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1. Overview

Cube interference prevention

1.1. About the Function of Cube Interference Prevention

1.1.1. Purpose of the Function

— The purpose of the function is to prevent several robots from entering the same cube area d
at a time during operation.

— When a robot enters the cube area where the robot’s tool center point (TCP) has been set, a
signal is output so that the users may use the signal for diverse applications.
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1.1.2. Scope of the function

1. Overview

(@)
CPe® g2 ® — S
S1 — — DN
. | Velocity =v
_®s3 «
®) S4 P e
Frame1  Common Cube Area
i 1
Detecting
Cube entry iué’e
output . prohibition
signal input signal
ON f f
Standby
(1) When robot programs start up

— If a robot's TCP is inside the set cube area, an assignment signal is output; if the TCP is
outside the set cube area, the assignment signal is not output.

— When a robot’'s TCP has entered the cube area or the step target position enters the cube
area while the robot is stepping, it secures the job priority over the area and outputs the Cube
entry output signal (in this case, the left robot in the above figure).

— The Cube entry output signal is translated into the input signal of prohibiting other robots’
access to the cube (in this case, the right robot in the above figure), and the robot that has
received the input signal automatically stops when there is possibility of the cube
interference.

— When the job of the robot which has entered the cube area first is completed, the other robot
in a standby mode restarts up automatically.

(2) When arobot is in the jog mode or stops

— In a manual mode (JOG), a robot plays a role in detecting the TCP position and outputting
the Cube entry output signal.

— The robot in the jog mode does not stop automatically even though the input signal of
prohibiting access to the cube has been sent; therefore, close attention shall be paid.

(3) Other matters

The function is provided by Hi5 Controller version MV31.07-32 and over.

DIO and HiNet methods may be used for the cube detection signal I1/0
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Cube interference prevention

1.1.3. Limitations on the Function

This function is designed for robots to automatically stop when they are expected to enter the cube at
the same time; when the input signal of prohibiting access to the cube is cleared, they restart up
automatically.

However, although the robots reduce their speeds to the maximum extent at a time when they detect
the input signal of access prohibition to the cube, in some case, when they enter the cube area at the
same time, which is called dead-lock.

The dead-lock may happen when there is the wrong connection between the output signal of entry into
cube and the input signal of access prohibition to cube over the common cube, or when there is a
communication delay between two robots. In this case, errors happen because the two robots may
enter the cube area at a time. (E0222 Same cube simultaneous entry detected)

— This function may have the dead-lock phenomenon where two robots enter the common cube
area at the same time.

— It does not support the function to return to the starting point, automatically avoiding the
dead-lock state, and may not be used in association with the function of detecting the arm
interference.

1.1.4. Associated Functions

—  Cooperative control function, HiNet
— Function of Arm Interference Prevention
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2- Relevant FunCtionS Cube interference prevention

2.1. Setting Methods

2.1.1. Setting Enable/Disable of the Function and Communication Systems
Determine the Enable/Disable of whether to use the function of preventing the cube interference.

Select the menus as follows: [[F2]: System; — [4: Application Parameter; — [7: Interference
prevention; — T1: Cube interference prevention; — F1: Cube condition setting; , then
determine whether to use the function and the communication systems.

Fecord 2 Manual
condiion - Cube condition setting output
Cube interference prevention = (@)bigaklE () Enable
. i
Communication method = @00 () Hilet
Windaow
il @ adjustrment
o Jog Soft
inching keyhoard
QuickOpen User key
= A

Help PREV/ME=T

Select whether to use or not use the cube interference prevention function,
’ Illﬂii“..“..h.‘hiiﬁﬂﬂ.

(1) Cube interference prevention <Enable, Disable>: select whether the function is Enable or

Disable.

Set up the cube area and select ‘Enable’ so as to use the function of preventing cube
interference.

When ‘Disable’ is selected, the interference area may not be set up and the I/O signals are
not sent.

