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Storage Device Emulator And Method Of Use Thereof

TECHNICAL FIELD
[0001] This disclosure relates to storage device emulators and methods of testing

test slots of storage device testing systems.

BACKGROUND
[0002] Disk drive manufacturers typically test manufactured disk drives for
compliance with a collection of requirements. Test equipment and techniques exist for
testing large numbers of disk drives serially or in parallel. Manufacturers tend to test
large numbers of disk drives simultaneously or in batches. Disk drive testing systems
typically include one or more racks having multiple test slots that receive disk drives for
testing.
[0003] The testing environment immediately around the disk drive is closely
regulated. The latest generations of disk drives, which have higher capacities, faster
rotational speeds and smaller head clearance, are more sensitive to vibration. Excess
vibration can affect the reliability of test results and the integrity of electrical
connections. Under test conditions, the drives themselves can propagate vibrations
through supporting structures or fixtures to adjacent units. This vibration "cross-talking,"
together with external sources of vibration, contributes to bump errors, head slap and
non-repeatable run-out (NRRO), which may result in lower yields and increased
manufacturing costs.
[0004] Test slots of disk drive testing systems require routine validation and
diagnostic testing to insure that the test slots are functioning and performing properly. In
general, a “gold drive” is a disk drive that has been independently validated as
functioning and performing properly. The gold drive may be used to test the functionality
and performance of test slots. Validating and maintaining verification of the gold drive’s

veracity is cumbersome and expensive. Furthermore, testing data is limited.
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SUMMARY
[0005] In one aspect, a storage device emulator for testing a test slot of a storage
device testing system includes an emulator body, an interface connecter disposed on the
emulator body, and at least one vibration sensor disposed on the emulator body. The
emulator body comprises a material having a tensile modulus of at least 40 x 106 Psi.
[0006] In another aspect, a method of validating a test slot of a storage device
testing system includes establishing a connection between a storage device emulator and
the test slot and performing testing on the test slot. The testing includes monitoring a
vibration level of at least one region of the storage device emulator. The storage device
emulator includes an emulator body, an interface connecter disposed on the emulator
body, and at least one vibration sensor disposed on the emulator body. The emulator
body comprises a material having a tensile modulus of at least 40 x 10"6 Psi.
[0007] In yet another aspect, a storage device emulator for testing a test slot of a
storage device testing system includes an emulator body, an interface connecter disposed
on the emulator body, and at least one vibration sensor disposed on the emulator body.
The emulator body includes weight receivers configured to each receive a weight.
[0008] Implementations of the disclosure may include one or more of the
following features. In some implementations, the emulator body comprises a material
having a tensile modulus of at least 85 x 1076 Psi. The emulator body may comprise
carbon fiber (e.g., a carbon fiber reinforced epoxy laminate with 60% fiber volume). The
emulator body may have a first bending mode at greater than about 8 kHz. In some
examples, the storage device emulator includes first, second, third, and fourth vibration
sensors disposed on the emulator body. The vibration sensors may be disposed
equidistantly from a center of gravity of the emulator body. The vibration sensors may be
spaced about 2 inches (51 mm) along longitudinal and transverse axes defined by the
emulator body from an intersection of the longitudinal and transverse axes. In some
implementations, the intersection of the longitudinal and transverse axes coincides with at
least one of a geometric center of the emulator body and a center of gravity of the
emulator body.
[0009] In some implementations, the emulator body is substantially rectangular

shaped having top and bottom surfaces, a vibration sensor being disposed near each
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corner of the top and bottom surfaces. For example, the emulator body may have a width
of about 70 mm and a height of between about 9.5 mm and about 19 mm. In some
implementations, the emulator body defines an electronics region, a motor region, and a
head region, with a vibration sensor being disposed in each region. The emulator body
may define at least one weight receiver configured to receive a weight. Placement of
weights on the emulator body may alter the weight, mass, and/or center of gravity of the
emulator body to, for example, simulate a particular real storage device.

[0010] The details of one or more implementations of the disclosure are set forth
in the accompanying drawings and the description below. Other aspects, features, and

advantages will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0011] FIG. 1 is a perspective view of a storage device emulator being inserted

into a test slot of a storage device testing system.

[0012] FIG. 2 is a perspective view of a test slot.

[0013] FIG. 3 is a perspective view of a storage device emulator.

[0014] FIG. 4 is a side view of a storage device emulator.

[0015] FIG. 5 is a top view of a storage device emulator.

[0016] FIG. 6 is a front view of a storage device emulator.

[0017] FIG. 7 is a side schematic view of a storage device emulator that illustrates

exemplary placement of vibration sensors within a body of the storage device emulator.
[0018] FIG. 8 is a top schematic view of the storage device emulator shown in

FIG. 7, illustrating exemplary placement of vibration sensors within the emulator body.

