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BEARING TEST METHOD. BEARING TEST DEVICE. BEARING 

MONITORING DEVICE AND STORAGE DEVICE 

BACKGROUND OF THE INVENTION 

5 I. Field of the Invention 

The present invention relates to a bearing test method and a bearing 

test device for bearings in which a non·contact state is maintained between a 

shaft elem.ent and a bearing element in a nor.mal rotation state. In addition. 

the present invention relates to a motor bearing monitoring device that can 

10 detect an abnormality in a motor or that a motor's life is near its en~ where 

the motor utilizes the bearing described above. Furthermore. the present 

invention relates to a storage device such as a haxd disk drive equipped with 

the motor monitoring device. 

lS 2. Description of Related Art 

Bearings in which a shaft element and a bearing element retain a non­

contact state between them in a normal rotation state have been in use for 

some time. One such bearing, for example, is a dynamic pressure bearing. 

A dynamic pressure bearing has a structure in which grooves for 

20 dynamic pressure generation through oil, air or other fluids are funned 

between the shaft element and the bearing element; when the shaft element 

and the hearing element rotate relatively, the dynamic pressure increases as 

the rotation speed increases, and when the rotation speed exceeds a 

predetermined number of revolutions <number of float revolutions) a fluid 

2S film causes the shaft element to float up from the bearing element and shift 

to a non·contact rotation state. Conversely, when the rotation. speed falls 

below the predetermined number of revolutions (number of contact 

revolutions), the state switches back to t~ contact rotation state. Such a 
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dynamic pressllre bearing .is used as a bearing for a high-speed rotation 

motor. such as a hard disk drive motor. 

A higher number of float revolutions or of contact revolutions 

translates into a longer contact rotation state when the motor starts or stops. 

s The longer contact rotation state device increased amount of wear on the 

bearing section during intermittent motor dri"9'e, which shortens the life of 

the bearing. Additionally, due to the fact that lubricating oil's viscosity 

reduces inversely to the rise in the oil's temperature, the number of float 

revolutions or contact revolutions increases the higher the temperature; 

10 consequently, there is a risk that the amount of wear on the bearing section 

would worsen significantly. Thus, the number of float revolutions or of 

contact revolutions must be maintained at a sufficiently low level against the 

number of rated revolutions. As a result, the number of float revolutions or 

contact revolutions of a dynamic pressure bearing is considered to be one of 

lS the critical testing items of its properties. 

In the past, the measurement of the nu.mber of contact revolutions of 

dynamic pressure bearings was gene.rally done using the .AE (Acoustic 

Emission) method. The AE method is a method in which the acoustic energy 

generated by metals coming into contact with each other is detected by a 

20 vibration sensor and converted into voltage. 

Fig. 23 shows an example of an AE waveform based on the AE method 

obtained from a motor equipped with an oil dynamic pressure bearing, along 

with changes in the number of motor revolutions. The strength of vibration 

detected by an AE SeJ:!.sOr from a motor bearing section is converted into 

25 voltage. and the re·sult is observed as an AE waveform on an oscilloscope 

screen. The num.b~r of motor revolutions is a measured Yalue of the number 

of revolutions provided by a tachometer (voltage value when using a 

tachometer). 

2 



A method that uses the AE method to detect the number of float or 

contact revolutions of the dynamic ptessure bearing or abnormalities in 

general bearings entails the following problems. 

First, in a dynamic pressure bearing such as an oil dynamic pressure 

s bearing. the two metal members (the shaft element and the be~ing element) 

are lubricated with lubricating oil between them, which causes the contact 

sound wade when the two metal members come in contact to be extremely 

small, and it is difficult to completely eliminate noise from detection signals. 

Consequently, the number of contact revolutions cannot be detected with 

10 high precision. 

Additionally with the AE method, a sensor for detecting contact sound 

must be in direct contact with the bearing section or a motor composition part 

in which the bearing is assembled; when the sensor contact is imperfect, the 

detection precision for the contact sound is de~ased, and pass/fail 

ts judgments on be~ings cannot be adequately made. 

Furthermore, due to large deviations in detection sensitivity, making 

pass/fail judgments on bearings based upon detection signal waveform is 

difficult. For instance1 when the bearing switches from a non·contact 

rotation state to a contact rotation state. metal contact sound is detected and 

20 the detection signal level rises, but because there are large deviations in the 

detection signal level it is dillicult to establish a threshold voltage that would 

be the criterion to determine that the bearing has switched to a contact 

rotation. .As a result, auto:ina.ti.c testing cannot be done and there is no choiee 

but to rely on human sensibility. This leads to ambiguous pass/fail 

25 judgments. 

A memory device, such as a hard disk drive, is made up of a disk 

driving motor, on which a plurality of hard disks is momited. and a magnetic 

head to record on or retrieve from the hard disks; the disk driving :motor's 

3 



C::L __ .. ia"d.i_..-·:...:··~=·· ... ~ 

:rotor is supported in a freely rotatable manner against a stator by a ball 

bearing or a dynamic pressure bearing. 

In such a hard disk drive, if there is an abnormality with the disk 

driving motor or the disk driving motor reaches the end of its life, operation 

s errors occur in retrieving and recording. In extreme cases, uneven rotation or 

a motor lock state occurs and recording and retrieving information become 

impossible. 

Operation errox"s with disk driving motors are frequently caused by 

abnormalities with the bearing or due to the fact that the bearing is reaching 

10 the end of its life. For examplel with a ball bearing, worn balls, depletion of 

lubricant, or contamination by furei.gn matters such as metal pieces can cause 

rotation abnormalities in the motor. Also, the following can cause rotation 

abnormalities in a motor when an oil dynamic pressure bearing is used in the 

motor: contamination by foreign matter such as metal pieces in the gap 

is between a shaft element and a bearing element that is rotatable in a non· 

contact manner via a lubrication fiho.; depletion of oil in the gap between the 

shaft element and the bearing element; or wear on the bearing element. 

Similarly, when an air dynamic pressure bearing is used, contamination by 

foreign matter in the gap between the shaft element and the bearing element 

20 or wea:r on the bearing element can cause rotation abnormalities in the 

motor. 

However, conventional memo:ey devices such as ha:rd disk drives are 

not eqlli.pped with any means to predict in advance occurrences of operation 

errors caused by these abnOJ:".maliti.es in the motor bearing. Consequently, 

25 the operatol' first becomes aware of operation errors only when fatal problems 

such as uneven motor rotation or motor lock occur. But in these situations, 

there is a high possibility that a critical problem of not being able to read 

recorded data has already occurred. 
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In the meantime, a method to monitor the rise in motor drive current 

is known as a method for detecting abnormalities in the motor. However, an 

abnormal rise in motor current occurs after a burn caused by metal friction 

contact of motor elements of the motor bearing, so that by the time a rise in 

s the motor current is detected it is often already too close to a state in which 

recorded data are unretrievable. Consequentlyt it is impossible with this 

method to detect abnormalities in a motor bearing while :recorded data are 

still transferable. 

As a result, in conventional memory devices, an adverse effect of losing 

10 recorded data when the recorded data become un:retrievable due to motor 

operation error caused by a motor bearing abnormality is considered 

unavoidable to some exteJJ.t. 

In view of the problexns found in conventional bearing test methods, 

the present invention suggests a bearing test method and a bearing test 

IS device that can detect the :rotation state of a bearing without using the .AE 

method. In particular, the present lll.vention suggests a bearing t.est method 

and a bearing test device suitable for testing dynamic pressure bearings 

assembled in hard disk drive motors. 

Additionally, the present invention suggests a motor bearing 

20 monitoring device that can detect abnormalities in bearings of motors 

mounted on memory devices before an operational shutdown. 

Furthennore, the present invention suggests a memory device that is 

equipped with the motor bearing monitoring device and that can warn 

beforehand that recorded data would become unretrievable or that can 

25 backup the recorded data before the recorded data become u.nretrievable. 

SUMMARY OF THE INVENTION: 

In order to solve the problems described above, the present invention 

provides a bearing test method to test, in a bearing that can retain a shaft 
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element and a bearing element coaxially positioned in a non-contact state 

when the number of revolutions exceeds a predetermined number of relative 

revolutions, whether the shaft element and the bearing element are in a 

contact rotation state; by having the shaft element and the bearing element 

s relatively rotate and by detecting impedance between the shaft element and 

the bearing element in the relative rotation state, the present invention can 

determine based on changes in impedance whether the shaft element and the 

bearing element are in a contact rotation state. 

In other words, when the shaft element and the bearing element are in 

IO a non·contact rotation state, a constant gap, as well as a fluid filmt is formed 

between them. The consta~t gap and the fluid can be considered a constant 

resistance and capacitance. respectively. Conversely, when the shaft element 

and the bearing element axe in a contact rotation state, they are in direct 

contact with each other and the:r:e is therefore no substantive resistance or 

ts capacitance between them. By taking advantage of these facts and by 

detecting these electrical changes, the rotation states of the shaft element 

and the bearing element beconte detectable. 

As a consequence, rotation states can be detected without using the AE 

method. Also. because changes in impedance, i.e., changes in resistance and 

· 20 capacitance, are detected. switching noises of drive current of a motor 

assembled in a bearing are not an obstacle as they are in the AE method. 

Furthermore, du.e to the fact that sufficient detection sign.al le'11'el can be 

secured and deviations in detection precision are controllable. it would be 

possible to detect rotation states with high precision. 

25 Resistance changes or capacitance changes, or both, in the bearing 

section may be detected in order to datect impedance changes. 

Impedance changes are detected while the number of relative 

revolutions of the shaft element and the bearing element is varied, and based 

on a detected impedance change. the number of relative revolutions when the 
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shaft element and the bearing element switch from a contact :rotation state to 

a non-contact rotation state, or from a non-contact rotation state to a contact 

rotation state, is detected. 

Next, using the method according to the present invention, it is 

s possible to determine based on impedance changes whether the shaft element 

and the bearing element are in an abnormal contact rotation state. 

In this case, when the number of relative revolutions is constant and 

when impedance changes occur in an irregular manner, the abnorriiiii contact 

rotation state can be determined to have been caused by a foreign matter that 

to has contaminated the gap between the shaft element and the bearing 

element and that moves in a random fashion. 

When the number of relative revolutions is constant and an impedance 

change occurs cyclically, the abnormal contact rotation state can be 

determined to have been caused either by the shaft element or the bearing 

JS elament itself or by a foreign matter rota.ting synchronously. 

In the meantime, a bearing test device in accordance with one 

embodiment of the present invention may comprise an impedance detection 

circuit that detects impedance that changes with the contact or non·contact 

state between the shaft element and the bearing element in a relative 

20 rotation state. The impedance detection circuit may be equipped with a 

voltage application device that applies voltage to one of the shaft element or 

the bearing elexn.ent, and an output voltage detection device that detects 

output voltage from the other; and it can dete.rinine· based on changes in the 

output voltage whether the shaft element and the bearing element are in a 

2S contact :rotation state. For the voltage application device, an alternating 

voltage application device that applies alternating voltage can be used. 

The alternating voltage application device inay comprise an excitation 

electrode placed in close proXimity to one of the shaft element or the bearing 

element and an alternating voltage source that applies alternating voltage to 
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the excitation electrode; and the output voltage detection device can comprise 

a detection electrode placed in close proximity to the other of the shaft 

element or the bearing element, and an output voltage detector that detects 

output voltage provided as output by the detection electrode. The excitation 

s electrode and the detection electrode may be a ring type or a cylinder type. 

In this case, in order to increase detection sensitivity, the impedance 

detection circuit may be a LC resonant circuit with an inductor serially 

connected between the detection electrode and the ground. ID. addition, the 

:frequency of the alternating voltage to be applied may be LC resonant 

10 frequency. In this situation, the LC resonant frequency can be obtained by 

monitoring in advance detected voltage waveforms observed in contact and 

non-contact states, and by switching the frequency so that the wave.forms 

would have the maximum amplitude. 

