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Abstract
Koiprasert, H. and Niranatlumpong, P.
Investigation of method for Stainless Steel Welding Wire
as a Replacement for Arc Wire Comsumables
Songklanakarin J. Sci. Technol., 2005, 27(1) : 91-100

Arc spraying as a coating method is being employed in various industrial applications as a part of
maintenance service, and also as a surface engineering technique for many machine parts and components.
The major cost in producing the arc spray coating is, however, based on the cost of the arc wire comsumables.
This project was carried out to investigate the use of the commercially-available gas metal arc welding wire
(GMAW  wire)  as  a  cheaper  alternative  to  the  special-purpose  arc  wire  comsumables.  The  wire  material
chosen for this early study is the 316L stainless steel, due to its popularity in many applications as a built-up
coating for worn parts. The physical properties of the coatings produced from the two sets of 316L stainless
steel wire were determined to be different in the percentage of porosity and the oxide content. The mechanical
properties, including the tensile bond strength and the wear rate of the coatings produced from the two types
of sprayed wire, were also different. This will, in turn, result in a slight difference in the performance of the
coatings.

Key words : Electric arc spray, stainless steel 316L, welding wire, wear rate

National Metals and Materials Technology Center, National Science and Technology Development Agency,
Klong Luang, Pathum Thani, 12120 Thailand

1«».¡.(‡∑§‚π‚≈¬’«— ¥ÿ), ºŸâ™à«¬π—°«‘®—¬  2Ph.D.(Metallurgy and Materials Engineering), π—°«‘®—¬, ‡∑§‚π‚≈¬’‡´√“¡‘° å »Ÿπ¬å
‡∑§‚π‚≈¬’‚≈À–·≈–«— ¥ÿ·Ààß™“µ‘  ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘ Õ”‡¿Õ§≈ÕßÀ≈«ß ®—ßÀ«—¥ª∑ÿ¡∏“π’ 12120
Corresponding e-mail: panaddn@mtec.or.th
√—∫µâπ©∫—∫ 24 ¡’π“§¡ 2547       √—∫≈ßæ‘¡æå 12 °√°Æ“§¡ 2547

√“¬ß“π°“√«‘®—¬



Songklanakarin J. Sci. Technol.

Vol.27  No.1  Jan. - Feb. 2005 92
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°“√æàπ‡§≈◊Õ∫¥â«¬«‘∏’Õ“√å°‰øøÑ“¡’°“√„™âß“π°—π¡“°„πÀ≈“¬°≈ÿà¡Õÿµ “À°√√¡ ‡™àπ „π à«π¢Õß°“√´àÕ¡∫”√ÿß
·≈–„πß“π«‘»«°√√¡æ◊Èπº‘«¢Õß™‘Èπ à«π‡§√◊ËÕß®—°√°≈ µâπ∑ÿπ„π°“√æàπ‡§≈◊Õ∫¥â«¬Õ“√å°‰øøÑ“ à«π„À≠à®–À¡¥‰ª°—∫
§à“«— ¥ÿ ‘Èπ‡ª≈◊Õß§◊Õ≈«¥Õ“√å°´÷Ëß¡’√“§“ Ÿß ∫∑§«“¡π’È‰¥âπ”‡ πÕ·π«∑“ß°“√µ√«®ª√–‡¡‘π„π°“√„™â≈«¥‡™◊ËÕ¡´÷Ëß¡’
√“§“∂Ÿ°°«à“‡æ◊ËÕ„™â„π°“√æàπ‡§≈◊Õ∫·∑π≈«¥Õ“√å° ‚¥¬„π¢—Èπµâπ‰¥â‡≈◊Õ°»÷°…“≈«¥‡À≈Á°°≈â“‰√â π‘¡‡°√¥ 316L ‡æ√“–
‡ªìπ≈«¥™π‘¥∑’Ëπ‘¬¡„™â°—π¡“°„πß“π´àÕ¡∫”√ÿß·≈–æàπæÕ°º‘«‡æ◊ËÕ‡æ‘Ë¡‡π◊ÈÕß“π ‚¥¬‡ªìπ°“√‡ª√’¬∫‡∑’¬∫≈«¥‡™◊ËÕ¡
·≈–≈«¥Õ“√å°„π‡°√¥‡¥’¬«°—π ‡¡◊ËÕµ√«® Õ∫ ¡∫—µ‘∑“ß°“¬¿“æ¢Õßº‘«‡§≈◊Õ∫∑’Ë‰¥â®“°≈«¥∑—Èß Õß™π‘¥ æ∫«à“¡’
‡ªÕ√å‡´Áπµå§«“¡æ√ÿπ·≈–ª√‘¡“≥ÕÕ°‰´¥å∑’Ë‡°‘¥¢÷Èπµà“ß°—π  à«π ¡∫—µ‘∑“ß°≈ ‰¥â·°à ·√ß¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫·≈–
Õ—µ√“°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫∑’Ëº≈‘µ®“°≈«¥∑—Èß Õß°Áµà“ß°—π¥â«¬ ´÷Ëß ¡∫—µ‘µà“ßÊ ‡À≈à“π’È°Á®– àßº≈µàÕª√– ‘∑∏‘¿“æ
„π°“√„™âß“π¢Õßº‘«‡§≈◊Õ∫∑’Ë·µ°µà“ß°—π