(2) Communication method <DIO, HiNet>: select the communication for /0O signals of cube
interference detection.
When DIO is selected, the universal I/O signals shall be chosen; when Hinet is selected, the
cooperative control network shall be connected.
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2. Relevant Functions

2.1.2. Cube area setting

Select the menus as follows: [[F2]: System; — [4: Application Parameter; — [7: Interference
prevention; — [1: Cube interference prevention; — [2: Cube area setting;

Record = Manual
condition  Cube area setling ) output
i
Mornber 1| Mumber 2 | Number 3 | Number 4 | Number & | humber & | Number 7 | humber 8
Fun s adlugiment
GID@J Cube entry output signal = I—ll D
Cube prohibition input signal = I—D
— ini?ﬂgng Sefting method = (@) Diagonal line (7 Center point keyshuuﬂard
= Coordinate nurnber (0=Base 1~10=User) = I—U
QuickOpen v - I—DD - ¥ o= |—m mm User key
L’ ¥o= [ 00 mm ¥ = [ 00 mm AF
z = 00 mm z=[ 00 mm
I Enter the number of the assigned signal, [0~4096, 1, 1960, 3, 1~960, 5 1~960, , 1~64,1~128] FAEYIERT
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Cube interference prevention

2.1.2.1. Methods of Setting a Cube
Two methods of setting a cube are provided

(1) Diagonal Method

B Set up hexahedron’s two points, located diagonally as diagonal points. Manually input
the diagonal starting and terminal positions as seen in the following figure.

B If recording the current robot’s position as a TCP, put a cursor on the <Start Pose> or
<End Pose> button, and press the ‘ENTER’ key.

Example)

End Pose (Pt)

.
A {500,500,500}
Z-axis
Y-axis
Start Pose (Ps)
»
.. Ll
Origin X-axis
{0,0,0}

Record 2 Manual

condition  Cube area setling output
e

Mornber 1| Mumber 2 | Number 3 | Number 4 | Number & | humber & | Number 7 | humber 8

Window
Run to adjustment

3 Cube entry output signal = | ] D

Cube prohibition input signal = | 0
|
Jog Setiing method = i i i St

inching efting metho (@) Diagonal line (7 Center point kehosrd

o Coordinate numnber (0=Base.1~10=User) = | u

CluickOpen v - I—DD - v - |—M - User key

: ¥ 00 mm ¥ o= 00 mm A’
Z = 00 mm g = 0.0 mm

I Enter the number of the assigned signal, [0~4096, 1, 1960, 3, 1~960, 5 1~960, , 1~64,1~128] FAEYIERT

?
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2. Relevant Functions

(2) Method of Setting a Center Point

B The method of setting a Center Point is to establish the cube’s Center Point and each
distance in the X, Y, and Z directions, respectively.

B |f recording the current robot’s position as a Center Point, put a cursor on the <Central
Position> button and press the ‘ENTER’ key.

Example)

Z-axis

A

Z dist s
P
X dist —/
Y-axis
Center Pose (Ps)

Origin X-axis

Record

o S - ranual
condiion - Cube area setting nutput
' Y
Fu iy
Mornber 1| Mumber 2 | Number 3 | Number 4 | Number & | humber 6 | Number 7 | humber 8
Window
fun to adjustment
3 g Cube entry output signal = | 1] D
Cube prohibition input signal = I—D
|
Jog Setling method - ' ' ot
ieking etting metho (") Diagonal line  (F){CErtar palik Keybasrd
= Coordinate number (0=Base 1~10=User) = | 1] '
Quickd User k
Hiekpen % = T mm % = [ 08 mm ser key
E ¥o= [ 00 mm ¥ o= [ 00 mm AF
Z = 00 mm g = 0.0 mm
I Select the sefting method of cube, PREV/MERT
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Cube interference prevention

(3) Setting a Cube in the User Coordinate System

B The cube area is created in the shape of a rectangular parallelepiped. So, if the user
coordinate system is used in setting the cube, cube areas with various positions in space
may be created.

