Pul se Combustor Description The present invention relates to a pulese
conbustor, which separately supplies a rich mxture of primary air and

gasSeEDus TUer and secondary alr to a conbu3tron chanber thereof 1or.
conti nuous conbustion. Description of the Related Art A typical

exanpl e ogmg%%*entional pul se conbus- tor for pulsative pefdenpsand
S

conti nuou i on of

NON-DESTRUCTIVE IN-SITU LANDING VELOCITY
DETERMINATION OF MAGNETIC RIGID DISK DRIVES
Field of the I .
The present invention is directed to disk drives. More particularly, the present
invention provides an efficient and reliable system and method for detecting a
worst case landing velocity for sliders in the disk drive. |

Background of the Invention

Disk drives are commonly used in workstations, personal computers, laptops and

~ other computer systems to store large amounts of data that are readily available

to a user. In general, a disk drive comprises a magnetic disk that is rotated by a
10 spindie motor. The surface of the disk is divided into a series of data tracks that

extend circumferentially around the disk. Each data track can store data in the

form of magnetic transitions on the disk surface.

_ A head includes an interactive element, such as a magnetic transducer, that is
15 used to sense the magnetic transitions to read data, or to conduct an electric
current that causes a magnetic transition on the disk surface, to write data. The
magnetic transducer inciudes a read/write gap that positions the active elements
of the transducer at a position suitable for interaction with the magnetic surface
of the disk.

. 'The head further comprises a slider that mounts the transducer to a rotary
actuator arm, typically via a flexure element arranged between the slider and
actuator arm to accommodate movement of the head during operation of the
drive. The actuator arm operates to selectively position the head, including the
25 transducer and slider, over a preselected data track of the disk to either read data
from or write data to the preselected data track of the disk, as the disk rotates
below the transducer,

_ In modem disk drives, the slider is cbnﬁgumdﬁo mcludeanaxrbeanng surface
30 that causes the head, and thus the transducer, to fly above the data tracks of the
disk surface due to interaction between the air bearing surface of the slider and
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an air/fuel mxture is disclosed in US Patent No. 4,891, 003 (Japanese

Pat ent Layi ng- Open Gazette No. Sha-64-23005)._The prior .act..conbustor, as
shown in acconpanying Fig. 5, has a cylindrical conbustion chanber 1, a
nozzle plate 4 with a plurality of gas noz- zles 2 and a plurality of air
nozzl es 3 arr{gRiases t he conbustion chanber 1, and a circul aPCT/ISS6DO3AG
plate 5 di sposed opposite to the nozzle plate 4 via a predeter- mned
narrow space S. A jet of rich air/fuel mxture run- ning through a gas

conduit 6 is supplifeidichfehs ke réult!ficin SRSToRRion! of the’dise. mmdﬁmce
chanmber 1 while a jet of secondary air fed to an air chanber of

afan 7 is suppli eo‘h&@h‘@&&\‘cﬁffﬂﬂéu&@r‘hﬁﬁlﬁlm ip geferred FR)?FO@S ﬂ&

chanber 1. The richya b?ﬁ,ﬁ&pmg &hfmg ffaCi €Nty
m xed between the re- Sl stan ate gﬁgnd e nozz ate g %nlted
by a spark of an imdmrmmmmwﬂbmmﬁcudmkwram

5 write operation of the disk drive to minimize wear during operation of the drive.

The fly height for a slider refers to the height reached by the slider when the
disk is rotating at its operational rotational velocity, i.e. the number of rotations
per minute (rpm’s) at which the disk drive was designed to operate, The fly

10 height is designed to be at a level sufficient to insure that the transducer is
spaced from the disk surface a distance suitable to maintain negligible contact
between the head and disk surface during normal disk operation. In any disk
drive product, the surfacés of the disks are typically not perfectly smooth and
flat. There are peaks and valleys formed on the disk surface. The design fly

15 height should be sufficient, e.g. to generally avoid head/disk contact, despite the
passage of disk surface peaks below the head.

When the disk drive is not operating, the rotation of the storage disk is stopped,
and the air bearing surface of the head does not act to cause the transducer to
20 fly. Under such circumstances, the head, including the slider and transducer,
| comes to rest on the disk surface. Typically, the actuator is operated prior 10
power down of the disk drive, to position the head over a landing zone provided
i)_nthedisk surface at a location spaced away from any of the data tracks.

25 In a known oontac;stopoperiﬁon of a disk drive, at power down of the drive,
the fly height of the head gradually decreases as the rotational velocity slows,
until the head comes into contact with the disk surface at the landing zone. The
rotational velocity of the disk at which a head first contacts a disk surface is
referred to as the "landing” velocity. Thereafier, the head remains in contact

30 with the disk surface until and after rotation of the disk comes to a complete
stop. - The use of a landing zone prevents any damage to data tracks that may
occur due to contact between the head and the disk surface. However, any
contact between the head and the disk surface may result in damage to the
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for pulse conbustion. A large portion of hot conbustion byproducts is
exhausted through a tail pipe 10. Al though the high expl osion pressure I n
' tends to-sadse

bypr od- ucts to the supply source, the resistant plate 5 in the conbustion
chanber revents such undesirable back flow Exhaustion of the conbustion
bypr odu ‘% s the pressure in the conbustion chanber , SO that
another jet of the rich air/fuel mxture and that of the secondary air are

successively fed_into the conbustlon hanber 1 and spontan ously ignited
and conbust e @Fﬁ'&&‘ m&gﬁ‘mchanber

1. Ignition and conbust | on are peri odi cal I y re- peat ed in the above nmanner -

to heat an object like cook- ing oil in an oil tank. .
This is aiso true when the dnveumrtedammaeontactmnopmnon

Ammmmtﬂemmofmuﬁouofﬂwdxskwhﬂe
5 ﬂieheadmsullmoonmt-mththehndmgmne. The head remains in contact
with the disk surface during acceleration of the disk, until the rotational velocity
of the disk reaches a “take-off* velocity. - The take-off velocity is the rotational
velocity of the disk at which the air bearing surface first acts to lift the head
from the disk surface such that contact between the slider and the disk surface is
10 negligible. The take-off velocity is approximately equal to the landing velocity.

It is a goal of disk drive manufacturers to limit wear caused by contact between
the head and disk surface, particularly during contact stop and start operations, to
assure a more reliable mechanical performance of the disk drive. To that end,

15 disk drive designs seek to accomplish disk dfive operation wherein a head
commerices flying operation within an acceptable margin of rotational velocity
measured from the operational rotational velocity for the disk.

For example, it bas been determined that mechanical performance for a particular

20 drive is likely to be acceptable for a relatively long work life when the head Lifts
off from or lands on the disk surface at a rotational velocity equal to
appmnmtelysevmtyperoultoftheopennonalmuomlvelocuyofthcdnve
In general, the fly height of a head is proportional to the rotational velocity of
thedhk,mmathcu&zaﬂfvekmﬁyhmshumx&uhul In other words, the faster

25 the disk is spinning, the higher the fly height of the head. ‘It has been found that
if flying operation (the take-off velocity) for a head is achieved by, e.g., seventy
per cent of the operational velocity, ﬂledesmdﬂyhexghtshouldbemchedby
theheadwhmmedmklsmlemmdupwﬂnopemﬂvelocny If the take-
:ﬂ?vekxuy1sgn=urthnlunmmqlpuwxmtofﬂwtmeuﬁumnvekmny,wwuuwa

30 significant Iikelihood that the head does not reach the desired fly height when the
disk is accelerated to the operational velocity, leading to excessive wear and
premature mechanical failure of the disk drive.



In the systemof the prior art pulse conbustor, how ever, conbustlon

byproducts once flown back ta the__..._REPLACEI\ZENT SHERT
net effectively mxed with the rich air/ fuel mxturg K
nor returned to the conmbustion chanber 1. Rel ativel yithi SLpD
sures of the "WORSASH f uel mixture and the secondary.air as

resistant plate 5 are required for eff|C|entIy preventing the back fl ow of
conbusti on byproducts Mbore concretely, ul se corrbustorr the prior
r 'gﬁ‘b

art systemrequiresih

aqilion, ReDe ke 0 O $RVEREY Pef et

high-pressure air agfug djamohadVefdlity, the head remains in cohtactwithﬂxed:sk surface (i.c.

10

15

20

25

30

the total sliding distance of the head on the disk surface during either a contact

' startorstopoperation)foratotallcngthofdisksurfaceﬂmtislikelytoresultin

excessive wear of the head/disk interface.

During manufacture of disk drives, it is desirable to be able to test each
individual disk drive to determine the take-off and/or landing velocity for each
heodinthedﬁveasaquaﬁtyconmlpmceduretoinmrethateachhadinthe
disk drive is operating to lift off from or land on the disk surface with a minimal
sliding distance, and, in a contact start operation, is operating to reach the design
fly beight at the operational rotational velocity of the disk. However, there is
not presently available i reliable and efficient system or method to determine
take-off velocity values on a drive-by-drive basis, particularly for disk drives
having multiple disks and heads. '

Previous proposals mvolve recordmg a s:gnal having a known frequency on a
preselected track of the disk while the disk is rotating at a preselected rotational
velocity and then radmg back the signal at one or more different rotational
velocities of the disk, including a rotational velocity corresponding to an
expected take-off velocity. Contact between the slider and disk surface affects
the signal read back from the disk. Knowledge of how the read back signal is
affected can be applied to analyze the signal for evidence of slider/disk contact.

" The analysis can include frequency or amplitude demodulation of the read back
signal for indications of slider_ldisk contact, and, e.g., measurement of the
 rotational velocity:at which the read back signal first indicates slider/disk contact.

Such a velocity measurement will generally correspond to the take-off velocity of .
the particular slider.

The methods and apparatuses described in the previous proposals suffer from
shortcomings such as limited bandwidth for effective demodulation of the read

back signal, time consuming procedures for detecting the read back signal and

poor signal-to-noise ratios diminishing the accuracy and sensitivity of the
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rat her bul ky gas supply unlt for suppl y| ng the hi gh-pres- sure fuel gas.
These structures unfavorably increase the noise and vibration.

