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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“≈—°…≥–°“√‡ ’¬√Ÿª¢Õß HGA ∑’Ë¡’º≈µàÕ°“√∫‘¥µ—«¢Õß Slider „π·°π Pitch

·≈–·°π Roll Õ—π‡π◊ËÕß¡“®“°§à“·√ß®—∫¬÷¥ 7 ªÕπ¥å, 8 ªÕπ¥å ·≈– 9 ªÕπ¥å µ“¡≈”¥—∫ ‚¥¬∑’Ë‰¡à¡’°“√°¥∫√‘‡«≥

 à«πª≈“¬¢Õß Load beam ‰ª¬—ßµ”·Àπàß Z-Height ÷́Ëß°“√»÷°…“§√—Èßπ’È‰¥â„™â‚ª√·°√¡‰ø‰πµå‡Õ≈‘‡¡πµå‡¢â“¡“™à«¬

„π°“√«‘‡§√“–Àå ‡æ◊ËÕÀ“§à“·√ß®—∫¬÷¥∑’Ë àßº≈°√–∑∫µàÕ°“√‡ ’¬√Ÿª¢Õß HGA ·≈–°“√∫‘¥µ—«¢Õß Slider „π·°π

pitch ·≈–·°π roll πâÕ¬∑’Ë ÿ¥ ®“°°“√»÷°…“æ∫«à“‡¡◊ËÕ∑”°“√®—∫¬÷¥ HGA ¥â«¬·√ß 7 ªÕπ¥å ™‘Èπß“π HGA

¡’°“√‡ ’¬√Ÿª·≈–¡’‡ªÕ√å‡´Áπµå§«“¡§≈“¥‡§≈◊ËÕπ§à“¡ÿ¡„π·°π pitch ·≈–·°π roll ‰ª®“°‡¥‘¡‡∑à“°—∫ 0.011 ‡ªÕ√å‡´Áπµå

·≈– 0.0092 ‡ªÕ√å‡´Áπµå ´÷ËßπâÕ¬°«à“§à“·√ß®—∫¬÷¥ 8 ªÕπ¥å ·≈– 9 ªÕπ¥å ∑’Ë¡’‡ªÕ√å‡´Áπµå§«“¡§≈“¥‡§≈◊ËÕπ

§à“¡ÿ¡„π·°π pitch ·≈–·°π roll ‰ª®“°‡¥‘¡‡∑à“°—∫ 0.015 ‡ªÕ√å‡´Áπµå, 0.010 ‡ªÕ√å‡´Áπµå, 0.014 ‡ªÕ√å‡´Áπµå

·≈– 0.012 ‡ªÕ√å‡ Á́πµå µ“¡≈”¥—∫

ABSTRACT

This research studied head gimbal assembly (HGA) deformation, affecting slider twist in the axes of

pitch and roll through 7 lbf, 8 lbf and 9 lbf  clamping force without any additional forces applied at the edge

of the load beam to Z-height position. A Finite Element Program was used in this research to analyze and

determine the clamping force that generate least HGA deformation and slider twist in the pitch and roll axes.

The results show that 7 lbf clamping force produce least HGA deformation and error in pitch and roll axes,

which are 0.011% and 0.0092%, compared with 8 lbf and 9 lbf clamping force, which create 0.015% and

0.010%, 0.014% and 0.012%, respectively.
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∫∑π”

„π°√–∫«π°“√º≈‘µŒ“√å¥¥‘ °å‰¥√åø (Hard

Disk Drive, HDD) ª√–°Õ∫‰ª¥â«¬¢—ÈπµÕπ°“√º≈‘µ

∑’Ë§àÕπ¢â“ß´—∫´âÕπ·≈–¡’§«“¡≈–‡Õ’¬¥·¡àπ¬”∑ÿ°¢—ÈπµÕπ

√«¡‰ª∂÷ß°√–∫«π°“√µ√«® Õ∫§ÿ≥¿“æ¢ÕßÀ—«Õà“π/

‡¢’¬πŒ“√å¥¥‘ °å‰¥√åø (Head Gimbal Assembly, HGA)

´÷Ëß‡ªìπ¢—ÈπµÕπ∑’Ë ”§—≠¡“°¢—ÈπµÕπÀπ÷Ëß °àÕπ∑’Ë HGA

®–∂Ÿ° àß‰ª¬—ß°√–∫«π°“√ª√–°Õ∫‡ªìπ Head Stack

Assembly (HSA) ·≈–Œ“√å¥¥‘ °å‰¥√åøµ“¡≈”¥—∫

´÷Ëßªí®®ÿ∫—πæ∫«à“ HGA ¡’°“√‡ ’¬√ŸªÕ—π‡π◊ËÕß¡“®“°

§à“·√ß∑’Ë„™â®—∫¬÷¥™‘Èπß“π¢≥–∑”°“√µ√«® Õ∫§ÿ≥ ¡∫—µ‘

´÷Ëß°“√‡ ’¬√Ÿª¥—ß°≈à“«®– àßº≈µàÕ°“√∫‘¥µ—«¢Õß Slider

∑”„Àâ§à“¡ÿ¡„π·°π pitch ·≈–·°π roll ∑’Ë«—¥ÕÕ°¡“

‰¥âπ—Èπ¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª®“°§à“‡¥‘¡ ´÷Ëß°“√»÷°…“

