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Abstract
Propose- the effect of circular-section holes on vibration and noise is calculated through a practical experiment

Methodology- comparing the number of holes 3, 5 and 7 within gears of identical dimensions regardless of lubrication and dimeter
of holes is 19 mm and distance 50mm from center of rotation.

Finding- The current study conducted a comprehensive study on gears and how to increase their effectiveness by controlling their
weight using circular holes and taking the effect of these holes on the machine in general and on performance in particular.

Originality- In order to verify the validity of the results, it was applied in a practical way, and the results were compared with the
theoretical values. It is noteworthy that multiple cases and multiple speeds were taken for a stable load.
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1. Introduction

In light of the development in the field of technology, modern equipment requires less weight, and therefore reducing the
weight of gears has a great benefit in reducing the weight of any engine, as well as reducing the noise generated through the process
of interlocking between gears is one of the main requirements

Yokota, Taguchi and Mitsuo G [1998] We tackled the problem of optimal weight design of gears and solved it using improved
genetic algorithmic techniques with nonlinear design constraints [1]. Ozek, F [2007] investigated the effect of different geometric
hole types on the loading of spur gears to reduce their weight. They found that the model with circular hole and step wheel was the
most suitable model in terms of stress value [2]. Nidal H. and Mohammad A [2014] They explored the effect of different knot
parameters to make holes in the gear body and face profile using the first model and the second model, respectively. In this case,
the hardness of the gear was greatly affected [3]. Satoshi O. et al [1986], They was found that when the rim thickness of the internal
gear is thick, the maximum root stress is equal regardless of the wall thickness or the angle of the wall sector [4]. Jianxing Z. and
Sun W [2014], He then studied the temporal course of node dynamics and the gearbox noise spectrum, then he gave an example of
the effect and finally the changes in the gearbox's radiate noise with the load using simulations and cut formulas [8].

Symbol Parameter Unite
Ip Moment of Inertia for pully | kg.m?
I Moment of Inertia for k 2
GP pinon g.-m
I Moment of Inertia for K 2
f flywheel g-m
Ige Moment of Inertia for Gear | kg.m?
Equivalent Mass Moment | kg.m?
Ig of Inertia for Gears
Meshing
L Length of small shaft m
L Length of big shaft m
K, Stiffness of small shaft N/m
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K, Stiffness of big shaft N/m
5 Equivalent Stiffness of bi

K | shaft ’ N/m

Wy, Natural Frequency Hz
Rotation Frequency of the

Wmesh Gear Shaft Hz

The Rotational Speed of

e Gear P rpm
The Rotational Speed of

e Pinion rpm

N2 Number of the Gear Teeth -

N1 Number of the Pinion Teeth -

2. Defining an optimization problem in gears using circular holes

Table (1): Parameters and Symbol

As mentioned earlier, this study examined the effects of vibration and noise due to pinion holes. The aim of this study is to

1- Reduce the weight of the stimulator as much as possible without increasing vibrations or noise.

2- To test the possibility of lowering the "net weight" of the unit (gearwheel) and then saving costs.

3- Reduction of raw material inventory through standardization, taking into account economies of scale.

Modeling vibrations and other elastic structures of the gearbox housing walls are important for the noise and vibrations emitted by
the surrounding system. The pattern activity of the home walls is directly related to the structure and intensity of the noise emitted
from the gearbox to the surroundings. Therefore, sample activity research is common.

Importance for modeling the noise and vibration generation process in mechanical systems. The noise and vibrations emitted by the
gearbox to the surroundings are mainly the result of natural oscillations of the casing.

