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Flying Saw application

What is a Flying Saw ?
In a flying saw web-cut application, the material to be cut is fed on a continuous conveyor that is
driven by an open-loop motor. The saw is mounted on a carriage under servo control that runs
parallel to the conveyor. The saw accelerates to meet the velocity of the material to perform the
cut at the correct location. When the cut is complete, the saw rapidly decelerates and moves
back to the starting position to begin the next cutting cycle. This results in equal length pieces of
material being fed to the next machine process.
Flying saw applications don’t always involve a saw and they can be utilized in a variety of
industries for: Steel / paper cutting, wood machining, drilling / embossing, filling / sorting...

There are 2 typical types for starting of the synchronisation possible:

1. Cutting length control
An encoder on the material registers the material speed and position of the
production process. A length calculator calculates equidistant lengths in the
controller and generates a start signal for the synchronising process. The
advantage of cutting length control is that no cutting marks are required on the
material.

2. Cutting mark control
A sensor registers the cutting marks present on the material. This sensor signal is
processed as an interrupt in the drive and starts the sawing process. This method
is used if there are cutting marks on the material which have to be referred to, e.g.
when using printed materials.

Typical construction of a flying saw :

Servomotor

Sensor 1
for mark
detection '3

g ) I @&

diameter of
encoder wheel &

Ma= ter
encoder

‘ MITSUBISHI
AN ELECTRIC Mitsubishi Electric Europe B.V. /// FA-European Business Group /// Gothaer Strasse 8 /// D-40880 Ratingen /// Germany

FACTORY AUTOMATION  Tel: (02102) 4860 /// Fax: (02102) 486112 /// Email:info@mitsubishi-automation.com /// Web: www.mitsubishi-automation.com



/Il Servo /// Motion /// Servo /// Motion /// Servo /// Motion /// Servo /// Motion /// Servo ///

The figure below illustrates the relationship between the speed ratio of the Master axis
and the slave axis:
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Machine parameters:
Mechanical construction of slave axis controlled by servo drive:

S

Encoder
rezolution

Servomotor mechanical
gear ratio

Ball screw
pitch

Encoder resolution: 262144 p/rev

Mechanical gear ratio: 5:1

Ball screw pitch: 5 mm

Fixed parameter setting :
Number of Pulses/Rev. : 262144 *5 =1310720[PLS] =262144[PLS]
Travel Value/Rev. : 5mm = 5000.0 [um] =10000.0 [pum]

Mechanical construction master axis with external encoder:

diameter of
encoder wheel 8\

Diameter of wheel: 50.93 mm
= Circumference : 50.93 mm * 1 = 160 mm

Encoder resolution: 2048 pulses/Rev.
- 2048 * 4 = 8192 edges/Rev.

Master
encoder
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Configuration:

1* MR-MQ100

1* MR-J3-_B with MR-J3 Motor

1* External incremental Encoder (Open collector/Differential line driver)
1* External sensor 24V for mark detection

Software:

The powerful programming tool MT-Developer2-MQ and MR-Configurator helps you to
setup, program, tune and easily monitor your system.

System Structure:

[
i oo

External encoder will be set
active to follow the line speed.

One MR-J3-_B can connected.
The axis no. rotary switch must

be set to 0.
Servo Data:
Axis 1
Unik Setking mm
Mumber of Pulses/Rey. 262 144[PLS]
Trawvel Value(Rev. 10000, 0[pm] Electronic gear to adapt the
B e A = A 0,0{pm] mechanical construction to
Upper Stroke Limit 214748364, 7[um] the servo System.
Lower Skroke Limit -21474a364,8[um]
Command In-position 10,0[pm]
Sp. Chrl. 10 Mult, For Deg. 2
HPFR. Direction Reverse
HFR:. Method Dog Cradle Type Home Position Return
Haome Pasition Address 0,0[urm] method can be set
HFR. Speed 1000, 00[ mrmymin] according to the type
Creep Speed 100, Qa[rmm/rnin] needed
N Travel After Dog = '
HP? ;';Erpnﬂé:::;n Parameter Block Setting 1
HPR. Retry Funckion Irevalid
Dwell Time At The HPR. Retry =
Horne Position Shift Amount: 15000, 0[pm]
Speed Set at Home Pos, Shift HPF. Spead
Torgue Limit at Creep Speed =
Operation For HPR. Incompletion Exec.Sw.Prog.
101G Operation 100G Speed Limit Yalue 200, 00[mmyfmin]
Data Parameter Block Sekting 1
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Mechanical System:

Spindle gear must be set
corresponding to the
encoder resolution and
motor movement.

Synchronous encoder
connected at the line
shatft.

