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1. Introduction Conveyor Synchronization

Conveyor synchronization function refers to the operation of robot tracking the conveyor for the moving
workpiece installed on the conveyor.

1.1. System configuration

Generally the conveyor synchronization system is configured as follows.

Limit switch

T p—
: :»
| g :

Z

1§
]__}@J EF = Conveyor
y moving direction

i .
»
e | Manipulator

b —
Hi5 controller

H  Limit switch
This is the device that notifies the controller that the workpiece has entered a specific location
on the conveyor. Location of the limit switch becomes the reference point to judge the location
of the workpiece on the conveyor.

B Encoder
The conveyor driver is connected to the encoder that generates the applicable pulse for the
rotation of the motor. And this encoder is connected to the robot controller for the robot
controller to read the pulse from the conveyor.
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1. Introduction

1.2. Logic of conveyor synchronization

When playback the trace P1~P7 (P2~P6 is for conveyor synchronization) taught when the conveyor is
in stopped condition as shown in the following picture, the movement of the workpiece is calculated
from the limit switch for the workpiece installed on the conveyor and then added to the reference
location for playback. For this, the robot must be synchronized to the changing conveyor speed to
maintain the relative location and position between the workpiece and the tool.
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1.3. Key specification

Conveyor Synchronization

ltem

Specification

Conveyor parameter setting file

ROBOT.CON

Number of conveyors that can be synchronized

2 conveyors

Conveyor type

Linear, arc

Conveyor angle setting

Support auto setting method

Pulse input type

Open collector, line drive

Pulse counting type

Up, Up/Down

Conveyor constant setting

Support auto setting method

Permitted number of multiple workpieces

100 units (Per conveyor)

Conveyor length that can be synchronized

21lm

Interpolation type supported within synchronized zone

Linear (L), Arc (C)
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1.4. Operating order

4I<I<I<I<I<I<I

Set conveyor parameter

v

Write program

v

Auto run

Run system initialization

1. Introduction

( "[F2]: System; — T5:Initialize; — '1: System format, )

* Refer to Hi5 controller operating manual

Register robot type and number of additional axes

( T[F2]: System; — T5:Initializee; — "2: Robot type Selection; )

* Refer to Hi5 controller operating manual

Register encoder zero point

( "[F2]: System; — [3: Robot parameter; — T4: Encoder offset; )

* Refer to Hi5 controller operating manual

Load calculation function, axis constant and tool length optimization
( [F2): System; — '6: Automatic constant setting; — '4: Load estimation function; )
( "[F2]: System; — [6: Automatic constant setting; — "1: Optimize axis constant and tool lengthy )

* Refer to Hi5 controller operating manual

Automatically set the conveyor angle

( "[F2]: System; — [4: Application parameter; — [4: Conveyor synchronization
—  [2: 1st conveyor parameter; — [[F1]: Angle set; )

Automatically set the conveyor constant

( T[F2]: System; — "4: Application parameter; — "4: Conveyor synchronization,
—  [2: 1st conveyor parameter; —  T[F2]: Cnst set; )

Set various parameters for conveyor synchronization function

( "[F2]: System; — [4: Application parameter
1: Environment setting

2: 1st conveyor parameter

3: 2nd conveyor parameter

4: Input signal assign

5: Output signal assign

Write work program
* Conveyor synchronization using CNVYSYNC
* Workpiece standby using WAITCNVY

— T4: Conveyor synchronization; )
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2. System Configuration and Connection

Conveyor Synchronization

2.1. Conveyor I/F board

For details, referto  THi5 Controller Maintenance Manual; .

2.1.1. Introduction

The following shows how the conveyor I/F board (BD585) is structured.

7

AN DC5V power ]
sg S KITAG™ \
[ LED and label CSeinel” on TS e SN . CAANS1, 2
: CAN communication
connector
\_
| 4

Terminal block for
conveyor I/F (Channel 1)

|
e

Terminal block for
conveyor I/F (Channel 2)

\_
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2. System Configuration and Connection

2.1.2. Terminal block (TBCV1, TBCV2)

Connection specification of the terminal block connected to the conveyor I/F board and external device
is as follows.

