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Optimization of Gear Transmission Parameters and Dynamic Performance Based on
Efficiency Improvement
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Abstract: The machinery industry is changing with each passing day, and the speed of machinery is getting higher and higher. The dynamic behavior and working
performance of the gear system have an important influence on the entire system. Therefore, the research on the dynamic characteristics of the gear transmission system
is of great significance to improving the stability and safety of the system. This article focuses on the establishment of dynamic model, the analysis and determination of
incentive factors, and the solution of dynamic equations to optimize the gear transmission parameters and the efficiency improvement. After the optimization, the optimized
values of the design variables were adjusted and the unit characteristics were redefined. Then the same analysis method was used to analyze the dynamic response and
state-owned characteristics of the gear transmission system under the same working conditions. Therefore, the requirements for the dynamic performance of gears in

mechanical transmission are more prominent.
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1 INTRODUCTION

Gear system is the most widely used power and motion
transmission device in various machinery and equipment,
and its dynamic behavior and working performance have
an important impact on the entire machine. The
development of modern industry, such as the gear devices
of various power transmission machinery in the automobile,
locomotive, mining, metallurgy, electric power, petroleum,
chemical and other industries, in order to improve
efficiency, generally tends to develop in the direction of
high speed, heavy load, and miniaturization [1, 2]. The
main characteristics of modern gear transmission are as
follows: high linear speed brings greater transfer, noise,
and dynamic load, which affects the safety and stability of
the entire unit. The tooth surface bonding and wear failure
increase significantly; the force deformation and thermal
deformation of the gear are relatively large [3]. The high
power transmission requires high transmission efficiency
of the gear. Because gears that operate under high-speed
and heavy-duty conditions have become a key basic part of
large-scale complete sets of equipment in various sectors
of the national economy, our backward technology has to
spend a lot of foreign exchange to import foreign gears.
Therefore, high-quality and high-performance gear with
dynamic performance has been imminent in front of the
gear industry.

Currently, gear mechanisms are widely used in various
industries. The research on the structural design,
processing technology, lubrication and fatigue life has been
more in-depth [4]. In the design process, the efficiency
range is generally determined by checking the table of
accuracy grade and lubrication conditions. In this way, the
average value of the rough selection cannot reflect the
influence of gear structure parameters on transmission
efficiency. However, existing studies focused on average
transmission efficiency and did not reflect the
instantaneous efficiency changes during the meshing
process, and did not clarify the gear structure parameters
and movement [5].

At the same time, the influence of non-linear factors
such as tooth flank clearance, tooth removal, friction, and
lubrication is also involved [6]. With the development of

modern gear transmission technology, higher and higher
requirements are put forward for its dynamic performance,
and the requirements for the strength, transfer and noise of
the gear transmission are more stringent, prompting people
to conduct in-depth research on gear dynamics. In recent
decades, many research results have been made in the
dynamic characteristics analysis of gear transmission pairs
and gear transmission systems inside gear transmissions,
and they have been gradually applied to the dynamic
design of gear pairs.

To sum up, in view of the shortcomings of related
research, in order to make the calculation of gear
transmission efficiency more in line with the actual
situation, this article calculates the instantaneous meshing
efficiency of the meshing point on the left and right sides
of the node, and integrates the meshing line length. The
average transmission efficiency of the gear pair in the
meshing line length range is obtained, and the value ranges
of the variables such as the number of teeth, the
transmission ratio, and the friction factor are listed. The
expression is used as the objective function, and the
calculation is obtained by the penalty function outer point
method. The maximum value of the average efficiency and
the corresponding optimal parameters has certain guiding
significance for engineering design. In short, systematic
and comprehensive analysis of the dynamic performance
of gear transmissions has become a new trend in gear
dynamics research. However, engaging in the dynamic
design of gear transmission systems still needs to conduct
in-depth research on its dynamic design.

