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Abstract. In order to optimize the design of gear reducer, gear reducer optimal
design to improve reliability and security, slow convergence and local optimum
for FOA algorithm is proposed based on the improved type FOA gear reducer
optimization design model. To avoid falling into local optimum Drosophila
optimization algorithms, improved FOA algorithm by introducing a correction
factor. Superior to the gear reducer seven variables optimization design model
for the study, to ensure the safety and reliability of the premise, the FOA has the
advantage of improved convergence speed and avoid local optimization prob-
lems, in order to verify the proposed method and reliability.

Keywords: Flying fruit optimization algorithm - Correction factor - Gear
reducer + Optimization design * Fitness function

1 Introduction

Gear reducer as an important independent drive unit, to increase its life and minimize
its weight and size hold significant meaning [1]. Standard gear reducer design has a
flaw caused by non-optimized parameter input. This research proposed an optimized
design scheme, which could realize rapid design procedure and improve gear reducer
performance without compromise the security and reliability.

Classic Fruit Fly Optimization Algorithm [2] (FOA) has advantages of fast con-
vergence process. However by introducing a modify factor f§ to FOA could optimize
gear reducer design scheme.
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2 Fruit Fly Optimization Algorithm (FOA)

Fruit Fly Optimization Algorithm was inspired by fruit fly ranging behavior, it is a
group intelligent algorithm. Its advantages include less control parameters and fast
convergence, yet it easily become “pre-mature “and fall into local optimum. FOA
algorithm is shown as follow:

Step 1: Set fruit fly group size “pop-size” and “iteration”, initialize group position
“X_begin” and “Y_begin”;

Step 2: Formulas (1) and (2) realize single fruit fly optimized direction and
distance;

x; = X_begin + Value x rand() (1)

yi = Y_begin+ Value x rand() (2)
“Value” is search distance, “x;” and “y;” both indicate the individual fly positions of
next moment.
Step 3: Formulas (3) and (4) are to calculate distance of individual fly position to its
original start point (d;), and concentration of individual fly scent(s;);

di =[x} +y? (3)
1
sl di ( )

Step 4: Formula (5) is a determining function for scent concentration. It shows
individual fly scent concentration value on the current position;

Smell; = Function(s;) (5)

Step 5: Find best scent concentration value and position in the fly group. The
“Smell,” is the best scent concentration value, “x;” and “y,” are the best positions;

Step 6: Track single fly’s best position and scent concentration value while fly
group search for best position. “Smellbest = Smell,,” indicates best scent concentration
value; “X_begin = x,” and “Y _begin = yy,” are fly original position;

Step 7: Iterative optimization, repeat iterative processes of step 2 to step 5 and if
current scent concentration is better than previous value, move to step 6.

3 Improved Fly Optimization Algorithm (IFOA)

Based on the distance of FOA (d;) and scent concentration value (s;), “d;”” are randomly
distributed in large area. The concentration value “s;” becomes less after Formula (5).
At this point “s;” is used as determine function and it causes problems of partially

optimization and pre-mature [3, 4].
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In order to avoid such problems, a modified factor “f” is introduced to improve
FOA. The improved formula (Improved Fruit Fly Optimization Algorithm,IFOA) as

shown below:
di = \/x?+y? (6)

swi =7+ ™

1

In Formula 7, “sy;” is scent criterion function of IFOA.

={4% (8)

K x X_axis or K X Y_axis

In Formula 8, “g” is evenly distributed and “K is a constant value.

4 Optimized Gear Reducer Design Model

4.1 Design Variable

Research aim: designing two-level gear transmission reducer; the internal mechanics
are shown below.