_ N
Pinl : PA+
Pin2 : PA-
-
Pin7 : P+ Differential
Open Line Type
Collector . Pin3: PB+
Type Pin8: A
Pin4 : PB-
Pin9: B 7
-
Pin10: OC_LS Pin5:LD_LS
Pin6: CND_LS
Terminal PIN N L
name number Description Input specification
Line drive type A
PA+,PA 1,2 Conveyor A phase pulse input 0 ~ 5V,100kHz or below
PB+,PB- 3,4 Line drive type 0 ~ 5V,100kHz or below
Conveyor B phase pulse input
Line drive type .
LD_LS 5 Limit switch input for workpiece detection 0~-30V
Line drive type
GND_LS 6 Power GND input ov
Pt 7 Open colleptor type 20 ~ 30V
Power input
A 8 Open collector type. 0 ~ -30V,100kHz or below
Conveyor A phase pulse input
B 9 Open collector type. 0 ~ -30V,100kHz or below
Conveyor B phase pulse input
Open collector type .
OC_LS 10 Limit switch input for workpiece detection 0 ~-30v
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2.2. Hardware check

Conveyor Synchronization

When you select [[F1]: Service; — 1: Monitoring; — 5: Conveyor data; , you can check the
data related to conveyor synchronization.
SR Gl [B) Pragram | 1 5/F [#] Unit:[0] | B~ Mech 1 crd gz Jog spd T0 Manual ol
E); o0 |onlovo lalLmecH | oiHstes-ozl ceRT. lm i CHD | — | —
& MOVE P 5=60%, 4=1.T=0 — | — b £y
Conveyor data
Fun 1o RobotHS165-02. baxes, dsteps Pane set
E1 MOVE LS=200mm/s. A=0,T=0
52 MOVE LS=200mmys.A=0.T=0 D
Cad WEAVORN WEV#=1
ARCON ASF#=]
-] B3 MOVE L S=12mm/s, A=, T=0
Jog inch, ARCOF ASFH Soft key,
. WEAVOF e
{-:_ B4 MOVE L E=200mm/s, A=), T=0
END
CuickOpen User key
5 Fl
Help | | = FREV/MNEXT

B Limit switch
“Limit switch input” item is normal if it is ON when the limit switch is operating and OFF when
not. If it is not operating normally, check the hardware.

®  Encoder
“Low Pulse” item continuously increases or decreases in the range of 0 ~ FFFF” when the
encoder pulse is entered normally. If it is not operating normally, check the hardware.
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lf 3. User Interface

Conveyor Synchronization

3.1. Conveyor angle auto setting

For the robot to synchronize the moving conveyor, the robot must understand which direction the
conveyor is moving within which robot coordinate.

When the direction of the conveyor is set arbitrarily, it requires time to measure the location the

conveyor is moving accurately, and in this case, the auto calculation function of the conveyor angle can
be used.

3.1.1. Program teaching

To automatically calculate the conveyor angle, first the program for auto calculation must be prepared
as follows.

If the shape of the conveyor is circular, locations of 3 points are required to calculate the angle.
Repeat step (3) one more time below.

To set the angle accurately, select locations that are far apart as much as possible. (Linear
distance: 1m or above)

(1) Select a new program to automatically calculate the conveyor angle.

(2) After moving the tool end of the robot to a specific location of the workpiece on the conveyor,
record S1.

(3) Operate the conveyor to move the workpiece and move the tool end of the robot to the specific
location of (2), and then record S2.

.
|
| B
|

o

(4) The following program will be prepared.

Robot program P WP

Robot:HA020-03, Gaxes, 2steps
51 MOVE P,S$=60%,A=1,T=0
52 MOVE P,S$=60%,A=1,T=0
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3. User Interface

3.1.2. PC side setting

When you click on f[F2]: System; — 4: Application parameter; — 4: Conveyor synchronization
— [2: 1st conveyor parameter; and select F[F1]: Angle set; , the following screen will be displayed.

If the conveyor type is set to <Circle>, the following detail of (1) will be changed to set the angle
and center of the circular conveyor.

Record cnd. - Manual out,
Conveyor angle setting
Linear conveyar (1) | —
Anglefdeg) : Horizontal = [TENNIL Verical = [ 000
Run to Pane set
Automatically calculate angle (2)
=
~Jog inch, Prograrn nurnber for auto calculation = | 1] Execute Soft key,
QuickOpen User key
. AF
Help After entering the item selection value, press the [EMTER] key, [0.0 - 360,01 - FERIERT

!
(1) You can check and manually set the angle of the currently set conveyor.

(2) To automatically calculate the conveyor angle, enter the taught program number and press the
[Execute] button. The calculate result will be displayed in (1).

