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Abstract

This paper discusses the effect of varying the location of the load dimple on the
suspension on the shock response of small form factor hard disk drives. We use the CML
shock simulator, which simulates the structural as well as the air bearing dynamics of
the disk drive simultaneously. The location of the dimple is varied and simulations are
run for various load positions on the back of the slider, while adjusting the pitch static
attitude (PSA) and the roll static attitude (RSA) of the slider such that the flying
attitude of the slider remains the same. We simulate shocks of 0.5 ms pulse width for
a commercially available slider and suspension designs for a 1”7 drive. We observe that
shock resistance is optimal when the dimple is offset towards the leading edge of the
slider. This behavior is explained on the basis of a linearized air bearing model. It is
also observed that moving the dimple too much towards the leading edge causes the

mechanism of shock failure to change resulting in lower shock tolerances.

1 Introduction

1.1 Motivation

Recently there has been an increased interest in the effect of shocks on hard disk drives
due their usage in more hostile environments. Over the past few years an increase in the
demand of storage capacity in small consumer appliances and gadgets such as MP3 players,
cameras and cell phones has led to the application of small form factor hard disk drives in
these devices. Due to the hostile environments faced by such devices, the shock resistance

of these small form factor drives has become of great importance.

1.2 Methodology

In this paper we study the effect of varying the location of the dimple (pivot) of the suspension

on the shock performance of a small form factor drive. Previously we have developed a shock
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simulator to accurately simulate the shock event and predict the response of the suspension-
slider-disk system (Bhargava and Bogy (2005a)). This simulator is used to simulate the
shock response of a system for a suspension system with varying dimple locations in the x
and y directions (see Fig.1. Simulations are carried out to determine the ‘safe’ operating

shock levels, wherein no head-disk contacts occur.

1.3 Prior Work

Over the past few years there have been various experimental and simulation studies on the
shock response of the hard disk drive mechanical system and its effects on the head-disk
interface. Many of these studies (Harrison and Mundt (2000), Edwards (1999), Kumar et al.
(1994), Kouhei et al. (1995)) have been limited to the non-operating state of the drives,
and/or to the component level. Various other papers (Jayson et al. (2003), Jiang et al.
(1995)) have considered shock simulations in the operating state using simplified models for
one or more components of the drive, i.e. either the disk, suspension or the air bearing. A
summary of these studies has been presented in Bhargava and Bogy (2005b).

For the simulation of operational shock Zeng and Bogy (2000) proposed a method
whereby they separate the simulation work into two essentially uncoupled sets. They de-
veloped a finite element model of the disk and suspension system and used it to obtain the
dynamic normal load and moments applied to the slider air bearing. These were then used
as input data for an air bearing dynamic simulator to calculate the dynamic flying attitudes.
They were able to obtain not only the responses of the structural components, but also the
responses of the slider air bearings. Also, simulations where the air bearing exhibits highly
nonlinear behavior, such as when the air bearing collapses, may require iterations between
the structural and air bearing simulations, thereby making the process cumbersome and
computationally more expensive. In a previous paper, Bhargava and Bogy (2005a) proposed
a method where the structural modeling module is transferred into the air bearing code using

preassembled exported mass and stiffness matrices from ANSYS. This method was found to
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be accurate, fast and robust. The authors simulated the effect of the pulse width on the
shock resistance of a 1”7 drive.

In this paper, we study the effect of the load dimple location, on the shock performance
of a small form factor drive. For such an application it is critical to accurately model the

suspension, as well as the nonlinear behavior of the dimple due to contact.

2 Simulations

2.1 Procedure

The new CML Dynamic Load/Unload/Shock simulator (Bhargava and Bogy (2006)) is used
to simulate the shock response of a commercially available 1”7 drive slider and suspension
design while varying the location of the dimple. We determine the ‘safe’ shock levels for each
location, as the maximum shock amplitude for which no head-disk contacts are observed.
Bhargava and Bogy (2005b) defined two types of shocks, namely positive and negative (where
the acceleration pulse is applied in the +z and —z directions respectively). They also showed
that drive are less robust for positive shocks than for negative shocks. In another report
(Bhargava and Bogy (2005a)), the authors demonstrated that the mechanism of failure for
shocks with pulse widths in the range of 0.5 ms to 3.0 ms is similar. Hence, in this study we
simulate only positive shocks with pulse width 0.5 ms.

Figure 2 shows a schematic diagram of a suspension. A typical suspension consists of
a slider mounted on a flexure. The flexure provides roll and pitch stiffness to the slider,
while the stiffness in the z direction is provided by the load beam through a dimple which
pushes down into the flexure that adheres to the slider. Limiters may be provided on the
suspension to limit the maximum separation of the flexure from the dimple during unloading.
Figure 3 shows a free body diagram of the slider in the steady state flying condition. For
simplicity, we consider here the force and moment balances in the z — x plane only. Forces

and moments in the third direction can be similarly balanced. We also assume that the gram



2 SIMULATIONS 4

load on the slider is completely applied by the dimple and moments are applied only by the
flexure, thereby neglecting the z-stiffness of the flexure and the friction moments applied by
the dimple. Writing the force balance in the z-direction and the moments in the y-direction,

we have,

Iy = F, (1)
Mf—FgX.’L'l:Mb (2)

Thus to get the same torques in the steady state (and hence the same flying attitude for
the slider) for different load points z;, the Fyz; term needs to be balanced by the M/ term,
which is achieved by adjusting the PSA of the slider to generate the additional moment. If
x; is positive, a negative PSA is used, and vice versa. Similarly in the z — y plane, the RSA

is adjusted to maintain the same flying roll attitude.

