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Abstract - Chassis design is a critical issue for the 

reliability and robustness of a notebook personal computer 

(PC) and its key components, especially hard disk drive 

(HDD). In particular, oscillating force induced by the build- 

in speakers in the notebook PC, could be transmitted to the 

HDD via chassis causing position error signal (PES) of 

HDD. In this paper, the chassis design, including mounting 

of the speaker and HDD, is studied. Firstly, a finite-

element-method (FEM) model of a commercial notebook PC 

is developed, consisting of the chassis, HDD, build-in 

speakers and other key components. Characteristics of 

HDD vibration induced by the speaker in the notebook PC 

are examined with the FEM model. Then a simplified 

theoretical model consisting of lumped mass, spring, and 

damping elements is developed. This model is implemented 

to analyze the vibration transmissions in the notebook PC.  

The effects of the chassis design, speaker and HDD 

mounting on the vibration transmission from speaker to 

HDD via chassis in the notebook PC are investigated. 

Finally, a guideline for appropriate notebook PC chassis 

design and mounting of speaker and HDD is proposed. 
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1. Introduction	

As one type of the most popular personal computers 

(PC), notebook PC gives the flexibility to work and play 

anywhere. Therefore, the chassis and components of the 

notebook PCs should be designed to be robust enough to 

ensure the diversification of the operating environment. The 

hard disk drives (HDDs), as the large capacity storage 

devices, play an important role in the notebook computers. 

However, HDDs are sensitive to external vibration, which 

may introduce the position error signal (PES) of magnetic 

head in data reading and writing. The vibration sources of a 

notebook PC, as shown in Figure 1, include build-in 

speakers, cooling fans, CD-ROM drive, touching force at 

keypad etc. Therefore appropriate chassis design is critical 

for reducing the vibration transmission from the vibration 

sources to HDD in notebook PC. 

 

Figure 1. Interior view of a notebook PC 

A number of papers have been published on vibrations 

of HDDs and PCs. For example, G. Ferretti et al. analyzed 

the vibration of HDDs with a dynamic model and 

experimental measurements [1].  S. Lim et al. analyzed 

dynamic characteristics and shock response of the HDDs 

and optimized the design of rubber mounts in notebook [2]. 

Y. Matsuda et al. designed, fabricated and evaluated a 

flexible support mechanism for HDDs to intercept external 

vibration [3]. T. Semba et al. studied an adaptive 

cancellation method for vibrations of soft mounting HDDs 

in notebook PC [4]. However, there is very limited 

published research work on the vibration transmission 

induced by the build-in speakers, which is one of the major 

vibration sources in notebook PC. Among them, Y. Y. Hu et 

al. systematically investigated the built-in speakers induced 

structural-acoustic vibration of HDD in notebook PC by the 

FEM analysis and experimental studies, and concluded that 

the acoustically transmitted vibration of speaker can be 

ignored compared to the structurally transmitted vibration, 

and softer supporters for HDD mounting is a better choice 

for reduction of HDD vibration [5].  



 

In this paper, the structural vibration transmission from 

the build-in speaker to HDD in notebook PC is studied. 

Firstly, a FEM model of a commercial notebook PC 

including the chassis mounted with HDD, build-in speakers 

and other key components is built up with ANSYS software. 

The characteristics of HDD vibrations induced by the 

speakers in the notebook PC are examined with the FEM 

model.  Based on the characteristics of HDD vibrations, a 

simplified theoretical vibration model of the notebook is 

developed, which is described by a set of ordinary 

differential equations (ODEs) governing the motion of the 

speaker, chassis and HDD. The ODEs are solved for 

analysis of the vibration transmission from speaker to HDD 

by varying the stiffness and damping of the components.  

The effects of the chassis design, speaker and HDD 

mounting on the vibration transmission from speaker to 

HDD via chassis in the notebook PC are investigated. 

Finally, a guideline for appropriate notebook PC chassis 

design and mounting of speaker and HDD is proposed. 

2. HDD	 vibrations	 induced	 by	

speakers	in	Notebook	PC	

A FEM model of a commercial notebook PC is 

developed with ANSYS to examine the characteristics of 

HDD vibration induced by build-in speakers. The notebook 

PC is mounted with one HDD and two speakers denoted as 

speaker A and B, as shown in Figure 1. The FEM model of 

the notebook, as displayed in Figure 2, consists of a chassis 

mounted with one HDD, two speakers, and other key 

components including the LCD monitor, keypad, battery 

and battery fixture, PCBs, radiator block, CD/DVD, two 

fans, HDD supporters with damper and bracket connectors 

etc. There are totally 200,391 nodes and 531,811 elements 

used in the FEM model. The FEM model has been validated 

in [5] by comparing simulation results with experimental 

results.  

