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Abstract
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Aluminium-12wt% silicon coating prepared by thermal spraying technique:

Part 1 optimization of spray condition based on a design of experiment
Songklanakarin J. Sci. Technol., 2006, 28(2) : 431-439

At present, thermal spray technology is used for maintenance parts of various machines in many

industries. This technology can be used to improve the surface wear resistance. Therefore, this technology

can significantly reduce cost of manufacturing. Al-12wt%Si alloy is an interesting and popular material

used in the automotive industry. This research studies the suitable condition for spraying of Al-12wt%Si

powder. This powder was sprayed by a flame spray technique onto low carbon steel substrates. The suitable

conditions for spraying can be achieved by a design of experiment (DOE) principle, which provided statis-

tical  data  defined  at  90%  confidence.  This  research  used  control  factors,  which  were  oxygen  flow  rate,
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acetylene flow rate and spray distance. The satisfaction levels of these factors were set at 3 levels, i.e. low,

medium and high, in order to determine suitable responses, which were hardness, thickness, wear rate and

percentage volume fraction of porosity. It was found that the optimized condition for spraying Al-12wt%Si

powder consisted of 38 ft3/hr (1.026 m3/hr) of oxygen flow rate, 27 ft3/hr (0.729 m3/hr) of acetylene flow rate

and 58 mm of spray distance.

Key words : thermal spray, Al-12wt%Si, design of experiment, central composite design,
response surface design
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„πªí®®ÿ∫—π‰¥â¡’°“√ª√–¬ÿ°µå„™â‡∑§‚π‚≈¬’°“√æàπ‡§≈◊Õ∫¥â«¬§«“¡√âÕπ  ”À√—∫„™â„πß“π´àÕ¡∫”√ÿß™‘Èπ à«π

‡§√◊ËÕß®—°√„πÀ≈“°À≈“¬Õÿµ “À°√√¡ ‡π◊ËÕß®“°‡∑§‚π‚≈¬’π’È “¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“π°“√ ÷°À√Õ„Àâ°—∫™‘Èπ à«π‚¥¬

‡©æ“–∑’Ëº‘«¿“¬πÕ°‡∑à“π—Èπ ¥—ßπ—Èπ‡∑§‚π‚≈¬’π’È®÷ß “¡“√∂™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ‰¥â‡ªìπÕ¬à“ß¡“° „π à«π¢Õß‚≈À–

º ¡ Al-12wt%Si ‡ªìπ«— ¥ÿ∑’Ë‰¥â√—∫°“√ π„®·≈–π‘¬¡„™â„πÕÿµ “À°√√¡º≈‘µ¬“π¬πµå  ”À√—∫ß“π«‘®—¬π’ÈµâÕß°“√À“

‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡ ”À√—∫°“√æàπºß Al-12wt%Si ‚¥¬ºß¥—ß°≈à“«®–∂Ÿ°æàπ¥â«¬‡∑§π‘§°“√æàπ‡§≈◊Õ∫·∫∫‡ª≈«‰ø

≈ß∫π‡À≈Á°°≈â“§“√å∫ÕπµË” ´÷Ëß°“√À“‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡„π°“√æàππ—Èπ®–Õ“»—¬À≈—°°“√ÕÕ°·∫∫°“√∑¥≈Õß ´÷Ëß®–„Àâ

¢âÕ¡Ÿ≈‡™‘ß ∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 90% ß“π«‘®—¬π’È‰¥â‡≈◊Õ°„™âªí®®—¬∑’Ë§«∫§ÿ¡‰¥â §◊Õ Õ—µ√“°“√‰À≈¢ÕßÕÕ° ‘́‡®π Õ—µ√“

°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π ·≈–√–¬–Àà“ß¢Õß°“√æàπ ‚¥¬¡’°“√°”Àπ¥ªí®®—¬∑’Ë§«∫§ÿ¡‰¥â‡ªìπ 3 √–¥—∫ §◊Õ µË” °≈“ß

·≈– Ÿß ́ ÷Ëß‡ªìπ°“√°”Àπ¥¢Õ∫‡¢µ·≈–™à«ß¢Õßªí®®—¬∑’ËµâÕß°“√∑¥ Õ∫‡æ◊ËÕ„Àâ‰¥âº≈µÕ∫ ‰¥â·°à §«“¡·¢Áß §«“¡Àπ“

Õ—µ√“°“√ ÷°À√Õ ·≈–§à“ —¥ à«πª√‘¡“≥√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫¥â«¬«‘∏’°“√ÕÕ°·∫∫°“√∑¥≈Õß  ®“°°“√∑¥≈Õßæ∫«à“

‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π°“√æàπºß Al-12wt%Si ®–ª√–°Õ∫¥â«¬Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π‡ªìπ 38 ≈∫.øÿµ/

™—Ë«‚¡ß (1.026 ≈∫.‡¡µ√/™—Ë«‚¡ß) Õ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π‡ªìπ 27 ≈∫.øÿµ/™—Ë«‚¡ß (0.729 ≈∫.‡¡µ√/™—Ë«‚¡ß)

·≈–√–¬–Àà“ß„π°“√æàπ‡ªìπ 58 ¡¡.

„πªí®®ÿ∫—ππ’È‡∑§‚π‚≈¬’°“√æàπ‡§≈◊Õ∫¥â«¬‡ª≈«‰ø
(thermal spray) ‡ªìπ‡∑§π‘§∑’Ë‰¥â√—∫§«“¡ π„®¡“°¢÷Èπ
‡æ◊ËÕ„™â„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß™‘Èπß“π„Àâ
¡’Õ“¬ÿ°“√„™âß“π‰¥â¬“«π“π¢÷Èπ ´÷Ëß‡∑§π‘§π’È‡ªìπ°√√¡«‘∏’
∑“ß«‘»«°√√¡æ◊Èπº‘«∑’Ë “¡“√∂º≈‘µº‘«‡§≈◊Õ∫ (coating)

®“°«— ¥ÿ·∑∫∑ÿ°ª√–‡¿∑‰¡à«à“®–‡ªìπ‚≈À– Õ—≈≈Õ¬ ‡´√“¡‘°
«— ¥ÿº ¡ À√◊ÕæÕ≈‘‡¡Õ√å   à«π‡∑§π‘§°“√æàπ·∫∫‡ª≈«‰ø
(combustion flame spray) ‡ªìπÀπ÷Ëß„π‡∑§π‘§°“√æàπ
‡§≈◊Õ∫¥â«¬‡ª≈«§«“¡√âÕπ∑’Ë¡’§«“¡‡À¡“– ¡„π°“√π”¡“
·°âªí≠À“°“√ ÷°À√Õ„πß“π´àÕ¡∫”√ÿß¢ÕßÕÿµ “À°√√¡µà“ßÊ
¢Õßª√–‡∑»‰∑¬ ‡π◊ËÕß®“°‡ªìπ‡∑§π‘§∑’Ë¡’µâπ∑ÿπµË”∑’Ë ÿ¥
‡¡◊ËÕ‡∑’¬∫°—∫‡∑§π‘§°“√æàπ‡§≈◊Õ∫¥â«¬‡ª≈«§«“¡√âÕπ

