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INERTIA RING FOR IMPROVED ROTATIONAL 

VIBRATION PERFORMANCE 

Related Application 

5 This application claims the benefit of U.S. Provisional 

Application Serial Number 60/130,292, filed April 21, 1999 under 35 U.S.C. 

l 19(e). 

Field of the Invention 

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

I 0 More particularly, this invention relates to an apparatus and method for 

vibrational dampening of the actuator assembly and the base of a disc drive. 

Background oftbelpventiop 

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

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

15 One common place for storing massive amounts of data in a computer system is · 

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

disc that is rotated, an actuator that moves a 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 

20 successfully retrieved and written to the disc 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 

25 referred to as a slider, that is aerodynamically designed so that it flies over the 

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

disc. Most sliders have an afr-bearing surface ("ABS'') which includes rails and 

a cavity between the rails. When the disc rotates, air is dragged between the rails 

and the disc surface causing pressure, which forces the head away from the disc. 

30 At the same time, the air 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 
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load spring which produces a force on the slider directed toward the disc surface. 

The various forces equilibrate so the slider flies over the surface of the disc at a 

particular desired fly height. The fly height is the distance between the disc 

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

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

occur if the transdu.Cing head and disc were in mechanical contact during disc 

rotation. In some disc drives, the slider passes through a layer oflubricant rather 

than flying over the surface of the disc. 

Information representative of data is stored on the surface of the 

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

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

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

the storage discs when the transducers are accUra.tely positioned over one of the 

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

15 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 

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 

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

moved radially across the tracks to a selected target track. 

The methods for positioning the transducers can generally be 

grouped into two categories. Disc drives with linear actuators move the 

transducer linearly generally along a radial line to position the transducers over 

25 the various tracks on the information storage disc. Disc drives also have rotary 

actuators which are mounted to the base of the disc drive for arcu~te movement 

of the transducers across the tracks of the information storage disc. Rotary 

actuators position transducers by rotationally moving them to a specified 

location on an uifonnation recording disc. 

30 The actuator is rotatably attached to a shaft via a bearing cartridge 

which generally includes one or more sets of ball bearings. The shaft is attached 

to the base and may be attached to the top cover of the disc drive. A yoke is 

attached to the·actuator. The voice coil is attached to the yoke at one end of the· 
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rotary actuator. The voice coil is part of a voice coil motor which is used to 

rotate the actuator and the attached transducer or transducers. A permanent 

magnet is attached to the base and cover of the disc drive. The voice coil motor 

which drives the rotary actuator comprises the voice coil arid the permanent 

5 magnet. The voice coil is attached to the rotary actuator and the permanent 

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

magnet to the base and to direct the flux of the permanent magnet. Since the 

voice coil sandwiched between the magnet and yoke assembly is subjected to 

magnetic field~ electricity can be applied to the voice coil to drive it so as to 

10 position the transducers at a target track. 

When, however, electricity is applied to the voice coil to generate 

a drive force to relocate the transducer attached to the rotary actuator assembly, 

the permanent magnet and yoke are subjected to the resulting reaction force. 

The permanent magnet and yoke are attached to the base of the disc drive. The 

15 reaction force acts through the permanent magnet and yoke to excite the base. · 

Simply put, the base is vibrated when the voice coil is used to move the actuator. 

and transducers during a seek operation. As a result, during positioning, there 

occurs a relative displacement between the transducer supported by the actuator 

assembly and the track on the disc. This causes the transducer to move off-track. 

20 In addition, access times to data can increase. At the end of a seek, the 

transducer must settle to a position over a track. If the disc and attached base are 

vibrating, the track below the transducer may be moving thereby preventing the 

transducer from ••settling". As a result, the time required for positioning 

increases, thereby affecting positioning performance such as access time. Tracks 

25 are becoming narrower and narrower as tracks are being placed closer and closer 

together. The problems of settle time are also exacerbated by the decreased 

widths. 

After a seek, the disc drive may be commanded to write data to a 

track. If the transducer is vibrating or moving beyond a selected limit, then a 

30 write fault is declared to prevent overwriting or corruption of an adjacent track. 