3- Model of Exiting Gear

1. Material Used: CK35
2. Type Spur Gear

Parameter Pinon Gear
Thickness 74 mm 6.6 mm
Width 40 mm 40 mm
Root radius 1.4mm 1.4mm
Pitch Circle radius | 87.5 mm 175 mm
Module 35 35
No. of teeth 25 50

Table (2): Gears parameters

3.Application for case Study: laboratory apparatus
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( ‘: bearing
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Figure (1): System

Mechanical Part of system
1-Base

2-Bearing

3-flywheel

4-Shafts

5-Gear and Pinon

4- Analytical Method

Analytical modeling is based on the following assumptions: In addition to the 1-teeth, the gear was assumed to be rigid.
2-axes are designed as springs in the direction of rotation and turning.
The ideal model taken for an under-investigated gear drive system is shown in Fig. (2)

I K =l
6, g, = I,
=
&
6, 6,
L
-

Figure (2): Gear System Model

The rigid machine model, the "steel body system™ which provides "stable speed" loading, is the simplest model of dynamic
loading of the drive system. To represent the static moment Figure (2), "input torque" produces an angle of velocity that can be
calculated using the "low moment of inertia" [6]:

1
Lreaa = Ip +1gp + [( Ige + Ir) (T) 2 ]

Then the angular accelerations are:
Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022)

International Journal of Mechanical Engineering
5601



Mt

é1=é2= 154-:53:51(%)

Iread

For torsional moments, the two shafts of the gear mechanism show different values, and these values are measured by the free body
diagram:

Ml = (Iread - IP)éI
M4 = 9414

Ip

. Kl R’:
b,
6,

Figure (3): Equivalent Gear Model

6,

Figure (3), shows the reducing oscillator chain of a drive gear system with an unbranched standard model compared with figure (2).

Ipél + K]_Hl - Klgz =0
iGez - K191 + (K]_ + Kz )92 - K293 = 0
165 — K,0, + K,05 =0 ....(EQM)

Matrix will be:
IP 0 0 él Kl _KI O 91
0 fg 0||4,|+|-K (Ki+ K,) —K, ezlzo
0 0 Illé, 0 -K, K, | 163
To find natural frequency by solve (EQM)
Natural frequency determined from this equation
2 4 _ 2 Ip+iG 5 iG+if > Ip+ ic+’1f _
Wn I:wn Wn (Kl * Ipig + 2 ig7f) + Kl Kz Ipig T¢ =0

Applied dynamic Absorber will be

1 Ip+I 5 Ig+l —_ 1 Ip+1 5 I+l 5 Iptigtl
Wigp= 2 (Ko +BEC 4 [ 50) F 2 (K, BG4 g, HL) K, EE
’ 2 Iplg Ig I 4 Iplg Ig I Iplig If

From the above equation, it is possible to find the first, second and third natural frequency of the system in each case, where the
table (4) shows the frequency values

Since the natural frequency depends largely on the moment of inertia, these values must be calculated after calculating their mass
in advance show in table (3) [8].

lee = lgg = Thote

2
—_mr 2
lhore = ——+md
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A 0.02607780 kg.m?
Is3 0.025563893 kg.m?
is5 0.025221289 kg.m?
Ie7 0.024878684 kg.m?

Table (3): the moment of inertia

Natural Frequency Hz
Name

Wn1 Wn2 Wn3
RO-DO-NO 0 163.679 | 545.742
R43-D19-N3 0 164.460 | 546.425
R43-D19-N5 0 164.990 | 546.893
R43-D19-N7 0 165.527 | 547.371

Table (4): Theoretical natural frequency

In order to compare the practical results with the theoretical results, the gear frequency must be calculated, which represents the
practical frequency for all cases, which is constant because it depends on the speed of rotation and the number of teeth of the gear.
Each gear produces frequencies (gear mesh frequencies) associated with the gear and gear teeth running speed [7].

