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1 Title: Method And Apparatus For Balancing A Spindle In A Hard Disk Drive 

6 

RELATED APPLICATIONS 

This application claims priority from Provisional Application Number 60/131,554, 

filed April 29, 1999. 

.TECHNICAL FIELD 

The present invention relates a method and apparatus used to balance generally 

circular disks on a spindle. More particularly, the present invention relates to a method and 

apparatus for balancing one or more magnetic recording disks and spacer rings on a spindle 

-11 for use in a computer hard drive. 

BACKGROUND 

A disk stack assembly ("DSA" ) is a major component of many computer hard disk 

drives. A DSA generally comprises a plurality of alternating magnetic recording disks and 

16 spacer rings mounted on a spindle. A drive ·motor typically turns the DSA around an axis of 

rotation at a high velocity (usually expressed in revolutions per minute or "RPM"). If the 

center of mass of the DSA does not lie along its axis of rotation, then an imbalance condition 

may result. This condition can produce unacceptable vibration and noise, which can lead to 

the premature failure of the motor bearings and which can decrease customer satisfaction. 

21 One partial solution to this imbalance problem involves the use of balance weights. 

These weights can be strategically added to or subtracted from the DSA to correct the 

imbalance. One problem with this solution is that the weights take up space inside the drive 

enclosure. This problem is significant as disk drive manufacturers constantly strive to 

increase the drive's data storage capacity without increasing the drive's size. Consequently, 
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1 there is a need for a balancing method that does not require separate balance weights, thereby 

allowing designers to use the available enclosure volume more efficiently. 

Another problem with using balance weights to balance a DSA is the complex and 

lengthy installation procedure required by this solution. Applying balance weights typically 

requires that the manufacturer to: (1) center the rings and disks as accurately as possible 

6 using mechanical stops; (2) clamp spacer rings and disks onto the spindle; (3) test for any 

imbalance; ( 4) add the necessary balance weights; and (5) retest the DSA to verify that the 

drive is within its specification. Thus, there is a need for a faster, less comple~ method of 

balancing a DSA. 

Another partial solution tries to form the outer diameter ("OD") of a DSA into a 

11 concentric cylinder centered on its rotational axis. This method typically uses two rigid hard 

stops and one spring-loaded stop for each disk and spacer ring. The hard stops are generally 

located 120 degrees from each other and are mechanically positioned for a nolJlinal OD 

dimension. One problem with this method is that it only works weU when all the disks in the 

DSA have the same OD. Another problem with this method is that the disk's OD 

16 dimensional tolerance is typically larger than what the balance specification allows. As a 

result, the OD tolerance prevents accurate centering and balancing. This problem may · 

become more acute as the drive industry increases the operating speed of the drives. · 

Clearly, there is a need for an inexpensive, versatile centering and balancing apparatus 

that eliminates some of the inadequacies of the current systems, that produces accurate 

21 results, and that has a low tum around time ("TAT"). 
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SUMMARY 
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The present invention relates to a method and apparatus for balancing a disk stack 

assembly of a disk drive using a small offset of the magnetic recording disks to compensate 

for an imbalanced mass located near the rotational axis. These embodiments take advantage 

of the fact that most of a disk's mass is located closer to its outer diameter ("OD") than to its 

6 inner diameter ("ID") and the fact that the importance any particular imbalanced mass is 

directly proportional to its radial distance from the rotational axis. 

Accordingly, one embodiment of the present invention comprises a sensor that 

produces a signal indicative of at least one disk's deviation from a desired dimension and a 

movable reference surface that moves the at least one disk in response to the signal from the 

11 sensor. This embodiment may further comprise a microprocessor operably connected to a 

balance analyzer, the sensor, and the moveable reference surface. Feedback from the balance 

analyzer can be used to compensate for a misaligned spacer ring or other setup errors, an 

imbalanced drive motor, and wear or other time varying errors. 

Some embodiments of the present invention can be used to balance a plurality of disks 

16 and spacer rings assembled into a disk stack assembly. One such embodiment divides the 

disk stack assembly into at least two groups. The embodiment then displaces the disks in 

each group based on their average deviation from a desired or nominal dimension. This 

embodiment can be used to obtain either a one-plane ("static") balance or two-plane 

("coupled" or "dynamic") balance. 

