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ABSTRACT 

Aero-engines usually contain a lot of pipes and cables which have an important influence on product 
performance and reliability.  In this paper, a new pipe routing approach for aero-engines is proposed.  
First, an adaptive octree modeling method is presented according to the characteristics of the layout space.  
After considering three types of engineering constraints, the total length of pipelines, the total number of 
bends and the natural frequency of pipelines are modeled as the optimal objective.  Then, a Modified 
Max-Min Ant System optimization algorithm (MMMAS), which uses layered node selection and dynam-
ic update mechanism, is proposed for pipe routing.  For branch pipelines, ant colony searches in groups 
and parallel to improve the solution quality and speed up the convergence greatly.  Finally, numerical 
comparisons with other current approaches in literatures demonstrate the efficiency and effectiveness of 
the proposed approach.  And a case study of pipe routing for aero-engines is conducted to validate this 
approach. 
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1. INTRODUCTION 

Authors shall adapt this template to the preparation of 
submission. 

Pipe routing, including single pipes with two termi-
nals and branch pipes with multiple terminals, poses a 
considerable challenge to complex product developments 
such as aero-engines design, factory layout, ship building 
and other machinery products [1].  Aero-engines is the 
most crucial part of an airplane, and the piping system is 
one of the most complex parts of aero-engine design.  
In an aero-engine, there are about 50 accessories, hun-
dreds of clamps and 100-250 two-terminal and multi- 
terminal external pipes in the narrow space between en-
gine casing and nacelle [2].  These pipes connect engine 
components, accessories and aircraft to transmit fluid 
and ensure the engine works.  Meanwhile, piping sys-
tem plays an important role on aero-engines security, 
reliability and ease of operation.  Statistics have shown 
that approximately 50% of engine accidents in the air are 

caused by the pipes and accessories of aircraft engines 
such as CF6 and CFM56 of General Electric [3].  
Therefore, academic researchers and practitioners in en-
gineering disciplines extensively pay attention to pipe 
routing algorithms [4]. 

During the past decades, much attention has been paid 
to two-terminal pipe routing problem [5, 6].  The maze 
algorithm can guarantee a solution, if one exists, but it 
requires a lot of memory space [7].  The genetic algo-
rithm usually results in unavailable paths and lot of addi-
tional modifications [8, 9].  Liu and Wang proposed a 
modified particle swarm optimization approach for au-
tomatic generation of near-optimal pipe routes in con-
strained aero-engines 3D rotational space [1].  Ren et al 
proposed a new pipe routing method for aero-engines 
based on genetic algorithm [6].  This method simplified 
the searching space and added initiation and direction 
guideline to avoid converging to the local optimal value.  
From 21st century, some researchers began to study 
branch pipe routing [10].  Park and Storch took branch 
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pipes into consideration in the cell-generation method, 
where branch pipes were end-forked and middle-forked 
forms [11].  Kim et al. presented a network routing al-
gorithm for pipe auto-routing system including branch 
pipelines [12].  Liu and Wang adopted an attraction 
operator and an energy function in a discrete particle 
swarm optimization algorithm to plan the shortest colli-
sion-free connecting branch pipe routing based on escape 
graph (DPSO-RBPR) [13]. 

Even though these methods can provide feasible solu-
tions, current research has at least two limitations: 1) the 
characteristics of layout space and pipe routing have not 
been considered in these modeling methods; 2) these 
branch terminals are connected sequentially or some as-
sumptions about branch shapes are made in advance. 

In this paper, the optimization algorithms for single 
and branch pipe routings are proposed.  In Section 2, 
pipe routing problems are modeled in three parts.  An 
adaptive octree modeling is constructed according to the 
size of the layout space and pipe diameter to save com-
putation time and storage space.  A Modified Max-Min 
Ant System algorithm (MMMAS) is proposed for single 
and branch pipe routing in Section 3.  Layered node 
selection, dynamic update mechanism and grouped par-
allel search are presented to reduce the duplicate search 
and speed up the convergence.  In Section 4, numerical 
simulations are conducted to comparison the proposed 
algorithm and the conventional algorithms.  And a case 
of aero-engine piping system further demonstrates the 
effectiveness of the proposed algorithm.  Section 5 fi-
nally concludes this study. 