—ForttrerTore, Tt prior—art—system te=rrch a7 FoetrRrure - ana The
secondary a|r are mxed only in the pre- determ ned narrOM/space S bet ween
the re late 5 and the nozzle plate 4, which ca S9eRaspi f or m m x-
I ng and thereby unstabl e conbusti on. The object of the |nvent|on Is to
provide a sinply constructed, inproved pul se conbustor which realizes

zggegeéngogtwg@s?%?e ?&#Wh pul'}s‘@&g#gustor of TPﬁe

i nventi on, mmmmmnmmnmgmmmnmﬁm yoquickly ahdel and a

fsg;:oggia;gt ?{/rgfﬁa q§'e‘g§r at eu{doé#ﬁz%g%g a éx ndrl cal cotrgust i on chanber

The present mvemonpmvndesuymm andmethodfonccumelyand

efﬁcwntlydeﬁecnngaworstasehndmgveloatyfordiehadsmadmkdnve

productduﬁngmanufacm:aoftheproduct 'l‘heworsteaselandmgvelocuy

oomspondsmﬂnehndingvelocityoftheﬁmhudweonuctaduksurfacema
10 oonmnedpowerdownofthedukdnvepmdua

mpresentuwenuonrecognmﬂntmeoftheeffecuofshdeﬂdiskconmus
anaoousticemxssionfrommechamcalcomponemsofthediskdﬁve, such as,
e.g., the spindle motor. Aeeordingmthepresentmvent_ion_theaeqnmc '

15 emissions caused by slider/disk contact are seised by an acoustic emission sensor
andthesensedacoustxcemsswnsmconehwdwthcmmnalvelomtyofthe
dlsksofthedlskdnvepmductattheumethemsﬁcmmonsmdmanveof
shder/dxskconuctareﬁmsensed topmvndelandmgvelocntymfo:mauon

20 In an exemplary embodiment of the plesem mvention an acoustic emission
sensornssecurelyacousnmﬂyeoupledmthespmdlemomrofadukdnvedmce
under test. memmcmrmewuacwmcmmmfmnthespmdle
motorandopemmtotransducetheacousucmmnsmtocomspondmg
electric signals. The acoustic eumssnons emanatmg from the spindle motor

25 include emissions caused by vibrations of the miotor itself, as well as emissions
causedbymeclnmalvxbnnonsthatmltfmmcombetweenanyoneofthe
headsmthedlskdﬁvedeviceundertestandthetespecuvedukmrface
(slider/disk contact). Accordingly, the acoustic emission sensor outputs electric
signals indicative of the occurrence of any slidérldisk contact within the device

30 under test. o |

Pursuant to the present mvumon,thespmdlemotor:smimllypowemdto
accelemtethedmksuptotheopumonalvelocitydwgnedforthedwmeunder
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tlon of ap appropriate air/fuel mxture.. . .The present invention
comences from US-A-4 891_003 which_di scl oses_a._pul se comhustor in which a
conbustion chanber is separately supplied with a rich mxture of primary
air and gaseous fuel and secondary air for pulsative ignition and :
conti nuous cor¥OS6R286 of an appropriate air/fuel nixture, PCTAISA6100346; o
conbustor conprising the said conbus- tion chanber. which is defined by
acylindrical side = wall, a.first surface to which di scharge neans is

connected for exhauaeatng'ﬂemﬁemtwmmmmle motoris shutfoff; rand sheidisks are
Egggluztsl ?grcgﬁggfgu @B@eﬁ‘t@%ﬁéldgwgﬁo%t ure ¥I B?I ﬁa?lyugi?lrl ;%dogaggzus fuel
0 .
Pursuant to another feature of the present invention, an electric probe is coupled
5 . toelectxicludéusedtopowerﬁlespindlemotor. After the power to the spindle
motor is shut off, the probe attached to the spindle motor power leads is used to
measure a back EMF genemed by the oontmumg rotation of the spindle motor.
A back EMF is an electric voltage generated by the rotation of components of a
conventional electric motor, such as the rotor, and typically puisates at a
10 frequency that is proportional to the rotational velocity of the rotating
components. Inasmuch as the rotor is typically used to directly rotate the disks
of a disk drive, the spindle motor rotor rotational velocity, as represented by the
generated pulsating back EMF, is indicative of the rotational velocity of the disks
at any time during the spin down of the disks after shut down of the power to the
15 spindle motor. ‘

The output of the ;;robe is continuously processed during spin down to correlate
the back EMF values to corresponding rotational velocities of the disks of the
device under test. At the same time, the output of the acoustic emission sensor
20 is monitored to determine when an indication of slider/disk contact first occurs.
Upon determination of a first indication of slider/disk contact from the electric
 signal output of the acoustic emission sensor, the rotational velocity of the disk,
as indicated by the back EMF value from the probe at the time of the first
slider/disk contact, is recorded.
25 : . _ .
The recorded mtauonal velocity corresponds to the landing velocity of at least
the first one of the heads in the device under test to contact a disk surface. The
recorded velocity is compated to a threshold velocity, which can be set at, e.g.,
seventy per cent of the operational velocity designed for the device under test. If
30 ~ the recorded velocity, as determined from the back EMF reading from the probe,
| is-equal to or less than the threshold value, then all of the heads of the device
under test are operating at acceptable levels of fly height. This is because the
test according to the present invention established a first indication of contact

%



- 3- sai d conmbustion chanber and a plurality of air noz- zlgs for

supplying said secondary air to said com busti on chanber, sai d
g bat— . :
opposite to said nozzle plate via a predeterm ned space, to absorb

heat and re- verse pressure generated by said hot coWus_ﬁ.i on

bypr odWO96RPE€h i n use fl ow back fromsaid com mber ,

air supply means for supplying.said secondary air '
betweenanyofﬂleheadsofthedemeuudermandarewectivedmksurface
atavalueofmunonalvelocnyatorlcathansevmypercemdtheopemﬁoml
velocity of the disk drive. lnasmuchasﬁleduksofﬂledemnndertestm
spmnmgdownmzerovelocny anymbsequentsliderldiskconmctswﬂlocmat

5 evenlowermuonalvelocities

As noted above, thelmdingveloutyforahadumllyequaltotheuke—off
velocity for the head. Thus,theunoftbelandingvelocnymethodaecmdmgto
thepresentmvenumpmdesanmdmuonofuke-oﬁ'velocityperfommefor

10 the heads of a disk drive device under test. Iftheoompansonbetweenthe
mo:ﬂedmmnalvelocnyandthedmsholdvalueindimmaﬂwmorded (
velocltylsgreaterthanthethmholdvalue then:twnllbeknownthatatleast
oneofthehudsofdnedevmeunderﬂestisuotachievmgﬂyhexghtopemuan
aeooxﬂmgwthedemgnspecnﬁcaﬁonofthedlskdnve

15

' Thelandingvelocnymfonnationpmvndedbythepzueminvennonmbeused
durmgadiskdnvemassmannfacnmngopenuontomthosediskdme
pmductswheminathustoneofthehudscomeshuoconuctmthampecnve
dlsksurfaceatalandmgvelocttygmrthan .8, seventypercemofthe )

20 rotanomlvelocnyatwhnchthednskdnvepmdnctmdengnedtoopemte Any
dlskdnvepmductthatfmlstoewdeneeanaccepnblehndingvelocnyforallof
1tsheadsnsrejemdandremovedﬁomthemasspmdmnonopermonforfunher
testing and repair.

25 The acoustic emission, back EMF probe amngement ofthe present invention
pmwdesasumghtforward hxghlyefﬁclemandeconmmulmechamsmabletobe
unplemenwdmamassproduaionenvhmmmttoquicklytestmhandevery '
disk drive product passing through the manufacmung pmcess for acceptable fly
height operation. Toadvanuge anydiskdnveproductthtfaﬂstoev:dencean

30 aoceplablelandmgvelocltyuponacwsucemumnmg mbewbjectedtoa
ﬁequencydmnodulahonteutodaerminetheuk&offorhndingvelocnyfmwch
mdmdualheadmthefaﬂeddxskdﬁve,wtherebyidenufywhmhmdmdualhead .
or heads need to be repaired. 'mefreqnencydemodulauontatcanbeperfonned
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to sai d conmbustion chanber through said plurality of air nozzles, said
air suppl y means in use receiv- ———ing said-hot-conbustion byproducts
whi ch fl ow back from said conbusti on chanber, and a fan for

continuously feeding said secondary air to sai d air supplél,t‘,ﬂi‘ﬁ}aﬁ?g
In US-A-4 891WO8/22¥Me conbustion chamber is of greater vol ung™ air

supply neans. In contrast, EP-A-O 527 656 discloses a pul se conbust or

wherein the air supply nmeans has a greater volume than the ¢ ti

chanber . St artlaﬁgo rdingrtothe tavght inid MBFR“W‘M@VM%HQS a

pul se combust or whi E%&Etmmdﬁﬁpsmmtm@%ﬁaﬁ a
er than the vol unme of

vol unme which is sne said air supply means and in
that said flame baféver dasdlmvuﬂnprtheme of Li-Yan Zhvand assigned to the assignee of

the present application. The specification of the aforementioned co-pending
5 application is hereby expressly incorporated by reference. .

Brief D .r f the Drawi
Figure 1 is perspective view of an exemplary disk drive.

10 F:gute21sablockdlagmmofatensystemaocordmgtothepresemmvenuonto
- determine a worst case landing velocity for heads in a disk drive device under
test.

. Figure 3 is a graph illustrating the relationship between an acoustic emission
15 signal and drive velocity of a disk, over time.

Figure 4 is a graph illustrating the relationship between an acoustic emission -
signal and dﬁv_e velocity of a disk, over time, including the effects of acoustic
emission signals caused by slider/disk contact.
20 o o |
' Figure 5 is a graph illustrating fly height for a head versus rotational velocity of
a disk over which the head is flying.

Figure 6 is a block diagram for a frequency demodulation test that can be used in

25 conjunction with the test system of fig. 2 to identify individual heads that contact
a disk surface at a landing velocity that is not within the design specification of
the disk drive device under test, as determmed by the test system of fig. 2.

