EDGE); // Capture every falling edge only

/I Config InputCapture 7 7

ConfigIntCapture7(IC_INT_PRIOR_2 & IC_INT_ON); // Enable IC7 interrupt

OpenCapture7(IC_IDLE_STOP & /{ Capture disable in idle mode
IC_TIMER3_SRC & // Timer 3 count for IC7
IC_INT_ICAPTURE & // Capture per 1 count for interrupt
IC_EVERY_RISE_EDGE); // Capture every falling edge only

TRISEDbits. TRISE8 = 1; // Input for Phase B of Motorl
TRISEDbits. TRISE2 = [; // Input for Phase B of Motor2
TRISBbits. TRISBS = 1; // Input for Phase B of Motor3



it

// Input Capture 1
void ISR _ICl1Interrupt(void)

{
IFSObits.IC1IF = 0;

if(PORTEDbits.RE8)
pulse_1--;
else
pulse_1++;
}
// Input Capture 2

void ISR _IC2Interrupt(void)

{
IFSObits.IC2IF = 0;

if(PORTEDits.RE2)
pulse_2--;
else
pulse_2++;
}
{/ Input Capture 7

void ISR _IC7Interrupt(void)

{
IFS1bits.IC7IF = 0;

if(PORTBbits.RB5)
pulse_3++;
else
pulse_3--;

Interrupt service routine Capture every Falling edge

// Clear IC1 interrupt flag

// Phase B lead

// Phase A lead

/[ Clear IC2 interrupt flag

/{ Clear IC7 interrupt flag

63
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void ISR _Ttlinterrupt(void)

{

i

IFSObits. THIF =0;

pulsel = pulse_1;
pulse2 = pulse_2;
pulse3 = pulse_3;
distancel = (pulse1/25000)*360;

distance2 = (pulse2/768)*2*3.1412*15;

64

Interrupt service routine for timerl 1

// Clear Timer interrupt flag

// Convert the integer to float

// For the motor which move in circle direction

// Horizontal direction (15 is a radius of motor shaft in mm.)

distance3 = (pulse3/1452)*2*3.1412*25; // Vertical direction (25 is a radius of motor shaft in mm.)

errorl = SP1-distancel;
error2 = SP2-distance2;

error3 = SP3-distance3;

4

PID-Controller of Motort
P1=Kpl*errorl;

Kil =0; /Kpl/Til;

I1 =11+ (0.5*Kil*Ts*(errorl+Eol));
Kdl=0; /Kpl1*Tdl;

D1 = (Kd1/Ts)*(error1-Eol);

MV1 =P} +11+DlI;

i

PID-Controller of Motor2

P2 = Kp2*error2;

Ki2 = 0; //Kp2/Ti2;

12 =12 + (0.5*Ki2*Ts*(error2+Eo02));
Kd2 = 0; //Kp2*Td2;

D2 = (Kd2/Ts)*(error2-Eo2);
MV2=P2+12+D2;

PID-Controller of Motor3

P3 = Kp3*error3;

Ki3 = Kp3/Ti3;

13 =13 + (0.5*Ki3*Ts*(error3+E03));
Kd3 = 0; //Kp3*Td3;

D3 = (Kd3*Ts)*(error3-Eo3),

MV3 =P3 +13 + D3;



------------ Conditions of Motor! Control Signal-----------------//
if(MV1>100)
{
MV1 = 100;
3
else if(MV1<-100)
{
MV1=-100;
}
ifMV1>0)
{
MVir=MVl;
forwardi(MV1r);
3
else iflMV1<0)
{
MVir=MV1*(-1);
backwardl(MVir);
3
Eol = errorl;
----------- Conditions of Motor2 Control Signal---------—---=--//
if(MV2>100)
{
MV2 = 100;
}
else iMV2<-100)
{
MV2 =-100;
}
if(MV2>0)
{
MV2r=MV2;
forward2(MV2r);
}
else iflMV2<0)

{

65
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MV2r = MV2*(-1);
backward2(MV2r);
}
Eo2 =error2;
e Conditions of Motor3 Control Signal---------=-----=~~ /1
if(MV3>100)
{
MV3 = 100;
}
else iflMV3<-100)
{
MV3 =-100;
}
if(MV3>0)
{
MV3r=MV3;
> forward3(MV3r);
3
else iflMV3<0)
{
MV3r = MV3*(-1);
backward3(MV3r);
}
Eo3 = error3;
sprintf{(c,"%.2f %.2f\r\n",distance1, MV1); // Send to Visual Basic Program

vartl_puts(c);

