
:'·'. 

5 

10 

1 

200100558-6 
D 5 FEB 2007 

D~LEVEL BEARING FRICTION MEASUREMENT METHOD 

Field of tbe Invention 

The present invention relates to the field of mass storage devices. More 

particularly, this invention relates to a system and method for measuring drive­

level bearing friction. 

Background of the Invention 

One key component of any computer system is a device to store data. 

Computer systems have many different places where data can be stored. One 

common place for storing massive amounts of data in a computer system is on a 

15 disc drive. The most basic parts of a disc drive are an information storage disc 

that is rotated, an actuator arm assembly including the transducer moves the 

transducer to various locations over the disc, and electrical circuitry that is used 

to write and read data to and from the disc. The disc drive also includes circuitry 

for encoding data so that it can be successfully retrieved and written to the disc 

20 · surface. A microprocessor controls most of the operations of the disc drive as 

well as passing the data back to the requesting computer and taking data from a 

requesting computer for storing to the disc. 

The transducer is typically placed on a small ceramic block, also referred 

to as a slider that is aerodynamically designed so that it flies over the disc. The 

25 slider is passed over the disc in a transducing relationship with the disc. Most 

sliders have an air-bearing surface (ABS) which includes rails and a cavity 

between the rails. When the disc rotates (typically at rotational speeds of 10,000 

RPM or higher), air is dragged between the rails and the disc surface causing 

pressure, which forces the head away from the disc. At the same time, the air 
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rushing past the cavity or depression in the air bearing surface produces a 

negative pressure area. The negative pressure or suction counteracts the pressure 

produced at the rails. The slider is also attached to a load spring, which produces 

a force on the slider directed toward the disc surface. The various forces on the 

S slider equilibrate, so that the slider flies over the surface of the disc at a 

particular desired fly height. The fly heigl:it is the distance between the disc 

surface and the transducing head, which is typically the thickness of the air 

lubrication film. This film eliminates the friction and resulting wear that would 

occur if the transducing head· and disc were in mechanical contact during disc 

10 rotation. In some disc drives, the slider passes through a layer of lubricant rather 

than flying over the surface of the disc. 

Information representative of data is stored on the surface of the storage 

disc. Disc drive systems read and write information stored on tracks oli storage 

discs. Transducers, in the form of read/write heads attached to the sliders, 

15 located on both sides of the storage disc, read and write information on the 

storage discs when the transducers are accurately positioned over one of the 

designated tracks on the surface of the storage disc. The transducer is also said 

to be moved to a target track. As the storage disc spins and the read/write head 

is accurately positioned above a target track, the read/write head can store data 

20 onto a track by writing information representative of data onto the storage disc. 

Similarly, reading data on a storage disc is accomplished by positioning the 

read/write head above a target track and reading the stored material on the 

storage disc. To write on or read from different tracks, the read/write bead is 

moved radially across the tracks to a selected target track. The data is divided or 

25 grouped together on the tracks. In some disc drives, the tracks are a multiplicity 

of concentric circular tracks. In other disc drives, a continuous spiral is one track 

on one side of the disc drive. Each track on a disc surface in a disc drive is 

:further divided into a number of short arcs called sectors. Servo feedback 

information is used to accurately locate the transducer head onto the 
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tracks/sectors. The actuator ann assembly is moved to the required position and 

held very accurately during a read or write operation using the servo information. 

The actuator ann assembly is rotatably attached to a shaft via a bearing 

cartridge, which typically includes one or more sets of ball bearings. The 

5 shaft/post is attached to the base and may be attached to the top cover of the disc 

drive. A yoke is attached to the actuator ann assembly. The vc;>ice coil is attached 

to the yoke at one end of the rotary actuator ann assembly. The voice coil is part 

of a voic~ coil motor, which is used to rotate the actuator ann assembly 

including the attached transducer or transducers. A permanent magnet is attached 

10 to the base and cover of the disc drive. The voice coil motor, which drives the 

rotary actuator ann assembly, comprises the voice coil and the permanent 

magnet. The voice coil is attached to the rotary actuator arm assembly and the 

permanent magnet is fixed on the base. A yoke is typically used to attach the 

permanent magnet to the base and to direct the flux of the permanent mS:gnet. 

15 Since the_ voice coil sandwiched between the magnet and yoke assembly is 

subjected to magnetic fields, electricity can be applied to the voice coil to drive it 

so as to position the transducers at a target track. 

