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Abstract 

 

In this work, the flow-induced off-track vibration of a read/write head between 

co-rotating disks was investigated experimentally. In particular, the effect of E-block arm 

thickness on the head vibration in the off-track direction was investigated in a modeled 

disk drive prepared for this study. Four different E-block arm thicknesses were used, 

ranging from 1.0 mm to 1.6 mm in steps of 0.2 mm. Two head gimbal assemblies were 

attached to each E-block arm, and they were inserted between two co-rotating disks, 

rotating at 10,000 rpm, and fixed at a disk spacing of 2.0 mm. Head vibration in the off-

track direction was measured using a laser Doppler vibrometer at the inner diameter, the 

middle diameter, and the outer diameter radial positions. The frequency range 

considered was 0-20 kHz. Finite element analysis was used to compute the natural 

frequencies and mode shapes of the head gimbal assemblies, the E-block arms, and the 

head stack assemblies, in order to identify the resonances observed in the experimental 

measurements.  

 

The primary contributors to the measured head off-track vibration were identified 

as the E-block arm sway mode, the suspension second torsion mode, and the suspension 

sway mode. The off-track RMS amplitude was determined over four frequency bands in 

the measurement range in order to assess the contributions of the E-block arm dynamics 

and the suspension dynamics to the off-track RMS amplitude.  
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1. Introduction 

 

The hard disk drive (HDD) industry is faced with demands for higher areal 

recording densities, faster data transfer rates, and a higher reliability. The areal recording 

density can be increased by increasing the track density and the linear bit density. Track 

densities beyond 40,000 tracks per inch (TPI) have already been implemented in current 

disk drives, and higher density objectives have made their way into industry roadmaps. 

Track misregistration (TMR) must be reduced in order to achieve such high track 

densities. On the other hand, the demand for higher data transfer rates has resulted in 

faster disk rotation speeds, which, in turn, has led to greater flow velocities, hence 

increasing the aerodynamic forces in the drive. These forces excite the head gimbal 

assemblies (HGA's) and the E-block arms, inducing head vibration.  

 

Early research on the effects of airflow in hard disk drives on suspension 

vibration was carried out by Yamaguchi et al. [1]. The findings in [1] indicated that the 

amplitude of suspension vibration was proportional to the square of the approaching 

velocity. In subsequent research by Yamaguchi et al. [2, 3], the flow around a suspension 

was measured using hot-wire anemometry to identify the sources of suspension vibration, 

and numerical simulations of the flow were carried out. It was shown in [2, 3] that 

suspension vibration was caused by the turbulence behind the suspension cross-section, 

and that applying an aerofoil shape to the suspension cross-section can reduce suspension 

vibration. 
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The flow field between co-rotating disks that are fully shrouded by a cylindrical 

wall was numerically investigated by Iglesias et al. [4]. The research in [4] concluded 

that there were significant vertical velocity fluctuations at the disk outer region, which 

resulted in disk flutter. The presence of the E-block arm between the disks in an actual 

disk drive gives rise to a more complicated flow structure, which prompts an 

investigation of the effects of the arm on the flow between disks. Abrahamson et al. [5] 

performed flow visualization experiments using a dye-injection technique on a modeled 

realistic disk drive, but without considering the effects of the HGA. Vortex shedding 

from the arm tip was observed. Harrison et al. [6] measured the flow field around an arm 

using hot-wire anemometry. It was shown in [6] that the mean flow velocity increased as 

the disks were shrouded and/or as the disk spacing was decreased. A numerical 

investigation of the flow around the arm was performed by Suzuki et al. [7], where it was 

shown that the insertion of the arm between co-rotating disks causes disk flutter and 

power losses due to windage.  

 

A transverse type arm was used in the studies carried out in studies [4, 5, 6, 7]. 