2.  PROBLEM MODELING 

Pipe routing approaches, including single pipelines 
with two terminals and branch pipelines with multiple 
terminals, are composed of space modeling, constrains 
modeling, fitness function and optimization algorithms.  
In this section, the above 3 steps are described.  Opti-
mization algorithms will be described in Sections 3 and 4.  
In space modeling section, an adaptive octree modeling 
is used for 3D layout space.  In constraints modeling 
section, potential value Pi is assigned to each subspace in 
octree model for satisfying three engineering constraints.  
Based on the total length of pipeline and the total number 
of bends, the fitness functions of single and branch pipe 
routings are set in Section 2.3. 

2.1 Space Modeling Based on Adaptive Octree 
Modeling 

Space modeling is an abstract expression of 3D space 
environment information.  It is the key to obtain the 
environmental information of modeling space quickly 
and accurately.  Fan annual mesh and octree model are 
adopted for the layout space model of aero-engines. 

The layout space is a fan annulus space between en-
gine casing and nacelle, so fan annual mesh is adopted 
[14].  A cylindrical coordinate system is established, 
where its coordinate origin is the center of the engine 
front face, and the axis of engine is the axis Z.  In the 

coordinate system, all obstacles are expanded in accord-
ance with the minimum gap and safety requirements.  
Two endpoints of each pipe need be extended pipe diam-
eter in direction of the end face.  Then, the sizes of the 
layout space are approximated as R0, θ0, Z0, which are 
multiples of pipe diameter in r, θ, z directions. 

Octree model is adopted for more efficiency, since the 
shape of many obstacles in the layout space of aero- 
engines is regular.  The octree is defined as follows: the 
root of the octree is the whole layout space (R0, θ0, Z0).  
(R0, θ0, Z0) is the multiple of pipe diameters in r, θ, z 
directions.  The layout space is divided into 23 approx-
imately equal subspaces in r, θ, z directions recursively.  
The size of subspaces is (Ri, θi, Zi) and i is the division 
time and the layer of the octree.  The relation of (Ri+1, 
θi+1, Zi+1) and (Ri, θi, Zi) is shown in Eq. (1). 
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Where “int” is the integral symbol.  If (Ri, θi, Zi) is 
divided by 2 exactly, (Ri+1, θi+1, Zi+1) is equal to (Ri/2, θi/2, 
Zi/2).  If (Ri, θi, Zi) is not divided by 2 exactly, (Ri+1, θi+1, 
Zi+1) of the inside, left, before subspace is equal to 
(Ri/2+1, θi/2+1, Zi/2+1). 

Each subspace belongs to one of three regions: black 
regions “0” are completely in obstacles; white regions “1” 
are without any obstacles; gray regions “2” are partly in 
obstacles.  If subspaces belong to white regions or black 
regions, the division will be stopped.  If subspaces be-
long to gray regions, the division will be continued till all 
subspaces meet the division precision--the pipe diameter.  
If subspaces are still gray regions when their sizes are 
equal to the pipe diameter in one direction, subspaces 
became layout planes and they will be divided into 4 
approximately equal subspaces based on pipe diameter 
recursively.  If subspaces are still gray regions when 
their sizes are equal to the pipe diameter in two direc-
tions, subspaces became layout curves and they will be 
divided into 2 approximately qual subspaces based on 
pipe diameter recursively.  Figure 1 shows an example 
in octree space structure of a layout space.  The size of 
the layout space is (4, 12, 8).  Figure 2 shows the 
octree storage structure of the layout space in Fig. 1.  
The layout space is divided into 4 layers in its octree, 
whose sizes are (2, 6, 4), (, 3, 2), (, 2, ) or (, 
, ), (, , ). 

 
 

 

Fig. 1 Obstacles in octree space structure of a layout 
space. 
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Fig. 2 Obstacles in octree storage structure of a layout 
space. 

