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i Coordinate System
1. Overview Calibration for OLP

1.1. Overview

The OLP (Off-line programming) is designed for planning jobs in simulation environments and
minimizing additional teaching jobs in the actual working place. Theoretically, the program created in
the OLP may be downloaded to substitute real work. However, in real working conditions, various
tolerances exist in terms of robot’s accuracy, accuracy of the robot’s installation positions and installed
work piece positions, etc. Those tolerances are the reasons why the OLP applications may not be
applied in worksites as they are.

Therefore, it is needed to correct the position calculated in the OLP to fit in the real job position, which is
called ‘OLP installation tolerance calibration.’ The function may correct the OLP installation tolerance by
performing the teaching operation to the CAD-based base program created in the OLP and the robot
found in the same location, and by creating the formula which converts the difference between the two
coordinate systems.

The function’s correction method uses the user coordinate system. Users teach the robot program to
be converted into the user coordinate system. When the base program created in the OLP and the
program created by the user’s teaching are put, the conversion value between the two programs is
added as the conversion value of the pre-set user coordinate system. As a result, the job position of the
program that has been taught to change into the user coordinate system is corrected to match the real
workpiece position.

An OLP-based workpiece 1 is located at U1 as shown in the following figure, but if it is positioned at U1’
during the actual installation, differentials occur between the two coordinate systems: -50 mm, 70 mm,
and 0 mm in the X, Y, and Z directions; 0, 0, and -15 degrees in the Rx, Ry, and Rz directions,
respectively. The calibration function compensates for the installation tolerances by computing the U1’
instead of the U1.

U1= (-500, 1250, 500,0,0,0)

Ul'= (-450,1320, 500,0,0,-15)

The Hi5 controller supports the 10 user coordinate systems. So, each workpiece may be compensated
for the installation tolerance based on each of the set user coordinate system.
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. Coordinate System
2. Preparation for OLP Program Calibration for OLP

2.1. Preparation for the OLP Benchmark Program (in OLP package)

ARCON is a command of starting the arc welding.
In order for this function to be used, the OLP-based landmark position shall exist and the real
workpiece shall also have the landmark positioned in the same location as the OLP-based one.

When there are 5 landmarks as shown in the following figure, write each landmark point on the
benchmark record program based on the OLP data.

Write the program in the form of the Hi5 controller program as below with the use of the edit function of
the notepad application on the PC. For instance, the following figure shows the preparation for
300.JOB.

B 0300 - HI=Z

OFE(Fy HEE) MAQ) 2 ESZH)

Program File Format UVersiop——t-6—HechType=—127(HAB20-03) TotalAxis: 8 AuxAxis: 2

$1  HMOVE P,S=68%,A=1,T=1 (l].l]l]l],l].l]l]l],l].l]l]l],18l].[l]l],l].l]l]l],—18l].l]l]l],l].l]l]l],B.BBB,&HB&BB@
52 MOVE P,S=68%,A=1,T= (380.000,300.000,0.000,-{180.666,0.000,180.000,0.00600,0.000,&H8608
53 MOVE P,S=68%,n=1,T=1 | {300.000,-308.000,0.000,/-180.000,0.000,180.000,0.000,0.000,&H08608
54 MOVE P,S=68%,n=1,T=1 | {-300.000,-380.0680,0.00¢,-180.000,0.000,180.000,0.000,0.000,&H058
55 MOVE P,S=68%,n=1,T=1 | {-300.000,300.000,0.000,/-180.000,0.000,180.000,0.000,0.000,&H0608

The values of X, Y, and Z are prepared in the form
of the step data. The coordinate system is U1.

1) Prepare the positions of X, Y, and Z in the form of the OLP data.
2) Set appropriate values of the position vectors of Rx, Ry, and Rz in the same way.
3) Select the converted user coordinate system, Un for the record coordinate system.

® Set the position of the benchmark program as a representative position that includes the area
of the job program if possible.
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2. Preparation for OLP Program

2.2. Preparation for the OLP Job Program

The job program is taught by the OLP-based HRSpace and RobCad. For instance, they create the
500.JOB program prepared in the OLP.