21 Another embodiment of the present invention comprises a biasing member adapted to 

bias at least one of a plurality of disks against a disk reference surface, a sensor for producing 

a signal indicative of each disk's deviation from a desired dimension, and a positioning 

member that moves the disk reference surface in response to the signal from the sensor, 

thereby balancing the disk stack assembly. 
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Another aspect of th~ present invention is a. method of balancing a disk on a spindle. 

One embodiment of this method comprises generating a sign8I indicative Of a deviation of the 

disk from a desired dimension, and moving the dlsk in response to the signal. The method 

may further comprise providing a movable reference· surface, and biasing a disk against the 

movable reference surface. 

Another aspect of the present invention is a method· of balancing a disk stack assembly 

independent of variations in an outer diameter ofa disk member. One embodiment of this 

method comprises providing a plurality of movable reference surfaces, biasing a plurality of · 

disks against the plurality of movable reference surfaces, generating a signal indicative of an 

average deviation of the plurality of disks from a nominal dimension, and moving the 

11 plurality of disks in response to the signal. 

Two additional aspects of the present invention are a method of centering a disk on a 

spindle and a disk sta.Ck assembly having at least one imbalance. One embodiment of the 

method for centering a disk comprises providing a movable reference surface, biasing a disk 

against the movable reference surface, generating a signal indicative of a deviation of the disk 

16 from a· desired dimension, and moving the disk in response to the signal. One embodiment of 

the disk stack assembly comprises a spindle and an offset disk rotationally coupled to the 

spindle. The offset disk in this embodiment compensates for the at least one imbalance. 

Another aspect of the present invention is a method of centering a disk on a spindle, 

one embodiment of which comprises providing a movable reference surface, biasing a disk 

21 against the movable reference surface, generating a signal indicative of a deviation of the disk 

from a desired dimension, and moving the disk in response to the signal. 

One feature and advantage of the present invention is that it displaces the magnetic 

recording disks to balance the DSA, which saves volumetric space inside the drive enclosure 

by eliminating the need for designated locations for installing balance weights. Another 

; I 
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1 feature of the present invention is that it can compensate for setup errors and for wear. This 

feature may increase the accuracy of the balance procedure. These and other features, aspects. 

and advantages of the present invention will become better understood with reference to the 

folJowing description. appended c1aims, and ~ompanying drawings. 

6 ·BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is a top view of one embodiment of ~e present invention used to center a 

disk. 

Figure 2A is a top view of the embodiment in Figure 1 with a nomina1 disk. 

Figure 2B is a top view of the embodiment in Figure 1 with an actua1 disk. 

11 Figure 3A is a top view of an embodiment of the present invention used to balance a 

disk stack assembly. 

Figure 3B is a side view of the embodiment in Figure 3A. showing a plurality of 

planar biasing members. 

Figure 3C is a front view of the embodiment in Figure 3A. 

16 

DETAILED DESCRIPTION 

. Fig. 1 shows one embodiment of an apparatus 10 used to balance one or more disks 12 

about an axis of rotation 13. Each disk 12 has. a generally cylindrical interior surface 14 

defining a central opening 15; two generally planar surfaces, each of which form, at least in 

21 part, a magnetic recording surface 16; and a generally cylindrica1 outer edge 20. The outer 

edge 20 defines a circumference having an outer diameter ("OD") that varies from a desired 

or specified (i.e., nominal) va1ue. The apparatus 10 comprises two moveable cylindrica1 

reference surfaces 24 and 26 and a moveable biasing member 28, each of which is fixedly 

attached to a slidable mount 30, 32, and 34, respectively. The apparatus 10 a1so includes a 
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1 position sensor 36, which comprises a transducer 38 attached to the slidable niount34by a 

mounting bracket 40. The position sensor 36 may be connected to a microprocessor 41 by an 

eleetrical connector 42. 

