
RMUTP Research Journal, Vol. 1, No. 1, May 2007 117

∫∑§—¥¬àÕ

µâπ∑ÿπ∑“ß¥â“πªî‚µ√‡≈’¬¡∑’Ë Ÿß¡“°„πªí®®ÿ∫—ππ’È·≈–§“¥«à“®– ŸßÕ¬à“ßµàÕ‡π◊ËÕß„πÕπ“§µ ‡ªìπµ—«¢—∫‡§≈◊ËÕπ
 ”§—≠∑’Ë∑”„Àâµâπ∑ÿπ°“√º≈‘µ Ÿß¢÷Èπ„π∑ÿ°Ê ¿“§Õÿµ “À°√√¡ „πÕÿµ “À°√√¡¢÷Èπ√Ÿª‚≈À–·ºàπ¡’°√–∫«π°“√
ÕÕ°·∫∫·¡àæ‘¡æå‡ªìπ¢—ÈπµÕπ ”§—≠·≈–¡’µâπ∑ÿπ Ÿß¡“°„π√–À«à“ß¢—ÈπµÕπ°“√ÕÕ°·∫∫·≈–æ—≤π“ °“√Õ“»—¬
«‘∏’¥—Ëß‡¥‘¡‚¥¬°“√≈Õßº‘¥≈Õß∂Ÿ°´÷ËßµâÕß¡’°“√ª√—∫·°âÕ¬à“ßµàÕ‡π◊ËÕß‰¥â √â“ßªí≠À“„Àâ°—∫ºŸâª√–°Õ∫°“√‡ªìπÕ¬à“ß¡“°
°“√ª√—∫·°â·¡àæ‘¡æå„À¡àÀ√◊Õ∑”°“√∑¥≈Õß„π¢π“¥®√‘ßÀ≈“¬Ê §√—Èß ∑”„Àâ‡ ’¬§à“„™â®à“¬ Ÿß¡“° ª√–°Õ∫°—∫‰¡à
‡ªìπ°“√„™â∑√—æ¬“°√∏√√¡™“µ‘∑’Ë¡’Õ¬ŸàÕ¬à“ß®”°—¥„Àâ¡’ª√– ‘∑∏‘¿“æ ∑”„Àâ°“√®”≈Õß ∂“π°“√≥å‚¥¬°“√æ—≤π“
·∫∫®”≈Õß§Õ¡æ‘«‡µÕ√å¡’∫∑∫“∑ ”§—≠¡“°„πªí®®ÿ∫—π ‚¥¬‡§√◊ËÕß¡◊Õ∑’Ë ”§—≠Àπ÷Ëß„π°“√·°âªí≠À“„πÕÿµ “À°√√¡
¢÷Èπ√Ÿª‚≈À–·ºàππ’È §◊Õ «‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå·∫∫‰¡à‡™‘ß‡ âπ ´÷Ëß‡¡◊ËÕ„™â√à«¡°—∫·∫∫®”≈Õß«— ¥ÿ∑’Ë‡À¡“– ¡®–¡’
»—°¬¿“æ‡À¡“–°—∫°“√ª√–¬ÿ°µå„™â„π»µ«√√…∑’Ë 21 π’È ‡æ◊ËÕª√– ‘∑∏‘¿“æ„π°“√«‘‡§√“–Àå·≈–π”‰ªÕÕ°·∫∫
°√–∫«π°“√º≈‘µ‚¥¬‡©æ“–„π°“√¢÷Èπ√Ÿª‚≈À–·ºàπ

Abstract

High petroleum cost nowadays and expectedly in the future is a major force driving
the cost up in every industrial sector. In metal forming industry, tooling design is a very important
and costly process in the design and development phase. By a traditional means, trial-and-error
approach requires continuous corrections causing many problems to manufacturers since tooling
corrections and real scale experiments are very costly and inefficient consumption of limited
natural resources. As a result, simulations via computer models play an important role in the
present time. An important tool to this problem solving in the sheet metal forming industry
is a nonlinear finite element method. When it works together with proper material models, it
has potential and is suitable for applications in the current 21st century to efficiently analyze
and design manufacturing processes, especially in sheet metal forming.
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1. ∫∑π”

„πªí®®ÿ∫—π√“§“«—µ∂ÿ¥‘∫ªî‚µ√‡≈’¬¡Õ¬Ÿà„π√–¥—∫

∑’Ë Ÿß¡“° ·≈–§“¥«à“®– ŸßµàÕ‰ªÕ¬à“ßµàÕ‡π◊ËÕß„πÕπ“§µ

‡π◊ËÕß¡“®“°Õÿª∑“π (Supply) ¢Õßæ≈—ßß“π‰¡à “¡“√∂
‡æ‘Ë¡¢÷Èπ„πÕ—µ√“‡¥’¬«°—∫Õÿª ß§å (Demand) ¢Õß

æ≈—ßß“π ª√–°Õ∫°—∫ªí®®—¬·«¥≈âÕ¡µà“ßÊ ‡π◊ËÕß¡“

®“°°≈‰°¢Õßµ≈“¥‡ √’ ∑”„Àâµâπ∑ÿπ¥â“πæ≈—ßß“π∑’Ë
 Ÿß¢÷Èππ’È‡ªìπµ—«‡√àß¢—∫¥—π∑’Ë ”§—≠„Àâµâπ∑ÿπ°“√º≈‘µ„π

∑ÿ°Ê ¥â“π Ÿß¢÷Èπ„π∑ÿ°¿“§Õÿµ “À°√√¡  ·≈–°“√„™â

æ≈—ßß“πÕ¬à“ß‰¡à¡’ª√– ‘∑∏‘¿“æ‰¥â √â“ßªí≠À“º≈°√–∑∫
∑“ßÕâÕ¡°—∫ ‘Ëß·«¥≈âÕ¡ – ¡‡√◊ËÕ¬¡“ ∑”„Àâ¡’§«“¡