(3) Pressthe F[F7]: Complete; key to save the setting.
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Conveyor Synchronization

3.2. Conveyor constant auto setting

Conveyor constant refers to the number of pulses generated when the conveyor moves 1m for the
linear type and 1deg for the circular type.

To automatically calculate the conveyor constant, click on T[F2]: System; — [4: Application
parameter; — [4: Conveyor synchronization; — [2: 1st Conveyor parameter; andthen [[F2]:
Cnst sety .

Fiecord cnd, Manual out,

iy

b = 0.0 1 0
Fiun to v - I—U.U 2 I—D Pane set
Cad Z = 0.0 3 | 0 D
cp = 1] 4 0
- Jog inch, Soft key,
] Average: | 0
2,

CluickOpen User key

PREV/MEXT

(2) Select <1st> as location.
(3) Move the tool end of the robot to the specific location of the workpiece on the conveyor.

(4) Whenyou press T[F1]: Set pose; , the conveyor pulse value will be recorded with the current
location of the robot.

/ HYUNDAI 3-4

HEAVY INDUSTRIES CO.,LTD.



3. User Interface

(5) Operate the conveyor to move the workpiece as shown below. (1m or above)
©) / 7
_
[ —

=

I

I

I

I
- =i
(6) Select <2nd> as location.

(7) Move the tool end of the robot to the specific location designated in (3).

(8) Whenyou press [[F1]: Set pose, , the conveyor pulse value will be recorded with the current
location of the robot.

(9) Whenyou press [[F2]: Cal. const; , the conveyor constant will be calculated and recorded in
the conveyor constant item.
When you repeat the process of (1) ~ (9), you can calculate total of 4 conveyor constants.

(10) When you press "[F3]: Cal. Average, , the average of the recorded conveyor constants will be
calculated.

(11) When you press f[F7]: Complete; , the average value will be registered as the conveyor
constant.
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Conveyor Synchronization

3.3. Conveyor parameter

To playback the robot by applying the conveyor synchronization function, various types of information
of the conveyor must be known. Entering this information to the controller is called the conveyor
parameter setting.

Therefore conveyor parameter setting must be done prior to preparing the work program and can be

donein F[F2]: System; — [4: Application parameter; — T4: Conveyor synchronization; — 72:
1st conveyor parameter .

Fecord cnd, W Manual out,

Conveyor synchronization ﬂ.
S5ystemn/épplication parametery’ | | r !
é 1: Environment setting
Run to Pane set
u b
@ @ ¢ l1stconveyor parameter
é 3t 2nd conveyor parameter
=
- Jog inch, Soft key,
|/_ 4: Input signal assign
|/-' B: Output signal assign
CuickOpen User key
K Ar
I After entering the itern selection value, press the [ENTER] ke, I FEWRIERY

;
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3. User Interface

3.3.1. Environment setting

5 B
Fecord cnd, S0 - q Manual out,
1: Environment setting
(Cl i = Harrnal Simulation Test |
onveyar operation @Ml O O iy
Run to Pane set
- Jog inch, Soft key,
CuickOpen User key
. A.

Help PREV/MEXT

Select the robot operating form when the robot is working on the work piece on the conveyor,

7 el s e

®  Conveyor operation

Normal
Robot operates while synchronized to the workpiece on the operating conveyor.

Simulation
Conveyor does not operate but the robot operates at the conveyor simulation speed set
by the user. You can check the soft limit and cycle time of the robot.

Test

Conveyor does not operate and you can check the robot operation by the entered
conveyor data. Test is used for checking the work location after the teaching is completed.
Because the conveyor pulse counter is not cleared after executing the program END
command, you can check the operation of the robot with the workpiece on the conveyor in
stopped condition.

Signal processing during conveyor operation by operation type

Signal during conveyor operation

On Off
Normal Normal Stop or Execution (Setting by user)
Simulation/Test Error Normal

3-7 / HYUNDAI
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Conveyor Synchronization

3.3.2. Conveyor parameter

e e 18t conveyor parameter Nja”ual ot
Conveyor sync function = (") Disable (3) Eniable LUK
Conveyor type = @ Linear O Circle ST
Run to Caonveyor constant = IW pulse/m Feme o=

Conveyor max speed = | 1500 mmfs D
Gﬁﬁ@] Conveyor max frequency = | 10,0 KHz

Allowed pulse error count = | 1]