2.2 Results and Analysis

We carried out simulations for various dimple locations on the flexure for half sinusoid shocks
of varying magnitudes. The operating parameters of the slider used are listed in Table 1.

Figure 4 presents several graphs of the shock response to a 0.5 ms pulse width for the
dimple located at the centre of the slider (BC) (z; = 0.0,y; = 0.0) mm). In Fig. 5, we plot
the dimple separation and dimple contact forces. It is observed that during the course of the
shock, the load beam is pulled up and the dimple separates from the flexure. Subsequently,
the load beam slaps back onto the flexure, hitting it with a large contact force. This causes
the slider to crash into the disk. This kind of response is typical for shock pulse widths of
0.5 ms. The mechanism of failure has been previously shown to be typical of pulse widths
of 0.5 - 3.0 ms (Bhargava and Bogy (2005a)).

Figure 6 shows the shock response for the dimple location Ul (z; = —0.1,35 = 0.0 mm).

We observe no head disk contact in this case. In Fig. 7 we plot the dimple separation, as
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well as the dimple contact force. As the dimple unloads, we observe in Fig. 6f that the pitch
angle is larger than was observed for the base case (BC) in Fig. 4. This is a consequence of
the positive PSA used to account for the dimple load moment Fyz;. We also note that the
minimum fly height is less than what was observed for the base case, again as a consequence
of the larger pitch angle. As the load beam snaps back onto the flexure, there is a spike in
the dimple contact force. This large contact force also generates a contact moment about
the centre of the slider.

We can explain this difference in the behavior of the two dimple location cases using a
simple linearized dynamic model.

Here, z is the fly height of the centre of the slider, « is the pitch and S is the roll of
the slider. We linearize the air bearing for the base case at time ¢, with attitude ug which
is the instant when the load beam impacts the flexure (see Fig. 8). The incremental force
vector F' defined as the vector of restoring forces and moments generated due to changes in

the attitude, is given by:

F = Kbu, (3)

where the attitude vector u and force vector F are defined as:

z F,
u=4 a 0;F=9 M, (4)
B Mg

The matrix Ky, is the linear spring stiffness of the air bearing, given as:

kzz kza kzﬂ
Kp = kaz kaa ka,@ (5)
kg kga FKpp

Inverting the stiffness matrix, we obtain the compliance matrix, which relates the attitude
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of the slider to applied forces and moments.

C=K,"' (6)
u=CF (7)

We observe that during head-disk contact, the pitch is positive, while the roll can be
positive or negative depending on the value of y,;, slider design, skew and other operating
parameters. Thus the location of the point on the slider with the minimum fly height will
be near the trailing edge. For simplicity, we can assume that the minimum fly height (zn)
location is infact one of the corners of the trailing edge (depending on the roll of the slider).
Then we calculate the ratio of the displacement of the minimum fly height to an applied
force at (x;,y1), i.e. c,,;.q)- A force Fy acting at (z;,;) is equivalent to the following force

vector in our defined attitude coordinate system:

F,

9

F = ngl (8)
ngl

Also we can calculate z,;,, given the slider attitude vector as:

z
Zmin = { 1 L sign(B): } ! (9)

g
Here [ and b are the length and breadth of the slider, and the pitch and roll are assumed

to be small. Thus we have for ¢, , ¢:
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F,

g
czmmez{ 1 Lt }C F,x, (10)
Foui

The c,,, ¢ values for various values of z; and y; have been plotted in Fig. 9 using K,
determined from simulations for our system. The black line on the plot is the zero displace-
ment line, which means that the minimum fly height will not change when a small force
is applied in the z direction anywhere along this line. This concept is similar to a ‘center
of percussion’, the only difference being that we are looking at the displacement of a point
other than where the force is applied. A positive value of ¢, . ¢ implies that the change in
the minimum fly height will be positive for a given positive F, applied at (z;,y;), while a
negative value indicates that the minimum fly height will actually increase when a force Fj
is applied at (z;,y;). We see that ¢, ¢ is smallest when z; = £ and y, = +2. However,
earlier we noted that the pitch for the Ul case was larger than, and the minimum fly height
was lower than, that of the BC, before the load beam had snapped back onto the flexure.
If we choose a large negative value of x;, the slider crashes into the disk even before the
load beam snaps back onto the flexure. In Fig. 10 we plot the flying attitude for location
U2 (z; = —0.2,y = 0.0) mm). We observe that the mechanism of failure for this dimple
location is completely different from that in the first two cases. In Fig. 11 we plot the dimple
separation and contact force. We see that the slider crashes soon after the dimple separates.

This is due to the large positive torque generated as the dimple unloads.

Various other simulations were carried out at other values of (z;,v;) to determine the

‘safe’ shock map shown in Fig. 12 for this particular slider-suspension system.
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3 Conclusions

The effect of the location of the dimple on the shock performance of a small form factor
drive was investigated. Simulations were carried out using the CML Dynamic L/UL/S
simulator using a shock pulse. The results of the study are summarized in Fig. 12. We see
that maximum shock resistance is realized when the dimple is located at (—0.13,0.015). It
was shown that moving the dimple towards the leading edge of the slider improves shock
performance when the mechanism of shock failure is load beam-flexure impact. However if
the dimple is moved too far, the mechanism of shock failure changes and shock performance

degrades.
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Table 1: Slider parameters

Parameter

Value

Drive form factor

Gram load

RPM

Steady state flyheight (OD)
Steady state pitch

Steady state roll

Operating PSA

Operating RSA

1’7

125 g
3600

6.24 nm
58.3 prad
-2.6 prad
2.5 mrad
0.0 mrad
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Figure 3: Slider free-body diagram
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