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Optimizacijski postopek v procesu zasnove

zobnikov

Optimisation Feature in Gear Design Procedure

Samo Ulaga - Joze Flasker - Bostjan Zafosnik - Iztok Ciglarié

V prispevku je opisano orodje za optimiranje geometrijske oblike zob kot dodatek k splosnim
postopkom zasnove zobnikov. Algoritem omogoca zmanjsanje in enakomerno porazdelitev obrabe in jamicenja
zob v ubiru. V postopku optimiranja upostevamo dva glavna parametra, ki sta odvisna od geometrijske
oblike zob. kontaktne napetosti in relativno drsenje. Oba sta odvisna od oblike kontaktne povrsine, ki pa je
v veliki meri odvisna od koeficientov premikov profila. Ce Zelimo doseci ¢im vecjo Zivljenjsko dobo zobnikov,
moramo poiskati optimalne vrednosti koeficientov premikov profila, z upoStevanjem vseh preostalih robnih
pogojev, ki so predpisani za zasnovo zobnikov. Uporabljen je algoritem adaptivnega izboljsanja mreze. V
nadaljevanju prispevka je preverjena oblika zob, dobljena po predlaganem postopku. Prav tako so primerjane
in ocenjene drsne razmere za obe obliki zob. Prikazana je moznost uporabe MKE v postopku snovanja
zobnikov. Za izracun kontaktnih napetosti je uporabljen algoritem z metodo Lagrangeovih mnoziteljev po
metodi koncnih elementov, kontaktne povrsine pa so dodatno opisane s parametricnimi zlepki.
©2001 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: zasnove zobnikov, dresenje relativno, optimiranje, problemi kontaktni)

In this paper a tooth-geometry optimisation feature is proposed, which is to be added to the general
gear-design procedure, so as to provide reduced and equally distributed wear and pitting of mating gear-

contact stress and relative sliding. Both depend on the geometry of the contacting surfaces, which is mainly
influenced by the addendum modification coefficient. To maximise the service life of the gear pair, optimum
values of this coefficient have to be chosen, in order to satisfy prescribed criteria for specific sliding and Hertz
pressure while all the design boundary conditions are fulfilled. An adaptive-grid-refinement algorithm pro-
cedure is applied and the gear-flank geometry resulting from the optimisation algorithm is subsequently
analysed. The sliding circumstances are compared and evaluated. A FEM contact algorithm using the
Lagrange multiplier method and a spline-based geometry definition is applied to calculate the contact stress
distribution patterns and to show the applicability of the computational methods to the general gear design.
© 2001 Journal of Mechanical Engineering. All rights reserved.

(Keywords: gear design, relative sliding, optimization, contact problems)

0UVOD O0INTRODUCTION

Kontakt dveh zobnih bokov v ubiru je The contact of two mating teeth flanks can
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mogoce obravnavati kot neprilegajo¢ kotalno-
drsni kontakt s trenjem [1], kakor je prikazano na
sliki 1. Kotaljenje je vir normalnih napetosti v
zobu, drsenje s trenjem pa povzroca strizne
napetosti. Ce je prekoraena trdnost materiala, se
lahko pojavijo poskodbe povrSine zoba, kar ima
za posledico skraj$anje dobe trajanja ali celo zlom
zoba.

Relativno drsenje se med ubiranjem
zobnih bokov (sl. 1), pojavi kot posledica
naslednjega: zaradi kotaljenja prideta tocki P, in
P, v kontakt v tocki 4 — zacetek ubiranja, medtem
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be described as a non-conforming, rolling-sliding
contact with friction, [1], as shown in Figure 1. Due to
the rolling, the gears are subject to normal stresses,
while the frictional sliding produces shear stresses.
Exceeding the material’s stiffness can result in damage
to the contacting surfaces, and as a result, the service
life of the gear pair may be seriously affected or, in the
extreme case, the material could fail.

During the mating process, adjacent gear-
tooth flanks are subject to relative sliding (Fig. 1) for
the following reasons: the rolling of the mating gears,
points P, and P, are brought into contact at point 4
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Sl. 1. Kotalno-drsni kontakt zobnikov
Fig. 1. Rolling-sliding contact of gears

ko prideta tocki P,” in P,” v kontakt v to¢ki B na
ubirnici. Posledi¢no bo del zobnega boka /, v
kontaktu z delom protiboka /,. Zaradi razli¢nih
dolzin se pojavi relativno drsenje, zaradi Cesar
se obrabi krajsi del zobnega boka v kontaktu. V
uporabi so metode za analizo razmer med
ubiranjem. Najbolj so razsirjene razli¢ne metode,
ki jih predlagajo standardi (DIN, ISO, AGMA). V
prispevku je predlagan algoritem za optimiranje
obrabe zobnih bokov kot dodatek k postopku
zasnove zobnikov, ki ga predlaga standard
DIN3990 [2]. V standardnih metodah obicajno
najprej izberemo parametre, kakor so modul,
medosna razdalja in Stevilo zob, ki doloc¢ajo
ustrezno vsoto koeficientov premikov profilov
(PP) po ISO112/1 [3]. Izracunana vsota je nato
porazdeljena med zobnik in pastorek, kakor to
predlaga DIN3992 [4]. Na ta nacin dosezemo
navidezno sorazmerno upogibno nosilnost zob,
drsne hitrosti in relativno drsenje. Fazi dolo¢anja
geometrijske oblike zob sledi natan¢na dolocitev
nosilnosti. Izracunane vrednosti napetosti nato
primerjamo z dovoljenimi vrednostmi za izbran
material pastorka in zobnika. V prispevku je, z
namenom zmanjsati obrabo in jamic¢enje zobnih
bokov, obi¢ajnemu postopku dodan algoritem za
optimiranje oblike zobnih bokov (sl. 2).
Obravnavana je soodvisnost PP, relativnega
drsenja in Hertz-ovega tlaka v primeru evolventne
valjaste zobniske dvojice.

Definiran je nelinearen problem, znamenom
poiskati najboljSo reSitev glede optimalne
porazdelitve PP za izbrano zobnisko dvojico. Definicija
omogoca minimizacijo in optimalno porazdelitev
relativnega drsenja glave in korena ISO112/1 [3] zob
v ubiranju in posledi¢no zmanjSanje obrabe.
Upostevani so obicajni robni pogoji, ki veljajo pri
obic¢ajnih postopkih zasnove zobnikov: normalne in

— the beginning of engagement; while points P,” and
P,’ come into contact with each other at the engagement
point B. Consequently, a flank section/, will be in contact
with contacting the adjacent flank section /,. Due to a
difference in their lengths, relative sliding occurs, causing
increased wear of the shorter section of the mating flanks.
Different methods are available to analyse the contact
circumstances during gear meshing, methods suggested
by different standards (DIN, ISO, AGMA) are widely
used. In this paper a general gear- design procedure,
suggested by the DIN3990 standard [2], is examined and
some wear optimisation features are suggested. When
using the standardised procedure, gear-pair parameters
such as module, centre distance and number of teeth are
initially defined, and then the accompanying sum of the
addendum modification coefficients (AMC), as defined
inISO112/1 [3], s calculated. Its distribution between the
pinion and the gear is suggested by DIN3992 [4].
Following the above recommendation, pseudo-
proportional bending-load capacity, sliding velocity and
relative sliding are assured. The exact bending- and
contact-load capacity evaluation follows the geometry
definition phase. The calculated values are compared
with the allowed values for the pinion and gear material.
In the present paper, a gear-teeth-geometry optimisation
algorithm is added to the above gear-design procedure
in order to reduce the abrasion wear and pitting of mating
gear-teeth flanks (Figure 2). The interdependency of the
AMC, the specific sliding and the Hertz pressure is
analysed for the case of an involute cylindrical gear pair.

A non-linear programming problem is defined
in order to find the best solution by means of the
optimum AMC distribution values for the selected gear
pair. This definition enables minimisation and equal
distribution of the relative sliding for the addendum
and dedendum flank ISO112/1 [3] of the mating gear
teeth, and as a result, minimises the wear of the gear
pair. Normal and bending stresses are constrained to
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Sl. 2. Nacin resevanja
Fig. 2. Solution approach

upogibne napetosti znotraj dovoljenih vrednosti,
prav tako tudi debelina zoba, stopnja ubiranja in
spodrezanje. Optimalna resitev je dolocena z
uporabo globalnih metod optimiranja. Napetosti,
izraCunane z obicajnim postopkom so primerjane z
vrednostmi, dobljenimi po metodi konénih elementov
(MKE).

1 TEORETICNE OSNOVE
1.1 Drsenje

Kakor je navedeno v razli¢ni strokovni
literaturi [5], se pojavi relativno drsenje v kontaktnih
tockah vzdolz ubirnice zaradi razli¢éne dolzine
kontaktnih povrsin vrha in korena zob v ubiranju.
Od kinematskega pola C, kjer se drsenje teoreticno
ne pojavlja, se razlika obodnih hitrosti v in v, v
kontaktnih toCkah veéa proti zunanjim tockam
ubiranja 4 in E (sl. 3).

Relativno drsenje pomeni razmerje med
relativno obodno hitrostjo zobnih bokov v ubiranju
in obodno hitrostjo dolo¢enega zobnega boka:
V1~V

G =

V11

v izbrani kontaktni to¢ki ¥, kakor prikazuje slika 3. V
enacbi (1) pomenita v, inv_, obodne hitrosti pastorka
in zobnika. Obodno hitrost izraCunamo kot:

Vi = o N,Y
kjer sta @, in @, kotni hitrosti, N,Y in N,Y pa sta

razdaljimed N, oziroma V, in trenutno ubirno tocko Y.
Specifi¢no drsenje imamo lahko za merilo abrazivne

remain within the prescribed values, and other design
criteria such as gear-tooth thickness, contact ratio and
tooth interference are also considered. An optimum
distribution is found using global optimisation
methods. Stresses calculated by conventional methods
are compared to the numerical solution obtained by
the finite-element method (FEM).

I THEORETICAL BACKGROUND
1.1 Sliding

As a consequence of the different lengths of
the addendum and the dedendum flanks (Fig. 1), relative
sliding occurs in the contact points along the transverse
path of contact Niemann et al. [S]. From the pitch point
C, where sliding is theoretically zero, the difference
between the tangential velocities v, and v, at the
contacting points increases towards the external points
of the engagement A4 and E respectively (Fig. 3).

Specific sliding represents the ratio between
the relative tangential velocity and the tangential
velocity of the particular gear-tooth flank:

= V12~V (1)
V12

at the particular contacting point Y, as shown in Fig. 3. In

(1), v,,and v, are the tangential velocity of the pinion and

gear, respectively. The tangential velocity is calculated as:

Vi, =0, N, Y ),

where @, and w, are angular velocities and W and
N,Y are distances between the engagement point Y
and the points N, and N, respectively. The specific



Sl. 3. Razmere pri ubiranju
Fig. 3. Mating circumstances

obrabe [6]. Kot optimalno porazdelitev relativnega
drsenja vzdolz kontaktnih povrsin se Steje stanje, ko
jeizpolnjen pogoj iz enacbe (3). TakSna porazdelitev,
razen na obrabo, ugodno vpliva tudi na hrupnost
zobniskega para:

VYT

1.2 Hertzov tlak

V primeru kontakta dveh teles, lahko
uporabimo Hertzovo [7] teorijo, kadar so izpolnjeni
naslednji pogoji:

- kontaktne povrsine so zvezne in neprilegajoce,

- vsako telo v stiku je mo€ obravnavati kot elasticen
polprostor,

- majhne deformacije, znotraj linearne teorije
elasti¢nosti,

- ni trenja med povrSinami v kontaktu.

Ko so zgornji pogoji izpolnjeni, pri¢akujemo
eliptiCno porazdelitev napetosti, kakor je prikazana
na sliki 4. Kontaktno podrocje je majhno v primerjavi
z velikostjo teles.

Napetosti v kontaktnem podroc¢ju niso
bistveno odvisne od oblike telesa dale¢ stran od
podrocja stika. Za izracun najvecjih napetosti so na

sliding may be considered as a measure of the abrasive
wear [6]. It is regarded as the optimum distribution of
relative sliding along the mating-teeth flanks to reduce
their wear when the condition stated in (3) is achieved.
It also has a beneficial effect on noise reduction.

SiE =524 @3-
1.2 Hertz pressure

When two bodies are brought into contact
and the following restrictions are fulfilled, Hertz [7]
theory may be applied:

- surfaces are continuous and nonconforming,

- each solid can be considered as an elastic half-
space,

- the strains are small and within the linear range of
elasticity,

- the surfaces are frictionless.

An elliptical distribution of the normal
stresses, as shown in Figure 4, is expected. The contact
region becomes an area that is small in comparison
with the dimensions of the contacting bodies.

The stresses in the region of contact are not
essentially dependent upon the shape of the contact-
ing bodies away from the contact region. Their maxi-
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Fig. 4. Hertz pressure distribution
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voljo preprosti izrazi. V primeru, da sta v kontaktu
telesi iz razlicnih materialov, je treba izracunati
nadomestni modul elasti¢nosti:
1 11
E 2| E
V primeru kontakta dveh zobnih bokov
izratunamo najvecje napetosti kot:

1
+_
)

mum value can be calculated using simple formulae. In
the case of solids made of two different materials, an
equivalent modulus of elasticity has to be defined:

.

When applied to analyse the line-contact
circumstances of the mating gear-teeth flanks, the
maximum normal stress can be calculated as:

E

kjer pomenijo: £ - Youngov modul, F, - normalno silo
na zobni bok, b - §irino zob, v - Poissonovo Stevilo.
Povprecni polmer ukrivljenosti p v trenutni tocki
ubiranja Y, izraCunamo po enacbi:

1_ b

P P

Sirino konatktnega podroéja izraéunamo kot:
bH

1.3 Koeficient premika profila

Evolventno ozobje je, v nasprotju od
cikloidnega, neobcutljivo na spremembo medosne
razdalje. Sprememba medosne razdalje povzroci
samo spremembo ubirnega kota. Da ohranimo
zvezno in enoli¢no prenasanje kroznega gibanja
in zagotovimo predpisano obodno ohlapnost, je
treba prilagoditi obliko zobnega profila. Slednje
dosezemo s t.i. premikom profila. Izraz pomeni
premik referen¢nega profila orodja med izdelavo
ozobja, in sicer za vrednost x-m, kjer m pomeni
normalni modul, x pa imenujemo koeficient
premika profila (ISO112/1[3]). Za dano zobnisko
dvojico ob izbrani medosni razdalji in modulu
izraunamo ustrezno vsoto PP. Vsaka sprememba
PP pomeni spremembo oblike profila zob.
Spremenijo se tudi lastnosti zobnikov v ubiru,
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where E isYoung’s modulus, F, is the normal force

on the tooth flank, b represents the face width and v

is Poisson’s ratio. The mean radius of curvature, p, at

the engagement point Y, is calculated as:

1

Pay ©).

The width of the contact area is defined as:

(.

b

1.3 Addendum modification coefficient

Unlike cycloid gear pairs, involute gears are
insensitive to changes in centre distance. It only causes
an alteration of the pressure angle. To preserve the
continuous and uniform transformation of rotary motion,
and to retain the prescribed circumferential backlash of
the gear teeth, it is necessary to adjust the profile geometry
of the teeth. This can be achieved by an addendum
modification. It is understood as the tool reference profile
shift during the manufacture of the toothed gear by an
amount x-m, where m represents a normal module and x
is termed the addendum modification coefficient, as
defined in ISO112/1 [3]. For the particular gear pair at the
prescribed centre distance and module the corresponding
pressure angle and the sum of the AMC are calculated.
Any variation of the AMC results in a changed tooth
profile. It also leads to changed properties of the mating
gears, such as: meshing interference, tooth flank radii of
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zobnih bokov, ubirni kot, debelina korena zob,
stopnja ubiranja, medosna razdalja, drsne hitrosti,
[8]). Porazdelitev vsote PP, kakr$no predlagajo
razli¢ni standardni postopki za zasnovo zobnikov,
ni vedno optimalna glede obrabe in jamicenja
zobnih bokov. Izbrani koeficienti PP pa odlo¢ilno
vplivajo na vsaj dva pomembna parametra obrabe
zobnikov (sl. 5). Vrednosti najvecjih normalnih
napetosti v kontaktnih tockah vzdolZ ubirnice,
izracunane po enacbi (5), so neposredno odvisne
od polmera ukrivljenosti na mestu dotika, ta pa je
funkcija PP.

Vr1i-vr2

x>0 x<0

Geometrija zob f(x1,x2)

Teeth geometry f(xi, x2)

curvature, pressure angle, tooth root thickness, contact
ratio, centre distance, sliding velocities, etc. (Beitz ef al.
[10]). The distribution of the sum of the AMC, as suggested
by standardised gear-design procedures is not always
optimum with respect to the abrasion wear and pitting of
the mating gear flanks. The shape of the gear tooth
following from the selected coefficient of the AMC directly
influences at least two important parameters of gear wear
(Fig. 5). The maximum value of the normal stress at the
contact points along the contact line, calculated from (5),
directly depends on the curvature of the contacting
surfaces, which is the function of the AMC.

B C D E!

Sl. 5. Soodvisnost parametrov
Fig. 5. Parameter interdependence

Razdalje N_,.Y, i =1,2 ,uporabljene v enacbi
(2) so neposredno odvisne od PP. Da bi zmanjsali
obrabo, moramo relativno drsenje zmanjsati do
najmanj$ih mogocih vrednosti, medtem ko morajo
normalne napetosti ostati znotraj dovoljenih
vrednosti. Optimalno porazdelitev PP lahko
izracunamo z metodami nelinearnega programiranja.

2 NALOGA MATEMATICNEGA
PROGRAMIRANJA

2.1 Definicija

Veliko nalog s podrocja optimalnega
konstruiranja lahko zapiSemo v obliki naloge
nelinearnega matemati¢nega programiranja P, kakor
je predlagal Arora v delu [9]:

The distances W, i=1,2used in (2)
directly depend on the AMC. To reduce the wear of
the gear pair, relative sliding has to be reduced to the
smallest possible level, while normal stresses must
remain below the permissible values. The optimum
distribution can be calculated using non-linear
programming methods.

2 NON-LINEAR PROGRAMMING
PROBLEMS

2.1 Definition

The optimum design can be formulated in
the form of a non-linear programming problem P, as
stated by Arora [9], which can generally be written
as:

minf|(x),x ER* ®),

in upostevamo omejitve

subject to

STECJINISKI L
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f(0<0,1<i<h
x €[ %,,%,1,1<j<k

kjer so x e R* vektor projektnih spremenljivk, f,(x)
namenska funkcija in f(x)<0,1<i<h omejitvene
funkcije, ki definirajo dovoljeno obmocje S. Vektorja
X in X predstavljata spodnje oziroma zgornje meje
projektnih spremenljivk, ki jih izberemo tako, da
zagotovimo fizikalno primerne resitve naloge. Resitev
naloge (8) je optimalni vektor projektnih spremenljivk
*x. V konkretnem primeru definiramo vektor
projektnih spremenljivk:

where x e R"is a parameter or design-variable vec-
tor, f/(x) is the objective function and f(x)<0.1<i<h
are constraint functions defining the feasible domain
S. Vectors X and X represent the lower and upper
bounds of the design-variable vector, repectively, and
are chosen to constrain the parameters to physically
attainable values. The solution of the formulation (8)
is the optimum design-variable vector *x. For our
purpose, we define the design-variable vector as:

X= [xl,xz]r ),

kjer sta x, in x, koeficienta profilnega premika, s
katerima nadziramo oziroma definiramo geometijsko
obliko zobniske dvojice. Namensko funkcijo
definiramo s parametri specifi¢nega drsenja:

fo(xl’ xz)::gl to,+66,

Namenska funkcija je definirana tako, da
minimizacija funkcije hkrati zagotovi najmanjso
absolutno vrednost specificnega drsenja in
minimalno razliko najvecjih vrednosti specifi¢nega
drsenja za zobna boka v ubiranju. V nadaljevanju
definirajmo $e omejitvene funkcije:

where x, and x, are the AMC defining and control-
ling the gear-pair geometry. The objective function is
defined by means of specific sliding:

(10).

It is formed in a way that enables the minimisation of
the absolute magnitude of the specific sliding and
also minimises the difference between the maximum
values for adjacent tooth flanks. Further, we define
the constraint functions:
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fl(xl’XZ)::O-Hmax_o-Hlim <0 (LD
f, (xl’xz) = Oy ~ O <0 (11.2)
2
Q(chﬂ:z%—\/[%j +(a-sin(a,,))’ <0 (11.3)
d d,, Y
f4(xl,x2)::?2—\/(%j +(a-sin(0(‘4,,))2 <0 (11.4)
fy(x.x,)=s, —d, [Zl[g +x, tan(a,)j +inv(a,) —inv(aal)j <0 (11.5)
1
fo(x.x,)=s, —d,, (Zi(g +X, tan(a,)} +inv(a,) —inv(aaz)j <0 (1L6)
2
f,(x,x,)=(x +x2)—(z1 +Zz)(12nv(aw’)_mv(a’)) =0 L7
tan(a,)
2 2 2 2 .
() = JE =&, +4Jd2,-d2, —2-a-sin(a,, ) 11 (118)

Omejitvi (11.1) in (11.2) zagotavljata, da
sta najveéja normalna in upogibna napetost zob
v ubiranju manj$i od dovoljenih vrednosti
konstrukcijskega materiala. Omejitvi (11.3) in
(11.4) preprecujeta prekrivanje aktivnih delov
zobnih bokov v ubiranju. Ustrezno debelino vrha
zoba [10]:
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2-m-m-cos(a,)

Constraints (11.1) and (11.2) ensure that the
maximum calculated normal and bending stresses, re-
spectively, are less than the permissible values for the
particular material. Constraints (11.3) and (11.4) pre-
vent interference of the active sections of the tooth
flanks from occuring. In order to keep the thickness of
the tooth tip greater than the permissible value [10]:
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zagotavljata omejitvi (11.5) in (11.6), upostevani v
formulacijo naloge. Omejitev (11.7) je upostevana z
namenom, da zagotovimo konstantno vsoto
koeficientov profilnega premika in omejitev (11.8) z
namenom, da zagotovimo stopnjo profilnega ubiranja
manj ko 1,1. Izrazi, uporabljeni v (11), so dobro znani
v literaturi [5], ki obravnava konstruiranje zobnikov.