°“√æàπ‡§≈◊Õ∫¥â«¬°“√Õ“√å°‰øøÑ“ (Electric arc

spraying: EAS) ‡ªìπ‡∑§π‘§°“√‡§≈◊Õ∫º‘««‘∏’Àπ÷Ëß∑’Ë¡’
µâπ∑ÿπ‰¡à Ÿß¡“°®÷ß∑”„Àâ‡ªìπ∑’Ë„™âß“πÕ¬à“ß·æ√àÀ≈“¬„π
À≈“¬ª√–‡∑»∑—Ë«‚≈° °“√„™â‡∑§π‘§ EAS  “¡“√∂‡§≈◊Õ∫
º‘«™‘Èπ à«π‡æ◊ËÕ«—µ∂ÿª√– ß§åÀ≈“¬ª√–°“√ ‚¥¬‡©æ“–Õ¬à“ß
¬‘Ëß°“√‡§≈◊Õ∫º‘«‡æ◊ËÕªÑÕß°—π°“√ ÷°À√Õ·≈–°“√°—¥°√àÕπ
(Liu, 2001) πÕ°®“°π’È¬—ßπ‘¬¡π”‡∑§π‘§ EAS ¡“„™â„π
°“√ à́Õ¡∫”√ÿß™‘Èπ à«π‡æ◊ËÕª√—∫¢π“¥™‘Èπß“π∑’ËÕ“®‡ª≈’Ë¬π
·ª≈ß‰ª‡π◊ËÕß®“°°“√‡ ’¬‡π◊ÈÕ«— ¥ÿ‰ª√–À«à“ß°“√ ÷°À√Õ∑’Ë
‡°‘¥¢≥–„™âß“π ‚¥¬°“√æàπ‡§≈◊Õ∫º‘«Àπ“‡æ◊ËÕæÕ°‡π◊ÈÕ„Àâ
·°à™‘Èπß“π  „πªí®®ÿ∫—πæ∫«à“‡∑§π‘§ EAS ‰¥â‡√‘Ë¡‡¢â“¡“
∑¥·∑π°“√‡™◊ËÕ¡æÕ°º‘«‡æ◊ËÕ‡æ‘Ë¡‡π◊ÈÕ·≈–ª√—∫¢π“¥„π
ß“π à́Õ¡∫”√ÿß¢ÕßÕÿµ “À°√√¡À≈“¬ª√–‡¿∑ ‡™àπ
Õÿµ “À°√√¡™‘Èπ à«π‡§√◊ËÕß®—°√°≈  Õÿµ “À°√√¡°“√¢ÿ¥
‡®“–πÈ”¡—π Õÿµ “À°√√¡‡¬◊ËÕ°√–¥“… ·≈–Õÿµ “À°√√¡
‡√◊Õ‡¥‘π ¡ÿ∑√ ‡ªìπµâπ  §«“¡π‘¬¡„π‡∑§π‘§ EAS  à«π
Àπ÷Ëß¡“®“°§«“¡§≈àÕßµ—«„π°√–∫«π°“√º≈‘µ  ·≈–®“°
°“√∑’Ë EAS ‡ªìπ°√–∫«π°“√·∫∫‡¬Áπ (Cold process)

∑”„Àâ„π√–À«à“ß°“√º≈‘µ ™‘Èπß“π∑’Ëπ”¡“‡§≈◊Õ∫‰¥â√—∫§«“¡
√âÕπ‰¡à‡°‘π 200-300ºC ™‘Èπß“π‰¡à‰¥â√—∫º≈°√–∑∫®“°
§«“¡√âÕπ∑’Ë Ÿß‡°‘π‰ª ´÷Ëßµà“ß®“°°“√´àÕ¡∫”√ÿß‚¥¬«‘∏’°“√
‡™◊ËÕ¡æÕ°∑’Ë§«“¡√âÕπ®“°°“√‡™◊ËÕ¡ Ÿß∑”„Àâ™‘Èπß“π‡ ’Ë¬ß