Detailed Descriut

30 Referring now to the drawings, and initially to fig. 1, there is illustrated an
example of a disk drive designated generally by the reference numeral 20. The
disk drive 20 includes a plurality of storage disks 22a-d and a plurality of
read/write heads 24a-h. Bach of the storage disks 22a-d is provided with a

-8-



ond baffle plates, both extending to a predeterm ned | ength covering, all of
said plurality of air nozzles and gas nozzles on said nozzle plate “the
first batfl H

surface is disposed opposite to said nozzle plate via said pre- determ ned
space and the second surface faces said second baffle w | '
pr edet VAPHEIMi st ance, and said flame baffle means fur %ﬁi ses a
baffl e ring disposed radially along said cylindrical side mall of sai d
conmbustion ch | ocated between the fiLrst and baffle

pl at es, said"%%%% % M ﬁg th

bet ween the Wf@wmoﬂmtmmmﬂwanm&mferred
pul se conbustor enbodying this inven- tion is disclosed in detail

her ei naft er. faoROf t‘%ﬂ‘mg‘@fqurﬂr?fmm@ﬁkﬁor‘tm& havi ng a
predeter - undemdthatmedtskdnvemismelyrepmofadlskdnvesymm

5 uulmngthepmsentmvenuonandﬂntthepmentmvenuonunbelmplanemd
forusemconnecuonthhadukdnvesymincludmsmmormgomge
. ) . : .

mesmgedxsksua-dmmoumdformnmbyaspmdlemotormngemem

10 29, as is known in the art. Momovermemdlwnteheadsm-hmsuppoxted _
bympeonveammramszsa-hforcomuedposiﬁotﬂngoverpmelected '
radii of the storage disks 22a-d to enable the reading and writing of data from
and to the data tracks. To that end, ﬂxeacmatorams28a—haremubly
mounmdonapmSObyavowecoilmowrnopmbletoeonmllablyromethe

15 actuator arms 28a-h radially across the disk surfaces.

Eachofthemdlwrlteheadsm-hlsmonmedmamecuveactmtoram28a-h
byaﬂmxeelement(notshown)mdcompnmamagnehcnmsdncerzs
moumedtoashder%havmganurbeanngmrface(notshm),allmaknown
200 manner. Astypmﬂyuhlnedmdmkdﬁvesyms,meslidm%causethe
magnenemsdwersZSofthemdlwmeheadsm-hm'ﬂy ahovethesurfaces
ofthemspecuvestougedlskszza—dfornon-conuaopemmnofthedlskdnve
system, as discussed above. Whennotmuse,thevmcecoﬂmotorﬂmtatesthe
acmatorannszsa-hdunngacomactmpopem toposmonthemd/wnte
25 headsua-hoveramspecuvehndmgzoness whexetherudlwmeheadsz«‘a-h
cometomstonthastomgedmksurfam Asshouldbeunderstood each of the
readlwmeheads%—huatmatonamspecﬁvelmdingmssathe
commencementofacontactstanopmnon

30 Apnntedc:rw:tbouﬂ(PCB)Mlspmvndedtommeonmlelecmmcsfor
conmﬂedope:auonofﬂwspmdlemotor29andﬂlevo:cecoilmotor32 The
PCB34alsomndesmdlwnwchannelc1rcuurycoupledtothemdlwnte heads
24a-h, tocontmltheuansferofdatatoandﬁomthedanmcksofthestomge

9-



-4- mned first volume for receiving the rich mxture of pri- mary air
and’ gaseous fuel and the secondary..air sepa-—rately, a-tail pipe
connecting to the conbustion chanber for exhausting hot conbustion
byproducts sent fromthe conbustion chanber, and a nozzle pIa having a
plu- rality WO%%#5%0zz| es for supplying the rich mxture of? s y
air and gaseous fuel to the conbustion chanber and a plurality of air

nozzl es for supplying the secondary
disks 22a-d. “The manner for coupling the PCB 34 to the various components of

the disk drive is well known in the art.

According to an exemplary non-destructive, in-situ, acoustic emission landing
5 velocity test method impleménﬁng the present invention, prior to assembly and

coupling of the PCB 34, an assembly 48 comprising the actuator arms 28a-h,
with heads 24a-h, voice coil motor 32, storage disks 22a-d and spindle motor 29
of fig. 1, is coupled to a test system as a device under test, as illustrated in fig.
2. More particularly; a power supply 50 is coupled to the spindie motor 29

10 within the assembly 48, as generally known, to accelerate the storage disks 22a-d
up to the operational velocity designed for the assembly 48. The power supply
50 is controlled by a computer 49 that is programmed to operate the power
supply 50 to energize the spindle motor 29 until the storage disks 22a-d rotate at
the operational velocity designed for the disks 22a-d of the assembly 48. The

15 assembly 48 is operated with the heads over the landing zone 58.

An acoustic emission sensor 52, such as, e.g., an R15 sensor sold by Acoustic
Physics, is placed upon the assembly 48 on the top cover of a motor hub (not
 shown) typically formed in a disk drive product to mount the spindle motor 29.
20 A small amount of alcohol can be applied to the contacting surface of the
' assembly before placing the acoustic emission sensor 52 on the assembly 48 to
provide a clean contact surface for transmission of acoustic waves. A dead
weight (not shown) placed on top of the acoustic emission sensor 52 can be used
~ to provide an adequate acoustic coupling between the sensor 52 and spindle
25 ‘motor 29. The alcohol will evappiate when the sensor 52 is removed from the
assembly, after the test, to minimize contaminants that may be introduced into
the disk drive. The use of alcohol and a dead weight provides a fast and clean
means for acoustically coupling the sensor 52 to the spindle motor 29, to thereby
facilitate a high throughput rate for the test method of the present invention. The
30 R135 acoustic sensor 52 operates to transduce acoustic emissions sensed by the
sensor 52 into an electric signal.

An electric output of the sensor 52 is coupled to an amplifier, filter circuit 54 to
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air to the conbusti on chanber.

The conbustion chanber is defined, by a.

first sur- face which the tail pipe is connected to, a cylindrical side

—te——amrd—tire=rrorrte-pl ate havimg~the ptorartty of—gas noz- ZI €s and arr

nozzl es. The pul se conbustor of the invention further in- cludes a
flame it disposed opposite to the noz- zle pl a@rnfisdnss
pr edet l(?h\’#f@gpace for absorbing heat and reverse pressure generated by

t he hot conbustion byproducts back flow fromthe conbusti on chanber,

i, R okl O fhe 50 2 ¥t Wl e bt Gf ran the

conbustion clepbsen dpproxiginely t50ndndr350i KHz. o Theamplified-dndstunextisigeat ouspung t he

hot conbusti an products, bac romt onbustlo chanber
ever-on fan fqyr&é&ﬂ?g#ﬁ'b f%&cﬁ%\’% ME?’F %mw@wm y
and a %?ﬁiohh&ﬁg'ﬁytheeompmaﬂmdetemmemdiaﬁmsofshderldiskcomm

supply unit
predet erm ne

unit,

5

10

15

20

25

30

aswxllbedescribedinmondeuﬂbelow

Ane!ecnicpmbeiﬁmcwpleduadd’faenmlpmbemsstwopowerwuesof
mespmdlemmr”tommabackaolngegmeutedbythespmdle
motor 29, as:sgenerallyknownmtheaﬂ Pumantwtheexemplary .
embodlmentofthepresentmventlon theoutpmofthepmbesszsalsoeoupled
toananalogmpmpm'tofthecompmer49 formomtoﬁngbyﬂnecomputer49to
detemnneaeonupondingmﬁonﬂvelomtyofthemwdukth-dmounmd
bythespmdlemotor29wnthmtheassembly48bemgmted aswxllappw '

Referring now to fig. 3, there is shown a graph illustrating the relationship
between an acoustic emission signal derived from the sensor 52 and rotational
velocntyofdxsks suchasthesmngedlskszza-dinassemblyﬂfs ascanbe
determmedfromtheelectnconq:utofthepmbeﬁ over time. Infig 3, the
mlauommlsplouedwithuutheinﬂmeeofacousucemissmnsthatamcaused
by stider/disk contact. -

Back EMF voltage values for the type of spindle motor used in the assembly 48
canbecorrelamdtothecomspondingmuonalvelocimsofthemotormtor
Thecompmer49opemestopenodienﬂysamplethebackaoltagefmmthe
probe 56. The back EMF pulsates at a frequency related to the rotational
velocity of the motor rotor. ‘The computer 49 can calculate the rotational
velocities of the motor rotor by timing the back EMF pulses sampled by the
computer 49. As should be understood, the rotational velocity of the motor rotor
is proportional to the rotational velocity of the storage disks 22a-d mounted by
the spindle motor 29.

Thecompuwrw-#lsoopemestopeﬁodicauympleﬂwelecuicoutpmofﬂ:e
amplifier circuit 54 to obtain sngml values corresponding to acoustic emissions

-11-
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tem,(for nixing the secondary air continuously fed to air supply unit by
means of the fan wth the hot conbustion byproducts back flown fromthe
conmbusti on chanmber and received by the air supply unit, and feeding m xture
of the secondary air and the hot conbustion byproducts back to the
conbusti on cheygssiaamgea the plurality of air nozzles. | n t RET/PS96HBI46
conbustor of the invention thus con- structed, the rich mxture of primary
air and gaseous fuel (hereinafter referred to as the rich air/fuel mxture)
i s supplied from thecgived by ithe/seatorG2from ke spindle arotsis2q withinahoastemblyA48 i s
fed fromthe plurality of air nozzles. The rich air/fuel m xture and the
secondary air are s Nﬁs%ntly m xed in the predeterm ned space between the
nozzle plate and the flanme baffle unit and then ignited in the conbustion

chanber for pul sative combustion. The |arge combustion pressure in the
combusti on chamber As shown in fig. 3, at times prior to the time labeled "trigger®, the spindle motor

5 29 is fully energized by the power supply 50, and the storage disks within the
assembly 48 are rotating at the design operational rotational velocity. The
rotational velocity value (curved labeled “drive velocity”) remains at a level
corresponding to a maximum value, which, in tum, corresponds to the
operational velocity.

10 .
At the time labeled "trigger”, the computer 49 controls the power supply 50 to
withdraw power from the spindle motor 29 so as to permit the storage disks 22a-
d to spin down to zero velocity. The computer also operates to begin sampling
back EMF values from the probe 52. As can be seen in fig. 3, the velocity

15 values represented by the drive velocity curve to the right of the trigger point
gradually decrease in proportion to the slow down of the rotational velocity of
the storage disks 22a-d.

