2018 International Conference on Vibration, Sound and System Dynamics (ICVSSD 2018)       20 August 2018, Penang

2018 International Conference on Vibration, Sound and System Dynamics (ICVSSD 2018)       20 August 2018, Penang

2018 International Conference on Vibration, Sound and System Dynamics (ICVSSD 2018)       20 August 2018, Penang


CHARACTERIZATION OF THE HUMMING-TYPE NOISE AND VIBRATION OF THE AUTOMOTIVE HVAC SYSTEM  
A. Z. A. Mazlan1*, M. H. Hamdan1, M. S. Md. Isa1, S. Man2, M. A. R. Paiman2 and M. Z. Abd. Ghapar2
1TheVibrationLab, 
School of Mechanical Engineering, 
Universiti Sains Malaysia, 
*Email: zhafran@usm.my
Phone: +6045996368; Fax: +6045996912
2Vehicle Comfort, Testing & Development, 
Vehicle Development & Engineering, 

Proton Holdings Berhad.
ABSTRACT

There are various types of noise that can be induced from the effect of vibration of the automotive heating and ventilating air conditional (HVAC) system such as humming, hissing, clicking and air rush noises. These noises have to be characterizing properly in order to determine the root cause of each of the noise. In this study, the humming-type noise is taken into consideration whereby the noise and vibration characteristics are measured from various HVAC components such as power steering pump, compressor and air conditional pipe. Three types of measurement sensors are used in this study which is tachometer for the rpm tracking, accelerometer for the vibration and microphone for the noise measurement. Two types of operating condition are taken into consideration which is in idle (850 rpm) and running (850-1400 rpm) conditions and a constant blower speed is applied for both conditions. The result shows that the humming noises are determined at the frequency range of 300-350 Hz and 150-250 Hz for the both idle and running conditions, respectively. The vibration of the power steering pump shows the worst acceleration of 1.8 m/s2 at the frequency range of 150-250 Hz compared to the compressor and air conditional pipe. This result is validated with the 3D color order analysis whereby the humming noise color mapping shows the dominant result in this frequency range.  
Keywords: Humming noise, HVAC system, vibration, rpm tracking and power steering pump. 

INTRODUCTION 
Driver and passenger comfort is a key factor for most of customers in purchasing a vehicle. The comfort of the occupants extends to the noise that they are subjected to, including the noises that induced from the heating and ventilating air conditional (HVAC) system [1]. Responsible for the heating, cooling, circulating and purifying the air in the cabin, the HVAC system has a large impact on the well-being of the occupants of the vehicle, since it can be a significant noise source to the vehicle cabin. Among most of automotive manufacturers, the noises from the HVAC system are a common problem. There are several types of noises produced by HVAC system, such as hissing, humming, air rush, compressor engagement and other noises. These noises can contribute to the significant issue for driving comfort. A shown in Figure 1, the HVAC system consist of several assembly parts such as compressor, condenser, radiator fan, drier, thermal expansion valve (TXV), evaporator and blower [2]. These parts can contribute to the noise problem for the vehicle.
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Figure 1. Common vehicle HVAC system [2] 
For example, the buzzling noise from the compressor while the air conditional is turn on is due to the liquid refrigerant flow to the compressor and this is the sign of system overcharged [3]. This is the most common noise problem to the HVAC system which can damage the compressor part if no necessary action been taken. The compressor part basically has the highest sound pressure level (SPL) and it increase with time due to the wearing off of the vibration pad to mount the compressor to the metal casing. In this case, there is nothing much to be done since the internal mechanical parts are unable to be accessed, unless the design change of the compressor part [4]. Another example of noise problem of the HVAC system is a knocking noise. This noise produced by the loose mounting bolts of each part in the HVAC system [3]. The loose mounting bolt will generate an unwanted vibration phenomenon to the HVAC system which subsequently induced the knocking noise. Even though this is a rare noise problem of the HVAC system, it must be solved before any failure happen to the HVAC system. 

Vibration is an unwanted phenomenon for any mechanical system since it can affect the performance of the system, such as the HVAC system [5]. One of the HVAC system components that can generate vibration and noise is the blower. Blower is a critical part of the HVAC system since it is mounted in the cabin of the vehicle. The noise generate from this part can clearly affected the passenger hearing and comfortability. For example, the flow induced by the rotation of HVAC blower [6]. The phenomenon occurred due to the rotating and turbulent air flow of the unit through the duct and ventilation outlet. In order to reduce the effects of HVAC noise, the solution can be carried out in terms of passive or active noise and vibration controls. 

As it is well-known that there are varies type of noises that can be induced from the HVAC system, this study focused on one type of noise which is humming noise that generated from one of vehicle HVAC system. The study consists of in-vehicle vibration and noise measurements at related HVAC components such as power steering pump, compressor and air conditional pipe in order to determine the root cause of the humming-type noise.

