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ABSTRACT

In this study, the Multi-Objective Optimization Problem (MOOP) for a two-stage helical
gearbox having two gears in the first stage is solved using the Multi-Criteria Decision Making
(MCDM) technique. The objective is to identify the optimal design elements that would reduce
the gearbox's length and boost its efficiency. The study also focused on three important design
parameters: the coefficients of wheel face width (CWFW) for the first and second stages, as well
as the gear ratio of the first stage. Additionally, the EAMR technique was chosen to address the
MCDM problem, and the MEREC technique was employed to establish the weight requirements for
resolving the MOOP. According to the study's outcomes, it's crucial to determine the optimal values
for three vital design factors when creating a two-stage helical gearbox with double gears in the
first stage.
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TOM TAT

Trong nghién civu nay, bai todn téi wu héa da muc tiéu (MOOP) cho hdp giam toc hai cap
banh rdang xodn ¢é hai banh rang & cap dau tién dwoc giai quyét bang ky thudt ra quyét dinh da tiéu
chi (MCDM). Muc tiéu la xdc dinh cdc yéu to thiét ké t6i wu nham giam chiéu dai va tiang hiéu sudt
ciia hgp. Nghién civu tdp trung vao ba thong sé thiét ké quan trong: Hé sé chiéu rong mdt banh xe
(CWEW) cho cdp dau tién va cdp thir hai, ciing nhi 1y s6 truyén ciia cdp dau tién. Ngodi ra, ky thudt
EAMR da dwoc chon dé gidi quyét van dé MCDM va ky thudt MEREC da dwoc sir dung dé thiét lgp
cdc yéu cau vé khoi heong dé gidi quyét MOOP. Theo két qua ciia nghién ciru, diéu quan trong la
phdi xdc dinh dwoe cdc gid tri t6i wu cho ba yéu to thiét ké khi ché tao hép giam toc hai cap banh
rang xodn véi banh rang déi & cdp dau tién.

Tir khéa: MCDM; EAMR; MEREC; Ti sé truyén; Hiéu sudt ciia hdp; Chiéu dai ciia hdp.
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1. INTRODUCTION

These days, gearboxes are widely used
in many different areas of mechanical en-
gineering. As a result, many academics are
working hard to create the perfect gearbox
design.

A customized adaptive random search
method was used by Zarefar H. and Mu-
thukrishnan S. [1] to maximize the helical
gear pair's weight. Contact stress and tooth-
bending strength were the limitations, whereas
the gear module, helix angle, pinion teeth,
and face width were the design variables. To
maximize the volume of a two-stage helical
gear train, Gologlu and Zeyveli [2] used a
Genetic Algorithm (GA). Static and dynamic
penalty functions were added to the objective
function to handle design constraints such
contact stress, bending stress, gear and pinion
tooth count, module, and gear face width. A
study on identifying the most effective gear
ratios for mechanically driven systems was
conducted by Nguyen K.T. et al. [3]. In order
to reduce the system's cross-sectional area,
the first stage of the study used twin gear sets
in conjunction with a chain drive and a two-
step helical gearbox. A study on optimizing
the prediction of ideal partial ratios for three-
step helical gearboxes with second-step double
gear-sets was carried out by Tran T.P.T. et al.
[4]. The study sought to accomplish a number
of goals, including reducing the mass of the
gears, the gearbox length, and the gearbox
cross section dimension. An investigation into
the most effective technique for figuring out
gear ratios in a two-stage helical reducer was
conducted by Nguyen K.T. et al. [5]. Reducing
the area of the reducer's cross section is the
aim of the study. Two models were proposed to
identify the most effective gear ratios for a two-

stage reducer based on the study's findings.

In order to identify the optimal set of
design parameters that would provide the
shortest weight of a spur gear train, Savsani
et al. [6] proposed two advanced optimi-
zation techniques: particle swarm optimization
(PSO) and simulated annealing (SA). A multi-
objective optimization issue involving two-
stage helical gear sets in a helical hydraulic
rotary actuator is presented by Liu S. et al. [7].
To solve this issue, the NSGA-II method is
used. Three main goals were examined in this
study: maximal contact stress, transmission
efficiency, and volume.

