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Specification 

CURRENT LIMITING IN IllGH PERFORMANCE FILES 

BACKGROUND OF THE INVENTION: 

Field of the Invention: 

The present invention relates to a disk drive system having means for optimizing power 

consumption efficiency during a seek operation. More particularly, the present invention relates to 

a niethod for reducing spindle driving current while actuator driving current reaches a peak during 

the deceleration sequence of an actuator seek operation. 

Description of the Prior Art: 

Modem disk drive systems typically include: a disk having a thin magnetic coating upon 

which user data and position information is stored in a series of concentric or spiral tracks; a 

spindle motot assembly for supporting and rotating the disk in response to a spindle current 

provided by a spindle driver circuit; a read/write head for generating and detecting variations in 

magnetic orientation of the magnetic material as the disk is rotated relative to the head; a head­

arm assembly for supporting and moving the head radially over the surface of the disk; and an 

actuator, usually comprising a voice coil motor, for driving the head-ann assembly in response to 

an actuator current provided by an actuator driver circuit. Disk drive systems also include a 

channel unit, having a read/write channel and a position error cha1mel, electrically coupled to the 

read/write head via an arm electronics unit; and a servo controller unit responsfve to a position 

error signal received from the head via the channel unit, and operative to provide an actuator 

control signal to the actuator driver circuit for controlling the actuator cun-ent, and further 
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operative to provide a spindle command signal to the spindle driver circuit for controlling the 

spindle current. 

The position error signal, which is proportional to the relative difference of the positions of 

the center of the servo head and the nearest track center, provides infonnation relating to sources 

of motion including motion of the actuator and motion of the disk surface itself. The servo system, 

whether of a dedicated servo type or an embedded servo type, uses the position error signal to keep 

track of actuator position as well as velocity. 

The servo system may be analog or digital. Digital servo control systems are discrete time 

systems in which position information is sampled. Modem digital servo controllers, which may 

be implemented by a microprocessor or a digital signal processor, use state estimators to 

detennine velocity. Analog servo systems use either-a velocity transducer or some type of 

estimating scheme to_ determine velocity parameters. A typical analog velocity estimator uses both 

a filtered int~gral-o~ acceleration and a filtered derivative of position to obtain velocity feed back. 

Servo systems may operate in several modes generally includllig a track following mode 

and a seek mode. "In the track following mode, the servo controller maintains the head in a path 
I 

over the centerline of a selected track to facilitate accurate reading and recording of data in the 

track. In the seek mode, the servo controller is directed to place the head on a target track different 

from the present track. A seek operation includes an acceleration sequence and a deceleration 

sequence. During each of these sequences, the current provided by the actuator driver circuit to 

the actuator is increased to a peak value which is greater than the average current value. The 

seeking performanc~ of a servo system is proportional to the amount of power available for 

providing current to the actuator during acceleration and deceleration. 

Typically, a single power supply provides power to both the spindle driver circuit and the 

actuator-driver circuit. High performance files require a high spindle velocity which necessitates a 

high spindle current level. High performance files also feature fast seeking perfonnance which 
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requires high peak actuator current levels during acceleration and deceleration. The peak actuator 

current drawn during the deceleration sequence of the seek is- significantly more than the peak 

current drawn during the acceleration sequence due to voltage adding effects of a back 

electromotive force (back EMF) induced in the actuator. During the deceleration sequence, back 

EMF effectively adds to the supply voltage so that more actuator current can be drawn from the 

power supply. Conversely, during the accelerate portion of the seek, the back EMF subtracts from 

the supply voltage, thereby causing the current to become lower as the actuator moves faster. In 

modem servo controller designs, velocity versus position schedulers of the servo controller are 

designed assuming that the acceleration and deceleration will change with the velocity of the 

·~tor. 

Although the back ErVIF provides the ability to decelerate faster and thus improve seek 

times, the peak actuator current drawn during deceleration is increased. An excessive peak 

actuator current drawn during deceleration presents problems because the peak power output of 

the disk drive power supply, ".'fhich concurrently provides power to the spindle driver, may be 

exceeded when the peak deceleration current is reached. For a disk drive including multiple 

platters and having data stored according to a striping technique, the peak current drawn during 

deceleration is particularly problematic because each of a plurality of actuators may seek, and 

decelerate, at the same time thereby drawing peak currents simultaneously. 

Because seek performance is limited by the amount of current available for acceleration 

and deceleration, there is an inherent design tradeoff between seeking performance and peak 

actuator current. One way to ensure that the peak power output of the power supply is not 

exceeded during deceleration is to design the deceleration profile with adequate margin for peak 

current taking into account the maximum output of the power supply, back Elv1F effects of the 

actuator, and other appropriate design parameters. Increasing the coil resistance of the actuator 

provides reduction of the peak actuator current values, but this is accomplished at the cost of 
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decreased seeking perfonnance. Therefore, as the seek perfonnance and spindle speeds required 

by higher perfonnance files increase, it becomes necessary for disk drives to be equipped ivith 

larger power supplies which is very costly. 

Dunn (U.S. Patent No. 5,381,279) discloses a method of reducing peak power 

requirements of a power supply of a disk drive wherein the spindle current is reduced during the 

acceleration sequence of the seek operation, and then compensated for during a coast sequence of 

the seek operation so that the spindle velocity is maintained at the required rate. However, this 

method does not provide a solution to the above described problem of high peak actuator current 

drawn during the deceleration sequence due to back EMF effects. Also, not all seek operations 

include a coasting sequence during which to compensate for spindle current reduced during 

actuator acceleration. 

· What is needed is a method and apparatus for limiting the total amount of power drawn 

from the power supply of a disk drive during the deceleration sequence of a seeking operation 

wherein seeking performance is not sacrificed. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an apparatus and method for limiting the 

amount of power drawn from the power supply of a disk drive during the deceleration sequence of 

a seeking operation wherein seeking performance is not sacrificed. 

Briefly, a presently preferred embodiment of the present invention includes a disk drive 

system including: a disk having position information stored in a plurality of tracks fom1ed on the 

disk; a spindle motor for rotating the disk in response to a spindle current generated by a spindle 

driver circuit which is responsive to a spindle command signal, the spindle motor rotating the disk 

at a nominal speed while the spindle current has a nominal value; an anu assembly for positioning 

a head relative to the tracks of the disk, the head being operative to read the position information 

ii1iiEi~d. 
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in order to generate a position signal~ an actuator for driving the arm assembly in response to an 

actuator current generated by an actuator driver circuit which is responsive to an actuator 

command signal; a supply providing power to the spindle dri,·er circuit and to the actuator driver 

circuit; and a servo controller. 

The servo controller is responsive to the position signal and operative to determine values 

for servo parameters during each of a plurality of sampling intervals, and is also operative to 

update the spindle command signal and the actuator command signal during the sampling 

intervals for controlling seeking operations incl~ding ·an acceleration sequence and a deceleration 

sequence for positioning the head at a ~get track. ~e co11troller is further operative to 

implement a process or'limiting the current drawn by the supply during periods of the deceleration 

sequence. 