Tribological qualifications of the head-disc interface (head-actuator ann­

sha:ft-bearing cartridge-disc interface) is generally a critical path to final 

20 qualification of the both the head and the disc during the design and 

development stages of new disc drives. This is because, the bearing cartridge is 

the only dynamic structure holding between the actuator ann assembly and the 

base in a disc drive. Generally, too much bearing friction in the bearing cartridge 

can cause seeking and settling problems in the actuator ann assembly, and too 

25 little bearing friction in the bearing cartridge can cause oscillations in the 

actuator ann assembly during track following. Therefore, it is critical to be able 

to characterize the drive-level bearing friction during disc drive qualifications. 

Current methods to measure bearing friction are performed at a component level 

using a dedicated bearing cartridge torque tester. Measuring bearing friction at 
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the component level is a static bearing friction measurement. These static 

measurements generally do not reveal true drive-level bearing friction (dynamic 

bearing friction developed during operation of the disc drive). This is because 

relative position and loading conditions of the ball bearing raceways will be 

5 ·different in the disc drive during operation of the disc drive. Therefore, current 

methods using component level bearing friction measurements do not measure 

true dynamic bearing friction (drive-level bearing friction). Also, knowing drive­

level bearing friction helps in better characterizing the bearing and further aids in 

analyzing problem disc drives. 

10 What is needed is a system and method to measure bearing friction of a 

disc drive during operation of the disc drive that aids in effectively evaluating 

the disc drives. 

Summary of the Invention 

In a first preferred embodiment, a disc drive includes a base and a disc 

15 rotatably attached to the base. The disc drive also includes a shaft attached to the 

base. A bearing cartridge is disposed in the base. An actuator arm assembly is 

attached to the shaft via the bearing cartridge such that the actuator· arm assembly 

is in an actuating relationship with respect to the disc. The disc drive further 

includes a voice coil motor. The voice coil motor is coupled to the actuator arm 

20 assembly to position the actuator arm· assembly including a transducer head over 

the rotating disc during track follow-and-seek operations of the disc drive. The 

voice coil motor is further coupled to a disc drive controller to control the 

movement of the actuator arm assembly. The disc drive controller includes a 

servo controller, an analyzer, a comparator, and a memory. 

25 In a second preferred embodiment, the servo controller through the voice 

coil motor moves the actuator arm assembly to predetermined cylinder position 

intervals from an outermost cylinder position to an innermost cylinder position 

on the rotating disc. Then the servo controller measures the voice coil motor 

current required to move the actuator arm assembly to each of the predetermined 
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cylinder position intervals. Then the servo controller :further moves the actuator 

arm assembly to the predetermined cylinder position intervals from the 

innermost cylinder position to the outermost cylinder position on the rotating 

disc with an increment cylinder set by the user. Then the servo controller again 

5 measures the voice coil motor current required to move the actuator arm 

assembly to each of the predetermined cylinder position intervals. 

In a third preferred embodiment, the analyzer then computes torque 

values required to move the actuator arm assembly to each of the predetermined 

cyµnder position intervals using the measured voice coil motor currents. Then 

10 the analyzer computes drive-level bearing friction values to move the actuator 

arm assembly to each of the predetermined cylinder position intervals using the 

computed torque val~es. The analyzer :further computes an average drive-level 

bearing friction value from.the computed drive-level bearing friction values to 

determine the drive-level bearing friction of the disc drive. The comparator 

15 coupled to the analyzer compares the determined drive-level bearing friction 

with a predetermined drive-level bearing friction value to characterize the disc 

drive. 

A fourth preferred embodiment is a method of measuring drive-level 

bearing friction and characterizing the disc drive using the measured drive-level 

20 bearing friction. The method begins with the step of measuring voice coil motor 

current values for moving an actuator arm assembly from an outermost cylinder 

position to each predetermined cylinder position interval until the actuator arm 

assembly reaches the innermost cylinder position. The method :further requires 

measuring voice coil motor current values for moving the actuator arm assembly 

25 from the innermost cylinder position to each of the predetermined cylinder 

intervals until the actuator arm assembly reaches the outermost cylinder position. 

A fifth embodiment comprises computing torque values required to move 

the actuator arm assembly to each of the predetermined cylinder position 

intervals from the measured voice coil motor currents. Then the method requires 
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computing drive-level bearing friction values using the computed torque values. 

Then the method further requires computing an average drive-level bearing 

friction from the computed drive-level bearing friction values to determine the 

drive-level bearing friction of the disc drive. Next, the method comprises 

5 comparing the determined average drive-level bearing friction to a 

predetermined drive-levet bearing friction to characterize the disc drive. 

10 

Further features and advantages of the present invention will become 

apparent upon a review of the following figures and their accompanying detailed 

description. 

Brief Description of the Drawings 

FIG. 1 is an exploded view of a disc drive with a multiple disc stack. 

FIG. 2 is a cut-away view of an actuator arm assembly along with discs of the 

disc drive shown in FIG.1, and a block diagram showing portions of the 

15 disc drive controller used in the present invention. 