B As seen in the following figures, several cubes may be established: cube 1 is set in the
base coordinate system; cube 2, the user coordinate system; and cube 3, the user
coordinate system 2.

End Point

z

Start Point
{a,b,c}

Cube 1

Origin of user Coordinate & -
System {0,0,0}

o X
Base Coordinate System

B When the user coordinate system is used in setting the cube, the diagonal and
central positions shall be created in the user coordinate system.
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2. Relevant Functions

2.1.2.2. Setting Cube /O Signals

—  Cube entry output signal:
It functions for outputting a signal by detecting whether the robot has entered the cube area.
Set up the signal number in the Output Signal of Entry into Cube.

—  Cube prohibition input signal:
Set up the signal number for other robots to receive the signal when they have entered the
involved cube area.

The above two robots’ common cube area is the cube 2 of robot 1 and the cube 1 of robot 2. In these
cases, connect the ‘Cube entry output signal’ of the cube 2 of robot 1 to the ‘Cube prohibition input
signal’ of the cube 1 of robot 2, and vice versa.
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Cube interference prevention

2.1.3. Setting Cube I/O Signals for the Common Cube area

O
TCP
Common Cube Area
o Cube 2 of Robot 1
A
Cube 1 of Robot 2
Robot 1 >
Frame 1
L = Cube 2
ube ) ) —
Cube entry __{ Cube entry output -

. |-y
signal P

output signal

Cube prohibition
input signal

The common cube area shall be set up in the same area of each robot’s space. In order to create the
common area by means of the same area, first, the two robots’ TCPs shall be set up precisely, then
the TCPs are moved to the same position in space so as to set the cube’s position (refer to the
methods of setting diagonal and Center Points) and the cube’s size shall be also determined in the
same way.

Function of automatic mutual Interlock for the common cube area

As seen in the above figure, when the output signal of entry into cube of robot 1 is connected to the
input signal of prohibiting access to cube of robot 2, and if the robot 1 is equipped with the conditions
to enter the common cube prior to the robot 2, the robot 2 stops and is in a standby mode.

In the same manner, if the output signal of entry into the cube of the robot 2 is connected to the input
signal of prohibiting access to cube of the robot 1 and the robot 2 is equipped with the conditions to
first enter the common cube area, the robot 1 stops and is in a standby mode.
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2. Relevant Functions

2.1.4. Examples of Preparing for and Running Job Programs

Common Cube Area of

Robot 1 & 2
Cube 2 of

Robot 2

Cube 2 of
Robot 1 Cube 1 of

Cube 1 of
Robot 1

Setting Cube 2 of Robot 1 Setting Cube 1 of Robot 2

Cube area setting Cube area setting

Muornber 1| Number 2 | Mumber 3 Ember 4 | Mumber 5 | Mumber B | Number 7| Number & Mumber 1| Mumber 2 | Number 3 | Number 4 | Mumber 5 | Mumber B | Mumber 7 | Number 8
Cube entry output signal = 1] Cube entry output signal = [1]
Cube prohibition input signal = 1] Cube prohibition input signal = 1]
Sefting methad = () Diagonal line (3)iZ8nter goiit Setting method = (7)Diagenal line (&) ierier paint
Coordinate nurnber (0=Base. 1~10=User) = ] Coordinate nurnber (0=Base. 1~10=Uger) = ]
X = | 0.0 rmm x = 0.0 rarm X = 0.0 rmm = 0.0 rarm
Vo= I 0.0 mm Vo= 0.0 mm Vo= 0.0 mm = 0.0 mm
o= 00 mm z = 0.0 mm Z = 00 mm r o= 0.0 mm

SEINERSIVAS

Same Position

The same positions may have different coordinates because each robot has different base
coordinate systems, but the same cube shall be set up to have the same position in space.
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Cube interference prevention

2.1.4.1. Robot 1
(1) Therobot 1 is on the verge of entering the common cube area (cube 2).

- The Cube entry output signal of the robot 1 and the Cube prohibition input signal of the counterpart
(robot 2) are switched off.