2.2 ReSitev naloge

Naloga nelinearnega matemati¢nega
programiranja je reSena z uporabo globalne
optimizacijske metode. Uporabljen je algoritem
prilagodnega izboljSevanja mreze (AGR), ki smo ga
uvedli v okolju Mathematica [11]. Algoritem AGR
spada med hevristi¢ne deterministi¢ne metode [12].
Nacelo delovanja algoritma AGR je naslednje. Na
definicijskem obmoc¢ju, na katerem je resitev,
ustvarimo n zacetnih tock na enakih medsebojnih
razdaljah (sl. 6)
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Sl. 6. Omrezeno podrocje - simbolicno
Fig. 6. Symbolic grid domain

V vsaki tocki izraCunamo vrednost namenske
funkcije. Tocke, v katerih je vrednost namenske funkcije
relativno manjSa, prenesemo v naslednjo iteracijo,
preostale tocke pa zavrzemo in izlo¢imo iz nadaljnjega
postopka. Ob vsaki obdrzani tocki algoritem ustvari novi
tocki, ki sta od zaéetne tocke oddaljeni za tretjino zaCetne
razdalje med tockami. Ponovno izracunamo vrednosti
namenske funkcije v novih tockah. Iterativni postopek
zgo§c¢evanja mreze, doloCanja vrednosti namenske
funkcije in izbire moznih resitev se ponavlja, dokler niso
izpolnjeni podani konvergenc¢ni kriteriji. Vrednost
namenske funkcije v tockah se z iteracijami zmanjsuje,
in sicer v razli¢nih smereh za ve¢ delov definicijskega
obmocja. Enak postopek v splosnem poteka za poljubno
Stevilo projektnih spremenljivk, vendar se s tem
eksponentno poveca tudi Stevilo mreznih vozIisc, kar je
povezano z znatnim povecanjem numeri¢ne zahtevnosti.
Algoritem je nadvse robusten, ne zahteva zveznosti in
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12)

constraints (11.) and (11.6) are applied to our
formulation. Finally, constraint (11.7) is imposed in
order to ensure that the sum of the AMC is constant,
and the constraint (11.8) is to prevent ahe contact
ratio of less than 1.1 appearing. Expressions in (11)
are well known from the literature dealing with gear
design [7].

2.2 Solution approach

The global optimisation method is used in
the present work. An Adaptive Grid Refinement (AGR)
algorithm within Mathematica [11] is applied. The AGR
algorithm is, in essence, a generalised-descent method.
These methods are [12] classified as heuristic
deterministic methods. They are based on the evolution
of the cost function and its change only along certain
paths, each considered as a design history as a
function of time from starting point to minimum point
at the current iteration. The algorithm works as follows.
The interval to be searched for a solution is covered
by a grid of » initial equi-distant grid points (Fig. 6).

:
i.

g

i

|
|
)
il

At each point, the objective function is
evaluated. The best points with the lowest
objective function values are kept, while the rest
are excluded from the subsequent procedure. For
each kept point, the new points are evaluated on
each side at one-third distance between the first
set of points. The objective function value is
evaluated once again for the new points. This
process of grid refinement continues until a
termination criterion is met. When the above
procedure is applied, the population of the working
set is reduced over the iterations while the solution
set can spread over multiple possible regions and
directions. The same procedure can be used for
any of the design variables, although the number
of grid points and computation effort increases
exponentially with the number of design variables.
The algorithm acts in a very stable way and
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odvedljivosti namenske funkcije ter dobro obvladuje
tudi definicijsko obmocje, podano z zahtevnejsimi
omejitvenimi pogoji.

3 REZULTATIIN NJIHOVA
POTRDITEV

3.1 Rezultati

Predlagan postopek optimalnega
projektiranja smo uporabili na primeru valjaste
zobniske dvojice, definirane s parametri, prikazanimi
na sliki 2. Pri tem smo predpisali naslednje spodnje in
zgornje meje projektnih spremenljivk:

X= [-0,4,
x=[1,2, 1,2]

ki pomenijo obi¢ajne mejne vrednosti stopnje
profilnega premika [5]. S predlaganim algoritmom smo
izraCunali naslednje optimalne vrednosti koeficientov
profilnega premika:

Optimalna resitev izpolnjuje tudi omejitve,
podane zizrazi (11). Kljub temu je treba poudariti, da
mora izraCunane vrednosti pred uporabo oceniti Se
izkusen snovalec zobniskih gonil.

3.2 Overitev

V postopku overitve oblike zob, dobljene z
optimizacijskim algoritmom, so bile uporabljene
analiticne in numeri¢ne metode. Za porazdelitev PP
po enacbi (15), kakor jo predlaga DIN3992 [4], je bil v
vsaki od znacilnih tock vzdolz ubirnice (4, B, C, D, E)
izracunan polmer ukrivljenosti:

x,=[0,23; 0,12]'

Zgornje vrednosti so bile izracunane tudi za
porazdelitev PP, kakor jo predlaga optimizacijski
algoritem(13). Za obe porazdelitvi PP je bil izracunan
Hertzov tlak. Rezultate kaze slika 7.

Da bi potrdili uéinkovitost predlaganega
algoritma, je bilo v vseh tockah izracunano Se
relativno drsenje. Primerjavo vrednosti prikazuje slika
8. Kakor je razvidno s slik 7 in 8, so tako vrednosti
Hertzovega tlaka, kakor tudi relativnega drsenja
manjse in bolj enakomerno porazdeljene v primeru
optimirane porazdelitve PP. Na podlagi prikazanega
je mo¢ sklepati, da bo obraba zobnih bokov zobnikov,
oblikovanih na nacin, kakor je predlagano z
optimizacijskim algoritmom, manjSa in bolj
enakomerna. Da dokazemo pravilnost postopka, smo
enak algoritem uporabili $e za optimiranje porazdelitve
koeficientov PP zobniske dvojice z naslednjimi
podatki: P=25kW, n =700min", /=3, z =21, m =4mm,
a=170mm. Rezultati so podani na sliki 8a.
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“x=[0,307; 0,046]"

requires no calculation of the derivatives. It can
also handle discontinuities and calculations in the
vicinity of a complex constraint boundary.

3 OPTIMISATION RESULTS AND
VERIFICATION

3.1 Optimisation results

To verify the suggested approach, a spur
gear pair was analysed, defined by the parameters
given in Figure 2. The upper and lower bounds of the
design-variable vector are:

-0,4]
(13),

respectively, and represent common gear-design lim-
its [5]. Using the presented algorithm, the following
results were obtained:

(14).

Where the constraints of equations (11) were
considered as well. Nevertheless, it should be pointed
out, that the experienced gear designer should always
review the computational results, prior to the final decision.

3.2 Verification

Analytical and computational methods were
used to verify the geometry obtained by the optimisation
algorithm. The radii of curvature at every characteristic
contact point along the path of contact (4, B, C, D, E)
was calculated for the distribution of the AMC
suggested by the standard procedure (DIN3992 [4]):

(15).

and the calculated optimum distribution (13) of the AMC.
The Hertz pressure was calculated at every characteristic
contact point (continuous line) and compared to the
values obtained for a non-optimum distribution (dashed
line). The results are presented in Figure 7.

To establish the efficiency of the suggested
algorithm, relative sliding at each of the typical contact
points was calculated as well, as shown in Figure 8.
As can be seen from Figures 7 and 8, respectively, the
normal pressure and relative sliding values for the
optimised AMC distribution are lower and more equally
distributed. Consequently, it can be assumed that the
expected abrasion wear of the gear-teeth flanks, shaped
in accordance with the optimisation algorithm, will be
reduced and equally distributed. To prove the
regularity of the approach, the same algorithm was
used for another gear pair with the following data:
P=25kW, n,=700rpm, =3,z =21, m =4mm, a=170mm.
The results are presented in figure 8a.
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Fig. 8. Specific sliding distribution along the path of contact

3.2.1 Uporaba MKE v postopku snovanja zobnikov 3.2.1 Application of the FEM in general gear design

Porazdelitev normalnih napetosti v To demonstrate the applicability of
analizirani zobniski dvojici je bila, z namenom computational tools in the gear- design process, the
prikaza uporabnosti numeri¢nih metod, izracunana normal stress distribution of the analysed gear pair
z metodo konénih elementov. Uporabljen je bil was calculated using the finite-element method
lasten program za analizo kontaktnih problemov, (FEM). An in-house contact code, based on the FEM
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S1. 9. Kontaktne napetosti po MKE za optimirano obliko zob — tocka B
Fig. 9. FEM contact stresses distribution for optimum tooth profile — B point
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ki sloni na metodi kon¢nih elementov [13]. V
programu je za predpisovanje kontaktnih robnih
pogojev uporabljena metoda Lagrangeovih
mnoziteljev. Ker MKE ne daje ‘gladkega’ opisa
analizirane geometrijske oblike, je bil uveden
dodaten opis kontaktnih robov s pomo¢jo
Overhauserjevih parametri¢nih zlepkov, ki
omogoca preprosto in natan¢nej$e zaznavanje
kontakta in izraCunavanje velikosti prodiranja.
Program omogoca Se nekatere koristne funkcije,
to je Prostialgoritem Lagrangea-Eulerja (Arbitary
Lagrange-Euler Algoritem - ALE) [14] za razdelitev
kotalnega kontakta na enostavnejse odseke. Za
zmanjSanje Stevila prostostnih stopenj so v
algoritmu na voljo posploseni robni pogoji [15],
ki omogocajo, da s povezovalnimi izrazi povezemo
poljubno Stevilo prostostnih stopenj. Za
optimirano in neoptimirano obliko zob so bile
izraCunane normalne napetosti. Na spodnji sliki
je prikazan primer porazdelitve normalnih
napetosti, za optimirano porazdelitev PP (14),
izraCunanih s pomocjo kontaktnega algoritma po
MKE.

Predlagan algoritem MKE je uporaben
za modeliranje kontaktnih pogojev med ubiranjem
zob. Algoritem omogoca modeliranje dejanske
geometrijske oblike zobnih profilov, trenja,
toplotnih obremenitev, razli¢nih elasti¢nih
lastnosti materiala [13] itn. Prednost uporabe
MKE pred obic¢ajnimi postopki je v tem, da poleg
ekstremnih vrednosti ponujajo tudi celotno
porazdelitev napetosti v telesu. Slednje je nujno
za napovedovanje jamicenja in drugih oblik
poskodb zobnikov. Pomanjkljivost uporabe MKE
v postopku snovanja zobnikov je, da moramo,
¢e zelimo natan¢no modelirati geometrijsko
obliko zob, uporabiti v okolici kontakta zelo gosto
mrezo. Posledica so bistveno povecani racunski
casi.

4 SKLEP

V prispevku je predlagana uporaba
razli¢nih vrst inzenirskih znanj, zdruzenih v
uporabna konstrukterska orodja. Standardnemu
postopku konstruiranja zobniskih gonil so dodane
nove funkcije, ki izboljSajo ucinkovitost.
Predstavljen je algoritem za optimiranje
porazdelitve koeficientov premikov profila.
Optimalna resitev je poiskana glede na relativno
drsenje in dovoljene normalne napetosti ter ob
upostevanju splosnih robnih pogojev za
konstruiranje zobnikov. Uporabljena je globalna
optimizacijska metoda, in sicer algoritem
prilagodnega izboljSevanja mreze. Vzdolz ubirnice
so za optimirano obliko zob preverjene vrednosti
relativnega drsenja in normalnih napetosti. Rezultati
so primerjani z vrednostmi, izraunanimi za

was used for the gear design [13]. The Lagrange
multiplier method was used for the imposition of the
contact boundary conditions. A redundant geometry
definition was used to avoid a non-smooth geometry
description provided by the FE shape function.
Overhauser splines were used for the gear design
providing simplified and more accurate contact
detection and penetration-size calculation. Some
other useful features were used within the computer
program as well, and an Arbitrary Lagrangian Eulerian
(ALE) algorithm for a decomposition of the rolling
contact was applied [14]. To reduce the number of
degrees of freedom, a system of generalised
constraints, as suggested [15] was introduced,
enabling arbitrary degrees of freedom to be linked by
specified expressions to maintain desired relations.
Optimised and non-optimised profiles of the gear
teeth were modelled and the normal stresses
calculated. Some results of the FEM contact algorithm
for the optimum AMC distribution (14) are presented
in the following figure.

The proposed FE algorithm is capable of mod-
elling the contact conditions during the gear-teeth mat-
ing. It also allows for consideration of the real tooth
profile; the friction and temperature loading; and the
different elastic properties of the mating materials [13],
etc. There are many reasons for proposing the applica-
tion of computational methods in combination with con-
ventional ones. Contact interaction between any two or
more mechanical components can significantly affect
their operating conditions. Due to their importance it is
imperative to gain a proper insight into the process of
contact interactions. FE analyses provide the complete
stress-strain distribution of the mating gear teeth, which
is necessary for predicting the possibility of pitting and
other forms of gear failure. From the users’ point of view
it should be stressed that a comprehensive knowledge
of general gear design is necessary to be able to use the
computational tools properly.

4 CONCLUSIONS

In this work, an attempt to bring together different
areas of engineering knowledge to create a useful design
tool is presented. Some novel features within a general gear-
design procedure are applied in the work to improve the
efficiency of the standard gear-design procedures. An
optimisation algorithm for the addendum modification
coefficient distribution is presented. An optimum distribution
is found with respect to the specific sliding and permissible
Hertz pressure, taking general gear-design constraints into
account. The global optimisation method is used for the
above purpose. An adaptive grid refinement algorithm is
applied. The gear-tooth profile resulting from the optimisation
procedure is tested in terms of the specific sliding and the
normal pressure distribution along the transverse path of
the contact. Results are compared for the optimised and
non-optimised AMC distribution. A FEM contact algorithm
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neoptimirano obliko. Ugotovljeno je, da so
vrednosti normalnih napetosti in relativnega
drsenja za optimirano obliko zoba manjse in bolj
enakomerno porazdeljene. Na podlagi prikazanih
rezultatov lahko sklepamo, da je podani algoritem
primeren za uporabo pri konstruiranju zobniskih
gonil. Uporabljen je tudi kontaktni algoritem po
MKE, kot primerjava z analitiénimi postopki
snovanja zobnikov.
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is used to compare the analytical and computational gear-
design procedures. It was established that the relative sliding
and Hertz pressure of the mating tooth flanks of pinion and
gearresulting from the calculated optimum AMC distribution
arereduced and more equally distributed. From the presented
results it can be concluded that the proposed approach is
applicable to the general-purpose gear-design procedure,
but it will be tested on an extensive selection of cases prior to
it being proposed for general use.
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: sti¢ne tocke P1,P2,P1’,P2’>  points of contact

i znacilne tocke vzdolZ ubirnice A,B,C,D,E characteristic points along the line of contact
: del zobnega boka fi, /o teeth flank section

, obodna hitrost VT1, VT2 circumferent velocity

I kotna hitrost W, O, angular velocity

: Stevilo zob z1, 22 gear teeth number

I normalni modul m normal modulus

: medosna razdalja a centre distance

i koeficient premika profila X1, X2 addendum modification coefficient
: Sirina zobnika b tooth face width

i debelina vrha zoba Sa tooth tip thickness

I medsebojno drsenje S, 92 specific sliding

: trenutna tocka stika Y actual point of contact

: robne toc¢ke uporabnega podro¢ja ubiranja Ny, N boundary points of the utilisable domain
, premer temenskega kroga da1, da2 tip diameter

I premer korenskega kroga dv1, dv2 base diameter

: premer kinemati¢nega kroga dw1, dw2 pitch diameter

i dejanski polmer ukrivljenosti Py, Pay actual radii of curvature

| vrtidce zobnikov 01, 02 gear centre of rotation

i ubirni kot na delilnem krogu o transverse pressure angle

: ubirni kot na kinemati¢nem krogu Oy working transverse pressure angle
i ubirni kot na temenskem krogu Q,, &y pressure angle at tip diameter

: nagibni kot bo¢nic y/j helix angle

i modul elasti¢nosti E,Ei, E> modulus of elasticity

: normalna napetost Oy normal stress

I najvecja izra¢unana normalna napetost Olimax maximum calculated normal stress
: dovoljena normalna napetost Ollim permissible normal stress

I upogibna napetost o bending stress

: dovoljena upogibna napetost OFlim permissible bending stress

I normalna sila Fy normal force

: Poissonovo stevilo v Poisson’s ratio

I Sirina sti¢nega podrocja bu width of the contact area

: nelinearen problem programiranja P non-linear programming problem
i ciljna funkcija fo objective function

: omejitvena funkcija fi constraint function

| projektna spremenljivka X design variable

: definicijsko obmocje R* domain space

, dovoljeno obmocje S feasible domain

I spodnja in zgornja meja projektne X x variable lower and upper band
: spremenljivke X ’

i optimalni vektor projektnih spremenljivk X optimal solution vector
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Model in simuliranje delovanja odprtega

hladilnega postopka brez uporabe CFC

Design and Simulation of a CFC-Free Open Air-Conditioning
System

Uros Stritih - Mitja Moze - Peter Novak

V prispevku sta opisana model in delovanje hladilnega postopka, ki za hladilno sredstvo uporablja
zrak. V uvodu so opisana obicajna hladiva, ki jih primerjamo z alternativnim hladivom - zrakom. Opisana je
sestava sistema in termodinamicni model. Model je namenjen za Studij delovanja CFC-prostega zracnega
klimatizacijskega sistema, pri katerem so ob referencnih podatkih izbrani parametri spremenljivke, preostali
pa konstante. Karakteristicne krivulje so definirane s hladilnim stevilom COP, temperaturo ohlajenega
zraka, kompresijskim tlakom in drugimi parametri. Karakteristike sistema so dobljene s dejanskimi
obratovalnimi razmerami. Razmerja med specificnimi parametri in velicinami so predstavljena z diagrami.
Obrazlozene so izgube sistema zaradi neizentropne kompresije v centrifugalnem kompresorju, ekspanzije v
turbinskem ekspanderju in nepovracljivosti postopka prenosa toplote v prenosniku toplote.
© 2001 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: sistemi hladilni, naprave klimatske, CFC, modeli termodinami¢ni, simuliranje)

In this paper a model is presented and its operation of a cooling process that uses air as the cooling
medium. In the introduction, conventional refrigerants are compared with an alternative refrigerant - air.

mance of a CFC-free air-conditioning system, in which some parameters of the individual components are
variable while the others are constant for the referenced data. The characteristic performance curves of a
simple air-conditioning system are defined as the coefficient of performance (COP), the temperature of the
cooled outlet air, the compression pressure and other parameters. Using actual data from an air-condition-
ing system we obtained performance curves of the system. Relations between specific parameters and quan-
tities are presented in diagrams. Losses in the system, resulting from non-isentropic compression in the
centrifugal compressor and expansion in the turbine expander and the irreversible losses of the heat transfer
in the heat exchanger are explained.

© 2001 Journal of Mechanical Engineering. All rights reserved.

(Keywords: cooling systems, air conditioning systems, CFC free, thermodynamic models, simulation)
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0 UVOD

Teoreti¢no bi lahko uporabili katerikoli plin
kot hladivo, prakti¢no pa uvrs¢amo med hladiva samo
tiste pline, ki izpolnjujejo dolocene pogoje: fizikalne,
kemicne in fizioloske. Ker je hladivo v samem
hladilnem kroznem postopku izpostavljeno Sirokemu
obmodju tlakov in temperatur, so moznosti fizikalnih
in kemi¢nih sprememb zelo velike. Izbira hladiva za
posebno uporabo je pogosto odvisna od lastnosti,
ki niso neposredno vezane na zmoznost prenasanja
toplote. Na primer vnetljivost, strupenost, gostota,
viskoznost, dostopnost in druge podobne
karakteristike so pogosto odlocujoc¢i dejavniki.
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O0INTRODUCTION

Theoretically, any gas can be used as a
refrigerant, in practice, however, only certain gases
that meet various physical, chemical and physiological
requirements are used. Every refrigerant is exposed to
a wide range of pressures and temperatures in a
cooling/refrigerating cycle, so the possibility of
physical and chemical changes must be great. The
choice of refrigerant for a particular application often
depends on properties not directly related to its ability
to remove heat, for example, flammability, toxicity,
density, viscosity, availability and other similar
characteristics are often the most important factors.
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0.1 Obstojeca hladiva: Halogeno-ogljikova hladiva

Halogeno-ogljikova hladiva so sinteti¢na,
na osnovi ogljika, ter vsebujejo ogljik in halogene
atome, kakor so fluor, klor in brom. Lahko vsebujejo
tudi vodik. Primeri vkljucujejo klorfluorogljike
(CFCs), fluorogljikovodike (HFCs), halone itn.
Halogenirana hladiva se uporabljajo v Stevilnih
uporabah: hlajenje in klimatizacija. Halogeni
zadevajo domac in mednaroden vidik, ker povzrocajo
tanjSanje ozonske plasti (ODP), prispevajo pa tudi
h globalnemu uc¢inku tople grede (GWP). Slednji je
dandanes bolj znan kot sprememba podnebja, ki je
povezana s koznim rakom in zmanj$anjem odpornosti
¢loveskega imunskega sistema. TanjSanje ozonske
plasti lahko vpliva na zivljenje rastlin do tocke, od
katere vodi pot do pretrganja celotne prehranjevalne
verige. Te kemijske sestavine so znane pod kratico
ODS.

NajbOl_] pogosta hladiva so [1]:
izpeljanke metana: R11,R12,R13,R14,R22,R23,
RS0

— izpeljanke etana: R113,R114,R115,R152a

— azeotropne zmesi: R500 (R12+R152a), R512
(R22+R115),R503 (R23+R13)

0.2 Alternativno hladivo: Zrak

Zrak [2] je naravno, okolju popolnoma
neskodljivo hladivo. Poleg tega je tudi najcenejSe.
Okoljska vprasanja o tanjSanju ozonske plasti, u¢inku
tople grede in vedno bolj nujno potrebna zakonodaja so
obnovili zanimanje za alternativne tehnologije hlajenja.

Zracni hladilni sistemi imajo doloCene specificne
prednosti, ki so znacilne za vse potencialne uporabe:

— Delovno sredstvo (zrak) je naravno, okolju
neskodljivo, popolnoma nenevarno in nestrupeno.

— Sistemska oprema zra¢nega kroga je zelo
zanesljiva, s tem pa so manjsi stroski vzdrzevanja
in obraba sistema.

— Ucinkovitost sistema zracnega kroga se ne
zmanjsuje tako kakor pri parno-kompresijskih
enotah, Ce obratujejo zunaj predpisanega
obmocja.

— Sistem zracnega kroga lahko daje toploto pri
uporabni temperaturi, ¢e deluje kot hladilni sistem.