FIG. 3 is a schematic illustrating the forces experienced by the actuator arm 

assembly when traveling from an outermost diameter to an innermost 

diameter of the disc drive shown in FIG. 1. 

FIG. 4 is a schematic illustrating forces experienced by the actuator arm 

20 assembly when traveling from the innermost diameter to the outermost 

diameter of the disc drive shown in FIG, 1. 

FIG. 5 is a graph illustrating the drive-level bearing friction measurement 

according to the present invention. 

FIG. 6 is a flow diagram ofa method of measuring drive-level bearing friction 

25 according to the present invention. 

FIG. 7 is a schematic view of a computer system. 
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Detailed Description 

In the following detailed description of the preferred embodiments, 

reference is made to the accompanying drawings, which form a part hereof, and 

in which are shown by way of illustration specific embodiments .in which the 

5 invention may be practiced. It is to be understood that other embodiments may 

be utilized and structural changes may be ~ade without departing from the scope 

of the present invention. 

The invention described in this application is useful With all mechanical 

configurations of disc drives having either rotary or linear actuation. In addition, 

10 the invention is also .useful in all types of disc drives including hard disc drives, 

zip drives, floppy disc drives and any other type of drives where unloading the 

transducer from a surface and parking the transducer may be desirable .. 

FIG. 1 is an exploded view of one type of a disc drive 100 having a 

rotary actuator. The disc drive 100 includes a housing or a base 112, and a cover 

15 114. The base 112 and cover 114 form a disc enclosure. An inertia ririg 500 is 

attached to the cover 114. Rotatably attached to the base 112 on an actuator 

shaft 118 is an actuator assembly 120. The actuator assembly 120 includes a 

comb-like structure 122 having a plurality of arms 123. Attached to the separate 

arms 123 on the comb 122, are load beams or load springs 124. Load beams or 

20 load springs are also referred to as suspensions. Attached at the end of each load 

spring 124 is a slider 126, which carries a magnetic transducer 150. The slider 

126 with the transducer 150 form what is many times called the head. It should 

be noted that generally sliders have one transducer 150 and that is what is shown 

in the figures. It should also be noted that this invention is equally.applicable to 

25 sliders having more than .one transducer, such as what is referred to as an MR or 

magneto resistive head in which one transducer 1 SO is typically used for reading · 

and another is typically used for writing. On the end of the actuator arm 

assembly 120, opposite the load springs 124 and the sliders 126, is a voice coil 

128. 



8 

Attached within the base 112 is a first magnet 130 and a second magnet 

13 L As shown in FIG. 1, the second magnet 131 is associated with the cover 

114. The first and second magnets 130, 131, and the voice coil 128 are the key 

components of a voice coil motor, which applies a force to the actuator assembly 

5 120 to rotate it about the actuator shaft 118 mounted on a bearing cartridge 116. 

Also mo~ted t<;> the base 112 is a spindle motor. The spindle motor ~eludes a 

rotating portion called the spindle hub 133. In this particular disc drive, the 

spindle motor is within the hub. In FIG. 1, a number of discs 134 are attached to 

the spindle hub 133. Each of the discs 134 h8s a recording surface 135. Only 

10 one disc 134 is numbered for the sake of clarity. In other disc drives a single 

disc or a different number of discs may be attached to the hub. The invention 

described herein is equally applicable to disc drives which have a plurality of 

discs as well as disc drives that have a single disc. The invention described 

herein is also equally applicable to disc drives with spindle· motors, which are 

15 within the hub 133 or under the hub. The disc drive also includes a printed 

circuit card 170, which is attached to the base 112 of the disc drive 100. The 

printed circuit card 170 includes a controller 180 and random access memory 

182, which the controlled accesses to control various aspects of the disc drive. 

One aspect of the disc drive controlled ofinterest is the control of the interface 

20 between a host computer and the disc drive and more specifically, the control of 

mapping logical block addresses to physical sector locations on a particular disc 

134. 

Referring now to FIG. 2, there is shown a cutaway view of the actuator 

arm assembly 120, the voice coil 128, and the one or more discs 134 of the disc· 

25 drive 100 shown in FIG.1. The actuator arm assembly 120 includes one or more 

transducers 150 and its respective sliders 126. As shown in FIG. 2, the actuator 

arm assembly 120 is in an actuating relationship with respect to the one or more 

discs 134. Also shown in FIG.2, is a block diagram ofa disc drive controller 

200 and its major components according to the teachings of the present 
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invention. The disc drive controller 200 includes a servo controller 210. The 

servo controller 210 is coupled to the voice ·coil 128 ofa voice coil motor. The 

servo controller 210 controls the movement of the actuator arm assembly 120 

including the transducer head/slider 150/126 during track follow-and-seek 

5 operations of the disc drive 100 through the voice coil 128. The disc drive 

controller 200 further includes an analyzer 210, a comparator 230, and an 

optional memory 240. 