Below the drive velocity curve of fig. 3 is plotted values corresponding to the

20  electric output from the acoustic emission sensor 52 that results from acoustic
emissions caused by the rotation of the spindle motor 29 (curve labeled "AE
signal"). As seen in fig. 3, the shape and slope of the AE signal curve generally
conform to the shape and slope of the drive velocity curve, indicating that
acoustic emissions from noise caused by the spindle motor 29 are proportional to

25 the rotational velocity of the storage disks 22a-d mounted by the spindle motor in
the assembly 48. Thus, after the trigger point, the acoustic emissions from the
spindle motor decrease in proportion to the slow down in rotational velocity of
the storage disks 22a-d during spin down.

30 Referring now to fig. 4, there is shown a graph illustrating the relationship
between the acoustic emission signal derived from the sensor 52 and rotational
velocity of the storage disks 22a-d, including acoustic emissions caused by
sliderldisk contacts within the assembly 48, as recognized by the present

-12-



-5- exhausts a large portion of hot conbustion .byproducts fromthe tail

pi pe while a snall portlon of the combustion byproducts is back flown to
-baf-tt+e—tmi t

the large re- verse pressure from being applied directly into the air

supply unit., a small portion of the hot conbustion by- QH%WI ows

ar ound Wé‘% baffle unit, follow ng a

invention. Fromthetnggupomt thegraphofﬁg 4lssnmilartothegmphof
fig. 3 until a first head within the assembly 48 contacts a respective disk surface.
That point is labeled "avalanche point” onﬁg 4. As discovered, the acoustic:
emxss:onsﬁomthespmdlemotor”chngednmmnyuponanmmal

5 - slider/disk contact. ‘I'hus,theelectnc_sxgmlmtpmbythemsorsz,as '
illustrated in the examiplé of fig. 4, increases sharply and suddeénly upon the
initial contact, as shown at the avalanche point in the graph of fig. 4. -

According o the present invention, the computer 49 is operated to sample both

10 the electric output of the sensor 52 and the back EMF voltage derived from the
pmbe56aﬁerthcmgerpoint Momverthecomputerw:spmgmmmedto" (
ealculateandrecordthednvevelodtyvalue asrepmwdbypnlsesfromthe -
“back EMF voltage, whwthecomputerdetectsmemddenclnngemABsngnal
strength(avahnchepmnﬁ),ind:u&veofaﬁutsliderldkkmtact Thednve

15 -velochyattheavalanehepmmwondstothehndmgvelomyoftheﬁm

' headwnthmtheassemb!y“toeomactadnskmtface o

After recording the landing velocity value for the assembly under test, the
-'oomputer49opmtesmcompareﬂlereco:dedlmdmgvelomtymathreshold
20 ' landmgvelocltyvaluestomdmthecomputerw andtomdwatea *rejection” of
any assembly under test ‘wherein the recorded muuonal velocxty at the avalanche
pomt:sgnaterthanthetluuholdvalue '

~ The th”mShold landing velocity can bé set as a function of the following formula:
25 " LV = ((TOH + AFH) * Full Speed)/(FH,, *S)

wherei: | |
LV e is the threshold value for a landing velocity against which
velocnyattheavalanchepomtmadevweunderwsnseompmed
30 mﬂtstheq)edﬁuﬁonforthedxsksusedmthedmceundertmand
mdwamtheﬂymghelgl\tavahnchepomtofthedxsksurfaee ' '
FullSpeedistheopmuonalmtanonalvelodty forthedevnceundertest,
Fﬂﬂmmemmmumﬂymghmghtasperﬂwmignspeqfcatxonofthe

-13-



zi g- ,Zag path, back to the air supply unlt ‘In this path around the flane
baffl e un|t t he hot conbustion byprod- ucts are effectively cooled down,
and this terrperature drop further causes contraction in volume and | over s
the pressure of the exhausted gas. The predeterm ned second vol une of the
air supply unwogezsécater than the predeternmined first vol unBCHP

- conmbusti on chanber as described previously. Such a volune ratio
significant- |y reduces the reyerse pressure fromthe conbustion chanber.
The sral| portion ofevidecundenteststi on byprod- ucts baékiflown to the air

o chuce. sy adver se. o kBl by b R GRE P Bpins e o il W Bl ol >

continuously fed i ngmgorgndai I Sup- pIy unit by nmeans of the ever-on fan is

m xed with the back-fl own combustion ro cts and fed to the com bustion
chamber via the pluralit$isod safety fi H‘E?E’z?‘g fiystem designer.

5 .

Figure § illustrates the relationship between flying height and the rotational
velocity of a disk. The graph of fig. 5 shows the slope of the change in flying
height versus the rotational velocity of the disk. The upper sloped line is the
mean value for flying height change as a function of rotational velocity. The

10 lower sloped line is a minimum slope that would be expected in the device under

_test. As illustrated, when LV, . is calculated by the above formuia, the

minimum slope for the flying height change is sufficient to raise the flying height
to the design FH,,. Any head in a device under test having a rotational velocity
at the avalanche point that is greater than LV ..y Would not reach the FH,,,,

15 when a minimum slope is encountered, and the respective head would more
likely encounter wear problems if such a device under test were not removed
form the manufacturing operation for repair.

As noted above, the acoustic emission test according to the present invention

20 demennines,tl.)e worst case landing velocity for the device under test, but does not
indicate which actual head or heads of a failed device do not achieve acceptable
fly height operation. To determine the take-off velocity of each individual one of
the heads 24a-h of an assembly 48 that fails the acoustic emission test, the failed
assembly can be subject to the test method disclosed in co-pending U.S.

25 Application Serial No. [Docket No. 9408-001] entitied FM DETECTION OF

* SLIDER-DISK INTERFACE, as noted above.

Figure 6 illustrates in block diagram form a test system according to the
invention of the co-pending application. A control device 400 simulates the PCB
- 30 34 10 operate the assembly under test. More particularly, the control device 400
is coupled to the assembly in place of the PCB 34 to control operation of the
spindle motor 29 and voice coil motor 32, and includes read/write channel
circuitry to cause the heads 24a-h to read or write signals from or to the surfaces

-14-



structure, the reverse pressure fromthe conbustion chanber is suffigiently'
reduced, and the fan used here for supplying the secondary air to the air

sureor—tar ge L,olpou,rly, accora-
ingly. The fan having noderate capacity has favorably small noi se and

vi brati w}h hernore, the back-flow of the conmbusti O“W%ﬂé' fromthe
conbustio ber | owers the conbustion pressure in the conbustion
chanmber. Thesefeatures of the invention allow effective noise and vibration
reducti on. fficiency is largely affected by the ratio
of a second v%f Wcﬁﬁ{she ?a‘fr supply unit (here- inafter referred to as
the supply volurme) to a first volume V1 in thé combustion chanber
(hereinafter referr 0 as, the conbustion,volu wp, in Fig. 2, t he
con- centrati®h MM %? %m&%o Bhao to cerr] .
varies wth thaiiphixe (ot sndwn)&uw u@lw%m 24a-h at a time for control

5 _ toentbermdorwnws:gnahfmmortotheresp_ecnvedisksurfwe.

necontroldevxceMmcludesmo\mcoupledtoanmputofanFM
demodulator 440. mconuuldemmnp\uopanwsmuansmitugmlsmdby
aselectedoneofthereadlwmhudsua-hwmemmmm The
10 mdamduhwrmmempnuamvmmﬂmdemoﬂulatoras
commonly used in FM radios, modified to recsive a frequency b
appmpmtodiskdnvejmrﬁeqmu orahbomymstmment such as,
e.g., an HP 8901A Modulation Analyzer. ThemmoduhtorMOqudesan
ouqmttoouqunngmlsofvaﬁwsfreqummdunoduhwdfmmtheszgmlmd
15 back by a selected head 24a-h.

A spectrum analyzer 500 includes an input coupled to the output of the FM
demodulator 440 to receive the demodulated frequency signals. The spectrum’
analyzer S00 operates to provide signal streagth information for each of the
20 frequencies demodulated by the FM demodulator 440. The spectrum analyzer
' cancompmeaeonvennonalfreqmcymmmmlyzeroraprocwsor
performing a Fourier nansformanon of the received demodulated frequency
signals. Formstd’ﬁcmntopemuon aﬁstanermnsformaﬁona!gonthmns
implemented in the processor, asw:llbedescnbedmmomdemlbel_ow

| Anmnpmdthespectmmaﬁdyzeri&iscbﬁblbdgtoabﬁkd&éd&sw

mangedmdetectpeakvaluesthatmaboveathmsholdenvelopeeneompassmg

avalueorvaluesofsigmlsﬂengthmdnmhveofhadldxskcom ‘from the

: s:gnalstnngthmfomauongenemedbythespectmmanalymsoo. The peak

30 detector 560 operates to output a pass/fail indication for the device under test,
: mmmamnmmm'mw-wiﬁinmemmm

envelope, as will appear. Anypakvalueabweathreslloldvaluemdlcam '

slider/disk contact. ' ' '



to the copbustion volume V1. \Wen the suppl y voI une :

-6- V2 is less than the conbustion_volune V1 _the conbus-_ tion efficiency
is undesirably l'owered. In the structure of REPLACEMENT SHEET the

the supply volume V2 is greater than the conbustion volune Vi,

t hus al | ow ngwnﬂhwsent reduc- tion of the reverse pressurcPGHESH8EMS zi ng

st abl e pul se

i nventi on,

baffl e

10

15

20

25

30

conbusti on. .In accordance with this invention, the flane

The control device 400 is operated to cause the: Vdice coil motor 32 to position
the actuator arms 28a-h over a preselected radius of the storage disks 22a-d. The
particular radius chosen depends on the sensitivity of frequency of a read back
slgnal due to head/disk contact.

. The sensitivity of frequency of a read back signal is affected by several factors

most notably, the magnitude and direction of mechanical vibrations caused by the
contact. These factors vary as a function of the particular structures and
construction of the mechanical components comprising the head, flexure and
other suspension elements mounting the head to an actuator arm.

