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VALIDATION OF FORWARD GEOMETRIC MODELSFOR ABB ROBOTS
USING VIRTUAL MODELSAND THE SOFTWARE APPLICATIONS CATIA AND ABB
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Abstract: This paper presents the working steps for the watitich of the forward geometric models of
ABB industrial robots (IR) using their virtual mdde(CAD models) along with CATIA and ABB
RobotStudio software applications. Applying thighod, one can obtain on the basis of the virtuatlelo
a series of results regarding the position of tharacteristic point of the robot according to joint
positions, results that can be compared with tisailits of the mathematical model analytically cadted
for different configurations. By comparing thessuks, one can determine the correctness of thediat
geometric models.
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1. INTRODUCTION simple kinematic scheme. Some constructive and
functional parameters taken from the datasheetthef
robots are given further.

All three robots have articulated arm architectures
Yith the following features: ABB IRB 126 a 6-degree
Mobot with a bilateral symmetry structure; ABB IREB0

As part of the work in progress for PhD thesis
"Research on thermal behavior of industrial robens
improvement of their performances by compensatin
thermal errors", it was necessary to develop custo
forward geometric models for three robot models:BAB : . .
IRB 120. ABB IRB 140 and ABB IRB 460. The forward robot with 6 degrees of freedom with asymmetrical

eometric models were developed by following an ownStrUCture and ABB IRB 460 robot with 5 degrees of
9 P y 9 ._freedom (only four numerically controlled axes) amith

approach was presented in [1 and 2] resulting N, closed cinematic chain structure.

particular geometric models, different from the misd Fi : S
) . X gure 1 and Table 1 present thehnical specifications
found in the literature. For these models first aif of ABB IRB 120 industrial robot.

validation was required. The validation of thesedele

. Table 1
was done in two stages: _ . Technical specifications of ABB IRB 120
1. comparing the results of these particular noeéth i _ i
the results of some other existing geometric modelgMan applications __Physical
from related literature; pick and place Base dim. 186 180 mm
: ’ ; : ifications Weight 25 kg
2. comparing the results of these particular mougtls Speci
the results obtained using virtual models and some Max. payload 3 kg Perfor mances (1 SO 9263)
L . Max reach 0.58 m Repeatability 0.01 mm
software applications. Further, this paper presants
imol d ick solution f lidati f d Axes 6 Accuracy 0.02 mm
simple and quick solution for validation of forward 5 i cio7p30 Axis movement
geometric models using CATIA and ABB Mounting — any angle AL £165°.250°s | A £120° 320%7s
RobotStudio applications and virtual robot models. Controller IRC5 A2 £110°250°s | A6x400°, 420°/s
2. STUDIED ROBOTS Powe supply 208600 V, | A3+70°- 110%250%
' 50/60 Hz
In developing the forward geometric model of an RI | Consumed power 0.25 kW A4 +160°,320%/s

it usually starts from a simple kinematic wirefrabeesed
on some constructive parameters. After the readinaif
the wireframe with the symbolic representation loé t
elements and with the assignment of the referecads
describing the relative position of these elemetits,
mathematical modeling is made having as suppost thi
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Table 2
Technical specifications of ABB IRB 140

Physical

Main applications

part extraction of dier Base dim. 406x 450 mm
casting
Specifications Weight 98 kg

Per for mances (1SO 9283)
Repeatability 0.03 mm

Max. payload 6 kg
Max. reach 0.81 m

Axes 6 Accuracy 0.02 mm

Protection IP67 Axis movement

Mounting: A1 +360°,200°s| A5 +240°,

ground/suspended 360°/s

Controller IRC5 A2 +200°,200°/s| A6 +800°, 450
°Is

P. Supply 200-600V, 50/6( A3 +280°,260°/s

Hz
Consumed power 0.44 kW,

A4 £ 400°,360°/s

810

70

tAuis 1

Fig. 2. ABB IRB 140 link dimensions [4].

