
«“√ “√«‘®—¬ ¡¢. 14 (1) : ¡°√“§¡ 2552100

°“√®”≈Õß°“√‰À≈¢ÕßÕ“°“»¿“¬„πŒ“√å¥¥‘ °å¢π“¥ 1.8 π‘È«
∑’Ë§«“¡‡√Á«√Õ∫µà“ß°—π

Simulation of Airflow inside 1.8-in Hard Disk Drive at
Various Rotational Speeds

 ÿ¿™—¬ æ≈πÈ”‡∑’Ë¬ß  (Supachai Polnumtiang)1

‡°’¬√µ‘øÑ“ µ—Èß„®®‘µ (Kiatfa Tangchaichit)2

∫∑§—¥¬àÕ

ß“π«‘®—¬π’È∑”°“√»÷°…“∂÷ß°“√‰À≈¢ÕßÕ“°“»¿“¬„πŒ“√å¥¥‘ °å¢π“¥ 1.8 π‘È«∑’Ë¡’¢“¬µ“¡∑âÕßµ≈“¥∑’Ë§«“¡‡√Á«

√Õ∫·ºàπ¥‘ °å∑’Ë 3600, 5400, ·≈– 7200 √Õ∫µàÕπ“∑’ „π°“√»÷°…“π’È®–„™â·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å·∫∫ 3 ¡‘µ‘ µ”·Àπàß

¢Õß·¢πÀ—«Õà “π (Head Stack Assembly, HSA) ∑’Ë ∑”°“√»÷ °…“§◊ Õµ”·Àπà ßª≈“¬ ÿ ¥¢Õß·ºàπ¥‘ °å

(Outer Diameter, OD) ·≈–„™â·∫∫®”≈Õß§«“¡ªíòπªÉ«π·∫∫ RNG k-epsilon º≈°“√»÷°…“æ∫«à“ §«“¡¥—π ∂‘µ

(static pressure) ∑’Ë‡°‘¥¢÷Èπ¿“¬„πŒ“√å¥¥‘ °å®–¡’∑—Èß§à“∑’Ë‡ªìπ∫«°·≈–≈∫‚¥¬‡©æ“–∑’Ë∫√‘‡«≥„°≈â®ÿ¥»Ÿπ¬å°≈“ß°“√À¡ÿπ

§«“¡¥—π®–¡’§à“‡ªìπ≈∫ ·µà®–¡’§à“‡ªìπ∫«°‡æ‘Ë¡¢÷Èπµ“¡√—»¡’¢Õß·ºàπ¥‘ °å∑’Ë§«“¡‡√Á«√Õ∫§à“Àπ÷Ëß ´÷Ëß§à“§«“¡¥—π®–¡“°

¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«¢Õß·ºàπ¥‘ °å¡“°¢÷Èπ „π à«π¢Õß§«“¡‡√Á«¢ÕßÕ“°“»∑’Ë‡°‘¥¢÷Èπ¿“¬„πŒ“√å¥¥‘ °åæ∫«à“®–¡’§à“‡æ‘Ë¡¢÷Èπ

„π≈—°…≥–‡™‘ß‡ âπµ“¡√—»¡’¢Õß·ºàπ¥‘ °å·≈–§«“¡‡√Á«¢ÕßÕ“°“»®–¡“°∑’Ë ÿ¥∑’Ë∫√‘‡«≥∑’Ë„°≈â°—∫·ºàπ¥‘ °å∑’Ë ÿ¥∑’Ë

§«“¡‡√Á«√Õ∫§à“Àπ÷Ëß ´÷Ëß§«“¡‡√Á«¿“¬„πŒ“√å¥¥‘ °å®–¡“°¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«√Õ∫¢Õß·ºàπ¥‘ °å¡“°¢÷Èπ¥â«¬ ‡ âπ∑“ß°“√

‰À≈¢ÕßÕ“°“»¢Õß∑ÿ°§«“¡‡√Á«√Õ∫®–¡’√Ÿª·∫∫∑’Ë§≈â“¬°—π·µà®–¡’§«“¡‡√Á«¢Õß°“√‰À≈‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¡’°“√‡æ‘Ë¡§«“¡‡√Á«

√Õ∫¢÷Èπ ®“°º≈°“√»÷°…“§√—Èßπ’È “¡“√∂π”‰ª‡ªìπ¢âÕ¡Ÿ≈„π°“√»÷°…“∂÷ß°“√ —Ëπ –‡∑◊Õπ¢ÕßÀ—«Õà“πÕ—π¡’º≈‡π◊ËÕß®“°

°“√‰À≈¢ÕßÕ“°“»¿“¬„πŒ“√å¥¥‘ °å‰¥âµàÕ‰ª

Abstract

In this paper, the behavior of the turbulence airflow field caused by the spinning of the single disk

inside a 1.8 inch Hard Disk Drive (HDD) in the market at various rotational speeds was investigated. Commercial

software (Fluent Software) using the RNG k-epsilon turbulence model was used to simulate. The single arm

position at Outer Diameter (OD-Position) was studied. Pressure and velocity showed the flow pattern. We

observed that the pressure at the center of the disk was a negative pressure, which increased to a positive pressure

along the disk radius. The magnitude of velocity of airflow increased linearly along the disk radius. When the

rotational speed was increased, pressure and velocity also increased. The velocity path line of airflow inside the