§√—Èßπ’È¡’«—µ∂ÿª√– ß§å„π°“√»÷°…“°“√‡ ’¬√Ÿª¢Õß HGA

∑’Ë àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“¡ÿ¡„π·°π pitch ·≈–·°π

roll Õ—π‡π◊ËÕß¡“®“°§à“·√ß®—∫¬÷¥ 7 ªÕπ¥å, 8 ªÕπ¥å ·≈–

9 ªÕπ¥å ¢Õß‡§√◊ËÕß Wyko ‚¥¬„™â«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå

·≈–‚ª√·°√¡‰ø‰πµå‡Õ≈‘‡¡πµå„π°“√«‘‡§√“–Àåªí≠À“

¢â“ßµâπ ‡æ◊ËÕÀ“§à“·√ß®—∫¬÷¥∑’Ë àßº≈µàÕ°“√‡ ’¬√Ÿª

¢Õß HGA ·≈–°“√‡ª≈’Ë¬π·ª≈ß§à“¡ÿ¡„π·°π pitch

·≈–·°π roll πâÕ¬∑’Ë ÿ¥

ª√“‚¡∑¬å (2542) ‰¥â°≈à“«‰«â«à“«‘∏’°“√∑“ß

¥â“π‰ø‰πµåÕ‘≈‘‡¡πµå  “¡“√∂∑”°“√®”≈Õß√Ÿª·∫∫

º≈‘µ¿—≥±å∑’Ë´—∫´âÕπ‰¥â‚¥¬ßà“¬Õ¬à“ß·¡àπ¬”·≈–

‡ªìπ«‘∏’°“√∑’Ë¡’§«“¡‡™◊ËÕ∂◊Õ¡“°„π‡™‘ß°“√«‘‡§√“–Àå

ªí≠À“µà“ßÊ ‰¡à«à“®–‡ªìπ ªí≠À“∑“ß¥â“π¢Õß·¢Áß

‰ª®π∂÷ß°“√§”π«≥ ¿“«–·ª√ª√«π¢ÕßÕ“°“»

√Õ∫¬“π°√– «¬Õ«°“»¢≥–‡°‘¥°“√·¬°µ—«®“°∂÷ß‡™◊ÈÕ

‡æ≈‘ß¿“¬πÕ° πÕ°®“°π’È«‘∏’°“√∑“ß¥â“π‰ø‰πµåÕ‘≈‘‡¡πµå

¬—ß “¡“√∂≈¥√–¬–‡«≈“·≈–„Àâ§à“°“√«‘‡§√“–Àå∑’Ë¡’

ª√– ‘∑∏‘¿“æ¡“°  Zu and Bogy (2007) ‰¥â∑”°“√

»÷°…“Õ‘∑∏‘æ≈¢Õß Pitch Static Attitude (PSA) ·≈–

Roll Static Attitude (RSA) ∑’Ë¡’º≈µàÕæƒµ‘°√√¡

¢Õß Air Bearing ‚¥¬‡©æ“–√–¬–°“√∫‘π¢Õß Slider

∑’ËµË”¡“° ÷́Ëß„π°“√»÷°…“§√—Èßπ’È‰¥â∑”°“√»÷°…“√–¬–

°“√∫‘π¢Õß Slider ∑’Ë√–¬–§«“¡ Ÿß 7 nm, 5 nm ·≈–

3.5 nm ®“°°“√»÷°…“æ∫«à“§à“ Pitch Static Attitude

(PSA) ·≈– Roll Static Attitude (RSA) ¡’ à«π

 ”§—≠∑’Ë àßº≈µàÕ°“√ÕÕ°·∫∫≈—°…≥– Air Bearing

‚¥¬®–¡’º≈°√–∑∫¡“°°ÁµàÕ‡¡◊ËÕ Slider ¡’√–¬–°“√∫‘π

‡Àπ◊Õ·ºàπ¡’‡¥’¬∑’ËµË”¡“° πÕ°®“°π’È¬—ß¡’°“√∑¥ Õ∫

Õ‘∑∏‘æ≈¢Õß§à“ Stiffness ¢Õß Suspension «à“¡’º≈

°√–∑∫µàÕ Air Bearing À√◊Õ‰¡à´÷Ëßº≈°“√«‘‡§√“–Àå

æ∫«à“§à“ Stiffness ¢Õß Suspension °Á¡’º≈°√–∑∫µàÕ

Air Bearing ‡™àπ‡¥’¬«°—∫ Pitch Static Attitude (PSA)

·≈– Roll Static Attitude (RSA) (Singh et al., 2006)

‰¥â∑”°“√»÷°…“‡°’Ë¬«°—∫°“√ª√—∫§à“ Pitch Static Attitude

(PSA) ·≈– Roll Static Attitude (RSA) „πÀ—«Õà“π/

‡¢’¬πŒ“√å¥¥‘ °å (Head Gimbal Assembly : HGA)

‚¥¬„™â‡∑§π‘§∑“ß¥â“π‡≈‡´Õ√å„π°“√ª√—∫§à“ Pitch Static

Attitude (PSA) ·≈– Roll Static Attitude (RSA)

