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 
Abstract—Considering the challenges of short product life cycles 

and growing variant diversity, cost minimization and manufacturing 
flexibility increasingly gain importance to maintain a competitive 
edge in today’s global and dynamic markets. In this context, an 
aerodynamic part feeding system for high-speed industrial assembly 
applications has been developed at the Institute of Production 
Systems and Logistics (IFA), Leibniz Universitaet Hannover. The 
aerodynamic part feeding system outperforms conventional systems 
with respect to its process safety, reliability, and operating speed. In 
this paper, a multi-objective optimisation of the aerodynamic feeding 
system regarding the orientation rate, the feeding velocity, and the 
required nozzle pressure is presented. 

 
Keywords—Aerodynamic feeding system, genetic algorithm, 

multi-objective optimization.  

I. INTRODUCTION 

HE purpose of the research for optimal parameter values 
in the aerodynamic feeding system is to maximise the 

orientation rate of workpieces in the feeding line. However, 
there are cases in which it can be necessary to consider 
parameters themselves as objectives. For instance, it is 
conceivable that in addition to achieving the highest possible 
orientation rate, it is also desired to attain minimum nozzle 
pressure, so as to reduce the costs of the compressed air 
required. Consequently, what began as a case of mono-
objective optimisation has become a multi-objective nature. 
The aim of this paper is to show how the mathematical model 
of workpiece orientation in an aerodynamic feeding system, 
that was hitherto considered solely mono-objective, can be 
expanded into a multi-objective model and subsequently 
solved with the aid of a multi-objective genetic algorithm. 

II. MULTI-OBJECTIVE OPTIMISATION USING GENETIC 

ALGORITHM 

There are many problems in practice that are characterised 
by competing objectives, in which sole concentration on one 
objective alone leads to unacceptable results with other 
objectives [1], [2]. In the field of engineering science, it is 
common to place a focus on several objectives 
simultaneously [1]. In multi-objective problems, no single 
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optimal solution exists, but only a quantity of pareto-optimal 
solutions, in which no objective can be improved without 
causing degradation of the other objectives [3]. 

Genetic algorithms are a popular metaheuristic, suitable for 
the solution of multi-objective problems [1]. Around 70% of 
all approaches towards solving multi-objective problems with 
the aid of metaheuristics are based on evolutionary 
methodology [1]. For example, [4] used a genetic algorithm 
for solving a bi-objective transportation problem. A genetic 
algorithm for a multi-criteria flow shop scheduling problem 
was proposed in [5]. In addition, in [6], i-objective 
optimisation was executed by minimising total wire length and 
failure in printed circuit board design. Moreover, [7] used a 
multi-objective genetic algorithm to design telecommunication 
networks. 

In general, there are two ways of modifying algorithms with 
regard to multi-objective optimisation. The first involves 
transferring the individual objectives into a single objective 
function. The other is to view all objectives except for one as 
restrictions. Objectives are incorporated in the set of 
restrictions by setting relatively arbitrary upper and lower 
limits for each individual objective. [1] This might have an 
effect on the solution space, such that certain parameter 
combinations that would lead to a desired objective function 
value are excluded from the optimisation process.  

According to [1], the first way, in which individual 
objectives are merged within a fitness function, is the classic 
approach to solve multi-objective problems by using genetic 
algorithms. Fonseca and Fleming also write that the procedure 
of weighting individual objectives in an aggregated objective 
function is a common method of solving multi-objective 
formulations [2]. However, it is necessary to standardise and 
weight the individual objectives [1]. The great advantage of 
this method is the simplicity of its implementation [1]. The 
main difference between genetic algorithms used for solving 
multi-objective problems and conventional genetic algorithms 
is the modified fitness function [1]. 

One difficulty encountered when modelling all objectives in 
a single fitness function is to select the values of their 
weightings [1]. It must be taken into account that even small 
changes in weightings can lead to strongly fluctuating results 
[1]. 

