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Free Vibrations of Cylindrical Tanks

Vibracgées Livres de Recipientes Cilindricos

P. B. Gongalves
N. R. S. S. Ramos

Ponlificia Universidade Catblica - PUC-Rio
Civil Engineering Department
Rio de Janeiro - CEP 22453-900 - Braail

Abstract

A simple but effective method is presented for evaluating the free vibration characteristics of a fluid-filled
cylindrical shell with classical bovadary conditions of any type. Effects of static liquid pressure, in-plane inertias
and liquid free surface motions are laken into account, A clamped-free cylindrical tank is analysed and the
accuracy of the results is demonstrated by com paring them with experimental results found in literature,

Keywords: Thin Walled Shells, Free Vibrations, Fluid-Shell Interaction, Shell Boundary Conditions

Introduction

Knowledge of the free vibration characteristics of fluid-filled cylindrical shells is of considerable
practical interest, considering that most cylindrical shells are utilised as containment vessels or tanks
for the storage of fluids. The combined effects of inertial loading and hydrostatic pressure on the shell
wall, the effects of the free surface motions in shells partially filled with liquid and the coupling
between fluid and shell wall motions may affect significantly the dynamic behaviour of fluid filled
shells. The study of such topics has led 10 an extensive literature on the subject, But the majority of
these works is concerned with particular sets of boundary conditions for the shell and the fluid medium
(Jain, 1974, Yamaki et al.,1984, Chiba et al,, 1985, Gongalves e Batista, 1987),

The purpose of the present work is 10 develop a general formulation for the problem, based on the
underlying ideas of the hierarchical finite element method, which allows one 10 obtain the free
vibration frequencies and vibration modes of cylindrical shells partially or completely filled with
liquid and subjected to any consistent set of boundary condilions.

The vibrations of the shell are examined by using Sanders shell theory (Sanders, 1963). The Auid is
treated as non-viscous and incompressible and its motion is assumed 1o be irrotational. In order to
solve the problem, the partial differential equations of motion in terms of the shell displacements are
transformed into a system of [irst order ordinary differential equations in terms of the shell
displacements and stress resultants and a solution based on the use of linear and trigonometric shape
Tunctions is derived. These system variables are those variables which describe the nitural und
geomelric boundary conditions of the shell, The fluid velocity potential is expanded in werms of
harmonic (unclions which satisfy the Laplace equation term by term and the relevant boundary
conditions.

Solutions are presented 1o show the effect of a variable height of liquid on the fluid and shell
natural [requencies. They show that the effect of the liquid on thin vertical cylindrical tanks is quite
significant and must always be taken into account in design. Comparisons of the present numerical
results with those obtained by other theories and from experiments are [ound o be good and
demonstrate the validity of the present methodology (Ramos,1993).

Manuscript received: April 1994. Technical Editor: Agenor de Toledo Fleury



o o =

223

Basic Theory

Shell Equations

P. B. Gongalves e N. R. 8. S. Ramos

Consider a thin-walled circular cylindrical shell of length L, radius R and thickness h. The shell is
assumed (o be made of an elastic material with Young’s modulus E, Poisson’s ratio v and mass
density p_. The bottom of the shell is assumed to be flat and rigid. The radial, circumferential and
axial co-ordinates are denoted by, respectively, r, 0 and z and the corresponding displacements on the
shell middle surface are in turn denoted by W, V and U, as shown in Fig. 1. The tank is filled to a
height H with a non-viscous, incompressible and irrotational liquid of mass density p.. The time is

denoted by t.
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Fig.1 Tank geomety and co-ordinate system

“I'he dynamic behaviour of elastic circular cylinders can be described by the following equations,

according to the non-linear shell theory of Sanders (1963)
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Solutions of the foregoing system must satisfy the following natural or geometric boundary

conditions at E = 0 and £ = 1 (Sanders,1963)
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In the foregoing the following non-dimensional quantities have been introduced
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where C = Eh/(1-+°), D = Eb’/12(1-v") and N, Q,, N, and M, are the shell siress
resultants and p is the fluid pressure.

Now the equations for the static deformation as well as the free-vibration analysis of a fluid-filled
tank will be derived.

One of the purposes of the present paper is to present a general method for evaluating the free
vibration characteristics of a circular cylindrical shell with classical boundary conditions of any type.
For this, Sanders equations will be converted into a set of first order ordinary differential equations. By
observing from the natural and geometric boundary conditions, one can conclude that there are, in
effect, eight fundamental variables when the theory is applied to the analysis of shells under any
possible combination of boundary conditions. These are the displacements v, v and w, the rotation s
and the generalized stress resultants n, t, g and m (see Egs. (2)). It is thus reasonable to seek a set of
eight first order differential equations involving only these eight variables.

The eight variables associated with the vibrations of the prestressed shell consists of an axi-
symmelric static pre-stress field

Vo (E) = {ug ng Vo to W Qg Sor Mo} (4
which occurs prior to excitation, plus an additional field

01{5‘ 0,0) = {04,895, 1, W, ), 8,0y} &)

resulting from the excitation,

For the free harmonic vibrations of a complete cylindrical shell it is appropriate to represent these
additional variables as

V, (50,0 = {u,(£)cos (x0),n, (E) cos (x0), v, (&) sin (x8),
t, (%) sin (x6), , () cos (x0), g, (§) cos (x0),
3 (E) cos (x0), ml{E) cos (k0) } cos (wi)
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‘where x is the circumferential mode number and w is the natural frequency.

Using Eqgs. (1) and (2), eliminating the dependence of all the shell variables upon the co-ordinate #
by means of expansions (6), and retaining only linear terms in the incremental quantities one obtains,
after various algebraic manipulations, the following set of eight first order differential equations in
terms of the eight incremental variables

Uy g- (n, —viv, =vw,) /14281558, = 0 (7ay
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where Q7 = Y20 /1.
The associated boundary conditions are

* *
ﬂl = I'Ii or ul. L ul '
L -
t, =1, or v, =v, ;
- »
9 =9 RS
* *
m =m" or 5 =5
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s +2680n1+

(7h)

®

In order to solve these equations one must obtain the axisymmetric solution of the shell subjected
to the static liquid pressure. The equations for the static case are obtained from the foregoing as

follows

Uog~ (n,+vw ) /1 = 0

n . =10

ok
wo'E-rso = 0

2
-m_/(bl") =0

Sﬂ‘E

mqg-qO/I =0

Qo ~ [’vno+ (1 -\rz]wo+|;|.J./I =0

(9a)

(%)

(9¢)

(9d)

(9¢)

(9f)

where py, = [(1-v%) pgR’L/Eh’] (1 - &) , while the boundary conditions are given by
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* -
9% = 9% o W=V

mﬂ'm: orso's'(;

With the aim of applying the Galerkin procedure, the eight fundamental variables are represented

in non-dimensional form by

NM
u (8) = U M+ UM+ S UL
j=3
NM
n(8) = Nifi+ NG+ 5 N,
i=3
NM
vi(E) = V I+ Vo0 E Vit
i=3
NM
L(8) = T, +Th+ ¥ Tf,
i=3
NM
W (E) = Wil + Wyl + 2 Wi,
i=3
NM
9,(8) = Q;f; +Q,f+ 2 Qf;
i=3
NM
s,(E) = Sf +S,0,+ 2 Sif;
i=3
NM
m, (E) = M,f +Myfy+ 3 MF,
i=3

where the trial functions f;, are given by

fl“ “_E,J fz*g
[, = sin[(i-2)xE]; i = 3,NM

(10)

(11

)

)
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The first two linear functions are used to enforce the boundary conditionsat € = O and € = 1.
All the higher order trial functions are zero at each end of the shell and represent simply additive
refinements of the displacement and stress fields. A similar modal solution is used to describe the
axisymmetric static variables (4), The first four shape functions are illustrated in Fig. 2.

'*\ ;
£ £
12 f4

(@) (b)

Fig. 2 Hierarchical shape functions of (a) linear and (b) rigonometric form

The use of Eqs. (7) together with the proposed modal solution allows one to satisfy all natural and
geometric boundary conditions exactly and obtain all displacements and internal forces with the same
degree of accuracy. Furthermore, no additional manipulation must be carried out after the solution is
completed since the eight variables of the preceding formulation are the vatiables which are generally
of interest in the analysis of shells.

Making use of the expansions (11) and applying a Galerkin error-minimization procedure, one
obtains a set of 8NM algebraic equations. These equations are unfortunately too long to be presented
here; the interested reader will find them in Ramos (1993).

Fluid Equations

The irrotational motion of an incompressible and non-viscous fluid can be described by a velocity
potential ¢ (x,r, 0,1) (Lamb, 1945). This potential function must satisfy the Laplace equation which
can be written in non-dimensional form as

2z 2 2
i’o o a0 10°
g e P f P L O, S JR (13)

2
ag> a9 T gy’

where @ = (y'$) /R.
The dynamic fluid pressure acting on the shell surface is obtained from the equation

Pe = - (ps/p.) (1748)) (ad/a1) (14)
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Al the liquid boundary the following conditions have to be satisfied:

Al Eei: (9®/38) = 0 (15)
Al E=H/L:  (3®/ar) + (g/L) (3B/3E) = 0 (16)
Al r=1: (9®/3r) = 2y°8 (dw/at) (mn

Further, for a fluid-filled shell, the following restriction must be imposed

lim (5®/3r) = 0 (18)
r—-

The boundary conditions suggest seeking the solution for the velocity potential in the form

NMF
D= Y ALcos (L )], (C,r) cos (x0) sin (wi) +
me1
NM
E B wcosh (o €)J_ () cos (x0) sin (wt) (19)

n=1

. where §_ = [((2m-1)/2) (xL/H)], J, and I_ are, respectively, the xth order Bessel function

and modified Bessel function of the first kind and a_ are the roots of the equation

dJ‘(anr)x’drlr_ {5 0 (20)

This modal solution is obtained by the superposition of two complementary problems, as shown in
Fig. 3.

The modal solution {19) already satisfies the Laplace equation and boundary condition (15).
Substituting Egs. (6), (11) and (19) into boundary condition (17), using cos (;pg} as a weighting
function and applying the Galerkin method, one obtains the fluid modal amplitudes A_ as a function
of the shell modal amplitudes W, . Then the resulting potential function is substituted into the sloshing
condition (16) and the Galerkin method is used once more to obtain a system of homogeneous linear
equations in terms of the modal amplitudes Bﬂ and Wj. The function J, {apr) is used as the
weighting function in this Galerkin procedure.

With equation (19) the hydrodynamic pressure ﬁr takes the form
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W N (m"?m; o 2 5
P = ———cos (x0) cos % -
p. 20 Pl L 4 )lcmj.l
NM
4” cos (x0) cos () 3 cosh (a,£)J, (a,) (B,/v'8) 1)

me

c

Substituting this expression in (7), one obtains the additional terms necessary for the free-vibration
analysis of fluid-filled tanks.

The resulting eigenvalue problem can be written in the form

aetl[“‘] [0]]:|_02 M1+ (M) (M ]] s

[K,) [K [0] (M,,]

slo

e e e
— —»r »r
2% , 894 iy %0 83% _
o =0 Pr=0 ey 0
: = +
2 _, 240w % _, 250w %_o
ﬁ: Q:D ﬁllﬂ
%=’ 2 2

Fig. 3 Solution of the fluid problem by the superposition principle

The cocfficient matrices [K] and [M] consist of the coefficients obtained from the shell equations
(7), the submairices [K,, 1, [K,] and [M_, ] are given by Eq. (16) and [M ] and [M,] are
derived from Eq. (21).

Due 10 the sparseness of the mass malrix, before attempting to establish the eigenvalues
corresponding to the shell and fluid natural frequencies, a condensation procedure is used, leading to
an cigenvalue problem of much lower dimension.

Results

Somg calculations to test the theory in the case of partially filled shells is presented herein. The
numerical parameters used for these studies and (he adopted boundary conditions are shown in Fig, 3.
This shell was previously studicd numerically and experimentally by Chiba, Yamaki and Tani (1985).
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+ - L=113.9mm
& =1 ;;% R = 100.0mm
g=0 h=0.25mm
il _ (t=0) H = variable
! E = 5.56x10° N/m*
h H v=0.30
p. = 1.405x10° Kg/m’
S pr= 1.0x10° Kg/m®
T T 7777 777 2 2 “’fg Z=500
Y Z =LN1-v*/Rh)
2R | (v=0)
[

Fig.4 Clamped-free circular cylindrical shell partialty filled with liquid

To compare the results with experiment, the liquid depth was varied such that the fractional filling,
H/L, took the following values H/L = 0, 1/4, 1/2, 3/4 and 1 and the corresponding [requencies and
vibration modes were computed. These data were obtained by taking NM = 30 and NMF = 3. Inall
cases analysed here these numbers of terms were sufficient to attain convergence o within 1%. The
three lowest shell frequencies and the Jowest liquid sloshing frequency are shown in Fig.5 as a function
of the circumferential wave number x . Also shown in Fig. 5 are the experimental results obtained by
Chiba et al. (1985). These experimental results were taken from the figurcs in Chiba et al. (1985) and
the values’ accuracy is as good as direct reading of these figures permitted, For each liquid height, the
numerical results agree well with the experimental results. It can be observed that the shell [requencies
decrease rapidly with increasing H/L. This lowering effect is mainly due 1o an increase in kinetic
energy without a corresponding increase in the strain energy of the shell-liquid system. For all cases
analysed here, there is the well known dip in the frequency curve as the shell makes transition through
the lower valucs of k.

To see the variation of the mode of vibration with the liquid depth, axial distributions of the
vibration amplitude were determined for x = 8. The results are illustrated in Fig. 6. The maximum
vibration amplitude is taken as unity. As one’can see, the effect of the contained liquid on the mode
shape is mosi significant when H/L = 1/4, 1/2 and 3/4.

On the other hand, the effects of the filling ratio H/L on the sloshing frequencies are negligible as
shown in Fig. 5f, especially for high values of k. The fundamental sloshing frequencies for low values
of x are also listed in Table | and compared with the sloshing lrequencies for a rigid tank (values
between brackets). These frequencies may be convenicnily expressed in the form (Ramos, 1993):

1 (8% 1
fl_ = 5.‘ Tlﬂnh (UIE) {23)

in which f;, is in Hz; and o is the lowest root of Eq. (20). As expected, there is little influence of the
flexibility of the tank on the lower sloshing frequencies
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1 H/L = 0.0
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frequency (Hz)
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Fig. 5 Infiuence of circumferential wave number and H/L ratio on fiuid and shell frequencies - A, x, V -
Experimental results, (Chiba et al.,1985)
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H/L = 0.75

H/L = 0.25
— HL=05

—— H/AL=0751.0

T T T T

T | I . | T T T v T Y T
3 4 5 6 7 B8 8 10 11 12 13 14 15 16 17 18 19 20

Fig. 5 Influence of circumferential wave number and H/L ratio on fluid and shell frequencies - A, x, V -
Experimental results, (Chiba et al., 1985 - continued)
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Table 1 Sloshing frequencies (Hz)
H/L
X 0.25 0.50 0.75 1.00
3 26766 2.0818 3.0210 3.0263
(2.6731) (2.9780) (3.0174) (3.0222)
% 3.5933 3.7345 3.7403 3.7406
(3.5874) (3.7295) {3.7353) (3.7356)
§ 42663 4,3244 43252 4,3252
(4.2608) (4.3186) (4.3194) (4.3194)
Conclusions

A simple - yet effective - methodology has been proposed for evaluating the free vibration
characteristics of a fluid-filled cylindrical shell with classical boundary conditions of any type. To
examine the vibrations of the shell a set of first order differential equations in terms of the shell
displacements and stress resultants, based on Sanders shell theory, was deduced and a simple modal
solution based on the use of linear and trigonometric shape functions was derived.

By using a consistent shell theory, by choosing appropriate system variables and devising a modal
solution that satisfies any set of boundary and continuity conditions for the shell and fluid medium and,
finally, by taking inta account the effects due to static deformations, in-plane inertias and liquid free

Nomenclature
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stiffness

Shell flexural sliffness
Young's modulus
Trial functions
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1] W
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Il = Liquid height
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Angle of rotation of shell
edge

Time
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middle surface

4, v, w =Displacements divided
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derivative of Jk
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(h/2R)
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Poissons's ratio
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Velocity potential
parameter (’1'21'/R)
Velocity potential
Fluid mass density

Shell mass density

Non-dimensional axial
co-ordinate (D<E<1)

Axial wave parameter
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stress slate

(), = Incremental time-
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dependent quantities

=Derivative with respectto
the non-dimensional
axial co-ordinate

()" =Prescribed value
{ )Iio

=Obtained from the
sloshing condition
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surface motions, the present analysis overcomes many of the shortcomings encountered in previous
studies for shells in vacuum or partially filled with liquid. Hence the present formulation is capable of
furnishing a consistent solution for a wide range of tank geometries and wave numbers,

Comparisons of the numerical results with those obtained by other theories and from experiments
are found to be good and show the validity of the present methodology.

H/L=0.5
. U

\ A
"

e 3rd mode

Fig. 6 Effects of the filling ratio H/L on the axial vibration mode shapes, xk = 8
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Abstract

A dynamically compensated electrical pyranometer with manufactured platinum film sensors was constructed.
theoretical, and experimentally evaluated. The electronic circuil is constituled of 3 Wheatslone bridge, high gain
voltage and current amplifiers, and a signal linearizer. Theoretical relations are derived to desenbe the elfect of
the sensors properties on the instrument steady and dynamic responses. The sensitivily ol 1he instrumen! due 1o
the angolar dependence on the direction of the radiation, response time, effect of temperature, tilting and
linearily have been also investigated.

Keywords: Pyranometer, Radiometer, Solarimeter

Introduction

According to the World Radiation Center - WRC (1984), the solar radiation reccived from a solid
angle of 27 steradians on u horizontal surface is referred 1o as global radiation. This includes tadiation
received directly from the solid angle of the sun's disk and also diffuse sky radiation thal has been
scattered in traversing the utmosphere,

The instrument needed (or measuring solar rudiation from a solid angle ol 2z steradians inio d
plane surface and a spectral range from 0.3 10 3.0 pm is the pyranometer. Stll according 10 the WRC,
the pyranometer is sometimes used (o measure solar radiation on surluces inclined (o the horizontal
and in the inverted position Lo measure reflected global radiation. When measuring the diffuse
component of solar radiation alone, the direct solar component may be screened from the pyranometer
by a masking device.

Pyranometers normally use thermoelectric, thermoresistive, photoelectric, pyroclectric or

- bimetallic elements as sensors. Since pyranometers are exposed continually in all weather conditions

they musl be robust in design while resisting the corrosive elfects of humid air (especially near the
sea). The receiver should be hermetically scaled inside iis casing or the casing musi be casily
removable so that any condensed moisture can be removed, Where the receiver is not permanently
sealed a desiceator is usually fitied inthe base of the instrument. The propertics ol pyranometer which
are of concern when ¢valuating the accuracy and quality of radiation measurenient are: sensitivity,
stability, response time, cosine response, azimuth response, lincarity, temperature response and
speciral response.

The WRC paints that three classes of pyranometer can be defined on the basis ol their accuracy

- and overall system performance, as oullined in lable 1.

In the pyranometer invented by Callendar al the start of this century (Coulson, 19759, the sensor
contained two pairs of platinum wire grids wound on mica, constituling adjacent arms of o Wheatstone

- bridge. One pair of grids was coated with black enamel 1o absorb sunlight while the other puir was
 highly reflecting. The 5.8 em square grids were mounted inside an evacuated glass bulh about Y om in
1 ‘Manuscript received: March 1994, Technical Editor: Carlos Albarto Carrasco Altem ani
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diameter. When exposed to sunlight each pair of grids suffered a different resistance change, due to the
iemperature diffcrence between them which was nearly proportional 1o the intensity of incident solar
radiation. Variable resistors in the other two arms formed a self adjusting Wheaisione bridge whose
output could be converted to incident solar radiation through a calibration factor furnished with each
instrument. Two decades after Callendar, A K. Angstrom developed an electrical compensation
pyranometer in which the temperature of two white strips was maintained equal (by electrical heating
to compensate for lower solar radiation absorplion) to that of two black sensor strips of identical
geometry. The temperatures of the strips were measured by thermocouples. In principle the instrument
could belong 1o the standard class as does the Angsirém electrical compensation pyrheliometer
(Coulson, 1980). [owever it was never widely used.

Table 1 Classification of pyranometers - WRC (1984)

. g Secondary 2 .
Characteristic Stonderd First Calss Second Class
Resolution (smallest detectable change in Wm'?) 1 5 10
Stability (percentage of full scale, change/year) 1 2 5
Cosine response (percentage deviation from the <« 3 < 7 < 18
mean at 10” solar elevation on a clear day)
Azimuth response (percentage deviation from the
: < 3 < B < 10
mean at 10° solar elevation on a clear day)
Temperalure response (percentage maximum
due to change of ambient temperature within the 1 2 5
operation range)
Non-linearity (percentage of full scale) 0.5 2 5
Speclral sensitivity (percentage deviation from
2 5 10
mean absorptance 0.3 to 3um)
Response time (99% response) < 23s < 1min <4min

Presently the best and most widely aceepted pyranometers possess thermopile Lype sensors,
because of their long twerm siability and because their response is only weakly wavelength dependent.
However, since output depends on the iemperature difference between sensor and heat sink which is a
function of the thermal characteristics and geometry of each element, the sensitivity varies from one
unit o another and cach instrument must be individually calibrared.

Radiomcters and or ahsolute solarimeters of electrical compensation and of substitution such the
Angsirém pyrheliometer, the Wilson Active Cavity Radiometer and the electrical compensated
pyranometer lirst developed by Lobo (Lobo and Belo, 1983) are instruments which have two
alsolutely equal sepsors in their design.

By the above reason the instrument proposed in this study combines the self-adjusting feature of
Callendar pyrunometer with the clectrical compensation of Angsirom instrument. The absorbing and
non-absorbing thermoresistive sensors ure maintained ut approximalely equal temperalures by an
clectronic feedback circuin which, through suituble choice of bridge ratio, preferentially heats the non
absorbing sensor. Tlus instrument is intrinsically much less sensitive 10 the thermal surroundings than
theemopile units und is self calibrating due 1o the cleetrical compensation feature, dispensing
mdividual calibration ol instruments provided the solar (absorbing) und electrical (compensating)
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- elements are geometrically and thermally identical in each unit. The installation of the absorbing
- sensor in a black body cavity could reduce the uncertainty in absorplivily by an order of magnitude
- (Wilson, 1983) and yield a standard class pyranometer at a relatively low cost.

Description of the Proposed Instrument

In the instrument proposed the sensor elements are connected according to the circuit in Fig. 1. The
blackened solar sensor R, and shielded compensation electrically heated sensor R, with high
temperature coefficients of resistance occupy parallel arms of a Wheatstone bridge. The resistances of
- the other arms on the bridge are practically temperature independent. The relative resistance values of
' the solar and compensating sensors are such that electrical heating of solar sensor is negligible
- compared 1o the absorbed solar energy while solar heating of the compensating sensor is negligible in
 relation to electrical heal dissipation, if the compensating sensor is shielded. In the bridge circuil of
Fig. 1, that condition is obtained when R.<<R,  The sensors are constructed with the same geometry
and orientation for equal thermal losses at equal lemperatures (see Fig. 2).

Under operation the bridge is initially balanced wilh sensors shielded from sunlight. On exposure,
absorption of solar energy raises the temperature of the solar sensor and unbalances the bridge. The
unbalance electromotive force is amplified by the feedback circuit which increases bridge current,
heats the compensating sensor R, thus raising its temperature and resistance, and tends (o rebalance the
bridge. Bridge current is measured by the potential drop across the precision resistance Ry. If amplificr
gain is sufficiently large, residual bridge unbalance is small and both sensors attain approximately the

e L el i

same temperature. Hence the instrument, especially if installed in a black body cavity, can yicld a quasi
absolute pyranometer since the electrical power supplied to the compensating sensor R equals the
incident radiation in the solar sensor R,

Fig. 1 Compensation bridge circuit diagram
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InFig. 2, the two sensors used for the present pyranometer are shown, and Fig, 3 shows detail of its
sensing part. Although there are film sensors available commercially in almost any desired
configuration, the special purpose of the present pyranometer in which both sensors should have the
same geomelry, spatial arientation, and surface and at the same time different electrical resistance, that
is R.==R_ | it was decided to manufacture both sensors using the ceramic technique of paint and fire.

In theory any material could be used as the film sensing element. However, metallic conduoctors are
most employed in film resistance-temperature transducers. Techniques such as sputtering and or
evaporation can produce almost any metal film desired. In general the thin films do not reach the
higher values of emperature coefficient of resistance of metallic wire. According 1o Sandborn (1972),
the lack of facilities for sputtering or evaporating films has made metals such as platinum, gold and
silver popular for film sensors. These metals were and still are used in simple thin film techniques by
the glassware indusiry.

The liquid paint materials usually are a chloride, such as platinic chloride, and flux dissolved in an
oil vehicle. The solution is painted on a glass or ceramic backing according 1o the design and then fired
10 a specific temperature, The heat reduces the chloride to a pure metal and fuses it 1o the backing
material. Films made in that manner arc also found to be stable and reproducible, The resistance of the
film is controlled by the number of coats of film paint thal are fired on the probe.

PLATINUM FII

PLATINUM
FILM

GOLD CONNECTIONS
GOLD CONNECTIONS

Fig. 2 Detail of the compensalive and solar sensors

In the manulacture of the sensors for the present pyranometer, the Liguid Bright Platinum was
emploved. The lilm sepsors were made by painting coals on a microscope slide with dimension of 2
emx 2em x| mm,

More specific details of the construciion of the films are very well discussed in the book of V.A,
Sandborn (1972) and in the paper by De Lima (1987), With the same peometry and sensor effective
arca, excluding arca of the clectrical connections, under the ambient temperature of 29°C the
compensative sensor had the resistance of 4.96 ohms and the solar sensor had a resistance of 498.26
ohms. As said before, both sensors have approximately the same effective area however very dilferent
value of electrical resistances, The way this was realized is simple: the compensative sepsor has 10
strips af plutinum films conneeted in parallel, and the solar sensor shows the same strips of platinum
[ilm aligned in series. Thick luyers of gold films are the electrical connections. |

‘I'he principle of operation for this pyranometer, whose electronic circuit is shown in Fig. 4, is
hasically the same as the one of a constant iempenture hol wire anemometer or an absolule radiometer |
of electrical equivalence (Wilson, 1983). The electronics of the present instrument consists of a
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Wheatstone bridge with the solar and compensalive sensors in parallel, a differential voliage amplifier
(IC1-1C2Y, a power amplifier on a Darlington configuration, an analog multiplier (IC3-1C8), and an

- analog-digital converter. The first stage, being a high gain voliage differential amplifier, was
assembled observing care with regard to noise interference, offset control and thermal drift. Integrate
circuits used for this amplifier are instrumentation operational amplifiers in a configuration showing
CMRR of 110 dB, input offser voltage of 3 mV and thermal drift of 0.6 pV/°C, according to the
manufacturer specification, Besides these requirements, it was necessary to distribute passive

~ components around the integrated circuit to reduce noise and parasitic capacitances on the prinied

-~ circuit board. The power amplifier is based on two coupled NPN transistors on a Darlinglon
configuration.

