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The needfor joining two materials lead the scientific community ¢onduct extensive
researchto enable thisprocess to be performed with the least possible cost and time
Friction welding is onsuch method of joiningieces It has many advantages mainly due to
simplicity making it the ideal welding solution in many castens for further reduction of
friction welding costit is proposed to convert a CNC lathe machirte anautomaticdirect
drive friction welding machine makingatfordablesolution for furtherengineerswho are
interestedin utilizing it

The main topic of thighesisis the control of he system that applies force to the piedes
welding Force control is achieved by usingrogrammable logic controller PLC (Siemens
PLC S200), whichreceivessignals from a sensor that measures the contact farewsveen

the two piecedeingwelded. Then, a comparison is made between the actual and desired
values set by the operator, and through a contiad the appropriate signal igenerated
andsent to the motor drive The motor executgthis corrective movement in order to move
the nonrotating piecethus indirectlyachiewngthe desired contact forcealue

The friction welding process dividedinto three phasesFirstly, thetwo piecesthat have

been attached to the machine approach each other. Thia friction phase takes place
where an axial force is applied to the pieces with one piece rotating relative to the other.
Finally the forging jpase followswhere the relative rotatiorstops and an axial forging force

is applied. The parameters that define the above phases are the friction pressure, friction
time, forging pressure and forging time. These parameters are defined by the operator
through a panel (Siemens TD 2@@uipped wih ascreen.

After programming the PLC using Ladder programming language, bat tthe
aforementionedprocesscan be performedpreliminaryweldingtestswere conducted on
piecesmade of PVC and aluminum in order to determine whether degeloped control
achievedhe desiredweldingquality results Theinitial testsyieldedpositive results despite
the fact that theselected welding parameters were not ideal.
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friction_welding_version_8_stef / MAIN (OB1)

Symbol Var Type Data Type Comment
TEMP
TEMP
TEMP
TEMP
Main Program
Network 1
When 1st switch goes from on to off -> Exit from all states + Set tailstock speed to 0
| SW_Main State_manual_oper~
| | | (
I 1N (R
7
SefTailstockSpeed
EN
0.0 =vref sp~
Symbol Address Comment
|_SW_Main 10.0 First swith on button pad - Activates System
State_manual_operation ~ S0.1 Manual operation state - (Move manually tailstock)
1127

1 .



p'T<.>h g _w/h AT

" hyph TR Y <

Network 2

| SW_Main

— |

| TSW_park_positi~

friction_welding_version_8_stef / MAIN (OB1)

When 1st Switch is On -> Update Force + Position sensor Values

MOV_R
EN ENO] H
0.0 <N OUTJ~position_sensor_va~
MOV_R
: NOT : EN ENO H
50 <IN OUT|position_sensor_va~

Symbol
Al_force_signal
Force_offset
Force_sensor_value
|_SW_Main
|_TSW_park_position
position_sensor_value

Al force_signal

Force_offset 4

Address

FORCE_V_TO_NT
EN

SENSO~ FORCE~Force_sensor_value
Offset

Comment

Analog Input - Force sensor

Force sensor initialization offset

Pressure Value in N

First swith on button pad - Activates System
Digital Input - Park position sensor

0 -> INITIAL, 5 -> RUN (Position of tailstock)
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Network 3

friction_welding_version_8_stef / MAIN (OB1)

Sets the persentage of current limit from driver to motor. 100% =Noc urrent 0%=No imit

3/27

Always_On |_EStop driverOn current_limit
| | | |
— | I 1 EN
60.0 -{persent~
|_TSW_park_positi~ forceControlPID
1 I EN
Force_sensor_value <PV
100.0 < Setpoint
current_limit
EN
60.0 -{persent~
Q_EN_M_Driver
DRIVER_POWER _~
—| P I—{ S )
1
T9%
IN TON
14PL 1ms
Symbol Address Comment
Always_On SMO0.0 Always ON
DRIVER_POWER_SUPP Q0.0 HIGH -> Enables Main power supply, LOW -> Disables Main power supply
LY
driverOn T60 Timer used for turning off the driver
Force_sensor_value VD400 Pressure Value in N
|_EStop 10.1 Second on button pad - Emergency Stop
|_TSW_park_position 10.6 Digital Input - Park position sensor
Q_EN_M_Driver Q0.4 HIGH -> Enables Motor Driver, LOW -> Disables Motor
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Network 4
Call Subroutine to handle HMI display