Current disk drives, however, employ in-line type arm/suspension assemblies. Flow 

visualization experiments for in-line type arm/suspension assemblies were carried out by 

Girard et al. [8]. Vortex shedding around the arm tip was observed. However, the flow-

induced vibration of the E-block arm and the suspension, and its associated effects on 

TMR, were not investigated. 
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In this study, the flow-induced vibration in the off-track direction of a read/write 

head between co-rotating disks was investigated experimentally. In particular, the effect 

of E-block arm thickness on the head off-track vibration was investigated in a modeled 

drive, prepared for this work. Four different E-block arm thicknesses were used, ranging 

from 1.0 mm to 1.6 mm in steps of 0.2 mm. Two HGA's were attached to each E-block 

arm, and they were inserted between two co-rotating disks, spinning at 10,000 rpm, and 

fixed at a disk spacing of 2.0 mm. Head vibration in the off-track direction was measured 

using a laser Doppler vibrometer (LDV) at three radial positions: the inner diameter (ID), 

the middle diameter (MD), and the outer diameter (OD). The frequency range considered 

was 0-20 kHz. Finite element analysis (FEA) was used to compute the natural 

frequencies and mode shapes of the HGA, the E-block arms, and the head stack 

assemblies (HSA), in order to identify the resonances observed in the experimental 

measurements.  

 

 

2. Experimental Setup 

 

The modeled drive shown in Fig. 1 was prepared for this study. The setup consists 

of a fixed plate A, to which the E-block is completely fixed using a screw; and a movable 

plate B, on which the spindle, the shroud, and the rest of the enclosure are mounted. The 

E-block, shown in Fig. 2, does not have a pivot and a coil, and it does not rotate to seek 

different radial positions on the disks. Instead, the head is moved to different radial 

positions by rotating plate B, and consequently the spindle and disks, about an axis that 
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corresponds to the actual pivot of the E-block. The precision of positioning the head at 

the ID, MD, and OD was achieved through the use of pins that fit in carefully located 

holes on plate A. This arrangement was used in order to allow for changing the radial 

position of the head without changing the relative position between the head and the air 

table on which the experimental setup was mounted. This was very convenient for 

measuring the head vibration using an LDV since it eliminated the need to readjust the 

LDV head and cable to reestablish beam alignment and focus.  

 

The spindle used in the setup was an actual drive ball bearing spindle, and it was 

operated at 10,000 rpm in this study. A cross plate – Fig. 1(b) – was used to support the 

spindle at the top in order to reduce spindle vibrations. Fujitsu's pico-CAPS suspensions 

for pico-sliders (Fig. 3) were used in this experiment. The loadbeam cross-section of the 

pico-CAPS suspension is rectangular, and is flangeless. Four different E-block arm 

thicknesses were tested: 1.0 mm, 1.2 mm, 1.4 mm and 1.6 mm. Two HGA's were 

attached, using an adhesive, to each arm, and were inserted between two 84 mm diameter 

platters, fixed at a disk spacing of 2.0 mm. A POLYTEC OFV-1102 LDV was used for 

taking the measurements, and its output was fed to an HP3562A signal analyzer to obtain 

the power spectra. The slider vibration in the off-track direction was measured at the ID, 

MD, and OD, for each of the arm thicknesses above, giving a total of twelve 

measurement sets. For each arm thickness, all measurements were repeated on two 

identical HSA samples to ensure consistency of the results. 
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3. Finite Element Modeling and Analysis 

 

3.1. Head Gimbal Assembly 

The pico-CAPS HGA was modeled in ANSYS as shown in Fig. 4. The baseplate, 

loadbeam, and slider were modeled using SOLID45 3-D structural solid elements. 

MASS21 structural mass elements were used to account for the added inertias of the 

trace, the damping layers on the suspension, the flexible printed circuit terminal, and the 

gold balls used to ensure electrical connection between the slider and the trace. The 

position of the printed circuit terminal is not the same for the upper and lower HGA's. 

ANSYS modal analysis was used to compute the natural frequencies and associated mode 

shapes of the active modes of the upper and lower HGA's in the 0-20 kHz frequency 

range. The results are presented in Table 1. 

