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Abstract: The paper presents the original contributions tmcural and functional analysief numeri-

cal controlled (NC) axes of industrial robots (IRith electric driving system. Main purpose of tteper

is to define and validate an assisted selectiorc@dore of IR’s NC axes optimal structure imposeztisp
fication accordingly IR’s output for performancevét. For this purpose a complex assisted study ©6n N
axes optimum structure of a gantry roliot part handling application and both IR's NC axgsecific
performance parameters and their influence on raboverall performances has been performed. The
method was applied for actual performance evalumttb NC axes structure and electric driving systems
performances of a GUDEL gantry IR. The resultstoflg had shown good conformity of procedure and
real robot design as well as how real robot dedigrerall performances may be improved.

Key words: industrial robots, numerically controlled axes, iopal design, software modelling, electric
driving systems.

1. INTRODUCTION sistant forces applied to the driven element ofGaais;
Orientation of the motion axis, the movement plgio;
tential obstacles in the movement pladipeed, accelera-
tion and deceleration along with inertia forceslaggpto
the moving element of the NC axiravel — stroke
length, actuation elementgiccuracy — in positioning
and repeatability in the final index position;

Environment — ambient temperature, lubrication con-
ditions, the presence of corrosive ageitsfy Cycle —
working cycle — motion profile - the ratio of opéray
and non-operating time and the influence of theicsta
and dynamic behaviour of the IR's components and as
semblies.

Proper consideration for logical approach of a# th
above mentioned influence factors is presentedhen t

algotithm flow chart illustrated by Fig. 1.
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The structural and functional optimization of each
IR's NC axes is essential for increasing the oVgrat-
formance of the IR, as the structure and individuet-
formances of each axis, influence IR’s overall parf-
ances. This optimization should be done accorditiyy
application particularities the robot is incorp@atin
(see Table 1). There is a complete range of theviRall
performance features covering all of the IR coritve
types currently operational and respectively, dassf
applications they can be incorporated in. In acance
with the particularities of the robotic applicatjdhe IR
should be evaluated only by those performancerizite
that are specific to the robotic applications fdiieth the
IR is used, selected from IR’s overall performanba-
racteristics specified in ISO 9283.

2. GENERALIZED ALGORITHM FOR
ELECTRIC DRIVEN NC AXIS OPTIMUM

COMPONENT'S SELECTION

In other words, the type of the robotic application

that incorporates the Industrial Robot is one ef thost
important things to be considered when it comedeo
sign its electro-mechanical structure. To defire dipti-
mal structure and the sizing of the IR’'s NC axig fol-
lowing elements should be taken into considerafiyn

3]: Load — the magnitude, direction and sense of the re[— FJT'D—I! T —
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Fig. 1. Calculation algotithm flow chart.
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Table 1
Performances criteria selection
...... - o :“.DDICaIiuﬂs B
Criteria to be used Reference Spot Handling/ Assembly Inspection Maching/ Spray- | Arc. | Adhesives
in welding loading/ s ing painting welding | sealing
150 9283 unloading | |potishing/
1 1) 2) 1 2) cutting 2) 2 2) 2)
Pose accuracy 721 x x x! X x* X" x*
Pose repeatability 122 | - xe x xe X x K" X
A g rectonal poss acurasy | 723 ] = 1% = T Py — —
wvanaticn |
|| Distance accuracyirepeatability T3 x S x x| x ‘T _________ -
|l Positian .‘.la.b- zation timz T4 x X x X X X 1
Puositio 1 overshoot 7 5_ x % X X X * x ) T
I — 76 x x I’ X3 = | = |l x| |
Onft of pase repastabiny 7 G = | = = 1= [ = 1] E
F!:"il'liil.'dll by B R B T ’ I o
.Pa:r.a-:r_u'ac, - | 82 ® X - e o T
Path repeatability 83 X l X x* X x x
s | - i | - | ]
85 x | x x | x
862 o % [ x i_'__x'_
Path velocity feﬁegﬁlrt: | 853 o | x- x x| -;n'g_'_
Pal;;eloc:y fluctuatsor 864 - X X :K_ — — x_
Minimum posing tame R 9 x| = | x
Static compliance o G X X x x x
Weawirg deviations. na . W, \ 1 * |
3. NC AXES STRUCTURAL AND FUNCTIONAL Drive system type electrical.

