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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 ° - -
>~ <
SL | Velocity =v
[ J sS3 [ ]
e) S4 i °
A b
Frame1l  Common Cube Area
L I
. Detecting
Cube entry j-l prohibition
output signal input signal
ON
1)  When robot programs start up

— If arobot’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 arobot’'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

— Inamanual 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 MV40.07-00 and over. (Impossible to
mix the current version with a previous version when using HiNet)

— DIO and HiNet methods may be used for the cube detection signal I/O
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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

KD Hyunoar 1-4
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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.

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

1

2)

Fiecord 2 Manual
condfion - Cube condition setting output
Cube interference prevention = (@) 0isEkE () Enatle
) ol
Cornrmunication methad = DIO (O HiMet
Window
fLt adjustment
o Jog Soft
inching keyboard
= g
QuickOpen User key
[: ] AI
-

Help PREW/MEXT

Select whether to use or not use the cube interference prevention function,

7 o e e e i
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 1/O signals are not
sent.

Communication method <DIO, HiNet>: select the communication for 1/O 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.

When it comes to the cooperation control network, select T[F2]: System; — T2: Control
Parameters; — T9: Network; — T3: Service; — T1: Cooperation Control; to set
the cooperation control as enable as shown below, and then set the group number and the
robot number. Take precautions to ensure that there are no overlapping robot numbers within
the same group. When it comes to the HiNet network status, select T[F1]: Service;, — T1:
Monitoring; — T10: Cooperation Control Data; — T2:HiNetl/O; — T[F5]: Overall
Configuration; to check the status through the HiNet-1O connection status window. In this
process, the robots marked in green are the ones participating in the cooperative control
network
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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
condiion  Cube area setting output

Murnber 1| Number 2 | Mumber 3 | Number 4 | Mumber & | Mumnber 6 | Mumber 7 | Mumnber 8

Wfindow
flunto adjustment
3 g Cube entry output signal = | ] D

Cube prohibition input signal = I—D
|
Jog Sefting method - i ; . Soft
inching eting metho! (@) Diagonal line () Center point kevboard
‘t Coordinate number (0=Base_ 1~10=User} = | 0
CuickD Uszer ki
HiEKEREn X = 00 mm X = 00 mm Ser e
: ¥ = 00 mm A A
z=[ 00 mm = 00 mm
el Enter the number of the assigned signal, [0~4095, 1, 1~360, 3 1~360, &, 1~960, . 1~64, 1~128] IFIFIEGARERT
{? CUNE t. it Ta Complete
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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
-  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.

- Ifrecording 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)
Record “‘ Manual
condiion - Cube area setting output
Lrip
Murnber 1| Number 2 | Mumber 3 | Number 4 | Mumber & | Mumnber 6 | Mumber 7 | Mumnber 8
Wfindow
flun o adjustment
3 g Cube entry output signal = | ] D
Cube prohibition input signal = I—D
|
Jog i - i i i Soft
inching Sefting method (@) Diagonal line () Center point kevboard
L= Coordinate number (0=Base_ 1~10=User} = | 0
QuickO Uszer ki
HiEKdREn X o= 00 mm % [= 00 mm Ser e
: ¥ = 00 mm ¥ = AT mm A
.= [ 00 mm Z= [ 00 mm
el Enter the number of the assigned signal, [0~4095, 1, 1~360, 3 1~360, &, 1~960, . 1~64, 1~128] IFFEGARERT
End Pose (Pt) —
A {500,500,500}
Z-axis

Y-axis

Start Pose (Ps)

Origin X-axis
{0,0,0}
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2. Relevant Functions

2)  Method of Setting a Center Point

- 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.