 
In octree modeling, the entire tree is stored by a loca-

tion sequence number list.  The location sequence number 
is a string of octal numbers, where each number stands 
for the branch in each hierarchy.  These branches of the 
octree are sorted according to the inside and outside, left 
and right, before and after positions.  The nodes of the 
octree can record the coordinates of the inside, left, be-
fore corner point of the corresponding subspace.  The 
conversion formula between the location sequence num-
ber N1N2…Nn of a subspace and the coordinate value (R, 
θ, Z) of the inside, left and before corner of the subspace 
is shown in Eq. (2).  Based on the coordinate value of 
the inside, left and before corner and the size of the lay-
out subspace, the coordinate values of other seven cor-
ners can be gotten. 
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Where the symbol % is for taking the remainder.  In 
Fig. 2, (3R0/4,0,3Z0/4) and (R0/4, θ0/2, Z0/8) are the inside, 
left and before corner coordinates of 55 and 2410 sub-
spaces, respectively.  55 and 2410 are the sequence 
numbers of two subspaces.  55 represents that the sub-
space is divided twice.  The subspace belongs to white 
regions.  2410 represents that the subspace is divided 
four times.  The subspace belongs to black regions. 

2.2  Constraints Modeling Based on Potential Value 

In octree modeling, potential value P is assigned to 
each white subspace for satisfying engineering con-
straints.  By potential value P, three types of engineer-
ing constraints will be satisfied: placing pipes next to the 
bottom of the layout space; placing pipes along the 
boundaries of obstacles; placing pipes away from dan-
gerous areas, such as high temperature areas.  

Firstly, since location sequence number lists of white 
subspaces are related with the height and position of 
subspaces, P of white subspaces are changed with their 
location sequence number lists.  The shorter and smaller 
the location sequence number lists are, the lower corre-
sponding subspaces and the larger P are.  The height of 

the subspace can be derive 1int( / 4)n
i iN .  Secondly, 

P of white subspaces will change with their types.  
White subspaces have four types: S1-includes several 
terminals; S2-has several black neighbor subspaces; 
S3-has no any black neighbor subspaces; S4-has several 
special neighbor subspaces which are in dangerous areas, 
such as high temperature areas.  P of white subspaces 
will increase from S1 to S4.  ST = {d,2d,3d,4d}, d is the 
relative importance parameter.  As a result, P is derived 
by Eq. (3). 

 1ST int( / 4)n
i iP N   (3) 

2.3  Fitness Function 

In optimization algorithms, fitness functions and con-
straints can be transformed into each other.  In pipe 
routing, there are multi objectives and multi constraints.  
Since the route is made of the corresponding octree 
nodes in different layers, all nodes will be changed into 
the lowest layer nodes.  First, fitness function consists 
of two parts shown in Eq. (4). 
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Where a, b are two relative importance parameters, a 
+ b = 1, a > 0, b > 0.  L is the length of the route, which 
is decided by node’s numbers and distances in the route.  
B is the total number of bends in the route.  If two coor-
dinate values of two neighbor nodes of a node in the 
route are different, the node Tt is a bend.  If the whole 
pipe routing is composed of several pipes, L can be dealt 
with partly and different parts Ls are set different weights 
Ws.  L is derived by Eq. (5). 
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Where ( , , )
t t tT T Tr z  and 

1 1 1
( , , )

t t tT T Tr z
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 are the co-

ordinates of node Tt and node Tt-1 respectively.  P is the 
total of potential values in the whole route.  PR is the 
experimental value.  When the route has some branch 
points, S is the total number of branch points.  SR is the 
total number of branch points decided by designers.  

Vibration analysis of piping system has been studied 
early on some literatures [15, 16].  The natural fre-
quency of piping system should be adjusted to outside 
20% of the engine speed frequency for avoiding reso-
nance.  As a continuous elastic structure, the actual pipe 
is so thin that it can be discretized into beam elements.  
The start, branch, turning and end points of the pipeline 
are treated hinged support.  When damping is neglected, 
the natural frequency of the pipe is only related to its 
mass and stiffness.  Consequently the vibration equation 
is shown in Eq. (6). 
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Where [M], [K] is the structural mass, stiffness matrix 
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of the pipeline respectively.  ü, u denotes acceleration 
vectors, displacements respectively.  Its harmonic solu-
tion is {u} = {ψ}sin(wt + α0), w is the circular frequency, 
the equation of which is reorganized as ([K] – w2[M]){ψ} 
= 0. 