HDD was similar for all rotational speeds. This information can be used for vibration analysis of the actuator arm.
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∫∑π”

Œ“√å¥¥‘ °å®—¥‡ªìπÕÿª°√≥å‡°Á∫¢âÕ¡Ÿ≈∑’Ë¡’§«“¡

 ”§—≠¬‘Ëß„π§Õ¡æ‘«‡µÕ√å À√◊Õ·¡â·µàÕÿª°√≥åÕ◊ËπÊ ‡™àπ

°≈âÕß«‘¥’‚Õ ‚∑√»—æ∑å¡◊Õ∂◊Õ ‡ªìπµâπ ·≈–„πÕπ“§µµàÕ

‰ª¢â“ßÀπâ“Õÿµ “À°√√¡∑“ß¥â“π®—¥‡°Á∫¢âÕ¡Ÿ≈‡À≈à“π’È

®–µâÕß¡’°“√·¢àß¢—π°—π‡æ‘Ë¡¢÷Èπ‡æ◊ËÕµÕ∫ πÕß§«“¡

µâÕß°“√¢ÕßºŸâ∫√‘‚¿§ Œ“√å¥¥‘ °å„πªí®®ÿ∫—π¡’§«“¡

 “¡“√∂„π°“√®—¥‡°Á∫¢âÕ¡Ÿ≈‰¥â„πª√‘¡“≥¡“° Õ’°∑—Èß„™â

‡«≈“„π°“√‡¢â“∂÷ß¢âÕ¡Ÿ≈ (Access Time) ∑’Ë‡√Á«¡“°Õ—π

‡π◊ËÕß¡“®“°‡∑§‚π‚≈¬’„π°“√®—¥‡√’¬ß·∂∫·¡à‡À≈Á° (Track

Density) ∑’Ë¡’§«“¡≈–‡Õ’¬¥¡“°‡æ◊ËÕ°“√‡¢’¬π¢âÕ¡Ÿ≈≈ß„π

·ºàπ¥‘ °å ·≈–§«“¡‡√Á«¢Õß¡Õ‡µÕ√å∑’Ë„™âÀ¡ÿπ·ºàπ¥‘ °å

°Á¡’§«“¡‡√Á« Ÿß‡™àπ°—π ÷́Ëß®–°àÕ„Àâ‡°‘¥ªí≠À“∑’ËÀ≈’°‡≈’Ë¬ß

‰¡à‰¥â‡™àπ 1. ‡°‘¥°“√ —Ëπ –‡∑◊Õπ¢Õß·¢πÀ—«Õà“π/‡¢’¬π

Õ—π‡π◊ËÕß¡“®“°º≈¢Õß°“√‰À≈Õ“°“»∑’Ë‡°‘¥¢÷Èπ®“°°“√

À¡ÿπ∑’Ë§«“¡‡√Á« Ÿß¢Õß·ºàπ¥‘ °å (Hayato et al., 2003)

·≈– 2. °“√·°«àßµ—«¢Õß·ºàπ¥‘ °åÕ—π‡π◊ËÕß¡“®“°º≈

¢Õß§«“¡¥—π∑’Ë°¥≈ß∫π·ºàπ¥‘ °å (Masayuki et al.,

2001) ‡ªìπµâπ §«“¡√ÿπ·√ß¢ÕßÕ“°“»∑’Ë‰À≈Õ¬Ÿà

¿“¬„π®–µâÕß¡’«‘∏’„π°“√≈¥°àÕπ∑’Ë®–„Àâ‰ª°√–∑∫°—∫

·¢πÀ—«Õà“π/‡¢’¬π (Yoshiyuki et al., 2004) Œ“√å¥¥‘ °å

∑’Ë‰¥â¡’°“√»÷°…“®–¡’¢π“¥µ—Èß·µà 1 π‘È« (M.A. Suraidi

et al., 2006) 2.5 π‘È « (Shigenori et al., 2006) ·≈–

¢π“¥ 3.5 π‘È«

®“°ªí≠À“∑’Ë‡°‘¥¢÷Èπ∑—Èß Õßª√–°“√∑”„Àâ°“√

Õà“π-‡¢’¬π¢âÕ¡Ÿ≈¢ÕßŒ“√å¥¥‘ °å¡’§«“¡§≈“¥‡§≈◊ËÕπ®÷ß

∑”„Àâ¡’π—°«‘®—¬æ¬“¬“¡»÷°…“∂÷ßæƒµ‘°√√¡°“√‰À≈¢Õß

Õ“°“»∑’Ë‡°‘¥¢÷Èπ¿“¬„πŒ“√å¥¥‘ °å¢π“¥µà“ßÊ ‡æ◊ËÕ∑’Ë®–

À“«‘∏’°“√„π°“√·°â‰¢ªí≠À“∑’Ë‡°‘¥¢÷Èπ¥—ß°≈à“« Õ’°∑—Èß

‡ªìπ°“√‡µ√’¬¡æ√âÕ¡∑’Ë®–√Õß√—∫‡∑§‚π‚≈¬’Œ“√å¥¥‘ °å∑’Ë

¡’°“√æ—≤π“Õ¬à“ß√«¥‡√Á«„πÕπ“§µ

ß“π«‘®—¬π’È∑”°“√»÷°…“∂÷ß°“√‰À≈¢ÕßÕ“°“»