Table 3
Technical specifications of ABB IRB 460
Physical

Base dim. 1007 x 26
Weight 925 kg
Per for mances (1SO 9283)

Repeatability 0.2 mm
Accuracy 0.3 mm
Axis movement

Main applications
Palletizing, material handling
Specifications

Max. payload 110 kg

Max. reach 2.40 m

Axes 4

IP67

for joint positions

L

F"niechanisms

G‘? Mechanism.1, DOF=0

== 1nints
T’Qﬁ.’ Revalute. 1 (Link0,1IRB120_Link1_rev0.1)
@ Revolute.2 [Llink2 LIRB120_Link1_rev0.1)
ﬁ'@ Revalute.3 [Link3.1,Link2.1]
ﬁCumc\den:e.s[lmkS‘lekZ.l]
5 offsent [Link3.1,Link2.1)
@Revn\uteA[Link}l,lmkml]
F-0 neoite s (Link4.1,IRE120_3-58_IRCS5_Link5_rev0.1)
B oiyte s [RE120_3-56_IRC5_LinkS_revi.d,linké.1)
FrCommands
% Command. 1 (Rewolute, 18nale]
,@: Command.2 [Rewalute.2 Angle]
% Command.3 [Rewalute,3 Angle]

L
L
L
s_gw Command.4 (Rewolute 4.Anale]
@ Command.5 [Rewalute.5 Angle]
L

a
4 Command.6 Rewolute 6.A8ngle)

Al +£165°,145°/s

A2 +85°,-40°,110°/s
r A3 +120°,-20°,120°/s
A4 +300°,400°/s

Mounting: on ground
Controller IRC5

P. Supply 200-600V,50/60H
Consumed power 4.31 kW
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Fig. 3. ABB IRB 460 link dimensions [5].

Figure 2 and Table 2 present thehnical specifications
of ABB IRB 140 industrial robot.

Figure 3 and Table 3 present thehnical specifications
of ABB IRB 460 industrial robot.

3. VALIDATION USING CATIA

For all three robots, the virtual models were
downloaded from the manufacturer's CAD database and

T'F

# Part [ Link0,1

1
L ’
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imported into CATIA in turn. Using specific command
from DMU Kinematics workbench, joints are defined
between the robot segments with the possibility of
changing their position. Figure 4 exemplifies how t
define a joint (example joint 3 of IRB 120 modai)the
DMU Kinematics workbench from CATIA. Further,
Figure 5 exemplifies how using the "Simulate with
commands" command one can access the control window
in order to modify the
configuration. Similarly, these things were done &l
three robot models.
For mathematical computation, the transformation
matrices and their multiplication used to determihe
relative position of the robot elements and finalhe
position of the characteristic points were impletadnn
excel computational files. To verify the calculaip in

the parameters table from Excel spreadsheets, the
dimensions parameters (taken from the technicah dat
sheet) should be set followed by the setting ofdhmme
values for joint angles as the values to be sethen
virtual model "Simulate with commands" panel. In
Tables 4 and 5 and images it is presented in pérall
positions measured on the virtual model with thip loé

Joint Edition: Revolute3 (Revolute)

Jointname! Revolute
Joint geometry:

Line 14 Link3 1/NONE

| Line2{1ink21/NOME |

Plane 1: 1 ink3.1/NONE

PPlane 2: [ Link2,1/NONE |

& Angle driven

Joint Limits —

& [110deq =]

.

+ [70deg =]

@ ok | &cancel|

Fig. 4. Example of joint definition CATIA
DMU Kinematics for IRB 120.

Fig. 5. Use of “Simulate with commands”
panel to change robot configuration.
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some measuring tagt)e parameters tal and the final
computed matrices (thesee includin positions and the
orientations ofthe characteristic poir). These are
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Table 5