µàÕ°“√·µ°·≈–∫‘¥ßÕ‡ ’¬√ŸªÀ√◊Õ™‘Èπß“πÕ“®‡ª≈’Ë¬π
‚§√ß √â“ß‰¥â

„π°“√æàπ‡§≈◊Õ∫¥â«¬ EAS «— ¥ÿ ‘Èπ‡ª≈◊Õß∑’Ë„™â‡ªìπ
‡π◊ÈÕº‘«‡§≈◊Õ∫Õ¬Ÿà„π√Ÿª¢Õß≈«¥ ®“°°“√»÷°…“√“§“µâπ∑ÿπ
°“√º≈‘µº‘«‡§≈◊Õ∫ EAS „πª√–‡∑»‰∑¬ æ∫«à“ —¥ à«π¢Õß
µâπ∑ÿπ§àÕπ¢â“ß Ÿß ‡π◊ËÕß®“°«— ¥ÿ ‘Èπ‡ª≈◊Õß¥—ß°≈à“« ∑—Èßπ’È
‡ªìπ‡æ√“–‡∑§π‘§ EAS „™â≈«¥∑’Ëº≈‘µ¡“‡©æ“– ”À√—∫„™â
„πß“πæàπ‡§≈◊Õ∫ «— ¥ÿÕ’°µ—«Àπ÷Ëß∑’Ëπ‘¬¡π”¡“„™â‡§≈◊Õ∫º‘«
™‘Èπß“π¥â«¬‡∑§π‘§ EAS ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„πß“π à́Õ¡
∫”√ÿß‡æ◊ËÕª√—∫¢π“¥™‘Èπß“π ‰¥â·°à ≈«¥‡™◊ËÕ¡‡À≈Á°°≈â“
‰√â π‘¡‡°√¥ 316L  ®“°°“√»÷°…“„π‡∫◊ÈÕßµâπæ∫§«“¡
·µ°µà“ßπâÕ¬¡“°√–À«à“ß≈«¥Õ“√å°‡°√¥ 316L ·≈–≈«¥
‡™◊ËÕ¡„π‡°√¥‡¥’¬«°—π ¥—ßπ—Èπ®÷ß‰¥â¡’°“√‡ πÕ·π–°“√„™â
≈«¥‡™◊ËÕ¡´÷Ëß¡’√“§“∂Ÿ°°«à“¡“∑¥·∑π°“√„™â≈«¥Õ“√å°„π
ß“πæàπæÕ° ‡æ◊ËÕ≈¥µâπ∑ÿπ°“√º≈‘µ·≈– à́Õ¡∫”√ÿß¢Õß¿“§
Õÿµ “À°√√¡ Õ¬à“ß‰√°Áµ“¡ à«πª√–°Õ∫∑“ß‡§¡’¢Õß≈«¥
∑—Èß Õßª√–‡¿∑π’È·µ°µà“ß°—π‡≈Á°πâÕ¬ ´÷Ëß à«πª√–°Õ∫∑’Ë
µà“ß‰ª‡æ’¬ß‡≈Á°πâÕ¬Õ“® àßº≈°√–∑∫µàÕ ¡∫—µ‘∑“ß°≈∑’Ë
 ”§—≠¢Õßº‘«‡§≈◊Õ∫‰¥â ¥—ßπ—Èπß“π«‘®—¬™ÿ¥π’È®÷ß‰¥â®—¥∑”¢÷Èπ
‡æ◊ËÕ‡ªìπ·π«∑“ßµ√«®ª√–‡¡‘π„π°“√»÷°…“§«“¡·µ°µà“ß
¢Õß‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßº‘«‡§≈◊Õ∫·≈–‡æ◊ËÕ»÷°…“
º≈°√–∑∫¢Õß‚§√ß √â“ßµàÕ ¡∫—µ‘∑“ß°≈¢Õßº‘«‡§≈◊Õ∫
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‚¥¬®–„™â≈«¥‡À≈Á°°≈â“‰√â π‘¡‡°√¥ 316L  ∑—Èßª√–‡¿∑
≈«¥‡™◊ËÕ¡·≈–≈«¥Õ“√å°‡ªìπ°√≥’»÷°…“  „π‡∫◊ÈÕßµâπ ß“π
«‘®—¬π’È®–„™â§«“¡ “¡“√∂„π°“√µâ“π∑“π°“√ ÷°À√Õ¢Õß
º‘«‡§≈◊Õ∫®“°≈«¥‡À≈Á°°≈â“‰√â π‘¡∑—Èß Õßª√–‡¿∑‡ªìπµ—«
™’È«—¥∂÷ßª√– ‘∑∏‘¿“æ°“√„™âß“π ”À√—∫°√≥’∑’ËµâÕß°“√æàπ
æÕ°‡æ◊ËÕ‡æ‘Ë¡‡π◊ÈÕ·≈â«π”™‘Èπ à«π‡§√◊ËÕß®—°√°≈∑’Ë‡ ’¬À“¬
°≈—∫‰ª„™â„À¡à ‡π◊ËÕß®“°°“√„™âß“π„π≈—°…≥–π’È®–µâÕß
§”π÷ß∂÷ß§«“¡·¢Áß·√ß∑π∑“π¢Õßº‘«‡§≈◊Õ∫‡ªìπÀ≈—°

°“√æàπ‡§≈◊Õ∫¥â«¬°“√Õ“√å°‰øøÑ“ (EAS)
‡∑§π‘§ EAS ‡ªìπ “¢“Àπ÷Ëß¢Õß‡∑§‚π‚≈¬’°“√æàπ

‡§≈◊Õ∫¥â«¬‡ª≈«§«“¡√âÕπ (Thermal spraying) ¡’À≈—°
°“√∑”ß“π‚¥¬„™âæ≈—ßß“π‰øøÑ“‡ªìπ·À≈àß§«“¡√âÕπ„π
°“√À≈Õ¡«— ¥ÿ‡§≈◊Õ∫ ·≈–„π¢≥–‡¥’¬«°—π„™â·√ß¥—π°ä“´
¢—∫¥—π«— ¥ÿ∑’Ë°”≈—ßÀ≈Õ¡‡À≈«„Àâ©’¥ÕÕ°®“°ª≈“¬≈«¥·≈–
æàπ‰ª¬—ßº‘«™‘Èπß“π∑’ËµâÕß°“√‡§≈◊Õ∫ ‚¥¬∑’Ë™‘Èπß“π¥—ß°≈à“«
µâÕßºà“π°√–∫«π°“√‡µ√’¬¡º‘«¥â«¬‡∑§π‘§°“√¬‘ß°√‘µ (Grit

blasting) °àÕπ‡æ◊ËÕ∑”„Àâº‘«¢Õß™‘Èπß“πÀ¬“∫ ™à«¬‡æ‘Ë¡
æ◊Èπ∑’Ë¬÷¥‡°“–√–À«à“ßÕπÿ¿“§¢Õß‡§≈◊Õ∫·≈–™‘Èπß“π∑”„Àâ
º‘«‡§≈◊Õ∫¬÷¥‡°“–‰¥â¥’¢÷Èπ  ‡¡◊ËÕÕπÿ¿“§¢Õß«— ¥ÿ‡§≈◊Õ∫∑’Ë
°”≈—ßÀ≈Õ¡‡À≈« —¡º— °—∫º‘«™‘Èπß“π‡§≈◊Õ∫π—Èπ®–‡ª≈’Ë¬π
√Ÿªµ“¡≈—°…≥–æ◊Èπº‘«·≈–‡°‘¥°“√∂à“¬‡∑§«“¡√âÕπÕ¬à“ß
‡©’¬∫æ≈—π‡π◊ËÕß®“°§«“¡·µ°µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘ ∑”„Àâ·¢Áß
µ—«Õ¬à“ß√«¥‡√Á«°≈“¬‡ªìπÕπÿ¿“§ Splat ¬÷¥‡°“–Õ¬Ÿà∫π™‘Èπ
ß“π ‡¡◊ËÕÕπÿ¿“§∑—∫∂¡°—πÀπ“¢÷Èπ°Á®–°≈“¬‡ªìπº‘«‡§≈◊Õ∫