¿“¬„πŒ“√å¥¥‘ °å¢π“¥ 1.8 π‘È«∑’Ë¡’¢“¬∑—Ë«‰ªµ“¡∑âÕß

µ≈“¥∑’Ë§«“¡‡√Á«√Õ∫·ºàπ¥‘ °å∑’Ë 3600, 5400, ·≈–

7200 √Õ∫µàÕπ“∑’ „π°“√»÷°…“π’È®–„™â·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å·∫∫ 3 ¡‘µ‘ µ”·Àπàß¢ÕßÀ—«Õà“π∑’Ë∑”°“√

»÷°…“§◊Õµ”·Àπàß OD ‡∑à “π—Èπ´÷Ë ß ‡ªìπµ”·Àπà ß∑’Ë

§«“¡‡√Á«¢ÕßÕ“°“»¡’§à“¡“°∑’Ë ÿ¥ ´Õø·«√å∑’Ë„™â„πß“π

«‘®—¬π’È§◊Õ GAMBIT ·≈– FLUENT ß“π«‘®—¬π’È®–‡ªìπ

æ◊Èπ∞“π„π°“√«‘‡§√“–Àå°“√ —Ëπ –‡∑◊Õπ¢Õß·¢πÀ—«Õà“π/

‡¢’¬πÕ—π‡π◊ËÕß¡“®“°§«“¡·√ß¢Õß°√–· ≈¡∑’Ë‡°‘¥¢÷Èπ

„πŒ“√å¥¥‘ °åµàÕ‰ª

·∫∫®”≈Õß¢ÕßŒ“√å¥¥‘ °å·≈–«‘∏’°“√

§”π«≥

√Ÿª∑’Ë 1.  à«πª√–°Õ∫À≈—°¢ÕßŒ“√å¥¥‘ °å

√Ÿ ª ∑’Ë 1 · ¥ß∂÷ß·∫∫®”≈Õß 3 ¡‘ µ‘ ¢Õß

Œ“√å¥¥‘ °å¢π“¥ 1.8 π‘È«∑’Ë¡’¢“¬∑—Ë«‰ªµ“¡∑âÕßµ≈“¥

´÷Ëß¡’ à«πª√–°Õ∫À≈—°Õ—πª√–°Õ∫‰ª¥â«¬ 1. ·ºàπ¥‘ °å

2. ·¢πÀ—«Õà“π/‡¢’¬π 3. ‚§√ß √â“ß¢ÕßŒ“√å¥¥‘ °å(Ω“

§√Õ∫∫π·≈–≈à“ß) ‚¥¬°”Àπ¥„Àâ∑ÿ °™‘È π à «π¡’

§ÿ≥ ¡∫—µ‘‡ªìπºπ—ß (Wall) ∑’ËÕ¬Ÿà°—∫∑’Ë¬°‡«âπ·ºàπ¥‘ °å∑’Ë

µâÕß°”Àπ¥„Àâ‡ªìπºπ—ß∑’Ë “¡“√∂‡§≈◊ËÕπ∑’Ë·∫∫À¡ÿπ‰¥â„π

GAMBIT SOFTWARE µàÕ®“°π—Èπ°Á∑”°“√ √â“ß°√‘¥

ª√‘¡“µ√ (Grid Volume) ∑’Ë·∫∫®”≈Õß§ÿ≥ ¡∫—µ‘¢Õß

°√‘¥ª√‘¡“µ√¥—ß· ¥ß„πµ“√“ß∑’Ë 1

LAYOUT 02*5 3/11/09, 5:46 PM101



102 °“√®”≈Õß°“√‰À≈¢ÕßÕ“°“»¿“¬„πŒ“√å¥¥‘ °å
¢π“¥ 1.8 π‘È«∑’Ë§«“¡‡√Á«√Õ∫µà“ß°—π

«“√ “√«‘®—¬ ¡¢. 14 (1) : ¡°√“§¡ 2552

µ“√“ß∑’Ë 1. ¢âÕ¡Ÿ≈µà“ßÊ ¢Õß°√‘¥ª√‘¡“µ√∑’Ë„™â

Grid Size 0.05, 0.1, and 0.3 mm
Grid Type Tetrahedral volume element
Grid Number 1,120,000 elements

®“°π—Èπ∑”°“√‚¥¬∑’Ë ‡ß◊ËÕπ‰¢¢Õß¢Õ∫‡¢µ

(Boundary Conditions) ∑’Ë„™â°—∫·∫∫®”≈Õß„π FLUENT

SOFTWARE ¥—ß· ¥ß„πµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2. ‡ß◊ËÕπ‰¢¢Õ∫‡¢µ¢Õß·∫∫®”≈Õß

Rotational Speed 3600, 5400, 7200 rpm
Basic Equation Navier-Stokes Equations
Turbulence model RNG  K-Epsilon Model
Assumption No Slip at the wall