Uporaba zraka kot hladiva temelji na nacelu
plinske izentropne ekspanzije pri doloceni
temperaturi, koncna izstopna temperatura plina pri
nekem novem tlaku pa je zato nizja. Ohlajeni plin, v
tem primeru zrak, lahko potem uporabimo kot hladivo,
in sicer neposredno v odprtem sistemu ali posredno
skozi prenosnik toplote v zaprtem sistemu. Izkoristek
takih sistemov je omejen z velikostjo izkoristka
kompresije in ekspanzije, prav tako z uc¢inkovitostjo
prenosa toplote v prenosniku toplote. Prvotno so se
uporabljali pocasi teko¢i kompresorji in turbine.
Majhen izkoristek in zanesljivost takih strojev so bili

0.1 Existing refrigerants: Halocarbons

Halocarbons are synthetic, carbon-based
compounds that contain carbon and halogen atoms
such as fluorine, chlorine and bromine. They may also
contain hydrogen. Examples of halocarbons include
chlorofluorocarbons (CFCs), hydrofluorocarbons
(HFCs), halons, etc. Halocarbons are found in a number
of applications including refrigeration and air-
conditioning systems. Halocarbons are of both national
and international concern, because they cause
stratospheric ozone depletion (Ozone Depletion
Potential - ODP) and also contribute to global warming
(Global Warming Potential - GWP). Today, global
warming is better known as climate change, which in
turn has been linked to cataracts, skin cancer and
human immune-system suppression. Decreased ozone
levels can affect plant life to the point where it leads to
a disruption of the entire food chain. Such chemicals
are known as ozone-depleting substances (ODS).
The most common refrigerants are [1]:

— Methane SeriesR11,R12,R13,R14,R22, R23, R50

— Ethane SeriesR-113,R-114,R-115,R152a

— Azeotropic Blends: R500 (R12+R152a), R512
(R22+R115),R503 (R23+R13)

0.2 An alternative refrigerant: Air

Air [2] is by its nature the safest and cheap-
est refrigerant. Environmental concerns about ozone
depletion, global warming and increasingly stringent
legislation have renewed interest in alternative re-
[frigeration technologies.

Air-cycle systems have specific advantages
that apply to all potential applications:

— The working fluid (air) is free, environmentally
benign, totally safe and non-toxic.

— Air-cycle equipment is extremely reliable, thereby
reducing maintenance costs and system down-time.

— The performance of an air-cycle unit does not
deteriorate as much as the performance of a
vapour-compression unit when operating away
from its design point.

— When an air-cycle unit is operating in a refrigera-
tion cycle it can also produce heat at a useful
temperature.

The use of air as a refrigerant is based on
the principle that when a gas expands isentropically
from a given temperature its final temperature at the
new pressure is much lower. The resulting cold gas,
in this case air, can then be used as a refrigerant,
either directly in an open system, or indirectly by
means of a heat exchanger in a closed system. The
efficiency of such systems is limited to a great extent
by the efficiencies of compression and expansion, as
well as those of the heat exchangers employed. The
first systems used slow compressors and turbines,
however, the low efficiency and reliability of these
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glavni dejavniki za zamenjavo teh sistemov s parno-
kompresijskimi. Klub temu je prislo do razvoja
rotirajoCih kompresorjev in turbin ter s tem tudi do
vi§jih izkoristkov in vecje zanesljivosti zracnih krogov.
Napredek turbinske tehnologije skupaj z razvojem
zracnih lezajev in kerami¢nih komponent ponujajo
nadaljnje izboljsave. Skupaj z novimi zgoScenimi
prenosniki toplote z boljSimi karakteristikami prenosa
toplote postajajo taki sistemi vedno bolj konkurenéni
ze znanim parno-kompresijskim sistemom in vsekakor
tudi sistemom na tekoci dusik.

V nadaljevanju je prikazan potek
racunalniskega simuliranja zracnega hladilnega sistema
brez uporabe CFC, ki lahko simulira dejanski hladilni
sistem. Za simuliranje smo vzeli zra¢ni hladilni postopek
z odprto zanko, torej odprt sistem s hladivom na zrak.

1 OBLIKOVANIJE SISTEMA

Hladilni sistem je sestavljen iz
centrifugalnega kompresorja, prenosnika toplote zrak/
voda in ekspanzijske turbine.

vstop hladilne vode
inlet cool water

/

Qout

machines were the main reasons why they were
replaced with vapour-compression machines. Despite
their lack of popularity there were developments in
rotary compressors and turbines that resulted in high
efficiencies and higher reliabilities. The development
of turbine technologies with air bearings and ceramic
components offered further improvements. Together
with new compact heat exchangers and their higher
heat-transfer characteristics these systems have
become more and more competitive with vapour-
compression systems.

In this paper we present a computer-
simulation program of CFC-free air-conditioning
system that can simulate the performance of actual
systems. For our simulation we chose an open-cycle
air-conditioning system with air as the refrigerant.

1 DESIGN OF THE SYSTEM

The cooling system is composed of a cen-
trifugal compressor, on air/water heat exchanger and
an expansion turbine.

izstop segrete vode
outlet heated water

*

P

ET

prenosnik toplote zrak/voda
air/water heat exchangeer L

P

co

expansion turbine

izstop ohlajenega zraka | 4p
outlet cooled air v

ekspanzijska turbina

<

\ centrifugalni kompresor

centrifugal compressor
a

1 | vstop zraka
inlet air

Sl. 1. Shema preprostega (odprta zanka) zracnega hladilnega sistema
Fig. 1. Shematic diagram of a simple (open-loop) air-conditioning system

Nasliki 2 sta prikazana diagrama T-s in kratek
opis za odprti zracni proces [3].

Obrnjen Jouleov proces je sestavljen iz treh
korakov (sl. 2a). Prvi korak je kompresija delovnega
medija, drugi korak je izmenjava toplote med
delovnim (zrak) in hladilnim (voda) sredstvom in tretji
korak ekspanzija delovnega medija. Izvedba
obrnjenega Jouleovega procesa je lahko mogoca z
razlicnimi kompresorji, prenosniki toplote in
ekspanzijskimi turbinami. Delo, pridobljeno pri
ekspanziji, se uporabi za kompresijo (sl. 1). Ce sta
delo kompresije in ekspanzije enakega reda velikosti,
bo ze majhno povecanje dela kompresije ali majhen
padec dela ekspanzije poguben za ves proces. Zaradi
tega je eden od odlo¢ilnih problemov doseganje
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In Fig. 2 T-s diagrams and a short descrip-
tion of the open-air process are presented [3].

The reversed Joule cycle is composed of
three steps (Fig. 2a). First, a working medium is com-
pressed, then heat is exchanged between the work-
ing medium (air) and the cooling medium (water), fi-
nally, the medium is expanded. The reversed Joule
process can be realised with many different compres-
sors, heat exchangers and expanders. The work
gained by the expansion is used for the compression
(Fig. 1). As they are both of the same order of magni-
tude, a small increase in the compressor work or a
small decrease in the expander work will be detrimen-
tal to the process. One of the crucial problems is,
therefore, to achieve sufficiently high efficiencies in
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hladilna obremenitev
cooling load

COMPIESSION 4 diabatnalekspanzija
adiabatic xpansion

low pressure

S3:S4 SIZS2 S

Sl. 2a. Izentropna kompresija in ekspanzija
(idealna kapljevina brez trenja)
Fig. 2. Isentropic compression and expansion
(ideal fluid with no friction)

primerno visokih izkoristkov kompresorja in
ekspanderja. To Se posebno drzi pri majhnih
napravah, pri katerih imajo tradicionalni turbo-stroji
majhne izkoristke.

Tehtnost izkoristkov je prikazana v diagramu
T-s (sl. 2b). T je absolutna temperatura in s je
entropija. Ce se entropija med kompresijo in ekspanzijo
mocno zvecuje, je to ekvivalentno majhnemu
izkoristku procesa. Hladilna moc se zelo zmanjsa.

Izentropen proces ni nikoli 100-odstotno
izvedljiv. Ce bi bilo to mogoée, bi pomenilo, da v
procesu ni spremembe entropije (proces kompresije
in ekspanzije). Dejansko je proces kompresije, prenosa
toplote in ekspanzije vedno adiabaten. Torej je delo
kompresorja in ekspanderja omejeno z izentropnim
izkoristkom. Proces prenosa toplote poteka pri
nespremenljivem tlaku. Toda to je le idealna
predpostavka, kajti dejansko pride do najmanjsega
znizanja tlaka.

Glavna kriterija pri izbiri komponent
zraCnega hladilnega sistema sta dolocitev primerne
velikosti enote prostora, ki ga moramo ohladiti, in
razmerje energijske ucinkovitosti (EER) — hladilno
Stevilo (COP) sistema. EER (ali COP) je izra¢unan z
deljenjem hladilne moc¢i (BTU/h — British Thermal
Unit ali W-mo¢ v vatih) in vlozene elektri¢ne energije
(W-mo¢ v vatih). Vi§ji ko je rezultat, vecji je
izkoristek hladilne naprave.

2 TERMODINAMICNI MODEL ZRACNEGA
HLADILNEGA SISTEMA

Termodinami¢ni model, ki simulira delovanje
preprostega zracnega hladilnega sistema je bil razvit
za dolocevanje ucinkovitosti sistema. Model se tudi

Design and Simulation

visok tlak
high pressure
gnp 2p adiabatna
T, kompresija
adiabatic

compression

3
_‘r T3
1 T,
4p | nizek tlak
low pressure
hladilna obremenitev
cooling load
Sy Sy S, S,, S

Sl. 2b. Adiabatna kompresija in ekspanzija
(realna kapljevina s trenjem)
Fig. 2b. Adiabatic compression and expansion
(real fluid with friction)

the compressor and expander. This is especially true
for small machines, where traditional turbo-machines
have a low efficiency.

The importance of the efficiencies is best
shown in a T-s diagram (Fig. 2b). T is the absolute
temperature and s is the entropy. If the entropy in-
creases significantly during the compression or ex-
pansion, this is equivalent to low efficiency. The re-
frigeration power decreases immensely.

The isentropic process cannot be 100%
practicable. If it were, this would mean that there is
no change of entropy during the process of com-
pression and expansion. In fact the process of com-
pression, heat exchange and expansion is always
adiabatic (real fluid). So the compressor‘s and
expander‘s mechanical work (power) is limited by the
isentropic efficiency. The process of heat exchange
in a heat exchanger flows at constant pressure. But
that is just an ideal supposition, because in reality
there is always some pressure drop.

The main criteria when choosing the compo-
nents of an air-conditioning system are to determine
the correct size of the unit for the area to be cooled and
to look for a unit with a high energy-efficiency ratio
(EER) or coefficient of performance (COP). An EER (or
COP) is computed by dividing the cooling output
(BTU/h or W) by the electrical input (W). The higher
the result, the more efficient is the appliance.

2 THERMODYNAMIC MODEL OF
THE SYSTEM

A thermodynamic model that simulates the
working of a simple air-conditioning system has been
developed for determining the performance of a sys-

STECJINISKI L
stran 303 VESTRNIK



01-7 [SIIREYNISEI

| vEsTNIK
|

U. Stritih - M. Moze - P. Novak: Model in simuliranje - Design and Simulation

uporablja za napovedovanje optimalnih vrednosti
potrebnih parametrov.

Vsaka komponenta sistema mora biti pravilno
izbrana in povezana z drugo komponento. Med seboj
povezane komponente pomenijo sistem. V nasem primeru
imamo opravka s hladilnim sistemom. Delovno sredstvo
je zrak, zato sta v sistemu zracni masni in toplotni tok.

Model simuliranja prikazuje, kaj se dogaja z
dolocenimi parametri znotraj hladilnega sistema in kako
ti vplivajo med seboj. V ta namen uporabljamo
racunalniski program, ki je napisan v programskem jeziku
FORTRAN. To je preprost model, kjer sodeluje veliko
spremenljivih parametrov, ki jih poda uporabnik
simulirnega progama. Nespremenljivi parametri, kakrSna
sta atmosferski tlak (p,) in plinska konstanta zraka (R)
ter drugi, so vstavljeni v program. Prilagodljivost je ena
od glavnih karakteristik simuliranja.

2.1 Vrednosti parametrov

Nespremenljivi parametri (vstavil jih je pro-
gramer modela simuliranja in so fiksni):

— plinska konstanta zraka: R =287 J/kgK,

—  specifi¢na toplota zraka: €y — 1005] /kgK,

- atmosferski/zacetni tlak: p =p,=p,p=0,101325
MPa (opomba: tlak pred kompresijo in po
ekspanziji je enak atmosferskemu tlaku),

— razmerje specificnih toplot za zrak: y = 1,4,

—  specifi¢na toplota vode: c,, = 4200 J/kgK,

—  entropija in entalpija je enaka ni€ pri (zrak): p =1
atmin 7, =78,8 K;

Spremenljivi parametri (poda jih uporabnik
modela simuliranja):

—  vstopna temperatura zraka: 7, =303 K,

—  prostorninski tok zraka: ¥, =0,1 m’/s,

- tlak kompresije: p,=p,p=p,=0,2 MPa,

— (opomba: tlacni padec v prenosniku toplote je
zanemarjen),

- izkoristek kompresije: ., = 0,85,

—  masni tok hladilne vode: m = 0,083 kg/s,

—  vstopna temperatura hladilne vode: 7, =288 K,

— toplotna prehodnost prenosnika toplote: k= 1342
W/m’K,

—  povrsina prenosnika toplote: 4 = 0,08 m?,

— stopnja izmenjave temperature v prenosniku
toplote: ¢ =0,554 [6],

- izkoristek ekspanzije: = 0,85,

Ti parametri so vrednosti simuliranja
referencnega hladilnega procesa.

2.2 Zaporedje izracuna parametrov

A) Prvi korak:
Proces kompresije od tocke 1 do tocke 2p

Izracun specificne entropije in specifi¢ne
entalpije za tocko 1:
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tem. The model is also used for predicting the opti-
mum formation of included parameters.

Each component of a system has to be de-
fined and connected properly. Furthermore, these
connected components comprise a composition,
which is called the system. In our case we are dealing
with an air-conditioning system. The working me-
dium is air, therefore, an air flow takes place through
the system.

The simulation shows the relations between
different parameters and how they impact on the per-
formance of this system. The system was simulated
with a computer program written in the FORTRAN
language. Constant parameters like atmospheric pres-
sure (p,), the gas constant for air (R) and the others
are fixed in the program. Flexibility is one of the main
characteristics of this program.

2.1 Values of the parameters

Constant parameters in the model:

—  gas constant for air: R =287 J/kgK,

—  specific heat for air: ¢, =1005 J/kgK,

— atmospheric/initial pressure: p, = p, = pp =
0,101325 MPa (note: pressure before compres-
sion and after expansion — atmospheric pres-
sure),

— ratio of specific heat capacity for air: 3 = 1.4,

—  specific heat for water: ¢ = 4200 J/kgK,

— entropy and enthalpy zero for liquid boiling (air)
at:p,=lband 7, = 78.8 K.

Variable parameters (inserted by the user of
the simulation model):

— temperature of intake air: 7, =303 K,

—  volume flow of air: ,=0.1 m%s,

— compression pressure: p, =pp =p, = 0,2 MPa;

— (note: pressure drop in heat exchanger is omit-
ted),

- compression efficiency: 1, = 0.85,

—  mass flow of cooling water: m = 0.083 kg/s,

— temperature of cool inlet water: 7, =288 K,

— thermal conductance of heat exchanger: k= 1342
W/m?K,

— surface of heat exchanger: 4=0.08 m?,

— degree of reciprocity of temperature in heat ex-
changer: ¢ =0.554[6],

- expansion efficiency: = 0.85.

These parameters are simulation values of
the referenced air-conditioning process.

2.2 Computation sequence of parameters and quantities

A) First step:
Process of compression from point 1 to point 2p

Calculation of specific enthalpy and spe-
cific entropy for point 1:
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hl = Cp zrakTI (1)9
T )4
s=¢, .| In —'] -R (ln —j 2).
! [ T, Do
Masni tok zraka: Mass flow rate of air:
J 284
mzrak = R] . ]-vl (3)
1
Temperatura zraka po izentropni kompresiji: Temperature of air after isentropical compression:
51 +R-ln%—x1
In7y +——20 4).
Lee o @

Specificna entalpija in specifi¢na entropija za tocko 2:

h=c

8§, =5

Specificna entalpija, temperatura in entropija po
politropni kompresiji (tocka 2p):

h =

2p

co

h
— @),

T =
2
P

0
Eksponent politrope:

log

Volumski tok zraka po kompresiji:

",

Moc¢ kompresije in izguba energije (trenje):

_hh

p zrak

L j—R[ln&J ©)-
T, Po

— 2p
S35 =Cp ik (ln

=V P
pr

Specific enthalpy and specific entropy for point 2:

P zrakT‘Z (5)3

©).

Specific enthalpy, temperature and entropy after poly-
tropic compression (point 2p):

*hy (),

Polytropic exponent:
P

N (10).

2p
Volume flow rate of air after compression:
1

(11).

Compression power and losses of heat energy (friction):

PCO :mzmk (hl _th) (12),
Oreuse = 4o 'ﬁ (13)9
x-1 ng
odstotno: percentage:
_ Quouss
X ==2255.100 (14)

co

B) Drugi korak:

Postopek prenosa toplote iz tocke 2p na tocko 3
(postopek izracuna za prenos toplote v protismernem
prenosniku toplote [4])

Kapaciteta zraka in vode:
I/Vzralf =m
/4

Vo

da = M

zrak c p zrak

voda

B) Second step:

Process of heat exchange from point 2p to point 3
(calculation procedure for heat exchange is devel-
oped by [4])

Capacitance rate for air and water:

Cp voda
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|
|
|
: Razmerje kapacitet: Ratio of capacitance:
|
\ W orak
T =2, 0<7<1
: W}Odﬂ (1 7).
: Karakteristi¢no Stevilo kapacitete (prenosnik toplote): Characteristic number of capacity (heat exchanger):
|
\ k-A
| KSK = (18).
| zrak
: Temperaturna razlika med vstopnim zrakom in vstopno Temperature difference between inlet air and inlet
: vodo: cooling water:
| 9=T1,, Ty (19).
: Temperaturna razlika med vstopnim in izstopnim Temperature difference between inlet and outlet air:
I zrakom:
|
| At =¢-9 21).
|
: Temperatura zraka iz prenosnika toplote (tocka 3): Temperature of cooled air from heat exchanger (point 3):
|
| T,=T,, - At (22).
|
: Prostorninski tok zraka po prenosu toplote: Volume flow of air after heat exchange:
|
T
: v, =V, [_3] (23).
| L,
: Temperaturna razlika med vstopno in izstopno vodo: Temperature difference between inlet and outlet water:
|
| AL, =TAL (24).
|
: Temperatura izstopne segrete vode: Temperature of outlet heated water:
|
: Toyr =Ty + AL (25).
|
: Izmenjava toplote med zrakom in vodo: Heat exchange between air and water:
|
| Qour = My €y s ALy 26).
|
: C) Tretji korak: C) Third step:
I Postopek ekspanzije od tocke 3 do tocke 4p Process of expansion from point 3 to point 4p
|
|
I Specifi¢na entalpija in specificna entropija tocke 3: Specific enthalpy and specific entropy for point 3:
|
[ h, = T,
| 3 = Cp a3 7),
|
T, p j
| 3 3
83=C, | D= |—R| In—=
: o [ T, J ( Po (28).
|
I Temperatura zraka po izentropni ekspanziji: Temperature of air after isentropical expansion:
: sﬂ-R-lnﬂ—x4
| InTy+ 2o
w L=e om (29),
|
|
| o e . R .. v ) . . . .
. Specifi¢na entalpija in specifi¢na entropija tocke 4: Specific enthalpy and specific entropy for point 4:
|
! hy=c¢, T, (30),
|
: 5, =S5, 30).
|
\ Specifi¢na entalpija, temperatura in entropija Specific enthalpy, temperature and entropy
' po politropni ekspanziji (to¢ka 4p): after polytropic expansion (point 4p):
| ytropic exp P
|
|
|
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|
|
|
|
h4p =h3—'75r(h3—h4) (32)a I
hy, !
— |
L, =7 (33),
p zrak |
7, P 34).
5, =¢C log—2 |- R| log—~ o
4p p zrak ( g T,O J g pa :
Eksponent politrope: Polytropic exponent: |
|
log Ps [
_ P4y :
s > |
Ny =—— "2 (35). 1
log P :
Py [

1 _ P
log b 1

g

4p !
Moc¢ ekspanzije: Expansion power: :
|
|
FPip =m,, (h3 - h4p) (36). |
|
Potrebna moc¢ kompresije: Required compression power: :
|
|
W =Feo—Fer 37). [
|
Hladilno stevilo: Coefficient of performance: :
|
cop=n (38). !
7l |
Slika 3 prikazuje diagram poteka delovanja Figure 3. shows the flow chart of the perfor- :
simulirnega preprostega zracnega hladilnega sistema, mance simulation program of a simple air-condition-
ki je sestavljen iz treh korakov: ing system that consists of three steps: :
A. Prvi korak je kompresija, v katerem so vhodni A. The first step is compression, where the input |
podatki temperatura in prostorninski tok data are the temperature and volume flow of the :
vstopnega zraka, tlak kompresije in izkoristek inlet air, the compression pressure and the com-
kompresije. [zhodni podatki so masni tok zraka, pression efficiency. The output data are the mass !
specifi¢na entalpija in specifi¢na entropija, flow of the air, the specific enthalpy and specific :
temperatura zraka v tocki 1, 2 in 2p, kompresijski entropy, the air temperature for points 1, 2 and |
. . . . . |
ekSpOIleI.l.t. politrope, pI‘OSt.(.)l’n.ll’lS.kl tok zraka po 2p, the polytropic exponent.of compression, fche |
kompresiji, mo¢ kompresije in izgube energije volume flow after compression, the compression !
med kompresijo (trenje). power and the heat losses during compression. :
B. Drugi korak je prenos toplote, v katerem so B.  The second step is heat exchange, where the input |
vhodni podatki masni tok vode, vstopna data are the mass flow of water, the temperature of :
temperatura hladilne vode, toplotna the inlet cooling water, the heat conductance of 1
prehodnost prenosnika toplote, povrSina the heat exchanger, the surface of the heat ex- :
prenosnika toplote in stopnja izmenjave tem- changer and the degree of reciprocity of the tem- |
perature v prenosniku toplote. Izhodni podatki perature in the heat exchanger. The output data are :
so kapaciteta zraka in vode, razmerje kapacitet, the capacitance rate for the air and water, the ratio |
karakteristi¢no Stevilo kapacitete, of the capacitance, the characteristic number of :
temperaturna razlika med vstopnim zrakom in capacity, the temperature difference between the |
vstopno vodo, temperaturna razlika med inlet air and the inlet cooling water, the temperature :
vstopnim in izstopnim zrakom, temperatura difference between the inlet and outlet air, the tem- |
zraka iz prenosnika toplote, prostorninski tok perature of the cooled air from the heat exchanger, :
zraka po prenosu toplote, temperaturna razlika the volume flow of air after heat exchange, the tem- |
med vstopno in izstopno vodo, temperatura perature difference between the inlet and outlet :
izstopne segrete vode in izmenjava toplote med water, the temperature of the outlet heated water
zrakom in vodo. and the heat exchange between the air and water. :
C. Tretji korak je ekspanzija, v katerem se pricne C. The third step is expansion, where the operation |
postopek z izracunom specificne entalpije in starts with a calculation of the specific enthalpy :
|
|

777777777777777777777777777777777777777777777777777777777 STEOJINISKI L
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specificne entropije tocke 3. Vhodni podatek je
izkoristek ekspanzije, izhodni podatki pa so
temperatura, specifi¢na entalpija in specificna
entropija toCke 4 in 4p, ekspanzijski eksponent
adiabate, mo¢ ekspanzije, potrebna mo¢
kompresije in hladilno Stevilo. Ta korak je na
blokovni shemi oznacen z zelenim okvirom (sl. 3).

and the specific entropy for point 3. The input
data is the efficiency of expansion, the output
data are the temperature, the specific enthalpy
and the specific entropy for points 4 and 4p, the
adiabatic exponent of expansion, the expansion
power, the required compression power and the
coefficient of performance.