SOLAR
RADIATION

SOLAR
SENSOR

R

&

COMPENSATIVE
SENSOR

TO ELECTRONIC
CIRCUIT

Fig- 3 Detall of the sensing body of the pyranometer

The circuit used to effectively determine the thermal dissipation on the compensative sensor is the
analog multiplier, The multiplication is realized by means of the logarithm and antilogarithm
operational amplifier circuit in which the set of integrated circuit 1C3-1C8 is labeled in the Fig. 4,

Theory of Operation

!
The first law of thermodynamics for the two sensors is wrilten in the following form:

(tadg AgH + V'g/Rg = Ughglty - tg) = Cg dtg/df =0 (1)

(To ) AH + V /Ry = Ughg (tg - tg) - Co drg/aB =0 (2)
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Fig. 4 Electronic circuit for the compensative pyranometer

where A is the sensor surface area, C is the composite thermal capacity of each sensor and its subtracte,
U is the global heat transfer coefficient berween the sensor and surrounding, H is the intensity of solar
radiation falling on the sensor surface area A, t and 1, are sensor temperature and ambient temperature,
respectively, 1 is the dome optical transmissivity, @ is the radiation coefficient of absorption, 0 is the
time, V3/'R is the electric power dissipated on the sensor, and R is the electrical resistance.
Subtracting Eq. (1) from Eq. (2) the following expression i$ obtained:

v /R, = Hfea) A~ a) A VI /R, - 9(Cit - Cote )/ dO-

(3)
_l[RAS(lS e T‘n)"' UL‘Al:(lr - "a)

Replacing the resistance of each sensor by the expression:

R=R,[r+p(-1,)] ()

where f}is the temperature coefficient of resistance and R, is the electrical resistance at ambient
temperature, the expression (3) will turn in
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’ C, o
V2 /R = B A, - ) A J+ V2 / R,— BsRssa ,;é +

Ey U_?Asr UA, )
B&Rca dB BS BC <l

being r, =R.-R, and ;=R - R,

The term 'V /R, represents the electrical energy dissipated by Joule effect in the compensative
sensor. The first term in the right hand side of the expression (5) represents the net radiant energy
absorption between the solar and compensative sensors. The second term to the right side of that
equation is the electrical energy dissipated by Joule effect in the solar sensor. The third and fourth
~ terms is the net energy stored between both sensors and the fifth and sixth terms represent the net
- energy lost by convection between both sensors,

Expression (5) is the general equation for the present pyranometer. Considering the compensative
sensor shielded from the solar radiation and by this reason the term (ra) A in the Eq. (5) is
- annulled, the general expression for the steady-state sensitivity of the pyranometer will be

e e RUA dre
| dVC - RC(TQ) 5 + (VIZ/R )
| dH 2V, 2V, dH 2V BRg, d

R UA, drg

| " 2V.BRg, dH

(6)

Both sensors were manufactured with the same material and geometry in such way that A, = A,

C,=C.. U,=U, and B5=Bc. The term ﬂ:"_"_) in equation (6) will not be considered when
dH

dI-I

Equation (6) is then reduced to

dv, R (ta)A,
dH 2V, (e

Observing Fig. T we see that the outpur voltage in the differential amplifier is

(Rl.+R2)vc ] G'eh-Rc
G-El‘z—'—R or V, = T{: (N

4
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where G is the differential amplifier voltage gain and e, is the Wheatstone bridge unbalancing
¢lectromotive force.

Inserting Eq. (7) into Eq. (6a), the steady-state sensitivity of the present pyranometer will be
written as

L IR 11 8
dH 2G e, &)

The sensirivity can also be put in terms of absolute sensitivity in the form

d(vi/R,)

T
dH A (8a)

Equations (6a) to (8a) show that basically the steady state sensitivity of the present pyranomeler is
mos| dependent 10 the resistance value of the compensative sensor R , the effective area of the solar
sensor, and to the product Ta, the dome optical transmissivity and the radiation coefficient of
absorption in the solar sensor, respectively. Although the amplifier gain G and the bridge unbalancing
¢lectromotive force ey, are parameters that improve the frequency response of this type of instrument,
Eq. {8) shows that these parameters can cause low outpul sensitivity if their respectively values are not
sct appropriately.

In this study it was assumed that the thermal inertia of the platinum film is negligible in
comparison 10 the thermal inertia of the substrate and the variation of temperature felt by the sensor is
also felt by the substrate surface under the sensor.

The time constant of each sensor with two faces promoting convection is defined as

2UA &

where my, is the mass of substrate under the sensor, Cpy, is the specific heat of the substrate, U is the
global heat transfer coellicient of the sensor (o the ambient, and A is the sensor effective area.

Experimental Procedures, Results and Discussion

With exception of the calibration in ficld where the present pyranometer was calibrated against an
Eppley PSP pyranometer, all characteristics were obscrved in laboratory, using an artificial rudiation
source and the apparatus for the measurement of angular effects shown in the Fig. 5. The sysiem is
constituted of a base-support and an aluminum rod that holds the light source. Variation in the height of
the light source permits different levels in the intensity of radiation. A residential Comptalux K light
bulb of 100 wans was used as artificial radiation source. In the same sysiem (Fig. 5) it is seen an angle
indicator opposite 1o the viewer where by the movement of the light source make il possible 1o set
incidence angles for the light source (cosine and azimuth effect measurement) as well inclination
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angles of the light source and simultaneously of the pyranometer for the determination of the tilting
effect. Another angle indicator at the bottom of the system make it possible to show the angular
rotation of the pyranometer in its base for the determination of the azimuth response,

|
13cm

82 cm

PYRANOMETER

Fig. 5 System for the measurement of angular effects

In arder to determine the response time and the time constant of the instrument the procedure was
to submit the pyranometer to a radiation of approximately 1100 W/m?. Alter that, the light source was
turned off until the instrument reached a signal of approximately 1 W/m?, As can be seen in Fig. 6, st
the condition of heating, the time constant was of 16 s against a theoretical value of 17 s. The
theoretical value was calculated by Eq. (9). Tn order to evaluate the expressions of sensitivities und
time constant it was measured and assumed parameters as shown in Table 2. Under condition ol
cooling the measured time constant was of 27 s, There Is a significant discrepancy between the
measured lime constants of heating and cooling. The reason for that discrepancy is that the pyrex
substrates where both sensors are manufactured have different process of heating and cooling during
transient operation of the instrument, Better explaining, when radiation lalls on the solar sensor, it
heais by the absorption of the solar radiation and simultaneously Ihe substrate under and around the
sensor will be heated in a smaller temperature, The electronic system of the pyranomeier will
compensate this behavior keeping the compensative sensor with Lhe same temperature as the solar
sensor one, The compensative sensor will always have the same temperature as the solar one, however
during the process of cooling although both sensors have the same temperature the substrare of the
compensative sensor has different thermal storage than the solar sensor and the stability of the signal
will be reached when the natural convection on the solar sensor is completed, It is figured in this time
that il both sensors are kept inside the dome of the pyranometer the time constants for heating and
cooling certainly will be the same. As can be seen in Fig. 6 the response times, defined as the Gime 1o

- reach 95% of the final value, were of 50 s and 75 s respectively,
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One of the most common errors in pyranometry is the cosine response which is the dependence of
the directional response of the sensor upon solar elevation. Ideally, the response of the receiver should
be proportional to the cosine of the zenith angle of the radiation beam. To determine the variation of
response with angle of incidence, only lamp sources should be used, because the spectral distribution
of the sun changes too much with elevation angle. Thus an apparent variation with solar elevation
angle could be observed which, in fact, is a variation due to non-homogeneous spectral response,

Table 2 Value of Physical Parameters Measured or Assumed

Ay =107 m? Cp=76x107"V
=094 G =1000
ot = 090 (assumed) m,, =836x107*Kg
R, =496 £ m 29°C Coeu =840 1 /Kg°K
R, = 49826 Q at 20°C UA = 00221 W/°K
T k] L] T T T T
120 4 il
B
100 -
HEATING CURVE
80 -
>
[
- 801 i
-
[+
-
=
© 40 A 7
e COOLING CURVE
204 )
-7 T T T g Y= by e
o 20 40 60 80 100 120 140 160

TIME (s)

Fig.6 Response ime

I'actors that coniribute to the cosine errors are: the dependence of the incidence angle of the
radiation beam with the absorption coefficient of the black paint used in the solar sensor; defects on the
crystalline structure of the dome and incorrect sensor leveling. There are factors with less importance
such as curvature in the surface of the sensor and internal reflection of the beam inside the don
Using the system presented in Fig. S for the determination of the angular effects for several angles of
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incidence (0°, 10°, 20°, 30°, 40°, 50°, 60°, 70° and 80°) measurements were taken of the radiation in
opposite positions and mean values were determined for every specific angle of incidence, The light
source emitted a irradiation of about 200 W/m”.

The following expression was used for the determination of the percentage deviation in the cosine
response:

H-H, cosZ

Vo =
A% =0 a2

x 100 (10)

where H,, is the radiation signal when the light beam is at a normal angle of incidence, cos Z is the
cosine of the angle of incidence Z and H is the radiation measurement when the light beam is ut the
angle of incidence of interest.

As can be seen in the Fig. 7, the mecasured cosine response of the compensated pyranometer

-~ presented deviation from - 2% in the incidence angle of 10° to -23% in the incidence angle of 80°.

According to Table 1, the deviation of 23%, in the cosine response does not classify the present
pyranometer and one of the main reason for this substantial difference is due to the dome used. Dome
adapted from residential lamp bulb is not the most appropriate for this kind of application.

L0 I T I ¥ 1 ' I

0,7 - o —
0.6 - o -
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1 1 1 | 1 1 - | 1
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0.0
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Fig.7 Cosine response
Figure 8 shows the azimuth response of the proposed pyranometer. In this effect, the dependence
of the response of the instrument (o the azimuth angle formed by the solar rudiation and the sensor
level al horizontal position turns to be accentuated mainly at high angles of incidence, The superficial
discontinuity in the dome and al the sensor sarfuce contributes significantly [or these deviations, For
the angle of incidence 80° (or 10° of elevation of the light beam 10 the sensor plane), rolting the
instrument in step of 10°, the deviations were between -3 10 -23% [rom the meusized menn value,
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It has been observed by many researchers that even commercial pyranometers with high accuracy
show variations in the sensitivity when operated with sensors in tilted positions.

It is usual to detect variations from 2 to 5% in the sensitivity of such pyranometers (Coulson,
1975). This kind of problem is associated with convective processes inside the domes of some
pyranometers (De Lima and Parreira, 1990).

Fig. 8 AzZmuth response

The tilting cffect of the present pyranometer was observed by the use of the experimental apparatus
shown in Fig. 5. Figure 9 shows the tilting effect of the present pyranometer, As can be seen in that
[igure this compensated pyranometer praclically dida't show sensitivity when operated in tilted
pasition. This behavior was expected because the compensative sensor was also designed to avoid the
tilting and 1emperature effects.

Concerning the change of sensitivity due to ambient temperature variation, the WRC (1984)
allirms that thermopile instruments exhibit changes in sensitivity with variations in instrument
lemperature. Some instruments are equipped with built-in temperature compensation circuits in an
¢ffort 10 maintain a constant response over a large range of temperatures. The temperature cocfficient
ol sensitivity may be measured in a temperature-controlled chamber, The tlemperature in the chamber
is varied over a suitable range (-40° to +40°C) in 10° steps, and held steady at each step until the
response of the pyranometers has stabilized. In the present case, the pyranometer and the sysiem in
Fig. S were installed inside a chamber where the temperature could be monitored from -10° to +40°C.

Linder a signal ol 200 W/m” . measurements were taken in steps of 10°C and the results didn’t
show any significative difference rom the expected value (less than 1%),

I'he calibration of & pyranometer consists of the determination of its calibration factor and the
dependence ol this on environmental conditions such as temperature, irradiance level, spectral
distribution ol irmadiance. temporal variation. angular distribution of irradiance and inclination of the
mstrument
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Fig. 10 Pyranometer measurement against Eppley PSP
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The comparison of the present instrument with a reference pyranometer entailed the simultaneous
operation of both pyranometer mounted horizontally, side by side, outdoors for a period of time of two

days. The reference pyranometer used was the Eppley PSP pyranometer. The measurements interval
was laken as 15 minutes.

The other method used for the calibration of the present pyranometer was realized in the
laboratory. In this method the self compensated pyranometer was exposed to a stabilized tungsten-
filament lamp installed in the system shown in Fig. 5. In that case the test pyranometer and the
standard pyranometer were exposed 1o the same conditions.

The statistical analysis of the measured signals of the Eppley and of the compensated pyranometer
presented values of coefficient of determination (correlation factor) close to unity (0.99). This
demonstrates high correlation between the signals of the Eppley and of the present pyranometer.

Considering the indicator of the deviation of linearity as the result of three standard deviations
from the mean of all readings, the deviation in the linearity was smaller than 1%.

The combined results of the calibration in field and in laboratory are shown in Fig. 10. The
obiained calibration factor was of 10 V.m? /W against the theoretical sensitivity defined by Eq. (8a) of
0.85.10* V:m%W. The uncerainty in the calibration factor was of 1%.

The resolution of a radiometer as defined by the WRC (1984) is the smallest detectable change in
W/m?. The resolution can also be defined as the relation between the resolution of the electrical
measuring instrument (in this case a voltmeter) and the sensitivity of the pyranometer under study.
Using such definition the present pyranometer presented a resolution of 1 Wim?,

Nomenclature
A = sensor gffcclive surface H, = intensity of solar o = radiation coefficient of
area, m radiation at normal absorption
A A,y Ay and A, = analog incidence, W/m® [} = temperature coefficient
multiplier amplifiers K = thermal condoctivy, of resistance, 1/K
C = thermal capacity W/mK © = dome optical
{me,) VK IC = integrated circuit transmissivity
C,, = specfic heat at constant m = mass Kg 6 ="time, s
pressure, J/Kg K R = electrical resistance. Q
¢, = Wheatstone bridge r= variation of electrical
unbalancing electromotive resistance, Subscripts
force, V t = temperature, °C
d% = percentage deviation in-~ T = time constant, s a = ambienie
the cosine response U = global heat transfer ¢ = compensative
G = differential amplifier coefficient, W/m,K ef = effective
gain V = electrical voltage. V f= feedback
I = intensity of solar Z = angle of radiation s = solar

radiation, W/m~ incidence su = substrate
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Conclusions

Through the theoretical formulation of the present pyranometer with electrical compensation, its
manufacture, and evaluation, it was possible to reach the following conclusions:

- Response time of less than 1 minute encompass this as a first class pyranometer according 1o
the classification of the World Radiation Center (Table 1);

- The dome used for this pyranometer was not the most appropriate and consequently the
angular effects didn’t present good results;

- The present pyranometer accused an excellent resolution of 1 Wim?

- The instrument practically didn’t show sensitivity to the variation of ambient temperature and
to the operation in tilted position, and

- Developments in the design of sensors and electronics will conduct the present instrument 10 a
standard class pyranometer.
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Abstract

Form and dimensions of mechanical elemenis vary from one part to anofher due to the peculiarities of
manufacturing processes. Those varialions are not dependent on the size of the manufacturing bateh and affect
the functional and assembly performances of the products in which the parts work. Dimensional synthesis during
design stage must include the proper transformation of the functional and assembly requirements, and its
allowable variation, in cost-effective dimensions and tolerances,

In this paper a statistical tolerance synthesis procedure is described. It is based on the assumption that the
dimensions of the individual parts can be considered uniformly distributed within the interval of allowable
dimensional variation. The formulation is directed to solve the case of fits which functional requirements depend
on the Hoear combination of two length dimensions, (i.e. eylindrical fits). The small number of combined
dimensions leads 1o a distribution of the functional requirement which departs strongly from normal, depending
on the dimensional tolerance values still not assigned. In the deseribed procedure, the form and properties of the
distribution of the functional requirement can be infered a priori, due to the earlier incorporation of economic
tolerance distribution criteria.

Keywords: Tolerances, Fits, Statistical synthesis

Introduction

Some variability must always be expected in the size and shape of mechanical components
produced by manufacturing processes. These variations affect the functional and assembly relations
umong components within a product, in such a way that the performance of the product departs from
design optimum values. Therefore, functional requirements and its allowable variation must be
considered during design stage if adequate dimensions and tolerances are to be assigned.

During dimensioning task, the designer might take in mind the whole life cycle of the produet,
which could be thought composed of design itself, manufacture, assembly and operation. Tight
tolerances are required to ensure proper operation and interchangeability, that are critical matters for
the two latter stages. On the other hand, since tolerance values are inversely proportional to
manufacturing costs (Lee and Woo, 1989), loose tolerances are required to allow economical
manulacturing. This dichotomy must be managed by tolerance synthesis procedures which, in
addition, might be simple enough 10 meet the requirements of a rapid and effective design.

Tolerance synthesis process evolves in four steps (Roy, Liu and Woo, 1991):

(a) Identification, description and quantification of the requiremems related with produc
performance. These requirements could be imposed by assembly and/or operation conditions.

(b) Identification of the dimensional characteristics affecting functional and assembly
requirements.
Manuscript received: February 1994 Technical Editor; Leonardo Goldstein Jr.
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(c) Development of functional equations, relating functional and assembly requircments (as
dependent variables) with dimensions and tolerances affecting those requirements (as

independent variables).

(d) Determination of a cost-effective solution to the problem of tolerance distribution.

Functional equations can be either dimension condition equations or tolerance equations. The first
relate the functional and assembly requirements to the actual values of dimensions. The second
ones relate the variation of the functional and assembly requirements to the dimensions and tolerances
involved in the problem. The formulation of the tolerance equations requires the previous assumption
of a basis of dimensioning. Basis of dimensioning concerns 10 the expected values of dimensions and
the way they will combine to create extreme conditions of assembly and operation (Fortini, 1985), The
most common basis of dimensioning are the worst-limit and the statistical. In the worst-limit basis, the
limit values of the dimensions, determined by tolerances, are expected to combine in a deterministic
way. Tolerances assigned under the assumption of this basis lead to high manufacturing costs bul
ensure absolute interchangeability and operation performance between the desired limits for all the
products assembled with parts which dimensions are “in tolerance”. This design criteria is also known
as “full-acceptability dimensioning” (Michael and Siddall, 1981). The statistical basis of dimensioning
consider that the dimensions of the elements in a fit will combine according to the laws of chance. As
the warst combination of parts with limit dimensions is not likely, tolerance values could be increased
if a little number of products having functional or assembly performances out of the desired limiis can
be justified. Economic advantages could be reached if cost increments, related to part rejection and
additional operations that might be performed during assembly, are balanced or exceeded by the
machining cost reduction due to greater tolerance values allocation. This design/manufacturing
principle has been described by Bjorke (1989) as limited interchangeability.

Statistical tolerancing requires an adequate knowledge of the distribution of the dimension
condition. This distribution depends on de distributions of the individual dimensions involved in the fit
and on the mathematical relations among them. Attending to the distribution of the individual
dimensions, two main cases can be identified. The first one is when the dimensions can be considered
normally or gaussian distributed, which is the case for parts produced within a statistical process
control environment. If the functional performance of a fit can be considered dependent on the linear
combination of normally distributed dimensions, the distribution of the dimension condition results
also normal and the solution of the problem is simple. The second case is when the distributions of the
individual dimensions are expected to depart from normal, as a consequence of manufaciuring process
peculiarities. In such case, the exact calculation of the distribution of the dimension condition is
difficult and time consuming, As a consequence of this fact, approximate methods have been proposed
to estimate these distribution. The most common one is based on the application of the central limit
theorem (Meyer, 1970). The application of this theorem implies that the distribution of the dimension
condition tends 1o become normal, independent of the distributions of the individual dimensions, as
long as the number of dimensions in the assembly is large ¢nough. This approximute criteria can not be
applied to the tolerance synthesis of a great number of mechanical products because of the limitation
imposed on the number of dimensions involved in the dimension condition formulation, In such cases,
a distribution model must be adopted for the individual dimensions to calculate the distribution of 1he
dimension condition,

Distributions of individual dimensions depend on the peculiarities of the manulaciuring processes
and are not always known. It has been suggested that such distributions generally meet the following
set of assumptions (e, 1991): (a) the range of shapes could vary from a rectangular or equal-
likelihood 10 an approximately normal distribution; (b) they may not be symmetrical about the mean
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vaiue; (¢) their upper and lower limits are finite. These assumptions could also be considered valid for
previously inspected elements, ready 1o be assembled. It must be pointed here that the standard
deviation value of the rectangular distribution is the greatest among the standard deviations of other
alternative distribution models postulated 1o be used in the statistical analysis of manufactured
dimensions (Mansoor, 1963-1964). Then, the rectangular distribution could be applied 1o allow a
conservative statistical tolerance synthesis when the process characteristics are not well known
(Bjorke, 1989), A tolerance synthesis procedure assuming a statistical basis with rectangular
distribution is described in this paper. It is directed 10 be applied during the design stage of cylindrical
fits and other mechanical systems, when the equation of dimension condition can be expressed as the
linear combination of two dimensions and two unrestricled tolerances must be allocated. The
dimensions will be assumed uniformly distributed within the interval determined by the upper and
lower allowable dimensional limits. As the shape of the distribution of the dimension condition departs
from normal and depends on the tolerances of the individual dimensions involved in the fit, a
modification in the order of the procedure is proposed. The economical tolerance distribution criteria
are applied early during the synthesis process to infere the shape and properties-of the distribution of
the dimension condition. The distribution criterion adopted in this paper is an approximate one, known
as the “difficulty factors method™ (Fortini, 1985; Bjorke, 1989).

The Distribution of the Dimension Condition

In this paper, functional requirements whose values depend on the linear combination of two
independent variable dimensions will be considered. The most common and simple example of this
situation in mechanical construction is given by isolated cylindrical fits. The assembly and functional
performances of such fits depend strongly on the difference between the diameters of shaft and hole,
both variable due to the uncertainties associated with manufaciuring processes. Functional
requirements on cylindrical fits could be either represented by length dimensions, like the clearance in
a shafi/plain bearing assembly, or other dimensions, like the force or torque transmitted by an
interference fit In the later situation, a nearly constant factor depending on the elastic properties of the
clements involved in the [it refates the value of the interference 1o the corresponding value of the
functional requirement. Altending to the scope of 1his paper, functional requirements that can be
expressed by the following general equation could be managed:

Yo = 3 AKX (1)

liquation (1) is also known as equation of the dimension condition. In this paper the concept of
dimension condition will be used as an equivalent o the coneept of functional requirement. 1t must be
noted that the scale factors A; in equation (1) relate cach variable length dimension X; 1o its effect on
[ungtional requitement y,,, These [actors can be positive or negative, so including in the scope of the
proposced methodology the fits whose functional requirements depend on the sum of individual
dimensions. The absolule values of these factors can be either one equal to each other, as in the case of
interlerence [its, or one dilferent to cach other. An example of the later situation is given by the
synthesis of fits that must meet a functional requirement at non reference temperature when the
clements involved are made of materials with dilferent thermal expansion factors.
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It has been stated that the distribution of individual dimensions depends on he peculiarities of the
manufacturing processes. The dimensions of similar parts are variable from one part to another and
may be considered as random variate, independently on the size of the manufacturing batch. In
addition, parts are manufactured in different machine tools or in different moments, so that dimensions
could be also considered independent. In this paper, individual dimensions are expected to be
stochastic and independent variables and a rectangular distribution will be assumed for them, Each
dimension will be considered composed of a constant part, whose value is the distance to the middle of
the tolerance interval w;, and a variable part determined by the corresponding tolerance value t;, (Fig.
1). Then, the assumed distributions of the dimensions can be expressed as follows:

b Y
X, ~R "i_'i;"l+- (2)

f(x))

b i i
-3 -\ el X,

Fig. 1

The statistical properties of the individual dimensions can be obtained from rectangular
dism‘bu:ia; formulas. The expectation value is equal to the above defined medium value w; and the
variance ox, could be calculated in terms of the corresponding tolerance value:

- 3

The characteristic values of the distribution of the dimension condition can be obtained through the
application of the properties of both expectation and variance to Eq. (1). The linear combination of
uniformly distributed dimensions leads to a distribution of dimension condition which is always
symmetrical respect of its medium value. Then, the expectation u  and variance o, of the

.~ distribution of the dimension condition are, respectively:

2
yw = 3 Al 4

=1



R A T a——

257 @G. D. Donatelli and S. Boche

._E(A &)

i-l

The shape of the distribution of the dimension condition depends on the relationship between the
values of the two dimensional tolerances, which are already not known, If the values of both tolerances
are assigned to be equal, the distribution of dimension condition results in a triangular shape. The
shape of the distribution becomes a trapezoid when different values are assigned to the dimensional
tolerances. In this paper, a tolerance synthesis procedure will be derived to manage the later situation,
as it includes logically the possibility of equal-value tolerances.

When partial interchangeability criteria is applied, the statistical tolerance synthesis of fits requires
of an explicit formulation of the relationship between the extreme allowable values of the functional
requirement and the number of products in the production batch whose functional requirements are
expected to be out of such desired limits. The required formulation can not be obtained yet, because of
its dependency on the values of the dimensional tolerances. The first step in order to achieve this
objective is to standardize the distribution of the dimension condition. This could be achieved by
applying the following equation:

5 Yo = Byw
yw
Cyw

(6)

The distribution of the standardized variable of dimension condition Z w (Fig. 2) can be
mathematically defined for different intervals of the variable.

f(zy)

Ziim  ti+ 4
lim ‘2?‘:2 ZY

Fig.2

Considering that different values could be expected for the two dimensional tolerances, the
corresponding distribution is a trapezoid, symmetric respect of zero value. In order to achieve a simple
statement of the problem, only equations of the distribution for positive values of the standardized
variable will be given in this paper.
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Within the first interval (7), the formulation of the probability density function is independent on
the value of the standardized variable (8):

abs (absA 1, —absA,t,)

20’”

0< Z’w < N

20

yw

f;(zyw) . 2 (8)

| 2 absA 1, +abs (absA 1, —absA,t,)
i=l

The second interval (9) is characterized by a linear dependency of the probability density function
on the value of the standardized variable of the dimension condition (10).

|
|
|

2
2 absA. 1,
abs (absA 1, —absA, L)) ]
A = 9
201,“ 2ayw
U.’f“’ 2
f,(Z,,) = Y absAy -20, 2 (10
i=1
2 l_l absA L,
i=1

The range of allowable variation of the functional requirement, which is related to quality
performance considerations, is a known value during dimensional synthesis, Then, the tolerance of
dimension condition V, can be defined as the difference between upper and lower acceptable limits of
the functional requirement. If such limits are replaced in Eq. (6), the corresponding functional limit
values of the standardized variable can be obtained. Formulation for positive limit is:

(1

As a consequence of the adoption of the limited interchangeability concept, a proportion of the
manufacturing batch would be expected to have functional requirements out of allowable design limits.
So, the worst possible combination of the limit dimensions, dependent on tolerance vatues still not

3

|
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assigned, will define an actual range of variation of functional requirement greater than one defined by
specified functional limits. This fact could be expressed in terms of the standardized variable of
dimension condition. For positive values of such variable it could be written as follows:

2
Y absAt,
j= 1
Zlirrl = 20— = Zw (12)

An additional consideration must be done in order to relate the limit values of the dimension
condition 1o the number of products which are expected to have functional requirements out of such
limits. Within the common practice of mechanical design, tolerances of similar order are assigned to
the different parts involved in a fit, As a consequence, the accumulation of events in the two symmetric
triangular areas of the distribution of the standardized dimension condition will result greater than the
generally accepted rejection ratios. Then, the equation of the probability density function
corresponding to the second interval of the standardized dimension condition fz(ZW} (10) can be
integrated to relate the limit values of the standardized variable to the amount of producis having its
functional requirements out of such limits P (see shaded areas in Fig. 2):

ZU
- 2

P~ jz—"‘"—-— 3 absAt;-20,,2, 4z,

yw “yw
i I—[ I]bSAi L,

-1

(13)

w
i=1

Replacing the known values in equation (13) and solving it, the desired equation can be obtained:

2

2 absAt,
1 im=1

Z

2 2 = Uyw lim {14J

The last equation depends on the unknown values of the individual tolerances. Then, it can not be
still used in order to relate the limit value of the standardized dimension condition to the corresponding
proportion of functional-faulty products.
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Tolerance Synthesis Formulation

The second functional equation or tolerance equation must relate the variation of the functional
requirement V,, to the dimensions and tolerances. In the particular case of requirements depending on
the linear combination of two individual dimensions, the tolerance equation can be derived from Egs.
(5)and (11):

2 3
2= -z-";—"’ T (ag)’ (15)
im1

\%

In this equation, the allowable variation of the functional requirement depends on tolerance values
and on the limit value of the standardized dimension condition. Any pair of tolerance values satisfying
simultaneously Eqs. (14) and (15) will result in an acceptable solution to the functional problem: the
expected proportion of fits assembled with randomly selected parts will function within the specified
limits, But, not any of such pairs of tolerances will give a cost-effective solution to the dimensioning
problem, In consequence, a tolerance synthesis formulation must include the consideration of
manufacturing costs and its relationship to dimensional tolerance values to facilitate an optimum
tolerance assignment.

During design stage of mechanical products, there is a lack of information on cost components and
its dependence on tolerance values. On the other hand, cost calculations require processing facilities
not always available and are time consuming. To overcome such contrary state of affairs, a simplified
method have been proposed providing an approach to optimum tolerance allocation. The procedure,
called the difficulty (or complexity) factors method (Fortini, 1985; Bjorke, 1989), involves the
evaluation of the relative complexity of manufacturing the different parts in a fit. It is based on the fact
that there is a close correlation between the relative difficulties of machining the mating parts and the
relative manufacturing costs.