In operation, the servo controller 210 moves the actuator arm assembly 

120 to predetermined cylinder position intervals 270 from an outermost cylinder 

10 position 250 to an innermost cylinder position 260 on the rotating disc 134 and 

measures the voice coil motor current required to move the actuator arm 

assembly 120 to each of the predetermined cylinder position intervals. Then the 

servo controller 210, further moves the actuator arm assembly 120 to the 

predetermined cylinder position intervals 270 :from the innermost cylinder 

15 position 2~0 to the outermost cylinder position 250 and measures the voice coil 

motor current required to move the actuator arm assembly 120 to each of the 

same predetermined cylinder position intervals. 

FIG. 3 illustrates graphically the measured voice coil motor current 

versus the predetermined cylinder position intervals according to the teachings of 

20 the present invention. The graph in FIG. 3 illustrates the measured voice coil 

motor current 330 required to move the actuator arm assembly 120 to each of the 

pl'.Cdetermined cylinder interval posi~ons from the outermost cylinder position 

250 to the innermost cylinder position 260. Also, the graph in FIG. 3 illustrates 

the voice coil motor current 340 required to move the actuator arm assembly 120 

25 to each of the predetermined cylinder inter\.ral positions from the innermost 

cylinder position 260 to the outermost cylinder position 250. It can be seen from 

the graph shown in FIG.3 that the voice coil motor current 330 required to move 

the actuator arm assembly 120 from the outermost to the innermost cylinder 

position is more than the voice coil motor current 340 required to move the 
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actuator arm assembly 120 from the innermost to the outermost cylinder 

position. This difference in the voice coil motor current is due to a presence of 

friction in the bearing cartridge 116. The difference in the voice coil motor 

current is two times the bearing friction. Also, it can be seen from the graph 

5 illustrated in FIG. 3 that the difference in the voice coil motor current is fairly 

constai:i.t when the actuator arm assembly is moved from the outermost cylinder 

position to the innermost cylinder position, indicating that the bearing friction is 

fairly constant over the entire range. It can be envisiOned that a smaller 

difference in the voice coil motor current indicates a lower bearing friction and a 

10 larger difference in the voice coil motor current indicates a higher bearing 

friction. Also, a variation in the difference in the voice coil motor current 

between the innermost to outermost cylinder positions indicates that the bearing 

friction is changing at each of the predetermined cylinder intervals. 

Next, the analyzer 220 coupled to the servo controller 210 computes 

15 torque values required to move the actuator arm assembly 120 to each of the 

predetermined cylinder position intervals when moving the actuator arm 

assembly from the innermost to the outermost and the outermost to the 

innermost cylinder positions. In some embodiments, the analyzer 220 computes 

the torque values by multiplying the measured voice coil motor currents with a 

20 predetermined torque constant. The details of the computation of the torque 

values used by the analyzer 220 are discussed below. 

FIGs. 4 and 5 illustrate forces experienced by an actuator arm assembly, 

when the actuator arm assembly is moved from the outermost to innermost 

cylinder positions 400, and the innermost to outermost cylinder positions 500. It 

25 can be seen from FIGS~ 4 and 5 that the actuator arm assembly typically has to 

overcome bearing :friction forces 410 and 510, printed circuit cable bias force 

420, and windage force 430. The bearing friction forces 410 and 510 are 

generated due to a friction present in the bearing cartridge 116. The bearing 

friction forces 410 and 510 are generated during the actuator arm assembly being 
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moved from the outermost to innermost cylinder positions and the innermost to 

outermost cylinder positions, respectively. The bearing friction forces 410 and 

510 are different because the direction of bearing friction forces generated are 

opposite from each other, and this necessitates-applying a positive voice coil 

. 5 motor current in one direction (when the actuator ann assembly 150 moves from 

the outermost to innennos~ cylinder positions) and a negative voice coil motor 

current in the other direction (when the actuator ann assembly 150 moves from 

the innermost to outermost cylinder positions). 

The printed circuit cable bias force is generated due to a typically 

10 necessary twist or loop present in the printed circuit cable to provide a 

mechanical linkage via the copper traces for the electrical signal to be 

transmitted from the transducer head 150 to the servo controller 210. This twist 

or loop in the printed circuit cable typically has a tendency to flex, and this 

tendency to flex generates a bias force towards the outermost cylinder position. 

