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Abstract 
Aiming at identifying and reducing the drive axle whine of a light bus, the vehicle test and the modal test 

were performed. The test results show that the vehicle interior noise is mainly composed of the 2nd order 

and 4th order noise of the engine. But the drive axle whine is obvious in some conditions, especially when 

the bus speed is 90km/h. And the reason is that the meshing excitation of the rear axle gear leads to the 

resonance of the drive axle. By the improvement of the axle housing structure, the modal frequency related 

to the axle whine was changed. Then the radiation noise of the axle housing before and after the structure 

improvement was simulated by finite element analysis and boundary element analysis. The simulation 

results show that the reduction of the drive axle noise at 90km/h is about 4dB(A) after the structure 

improvement. 

1 Introduction 

The drive axle is an important component of the drivetrain, which is also the main contributor to the vibration 

and noise of the vehicle. For new energy vehicles, especially the increasingly popular electric vehicles, the 

rear axle noise is particularly obvious because of the disappearance of the cover of engine noise [1, 2]. The 

noise of the drive axle mainly consists of the whine and the knocking noise [3], among which the whine 

noise is more common and disgusting for consumers. Hence, there are numerous scholars researching the 

axle whine all over the world. 

Meng Qinghua [4] analyzed the noise signal of the drive axle, and he found that the source of the drive axle 

noise was caused by the meshing impact force of the spiral bevel gear of the drive axle. Guo Niancheng [5] 

studied the noise of the drive axle of a bus by means of testing and finite element analysis, and the drive 

axle noise could be reduced by the structure improvement and the application of dynamic vibration absorber. 

Lu Lei [6] studied the whine of rear axle for a car at the high speed, researched the dynamic meshing 

characteristics of the hypoid gears by finite element method, and analyzed the influence of pressure angle 

and bias distance on the noise. Li Zhuan [7] adopted the method of the finite element and boundary element 

to analyze the rear axle noise, and reduced it by reinforcing the surface of the axle housing. In the case of 

gear whine, most scholars focused on the transmission error, which could result the meshing impact of the 

gears [8-10]. Choi B - J [11-12] studied the excitation of hypoid gear meshing, and analyzed the influence 

factors of the drive axle noise. 

He found that the optimization of the hypoid tooth shape and temperature could influence both the 

transmission error and noise. Koronias[13] analyzed the rear axle whine of a light truck by establishing the 
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multi-body dynamics model of the drive axle including the leaf springs and drive shaft, and the influence of 

oil temperature and other factors on the axle whine was also studied. 

This paper analyzed the rear axle whine of a light bus by the vehicle test and modal test, taking into account 

both the passenger’s subjective feeling and the objective data. Then the improvement measure was proposed 

to reduce the noise. Finally, the effect of the improvement measure was verified by the finite element method 

and the boundary element method. 

2 Vehicle test of drive axle whine 

2.1 Test program 

A light bus was studied in this paper, which has a four-cylinder engine. In order to analyze the reason of the 

rear axle whine and resolve it, the vehicle test of the drive axle whine was performed in a standard testing 

ground. The test instruments mainly include LMS data acquisition system, acoustic microphone, vibration 

acceleration sensor and magneto-electric speed sensor. The details about the number and layout of the 

sensors are shown in Table 1. 

Type location Number 
Number of 

channels 

Speed sensor Input shaft of the rear axle  1 1 

Acoustic 

microphone  

The driver's right ear 1 1 

Rear passenger's right ear 1 1 

Vibration 

acceleration sensor  

Driver’s seat 

 
1 3 

Rear cover of the axle housing  

 
1 3 

Bearing seat of the input shaft 

 
1 3 

Leaf spring seat 

 
1 3 

Bottom of the rear axle 1 3 

Total  8 18 

Table 1: Arrangement of the sensors. 

Figure 1 shows the locations of some sensors. For the acoustic microphones, the location in the bus were in 

accord with GB / T18697 [14]. The speed sensor is positioned near to the input shaft of the rear axle to 

monitor the real time rotation speed. The test conditions include accelerating, uniform speed and coasting. 

 

 (a) Drive axle 

Vibration acceleration sensor 

Speed sensor 
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(b) The driver's position 

 

(c) Driver’s seat rail 

Figure 1: Positions of sensors 

2.2  Analysis of test results 

According to the subjective evaluation of both the driver and passengers, when the car is in 4th gear at 

90Km/h (the speed of the rear axle input shaft is 2700rpm), there is an obvious axle whine noise in the bus. 