Setting Cube Area of Robot 1
ube area setting

Number 4

Murnber 1| Number 2 | Number 3 Mumber & | Mumber 6 | Mumber 7

Cube entry output signal = @— P e —
b onbiton input sana - — = — — — — —

Mumber 8

Setting method = () Diagonal line (@) CEnter poing
Coordinate number (0=Base. 1~ 10=lser) = ]

X = 0.0 mm K= 0.0 mm

¥o= 0.0 mm 0.0 mm

Cube 2 of Robot 1
Cube 1 of Robot 2

| l

Robot 2

r-m‘

D050 CENTERTE T8 o (1] 2] 3] 45 7 ¥
. DO1B=1 'CENTERING HZE < 1
53 MOVE P.5=100% 4<1.T=2 9 || 10 et te e
. DO13=1 "WAC_ON 1718|1920 | | 22| 3|
54 MOVE LS=100% A=0,T=2 on | o5 [ 27 [ 28 29 | ;| 31 | B
S5 . MOVE P.5=100%,4=1,T=2
: : e 3| 34| /| ;B | 3| 3| | 4o
. DO20=1 "WAC _OM CHECK e e B e '!n v
S6 . MOVE P.5=100%,4=7.7=2 |
, DO1B=0 'CENTERING FIE = ! d
1 2| 3| 45 g
. WAIT DI1B=1 "VAC (@blztol | 1] J A
i “TOWE P.o=T00%. A0 TE? > Step on the vergdg 9 10 11 12 13 14 15 16
. m@ﬁ ' 24-2-gf entering cube I EI R R
RallD 'F‘;EISS bl 32 w | ® || w ||| |2
s = L=
S5 MOVE P.5=100%.4=7.T=2 > Step that has Blu|H] B |7 R BN g
| - l PP Y EPT O VI BT TS T P
| | S0 WATHHE
—p 1. The step on the verge of entering the cube shall be set up as a discontinuous step (A=0).
L——p 2. If needed, insert the commands of discontinuous motion of the step on the verge of entering
the cube (WAIT, DELAY, etc.).
3. Because the robot 1 does not enter the cube yet, the output signal of entry into cube is <H
switched off.

4. Because the signal of access prohibition is switched off, it is in the state where the entry )
through S8 is possible.
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2. Relevant Functions

(2) After the robot 1 has entered the common cube area (Cube 2),

- The Cube entry output signal of the robot 1 is switched on.

Cube 2 of Robot 1
Cube 1 of Robot 2

4
Robot 1

Program of Robot 1

EFEZENM __
Bd | MOVE L3=100% . 4=0.T=2 | 1] 2 F! 4 L [ 7 8
55 MOWE P.5=100%.4=1,T=2
, D20=1 WAC_ON CHECK
55 MOVE P,5=100%,4-7,T=2 SRR

, DO16=0 "CEMTERING HZZE

WAIT DI8=1 WaC 0N =2l
BT MOWE P.5=100% A=0,T=2

, D017=1 'PRESS &g 53

WAIT DI21=1 "PRESS ZH2I

. DO17=0 'PRESE #HE 53 QStep entering
B8 MOWE P.5=100% A=7.T=2 cube

, D018=1 PRESS FRE 17 18 19| 20 | 21 2| 23| 24
£9  >MOVE P.5=100%.4=1,T=2 = Current Step 75 26 27 25 o0 BN 31 32
B0 MOWE L.5=100% 4=0.T=2

, DO13=0 WAC_OFF v,

|

1. Because the robot 1 has entered the cube, the ‘Output Signal of Entry Into
Cube’ is switched on. <

2. The signal of access prohibition to cube is switched off because the robot 2 did <—
not enter the cube.
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Cube interference prevention

(3) The robot 1 has withdrawn from the common cube area (Cube 2) and the robot 2 enters it.

- The Cube entry output signal of the robot 1 is switched off.