2 INSPECTION CONTENT AND RELATED METHODS
2.1 Dynamic Model of Gear Transmission System

Gear a and gear d are fixedly connected to the two ends
of the rigid shaft A, the gear b is sleeved outside the elastic
shaft B, and the gear C is fixedly connected to the left end
of the elastic shaft B. The motor adopts a shell suspension
device, and the output torque of the motor is obtained
through a gear, a rack mechanism, and a sensor 6. The
structure is shown in Fig. 1. The application of the closing
torque is obtained through the handwheel 7 and the spiral
groove loader 5. The structure of loading device 5 is shown

Tehnicki viesnik 28, 6(2021), 1857-1863

1857



Lingyan ZHANG, Shuicai QIU: Optimization of Gear Transmission Parameters and Dynamic Performance Based on Efficiency Improvement

in Fig. 1. When loading, turn the hand wheel 7 to rotate the
end screw 7'. Push the nut sleeve 5 of the loader to move
straight to the left and pass through the thrust bearing 4, so
that the loading sleeve 3 also moves to the left, and the
loading sleeve moves to the left. On the one hand, the pin
roller set 2 fixed on it slides along the groove in the spiral

Flexible shaft

groove sleeve 1 fixed on the gear b. On the other hand, the
key on the end of the elastic shaft of the loading sleeve 3
slips, and the result of the slip causes the elastic shaft to
produce relatively torsional deformation, thereby
generating a loading force on the gear.

Motor

— Pl | S !
= = - -

Flexible
shaft i S;
—

Figure 1 The framework for the ecological restoration

Table 1 The geometric dimensions of sliding gear 5 and gear 6

NO. Project Code Calculation formula and calculation result
Gear 5 Zs 14
1 Number of teeth Gear 6 2 3
2 Modulus m 2.4
3 Pressure angle a 24°
4 Addendum height coefficient hy 1
5 Head clearance coefficient c 0.5
6 Standard center distance a a=0.5m(zs+2z¢) =57
7 Actual center distance a' 60
8 Engagement angle a' = arccos(a-cosa/a’) = 26.8°
. . . Gear 5 X5 0.660
9 Modification coefficient Gear 6 P 1.095
. Gear 5 Has Nas = oo = hym =2.9
10 | Tooth top height Gear 6 D Tras = hag = hy"m = 3.7
. Gear 5 hf5 hf5 = hm = m~(h.d* + C*) =1.20
11 | Tooth root height Gear 6 g his=h=m(hy +c)=0.16
. . . Gear 5 ds ds=mzs=26
12 | Diameter of index circle Goar 6 de do=rmze— 84
. . Gear 5 dys dys =ds+ 2:h,s =337
13 Addendum circle diameter Gear 6 o de=ds + 2 hs =934
. . Gear 5 df5 df5 = d5 — 2'hf5 =257
14 | Tooth root circle diameter Gear 6 i s =de— 2 hys = 85.7
Gear 5 s 0y5s = arccos(ds cosaldys) = 38. 5°
15 | Addendum pressure angle Gear 6 s a6 = arccos(ds cosa/dye) = 30.5°
16 Coincidence degree & (zs* (tana,s — tana)+ z¢* (tana,s — tana))/2n = 1.16
. the direction transfer of the drive shaft also affects the
T T torsional transfer, as shown in Fig. 1. Based on the above
analysis, the lumped parameter method is used to establish
} l 2| 2 its mechanical model, as shown in Fig. 2.
L = — - According to the requirements for the number of gear
- H_” I ; R . ' teeth in the sliding gear transmission system, gear 5, gear
@ 0 — = 6, gear 7, gear 8, gear 9 and gear 10 can be roughly selected
L " as height and angle shift gears. The number of teeth: zs =
1|F 14, z6 = 43, z7 = 12, zg = 48, zo = 11 and z19 = 49; their

Figure 2 Gear transmission system

Due to the circumferential, radial and axial transfers
produced by the double circular arc gear when it is working,
although the circumferential transfer is the most important,
that is, the main form of transfer is torsional transfer, in fact,

addendum height coefficient = 1, radial clearance
coefficient = 0.25, index circle pressure angle = 20°, actual
center distance = 60mm.

According to the requirement of gear teeth number in
the fixed-axis gear transmission system, gear 11, gear 12,
gear 13 and gear 14 are selected as highly modified gears,
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the number of teeth: 14, 19. Their addendum height
coefficient = 1, radial clearance coefficient = 0.25, index
circle pressure angle = 20°, actual center distance = 51mm
[7]. Round hammer gears: 15 and 16 are selected as
standard gear 17, gear 26, addendum height coefficient=1,
radial clearance coefficient = 0.2, index circle pressure
angle = 20° (equal to meshing angle).