In the process of the present invention, the spindle command signal is regulated to adjust 

the spindle current to a reduced value which is less than the nominal value during a spindle energy 

deferring period while the actuator current exceeds a predetermined tltteshold value. During each 

of the sampling intervals transpiring during the spindle energy deferring period: a deferred spindle 
. I 

current value, which is proportional to the difference between the nominal value and the reduced 

value, is detennined; and the deferred spindle current value is added to an accumulation of prior 

deferred spindle current values to develop a quantity of deferred spindle energy. The spindle 

command signal is subsequently regulated to adjust the spindle current to an increased value 

which is greater than the nominal value dUring a spindle energy compensating period to develop a 

quantity of compensating spindle energy which is approximately equal to the quantity of deferred 

spindle energy, thereby ensuring that the spindle velocity is set to a value approximately equal to 

the nominal value at the end of the deceleration sequence. In this manner, the aggregate of 

actuator current and spindle current drawn from the supply during the deceleration sequence of a 

seeking operation is limited without compromising the spindle speed. 

ii'iiiiii~ 
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An important advantage of the present invention is that the amount of power drawn from 

the power supply of the disk drive during the deceleration sequence of a seeking operation may be 

timited without sacrificing seeking perfonnance. Therefore, the need for a more costly po·wer 

supply may be avoided in a disk drive system according to the present invention. 

Another important advantage of a disk drive implementing the process of the present 

invention is that the maximum allowable peak actuator current is increased as compared with the 

maximum peak actuator curreJ:!.t allowed in a conventional disk drive .system using the s~me type 

of power supply. 

The foregoing and other objects, features, and advantages of the present invention will 

. be apparent from the following detailed description of the preferred embodiment which makes 

reference to the several figures of the drawing. 

IN THE DRAWINGS 

Fig. 1 is a schematic block diagram of a disk drive system which may be used to 

implement tli!tpresent invention, the system including a power supply, an actuator driver circuit 

drawing power from the supply, and a spindle driver circuit drawing power from the supply; 

Fig. 2 is a detailed schematic circuit diagram of the power supply connected to the spindle 

driver circuit of Fig. 1; 

Fig. 3 is a graph illustrating wave forms representing current parameters of the disk drive 

of Fig. 1 as functions of time as controlled according to a current limiting process of the present 

invention; 

Fig. 4 is a flow diagram illustrating a spindle current deferring sequence of the current 

limiting process of the present invention; 

Fig. 5 is a flow diagram illustrating additional steps of the spindle current deferring 

sequence illustrated in Fig. 4; and 

. i 
; ~ 
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Fig. 6 is·a flow diagram illustrating a spindle current compensating sequence of the current 

limiting process of the present invention. 

This Sheet Has Been R. 1 
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DETAILED DESCRIPTION OF THE PREF~RRED EMBODIMENTS 

Fig. I shows a block diagram at 10 of a disk drive suitable for practicing the present 

invention. The disk drive I 0 includes: a disk 12 having a thin magnetic coating fonned thereon 

for storing user data and position information on a plurality of concentric tracks. the disk being 

rotatably mounted to a spindle motor 14 hav.ing an input 16 coupled to receive a spindle current ls 

which drives the spindle motor; a spindle driver circuit 18 having an output 20 providing the 

spindle current signal Is to the spindle motor, an input 22 coupled to receive a spindle command 

signal for controlling the spindle current lsin order to control the rotational velocity of the spindle 

motor, and an input 24 coupled to receive a power signal; and a power supply 26 having an output 

28 providing the power sign!11 to input 24 of the spindle driver unit 18 via a node 29. The disk 

drive 10 al~o includes: one or more transd~ or read heads 30 for reading magnetic transitions 

on the disk 12; an arm assembly 32 for supporting the read heads 30 in close proximity to the 

rotating disk surface, and having an output 33 providing a servo signal carrying user data and 

position infonnation provided as the head reads the disk ; an actuator 34 for driving the arm 

ass~bly in response to an actua~or current signal, or coil current signal, Ic received at an input 

36; and an actnator driver 38 having an output 40 providing the actuator current le to the actuator 

motor, an input 42 connected to receive an actuator comm.and signal for controlling the actuator 

current Ic in order to control the position of the read/write head 30 via the actuator and arm 

assembly, and an :input 44 coupled to receive the power signal from output 28 of the power supply 

26 via node 29. The ann assembly 32 may be a liri.e~r or rotary type assembly. The actuator 34 

preferably comprises a voice coil motor responsive to the actuator current le provided by the 

actuator driver circuit 38. 

Tue disk drive 10 :further includes: a servo controller 50 including an output 52 coupled to 

provide the spindle command signal to input 22 of the spindle driver circuit 18, an output 54 

coupled to provide the actuator command signal to input 42 of the actuator driver circuit 38, and 
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an input 56; an arm electronics circuit 58 having an input 60 coupled to receive the servo signal 

carrying user data and position information from the head 30 via output 33 of the arm assembly, 

and an output 64 providing a pre-amplified servo signal; a channel unit 66 having an input 68 

connected to receive the pre-amplified servo signal from output 64 of the arm electronics unit, and 

an output 70 connected to provide a position signal carrying position information to input 56 of 

the servo controller 50 via a node 72; and an interface controller 74 having a port 76 connected to 

output 70 of the data channel unit 66. 

The channel unit 66 is preferably of the PR.ML type and includes an automatic gain control 

circuit, a variable frequency oscillator circuit, and sync-byte detection circuitry. Descriptions of 

PRML channels m:e·provi.ded in commonly assigned U.S. Patent Numbers 5,220,466 and 

5,255,131. 

In the preferred embodiment, the servo contt:oller 50 is a digi~ controller which 

implements d~~rete sampling oft.lie position signal to determine position and velocity parameters. 

Also, in varying embodiments, the controller includes either a microprocessor or a digital signal 
i 

processor and may also include support logic such as counters, an interrupt controller, a direct 

memory access controller, a serial interface controller, and other components generally known to 

assist microprocessor control functions. The controller is nonnally associated with a 

predetermined amount of read only type memory for storing a control program, RAM. and a 

. reference clock. The controller directly oversees operation of the interface control logic, the data 

channel, and actuator and spindle control circuitry. 

The controller 50 controls the precise positioning of the head 30 during execution of track 

seek and track following operations by regulating the voltage of the actuator command signal 

provided to the input 42 of the actuator driver circuit 38. The controller 50 implements closed 

loop servo control which utilizes feedback position infonnation from the disk to find and maintain 

a position over a target track of the disk. The position infom1ation may be located on a single 
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dedicated disk surface (i.e., a dedicated servo) or embedded on data tracks between portions of 

user data (embedded servo). The actuator control electronics may be combined with a spindle 

motor control ('INS 320) and any other necessary support logic and micro code. 

Fig. 2 show~ a detailed schematic cifcuit diagram of the spindle driver circuit 18 coupled 

to the power supply 26 of Fig. 1. Spindle driver circuit 18 includes: a digital to analog converter 

(DAC) 80 including an input 82 connected to receive the spindle command signal from output 52 

of servo controller 50 (Fig. 1) via input 22 of the driver c~uit 18, and an output 84; and a 

transconductance amplifier 86 having an input 88 connected to output 84 of the DAC 80, an 

. output 90 connected to a node 92 which is connected to the output 20 of the spindle driver circuit, 

a first power tenninal 94 connected to receive the power _signal from the power supply 26 via input 

24 of the circuit 18, and a second p0werterminal 96 connected to ground. Because the . 

transconductance amplifier 86 has functional characteristics of a low band width filter, the spindle 

curre.qt signal Is lags behind the 'voltage of the spindle command.signal. In an embodiment, the 

·transconductance amplifier has a bandwidth approximately equal to 300 Hz. Therefore, a time 

delay1is incurred as the spindle current Is responds to changes in the voltage level of the spindle 

command signal. 