·∫∫Õ◊Ëπ ´÷Ëß‡∑§π‘§π’ÈÕ“»—¬·À≈àß§«“¡√âÕπ®“°°“√‡º“‰À¡â
(combustion) √–À«à“ß°ä“´‡™◊ÈÕ‡æ≈‘ß°—∫ÕÕ°´‘‡®π ‚¥¬∑’Ë
™π‘¥·≈–Õ—µ√“ à«π¢Õß°ä“´‡™◊ÈÕ‡æ≈‘ß°—∫ÕÕ° ‘́‡®ππ’È‡Õß∑’Ë
®–‡ªìπµ—«°”Àπ¥Õÿ≥À¿Ÿ¡‘·≈–≈—°…≥–¢Õß‡ª≈«‰ø (Baik

and Grant, 1999)

 ”À√—∫ºß‚≈À–º ¡Õ–≈Ÿ¡‘‡π’¬¡-12% ‚¥¬πÈ”Àπ—°
´‘≈‘°Õπ (Al-12wt%Si) π—Èπ ‰¥â¡’°“√π”¡“ª√–¬ÿ°µå„™â
ß“πÕ¬à“ß·æ√àÀ≈“¬°—∫‡∑§π‘§°“√æàπ‡§≈◊Õ∫¥â«¬‡ª≈«
§«“¡√âÕπ ‡π◊ËÕß®“°‚≈À–º ¡ Al-12wt%Si ‡ªìπ«— ¥ÿ∑’Ë
„™â°—πÕ¬à“ß·æ√àÀ≈“¬„πÕÿµ “À°√√¡¢Õß°“√º≈‘µ™‘Èπ à«π
√∂¬πµå À√◊ÕÕÿµ “À°√√¡¢Õß¬“πæ“Àπ–µà“ßÊ ‡π◊ËÕß®“°
‚≈À–º ¡™π‘¥π’È¡’ ¡∫—µ‘∑’Ë¡’§«“¡Àπ“·πàπµË” πÈ”Àπ—°‡∫“
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¡’§«“¡ “¡“√∂„π°“√µâ“π°“√ ÷°À√Õ·≈–°“√°—¥°√àÕπ Ÿß
(Tucker, 1997)  ´÷Ëß®—¥‰¥â«à“‡ªìπ«— ¥ÿ∑’Ë¡’§«“¡ ”§—≠¡“°
„πÕÿµ “À°√√¡µà“ßÊ „πªí®®ÿ∫—π  ´÷Ëß„π°√–∫«π°“√æàπ
‡§≈◊Õ∫«— ¥ÿ™π‘¥π’È§àÕπ¢â“ß®–´—∫´âÕπ‡π◊ËÕß®“°¡’ªí®®—¬∑’Ë
‡°’Ë¬«¢âÕß°—∫°“√æàπÀ≈“¬ªí®®—¬ ‡™àπ Õ—µ√“°“√‰À≈¢Õß
ÕÕ°´‘‡®π  Õ—µ√“°“√‰À≈¢Õß°ä“´‡™◊ÈÕ‡æ≈‘ß  √–¬–Àà“ß„π
°“√æàπ Õ—µ√“°“√‰À≈¢Õßºßæàπ ‡ªìπµâπ  ·≈–‡π◊ËÕß®“°
ªí®®—¬‡À≈à“π’È¡—°®–¡’§«“¡‡°’Ë¬«¢âÕß —¡æ—π∏å°—π‰¡à¡“°°ÁπâÕ¬
¥—ßπ—Èπ°“√‡≈◊Õ°„™âªí®®—¬·≈–ª√‘¡“≥¢Õßªí®®—¬®÷ß‡ªìπ°“√
¬“° ‡æ√“–©–π—Èπ°“√∑√“∫‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π°“√
æàπºß Al-12wt%Si ®÷ß¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß„π°“√º≈‘µ
º‘«‡§≈◊Õ∫ Al-12wt%Si ∑’Ë„Àâ ¡∫—µ‘µà“ßÊ ∑’Ë¥’∑’Ë ÿ¥ ¥—ßπ—Èπ
ß“π«‘®—¬π’È®÷ß‡≈◊Õ°°“√ÕÕ°·∫∫°“√∑¥≈Õß (Design of

Experiment; DOE) ¡“™à«¬ª√–¬ÿ°µåÀ“‡ß◊ËÕπ‰¢°“√æàπ∑’Ë
‡À¡“– ¡·≈–¡’§«“¡·¡àπ¬” Ÿß ‚¥¬‡∑§π‘§π’È “¡“√∂™à«¬≈¥
®”π«π§√—Èß°“√∑¥≈Õß„Àâ‰¥â¡“°∑’Ë ÿ¥ ∑—Èßπ’È®–™à«¬ª√–À¬—¥
∑√—æ¬“°√∑—Èß¥â“π«— ¥ÿ·≈–‡«≈“∑’Ë„™â„π°“√∑¥≈Õß ‚¥¬°“√
ÕÕ°·∫∫°“√∑¥≈Õßπ’È®–¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡ª≈’Ë¬πª—®®—¬∑’Ë
§«∫§ÿ¡‰¥â (control factors) ‰ª Ÿàº≈µÕ∫ (responses)

µ“¡∑’Ë‡√“µâÕß°“√ (Montgomery, 2001)  ´÷Ëß„πß“π«‘®—¬
∑’Ëºà“π¡“‰¥â· ¥ß„Àâ‡ÀÁπ«à“°“√„™âÀ≈—°°“√ÕÕ°·∫∫°“√
∑¥≈Õß¡“‡æ◊ËÕ„™â»÷°…“ªí®®—¬∑’Ë¡’º≈µàÕ§«“¡·¢Áß ·≈–§«“¡
µâ“π∑“π°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫∑’Ë∑”°“√æàπ‡§≈◊Õ∫·∫∫
‡ª≈«‰øπ—Èπ  ®–„Àâº≈≈—æ∏å∑’Ë¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß (ª√’™“
·≈–Õ¿‘™“µ, 2546; Sopaday and Changyom,  2004)