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

Example)
Fiecord h_ Manual
condiion  Cube area setting output
g
Murmber 1| Number 2 | Mumber 3 | Number 4 | Mumber 5 | Mumber 6 | Number 7 | Mumber 8
Wfindow
Aun to adjustment
3 Cube entry output signal = | 0 D
Cube prohibition input signal = | 0
|
Jog Sett thod = Soft
inching i (1S9 keyboard
o Coordinate number (0=Base.1~10=User} = | i
Quickd User k
Herdpen ¥ = [ 0T mm %= [ 00 mm seriey
; ¥ o= 00 mm ¥ o= 00 mm AF
Z = 00 mm Z = 0.0 mm
Help PREV/HEXT

Select the sefting method of cube,

Complete

Z-axis
A
Z dist g
P
X dist B
Y-axis
Center Pose (Ps)
Origin X-axis
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Cube interference prevention

3) Setting a Cube in the User Coordinate System

- 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.

- 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

2
00&\(\2
o
S z
Start Point
{a,b,c}

Cube 1

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

o X
Base Coordinate System

- 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.

H HYUNDAI
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Cube interference prevention

2.1.3. Setting Cube 1/O Signals for the Common Cube area

O
TCP
Common Cube Area
0) Cube 2 of Robot 1
‘ =
Cube 1 of Robot 2
Robot 1 -
Frame 1
L L
Cube 2 Cube 1 = °
Cube entry

) Cube entry
output signal

______ Cube prohibition | Cube prohibition
input signal 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.

output signal

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

Cube 2 of Robotg

Robot 1 Cube 1 of

Cube 1 of
Robot 1

Setting Cube 1 of Robot 2

Cube area setting

Setting Cube 2 of Robot 1

Cube area setting

Mumber 1| Number 2 | Number 3 | Number 4 | Humber 5 | Mumber 6 | Mumber 7| Mumber 8 Mumber 1| Mumber 2 | Number 3 | Number 4 | Mumnber 5 | Mumber B | Mumber 7 | Number 8
Cube entry output signal F 1] Cube entry output signal & 1]
Cube prohibition input signal 1] Cube prohibition input signal 1]

Setting method (7) Diagonal line (&) iEnter pairit Zetting method () Diagonal line (&) ienter pairit
Coordinate number (0=Base. 1~10=User) = l—ﬂ Coordinate number (0=Base, 1~10=User) = l—ﬂ
Distance Distance
X = IW mm IW X = I—DD mm IW rm
v = [ 00 mm [ o7 v o= [ 00 mm [ 00 mm
z = IW mm IW z = I—DD mm IW rm
T

Same Size

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.

HYUNDAI
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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

Mumnber 1| Number 2 | Number 3 | Number 4 | Number 5 | Mumber 6 | Mumber 7 | Mumber 8
Cube entry output signal = E— i —
Cube prohibition input signal - @_ —_— e — — — — L —_—
Setting method = () Diagonal line (&) CEnfer pofid
Coordinate number (0=Base. 1~ 10=lser) = 0
A= 0.0 mm A= 0.0 mm

[ 00 mm
Cube 2 of Robot 1
Cube 1 of Robot 2

~DOTE=0 CENTERNG M9 oo 1] 23] ¢]5 7 =
. DO16=1 ‘CENTERING FEZ < 1 E
53 MOVE P.5=100% 4=1.T=2 9 || 10 ferrre e e
DO13=1 WA 0N IR
54 MOVE LS=100%.4=0,T=2 e || 272w ] o] ]3| %
S5 MOVE P 5=100% 4=1.T=2
: : R I =LA - - B PO O - T - =T I |1
56 MOVE P.S=100% A=7.7=2 |
. DO16=0 CEMTERING FEE I
1] 2] 3] 4|5 pad
WAIT DI1B=1 VAC (Gl | 1] | L
o “TOYE P.o=To0%, A0, TEE > Step on the verge 9 10 1 12 13 14 15 16
poa gfentering cube 178|192 2| 2| 23| o
=L il AR E R
. DO17=0 PRESS MY 27
58, MOVE P,3=100%,4=7.T=2 S Step that has BlH| S| H|FT|B| IO 2
| PP PPN PP I TSN PV B PP
[ I S0 | WATHHE
—p- 1. The step on the verge of entering the cube shall be set up as a discontinuous step (A=0).
——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 <
switched off.