Seeking operations performed by the servo controller 50 (Fig. 1) include an acceleration 

sequence and a deceleration sequence. During the acceleration sequence of the seek operation, the 

actuator current Ic rises and falls in accordance with a standard acceleration current profile for 

performing the acceleration sequence. Although not required,_ a seek.operation according to the 

present invention may include a coast sequence of operation. In a preferred embodiment of the 

present invention, the acceleration sequence is implemented in a voltage mode wherein a voltage 

approximately equal to the full voltage available at the power supply 26 (Fig. i) is provided to the 
.· 

actuator driver circuit 38. Also, in the_ preferred embodiment, the deceleration sequence is 

implemented n1 a current mode wherein the controller 50 (Fig; I) controls the actuator command 
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signal to be proportional to the difference between a target Yelocity and an estimated velocity for 

each sampling interval. 

Fig. 3 shows a graph at 110 illustrating wave forms representing current parameters of the 

disk drive system IO (Fig. 1) as a function of time. the current parameters being controlled by the 

servo controller 50 (Fig. 1) according to a current limiting process of the present invention 

performed during the deceleration sequence of a seek operation. The depicted wave fonns 

include: a nominal spindle current wave form 112 (solid line) representative of a nominal spindle 

current Isprovide.d at output 20 of the spindle driver circuit 18 (Fig. 1). the nominal spindle 

current Is having a nominal spindle current level 114 which is approximately equal to 1 Amp in 

the depicted exampie; an adjusted spindle current wave form 116 (dashed line) representative of 

the spindle current Is provided by the spindle driver circuit 18 (Fig. 1) as controlled by the spindle 

current command signal according to the current limiting process of the present invention; a 

spindle command signal wave form 118 representative of the spindle ~mniand signal pro~ded at 

output 52 of the servo controller 50 (Fig: 1) according to the· current limiting process of the present 

invention; an actuator current wave fof!Jl 120 representative ofthe absolute value of the actuator 
i 

current le as calculated in accordance with a standard actuator current profile for the deceleration 

sequence; a standard aggregate wave form 122 (solid line) representative of the sum of the 

nominal spindle current wave form 112 and the actuator current wave form 120; and au adjusted 

aggregate wave"f6tfu '124 (dashed line) representative of the sum of the adjusted spindle current 

wave form 116 and the actuator current wave form 120 in accordance with the current limiting 

process of the present invention. 

The servo controller 50 (Fig. 1) updates the spindle command signal (wave fonn 118) once 

per spindle sampling interval (or spindle update period), Ts. The servo controller 50 (Fig. I) 

updates· the actuator command signal (not shown) once per actuator sampling interval, Tc. h1 a 

typical disk drive, the spindle command signal is updated 100 times per second and the actuator 



12 

command signal is updated 10,000 times per second. Therefore, the spindle sampling interval Ts 

is usually much greater than the actuator sampling interval, Tc. Howe\'er, in the process of the 

present invention, the spindle command signal is sampled and updated once per actuator sampling 

interval, Tc =T. 

At a time to, the servo controller 50 (Fig. 1) updates the spindle command signal (wave 

form 118) and the actuator command signal (not shown). At a time ti, T seconds after time to, the 

servo controller updates the spindle command signal and actuator command signal again. At time 

to, at the beginning of a deceleration seqqence of a track seeking operation, the servo controller 

begins executing the current limiting process of the present invention for limiting the amount of 

power drawn from the power supply 26 (Fig. 1) during periods of the deceleration sequence. At 

fP.e beginning of each sampling interVa.1, the servo controller: (1) detennines a present value for the 

actuator command signal (not shown) and a present value for the corresponding actuator current le 

(wave form 120) for the present sampling interval; (2) predicts the value of the actuator command 

signal for the Nth subsequent sampling.interval and a value of the actuator current le (wave form 

120) for the Nth subsequent sampling interval, wherein N is an integer number; and (3) adds the 

predicted actuator current values (wave form 120) for th_e Nth subsequent sampling interval to the 

nominal spindle current value 114 to ·determine a predicted value for the standard aggregate 

current (wave fonn 122) for the Nth subsequent sampling interval. 

During sampling intervals.while the actuator current signal (wave fomi 120) is increasing, 

the servo controller determines whether predicted values of the standard aggregate current value 

(wave form 122) for the Nth subsequent sampling interval is greater than a first threshold value 

126. !fit is detemuned that a predicted value of the standard aggregate current (wave fonn 122) 

is greater than the first threshold value 126, the servo controller begins reducing the value of the 

adjusted spindle current Is (wave form 116) by controlling the spindle command signal (wave 

fom1 118) appropriately so that the sum of the actuator current (wave fo1m 120) and the adjusted 
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spi11dle current (wave fonn 116), which yields the adjusted aggregate value (wave fonn 124), does 

not exceed the first threshold 126 for the Nth subsequent sampling interval. 

For example, ifN=l, at time t2, the servo controller predicts a value of the actuator 

command signal (not shown) and a corresponding value of the actuator current signal (wave fonn 

120) for the next sampling interval beginning at time t3• At time h. the servo controller detennines 

that the predicted standard aggregate current value (wave form 122) for the next sampling 

interval, beginning at time t3, is not greater than the first threshold value 126. 

At time t3, the servo controller detennines that the predicted value of the standard 

aggregate current (wave form 122) for the next sampling interval, beginning at time 4, is greater 

than the first threshold value 126. Therefore, at time t3, the servo controller determines an 

aggregate ex~s currerit value 127 which is equal to the difference between the predicted standard 

aggregate current value (wave form 122) and the first threshold v~lue 126 for the sampling 

interval beginning at time~. Also at time t3, the servo controller steps the spindle command 

signal (wave fonn 118) doWn to begin reducing the value of the adjusted spindle current signal 

(waveform 116) toward a tqirgetroouced value of the adjusted spindle current (wave fonn 116) 

which is proportional to the nominal spindle current level 114 minus the aggregate excess current 

value 127. In an embodiment of the present invention, the target reduced value of the adjusted 

spindle current is equal to the nominal spindle current level 114 minus the aggregate excess 

current value 127 minus a constant As mentioned above, a time delay is incurred as the adjusted 

spindle current Is (wave form 116) responds to changes in the voltage level of the spindle 

command signal (wave form 118) due to the low band width filter properties of the 

transconductance amplifier 86 (Fig. 2). 

At time tJ, to compensate for the delay in order to achieve a faster spindle current response, 

the serfo controller steps the current command signal (wave form 118) down from the voltage 

corresponding to the one Amp spindle current to a voltage co1rnsponding to a zero Amp spindle 



14 

current value which is substantially less than the voltage corresponding to the target reduced value 

of the adjusted spindle"" current. As the servo controller begins reducing the value of the adjusted 

spindle current Is (wave fonu 116) by controlling the spindle command signal (wave fonn 118) at 

time h. the servo controller detennines a deferred spindle current value 128 for the present 

sampling interval by subtracting the present value of the adjusted spindle current value (wave 

form 116) from the nominal spindle current value (wave form 118). 

