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Heating, ventilation, air conditioning (HVAC) is one of crucial system in a vehicle. Unfortunately, its
performance can be affected by the vibration of HVAC components, which subsequently produced unwanted
noises. This paper presents an innovative design solution which called as tuneable dynamic vibration absorber
(TDVA) to reduce the humming-type noise and vibration in the HVAC system. A detail investigation is carried
by developing a lab-scale HVAC model that has the capability to imitate the real HVAC operation in a vehicle.
An alternated air-condition (AC) with a fixed blower speed is implied in the study. The analysis of humming-
type noise and vibration induced from the HVAC components are performed, and the TDVA is designed and
tuned according to the natural frequency of the AC pipe before the attachment. The humming-type noise
and vibration characteristics of the HVAC components are compared before and after the implementation of
the TDVA. The findings shown that the HVAC model data compares well with the vehicle data, whereby the
implementation of TDVA is found to reduce the vibration of the AC pipe by 79% and 61% in both idle and
operating conditions and this subsequently improved the humming-type noise of the HVAC system. It also been
observed that the TDVA has an effective frequency range around 75–255 Hz and 100–500 Hz for the HVAC
model and vehicle systems, respectively.
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1. Introduction

Facing with increased demands of vehicles, a wide
range of aspects need to be covered by industries and
researchers to meet the customer requirements. Aside
from vehicle features and performance, comfortability
is a main key for the customer when purchasing a vehi-
cle. One of the factors that effecting the comfortability
and the HVAC system is a major contribution as re-
ported in previous studies (Xi et al., 2015). The work-
ing principle of this system relies on the circulation of
the refrigerant and water to provide a comfortable feel-

ing for the driver and passenger through the convection
and conduction in the heating or cooling of surround-
ing air (Simion et al., 2016; Wang et al., 2005). Even
though comfortability is a subjective term, a lot of con-
cerns have been raised since it is affecting the driving
and distracting the focus of the driver. A vehicle with
good comfortability will attract more customers and
the manufacturers will receive competitive advantages
in the market (Singh et al., 2014).

Vibration and noise are the interrelated elements,
which after exceeding certain level, it will lead to un-
comfortable feeling. In HVAC system, the total noise
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can be contributed by the individual components with
specific characteristics (Eilemann, 1999). The noise
generated is airborne, that transmitted through the
air (Mavuri et al., 2008). Unfortunately, the study in-
volving HVAC noise characterization is still limitedly
available. For example, the study done by Thawani
et al. (2013) found that the hissing noise occurred in
the operating frequency of 2–10 kHz. The work later
expanded by Satar et al. (2021a), on the different op-
erating conditions namely as idle and operating condi-
tions. The authors found that the hissing noise is pro-
duced at more specific operating frequency of 4500–
5000 Hz for both conditions. Both studies reported
that an evaporator is a major HVAC component for
the noise generation, due to sudden flow of gas and
fluid refrigerant (i.e. R134a) at high pressure and ve-
locity through a narrow passage. Satar et al. (2019)
proposed that the clicking and air-rush noises are pro-
duced at the operating frequency of 200–300 Hz and
1400–1700 Hz, respectively. They explained that the
clicking noise is contributed by the compressor due to
the clutch engagement. It is the later effect of R134a
circulating during the clutch engagement. Contrarily,
the air-rush is contributed by the turbulence effect
of airflow in the HVAC blower. Depends on setting of
the HVAC system, but it usually happened when the
air flows with high velocity through the ducting and
ventilation outlets. The turning location near the out-
lets can caused an irregular flow (Wang, 2010; Imahi-
gashi et al., 2016). In a narrower operating frequency,
Satar et al. (2021b) found that the humming noise oc-
curred at the operating frequency of 300–350 Hz and
150–250 Hz for the idle and operating frequency, re-
spectively. The suspected HVAC component contribu-
tors are the AC pipe and compressor. In the study, the
vibration recorded is dominantly from the compressor,
but it partly transferred to the AC pipe in the sequen-
tial transmission.