In order to minimize gear weight, reduce
contact stress across the whole contact path, and
achieve the proper film thickness at the contact
site, Jawaz Alam and Su-manta Panda [8]
developed a technique for optimizing the design
of spur gear sets. The results of the study show
that, in comparison to conventional designs, the
use of appropriate addendum coefficient values
inside the authorized design space signifi-
cantly improves gear design. In order to address
the multi-objective optimization problem of a
two-stage helical gearbox, V.T. Dinh et al. [9]
employed the TOPSIS technique. The project's
goal is to increase the gearbox's efficiency by
decreasing its cross-sectional area. A three-
stage bevel helical gearbox and a chain drive
were used in a study by Tran T.P.T. [10] to
find the ideal gear ratios for mechanical drive
systems. The goal of the research is to reduce
the system's cross-sectional area. The study's
findings made it possible to estimate how input
factors affected the ideal ratios. Equations were
also put forth to make it easier to calculate the
ideal gear ratios.

Several aspects of MCDM have been &
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the subject of numerous investigations. Do
D.T. [11] evaluating the impact of criterion
weights on the ranking of the top 10 universities
in Vietnam. Tran H.D. et al. [12] used the
TOPSIS technique to determine the optimal
primary design elements for a two-stage helical
gearbox. The PIV Method was used by Nguyen
H.S. [13] to select the crankshaft material.

The purpose of this study is to shorten
the gearbox's length and increase its efficiency.
The EAMR approach was used to solve the
MCDM problem, and the MEREC method was
used to calculate the criteria weights in order
to solve the MOOP for a two-stage helical
gearbox with double gear-sets in the first stage.
The results of the investigation allowed for the
identification of the key components of the
gear-box's design.

2. OPTIMIZATION PROBLEM
2.1. Determining gearbox length

The gearbox length L, can be found by
(Figure 1):

L =dyi1 + dy21/2 + dy12/2 + dypz + 2-8(1)

In which, 6 = 7+10 (mm); d ., d . (i =
1+2) are the pitch diameter of the pinion and the
gear of step 1 and 2 which are calculated by [14]:

dwli =2 awi;f(ui + 1) (2)
wai = 2 2w "u/(u; +1)  (3)
Where a , (i=1+2) denotes the gearbox

center distance of i stage which is calculated
by [14]:

Awi = Ka - (Ui +1)- ijTli -kpp/([AS;]? - u; - Xpar) (4)

Where T . (i=1+2) represents the torque
on the pinion of i stage which can be computed
by:

Ty, = Tautf((z *Ugp * ﬂﬁg ﬂﬁ) (5)

Tz = Tuutf(uz " Thg 'n%e) (6)
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Figure 1. Schema for finding gearbox length
2.2. Determining gearbox efficiency

The gearbox
determined by:

efficiency can be

100-P;

ngh = 100 — )

in
Where P, is the total power loss in the
gearbox; P, can be found by [15]:

B=PFg+HAy+Pp+hs (8

In which, Plg, P, P, and P _represent
the power loss in the gears, in bearings, in the
idle motion, and in seals; These elements are
calculated as noted in [16].
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2.3. Objective Functions and Constraints
2.3.1. Objectives functions
In this work, the MOOP has two targets:
- Minimizing gearbox length:
minf, (X) =L 9)
- Maximizing gearbox efficiency:
minf, (X) = Ny, (10)

Assume that X is the vector that
describes the design's variables. AS, AS,,
u, X, ,and X, are the five primary design
components of a two-stage helical gearbox
[17]. According to additional research, AS and
AS.'s highest values are the most noteworthy
[17]. Consequently, the three main design
elements that will be employed as variables
in this investigation are u, X, ,and X, . As a
result, our current display looks like this:

X={u,, Xba, , Xba,} (11)
2.3.2. Constrains

For a helical gearbox:

u = 1+9; X, .=0.25+0.4 (i=1-2) [19].

Therefore, the MOOP has two following
constraints:

1<u <9 (12)

0.25 < Xba < 0.4 (13)

3. METHODOLOGY
3.1. Method for solving MOOP

Its efforts are intended to achieve two
goals: either reducing the gearbox's length or
increasing its efficiency. Three essential design
elements that serve as inputs for our analysis are
listed in Table 1. Additionally, the MOOP had
been addressed using the approach outlined in
reference [16]. Figure 2 shows the methodology
for implementing this technique. There are two
distinct steps to the approach. As shown in Table
1, the main goal of the first phase is to address
the problem of single-objective optimization by
minimizing the differences between the input
variables. Our main objective in the next stage will
be to resolve the MOOP problem by determining
the crucial design components that yield the best
results. The EAMR issue will be changed to
account for a smaller difference between the two
levels of the input elements if the variable levels
in the second stage do not differ by at least 0.02.