At time t., the servo Controller detennines that the deferred spindle current value 128 is at 

approximately the right level to avoid excessive peak current. Therefore, at time ti, the servo 

controller steps the current command signal (wave form 118) up from the voltage corresponding to 

the zero Amp spindle current value to a voltage corresponding to a 0.5 Amp spindle current value 

which, in the depicted example, is equal to the nominal value 114 minus the corresponding 

aggregate excess current value 127 minus a constant value. At time ts, the standard aggregate 

current value (wave form 122) reaches its peak value. The delay time between time t3, at which 

the adjusted spindle current (wave form 116) begins decreasing, and time ts, at which the adjusted 

spindle current reaches the nominal spindle current value 114, is due to the low bandwidth 

characteristics of the transconductance amplifier 86 (Fig. 2) as discussed above. 

After the servo controller begms reducing the value of the adjusted spindle current Is (wave 

form 116) by controlling the spindle command signal (wave form 118), the servo controller: adds 

the deferred spindle current value 128 for the present sampling interval to a total deferred spindle 

current value stored in a register of the servo controller 50 (Fig. 1) to develop a quantity of 

deferred spindle energy; and detennines whether the predicted value of the standard aggregate 

current (wave form 122) for the Nth subsequent sampling interval is less than the first threshold 

value 126. If the predicted value of the standard aggregate current (wave form 122) for an Nth 

subsequent sailipling interval is less than the first threshold value 126, the servo controller begins 
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increasing the current command signal (wave fonn 118) in order to increase the adjusted spindle 

current Is (wave fonn 116) back towards the nominal spindle current level 114. 

In the depicted example, at times ti. ts,~. and t1, the servo controller detemnnes whether 

the predicted value of the standard aggregate current value (wave fonn 122) for the ne>..'t sampling 

interval is less than the first threshold value 126. At time t,, the servo controller determines that 

the predicted value of the standard aggregate current value (wave fonn 122) for the next sampling 

interval, beginning at time ts, is less than the first threshold value 126. Therefore, at time t7, the 

servo controller steps the current command signal (wave fonn 118) up from the voltage 

corresponding to the 0.5 Amp spindle current back to the voltage corresponding to the one Amp 

spindle current value in order to begin increasing the adjusted spindle current (wave fonn 116) 

back toward the nominal spindle current value 114. At time t:,, the adjusted spindle current (wave 

form I 16) reaches the nominal spindle current value 114, the delay being due to the low 

bandwidth properties of the transconductance amplifier 86 (Fig. 2) as described above. 

As a result of reducing the spindle current during a spindle energy deferring period 

between times tJ and t9, the energy provided to the spindle motor is reduced and the Spindle 

velocity of the spiudle motor 14 (Fig. 1) is decreased. Therefore, it is necessary to increase the 

spindle current in order to ensure that the spindle velocity returns to its nominal value before a 

problem with spindle speed is incurred. The spindle speed of a disk drive must be controlled very 

accurately, typically within 0.1 % of a target speed. If the speed deviates by more than this, then 

customer data can not be accurately recorded or reproduced. This is because the recording 

frequency depends on the spindle speed. For example, data reproduced when the spindle speed is 

lower than the spindle speed when it was written will appear to have a lower frequency than it 

should. 

Therefore, ata time, t 10, after the standard aggregate current (wave fonn 122) decreases 

below a second threshold ,·alue 129, \Vhich is less than the first tlu-eshold value 126, and before 
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the end of the deceleration sequence of the seeking operation, the servo controller 50 (Fig. 1) 

begins implementing a spindle current compensating sequence of the curre11t limiting process of 

the present invention. At time t10, the servo controller increases the spindle command signal 

(wave fonn 11~) to begin increasing the adjusted spindle current (wave fonn 116) in order to 

compensate for the current deferred during the time period between times 1.3 and {9. During each 

samplinginterval following time t10, the servo controller: (1) detennines a spindle current 

compensation value 130 for the pre8ent sampling interval by subtracting the nominal current value 

114 from the present value of the adjusted spindle current (wave fonn 116); (2) adds the spindle 

curr~ compensation value 130 for the present sampling interval to a total compensating spindle 

current value to develop a quantity of compensating spindle energy; and (3) detennines whether or 

not the quantity of compensating spindle energy is greater than or equal to the quantity of deferred 

spindle energy. 

In general, the integral of the spindle current Is, less the drag forces on the disk, is 

proportional to the spindle velocity. Therefore, if the quantity of compensating spindle energy is 

eR_ual to the quantity of deferred spindle energy, then the spindle velocity, which is decreased 

during the current deferring sequence, will be returned to the nominal spindle velocity during the 

compensating sequence of the current limiting process of the present invention. 

At time t14, the servo controller detennines that the quantity of compensating spindle 

energy is approaching the quantity of deferred spindle energy. Therefore, at time t14, the servo 

· controller decreases the spindle command signal (wave fonn 118) to begin decreasing the adjusted 

spindle current (wave fom1116). At time t16, the adjusted spindle current (wave fonn 116) 

reaches the nominal spindle current value. In an embodiment of the present invention, a 

predictive analysis is used to more accurately control the spindle curre1it co~11pensating sequence 

so that the total amotlnt of compensating spindle current, or compensating spindle energy, is more 

accurately set to the total amount of deferred spindle cunent, or deferred spindle energy. 
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As a result of increasing the spindle current during a spindle energy compensating period 

between times t10 and t16, the energy provided to the spindle motor is increased and the spindle 

velocity of the spindle motor 14 (Fig. 1) is increased. Note that the predictiYe analysis used in the 

spindle current deferring sequence, as described above, may be easily applied to the spindle 

current compensating sequence if increased accuracy is required in the servo system. 

Fig. 4 shows a flow diagram at 200 illustrating a spindle current deferring sequence of the 

current limiting process of the present mvention. In the preferred embodiment of the present 

invention, the current limiting process is implemented as microcode executed over a processor of 

the servo controller 50 (Fig. 1 ). The depicted process begins with step 202 in which the servo 

controller 50 (Fig. 1) estimates the position:and velocity of the head 30 (Fig. 1) for a present 

actuator sampling interval using parameters determined during previous sampling intervals. In 

step 204, the servo controller determines a target velocity for the present sampling interval using 

either a table or a calculation method. In step 206, the servo controller deterniines a velocity error 

for the present sampling interval by determining the difference between the estimat~ velocity 

detemrined in step 202 and the target velocity determined in step 204. In step 208, the servo 

controller filters and scales the velocity error determined in step 206 to determine a value of the 

actuator command signal which is then provided to the actuator driver circuit 38 (Fig. 1) for 

controlling the actuator current. In step 210, the servo controller predicts values of the actuator 

position and velocity parameters for the Nth subsequent sampling interval. In varying 

embodiments of the present invention, N is an integer number in the range between 1 and 5. 

In step 212, the servo controller uses the predicted values of the position and velocity 

parameters to detennine a predicted target velocity value for the N'.h subsequent sampling interval. 