=
Jog inch Sioft ki
03 Ineh. Robot when conveyor stopped = O Stop @ Go Oft Key.
1 Multiple warkpiece entry management
=% Cag
o - Allowed workpiece nurmber = | 1
- Respond for allowed over = (@)lanore Errar
CuickOpen . @ O User key
J— - Process in | eycle mode = (@) Enable (") Disable
= Pulse input method = @ Open caollectar O Line drive AF
Pulse counting type = O Up @ Up/Down
el Select whether to use the function. FREIERT
? 127
i
Record cnd, Manual out,
1st conveyor parameter
f
Detect conveyor related error = ULE
il o Y
Pane set
L[
]
]
Jog inch, Soft key,
=
2 (=g
QuickOpen User key
oY
g
L= Select whether to detect the error in case of a system error related to conveyor synchronization, RS RIEEY
? 17
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3. User Interface

Conveyor synchronization function
Select whether to use the conveyor synchronization function.

Conveyor type
Refer to the following picture to select the conveyor type.

f f

Conveyor constant
Conveyor constant is defined as the number of pulses generated when the conveyor moves
1m for the linear type and 1deg for the circular type.

To automatically calculate the conveyor constant, refer to £3.2. Conveyor constant auto
setting, .

Conveyor max speed

This is the item to generate the error if the conveyor speed is abnormally high. Considering
the general speed of the conveyor to use, the speed of the conveyor is calculated internally.
And if this speed is higher than the conveyor permitted speed, error is generated.

Generally conveyor pulse has some ripple based on the average value, and the conveyor
speed also has some ripple based on the average value. Therefore, considering this, set the
speed slightly higher than the conveyor speed.

Conveyor max frequency

Set the maximum number of normal pulses generated from the pulse generate in 1 second.
The robot controller calculates the number of input pulses for 1 second and generates an error
when this exceeds the conveyor permitted frequency assuming that it is incorrect data from
noise etc.

3-9 / HYUNDAI
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Conveyor Synchronization

B Allowed pulse error count
When the conveyor pulse is inputted abnormally, the robot controller generates an error
message of “E0019 Conveyor pulse count changed a lot”. At this time, you can use this setting
to set the robot to continue to work even when the pulse error is generated to protect the
workpiece in synchronized work.

For example, if you set the number of times to ignore pulse detection error to 3, the robot
controller does not generate the error up to 3 times for the pulse error of one workpiece during
the conveyor synchronization work, and internally generates an appropriate pulse value. And
then when the 4th pulse error is detected, the error will be generated. The information of how
many pulse errors occurred is reset when the playback is completed for the applicable
workpiece.

B Robot when conveyor stopped
When the signal has no input during conveyor operation in normal mode, that is, when the
conveyor stops, this sets the condition to decide the operation of the robot.

B Multiple workpiece entry management
This sets how to process the robot when another workpiece enters the work zone by passing
the limit switch while one workpiece is in synchronized process.

H  Allowed workpiece number
This sets the maximum number of permitted workpiece.

B Response for allowed over
Select whether to ignore ‘or stop as error when the number of workpiece exceeds the
maximum permitted number of workpiece.

B Processin 1cycle mode
Select whether to process the workpiece when the condition setting/operating mode is set to
<1 cycle>.

B Pulse input method
Select the input type for the conveyor pulse entered to the conveyor interface board.

B Pulse counting type
Select <Up> if you want to count in forward direction even when the direction of the conveyor
has been reversed.

/ "HYUNDAI 3-10
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3. User Interface

B Detect conveyor related error
This sets not to generate the system error related to conveyor synchronization to operate the
process irrelevant from the synchronization work when the system error related to conveyor
synchronization is generated due to incomplete system installation or board damage etc., and
the robot cannot be set to operation standby ON condition.

Error number Type of synchronization system error
E0017 Conveyor pulse line trouble
E0019 Conveyor pulse count changed a lot
E0020 Conveyor I/F board connection error
E0021 Conveyor speed is too high

3-11 / HYUNDAI
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Conveyor Synchronization

3.3.3. Input signal assign

Record cnd. m Manual out,

Input signal assign

Conveyor operating = Y1 cy2 [0 ;_|
Conveyor data clear = [ ] Y2 |0
Aun 1o Limnit switch input = vl cvz [0 Pane set
Cad (2
- Jog inch, Soft key,
CuickOpen User key
0 AF
el Enter the number of the allocated signal, [0~4095, 1.1~360. 3.1~ 360, 5 1~256. . 1~64 1~ 128] FREIERT

B Conveyor operating
This signal must be inputted in normal mode in conveyor synchronization playback zone, but
this signal must not be/inputted in test or simulation mode.