Nespremenljivi parametri:

Vhodna parametra:

T,,V,

Vhodna parametra: [zracun:
zracun:

Operating conditions: (P2 Nco)

Constant parameters: R, Cpair P1, X » Operating conditions:
—

Calculation of: Mgzrak/Mair (En./Eq. 3)

h; (En./Eq. 1) in/and s (En./Eq. 2)

IzraCun: T, (En./Eq. 4)

Calculation of: h, (En./Eq. 5) in/and s,=s; (En./Eq. 6)
th (En./Eq. 7), sz (En./Eq. 8) in/and S2p (En./Eq. 9)
nco (En/Eq. 10)
V, (En./Eq. 11)

}

Pco (En./Eq. 12), Quosk (EnJ/Eq. 13) in/and X (En./Eq. 14)

S a
pemeee . lilatattutlaislstlsttlstt ~.
: Predpostavka: o 5 ) |
| Supposition condition: B7R =const [zracun: ) Wzrald Wair (En/Eq. 15) in/and W yods/ W water (En./Eq.16) :
I [ Vhodni parameter: —pp{ Calculation of: 7 (En/Eq. 17) I
: Operating condition: Mvoda * :
! Mzracun Vhodni parametri: !
: Calculation of: KSK/CNC (En/Eq. 18) |« OperatilﬁcJ conditions: Tk, A :
| |
: Vhodni parameter: > Izracun: 9 (En./Eq. 19) :
| | Operating condition: ¢ Calculation of: At; (En./Eq. 20) |
| T; (En./Eq. 21) 1
| V; (En./Eq. 22) !
| At, (En./Eq. 23) |
| TOUT (El’l/Eq 24) I
: Qour (En./Eq. 25) :
I_____________________________________________________L_____.l

Predpostavka: Izracun .

Supplz)sition condition; ~ Pa~PyTconst € Calculation of: h, (En./Eq. 26) in/and s, (En./Eq. 26)
Vhodni parameter:

Operating condition: et

Calculation of: h, (En./Eq. 29) in/and s,=s; (En./Eq. 30)

Mgt (En/Eq. 34)
Pyt (En/Eq. 35)
W (En./Eq. 36)

|
|
|
1
|
|
1
|
: Izradun: T, (En./Eq. 28)
|
|
|
|
|
|
| COP (En./Eq. 37)

h4p (En./Eq. 31), Ty (En./Eq. 32) in/and S4p (En./Eq. 33)

—_——e e e e e e e e = — 4

Konec/End

3 REZULTATI SIMULIRANJA

Spodnji diagrami prikazujejo, kako doloceni

Sl. 3. Blokovna shema simuliranja termodinamicnega modela
Fig. 3. Flow chart for the thermodynamic model

3 SIMULATION RESULTS

In the diagrams below we show how certain

parametri sistema vplivajo med seboj. Podobno so parameters of the system impact on each other. Similar
rezultate predstavili tudi drugi avtorji ([5] in [6]): results were presented by other authors ([5] and [6]):
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1) Diagram Izstopna temperatura zraka / Tlak

1) Diagram Temperature of outlet Air / Compres-

kompresije sion Pressure
300
295 4 —— |
T o 290 T
=14
S
X £ 285 \\\
N3 2804 T
53 T
g 5 275 4 ——
g2 270
R~
m 5 265
Seo
2 g 260 T T T T T T T T T T T
[
N Q Q \} QO Q Q Q Q Q \} Q Q
- QQQ 930 \QQQ QQQ QQQ QQQ QQQ QQQ QQ QQQ QQQ QQQ
SO N N N N N N AR - ) )
Tlak kompresije [Pa]
Pressure after compression[Pa]

Bolj ko zrak komprimiramo, nizjo izstopno
temperaturo zraka dobimo. Karakteristika ni linearna.
Obstaja tocka, kjer je tlak kompresije zelo nizek in
izstopna temperatura zraka ostane enaka kakor
temperatura zraka pred komprimiranjem. Ce hogemo
torej zrak ohladiti, ga moramo komprimirati na dolocen
nadtlak.

2) Diagram Izstopna temperatura zraka / Povrsina
prenosnika toplote

The more the air is compressed, the lower
the temperature of the outlet air. The characteristic is
non-linear. There is a point where the compression
pressure is very low and the temperature of the out-
let air is the same as the temperature of the inlet air.
So, if the air must be cooled some compression work
has to be done.

2) Diagram Temperature of outlet Air / Surface of
Heat Exchanger

300
295 4
290 A
X 285 -
© =
X3 280 -
N ‘g‘_ 275 ~
E' 5 270
&2 265
< ©
€ g 260
o
2 E 255
NP o250 -
245
0,04 0,06 0,08 0,1 0,12 0,14
Povrsina prenosnika toplote [m2]
Heat transfer surface [m2]

Temperatura izstopnega zraka je podobno
odvisna od povrsine prenosnika toplote, kakor je tlak
kompresije odvisen od temperature izstopnega zraka.
Tudi tu obstaja tocka, kjer je povrSina prenosnika
toplote premajhna, da bi se zrak ohladil. Karakteristika
je priblizno linearna.

The temperature of the outlet air is similarly
dependent on the surface of the heat exchanger as
the compression pressure affects the temperature of
the outlet air. There is a point where the surface of
the heat exchanger is too small to cool the air. The
characteristic is approximately linear.
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3) Diagram COP / Povrsina prenosnika toplote 3) Diagram COP / Surface of Heat Exchanger
2500
2000 -
1500 -
o
(o]
(&]
1000 -
500 -
0 T T T T T T
0,02 0,03 0,04 0,06 0,08 0,1 0,12 0,14
Povrsina prenosnika toplote [m2]
Heat transfer surface [m2]

Iz diagrama ugotovimo, da se COP s From the diagram we can see that the COP
povecano povrsino prenosnika toplote povecuje. increases with the surface of the heat exchanger.

4) Diagram COP / Toplotna prehodnost prenosnika 4) Diagram COP / Thermal Conductance
toplote

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

l

: 1.960
: 1.940 -
[ 1.920
: 1.900 -
| 1.880 -
! 2 1.860 |
| O 1.840 1
[ 1.820
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1.800 -
1.780
1.760
1.740

1200 1250 1300 1350 1400 1450

Toplotna prehodnost [W/m2K]
Thermal conductance [W/m2K]

Vidimo lahko, da je COP linearno sorazmeren We can see that the COP is directly propor-
s toplotno prehodnostjo prenosnika toplote. tional to the thermal conductance of the heat ex-
changer.
5) Diagram COP / Tlak kompresije
5) Diagram COP / Compression Pressure

20.000
18.000 1
16.000 -
14.000 - \
12.000 ~ \
o
8 10.000 -
8.000 -
6.000 -
4.000 + —
2.000 1
0 w w T ‘ ‘ ‘ ‘ ‘ T ‘ ‘
1 105 11 12 13 15 17 19 21 23 25 27
Tlak kompresije [10° Pa]
Compression pressure [10° Pa]
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-
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Zgornji diagram prikazuje, kako je hladilno
Stevilo odvisno od tlaka kompresije. Manj ko
dovedemo kompresijskega dela v sistem, vecje je
hladilno stevilo. Hkrati pa to pomeni, da pri nizjih
tlakih zrak tudi manj ohladimo. Teoreticno obstaja
tocka, kjer je optimalno razmerje mod COP in
temperaturo izstopnega zraka.

4 SKLEP

Razvili smo preprost simulirni program
delovanja odprtega zraénega hladilnega procesa brez
uporabe CFC, v kar je usmerjen razvoj klimatizacijske
tehnike z namenom ohranjanja okolja. Racunalniski
program, napisan v programskem jeziku FORTRAN,
temelji na termodinami¢nih enacbah. Ta specificen
hladilni sistem je sestavljen iz treh osnovnih stopen;:
kompresijska enota, prenosnik toplote in ekspanzijska
enota. Veliki izkoristki centrifugalnih kompresorskih in
ekspanzijskih turbin ter uc¢inkovit prenos toplote med
obema tekocinama so bistveni za izkoristek celotnega
sistema. Kompresorska in ekspanzijska turbina morata
biti narejeni tako, da so torne izgube (toplotne izgube)
nastene in izgube zaradi spremembe hitrosti zmanjSane.
V prenosniku toplote lahko opazimo dva glavna vira
izgube eksergije: temperaturni in tla¢ni padec. Posledica
prvega vira izgub je nizja temperatura hladilnega
sredstva (vode), delovnega sredstva (zraka) ali kot
visje razmerje T,/T , kar zmanjSa hladilno Stevilo COP
(sl. 2). Tla¢ni padec je vzrok za nizje pridobljeno delo
ekspanzije, Ceprav nismo upostevali tlacnega padca v
prenosniku toplote. 1z rezultatov simuliranja lahko
ugotovimo, da ne moremo poiskati celovite tocke
optimalnega delovanja. Le to lahko dolo¢imo za vsak
primer posebe;.

Pravilnost in natancnost tega simulirnega
programa bomo potrdili z izvedbo preskusa odprtega
zracnega hladilnega cikla, katerega demonstracijsko
progo postavljajo na Institutu za okoljske znanosti in
energijske raziskave - TNO, Nizozemska [7]. [zmerjene
vrednosti dolo¢enih parametrov sistema bodo
pokazale odstopanja med preskusom, torej realnim
postopkom, in racunalniskim simuliranjem delovanja
hladilnega zra¢nega kroga.

The diagram shows how the cooling num-
ber depends on the compression pressure. The less
compression work is lead to the system, the lower is
the cooling number. At the same time this means that
air is less effectively cooled. Theoretically, there ex-
ists a point that is the best comprimise between the
COP and the temperature of the outlet air.

4 CONCLUSION

A performance simulation program for a
CFC-free air-conditioning system has been devel-
oped. Such air-conditioning systems are popular be-
cause of their low environmental impact. A computer
program was written in the FORTRAN language and
based on thermodynamic equations. The cooling
system consisted of three basic units: compression
unit, heat-exchanger unit and expansion unit. High
efficiencies of the centrifugal compressors and ex-
panders and an effective heat exchange between flu-
ids are essential for the efficiency of the system. Both
compressor and expander must be built so that fric-
tional losses (power-heat losses) to the walls and the
velocity-change losses are reduced. Two main losses
of exergy can be identified in a heat exchanger: the
temperature drop and the pressure drop. The first
loss will result in a lower temperature of the cooling
heat-transfer fluid (water) or a higher than necessary
T,/T, that will reduce the COP (Fig. 2). A pressure
drop will result in a lower regained power in the ex-
pander, though we did not observe that a pressure
drop in the heat exchanger occurred. From the re-
sults of the simulation we found that a global opti-
mum cannot be determined. It can only be found for
each individual case.

The correctness and accuracy of this
simulation program will be confirmed by performing
an experiment on an open-cycle air-conditioning
system that has been made at the Institute of
Environmental Sciences, Energy Research and Process
Innovation TNO, Netherlands [7]. The measured
values of certain parameters of the system will show
any differences between the simulation performance
and an actual CFC-free air-conditioning system.

5 SIMBOLI

5 SYMBOLS
specificna entalpija stanja i h, J/kg specific enthalpy at state point i
entalpijska razlika Ah  J/kg enthalpy difference
plinska konstanta zraka R J/kgK  gas constant for air
specifi¢na toplota posameznega fluida C,; J/kgK  specific heat for an individual fluid
tlak P, Pa pressure
razmerje specifinih toplot zraka X - ratio of the specific heat capacity for air
temperatura stanja i T K temperature at state point i
volumski tok stanja i 4 m’/s volume flow rate at state i
masni tok za posamezen fluid m kg/s mass flow rate for individual fluid
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toplotna prehodnost k W/m’K  thermal conductance

povrsina A n’ surface

stopnja izmenjave temperature v prenosniku ¢ degree of reciprocity of temperature in heat
toplote exchanger

izkoristek stanja i n, efficiency at state point i

specifi¢na entropija stanja i s J/kgK  specific entropy at state point i

eksponent politrope stanja i n, polytropic exponent at state point i
kompresijska mo¢ P, W compression power

moc ekspanzije P, W expansion power

izgube toplotne energije v kompresorju Oose WV losses of heat energy in compressor
odstotne izgube toplotne energije v kompresorju X percentage losses of heat energy in compressor
toplotna vrednost pretoka za posamezen fluid W, W/K  capacitance rate for individual fluid

razmerje toplotnih vrednosti
karakteristicno Stevilo kapacitete prenosnika
toplote changer (NTU)

a

ratio of capacitance
characteristic number of capacity for heat ex

2

temperaturna razlika med vstopnim zrakom in 9 K temperature difference between inlet air and
izstopno hladilno vodo inlet cooling water
temperaturna razlika At K temperature difference
odvedena toplota s prenosnikom toplote Opr W heat transferred by heat exchanger
hladilna obremenitev W refrigerating power, also Q,
hladilno stevilo w W cooling load
cop coefficient of performance
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Analiza delovnega postopka pri praktichem

pouku s poudarkom na projektni nalogi

An Analysis of the Working Process in Practical Classes with
the Accent on the Project Task

Samo Fosnaric

Prenovljene vsebine predmeta Tehnika in tehnologija zahtevajo na izvedbeni ravni temeljitejso
proucevanje prakticnih elementov pouka. Glede na dejstva, da lahko ucitelj za izvedbo zadanih ciljev uporabi
Stevilne strategije, oziroma zvrsti dela pri prakticnem pouku, mu za optimalno prakticno delo z ucenci ostaja
sorazmerno malo taksnih, ki bi bile posebej primerne. Se posebej je to pomembno takrat, kadar Zelimo delo
v razredu opravijati ¢im bolj racionalno.

Prispevek tako nakazuje raziskovalno analizo uporabe projektne naloge kot ene izmed primernejsih
zvrsti pri prakticnem pouku, upostevajoc¢ casovne, fizioloske, pedagoske ter psiholoske vidike prakticnega
dela. Vse skupaj pa lahko poimenujemo tudi “ergonomska analiza delovnega postopka” projektne naloge.
© 2001 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: postopki delovni, naloge projektne, metode trenutnih opazanj, analize zornega kota)

The renewed contents of the subject Technique and Technology require more research and a study
of the application of the practical elements of classes. In terms of the number of strategies and the different
methods that a teacher is able to use to realize the goals of teaching, the number of options for practical
studies available to the student is less than ideal. This is especially important where we wish to do the work

in the class more rationally.

This paper shows that a research analysis of a working project is one of the most appropriate
approaches at the physiological, pedagogical, and psychological levels of the practical part of work. We can
call the "Ergonomic analysis of the working process” of the project task.
© 2001 Journal of Mechanical Engineering. All rights reserved.

(Keywords: working processes, project tasks, multi-moment methods, viewing angle)

0 UVOD

Poucevanje predmeta Tehnika in tehnologija
terja od ucitelja upostevanje stevilnih zahtev, ki vzgojno-
izobrazevalno delo pri tem predmetu delajo uspesnejse.
Med taksne zahteve sodijo vsekakor Zelje po uvajanju
¢imbolj raznolikih zvrsti dela v neposredno prakso. Zvrsti
vzgojno-izobrazevalnega dela pri tem predstavljajo
dolocene usmeritve, ki vodijo uéni postopek in temeljijo
na pridobivanju znanj, izkusenj in delovnih navad. Tako
vzgojno-izobrazevalno podrocje tehnike in tehnologije
lahko uporablja naslednje zvrsti dela:

- delovno nalogo,

- konstrukcijsko nalogo,

- razstavljanje, analizo in sestavljanje tehni¢nih
predmetov,

- preskus tehnoloskih lastnosti,

- metodo Stirih stopenj in

- projektno nalogo [3].

0 INTRODUCTION

In order to teach the subject of Technique
and Technology the teacher is asked to fulfil the
requirements that make the educational work more
successful. One of the requirements is the move to
introduce a greater variety of work, which has
specific orientations guiding the learning process
and is based on gaining knowledge, experience and
working habits. The educational field of “Technique
and Technology” can use the following types of
work:

- working lesson,

- design lesson,

- decomposition, analysis and composition of the
technical objects,

- experience of technological qualities,

- the method of four degrees,

- project task [3].
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Uporaba posameznih zvrsti je odvisna od
vsebine dela, zadanih ciljev, usklajenosti ustreznih
programov dela, povezave z drugimi predmeti itn.

1 DOLOCITEV PROUCEVANEGA PODROCJA

Nase proucevanje je vzelo pod drobnogled
projektno nalogo, za katero menimo, da ima nekako najvecje
moznosti za problemsko zasnovo uénega postopka. Gre
seveda za takSno zvrst vzgojno-izobrazevalnega dela, ki je
v prakticnem pomenu idealna pot za izvajanje ucnega
procesa pri predmetu tehnika in tehnologija. Dejstvo je, da
je projektna naloga nacrtna dejavnost, ki pomeni sintezo
ucéencevih notranjih Zelja in potreb. Hkrati pa veéino svojih
prvin ¢rpa iz elementov projektnega ucnega dela, ki se
nekako zrcalijo predvsem v:

- skupnem izvajanju nalog iz vsakodnevne zZivljenjske
prilike s postavljanjem prakti¢nega cilja;

- sodelovanju;

- uporabi znanj iz razli¢nih strokovnih podrocij;

- udelezbi prav vseh ucencev pri izvajalnih delih, ki
pa so med seboj razlicna;

- prevladovanju izkustvenega ucenja, v katerem se
prepletajo med seboj razli¢ni delezi u¢enceve
dejavnosti (npr. kognitivni, afektivni, motori¢ni,
socialni itn.) [2].

Tako je lahko organizacijsko-izvedbena
shema projektne naloge pri predmetu Tehnika in
tehnologija naslednja:

|

The use of a specific type depends on the
content of work, goals, reconciliation with work
programmes, correlation with other subjects, etc.

1 DEFINITION OF THE RESEARCH PROBLEM

Our research took a closer look at the
project task that we believe has the best
possibilities for the learning process plan. In the
practical sense it is the ideal way of accomplishing
the learning process in the particular subject of
Technique and Technology. The project task is a
planned activity, representing a synthesis of the
students’ inner needs and wishes. Most of the
elementary matters come from the project learning
process, which is:

- to carry out the tasks together with the fulfilment
of a practical goal,

- cooperation,

- using the knowledge of different professions,

- cooperation of all students in different kinds of
work,

- the primary emphasis on experimental
learning, including different segments of
student activities (social, affective, cognitive,
etc.) [2].

The scheme of the project task for the subject
Technique and Technology can be illustrated in this
way:

analiza in ovrednotenje

- T ; — . o
nacrtovanje in razvoj 1zdaeé1;iay sil;rgrjl?ikta
izdelka L
planning and development < estimating of pr(fuct
of product (D - project wor
Z 2
izdelava Z = izvedba dela
prototipa < o na tekocem traku
making a Z @) work realization on the
prototype = E assembly line
=R
s £
O obisk delovne
konstruiranje m organizacije
design [~ excursion to the
working organization

priprava serijske
proizvodnje
preparing the serial
production

Sl. 1. Organizacijsko - izvedbena shema vzgojno—izobrazevalnega dela pri pouku tehnike in tehnologije
Fig. 1. Organizational and practical scheme of educational work for the subject Technique and Technology
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Ucne enote, ki sestavljajo projektno nalogo,
so nastavljene tako, da se lahko projektna naloga
izvaja s sodelovanjem ucencev enega razreda ali pa
vec vzporednih oddelkov razli¢nih razredov. Pri tem
so dejavnosti v projektni nalogi taksne, da razvijamo
izdelek od njegove zamisli do potrditve problema. Vse
to pa pomeni dober didakti¢ni model za pridobivanje
znanja, spretnosti, delovnih navad ter ustvarjalnih
zmoznosti uéencev na podrocjih, ki jih obsega pouk
tehnike in tehnologije. V bistvu je to nekaksna zrcalna
slika proizvodnega dela, oziroma uporaba v malem
glede na industrijske razseznosti.

Glede na dejstva, da je proizvodni uporabniski
sistem skupek ve¢ dejavnikov; zacensi od delovne
naloge, izvajalca dela (ucencev), delovne priprave,
vstopnih elementov, izstopnih elementov,
proizvajalnega postopka in motenj, smo se v nasi

Learning units are composed so as to
enable project work to be conducted with the
cooperation of students of one or more classes.
The activities in the project work include the
development of the object from the idea to the
verification of the problem. All of this introduces a
good didactic model for improving the knowledge,
the working habits, the skills and the creative
abilities of students in the field of Technique and
Technology. It is a mirror image of production work,
an application in miniature in accordance with
industrial extensions.