In step 214, the servo· controller determines a predicted velocity error for the Nth subsequent 

sampling interval by detem1ining the difference between the predicted velocity value determined 

in step 210 and the predicted target velocity value determined in step 212. In step 216, the servo 
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controller filters and scales the predicted velocity error detennined in step 214 to detennine a 

predicted value for the actuator command signal, and a corresponding predicted value of the 

actuator current Ic(wave fonn 120 of Fig. 3), for the Nth subsequent san1pling interval. In step 

218, the servo controller adds the predicted value of the actuator current to the 11ominal spindle 

current value 114 (Fig. 3) to determine the predicted aggregate current value (wave fonu 122 of 

Fig. 3) for the Nth subsequent sampling interval. From step 218, the depicted process proceeds to 

detennine at 220 whether the actuator current le (wave fo:i:ni 120 of Fig. 3)is presently increasing. 

If it is detennirt.ed at 220 that the actuator current le is presently increasing, the depicted process 

proceeds directly to "A" (to Fig. 5). If it is detennined at 220 that the actuator current le is not 

presently increasing, the depicted process proceeds directly to "B" (to Fig. 6). 

Fig. 5 illustrates a sub-process ·at 222 for impl~enting additional steps of the spindle 

current deferring sequence according to the present invention. The depicted process steps proceed 

from .. A" to 224 at which the servo controller determines whether the predicted value of the 

aggregate current (wave form 122 of Fig. 3) determined in step 218 (Fig. 4) is greater than the 

first threshold value 126 (Fig. 3). 

If it is dete!mined at 224 that the predicted aggregate current value is greater than the 

threshold value, the process proceeds to step 226 in which the servo controller determines an 

aggregate excess ctittent value 127 (Fig. 3) for the Nth subsequent sampling interval by 

subtracting the first threshold value 126 (Fig. 3) from the predicted value of the aggregate current 

(waye form 122 of Fig. 3) determined in step 218. In an embodiment of the present invention, the 

servo controller defaults to~ predetermined "worst case" aggregate excess current value 127 (Fig. 

3) for the Nth subsequent sampling interval. The worst case aggregate excess current value can be 

determined for a·parlicular disk drive system based on the seeking performance specifications of 

the system. 
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In step 228, the servo controller subtracts the aggregate excess current value 127 (Fig. 3) 
-

for the next sampling interval from the nominal spindle current value 114 (Fig. 3) to determine a 

target value for the adjusted spindle current (wave form 116 of Fig. 3) for the next sampling 

-interval. In step 230, the servo controller controls the spindle command signal 118 (Fig. 3) to 

achieve the adjusted spindle current value for the next sampling interval. In step 232. the servo 

controller detennines deferred spindle current value 128 (Fig. 3) for the present sampling interval 

by subtracting the present value of the adjusted spindle current (wave form 116 of Fig. 3) from the, 

nominal spindle current value 114 (Fig. 3). In step 234, the servo controller adds the deferred 

l;lpindle current value 128 for the present sampling interval to a total deferred spindle current value 

maintained in a register of the servo controller 50 (Fig. 1) in order to develop a quantity of 

deferred spindle energy. After executing step 234, the depicted process proceeds directly to "C" 

(back to step 202 of Fig. 4). 

If it is detennined at 224 that the predicted aggregate current value is not greater than the 

threshold value, the process proceeds directly to step 236 in which the servo controller increases 

the spindle command signal 118 (Fig. 3) to return the spindle current to its nominal value. From 

step 236, the depicted process proceeds to execute steps 232 and 234 as described above in order 

to update the total deferred spindle current value and the quantity of deferred spindle energy. 

After executing step 234, the process proceeds directly to "C" (back to step 202 of Fig. 4). 

Fig. 6 shows a flow chart at 250 illustrating a spindle current compensating sequence of 

the current limiting process of the present invention. The process proceeds from "B,, (Fig. 4) to 

252 at which the servo controller detemlines whether the predicted value of the aggregate current 

(wave form 122 of Fig. 3) determined in step 218 (Fig. 4) is less than the second threshold value 

129 (Fig. 3). Ifit is determined at 252 that the predicted value of the aggregate current is not less 

than the· second threshold value, the depicted process proceeds directly to «C» (back to step 202 of 

Fig. 4). 
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If it is detennined at 252 that the predicted value of the aggregate current is less than the 

second threshold value. the process proceeds to 254 at ,,-hich is then detennined whether or not a 

quantity of compensating spindle energy is less than the quantity of deferred spindle energy 

determined. in step 234 (Fig. 5). If it is determined at 254 that the quantity of compensating 

spindle current is not less than the quantify of deferred spindle current, the depicted process 

proceeds to step 256 in which the servo controller decreases the spindle command signal (wave 

fonn 118 of Fig. 3) to begin changing the adjusted spindle current (wave fonn 116 of Fig. 3) back 

to the nominal value 114 (Fig. 3). 

If it is detennined at 254 that the quantity of compensating spindle current is not less than 

the quantjty of deferred spindle current, the depicted process proceros to step 258 in which the 

servo controller increases the spindle command signal to achieve a desired value of the adjusted 

spindle current (wave fonn 116 of Fig. 3). In step 260, the servo controller determines the present 

value of the adjusted spindle current (wave form 116 of Fig. 3) such as by executing steps 202, 

204, 206, and 208 of the process 200 (Fig. 4). 

In step 262, the servo controller determines the spindle current compensation value 130 

(Fig. 3) for the present sampling interval by subtracting the nominal spindle current value 114 

(Fig. 3) from the present value of the adjusted spindle current (wave fonn 116) determined in step 

260. In step 264, the servo controller adds the present spindle current compensation value 130 

(Fig. 3) to a total compensating spindle current value stored in a register of the servo controller 50 

(Fig. 1) in order to develop a quantity of compensating spindle energy. 

Note that ~e predictive analysis of the spindle current deferring sequence (Fig. 4) can be 

used in the compensating sequence of the current limiting process at 250 (Fig. 6) so that the total 

amount of compensating spindle current. and thus the quantity of compensating spindle energy, 

can be controlled more accurately. However, the error in spindle velocity due to the difference 

between the total amount of deferred spindle current, or deferred spindle energy, versus the total 
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amount of compensating spindle current. or compensating spindle energy. may be sufficiently 

minimized without predictive analysis when implemented in modem servo systems. 

Although the present invention has been particularly shown and described above with 

reference to a specific embodiment. it is anticipated that alterations and modifications thereof will 

no doubt become apparent to those skilled in the art. It is therefore intended that the following 

claims be interpreted as covering all such alterations and modifications as fall within the true 

spirit and scope of the invention. 
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CLAIMS 

1. A disk drive system comprising: 

a disk having position infonnation stored in a plurality of tracks fom1ed on said disk; 

a spindle motor for rotating said disk in response to a spindle cun-ent generated by a 

spindle driver circuit which is responsive to a spindle command signal, said spindle motor 

rotating said disk at a nominal speed while said spindle current has a nominal value; 

an ann assembly for positioning a head relative to said tracks of said disk, said head being 

operative to r~ said position information in order to generate a position signal; 

an actuator for driving said arm assembly in response to an actuator current generated by 

an actuator driver circuit which is responsive to an actuator command signal; 

a supply providing power to said spindle driver circuit and to said actuator driver circuit; 

controller. means responsive to said position signal and operative to determine values for 

servo parameters during each ~fa plurality of sampling intervals, and also being operative to 

update said spindle command signal and said actuator command signal during said sampling 

intervals for controlling seeking operations including an acceleration sequence and a deceleration 

sequence for positioning said head at a target track, said controller means being further operative 

to implement a process of limiting the current drawn by said supply during periods of said 

deceleration sequence, said process including the steps of, 

regulating said spindle command signal to adjust said spindle current to a reduced 

value which is less than said nominal value during a spindle energy deferring period, 

during each said sampling interval transpiring during said spindle energy deferring period, 

determining a deferred spindle current value which is proportional to the 

difference between said nominal value and said reduced value, and 

adding said deferred spindle current value to an accumulation of prior deferred 

.spindle current values to develop a measure of deferred spindle energy, and 
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regulating said spindle command signal to adjust said spindle current to an 

increased value which is-greater than said nominal value during a spindle energy 

compensating period to add a quantity of compensating spindle energy which is 

approximately equal to said measure of deferred spindle energy. 