The difficulty of manufacturing a dimension to a specified precision level depends on the material
from which the part is made, the manufacturing process 1o be used, the size and shape of the element
and other less important factors. The evaluation of such difficulty can be expressed by a number K;
associated 10 cach dimension involved in a fit. An approximation to the lowest overall manufacturing
cost of a fit could be achieved assigning greater tolerance values 10 the dimensions having greater
difficulty factors. Applying this criteria to dimension conditions depending on the linear combination
of two uniformly distributed dimensions, the tolerance values result:

172

(16)
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Attending to the later equation, tolerance values depend on the limit value of the standardized
dimension condition, yet not known, and on difficulty factors, tolerance of the functional requirement
and scale factors, all of them already known during tolerance synthesis. The proposal of the authors is
to replace the unknown tolerance values in Eq. (14) by the equivalents in terms of difficulty factors.
This leads to an explicit relationship between the allowable proportion of functional-faulty products
and the corresponding limit value of the standardized dimension condition. In order to achieve a
greater simplicity in the derived equations, the relative difficulty concept is introduced in this paper.
The relative difficulty of manufacturing the mating parnts D, is defined as the square root of the ratio
between the difficulty factors corresponding to each element involved in the fit:

1/2
1
2%
23
25
22
—=-P=000S
215 —+—P=00080
-§] ——P=00100
21 b —a— P00
—-P=0.0000
205
2 3
1% :
19
0 as 1 15 2
Relative Difficuity Or
Fig.3

Tolerance distribution Egs. (16) can be modified by expressing them in terms of this concept:

1 - (18)
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nbsA1 t,

[ — (19
2 ailb.'u!'uzl)r )

An explicit relationship between the acceptable proportion of functional-faulty products and the
corresponding limit value of the standardized dimension condition can be derived when Egs. (18) and
(19) are replaced in Eq. (14):

Zlim = LZVQ[I ‘nr_zﬁt] (20)

(1+D))

This way, the characteristic values and statistical properties of the distribution of the dimension
condition could be known without knowing the value of the dimensional tolerances. The value of the
relative difficulty concept, depending on complexity factors, can be assigned a priori o the solution of
the functional-related problem. A plot has been obtained relating the limit value of the standardized
dimension condition to the relative difficulty factor for different values of the allowable proportion of
functional -faulty products (Fig. 3). As in common industrial practice the difficulties of manufacturing
the parts involved in a fit are rather similar, values of relative difficulty factor D, have been varied
between 0.5 and 2. This allows as indifferent assignment of the sub-index 1o each matting part.

Then, the proposed statistical synthesis procedure could be resumed as lollows:

(1) Determine the complexity factors K; based on manufacturing considerations. Calculule the

relative difficulty D, using Eq. (17).

(2) Assume a permissible proportion P of functional-faulty products, based on manufacturing and

quality control policies.

(3) Determine the limit value of the siandardized dimension condition Zg,, using the Eq. (20) or

the plotin Fig. 3.
(4) Finally, calculate the desired tolerance values I; replacing the values already calculated in Egs.
(18) and (19).

Tolerance values synthesized this way will give a cost-effective solution 1o the [unctional problem
in hands. The desired proportion of assembled products will function within the desired limits if the
actual distributions of the dimensions could be represented conservatively by equal-likelihood
distributions.

Discussion

As it has been stated previously, the shape of the distribution of the dimensions produced by a
manufacturing process depends on the particularities of the process itself and is not retated 1o the
amount of parts that are going to be manufactured. Swtistical tolerance synthesis is based on un
adequate knowledge of the distribution of individual dimensions and on the paossibility of determining
the shape of the distribution of dimension condition. No problems arise if individual dimensions could
be considered normally distributed or if the amount of dimensions involved in the it is large enough to
result in an approximately normal distribution of the dimension condition (consequence of the
application of (he cemtral limit theorem).
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When manufacturing small batches, or even unique parts, it is nearly impossible to obtain the
shape of the actual distributions (which generally depart from normal). In addition, the functional
performance of a large number of mechanical systems depends on a small number of individual
dimensions. In such cases it has been a common practice to synthesize dimensional tolerances under
the assumption of the worst limit basis of dimensioning, $o resulting in restrictive tolerance values. As
the tolerance synthesis procedure proposed here represents an alternative to the application of the
worst combination criterion, it is reasonable to evaluate the benefits that could be achieved rating the
tolerance values calcutated vsing both methods.

The second functional equation or tolerance equation derived from the assumption of the worst
limit basis can be expressed as follows:

2
V, = 3 absar (21)

=

The tolerance of the dimension condition V', and the scale factors A, in Eq. (21) are equal in value
that those considered in the statistical formulation: they depend on the product function. Tolerance
values corresponding to the assumption of the worst possible combination has been identified with the
supra-index (w), The corresponding tolerance distribution equations can be derived from Eq. (21)
based on the distribution criteria already applied for the statistical formulation. In terms of the relative
difficully concept, the cquations are as follows:

V. I_)2

w w r
Iy = 3 (22)
absA; |, D

w
nl)s.f\1 1
1, = . —2 (23)
ah:«.Az Dr

The gain of applying the proposed statistical tolerancing methodology ean be expressed as the ratio
between the sum of the dimensional (olerances caleulated by both methods 1o be compared:

(24)
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Replacing the tolerance distribution equations in (24), the gain can be expressed in terms of the
scale factors A;, the relative difficulty D, and the acceptable proportion of functional faulty products P
as follows:

_y
abs|—| +D 2
A, f 1+D;
Gain = (25)
A\ 21+D -2(PD)"?
abs +D, I L3

A family of plots have been obtained in order to test the behavior of the gain for different values of
the involved variables, Each plot corresponds to a different value of the ratio between scale factors
affecting both dimensions A/A,. In common engineering practice, the scale factors are not expected
to be quite different one to each other, Then, the extreme values considered in this paper are
A;/A, = 05 (Fig. 4yand A /A, = 2 (Fig. 5). To illustrate the behavior of the gain when the
influences of both dimensions on the performance of the fit are equal, a plol corresponding o
A /A, = 1 isalsoshown (Fig. 6). In the provided plots the relative difficulty has been considered (o
be the independent variable. The parameter characterizing each curve is the proportion of functional-
faulty products, being the selected values 0.0025, 0.005, 0.010, 0.020 and 0.030.
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For each constant value of the ratio between scale factors, the gain increases with an increase in the
permissible proportion of functional-faulty products. In the cases characierized by an cqual influcnce
of the dimensions in the functional performance of the product (A /A, = 1), the gain exhibits little
variation with the variation of the relative difficulty, though maximum values must be expected when
the complexity of manufacturing both parts in the fit are equal (sec Fig. 6). In the aforementionced
cases, the values of the gain are small for the minor values of the acceplable proportion of functional -
faulty products. Increasing such proportion, more interesling benefits could be reached (gains up to
1.20for P = 0.03).
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When the scale factors associated to each dimension are not equal, nor are the manufacturing
complexities, higher and lower values of the gain for each constant value of the proportion P can result.
Such values are associated with particular combinations of the relative difficulty D, and the scale factor
ratio A, /A,. When the ratio between scale factors is less than the unit (sce Fig. 4 for example), the
gain increases while relative difficulty decreases. If a small proportion of functional-faulty products is
allowed, this behavior could lead to cases in which no gain can be obtained performing the proposed
statistical tolerancing method. A similar situation is reached when the ratio between scale factors is
greater than the unit (see Fig. §) simultaneously with a value of relative difficulty minor than the unit,
Conversely, the aforementioned behavior of the system could be managed by the designer to increase
the benefits that can be achieved. If the fit is designed in such a way that the scale factors ratio and the
relative difficulty are simultaneously greater or smaller than the unit, the resultant values of the gain
will be higher.
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Though the gains associated with the application of the proposed methodology are rather small, it
provides a feasible alternative to the tolerancing procedure based on the worst possible combination of
limit dimensions because of its simplicity. No complex calculus or special information are required 1o
synthesize dimensions and tolerances of the elements involved in the fit, Future efforts will be directed
1o extend the application of the proposed procedure 1o fits characterized by functional requirements
witch depend on more than two dimensions. As the number of dimensions involved in a dimension
condition increases, the tendency of the distribution of dimension condition is Lo cluster more events
around the medium value. Then, if the desired formulation is obtained for such problems, it could be
expected that the gain will increase as the number of dimensions associated in the fit increases,

Conclusions

A statistical tolerance synthesis method based on the assumption that the unknown distributions of
dimensions could be conservatively represented by means of the rectangular or equal-likelihood
distribution have been proposed in 1his paper. Equations have been developed 1o be applied in
mechanical systems whose functional performance depends on the linear combination of two
independent dimensions. The methodology is simple enough to be applied during conceptual and
embodiment design stages and provides an approach to optimum tolerance allocation, as long as it is
supporled on simultaneous analysis of functional performance and manufacturing costs.

The application of the proposed method could produce economical benefits during manufacture,
via the cnlargement of dimensional tolerance values (respect of those that can be obtained by the
assumption of the worst possible combination of limit dimensions). As it has been discussed ubove,
greater benefits are expectable if the method can be extended to fits depending on a greater number of
individual dimensions.
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Abstract

In this paper the problem of spacecraft orbit transfer with minimum fuel consumption is considered. A new
version of the suboptimal and hybrid control approach of numerically treating the problem, where one can take
into account the accuracy in the satisfaction of constraints is developed. To solve the nonlinear programming
problem in each iteration, a stochastic version of the projection of the gradient method is used together with the
well-known hybrid approach to find the optimal control in this kind of dynamic problem. For the maneuvers
considered, the spacecraft is supposed to be in Keplerian motion perturbed by the thrusts whenever they are
active. The thrusts are assumed to be of fixed magnitude (either low or high) and operating in an on-off mode.
The solution is given in terms of the location of the “burning arcs”, “time”-histories of thrust attitude (pitch and
yaw), final orbit acquired and fuel consumed. Numerical resulls are presented.

Keywords: Optimal Transfer, Stochastic Approximation, Optimal Conirel, Spacecraft Orbit Maneuver

Introduction

This paper comes in sequence of a previous one, where the autors (Prado and Rios-Neto, 1989)
numerically solved the problem of spacecraft maneuvers with minimum fuel expenditure using
suboptimal and optimal control associated with a nonlinear programming projection of the gradient
method. Here, the same problem is considered with the difference that the constraints do not need to be
exactly satisfied and a stochastic version of the projection of the gradient is used (Rios-Neto and Pinto,
1987). This is done to realistically treat the mumerical inaccuracies and/or flexibility in terms of
tolerance in mission requirements, leading to situations where the final state is constrained to lie inside
a given region, instead of being an exact value. The resulls of numerical simulations are compared to
assess the fuel savings given by the stochastical approach. A more general study of the problem of
orbit transfer maneuvers is available in Prado and Rios-Neto (1993).

Definition of the Problem

The basic problem discussed in this paper is the problem of orbit transfer meneuvers. The objective
of this problem is to modify the orbit of a given spacecralt. In the case considered in this paper, an
initial and a final orbit around the Earth is completely specified. The problem is to find how to transfer
the spacecraft between those two orbits in such a way that the fuel consumed is minimum. There is no
time restriction involved here and the spacecralt can leave and arrive at any point in the given initial
and final orbits, The mancuver is performed with the use of an engine that is able to deliver a thrust
with constant magnitude and variable direction. The mechanism, time and fuel consumption to change
the direction of the thrust is not considercd in this paper.

Model Used

The spacecraft is supposed (o be in Keplerian motion controlled only by the thrusts, whenever they
are active. This means that there are 1wo types of motion.
Manuscript received; July 1994. Technical Editor: Agenor de Toledo Fleury
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i) A Keplerian orbit, that is an orbit obtained by assuming that the Earth’s gravity (assumed tobe
a point of mass) is the only force action on the spacecraft. This motion occurs when the thrusts
are nat firing, and |

ii) The motion governed by two forces: the Earth’s gravity field (also assumed to be a point of l
mass) and the force delivered by the thrusts. This motion occurs during the time that the thrusts
are firing.

Figure 1 shows this situation. Fg is the gravitational force of the Earth (assumed 1o be a point of

mass) and F is the force given by the thrusts.

Thrust Firing Thrust not Firing

Fig.1 Forces acting In the satellite
The thrusts are assumed to have the following characteristics:

i) Fixed magnitude: the force generated by them is always of constant magnitude during the
maneuver. The value of this constant is a free parameter (an input for the algorithm developed
here) that can be high or low;

ii) Consiant ejection velocity: meaning that the velocity of the gases ejected from the thrusts is
constant. The importance of this fact can be better understood by examining Prado (1989);

iii) Either free or constrained angular motion: this means that the direction of the force given by
the thrusts can be modified during the transfer. This direction can be specified by the angles u;
and vy called pitch (the angle between the direction of the thrust and the perpendicular to the
line Earth-spacecraft) and yaw (the angle with respect to the orbital plane), The motion of
those angles can be free of constrained (constant, linear variations, forbidden regions for firing
the thrust, etc.), and

iv) Operation in on-off mode: it means that intermediate states are not allowed. The thrusis are
either at zero or maximum level all the time.

The solution is fiven in terms of the time-histories of the thrusts (pitch and yaw angles) and fuel
consumed. Several numbers of “thrusting arcs” (arcs with the thrusts active) are lested for each
maneuver.

Instead of time, the “range angle™ (the angle between the radius vector of the spacecraft and an
arbitrary reference line in the arbital plane) is used as the independent variable.

Optimal Control Problem Formulation

The minimum fuel spacecraft mancuver can be treated as a typical optimal control problem,
formulated as follows.

Objective Funciion: Let Mg, the linal mass of the vehicle, 10 be maximized with respect (o the
control u(.);

Subject to:
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where x is a state vector, f(.) is the right hand side of equations of motion, as in Biggs (1979) and
Prado (1989), is the independent variable (suss ssf) Ce{ ) and Cd(.) are the algebraic
dynamic constraints on state and control of dimensions m. and mg; h(.) are the boundary constraints
]’ of dimension my,; and Ee, Ed, Eh error vectors satisfying:

|

gl g

|Ee| sBe.i = 1,23, .. m, o)
|Eq)| sEd,T.i -1,23 ., m, (6)
|Eh| <Eb{, i = 1,2,3, .. m, (7

- where the fixed given values Ee:r Ed-ir, Eh;r characterizes the region around zero within which errors
are considered tolerable,

Suboptimal Method

In this approach (Biggs, 1978; Rios-Neto and Ceballos, 1979; Rios-Neto and Bambace, 1981;
Ceballos and Rios-Neto, 1981, Prado and Rios-Neto, 1989), parametrizalion is used for an
~approximation of the control (angles of pitch u; and yaw uy), and for the problem at hand:

up = py+py(s-s) (8)
2 = P3+Py(s-s) (9

‘where p, p,, p3, P4 are the parameters 1o be found, s is the instantaneous range angle and s, is the range
‘angle of the instant when the motor is turned on.
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With this, for each “burning arc™ in the maneuver, there is a set of six variables to be optimized
(start and end of thrusting and the four parameters for the angles of pitch and yaw). Note that the
number of “burning arcs” is chosen “a priori".

With control parametrization, the problem is reduced to one of nonlinear programming, which will
be solved by the stochastic version of the projection of the gradient method.

Optimal Method

This approach is based on Optimal Control Theory (Bryson, 1975). First order necessary
conditions for a local minimum are used to obtain the adjoint equations and the Pontryagin’s
Maximum Principle to obtain the control angles at each range angle, leading to a “Two Point Boundary
Value Problem™ (TPBVP), where the difficulty is to find the initial values of the Lagrange multipliers.
The treatment given here (Biggs, 1979) is the hybrid approach of guessing a set of values, integrating
numerically all the differential equations and then searching for a new set of values, based on a
nonlinear programming algorithm. With this approach, the problem is again reduced to parametric
optimization, as in the suboptimal method, with the difference that the angle's parameters are replaced
by the initial values of the Lagrange multipliers, as variables to be optimized.

The method by Biggs (1979) was used, where the "adjoint-control” transformation is performed
and instead of the initial values of Lagrange multipliers one guesses control angles and their rates at the
beginning of thrusting. With this, it is easier to find a good initial guess, and the convergence is faster.
This hybrid approach has the advantage that, since the Lagrange multipliers remain constant during the
“ballistic arcs”, it is necessary to guess values of the control angles and its rates only for the first
“burning arc”. This transformation reduces very much the number of variables to be optimized and, in
consequence, the time of convergence.

Numerical Method

To solve the nonlinear programming problem, the stochastic version of the projection of the
gradient method (Rios-Neto and Pinto, 1987) was used.

Its general scheme is resumed in what follows:

Given a value E of the searched vector of parameters p, from an initial guess or from an
immediately previous iteration, a first order, direct search approach is adopted in a typical iteration to
determine an approximate solution for the increment Ap in the problem:

Minimize:
I(p +4p) (10)
Subject 10:
Ce(p+ap) = aCe(p) +Ee (1

Cd(p+ap) = BCA(p) +Ed (12)
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where J (p) is the objective function, Ce(p) the equality constraints, Cd (p) the active inequality
constraints at p,and 0 sa <1, 0 <P < 1 are chosen close enough to one to lead to increments A_E of
a first order of magnitude.

Linearized approximations are taken for the left hand sides of Eqs. (11) and (12) together with a -
stochastic interpretation for the errors Ee and Ed, resulting in:

(a-1)Ce(p) = (d[Ce(p)]/dp)ap+Ee a3

(B-1)Cd(p) = (d[Cd(p)]/dp)Ap +Ed (14)
where Ed and Ee are now assumed to be zero mean uniformly distributed errors, modeled as:

El:(l_igg‘,g.)-l:l = diag[e;,i = 1.2,..,m_]

B[ (EdEQ)"] - diag[d,i = 1,2,..,m]

where E[.] indicate the expected value of its argument.
The condition of Eq. (10) is approximated by the following “a priori information™:

-V (p) = Ap+n (15)

where g = 0 is to be adjusted to guarantee a first order of magnitude for the increment, that is, such that
Ap is small enough (o permit the use of a linearized representation ofJ (p + Ap) and n is taken as a
zero mean uniformly distributed random vector, modelling the a priori searching error in the direction
of the gradient VJ (p) with:

E{mn'] - P

as its diagonal covariance matrix. The values of the variances in P are chosen such as to characierize
an “adequate order of magnitude” for the dispersion of n. The diagmal form adopied is to model the
assumption that it is not imposed any a priori correlation between the errors in the gradient
components.

The simultaneous consideration of Egs. (13-15) characterize a problem of parameter estimation,
which in a compact notation can be put as follows:
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where l_._.l:a - gVJT{EJ is the “a priori information™; UaAp:
Ya[(a-1)Ce" (p): ((p-1)Cd" (p))] is the observation vecior;

M's[(d(ce(p))/dp) '+ (accd(p))rap) ] V" = [Ee™s BdT).
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(16)

(mn

Adopting a criterion of linear, minimum variance estimation, the optimal search increment can be
determined using the classical Gauss-Markov estimation, which in Kalman form (e. g. Jazwinski,

1970) gives:

U=U+K(Y-MU)
P - P-KMP

=
K = PM' (MPM' +R)

(18)

(19)

(20)

where f is defined as before; RAE Bf_\:’-[] = diag [Rk' k=1,2..,m+ md] ; and P has the
meaning of being the covariance matrix of the errors in the components estimates of U, I. e.:

P-E[(U-U)(U-0) ]

(21)

To build a numerical algorithm using the proposed procedure, the following types of iterations are

considered;

i) Initial phase of acquisition of constraints, when starting from a feasible point that satisfies the
inequality constraints, the search is done to capture the equality constraints, including those

inequality constraints that eventually became active along this phase;

ity Search of the minumum, when from a point that satisfies the constrainis in the limits of the
tolerable errors V in Eq. (17), the search is done 1o take the objective function (Eq. (10) 10 get
nearer (0 the minimum, this search is conducted relaxing the order of magnitude of the error

bounds around de constraints;

iii} Restoration of the constrainls, when from a point that resulted from a type (ii) iteration, the
search is done to restore constraints satisfaction, within the limits impased by the error V in

Eg. (17).
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Simulations and Numerical Tests
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Rios-Neto and Pinto (1987) suggest how to choose good values for the numerical parameters, that
must be different for each type of iteration.

The algorithm was coded in single precision FORTRAN 1V, and the calcularions where performed
at the Instituto Nacional de Pesquisas Espaciais (INPE) in a Burroughs 6800 computer.

To verify the algorithm proposed, the maneuver for the initial phase (orbit transfer) of the First
Brazilian Remote Sensing Satellite was simulated. These results were compared with the ones
obtained by the deterministic version (Prado and Rios-Neto, 1989), without flexibility in constraint’s

satisfaction.
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Fig.2 Time-series for optimal stochastic maneuvers

This transfer phase will occur with the data given in Table 1 (Carrara and Souza, 1988), Table 2

(Prado, 1989) and Table 3 (Prado, 1989).

Table 1 Data for ransfer phase of the First Brazillan Remote Sensing Satellite mission

Orbits Initital Final

Semi-major axis (km) 6768.14 7017.89
Eccentricity 0.0591 0.000
Inclination (degrees) 97.44 97.94
Ascending node (degrees) 67.27 Free
Argument of perigree (degrees) 97.66 Free
Mean anomaly (degrees) 270.0 Free
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Table 2 Errors allowed for final Keplerian elements

Semi-major axis 5.0 Km
Eccentricity 0,001
Inclination 0.01 deg

Table 3 Algorithm parameters

Constraints restoration Minimum Search
11 0.5 1.0
B 05 1.0
= diag [10000 : ... : 10000] diag [0.01: ...: 0.01]
g 02 0.2

The choice of the number of “burning arcs” was done after testing different values and concluding
for 8 as being a good number (Prado, 1989).

The solutions found (time-series of the thrusting angles) are showed in Table 4 (suboptimal method)
and Fig. 2 (optimal methad). The comparison with deterministic methods are shown in Table 5.

Conclusions

The problem of spacecraft maneuvers with minimum fuel consumption and consideration of
accuracy tolerance in constraint’s satisfaction was treated and solved using the new nonlinear
programming algorithm proposed by Rios-Neto and Pinto (1987).

The results showed that some fuel can be saved by exploring tolerable errors allowed for
constraint’s satisfaction, The amount saved in both examples is not negligible, since it represents half
of the amount necessary for one orbit correction (Carrara, 1988), and since it certainly could be higher
with more flexibility in constraint’s satisfaction.

Table 4 Transfer phase with suboptimal scheme

Arc Sfdeg)  sddeg)  py(deg)  pa(deg) P2 P4 Fuel (kg)
1 525.9 578.6 0.4 -18.2 0.010 -0.126 -
2 1053.5 1097.2 5.1 328 -0.147 -0.085 -
3 1618.0 1667 .4 1.3 -36.8 -0.002 0.533 -
4 2132.7 2185.6 56 331 -0.138 -0.071 -
5 2326.4 23721 0.2 -20.5 0.010 -0.129 -
6 28527 2905.5 59 33.9 -0.150 -0.096 -
7 34187 3467 1 12 -36.9 -0.002 0.532 "
8 3832.6 3985.3 5.6 33.2 0,138 -0.080 11.66

Table 5 Fuel expenditure comparisons

Fuel consumed (optimal (kg))  Fuel consumed (suboptimal (kg))
Stochastic approach 11.62 11.66
Deterministic approach 11.87 11.93
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Abstract

An exact solulion 1o the transient frée convection flow past an infinile vertical isothermal plate is presented on
taking in1o account the presence of species concentration. It is observed that an increase in the Schmidt aumber
leads to a decrease in the velocity when the buoyancy ratio parameter N > 0. However, when N > 0, an increase
in N leads to an increase in the velocity whereas for N < 0, a decrease in N leads to a fall in the velocity, For
N > 0, an increase in Sc leads to a fall in the skin-friction and opposite is the case for N < 0, The skin-friction is
more for N > 0 as compared 10 that for N < 0.

Keywords: Free Convection with Mass Transfer, Unsteady State, Infinite Vertical Isothermal Plate

Introduction

Transient free convection lows past an infinite vertical isothermal flows were studied by many in
past. Some of these are by Siegel (1958), Scherz and Eichhorn (1962), Menold and Yang (1962),
Sparrow and Gregg (1960), Chung and Anderson (1961), Goldstein and Briggs (1964) etc. All these
studies are confined to the flow of pure fluids like air, water, etc. These are studies in which the
buoancy driving force is arising solely due to temperature differences. However, in many instances,
along with temperature difference, flows also arise due to differences in concentration or material
constitution. A commonly occuring example is the atmospheric flows which occur due to difference in
temperature and Hs0 concentration. Again, in water, the density is affected by temperature,
concentration of dissolved materials and suspended particulate matter. Such flows due to combined
effect of concentration and temperature differences have received little attention. Steady free
conveetion flow in the presence of mass transfer past a semi-infinite vertical plate was studied by
Gebbart and Pera (1971) by similarity analysis. References to earlier studies on free convection with
mass trunsfer are cited in the paper by Gebhart and Pera (1971).

However, mass transfer effects on transient free convection flow past an infinite vertical isothermal
plate have not been studied in the literature. Hence the motivation to undertake this study here, Exact

solutions are derived to coupled linear equations governing the flow and the velocity profiles for air
and water in the presence of different foreign masses are shown graphically,

Mathematical Analysis

Consider the unsteady free convective flow of an incompressible viscous fluid past an infinite
vertical isothermal plate. Initially, the fluid and the plate are assumed 1o be at the same temperature T,
and the concentration level in the fluid is also assumed to be low so that the Soret-Dufour effects can
Manuscripl received: July 1991, Technical Editor: Alvaro Toubes Prata
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Este trabalho considera o problema de Iransferéncia de rbila de um veiculo espacial com minimo consumo de
combustivel, £ desenvolvida uma nova versio dos mélodos hibridos ¢ sub-é1imos de tratar o problema
numericamente, onde a precisio na satisfagio dos vinculos podem ser consideradas. Para resolver o problema de
programagio nio-linear, em cada iteragio, uma versio eslocistica do método da projegia do gradieate &
combinada com o conbecido método hibrido de controle élimo nesse lipo de problema dinamico. Para as
manobras consideradas, o vefculo espacial é suposto estar em movimento Kepleriano perturbado apenas. pelo
eontrole. O confrole consiste de um empuxo de magnitnde constante (alto ou baixo) e que opera no modo liga-
desliga. A solugio & dadn em termos da localizagiio dos arcos com propulsio, diregio do empuxo em cada
instante, 6rbita final atingida e combustivel consumido. Resultados numéricos sdo apresentados.
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be negligible. In many industrial applications, this assumption is true. So is in the atmospheric flows
where the presence of water-vapour is many times at very low level, We ke the x'-axis along the plate
in the vertically upward direction and the y'-axis is taken normal to the plate. Also, initially the
concentration level throughout the fluid is assumed tobe C_ . At time t' > 0, the plate temperature is
raised 1o T, and the concentration level near the plate is also raised to C,, such that T, - T,, and
C,, - C,, are both greater than zero. Then under the usual Boussinesq's approximation, the fully-
developed unsteady flow, being independent of the axial distance, can be shown to be governed by the
following system of equations:

du’ . ;
= mv— g (T —T5) B (C'=C ) (n
dl ayr?
2
aT’ aT
oc, T k= @
dl ay]
2
b
E:?T = Da_z (3)
ay’

with following initial and boundary conditions:
t'20, =0 T =T, C'=C, forall y'

L '>0, vw' =0, T'=Ty, C=Cy a y =0

W0, T—~T, C~=Cy a5 y-e 4)

Here u' is the velocity of the fluid, 1 the time, v the kinematic viscosity, g the acceleration due 10
gravity, § the volumetric coefficient of thermal expansion, {i' volumetric coefficient of expansion with
concentration, C' the species concentration, ¥ the density, C,, the specific heat at conslant pressare,
T' the temperature of the fluid, K the thermal conductivity, D the chemical molecular diffusity, T,
the plate temperature and Cy, s the species concentration near the plate.

Equations (1) to (4) reduce to following non-dimensional form

i )
! d—u b d—g+B+NC {g}
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2

Pré'—‘i = a—-si (6)
3

Sc.a_c.. - _B_(;_' )]

with following initial and boundary conditions:

1s0, uv=0, 0=0, C=0 foral ¥
>0, u=0, 0=1, C=1 a y=0

u=0, B=0, C=0 a5 y— (8)

The non-dimensional quantities are defined as follows:

=1/3
U= (vsfMT}”"’. L= {gﬂ&'l’/vz}

" L (sﬁA.l.)-ZISVUS

v=u/U, y=yvL, t=t/A", 0=

C =

g AC ) . o '
Tk AC = C, -C,, AT =T.,-T, (9)
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Here U, L, t* are some characteristic velocity, length and time repectively. Also Pr is the Prandil
number, Sc the Schmidt number and N is the ratio of the chemical and thermal diffusion, So N
measures the relative importance of these diffusivities which cause the density difference thereby
causing the flow. In the absence of species diffusion, N = 0. N is infinite when thermal diffusion is
absent, N > 0 corresponds to the flow due to combined effects of these diffusivitics and then N < 0
corresponds to these diffusivities opposing each other.