4. Because the signal of access prohibition is switched off, it is in the state where the entry

through S8 is possible.

HYUNDAI ;
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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

@
Robot 1

Program of Robot 1

ECECRE

EF | MOVE L5=T00%,4=0,T=2 (1] 2] 34|56 7]8]n

B5 | MOVE P,5=100%,4=1,T=2 =
. DO20=1 VAC_ON CHECK o= = LR N RN

BE . MOWE P.S=100% 4=7,T=2 Wlm | w2 | 2| | o
., DO16=0 "CEMTERING A2 E 5| 2| 27| 28| 29| w | 31| 3¢

WAIT DIB=1 WAC N =1

: - ECRN T T T T T R

BT . MOVE P.5=100%.4<0,T=2 v
. DO17=1 'PRESS HEg 837 - o | WJAY
. WAIT DI21=1 'PRESE ZH2l (1] 2003+ #olesd& 7T 7 1 = h
. D017=0 'PRESE & 53 -)Step entering 9 10 1 12 13 11 15 16 3

58 . MOWVE P.S=100%.4=7.T=2 . e
. DO18=1 'PRESS A= Wlm | w2 | 2| a|

53 >MOWE P S=100% 4<1,T=2 > Current Step on | es | 27| s | 2o | 31| 3@

B10 . MOVE L.S=100%,4=0,T=2
. DON3=0 "WAC _OFF 33| 3| ;®[ 6| 37| ;|| /|40 e

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.

] HYUNDAI
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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 2 of Robot 1
Cube 1 of Robot 2 Cube 1 of Robot 2

AL { _
Robot 1 Robot 1

Program of Robot 1

ECECRE

53 MOVE P,5=100% A=T,T=2 101 21 3] 4|5 6] 7] 8] ~

510 MOVE L 5=100%, 4=0,T=2
DO13=0 "VAC_OFF

9 10 11 I 13 14 1] 1h _

DO20=0 "YAC Ok CHECK 1718 | 19| 20| 21 22 23 A
DO14=1 "BLOW OF & | 26| | 28| @] W 3|

511 MOVE P,5=100%,4=1,T=2

512 MOVE P,5=100%,4=7,T=2 ¥y RADRNTIG | © v

el Ao FEt ia Al AL i =t

DO18=0 'PRESE &&=
D0153=1 'PRESS EFE |

1] 2| 3|48 & 70

|

513 >MOVE P,8=100%,A=7,T=2
CONTPATH 0 9 [ 10| 11| 12| 13| 14|15 16|
IF DI17=1 THEN 16 ELSE 514 =g 212 7] e 19 @] 2| 2| 3|

s 14 E‘g% :f:‘““%»*’-‘zﬁT:? SRR R E

515 MOVE P,3=100%,4=7,T=2 HOME FOS B H|H|H |7 ) BB 0

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.

HYUNDAI ;
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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

Cube area setting

fumber 1| Mumber 2 | Nurnber 3 | Nurnber 4 | Mumber & | Mumber 6 | Number 7 | Mumber &

Cube entry output signal = I 9’— — e e—e— e —— I
Cube prohibition input signal = :)_ -
Setting rmethod = (0 Diagonal line @ Center point