ﬂ

60

As the frequency was calculated for the different speeds, which are 500, 1000, 1500 and 2000 as shown in the table (5)

Wmesh =

Speed rpm Frequency Hz
500 33.1740
1000 66.3481
1500 99.5222
2000 132.6963

Table (5): Gear Mesh Frequency

5- Practical Vibration Result

As the operation frequency was calculated for the different speeds, which are 500, 1000, 1500 and 2000 at room temperature
with the use of dampers through the (acceleration) sensor, then the data was processed by the sigveiw program using the FFT
transformation to find the frequencies as shown in the tables below

500 1000
Practical Frequency Hz Practical Frequency Hz
Name Near Gears Name Near Gears
X Y 7z X Y Z
RO-DO-NO 30.542 23.95 31.934 RO-DO-NO 57.593 54.348 60.669
R50-D19-N3 31.787 | 30.103 33.252 R50-D19-N3 58.105 64.087 | 71265
R50-D19-N5 18.896 | 33.325 37.32 R50-D19-N5 75.537 63.403 | 36.914
R50-D19-N7 22.852 26.66 290.297 R50-D19-N7 76.733 62.72 62.549
Table (6): Practical Frequency for 500 rpm Table (7): Practical Frequency for 1000 rpm
Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022)

International Journal of Mechanical Engineering
5603



1500 2000
Practical Frequency Hz Practical Frequency Hz
Name Near Gears Name Near Gears
X Y Z X Y Zz
RO-DO-NO 55.908 101.32 113.77 RO-DO-NO 142.190 99.375 47.188
R50-D19-N3 70.068 76.904 83.645 R50-D19-N3 133.13 80.313 106.88
R50-D19-N5 | 77.881 69.58 | 87.891 R50-D19-N5 80 11844 | 111.25
R50-D19-N7 87.891 69.336 | 110.35 R50-D19-N7 122.81 118.13 122.19
Table (8): Practical Frequency for 1500 rpm Table (9): Practical Frequency for 2000 rpm

To clarify how the values were extracted from the LabVIEW program and analyzed by the sigveiw program

-

Figure (4): LabVIEW Program Figure (5): Time Domain (Sigview)

Figure (6): Frequency Domain (Sigview)

When applying the practical case with the theoretical case using the Ansys program, it was found that the value of the natural
frequency is higher than the hypothetical case, due to the presence of dampers and bearings, where the value of the frequency is 229
Hz, while the default value is 164 Hz Figure (7) shows the mod shape 1 of the system and the vibration centering point.

Figure (7): Mode Shape 1

Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022)
International Journal of Mechanical Engineering
5604



The representation of the practical values extracted on the graph is promised as shown in Figure (8).

Pracrhial Trvpn's Nows Cun

[

- = - x i - .

PRGN 1R

Figure (8): Speed & Frequency chart

From the graph, where it shows the relationship between speed and frequency according to the number of holes, as it becomes clear
that in the case of holes in the gears, the relationship is closer to a linear relationship when the number of the gear is 5 in the gear,
and using the graph program, an equation can be found for the curve R50-D19-N3 and it is as follows

speed(rpm) = 10.3733 x x1:1049

x: is value of frequency
where the value of x represents the practical frequency of the system that contains the gear with 5 holes.

It was found that if there are 5 holes in the gear, the frequency is somewhat stable and better than the gears that contain 3 and 7
respectively.

6- Practical Noise Result

The practical values of noise were extracted for a period of 15 seconds, as the tables below show these values at different speeds
(500, 1000, 1500 and 2000).