/I Function for Timerl Configuration : 1/
void timer1_init(void)
{
unsigned long match_value;
ConfigintTimer1(T1_INT_PRIOR 1 & // Timerl interrupt priority 2
T1 INT_ON); // Enable interrupt for timer]

WriteTimer1(0); /f Clear count value at TMRI1 register



match_value = 294912,

OpenTimer1(T1_ON &
T1_GATE OFF &
TI_IDLE STOP &
TIPS 11&
T1_SYNC_EXT OFF &
T1_SOURCE_INT, match_value);
}
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// Load value Interval 10 ms (SAMPLING TIME)

// Start timer1
// Disable gate pin for timer1
// Stop timer in idle mode |
// Presceler 1:1
// Disable sync external source

// Wait till the timer matches with the period value

I/ Function Configuration for UART //

void uartl_init()

{
unsigned int baudvalue;
unsigned int UIMODEvalue;
unsigned int UISTAvalue;
CloseUARTI();
ConfigintUART1(UART RX_INT EN &

UART_RX_INT PR3 &

UART TX_INT_DIS);

baudvalue =47,

UIMODEvalue = UART_EN &

// Baudrate 38400 @PLL16

UART IDLE CON &

UART ALTRX ALTTX &

UART DIS WAKE &

UART_DIS_LOOPBACK &

UART DIS ABAUD &

UART NO_PAR 8BIT &

UART_1ISTOPBIT ;

U1STAvalue = UART_INT_TX_BUF_EMPTY &

UART_TX_PIN NORMAL &

UART_TX_ENABLE &

UART INT RX_3 4 FUL &

UART_ADR DETECT DIS &

UART RX_OVERRUN_CLEAR;

OpenUART1(U1MODEvalue, UISTAvalue, baudvalue);
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I/ Function Send UART //

void uartl_puts(char stringf[])

{
putsUART]1 ((unsigned int *)string);
while (BusyUART1());
}
/i Interrupt Service Routine for UART1 1/

void ISR _UIRXInterrupt(void)

{
IFSObits.U1RXIF = 0;
SW=0; A
ConfigIntTimerl(T1_INT_PRIOR_1 & T1_INT_OFF); // Disable Timer] interrupt
}
n" Function initial PWM 1l

-~ void pwm_init()

{
unsigned int sptime; // Holds the value to be loaded into special event compare register
unsigned int configl; // Holds PWM configuration value
unsigned int config2; // Holds the value be loaded into PWMCONI register

unsigned int config3; // Holds the value to confjgure the special event trigger postscale and dutycycle

TRISBbits. TRISBO = 0; // Configuration for bit control DC motorl direction
TRISBbits. TRISB1 = 0; /1 Configuration for bit control DC motor1 direction
TRISBbits. TRISB2 = 0; {/ Configuration for bit control DC motor2 direction
TRISBbits. TRISB3 = 0; // Configuration for bit control DC motor2 direction
TRISEDits. TRISEO = 0; /I Configuration for bit control DC motor3 direction
TRISEbits. TRISE4 = 0; // Configuration for bit control DC motor3 direction

sptime = 0x0;

configl = (PWM_EN & // Enable PWM module
PWM_OP _SCALEl & // Output post scaler select 1:1
PWM_IPCLK_SCALE] & // Input prescaler select 1:1
PWM_MOD_FREE); // PWM free running mode

config2 = (PWM_MODI1_IND & // Independent mode in PWM module 1

PWM_MOD2_IND & // Independent mode in PWM moduie 2
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PWM_MOD3_IND & // Independent mode in PWM module 3
PWM_PENIH & // H of channel 1 works as PWM
PWM_PEN2H & // H of channel 2 works as PWM
PWM_PEN3H & // H of channel 3 works as PWM
PWM PDISIL & / L of channel 1 works as [/O
PWM _PDIS2L & /I L of channel 2 works as 1/O
PWM_PDIS3L); /I L of channel 3 works as I/O
config3 = (PWM_SEVOPSI & // Special event post scaler 1:1
PWM_OSYNC PWM & // Override synchronized with PWM clock
PWM_UEN); // Update of PDCs and PTPER enabled