Because the production—application system
is a mixture of several elements, starting with working
lessons, the performers (students), working
equipment, incoming and outgoing elements,
production process and disturbances, we decided to

PROJEKTNA NALOGA B PP N
PROJECT TASK
razvoj zamisli
developement of idea
izdelava prototipa
making a prototype
konstruiranje ocenjevalna metoda
- FE—- za analizo telesnih
metoda tvren}ltmh e %m & polo?ajev
ul tim(:)llj‘riiﬁn ethod H priprava serijske proizvodnje H [0 v&{orl;mg [;ostures
m preparation of serial production ana’ysis system
(MTO) (OWAS)
I ekskurzija I
I excursion |
| |
| |
I work I
A 4 A 4
spremembe v pomenu ¢asovne conclusion Spr be v erg -

in materialne racionalizacije

modification in the sense of
time and material rationality

[—— -

ekoloskem pomenu
modification in the .
ergonomics-ecological sense | &

- =P UCITELJEVA ANALIZA PRAKTICNEGA DELA q----
TEACHERS ANALYSIS OF PRACTICAL WORK

PREDLOG ZA 1ZBOLJSAVO PROJEKTNE
NALOGE ALI NOVA PROJEKTNA NALOGA
SUGGESTION FOR IMPROVEMENT OF

PROJECT TASK OR NEW PROJECT TASK

SL. 2. Struktura projektne naloge pri prakticnem pouku in povezanost z metodo trenutnih opazanj ter
ocenjevalno metodo za analizo telesnih polozajev
Fig. 2. Structure of project task in the practical lesson in connection with the Multimoment Method and
method Ovaco Working Postures Analysing System
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raziskavi odlocili obdelati nekatere dejavnike, ki so
obremenilni dejavniki dolocenih dejavnosti pri
prakti¢nem delu v Soli. Tako smo z vkljucitvijo projektne
naloge v raziskovalni postopek podrobno analizirali
delovne dejavnosti ucencev, tako iz vidika racionalizacije
dela kakor z vidika njihove obremenitve (sl. 2).

2 RAZISKOVANJE AKTIVNOSTI PO METODI
TRENUTNIH OPAZANJ

V prvem delu raziskave je imela glavno vlogo
posebna analiti¢no-statisticna metoda, imenovana
“metoda trenutnih opazanj” (MTO). To je metoda
ugotavljanja vnaprej izbranih stanj dolocene osebe
ali predmeta s posnetki ob naklju¢nih trenutkih.

Pri tem je sistematika snemanja tak$na, da
oseba, ki snemanja izvaja v njegovem toku, ki lahko
traja tudi daljSe ¢asovno obdobje, vsakdan ob
naklju¢no izbranih casih obide vsa pripadajoca
delovna mesta, ter na svojem snemalnem listu
napravi zapis, ki oznacuje vrsto dogodka. Na ta nacin
lahko dobimo za vsako dejavnost v delovnem
postopku objektivno sliko o doloceni dejavnosti v
fazi dela [5].

Podrocja uporabe te metode so zelo velika,
zato jo lahko vpeljemo tudi v podro¢je proucevanja
delovnih razmer pri praktiénem pouku. Ker pa se samo
delo in postopek pri delu nekoliko razlikujeta od stanja
v industriji, je treba poprej temeljito prouciti
uporabnost in vsebinsko naravnanost tega pouka.

Sele na podlagi tak$ne razgradnje je mogoce
kasnejse prakticno delo snovno razdeliti in ga
opredeliti na razli¢ne faze dela, ki spremljajo
raznovrstne dejavnosti. Proucevanje dejavnosti v
nadaljnji fazi daje veliko odgovorov na vprasanje, ali
delamo uspesno ali neuspesno?

Zelo pomembno vlogo ima na tem mestu ¢as, ki
je potreben da se delovna dejavnost izvede. Tega
navadno pri Solskem, — prakticnem delu navedemo v
tehnoloskem listu in pomeni ¢as, ki je okvirno dolocen
za vsako delovno operacijo na podlagi demonstracijske
izdelave izdelka, ki ga je opravil ucitelj tehnike.

Do pravih, dejanskih ¢asov izdelave izvajanja
posamezne delovne operacije bi lahko prisli Sele na
podlagi izvajanja dela ucencev in pazljive analize
vsakega njihovega giba.

Ker paje v naSem primeru §lo samo za veliko
uporabo serijske proizvodnje, tako ni bilo treba,
natancno in temeljito prouciti ter analizirati prav vseh
pomembnih dejavnikov porabe ¢asa. Morali smo
samo najti tisto ¢asovno optimalno pot, ki bo ustrezala
raznolikim interesom, zmoznostim in znanjem ucencev.
Pri tem je bila izjemno pomembna pravilna snovna
razdelitev dela, z vsemi delovnimi fazami.

Na podlagi snovne razdelitve, so bile izvedene
meritve, ki so pokazale zastopanost posameznih
dejavnosti v procesu izvedbe vzgojno-
izobrazevalnega dela pri izbrani projektni nalogi.
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research some elements which are the principle
disturbances in practical activities during practical
work in the school. By including the project work
into the research process, we analysed in detail the
working activities of students in terms of work
rationality and labour burden (Figure 2).

2 RESEARCHING THE WORKING ACTIVITY
WITH THE “MULTI-MOMENT METHOD”

In the first part of the research work the
principle role was played by the analytical statistical
method called the “Multi-moment method” or the
method of momentary observation. This method uses
a camera at particular moments to capture the states
of a person, or subject, chosen beforehand.

The system of recording can last for
longer periods at fixed times every day,
incorporating visits to all working places and the
taking of notes about events. For every activity in
the working action we can get a very objective
picture about the presence of specific activities in
the state of work [5].

We can use this method in many areas, which
is why we can also introduce it to the fields of
researching the working conditions of practical
lessons. It is necessary to assess the application and
contents of these classes beforehand because the
work itself and access to it are slightly different than
in industrial conditions.

On the basis of this deconstruction it is
possible to break down the content of the practical
work and define it with different phases of work,
which are accompanied by a variety of activities.
The study of activities gives many answers to the
question, whether we are working successfully or
not.

A very important aspect is the time required
for the work activity to be accomplished. In the
practical work at school we document the time needed
for every activity, based on the demonstrational
production of some object, in the form of a specialized
technical paper.

To determine the time needed for
students to accomplish specific working
operations, we can carefully observe and analyse
their movements.

As our research incorporated only an
application of serial production, it was necessary to
analyse and assess every detail of time usage. For all
factors of time usage we merely needed to determine
an optimum time method in accordance with the
interests, abilities and knowledge of the students.
Especially important was the right material distribution
of work at all stages.

Base measurements were taken that showed
the activities in the process of educational work
during the chosen project work.



Preglednica 1. Razdelitev delovnih aktivnosti po posameznih ucnih temah pri projektni nalogi
Table 1. Distribution of working activities on different subjects during project work

UCNA TEMA DEJAVNOSTI
TEACHING THEME ACTIVITY
razvoj zamisli risanje, pospravljanje
development of idea drawing. cleaning
izdelava prototipa zarisovanje,zaganje, vrtanje, brusenje, sestavljanje, povrsinska
za$Cita, pospravljanje
making a prototype delineate, sawing, boring, grinding, assembling, surface protection,
cleaning
konstruiranje risanje, pospravljanje
designing drawing, cleaning
priprava serijske proizvodnje rezanje, risanje
preparing the serial production cutting, drawing
obisk opazovanje
excursion observation
delovne operacije po korakih zarisovanje, zaganje, vrtanje, brusenje,
struzenje, sestavljanje, ponovno brusenje
work operations by steps delineate, sawing, boring, grinding, turning, assembling, repeatedly
orinding
konec dela 7 ovrednotenjem nadzor, preskus,vrednotenje
conclusion and evaluation control. testing and evaluation

Preglednica 2. Posamezne delovne dejavnosti pri postopku izvedbe projektne naloge
Table 2. Presence of specific working activities in the realization process in project work

DELOVNA DEJAVNOST Zastopanost dejavnosti v postopku izvedbe
projektne naloge
WORK ACTIVITY Representing of activity in the process of
project task realization
NEPOSREDNO DELO: %

risanje / drawing 22.1
izbiranje gradiv / selecting materials 0,7
zarisovanje / delineate 4.5
Zaganje / sawing 5.6
vrtanje / boring 6.5
brusenje / grinding 5.8
sestavljanje / assembling 8.6
povrsinska zaS§¢ita / surface protection 5,2
rezanje / cutting 2,7
opazovanje / observation 12,2
struzenje / turning 8.4
nadzor / control 2.1
pospravljanje / cleaning 3,1
preizkus / testing 1,7

NEPOSREDNO DELO SKUPAJ: 89,3

DIRECT WORK — TOGETHER:
DRUGO NACRTOVANO DELO:

OTHER PLANNED WORK:
razgovori / talking 2.1
fizioloske potrebe / physiological needs 2.1
ostale dejavnosti / other activity 1,7
pocitek / rest 0,6
DRUGO NACRTOVANO DELO SKUPAJ: 6,5
OTHER PLANNED WORK - TOGETHER:
DRUGO NENACRTOVANO DELO: 3,1
OTHER UNPLANNED WORK:
nedisciplina / undiscipline: 1.1
SKUPAJ: 100,0
TOTAL:
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Kakor vidimo, so iz prej$njih preglednic dobro
vidne posamezne delovne operacije in dejavnosti, ki jih
ucenci izvajajo med delovnim postopkom. Tako lahko
dobimo dokaj zanesljivo predstavo o zastopanosti
neposrednega dela med projektno nalogo ter zastopanosti
nacrtovanih in nenacrtovanih elementov dela, ki jih pri
pouku lahko oznacimo kot dobre ali slabe izgube'.

Bolj nazorno lahko taksne ugotovitve predstavimo
znaslednjo preglednico in grafi¢nim prikazom:

In the synoptic tables we can see the
presence of individual activities in the working
process. We can get a reliable image of the activities
as well as of planned and unplanned elements of
work, which can be characterized as “good or bad
losses'”.

We can see this more clearly in the next index
and graphics:

Preglednica 3. Razmerja med posameznimi oblikami dela med projektno nalogo
Table 3. Relation between separate forms of work in the project task

DELOVNA URE PO UCNIH ENOTAH:
DEJAVNOSTV % HOURS AT THE TEACHING UNITS:
razvoj zamisli izdelava konstruiranje priprava obisk delo sklep
WORKING prototipa proizvodnje
ACTIVITY IN % development making the design preparing excursion work conclu-
of idea prototype the sion
production
ﬁ 1 2 3 4 5 6 7 8 9 10 11 12
NEPOSREDNO
DELO 86,6 | 866 | 967 | 100 | 80,0 | 933 | 903 | 867 | 867 | 924 | 956 | 60,0
DIRECT WORK > ? ? ’ > i ? ? > ’ ?
NACRTOVANO
IN DRUGO
NENACRTOVANO
DELO
PLANNED AND 13,4 13,4 33 0 20,0 6,7 9,7 13,3 13,3 7,6 4.4 40,0
OTHER
UNPLANNED
WORK

RAZMERJE MED DELOVNO DEJAVNOSTJO IN NEDELOM
RELATION BETWEEN WORKING ACTIVITY AND INACTIVITY

Delez dejavnosti / Part of activity (%)

mNEDELO - "IZGUBE"
INACTIVITY - “WASTE”

ODELOVNA
DEJAVNOST
WORKING ACTIVITY

1 2 3 4 5 6 7 8

Delovne ure / Working hours

Sl. 3. Graficni prikaz razmerja med posameznimi oblikami dela med projektno nalogo
Fig. 3. Graphical views of the relation between separate forms of work in the project task

1

“Dobre ali slabe izgube” so, gledano s pedagosko—didakticnega vidika, tezje predstavijive, saj na tem podrocju lahko

govorimo predvsem o slabem ali dobrem ucnem delu, vendar gledano analiticno, predstavijajo neizogibne dejavnike

vsakega postopka ter so sestavni element vsakega pouka.

“Good or bad losses”; from the pedagogical-didactical points are not easy to envision, because we are concerned for the

most part about good or bad learning processes, but analytically they introduce unavoidable facts pertinent to every process

and are therefore part of every lesson.
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3 ANALIZA DELOVNIH POLOZAJEV PO
METODI “OWAS”

Do sedaj smo se ve¢ zanimali za racionalno
plat izvedbe operativnih funkeij ucenca pri prakticnem
pouku. Sedaj pa poglejmo, kaj lahko Se v pomenu
ergonomskega proucevanja naredimo iz zornega kota
ocene obremenjenosti uc¢encev pri istem delu. Gledano
iz proucevalno analiticnega zornega kota je lahko v
te namene zelo primerna opazovalna metoda OWAS,
ki se celotne zadeve loteva na fizioloski osnovi in
predstavlja enega izmed elementov Ocenjevalne
analize delovnega mesta [7]. Pri tej metodi oseba, ki
opravlja meritve opazuje ucenca ter opazene polozaje
zapisuje v doloc¢ene formularje v naklju¢nih ¢asovnih
obdobjih. Pri tem lahko tako spremlja enega ali vec¢
ucenceyv, pri ¢emer se zapiski oznacijo s ¢rticami ali
pikicami.

Susnik [9] navaja naslednjo sistematiko
opazovanja pri omenjeni analizi: Ob vsakem pogledu,
podobno kakor s fotografsko kamero zapisemo po
eno ¢rtico v skupini 1,2,3in 5.1 do 5.4. V skupinah 3,
5.51n 6 pa vec, kadar so roke v neki delovni funkeiji,
glava zasukana za kot, vecji od 45 © ali kadar se
premagujejo sile vecje od 10 N. Zato morajo biti
seStevki v skupinah 1, 2,4 in 5.1 do 5.4 enaki.

Ce nekako na hitro pogledamo rezultate
takSnega “snemanja”, lahko kljub premajhnemu
Stevilu posnetkov in nepopolni analizi pridemo do
nekaterih sklepov:

- vecina opazovanih polozajev je v obmocjih, kjer
ukrepi niso potrebni;

- pri opazovanju hrbtenice v ledvenem delu, so
vidne dolocene obremenitve v segmentih 1.2 in
1.4, kar pomeni, da bi v prvem primeru bili ukrepi
potrebni v nekem krajsem ¢asovnem obdobju, v
drugem pa takoj.

Ukrepi bi bili prav tako takoj potrebni pri pretiranem

sklanjanju glave naprej - nekako nad kot 30° (seg-

ment 5.2)

Tako lahko po izvedeni analizi povzamemo,
da so preobremenitve hrbtenice in glave v delovnem
procesu izvajanja projektne naloge tisti dejavniki, ki
lahko vidno vplivajo na konéni rezultat dela in tako
tudi negativno na zdravstveno stanje ucencev.

Nacrtovanje delovnega postopka pri
prakticnem pouku zahteva vsekakor taksna delovna
mesta ucencev, pri katerih bo njihovo delo lahko
potekalo u¢inkovito ter z dobrimi delovnimi rezultati
ob normalnem utrujanju. Vse to pa lahko dosezemo
takrat, kadar je delovno mesto ucenca zasnovano tako:
- daucenec dela v telesni drzi, ki je najmanj naporna;
- dadelanadelovnem mestu, ki je po obliki in merah

prilagojeno ucencevem telesu in gibljivosti
njegovega telesa;

- da je delovno mesto opremljeno z delovnimi
sredstvi, ki so tako po fizioloski in psiholoski ravni
prilagojeni telesu ucenca.

3 ANALYSIS OF WORKING POSITION WITH
THE “OWAS” METHOD

So far we have seen the rational part of
realizational-operational functions of the student
in practical lessons. Now we can look at what can
be achieved by increasing a student’s labour
burden during the same work. For the research—
analytical point of view we can use the OWAS
(Ovaco Working Postures Analysing System)
observation method, which treats the subject on a
physiological basis and represents one of the
elements of our analytical estimation of the working
place [7]. The measurement involves observing the
student and writing down the postures on a specific
form in chosen coincident time periods. One can
observe one or more students, making notes with
dots or lines.

Susnik [9] gives the system of observation
of the analysis mentioned above: At every look —
similar to a camera — we create for example a group of
1,2,3 and 5.1 to 5.4. In the groups 3, 5.5 and 6 there
are more lines, when the arms are engaged in one
working function, the head is turned for more than
45° or when there is bigger force than 10 N. The sum
must therefore be the same in the groups 1, 2, 4 and
5.1tll5.4.

If we take a quick look at the results of this
“recording” we can come to some conclusions in
spite of the insufficient number of examples and
imperfect analysis, showing:

- most observed postures are in the areas where it
is not necessary to make special arrangements;

- observing the spine in the kidney area, we can
see specific burdens in the segments 1.2 and 1.4.
In the first instance we should take appropriate
steps within a short time period, in the second
case action should be taken immediately.

Measures should also be taken at once in the case of

bowing the head forward more than 30° (Segment 5.2).

After the analysis we can conclude that the
overburdening of spine and head are those factors in
the working process which visibly influence the final
work result as well as having negative health effects
on students.

The planning of the work process in practical
classes calls for working conditions which allow for
effective and productive work with an acceptable level
of fatigue. We can achieve this when the workplace
is designed with these factors in mind:

- the student should be able to work in the least
fatiguing physical posture;

- the student works in a workplace that is physically
proportioned to the student’s body and body
movements;

- the workplace must be equipped with tools and
equipment that are, at a physiological and
psychological level, suited to the student.
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Preglednica 4. Kratka opazovalna analiza drze telesa pri izvedbi projektne naloge po prilagojeni metodi
OWAS na primeru treh ucencev. Predstavitev deleza posamezne drze telesa v delovnem krogu projektne
naloge (Karakteristike posameznih delov so podane pod sliko 4!)

Table4. Short observation analysis of the postures during project work using the modified OWAS method. Representation
of the proportional occurrence of specific postures in the working cycle of project work (See Figure 4!)
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POLOZAJI TELESA
BODY POSITIONS

Opisi karakteristik (polozajev telesa) po metodi OWAS:
Description of body position with the OWAS method:

OWAS Telesni del in opis karakteristike
Segment and description of body positions
HRBET / SPINE
1.1. Pokon¢na drza hrbta, pri katerem je pripogib man;jsi od 15°
Upright posture of spine (flexion < 15°)
1.2. Sklonjena drza hrbta, pri kateri je pripogib vecji od 15°
Bowed posture of spine (flexion > 15°)
1.3. Pokon¢na drza hrbta s torzijo ali stranskim pripogibom hrbta, ki je vecji od 30°
Upright posture of spine with torsion or lateral flexion > 30°
1.4. Sklonjena drza hrbta, pri kateri je pripogib vecji od 15° in kombiniran s torzijo ali
stranskim pripogibom hrbta, ki je vecji od 30°
Bowed posture of spine (flexion > 15°), combination with torsion or lateral flexion
> 3(°
ZGORNJA UDA
UPPER LIMBS
2.1. Obe nadlakti ob trupu
Upper arms at body
2.2. Ena ali obe nadlakti dejavno odroceni in pod nivojem ramen (komolca nista oprta)
One or both upper arms activity abduction
2.3. Ena nadlaket nad nivojem ramena
One upper arm is above the level of shoulder
2.4. Obe nadlakti nad nivojem ramen
Both upper arms are above the level of shoulder
ROKI/ARMS
3.1 Drobni ali grobi prijem ene ali obeh rok
Fine and rough hold one or both arms
3.3. Druge dejavnosti ene ali obeh rok
Other activity of one or both arms
SPODNJA UDA
LOWER LIMBS
4.1. Sedenje (fiziolosko ali nefiziolosko)
Siting (physiological or unphysiological)
4.2. Stanje
Stz&ding
GLAVA /HEAD
5.1. Pokonéni nevtralni polozaj glave
Upright — neutral position of head
5.2. Glava je sklonjena naprej nad 30°
Head is ventral bowed above 30°

Sl. 4. Graficna predstavitev deleza posameznega polozaja v delovnem krogu projektne naloge, izrazena v
odstotkih z opisom karakteristik telesnih obremenitev po metodi OWAS
Fig. 4. Graphical representation of proportional occurrence of specific postures in the working cycle of
project work using the OWAS method.

777777777777777777777777777777777777777777777777777777777 STEOJINISKI L
stran 321 VESTRNIK



01-7 [SIIREYNISEI

| vEsTNIK
|

S. Fosnaric: Analiza delovnega postopka - An Analysis of the Working Process

4 NEKATERE DRUGE UGOTOVITVE

Glede na to, da je za dobro pocutje in dvig
produktivnosti pomembna dobra razsvetljava, je treba
doloceno pozornost nameniti tudi nacrtovanju pravilne
osvetlitve Solske delavnice. Znano je, da je u€inkovitost
ucencevega vida odvisna od ploskovne osvetljenosti
vidnega polja in kontrasta med osvetljenostjo vidne naloge
ter okolice. Tako lahko, upostevajoc standarde ter normative,
pravilno izberemo zahtevane osvetljenosti notranjih
prostorov. Ker je vecina delovnih prostorov v delavnicah
osvetljenih s fluorescentnimi svetili in ker je zahtevana stopnja
osvetljenosti splosne razsvetljave oznacena kot »srednja,
mora biti povprecna vrednost osvetlitve vecja od 150 luksov.
Ce pa bi hoteli dolo¢ena delovna mesta dodatno osvetliti,
kar pa v naSem primeru ni bilo potrebno, bi potrebovali
dodatno razsvetljavo v razponu med 50 in 300 luksi.

Napodlagi dejstva, da so bili v nasi Studiji u¢enci
med samim uc¢nim procesom videti dokaj utrujeni, smo
sklepali, da so lahko vzroki za taks$no reakcijo tudi v svetlobi.
Slednjaje bila za delavnico, kjer smo izvajali projektno delo,
v dolocenih delih presibka, drugod pa premoc¢na. Tako je
bilo pri samem delu tudi opaziti motece bleS¢anje, ki je
najverjetneje posledica slabo nacrtovane delavnice, saj so
luéi, ki osvetljujejo prostor, prenizko. Posledi¢no se to kaze
v prevelikih kontrastih v zornem kotu ucencev. Pravilno
oblikovano delovno mesto uc¢enca bi torej moralo upostevati
Stevilne dejavnike, ki bi zadovoljili zahteve po pravilni
osvetlitvi pri detu. Tudi toplotno okolje v naSem primeru ni
bilo taksen faktor, ki bi ga kar prezrli. Za u€ilnice prakticnega
pouka v osnovnih Solah je nekako znacilno, da se nahajajo
v kletnih prostorih, ki pa so v blizini kurilnic in podobnih
izvorov dodatne toplote, kar je bilo tudi v nasem primeru.

Skupna znacilnost postavitve ucilnic na
taksno lokacijo je ta, da so pozimi zelo suhe in pretirano
segrete, medtem ko so poleti nadpovpreéno vlazne in
hladne. Pri tem prihaja do problemov zaradi
neprestanega menjavanja ucencev (hladno in toplo),
tako da pravega ¢asa za aklimatizacijo dejansko nimajo.

