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1. Introduction

HRSpace3

1.1. About HRSpace3

HRSpace3 is a PC based OLP (Off-Line Programming) software for Hyundai Robot and Hyundai Hi5
Controller.

After installing the robot process, teaching the robot and test running the robot, problems unexpected
during planning are identified. If these problems are corrected after the installation and teaching
process is completed, the timing of mass production will be delayed.

By using HRSpace3, you can configure the robot work in 3-D virtual space and review the problems
while simulating the configured work to make any corrections. Because the work prepared in
HRSpace3 is saved as work file for Hi5 Controller, this file can be copied to the controller to execute the
actual robot work.

HRSpace3 is equipped with a virtual controller that is the same one in actual Hi5. Thus it estimates the
trace and cycle time as precisely as actual Hi5 controller does. Any Hi5 controller users can easily learn
how to use this because it supports all HR-BASIC commands and the operation method and functions
of Hi5 controller except some functions such as cooperation control or online tracking. It can also be
used in user training, how to use Hyundai Robot.

HRSpace3 is the optimal choice for OLP work of Hyundai Robot.

B Warning: To HRSpace2 users

- HRSpace3 doesn’t support Hi4a and older controller. It also doesn’t support the body of
old type robots that are not registered in Hi5.

-  HRSpace3 and HRSpace2 use the same extension (.hrs) for documents but documents
from HRSpace3 and HRSpace2 are not perfectly compatible. Please use HRSpace2 to
open documents that contain old type robots and controllers.

- There're lots of differences in the operation of HRSpace3 and HRSpace2. Please use
HRSpace3 after reviewing manuals or Help fully.
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1. Introduction

HRSpace3 provides the following convenient functions.

3-D work
configuration

You can arrange objects such as robot, jig, work piece and tool on 3-D space.
These objects are managed in hierarchy structure.

Open STL file

HRSpace3 can open STL file of 3-D object saved with a CAD program.

Robot simulation

A built-in Hi5 virtual controller in HRSpace3 simulates the actual operations of a
robot.

It can estimate the correct path of the tool end and the cycle time. It can
simulate up to 10 Hyundai robots at the same time and also do traverse axis
simulation. It is able to simulate the sequence of I/O signals between a robot
and a device and do the whole work cell simulation by linking with scripts.

Save as work file

It can save settings & job files as a format that Hi5 can read.
On the contrary to this, it can import the settings & work files from Hi5 controller.

Robot monitoring
of Hi5 controller

Real-time monitoring is available with a 3-D screen by receiving the details of a
robot’s pose controlled by actual Hi5 controls via RS-232C or Ethernet.
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HRSpace3

1.2. System Requirement

The following system is required to use HRSpace3.

PC Pentium 4, 512MB RAM, 300MB HDD space

Minimum

e (O] Windows 2000 or Windows XP
specification

General OpenGL accelerated video card

Display | pesolution: 1024768 / Color:16M (True Color) / Video RAM:32M
PC Core2 Duo, 2GB RAM, 500MB HDD space
Recommended | 55 | \yindows 2000 or Windows XP
specification
. Professional OpenGL accelerated video card
Display

Resolution:1920*1200 / Color:16M (True Color) / Video RAM:512M

If you work with large scale CAD files, use high performance hardware with sufficient memory capacity
and professional video card.
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1. Introduction

1.3. Software Installation
Close all application software on the system.
“.pdf” is HRSpace Help. Please install Adobe Reader first if it's not installed.

Now, execute THRSpace3.msij , HRSpace3 setup file.

arne Type Packe... Has ... Size | R... Date
ﬁ!HRSpace.msi Windows Insk,,.  14,519... Mo 15,1... 4% 5[21]2007 901 AM
Flinstrsia.Exe Application 1,630KE Mo 1,66, 3% 9/26/2001 $:05 AM
Flinstrsive. Exe Application 1,742KE Mo 1,77... 3% 9/12/2001 7:04 AM
[Fsetup.Exe Application 60KE Mo 108KE  46% 3/19/2003 2:035 PM
-_";}Setup.lni Canfiguration, .. 1KE HNa 1KE 0% 5/21/2007 %:01 &M

Click the Next button to proceed.

it? HRSpace3

The inztaller will guide you through the steps required to install HRSpace3 on pour computer.

WARMIMG: This computer pragram is protected by copyright law and international treaties.
Unauthonized duplication or distibution of this program, or any portion of it, may result in severe civil
ol criminal penaltiss, and will be prosecuted ta the maximum extent pozsible under the law.

Cancel
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HRSpace3

Select the folder to install and decide whether you want to give access to everybody who uses this PC.
Then click the Next button to proceed.

i'é" HRSpace3d

Select Installation Folder

The inztaller will install HRS pace3 to the following folder.

To install in this folder, click "Nest". Ta install to a different folder, enter it below or click "Browse".

Folder:

CWFrogram FilesWHHI RoboticsWHRSpace 3w Erowse...

Install HRSpaces for yoursell, or for anyone who uses this computer:

(%) Everyone
) Just me

’ Cancel ] ’ < Back ] | Nest >

Click on the Next button to confirm the installation to start.

it¢ HRSpace3

Confirm Installation

The installer is ready to install HRSpace3 on your computer.

Click "Mext'" to start the installation.

Cancel ] ’ < Back ] | Mext »
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1. Introduction

1.4. Software Execution
You must use one of the following methods to execute HRSpace3.
(1) Method 1

(@ Click on the Start button.

@ Select HRSpace3 as follows.

] ACFOSOrT

v uﬂ Games
fﬁ HHI Robatics fﬁg HRSpace ) t HRSpace
Recycle Bin ) Hrvision » @ HRTrans »
[@ HRvision OCY » (@) virtualController >
‘\@ Microsoft Visual Basic 6.0
AcroEdit Microsoft Web Publishing
@ sStartup
0 Internet Explorer
\‘E‘X‘) ‘Windows Catalog :\' MSN Explorer
|4) Outlook Express
‘w Remote Assistance
o &) Windows Media Player
48 windows Messenger

@’ Set Program Access and Defaults

‘Windows Update

Programs

<, Documents
Settings
Search

| Help and Support

Run...

Log Off Administrator...

Windows XP Professional

@ Turn OFf Computer...

s start

(2) Method 2

Double click on the HRSpace3 icon on the desktop.
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2. License input
HRSpace3

2.1. License input

To use the official copy of HRSpace3, you must enter the license key that fits the unique number of the
PC where the S/W is installed.

If you run HRSpace3 without entering the license key after installing the application, it will run in trial
version. If you see the following message box when executing HRSpace3, it means that it is running in
trial version.

HRSpace3d

j) License key code is mismatched,

Trial version,i%ou can't edit workspace, .
If wou want full version, contact the vendar to ask about license key,

In the trial version, you can open the sample document file and run try the simulation but will not be

able to open the popup menu by right clicking the mouse. Therefore, it is impossible to create or edit
the document.

¥ The following describes how to register the HRSpace3 as the official version.

@ Select "Tools - License input; from the main menu. The following message box will be

displayed.
License E|
Send us any MAC address on below list, [ Copy selected MAC to Clipboard |
System code: MAC address description
Dd4:85:64:01:73:7D Eroadcomn Metxirerne Gigabit Ethernet - TR ~H &2 OIL] ...
00:5056:C0:00:01 Yhiware Virual Ethernet Adapter for Y¥Mnet]
00:50:56:C0:00:08 Yidware Virnual Ethernet Adapter for YMnetd
00:04:5E :55:49'658 3Com EtherLink L 104100 PCI For Complete PC Manageme, .
Expire date: 0 (Example: 201212313
: Input the issued keycode, press OK button,
L Eaile ) and restart the application,
[ 0K ] [ Cancel ]

@ The 6 byte number on the System code is the unique data of the PC where HRSpace3 is
installed.

(® When you purchase the user license from the supplier, provide this number. (This system
code is the MAC address of the Ethernet card on the PC. If the PC does not have the Ethernet
card installed, you cannot use the official version of HRSpace3.)

/" HYUNDAI 2.2
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2. License input

@ Due to different uses of the PC including modem and Bluetooth, the PC with HRSpace3
installed may display multiple MAC addresses. Provide the one address that does not change.
(Please note that the MAC address of the modem may be changed every time you boot the
computer.)

(® The supplier will provide you with the key code based on the provided number. Keep this
number securely. After entering this number on the Key code block of the message box, click
on the OK button

License §|

Send us any MAC address on below list, [ Copy selected MAC to Clipboard |
System code: MAC address description
D4 8564017370 Broadcorn Metxtrerne Gigabit Ethernet - N2 ~HI S OIL ...
00:50:56:C0:00:01 Yidware Virual Ethernet Adapter for ¥Mnet]

00:50:56:C0:00:08 Yiiware Vinual Ethernet Adapter for YMnetd
00:04:5E :55:49:68 3Corm EtherLink *L 10100 PCI For Complete PC Manageme, .

Expire date: 0 (Example: 201212313

: Input the issued keycode, press 0K button,
pedleuis Fatles and restart the application,

L_ QK. _J [ Cancel ]

® Now, close HRSpace3 and then restart the application. If you do not see the message box for
the trial version, it means that the license key was successfully entered and is running as
official version. In the official version, you can use the pop up menu without any restriction.

Because this key code is stored in Windows registry, you do not need to enter this Key code again
when you execute HRSpace3 again or upgrade/reinstall HRSpace3.

But, if you uninstall HRSpace3 from the PC or reinstall the OS or format the hard drive, the Key code
information will be deleted. You will need to re-enter this Key code when you reinstall HRSpace3.
Therefore please make sure to save this Key code securely.
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l? 3. Basic Function

J HRSpace3

3.1. Screen Configuration

The screen of HRSpace3 is configured as follows.

£ A= 213 - HRSpaced title bar

File Edit View Select Simulation Tools Help menu bar

e OenB ~Cr
| sQ=|1 J Simulation P | =

Teach Base v PP v | 8= 50 v % & A=|0 M T={0 M ] I
R[] 000000  Timespd.| 1] G| selMode | | al][ ]

~ vksnace standard tool bar ? f teach bar
camera

gt simulation bar select bar

tree window

3D screen
k
result y 3 | B A W 4 | | H W E N y | | 2 x
o|
&
Esady CAP
Title bar This displays the HRSpace3 title and the name of the currently opened file.
Menu bar Various functions of HRSpace3 are provided in pull down menu.

Standard tool bar | These are the buttons frequently used for quick operation.

This is to setup the coordinate system and step parameter setting applied

Teach bar when creating the step.

It provides buttons to play, stop, and reset simulation, a simulation timer to

Simulation bar ;
measure the run time, and a speed controller.

Spot bar This is a convenient function that can enter spot welding command easily.

This shows the hierarchy relationship among the models composing the
Tree window current document and the function to edit the properties of the model and
relationships among the models.

This displays the result of layout composed in the work space in 3-D view and

D SR lets the user observe the simulation operation of models.

Result bar Simulation result is recorded in text method.
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3. Basic Function

By clicking and dragging the screen elements of HRSpace3 with the left button of your mouse, you can
separate them from the frame and rearrange them to the location you want. As rearranged
configurations are saved automatically in Windows registry, it will be maintained after you close and
execute HRSpace3 again.

€ HIZ Q!5 - HRSpace3
File Edit View Select Simulation Tools Help
DBR&E =8 @eng . ~Cr %2

Select ® result

saose 3] 0] o + 4] R R R O

SPOT workspace

3]

camera
< grid

simulation 5]

simuiation ¥ [ = | R[] 000000 Timespa| 1] G

result

HRSpace3 [9[(=1]e3]

 File Edit View Select Simulmion_loulsﬁlp - | | ] N | | | P | B
| Teach [pase [pe v] 5[50 [% ] a0 v [0 o smuaton > [=f m|[ 00000 Timesps| 1] G|
sPOT [ GN— cm: SQ: jSel.Mnde _E_l dlﬁlgﬂ
o workspace ®x
Z, > workspace
> @ camera
=] < grid
=]
&
By
2
=]
8
=]
=
S
5
[
]
ES
T
result 2 x
o
5
[Bezdy LI
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3.2. View Menu

HRSpace3

The following menus are included in the view menu of the main menu. You can select the item by

clicking on the item once and you can click again to unselect the item to toggle back and forth. You can
hide or display bars or windows by using these items.

Select Simulation  Tools  Help

|@| Perspective |
(5 lsometric

| Projection

ToolBar

o]

= s

StatusBar

TeachBar
SpotBar
SimulationBar

SelBar
E TreePane
E ResultPane

=, otep Create/Maodify
. Shift
[ Measure
= Snap
Sealing Condition

The frequently used view/hide items are arranged in the Standard tool bar.

D|=|ela| &|%@(o]je .~ k| 2

Projection supports two methods, Perspective projection and Isometric projection.

D|=(E&| | |al @ eln= .

*.

il
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3. Basic Function

3.3. Workspace Coordinate system and Grid

In the default condition of HRSpace3, the tree window is shown in the following hierarchy.

L workspace
camera
= grid

In the 3-D screen, one coordinate system and grid will be displayed.

The coordinate named Workspace is the global coordinate system model of the workspace and grid
plane named Grid is the grid model.

Workspace coordinate system model

This refers to the absolute zero point in the 3-D space. The XYZ Cartesian coordinate of this is
(0, 0, 0). The location and direction of the workspace coordinate cannot be changed.

3 coordinate axes are displayed in 3 colors of Red/Green/Blue. Red refers to the + direction of
the X axis, Green of the Y axis and Blue of the Z axis.

At the very top of the workspace, there is coordinate system type model called ‘Workspace’
and all other models are children of the Workspace model.

Grid model

The grid plane shows a part (Around zero point of workspace coordinate) of the plane of Z=0.
In other words, you can think of this as the floor plane of the production line.

This plane has transparency of 0.1 with violet color as default. But you can change the color
and the transparency by editing the model attribute, and also change the location/direction. If
required, you can create another plane different from Z=0. Also you can adjust the size and
scale of the plane by opening the grid attribute.

3-5 / "HYUNDAI
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Mode.I.Pmperties. =
name rid | Primitive shape

G o
library ref. | |

Location {relative)

RX [ 0.000]gog
RY | 0.000] gy

Colar
Style [] Draw hackface [ Follow parent
Transparency 01 Sirmulation On (76,0,128)
(0:opague ~1.0)
[RefPos ] | |
[ Apply l ’ Ok ] ’ Cancel ]

When you open the grid attribute of the Grid, it will be displayed as follows.

Grid Pru_perties

Whole size {mim)

- dir.

Scale gap (mm)

[0

R

+ dir.

Colar
[] Follow parent

. (76,0,128)
. {100,100,100)

odir. %

‘[ |

Ok

| |

[ Apnply l [ Cancel

HRSpace3

When you open the model attribute of the Grid, it will be displayed as follows as default.
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3. Basic Function

3.4. Camera Operation

In order to create and edit the work layout on 3-D, you must be able to freely move from the view point
of the user.

There is one camera model by default in the tree window, and this is the view point of the user through
3-D screen. In other words, this camera is not displayed on the 3-D screen and you can move the
location and direction using your mouse.