Fig. 1. Reducer internal structure

This optimized design has 7 variables [8, 9]: width x;, module x;, pinion teeth
number x3, bearing distance of axle 1 x4, bearing distance of axle 2 xs, axle 1 diameter
x¢ and axle 2 diameter x;. The values of variable take from the range below:

2.6<x<3.6,0.7<x<0.8, 17<x; <28, 7.3<x; <8.3,
73<x5<8.3,29<x<39,50<x <55
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Target function aims to minimize the reducer size [10, 11]:

minf1(x) = 0.7854x;x3(3.3333x% + 14.933x3 — 43.0934)
— 1.508x(x; +x3) + 7.477(x; +3)
+ 0.7854(xsx% + x5%3)

Assume:
Ap = [(745x5 x5 1 )? +16.9 x 10°°7
B, = O.ng
Ay = [(745x; x5 xs)? + 157.5 x 10°]°7

B, =0.1x3
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(11)
(12)
(13)

(14)

In above function, A1l indicates center torsion; B1 indicates coefficients of working
condition; A2 indicates coefficients of loads; B2 indicates allowed pressure of contact

fatigue.

4.2 Constraints

There are 11 Constraints in this mathematical model [12-14]: size, bending stress,

contact stress and axles transverse deviation etc.:
a(x) =27 ' %G - 1<0
g (x) = 397.5)c1’1162’2x3’2 —-1<0
g3(x) = 1.93x; 'y 't — 1<0
g4(x) = 1.93x;1x§1x§x;4 —-1<0
gs(x) = xox3 —40<0
ge(x) =5 —xlxz_l <0
g7(x) = x5, = 12<0
gs(x) = 1.9 — x4+ 1.5x% <0

g9(x) = 1.9 — x5+ 1.5%, <0

(15)
(16)
(17)
(18)
(19)
(20)
1)
(22)

(23)
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g10(x) = A;B;' — 1800 <0 (24)
gn(x) = AB;' — 1800 <0 (25)

In above function, g; indicates bending stress constraint; g, indicates contact stress
constraint; g3 — g9 indicates axles transverse deviation constraint and empirical con-
straint; g1o — g1 indicates size constraint.

4.3 Mathematical Model

As mentioned above, the goal of two-level gear transmission reducer design is to
minimize its size. The new mathematical model can be illustrated as follow:

minf (x)x = [xlxz)C3X4X5x6x7}T€ R’ (26)

S1.g(x)<0(i=1,2,---11) (27)

4.4 Optimized Reducer Design with IFOA

The optimized reducer design process is nonlinear with multiple constraints. The new
design process base on IFOA is shown as below:

Step 1: A random population with a maximum iteration is initialized based on the
upper and lower limit of design variables;

Step2: Calculate single fly’s best search direction and distance;

Step3: Base on the Formula (10), calculate the value of fitness function for single
fly;

Step4: Base on the Formula (5), calculate fly’s current position and scent concen-
tration value;

Step5: Find the best scent concentration value and positions. The best scent con-
centration value is indicated as Smellp, the best positions are indicated as x; and yp;
Step6: Keep records of fly’s best position and scent concentration value. The best
scent concentration value is indicated as Smellbest = Smell;, fly’s initial positions
are indicated as X_begin = x; and Y _begin = yy;

Step7: Use iterative optimization method repeat step 2 to step 5, and decide if the
concentration value is better than previous value, suppose the concentration value is
better, move to step 6.

5 Simulations

In order to prove practical value of the proposed model, the IFOA parameters are set:
the iteration is set to 100 and the group size is 30. The simulation results are shown as
graphs below:
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Figures 2 and 3 indicate optimized reducer design converge process and fruit fly’s
optimized path respectively. The former one expressed as relationship between num-
bers of iterations and changes in target function, in simple term it is a relationship
between numbers of iteration and changes in reducer volume. The latter expresses fruit
fly’s search process for optimized path in two-dimensional space.

optimizing process
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Fig. 3. FOA optimizing path

In order to prove higher reliability and usability of proposed algorithm, the basic
FOA algorithm is used for comparison. The result of comparison is shown in Fig. 4.
The simulation result in Fig. 4 shows that by introducing modify factor  can avoid
local optimum, and improved FOA converges faster compare to traditional FOA.
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Compare converge results of FOA and modified algorithm

Function values

Evolving Algebra

Fig. 4. Compare converge results of FOA and modified algorithm

Conclusions

This paper aims to improve gear life and reliability with minimum design cost. Since
traditional FOA has slow converge speed and partial optimization problems, this paper
proposed a modified gear reducer design algorithm model. This algorithm has 7
variables to ensure its performance and reliability.
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