Incompressible Flow
Newtonian Fluid Flow
Constant Air Density
Turbulence Flow

Reynolds Number 11200  at  3600 rpm
16800  at  5400 rpm
22400  at  7200 rpm

Air Properties at 40oC

º≈°“√∑¥≈Õß

º≈°“√∑¥≈Õß∑’Ë‰¥â®“°°“√§”π«≥®–∑”°“√

‡ª√’¬∫‡∑’¬∫°“√‰À≈∑’Ë§«“¡‡√Á«√Õ∫µà“ßÊ ¥—ßπ’È §◊Õ

3600, 5400, ·≈– 7200 √Õ∫µàÕπ“∑’‚¥¬®–‡ª√’¬∫

‡∑’¬∫§«“¡¥—π·≈–§«“¡‡√Á«¢ÕßÕ“°“»∑’Ë‡°‘¥¢÷Èπ¿“¬„π

Œ“√å¥¥‘ °å∑’Ë√–π“∫µ—¥µà“ßÊ §◊Õ√–π“∫‡¥’¬«°—∫À—«Õà“π∫π

√–π“∫‡¥’¬«°—∫À—«Õà“π≈à“ß ·≈–√–π“∫µ—¥¥â“π¢â“ß·∫∫

®”≈ÕßŒ“√å¥¥‘ °å

§«“¡¥—πÕ“°“»¿“¬„πŒ“√å¥¥‘ °å

√Ÿ ª∑’Ë 2 ·≈– 3 · ¥ß§«“¡¥—π∑’Ë ‡°‘¥¢÷Èπ∑’Ë

√–π“∫‡¥’¬«°—π°—∫·¢πÀ—«Õà“π∫π·≈–≈à“ßµ“¡≈”¥—∫

æ∫«à“§«“¡¥—π Ÿß ÿ¥‡°‘¥¢÷Èπ∑’Ë¥â“πÀπâ“¢Õß·¢πÀ—«Õà“π

¢Õß∑ÿ°§«“¡‡√Á«√Õ∫‡π◊ËÕß®“°∑’Ë∫√‘‡«≥π’È·¢πÀ—«Õà“π‰¥â

«“ßµ—«°—Èπ°“√‰À≈¢ÕßÕ“°“»‰«â ·≈–¬—ß —ß‡°µ‡ÀÁπÕ’°

«à“∑’Ë§«“¡‡√Á«√Õ∫ 7200 √Õ∫µàÕπ“∑’®–¡’§à“§«“¡¥—π

 Ÿß ÿ¥·≈–®–≈¥≈ß‡¡◊ËÕ§«“¡‡√Á«√Õ∫≈¥≈ßµ“¡≈”¥—∫

πÕ°®“°π’È¬—ßæ∫Õ’°«à“™à«ß¢Õß§«“¡¥—π∑’Ë‡ªìπ≈∫·≈–

∫«°®–°«â“ß¢÷Èπµ“¡≈”¥—∫§«“¡‡√Á«√Õ∫∑’Ë Ÿß¢÷Èπ ·≈–

§«“¡¥—π®–‡æ‘Ë¡®“°≈∫‡ªìπ∫«°‡¡◊ËÕ√—»¡’¢Õß·ºàπ¥‘ °å

‡æ‘Ë¡¡“°¢÷Èπ¥â«¬ √Ÿª∑’Ë 3 ®–‡ÀÁπ‡ªìπ™àÕß«à“ß¡“°°«à“√Ÿª∑’Ë

2 π—Ëπ§◊Õº≈¢Õß√Ÿª≈à“ß¢Õßæ◊Èπº‘«¢ÕßΩ“§√Õ∫µ—«≈à“ß

√Ÿª∑’Ë 2. §«“¡¥—π¢ÕßÕ“°“»∑’Ë√–π“∫·¢πÀ—«Õà“π∫π
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√Ÿª∑’Ë 3. §«“¡¥—π¢ÕßÕ“°“»∑’Ë√–π“∫·¢πÀ—«Õà“π≈à“ß

√Ÿ ª ∑’Ë 4 · ¥ß§«“¡¥—π∑’Ë √–π“∫µ—¥¥â “π¢â“ß¢Õß

Œ“√å¥¥‘ °åæ∫«à“∑’Ë∫√‘‡«≥∑’Ë‰°≈®“°·ºàπ¥‘ °å®–¡’§«“¡

¥—π‡°‘¥¢÷Èπ§àÕπ¢â“ß Ÿß·≈–¡’§à“‡ªìπ∫«°‡π◊ËÕß®“°Àà“ß

®“°®ÿ¥»Ÿπ¬å°≈“ß¢Õß°“√À¡ÿπ·≈–¬—ßæ∫Õ’°«à“∑’Ë

§«“¡‡√Á«√Õ∫ Ÿß®–¡’§«“¡¥—π∫√‘‡«≥¥—ß°≈à“« Ÿß¡“°

∑’Ë ÿ¥¥â«¬

√Ÿª∑’Ë 4. §«“¡¥—π¢ÕßÕ“°“»∑’Ë√–π“∫µ—¥¥â“π¢â“ß
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√Ÿª∑’Ë 5 · ¥ß„Àâ‡ÀÁπ«à“§«“¡¥—π∑’Ë‡°‘¥¢÷Èπ∑’Ë

·¢π¢ÕßÀ—«Õà“πæ∫«à“ §«“¡¥—π¡’§à“¡“°∑’Ë ÿ¥∑’Ë∫√‘‡«≥

¥â“πÀπâ“¢Õß·¢πÀ—«Õà“π·≈–®–¡“°¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«