Passive control approaches are the preferable op-
tion when dealing with vibration and noise attenuation
due to low cost of implementation. This approach in-
volves the reactive or resistive devices that either load
the transmission path of the disturbing vibration or
absorb the vibrational energy. A review from the lit-
erature indicates that ample research is available on
the biodegradable natural and synthetic materials. The
biodegradable materials such as natural fibre (Parikh
et al., 2006) and jute (Fatima, Mohanty, 2011)
and the synthetic materials such as micro-perforates
(Allam, Åbom, 2014) and polypropylene (Arenas,
Crocker, 2010) have been well implemented in the
vehicle, which able to reduce noise up to 6–10 dB. Eva-
luation has been done by Singh and Mohanty (2018)
that used jute felt and waste cotton to reduce the noise
in the HVAC system. The authors also compared the
sound absorption coefficients among the natural mate-
rials and found that these two have the higher coeffi-

cient. The implementation has been carried out at the
major noise source (i.e. recirculation inlet) and able
to reduce the sound pressure level (SPL) and loudness
level up to 4 dBA and 7 sones, respectively. Kurnia-
wan and Rogers (2011) designed a “V-shape” rubber
seal to counter and significant improvement has been
achieved by reducing the air flows between the gaps.

Structure dynamic modification (SDM) by using
dynamic vibration absorber (DVA) is one of the feasi-
ble techniques under the passive approach to channel
the vibration energy to a secondary system by adding
a secondary mass-spring to the primary system. It has
vastly implemented across diverse structures but, least
reported in the HVAC system. It works by shifting the
natural frequencies, improving the dynamic stabilities,
performing the modal synthesis, and optimizing the
weights and cost of the structure (Hashi et al., 2016;
Brennan, 2010; Jalili, Esmailzadeh, 1998). For
example, Ahmad Mazlan and Mohd Ripin (2015)
applied the SDM method to overcome the limita-
tion of piezoelectric stack actuator in the active sus-
pended handle. By increasing the lower beam stiffness
of the handle that supports the actuator, it results
in shifting of the modes of the structure beyond the
operating frequency range. The implementation able
to reduce the vibration transmissibility up to 96%.
Another study by Wallack et al. (1989) shows that
by adding the rib stiffener and performing the mass
modification does change the natural frequencies of the
structure. In the study, the comparison has been made
using finite element analysis (FEA) and experimental
modal analysis (EMA), where the SDM by experiment
has fast analysing speed compared to the FEA. A re-
view from the literature indicates that this technique
has a concise and economy of mathematical operations
(Forment, Welaratna, 1981).

In more practical of DVA application, it has been
implemented to the electric grass trimmer, whereby the
DVA natural frequency is tuned to be around 220 Hz,
to match the operating frequency of the grass trimmer
in attenuating the handle vibration (Hao et al., 2011).
The results show the average vibration reduction of
82%. Meanwhile, Saifuddin et al. (2018) tested the
scheme on the motorcycle handle, where the vibration
originating from the engine with different road surface
roughness at moving speed of 30–50 km/h. It has re-
sulted in vibration attenuation level ranging from 59–
68% at a different motorcycle speed. Study from Satar
et al. (2019) shows that the application of the DVA
can reduced the HVAC component vibration signifi-
cantly with an effective frequency range of 100–500 Hz.
Admittedly, this paper can be regarded as a continu-
ous work from Satar et al. (2019) with more detail
humming-type noise and vibration characteristics of
the HVAC system and its attenuation using a tune-
able dynamic vibration absorber (TDVA). In (Satar
et al., 2019), the study has successfully reduced the vi-
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bration of the HVAC system using the DVA scheme,
but it is limited to a lab-scale model, which does not
prove the reliability of the result obtained for the real
vehicle system.

The present paper therein is devoted to study the
performance of TDVA scheme on the lab-scale HVAC
model, which offers detail humming-type noise and vi-
bration characterization with the verification in real
vehicle HVAC system. The primary motivation of this
paper is to prove the performance of TDVA in reducing
the humming-type noise and vibration of the HVAC
system as it is a low cost and using passive control
method.