Table 1. Input factors

Minimal | Maximal
Factors
value value
Gear ratio of stage 1 1 9

CWEFEW of stage 1 0.25 0.4

CWEFW of stage 2 0.25 0.4
| |
e el ke IS

B &
]
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Figure 2. Workflow chart to solve MOOP
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3.2. Method for solving MCDM work
3.2.1. EAMR method

The EAMR method is performed in the
following steps [18]:

- Step 1: Creating the decision-making
matrix:

d d

X111 " Xqn
d d
Xq = [ %21 Tar | (4
d d
mil Emn

In which, 1 <d <k, k is the decision
maker’s number; d is the decision maker's
indication.

- Step 2: Calculating the mean value of
each alternative by:

s _ 1r.1 2 k
Xij == E(Xij + Xij + -+ Xij (15)
- Step 3: Computing the creation weights.

- Step 4: Determining each criterion's
weighted average:

— _ 1 1 2 ... k
Wi = (W + w +-+ wy) a6
- Step 5: Finding n, by:
E

N = (17)

€]

Where e, can be found by:

€; = maxiefs,.,m}(Xy5) (18)

- Step 6: Computing the normalized

weight by:
Vij = Djj* W; (19)

- Step 7: criteria's

normalized score.

Finding the

+) For the gearbox efficiency objective:
G = vii+ v+ -+ v, (20)

+) For the gearbox length objective:
Gy = v+ v+ 4 Vg (21)

- Step 8: Calculating the ranking's (RV)
values from Gi" and G1:

- Step 9: Computing the alternatives'
evaluation score by:

RV(G{')

RV(Gy) 22)

Si =
The optimal option has the highest S, value.
3.2.2. MEREC method

To perform the MEREC method, the
following stages must be done [19]:

+) Build the first matrix as in the first
stage of the MAIRCOS method.

+) Compute the value of the normalized
matrix by:

- For the gearbox efficiency target:

_ mingjj
hi' —

j xi

(23)

- For the gearbox length target:
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h; = (24)

Maxxjj
+) Find the effectiveness of the options
S.by:

1

5; = In |1+ (32;]in(hy)])] (25)

+) Calculate the efficiency of the i®
option Sij' by:

%Zlﬂﬁf62m4m®MMQ®

+) Find the removal effect of the j®
criterion Ej:

r
E] = Ellslj — Sll (27)
+) Determine the criteria's weight by:
_ ]
Wi — 28
I ZkEx (28)
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Figure 3. Relationship between u, and My
4. SINGLE-OBJECTIVE OPTIMIZATION

As mentioned in Section 3.1, solving the
single objective optimization problem (SOOP) is
the first step in the approach to the MOOP. Two
SOOPs are used in this study: maximizing n,,
and decreasing L, To solve the SOOP, a Matlab
application using the direct search technique was
created. The results ofthe program are summarized
in the following results. The relationship between
Ny and u, is depicted in Figure 3. The figure shows
the optimal value of u, which is the value at

which 0, reaches its maximum. The relationship
between the variables u, and L, is shown in
Figure 4. As shown in Figure 4, the optimal value
of u, is the one that yields the lowest value of L,
Additionally, the relationship between the ideal
values for u; and u, is depicted in Figure 5. As
shown in Table 2, the updated constraints for the
variable u, were created based on the ideal values
ofu,.
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Figure 4. Relationship between u, and L,
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Figure 5. Relationship between Uy, and optimum u,
Table 2. New limitations of u,

ul
e Minimal value Maximal value
5 1.78 2.76
10 2.47 4.35
15 3.00 5.73
20 3.77 6.99
25 4.27 8.16
30 4.67 9.27
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5. MULTI-OBJECTIVE OPTIMIZATION

To conduct simulation experiments,
a computer program has been developed.
The investigation examined u, values, which
ranged from 5 to 30 at S5-point intervals.
These are the answers to the variable u, =
20 problem. As indicated in Section 3, 125
initial testing iterations have been conducted
using the gearbox ratio previously described.
In order to address the MOOP, EAMR will
receive the output data from the experiment
about the efficiency of the gearbox length as
input parameters. This approach will continue
until there is less than a 0.02 difference
between the two levels of each variable. The
output answers and major design parameters
for the fifth and final iteration of the EAMR
experiment, with an u, value of 20, are shown
in Table 3. As descrlbed in Section 3.2.2, the
MEREC approach was used to determine the
weights of the criterion in the manner shown
below: Equations (22) and (23) were used to
standardize the values h.. Equations (25) and
(26) were used to determine the values of S,
and S Equation (27) was used to calculate
the impact of removing the condition. Using
Equation (28), the weights for the criteria,
w,, were determined. Suggestions on how to
best use the EAMR technique to the MCDM
problems are provided in Section 3.2.1. First,
Formula (14) is used to create the decision
matrix. Using Equation (15), find the mean of
the choices for each condition. With Formula
(16), the average weighted values may be
calculated. Using equation (17), find the value
of n, while keeping in mind that equation
(18) determines e. Next, determine the value
of v, using Formula (19). Utilize Equation
(20) to determine the gearbox's efficiency
and Equation (21) to determine the gearbox's
length in order to determine the values of G..