[0019] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION
[0020] A storage device emulator 100 emulates or simulates an actual storage

device physically (e.g. in size), but operates as a testing tool for validating test slots 10 of
storage device testing systems 5. In the example shown in FIG. 1, a test slot 10 is
mounted to a rack 20. A user may place the storage device emulator 100 directly into the

receptacle 12 of the test slot 10. However, in some examples, a storage device
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transporter 30 carries the storage device emulator 100, and may be manipulated by a user
or a robotic arm for insertion into a receptacle 12 of the test slot 10. The storage device
emulator 100 is placed in a test position engaged with a test slot connector 14, shown in
FIG. 2.

[0021] Referring to FIGS. 3-6, the storage device emulator 100 includes an
emulator body 110, one or more vibration sensors 120 disposed on the emulator body
110, and an interface connecter 130 disposed on the emulator body 110. The emulator
body 110 is comprised of a material that exhibits a relatively high stiffness, for example
by having a Tensile Modulus (Young’s Modulus of Elasticity) of at least 40 x 1076 Psi.
In some examples, the emulator body 110 has a Tensile Modulus of about or at least 85 x
1076 Psi. In some examples, the emulator body 110 is comprised of a carbon fiber
reinforced epoxy laminate with 60% fiber volume. The emulator body 110 meets electro-
static discharge requirements (e.g., ANSI/ESD S 20.20) due to the high carbon content.
In some examples, the first bending mode of the emulator body 110 occurs at greater than
8 kHz. Unlike a typical disk drive body, which is generally comprised of aluminum (e.g.,
having a tensile modulus of about 10 x 10”6 Psi ) or steel (e.g., having a tensile modulus
of about 30 x 10”6 Psi ) having relatively low stiffness’s that may amplify or enhance
vibrations imparted by the storage device testing system, the relatively stiff emulator
body 110 directly translates the substantially unaltered vibrations to the vibration sensors.
This allows the storage device emulator 100 to measure vibrations experienced by the
storage device emulator 100 while in the test slot 10 without contributing to the
vibrations. In one implementation, the emulator body 110 has a first mode of resonance
at about 8 kHz or greater, which allows recordation of data from about 10 Hz to about 8
kHz. In another implementation, the emulator body 110 has a first mode of resonance at
about 5 kHz or greater, which allows recordation of data up to about 5 kHz. Some
typical storage device bodies resonate at about 400 Hz. In some implementations, the
emulator body 110 has a weight of about 0.420 b (191 g), a mass moment about a center
of gravity CG of the emulator body 110, Ixx of about 1.0 Ib*in”*2 (0.29 gm*m”2), a mass
moment about the center of gravity CG, lyy of about 2.2 1b*in”*2 (0.65 gm*m”2), and a

mass moment about the center of gravity CG, 1zz of about 3.1 Ib*in*2 (0.92 gm*m"2).



10

15

20

25

30

WO 2010/042385 PCT/US2009/059214

[0022] In some implementations, the emulator body 110 includes or defines at
least one weight receiver 114 (e.g., aperture, cavity, and/or fastener, such as a clip)
configured to receive a weight 200 to alter the weight, mass, and/or center of gravity of
the storage device emulator 100, for example, to mimic a particular disk drive or storage
device. Weights 200 may be positioned on the emulator body 110 to provide a particular
mass distribution and/or center of gravity of the emulator 100. In some examples,
emulator body 110 also defines a threaded hole 116 that intersects (e.g., perpendicular or
at an angle to) the weight receiver 114. The threaded hole 116 is configured to receive a
set screw 202, which may be used to secure the weight 200 in the weight receiver 114
and/or to alter the weight, mass, and/or center of gravity of the storage device emulator
100. Other means of fastening or securing the weight 200 in the weight receiver 114 may
be used as well, such as, but not limited to, an adhesive, hook and loop fasteners, a clip,
interference fit, etc.) In examples shown, the emulator body 110 defines eight weight
receivers 114. The weight receivers 114 may be arranged equidistantly from each other
in a particular pattern (e.g., polygon, star, etc.) or in certain regions of the emulator body
110 that correspond to areas of an actual storage device (e.g. a motor region, circuit
region, connector region, storage device head region, etc.). Weights 200 may be added to
the emulator body 110 to provide a weight, mass, and/or center of gravity similar to or
the same as a particular real storage device, therefore allowing testing under a simulated
environment substantially similar to that of a real storage device. For example, the
weights 200 may replicate the mass, the mass distribution, and/or the center of gravity of
a particular storage device.