When constructing an impedance detection circuit using a single 

15 electrode, the alternating voltage application device may consist of an 

excitation electrode placed in close proximity to one of the shaft element or 

the bearing element. an alternating voltage source that applies alternating 

voltage to the excitation electrode, and a resistor serially connected between 

the two; and the output voltage detection device may be a voltage detector 

2.0 that detects voltage at both ends of the resistor. 

The motor bearing monitoring device in accordance with the present 

invention m.ay_comprise a status detection device that detects the state of 

motor bearing, an abnormality dete.rmination device that determines 

whether the bearing is in an abnormal state based on the state of the bearing 

25 as detected by the status detection deviceJ and an output device that outputs 

the determination :result from the abnormality dete:rnlination device. 

Here, the status detection device may be an impedance detection 

device that detects impedance of the bearing. In other words, when the first 

and second b~aring elements that rotate relatively and ~hat make up the 
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motor bearing element are in a non-contact rotation state, a coll.Stant gap. as 

well as a fluid film, is formed between them, and the constant gap and the 

fluid film can be considered a constant resistance and capacitance, 

respectively; conversely. in the contact rotation state, the first and second 

5 bearing elements are in direct contact and there is therefore no substantive 

:resistance or capacitance between them; by taking advantage of these facts 

and by detecting these electrical changes, it is possible to detect whether the 

bearing's rotation state is in a contact or non-contact state. 

A known .AE <Acoustic Emission) method can be used as the status 

Hl detection method. where an acoustic sensor would detect the acoustics 

genexated by the bearing. Alternatively, a temperature sensor that detects 

the temperature of the bearing can be used as the status detection method. 

For the bearing, one in which a non-contact rotation state via a tluid 

:film is formed when the nmnber of revolutions exceeds a predetermined 

15 number of revolutions may be used, and a dynamic pressure bearing would 

be a representative example of such a type. In this case. when the status 

detection device is an impedance detection device, the abnormality 

determination device may, based on changes in impedance, determine the 

point at which the bearing switches from a contact rotation state to a non· 

20 contact rotation state when the motor starts, and determine that there is an 

abnormality with the bearing when the number of motor revolutions at that 

point exceeds a predetermined nUJllber of float revolutions. 

Alternatively, the abnormality determination device :may J based on 

changes in impedance, determine whether the bearing is in a contact rotation 

25 state when the motor is in a steady rotation state, and determine that there 

is an abnormality with the bearing when the bearing is in a contact :rotation 

state or when a momentary contact rotation state oceurs repeatedly. 

Alternatively, the abnormality determination device may, based on a 

change in impedance, determine the point at which the bearing switches froIIl 
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a non·contact rotation state to a contact rotation state when the motor is 

stopping, and determine that there is an abn0rniality with the bearing when 

the number of motor revolutions at that point exceeds a predetennin.ed 

number contact revolutions. 

5 If the abnormality determination device is an acoustic sensor, the 

abnormality determination device can, based on acoustic sensor output, 

determine whether the bearing is in a contact rotation state when the motor 

is in a steady rotation state and determine that there is an abnormality with 

the bearing when the bearing is in a contact :totation state or when a 

IO momentary contact rotation state occurs repeatedly. Alte):'ll.8.tively, the 

abnormality determination device can, based on acoustic sensot output, 

determine the point at which the bearing switches :from a non·contact 

rotation state to a contact rotation state when the motor is stopping, and 

determine that there is s.n abnormality with the bearing when the number of 

IS znotor revolutions at that point exceeds a predetermined number of contact 

revolutions. 

The impedance detection device employed as the status detection 

method can comprise a voltage application device that applies voltage, e.g., 

alternating voltage. to one of the first bearing element and the second 

20 hearing element that rotate relatively in a contact rotation state or non­

contact rotation state, and an output voltage detection device that detects 

output voltage from the other. In this case, the abnormality determination 

device would, based on changes in the output voltage, determine whether the 

first and second bearing elements are in a contact rotation state. 

2s When the voltage application device is an alternating voltage 

application device, it can comprise an excitation electrode placed in close 

proximity to one of the first and second bearing elements and an alternating 

voltage source that applies alternating voltage to the excitation electrode; 

and the output voltage detection derice can comprise a detection electrode 
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placed in close proximity to the other bearing element and an output voltage 

detector that detects output voltage provided as output by the detection 

electrode. The electrodes can be either ring-shaped or cylinder-shaped. 

In this case, the impedance detection circuit can be a LC resonant 

5 ci:rcuit with an inductor serially connected between the detection electrode 

and the ground. It is desirable to match the frequency of the alternating 

voltage with the LC J"esonant frequency m this situation. The LC resonant 

frequency can be obtained by monitoring in advance the detection output 

voltage in contact and non-contact states and by adjusting the frequency so 

10 that it would have the maximum amplitude. 

In the meantime. the present invention also concerns a memory device 

comprising disk-shaped memory media, a disk driving motor that rotationally 

. drives the mexno:ry media, and a head device that performs at least one of the 

two operations, i.e., recording information on and retrieving information from 

15 the· memory media; the memory device according to the present invention 

also comprises a status detection device that detects the status of the disk 

driving motor bearing, an abnormality determination device that determines 

whether the bearing is in an abnormal state based on the state of the bearing 

as detected by the status detection device, and an output device that outputs 

20 the determination result from the abnormality determination device. 

Here, when the abnormality dete:t"mination device deterxnines that 

there is an abnormality with the bearing, it is deairable fo.r the outPut device 

to provide as output information that the bearing's life is near its end and 

that instructs to store the memory in the recording media in another memory 

25 medium. Based on such an output, the operator can back up the memory 

before it becomes unretrievable. 

When there is an abnormality with the bearing, it may be preferable to 

provide an auxiliary recording Jnedium for backup purposes onto which 

contents recorded on the recording media can be written. It would be 
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convenient to have such an auxiliary reco:.r:ding medium, since there would be 

no need to have a separate recording medium to perform backups. 

When the aboormality determination device determines that there is 

an abnonnality with the bearing, the backup of the contents recorded on the 

s recording media can be conveniently performed without requiring any action 

on the operator's part, if there is a backup device that would write the 

contents on the :i:ecording medium onto the auxiliary recording medium. 

Here, the status detection device may be an impedance detection 

device that detects impedance of the bearing, an acoustic sensor th.at detects 

10 acoustics generated by the bearing, or a temperature sensor that detects the 

temperature of the bearing. 

Alternatively, the status detection device may be a retr.v number 

detection device that detects the nlllll.ber of retry attempts made when 

recording on or retrieving from the recording media by the head device, and 
• ~-!I' • 

15 the abnormality determination device can be structured so as to calculate the 

average number of retry attem_pts made in a given amount of time based 

upon the number of detected retxy attempts made, and to determine that 

there is an abnormality with the bearing if the average number of retry 

attempts made is determined to exceed a predet~:mined number. 

20 Other features and advantages of the invention will be apparent from 

the following detailed description, taken in conjunction with the 

accompanying drawings that illustrate, by way of example, various features 

of embodiments of the invention. 

2s BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 schematically shows a structure of a bearing test device in 

accordance with the present invention and a hard disk drive motor to be 

tested. 
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Fig. 2 shows a cross section of a half section of the motor shown in Fig. 

1, which indicates the locations of electrodes of the bearing test device. 

Figs. 3 (a) and (b) show illustrations for describing an i:rnpedance 

detection circuit of the bearing test device shown in Fig. 1. wherein Fig. 3 (a) 

s shows a circuit diagram when the bearing is in a contact rotation state, and 

Fig. 3 (b) shows a circuit diagram when the bearing is in a non·contact 

rotation state. 

Fig. 4 shows an equivalent circuit diagram of the impedance detection 

circuit of the bearing test device shown in Fig. 1. 

10 Fig. 5 shows a detected voltage waveform obtained by the bearing test 

device shown in Fig. 1, the number of motor rotations, and AE waveform 

obtained by a conventional method. 

Fig. 6 shows a cross section of a half portion of a motor, which is 

provided for describing another example of the bearing test device shown in 

IS Fig. 1. 

Figs. 7 (a), (b) and (c) show an equivalent circuit diag):'am of the 

impedance detection circuit of the bearing test device shown in Fig. 6, a 

circuit diagram when the bearing is in a. contact rotation state, and a circuit 

diagram. when the beal."ing is in a non-contact rotation state, respectively. 

20 Fig. 8 shows a detected voltage waveform obtained by impedance 

detection cireuit shown in Fig. 7, the number of motor rotations, and an AE 

wavefurm obtained by a conventional method. 

Fig. 9 shows a cross section of a half section of a motor, which indicates 

the locations of electrodes of another example of the bearing test device 

2s shown in Fig. l. 

Fig. 10 shows a detected voltage waveform obtained by the bearing test 

device shown in Fig. 1 in an abnormal rotation state caused by entered 

foreign matters, a waveform obtained after the aforementioned waveform is 

converted, and the number of motor revolutions. 
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Fig. 11 schematically shows a structure of an example of a hard disk 

driver in which a motor baring monitoring device of the present :invention is 

implemented. 

Fig. 12 $chentatically shows a plan view of a structure of the motor 

s shown in Fig. 11. 

Fig. 18(a) and (b) show illustrations for describing an impedance 

detection circuit of the motor bearing monitoring device shown in Fig. 11, 

wherein Fig. 13 (a) shows a circuit diagram when the bearing is in a contact 

rotation state, and Fig. 13 (b) shows a circuit diagram when the bearing is in 

10 a non·contact rotation state. 

Fig. 14 shows an equivalent circuit diagram of the impedance detection 

circuit of the motor bearing monitoring device shown in Fig. 11. 

Fig. 15 schematically shows a flow chart of an operation for 

determining abnormality with a bearing, which is perform.ed by the motor 

15 bearing monitoring device shown in Fig. 11. 

Fig. 16 shows a cross section of a half section of a motor for describing 
, 

another example of a motor bearing monitoring device of the pi:esent 

invention. 

Figs. 17(a), (b) and (c) shOW' an equivalent circuit diagram of an 

20 impedance detection circuit of the motor bearing monitoring device shown in 

Fig. 16, a circuit diagram when the bearing is in a contact rotation state, and 

a circuit diag:tam. when the bearing is in a non·contact rotati<:>n state, 

respectively. 

Figs. 18 (a) and (b) show two other examples of electrode disposing 

25 structures in the motor bearing monitoring device shown in Fig. 11. 

Fig. 19 shows two another example of an electrode disposing structure 

in the motor bearing monitoring device shown in Fig. 11. 
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Fig. 20 schexnatically shows a flow chart of an operation to determine 

abnormality with a bP.aring, which is performed by the motor bearing 

monitoring device when the AE method is used. 

Fig. 21 schematically shows a flow chart of an operation to determine 

5 abnormality with a bearingt which is performed by the motor bearing 

monitoring device when a temperature sensor is used. 

Fig. 22 schematically shows a flow chart of an operation to 

determining abnonnality with a bearing based on the number of retry 

operations by the :magnetic head. 

to Fig. 23 shows a detected voltage waveform of a dynamic pressure 

bearing obtained by the conventional AE method, the number of motor 

revolutions. 

DESCRIPTION OF PREFERRED EMBODIMENTS: 

15 A bearing test device in accordance with an embodiment of the present 

invention is described below with references to the accompanying drawings. 

The bearing test device in the present embodiment is designed to test a 

bearing section of, for examplet a hard disk drive motor in which an oil 

dynamic pressure bearing is asselllbled. 

20 Fig. 1 schematically shows a structure of a hatd disk drive motor with 

the bearing detection device of the present embodiment mounted thereon, 

and Fig. 2 is a cross section of a half section of the structure. First, the 

smnmary structUX'e of a hard disk drive motor 1 in accordance with the 

present embodiment will be described with references to these drawings. The 

2s motor I is equipped with a base plate 2, a sleeve 3 is fixed on the base plate 2 

in an upright manner, and in the sleeva 3 is coaxially inserted a rotating 

shaft 4 in. a freely rotatable manner. 