To solve these coupled linear Egs. (5)<(7), we employ the usual Laplace transform technique. It is
defined as

e

- -re-ﬂud: = L{u)
]

= feodi = L(9) (10)
a

=0

Applying these to Eqs. (5)-(7) and taking account of the initial conditions in (8), we get

2-—
o e =
su = — +0+NC (11)
2
dy
2+
o ok
sPr = — (12)
2
dy
= AT
sSeC = — (13)
2
dy

with following boundary conditions in the transformed state

u=0 0=0 C=0 forall y, t=0

u=10 8=1/5, C=1/8 a y=0, 1>0

u=0, 0=0, C=0 as y—=w, >0 (14)
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On solving Egs. (11) - (13), subject to the boundary conditions (14), we get on taking the inverse

Laplace-transform,

@ = == (e erto(n) - (14 P erfe(n/po))
=

i n

i lj“Sc [(1 +n2} erfe(m) - (1 +Scr|l) erfc{nJS_c)

+

{nPre ™™ _ne ™))

+

2 ]
o {n/Sce™ > —ne™ } (15)
n

s

6 = er!'c(nJP_r). C= erfc{n&) (16)

where 1) = y/2/t und Sc=1.
For Sc¢ = 1, the solution is given as follows:

=1 -'P_t[ (1 +l'lz)erfc(n] -(1 +Pr'r|2}erfc(n.jp_r) ¥

-j_— I Pre™™ _qe )] + 2N [—j—.ne"': -nzerfc(n)] an
b1 1

Knowing the velocity-field, we can now derive the expression for the skin-friction. It is given by

G BN (18)
2!‘-\6‘1‘1 nel
From (17) and (18), we have
y I
2o - s (19)

+
I+-Ja l+n/S_c
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Results and Discussion

In order to gain physical insight into the problem, we have carried out the numerical calculations
for u, 6 and C for different values of Pr = 0.71 (air), 7.0 (water), N and Sc. The values of the Schmidt
number are assumed such that they represent a physical reality. Thus Table 1 gives the values of the
Schmidt number. The values of the Schmidt number in water are very high. Hence they are chosen as

500, 600,
Table 1 Values of the Schmidt number at 20°C
Pr Species Sc
a7 Hydrogen 0.24
Helium 0.30
Water 0.60
Ammonia 0.78
Carbon dioxide 1.00
Ethyl benzone 2.00
7 500
600
Table 2 Values of t'x
1 " Sc/N -0.6 -0.4 -0.2 02 04 0.6
0.2 0.71 0.16 0.1276 0.2873 0.4470 0.7664  0.9262 1.0859
0.24 0.1565 0.3033 0.4567 0.7568 0.8069 1.0570
0.30 0.1733 03178 04623 0.7512 0.8957 1.0402
0.60 0.2288 0.3548 0.4808 0.7328 0.8588 0.9848
0.78 0.2506 0.3683 0.4880 0.7255 0.8442 0.9630
1.00 0.2714 0.3832 0.4950 0.7186 0.8304 0.9422
2.00 0.3289 0.4215 05141 0.6994 0.7920 0.8846
0.2 7.00 500.00 0.2780 0.2875 0.2971 0.3162 0.3258 0.3354
600.00 0.2804 0.2891 0.2979 0.3154 0.3242 0.3330
0.4 0.71 0.16 0.0902 0.2032 0.3161 0.5419 0.6549 0.7678
0.24 0.1107 0.2168 0.3229 0.5352 0.6413 07474
0.30 01226 02247  0.3269 0.5312 0.6334 0.7355
0.60 0.1618 02509  0.3399 0.5181 0.6072 0.6963
0.78 01772 0.2611 0.3451 0.5130 0.5970 0.6809
1.00 0.1919 0.2709 0.3500 0.5081 0.5872 0.6662
2.00 0.2326 0.2981 0.3630 0.4445 0.5600 0.6255
0.4 7.0 500.00 0.1965 0,2033 0.2101 0.2236 0.2304 0.2372
600.00 0.1982 02044 0.2106 0.2230 02293 0.2355
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Sc N
I 0-16 0-2

I 0-30 0-2
11 0-78 0-2
Y 1-00 0-2
=¥ 100 —=02

0-08[-
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0:02

-0-01

r

-0-03

Fig.1 Velocity profiles

The velocity profiles are shown on Figs. 1-2 for Pr = 0,71 and on Fig. 3 for Pr = 7.0 (water).
We observe from Fig. | that for N > 0, the velocity of air decreases as Sc increases, The effect of the

" buoyancy ratio N on the velocity field is shown on Fig. 2, for airand Sc¢ = 0.60 (water vapour). When

N >0, the buoyancy forces act in the same direction and hence an increase in N |eads to an increase in
the velocity of air but for N < 0, the buoyancy forces oppose each other and hence an decrease in N
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(< 0) leads to a fall in the velocity of air. The effect of the presence of species concentration in water is
not significant and hence we have shown the velocity profiles for only Sc = 600. As compared to air,
the maximum velocity of water is less as compared to that case of air due to buoyancy effects.

YA
Pr = 071
N Sc = 0-60
A0 - 0-6 t = 02
0-10 ‘ s
/ \“ 0-2
008_ :, \ S h
1 \ - 0-4
o-os—l; !
0'0{! I" / ’ "I
o-02{f \
J \
6\ 2.0 _— 40
AN : 3-0
\ -
1 \ _/ f’
! =002} \\\-._.- ’/
- —004 .

Fig.2 Velocity profiles

B R i

. The numerical values of T are listed in Table 2. We observe from this table that when N is constant
- and positive, an increase in Sc leads to decrease in the skin-friction whereas exactly opposite is the
I!.'Gase for N constant and negative. In this case, the opposing buoyancy forces are present and then an
i increase in Sc leads to an increase in the skin-friction.

!
l
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Again, the skin-friction is more when N > 0 than that when N < 0, both in case of air and water.
The skin-friction in case of air, decreases as 1, the time, increases.

An increase in the Prandtl number leads to a decrease in the skin-friction.

E2 Pr =70
N =02
0-02- Sc =600
t =02
0-01
u 0-0 .\4_’//1; i i
10 2:0 30 4-0
-0:01} Q
-0-02+
Fig.3 Velocity profiles
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Abstract

The present work is concerned with a theoretical and experimental study of variable compression ratio ignition
internal combustion engines, A theoretical analysis of the engine, operating with a mechanism which allows for
variable com pression ralio, is carried oul. For that a simulation program is used. 1n the present work the
simulation model was updated with the inclusion of friction, knocking and hidrocarbon emission models, among
other things. An experimental work was also carried out, with a CRF engine. The objective was two-fold: 1o
validate the results of the thoretical model and to assess the benefits of running an engine with variable
compression ralio. A comparison is also made between the results of the present work and those from other

authors,
Keywords: Internal Combustion Engines, Variable Compression Ratio, Modelling and Experimental Study

Introdugéo

O presente trabalho pretende fazer uma andlise mais detalhada da proposta de Rychter e
Teodorczyk (1985), em que um motor é concebido para operar com taxa de compressio varidvel. Por
essa proposta em questio, a taxa de compressio passa a ser um pardmetro de regulagem assim como o
avango de ignigio e relagio ar-combustivel. Com esta caracleristica, o motor pode operar na méxima
taxa de compressio possivel para qualquer regime de rotagio e carga, 0 que ndo acontece nos motores
convencionais onde ela é determinada pela condigéo critica de rotagio e carga, ou se¢ja, alta carga ¢
baixa rotagio. A primeira vista ¢ de se esperar que os melhores resultados sejam aqueles obtidos em
regimes de baixa e média cargas, onde taxas de compressiio mais elevadas poderiam ser utilizadas.

No trabalho de Rychter e Teodorczyk (1985) relacionado com a variagio da taxa de compressio
durante a operagfio de um motor 0 mecanismo proposto € apresentado e comparado a outros exislenies
na literatura. Neste, 0 agente responsdvel pela variagfio da taxa de compressio, ou seja, 0 excéntrico, €
também o dispositivo de acionamento do mesmo, isto &, um trem de engrenagens acionado pela drvore
de manivelas.

A aplicagiio desta proposta a motores de ignigdo por centelha revelou certos valores de velocidade
de acionamento do excéntrico para os quais os efeitos foram mais pronunciados.

Recentemente, os primeiros resultados com um protétipo, construido pela Universidade de Roma,
foram apresentados por Abenavoli et alli (1991). Os resultados obtidos por esses pesquisadores
comprovaram que a proposta de um motor de taxa de compressdo varidvel € factivel ¢ que o molor
funciona suavemente para uma vasta gama de parimelros operacionais.

O objetivo deste trabalho & quantificar, por intermédio de simulagio em computador ¢ por
procedimentos experimentais, o percentual de ganho apresentado por um motor de combustio interna
operando com taxa de compressdo varidvel. Devido a dificuldades técnicas e financeiras niio foi
possivel a construgio do protétipo de um motor que apresentasse a referida caracieristica, tal qual foi
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idealizada por seus criadores; assim sendo, optou-se pela execugo dos testes em motor de pesquisa de
combustiveis (motor CFR - Cooperative Fuel Research) o qual possibilita a variagio da taxa de
compressio, ainda que de forma diversa da proposta original, mas que ndo inviabiliza os resultados
obtidos uma vez que termodinamicamente néio hé, praticamente, diferenga entre os dois

procedimentos.

O presente trabalho envolve fundamentalmente duas édreas de estudo, Uma focalizou o estudo
teérico enquanto a outra, a parte experimental. A parte tebrica envolveu a simulagio numérica em
computador de um motor com taxa de compressfio varidvel, a partir de um modelo ji existente para
molores convencionais. A parte experimental envolveu testes com um motor CFR, para quantificagho
dos beneficios quando se opera um motor com a referida caracteristica. Os testes foram realizados
tendo como combustivel o gés natural comprimido.

1-Pistlio
2-Biela
3-Excéntrico
4-Manivela
5-Pino daBiela
— 6-Pe da Biela

Fig. 1 Principio do mecanismo

Fundamentos Teoricos

O mecanismo de taxa de compressio varidvel proposto por Rychter e Teodorczyk (1985) tem como
principal caracteristica o continuo ajuste da taxa de compresséio para cada condigio especifica de
operagado do motor. O objetivo principal do mecanismo em questio ¢ manter 0s picos de presséo ¢
lemperatura adequados as condigbes de rotagio e carga do motor, de modo a otimizar seu desempenho.

A mudanga da taxa de compressiio ¢ conseguida mediante a instalagio de um excénirico na ligacio
biela-manivela, que de acordo com sua posicio angular, varia a relagho raio-da manivela-comprimento
da biela; assim ¢ determinada a posigiio do pistio e finalmente, a taxa de compressio.

O mecanismo em questio ¢ composto por um pistdo, uma biela, um eixo de manivelas ¢ um
excéntrico, o qual € instalado na ligagio biela-manivela. Sao utilizados rolamentos entre o excéntrico e
a biela e também entre o excéntrico ¢ o pino da manivela. Este mecanismo €, portanto, similar ao biela-
manivela convencional, apenas equipado com um excéntrico.

O efeito da variagio da taxa de compressio, junto com a mudancga de outros parimetros
geométricos do molor, lais como comprimento dos cursos ¢ posi¢io dos pontos mortos € obtido pela
rotagao do excéntrico em tomo do pino da manivela.
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Além do excéntrico poder ser ajustado para um determinado regime de operagio do motor, ele
também pode ser acionado com velocidade angular constante (w,), relacionada com a da drvore de
manivelas (w). O deslocamento do pistdo pode ser, neste caso, calculado por melo da seguinte
expressio:

172

X = r[l_ {fz-— [simp—bsin{atq-q:}]z} +0[1-cos (@, +¢)] -msqn—l} ()

A

onde:
@ = deslocamento angular da drvore de manivelas
y =/l ¥

onde r é o raio da manivela e | o comprimento da biela, e o tamanho relativo da excéntrico (8)

6 =e/r 3)
onde € é a excentricidade.

o, = deslocamento angular total do excéntrico

O deslocamento angular total do excéntrico € uma soma-de dois dngulos, a saber:

o, = ay+a (4)

onde (ag) € o fingulo de rotagio do excéntrico ajustado durante o funcionamento do motor,
independentemente do dngulo (), que resulta da rotagio do excéntrico, com velocidade angular
constante determinada pelo projeto do mecanismo de acionamento.

O fingulo (op) € sempre medido na posigio em que o raio da manivela (r) esta paralelo ao eixo do
cilindro e com o pistiio na sua posi¢io mais alta, durante o curso de compressio. O ingulo de fase (ay),
pode ser ajustado dentro dos limites de 0° a 360° e é um parimetro de regulagem continua da
geometria do mecanismo de raio cinemdtico varidvel.

Rychter e Teodorczyk (1985) propuseram 3 valores de velocidades de acionamento do excéntrico:
w, = 0, w, = 05w e W, = 0. No primeiro caso obtem-se apenas uma variagdo da laxa de
compressio enquanto que nos demais também variam os comprimentos dos cursos e
consequentemente o deslocamento do motor. '
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Modelo Béasico para a Simulagao

Este trabalho utilizou como programa base o trabalho de Souto (1987), onde € feita a simulagio de

um motor de combustiio interna, quatro tlempos, operando segundo ciclo Otto e utilizando combustivel
da CHpOp

Para que esse modelo pudesse simular o funcionamento do motor de taxa de compressio varidvel,
foram necessdrias véarias modificagdes. A principal delas consistiu na nova equagdio que rege o
deslocamento do pisto e todas as demais que se fizeram necessérias para que se reproduzisse o
funcionamento do referido motor (Teixeira, 1992),

2000 RPM - 100 %

$

00®F,perimental
®@ 9 simulado

®
i

=
1

Torque efetivo CNmJ
s R ¢
-

ry
1

13 L] L} T o LE
5.0 55 6.0 65 TO 7.5 80
Taxa de compressdo

Fig 2 Torque efelivo versus taxa de compresséo

Técnicas Experimentais

Os testes experimentais tiveram por fim a verificagiio das vantagens apresentadas pelo motor de
taxa de compressio varidvel teoricamente. Tenlou-se comprovar o beneficio em termos de melhoria da
eficiéncia térmica, ou seja, um menor consumo especifico de combustivel e/ou um melhor
desempenho. Observou-se, também, como se¢ comportaram as emissdes de CO do motor. As
experiéncias foram realizadas no Laborat6rio de Motores do INMETRO.

Alimentagao de Gas

O gés natural, ao sair dos cilindros, seguia até a vilvula redutora de pressdo, de fabricagio
Rodagds, onde sua pressio era reduzida a um valor varifivel de acordo com uma regulagem feita no

Gltimo estdgio. A seguir, o gds tinha a sua temperatura e pressio medidas antes de passar por um
rotdmetro, apds o qual chegava ao molor,
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O géis natural foi cedido e analisado por cromatografia gasosa pela PETROBRAS, que revelou um
teor de CHy de 90,002%, de CyHg de 7,404% ¢ de N5 de 1,227% entre outros.

Equipamentos e Instrumentacgéo

O motor vtilizado, ASTM-CFR, possui taxa de compressio continuamente varidvel entre 6s limites
4:1 e 16:1, sendo portanto adequado aos objetivos deste trabalho.

Para medida de temperatura do gds e do ar foram wutilizados termopares, com incerteza global de
£ 0,6°C. O consumo de gés foi medido por meio de rotdmetro com incerteza de =+ 1,3%. Como
dispositivo medidor de consumo de ar foi utilizado o método do tanque e orificio, sendo o tanque um
tambor de 200 litros ¢ o orificio um bocal de 19,0 mm de didmetro, indicado como adequado para a
faixa de vazdio de ar do motor, A incerteza dessa medida foi calculada em = 5%. Como instrumento
indicador da velocidade de rotagao do motor, foi utlizado um medidor digital portétil, com resolugio
de 1,0 rpm e incerteza de + 0,2%.

Para se quantificar o torque desenvolvido pelo motor, foi instalada uma célula de carga, aluada
diretamente pelo brago do dinamémetro. A referida célula teve seu projeto e construgio realizados para
este trabalho, com capacidade maxima de 5,0 kgf ¢ incerteza avaliada em = 1,7 %

O dispositivo encarregado de frear o motor e dissipar a energia absorvida ol um dinamémetro
hidriulico, operando com dgua em cicuito aberto,

Fol monitorado o nivel de emissdes de CO, Bosch, modelo ETT 008,14, pertencente a
PETROBRAS, apresentando menor divisao de 0,001% com capacidade para até 9,90%.

800 —
680
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Fig. 3 Poténcia versus rpm - vicuo 8,00 kPa
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Procedimentos Experimentais

Primeiramente foi determinado que seriam mantidos fixos o ponto de ignigo e, sempre que
possivel, a relagiio ar-combustivel, A rotagio foi variada entre 700 e 1200 rpm enquanto que a taxa de
compressfo seria variada entre um minimo, o qual seria a de um motor convencional, 8 um maximo, o
qual vem a ser limitado pela ocorréncia da detonagio. O vécuo do coletor de admissio foi variado
desde um minimo proximo de zero (borboleta do acelerador plenamente aberta) até um méximo para
uma mesma rotagio.

1
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Fig. 4 Consumo especifico versus rpm - vacuo 8,00 kPa

O processo de aquisigio de dados era efetuado, ap6s o motor atingir sua temperatura normal de
funcionamento, com a rotagfo estabilizada, no inicio € no final de um periodo de trés minutos,

Resultados

Protétipo italiano de Motor com Taxa de Compresséo Varlavel

O modelo de simulagéo utilizado neste trabalho foi comparado com os resultados experimentais de
Abenavoli et alli (1991), obtidos a partir de um motor de taxa de compressio varidvel, conforme
proposto por Rychter e Teodorczyk (1985). Esses testes foram realizados na bancada dinamoméirica
do Departamento de Mecénica e Aerondutica da Universidade de Roma “La Sapienza”, Os dados desse
referido motor foram introduzidos no programa de simulagfio € assim comparam-se os resultados, para
duas velocidades de rotagio, 2000 e 3000 rpm.
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Observa-se na Fig. 2 como variam as curvas de torque efetivo, variando com a taxa de compressio,
experimental e simulado, para 2000 rpm. Siio comparados os resultados obtidas por Abenavoli el alli
(1991) e os obtidos pela simulagio. Nota-se que os resultados do modelo utilzado no presente trabaltho
foram adequados, j& que os niveis de torque obtidos com o modelo foram semelhantes aos
experimentais, com diferencas méximas entre os resullados comparados da ordem de 5%.

As diferengas apresentadas podem ser justificadas pelo fato do modelo utilizado néio considerar os
efeitos de inércia do fluxo de gases, de propagagio de ondas de pressio na admissiio e descarga, entre
Outros,

Foi também feita uma comparagiio do compartamento das curvas de poténcia efetiva variando com
a taxa de compressio para 3000 rpm. Foi observado que os efeitos ora mencionados se tornam
significativos nesta rotagio, o que faz com que o modelo utilizado néo consiga reproduzir o nivel de
torque e poténcia apresentado experimentalmente, ji que apresenta diferengas variando entre um
minimo de 18% e um méximo de 35%,
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Fig.5 Eficiéncia térmica versus rpm

Como forma de se comparar o desempenho de um motor de taxa de compressio varidvel com o de
um motor convencional, foram simulados alguns casos mantendo-s¢ a poténcia efetiva constante para
cada rotagio. Desta forma, estipulou-se que o motor convencional teria a taxa de compressao 5,2:1,
que ¢ a minima do motor de Abenavoli et alli (1991), enquanto que no motor de taxa de compressio
varidve| esta seria a maxima, dentro do limite do motor (5,2:1 a 7,93:1), desde que nio houvesse
detonagio. Assim sendo, para o motor convencional foi determinado um valor de vicuo de 20 kPa,
constante para 1odas as rotagdes, enquanio que no outro motor, este pardmetro seria variado de modo a
manter a poténcia efetiva constante. Como a simulag@o foi realizada a cargas parciais, ndo foi
detectada a detonagiio. Assim, a taxa de compressiio foi a méxima possivel, com o excéntrico
acionado, que € de 7,71:1.
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Assim sendo, foi observado o comportamento da eficiéncia térmica para os dois casos, Notou-se
que o motor de taxa de compressdo varidvel consegue obter um ganho na ordem de 14% sobre o motor
convencional.

A seguir estudou-se o comportamento da emissdo de HC. A emissio de HC aumenta com a
elevagio da taxa de compressiio. No caso em questio, esse aumento varia entre 41% e 78%.

Conforme os resultados da simulacfio demonstram, é vantajoso operar um motor com taxa de
compresso varidvel. Os maiores valores de emissdo de HC, recomendam que se utilize algum
dispositivo de controle dessa emissio, como por exemplo o catalisador de gases de exaustio. Tal fato,
contudo, ndo inviabiliza o desenvolvimento de motores com tal caracterfstica.
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Fig. 6 Emissio de CO versus razio de equivaléncia

Motor CFR

Como forma de demonstrar os beneficios em se operar um motor com taxa de compressio
varidvel, foram realizados alguns tesles experimentais com o motor CFR, nas seguintes condigoes:

1)
2)
3)
4)
5)
6)
N

Rotagiio (rpm): 700, 800, 900,1000, 1100 e 1200
Vicuo (kPa): 8,00 ¢ 9,33

Temperatura da mistura (K): 383

Ponto de ignigio (APMS): 10

Relagio ar-combustivel: 16,9:1

Pressdo atmosférica (kPa); 100,36

Pressio de descarga (kPa).0,20
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Na Fig. 3 pode-se chservar como a poténcia varia de acordo com a rotagiio, com um valor de vicuo
de 8,00 kPa, constante para todas as rotagdes. A linha cheia representa a curva de poléncia para a taxa
de compressiio de 10,1:1, que foi a méxima possivel de se operar o motor sem detonagio, em qualquer
condigiio. A linha tracejada representa essa mesma curva para o taxa de compressio 15,5:1, que foi a
méxima para essa condigio, sem detonagio. Como pode ser observado, operando a uma taxa mais
elevada obtém-se uma poténcia efetiva em torno de 22% superior, mantendo-se 0 mesmo consumo
hordrio de combustfvel, Na Fig. 4 pode-se observar 0 comportamento do consumo especifico, o qual é
menor para valores de taxa de compressbes mais elevados. O mesmo percentual de ganho entre as duas
condigbes, apresentado para a poténcia efetiva se repete aqui. Para um vécuoo de 9,33 kPa, obteve-se
percentual de ganho médio de 38%, que vem a ser superior ao obtido com vécuo de 8,00 kPa. Conclui-
se entiio, que o beneficio é maior & medida que se aumenia o vicuo de admissio.

Pode ser observado, na Fig. 5, 0 comportamento da eficiéncia térmica com a rotagio, para dois

valores de taxa de compressiio, sendo que agora a poténcia foi mantida constante em cada rotagiio,
sendo entio variado o vicuo do coletor de admissdo.

As condigbes destes testes visam comparar o comportamento de um moltor de automével que,
tendo um mesmo trajeto a cumprir a uma determinada velocidade, exigindo, portanto, uma
determinada poténcia do motor. As duas condigoes de taxa de compressio serigm a apresentada por um
motor convencional (mais baixa, limitada pela detonagio em cargas mais elevadas do que a em
questiio) ¢ a de um motor de taxa de compressiio varidvel (mais elevada). Como pode ser visto nas
figuras, com uma taxa mais elevada, desde que néo se verifique a ocorréncia de detonagio, consegue-
se obter 0s mesmos niveis de poténcia, com maior eficiéncia térmica, como era de se esperar.

Anélise de Emissdes

E apresentada neste itern uma andlise de emissdes para 0 motar CFR, Além das medigoes feitas no
referido motor, sio apresentadas comparalées entre o modelo de emissdo de CO com valores
experimentais,

Na Fig. 6 € realizada uma comparagdo dos resultados experimentais ¢ numéricos para as seguintes
condigdes:

1) Rotagéo (rpm):900

2) Ponto de ignigio (PAPMS):10

3) Temperatura da mistura (K):373

4) Vécuo de admissio (kPa):0,80

5) Taxa de compressio:10:1

Como o modelo utilizado neste trabalho nio considera alguns efeitos, como inércia dos gases e
propagacio de ondas de pressiio nos dutos de admissio e exaustiio, € também por nio se saber a
duragio da combustio, deve-se fazer uma comparagio apenas qualitativa, uma vez que os citados
efeitos podem ser importantes na determinagio dos resultados.

Conclusbes

De acordo com os resultados apresentados, chega-se 2 conclusdo que a proposta de um motor de
taxa de compresséo varidvel possui um polencial que merece ser estudado mais a fundo,

principalmente no campo experimental.
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Ao serem comparados os resultados simulados obtidos neste trabalho com os obtidos
experimentalmente de um motor equipado com o dispositivo variador da taxa de compressfio, apesar
de falta das caracteristicas do motor em questdo e de alguns dados de operagio, pode-se afirmar que 08
resultados obtidos conseguiram reproduzir os resultados experimentais, Isso foi verificado
principalmente em 2000 rpm, onde os efeitos nio considerados no modelo utilizado ndo séo
preponderantes.

Finalmente, pode-se observar resultados experimentais que comprovam o beneficio em se operar
um motor com taxa de compressdo varifivel. Operando um motor em cargas parciais, em taxas de
compressio mais elevadas, pode-se obter poténcias mais altas, mantido o véicuo do coletor constante,
resultando em consumo especifico mais baixo assim como uma eficiéncia térmica superior. Esse
comportamento foi observado nos dois valores de véicuo de admissfo testados. Mantendo-se a poténcia
constanie em taxas mais elevadas, consegue-se obter uma redugio no consumo especifico e, em
consequéncia, uma maior eficiéncia térmica,
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Resumo

E realizado um estudo tedrico ¢ experimental sobre motores a combustio interna, com ignigiio por centelha,
operando com taxa de compressio varivel, F feita uma andlise tedrica sobre mecanismo que permite variar a
taxa de com pressio. No presente trabalho um modelo de simulagio exislente foi aprimorado, com a inclusio de
previsio de detonagio, de emissiio de hidrocarbonelos, do cilculo da poténcia de atrito, assim como a inclusio
do dispositivo do mecanismo de laxa de compressio varidvel. Neste trabalho, um motor CFR foi utilizado, com
o objetivo de validar os resultados do modelo 1eérico, incluinto o teor de CO.

Palavras-chave; Motores de Combustio Interna, Taxa de Compressio Varidvel, Modelagem e Verificagio
Experimental
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Abstract

Concurrent Engineering concepts are strongly considered by today's industry as a means of im proving all aspects
of the product life-cycle. This approach primarily suggests the use of leamwork, where the team is formed by
engineers and experts from all activities related to the product life-cycle. One main function of the concurrent
engineering team is to negotiate the best solution for ihe product development, The team is created in the earliest
life-cycle phases and is responsible for all decisions made regarding the product until the product is out of the
market. Teamwork involves intense collaboration and exchange of information. Different tools are proposed to
ease lhe teamwork, namely Design for Manufacturing, Design for Assembly, Quality Control and CAE/CAD/
CAM, ete. This paper describes the Concurrent Engincering Environment (CEE), as a powerful computer-aided
tool 1o support the use of concurrent engineering ideas in a distributed platform. A natural framework to support
the mapagement and sharing of information among different manufacturing phases or activities is a network
(federation) of heterogeneous and autonomous agents that are either loosely of some tightly-coupled. In this
federation, an agent is involved in one activity (e.g. design) related to the produet life-cycle, while several agents
may take part in the same activity. On one hand production related activities are independent, (heterogeneous and
autonomous) lo serve different purposes. On the other hand, trivially these activities are interrelated (coupled)
and need to cooperate and exchange information among themselves. In this paper, we describe the distributed/
federated database design that supports the information manipulation in the CEE for an aerospace industry in
Brazil. The design of CEE is based on the federated information management system PEER. We will distinguish
the different kinds of PEER agents that constitute the CEE federation network. We describe the role of the
“product” in the CEE environment and present & schema description for products. This research describes the
second phase of the cooperation between the University of Amsterdam (The Netherlands) and Universidade
Federal de Santa Catarina (Brazil) in the scope of the CIM-ECLA program.

Keywords: Concurrent Engineering Environment, Distributed Database, Database Design, CIM.

Introduction

Due to the complexity of the production process, many problems arise daily in the manufacturing
industries. Concurrent Engineering aims to solve these day to day problems. Contrary (o the traditional
production system where the product life-cycle follows a sequence of isolated activities, in a
Concurrent Engineering Environment these activities are made simultancous and compatible, and
consider the parameters that affect the entire cycle of product development. A team of engineers and
experts is created in the earliest life-cycle phase and is responsible for all decisions made, concerning
specific product domain. The activities involved will be performed in a close cooperation among all
team members.