Initially, the sensitivity of read back frequency to head/disk contact can be
determined experimentally for a particular head. For certain presently used
sliders and suspensions, such as a two-rail nano slider and type 19 suspensions
manufactured by Hutchinson, it has been found that the sensitivity is greatest
when the skew angle between a head and disk is greatest. In most rotary
actuators of the type illustrated in fig. 1, the greatest skew angle occurs when the
actuator arms 28a-h position the heads 24a-h at the outer rim of the storage disks
22a-d. '

Once a radius is selected and the control device 400 operates to cause the voice
coil motor 32 to position the actuator arms 28a-h at the preselected radius of the
respective storage disks 22a-d, the control device 400 controls the spindle motor
29 to rotate the storage disks 22a-d at a first preselected rotational velocity. |
‘While rotating at the first rotational velocity, the control device 400 utilizes the
multiplexer to sequentially activate each of the heads 24a-h, to write, in turn, a
signal having a substantially uniform pattern completely around each respective
storage disk surface, at the preselected radius. The wavelength of each pattern
signal as written on the respective disk surface, will be a function of the
frequency of the signal provided to the head 24 by the control device 400 and the
first preselected rotational velocity. The written signal will include frequency
jitter if the respective activated head 24a-h is in contact with the disk surface
during writing of the pattern signal. To advantage, the wavelength of the written
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unit includes a first baffle plate and a second baffle plate both , _.
extending to a predeterm ned | ength covering all of the plurality of air

nozzl es and gas nozzies on the nozzle plate. The first baffle plate has a . .
first surface and a sec- ond surface, where the first surface is di sposed
opposi two okasddre nozzle plate via the predeterm ned spapect/ossdnddze second

surface faces the second baffle plate via a pre- determ ned distance. The
flame baffle unit further in- cludes a baffle ring di sposed radially al ong

the cylindri signsl eihsagdeeqmlthegfgve] m‘@pm%@a t he
first baffle plat'iﬁandthescond b?{flsg‘ e The first Dbaffle plate,
the baffle rkh ?;!'r'e preferably spaced at

substantial ly equal i nterval s, . In another preferred application, the

flame baffle unit includes a ring- shaped flame trap and a baffle plate

di sposed opp3¥hencwriting the signal to-each disk surface; itherp will dypicallybe®d space. The
baffl g pl at edﬁé&ﬁﬂﬁﬁy‘fﬂﬂ@éﬁ?ﬁfﬁém@mﬁ&emofmmh This is

due to the fact that the wavelength of the signal does not precisely fit a whole

number of cycles within the circumference of the storage disk at the preselected

radius. The spectrum analyzer 500 is gated to omit reception of the signal form

the head when it is passing over the discontinuity of the signal written on the
10 respective disk surface, as will be described in greater detail below.

.Aﬁmhewﬁﬁngofachsimhaviﬁgambmﬁanyunifommncompmny
mundmhtespectivemgeduksnrface atﬂlepmeleetadndms and with
-.theacmatorarmszsa-hremmnmgatthepmelectedradmsoftherespecuve 3
15 storage disks 22a-d, the control device 400 then controls the ‘spindle motor 29 to
~ rotate the storage disks 22a-d at a second preselected rotational velocity. ‘While
rotating at the second rotational velocity, the control device 400 utilizes the
multiplexer to sequentially activate each of the heads 24a-h, to read the
previously written signals, one at a time. The frequeéncy of each pattern signal
20 as read from the disk surface, will now be a function of the second preselected
rotational velocity and will include frequency jitter if the respective activated -
head 24a-h was in contact with the dlsk surface during either mdmg or writing
ofthepattemsngnal

25 . Each of the first and second rotational velocities is chosen to be at a value
relovant to the take-off velocity for the heads 24a-h. For example, if the disk
~ drive 20 is designed 10 operate at 7200 rpm, the signal can be written at a first
 rotational velocity equal to 7200 rpm. The signal can then be read back at a
rotational velocity equal to approximately 70% of 7200 1pm, e.g. 5000 rpm. -
30 - The method can be implemented in an opposite order of writing and reading a
signal, i.e., writing the signal at 5000 rpm and reading the signal back at 7200
' pm. | L _

-17-



m ned |l ength covering all of the air nozzles and gas noz- zles on the
nozzl e plate whereas the ring-shaped flanme trap is disposed radially
bet-ween the baffle plate and the cylindrical side wall of the conbustion
chanber . In still another structure of the invention, the flane baffle
‘unit includes wobgtdsde pl at e di sposed opposite to the nozzle PCIUSGN06 he
predet erm ned space. The baffle plate has a plurality of through holes and
spans the side wall of the conbustion chamber. The present invention
wi Il now be descri bdalaity evany, thé two aotptienab wélycities seloctécsheuld provide iniormanon

SChemag el Ty 11 e Fepardig e e copaeLer it A SpRBEL Aot 57

the invention; dedice dnde? t5t.0 0N Ibf IROYStatibnAINREIG e 4slet 18D sﬁ:imeeemné
| desired take off velocity, and the other sufficiently higher, e.g. 10% higher
5 (5000 rpm higher in the example of a take off velocity of 5000 rpm), to

climinate any repeatable vibrations that may occur in the head at approximately
equal rotational velocities. In this manner, any frequency jitter found in the read
back signal will be indicative of a failure to achieve fly height operation by the
desired take off velocity, as will appear.

10
The signals read back by the heads 24a-h are transmitted by the output of the
control device 400 1o the input of the FM demodulator 440. The FM
demodulator 440 is may include filters to attenuate frequency jitter unrelated to
slider/disk contact. ‘The FM demodulator 440 is operated to demodulate the read

15 back signals, one at a time, from the heads 24a-h. The spectrum analyzer 500 is
gated at the portion of the signal that contains a discontinuity to omit the

" influence of the discontinuity in the signal demodulation. The length of the

'discontinuity is short as compued to frequency jitter effects that may be caused
by slider/disk contact. Accordingly, even if slider/disk first occurs at the

20 discontinuity, the effects of jitter will persist beyond the length of the

' discontinuity, and will be detected by the FM demodulation.

* Vibrations of the head/actuator assembly occur in various modes, including

flexure modes and suspension modes. The frequency range of the FM |

25 demodulation focuses upon vibrations in the flexure mode. It has been
determined that flexure vibrations are less susceptible to noise, and more
indicative of slider/disk contact. Other forms of vibration, e.g. suspension
vibrations, can be caused by factors other than slider/disk contact, such as air
turbulence and spindle vibrations. In addition, flexure vibrations occur at a

30 higher frequency than suspension vibrations resulting in higher FM resolution of
amplitude information.

Experimentation has shown that flexure modes of vibration are quiet in the
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plotted against the ratio of a supply volunme V2 to a conbusti on vol urre*

V1; o REPLACEMENT
S +- - Fg—3 - i-5 - a—-e-r-e-ss—se-et-l-o-rra-l—v-t—ew '
schematically illus- trating a puI se conbustor as enbodying the inven-

tion;. _Fi.g.- 4 is an enlarged view show ng an essent% Bart of the

pul se

10

15

20

25

30

r of Fig. 3; and

‘absence of slider/disk contact. Af the onset ofsnder/msk contact, one or more

flexure modes of vibration increase sharply. Tlienatunlvxbmuons of a flexure
occur over a relatively wide frequency bandwidth, wh:chmahesxtdnfﬁcultto
1sohneexpmdvibnmsumgband-passﬁm However the close
conelanonbetwemﬂem:emodesofmbnuonandshderldiskmctmake
ﬂexumvibnuonmodeshlghlydesulblcasabmsfordetammuonof

slider/disk contact. '

ms,mmmmmsmnmub'ﬁe"m'm«om |
melvetheFMdemodulatedmdbacksxgnals oneataume,andanalyzeslgnal _
amphmdesforeachxeudbacksxgml overthe?mqmcymgeconespondmgto ‘
thenmmlvibrauonsthatmayocwrmaﬂaumduetoshderldiskconmt The '_
namralfrequenciesofﬂexurewbnnonsmdmmmdempinuuyforthetype
ofﬂexureusadmthednskdnvem andusedtoseuheﬁequencymngefor o

demodulation and spectmm an:lysu

Throughout afre'qt:ency'specuux'n of from, e.g., lOKHz to 500k bz, there isa

* low level noise from the FM demodulator 440, Athresholdenvelopenssetatan

amplitude or amplmdes that are sufﬁcxently higher than the avexage level for the
no:seamphmdetoinsumthatmmemdwiﬁ'onsofshderldnskcomctm '
obtained. Whenevershderldukcontactoecurs,theamphmdeofthevmous
frequencies corresponding to theﬂexute v:bratlon peak sharply above the
threshold. Thepmsefrequenciesofvibmnonvmesfmmdnveheadtodnve'
head due to manufacm:-mg tolerances and other factors distinctive to a particular
head structure. Byusingaspecmxmanalysnsoverabandmdththatcoversthe
ﬁxllmngeofpossxblcﬂexmevxbuums xtlsnotnecessarymmowwhxch -
precise frequencies will conespond to ﬂexure v:bnnon for any pamuular

- slider/disk interface.

The spectrum amlyzerSOOmcompnseapmeessorperfommgafastFouner
musfonnauonoftheFMdemodulmdmdbackslgnals A fast Fourier

transformation can be performed at much higher speeds than a convennonai
spectmmanalyzerandﬂleresultsﬂomonemolunouofmdbackaretehable
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Fig..5 is a cross sectional view schematically illus- trat| ng a

conventional pul se conbustor. Fig. 1 is a cross sectional view
schematically illus- trating a pul se conmbustor which does not enbody the

invention. In this pul se conmbustor, an air chanber 11 has a greater inner
vol une t han t wosézsséranber 8 of the conventional system showRCEISFENG3465
and an ever-on fan 12 has a noderate capacity conpared with the high-
pressure fan 7 of the conventional system The pulse conbustor also '

i ncludes a baffle pbﬁéughlfér mﬁtﬂymmnmmu 34 additin, the discontinuityltan pul se
conmbustor of Fig. W{%‘Eea glndl’l cal conbustion chanber 1 having-a
predeterm ned first?® % r chamber 11 having a predeternined
second volume greater than the first volume, and a nozzle plate 4 disposed

bet ween the conbusti on chanber 1 and the
Each amplitude detected in the spectrum analysis is compared in the peak

5 detector 560 to the threshold value. As noted above, the threshold value at any
particular frequency is set relevant to the level of noise in the FM demodulated
- signals. The amplitude of noise from a conventional FM demodulator is
insignificant compared to the amplitude of noise from mechanical vibrations. A
conventional FM demodulator of the type typicaily used in FM radios provides a
10 detection sensitivity of approximately 0.08 um/s.

