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INHALT

Die  Fuzzy-Auswertung der  Sdtze  von
mechanischen Komponenten hilft den Ingenieuren,
die besten Kombinationen zu finden. Die
verschiedenen Fuzzy-Methoden erfordern
unterschiedliche Rechenleistung daher, indem sie
die eine richtige Methode zum Zeit des
Auswahlverfahrens konnte deutlich verringert.
Diese Studie vergleicht zwei unterschiedlichen
Fuzzy-Auswertung Strategien.

1. INTRODUCTION

This paper focuses on the selection of the
mechanical components of a linear drive system.
The system itself is installed in a high capacity tool
magazine [1]. The high variety of the possible
components makes the selection procedure
complicated because of the large number of the
possible variations. The manual handling of this
procedure, like managing the data with
spreadsheets, is nearly impossible. Using fuzzy
membership functions to evaluate the mechanical
properties of these components gives an
opportunity to automatically find the best
combination of the components. There are many
fuzzy evaluating methods available, but this paper
compares the conventional fuzzy evaluation with
using corrected fuzzy mean.

2. SETTING UP THE BASIC FUZZY
MEMBERSHIP FUNCTIONS
The fuzzy method itself is based on the evaluation
of the calculated properties of the selected set
using fuzzy logic [2]. This method uses fuzzy
membership functions to describe the properties of
the components. The fuzzy logic gives an
opportunity both for handling the human point of
view and the ambiguous cases of the evaluation of
variations [3]. This way the kind of notions like
temporal over load of the servo motor can be
interpreted.

In the selection procedure the following
components are varied in case of three robot

servo motor (11 types). Because of the large
number of possible combinations compatibility
functions were applied to validate the
combinations at the first stage. These compatibility
functions pre-filter the selected sets of
components. For example if a specific combination
of the motor/gearbox has incompatible axes
diameters then this variation is dropped before the
further calculations. After the application of the
compatibility functions only 1519 are left from
37125 variations for further process. The software
generates all possible combinations among the
components and also calculates the following
compatibility values listed in Table 1.

Table 1. List of compatibility functions

ID | Compatibility test between these values:

CPO1 | Motor/Coupling shaft diameter.

CP02 | Motor/Coupling torque in case of
acceleration.

CP03 | Motor/Gearbox torque value.

CP04 | Coupling/Gearbox type.

CP05 | Gearbox/Load torque value.

CPO06 | Gearbox/Guide ratio.

CP07 | Guide/Axis type.

Some mechanical properties of the
kinematic chain must be calculated and evaluated
to find the appropriate combination of the selected
components. First the required torque value (Tcy)
is calculated at the load side then this value is
recalculated to the servo motor side (Tcy) with the
following functions:

m;:massofload
g: gravityconst.
Tep=my - g igg: gearboxratio 1
Tey = % +Trrm Mgt gearboxef ficiency (@
Trrm: frictiontorque

. ) . e . ofmotor
motion axes: linear guide with drive mechanism (5
types), gearbox (25 types), coupling (9 types),
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Knowing the kinematic properties the reflected
load inertia (Igy) and the inertia ratio at the motor
side (Ryg) have to be calculated.:

_ my-DPRG? DPR;: guideratio
Ip, = i Igp + Ic Izp: gearboxinertia
R, =B I¢: couplinginertia

m I,;: motorinertia

2

Concerning the required acceleration torque at the
load side (T, ) and the gearbox ratio the total
acceleration torque at the motor side (T,y) can be
calculated with these functions:

T, = vy Zt_" Ty + ’R.L vy motorspeed
a TaL"GB "6 t,:accelerationtime (3)
Toy = Te, + cn ng: guideef ficiency

The final results of these calculations are listed in
Table 2. These values are the base of the Fuzzy
evaluation.

Table 2. The variant properties in the design
process

Name Description

speed (SP) Speed of the moving load at the

end of the kinematic chain.

inertia ratio (IR) | Ratio between the reflected load
inertia and the motor inertia.

maximum
torque (TM)

The required torque at the
motor shaft in case of
acceleration.

stall torque (TS) | The required torque at the
motor shaft in case of constant
velocity.

utilization ratio | Ratio between the motor
(UR) maximum torque and the
required acceleration torque.

In this stage all of the possible
configurations are automatically generated to cover
the whole design space. Generating means that the
components are only paired without any tests.
However, this generation procedure is quite fast,
further evaluation requires many more related
calculations. Using compatibility functions the
number of possible valid sets are significantly
decreased.

The values of the mechanical properties
are the base of the Fuzzy evaluation. Figure 1
shows the fuzzy membership functions for these
properties.
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Figure 1: Fuzzy membership functions of the
variant properties

The results are organized into a
6-dimensional matrix. By fixing 3 coordinates
there is a good opportunity to visualize a 3-
dimensional subset from this matrix. Figure 2
shows the selected portion of the matrix with the
different fuzzy values and the incompatible
combinations in colour yellow. Here the robot axis
(X), the linear guide type (THK GP8-20C) and the
coupling (ATEK GS24 KN) are fixed. The servo
motor type and the gearbox are the varying
components. The different mechanical properties
are displayed on the vertical axis.