ß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡
∑’Ë ÿ¥„π°“√æàπ‡§≈◊Õ∫ºß Al-12wt%Si ‡æ◊ËÕ∑’Ë„Àâ‰¥âº‘«
‡§≈◊Õ∫∑’Ë¡’ ¡∫—µ‘∑—Èß∑“ß°“¬¿“æ  ‡™‘ß°≈  ·≈–Õ—µ√“°“√
 ÷°À√Õ∑’Ë¡’§«“¡‡À¡“– ¡ ”À√—∫°“√π”‰ªª√–¬ÿ°µå„™â„π
°“√æàπ™‘Èπß“πÕÿµ “À°√√¡µà“ßÊ µàÕ‰ª

«‘∏’«‘®—¬

„π°“√∑”°“√«‘®—¬π’È‰¥âÕ“»—¬À≈—°°“√¢Õß°“√ÕÕ°
·∫∫°“√∑¥≈Õß·∫∫æ◊Èπº‘«º≈µÕ∫ (Response Surface

Design)  ™π‘¥°“√ÕÕ°·∫∫ à«πª√– ¡°≈“ß (Central

Composite Design: CCD) ‡π◊ËÕß®“°≈—°…≥–¢Õß§«“¡
 —¡æ—π∏å¢Õßµ—«·ª√µà“ßÊ „π°“√æàπ‡§≈◊Õ∫¥â«¬§«“¡√âÕπ

π—Èπ‰¡à‰¥â‡ªìπ‡ âπµ√ß ·≈–‡ªìπ«‘∏’°“√∑’Ë√«¡‡∑§π‘§∑—Èß∑“ß
§≥‘µ»“ µ√å ·≈–‡∑§π‘§∑“ß ∂‘µ‘∑’Ë¡’ª√–‚¬™πåµàÕ°“√ √â“ß
·∫∫®”≈Õß·≈–°“√«‘‡§√“–Àåªí≠À“ ‚¥¬∑’Ëº≈µÕ∫∑’Ë π„®
®–‡ªìπ°“√«‘‡§√“–Àå‚¥¬„™âÀ≈—°°“√¢Õß°“√«‘‡§√“–Àå§«“¡
·ª√ª√«π (Analysis of Variance; ANOVA) ·≈–‡ªìπ
°“√À“§à“º≈µÕ∫‡ªìπ·∫∫º≈µÕ∫À≈“¬µ—« (multiple

responses)

ß“π«‘®—¬π’È‰¥â°”Àπ¥º≈µÕ∫∑’Ë π„® 4 º≈µÕ∫ ‰¥â·°à
§à“§«“¡·¢Áß §«“¡Àπ“ §«“¡µâ“π∑“π°“√ ÷°À√Õ ·≈–
§à“ —¥ à«πª√‘¡“≥√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫ ‚¥¬‰¥â¡’°“√§—¥‡≈◊Õ°
ªí®®—¬∑’Ë¡’º≈µàÕº≈µÕ∫À√◊Õ∑’Ë‡√’¬°«à“ªí®®—¬∑’Ë§«∫§ÿ¡‰¥â
‡ªìπ Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π  Õ—µ√“°“√‰À≈¢Õß°ä“´
Õ–‡´∑‘≈’π ·≈–√–¬–Àà“ß¢Õß°“√æàπ ‚¥¬®–∑”°“√§—¥‡≈◊Õ°
®“°ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß„π°“√æàπ‡§≈◊Õ∫·∫∫‡ª≈«‰ø∑’Ë¡—°®–
 àßº≈°√–∑∫µàÕ ¡∫—µ‘¢Õßº‘«‡§≈◊Õ∫  ·≈–‡π◊ËÕß®“°ÕÕ°-
‘́‡®π·≈–°ä“´Õ–‡´∑‘≈’π‡ªìπªí®®—¬∑’Ë§Õ¬°”Àπ¥Õÿ≥À¿Ÿ¡‘

„π°“√À≈Õ¡¢Õß°√–∫«π°“√æàπ‡§≈◊Õ∫·∫∫‡ª≈«‰ø ·≈–
√–¬–Àà“ß¢Õß°“√æàππ—Èπ®–‡ªìπªí®®—¬∑’Ë∫àß∫Õ°«à“«— ¥ÿ∑’Ë∂Ÿ°
À≈Õ¡π—ÈπÕ¬Ÿà„πÕ“°“»π“π‡∑à“„¥ ´÷Ëß∑—Èß 3 ªí®®—¬π’È¡’º≈µàÕ
°“√‡°‘¥º‘«‡§≈◊Õ∫‡ªìπÕ¬à“ß¡“°  À≈—ß®“°π—Èπ®–∑”°“√
°”Àπ¥√–¥—∫¢Õ∫‡¢µ¢Õß·µà≈–ªí®®—¬ÕÕ°‡ªìπ 3 √–¥—∫ §◊Õ
µË” °≈“ß ·≈– Ÿß ¥—ß· ¥ß„π Table 1 ´÷Ëß¢Õ∫‡¢µ„π√–¥—∫
°≈“ß®–∂Ÿ°°”Àπ¥‚¥¬Õâ“ßÕ‘ßµ“¡‡ß◊ËÕπ‰¢°“√æàπ∑’Ë°”Àπ¥
‚¥¬∫√‘…—∑ºŸâº≈‘µºß·≈–®“°ª√– ∫°“√≥å°“√æàπ«— ¥ÿ™π‘¥π’È
„π‡∫◊ÈÕßµâπ‚¥¬™ÿ¥Õÿª°√≥å‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√∑¥≈Õßπ’È
 à«π§à“¢Õ∫‡¢µ„π√–¥—∫ Ÿß·≈–µË”®–∂Ÿ°°”Àπ¥‚¥¬™à«ß
°“√æàπ∑’Ë‡À¡“– ¡  ´÷Ëß®–µâÕßæ‘®“√≥“®“°À≈“¬ªí®®—¬∑’Ë
‡°’Ë¬«¢âÕß°—∫ ‘Ëß·«¥≈âÕ¡„π°“√æàπ¢Õß√–∫∫π—ÈπÊ „π°“√
°”Àπ¥™à«ß¥—ß°≈à“«¡—°®–Õ“»—¬®“°ª√– ∫°“√≥å°“√æàπ
¥â«¬‡™àπ°—π ·≈–‡¡◊ËÕ∑”°“√ √â“ß·∫∫®”≈Õß‚¥¬Õ“»—¬À≈—°
°“√ÕÕ°·∫∫°“√∑¥≈Õß·∫∫ à«πª√– ¡°“√ (Central