2. Methodology

In this study, the experiment has been conducted
in both model and vehicle HVAC systems. The model
system is a lab-scale model of the HVAC system, where
the investigation in detail can be carried out. The lab-
scale model shown in Fig. 1 is built comprising of all
HVAC components and have been arranged accord-
ingly as in real vehicle setup. The reliability of the
results is then validated with the vehicle system.

AC Pipe

Compressor

Overall HVAC rig

TXV

Tachometer on motor

x
y

z

Fig. 1. Overall HVAC model development with sensor’s
placement.

2.1. Sensor’s placement

In both HVAC systems, three different sensors
are used for the measurement namely as tachome-
ter, accelerometer, and microphone. The tachometer
(Monarch type SPSR-115/300) is used to ensure the
engine speed can maintain and operate at desired con-
ditions. Figures 1 and 2 show the attachment of all
the sensors in the HVAC model and vehicle systems,
respectively. In HVAC model, the tachometer is placed
closed with a motor, which used to provide drive action
of the compressor. When the engine is operated, the vi-
bration produced by the HVAC components are mea-
sured using accelerometer (Kistler type 877A50). The
accelerometers are mounted at four locations, which
is compressor, thermal expansion valve (TXV) and
AC pipe, as shown in Fig. 1. These HVAC compo-
nents are the suspected contributor to the generation
of humming-type noise and vibration.

Legend

Microphone
Accelerometer

Tachometer
placement

AC pipe

Power steering
pump

Compressor

Centre cabin
Centre outlet

Left outlet

Compressor

Power steering 
pump

Fig. 2. Sensor’s placement in HVAC vehicle.

To validate the presence of noise and vibration
of the HVAC model, the measurement is carried out
in real vehicle inside a certified anechoic chamber
room, as shown in Fig. 2. The similar sensors are
used and mounted at the respected locations as in
HVAC model. For HVAC vehicle system, the micro-
phone sensor (BSWA type MA231) is mounted at three
locations, which is centre cabin (0.7 m from the noise
source), centre outlet (0.1 m from the noise source)
and left outlet (0.1 m from the noise source) to inves-
tigate the noise presence in the vehicle interior space,
as shown in Fig. 2. The microphone mounting location
is similar to the work done previously by Satar et al.
(2021a). All the data measured from both model and
vehicle HVAC systems are analysed and compared.

2.2. Experimental modal analysis (EMA)

The inherent dynamic characteristics of HVAC
components such as the natural frequency and fre-
quency response function (FRF) can be determined
by EMA. FRF is one of the important functions in
structural vibration characterization, which establish
the input-output measurement relationship as a fre-
quency function (He, Fu, 2001; Hao et al., 2011).
In EMA, the work is divided into two steps, which is
structure modelling and impact testing. As shown in
Fig. 3, a total of 5 and 30 nodes are required to model
the AC pipe and compressor in LMS TestLab software.

For the impact testing, an impact hammer (Kistler
type 9724A500) is used to hit the test structure to pro-
vide an excitation input force. The output response
is measured by an accelerometer (Kistler type 9272),
which is placed at one of the nodes in Fig. 3. These
two instruments are worked based on the roving ham-
mer method, where the accelerometer is fixed at one
node and the impact hammer is roved from one node
to another. A free-free test condition is implied for this
testing to provide more accurate data without the in-
fluence of other neighbourhood structures in the HVAC
system. The excitation and output response signals are
recorded using LMS SCADAS and LMS TestLab soft-
ware, to obtain the vibration characteristics of each
measurement point.
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a)

b)

Fig. 3. Geometry model of AC pipe (a) and compressor (b).

2.3. Noise and vibration measurement conditions

Table 1 shows the noise and vibration measure-
ment conditions that been implied for both model and

Table 1. Measurement conditions in the model and vehicle HVAC systems.