A workspace

LECAMEr3
<& grid
Pan
B Move the camera view point horizontally in up/down/left/right direction:
Right click on your mouse while pressing the [Shift] key on the keyboard to move the mouse.
Zoom in/out
B Screen zoom in (Camera view moves forward) :
Right click on your mouse while pressing the [Ctrl] key on the keyboard to move the mouse in
right or down direction. Or try pulling the wheel on the mouse.
B Screen zoom out (Camera view moves backward) :
Right click on your mouse while pressing the [Ctrl] key on the keyboard to move the mouse in
left or up direction. Or try pushing the wheel on the mouse.
Rotate
B Rotate based on the grid floor point where the center of the screen can be seen :
Without selecting any model and with the [Ctrl] and [Shift] key of the keyboard pressed, right
click and move the mouse.
B Rotate based on the zero point of a specific model :
After selecting a specific model, right click on the mouse while pressing the [Ctrl] key and
[Shift] key on the keyboard to move the mouse.
B Rotate up/down centered at camera itself:

Push/Pull the wheel of the mouse while pressing the [Ctrl] key and [Shift] key on the keyboard.
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HRSpace3

B  Home

F}camera |
= arid | @ Home Position

& Model Properties, .
Camera Properies, .,

If you select Home after right clicking the mouse on the camera model, the camera view point
will return to the default condition.
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3. Basic Function

3.5. New, Save and Open Document

The file type of the document used in HRSpace3 is “.hrs” (HRSpace).

B Warning: Save only one .hrs file in one folder!
Control files of each robot in project “.hrs” are saved in sub folders. If you save many .hrs files in

one folder, be careful because other .hrs file’s controller files could be overwritten. (Refer to “6.2
Virtual Controller and controller file.”)

— —

' '
’JMyWork = . ’JMyWork =) .
L robot_1 L robot 1
: ; ROBOT.CON : ; ROBOT.CON
&] = &] =
MyWork.hrs [E ROBOT.MGH MyWork.hrs [E ROBOT MCH
[é 0001.J0B B [é 0001.J0B
[—;f 0002.J0B Iﬂ [—;f 0002.J0B
[; 0003.JOB MyWork2.hrs [; 0003.JOB
\.
\ \

(©O)

(X)

The following descriptions are same as the common operating method of Widows applications.
If you are familiar with working on Windows applications, you can skip the following descriptions.

B New document
When you select ‘File — New File’ from the Main Menu, all the work currently in editing mode
will disappear and the screen will start in default condition.

Edit Miew Select Simnulation
|D ew Ctrl+h]
& Open... Ctrl+0
I Save Cirl+5

Save bz

Or when you click on new file button in the Standard tool bar or press [Ctrl+N] key, it will return
to the initial condition.

’.E-’“EI%

[=I=Ie

~| Bzl 2]
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B Save document

HRSpace3

When you select "File - Save; from the main menu, the current document will be saved.

Edit Miew Simulation Tools K
O New Ctrl+N
& Open... Ctrl+Q
| Save Ctrl+S
Save As,.,

Or when you click the save button on the Standard tool bar or press the Ctrl+S key, it will save
the document.

When saving the document for the first time, or when you select

File — Save as; , the
window to select the directory/file name will appear.

Save in: | G fy Documents vl ) I'$'~ B Gl
[COHRHi4C
@ My Music
My Recent E‘Mv Pictures
Documents
=
[
Desktop
My Documents
My Computer
™ File: narne: || v | [ Save ]
My Metwark | Save as fype: | HRSpace Files [* hirs) w | ’ Cancel ]

/ "HYUNDAI
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3. Basic Function

B Open document
When you select File - Open,

from the main menu, the following open document window
will be displayed.
Edit Miew Simulation Tools H
O New Ctrl+N
| Open,.. Ctr+0 |
IE Save Ctrl+S
Save As,.,

Lok jr: | @ ty Documents v | €] ﬂ‘ ® [~
Y [ HRHiC
i Ea @Mv Music
My Recent EMV Pictures
Documents
;I“:%
Desktop
‘ My Documents
My Computer
- File name: || v | [ Open ]
by Metwark, Files of bwpe: | HRSpace Files [ hrs] - | ’ Cancel ]

Or when you click on the open button on the Standard tool bar or press the [Ctrl+O] key, the
open document window will be displayed.

IEIE \31-

~| k=2
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HRSpace3

When you select the document and click on the Open button, the document will be opened.
Recently used documents will be shown at the bottom the File Menu of the Main Menu. When
you click on any of the recently used documents, the document will be opened directly.

& HRSpace - ProcDesign3.hrs

Edit Miew Simulation Tools H

O New Ctrl+M
= Open... Ctrl+Q
& Save Ctrl+5
Save As..,
&S Print,.. Ctrl+P
Print Preview
Print Setup, .,

Document 3D Info,..

1 ProcDesign3.hrs

2 ProcDesignl.hrs

3 UdataWHRSpace® Test hrs

4 UttdataWHRSpaceMNoname. hrs

Exit

Or you can also open the document by dragging the “.hrs” file from Windows Explorer to
HRSpace3 to open the document.

When HRSpace3 application is not running, you can double click on the “.hrs” file from the
Windows Explorer to execute HRSpace3 and open the document.

T
ProcDesign
X

ProcDesignT hrs

~ HRSpace.Documen
KB

ProcDesign hrs
t-lﬁéj pace,Document
KB

ProcDesign3.hrs
; ﬁ f::Epa ce,Docurnent

[oz, [*z, o=,
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3. Basic Function

3.6. Result bar

The Result bar displays various information including the simulation results in text format.

result

= [0

The Result bar has the two following buttons.

o This is a toggle button. When pressed, the results will not be displayed.
el When the results are displayed continuously quickly, you can use this
(Disable button) ' function to view the results in stopped condition.

*
(Delete button)

All the content shown on the Result bar will be deleted.
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4. Model

HRSpace3

4.1. Concept of Model Hierarchy Structure

All objects inside the workspace are called a ‘model’ in HRSpace3. Car body, robot, tool, jig or recorded
steps or coordinate systems are all types of models.

Each model has its own properties including name, location, shape, color, transparency etc. These
properties can be edited by opening the model properties window as follows.

model properties ]

narme grid shape
shape file E] cube v
likirary ref.
parameters (mm, deg)

location (relative) e 500

H 0| R o deg Yy 500

Ay 0 [T R o deg z 500

z 0 mim RZ 0 deg

— — color
Style | filled w [] Draw Backface ||
[lfallow parent

Transparancy DT ] Simulation Cn (255,255 0)
{0:opague ~1.0)

Apply } l 8] ] [ Cancel

As shown in the following figure, there are models that inherits the properties from the basic model
including link, robot, step etc.

Basic
model

Camera Grld oord sys. Llnk Robot ] [ Step IIO conn.
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4. Model

Inheriting the properties mean to have the basic model properties and additionally have own unique
properties.

For example, the link model has the above model properties and additionally the following link
properties.

Link Properties §|
Axis index
(@) O []invarse cur. axis value | 10.88880°) oy
R ORY ) Mone HOME 0 deq
Axis rangeiden) mMonitoring axis range(ded)
Min. |-225 Max, | 225 [ Min. M,
6]%4 I ’ Cancel ]

A model form a hierarchical structure and is arranged inside the workspace. (Do not confuse with the
above inheritance picture. The following hierarchy structure is a concept of ownership and not
inheritance.)

If model B is located under model A, model A is the parent and model B is the child to form a
relationship.

B Because the child model uses the location of the parent model as the origin, when the parent
moves all the child models below the parent will move together.
(But, when setting the RefPos in model properties, the reference position is used as the
origin.)

B When you delete the parent model, all the child models will be deleted together.

B When the parent model is copied, all the child models are copied together.

B When the parent model is saved, all the child models are saved together.
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If you look at the hierarchy structure in the following picture, the cube is the child model of the tray and
the dish is the child model of the cube.

=@ Tray
=@ Cube
¢ Dish
& Cvylinder

When you move the tray, the parent model, all the child models move as well.
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4. Model

On the other hand, when you move the cube, the dish, which is the child model, will move together but
not the tray.

If you delete the cube, the dish, which is the child model, will be deleted as well.

The layout of the automation line to simulate is composed through the relationship among models as
shown above, just different in complexity.
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4.2. Configure and Edit Model 1

Let’s configure the hierarchy structure of the following models.

=@ Tray
=@ Cube
~-@ Dish
& Cylinder

HRSpace3

When you right click on the workspace of the tree window, the popup menu will be displayed. When you

select new model, the sub menu will be displayed and you can select the "Model; .

g oz

= Crd3ys Properies, .,

Batch Modification of Model Properties., .

Mew Model '| & Model
= 9" = Load Madel as a Child, ., & Hobot
% Link

L Coordinate Systern
m /0 Connection
@4 Collision Detection
< Location Group
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4. Model

A new model named “no name” is created under the workspace. In the 3-D screen, nothing appears yet.
This is because the model shape has not been defined yet.

)= iworkspace

et
<= grid
& noname

Now, right click on “noname”, and select the model properties.

X waorkspace
camera
<& qtid
*

Save As..
I Save as 5TL
(4 Simplification

[ nn 1/ Status
= Attribute Status

:||Q Model Properties. .,
Action Propetties,
Batch Modification of Model Properties,

When the model properties window appears, select the drop down list box to select the 3-D rectangular
box as shown in the following picture. Leave the other parameters and click OK.
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When the properties window appears, edit the name, shape, shape parameter and color as follows.
(When editing the color, click on the colored rectangle and set it in the window.)

name iTray | shape
shapefile | | E] }cube ,,‘
library ref. ! ‘

location (relative)

X 0l mm  RX 0| geq

parameters (mm, deg)

X 2500
v 12500 \
z 50 \

color

[[Ifallow parent
(255,255,0)

Y 0 mm  RY [ 0]geg
z 0| mm RZ 0 deg
|
Style |filled v [[] Draw Backface
Transparency o ] Simulation On
(0:opaque ~1.0) '
[RefPos J l }
[ Appy

The tray appears in the 3-D screen as follows.

This time, right click on the tray of the tree window and select "New as a Child - Model,

popup menu again.

=@ Tray

. |

PS %[H New as a Child
| & Load Model as a Child,.,
;7 Duplicate
X Delete
[ Save &s...
I Export As STL...

(4 Simplification,.,

s
E

=re |0 status,.,

| ¢ model

=§ mech
& robot
N link
|, step
< path
) coord,.sys,
- /0 connections
& collision detection

Now the following hierarchy is configured.

=@ Tray

@ noname

from the
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4. Model

Right click on the noname model under the tray and select model properties. Enter the following
information in the model properties window and click on OK.

model properties ®
name | | shape
shape file | | D |cube V|
library ref. | |
parameters {mm, deg)
location {relative) w 00
z0  Owm RE[ 0fueg

color

Style  [filled W [ Draw Backface
[ fallow parent

Transparency E [¥ Simulation On (255,265,0)
(0.opague ~1.0)

[RefF'os] | |

| Apply ][ oK J[ Cancel J

As shown in the following picture, the cube is shown on the tray.
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HRSpace3

In the same method as the cube, create a cylinder. Set the model properties as follows.

model properties 5
narne |C\,rinder | shape
shapefie | L [evnoer v
library ref. | |
parameters {mm, deg)
location (relative) o 200
Y Omm BT Dy
z|  Smm RZ D
color

Style  [filled W [ Draw Backface
[ follow parent
Transparency E [ Simulation On (255,128,0)

(0.opague ~1.0)

’ RefFos ] | |

| Apply |[ OK ]’ Cancel ]

The hierarchy structure of the tree window will now be as follows. Open the popup menu for the cube
and select "New as a Child - Model; .

T I
] ‘ = ;
¢ E-éh?i' New as a Child | & model
| @ Load Model as a Child.., ‘= mech
[y Duplicate & robot
X Delete N link
& Save &s... \* step
B Export 4s STL... <» path
@ Simglification... Agoord;sys.
| m® /O connections
=2 10 status.., #4 collision detection
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Enter the model properties of the noname under the cube.

model pmperﬁes 5]

name : Dish ‘ shape
shapefile | ‘ E] }Whr?deriﬂ
libraryref. | |
parameters {mm, deg)
location (relative) radius 200
‘ o S
A 0 mm  RX 0deg Zz ‘10 ‘
- = =
Y[ olmm RY [ 0lgey
7 500y RZ ”__\ deg
color
Stie |filled [C1Braw Backtacs [[Jfallow parent
Transparency | p Simulation On (255,255,255)
(D:opague ~1.0) ———
[RefPos | | |
[ apoy | [ oK ] [ Cancel ]

4. Model

You will obtain your planned results.

=

& Tray
=@ Cube
-@ Dish
& Cylinder
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4.3. Configure and Edit Model 2

Let’s try to learn a few more ways to work with the model.

®  Open popup menu of model
Right click on the model of the tree window to open the popup menu.

=@ Tray
e

.4 Cyll

New as a Child

HRSpace3

| -

>

& Export &s STL..,
[A Simplification, .,

=re |0 status,..
(5 Attribute status.,.,

& Model Properties, ..
Action Properties, .,
Model Properties Batch Modi,,.

Or you can open the popup menu by right clicking on the model in the 3-D workspace.
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4. Model

Select model

When selecting the model, all models can commonly be selected by clicking the left mouse
button on the model.

When you click on the model in the tree window, the model will be selected. Or you can click
on the model in the 3-D workspace. The selected model will be highlighted in the 3-D
workspace.

=@ Tray
& Cube
¢
& Cube3d
& Cubed
& Cubeb

ave il R

& Cube?

If you want to select several models, select the models in order with the Ctrl key of the
keyboard pressed.

=@ Tray

¢ S5

¢ Cube?

¢ [STEE]

¢ Cubed

=@ ?ra ' h h

¢ Cube
¢ Cube2

Or you can select all the consecutive models between two models by clicking on the two
models with the Shift key pressed.

=@ Tray

& Cubeb
= @ Tray2

& Cube '
¢ Cube? Yol

But, you can only select the models with the same parent model. For example, you cannot
select cube 2 under the tray and cube 2 under the tray 2 cannot be selected together.
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B Edit model name
You can edit the name of the model from the model properties window but there is a simpler
method.
With the model of the tree window selected, left click again on the name.
Or with the model of the tree window selected, press F2 on the keyboard.
It switches to the condition where you can edit the name of the model.

A workspace
Camera
=% grid

Y rcnaiel

Type the new name with the keyboard.

)~ workspace
camera
<= grid
&

Press the Enter key on the keyboard or click on another model with the mouse to reflect the
entry.

J= workspace
: camera
<= grid

gy Model
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4. Model

Delete model
To delete the model, you can open the pop up menu from the model to delete and select
Delete. When you delete the model, all child models of the model will be deleted.

5-9 m“ New as a Child

»

® Cyli; = Load Model as a Child...
[y Duplicate
[¥ Delete

Save As,,,
IE Export &s STL...
A Simplification...

=re |0 status,.,
£ Attribute status,,,

& Model Properties, ..
Action Propetties, .,
Model Properties Batch Modi..,

You can also delete multiple models at the same time by selecting multiple models and using
the same method.

=@ Tray
& Cube
& Cube2
Y Cube3
L Y Cubed
& [ss | X Delete

= T 2 -

% Qra%ube = otep Properties, .,
& Cube? Model Properties Batch Modi,.,
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B Duplicate model
To duplicate the model, you can open the pop up menu from the model to copy and select

Duplicate.
R R Trau [ F—
= @t Newas a Child >
1 = Load Madel as a Child..,
¢ [ Duplicate
¥ Delete
Save As...

When the duplicate window appears, set the name of the new model and how much to
move/rotate the duplicated model as shown below and click on OK.

duplicate @

new name [Tfaﬂ \

X Y z
shift mm) |0 Hwou Hn J
angle {deq) ’U \E HZU W
| ok | [ cancel |

All child models are duplicated together as shown below.
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4. Model

Move model in hierarchy structure — Move as a Child of This

You can move the model under the existing parent to a different parent.

For example, let’s try moving the cube 4 under the tray to the parent of tray 2. As shown below,
drag cube 4 with the right click and drop it on the tray 2.

=@ Tray
& Cube
¢ Cube?

....................

....................

The following pop-up menu will be shown. Select "Move as a Child of This; .