The biasing member 28 may be any device capable of holding the disk 12 against the 

reference surfaces 24 and 26 during operation. One suitable biasing member 28 is a flat 

6 spring. Flat springs are desirable because they are relatively inexpensive and because they can 

compensate some initial disk' 12 misalignment. However, any biasing member 2s·capable of 

assisting in holding the disk 12 against the reference surfaces 24 and 26 is within the scope of 

this invention. For example, the biasing member 28 could be a generalJy planar member 

biased by a compression spring or an air cylinder. 

11 The position sensor .36 may be any device capable of measuring a deviation between 

an actual disk OD and the desired (or nominal) disk OD. This deviation may be measured 

directly or indirectly. For instance, direct measurement can be accomplished by measuring 

the distance to the outer edge 20 of the disk 12. Indirect measurement can be accomplished 

by measuring the distance to a back surface 44 of the biasing member 28. The position sensor 

16 36 should be capable of providing accurate and precise results in a relatively brief sampling 

period. Suitable transducers 38 indude, without being limited to: non-contacting sensors, 

such as laser interferometers, diode arrays, or eddy-current transducers; and contact based 

sensors~ sticli as a linear variable-differential transforiner ("L VDT''). · · 

· Moveable reference surfaces 24 and 26 and biasing member 28 hold the disk 12 whi1e 

21 it is measured and positionC?d. The reference surfaces 24 and 26 should be made from a 

relatively hard material having good wear and corrosion resistance and a low thermal 

expansion coefficient. One example of a suitable reference surface 24 and 26 is a cylindrical 

post made of nickel plated steel. This embodiment is desirable because it can hold the disks 

and spacer rings in positio~. during clamping. That is, the disks and spacier rings move axially 
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1 by a small amount when they are clamped to the motor bub by a'Jireheated collar, a threaded 

collar, or other appropriate method. Accordingly, a cylindrical reference surface 24 and 26 

and a planar biasing member 28 are desirable because they allow the disks and spacer rings to 

move axially without changing their center position. However, reference surfaces 24 and 26 

being made from other materials or having other shapes and orientations are within the scope 

6 of the invention. 

The slidable mounts 30, 32, and 34 can be any apparatus capable of moving the 

reference surfaces 24 and 26 and the biasing member 28 in a controlled fashion. The mounts 

30, 32, and 34 include an actuating device (not shown) that can individually or collectively 

slide the mounts in the X direction. Suitable actuating devices include, without being limited 

11 to: electro-mechanical actuators; hydraulics; or a cam, gear, or screw powered by an electric 

motor and controlled by suitable device, such as a linear encoder or a L VDT. 

With reference to Figs. 2A-2B, a method of using one embodiment of the present 

invention to center the OD of a disk 12 on the DSA's axis of rotation 13 wiJI be described. 

Fig. 2A shows a nominal disk of radius, Ra, whose OD center 52 is aligned with the axis of 

16 rotation 13; ·When the biasing member 28 pushes the nominal disk 12 against the reference 

surfaces 24 and 26, the position sensor 36 can measure a distance, Xe,, between the transducer 

38 and the outer edge 20 of the disk 12 (or, alternatively; the back surface 40 of the biasing 

member 28); Fig. 2B shows a disk 12 having a radius, R, that is slightly larger than the 

desired radius, R,,. When biasing member 28 pushes this disk .12 against the reference 

21 surfaces 24 and 26, its actual OD center 50 will be displaced a distance, "d," from the axis of 

rotation 13. This displacement, "d," may be calculated in this embodiment using the 

expression d=2*s/3, where "s" is the change in distance measured by the position sensor 36 

between the actual disk and the nominal disk. However, other expressions should be used 

when the posts 24 and 26 and the biasing member 28 are other than 120 degrees apart. The 
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1 two reference sutfaces 24 ~d 26 and the biasing member 38 may then be moved along the 

"X" axis to eliminate the displacement, "d." That is, the disk 12 may be displaced until its 

actual OD center 50 is posjtioned alOng the axis of rotation 13. 