√Õ∫¡“°¢÷Èπ¥â«¬·≈–∫√‘‡«≥ª≈“¬¢ÕßÀ—«Õà“π®–¡’§à“

‡ªìπ≈∫¡“°¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«√Õ∫¡“°¢÷Èπ

√Ÿª∑’Ë 5. §«“¡¥—π∑’Ë°√–∑”°—∫·¢πÀ—«Õà“π

√Ÿª∑’Ë 6 · ¥ß„Àâ‡ÀÁπ«à“∑’Ë§«“¡‡√Á«√Õ∫§à“

Àπ÷Ë ß§«“¡¥—π∑’Ë ‡ °‘ ¥¢÷È π∑’Ë ·ºàπ¥‘ °å¡’ §à “µ‘ ¥≈∫∑’Ë

»Ÿπ¬å°≈“ß¢Õß·ºàπ¥‘ °å·≈–®–‡ªìπ∫«°‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ√—»¡’

¢Õß·ºàπ¥‘ °å¡“°¢÷Èπ·≈– ‘Ëß∑’Ë —ß‡°µ‡ÀÁπÕ’°Õ¬à“ß§◊Õ

‡¡◊ËÕ§«“¡‡√Á«√Õ∫¡“°¢÷Èπ™à«ß¢Õß§«“¡¥—π∑’Ë‡ªìπ∫«°

·≈–≈∫®–¡’™à«ß∑’Ë°«â“ß¢÷Èπ¥â«¬
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           √Ÿª∑’Ë 6. §«“¡¥—π∑’Ë°√–∑”°—∫·ºàπ¥‘ °å

§«“¡‡√Á«Õ“°“»¿“¬„πŒ“√å¥¥‘ °å

√Ÿª∑’Ë 7 · ¥ß„Àâ‡ÀÁπ«à“∑’Ë§«“¡‡√Á«√Õ∫§à“Àπ÷Ëß

§«“¡‡√Á«¢ÕßÕ“°“»∑’Ë„°≈â°—∫·ºàπ¥‘ °å®–‡æ‘Ë¡¢÷Èπ®“°

®ÿ¥»Ÿπ¬å°≈“ß¢Õß·ºàπ¥‘ °åÕÕ°‰ª¬—ß¢Õ∫¢Õß·ºàπ¥‘ °å

„π≈—°…≥–∑’Ë‡ªìπ‡™‘ß‡ âπ¥—ß ¡°“√ V = ωR ‡¡◊ËÕ V

§◊Õ §«“¡‡√Á«‡™‘ß‡ âπ¢Õß·ºàπ¥‘ °å ω §◊Õ §«“¡‡√Á«√Õ∫

¢Õß·ºàπ¥‘ °å ·≈– R §◊Õ√—»¡’¢Õß·ºàπ¥‘ °å

√Ÿª∑’Ë 7. §«“¡‡√Á«‡™‘ß‡ âπ¢ÕßÕ“°“»∑’Ë„°≈â°—∫·ºàπ

¥‘ °å

√Ÿª∑’Ë 8 ·≈–√Ÿª∑’Ë 9 · ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ

¡’°“√‡ª≈’Ë¬π§«“¡‡√Á«√Õ∫§«“¡‡√Á«®–¡’§à“¡“°¢÷Èπ

µ“¡§«“¡‡√Á«√Õ∫°“√À¡ÿπ¢Õß∑—Èß Õß√–π“∫§◊Õ

√–π“∫‡¥’¬«°—∫À—«Õà“π∫π √–π“∫‡¥’¬«°—∫À—«

Õà“π≈à“ß πÕ°®“°π’È¬—ßæ∫Õ’°«à“∫√‘‡«≥∑’ËÀà“ß®“°æ◊Èπ∑’Ë
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¢Õß·ºàπ¥‘ °å§«“¡‡√Á«¢ÕßÕ“°“»·∑∫®–‡ªìπ»Ÿπ¬å

√Ÿª∑’Ë 8. §«“¡‡√Á«¢ÕßÕ“°“»∑’Ë√–π“∫·¢πÀ—«Õà“π∫π

√Ÿª∑’Ë 9. §«“¡‡√Á«¢ÕßÕ“°“»∑’Ë√–π“∫·¢πÀ—«Õà“π≈à“ß

√Ÿ ª ∑’Ë 10 · ¥ß≈—°…≥–°“√À¡ÿπ«π¢Õß

Õ“°“»∑’Ë¥â“πÀπâ“¢Õß·¢πÀ—«Õà“π (∫√‘ ‡«≥‡Àπ◊Õ

µ”·Àπàß¢Õß Voice Coil Motor) ®– —ß‡°µ‡ÀÁπ«à“∑’Ë

§«“¡‡√Á«√Õ∫µË”°“√À¡ÿπ«π®–¡’≈—°…≥–§≈â“¬«ß°≈¡

·µà‡¡◊ËÕ§«“¡‡√Á«√Õ∫‡æ‘Ë¡°“√À¡ÿπ«π®–¡’≈—°…≥–§≈â“¬

«ß√’¡“°¢÷Èπµ“¡≈”¥—∫
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√Ÿª∑’Ë 10. °“√À¡ÿπ«π¢ÕßÕ“°“»∑’Ë‡°‘¥¢÷Èπ∑’Ë¥â“πÀπâ“ HSA

√Ÿª∑’Ë 11 · ¥ß„Àâ‡ÀÁπ«à“§«“¡‡√Á«¢ÕßÕ“°“»