Cube 2 of Robot 1
Cube 1 of Robot 2

Cube 2 of Robot 1
Cube 1 of Robot 2

/o
Robot 1

Program of Robot 1
ECERE
59 MOVE P 5=100% A=T.1=2 1121 31 45 61718 ~
510 MOVE L 5=100%, A=, T=2 -

DO13=0 VAL _OFF 7

DO20=0 WA Ok CHECEK 17 18 19 | 1 22 23 24
DO1a=1 "BLOW ON 5| 2% |27 | 28|23 9| @

511 MOVE P,S=100%,4=1,T=2

512 MOVE P,S=100%,4=7,T=2 S érBirie el | FCerd v

Al FE=t i i Al AL =) Tt

DO18=0 'PRESE fEE
D0153=1 'PRESS EFZY |

1] 2| 3|45 & 70

|

513 »MOVE P,5=100%, 4=7.T=2
CONTPATH O g 1011213 14|15 16|
IF DIT7=1 THEM 315 ELSE 514 &2 2= T || 19 | 20| 21| 22 | 23 | 24

S]d MOVE P,S:]UU%,HZE,TZQ 25 28 2'I|‘ 28 29 SD 3] 32
GOTO 52

515 MOVE P,3=100%,4=7,T=2 HOME FOS B H|H|H |7 ) B B30 ¢

1. The robot 1 has withdrawn from the cube, so the ‘Output Signal of Entry into Cube’ 4=
changes from switch-on to switch-off.

2. The signal of access prohibition to cube is switched on because the robot 2 has entered €¢——
the cube.
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2. Relevant Functions

2.1.4.2. Robot 2
(1) The Robot 2 is fully ready to enter the common cube area (Cube 1)

- Because the robot 1 has first entered the area and is doing its job, the robot 2 automatically stops
and is in a standby mode (“on standby for entry into the cube”)

Setting Cube 1 Area of Robot 2

7E 39 &3

Mumber || Number 2 | Number 3 | Nurber 4 | Number 5 | Mumber B | Number 7 | Mumber 8

Cube 2 of Robot 1 - | Cube 2 of Robot 1
Cube 1 of Robot 2 Cube 1 of Robot 2

Ay
Robot 2
(=

L\

Robot 2 Robot 1
o R

Program of Robot 2

ECECSEN
= SR ?ﬁ?@;jastep on the | 1 | 2 3 4 5 [ 7 ] A
I. WAIT DI21=1 fzﬂgsg &nggie ofentering |9 T . e e s
. DO1B=0 'PRESE 2% Flg 23 Tl 23
_ —D0lG=l BOCSEZIS SIS . — 5|2 |21 28| 29| 30| 3|
= 2MOVE P.5=l00% A= T2 DStep entering | .- % [ 5 [ m | 1 | @
E1 TMOVE P.S=100%.A=1.T=2 cube — 1 ~
| . DO13=1 "WAC_ON
S5 . MOVE L.S=100%, 4=, T=2 (7] 2| 3| 4]t =
| SE . MOVE P.S=100%,4=1,T=2 =
57 . MOVE P.S=100% A<7.T=2 S [W] |12 13] 1415|186
| . DO20=1 "WAC_ON CHECK LICA R T O = 3 O - - I
S8 . MOVE P.S=100%,4=7.T=2 % | 26 | 27 Lz | 29 | =0 | a1 | =
. DO16=0 PRESS 215 FIYE
I L WAIT DI21=1 "WAC QN =0 33 ?4 ?5 35 33 ?8 ?g :10 .
| |
| | IEEE— | — |
1. The step on the verge of entering the cube shall be set up as a discontinuous step.
(A=0). I
I 2. If needed, insert the commands of discontinuous motion of the step on the verge of I
entering the cube (WAIT, DELAY, etc.).
3. Because the robot 2 does not enter the cube yet, the output signal of entry into cube |
is switched off. <+
L » 4. Because the signal of access prohibition to cube is switched on, it is on standby for g=—— 4

entrv into S3.
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Cube interference prevention

(2) After the robot 1 withdrew, the robot 2 has entered the common area (Cube 1)

- The output signal of entry into cube of robot 2 is switched on.