6 

Some current hard disk designs arrange several magnetic disks, separated by spacer· 

rings, into a disk stack. This disk Stacie should be collectively balanced and centered. This 

process can be accomplished by several methocis. One suitable method positions each disk in 

the disk stack using the procedure described with reference to Figs. 2A-2B. This method is 

effective, but can be complicated and time-consuming because each disk is moved 

individually. A second metbod displaces all of the disks 12 in the disk stack based on their 

average calculated displacement, d This method will result in one-plane (or "static") 

11 . balancing and is a practical solution when the· axial height of the disk pack is small compared 

to the disk radius (i.e., a "low aspect ratio"). A third method, described with reference to . , 

.Figs. 3A-3C, may be used on large aspect ratio disk packs (i.e., packs with four or more disks 

12). ·In this method, the balancing and centering is done along the entire length of the 

rotational axis by appropriately positioning groups of magnetic recording disks; This · 

16 centering and positioning of the inertial (mass) axis to be both parallel and coincident to the 

rotational axis is called coupled (or "dynamic") balancing. 

Figs. 3A-3C are top, side, and front views of an embodiment that may be used to 

balance a DSA that has two or more individual disks 12. The apparatus 10 comprises a 

transducer 38 and an associated biasing member 28 for each disk 12. The disks 12 are 

21 divided into a ''top group" 60 and a "bottom group" 62. Each group 60 and 62 has its own · 

reference sutfaces 24 and 26 attached to their own slidable mounts 30 and 32. The second 

method, described above, is then used to balance each group 60 and 62 to obtain coupled 

balance. In the situation where the motor and/or spacer rings are sufficiently balanced by 

themselves to obtain the desired overall DSA balance, the disks 12 in each group are centered 

·.;. 

: I 
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1 about the axis of rotation 13 by moving the stops in the X direction by the average 

displacement, J, of the disks 12 in that group. 

Each group 60 and 62 in this embodiment may have the same number of disks 12, or 

one more disk than in the other group to accommodate packs with various numbers of disks. 

The displacement calculation for each group 60 and 62 includes all disks 12 in that group. 

6 Although this embodiment uses two groups, those skilled in the art will realize that it is 

within the scope of the present invention to divide the stack into any number of groups. A 

larger number of groups may produce more accurate results, but will require additional 

hardware and wi11 increase complexity. Those skilled in the art wi11 also realize that this 

method may be used to balance a disk pack containing any number of disks 12. 

11 The present invention could also be used to compensate for recurring imbalances, such . 
as misaligned spacer rings, by offsetting the magnetic recording disks 12 from the rotational 

axis 13 by an appropriate amount. Because the spacer rings are only about one-tenth the mass 

of the hard disks, any miscentering of the spacer rings can be easily counterbalanced by 

offsetting the hard disks 12. That is, the spacer rings do not need to be centered accurately if 

16 they are located at the same distance-and rotation angle in the subassembly from one 

subassembly to the next. This constant, yet repeatable, miscentering of the spacer rings 

relative to the rotational axis can be counterbalanced by a constant, yet smaller, offset of the 

hard disks at 180 degrees from the imbalance. Accordingly, one embodiment would first 

measure the angle and magnitude of the imbalance by use of a balance analyzer (not shown), 

21 such as that disclosed in U.S. Patent Application 09/505,033, filed February 16, 2000 by 

Bowen et al. ("Bowen"), which is herein incorporated by reference in its entirety. The 

apparatus 10 would then calculate the appropriate disk offset using the information collected 

by the balance analyzer and well known mathematical formulas, and offset the disks 

accordingly. For example, an imbalance of 0.5 gm-mm at 273 degrees may be corrected by 
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1 offsetting 50 gms of disks by O.Olmm at 93 degrees. Another embodiment would measure 

the OD of the spacer rings in: the same fashion as previously described with reference to Figs. 

2A-2B. An average diameter, d , can then be cBiculated for the spacer rings. The disks 

and/or the rings would be offset to account for the d of the spacer rings and their associated 
.:.· .. -

mass. 