The top part of the rotating shaft 4protrudes upward from the sleeve 

3, and a disk hub 5 is fixed on the top part of th.a rotating shaft 4 
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concentrically. which is generally cup·shaped and open towards the bottom. 

Hard disks 6 are mounted on the outer cil'cumference part of the disk hub 5, 

as indicated by imaginary lines. A ring·shaped :rotor 7a is mounted on the 

inner cirClllllference surface of the bottom part of the disk hub 5i and a stator 

s 7b having a stator core and coils surrounded by the rotor 7a is installed on 

the base plate side. 

Grooves for generating dynamic pressure are formed on the outer 

circuw.ference surface of the rotating shaft 4 and the inner circumference 

surface of the sleeve 3 and the gap between the two is filled with lubrication 

10 oil, whereby a dynalllic pressure bearing is formed. At the bottom of the 

rotating shaft 4 is fixed a ring-shaped thrust beuing m.ember 8, and a 

dynamic p:ressure thrust bearing is formed between a top surface 9a of a 

counter plate 9 mounted on the base plate side and a bottom surface 4a of the 

rotating shaft,. as well as between the top surface 9a and the bottom surface 

15 of the thrust bearing member 8. Therefore, in the motor 1 of the present 

embodllnent, the rotating shaft 4 and the thrust bearing mexnber 8 function 

as shaft elements, while the sleeve 3 and the counter plate 9 function as 

bearing elements. 

When the motor 1 is driven and the rotating shaft 4 rotates, dynamic 

20 pressure is generated by the lubricating oil between the rotating shaft 4 and 

the sleeve 8 and also between the rotating shaft 4 and the counter plate 9. 

VVhen the number of revolutions exceeds a predetermined value, the rotating 

shaft 4 floats up from the sleeve 3 and from the countet plate 9, so that the 

rotating sha~ 4 rotates in a non-contact state. When the number of 
.---:'-'" 

2S revolutions decreases and falls below a predetermined value, the rotating 

shaft 4 rotates once again in contact with the sleeve 3 and the counter plate 

9. Such a dynamic p:ressure bearing Illechanism is known, and the 

·description of its detailed strUcture and actions is omitted. 
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The vatious parts of the motor are generally formed by the following 

materials: the base plate 2 is made of aluminum; the sleeve 3 is made of 

copper or stainless steel; the rotating shaft 4 is made of stainless steel; the 

thrust bearing member 8 is made of copper or stainless steel; and the counter 

s plate 9 is made of stainless steel 

Next, a bearing test device 10, whose purpose is to test the number of 

contact revolutions of the hard disk dri17e motor 1 having the structure 

described above~ detects the contact and non-contact states of the dynamic 

pressure bearing section of the motor 1 as changes in impedance. In the 

10 present embodiment. changes :in impedance are detected based upon changes 

in resistance or capacitance. 

In oth~ words, the lubricating oil used in the dynamic p:ressu:re 

bearing section has volume resistivity of approximately 10s Qcm through 1010 

Qcro, and the electric resistance of the oil film part when the rotating shaft 4 

lS is floating up <non-contact rotation state) ranges between several MQ to 

several hundred Mn. Furthermore, since in a floating state the rotating 

shaft 4 and the sleeve 3 are in close proximity with each other, i.e., :metals 

are in close proximity, and the lubricating oil between them acts as an 

insulation, there is capacitance of several hundred pF. 

20 In contrast, in the contact rotation state there is a short-circuit state, 

so that the resistance value falls below several Kn, which cailses both the 

resistance and capacitance to change. The bearing test device 10 according to 

the present embodiment detects such changes in resistance and capacitance 

in the non-contact state and thereby makes it possible to test whether the 

2S rotating shaft 4 is in a contact rotation state, the number of its contact 

:r.-evolutions, and whether the 'rotations are abnormal. 

First, referring to Figs. 1 and 2, the overall structure of the bearing 

test device 10 according to the present embodiment is described. The bearing 

test device 10 comprises an excitation electrode 11, a detection electrode 12, 
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an alternating voltage source 13 that applies alternating voltage to the 

excitation electrode 11, and an oscilloscope 14 that displays detected voltage 

waveforms detected by the detection electrode 12. The excitation electrode 11 

is a rillg"shaped electrode placed in close pro:rim.ity to the disk hub 5 and the 

s base plate 2 of the motor 1 and functions to apply alternating voltage and 

generate an electric field between the electrode 11 and the base plate 2. The 

inner circumference surface of the electrode 11 faces the outer circumference 

surface of the disk hub 5 in a coaxial manner. 

The detection electrode 12 may also be a ring-shaped electrode and is 

10 placed in close proximity to and in a coaxial manner with a circular top 

surface 5a of the disk hub 5. The detection electrode 12 is grounded via a 

serially connected inductor Ll. The voltage generated at the inductor Ll can 

be displayed on the oscilloscope 14. 

Figs. 3 (a) and (b) show the structure of an impedance detection circuit 

ts that detects changes in the resistance and capacitance of the dynamic 

pressure bearing section formed by the motor 1 and the bearing test device 

10, when a testing by the bearing test device 10 according to the present 

embodiment takes place. Fig. 4 is an equivalent circuit of the impedance 

detection circuit. 

20 As shown in Figs. 3 (a) and (b), using the excitation electrode 11 and 

the detection electl'ode 12, the dynamic pressure bearing section is structured 

to be equivalent to a circuit structure in which a resistor Rl, a capacitor Cl 

and a switch SW that indicates a contact state or a non&contact state are 

connected in parallel. In addition, because the electrode 11 is placed in close 

2S proximit;i: to the base plate 2 and the disk hub 5, its connections with the 

base plate 2 and the disk hub 5 can be represented by capacitors C5 and C2 

having predetermined capacitances. Similarly, because the electrode 12 is 

placed in close proximity to the disk hub 5, its connection with the disk hub 5 

can be represented by a capacitor C4 having a predetermined capacitance. 
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Furthermore, the connection between electrodes 11 and 12 can be similarly 

?epresented by a capacitor CS having a predetermined capacitance. As a 

result, an equivalent circuit shown in Fig. 4 is formed when the motor 1 is 

tested by the bearing test device 10 according to the present embodiment. 

s Next. the testing procedure using the bearing test device 10 according 

to the present embodiment is explained. First, electrodes 11 and 12 are held 

by jigs <not shown in the figure) and are placed in close proximity to the base 

plate 2 and the disk hub 5, as shown in Figs. 1 and 2. In this state, the 

alternating voltage source 13 is driven and alternating voltage is applied 

10 between the electrode 11 and the base plate 2. 

For the alternating voltage waveforms, \l'arions types of alternating 

voltage waveforms can be used. For example, such alternating voltage 

waveforms include sine waveform., rectangular waveform and saw tooth·like 

waveform. 

15 An electric field is generated by the application of alternating voltage, 

and the electric line force enters the disk hub 5 and flows through the disk 

hub 5 to the electrode 12 side placed in close proximity to the disk hub 5, as 

well as to the ground side via the dynamic pressure bearing section (SWt Rl, 

Cl) and the base plate 2. The electric line force components, which flow to 

20 the electrode 12 side, flow to the ground side via the inductor Ll. The voltage 

generated at the inductor Ll is displayed on the oscilloscope 14 as the voltage 

detected by the electrode 12. 

Here. the detection sensitivity of the detected voltage can be enhanced 

by adjusting the frequency of the alternating voltage to match the resonant 

2S point while measuring the voltage at the inductor Ll on the oscilloscope 14. 

In other words, the impedance detection circuit in the present embodiment 

has a LC resonant circuit structure. Such frequency adjustments can be 

made while the motor 1 is in a stop state or in s rotation state. Additionally, 

inductance can be adjusted in order to obtain a LC resonant circuit. 
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Next, while monitoring a detected voltage waveform on the oscilloscope 

14, the motor 1 is driven to form a rated drive rotation state. Then, the 

driving of the motor 1 is stopped and the motor l is allowed to rotate by force 

of jnertia until it stops. Fig. 5 shows a detected voltage waveform S obtained, 

5 as well as the number of motor revolutions (tachometer output voltage) and 

an .AE waveform obtained using the conventional AE method. 

To explain the waveform, while the motor 1 is in a rated rotation state 

(the interval between points A and B), the rotating shaft 4 is floating up in a 

nonpcontact rotation state due to the dynamic pressure generated in the 

10 dynamic pressure bearing section. The non-contact rotation state is 

equivalent to a state in which the switch SW is open, as indicated in Fig. 8 

(b). Consequent]y, in this state, most of the electric line force components 

that enter the disk hub 5 enter the detection electrode 12 and flow to the 

ground side via the inductor Ll. As a result, the detected voltage is large and 

ts its voltage wa\feform S has large amplitude. 

Even after the driving of the motor I is stopped and the motor 1 has 

shifted to inertial rotation, similar detection output voltage is obtained (the 

interval between points B and C) while the rotating shaft 4 is floating up and 

the non-contact rotation state continues, i.e.> while the switch SW is open. 

20 When the rotating shaft 4 comes into contact with the sleeve 3 or the 

counter plate 9 and shifts to a contact rotation state at point C, the situation 

becomes equivalent to a state in which the switch SW has closed> as indicated 

in Fig. 3 (a). In this state, most of the electric line force components that 

enter the disk hub 5 flow to the ground side 'Vi.a the switch SW and the base 

25 plate 2. Consequently, the voltage detected by the detection electrode 12 

drops sharply, and the axnplitude of its voltage waveform S becomes 

significantly smaller also. 

As a result, it is clear from the comparison of the detected voltage 

waveform S according to the present embodiment with the conventional AE 
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waveform shown in Fig. 5 that. when using the bearing test device 10 

accordmg to the present embodiment, there are almost no changes in the 

detected voltage waveform while the rotating shaft 4 is in the non-contact 

rotation state (up to point C) and the waveform rapidly becomes smaller with 

s the shift to the contact state. In contrast~ the output waveform of the .AE 

waveform becomes sm.aller when the motor drive stops and grows larger 

when the shift to the contact state takes place. In this way, the output 

wavefurm according to the present embodiment shows significant differences 

in the output depending on the contact or non-contact state, which allows a 

10 high precision detection of the number of contact revolutions as it changes 

from a non-contact rotation state to a contact rotation state, without error 

and even with visual check. 

The description above concerns detecting the number of contact 

revolutions when the motor stops) but the number of float revolutions of the 

IS dynamic pressure bearing section when the motor starts can also be similarly 

detected. 

The bearing test device 10 according to the present embodiment tests 

the dynamic pressure bearing section of the motor 1 in a non·contact state. 

Consequently, the problem of dust attaching to motor parts and 

20 contaminating those parts can be avoided. 

Of course, because the bearing test device according to the present 

invention requires only that it be equipped with an impedance detection 

circuit that can detect impedance changes in the dynamic pressure bearing 

section, it is possible to provide a motor part, such as the disk hub 5a, with a 

25 structure that can contact points of contact. For example, a brush electrode 

in contact with the outer circumfe;rence surface of the top part of the rotating 

shaft 4 can be used in place of the electrode 12 placed in close proximity. 

<Another Embodiment of the Impedance Detection Circuit) 
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The impedance detection circuit of the bearing test device 10 described 

above is designed to detect changes in resistance and capacitance of the 

dynamic pressure bearing section. However, in accatdance with another 

embodiment of the present invention, it is possible to have a structure that 

s would detect resistance changes only or capacitance changes only. 

Additionally, in accordance with still another embodiment of the present 

invention, it is possible to perl'orm the detection by using only the excitation 

electrode 11 and without using the detection electrode 12:""" 

Figs. 6 and 7 are an explan.atoJ:y illustration and circuit structure of 

10 electrode placements in a bearing test device designed to detect the rotation 

state 0£ the dynamic pressure bearing section based only on resistance 

changes. As shown in Figs. 6 and 7, in this case, the only electrode needed is 

an excitation electrode Ila that applies alternating voltage to a disk hub 6. 