 

Figure 2. FE model of internal components of the PC  

The mode superposition method is used for analysis of 

the vibrations induced by the speaker. The experimental out 

of plane velocity frequency response at the speaker rim [5], 

subject to a sweep sinusoidal current i=i0sin(2πft), is used as 

the excitation input in the FEM vibration analysis. 

Figure 3 shows the out of plane vibration response of the 

speaker A, chassis, and HDD from the FEM analysis with 

300 modes subject to the oscillating excitation exerted on 

the speaker A. 

 

Figure 3. Displacement responses of speaker, chassis 

and HDD excited by speaker A 

The responses of the chassis are represented by two 

points, one denoted as P1 from the node under speaker A, 

and the other denoted as P2 from the node under the HDD. 

As observed in Figure 3, the first dominant response is at 

the frequency of speaker excitation, and the amplitude of the 

responses of chassis_P1, chassis_P2 and HDD are decreased 

gradually due to the vibration energy dissipation along the 

transmission routes.  

 

Figure 4. HDD vibration excited by speaker A and B 

respectively 



 

Figure 4 shows the HDD vibration induced by speaker A 

and B respectively. The speaker B is positioned far away 

from HDD and its mounting stiffness is calculated 21.8% 

smaller than that of speaker A.  As shown in Figure 4, the 

vibration displacement response of HDD induced by 

speaker A is larger than that by speaker B, especially at 

frequencies higher than 1000 Hz. 

3. Analysis	of	vibration	transmission	

in	Notebook	PC	

Apart from the numerical FEM model, the theoretical 

model is intended to give a fundamental understanding of 

the vibration transmission in notebook PC. In this section, 

the simplified theoretical vibration model for fundamental 

analysis of the vibration transmission route from speaker to 

HDD via chassis in the notebook PC is developed. 

3.1 Analytical model development 

According to the characteristics of HDD vibration as 

discussed in FEM analysis, a simplified schematic of 

vibration transmitted from the build-in speaker to the HDD 

via chassis in the notebook PC can be extracted, as shown in 

Figure 5. 

 

Figure 5. Notebook schematics with speaker and HDD 

From Figure 5, it is shown that the vibration is 

transmitted from speaker to chassis (route AB), and then 

from one side of the chassis to the other side (route BC), 

finally from chassis to HDD (route CD). The analytical 

model is therefore developed on the basis of the three 

transmission routes, which consists of four degree of 

freedoms, including speaker, HDD, and chassis, with 

different mounting methods between them. As shown in 

Figure 6, the HDD and speaker are modeled as two masses 

mounted on the chassis through spring and damping 

elements. The chassis is separated into two parts, i.e., 

chassis_p1 and chassis_p2 which support the speaker and 

HDD respectively. Both parts of the chassis are supported 

by the ground. It is noted that only one direction vibration is 

considered in the present model. In addition, it is assumed 

that an external force is exerted on the speaker, when it is 

playing music or other sounds. 

 

Figure 6. Vibration model of notebook PC 

Based on the mass-spring-damper model shown in 

Figure 6, the ODEs for the vibration motion of speaker, 

chassis and HDD are developed. 
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where ��,  �� ,  �
� ,  �
� are the mass of the speaker, 

HDD, chassis_p1, and chassis_p2 respectively. 

�,  �, 
 , � represent the stiffness of the speaker mounting, 

HDD mounting, chassis, and notebook base 

respectively.  ��,  �� , �
 , �� are the damping coefficient of the 

speaker mounting, HDD mounting, chassis, and notebook 

base respectively, �� is the excitation force of the speaker. 

In the analytical model, the transmission route AB is 

modeled by the speaker mounting with � and ��,  the route 

BC is modeled by the two parts of the chassis with � , 

��,  � , and ��,  and route CD the HDD mounting with � 

and ��. Furthermore, the whole notebook supported by the 

ground is also modeled with � and ��. 



 

3.2 Transfer functions 

When playing music or other sounds, the oscillating 

force acted on the diaphragm of the speaker induces the 

vibration of the speaker body, which subsequently causes 

the vibration of the chassis and HDD. Transfer function 

characterizes the vibration transmission route in a simple 

and clear way. Through Laplace transformation, the above 

equation (1)-(4) can be solved in frequency domain, which 

gives the transfer function from speaker to HDD via chassis. 