=@ Traw |
¢ | Move as a Child of This
¢ Move After This
‘ ’
¢ |  Cancel
- . Looey
=« A
@ Cube
¢ Cube?

It moved as follows. You can see that the cube 4 moved to the tray 2 in the 3-D workspace.

=@ Tray
& Cube
& Cube?
& Cube3
& Cubeb
=@ Traye
& Cube
& Cube?

 JCubed

When you drag and drop with your left mouse button, the popup menu will not appear and
execute "Move as a Child of This; .

4-17
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B Move model in hierarchy structure — Move After This
You can move the model under the existing parent to the next location of a different model.
For example, let’s try moving the cube 4 under the tray to the next location of the cube under
the tray 2. As shown below, drag cube 4 with the right click and drop it on the cube under the
tray 2.

=@ Tray
¢ Cube
¢ Cube?

....................

....................

=@ Tray?

Y Cuie |

The following pop-up menu will be shown. Select "Move After This; .

=@ Tray | |i
‘ Cprbha i
¢ C Move as a Child of This

C[" “Mave After This |

Bh o= = =2'== =

z Cancel

It moved as follows. You can see that the cube 4 moved to the tray 2 in the 3-D workspace.

=@ Tray
¢ Cube
& Cube?
¢ Cube3
& Cubeb
=@ Tray2
& Cube

@
& Cube?
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4. Model

B Move model in hierarchy structure — Move multiple models at once
After selecting multiple models as shown below, you can drag and drop in the same method to
move all the models.

= @ Tray
& Cuhe
¢ [E Move as a Child of This

L 3 C Mave After This

¢ CuL Cancel

¢ Cube?
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4.4. Save and Open Model

HRSpace3

You can save and open the hierarchy structure of a specific model and the related child models as an

hrs document.

B Save model

(1 Open the popup menu of the model to save and select Save as.

=@

2
=

New as a Child

oad Model as a Child..,
plicate

elete

7 ¥
Ig I— |

»

=@

@
|
2
@
<
@
-
]

L X g=F X X X X 41
F e (EF o A ™ o F e, VEF e AR e, (2F e WY .
X
=

A Simplification, .,

== |0 status, .,

Adbuilb, b ¢ 0 T

@ The following window appears. The file name is set as the model name by default but can

be changed.

My Recent
Docurments

I

By |

=2

o

p i
2

> =1
a

ty Documents

@

My Computer

by Metwork

Save jn; | = hs vl

ﬁ' boee.hrs
ﬂ' pathi.hrs

| teapot.hrs

File name: ||

[ Save ]

Save as ppe: | HRSpace Files [* hiz)

’ Cancel ]
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Load Model as a Child

4. Model

(O Open the popup menu of the model to become the parent and select “Load Model as a

Child”.

= gy

o ™

ﬂew as a Child

»

|ﬁ" Load Model as a Child,..

Look, jr | =5 hrs

= %P E

n £ bax.hrs

| EB ¥| pathl.hrs
My Recent ﬂteapnt.hrs
Documents

Desktop
My Documents

My Computer

File name:

Wy MNetwork Files of lpe:

v

_Deen ]

| HRSpace Maodel Filzs (% hrs)

v

’ Cancel ]

(® The model is opened as the child model as shown below.

=@ Box
=@ Tray
& Cube
& Cube?2
¢ Cube3
¢ Cubed
& Cubeb
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HRSpace3

4.5. T Path

T path refers to the type of string that refers to a specific model within the hierarchy structure of the tree
window. (This is a unique terminology used in HRSpace3.)

For example, when you look at the following hierarchy structure, it has two models with the name
‘Frame’.

J workspace
camera
< qrid

- @ TurnTable

& Frame

- ¢ Rail

- % Slider

.....................

When you are entering one of the two frames in the window, it would be difficult for HRSpace3 to
distinguish which model it is.

Frame

Therefore, HRSpace3 uses an expression method of T path. T path expression lists the name of
parents in front of the model delimited by the symbol '/'.

The prior example of the two frames would be expressed as follows.

B /TurnTable/Frame
B /Rail/Slider/Frame

The highest level model, name of workspace, is not entered. The first /’ located at the first T path refers
to the workspace.

Generally, there is a button for T path designation in front of the edit box where T path needs to be
entered as shown below.

hinge |a2_frameminge
w-link |aE_frameIhingeN_link
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4. Model

T
When you press this button and move the cursor to the tree window, the cursor shape changes to %
shape. When you click on the model in this condition, the T path of the model will automatically be
entered to the edit box. (You can also directly type the T path in the edit box without using this method.)

Generally, there is a limitation in the type of model that can be entered in the edit box. For example, you

T
will not be able to enter the basic model or step model with the [% cursor for the edit box that only
allows the link model to be entered,

To cancel T path selection mode, press the Esc key on the keyboard.

4-23 / "HYUNDAI

HEAVY INDUSTRIES CO.,LTD.



HRSpace3

4.6. Shift message box

By using the shift message box, you can move or rotate 1 or more models.

For example, let's assume there is a model with the following hierarchy structure and try to shift the
cylinder and rectangular pillar simultaneously in +Z direction.

)~ workspace
- [@ camera
<= grid
=@ Tray
& Cube
& Cvlinder
& SquarePole

Click on the shift message box button from the Standard tool bar.

REEEEECEEESEN

Or you can select, View - Shift;

from the main menu.

it | Simulation | Tools/Helps |
q Perspectiveness > |
; ToolBar
rks! StatusBar
car

gricf TeachBar
lra SimulationBar

¢ E Tree
¢ ResultBar

‘ ; Step Creation / Modification
[*~. Shif

’ Sealing Condition Table
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The following shift message box appears.

Refer to the following table to set the reference coordinate, axis and shift.

= workspace
camera
<= qrid
=@ Tray
@ Cube
& Cylinder
@& SquarePole

reference coord.

®self Onparent O specific

|

axis

4. Model

Ox Oy Oz
ORX ORY ORZ
shift value
el s00] mm
T T

To shift based on the coordinate of the object itself, set the reference coordinate as

You can change the sign of the entered value by pressing the ﬂ button.

‘Self’.
Reference To shift based on the parent coordinate, set the reference coordinate as ‘Parent’.
coordinate | To shift based on a specific coordinate other than the above, set the reference
coordinate as ‘specific’ and press the T button to click on the model to set as
reference from the tree window, and enter the T path.
Axis When you select X, Y or Z axis, it shifts in the direction of that axis. When you select
RX, RY or RZ axis, it rotates based on this axis.
Enter the shift distance (or rotation angle).
Shift
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Select the model to shift in the tree window or 3-D screen. (To select multiple number of models, click
on the models with the [Ctrl] or [Shift] key pressed.)

Now when you click on the apply button of the shift message box, you can see the selected model
shifted in the 3-D screen. That is, the location properties among the model properties of the selected
model have changed.

When you continuously click on the apply button, it will shift for every click.

The following picture is the result of clicking the apply button 3 times.

Click on the close button to close the shift message box.
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4. Model

4.7. Measure dialog box

You can use measure function if you want to know the distance between models. Measure dialog box is
appeared when you select Measure from View menu or press Measure button on tool bar.

Select  Simulation
Projection »

ToolBar
StatusBar

TeachBar
SpotBar
SirulationBar

SelBar
E TreePane
E ResultPane

5, atep Create/Modify

%, Shif = e
||I Measure | B NI Pz ®

Let's measure the distance between model 1(robot) and model 2(cube). There’re two ways in
specifying targets, T path method and point method. Press T button, click a model to specify T path as
below. Then the base location of the model is used.

Clent |fru:ubu:ut

Abs.Pos. (mmy|(0.00. 0.00, 0.00) |

hodel 2

Dent (7] [t |

ﬂbslpusl(mmﬂmamua 250,00, 0.00) |

tiodel 2 - Model 1
|(1auu. 00, 250,00, 0,00) |

Awis dist, (mm)

Euclid dist. 181728 mm
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The location of model 2 when T path is used

On the other hand, if you check “pnt” check box and click specific surface of a model, then the location
that is clicked is used.

Measure

radel 1

Abs.Pos.(mm) (535.45, —7.24, 673.33)

rodel 2

et (2]

abs.Pos, (mm) ¢ 140000, 190.01, 367.93)

kodel 2 - Model 1

psis dist. (mm) |(850.55, 197,25, -311,40) |

Euclid dist. 936.17| mm

In this case, the location that you can click is restricted by the settings of Sel. Mode tool bar (or Select
menu).
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4. Model

Sel Mode Eﬁﬂgﬂ Tools
E : Select a vertex Edge
ﬂ : Select a point on an edge E:;;er
ﬂ : Select a center of an edge Eun[dinate System
i : Select a point on a face
ﬂ : Select Coordinate System

(This selection mode function is utilized in Snap and Step Create/Modify function that is explained in
later sections.)
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4.8. Snap dialog box

Snap dialog box helps you to select the correct location/direction on the surface of a model. Select
Snap from View menu or press Snap button on the tool bar.

Select  Simulation

Projection 3

ToalBar
StatusBar

TeachBar
SpotBar
SimulationBar

SelBar
E TreePane
E ResultPane

5, Step Create/Modify
% Shift
Measure
iz Snan |
=ealing Condition E E E:

Four methods are provided for snap calculation. The total number of inputs (locations) depends on the
method.

Calculated result is displayed on the 3-D screen as a coordinate system called calc and the location
and direction are displayed in the result field in numbers (X, Y, Z, RX, RY, RZ ; unit: mm, deg).

Use Sel. Mode bar appropriately when you click locations to select.

selmode B2 4| Alf4 4]
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4. Model

1) Location/Direction: Choose 0 as the origin, 1 as Z direction, and 2 as YZ plane.

_ Calculation type
00 ] 39.57, 89.17, 389.77

(® Location/Direction

(O Center of line

@2 157. 89, 89.17, 295.52

(O Center of circle

|
O1 ]-57. 02, 89.17, 296.22 ’
|
|

Result I'SS.S?' 39.17; 389.77; 169.4; 0.0, -90.0 \ [App]y Coordinate]

(O Center of rectangle

2) Center of line: Choose the middle of 0 and 1 as the origin and 1 as X direction.

Calculation twpe
@0 | 39.57, 8917 389.77

{1 Location/Direction

(=) Center of line

o |5?. 89, £9.17, 295,52 _
) Center of circle

|
O1 |—5?. 02, 89,17, 296,22 |
|
|

3 | ) Center of rectangle

Besult |—43.29, 89.17, 342,39, 163.3, 79.4, 180.0 | [Appw Cnmdinate]
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3) Center of circle: Calculate a circle whose circumference includes 0, 1, and 2. Choose the
center of the circle as the origin and the plane of the circle as YZ plane

Calculation type
On |2s. 05, 89.17, 378.36

() Location/Direction

O |—3a.83, 89.18, 323.87

() Center of line

(&) Center of circle

|
|
IoF: |—1.41, 89.17, 287.55 |
|

3 | () Center of rectansle

Fesult |8.IE, 89,17, 334.85, 128.8 -0.0, -90.0 | [Appw deinate]

4) Center of rectangle: Choose the middle of 0, 1, 2, and 3 as the origin and the plane of the
rectangle as YZ plane

o |42.93, 238,00, 277,84 - °n tvpe

) Location/Direction

(O center of line

612, 234,39, 268.01
Q2 | () Center of circle

|
O |52.IT, 234,14, 238,12 |
|
|

16,96, 234,59, 230,03
®3 | () Center of rectangle

Result |29.55, 234,28, 253,51, 166.9, -0.3 £9.5 | [ﬁppw deinate]
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4. Model

5) Click Apply Coordinate button if you want to apply the calculated coordinates to a specific
model

Calculation type
(O Location/Direction
(O Center of line
(O Center of circle

() Center of rectangle

Apply Coordinate

H
6) If you click an object with a cursor whose shape is changed tom, the object is located on the
calculated location and direction.

Calculation type
O Location/Direction
O Center of line
O Center of circle

(@ Center of rectangle

Apply Coordinate

(Rotate the object 90 degrees by 90 degrees with Shift dialog box if you want to change the direction of
the object.)
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4.9. Model Properties Batch Modification

The same model properties can be applied to many models.

A dialog box as below is displayed when you select several models that belong to the same hierarchy.
Open popup menu and select ‘Batch Modification of Model Properties.... "’

=@ Tray
= & [

& Dish

X

Delete

= otep Properies,

Batch Modification of Model Propeties, .,

Model Properties Batch Modification

{0:opague ~ 1.0

[ITransparency I:l

[J&pply ta all children

[

Apply “_ [0]54 _” Cancel ]

Check the check box of each item that you want to modify and select values. It applies the
modifications down to all the children models of the selected model when you check ‘Apply to all

children’ check box.

Model Properties Batch Modification

{0:opague ~ 1.0

s
[ITransparency I:I

Apply ] [ [0]54 l [ Cancel
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5. CAD File

HRSpace3

5.1. Open STL File

When the shape of the model is prepared in STL file type, it can be read as follows.
Both the ASCII type STL file and binary type STL files can be read, and the unit of measure is mm.

Right click on the workspace model (or another parent model), open the popup menu and select new
model to see the sub menu. Select ‘Model’ from here.

D N —
[ Newas a Child l (@ model
< (& Load Model as a Child,.. = mech
= CrdSys Properties,., & robot
Model Properties Batch Modi,,, % link
5, step
< path

J coord, sys,

A new model is created under the workspace, named “noname”. Nothing is displayed in the 3-D screen
yet. This is because the shape of the model has not been defined yet.

> workspace
camera
e gtid
& noname
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Now, right click on “noname” and select model properties.

When the model properties window appears, click on the

shape file edit box.

J workspace
camera
<= grid

o [T

‘ New as a Child
= Load Model as a Child..,
[y Duplicate
X Delete

Save &s,,,
& Export &s STL...
Simplification,.,

=re |0 status,.,
= Aftribute status,,,

|@ Model Properties..,

| & Action Properties..,
Model Properties Batch Modi,.,

rﬁodel properfies

hame
shape file |

library ref. \

[
inoname

location (relative)

Select the STL file to read from the open file window and click on Open.

My Recent
Documents

-

Desktop

ty Documents

-

My Cornputer

Gﬁ

ty Metwark.

L‘

Lok in: |@ my _stl j Q ¥ £ @
[2] body_bin, stl
body_part_bin, stl
tlljlj'_.,.'_t bin_20
File name:  |body _tot_assy _bin_20, st Open
Files of twpe: |STL Files (= st} ﬂ Cancel

5.CAD File

button located on the right side of the
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You can see that the file path of the STL file is entered in the shape file edit box as shown below. (You

can directly enter in the shape file edit box without using the || button.)
model properties
name honame 1 shape
shape file U:IdataIHRSpacelmy_stl‘tbody_tot.i B frione
library ref.
location (relative)
When the path of the file selected with |—— includes a path designated in option library, that part

will be replaced with {LIBRARY}.
Example) {LIBRARYN\Tool\Hanger\Hand\HAND2.STL

When the path of the file includes the path of the current document file, that part will be replaced
with {DOC}.
Example) {DOCNSTL\GLASS.STL

When the path of the file includes the folder path of the library file referred to, that part will be
replaced with {LIBREF}.
Example) {LIBREF\STL\GLASS.STL
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5.CAD File

If you want to see both sides of the model, check the “Draw Backface” option from the model properties
window so that both sides can be viewed. The performance of 3-D process is a little bit degenerated if
you check this option. You don’t need to check this option if all the directions® of triangles in the closed
surface object toward outside because the back side won’t be shown.

[ ]Draw Backface

If there are other properties required, set up the properties. Now click on OK in the model properties
window and the shape of the STL file will be displayed in the 3-D screen.