15 The windage force is generated due to the rotating disc 134. Typically the 

disc 134 rotates at a very high speed, and this high-speed rotation by the disc 134 

generates strong windage, this strong windage developed during the high-speed 

rotation of the disc 134 has a tendency to push the actuator arm assembly 150 

towards the outermost cylinder position. 

20 The following equations illustrate the various torques required by the 

25 

voice coil motor to move the actuator arm assembly 150 from the outermost to 

the innermost cylinder position and from the innermost to the outermost cylinder 

position, respectively. 

- T Applied = T Bearing friction + T PCC Flex·+ T Windage 

T Applied = - T Beating ftiction + T PCC Flex + T Windage 
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Where the - TApplied is the torque applied by the voice coil motor to move 

the actuator from the outennost to the innermost cylinder position, the T Applied is 

the torque applied by the voice coil motor to move the actuator from the 

innennost to the outermost cylinder position, the - Taearingfrlction is the torque . 

S applied by the voice coil motor to overcome the bearing friction present in the 

bearing cartridge 116 when moving the actuator arm ~sembly 150 from the 

outermost to the innermost cylinder position, the T Bearingfriction is the torquer applied 

by the voice coil motor to overcome the bearing friction in the bearing cartridge 

116 when moving the actuator arm assembly 1 SO from the innennost to the 

10 outermost cylinder position, the T Pee Fla is the torque applied by the voice coil 

motor to ·overcome the printed circuit cable bias force, and the T Windage is the 

torque applied by the voice coil motor to overcome the windage force generated 

by the high-speed rotation of the disc 134. 

Next, the analyzer 220 computes drive-level bearing friction values to 

1 S move the actuator arm to each of the predetermined cylinder position intervals 

using the torque values computed by using the above two equations. In some 

embodiments, the analyzer 220 computes the drive-level bearing friction values 

for each of the cylinder positions by subtracting the above two equations to 

separate the torque required by the voice coil motor to overcome the bearing 

20 .friction in the bearing cartridge 116 from the torque required by the voice coil 

motor to overcome the printed circuit cable bias and the windage forces for each 

of the predetermined cylinder intervals. The subtraction of the above two 

equations, yields two times the torque required to overcome the bearing .friction 

in the bearing cartridge 116 (2 TApplied, is the summation of the torque applied to 

25 overcome the bearing friction when the actuator arm is moved from the 

outermost to innermost and the innermost to outermost cylinder positions). 

Therefore, the graph in FIG.3 shows two times the voice motor current required 

by the voice coil motor to overcome the bearing friction at each of the cylinder 
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positions. Then the analyzer computes the drive-level bearing friction values by 

obtaining half of the separated torque values associated with the bearing friction. 

Next, the analyzer 220 computes an average drive-level bearing friction 

value from the computed drive-level bearing friction values to determined the 

5 drive-level bearing friction value for a bearing cartridge 116 of the disc drive. In 

some embodiments, the analyzer 220 computes the average drive-level ~earing 

friction value by summing (curve fitting the plot in FIG. 3) all of the computed 

drive-level bearing friction values and dividing the obtained sum of the 

computed drive-level bearing friction value by a number of the predetermined 

10 cylinder interval positions (the difference of the interception of the two lines 330 

and 340 on y-axis is the average bearing friction). In some embodiments, the 

number of the predetermined cylinder interval positions also includes the inner 

and outermost cylinder positions. 

1n· some embodiments, the comparator 230 coupled to the analyzer 220 

15 compares the determined drive-level bearing friction with a predetermined drive­

level bearing friction value to characterize the disc drive 100. In some 

embodiments, the disc drive controller 200 stores the torque constant and the. 

predetermined cylinder position intervals in the memory 240. It can also be 

envisioned that the disc drive controller 200 can provide a capability to enter 

20 desired predetermined cylinder position intervals to determine the drive-level 

bearing friction. 

FIG. 6 illustrates a flow diagram of a method 600 of measuring drive­

level bearing friction of a disc drive. In this example embodiment shown in 

FIG.6, the first step 610 in the process includes measuring voice coil motor 

25 current values required to move an actuator arm assembly from an outermost 

cylinder position to each predetermined cylinder position interval until the 

actuator ann assembly reaches an innermost cylinder position. In some 

embodiments, the measuring of the voice coil motor current values also includes 
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measuring voice coil motor current values required to move the actuator arm 

assembly to the outermost and innermost cylinder positions. 

Also, the step 610 further includes measuring voice coil motor current 

values required to move the actuator arm assembly from the innermost cylinder 

5 position to each of the predetermined cylinder intervals until the actuator arm 

assembly reaches the outennost cylinder position. In some embodiments, the 

measuring of the voice coil motor current values also includes measuring voice 

coil motor current values required to move the actuator arm assembly to the 

innermost to outermost cylinder positions. In some embodiments, the 

10 predetermined cylinder position intervals are not more than 100 cylinder 

positions. 