The selected limit may be called a write fault threshold or can also be referred to 

as an on cylinder limit. As tracks get narrower and narrower~ it becomes 

increasingly more important to reduce the relative movement between the track 
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on the disc and the transducer to lessen the chance of read errors or write faults. 

In most cases, when a write fault occurs,. the actuator remains on track until the 

transducer is repositioned over the proper sector. The actuator remains on track 

for at least one revoll,ltion. When the transducer is again positioned over the 

5 proper sector, a write can occur provided that the actuator is within the write 

fault threshold. If not within the write fault threshold at the target time, the 

procedure of waiting on track and retrying a write is repeated either for a selected 

number of revolutions until the actuator is within the write fault threshold at the 

target time. Then a write can occur. Low levels of write fault errors are 

l 0 tolerable or acceptable. However, when tQo many write faul~ occur over a given 

amount of time, the performance of the disc drive de~es. In summary, when 

an excessive nuID.b~ of write fault errors are encountered over a given amount of 

time, the average seek time degrades significantly. 

In the past, several approaches have been used to try and 

15 minimize the movement of the .base as it reacts to the driving force produced by 

the ~o.ice coil motor .. The ,approaches all use dynamic weights. In other words, 

the weights move sigllificantly with respect to the disc drive base. Such 

approaches can also have problems. There is always a distinct possibility that 

the movement ma:{~e8se over time. In other words, the rings or weights or 

20 comer weight may .b~ome stuck The resuit is that all of the sudden a disc drive 

m~y begm to produce larg~ numbers of read and write errors. The disc drive, 

simply put, would be less reliable. Tb.ere is also a chance that there may be 

particles generated from two parts rubbing whenever one part is moving with 

respect to another. Such particles can cause disc crashes when they are within 

25 the disc enclosure. 

Quick and precise positioning requires the reduction of the 

vibration of the magnetic disc apparatus caused by the driving reaction force to 

the voice coil motor. What is needed is a disc drive which has is less susceptible 

to the reaction forces. This will jmprove settling characteristics after a seek from 

30 a first track on the disc to a target track on the disc and will improve track 

following operations of the disc drive. In other words, there is a need for a disc 

drive that has less relative motion between the actuator assembly and the base 

while under any type of servo control that requires corrections to be 



W000/63919 PCTIUS00/10582 

5 

5 

implemented with the voice coil motor. There is also a need for a static solution 

so that the resulting disc. drive is more reliable over the life of the drive. Also 

needed is a device that can be assembled using current assembly techniques. 

Summary oftbe Invention 

The inventive disc drive includes a head disc enclosure, and a 

device for increasing the inertia of the head disc enclosure attached to the head 

disc enclosure. The disc drive includes a base and a· disc· rotatably attached to 

the base. The disc drive also includes an actuator assembly rotatably attached to 

said base and a device, such as a voice coil motor, for moving the actuator 

10 assembly. A cover is attached to the base. The combination .of the cover and the 

base form a disc enclosure for enclosing the disc, the actuator assembly and the 

voice coil motor. An inertia ring is attached to the disc enclosure for increasing 

the moment of inertia of the base and cover. The inertia ring may be attached to 

the cover or to the base. The inertia ring is generally form.ed of a high density 

IS material. In some embodiments, the inertia ring may also be fonned integral 

with the base or the cover. The inertia ring may also be formed and pOsitioned 

such that most of the material of the inertia ring is positioned near the periphery . 

of the base and attached cover. The inertia ring may be formed to attach to the 

cover so that the ring fills a void between the disc and the attached cover. 

20 Advantageously, the inertia ring reduces the vi"bration of the 

magnetic disc apparatus from the driving reaction force to the voice coil motor. 

In other words, the added mass and position of the mass near the periphery of the 

disc drive makes it· less susceptible to the reaction forces. Settling characteristics 

after a seek from a fitst track on the disc to a target track on the disc is improved. 