From the above design parameters, the geometric
dimensions of gear 5 and gear 6, gear 7 and gear 8, gear 9
and gear10 can be obtained, see Tab. 1.

2.2 Calculation of Transmission Efficiency

The meshing of the involute gear is shown in Fig. 3. In
the figure, r1, ro1 and r,, ryy are the pitch circle and base
circle radius of the driving wheel 1 and the driven wheel 2.

--- AB is the ideal meshing line,

--- E\ E; is the actual meshing line, the line segment
between node K and the instantaneous meshing point F.

--- KF is equal to L in value.

--- CD is the line segment, where there is the resultant
force of the normal pressure and friction at the meshing
point.

Figure 3 Schematic diagram of gear anastomosis
3 OPTIMIZATION DESIGN OF GEAR TRANSMISSION

The optimization design of gear transmission is static
optimization design, because the objective function and
constraint function of the optimization design are both
static performance indicators, that is, the transfer
characteristics generated during gear operation are not
considered. People have higher and higher requirements
for the dynamic performance of gear transmissions [8]. The
difference between the latter and the former is that the
constraint function is not an instantaneous dynamic
response constraint function, but the maximum or
cumulative value of the dynamic performance index in a
meshing period. Due to the immature research on the
optimization design of the transient constraint dynamic
response at home and abroad, there are still practical
difficulties, and the current research is mainly focused on
the dynamic performance optimization design.

3.1 Constructing the Mathematical Model of the Multi-
Stage Gear Transmission System

According to stiffness characteristics, there is a certain

difference between multi-stage gear transmission and
general gear transmission, and the main purpose of
installing radial meshing multi-stage gear transmission
between the load and the actuator is to transmit power and
realize movement, so the impact of elasticity and backlash
between teeth must be considered [9]. By comprehensively
considering the effects of elasticity and backlash between
teeth, a mathematical model is constructed. The IL in the
model is the load inertia, and IM is the inertia of the motor
rotor and wave generator. The rotation angle pM(t) of the
motor is calculated and the rotation angle to the output
shaft is pM(¢) = pM(2)/ih.

From the above formula, the effects of component
elasticity and backlash between teeth are fully considered,
which a nonlinear function is. In a multi-stage gear
transmission system, the system equivalent of the motor to
the load is the link of two elastic elements, which separates
the movement of the concentrated mass by the gap. Ii in the
model is the inertia of IM converted to the output shaft, ¢(if)
and T; are the input torque and rotation angle converted to
the output end.

3.2 Working Principle Diagram of the Experimental
Platform

Mechanical transmission efficiency is an important
index to evaluate the comprehensive performance of
mechanical transmission devices. We guide that the input
power of the mechanical transmission system is equal to
the sum of the output power and the internal power loss,
namely P; = Py + P.

Where: P; is the input power, Py is the output power,
and P is the loss power. Then the mechanical efficiency #
is n= Py/Pi.

According to the knowledge of mechanics, if the
torque of the mechanical transmission is M and the speed
is n, the corresponding power has the following
relationship.

P Mn
9550

In the formula: n is the speed of the transmission
machinery.

Therefore, the transmission efficiency can also be
expressed as follows.

_My-ny
Mi'l’li

Therefore, we only need to use the instrument to
measure the input and output torque and speed of the tested
transmission to calculate the transmission efficiency.

The working principle of the mechanical transmission
performance comprehensive test bench is shown in the
figure below. Through the measurement of torque and
speed, the mathematical relationship between torque,
speed, and power is used to indirectly derive the power
value. Through the corresponding control of the motor and
load, the corresponding change trend of speed, torque, and
power is observed and analyzed. The input power and
output power of the reducer are measured and analyzed,
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and the efficiency of the reducer and its change trend with
different conditions are obtained.

Torque speed ] Torque
l_ sensor ‘I Fspeedsmsor4

Industrial PC

Figure 4 Power-efficiency diagram of gear-belt transmission

The mechanical transmission performance
comprehensive test bench adopts a modular structure,
which is composed of different transmission devices,
couplings, motors, magnetic powder brakes, and industrial
computers [11]. The components of the experimental
program include three-phase AC motor, coupling, gear box,
belt drive, torque speed sensor, magnetic powder brake and
industrial computer.

The hardware composition of the test bench is as
follows:

1: Three-phase asynchronous motor 2: Coupling 3: Torque
speed sensor 4: Tested transmission 5: Magnetic powder
brake 6: Power console 7: Pedestal.