If any signal amplitude of any of the read back signals exceeds the threshold
value, this indicates flexure vibrations caused by slider/disk contact. The peak
detector 560 is operated to indicate which read back signal or signals had signai

15 amplitudes that exceeded the threshold value so that the particular heads 24a-h
failing to begin fly height operation by the desired take off velocity, are
identified.

The acoustic sensor, back EMF probe arrangement of the present invention can
20 be implemented at a level of capital expense that is sufﬁciently economical to
allow mulitiple test stations, each including sensor and probe devices, for a high
testing throughput commensurate with production rates of a modern mass
production disk drive manufacturing operation. A frequency demodulation test
system, as described above, would used to test a relatively few drives, i.e. only
25  those drives that have failed the acoustic emission test. Accordingly, a single
frequency demoduiation system can be used to service the failed drives from
multiple acoustic emission test systems pmviding an overall test arrangement that
accommodates mass production testing of each and every drive during
manufacture to identify individual heads that do not meet fly height specifications
30 for the drives.



air chanber 11 to function as a partition and separate the conbustion .
chanber 1 fromthe air chanmber 11. The nozzle plate 4 is provided with a

prorat Tty o 0as, noZZres 2 for—suppt .
primary air and gaseous fu a plurality of air nozzles 3 for supplyi'ng

secondaﬁ* The air chanber \rsrunl cation combusti on
chanber gh the pl urall w“‘g“‘“&\ The p#M%f gas
nozzles 2 are connected to a suppl ¥ cbndui t 6. The pul se conbust or

of Fig. 1 furé@er includes t he fan 12,. for exanple, a nultiblade fan, for
feeding the s ary air, and an air supply conduit 14 coupled wth and

connected to the fRAN 12AtmethotPfor\estifig forslides/disk conthct!in aldigk &ive chanber 11.
Since the air chapber 11 has_a sufficiently |large inner volune, the

required capaml%mm%‘mwyﬂﬂm&mﬁme
combusti on CWMWWHS@%MMQ:SW and a spindle
' momrformuﬂngthedisk eompnmgthempsof o
pmvndmgpowarmthespmdlemomrmmsemnmnofthedxskata
pmmmmwmmmmgwammmmmgmdfof
thedlskdunngnonnalmdlwmeopmﬁon '
thereaﬂerwithdmwmgpowerﬁomthespmdlemoﬁormchthatthedzsk
 spins down to zero rotational velocity; :
whﬂethedlskspmsdowntozemmtauonalveloc:ty,fommganacousuc ' ‘
oouplingbetweenanacousncemlssionsensorhavmganelecuicoutputandthe
spindle motor to provide first electric mgnals representative of acoustic emissions
from the spindle motor, including acoustic emxss:ons eaused by sliderldnsk
" while the disk spins down to zero mtatioﬂlivebcity, couphng an’electric
probe to the spindle motor to provide second electric signals representative of
back EMF gencrated by the spindle motor as the disk spins down to zero
~ velocity; ' |
- momtonngﬂleﬁrsteleancszgnalsforaﬁrstindleationofshderldlsk
contact; and ' .
nuhnngtheseoondslgmlsattheumeofﬂleﬁrstmdxauonofshder/dlsk
contact from the first electric signals, to calculate the rotational velocity of the
disxa:meﬁmeofummwaﬁopofswldisk'com; o

2. The method of claim 1, eompnsmgtheﬁmherstepofcompanngthe
calcuhtedmtauonalvelocnymathresholdvaluewlevmmadesuedmke-offor
landing velocity for the head of the disk drive, and mdlcatmg when the calculated
rotational velocity exceeds the threshold value.

3. A method for testing for slider/disk contact in a disk drive
oomplisingamﬁngdiskandahudmmmdbyanmamrforselecﬁve
positioning of the head over the disk, the head having a slider, and a spindle
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a"tajl -pipe 10 for exhausting hot conbuétion bypr -
expansi on chanber 13 di sgosed in the middle of th % HAG BEEMe [pul se
conbustor may ACED

Rlicqmmmeny 1 1111117111118 R R l)
The baffle plate 15 is arranged 4 n* hé cbnbusti on chanber 1 to be | ocated

opposite to the nozzle plate 4 via a predeterm ned narrow space S. The
baffle plate momrformtanngthednsk comprising the steps of:

_ providing power to the spindle motor to cause rotation of the disk at a
preselected rotational velocity corresponding to a rotational velocity designed for
the disk during normal read/write operation;

thereafter withdrawing power from the spindle motor such that the disk

| spins down to zero rotational velocity; .

while the disk spins down to zero rotational velocxty forming an acoustic
coupling between an acoustic emission sensor having an electric output and the |
spindle motor to provide first electric signals repmsentati?e of acoustic emissions
from the spindle motor, including acoustic emissions caused by slider/disk
contact;

while the disk spins down to zero rotational velocity, monitoring the
rotational velocity of the disk;
_ ‘monitoring the first electric slgnals for a first indication of slider/disk
contact; and

indicating the mutional velocity of the disk at the time of the first
indication of slider/disk contact.

4. The method of claim 3, comprising the further step of comparing the
indicated rotational velocity to a threshold value relevant to a desired take-off or
landing velocity for the head of the disk drive, and further indicating when the
indicated rotational velocity exceeds the threshold value.

5. A method for testing for slider/disk contact in a disk drive
comprising a plurality of rotating disks and at least two heads, each mounted by
‘via a flexure to an actuator for sclective positioning of the head over a respective
one of the disks, each head having a slider, and a spindle motor for rotating the

.disk, comprising the steps of:

providing power to the spindie motor to cause rotation of the disks at a
preselected rotational velocity corresponding to a rotational velocity designed for
the disks during normal readlwnhe operation;

thereafter withdrawing power from the spindle motor such that the disks

spin down to zero rotational velocity; . .
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15 effectively absorbs: ‘the heat .of the hot canbu bypr oducts back .

flowngfromthe. on_chanbe e air ch

_ _ ( Wr 11. AJet of "a
H ~ o Y, e rRRESERPe O - S
the rich air/fuelyim thﬁﬁuﬁiﬂ’ﬁ‘i ng tih h“ga \QA : ply conduit 6 is
supplied to the cibah Hof—chamser—=> the gas nozzles 2 on the
nozzl e SYQPEI6,s clearly seen in Fig. 1. Ajet of secorﬁ%’ﬂﬁ"ﬁ ed to the

air chamber 11 by neans of the fan 12 is, on the other hand, supplied to

t he conbusti on cha yi.a each of the air, nozzles 3. The rich air/fuel
m xture and the se‘gg‘?rng ‘g’%ﬁm ' ¢ mi ned

space S bet wegsipliiebivbbd &W%ﬁ:ﬁ%ﬂs&hﬁrm BledirR dumitERgted i n the

conbusti on In this arrangenment, the nozzI e plate 4 has three gas

nozzl es 2 (d.m@mdgmmmmmmve sof acountia emrissions 4
milimeter). %Mhﬁhﬁlﬁiﬁoﬂ,iﬁaﬁmmsﬁc-mmmmbym/m
cotact . .
wlﬁlethednsksspmdowntommuomlvelocuy monmonngthe
rotational velocity of the disks;
momtonngthefirstelecm”xgmlsforaﬁrstmdlauonofshderldrsk
contact; and
' mdxuungtherotamalvelocltyoftheduksattheumeoftheﬁmt
indication of slider/disk contact; : ‘
comparmgthemdmﬁedmuuonalvelocitytoaﬂuesholdvaluemlevantto
adesuedtake—offor]andmgvelomtyforﬂwhadsofthediskdnve,
whenthemdmtedmtanonalvelocnyexceedstheﬂnmholdvaheusmga
fustoneoftheheadsofthedxskdnvetownteasxgmlhavmgasubmnually
umformpatmemonther&lpecuvediskasmediskrotatesatafustpmselected
rotational velocity;
thereafier rotating the disk at a second preselected rotational velocity;
while rotating af the second preselected rotational velocity, using the first
oneoftheheudstoreadbackthemgnalwnﬂenatﬂleﬁrstpreselectedrotauonal
veloclty, _
performmganFMdemodulatwnofthemdbacksxgnalthmugha
frequencynugecorrespondmgtoamngeofnammlfrequenclesofwbmuonof
theﬂexurecausedbysliderldiskeonnct
wherein one of the first and secorid rotational velocities is set to be
appmmatelyequaltoadesuedorlandmgtakeoffvelocntyofthehead such
thattheFMdemoduhuonoftheteadbackslgmlmdmmswhethershderldnsk
oontactforthcﬁrstoneofthehudsexmsatthenheoﬁvelomy.

6. Themethodofclnmioompﬁsingthefunhernepsof
provxdmgaq:ectmmamlyzermd L
nsmgthespemm analyzer to perform a spectrum analysis of the FM

demodulation to determine amplitudes of frequency components 'M |
eet Has Been Replaced
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baffle plate 15 is 4 nd the term' ned narrow space S
between the baffle pla 'wmw m,t prate-4 is equal to 3
m.llimeter. The su r| e |y T REsee and sec-

ondary air (hereinafter referredto as t he=a
with a spark ofoeisgsition plug 9 in the com Dusteol chaerrcrll!sumfml se
conbusti on. The hi gh expl osi on and conbusti on press =1 n the
conmbusti on chanber 1 exhausts_.a |arge portion of hot combustion byproducts
t hrough the tail pumomWMﬁmuwbymrMnm conmbustion
byproducts flows back to the air chanber 11. Al though the baffle plate 15
prevents the |arge reverse pressure from being appl led into the air chanber

11 directly, the small. pprti orheQhethtd® of Eliii! &icofip grgwﬂmrm ar ound
the baffle plate 15 to go back to the air chanber In this pathway
ar ound prowdmgapakdewctoramnzedtomewetheamphmdes and’

operanng the peak detector to compare the amplitudes to a threshold value
and to indicate rejection of the disk drive when any amplitude exceeds the
threshold value.