°√–∫«π°“√º≈‘µ∑’Ë°≈à“«∂÷ßπ’È‡°‘¥¢÷Èπ¿“¬„π°√–∫Õ°
ªóπæàπ‡§≈◊Õ∫ (Figure 1) «— ¥ÿ‡§≈◊Õ∫„π√Ÿª¢Õß≈«¥ 2 ‡ âπ
®–ªÑÕπºà“π∑àÕπ”≈«¥‡¢â“¡“¿“¬„πµ—«ªóπ·≈–ª≈“¬≈«¥
®–¡“ —¡º— °—π„π∫√‘‡«≥¥â“πÀπâ“∂—¥®“°À—«æàπ (spray

nozzle) ‰øøÑ“°√–· µ√ß®–∂Ÿ°ªÑÕπºà“π‡ âπ≈«¥®π∑”„Àâ
‡°‘¥°“√Õ“√å°¢÷Èπ∑’Ëª≈“¬ —¡º—  ´÷Ëß‡¡◊ËÕ°√–· ‰øøÑ“ Ÿß¢÷Èπ
∂÷ß§à“Àπ÷Ëß°Á®–„Àâ§«“¡√âÕπ Ÿß®π “¡“√∂À≈Õ¡‡ âπ≈«¥‰¥â
„π¢≥–‡¥’¬«°—π≈”Õ“°“»§«“¡¥—π Ÿß®–Õ—¥‡¢â“¡“®“°¥â“π
À≈—ß°√–∫Õ°ªóπ ‰À≈ºà“π‡π◊ÈÕ≈«¥∑’Ë°”≈—ßÀ≈Õ¡‡À≈«·≈–
ÕÕ°‰ª∑“ßÀ—«æàπ ¢≥–∑’Ë≈”Õ“°“»·√ß¥—π Ÿß«‘Ëßºà“π≈«¥
À≈Õ¡‡À≈«°Á®–©’¥‡π◊ÈÕ≈«¥ÕÕ°‡ªìπÕπÿ¿“§‡≈Á°Ê ¢Õß
≈–ÕÕß‚≈À–‡§≈◊Õ∫‡À≈« ·≈–‡ªÉ“æàπ≈–ÕÕß„Àâ°√–®“¬‰ª
µ“¡≈”Õ“°“»®π°√–∑—Ëß‰ªµ°°√–∑∫≈ß∫πº‘«™‘Èπß“π
°≈“¬‡ªìπº‘«‡§≈◊Õ∫ (Boyer ,1992)  Õ—µ√“‰À≈¢Õß≈”
Õ“°“»·≈–ª√‘¡“≥°“√À≈Õ¡‡À≈«¢Õß«— ¥ÿ‡§≈◊Õ∫´÷Ëß
 “¡“√∂°”Àπ¥‰¥â‚¥¬ª√—∫∑’Ë§à“°√–· ‰øøÑ“·≈–§à“§«“¡
µà“ß»—°¬å„π°“√Õ“√å§ ´÷Ëß§à“∑—Èß Õß¡’º≈°√–∑∫µàÕ§à“°“√
°√–®“¬µ—«¢Õß¢π“¥Õπÿ¿“§À≈Õ¡‡À≈« (melting particle

size distribution) (Kelkar, 1998 and Watanabe, 1996)

∑—Èß ‘Èπ

‡∑§π‘§°“√∑¥≈Õß
„π°“√∑¥≈Õß·∫àß™‘Èπß“π∑¥ Õ∫‡ªìπ Õß°≈ÿà¡µ“¡

«— ¥ÿº‘«‡§≈◊Õ∫ °≈ÿà¡·√°‡ªìπ™‘Èπß“π∑’Ëæàπ‡§≈◊Õ∫¥â«¬≈«¥
‡™◊ËÕ¡‡À≈Á°°≈â“‰√â π‘¡‡°√¥ 316L GMAW AWS/ASME

Figure 1.  Schematic diagram showing the electric arc spray gun.
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ER316LSi ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 1 ¡¡.·≈–°≈ÿà¡∑’Ë
 Õß‡ªìπ™‘Èπß“π∑’Ëæàπ‡§≈◊Õ∫¥â«¬≈«¥Õ“√å°‡À≈Á°°≈â“‰√â π‘¡
‡°√¥ 316L (TAFA 85T) °“√æàπ‡§≈◊Õ∫„™âÕÿª°√≥åæàπ
‡§≈◊Õ∫ EAS √ÿàπ TAFA 9000  ¿“«–„π°“√æàπ‡§≈◊Õ∫∑’Ë
„Àâ‡ª≈«‰ø ¡Ë”‡ ¡Õ· ¥ß„π Table 1 ´÷Ëßª√—∫‡ª≈’Ë¬π®“°
 ¿“«–¡“µ√∞“π¢ÕßºŸâº≈‘µ≈«¥Õ“√å°·≈–Õÿª°√≥åæàπ‡§≈◊Õ∫
‚¥¬ª√—∫„Àâ‰¥â‡ª≈«‰ø ¡Ë”‡ ¡Õ ™‘Èπß“π∑’Ë‰¥â®“°°“√æàπ
‡§≈◊Õ∫®–π”‰ª∑¥ Õ∫ ¡∫—µ‘∑“ß°“¬¿“æ·≈–°“√ ÷°À√Õ
„πÀâÕßªØ‘∫—µ‘°“√¥—ß∑’Ë®–°≈à“«µàÕ‰ª

°“√»÷°…“‚§√ß √â“ß®ÿ≈¿“§
™‘Èπß“π∑’Ë„™â„π°“√»÷°…“‚§√ß √â“ß®ÿ≈¿“§‡ªìπ‡À≈Á°

°≈â“‰√â π‘¡‡°√¥ 304 ≈—°…≥–§≈â“¬‡À√’¬≠ ¢π“¥‡ âπ
ºà“π»Ÿπ¬å°≈“ß 25 ¡¡. Àπ“ 4 ¡¡. æàπ‡§≈◊Õ∫¥â«¬≈«¥
‡À≈Á°°≈â“‰√â π‘¡ ‡°√¥ 316L ∫π¥â“π‡√’¬∫¢â“ßÀπ÷Ëß¢Õß
™‘Èπß“π¥â«¬‡∑§π‘§ EAS „Àâ‰¥â§«“¡Àπ“ª√–¡“≥ 0.5 ¡¡.
·≈â«µ—¥·∫àß§√÷Ëßµ“¡¢«“ß  ®“°π—Èπ¢—¥¥â«¬°√–¥“…∑√“¬
·≈–¢—¥¡—π·≈â«π”‰ª»÷°…“‚§√ß √â“ß®ÿ≈¿“§¥â«¬ SEM ·≈–
EDS  √ÿàπ JEOL 5410  ·≈–  JEOL 6301  «—¥ª√‘¡“≥
§«“¡æ√ÿπ·≈–ª√‘¡“≥ÕÕ°‰´¥å¥â«¬‡∑§π‘§ image analysis