®–‡æ‘Ë¡¢÷Èπ®“°»Ÿπ¬å°≈“ß¢Õß·ºàπ¥‘ °åÕÕ°‰ª¬—ß¢Õ∫

·≈–· ¥ß„Àâ‡ÀÁπ«à“§«“¡‡√Á«¥â“π∫π·ºàπ¥‘ °å®–¡“°

°«à“¥â“π≈à“ß¢Õß·ºàπ¥‘ °å Õ—π¡’º≈‡π◊ËÕß®“°∑’ËΩ“§√Õ∫

≈à“ß¡’æ◊Èπº‘«∑’Ë‰¡à ¡Ë”‡ ¡Õ®÷ß‡ªìπº≈„Àâ§«“¡‡√Á«Õ“°“»

™â“°«à“¥â“π∫π

√Ÿª∑’Ë 11. §«“¡‡√Á«¢ÕßÕ“°“»∑’Ë√–π“∫µ—¥¥â“π¢â“ß

‡ âπ∑“ß®”≈Õß°“√‰À≈¢ÕßÕ“°“»¿“¬„πŒ“√å¥¥‘ °å

æ‘®“√≥“∑’Ë§«“¡‡√Á«√Õ∫ 3600 √Õ∫µàÕπ“∑’

‡¡◊ËÕÕ“°“»‰À≈ºà“π Head Gimbal Assembly,

(HGA) µ—«∫π°“√‰À≈¢ÕßÕ“°“»®–¡’∑‘»∑“ß‡¥’¬«°—π

°—∫·π«°“√À¡ÿπ¢Õß¢Õ∫·ºàπ¥‘ °å´÷Ëß¡’§«“¡‡√Á«∑’Ë§àÕπ

¢â“ß Ÿß „π à«π∑’Ë‰À≈ºà“π HGA µ—«≈à“ßÕ“°“»®–·¬°

ÕÕ°‡ªìπ Õß à«π  à«π·√°®–‰À≈‰ªµ“¡∑‘»∑“ß°“√

À¡ÿπ¢Õß·ºàπ¥‘ °å·µà‡¡◊ËÕ‰¥â√–¬–Àπ÷Ëß®–«π‡¢â“ Ÿà

»Ÿπ¬å°≈“ß°“√À¡ÿπ  à«π∑’Ë‡À≈◊Õ®–∂Ÿ°¥Ÿ¥„Àâ‰À≈ºà“π

¥â“πÀ≈—ß¢Õß∑’Ë®Õ¥À—«Õà“π (Ramp Load) „π≈—°…≥–∑’Ë

‡ªìπ«ß√’·≈â«∂Ÿ°¥Ÿ¥°≈—∫„Àâ‰À≈ºà“π HGA ‰ªµ“¡∑‘»

°“√À¡ÿπ¢Õß·ºàπ¥‘ °å ¥—ß· ¥ß„π√Ÿª∑’Ë 12
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√Ÿª∑’Ë 12. ‡ âπ∑“ß°“√‰À≈‡¡◊ËÕºà“π HGA

√Ÿª∑’Ë 13 · ¥ß°“√‰À≈¢ÕßÕ“°“»∑’Ëºà“π·¢π

À—«Õà“π (Head Stack Assembly, HSA) µ—«∫π·≈–µ—«

≈à“ß (∫√‘‡«≥∑’Ë¬◊Ëπ‡¢â“‰ª„π∫√‘‡«≥¢Õß·ºàπ¥‘ °å) æ∫

«à“∑’Ë·¢πÀ—«Õà“πµ—«∫πÕ“°“»®–‰À≈‰ªµ“¡·π«¢Õß

·¢πÀ—«Õà“π®“°π—Èπ‰À≈‰ªµ“¡∑‘»∑“ß°“√À¡ÿπ¢Õß

·ºàπ¥‘ °å ∑’Ë·¢πÀ—«Õà“πµ—«≈à“ßÕ“°“»‰À≈‰ª™πæ◊Èπº‘«

∑’Ë ¬ ° µ— « ¢÷È π ¡ “ ® “ °π—È π ® – · ¬° ‡ ªì π Õ ß à «π§◊ Õ

 à«π·√°‡¡◊ËÕ™π·≈â«À—°‡À‡¢â“ Ÿà»Ÿπ¬å°≈“ß°“√À¡ÿπ·≈–

 à«π∑’Ë‡À≈◊Õ‰À≈‰ªµ“¡∑‘»∑“ß°“√À¡ÿπ¢Õß·ºàπ¥‘ °å

 à«ππ’È§«“¡‡√Á«§àÕπ¢â“ß Ÿß

√Ÿª∑’Ë 13. ‡ âπ∑“ß°“√‰À≈‡¡◊ËÕºà“π¥â“πÀπâ“ HSA
(∫√‘‡«≥∑’Ë¬◊Ëπ‡¢â“‰ª„π∫√‘‡«≥¢Õß·ºàπ¥‘ °å)