8. The method of claim 5 comprising the further steps of:

when the indicated rotational velocity exceeds the threshold value using a
second one of the heads of the disk drive to write a signal having a substantially
uniform pattern on the respective disk as the disk rotates at a first preselected
rotational velocity; '

thereafter rotating the disk at a second preselected rotational velocity;

while rotating at the second preselected rotational velocity, using the
second oneoftheheadstomdbacktheslgnal written at the first preselected
mtxonal velocity; and

performing an FM demodulation of the read back signal through a
frequency range corresponding to a range of natural frequencies of vibration of
the flexure caused by slider/disk contact; ,

wherein one of the first and second rotational velocities is set to be
approximately equal to a desired or landing take off velocity of the head, such
that the FM demodulation of the read back signal indicates whether slider/disk
contact for the second one of the heads exists at the take off velocity.

9. A method for testing for slider/disk contact in a disk drive
comprising a plurality of rotating disks and at least two heads, each mounted by
an actuator for selective positioning of the head over a respective one of the
disks, each head having a slider, and a spindle motor for rotating the disk,
comprising the steps of: |

providing power to the spindle motor to cause rotation of the disks at a
preselected rotational velocity corresponding to a rotational velocity designed for
the disks during normal read/write operation; = =0 ———

s Sheet Has Been Reﬁaced

* T



-9- the baffle plate 15, the hot combustion byproducts are effectively,.
cool ed down, and this terrperature drop fur- ther causes contraction in

gas. I nce e second

vol une of the air chanber ter than the first volune of the .
conbust er 1 as desﬁwﬂ{am‘{m Uwﬁw the re- VeEpRssiasgure from
t he co chanber 1is reduced, and t he conbustion
bypr oducts back .
thaufterwithdxawingpow&ﬁomﬂwspindlemmorsﬁchmmedisks
spin down to zero rotational velocity;
wlnlethedisksspindownmmroummlvelomty fonnmganaconstic
coupling between an acoustic emission sensor having an electric output and the
spindle motor to provide first electric sigrials representative of acoustic emissions
from the spindle motor, including acoustic emissions caused by slider/disk
whﬂethedlsksspmdowntommnomlvelocny momm:-mgthe
rotational velocity of the disk; o '
mommnngﬂleﬁutelecmaslgmlsforaﬁrstmdmnonofshderldnsk
mdmaungthemtauomlvelocntyoftbeduksatmetimeofmeﬁrst
indication of slider/disk contact; ' ' - S
comparmgthemdwatedmuﬁbnalvelochytoathruholdvﬂuemlevamm
a desired take-off or landing velocity for the heads of the disk drive;
when the indicated rotational velocity exceeds the threshold value:-
mmnngthedlsksofthedlskdnveataﬁrswreselmdmmnal
velocity; '
' usmgoneofthehudsofthednskdnvetowmeaﬂgnalhawnga
substantially uniform pattern-on the respective disk as it rotates at the first
preselected rotational velocity; :
thereafter rotating the'diskatasecondpres'elected rotational velocity;

* while rotating at the second preseiected rotational velocity, using the one
of the heads to read back the signal written at the first preselected rotational
velocity; - |
- performing an FM demodulation of the read back signal through a

frequency range correspondinig to'a range of natural frequencies of vibration
caused by slider/disk contact; and - o
petformmgaspecuumamlymoftheFMdemoduhﬁontodetermme
amplitudes of frequency components of the demodulated read back signal caused
by slider/disk contact to determine the take-off velacity of the one of the heads.

10. A method for testing for slider/disk contact in a disk drive
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f]own tothe air chamber .1 is sufficiently mxed with the secondary air.
The secondary air continuously aiT chanber. 11 by neans of the

ever-on fan 12 is mixed with the tion byproducts and fed
to the conmbustion chanber 1 via‘t m ir nozzles 3. Under such
ci rcunst ances, wolse22se§er se pressu sti on chanbACTASHE00346

sufficiently Iow, and the fan 12 used her e for suppl ying the secondary air
to the air chanber 11 does not. require high pressure or |arge capacity,
accordingly. The famoﬁﬂnﬁngnﬂgmﬁngldmkmdmmpdh@mfmlfbymw

noi se and vi bration. Eyrt,her t he, bac the ust
byproducts fromt he PO¥fipRig BH‘CM %;@%‘XE’% ht #e@mglﬁre
in the combustion chsiéefor the

Fotating! m‘u%ﬂgns,hg Ofi on noi se. The
turn-down ratio-can be raised preferably )y .controlling the air supply
vol ume fed by providing power to the spindle motor to cause rotation of the disk at

preselected rotational velocity correspondmg to a rotational velocity designed for
the disk during normal read/write operation;
thmﬁerwnhdmwmgpowerﬁomthespmdlemotorsuchthatthed:sk
“spins down to zero rotational velocity;
while the disk spins down to zero rotational velocity, using a fluid layer
to form an acoustic coupling between an acoustic emission seasor having an
electric output and the spindle motor to provide first electric signals
representative of acoustic emissions from the spindle motor, including acoustic
emissions caused by slider/disk contact; '
while the disk spins down to zero rotational velocity, monitoring the
rotational velocity of the disk;
monitoring the first electric signals for a first indication of slider/disk
contact; and
indicating the rotatlonal velocity of the disk at the time of the first
~ indication of slider/disk contact.

11.  The method of claim 10 wherein the fluid comprises alcohol.

12. A method for testing for slider/disk contact in a disk drive
comprising at least one mtatmg disk and at least two heads, each mounted by an
actuator for selective positioning of the head over a respective one of the at least
one rotating disk, each head having a slider, and a spindle motor for rotating the
at Jeast one rotating disk, comprising the steps of:

providing power to the spindle motor to cause rotation of the one at least
one disk at a preselected rotational velocity corresponding to a rotational velocity
designed for the at least one rotating disk during normal read/write operation; |

thereafter withdrawing power from the spindle motor such that the at least
one mtatmg disk spins down to zero rotational velocity;

while the at least one rotating disk spins down to zero rotational vclocnty,

-26~



the fan 12 and the volunme of the rich air/fuel mxture. In the pulse |
conbustor thus constructed, the com bustion eff|C|ency IS Iargely affect ed

TWUPPI y—systenmm{ttie=—rotune——of

‘the air chanber 11 plus th t he air supply conduit 14: hereinafter
Chanber 0 S Eiffzf’p'ré. fﬂllll?hlﬂfconﬁﬂ‘;’t on” PSTRORHR" ' 00
shows variation in the concentratlon of® cadrbon nonoxi de (ex- pressed as the
e conbusy] ol AR &b el bt i widmtlu S Rerles T 12t
t han t he conbﬂeanomqmtmtl%kpuﬂmmma i firit dléctfiSsighalsi oni ficantly
high; that is, the cp tion, effICIe%IS undeswably low. On the
contrary, in- %@F mptorginehuding acapstict he
conbusti on v%um &Mﬁemﬂgﬁ%&atlon first abruptly decreases :
whdeﬂ:eatleastonemnngdxskspmsdowntozmmuuonalvelocny
monitoring the rotational velocity of the at least one rotating disk;
| monimﬂngtheﬂrstelectncslgnalsforaﬁrstindimonofshderldlsk
contact; and
mdwatmgthemnnonalvelocityoftheatleastonemtaungdxskatthe
~ time of the first indication of slider/disk contact;
o mpamgmemmumdmnomlvelocnytoammmmvﬂuerexevamm ¢«
admmdtalue—offorhndmgvelocntyfortheheadsofthediskdnve, '
when the indicated rotational velocity exceeds the threshold value:
munngtheulustonedukofthediskdnveaaﬁrstpreselemd
rotational velocity;
usmgoneofthelmdsofthedxskdnvetowmeaslgnalhavmga
"substanuaﬂyumformpmemonﬁ\empectwedmkasnmtesatﬂ:efmt
preselected rotational velocity; '
ﬂmeaﬁermnngthedlskata'secohd'pmelecwdmﬁﬁow"velocity;
while rotating at the second preselected rotational velocity, using the one
-ofthehudsmmdbackthes:gnalwnmnatﬂwﬁmpmselectedmnonal
velocity;

- performing an FM demodulation of the read back signal through a
ﬁequmcynngeconupondmgtoamngeofmmmfmquenclesofwbmuon
cansedbyslideﬂdiskcontact and

perfonmngaspecunmmalyslsoftheFMdemodnhuontodetemme
amplitudes of frequency components of the demodulawd read back signal caused
by slider/disk contact to determine the take-off velocity of the one of the heads.
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RIéPLACEI.VEJ_\I‘I’ SHEET - 10 - and then gradually
I NCreases W: i in the ratj

conmbustion volume V1. In this range, the CO concentration is sufficiently

| ow; that is, the conbustion efficiency is preferably high. The

smal | er sumolos2es®sune V2 than the conbustion volume V1 cauB€HUS346 ci ent
m xi ng of the back-flown conbustion byproducts with the secondary air, thus

1/6

| ow-

24a.h

~ 28a..h

Fig. 1




ering the.conbustion efficiency. Furthernore, the small supply vol une V2

does not sufficjiently reduce the re-_verse pressure and reaquiltes..a
relatively |arge capacity of the fan 12. When the supply volunme V2 is

greater than the com bustion volune V1, the smaller pressure |oss and

| eaner ai rvbs@d2s9@ti 0 i ncrease the CO concentration only iPCIUS»68MEOaD! €
range. In the enbodi nent, the supply volume V2 is determned to be
sufficiently larger than the com bustion volune V1 so as to |ower the CO
concentration to the mninum thus significantly inproving the com bustion
efficiency. A pul se conbustor according to the invention is now

descri bed with the acconpanying draw ngs/@ Figs. 3 and 4. A pulse
conmbustor of this enbodi ment includes a plurality of baffle plates for

i nprovenent in heat ab- sorption effects. Mdire concretely, the pul se
conmbust or
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aé shown jn Fig. 3 includes a first baffle plate 16 and a second baffle
plate 17 both_extending to a predeter- mned lepath covering.all. of _fhe

pkurality of air nozzles 3 and gas nozzles 2 on the nozzle plate 4. The
first baffle plate 16 has a first surface and a second surface, where the
first surfypgessasesli sposed opposite to the nozzle plate 4 \RCINUS6/00346
predeterm ned first distance and the second sur- face faces the second
baffle plate 17 via a predeter- mned second distance. The first baffle
plate 16 and the second baffle plate 17 have identical dinensions in this
enbodi nent. The pul se conbustor is further provided with a baffle ring 18
di sposed radially atong a cylindrical3s/@ wall of the conbustion chamber 1
and between the first baffle plate 16 and the second baffle plate 17. In
the preferred structure, the first baffle plate 16, the baffle ring 18, and
the second baffle plate 17 are spaced at substantlally equal intervals as
clearly seen in Fig. 4.
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The heat .of hot combustion byproducts back flown to
REPLACEMENT SHEET fhe air chagber 11 is efficiently absarbed through 2