Tudi telesna drza je pomemben dejavnik na
delovnem mestu. Delo, ki ga u€enci opravljajo, je namrec¢
tudi za njih lahko bolj ali manj obremenjujoce. Tako je za
vsakega ucenca najmanj obremenjujoca sedeca drza,
medtem ko bi trajna stojeca drza lahko povzrocala povecano
prekrvitev spodnjih okoncin in tako kopicenje krvi v
spodnjih udih. V taksnih primerih in na taksnih delovnih
mestih je primerno nacrtovati sedeze, ki omogocajo obcasno
menjavo med stojeco in sedeco drZo telesa.

Povzamemo lahko nekako takole, da so prav
obremenitve hrbtenice tiste, ki bi pri prakticnem Solskem
delu morale biti delezne podrobnejsih proucevan;.

5 PRAKTICNI SKLEPI

Na podlagi poskusnega snemanja dajejo
dobljeni rezultati dolo¢eno sliko o posameznih
dejavnostih pri prakticnem pouku na modelu projektne
naloge. S temi podatki ze lahko najdemo nekatera
podrocja in stanja, ki bremenijo ucence in tako vplivajo
na uspesnost opravljenega dela. Ceprav pomeni
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4 SOME OTHER FINDINGS

For well-being, and in order to increase
productivity, it is important to have good lighting;
therefore, we should pay attention to the correct
planning of light installation in working places and
schools. It is well known that the efficiency of a
student’s sight depends on the light base of the
sight field and the contrast between the lighting of
the sight field and the surrounding. Accordingly,
we should respect the standards and correctly
choose the lighting system of inner spaces. Most
work locations have florescent lights and because
the required level of lighting is described as
“medium” there should be the medium value of
lighting, more than 150 lux. In the case of additional
lighting (not needed in our case) it should be
between 50 and 300 lux.

Because the students were looking tired
during the learning process, we concluded the reason
could be the light, which was in some places too
weak and in others too strong. During the work we
saw disturbing glare as the result of a poorly planned
working place in which the lights were set too low.
This contributes to too great a contrast between light
views. The appropriate place for students to work
requires the consideration of many factors, for
example a satisfactory heating system is important.
For classes in primary school it may be an idea to be
in cellar areas, which are close to the central heating
and other warming resources.

However, it is characteristic of the
classrooms in such a location that they are too
hot and dry in the winter and, for the most part,
too cold and damp in summer. The problem is a
constant change from wet to dry, and from cold
to warm, and the students not having time to
acclimatize.

Body condition is also an important factor
in the working place. The work done by students can
vary in terms of fatigue. The sitting position is the
least fatiguing, while a constant standing posture
could cause increased blood circulation in the lower
limbs, causing blood to collect in the lower extremities.
In this case it makes sense to vary the posture
between standing and sitting.

In short, we concluded that the research of
practical work should pay detailed attention to the
burdening of the spine.

5 PRACTICAL CONCLUSIONS

The results of our recording give us a
picture of some activities in the model of the project
work. With this information we can find some
situations and conditions which fatigue the pupils
and influence the success of the work. Despite the
very positive inclusion of the active components of
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projektna naloga najvisjo stopnjo vkljucevanja vseh
dejavnih komponent ucenceve osebnosti v ucno-
vzgojni postopek, pa iz podatkov le vidimo
pomanjkljivosti, ki so tukaj sicer casovno-
organizacijskega znacaja, dajejo pa kljub temu dobro
sliko uspesno ali pa neuspesno zastavljenega dela (pri
tem je izvzet vsebinski sklop, ki pa je §e pomembne;jsi!).

V bistvu je omenjeno proucevanje naravnano
bolj na obremenjujoce psiholosko-fizioloske
dejavnike, kakor pa na vsebinske. Pri omenjeni analizi
je Se posebej pomembno to, da opazimo izstopanje
dolo¢enih dejavnosti, npr.: risanje, opazovanje,
struzenje in sestavljanje. Pri tem sta delovni aktivnosti
tehnicno risanje in struzenje tudi tisti, pri katerih so
obremenitve dolocenih telesnih segmentov vecje
kakor drugje (glej metodo OWAS).

Razmerje dela in delovnih »izgub« v razlicnih
urah skozi ves delovni postopek pri projektni nalogi
je zelo neenakomerno. Ta neenakomernost je
posledica nacrtovanih izgub, ki se v najvecji meri
kazejo ob koncu dela, ko je »nedela« najvec in se
izrazajo v razli¢nih razgovorih med ucenci in drugih
Solskih dejavnostih. Pri drugih u¢nih urah je to
razmerje v povpreéju usklajeno.

Zanimivo je tudi to, da je na splosno bolj
mote¢ dejavnik delovnega postopka opravljanje
dolocenih fizioloskih in higienskih potreb kakor pa
nedisciplina. To je najverjetneje zato, ker so ucenci
bili za delo zelo motivirani skozi ves postopek
projektne naloge ter v dolocenih fazah dela tudi
tekmovalno navdahnjeni.

Domnevam, da bi morale biti delovne
dejavnosti enakomerneje zastopane pri projektni
nalogi, saj gre v tem primeru bolj za spoznavne
postopke. Se posebej naj bi bila dejavnost opazovanja
zmanjSana, saj je bilo vidno, da pri tej dejavnosti
zbranost hitro upada in u€ence zavede v podrocje
nedela, kar pa ima hitro za posledico nedisciplino. Za
“izgube” v pomenu fizioloskih in higienskih potreb
bi bilo dobro poudariti, da so v $oli za to odmori. Ce
bi upostevali vse te dejavnike, bi bilo razmerje med
delom in “izgubami” taksno, da slednje ne bi vplivale
na kon¢ni rezultat dela.

Tudi iz zornega kota dimenzioniranja bi morali
narediti dolocene popravke. Tako bi lahko doloc¢ena
delovna sredstva in pripomocke bolj priblizali
ucencem. Npr. delovno povrsino, kjer je pritrjen
delovni stroj, bi lahko znizali, delovnemu mestu bi
lahko dodali dolocene pomozne mize, ki bi rabile za
racionalnej$e jemanje in odlaganje materialov, delovno
orodje bi pomaknili blize robu mize, ogrodje delovnega
orodja bi stalno pritrdili v delovno podlago, ipd.

Proucevanje takSnega ergonomsko-
dimenzijskega dela projektne naloge pri prakti¢cnem
pouku pomeni samo drugacen vpogled v vzgojno—
izobrazevalni postopek. Upostevanje uporabnosti
tak$nega dela je pri nas v Solstvu zelo redko, oziroma
ga sploh Se ni.

pupils’ personalities into the educational process,
we can find shortcomings in the project in the areas
of time and organization. However, the data gives us
a good picture of successful or unsuccessful
approaches to the planned work (excluding the
content which are even more important!)

The research was more oriented on
psychological and physiological aspects than on the
contents. During the analysis it was especially
important to notice the particularities of some
activities such as: drawing, observing, composing,
rasping. The activities of technical drawing and
rasping create a higher burdening of particular body
parts than other activities (see OWAS method).

The relation of work and work losses in
different time periods throughout the work process
is disproportional. The irregularity is the
consequence of anticipated losses which are primarily
visible toward the end of the work period. The peak
of productive inefficiency is evidenced by private
conversation among pupils and the transfer of
attention to extraneous activities. During forms of
instruction other than work classes, this relation
between effective and ineffective use of time is more
harmonized.

It is interesting that the most disturbing
element in the working process is the fulfilment of
certain physiological and hygienic needs rather than
a lack of discipline.

The lack of disciplinary problems may be
due to the enthusiasm shown by the pupils for the
work project, an enthusiasm which showed itselfin a
friendly competitive atmosphere. It is suggested that
applied activities take a primary place in the classes.
The phase of the learning process, which focuses on
observation by the pupil, should be limited in time,
as it is during this phase that the pupils lose
concentration. While engaged in work activity, there
are fewer disciplinary problems and a reduced loss of
focus. For the losses due to physiological and
hygienic needs it would be good to point out that
that is why there are breaks in school.

Considering all the facts, the relation
between work and loss would not influence on the
end product. Dimensioning should be improved as
well, in order that working equipment be more suitable
for the students. An example: the working surface,
where the machines are fixed could be moved lower,
there could be some additional tables for placement
and storage of materials, the working tools could be
closer to the edge of the table, the frame of a machine
could be fixed to a working surface, etc.

The researching of the ergonomics—
dimensional segment of the project work in practical
classes provides a different view of the educational
process. Consideration of the applicability of this
kind of work is very rare, or absent, in the Slovenian
school system.
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poenostaviljena metoda izracuna
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Toplotne izgube v tla imajo, Se posebej pri velikih stavbah, velik vpliv na rabo energije za ogrevanje.
V uporabi so razlicne metode za dolocitev teh izgub, vkljucno z metodo, ki jo predpisuje standard SIST EN
1SO 13370. Ta metoda je razmeroma zahtevna. Zato smo oblikovali poenostavijeno metodo z uteznimi faktoryi,
ki jo predstavijamo v prispevku. Utezni faktorji so doloceni za nepodkletene in podkletene stavbe z razlicnimi
toplotnimi prehodnostmi konstrukcij, ki so v stiku s tlemi. Zmanjsano je bilo tudi stevilo vplivnih parametrov,
ki so uporabljeni v SIST EN ISO 13370. Uporaba poenostavljene metode je posebej primerna pri postopku
nacrtovanja toplotne zascite stavb in dolocevanja specificnih toplotnih izgub le-teh.
© 2001 Strojniski vestnik. Vse pravice pridrzane.
(Kljucne besede: zascita toplotna, zas¢ita zgradb, prenos toplote, metode izra¢unavanja)

Heat losses from buildings through contact with the ground, especially in the case of large build-
ings, have a strong influence on energy demand. Various methods for calculating these heat losses are
available, including one method that is defined by the SIST EN ISO 13370 standard. Due of the complexity of
this method we have developed a method that is presented in this paper. Using our method we have calcu-
lated weighting factors for buildings with and without basements with a variety of thermal transmittances of
structures in the contact between the building and the ground. Also the number of influential parameters
used in SIST EN ISO 13370 is reduced. Our simplified method is particularly appropriate for use in the
process of designing the thermal insulation of buildings and determining the specific heat losses from build-

ings.

© 2001 Journal of Mechanical Engineering. All rights reserved.
(Keywords: thermal insulation, building insulation, heat transfer, calculation methods)

0 UVOD

Izkus$nje kazejo, da toplotno zascito in njeno
pravilno vgradnjo nacrtujejo arhitekti v zacetni fazi
snovanja stavbe. Zato je odlocitev arhitektov
povezana z dolgoro¢nimi posledicami. Metode za
dolocitev toplotnih lastnosti gradbenih konstrukcij,
ki potrebujejo veliko vhodnih podatkov, so zahtevne
in lahko vodijo k nepravilnostim. Kot zahtevno lahko
ocenimo tudi metodo za izracun toplotnih tokov v tla,
kijo doloc¢a SIST EN ISO 13370. V tem prispevku je
opisan razvoj poenostavljene metode, s katero
dolo¢imo toplotni tok skozi gradbeno konstrukcijo,
ki je v stiku s tlemi. Toplotni tok lahko normaliziramo
glede na ogrevano prostornino ali povrSino ovoja
stavbe in se tako prilagodimo razli¢nim predpisom o
toplotni zasciti stavb. Ker je razvita metoda namenjena
nacrtovanju toplotne izolacije, smo uporabili izraze,
ki dolocajo najvecji mesecni toplotni tok.

O0INTRODUCTION

Experience shows us that heat insulation and
its appropriate installation is the responsibility of the
architect in the early stages of a building’s design.
The decisions made by architect are, therefore, bound
to long-term consequences. Methods for determining
the thermal and technical properties of building struc-
tures, with their large amount of input data, are compli-
cated, which leads to calculation inconsistencies. SIST
ENISO 13370 is one such method for determining heat
losses through floors and walls. In this paper we de-
velop a simple method for calculating heat losses to
the ground, which can later be normalised to the vol-
ume or the surface of the building according to the
different regulations of building’s thermal insulation.
As the simplified method is designed to be used for
rating a building’s thermal insulation, the expression
for maximum monthly heat flow rate will be used.

STECJINISKI L
stran 325 VESTRNIK



B. Cerne - S. Medved: Toplotne izgube v tla - Heat Losses to the Ground

1 DOLOCITEV TOPLOTNIH
IZGUBVTLA -
OPISMETOD

Raba energije za ogrevanje v sodobnih
stavbah se zmanjSuje zaradi vse vecjega spoznanja o
omejenih zalogah fosilnih goriv, spoznanj o njihovih
negativnih vplivih na okolje in tudi vse strozjih
predpisov o toplotni zas¢iti stavb. Toplotna zascita
stavb je lahko predpisana z dovoljenimi toplotnimi
prehodnostmi gradbenih konstrukcij, specificnimi
toplotnimi izgubami poslopja ([2],[15] in [16]), ali letno
rabo energije za ogrevanje ([3] do [5]). Zaradi manjsih
toplotnih prehodnosti zunanjih zidov, strehe in Se
posebej oken se je povecal relativni delez toplotnih
izgub v tla. To je Se posebej pomembno pri poslopjih
z veliko tlorisno povrsino, kakrsno imajo trgovski
centri in industrijski objekti.

Toplotni tok v tla lahko dolo¢imo na razli¢ne
nacine: analiti¢no z reSevanjem diferencialnih enacb
neustaljenega prevoda toplote ([6] in [7]); s primernimi
numeri¢nimi metodami in programskimi paketi ([8] in
[9]); semiempiri¢nimi enacbami v obliki linijskih
toplotnih prehodnosti ([10], [11] in [13]) ali z uteznimi
faktorji ([2], [12] in [14]).

1 DETERMINATION OF THE HEAT FLUX TO
THE GROUND — A DESCRIPTION OF COMMON
METHODS

The energy used for heating in new buildings
is being reduced as a result of better understanding of
the limited quantities of fosil fuels, their negative influ-
ence on the environment and also because of the tighter
regulations that apply to the heated building’s. The
thermal insulation thickness can be determined by the
permitted thermal trasmittance, the specific building heat
losses ([2], [15] and [16]) or the annual heat use ([3] to
[5]). As a consequences of the lower thermal transmit-
tances of external walls, roofs and especially windows,
the relative amount of heat lost to the ground has in-
creased. This point is particularly important for large-
area buildings, such as modern shopping centres and
industrial premises.

Heat flux to the ground can be determined
using various methods: analiticaly by solving differ-
ential equations of non-stationary heat conduction
([6] and [7]); with appropriate numerical methods and
program codes ([8] and [9]); semi-empirical equations
in the form of linear thermal transmittance ([ 10], [11]
and [13]); or weighting factors ([2], [12] and [14]).
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SI. 1. Casovno ustaljene temperature tal pod ogrevano nepodkleteno stavbo, doloc¢ene numericno z
metodo nadzornih povrsin, zgoraj stavba s tlorisno povrsino 100x50 m, specificni toplotni tok skozi pod je
2,1 W/m?; spodaj stavba s tlorisno povrsino 10x10 m, specificni toplotni tok skozi pod je 7,3 W/m? [9]
Fig. 1. Steady state temperatures below the buildings on the ground — above for building with foor area
100 x 50 m, below for the building with floor area 10 x 10 m, specific heat flux to the ground is 2.1 W/m’ in
case of the larger and 7.3 W/m’ in case of the smaller building [9]

V standardu SIST EN ISO 13370 je toplotni
tok v tla doloCen s semiempiri¢nimi enacbami, ki
vsebujejo razli¢ne parametre, kot so velikost in oblika
poda, toplotne prehodnosti gradbenih konstrukcij,
toplotne prevodnosti tal, povpreéne mesecne tem-
perature znotraj in zunaj stavbe itn., torej razmeroma
veliko $tevilo razliénih vhodnih podatkov. Z uporabo
metode uteznih faktorjev lahko Stevilo vplivnih
parametrov zmanjSamo. Toplotni tok v tla je tako
dolocen z enacbo:

In SIST EN ISO 13370 the heat flux is deter-
mined with semi-empirical equations that are depen-
dent on many different factors, such as the size and
shape of the building’s floor, the thermal transmittances
of the building’s structures, the ground’s thermal con-
ductivity, the average monthly temperatures inside and
outside building, etc., a relatively large number of differ-
ent input data. With the introduction of weight factors,
the amount of input data required is reduced. The heat
flux to the ground is then determined by:

Dy =F,-Ug-4,-(6,-6,,) (1).

Utezni faktorji (F,), ki so v uporabi, so ali
nespremenljivi (npr. 0,5 [2]) oziroma nespremenljivi v

The weight factors (/) in use recently are
either constant (for instance 0.5 [2]) or expresed as con-
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dolocenem obmocju parametrov [12]. Glede na stan-
dard SIST EN ISO 13370 utezne faktorje lahko
dolo¢imo iz enacbe za najvecji mesecni toplotni tok:

cDmax =Ls .(g_i_e_e)-‘ere.ée ;]:’G’k 'UG 'AG (91 _ee,p)

Vrednosti L_ in L. dolocata toplotne in
geometriéne (Vehkost oblika in debelina) lastnosti
gradbenih konstrukcij in toplotne lastnosti tal
(toplotna prevodnost). Glede na izhodiséa v SIST EN
ISO 13370 pri izra¢unu ni treba upostevati vpliva
podtalnice. Vrednost L _doloca ustaljeno komponento
toplotnega toka, vrednost L  pa periodi¢no
komponento toplotnega toka skozi gradbene
konstrukcije v stiku s tlemi. Vrednost L je vedno
pozitivna, ker enacba (2) dolo¢a najvecji toplotni tok.
Znak = v enacbi (2) ponazarja dovoljeno napako, ki je
Se sprejemljiva. Slika 2 prikazuje primerjavo med
razli¢nimi F°, ki so v uporabi ([2] in [12]). Razvidno je,
da so vrednosti uteznih faktorjev zelo razli¢ne pri
majhnih in velikih stavbah. Fizikalna resnica je, da
vrednost uteznega faktorja F_* ni nespremenljiva.
Zato morajo biti utezni faktorji odvisni od razli¢nih
vplivnih parametrov.

Toplotne izgube v tla - Heat Losses to the Ground

stants for different variable ranges [12]. According to
ENTISO 13370 the weight factor can be determined from
the expression for the maximum monthly heat flux:

@)

Functions L _and Lp determine the thermal
and geometrical (s1ze shape and width) properties of
the building structures and the ground heat proper-
ties (heat conduction). According to the assump-
tions in SIST EN ISO 13370, the effect of ground
water is not taken into account. The function L_de-
termines the steady component of the heat ﬂux the
function L, determines the periodic component of
the heat flux. The L  value is always positive be-
cause equation (2) determines the maximum heat flux.
The symbol = in equation (2) illustrates the error that
is still acceptable for the simplified method. Figure 2
shows a comparison between the different /7 in com-
mon use ([2] and [12]). We can see that the values of
these factors are very different for small buildings
and large buildings. The value of weight factor (F,*)
is not constant and must be determined for different
influencing parameters.

0,8

10 100

1000 10000

A ()

SL. 2. Vrednosti F in F * v razlicnih virih oziroma metodah; vrednosti F .* so dolocene za k;=1,5 W/mK,
U.=0,4 W/m’K, za nepodkleteno stavbo in s kvadratnim podom v kraju z SD 2985 Kdan in 9 =-18 °C
Fig. 2. Values of F; and F;* from different sources, values F* determined for k .=1.5 W/mK
U.=0.4 W/m’K, buzldmg wzthout basement and with square floor buzlt in a place wzth DD = 2985 Kday

and 6 =
ep

2 OSNOVE DOLOCITVE UTEZNIH FAKTORJEV
(F.®)

Pri oblikovanju funkcijsko odvisnih uteznih
faktorjev F.* je treba izloc€iti Cimve¢ vplivnih
parametrov in vhodnih podatkov. V nasem delu smo
analizirali nepodkletene in podkletene stavbe. V
primeru, da je stavba podkletena, sta toplotni
prehodnosti poda in vkopanega zidu lahko enaki ali
razli¢ni. Velikost in obliko poda stavbe popisemo s
karakteristi¢no izmero B’ z izrazom:

-18°C.

2 THE BASICS OF WEIGHT FACTOR (£ .*)
DETERMINATION

When designing a variables dependent weight
factor F* the influence of parameters had to be elimi-
nated as much as possible. We focused on buildings
without a basement or buildings with a basement. In the
case of buildings with a basement the thermal transmit-
tances of the floor and wall can either be the same or
different. The size and shape of the building floor was
substituted with the characteristic dimension 5’:

STEOJINISKI
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m/3

Sl. 3. Analizirane oblike podov stavb
Fig. 3. Analysed shapes of building floors

Ta karakteristi¢na izmera je uporabljena tudi
v[1]in[12]. Obseg Pje opredeljen v [1]. Slika 3 prikazuje
analizirane oblike podov stavb z enotnim mreznim
korakom m. Utezni faktorji (/,*), doloCeni glede na
SIST ENISO 13370 zupostevanjem izraza (2) zarazlicne
pode stavb, so prikazani na sliki 4. Izracuni so bili
narejeni za m med 2 in 50 oziroma povrsino poda od 10
do 10000 m®. Vrednosti uteznih faktorjev F_* so
neodvisne od oblike in velikosti stavbe pri enaki
karakteristi¢ni izmeri, zato pri oblikovanju
poenostavljene metode ta parametra v celoti
nadomestimo s karakteristiéno izmero stavbe B’.

This characteristic dimension is also used in
[1]and [12]. The perimeter P is defined in [1]. Figure 3
shows the analysed shapes of building floors with a
unified raster m. Weight factor (F;*) determined ac-
cording to EN ISO 13370 by using equation (2) for
differently shaped building floors are shown in Figure
4. In the calculations the raster m from 2 to 50 and floor
areas from 10 to 10000 m* were taken into account. We
can see that the characteristic dimension B’ is appro-
priate to value the building’s shape influence since
the values of F;* are independent of the building
shape with the same characteristic dimension B’.