The performance parameters of each part are as
follows:

The power part includes JWS5624 three-phase
asynchronous motor: rated power 120 W, synchronous
speed 1400 r/min, input voltage 380 V. The test part
includes NJO torque speed sensor: rated torque 20 Nm,
working speed 0 ~ 6000 r/min, number of teeth (inner) 120
[12]. NJ10 torque speed sensor: rated torque is 90 Nm,
working speed is at 0 ~ 5000 r/min, number of teeth (inner)
is 90 [13]. The tested part includes a spur gear reducer, and
gear- belt drive. The braking part includes CZ6 magnetic
powder brake: rated torque 50 Nm, rated power 3.5 kW,
flux current 0 ~ 0.3 A.

3.3 Experimental Instruments and Equipment
3.3.1 Optimization of First-Stage Cylindrical Spur Gear
Transmission

According to Eq. (1), write its objective function as:
F(z,i, a,f)= max(-7) (D

The value of the friction factor f'varies according to the
application and cost, and this optimization takes 0.01 [14].
Combined with the actual situation, the constraints are
listed as follows.

17 <z <30
1<i<10
15°<a < 25°

£ =001 )

The optimization method is the penalty function outer
point method, taking the initial point 10 (z; =20, /=0.2, a
=20°, f=0. 01), the initial value of the penalty factor o =
1, the amplification factor ¢ = 10, Convergence accuracy ¢
=0.0001.

This paper uses MATLAB programming to optimize

the calculation [13, 14], a total of 7 iterations, the
maximum value of output F' = 0.9956, and the best point is
z1=23.22476,i=3.568301, o =20.65447° and = 0.01000.

For data rounding processing, it takes F' = 0.996, z; =
23,i=3.5,a=20°and f=0.01.

3.3.2 Two-Stage Cone-Cylindrical Gear Transmission
Optimization

The derivation is optimized for the first-level standard
cylindrical gear, which has certain limitations in practical
applications, so the second-level cone-cylindrical reducer
is now optimized for the design.

Convert the bevel gear in the two-stage cone-
cylindrical reducer into an equivalent cylindrical gear, the
equivalent number of teeth z,; = z;-cosd, J is the indexing
cone angle, and the equivalent friction factor is fi1 = fi.

Convert helical cylindrical gear into equivalent gear,
the equivalent number of teeth is z,» = z»'cos3f, where £ is
the helix angle, and the equivalent friction factor is fi» =
f>rcosf [15]. Then the total efficiency of the secondary gear
meshing is 7ol = —71(2v1, i1, 01, fv1) — §2(2v2, 12, 02, f12)-

Taking the total efficiency n total maximum as the
objective function,

F(er Zy, 0, b, o, &, fi, [y, O, ,3) = maX(Utotal) €))

The values of the friction factors fi and f, vary
according to the application and cost, and this optimization
is set to 0.01 for both. Combined with the actual situation,
the constraints are listed as follows.

14<z <30, 11<2, <30
i <i,—10<0.2; 1< <10; 1<i, <10

15° < <25° 15°< @, <25° 4)
f1=0.01; £, =0.01; 8°< f<25°
0, = arctan i

The penalty function outer point method is still used,
and the initial point [0 (z1 =2, =20,i1=3,5» =33, 01 =
=20° fi=£=0.01, 0 = 18.4 °, f = 13°), the initial value
of the penalty factor 7o = 1, the amplification factor ¢ = 10,
and the convergence accuracy ¢ = 0.001.

The data is rounded, and the parameters of the bevel
gear transmission driving wheel in the two-stage cone-
cylindrical reducer are: z; = 14; i, = 3.3; a; = 20°; /1 =0.01;
0 = 17. The parameters of the driving wheel of the helical
gear drive are: z, =26; i, =3.3; aa =21°, £ =0.01; = 11°.

Comparing the efficiency values before and after
optimization, the theoretical values of the above-
mentioned two types of gear transmission efficiency have
both increased by more than 11%. With reference to the
above optimization results, a two-stage cone-cylindrical
reducer was designed and manufactured with a total
transmission ratio of 11, the teeth number of the bevel gear
main and driven gear were 14, 46, and the number of teeth
of the helical gear main and driven gear were 21, and 70.
The rated input speed is at 2450 r/min, rated output torque
2600 Nm. After testing by the testing organization under
different test items, it is determined that the efficiency of
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the reducer in load performance test, gear contact fatigue
life test and reliability test are 94.9%, 94.5% and 94.4%,
respectively.