°“√‰À≈¢ÕßÕ“°“»‡¡◊ËÕ™π°—∫¥â“πÀπâ“¢Õß

HSA „π à«π∑’ËÕ¬ŸàπÕ°∫√‘‡«≥¢Õß·ºàπ¥‘ °å ¥—ß· ¥ß

„π√Ÿª∑’Ë 14 Õ“°“»®–™π·≈â«‡°‘¥°“√À¡ÿπ«π‡ªìπ«ß

∫√‘‡«≥¥â“πÀπâ“·≈â«®–∂Ÿ°¥Ÿ¥°≈—∫‡¢â“ Ÿà∫√‘‡«≥¢Õß·ºàπ

¥‘ °å„π¢≥–∑’Ë∫“ß à«π¡’°“√À—°‡À‡¢â“ Ÿà»Ÿπ¬å°≈“ß°“√À¡ÿπ

√Ÿª∑’Ë 14. ‡ âπ∑“ß°“√‰À≈‡¡◊ËÕºà“π¥â“πÀπâ“ HSA
( à«π∑’ËÕ¬ŸàπÕ°∫√‘‡«≥¢Õß·ºàπ¥‘ °å)

√Ÿª∑’Ë 15 · ¥ß°“√‰À≈¢ÕßÕ“°“»∑’Ëºà“πæ◊Èπº‘«

∑—ÈßÀ¡¥¢Õß HSA °“√‰À≈°Á¬—ß§ß‡À¡◊Õπ‡¥‘¡„π à«π

¢Õß∑’Ë°≈à“«¡“ ·µà∑’Ëµà“ß°—π°Á§◊Õ ∫√‘‡«≥¥â“πÀ≈—ß¢Õß

·¢πÀ—«Õà“π·≈–º‘«∫π≈à“ß®–¡’°“√À¡ÿπ‡«’¬π¢Õß

Õ“°“»·≈–§«“¡‡√Á«§àÕπ¢â“ßµË”¥â«¬ ‡ªìπ “‡Àµÿ„Àâ‡°‘¥

·√ß≈“°®Ÿß (Drag Force) ·≈–·√ß¬° (Lift Force) ÷́Ëß

¡’ “‡Àµÿ¡“®“°§«“¡·µ°µà“ß§«“¡¥—π∑’Ë¥â“πÀπâ“·≈–

¥â“πÀ≈—ß ¥â“π∫π·≈–¥â“π≈à“ß¢Õß HSA µ“¡≈”¥—∫

·≈–·√ß∑—Èß Õß∑’Ë°≈à“«¡“π’È “¡“√∂π”‰ª«‘‡§√“–Àå°“√

 —Ëπ –‡∑◊Õπ¢Õß·¢πÀ—«Õà“π‰¥â
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√Ÿª∑’Ë 15. Õ“°“»‰À≈ºà“πæ◊Èπº‘«∑—ÈßÀ¡¥ HSA

‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫∑’Ë§«“¡‡√Á«µà“ßÊ °—π

‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π§«“¡‡√Á«√Õ∫°“√À¡ÿπ º≈∑’Ë

‰¥â§◊Õ√Ÿª·∫∫°“√‰À≈¢ÕßÕ“°“»®–¬—ß§ß¡’√Ÿª·∫∫∑’Ë

§≈â“¬‡¥‘¡·µà§«“¡‡√Á«¢ÕßÕ“°“»®–‡æ‘Ë¡¢÷Èπ·ª√º—πµ√ß

°—∫§«“¡‡√Á«√Õ∫∑’Ë„™â¥—ß· ¥ß„π√Ÿª∑’Ë 16, 17, ·≈–

18 µ“¡≈”¥—∫

√Ÿª∑’Ë 16. ‡¡◊ËÕæ‘®“√≥“∑’Ë HGA

 √ÿª

®“°°“√»÷°…“≈—°…≥–°“√‰À≈¢ÕßÕ“°“»∑’Ë

‡°‘¥¢÷Èπ¿“¬„πŒ“√å¥¥‘ °å¢π“¥ 1.8 π‘È«∑’Ë¡’¢“¬∑—Ë«‰ª

µ“¡∑âÕßµ≈“¥æ∫«à“™à«ß¢Õß§«“¡¥—π®“°≈∫‰ª‡ªìπ∫«°

(·√ß¥Ÿ¥‰ª‡ªìπ·√ßº≈—°) ®–¡’§«“¡°«â“ß¡“°¢÷Èπ·≈–

§«“¡¥—π¢ÕßÕ“°“»∑’Ë‡°‘¥¢÷Èπ¿“¬„πŒ“√å¥¥‘ °å®–¡’§à“

¡“°¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«√Õ∫¢ÕßŒ“√å¥¥‘ °å Ÿß¢÷Èπ §«“¡¥—π

¢ÕßÕ“°“»∑’Ë∫√‘‡«≥Àà“ß®“°·ºàπ¥‘ °å®–¡’§à“‡ªìπ∫«°

‡ ¡Õ ‡π◊ËÕß®“°Àà“ß®“°»Ÿπ¬å°≈“ß°“√À¡ÿπ „π à«π

¢Õß§«“¡‡√Á«¢ÕßÕ“°“»∫√‘‡«≥„°≈â°—∫·ºàπ¥‘ °å¡’

√Ÿª∑’Ë 17. ‡¡◊ËÕæ‘®“√≥“∑’Ë¥â“πÀπâ“ HSA
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≈—°…≥–‡ªìπ‡™‘ß‡ âπ∑’Ë∑ÿ°§«“¡‡√Á«√Õ∫ πÕ°®“°π’È

§«“¡‡√Á«¢ÕßÕ“°“»∑’Ë∫√‘‡«≥¥â“π∫π¢Õß·ºàπ¥‘ °å®–¡’