(Omnimet 4) ∑’Ë°”≈—ß¢¬“¬ 200 ‡∑à“ æ◊Èπ∑’Ë∑¥ Õ∫ 625×
337 ‰¡§√Õπ ∑”°“√∑¥ Õ∫™‘Èπ≈– 5 ®ÿ¥·≈â«À“§à“‡©≈’Ë¬

°“√∑¥ Õ∫§«“¡·¢Áß·√ß„π°“√¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫
¥â«¬°“√∑¥ Õ∫·∫∫ pull-off

∑¥ Õ∫µ“¡¡“µ√∞“π ISO 14916 (International

standard, 1999) ‚¥¬™‘Èπß“π∑”®“°‡À≈Á°°≈â“‰√â π‘¡‡°√¥
304 ™π‘¥·∑àß∑√ß°√–∫Õ°µ—π¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 25

¡¡. ¡’§«“¡ Ÿß 45 ¡¡. ™‘Èπß“π‡®“–√Ÿ¥â“π¢â“ß¢π“¥‡ âπ
ºà“π»Ÿπ¬å°≈“ß 10 ¡¡. ‡æ◊ËÕ‡ªìπ√Ÿ„ àÕÿª°√≥å¬÷¥™‘Èπß“π¢≥–
∑¥ Õ∫·√ß¥÷ß  ®“°π—Èπ‡µ√’¬¡º‘«™‘Èπß“π∫√‘‡«≥Àπâ“µ—¥

¢Õß™‘Èπß“π¥â“πµ√ß¢â“¡°—∫¥â“π∑’Ë‡®“–√Ÿ¥â«¬‡∑§π‘§°“√¬‘ß
°√‘µ ‚¥¬„™â°√‘µÕ≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å‡∫Õ√å 24 mesh (740

‰¡§√Õπ) §«“¡‡√Á«≈¡ 120 psi (8 ∫“√å) À—«æàπµ—Èß©“°°—∫
º‘«™‘Èπß“π √–¬–Àà“ß 80 ¡¡. „™â‡«≈“¬‘ß°√‘µ™‘Èπ≈– 30 «‘π“∑’
§à“§«“¡À¬“∫º‘«À≈—ß¬‘ß°√‘µÕ¬Ÿà„π™à«ß 4.7-5.3 ‰¡§√Õπ
·≈â«æàπ‡§≈◊Õ∫¥â«¬≈«¥‡À≈Á°°≈â“‰√â π‘¡‡°√¥ 316L ¥â«¬
‡∑§π‘§ EAS æàπ‡§≈◊Õ∫Àπ“ª√–¡“≥ 0.5 ¡¡. ·≈â«µ‘¥
°“« Scotch -Weld EC-2086 ¢Õß∫√‘…—∑ 3M ´÷Ëß‡ªìπ
°“«™π‘¥æ‘‡»… ”À√—∫∑¥ Õ∫°“√¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫
‚¥¬‡©æ“–≈ß∫πº‘«‡§≈◊Õ∫·≈–™‘Èπß“π‡À≈Á°°≈â“‰√â π‘¡Õ’°
™‘Èπ «“ß™‘Èπß“π∑’Ëµ‘¥°“«·≈â«≈ß„πÕÿª°√≥å¬÷¥™‘Èπß“π ¢—π
 °√Ÿ¬÷¥Õÿª°√≥å¥â«¬·√ß∫‘¥ 7 π‘«µ—π-‡¡µ√ ·≈â«π”‰ªÕ∫∑’Ë
200ºC  ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß  ‡¡◊ËÕª≈àÕ¬„Àâ‡¬Áπµ—«≈ß∂÷ß
Õÿ≥À¿Ÿ¡‘ÀâÕß·≈â«®÷ß‡Õ“ÕÕ°®“°Õÿª°√≥å¬÷¥™‘Èπß“π π”¡“
¥÷ß∑¥ Õ∫¥â«¬‡§√◊ËÕß Universal testing machine model

4502 ‚¥¬º‘«‡§≈◊Õ∫®“°≈«¥‡À≈Á°°≈â“‰√â π‘¡·µà≈–ª√–‡¿∑
ª√–°Õ∫¥â«¬™‘Èπ∑¥ Õ∫ 5 ™‘Èπ

°“√∑¥ Õ∫°“√ ÷°À√Õ
™‘Èπß“π∑’Ë„™â„π°“√∑¥ Õ∫°“√ ÷°À√Õ‡ªìπ™‘Èπß“π

‡À≈Á°°≈â“‰√â π‘¡ ‡°√¥ 304 ™π‘¥√’¥‡ªìπ·∑àß ’Ë‡À≈’Ë¬¡µ—π
Àπâ“µ—¥°«â“ß 25 ¡¡. Àπ“ 4 ¡¡. µ—¥„Àâ¬“«∑àÕπ≈– 60