´÷Ëß„π°“√ª√—∫§à“¡ÿ¡ Pitch Static Attitude (PSA) ·≈–

Roll Static Attitude (RSA) π—Èπ®–∑”°“√ª√—∫∫√‘‡«≥

 à«π‚§âß¢Õß Flexure „Àâ¡’§à“¡ÿ¡ Pitch Static Attitude

(PSA) ·≈– Roll Static Attitude (RSA) µ“¡∑’ËµâÕß°“√

‡¡◊ËÕ∑”°“√ª√—∫·°â‡ √Á®°Á®–¡’°“√«—¥§à“¡ÿ¡  Pitch Static

Attitude (PSA) ·≈– Roll Static Attitude (RSA)

Õ’°∑’¥â«¬°“√µ√«®®—∫¢Õß‡≈‡´Õ√å ≥ ∫√‘‡«≥æ◊Èπº‘«¢Õß

Slider (He et al., 2001) ‰¥â∑”°“√»÷°…“º≈°“√

∑¥≈ÕßªØ‘°‘√‘¬“√–À«à“ßÀ—«Õà“π°—∫¥‘ °å„π°√–∫«π°“√

Ram Loading ́ ÷Ëß°“√µ‘¥µ—Èß°“√∑¥≈Õßª√–°Õ∫‰ª¥â«¬

Optical Interferometer ÷́Ëß„™â«—¥°“√‡ª≈’Ë¬π·ª≈ß

√–¬–°“√∫‘π (Flying Height) High Sensitivity PZT

Force Sensor ‡æ◊ËÕ„™â ”À√—∫«—¥·≈–‡°Á∫¢âÕ¡Ÿ≈§à“ Bearing

Force AE Sensor ´÷Ëß„™â„π°“√µ√«®°“√ —¡º— 

¢ÕßÀ—«Õà“π°—∫·ºàπ¡’‡¥’¬ ‡æ◊ËÕÀ“º≈∑’Ë‡°‘¥®“°§«“¡‡√Á«
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¢Õß°“√„Àâ‚À≈¥·≈–º≈§«“¡·µ°µà“ß¢Õß§à“ Static

Attitude µàÕ§à“√–¬–°“√∫‘π (Fly Height) ∑’Ë àßº≈µàÕ

°“√ —¡º— √–À«à“ßÀ—«Õà“π°—∫·ºàπ¡’‡¥’¬ ®—°√æ—π∏å (2550)

‰¥â∑”°“√»÷°…“∂÷ßº≈°√–∑∫¢Õßªí®®—¬∑’Ë¡’º≈µàÕ°“√

‡ ’¬√Ÿª¢Õß Base Plate, §à“ Gram Load, §à“°“√∫‘¥µ—«

(Roll Static Attitude) ·≈–§à“°“√°√–¥°µ—«¢ÕßÀ—«

∫—π∑÷°¢âÕ¡Ÿ≈ (Pitch Static Attitude) ´÷Ëß‡ªìπª√–‡¥Áπ

À≈—°„π°“√°”Àπ¥§ÿ≥¿“æ¢Õß HGA ‚¥¬„™â«‘∏’‰ø

‰πµå‡Õ≈‘‡¡πµå ®“°°“√«‘‡§√“–Àåæ∫«à“ °“√®—∫¬÷¥‚¥¬

„™â™ÿ¥®—∫¬÷¥∑’Ëª√–°Õ∫‰ª¥â«¬™ÿ¥®—∫¬÷¥¥â“π∫π‡ªìπ

·∫∫ ’Ë‡À≈’Ë¬¡ ·≈–™ÿ¥®—∫¬÷¥¥â“π≈à“ß‡ªìπ·∫∫¡’≈∫¡ÿ¡

πâÕ¬∑’Ë ÿ¥ ‚¥¬„Àâ¿“√–®—∫¬÷¥ 8 MPa ´÷Ëß‡ªìπ¿“√–

∑’ËπâÕ¬∑’Ë ÿ¥∑’Ë‡æ’¬ßæÕµàÕ°“√®—∫¬÷¥  àßº≈„Àâ°“√‡ ’¬

√Ÿª¢Õß Base Plate ·≈–§à“°“√∫‘¥µ—« (Roll Static

Attitude) ≈¥≈ß∑—Èß„π¢≥–®—∫¬÷¥·≈–À≈—ß∂Ÿ°®—∫¬÷¥

‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â™ÿ¥®—∫¬÷¥·∫∫‡¥‘¡ ·µà√Ÿª√à“ß¢Õß™ÿ¥

®—∫¬÷¥®–‰¡à¡’π—¬ ”§—≠µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“ Gram

Load ·≈– Pitch Static Attitude  ¿“°√≥å ·≈– °πµå∏√

(2551)‰¥â∑”°“√«‘‡§√“–Àå°“√°√–®“¬µ—«¢Õß§«“¡‡§âπ

∑’Ë ‡°‘¥¢÷Èπ∫√‘‡«≥™ÿ¥®—∫¬÷¥À—«Õà“πŒ“√å¥¥‘ °å‚¥¬„™â

√–‡∫’¬∫«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå ‡æ◊ËÕÀ“§à“°“√°√–®“¬µ—«

¢Õß§«“¡‡§âπ (stress distribution) ∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥

suspension ·≈–Õß»“∑’Ë‡À¡“– ¡¢Õß suspension

∑’Ë®–∑”„Àâ‰¥â§à“ gram load ‡∑à“°—∫ 2.52+0.2 g.