6 Motorimbalances Cilll also be a significal)t, recurring contributor to the drive's overall 

imbalance in certain demanding applications. As with the misaligned spacer rings, the 

present invention can cornpensate for a known motor imbalance (magnitude and angle) by 

offsetting the disks 12 by an appropriate amQunt ~t 180 degrees from the imbalance. One 

embodiment determines the magnitude and an,gle of the motor imbalance relative to a 

11 readable mark that is permanently located on the spindle ( an "index mark") using a standard 

baJance analyzer, such as a pair of calibrated signal transducers that sense the vibration 

produced when the motor is <>verated Qr that shown in Bowen. This balance analyzer can be 

located at any convenient pqint in the assembly process, and usually before the disks and 

rings are installed. The data from the balance analyzer may be supplied to the microprocessor 

16 41 and used to calculate the appropriate disk offset using well known mathematical formulas. 

The company that supplies the motor typically uses a balance analyzer to achieve its 

own motor baJance specification. Thus, the. expense of a motor balancing analyzer at the . 

DSA assembly line can be eliminated if the motor manufacturer supplies its data with each 

motor it ships. Accofdingly, one embodiment uses a machine readable tag, such as a bar 

21 code, to correlate each particular motor with its corresponding imbalance data. This 

embodi~ent is desirable because it eliminates a balance procedure at the DSA assembly line. 

The present invention can also compensate for time v~ing errors, such as wear and 

thermal. drift. One embodiment detects changes over time by recording the data from the 
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1 balance analyzer on a computer readable medium'. This embodiment then compares the 

average displacement of several recently manufactured disk packs to, the average 

displacement of several previously manufactured disk packs. Other embodiments, however, 

can use more sophisticated statistical techniques to identify and quantify changes in the data. 

Once the change is identified, the microprocessor 41 can calculate an appropriate disk offset 

6 that will compensate for the change. This feature is desirable because it can reduce the "down 

time" that results from having to replace parts and/or to recalibrate the apparatus 10, which 

results in a simpler and more reliable manufacturing process. 

The present invention offers many advantages over the known disk balancing and 

centering apparatuses. For example, the disclosed apparatus 10 measures the OD dimension 

JI of each individual disk 12 in the pack prior to centering. This approach allows the full range 

of OD dimensions to be present in one pack and still achieve a high degree of balance. In 

addition, the present invention eliminates the need for a tool to add (or remove) balance 

weights because it uses the magnetic recording disks as the balance weight. This advantage 

reduces capital, labor costs, and TAT. Furthermore, the disclosed centering apparatus only 

16 needs feedback from a single balance tool in the assembly line. This. eliminates the need for 

the second balancer and may result in additional capital cost, labor and throughput savings. 

Although the present invention has been described in detail with reference to certain 

embodiments thereof, variations are possible. For example, although the embodiments shown 

in Figs. 1-3 only displace the disks 12 in the "X" direction, those skilled in the art will 

21 recognize that the principles described in this disclosure could be applied to displace the disk 

12 along a plurality of arbitrary axes. The reference surfaces 24 and 26 may also be staggered 

at other angles and additional reference surfaces may be added. In addition, the present 

invention can be used in a variety of centering and balancing applications other than computer 

hard drives. 
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Accordingly, those skill~d in the art will recognize that the accompanying figures and 

this description depicted an~ described embodiments of the prese~t invention,· and features 

and components thereof. With regard to means for fastening, mounting, attaching or 

connecting the components. of the. present invention to form the
0 

mechanism. as a whole, unless 

specifically described.othe~ise, such means are intended to encompass conventional 
. . 

6 fasteners such as machine screws, nut and bolt connectors, machine threaded connectors, snap 

rings, screw clamps, rivets, ~uts and bolts, toggles, pins, and the like. Components may also 

be connected by welding, soldering, brazing, friction fitting, adhesives, or defoimation, if 
, . . 

appropriate. Unless specifically otherwise disclosed or taught, materials for making 

components of the present invention are selected from appropriate materials, such as metal, 

. . . 

11 metallic alloys, fibers, poiymers, and the like; and appropriate manufacturing or production 

methods, including casting, extruding, molding, and machining, may be used. In addition, 

any references to front and back, right and left, top and bottom and upper and lower were 

intended for convenience of description, not to limit the present invention or its components 

to any one positional or spacial orientation. Therefore, it is desired that the embodiments 

16 described herein be considered in all respects a8 illustrative, not restrictive, and that reference 
. . 

be made to the appended claims for cletennining the scope of the invention. 