µâÕß°“√∑’Ë®–≈¥µâπ∑ÿπµà“ßÊ ‚¥¬°“√„™â∑√—æ¬“°√∏√√¡-

™“µ‘∑’Ë¡’Õ¬ŸàÕ¬à“ß®”°—¥π’È„ÀâπâÕ¬∑’Ë ÿ¥ ·µà‡°‘¥ª√–‚¬™πå
 Ÿß ÿ¥

∑√—æ¬“°√∏√√¡™“µ‘ Ÿß¡“° ‚¥¬‡©æ“–„π√–À«à“ß¢—Èπ
µÕπ°“√ÕÕ°·∫∫·≈–æ—≤π“ (Design and Develop-

ment Phase) ́ ÷Ëßµ“¡«‘∏’¥—Ëß‡¥‘¡π—Èπ°“√≈Õßº‘¥≈Õß∂Ÿ°

(Trial-And-Error Approach) °—∫°“√∑¥ Õ∫°“√
¢÷Èπ√Ÿªº≈‘µ¿—≥±å®√‘ß  ·≈–√«¡‰ª∂÷ß°“√ª√–¡“≥®“°

ª√– ∫°“√≥å∑’Ë¡’Õ¬Ÿà¢Õß·µà≈–π—°ÕÕ°·∫∫‡ªìπ«‘∏’°“√

æ—≤π“À≈—°  ÷́Ëß«‘∏’°“√π’È¡—°µâÕß°“√°“√ª√—∫·°âÕ¬à“ß
µàÕ‡π◊ËÕß ∑”„Àâ‡°‘¥ªí≠À“∑“ß¥â“πµâπ∑ÿπ°—∫ºŸâº≈‘µ

‡æ√“–¡’§«“¡®”‡ªìπµâÕß∑”°“√º≈‘µ·¡àæ‘¡æå„À¡àÀ√◊Õ

∑”°“√∑¥≈Õß„π¢π“¥º≈‘µ®√‘ß ∑’Ë¡’§à“„™â®à“¬ Ÿß ·≈–
ª√–°Õ∫°—∫‰¡à‡ªìπ°“√„™â∑√—æ¬“°√∏√√¡™“µ‘∑’Ë¡’Õ¬ŸàÕ¬à“ß

®”°—¥„Àâ¡’ª√– ‘∑∏‘¿“æ (Efficient) ∑”„Àâ°“√®”≈Õß

 ∂“π°“√≥å (Simulation) ‚¥¬°“√æ—≤π“ √â“ß·∫∫
®”≈Õß¥â«¬§Õ¡æ‘«‡µÕ√å (Computer Model) ‡ªìπ

∑“ß‡≈◊Õ°∑’Ë¢“¥‰¡à‰¥â„π¿“«–°“√·¢àß¢—π∑’Ë ŸßÕ¬à“ß„π

ªí®®ÿ∫—π ́ ÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Oden (2006)
∑’Ë‡ πÕµàÕ NSF «à“°“√®”≈Õß ∂“π°“√≥å¥â«¬·∫∫

®”≈Õß§Õ¡æ‘«‡µÕ√å®–¡’∫∑∫“∑¡“°¢÷Èπ‡√◊ËÕ¬Ê
«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå (Finite Element Me-

thod À√◊Õ FEM) ‡ªìπ‡∑§π‘§‡™‘ßµ—«‡≈¢∑’Ë ”§—≠„π

°“√®”≈Õß ∂“π°“√≥å∑“ß«‘»«°√√¡®”π«π¡“° Õ“®
°≈à“«‰¥â«à“¡’°“√√‘‡√‘Ë¡‡∑§π‘§π’Èµ—Èß·µà ªï §.». 1943 ‚¥¬

Courant ·µà ¡—¬π—Èπ‰¡à‰¥â√—∫§«“¡ π„®¡“°π—°°—∫

«‘∏’°“√‰¥â¡“´÷Ëßº≈‡©≈¬‚¥¬ª√–¡“≥ (Approximate
Solutions) ¢Õß ¡°“√‡™‘ßÕπÿæ—π∏å (Differential

Equations) ÷́ËßÕ“®¡“®“°‡Àµÿº≈∑’Ë«à“‡°‘¥°àÕπ°“√

°”‡π‘¥¢Õß∑√“π ‘́ ‡µÕ√å (Transistor) „πªï §.».
1947 ‚¥¬ Bardeen ·≈– Brattain

„πªï §.». 1960 Clough ‰¥â‡√‘Ë¡¡’°“√„™â§”«à“

finite element µàÕ¡“„π™à«ß ªï §.». 1960-1969 ‰¥â
¡’°“√π”‡Õ“º≈‡©≈¬‚¥¬ª√–¡“≥¡“„™â„π°“√«‘‡§√“–Àå

§«“¡‡§âπ (Stress Analysis) °“√‰À≈¢Õß¢Õß‰À≈

(Fluid Flow) °“√∂à“¬‡∑§«“¡√âÕπ (Heat Transfer)
·≈–»“ µ√å¥â“πÕ◊ËπÊ À≈—ß®“°π—Èπ FEM ‰¥â√—∫§«“¡

√Ÿª∑’Ë 1 ‡§√◊ËÕß¡◊Õ„π°“√¢÷Èπ√Ÿª«— ¥ÿ‡ªìπ√Ÿª·∫∫∑’Ë¡’

¡Ÿ≈§à“ Ÿß¢÷Èπ„πÕÿµ “À°√√¡√∂¬πµå (®“°

Buranathiti et al., 2005)

„πÕÿµ “À°√√¡°“√¢÷Èπ√Ÿª‚≈À–·ºàπ (Sheet
Metal Forming Industry) ‡™àπ °“√¢÷Èπ√Ÿª™‘Èπ à«π

¬“π¬πµå„π√Ÿª∑’Ë 1 ‡ªìπµâπ æ∫«à“°√–∫«π°“√ÕÕ°·∫∫

·¡àæ‘¡æå (Die Face Design) À√◊Õ‡§√◊ËÕß¡◊Õ (Tool-
ing Design) ‡ªìπ¢—ÈπµÕπ∑’Ë¡’µâπ∑ÿπ·≈–µâÕß°“√„™â
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 π„®Õ¬à“ßµàÕ‡π◊ËÕß∂÷ßªí®®ÿ∫—π„π°“√æ—≤π“‡∑§π‘§
µà“ßÊ ‡æ◊ËÕ·°âªí≠À“∑“ß¥â“π«‘∑¬“»“ µ√å·≈–«‘»«°√√¡

¢—Èπ Ÿß‡√◊ËÕ¬¡“ ‚¥¬ªí®®—¬ à«πÀπ÷Ëß‡°‘¥®“°§«“¡ “¡“√∂

¢Õß‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å∑’Ë Ÿß¢÷Èπ ß“π‡¢’¬π¢Õß Kolata
„πªï §.». 1974 ÷́Ëß§“¥°“√≥å«à“ FEM ®–‡ªìπ‡§√◊ËÕß¡◊Õ