The electrode lla is placed in clCJse proximity to the disk hub 5 via a 

15 capacito.r 02. A resistor R2 is connected in serial between the electrode Ila 

and an altexnatingvoltage solll.'ce 13. An oscilloscope 14 detects voltage at 

both ends of the resistor R2 and displays the voltage at the two ends of the 

resistor R2. In these figures, components that are identical to components in 

.Figs. 1 through 4 are assigned the same numbers and their description is 

20 omitted. 

An equivalent circuit thus structured is shown in Fig. 7 (a). When the 

rotating shaft 4 is in a contact state, as shown in Fig. 7 (b), most of the 

electric line force components that flowed from the electrode Ila to the disk 

hub 5 via the capacitor 02 flow into the ground side via the base plate 2; 

25 consequently, a large amount of current flows into the resistor R2, which 

leads to large voltage valu.es at both ends of the resistor. In contrast. when 

the rotating &haft 4 is in a non-contact state, as shown in Fig. 7 (c), the switch 

SW is off and the circuit is substantially in a shut·off state, which makes the 
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amount of current that flows into the resistor R2 small, which in turn makes 

the detected voltage extremely small. 

Fig. 8 shows a detected voltage waveform Sa observed when the motor 

1 is driven in a state similar to the one in Fig. 5, as well as a curve 

s representing the number of motor revolutions and a conventional AE 

waveform. Each of the states between point A and point D is the same as in 

Fig. 5. Contrary to the detected voltage waveform S in Fig. 5, the detected 

voltage waveform. Sa becomes small in a non-contact rotation state and 

becomes dramatically larger when the shift to a contact rotation state takes 

10 place. In this ease also, the number of contact revolutions can be detected 

more accurately than with the conventional AE waveform. 

When the structure is designed to detect resistance changes only as 

shown in Figs. 6 through 8, there is an advantage of simplified clrCuit 

structure compared to the structure shown in Figs. 1 through 5. In addition, 

15 the structure with only the excitation electrode 11 is also e:xtrem.ely simple. 

Furthermore, in the above description, altemating voltage is applied to 

the disk hub 5 side, but it may be applied to the base plate 2 side. When 

using a detection terminal to make the contact for detection instead of a non· 

contact type electrode, direct voltage instead of alternating voltage may be 

20 applied. 

Moreover, it goes without saying that detection can be conducted in a 

state in which the hard disks 6 are mounted on the disk hub 5. Moreover, the 

hard disks 6 being mounted on the disk hub 5 provide an added advantage of 

having the gap between the electrode lla and the base plate 2 securely 

:ZS shielded by the hard disks. 

(Variation of the Electrode Structure) 

In the embodiments above, the electrodes 11 and 12 or the electrode 

lla are placed in close proximity to the moto:r 1. However, it may be 
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desirable to eliminate these electrode members if possible, since the 

elimination of the electrodes would simplify the structure of the test device 

and the wiring structure. One example of eliminating electrode members as 

applied to the hard disk drive m.otor 1 having a structure shown in Figs. 1 

5 and 2 is to use the counter plate 9 as an electrode. 

In this case, as indicated by a shaded area 15 in Fig. 9, the sleeve 3 

and the counter plate 9 are electrically insulated from each other and an 

electric oontact 16 of the bearing test device is in contact with an under 

surface 9b of the counter plate 9. The counter plate 9 can also be used as the 

10 excitation electrode 11 or lla or as the detection electrode 12 in the 

embodiments above. 

(Detection of Abnormal Rotation in the Dynamic Pressure Bearing Section) 

The above description is applicable when detecting the number of 

IS contact revolutions Car the nwnber of iloat revolutions) of the dynamic 

pressu.re bearing section using the bearing test device according to the 

present invention. However, it is possible to detect more broad, general 

abnormal rotation states, using the bearing test device according to the 

present invention 

20 A typical example of an abnormal rotation state is caused by 

contamination of the dynamic pressure bearing section by foreign matter, 

such as metal powder. In such a case~ when the disk driving motor 1 is in a 

rated rotation state, the rotating shaft 4 may be in a non-contact state, but 

because of the foreign. matter it would momentarily switch to a contact state 
·~· ..... ~ 

25 in an irregular manner, and corresponding detected voltage would be output. 

In the case of the bearing test device 10, which was described with references 

to Figs. 1 through 5, small waveform parts sl and s2 with small amplitude 

appear momentarily in the detected voltage waveform S while in the steady 

drive rotation state (floating or non·contact rotation state), as shown in Fig. 
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10 (where each of the points A through Din Fig. 10 are identical to those in 

Fig. 5). Therefore, by visually checking these waveform parts or by 

identifying them with a detection circuit that includes a comparator, 

abnormal rotation caused by foreign matter contamination of the bearing can 

5 be tested. 

Abnormal rotation states can be caused by reasons other than 

contamination by foreign matter. For example, if there is eccentric rotation 

caused by manufacturing error or assembly error of the rotating shaft 4 

andlor the sleeve 3, these elements can come in momentary contact with each 

IO other cyclically. In such a case, waveform parts sl and s2 appear cyclicaily 

{regularly) in the steady rotation state. Consequently, by checking these 

waveform parts, whether there is an abnormal rotation state can be tested. 

(Conversion of Detected Voltage Waveform) 

IS Due to the fact that wave.furm parts that indicate such abnormal 

rotation states occur only momentarily, they· are likely to be overlooked if the 

detected voltage wa'\1eform S is displayed unaltered on the oscilloscope. In 

addition, in detecting the number of contact revolutions as in an earlier 

embodiment, when the number of revolutions of the motoi: drops and 

20 approaches to the number of contact revolutions of the bearing, short and 

intermittent contacts between the bearing elements occur in an initial stage, 

then contacts between. the bearing elements gradually become longer, and the 

bearing finally reaches a steady contact rotation state. The number of 

contact re~olutions used for analysis may be taken from the initial stage. 

25 when momentary contacts just begin to appear. Consequently. when the 

detected voltage waveform is used unaltered, the number of contact 

revolutions may not be accurately detected. 

For example, as shown. in Fig. 10, by waveform·converting the detected 

voltage waveform S so that the amplitude sizes are reversed as in a voltage 
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waveform Sb, the wa-veform parts slb and s2b that appear irregularly can be 

identified without being overlooked. Also, when detecting the number of 

con.tact revolutions, a waveform part S3b, which is the first momentary 

contact position, would be identified without being overlooked. 

s Known waveform conversion and/or shaping methods that utilize an 

AM demodulation circuit, a phase contrast sensor circuit or an enV'elope 

circuit can be used as the waveform conversion methods that would make 

such visual recognition easier are. 

10 {Bearings That Can Be Tested) 

The preceding description concerns embodiments in which the present 

invention is applied to the testing of dynamic pressure bearings, but bearings 

other than dynamic pressure bearings can also be the subject of tests. For 

example, sliding bearings such as sintered bearings made from sintered 

IS bodies containing solid lubricating Jllaterial, or roll bearings such as ball 

bearings in which rolling members are inserted, can be subject to test for 

abnormal rotation. Furthermore, it goes without saying that dynamic 

pressure bearings that can be tested include dynamic pressure bearings that 

use high resistance fluids and gases such as air and water, in addition to oil 

20 dynamic pressure bearings that use oil as the fluid. 

Further, in the embodiments above the present invention is applied to 

the testing of dynamic pressure bearings assembled into hard disk drive 

motors, but the present invention can also be applied to test bearing sections 

in other devices as well. For example, the present invention can be applied to 

25 test the rotating part of an optical scanning device that scans while rotating a 

polygon mirror. the rotating part of a photosensitive drum of a copier, or the 

rotating part of an oil circulation pump-

Ne:xt, an embodiment of a hard disk drive in which a motor bearin.g 

monitoring device according to the present invention is assembled will be 
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explained. The hard disk drive in this embodiment is equipped with a disk 

driving motor in which an oil dynamic pressure bearing is assembled. 

Fig. 11 schematically shows a cross section of a structure of a hard disk 

. drive 21 according to the present embodiment along with a control system, 

5 and Fig. 12 schematically shows a plan view of the hard disk drive 21. The 

hard disk drive 21 in this embodiment is equipped with a disk driving motor 

22, a plurality of magnetic disks 28 that is rotationally driven by the disk 

driving motor 22, and a magnetic head 24 that records information on and 

retrieves information from the magnetic disks 23. These component parts 

to are assembled into a motor case compartmentalized by a flat cup·shaped base 

25 that opens toward the top and a lid 26 that closes this top opening. 

The hard disk drive 21 may be built in or attached externally to a 

control unit s'UCh as a personal computer 27 and recording and retrieval take 

place by the control unit 27 via a drive circuit 28. 

15 The disk driving motor 22 in the present embodiment is equipped with 

an upright sleeve 31 that forms a unitary sttucture with the base 25 and a 

rotating shaft 32 inserted coaxially into the sleeve 31 in a freely rotatable 

manner. The top part of the rotating shaft 32 protrudes upward from the 

sleeve 31, and on the top part is fixed concentrically a disk hub 33, which is 

20 generally cup-shaped and open towards the bottom. On the outer 

circum:ference part of the disk hub 83 is mounted the magnetic disk 23 by a 

clamp 34. 

A ring-shaped rotor 35 is mounted on the inner circumference surface 

of the bottom part of the disk hub 38; and a stator 86 comprising a stator core 

25 and coil is surrounded by the rotor 35 and installed on the base 25 side. 

Grooves for dynamic pressure generation a.re provided on the outer 

circumference surface of the rotating shaft 32 and the inne:r circumference 

surface of the sleeve 31, and the gap between the two is filled with lubrication 

oil, whereby for.ming a dynamic pressure bearing. A ring-shaped thrust 
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bearing member 37 is fuced at the bottom of the rotating shaft 32, and a 

dynamic pressure thrust bearing is formed between the bottom surface of a 

bearing member 37 and the top surface of a counter plate 38 mounted on the 

base 25. Thexefore, in the disk driving motor 22 of the present embodiment, 

s the rotating shaft 32 and the thrust bearing member 37 function as one of 

fitst and second bearing elements, while the sleeve 31 and the counter plate 

38 function as the other bearing element. 

When the motoo: 22 is driven and the rotating shaft 32 rotates. 

dynamic pressure is generated between the rotating shaft 82 and the sleeve 

10 31 and also between the rotating shaft 32 and the counter plate 88 by the 

lubricating oil. When the number of revolutions exceeds a certain value (the 

number of float revolutions), the rotating shaft 32 floats up from the sleeve 31 

and ftom the counter plate 38, so that the rotating shaft 32 rotates in a non­

contact state. When the number of revolutions decreases and falls below a 

15 predetermined value (the number of contact revolu.tions)t the rotating shaft 

32 rotates once again in contact with the sleeve 31 and the counter plate 88 

(a oontact rotation state). Such a dynamic pressure bearing mechanism. is 

known, and the description of its detailed structure and actions is omitted. 

Various parts of the motor are generally formed by the following 

20 materials. For example. the base 25 is made of aluminum; the sleeve Sl is 

made of copper or stainless steel; the rotating shaft 32 is made of stainless 

steel; the thrust bearing member 37 is made of copper or stainless steel; and 

the counter plate 38 is made of stainless steel. 

The hard disk drive 21 of the present embodiment is equipped with a 

2s motor bearing monitoring device 40 that monitors the rotation state of the 

dynamic pressure bearing section of the hard disk drive 21 and displays 

abnormalities if any occurs. Th:'e motor bearing monitoring device 40 of the 

present embodiment is equipped with a status detection circuit 41 that 

detects the rotation state of the dynamic pressure bearing section, an 

28 



<:::::::=:: .... 

abnormality determination circuit 42 that determines whether there is an 

abnormality with the dynamic pressure bearing section based on detection 

output from the status detection circuit 41, and a display device 4 that 

displays abnormalities if any occurs. Each of these circuit parts is driven and 

s controlled by the control unit 27. Additionally in the present embodiment, 

there is a backup memory 44 under the control of the control unit 27 used to 

transfer recorded dat~n the magnetic disks 23 in the event of an 

abnormality . 