Next, the method 600 includes the step 620 of computing torque values 

required to move the actuator arm to each of the predetermined cylinder position 

intervals usirig the measured voice coil motor currents. This step 620 includes 

15 computing torque values for moving the actuator arm to each of the 

predetennined cylinder position intervals from the outermost to innermost and 

the innermost to outermost cylinder position intervals. In some embodiments, the 

torque values are computed by multiplying the measured voice coil motor 

current values with a torque constant to obtain the torque values required to 

20 move the actuator arm assembly to each of the predetermined cylinder position 

intervals. The computation of the torque values is discussed in more detail in the 

detailed description of FIGS. 3, 4, and 5. 

Next, the process 600 includes step 630 of computing drive-level bearing 

:friction values at each of the predetermined cylinder position intervals using the 

25 computed torque values. In some embodiments, the drive-level bearing friction 

values are computed by subtracting the torque values at each of the 

predetennined cylinder position intervals for the actuator ann to move from the 

outennost cylinder position to the innermost cylinder position from the 

respective computed torque values at each of the predetennined cylinder position 
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intervals for the actuator arm to move from the innermost cylinder position to the 

outermost cylinder position to obtain two times the drive-level bearing friction 

values to separate the torque associated with bearing friction from a printed 

· circuit cable bias and windage forces experienced by the actuator arm during an 

5 operation of the disc drive. Then in this embodiment, the process further includes 

compu~g halfthe obtained two times the drive-level bearing .friction values at 

each of the predetermined cylinder position intervals to compute the drive-level 

bearing friction values at each of the predetermined cylinder position intervals. 

The computation of the drive-level bearing friction values, are discussed in more 

10 detail in the detailed description of FIGS. 4 and 5. 

The next step 640 includes computing an average drive-level bearing 

friction from the computed drive-level bearing friction values to determine the 

drive-level bearing friction of the disc drive. This is preferably computed as 

K M K N( ) 
_1 :L(Ii -XJ--2 L Ij -Xj ' 
2M i=t 2N i=t 

15 In this formula, M refers to the number of values measured in the inward-

moving phase, Ii refers to each current measured, and X; refers to an estimated 

offset to compensate for printed circuit cable bias and windage forces 

experienced by the actuator arm assembly at each corresponding one of the M 

primary cylinder positions. N refers to the number of values measured in the 

20 outward-moving phase, ~ refers to each current measured, and XJ refers to an 

estimated offset to compensate for printed circuit cable bias and windage forces 

experienced by the actuator arm assembly at each corresponding one of the N 

primary cylinder positions. K1 and K2 are constants. Preferably, the next step 

650 includes characterizing the disc drive by comparing the computed average 

25 drive-level bearing friction with a predetermined drive-level bearing friction 

value. 
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FIG. 7 is a schematic view of a computer system. Advantageously, the 

invention is well suited for use in a computer system 700. The computer system 

700 may also be called an electronic system or an information handling system 

and includes a central processing unit, a memory and a system bus. The 

5 information handling system includes a central processing unit 704, a random 

access memory 732, and a syst~ bus 730 for communicatively coupling the 

central processing unit 504 and the random access memory 732. The information 

handling system 702 may also include an input/output bus 710 and several 

peripheral devices, such as 712, 714, 716, 718, 720, and 722 may be attached to 

10 the input output bus 710. Peripheral devices may include hard disc drives, 

magneto-optical drives, floppy disc drives, monitors, keyboards and other such 

peripherals. Any type of disc drive can be characterized by measuring drive­

level bearing friction using the system and method described above. 

15 Conclusion 

In conclusion, a disc drive 100 includes a base 112and a disc 134 

rotatably attached to the base 112. The disc drive 100 also includes a shaft 118 

attached to the base. A bearing-cartridge 116 is disposed in the base 112. An 

actuator arm assembly 120 is attached to the shaft 118 via the bearing cartridge 

20 116 such that the acmator arm assembly 120 is in an actuating relationship with 

respect to the disc 134. The disc drive 100 further includes a voice coil motor. . . 

The voice coil motor is coupled to the actuator arm to position the actuator arm 

assembly 150 over the rotating disc 134 during track follow-and-seek operations 

of the disc drive 100. The voice coil motor is coupled to a disc drive controller 

25 200. The disc drive controller 200 includes a servo controller 210, an analyzer 
·. 

220, a comparator 230, and a memory 240. 