 ”§—≠„π°“√·°âªí≠À“∑“ß‡∑§π‘§„πÕπ“§µ¥Ÿ®–„°≈â

‡§’¬ß°—∫ªí®®ÿ∫—πæÕ ¡§«√  ”À√—∫Àπ—ß ◊Õ FEM ‡≈à¡
·√°Ê ∑’Ë‰¥â√—∫°“√¬Õ¡√—∫Õ¬à“ß°«â“ß¢«“ß‡¢’¬π‚¥¬

Zienkiewicz „πªï §.». 1977 ·≈–Àπ—ß ◊Õ FEM ∑“ß

¥â“πªí≠À“‰¡à‡™‘ß‡ âπ (Nonlinear) ∑’Ë‰¥â√—∫°“√¬Õ¡√—∫
Õ¬à“ß°«â“ß¢«“ß„πªí®®ÿ∫—π·µàß‚¥¬ Belystchko et al.
„πªï §.». 2000

°“√ª√–¬ÿ°µå·∫∫®”≈Õß Finite Element
Analysis (FEA) °—∫ß“π¢÷Èπ√Ÿª‚≈À–∑’Ë¡’º≈°√–∑∫„π

«ß°“√Õ“®‡√‘Ë¡π—∫‰¥â®“°ªï §.». 1990 (®“° Mackerle,

2004) æ√âÕ¡°—ππ’È‰¥â¡’°“√æ—≤π“‡∑§π‘§°“√·°â
ªí≠À“„π√Ÿª·∫∫Õ◊ËπÊ Õ¬Ÿàµ≈Õ¥‡«≈“ ‡™àπ Element

Free Method, Meshless method, Arbitrary
Lagrangian Eulerian (ALE), Smoothed Particle

Hydrodynamics (SPH) ‡ªìπµâπ ÷́Ëß°“√π”‰ª„™â

„Àâ‰¥âª√–‚¬™πå Ÿß ÿ¥¬àÕ¡¢÷Èπ°—∫æ◊Èπ∞“π¢Õßªí≠À“
·≈–§«“¡‡¢â“„®¢ÕßºŸâπ”‰ª„™â ∑—Èßπ’È„π«ß«‘™“°“√¥â“π

°“√ √â“ß·∫∫®”≈Õß‰¥â¡’°“√®—¥µ—Èß International

Conference and Workshop ∑’Ë„Àâ§«“¡ ”§—≠°—∫
°“√¢÷Èπ√Ÿª‚≈À–∑’Ëπà“ π„® §◊Õ NUMISHEET ·≈–

NUMIFORM ´÷Ëß NUMISHEET ¡’§«“¡‚¥¥‡¥àπ

„πµ√ß∑’Ë«à“¡’°“√„ÀâºŸâ‡¢â“√à«¡Õ“ “ ¡—§√®“°∑—Ë«‚≈°
∑”°“√ √â“ß·∫∫®”≈Õß«‘‡§√“–Àå°√–∫«π°“√¢÷Èπ√Ÿª

‚≈À–·ºàπ∑’Ë´—∫´âÕπÀπ÷Ëß‡æ◊ËÕ‡ªìπµ—«‡ª√’¬∫‡∑’¬∫

(Benchmark) ·≈â«π”¡“‡ª√’¬∫‡∑’¬∫°—∫º≈°“√
∑¥≈Õß∑’Ë‰¥â‚¥¬Õ‘ √–µàÕ°—π ‡æ◊ËÕ„Àâ¡’°“√·≈°‡ª≈’Ë¬π

·≈–»÷°…“°“√æ—≤π“¢Õß»“ µ√å„π¥â“ππ’È ∫∑§«“¡

«‘‡§√“–Àå®“°°“√»÷°…“‡ª√’¬∫‡∑’¬∫‰¥â∂Ÿ°√«∫√«¡„π
Buranathiti and Cao (2005a)  ”À√—∫°√≥’∑’Ë 1

·≈– Buranathiti and Cao (2005b)  ”À√—∫°√≥’
∑’Ë 2

2. «‘∏’°“√»÷°…“

2.1 °√–∫«π°“√¢÷Èπ√Ÿª‚≈À–

°√–∫«π°“√¢÷Èπ√Ÿª‚≈À–·ºàπ (Sheet Metal

Forming Processes) ‡ªìπ°√–∫«π°“√º≈‘µÀπ÷Ëß∑’Ë„™â
Õ¬à“ß·æ√àÀ≈“¬„πÀ≈“¬Õÿµ “À°√√¡ ‡™àπ Õÿµ “À°√√¡

¬“π¬πµå Õÿµ “À°√√¡‡§√◊ËÕß„™â‰øøÑ“ ‡ªìπµâπ „πÕÿµ-

 “À°√√¡π’È§«“¡µâÕß°“√∑“ß¥â“π§ÿ≥¿“æ (Quality)
·≈–§«“¡ “¡“√∂„π°“√º≈‘µ´È” (Repeatability)

¢Õßº≈‘µ¿—≥±å¡’§«“¡ ”§—≠ ¥—ßπ—Èπ®÷ß¡’°“√„™â·¡àæ‘¡æå

‡æ◊ËÕ„Àâß“π∑’ËÕÕ°¡“¡’¡“µ√∞“π‡¥’¬«°—π ‡æ◊ËÕ„Àâ°“√
ÕÕ°·∫∫°√–∫«π°“√º≈‘µ‡ªìπ‰ªÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

ºŸâÕÕ°·∫∫®”‡ªìπµâÕß‡¢â“„®∂÷ß°≈‰°°“√·ª√√Ÿª¢Õß

«— ¥ÿ‡æ◊ËÕ„Àâº≈‘µ¿—≥±å∑’Ë‰¥âª√“»®“°¢âÕ∫°æ√àÕß
(Defects) ́ ÷Ëß„π°“√¢÷Èπ√Ÿª‚≈À–·ºàππ—Èπ¡’¢âÕ∫°æ√àÕß