¡¡. ¢—¥º‘«‡æ◊ËÕª√—∫√–π“∫·≈â«‡µ√’¬¡º‘«™‘Èπß“π¥â«¬‡∑§π‘§
Grit blasting °àÕπæàπ‡§≈◊Õ∫ ®“°π—Èππ”‰ªæàπ‡§≈◊Õ∫„Àâ
‰¥â§«“¡Àπ“ 0.8 ¡¡. ·≈â«¢—¥ÕÕ°¥â«¬°√–¥“…∑√“¬‡∫Õ√å
1000  „Àâ‰¥â§«“¡À¬“∫º‘«‡©≈’Ë¬  (Ra)  ™à«ß  0.15-0.17

‰¡§√Õπ §«“¡Àπ“º‘«‡§≈◊Õ∫∑’Ë‡À≈◊Õª√–¡“≥ 0.5 ¡¡.
∑¥ Õ∫°“√ ÷°À√Õ¥â«¬ ball on flat sliding wear test

µ“¡¡“µ√∞“π ASTM C 133-95 (ASTM Standards,

1997) ¥â«¬‡§√◊ËÕß Universal micro-tribometer model

omega CN 76000 ‚¥¬º‘«‡§≈◊Õ∫®“°≈«¥‡À≈Á°°≈â“‰√â π‘¡
·µà≈–ª√–‡¿∑ª√–°Õ∫¥â«¬™‘Èπ∑¥ Õ∫ 3 ™‘Èπ  ¿“«–„π
°“√∑¥ Õ∫· ¥ß„π Table 2

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

º≈°“√»÷°…“‚§√ß √â“ß®ÿ≈¿“§
Figure 2 ¿“§µ—¥¢«“ß¢Õßº‘«‡§≈◊Õ∫∑’Ëº≈‘µ®“°

Table 1. Electric arc spray parameter for the
coating fabrication. (TAFA, 1992)

Atomised air pressure 60 psi
Arc voltage 30 V
Arc current 130 A
Stand-off distance 178 mm.



«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 27 ©∫—∫∑’Ë 1 ¡.§. - °.æ. 2548

·π«∑“ß°“√µ√«®ª√–‡¡‘π ”À√—∫°“√„™â≈«¥‡™◊ËÕ¡·∑π≈«¥Õ“√å°
À∑—¬æ—≤πå  §àÕ¬ª√–‡ √‘∞ ·≈– ªπ—¥¥“  π‘√π“∑≈È”æß»å95

≈«¥‡™◊ËÕ¡·≈–≈«¥Õ“√å° º‘«‡§≈◊Õ∫∑—Èß Õß™π‘¥ª√–°Õ∫¥â«¬
™—Èπ splat À≈“¬™—Èπ´âÕπ°—πÕ¬Ÿà ´÷Ëß‡°‘¥®“°·√ß¥—π°ä“´¢—∫
¥—π≈«¥∑’Ë°”≈—ßÀ≈Õ¡‡À≈«®“°°“√Õ“√å°„Àâ©’¥ÕÕ°‡ªìπ
Õπÿ¿“§¢Õß«— ¥ÿ‡§≈◊Õ∫·≈â«∂Ÿ°æàπ‰ª°√–∑∫™‘Èπß“π ‡°‘¥
°“√∂à“¬‡∑§«“¡√âÕπÕ¬à“ß√«¥‡√Á«®÷ß·¢Áßµ—«‡ªìπ splat „π
¢≥–∑’Ë‡ªìπ≈–ÕÕß‚≈À–‡À≈«Õ¬Ÿà„πÕ“°“» ‚§√‡¡’¬¡·≈–
∏“µÿÕ◊ËπÊ „πÕπÿ¿“§¢Õß«— ¥ÿ‡§≈◊Õ∫®–∑”ªØ‘°‘√‘¬“‡§¡’°—∫
ÕÕ°´‘‡®π®“°Õ“°“»∑’ËÕ—¥·≈–∫√√¬“°“»√Õ∫Ê ®÷ß∑”„Àâ
‡ÀÁπ‡ªìπÕÕ°‰´¥å ’‡∑“√Õ∫Ê ¢Õ∫¢Õß splat

‡¡◊ËÕæ‘®“√≥“∂÷ß¢π“¥¢Õß splat „π·µà≈–™‘Èπß“π
∑¥ Õ∫®–æ∫«à“º‘«‡§≈◊Õ∫®“°≈«¥‡™◊ËÕ¡¡’°“√°√–®“¬¢π“¥
¢Õß splat ¡“°°«à“º‘«‡§≈◊Õ∫®“°≈«¥Õ“√å°  Figure 2

· ¥ß„Àâ‡ÀÁπ«à“¡’ splat ®”π«π¡“°„πº‘«‡§≈◊Õ∫®“°≈«¥
‡™◊ËÕ¡∑’Ë¡’¢π“¥‡≈Á°¡“°·≈–¡’ÕÕ°‰´¥å∑’ËÀπ“¡“°≈âÕ¡√Õ∫
¢Õ∫ splat  „π∑“ß°≈—∫°—π®–æ∫«à“¡’√Ÿæ√ÿπ„πº‘«‡§≈◊Õ∫
®“°≈«¥Õ“√å°¡“°°«à“ ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“≈«¥Õ“√å°¡’§«“¡

 “¡“√∂„π°“√À≈Õ¡‡À≈«µË”°«à“ (lower degree of melt-

ing) À√◊Õ¡’§«“¡ “¡“√∂„π°“√‰À≈µ—«¢≥–∑’Ë‡ªìπÀ¬¥
«— ¥ÿ‡§≈◊Õ∫µË”°«à“ (lower flowability) º‘«‡§≈◊Õ∫®“°
≈«¥‡™◊ËÕ¡