2. A disk drive system as recited in claim 1 further comprising the steps of: 

during each of said sampling intervals prior to said spindle energy deferring period, 

determining a sample value of said actuator current, 

comparing said sample value to a first threshold value, and 

if said sample value is greater than said first threshold value, beginning sai~ spindle 

energy deferring period by regulating said spindle command signal to adjust said spindle current 

to said reduced value. 

3. A disk drive system as recited in claim 1 further comprising the steps of: 

during each of said sampling intervals prior to said spindle energy deferring period, 

detennining a sample value of said actuator ctirrent, 

adding said sample value to said nominal value of said spindle current to determine an 

aggregate current value, 

comparing said aggregate current value to a first threshold value,, 

if said aggregate current value is greater than said first threshold valu~, beginning said 

spindle energy deferring period by regulating said spindle command signal to adjust said spindle 

current to said reduced value. 

4. ·A disk drive system as recited in claim I further comprising the steps of: 

during each of said sampling intervals prior to said spindle energy deferring period, 
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detem1ining a present value of said actuator current for the present sampling 

interval, 

detenuining a predicted value of said actuator current for a subsequent sampling interval; 

adding said predicted value to said nominal value of said spindle current to detennine a 

predicted aggregate current value; and 

comp~ring said predicted aggregate current value to a first threshold value; 

if said predicted aggregate current value is greater than said first threshold value, 

beginning ·said spindle energy deferring period by regulating said spindle command signal 'to 

adjust said spindle current to said reduced value. 

5. . A disk drive system as recited in claim 1 wherein said spindle energy compensating period 

transpires after said spindle energy deferring period. 

6. A disk drive system as recited in claim 1 further comprising the steps of: 

during each of said sampling intervals during said spindle energy deferring periocl, 

determining a present value of said actuator current, 

subtracting a predetermined value from said present value to determine an excess current 

val~e, and 

wherein said reduced value to which said spindle current is adjusted is greater than or 

equal to said excess current value. 

7. A disk drive system as recit~d in claim 1 furth~r comprising the steps of: 

during each of said sampling intervals during said spindle energy defe~ng period, 

determining ·a sample value of said actuator current, 
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adding said sample value to said nominal value of said spindle current to detennine an 

aggregate current value, 

subtracting a predetermined value from said aggregate current value to determine an 

excess current value, and 

wherein said reduced value to which said spindle current is adjusted is greater than or 

equal to said excess current value. 

8. A disk drive system as recited in claim I further comprising the steps of: 

for each of said samplitig interVals during said spindle energy deferring period, 

determining a sample value of said actuator current, 

oomparing said sample value to a first threshold value. and 

if said sample value is Jess than said first threshold value, regulating said spindle 

command signal ~o begin adjusting said spindle current from said reduced value back toward said 

nominal value to begin ceasing said spiridle energy deferring period. 

9. A disk driVe system as recited in claim 1 further comprising the steps of: 

for each of said sampling intervals during said spindle energy deferring period, 

determining a sample value of said actuator current, 

ad~ing said sample value to said nominal value of said spindle current to detennine an 

aggregate current value, 

comparing said aggregate current value to a first threshold value~ and 

if said aggregate current value is less than said first threshold value, regulating said 

spindle command signal to begin adjusting said spindle current from said reduped value back 

toward said nominal value to begin ceasing said spindle energy deferring period. 
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IO. A disk drive system as recited in claim I further comprising the steps of: 

for each of said sampling intervals ~uring said spindle energy deferring period, 

detennining a present value of said actuator current for the present sampling 

interval, 

detennining a predicted value of said actuator current for a subsequent sampling interval; 

adding said predicted value to said nominal value of said spindle current to determine a 

predicted aggregate current value; and 

comparing said predicted aggregate current value to a first threshold value; 

if said predicted aggregate current value is less than said first threshold value, regulating 

said spindle ~rnmand signal to begin adjusting said spindle current from said reduced value back 

· toward said nominal value to begin ceasing said spindle energy deferring period. 

11. A disk drive system as recited in clrum 1 further comprising the steps of: 

for eaCh of said sampling intervals during said spindle energy compensating period, 

· determining a compensating spindle current value which is proportional to 

the difference between said nominal value and said increased value, and 

adding said compensating spindle current value to an accumulation of prior 

compensating spindle current values to develop said quantity of compensating spindle energy. 

12. A disk drive system as recited in claim 11 further comprising the steps of: 

for each of said sampling intervals dµring said spindle energy compensating period, 

comparing said quantity of compensating spindle energy to sai~ measure of 

deferred spindle energy, 

I 1111111 J.llllJ 11111 11111111111 
* c l " s * 

This Sh~t I:las Been .Replaced 

1111111111~1 m I 



27 

if said quantity of compensating spindle energy is· greater than or equal to said measure of 

deferred spindle energy, regulating said spindle conm1and signal to begin adjusting said spindle 

·current from said increased value back toward said nominal value to begin ceasing said spindle 

energy compensating period. 
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13. A machine readable storage device having stored therein encoding instructions for 

executing a·process for limiting energy consum.ption ina disk drive system including a disk 

having a plurality of tracks formed thereon. a spindl~ motor for rotating the disk in response to a 

. spindle current. the spindle motor rotating said disk at a nominal speed while the spindle current· 

has a nominal value, an ann assembly for positioning rhe head relative to the ttacks of the disk, 

an actuator for driving the ann assembly in response to an sctuatc;>r cUirent, said process being 

perfo~ed during periods of a deceleration sequence for positioning the ~ad· at a target track. 
said process comprising the steps of: 

i • 

determining a reduced spindle current value which is less than said nominal value during 

a spindle energy deferring period; 
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during each of a plurality of sampling inwvals transpiring during said spindle energy 

defe.tring period, 

det'ermining a deferred spindle current value which is proportional to the difference 

berween said nortllnal spindle current value and said reduced spindle cUIIent value, and 
. . 

"adding said deferred spindle cilrrent value to an accumulation of prior deferred 

spindle current values to develop a measure of deferred spindle energy; and 

determining an increased spindle current value which is greater than said nominal spindle 

current value dttdng a spindle energy compensating period. said increased spindle current value 

for ,adding a quantity of compensati~g spindle energy which is· approximately equal to said 

measure of deferred spindle energy. 