Computed positions within excel file

ROBOT IRB 120

presented for twaobot positions: the "home" positic [oint rotation angleq Translations
and a random position. In Table 5, frcthe Excel file, PeX |Peaxa¥|PeaxaZ
the general form of parameter tabland analyticall = . - s
computed results contained in the final matrix oiee 02 0 | [sis.Ref2| o 0 -
by successively multiplying the transformation ricas 03 0 sis.Ref3| o 0 270
for each joint are extractehd presente. o4 0 (B 1t 2 72
95 0 Sis.Ref5| 168 0 0
856 0 Sis.Refs| 72 0 0
a0 0 TO6 = TOL*T12*T23*T34*T45*T56
Table 4 0.1 0 : ; =i
M easured position on virtual model in CATIA 0.2 o =
Home pose | Random pose 03 0
ROBOT IRB 120 o L
a5 0
8.6 [}
8.0 0
0.1 -130
8.2 25
9.3 -10
- 40
0.5 -55
06 -5
OBOT IRB 140
Joint rotation angles| Translations
Pex |PeaxaY|Peaxaz
8.0 0 Sis. RefO. 0 0 0
o1 ] Sis, Ref1 o] (1]
a2 0 Sis. Ref2 70 (1]
2.3 0 Sis, Ref3 o] 1]
o 4 0 Sis. Ref4 254 0 0
0.5 0 Sis.Ref5| 126 1] 1]
06 e] Sis. Ref6 65 [t} [t}
ROBOT IRB 140 o0 0 TO6 = TOL*T12*T23*T34*TA5*T56
0.1 0 ] 515
g2 1
0.3 0
2.4 1]
0.5 0
9.6 0
2.0 i
o1 120
9.2 20
03 -25
04 70
a5 65
o6 15
ROBOT IRB 460
Ref. axis translations for MAJOR joints Ref. axis translations for PASSIVE joints
Pe X PeaxaY | PeaxaZ Pe X PeaxaY | PeaxaZ
Sis. Ref0 0 0 o Sis. Refcpl| -400 0 0
Sis.Refl| 0 0 2345 ||Sis.Refepd| O© 0 945
sis. Ref2| 260 0 508 ||Sis.Refe.p3|-246884| © 140.841
Sis. Ref3| 260 0 508 ||Sis.Refcpd| 0 0 945
sis.Refa| o 0 945 ||sis.Refcp5| 264884 | 0 | -140.841
Sis. Ref5| 1025 0 0 |[sis.Refe.pB| 229.813 0 192.836
sis. Ref6| 220 0 -2515 ||sis.Refep7| 1025 (1] 0
Rotation angles for | Rotation angles for
activejoints passivejomts
8.0 0 o.p1 0
Ee ! g 0 TOT T12' 724" T45" T5_reset’ TS
02 0 9 p3 0
93 0 o.p4 0
8.6 0 @ p5 1]
0 pb 0
e p7 ]
Rotation angles for | Rotation angles for
BCYIVEjﬂIﬂ[S passwelomts
0.0 0 _pl -5
a1 150 op | 4
02 35 e p3 35
03 40 op4 | 40
04 30 A p5 -35
@ps | 4
op7 | O
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By comparing the measured values on the virtual
model and the mathematically calculated valuesuit loe
observed that they are the same. This suggestshbat
forward geometric model for which the calculatiovsre
made is correct.

3. VALIDATION USING ABB ROBOT STUDIO

ABB RobotStudio is the official software applicatio
for off-line programming and simulation of ABB raiso
and robotic applications. The virtual robot modate
already in the database of this application, angliaitly
assembled and functional and have a virtual cdstrol
that is identical to the robot's real controllerBR\
RobotStudio programs being directly loaded on the
robot's real controller through a data cable. ABB
RobotStudio is a very complex application and careo
presented in just a few images with its many magjule
working windows and functionalities. Figure 6 ddpia
screen capture during the programming of a robotafo
palletizing application, a capture which includdse t
simulation window, the signal control panel, thepiRa
language text programming window and few element
from the command ribbon.