∑’Ë®–‡°‘¥¢÷ÈπÕ¬ŸàÀ≈—°Ê 3 Õ¬à“ß¥â«¬°—π §◊Õ (1) °“√
©’°¢“¥ (Tearing) (2) °“√‡°‘¥√Õ¬¬àπ (Wrinkling)

·≈– (3) °“√ ª√‘ßµ—«°≈—∫ (Springback) ´÷Ëß∑—Èß 3

™π‘¥π’È‡°‘¥®“°ª√“°Ø°“√≥å∑’Ë·µ°µà“ß°—π ‚¥¬„π
‡∫◊ÈÕßµâπ°“√©’°¢“¥‡°‘¥¢÷Èπ®“°¿“√–°√√¡„π·π«

√–π“∫∑’Ë¡’§à“ Ÿß‡°‘π‰ª °“√‡°‘¥√Õ¬¬àπ‡°‘¥®“°§«“¡

‰¡à‡ ∂’¬√ (Instability) ®“°¿“√–°¥„π·π«√–π“∫
∑’Ë¡’§à“ Ÿß‡°‘π‰ª ·≈–°“√¥’¥µ—«°≈—∫‡°‘¥®“°°“√§◊π

µ—«¬◊¥À¬ÿàπ (Elastic Recovery) ¢Õß‚≈À–¿“¬

À≈—ß®“°°“√·ª√√Ÿª
°≈‰°°“√·ª√√Ÿª¢Õß«— ¥ÿ (Material De-

formation Mechanism) „π°“√¢÷Èπ√Ÿª‚≈À–·ºàπ

π—ÈπÀ≈—°Ê ª√–°Õ∫‰ª¥â«¬°“√¥—¥ (Bending) °“√
¢÷ß (Stretching) ·≈–¿“√–„π·π«√–π“∫ (In-Plane

Loadings) ∑—Èß¥÷ß (Tensile) ·≈–°¥ (Com-

pressive) ¥—ßπ—Èπ°“√∑’Ë®–ÕÕ°·∫∫°√–∫«π°“√∑’Ë¥’
‚¥¬°“√ √â“ß·∫∫®”≈Õßπ—Èπ  ºŸâÕÕ°·∫∫§«√¡’§«“¡
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‡¢â“„®«à“·∫∫®”≈ÕßÀπ÷ËßÊ §«√®–¡’§«“¡ “¡“√∂„π°“√
Õ∏‘∫“¬ª√“°Ø°“√≥å∑’Ë ”§—≠µàÕ°≈‰°°“√º≈‘µπ—ÈπÊ

¥â«¬ ‡™àπ Naceur et al. (2006) ‰¥â∑”°“√§«∫§ÿ¡

°“√ ª√‘ßµ—«°≈—∫·≈– Wrinkling „π°“√¢÷Èπ√Ÿª√àÕß
µ—«¬Ÿºà“π°“√ÕÕ°·∫∫°“√∑¥≈Õß§Õ¡æ‘«‡µÕ√å Banu

et al. (2007) ª√–¬ÿ°µå°“√®”≈Õß ∂“π°“√≥å°“√ ª√‘ß

µ—«°≈—∫·≈– Wrinkling °—∫™‘Èπ à«π√“ß‚§√ß √â“ß∑’Ë
∑”®“°‡À≈Á°°≈â“ Õß‡ø  (DP steel) ‡ªìπµâπ °“√

ÕÕ°·∫∫‚¥¬§”π÷ß∂÷ß§«“¡‰¡à·πàπÕπ„π°√–∫«π°“√

º≈‘µ°Á‡ªìπªí®®—¬∑’Ë¡’§«“¡ ”§—≠ ‡™àπ Sahai et al.
(2004) ‰¥âπ”‡Õ“ springback ¡“„™âª√–°Õ∫„π°“√

ÕÕ°·∫∫ Buranathiti et al. (2005) ‰¥âπ”‡Õ“

Tearing ·≈– Wrinkling ¡“„™âª√–°Õ∫°“√ÕÕ°·∫∫
°“√¢÷Èπ√Ÿª™‘Èπ à«π√∂¬πµå ‡ªìπµâπ

2.2 ·∫∫®”≈Õß«— ¥ÿ

°“√ √â“ß·∫∫®”≈Õß§Õ¡æ‘«‡µÕ√å‡æ◊ËÕ„™â„π°“√

«‘‡§√“–Àå·≈–ÕÕ°·∫∫°√–∫«π°“√¢÷Èπ√Ÿª‚≈À–π—Èπ
®”‡ªìπ®–µâÕß‡√‘Ë¡®“°§«“¡‡¢â“„®¥â“πøî ‘° å¢Õß√–∫∫

°àÕπ ‚¥¬øî ‘° å¢Õß°√–∫«π°“√¢÷Èπ√Ÿª‚≈À–À≈—°Ê

π—Èπ‡√‘Ë¡®“°°“√ √â“ß Constitutive Equation ¢Õß
 ¡°“√‚¡‡¡πµ—¡ (Momentum Equation) „π√Ÿª

·∫∫ ¡°“√‡™‘ßÕπÿæ—π∏å (Differential Equations)

‚¥¬¡’√Ÿª·∫∫ Tensor ¥—ßπ’È

∂σ
ji

σχ 
i

ƒ
i
= ρ ⋅ χ̈

i+ (1.)

‚¥¬ σ ‡ªìπ§à“§«“¡‡§âπ ƒ
i

‡ªìπ§à“ Body force

·≈– ρ ‡ªìπ§à“§«“¡Àπ“·πàπ

πÕ°®“°π’È·∫∫®”≈Õß«— ¥ÿ (Material Model)

°Á¡’§«“¡ ”§—≠µàÕ§«“¡·¡àπ¬”¢Õß·∫∫®”≈Õß

°“√»÷°…“º≈°√–∑∫®“°‡π◊ÈÕ«— ¥ÿ∑’Ë‡ªìπº≈÷° (Cry-
stallographic Texture) ¢Õß‚≈À– “¡“√∂™à«¬„Àâ

√Ÿª∑’Ë 2 · ¥ß‡ âπ°“√‰À≈ (Flow Curve) √–À«à“ß

§«“¡‡§âπ·≈–§«“¡‡§√’¬¥

‡¢â“„®∂÷ßª√“°Ø°“√≥å‰¥âÀ≈“¬Ê Õ¬à“ß‚¥¬„™â∑ƒ…Æ’
Crystalline Plastic  ”À√—∫°“√»÷°…“ ¡∫—µ‘∑“ß°≈

„π™à«ßæ≈“ µ‘°´‘µ’È ¥—ß· ¥ß„π√Ÿª∑’Ë 2 ‚¥¬√Ÿª·∫∫

®”≈Õß∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫Õ¬à“ß·æ√àÀ≈“¬ §◊Õ  ¡°“√¢Õß
Hollomon  ”À√—∫§«“¡‡§âπ (σ)  Ÿß°«à“®ÿ¥§≈“°

(À√◊Õ Yield point) ∑’Ë¡’√Ÿª·∫∫¬°°”≈—ß ¥—ßπ’È

σ = Kεn (2.)