.As described previously, the motor bearing monitoring device 40 

10 detects the contact and non-contact states of the dynamic pressure bearing 

section of the disk driving motor 22 based on impedance changes, more 

specifically resistance and capacitance changes. 

In other words, as shown in Figs. 11 and 18. the status detection 

circuit 41 of the motor bearing monitoring device 40 according to the present 

15 embodiment comprises an excitation electrode 51. a detection electrode 52. an 

alternating voltage source 58 that applies altei'nating voltage to the 

excitation electrode 51. and a voltage detector 54 that outputs the detected 

voltage obtained from the detection electrode 12 to the abnormality 

determination circuit 42. The excitation electrode 51 is a ring-shaped 

20 electrode placed in close proximity to the base 25 of the disk driving motor 22 

and functions to apply alternating voltage and generate an electric field 

between the electrode 51 and the base 25. The inner circumference surface of 

the electrode 51 faces the outer circumference surface of the disk hub 83 in a 

coaxial manner. 

25 The detection electrode 52 of the present embodiment is also the lid 26. 

In one elllbodiment, an insulating film 26a made from plastic is formed on 

the inner surface of the lid 26. The insulating film 26a electrically insulates 

the lid 26 from the base 25, and at the same time places the lid 26 in close 

proximity to the top surface of the rotating shaft 32 and of the disk hu.b 38. 
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The detection electrode 52 is grounded via a serially connected inductor Ll. 

The voltage generated at the inductor Ll can be detected by the voltage 

detector 54. 

As shown in Figs. 13 and 14, using the excitation electrode 51 and the 

s detection electrode 52, the dynamic pressure bearing section is structured to 

be equivalent to a circuit structure in which a resistor Rl, a capacitor Cl and 

a switch SW that indicates contact or non-contact state are connected in 

parallel In addition, because the electrode 51 is placed in close proximity to 

the base 25 and the disk hub SS. its connections with the base 25 and the 

rn disk hub 88 can be represented by capacitors C5 and C2 having 

predetermined capacitances. Simila:rly, because the electrode 52 (the lid 26) 

is placed in close proximity to the disk hub 33, its connection with the disk 

hub 38 can be represented by a capacitor C4 having a predetermined 

capacitance. Furthermore, the connection between the electrodes 51 and 52 

15 can be similarly represented by a capacitor C3 having a predetermined 

capacitance. As a result, the status detection circuit 41 of the present 

embodiment is also an impedance detection circuit having an equivalent 

circuit shown in Fig. 14. 

Next, the motor bearing monitoring operation in the hard disk drive 1 

20 of the present e:mbodinlent will be explained with reference to a flow chart in 

Fig. 15. The signal waveform is the same as the one in Fig. 5 already 

explained. and its explanation will be omitted here. First, an alternating 

voltage source 53 is driven and alternating voltage is applied between the 

electrode 51 and the base 25. For the alternating voltage waveforms, various 

25 types of alternating voltage wavaforms can be used, including sine waveform, 

rectangular waveform and saw tooth-shaped wa-veform. 

An electric field is generated by the application of alternating voltage, 

and the electric line force that entered the disk hub 83 flows through it to the 

electrode 52 side placed in close proximity, as well as to the ground side via 
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the dynamic pressure bearing section (SW. Rl, Cl) and the base 25. The 

electric line force components that fl.owed to the electrode 52 (the lid 26) side 

flow to the ground side via the inductor Ll. The voltage generated at the 

inductor LI is detected by the voltage detector 54. 

s The detection sensitivity of the detected V'Oltage can be enhanced by 

adjusting the frequency of the alternating voltage to match the resonant 

point while measuring the voltage at the induetor Ll on an oscilloscope. In 

other words, the impedance detection circuit in the present embodiment. has 

an LC resonant circuit structure. Such frequency adjustments can be made 

10 while the motor 22 is in stop state or in rotation state. Additionally, 

inductance can be adjusted in order to obtain an LC resonant circuit. 

The output voltage detected by the voltage detector 54 is supplied to 

the abnormality determination circuit 42. When the disk driving motor 22 

starts, the abnormality determination circuit 42 determines, based on the 

15 detected voltage wavefo:tm, the pomt at which the dynamic pressure bearing 

section shifts from a contact rotation state to a non-contact rotation state, 

and finds the number of motor revolutions (the number of float revolutions) 

at that point <step ST 1-1 in Fig. 15). It also determines the rotation status of 

the dynamic pressure bearing seetion (whether it is in a contact rotation state 

20 or in a non-contact rotation state) based similarly on the output voltage 

waveform, when the disk driving motor 22 is in a steady rotation state (step 

ST I-2). Furthermore, when the disk driving motor 22 stops, while the motor 

rotates subsequently by the force of inertia, the abnormality determination 

circuit 42 deter:mines the point at which the dynamic pressure bearing 

25 section shifts from a non ·contact rotation state to a contact rotation state and 

finds the number of motor revolutions (the number of contact revolutions) at 

that point (step ST 1 ·S). 

At this time, the detected voltage waveform Sis identical to the 

detected voltage waveform S in Figs. 5 and 10. 



Referring to these waveform diagrams, while the disk driving motor 22 

is in a steady rotation state (the interval between points A and B). the 

rotating shaft 32 is floating up in a :nnn-contact rotation state due to the 

dynamic. pressure generated in the dynamic pressure bearing section. The 

s non-contact rotation state is equivalent to a state in which the switch SW is 

open, as indicated in Fig. 13 (b). In this state, most of the electric line force 

components that entered the disk hub 83 enter the detection electrode 52 (the 

lid 26) and flow to the ground side via the inductor Ll. As a result, -the 

detected voltage is large and its voltage waveform S has large amplitude. 

10 Even after the driving of the disk driving motor 22 has been stopped 

and it has shifted to inertial rotation, the rotating shaft 32 continues to be in 

a floating. While the rotating shaft 82 continues to be in a floating non· 

contact rotation state, sim:il8l' detection output voltage is obtained (the 

interval between p0mts B and C). 

IS When the rotating shaft 32 comes into contact with the sleeve 81 or the 

counter plate 38 and shifts to a contact rotation state at point C, the situation 

becomes equivalent to a state in which the switch SW is closed, as indicated 

in Fig. 13 (a). In this statet most of the electric line force components that 

entered the disk hub 38 flow to the g.t"Ound side via the switch SW and the 

20 base 25. Consequently, the voltage detected by the detection electrode 52 

(the lid 26) drops sharply, and the amplitude of its voltage waveform S 

becomes significantly smaller also. 

The ~bnorm.ality determination circuit 42 compares the actual, 

detected number of float revolutions and of contact revolutions against the 

is number of float revolutions and of contact revolutions, respectively, stored in 

memory, and when the actual numbers of revolutions are higher than the 

numbers of revolutions in memory it determines that an abnormality has 

occurred in the dyuamic pressure bearing section (step ST 2 in Fig. 15) and 

has this information displayed on a display device 43 via the control unit 27. 
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Additionally, it causes a message to backup data recorded on the hard disk to 

be also displayed on the display device 43 (step ST 3·2 in Fig. 15). 

Here, when an abnormality is detected, it may be arranged to have this 

detected information displayed on the display device 43 and the recorded 

s data on the hard disk backed up automatically on the backup memory 44 

(step ST 3·8 in Fig. 15). When the control unit 27 is provided in the form of a 

personal computer, the speaker function of the personal computer can be 

used or a buzzer can be separately attached to have an ala.mi.sound when an 

abnormality occurs (step ST 3· 1 in Fig. 15). Of course, instead of appealing to 

10 visual and auditory senses, or in conjunction with such alarm outputs. a 

vibrator can be used to warn of an abnormal situation by vibration. 

When no abnormality is detected. there would not be any of the alarm 

outputs as described above; however, a space to display the status of the hard 

disk drive can be created on the screen of the display device 48 to display 

ts · --t•OK'' in normal states <step ST 4 in Fig. 15). 

Next, detecting abnormalities in a steady rotation state will be 

explained. A typical example of an abnormal rotation state is caused by 

contamination of the dynamic pressure bearing section by foreign matter, 

such as metal powder. In such a caset when the disk driving motor 22 is in a 

20 steady rotation state, the rotating shaft 32 may be in a non·contact state, but 

because of the foreign matter it would momentarily switch to a contact state 

in an ittegular manner. and corresponding detected voltage would be output. 

In such a case, waveform parts sl and s2 with small amplitude appear 

momentarily in the detected voltage waveform S while the disk driving motor 

2S 22 is in the steady drive rotation state (a :floating or non·contact rotation 

state), as shown in Fig. 10. Therefore, when such waveform parts are 

detected, the abnormality determination circuit 42 deterlllines that the 

bearing is in an abnormal rotation state caused by contamination by foreign 
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mattet and outputs to the control unit 27 the information representing that 

an abnonn.ality has occurred.. 

Abnormal rotation states can be caused by reasons other than 

contanrination by foreign matter. For example, if there is eccentric rotation 

s callSed by manufacturing er.ror or assembly error of the rotating shaft 32 

and/or the sleeve 81, they can come in momentary contact with each other 

cyclically. In such a case, waveform parts sl and s2 appear cyclically 

(regularly) in the steady rotation state. The abnormality determination 

circuit 42 of the present embodiments outputs to the control unit 27 a signal 

to representing that an abnormality has occurred in this situation as well. 

Due to the fact that waveform parts that indicate such abnormal 

rotation states occur only momentarily. the abnormalities are not always 

determined with high precision if the detected voltage waveform S is 

wa~e:fgrm.-analyzed unaltered by the abnormality determination circuit 42. 

15 In addition, in detecting the number of contact revolutions in an earlier 

embodiment, when the number of motor revolutions drops and the bearing 

reaches the number of contact revolutions, short and intermittent contacts 

gradually become longer contacts and there is a shift to a steady contact 

rotation state. The number of contact revolutions n.sed for analysis may be 

20 from the initial stage. when momentary contacts just begin to appear. As a 

result, when the detected voltage waveform is analyzed unaltered, the 

number of contact revolutions may not be detected through waveform. 

analysis with high precision. 

In order to avoid such a problem, by wavefornrconverting the detected 

25 voltage waveform S so that the amplitude sizes are reversed as in voltage 

waveform Sb, as well as by amplifying the amplitude differences, as shown in 

Fig. 10, the waveform parts Slb and S2b that appear irregularly can be 

identified without being overlooked. Also, when trying to detect the number 

of contact revolutions. the waveform part S3b, which is the first momentary 
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contact position, can be identified without being overlooked. Known 

waveform conversion and/or shaping methods that utilize an AM 

demodulation circuit, a phase contrast sensor circuit or an envelope circuit 

may be used as such waveform conversion methods. 

s The motor bearing monitoring device 40 of the present embodiment 

tests the dynara.ic pressure bearing section of the disk driving motor 22 in a 

non·contact state. Consequently, the problem of dust attaching to xn.otor parts 

and contamfoating those parts can be aV'oided. 

Of course, as an impedance detection circuit that can detect impedance 

to changes in the dynamic pressure bearing section, it is possible to utilize a 

structure in which a motor part, such as the disk hub 33, contacts the point of 

contact. For example, a brush electrode in contact with the outer 

ci:tcumference surface of the top part of the rotating shaft 32 can be used in 

place of the electrode 52 placed in close proximity. 

15 The status detection and abnormality determination of the bearing 

when the xn.otox is in a steady rotation state can be performed at a regular 

interval. Additionally, it is desirable not to perform status detection, i.e., 

apply alternating voltage, while the niagnetic head 24 is driving in order to 

prevent problems in the retrieval or recording operation by the magnetic 

20 head 24. 