25 Track following operations of the disc drive are also improved. The disc drive 

has less relative motion between the actuator assembly and the base while under 

any type of servo control which implements course corrections using a driver 

such as a voice coil motor. The solution is also static. In other words, the inertia 

ring does not move substantially with respect to the remaining portion -of the disc 

30 drive. As a result, the disc drive is more reliable over its life. The addition of · 

the inertia ring to the disc drive during manufacture can easily be accommodated 

using current assembly teclmiques. 
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Brief Description of the Drawings 

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

FIG. 2 is an exploded view of the actuator bearing cartridge and the actuator ann 

assembly of a disc drive. 

5 FIG. 3 is a sectional view of the actuator bearing cartridge and the actuator ann 

assembly ofa disc drive. 

FIG. 4 is a top diagrammatic view of the disc drive having a first arrow 

representing the driving force on the actuator and having a second arrow 

showing the reaction force of the base and discs attached thereto. 

10 FIG. 5 is an exploded isometric view of the inertia ring and ~e base of the disc 

drive. 

15 

20 

FIG. 6 is an isometric view of the inertia ring attached to the base of the disc 

drive. 

FIG. 7 is a graph showing test results of ~anotis disc drives with the inertia ring 

and without the inertia rlng.· 

FIG. 8 is a bottom view of cover 114.rrcimFIO: 1 with the inertia ring 500 

~ttached thereto; 

FIG. 9 is an isometric view of a disc drivehavi~g ari integral inertia ring in the 
. . 

base of the disc drive.· 

FIG. 10 is an exploded isometnc view of the inertia ring, a dampening member,. 

and the base of the disc drive. 

FIG. 11 is a schematic view of a computer system. 

Description of the Preferred Embodiment · 

In the following detailed description of the preferred 

25 embodiments, reference is made to the accompanying drawings which form a 

part hereof, and in which are shown by way of illustration specific embodiments 

30 

in which the invention may be practiced. It is to be understood that other 

embodiments may be utilized and structural changes may be made 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, 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 
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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 base 112, and a cover 

114. The base 112 and cover 114 fonn a disc enclosure. An inertia ring 500 is 

5 attached to the cover 114. Rotatably attached to the base 112 on an aciw.tor 

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 

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

10 spring 124 is a slider 126 which carries a magnetic transducC! 150. The slider. 

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

be noted that many 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 

sliders haying more than one transducer, such as what is referred to as an MR or· 

15 magneto resistive head in which one transducer 150 is generally used for reading 

and another is generally 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. 

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

20 magnet 131. As shown in FIG. l, 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 120 to rotate it about the actuator shaft 118. Also mounted to the base 

112 is a spindle motor. The spindle motor includes a rotating portion called the 

25 spindle hub 133. In this particular disc drive, the spindle motor is within the 

hub. InFIG. I, a number of discs 134 are attached to the spindle hub 133. 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 

30 invention described h~ein is also equally applicable to disc drives with spindle 

motors which are within the hub 133 or under the hub .. 

FIG. 2 details the actuator ann assembly 120 in an exploded view. 

Each of the arms 123 of the E block or comb assembly 122, except the anns 123 
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on the top and bottom of the E bl<>ck 122, carry two load springs. In this · 

particular disc drive 100, there is a slider for both the top and bottOm fingers of 

the E block 122 have only one load spring 124 since these are used for the top 

surface of the top disc and the bottOm surface of the bottom disc in the stack of 

5 discs 134. Attached to the load springs 124 are sliders 126 which include 

magnetic transducers which magnetize the surface of the disc 134 to represent 

and store desired data. As is well lmown in the art of disc drives, each of the 

discs has a series of concentric trackS onto which the magnetic information is 

·recorded. The sliders -126 and the magnetic transducers incorporated therein are 

10 moved over the surface of a particular disc 134 so that a ma~etic representation 

of data can be stored in any of the tracks on the disc 134. In this particular disc 

drive 100, the transducer movement is rotational and about the actuator shaft 

118. Rotating the actuator arm assembly 120 causes the slider 126 and the 

transducer therein to be repositioned over surface of the disc 134. 

15 FIG. 2 also shows thatthe·actuatorarin assembly 120 includes a 

bearing cartridge 240~ The:bearing cartridge is cylindrical in shape and includes 

the actuator shaft 118 about which the actuator arm assembly rotates. The 

, · actuator arm assembly l20 has a first opening .or bore 142 therein. The bearing · 

cartridge 240 fits within the bore 142 in the actuator ann assembly 120. 