ANALYSIS FOR A GUDEL GANTRY ROBOT
WITH ELECTRIC DRIVING SYSTEMS

As subject for such analysis, the authors propbee t
three linear positioning axes of a GUDEL gantryabb
(Fig. 2). The gantry robot is incorporated intoobatized
application of growing comestible mushrooms. lte i
to inject the germinating material into the growisgb-
strate. The functional characteristics of the rddtare
as follows:

Max Payload: 1000 [N];

Stroke on X axis: 5000 [mm]; Stroke on Y axis: 2000
[mm]; Stroke on Z axis: 1500 [mm];

X and Y axis speed: 112.5 [m/min]; Z axis speed:
67.5 [m/min];

Repeatability< 0.05 [mm];

Fig. 3. Virtual prototype of the gantry robot.

The study was conducted taking into account the
manufacturer's specifications regarding IR’'s specif
design and performances characteristics as wedbase
IR’s physical characteristics evaluated by mearitof
virtual prototype, achieved in CATIA V5, as is thase
for the weight of IR’s assemblies moving along X, 2
linear axes:
movable mass along the Z axis:3jm 49 Kg;
movable mass along the Y axis:fm 56 Kg;
movable mass along the X ax{m;) = 175 Kg.

The performed study allowed concluding on follow-
ing achievements:

a. it was demonstrated the importance of a systematic
approach on structural and functional optimizatiéthe
IRs’ NC axes;

b. it was identified the current behaviour and func-
tional limitations of predefined NC axes structu¢esn-
sidering existing design of the studied IR) by:

i. analysing the dependence between NC axis de-

sign and functional characteristics of included me-

chanical components;

i. analysing the performances and functional char-

acteristics of each NC axis electric driving system

c. it was concluded on the possibility to improve NC
axis / IR’s overall functional performances by reide-
ing existing NC axes’ components mechanical stractu
and resizing the electrical driving systems of shalied
IR.

In terms of specific objectives for improving NCisax
/ IR’s overall functional parameters / performanties
study referred to:

A. NC axis performance characteristics evaluation
for different motion profiles, focusing on:

Optimizing necessary torque for driving mobile
elements on each axis;

Increasing mobile element speed stability;
Keeping in allowed limits for each axis mobile
element’s positioning accuracy variation.
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B. IR’s overall performance parameters evaluationor respectively for more NC axes of a technologsyes-

focusing on: tem.

1. Identifying areas of optimum operation for the
studied industrial robot;

2. Evaluating current limits of nominal / pea
torques, maximum speeds, speed stability, posi-
tioning accuracy and thermal behaviour of the IR
servo-motors drives for different mechanical /
electrical driving motion profile’s parameters and
domains.

C. Recommend necessary IR’s design optimum driv-  step 3. Selecting the final mechanism of the NC

ing systems having as result NC axis / overall IRs-  axis. According to the robot manufacturer's specification

Step 2. Gravity and inertial loads applied on the
K driven element (linear motion axis)(Fig. 5).

Load Data: Applied to the whole profile

- Load Mass: 49 kg;

- Applied Force: 277 N;

- Coefficient of Friction: 0.01;

- Inclination: Horizontal (0°).

formances improvement. the Pinion - Rack mechanism is selected (Fig. 6).