Especially in the coasting condition, the axle whine is obvious because the engine noise is smaller than that 

of the acceleration, so the engine’s "masking effect" is weak which leads to the appearance of axle whine 

noise. 
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Figure 2: Order tracking graph of the noise (driver’s right ear)  

Figure 2 is the order tracking diagram of the interior noise of the bus in 4th gear, i.e. the direct gear, when 

the bus is accelerating. The speed of the input shaft of the drive axle is taken as the reference speed, and it 

can be seen that the 2nd, 4th and 6th order noises of the engine are obvious. The transmission ratio of the rear 

axle’s main reducer is 41/9 (the ring gear has 41 teeth while the pinion 9 teeth). With each rotation of the 

pinion shaft, the meshing gears will produce 9 impact force, therefore the 9th order noise is the basic 

frequency of the rear axle. 

Acoustic microphone 

VEHICLE NOISE AND VIBRATION (NVH) 4471



30001300 2000 2500
rpm

75

30

35

40

45

50

55

60

65

70

d
B
(
A
)

 

Figure 3: Order section of the noise (driver’s right ear) 

Figure 3 shows the order sections of the noise inside the bus. It can be seen from the figure the total inner 

noise increases gradually with the increase of the rotational speed. When the engine speed is below 2000rpm, 

the 4th order noise of the engine makes the greatest contribution to the total noise inside the bus. In contrast, 

the 2nd order engine noise makes up the largest component of the total noise when the speed is higher than 

2000rpm. In general, the 9th order noise of the rear axle is not evident except that at 2700rpm when the 

amplitude of the it increases sharply. Specifically, the difference between the 9th order noise and the total 

noise is less than 6dB (A) at 2700rpm. In consequence the axle whine could be heard easily in the bus, 

especially for the passengers whose position is more close to the axle than the driver. At other speeds, the 

difference between the axle noise and the total noise is larger than 10dB (A), so the axle noise can hardly 

be recognized in the bus. 

10000 200 400 600 800
Hz

3000

1800

2000

2200

2400

2600

2800

r
p
m

0.06

0.00

A
m
p
l
i
t
u
d
e

g

9th 

395

2700rpm

 

Figure 4: Order tracking of the vibration on the rear axle housing  

Figure 4 is the order tracking map of the vibration of axle housing’s rear cover, and there is an obvious 

resonance band at 395Hz. When the 9th order excitation of the gear intersects with the resonant band at 

2700rpm, the resonance of axle housing could be produced, leading to the increasing of the axle whine noise. 

So it could be heard by both driver and passengers, consistent with the results of figure 2 and figure 3. 

3 The modal analysis of the drive axle 

In order to determine the mode which causes the axle whine at 395Hz, a finite element model of the drive 

axle is established. Its modal shapes and frequencies are simulated and modal tests are also performed by 

LMS.Scadas. 

3.1 Finite element analysis 

The finite element model of the drive axle assembly is established by Hypermesh and ABAQUS software. 

The Lanczos algorithm is used to simulate the mode of the driving axle in ABAQUS software. 

2nd order 

 

Total noise 

4th order 9th order  
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Figure 5: Finite element model of drive axle 

3.2 Modal test 

 

Figure 6: Modal test rear axle 

Figure 6 is the modal test of the drive axle, using LMS data acquisition system, PCB acceleration sensor 

and PCB hammer. Drive axle is hanged by ropes connected with springs, so that its free modes and structure 

modes could be separated apparently, with the difference between them larger than 10 times. The number 

of vibration pick-up points on the drive axle is 43 points, and a three-directional vibration acceleration sensor 

is put at each point. The total number of channels is 129, while the whole number of channels of the LMS 

Scadas is 72, so it is necessary to divide the measured points into two groups and test them respectively. 

Order 
Simulation 

values(Hz) 

Test 

values(Hz) 
Error（%） 

1st 78.89 73.57 7.23 

2nd  104.7 99.03 5.72 

3rd  270.37 281.88 -4.08 

4th  337.56 343.44 1.72 

5th  410.06 402.31 1.93 

6th  514.35 493.68 -4.19 

Table 2: Comparison of experimental and simulation modes 

Table 2 shows the result of modal test and simulation of the drive axle. The errors are within 8%, which 

meet the needs of the project. And the finite element model can be considered accurate. The 5th order modal 

frequency of the drive axle is about 400Hz, which is consistent with the resonance frequency of the drive 

axle at 2700rpm, indicating that the rear axle whine is caused by the 5th order mode of the rear axle aroused 

by the meshing excitation of the gear. 