1,4

s

X oblika "H" / shape "H"

1,2

© oblika "L" / shape "L"

4 pravokotnik / rectangle

$0=8 i ® kvadrat / square N
0,6
0,4
0,2
0 : : : . :
0 10 20 30 40 50

SlL. 4. Utezni faktorji F* so doloceni za k_, = 1,5 W/mK,
v klimatskem obmocju z SD = 2985 Kdan in Hep

U.=04 W/m’K, za nepodkleteno stavbo, zgrajeno
= -18°C, crtkani ¢rti pomenita mejo +20%

Fig. 4. Values F_* are determined for k.=1.5 W/mK, UF = 0.4 W/m’K, building without basement built in

city (area) with DD = 2985 Kday and 6?&/) =

Najvecji toplotni tok v tla je v SIST EN
ISO 13370 dolocen s povprecno letno zunanjo
temperaturo in letno periodi¢no spremembo
povprecnih mesec¢nih temperatur. V nasi metodi
smo zeleli te temperature nadomestili z zunanjo
projektno temperaturo. Podatki o zunanjih
projektnih temperaturah so namre¢ na voljo za
veliko Stevilo krajev. Za analizo primernosti take
zamenjave je bilo izbranih pet tipi¢nih krajev v
razli¢nih klimatskih obmocjih. Njihovi osnovni

stran 328

-18°C, dotted lines represent border #20%

The maximum heat flux through a building
floor according to SIST EN ISO 13370 is defined with
the average annual external temperature and the an-
nual variation in the average monthly temperatures.
In the simplified method the average annual tempera-
tures and the variation in temperatures are replaced
by an external project temperature. External project
temperature data are available for a larger number of
cities. Also, the determination of the specific heat
losses of the building is easier. For the analysis, five
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Preglednica 1. Meteoroloski podatki izbranih krajev (obmocij)

Tablel. Meteorological data of selected cities (areas)

klimatsko podrocie SD/DD 0., 0, 0,

climatic area (Kdan/Kday) CC) CC) CC)
mediteransko 1874 -6 13,8 9,0
mediteranean 2700 12 10.8 9.5

celinsko 2985 -18 9.7 10,5
continental 3208 -21 9.2 11,0
alpsko 3505 -24 8,2 11,0
alpine

meteoroloski podatki so prikazani v preglednici
1.

Za vsak izbran kraj smo izracunali utezne
faktorje F* za Siroko obmocje karakteristiCne izmere
B’. Rezultati s prikazom funkcijske odvisnosti so
prikazani na sliki 5. Razvidno je, da so vrednosti F*
za dani primer znotraj obmocja -8% do +12%. Pri vseh
preostalih analiziranih primerih pa je pricakovana
nenatan¢nost med metodo po SIST EN ISO 13370 in
razvito poenostavljeno metodo znotraj obmocja, ki
ga predpisuje standard [ 13] za metode, ki temeljijo na
“izracunu z uporabo kataloga”. 1z tega izhaja, da je
povprecne letne zunanje temperature in letne
periodi¢ne spremembe povprec¢nih mesecnih
temperatur mogoce nadomestiti z zunanjo projektno
temperaturo dolocenega kraja.

typical cities in different climatic areas were chosen.
Their basic meteorological data are shown in Table 1.

The values of weight factors (F,*) for each
selected city and a wide range of characteristic
dimension’s B’ were calculated. The results, together
with a function curve, are shown in Figure 5. It is evi-
dent thatall 7 * values are within —8% and +12% limits.
It was also observed that for all analysed combinations
of the influencing parameters, the differences between
the @ calculated using EN ISO 13370 and our simpli-
fied method are smaller than expected uncertainly for
manual calculations and “catalogue” methods accord-
ing to reference [13]. Therefore, the average annual tem-
perature and the variation in the average monthly tem-
peratures can be replaced by project temperatures that
are characteristic of a wide range of climatic conditions.

SL. 5. Utezni faktorji F, G* so doloceni za kG=1,5 W/mK, U=04 W/mK, za nepodkleteno stavbo, 6,':20 °C,
Crtkani crti pomenita mejo £20 odstotkov
Fig. 5. Values F G* are determined for kGII S WimK, U F:0.4 W/m’K, building without basement, Q = 20°C,
dotted lines represent border #20%

Vrednosti (F,*) pa so odvisne tudi od
drugih toplotnih in konstrukcijskih parametrov. Pri
razvoju poenostavljene metode smo upostevali, da
so tla bodisi glinena (k,=1,5 W/mK), peSCena (k=2
W/mK) ali skalnata (k,=3,5 W/mK). Predpostavili
smo, da so stavbe enakomerno ogrevane na 6,=20 °C
in da je debelina zunanjega zidu na stiku s podom
0,35 m. Te vrednosti so bile izbrane kot najbolj

The values of the weight factors (#*) also
depend on other thermal and design parameters.
When designing the simplified method we took into
consideration that the ground can be clay (k, = 1.5
W/m’K), sand (k, = 2.0 W/m’K) or homogeneous
rock (k, = 3.5 W/m’K). The buildings are assumed to
be uniformly heated to a constant temperature 6=20°C
and have constructions in contact with the ground
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pogoste, v praksi pricakovana odstopanja pa ne
vplivajo bistveno na rezultat analize. Toplotne
prehodnosti gradbenih konstrukcij v stiku s tlemi,
ki smo jih analizirali, so bile 0,3; 0,4; 0,5 in 0,6 W/
m?K. Te vrednosti so bile izbrane glede na predpis o
toplotni zas¢iti stavb in trdnostne lastnosti
gradbene konstrukcije. Glede na lastnosti
konstrukcije in globino podkletitve so stavbe
razdeljene na tri kategorije, kakor je prikazano na
sliki 6:
- nepodkletene stavbe,
- podkletene stavbe z razlicnima toplotnima
prehodnostima poda in vkopanega zidu,
- podkletene stavbe z enakima toplotnima
prehodnostima poda in vkopanega zidu.

K

that are 0.35 m wide. These values were chosen as the
most representative, but in any case their influence on
the results is negligible. The analysed thermal trans-
mittances of the building structures were 0.3, 0.4, 0.5
and 0.6 W/m?’K. When choosing these values, civil
engineering technologies and common building ther-
mal protection regulations were taken into consider-
ation. According to the building’s structural proper-
ties and the depth of the basement, buildings are di-
vided into three categories, as shown in Figure 6:
- buildings without basement
- buildings with basement with different thermal trans-
mittances of the basement floor and basement walls;
- buildings with basement with the same thermal trans-
mittances of the basement floor and basement walls;

Sl. 6. Shematski prikaz analiziranih stavb. Na levi nepodkletena stavba, na sredini podkletena stavba z
razlicnima toplotnima prehodnostima poda in vkopanega zidu, na desni podkletena stavba z enakima
toplotnima prehodnostima poda in vkopanega zidu
Fig. 6. Schematic survey of the buildings analysed in this work; on the left is building without a basement;
in the middle is a building with a basement with different thermal transmittances of the basement floor and
basement wall; and on the right, a building with a basement with equal thermal transmittances of the
basement floor and the basement wall

3 OBLIKOVANJE ENACBE UTEZNIH
FAKTORIJEV (F_*)

Enacbe uteznih faktorjev smo dolocili s
statisticno analizo 18720 analiziranih primerov.
Enacbe za toplotni tok skozi tla (@_ ) in uteZne
faktorje (F,*) za razli¢ne tipe stavb so prikazane v
nadaljevanju:

- za nepodkletene stavbe je najvecji toplotni tok v
tla dolocen z izrazom :

3 DESIGNING OF WEIGHT FACTOR (£,*)
EQUATIONS

Weight factor equations were determined
with a statistical analysis of 18720 analysed combi-
nations. The equations for the heat flux to the ground
(@ )and the weight factors (#,*) for different types
of buildings are shown below:

- for buildings without a basement the maximum
heat flux to the ground is determined by:

@, =Fy,U.-4,-(6,-6,,) @),

kjer F, * dolo¢imo z izrazom:

*

Utezni faktorji v odvisnosti od
karakteristicne izmere stavbe B’ za izbrano
nepodkleteno stavbo so prikazani na sliki 7. Vrednosti
konstant a_ za analizirano polje spremenljivk so
podane v preglednici 2.

- za podkletene stavbe z razlicnima toplotnima
prehodnostima poda in vkopanega zidu je najvecji
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Fr=a;

where F; * can be calculated using equation:

gl ] ).

Weight factors as a function of B’ for the
selected building without a basement are shown in
Figure 7. The values of the constants a_ for the
analysed range of variables are written in Table 2.

- for buildings with a basement with different ther-
mal transmittances of the basement floor and the
basement walls the heat flux is determined as the
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SL. 7. Vrednosti funkcije F .
Fig. 7. F

Preglednica 2. Vrednosti konstante a,
Table 2. Values of constant a,,

++ za nepodkletene stavbe; k.=1,5 W/mK, 6, =20 °C, 2<B’<50, -24< 0, S 6 °C
o functton curves for building without basement k=1 5 WimK, 6 =20°C, 2<B <50
-24°C<0,, <-6°C

Ur 0,3 0,4 0,5 0,6
ke=1,5 | 097 0,83 0,72 0,65
k=20 | 1,15 1,00 0,89 0,30
ke=3,5 | 143 127 1,12 1,04

toplotni tok dolocen kot vsota specifi¢nih
toplotnih tokov skozi pod in vkopani zid:

sum of specific heat fluxes through the basement

q)max (FGzBF U A +FGzBW UBW BW) (‘9 ‘9 ) (6)’
kjersta /7, . * in F, .. * doloCena z izrazoma: where F; . * and F; . * can be calculated:
FG*,Z,BF = dgp B[_%)] (),
FG*,:,BW =gy (®).
0,8 T
\
\ —— —_ UBF=0,3 UBF=0,4
‘ ------- UBF =0,5 —.—-— UBF=0,6
5 0’6'\". ——_UBW=03 —=— UBW=04
E: \ UBW =0,5 —-e-— UBW=0,6
&
E‘af
3
*
o e N\ e e e
0 T T T T
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SL. 8. Vrednosti uteznih faktorjev F,_, * in F . . * za podkleteno stavbo
z=3m, k;=1,5 WmK, 6, 20°C 2<B’<30, -24< g, ,<-6°C
Fig. 8. Values of Fi_u.* and F,_,," for a building with basement
z=3m, k=15 W/mK 0 = 20°C, 2<B’<50), -24°C<@, <-6°C
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Slika 8 prikazuje vrednosti £, * inF; . *
kot funkciji B’ za izbrane primere. Vrednosti konstant

a . ina_, so podane v preglednici 3.

Preglednica 3. Vrednosti konstant a, in a
Table 3. Values of constants a,, and a,,

BW

Figure 8 shows the values of F, _* and

F, " as a function of B for selected cases. The

values of constants a__ and a_, are written in Table 3.

Ur, Upw 0,3 0,5 0,6
kc=15| z(m) aBF aBw aBF agw aBF apw ABF ABw
1,5 0,62 0,33 0,55 0,31 0,49 0,29 0,44 0,27
3,0 0,60 0,23 0,53 0,21 0,47 0,20 0,42 0,19
4,5 0,58 0,19 0,49 0,17 0,44 0,16 0,40 0,15
6,0 0,55 0,17 0,48 0,15 0,43 0,13 0,39 0,12
kc=2,0 | z(m) apr apw apr apw apr apw apr aBw
1,5 0,78 0,39 0,70 0,37 0,63 0,35 0,57 0,33
3,0 0,75 0,28 0,68 0,26 0,61 0,24 0,55 0,22
4,5 0,72 0,23 0,63 0,21 0,59 0,19 0,53 0,18
6,0 0,70 0,20 0,62 0,18 0,58 0,16 0,52 0,15
kc=3,5| z(m) aABF aBw aBF apw aBF apw ABF aBw
1,5 1,02 0,48 0,94 0,45 0,87 0,44 0,81 0,42
3,0 0,99 0,33 0,92 0,31 0,85 0,30 0,79 0,29
4,5 0,97 0,28 0,89 0,26 0,82 0,24 0,77 0,23
6,0 0,95 0,24 0,88 0,22 0,81 0,21 0,76 0,20

- za podkletene stavbe z enakima toplotnima
prehodnostima poda in vkopanega zidu je
najvedji toplotni tok dolo¢en z enim uteznim
faktorjem in vsoto povrsin poda in vkopanih
zidov:

*

@ :FG,Z,B'UF'(AF+ABW)'<0i_0e,p)

max

kjerje F,  ,* dolocen z izrazom:
,2,B

*

F

Vrednosti konstant a, in b, so podane v
preglednici 4.

4 SKLEP

Prispevek predstavlja oblikovanje
poenostavljene metode za dolocitev najvecjega
toplotnega toka iz ogrevanih stavb v tla. Metoda
je namenjena dolo¢evanju toplotne zaséite v fazi
snovanja stavb in nadomesca neustaljen prenos
toplote z ustaljenim. Zato je potrebno manj
vhodnih podatkov. Analiziranih je bilo skupaj 18720
primerov.

Podrobna analiza pokaze, da se v nobenem
od analiziranih primerov toplotni tok, dolo¢en po
predlagani metodi uteznih faktorjev, in toplotni tok,
dolo¢en po metodi, ki jo navaja SIST EN ISO 13370,
ne razlikujeta ve¢ ko £20 odstotkov. Pri 93 odstotkih
primerov je razlika manjsa od £10%. Primerjavo
izracunanih toplotnih tokov po obeh metodah za vse
analizirane primere prikazuje slika 9.
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5= (aB +b, -B')i1

- for buildings with a basement with the same ther-
mal transmittances of the basement floor and the
basement walls the heat flux is determined with
one weight factor and sum of the basement floor
and the basement wall areas:

(10),

where F Z‘B* can be calculated:

(11).

The values of constants a, and b, are writ-
ten in Table 4.

4 CONCLUSION

The paper presents a simplified method for
determining maximum heat flux to the ground for
heated buildings in contact with the ground. The
method is intended for use in the design phase of
building’s thermal protection and substitutes non-
stationary heat transfer calculations with stationary
ones. As a result, less input data is needed. All to-
gether 18720 analysis were made.

The sensitivity analyses shows that none
of'the calculated heat fluxes using the weight factors
are different from the heat flux determined according
to EN ISO 13370 by more than + 20 %. For around
93% of the cases the differences are much smaller
(within £10%). A comparison between the simplified
calculationof @ and ® _according to the ENISO
13370 for all analysed cases is shown in Figure 9.
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Preglednica 4. Vrednosti konstant a, in b,
Table 4. Values of constants a, in b,

Ur 0,3 0,4 0,5 0,6
k¢=1,5| z(m) ap bz ap bg ap bs ag bs
1,5 3,38 0,23 3,57 0,28 3,75 0,33 3,94 0,37
3,0 4,21 0,20 4,56 0,24 4,90 0,29 5,24 0,33
4,5 4,98 0,18 5,51 0,22 6,00 0,26 6,50 0,30
6,0 5,71 0,17 6,41 0,21 7,05 0,25 7,68 0,28
k¢=2,0 | z(m) ap bg ap bs ap bs ap bs
1,5 2,96 0,18 3,09 0,22 3,22 0,26 3,35 0,29
3,0 3,67 0,16 3,92 0,20 4,17 0,23 4,42 0,26
4.5 431 0,14 4,70 0,18 5,06 0,21 5,42 0,24
6,0 491 0,13 5,43 0,17 5,90 0,20 6,38 0,22
k¢=3,5| z(m) ap bz ap bg ap bs ag bs
1,5 2,59 0,12 2,66 0,15 2,73 0,18 2,81 0,20
3,0 3,16 0,11 3,30 0,13 3,44 0,15 3,58 0,17
4,5 3,63 0,10 3,85 0,12 4,06 0,14 4,28 0,16
6,0 4,05 0,09 4,35 0,11 4,64 0,13 4,92 0,15
4000
(2]
& 3500 // /\\
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8 \
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S1. 9. Razlike v toplotnih tokovih dolocenih z uteznimi faktorji in metodo SIST EN ISO 13370. Upostevano
je vseh 18720 analiziranih primerov
Fig. 9. Comparison between the differences between heat fluxes to the ground calculated by weight factors
and the EN ISO 13370 standard. All 18720 observations are included

Vrednosti uteznih faktorjev (£,;*) se lahko
linearno interpolirajo znotraj analiziranega obmocja
toplotnih prehodnosti poda (U,,), vkopanih zidov
(Uyy)» toplotnih prevodnosti tal (k;) in globine
podkletitve (z). Kjer je to potrebno, se lahko uposteva
tudi vpliv podtalnice, tako da pomnozimo utezni faktor
(F;*) s faktorjem (G, ) iz SIST EN ISO 13370, dodatek
H.

The values of the weight factor (F,*) can
be within the analysed range of the basement floor
(U,) and the basement wall (U, ) thermal transmit-
tances, the ground thermal conductivity &, and the
basement depth z linearly interpolated. In specific
cases the effect of the ground water can be taken
into account multiplying the weight factor (£ *) with
factor G, according to EN ISO 13370 annex H.
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5 OZNAKE
SNOMENCLATURE
povrsina poda v stiku s tlemi A, floor area in contact with ground
povrsina vkopanega zidu v stiku s tlemi A, m basement wall area in contact with the ground
povrsina gradbene konstrukcije v stikus tlemi A, n? building structure area in contact with the
ground
karakteristi¢na izmera poda B characteristic dimension of building floor
stopinje dnevi/leto DD Kday/a degree days/year
utezni faktor F.* weight factor
utezni faktor za nepodkletene stavbe F..* weight factor for buildings without basement
utezni faktor za pod podkletene stavbe Fo,ue® weight factor for basement floor for buildings
with basement
utezni faktor za vkopan zid podkletene stavbe ~ F_ .. * weight factor for basement wall
utezni faktor za podkletene stavbe z enakima ~ F_ _* weight factor for buildings with equal base-
toplotnima prehodnostima poda in ment floor and wall thermal transmittances
vkopanega zidu
specifiCne toplotne izgube v ustaljenem stanju L, W/K  steady-state thermal coupling coefficient
zunanje periodi¢ne specifi¢ne toplotne izgube L W/K  external periodic thermal coupling coeficient

=1
&

zunanji obseg poda P m perimeter of the building
toplotna prehodnost gradbene konstrukcije U, Wm’K thermal transmittance of building structure
toplotna prehodnost poda stavbe U, W/m?K  thermal transmittance of building floor
toplotna prehodnost vkopanega zidu stavbe U, ~W/m’K thermal transmittance of basement wall
globina podkletitve z m basement depth below ground level
konstante, potrebne za izraCun uteznih a,a,b,, constants for the calculation of weight
faktorjev F* Ay, Ay factors F*
najve€ji toplotni tok skozi gradbeno @ maximum heat flux through building construc-
konstrukcijo v stiku s tlemi tions in contact with the floor
notranja projektna temperatura 0, °C internal project temperature
zunanja projektna temperatura 0, € external project temperature
povprecna letna notranja temperatura 0, °C average annual internal temperature
povpre¢na letna zunanja temperatura 0, °C average annual external temperature
amplituda nihanja zunanje temperature Ae °C external temperature variation amplitude
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Ocene knjig

Mathias Woydt in 12 soavtorjev: Tribologie
keramischer Werkstoffe

Zal.: Expert Verlag GmbH, Renningen-Malmsheim
2001.
Obseg: format 14,5 x 21 cm, 218 strani, 147 slik, 38
preglednic, 119 literaturnih virov.
Cenaje 89 DEM.

Knjiga iz zbirke Kontakt & Studium (Zvezek
605) je dokaj celovit in predvsem uporaben izbor
tematik na podrocju triboloskih raziskav keramic¢nih
materialov. Izpostavljeni so nekateri znanstveno-
raziskovalni rezultati s podrocja osnovnih triboloskih
mehanizmov najpogostejsih vrst tehniske keramike
pa tudi njihova uporaba v industrijsko najbolj
uveljavljenih primerih uporabe.

Dr. Woydt dela kot raziskovalec na ustanovi
BAM v Berlinu ze ve¢ ko 15 let, od leta 1986 pa je
vodja Laboratorija za testne metode obrabe in trenja
ter tribologijo komponent. Pri svojem delu se je
osredotocil predvsem na kerami¢ne materiale in
kompozite, tako da je pricujoca knjiga rezultat Stevilnih
lastnih raziskav pa tudi dobrega poznavanja
problematike tega podrocja.

Knjiga je razdeljena na 13 tematskih
sklopov, predstavljenih v naslednjih poglavjih: 1
Vpliv obdelave pri mazanih keramicnih kotalnih
stikih, 2 Kotalno trenje kerami¢nih materialov pri
mazanju z vodo, 3 Triboloski koncepti materialov
pri delovanju brez mazanja, 4 Keramic¢ni materiali pri
opremi za elektrarne in kemic¢no industrijo, 5
Keramicni kotalni lezaji - proizvodnja - uporaba -
primerjava s kovinskimi lezaji, 6 Drsni lezaji in tesnilni
obro¢i iz SiC, 7 Funkcionalno optimirana koncna
obdelava tribolosko obremenjenih keramic¢nih
povrsin, 8 Primeri funkcij in stroskov konéne
obdelave keramike, 9 Tribologija trdo-mehkega
zdruZevanja pri uporabi v lezajih in tesnilnih obrocih
— uporaba ogljika, 10 Znacilnosti in uporabe
polikristalini¢nega diamanta kot zas¢itnega materiala
pred obrabo, 11 Inovativni razvoj pri termi¢nih
brizgalkah, 12 Keramika za zas¢ito pred korozijo,
abrazijsko obrabo ter za tribolosko visoko
obremenjene strojne dele, 13 Preoblikovalna orodja
iz keramike.

Iz knjige lahko bralec razbere predvsem
najznacilnejse primere uporabe tehniske keramike ter
Stevilne mozne materiale za posamezne specifiéne
potrebe znotraj tega podrocja, ki omogocajo boljse
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delovanje kot klasi¢ni materiali. Knjiga je torej
primerna predvsem za prakticno uporabo keramike v
industrijski praksi.

M. Kalin

K.Landau - H. Luczak: Ergonomie und
Organisation in der Montage

Zal.: Carl Hanser Verlag, Miinchen 2001.
Obseg: format 16,5 x 24 cm, 674 strani.
Cena je 198 DEM.

Delo v montazi ima v strojni, avtomobilski
industriji, industriji bele tehnike in elektroindustriji
vrednostno pomemben vpliv na gospodarnost
podjetij. Zato se montazi, Se posebno organizaciji
montaze, posveca vedno ve¢ pozornosti. Pozornost
je namenjena tako organizacijskim kakor tehniskim
temam. Avtorja skupaj s sodelavci ugotavljata, da
tudi v nemskih podjetjih, ki jih knjiga obravnava,
konstrukterji, tehnologi in mehatroniki nimajo vedno
dovolj osnovnega in prakticnega znanja o
ergonomiji v procesu montaze ter organiziranosti
montaze.

Namen avtorjev je bil tako zbrati osnovna
znanja in rezultate raziskav, ki so bile izvedene v praksi
na podro¢ju ergonomije in organizacijskih oblik v
procesu montaze. Knjiga je tako namenjena tistim, ki
delovna mesta oblikujejo, konstrukterjem delovnih
sredstev, tehnologom v proizvodnji, vodjem montaze
kakor tudi tistim, ki so odgovorni za varnost pri delu,
za svetovalce pri delu in druge, ki so kakorkoli
povezani s proizvodnjo.