D. Re-evaluate NC axis / IR’s overall performances Mechanism data - App”cation Requirement Sum-
level after design improvement. mary:

E. Conclusions about performance achieved im- - Load: 49 kg;
provements. - Stroke: 2 m;

- Velocity: 1.3 m/s;

3.1. Computer aided design of electrical driven NC - Acceleration: 2.77186 m/sec

axis performance analysis o
According to the algorithms chart before preseffed. Pinion Parameters:
1), CAD steps for sizing full structure of the Y Nis - p=7.5, module = 2.387; z = 20; L = 19.5 mm;
of the FP4 GUDEL gantry robot by using Motion Ana- - Fy=6.946 N; |, = 166 Nm;
lyser software package [4, 6] are further presented - Pinion PCD: 47.746 mm;

Step 1. NC axis Work setting(Fig. 4). “System - Pinion Inertia: 0.38717 kgcn

View” Section, submenu which allows setting the soft- Friction Torque: O Nm.

ware operating mod@rofessional or Classic) and visua-

lization the component elements defined of one X a Additional Load: Table Mass = 56 kg.
W 1 - .. W m choy S i [J.n.r
Syt Virer 0 hep

Aunlcu i1 Axis Rams A a o b A [ 1
i} o AFPLICATION DWTA Lt

£ stant wni iz

@ Axislo.:1  AxaV Bl At BT O eh
: Moter: MAIF-MEXH-BX.., |=
51 L - ﬂ L |ﬂ I\, Oriver  2098-DSD-020 Shunts HONE
- . > 1 Gesrbox: AE090-006-52-P2
Fig. 4. System View section.
Load Type
Please choose from the avalable Load Type options
Rotary Rotary Complex App. Templotes From Sobdworks
Select Sulect Sukxt Skt G'iih'
4 -
@ ?)\‘ bb\ @ Motion —
o, ; y
— ® ‘ .
i Applied
! Sio LOAD +— Force
—

Friction Surface

a b

Fig. 5.Data entrya — Load Type selectiorh — Linear Load Data Entry.
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Waight of Load + Slida
Motion —p

Friction Surface

PCO (Pitch Circdla Dlarmater)
Meter + Trangrissiont + Gaarbos Fn

Fig. 6. Mechanism data.

Step 4. Defining motion profiles (Cycle
Current sample considered for: trapezoidal
file, maximum linear speed (velocity) v = 1.3
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eration / deceleration time = 0.469 s and totalkstrof 2
m (Fig. 7).

Step 5. Intermediate transmissions and gearbox
type selection.According to data provided by the manu-
facturer it was considered a 1:6 transmission gato.
Characteristic data for the selected gear typeshosvn
in Fig. 8.

Step 6. Motor type selection Motor Selection As-
sistant. Three motor families were considered for t
motor selection (corresponding to the requiremémts
posed by the manufactureNtPL — Low Inertia Motor,
MPM — Medium Inertia Motor,Elwood — Explosion
Proof Servo Motor (Fig. 9).

Step 7. Servo - drive SelectionDrive Selection As-
sistant (Fig. 10). The servo — drive family seleatcom-
patible with previously selected motor family.

1 2 3 4 5
Time(sec)

Fig. 7. Cycle Profile.

P ocooc select o Generc or Patner goarkon Configaraticn of gearbos roguircd.

Manufacturer: |Anax

=

Configurstion:

Series.

Frames:

Fig. 9. Motor serieselection: 1- MPL motor series; 2 MPM motor series; 3 Elwood motor series.
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Drive Family Selection Assistant
o Selected Motor Series MPL, MPM and Elwood
; Currently Selected Drive Family: ULTRA 3000
< ypeand = 1o
- @ Summary View " List View £
~  Application Requirements Rasst Al Unselect A\ Voltage Info | @ Supports @ Marginal (@) Not Recommended | (
* Supply Type ¥ ACiph
F AC3eh € Kineix 2000 € Kinetix 000 € Kinetis 6200 & 5500 ¢ Kinetis 7000 £ Kinetin 300 © Kinetin3
oC
= = i
« Valtage Type & Single © Range =y N
) bl % S,%' :
« Nominal ¥oltage g\ ¢ i 4 | ]i"' g &%’j ® .b
 Toleance £ b0 o n—d X S .
'F;};;SE[':,TWH"Q 153, | peak || (& @ & @ & @ & @ & @ & o
~ ey speeepEEmEER © PowerFlex 70 © PoweiFlex 700  PoweiFlex 7005 © PowerFlex 753 © PowerFlex 755 < ULTR4 3000
+ Entry Type  FamilyYoltage " User Def.. -
. A
« LowerSpecificVahage  [220 | E c g @ F m
Summary ~ v
e s > - =
Voltsge Range  : 19BY. 242V N <] N (<] By (] A (7] A <]
© Ulra1500
N) i
e
Less Dptions e S ()
Fig. 10.Drive family selection: = ULTRA 3000 series.
: : : c t Detail
+ Step 8. “Selection” procedure.Motor family, drive Smponent meats
. . . . A Summary  Motor l Drive ] Gearbox]
family and gearbox selection in correlation witle tNC
axis's structure previously defined (Fig. 11). Part No: MPL.A220T e
Mator Capacily 89%% Peak Torque : 55 %0
 Step 9. Calculus results / all available solutions. ook Speed |T:2T° Brake fiaing 248
Displaying solutions lisand
Application Motor
» Step 10. Selection the optimal Electric driving sys RS Torque 146205 hm 160508 Mm
tem solution (Fig. 12) and visualization the component Peak Torque: 274 M 500811 Mm
details (for motor, drive and gearbox). FMS Speed: 258331423 rpm
Peak Speed : 2003156 rpm 6000 rpm
. , . Min. Reflected Inertia - : kg-c 57 kg-cm?
Automatic M . Current Selection in. Reflected Inertia 1720843 o-CHY 05 C-CHTY
anua Maw. Reflected Inertia : 17.20843 kg-cm? 057 kg-om?
Averzge Current : 37396 AD-pk) 480753 Ai0-pk)
1| Matar @ |C | Select MPL-A220T Peak Current : £ 36053 A(0-pk) 155 Ai0-pk)
\adircling Ter - 14283111 °C 155 o
Brake Rating : 110214 M-m 45 M-m
2 | Drive * . | Select 2098-DSD-020 Min. Inertia Fatio : 16.43
M ax. Inertia Fatio 16.43
Mataring Peak Power : 896.41337  weatts
3 | Gearbox r = Select | AE090-006.52-P2 Mataring &verage Power : 19393396 weatts
Fegen. P=ak Power E71.20997 vtz
Fegen. Average Power : 10761907 weatts
Fig. 11.Sizing and selection (Database options. Full or my
Preferred and Search optiong\utomatic or Manual). Fig. 13.Details for the optimal selected solutions
The selected axis has 41 solutions. Select the desired solution from the list below and click Wiew Solution ta view its performance.
List Categories by : |Gearbox v| Yiew Wilizations as : " Tewt * Graphical
Cost Factor General Rating Peak Speed ‘winding Temp .__-\
& e
@ wPLAITER WY 5 []
@ MPLASIOF  [apraszppD-010 CIN | DT |
@  wPLs230P 2098-DSD-010 C W] aw [
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Fig. 12. Slecting the optimal solution.

151



152

3.2. Criteria for selection the optimal solution
and the analysis of the selected solution
performance [5 and 6]

Criteria used for selection the optimal solutionreve
as follows: "Torque-Speed" Diagram (Fig. 14); "Power
- Speed" Diagram - the motor and servo - drive &g (
15); the motor thermal regime and servo-drive tra@rm
regime (Fig. 16); the results obtained from theni@a-
tion” - an approximate simulation of the system’s re-
sponse during operation in operating conditionig.(
17).

The below figures show diagrams corresponding to
these four criteria for a specific database ofcteté mo-
tors accordingly calculated rated and peak torcaee,
close to manufacturers' recommendations (RMS Torqut
= 1 Nm, Peak Torque = 5.3 Nm), for velocity v = 1.3
m/s. The specifications for this motor (MPL A220are
presented in Fig. 13.