OpenMCPWM(PERIOD,sptime,conﬁg1,conﬁg2,conﬁg3); // Setup parameter for PWM module

}
I Function drive DC motor forward //
void forward1(float pow) ) // Motorl forward
{
float dutycycle,updatedisable;
dutycycle = pow*(PERIOD/50);
updatedisable = 0; //Disable update
LATBbits. LATBO = 1;
LATBbits.LATB1 =0;
SetDCMCPWM(1,dutycycle,updatedisable);
}
void forward2(float pow) // Motor2 forward
{

float dutycycle,updatedisable;

dutycycle = pow*(PERIOD/50);

updatedisable = 0; //Disable update
LATBbits. LATB2 = 1;

LATBbits.LATB3 = 0;

SetDCMCPWM(2,dutycycle,updatedisable);



void forward3(float pow) // Motor3 forward

{

float dutycycle,updatedisable;

dutycycle = pow*(PERIOD/50);

updatedisable = 0; //Disable update
LATEDbits. LATEO = 0;

LATEDbits. LATE4 = 1;
SetDCMCPWM(3,dutycycle,updatedisable);
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}
I Function drive DC motor backward
void backwardi(float pow) // Motor]1 backward
{
float dutycycle,updatedisable;
dutycycle = pow*(PERIOD/50);
updatedisable = 0; //Disable update
LLATBDbits.LATBO = 0;
LATBDits. LATBI = 1;
SetDCMCPWM(1,dutycycle,updatedisable);
}
void backward2(float pow) // Motor2 backward
{

float dutycycle,updatedisable;

dutycycle = pow*(PERIOD/50); .
updatedisable = 0; /[Disable update
LATBbits. LATB2 = 0;

LATBbits. LATB3 = 1;

SetDCMCPWM(2,dutycycle,updatedisable);



void backward3(float pow)

{

float dutycycle,updatedisable;
dutycycle = pow*(PERIOD/50);
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// Motor3 backward

updatedisable = 0; //Disable update
LATEDbits. LATEO = 1;
LATEbits. LATE4 = 0;
SetDCMCPWM(3,dutycycle,updatedisable);
}
I Main Function 7
main()
{
uvart1_init();
init_incap();
pwm_init();
1 Recieve the setpoint 1l
while(1)
{
while(i<=9) // Waiting for the setpoint ( 10 character )
{
if{ DataRdyUARTI())
{
dat[il = ReadUART1();
FlLit
}
}
ifj==1)
{
j=0; i=0;



SwW=i;

timerl_init();// Start the Sampling Time of Operation when it has received the Setpoint

------ Convert the character to the number value-----------—-//

SP1 = (dat[0]-48)*100 + (dat{1]-48)*10 + (dat[2]-48);
SP2 = (dat[3]-48)*100 + (dat[4]-48)*10 + (dat[5]-48);
SP3 = (dat{6]-48)* 1000 + (dat[7]-48)* 100 + (dat[8]-48)* 10 + (dat[9]-48);

ni = SP1/360;
n=nl;

SP1 = SP1-(n*360);

if(SP1>180) // For rotate in range +- 180 degree
{
SP1 =SP1-360;
}
else if(SP1<-180)
{
SP1 = SP1+360;
¥
---------- Condition for the setpoint of motor2 --=~---------//
if(SP2>900)
{
SP2 =900;
}
---------- Condition for the setpoint of motor3 ---------=----//
if(SP3>1200)
{
SP3 =1200;
}

/I'Switch on for Starting Motor

while(SW) // We will change the setpoint from UART1 Interrupt
{
ifiDataRdyUART1())
ReadUART]I;
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DC SERVO MOTOR { )inch
245 (3.720)
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DESIGNATING FORM FOR TYPES
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1
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Enondsr Windirg
Too—FidE Ioa—FHE forSero Mmoo BrSe:
1. 100G/T 8. 3CH Open Collector +—HE — sk@ g Y—HE—2R QT
2. 200CAT Power Source 5V 5 5
3. 3000
4. 500C/T
5. 1.000GT

[2 24 %L~ fFDBE]

TS3353N-E[] [
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SPECIFICATIONS f #