‚¥¬ ε ‡ªìπ§à“§«“¡‡§√’¬¥ (Strain)  à«π K ‡ªìπ

§à“ Strength Coefficient ·≈– n ‡ªìπ§à“ Hardening

Exponent

 ”À√—∫ ¡°“√§«“¡§≈“° (À√◊Õ Yield

criterion) ∑’ËÕ∏‘∫“¬ ∂“π–§«“¡‡ªìπ Plasticity °Á
¡’§«“¡ ”§—≠¡“° ·≈–¡’·∫∫®”≈Õß®”π«π¡“°

‡ πÕÕ¬Ÿà ‡æ◊ËÕ°“√ª√–¡“≥ ¿“«– Plasticity ‡™àπ von

Mises, Tresca, Hill, Hosford, Barlat ·≈–Õ◊ËπÊ
‚¥¬√Ÿª·∫∫∑—Ë«‰ª §◊Õ

ƒ= ƒ(σ) = 0 (3.)

‚¥¬ Yield Function Àπ÷ËßÊ ®–¡’§à“∫«°À√◊Õ≈∫∑’Ë
¡’§«“¡À¡“¬ ¥—ßπ’È §◊Õ ƒ (σ) > 0 · ¥ß«à“‰¡à¡’°“√

·ª√√ŸªÕ¬à“ß∂“«√ ƒ (σ) > 0 · ¥ß«à“ “¡“√∂‡°‘¥

°“√·ª√√ŸªÕ¬à“ß∂“«√ ·≈–‡ªìπ‡ß◊ËÕπ‰¢∑’Ë‰¡à “¡“√∂
‡°‘¥¢÷Èπ‰¥â
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‡ß◊ËÕπ‰¢µ—Èß©“° (Normality Condition) „π
Stress Space ™à«¬Õ∏‘∫“¬∑‘»∑“ß¢Õß°“√·ª√√Ÿª

 “¡“√∂· ¥ß„π√Ÿª Associated Equation ¥—ßπ’È

(Element Technology) °Á∑”‰¥âßà“¬°«à“«‘∏’ Implicit
FEA ‡π◊ËÕß®“°ºŸâæ—≤π“‰¡à®”‡ªìπµâÕßæ‘ Ÿ®πåÀ√◊Õæ—≤π“

‡¡µ√‘°´å Jacobian ∑’Ë‡°’Ë¬«¢âÕß

∑ƒ…Æ’∑’Ë‡°’Ë¬«¢âÕß°—∫ Explicit FEM „π
‡∫◊ÈÕßµâππ—Èπ„™â Central Finite Difference Scheme

(®“° Belytschko et al., 2000) ¥—ßπ’È

(4.)dε
P

= dλ ∂ƒ
∂σ

‚¥¬ dλ ‡ªìπ§à“§ß§à“Àπ÷Ëß

2.3 «‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå·∫∫‰¡à‡™‘ß‡ âπ

«‘∏’°“√‡™‘ßµ—«‡≈¢‚¥¬ FEM ∂◊Õ‰¥â«à“‡ªìπ

‡§√◊ËÕß¡◊Õ∑’Ë‰¥â√—∫°“√¬Õ¡√—∫„π°“√«‘‡§√“–Àå·°âªí≠À“
´—∫ ấÕπ∑“ß«‘»«°√√¡  ́ ÷Ëß„π°√–∫«π°“√¢÷Èπ√Ÿª‚≈À–

π—Èπ¡’§«“¡æ‘‡»…°«à“°√–∫«π°“√·ª√√Ÿª¢Õß‚§√ß √â“ß

‚¥¬∑—Ë«‰ª´÷Ëß¡—°®–æ‘®“√≥“‡©æ“–√–∫∫∑’Ë‡ªìπ‡™‘ß‡ âπ
‡∑à“π—ÈπÀ√◊ÕÕ¬Ÿà¿“¬„µâ°Æ¢Õß Hooke ‚¥¬ Nonlinear

FEM ¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß ”À√—∫°“√«‘‡§√“–Àå°“√

·ª√√Ÿªæ≈“ µ‘° ‡π◊ËÕß®“°§«“¡‰¡à‡ªìπ‡™‘ß‡ âπ¢Õß«— ¥ÿ
®÷ß∑”„Àâ°“√«‘‡§√“–ÀåµâÕß‡ªìπ·∫∫ ◊∫‡π◊ËÕß (Incre-

ment) À√◊Õ√«¡‡√’¬°«à“ Incremental Nonlinear
FEM ∑—Èßπ’È„π°“√®”≈Õß ∂“π°“√≥å°“√¢÷Èπ√Ÿª«— ¥ÿπ—Èπ

‡∑§π‘§ Lagrangian Scheme ‡ªìπ‡∑§π‘§∑’Ë‡À¡“– ¡

°«à“ Eulerian Scheme ́ ÷Ëß‡À¡“– ¡°—∫°“√«‘‡§√“–Àå
°“√‰À≈¢Õß¢Õß‰À≈ (Fluid) ¡“°°«à“

¥—ßπ—Èπ Incremental Lagrangian FEM ∑’Ë

„™â ”À√—∫°“√«‘‡§√“–Àåªí≠À“°“√¢÷Èπ√Ÿª«— ¥ÿ®–‰¥â∂Ÿ°
·∫àßÕÕ°‡ªìπ 2 ª√–‡¿∑À≈—°Ê §◊Õ Implicit Scheme

·≈– Explicit Scheme ‚¥¬ªí≠À“À√◊Õ√–∫∫ —́∫

´âÕπ„À≠àÊ „π°√–∫«π°“√¢÷Èπ√Ÿªπ—Èπ «‘∏’ Explicit
FEA ¡—°®–∂Ÿ°π”‰ª„™â¡“°°«à“‡π◊ËÕß®“°¢π“¥¢Õß