20 FIG. 3 further details the bearing cartridge 240 and its attachment 

to the actuator arm assembly 120. · The bearing cartridge 240 is comprised of a 

first bearing set 244, a second bearing set 246, an outer sleeve 248 and the shaft 

118. The actuator shaft 118, the first bearing set 244, the second bearing set 246 

and the outer sleeve 248 are made of the same material so that when the bearing 

25 cartridge 240 is heated during the operation ofthe disc drive 100, all of the 

components have the same coefficient of thennal expansion. 

FIG. 4 is a top diagrammatic view of a disc drive 100. The disc 

drive 100 includes an actuator assembly 120 which pivots about shaft 118 during 

seeks where the transducer head 150 is moved from a first track to a second track 

30 on a disc 134. In this particular diagrammatic diagram, the transducer 150 and 

the disc 134 are not shown for the sake of clarity. The actuator is driven by the 

voice coil motor during a seek. Basically, the actuator 120 is accelerated as it is 

moved from one position to a second position and when it is stopped over or 
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near a target track on the disc 134. The acceleration or deceleration of the 

actuator assembly 120 results in a force applied to the actuator as represented by 

arrow 400. The base and other portions of the disc drive 100 react to the force 

400 by producing a reactionary foree represented by the arrow 420 in FIG. 4. As 

5 is well known, force equals mass times acceleration. The force represented by 

arrow 400 will produce an equal reactionary force represented by 420 which 

causes the deck or disc drive to move dependent on its mass, inertia and 

boundary conditions. The actuator is a relatively light mass which undergoes 

large accelerations. The base and· rest of the disc drive 100 has a much larger 

10 mass than the actuator assembly -120. Since the mass of the ~ase is larger than 

the mass of the actuator, the reaction force causes less acceleration of the base. 

·The movement of the base will also be less. The idea behind the invention is to 

place an inertia ring 500 onto the disc drive 100 to increase the mass and inertia 

of the disc drive 100 and, therefore, lessen the acceleration or movement of the 

.15 base. A damped interface between the inertia ring and the base or cover may 

further reduce acceleration or movement.of the base with respect to the actuator. · · 

The forces placed on the disc drive 100 are rotational in nature 

and, therefore, tend to make the disc drive rotate about a central axis depicted by . 

reference numeral 410 in FIG. 4. The inertia ring 500 is designed to place most 

20 of the weighted material out toward the periphery of the disc drive 100 since this · 

increases the moment of inertia of the disc drive 100. When applying rotary 

forces to a mass such as a disc drive 100, a torque or force at a distance is 

produced.· Torque may be expressed as the inertia of the object times the angular 

acceleration. This is the rotational interpretation ofNewton's second law. 

25 Mathematically, it can be shown as: 

30 

T=J x ex, 

where 

T = torque (reaction of the actuator seek torque), 

J = disc drive inertia, and 

u =angular acceleration of the disc drive about the axis 410 

(which is parallel to the axis of the spindle and the actuator) 

Thus, for a given seek torque, the angular acceleration, ex, 

decreases as the inertia ofthe·disc drive 100 increases. In other words, by 
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increasing the inertia of the disc drive 100, thetotational vtbration index is 

decreased. The rotational vibration index is ·a measurement of the angular 

acceleration of the disc drive 100 mounted in a chassis. The moment of inertia 

of any sort of bodies; such as a disc drive 100, is determined by integrating the 

5 distance squared of each particular mass away :tram the axis of rotation. Thus, 

the moment of inertia increases as the mass is moved away from the axis of 

rotation. As shown in FIG. 4, axis 410 is in the middle of the disc drive. The 

actual axis of rotation may vary somewhat from this particular location for 

different models·of disc drives. The idea of the inertia ring 500 is two-fold. 