Smoothing clutch is set
to have a smooth
movement for the

Auxiliary spindle gear
ratio must be set equal to
main spindle gear ratio.

Ball screw output
module is used for the
real servo motor.

Virtual motor is used for
the linear movement
back to the start position.

Calculation of spindle gear ratio based on pls/mm:
Motor: Fixed parameter:  Number of Pulses/Rev. : 262144 [PLS]

Travel Value/Rev. : 10000.0 [pm]
Encoder: Wheel circumference: 160 mm
Encoder resolution: 2048 pls/rev * 4 = 8192 pls/rev

Motor 262144 [pls] /10 [mm] _ 512

Encoder 8192 [pls] /160 [mm] 1

Mechanical Parameter Setting

Gear Ratio Input Axis Side Tookth Counk 51z
Gear Ratio Qutput Axis Side Tooth Count 1
Ratation Direction Forward ﬂ
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Variable definition:

PX0 Mark sensor

PX1 |Cutting Cmd

PYO |Home position return complete

PY1 |Cutting

MO Clutch ON/OFF Cmd

M1 Clutch ON/OFF Status

M2 Clutch Smoothing Status

M3 Phase compensation Cmd

True = Sensor Control

M10 |False = Length Control

D6000 |Clutch Mode

D6006 |Phase compensation advance time
D6008 |Phase compensation time constant
D6010 |Phase compensation amount monitor
D6020 |Clutch Slippage Dev.

D6022 |Clutch Slippage Range

D6030 |Speed of Virtual motor V1

D4000 |Wheel circumference

D4002 |Encoder resolution

D4004 |Synchronous moving distance [mm]
D4006 |Distance sensor to start [mm]
D4008 |Cutting length [mm], PYO1 ON
D4010 |Cutting On distance [mm], PY01 OFF
D4100 |Line speed [mm/s]

#0 Encoder pulses per mm [pls/mm]
#2 Moving distance [pls]
#4 Distance sensor to start [pls]

#6 Cutting length [pls]

#8 Cutting on distance [pls]

#10 Temp. value calculation of line speed
#12 Temp. value calculation of line speed
#14 CAM switch ON addr.PY01

#16 CAM switch OFF addr.PY01

#20 Mark detection counter

#22 Backup actual encoder value

Phase compensation:
The phase compensation advance time (D6006) is set according the formula below:

Advance time = System delay time + 1/PG1 (Model gain of Servo amplifier)
D6006 = 1088 [us] + 1/150 [s]
D6006 = 1088 [us] + 6667 [us] = 7755 [ps]
¢ MITSUBISHI >

AN ELECTRIC Mitsubishi Electric Europe B.V. /// FA-European Business Group /// Gothaer Strasse 8 /// D-40880 Ratingen /// Germany
FACTORY AUTOMATION  Tel: (02102) 4860 /// Fax: (02102) 486112 /// Email:info@mitsubishi-automation.com /// Web: www.mitsubishi-automation.com



/Il Servo /// Motion /// Servo /// Motion /// Servo /// Motion /// Servo /// Motion /// Servo ///

SFC Program:

| main

Main (0):
Main program for setting the
IF ui, initial values and setting servo

Jf Imitial values

D4000L=K160
Jf circumferance Encoder wheel On Command
D4002L=K2000*4 // Encoder resolution

FOL=D4002L/D4000L // Encoder Pulse/mm

D4004L=100

DQDD%LJ;a{hrorous moving distance [mm] SFC Parameter
f[n stance Sensor to start movemen NOI’ma| TaSk
D1nn§Lct:21ng length [mm], PYOL ON AutOStart: YeS

D4010L=10
/f Cut On distance [mm], PY01l OFF

S MARK DETECTIDN SE'I'I'I‘JG
#F79L2L=H0 //Registration code
#7914L=HO egistration code
F7016L=HD
#F79LBL=HO
#BE0E=0
// Reset mark detection counter

egistration code
egistration code

//Phase compensation ; PGL=1E0
D6006=K7755 // 10&Bus +(1/PG1}*1e6
DEO0E=K100

SET M3

R5T M2043 //Virtual Mode oOff

DEQO0=2
£ fiClutch Mode: Address mode 2

/¢ Smoothing clutch

DEOZOL=100000

DE0Z2L=1000

SET M0 //Clutch on command device
J/output initialization

RET PYO

RST PY1l

SET MZO42 //Servo OM

// Enable Interrupt

HomePosReturn

e 99]
NOP

[F 1] .
SET PYD //Home completion

J/MARK DETECTION SETTING

#7812L=H414D434D ,.-'Reg'l stration code
#7014L=H45444852 //Registration code
#F7916L=H54434554 ;'r Registration code
£701BL=H41544144 //Registration code

#7920=1 //Mark detection signal device
#7921=0 ) ) )
fl-'ark detection signal compensatio

#?922 4 ffLatch data type (4=Enceder)
#7023=1 //Mark detection axis number
#7830=0

/iwmark detection mode (0=cont.)