Motor-Drive
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5
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_ 4
E
Z, 3.5
&
= 3 .
; 2.5
21 *
1.5 LA
1
-
“.51 *
0 :
0 1200 2400 3600 43800 6000
600 1800 3000 4200 5400
Speed (1pm)
Fig. 14.Speed-torque diagram.
Motor - Drive
1400
1200
1000
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= 8500
<
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-9
400
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0
0 1200 2400 3600 4800 6000
600 1500 3000 4200 5400

Speed 1pm]

Fig. 15.Speed-power diagram
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Fig. 16. Thermal model diagram.
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Fig. 17.Results obtained from simulation=Ispeed stability;
2 - torque stability; 3- positioning accuracy.

3.3. Assisted analysis of the structure and
performance of the studied IR’s NC axes.

When configuring the NC axis of the studied indus-
trial robot (the Y axis) it was taken into accotim in-
formation provided by the manufacturer in termshadf
IR GUDEL FP 4 robot's mechanical structure, and the
electric drive system specifications.

The purpose of was to identify the robot’s overall
performance dependence from its NC axis specifimbe
vior. [5, 6]. Images corresponding to the four emid
mentioned above are presented next (Fig. 18, FHg.
Fig. 20, Fig. 21) for the same version of drivingtor.
In this case the results are obtained for v = V<l thcan
be seen very clearly in the thermal diagram thatrtio-
tor become thermal overloaded at this speed (. 2
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NMotor-Drive

Torque [Nm]
- * o
n w oin Y non iy

[ ]

o= in
»

-

0 0 1200 2400 3600 4800 6000

600 1800 3000 4200 5400
Speed (rpm)

Fig. 18.Speed-torque diagram (position of operation points

within the work cycle).
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Fig. 19.Speed-power diagram.
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Fig. 20.Thermal model diagrams.
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FIRESE SR —

Fig. 21 Results obtained from simulation=Ispeed stability;
2 - torque stability; 3- positioning accuracy.

To synthesize the results of the motor functioning
simulation at a velocity from 0.5 m/s to 1.875 nife
following two diagrams were represented graphically
“Velocity — Nominal Torque” (Fig. 22) and respecty
“Velocity — Peak Torque” (Fig. 24). In Fig 24 isepr
sented the motor's thermal regime in terms of vigloc
and in Fig 25 the drive’s thermal regime in termve-
locity. It can be observed that the motor fails/gdocity
higher than 1.3 m/s.

In terms of nominal torque and peak torque, thedis
values are as following:

e to achieve travel velocity up to 64% of maximum
velocity, it is necessary to use a driving motor
supplying a rated torque of 1.6 Nm and a peak ®rqu
of 5.01 Nm;

» to achieve travel velocity rating from 65% and op t
80% of the maximum velocity it is necessary to ase
driving motor supplying a rated torque of 2.13 Nm
and a peak torque of 8.21 Nm and

* to achieve travel velocity rating from 81% and op t
101% of the maximum velocity it is necessary to use
a driving motor supplying a rated torque of 2.94 Nm
and a peak torque of 9.5Im (Figs. 22 and 23

~ - -
(ST T SO T
—

-
tn

Nominal Torque [Nm]

=
= U =

—

0.5

o o
(=1 -

1.3

=
-

1.5

o= wn®
& & - -

et
S

1.875

Velocity [m/s]