III. MATHEMATICAL FORMULATION OF MULTI-OBJECTIVE 

OPTIMISATION IN AN AERODYNAMIC FEEDING  
SYSTEM 

The process of workpiece orientation in the aerodynamic 
feeding system is performed on an inclined plane with a 

Multi-Objective Optimization of an Aerodynamic 
Feeding System Using Genetic Algorithm 

Jan Busch, Peter Nyhuis 

T



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:9, No:12, 2015

2093

 
 

gr

ve
a n
m
wo
or
ae
pr
flo
to 
sc

aim
m
Fu
ca
ef
th
ho
ac
ve
fe
m
or
th
op
1. 

2. 

3. 

id
ne
co
ra
tak
wi
an
co

radient ߙ and l
 

Fi
 
The workpiec

elocity ݒ. On s
nozzle that em

momentum indu
orkpieces to 
riented workp
erodynamic or
roperties, such
ow resistances
 maximise th

cenarios are als
Taking into 

m is to minim
maximisation o

urthermore, th
ase of the desi
ffected by redu
e aerodynam

owever, is th
ccumulation o
elocity v must
eding freque

maximisation or
r angle of incl
erefore not 

ptimisation sce
Maximisati
minimisatio
Maximisati
maximisati
Maximisati
minimisatio
velocity v. 

Before the f
dentifying opt
ecessary to s
onsidered acco
ate is drawn on
ke on values 
ithin a value r

nd v are adjus
orrespond with

lateral inclinat

ig. 1 The aerody

ces are fed on
sliding down t
mits air under 
uced by the ai
undergo a t

pieces remain 
rientation proc
h as the proj
s. The actual a

he orientation 
so conceivable
consideration 

mise nozzle pr
of nozzle pres
he focus is not 
ire to achieve 
ucing the quan

mic orientatio
e maximisatio

of the workpi
t be correspon
ency. All c
r minimisation
lination ߚ are 

considered. 
enarios are con
ion of orien
on of nozzle p
ion of orien
on of velocity
ion of orient
on of nozzle 

fitness functio
timum param
standardise th
ording to [1]. T
n for this pur
between 0%

range of 0 to 1
sted such that 
h a value of 0 

tion ߚ	(Fig. 1)

ynamic orientat

n to the plane 
the inclined pl
constant pres
r jet causes in
turning motio

in their orig
cess uses asym
ected shape 
aim of aerody
rate. In pract
e. 
the cost of c

ressure p as f
ssure is theref

on minimisat
a lower feedi

ntity of workp
on process. 
on of the ve
ieces on the 
ndingly high a
combinations 
n of either the
of no practica

Accordingl
nceivable: 
ntation rate 

pressure p. 
ntation rate 

y v. 
tation rate O
pressure p an

on of the gen
meter values 
he remaining
The value rang
rpose. The rat
 and 100%. 

100. According
their minimu
or 100 respec

. 

tion [8] 

at a constant 
lane, they mov
ssure ݌. The a
ncorrectly posi
on, while cor
ginal positions
mmetrical work
or locally dif
namic orienta
tice, however,

compressed a
far as possible
fore not consi
tion of velocity
ing rate, this c

pieces being fe
What is rel

elocity v. To 
inclined plan

at a high work
involving 

e angle of grad
al relevance a
ly, the foll

accompanie

accompanie

O accompanie
nd maximisat

netic algorith
is adjusted, 

g objectives 
ge of the orien
e of orientatio
Therefore, it 
gly, the object

um/maximum 
ctively. The se

 

 

initial 
ve past 
angular 
itioned 
rrectly 
s. The 
kpiece 
ffering 

ation is 
, other 

air, the 
e. The 
idered. 
y v. In 
can be 
ed into 
levant, 
avoid 

ne, the 
kpiece 
either 

dient ߙ 
and are 
lowing 

ed by 

ed by 

ed by 
tion of 

hm for 
it is 

to be 
ntation 
on can 
varies 

tives p 
values 
ettings 

of th
bar.
The
pres

 