<Another Embodiment of the Ixn.pedance Detection Circuit) 

The ixnpedance detection circuit (42) of the motor bearing monitoring 

device 40 desen"'bed above is designed to detect changes in resistance and 

25 capacitance of the dynamic pressure bearing section, but it is possible to have 

a structure that would detect resistance changes only or capacitance changes 

only. Additionally, it is possible to perform the detection by using only the 

excitation electrode 51 and without using the detection ele~trode 52. 
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Figs. 16 and 17 schematically show a structure of electrode placements 

in a motor bearing monitoring device 40 designed to detect the rotation state 

of the dynamic pressure bearing section based only on resistance changes. In 

this case, the only electrode needed is an excitation electrode 52a (the lid 26) 

s that applies alternating voltage to a .disk hub 33. The electrode 52a is placed 

in close proximity to the disk hub 33 via a capacitor 02- Between the 

electrode 52a and an alternating voltage source 53 is a resistor R2 connected 

in serial. A voltage detector 54 detects voltage at both ends of the resistot 

R2. 

10 An equivalent circuit thus structured is indicated in Fig. 17 (a); when a 

rotating shaft 32 is in a contact state, as sh.own in Fig. 17 (b), most of the 

electric line force components that flowed from the electrode 52a to the disk 

hub 38 via the capacitor 02 flow into the ground side via a base 25; 

consequently, a large amount of current flows into the resistor R2, which 

15 leads to large voltage values at both ends of the resistor. In contrast, when 

the rotating shaft 82 is in a non-contact statei as shown in Fig. 17 (c), the 

switch SW is off and the circuit is substantially jn a shut·o££ state, which 

makes the amount of current flow into the resistor R2 small, which in turn 

makes the voltage detected extremely small. 

20 When the structure is designed to detect resistance changes only as 

shown in Figs. 16 and 17, there is an advantage of easier detection com.pared 

to the structure shown in Figs. 11 through 15, and if only one electrode is 

. used (since the electrode 51 can be eliminated in this embodiment), there is 

an added advantage of having a simplified circuit structure. 

25 Furthermore, in the above description, alternating voltage was applied 

to the disk hub 33 side, but it may be applied to the base 25 side. When 

using a detection terminal to Illake the contact for detection instead of a non· 

contact type electrode, direct voltage instead of alternating voltage may be 

a.pp lied. 
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Moreover, when magnetic disks 23 are mounted on the disk hub 33. 

this provides the advantage of having the gap between the electrode 52 and 

the base 25 securely shielded by the magnetic disks. 

5 (Variation of the Electrode Structure) 

In the embodiment described above, the electrode 52 and the lid 26 are 

the same) but a separate electrode may be attached to the lid 26. For 

example, as shown in Fig. 18 (a). an electrode plate 62 can be affixed via an 

insulating adhesive layer 61 on the inner surface of the lid 26 at the part that 

10 opposes the top surface of the disk hub 33. 

Alternatively, as shown :in Fig. 18 (b), the p~ of the lid 26 that 

opposes the disk hub 38 can be made to protrude towards the top surface of 

the disk hub and an electrode plate 64 can be affixed via an insulating 

adhesive layer 63 on the inner surface of the protrusion 26b. 

15 When using the disk driving motor 22 having a structure shown in 

Figs. 11 and 12, the counter plate 38 can be used as an electrode. 

In this case, as indicated by a shaded area 70 in Fig. 19, the sleeve 31 

and the counter plate 38 are electrically insulated from each other and an 

electric contact 71 of the bearing test circuit 41 is in contact with an under 

20 surface 38a of the counter plate 88. The counter plate 38 can also be used as 

the excitation electrode 51 and/or as the detection electrode 52 in the 

embodiments above. 

<Another Example of the Status Detection Circuit) 

25 The status detection circuit described above detects the status of the 

dynamic pressure bearing s~on based on :impedance changes in the 

dynamic pressure bearing section, but the rotation state of the dynamic 

pressure bearing section can he detected in the following manner instead. 
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For example, the AE (Acoustic Emission) method generally used to 

measure the nutnber of contact revolutions of dynaw.ic pressure bear.ings can 

be used. The AE :method is a method in which the acoustic energy generated 

by :metal parts coming into contact with each other is detected by a vibration 

s sensor and convel'ted into voltage. The AE method is also used as a bearing 

diagnostic method to measure the damage condition or the life of bearings in 

general. 

The AE waveform that can be obtained from a motor with an oil 

dynamic pressute bearing, e.g., the disk driving motor 22 with a structure 

10 shown in Figs. 11 and 12, based upon the AE method is the same as the one 

described under prior art and shown in Fig. 23. The AE waveform converts 

into voltage the strength of vibration detected by an AE sensor from a motor 

bearing section, and the result is observed on an oscilloscope screen. 

In Fig. 23, when the motor is in a steady rotation state (the interval 

15 between points A and B in the figure), the switching noise of the motor drive 

current is overwhelmingly dominant, which makes it di£licult to detect 

contact sounds from the bearing section. Accordingly, the determination of 

abnormality may be performed after the motor drive has stopped but before 

the inertial rotation stops (the interval between P.Oints B and D). 

2.0 As a result, by wavefurm ·analyzing the AE wavefonn, the abnormality 

determination circuit 42 can detect the number of contact revolutions and 

based on it determine whether there is an abnormal rotation state. In the 

steady rotation state, if noise caused by motor drive current can be 

eliminated, an abnormal rotation state can be determined based on the AE 

2s waveform. 

Even when determinations are made based on AE waveforms. an 

operator can be warned of an abnormal state and recorded data on the hard 

disk can be backed up, based on abnormality determination ~perations 

indicated in Fig. 20. 
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Next, among methods to detect abnorxnalities in the motor bearing 

section is a method to detect the temperature of the bearing section and 

based on th.at determine whether there is an abnormality with the bearing. 

ln other words. in many motors locking is caused by burns resulting from 

s metals in the bearing section sliding against each other without lubrication. 

When a bum occurs, the temperature of the parts where the metals are 

sliding against each other ~ecomes high; by detecting this rise in 

temperature, occurrences of abnormality in the bearing section can be 

detected. 

to In the case of the disk driving motor 22 shown in Figs. 11 and 12, for 

example, the status detection circuit 41 can function as a temperature sensot 

placed close to the rotating shaft 82 or the sleeve 81. The abnormality 

determination circmt 42 compares the detected temperature against the 

determination temperature pre·stored in memory. If the detected 

15 temperature is higher than the determination temperature, the abnormality 

determination circuit 42 determines that there is an abnormality with the 

bearing section. An example of an abnormality determination operation in 

this situation is shown iu Fig. 21. 

Next, with the hard disk drive 21t a method based on the number of 

20 retry attempts made by the magnetic head 24 can be used as an abnormality 

detection method for the motor bearing section. In other words, if there is an 

abnormality with the bearing section, the 'Vibration on rotation becomes 

larger, which causes a greater numbei- of tracking errors on the magnetic 

head 24 to occur. Consequently, writing on or reading from the magnetic disk 

is 23 would fail and there would be a greater number of retry attempts to read 

ind/or write. 

AS a result, the status detection circuit 41 of the motor bearing 

monitoring device 40 can detect the number of retry attempts made, while 

the abnormality determination circuit 42 can calculate the average nu:.mber of 
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retry attempts :made in a given amount of ti.Jne and determine that there is 

an abnormality with the bearing if the average number of retry attempts 

made exceeds the predetermined number. An example of the abnormality 

determination operation in this situation is indicated in Fig. 22. 

(Bearings That Can Be Monitored) 

The preceding description concerns embodiments in which the present 

invention is applied to the determination of abnormalities in oil dynamic 

pressure bearings, but dynamic pressure bearings that use high resistance 

10 fluids and gases other than oil, such as air and water, can also be the subject 

of testing. Furthermore, they can be hearings other than the dynanric 

pressure bearings. For example, it goes without saying that the pr-esent 

invention can be applied to monitor abnormal rotation in sliding bearings 

such as sintered bearings made from sintered bodies containing solid 

ts lubricating material, and roll bearings such as ball bearings in which rolling 

bodies are inserted. 

Further, in the embodiments described above, the present invention is 

applied to monitor dynamic pressure bearings of motors assembled into hard 

disk drives~ but the present invention can also be applied to monitor bearing 

20 sections in other devices as well. For example, the present invention can be 

applied to monitor the rotating part of an optical scanning device that scans 

while rotating a polygon :mirror, the i;otating part of a photosensitive drum of 

a copier, ·or the rotating part of an oil circulation pump. 

As described above, when a shaft element and a bearing element of a 

2s bearing are in a contact rotation state and in a non-contact rotation state, the 

electrical characteristics between these elements su.ch as impedance, ie., 

resistance, capacitance change. In the bearing test method and bearing test 

apparatu.s of the present invention, the changes in impedance between the 

shaft element and the bearing element are utilized to detect the number of 
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contact revolutions of the bearing (or the number of :float revolutions), and 

abnormal revolution states. 

Therefore, according to the present invention, tests on bearings can be 

accurately perfurmed in a shorter time compared to the tests that are 

5 conducted based on acoustic energy generated by the bearing section . 

. Also, when the bearing section of a motor is examined, tests can be 

conducted without being affected by noise caused by switching of the motor 

drive current, and the tests can be conducted without l'egard to the driving 

state of the motor. 

10 Furthermore, since bearings can be tested in a non·contact manner, 

there are other advantages when bearing& for hard disk d:tiving motors are 

tested. Namely, contamination by dust adhesion or the like) which might be 

caused by an electrode on the test apparatus being brought in contact with 

parts on the motor side, can be prevented. 

ts Also, a motor bearing monitoring apparatus of the present invention is 

structured to monitor states of the motor bearing section, determines 

whether there is an abnormality with the motor bearing section, and outputs 

a warning against such abnormality when an abnormality occurs. 

Accordingly, in accordance with the present invention, the generation of 

20 fatale problems such as locking of the motor and the like can be predicted, 

and such problems can be prevented beforehand. 

Also, by a memory device of the present invention, when an 

abnormality in the motor bearing section is detected, a warning of such 

abnormality is outputted. and a message that urges for backing up the stored 

25 contents in the memot:Y device can be outpu.tted. As a result, fatale problems 

such as the occurrence of motor locking that causes stored data unretrievable 

can be prevented. Furthel'more, when an abnormality occurs. stored data can 

be automatically backed up by a backup auxiliary memory med.iUDl. This 

provides a very secure and convenient backup system. 

41 



Furthermore, in accordance with the present invention, the property in 

which abnormal revolution states of a dynamic pressure bearing change the 

electrical characteristics such as impedance, i.e., resistance, capacitance and 

the like of the bearing is utilized. As a result, the changes in impedance 

s between the bearing elements are utilized to detect the number of contact 

revolutions of the bearing (or the number of float revolutions), and abnormal 

revolution states. Accordingly, abnormalities of bearings can be accurately 

detected. 

Also, in judging abnormality of a bearing based on changes in 

10 impedance, the status of the bearing can be detected in a non-contact 

manner. Acoordingly1 when a motor bearing for a hard disk drive or the like 

is monitored. contamination by dust adhesion or the like, which might be 

caused by an electrode on the monitoring apparatus being brought in contact 

with parts on the motor side, can be prevented. 

15 While the description above refers to particular emboc:Wnents of the 

present invention, it will be understood that many modifications may be 

made without departing from the spirit thereof. The accompanying claims 

are intended to cover such modifications as would £all within the true scope 

and spirit of the present invention. 