HVAC system Test conditions Engine speed [r/min] AC status Test locations

Model
Idle 850

On and off
Compressor, AC pipe

Operating 850–1400

Vehicle
Idle 850

Engine bay and cabin
Operating 850–1400

a) b)
F0 sin �t

Fig. 4. TDVA theoretical model (a) and fabricated (b).

vehicle HVAC systems. For both systems, the experi-
ment is performed in two different conditions, namely
as idle and operating. The idle condition is when the
engine speed is maintained at 850 r/min, while for
the operating condition, the engine is running from
850–1400 r/min. The engine speed of both model and
vehicle are controlled by a speed controller and foot
pedal, respectively. To provide reliability results, the
measurement of vehicle is conducted in a semi-acoustic
chamber to eliminate the environmental noises. All
the data is recorded is recorded and analysed using
LMS TestLab Signature Throughput Processing and LMS
TestLab Sound Diagnosis. As suggested by Singh et al.
(2018), the noise measurement is effective around
500 Hz and in the audible range (Gren et al., 2012),
hence the study is conducted in a frequency range of
0–600 Hz. All the instruments are calibrated before the
measurement to ensure the accuracy of the results ob-
tained.

2.4. Design and implementation of TDVA

Based on study by Satar et al. (2021b), the
humming-type noise and vibration can be identified
from three major HVAC components, which is com-
pressor, power steering pump and AC pipe. Of these
components, the AC pipe is identified as the most
suitable component for the application of TDVA based
on its location in the engine bay without the necessary
modification of AC pipe structure, as this will impact
the overall cost of the manufacturer.

The TDVA can be modelled as a second mass-
spring system added to the primary system (i.e. AC
pipe), as shown in Fig. 4a. From the figure, m and k
are the mass and stiffness of the AC pipe while ma
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and ka are the mass and stiffness of the TDVA, respec-
tively. The equation of motion for the AC pipe with the
TDVA can be written as follows:

mẍ + x (k + ka) − kaxa = F0 sinωt, (1)

maẍa + kaxa − kax = 0. (2)

By dividing Eqs (1) and (2) with m and ma, respec-
tively, hence:

ẍ +
x (k + ka)

m
−
kaxa
m

=
F0

m
sinωt, (3)

ẍa +
kaxa
ma

−
kax

ma
= 0. (4)

Let’s the F
m

sinωt = F
m
ejωt and by assuming the solu-

tion in form of:

X = xejωt, (5)

Xa = xae
jωt. (6)

By substituting Eqs (5) and (6) into (3) and (4), hence:

X =

F
m

( ka
ma

− ω2)

(k+ka
m

− ω2) ( ka
ma

− ω2) −
k2a

m⋅ma

, (7)

Xa =

ka
ma

( ka
ma

− ω2)
X. (8)

From Eq. (7), the vibration displacement of AC
pipe will become, X = 0 when ka

ma
= ω2, where ω is

the natural frequency of the secondary mass (TDVA).
Therefore, by tuning the natural frequency of TDVA to
be the same as excitation frequency, the internal energy
of AC pipe can be transferred to the TDVA. Hence the
vibration of AC pipe at its operating frequency can
be reduced.

In this study, the TDVA is consisted of steel shaft
rod ka and two brass masses of ma1 + ma2 = ma,
that placed on both sides of the rod, as shown in
Fig. 4b. The structure is attached to the AC pipe us-
ing a mounting adaptor, which is welded to the steel
rod. By adjusting the length L between the masses, the
DVA can be tuned according to the targeted frequency
of the structure using the following equation:

L3
=

3EI

(2πf)
2
⋅ma

, (9)

where E is the modulus elastic of the rod, I is the mo-
ment of inertia and f is the operating frequency. The
L value obtained is adjusted accordingly at the TDVA
before the attachment at the AC pipe, as shown in
Fig. 5. From the figure, point 2 is selected as it pro-
vides sufficient space for the TDVA attachment in the
engine bay. From this, the EMA is repeated to observe
the effect of TDVA to the natural frequency of the AC
pipe.

Point 1

Point 2
(DVA)

Point 3

Point 4

Point 5

AC pipe

TDVA

Fig. 5. TDVA attachment points on AC pipe.

3. Results and discussion

3.1. EMA results

Figure 6 shows the FRF of the AC pipe and com-
pressor, respectively.
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Fig. 6. FRF of AC pipe (a) and compressor (b).