# | RO-DO-NO | RS0-D19-N3 | R50-D19-N5 | RS0-D19-N7 # | RO-DO-NO [ R50-D19-N3 | R50-D19-N5 | R50-D19-N7
1 89 94 95.8 94 1 94.9 98.5 99.5 98.2
2 88.9 94.4 954 933 2 93.9 99 100.7 100.2
3 $9.6 89.6 94.9 944 3 932 98.9 101.6 983
4 888 933 93.8 93.1 4 95 99.7 100.2 98.1
B 90 §8.6 92.3 $8.6 5 9% 100.3 100.8 98.2
6 90.1 94.5 92.7 94.1 6 96.8 97.1 101.6 99.6
7 913 92.4 93.1 927 7 96 93.6 101 992
E} 90.8 90.6 94.8 944 S 953 98.7 100.8 96.3
9 92.6 952 93.1 93.9 9 953 99 100.6 98.4
10 91.2 93.4 943 §9.3 10 96.5 98.1 101.5 993
11 90.5 95.1 94.5 85.5 11 96.2 98.6 101.4 96.9
12 91.2 92.1 94.6 87 12 96 99.6 101.7 100.1
13 93.7 94.6 94.8 94.4 13 958 99.4 101 98.9
14 91.6 92.4 94.3 94.5 14 94.4 100.1 100.1 96.9
15 91.8 923 92.8 90.4 15 93 992 101.6 99.1
16 93.2 94.6 94.8 8.3 16 95.8 99 100.3 99.§
17 94.6 943 933 943 17 96.9 98.4 101 99.4
18 92.8 94.8 93.9 §9.7 18 96.1 993 99.7 98.1
19 91.9 94.1 94.2 94.9 19 95.9 98.8 100.7 97.3
20 92 93.8 94.1 93.6 20 96 98.6 100 98.9
Min $8.8 §8.6 923 85.3 Min 93.9 97.1 99.7 96.3
Max 04.6 932 958 94.0 Max 96.9 100.3 101.7 100.2
Av. 91.3 932 94.1 91.9 Av. 95.6 98.9 100.8 98.6

Table (10): Noise Measurement — Gear R50-D19 500 rpm Table (11): Noise Measurement — Gear R50-D19 1000 rpm
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# | RO-DG-NO | R50-D19-N3 | RS0-D19-NS | R53-D19-N7
1 96.6 104.5 104.1 101.5
2 96.7 1045 1047 1083
3 972 108 105.2 100.7
4 97 103.5 105 100.4
E] 978 104.7 106.1 1012
6 97.1 1052 104.4 101.9
7 979 104.6 1047 1043
8 96.8 103.7 104.6 1027
9 98 1043 105.4 100.9
10 979 104.9 104 100.6
11 98.2 104.6 103.2 1004
12 98 1049 104.7 1022
13. 983 1031 1053 1043
14 95.1 10423 103.5 1049
15 2 105.6 105.4 102
i6 99 104.7 1058 1008
17 99.6 1045 1045 102
18 99.1 1048 1035 1013
19 993 105.5 1033 1048
20 99.5 106.1 1049 102.7
Min 96.6 103.5 103.2 1004
Max 99.6 106.1 106.1 1049
Av. 95.1 104.5 104.6 102.2

Table (12): Noise Measurement — Gear R50-D19 1500 rpm Table (13): Noise Measurement — Gear R50-D19 2000 rpm

The above tables represent the noise values resulting from the collision of the gear teeth with each other with an applied load

without lubrication.

When these values are represented in graphs between time and noise for different holes as shown in the figures (9), (10), (11) and

(12):

e RO-DO-NO

500 rpm

e RED-D19 N3

R30.D1ONF —eREG.DIANT

im 1 % 8 7 ¢ 5

Time - Second

0 19 18 17 16 15 M O3 12

« 3 2

# | RO-DO-NO | RS0-D19-N3 | RS6-D19-NS | RS0-DI9-NT
1 99.6 107.7 106.4 106.2
3| 9ss 108.2 106.7 104.7
3| s 108.5 1059 103.5
1| 9ss 108.7 106.9 106.2
s | 1003 108 106.6 1055

6 | 1003 109.5 106.2 1042
7 101 107.8 1073 107.1
§ | 1007 109.1 106.9 1047
9 | 1012 107.9 1073 104
10 | 1013 108.3 106 106.6
1| 1018 108.9 106.1 1063
13| 1014 1073 107.1 1054
13 | 1018 168.7 168 106.6
14 | 1017 107.8 106.7 164.6
is | 1023 108 106.8 105.1
16 | 1021 107.6 1063 106.2
17 | 102s 106.8 1065 106.5
18 | 1017 1074 106.7 106.1
19 | 101 107.6 107.4 103.9
20 | 1019 108 1076 107.6
win| 986 106.8 1059 104.0