The servo controller 210 through the voice coil motor, moves the actuator 

arm assembly 120 to predetermined cylinder position intervals 270 from an 

outermost cylinder position 250 to an innermost cylinder position 260 on the 
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rotating disc 134. Then the servo controller 210 measures the voice coil motor 

current required to move the actuator arm assembly 120 to each of the 

predetermined cylinder position intervals 270. Then the servo controller 210 

further moves the actuator arm assembly 120 to the predetermined cylinder 

5 position intervals 270 from the innermost cylinder position 260 to the outermost 

cylinder position 250 on the rotating disc 134. Thep the servo controller 210 

again measures the voice coil motor current required to move the actuator arm 

assembly 150 to each of the predetermined cylinder position intervals 270. 

Then the analyzer 220 computes torque values required to move the 

10 actuator arm assembly 120 to each of the predetermined cylinder position 

intervals 270 using the measured voice coil motor currents. Then the analyzer 

220 computes drive-level bearing friction values to move the actuator arm 

assembly 120 to each of the predetermined cylinder position intervals 270 using 

the computed torque values. The analyzer 220 further computes an average 

15 drive-level bearing friction value from the computed drive-level bearing friction 

values to determine the drive-level bearing friction of the disc drive. The 

comparator 230 coupled to the analyzer 220 compares the determined drive-level 

bearing friction with a predetermined drive-level bearing friction value to 

characterize the disc drive 100. 

20 Also, discussed is a method 600 of measuring drive-level bearing friction 

and characterizing the disc drive using the measured drive-level bearing friction. 

The method begins with the step 610 of measuring voice coil motor current 

values for moving an actuator arm assembly from an outermost cylinder position 

to each predetermined cylinder position interval until the actuator arm assembly 

25 reaches the innermost cylinder position. The method further requires measuring 

voice coil motor current values for moving the actuator arm a.Ssembly from the 

innermost cylinder position to each of the predetermined cylinder intervals until 

the actuator arm assembly reaches the outermost cylinder position. 
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Next, the·method 600 comprises the step 620 of computing the torque 

values required to move the actuator arm assembly to each of the predetermined 

cylinder position intervals from the measured voice coil motor currents. Then the 

method requires computing drive-level bearing friction values using the 

5 computed torque values. Steps 630 and 640 compute an average drive-level 

bearing :friction from the computed drive-level bearing :friction values to 

detennine the drive-level bearing friction of the disc drive. Next~ the method 600 

includes the step 650 of comparing the determined average drive-level bearing 

friction to a predetermined drive-level bearing friction to characterize the disc 

10 drive. 

It is to be understood that the above description is intended to be 

illustrative, and not restrictive. Many other embodiments will be apparent to 

those of skill in the art upon reviewing the above description. The scope of the 

invention should, therefore, be detennined with reference to the appended 

15 claims, along with the full scope of equivalents to which such claims are entitled. 



19 

Wbat is claimed js: 

1. A method of evaluating bearing friction in a hard disc drive assembly 
(HDDA), comprising steps of: 

5 (a) measuring several first voice coil motor (VCM) cll!l"ent values 
while moving an actuator ann a8sembly from a primary cylinder position inward 
to at least one successive cylinder position; 

(b) measuring several second VCM current values while moVing the 
actuator ann assembly from a secondary cylinder position outward to at least one 

10 successive cylinder position; and 

( c) arithmetically combining the first and second VCM current values 
to generate an indication of the drive-level bearing friction. 

2. The method of claim 1, further comprising: 

15 (d) comparing the determined drive-level bearing friction to a 
predetermined threshold value to characterize the HODA. 

3. The method of claim 2, further comprising: 

(e) re-working the HDDA if the indication has a magnitude greater 
20 than the predetermined threshold value, and otherwise generally not re-working 

theHDDA. 

4. The method of claim 1 in which the HDDA has a total number C of 
cylinder positions, and in which the measuring step (a) comprises a step (al) of 

25 positioning the actuator arm assembly at·one of the outermost C/20 of the C 
cylinder positions. 

5. The method of claim 1 in which the HDDA has a total number C of 
cylinder positions, and in which the measuring step (a) comprises a step (al) of 

30 positioning the actuator arm assembly at one of the innermost C/20 of the C 
cylinder positions. 

I llllllflllll/ 11111 11111111111' 
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6. The method of claim 1 in which the HDDA has a total number C of 
. cylinder positions, and in which the measuring step (b) comprises a step (b 1) of 

positioning the actuator arm assembly at one of the innermost C/20 of the C 
5 cylinder positions. 

7. The method of claim 1 in which the measuring step (a) includes fewer 
than 100 iterated steps of moving the actuator ann assembly to one of the 
successive cylinder positions, each iterated step of moving performed to realize a 

10 respective predetermined cylinder position interval. 