METHODOLOGY
Experimental Setup
In this section, the experimental setup for the in-vehicle vibration and noise measurement are explained. Figure 2 (a) and (b) show the test flow chart and test locations of the vehicle HVAC system vibration and noise measurement. As shown in Figure 2(a), there are three types of sensors that been used in this study, which is tri-axial accelerometer (x, y and z directions) for the vibration measurement, microphone for the noise measurement and tachometer for the rpm tracking measurement. The signal from these sensors are recorded using LMS SCADAS hardware and then the data is analyze using LMS Test.Lab software to generate the vibration and noise figures and graphs. The detail analysis using Sound Diagnosis workbench is carried out with the filtering function in order to extract an actual humming-type noise characteristic. The locations of the vibration and noise measurement are shown in Figure 2(b), where there are total of three locations for the HVAC system components such as air conditional pipe, power steering pump and compressor. These locations are the main target of the vibration induced noise for the humming-type noise of the vehicle HVAC system.        
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Figure 2. (a) Test flow chart and (b) Test locations of the vehicle HVAC system
Condition of Vibration and Noise Measurement

Table 1 shows the condition for the vibration, noise and rpm tracking measurement for the vehicle HVAC system.
.
 Table 1. Testing condition of the HVAC system.

	Type of noise
	Test conditions
	Engine status
	Air conditional status
	Blower speed
	Locations

	Humming
	Idle (850 rpm)
	On
	On
	1
	- Power steering pump

- Compressor

- Air conditional pipe

	
	Rpm tracking (850-1400 rpm)
	On
	Off
	-
	

	
	
	On
	On
	1
	



As shown in Table 1, there are two test conditions applied in this study, which is in idle (engine speed of 850 rpm) and in rpm tracking (engine speed increasing from 850 to 1400 rpm). For the idle condition, only one air conditional status is used (i.e. on status) while for the rpm tacking condition, both air conditional (i.e. on and off status) are applied. Since this is an initial investigation to determine the root cause of the humming-type noise, only one level of blower speed (i.e. 1/4 speed) is considered. Further investigation for varies blower speed setting can be done after determining the root cause of the noise.  

RESULTS AND DISCUSSION
Frequency Domain and 3D Color Order Analyses 
In this section, the result of humming-type noise in terms of vibration amplitudes are presented using frequency domain and 3D color order analysis methods. Figure 3 shows the vibration amplitude comparison between the components of the HVAC system in term of frequency domain. As shown in the figure, there are two significant vibration peaks for all three components; firstly between 150-250 Hz (i.e. Order 11) and secondly between 300-350 Hz (Order 22) of frequency ranges. All the components show dominant vibration peak at the second order 22, with the vibration amplitude ranges occurred between 1.0-1.25 m/s2 for power steering pump (y direction), compressor (y direction) and air conditional pipe (x direction). However, at the first order 11 of the figure, the power steering pump shows the worst peak of vibration amplitude (i.e. 1.8 m/s2) compared to other HVAC system components. This result is further verify using 3D color order analysis as shown in Figure 4.   
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Figure 3. Vibration comparison between components
Figure 4 shows the 3D color order analysis between compressor and power steering pump. This 3D graph consists of acceleration, frequency and rpm parameters. From the figure. It is observed that, at the frequency range of 150-250 Hz (i.e. Order 11), the power steering pump shows a significant color contour of red dominant, which indicates the high vibration amplitude compared to the compressor. This figure supports the result of vibration frequency domain in Figure 3 previously, where at the first order 11, there is a significant vibration amplitude differences between the power steering pump and compressor parts. This frequency range which can be presented in term of subjective hearing perspective is clearly indicates the humming-type of noise of the HVAC system components. 
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Figure 4. 3D color order analysis between (a) Compressor and (b) Power steering pump
CONCLUSION
In this study, the main objective to determine the root cause of the humming-type noise of the vehicle HVAC system components has been achieved. Table 2 shows the summary of the result, where the power steering pump has contributed a significant vibration amplitude of 1.8 m/s2 in the frequency range of 150-250 Hz (i.e. Order 11). This result is verified using both frequency domain and 3D color order analyses. In term of subjective hearing perspective, this frequency range has clearly indicated the humming-type noise of the HVAC system components.  
Table 2. Result summary of the HVAC system.

	Type of noise
	Test conditions
	Noise frequency ranges
	Highest noise contribution parts

	Humming
	Idle (850 rpm)
	300-350 Hz
	Power steering pump



	
	Rpm tracking (850-1400 rpm)
	400-500 Hz
	

	
	
	150-250 Hz
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