Always_On |_EStop

friction_welding_version_8_stef / MAIN (OB1)

HMI_main_display

—

EN

State_confirm_proc~
|
|

State_manual_oper~  State_param_setting

Symbol Address Comment
Always_On SMO0.0 Always ON
|_EStop 10.1 Second on button pad - Emergency Stop
Network 5
Driver power off imer
State_manual_oper~ | BTN_servo_run | SW_motor_enable driverOn
| | |
I 1 I 1 I IN TOF
State_param_setting 300 1PL 100 ms

State_confirm_proc~

I 1/

|_SW_motor_enable

1/

l
I 1 P

Symbol Address
driverOn T60
|_BTN_servo_run 10.5
|_SW_motor_enable 10.3

State_confirm_process S0.3
State_manual_operation  S0.1
State_param_setting S0.2

Network 6

DRIVER_POWER_~

— |

Comment

Timer used for turning off the driver

Sixth on button pad - Manually start servo motor

Fourth on button pad - Enables motor

Press F3 to proceed to the next step

Manual operation state - (Move manually tailstock)

Parameter setting from HMI menu. Runs after initial position has been reached.

driverReady timer HIGH ->driver is ready to drive the motor (Startup time)

Symbol Address
DRIVER_POWER_SUPP Q0.0
LY

driverReady T62

35

driverReady
IN TON
PT 100ms
Comment

HIGH -> Enables Main power supply, LOW -> Disables Main power supply

Time fror driver initialization

4127
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Network 9

| SW_Main
|

When 1stswitch turns on -> Set the force offset to current force value

Symbol
Al_force_signal
Force_offset
I_SW_Main

Address
Alw4
VD440
10.0

Al_force_signal

00 1

Comment

FORCE_V_TO_NT
EN

SENSO~ FORCEA]

Offset

Analog Input - Force sensor
Force sensor initialization offset

First swith on button pad - Activates System

57127

[-Force_offset

Network 7 Driver power supply
Activate driver power supply when main switch gets flipped and EStop is not pressed and force sensor disconnect alarm is not
activated
| SW_Main | EStop forceSensor_DisAla~  |_SW_motor_enable driverOn DRIVER_POWER_~
| | | | / | | | | | e )
| | | | | | | | \
Symbol Address Comment
DRIVER_POWER_SUPP Q0.0 HIGH -> Enables Main power supply, LOW -> Disables Main power supply
LY
driverOn T60 Timer used for turning off the driver
forceSensor_DisAlarm V702.6 Enable bit for Alarm 1
|_EStop 10.1 Second on button pad - Emergency Stop
|_SW_Main 10.0 First swith on button pad - Activates System
|_SW_motor_enable 10.3 Fourth on button pad - Enables motor
Network 8
Set contact force value
First Scan_On MOV_R MUL_R
| EN ENO EN ENO
200 <N OUTJ~Contact Force Contact_Force <IN1 ouT
-10 <UN2
—
Contact Force R
Symbol Address Comment
Contact_Force VD450 Contact force constant
Contact_Force_R VD500 Reverse contct force constant
First_Scan_On SMO.1 ON for the first scan cycle only
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Network 10

friction_welding_version_8_stef / MAIN (OB1)

Activate alarm when force sensor disconnects +resetalarm

Al force_signal | SW_Main TD_ALM_656
oy | nor | |} o
0
forceSensor_DisAla~ <ALM_EN
forceSensor_DisAla~  forceSensor_DisAla~
( R
| | \
1
forceSensor_DisAla~
R
1
Symbol Address Comment
Al_force_signal AIW4 Analog Input - Force sensor

forceSensor_DisAlarm V702.6
forceSensor_DisAlarmAck V721.7
1_SW_Main 10.0

Enable bit for Alarm 1
Edit Acknowledge bit for Alarm 1
First swith on button pad - Activates System

6/27
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Network 11

Emergency stop display + ESalarm + Set state to Manual Operation

|_EStop STR_CPY STR_CPY
/ I EN ENO EN ENof

"EMERGENCY" <IN QUTI-VB600 "STOP! " 4

N ouTl

State_param_setting
R
6
State_manual_oper~
S
1

TD_ALM_656
EN

Estop_Alarm <ALM_EN

Estop_Alarm
| | e )
1N (R
1 -
VB620

Symbol Address Comment
Estop_Alarm V702.5 Enable bit for Alarm 2
|_EStop 10.1 Second on button pad - Emergency Stop

7127

|



p'T<.>h g _w/h AT

" hyph TR Y <

Network 12

State_manual_operation
State_param_setting

$0.1
$0.2

friction_welding_version_8_stef / MAIN (OB1)

Manual operation state - (Move manually tailstock)
Parameter setting from HMI menu. Runs after initial position has been reached.