HRSpace - HROI55F# =

D2E BIE =W ASANAE) B0 =2
DlE|S| 4|08 Ble oS )] Ezl 2] e fwer ] fom

Hid EIABHEE - | X

R -l JS\mulaliun b[=]| w|[ vo0000

HHIA || N2g | [T | |[z2az |

£ T
(241

Ready CAP

Figure 2.2 Example of the job program
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3. Download of OLP programs’ Coordinate System
Controller Calibration for OLP

3.1. Download of OLP Programs’ (benchmark record and job
programs) Controller

As a way of copying files into HRView or USB, copy the OLP ‘benchmark program’ (300.JOB) and ‘job
program’ (500.JOB) onto the controller.
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4. Preparation for Benchmark Coordinate System
Teaching Program Calibration for OLP

.

.

The preparation for the ‘Benchmark Teaching Program’ is a teaching job of marking the position that is
the same as that of the OLP-based ‘Benchmark Program’ onto the real workpiece, which means that
the teaching process is performed to the workpiece in the real worksite, not in the OLP’s virtual space

Notes

1) Precisely calculate the tool length with the automatic integer set before preparing the
benchmark teaching program.

2) Make the step order of the benchmark teaching program correspond to that of the benchmark
program (300.JOB) created in the OLP, and precisely teach the step order to the landmark
point on the real workpiece. That is, match the step 1 position of the benchmark program with
that of the benchmark teaching program, and continue the teaching job by applying the same
step order of the benchmark program (300.JOB) to the rest of landmarks (2~5 step).

=
JExA = *Eg8
- FlzEdy OAemd [ RS0 FHALE L IEN [FRET-ETS TI
[; P ot =60 ALLMECH | [0IHaD20-03 =@ H< 200/ TF
“& MOVE P,5=60%, 421, T=1 TR Ly
EE EZEdy __ |
T FobotHAGZ0-03, Baxes. Bsteps =T
51 MOWE P,5=BD%,A=1,T=1 72,227 deg
52 MOWE P.3=f0% A=1 T=1 121,660 deg 2050 D
(ed 83 MOVE P.3=RD% A=l T=1 22.410F deg 8000
54 MOYE P.5=R% A=1 T=1 0,012 deg 1800
| _ 85 MOVE P5eE0%, A1, T=1 95,249 deg 0.0 _
k] 2= 72,231 deg T50.0 SEZEJHE
— 0,000 mrm
L.: 0.000 rrrn B
QuickOpen AERZ|
£ &
>

! PREW/MEXT

.M
o
g

Figure 4.1 Example of preparation for the job program

For instance, create the benchmark teaching program on the 301.JOB program.
Through the above 2 and 3 processes, the OLP-based ‘Benchmark Program’ is on the
program 300.JOB; the ‘Benchmark Teaching Program’ is on the 301.JOB program.
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- 5. Coordinate System Conversion Coordinate System
; of Job Program Calibration for OLP

Check whether the job program (500.JOB) has been set in the form of the user coordinate system
(U_Crd).

If the job program for the calibration has been recorded as the user coordinate system, turn to Chapter
6. If it has not, perform the processes from creating the user coordinate system to converting the job
program into the user coordinate system.
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5. Coordinate System Conversion of Job Program

5.1. Creation of the User Coordinate System
Create a user coordinate system on the Hi5 controller which position is similar to that of the OLP.
There are two methods of creating the user coordinate system.

1) One method by teaching 3 points

®

I — - SEET
B =23y | 2884 0 Ssko  FHALS (L EEH |B==55= | T
- 0400 070 ALLMECH | [DJHAC20-030 =@ H< 200mmys| ‘ o ‘ TRT
i MOVE P.5=A0% A=1,T=1 [z e — iy
EEEERE.
= RobotHADZD-03, Saxes, Isteps HEE
51 >MOVE P,5=60%,A=1,T=1 22,222 deg
52 MOVE P,5=60%,A<1,T=I 121,680 deg 245,0 D
(Gmd |83 MOVE PS=60%.4=1.T=1 —22.40F deg 500.0
-0.012 deg -180.0
] 99,249 deg 00 B
st 22,231 deg 180.0 4£EEFEE
- 0,000 rmirn
{— 1,000 mm
QuickOpen AR
= '
¥
|
PREY/MEXT