· 10 First of all; an increased mass results in a decreased acceleration of the disc 

drive 100, also known as the head disc assembly ("HOA''). In Bddition, the 

·mass that is added to the disc drive is preferably added atthe outer periphery of 

the disc drive so as to increase the momentofinertiaofthe disc drive. When the 

·actuator 118 applies a force to the disc drive :100; the resulting torque produced 

.... •.. 15 . ta corinteract the torque. Caused ,by the acfuator a8sembly· 11 s will have a lower. 
. • .. ?·:,' ::: ,_. 

20 

angular acceleration since thcf moment of inertia is maximized by placing the 

mass of the inertia ring 500 toward the oU:ter.peRphery 430 of the disc drive 100. 

It should also'·be 'noted: that the force on. the ·disc drive 100 does 

·not neeessarilyhave to come from the actuatOr assembly 120 being driven. 

during seeks. Other forces can also aet on the disc drive l 00. For example, in. 

many application8, more than one disc drive is mcninted in a rack. One such 

application is for a redundant may of drives ("RAID"). In a RAID application, 

the seeks done by adjacent drives may produce a force on a drive 100. The drive 

100 still will produce a reactionary force, as represented by arrow 420, and 

25 having an increased mass as well as an increased moment ofinertia will cause 

the base or the HOA to move less. The end result is that there will improved 

positioning and less write faults. 

FIG. S shows an exploded view of another model of disc drive 

100. The model of disc drive 100 shown in FIG. 5 is different than the model of 

30 the disc drive shown in FIG. 1. The disc drive 100 shown in FIG. 5 includes an 

inertia ring 500 which is attached to the base 112 of the disc drive. The inertia 

ring 500 is attached to the base 500 using a set of fasteners. The inertia ring 500 

is made of a material such as steel or zinc any other high density material. The 
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inertia ring may be treated so that it will not produce oxide particles. In this 

particular application, the inertia ring 500 is positioned outside of the head disc 

enclosure. The head disc enclosure is the controlled environment that resUlts 

from the cover 114 (shown in FIG~ 1) being placed on the base 112. Generally, 

5 the disc or discs 134, the actuator assembly 120 and the voice coil motor are 

positioned within the head disc enclosure. · The head disc enclosure is generally 

sealed and may or may not have a breather filter into which make-up air can be 

· obtained for the head disc enclosure. The actUator assembly 120, the disc or 

discs 134, and the voice coil motor 130, 131 and 128 are not shown in FIG. 5, 

10 but are shown in FIG. 1. 

FIG; 6 is an isometric view of the inertia ring 500 attached to the 

base of the disc drive 100. As showll in FIG.'6, the inertia ring 500 is provided 

with openings that will receive screws or other appropriate fasteners (not shown 

in FIG. 6). The fasteners will be used to attach the inertia rin:g 500 to the base 

15 112 of the disc drive 100. The openings in the inertia rin:g are depicted by 

reference riwnerals 510, 51i~ 514, 516, 518, and520. It should also be noted 

that the inertia ring may be sandwiched between the cover 114 and the base plate 

112. In other words, the inertia ring SOOcould be dimensioned· so that the cover 

114 could sealingly engage the base 112 to form a sealed head disc enclosure 

20 while at the same time, fixedly attaching the inertia ring 500 to the disc drive 

100. In this instance, the openings 510, 512, 514, 516, 518 and 520 may not be 

threaded, but would allow threaded fasteners to pass through the inertia ring 500 

and engage threaded openings in the base plate 112. 

FIG. 10 illUstrates another method of attachment of the inertia ring 500 

25 to the base 114 of the disc drive 100. In this embodiment, a dampening element 

1000 is placed between the base 112 and the inertia ring 500. The dampening 

element 1000 is not limited to a separate element shown. The dampening 

element could also be an adhesive having dampening characteristics or a 

viscoelastic tape used to fasten the inertia ring 500 to either the base 112 or to 

30 the cover 114 ofa disc drive 100. Using a dampening element 1000, such as 

viscoelastic tape, results in better performance in terms of write errors since the 

dampening element dissapates energy due to the shearing effect caused by the 

motion between the base or cover and the inertia ring 500. 
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FIG. 7 is a graph showing the test results of using an inertia tjng 500 as 

the on-cylinder limit in micro inches is reduced for a particular disc drive 100. 