 
T

the 
unli
The
corr
vers

 

F
follo
stan

 

 
T

orig
orie
resu
func

 

 
gO, 
orie
the 

 

 
W

acco
mod
pres

O

T
v, th
of 0
and 
gp =

he nozzle pres
. Velocity v c
e following va
ssure p: 

The anti-propo
value range 

ike the orient
erefore, a high
responds with
sa. The follow

 
From these c
owing functio

ndardised velo

The two terms
ginal fitness 
entation rate O
ulting in the f
ction Z, in acc

ݔܽܯ

gp and gv rep
entation rate O
following con

ሺ݃ை, ݃

With the aid of
ount restrictio
del all of t
sented in this s

IV. RESULT

OBJECTIVE OPT

To investigate 
he respective w
0.1. For exam

d nozzle pressu
= 0.1 or gO = 0.

ssure p vary w
can be set bet
alues can there

0.28	ba

0.22	ba

ortional correl
allocated to i

tation rate, th
her standardise
h a lower ac

wing values can

63	m/min

77	m/min	

orrelations, it
ons for standa
ocity vN: 

ሻ݌ேሺ݌ 	ൌ
ିହ,00

ଷ

ሻݒேሺݒ 	ൌ
ହ଴

଻

s from (5) an
function fo

O determined
following ma

cordance with 

ܼ	ݔ ൌ ݃ை ∗ ܱ ൅

present the we
O, nozzle press
nditions apply 

݃௣, ݃௩ሻ	Թ	| 0 ≤

∑ g୧ ൌ௜

f the function 
ons according 
the multi-obj
section. 

TS AND INTERP

TIMISATION OF

SYS

the various va
weightings gO

mple, consider
ure p could lea
.8 and gp = 0.2

within the rang
tween 63 m/m
efore be assign

ar	≙	0														

ar	≙	100										

lation between
it is explained
e pressure is 
ed value for th
ctual nozzle p
n be assigned 

n	≙	0															

≙	100										

t is possible 
ardised nozzle

00
∗ ݌ ൅

ଵ,ସ଴଴

ଷ
    

଴
∗ ݒ െ 450      

nd (6) are inco
or the maxi
d by design o
aximised mult
(7). 

݃௣ ∗ ݌ ൅ ݃௩ ∗ ݒ

eightings of th
sure p and vel
to gO, gp and g

≤	ሺ݃ை, ݃௣, ݃௩ሻ ൑

1                

according to (
to (8) and (9

jective optim

PRETATION OF

F THE AERODY

STEM 

alues of the ob
O, gp and gv are
ration of the o
ad to weightin
2. 

ge 0.22 bar to 
min and 77 m/

ned for the no

	 																					

				 																	

n the pressure
d by the fact 
to be minim

he nozzle pres
pressure and 
for the velocit

	 	 	 							

	 	 	 						 			

 to establish
e pressure pN

                   

                      

orporated into
imisation of 
of experiment
ti-objective fit

             ݒ

he three objec
ocity v. Moreo
gv. 

൑ 1                 

        

(7) and taking
9), it is possib
misation scena

F THE MULTI-
YNAMIC FEEDIN

bjectives O, p
e modified in s
orientation ra

ngs of gO = 0.9

0.28 
/min. 
ozzle 

			(1)	
	

			(2) 

e and 
that 

mised. 
ssure 
vice 

ty v: 

			(3)	
  

			(4) 

h the 
N and 

  (5) 
 

   (6) 

o the 
the 

t [9], 
tness 

  (7) 

tives 
over, 

  (8) 
 

  (9) 

g into 
ble to 
arios 

NG 

p and 
steps 

ate O 
9 and 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:9, No:12, 2015

2094

 
 

 

A. Results of the Multi-Objective Optimisation with 
Analytical Determination of the Orientation Rate 

The results of the simultaneous optimisation of orientation 
rate O and nozzle pressure p are presented in Fig. 2 in a value 

range of gp = 0.1 to gp = 0.9. In accordance with (9), the value 
for gO is found from gO = 1-gp. A total of 10,000 simulations 
were performed for each weighting ratio. 