Speed Currert
ERE &
(min) (a) 1} Heat sink 150X 50 %16 {(mm) 07 & T
4,000 F o 128 — 2L BT 283 A O IR0
:O (A 215 -3 111
‘\ 5 EOfE O ERRIE ST (350 Do
3600 1 2 75 AR G & E A
(Brush contact resistance 0.2~05€)
2,000 44 '*?‘ﬁfm)'d
S.0.A.C. WP RUE 0°C I TR R
100°C 0§
1,000 12
0 \ AN o

o )y @) @) @
0,098 018 0.234 0.392

Torque ML N.m{kgicm)
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DC-Micromotors

-

FAULHABER
16 mNm
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Graphite Commutation

Series 2342 ... CR

A3 siopelof neMigurvEs
14 Rotorinductance . :
45 Mechanical timeconstant’ -1 s

18 Thetral Fesitancs’
19 Thermal im stant
J20.°Operating temperatire rangéei-
~ motor s
rotor max permissible’

21--shaft Bearing

ter

axialat 3000 rp ]
- axial at standstill
23 shattplays iy wo
- radial
s axdal

28 Hodsing material -7 -
25 \Weight
28" Dlrection of rotation

Recommended values
27 speed up to

28 Targue up:do i a3

p to (thermal limits)

1w athen

m '(3 mm {ron} be_arjng) k

S Hae0T

S ReReEpEIIS
s

T/ Tuz,

430
20
o
20

i} dotkwise; viewed from the frontface

iisteel, black coated
88

“balf bearings, preloaded

For combination with (overview on page 14-15)
Gearheads;

2371, 264, 26/, 3041, 3873

Encoders:

{E2~ 16 ... 512, 5500, 5540

18050 140 140

For detalis ontechnical

and ifetime

referto pages28-34.
Editian 3006-2007

For options o DC-Micromotors referto page 63.
Specifications subject 1o change without notics.
e faulhabergroup o m
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gilemsl¥nunemes
Fugfemsldnuuemes Inifhnszuanss PITTMAN Series GM 713E548 Sidoya

[

&
JU

SERIES GM8000

Gearmiotor Data fo T T Podscttaitts L
e B Paanite - T oymiol | Ut~ [7632 | 992 | 1380 [20ed] 60k |osst [18775 ] 297 [ ot 85 | 92231 [ 18036
WECHANICAL SPECIFICATIONS

1| Max Loxd Statard Gearst | T L

2 | #tax Load Qut Steel Geals™ 1

3 | Max Load WceFace Geast | T,

4 | Geetbex Sha't Rotatlor —

5 | GestexEfficlancy - % gt | 73 | 73 | 6 | e | B¢ | 359 33 53 48 13

s GezibexWegt

8 s} We

7 Geztbex Langth L

8 | Llengh, GVB2C L

9 | Lergth, GVB2E [

10 | Lengh, GVB2d L

11 | Lengh, GMATXZ L,

12 | Langth, GVBTXE L

13 | Lergh, GMaTX4 L
HO-LOAD SPEED

14 | GMsK2

15 | oMBK23

16 | GMSXH

~Pepresants Ferbox cepasiity cnly. Coatircus loxd torcus apehi By wil vary with geer .0, T70" sekction, aad opertiFg sorditions.
26t st tetion s designated v abe 12041g 2t oipet skaft with oty 2oetating ir 2 Skockaise cirsetion. Geatrwtor is pola ty reversidle.

Motor Data
Uselia 5 Pammeter Symbol | Unts | BX22 8x2a - 8%24
17 | Comtluos Torque Mex)® | To
18 Pea< Tolqee (Sl TPK
19 Moto" Censtant Ka
20 No-_oad Spaec S
21 Fiction To-que T
22 otat Inertla M

2Cortinuods torLe specified a 2557 arb eat temperstore and withau: ddRicna ket sink.

©1999 Pitman. a PennEnginoaring company. 10-COG, ELCOM,
ELCOM SL, and ELCOM ST mre brand neines and trmdemarks for
motors mamfactuted excluskely by Pitman.