'I 
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* C L M S * CLAIMS 

l. An apparatus for balanci:rig.at least one disk on a spindle, comprising: 

a ~ensor, operably connected to at least one disk, that produces a signal indicative of a 

deviation from a desired dimension; and 

a movable reference surface that moves the at least one disk in response to the signal 

from the sensor. 

2. The apparatus of claim 1, further comprising: 

biasing member that biases the at least one disk against the movable reference surface. 

3. The apparatus of claim l, further comprising a plurality of disks arranged into a disk 

stack assembly. 

4. The apparatus of claim 3, wherein: 

the disk stack assembly is split into at least two groups; and 

.. the moveable reference surfaces move each group in the at least two groups 

based on an average deviation from the desired dimension. 

5. The apparatus of claim 3, wherein the movable reference surface moves the plurality 

of disks to obtain a one-plane balance. 

6. The apparatus of claim 3, wherein the moveable reference surface moves the plurality 

of disks to obtain a coupled balance. 

7. The apparatus of claim 1, further comprising: 
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a microprocessor operably connected to·tbe sensor and to the movable reference 

surface. 

8. The apparatus of c1ai~ 7, further comprising: 

a balance analyzer, opetably connected to the microprocessor. for producing a signal 

· indicative of an imbalance. 

9. The apparatus of claim 8, ·wherein the signal from the balance analyzer is indicative of 

a recurring imbalance. 

10. The apparatus of claim 8, wherein the signal from the balance analyzer is indicative of 

an imbalanced spacer ring. 

11. The apparatus of claim 8, wherein the signal from the balance analyzer is indicative of 

an imbalanced motor. · 

12. The apparatus of claim 8, wherein the signal from the balance analyzer is indicative of 

setup errors. 

13. The apparatus of claim 8, wherein the signal from the balance analyzer is indicative of 

wear. 

14. The apparatus of claim 8, wherein the signal from the balance analyzer is indicative of 

thermal drift. 
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15. The apparatus of claim 8, wherein the microprocessor uses the signal from the balance 

analyzer to calculate a disk offset that will dynamically balance a plurality of disks 

arranged into a disk stack assembly. 

16. The apparatus of claim 1, wherein the at least one disk comprises an outer surface that 

defines an outer diameter and wherein the desired dimension is the outer diameter. 

17. A disk stack assembly balancing apparatus, comprising: 

a biasing member adapted to bias at least one of a plurality of disks against a disk 

reference surface; 

a sensor for producing a signal indicative of each disk's deviation from a desired 

dimension; 

a positioning member that moves the disk reference surface in response to. the signal 

from the sensor, thereby balancing the disk stack assembly. 
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18. A method of balancing a disk on a spindle, comprising: 

generating a signal indicative of a deviation of the disk from a desired dimension; and 

moving the disk in response to the signal. 

19. The method of claim 18, further comprising: 

providing a movable reference surface; and 

biasing a disk against the movahJe reference surface. 

20. The method of claim 18, wherein the disk comprises an outer surface that defines an 

outer diameter and wherein the desired dimension is the outer diameter. 

21. A method of baiancing a disk stack assembly independent of variations in an outer 

diameter of a disk member, comprising: 

providing a plurality of movable reference surfaces; 

biasing a plurality of disks against the plurality of movable reference surfaces; 

generating a signal indicative of an average deviation of the plurality of disks from a 

nominal dimension; and 

moving the plurality of disks in response to the signal. 

22. The method of claim 21, further comprising: 

dividing the plurality of disks into at least two groups; 

generating a signal indicative of the average deviation ofa first group in the at least 

two groups; and 

moving the first group in response to the signal indicative of the average deviation of 

the first group. 

; I 
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23. A method of centering a disk on a spindle, comprising: 

providing a movable reference surface; 

biasing a disk against the movable reference surface; 

generating a signal indicative of a deviation of the disk from a desired dimension; and 

moving the disk in response to the signal. 

24. A disk stack assembly having at least one imbalance, comprising: 

a spindle; and 

an offset disk rotationally coupled to the spindle, whereby the offset disk compensates 

for the at least one imbalance. 