Finally, use Formula (22) to determine the S,
value. Table 4 (for the final iteration of EAMR
analysis) displays the results of the option
ranking and parameter computation using
the EAMR approach. Out of all the options
available, option 105 is the most advantageous
choice, following the table. According to Table
5,u =448, X, =025 and X _ = 0.4 are the
ideal values for the key design elements.

From the results, the following
regression equation (with R? = 0.9984) was
determined to find the optimal values of u,:

u, =0.1542 - u, 1.265 (29)
Table 3. Input parameters and output results for
Uy, = 20

. L n
Trial. u, Xt X, d lgI‘;) (0/8(:’)
1 444 | 025 | 0.25 | 50.87 | 91.50
2 444 | 025 | 0.29 | 49.19 | 91.78
3 444 | 025 | 033 | 47.77 | 92.57
4 444 | 025 | 036 | 46.56 | 92.47
5 444 | 025 | 040 | 4551 | 92.35
50 445 | 040 | 0.40 | 43.77 | 85.72
51 446 | 025 | 0.25 | 50.85 | 91.48
52 446 | 025 | 0.29 | 49.17 | 91.75
104 | 448 | 0.25 | 036 | 46.53 | 92.41
105 448 | 025 | 0.40 | 4548 | 92.29
106 | 448 | 0.29 | 0.25 | 50.28 | 90.19
123 448 | 040 | 0.33 | 46.01 | 85.59
124 | 448 | 040 | 036 | 44.80 | 85.63
125 448 | 040 | 0.40 | 43.75 | 85.65

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
S8 TAP CHI CO KHI VIET NAM, S6 327, thang 4 nam 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Table 4. Calculated results and rankings of options using EAMR when u , = 20
g

] n. V. G,
Trial. L X L Y L ! S, Rank
gh Ny, gb gb L

1 1.0000 0.9884 0.6559 0.3402 0.6559 0.34 0.5187 105
2 0.9670 0.9915 0.6342 0.3412 0.6342 0.341 0.5380 75
3 0.9391 1.0000 0.6159 0.3441 0.6159 0.344 0.5588 41
4 0.9153 0.9989 0.6003 0.3438 0.6003 0.344 0.5727 16
5 0.8946 0.9976 0.5867 0.3433 0.5867 0.343 0.5851 3
50 0.8604 0.9260 0.5643 0.3187 0.5643 0.319 0.5647 32
51 0.9996 0.9882 0.6556 0.3401 0.6556 0.34 0.5188 103
52 0.9666 0.9911 0.6339 0.3411 0.6339 0.341 0.5381 74
104 0.9147 0.9983 0.5999 0.3436 0.5999 0.344 0.5727 17
105 0.8940 0.9970 0.5864 0.3431 0.5864 0.343 0.5851 1
106 0.9884 0.9743 0.6482 0.3353 0.6482 0.335 0.5172 106
123 0.9045 0.9246 0.5932 0.3182 0.5932 0.318 0.5364 85
124 0.8807 0.9250 0.5776 0.3183 0.5776 0.318 0.5512 60
125 0.8600 0.9252 0.5641 0.3184 0.5641 0.318 0.5645 35

Table 5. Optimal main design parameters
u b
Ne- 5 10 20 25 30
u 1.83 2.92 4.48 5.20 5.70
Xl 0.4 0.325 0.288 0.25 0.25 0.25
X0 0.4 0.4 0.4 0.4 0.4

6. CONCLUSIONS

The design of a two-stage helical
gearbox with two gears in the first stage
was a multi-objective optimization problem
that was addressed in the study using the
EAMR technique. Finding the optimal design
parameters that increase gearbox efficiency
while decreasing gearbox length is the goal
of this study. Three essential design elements

(u, X, and X, ) were determined in order

to do this. There were two distinct stages to
the MOOP solution approach. Managing the
single-objective optimization issue with the
aim of reducing the variance among variable
values was the main focus of Step 1. Finding the
ideal primary design factors was the main goal
of step 2. This inquiry yielded the following
results:

- Three main design factors (u,, X,
and X, ) were examined for their effects. Both
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gearbox efficiency and gearbox length reach
their ideal levels at a certain value of u,.

- The table and regression formula list

the key design considerations for a two-stage
helical gearbox with two gears in the first stage.
The suggested model for demonstrating u, shows
a high degree of agreement with verified data.