= - 45T
+s45:7 AHBAL ZHEI ,
Lan ANSTTHEH T - T |
Lr_l+
S22 gt zadn s T
sl MY NSRHEA (1] HRE
Gad METTEHE 213 D
= % ¥ z
£12E om [@mo [ 00 [ cooo HEEIIRE
— ot [0 [ o0 [ 0%
; ywzr [ 00 [ 10 [ 00
QuickOpen A A
: Ar
=2%  aoqmmes gEsiaAe - 999 IS

e ———

Figure 5.2 Example of the user coordinate system
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Coordinate System
Calibration for OLP

2) The other method by using the MKUCRD command

EX) when setting the origin, X-axis (P2) and XY-plane (P3) in the user coordinate system, use
the command of MKUCRD 1, P1, P2, and P3.

Please, refer to the Hi5 User Manual with respect to the method of creating the user coordinate system
in detail.

/ HYUNDAI 5-4

HEAVY INDUSTRIES CO..LTD.



5. Coordinate System Conversion of Job Program

5.2. A batch Record Coordinate System Conversion Function

The job program (500.JOB) may be recorded in the form of an axial angle, base, or robot coordinate

system including the user coordinate system (U_Crd). In this case, they need to be converted into the
user coordinate system.

A function is needed to convert the coordinate systems recorded into the existing programs in a lump,
called the ‘A Batch Record Coordinate System Conversion’ function. With the use of the function, they
may be easily converted into the user coordinate system.

Proceed with the following procedure: fService;, — '6: Program Conversion; — 4: Record
Coordinate system’. For example, in the case when the 500.JOB program is not in the form of the user
coordinate system, create the system by copying the program that has been converted into the user

coordinate system #1 at # 502 as below. If you press the “Run” button (PF7), # 502 (502.JOB) is
created as the user coordinate system #1 (U1).

g & s
—— - = L8
ss25:7 JASHEIN HE
i HE T=2]H = 500 MEAH -~ ZgAE = 1 - [
;_f_|_,b
e z=ow - @
At P
BENEY = QHIZ Q=22 OSAE QFc QU @Un U
Cad (B2 BEM H5H N7 FEAS HBELCH) D
]
ZI93 4ZEIEE
m
—_ [zazzgf
QuickOpen AEFE|
I A
—r
5¥ pazeoms pmsac.ll- 99 PREV/HEXT

e e s s e s i

Each menu means as follows.

(1) Original Program
Put the number of the original program of a job program.

(2) Target Program
Put the number of a program where the program with a converted coordinate system is copied.

When the number of the original program is the same as the number of the target program,
the existing program is overwritten.

(3) Start Step ~ End Step
Put a range of the step which recorded coordinate system is subject to conversion.

(4) Form of the coordinate System
Select the coordinate system into which the range of the step of the target program is
converted. Select the user coordinate system (Un) and the number for the calibration of the
OLP coordinate system before the start of running.
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6. Coordinate System Calibration for ¢ ginate system
OLP Calibration for OLP

After the job program has been converted into the user coordinate system, the calibration of the
coordinate system for OLP may work. Select menus as follows: [[F2]: System; — [6: Automatic
Integer Settings; — '7: Coordinate System Calibration for OLP

sm4c7 | ASHF HF ® 1t |,
vED AN | | = I
% 1 &84 2 S0 2=t S_ 9: 221 £ B EYO0IH
=] HEE

G T HOFHIT AN SHE B2 EY0M

Y 4 55EE s

ESmLIE] AZEIEC
7 swzEs zenEN e

= |
3 MRS BRSO

QuickOpen AEA|
ZI %oirs oz mEn za=A0S

# | S

S82 | gmue azgas [ENTERIFIS S24M9, AR

For instance, the benchmark record program selects the OLP benchmark program #300. The
benchmark teaching program selects the program #301 where the same position has been taught.