ªí≠À“∑”„Àâ§«“¡µâÕß°“√∑√—æ¬“°√°“√§”π«≥‡æ‘Ë¡

¢÷Èπ·∫∫‡æ’¬ß‡™‘ß‡ âπ (Linear Growth) „π¢≥–∑’Ë«‘∏’
Implicit FEA ®–‡æ‘Ë¡¢÷Èπ·∫∫°”≈—ß Õß (Quadratic

Growth) ´÷Ëßª√–‡¥Áππ’È∑”„Àâ «‘∏’ Explicit FEA ∂Ÿ°

π”¡“„™â„π°“√«‘‡§√“–Àå°“√¢÷Èπ√Ÿª‚≈À–„π√–¥—∫Õÿµ “À-
°√√¡  πÕ°®“°π’È°“√æ—≤π“‡∑§‚π‚≈¬’‡Õ≈‘‡¡πµå

(5.)tn+12 =  tn+1+tn1
2

(6.)∆tn+12 = tn+1- tn

(7.)d
·n+12 =     (dn+1-dn)

·≈–

∆tn+12

1

‚¥¬ d
·n ‡ªìπ°“√¢®—¥ (Displacement) ∑’Ë¢—Èπ∑’Ë n

´÷Ëß∏√√¡™“µ‘¢Õß«‘∏’π’È¡’ªí≠À“∑“ß¥â“π§«“¡

‡ ∂’¬√‡™‘ßµ—«‡≈¢ (Numerical Stability) ∑”„Àâ
°â“«À√◊Õ step size ¢Õß«‘∏’π’È„π‡∫◊ÈÕßµâπ∂Ÿ°®”°—¥¥â«¬

¢π“¥¢Õß‡Õ≈‘‡¡πµå ·≈–§ÿ≥ ¡∫—µ‘¢Õß«— ¥ÿ ‚¥¬
critical time step size (∆t*) ®–∂Ÿ°°”Àπ¥‚¥¬

∆t* =
l
min

p

E
(8.)

‚¥¬  §◊Õ ¢π“¥¢Õß‡Õ≈‘‡¡πµå∑’Ë‡≈Á°∑’Ë ÿ¥ ·≈– E §◊Õ

§à“ Youngûs Modulus ¢Õß«— ¥ÿ

πÕ°®“°π’È‰¥â¡’°“√ª√–¡“≥§«“¡‰¡à‡™‘ß‡ âπ

¢Õß«— ¥ÿ‚¥¬π”‡Õ“∑ƒ…Æ’°“√·ª√√Ÿª (Deformation
Theory) ‡¢â“¡“„π°“√«‘‡§√“–Àå°“√¢÷Èπ√Ÿª‚¥¬ª√–¡“≥

´÷Ëß√Ÿâ®—°„π™◊ËÕ °“√«‘‡§√“–Àå¬âÕπ°≈—∫ (Inverse Analy-

sis) À√◊Õ One-step forming ¡’°“√π”‡Õ“ ¡¡µ‘∞“π
®”π«πÀπ÷Ëß‡¢â“¡“‡æ◊ËÕ∑”„Àâ°“√§”π«≥ßà“¬¢÷Èπ ´÷Ëß

Buranathiti and Cao (2007) · ¥ß°“√π”¡“

ª√–¬ÿ°µå„™â„πß“πÕÕ°·∫∫°“√¢÷Èπ√Ÿª‚≈À–·ºàπ
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2.4 °“√«‘‡§√“–Àå§«“¡ “¡“√∂„π°“√¢÷Èπ√Ÿª

„π°“√ÕÕ°·∫∫°√–∫«π°“√¢÷Èπ√Ÿª‚≈À–·ºàπ

ªí®®—¬∑’Ë∫Õ°«à“°√–∫«π°“√®–ª√– ∫§«“¡ ”‡√Á®„π
°“√¢÷Èπ√Ÿªπ—Èπ §◊Õ ™‘Èπß“π∑’Ë‰¥â‰¡à©’°¢“¥ (Tearing)

À√◊Õ‰¡à¡’√Õ¬¬àπ (Wrinkling) ·∫∫®”≈Õß∑’Ë “¡“√∂

æ¬“°√≥å§«“¡‡ ’¬À“¬π’È  ‚¥¬‡©æ“–°“√©’°¢“¥
 “¡“√∂ª√–¡“≥√«¡ÕÕ°¡“Õ¬Ÿà„π√Ÿª·∫∫·ºπ¿Ÿ¡‘¢’¥

®”°—¥°“√¢÷Èπ√Ÿª (Forming Limit Diagram À√◊Õ

FLD) ¥—ß· ¥ß„π√Ÿª∑’Ë 3 ́ ÷Ëß‡√‘Ë¡„™â®“°ß“π¢Õß Keeler
and Backofen (1964) ‚¥¬„π‡∫◊ÈÕßµâπ®–µâÕß∑”

°“√∑¥≈Õß´È”Ê °—π®”π«π¡“° ®π°«à“®–‰¥â‡ âπ¢’¥

®”°—¥°“√¢÷Èπ√Ÿª (Forming Limit Curve À√◊Õ FLC)

´÷Ëß¡—°®–°”Àπ¥µ—Èß·µà 90-99% ‚¥¬æ◊Èπ∞“π¢Õß

·∫∫®”≈Õß®–„™â¢âÕ¡Ÿ≈°“√‰À≈¢Õß«— ¥ÿÀ≈—°Ê °—∫§à“

K, n ·≈– R ´÷Ëß§à“ R ‡ªìπµ—«·ª√§«“¡‰¡à‡ªìπ∑‘»
∑“ß‡¥’¬«°—π (Anisotropy Parameter) ÷́Ëß‡ªìπ

µ—«·ª√ ”§—≠Àπ÷Ëß„π°“√∫Õ°§«“¡ “¡“√∂„π°“√¢÷Èπ

√Ÿª ‡ß◊ËÕπ‰¢‡∫◊ÈÕßµâπ¢Õß§«“¡‰¡à‡ ∂’¬√∑“ßæ≈“ µ‘°
(Plastic Instability Condition) §◊Õ ‰¡àµâÕß‡æ‘Ë¡

¿“√–°√√¡ (F) ·µà¡’°“√·ª√√Ÿª‡æ‘Ë¡¢÷Èπ À√◊Õ‡¢’¬π

‡ªìπ ¡°“√‰¥â«à“

dF = 0 (9.)