Aigecossb Ofiviziona Driver

Provide auxiliary power to motor driver -> Does notseem to have anyimpact

Network 13

Reset F2 (MotorDisabler) by pressing S_F2

|_SW_aux_power |_EStop AUX_POWER
| | | | e )
| | | \
STR_CPY
EN EN
"AUXILIARY"  <{IN OUTI-VB600 "POWER: ON"
STR_CPY
<EN ENO H
1N OUTI-VB620
Symbol Address Comment
AUX_POWER Q0.1 HIGH -> Enables auxiliary power supply, LOW -> Disables auxiliary power supply
|_EStop 10.1 Second on button pad - Emergency Stop
|_SW_aux_power 10.2 Third on button pad - Enables auxiliary power

F2 S F2 F2
| | | | | )
— | 1 17 R
1
DRIVER_POWER _~ S F2
| |
171 R )
1
Symbol Address Comment
DRIVER_POWER_SUPP Q0.0 HIGH -> Enables Main power supply, LOW -> Disables Main power supply
LY
F2 V713.1 Symbol for keypad button 'F2' pressed (Set Bit)
S_F2 V715.5 Symbol for keypad button 'SHIFT+F2' pressed (Set Bit)

8/27
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Network 14 Driver Enable

SECTION
HMIBUTTON HANDLERS

F1DEFINITION

Enable motor driver communication

friction_welding_version_8_stef / MAIN (OB1)

DRIVER_POWER_SUPP Q0.0
LY

F1 V713.0
I_BTN_servo_run 10.5
|_SW_motor_enable 10.3
Q_EN_M_Driver Q0.4

State_confirm_process $0.3
State_manual_operation ~ S0.1

DRIVER_POWER_~ | SW_motor_enable  State_manual_oper~ | BTN_servo_run Q_EN_M_Driver
| | | | | | | | ( )
| | | | | | | \
F1 State_manual_oper~  State_confirm_proc~  State_param_setting
| | / | / | | / |
| | | | | | | |
Symbol Address Comment

HIGH -> Enables Main power supply, LOW -> Disables Main power supply

Symbol for keypad button 'F1' pressed (Set Bit)

Sixth on button pad - Manually start servo motor

Fourth on button pad - Enables motor

HIGH -> Enables Motor Driver, LOW -> Disables Motor

Press F3 to proceed to the next step

Manual operation state - (Move manually tailstock)

Parameter setting from HMI menu. Runs after initial position has been reached.

MotorEnabled_state

State_param_setting $0.2
Network 15 Motor Enable
Copy output to state variable
driverReady Q_EN_M_Driver
| |
| | |
Symbol Address
driverReady T62
MotorEnabled_state MO0.1
Q_EN_M_Driver Q0.4
Network 16

ResetF1with S_F1 bution

\

Comment

Time fror driver initialization
Motor is enabled state (M bit-memory area)
HIGH -> Enables Motor Driver, LOW -> Disables Motor

DRIVER_POWER_SUPP Q0.0
LY

F1 V713.0
S_F1 V715.4

F1 S F1 F1
| | | | |
— | 1 1P (=)
1
DRIVER_POWER _~ S F1
| |
10 R )
1
Symbol Address Comment

HIGH -> Enables Main power supply, LOW -> Disables Main power supply

Symbol for keypad button 'F1' pressed (Set Bit)
Symbol for keypad button 'SHIFT+F1' pressed (Set Bit)

9/27
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Network 17 State intialization

Onthefirstscan:
1st Switch on -> Set Sate to Manual Operation
1st Swithc off -> Exit from all states
First_ Scan_On | SW_Main State_manual_oper~
l || ( s
| | | \
1

State_param_setting

R
6
| SW_Main State_manual_oper~
1| ( r
LI | \
7
Symbol Address Comment
First_Scan_On SMO0.1 ON for the first scan cycle only
|_SW_Main 10.0 First swith on button pad - Activates System
State_manual_operation ~ S0.1 Manual operation state - (Move manually tailstock)
State_param_setting S0.2 Parameter setting from HMI menu. Runs after initial position has been reached.
Network 18 SENCTION 1- Manual operation
Initialization step
-When motor is enabled -> set state to Manual Operation
| SW_Main State_manual_oper~

| | | e )
— | 1 P (s
1
State_param_setting

R

6
Symbol Address Comment
I_SW_Main 10.0 First swith on button pad - Activates System
State_manual_operation ~ S0.1 Manual operation state - (Move manually tailstock)
State_param_setting S0.2 Parameter setting from HMI menu. Runs after initial position has been reached.