Composite Design; CCD) ®–‰¥â§à“¢Õßº≈µÕ∫ÕÕ°¡“
À≈“¬§à“ ∑”„Àâ‰¥â‡ß◊ËÕπ‰¢°“√æàπ∑—ÈßÀ¡¥· ¥ß¥—ß Table 2

‡¡◊ËÕ‰¥â‡ß◊ËÕπ‰¢„π°“√æàπ„π‡∫◊ÈÕßµâπµ“¡µ“√“ß·≈â« ®–∑”
°“√æàπ‡§≈◊Õ∫ºß≈ß∫π·ºàπ‡À≈Á°°≈â“§“√å∫Õπ¡’≈—°…≥–
‡ªìπ«ß°≈¡¡’‡ âπºà“π»Ÿπ¬å°≈“ßª√–¡“≥ 25 ¡¡. Àπ“ 5

¡¡. ¥â«¬‡∑§π‘§°“√æàπ·∫∫‡ª≈«‰ø (Õ“¿“°√ ·≈–§≥–,

2549)
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®“°π—Èππ”™‘Èπ∑¥ Õ∫∑’Ëºà“π°“√æàπ‡§≈◊Õ∫¡“À“
§«“¡Àπ“‚¥¬„™â°≈âÕß®ÿ≈∑√√»πå· ß  ∑”°“√∑¥ Õ∫§à“
§«“¡·¢Áß‚¥¬„™â‡§√◊ËÕß«—¥§«“¡·¢Áß·∫∫ Vickers Micro-

hardness √ÿàπ Galileo Microscan OD „™âπÈ”Àπ—° 100

°√—¡ ·≈–„™â‡«≈“°¥·™àπ“π 15 «‘π“∑’ ∑”°“√À“§à“ —¥ à«π
ª√‘¡“≥√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫‚¥¬Õ“»—¬‡∑§π‘§°“√«‘‡§√“–Àå
¥â«¬¿“æ (image analysis) ¥â«¬‚ª√·°√¡ Image Pro

Plus ·≈–À“Õ—µ√“°“√ ÷°À√Õ¥â«¬‡§√◊ËÕß∑¥ Õ∫ Pin-on-

Disk √ÿàπ ISC-200 Tribometer ‚¥¬„™âÀ—«°¥∑—ß ‡µπ

§“√å‰∫¥å (WC) πÈ”Àπ—°°¥ 50 °√—¡ (Õ“¿“°√ ·≈–§≥–,

2549)  ®“°π—Èππ”º≈°“√∑¥ Õ∫ ¡∫—µ‘µà“ßÊ ∑’Ë‰¥â‰ª
«‘‡§√“–Àåº≈‡™‘ß ∂‘µ‘ ‡æ◊ËÕÀ“ ¡°“√∑”π“¬§à“§«“¡·¢Áß
§«“¡Àπ“ °“√À“§à“ —¥ à«πª√‘¡“≥√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫
·≈–Õ—µ√“°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫ ‡¡◊ËÕ‰¥â ¿“«–°“√æàπ∑’Ë
‡À¡“– ¡∑’Ë ÿ¥·≈â« ®–µâÕß∑”°“√æàπ¥â«¬ ¿“«–¥—ß°≈à“«
‡æ◊ËÕ‡ªìπ°“√¬◊π¬—π§«“¡∂Ÿ°µâÕßÕ’°§√—Èß (Õ“¿“°√ ·≈–§≥–,

2549)

Table 1. Control factors and their limited values for spraying

Al-12wt%Si powder.

Control factor
             Level

Low (-1) Medium (0) High (+1)

Oxygen flow rate (ft3/hr) 30 34 38
Acetylene flow rate (ft3/hr) 30 34 38
Spray distance (mm) 59 64 69

Table 2. Spray conditions for spraying Al-12wt%Si powder, determined

by Central Composite Design of Response Surface Design method.

Spray Oxygen flow rate Acetylene flow rate Spray distance

condition (ft3/hr) (ft3/hr) (mm)

1 34 27 64
2 34 40 64
3 38 30 59
4 38 38 59
5 34 34 64
6 30 38 59
7 27 34 64
8 34 34 64
9 38 30 69

10 34 34 72
11 34 34 64
12 34 34 56
13 34 34 64
14 34 34 64
15 30 30 59
16 30 30 69
17 34 34 69
18 30 38 69
19 41 34 64
20 38 38 64
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‡¡.¬. 2549
º‘«‡§≈◊Õ∫Õ–≈Ÿ¡‘‡π’¬¡-12% ‚¥¬πÈ”Àπ—°´‘≈‘°Õπ

Õ“¿“°√  Õ¬Ÿà¥’ ·≈–§≥–435

º≈°“√∑¥≈Õß·≈–«‘‡§√“–Àåº≈

°“√ÕÕ°·∫∫°“√∑¥≈Õß„πß“π«‘®—¬®–‡ªìπ·∫∫°“√
À“§à“º≈µÕ∫·∫∫§à“ Ÿß∑’Ë ÿ¥ (maximization) ®÷ß®”‡ªìπ
µâÕß¡’°“√·ª≈ß§à“µ—«·ª√º≈µÕ∫∫“ß§à“‡æ◊ËÕ„Àâ¡’≈—°…≥–
¢Õß§à“º≈µÕ∫∑’Ë Ÿßµ“¡µâÕß°“√  ‡™àπ  ¡’°“√·ª√º≈®“°
 —¥ à«π√âÕ¬≈–√Ÿæ√ÿπ¢Õßº‘«‡§≈◊Õ∫‡ªìπ§à“√âÕ¬≈–æ◊Èπ∑’Ëº‘«
¢Õßº‘«‡§≈◊Õ∫ (percentage of coating surface area) ´÷Ëß
®–‡ªìπ§à“∑’Ë‡∑à“°—∫®”π«πÀπ÷Ëß√âÕ¬≈∫ —¥ à«π√âÕ¬≈–√Ÿæ√ÿπ
¢Õßº‘«‡§≈◊Õ∫ ·≈–¡’°“√·ª≈º≈®“°Õ—µ√“°“√ ÷°À√Õ¢Õß
º‘«‡§≈◊Õ∫‡ªìπ§«“¡µâ“π∑“π°“√ ÷°À√Õ  ´÷Ëß‡ªìπ§à“ à«π
°≈—∫¢ÕßÕ—µ√“°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫π—Ëπ‡Õß