! In 3-D graphics, the direction of a triangle depends on the order that the three vertexes are saved in
memory.

! of triangfe

A direction l.ﬁ
[
]
1

0 ' AN
" 2 }‘_::" i
CE:* —

5-5 / HY

HEAVY INDUSTRIES CO.,LTD.



HRSpace3

5.2. Save STL File

Use the following method when saving the opened STL file in a different format (ASCII or binary) or
when saving after simplifying.

Right click on the model of STL shape and open the popup menu. Select “Save as STL”.

\ Jroname [
MNew Model »

= Load Model as a Child,.,
o Duplicate. ..
> Delete

Save Ag..
|l Save as STL
7] Simplification

[T Y

When the following window appears, designate the folder and file name to save and click on Save.

Save in: |Lﬂm}l-st| v| € l} B8 T

by Recent
Documents

f

Desktop

1
{

=)

>

M Docurnents

@

My Computer

File name: | basze_body.STL w | [ Save l

MyMetwork | Saveashper | STL Files [t v| [ concel |
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5.CAD File

The following window appears.

Export STL [X]
data format maanification
O binary 1| times
shift
X 0 mm Ry 0] deg
0 mm Ry 0] deg
Olmm Rz 0| deg

{ new vertex = (old vertex x mag. ) + offset)

(o]24 l [ Cancel

For the data type, you can select either the ASCII or binary type.

Designate the multiplier, how much you are going to multiply on the apex coordinate of each triangle.
Generally, default value of 1 is applied but when you want to change the unit from m to mm, you can set
this to 1000. To convert in the opposite direction, set.as 0.001.

Shift is the shift value to apply on the apex coordinate of each triangle. First the location information of
the model properties is shown here as default. (Note that the multiplier is first applied and then the shift
is applied.)

Click OK to save the information.
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5.3. Simplification

When you open a STL file with very complex shape composed of hundreds of thousands triangles,
even the higher performance hardware will have severely reduced processing speed.

To resolve this issue, you can use the Simplification function for saving the file. Simplification function
uses the method of appropriately joining the detail triangles that contact each other. Due to this process,
the precision will be sacrificed but the number of triangles will be reduced.

For example, let’'s assume that the following is a case when a chassis of a car floor shape is opened.

Lok in: ||E',.~ iy _st] j . e -

(=] body _hin, st
2] body _part_hin, stl
body _tat_

File name: \body_tot_assy _bin, stl
Files of ype: | S TL Files (=,5tl) |

This model is composed of about 200 thousand triangles and the file size is about 10MByte.
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5.CAD File

When you zoom in a part, you will notice that it is composed of detail structure. When you assume the

current condition as 100%, let’s try to simplify to the 20% condition.

Open the popup menu for the model and select "Simplification .

¢ mw as a Child
= Load Model as a Child...
[y Duplicate

X Delete

»

[[A Simplification, ..

5-9
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When you see the Simplification window as shown below, enter 20 in the rate, and then click on OK.
Simplification %]

Rate | 20) &

{The lower rate, the more simplified.)

[ oK ][ Cancel ]

The shape is simplified as follows.

Warning: There’re cases that incorrect shapes are produced when you do the
simplification too much from the beginning (for example, less than 10%). In this case,

restore it to the original shape and try the simplification process (about 50 to 60%)
several times.
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5.CAD File

The simplified condition is only reflected in the memory. You must save in STL file format to
continuously utilize the file. Maintain the original STL file if possible and save the STL as a different
name.

N ronan: [

Mewy Model 3
= Load Madel as a Child..,

0y Duplicate, .,
> Delete

Save As..,
| Save as STL
B Simplification

Save in: [FLIED x| £F E2-

[£] body _bin, stl
body_part_bin, st
body_tot_assy _bin, stl

Flepame: [y par
Save aslype:  |STL Files (=t | Cancel

The saved STL file is composed of about 40 thousand triangles and the file size is about 2MByte.
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" 6. Load Robot and Tool

HRSpace3

6.1. Load Robot

Right click on the workspace of the tree window and select fLoad Model as a Child...; from the
popup menu.

* T T
»

KSlld =8 —
MNew as a Child
- |D"‘ Load Model as a Child,.,

= CrdSys Properties,.,
Model Properties Batch Modi,.,

The open window appears for the Library folder.

Look ir: |&}Libral}l V| G ? 4 '

2 =

i IC)Robat
My Fecent | |CTool
Dracunents

=

[

Dezktop

My Documents

My Computer

File name: | hd | [ Open ]

by Network, Files of bype: | HRSpace Files [*.krs] v | [ Cancel ]

@
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6.Load Robot and Tool

Open the Robot folder under the Library folder, and open the HA020 folder to select the hrs file.

= 2IA): | 9 Robot ] @& &
- [ HAGE E=HPTE0
{ ) HANOEC [ HRO30L
E:ERY [ HROSD
[HS 165

F [ HS 185D

= [HCOIIAEID gy Hx20L
[HCOICID  EyHa00

"N [ HCIZEIPRID (3 HXa00L

< SHCI3NCD 3400

LH =M [ HC 25001K. [y H=4005
= CHHC2E0IBID 3 ¥s100
= I HC2R01B2D
W ZEE | HAI00SL
. (3 HH130L
EE =
WUEHI 22 qoipizgey: | v| 271(0)
O AT |HHSpace Model Files (+ hrs) V| E=
Look in: | (= HAD20-01 ¥ © & @
- [ 1HA020-01, hrs
L, b & H&020-01_Hida, hrs
My Recent
Documents
Desklop
by Documents
My.Computer
g File: narme: |H.~’-‘-.DED—D],hrs Vl
MyMetwork | Files of type: [HRSpace Model Files (= hrs) ~|

A new robot named “noname” has been created under the workspace of the tree window as shown
below. The robot shape is shown also in the 3-D screen.

workspace

X workspace
camera
== grid
= § robot (HAD20-03)
# % lower_frame
X tap
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6.2. Virtual controller and controller files

One virtual controller is connected to one robot in work space. When a robot comes in work space, first
the virtual controller is initialized and then is set to the type of the robot without any additional axes.

You can use 10 robots at the most.

HRSpace3

EE)
N R = |imA| Moz vee o] s[m vl w0 v

MEHOIE b [=| R|[ 000006 pprag [ 1

1] G|||spor O o=
workspace & x

T workspace
@ camera
< gid

= & robot.1 (HS165-02)

RN

on=[1 | se=[1

ki
= & robe T
R
iR

= W W [
[ UstdatattHRSpace 3wMyWork
¥ 02 s =
EL=] o = W w W A |
[ robotl  [Crobot2 virtual contoller 1 virtual contoller 2
robaot_2 & Myliork hrs k| :
_ = & H Tk
(= save .hrs VRC reboot
1 N
MyWork /I /’
TSR TSR
" robot_1 " robot_2
. i =| ROBOT.CON =| ROBOT.CON
2 =y -
MyWork.hrs |'; ROBOT.MCH =| ROBOT.MCH
* = ooot.408 = 001408
import controller files from the site - -
r; 0002.JOB =| 0002.J0B
! |'; 0003.J0B =| 0003.JOB
w - apply to thesite
actual Hi5 D —— N———

controller

In an actual Hi5 controller, when job files are created, they are saved as .JOB files and when system
settings are done, they are saved as .CON, .MCH, or other various setting files. This is the same in a
virtual controller. These text files are not included in .hrs document files and saved in separate folders.

B Warning: Save only one .hrs file in one folder!

Control files of each robot in project “.hrs” are saved in sub folders. If you save many .hrs files in
one folder, be careful because other .hrs file’s controller files could be overwritten.
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6.Load Robot and Tool

VRC Tools dialog box is open when you select VRC Tools from popup menu to the robot model.

= T ]
+ N lower_fra New Model »
} tap & Load Model as a Child...
R
& Save As... [ Reboot
& Save as STL
Simplification 7 Update Job from VRC |
7 mini TeachPendant
@ Virtual TeachPendant [ Ugdate fr::w&/:;?c folder H J l
[l% VAC Tools... j 08 SET. VR J0D)
2 Edit Mew Virtual controllers to all
r m | impor
== obot ode_s port
controller text files and are
sachHaee booted when you open .hrs
I document. |
: o
Virtual controllers import all §. .-
controller text files and are i ;
[ Rehoat rebooted when you click E ?
[Reboot] button in VRC ; i
T |

Tools dialog box.

Update fram VRC folder ‘

It imports only all variable
files and JOB files without
rebooting when you click

virtual controller

o, save .hrs |

{POS, 5FT, VAR, JOB) J — &
[Update from VRC folder] MyWork /}
in VRC Tools Dialog box. <7~ robot
. r\o.bulaotvlivl;lfﬂfrﬂfgjﬂ? %controller files
Lap It only updates selected
gmmete JOBs by using text files
1> = when you click [Update
i Edit with NotePad... from folder] in VRC Tools
[ch Update from Folder | Dialog box to JOB model.
& Save to Folder
Edit View Se All controller files to robot m
e m =1 models are saved as text i "'
files when you save the f §
oh lpleavel whole .hrs documents.
e o
=-f+ robot (HADDR-03) virtual controller
% lower_frame :
L tap Only selected JOBs are | Ry -
< [EWN saved as text files when | || &
<> 0004 ¥ Delete MyWork

1 Edit with NotePad. ..
4 Update from Falder
[ Save to Folder

you select [Save to Folder]
in popup menu to JOB
model.

'?j robot

[‘_;_EJ controller files
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B 0001.J0B - HI=Z: g@@
. TR BIE) MO EIY) ESEH)
You can edit selected | [huan e o e e it oaaont ca ob1 ot e
,3=00%,A=1,T= o 221, . - il 270, ,
O (LI JOBs with NotePa(_i Sere EN21?EN=1R,;011“ (2182.663,21.466,1191.981,-0.621,-6.621,0
o e ame when you select [Edit ||s i rEimanrs o mom v oo
& [TIEWEE with NOtePad"'] In popup | | rsngl 5"5153.2?; (2182.663,21.1486,1191.981,-8.621,-6.621,8
,5=50%, .663,21.u06, .981,-0.021,-6.621,
S8 X el menuto JOB model, | [ B PEERTETY Gustniie e s
| 1 Edit with MotePad,., | The Changes are applled S8 ;5153; 5"§15'§2’§ 8 (2182.663,21.486,1191.981,-0.821,-6.621,8
2 P SPOT GN=2,CN-54,
%4 Update fram Folder to virtual controllers S9  HOVE P,S=56%,f (2182.663,21.466,1191.981,-0.021,-6.621,0
& Save to Folder when you run [Update s18 ﬁﬁﬂl 5"53532’3 (2182.663,21.466,1191.981,-0.621,-6.621,0
1 | trom Folder] after editing. | & fif FEEatt (it im e b
§13  HOUE P,S=50%,A: (2182.663,21.466,1191.981,-0.621,-6.621,0
< »
2@ (¥ 08u | 0| @
You can open VRC 3 UtdataWHRSpace 3ty Workirobot_1
folder with  Explorer pl U= 13|<ja| il*efﬁ .
[ H = (5 My'iark Fc 0
j| when you click [Folder] &3 robot.1 [ itiid, T KB HHI Rot
button in VRC Tools ) robot._2 [F 0014008 KB HHI Rat
dialog box. 5 regrgun (B HISTORY.TXT KB EAE !
=< Ay [ ROBOT, AAE KB AAE K
D test [H ROBOT. AP B AAP I
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6.Load Robot and Tool

6.3. Load Tool and Mount on Robot

In tree window, you can see tap (Tool Attachment Point) is attached to a Robot. Tools should be loaded
as children models of tap.

Right click on the tap as shown below and open the popup menu to select open all models.

) workspace [~
camera
<= grid

= & noname (HAD20-01; Hi5)
#-% lower_frame

* ' ﬂew as a Child 4
HB” Load Model as a Child..,
iy Duplicate
X Delete

& Save &s...

The open window for the Library folder appears.

Laak jr: | 1= Library vl Q = e
g
[C)Raobat
MyFecent [ Toal
Documents
?-L“:
Desktop
My Documents
My Computer
Q File narme: | hé | I Open ]
by Metwark, Files of bwpe: | HRSpace Files [ hrs] - | ’ Cancel ]
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Open the Tool folder under the Library folder.
For example, open sealing/airless_gun folder under Tool folder, select airless_gun.hrs, and click [OK]
button if you want to add a sample, airless gun tool.

Look in: |Lf) airless_gqun ﬂ e £ Ed-

airless_gun,hrs

File name: |airless_gun.hrs
s o e [HRSpace Model Files (= hrs) -]

A model called airless_gun is created under the robot of tree window as shown below. You can see that
the tool is attached on the robot also in the 3-D screen.

wiorkspace o ox

A workspace

l@ camers

ae grid

= f robot (HAD20-03)
% lower_frame
= & tap

=4 aifless_gun
A topld
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6.Load Robot and Tool

6.4. TCP and tool number

As the child model of airless_gun, there will be a coordinate system model called tcp (Tool Center
Point). The relative location/direction data of tcp based on the tap is used as the location/direction data
of tool no. 0 (TO) when recording the step or running the simulation. Hi5 controller supports a total of 16
tools (TO~T15), and the coordinate models are tcpO~tcpl5.

For example, let’'s assume that 2 tools are attached as follows and names set to tcp0 and tcp3.

%, flange
= A tap
=@ panel
- airfless_gun

_rmater
_COver

If you want to directly edit the tool data, right click on the robot and open the pop up menu to select tool
properties.

e
i g
- e

J

W— |
MNew as a Child »

oad Model as a Child..,
uplicate
elete

X &g
=

L
D

Save As,.,
Export &s STL...
Simplification, .,
Save As COI1..,

ONEDD

o
o
[

Teach Pendant,.,

Mechanism Jog...

10 status, .,
= Aftribute status, .,

Model Properties...
Robot Propertties. .,

G

Tool Propetties,.,

& Stationary Tool Properties, ..
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The tool properties window appears as follows. For example, if you want to edit the data of tcp3, click
on the T3 tab and enter the accurate length and angle of the tool. Then click on OK. The entry method
is the same as the setting screen of the tool parameter for the actual Hi5 controller.

Tool Properties [‘)__<|
T0 |T1 T2 T3 T4 Ta TG Tr T3 R
. i rl
Length (mmy 55 | |360 |74 |

R R RZ
IE Lo |

3 Apply fram YR
= Apply ta VRC

Angle (deg) ‘n

Apply ] [ 8] 4 l ’ Cancel

(You can adjust the relative value of model properties of tcp or adjust the tool data by using the shift
function.)

Choose one from options as below to select how to connect with a virtual controller.

Changes in Tool data on a virtual controller is immediately applied to the virtual
controller.

This is useful when you observe a 3D screen by importing onsite robot control
files or utilize virtual Teach Pendant to practice the operation.

Apply from VRC

Changes in Tools data on HRSPace3 is immediately applied to the virtual
controller.

This is useful when you create robot control files by designing work cells on a
3D screen.

Apply to VRC
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6.Load Robot and Tool

The set tool data can be utilized as follows.

(1) When you are jogging the tool coordinate using the mechanism jog window, it is based on the
currently selected tool coordinate.

= - T -

ot_wal
{:} Cartesian {E} Tool {:} Stationary -

Tool# |0 W

(2) When recording the step with the record button of T/P, you can create the step on the location
of the currently selected tool coordinate.
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* 7. Create Job

7.1. Robot jog

You can move the robot with the jog window.
Right click on the robot of the tree window and open the popup menu.

= & DTS [ [—
+

N New as a Child
=} t & Load Model as a Child..,
=4y Duplicate

X Delete

& Save as...