The objective function Fv is the evaluation of pipeline 
vibration property, as shown in Eq. (7). 

 1/(|1 / | 0.2)v vF w W    (7) 

Where W is the excitation frequency, wv is the natural 
frequency of the pipeline, 0.2 is the smallest gap between 
pipeline natural frequency and the excitation frequency. 

3.  THE MODIFIED MAX-MIN ANT SYSTEM 
OPTIMIZATION ALGORITHM 

Ant Colony Optimization algorithm (ACO) transfers 
some core behaviors of real ants to an algorithm for tack-
ling complex combinatorial problems [17].  Among 
four classic forms of ACO, Max-Min Ant System opti-
mization algorithm(MMAS) has better performance than 
other ant colony optimization algorithms [18].  The 
paper proposes the Modified Max-Min Ant System opti-
mization algorithm (MMMAS) for pipe routing as shown 
in Fig. 3.  The main process is summarized as follows: 

 

 

Fig. 3 The flowchart of Modified Max-Min Ant Sys-
tem optimization algorithm. 

Step 1: create the octree model of the layout space 
and initialize the parameters of the optimization algorithm. 

Step 2: layered neighborhood search to find all the 
neighbor white nodes of the current node; select the next 
node according to the pseudo-random-proportional rule.  
The detailed explanation is in section 3.1. 

Step 3: Transform different layer nodes selected into 
the same layer for generating a route and evaluating the 
fitness function according to section 2.3; dynamically 
update the local and global pheromone.  The detailed 
explanation is in section 3.2. 

Step 4: The natural frequency of the pipeline is cal-
culated only if need, output the optimal route and finish 
the algorithm. 

3.1  Layered Node Selection 

In octree models, a pipe route is described as node 
sequences.  There are two fundamental search opera-
tions: layered neighborhood search and pseudo-random- 
proportional selection. 

In layered neighborhood search, the search begins 
from the nodes in the same layer as the current node 
based on the location sequence number.  Six neighbor 
nodes in inside, outside, left, right, before and after di-
rection will be selected first, whose location sequence 
numbers in the octree are gotten by the current node.  
According to the regions of the neighbor nodes, there are 
four options: (1) white regions -- be put in a set allowedm 
of the optional nodes; (2) black regions -- be neglected; 
(3) gray regions -- the lower layer will be searched until 
the new nodes belong to white regions or black regions; 
(4) not defined -- the higher layer will be searched until 
the new nodes belong to white regions or black regions.  
All white neighbor nodes are put in the set allowedm.  
Figure 4 shows all white neighbor nodes of a current 
node, where different white neighbor nodes are in dif-
ferent layers. 

  

 

Fig. 4  Neighbor white nodes. 

 
In pseudo-random-proportional selection, the next 

node vj is searched according to Eqs. (8) and (9), which 
can make a balance between exploration of new paths 
and exploitation of accumulated knowledge. 
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Where α, β are two parameters which determine the 
relative importance of pheromone intensity τj(t) and heu-
ristic information τj(t) (0 ≤ α, β ≤ 1).  q0 is the propor-
tion of occasion when the greedy selection technique is 
used, q0  (0,1).  q is a uniform random number, q  
[0,1].  α, β, q0 are experience constants.  Each ant has 
its tabu-list that records its nodes visited to avoid revisit.  
Pheromone intensity τj(t) will be described in detail in 
Section 3.2. 

Table 1 shows 8 octants of the neighbor nodes vj de-
cided the coordinates of the current node vi and the end 
node ve.  Table 2 shows heuristic information ηj(t) of the 
white neighbor nodes vj in 8 octants.  The axial, cir-
cumferential and radial direction is prior to other direc-
tions.  The smaller radius is prior to the larger one.  
The final probability of white neighbor node is again 
calculated according to proportion after rejecting all ob-
stacle nodes. 