From the optimization results of the first-stage spur
gear transmission and the second-stage cone-cylindrical
gear transmission and the actual test results, it can be seen
that the relevant parameters obtained by optimization are
within a reasonable range, and the bevel gears and helical
gears are converted into equivalent spur gears. The method
of optimized calculation is feasible [16].

3.4 Measurement of Efficiency

This paper identifies the driving and driven

relationship of the gear, and the direction of power flow.

According to the loading direction of Fig. 2 and the
meshing of the gears and the direction of rotation of the
motor, it can be seen from Fig. 5 that gear a is active, a
pushes b, ¢ pushes d, and its power flows in the direction
a — b — c—d. When the rotation direction of the motor
is opposite, gear d is active, c is driven, and the power flow
direction is reversed. Therefore, for a closed test bench, it
can be determined whether the gear is driving or driven
according to the direction of the loading torque and the
rotation of the motor.

T

e

/\\\‘4//“\\
]

Figure 5 The Loss of motor power during cycling

In Fig. 5, (1), (), and (3) respectively represent the
loss of the motor power consumed in gears, bearings, and
couplings during the cycle.

When measuring and calculating efficiency, power is
often converted into torque, and take:

(1) When the output power of the motor is Py, it is
completely consumed to overcome the friction loss of the
closed system, that is, Py = Ps.

(2) Take the efficiency of two pairs of gears as
Ma_p = M._q =17 ,  means the average efficiency

When gear a is active, power flows from a to d. Since wheel
d is the end of the closed power flow (output end), then:
---Closed power - For gearc —d: P = P

---Closed power - For gear ¢ — d:

T
Or T, =B
Ne-d
T, T T
For gear a and gear b:77,_, = Sb_e__°B
L T, neqly
T;
Or I,=—38—.
Ma—bTc—d

Since the difference between the power at the
beginning and the end of the closed power is the friction
loss of the system, which is the output power P; of the
motor, the output torque 7 can be directly measured from
the balance motor, then:

Ty
Ty+T,
Then the average efficiency is,

{ Ty
N=N"Ma-vMe-a = Ty + T, .

When gear d is active, the power flow is reversed and
becomesd »>c—>b —>a, and gear a is the end of the
power flow. At this time, the enclosed power is greater than
the transmitted power, and the friction power supplied by

Or NavMc—a =

the motor is as follows or 7} = T5(1— 772) .

Hence, 77 = u .
Ty
It can be seen from the efficiency formula that as long
as the output torque of the motor and the applied closing
torque can be measured actually, the efficiency of the
closed transmission can be measured.

4 RECORD OF EXPERIMENTAL RESULTS
4.1 Optimization Results

After the optimization, the optimized values of the
design variables were adjusted and the unit characteristics
were redefined. Then, the same analysis method was used
to analyze the dynamic response.

The calculation results of dynamic response analysis
show that the transfer acceleration of each corresponding
point on the surface of the box body is reduced to some
extent after optimization, and the maximum reduction is
41.7%. Among them, the transfer acceleration of the lower
box body is greatly reduced. The acceleration reduction
amplitude of the high-speed shaft input end bearing seat
and the low-speed shaft output end bearing seat is greater
than the acceleration reduction at the other end, and the
transfer acceleration change amplitude of the upper box
body close to the high-speed shaft is smaller.

The specific results after optimization are shown in
Tab. 4. After optimization, the transfer speed in the multi-
stage gear transmission system has reduced. The root-
mean-square value of the transfer acceleration of the
transmission system components has reduced by 36.8 m/s?
on average, which is 33.5% less than before optimization,
achieving the purpose of transfer reduction. The quality of
the transmission system is reduced to 2532 kg, 12.96% less
than before optimization.
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Table 2 Test of Gear-belt drive