Information representation heterogeneity and the information distribution among different activity
areas is necessary to be supported within the CEE. A federated database [ramework is needed 1o
efficiently support the management and the sharing and exchange of information among the team

Presented at the Second CIMIS.net General Meatirc&: Florianépolis, SC, June 1994
Ad Hoc Technical Editor: Aureo Campos Fermeira, UFSC,
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members in such an application. Each team member has a large degree of autonomy in structuring and
organizing his own information (drawings, documents, analysis results, etc). Simultaneously, he must
also consider the needs of the other team members permitting distinct views to the same set of
information. To supply information and handle it over to the entire production process, each phase
(activity) must make some of its own information sharable, to be accessed, queried and analysed by
other partners.

The requirements described above call for a distributed information management architecture. A
natural framework however, is a network (federation) of heterogeneous and autonomous agents. An
agent represents an application environment activity. Every agent stores some data locally, performs
some focal computations, and needs to access some remote data from other agents, An agent in this
network is heterogeneous in the sense that it is developed independently and has its own private
representation of the data. An agent is autonomous in the sense that it can decide to conditionally share
a part of its information with other agents and keep another part private and explicitly for its own local
use. Agents involved in one specific activity area (e.g. design) are tightly interrelated, while two agents
involved in different activity areas (e.g. design and sales) are loosely interrelated. Tightly-related
agents represent a cluster in the network.

PEER (Afsarmanesh et al,, 1993b, Tuijnman and Afsarmanesh, 1993a, Afsarmanesh et al., 1994,
Afsarmanesh et al., 1993a) is a federated, object-oriented database management system designed and
implemented ar the University of Amsterdam primarily to support industrial automation apllication
environments. The research in (Afsarmanesh et al., 1993a), describes the CEE requirements and the
PEER capabililies that satisfy them, Based on those results, in this paper, we have developed an
information model to represent the Concurrent Engineering Environment. This effort is partially
supported by the ESPRIT program through the ECLA-CIMIS.net project.

The rest of the paper is organized as follows: section 2 briefly describes the CEE Concurrent
Engineering Environment. An overview of the PEER facilities and modeling concepts necessary for
the CEE information model definition are presented in section 3. In section 4 the production process
information modeling and the approach to the product representation is described. Finally, in section 5,
some conclusions and the next steps are presented.

Concurrent Engineering Environment: An Overview

Productivity and quality improvement, and cost reduction are the most important criteria of the
production process. To satisfy these criteria, design, manufacturing, maintenance, etc. information
must be available to all phases that need it,

Many approaches are applied to the Concurrent Engineering implementation and most of them are
based on multifunctional teams. Engineers and experts from different product life-cycle activities work
together in a team all through the product life-cycle. A main requirement of the concurrent enfineering
approach is the availability of all the information related to any life-cycle activity, 10 all leam members
who need to access it. The informaltion is distributed among different autonomous agents and
information representation is heterogeneous. Two different facilities must be available 10 users from
any life-cycle activily: information query and analysis tools. These facilities are modeled by the
Computer Integrated Manulacturing tools, In this sense, each CAx (CAD, CAM, CAE, CAPP, CAQ)
must be a server, providing necessary information and supporting analysis needs of a client.
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Each manufacturing activity needs to access the information about the product specification. To
support the needs of many different agents a powetful, comprehensive product mode! (description)
must be represented. Feature technology (Cunninghan and Dixon, 1988, Shah, 1991, Moreira, 1993) is
used to model different manufacturing information, like processes, tools, therm-chemical processes,
tolerance, etc. As such, the product model must integrate different kinds of information in a
homogeneous chema, so that this representation can work a a unifying “access key” to the
manufacturing information. The Feature Technology supports this requirement by providing access 10
manufacturing information from any production process phase, Through this key any team member
can obtain the necessary manufacturing process information for production.

Fig. 1 Concurrent Engineering Environment

Each server must be modeled as an aulonomous agenl thal cooperates and share information with
others to solve problems. For instance, if a CAD user must know if a part can be produced inhouse
with minimal cost, he can submit the design to a manufacturability analysis agent. Then, the CAPP,
CAQ and CAP agents will work together to analyze the part design and to deduce the best option, in
terms of the production process costs and parts/machines availability. Besides, OEM information
should be analyzed to decide if it is more efficient to procure the part from other manufacturers,
Several agents need to access the process planning and scheduling information.

Figure 1 describes this interrelation and information sharing approach. In this example, a CAD
user can get information from a process planning (CAPP) server and an analysis engineering (CAE)
server. Also, the CAPP user can receive information about functionality and design quality standards,
processed by the CAD information server, etc.

The analysis tools are expert systems developed as an agent with federated database management
system support. The tool intelligence degree depends of the analysis difficulty, In most cases, the
user’s help is necessary for good analysis. In this case, a friendly vser interface and proper
communication among the tools must be additionally developed,
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Peer: An Overview

PEER is a federated object-oriented database management system designed and developed at the
University of Amsierdam. In this section, we give an overview of several concepts developed in PEER
(Afsarmanesh et al., 1993b, Tuijnman and Afsarmanesh, 1993, 1993b, 1993c) to support the rich and
complex CIM application area. PEER supports the autonomy of agents involved in the cooperation
team allowing them to share and exchange information as they wish. This is achieved by a
sophisticated schema derivation/integration mechanism, which supports importing remote information
and restructuring and integrating it with the local information (Afsarmanesh et al., 1993b). The
interrelation among the information handled by different team members is negotiated in PEER to
preserve their referential integrities (Tuijnman and Afsarmanesh, 1993b). PEER also offers support for
object clusters shared in the network where the definition and the data related to the object clusier can
be distributed among many agents. The subject of abject-cluster, -representation, -identification, and -
boundary, and a linearization mechanismo developed for object clusters’ transformation into messages
is fully described in (Tuijnman and Afsarmanesh, 1993c). Support for object identity and naming is
treated in (Tuijnman and Afsarmanesh, 1993a).

Design Agent Production Agent

o

N

RETENTION_GROOVE_43

Fig. 2 Relationship between objects in different PEER Objectbases

A prototype implementation of the,PEER federated system is developed in C that runs on UNIX,
on a network of SUN workstations. This implementation of PEER was partially supported by the
ESPRIT-Archon project, which developed a system lo integrate cooperating expert systems (Witting,
1992). This prototype was tested at the control rooms of power distribution networks in two different
industries, in Spain and England. PEER is designed around a global database model, the object-
oriented PEER data model, 1o represent the information of each agent, and a plobal database language,
the object-oricnted query/update PEER language. Through using the global data model, agents’
heterogeneous schemas are made homogencous. However, the homogeneity of schema representation
does not address the semantic interrelationships (loose or tight integration) that may exist among the
data and knowledge of different agents, These interrelationships are established systeEnntimlly and
incrementally through a set of derivation/integration operations defined for distributed schema
management of PEER.

Several schemas coexist in every PEER, namely: the local, export, import, and integrated schemas.
The integrated schema can be interpreted as one user’s global classification of objects that are
classified differently by the schemas in other databases. Information management in a network of
agents is supported by PEER through distributed schema management including integration and
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derivation of local information and information that is available from other PEER agenis. Reliability is
supported by enforcing the integrity of relationships established among local and remote information.
For the interaction with end-user and applications, PEER offers support for object naming, object
clusters and interface support through linearization of object clusters,

Schema Integration/Derivation

The local schema in each PEER agent specifies the type structure of the information stored locally
at that agent. Part of the local information can be made available to certain other PEERS, by specifying
one or more export schemas, each defining a view on the local information. An export schema in a
PEER can restrict the exported information to a subset of local information to make it available 10
certain other PEER agents. PEER agents can locally import the export schemas of others in order to
access the remote information available from other PEERs.

PEER offers two approaches to integrate the local information and remote information (of other
PEERs) imported into import schemas. The first approach is to define an integrated schema, derived
from the local and the import schemas. An integrated schema defines a single uniform type structure
on the information available both locally and remote. The SDDL language (Schema Definition/
Derivation Language) of PEER supports the definition of integrated/derived schemas (Afsarmanesh et
al., 1993b). Since the integrated schema is defined local to a site, different PEERs may establish
different correspondences between their own schemas and other sites’ schemas, thus there is no single
global schema for the entire network. Another integration approach is also necessary to support the
direct interrelation among the local information and the remote information (please see Fig, 2). The
local schema of a PEER will be transformed into an extended local schema. To support one such direct
relationship, within the extended local schema, the local type definition will be extended with a
mapping to reference the remote objects defined in an import schema (Tuljnman and Afsarmanesh,
1993a).

Queries in PEER are always evaluated in the context of one schema. The default context for a
query is the local schema, but any other schema context can be specified in a query. Distributed query
evaluation in PEER is discussed in (Afsarmanesh et al.,, 1993b).

Remote Referencing

Integrity of objects that contain references to remote objects can be violated when the remote
objects are deleted by a remote PEER. Figure 2 shows a relationship (RETENTION_GROOVE_43,
has_process, TURNING_67), where RETENTION_GROOVE_43 is in the Design Agent in site A and
TURNING_67 is in the Production Agent in site B, The deletion of TURNING_67 in site B violates
the referential integrity. PEER preserves the necessary referential integrity consiraints, by requiring a
reference access right for every remote reference on a certain imporied type to be negotiated and
bilaterally agreed by both PEER sites involved. For example, de Design Agent must first request a
reference access right on the type TURNING (of which TURNING_67 is an instance) that is
represented in an import schema obtained from Production Agent. With (his acces right request, the
Design Agent can also ask for an action level (delete condition) to be followed by the Production
Agent. The delete condition, is the condition requested by the Design Agent to be followed by the
Production Agent in the case that the Production Agent decides to del¢te an instance of TURNING 1o
which the Design Agent has a remote reference (Tuijnman and Afsarmanesh, 1993b and 1993¢). There



303 H. Atsarmanesh, M. Wiedijk, N. P, Moreira and A, C, Ferreira

are three possible action levels that the Design Agent can request: warning that an object will be
deleted after remote PEERs permission. These delete conditions are of different severities and must be
negotiated by the two PEERs.

Production Process Information

The main problem in implementing a concurrent engineering environment is the information
representation heterogeneity and complexity. Each product life-cycle activity uses different kinds of
information; e.g. product definition, technological data, geometric data, algorithms and process
knowledge. Besides, each phase treats some specific kinds of information. This information is
distributed over different phases and must be carefully handled to avoid inconsistent redundancies.
This section presents our approach to the production process information modeling, where the
concurrent engineering is fully applied.

Each enterprise has its own information flow. In general, they are different in details, but the main
structure is similar for the same kind of industry. As an example we have studied the information flow
of a Brazilian aerospace industry, approximately described in Fig. 3 using the IDEF approach. Each
box represents one activity in the production process, and the arrows show the information flow among
the activities.

al b ci
Sales l
MAP! - quality standards
Marketing—PPE
MAP
Equipments)
i Planning oo

a - Marketing needs
b - costs '
¢ - quality standards Engineering|—_ [PMP SSE
MAP - Project activator L
PMP - Production Master Plan Product

SSE - Project changes

Fig. 3 Production process information flow

The “product life-cycle™ can be briefly described as follows. The Sales Department develops the
market prospects and prepares the first draft study in order 10 analyze the product cast and its
convenience. A database containing the manufacturing process cosi's information is used in this
activity. If every market requirement is satisfied, then a project activator document (MAP) is prepared
manually. The MAP initalizes the activities in the Marketing Department to manage the new product.
Simultancously in the Design Department, the MAFP simultaneously initializes the design of the details
of the product, In the Marketing Department the final product plan is generated, describing deadlines
and the amount of each product to be produced, and a delivery plan (PPE) is prepared. This document
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is used in the scheduling of the production process by the Equipments Planning Department. Using the
PPE and the process planning information, a Production Master Plan (PMP) is generated, defining the
production scheduling. The first draft made by the engineers from the Sales Department gets expanded
in the Design Department. Using CAD systems the engineers construct the final version of the product
design. The product subparts are described considering both the internal and the external standards that
represent the enterprise manufacturing culture. The product/parts designs are plotted and used by the
Production Department to develop the process planning for the part production process. The process
planning information is stored in the mainframe, and is printed on papers to be used in the shop(loor.
Every activity in the enterprise must follow the quality standards. The quality standard procedures are
all described in several booklets and are constamly used by the people involved in manufacturing on
the shopfloor.

During the product life-cycle, described above, many different kinds of information are handled by
each activily, where each activily uses its own representation approach and storage strategies. This
information melting-pot makes it difficult to share and exchange the information and potentially
increases the information inconsistency problems. As mentioned before, the product definition is the
main concept to which other manufacturing information is related. Marketing, design and
manufacturing phases develop activities where the product information is defined and used to generate
the final product. During this process, several other pieces of information are defined and aggregated
to the product definition, so that it can be used as an integration element in a concurrent engineering
enviranment.

COMPONENT

PART

GROUP
FEATURE

SURFACE

Fig. 4 Hierarchical product representation

The product is defined hierarchically as presented in Fig. 4. The component level is user defined
and can be reused in other product definitions. In this hierarchic definition, the component complexity
is decreased in jis sub-component definition, while the functionality and characteristics of
subcomponents are more detailed. A simple component is described by one or more parts. A part is
defined as a non-assembled element produced by one piece of raw material. Parts constitute the last
level that can be defined by the user. One part can be compaosed of as many different preexistent groups
and features as necessary fo represent its functionality, Groups are composed of features and generally
describe a standard constructive element. Both groups and features are available in libraries. Each
library supports the manufacturing needs of one specific product domain.
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Each feature represents a design function used by the designer in the product conception phase.
With this constructive element the part is built in a funcion assembly process. One feature can be
generic, like the groove in Fig. 5. It is a shape, with some dimensions that can be used for many
different purposes. In this basic feature a function can be aggregated, so that it can define more
information. Surface finishing and tolerances, machining process and therm-chemical process are
example of such functions. An example feature is represented on the left side of the part illustrated in
Fig. 6.

Fig.5 A generic feature

Figure 6 presents a part modeled by its features. This part is compaosed of 3 groups defined by their
funcionality. On the left side Support-roller-ball-group supports the pulley in its location. This group is
composed of several features that develop specific functions. The Joint-group describes the union
between the other two contructive groups.

The feature representation is structured in classes using a similar criterion. A feature can be
defined under the object-oriented paradigm. This approach simplifies its representation and handling.
As such, a feature is defined as an object with attributes, methods and inheritance. Figure 7 describes
how groups are composed of functional features. For example, Support-roller-ball-group has many
functional features. The feature Retention- Groove is a sub-class of Groove, and inherits the shape
information from it. On the other hand, some important characteristics can be deduced by its own
function, like surface finishing and tolerances.

Fig.6 A part composed of several groups
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\N.lquih
Rolez Ball Bearing suppoi
Ratention Groove
Fig7. Design by features

As described earlier, the production process information is distributed among many differeni
enterprise areas. Each of them maintains its own information structure. Basic relationships among
objects are defined with the three fundamental abstraction mechanisms of generalization, classification
and aggregation (Tuijnman and Afsarmanesh, 1993a). The subtype/supertype (generalization)
hierarchy for Concurrent Engineering information is shown in Fig. 8. In this figure, boxes represent
type objects, the arrows represent subtype/supertype relationships, and the undirected lines that come
out of the boxes lead to mappings (properties or attributes) that describe members (instances) of the
type. CONCURRENT-ENGINEERING-ACTIVITY is a type described by the information
represented in sales, marketing, design and production activities, as it is described in section 1.2. For
example, the DESIGN-ACTIVITY is described by its PROCESSes, COMPONENTs and
STANDARDs. Some of this information is distributed over other agents that can be accessed and
interrelated with local information using the remote reference mechanism,

RENT_ENGINEERING_ACTIVITY

s
| el | o N

Lnns _processes: PROCESS
_components: COMPONENT
_standards: STANDARD

PLANNING_ ROCESSING_|
ACTIVITY CTIVITY

Fig.8 Concurrent engineering information modeling
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Fig. 8 Concurrent engineering environment agents
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1 diameler. MEASURE E.m MEASURE L] —M'MEASUHE
[ o1_group’ ROT_GROUP sh_group:  SH_GROUP
rol_leatwe: ROT_DETAIL non-rot-group: NON_ROT_GROUP
|
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Fig. 10 Product representation

The information described above is distributed over four distinct and autonomous “kinds” of PEER
agenis as presented in Fig. 9. These agents are interrelated and constitute the cooperation network,
\ where the information can be shared and exchanged among them. Obviously, for simplicity reasons,
| only one agent from each aclivity is represented in this figure, while in a realistic siwation, there are
A many interrelated agents e.g. design agents performing the design activity. Within this CEE network
: the first draft made by the engineers in the sales activity can be used by the designers during the design
i phase, as well as, by the marketing activity. Due to the difference in goals and purposes of each
activity, generally, the information generated or stored in one activity is nol entirely interesting to
another one. In these cases, the correspondence between different agent’s schemas, must be established
through the schema derivation/integration or through the remote referencing.




e g e T

M

AT, A i S S —

Design of a Distributed Database for a Concurrent Engineering Environment 308

The product model is the important unifying piece of information among different activities within
the Concurrent Engineering environment. As described in section 1.2, it is represented hierarchically.
In Fig. 10, the type COMPONENT represents the recursive definition of the “Component” in Fig. 4.
The two sub-types of the COMPONENT are disjoints, A component is defined through its recursive
subcomponents; while each subcomponent is a component itself. The recursive definition ends when at
the lowest level a component can be fully defined in terms of parts. So, one product is decomposed into
many (sub)COMPONENTSs, ¢ach one composed of some PARTs and come other
(sub)COMPONENTS. A part, as described earlier, is then defined by any number of GROUPs and
FEATURES. The subtype ROTATIONAL represents rotational groups and features,

The type rotational group (ROT_GROUP) has two sub-types (see Fig. 11) that represent the
information described in section 1.2. A rotational group is composed of features, as represented in Fig.
11 by the aggregation relationships “has_primitive" and “has_detail”. Both ROT_JOINT and
ROT_CONSTRUCTIVE are characterized by their features detail (ROT_DETAIL), and the
constructives groups have “one” primitive feature for the ROT_CONSTRUCTIVE entities must be
modeled as an “integrity constraint” defined on the type ROT_CONSTRUCTIVE, and will be
discussed in a future paper.

Features are structured in subtypes that represents a specific part domain, for instance, rotational
parts, prismatic parts, sheets, etc. Every feature (FEATURE) is described by its surfaces. Figure 12
represents the description of rotational features (ROT_FEATURE). The type RETENTION_GROOVE
is a functional feature derived from a generic feature GROOVE and is described by additional
attributes.

ROT_GROUP has_detail: ROT_DETAIL

Ai e

[ rot_soiNT | [ROT_consTRUCTIVE]

I—hs.t-. _primigve:
ROT_PRIMITIVE

Fig. 11 Group representation

When a feature describes the information about its machining process, it represents a link between
two different agents. For example, if a CAD user chooses a feature RETENTION-GROOVE, a
member of this type is accessed (or created). This feature has associated production information, that is
modeled in another agent. So the design can access many kinds of manufacturing information like
machining process, machines, tools and fixtures available for this specific feature using remote
referencing facility described in section 3. The main advantage here is that, the information is stored in
the network only once and there is no redundancy to cause the information inconsistency problem.
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Conclusions

This paper presents the basic premises of designing a framework for CEE information
management and information sharing. Several information modeling requirements necessary to
support concurrent engineering applications are distinguished. Then, the PEER federated object
management system is described addressing those information management requirements. Four
specific kinds of PEER agents are distiguished to constitute CIM activities. Product is described as the
common vnifying source of information among agents, and and object-oriented schema description is
provided to present the hierarchic definition,

[_LRETENTION GROOVE| | STOP-UP-GROOVE]

nng_num: INT I nng_type: INT
has_process’
MACH_PROCESS

Fig. 12 Feature representation

The paper presents the follow-up attempt towards the cooperative research between two research
teams involved in the ESPRIT basic research CIMIS.net project ECLA 004:76102., The next step in
developing a CIM database for the Brazilian Aerospave industry consists of the complete design of the
four kinds of PEER agents, representing their complex application information and then implementing
these distinct CIM activilies.
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Resumo

Conceitos de engenharia concorrente sio considerados como uma maneira de incrementar todos os aspectos do
ciclo-de-vida de um produto. Essa abordagem primeiramente sugere o uso de grupos multi-funcionais formado
por engenheiros € especialistas de atividades do ciclo-de-vida do produto. Uma das fungdes principais da
engenharia concorrente € negociar a melhor solugio para o desenvolvimento do produto, Trabalho em grupo
exige intensa colaboragio ¢ troca de informagdes. Este trabalho desereve o Concurrent Engineering Environment
(CEE - Ambiente de Engenharia Concorrente) como uma ferramenta potente de auxilio na implementagio dos
conceitos de engenbaria concorrente. A abordagem nalural para o gerenciamento e compartilhamento das
informagdes entre as diferentes fases do processo de manufatura é uma rede de agenfes aulbnomos e
heterogéneos forlemente acoplados. Nesta rede, um agente & envolvido em uma atividade (por exemplo: projeto)
desenvolvida durante o ciclo-de-vida do produto ¢ auxiliado por outros agentes que também fomam parie na
mesma atividade. Se por um lado as atividades sfo independentes, por outro sdo interrelacionadas ¢ necessitam
cooperar € compartilhar informagdes entre elas. Neste trabalho & descrito o projeto de um banco de dados
distribuido que suporta a manipulagio da informagio no CEE para uma indistria aerondutica brasileira, O
projeto do CEE € baseado em um Sistema de Gerenciamento de Informagdes Distribuido - PEER. Este trabalho
descreve a segunda etapa da cooperagio entre a Universidade de Ambsierdam (Holanda) € a Universidade
Federal de Santa Catarina (Brasil).
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Abstract

This work presents a proposal to a Concurrent Engineering Aided Environment. It is supported by a generic
STEP-based integrating platform providing a powerful assistance to information modeling and distribution. This
effort is a cooperation between the UNINOVA-Universidade Nova de Lisboa-Portugal and Universidade Federal
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Introduction

Countries around the world expand its economy in a global perspective. lts effects, in the industry,
imply in a deep reorganization in its procedures to improve competitiveness. This new approach must
provide a close control over the role life-cycle product development, including suppliers, marketing,
design and production. Coneurrent Engineering (CE) is a methodology 10 achieve this.

This paper presents a proposal 1o a Concurrent Engineering Environment (CEE) supported by a
STEP based Information Management System (IMS). It is a first effort 1o define the role of an IMS in
CEE. The paper is organized as follows: section 2 defines Concurrent Engineering in a CIM
perspective; section 3 presents the CEE and its requirements; section 4 describes UNINOVA's STEP
based Integrating Platform; section 5 brings some improvements to this platform to fulfil CEE
requiremenis, finally, section 6 presents conclusions and future works.

Concurrent Engineering

Concurrent Engineering (CE) is a methodology that provides a product development based on
cooperation among the people working in its elaboration. 1t includes a teamwork approach. In many
works (Reimann and Hug, 1992, Terpenney and Diesesnroth, 1992) Concurrent Engineering is defined
as a methodology that brings to the design phase considerations about factors that can induce errors in
the Tuture steps. In other point-of-view (Moreira, 1993), a CE team must be respoﬁsible for all
decisions over the product life-cycle. By this way all [aciors that could affect the product development
should be analyzed and solved by experts in each aspect of the product.

Some CE tools as Design for Manufacturing, Design for Assembly and Computer Integrated
Manulacturing technologies (CAE/CAD/CAM) could be used to help in the team aclivities. A good
example of this type of programs is the Boothroyd-Dewhurst design for assembly system. Their
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computer program asks the user for a series of questions about the fastening method, symmetry of the
parts, general size of the parts, angle of insertion and so on, and gives an evaluation in terms of the
assembly time, its breakdowns, and the assembly efficiency. Similar evaluation programs exist for
other manufacturing issues, and when integrated in a wide CEE could be effective on helping any life-
cycle activity. Other important point, on which the teamwork is structured, is the information query
distributed in the CEE.

Huthwaite describes a Concurrent Engineering team as a group responsible for the project since its
carliest phase. To be effective, the team’s partners must talk the same language and exchange
information by the same channel. As well as the analysis tools, used by the partners, must understand
the output of the other tools. From the information system perpective the integration of a set of
heterogeneous applications implies on the solution of several problems, including (Camarinha-Matos
and Osorio, 1992):

- definition of common models for shared information;

- definition/adoption of an Information Management System (IMS), and

- in conjunction with the IMS realization of an integrating infrastructure that provides a

functional support for integration, i.e., a kind of “software bus” offering high level interprocess
communication services to the connected tools.

(£ +a9= 1

ﬁ

" =

Process Planner

Designer

Process Plannar Process Planner

Fig. 1 Concurrent Engineering (CE) teamwork approach (A) and CE environment (B)

Concurrent Engineering Environment: Overview and Requirements

In a traditional product life-cycle, the information is strongly centralized in each activity.
Meanwhile, during the development of some activities information about other process should be
necessary, and its lack could imply in errors. A computational environment should decentralize the
information by a distributed information support. Follow Terpenny and Diesenroth (1992), three points
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are basic in a concurrent engineering environment implementation: improvement in the design
strategy; decision make aid; and information support. By this way, improvements are centralized just
in the design phase, anyway this proposal is interesting because treat the problem non-specifically in
terms of information handling and decision make support. The Concurrent Engineering Environment
(CEE) is based in CIM concepts, where each CAx (CAD, CAE, CAM, CAPP, etc.) is a tool which
function is to aid whole product life-cycle. More details about it can be found in Moreira (1993).

e Information Management System Al
Mata- Meta-Intormation r (Client) DBMS
Information Dictionary I _' //
Modet A Produa | i
Data Base
b Y
) ¥
A ISAP - Information Access
EXPRESS
Comgller | (Chonty A _ & N
¥ \ \
ISAP ISAP
(Cion) || || (Cliorny (Chon)
Mﬂﬁ‘hﬂ W;lﬁﬂ Applica an
Meta-information -

Fig.2 UNINOVA's integrating platform

Generalizing the Terpenny proposal (Terpenny and Diesentoth, 1992), a et of requirements to a
concurrent engineering environment could be defined:

the environment must be distributed and based on the client-server paradigm. So, each CAx
could be modeled as an information server, as well as, an analysis tool. Agents may work
concurrently, exchanging information, in order to solve a problem;

data independency must be supplied for agents;

product information must be widely handled by every activity/agent, so it has 10 be modeled in
a standard way. Geometric and technological information must be available for every activity,

each activity manages an amount of information, Part of them could be used by other activities,
but mostly information is internal and must be protecied, then vision facility must be provided;

agents have o exchange information, then a communication protocol has 10 be defined. This
protocol must provide queries, analysis and answers facilities for any agent that needs it, and

the environment must be evolutive, it means that new agents can be added to the system step
by step, according to the enterprises strategies.
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Integrating Platform

This section presents a STEP based integrating plaiform developed at UNINOVA (Tavares et al.,
1993), and its use in a Concurrent Engineering Environment. '

STEP (ISO 10303} is an International Standard for the computer-interpretable representation and
exchange of product data. The objective is to provide a neutral mechanism capable of describing
product data throughout the life cycle of the product, independently from any particular system.

STEP includes a formal language (Express) developed to the information modelling. Express
allows for the definition of universes of discourse, that i8, specific aspects of the product life cycle,
This is done through the schema constructor, that aggregates objects of interest (entities) of specific
domains of application (e.g. design, process-planning), constituting application information models.

Information Management System il
i MISAP | EXPRENS fg— L
ISAP - Information System Access Proboeo| (Sarver) / (Cliant) | Complie: T e
2
- Meta-Information % G ] e T
Dictionary %‘-‘ E Model |t
Produa \u. Mata-Information
Data Base | & g
2 &M
a

(

GETME \
FEE | essap ge Manager 2 <_6
4 3.

GETME
Agent n

(Client) (Cliern) I| (Cliant) i

Fig. 3 Integrating platform with improved peer-to-peer capability

The Integrating Platform, depicted in Fig. 2, has two major components: an EXPRESS Compiler
and an Information Management System (or simply Information System - IS).

By means of the EXPRESS Compiler, an application information model, as called application
meta-information, is translated to the IS meta-information dictionary internal represemation.
Therefore, information communication and validation depends strongly on this component,

The Information System is the heart of the integrating platform and acts as an information scrver. i
is composed of three components:

- ISAP - Information System Access Protocol: Set of funcions providing capability of local/
remote data communication among the IS and external systems such as CIM applications, the
EXPRESS Compiler and persistent data storage systems. 1t provides also the validation of the
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transmitted data, by using the application meta-information. Two subsets of ISAP - MISAP
and PISAP - are provided to communication of meta-information and persistent data,
respectively,

- MID - Meta-information Dictionary: IS internal meta-information storage structure.
- PDB - Product Data Base: IS internal application data storage structure,

The integration of application is carried out through a tight connection mechanism, by which
neutral format files are exchanged by ISAP client-server interfaces. In present implementation, RPC
was used 10 accomplish client-server mechanism requirements.