In ABB RobotStudio main

there are two

. re
programming methods. For example, to record somé)

positions and configurations of the robot, you gaa the
virtual teach-pendant first (identical to the reak) and
control the robot in desired configurations anditmss
by using the control buttons and stick. Once youeha
reached the desired position, it can be recordeds |
possible to record a series of points and thenrgénea
trajectory through these points. Also the teachdpeh
can be used to programs using textual programming i
Rapid language, of course being much difficult totev
on the teach-pendant in comparison with the speedl
editor from the RobotStudio application. Of couthe
real teach-pendant and the real robot could be ifsed
available. Thus, if working with the real robot,vary
important fact must not be forgotten. The fact #nan if

S
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— Manval Motors On 5
=Ev]| & | aomped g o) X
£ Jogging
( Tap a property to change it Position
Mechanical unit: ROB_1... . 0.00
Absolute accuracy:  Off 2 0.00
3 0.00
Motion mode: Axis 4 - 6... 4 0.00 °
Coordinate system: Base.. A e
Tool: tool0...
Work object: wobj0... Pasition Format...
Payload: load0... R e
Joystick lock: None... @ @ @
Increment: None... 5 4 6
Align... Go To... Activate...
pr)es e ) (55

Fig. 7. Virtual teach-pendant from ABB RobotStudio.

error factors (different sources) and that the peaitions

of the robot will be slightly (but still importangifferent
from the ones displayed on the teach-pendant. liemet
reasons, working with the virtual models, pendant o
applications is always spreferred due to the fhat the
access to the robot or even the robot itself is not
necessary, there is no need of interrupting a rdrooh
work, and the values displayed in the virtual
programming and simulation software will alwaysthe
exact ones. In Fig. 7 the virtual teach-pendant is
sented.

All teach-pendant’s features plus many more are
available also when using the graphical interfat¢he
application. Currently, it is of interest to thebgect of
the paper that using the right commands we cartiposi
the robot in different configurations by settinginjo
angles and that points (“targets”) can be createitheése
positions with the possibility of visualizing their
coordinates. It is further exemplified for the ABB
IRB120 robot. Same steps needed to be appliedasiynil
for the other two robot models.

First of all, the desired robot model must be lahde
into the application. This is done by accessingrienu
"File/Solution with station and Robot Controller"
followed by the command "Create". When the

. : . application loads the necessary resouricgs the
the robot is calibrated it will always be affectegsome bp y
e H = — =nkesshidia [kachnriagy previmw] - Ly
ﬂ - Hami Madaing Srmustion Dffine online Adc e Sorpen Make IE)
P - Kl ey Rt Tos [ how Faons | 15 T Frwmes uad By WV oaPreclal
8 *H ,Ib b :'“ﬁ ) Restat - TVLoadHocuke | T Swstem Configuron SaveSpsten Franden | [FoMoce-
Barlp ouemis © Tastsidua 2 R o ben= | 8 Land Progem | | ) Corigratien Bk W carerat rwes
Lt g RE=L CpeFams: 4 i
Offwe | || palletemovebugew X CuGe_Lrenilemo: I_RODLjmodialletee 4 b 0% || DHBGGU_Eventtiemo sgmals | Fx
eilismnDaoug_Pacibin ] IS —a = - Selec Tstem:
R0 Serelemean 10 ni FRCC Imit!) IREGE_EveriDams -
= | .
2 4 Seten - tasr - il e
T 280 | L Eears A0 Range
=2y TROET Fregan | " = o
o % P M i
- neProd: - HanTakir “
|_._-.|:m||Hmw @Jl it ok P ﬁ|
pF1k_1 ST )
o, Ha1EDT d1SackTn 17
o | Ouputs |
= i3 [oremm O wee @]
rk digripFilokFos, 17
8 -'Plnl._Jn.«-I.'-l'.r.,.-t
i e

Oucput. | Fod Rl RARID Watch iflies

Fig. 6. ABB RobotStudio offline programming and simulatioteifiace example [6].
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3 o E T x . .
9 ModityjcmlTargeL]RB_lZ{l_Hcme| e o ﬁ TEach o
4 Misc data ow = =
T IR_120)_Horme e | BB reach mstiudtion
4 Axes values - - - | I view Robot at Tar
4 Robot axes Valig — 14
Rae_1 0 oir ,,\‘HBEIL“L“JQ%‘ GE; Creste Target
R 2 o flooe Createa newtarget.
Rax_3 o | [oom
Rax_4 0 — ,‘g Create Jointtarget
R 5 g jlooo0 Spedifythe positions of the robot axes.
Rax_8 0 ¥ |nooo
b Edemal axes Valg — @ Create Targets on Edge
4 Sync 0 0.000 Create targets along edges ofsurfaces
Storage Type COM |p.000
Task T H_
Module name Mod Accept |
= | 2pply | | Close
5 i S U5 e, 78 3714 15 e —— —