I Export &s STL...
Simplification,.,
Save As COI1..,

|

Teach Pendant,.,

>

Mechanism Jog..,

53
oo

10 status, .,

When you select the mechanism jog, the following jog window appears.

jog — robot (HADDG-03)

TCR (imm, dec)
| EEls| | Re| 10000 3| ceta
e I YU R b 1 S

z | sa9s9 3| Rz | 18000 3

(cartesian (%) Tool () Stationary

hdin.

|—225.D | | M)
|-BD.E| | | J2(H)
|—80.D | | J30W

|-1 50.0 | | JARZ)

] =

|-350.0 | | JECRTY

3

HRSpace3
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7.Create Job

B Scroll bar

There’re 6 scroll bars for 6 axes in a robot and additional scroll bars whose number is the
same as the total number of additional axes if there’re any. The degree of each axis is
displayed in the center of the scroll bar. It also displays the minimum and maximum values
that each axis can move.

By operating the scroll bar, you can move each axis of the robot independently. For a parallel
robot, the maximum/minimum value of V axis is dependent on the H axis.

When you press [ENTER] key, it displays a dialog box that you can edit the value of selected
axes. Type numeric values by using a keyboard and press [ENTER] key to complete the
editing.

m TCP

The location and direction of the TCP(Tool Center Point; Robot tool end) is shown on the right
side of the TCP window. You can move the TCP in grid coordinate method by pressing the
spin button of each item of X, Y, Z, RX, RY and RZ. Or you can move the up/down cursor key
on the keyboard or rotate the mouse wheel up/down after left clicking the edit box of each
item.

(Itis increased by the value that is specified in delta slider.)

Also you can directly enter the value of each axis with the keyboard and hit Enter or select
other edit box to reflect the value.

B HOME button
By clicking the HOME button, the robot will be positioned in HOME location (Default position).
B Cartesian / Tool / Stationary

(O When operating each axis of X, Y, Z, RX, RY and RZ of TCP, you can select which
coordinate to be based on.
Select the "Cartesian” and operate the TCP to shift the tool end based on the robot
coordinate.

(@ When you select the “Tool” and operate the TCP, the tool end will shift based on the
coordinate of the currently selected tool.

® When you select the “Stationary” and operate the TCP, the work piece held by the robot
will shift based on the coordinate of the currently selected stationary tool.
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7.2. mini TeachPendant

Open popup menu to a robot in tree window.

bisl robiot (HAODE-03) |
N Mew Model »
- 2 Load Maodel as a Child..,

7y Duplicate,.,

< ¥ Delete

Save As,,,
E 5ave as 5TL
B4 Simplification

m

Y

[T mini TeachPendant
g Virtual TeachPendant
& VRC Taoals...

= Mechanism Jog

Select mini TeachPendant. TeachPendant is a dialog box with key functions that are needed to teach
and playback robots.

title bar
(shows robot name

and type) mini TP - robot0 (HS165-11)
generate

A T e
JOB list 0002.J0B ; ] j
goousJos | ‘
! 0004.J0B v‘ Rel. WaIT

”°°°‘:i3;§§“" 7aé<:es, 85s... A
current JOB —_ | DAOOSEJTE (10043}
DO16=1
S MOVE P,S=100.0%, &4=3,T=1
S2 MOVE P,3=100.0%, 4=3,T=1
current S3 MOVE P,3=100.0%, 4=3,T=1
prog. counter | WAIT DIS
DO16=0
S4 MOVE P,3=100.0%, 4=3,T
S5 MOVE L,3=100.0%, =3, T
S6 MOVE L,3=100.0%, 4=1,T
S7 MOVE L. 3=100.0%, 4=0,T
SPOT GN=1,CN=8,5Q=1 v

histor : - -
Y ~aLS3 .MOVE P,5-100.0%, A=3,T=1 A

_____ [STOP by Internal]

Operation mode has been changedto T v

< >

opz?allgg\ START || Ewb |CCmd.Input|| RESET

Mod.P 8
Faﬂ d.Pos @Iw

open VTP
B = || Record || DEL

A picture above explains the structure and function of mini T/P. Names and functions of the most
buttons are the same as those of an actual Hi5 Teachpandant.
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mini TP - robot0 (HS166-11) 5]

JOBList

0001, JOE A H News Job
0003.J [ Delete |Fwarr
0004,

% Update from Folder
53 | @ Save to Folder

1 Edit with NotePad, .. | A

SR MOYE PUR=RN%. A=N.T=N

It displays the list of all work files that are saved in the controller and
displays current work as selected during play. If you click one of the
work programs while teaching, the work program is selected as the
current program and the contents of the program are displayed at
the bottom.

It displays popup menu that lets you delete or save work when you
click the work with the right mouse button.

Current job program

It displays the contents of the current program and the current
program counter. You can move the program counter by clicking a
certain command and edit relevant commands by double clicking
the commands.

History

This is an area where the history of Hi5 controller is displayed. In
other words, it displays commands that were executed or error
messages.

Open JOG dialog box

-

I

This is a button that lets you to open JOG dialog box promptly.

Open virtual T/P

This is a button that lets you open virtual TeachPendant promptly.
TeachPendant is explained in the next section.

Click New Job button, enter JOB number, and press ‘OK’ button to create JOB.

Input Filename.

Hel WiAIT (Format: {0001~3339 [Comment],JOB)
QHes, 55t
L0, T=0 L | JoB
=0, T=0
=0, T=0
F0.T=0 [ oK ‘ l Cancel ]
0, T=0
#3

Now you can create steps by pressing ‘Record’ button while you move a robot with JOG dialog box. In
this case, record coordinate system and step parameter depend on the settings in teach bar.

e == ] ¥ — [ — —]
Teach |Base VHF'tF' v| 5=|5EI v”% V| ,ﬂ-.=|l:l v| T=|III v||
wirkspace o=
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mini TP - robot (HAQ20-03)

[@Fm’ ®E OQO=EAE

0o01.JOB E
E

Robot:HAD20-03, Baxes, 2
31 MOVE P, 3=50%, &=0,T=0

52 MOYE P,5=50%, 4=0,T=0
=3 MOYE P,5=50%;, 4=0,T=0

Step Properties (MOVE) g

e v

I

Speed |ED ||% v|
Accuracy [0 £ Tool #

outoption [1¥1 [Ixz [Clxz  [xe

Comrment | ‘v‘|
Coord sys. [T auto.

[1Back []Below [JMAip []5=180 [JR2=130 [JR1=180

Hidden pose

y 2165.008| mm T mm
¥ 298.711 | i

z 1780.455 | mm

R 133.708 | deg

Ry BE.STT| deg

RZ 134.568 | gay

Result pose

% 2165.008|

v 288.711 |

]

1790.455 | mm

I OK l [ Cancel

tcpo

Open Step Properties dialog box by double
clicking a step if you want to edit the step
parameters. You can edit it freely with values,
variables/expressions and others.

Also you can edit the value of a hidden pose
and when you select other coordinate system,
the coordinate system transformation is
automatically done on the pose value. (This is
similar to the function of Quick Open Screen in
Hi5 TeachPendant.)

For a hidden pose of an encoder type, axis
degrees, pose expression, or hidden pose +
shift variables, the cartesian coordinate’s value
to this can be identified in Result pose.
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Edit Command Statement dialog box is displayed when you click Command Input button.

function Edit Command Statement @
type tab

I Maotion, I/0 ]I FLOW Ctrl. ” Etc. " SpotWeld ” ArcWeld ][ Handling ” Assignment I

. = A -
function MOVE kel 0000 MOVE command

(T HI— // help

INPUT #0,V1% Ends of robot tool move to target pose.
WAIT DI
MOVE <Interp.>, [<Pose>], S=<Speed>, A=<Accu>T=<T copy default
SMOV S1,L.P1,8=1000 [<Output option>][ UNTIL <Condition>[,<Interrupt / statement
CONTPATH 0 fo gt hox
o v wne o b we v
ENDLESS R1=10 < |€ >

default - 1. T=
et |MOVE P,P1,S=1000mm/s, A=1,T=1

statement
Address Command Statement & Input ? Help Window
END open help
address & W[ as a new
function // [ oK I [ Cancel ] window

edit box

When you select a function type with a tab on the top, relevant commands are displayed on the left list.
Help and a default statement are displayed when you select one. command. Copy. a default statement
to the edit box by clicking ‘Input’ button, edit Command Statement by referring to Help, and click “OK’
button.

(You may type commands directly into the Command Statement edit box from the beginning.)

Open this dialog box by double clicking commands in mini TeachPendant if you want to modify
functions that are entered or steps without hidden poses.

''''' [EATele B MmN Al Popup menu is displayed when you click the right mouse
Operation mode Nas beel  Copy button on History. Logs can be deleted or turned on/off when
£ Saloct Al there’re too many contents to be displayed.

ETEF
ST”“*HTH Ty ‘qu. Delete Al
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7.3. VTP (Virtual Teach Pendant)

Open popup menu to a robot model in tree window to execute Virtual TeachPendant.

(Or press button on mini TeachPendant.)

BB cbo (- 1) — |
% low Mew Model »

=k tap = Load Model as & Child...
=% 7 Duplicate, .,
¥ Delete

g o [ Save As...

< i il Save as STL
nini TP - rabe B2 Simplification
| 0002JOB | [] mini TeachPendant

000308
oood,Jog (|8 Virtual TeachPendant

You can run the basic operation with mini TeachPendant mentioned in the previous section but you
need Virtual TeachPendant to do a detailed system setting or monitoring.

The structure and operation functions of Virtual TeachPendant are almost the same as the ones in
actual Hi5 TeachPendant. However unlike the actual one, Motor ON/OFF, Start, and Stop buttons and
mode switch are located on both sides of a keypad to utilize space more efficiently. Click the [adjust
keypad size] button if the width of TeachPendant is too big to be fit on a screen due to the low resolution
of a monitor.

(Vertical resolution of the monitor should be at least 730 pixels. If you use a monitor that is smaller than
this, you may not run it even though you reduce the size of the keypad.)

Drag dark borders on the left, right, or bottom of a keypad if you want to move the window.

) & M) . M
Record cnd, M - T - ~ s, Manual out
(B! Program S/F ] Unit:{0] | E™ Mech g Jog s L m
'S 001 00| mecH | @ksies-1 JO\ T | 250m ;
: MOVE P.S=60% =1, T=1 W01 S:01 S

S RobotHSI65-11. Taxes, Tsteps
Bl MOVE P,S=60% A=0,T=0
- 152 MOVE P,S=60° 0,T=0
Gad |83 MOVE P.S=60%.A0.T=0
54 MOVE P.S:60% A<0.T-0

Pane set

B k5 MOVEP.SE0%.A0T0
Loainch: MKUCRD 1,P1,P2P3

MKUCRD 1,P1.P2P3

END

END

e

END
QuickOpen END
END

User key

2

: Vi%=0
—r END

Keypad that is reduced with [adjust keypad
size] button
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Record cnd. - - e Manual out,
3 B} Program | &0 S/F % Unit:[0] & Maech L Crd =t Jog spd [ ™
& 0001 ‘W0 ALL MECH ! [OIHS165-11 JOINT  |fJ< 250mm/s| ‘A
- MOVE P.S=60% A=1,T=1 W01 5:01 iy

Robot program FBusn(iBEX) X

Run to
I MOVE P.S=60%.A=0.T=0
2 MOVE P,S=60% A0, T=0
(@d 183 MOVE P.S=60%.4=0.T=0
4 MOVE P.S=606¢. A=0.T=0
B 5 MOVE P,S=60% A0, T=0
Jog inch, MKUCRD 1.P1.P2P3
= MKUCRD 1, P1.P2P3
(= END
> END
END
QuickOpen END
END
o Vi%s0
. ¢ END
Help f £

About = e
(version no.)
" adjust
option keypad
size
Motor ON minimize
START
mode
sToP switch

Operations of Virtual TeachPendant and actual Hi5’'s TeachPendant are the same.

Sometimes, buttons on TeachPendant don’t work after you operate other windows. If it happens, click
TeachPendant screen and retry the buttons.

There’re 3 tabs in ‘Config’ dialog box, ‘Ethernet’, “Folder Path’, and ‘License.’ Use the default settings in
Ethernet and License tab. (You don’t need a separate license for Virtual TeachPendant if you use it with
legal HRSpace3.)
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Ethernet| Folder Path | License |

ResidentFlash |U:WHesidentIash

USB H22l |Gt

Folder Path is the location of various setting files that is managed internally when virtual T/P is operated.
And when the File Manager of VTP is executed, in tree structure, TP and USB are mapped to this path.

Record cnd,

Run to

= help
= log
= sound

Name -~
[jMngPane,cfg
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7.Create Job

7.4. Step creation / modification dialog box

When you utilize the step creation/modification dialog box, you can generate accurate steps on the
surface of the model quickly.

7.4.1. The basic way to create steps

Let’'s assume that there is data for the following robot and chassis floor, and create some steps at a part
of edge.

Click on Step Creation/ Modification; button on the Standard tool bar.

e EENEE@NIEN
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Or you can select "View — Step Creation/ Modification

Yiew W§fimu|ati0n lqols ﬂelp
Perspectiveness »

ToolBar
StatusBar

TeachBar
SimulationBar

Tree
E ResultBar

| s, Step Creation / Modification
% Shift
Sealing Condition Table

The following “step creation/ modification” dialog box appears.

from the main menu.

(jobistep] | ]

X
57

iz

position (relative)

L U]mm RX | Uideg

0 mm RY UJ' deg

0| mm RZ 0 ! deq

L

surface normal

[Juse

reverse

Make ] I Modify ] [ Close

HRSpace3
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You must set at which job you want to create the step through the edit window on the right side of the

“jop/step” button. You can either directly enter the T path through the keyboard or press the “jop/step”
button and click on the job from the tree window.

step creation/modification

(iobistep | | #701-1/P001 |

posttion (relative)

Click on the surface location of the chassis floor data to create the step. When the job is set in the “Step
Creation/ Modification” window, the coordinate appears on the clicked surface. This coordinate is only
to show the location and it has not created the step yet.

Position (relative)

‘Y mm | RY 419943 | deg
o 88 |z 5158), g

[] Auto Mod
Surface normal
Use [Javerage [ [inverse)

Ox ®y Oz

‘ [ Make ] [ Maify ] [ Close ]

When the location is incorrect, click again and to adjust the direction, enter the rotation angle in the edit
window of RX, RY and RZ.

(When you turn the mouse wheel after clicking on the wanted edit window, it increases/decreases by 10
degrees.)

(Location value, that is the value of X, Y and Z in the edit window can be directly edited with the
keyboard or mouse wheel.)

If you want to create a step so that the specific axis is vertical to the surface automatically, select the
use check box of surface normal and select X, Y or Z.

713 /\HY
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When you click on the surface in this condition, you can see the step indicated with the selected axis
vertical to the surface.

If you want to change the direction of the vertical axis by 180 degrees, press the Inverse button.
(If you want to continuously apply the inverse direction, check the Inverse check box.)

| < 0002008 |

mini TP - R701-1 {(HA020-03) ax
0002.J0B

(jobistep | | R701-1/0002.J0B |

New Job

Position (relative)

Robot:HAD20-03, Baxes, 0., ¥ mm RY[11857 2] deg

Rel. WaAIT

[[] auto Mod.
Surface normal
[“]use [Javerage []

Ox Oy @z

E.. Make ][ Moty ] [ Close ]

Set the parameter of the step to create in the teach bar.

R S R R A0

JSPOT [0 on=

03)

iun

"0-03) 2 x

[iobsstep | | R701-1/0002.008

New Job
Position (relative)
Rel. WAIT X (193008 mmn  RX 776773 deg

13, Baxes, 0...

[] Auto Mod.

Surface normal
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7.Create Job

Now, click on the create button to create a new step at the end of the designated job.