‚¥¬»÷°…“æƒµ‘°√√¡∑’Ë‡°‘¥¢÷Èπ¢Õß HGA „π ¿“«–

∑’Ë‰¥â√—∫ Air Baring Load À√◊Õ∑’Ë‡√’¬°«à“  ¿“«– Load

State ®“°°“√«‘‡§√“–Àå¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµåæ∫«à“

¡ÿ¡¢Õß suspension ∑’Ë∑”„Àâ§à“ gram load = 2.52

± 0.2 g. ¡’§à“‡∑à“°—∫ 11.50 ± 1 degree  ‰æ√ —≥±å

(2551) ‰¥â∑”°“√»÷°…“ªí®®—¬®“°§à“√–¬–‡º◊ËÕ∑’Ë¡’º≈

µàÕ§à“°√—¡‚À≈¥„π™‘Èπ à«πÀ—«Õà“π§Õ¡æ‘«‡µÕ√å

‚¥¬°“√ √â“ß ¡°“√§≥‘µ»“ µ√å ‡æ◊ËÕÀ“§«“¡

‡À¡“– ¡¢Õß¢π“¥·≈–√–¬–‡º◊ËÕ æ∫«à“º≈¢Õß√–¬–

‡º◊ËÕ¢Õßæ“√“¡‘‡µÕ√å∑’Ë¡’º≈µàÕ·√ß°√—¡‚À≈¥¡“°∑’Ë ÿ¥

§◊Õ §«“¡µ—Èß©“°·≈–§«“¡‡ªìπ∑√ß°≈¡¢Õß∫Õ≈·∫√‘Ëß

‡π◊ËÕß®“°‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß√–¬–‡º◊ËÕ°Á®– àßº≈

∑“ß¥â“π√Ÿª√à“ß∑’ËÀ—«Õà“π‡¢’¬π ∑”„Àâ·√ß°√—¡‚À≈¥

®–¡’°“√‡ª≈’Ë¬π·ª≈ß¡“°‡¡◊ËÕ√–¬–‡º◊ËÕ¢Õß§«“¡

µ—Èß©“°·≈–°“√‡∫’Ë¬ß‡∫π¢Õß∫Õ≈·∫√‘Ëß‡ª≈’Ë¬π·ª≈ß

æ√»—°¥‘Ï (2546) ‰¥â∑”°“√»÷°…“°“√ª√—∫ª√ÿß§«“¡º—π

·ª√§à“æ‘™ ·µµ‘°·Õ∑∑‘®Ÿ¥„π°√–∫«π°“√ª√–°Õ∫

À—«Õà“πŒ“√å¥¥‘ °å‚¥¬„™â·π«∑“ß°“√ÕÕ°·∫∫°“√∑¥≈Õß

‚¥¬∑”°“√‡≈◊Õ°ªí®®—¬„π°√–∫«π°“√°“√ª√–°Õ∫∑’Ë¡’

º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“æ‘™ ·µµ‘°·Õ∑∑‘®Ÿ¥ ‡æ◊ËÕ„Àâ

‰¥â§à“æ‘™ ·µµ‘°·Õ∑∑‘®Ÿ¥„°≈â‡§’¬ß§à“‡ªÑ“À¡“¬§◊Õ§à“»Ÿπ¬å

æ∫«à“ªí®®—¬∑’Ë àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ßµàÕ§à“æ‘™ ·µµ‘°

·Õ∑∑‘®Ÿ¥‰¥â·°à ¢π“¥°“«‚§√ß √â“ß ¢π“¥¢Õß°“«µ—«π”