 

Table 1.  8 octants of the neighbor nodes 

Octants r θ z 

1 i j er r r   i j e     i j ez z z   

2 i j er r r   j i e     i j ez z z   

3 i j er r r   j i e     j i ez z z   

4 i j er r r   i j e     j i ez z z   

5 j i er r r   i j er r r   i j e     

6 j i er r r   i j er r r   i j e     

7 j i er r r   i j er r r   i j e     

8 j i er r r   i j er r r   i j e     

 

Table 2.  Priority of the next direction 

Octants 
Next direction 

r+ r r- θ+ θ θ- z+ z z-

1 2/6 2/6 2/6 2/6 3/6 1/6 2/6 3/6 1/6

2 2/6 2/6 2/6 1/6 3/6 2/6 2/6 3/6 1/6

3 2/6 2/6 2/6 1/6 3/6 2/6 1/6 3/6 2/6

4 2/6 2/6 2/6 2/6 3/6 1/6 1/6 3/6 2/6

5 1/6 2/6 3/6 2/6 3/6 1/6 2/6 3/6 1/6

6 1/6 2/6 3/6 1/6 3/6 2/6 2/6 3/6 1/6

7 1/6 2/6 3/6 2/6 3/6 1/6 1/6 3/6 2/6

8 1/6 2/6 3/6 2/6 3/6 1/6 1/6 3/6 2/6
 

3.2  Dynamic Update Mechanism 

After finishing search, an ant gets some interconnect-
ed nodes in different layers.  These node should be uni-
fied into the same layer according to the following three 
rules: (1) the nodes in the lower layers are prior; (2) the 
nodes having the smaller coordinates are prior; (3) the 
nodes in the higher layer are unified by their neighbor 
nodes.  According to 5 connections with their two ad-
jacent nodes, 9 ways to deal with the nodes in higher 
layers show in Fig. 5. 

 

Fig. 5 9 ways to deal with the nodes in the higher layers. 

(a) Two coordinates of 3 adjacent nodes have the same 
values; 

(b) – (d) One coordinate of 3 adjacent nodes has the 
same value; 

(e) Two coordinates of 2 adjacent nodes have the same 
value; 

(f), (g) One coordinate of 2 adjacent nodes has the 
same value; 

(h), (i) No adjacent node has the same coordinator 
value. 

In order to simplify the description, I, II, III are used 
to describe the coordinators of nodes and I, II, III have 
no correspond with r, θ, z.  Three adjacent nodes are 
represented by A, B, C.  The classification is based on 
the coordinates of three neighbor nodes as follow. 

After having a route, pheromone intensity will be up-
dated.  Firstly, after that an ant find a route, pheromone 
intensity in the nodes just passed will be updated ac-
cording to the local update rule in Eq. (10).  The rule 
enhances the search ability of ants on the other nodes and 
expands the search space.  Secondly, once all ants have 
finished their routes, pheromone intensities on all nodes 
are updated with the global update rule according to Eqs. 
(11) and (12).  The rule strengthens the attraction of this 
nodes and increases the convergence speed of the algo-
rithm.  The whole rule ensures that pheromone intensi-
ties are in a reasonable limitation [19, 20].  The influ-
ences of the best and worst ants are kept for improving 
the information feedback. 
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Where τ0 is the initial quantity of pheromone in all the 
nodes.  γ, ρ(0,1), two experience constants, are the 
local pheromone residual parameter and the global one.  
d(j,av) is the distance of the current node vj and the vir-
tual node vav with the average coordinates of all the ter-
minals.  D is the longest distance among the terminals.  
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d(j, av)/D is the dynamic operator of pheromone intensity, 
which can ensure that pheromones are updated with the 
positions of nodes.  That is to say, those nodes in outer 
region get more pheromone intensities than those in cen-
tral region. 

According to the value of fitness function, all ants are 
listed in descending order.  In order to absorb the expe-
rience of the previous iterations better, there are only 
pheromones of the best ants and the worst ants consid-
ered in Eq. (11).  B, W is the number of the best ants 
and the worst ants respectively.  wm, wM-m are the 

weights of different fitness functions.  m
j  is the 

pheromone quantity of ant m.  Q is the total quantity of 
pheromone laid by ants in one route.  Fm is the fitness 
function.  After updating, pheromone intensities τj(t) are 
in the limit of τmin and τmax.  τ0 is the initialization of 
pheromone intensity in every node.  τ0, τmin, τmax  are 
three empirical constants.  The dynamic update mecha-
nism can prevent excessive accumulation of pheromone 
in central region in order to reduce the duplicate search 
and ensure the diversity of solution. 