The graph 700 is the average number of write faults per write command in the 

disc drive. In other words, if the disc drive is commanded to do a write 

5 operation and there is 1 OOo/o write fault, it means that for every write operation 

that the disc is commanded to do, 011e write fault will ~ccur. The Y axis 710 of 

the graph 700 represents the percentage of write faults. The X axis 720 . 

represents the on-cylinder limit which is set for the disc drive. The term "on­

cylinderlimit'' is defined as the distance off the. track center that the transducer 

10 is allowed to be positioned. Each track has a center·and a ~sducer ideally is 

flown over the center of that track during a write operation. As a practical. 

matter~ it is difficult to always maintain the transducer on the center of the track 

and, therefore, a measurement in microinches of the distance off the center of 

the track is provic:led. For a given track width,.the transducer can be off the track 

. 15 center while writing and still not produce a write fault.· When the transducing 

head falls outside of the on-cylinder limit a write fault.will occur. A write fault 

is where the threshold for writing is exceeded and writing is prohibited. In the 

graph of the average write fault 700 shown in FIG. 7, there are a number of on­

cylinder limits presented. ·For each on-cylinder limit, there is a first bar that 

20 represents the percentage of write faults without the inertia ring 500 and .another . 

bar that represents the percentage of write faults of the drive when the inertia 

ring 500 is used. For example, with.an on-cylinder limit of 16.1 withoutthe 

inertia ring 500, the percentage write fault represented by bar 732 is 

. approximately 20%. When the inertia ring 500 is used, the percentage write 

25 fault drops to aPJ>roximately 3%. When the on-cylinder limit is reduced to 13.8 

microinches, the percentage of write faults represented by bar 742 is at 

approximately 40%, while the percentage of write faults when an. inertia ring 

500 is used is dropped to below 20o/o, as represented by bar 740. When the on­

cylinder limit drops to 11.5 microinches, the percentage of write faults that 

30 occur without the ~ertia ring increases to approximately 80o/o. In other words, 

80% of the time during a write command, the transducer will pass outside the 

range of 11.5 microinches or outside the on-cylinder limit. In this instance, 

there is a high probability that a write fault could occtir .. This is dramatically 
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reduced by using an inertia ring as represented by bar 750. The percentage write 

faults with the inertia ring in place drops to approximately 30%. When the on­

cylinder limit in microinches is dropped to 9.2 microinches, the percentage of 

write faults jumps to 150% when an inertia ring 500 is not used. Using the 

5 inertia ring 500 drops the write ~ult percentage to approximately 50%, as 

represented by bar 760 in graph 700 of FIG. 7. It should be noted that 

decreasing the on-cylinder limit in microinches represents a decrease in the track 

width over time for a particular model of disc drive. By decreasing the track 

width, the track density is increased and the amount of data that can be stored on 

10 the disc drive 100 is increased. Thus, by looking at FIG. 7, ~ne can see that if 

the inertia ring 500 is not used, the percentage write faults for a particular disc 

drive would increase dramatically. Also, FIG. 7 shows that as the inertia ring is 

used, the percentage write faults is placed into a lesser percentage. FIG. 7 also 

represents that as the disc drive designs go to thinner and thinner tracks or to 

15 higher and higher densities, the use of an inertia ring will be more drastically 

needed. 

FIG. 8 shows another embodiment of the inertia ring 500. In 

FIG. 8, the cover 114 from FIG. 1 is shown from the bottom. The inertfa ring 

500 is attached to the cover. It should be noted that the inertia ring 500 can be 

20 attached using adhesive or a viscoelastic tape or can be screwed or fastened 

otheiwise to the cover 114. In this particular instance, this also shows that the 

inertia ring 500 can be placed within the disc drive enclosure. It should be noted 

that the inertia ring 500 placed inside a disc drive enclosure must be treated or 

must be made ~fa material that will not generate particles and cause disc 

25 crashes. 