‡¡◊ËÕ‰¥âº≈µÕ∫¢Õß∑—Èß 20 ‡ß◊ËÕπ‰¢∑’Ë∑”°“√∑¥≈Õß
æàπµ“¡ Table 2 ®–∑”°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈º≈µÕ∫∑’Ë‰¥â
∑—ÈßÀ¡¥µ“¡À≈—°°“√«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß ∂‘µ‘
‚¥¬®–æ‘®“√≥“§à“§«“¡πà“®–‡ªìπ®“°§à“∑¥ Õ∫∑“ß ∂‘µ‘
(P-value) ´÷Ëß∑”°“√Õâ“ßÕ‘ß°—∫§à“√–¥—∫§«“¡¡’π—¬ ”§—≠
¢Õß°“√∑¥ Õ∫ (α)  ‚¥¬∑’Ë§à“ P-value π—Èπ®–µâÕß¡’§à“
πâÕ¬°«à“§à“ α ®÷ß®–∑”„Àâ ¡¡µ‘∞“πÀ≈—°∑’Ëµ—Èß‰«â °≈à“«§◊Õ
ªí®®—¬∑’Ë§«∫§ÿ¡‰¥â·≈–Õ—πµ√°‘√‘¬“√–À«à“ßªí®®—¬∑’Ë§«∫§ÿ¡
‰¥â¡’º≈µàÕ§à“º≈µÕ∫®√‘ß  ´÷Ëß„πß“π«‘®—¬π’È®–„™â§à“√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ∑’Ë 90% π—Ëπ°Á§◊Õ®–∑”„Àâ¡’ α ¢Õß°“√∑¥ Õ∫
‡∑à“°—∫ 0.1 ¥—ßπ—Èπ„π°“√æ‘®“√≥“§à“ P-value ¢Õßµ—«·ª√
∑’Ë§«∫§ÿ¡‰¥â·≈–Õ—πµ√°‘√‘¬“√–À«à“ßµ—«·ª√∑’Ë§«∫§ÿ¡‰¥â
µâÕß¡’§à“πâÕ¬°«à“ 0.1 ®÷ß®– “¡“√∂π”§à“¢Õßµ—«·ª√π—Èπ
¡“ √â“ß ¡°“√∑”π“¬§à“º≈µÕ∫‰¥â

‡¡◊ËÕ«‘‡§√“–Àå§à“º≈µÕ∫®“°°“√æàπ‚¥¬‡ß◊ËÕπ‰¢
· ¥ß¥—ß Table 2 ∑”„Àâ‰¥â§à“∑’Ë‡À¡“– ¡∑’Ë ÿ¥¢Õßªí®®—¬∑’Ë
§«∫§ÿ¡‰¥â∑’Ë¡’º≈µàÕ§«“¡Àπ“ √âÕ¬≈–æ◊Èπ∑’Ëº‘« ·≈–§«“¡
µâ“π∑“π°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫‡∑à“π—Èπ   ´÷Ëß„π°“√
«‘‡§√“–Àå¢âÕ¡Ÿ≈π’È‰¡à “¡“√∂ √â“ß ¡°“√∑”π“¬§à“§«“¡
·¢Áß¢Õßº‘«‡§≈◊Õ∫‰¥â  ‡π◊ËÕß®“°µ—«·ª√∑’Ë§«∫§ÿ¡‰¥â·≈–
Õ—πµ√°‘√‘¬“¢Õßµ—«·ª√¡’§à“ P-value ¡“°°«à“ 0.1 ´÷Ëß‡ªìπ
§à“∑’Ë‡°‘π√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ∑’Ë 90%

¥—ßπ—Èπ®“°°“√æ‘®“√≥“§«“¡ —¡æ—π∏å¢Õß§à“ P-

Value „π Table 3 °—∫§à“ α = 0.1 ∑”„Àâ “¡“√∂ √â“ß
 ¡°“√∑”π“¬§à“√âÕ¬≈–æ◊Èπ∑’Ëº‘«¢Õßº‘«‡§≈◊Õ∫ (Y

1
)  ¡°“√

∑”π“¬§à“§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫ (Y
2
) ·≈– ¡°“√∑”π“¬

§à“°“√µâ“π∑“π°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫ (Y
3
)  ¡’§à“¥—ß

 ¡°“√ 2, 3 ·≈– 4 µ“¡≈”¥—∫ ‚¥¬ ¡°“√∑”π“¬§à“º≈
µÕ∫∑—ÈßÀ¡¥π’È®– √â“ßµ“¡ ¡°“√ 1 ¥—ßπ’È

Y = β0 + βixi +
i=1

k

∑ βiixi
2 +

i=1

k

∑ βij xix j + ε
i< j
∑∑ (1)

‚¥¬∑’Ë Y §◊Õ º≈µÕ∫, β
O
 §◊Õ §à“§ß∑’Ë (constant), β

i
, β

ii
,

β
ij
 §◊Õ §à“ —¡ª√– ‘∑∏‘Ï (coefficients)  ‡¡◊ËÕ i §◊Õªí®®—¬∑’Ë

§«∫§ÿ¡‰¥â  ii §◊Õ Õ—πµ√°‘√‘¬“√–À«à“ßªí®®—¬∑’Ë§«∫§ÿ¡‰¥â
™π‘¥‡¥’¬«°—π  ·≈– ij §◊Õ Õ—πµ√°‘√‘¬“√–À«à“ßªí®®—¬∑’Ë
§«∫§ÿ¡‰¥âµà“ß™π‘¥°—π  ·≈– x §◊Õ ªí®®—¬∑’Ë§«∫§ÿ¡‰¥â ´÷Ëß
§à“ x ∑’Ë®– “¡“√∂π”¡“‡¢’¬π ¡°“√‰¥âπ—Èπ®–µâÕß¡’§à“ P-

Value πâÕ¬°«à“ 0.1 ¥—ß· ¥ß„π Table 3 ®÷ß®–π”¡“
‡¢’¬π ¡°“√æ√âÕ¡∑—Èß°—∫§à“§ß∑’Ëµ“¡ Table 3 ‰¥â ¡°“√
¥—ßπ’È

Y
1

= 70.321 - 0.414 (Acetylene) - 2.417 (Oxygen)2

+ 3.920 (Acetylene)2 + 2.773(Distance)2 (2)

Y
2

= 209.73 - 13.53(Distance) - 14.11 (Oxygen)2

- 15.88 (Distance)2 + 19.75 (Acetylene*

Distance) (3)

Y
3

= 490.2 + 55.2 (Acetylene) - 63.2(Distance)

+ 92.5 (Acetylene)2 - 73.2 (Oxygen*

Acetylene) - 104.6 (Acetylene*Distance) (4)