5 | {
Sl ZEA 2 =014

LPE

~EaE: T )
) 13 =0/ Bl s @ULr (UL & Tool L
J3E 71 =20y = [
asuet) JEE ElR Z2 0 = = yEE
Gind N D
] EEER I :
o =g 0|4 THEH ors T P
_ Her et IE=E0 Tool 20|
K= [ oo [ oo [ s B
Vo= [ oo [ oow [ s
QuickOpen AETE
o 7 = [ oom [ oom e
: Ar
czu PREV/NEXT
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6. Coordinate System Calibration for OLP

6.1. Explanation on Menu Items

1)

(2)

®3)

(4)

(5)

(6)

A Range of Calibration

- U.Crd
Calibrate the user coordinate system alone.

- U_Crd & Tool
Calibrate the user coordinate system and the tool length at the same time. In this case,
each step’s position vector of the benchmark teaching program shall be taught differently.

Benchmark Record Program

Put the number of the program prepared by the CAD-based data. Select the ‘Benchmark
Program’ created in the OLP.

With respect to the benchmark record program, all steps shall be set in the form of the same
user coordinate system (U_Crd).

Benchmark Teaching Program

Put into the workpiece the number of the program that has received the landmark position that
is the same as the ‘position of the Benchmark Record Program.” All of the base, robot and
axial coordinate systems may be used, provided that they are automatically converted into the
base coordinate system recorded in the form of the user coordinate system.

Results

Calibration coordinate system U? & T?

Both the U? & T? display the numbers of the calibrated user coordinate system and the tool. If
the “Run” key is pressed, the U? is converted into the number of the user coordinate system of
the benchmark record program just as the U1, and the T? are changed into the number of the
tool of the benchmark teaching program just as the T1.

Calculation Tolerance (X, Y, 2)

The calculation tolerances display the maximum values of each step’s position tolerance X, Y,
and Z of the benchmark record and the benchmark teaching programs when the result of the
U_Crd (or U_Crd & Tool) calibration has been applied.

U Origin Tolerance
The U Origin Tolerance displays the difference between the existing set user coordinate
system and the user coordinate system resulting from the calibration. (U origin Tolerance = the
position of the newly created user coordinate system — the position of the existing user
coordinate system)

6-3 / "HYUNDAI
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Coordinate System
Calibration for OLP

(7) Tool Length
The tool length is calculated when the range of the calibration has been selected as the
‘U_Crd & Tool.” When the function is chosen, first, the tool length is searched then U_Crd is
searched. To find out the tool length, deliver many different teaching position vectors of the

tool for each step as shown in the following Figure when you teach the ‘Benchmark Teaching
Program.’

If the range of the calibration is limited only to the U_Crd, it does not matter that the position
vectors of the ‘Benchmark Teaching Program’ are the same. However, it shall be performed
when the data of the tool length are accurate.

Figure 6.1 Example of instructed position vectors including TOOL parameter
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6. Coordinate System Calibration for OLP

If the "[F1]: Runy key is pressed, the calibration result is displayed. And if the “ENTER” key is pressed,
the data of the user coordinate system are saved automatically.

JIExH = = = : AEmE
OLPE 9Tt Hu2| A2|20lH
L =Y 0 Y = _Crd U_Crd & Toal I
® O -
JEENE Z20H = 13
SECHY JEREE =20 = 114 e

Hig Robot. Controller

| Eo|=d01E A

Z1913 \‘\.’/ HEEmar 4B RE
. Ha2R
EMNTER F.
X = 0.000 H e
¥ = 0,000
QuickOpen AHE A
o 7 = [ oo [~ nooo (R
& Ar
oo
=8¥  oizyEa Z2OwE REsh AL - 999 AR

When the calculation tolerance is over 5mm, it is judged that the data have some problems. Therefore,
when the error is displayed as below, the data are not applied to the user coordinate system

| v-_—g'

JEZH T 3
OLPE 9ot [EI A= oM r
[}
TE=H0A B2 = UCrd U_Crd & Tool I
O] O —
JlEE 7= z20n = [
e JIEH ElE T2 = T2 HEH
Gind 23 D
u T 20 FEA
e Bl =2 01S THEH [OraTm O
= AL2I W\ @A EmmE SIS LICH
o, AN
— X = 31T T 19T T 5
¥ = [ 373w = |
QuickOpen AHE A
o z = [ Zm [ rmr |
& Ar
PREV/NEXT

When the following errors also happen, the calculated result is not applied to the user coordinate
system.