B Conveyor data clear
This can clear the conveyor data by external input signal. When this signal is entered while the
robot is in stopped condition, the conveyor data (CP, CD, CS) will be cleared.

H  Limit switch input
This can receive the conveyor limit switch condition by the external input signal. If the input
signal is not registered, the limit switch condition entered through the conveyor I/F board will
be used.

/ "HYUNDAI 3-12
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3.3.4. Output signal assign

Fiecord cnd, . .
srureen Output signal assign

Conveyor synchronization on = M
Caonveyor stop = [y 1]

Run to

Gad

- Jog inch,

CuickOpen

Help

B Conveyor synchronization ON

Cvz [0

Enter the number of the allocated signal, [0~4096, 1.1~360. 3.1~960. 5 1~256. . 1~64. 1~128]

3. User Interface

Manual out,
i

Pane set

(4

Soft key,

User key
AF

PREV/MEXT

This outputs conveyor synchronization playback ON/OFF condition. When conveyor
synchronization playback ON command is executed, the signal output will be ON and when
conveyor synchronization playback OFF or RESET command is executed, the signal output

will be OFF.

®  Conveyor stop

If the signal during the conveyor operation by input is in OFF condition, the detection is

notified externally.

3-13
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3.4. Monitoring

3.4.1. Conveyor data

Conveyor Synchronization

When you select T[F1]: Service; — 1: Monitoring; — 5: Conveyor data; , you can check the
data related to conveyor synchronization.
Record end. i program | Z1S/F | CIUniGl] | £ Mech | LaCrd (s Jogspd | TO Manual out
= 0100 |onlav0 |ALLMECH | [IHs1es-020  CART. 18] |
& MOYE P,3=60%,4=1,T=0 Ly
Conweyor data
Aur 1o Robot:HS166-02, Baxes. dsteps Fane c@l
51 MOVE L8=200mm/s.A=0.T=0
B2 MOVE L.8=200mm/s. A<D, T=0 D
Cad WEAYON WEYH=1
ARCON ASF#=]
= 53 MOVE L.8=12mm/s.4=0.T=0
Jog inch, ARCOF &aFd Soft key,
w WEAYOF
{Q_ 54 MOVE L.S=200mm/s.A=0.T=0 [y
END
CuickOpen User key
= A
Help | = PREY/MEXT

H  Conveyor pulse (CP)
This parameter manages the number of pulse received from the pulse generator.

B Conveyor distance (CD)
This parameter shows the distance of workpiece from the limit switch.

B Conveyor speed (CS)
This parameter manages the conveyor speed.

B Entered workpiece
This shows the number of workpiece entering through the limit switch.

B Limit switch input
This displays whether the limit switch is operating.

H Low pulse
This displays the processed value of conveyor pulse entered from conveyor I/F board and is
repeated in the range of “0O ~ FFFF” if normal.
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3. User Interface

3.4.2. Status flag

Record cnd, e % - = 2
Eci e m Program | 1 5/F CE Unit:col | B Mech 1 Crd 5= Jog spd T0 Status ﬂag
: /} oton OnL:0/0 ALL MECH | [0]HS165-02 CART, [E]

& MOVE P,5=60%,4=1,T=0 ToT

Conveyor data
Bl @ Robot:HS165-02, Baxes, dsteps E—
51 MOVE L.5=200rmm/s, A=0,T=0
52 MOVE L.5=200mrm/s,A=0,T=0 D
Cad WEAVON WEVH=1
ARCOM ASF#=1
oo 53 MOVE LS=12mm,s,4=0,T=0
Jog inch, ARCOF ASF# Soft key.
= WEAVOF —=
= 3 MOVELS=200mm/s,A=0, T=0 a2z
EMD
QuickOpen User key
: X
-
Felp | | I

H Conveyor operation mode
String of TCN1, / TCS1, [/ FTCT1, is displayed respectively depending on
Normal/simulation/test mode.

B Signal input condition during conveyor operation
If the signal is ON during the conveyor operation, the string showing the operating mode of the
conveyor is displayed in order by adding one letter.