§à“¡“°°«à“¥â“π≈à“ß¢Õß·ºàπ¥‘ °å∑’Ë∑ÿ°§«“¡‡√Á«√Õ∫

‡π◊ËÕß®“°«à“∑’Ë¥â“π≈à“ß¢Õß·ºàπ¥‘ °å¡’æ◊Èπº‘«∑’Ë‰¡à

 ¡Ë”‡ ¡Õ®÷ß¡’º≈„Àâ§«“¡‡√Á«≈¥≈ß ‡¡◊ËÕæ‘®“√≥“∂÷ß

‡ âπ∑“ß°“√‰À≈¢ÕßÕ“°“»∑’Ë§«“¡‡√Á«√Õ∫§à“Àπ÷Ëß∑’Ë

‰À≈ºà“π HGA Õ“°“»®–·¬°‡ªìπ Õß à«π§◊Õ ‰À≈

‰ªµ“¡·π«√—»¡’¢Õß·ºàπ¥‘ °å·≈–À—°‡À‰À≈‡¢â“

»Ÿπ¬å°≈“ß°“√‰À≈ ÷́Ëß¡’º≈‡™àπ‡¥’¬«°—π°—∫‰À≈ºà“π¥â“π

Àπâ“¢Õß HSA ·π«‡ âπ∑“ß°“√‰À≈¢Õß∑ÿ°§«“¡‡√Á«

√Õ∫®–¡’≈—°…≥–∑’Ë§≈â“¬°—π·µà∑’Ë§«“¡‡√Á«√Õ∫ Ÿß°“√

‰À≈¢ÕßÕ“°“»°Á¡’§«“¡‡√Á« Ÿßµ“¡¥â«¬

º≈®“°“°√»÷°…“„π§√—Èßπ’È “¡“√∂π”‰ª‡ªìπ

·π«∑“ß„π°“√ÕÕ°·∫∫Œ“√å¥¥‘ °å„π°√≥’∑’ËµâÕß°“√

‡æ‘Ë¡§«“¡‡√Á«√Õ∫°“√À¡ÿπ·≈–¬—ßπ”‰ª‡ªìπ·π«∑“ß

„π°“√»÷°…“°“√ —Ëπ –‡∑◊Õπ¢Õß·ºàπ¥‘ °å (Disk Flutter)

·≈–°“√ —Ëπ –‡∑◊Õπ¢Õß·¢πÀ—«Õà“π (Arm Vibration)

Õ—π¡’º≈ ◊∫‡π◊ËÕß¡“®“°°“√‰À≈¢ÕßÕ“°“»¿“¬„πŒ“√å¥¥‘ °å‰¥â

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥∫√‘…—∑ Seagate Technology

(Thailand) ®”°—¥ ∑’Ë„Àâ°“√ π—∫ πÿπ¥â“πÕÿª°√≥å·≈–

¢âÕ¡Ÿ≈∑“ß‡∑§π‘§„π°“√∑”«‘®—¬ »Ÿπ¬å«‘®—¬√à«¡‡©æ“–

∑ “ ß ¥â “ π  à « π ª √ – ° Õ ∫ Œ “ √å ¥ ¥‘   °å ‰ ¥ √ øá

(I/UCRC in HDD Component) §≥–«‘»«°√√¡»“ µ√å

¡À“«‘∑¬“≈—¬¢Õπ·°àπ∑’Ë™à«¬ª√– “πß“π∑“ß¥â“π∑ÿπ

„π°“√∑”«‘ ®— ¬·≈–¢Õ¢Õ∫§ÿ≥ »Ÿπ¬å ‡∑§‚π‚≈¬’

Õ‘‡≈Á°∑√Õπ‘° å·≈–§Õ¡æ‘«‡µÕ√å·Àà™“µ‘ (NECTEC)

∑’Ë„Àâ°“√ π—∫ πÿπ∑ÿπ°“√»÷°…“„π°“√∑”«‘®—¬

§√—Èßπ’È ¿“¬„µâ‚§√ß°“√æ—≤π“∑√—æ¬“°√∫ÿ§§≈„π

Õÿµ “À°√√¡Œ“√å¥¥‘ °å

‡Õ° “√Õâ“ßÕ‘ß

Hayato Shimizu, Toshihiko, Mikio Tokuyama,

Hiromitu Masuda, and Shigeo Nakammura.

2003. Numerical investigation of

Positioning Error Caused by Airflow-

induced Vibration of Head Gimbal

Assembly in Hard Disk Drive.  IEEE

Transaction on Magnetic. Vol. 39(2)

Masayuki Tatewaki, Naozumi Tsuda and Tsugito

Marayuyama. 2001.A Numerica l

Simulation of Unsteady Airflow in HDDs.

Fujitsu Sci. Tech. J. p227-235

Yoshiyuki Hirono, Toshihiro Arisaka, Noroyo

Nishijima, Toshihiko Shimizu, Shigeo

Nakamura, and Hiromitsu Masuda. 2004.

Flow induced Vibration Reduction in HDD

by Using a Spoiler. IEEE Transaction

on Magnetic. Vol.40

M.A. Suraidi, C.S. Tan, Q.D. Zhang, T.H. Yip, K.

Sundraravadivelu. 2006.Numerical

√Ÿª∑’Ë  18. ‡¡◊ËÕæ‘®“√≥“∑—Èß HSA
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investigation of airflow inside a 1-in Hard

Disk drive. Jounal of Magnetism and
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