3.3  Grouped Parallel Search 

If a pipeline has several terminals, its route will have 
branches and every terminal should be assigned an ant.  
Then the ant colony is grouped and a group of ants 
search in parallel for a branch route.  The generating 
process of a branch route is shown in Fig. 6.  The fol-
lowing is detailed description.  
 

 

Fig. 6  The generating process of a branch route. 

 
Step 1 The number of ants in a group is decided by the 

number of terminals.  All ants in a group search in par-
allel and select their next nodes according to layered 
neighborhood search and pseudo-random proportional 
selection in Section 3.1. 

Step 2 After the next nodes will be added into the 
corresponding ants’ tabu-lists, the algorithm judges 
whether an ant meets another ant by all ants’ tabu-lists.  
If the next node of ant 1 is not in ant 2’s tabu-list, ant 1 
does not meet ant 2.  The algorithm will turn to Step 1 

and ant 1 will keep searching its next node.  If the next 
node of ant 1 is in ant 2’s tabu-list, ant 1 meets ant 2.  
The algorithm will continue to Step 3. 

Step 3 Ant 2’s tabu-list is added into ant 1’s tabu-list 
and ant 2 is deleted.  The number of ants is decreased.  
Judge whether only one ant left in the group.  If the 
number of ants is above 1, the algorithm will turn to Step 
1 and ant 1 will keep searching its next node.  If only 
one ant left, a branch route is found. 

4.  NUMERICAL SIMULATION 

4.1  Single and Branch Pipe Routing 

The approach is implemented by UG and MATLAB 
software.  The layout space is developed in UG/NX 7.5 
and the algorithms are programmed in MATLAB 7.0.  
And the layout results are imported to the CAD model in 
UG.  Here the pipeline diameter is abstracted into 1.  
The size of the layout space is (8, 24, 16).  Depending on 
the size of the layout space and simulation experiences, 
these parameters of the algorithm are set in Table 3. 

 

Table 3  The parameters in the algorithm 

Parameters Values 
Fitness function parameters a = 0.2, b = 0.8 

Number of ants/groups M/G = 100 
The proportion of occasion q0 = 0.4 

Pheromone residual parameters ρ = 0.5, γ = 0.6 
The relative importance  α = 0.6, β = 0.4 
Initial pheromone value τijk(0) = 10 

The total quantity of pheromone Q = 100~2000 
Pheromone limitation τmin = 2, τmax = 200

The experimental potential value PR = 60 
the best B and the worst W ants/group B = 20, W = 5 

 
Two examples of Modified Max-Min Ant System op-

timization algorithm (MASMM) are shown in Fig. 7.  
Figure 7(a) shows a single pipe routing and its conver-
gence curve.  Figure 7(b) shows a branch pipe routing 
and its convergence curve.  There are 3 terminals and a 
branch point in the branch pipeline.  The proposed ap-
proach converges to 34.7 and 62.5 in 100 and 50 itera-
tions.  Two pipe routes not only avoid obstacles, follow 
around obstacles as close as possible, but have shortest 
length and less number of turns.  The optimal route and 
obstacles have different grays.  Although the case only 
is a simplification of the actual layout, the layout result 
can show that the proposed approach can get the optimal 
pipe routes under given conditions.  

4.2  MMMAS Versus MPSO and DPSO 

To further demonstrate the effectiveness of the pro-
posed approaches, the approach is compared among 
MPSO [1] in single pipe routing and DPSO [13] in 
branch pipe routing.  Table 4 shows the performance 
comparison between the proposed approach MMMAS 
and MPSO on 6 cases with 2 terminals.  Table 5 shows  
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Fig. 7  Two examples of the Modified Max-Min Ant System optimization algorithm. 

 
the performance comparison between the proposed ap-
proach MMMAS and DPSO on 8 cases with more than 4 
terminals. 