14_ 

steps of; 

A mach.i11e readable Storage device as ieclted in claim 13 further comprising the 

during each of said sampling inteivaJs prior to _said spindle energy deferring period, 

d'eiennining a sample value of the acttia.tor cunent, 

comparing_ said sample value to a ftrst threshold value, and 

if said sample value is greater than said first threshold value, beginning said 

spindle energy deferring period by tegulating said spindle ~w:rent to said red,uced value. 

lS. 

steps of: 

A :machine readable storage device as re~ited in claim 13 further co~ing 1he 

during each of said sampling intervals prior to said spindle energy deferring period. 

detennining a ~ple value of said actuator current. 

adding said sample value to said nominal value of said spindle cuneut to 

determilie a11 aggregate cutrent value~ 

comparing said aggregate current value to a fir.;tthreshold value, 

if said aggregate current value is greater than said first threshold valu.e, beginning 

said spindle energy defening period by regulating said spindle spindle current to said 

reduced value-
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16. A machine readable storage device as recit.ed in claim 13 furl.her comprising the 

steps of: 

17. 

during each of said sampling inte.tVals prior to said spindle energy deferring period, 

detennining a present value of said actuator cunent for the present sampling 
. . 

interval, 

dererrnining a predicted value of said actuatbr current for a subsequent sampling 

interval; 

adding said predieted value to said nominal value of said spindle current to 

detemd.rie a pred.ic:ted aggregate cwrent value; and 

comparing said predicted aggregate cUIIent value to a fast thieshold value; 

if said predicted aggregate cuirent value is greater than said first threshold valu~· 

beginning sajd spindle energy deferring period by regulating said sp.indle command 

signal to adjust said spindle current to said reduced value. 

A 1naehine readable storage device as recited in claim 13 wherein. said spindle 

energy compensating period transpires after sajd spindle energy deferring period. i 

18. A machine readable storage device as recited in claim 13 further comprising the 

steps of: 

during each of said sampling intetvals during said spindle energy deferring period, 

determining a present value of said actuator current, 

subtracting a predetermined value ftom said present value to determine an e1CCess 

current value, and 

wherein said redueed value to which said spindle current is adjusted is greater 

than or ~uat to said excess cunerit value. 

19. 

steps of: 

A ·machine readable storage device as recited in claim 13 further comprising the 

during ~ch of said sampling intervals dllring said spindle energy deferring perio~ 

d~ermining a .sample value of said actuator current, 
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adding said sample value to said nominal value of said spindle current to 

detennitie an aggregate current value, 

subtracting a predetermined value from said aggregate current \/alue to determine 

an excess CUIRnt val~ and 

· · Wherein said reduced value to which said spindle current is adjusted is greater 

than or ·equal to said exces~ current value. 

20. 

steps of: 

A machine readable storage device as recited in claim 13 fw:tb.er comprising the 

21. 

for each of said sainpling intervals during said spindle energy defexring period7 

determining a sample value of said actuator current, 

eoniparing said sample value to a first threshold value, and 

if said sample value is less than said first threshold value, regulating said spindle 

command signal to begin adjusting said spindle current fro~ said reduced v-alue back 

toward said nominal value to begin ceasing said spindle energy deferring period. 

A machine readable storage device as recit.edin claim 13 further comprising the 

steps of: 

for each of said sampling intervals during said spindle energy deferring period, 

determining a sample value of said actuator cunentJ 

adding said sample value to said nominal value of said spindle current to 

determine an aggregate current va,lue, 

comparing said aggregate current value to a first threshold value, and 

if said aggregate cUJTent value is less than said first threshold value, regulating 

said spindle command signal to begin adjusting said spindle CUJ"rent from said reduced 

value back toward said nominal value to begin teasing said spindle energy defeqing 

period. 

22. 

steps of: 

A machine readable storage device as recited in claim 13 :further comprising the 
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for eaclt"Of said sampling intervals during said spindle energy deferring period, 

a~termining a present value of said actuator cUITent for the present sampling 

interval, 

detenn~g a predicted value of said actuator cUIIent for a subsequent sampling 

inter'Val; 
. ~ .. 

1 

adding said predicted value to sai_d nominal value of said spindle current to 

determine a predicted aggregate clll1'ent value; and 

co'tnparing said predicted aggregat.e current value to a first threshold value; 

if said predicted aggregate cmrent value is less than said first threshold value,. 

regulating said spindle current from said reduced value back toward said nominal value to 

begin cea.5ing said spindle energy deferring period. 

23. 

steps of: 

A machine readable storage device as reeited in claim 13 further compi:iSing the 

24. 

for each of said sampling intervals during said spindle energy compensating period, 

deter.mining a c:ompensating spindle current value whieh is proportional to 

the difference between said nominal value and said increased value~ and 

adding said compensating spindle cunent value to an accU.mulation of prior 

compensating spindle CUrtent values to develop said quantity of compensating 

spindle energy. 

A machine Teadable storage device as recited in claim 23 further comprising the 

steps of: 

for each·"."cSfsaid sampling intervals during siUdspindle energy compensating period, 

cit>fuparlng said quantity of compensating spindle energy to said measure of 

deferred~spinclle en~rgy, 

if said quantity of compensating spindle energy is greater Than or equal to said measure of 

deferred spindle:ertergy, regulating said spindle command signal to begin adjusting said spindle 

current from saia:'increased value back toward said nominal va.lue to begin ceasing said spindle 

energy compen~ing period. 
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25 . . - ~ - . A process for limiting energy ~nsurnption in a disk drive sysrem including a disk 

having a plurality of tracks formed tb.ereo~ a spindle mot.or for rotating the disk in response to a 

spindle current, the spindle rriotor rotating said disk at a nominal speed while the spindle current 
. ' 

· has a nominal value, an arm assembly for positioning the head relative to the tracks of the disk. 

an actuator for driving the arm assembly in response to an actuator current> said process being 

pedo.nned during periods of a deceleration sequence for positioning the head at a t.arget track, 

said process cottiprising the steps of: 

determining a reduced spindle current value which .is less than said nominal value during 

a spindle energy deferring period; 

during each of a. plurality of sampling intetVals transpiring du.ring said spindle energy 

deferring period, 

detem1ining a deferred spindle current value which is proportional to the difference 

'between said nominal spindle current value. and said ~uced spindle cuaent ~alue, and 
•• • : 4 

adding said deferred spindle cumntvelue to.an accumulation of prior deferred 

spindle current values to develop a measure\: of defeaed spindle energy; and 

detennining an increased spindle current value_ which is greater tmm said nominal spindle. 

cuxrem value during a spindle energy compensating period; said increased spindle cmrent value 

for adding a ·quantity of compensating spjndle energy whic)l is approximately equal to said 

measure of deferred spindle energy. 

26. . A process for limiting energy coJlSUmption 3:5 recited in claim 25 further 

comprising the steps of: 

during each of said sampling 'iniervals prior to said spindle energy deferring period, 

determining a sample value of the actuato1 current, 

comparing said sample value to a first threshold value~ and 

if said sample value is greaier than said mt threshold value. beginning said 

spindle energy defening period by regulating said spindle current ~o gaid reduced value. 
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27. A process for limiting energy consumption as recited in claim 25 further 

comprising the steps of: 

during each of said sampling interva:ls prior to said spindle energy deferring period. 

determining a sample value of said actuat.or current, 

adding .s3.id sample value to' ~aid nominal value of said spindle current to 

determine an aggregate current value. 

comparing said aggregate current value to a first threshold value, 

if said aggregate current value is greater than said first threshold value, beginning 

said spindle energy defening period by regulating said spindle spindle current to said 

reduced value. 