[0023] In some implementations, the emulator body 110 has a width of about 70
mm and a height of between about 9.5 mm and about 19 mm. The emulator body 110
may be a solid unitary construction and defines a recess 112 for each a vibration sensor
120 (e.g., accelerometer). In other examples, the emulator body 110 may be a shell that
houses the vibration sensors 120. In the example shown, the emulator body 110 defines
first, second, third, and fourth recesses 112A, 112B, 112C, 112D for receiving first,
second, third, and fourth vibration sensors 120A, 120B, 120C, 120D. The vibration
sensors 120A, 120B, 120C, 120D are shown as being arranged equidistantly from each

other; however, other arrangements are possible, such as placing vibration sensors 120 in
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certain regions of the emulator body 110 that correspond to areas of an actual storage
device that are prone to experiencing or creating vibrations (e.g. a motor region). In
some examples, the vibration sensors 120A, 120B, 120C, 120D are placed in each corner
of the emulator body 110, as discussed below with respect with FIGS. 7-8. In the
example shown in FIG. 5, the first, second, third, and fourth vibration sensors 120A,
120B, 120C, 120D are disposed on the emulator body 110 and spaced about 2 inches (51
mm) along longitudinal and transverse axes 103, 105 defined by the emulator body 110
from an intersection of the longitudinal and transverse axes 103, 105, which may
coincide with a geometric center C or a center of gravity CG of the emulator body 110.
As mentioned above, weights 200 may be attached to the emulator body 110 to alter the
center of gravity CG (e.g., moving the center gravity CG from the geometric center C of
the emulator body 110).

[0024] In the examples illustrated in FIGS. 7-8, the emulator body 110 has inside
top and bottom surfaces 1102, 1104, an inside front surface 1106 supporting the interface
connector 130, an inside back surface 1108, and inside left and right side surfaces 1107
and 1109. The vibration sensors 120 may be positioned in the emulator body 110 in
locations corresponding to locations of an actual storage device that typically generate
and/or experience vibrations. FIGS. 7-8 illustrate exemplary placements of the vibration
sensors 120 inside the emulator body 110. Two vibration sensors 120T1, 120T2 are
positioned on the inside top body surface 1102 near each corner adjacent the inside front
body surface 1106. Similarly, two vibration sensors 120B1, 120B2 are positioned on the
inside bottom body surface 1104 near each corner adjacent the inside front body surface
1106. One vibration sensor 120M1 is positioned on the inside bottom body surface 1104
in an electronics region 140. One vibration sensor 120M2 is positioned on the inside top
body surface 1102 in a motor region 150. Vibration sensors 120T4 and 120B4, which are
positioned in the corners on the inside top body surface 1102 and bottom body surface
1104, respectively are also in a head region 160. Vibration sensors 120 may be placed in
other locations as well, which may or may not correspond to regions of components in a
real storage device for recording data.

[0025] The vibration sensor 120 is configured to measure vibrations experienced

by the emulator body 110. In some implementations, the vibration sensor 120 is a tri-
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axial accelerometer (e.g., measures movement along three axes), while in other
implementations, the vibration sensor 120 is a single-axis accelerometer to measure
vibrations along a particular axis. A pair of vibration sensors 120 may be used to
calculate rotary vibrations. In some examples, the vibration sensors 120 can measure six
degrees of freedom of movement (e.g., X, Y , Z, 0x, Oy, 0z). Examples of
accelerometers that may be used include an Endevco Tri-ax 6612A TEDS accelerometer
available by Endevco of San Juan Capistrano, CA, and a Dytran Tri-ax 3233 A seismic
type accelerometer available by Dytran of Chatsworth, CA. The Endevco Tri-ax 6612A
TEDS accelerometer provides moderate 100mV/G sensitivity, 1 Hz to 10 kHz response
range, +/- 200 G peak, and 25 kHz resonance. The Dytran Tri-ax 3233 A accelerometer
provides good 1000mV/G sensitivity, 0.4 to 3000 Hz response range, +/-5 G peak, and 20
kHz resonance.

[0026] Referring again to FIGS. 2-3, the interface connecter 130 is configured to
mate with the test slot connector 14, and may be a universal asynchronous
receiver/transmitter connector. The interface connecter 130 provides a mechanical
connection point with the test slot 10 to emulate a real storage device, but does not
provide any communication between the test slot 10 and the storage device emulator 100.
The storage device emulator 100, in some examples, is configured to have the same
mechanical connections points and/or points of contact with the test slot 10 as a real
storage device. This allows the storage device emulator 100 to measure vibrations under
conditions most similar to that experienced by a real storage device.

[0027] A method of validating a test slot 10 of a storage device testing system 5
includes establishing a connection between a storage device emulator 100 and the test
slot 10, and performing diagnostic testing on the test slot 10 (e.g. via the vibration
sensor(s) 120 of the storage device emulator 100 described above). The diagnostic
testing includes monitoring a vibration level of at least one region of the storage device
emulator 100.