AT RTLGRs

e e
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' ' SERIES GMB0O0O

Motor Data, contineed ‘ ,

‘LneNo. | Patametet- . $ymbol_ Untty: . 8X22 923 a2
2€ | Blectrcal Time Constant | 1z ms 0.52 085 2.4
27 | Mechankal Tire Coastart Y ms 56 11 17
2 Viscot s Darmping— D
. Irfinte Source lmpedance
P Vixots Damping—
= Zeo Scuizz Inecance
2 Max nim Wincing

Temperaire
31 hermal impedance
3z Theme! Tme Constat
5 Kaotor Welght
= (Mess)
| GM8XX2 Winding

Symbol
RefarenceVoltzge | E |V

191

240

35 | Torqus Constent K-
36 | Bas<ENFCostart | K
37 | Resistace Ry “310
38 |hduttace L H 157 393 6.27 €92
39 (Meboacturent | I, | & 0.25 0:3 0142 €10
20 Pea<Ounert(Stely| 1 3.38 251 199 159
Model GM8XX3 Winding Data twother wisdings avaiable uwon rsavestl
reNo. | PalEmetar . | Symbol | Ushs g ~ GNEX23
21 |Refsrencevatige | € v 120 | 19.1 240 03
42 Torquz Conetznt L8
43 | Bac<ENF Constart
24 |Resistance Ry 217 N
45 hductaez L i 117 285 457 7.2¢
25 | Nelaac Zurtest b A 0.27 c.L 043 0.11
<7 |Peaclunert(Stel¥] L A 5.34 267 20: 2.32
Dael GM8XX4 Winding Data (other windings avaiiable unon request)
.- Pagmeter. | Symbol-| . Uiis - ! GVEX24
18 |ReferenceVottsge | E v 120 ] 191 24.0 0.3
48 1Torquz Canstznt K
50 |Bac<ENFCowstart | KE
651 }Resistance Ry ]
52  |hduttaxe L mH
53 | Neloac Cunent o, A X
54 Pea« Cunert (Stef)*| A 1C.3 €83 554 449
“Theoetical valuss supp kc for eference chlz.

PITTMAN

pris e e e e

e
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Model GM8X23

Mot Sposd & Currentvs. Torgue .ol
124V Winding) 7

an

B

v ARy
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28-Pin SPDIP and SOIC
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MCIR 1 28 (] AvOD
EMUDY/ANOIVRER+/CNIIRBD [2 27[] AVSs
EMUCYANINGEFICNORBA []3 o 26[] PWMILRED
ANDSSHCNARB2 [14 @b 25T PWMIHRE!
ANMNDXICNSRB3 []5 - ' 247 PWM2URE2
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€.2.2 uoalar Z44N |
a Y1 @ . A
Wuneanariia N-Channel 1¥feolua99sdunuy Full-Bridge F9eiutlsgnauvesan

9o uarae I3dagaliiv.g

PD - 94053

International
TR Rectifier IRFZ44N

HEXFET® Power MOSFET

Advanced Process Technology D
Ultra Low On-Resistance Vpss = 55V
Dynamic dv/dt Rating
175°C Operating Temperature Roston) = 17-5mQ
Fast Switching G
Fully Avalanche Rated Ip = 49A

Description
Advanced HEXFE T®Power MOSFE Ts fromintenational
Rectifierutilize advanced processing techniques toachleve
extremelylow on-resistance persilicon area. Thisbenefit,
combined with the fast switthing speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides the designer with an extremely efficient
and refiable device forusein awide variety of applications.

The TO-220 package is universally preferred for all
commercialindustiial applications at power dissipation
ievels to approximately 50 watts. The low themmal
resistance and low package costofthe TO-220 confibute TO-220AB
to its wide acceptance throughout the industry.

Absolute Maximum Ratings

Parameter Max. Units
o @ Tc = 25°C C Drain Current, Vas @ 10V 49
1o @ Te = 100°C| Continuous Drain Current, Vo s @ 10V 35 A
tom Pulsed Drain Cumment & 160
Pp @Tc =25°C Power Dissipation 94 W
Linear Derating Factor 0.63 wrc
Vgs Gate-lo-Saurce Voltage 20 N
AR Avalanche Current® 25 A
Ear Repetitive Avalanche Energy® 9.4 md
dvidt Peak Diode Recovery dvid @ 5.0 Vins
Ty Cperating Jundion and 55 to * 175

| Tsra Storage Temperature Range C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 632 or M3 srew 10 If+in (1.1N-m}