EX) when conveyor is operating in normal mode
Conveyoris operating: T ;3 — fCy — FCNy — TFCNi1,
Conveyor is stopping : TCN1y fixed

B Conveyor synchronization playback ON/OFF condition
The color of the string changes to show the conveyor operating mode depending on whether
conveyor synchronization playback is ON or OFF.
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Conveyor Synchronization

3.5. Conveyor simulation data

When you select T[F1]: Service;, — '2:Register; — [6: Conveyor simulation data, , the robot will

playback the simulation based on the speed and distance set by the user if the conveyor operating
mode is set to simulation.

Fecord cnd, g q Manual out,
Conveyor simulation data
= irst conveyor |
f,/> Fi p
= [N =Y
Distance (CD} = | [ e
Run 1o Speed (C3) = | 0,000 mm/s Pane set
@ID@ Second conveyor D
= Distance (CD} = | 0.000°0 mm
g i Speed (C5) = [ 00W mm/s it
m
L':_ )
CuickOpen User key
: Ar
Help PREV/MERT

Enter the conveyor simulation register, [0,000 - 10000,000]

LTS p——
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3. User Interface

3.6. Command

B  CNVYSYNC (Conveyor synchronization playback)
This designates the zone to execute for conveyor synchronization during program playback.

CNVYSYNC <Synchronization>

Content
0 Conveyor synchronization Off
Synchronization 1 Conveyor synchronization On
2 Conveyor synchronization Off + Conveyor data clear

B WAITCNVY (Conveyor interlock standby)
As shown in the following picture, this is used for keeping the robot in standby mode until the
workpiece reaches the designated location from the limit switch.

DIST

WAITCNVY SYNC=<Synchronization>,DIST=<Standby distance>

Content
Synchronization Conveyor synchronization during standby (0O=Async, 1=Sync)
Standby distance Distance from limit switch to workpiece
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Conveyor Synchronization

3.7. R code

B R44 (Conveyor data clear)
This can be used when the robot is stopped and the operating mode is not in simulation. This
manually clears various types of data related to conveyor (CP, CD, CS, number of workpieces
to enter, synchronization playback condition etc.)

B R45 (Conveyor distance manual input)
This can only be used in the manual mode and the CD value (Linear conveyor mm, circular
conveyor deg) can be entered manually. When the CD value changes the CP value is also
updated by the conveyor constant.

B R46 (Conveyor limit switch manual input)
This can only be used in the manual mode and this is used for entering the limit switch
manually.
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4. Teaching Conveyor Synchronization

.

Preparing the program for conveyor synchronization is the same as general teaching. But to check
teaching and playback the conveyor synchronization, you must use the TCNVYSYNC (Conveyor
synchronization playback); and TWAITCNVY (Conveyor interlock standby); command. These
commands must be recorded before executing the playback to check the taught program.

4.1. Conveyor synchronization operation procedure

Conveyor synchronization operation is done in the order of conveyor parameter setting, teaching and
editing, check playback and normal playback according to the following flowchart.

+——N
YES

Conveyor interlock record

v

Simulation operation
selection

Soft limit/

—N cycle time check

Normal playback
operation selection

Playback check

YES

Operation

End
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4. Teaching

Conveyor parameter setting
As the initially required stage after installing the conveyor system, this decides the location
error level of all synchronized playback work and must be set carefully.

Teaching and editing

After the conveyor parameter setting is completed, operate the conveyor so that the
workpiece can pass through the limit switch to enter the work zone. When the workpiece
reaches the desired location, stop the conveyor and teach and edit the process.

Playback check

When the teaching and editing is completed, playback the process according to the conveyor
operation type in the order of test, simulation and normal mode. Here, the test and simulation
operating mode are not mandatory processes and they can be appropriately judged by the
user depending on the user environment.

Normal playback
When the playback check is completed, and the issues are all cleared, select the normal
mode to operate the conveyor to playback the conveyor for actual flow.
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Conveyor Synchronization

4.2. Synchronization work program configuration

B Start location standby
Robot stands by in the start location until the operation command is given.

B Interlock standby
Robot moves near the synchronization work zone and waits until the workpiece reaches the
distance recorded on the WAITCNVY command.

The following picture shows the painting program for the workpiece on the conveyor. Robot
starts the conveyor synchronization as it progresses to step 4 and sprays the paint on the
workpiece in synchronized condition when moving to step 5. Here, the interlock standby step
(Step 3) is recorded near step of entering the synchronization work zone (Step 4).