ENTITY Task_Specification
sk_name: task_name_type;
task_number: task_number_type;
task_kind: task_kind_type;
task_associated_data: sssociated_data_type;

END_ENTITY;

Fig. 4 Simplified EXPRESS entity modelling lask specification

However, 1o achicve the CEE requirements identified in section 2, the platform must be improved

with a new capability; the message handling mechanism. This improvement is described in the next
section.

Task Specification C_Aget )
2)
) n
!
onnection
4

Fig. 5 Message handling capability - peer to peer transaction
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A Message Handling Mechanism for the Integrating Platform

From now on, the term agent will substitute the term application used in the last section. This is
because the higher level of iteration between the several activities of the product life-cycle, typical on
concurrent engineering. Further, it is not enough to a CEE a simple product data exchange mechanism.

In the last section a STEP based integrating platform was described as an apprach (o the
implementation of a CEE. Indeed, it is a powerful solution to the distribution of information o every
agent involved in the product life cycle.

However, a new capability must be considered, in order to accomplish the identified requirements
of a CEE.

The first point 1o consider in a CEE is that agents must be autonomous, or must have a high level of
autonomy, in order to interact with other agenis. To conduct these interactions, they need to obtain
information about other agents - their capabilities, their actual status, their availability, eic.

As an example, suppost that the agent Design, during the product design, need fo realize an
analysis of manufacturability. First of all, it must be known which Process_planner agents are available
to deal with the design to be analyzed. Then it must establish a connection to the selected pariner,
sending the design and receiving the analysis.

By this example it is clear that the IS must have an additional capability: peet-1o-peer transaction.

Actually, the communication between two agents is performed in two steps: the first agent
connecls the 1S, transmits data to be shared, and disconneets. Afterwards, the second agent connects
the IS, gets the data and disconnects,

Peer-10-pecr transaction means that agents can, through IS, ask other agents for information (e.g.
geometrical information of a part) or services (¢.g. the assembling analysis of manufacturability in the
example above), even before those agents make information available in the IS,

It implies that the IS needs to provide a message exchange mechanism, GETME (from
“GErenciador de Troca de MEnsagens”, or message exchange manager in portuguese), is this
mechanism, and should allow agents to be information/service servers (and IS 1o be client,
consequenily), beyond the actual agent information client capability.

GETME should be able to help agenis 1o choose prospective partners by analyzing some
conditions, as availability, offered services, and so on. It is clear that the 1S should be able 10 receive
these information from the agents. Further, it must manage the enlire ransaction between the agenis,

To fully achieve peer-to-peer communication, a complete message exchange model must be
specified. This model should use EXPRESS on its formalization, so that messages could be exchanged
via an ISAP based interface. A simplified example of EXPRESS entity modeling Lask specification is
shown in Fig. 3 (Integrating Platform after the inclusion ol peer-fo-peer capability) and Fig. S (the
peer-to-peer transaction itsell).

Conclusions

This paper presented a Concurrent Enginecring Environment being developed by UNINOVA-
Portugal with cooperation of UFSC-Brazil. This is one important effort to popularize STEP in the
manufacturing world. In the last year several Application Protocols were created by IS0), showing that
STEP is becoming o well accepted standard, and that its adoption by manufacturers is evident,
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The actual work status is a first industrial version of the integrating platform being finished,
running in AIX, SunOS and Linux. This first version is being put available for demonstrations
simultaneously in Lisboa-Partugal and Florian6polis-Brazil.

Future work will be done with the implementation of message handling capability, among other
improvements as a toolkit to aid information modeling (browsers, graphical representation, etc).
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Resumo

Este trabalho apresenta uma proposta para um Ambiente de Engenharia Concorrente (CEE), Este é suportado por
um sistema de informagdes, de uso genérico, baseado em STEP que prové assisténcia para a modelagem ¢
distribuigao da informagio. Esta pesquisa vem sendo desenvolvida em cooperagio entre a UNINOVA-
Universidade Nova de Lisboa (Portugal) e a Universidade Federal de Santa Catarina (Brasil).
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Abstract

This work presents an approach to the integration of an optimization system with the other CIM activities using
a distributed/federated database architecture. The CIM application environment addressed here is the shoe and
handbag manufacturing industry and the optimization system is for cutting the layouts of irregular shapes out of
the base leather material. Here, the optimization system is specified by the complete separation of the user-
interface from the optimizing aspects of the problem and defines them as two distinct cooperative agents. The
integration of separale activities within a CIM distributed database system is attained by, using a federated
object-oriented database management system. The federated architecture used here supports the cooperation and
information exchange among autonomous and heterogeneous agents.

Keywords: Distributed/Federated Database, Optimization Expert System, CIM.

Introduction

An intelligent optimization system for CIM can be thought of as an agent performing the activity
of optimization in a network (federation) of cooperating agents, where the agents represent different
CIM activities. To support the concurrent engineering approach, different CIM activities must
cooperate and exchange information. The optimizer agent shares the data provided by other CIM
agents, that for example encapsulate the design, production planning, and manufacturing activities.
This paper presents an approach to integrate and support an optimization expert system (DSS- VIM-
cutting) within such a federated information management framework (PEER) designed to support a
CIM application.

We will first realize two specific kinds of agents, one to represent the optimization system (OS)
and the other 1o represent the user-interface (UI) for the optimization system. Second, an information
sharing layer will be developed to support the cooperation and information exchange between these
two agents. Third, we describe the framework in which one OS agent and several Ul agents can be
interconnected within a PEER network of cooperative CIM agents in order to fully integrate the
optimization expert system within the CIM database. The resulting system will support the access to
the optimization system from any UI agent defined in the network, and will automatically support the
distributed query processing on optimization data,

The optimization expert system described in this paper is the DSS-VIM-Cutting, a Decision
Support System based on the Visual Interactive Modelling. This expert system aims to optimize the
layout of a set of moulds to be cut on a piece of raw material. To gain the best layout, the system must
be integrated with other CIM’s subsystems such as CAD, CAQC, PPC, and with a numeric control
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machine that executes the actual cutting. We first focus on defining a PEER agent, called DVG, to
represent the DSS-VIM-Cutting system. The DVC agent will be primarily defined in terms of its data
structures. We define the data that the DVC agent needs to access from other agents and we indicate
from which other agent(s) that data must be retrieved. We also specify the data that the DV agent can
make available to the other agents in the federation, Then, we will design the information sharing layer
of the DVC agent, in order to integrate the DSS-VIM-Cutting system within the PEER federated
architecture, to complete its integration with the other CIM application activities.

The federated architecture described in this paper is based on the PEER information management
framework (16™, 4™, 7" references). PEER is an object-oriented federated/distribuied database system
designed and implemented at the University of Amsterdam. It primarily supports the complex
information management requirements set by the industrial automation application environments. The
research described in (Afsarmanesh et al., 1993b) describes some concurrent engineering requirements
and the specific PEER capabilities to satisfy them, The federated architecture of PEER introduces an
integration facility to support the cooperation and information sharing of autonomous GIM agents with
heterogencous data representation organizations (Afsarmanesh et al., 1994b). To better support users
of the integration facility and for high level access to data and meta-data, two powerful and user-
friendly interface tools are developed. The Schema Manipulation Tool and the Database Browsing
Tool are both window-oriented and implemented using X-Windows on SUN workstations. These
interface tools support users with their access, retrieval and modification of both data and meta-data in
PEER agents, A prototype implementation of the PEER federated system is developed in the C
language that runs on UNIX, on a network of SUN workstations, One of the application areas 1o which
the PEER system is applied so far is within the ESPRIT project ARCHON. The ARCHON project
develops a system to integrate cooperating, heterogenous and autonomous expert systems. In this
project, PEER was tested in the control rooms of power distribution networks in two different
industries in Spain and England,

The remaining of this paper is organized as follows. Section 2 prescnts a description of the
oplimization expert system. A description of the PEER s federated architecture is given in Section 3.
‘The realization of the optimization system agent and the user interface agent is described in Section 4.
IYinally, Section 5 contains the conclusion of the paper,

Specification of the Optimization Expert System

The Optimization expert system can be defined by two distinct subsysiems of: Optimization
subsystems (OS) and User interface subsystems (Ul). The Optimization Subsystem is formed by two
processes: problem processing and knowledge processing. The problem processing performs the
central control of the solution search process, while receiving the basic algorithms from the knowledge
processing and coupling it with the interactive requirements of the user. OS coniains both the
knowledge to perform the heuristic search, and the production ruies to represent the problem.

The Uscer Interfuce Subsystem performs the interaction with the uscr, based on the Visual
Interactive Modelling (VIM) paradigm, This subsysiem is based on the idea of Modelling by Example
(MbL) as a means of enhancing cooperation between user and the system. The Ul supports decision
making while taking into consideration four important dimensions of: End-user (decision-maker)
modelling, Modelling us a concrete, visual and incremental process, Reactive system behavior, and
Supplying active support (act as a consultant).
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Data Structures used in OS and Ul

In this section we will describe the data structures used in OS and UI as well as the relationships
existing between those structures. On doing this we will be formalizing our data structures through an
algebraic notation. We suppose the existence of the polymorphic type Set of x, denoting the concept of
sets containing elements of type x.

The objective of the system is to define a layout describing the allocation of pieces on plates of
leather. On a topdown view the UI agent receives information about the leather pieces and the moulds
to be cut and requests the OS to find a minimal cost layout while sending to it a description of the
initial state of the plate and of the moulds lo be allocated on it. Plate and moulds as well as the final
layout are each represented by polygons,

08§ Subsystem

This subsystem is responsible [or the layout production: it allocates pieces, represented by
polygons, on the plates, that represent the leather to be cut.

The pieces received by the OS are represented through a closed polygonal line, which is
represented through a set of vertices - vertices are pairs (2-tuples) of coordinates:

PolyLine = Set of Vertice

Vertice = (Real,Real)

For each piece that OS receives from the UL, it generates a set of polygons delining the possible
rotations for the allocation on the piece. The polygons are 3-tuples describing the polygonal line of the
original piece, a Pieceld, associating each polygon to the piece it was generated from, and a rotation
angle.

Polygon = (PolyLine,Pieceld,Angle)

For every polygon allocated on the plate the OS defines an entity stating the polygon and the
position of allocation,

DrawnPolygon = (Polygon,Position)

Position = (Real,Real)

The first step taken by the OS is the generation of a set of polygons [rom the set of pieces received
from the UI agent.

The 1ask of layout design is accomplished by an algorithm adapted from the A* algorithm
described by Nillson (1984). Each step of this algorithm takes a state, describing the set of polygons
drawn on the plate, and creates a set of successors for it, each one with a new polygon inserted. This
procedure generales a tree where the leafs represent the most recently drawn polygons. Every branch in
this tree represents a possible layout for the task. In each step a minimal cost function selects a branch
of the tree where a new polygon must be added.

As mentioned belore a state is represented by a set of (drawn) polygons:
State = Set of DrawnPolygon

An important concept for the algorithm is the set of polygons to be drawn, At each step there will
be a different set of polygons to be inserted and every time a polygon is drawn, The polygon itself
together with all of the other poly gons with the same Pieceld must be excluded from the original sei,
We will use a Universe to designate the set of polygons to be drawn:

Universe = Set of Polygon
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The A* uses the following procedures:

class that defines the set of all polygons with the same Pieceld.
class::(p:Polygon,u:Universe) -> Set of Polygon =
{ x €Eu : Pieceld(x) = p }

put that inserts a new polygon in a given state

put:: (s::State,p::Polygon) =-> State

create that creates the successors.of a given state

create:: (u:Universe,s:State) -> Set of State =

{ put(s,x) : x € Un(u,s) }

Un that states the set of polygons to be inserted

Un:: (n:Universe,s:State) -> Universe =

u . | fdass(Polygon(x)):x €s }

minState that returns a state with minimal cost associated
minState:: (O:Set of State) -> State =
oneOf ({x € 0 : f(x) = £ Min(0)})

Where oneOf selects an element from a set and fMin obtains the minimal of the costs of all
states in a set.

layout that produces a layout given a plate (defined by a Polyline, an initial state, and the
universe of polygons to be allocated.

layout:: (p:Polyline,initial:State,u:Universe) -> State
createlLayout (create(initial),0) -> state

where createLayout generates the searching tree:
createlLayout:: (open::Set of State, n::Universe) -> State

if create(minState(open)) = 0 then open
else createLayout(newopen, u-class(minstate(open)))

where newopen = (open-minstate(open)) U create(minState(open))

In the definitions above, x Uy and x - y denote respectively the union and difference of the sets x
and y, and UX denotes the union of the sets that are elements of X.

Ul Subsystem

This subsystem realizes the transformation of user-oriented siructures to the OS-oriented
structures. The Ul agent will receive from other agenis the following structured information
(Negreiros, 1993):

Leather Plate: an abstract representation of a two-dimensional bounded regibn. possibly

generated by a CAD system. From a Leather Plate two subclasses of objects can be generated,
These subclasses are:

Graded Leather Plate: contains additional attributes such as texture, thickness and boundary.
Defective Leather Plate: represents a leather plate that encloses a defect.
Mould: an abstract two-dimensional region with the following attributes: identification of the

picee, required material quality, directional properties, allowable cutting plate regions.
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Following interrelationships can be established and defined among the leather plate and mould
objects:

Overlap: to detect overlap among moulds;

Direction: feasible set of cutting directions;

Identification: technical specification of a mould.

This object framework (model) described above is the essential core for modelling the cutting
problem. The “model” is captured by the OS and the resulted cutting plan is returned to the UL Since
there are several different kinds of users involved in such a system, most of the objects described above
need to have a dynamic behavior (Pinheiro-Pita e Camarinha-Matos, 1993).

Data Required from other Agents

Since all information necessary to the DOV must be first visualized by the user, we consider that
the interaction between OS and other CIM agents, involved in any activity, is done through the Ul
agent. As pointed out by Alvarenga et al. (1993), the DOV interacts with the following manufaciuring
systems:

CAD: that provides information about shoe design (moulds, shape, dimensions, tolerances, ¢1c.);

CAQC: that provides automatic vision inspection of leather plates (shapes, dimensions, texture
and defects);

PPC: that provides information concerning type and volume of leather picces, schedule, storage,
state of the shop floor, etc., and

NC: to which the DOV provides the numerical control program 10 execute the actual cutling.

PEER Federated Information Management System

PEER is a federated object-oriented database management system (4™, 7°, 16, 17, 15
references) that primarily supports the cooperation and information exchange among autonomous and
heterogeneous agents. The PEER federated architecture consists of a network of tighily/loosely
interrelated agents. Several concepts developed in PEER support the complex information
management requirements of CIM application area. Concurrent engineering, where there is a team of
cooperating experts each involved in a different CIM activily can be represented by a PEER network.
Every such activity (such as design, planning, manufacturing and the oplimizalion aclivities)
constitutes one or more PEER agents. By definition, such agents are autonomous in their activities and
decisions, heterogeneous in their information representation, bul cooperate with each other and share
and exchange information (o reach the ultimate goal of the indusiry,

In the federated architecture of PEER, both the information and the control is distributed within
the network. Namely, PEER can be characterized by: (1) there is no single global schema defined on
the information shared among the agents, unlike many other distributed object-oriented database
systems (such as in Kim et al. (1991)) that defines one global schema 10 support the entire network of
database syslems; (2) the interdependencies between two agents’ information is established through
interrelating their schemas (defined on the shared data); thus there is no need to store the data
redundantly in different agents; (3) there is no central (global) control within the network. The
functionality of the PEER federated system is supported by the specific architecture of each PLER
agent and its PEER-kernel, and by the existence of the community dictionary within the network.
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Architecture

Every PEER agent in the cooperation network contains several interrelated schemas (i.e. LOC,
IMPs, EXPs and INT schemas described in Section 3.3), The PEER-kernel is itself a predefined
schema that acts as a unifying super-siructure 10 support the investigation of data, meta-data, and meta-
meta-data of the PEER (Afsarmanesh et al., 1994a). It primarily supports the representation of multiple
schemas, the information on the agent’s involvement in the cooperation network and provides an
environment 1o model the schema integration/derivation relationships. The meta-meta-data is the
information that describes the meta-data (schema elements) of the database. Therefore, any component
of a typical schema, such as types and maps, as well as the schema definitions themselves (being
derived such as INT,or defined such as LOC), and their interrelationships are all systematically
represented in the PEER-kernel. In specific, the PEER-kernel supports the following: (1) the co-
existence of several schemas in one agent and representing them individually; (2) the representation of
meta-meta-data to represent the defined/derived-schemas, defined/derived-types and defined/derived-
maps; (3) the representation of information regarding other agents in the network by their network-id,
network-address, and their export schemas shared within the community, and (4) the representation of
detailed derivation specifications for derived types and derived maps through storing the information
on their source-types and source-maps, The information represented by the PEER-kernel is vastly
used, through the PEER interface tools, by database designers/developers to organize their information
and create/modify their schemas in the PEER and by the distributed query processor of the agent.

The community dictionary is the “source of information” within the network and can be
consulted at any time by other agents. Its function is to provide up-to-date information on all agenis in
the network. It contains the network addresses of the active agents and their current state. For every
agent, i1 also stores its export schemas and the specific access rights and schema modification rights
that the agent supports. The dictionary can also be used as the general store for other static information
that concerns the entire community such as objects’ name-tables. Although, in the architectural design
of PEER the community dictionary is represented as a separate agent to be accessed when needed, any
other agent in the community can keep local copies of all or parts of its information.

Information Model and Language

The PEER information base model and the PEER language has roots in the 3DIS (Afsarmanhesh
and McLcod, 1989, Afsarmanesh et al., 1990) database model and the 3DIS/ISL language
(Aflsarmanesh et al., 1989, Bergman, 1992). The PEER data model is a binary-based object-oriented
database model. Any identifiable piece of information is uniformly represented as objects. It represents
atomic, composite, and type objects. Alomic objects are strings of characters, numbers, booleans, text,
ete. usnally referred to as ‘values' in other systems, Composite objects are non-atomic entities and
coneepts of the application environments and can be decomposed into further objects. Mapping
objects, usually referred 1o as “attribute” in other documents, are a special kind of composite object,
Muppings can be single-valued or multi-valued and represent both the deseriptive characieristics of an
ohject as well as its association with other objects. A type object is a structural specification of a group
of atomic or composiie objects. It denotes a collection of database objects called its members
(instances). The PEER supports multiple inheritance; the subtype/supertype relationships defined
among types [orm a Directed Acyclic Graph (DAG).

‘The information retrieval/manipulation language designed for PEER supports both the local access
und modification of agenis' information, and the remete access and sharing of information among
agents. The retrieval of information is based on queries on binary relations among objects. The

|

|



— T NN

Integration of an Optimization Expert System within a CIM Distributed Database System 324

‘retrieval” of information is simply formulated as an ordered triple with: domain-object, mapping-
object, and range-object, being its three elements, and in a typical query one or more of these elements
is replaced by a ‘?'. The query: ‘retrieve (engine-790, ?, ?)’ retrieves all the attribute values of the
object engine-790, as well as retrieving all other objects in the database that are related to it. For
instance the ‘designer’ of engine-790 (e.g. ENG-C3) that is another object in the database is also
returned as results, as follows: (Engine-790, has-designer, ENG-C3). A path expression -several
mappings connected by dots can replace the mapping in a query- denotes indirect relationships
between objects. For example, by the query

‘retrieve (?, has-designer.experience-record. projeci-involved,*GL340")

all engine objects will be retrieved that have a *designer' object for which an ‘experience-record’
object has the ‘project-involved’ value “GL340",

PEER Integration Facility

The main principle behind the design of the integration facility is 1o preserve the agent's autonomy.
Cooperating agents wish to share with other agents as much as possible a part of their information that
they want to release, while there is always a part of the information that is underdevelopment, and the
agents wish to keep it private. Another principle, is to decouple as much as possible the design
decisions made by individual agents concerning their object organizations and object representations
private 1o the agent. Typically, agents are developed and evolved independently of each other, but
preexisting agents may decide to merge together in a bigger cooperation network. An example
situation is the merging of preexisting hospitals inta one chain of haspitals.

The integration facility presented in PEER is supported by a sophisticated schema integration
mechanism and two user-friendly and powerful interface tools. The schema integration mechanism
supports the re-classification ol objects by a different organization (than their origin) through a specific
sel of type derivation operations, and the re-interpretation of relationships defined between objects
through some map derivation operations ( Afsarmanesh, 1993a). The approach of PEER is principally
different than the other methodologics presented for distributed database inlegration since il provides
an environment for cooperation and infarmation integration where the main emphasis is on agent’s
autonomy and agent’s heterogeneily of the represented information,

Schema Integration

For each PEER agen! there is one schema that specifies the type structure of all objects stored
locally. This schema is called the loeal schema (LOC). Derived [rom the local schema are one, or
more, export schemas (EXPS) that each define a particular view on the local objeets. Usually, an
export schema contains only a part of the concepts (types and mappings) defined in the local schema.
An export schema can be imported by other PEERSs; that will be called import schema (IMP). Fach
PEER agent has one integrated schema (INT), which is derived from the local schema and the various
imported schemas. The integrated schema provides a single uniform vpe structure defining all the
objects that are accessible by this PEER, both locally and remote. Since the integracd schema is
defined local 1o an agent, different PEERs may establish different correspondences between their
schema and other agents’ schemas, and thus there is no single global schema for the network,

The Schema Definition/Derivation Language (SDDL) of PEER (Afsarmanesh, 1993a) offers both
a set of ‘schema definition environments” and a number of “type-derivation” and ‘map-derivation’
primitives that support the integration/derivation of different schemas within a agent. The type and
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map derivation primitives are defined formally by their operational semantics (Afsarmanesh, 1993a).
The operational semantics is given in terms of rewriting rules that specify how a query in the context of
4 derived schema should be rewritten into queries that can be evaluated in the context of the defined
schemas.

User Interface Tools

The integration facility introduces two user-friendly interface tools for data and meta-data
manipulation in the cooperative environment. An interface tool SMT (Schema Manipulation Tool) is
introduced to support the manipulation of the schema-definitions, schema-derivations, and schema-
integrations within the network of agents, This is a necessary tool to support complex interrelated
schemas defined among different agents since it automatically performs many syntaétic and semantic
consistency checks when the definition of one schema is modified in the agent. Another user-friendly
tool DBT (Database Browsing Tool) is introduced t *§ ~g |rt the user of the agent with browsing
through both data and meta-data (schemas) accessible through the agent. The browsing tool replaces
the need for an imerface language by which the user of an agent can access both local and remote
information, while hiding the physical distribution of the information,

Realization of OS agent and Ul agent

The Ul agent receives input from users describing the leather to be cut and the design of the pieces
10 be allocated on it. It should transform the abstract structures representing those entities into suitable
ones for OS agent processing.

From those abstract structures the UL, defined on section 2.1.2, agem generates the structures to be
passcd (o the OS agen:

- Mould generaies Piece.

A piece is a pair stating a closed polygonal line (PolyLine), defining the mould shape, and a
type establishing that mould properties as material quality, cut directions, erc.

Piece = (PolyLine,Type)

The set of pieces will be used by the OS to generate a set of polygons (rotated pieces) (o be
drawn.
- Graded Leather generales Plate.

A Graded Leather specifies a set of regions of leather with specific properties associated. UIS
uscs objects of this class 10 generate the plates it will pass to the OS for the layout process. A
plate is described by a polygonal line and an associated type specifying properties.

Plate = (PolyLine,Type)
The UT will pravide the 08 with the plates and pieces lo be allocaled with coincident types,
Object instances of these classes have a visual representation in the UI system. [n order to provide

a core of visual interactive facilities we need 1o define classes like: window, icon, mouse, pulldown
menu and browser, which arc common in modern graphical user interfaces.

Conclusions

We have introduced an approach to the integration of an optimization expert System within a CIM
distributed database system. This approach is achieved by representing and modelling the optimization
system by two agents that can be integrated with other CIM activities within a federated architecture.
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Formal description of the DSS-VIM cutting optimization system is presented. A description of ceffain
features of PEER that support the requirements of integrating CIM activities is provided. Using PEER
as a framework for the integration, a federated architecture is achieved which suppors the sharing and
exchange of informaiton among autonomous and heterogeneous CIM activities presented as individual
agents, The federated architecture described here opens a wide range of possibilities for also the
integration of other agents within a CIM distributed database system.

This paper describes the first phase of the research cooperation between the University of
Amsterdam and Universidade Federal do Espirito Santo.
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Resumo

Este trabalho apresenta uma abordagem para a integragio de um sisiema de otimizagio com ouiras atividades de
CIM usando uma arquitetura de banco de dados distribuida. O ambiente de aplicagio para CIM descrito aqui é
para a indisiria de sapatos e bolsas e o sistema de otimizagio € utilizado para corle de leiaule de formas
irregulares em uma base de couro. Aqui o sistema de otimizagdo é especificado pela completa separagiio enire a
interface com o usudrio dos aspectos de olimizagio, sendo defmidos como dois agentes distinlos. A integragio
das atividades separadas através de um sistema de banco de dados distribuido para CIM ¢ obtido pelo uso de um
sistema Gerenciador de Banco de Dados Federado ¢ Orientado por Objetos. A arquitetura federada utilizada
suporta a cooperagiio e troca de informagbes entre agentes autbnomos e heterogéneos.
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Abstract

The design of graphical interfaces supported on objects with dyaamic behavior is introduced in the context of
Visual Interactive Modeling for CIM decision support sysiems.

This paper storts with a presentation of the Dynamic Behavior concept. Afier that, il presents a brief description
of the use of this concept in the design of intelligent graphical interfaces. The paper is concluded with the
presentation of an application to the leather cutting problem where this concept is being tested.

Keywords: Graphical Interfaces, Visual Interactive Modeling, Dynamic Behavior, CIM

Introduction

The Visual Interactive Modeling - VIM - 1echniques can be seen as a combination of friendly
interactive interfaces with computer generated models (mathematics and symbolic), as well as, with
processes that help the user to make devisions (Bell, 1991).

From one side there is the visualization as an important characteristic of the modeling environment
because it supports users of an expert sysiem in:

- acquiring new understanding of the dimensioning of their problems and 1o enable the

automatic generation of different views of such problems, and

- exploring the user visual ability for recognizing imporiant alternatives and/or siralegies during

the process of achieving the problem'’s solution,

A muajor aspect in this scenario is the inferactivity, In our days the idea of considering a human as
an integrating component of a complex computer assisied system has been increasing. It is accepted
that (o assure the economic viability and safety of sdvanced manulacturing systems, it is necessary o
understand and give “opportunity” 10 the roles the human can perform in such sysicms (Rouse and
Cody, 1991). Some internationul projects have been studying this problem, namely, the European
project ESPRIT 1217 - Anthropocentric CIM Systems - which states that “a CIM system is more
efficient, cheaper, more robust and more flexible if there are people directly responsible instead of a
similar system without people”.

Comparing the ability of people and computers it is obvious that a human is less efficient in
performing lasks that require systematic activities like continuous attention, repetitive actions,
consisiency checking, inspection of many variables, clc. But these 1asks can be casily computerized.
However, the human beings are more elficient than computers in other lasks because of their capacity
1o deal with unknown situations, 1o handle complex quality criteria (like texture, visual attributes, and
so on), making decisions with incomplete information, use their creativity, cte. The systems that try to
computerize these actions have a tendency 1o be expensive and insccure (Hamlin, 1990). 1t seems that
there is a need for an anthropocentric CIM system where human beings and compulters work together
to achieve better levels of fulfillment than the levels achieved by the users or by the compulers

Presented at the Second CIMIS.net General Mfﬂ: Floriandpolis, SC, June 1994
Ad Hoc Technical Editor. Aureo Campos Ferreira, UFSC.
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working alone. In other words, there is a need for creating a cooperation environment where the human
performs the tasks where he is more effcient and the computer the tasks for which the user has more
difficulties. One of the main conditions to concretize such environment is related to human factors, i.e.,
in what way the user can be integrated. The concept of human factor is, normally, related to the
interface man-machine. In the current context there are two approaches for the development of an
interface: an instrumental approach that [ooks to the user as a spectator and an organizational approach
that looks to the human being as a fundamental part of the whole system (Kovics and Moniz, 1990).
But, what kind of characteristics should an interface have that valorize the human factor? The user
hopes are: consistency, simplicity (easy to leam, easy to use) and efficiency. An interface for an
interactive system should enable the user 1o drive the interaction with simplicity and flexibility, should
reduce the need of commands’ memorization, and take care of all dialogue consistency. This interface
should avoid, as much as it can, the possibilities of mistakes and, when they happen, should provide an
easy way 1o recover from them.