zikg- zag pathway through the second baffle plate 17, the baf- fle ring 18,
and the first baffle plate 16. As descri bed above, in the pulse
conbust or wbot/Aames nventi on, the supply volune is set greatRCTUSIMOMEEC com
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bustuonwvglune to allow the conbustion byproducts to be partly back fl own

to_the ail supply sysiem The back-_flown conbustion byproducts are

sufficiently m xed with the secondary air continuously fed by neans of the
ever- on fan and fed back to the conmbustion chanber. Such a system attains

favorabl e wodmpssson without a large capacity fan, and acceceussimesiscduces
undesi rabl e noi se and vibration to the mininmm
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Clalns_xl‘ A pul se conbustor in which a conbustion chanber (1) is
separately suppllgd.with a rich mxtie of pris B 25=T AVARE-T I SEE-Y-Ta B2 -T-Y=Ya RIS

fuel and secondary air for pul- . sative |gn|tion and conti nuous
conbustion of an ap- propriate air/fuel mxture, sai d ulse
conmbust or WOAEASEE ng t he said com busti on chanberl'm

defined by a cy- lindrical side wall, a first surface to mhlch di s-
charge nmeans (10, 13) is connected for %% hausti ng hot conbustion
byproducts from said conbustl ﬁ%nber and a nozzle plate (4)
having a plurality of gas nozzles (2) for supply- ing said rich

m xture of prinmary air and gaseous . fuel to said conbustion chanber

‘(1) and a pl u-
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] : .
rghity ‘of air nozzles (3) for supplying said sec- ondary air to
saj.d conmbusti on chanber, sai d pul se conbustor further conprising
flame baffl e means (15; 16-19; 20) di sposed opposite to
said nozzle plate (4) via a predeternined space, to absorb heat and
reverse pressur r [ d el

wbton P lee s | i addition, rhgrﬁqﬂgeat?ﬁ @%J&B&:&%’QQ& i Qé(a%ﬁé} cént of the

supply neans (%eriﬁtfna’é@@éwyl ﬂﬂ Hé@d ﬂarrm-m contact witlofhéatisk ﬁt’rﬂ'acé @.eSthedotal
conbusti on chanber (1) hrough said plurality of air nozzles (3),

said air slidinggistpneeeafithe lee_ai)onut disle syréaseiduring eithar @ qeptact start or stop
(o5 P i B ey R AR SR
ai.r to said ai I the Wesd/diskaétface1l1)

During manufacture of disk drives, it is desirable to be able to test each individual disk-
drive to determine the take-off and/or landing velocity for each head in the drive as a
10 quality control procedure to insure that each head in the disk drive is operating to lift
off from or land on the disk surface with a minimal sliding distance, and, in a contact
start operation, is operating to reach the design fly height at the operational rotational
velocity of the disk. However, there is not presently available a reliable and efficient -
system or method to determine take-off velocity values on a drive-by-drive basis,

15 particularly for disk drives having multiple disks and heads.

Previous proposals, in EP-A-Q 256,356 and U.S.P. 5,168,413 involve recording a
signal having a known frequency on a preselected track of the disk while the disk is
rotating at a preselected rotational velocity and then reading back the signal at one or
20 more different rotational velocities of the disk, including a rotational velocity
corresponding to an expected take-off velocity. Contact between the slider and disk
surface affects the signal read back from the disk. Knowledge of how the read back
signal is affected can be applied to analyze the signal for evidence of slider/disk contact.
The analyzer can include frequency of amplitude demodulation of the read back signal
25 for indications of slider/disk contact, and, e.g., measurement of the rotational velocity
at which the read back signal first indicates slider/disk contact. Such a velocity
measurement will generally correspond to the take-off velocity of the particular slider.

The methods and apparatuses described in the previous proposals suffer from
30 shortcomings such as limited bandwidth for effective demodulation of the read
back signal time consuming procedures for detecting the read back signal and

. poorsignalto-nojse ratios diminishing the accuracy and sensitivity of the
REPLACEMENT SHEET
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sai d pul se. conbustor being characterised i n thait sai d conbustion

g s e e DAY

sai'd pply nean
nmeans conpri sesmPFQrstp g?) tfé’m'émgt eStePS‘i!ﬁat es!(16, 17)% Hdoth

di d
extending to a pre eb?d’wdx%%%\y%'to% '8‘%@%‘3?2 %E?J‘on rals?aggzzl e

plurality of air
plate (4), the pheseléctédidiationpl vlcezity tosrespaniing tb larrﬁttatlonal velocity designed for the

. disk during normal read/write operation;
5 thereafter withdrawing power from the spindle motor such that the disk spins
down to zero rotational velocity;
while the disk spins down to zero rotational velocity, forming an acoustic

coupling between an acoustic emission sensor having an electric output and the spindle
motor to provide first electric signals representative of acoustic emissions from the

10 spindle motor, including acoustic emissions caused by slider/disk contact;

| while the disk spins down to zero rotational-velocity, monitoring the rotational

velocity of the disk; _
monitoring the first electric signals for a first indication of slider/disk contact;

and
15 indicating the rotational velocity of the disk at the time of the first indication of

slider/disk contact.

4. The method of ¢laim 3, comprising the further step of comparing the
indicated rotational velocity to a threshold value relevant to a desired take-off or
20 landing velocity for the head of the disk drive, and further indicating when the indicated

rotational velocity exceeds the threshold value.

5. A method for testing for slider/disk contact in a disk drive comprising a
plurality of rotating disks and at least two heads, each mounted by via a flexure to an
25 actuator for selective positioning of the head over a respective one of the disks, each
head having a slider, and a spindle motor for rotating the disk, comprising the steps of:
providing power to the spindle motor to cause rotation of the disks af a
preselected rotational velocity corresponding to a rotational velocity designed for the
disks during normal read/write operation;
30  thereafter withdrawing power from the'spindle motor such that the disks spin
REPLACEMENT Shegr

down to zero rotational velocity;,

28 AUG 1997
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-~13 - . and second surfaces of which the said first sur-

fa®e is di sposed opposite to said nozzle plate (4) via said
pr’edeterm’ ned space and, the sec- ond surface faces sai d second
baffl e plate (17yhilethe disks spimdewntazrse sotational velpeify, fermung arjaconstic ¢qupling

o ong sar d eyl | i P a BbbtenfsolR Sehibr W fa an dlectrivhlh it BRIRGRI £ s,
| ocated between grheidé st eledttid siahld réiﬂ@ééﬂﬁti?ﬁlgf d®ustic emissiolyl fPér thel spthdle’)

said plates (16,17) 'and said ring _ providing a zigzag gas flow
path between  motor, in¢leding atnustic emissiorsrdaused(by)sliderddisheomaat; supply

means . 2. A pulse,comustor in accordance w ' . .
( ]51) PUl Sfile thJ&s s spin down to zero Porationsl %/goglty? Imnc;m:lt’ormg the rotational
velocity of the disks;
monitoring the first electric signals for a first indication of slider/disk contact;

and
indicating the rotational velocity of the disks at the time of the first indication of

10 slider/disk contact;
comparing the indicated rotational velocity to a threshold value relevant to a
desired take-off or landing velocity for the heads of the disk drive;
when the indicated rotational velocity exceeds the threshold value using a first
one of the heads of the disk drive to write a signal having a substantially uniform
15 ‘pattern on the respective disk as the disk rotates at a first preselected rotational
velocity;
thereafter rotating the disk ﬁt a second preselected rotational velocity;
while rotating at the second preselected rotational velocity, using the first one
of the heads to read béck the sxgnal written at the first preselected rotational velocity;
20 and
performing an FM demodulation of the read back signal through a frequency
range corresponding to a range of natural frequencies of vibration of the flexure caused
by slider/disk contact;
wherein one of the first and second rotational velocities is set to be
25 approximately equal to a desired landing or take off velocity of the head, such that the
FM demodulation of the read back signal indicates whether slider/disk contact for the

first one of the heads exists at the take off velocity.

6. The method of claim 5 comprising the further steps of:
30 providing a spectrum analyzer; and
using the spectrum analyzer to perform a spectrum analysis of the FM

demodulation to determine amplitudes of frequency components of the

BT T .
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A

wherein said first baffle plate (16), said baffle ring (18), and said

se'bgiond_ baffl e plate (17) are spaced at substantially equal intervals.

10

15 -

20

25

30

 disks during normal read/write operation; REPLACEMENT SHEET

demodulted eadvack sigel cause by sgeriskcomace | | [N INRRRTHANL A
* [ L M S *

7. The method of claim 6 comprising the further steps of:
provxdmg a peak detector arranged to receive the amplitudes; and
operating the peak detector to compare the amplitudes to a threshold value and

to indicate rejection of the disk drive when any amplitude exceeds the threshold value.

8. The method of claim 5 comprising the further steps of:

when the indicated rotational velocity exceeds the threshold value using a
second one of the heads of the disk drive to write a signal having a substantially
uniform pattern on the respective disk as the disk rotates at a first presélected rotational
velocity;

thereafter rotating the disk at a second preselected rotational velocity;

while rotating at the second preselected rotational velocity, using the second
one of the heads to read back the signal written at the first preselected rotational
velocity; and .

performing an FM demodulation of the read back signal through a frequency
range corresponding to a range of natural frequencies of vibration of the flexure caused
by slider/disk contact; |

wherein one of the first and second rotational velocities is set to be
approxiﬁately equal to a desired landing or take off velocity of the head, such that the
FM demodulation of the read back signal indicates whether slider/disk contact for the

second one of the heads exists at the take off velocity.

9. A method for testing for slider/disk contact in a disk drive comprising a-
plurality of rotating disks.and at least two heads, each mounted by an actuator for
selective positioning of the head over a respective one of the disks, each head having a
slider, and a spindle motor for rotating the disk, cémprising the steps of*

providing power to the spindle motor to cause rotation of the disks at a*

preselected rotational velocity corresponding to a rotational velocity designed for the
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