Spring 

LMS Scadas 
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4 Refinement of the rear axle whine 

4.1 Mechanism of the rear axle whine  

As mentioned above, the rear axle noise is mainly divided into two components: air transmission noise and 

structure transmission noise. Air transmission noise refers to the gear meshing noise transmitted directly 

through the air to the passengers. Structural transmission noise is that the gears’ meshing force is transmitted 

through the bearing to the drive axle housing, causing its structural vibration and radiated noise. Because 

the hypoid gears are completely wrapped by the metal axle housing, it is difficult for the gear meshing noise 

to be transmitted to the outside directly, so the noise of drive axle is mainly the structural transmission noise 

[15]. 

It is known from the vehicle test that the axle whine is obvious at 90Km/h (the speed of input shaft is 

2700rpm). And it is caused by the resonance of the 5th order mode of the rear axle, which is aroused by the 

gear meshing force of the main reducer. 

Based on the above results, the axle whine can be solved from the following aspects: (1) Reduce the meshing 

excitation of the main reducer of the rear axle, so it could reduce the whine noise of the drive axle from the 

root. However, due to the complex machining technology of hypoid gears, there is little room for the 

improvement of the hypoid gears. (2) Lower the vibration response value of the axle housing without 

changing the excitation source. (3) Improve the bus’s sound insulation by the acoustic packaging, which 

could reduce the noise in the sound transmission path, but it will increase the cost. 

4.2 Improvements 

Taking into account both the practicality and the cost, in this paper, the axle whine is reduced by 

improvement of the axle housing’s structure, which could reduce the vibration response of the axle housing. 

When the bus is in 4th gear, the commonly used speed range is 40Km/h~98Km/h. When the bus speed is 

98Km/h the rear axle input speed is 2940rpm, and the frequency of the gears meshing force is 2940/60*9 = 

441Hz. Hence, it is necessary to improve the 5th modal frequency from 400Hz to more than 441Hz in order 

to avoid resonance in common condition. 

The axle housing is welded by two pieces of stamped steel plates. As shown in Figure 7 (a), the connection 

position between the original axle housing and the main reducer is the annular stiffening ring welded to the 

axle housing, and the thickness of the stiffening ring is larger than that of the axle housing. In order to 

increase the stiffness of the connecting position between the main reducer and the axle housing, the shape 

of the structure is modified to the structure shown in Figure 7 (b). ABAQUS software is used to simulate 

the modal frequency of the improved structure. It is found that the modal frequency has been improved to 

453Hz. 

 

 

(a) Original structure 
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(b) Improved structure 

Figure 7: The improved structure 

4.3 Effect evaluation 

Based on the finite element model of the drive axle, the dynamic characteristic of the driving axle is 

simulated by ABAQUS software with the dynamic implicit analysis method [16]. The rotation speed is 

applied to the input shaft, while the load torque is applied to the both sides of the axle shafts to simulate the 

real working condition. As shown in Figure 8, the vibration of the housing surface is simulated. 

 

Figure 8: Vibration of the drive axle surface 

Then the vibration data of the axle housing surface is imported into the LMS. Virtual. Lab software, and the 

radiated noise field of the drive axle is calculated by the boundary element analysis. As shown in Figure 9, 

the noise level at the selected position, 300mm above the drive axle referring to QC/T 533-1999[17], is 

extracted from the radiated noise field. 

 

Figure 9: Radiated noise of the drive axle surface 

Figure 10 shows the radiation noise of the drive axle before and after structural improvement, and it can be 

found that the noise of the improved drive axle at 90Km/h is obviously reduced, which is about 4dB (A) 

lower than that of the original structure. 

 

Figure10: Comparison of noise before and after the structural improvement 
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5 Conclusion  

1) The driving axle whine is caused by the meshing excitation of the hypoid gears in the main reducer, and 

the order of the rear axle noise is related to the number of teeth of the pinon. 

2) When the meshing excitation of the hypoid gears intersects with the inherent frequency of the drive axle, 

the drive axle resonates, which causes the axle whine. 

3) Through the structure improvement, the resonant frequency was moved away from the common 

conditions. From the simulation result, the axle noise of the improved structure could be reduced by 

approximate 4dB (A) compared with the original structure at 90Km/h. 
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