HELIO

gy

Fig. 1 Dialogue among people and played roles

A proper arrangement of the visualization and interactivity features may enable an effective
cooperation berwecen the user and the sysiem. The user can, in an incremental way, build, change,
complete and test his models. On the other hand, the expert system should have the capacity of
complementing the user activity providing:

- A mechanism that operates over functional relations (formulas) dynamically introduced by the
user among the different componenis of the model, making the appropriated calculations, This
assures the consistency of the model at any stage, promoting the incremental development and
enabling a kind of “what i[" analysis;

- A mechanism that supports the introduction of semantic information into the model using
constraints to dynamically specify the user preferences (visual optimization), and

- A mechanism thal controls the structural consistency when the user applies modeling
primiuves 1o specily the relationships among the model components.
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This paper shows how the concept of objects with dynamic behavior can be used to fulfill the
'~ requirements of an interface with such characteristics. Finally, we describe the environment where
- such graphical interface is being tested in the leather cutting application domain.

Fig.2 An object role

Objects with Dynamic Behavior

Lets now introduce the UNL's approach to object’s dynamic model, making an analogy with the
world of people. We can admit that every person in a society play various roles, Persons are leachers,
students, chiefs, workers, parents, sons, and so on. From other side, when a dialog is established
. between two persons, each one playing a specific role, the “access™ one has 1o the information of his
. interlocutor (including the actions he can perform) is a function of the status he has regarding the role
he is assuming. For instance, John assuming the role of teacher, can, obviously, evaluate Peter,
assuming the role of student, but it is not so obvious that he can evaluate Helio assuming the role of his
colleague. Using a simplistic view of the society, we can conclude that when a person communicates
assuming a role, the information, as well as the functionalities that he makes available, are a function
of the status of his interlocutor. We call this sub-set of information and functionalitics a view of Ihe
role. Figure 1 shows an example of people’s communication. Dynamic Behavior is, therefore, the
facility that a person has to make different sub-sets of data/functions available as a function both of the
role he is playing and of the status of his interlocutor.

Taking these ideas inlo account, lets consider the objects' world. Under the Object Oriented
Paradigm an object has a behavior defined by the set of methods that compose its interface.
Sometimes, when an application is developed using that methodology, the objects are, af the same
time, instances of multiple concepts, This is particularly important when we are using a [rame orienied
| approach, where multiple relationships among objects with different inherilance rules can be defined.
Using this mechanism the programmer defines a stractural behavior of an object. Making an analogy
with the concepts introduced for the people’s world, we can imagine a system where the objects also
play roles. In addition, we can also imagine that during the execution of an application only u sub-xc
of the inherited data/methods of an object is relevant in that context, taking into account some stalus
variables, while in other context a dilferent subset will be relevant,

An algorithm that supplies a base 1o support objects with dynamic behavior was developed by
UNLs team and is introduced in the next paragraph.
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Lets suppose that in an application we have defined a set of objects that can dialogue with other
objects - Interactive Objects - and a set of auxiliary objects that model the roles an Interactive Object
can play - Interlocutors. When someone wants to dialogue with an interactive object assuming some
role, a new enlily is created as an instance of both this object and the interlocutor that models the
desired role (Fig, 2). We call this new entity Object-Role (OR). However, only a subset of the inherited
altributes will be available for the dialogue as a function of the status of the object that has started the
communication, Therelore, a view of that new entity will be created. We call that view, - Object-View
(OV).

Object A Interlocutor K

OV AKZ

Fig.3 Dialogue structure of interactive objecls

Ligure 3 shows an example of this dialogue structure. The OR AK is both an instance of the object
A and of the interlocutor K. while OR's BW and CV are, respectively, instances of objects B and C and
ol the interlocuors W and V. As the status of OR BW is Y and the status of the OR CV is Z, two object
views of AK are crealed, respectively AKY and AKZ, to support the two dialogues. Lets make a more
detailed analysis on how the OV's AKY and BWX were created:
1) The OR BW sends a message to the Interactive Object A saying it wanls to dialogue with A
playing the role K and i1 also informs A about its status - (do :interlocutor K :my-status is Y);
2) The object A sends 1o interlocutor K a message asking it to create an OR for the status Y-{slart-
OR stulus-is Y
3) The Interlocutor K starts a set of actions:
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3.1if an OR AK does not exist, it is created,

3.2)if an OV AKY does not exist, the relation View-Y-of-AK is created; an inheritance rule
from OR AK specifies only the attributes/methods that are available for status Y5

3.3)if the OV AKY does not exist it is created,;
3. 4)the interlocutor K returns to object A the name of the created view and its status;

4) The object A sends a message to OR BW containing the name of the created OV and i1s status
- (Done:view-name OV-AKY:mystatus X), and

5) If an appropriate view does not exist then steps 3.1 to 3-3 will be performed at OR BW,

Application of Dynamic Behavior in the Design of Graphical Interfaces

An important application of this algorithm is in the management of flexible user interfaces, The
problem can be simplified if we assume the dialogue is always started by the human expert. Therefore,
the interactive objects are internal entities that can dialogue with an expert through different kind of
interaction forms (dilferent roles).

Another important aspect that appears as a result of the mentioned simplification is that is only
makes sense Lo talk aboul status at the user side and, this status is always related to the different kinds
of users supported by the system.

{{ INTER-OBJECT ; Interactive Object
do-interlocutor-map:
((desk DESKTOP) (edit EDITOR)

(browse TREE-BROWSER)
)
Do-Function-Map ((...))
AskFor-drivers-Map:
((Object-Menu  Get-Object-Menu)
(Window-title Get-Window-title)

........

)
Display-Information-Map:
O L0 s S D)
Object-Menu-Map: |
(0 (...n( C...)@(....)
. is-delegated-of:
Do-Delegated-Map:
Description:
;METHODS
Do-Option:  Object-Do-Option-mt
AskFor: Object-AskFor-mt
1

Fig. 4 Imeractive object - general concept
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Some experiments were made 10 test the efficiency of this concept in the development of graphical
interfaces for CIM systems. Taking these experiments as the base, in the next poinis a brief description
of the interaclive object concept, interlocutor concept, implementation platform, as well as, a more
detailed description of the algorithm will be introduced.

Interactive Object

Lets suppose that is a knowledge base all objects have dynamic behavior, i. e., they are able to
dialogue with an authorized user, through different kinds of interaction forms and exporting 10 the
dialogue a set of different menu options, based on the user status. The interactive objects can be simple
objecis (like an activity, an application domain, eic.) or they can be collections of simple objects (like
Ltaxonomies, lists, etc.). Figure 4 illustrates a possible model of an interactive object. Only the attributes
that take part in the interaction are shown, The attribute Object-Menu-Map has, for each level of
interaction (3 in the example) the menu options that can be fired over the object. These options can be
used 1o start new forms of interaction. In (his case, the slot Do-Interlocutor-Map is consulted to make
the correspondence between Lhe key associated to the option and the respective interlocutor - or to start
actions over the object itsell - in this case the content of the slot Do-Function-MAP indicates the
function that is associated 1o the option key.

taxonomic relation: is-a

without POPUPMENU| with- POPUPMENU
Displayer Editor Browser Viewer Desktop

IDEF-Browser]| [List-Browser| | Tree-Browser

Fig.5 Ta y of interlocut

Sometimes il is useful that a simple object exports 10 the interface an option that is not directly
related 1o 1ts behavior, ie., not directly execuled by itself, but it is relaied 1o the behavior of the
colleetion of objects to which it belongs. For instance, an object like an activity that belongs 10 a
tuxonomy can show on its menu the option TREE-BROWSE that is a typical option offered by a
taxonomy. For these cases, delegation mechanism was implemented.

The attributes Do-Delegated-Map and Is-Delegated-Of give, for each object, the delegated options
and their exeevtor. [n the example, the executor is the Taxonomy of Activities and as a‘result of this
option a Tree-Browser imteraction form is launched showing a taxonomy of activities whose root is the
aclivity that receives the option.The method Do-Option is used to start the creation of an object-role as
well as the respective view for the current user status. On other hand, the method AskFor and the slot
Ask-For-Drivers-Map is used by an object-role to ask all information needed for the interaction form.
For example, all interaction forms need o name. Therefore, the method AskFor will return this name if
it is fired with the purameter Window-Title,
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 Interlocutors

Interlocutors are the roles an interactive object can play. There is one interlocutor for each type of
interaction form available on the graphical interface. Figure 5 illustrates an example of a taxonomy of
interlocutors, This taxonomy has two main parts: the interlocutors that have POP-UP-MENU, used by
collections of objects, enabling the communication with the objects displayed inside the interaction
form and, the interlocutors without POP-UP-MENU, used by simple objecis.

Figure 6 illustrates the general aspect of an interaction form Tree-browser displaying a sub
taxonomy of aclivities and an example of an activity's internal structure. Inside the interaction form
there are some other objects - Internal Objects - that belong to such taxonomy.

{{ FUNCTIONAL-MODELLING
is-a; CIM-ENG-ACTIVITY-CONCEPT
INTER-OBJECT
deseription: "Specification of product’s
funcuonal characieristics and
denvaton of geometnc
consequences "
subactiviry-of: CAD
has-subactivities:
strongly-related-to; Technological-Modelling
nypicaly-related-to: Geometric-Modelling h
mighi-be-related-to: Structural-Analisys-FEM
domain: GENERIC
input-flows: Product-Configurabon
BOM

conirol-flows: Techmical-Model
output-flows: Functional-Model

1
e e e e )

r

Fig. 6 General aspect of a tree-browser

Figure 7 shows a model for the general concept of interlocutor. When an object receives a message
10 start a new interaction form, i.e., to play a specific role, it sends the message Inter-New (o the
respective interlocutor. This method creates an object-role (including the view for the current siatus)
and fires the method Inter-Start over the new object-role that will create the respective inleraction
form. After that, using the method AskFor, the object is inquired about the information needed to [ulfill
the different parts of the interaction form. The object replies through the created object-role’s method
~ Send-Spec-Information, that sends the information to the interaction form. The attribute Type-Of-
Graphic-Object contains the keyword that specifies the kind of interaction form, while in the attribute
GraphicsObject the identifier of that interaction form is saved, The attributes A-Option-Map and C-
- Option-Map specify the dilferent options the interlocutor exports to the dialogue. The A-Opiion-Map”
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contains options for the global menu, while the C-Option-Map, that only makes sense for interlocutors
with POP-UP-MENU, contains options to be associated to the menu of the internal objects displayed
inside the interaction form.

{{ INTERLOCUTOR
GraphicsObject:
Type-of-Graphics-Object:
A-Option-Map: ((0 (..)X1 (...)) (2(...))
B-Opqan—Map:
C-Option-Map: ((0 (...)X(1 (...)) (2(...)))
:Methods
Send-Spec-Information: Send-Specific-Info-mt
Inter-New: Inter-new-mt
Inter-Start: Inter-Start-mt
Inter-End: Inter-End-mt
}

Fig. 7 Interlocutor - general concept

When an object receives a message to finish an interaction form it will send the message Inter-End
1o the interlocutor that deletes the associated object-role and sends a message 1o the graphical interface
for removing the associated interaction form.

User Levels

During an interaction session different levels of users can exist but not at the same time. Therefore,
the current level is saved on the slot Current-User-Level of the Environment Object and it can be
changed using a password, This implies that cach time an action of refresh is required as well as when
the abject-role has 1o send & menu to the interaction form, the slot current-user-fevel should be checked
and if it has changed the object-role and the interaction form information are updated.

Another important aspect is how the user levels are organized, The levels form a hierarchy, i.e., all
the options availuble at level 0 are also available at levels 1 and 2 and the specific options of [evel | can
be used by the level 2.

Implementation Platform

The implementation of this Graphical Tnlerface framewaork has lwo main parts:

1) Objects Munagement - thul handles all aspects related 1o interactve objects, intertocator,
ohject-roles - was developed using Common Representation Language of Knowledge Craft
system;

2} Gruphical Interfuce Management - that handles the graphical representations - was developed

in C, using the Sun Open Windows library;
Figure 8 illustrates the Now of information between these parts. All communications between the
Objects Munagement part and the Graphical Interface Management part is done using two functions:
XCOMMAND und XEVENT. The first function is used 1o send information lrom the Objeet
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Management part to the Graphical Interface Management part and XEVENT in the other direction.
Each of these functions has a set of keywords that specify the type of action to be performed. For the
! XCOMMAND function, 5 keywords are available:

INITGRAPHICS: starts Graphical Interface Management,

NEWOBJECT: is used when a new interaction form is required;
NEWITEM: is used to send the internal information of an interaction form;
DISPLAYOBIECT: activates the display of a new interaction form;
DESTROYOBIECT: removes an interaction focm;

XEVENT function has four keywords:

SELECT: indicates that an internal object of an interaction form was selecied. Associated wilh this
option, the name of the object is indicated too. When this keyword is received by an object-role, the
method AskFor of the object selected inside the interaction form is activated asking for Object-Menu.
After that, a POP-UP-MENU, composed by the Interlocutor C options (for the current user level) and
the result of the execution of AskFoc method, is displayed and the system waits until an option is
selected by the user. Finally, if the opton belongs to the Object-Menu, the message Do-Option will be
sent to the object; otherwise the object-role executes the adequate action,

- E—

GRAPHICAL INTERFACE
OBJECTS MANAGEMENT FART
BJ MANAGEMENT PART
(Xevent
(DoOption Option) f;‘:fs‘;‘i’;‘;fgs Xesent
(AskFor Info) Object-Role | ) ¢ (Xventld, Args)

(XCommand XCommand
-id Comid (Command, Args)

.args listargs
)

Fig. 8 Flow information on the interface

MENU: indicates that an option of the global menu was selected. When this option is received by
the object-rale, it verifies if the option belongs to the Object-Menu. In this case the message Do-Oplion
is sent 10 the object, otherwise the object-role executes the adequate action.

BUTTON: indicates that the user has selected a button of the interaction form. Theé dction
associated to the button is performed by the object-role. Typical butions are: close, iconify, etc,
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DRAG: indicates that an intemal object displayed inside an interaction form was dragged to
another position, In this case the new position is sent to the object, and all information at the interaction
form is updated.

Lets see an example. Lets suppose that an internal object was selected on a TREE-BROWSER
inferaction form. The next steps are performed:

1)

2)

3)
4)

5)
6)

the associated object role receives a XEVENT with the keyword SELECTED and the name of
the internal selected object - object-x, for instance;

the object role sends a message AskFor with the keyword Object-Menu to the object-x; after
receiving an answer and composing the POP-UP-MENU for the current user level, it sends a
XCOMMAND to the Graphical Interface Management part with the keyword NEWITEM and
the flag WITH-WAIT a T. The answer to the execution of this XCOMMAND is the selected
POP-UP-MENU option. Lets suppose the user has chosen the EDIT option, that means he
wanls to dialogue with the internal object through an Editor interaction form;

the object role, as the option belongs 1o the Object-Menu, activates the object’s method Do-
Option;

using the Do-interlocutor-map slot’s values, the object finds the associated form of interaction
and sends the message Inter-New (o the appropriated interlocutor (editor in this case),

the methaod Inter-New creates the respective object-role and activales the method Inter-Start;

the method Inter-start asks to object-x all information required to fulfill the different parts of
the interaction form like Window-Name, internal information, Menu Options and, using
XCOMMAND function, creates and activales the new interaction form.

The Leather Cutting Application

The UFES 1cam is working on the development of an intelligent graphical interface for a leather
Cutting process.

The leather cutting is an open class problem where:

the boundaries of the problem are not clearly staled;
there are no strict rules to characterize the boundaries, and
there are more than one objective which can be conflicting,

Interface System
Langugc@
s | —
Processing ®
Sytem <  rem
Presentation PPS) {KS)
System -
(PS)

Fig. 9 DSS tramework

In the solution of open problems, one olien applics non-visual modeling lechniques that require the
modeler w1y 1o specily a closed problem that approximates, as closely as possible, the open problem.
Solving a closed problem (well-defined boundaries and objectives) is usually trivial; but such
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techniques do not help in the process of defining the closed problem from the open one. This can be
thought as a representation gap. An approach to reduce this ‘gap’ is 10 use the framework for design
Decision Support System (DSS), which suggests that a DSS should have three subsystems: an user
Interface System (IS), a Knowledge System (KS) and a Problem Processing System (PPS). This
framework is represented in Fig. 9.

The KS contains the knowledge about the problem domain, i.e., data models and algorithms, rule
sets, forms, templates, eic. The PPS is a processor that is capable of accepting problems stated in the
Interface System and manipulaling knowledge in the KS to generale appropriale responses [0 the
decision making process. The LS includes all the linguistic facilities made available to a decision
making process by a DSS. The responses [rom the PPS Lo the user are the means by which the DSS
communicates with the user and are referred to as the Presentation Sysiem (PS). Like the LS, the PS is
a system of representation. Together, the LS and PS characterize the user interface. If a DSS is 10 be
used by many different users for different tasks, its interface must be easily adaplable, In this way, the
dynamic behavior concept is being tested for the implementation of the adaptive inlerfaces.

Characterization of the Objects to be Visualized

The classes of objects to be identified and visualized in such environment, in the context of the
leather cutting problem are:

- Leather Picce: Based on an appropriate input device (camera, scanner, efc.), that captares (he
geometry of the piece, we deline the ‘leather piece class’ by an abstract representation of a
two-dimensional bounded region.

Associated to the ‘leather picce class’ we define the following derived classes:

- Graded Leather Piece: From the technical point of view, it is well known that in a piece of
leather there exists a classification (1st, 2nd, 3rd and 4th) in sub-regions based on the quality of
the material.

The derived class, *Graded Leather Piece’ should therefore contain additional attributes such as
texture, thickness and boundary type, A partition operator may be defined on a leather piece object in

order to generate, based on a quality criteria, new objects of this class,

- Defective Leather Picce: A sub-region of the leather piece that encloses a deleet such as a
stain, hole, scratch, elc,

A Defect operator may be defined mapping the leather picee class into objects of this derived cluss.
- Mould: An abstract iwo-dimensional region with additional attributes that identifies the picees

will be produced by the layout, the quality of the material required for its manufucture, the
directional properties us well as other additional details,

Analyzing Lhe classes “lcather piece’ and *mould”, in the sense of establishing a dialog between
objects of those classes the [ollowing operators are defined:

- Overlap: its purpose is to detect an overlap between the moulds over the layout gencrated by
the system on the leather piece;

= Direction: toinform a *mould’ ohject of the feasible set of dircctions for realizing the layoul on
the leather piece, and

- Identification: based on its technical specification il i identified whether a mould object may
be manuflactured from a given ' graded leather piece’ or noi;
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Alfter the execution of the cutting process the production line needs to establish the seheduling of
operations [o be realized in the final product. In this sense, the representation and manipulation of the
mould objects that belong to a given final product are better expressed using an abstract graph object.
In this graph, nodes represent the mould objects, and the arcs establish the relationship between
meoulds with common boundaries.

The job scheduling, using this representation, is implicitly given by the order of the nodes in the
graph.

Desired Interaction Model

The solution space must be represented by pictures. This provides for an open-problem
methodology as long as the pictures could be easily redesigned. It would be wise to provide a ‘core’ of
visual interactive facilitics, which can be used to build any visual interactive model, Examples of these
[acilities include windows, icons, menus, tables, variables, eic. Extensions of these facilities can be
provided for the particular application domain (leather cutting).

The user should deal with a' modeling system which combines WIMP-style (Windows, Icon,
Maouse, Pull-down menus) workstation capabilities with extension of conventional optimization
algorithms. These combinations allow the end user 1o explore a model from several perspectives
within an animated display.

Far the initial implementation, the set of objectives include:

1) accessibility by end users, without technical intermediaries ;

2) flexible user interaction, allowing incremental development, exploration and editing of a
cutting plan, and

3) fluem and strongly graphical presentation of the results,

The Interface

The system combines the functionality of spreadsheets and optimization algorithms with the
graphical prescniation of the results. The interaction method is through a WIMPB (windows, icon,
mouse, pull-down menus and browser) interface. Control over the evolution of an interactive section
can be almost entirely mouse-driven, and even the entry/amendment of numerical values can be largely
achicved by using the mouse in conjunction with an analog display of variable value.

The end-users could operate with a number of defined models which may be used with different
data at different times. After loading a model, the user can edit it in a number of ways. For example:

a) by clicking the mouse on an action and sclecting the target figure (picce) and puiting it over the

sheet (leather) to perform the desired action.

b) use a non-visual modeling language to define variables, constraints and parameters, and

¢} Nlling-up dinlog boxes which are linked to defined models.

To create a new model, a definition facility translates the user input (in the form of a collection of
visual language and algebraic expressions) into on internal representation of the system. Also the user
is provided with the abilily to incorporate heuristic rules appropriate for model-based reasoning
procedures.

The desired model interface should have [our regions:

1) Graphic Objects Menu: this is composed by visual objects (Jcons) which can be selecied by the
user 1o exccule a desired action;
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2) Working Area; user area reserved to the problem selection, interaction and solution
presentation;

3) Actions Menu: it displays the provided built-in operations (Methods) that can be applied to a
previously selected object, and

4) Status Line: this area is reserved to display warning/error messages, the current process siatus,
environment state and so on.

Classes of Users

The |eather cutting system has four class of users:

- Design expert: this kind of user is responsible, for instance, for the shoe design model
definition. He prepares the pieces to be cut, the piece region possible allocations, precedence
constraints, the tolerance parameters for the piece/plate placement,

- Planner: this is the end user of the system. He is responsible for obtaining an *oplimal” cutting
plan to the specific model. Leather piece image acquisition and cutting plan generation;

- Administrator: this user performs the system maintenance action such as: user definition,
maodels catalog, knowledge base updates, product order, and

- Client: this user can see a model solution. He is provided with the appropriate sequence of
cutling steps within an order and its visualization,

Conclusions

The concept of objects with Dynamic Behavior seems to be appropriated for the development of
leather cutting tool's user interface, This appropriateness becomes quile evident if we compare the
description of leather cutting environment made in section 4 with the description of the approach made
in section 3. Therefore the bilaleral activity between UNL and UFES pursuing the merging of the two
approaches for the leather cutting problem. The first phase of the project required the achicvement of a
mutual understanding of the approaches and the definition of a common glossary. Current state
addresses the implementation of a demonstration prototype. This approach was success{ully applied in
other CIM related prototypes (CIM-CASE (Camarinha-Matos and Pinheiro-Pita, 1993) and CIM-
FACE (Camarinha-Matos, 1994)) developed at UNL but the development environment, based on
Knowledge Crafl, is quite heavy. One of the tasks in this joint activity is, therefore, the migration of the
otiginal prototype to a “lighter” development system,
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Resumo

O projeto de interfaces grificas suportado por objetos com comportamento dindmico & intraduzido no contexto
de Modelagem Visual Interativa (Visual Interactive Modeling) para sistemas de suporte a decisdo para CIM. Este
trabalho inicia com a apresentagio de conceilos de comportamento dindntico. Apds € apresentada uma breve
deserigao o uso destes conceilos no projeto de interfaces grificas inteligentes. O trabalho € concluido com a
apresentagao de uma aplicagio para o problema de corle de courn, onde esses conceilos eslio sendo festados,
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Abstract

The requirements for a platform for Concurrent Engineering (CE) are discussed in paralle]l with an analysis of
the evolution of integrated manufacturing systems and new organizational paradigms in industrial com panics.
CIM-FACE system is introduced as a protolype federated architecture for CE, addressing the aspects of
modeling, information sharing and management, and engineering processes supervision, Cucrent status of
developments and experimental results are discussed and open challenges pointed out.
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Introduction

Information based Integration

Information integration has been recognized, since long ago, as a basic requirement for the
implantation of advanced manufacturing systems and for concurrent engineering in particular.

Integrated Manufacturing Systems are complex systems that can be analyzed from various
perspectives, not limited to the technologic aspects - in their many facets - but including also
organizational and social views. From a software engineering perspective, a CIM system ¢an he seen
as an integrated federation of multiple heterogeneous modules. The heterogeneity comes [rom a
diversity of reasons, such as the use of different development and data management technologies,
heterogencous computational platforms and operating sysiems, and even from being based on different
underlying “cultures” in terms of the targer users. These software modules typically run in a distributed
computational infrastructure and show a considerable degree of autonomy either because:

i) they were developed as stand alone or loosely integrated components, specially in the case of

legacy systems; and

ii) the decision making process is, (o a large extent, based on the humans that use such (ools or on

the characteristics/behavior of the machines being controlled, in spite of the increasing level of
intelligence of computer aided tools.

A common Information System (IS) provides, therefore, a basic “glue” to support the integration of
heterogencous and distributed functional modules in an engineering and manulacturing environment,

Concurrent Engineering

The increasing globalization of the economy and openness of markets is imposing tough
challenges to manufacturing companies, leading to the coneept of lean/agile manufacturing. One of ils
manifestations is the recognition of the product, and thus product data, in its entire life cycle, os the
main “focus of attention™ in CIM 1S,

Product Data Management is being considered an essential 1ool for tracking products from
conception/design to retirement/recycling. The concept of Concurrent Engineering has become more
and more popular in recent years as a result af the recognition of the need to integrate diversified
expertises and 1o improve the flow of information among all “areas” involved in the product life cyele,

Presenled at the second CIMIS.net General Meeting - Florianépolis, SC, June 1994
Ad Hoc Technical Editor; Aureo Campos Fereira, UFSC.



343 L. M. Camarinha-Matos, A. L. Osério

Evolving from earlier altempts, represented by the paradigms of “Design for Assembly/Design for

Manufacturing”, Concurrent Engineering is consequence of the recognition that a product must be the
result of many factors, including:

- Marketing and sales factors;

- Design factors;

- Production factors;

- Usage factors (intended functionalities / requirements), and
- Desrruction/recycling factors.

On the other side, team work based on concurrent or simultaneous activities, potentially leads toa

substantial reduction in the design-production cycle time, if compared to the traditional sequential
“throw it over the wall™ approach.

Fig.1 Afr rk for ent engineering

New Organizational Structures

On the other side, obscrving companies’ evolulion in terms of organization, a strong patadigm shift
towards team-based structures is becoming evident. Team work, as a practical approach to integrate

contributions from diflerent experts, is being extended to all activites and not only to the engineering
areas.

Complementarily there is a tendency 1o establish partnership links between companies, namely
between big compuonies and networks of components’ suppliers. Similar agreements are being
established between companies and universities.

e

. 4
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This tendency creates new scenarios and technologic challenges, specially to Small and Medium
Enterprises (SMEs). Under classical scenarios, these SMEs would have big difficulties - in terms of
human and material resources - 10 access/use state of the art technology. Such partnerships facilitate
the access to new technologies and new work methodologies and, at the same time, impose the use of
standards and new quality requirements,

In terms of the IS, this new situation requires 1he definition of common models (sometimes the use
of common 100l8). Standards, like STEP (1991), are expected to play an important role in such inler-
enterprises cooperation,

The efforts being put on the implantation of high speed networks (digital highways), supporting
multimedia information, open new opportunities for team work in multi-enterprise/multi-site
networks. But this new scenario also brings new requirements in terms of control: access rights to the
information, scheduling of access, control of interactions, etc,

Integration Perspectives

Taking into account the scenarto described above, the definition of a platform for Concurrent
Engineering involves, in our opinion, three related sub-problems:
i} Definition of Common Models

This is a basic requirement in order to enable communications beiween members of the
engineering team. Achieving agreements on models or integrating views [rom different
domains of expertise is a quite difficult task. Even 1o start with a simple definition of a
common glossary it requires a non-negligible effort. This is an important task in cvery
collaborative project.

The adoption of common modeling formalisms is a [irst requirement, Formalisms like 1DEFQ,
NIAM, EXPRESS/EXPRESS-G, Petri nets are being widely used. The consolidation of STEP
may help in terms of product modeling, but many other aspects not covered by STEP have to
be considered, like process and manufacturing resources modeling. MANDATE seems still far
from offering usable results, Business Processes modeling, as proposed by CIMOSA (Esprit
Consortium AMICE, 1989, is also contributing 10 facililate dialoguc.
ii) Engineering Information Management

Definition of integrating infrastructures and information management systems able to cope
with the distributed and heterogeneous nature of CIM, has been the subject of many research
projects from which various approaches and prototypes have been proposed in last vears.
Management of versions, a difficult problem in enginecring data management, is even more
complex when different versions may be produced/explored in parallel/concurrent way.

Various centralized and decentralized solutions have been experimenied, the coneept of
federated architectures developed and the issue of interoperability between different data
management echnologies and standards has been pursued,

The need for a more mature technology for Engineering Information Management, combining
features [rom Object Oriented and Knowledge Based Sysiwems, Concurrent/multi-ugent
systems, is becoming evident,
iii) Process Supervision

To build a platform for supporting concurrent engincering it is nol enough (0 guaraniee that the
various computer-aided 100ls used by a team are able 1o communicate and share information. It
is not enough to provide an integrating infrastructure and 10 normalize information models.
Even though these aspects are essential, there is also the problem of coordination. It is
necessary lo establish a supervision architecture that controls or moderates the way and lime
schedule under which computer-aided tools (leam members) access the infrastructore and
modily shared information, In other words, it is necessary 1o model the engineering processes
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and to implement a federated loose-control process interpreter or supervisor. However, this
aspect is in its “infancy”, being absent from most international R&D projects. Even though
some “inspiration” may be inherited from other research on work groups from in computer
science, this topic represents an important challenge for the next future.