First step of synchronization work

Interlock standby step

Step entering @

synchronization zone

Step ending
synchronization work >

Conveyor
moving direction

s2)
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4. Teaching

The above work can be prepared in the program as follows.

Step 1 — Robot start location
Step 2
Step 3 — Interlock standby step
CNVYSYNC 1 — Conveyor synchronization playback ON
WAITCNVY SYNC=0,D=500 — Conveyor interlock standby
Step 4 — Step entering synchronization zone
DO1=1 — Paint spray ON signal
Step 5 — 1% synchronization step
Step 9 — Last synchronization step
DO1=0 — Paint spray OFF signal
CNVYSYNCO — Conveyor synchronization playback OFF
Step 10
Step 13 — Robot start location
END

B Synchronized playback
In the picture, conveyor synchronization playback zone is from step 4 to 9, and all the
commands in this zone are synchronized to the conveyor and executed.

H  Return to start location
When the work is completed, the robot returns to the starting location for next operation
command.
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Conveyor Synchronization

4.3. Teaching by block division

When teaching a workpiece larger than the operating range of the robot, it is impossible to teach the
workpiece at once while the conveyor is moving. Therefore the teaching is divided into blocks.

4.3.1. Teaching procedure by block division

(1) Stop the workpiece in the location in the picture.

Front side

s

(2) After teaching the front part of the workpiece in program 1, operate the conveyor to teach the
workpiece at the location of the following picture.

\ Conveyor direction

Operating range

Rear Side

Conveyor direction v

—_—
EE

Operating range

(3) After teaching the rear part of the workpiece in program 2, prepare program 3 to call both
program 1 and program 2.

(4) By playback program 3, the work can be done for all areas of the workpiece.
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4. Teaching

4.3.2. Program preparation by block division

Program preparation by block division is done according to the following procedure.

Conveyor
synchronization ON
onveyor interlock

@)
)

©)

(4)

®)

(6)

BLOCK 1
Program3
Front part teaching
Call 1 < 7
— Call program 1 b
Call 2 > T
— Call program 2
Conveyor
synchronization ON
onveyor interlock
BLOCK 2

Rear part teaching

Block 1 teaching
Check whether the conveyor data is cleared.

Move the conveyor to operate the limit switch by the workpiece. When the teaching part of the
workpiece reaches the front side of the robot, the conveyor stops. Conveyor pulse counter and
register value are calculated to respond to the current location of the workpiece.

Workpiece teaching is done for the current location and use the previous/next step to check
the teaching results.

Select conveyor operation from  T[F2]: System; — [4: Application parameter; — T4:
Conveyor synchronization; — T1: Environment setting; to <Test>. When END command is
executed for the program in normal mode, the conveyor data is cleared. And because the
signal input is required during conveyor operation, select the test mode to avoid this situation.

While keeping the workpiece in the current location, press the run button to check the
playback.

CNVYSYNC and WAITCNVY commands are recorded in step 0.
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Conveyor Synchronization

B Block 2 teaching
(1) Select and playback the final step of program 1.

(2) Move the conveyor until the teaching part of the 2nd block reaches the front side of the robot,
and stop the conveyor.

(3) After selecting the manual mode, select program 2.

(4) Execute the teaching as block 1.
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4. Teaching

4.4. Teach with conveyor synchronization canceled

The operating program by conveyor synchronization up to the final step shows different robot location
at the final step depending on the conveyor speed. Especially if the conveyor is fast, it takes longer to
operate from final step to the 1st step of the next cycle, and the location at the final step of the next
cycle moves further downstream. As this phenomenon is repeated and accumulated for each cycle, the
robot finally generates a soft limit error to stop the operation.

To avoid this, the conveyor synchronization is canceled in front of the final step so that the robot can
always execute the next cycle from the same location.

B Teaching example 1

The following shows an example of a program using the conveyor synchronization cancel

function.
Step 1
CNVYSYNC 1 — Conveyor synchronization playback ON
WAITCNVY SYNC=0,D=500 — Conveyor interlock standby
Step 2
Step 3
Step 4
CNVYSYNC 0 — Conveyor synchronization playback OFF
Step 5
END

In step 4, the conveyor synchronization playback OFF command is recorded and in step 5, the
robot does not synchronize with the conveyor and just moves to the location recorded on step
5. That is, the robot will always stop at a certain location (Location where step 5 is initially
recorded) irrelevant from the conveyor and the moving time to the 1st step of the next cycle is
always consistent.
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Conveyor Synchronization