√–¬–¢ÕßÀ—«°¥¢≥–∑”°“√‡™◊ËÕ¡ ‰≈‡¥Õ√å ®“°°“√

»÷°…“‰¥â§à“ª√—∫µ—Èß∑’Ë‡À¡“– ¡§◊Õ ¢π“¥¢Õß°“«

‚§√ß √â“ß¡’§à“ 98 µ“√“ß¡‘« ¢π“¥°“«µ—«π”¡’§à“

72 µ“√“ß¡‘« ·≈–√–¬–À—«°¥¢≥–‡™◊ËÕ¡ ‰≈‡¥Õ√å¡’§à“

2.8 ¡‘« §à“·√ß°¥¢Õß·∫Á§·§≈Á¡ªáæ‘π 470 °√—¡·≈–

µ”·Àπàß¢Õß‡´Õ√å‚§‡π’¬¡’§à“ 1 ‡∑à“®“°‚æ≈∑‘ª

√–‡∫’¬∫«‘∏’«‘®—¬

°“√»÷°…“§√—È ßπ’È ‡ªìπ°“√»÷°…“≈—°…≥–

°“√‡ ’¬√Ÿª¢Õß HGA ∑’Ë àßº≈µàÕ°“√∫‘¥µ—«¢Õß Slider

„π·°π pitch  ·≈–·°π roll Õ—π‡π◊ËÕß¡“®“°§à“·√ß

®—∫¬÷¥ 7 ªÕπ¥å, 8 ªÕπ¥å ·≈– 9 ªÕπ¥å ¢Õß‡§√◊ËÕß

Wyko („π°√–∫«π°“√µ√«® Õ∫§ÿ≥ ¡∫—µ‘¢Õß HGA

¥â«¬‡§√◊ËÕß Wyko  “¡“√∂°√–∑”‰¥â∑’Ë·√ß 7-9 ªÕπ¥å

‡∑à“π—Èπ) ‚¥¬∑’Ë‰¡à¡’°“√°¥ª≈“¬¢Õß Load Beam

‰ª¬—ßµ”·Àπàß‡ ¡◊ÕπÀ—«Õà“π≈Õ¬Õ¬Ÿà‡Àπ◊Õ·ºàπ¡’‡¥’¬

(Z-Height) ¥—ß√Ÿª∑’Ë 1 ·≈–¡’≈—°…≥–°“√®—∫¬÷¥

¢Õß‡§√◊ËÕß Wyko ¥—ß√Ÿª∑’Ë 2 ·≈–‰¥â¡’°“√°”Àπ¥„Àâ

™‘Èπß“π HGA ‡ªìπ«— ¥ÿ·∫∫‰Õ‚´‚∑√ªî§ (Isotropic)
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√Ÿª∑’Ë 1. HGA ∂Ÿ°°√–∑”¥â«¬·√ß‡æ’¬ß®ÿ¥‡¥’¬«

√Ÿª∑’Ë 2.  °“√®—∫¬÷¥À—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å¢Õß‡§√◊ËÕßµ√«® Õ∫§ÿ≥ ¡∫—µ‘·∫∫ Wyko

„π°“√«‘‡§√“–Àå≈—°…≥–°“√∫‘¥µ—«¢Õß Slider

„π·°π pitch ·≈–·°π roll ®–¡’°“√°”Àπ¥∑‘»∑“ß

°“√∫‘¥µ—« ¥—ß√Ÿª∑’Ë 3 ‚¥¬®–∑”°“√«—¥§à“¡ÿ¡„π·°π

pitch ·≈–¡ÿ¡ roll ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª∫√‘‡«≥µ√ß°≈“ß

¢Õßº‘«Àπâ“ Slider

874
°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§à“ Pitch ·≈–§à“ Roll ¢ÕßÀ—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å

Õ—π‡π◊ËÕß¡“®“°§à“·√ß∑’Ë„™â®—∫¬÷¥√–À«à“ß°“√«—¥§à“¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå
«“√ “√«‘®—¬ ¡¢. 14 (9) : °—π¬“¬π 2552
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√Ÿª∑’Ë 3. ∑‘»∑“ß¢Õß°“√«—¥§à“¡ÿ¡„π·°π Pitch ·≈– Roll

√Ÿª∑’Ë 4.  ≈—°…≥–°“√·∫àß‡Õ≈‘‡¡πµå„π‚ª√·°√¡‰ø‰πµå‡Õ≈‘‡¡πµ

√Ÿª∑’Ë 4 ‡ªìπ≈—°…≥–°“√·∫àß‡Õ≈‘‡¡πµå

¢Õß™‘Èπß“π HGA „π‚ª√·°√¡‰ø‰πµå‡Õ≈‘‡¡πµå´÷Ëß

¡’°“√π”«‘∏’ Newton Rapson ·≈– Adaptive Refinement

‡¢â“¡“ª√–¬ÿ°µå„™â „π°“√·∫àß‡Õ≈‘‡¡πµå„Àâ¡’§«“¡

≈–‡Õ’¬¥¡“°¢÷Èπ ‡æ◊ËÕ„Àâ‰¥âº≈≈—æ∏å¡’§à“§«“¡·¡àπ¬”

∂Ÿ°µâÕß „π°“√«‘‡§√“–Àåªí≠À“π’È¡’°“√·∫àß‡Õ≈‘‡¡πµå‡ªìπ

2 ·∫∫§◊Õ ‡Õ≈‘‡¡πµå·∫∫°âÕπÕ‘∞ (Brick Element0)

·≈–‡Õ≈‘‡¡πµå·∫∫æ’√–¡‘¥∞“π “¡‡À≈’Ë¬¡ (Tetrahedron)

¡’®”π«π‡Õ≈‘‡¡πµå 178,122 ‡Õ≈‘‡¡πµå·≈–®”π«π‚Àπ¥

303,670 ®ÿ¥µàÕ

875KKU Res J 14 (9) :September 2009
°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§à“ Pitch ·≈–§à“ Roll ¢ÕßÀ—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å

Õ—π‡π◊ËÕß¡“®“°§à“·√ß∑’Ë„™â®—∫¬÷¥√–À«à“ß°“√«—¥§à“¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå
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°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§à“ Pitch ·≈–§à“ Roll ¢ÕßÀ—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å

Õ—π‡π◊ËÕß¡“®“°§à“·√ß∑’Ë„™â®—∫¬÷¥√–À«à“ß°“√«—¥§à“¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå
«“√ “√«‘®—¬ ¡¢. 14 (9) : °—π¬“¬π 2552