 

3.2. E-Block Arm 

The E-block arm was modeled in ANSYS as shown in Fig. 5. The arm was 

modeled using SOLID45 3-D structural solid elements. The natural frequencies and 

associated mode shapes of the E-block arm were computed using ANSYS modal analysis 

for each arm thickness. The results are presented in Table 2 for the first five modes. The 

variation of the natural frequencies of these modes as a function of E-block arm thickness 

is shown in Fig. 6. Note that the natural frequency of the sway mode is less sensitive to 

the change in arm thickness than the natural frequencies of the other modes.  
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3.3. Head Stack Assembly 

The HSA in this study consisted of a single E-block arm and two HGA's. The 

HSA was modeled by combining the component models described above, as illustrated in 

Fig. 7. The natural frequencies and associated mode shapes of the HSA were obtained 

using ANSYS modal analysis for each arm thickness. The HSA active modes in the 0-20 

kHz range are numerous due to the dynamic coupling between the upper and lower HGA 

modes, and the dynamic coupling between the HGA modes and the E-block arm modes. 

A complete list of these modes is not provided. Table 3 lists the FEA results for the 

natural frequencies and mode shapes of the HSA modes that were identified in the 

experimental measurements. The first mode listed in Table 3 is dominated by the E-block 

arm sway mode, which drives the suspension sway mode. It should be noted that the 

slope of variation of natural frequency of this mode as a function of E-block arm 

thickness is roughly the same as that of the variation of the natural frequency of the E-

block arm sway mode as a function of arm thickness, as presented in §3.2. This is 

illustrated in Fig. 8.  
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4. Experimental Results and Discussion 

 

The power spectra of the slider off-track vibration for the different arm 

thicknesses are shown in Figs. 9 through 12. All of these spectra exhibit three dominant 

resonance peaks, the frequencies for which are listed in Table 4. The first resonance peak 

occurred at a frequency of around 8 kHz, and was identified as the E-block arm sway 

mode coupled with the suspension sway mode (the first mode in Table 3). The 

discrepancy between the frequencies computed using FEA and those obtained 

experimentally can be attributed to the incompleteness and simplicity of the FE model. 

Nonetheless, the congruence of the slope of the variation of the frequency of the 

measured resonance and that of the variation of the natural frequency of the E-block arm 

sway/suspension sway mode presented in §3.3 is a clear indicator that the observed mode 

is, in fact, the identified one (Fig. 8).  

 

The second and third major resonance peaks in the measured spectra occurred at 

frequencies of around 12 kHz and 14 kHz, respectively. The 12 kHz resonance peak was 

identified as the second torsion mode of the HGA; the 14 kHz resonance peak was 

identified as the sway mode of the HGA. Note that the frequencies of these two peaks are 

relatively insensitive to changes in the E-block arm thickness. The power spectra of the 

slider off-track vibration for the 1.0 mm thick E-block arm (Fig. 9) also contain two small 

peaks at 2.65 kHz and 5.7 kHz. The former peak is the first bending mode of the HGA, 

and the latter is the base plate first bending mode coupled with the HGA second bending 

mode. The amplitude of the 2.65 kHz peak is lower than the amplitudes of the three 
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major modes in the spectra by more than 10 dB, and the amplitude of the 5.7 kHz peak is 

lower than the amplitudes of the three major modes by more than 20 dB. Consequently, 

the contributions of these two modes to the slider off-track motion are relatively small.  

