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A comparative assessment of vibration reduction in helical gear pairs 
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Abstract: - The vibration of gear transmissions has an important potential for damage to mechanical 
equipment’s to which they belong and their operators. Vibration generated by helical gear pairs occur 
mainly due to the time-varying of the mesh stiffness, the transmission error, the elastic deflection of the 
teeth under load and other nonlinearities. The aim of this study is to highlight the effect of different technical 
measures taken in order to reduce the vibration amplitude caused by a helical gear pair in relevant operation 
conditions. Thus, a comparative study is performed, investigating two methods of reducing the vibration 
level of a helical gearbox: by improving the manufacturing accuracy level of the gears, respective by 
applying two fluoropolymeric layers on the gear teeth surface by using a new coating technology. 
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1. INTRODUCTION 
 

Gears are important components in the mechanical 
transmission systems, being widely used in rotating 
machines and dynamical transmitting devices. The 
current trend in the construction of gear transmissions 
implies increasing of working speed and transmitted 
power. Therefore, their design and manufacturing 
require the use of special CAD, CAE and CAM 
techniques [1], [2]. In addition, because of factors as 
the time-varying of teeth meshing stiffness, the 
variation of load and speed, the gear teeth 
manufacturing error, or the meshing impact, gears 
generate vibration, having a negative impact on their 
durability, reliability and fatigue life [3-5]. 

A significant amount of previous research has 
gone to identify the sources of vibration excitation in 
gear transmissions and to find solutions to reduce 
them [6-11]. 

The most popular and effective method to reduce 
the vibration level of gear pairs consists in applying a 
tooth profile modification which means a deliberate 
change in the tooth profile [12]. Optimization of the 
tooth profile modification is a great challenge for any 
gear designer who intends to improve the vibration 
and noise level of the gear system. Many researchers 
have investigated the result of profile modification on 
the vibration level of gears [13-16]. In this respect, 
Tavakoli and Houser have presented in their work an 
original algorithm for computing the optimal profile 
modification [17]. 

A significant improvement of gear vibration can 
be also obtained by applying a heterogeneous coating 
on the gear teeth surface. This coating consists of 
complex alloyed metallic or polymeric materials 
filled with solid grease components (graphite, 
molybdenum disulfide, fluoroplastic etc.). With 
respect to this, Basiniuk has investigated the 
application of a Br05S20Gr0.5DMO0.5 bronze- 
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graphite coating on the gear teeth surface, showing 
that it can be obtained a significant reduction of the 
vibration and noise level [18]. 

 The study presented herein concerns with the 
comparison of two methods for reducing the vibration 
of a helical gearbox, presenting their advantages 
respectively disadvantages, and finally concluding on 
the applicability of each process.  

 
2. PROBLEM FORMULATION 
 

The study presented in this paper aimed to 
evaluate two methods for reducing the vibration level 
of a helical gearbox, and compare the achieved 
results. The gears are manufactured by milling in 
quality class Q8 (see DIN 867 and DIN 3963). The 
main geometrical data of the investigated gears 
respective the performance data of the gearbox are 
provided in Table 1. 

The first method for reducing the vibration of the 
gearbox consisted in improving the manufacturing 
accuracy of the gears, by grinding them in quality 
class Q6, according to DIN 867 and DIN 3963. It has 
to be noted that a new pair of gears has been machined 
for this purpose. 
 
Table 1. Gearbox technical data 

Performance data 
Maximum power  P [kW] 2,5 
Ratio  i 2,529 
Range of input speed ni [rpm] 1.100- 1.500 
Main geometrical data of the gears 
Centre distance A [mm] 125 
Number of teeth z1/z2 17/43 
Helix angle β [°] 9 
Module mn [mm] 4 
Gear width b [mm] 40 
Normal pressure angle α0 [°] 20 
Addendum mod. coeff. x1/ x2 0,484/ 0,398 
Refence diameters d1/d2 [mm] 68,85/ 174,14 

 
The second method consisted in applying two 

layers of Xylan 1052 fluoropolymer coating on the 
gear teeth surface, each layer having a thickness of 12 
- 20 μm. The product, its characteristics and the 
coating technology are described in detail in a 
previous paper [19]. 

The experiment was performed on an earlier 
developed test rig with an open energy flow circuit, 
whose principle scheme is shown in Figure 1 [20]. 

As it can be noticed, a hydraulically pump was 
used as a break, for load variation being used a 
spherical valve mounted on the pressure pipe of the 
pump. The speeds and the torques on the input 
respective output shafts where measured and 
registered with the help of two torque flanges of type 
T10Fs and three MP 60 modules (two for torques 

registration and one for input speed registration), all 
the devices being made by HBM, Germany. 