µ“√“ß∑’Ë 1. §ÿ≥ ¡∫—µ‘∑“ß°≈¢Õß«— ¥ÿ

µ“√“ß∑’Ë 1 ‡ªìπ°“√· ¥ß§ÿ≥ ¡∫—µ‘¢Õß«— ¥ÿ

™π‘¥µà“ßÊ·µà≈–™‘Èπ à«π¢Õß HGA ‚¥¬§à“§ÿ≥ ¡∫—µ‘

‡À≈à “π’È ∂Ÿ °π”‰ª„™â „π°“√°”Àπ¥§à “§ÿ≥ ¡∫—µ‘

¢Õß«— ¥ÿ„π‚ª√·°√¡‰ø‰πµå‡Õ≈‘‡¡πµå ‡æ◊ËÕ«‘‡§√“–Àå

°“√‡ ’¬√Ÿª¢Õß™‘Èπß“π HGA √–À«à“ß∂Ÿ°®—∫¬÷¥

¥â«¬§à“·√ß 7 ªÕπ¥å, 8 ªÕπ¥å ·≈– 9 ªÕπ¥å

µ“¡≈”¥—∫

‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√«‘®—¬

„π°“√»÷°…“§√—Èßπ’È‰¥â¡’°“√„™â‚ª√·°√¡

∑“ß¥â“π‰ø‰πµå‡Õ≈‘‡¡πµå Ansys Workbence ‡¢â“¡“

™à«¬„π°“√«‘‡§√“–Àå¥â«¬‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å à«π∫ÿ§§≈

´÷Ëß‚ª√·°√¡¥—ß°≈à“«¡’ª√– ‘∑∏‘¿“æ„π°“√«‘‡§√“–Àå

ªí≠À“∑“ß¥â“π‚§√ß √â“ß Ÿß æ√âÕ¡∑—Èß¡’ à«π™à«¬≈¥

‡«≈“·≈–µâπ∑ÿπ„π°“√»÷°…“

º≈°“√«‘®—¬

®“°°“√«‘‡§√“–Àå≈—°…≥–°“√‡ ’¬√Ÿª¢Õß

HGA ∑’Ë àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“¡ÿ¡„π·°π pitch

·≈–·°π roll ¥â«¬‚ª√·°√¡‰ø‰πµå‡Õ≈‘‡¡πµå æ∫«à“

HGA ¡’°“√‡ ’¬√Ÿª·≈–¡’§à“§«“¡‡§âπ·ª√º—πµ√ß°—∫

·√ß®—∫¬÷¥ π—Ëπ°Á§◊ÕÀ“°¡’°“√„™â·√ß®—∫¬÷¥¡“°°Á®–

 àßº≈∑”„Àâ HGA ¡’°“√‡ ’¬√Ÿª·≈–°“√‡ª≈’Ë¬π·ª≈ß

§à“¡ÿ¡„π·°π pitch ·≈–·°π roll ¡“° „π∑“ß°≈—∫°—π

À“°¡’°“√„™â·√ß®—∫¬÷¥∑’ËπâÕ¬°Á®– àßº≈∑”„Àâ HGA

¡’°“√‡ ’¬√Ÿª·≈–°“√‡ª≈’Ë¬π·ª≈ß§à“¡ÿ¡„π·°π pitch

·≈– ·°π roll πâÕ¬ ¥—ß√Ÿª∑’Ë 5 ·≈– 6
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877KKU Res J 14 (9) :September 2009
°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§à“ Pitch ·≈–§à“ Roll ¢ÕßÀ—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å

Õ—π‡π◊ËÕß¡“®“°§à“·√ß∑’Ë„™â®—∫¬÷¥√–À«à“ß°“√«—¥§à“¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå

√Ÿª∑’Ë 5.  §à“§«“¡‡§âπ∑’Ë‡°‘¥¢÷Èπ∫π™‘Èπß“π HGA ¥â«¬§à“·√ß®—∫¬÷¥µà“ßÊ°—π

√Ÿª∑’Ë 6.  ‡ªÕ√å‡ Á́πµå§«“¡§≈“¥‡§≈◊ËÕπ¢Õß¡ÿ¡„π·°π pitch ·≈–·°π roll ¢≥–∑’Ë HGA ∂Ÿ°®—∫¬÷¥

√Ÿª∑’Ë 5 ·≈– 6 ‡ªìπ°“√· ¥ß§à“§«“¡‡§âπ

∑’Ë‡°‘¥¢÷Èπ·≈–‡ªÕ√å‡´Áπµå§«“¡§≈“¥‡§≈◊ËÕπ¢Õß¡ÿ¡

„π·°π pitch ·≈–·°π roll ¢Õß HGA (‚¥¬∑”°“√

‡ª√’¬∫‡∑’¬∫√–À«à“ß§à“¡ÿ¡ pitch ·≈–¡ÿ¡ roll °àÕπ

·≈–À≈—ß∑”°“√®—∫¬÷¥¥â“¬·√ß 7 ªÕπ¥å, 8 ªÕπ¥å ·≈–

9 ªÕπ¥å) æ∫«à“·√ß®—∫¬÷¥∑’Ë àßº≈µàÕ°“√‡ ’¬√Ÿª¢Õß

HGA ¡“°∑’Ë ÿ¥§◊Õ 9 ªÕπ¥å (æ‘®“√≥“®“°§à“

§«“¡‡§âπ∑’Ë‡°‘¥¢÷Èπ‚¥¬®–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß¡ÿ¡