 

If the root mean square (RMS) power spectrum is expressed as Prms(f) as a 

function of frequency, f, then the total RMS amplitude, Arms, can be written as 

( )∑=
i

irmsrms fPhA        (1) 

where h is a scale factor for the windowing function. A Hanning window was used in 

these measurements. It should be noted that the relationship expressed in Eq. (1) is a 

Pythagorian relationship, and that it applies for different frequency ranges. The RMS 

amplitude of the slider off-track vibration was evaluated for each E-block arm thickness 

over the 0-20 kHz frequency range. These RMS amplitudes are listed in Table 5 and are 

plotted in Fig. 13. A common feature of all the off-track vibration power spectra 

presented in Figs. 9 through 12 is that the amplitude of the slider off-track vibration 

increased as the slider was moved from the ID to the MD to the OD. This is clearly 

evident in Fig. 13. Figure 13 also shows that the RMS amplitudes of the slider vibration 

increased as the E-block arm thickness was increased.  

 

The RMS amplitudes over the 0-20 kHz range were broken down into two 

components: a component over the 0-2 kHz frequency range, and a component over the 

2-20 kHz range. The amplitudes of these components are listed in Tables 6 and 7, and are 

presented in Figs. 14 and 15, respectively. It is clear that the component amplitudes over 

both frequency ranges increased as the slider was moved from the ID to the OD. 
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Furthermore, the component amplitudes over the 0-2 kHz range increased as the E-block 

arm thickness was increased. On the other hand, the trend that the 2-20 kHz component 

amplitudes followed as the E-block arm thickness was increased was somewhat 

unexpected. The amplitudes of these components increased as the arm thickness was 

increased from the 1.0 mm to 1.2 mm. They attained their highest values at the 1.2 mm 

thickness and then decreased as the arm thickness was increased to attain their lowest 

values at the 1.6 mm thickness for all radial positions.  

 

The trend that the 0-2 kHz component amplitudes followed as the E-block arm 

thickness was increased may be explained by postulating that increasing the arm 

thickness led to higher levels of turbulence in the flow, hence resulting in greater levels 

of fluctuation in the aerodynamic forces in the drive. Such fluctuations may have induced 

higher disk flutter and higher levels of HSA vibrations, which, in turn, generated greater 

levels of slider vibration. 

  

The trend observed for the 2-20 kHz components was quite interesting, and may 

be explained as the combination of two effects. The first effect can be explained by 

noting that if the same external forces are applied to each E-block arm, then the 

amplitude of the arm sway mode must decrease as the arm thickness is increased, due to 

the increase in inertia and the increase in stiffness that accompany the increase in arm 

thickness. This explains the decline in amplitude observed going from the 1.2 mm arm 

thickness to the 1.6 mm arm thickness. The increase in the RMS amplitude components 

as the arm thickness was increased from 1.0 mm to 1.2 mm may be explained by the 
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second effect, which is the increase in the flow fluctuation levels and the drag force as the 

arm thickness was increased. In general, the drag force D is proportional to the square of 

the flow velocity, and can be expressed in terms of the fluid density ρ, the flow velocity 

U, the area S normal to the flow, and the drag coefficient CD, as  

DSCUD 2
2
1 ρ=          (2). 

In the case at hand, the drag force can be broken down into a friction drag force, and a 

pressure drag force. The friction drag Df and the pressure drag Dp can be expressed as  

   ∫= Af dAôD          (3), 

   ∫= Sp dSpD          (4), 

where τ is the shear stress, p is the pressure, and A is the area parallel to the flow.  

 

The Reynolds number Re, defined by 

  
í

Uh
Re =          (5), 

was computed at the OD for all arms (listed in Table 8), using the disk surface speed at 

the disk edge, U ≅ 44 m/s, the kinematic viscosity of air, ν =1.512×10-5 m2/s, and the 

appropriate distance between the arm surface and the disk, h. Since Re was lower than 

2000 for all arms, the flow between the arm and the disk can be assumed to be a Couette 

flow and the shear stress τ is expressed by 

  
h

U
ìô =          (6), 

where µ is the fluid static viscosity. Increasing the arm thickness results in a smaller 

spacing h between the arm surface and the disk and an increased area A parallel to the 
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flow, which leads to a higher shear stress according to Eq. (6), and that in turn leads to a 

higher friction drag force Df according to Eq. (3). Increasing the arm thickness also 

results in an increased area S normal to the flow, which leads to a higher pressure drag 

force Dp, according to Eq. (4). Consequently, increasing the E-block arm thickness yields 

a higher drag force, and that may have generated higher levels of vibration. 