<> 0002.J0B

mini TP - R701-1 (HAO20-03) ? X
0002.J0B Yowh

| jobistep

Position

Rel. WalT

Robot:HAD20-03, Baxes, 1...
31 MOVE P,3=50%, 4=0,T=0

Surface]

Use

Try creating other steps on the surface of the chassis floor with the same method.

=@ airless_gun
' o J= tepl :
<> 0002.J0B (iobistep | | R701-1/0002.00B
mini TP - R701-1 {HA020-03) e Posttion (relative)
0002.J0B New Job X mm  R¥ [
¥ - RY |4
Rel. WAIT i E

Robot:HAD20-03, Baxes, 5...
31 MOVE P,5=50%, 4=0,T=0
32 MOVE P,5=50%, 4=0,T=0
33 MOVE P,35=50%, 4=0,T=0
sS4 MOVE P,3=50%, 4=0,T=0
35 MOVE P, 5=50%, 4=0,T=0

2 o] o 2o
O

Surface normal
Use [Javerage
Ox Oy @z

| Make | [ modity |

Steps that are displayed in red mean the robot can’t do this pose. In order to modify this, press iob/step
button, click the steps in red on 3-D space, to enter T path in the dialog box.
(Or you can directly enter with the keyboard.)
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Now, click on a new location and click Modify button. Or if you adjust the spin control of a location edit
box (it's convenient if you use a wheel on a mouse) after checking Auto Mod. check box, then you can
easily find the location that is changed to white because the step location is immediately changed.

(The edit only affects location/direction. The set parameter value of the current step of the teach bar is
not applied.)

"Step Creation / Modification x|

(jobistep | | R701-10002.108/53 |

Position (relative)

Auto Mod.
Surface normal
Vuse [Javerage [ [inverse]

| Ox Oy ®z

[\ wake | | mosity || ciose |
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7.4.2. Average function

For sealing or arc welding, it is common to create steps on V type seam not the flat surface. When you
use the surface vertical function, the direction of the step may be improper as shown below.

arc welding line

(seam)
L
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Select the average checkbox and click on surface, it will get the surface vertical directions of the clicked
location and the locations apart, and make average direction of step with these 5 directions. (When you
use the average function, the response to the surface click becomes slower.)

average

direc?/

Sometimes when the direction is inappropriate even by using the average function, manually modify it.
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7.4.3. How to Insert another Step in Between Steps

For example, let's assume that you need to insert several steps between two steps S15 and S16 as
shown below.

First open the “Step Creation/ Modification” dialog box as shown below and click on job/step button.
Then click on S15 from the tree window to enter the T path in the edit box.

step creation/modification X

(iobistep | | |

position (relative)

x| ofem Rx [ 0fueg
i) 0'mm RY 0 |deg ‘
i 0| mm RZ 0 deg

surface normal

D use average | reverse

[ Make ‘l [ Modify ] [ Close
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Now, click on the desired chassis as you did before and click on the create button. You can see that a
new step hamed S16 is created/inserted after S15. The existing step S16 now became S17.

[iobistep | | R701-1/0002.108/516

Position (relative)

Another thing to note is that the T path in edit box is automatically converted from S15 to S16. That s, it
prepares for S17 to be inserted next.

Now create 3 more steps in the same method. Insert the steps in the following order. The T path of the
edit box now points to S19.

Stép Creation / Modification

[iobsstep ] | R701-1/0002.J0B/519

Position (relative)
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7.5. Import teach point and location group

You can set up the direction to be vertical to the surface of an object by importing mass teach location
data from CAD data. (It's only available for data exported from CATIA V5.)
And steps also can be distributed properly by using a mouse when the work should be done by several

robots.

First, below is how to extract welding points in CATIA V5.

Hide parts except welding points.

[+] CATIA V5 - [646053X000_ER_H3X90091_090615.CATPart]
] A% ENOVIAVS g EE ¥

Bsl
.

A\

48 =3 ¥ L3%

g4, B0 R 6O BS8H nTée 7,

= | S

Select Measure Inertia/Customize...

|l Keeo measure Create geomety | Export Customee... ]
@ ok | @cace |
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Drag the whole welding point area, click Export button, and select a file name.

+ BES
I Keen measare Create geomety Customee., .. 1

@ ok | @ cacell

It generates a text file as below. (Only X, Y, and Z teach locations are extracted.)

P weld_points.txt - H 22

OFE(E) BEE N0 220 ESZH)

TZ=dE : MultiSelection

e 2 254, 10 122 2010 16:03:59

ZhM T s hhi

Component | Sub-Component | Gz[mm] | Gy[mm] | Gz[mm]
UDF_SPT_S_GN_3.83...655083W000 | | 2613.974 | -259_464 | 176.488
UDF_SPT_S_GNH_2.213...655083W000 | | 2586.895 | 234.365 | 176.422
UDF_SPT_S_GN_2.382...555083W000 | | 2658.255 | -288.258 | 169.785
UDF_SPT_S_GN_2.217...655083W000 | | 2721.551 | -372.448 | 229.757
UDF_SPT_S_GN_2.219...6550031000 | | 2547.267 | -425.887 | 243.008
UDF_SPT_S_GN_3.85...555083W000 | | 2529.338 | -339.518 | 242.958
UDF_SPT_S_GN_2.222...655003W0088 | | 2462.649 | -267.553 | 246.727
UDF_SPT_S_GH_2.381...655083W000 | | 2658.255 | 288.258 | 169.785
UDF_SPT_S_GN_2.226...655083W000 | | 2721.551 | 372.448 | 229.757
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Suppose there’re work space that has a robot and a body shape comes from CATIA.

£ test.hrs - HBSpace3
File Edit View Select Simulation Tools Help

DEEHE & 2R |@|@|@|§| yvROr B ? HSimuIation » IEI | 000000 Time

|Teach [Base [P v| s=[50  v[[% v| a=[o v

workspace 3 x

> workspace
camera
<= grid
= ¢ body
< arpl
= robot (HAD20-03)
% lower_frame
)= tap

jog - robot (HAD20-03) X

Click the right mouse button on the body and create a new location group.

e L aw
=2 § rnh| Mew Madel & Model
% | & Load Madel as a Child... fi Fobat
4 Duplicate.. . Link
> Delete L Coordinate System
I Save s 1’_':5 gglli?nnnngztizgﬁnn
b Save as STL |<} Location Group |
B Simplification —

Assign a name to the created group, open popup menu, and click Location Group Properties...

A

EI robor ¥ Delete

R
b Lt | Location Group Properties,
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Location Group Properties dialog box is open as below.

Location Group — grp0 ®
Stepd Location Display
i STEPO Group code
0: White v
[v] Lacatian
[ Path
[]Step #
File Import
Irport
Location
Export
(Select Job)
Direction
OXx O¥Y ©®©Z surface | |inyarse
notrmal

HRSpace3

First, click [File import] button, select CATIA file type, and specify teach location data that are prepared.

Location Group Import &|

File type

CATIA location property

‘ k. ‘ ‘ Cancel ‘

/ "HYUNDAI
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HE I | O test

J 03 E

wigld_points, txt

== E

opg HA(T:

|we|d_pnints.txt
| All Files (==}

4

HE(S)
& 2

v

Teach locations are created on the body as below. The teach location model that is created with this
method is called Location and its set is called Location group. Locations and Step look very similar but
Location only has location/direction/order and doesn’t include various parameters and functions.

_ocation Group - grp0

Step# | Location || Display
50 STEPO — | Group code
51 Li [0 Whita @
) I |0: White J
33 L3 Location |I'r’
gg I[g [JPath ‘ rr ' F = :
S - M
frte il
S8 L8 af
59 L3 File Import el
S10 L10
SN L1
312 L12 Impaort
S13 L13 Location
S14 L14
S15 L15 Export
316 L16 v | (Select Job)
Direction
Surface
OX QY ®2 [ EEHET [Inverse]
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Data exported from CATIA only has teach location and doesn’t have direction. If you want to make
locations be vertical to the surface of parents’ body, select locations that you want to modify and click
[Surface normal] button. (You can click step # from Step # in the left box of the dialog box or select it
from a 3-D screen. Use [SHIFT] key or [CTRL] key together to select several locations at a time.) You
can adjust the axis to be verticalized if you select a radio button for X, Y, or Z in advance.

Location Group — grp0

Step#  Location | Display

5325 L325 @
5326 L326 Location
5321 L3z?

[]Path
[]Step #

5334 ‘ ! For many locations, the process could take long time, Proceed?

5333 z 340 locations will be made vertical to the Earent's STL surface,
/body

TS

Direction

Surface
OX OY ®7Z non%al] [Inverse

Below is the result after verticalizing. Since the parents of location grp0 are a body, surface of the body
is used as a base. If directions of some locations are inversed, you can inverse them by selecting them
and clicking [Inverse] button.

Group code

_U: White_v

Location
[JPath

[JStep #

File Import

Impart
Location

Export
{Select Jab)

(=

Surface
normal

[Inverse
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You can also display path and step # if you check the check boxes for them of Display group in Location
Group dialog box.

Location Group - grpf.
Step# | Location | Display
S35 L33 Group code
s394 L34 Wt
S35 (3% |0: White_ i)
s 2| P
5328 (38 [v] Path
$399 1329 7] Step #
S330 L1330
$331 L331
5332 L332 File Import
$333 L33
S334 L334 =
$3% L3 Import
S33%  L3% Location
S337 37 -
S338 1338 = Export
S339 L339 v | | (selectJob)
Direction

Surface

In the picture as above, the locations are widely distributed and the order is very complicated for one
robot to do the work. Let’s distribute the work to 3 robots and make the order better to do the work.

Add 2 location groups as children to the body and open Location Properties dialog box for each group.

] fid
=] % gody Location Group - grp0
<> grpl "
O grgl Stepd Location | A Display Location Group - grpl
O g2 5323 L323 Sl Gall ; Location Group - grp2
' s st (3 0:White || | Step# | Lacation Display mo
= f robot (HA 2355 L5375 p Group code o
&\ lower] | SBE 3% MlLocation | | 0 STEPD e Stepd | Location isplay
~hwp EEEH L2 [ Path 80 STEPD Group code
5329 329 [7] Step # [#] Location 0: White
5330 L330 [JPath Laeatian

5331 L33

5332 L332 File Import [J5tep # CPath

5333 L333 []5tep #
5334 L334 )

- 5335 L335 Import File Import

jog - robot (HAD2 $336 L3365 Location File Import

5337 L337 — |moort
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Use different colors to distinguish the two groups.

Display

Location Group — grpl

L33F Location

Group code
5 ]
[¥] Lacation

File Import
1 k.

373 ~ | Group code

L3z24 Step# Location
Lot . 50 STEPD
L326 Location

= gee

L329 Step £

330 [¥]Step

L33

L332 File Impart

333

L334

335 Import

Location Group - grp2

Step#

T

HRSpace3

Display
Group code

0: White «
{1 White
: Red

ue
4: Yellow
5! Cyon
f: Yinlet
T Qrange

—

Click [Import Location] button from grpl dialog box and drag target locations on a 3-D screen by
keeping pressing the left mouse button. Locations in white have been changed to red and a path is
created according to the order that is dragged. You can see target locations in grpO list box are moved

to grpl list box.

Location Groub-— grp2

Display
Display Group code
Group code
| fied A [¥] Location
Location [JPath
Step#  Location |~ Display [JPath [JStep #
S35 Lk LIS File Import
gggg lf_gg'si Location File Impaort I
it
S8 328 Path Location
5329 L329 Step # Impaort
5330 L330 Location Exgo
5331 1331 — (Solort Inh)
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7.Create Job

If you select one location from the list box or on the 3-D screen and drag it, it is inserted to the next
location that you select. By applying this, locations that are already moved to grpl can be reordered by
dragging them again.

Location Group - grpl

Location
S0 STEPO
31 L278
52 L97
S3 L160
54 L249
S5 L159
S6 L316
y L158
L2458

Parts of grpO locations are moved to grp2 also in the same way.

Step# Location
533 L123
534 L274
535 L81
536 L210
837 L82
538 L338
S39 293
S40 L156
S L247
542 L1585
543 L327
544 L154
545 L246
S46 L9
S47 L152
548 L245
549 L2719
(X Direction
Display Ox OY ®I

STEPO Group code

a

L3 Location

e Path

L? Step #

T [Jstep

L9

L10 File Import

L11

® Import .

Hg Lnngggon Step#  Location Display

L17 525 L5 Group code

L18 Export 526 L26 1! Red

L19 (SelegtJob) s21 L182
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HRSpace3

If you click [Export (Select Job)] from the dialog box and select an empty JOB program from tree
window, locations are created by JOB steps that are selected.

wiitkspace

A workspace
camera
& grid

=@ body

< grpld
< arpl
< grpd

= robot (HADZ0-03)
%, lower_frame
A tap
= robot! (HADZD-03)

% lower_frame
A tap
< 0005408
o B pnbet? (HANN-0TY b
mini TP - robot (HADZ0-03) o x

0005, JOB

Mew Job
FEI.WAIT

31
352
353
54

Robot HADZ0-03, 6.,
FOYE P, 3=100%%,,
MONE P, 5=100%,...
MONE P, 5=100%,...
MONE P, 5=100%,...

| W PaLW] il = B~ FaTul]

.

Stepd Lacation Display
50 STEFD Group code
]| Ldz2 =
52 L1390 A
gi II:A?E Location
35 L7264 [v] Path
56 R0 Step #
57 L101 [1ster
=8 L166
59 L3039 File Impart
| 510 L102
b 511 L104
S Le21 Impart
513 L1563 Location
514 L292
515 L9? Export
S16 Lz7s {Select Job)
Direction
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7.6. Import onsite robot process

7.Create Job

Do the procedure as below if you want to observe/modify robot processes that are already installed on

production sites by making HRSpace3 simulation.

”

Get the CAD data of elements like works, jigs,
tools of the site (.stl format).

%

. o

’

Layout the elements on the HRSpace3 workspace.

.

. o

simplified
If needed

-
Select a robot with ‘Load model as a child’,
dispose it and define the robot name.

.

Set the tool property and robot property’s
coordinate system as ‘apply from VRC'.

e

the subfolders named each robot name.

)
Copy each controllers’ every files of the site into

.

Reboot VRC
If it has additional axes, .
specify TPath in robot property

g

Mount a tool model, and check the TCP.

~

Save .hrs |

®

)inportant

£

F

If some actions of tool or jigs are needed, make
the script and specify it in action property

Contact the

supplier

7-31
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7.7. Connect HRView and HRLadder

HRSpace3

HRView and HRLadder can be connected to HRSpace virtual controller in the same PC. (It can also be

done in different PCs. In this case, the 2 PCs should be connected via Ethernet.)

Communication between support software and the virtual controller is only done via Ethernet device
and doesn’t support RS-232C.

A picture as below is an example that HRView and a virtual controller are connected in one PC. It

shows all back up controller files from onsite copied to a virtual controller via HRView.

“IP address for external” of virtual TeachPendant should be the default value, “127.0.0.1”. (127.0.0.1 is
the standard IP address that represents local host (i.e. this computer).
For HRView, don’t change the exiting IP address of PC and let “127.0.0.1” be IP address of a robot

controller.