[0028] A number of implementations have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the spirit
and scope of the disclosure. Accordingly, other implementations are within the scope of

the following claims.
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WHAT IS CLAIMED IS:

1. A storage device emulator (100) for testing a test slot (10) of a storage device
testing system (5), the storage device emulator (100) comprising:

an emulator body (110);

an interface connecter (130) disposed on the emulator body (110); and

at least one vibration sensor (120) disposed on the emulator body (110);

wherein the emulator body (110) comprises a material having a tensile modulus of

at least 40 x 1076 Psi.

2. The storage device emulator (100) of claim 1, wherein the emulator body (110)

defines at least one weight receiver (114) configured to receive a weight (200).

3. A storage device emulator (100) for testing a test slot (10) of a storage device
testing system (5), the storage device emulator (100) comprising:
an emulator body (110);
an interface connecter (130) disposed on the emulator body (110); and
at least one vibration sensor (120) disposed on the emulator body (110);
wherein the emulator body (110) includes weight receivers (114) configured to

each receive a weight (200).

4. The storage device emulator (100) of any of the preceding claims, wherein the
emulator body (110) comprises carbon fiber, a material having a tensile modulus of at

least 85 x 10”6 Psi, and/or has a first bending mode at greater than about 8 kHz.

5. The storage device emulator (100) of any of the preceding claims, wherein first,
second, third, and fourth vibration sensors (120A, 120B, 120C, 120D) are disposed on the
emulator body (110) equidistantly from a center of gravity (CG) of the emulator body

(110) and may be spaced about 2 inches (51 mm) along longitudinal and transverse axes
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(103, 105) defined by the emulator body (110) from an intersection of the longitudinal

and transverse axes (103, 105).

6. The storage device emulator (100) of claim 5, wherein the intersection of the
longitudinal and transverse axes (103, 105) coincides with at least one of a geometric
center (C) of the emulator body (110) and a center of gravity (CG) of the emulator body
(110).

7. The storage device emulator (100) of any of the preceding claims, wherein the
emulator body (110) is substantially rectangular shaped having top and bottom surfaces
(1102, 1104), a vibration sensor (120T1, 120T2) being disposed near each corner of the
top and bottom surfaces (1102, 1104).

8. The storage device emulator (100) of any of the preceding claims, wherein the
emulator body (110) defines an electronics region (140), a motor region (150), and a head
region (160), a vibration sensor (120, 120M1, 120M2, 120T1, 120T2, 120T3, 120T4,
120B1, 120B2, 120B3, 120B4) being disposed in each region (140, 150, 160).

9. A method of validating a test slot (10) of a storage device testing system (5), the
method comprising:
establishing a connection between a storage device emulator (100) and the test
slot (10); and
performing diagnostic testing on the test slot (10), the diagnostic testing
comprising monitoring a vibration level of at least one region (140, 150, 160) of the
storage device emulator (100);
wherein the storage device emulator (100) comprises:
an emulator body (110);
an interface connecter (130) disposed on the emulator body (110); and
at least one vibration sensor (120) disposed on the emulator body (110);
wherein the emulator body (110) comprises a material having a tensile

modulus of at least 40 x 1076 Psi.
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10. The method of claim 9, wherein the emulator body (110) comprises carbon fiber,
a material having a tensile modulus of at least 85 x 10”6 Psi, and/or has a first bending

mode at greater than about 8 kHz.

11. The method of claim 9 or claim 10, wherein first, second, third, and fourth
vibration sensors (120A, 120B, 120C, 120D) are disposed on the emulator body (110)
equidistantly from a center of gravity (CG) of the emulator body (110) and may be
spaced about 2 inches (51 mm) along longitudinal and transverse axes (103, 105) defined
by the emulator body (110) from an intersection of the longitudinal and transverse axes

(103, 105).

12. The method of claim 11, wherein the intersection of the longitudinal and
transverse axes (103, 105) coincides with at least one of a geometric center (C) of the

emulator body (110) and a center of gravity (CG) of the emulator body (110).

13. The method of any of the preceding claims, wherein the emulator body (110) is
substantially rectangular shaped having top and bottom surfaces (1102, 1104), a vibration
sensor (120T1, 120T2) being disposed near each corner of the top and bottom surfaces

(1102, 1104).

14. The method of any of the preceding claims, wherein the emulator body (110)
defines an electronics region (140), a motor region (150), and a head region (160), a
vibration sensor (120, 120M1, 120M2, 120T1, 120T2, 120T3, 120T4, 120B1, 120B2,
120B3, 120B4) being disposed in each region (140, 150, 160).

15. The method of any of the preceding claims, wherein the emulator body (110)

defines at least one weight receiver (114) configured to receive a weight (200).

10
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