‡¡◊ËÕ oxygen §◊Õ Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π„π
Àπà«¬¢Õß≈∫.øÿµ/™—Ë«‚¡ß  acetylene §◊Õ Õ—µ√“°“√‰À≈
¢ÕßÕ–‡´∑‘≈’π„πÀπà«¬¢Õß≈∫.øÿµ/™—Ë«‚¡ß  distance §◊Õ
√–¬–Àà“ß¢Õß°“√æàπ„πÀπà«¬¢Õß¡‘≈≈‘‡¡µ√ (oxygen)2 §◊Õ
Õ—πµ√°‘√‘¬“√–À«à“ßÕ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π¥â«¬°—π‡Õß
(acetylene)2 §◊Õ Õ—πµ√°‘√‘¬“√–À«à“ßÕ—µ√“°“√‰À≈¢Õß
°ä“´Õ–‡´∑‘≈’π¥â«¬°—π‡Õß (distance)2 §◊Õ Õ—πµ√°‘√‘¬“
√–À«à“ß√–¬–Àà“ß°“√æàπ¥â«¬°—π‡Õß oxygen*acetylene

§◊Õ Õ—πµ√°‘√‘¬“√–À«à“ßÕ—µ√“°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π°—∫
°ä“´Õ–‡´≈’π ·≈– acetylene*distance §◊Õ Õ—πµ√°‘√‘¬“
√–À«à“ßÕ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π°—∫√–¬–Àà“ß°“√æàπ
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‡¡◊ËÕæ‘®“√≥“°√“øæ◊Èπº‘«º≈µÕ∫¢Õß§à“√âÕ¬≈–
æ◊Èπ∑’Ëº‘«¢Õßº‘«‡§≈◊Õ∫ §«“¡Àπ“ ·≈–§«“¡µâ“π∑“π°“√
 ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫¥—ß· ¥ß„π Figure 1 · ¥ßæ◊Èπº‘«
º≈µÕ∫¢Õß√âÕ¬≈–æ◊Èπ∑’Ëº‘«¢Õßº‘«‡§≈◊Õ∫ æ∫«à“Õ—µ√“°“√
‰À≈¢Õß°ä“´ÕÕ°´‘‡®π∑’Ë∑”„Àâ§à“æ◊Èπ∑’Ë¢Õßº‘«‡§≈◊Õ∫¡’§à“
 Ÿß ÿ¥ ®–‡ªìπ„π√–¥—∫°≈“ß (æ‘®“√≥“§à“∑’Ë°”Àπ¥„π Table

1)  à«πÕ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π∑’Ë∑”„Àâ§à“√âÕ¬≈–
æ◊Èπ∑’Ëº‘«¢Õßº‘«‡§≈◊Õ∫¡’§à“ Ÿßπ—Èπ  ®–‡ªìπ§à“∑’ËÕ¬Ÿà‰¥â∑—Èß„π
√–¥—∫µË”·≈– Ÿß Figure 2 · ¥ßæ◊Èπº‘«º≈µÕ∫¢Õß§«“¡
Àπ“¢Õßº‘«‡§≈◊Õ∫ æ∫«à“Õ—µ√“°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π
∑’Ë∑”„Àâ§à“§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫¡“°∑’Ë ÿ¥®–‡ªìπ§à“∑’ËÕ¬Ÿà
„°≈â°—∫§à“„π√–¥—∫°≈“ß  ·≈–§à“Õ—µ√“°“√‰À≈¢Õß°ä“´
Õ–‡´∑‘≈’π∑’Ë∑”„Àâ§à“§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫¡“°∑’Ë ÿ¥®–
‡ªìπ§à“∑’Ë “¡“√∂„™â‰¥â∑ÿ°√–¥—∫ Figure 3 · ¥ßæ◊Èπº‘«
º≈µÕ∫¢Õß§«“¡µâ“π∑“π°“√ ÷°À√Õ æ∫«à“Õ—µ√“°“√‰À≈
¢Õß°ä“´ÕÕ°´‘‡®π∑’Ë∑”„Àâ§à“§«“¡µâ“π°“√ ÷°À√Õ¢Õßº‘«
‡§≈◊Õ∫¡“°∑’Ë ÿ¥ ®–‡ªìπ§à“∑’ËÕ¬Ÿà„°≈â°—∫§à“„π√–¥—∫µË” ·≈–

Table 3. Coefficient and P-Value that were analyzed from a design of experiment.

Wear resistance Hardness Percentage of Thickness

coating surface area

Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value

Constant 490.2 0.000 95.571 0.000 70.321 0.000 209.73 0.000
O -27.5 0.251 -0.221 0.951 2.346 0.115 8.93 0.251
A 55.2 0.031 -2.862 0.435 -0.414 0.770 1.58 0.835
D -63.2 0.016 0.476 0.895 0.666 0.639 -13.53 0.092
O*O -5.589 0.133 -2.417 0.097 -14.11 0.072
A*A 92.5 0.001 -2.824 3.422 3.920 0.012
D*D -1.583 0.654 2.773 0.061 -15.88 0.046
O*A -73.2 0.029 3.890 4.593
O*D -6840 0.167
A*D -104.6 0.004 2.320 0.624 19.75 0.063

Where - Control factors and interaction between control factors are O = Oxygen;

A = Aetylene; D = Spray distance; O*O = interaction between oxygen and oxygen;

A*A= interaction between acetylene and acetylene; D*D= interaction between spray distance

and spray distance; O*A = interaction between oxygen and acetylene;

O*D= interaction between oxygen and spray distance; A*D = interaction between acetylene

and spray distance

- From responded equation: Y = β
0

+ β
i
x

i
+

i=1

k

∑ β
ii
x

i

2 +
i=1

k

∑ β
ij
x

i
x

j
+ ε

i< j

∑∑

              where βββββ
O
 = constant

- Coef. = coefficient of surface of responses' equation

Control

factor

constant

§à“Õ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π∑’Ë∑”„Àâ§à“§«“¡µâ“π∑“π
°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫¡“°∑’Ë ÿ¥®–‡ªìπ§à“∑’ËÕ¬Ÿà„°≈â°—∫§à“
„π√–¥—∫ Ÿß

¢—ÈπµÕπ°“√«‘®—¬„πµÕππ’È‰¥â π„®º≈µÕ∫ 3 §à“ §◊Õ
æ◊Èπ∑’Ëº‘«¢Õßº‘«‡§≈◊Õ∫ §«“¡Àπ“ ·≈–§«“¡µâ“π∑“π°“√
 ÷°À√Õ  ´÷Ëß‰¥â¡’°“√§—¥‡≈◊Õ°ªí®®—¬∑’Ë§«∫§ÿ¡‰¥â∑’Ë¡’º≈µàÕ
º≈µÕ∫∑’Ë π„®‡À≈à“π’È §◊Õ Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π Õ—µ√“
°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π ·≈–√–¬–Àà“ß¢Õß°“√æàπ ‚¥¬
·µà≈–ªí®®—¬‰¥â¡’°“√°”Àπ¥¢Õ∫‡¢µº≈µÕ∫ ‰¥â·°à §à“„π
√–¥—∫µË” ÿ¥ (lower) §à“‡ªÑ“À¡“¬ (target) ·≈–§à“„π√–¥—∫
 Ÿß (upper) √«¡∂÷ß°“√°”Àπ¥§à“πÈ”Àπ—°º≈µÕ∫ (weight)