10/27
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Network 19 Abort process
SECTION

HMIBUTTON HANDLERS
S_F4 Definiion

- Stop welding
- Reset process state (either to manual operation or set parameter state)
- Reset process parameters

S_F4 S00

I )
8

position_sensor_va~  State_param_setting
= |_( s
00 1
position_sensor_va~  State_manual_oper~

00 1
MOV_W MOV_W
EN ENO EN ENO[
+0 =N OUT ~friction_time_secon~ +0 =N OuUTl
MOV _R
EN EN
forging_time_sec 0.1 1IN OUTJFG_FORCE 0.1
11/27
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MOV_R S F4
(=)
<EN ENO R
\
1
N OUTJFCN_FORCE
Symbol Address Comment
FCN_FORCE VD320 User input for friction force
FG_FORCE VD330 User input for forging force
forging_time_sec VW62 Forging time as specified by user in seconds
friction_time_seconds VW60 Friction time as specified by user in seconds
position_sensor_value VD90 0 -> INITIAL, 5 -> RUN (Position of tailstock)
S_F4 V715.7 Symbol for keypad button 'SHIFT+F4' pressed (Momentary Contact)
State_manual_operation  S0.1 Manual operation state - (Move manually tailstock)
State_param_setting $0.2 Parameter setting from HMI menu. Runs after initial position has been reached.
Network 20 Position Alarm

Position sensor fault (Not used)

Fault_Position TD_ALM_656
I EN
positionSensor_Ala~ <ALM_EN
Symbol Address Comment
Fault_Position M1.7 Tailstock in park position during manufacturing state
positionSensor_Alarm V702.7 Enable bit for Alarm 0

Network 21

Reset position error (Notused)

positionSensor_Ala~ Fault_Position
R
1
Symbol Address
Fault_Position M1.7

positionSensor_AlarmAck V720.7

Comment
Tailstock in park position during manufacturing state
Edit Acknowledge bit for Alarm 0
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Network 22
Reset position Aarm (Not us ed)
positionSensor_Ala~  positionSensor_Ala~  positionSensor_Ala~
|

’
I 1 R
)

positionSensor_Ala~

R
1
Symbol Address Comment
positionSensor_Alarm V702.7 Enable bit for Alarm 0
positionSensor_AlarmAck V720.7 Edit Acknowledge bit for Alarm 0
Network 23
Reset F3, SF3 conditions
F3 S F3 F3
| | | | | e )
— | 1 1P (R
1
Q_EN_M _Driver S_F3

/I— R)

positionSensor_Ala~

DRIVER_POWER_~

—

State_manual_oper~

State_param_setting
| |

| |
Symbol Address Comment
DRIVER_POWER_SUPP Q0.0 HIGH -> Enables Main power supply, LOW -> Disables Main power supply
LY
F3 V713.2 Symbol for keypad button 'F3' pressed (Set Bit)
positionSensor_Alarm V702.7 Enable bit for Alarm 0
Q_EN_M_Driver Q0.4 HIGH -> Enables Motor Driver, LOW -> Disables Motor
S_F3 V715.6 Symbol for keypad button 'SHIFT+F3' pressed (Set Bit)
State_manual_operation  S0.1 Manual operation state - (Move manually tailstock)
State_param_setting $0.2 Parameter setting from HMI menu. Runs after initial position has been reached.

13727
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Network 24
Control Flow of Program Execution
state machine

STATE MANUAL OPERATION
Manual Approac hor Retac ktainstock Operation -> S0.1

User can press the red button on the right ( 10.5 ) and servo will rotate with default speed.
User can select the direction of rotation using the 5th switch (10.4).

State_manual_oper~
H SCR

Symbol Address Comment
State_manual_operation ~ S0.1 Manual operation state - (Move manually tailstock)

141727
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