Let  ( ) ( ( ))i is zZ t=℘  be the Laplace transfer of ( )iz t , 

the transfer function from excitation force to speaker 

vibration displacement is 
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Transfer functions (5)-(8) can be combined to represent 

the transfer function of vibration transmission for all the 

routes in the notebook PC. For example,  

 
AC AB BCH H H=  (9) 
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The above functions (9)-(10) describe the vibration 

transferred from speaker to chassis and HDD. 

3.3 Analysis of the vibration transmission in 

notebook     

The analysis of the vibration transmission from speakers 

to HDD via chassis in the notebook PC is then conducted 

with the transfer functions. The lumped parameters used in 

the theoretical model are determined from four dominant 

modes of HDD vibrations induced by speaker A in the FEM 

analysis, as shown in Figure 3.    

Figure 7 illustrates the analytical results of the vibration 

frequency response of the speaker, two parts of the chassis 

and HDD, induced by a unit force acted on the speaker. As 

shown in Figure 7, there are four peaks corresponding to the 

four dominant modes at resonant frequencies 281Hz, 492Hz, 

712Hz and 1252Hz respectively of the whole system. The 

frequencies of the four peaks agree well with the FEM 

results as shown in Figure 3. The vibration energy is firstly 

transmitted to the speaker, and its vibration spectrum thus 

has the highest amplitude. The energy is then transmitted to 

the chassis and finally via the chassis to the HDD. During 

the transmission, the energy is dissipated by the mounting 

and chassis structures. Therefore, the amplitude of the 

vibration is gradually decreased.  

 

Figure 7. Vibration displacement response of speaker, 

chassis and HDD 



 

4. Analysis	 of	 chassis	 design	 and	

mounting	of	speaker	and	HDD	

The effects of the chassis design, speaker and HDD 

mounting on the vibration transmission from speaker to 

HDD via chassis in the notebook PC are studied, by varying 

the stiffness and damping of the components in the 

analytical model.    

4.1 Analysis of chassis design 

With the transfer functions, the chassis design and 

components mounting can be analyzed for reducing the 

vibration transmission energy from speaker to HDD or 

shifting the resonant mode from a specific frequency range. 

First of all, chassis can be designed to be less sensitive to 

the vibration source, and more effective to dissipate 

vibration energy on the transmission route BC. In the 

present model, the chassis related stiffness and damping k�, 

c�,  k , and c  , can be optimized to reduce the vibration 

transmission from speaker to HDD, as shown in Figure 8. It 

is noted that normalized parameters of the stiffness and 

damping are displayed in this and the subsequent Figures in 

the parametric studies. 

 

Figure 8. Effect of chassis stiffness and damping on HDD 

vibration by route BC 

It is observed in Figure 8 that by using the chassis 

designed with smaller stiffness and larger damping, the 

vibration of transmission at high frequencies above 1000 Hz 

can be reduced, but the vibration transmission at frequencies 

below 500 Hz is significantly increased. This phenomenon 

is characterized in Figure 8 from the solid line I to the 

dashed line III. It is also seen from the Figure 8 that harder 

chassis is not good for the vibration transmission at high 

frequencies above 1000 Hz as observed from the solid line I 

to the dash-dot line II. As the vibration at low frequency 

may be compensated by the servo controller [6,7], to reduce 

the vibration transmission at high frequency, a softer chassis 

may be helpful. However, if the chassis stiffness is too small, 

the HDD vibration at low frequency will be increased 

substantially and out of range of the servo controller. 

The relative location between the speaker and HDD in 

chassis design is one of the key factors relevant to vibration 

transmission from speaker to HDD by route BC. In the 

present model, the stiffness and damping change due to the 

relative locations between speaker and HDD is incorporated 

into the parameters ck  and cc
 
of the route BC. In general, 

if the relative distance between the speaker and HDD is 

larger, the stiffness between them may be smaller and more 

vibration energy is dissipated, in case all the other 

conditions are the same. It is observed from Figure 8 that, 

with lower ck   and larger  cc  , the vibration transmission 

can be reduced at high frequencies. Therefore, it is 

recommended to arrange the speakers mounted far away 

from the HDD in chassis design, such as position #4 and #5 

as illustrated in Figure 9. 