X axis : THK GP8-20C :

EK GS24 KN

Utilization Ratio "
Torque Maximum
Torque Stall
Inertia Ratio
Speed

ATEK VC 120
Beta 12
Fuzzy values
B
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Figure 2: 3-dimensional subset of the
6-dimensional solution space

3. CONVENTIONAL FUZZY EVALUATION OF
THE RESULTS

The conventional fuzzy evaluation is based on the
fuzzy logic. This logic can handle inaccurate data
and it can also model nonlinear functions of
arbitrary complexity. With Fuzzy Inference
Systems (FIS) the mapping of input data onto the
output space can be made in a very convenient way
(see Figure 3.). In the current case, on one side the
FIS contains the parameters' fuzzy membership
functions for evaluating the input data (the
mechanical properties of the given set of
components). On the other side this system also
includes the output fuzzy membership functions of
the quality (Q) of the components' set.
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Figure 3: Mapping with Fuzzy Inference System
(FIS)

The working of FIS must meet two
fundamental criteria (C1 C2). The first criteria says
that if any fuzzy value is equal to 0 the quality
value must be 0. In this case this variation is out of
the range because of the failure of one of its
parameters. The second criteria concerns the ideal
case. If all of the parameter values are equal to 1
the calculated quality must also be 1 (1 marks the
optimal value).

CLLOEU;, »Q, =0
g U; (4)
C2:E-=1-0=1
n
The working of FIS is based on fuzzy if-then rules,
simply, fuzzy rules. In this case two rules are
required to fulfil the two basic criteria.

Rulel: minputl V —input2 — output = bad )
Rule2: inputl A input2 - output = good

On the next illustration the inertia ratio
(IR) and the maximum torque (TM) are displayed
as the input functions. As the output function the
Quality is pictured in Figure 4. This image shows
the case of criteria C1, when one of the input
parameters (TM) fails therefore the value of the
output function is also 0.
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Figure 5: The case of the optimal parameters

In an intermediate case the output function
results a value between 0 and 1 as Figure 6 shows
it. As this picture well displays the week value of
one input (Inertia Ratio) significantly decreases the
output (Quality) wvalue. This feature of the
conventional fuzzy evaluation will be quite
important in the interpreting the results of the
comparison.
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Figure 6: The case of the optimal parameters

On all of the images the negated input
functions (in yellow colour) are displayed in the
top row together with the “bad* output function of
quality (in blue colour). The direct input functions
(from left the Inertia Ratio (IR) followed by the
Torque Max (TM) function) are in the middle row
together with the “good” output function. The
unified output function is displayed at the bottom-
right corner of the images.

In the evaluation of a specific set of
components all pairing of the mechanical
properties are studied with the concerning FIS (see
in Table 3.).

Table 3. The properties and the paired (FIS)

functions
0 10 0 50 1 2 3 4 5
0 1
. . 1 1 P,IR P,T P,TM P,UM
Figure 4. Failure of one parameter Sp (SPIR) | (SRTS) | )| SRUM)
2| IR 1 1 (IR,TS) | (IR,TM) | (IR,UM)
Figure 5. shows case two (C2), when all of 3] TS 1 1 1 (TS, TM) | (TS,UR)
the parameters are ideal and the output value is 4 T™ 1 ) 1 1 [(TMUR)
also 1.
5| UR 1 1 1 1 1
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The bracketed FIS functions, like the
previously described Inertia Ratio - Maximum
Torque (IR,TM), are weighted with the following
formula.

X owg

(FIS) - i=; L w;: weightoftheproperty (6)

Table 3. shows the structure of the output
matrix. Initially this matrix is filled with 1 values.
During the evaluating procedure the (FIS) output
values are calculated in each pairing. Because
these values are between 0 and 1 the minimum
value of the matrix is easy to find and it is also
very significant. The minimum characterizes the
whole combination of this drive chain, which is not
better than its weakest property.

4. THE CORRECTED FUZZY MEAN

Based on the independently calculated fuzzy
values the corrected fuzzy mean (Rgz) is an
average to compare the different configurations.
This average is similar to the geometric mean
(Rg). The weighted formulas of these averages are
the following:

Ro = U, W1.u,v2. .y, M
Fz = @

Both means meet the two fundamental
criteria (C1 C2). The main difference between
these means is the distribution of the mean values.
The values of the geometric mean are distributed
on a narrower range than the values of the
corrected fuzzy mean. The broader distribution
range of the calculated mean values makes the
evaluation much easier in case of corrected fuzzy
mean. This range is more than two times wilder in
the corrected fuzzy mean than the geometric mean
which is a big advantage in the software algorithm.
Figure 7 shows that the corrected fuzzy mean
separates the design variations better than the
geometric mean.

5 COMPARISON  OF  THE
EVALUATIONS

The two main strategies, the conventional fuzzy
evaluation and averaging the independent fuzzy
values have numerous differences. As Figure 7
clearly displays the conventional fuzzy evaluation
(CFZ in green) distributes the values as wilder
than the corrected fuzzy mean (Rgz in magenta)
and the characteristics of the three diagrams
(together with the geometric mean (Rg in blue))

FUZZY
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are very similar. But the CFZ values (plotted with
green dots) are originally ordered in a different
way than the two means. Generally it would be
problematic, but the aim of the selection procedure
is to find best solutions. In the current case the first
20% of the best solution is in the same order in all
of the evaluating methods.
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Figure 7: Results of the 3 evaluating methods

6. CONCLUSIONS

This paper clearly shows that the fuzzy based
evaluation makes the selection procedure faster
and more perspicuous. Unlike the manually
executed calculations the software covers the entire
solution space. It is also quite obvious that the
calculation of the corrected fuzzy mean is much
faster than generating and using high number of
the Fuzzy Inference Systems. In the software
algorithms the application of the corrected fuzzy
mean has a notable advantage in the evaluation of
the results. This method distributes the results in
the broadest range.
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