Record cnd,

|

=
Robot Controller —_— j
=
Name Block = Date o ?2[' Hin'to
| (EIROBOT.CON 527 2011/03/18 —
(ZIROBOT.MCH 624  2011/03/18 2
[£]IROBOT.ERR 606  2011/03/18 ; Cad
BIROBOT.FBU 9 2011/03/18 | |&r
[1]ROBOT.INF 0 2011/03f18 = =i
[AJROBOT.STP 606  2011/03/18 = i
[£JROBOT.SWD 173 2011/03/18 o]
[«]ROBOT.VAR 0 2011/03/18 ||
[]S00.LAD 2636 20110318 @ =
[2]0001.J08 41 2011/03/18 | >
= 1NNND N0 24 AN1102010 Z" LW
- . QuickOpen
fle: | | )
G
s (9

conn.

|Ethernet v | [host] 127.0.0.1

Config

1
10

“Ethernet | Folder Path | License|

[P Program | < S/F

Crd

MKUCRD 1.P1.P2.P3
END

G Unit:(0] | &~ Mech [ Jog s
ooot 00 ALL MECH | [0]HS165-11 JOINT 1< 250mi]
MOVE P,5=60%, =1, T=0 Wil S:01
Fobot program —— il 2l
Robot:HSTES-TT. Taxes, Tsteps l—l_—l 2 3 4
51 MOVE P.S=60% A0, T=0 R
52 MOVE P,5=60%,4=0,T=0
53 MOVE P,S=60%,A=0,T=0 HRIAEIE
‘;34 MOVE P,5=60%,4=0,T=0 Sl d| 2] 28
‘255 MOVE P,5=60%,4=0,T=0
MKUCRD 1.P1,P2.P3

\' IP address

0,1
4,155

192,168, 144,1
192, 168,46, |

192,168,1.172

IP addr, for TP - main
IP addr, for external U 127 .0

description
localhost

Broadcom NetXtreme Gigabit Ethernet - I§2! A E21 OILI ...

YMware Virtual Ethernet Adapter for YMnet]
YMware Virtual Ethernet Adapter for YMnet8

3Com EtherLink XL 10/100 PCI For Complete PC Manageme,.,

[ G
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7.Create Job

A picture as below is an example that do download and monitoring by connecting HRLadder to the

virtual controller of

HRSpace3.

For HRLadder, don’t change the exiting IP address of PC and let “127.0.0.1” be IP address of a robot

controller.

50

HA020-03)
er_frame

v[% v] a0 g -

£ @800 v~ CT® B ||smutn »[«| r[[T

sPOT DE‘E en=[1 | SE;D

= R720 - HBLadder
File Edit ¥iew Insert Tool Window

0000 Timesp. [ 1] || semoce 11| ] A[F £

Help

DEE b BB - &0 q qo'E T

— T dE AR - L A < e )

Workspace

emote RUN ;'ril‘_gf‘”énel' iﬁost]
X

TON €D  EQU NEQ LES GRT LEQ GEQ MO COP CCOP ROT  ADD SUB

127.0.0.1

E R720
=53 PC Ladders
=1 Check_lO
1] 542_Check_Supplier,LAD
] 541_Check_Hand,LAD
] S00_Main, lad
] S03_Init.LAD
Robot Controller Ladders

Manual out,

1_Check_Hand.LAD

m:On
(PE)

TOTAL
EM.3TOP

%35 RI10
——
1: Robot search ref, pose record = @ Off O0n }
X - nit & ON
sromsoanome = [0 oo T
3: Output(DO) signal clear = (ODisable @ Enable Bane B2t B S00_Main.lad
4: Online shift register clear = (ODisable ( Enable
5: Embedded PLC mode = Ooff Ostp OR-Stop ©R-Aun  ORun
X
»Softkeyy e
| (| [short | vl
S
00000 :
1000000
User key 1000000
® 1000000
PC
IP addr.(l192.1 68.1.172 v
Rohot Controller
Name |host ]
pagarf 127. 0 0 1 |
monitoring port (Hi4) | 800
FTP port (Hi4) |21

7-33
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" 8. Simulation
J HRSpace3

8.1. Simulation

You can simulate 1 or multiple robots by using the simulation bar.

Simulation P ﬂ 00:00.00  Time Spd. | 1| G

For example, if the 2 robots below were taught respectively, let's try to playback the robots
simultaneously.

q
«‘-
. 3
P - :
p obo A006-0 3] E obo AO10L-0 ()
|Cew.Job_] 0001.J0B ] |[(MewJsb_)
|Cretwar ] \CRetwaT )
Robot:HADDE-03, Gaxes, dsteps ~ RobotHAOIOL-03, Baxes, Isteps i
S1  MOVE P,8=50%, A=0,T=0 S1  MOVE P,3=50%, 4=0,T=0
32 MOVE P,5=50%, 4=0,T=0 $2  MOVE P,3=50%,4=0,T=0
] MOVE P QFEN% A=NT=0

The simulation option must be check in the model properties of each robot.

[+] Simulation On

First, click on the reset button of the simulation bar to initialize the robot.

Simulation b|]® 00:00.00  TimesSpd.| 1| G

When you click on the playback button, the timer will operate and the two robots will playback

simultaneously.
simutation ()= | R [[ 000000 Time spa.[ 1] G
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0001.JOB

8.Simulation

END

Robot:HADD6-03, Baxes, dsteps
MOVE P,5=50%, 4=0,T=0
MOVE P,5=50%, 4=0,T=0
MOVE P,5=50%, 4=0,T=0
MOVE P,5=50%, 4=0,T=0

E3] P obo AD06-0 B3
New Job | 000t1.JoB | Mew Job
| ReLWAT | | RerwaT
[ Robot:HADDE-03, Gaxes, dsteps ‘
S1 MOVE P,5=50%,4=0,T=0
52 MOVE P,5=50%, A=0,T=0
53 MOVE P,5=50%,4=0,T=0
S4  MOVE P,5=50%, A=0,T=0
S5  MOVE P,5=50%,4=0,T=0
END

When you click on the stop button, the robot stops playing. When you click on the playback button
again, the robot continues to playback.

Simulation stops when all robots’ work is completed and you can check the total cycle time on the

simulation bar.

J

Simulation

»

When you want to start the simulation from the start, click on the reset button and initialize the robots.

Simulation  » l@ 00:00.00 TimeSpd.;i:\_D_I

If you want to repeat the simulation cycle, click on the repeat button and then click on the playback
button. This button is a toggle button.

simulaton  » | = | R[] 00:00.00  Time spa.| 1@

Increase the number of Time Speed if you want to play simulation fast. (The virtual time and actual time
is the same if you use the default value, 1. If Time Speed that you enter exceeds the performance of a
PC, it plays the simulation with the highest available speed.)

Tirme Spd. K}
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8.2. 1/0 signal

HRSpace3

In HR-BASIC, there are commands to output or wait digital / analog signal. The operation of this

command can be simulated.

Let’'s assume the following for each of the robots for the 2 robots.

Robot1 outputs the DO25 signal in 1 when it reaches step 3.
D025 signal of robot1 is connected to the DI32 signal of robot2.
Robot2 wait for the DI32 signal to change to 1 in step 1.

Robot2 outputs A02 signal in 3.5 when it reaches step 3
AO2 signal of robot2 is connected to All signal of robot2.
Robotl wait for the All signal to be 3.0 or above in step 4.

The taught results are as follows. (The arrows indicating signal connections are drawn to help your
understanding.)

mini TP - robot_1 (HA006-03)
0001.J0B

RoborHAlm-Oa Baxes, Séteps
Y35=0

MOVE P,38=50%, A=0,T=0
MOVE P,8=50%, A=0,T=0
MOVE P,S=50%, A=0,T=0
Y35=1

MOVE P,3=50%, 4=0,T=0
WAIT Al1>=3.0

MOVE P, 3=50%, A=0,T=0
END

Mew Job

Rel. WalT

mini TP - robot_2 (HAD10L-03)
0001.J0B

S

S2
S3

sS4
S5

Rbbot:HAmOL—O& baxes, 5§fens

£02=0

MOVE P,S=50%, A=0, T=0
WAIT X38=1

MOVE P,S5=50%, A=0,T=0
MOVE P,5=50%, A=0,T=0
402=3.5

MOVE P,3=50%, 4=0,T=0
MOVE P,S=50%, A=0,T=0
END

New Job

Rel WaIT

/ "HYUNDAI
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8.Simulation

To connect the 2 signals, you need to create an 1/0O connection model for the workspace model as

shown below.

L

wiorkspace

| [ew Model

& Model

=Ny

=Ny

= & Load Model as a Child,,,

g CrdSys Properties..,
Batch Maodification of Model Properties,

robot_2 (HAODG-03)

% lower_frame

L tap

I+ Robot
%, Link
A Coordinate Systern

|wH |/0 Connection

&4 Collision Detection
< Location Group

When a new I/O connection model is created, the 1/0O connection properties window appears.

[y Duplicate...
¥ Delete

Save A3,

|=d /0 Connection Properties.., |

I/0 Connections - noname

output

- input

| Walue

-4]=| {‘r| I | L;k|De|eteA||

Close

When you click on the ﬂ button, a new row will be added to the list. Enter the T path and the I/O
signal name of each robot separated by the /' as follows. (Type in after double clicking on the row. Or
you can click on the T path button and select the robot from the tree window, and add the signal name.)

/ \HY
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HRSpace3

Click on the ﬂ button again and enter the second connection in the same method. The results are
as follows.

I/0 Connections — noname 3]
output input Yalue
Srobot_1/%35 Hruhnt 2,f><38 (.00

Srobot_2/A07

4]=| ﬁ}| n | Q|De|etem|

Click on the button (or close button) to close the window.
Open the individual popup menu of the two robots and select I/O status.

2§ R
Mew Model »

= Load Model as a Child.,.,

- |
L L
' o bl 0 Duplicate,,,
? ~ '}( Delete
g Save As..,
w nor E Sawe as 5TL
(2 Simplification

[T rmini TeachPendant
9 Virual TeachPendant
o YRC Tools...

= Mechanism Jog
|n.n /0 Status

ftribiita Stotiic

/" HYUNDAI 8-6
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8.Simulation

The names and values of the signal output/input from/to the robot are displayed on the 1/O set status
dialog box.

I/0 set status - robot_1 (%]

name “alue

Now, play the robot and observe whether the waiting signal is done properly.

J Simulation @1’ _R_’ | 00:00.00  Time Spd. EEI

I;{O,get status - robotoly | _fx le set st_atus_— roﬁt.-i? v _®
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HRSpace3

8.3. Collision Detection

This is a function that checks whether there’re any collisions among robots, tools, works, and JIG. First
you should create a collision detection model in workspace. The position in a hierarchical structure

doesn’t matter.

| Mew as a Child & model
<= | & Load Model as a Child,., = mech
= I‘ e CrdSys Properties,,, f IIiT'lim
| Model Praperties Batch Maodi,.. )
=] " % Step
=4 airless_gun <+ path
L top L coord, sys,
gL ;T]Dt;:pu md /0 connections
%, 501 Header |& collision detection
g 1

Open popup menu of a collision detection model and select Collision Detection Properties.

Iy Dgﬁca_te
> Delete

| [ Save Az,

| Collision Detection Properties,.. |

Add rows to Detection List by using ﬂbutton, press ﬂ button, click nodes in tree window, and
enter T path of a model that you want to check.

Use ﬂ ﬂ buttons to adjust the order of items.
H ﬁ buttons are to delete selected items and delete all the items, respectively.

collision detection - ColDet [®]

Detection List

# | TPath of Model grp col
0 /CarBody 0

1 /Robotflower_frame/upper_frame/arm_frame/arm_pipe 0
2 /Robot/lower_frame/upper_frame/arm _framearm_pipewrist_body 0

| | ole| &| @ |
Condition When colided

output to ResultBar colar

interval [ stop simulation [ sound
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8.Simulation

Collision detection lowers the simulation speed so it's good to enter models only that are needed.

In a model that is entered, there may be sets that don’t need collision detection. In the picture as below,
collision detection is not required among airless_gun (the tool mounted on the robot), arm_pipe (i.e. a
robot’s upper arm), and wrist_body (i.e. wrist). (They should not be checked because they are always

stuck together.)

If we assign same group number to this model, collision detection won’t be done for this

model. Use any number bigger than or equal to O for the group number.
The total number of items should not be more than 100 and there’re no limitation in the total number of

groups.

collision detection - ColDet

Detection List

# | TPath of Model grp col
/CarBody 1]
JRobot/lower_frameupper_frame/armn _framefarm_pipe 1
JRobot/lower_frame/upper_frame/armn _framearm_pipefwrist_body 1

/Robotstap/airless _gun 1

| T ol o] ®| & |
Condition When collided

Sirnulation v output to ResultBar color
interval |1 [ stop simulation [[lsound

(RN e e |

Select when you want to detect collisions in Condition.

Condition

OFF Do not detect collisions.

Sirnulation

o Simulation | Detect collisions only when Step GO or playback simulation.

ff

Bl arys Always Always detect collisions such as when do JOG or layout

models.

Determine how often detect collisions. Detection requires lots of time and
makes the simulation very slow or even makes it difficult to run the simulation

interyal when the scale of CAD model is large or there’re many items to be detected.

In this case, it gets faster if you increase a detection interval. However this
may cause inaccurate results because detection is not done every time unit.
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HRSpace3

Options as below are how to indicate collisions when they happen.

When colided
output to ResultBar color

[(stap simulation [sound

It reports T path of models whose collisions are detected in Result window.

SUtEﬂtBtOr [Collision] ColDet : 0.010{sec)
esultba 0y /CarBody
3 fRobottaprfairless_gun

stop If checked, simulation is stopped when collision happens. If not checked,
simulation simulation keeps going even though there’re collisions.

It displays models whose collisions are detected in red.

color

sound Sound effect is generated when collision happens.

Detection List

# | TPath of Model grp ol
[0] scarBody 1
1 /Robot/lower_frame/upper_frame/arm_frame/arm_pipe 1] =
72 /SRobotflower_frame/upper_frame/arm_frame/arm_pipe/wrist_body 0 =
E JHobottap/altless_gun

If there're collisions, the collision status by model is displayed in the col of Detection List. A number
other than ‘- in ‘col’ represents there're collisions with the model in that row number. In the picture
above shows a model in row 0 collides with a model in row 3.

Collision detection lowers the speed of simulation or the operation because it does lots of
calculations.

Deleting parts (holes in bolts and internal structures) that are not needed for simulation in
CAD data helps to improve the operation. Import huge CAD files after simplifying it if
possible.

Increase the detection interval properly if the operation of collision detection is too slow.

Note
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9. Teach Method and Coord.Sys. Properties

9.1. Traverse axis

You can configure and simulate the traverse axis of the robot.

HRSpace3

First, configure the rail, slider and robot as shown below. Rail is just a model but the slider is a moving

part of the robot controller and must be made as a link.

X warkspace
@ camera
<= grid
= ¢ Rail
=} BaseCrd
=% Slider

= & {Hobot (HADZ0-01; Hib):

#- % lower_frame
)= tap

Set the properties of each rail, slider and robot as shown in the below table and attach the tool to the

robot.

Rail 0 0 0 5000 500 100
Base coordinate 0 0 150 NA
system
Slider 0 0 100 600 600 50
Robot 0 0 50 N.A.
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9.Teach Method and Coord.Sys Properties

Base and robot coordinate system is quite matched only except X value (when moving on the traverse
axis), so we aligned the origins of base coordinate system and robot coordinate system (when the
traverse axis value is 0).

Because the origin coordinate of the robot based on the origin of the rail is (0, 0, 150), the location of
the model properties of the base coordinate must also;be (0, 0, 150). ((Rail height 100mm) + (Slider
height 50mm) = 150mm )

base crd. origin

rail origin
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HRSpace3

Specify the additional axis 1 of the robot as the traverse axis. Open the robot properties window.

B Set the total number of axes to 7 and number of additional axes to 1.
B Click on the Al (Additional axis 1) button and click on the slider from the tree window.
B Click on the base button and click on the base coordinate system in the tree window.