From the figures, it can be observed that both AC
pipe and compressor have the significant peaks of nat-
ural frequencies between 50–250 Hz, whereby the high-
est peak occurred at 148 Hz and 85 Hz for AC pipe and
compressor, respectively. This frequency range is corre-
sponded to the region of humming noise and vibration
determined by (Satar et al., 2019; 2021b). This sub-
sequently will create a resonance to the AC pipe and
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neighbouring HVAC components while increasing the
engine speed during the operation condition. A TDVA
is proposed in this study to shift the natural frequen-
cies of the AC pipe to be out of region of humming-type
noise and vibration.

3.2. Humming noise and vibration

a) Idle condition

Figures 7 shows the fast Fourier transform (FFT)
of the acceleration amplitude for the AC pipe and com-
pressor in the HVAC model system, respectively.
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Fig. 7. Acceleration FFT of AC pipe (a) and compressor (b)
in the HVAC model; red – AC off, blue – AC on (idle).

From the figures, it can be observed that initially
when the AC is off, the acceleration amplitude of AC
pipe is high at the frequency below 100 Hz with the
amplitude of 0.72 m/s2. Inversely after the activa-
tion of the AC, the amplitude is only reached around
0.20 m/s2. However, there is a slight increment in am-
plitude after 100 Hz, due to the effect of AC pipe struc-
tural natural frequencies, as shown in Fig. 6a, previ-
ously. The higher acceleration amplitude trend when
AC is off can be explained by the effect of the vibra-
tion that been transferred from the motor in HVAC
model system. A similar trend of vibration response
can be observed for the compressor in Fig. 7b, as

it has also been affected by the natural frequencies
of the compressor structure. This subsequently created
the humming-type noise and vibration in the frequency
range of 50–250 Hz.

A verification is conducted with the HVAC vehi-
cle system and presented in Fig. 8. As for the AC
pipe, the vehicle system has produced a lower accele-
ration response compared to the model system due to
the more stiffer mounting condition in the vehicle en-
gine bay with no disturbances from the motor vibra-
tion. However, a similar trend can still be observed
for both systems, wherein the acceleration peaks are
dominant at humming frequency ranges (50–250 Hz).
The trend of different AC effect is occurred due to the
compressor engagement processes. When the compres-
sor is engaged, the HVAC is running smoothly and
reduces the overall system vibration. This also sup-
ported by the flow of refrigerant fluids which results in
an increment of the mass and stiffness of the affected
HVAC components (Satar et al., 2021b).
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Fig. 8. Acceleration FFT of AC pipe (a) and compressor (b)
in the HVAC vehicle, red – AC off, blue – AC on (idle).

b) Operating condition

Since the engine is running at various speeds during
the operating condition, a 3D colour map with an or-
der tracking indicator is used to relate the engine speed
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with the humming-type noise and vibration induced
frequencies and amplitudes (Wang, 2010). Figures 9
and 10 show the results of 3D colour maps for the AC
pipe and compressor of the HVAC model system at dif-
ferent AC conditions, respectively. A comparable with
the idle condition can be obtained where the AC pipe
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Fig. 9. 3D colour map acceleration of AC pipe when AC
is off (a) and AC is on (b) in the HVAC model (operating).
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Fig. 10. 3D colour map acceleration of compressor when AC
is off (a) and AC is on (b) in the HVAC model (operating).

and compressor have resulted in high acceleration am-
plitudes between 50–250 Hz (towards reddish contour)
of frequency range when the AC is activated. In this
range, both components have resulted multiple order
levels, which is order 2 and 11 that contributed to the
humming-type noise and vibration to the HVAC sys-
tem as discussed by Satar et al. (2021b).