· 28. ' A process for limiting energy consumption as recited in claim 25 .further 

comprising the steps of: 

29. 

during each of said sampling intervals prior to said spindle energy defening period, 

determining a 'present value of said acruator current for the present sampling 

interval. 

determining a predicted value of said actuator emrent for a subsequent sampling 

intexval; 

adding said predicted value to said nominal value of said spindle current to 

determine a pYedicted aggtegate ctment value; and 

comparing said pre.die~ aggregate current value to a first tbieshold value; 

if said predicted aggregate current value is greater than said first threshold value, 

. beginning said spindle energy deferring period by regulating said spindle command 

signal to adjust said spindle cunent to said reduced value. 

A p:ocess for limiting energy consumption as xecited in claim 25 wherein said 

spindle energy compensating period transpires after said spindle energy deferring period. 

30~ A disk drive system comprising a disk having a plurality of tracks formed thereon, 

a spindle motor for rotating said disk in response to a spindle current. said spindle motor rotating . ~. 
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said disk at a nominal speed while said spindle current has a nominal value, en arm assembly for 

positioning a head relative to said tracks of said disk, an actuator for driving said ann assembly 

in response to an acruator current, 3J'ld controller means operative to regulate said spindle current 

and said actuator current for positioning said head at a target track, said controller means being 

further operative to impiement the steps or:" 

regulatmg said spindle current to a. reduced value which is less than said nominal value 

during a spindle energy deferring period; 

during each of a plurality of sampling intervals transpiring during said spindle energy 

deferring period, 

determining a deferred spindle current value which is proportional to the 

difference between said nominal value and said reduced value, and 

adding said deferred spindle current value to an accumulation of priOT deferred 

spi11dle current values to develop a measUre of defe~d spindle energy; and 

regulating said spindle cunent to an increased value which i~ greater than said n~~al 

value d'¥ing a. $pindle energy compensating period T.O add a quantity of compensating spindle 

energy which is approximately equal to said measure of deferred spindle energy. 

31. 

32. 

A disk drive system as recited in claim 30 further comprising the steps of: 

during each of said sampling .intervals prior .to said spindle energy defe~ period, 

determining a sample value of said actuator current, 

comparing said sample value to a first 1hreshold value, and 

if said sample value is greater than said first threshold value, beginning said 

spindle energy deferring period by re~ating said spindle current to said reduced value. 

A disk drive system as recited in claim 30 further comprising-the steps of: 

during each of said sampling intervals prior to said spindle energy deferring period, 

determining a sample value of said actuator current. 

adding said sample value to said nominal value of said spindle current to 

determine an aggregate cur.rent valu~ 

comparing said aggregate current value to 8. first threshold value, 

--------
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if $aid aggregate cunent value is greater than said first threshold value, beginning 

said spindle energy deferring period by regulating said spindle current to said reduced 

value'. 

A disk drive system as rec:if~d in claim 30 further comprisi_n.g the steps of: 

during each of said sampling intervals prior to said
1
spindle energy deferring period, 

determining a present value of said aciuator cUITent for fue present sampling 

interval, 

determining a predicted value of said actuator cunent for a subsequent sampling 

interval; 

adding said predicted value ro said nominal value of said spindle current to 

determine a predicted aggregate current value; and 

comp!lrlng said predicted aggregate current value to a fIIst. threshold value; 

if said predicted aggregate cui-rent value is greater than said fust tluesb.Dld value, 

beginning said spindle energy de(emng period by regi.Uatilli said spindle cun-ent to said 

reduced value. 

34. A disk drive system as :recited in claim 30. whemn said spindle energy 

·compensating period transpires after said spindle energy deferring period. 

35. A disk drive system as recited in claim 30 further comprising the st.eps of: 

during each of said sampling intervals during said spindle energy deferring period, 

determining a present value of said actuator current, 

subtracting a predetermined value from said present value to determine an excess 

currem value. and 

wherein Said tedueed value to Which said spindle current SS Iegulated is greater 

than or equal to said excess current value. 

36. A disk drive system as recited in clmm 30 further comprising the steps of: 

during ciaeh of said sampling inteivals during said spindle energy deferring period, 
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37 

determining a sample value of said actuator current, 

adding said sample value to said nominal value of said spindle current to 

determine an aggregate current value, 

subtracting a predetermined value from said aggregate cummt value to determine 

an excess current value, and 

wnerein said reduced vahte to which said sptndle current is regulated ]s greater 

ihan or equal to said excess ~urrent value. 

A-disk drive system as recited in claim 30 further comprising the steps of~ 

for each of sai~ sampling inter:vals during said spindle energy deferring period> 

determining a sample value of said actuator cUIIent, 

comparing said sample value to a first threshold value, and 

if said sample value is less than said first.threshold value, regulating said spindle 

curre:nt from said reduced value back toward said nominal value to begin ceasing said 

spindle energy deterring period. 

A disk drive system as recited in claim 30 rorther comprising the steps of; 

for each of said sampling intervals during said spindle energy deferring period1 

determining a sample value of said acru.ator cunent, 

adding said sample value to said nominal value of said spindle current to 

dete~ne an aggregate c:uxrent value, 

comparing said aggregate current value to a first threshold value, and 

if said aggregate current value is less than said first threshold value, regulating 

said spindle current !Tom said reduced value back toward said nominal value to begin 

ceasing said spindle energy deferring period. 

39. A disk drive system as recited in claim 30 further comprising the steps of: 

fyr each of said sampling intervals during said spindle energy defening pe1iod. 

determining a present value of siUd actuator current for the prese:nt s~pling 

interval, 
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determining a pre.dieted value of said actuator current for a subsequent sampling 

interval; 

adding said predicted value to said nominal value of said spindle current to 

determine a predicted aggregate current value; and 

... coro.pari~ said predicted aggregate current value to a first threshold value; 

if said predicted aggregate cwrent value is lkss than said first threshold value~ 

regulating said spindle aurent from said reduced value back ·toward said nominal value t.o 

begin ceas.ing said spindle energy deferring peri.od. 

40. A disk drive system as recited in claim 30 further comprising the steps of 

for ea.ch of said sampling intervals during said spindle energy c:ompensating period. 

detennining a compensating spindle current value which is proportional to 

the difference between said nominal value· and said jnerea.sed valu_e~ and 

adding said compensating spindle current value to an accumulation of prior 

compensating· spindle cUm:nt values to develop said quantity of compensating 

spindle energy. 

A disk drive system as recited in cl~ 40 further comprising the steps of: 
. . 

for each of said sampling intervals during said spindle energy compensating period~ 

comparing said quantity of compensating spindle energy 1o said measure of 

·· defe.~ed spindle energy, and 

if said quantity of compensating spindle energy is greater than or equal to said 

measure of deferred spindle energy, regulating said spindle current from said increased 

value ba.ck toward said nominal value to begin ceasing said spindle energy compensating 

period. 
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