Fig. 22.Velocity-nominal torque diagram.
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18 of 1.6 m/s has good thermal behavior (Figs. 26a, 27
16 7 and 28a) and respectively for velocity values af /s
T 14 / (Figs. 26b, 27b, 28b) when the motor is thermalrove
% 12 / loaded.
% 10 _/o—o—o—o—c
s 8 Motor-Drive
= 8.8
2 6 / )
; 1 /—o—o—o—/ 8
= 7.2
2
0 6.4
MEg R B =m0 TNER B S N g 36
(—T— I — I — T — '-—1 -—1 — % — Z 8
Velocity [m's] - Y
g 4
Fig. 23.Velocity-peak torque diagrams. & 3.2 .
2.4] .
300 1.6 -
0.8 :
250 / 01 .
éﬁ 200 / 0 50010001500200025003000350300045005000
: / Speed (rpm)
g _150
i a
2 =100
- Motor-Drive
: ! / 8.8
-
§ 0 T T T T T T T T T T T T T T 8
0506070809 1 1112 131415161718 1875 7.2
Speed [m/s] 6.4
'E' 5.6
Fig. 24 Motors thermal regime. £ 4.8
100 S 32
E %0 o 2.4
E: / \ 1.6 N
] .
Z 60 e ‘//\ 0.8 +
E N \/‘ \ /‘_H ) [
53\340 w 0 500 100015002000250030003506100045005000
fE 20 Speed (1pn)
..g 0 T T T T T T T T T T T T T T b
I
a
05 06 0708 09 1 lsll)eeldz[ml/s? 14 15 16 1.7 1.8 1875 Fig. 26.Speed-torque diagrams= forv = 1.6 m/s;
b—forv=1.7 m/s.
Fig. 25.Drive thermal regime.
Motor - Drive Mator - Drive
2 200
3.4. Recommended motor 200 /\ " /r\\
Following the results obtained for the selected mo-  ®¢ IR 1800 /SRR
tor's nominal and peak torque, as close to manufars' 160 / 5 1600 7 \\
recommendations (RMS Torque = 1.60508 Nm, Peak 3 4 / \ 7 1o A \
Torque = 5.00811 Nm) it has been observed thainihe g 200 / \ 5 L0 a ¥
tor fails to velocity values higher (greater) tHaB m /s. foo o/ \ £ 1o ia \
For this reason, some recommendations for selection 0 / w/
of an optimal motor (that can operate at speedkehig 00 W/
than 1.3 m/s) can be provided 0 w |
a. using a motor with RMS Torque = 2.12775 Nm, 20 w
Peak Torque = 8.20495 Nm, Peak Speed = 5000 rpm e 0 ]
(MPL — A230P series). 5000 s ™™ " 500150 g™

For this solution good results were obtained even a Specl amn) Speed apm)
velocity values over 1.3 m/s, up to 1.6 m/s. a b
Next, suggestive images are presented corresponding
to the four criteria mentioned in paragraph 3.2, tfat Fig. 27.Speed-power diagrama— forv = 1.6 m/s;
motor described above, functioning at a velocitjuga b-forv=1.7 m/s.
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b. using a motor with RMS Torque = 2.94807 Nm, The results obtained from simulation, for veloaiglues
Peak Torque = 9.50495 Nm, Peak Speed = 6210 rpm. (Mf 1.875 m/s (Fig. 30 a, Fig. 31 a, Fig. 32 a, B§.a)
433 — MXXX — 8X08 series). For this solution good and respectively for velocity values of 2 m/s (R3@. b,

results were obtained even at a velocity values than  Fig. 31 b, Fig. 32 b, Fig. 33 b) are presentedwelo
1.5 m/s.
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100 100
=30 =30
s s
) & Drive's Thermal Regime
£ Drive's Thermal Regime g0 i
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20 20
0 i 0 1000 2000 3000 4000 S000
1] 1000 2000 3000 _ 4000 5000 S00
5007777150077 2500 3500 4500 1500~ 2300 3500 4500
Elapsed Time [sec] Elapsed Time [sec]
a b

Fig. 28.Thermal model diagrams:— forv = 1.6 m/sjp — forv= 1.7 m/s.
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Fig. 29.Results obtained from simulatioa= forv = 1.6 m/sjp—forv= 1.7 m/s;
wherel — speed stability; 2 torque stability; 3- positioning accuracy.
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Fig. 30 Speed-torque diagrame:= forv = 1.875 m/sp — forv =2 m/s.
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Fig. 31.Speed-power diagrama— forv = 1.875 m/s;
b—forv=2m/s.
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Fig. 32.Thermal model diagrams:— forv = 1.875 m/s;
b —forv=2m/s.