Coordinate nurnber (0=Base. 1~10=User) = 0

X o= 29569 mm X = 15000 mm

W= 1EE7.7  mm W= [N mim

£ = 063 mm £ = 10000 mm

Cube 2 of Robot 1 2 L‘C,“ &% Cube 2 of Robot 1

Cube 1 of Robot 2 Cube 1 of Robot 2

! m
Robot 2
L=

= &
Robot 2 Robot 1
2l R

v

Program of Robot 2

EZTIEOH __

i i r,aam@'ﬁz —2step on the 1] 2 3 ] [ 6 7 8 -~
@- : s ZE H2viérge of enterin B
I WAIT DIzl=1 RESS %2&%&; g q I 10 11 12 12 14 1B 1E
_DOI5=0 PRESS 21 TY 27 e
[01F=] PRESS 212 FPi= B EE R
3 SMOVE P.3-100% A7 T-2 SSIEp entenng Y ETI EE Er B e e
54 MOVE F.5-100%.A=1.12 cUDe 1 v
. DO13=1 VAL 0N
S5 . MOVE L.5=100%.4<0,T=2 ] 2] 3[4 ]etstaTsota
56 . MOVE P.S=100%,A=1,T=2 = >
57 . MOVE P.5=100%,4=7T=2 s |wjmj12j13| 4 15|16
. D020=1 "VAC_ON CHECK R
58 . MOVE P.S=100%,A4=7.T=2 o5 | o6 | 27 | 28 | 23 | ;| 31 | @
. DO16=D PRESS TZ FYZ
,WAIT DIZI=1 WAC 0N 221 Gl B B I L N BN O
» 1. The step on the verge of entering the cube shall be set up as a discontinuous step.

_ (A=0).

7 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 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 <
entrv into S3.

; HYUNDAI
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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

Robot 1 : Robot 2

Program of Robot 2
EETEOH __
WAIT DIZ1=T PRESS 2% Zrd0 1] 2] 3|a|s5 |6 78]~

. DO1B=0 PRESS 215 Tl 27 -
. DO16=1 'PRESS 215 7RE 0 O 0 A A O 00
53 . MOVE P,8=100% 4=7.T=2 > Step entering cyb& | 1& | 19 | 20 [ 21 | 22 | 23 | 24
=4 >MOVE P.8=100% 4=1.T=2 > Current Step o | o5 27| ez | 3| 32
L D013=1 YAC DN
S5 MOVE L.3=100%,4=0,T=2 ¥ DARNTIFEG | Y g
56 . MOVE P.8=100%.4=1.T=2 = omAT pa I/

57 . MOVE P,S=100% A=7.T=2 HEEE e
. DO20=1 "WAC_ON CHECK —

S8, MOVE P,5=100%,A=7.T=2 i1 )14 1516 =
. DO16=0 ‘PRESS 2T S R

. m‘\TﬁEDl'f‘S:‘]'D\DMC;O?NTg;ﬂ ® % ||| w0 w
DO 0= Ho Ao SIEIEIEIELETET R

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.

HYUNDAI ;
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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

ES EEOW __
CWATT DIZT=1 FRESS == Zhd0 1 2 3 4 5 [ 7 8 ~
(OISO PAESS £5 85 2+ TERTHECE ECE ETERTER i
 DO1B=1 'PRESS 21Z FgE 3

53 MOYE P S=100% A=7.T=2 17 18 19 2| 2 22| 23 24

54 MOVE P,5=100%,4=1,T=2 25 | @B 2 28 |23 30 3| 32

DO13=1 "WAC_ON

' 33| 34| 3/ | I /| 4

55 MOVE L.S=100%,4<0,T=2 — ——— v

56 MOVE P,5=100%,4=1,T=2 E.‘_'!!‘ LT | ta

237 MOVE P,3=100% A=7.T=2 (1] 2] 3| 4fs - - ——
. DO20=1 "WAC_ON CHECK | —

58 MOVE P.5=100%,4=7.T=2 S| 1213 45|16 -
. DO1B=0 PRESS 21 FIYE 17| 18| 18| 20| 21| 22| 25|
FWAIT DIZ1=1 WAL _OM =h21 o5 o o7 o8 og e 3 ks

59 | MOVE P,5=100%,4=7.T=2
DOIT=1 OHIS AT 22 33| 3 | 3B/ | ®/| | B/ /|4 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 ge——-I

enter the cube.

2-15 ) H
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Cube interference prevention

2.2. Error Detection

The cause is that the signal of access prohibition to the cube is

Possible Causes of Errors input when a robot has entered the cube.

Error Message E0222 Same cube simultaneous entry detected

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

Solutions > .
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.
" HYUNDAI 2.1
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