Fig. 8. IRB 120 Robot model loaded into an empty station.

simulation window, the selected robot will appear,
centered in an empty cell ("station"). In addititnthe
simulation and programming windows and command
toolbars, another very important element is the
specifications tree (usually on the left side), athi
contains information about station components, tobo
equipment information, textual programs files,
configurations, points and trajectories learned fioe
robot. The robot is currently loaded into an engigtion

Fig. 9. Robot model at joint target for "home" position.

and the specification tree will contain the infotioa Moty JointTarget 15, 120 Handom | AT o8 [ B
listed above when added or created (Fig. 8). _ e e RS nedlhe | B rescn mtcon

In order to be able to test the geometric model|: & ales s B et
directly by_ comparing with result_s obtained from BB e B e | | G e T et
RobotStudio, we must proceed in the same manner a &= o o cotetaintone
presented in Chapter 2. In RobotStudio the robot is = = _—H e e

; ] i i b Bxtemal es 9 R reate Targets on Edge

brought into the two configurations by changing the | Zerie= = % e — il copsemge
angles of the joints. Of course, the same joinuesl S Tie o o g &

must be set in the parameter tables for the mattieatha Module nama Mo et ][ Coneel |||
calculation and then compared the results. As in
Chapter 2, for demonstration, the values for theestwo
positions of the robot will be compared: the "home"
position and the "random" position.

Using the "Create joint target" command, the second
position of the robot is created (the "random" tios).
At this step no points are created in those posstiout
the robot joint values are stored. In order to bk do
measure the coordinates of the points where thetrob
arrives by applying those values to the joints, the
command "Teach target" must be used. When usiigg thi
command, the program creates a point exact in att th
location where the robot is, point which can bensie Fig. 10. Robot model at joint target for "random" position.
the simulation window (represented by an axis sy¥te

and can also be seen in the left specification. tBye G o2 3 [Brorsy] R
accessing the properties of the point from spedtific e ?:: el = ‘ 4 [idl Tooldeta
tree its coordinates can be viewed or modified. e - (B .g\‘ipﬂﬂmuw

In the same manner as in previous illustrated steps (& coerese s
and in Figs. 9, 10 and 11, the configurations fier three _ & 1RB_120_Fandam
robots are stored in the program. By using the tfiea | ® Sosoie v oive * g
target" command for each configuration separattilg, @ i e e Pl 8;:";:410 |
characteristic points for the respective configora will Sl Caes
be recorded, which will also appear in the speaiitn Eifomsice
tree and for which coordinates will be availableheT |w°,1d =
coordinates of the points recprded in ABB Robot#tud | o o vy =
for the same two configurations are further comgare || 334 ggs =1 339 899 = 1557107 =
with the mathematically computed coordinates of the Cnieciation ag) =
fqrward geometric model implemented in the Exclelsfi 5085~ - 14348~ -1 0553~ =
(figures 12, 13 and 14).

Analyzing the results from ABB RobotStudio and [ Aoy | [ Close |
comparing them with the results calculated for the

forward geometric model we can see that fersdume  Fig. 11. Point coordinates for second pose ("random pasitio



150 C. Cristoiu and A. Nicolescu / Proceedings in Mastiiring Systems, Vol. 12, Iss. 4, 2017 /4483

theits virtual models are the ideal robot models weehtne
coordinates of the characteristic point are ideti¢n certainty that the values obtained with it are thght
other words, the geometric model is correct. Ifibsults  ones. If in the development of a forward geometric
were different, it would have suggested mistakes inmodel after performing the necessary mathematical
defining geometric model parameters or calculusrerr  calculations are obtained same values as thosénebta
Since ABB RobotStudio is the official applicatioorf  with  ABB RobotStudio, we can be sure that the
off-line programming and simulation of ABB robotsda  geometric model is a correct one.