The results obtained in the HVAC model is then
validated with the vehicle system. Figure 11 shows
a 3D colour map of the humming-type noise produced
in the vehicle centre cabin at different engine speeds,
frequencies, and AC conditions. The figures shows that
there are reddish contours which indicates the peak
intensity of the humming-type noise between the fre-
quency range of 50–250 Hz when the AC is activated,
as determined in the HVAC model. In addition, the
order levels obtained are also similar to the HVAC
model, which occurred at order 2 and 11. The find-
ing is later been verified using LMS TestLab Sound
Diagnosis, and from that, the humming-type noise can
be clearly heard at this operating frequency for both
idle and operation conditions.
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Fig. 11. 3D colour map sound pressure of centre cabin when
AC is off (a) and AC is on (b) in the HVAC vehicle (ope-

rating).

Table 2 highlights the summary of the humming-
type noise and vibration induced in both HVAC model
and vehicle systems. From table, it is clear that the
root cause of the humming problems is originated from
the AC pipe as the main component’s contribution due
to the resonance of its structure. This humming noise
is later propagated to the vehicle cabin as measured
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Table 2. Humming noise and vibration result summary for both HVAC model and vehicle systems.

HVAC system Test conditions Engine speed [r/min] Humming frequency range [Hz] Highest contributed components

Model
Idle 850

50–250
AC pipe

Operating 850–1400

Vehicle
Idle 850

AC pipe, centre cabin
Operating 850–1400

at the centre AC outlet with a corresponded operating
frequency range of 50–250 Hz.

3.3. Effect of the TDVA

3.3.1. TDVA configuration

Based on Eq. (9), the properties required to calcu-
late the length of TDVA for both HVAC model and
vehicle systems are shown in Table 3. From the table,
the tuned frequency is selected based on the most dom-
inant peaks of the AC pipe FRF without the TDVA
attachment, which is 106 Hz for HVAC vehicle and
148 Hz for HVAC models, as shown in Fig. 12. From
that, the optimum L values obtained are 0.057 m and
0.051 m for the HVAC model and vehicle systems, re-
spectively.

Table 3. Properties and length of the TDVA for the model
and vehicle systems.

Properties
Young
modulus
E [GPa]

Moment
of inertia
I [nm4]

Tuned
frequency
f [Hz]

Length
L [m]

Model
system 210 33.2086

148 0.057

Vehicle
system

106 0.051

3.3.2. EMA results with TDVA

After the tuning of TDVA, EMA is repeated to ob-
serve its effect on the natural frequency values of the
AC pipe structure. Figure 12 shows the AC pipe FRF
comparison (with and without TDVA) for the HVAC
model and vehicle systems, respectively. From the figu-
re of HVAC model, it is found that the most dominant
peak of natural frequency at 148 Hz has been elimi-
nated and shifted outside the humming-type noise re-
gion when the TDVA is applied to the AC pipe. A new
effective frequency range has been determined between
75–255 Hz for the HVAC model with the significant vi-
bration amplitude reduction. Table 4 shows the mode
shapes of the highest natural frequency for with and
without TDVA. From the table, it can be observed that
at 148 Hz (without TDVA), the AC pipe has suffered
a bending deflection along the AC pipe structure, and
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Fig. 12. AC pipe FRF comparison for with (blue) and with-
out (red) the TDVA: a) HVAC vehicle; b) HVAC model.

with the application of TDVA, this motion has been
shifted to 275 Hz, which is outside of humming-type
noise region.

As for the HVAC vehicle system, the effective fre-
quency range determined become wider, covering of
100–500 Hz of frequencies. This is due to the difference
of mounting constraint inside the engine bay. In the
HVAC model system, the components are mounted on
the rig, while in the vehicle system, the components are
mounted on the solid body of the vehicle. The higher
mounting stiffness of the vehicle partly contributes to
the differences of effective frequency range determined.
Significantly, both systems have a good agreement be-
tween humming-type region of below 250 Hz and ex-
hibit a similar trend of improvement.
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Table 4. Mode shapes of the AC pipe (with and without the TDVA).