®“°·∫∫®”≈Õß¢Õß Swift (1952) ∑”„Àâ

FLC ¢Õß Quadrant ∑’Ë 2 (À√◊Õ´’°´â“¬„π√Ÿª∑’Ë 3)

‡ªìπ‰ªµ“¡ ¡°“√

ε1
∗ + ε2

∗ = n (10.)

‚¥¬∑’Ë ε1
∗ , ε2

∗  §◊Õ§«“¡‡§√’¬¥À≈—°«‘°ƒµ (Critical

Principal Strains)  à«π Quadrant ∑’Ë 1 π—Èπ ¡’·∫∫
®”≈Õß®”π«π¡“°∑’Ë‰¥â‡ πÕ¢÷Èπ¡“ ∫∑§«“¡π’È¢Õ¬°

‡Õ“·∫∫®”≈Õß¢Õß Semitin and Jonas (1984) ‰¥â

√«¡ªí®®—¬®“°µ—«·ª√ R ‡¢â“¡“· ¥ß√Ÿª·∫∫¥—ßπ’È

(11.)

ε2
∗ =  βε1

∗ (12.)

‚¥¬∑’Ë

√Ÿª∑’Ë 3 · ¥ß FLD ¢Õß«— ¥ÿÀπ÷Ëß (®“° Keeler,

2003)

‡æ◊ËÕ≈¥®”π«π°“√∑¥≈Õß ®÷ß‰¥â¡’°“√æ—≤π“

·∫∫®”≈Õß‡æ◊ËÕ°“√ª√–¡“≥ FLC π’È ·∫∫®”≈Õß∑’Ë
 ”§—≠ §◊Õ ·∫∫®”≈Õß¢Õß Marciniak and Kuczyn-

ski (1967) ´÷Ëß‰¥â‡æ‘Ë¡‡ß◊ËÕπ‰¢§«“¡‰¡à ¡∫Ÿ√≥å (Im-

perfection Condition) ‡¢â“¡“„π°“√«‘‡§√“–Àå ‚¥¬
À≈—°Ê ·≈â«„Àâ·π«Àπ÷Ëß¡’§«“¡Àπ“∑’ËπâÕ¬°«à“ª°µ‘

ε1
∗ =

Z
d

AB
n

Z
d 

= 2(2+R)
3

[(1+R)-2Rβ+(1+R)β2]1.5

(1+R)2-(2+R)Rβ-(2+R)Rβ2(1+R)2β3 (13.)

A
 
= 2(2+R)

3(1+2R)2 (14.)

(1+R+Rβ)2+(R+β+Rβ)2+(1-β2)RB
 
= (15.)

β =
ε2
ε1

(16.)
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®“°·∫∫®”≈Õß¥—ß°≈à“«π’È ¡’¢âÕ®”°—¥Õ¬Ÿà∑’Ë«à“
¡’°“√ ¡¡µ‘«à“ª√–«—µ‘°“√·ª√√Ÿª (Deformation
History) ‡ªìπ·∫∫‡™‘ß‡ âπ ́ ÷Ëß„π ¿“«–°“√¢÷Èπ√Ÿª®√‘ß
π—Èπ  ‰¡à‰¥â‡ªìπ‰ªµ“¡ ¡¡µ‘∞“π¢â“ßµâπÕ¬à“ß‡§√àß§√—¥
¥—ß· ¥ß„π Buranathiti and Cao (2007) ¥—ßπ—Èπ
°“√π”‰ª„™â®÷ßµâÕß¡’°“√‡º◊ËÕ‰«âÀ√◊Õ Safety Margin
„π Keeler (2003) À√◊Õ„™â·∫∫®”≈Õß∑’Ë¡’§«“¡´—∫ ấÕπ
¡“°¬‘Ëß¢÷Èπ ‡™àπ „π Yao and Cao (2002) ‡ªìπµâπ
´÷Ëß„πÕÿ¥¡§µ‘·≈â«®–µâÕß«‘‡§√“–Àåª√–«—µ‘°“√·ª√√Ÿª
¢Õß·µà≈–‡Õ≈‘‡¡πµå‡≈¬∑’‡¥’¬« ∑”„Àâ·π«∑“ßπ’È¥Ÿ‡À¡◊Õπ
®–∂Ÿ°π”‰ª„™â®√‘ßÊ „π¿“§Õÿµ “À°√√¡‰¥â§àÕπ¢â“ß
¬“°„πÕπ“§µÕ—π„°≈âπ’È

3.  √ÿª

°“√ √â“ß·∫∫®”≈Õß§Õ¡æ‘«‡µÕ√å‡æ◊ËÕπ”‰ª
ª√–¬ÿ°µå„™â«‘‡§√“–Àå·≈–ÕÕ°·∫∫°√–∫«π°“√º≈‘µ
‚¥¬‰¡à®”‡ªìπµâÕß∑”°“√∑¥≈Õß®√‘ß∑’ËµâÕß„™â∑√—æ¬“°√
Õ¬à“ß ‘Èπ‡ª≈◊Õß  ¡’»—°¬¿“æ Ÿß·≈–§«“¡‡ªìπ‰ª‰¥â
(Feasibility) „π¿“§Õÿµ “À°√√¡„πªí®®ÿ∫—π‡ªìπÕ¬à“ß
¡“° ºŸâÕÕ°·∫∫ “¡“√∂π”‰ªª√–¬ÿ°µå„™â„π°“√ÕÕ°
·∫∫°√–∫«π°“√º≈‘µµà“ßÊ ∑’Ë‰¡à§ÿâπ‡§¬À√◊Õ≈Õß·∫∫
„À¡àÊ ‰¥â‚¥¬ßà“¬ ‡™àπ °“√«‘‡§√“–Àåµ”·Àπàß·≈–¢π“¥
¢Õß Drawbead ∫π·¡àæ‘¡æå¢÷Èπ√Ÿªºπ—ßª√–µŸ√∂¬πµå
À√◊Õ°“√«‘‡§√“–Àå ¿“«–°“√º≈‘µ„π Hydroforming
‡ªìπµâπ ́ ÷Ëß°“√≈Õßº‘¥≈Õß∂Ÿ°„π ¿“«–®√‘ß®–°àÕªí≠À“
¥â“πµâπ∑ÿπ ®“°∑’Ë°≈à“«¡“ “¡“√∂‡ÀÁπ‰¥â«à“ °“√®”≈Õß
 ∂“π°“√≥å‚¥¬°“√ √â“ß·∫∫®”≈Õß§Õ¡æ‘«‡µÕ√å¡’
·π«‚πâ¡®–¡’§«“¡ ”§—≠¬‘Ëß„πÕÿµ “À°√√¡¢÷Èπ√Ÿª‚≈À–
„π»µ«√√…∑’Ë 21 ∑’Ë¡’°“√·¢àß¢—π°—πÕ¬à“ß‡ √’