robot configurations (the same joint angles)

| Modify JointTarget: IRE_120_Home | = x
a4 Misc data - ;
Name IRE_120_Home 7B
4 Axes values -
4 FRobot axes Wal ]
R 1 0 Joirt values Imm [ deg -
Rax 2 o [ 0000 =
Rane_3 0 ¥ [o.o00 =
Rax_4 1] =]
Rax_5 o [ (0000 =
Ran_6 0 ¥ [o.000 =
> BEdemal axes Wal =
4 5Sync properties |B.DDD =
Storage Type co |ﬂ_ﬂ-|}ﬂ| '-'T—|_:
Task il
Madule name I'u'Iu:::I Accept || Cancel |
| Apphy | l Close
Feference a0 ]
| World - | o1 ;
Postion X.Y.Z fmm) W=
374000 {+{0.000 *|630.000 Slil——
Oriertation (dag) o 9-3 :
0.00 e E T il - S
- 0.5 0
Sophy Close e 5 0
a
Modify JointTarget: IRE_120 Random | - M
4 Misc data
Name IRB_120_Random
4 Axes values
4 Hobot axes Wal
Rax_1 =13
Fax 2 25 L= |
Rax 3 -1 &=
Flax 4 40 =l
Rare 5 -554 |-10.000 =
Rax_6 Sl —— ]
[+ BEdemal axes Wal 4DGDD hij
4 Sync properties -55.000 %
Storage Type co =]
Task T_| _EMD I=]
Module name UL y— ” Canael | |
~opry || Hlose
Heferencs 80 | o T06=TO1*T12*T23*TA4*T45*T56
[w.oﬂd : : 2 o1 | -130 :
Position X, Y.Z {mm} E}'_Z' %
|-334 698 £=-339.899 557107 o
Orientation (deg) = | 0.3 -10
50,80~ {4348~ 10553 E |8 40
05 -55
[ ﬂ}p]}’ ] ’ Close l | 9_5 -5

b

Fig. 12. ABB RobotStudio results and computed results for IRB: & — "home" position anth — "random" position.
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Modify JoiniTarget: JoiniTarget_1 | 3

4 Misc data

HMame IRB_140 Home
4 Pxes values
4 Hobot axes

Rax_1 Joirt valuss [mm | deg]

\0.000
|0.000
|0.000
(0.000
|0.000
(o000

Accept || Cancel |

Rax_2
Rax_3

[l i e S ] S

T
gl
o Ly

2-0 =ocoecooceg

| Set Pdattion: Target 10 | X

......

Reference
[Word ]

Position X.Y.Z {mm}

515,000 = 0.000 = 712.000

0.00 12]90.00 2]o00 Iz

T06 = TO1*T12*T23*T34*T45*T56

| Aoply |[ Clos= |

B R e T e ) B e B o B B e

Modify JointTarget: IRB_140_Random [ e

4 Miszc data
Mame IRB_140_Randam
4 fxes values
4 Fobot axes
Rax_1
Rax_2
Rax_3
Rax_ 4
Rax &
Rax 6
Bdemal axes
4 Sync properties
Storage Type
Task
Iodule name

w

| setPosition: Target 20 |

Reference

(Woid

I?gsqiun'x.Y.Z{rnm] L _ 30

278141 = 584201 =508 184 = 03 | 5
Orientation (deg) o P

T N KT R 3 s o |

Dbl o

[. Apply H G‘“&] E}_ﬁ 15

Fig. 13. ABB RobotStudio results and computed results for IR8: 44 "home" position ant — "random" position.
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IRE_481 Home

Joirt values [mm Idag]
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Fax
- Bdemal aes
4 Sync
Storage Type
Task
Module name
!_ ,-"'q::hp::.' Close
| SetPosition: Target 10 | ~ =1 Rotation angles for
Reference G
rw~— i ~| active joints
Position 2.Y.Z {mm) 0.0 0
(1505000 =0.000 Eiaasc00 = || g 0
Grientation deg) e = qu 0
[180.00 1=]o.00 i=1180:00 el
: 83 0
Apphs | [ Close ] El_ﬁ 0
Mame IBR_460_Random ;.?
o