20 The presently disclosed embodiments are therefore to be considered in 

all respects as illustrative and not restrictive, the scope of the invention being 

indicated by the appended claims, rather than the foregoing description, and 

all changes which come within the meaning and range of equivalency of the 

claims are tlwrefore intended to be embraced therein. 
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WHAT IS CLAIMED JS: 

1. A bearing test method to testt in a bearing that can retain a 

shaft element and a bearing element coaxially positioned in a non·oontact 

s state when the number of revolutions exceeds a predetennined number of 

relati~e revolutions, whether the shaft element and the bearing element are 

in a contact rotation state, the method comprising the steps of: 

relatively rotating the shaft element and the bearing element; 

detecting a change in impedance between the shaft element and the 

10 bearing element in the relative rotation state, 

determining, based on the change in impedance, whether the shaft 

element and the bearing element are in a contact rotation state. 

2. A bearing test method according to claim l, wherein a resistance 

IS change or a capacitance change, or both is detected in a st~te when the shaft 

element and the bearing element are relatively rotating. 

3. A bearing test method according to claim 1, wherein the 

impedance change is detected while the number of relative revolutions 

20 between the shaft element and the bearing element is varied, and based on a 

detected impedance change, the number of relative revolutions is detected 

when the shafl; element and the bearing element switch from a contact 

rotation state to a non-contact rotation state, or from a non-contact rotation 

state to a contact rotation state. 

25 

4. A beaxing test method according to claim 3, wherein the number 

of relative revolutions is increased from zero, and the number of relative 

revolutions is detected as the number of floating rotation wh~ the shaft 
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element and the bearing element switch from a contact rotati~n state to a 

non·contact rotation state. 

5. A bearing test method according to claim 3, wherein the number 

5 of relative revolutions is decreased, and the number of relative revolutions is 

detected as the number of contact rotation when the shaft element and the 

bearing element switch from a non·contact rotation state to a contact rotation 

state. 

10 6. A bearing test method according to claim l, wherein whether the 

shaft element and the bearing element are in an abnormal contact rotation 

state is determined based on the impedance change. 

7. A bearing test Dlethod according to claim 6, wherein, when the 

ts number of relative revolutions is constant and when the impedance change 

occurs in an irregular manner, a determination is made that the abnormal 

contact rotation state is caused by a foreign matter that is contaminated in 

the gap between the shaft element and the bearing element. 

20 8. A bearing test method according to claim 6, wherein, when the 

number of relative revolutions is constant and impedance changes occur 

cyclically, a determination is made that the abnormal contact rotation state is 

caused either by the shaft element or the bearing element itself or by a 

foreign matter rotating synchronously with the shaft element or the bearing 

25 element. 

9. A bearing test method according to claim 1, wherein the 

impedance change is detected in a non-contact manner with respect to the 

s!J.aft element or the beanng element. 
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10. A bearing test method according to claim 1, wherein the bearing 

is a dynamic pressure bearing that includes grooves fur generating a dynamic 

pressure by a fluid between the shaft element and the bearing element. 

s 11. A bearing test method according to claim 1, wherein the bearing 

is a bearing for a revolving"' armature in which a rotor of the revolving· 

armature is rotatably supported with respect to a stator. 

12. A bearing test device for testing a bearing that can retain a 

10 shaft element and a bearing element coaxially positioned in a non·contact 

state when the number of revolutions exceeds a predetermined number of 

relative revolutions, whether the shaft element and the bearing element are 

in a contact rotation state, the bearing test device comprising: 

an impedance detection circuit that detects impedance that changes 

15 with the contact or non·contact state between the shaft element and the 

bearing element in a relative rotation state, 

wherein the impedance detection circuit is equipped with a. voltage 

application device that applies voltage to one of the shaft element and the 

bearing element, and an output voltage detection device that detects output 

20 voltage from the other1 and 

a determination is made based on a change in the output voltage as to 

whether the shaft element and the bearing element are in a contact rotation 

state. 

25 13. A bearing test device according to claim 12, wherein the voltage 

application device is an alternating voltage application delti.ce that applies 

altexnating voltage. 
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14. A bearing test device according to claim 13, wherein the 

alternating voltage application device comprises an excitation electrode 

placed in close proximity to one of the shaft element and the bearing element 

and an alternating voltage source that applies alternating voltage to the 

s excitation electrode, and 

10 

the output voltage detection device com.prises a detection electrode 

placed in close proximity to the other of the shaft element and the bearing 

element, and an output voltage detector that detects output voltage provided 

as output by the detection electtode. 

15. A bearing test device according to claim 14, wherein each of the 

excitation electrode and the detection electrode is a ring type or a cylinder 

type. 

15 16. A bearing test device according to claim 13, wherein _the 

impedance detection ci:r:cu:it is a LC resonant circuit with an inductor serially 

connected between the detection electrode and the ground. 

17. A bearing test device according to claim 16, wherein the 

20 frequency of the alternating voltage to be applied is a LC resonant frequency. 

18. A bearing test device according to claim. 17, wherein the LC 

resonant frequency i$ obtained by monitoring in advance output voltage 

waveform observed in contact and non-contact states, and selecting a 

2S frequency as the LC resonant frequency when the output voltage waveform 

has the maxim.um. amplitude. 

19. A bearing test device according to claim 13, wherein the 

alternating voltage application device comprises an excitation electrode 
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placed in close proximity to one of the shaft element and the bearing eleDtent 

and an altemating voltage source that applies alternating voltage to the 

excitation electrode, wherein 

the output voltage detection device comprises a detection electrode that 

5 detects voltages on both ends of a resistance serially connected between the 

excitation electrode and the alternating voltage source. 

20. A bearing test device according to claim 12, wherein the output 

voltage detection device comprises a waveform conversion circuit that 

10 converts the waveform of the detected output voltage. 

15 

21. A bearing test device according to claim 12, wherein the bearing 

is a dynru;nic pressure bearing that includes grooves for generating a dynamic 

pressure by a fluid between the shaft element and the bearing element. 

22. A bearing test device according to claim 21, wherein the bearing 

is a bearing in which. a rotor of a hard disk driving motor is rotatably 

supported with respect to a stator of the hard disk driving motor. 

20 23. A bearing test device according to claim 22, wherein the hard 

25 

disk driving motor comp:tises a base plate, and a disk hub for mounting a 

hard disk thereon, wherein a sleeve as the bearing element is formed in the 

base plate, and a rotor shaft as the shaft element is provided in the center of 

the disk hub. 

24. A bearing test device according to cl.aim 23, wherein the voltage 

application device comprises an excitation electrode placed in close proximity 

to one of the shaft element and the bearing element and an alternating 

voltage source that applies alternating voltage to the excitation electrode. 
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and the hard disk driving motot comprises a motor case that is disposed in 

close proximity to the base plate or the disk hub, and the motor case is used 

as the excitation electrode or the detection electrode. 

s 25. A bearing test device according to claim 23, wherein the base 

plate is provided with a counter plate as the bearing element that forms a 

dynamic pressure thrust bearing between end faces of the rotor shaft and the 

base plate, 

wherein the counter plate is electrically insulated from the base plate 

10 and used as the excitation electrode or the detection electrode. 

26. A bearing test device according to claim 23. whe:rein the hard 

disk driving motox comprises a base plate, and a disk hub for mounting a 

hard disk thereon, wherein a shaft as the shaft element is affixed to the base 

IS plate, and a sleeve as the bearing element is formed in the disk hub. 

27. A bearing test device according to claim. 26, wherein the voltage 

application device comprises an excitation electrode placed in close proximity 

to one of the shaft element and the bearing element and an alternating 

20 voltage source that applies alternating voltage to the excitation electrode, 

and the hard disk driving motor comprises a motor case that is disposed in 

close proximity to the base plate or the disk hub. and the motor case is used 

as the excitation electrode or the detection electrode. 

2S 28. A motor bearing monitoring device comprising: 

a status detection device that detects the state of a motor bearing; 

an abnormality determination device that makes a detennination 

whether the bearing is in an abnormal state based on the state of the bearing 

as detected by the status detection device; and 

48 



l \11\111 tl\lll lllll lllll II llll 
* C L M S * 

an output device that outputs a result of the determination from the 

abnormality determination device. 

29. A motor bearing monitoring device according to claim 28, 

s whe:rein the status detection device is an impedance detection device that 

detects impedance of the bearing. 

30. A motor bearing monitoring device according to claim 29, 

wherein the bearing forms a non·contact rotation state via a fluid film when 

IO the number of revolutions exceeds a predetermined number of revolutions, 

and the abnormality determination device, based on a change in impedance, 

determines a point at which the bearing switches from a contact rotation 

state to a non·contact rotation state when the motor starts, and determines 

that thexe is an abnormality with the be~ring when the number of motor 

l.S revolutions at that point exceeds a predetermined numb el' of float 

revolutions. 

81. A motor bearing monitoring device according to claim 29, 

wherein the bearing forms a non-contact rotation state via a fluid film when 

20 the number of revolutions exceeds a predetermined number of revolutions, 

and the abnormality determination de"\l'i.ce, ~ased on a change in impedance, 

determines whether the bearing is in a contact rotation state when the motor 

is in a steady rotation state, and deterxnines that there is an abnormality 

with the bearing when the bearing is in a contact rotation state or when a 

25 momentary contact rotation state occurs repeatedly. 

32. A motor bearing monitoring device according to claim 29t 

wherein the bearing forms a non-contact ;rotation state via a fluid film when 

the number of revolutions exceeds a predetermined number of revolutions, 
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and the abnormality determination device, based on a change in impedance. 

determines a point at which the bearing switches from a non·contact rotation 

state to a contact rotation state when the motor is stopping, and determines 

that there is an abnormality with the bearing when the number of motor 

s revolutions at that point exceeds a predetermined number of contact 

revolutions. 

33. A motor bearing monitoring device according to claixn 29, 

whe;rein the impedance detection device comprises a voltage application 

10 device that applies alternating voltage to one of a first bearing eleme.nt and a 

second bearing element that rotate relatiyely in a contact rotation state or 

non·contact rotation state. and an output voltage detection device that 

. detects output voltage from the other. and 

wherein the abnormality determination device, based on a change in 

IS the output voltage. determines whether the first and second bearing elelll.ents 

are in a contact rotation state. 

34. A motor bearing monitoring device according to claim 33, 

wherein the voltage application device is an alternating voltage application 

20 device that applies alternating voltage. 

35. A motor bearing monitoring device according to claim 34, 

wherein the alternating voltage application device comprises an excitation 

electrode placed in close praximity to one of the first bearing element and the 

25 second beating element and an alternating voltage source that applies 

alternating voltage to the excitation electrode7 and 

wherein the output voltage detection device comprises a detection 

electrode placed in close proximity to the other of the bearing elements. and 
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an output voltage detector that detects output voltage provided as output by 

the detection electrode. 

86. A motor bearing monitoring device according to claim 35. 

s wherein each of the e:x:citation electrode and the detection electrode is a ring 

type o:r: a cylinder type. 

87. A motor hearing monitoring de'rice according to claim 35, 

wherein the impedance detection circuit is a LC resonant circuit with an 

10 inductor serially connected between the detection electrode and the ground. 

15 

38. A motor beating monitoring de-vice according to claim 37, 

wherein the :frequency of the alternating voltage to be applied is a LC 

resonant frequency. 

39. A motor beating monitoring device according to claim 38, 

wherein the LC resonant frequency is obtained by monitoring in advance 

output voltage waveform observed in contact and non-contact states, and 

adjusting a frequency such that the output voltage waveform has the 

20 maxim.um amplitude. 

40. A motor bearing monitoring device according to claim. 33, 

wherein the abncm:nality determination device comprises a waveform 

conversion circuit that converts an output voltage waveform that is detected 

25 by the output voltage detection device. 

41. A motor bearing monitoring device according to claim S3, 

wherein the bearing is a dynamic pressure bearing in which a rotor of a hard 
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disk dl'iving motor is rotatably supported with :r;espect to a stator of the hard 

disk driving motor. 

42. A motor bearing monitoring device according to claim 41, 

5 wherein the hard disk driving motor comprises a base plate~ and a disk hub 

for mounting a hard disk thereon, wherein a sleeve as one of the first and 

second bearing elements is formed in the base plate, and a rotor shaft as the 

other of the bearing elexnents is provided in the center of the disk hu.b. 