Cube 2 of Robot 1
Cube 1 of Robot 2

N

Robot 1 Robot 2

Program of Robot 2

EE ZEOR

. WAIT DIZT=T PREZE 215 =T 1 2 3 1 5 [ 7 8
. DO15=0 'PRESE 215 HY 8+
=

||

(=]
. DO16=1 'PRESS 215 &Y
53 MOVE P.2=100%,4=7,T=2 > Step entering cyib¥& 18 19 | 20 | 21 2| 23| 2
=4 >MOVE P,5=100%,4=1.T=2 > Current Step on | o5 | 27 | 28 | 29 | o | 31 | =@
DO13=1 "WAaC_oN
' 33 | 3 | 3_/ | 3/ [ 37 [ 3\ | 39 | 40
25 MOVE L3=100% A=0.T=2 » S = = £ )3 —3 A w
56 . MOVE P.5=100%,4=1.T=2

q a0 1 4 10 14 AL, i
o T = =) T T T =

57 . MOVE P,S=100% A7, T=2 ST s
DO20=1 YAC_ON CHECEK ™

58 MOVE P,3=100% A=7,T=2 9 | 10| 11| 12| 13| 14| 15| 16|
| DOIB=0 PRESS 2= Rpl= 7 e | 19| | o |2 | 3| o

. xg’\TﬁEDf‘S:‘]'DE”‘Cf?NTg;ﬂ %5 | o6 | 27 | 28 | 23 | @ | 31 | &
olals|=[n]s]=]0|,

1. Because the robot 2 has entered the cube, the ‘Output Signal of Entry into Cube’ is <
switched on.

2. The signal of access prohibition to cube has been switched off because the robot 1 g——
withdrew from the cube.
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2. Relevant Functions

(3) The robot 2 has withdrawn from the job area.

- The output signal of entry into cube of robot 2 is switched off and cleared.

Cube 2 of Robot 1

~

Robot 1

Program of Robot 2

B2 T2 __
_WAIT DIZT=1 PRESS Z1= =0 1 2| 3| 4|85 | 6| 7] 8]~
(OISO FAESS 95 85 2+ TERTHECE ECE RTE AR
. DOIB=1 PRESS 2IZ FE 2

53 MOYE P S=100% A4=7.T=2 17 18 19 a2 &2 | 23 24

24 MOWE P.3=100% A=1,T=2 o5 | 25 | 27 | 28 | 29 | o | : e

DO13=1 "WAC_ON

: 33| 3 | 3| 3| 37| 3 | 3\ | 40

55 . MOVE L.5=100% A=0.T=2 11—+ ~

56 . MOVE P,5=100%,4=1.T=2 IR Y 1D

B e p

57 MOVE P.S=100%,4=7.T=2 NEREE ——
. DO20=1 "WAC_ON CHECK | =

58 MOVE P.5=100%,4=7,T=2 S| 1213 45|16 -
. DO1B=0 'PRESE 21Z FYE 171819 @ | 2| | n| A
FWAIT DIZ1=1 WAL _OM =h21 o5 o o7 o5 og e 3 kY

59 . MOVE P.5=100%.4=7.T=2
D01 OiE He 2o 33| 3 | 3/ | 3| 37| || 3\ | 40 g

1. Because it has withdrawn from the cube, the ‘Output Signal of Entry into Cube’is g
switched off.
2. The signal of prohibition access to cube is switched off because the robot 1 did not g

enter the cube.
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2.2. Error Detection

Cube interference prevention

Possible Causes of Errors

The cause is that the signal of access prohibition to the cube is
input when a robot has entered the cube.

Error Message

E0222 Same cube simultaneous entry detected

Solutions

1) Move the robot outside the cube area and restart it up.

2) Correct the program so that these errors do not occur.

- Designate the step which is on the verge of entering the cube area
as a discontinuous step.

- Execute an additional Interlock function by using the WAIT
command when the robot is on the verge of entering the cube.
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