·≈–§à“§«“¡ ”§—≠¢Õßº≈µÕ∫ (importance) ÷́Ëß„πß“π
«‘®—¬π’È®–°”Àπ¥„ÀâπÈ”Àπ—°º≈µÕ∫¢Õß∑ÿ°ªí®®—¬¡’§à“‡∑à“°—π
÷́Ëßæ‘®“√≥“‰¥â®“° ¡°“√§«“¡æ÷ßæÕ„® (desirability

function) · ¥ß¥—ß ¡°“√ 5 (Montgomery, 2001) ‚¥¬
§à“§«“¡æ÷ßæÕ„® (desirability; D) ∂Ÿ°°”Àπ¥„Àâ‡∑à“°—∫
0.1 °≈à“«§◊Õ ‡¡◊ËÕº≈µÕ∫¡’°“√‡ª≈’Ë¬π·ª≈ß‡æ’¬ß‡≈Á°πâÕ¬
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Figure 1. Surface plot of percentage of coating surface area, showing a relationship between

oxygen and acetylene flow rate.

Figure 2. Surface plot of thickness value, showing a relationship between oxygen and

acetylene flow rate.

Figure 3. Surface plot of wear resistance value, showing a relationship between oxygen and

acetylene flow rate.

¥—ßæƒµ‘°√√¡∑’Ë· ¥ß„π Figure 4 °Á®– “¡“√∂¬Õ¡√—∫
æƒµ‘°√√¡°“√‡ª≈’Ë ¬π·ª≈ßπ—Èπ‰¥â (Sopaday and

Changyom, 2004; Dinginger, 1994) ·≈–„π°√≥’π’È®–
„™â§à“§«“¡ ”§—≠¢Õßº≈µÕ∫‡∑à“°—∫ 1 ‡π◊ËÕß®“°µâÕß°“√
„Àâº≈µÕ∫∑ÿ°µ—«¡’§«“¡ ”§—≠‡∑à“°—π ‚¥¬∑’Ëæ◊Èπ∑’Ëº‘«‡§≈◊Õ∫
π—Èπ¡’§à“‡ªÑ“À¡“¬∑’Ë 80% ¡’§à“µË” ÿ¥·≈– Ÿß ÿ¥ §◊Õ 78%

·≈– 90% µ“¡≈”¥—∫   à«π§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫¡’§à“
‡ªÑ“À¡“¬ µË” ÿ¥ ·≈– Ÿß ÿ¥ ‡ªìπ 240, 235 ·≈– 300

‰¡‚§√‡¡µ√ µ“¡≈”¥—∫   ”À√—∫§«“¡µâ“π∑“π°“√ ÷°À√Õ
¢Õßº‘«‡§≈◊Õ∫®–¡’§à“‡ªÑ“À¡“¬ µË” ÿ¥ ·≈– Ÿß ÿ¥ ‡ªìπ 800,

600 ·≈– 1000 ‡¡µ√/≈∫.¡¡. µ“¡≈”¥—∫   ¥—ß· ¥ß„π
Table 4 ´÷Ëß‡ªìπ§à“‡ªÑ“À¡“¬  Ÿß ÿ¥ ·≈–µË” ÿ¥‡À≈à“π’È
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°”Àπ¥¡“®“°º≈µÕ∫∑’Ëæàπµ“¡‡ß◊ËÕπ‰¢„π Table 3

  D = (d1(Y1) × d2 (Y2 )×K×dk (Yk ))
1

k (5)

‡¡◊ËÕ D §◊Õ §à“§«“¡æ÷ßæÕ„® k §◊Õ ®”π«πº≈µÕ∫
d

i
(Y

i
)  §◊Õ ®”π«πµ—«‡≈¢√–À«à“ß 0-1 ∑’Ë· ¥ß§à“§«“¡

‡ªìπ‰ª‰¥â¢Õß Y
i
  ‡¡◊ËÕ Y

i
 §◊Õ º≈µÕ∫ ·≈– i ¡’§à“‡∑à“°—∫ 1

∂÷ß k
®“°°“√À“§à“∑’Ë¥’∑’Ë ÿ¥·≈–æ‘®“√≥“ ¡°“√§«“¡æ÷ß

æÕ„®  ¥—ß ¡°“√ 5  ®–‰¥âº≈¢Õß°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¥—ß
· ¥ß„π Table 5 æ∫«à“ º≈µÕ∫¢Õßæ◊Èπ∑’Ë¢Õßº‘«‡§≈◊Õ∫
ª√–¡“≥ 85.1% ‚¥¬¡’§à“§«“¡æ÷ßæÕ„®ª√–¡“≥ 0.9,

§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫ª√–¡“≥ 235.2 ‰¡‚§√‡¡µ√ ‚¥¬
¡’§à“§«“¡æ÷ßæÕ„® ª√–¡“≥ 0.7 ·≈–§à“°“√µâ“π∑“π°“√
 ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫ ª√–¡“≥ 620.6 ‡¡µ√/≈∫.¡¡. ‚¥¬
¡’§à“§«“¡æ÷ßæÕ„®ª√–¡“≥ 0.8 ·≈–¡’§à“§«“¡æ÷ßæÕ„®
‚¥¬√«¡‡ªìπ 0.8 ´÷Ëß‚¥¬∑—Ë«‰ª·≈â«§à“§«“¡æ÷ßæÕ„®∑’Ë¥’π—Èπ
®–µâÕß¡’§à“‡∑à“°—∫À√◊Õ„°≈â‡§’¬ß°—∫ 1 ´÷Ëß∂◊Õ«à“„π°“√
«‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–°“√·ª√º≈„π°“√«‘‡§√“–Àåπ’È ‰¥â§à“¢Õß
º≈µÕ∫·≈–ªí®®—¬∑’Ë§«∫§ÿ¡‰¥â¡’§à“§«“¡æ÷ßæÕ„®∑’Ë§àÕπ¢â“ß