 

 

Figure 1. Schematic of the test stand 
 

For vibration measurements accelerometer of type 
4524 B, produced by Bruell & Kjaer, has been used. 
It was placed on a surface specially prepared (see 
Figure 2) on the housing above the high speed shaft, 
located near the electrical motor (EM). 
 

 

Figure 2. Accelerometer location on housing 
 

The research was organized in three experimental 
steps, in each of these the gearbox being operated at 
five different input speeds (ni1= 1.100; ni2=1.200; 
ni3=1.300; ni4=1.400; ni5=1.500 [rpm]) and six 
different output torques (Mt2= 22; 26; 29,5; 32,5; 
35,5; 38,5 [Nm]). 

In the first step of the research, the gearbox, 
equipped with the gear pair having teeth machined by 
milling in Q8 quality class, was driven with the 30 
upper mentioned operating conditions, for each 
condition being performed vibration measurements. 

In the second stage, the gearbox was equipped 
with the gear pair having the teeth grinded in Q6 
quality class. Vibration measurements were carried 
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out in the same way as above mentioned, input speeds 
and output torques being kept at the same values. 

In the last stage, the teeth of the first used gear pair 
have been fluoropolymer coated with two layers of 
Xylan 1052, each layer having a thickness of 12-20 
μm. After assembling the gears in the housing, the 
backlash was measured, noting an average decrease 
of 0,025 mm. This backlash reduction doesn’t 
influence in a significant way the meshing conditions 
of the gears. Vibration measurements were performed 
for the same operating conditions as for the two 
previous research stages. 
 

3. RESULTS AND DISCUSSIONS 
 

The experimental measurement results, regarding 
the vibration acceleration, for the 90 operating 
conditions, are presented in table 2, respective Figure 
3 (uncoated/ standard gears), Figure 4 (grinded gears/ 
gears with improved manufacturing accuracy) and 
Figure 5 (fluoropolymer coated gears).  

For a better understanding regarding the shape 
evolution of the vibration produced by the tested 
gears, in Figures 3, 4 and 5 are three 3D-graphs 
provided. 

Table 2. Vibration measurements on uncoated gears (U), grinded gears (G) and coated gears (C) 

Acceleration a [mm/ s2] 
Output torque 

[Nm] 
22 26 29,5 32,5 35,5 38,5 

Gears state U G C U G C U G C U G C U G C U G C 

In
pu

t s
pe

ed
 

[r
pm

] 

1.100 3,0 2,4 2,3 3,6 3,1 3,0 3,8 3,1 3,1 4,2 3,3 3,4 4,3 3,4 3,5 4,5 3,6 3,6 
1.200 3,7 2,7 2,6 4,0 3,2 3,3 4,3 3,4 3,5 4,7 3,6 3,7 4,9 3,9 4,0 6,3 4,0 4,2 
1.300 5,3 3,4 3,5 5,6 3,6 3,5 6,0 4,1 4,0 6,8 4,5 4,7 7,0 4,6 4,9 8,2 4,8 5,0 
1.400 10,5 4,7 4,6 13,3 6,0 5,9 13,5 6,3 6,4 14,0 6,4 6,5 15,0 6,7 6,8 20,5 6,9 7,0 
1.500 14,5 5,5 5,6 15,5 6,2 6,1 16,5 6,5 6,6 17,2 6,8 6,9 19,0 6,9 7,0 23,0 7,1 7,2 

 

 
Figure 3. Influence of torque and speed on the vibration of the gearbox with uncoated gears (U) 

 

 
Figure 4. Influence of torque and speed on the vibration of the gearbox with grinded gears (G) 
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Figure 5. Influence of torque and speed on the vibration of the gearbox with coated gears (C) 

 
It can be noticed that both investigated methods 

lead to very similar results, regarding the vibration 
reduction of the helical gearbox. 

For a better interpretation of the effects of the two 
studied procedures, Table 3 shows the percentage 
reductions of the vibration accelerations, in respect to 

the state of the teeth surface (U, G or C), input speed 
and respective torque. Furthermore, the average 
values of these reductions for the five analyzed input 
speeds, respective six output torques were computed 
and are presented in the same table. 