Conditions

Highest peak
of natural
frequency
f [Hz]

Mode shapes

Without TDVA 148

With TDVA 275

3.3.3. Humming noise and vibration with TDVA

a) Idle condition

Figure 13 shows the acceleration FFT for the AC
pipe and compressor in the HVAC model system dur-
ing an idle condition, respectively. From the figures,
the acceleration amplitude of AC pipe (i.e. 0.72 m/s2)
and compressor (i.e. 0.69 m/s2) are high in the range
of 100–150 Hz for the case of AC is not activated (red
colour), which coincides with the natural frequencies of
the structures. After the AC is activated, the accelera-
tion of both components is slightly reduced due to the
compressor engagement which provides smooth HVAC
operation and refrigerant fluids flow as shown in the
green line colour. When the TDVA is introduced to
the system, the acceleration of the HVAC components

such AC pipe especially, has shown a significant reduc-
tion to 0.15 m/s2. This result proved that the TDVA
is applicable to reduce the vibration of the AC pipe up
to 79% in the range of humming-type region.

Similarly, a verification is conducted with the
HVAC vehicle system and the result of transmitted
noise inside the vehicle cabin centre outlet is presented
in Fig. 14. From the figure, when the AC is activated,
the noise FFT of the centre cabin shows a slight peak of
1.03 ⋅ 10−3 Pa(A) in the range of humming-type noise.
The application TDVA has further reduced the noise in
that range significantly as shown in the blue line. As
the natural frequency peaks of the AC pipe have been
shifted, the originated humming-type noise from the
component can also been reduced as shown before in
FRF graphs in Fig. 12.
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Fig. 13. Acceleration FFT of AC pipe (a) and compres-
sor (b) in the HVAC model; red – AC off, green – AC on

without TDVA, and blue – AC on with TDVA (idle).
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Fig. 14. Sound Pressure FFT of centre cabin in the HVAC
vehicle; red – AC off, green – AC on without TDVA, and

blue – AC on with TDVA (idle).

b) Operating condition

Figure 15 shows the acceleration FFT for the AC
pipe and compressor in the HVAC vehicle system dur-
ing the operating condition, respectively. From the fi-
gures, a significant improvement can be observed for
the AC pipe when the TDVA is applied with the ac-
tivation of AC, whereby the acceleration peak is re-
duced from 3.1 m/s2 to 1.2 m/s2 (i.e. 61%) in the hum-
ming frequency range of 50–250 Hz. However, above
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Fig. 15. Acceleration FFT of AC pipe (a) and compres-
sor (b) in the HVAC model; red – AC off, green – AC on
without TDVA, and blue – AC on with TDVA (operating).

350 Hz, a consistent trend is observed when compar-
ing of all three AC conditions. Similarly for compres-
sor, the finding showed a significant vibration reduc-
tion trend at humming frequency range below 150 Hz.
However, it become ineffective after the forementioned
since the TDVA is designed and tuned based on the
AC pipe structure.

As for the HVAC vehicle system, the validation has
been carried out and the acceleration FFT result for
the AC pipe is shown in Fig. 16. From the figure, it
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Fig. 16. Acceleration FFT of AC pipe in the HVAC vehicle;
red – AC off, green – AC on without TDVA, and blue –

AC on with TDVA (operating).
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can be observed that the TDVA is effective in reduc-
ing the acceleration of the AC pipe in the humming
frequency range of 50–200 Hz. However, the TDVA is
become ineffective outside the humming-type region of
the HVAC vehicle system as the AC pipe has a differ-
ent structural mounting compared to the HVAC model
rig structure. The humming-type noise is later been
analysed using LMS TestLab Sound Diagnosis to veri-
fy the existing and reduction of the noise.

4. Conclusion

A thorough investigation of the humming-type noi-
se and vibration presence in the vehicle HVAC system
and its counter measure using the TDVA have been
successfully carried out. Of four suspected HVAC com-
ponents, the AC pipe is found to be the main source
of this problem. From the investigation, the humming-
type noise and vibration are occurred in the frequency
range of 50–250 Hz for both HVAC idle and operat-
ing conditions. The proposed TDVA is able to solve
the problem with the effective frequency range of 75–
255 Hz and 100–500 Hz, respectively. The study also
achieved a good result agreement for the HVAC model
and vehicle systems with a total vibration reduction
of 79% and 61% for both HVAC idle and operat-
ing conditions. This subsequently reduced the induced
humming-type noise inside the vehicle cabin.
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