Motor's Thermal regime

A. Nicolescu and C. Avram / Proceedings in Manufidcgy Systems, Vol. 6, Iss. 3, 2011 / 3458

| — ]
R

b

Fig. 33.Results obtained from simulation:
a—forv=1.875 m/sp—forv=2m/s;
1 - speed stability; 2 torque stability;

3 - positioning accuracy.
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Fig. 36.Graphs a— Velocity-movement stabilization error;
b — velocity-positioning precision error.

The motor thermal behaviour dependence by velocity
is presented in Fig. 34, and in Fig. 35 the semieed
thermal behaviour dependence by velocity. It camle
served that the motor fails to a velocity highearth?
m/s.

Considering the maximum value of IR’s payload, a
trapezoidal motion profile and whole range of gosit
ing speed for each NC axis, the number of operating
points at nominal torque diagram (see Fig. 30) fahd
lowing the analysis of the results obtained from &xis
performance simulation (see Fig. 33) for the mobik
ments positioning error and speed stabilizthg, simula-
tion results diagrams for axis output performanaes
illustrated in Fig. 36.

c. using a motor with RMS Torque = 4.72397 Nm,
Peak Torque = 15.67855 Nm and Peak Speed = 5200
rpm (M443 —KXXX-8X08 series).

For this solution were obtained good results even a
velocity values over than 1.7 m/s. The results iobth
from simulation, for velocity values of 1.875 m/sid.

37 a, Fig. 38, Fig. 39 a, Fig. 40 a) and respelgtif@r
velocity values of 2.2 m/s (Fig. 37 b, Fig. 38,.F§ b,
Fig. 40 b) are presented below.

The differences that occur between these two last a
ternatives proposed for the electrical motor (M 433
MXXX- 8X08 series and M443 —KXXX-8X08 series),
in terms of number of operating points located émin-
al torque diagram, the thermal regime and the tesul
obtained from simulation for = 1.875 m/s can be easily
seen and compared.
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Fig. 37. Speed-torque diagrane: for v = 1.875 m/s;
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Fig. 39 Thermal Model diagramsa — forv = 1.875 m/s;

b—forv=2.2 m/s.
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Fig. 40 Results obtained from simulation:
a—forv=1.875 m/sh—forv=2.2 m/s.

4. CONCLUSIONS

For the existing IR’'s mechanical structure and -elec
trical driving systems, the overall performance lgsia
showed three ranges of performances limits: a gend
behavior < 0.5 m/s, good behavior 8:3 m/s and poor
behavior > 1.2 m/s.

In respect to real robot NC axis electro-mechanical
structure and electric driving systems as well@sot's
overall performance as indicated by the manufactiire
was found that, for the electrical driving systesmepted
by the manufacturer (RMS Torque = 1 Nm, Peak Torque
= 5.3 Nm) at a maximum velocity of 6575% from
manufacturer specification, can be archived. Owes t
range of velocity, electrical driving system’s timad
behavior became inappropriate (both motor and servo
driving systems being overloaded) [6].

To achieve travel speeds up to 65% of maximum
speed specified by manufacturer, it is necessans¢oa
driving motor supplying a rated torque of at leash
Nm. To achieve travel speeds rating up to 80% ef th
maximum speed it is necessary to use a driving moto
supplying a minimum rated torque of 2 Nm and to
achieve travel speeds rating up to 101% of the mami
speed it is necessary to use a driving motor simgplst
rated torque of minimum 3 Nm.

Solutions for NC axes optimal structure and eleatri
driving systems of the GUDEL FP 4 robot were identi
fied and can be used to increase individual perdmee
of each NC axis as well as IR’s overall performan&3.

The NC axis performance analysis was done in quasi-
static regime of overall IR’s thermal behavior. &fie
research will be carried out, to continue currentks,
considering the influence of IR’s thermal behavior
transitory thermal conditions on NC axis and thésIR
overall performances. [6]
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