 
 

Table 3. Percentage reductions of the vibration acceleration for grinded gears (G), respective coated gears (C) 

Percentage reduction of the vibration acceleration [%] 
Output torque 

[Nm] 
22 26 29,5 32,5 35,5 38,5 Average 

Gears state G C G C G C G C G C G C G C 

In
pu

t s
pe

ed
 

[r
pm

] 

1.100 20,00 23,33 13,89 16,67 18,42 18,42 21,43 19,05 20,93 18,60 20,00 20,00 19,11 19,35 

1.200 27,03 29,73 20,00 17,50 20,93 18,60 23,40 21,28 20,41 18,37 36,51 33,33 24,71 23,14 
1.300 35,85 33,96 35,71 37,50 31,67 33,33 33,82 30,88 34,29 30,00 41,46 39,02 35,47 34,12 

1.400 55,24 56,19 54,89 55,64 53,33 52,59 54,29 53,57 55,33 54,67 66,34 65,85 56,57 56,42 
1.500 62,07 61,38 60,00 60,65 60,61 60,00 60,47 59,88 63,68 63,16 69,13 68,70 62,66 62,29 

Average 40,04 40,92 36,90 37,59 36,99 36,59 38,68 36,93 38,93 36,96 46,69 45,38 39,70 39,06 
 

As it can be observed, the reduction of the 
vibration level is more significant, the speed is higher. 
Thus, if at the minimum investigated input speed (ni1= 
1.100 rpm) where obtained with the two alternative 
methods average vibration reductions of 19,11%, 
respective 19,35 %, while at an input speed of 1.300 
rpm, these reductions were 35,47%, respective 
34,12%, at the maximum speed of the gearbox (ni5= 
1.500 rpm), the vibration level of the gearbox was 
decreased with 62,66%, respective 62,29%. The 
percentage reductions of the gearbox vibration levels, 
for the investigated working conditions are 
graphically presented in Figure 6. 

In case of improving the manufacturing accuracy 
of the gear teeth by grinding them in quality class 6, 
according to DIN 867 and DIN 3963, the vibration 
reduction mechanism can be attributed to following 
favorable factors: 

- Improvement of the radial run out of the gear  
teeth. 

- Improvement of the roughness on the gear teeth 
flanks; 

- Decrease of friction forces during the teeth 
meshing. 

In case of applying two layers of Xylan 1052 on 
the teeth surface of the gears machined by milling in 
quality class 6, according to DIN 867 and DIN 3963, 
in the vibration reduction mechanism are involved 
following parameters: 

- Better damping of the vibration ensured by the 
fluoropolymer layers; 

- Decrease of the friction coefficient and, 
consequentially a reduction of the friction forces 
during the teeth meshing. 

Both of the two investigated vibration reduction 
methods are showing advantages as well as 
disadvantages. Thereby, teeth grinding is safe, 
showing very good results in respect to gear vibration 
reduction, but is more expensive, compared to the 
gear teeth coating and require appropriate 
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technological facilities. Contrariwise, the 
fluoropolymer coating technology is simple, cheap, 
has a very good resistance for a vast range of working 
temperatures (-250°C to +285°C), an excellent 
adhesion to various substrates (steel, plastics, 
ceramics, wood, rubber, etc.), an good resistance to 
chemical and environmental factors (technological 
fluids, salt water an sunlight) and can be also applied 
on both the new gears and worn out one, being 
reliable for the reconditioning purpose, saving the 
metallic support. The main disadvantage of the 
fluoropolymer coating is the fact that, as stated by the 
producer (Whitford Plastics Ltd, UK), the applied 

layers support a maximum contact stress of 343 N/ 
mm2. 

As a consequence, the method to reduce the 
vibration of any type of gear transmission has to be 
selected in accordance with the transmitted load. 
Such as, for high loaded gear transmissions, where 
the gear contact stress exceeds 343 N/ mm2, a higher 
accuracy grade of gears must be provided in order to 
reduce the vibration level of the gearbox. If 
insignificant load is requested to transmit, such as in 
cinematic transmissions or gear pumps, for reducing 
the vibration level of the gears can be applied a 
fluoropolymer coating technology. 

  
a. b. 

  
c. d. 

  
e. f. 

Figure 6. Percentage reduction of the gearbox vibration by grinding the gears,  

respectively by applying a fluropolymer coating 
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4. CONCLUSIONS 
 

In this paper, two methods to reduce the vibration 
of a helical gearbox have been presented. The 
methods lead to very similar results and can be 
applied to any type of gear transmission. 

By increasing the manufacturing accuracy of the 
gears, the vibration level of the gearbox has been 
reduced in average by 39,70%, while by applying a 
special fluoropolymer coating procedure on the gear 
flanks in two layers, each one having about 12-20 μm 
thickness, the vibration level of the gearbox has been 
reduced in average by 39,06%. 

Compared to grinding the gears, the coating 
technology is simple, cheaper and shows a very low 
environmental impact, but has the disadvantage that 
the fluoropolymer layer doesn’t support a contact 
stress exceeding 343 N/mm2. As a consequence, the 
method to reduce the vibration level of any kind of 
gear transmission has to be decided depending on the 
transmitted load: at high loads, the gear 
manufacturing accuracy has to be improved, while at 
cinematic transmissions, where the load is 
insignificant, the fluoropolymer coating technology is 
applicable. 
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