 

 

Fig. 2 Results of simultaneous optimisation of nozzle pressure p and orientation rate O 
 

It is striking that the orientation rate does a jump from 
O ≈ 100% to O ≈ 88% when the weighting is increased from 
gp = 0.1 to gp = 0.2 and subsequently remains approximately 
constant when gp is increased further. The pressure drops as 
expected as the weighting increases from p ≈ 0.275 bar when 
gp = 0.1 to p ≈ 0.224 bar when gp = 0.2 and ultimately to 
p ≈ 0.22 bar when 0.3 ≤ gp ≤ 0.9. A similar progression can be 
observed with the velocity v. It falls from v ≈ 75.7 m/min 
when gp = 0.1 to v ≈ 64.4 m/min when gp = 0.2 and 
subsequently v ≈ 63.8 m/min when 0.3 ≤ gp ≤ 0.9. The great 
similarities in the progression of nozzle pressure p and 
velocity v are due to the high level of interaction between 
these two parameters, as identified by [10]. Busch et al. also 
noted a high influence of nozzle pressure and velocity on the 
orientation rate [10]. This fact explains the similar 
progressions between nozzle pressure and velocity on the one 
hand and orientation rate on the other. Moreover, the two 
angles ߙ and ߚ alter significantly when gp = 0.1 changes to 
gp = 0.2. The angle of gradient a drops from 20.7° ≈ ߙ when 
gp = 0.1 to 19.5° ≈ ߙ when 0.2 ≤ gp ≤ 0.9. The angle of 
inclination ߚ rises from 45.5° ≈ ߚ to 48.8° ≈ ߚ.  

As with the drop in velocity v, the drop in ߙ is due to the 
fact that workpieces must slide correspondingly slower over 
the nozzle as the nozzle pressure falls to ensure that the 

duration of force is sufficient to produce the angles of rotation 
required to effect a turn.  

The increase in ߚ can be explained by the fact that as lateral 
inclination increases, the proportion of the workpiece's weight 
that counters rotation falls. Accordingly, the increase in ߚ 
ensures – as does the reduction in ߙ and v – that incorrectly 
oriented workpieces tend towards rotation rather than 
remaining in their original orientation, even if the nozzle 
pressure is too low. However, it should be noted that the 
influence of the angles ߙ and ߚ is very slight compared to that 
of p and v [10]. However, despite their low impact, the results 
show that they should not be neglected in the optimisation 
process, because they attune themselves in accordance with 
the weighted objectives and are though important factors in 
maximising the objective function. For example, an increase 
in ߙ and a reduction in ߚ by 2° each, when gp = 0.5 
(p ≈ 0.22 bar and v ≈ 63.8 m/min) would produce an 
orientation rate of no more than 79% rather than 88%. 

The results of the simultaneous optimisation of the 
parameters orientation rate O and velocity v are shown in 
Fig. 3 for the value range gv = 0.1 to gv = 0.9. 
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Fig. 3 Results of simultaneous optimisation of velocity v and orientation rate O 
 

The orientation rate O varies within the range 0.1 ≤ gv ≤ 0.8 
when O ≈ 100%. When gv = 0.9, the orientation rate drops to 