8. The method of claim 1 in which combining step ( c) includes a step of 
calculating the indication as 

15 where M refers to the number of values measured in the measuring step 
(a), 

I; refers to each current measured in the measuring step (a), 

~ refers to an estimated offset to compensate for printed circuit cable . 
bias and windage forces experienced by the actuator ann assembly at each 

20 corresponding one of the M primary cylinder positions, 

N refers to the number of values measured in the measuring step (b ), 

J.i refers to each current measured in the measuring step (b ), 

A) refers to an estimated offset to compensate for printed circuit cable 
bias and windage forces experienced by the actuator arm assembly at each 

25 corresponding one of the N primary cylinder positions, and 

K1 and K2 are constants. 

11111111111111 11111 11111111111 
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9. A disc drive, comprising: 

a base; 

a rotating disc attached to the base; 

a shaft attached to the base; 

a bearing cartridge including one or more ball bearings disposed in the 
base; 

an actuator arm assembly, attached to the shaft via the bearing cartridge 
such that the actuator arm assembly is in an actuating relationship with respect to 
the rotating disc; 

10 a voice coil motor, coupled to the actuator ann assembly, to position the 
actuator ann assembly over the rotating disc during track follow-and-seek 
operations; 

a disc drive controller, coupled to the voice coil motor, further comprises: 

a servo controller, coupled to the voice coil motor, moves the 
15 actuator ann assembly to predetennined cylinder position intervals from 

an outermost cylinder position to an innermost cylinder position on the 
rotating disc and measures the voice coil motor current required to move 
the actuator arm assembly to each of the predetermined cylinder position 
intervals, 

20 further the servo controller moves the actuator arm. assembly to 
the predetermined cyliilder position intervals from the innermost cylinder 
position to the outermost cylinder position on the rotating disc and 
measures the voice coil motor current required to move the actuator ann 
assembly to each of the predetermined cylinder position intervals; and 

25 an analyzer, coupled to the servo controller, computes torque 
values required to move the actuator ann assembly to each of the 
predetermined cylinder position intervals using the measured voice coil 
motor currents, 

wherein the analyzer further computes drive-level bearing friction 
30 values using the computed torque values, wherein the analyzer further 

computes an average drive-level bearing friction value from the computed 
drive-level bearing friction values to determine the drive-level bearing 
friction of the disc drive. 

1111111\ 11111\ 11111111111\ \Ill 
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10. The disc drive of claim 9, further comprising: 

a comparator, coupled to the analyzer, to compare the determined drive­
level bearing friction with a predetermined drive-level bearing friction value to 

5 characterize the disc drive. 

10 

11. The disc drive of claim 9, wherein the servo controller measures the voice 
coil motor current required to move the actuator ann assembly to the outermost 
and innermost cylinder positions on the rotating disc of the disc drive. 

12. The disc drive of claim 9, wherein the predetermined cylinder position 
intervals are not more than 100 cylinder positions on the rotating disc of the disc 
drive. 

15 13. The disc drive of claim 9, wherein the analyzer computes torque values by 
multiplying the measured voice coil motor current values with a predetermined 
torque constant. 

14. The disc drive of claim 13, wherein the analyzer computes drive-level 

20 friction values by subtracting the computed torque values at each of the 

predetermined cylinder position intervals for the actuator ann assembly to move 

from the outermost cylinder position to the innermost cylinder position with the 

respective computed torque values at each of the predetermined cylinder position 

intervals for the actuator ann assembly to move from the innermost cylinder 

25 position to the outermost cylinder position to obtain two times the drive-level 

bearing ·friction values at each of the predetermined cylinder position intervals 

and to remove torque associated with overcoming printed circuit cable bias and 

windage forces experienced by the actuator ann assembly during the operation of 

· the disc drive, 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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15. The disc drive of claim 14, wherein the analyzer further computes half the 
obtained two times the drive-level bearing friction values to determine drive-level 
bearing friction at each of the predetermined cylinder position intervals. 

16. The disc drive of claim 15, further comprising: 

a memory, coupled to the analyzer, to store the torque constant and the 
predetennined cylinder position intervals. 

10 17. A disc drive, comprising: 

a base; 

a rotating disc _attached to the base; 

an actuator arm assembly attached to the base such that the actuator arm 
assembly is in an actuating relationship with respect to the rotating disc; 

15 a voice coil motor coupled to the actuator arm assembly to position the 
actuator arm assembly over the rotating disc during track follow-and-seek 
operations; 

a disc drive controller coupled to the voice coil motor comprising: 

a servo controller, coupled to the voice coil motor, moves the 
20 actuator arm assembly during track follow-and-seek operations of the disc 

drive; and 

means for determining drive-level bearing friction to move the 
actuator arm assembly during the track follow-and-seek operations of the 
disc drive to indicate a composite bearing :friction of the disc drive. 
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