Thermal Resistance

Parameter Typ. Max. Units
Rusc Junction do-Case —_— 15
Racs Case-o-Sink, Flat, Greased Surface 0.50 — W
Rega Junction 40-Amblent — 62

www irf.com 1
01763101

UM 4.7 woawe Z4aN
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) 1 Qo A 1
Hunoaawila P-Channel 19elu199590ULY Full-Bridge #dulsznauvesn

A9 uerme 13dagaln 4

.8

International
ISR Rectifier

PD-914378

IRF9540N

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

P-Channel

e Fully Avalanche Rated

Description

Fifth Generation HEXFE Ts from international Rectifier
utilize advanced processing techniques to achleve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable davice for use
in a wide variety of applications.

The TO-220 package is universally preferred for all
commerdal-industrial applications atpower dissipation
levels to approximately 50 watls. The low thermal
resistance and low package cost of the TO-220
contribute to its wide acceptance throughout the
industry.

Absolute Maximum Ratings

HEXFET® Power MOSFET

? Voss = -100V

RDS(on) =0.117Q

lD =.23A

TO-220AR

Parameter

Max. Units

Ip@ Tc =26°C Continuous Drain Current, Vgs @ ~10V

In @ Tc = 100“C| Continuous Drain Curent, Vgs @ -10V.

Ipa Pulsed Drain Current @

Po@To=25C | Power Dissipation

140 W

Linesr Derating Fador

0.91 wi*C

Ves Gate-lo-Source Voitage

420 v

Eas Single Pulse A Energy®

430 mJ

lag Avatanche Cument®

-1 A

Ear Repetitive Avalanche Energy

14 md

dvidt Peak Diode Recovery dvid @

5.0 vins

T, Operating Jundion and
Tsre Storage Ti ure Range

55 1o+ 175

Soldering Temperature, for 10 seconds

300 (1.6mm from case )

Mounting torque, 6-32 or M3 srew

10 Tok4n (1.1N-m)

Thermal Resistance

Parameter

Typ.

Max.

Units

Rec

Jundiondo-Case

1.1

Recs

Case-to-Sink, Flat, Greased Surface

0.50

Reaa

Junction-to-Ambient

62

cw

3UM 0.8 uoaie IRFI540

&13/98
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a [ 1 % é 1)
SunsuFamotaiia NPN 9o lur99sduuuy Full-Bridge Fedmlsenauvesw

e ueraa Pdagaln 4.9

MOTOROLA

SEMICONDUCTOR TECHN{CAL DATA

QOrder this document
by BCS44D

Amplifier Transistors

NPN Silicon
COLLECTCR
1
2
BASE
3
EMITTER
MAXIMUM RATINGS
BC | BC | BC
Rating Symbot { 546 § 547 | 548 | Unit
Coltector—Emitter Votage VCEC 65 45 30 Vdc
Collector—Base Voltage Vepo | 80 | s0 | 30 | vde
Emitter- Base Voitage VEBO 6.0 vde
Collector Current — Continuous ic 100 mAdc
Folal Davice Dissipation @ TA = 25°C PD 625 mw
Derate above 25°C A 5.0 mw/ec
Total Device Dissipation @ T = 26°C Pp 1.5 Waeit
Derae above 25°C 12 mw/°C
Operaling and Storage Jundion T Tstg ~55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symibol Max Unit
Themal Resistance, Jundion lo Ambient | Rgua 200 “CIW
Thermal Resistance, Junciion to Case Resc B83.3 °CIW

ELECTRICAL CHARACTERISTICS {Ta = 25°C unless otherwise noted)

BCS546, B
BC3547,A, B, C
BC548, A, B, C

1

23

CASE 25-04, STYLE17
TO-92 (TO-226A4)

Characteristic | symbot | in e | M | unit
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voitage BC546 VBR)CEO 65 - — v
dc=1.0mA Ig =0} BC547 45 = —
BCS48 30 — —
Collector —Base Brezkdown Voltage BCE46 V(BR)CBO 80 — —_ v
(¢ = 100 pAdc) BC54T 50 A )
BCG548 30 —_ =
Emitter—Base Breakdown Vaitage BCS546 V@BREBO 80 — - v
GE =10 RA, Ic = 0) BCSA7 6.0 & o
BCS48 6.0 —_
Callector Cutoff Current iIcES
(VCE = T0V, Vgg = 0) BC546 = 0.2 15 nA
(VCE = S0V, Vpg = 0) BCS547 — 02 15
(VCE = 35 V. VBE = 0) BC548 = 0.2 15
(VCE = 30V, T = 125°C) BC546/547/548 — — 4.0 uA