Figure 3 · ¥ß√Õ¬·µ°√–À«à“ß splat „πº‘«‡§≈◊Õ∫
´÷Ëßæ∫„πº‘«‡§≈◊Õ∫®“°≈«¥∑—Èß Õß™π‘¥  ‚¥¬√Õ¬·µ°®–
‡°‘¥·≈–‚µ¢¬“¬ÕÕ°®“°ÕÕ°‰´¥å‰ªµ“¡¢Õ∫ splat √Õ¬
·µ°‡À≈à“π’È‡°‘¥®“°°“√∑’Ë splat ‡¬Áπµ—«≈ßÕ¬à“ß√«¥‡√Á«
®“°Õÿ≥À¿Ÿ¡‘æàπ‡§≈◊Õ∫≈ß¡“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß  °“√‡ª≈’Ë¬π
·ª≈ßÕÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ∑”„Àâ‡°‘¥§«“¡‡§âπ„π∑“ß¥÷ß„πº‘«
‡§≈◊Õ∫ ∫√‘‡«≥∑’Ë¡’ÕÕ°‰´¥å„πª√‘¡“≥¡“°®–¡’§«“¡‡§âπ
‡°‘¥¢÷Èπ®“°°“√∑’Ë§à“°“√¢¬“¬µ—«‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß
∑“ß§«“¡√âÕπ¢ÕßÕÕ°‰´¥å·≈– splat µà“ß°—π¡“° ®÷ß‡°‘¥
§«“¡‡§âπ‡π◊ËÕß®“°§«“¡√âÕπ (Takeuchi, 1990) ‡ªìπº≈
„Àâ¡’§«“¡‡§âπ„π∑“ß¥÷ß Ÿß∑’Ë∫√‘‡«≥„°≈â¢Õ∫ splat ·≈–„π
™—ÈπÕÕ°‰´¥å  ∂â“À“°§«“¡‡§âπ¡’§à“ Ÿß¡“°æÕ°Á®– “¡“√∂
‡°‘¥√Õ¬·µ°„πÕÕ°‰´¥å‰¥â πÕ°®“°π’È≈—°…≥–¢ÕßÕÕ°‰´¥å
„πº‘«‡§≈◊Õ∫°Á®– àßº≈µàÕ√Ÿª√à“ß (Aspect ratio) ¢Õß√Õ¬
·µ°∑’Ë‡°‘¥¢÷Èπ (Figure 3)

∑’Ë∫√‘‡«≥√Õ¬µàÕ√–À«à“ßº‘«‡§≈◊Õ∫°—∫™‘Èπß“π¡’√Ÿæ√ÿπ
„Àâ‡ÀÁπÕ¬Ÿà∫â“ß √Ÿæ√ÿπ¥—ß°≈à“«‡°‘¥®“°§«“¡À¬“∫º‘« Ÿß∑’Ë¡“
®“°°“√‡µ√’¬¡º‘«°àÕπ°“√æàπ‡§≈◊Õ∫‚¥¬°“√¬‘ß°√‘µ ¢≥–
æàπ‡§≈◊Õ∫ À¬¥«— ¥ÿÀ≈Õ¡‡À≈«∑’Ëµ°°√–∑∫∫πº‘«™‘Èπß“π
Õ“®®–·¢Áßµ—«°àÕπ∑’Ë®–‰À≈‡¢â“‰ª‡µ‘¡‡µÁ¡„π√àÕß¢Õßº‘«∑’Ë
ºà“π°“√¬‘ß°√‘µ‡π◊ËÕß®“°¡’°“√∂à“¬‡∑§«“¡√âÕπÕ¬à“ß

Table 2. Test parameters for the reciprocation
ball-on-flat wear test.

Pin tip radius 3.16mm.
Normal force 25.0 N
Stroke length 10.0 mm.
Oscillating frequency 5.0 Hz.
Test duration 1000 sec.
Ambient temperature 25±3ºC
Lubrication none

Figure 2. Micrographs of the cross-section of the coatings from GMAW wire and arc wire,
showing shape and size of the splat.
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√«¥‡√Á«®“° splat ‰ª Ÿà™‘Èπß“π ‡¡◊ËÕª≈àÕ¬„Àâ‡¬Áπµ—«≈ß °“√
À¥µ—«‡π◊ËÕß®“°§«“¡√âÕπ¢Õßº‘«‡§≈◊Õ∫·≈–™‘Èπß“π∑’Ëµà“ß
°—π¡“°®–∑”„Àâ¡’§«“¡‡§âπ‡°‘¥¢÷Èπ  ¥—ßπ—Èπ „π Figure 4

®÷ß —ß‡°µ‡ÀÁπ«à“‚§√ß √â“ßº‘«‡§≈◊Õ∫∑’Ëº≈‘µ®“°≈«¥Õ“√å°¡’
√Õ¬·µ°∑’Ë‡√‘Ë¡µâπ¢÷Èπ®“°√Ÿæ√ÿπ·≈–¢¬“¬‰ªµ“¡√Õ¬µàÕ
√–À«à“ßº‘«‡§≈◊Õ∫°—∫™‘Èπß“π

 à«πª√–°Õ∫∑“ß‡§¡’¢Õßº‘«‡§≈◊Õ∫
 à«πª√–°Õ∫∑“ß‡§¡’¢Õß≈«¥∑’Ë„™â„π°“√æàπ‡§≈◊Õ∫

‰¥â· ¥ß‰«â„π Table 3 ®–‡ÀÁπ«à“≈«¥∑—Èß Õß™π‘¥¡’ª√‘¡“≥
·¡ß°“π’ ·≈–´‘≈‘°Õπ∑’Ëµà“ß°—π Àπâ“∑’Ë¢Õß´‘≈‘°Õπ„π‡À≈Á°
°≈â“‰√â π‘¡§◊Õ™à«¬‡æ‘Ë¡§«“¡ “¡“√∂„π°“√‰À≈µ—« (flow-

ability) ·≈–™à«¬„Àâ‚§√ß √â“ß‡øÕ√å‰√µå¡’‡ ∂’¬√¿“æ∑’Ë¥’¢÷Èπ
„π∑“ß°≈—∫°—π ·¡ß°“π’ ®–™à«¬„Àâ‚§√ß √â“ßÕÕ ‡∑π‰πµå
¡’‡ ∂’¬√¿“æ Õ¬à“ß‰√°Áµ“¡≈«¥∑—Èß Õß™π‘¥¡’ª√‘¡“≥∏“µÿ
·¡ß°“π’ ·≈–´‘≈‘°Õπµà“ß°—π‡æ’¬ß‡≈Á°πâÕ¬ §◊Õ ª√–¡“≥
0.7% ·≈– 0.3% µ“¡≈”¥—∫ ÷́Ëßª√‘¡“≥∑’Ëµà“ß°—π‰¡à¡“°π’È
‰¡àπà“®– àßº≈°√–∑∫¡“°æÕ∑’Ë®–∑”„Àâ ¡∫—µ‘¢Õßº‘«‡§≈◊Õ∫
®“°≈«¥∑—Èß Õß¡’§«“¡·µ°µà“ß°—πÕ¬à“ß‡ÀÁπ‰¥â™—¥