„π·°π pitch ¡“°‡¡◊ËÕ HGA ∂Ÿ°®—∫¬÷¥¥â«¬·√ß 8 ªÕπ¥å

·≈–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß¡ÿ¡„π·°π roll ¡“°

‡¡◊ËÕ HGA ¡’°“√∂Ÿ°®—∫¬÷¥¥â«¬·√ß 9 ªÕπ¥å (‡π◊ËÕß

¡“®“°·√ß®—∫¬÷¥ 9 ªÕπ¥å ®– àßº≈µàÕ°“√‚°àßµ—«

¥â“π¢â“ß¢Õß HGA ¡“°°«à“·√ß®—∫¬÷¥ 7 ªÕπ¥å ·≈–

8 ªÕπ¥å ®÷ß àßº≈°√–∑∫µàÕ°“√∫‘¥µ—«¢Õß Slider

„π·°π roll ¡“°°«à“·°π pitch) ¥—ßπ—Èπ ‡¡◊ËÕæ‘®“√≥“

º≈°“√«‘‡§√“–Àå®“°°√“ø§«“¡‡§âπ·≈–‡ªÕ√å‡´Áπµå

§«“¡§≈“¥‡§≈◊ËÕπ¢Õß¡ÿ¡„π·°π pitch ·≈–·°π roll

®–æ∫«à“·√ß®—∫¬÷¥ 7 ªÕπ¥å®– àßº≈µàÕ°“√‡ ’¬√Ÿª

¢Õß HGA ·≈–°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“¡ÿ¡„π·°π Pitch

·≈–·°π roll πâÕ¬∑’Ë ÿ¥
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°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§à“ Pitch ·≈–§à“ Roll ¢ÕßÀ—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å

Õ—π‡π◊ËÕß¡“®“°§à“·√ß∑’Ë„™â®—∫¬÷¥√–À«à“ß°“√«—¥§à“¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå
«“√ “√«‘®—¬ ¡¢. 14 (9) : °—π¬“¬π 2552

°. °“√‡ ’¬√Ÿª¢Õß™‘Èπ à«π Base Plate (∫√‘‡«≥º‘«¥â“π∫π; ¿“æ¢¬“¬ 2300 ‡∑à“)

¢. °“√‡ ’¬√Ÿª¢Õß™‘Èπ à«π Base Plate (∫√‘‡«≥º‘«¥â“π≈à“ß)

√Ÿª∑’Ë 7.  °“√‡ ’¬√Ÿª¢Õß Base Plate „π‚ª√·°√¡‰ø‰πµå‡Õ≈‘‡¡πµå

√Ÿª∑’Ë 7° ·≈– 7¢ ‡ªìπ°“√‡ ’¬√Ÿª¢Õß

™‘Èπ à«π∑’Ë‡√’¬°«à“ Base Plate ¢Õß HGA „π‚ª√·°√¡

‰ø‰πµå‡Õ≈‘‡¡πµå ́ ÷Ëß°“√«‘‡§√“–Àå≈—°…≥–°“√‡ ’¬√Ÿª¢Õß

HGA „π°“√»÷°…“§√—Èßπ’È ®–æ‘®“√≥“°“√‡ ’¬√Ÿª¢Õß

Base Plate ‡ªìπ™‘Èπ à«πÀ≈—° ‡π◊ËÕß®“°™‘Èπ à«ππ’È

‡ªìπµ—«√Õß√—∫™‘Èπ à«π„π°“√Õà“π/‡¢’¬π¢âÕ¡Ÿ≈∑—ÈßÀ¡¥

·≈–‡ªìπ™‘Èπ à«π∑’Ë —¡º— °—∫™ÿ¥®—∫¬÷¥‚¥¬µ√ß À“°™‘Èπ

 à«ππ’È¡’°“√‡ ’¬√Ÿª°Á®– àßº≈∑”„Àâ™‘Èπ à«πÕ◊Ëπ¡’°“√

‡ ’¬√Ÿªµ“¡‰ª¥â«¬ ®“°°“√«‘‡§√“–Àåæ∫«à“∫√‘‡«≥

∑’Ë¡’°“√‡ ’¬√Ÿª¡“°∑’Ë ÿ¥‡ªìπ∫√‘‡«≥æ◊Èπº‘«¥â“π≈à“ß¢Õß

Base Plate ‡π◊ËÕß®“°‡°‘¥§à“§«“¡‡§âπ∫√‘‡«≥π’È¡“°∑’Ë ÿ¥

08 11/13/09, 2:21 PM878



879KKU Res J 14 (9) :September 2009
°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§à“ Pitch ·≈–§à“ Roll ¢ÕßÀ—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å

Õ—π‡π◊ËÕß¡“®“°§à“·√ß∑’Ë„™â®—∫¬÷¥√–À«à“ß°“√«—¥§à“¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå

°. ≈—°…≥–°“√‡ ’¬√Ÿª¢Õß HGA ¢≥–∂Ÿ°·√ß®—∫¬÷¥°√–∑” (¿“æ¢¬“¬¢π“¥ 2300 ‡∑à“)