SET M2043 //Real mode to Virtual mode

& 1]
Af wirtual mode?
M2044

IFBL

e 2]
/4 Control Mode selectio
£/ sensor/Mark or Length Control
M1D

LengthContral ||

SensorControl ”
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|~_ e HomePosReturn (1):
Execution of the Home position
return function.

[ o]
fiservo ready flag ON AND Start accept

f1 ? )
B Mt SFC Parameter:
Normal Task

Autostart: No

[k 0 : Real ]

1 ZERO
Axis 1
[c o]
f/servo ready flag ON AND Start accept

flag OFF?
MZ241E5* !MZ00L1

[k 1 : Real ]

1 ABS-1
Axis 1, 0,0 pm
Speed 1000 , 00 mm,mrin
[& o]
f/5ervo ready flag ON AND 5tart accept
flag OFF?

M2415* IM2001

END
ey v DataCopy (2):
Program for calculation the line
speed of the material.
[; E:??i:"amm of line speed [mm/s]
*or-piizor - SFC Parameter:
g oisprs el i e Event Task: 0.8ms Cycle
Autostart: Yes
END
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Sensorcontrol

_| P1

IFBL

[6 30]
PX1 // cutting active 77

[F 14] [F 13]
#20=#8898 #8898=0
S/ Backup Mark detection counter // Reset mark detection counter

/f Copy Input Length wvalue to internal
device
#F2L=D4004L=20L
S/ Sync. distance [mm] * PLS/mm
#41 =D4006L*=#0L
S/ sensor to start [mm] = PLS/mm
#F6L=D4008L*#0L
I cutt'lng Tength [mm] * PLS/mm
#8L=D4010
'’ Cutt1ng d1stance [mm] * PLS/mm

10] Pl
Detect a mark?

K]

// r :
/{ Mark detection counter increased s
£i —> New mark detected

Jf New mark AND Pos. Omm AND InPOS.
(#8898 1=£20)* (DOL=0) *M2402

SensorControl (10):
Program for synchronisation of

[F 12] .
DE00ZL=#8912L+#4L //Clutch on address the servo to encoder using the
DE004L=DE00ZL+22L . .
//Clutch off address mark detection function.
£ e
SWi TC adadaress
#16L=#14L+#EL SFC Parameter:

S/ CAM switch PYOLl OFF address

Normal Task
Autostart: No

[6 12]
M1 J/wait for clutch on

[6 11]
M1 J/wait for clutch off

[6 22]
J/Smoothing clutch compl. AND InPos.
M2=M2402

[k4002 : Virtual ]

1 THC-1
AXis i # Z PLS
Speed D 6030 PLS/sec
P.B. 2
[G 93]
NOP

_+ PL
‘ MITSUBISHI ) ) )
AN ELECTRIC Mitsubishi Electric Europe B.V. /// FA-European Business Group /// Gothaer Strasse 8 /// D-40880 Ratingen /// Germany

FACTORY AUTOMATION  Tel: (02102) 4860 /// Fax: (02102) 486112 /// Email:info@mitsubishi-automation.com /// Web: www.mitsubishi-automation.com



/Il Servo /// Motion /// Servo /// Motion /// Servo /// Motion /// Servo /// Motion /// Servo ///

[ LengthCentrol
LengthControl (11):
Program for synchronisation of
g the servo to encoder fixed
//MARK DETECTION SETTING length without mark detection
#7912L=H0 //Registration code .
#7014L=H0 //Registration code function.
#7916L=H0 //Registration code
#7918L=H0 //Registration code
FEE0E=0
/f Reset mark detection counter SFC Parameter:
Normal Task
Autostart: No
,_| PL
[ 30]
Px1 // Cutting active 77

[F 11]
#22L=D1120L
// backup actual encoder value

DEDOZL=#22L+#4L //Clutch on address
DE004L=D600ZL+#2L
ffClutch off address

F14L=FZZL+F6L

/f CAM switch PYOL ON address
Z16L=F14L+FEL

/f CAM switch PYOL OFF address

[G 12]
M1 //wait for clutch on

[c 11]
M1 S/wait for clutch off

[ 2z2]

S/5moothing clutch compl. AND In_posit
ion

M2*M2402

(k4002 : virtual ]

1 INC-1
Axis L, & 2 PLS
Spead O 6030 PLS/sec
P.B. 2

[c @=9]
ROP
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