O ≈ 97.4%. Velocity v rises steadily as its weighting increases 
from 76.5 m/min to 77.0 m/min, although with a weighting of 
gv = 0.1, the velocity is already high. The strong correlation 
between velocity and nozzle pressure is also apparent from 
Fig. 3. Here, the high velocity leads to a constantly high 
nozzle pressure of p ≈ 0.28 bar. The values of ߙ and ߚ vary 
within a smaller interval in comparison with Fig. 2. Thus, ߙ 
only varies within a range of 20.34° and 20.55° and ߚ within a 
range of 44.1° and 45.18°. Taking into account the lower and 
upper limits of a (18.4° - 22.2°) and b (39.8° - 49.6°), it is 
moreover apparent that both parameters are very close to the 
mean value of their respective ranges. This observation – that 
neither ߙ nor ߚ follows any clear or significant trends in 
relation to the weighting of the velocity gv – is due to both 
parameters having only a small impact on the orientation rate 
in a simultaneous consideration of orientation rate and 
velocity. To observe the impact of ߙ and ߚ more closely in 
this scenario, the lower and upper limits are placed in the 
function determined by the design of experiment, to determine 
their impact on the orientation rate. With a velocity weighting 
of gv = 0.5 (44.7° ≈ ߚ, p ≈ 0.28 bar, v ≈ 76.9 m/min) setting ߙ 
to 18.4° or 22.2° respectively produces a change in orientation 
rate of max. 0.4%. The change in ߚ to 39.8° or 49.6° 
respectively when gv = 0.5 (20.4° ≈ ߙ, p ≈ 0.28 bar, 
v ≈ 76.9 m/min) produces a maximum fluctuation in the 
orientation rate of 0.06%. Similar results are produced with 

other weighting ratios between orientation rate and velocity.  
These results confirm that the impacts of the angles in a 

simultaneous consideration of orientation rate and velocity are 
very small when the nozzle pressure and velocity are close to 
their upper limits. In contrast, when simultaneously 
considering the orientation rate and the nozzle pressure, the 
effect of the angles ߙ and ߚ is larger when the nozzle pressure 
and the velocity take on values that are close to their lower 
limits. Accordingly, it can be established that the results of the 
design of experiment, which show that the impact of nozzle 
pressure and velocity is significantly larger compared to the 
angle settings, are confirmed by the investigations on multi-
objective optimisation. Furthermore, the investigations 
performed in this paper show that optimisation must not 
neglect consideration of the angles, because they have a 
significant impact on the objectives when pressure and 
velocity have low values. It can be concluded, following the 
investigation of the first two scenarios, that a high level of 
interaction exists between the nozzle pressure and the velocity. 
High nozzle pressures favour high velocities and low nozzle 
pressures favour low velocities.  

The results of the third scenario, in which maximisation of 
the orientation rate with simultaneous minimisation of nozzle 
pressure and maximisation of velocity is investigated, are 
presented in Fig. 4. The angles ߙ and ߚ will not be presented 
in a three dimensional diagram in relation to the weightings gp 
and gv, due to their small influence compared to nozzle 
pressure and velocity.  
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a pressure weighting of gp ≥ 0.4, in conjunction with a 
reduction in nozzle pressure. Accordingly, it is apparent that in 
the simulation, there is a strong correlation between nozzle 
pressure and orientation rate.  

The results obtained by simulation for scenario 2 are 
presented in Fig. 6. It can be seen that the nozzle pressure is 
constantly very close to its upper limit, as in Fig. 3. Again, the 
velocity approaches its maximum value of 77 m/min as gv 

increases. The angle of gradient ߙ shows no significant trend, 
as in Fig. 3. The angle of inclination ߚ increases slightly as gv 
increases and varies within a very small interval, as with the 
analytically determined orientation rate. It is striking that the 
orientation rate drops very strongly as the velocity weighting 
gv increases. Therefore, it can be noted that low orientation 
rate weightings gO have a bigger effect in the simulation than 
in the analytically determined orientation rate. 

 

 

Fig. 5 Results of simulated optimisation of nozzle pressure p and orientation rate O with simulated determination of orientation rate O 
 

 

Fig. 6 Results of simulated optimisation of velocity v and orientation rate O with simulated determination of orientation rate O 
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