Max| 1025 109.5 105.0 107.6

[av. | 1010 108.1 106.8 105.7

1000 rpm

e RO-DO-ND weRS0-DISNS ««RS6-DISNS e REO-DISNT

Nalse . dB

. s = J . 100
95

WIS 17T 6 15 MO 12wy 38 7T 6 5 4 3 21
Time - Second

Figure (9): Noise Measurement 500 rpm

= RO-DONO = REO-D1-N3

1500 rpm

«~REODIANE  ~eeRE0-DIZNT

20 19 1% 17 16 15 M 13 12 11 0 9 8 T 6 5

Time - Second

4 3 2

-dB

g
Nokse - dB

Noise

Figure (10): Noise Measurement 1000 rpm

Figure (11): Noise Measurement 1500 rpm
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Figure (11): Noise Measurement 2000 rpm
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After practically measuring the noise at speeds of 500, 1000, 1500 and 2000, it turns out that the gear that does not contain holes
has little noise, but it has a large weight. In the case of holes, the noise increases as in the previous figures, where the higher the
speed, the higher the noise generated.

When reviewing the data, it was found that in the case of 5 holes in the gear, the noise is stable, i.e., its duration ranges from 95 to
105 dB.

7- Experimental Set Up

4 gears were used, the first gear does not contain a hole, and the rest contains 3, 5 and 7 holes, respectively.

Figure (13): Gears

A 2-horsepower motor was used in the experiment, in isolation from the external environment

Figure (14): System
8- Discussion

Using the approximate truck power and dungeon method, and the determinants (dynamic observers), we calculated the natural
frequencies of some of the model systems according to some of the determinants described in Chapter 3. ANSYS software uses
SolidWorks software to detect the first seven natural frequencies of the imported system model. The closest calculation that can be
compared to the natural frequency modeling model is the irregular series type. Especially in positions 5 and 6, there are around 4-5
locking modes with results slightly similar to the theoretical calculation. This represents a good confluence of results. The theoretical
excitation frequency depends on the speed of rotation and the number of teeth. When comparing the excitation frequencies with the
calculated actual frequencies, a good approximation provides them as a basis for comparison. The frequency behavior associated
with an increase in the number of holes is accompanied by an increase in the calculated frequency in almost all the calculated cases.
The general conclusion about the operating conditions associated with the model used in the experiment is that it reaches resonance
at high speeds of 1438 rpm, which negatively affects the life of the gear. Experimental experience has shown that increasing the
number of holes increases the vibration of the system. This is useful for applications where the required weight is low. | echo
frequently

Following all the results, it is evident that the noise level decreases at different speeds, and as the rotation speed increases, the effect
of the noise begins to increase with different effects, the lower the noise produced in the gears. Undrilled gears with noise level
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below 85 decibels. All other case readings are considered to have relatively high noise levels with most being above 90 dB, which
is considered dangerous when the object is open for closed or extended periods of time. When studying only the noise results
(without studying the vibration analysis), the noise increases with the number of holes. And it reached a good position when the
gear had 5 holes, at a distance of 50 from the center of rotation, with a diameter of 19mm, where the noise was constant at different
speeds with the range (92-106) dB

9- Conclusion

The current study conducted a comprehensive study on gears and how to increase their effectiveness by controlling their weight
using circular holes and taking the effect of these holes on the machine in general and on performance in particular. The ideal case
for the system containing perforated gears with circular holes was found by calculating vibration and noise values as the two factors
The two principals in the performance of the system, as it was found that gears with 5 holes are better than gears with 3 and 7 holes
in terms of frequency, noise and weight.
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