10 43. A motor bearing monitoring device according to claim 42, 

wherein the voltage applicatio:o. device comprises an excitation electrode 

placed in close proximity to one of the shaft element and the bearing element 

and an alternating yoltage source that applies alternating voltage to the 

excitation electrode, and the hard disk driving motor comprises a wotor case 

15 that is disposed in close proximity to the base plate or the disk hub, and the 

motor case is used as the excitation electrode or the detection electrode. 

44. A motor bearing monitoring device according to claim 43, 

wherein the base plate is ptovided with a counter plate as a bearing element 

20 that forms a dynamic pressure thrust bearing between the rotor sh.aft and 

the base plate, 

wherein the counter plate is electrically insulated from the base plate 

and used as the excitation electrode or the detection electrode. 

25 45. A motor bearing monitoring device according to claim 41, 

wherein the hard disk driving motor comprises a base plate, and a disk hub 

for mounting a hard disk thereon~ wherein a shaft as one of the first and 

second bearing elements is affixed to the base plate1 and a sleeve as the other 

of the bearing elements is formed in the center of the disk hub. 
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46. A motor bearing monitoring device according to claim 45, 

wherein the voltage application device comprises an excitation electrode 

placed in close proximity to one of the shaft element and the bearing element 

s and an alternating voltage source that applies alternating voltage to the 

excitation electrode, and the ha.rd disk driving motor comprises a motor case 

that is disposed in close proximity to the base plate or the disk hub, and the 

motor case is used as the excitation electrode or the detection electrode. 

IO 47. A motor bearing monitoring device according to claim 45, 

wherein the alternating voltage application de~ce comprises an excitation 

electrode placed in close prmcim.ity to one of the first and second bearing 

elements and an altemating -voltage source that applies alternating voltage 

to the excitation electrode, and 

15 the output voltage detection device is a voltage detector that detects 

voltages at both ends of a resistance serially connected between the excitation 

electrode and the alternating voltage source. 

48. A motor bearing monitoring device according to claim 28, 

20 wherein the status detection device is an acoustic sensor that detects 

acoustics generated by the bearing. 

49. A motor bearing monitoring device according to claim 48, 

wherein the bearing fonns a non·contact rotation state via a fluid film when 

25 the number of revolutions exceeds a predetermined number of revolutions, 

and the abnormality determination device, based on an output from the 

acoustic sensor, determines whether the bearing is in a contact rotation state 

when the motor is in a steady rotation state, and determines that there is an 
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abnormality with the bearing when the bearing is in a contact rotation state 

or when a mornentary contact rotation state occurs repeatedly. 

50. A motor bearing monitoring device according to claim 48, 

5 wherein the bearing forms a non-contact :rotation state via a fluid film when 

the number of revolutions e:ltceeds a predetermined number of revolutions, 

and the abnormality determination device, based on an output from the 

acoustic sensor, determines a point at which the bearing switches from a non­

contact rotation state to a contact rotation state when the motor is stopped 

10 when the motor is in a steady rotation state, and determines that there is an 

abnormality with the bearing when the number of DlOtor revolutions at that 

point exceeds a predetermined number or contact revolutions. 

51. A motor bearing monitoring device according to claim 28, 

IS wherein the status detection device is a temperature sensor that detects the 

tempel"ature of the bearing. 

52. A motor bearing monitoring device according to claim 28, 

wherein the abnormality determination device determines whether the 

20 bearing is near an end of service 1ifu thereof. 

53. A motor bearing monitoring device according to claim 28. 

wherein the output device is a display device, a speaker, or a buzzer. 

25 54. A memory devica having a disk-shaped m.emory media, a disk 

driving motor that rotationally drives the mamory media, and a head device 

that performs at least one of two,gperations that are recording information on 

'1r retrieving information from the memory media, the memory device 

comprising: 
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a status detection device that detects the status of a. bear.ing of the disk 

driving motor; 

an abnormality determination device that makes a determination as to 

whether the bearing is in an abnormal state based on the state of the bearing 

s as detected by the status detection device; and 

an output device that outputs a result of the dete:cmination from the 

abnormality determination device. 

55. A memory device according to cl.aito. 54, wherein, when the 

rn abnormality determination device determines that there is an abnormality 

with the bearing, the output device provides as output information that the 

bearing's life is near its end and instructs to store the memory in the 

recording media in another memory medium. 

15 56. A memory device according to claim 54, further compX'ising an 

auxiliary recording medium for backup purposes and onto which contents 

recorded on the recording media is writable when there is an abnormality 

with the bearing. 

20 57. A memory device according to claim 56, further comprising a 

backup device that writes contents recorded on the memory medium onto the 

auxiliary recording medium when the abnormality determination device 

determines that there is an abnormality with the beax'ing. 

25 58. A memory device according to claim 54, further comprising a 

motor stopping device that forcefully stops the rotation of the motor when the 

abnormality determination device determines that there is an abnormality 

with the bearing. 
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59. A memory device according to claim 54, wherein the status 

detection device is an impedance detection devi<!e that detects impedance of 

the bearing. 

60. A memory device according to claim 59~ wherein the bearing 

for:co.s a non-contact rotation stata vi.a a fluid :filni when the number of 

revolutions exceeds a predetermined number of revolutions, and the 

abnormality determination device, based on a change in impedafice, 

determines a point at which the bearing switches from a contact rotation 

10 state to a non·contact rotation state when the motor starts, and determines 

that there is an abnormality with the bearing when the number of motor 

revolutions at that point exceeds a predetermined number of float 

revolutions. 

IS 61. A memoo:y device according to claim 59, wherein the bearing 

wherein the bearing forms a non·contact rotation state via a fluid film when 

the number of revolutions exceeds a predetermined numbex- of revolutions, 

and the abnormality determination device, based on a change in impedance, 

determines whether the bearing is in a contact rotation state when the motor 

20 is in a steady rotation state, and determines that there is an abnormality 

with the bearing when the bearing is in a contact rotation state or when a 

momentary contact rotation state occurs repeatedly. 

62. A memory device according to claim 61. wherein the status 

25 detection and the abnormal.judgment for the bearing are conducted at 

predetermined time intervals. 

68. A memory device according to claim 61, wherein the status 

detection and the abnormal judgment for the bearing are conducted when the 
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head device does not perforJll a recording operation or a reproducing 

operation with the memory medium. 

64. A memory ~vice according to claim 591 wherein the bearing 

s forms a non-contact rotation state via a fluid film when the number of 

revolutions exceeds a predetermined number of revolutions. wherein the 

abnormality determination device, based on a change in the impedance, 

determines a point at which the bearing switches from a noiFoontact rotation 

state to a contact rotation state when the motor is stopped, and determines 

10 that there is an abnormality with the bearing when the number of motor 

revolutions at that point exceeds a predetermined number of contact 

revolutions. 

65. A memory device according to claixn. 54, wherein the status 

15 detection device is an acoustic sensor that detects acoustics generated by the 

bearing. 

66. A moto:r bearing monitoring device according to claim 65, 

whe:rein the bearing forms a non«contact rotation state via a fluid film when 

20 the number of revolutions exceeds a predeterxnined number of revolutions, 

wherein the abnormality determination device, based on an output from the 

acoustic sensOl', determines whether the bearing is in a contact X'Otation state 

when the motor is in a steady rotation state. and determines that there is an 

abnormality with the bearing when the bearing is in a contact rotation state 

25 or when a momentary contact rotation state occurs repeatedly. 

67. A memory device according to claim 66, wherein the status 

detection and the abnormal judgment for the bearing when the motor is in a 

steady rotation state are conducted at predetermined time intervals. 
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68. A memory device according to claim 66, wherein the status 

detection and the abnormal judgment for the bearing when the motor is in a 

steady rotation state are conducted when the head device does not perform a 

5 reeotding operation or a reproducing operation with the memory medium. 

69. A memory device according to claim 65, wherein the bearing 

furms a non-contact rotation state via a fluid film when.the number of 

revolutions exceeds a predetermined number of revolutions, wherein the 

IO abnormality determination device, based on an output from the acoustic 

sensor, determines a point at which the bearing switches from a non-contact 

rotation state to a contact rotation state when the motor is stopping, and 

determines that there is an abnormality with the bearing when the number 

of motor revolutions at that point exceeds a predetermin:ed number of contact 

15 revolutions. 

20 

70. A memoey device according to claim 54, wherein the status 

detection deviee is a temperature sensor that detects temperatures of the 

bearing. 

71. A memory device according to claim 54, wherein the status 

detection device is a retry number detection device that detects the number of 

retry attempts made by the head device to record on or retrieve froxn the 

recording media, 

25 the abnormality determination device calculates an average number of 

retry attempts made in a given a.mount of time based upon the number of 

detected retry attempts made, and determines that there is an abnormality 

with the bearing if the average nuxnber of retxy attempts made exceeds a 

predetermined number. 

SS 



f lllJlll IJJlll lllfl llll JJ llll 
* C L M S i 

72. A memory device according to claim 59, wherein the ou.tput 

device is a display device or a speaker. 

5 73. A memory device according to claim. 59, wherein the impedance 

detection de'Vice comprises a voltage application device that applies 

alternating voltage to one of~ first bearing element and a second bearing 

element that rotate relatively in a contact rotation state or non-contact 

rotation state, and an output voltage detection device that detects output 

10 voltage from the other, and 

whe.rein the abnormality determination device, based on a change in 

the output voltage, determines whether the first and second shaft bearing are 

in a contact rotation state. 

15 7 4. A memory device according to claim 73, wherein the alternating 

voltage application device comprises an excitation electrode placed in close 

pr())cimity to one of the first bearing element and the second bearing element 

and an alternating voltage source that applies alternating voltage to the 

ex.citation electrode, and 

20 the output voltage detection device comprises a detection electrode 

placed in close proximity to the other of the bearing elements, and an output 

voltage detector that detects output voltage provided as output by the . 
detection electrode. 

25 75. A memory device according to claim 74, wherein the impedance 

detection circuit is a LC resonant circuit with an inductor serially connected 

between the detection electrode and the ground. 
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76. A memory device according to claim 73~ wherein the alternating 

voltage application device comprises an excitation electtode placed in close 

proximity to one of the first and second bearing elements and an alternating 

voltage source that applies alternating voltage to the excitation electrode, 

5 and 

the output voltage detection device is a voltage detector that detects 

voltages at both ends of a resistance serially connected between the excitation 

elec~ode and the alternating voltage source. · -

10 77. A memory device according to claim 73, whe:rein the 

abnormality determination device comprises a waveform conversion circuit 

that converts an output voltage waveform that is detected by the output 

voltage detection device. 

15 78. A memory device according to claim 73, wherein the bearing is a 

dynamic pressure bearing. 

79. A memory device according to claim 76, wherein the disk driviug 

:w.otor comprises a base plate, and a disk hub for mounting the memory 

20 medium thereon, wherein a sleeve as one of the first and second bearing 

elements is formed on the base plate, and a rotor shaft as the other of the 

bearing elements is formed in the center of the disk hub. 

80. A memory device according to claim 77, wherein the voltage 

25 application device comprises an excitation electrode placed in close proximity 

to one of the shaft element and the bearing element and an alternating 

voltage source that applies alternating voltage to the excitation electrode, 

and the disk driving motor comprises a motor case that is disposed in close 
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proximity to the base plate or the disk bub, and the motor case is used as the 

excitation electrode or the detection electrode. 

81. A memory device according to claim 77, wherein the voltage 

5 application device comprises an excitation electrode placed in close proximity 

to one of the shaft element and the bearing element and an alternating 

voltage source that applies alternating voltage to the excitation electrode, 

and the base plate is prc;" lU.ed with a counter plate as the bearing element 

that forms a dynamic pressure thrust bearing between end faces of the rotor 

10 shaft and the base plate. 

wherein the counter plate is electrically insulated from the base plate 

and used as the excitation electrode or the detection electrode. 
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