¢. °“√‡ ’¬√Ÿª¢Õß HGA ∑’Ë àßº≈µàÕ°“√∫‘¥µ—«¢Õß Slider „π·°π pitch ¢≥–∂Ÿ°®—∫¬÷¥ (¿“æ¢¬“¬ 2300 ‡∑à“)

√Ÿª∑’Ë 8. °“√‡ ’¬√Ÿª¢Õß HGA ∑’Ë¡’º≈µàÕ°“√∫‘¥µ—«¢Õß Slider „π·°π pitch ¢≥–∂Ÿ°®—∫¬÷¥

√Ÿª∑’Ë 9 .≈—°…≥–°“√‡ ’¬√Ÿª¢Õß HGA ∑’Ë¡’º≈µàÕ°“√∫‘¥µ—«¢Õß Slider „π·°π roll ¢≥–∂Ÿ°®—∫¬÷¥
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°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§à“ Pitch ·≈–§à“ Roll ¢ÕßÀ—«Õà“π/‡¢’¬πŒ“√å¥¥‘ °å

Õ—π‡π◊ËÕß¡“®“°§à“·√ß∑’Ë„™â®—∫¬÷¥√–À«à“ß°“√«—¥§à“¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå
«“√ “√«‘®—¬ ¡¢. 14 (9) : °—π¬“¬π 2552

√Ÿª∑’Ë 8°, 8¢ ·≈– 9 ‡ªìπ·∫∫®”≈Õß

°“√‡ ’¬√Ÿª¢Õß HGA ∑’Ë àßº≈µàÕ°“√∫‘¥µ—«¢Õß Slider

„π·°π pitch ·≈–·°π roll ®“°°“√»÷°…“æ∫«à“

‡¡◊ËÕ HGA ∂Ÿ°®—∫¬÷¥‰¡à„Àâ¡’°“√‡§≈◊ËÕπ∑’Ë §à“·√ß∑’Ë„™â

®—∫¬÷¥®– àßº≈µàÕ°“√°√–¥°µ—«¢Õß Slider ¢÷Èπ„π·°π

pitch ÷́Ëß¡’∑‘»∑“ß‡ªìπ∫«° ·≈– àßº≈µàÕ°“√∫‘¥µ—«

µ“¡·π«¬“«¢Õß Slider (·°π X) ‰ª∑“ß´â“¬´÷Ëß¡’

∑‘»∑“ß‡ªìπ≈∫

 √ÿªº≈°“√»÷°…“

®“°°“√»÷°…“æ∫«à“™‘Èπß“π HGA ‰¡à‡°‘¥

°“√‡ ’¬√Ÿª∂“«√¢≥–∑’Ë∂Ÿ°®—∫¬÷¥ ‡π◊ËÕß®“°§à“§«“¡‡§âπ

∑’Ë‡°‘¥¢÷Èπ¢≥–®—∫¬÷¥¥â«¬·√ß 7 ªÕπ¥å ‡∑à“°—∫ 104.60

MPa, 8  ªÕπ¥å ‡∑à“°—∫ 119.98 MPa ·≈– 9 ªÕπ¥å

‡∑à“°—∫ 134.48 MPa ‰¡à‡°‘π§à“§«“¡‡§âπ§√“° (Tensile

Yield Stress) ´÷Ëß¡’§à“‡∑à“°—∫ 205-215 MPa π—Ëπ· ¥ß

«à“«— ¥ÿ¡’§ÿ≥ ¡∫—µ‘‡ªìπ·∫∫‡™‘ß‡ âπ (linear) ´÷ËßÕ¬Ÿà„π

™à«ß¬◊¥À¬ÿàπ (Elasticity) ‚¥¬§«“¡‡§âπ¥—ß°≈à“«®–‡°‘¥

¡“°∑’Ë ÿ¥∫√‘‡«≥æ◊Èπº‘« à«π≈à“ß¢Õß Base Plate ·≈–

¡’§«“¡§≈“¥‡§≈◊ËÕπ¢Õß§à“¡ÿ¡„π·°π pitch ·≈–·°π

roll ¥â«¬·√ß®—∫¬÷¥ 7 ªÕπ¥å‡∑à“°—∫ 0.011 ‡ªÕ√å‡´Áπµå

·≈– 0.0092 ‡ªÕ√å‡ Á́πµå, 8 ªÕπ¥å ‡∑à“°—∫ 0.015

‡ªÕ√å‡ Á́πµå ·≈– 0.010 ‡ªÕ√å‡´Áπµå ·≈– 9 ªÕπ¥å ‡∑à“°—∫

0.014 ‡ªÕ√å‡´Áπµå ·≈– 0.012 ‡ªÕ√å‡´Áπµåµ“¡≈”¥—∫

¥—ßπ—Èπ “¡“√∂ √ÿª‰¥â«à“§à“·√ß®—∫¬÷¥∑’Ë àßº≈∑”„Àâ

°“√‡ª≈’Ë¬π·ª≈ß§à“¡ÿ¡„π·°π  pitch ·≈–·°π roll

πâÕ¬∑’Ë ÿ¥§◊Õ·√ß®—∫¬÷¥ 7 ªÕπ¥å

¢âÕ‡ πÕ·π–
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