B Teaching example 2
As shown below, let’'s learn about the teaching method for the system where 2 workpieces
move on the pallet on top of the conveyor and the robot moves one workpiece to the dispense
shooter respectively.
|——————- | ——————-- | Conveyor direction
| Workpiece 2 | | Workpiece 1 | -
L __ ! L __ |
Pallet
Dispense shooter
- - - a
| Workpiece !
L_____
(1) Synchronize the robot to the conveyer to hold workpiece 1 on the pallet.
(2) Place workpiece 1 on the dispense shooter. At this time, the dispense shooter is not on the
conveyor and the conveyor synchronization is canceled.
(3) Synchronize the robot to the conveyor to hold workpiece 2 on the pallet.
(4) Place the workpiece 2 on the dispense shooter. At this time, the dispense shooter is not on the
conveyor and the conveyor synchronization is canceled.
(5) When executing this operation, it is convenient to use the block division described above and
the teaching example is as follows.
(6) In this system, 4 programs have to be prepared.
(7) Program 1 is taught to hold workpiece 1. Program 2 is taught to move the workpiece to the

dispense shooter. Program 3 is taught to hold workpiece 2. And then program 4 is taught to
call programs 1, 2 and 3. But before calling program 2, the conveyor synchronization playback
must be turned OFF.
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Program 4

Call 1 — Call program 1

4. Teaching

Program 1

Conveyor synchronization ON
Conveyor interlock standby

Teaching to hold

CNVYSYNC 0 — Synchronization OFF workpiece 1
Program 2
Call 2 — Call program 2 .
Teaching to put on dispense
shooter
Call 3 — Call program 3
CNVYSYNC 0 — Synchronization OFF
Program 3
Call 2 — Call program 2 ]
Conveyor synchronization ON
Conveyor interlock standby
Teaching to hold workpiece 2
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5. FAQ

Conveyor Synchronization

B When the axis specification of the additional axis is the base and axis configuration is direct
operation, how is the conveyor synchronization done?
If an additional axis exists during conveyor synchronization, the conveyor tracks the additional
axis first. If the robot cannot track the additional axis due to soft limit, arm interference etc., the
robot uses the 6 axes to track the conveyor.
B How is the conveyor synchronization done around 0 degrees of B axis?
When the robot passes the 0 degrees of B axis during conveyor synchronization, the robot
cannot maintain the tool position consistently. Therefore select the tool direction not using the
0 degrees of B axis ahead when assembling the tool.
B Whatis the increase timing of the conveyor data?
The increase timing of the conveyor data according to the conveyor operating mode is
summarized as follows
Normal Simulation test Test
CP LS input Always consistent Alvv_ays
consistent
(1) After setting the simulation speed, turn on conveyor
cD Same as synchronization to ON Always
above (2) Set the simulation register value as the initial value and | consistent
increase the value
Same as | (1) Set simulation speed
CS above (2) When running step 0, read the simulation speed Always 0
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B Whatis the clear timing of the conveyor data?
The clear timing of the conveyor data according to conveyor operating mode is summarized

5. FAQ

as follows.
Normal Simulation Test
(1 Execute program cycle END Execute conveyor
(@ Execute conveyor

synchronization reset
command (CNVYSYNC 2)

Execute conveyor
synchronization reset
command

synchronization reset
command (CNVYSYNC 2)
Manually reset conveyor

cp | @ Manually reset conveyor (CNVYSYNC 2) data (When robot is
data (When robot is
Conveyor data clear stopped)
stopped) . ianal O h .
@ Conveyor data clear input input signa N (When C_onveyor data clear mp_ut
. : robot is stopped) signal ON (When robot is
signal ON (When robot is
stopped)
stopped)
Execute program cycle Execute conveyor
END synchronization reset
Execute conveyor command (CNVYSYNC 2)
synchronization reset Manually reset conveyor
CR Same as above command data (When robot is
(CNVYSYNC 2) stopped)
Conveyor data clear Conveyor data clear input
input signal ON (When signal ON (When robot is
robot is stopped) stopped)
Execute conveyor
synchronization reset
command
CS Same as above (CNVYSYNC 2) Always 0
Conveyor data clear
input signal ON (When
robot is stopped)
B How can | enter the limit switch manually?
R46 : Use the conveyor limit switch manual input function.
B How can | reset the current conveyor data manually?

R44 : Use the conveyor data clear function.
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