In still another embodiment, shown in Fig. 9, the base plate 112 

or the cover 114 can be made with an integral inertia ring 500. In this particular , 

instance, the base plate would be formed with a material basically of a first 

density as well as a material of a second density. The material with the second 

30 density would be placed toward the outerperiphery430 of the disc drive 100 in 

either the cover 114 or the base 112. It should also be noted that the inertia ring 

500 even when separate is generally made of a much more dense material than 
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the base plate 114 _or cover 114 or any other material used to make the disc drive 

100. 

Advantage.ously, the inertia ring·reduc~. the vibration of the 

magnetic disc appani.tus from the driving reaction force to.the voice coil motor. 

S In other words, the ac1ded mass and position of the mass near the _periphery of 

the disc drive makes jt less susceptible to the reaction forces. Settling 

characteristics after a seek from a first track on .the disc to a target track on the 

disc is improved. Track following operations of the disc drive are also 

improved. The disc drive has less relative motion between the actuator 

10 assembly and the base while under any type of servo control which implements 

course corrections using.a driver such as a voice coil motor. The solution is also 

. •. . static. In otherwords, the inertia ring does not move substantially with respect 

to the remaining portion of the disc drive. As .a result, the disc drive is more 

reliable over its life.· The addition of the inertia ring to .the disc drive during 

··,··. 

15 manufacture can easily ·be accommodated using cUII"ent assembly techniques. 

FIG. J Hs a schematic view of a eomputer system. 

Advantageously, the inverition ·is well-suited for use in· a computer system 2000. 

The computer system.2000 may also :be called an electronic system or an 

information handling system and includes_. a central processing unit, a memory 

. 20 and a system bus .. The information handling system includes a central 

processing unit 2004, a randoin access memory 2032, and a system bus 2030 for 

communicatively coupling the central processing unit 2004 .and the random 

access memory 2032 .. The information handling system 2002 includes a disc 

drive device which includes the ramp described above. The information 

25 handling system 2002 may also include an input/output bus 2010 and several 

devices peripheral devices, such as 2012, 2014, 20,16, 2018, 2020, and 2022 may 

be attached to the input output bus 2010. Peripheral devices may include hard 

disc drives, magneto optical drives, floppy disc drives, monitors, keyboards and 

other such peripherals. Any type of disc drive may use the method for loading 

30 or unloading the slider onto the disc surface as described above. 

Conclusion 

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

actuator 120 rotatably attached to the base 112. The actuator 120 having a first 

'. 
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end and a secon~:f ~a. A voice coil 128 is attached ~cfbtie· end of the actuator 

120. A trartsducer lSOis attachedto the other end of the actuator 120. A 

magnet 130, 131 is attached to the base 120. The magnet 130, 131 and voice 

coil 128 form a voice coil motor for driving the actuator 120. An inertia ring 500 

S is attached to the base 112 to increase the moment of inertia of the disc drive 

100. The inertia ring 500 is fixed with respect to the base 112. In one 

embodiment, the disc drive 100 also includes a cover 114. The inertia ring 500 

is attached to the ba8e 112 via the cover 114. The inertia ring may be formed 

integral with the base 112. The base 112 is formed of a first material and the 

10 inertia ring 500 is formed of a second material. The first ma~erial has a first 

density and the second material has a second density. A dampening material 

may be used to attach the inertia ring 500 to the base 114. The inertia ring 500 

is formed so that most of the material is positioned near the outer periphery of 

the disc drive 100. The inertia ring 500 is formed to increase or maximize the 

15 moment of inertia of the disc drive. The inertia ring 500 may also be formed to 

fill voids in the disc drive 100 between the base 112 and the cover 114. 

A disc drive 100 includes a base 112 and a disc 134 rotatably 

attached to the base 112. The disc drive also includes an actuator assembly 120 

rotatably attached to said base 112 and a device 128, 130, 131 for moving the 

20 actuator assembly. A cover 114 is attached to the base 112. The combination of 

the cover 114 and base 112 form a disc enclosure 112, 114 for enclosing the disc 

134, the actuator assembly 120 and the device for moving the actuator assembly 

120. An inertia ring 500 is attached to the disc enclosure for increasing the 

moment of inertia of the base 112 and cover 114. The inertia ring 500 may be 

25 attached to the cover 114 or to the base 112. The inertia ring 500 may be 

formed of a material which is more dense than the cover 114 or more dense than 

the base 112. The inertia ring 500 may also be formed integral with the base 

112 or the cover 114. The inertia ring 500 may also be formed such that the 

material is positioned near the periphery of the base 112 and attached cover 114. 