 

The 2-20 kHz RMS component amplitudes were further broken down into three 

subcomponents in the 2-6 kHz, 6-10 kHz, and 10-20 kHz frequency bands in order to 

assess the contributions resulting primarily from suspension dynamics (2-6 kHz and 10-

20 kHz bands), and those resulting primarily from E-block arm dynamics (6-10 kHz 

band). These RMS component amplitudes are listed in Tables 9 through 11 and are 

plotted in Figs. 16 through 18. 

 

An examination of the component plots in Figs. 16 through 18 indicates that the 

component amplitudes increased as the slider was moved from the ID to the OD, and that 

this trend was most pronounced for the suspension second torsion and sway modes, 

which are captured in the 10-20 kHz frequency band.  

 

The first torsion mode of the HGA occurs at around 4 kHz, but there is no peak at 

this frequency in the any of the power spectra, which indicates that this mode was not 

excited to a significant level. This explains the lack of dependency of the RMS amplitude 

components in the 2-6 kHz frequency band on arm thickness, as evident from Fig. 16. 
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Figure 17 indicates that the RMS amplitude components in the 6-10 kHz 

frequency band are dependent on arm thickness. The main mode excited in this frequency 

band is the sway mode of the E-block arm, which occurs at around 8 kHz. Going from 

the 1.0 mm thick arm to the 1.6 mm thick arm, the RMS amplitude components in Fig. 17 

attained their highest values at the 1.2 mm thickness and then decreased to attain their 

lowest values at the 1.6 mm thickness for all radial positions. This is the same trend that 

was observed in the 2-20 kHz component amplitudes. 

 

The variation of the RMS component amplitudes in the 10-20 kHz band (Fig. 18) 

as a function of E-block arm thickness followed a similar trend to that observed for the 

RMS component amplitudes in the 6-10 kHz band, although the effect was on a much 

smaller scale. This trend is likely to be a result of the dynamic coupling between the E-

block arm and the suspensions.  

 

The variation of the RMS amplitude of the slider off-track vibration over the 2-20 

kHz frequency range as a function of E-block arm thickness was primarily shaped by the 

6-10 kHz component, as evident from Figs. 15 and 17.  
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5. Conclusion 

 

In this study, the effect of E-block arm thickness on the off-track vibration of a 

read/write head inserted between two co-rotating disks was investigated experimentally 

in a modeled hard disk drive. Four different E-block arm thicknesses were used, ranging 

from 1.0 mm to 1.6 mm in steps of 0.2 mm. Head vibration in the off-track direction was 

measured at the ID, the MD, and the OD positions. For each E-block arm thickness, the 

head exhibited the highest level of off-track vibration at the outer diameter, and the 

lowest level of off-track vibration at the inner diameter. 

 

The primary contributors to the measured off-track vibration were identified as 

the E-block arm sway mode, the suspension second torsion mode, and the suspension 

sway mode. The off-track RMS amplitudes were broken down into components over two 

frequency bands (0-2 kHz and 2-20 kHz) in order to assess the contribution of the 

structural resonances to the overall head off-track vibration. The 2-20 kHz component 

was further divided into subcomponents over three frequency bands in order to isolate the 

contributions of the E-block arm vibration and the suspension vibration to off-track RMS 

amplitudes.  

 

The measured off-track RMS amplitudes were dependent on the E-block arm 

thickness. The RMS amplitudes, for all radial positions, increased as the arm thickness 

was increased. This trend was also observed in the 0-2 kHz component amplitudes. This 

trend, however, was not observed in the 2-20 kHz component amplitudes. The latter 



 14

amplitudes increased as the arm thickness was increased to attain their highest values at 

the 1.2 mm arm thickness, and then decreased as the arm thickness was increased further 

to attain their lowest values at the 1.6 mm thickness. This trend in the observed off-track 

vibration was strongly shaped by the component of off-track resulting from the E-block 

arm dynamics. 