The first column of Table 4 is the number of obstacles.  
The first two columns of Table 5 are the number of ter-
minals and obstacles.  The last two columns of Table 4 
and 5 shows running time and fitness function produced 
by MMMAS and MPSO or DPSO respectively.  The 
fitness functions of two approaches are equal in most 
cases.  With the increase of obstacles or terminals, the 
running time of MMMAS is less than that of MPSO and 
DPSO.  MMMAS takes about 29 seconds to lay a single 
route in the layout space with 20 obstacles.  MMMAS 
takes about 145 seconds to lay a branch route with 50 
terminals.  So the proposed approach has better per-
formance and is more practical for pipe routing applica-
tion. 

 

Table 4  The comparisons among MMMAS and MPSO. 

Obstacle 
Number 

Running Time(s) Fitness function 

MMMAS MPSO MMMAS MPSO 

1 3 3 216.6 216.6 
4 9 10 256.6 256.6 
7 10 12 316  316 
10 16 20 346.4 352.4 
15 22 26 392.6 392.6 
20 29 35 407.4 410.2 

 
 

Table 5  The comparisons among MMMAS and DPSO. 

Terminal 
Number 

Obstacle 
Number 

Running Time(s) Fitness function 

MMMAS DPSO MMMAS DPSO

4 1 4 5 277.4 277.4
4 4 10 11 295 304.4
5 4 14 16 322 322 
7 7 18 27 361.4 361.4
12 10 18 36 524.4 562.2
20 10 36 68 577.8 577.8
30 15 90 106 728.4 738.4
50 20 145 247 900.2 900.2

4.3  A Case Study 

The Modified Max-Min Ant System optimization 
algorithm is applied for single and branch pipelines in an 
aero-engine as shown in Fig. 8.  The size of the aero- 
engine is diameter 806 mm, length 1212 mm.  12 ac-
cessories are kept as obstacles, which are approximated 
to the directions of three coordinate axes.  Two inter-
section obstacles should be combined.  The optimiza-
tion propose of this case can be expressed by Eq. (13). 

 
( _ 0.2 0.8 )

s. t. : 1000; 10

Min fitness function F L B

P S

 
  

 (13) 

There 10 different specification pipes are laid out, in-
cluding 14 single pipelines and 3 branch pipelines.  All 
pipelines are rounded at turning nodes.  These pipelines 
are laid along the axis, circumference and radial direction.  
The total routing time is about 20 minutes.  The average 
time is about 60 seconds for routing a single pipeline and 
180 seconds for routing a branch pipeline.  Their natu-
ral frequencies of pipeline A and B are calculated.  The 
parameters and natural frequencies of pipe A and B are 
shown in Table 6.  Their natural frequencies are out of 
20% limitation of engine agitation frequency 428.3 Hz.  
The average time is about 5 seconds for vibration per-
formance of one pipeline.  The results further show that 
the algorithm is effective. 

 
 

 

Fig. 8  Pipe routing layout. 
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Table 6  The parameters and natural frequencies of pipelines 

Pipeline Outside diameter Inside diameter Material 1 order 2 order 3 order 4 order 
A 20 16 20 527.2 561.2 574.3 677.8 
B 5 3 T7 321.4 334.4 427.7 486.4 

 
 

 

5.  CONCLUSIONS 

This paper presents an approach for efficiently gener-
ating the optimal single and branch pipelines in 
aero-engines, which mainly includes adaptive octree 
space modeling and the Modified Max-Min Ant System 
optimization algorithm(MMMAS). 

The 3D rotational space of aero-engines is modeled by 
fan annual mesh.  And then its octree model is created 
according to the size of the layout space and the multiple 
of pipe diameter, which can improve the search efficien-
cy and save the storage space.  In MMMAS algorithm, 
layered node selection and dynamic update mechanism 
are set to improve search ability.  For branch routes, ant 
colony will adapt grouped parallel search for faster con-
vergence speed.  Numerical comparisons with other 
approaches and a case study of an aero-engine demon-
strate the effectiveness of the proposed algorithm.  Fu-
ture research should be on taking more engineering con-
straints into consideration, such as pipes should be laid to 
reduce the fluid loss. 
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