Now, click on OK to close the robot properties window.

robot properties - noname EI

general | pazsive link | palletize passive link | FFDT 0D || coordinate systems

mech.type class totalaxes addaxes[l
rgﬂg, | | E] Rob.Con. Connect

mech.col

relative Tpath of links

|a2_frame | |.-"rai|.-"base coard. /slided
|a2_frame.-’a2_arm | |

|a2_frame.-"a2_arm.-"a1_frame | |
|a2_frame.-"a2_arm.-’a1_frame.-’wrist| |
|a2_frame.n’a2_arma’a1_framefwrist| |
|a2_frame.-"a2_arm.-"a1_frame.-"wrist| |

main program no.

ok ] [ Cancel

robot properties - noname le

general | passive link | palletize passive link FF'DTI]]]]l coordinate systems

|a’rail£base coord. |

uzer coordinate zystems

(]|
[uz]]
[u3]]
[u4]]
[us]]

u1o

ClIS|IE] )
w| o] [~ ]|o

import from CO0 export ko CO0

u]:s ] [ Cancel
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9.Teach Method and Coord.Sys Properties

It displays a message that says you need to initialize VRC because axes are changed. Click ‘OK’
button.

HESpace3d

e | Major robot properties are changed,
\V You need to do YRC's systern initializing,
Proceed?

A message as below is displayed and virtual TeachPendant is automatically open. Go to the setting
screen in the message and set additional axis settings of 7th axis. As you can see the picture as below,
set Axis spec to Base, set ‘Axis struc’ to X, adjust ‘Softlimit’ and ‘Acc/Dec param’ appropriately, and
press [F7: Complete] key.

HBSpace3d

gonsiant |l G B W B N W H
Axis spec = OServo gun O Pasitioner  OJig O Servo hand

Axis struc = [Linear v/ - [Fo_—_——

Axis location = BD 1 DSP 1 Axis 4 Brake = 7
Reduction ratio = ]Zl /0 / 100 [rm/rev]

| Softimit = Min -2000 Max 2000 [mm] |
AMP spec = [sa2 ¥ - 2 (HX 25-P)
Motor spec = ]2,EIKW V} - | TSM1008N8230E235 VI
Magimum speed Accel, time
Acc/Dec param = 250 [rm/s] 400 [rns]

Select the axis composition,

Save the document and reboot VRC to apply the settings.
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In order to apply the setting, save the document and reboot the VRC.

Edit
= HE

Miew Se

chELS,i"Ei—v

SIiN robot (HANDS-03]

+ N lower_fra
> tap

New Model
© Duplicate,..
X Delete

I Save As...
& Save as STL

& Load Model as a Child...

A Simplification

7 mini TeachPendant
@ Virtual TeachPendant

HRSpace3

»

[l VRC Tools...

-t Adoabe

YRC Tools - robot (HADDB-03) X
( [ Reboot W

3 Update Job from VRC

Update from VRC folder
(POS, SFT, VAR, JOB)

J

ol

Open Link Properties dialog box of a slider. Since the robot should move to the left and right along with
X axis, set Axis index to X and set the range of the axis:

Link Properties

Axis index
®x O
CIR¥ ORY

axis rangemm)

OF
(IRZ (O Mone

[inverse

E3

Cur, axis value D mirm

Manitaring axis range(mim)

] Min. I:I Ma}{.l:l

Ok H Cancel ]
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9.Teach Method and Coord.Sys Properties

Now let’s create work. First, create job with mini T/P.

=@ rail
A base coord
=% slider
=& robaot (HAD20-03)
%, lower_frame
= & tap
=4 airless_gun
A tcpl
< 0020.J08

mini TP - robot (HAODZ0-03) X

020,408 Mew Job
FEI."."'.".-’-'-.IT

Robot:HADZO-03, 7.,

Set the coordinate system on TeachBar to Base. Steps that are the robot’s coordinate system move
along with the movement of the robot’s traverse axis.

rTeachi*Base vilre v 8=|50 :H% v." e 0 _v’ T=!ﬁ ]

Teach by using Record button while moving the traverse axis shown as below.

mini TP - robot (HA020-03) a X

| 0020.JOB New Job
Ftel.WAIT

Robot:HAD20-03, 7...
31 MOVE P,5=50%, A...
52 MOVE P,5=50%, A...

Confirm the moves by executing the simulation when Teach is completed.
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HRSpace3

9.2. User coordinate

HRSpace3 supports maximum of 10 user coordinates. The advantage of using this function is that
because you can specify a job’s RefPos as the target work not as the robot, so the job will move with
the target work when the work is moved.

For example, let's try to teach the steps in the user coordinate for the 4 corner surfaces of the
rectangular panel as shown below.

First, create the user coordinate as the child model of the panel and set the name to ‘crd_panel’.

= § robat (HAD20-03)
% lower_frame
=- A tap
- @ aifless_gun
A tocpl
< (004,408
< 0005408
o IE
| Mew Model & Model
= Load Madel as a Child. ., & Robot
04 Duplicate,,, %, Link
> Delete |,J. Coordinate Systemn

mg |/0 Connection

| M
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9.Teach Method and Coord.Sys Properties

The coordinate will be created at the origin location of the panel as shown below. If needed, edit the
model properties of the coordinate to adjust the location/direction of the origin.

citt panel

Open mini T/P of the robot and create new job. Tree window looks like as below.

L workspace
----- camera

e Orid
= f& robat (HAD20-03)

E*'r. lower_frame
= A tap

Now open Robot Properties and select Coordinate System tab. Click U1 button in User coordinate
systems and click ‘crd-panel’ in tree window.

Choose one from two options as below to connect with a virtual controller.

Apply from VRC

The changes in user coordinate systems in VRC are immediately applied
to the virtual controller.

This is useful when you import onsite robots’ controller files and observe
them on a 3-D screen or utilize virtual TeachPendant to practice
operations.

Apply to VRC

The changes in user coordinate systems on HRSPace3 are immediately
applied to the virtual controller.

This is useful when you create robot controller files by designing work
cells on a 3-D screen.

Click ‘OK’ button to close the dialog box.
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HRSpace3

Rohot Properties - robot X

 General | Passive Link | Palletize Passive Link | FPDT Passive Link | Coord.sys.

(el |

Llser coordinate systems

’U1 ”Ipanel!crd_panel ‘ [UE H ‘
(]| jra) |
(o] gl |
(o4]] | feal |
=) W] |
O Apply from VRG
(®) Apply ta WRC

]34 ] ’ Cancel

Teach steps on the surface of a panel by using Step Creation/Modification dialog box. At this time,
dropdown list box on Teach bar for the coordinate system should be set to user1.

You may recognize coordinates displayed in Step Creation/Modification dialog box is user coordinate
system, not robot coordinate system.
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9.Teach Method and Coord.Sys Properties

crd_panel [iobistep | | #robotioons.JoB

Position (relative)

Surface normal

[use

Run simulation when Teach is completed. If the result is normal, change the location/direction of the
panel, press ‘Apply to VRC’ button in Coord. sys. Tab of Robot Properties dialog box, and run the

simulation again. You may notice that tool end is moved to the same panel surface location before the
change.

Virtual Controller may have 10 user coordinate systems at the most by setting control parameters.
Select ‘Apply from VRC’ radio button if you need to utilize this information in HRSpace3. It creates

coordinate system models as children models to the robot model and automatically set coordinate
system properties of the robot model.
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HRSpace3

Later, when the values in user coordinate system are dynamically changed in a virtual controller, this is
also applied to HRSpace3.

Robot Properties - robot 3]

| General | Passive Link | Palletize Passive Link | FPDT Passive Link| Coord.sys. |

=) |

User coordinate systems

¥

L
|
g

e | ()] |
)| | (o) |
5] | (o) |
o] | )] |
o | | o) |

O Apply to VRC

ok || ecance
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10. Application Function

HRSpace3

10.1. SPOT welding application function

Hi5 controller function manual —Please refer to spot welding section and understand how to use spot
welding function first.

10.1.1. Enter SPOT commands
In Hi5 controller, SPOT commands are used for both Air gun and Servo Gun welding.

It's convenient if you use SPOT Tool bar to enter SPOT commands. When you press REC button, it
only records MOVE command if the check box is OFF (via point) and it records MOVE with SPOT
command if the check box is ON (weld point). Parameters are automatically entered according to the
settings of Gun number (GN=), condition (CN=), and sequence (SQ=) in SPOT Tool bar when SPOT
commands are saved.

SPOT [] GN=|1 +| CH=|1 Se= 1

Let GUN button of a keypad ON and press REC button when you record it with virtual TeachPendant.
(Please refer to SPOT welding function manual for the details such as how to modify SPOT command
and change conditions.)
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10.1.2. Perform welding — Air gun

The operation of Air gun is executed by script file.

10.Application Function

Script get Weld, welding instruction signal, show

the pressing movement of moving tip, and produce Complete command.

spot_airgun.vbs

For C gun. Control Air gun with signal.

X_gun.vbs

For X gun. Control Air gun with signal and control X gun link

These scripts need attribute settings as below.

Attribute Group State - tip

X

name Walue
| N - - (10
e =100
Closed 1]
Unithowve 12

e[ o] o] xfpuea]
Apply Ok i Cancel

Name Description
Value of moving tip axis when the
Mx0 .
value of Mxis O
Value of moving tip axis when the
Mx1 .
value of Mx is 1
Closed Value of moving tip axis when
pressed.
Unit for the movement of moving tip
UnitMove (Bigger number means higher
speed)

As you can see in a picture as below, the robot produces W1 assigned output signal and is on standby.
(Assigned output and assigned input are set in System/Application parameter/SPOT welding menu by

using Virtual TeachPendant.)

Action Properties

Action file ] g
Trigger Invoke
Opem
® VO change
S
Omin
_I @ spot_airgun.vbs D
script file
=5 :
= 8
ol S =1
=) 2 g i2
(o + @
- guni *
output
/robot0/0023
/robot0/D025

W1: DO23

Weld
Command

WI1; DI22
>

| B

input
[/robotl/tap/

/c_gun_air_m/ti
/robot0/tap/c_gun_air_m/tip/Mx
/robot0/tap/c _gun_air_m/tip/Complet/robot0/DI22

2 2| o | )

O
MOVE L,S5=100.0%, A=3,T=1
MOVE L,5=100.0%, 4=1,T=1

MOVE L, S=100.0%, 4=0,T=1
PO Q
MOVE L,S=100.0%, A=1,T=1
MOVE L,S=100,0%, 4=1,T=1
MOVE L,S=100.0%, A=1,T=1
MOVE L. S= 0.0"o,’e=l,T=l

Controller

Value

p/weld

0.00
0.00

Close
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HRSpace3

Set I/O connection to plc model as you can see an example as below since this signal should be
entered to moving tip as Weld signal. (Set path appropriately to fit workspace configuration.)

Output Input

/robot0/D0O23 /robotO/tap/g_gun/tip/Weld

spot_airgun.vbs, scripts of moving tip, do welding operation when it receives Weld signal, and then
produces Complete signal. Set I/O connection to plc model as you can see an example as below since
this signal should be entered to the robot as WI1 assigned input signal.

Output Input

/robotO/tap/g_gun/tip/Complete /robot0/DI22

The VRC that was waiting moves to the next command when it receives WI1 signal. This 1/O
connection is the same as the operation method of Air gun in actual processes.

10.1.3. Perform welding — Servo Gun

Unlike Air gun, Servo Gun doesn’t need scripts and only needs to set it as additional axes appropriately
in real situation via virtual TeachPendant. For the 1st function, steps that have SPOT GN=1.. command
are recognized as welding points. The virtual controller executes MOVE command and controls
additional axes that are set as guns and moving tip moves the same trajectory in real situation
according to this.

* Scripts are used when moving tip is not simple such as X gun.
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10.Application Function

10.1.4. Large stroke/Small stroke and manual pressing — Air gun

For steps that are via points and not welding points, it needs a function that sets it to small stroke or
large stroke.

In case of Air gun, set it with X1~X4 output option in MOVE command. For example, a virtual controller
produces X1 assigned output signal if there’s X1 output option. Connect this signal to Mx signal that
input to moving tip as below by using 1/0 connection model.

Action Properties
Action file = gj
Trigger Invoke Hls
O Never Virtual
® V0 change -m Controller
ks
O
_] aopy  SPot_airgun.vbs j
script file

§ Command open/close

o W1: DO23 | X1: DO25
" el L |

-
| B TE
. @
(oK

output input Value

-

/robot0/0023 / tap/c_gun_alir_m/tip/W 0,00
name value| |/robotl/D025 /robot0/tap/c_gun_air_m/tip/Mx 0.00
T I - 200 \/robotd/tap/c-qun_air-m/tip/Complet/robot(/DI22
Mx1 -100
Clzsed 0
UnitMove 12

i] ﬂi’ i‘ ﬁl 3 |i‘ Delete All
[ aeply J[__OK ]| Cancel r]

Output Input

/robot0/X1 /robotO/tap/g_gun/tip/Mx

Scripts of moving tip execute small stroke or large stroke according to the value of Mx0 and Mx1 in
attribute settings when Mx input signal is changed.

In Hi5 virtual T/P, manual open/close is executed because X1~X4 assigned output signal manually
toggles between 0 and 1 when you click user key MX while pressing [Shift] key.

In addition to this, when you press [Shift] and [GUN] key together, manual pressing operation is
executed because W1 ~ W4 signals are produced.
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HRSpace3

10.1.5. large stroke/small stroke and manual pressing -Servo gun

In case of servo gun, X1~X4 output option is ignored and moving tip is open by a virtual controller
according to recorded location of gun additional axis.

In Hi5 virtual T/P, manual open/close is executed when you click “svgun man open/close” button in user
key and [Shift] key together.

In addition to this, manual pressing operation is executed when you click “svgun man press” button and
[Shift] key together.

‘open/close | man press
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11. Misc. Functions HRSpace3

11.1. Preference dialog box
Various options of HRSpace3 can be set in Preference dialog box.

These settings are saved in Windows registry not in documents.

Preference E

General |Disp|av

Default path

B General - Library
Set a default folder path when you select Import models in popup menu. Basically it is set to
HRSpcace3/Library.

B General - Work
Basic location that users’ work will be saved.

/" HYUNDAI 11-2

HEAVY INDUSTRIES CO.,LTD.



11.Misc. Function

' General | Display |

Background color

R128
G128
B128

Joh path

DisnlaviCurrentJOB v

width |1 | R200
G0

Pattern | Short Dotted V‘ BO
L s T .

Step

Disnlay | Current JOB v‘ Lahel

Style ir-nono-colorl_v [“] Backdroj

B Display — Background color

Set background color on a 3-D screen.

B Display — Job path

Select how to display a straight path between steps in Job. You can choose color, width,
pattern such as solid or dotted line.

® Display method

Hide

Don'’t display a path between steps.

Selected JOB

Display a path only to JOB that is selected by clicking in tree window or
on a 3-D screen.

Current JOB

Display a path only to JOB that is a current program counter.

Display paths in all steps of all Job for all robots. There’re chances that
All readability get worse and the speed of 3-D display gets poor when the
number of steps are too many.
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HRSpace3

m Display — Step
Determine how to display steps. You can choose the displaying style of step, and whether to
show the step label, and background.

® Display method

Hide Don't display steps.

Display a path only to JOB that is selected by clicking in tree window or

Selected JOB on a 3-D screen.

Current JOB Display a path only to JOB that is a current program counter.

Display paths between all steps of all Job in all robots. When the number
of steps are big, there’re cares that readability and the speed of 3-D
display get poor.

Display paths in all steps of all Job for all robots. There’re chances that
readability get worse and the speed of 3-D display gets poor when the
number of steps are too many.

All

Steps are displayed as an arrow shape if Mono-Color Line is chosen for step style. In this case,
the position and direction are as below.

&l

position
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