30 In addition, the inertia ring 500 may be formed to attach to the cover 114 and 

such that the material fills a void between the disc and the attached 
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In general, .the inventive· disc drive 100 includes a head disc 

enclosure, and a device for increasing the inertia of the head disc enclosure 

attached to the head disc enclosure. 

It is to be understo.od that the above description is intended to be 

5 illustrative, and not restrictive. Many other embodim~~ will be apparent to 

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

invention should, therefore, be determined with refefeD;C~ to the appended 

claims, along with the :fullscope of equivalents to which such claims are 

entitled . 

.. .... 

. ;-,. ; .· .. : . 
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an actuator rotatably attached to the base, the actuator having a first end 

and a second end and further comprising: 

a voice coil attached to one of the first or second ends of the 

actuator; and 

a transducer attached to the other of the first or second ends of the 

actuator; 

a magnet attached to the base, the magnet and voice coil forming a voice 

coil motor for driving the actuator; and 

an inertia ring operably coupled to the base to increa$e inertia moment of 

the disc drive. 

2. The disc drive of claim 1 wherein the inertia ring is fixed with respect to 

the base. 

3. The disc drive of claim 1 further comprising a cover wherein the inertia 

ring is attached to the base via the cover. 

4. The disc drive of claim 1 wherein the inertia ring is formed integral with 

the base. 

5. The disc drive of claim 1 wherein the base is formed of a first material 

the inertia ring is fotmed of a second material~ said first material having a first 

density and the second material having a second density which is greater than 

the density of the first material. 

6. The disc drive of claim 1 :further comprising a layer of dampening 

material positioned between the inertia ring and the base of the disc drive. 

Ull\lll lllll\ Ill\\ \\1\1 \\\II\ 
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7. The disc drive of claim 5 wherein the. inertia ring is formed so that most 

of the material is positioned near the outer periphery of the disc drive. 

8. The disc drive of claim l wherein the base is formed of a first material 

the inertia ring is formed of a second material, said first Faterial having a first 

density and the second material having a second density,which is substantially 

the same as the density, of the first material. 

9. The disc drive of claim 3 wherein the inertia ring is formed to fill voids 

in the disc drive. 

10. A disc drive comprising: 

a base; 

a disc rotatably attached to the base; and 

. an actuator assembly rotatably attached to said base; 

a device for moving the actuator assembly; 

a cover attache4 to ~e base, the cover and base forming a disc enclosure 

for enclosing the disc, the actuator assembly .and the device for moving the 

actuator assembly; and 

an inertia ring op~ly coupled to the disc enclosure for increasing 

inertia moment of the base and cover. 

11. The disc drive of claim 10 wherein the inertia ring is attached to the 

cover. 

12. The disc drive of claim 10 wherein the inertia ring is attached to the base. 

13. The disc drive of claim 10 wherein the inertia ring is formed ofa 

material which is more dense than the cover. 

14. The disc drive of claim 10 wherein the inertia ring is formed of a 

material which is more dense than the material of the base. 

111111111111111111111111111111· 
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15. The disc £fo~ ~f claim 14 wherein the inerti~ filig is formed integral 

with the base. 

16. The disc drive of claim 10 wherein the inertia ring is formed of a 

material which is more dense than the cover and wherein the inertia ring is 

formed integral with the cover. 

17. The disc drive of claim 10 wherein the inertia ring is formed such that 

the material is positioned near the periphery of the base and attached cover. 

18. The disc drive of claim 10 wherein the inertia ring is formed such that 

the material fills a void between the disc and the attached cover. 

19. The disc drive of claim 18 wherein the inertia ring is attached to the 

cover. 

20. A disc drive comprising: 

a head disc enclosure; and 

means for increasing inertia of the head disc enclosure attached to the 

head disc enclosure. 
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