πÕ°®“°π’È°“√π”‡Õ“‡∑§‚π‚≈¬’À“§à“‡À¡“– ¡
(Optimization technology) ‡¢â“¡“ª√–°Õ∫°“√
ÕÕ°·∫∫∑“ß«‘»«°√√¡°Á¡’∫∑∫“∑¡“°¢÷Èπ ‡™àπ ß“π
°“√ÕÕ°·∫∫ Wheelhouse „π Buranathiti et al.
(2005) ∑’Ë¡’°“√ÕÕ°·∫∫„Àâ¡’§«“¡πà“®–‡ªìπ∑’Ë®–
º≈‘µ™‘Èπ à«π∑’Ë ¡∫Ÿ√≥å Ÿß ÿ¥ Song et al. (2007)

‰¥âª√–¬ÿ°µå·∫∫®”≈Õß FEM „π°“√ÕÕ°·∫∫ ¿“«–
°“√¢÷Èπ√Ÿª™‘Èπ à«π¬“π¬πµå„π°√–∫«π°“√ªíö¡¢÷Èπ√Ÿª
‡ªìπµâπ ·≈–„πÕπ“§µ¡’°“√§“¥°“√≥å«à“ Multi-scale
Modeling Technology ®–‡¢â“¡“‡ªìπ à«πª√–°Õ∫
‡æ◊ËÕ™à«¬„π°“√æ—≤π“·∫∫®”≈Õß«— ¥ÿ ‚¥¬ √â“ß§«“¡
 —¡æ—π∏å√–À«à“ß ¡∫—µ‘¢Õß«— ¥ÿ∑’Ë√–¥—∫‰¡‚§√ (Micro)
À√◊Õπ“‚π (Nano) °—∫ ¡∫—µ‘∑“ß°≈¢Õß«— ¥ÿ∑’Ë√–¥—∫
·¡§‚§√ (Macro) ‡π◊ËÕß®“°¢’¥§«“¡ “¡“√∂¢Õß
‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å Ÿß¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß

„πªí®®ÿ∫—π «‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå·∫∫‰¡à‡™‘ß‡ âπ
(Nonlinear Finite Element Method) ‰¥â°≈“¬
‡ªìπ‡§√◊ËÕß¡◊Õ ”§—≠Àπ÷Ëß¢Õß°“√®”≈Õß ∂“π°“√≥å
·≈–«‘∏’·∫∫ Incremental Explicit ‡ªìπ·π«∑“ß∑’Ë
¡’»—°¬¿“æ Ÿß‡À¡“–°—∫°“√·°âªí≠À“´—∫´âÕπ„π
Õÿµ “À°√√¡¢÷Èπ√Ÿª‚≈À– ∂÷ß·¡â«à“°“√ √â“ß·∫∫®”≈Õß
∑“ß§Õ¡æ‘«‡µÕ√å®–¡’¢âÕ¥’®”π«π¡“°·µà°Á¬àÕ¡¡’¢âÕ
®”°—¥Õ¬Ÿà¥â«¬ ∑—Èßπ’È®ÿ¥¡ÿàßÀ¡“¬‡∫◊ÈÕßµâπ¢Õß°“√ √â“ß
·∫∫®”≈Õß §◊Õ „Àâº≈æ¬“°√≥å∑’Ë‰¥â Õ¥§≈âÕß°—∫
 ¿“æ§«“¡‡ªìπ®√‘ß À√◊Õ·∫∫®”≈Õß‡ªìπ Valid
Model ¥—ß· ¥ß«‘∏’°“√∑” Model Validation „π
Buranathiti et al. (2006) ∑’ËµâÕß‡ª√’¬∫‡∑’¬∫°—∫°“√
∑¥≈Õß®√‘ß·≈–æ‘®“√≥“§«“¡‰¡à·πàπÕπ¢Õß√–∫∫
‚¥¬¢âÕ¡Ÿ≈∑’Ë„™â„π°“√ √â“ß·∫∫®”≈Õß®”‡ªìπµâÕß¡’§«“¡
·¡àπ¬” „π∫“ß°√≥’ºŸâ„™âÕ“®®–µâÕß¡’°“√ª√—∫·µàß·∫∫
®”≈ÕßÀ√◊Õ √â“ß‡ß◊ËÕπ‰¢ ¡¡Ÿ≈ (Equivalent Condi-
tions) ∑’Ë‡À¡“– ¡¢÷Èπ¡“ª√–°Õ∫ πÕ°®“°π’ÈºŸâÕÕ°·∫∫
·≈–ºŸâ„™â®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–µâÕß‡¢â“„®∑ƒ…Æ’æ◊Èπ∞“π
°“√æ—≤π“¢Õß‡∑§‚π‚≈¬’ ·≈–·ßà¡ÿ¡¥â“π°“√§”π«≥
‡™àπ ß“π„π ∑«’¿—∑√å ·≈– Õ“≥—µ‘ (2549) ‰¥â»÷°…“
ªí®®—¬‡™‘ßµ—«‡≈¢∑’Ë¡’º≈°√–∑∫µàÕ§«“¡·¡àπ¬”„π
°“√æ¬“°√≥å°“√ ª√‘ßµ—«°≈—∫„π°“√¢÷Èπ√Ÿª√àÕßµ—«¬Ÿ
‡ªìπµâπ ª√–°Õ∫°—π‡æ◊ËÕ„Àâ‡°‘¥°“√º≈‘µ∑’Ë¡’ª√– ‘∑∏‘º≈
(Effective) ·≈–ª√– ‘∑∏‘¿“æ (Efficient)  Ÿß ÿ¥
µàÕ‰ª
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