 Ÿß  ‚¥¬§à“º≈µÕ∫∑’Ë‰¥â√—∫π’È‰¥â®“°°“√§«∫§ÿ¡ªí®®—¬∑’Ë
§«∫§ÿ¡‰¥â¥—ßµàÕ‰ªπ’È §◊Õ Õ—µ√“°“√‰À≈¢Õß°ä“´ÕÕ°´‘‡®π
= 37.9 ≈∫.øÿµ/™—Ë«‚¡ß Õ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π =
27.3 ≈∫.øÿµ/™—Ë«‚¡ß ·≈–√–¬–°“√æàπ = 58.1 ¡¡. ·µà
Õ¬à“ß‰√°Áµ“¡ „π°“√∑¥≈Õßæàπ®√‘ßπ—Èπ ®–„™â§à“Õ—µ√“°“√
‰À≈¢Õß°ä“´ÕÕ°´‘‡®π‡ªìπ 38 ≈∫.øÿµ/™—Ë«‚¡ß (1.026

≈∫.‡¡µ√/™—Ë«‚¡ß) Õ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π‡ªìπ 27

≈∫.øÿµ/™—Ë«‚¡ß (0.729 ≈∫.‡¡µ√/™—Ë«‚¡ß) ·≈–√–¬–°“√
æàπ‡ªìπ 58 ¡¡. µ“¡≈”¥—∫ ∑—Èßπ’È‡π◊ËÕß®“°°“√µ—Èß§à“‡À≈à“π’È
„π°“√∑¥≈Õß®√‘ß ®–¢÷ÈπÕ¬Ÿà°—∫§«“¡ “¡“√∂„π°“√∑”ß“π
¢Õß‡§√◊ËÕß¡◊Õæàπ‡ªìπ ”§—≠

‡¡◊ËÕ∑”°“√æàπµ“¡‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’ËÀ“‰¥â·≈â«
æ∫«à“º‘«‡§≈◊Õ∫¡’§à“√âÕ¬≈–¢Õßæ◊Èπ∑’Ë¢Õßº‘«‡§≈◊Õ∫ = 85±

1.6 (π—Ëπ§◊Õ º‘«‡§≈◊Õ∫®–ª√–°Õ∫¥â«¬√Ÿæ√ÿπ‡ªìπ —¥ à«π
ª√–¡“≥ 15% ¢Õß™—Èπº‘«‡§≈◊Õ∫∑—ÈßÀ¡¥ ÷́Ëß “¡“√∂À“
§à“ —¥ à«πª√‘¡“≥√Ÿæ√ÿπ¥—ß°≈à“«‰¥â¥â«¬‡∑§π‘§°“√«‘‡§√“–Àå
¥â«¬¿“æ) ·≈–§«“¡Àπ“ = 236.7±20.5 ‰¡‚§√‡¡µ√ ‡¡◊ËÕ
∑”°“√æ‘®“√≥“§à“º≈µÕ∫∑’Ë‰¥â®“°°“√æàπ®√‘ß°—∫§à“º≈µÕ∫
∑’Ë‰¥â®“°°“√«‘‡§√“–Àå‚¥¬„™â°“√ÕÕ°·∫∫°“√∑¥≈Õß®“°
Table 5 æ∫«à“¡’§«“¡„°≈â‡§’¬ß°—π ¥—ß‡ª√’¬∫‡∑’¬∫„π

Table 4. Control factors of optimization for suitable condition for

sprayed Al-12wt%Si powder.

  Parameter Lower Target Upper Weight Importance

% of area 78 80 90 0.1 1
Thickness 235 240 300 0.1 1
Wear resistance 600 800 1000 0.1 1

Figure 4. A character plot between desirability (D) and response where D = 0.1 (consider from

a slop of the graph).
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Table 6 Õ¬à“ß‰√°Áµ“¡ ®“°µ“√“ß¥—ß°≈à“«· ¥ß„Àâ‡ÀÁπ«à“
§à“§«“¡µâ“π∑“π ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫∑’Ë‰¥â®“°°“√ÕÕ°·∫∫
°“√∑¥≈Õß·≈–®“°°“√∑¥≈Õß®√‘ßπ—Èπ¡’§à“µà“ß°—π¡“° §◊Õ
ª√–¡“≥ 280 ‡¡µ√/≈∫.¡¡. µ“¡≈”¥—∫ ·µàÕ¬à“ß‰√°Áµ“¡
º‘«‡§≈◊Õ∫∑’Ë‰¥â®“°°“√∑¥≈Õßæàπ®√‘ßπ’È°Á¡’ª√– ‘∑∏‘¿“æ„π
°“√µâ“π∑“π°“√ ÷°À√Õ∑’Ë¥’¢÷Èπ

 √ÿªº≈°“√∑¥≈Õß

„π°“√À“§«“¡ —¡æ—π∏å√–À«à“ßªí®®—¬∑’Ë§«∫§ÿ¡‰¥â
·≈–º≈µÕ∫‚¥¬„™âÀ≈—°°“√¢Õß°“√ÕÕ°·∫∫°“√∑¥≈Õß
·∫∫æ◊Èπº‘«º≈µÕ∫ ‚¥¬«‘‡§√“–Àå¢âÕ¡Ÿ≈‡™‘ß ∂‘µ‘∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ 90% æ∫«à“ ªí®®—¬∑’Ë§«∫§ÿ¡‰¥â∑’Ë„™â„π°“√
æàπ‡§≈◊Õ∫¥â«¬‡ª≈«‰ø∑’Ë¥’∑’Ë ÿ¥ ”À√—∫ºß Al-12wt%Si

§◊Õ Õ—µ√“°“√‰À≈¢ÕßÕÕ°´‘‡®π 38 ≈∫.øÿµ/™—Ë«‚¡ß (1.026

≈∫.‡¡µ√/™—Ë«‚¡ß)  Õ—µ√“°“√‰À≈¢Õß°ä“´Õ–‡´∑‘≈’π 27

≈∫.øÿµ/™—Ë«‚¡ß (0.729 ≈∫.‡¡µ√/™—Ë«‚¡ß) ·≈–√–¬–Àà“ß„π
°“√æàπ 58 ¡¡. µ“¡≈”¥—∫
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Table 6 Comparison of responded value received from a design of

experiment and a real experiment.

   Response Design of experiment Real experiment

   coating surface area 85.1% 85±1.6 %
   Thickness 235.2 µm 236.7±20.5 µm
   Wear rate 620.6 m/mm3 902.5±10 m/mm3

Table 5. The optimization of control factors and responses of DOE

and desirability.

  Control factor    Value             Response Desirability

Oxygen flow rate 37.9 ft3/hr coating surface area 85.1% 0.93114
Acetylene flow rate 27.3 ft3/hr Thickness 235.2 µm 0.73641
Spray distance 58.1 mm. Wear rate 620.6 m/mm3 0.79680