 

Figure 9. HDD and speaker mounting locations in 

notebook chassis design 

4.2 Analysis of speaker mounting 

The influence of the speaker mounting on the vibration 

of the whole system and respective components is 

investigated. As stated in the analytical model, the speaker 

mounting is modeled by the spring and damping elements 

with stiffness � and damping coefficient �� . Varying these 

two parameters directly affects the local vibration 

transmission route AB, as shown in Figure 10, where the 

stiffness and damping coefficient are normalized to better 



 

understand the effects of these two parameters. The decrease 

of the stiffness and increase of the damping, make the 

vibration peak shifting from high frequency to low 

frequency, and therefore reduces the amplitude at high 

frequency and amplifies the magnitude at low frequency. 

The mode shifting characteristics can be used to move the 

speaker mounting mode away from the frequency of 

excitation source. The soft speaker mounting with speaker 

mounting stiffness 1.35×10
5 

N/m and damping ratio 5.5%, 

as illustrated with the dashed line III in Figure 10, it 

effective to reduce vibrations transmitted to HDD at 

frequencies above 500 Hz. 

 

Figure 10. Effect of the different speaker mounting on 

HDD vibration by route AB 

 

Figure 11. Speaker mounting by foam & rubber 

grommet 

Most of the HDDs are actuated at high frequencies, and 

the vibration at low frequencies can be compensated by the 

servo controller optimization [6,7]. Hence it is critical to 

reduce the amplitude of the vibration transmission from 

speaker in high frequencies through proper chassis and 

mounting design. To achieve this, the speaker mounting can 

be softer, for example, the speaker can be screwed to chassis 

by using foams and/or rubber grommet, as illustrated in 

Figure 11. The foams and rubber grommet could help to 

reduce the stiffness of speaker mounting and increase 

damping for dissipation of vibration energy.  

4.3 Analysis of HDD mounting 

HDD mounting has a direct influence on the 

transmission of vibration to HDD by route CD. A good 

HDD mounting could isolate the vibration from the build-in 

speakers. In the present model, hk  and hc  represent the 

HDD mounting in the notebook PC. The influences of hk  

and hc  on the vibration transmitted to HDD induced by 

speaker are analyzed with the analytical model. The 

isolation effect of the HDD mounting can be achieved at 

high frequency by the soft mounting with lower stiffness 

and higher damping, as demonstrated in Figure 12. By using 

the soft HDD mounting with the HDD mounting stiffness 

2×10
5 

N/m and damping ratio 13%, as illustrated with the 

dashed line III in Figure 12, the HDD vibration at 

frequencies above 500 Hz is significantly reduced. However, 

it is also noticed that the first mode is shifted to lower 

frequency and the transmission amplitude at the frequencies 

around 200 Hz is increased due to the softer mounting.  

 

Figure 12. Effect of different HDD mounting on HDD 

vibration by route CD 

 



 

 

(a) HDD mounting with soft supporter 

 

(b) HDD mounting with damper  

Figure 13. HDD mounting with soft supporter & damper 

From the analysis above, a softer mounting with lower 

stiffness and higher damping can be used to reduce the 

vibrations transmission at high frequencies. As shown in 

Figure 13, HDD mounting to notebook chassis with soft 

supporters and dampers are effective measures for HDD to 

intercept vibrations from build-in speakers at high 

frequencies. 

5. Conclusion	

The characteristics of HDD vibrations induced by the 

speakers and the vibration transmission in notebook PC 

have been studied with FEM and theoretical model. The 

reduction of vibration transmitted to HDD from build-in 

speakers via chassis is investigated in three ways including 

chassis design, speaker mounting and HDD mounting. It is 

concluded that the illustrated soft speaker mounting 

(mounting stiffness 1.35×10
5 

N/m and damping ratio 5.5%) 

and soft HDD mounting (mounting stiffness 2×10
5 
N/m and 

damping ratio 13%) are effective for reduction of HDD 

vibration at frequencies above 500 Hz. Furthermore, a softer 

chassis with high damping ratio and placing the speaker far 

away from the HDD is useful for reducing the HDD 

vibration at high frequencies above 1000 Hz. However, the 

trade-off of the softer mounting and chassis design is that 

the vibration of transmission may be increased significantly 

at frequencies below 500 Hz. Hence optimal design of 

chassis and components mounting with appropriate stiffness 

and high damping ratio is essential for reducing the 

vibration at high frequency and avoiding large vibration at 

low frequency uncontrollably. 
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