Joint values [mm tdeg]
'15!] QOO

[ (3] !t|

Apphy

| Set Position: Target_20 | = Aokt les
= _ otation angles for

| Word ..._J active joints

Position 2.7, Z {mm} 810 0

[-1565103~ 903613~ S{606241~ 5[ gy 150

Orientation (deg) B = B-Z "

[1eooo  {0.00 icle000~ %=
03 40
[ #epty || Close | |IFgg | 3

Fig. 14. ABB RobotStudio results and computed results for IR&: 46- "home™"

position ant — "random" position.
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4. CONCLUSIONS
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fact that the coordinate systems now have the same

orientation facilitates the elaboration of correictematic

Improving performances of industrial robots is a
constant need. One solution is improving the
mathematical models of the robots by taking intcoant
more than just some link dimensions parametersh Suc
models have been studied and presented in [7,d889hn
where forward geometric models were developed
including real constructive and functional paramgte
parameters for geometric or non-geometric error
(backlash, thermal etc.) proving that custom paldic
and improved forward geometric robot models can be
used in developing some solutions for compensatin
these errors.

In paper [1], a new approach for forward geometric
modeling of IR was presented. For the two openrchai
cinematic structures of the studied robots (ABB IRB)
and IRB 140) the mathematical modeling results were
compared with the results obtained from the classi
Denavit—-Hartenberg (DH) formalism proving the
compatibility of the new approach with the D-H ofide
correctness of the new approach was also confirayed
preliminary comparison and validation with the fesu
from the robot virtual model using CATIA V5 CAD
environment.

In paper [2] the new approach for forward geometric
modeling of IR was also presented regarding the
elaboration of the mathematical model for a closed
cinematic structure IR (ABB IRB 460) usually usext f
palletizing operations.
involves modeling the passive joints and takingo int
account the elements of the closed kinematic ch&ios
the first time, a mathematical model in which natyo
the position of the active joints but also the poss of
the passive joints are monitored was presented. iShof
great importance if there is a need to develop aaho
that takes into account real functional constrectiv [2]
parameters. For example, the thermal deformatibat t
may occur in the elements of the closed kinemdtairc
structure can seriously affect the positioning aacy of
the robot as well as the orientation of the axghéch for
this type of robots must mandatory be in a vertical[4]
position to ensure the end flange parallelism with
ground. Applying the approach presented in paperg][
the development of a complete mathematical model[9]
where error parameters can easily be introduced as
simple displacements in the parameter table (chahte
Table 2) becomes possible. This method is also morg}]
easily to be applied by using reference frames wétme
orientation on the robot's entire structure. Thagtfis
also avoiding DH ambiguities about positioning of
reference frames and provides a clear general metho
be used by everyone. The mathematical results weré]
computed within an Excel file and compared with the
robot’s virtual model. The results were identicabying
the new method is correct. 9

Among the major benefits of applying the new
approach we can avoid the ambiguities introduce®Hy
modeling with regard to the development of kinemati
schemas and the assignment of reference systems. Th

This second approach alsg

(1]

(3]

(7]

schemas in particular if it is desired to take iatmount

of the real robot geometric parameters. In this wayg

very easy to introduce parameters regarding tot join

distances and displacement of the elements as esimpl

translation parameters in the same directing Z.

Thus, validation methods presented in this papee we
used for final checking the forward geometric madel
Sdeveloped by applying the new original approach
presented in [1 and 2]. Supplementary to validatidth
other forward geometric models already existing in
Yelated literature presented in [1 and 2], oncehwit
chapter 3 of present paper a 2 way cross validason
~completed by mean of:

1) a computer aided design software that is captdbl

load virtual models in STEP or IGS format (in this

case CATIA);

02) the official programming and simulation software
application for ABB robots — "ABB RobotStudio".
Every time the computed results of mathematical

relations implemented in excel files were identital

those obtained from other models, results fromribe
approach modeling, CATIA software modeling and ABB

RobotStudio software proving that the new forward

geometric models are correct. In future studiesha

rame of PhD thesis, these forward geometric moals

be used and improved by adding error parameters

(especially thermal error parameters) with the lfizal

of developing a software compensation model.
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