REV1

€ Motorola, Inc. 1998

51l 4.9 nsuFanes BCs47

@ MOTOROLA
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DM7408
Quad 2-Input AND Gates

General Description

This device containg four independent gates each of which
perforenz the fogic AND function.

Features

& Allemate Miflary/Asrospace device (5408) is available.
Contact a Falrchild Semiconducior Sales
OfficeiDistribulor for specifications.

Connection Diagram

sejen) ANV Induj-z pend 8ovZNG

Dual-In-Line Package
Voo [} “ A3 e

‘u ‘u ‘im }\1 Tw ls ‘u

X2 AOROAE

lr
Al n n AR Y2 &K
s ¢

Order Number 5408DMQB, 5408FNQ B, DM5408., DMS408W or DM7408N
See Package Numbar J14A, N14A or W148

Function Table

Y = A8
nputs Qutput
A 8 Y
L L L
L H L
H L L
H H H
H = Hgh Logc Lavel
L = Low Logic Laval
© 1998 Farchid Sericondusior Coporstion  DSCS498. wivwlairchidsemi.com

5l @.10 lo® 7408



Electrical Characteristics

Qondinng” tibie will dafing the caadions % actial dedce opemtion.

Absolute Maximum Ratings e 1 DMS4 and 54 -55°C 10 +125°C
DM74 0'Ctc +70'C

i&;{:ﬁ%;ﬂ;&:e SZix Storage Temperature Range ~85C 10 +150°C

Operating Free Air Temperature Range

Recommended Operating Conditions

Symbol Paramater DM3408 DM7408 Units

. Min Nom Max Min Nom Max

Nee Supply Veoltage 45 5 55 4.75 5 5.25 v
Vi High Level Input Voltage 2 2 v
Vi Low Level nput Vallage 08 08 v
low High Leval Qutput Current -0.8 -0.8 mA
[ Low Lavel Output Curreni 16 16 mA
Ty Free Air Operaling Temperature ~-55 125 a 70 C

Note 1: The ‘Absoluis Maxieum Ratings™ sty those 1y ich the saety of o iz cannol by The dovips shoutd peviaiod &l these

Fmits. The pammetic valses defined i the Electrical tabls ara 7ot 9 at e abeoduts maximum cafngs. The *Recommendesd Oparating

aver recommended operating free air tlemg range {unjess ctherwise noted)
Symbol Parameter Conditiona Min Typ WMax Units
. {Nole 2}
[ Input Clamp Voltage Voo = Min, | = ~12 mA 15 v
[ High Level Output Voo = Min, Iy = Max 24 3.4 v
Valiage WV, = Max
Vo Low Levet Output Ve @ Min, 1o, = Max 0.2 04 v
Vollage Vi = Min
% Input Current @ Max Voo = Max, V, = 55V 1 mA
Input Voltage
X High Level input Cument Vg = May, V, = 2.4V 40 YA
1Y Low Level Input Current Vee = Max, V) = 0.4V -1.6 mA
tos Shor Circuit Voc=Max | DMs4 20 55 mA
Quiput Guerent (Note 3} | owmrs -18 -55
Leci Supply Currertt with Vee = Wax 11 21 mA
Quiputs High
lece Supply Current with Voo = Max 20 33 mA
Outputs Low
Switching Characteristics
al Vg = 5Y and T, = 25°C {See Section 3 for Test Waveforms and Qutput Load)
Symbol P Conditions Min Msx Unite
e Propagation Delay Time C, = 15pF 27 ns
Low 1o High Leve! Quiput R, = 40002
{pwet. Propagation Delay Time 13 ns
High 1o Low Level Qutput

Hote 2; All lypicais are | Vo = 5V, T4 = 25°C,

Note 3; Not more thun one oulput should ba shorted a1 2 time.

www.falichidsemicom

1 w11 1o 7408
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