Acknowledgment:

The work was supported by Thai

Nguyen University of Technology. %

References:

[1].

[4].

[5].

[7].

460

Zarefar, H. and S. Muthukrishnan (1993),
“Computer-aided optimal design via modified
adaptive random-search algorithm”. Computer-
aided Design, 25(4): p. 240-248.

Gologlu, C. and M. Zeyveli (2009), “4 genetic
approach to automate preliminary design of gear
drives”. Computers & Industrial Engineering,
57(3): p. 1043-1051.

Tuan, N.K., et al. (2020), “A4 study on determining
optimum gear ratios of mechanical driven systems
using two-step helical gearbox with first step
double gear sets and chain drive”. In Advances
in Engineering Research and Application:
Proceedings of the International Conference on
Engineering Research and Applications, ICERA
2019, Springer, p. 85-93.

Pi, V.N. (2007), “4 new study on the optimal
prediction of partial transmission ratios of three-
step helical gearboxes with second-step double
gear-sets”. WSEAS Trans. Appl. Theor. Mech,
2(11): p. 156-163.

Tuan, N.K., et al. (2018), “Determining optimal
gear ratios of a two-stage helical reducer for getting
minimal acreage of cross section”. In MATEC Web
of Conferences, EDP Sciences, p. 1-5.

Savsani, V., R. Rao, and D. Vakharia (2023),
“Optimal weight design of a gear train using
particle  swarm  optimization and simulated
annealing algorithms”. Mechanism and Machine
Theory, 45(3): p. 531-541.

Liu, S.,etal. (2023), “Multi-Objective Optimization
of Two-Stage Helical Pairs in Helical Hydraulic

[9].

[10].

[11].

[12].

[14].

[15].

[16].

[17].

[18].

. Nguyen, H.S.,

Rotary Actuator Using Ensemble of Metamodels
and NSGA-IT’. In Actuators, MDPI. 12, 385.
Alam, J. and S. Panda (2023), “4 comprehensive
study on multi-objective design optimization of
spur gear”. Mechanics Based Design of Structures
and Machines, 51(9): p. 5272-5298.

Dinh, V.-T, et al. (2024), “Multi-Objective
Optimization of a Two-Stage Helical Gearbox with
Second Stage Double Gear-Sets Using TOPSIS
Method”. Processes, 12(6): p. 1160.

Thao, T.T.P,, et al. (2020), “Determining optimum
gear ratios of mechanical driven systems using
three stage bevel helical gearbox and chain
drive”. In Advances in Engineering Research
and Application: Proceedings of the International
Conference on Engineering Research and
Applications, ICERA 2019, Springer, p. 249-261.
Do, D.T. (2024), “Assessing the Impact of Criterion
Weights on the Ranking of the Top Ten Universities
in Vietnam”. Engineering, Technology & Applied
Science Research, 14(4): p. 14899-14903.

Tran, H.-D., et al. (2024), “Application of the TOPSIS
Method for Multi-Objective Optimization of a Two-
Stage Helical Gearbox”. Engineering, Technology &
Applied Science Research, 14(4): p. 15454-15463.

et al. (2024), “Selection of
Crankshafi Manufacturing Material by the PIV
Method. Engineering”. Technology & Applied
Science Research, 14(4): p. 14848-14853.

Chat, T. and L. Van Uyen (2007), “Design and
calculation of Mechanical Transmissions Systems”.
Vol. 1. (in Vietnamsese), Educational Republishing
House, Hanoi, 2007.

Jelaska, D.T. (2012), “Gears and gear drives”.
John Wiley & Sons.

Dinh, V.-T., et al. (2024), “Application of a Multi-
Criterion Decision-Making Method for Solving the
Multi-Objective Optimization of a Two-Stage Helical
Gearbox”. Machines, 12(6): p. 365.

Le, X.-H.aN.-P.V. (2023), “Multi-objective
optimization of a two-stage helical gearbox using
taguchi method and grey relational analysis”.
Applied Sciences, 13(13): p. 7601.

Amiri, M.; Antucheviciene, J. (2016), “Evaluation
by an area-based method of ranking interval type-
2 fuzzy sets (EAMRIT-2F) for multi-criteria group
decision-making”. Transform. Bus. Econ, 15, 39.

. Keshavarz-Ghorabaee, M. (2021), “Assessment of

distribution center locations using a multi-expert
subjective—objective decision-making approach”.
Scientific Reports, 11(1): p. 19461.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 327, thang 4 nam 2025

cokhivietnam.vn / tapchicokhi.com.vn