Knjiga je razdeljena v sedem poglavij in
obravnava zahteve pri oblikovanju montaznih mest,
nacrtovanje procesa montaze in pripomocke, ki so
dandanes na voljo, oblike organiziranosti s
poudarkom sodelujocih zasnov dela, osnutke
krmiljenja in vodenja montaZze ter na koncu druzbene
okvire, ki jih je treba pri nacrtovanju in izvajanju
montaze v proizvodnji upostevati.

Pomembna znacilnost je prikaz metod,
zamisli in raziskav, ki so izvedeni v praksi pri znanih
podjetjih v Nemciji in so bistveno pripomogle k
uspesnosti podjetij. [zvajanja zasledimo v Stevilnih
objavah in pogovorih s strokovnjaki v proizvodnji in
pri delu v razvojno raziskovalnih skupinah.

D. Noe
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Prof.dr. Viljem Kralj - 70-letnik

S prof.dr. Viljemom
Kraljem sem se spoznal na
Zavodu za varjenje SRS v
Ljubljani, kjer je bil zaposlen na
elektrostrojnem oddelku. Ko pa
sem odsel od tam na Fakulteto
za strojnistvo, sem njegovo
delovanje vedno bolj cenil, z
vidika stroke kot raziskovalca in
razvijalca postopkov in naprav,
hkrati pa sem opazal tudi
njegove obce ¢loveske vrline, ki
so nedvomno izhajale iz njegove
nelahke zivljenjske poti.

To je bil tudi razlog, da
sem ga, ko se je pokazala
potreba po novih sodelavcih pri
razvoju Studija varilske stroke na Fakulteti za
strojnistvo, povabil k sodelovanju, kar je rad sprejel
in fakulteta ga je zaposlila kot honorarnega
predavatelja. Ko so bili ustvarjeni pogoji, je presel v
redno zaposlitev. V delo na fakulteti se je uspesno
vkljucil na vseh podrocjih, tako na pedagoskem kakor
na znanstveno-raziskovalnem in ker je bilo takrat
(samo)upravno delo zelo zivahno, je tudi pri tem
uspesno sodeloval. Pri vsakem delu so izstopale
njegove zivljenjske izkusnje, pri tem pa je dajal stroki
seveda absolutno prednost.

Rodil se je v son¢ni Dalmaciji 31. julija leta
1931 v Dugem Ratu pri Splitu. Vendar se ni naucil
“dalmatinskega dialekta”, ker je Zivljenjska pot vodila
druzino najprej v Vojvodino in je osnovno Solo
obiskoval v Novem Sadu in nato $e v Mariboru. V
Mariboru je nato obiskoval klasi¢no gimnazijo, vendar
samo do petega razreda, ker ga je nato neusmiljeno
zivljenje prestavilo zopet nazaj na vzhod in je Solanje
nadaljeval na Srednji hidrometeoroloski Soli v
Beogradu. Tam je leta 1950 maturiral. Nato mu je
vendarle uspelo, da se je vrnil za stalno v Slovenijo.
Leta 1951 se je vpisal na Tehnisko fakulteto, Oddelek
za elektrotehniko - Sibki tok in tam 23.01.1957
diplomiral. Medtem pa je bil krajsi ¢as tudi ze zaposlen
kot sinoptik na Upravi hidrometeoroloske sluzbe SR
Slovenije v Ljubljani. Zivljenje ga je do tu prestavljalo
vedno nekam drugam, kar pa je njegove zivljenjske
izkusnje samo bogatilo.

Seveda po diplomi ni bilo pocitka. Takoj se
je zaposlil v tovarni Telekomunikacije v Ljubljani, kjer
je bil vodja merilnice in sodeloval pri razvoju
elektricnih elementov in sistemov ter pri izdelavi

standardov JUS za te elemente.
Te dejavnosti so ga Ze usmerjale
v vodstveno delo.

Njegova  dokonéna
usmeritev na strokovnem
podrocju pa je bila zaposlitev v
takratnem Zavodu za varjenje RS
v Ljubljani (danes Institutu za
varilstvo). Ta je trajala vec ko 19
let. Tam se je zapisal varilstvu. Ker
je Zavod za varjenje veliko
sodeloval z industrijskimi podjetji,
se je dodobra seznanil s potrebami
operative, dobil izkusnje vodenja

) in sodelovanja na zelo Sirokem

podro¢ju varilstva, od izdelave

naprav za varjenje in njihovega
uvajanja v proizvodnjo, do nadzora postopkov,
naprav in elementov. Pri tem je spoznal stanje, potrebe
in moznosti proizvajalcev in uporabnikov na podrocju
elektrovarilstva, ne samo v Sloveniji, ampak tudi v
drugih republikah nekdanje Jugoslavije. Ker so na
Zavodu za varjenje prirejali in vodili teCaje za varilce,
tehnike in tudi inzenirje, se je seveda udejstvoval
tudi na pedagoskem podrocju. Pri predavanjih je dobil
dober pregled nad potrebami in zmoznostmi
udelezencev na razli¢nih stopnjah od priucenih
delavcev do inzenirjev.

Med zaposlitvijo na Zavodu za varjenje je
opravil podiplomski magistrski Studij na Fakulteti za
elektrotehniko v Ljubljani s temo s podrocja
kibernetike, ki jo je zelo uspesno zagovarjal leta 1969.
Svoje raziskave je razsiril in poglobil v doktorski
disertaciji z naslovom: “Raziskave gibov roke cloveka
- elektrovarilca pri roénem oblo¢nem varjenju z
metodami biokibernetike”. Temo je zagovarjal leta
1973. Te raziskave je razvijal $e naprej in z njimi dosegel
velik mednarodni ugled, dobil Stevilna priznanja
uglednih svetovnih znanstvenikov; teme njegovih
raziskav so bile sprejete tudi v raziskovalne programe
IIW/IIS - Mednarodnega inStituta za varjenje.
Predvsem je bil v IIW/IIS zelo dejaven v “Delovni
skupini 2127, ki je obravnavala fizikalne osnove
varilskih procesov in njegove zamisli so bile tudi temel;
za raziskovalne programe te skupine.

Kakor smo ze omenili, je bil povabljen na
Fakulteto za strojniStvo in tam je deloval od novembra
leta 1975, najprej kot honorarni predavatelj in nato
kot docent. Od 12 januarja 1979 je bil redno zaposlen
na fakulteti, 12 aprila 1979 je bil izvoljen za izrednega
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profesorja in 28 junija 1984 za rednega profesorja. Do
upokojitve 30 septembra 1996 je predaval razlicne
varilske predmete, sestavljal nove programe, uvedel
v Studij nove izsledke lastnih raziskav in splosnega
razvoja varilne tehnike v svetu. Bil je mentor Stevilnim
diplomantom na vseh stopnjah in razli¢nih programih
dodiplomskega in podiplomskega Studija vse do
doktorskih disertacij. Pri usmerjanju diplomantov mu
je bilo v veliko korist preteklo delo na Zavodu za
varjenje in Se nadaljnji stiki s proizvodnimi
organizacijami. Diplomskim nalogam iz industrije je
posvecal posebno pozornost, seveda pa je vkljuceval
diplomante tudi v lastne raziskave, saj je svojo
raziskovalno dejavnost uspesno nadaljeval in
objavljal rezultate doma in v tujini. Ima izredno veliko
Stevilo objav v domaci in tuji strokovni literaturi.

Ni pa bil samo uspesen strokovnjak, ampak
tudi $iroko razgledan &lovek, moz in oée. Zivljenje
mu tudi ni prizanasalo. Zahrbtna bolezen mu je
zgodaj pobrala zivljenjsko druzico in ostal je sam s
tremi sinovi, od katerih je bil najmlajsi Se skoraj
dojencek. Ker je tudi sam prezivljal trdo Zivljenje, je
bil z zivljenjskimi izku$njami sinovom mati, oce in

Doktorati, magisteriji, diplome

DOKTORATI

Na Fakulteti za strojnistvo Univerze v
Ljubljani je dne 27. junija 2001 mag. TomaZz
Pepelnjak z uspehom zagovarjal svojo doktorsko
disertacijo z naslovom: “Zapis tehnoloskega okna
pri globokem vleku krojenih prirezov s
konvencionalnim pridrzevanjem plo¢evine”.

S tem je navedeni kandidat dosegel
akademsko stopnjo doktorja tehni¢nih znanosti.
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Na Fakulteti za strojnistvo Univerze v
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dne 4. julija 2001: Miha Praznik, delo z
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S tem so navedeni kandidati dosegli
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ucitelj ter jih vzgojil in izSolal v uspesne mlade moze
z univerzitetnimi diplomami, ki se tvorno vkljuéujejo
v danas$nji svet. Seveda pa je Vili tudi prakticen
¢lovek. Po letih trdega in ustvarjalnega dela si je
uredil prijeten kotiek v zelenem obrobju, niti ne zelo
blizu Ljubljane, kamor se je po daljSem samevanju
preselil s svojo drugo zivljenjsko sopotnico. Od tam
je po upokojitvi Se zelo pogosto prihajal v Ljubljano
na fakulteto, kjer je moral dokoncati zaceta dela in
tudi na Institut za varilstvo, kjer Se predava na te¢aju
za “evroinzenirje”, sodeluje pri reviji Varilna tehnika,
letos je dejavno sodeloval na letni skupséini ITW/
IIS (Mednarodnega instituta za varjenje), ki je bila v
Ljubljani.

Ti obiski so v zadnjem ¢asu na zalost (ker je
profesor Viljem Kralj za druzbo zelo prijeten in Siroko
razgledan sogovornik), postali ze bolj poredki. To je
tudi razumljivo, saj je bivanje v naravi in zelenju pac
prijetnejSe od Se tako zivahnih pogovorov sredi
ljubljanskega betona in hrupa. In tam mu seveda vsi
zelimo $e mnogo let zdravja in prijetnega Zivljenja.

Prof.dr. Viktor Prosenc
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dne 30. avgusta 2001: Drago KALISEK,
David KOS, Borislav PISEK, Matej ZUPANC.
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Instructions for Authors

Papers submitted for publication should comprise:
Title, Abstract, Main Body of Text and Figure Captions in

Clanki morajo vsebovati:
- naslov, povzetek, besedilo ¢lanka in podnaslove slik v -

slovenskem in angleskem jeziku, Slovene and English, )
- dvojezi¢ne preglednice in slike (diagrami, risbe ali - Bilingual Tables and Figures (graphs, drawings or photo-
fotografije), graphs),

List of references and
Information about the authors.

Since 1992, the Journal of Mechanical Engineering
has been published bilingually, in Slovenian and English. The two
texts must be compatible both in terms of technical content and
language. Papers should be as short as possible and should on
average comprise 8 typed pages. In exceptional cases, at the
request of the authors, speciality papers may be written only in

- seznam literature in -
- podatke o avtorjih. -

Strojniski vestnik izhaja od leta 1992 v dveh jezikih,
tj. v slovenscini in anglescini, zato je obvezen prevod v
angles¢ino. Obe besedili morata biti strokovno in jezikovno
med seboj usklajeni. Clanki naj bodo kratki in naj obsegajo
priblizno 8 tipkanih strani. Izjemoma so strokovni ¢lanki, na

zeljo avtorja, lahko tudi samo v slovenscini, vsebovati pa
morajo angleski povzetek.

Vsebina ¢lanka

Clanek naj bo napisan v naslednji obliki:

- Naslov, ki prlmemo opisuje vsebino ¢lanka.

- Povzetek, ki naj bo skrajsana oblika ¢lanka in naj ne
presega 250 besed. Povzetek mora vsebovati osnove, jedro
in cilje raziskave, uporabljeno metodologijo dela,povzetek
rezulatov in osnovne sklepe.

- Uvod, v katerem naj bo pregled novejsega stanja in zadostne
informacije za razumevanje ter pregled rezultatov dela,
predstavljenih v ¢lanku.

- Teorija.

- Eksperimentalni del, ki naj vsebuje podatke o postavitvi
preskusa in metode, uporabljene pri pridobitvi rezultatov.

- Rezultati, ki naj bodo jasno prikazani, po potrebi v obliki
slik in preglednic.

- Razprava, v kateri naj bodo prikazane povezave in
posplositve, uporabljene za pridobitev rezultatov.
Prikazana naj bo tudi pomembnost rezultatov in
primerjava s poprej objavljenimi deli. (Zaradi narave
posameznih raziskav so lahko rezultati in razprava, za
jasnost in preprostejse bralcevo razumevanje, zdruzeni v
eno poglavje.)

- Sklepi, v katerih naj bo prikazan en ali ve¢ sklepov, ki
izhajajo iz rezultatov in razprave.

- Literatura, ki mora biti v besedilu ostevil¢ena zaporedno
in oznacena z oglatimi oklepaji [1] ter na koncu ¢lanka
zbrana v seznamu literature. Vse opombe naj bodo
oznadene z uporabo dvignjene Stevilke'.

Oblika ¢lanka
Besedilo naj bo pisano na listih formata A4, z

dvojnim presledkom med vrstami in s 3 cm Sirokim robom,
da je dovolj prostora za popravke lektorjev. Najbolje je, da

Slovene, but must include an English abstract.

The format of the paper

The paper should be written in the following format:

A Title, which adequately describes the content of the paper.

An Abstract, which should be viewed as a miniversion of the
paper and should not exceed 250 words. The Abstract should
state the principal objectives and the scope of the investiga-
tion, the methodology employed, summarize the results
and state the principal conclusions.

An Introduction, which should provide a review of recent
literature and sufficient background information to allow
the results of the paper to be understood and evaluated.

A Theory

An Experimental section, which should provide details of
the experimental set-up and the methods used for obtain-
ing the results.

A Results section, which should clearly and concisely present
the data using figures and tables where appropriate.

A Discussion section, which should describe the relation-

the significance of the results making comparisons with
previously published work. (Because of the nature of some
studies it may be appropriate to combine the Results and
Discussion sections into a single section to improve the
clarity and make it easier for the reader.)

Conclusions, which should present one or more conclu-
sions that have been drawn from the results and subsequent
discussion.

References, which must be numbered consecutively in the
text using square brackets [1] and collected together in a
reference list at the end of the paper. Any footnotes should
be indicated by the use of a superscript'.

The layout of the text

Texts should be written in A4 format, with double

spacing and margins of 3 cm to provide editors with space to
write in their corrections. Microsoft Word for Windows is
the preferred format for submission. If you use another word
processor, please convert to normal ASCII (text) format.
One hard copy, including all figures, tables and illustrations
and an identical electronic version of the manuscript must be
submitted simultaneously.

Please do not use a LaTeX text editor, since this is
not compatible with the publishing procedure of the Journal of
Mechanical Engineering. Graphs, tables and equations in LaTeX
may be supplied in good quality hard-copy format, so that they
can be copied for inclusion in the Journal.

Equations should be on a separate line in the main
body of the text and marked on the right-hand side of the
page with numbers in round brackets.

pripravite besedilo v urejevalnilku Microsoft Word. Ce
uporabljate kaksen drug urejevalnik besedil, prosimo, da
besedilo konvertirate v navadno ASCII (tekstovno) obliko.
Hkrati dostavite odtis ¢lanka na papitju, vkljuéno z vsemi
slikami in preglednicami ter identicno kopijo v elektronski
obliki.

Prosimo, da ne uporabljate urejevalnika LaTeX, saj
program, s katerim pripravljamo Strojniski vestnik, ne uporablja
njegovega formata. V urejevalniku LaTeX oblikujte grafe,
preglednice in enacbe in jih stiskajte na kakovostnem laserskem
tiskalniku, da jih bomo lahko presneli.

Enacbe naj bodo v besedilu postavljene v lo¢ene
vrstice in na desnem robu oznacene s tekoco Stevilko v
okroglih oklepajih

Enote in okrajSave Units and abbreviations

V besedilu, preglednicah in slikah uporabljajte le
standardne oznacbe in okrajsave SI. Simbole fizikalnih veli¢in
v besedilu pisite posevno (kurzivno), (npr. v, 7, n itn.). Simbole
enot, ki sestojijo iz ¢rk, pa pokonéno (npr. ms™, K, min, mm
itn.).

Only standard SI symbols and abbreviations should
be used in the text, tables and figures. Symbols for physical
quantities in the text should be written in Italics (e.g. v, T, n,
etc.). Symbols for units that consist of letters should be in
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Vse okrajsave naj bodo, ko se prvi¢ pojavijo,
napisane v celoti v slovenskem jeziku, npr. ¢asovno
spremenljiva geometrija (CSG).

Slike

Slike morajo biti zaporedno ostevil¢ene in
oznacene, v besedilu in podnaslovu, kot sl. 1, sl. 2 itn. Posnete
naj bodo v kateremkoli od razsirjenih formatov, npr. BMP,
JPG, GIF. Za pripravo diagramov in risb priporocamo CDR
format (CorelDraw), saj so slike v njem vektorske in jih
lahko pri kon¢ni obdelavi preprosto povecujemo ali
pomanjsujemo.

Pri oznacevanju osi v diagramih, kadar je le mogoce,
uporabite oznacbe velicin (npr. # v, m itn.), da ni potrebno
dvojezi¢no oznacevanje. V diagramih z ve¢ krivuljami, mora
biti vsaka krivulja oznadena. Pomen oznake mora biti
pojasnjen v podnapisu slike.

Vse oznacbe na slikah morajo biti dvojezi¢ne.

Za vse slike po fotografskih posnetkih je treba
priloziti izvirne fotografije ali kakovostno narejen posnetek.
V izjemnih primerih so lahko slike tudi barvne.

Preglednice

Preglednice morajo biti zaporedno ostevilCene in
oznacene, v besedilu in podnaslovu, kot preglednica 1,
preglednica 2 itn. V preglednicah ne uporabljajte izpisanih
imen veli¢in, ampak samo ustrezne simbole, da se izognemo
dvojezi¢ni podvojitvi imen. K fizikalnim veli¢inam, npr. ¢
(pisano posevno), pripisite enote (pisano pokon¢no) v novo
vrsto brez oklepajev.

Vsi podnaslovi preglednic morajo biti dvojeziéni.

Seznam literature

Vsa literatura mora biti navedena v seznamu na
koncu ¢lanka v prikazani obliki po vrsti za revije, zbornike in
knjige:

[1] Tarng, Y.S., Y.S. Wang (1994) A new adaptive controler
for constant turning force. Int J Adv Manuf Technol
9(1994) London, pp. 211-216.

[2] Cus, F., J. Bali¢ (1996) Rationale Gestaltung der

organisatorischen Ablaufe im Werkzeugwesen. Proceed-

ings of International Conference on Computer Integra-

tion Manufacturing, Zakopane, 14.-17. maj 1996.

Oertli, P.C. (1977) Praktische Wirtschaftskybernetik.

Carl Hanser Verlag, Miinchen.

[3

—

Podatki o avtorjih

Clanku prilozite tudi podatke o avtorjih: imena,
nazive, popolne postne naslove, Stevilke telefona in faksa
ter naslove elektronske poste.

Sprejem ¢lankov in avtorske pravice

Urednistvo Strojniskega vestnika si pridrzuje
pravico do odloc¢anja o sprejemu ¢lanka za objavo,
strokovno oceno recenzentov in morebitnem predlogu za
krajsanje ali izpopolnitev ter terminoloske in jezikovne
korekture.

Avtor mora predloziti pisno izjavo, da je besedilo
njegovo izvirno delo in ni bilo v dani obliki Se nikjer
objavljeno. Z objavo preidejo avtorske pravice na Strojniski
vestnik. Pri morebitnih kasnejSih objavah mora biti SV
naveden kot vir.

Rokopisi ¢lankov ostanejo v arhivu SV.

Vsa nadaljnja pojasnila daje:
UredniStvo
STROJNISKEGA VESTNIKA
p.p- 197/1V
1001 Ljubljana
Telefon: (01) 4771-757
Telefaks: (01) 2518-567
E-mail: strojniski.vestnik@fs.uni-lj.si
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All abbreviations should be spelt out in full on first
appearance, e.g., variable time geometry (VTG).

Figures

Figures must be cited in consecutive numerical order
in the text and referred to in both the text and the caption as
Fig. 1, Fig. 2, etc. Figures may be saved in any common
format, e.g. BMP, GIF, JPG. However, the use of CDR format
(CorelDraw) is recommended for graphs and line drawings,
since vector images can be easily reduced or enlarged during
final processing of the paper.

When labelling axes, physical quantities, e.g. £, v, m,
etc. should be used whenever possible to minimise the need to
label the axes in two languages. Multi-curve graphs should have
individual curves marked with a symbol, the meaning of the
symbol should be explained in the figure caption.

All figure captions must be bilingual.

Good quality black-and-white photographs or
scanned images should be supplied for illustrations. In certain
circumstances, colour figures may be considered.

Tables

Tables must be cited in consecutive numerical order in
the text and referred to in both the text and the caption as Table 1,
Table 2, etc. The use of names for quantities in tables should be
avoided if possible: corresponding symbols are preferred to minimise
the need to use both Slovenian and English names. In addition to
the physical quantity, e.g. # (in Italics), units (normal text), should
be added in new line without brackets.

All table captions must be bilingual.

The list of references

References should be collected at the end of the
paper in the following styles for journals, proceedings and
books, respectively:

[1] Tarng, Y.S., Y.S. Wang (1994) A new adaptive controler
for constant turning force. Int J Adv Manuf Technol
9(1994) London, pp. 211-216.

[2] Cug, F., J. Bali¢ (1996) Rationale Gestaltung der
organisatorischen Ablaufe im Werkzeugwesen. Proceed-
ings of International Conference on Computer Integra-
tion Manufacturing, Zakopane, 14.-17. maj 1996.

[3] Oertli, P.C. (1977) Praktische Wirtschaftskybernetik.
Carl Hanser Verlag, Miinchen.

Author information

The following information about the authors
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Acceptance of papers and copyright

The Editorial Committee of the Journal of
Mechanical Engineering reserves the right to decide whether
a paper is acceptable for publication, obtain professional
reviews for submitted papers, and if necessary, require changes
to the content, length or language.

Authors must also enclose a written statement that
the paper is original unpublished work, and not under consideration
for publication elsewhere. On publication, copyright for the paper
shall pass to the Journal of Mechanical Engineering. The JME
must be stated as a source in all later publications.

Papers will be kept in the archives of the IME.

You can obtain further information from:

Editorial Board of the
JOURNAL OF MECHANICAL ENGINEERING
P.O.Box 197/1V
1001 Ljubljana, Slovenia
Telephone: +386 (0)1 4771-757
Fax: +386 (0)1 2518-567
E-mail: strojniski.vestnik@fs.uni-lj.si
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