6-5 / "HYUNDAI

HEAVY INDUSTRIES CO.,LTD.



Coordinate System
Calibration for OLP

Error Messages

(Notes)

The value may not be found.
The value is not converged, or it is an unsolved program. Please check the positions and
the position vectors of the record and the teaching programs and correct them.

There are steps that move the auxiliary axis.
The ‘Benchmark Teaching Program’ has been prepared with different positions of the
auxiliary axis. Please fix the position of the auxiliary axis and perform the teaching process.

There are steps that are outside the motion field.
The ‘Benchmark Teaching Program’ has steps that are outside the job field. Please check and
correct them.

The distance between benchmarks is less than 1cm.
The distance between benchmarks is too narrow, less than 1cm. Please keep some distance
between the benchmarks for programming.

The changes of the teaching program’s position vectors are less than 10 degrees.

The error occurs when the U_Crd & Tool has been selected as the range of the calibration. In
this case, the teaching program'’s position vectors shall be different. When the changes of all
the teaching programs’ position vectors are set less than 10 degrees, the error occurs. Please
check and correct them.

The user coordinate system E1350 has not been set yet.

When the ‘Benchmark Record Program’ selects not the Un but the U as the coordinate system
form, the involved user coordinate system shall be selected on the ‘Condition Settings.” The
error occurs when the user coordinate system is not set.

When the calculation tolerance is large, please check it out because the preparations for the
‘Benchmark Record Program’ and ‘Benchmark Teaching Program’ could be wrong.

When the U_Crd has been selected as the range of the calibration, the teaching process of
the ‘Benchmark Teaching Program’ shall be performed when the tool length is accurate.

U Origin Tolerance
(@ When the involved coordinate system is not registered on the controller, the ‘U Origin
Tolerance’ is displayed as the origin tolerance of the base coordinate system.

@ In the above case when the U origin tolerance is {0.597, 0.200, 0}, and the user
coordinate system # 1 is not registered, {0.597, 0.200, 0} is registered as a new origin of
the user coordinate system.

@ If the same result has been induced when {100,100,100} is given to the user coordinate
system #1, the user coordinate system #1 gets registered with a new coordinate {100.597,
100.2, 100.0}.
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/. Return of Job Program Coordinate ., ginate system
System (User To Base) Calibration for OLP

To return the program (500.JOB), the converted user coordinate system for the calibration to the
original (Base) coordinate system, reuse the function of the ‘A Batch Record Coordinate System

Conversion.’

e h—* ssma
J=&EAN B ‘
4 A= zzas = [ PEES- I R [ j
= [San S
e Z228 = [EE
k=g Hzm
IENEN = @H02 =22 (OsZE QEc QU Qun
Cand (B2 ZZH M &3 ZEHZ B0 D
]
zJo LEEIHE
=
QuickOpen AR
: Ar
=1} PREV/MEXT

Hat Z2 IS 2 FHY A2, [1 -9999]
When the [F7]: Run;y key is pressed, the program #502 is reconverted back into the base coordinate
system, the program #510 created.
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8. Driving of Job Program Coordinate System
Calibration for OLP

Because the tolerance between the OLP and the installation has been corrected due to the correction
of the user coordinate system, select and drive the 510.JOB program on the controller.

(1) Check whether the position of the job program is correct with the use of the step’s function of
back and forth movements.

(2) The step that interrupts the job may be corrected in the same way as the usual method of
correcting the step position.

As a result, it may be checked whether the position that had caused the tolerance before the OLP
coordinate system calibration has been corrected.

HRSpace Simulation Before OLP Coordinate After OLP Coordinate
System Calibration System Calibration

v
‘g{
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