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1. IQWURGXFWLRQ  

BHDULQJ LV D VLPSOH DQG LPSRUWDQW LWHP XVHG WR 
UHGXFH WKH IULFWLRQ EHWZHHQ SDUWV GXULQJ UHODWLYH 
PRYHPHQWV. FOXLG G\QDPLF EHDULQJ (FDB) LV D W\SH RI 
IOXLG ILOP EHDULQJ WKDW LV EHLQJ XVHG LQ WKH LQGXVWU\ ULJKW 
QRZ GXH WR LWV RXWVWDQGLQJ GDPSLQJ FKDUDFWHULVWLF 
FRPSDUHG WR D FRQYHQWLRQDO EDOO EHDULQJ >1@. BHVLGHV WKDW, 
LLX HW DO. >2@ IRXQG WKDW WKH FDB LPSURYHG WKH ORDG 
FDSDFLW\ for miniature spindle motors and small-form-
factor data storage applications. FOXLG G\QDPLF EHDULQJ LV 
ZLGHO\ XVHG LQ KLJK VSHHG RU LQ KLJK SUHFLVLRQ 
DSSOLFDWLRQV. 7KH GHVLJQ RI EHDULQJ KDV WKH IXQFWLRQ WR 
H[WHQG EHDULQJ OLIH LQ PDFKLQHU\, UHGXFH IULFWLRQ, HQHUJ\ 
ORVVHV DQG ZHDU, DQG PLQLPL]H WKH PDLQWHQDQFH H[SHQVHV 
DQG GRZQWLPH RI PDFKLQHU\ ZKLFK XVXDOO\ FDXVHG E\ 
EHDULQJ IDLOXUHV >3@. 7KLV UHVHDUFK, IRFXVHV RQ WKH 
RSWLPXP GHVLJQ RI D IOXLG G\QDPLF EHDULQJ QDPHG 
PRGLILHG VSLUDO GHVLJQ. 2WKHU UHVHDUFKHUV VWXGLHG DERXW 
WKH RSWLPXP GHVLJQ RI FDB WR UHGXFH QRQ-UHSHDWDEOH 
UXQRXW (1552) DQG UHSHDWDEOH UXQRXW (552) >4@. 
HRZHYHU, WKH REMHFWLYHV WKLV SDSHU LV WR LPSURYH WKH 
SUHVVXUH GLVWULEXWLRQ LQVLGH WKH EHDULQJ DQG LGHQWLI\ DQ\ 
DOWHUQDWLYH OXEULFDQW IRU FDB WR PLQLPL]H WKH 
WHPSHUDWXUH RI D KDUG GLVN GULYH (HDD). 0RVW HDD 
GHSHQG RQ RLO DV WKH OXEULFDQW WR UHGXFH WKH DEVRUSWLRQ RQ 
WKH VXUIDFH ZLWK WKH DLG WKH PDJQHWLFV ILHOG >5@. 7KH 
OXEULFDQW ZLOO EH SXVKHG WR WKH LQQHU YLFLQLW\ RI WKH 
JURRYH DQG JHQHUDWHV SUHVVXUH WR WKH EHDULQJ VXUIDFH, 
OHYLWDWLQJ WKH EHDULQJ.  7KH DXWKRUV IRFXV RQ D PRGHO RI 
EHDULQJV ZLWK D GLDPHWHU RI 64 PP. 7KH FXUUHQW 
FRQYHQWLRQDO VSLUDO GHVLJQ LQ WKLV UHVHDUFK KDV 12 QXPEHU 
RI JURRYHV ZKLOH WKH PRGLILHG VSLUDO KDV 24 QXPEHU RI 
JURRYHV, VKRZQ UHVSHFWLYHO\ LQ FLJXUH 1. 7KH GHWDLOV RI 
WKH GHVLJQ FRPSDULVRQ DUH VXPPDUL]HG LQ 7DEOH 1. BRWK 
GHVLJQV DUH FODVVLILHG LQWR WZR, IRU EHDULQJ ZLWK VHDO DQG 
ZLWKRXW VHDO. FRU WKH GLIIHUHQFH LQ WKRVH WZR GHVLJQV, 
EHDULQJ ZLWK VHDO DQG EHDULQJ ZLWKRXW VHDO GHVLJQ, DUH 
VKRZQ LQ FURVV-VHFWLRQDO ILJXUHV, VFKHPDWLFDOO\ LQ 
FLJXUHV 2 DQG 3.  

 
FLJXUH 1 MRGLILHG VSLUDO GHVLJQ DQG FRQYHQWLRQDO VSLUDO 

GHVLJQ 

2. DHVLJQ DQG PDUDPHWHUV 

IQ WKLV SDSHU, WKH DXWKRUV IRFXV RQ FDB ZKLFK 
LV DSSOLHG WR D WKUXVW K\GURG\QDPLF EHDULQJ RI D HDD. 
7KH PRGLILHG VSLUDO JURRYH GHVLJQ ZLWK D VPDOOHU 
GLDPHWHU ZDV DOVR SURSRVHG E\ IEUDKLP HW DO. >6@ XVLQJ 
PRGLILFDWLRQ PHWKRG RI JURRYH JHRPHWULHV ZLWK DLU DV LWV 
OXEULFDQWV. HRZHYHU, QR H[SHULPHQWDO DQDO\VLV 
YHULILFDWLRQV ZHUH GLVFXVVHG LQ WKH SDSHU.  

7DEOH 1 PDUDPHWHU RI GHVLJQV IRU VSLUDO JURRYH DQG 
PRGLILHG VSLUDO JURRYH 

 

 
FLJXUH 2 6FKHPDWLF FURVV-VHFWLRQDO GLDJUDP IRU EHDULQJ 

ZLWK VHDO GHVLJQ 

 

FLJXUH 3 6FKHPDWLF FURVV-VHFWLRQDO GLDJUDP IRU 
EHDULQJ ZLWKRXW VHDO GHVLJQ 

PDUDPHWHUV 6SLUDO 
GURRYH 

MRGLILHG 
6SLUDO 

GURRYH 
1XPEHU RI 

JURRYHV 
N>PP@ 12 24 

2XWHU UDGLXV R1>PP@ 32 32.0 

IQQHU UDGLXV R2>PP@ 25.6 25.6 

6HDO UDGLXV RV>PP@ 27.52 29.76 
GURRYH 
GHSWK 

HJ>�P@ 5.0 8.0 

5RWDWLRQDO 
VSHHG 

Q>USP@ 10,000 10,000 
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