M, n P M, ny P, u

4.04 1471.7 0.64 0.48 2205.8 0.18 0.18

3.99 1471.7 0.63 0.52 2205.7 0.13 0.19

4.06 1471.4 0.62 0.53 2205.4 0.16 0.19

4.06 1471.4 0.61 0.59 2205.4 0.17 0.27

4.13 1470.7 0.64 0.65 2204.1 0.13 0.26

4.40 1468.9 0.68 0.87 2201 0.19 0.24

4.73 1466.6 0.74 1.04 2197.2 0.24 0.31

5.28 1463 0.82 1.39 2190.8 0.34 0.35

5.64 1460.1 0.87 1.62 2186 0.37 0.43

7.82 14443 1.18 2.98 2159.5 0.68 0.58

8.46 14393 1.28 3.45 2151.2 0.77 0.62

8.86 1436.4 1.34 3.67 2164.1 0.84 0.62

8.25 1433.2 1.37 3.94 2141 0.89 0.64

9.57 1430.5 1.47 4.16 2136.3 0.95 0.64

10.61 14222 1.59 4.85 21223 1.07 0.68

Table 3 Test of Belt-gear drive
M, n Py M, n; P, u

3.27 1480.4 0.58 0.47 2216.3 0.18 0.21

3.28 1480.4 0.53 0.45 2216.2 0.15 0.28

3.34 1480 0.56 0.52 2215.4 0.18 0.21

3.46 1479.1 0.57 0.6 2213.8 0.15 0.27

3.76 1477.3 0.58 0.77 2210.4 0.15 0.32

4.19 1474.4 0.64 1.08 2205.2 0.22 0.38

4.86 1469.7 0.76 1.49 2197 0.39 0.47

5.65 1464.4 0.83 1.99 2187.2 0.48 0.53

6.58 1457.6 1.04 2.66 2175 0.62 0.58

7.51 1450.8 1.19 3.25 2162.2 0.72 0.63

9.07 1439.3 1.36 4.24 2140.2 0.98 0.71

10.83 1425.5 1.61 5.44 2110.9 1.09 0.74

14.86 1390.7 2.17 8.61 1967.4 1.68 0.78

Table 4 Optimization results of various parameters

Optimization M, ) Z by S M, b,
Initial value 12 45 48 | 148 | 12 14 | 136
Optimization value 6 96 | 112 | 142 6 7 132
Optimization )i z3 Z4 M; S5 Z5 Zs
Initial value 8 12 24 16 12 46 48
Optimization value 6 10 20 12 6 94 92

4.2 Analysis and Processing of Experimental Results

It can be seen from the two figures that no matter
which arrangement is used, the transmission efficiency
shows an increasing trend with the growth of power, and
the increasing trend gradually slows down. The reason for
this phenomenon is that the belt is an elastic body and when
the force is different. The unequal elongation makes the
belt drive elastic sliding, and efficiency and elastic sliding

are inseparable. However, the transmission efficiency of
Fig. 6 and Fig. 7 has different increasing trends with the
growth of power. However, the overall increasing trend of
the efficiency in Fig. 6 with the power is slower, and the
efficiency in Fig. 7 increases rapidly with the power at the
initial stage. But the subsequent increase in power is slower
than in Fig. 6.

=y
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01 T T T T T T
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Figure 6 Power-efficiency diagram of gear-belt transmission
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Figure 7 Power-efficiency diagram of belt-gear drive

Compared with the two transmission arrangements
shown in Fig. 6 and Fig. 7. Fig. 7 is more reasonable. The
belt in Fig. 7 is arranged at a high-speed level directly
connected to the motor, which can cushion shock
absorption and overload slippage, and has better starting
performance. If the arrangement shown in Fig. 6 is adopted,
the belt transmission is at a low speed, and the transmission
torque at low speed is small and slipping is easier.

5 CONCLUSIONS

The gear system is a high-speed rotating part, and the
speed has a great influence on the system mode, this
method has certain errors. In this paper, based on the modal
analysis of structural dynamics, the first 10 modal
frequencies and corresponding modes of the accessory
drive system are obtained ignoring the external excitation
and only considering the modal analysis of the gear system
with internal excitation. After the performance
optimization, the parameterized gear system model can
also make corresponding adjustments according to the
corresponding  optimization parameters, laying a
foundation for the design of high-quality gear transmission
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systems.

From the above discussion, it can be seen that the
analysis and research of gear transmission transfer and the
optimization design research of dynamic performance have
received more and more attention. For the design of
mechanical products, more attention should be paid to its
dynamic performance rather than the traditional static
performance. Only in this way, the gear transmission
device designed is closer to its actual working state and has
higher reliability.
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