The platform for integration and concurrent engineering - CIM-FACE: Federated Architecture for
Concucrent Engineering — being developed at New University of Lisbon addresses these three issues.

Modeling in Discrete Manufacturing Systems

As mentioned before, the definition of common models is a pre-requisite for information
integration and sharing, and therefore an essential component of Concurrent Engineering. In our
experiments, like in many other projects in the CIME area, some “popular” formalisms have been
used, such as:

- IDEFO, for functional modeling;

- NIAM and EXPRESS-G as graphical formalisms for data modeling and EXPRESS as a textual
representation (EXPRESS Language, 1991);

- Petri neis and the CIMOSA Business Processes/Enterprise Activities/Procedural Rule Sets to
represent dynamic processes and discrete events.

In a prototype systems - CIM-CASE - developed at UNL (Camarinha-Matos and Pinheiro-Pita,
1993 and Camarinha-Matos, Pita and Os6rio, 1993), IDEF0 was success(ully used and extended to
represent the functionalities of a CIM system. CIM-CASE is a prototype of a hicrarchical planning
sysiem providing funclionalities o manage an electronic cataiog of CIM software tools and support the
interactive gencration of particular configurations of tools dedicated to specific cases, i.e., particular
architcctures in the CIM-OSA sense. In close connection with the catalog of tools, another central
component of this system is a metaknowledge base containing knowledge about CIM activities,
application domains, reference information concepts and configuration knowledge - CIM relerence
modcls. The main components of the CIM-CASE knowledge base comprise:

- Taxonomy of CIM activities;

- Taxonomy of application domains:

- Taxonomics of busic concepts (glossary of CIM-related terms);
= Library ol models of software tools;

= Configuration knowledge, and

- liswric of configurations.

These reference models are used 10 guide the process of deriving new architectures and also to
derive the basic informution concepts shared by selected software tools to be integrated in the target
architecture, These concepts will feed the 1S of the generated system.

During the planning process an IDEFO - like hicrarchical model is created. The following example
illustrates an exiended represenation of an aclivity represented by an IDEFU box:
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it
GRASP-PLANNING
IS-A : cim-eng-activity-concept
SUBACTIVITY-OF : motion-oriented-
planning
HAS-SUBACTIVITIES: gen-of-grasp-points
gen-of-grasp-configuration
grasp-simulation
INPUT-FLOWS : task-program
OUTPUT-FLOWS : hand-command
grasp-configuration
STRONGLY-RELATED-TO : fine-motion-
planning
TYPICALY-RELATED-TO : gross-motion-
planning
MIGHT-BE-RELATED-TO : conveyor-routing
IS-PERFORMED-BY : BRINCA
DESCRIPTION : "Generation of Specialized

plans for grasp-parts"
H

A description of the taxonomy of activities developed for CIM-CASE and also used as background
knowledge for CIM-FACE can be found in (Camarinha-Matos, Pita, Rabelo and Barata, 1994).

EXPRESS/EXPRESS-G/NIAM, showing an object oriented flavor but not full ebject oriented
capabilities, proved to be quite satisfactory to represent static structural characteristics of objects:
products, process plans, etc, The main importance of these formalisms results from being originated or
being used in STEP.

However, we found out they are not so satisfactory when it comes to model dynamic systems, i.c.,
the dynamic behavior of objects. Frame based representations proved to be more cffective in modelling
dynamic behavior due to their object oriented and reactive programming facets.

The possibility of creating new relations, with user defined inheritance mechanisms, provides a
powerful descriptive tool to capture the semantics involved in complex objects.

On the other side, reactive programming (demons) and methods provide for dynamic behavior
modeling. Complementary, these paradigms allow for “linking” the objects model to extemal sources
of information, like external data bases or even the controllers of manufacturing equipment (1).

In the CIM-FACE prototype CRL, the frame representation language of Knowledge Cralt, is used
as a modeling tool.

Another limitation of EXPRESS is that it was designed to represent classes of concepts and don’t
provide an explicit representation for instances. The representation of an instance of a complex object
like a cell or an assembly is quite difficult, as the specific relationships between the various
components cannot be clearly expressed unless we represent the instances of each part that belongs to
this complex object (Barata, Camarinha-Matos and Rojas, 1994),
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The language Express-1 might eliminate this difficulty.

Another important aspect is that in a complex system like CIM, information models have a
strongly dynamic nature, being almost unpractical to have fully standardized and stable models. The
design of flexible information management functionalities, together with the definition of a rich set of
administrative information, is a direction to be explored in order to cope with the uncertainty
introduced by this dynamism of the information models. Instead of assuming that an “agreement” in
terms of data models was somehow established a-priori between both the IS developers and accessing
tools - as is the basic assumption of STEP - we have 1o move towards a level in which a-priori
knowledge about concepts present in the IS is incomplete, We don’t think that a Concurrent
Engineering platform can be supported by a static data schema. In our opinion, in a dynamic
engineering process it is not only the concept instances that change but the concepts themselves evolve
quite frequently. This will have consequences at the level of Information Management Functionalities
and also on tools development, The platform, as a federation of tools, has to provide mechanisms that
help the federaton in overcoming this uncertainty, Frame based representations, allowing for dynamic
change of dala schema, seem more appropriate to deal with this facer.

78
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Engineering Information Management System

Goals

One important part of the CIM-FACE prototype is the EIMS subsystem (Camarinha-Matos and
Sastron, 1991; Camarinha-Matos and Os6rio, 1993; Osério and Camarinha-Matos, 1994).
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EIMS was developed in the context of our participation in CIM-PLATO, an Esprit project funded
by the European Community, involving 14 partners (universities and companies) from 7 countries. The
main goal of this project was the development of an industrial toolbox consisting of computer-aided
procedures and tools which support the design, planning and installation of FMS and FAS in a CIM
environment. One crucial aspect of this project was the definition of an integration strategy in order 10
facilitate the integration of subsets of 10als selected from the toolbox. The EIMS module provides
basic information management functionalities as well as an integrating infrastructure to support the
connection of a federation of heterogeneous software tools.

Implementation and Resuits

The implemented EIMS prototype is based on a hybrid and distributed programming environment
supporting the connection of tools implemented in Unix and MSDOS environments. Kernel
functionalities are implemented on top of Lisp and the Frame representation language of Knowledge
Craft (CRL component).

INTERCQTEZEAT LITY w

DBMS

O

Fig. 3 interoperability among ditferent technologies
The integrating infrastructure supports two connection modes: light and loose connection.

Under the tight connection mode, each tool that wants to access the IS must send a request
command to the IMS Server. The list of Information Access Mcthods (IAM) was defined based on the
object oriented characteristics of Express and following the initial guidelines in discussion inside the
STEP community. As this development started well before the appearance of STEP SDAI (Standard
Data Access Interface), we had to define our own data access interface.

The logical channel connecling all components (tools) is supported by inter-process
communication mechanisms. The base plaiform is a set of workstations connected through « local or
global network and supporting Remote Procedure Calls (RPC) capabilities, The specificities of the
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interprocess communication are hidden by a library of C functions (implementation of the IAM). Each
tool, to use this connection mode, has 1o be linked with that library. In our prototype, different tools
running on workstations (UNIX) and PC's (DOS+PC-NFS) are able to communicate - concurrently -
with EIMS.

Loose coupling or file based communication is a kind of connection to be used when only rare
interactions (and predominantly unidirectional) are needed. The implementation, in this case, is based
on the concept of file transfer. STEP neutral file format is used in our implementation.

On the other side, even though the IMS has a centralized structure at a logical level, the actual
information repositories can be distributed and even supported by different technologies based on the
interoperability concept. Each tool is allowed to keep its own private information structures. In this
approach the common IS is basically a support for communication between tools and, therefore, it
contains only shared concepts and shared data.

Using this integration approach, demonstration sysiems were developed in CIM-PLATO. One
example of these demonsirators (OtoM: from Order to Manufacturing) (Welz et al,, 1993) integrates a
set of 1ools, developed by different industrial and academic partners, that cooperate to carry out the
main planning activilies from product configuration to manufacturing at shop floor level. The
particular application area for this demonstration was the configuration and assembly of a computer
system, more specifically using the Bull computer family DPS7000 as test example.

The development environment, based on Knowledge Craft, being quite satisfactory for prototype
developments, is too “heavy” for practical applications and conslituted a strong obstacle to the
implantation of the system in industrial companies, In current stage we are progressively migrating the
system to a lighter frame based system developed on top of Prolog,

Interoperability

The use of reactive programming proved to be an effective mechanism to implement
interoperability between different data management technologies. Fig. 3 shows an example where
EIMS frame-based representation is used as a kind of “front-end” to data that is actually stored in other
data bases (Camarinha-Matos and Osdrio, 1993) . Nowadays new data base management tools,
combining part of the expressiveness of object oriented and rule based systems with the persistency
and query cfficiency of relational DBMS, are appearing on the market. IMS tools based on STEP
devclopments may start 1o appear soon. Even though an improvement in such tools might be expected,
we think the interoperability mechanisms will play a role in the migration of legacy systems to more
advanced Lingineering Information Management Systems,

Platform for Concurrent Engineering

This chapter discusses current (post-CIM-PLATO) activities towards the definition of a
supervision architecture that coordinates activities or processes being carried out by the engineering/
manufaciuring system.

If we follow the CIMOSA approach to model @ company - and to model Concurrent Engineering
activities in particular - as a hicrarchy of Business Processes/Enterprise Activities, the intended
supcrvision architecture can be thought of as a Business Processes Interpreter.

One difficulty is that there is no tradition in terms of modeling concurrent activities, which may be

quite nondeterministic, On the other hand, these aclivities, performed by human experts, are supported
by computer aided tools with multiple functionalities.
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Each application tool can be modeled as an activity box whose inputs and outputs represent the
tool's access to the IS (and Integrating Infrastructure). In other words, in heterogeneous federated
systems each component has large autonomy and we can think that only “contact points” - data Inputs
and Outputs - are important for the global coordination. Therefore, a first attempt to the supervision
architecture could be based on these 10, i.e., monitor tools' behavior by the information they
manipulate. However:

- Application tools are progressively becoming multi-functionality packages, able to perform/
support multiple activities. During a work session, one tool might have several interactions
with the IS (long-transactions), depending on the human's decision;

-~ The actual I/Os in each activation of a given tool are not known a priori. Transactions depend
on the human that is using the tool;

- The “intervention” of a tool in the integrated “community” cannot be separated from the status
of other concurrent activities, i.e., the synchronization aspecis are strictly related 1o the
transformations other tools made on the common IS, and

- CIM IS contains complex models coping with different views of the same concepts and
showing considerable dynamics.

Therefore, the “granularity” of the control has 10 be less detailed, i.e., a control of tool 's access
based on the manipulated information is, to a large extent, unpractical. An alternative is to rely
on the members of the engineering team that effectively know what they are doing with each
tool. Therefore, even though some automatic verifications can be done, in our approach, the
control is mainly based on an access protocol between CIM-FACE and tools® users,

Architecture and Multi-level Control

In order to implement a control strategy it is necessary 1o be able to model the dynamic behavior of
the system being controlled. In our current experiment, the CIM-OSA concepts of Business Process
and Enterprise Activity [7] are being used. The dynamic behavior is thus modeled by hierarchies of
Business Processes and Enterprise Activities. [n each level of the hierarchy, a Procedural Rule Set
(PRS) defines precedence constraints between BP or EA of that level as well as their starting (firing)
conditions.

BP1
produce P1
BPl1.6
lanning of Pl
design of Pl AL3E EAI30 —
TAi TAj

Rough : Process
dcsign%)f Pl modeling of P Planning of P1

CADx CADy CAPP

Fig. 4 Example of a hierarcgy of BF/EA and supporting tools
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Another important formalism to model system’s dynamic behavior being extensively used in
manufacturing systems is Petri nets (in its various derivations). In order to take advantage of tools and
methods available for Petri nets, namely for qualitative and quantitative analysis, attempts to derive PN
models from BP/EA/PRS are justifiable. In our approach we are using a derivation of the basic PN
model called Mark Flow Graph (MFG)(9). In other words, we start from a hierarchy of BP/EA, as a
“global plan™ whose execution has to be controlled, and automatically derive 8 MFG representation
from it.

The supervision strategy is determined or “instantiated” by the “execution” of such MFG. Fig.5
shows how a “circle” (BP/EA) in the CIM-OSA model is transformed into a MFG graph. Control
“actions” are implemented as side effects of transition firings. However, an important remark shall be
made here: the generation of a control algorithm from a PN is a well known topic when controlled
agents are more or less “obedient slaves”, with deterministic behavior (apart exceptions)(15). In our
case, as tools have a large degree of autonomy, it is not possible to anticipate which functionalities of
the tool will be applied by the user and “when”, as this is a totally extemal decision. As a consequence
it is difficult to “recognize” when the system is ready for a state transition, i.e., 10 “decide” whether or
not a mark appeared in the external box (Fig.5).

Fig. 5 Detail clarifying the relationship between tool operation and MFG entities

Therefore our system implements a kind of loose control that acts more in terms of preventing/
enabling situations, but the actual events (completion of actions) is decided externally. The user is
assumed to “inform™ the control system about the conclusion of activities. Nevertheless. some control
rules can be uscd then to check whether “1ypical” consequences of that activity have been achieved or
not. These rules will perform a “verification” ofthe “arrival” of a mark to the external box.
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As a consequence of the approach followed, there might be a problem of confidence. As the
control events are decided externally, by the human operator, how can the control system be sure the
decision was appropriate? For instance, lets suppose that current user of tool T; informed the system
that he has finished a generation of a process plan for a given production task. Should the control
systemn simply accept such information as a fact or should it be cautious and (ry to investigate the
accuracy of the information? Therefore different “kinds” of control systems could be defined, ranging
from a totally confident system to a totally cauticus one.

For some cases, and in some application domains, it will be possible to define a set of verification
rules to test the validity/accuracy of each access protocol action issued by tool assistants. In other cases
that might be difficult. Therefore, our propaosal is to have an architecture that can start from a level of
total confidence and progress towards a more cautious system once verification rules are added to its
control knowledge base. In reference to Fig.5, this means the appearing of a mark in an external box is
due to an access protocol action that has “passed” the test of all rules associated to that action,
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Fig. 6 The interaction of a ool and a tool assistant with CIM-FACE

Control Assistance

A protocol is necessary to specify the interactions between a tool and the integrated system. The
“performer” of this protocol can be a layer separated from the applicative part of the tool. For new
tools this “protocol performer” can be seen as a common script (library) that can be linked to the tool.
For legacy systems it is quite hard or nearly impossible to madify their control architectures,
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Therefore, the proposed architecture assumes the idea of separation between the tool itself and the
protocol performer, here called tool assistant. From the implementation point of view, the tool assistant
can be a module linked to the tool or even a parallel (detached) process. The second alternative is more

suited to legacy systems.

It is assumed the human expert will use the tool assistant in order to perform the protocol necessary
to get “access” to CIM-FACE. From the user point of view, the control part is therefore clearly
“identifiable” by a separate window, for instance. This window may show a graphical representation of
the system status, based on the hierarchy of BP/EAs,

Supervision Rules

Consider, for instance, the example in Fig 4. To start a process planning activity it is necessary that,
a rough design of the intended product was produced before. A minimal level of contral would enable
the start of “process planning for P1" activity if a user, through a 1ool assistant, had declared the
activity “Rough design of P1” finished. This is the level of total confidence on the human declarations,
The supervisor system assumes that a rough product P1 model was produced and stored in the [S. A
less “confident” approach could be based on a rule that states:

enable (Process Plan, Pl) if
requested({ProcessPlan, Pl)
and
exists (roughmodel (P1)).

The “exists” predicate would check the IS to confirm if the rough model was produced before. We
could ever think about more detailed checking rules. However it is not possible to generate generic
rules, except for particular cases.

These rules would depend on the particular approach for structuring information models. In other
words, these rules have to be defined for each particular system.

Rule (PRS)

Fig. 7 Detail of the supervision subsystem

Our approach is to provide a platform that allows definition of such rules and takes them into
account during process supervision,
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Conclusions

CIM-FACE, a prototype Federated Architecture for Concurrent Engineering was developed as an
integration vehicle for a set of heterogeneous application tools in a CIM environment and a platform to
support the interaction of engineering teams. The approach aimed at giving a contribution to various
aspects of systems integration and concurrent engineering:

1) Information integration: modeling, management and sharing;

2) Integrating infrastructure, and

3) Coordination or supervision architecture 1o manage the way and time schedule in which tools
get access to shared data and models.

The first two aspects have been subject of major research efforts in various intemational projects
and, as a consequence, some standard results are emerging, like STEP and CIM-OSA. The
implemented prototype system tries to follow these standards. Regarding the topic of supervision
architecture, it is currently a major challenge for which only preliminary results can be found. This
control architeciure represents, in our opinion, a basic requirement for concurrent engineering. In this
paper some of the aspects involved in such an architecture were discussed and solutions being lested
were introduced. However this topic, being quite complex, needs further research.
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Resumo

Os requisitos para uma plataforma de engenharia concorrente sdo discutidos em paralelo com uma andlise da
evolugio dos sislemas de manufatura integrados e novos paradigmas organizacionais nas indistrias. O sistema
CIM-FACE ¢ introduzido como um protétipo de arquitetura federada para engenharia concorrente, focalizando
os aspeclos de modelagem, gerenciamento e com partilhamento das informagbes e supervisio dos processos de
engenharia, O estado corrente do desenvolvimento e resultados experimeniais sdo discutidos e novos desafios
$a0 apontados,
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Gongalves, P, B., and Ramos, N. R. S. S., 1994, “Free Vibrations of Cylindrical Tanks",
RBCM - J, of the Braz. Soc. Mechanical Sciences, Vol. 16, no. 3, pp. 222-236.

A simple but effective method is presented for evaluating the free vibration characieristics of a fluid-filled
cylindrical shell with classical boundary conditions of any type. Effects of static liquid pressure, in-plane inertias
and liquid free surface motions are taken into account. A clamped-free cylindrical tank is analysed and the
accuracy of the results is demonstrated by comparing them with experimental results found in literature.
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Lima, L. C,, and Lobo, P. C., 1994, “Development of a Pyranometer with
Electrical Compensation”, RBCM - J. of the Braz. Soc. Mechanical Sciences, Vol. 16,
no. 3, pp. 237-251.

A dynamically compensated electrical pyranometer with manufactured platinum film sensors was construcied.
theoretical, and experimentally evaluated. The electronic circuit is constituted of a Wheaistone bridge, high gain
voltage and current amplifiers, and & signal linearizer, Theoretical relations are derived 1o describe the effect of
the sensors properties on ihe instrument steady and dynamic responses. The sensitivity of the instrument due to
the angular dependence on the direction of ihe radiation, response time, effect of lemperature, tilting and
linearity have been also investigated.
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Donatelli, G. D., and Boche, S., 1994, “Tolerance Synthesis of Cylindrical Fits:
A Simple Method Based on the Rectangular Distribution Model”, RBCM - J. of the Braz.
Soc. Mechanical Sciences, Vol. 16, no. 3, pp. 252-266.

Form and dimensions of mechanical elements vary from one part 1o another due to the peculiarities of
manufacturing processes. Those variations are not dependent on the size of the manufactering baich and affect
the functional and assembly performances of the products in which the parts work. Dimensional synthesis during
design stage must jnclude the proper transformation of the functional and assembly requirements, and its
allowable variation, in cost-effective dimensions and tolerances.

In this paper a statistical tolerance synthesis procedure is described. 1 is based on the assumption that the
dimeasions of the individual parts can be considered uniformly disiributed within the inferval of allowable
dimensional variation, The formulation is directed to solve the case of fits which functional requirements depend
on the linear combination of two length dimensions, (i.e. cylindrical fits), The small number of combined
dimensions leads to a distribution of the functional requirement which deparis strongly from normal, depending
on the dimensional tolerance values still not assigned. In the described procedure, the form and properties of the
distribution of the functional requirement can be infered a priori, due to the earlier incorporation of economic
tolerance distribution criteria.

Keywords: Tolerances, Fits, Statistical synthesis

Almeida Prado, F. B., and Rios Neto, Atair, 1994, “A Stochastic Approach to the
Problem of Spacecraft Optimal Maneuvers”, RBCM - J. of the Braz. Soc. Mechanical
Sciences, Vol. 16, no. 3, pp. 267-277.

In this paper the problem of spacecraft orbit transfer with minimum fuel consumption is considered. A new
version of the suboplimal and hybrid contral approach of numerically Ireating the problem, where one can take
into accounl the accuracy in the satisfaction of constraints is developed. To solve the nonlinear programming
problem in each iteration, a stochastic version of the projection of the gradient method is used together with the
well-known hybrid approach to find the optimal control in this kind of dynamic problem. For the maneuvers
considered, the spacecrafl is supposed 10 be in Keplerian motion perturbed by the thrusts whenever they.are
active, The (hrusts are assumed (o be of fixed magnitude (either low or high) and operating in an on-off mode.
The solution is given in terms of the location of the “burning ares”, “time"-histories of thrust attitude (pitch and
yaw), final orbit acquired and Fuel consumed. Numerical results are presented.

Keywords: Optimal Transfer, Stochastic Approximation, Optimal Control, Spacecraft Orbit Maneuver .



il S ——. .. ————

et 1 TR

as7 Abstracts

Uplekar, A. G., Jaiswal, B. S., and Soundalgekar, V. M., 1994, “Effects of Mass Transfer
on Transient Free Convection Flow Past an Infinite Vertical Isothermal Plate”, RBCM -
J. of the Braz, Soc. Mechanical Sciences, Vol. 16, no, 3, pp. 278-286,

An exact solution to the transient free convection flow past an infinite vertical isothermal plate is presented on
taking into account the presence of species concentration. It is observed that an increase in the Schmidi number
leads 10 a decrease in the velocity when the buoyancy ratio parameter N > 0. However, when N > 0, an increase
in N leads 1o an increase in the velocity whereas for N < 0, a decrease in N leads to a fall in the velocity, For
N > 0, an increase in Sc leads to a fall in the skin-friction and opposile is the case for N < 0. The skin-friction is
more for N > 0 as compared to that for N< 0.

Keywords: Free Convection with Mass Transfer, Unsteady State, Infinite Vertical Isothermal Plate

Teixeira, R. N,, Orlando, A. F., and Parisi, J. A. R., 1994, “Motores a Combustéo Interna
com Taxa de Compressao Variavel - uma Anélise Tedrico-Experimental”, RBCM - J. of
the Braz Soc. Mechanical Sciences, Vol. 16, no. 3, pp. 287-296.

The present work is concerncd with a theoretical and experimental study of variable compression ratio ignition
internal combustion engines. A theoretical analysis of the engine, operaling with a mechanism which allows for
variable com pression ratio, is carried out. For that a simulation program is used. In the present work the
simulation model was updated with the inclusion of friction, knocking and hidrocarbon emission models, among
other things. An experimental work was also carried out, with a CRF engine. The objective was two-fold: to
validate the results of the thoretical model and to assess the benefits of running an engine with variable
compression ratio, A comparison is also made between the results of the present work and those from other
authors,

Keywords: Internal Combustion Engines, Variable Compression Ratio, Modelling and Experimental Study

Afsarmanesh, H. , Wiedijk, M., Moreira, N. P, Ferreira, A. C., 1994, “Design of a
Distributed Database for a Concurrent Engineering Environment”, RBCM - J. of the
Braz. Soc. Mechanical Sciences, Vol, 16, no, 3, pp. 297-309.

Concurrenl Engineering concepis are strongly considered by today's industry as a means of im proving all aspects
of the product life-cycle. This approach primarily suggesis the use of teamwork, where the team is formed by
engineers and experts from all activities related to the product life-cycle. One main function of the concurrent
engincering team is to negotiale the best solution for the product development. The team is created in the earliest
life-cycle phases and is responsible for all decisions made regarding the product until the product is out of the
markel. Teamwork involves inlense collaboration and exchange of information. Different tools are proposed 1o
case the teamwork, namely Design for Manufacturing, Design for Assembly, Quality Control and CAE/CAD/
CAM, ete, This paper describes the Concurrent Engineering Environment (CEE), as a powerful computer-aided
100l to support the use of concurrent engineering ideas in a distributed piatform, A natural framework lo support
the management and sharing of information among different manufacturing phases or activities is a network
(federation) of heterogeneous and autonomous agenis (hat are either loosely of some tightly-coupled. In this
federation, an agent is involved in one activity (e.g, design) related fo the product life-cycle, while several agents
may take part in the same activity, On one hand production related activities are independent, (heterogencous and
autonomous) 1o serve different purposes. On the other hand, trivially these activities are interrelated (coupled)
and need to cooperate and exchange information among themselves. In this paper, we describe the distributed/
federated database design that supports the information manipulation in the CEE for an aerospace industry in
Brazil. The design of CEE is based on the federated information management system PEER. We will distinguish
the different kinds of PEER agents that constitute the CEE federation network. We describe the role of the
“product” in the CEE environment and present a schema description for products. This research describes the
sccond phase of the cooperation between the University of Amsterdam (The Netherlands) and Universidade
Federal de Santa Catarina (Brazil) in the scope of the CIM-ECLA program.
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S., 1994, “A STEP Based Information Management System as a Supportto a
Concurrent Engineering Environment”, RBCM - J. of the Braz. Soc. Mechanical
Sciences, Vol. 16, no, 3, pp. 310-316.

This work presents a proposal to a Concurrent Engineering Aided Environment. Ir is supporied by a generic
STEP-based integrating plaiform providing a powerful assistance to information modeling and distribution, This
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effort is a cooperation between the UNINOVA-Universidade Nova de Lisboa-Portugal and Universidade Federal
de Santa Catarina-Brazil.
Keywords: Integration, Concurrent Engineering, Information System, Information Modelling, STEP

Afsarmanesh, H., Wiedijk, M., Negreiros, F., Lopes, R. H. C., and Martins, R. C., 1994,
“Integration of an Optimization Expert System within a CIM Distributed Database
System”, RBCM - J, of the Braz Soc. Mechanical Sciences, Vol, 16, no. 3, pp. 317-326,

This work presents an approach to the integration of an optimization system with the other CIM activities using
a distributed/federated database architecture. The CIM application environmen! addressed here is the shoe and
handbag manufacturing industry and the optimization sysiem is for.cutting the layouts of irregular shapes out of
the base leather material. Here, the optimization sysiem is specified by the complete separation of the user-
interface from the optimizing aspects of the problem and defines them as two distinct cooperative agents, The
integration of separate activities within a CIM distributed database system is attained by using a federated
object-oriented database management system. The federated nmhwctnm used here supports the cooperation and
information exchange among autonomous and heterogeneous agen

Keywords: Distributed/Federated Database, Optimization E.xpm Syslem CIM.

Pinheiro-Pita, H. J., Camarinha-Matos, L. M., Negreiros Gomes, F. J., and Lessa
Lorenzi, L., 1994, “Graphical Interfaces Supported on Objects with Dynamic Behavior -
An Application In Visual Interactive Modeling”, RBCM - J. of the Braz. Soc. Mechanical
Sciences, Vol. 16, no. 3, pp. 327-340.

The design of graphical interfaces supported on objects with dynamic behavior is introduced in the context of
Visual Interactive Modeling for CIM decision support systems.

This paper starts with a presentation of the Dynamic Behavior concept. After that, it presents a brief description
of the use of this concept in the design of intelligent graphical interfaces. The paper is concluded with the
presentation of an application to the leather culting problem where this concept is being tested.

Keywords: Design of Graphical Interfaces, Visual Interactive Modeling, Dynamic Behavior, CIM.

Camarinha-Matos, L. M., and Osério, A. L., 1994, “An Integrated Platform for
Concurrent Engineering”, RBCM - J. of the Braz. Soc. Mechanical Sciences, Vol. 16,
no. 3, pp. 341-353,

The requirements for a platform for Concurrent Engineering (CE) are discussed in paralle] with an analysis of
the evolution of integraled manufacturing sysiems and new organizational paradigms in industrial companies.
CIM-FACE system is introduced as a prototype federated architecture for CE, addressing the aspects of
modeling, information sharing and management, and engineering processes supervision. Cucrent status of
developments and experimental results are discussed and open challenges pointed out,

Keywords: Concurrent Engineering, Integrated Manufacturing, Industrial Information Integration, CIM.
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