 

An investigation of the effect of arm thickness on the airflow in the modeled drive 

will be extremely helpful in explaining the results presented in this study, especially the 

unexpected trend observed in the 2-20 kHz component. 
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Natural Frequency [Hz]  

Upper Lower 
Mode Shape  

2,200 2,200 Loadbeam first bending 

 

4,080 4,080 Loadbeam first torsion 

 

5,470 5,520 
Baseplate first bending in 
phase with loadbeam second 
bending 

 

6,940 7,050 
Baseplate first bending out of 
phase with loadbeam second 
bending  

 

12,960 12,960 Loadbeam second torsion 

 

13,100 13,080 Loadbeam third bending 
 

14,420 14,420 Loadbeam sway 

 

18,550 18,540 Loadbeam fourth bending  

19,070 17,350 
Loadbeam third torsion in 
phase with baseplate first 
torsion 

 

20,130 19,790 
Loadbeam third torsion out of 
phase with baseplate first 
torsion 

 

Table 1: HGA natural frequencies and mode shapes of active modes in 0-20 kHz range.
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Natural Frequency [Hz] 

t = 1.0 t = 1.2 t = 1.4 t = 1.6 
Mode Shape 

2,000 2,500 3,000 3,500 First bending 
 

9,160 11,020 12,810 14,520 Second bending 

 

 

11,230 13,340 15,400 17,420 First torsion 

 

13,860 14,290 14,610 14,870 Sway 

 

22,970 27,240 31,270 35,030 Third bending 

 

 

Table 2: E-block arm natural frequencies and mode shapes of first five modes. 
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  Natural Frequencies [Hz] 

Mode Shape 
t =1.0 t =1.2 t =1.4 t =1.6 

E-block sway coupled with suspension sway  9,200 9,720 10,150 1,0500 

E-block first torsion coupled with suspension  
third bending 

9,120 10,450 11,510 13,420 

Suspension second torsion (upper and lower  
suspensions in phase) 

12,960 12,970 12,940 12,920 

Suspension second torsion (upper and lower  
suspensions out of phase) 

12,960 13,010 13,040 13,070 

Suspension sway (upper and lower suspensions  
in phase) 

14,030 14,180 14,300 14,350 

Suspension sway (upper and lower suspensions  

out of phase) 
14,460 14,490 14,600 14,400 

Table 3: FEA results for the natural frequencies and mode shapes of the HSA  
    modes that were identified in the experimental measurements. 

 
 Resonance Frequencies [Hz] 

Mode Shape 
t =1.0 t =1.2 t =1.4 t =1.6 

E-block sway coupled with suspension sway    7,450   7,950   8,130   8,330 

E-block third torsion coupled with suspension 
second bending 

9,120 10,450 11,510 13,420 

Suspension second torsion  12,700 12,200 12,230 12,530 

Suspension sway  13,750 14,100 14,130 14,050 

Table 4: Estimates of the frequencies of the three dominant  
 resonant peaks observed in the measured spectra. 

 
Thickness [mm] ID MD OD 

1.0 4.15 5.95 7.67 

1.2  5.21 6.82 7.73 

1.4  5.29 7.48 10.12 

1.6 5.42 9.34 10.51 

Table 5: RMS amplitudes [nm] of the slider off-track  
   vibtation over the 0-20 kHz frequency range. 
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Thickness [mm] ID MD OD 

1.0  2.43 2.92 3.63 

1.2  3.28 3.70 5.30 

1.4  3.79 5.39 7.32 

1.6  4.53 8.24 9.00 

Table 6: RMS amplitudes [nm] of the slider off-track  
   vibtation over the 0-2 kHz frequency range. 

 

Thickness [mm] ID MD OD 

1.0  3.37 5.20 6.77 

1.2  4.06 5.74 7.86 

1.4  3.69 5.20 7.02 

1.6  2.99 4.40 5.44 

Table 7: RMS amplitude components [nm] of the slider  
     off-track vibtation over the 2-20 kHz frequency range. 

 

Thickness [mm] h [mm] Re 

1.0 0.5 1460 

1.2 0.4 1160 

1.4 0.3   870 

1.6 0.2   580 

Table 8: Reynolds number at OD for different arm thicknesses. 
 

 

 

 

 

 

 

 

 



 21

Thickness [mm] ID MD OD 

1.0  1.22 1.46 1.63 

1.2  0.84 1.09 1.28 

1.4  0.95 1.16 1.49 

1.6  0.86 1.07 1.25 

Table 9: RMS amplitude components [nm] of the slider  
         off-track vibtation over the 2-6 kHz frequency range. 

 

Thickness [mm] ID MD OD 

1.0  2.40 2.35 2.94 

1.2  2.99 3.66 4.74 

1.4  2.43 2.63 3.33 

1.6  1.72 1.72 2.38 

Table 10: RMS amplitude components [nm] of the slider  
     off-track vibtation over the 6-10 kHz frequency range. 

 

Thickness [mm] ID MD OD 

1.0  2.01 4.39 5.88 

1.2  2.61 4.28 6.14 

1.4  2.61 4.33 5.99 

1.6  2.29 3.90 4.73 

Table 11: RMS amplitude components [nm] of the slider off- 
   track vibtation over the 10-20 kHz frequency range. 
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(a) Setup without top disk and cover 
 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Setup with top disk and cover 
Figure 1: Modeled disk drive. 

Cross plate 

Plate B 

Shroud Spindle 

E-Block 
Arm 

Plate A 

Disk 
rotation 
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Figure 2: A close-up of the HSA. 
 

 

Figure 3: A close-up of the HGA. 
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Figure 4: ANSYS model of pico-CAPS HGA. 
 

 

Figure 5: ANSYS model of E-block arm. 
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Figure 6: Variation of the natural frequencies of the first five  
         E-block modes as a function of E-block arm thickness. 

 

 

Figure 7: ANSYS HSA model. 
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Figure 8: Variation of resonant frequencies of different thickness arms. 
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(a) Sample 1 
 

 

(b) Sample 2 
Figure 9: Power spectrum of slider off-track vibration, 1.0 mm thickness arm. 

(a) Sample 1; (b) Sample 2 
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(a) Sample 1 
 

 

(b) Sample 2 
Figure 10: Power spectrum of slider off-track vibration, 1.2 mm thickness arm. 

(a) Sample 1; (b) Sample 2 
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(a) Sample 1 
 

 

(b) Sample 2 
Figure 11: Power spectrum of slider off-track vibration, 1.4 mm thickness arm. 

(a) Sample 1; (b) Sample 2 
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(a) Sample 1 
 

 

(b) Sample 2 
Figure 12: Power spectrum of slider off-track vibration, 1.6 mm thickness arm. 

(a) Sample 1; (b) Sample 2 
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Figure 13: RMS amplitudes [nm] of the slider off-track  
     vibration over the 0-20 kHz frequency range. 

 

 

Figure 14: RMS amplitude components [nm] of the slider off-track  
     vibration over the 0-2 kHz frequency range. 
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Figure 15: RMS amplitude components [nm] of the slider off-track  
     vibration over the 2-20 kHz frequency range. 

 

 
Figure 16: RMS amplitude component [nm] of the slider off-track  

vibration over the 2-6 kHz frequency range. 
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Figure 17: RMS amplitude component [nm] of the slider off-track  

vibration over the 6-10 kHz frequency range. 
 

 
Figure 18: RMS amplitude component [nm] of the slider off-track  

vibration over the 10-20 kHz frequency range. 
 

 