√–À«à“ß°“√æàπ‡§≈◊Õ∫¥â«¬Õ“√å°‰øøÑ“ º‘«‡§≈◊Õ∫®–
∂Ÿ°ÕÕ°´‘‰¥´å„π∫√√¬“°“»æàπ‡§≈◊Õ∫ ‚§√ß √â“ßº‘«‡§≈◊Õ∫
∑’Ëº≈‘µ‰¥âª√–°Õ∫¥â«¬ Õß‡ø À≈—° §◊Õ‡ø ∑’Ë¡’ ’‡∑“ÕàÕπ
‡ªìπ‡π◊ÈÕÀ≈—°¢Õßº‘«‡§≈◊Õ∫·≈–‡ø ∑’Ë¡’ ’‡∑“‡¢â¡‡ªìπÕÕ°‰´¥å
¥—ß· ¥ß„π Figure 2 ª√‘¡“≥ à«πª√–°Õ∫∑“ß‡§¡’¢Õß

Figure 3. Micrograph of the cross-section of the coatings, showing inter-splat cracks within
the coating. The weld wire coating (a) contains clusters of oxide scattering un-
evenly on the splat boundaries. The resulting crack tends to have high aspect ratio.
Whereas the arc wire coating (b), with thin oxides evenly spread out at the splat
boundaries, contains cracks of smaller aspect ratio.

Figure 4. Micrograph of the cross-section of the coatings, showing porosity and cracks at
the coating/substrate interfaces.
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‡ø ∑—Èß Õß “¡“√∂«‘‡§√“–Àå‰¥â‚¥¬‡∑§π‘§ EDX ·≈–§à“
‡©≈’Ë¬¢Õßª√‘¡“≥∏“µÿµà“ßÊ ‰¥â· ¥ß‰«â„π Table 4 ÷́Ëß®–
æ∫«à“º‘«‡§≈◊Õ∫∑’Ë‰¥â®“°≈«¥∑—Èß Õß™π‘¥¡’ª√‘¡“≥‚§√‡¡’¬¡
„π‡π◊ÈÕº‘«‡§≈◊Õ∫À√◊Õ„π‡ø  ’‡∑“ÕàÕπ≈¥≈ß  ‡π◊ËÕß®“°
‚§√‡¡’¬¡®”π«π¡“°∂Ÿ°¥÷ß‰ª„™â„π°“√ √â“ßøî≈å¡ÕÕ°‰´¥å
ª√–°Õ∫¢Õß‚§√‡¡’¬¡·≈–‡À≈Á° (Cr-Fe oxide spinels)

 à«π·¡ß°“π’ ·≈–´‘≈‘°Õπ‰¡à‰¥â¡’ à«π™à«¬„π°“√ √â“ß‡ø 
ÕÕ°‰´¥å¡“°π—° ·µàª√‘¡“≥∑’ËÀ“¬‰ªπ—Èπ‡π◊ËÕß®“°∏“µÿ∑—Èß
 Õß™π‘¥¡’§«“¡¥—π‰Õ Ÿß (high vapour pressure) ·≈–
Õÿ≥À¿Ÿ¡‘∑’Ë§à“§«“¡¥—π‰ÕµË” (low temperature at various

pressures) ¥—ß· ¥ß„π Table 5 ´÷Ëß®–∑”„Àâ∏“µÿ∑—Èß Õß
™π‘¥¡’Õ—µ√“°“√ Ÿ≠‡æ≈‘ß (vaporization rate) ∑’Ë√«¥‡√Á«
®÷ß∑”„Àâ Ÿ≠‡æ≈‘ß‰ª„π∫√√¬“°“»‰¥âßà“¬„π¢≥–æàπ‡§≈◊Õ∫

ª√‘¡“≥§«“¡æ√ÿπ·≈–ÕÕ°‰´¥å„πº‘«‡§≈◊Õ∫
º≈°“√«—¥ª√‘¡“≥√Ÿæ√ÿπ·≈–ÕÕ°‰´¥å„πº‘«‡§≈◊Õ∫

Table 3. Average chemical compositions of the sprayed wires
from the quantitative EDX analysis.

            Chemical composition (Average wt. %)

Fe Cr Ni Mo Mn Si C

316L Weld wire 63.3 19.4 11.1 2.8 2.0 1.2 < 0.05
AWS ER316LSi

316L Arc wire 67.0 17.5 10.6 2.7 1.3 0.9 < 0.05
TAFA 85T

Table 4.  Average chemical compositions of the arc wire and welding
wire sprayed coatings, identifying different phases, from the
quantitative EDX analysis.

         Chemical composition (Average wt. %)

Fe Cr Ni Mo Mn Si C

316L Weld wire coating 65.9 19.1 11.0 3.0 0.8 0.3 < 0.05
AWS ER316LSi
_Light grey 66.9 16.0 12.9 3.2 0.7 0.3 < 0.05
_Dark grey 68.9 22.1 5.3 2.9 0.7 0.1 < 0.05

316L Arc wire coating 69.3 17.6 9.7 2.5 0.6 0.2 < 0.05
_Light grey 70.1 15.8 10.6 2.5 0.8 0.2 < 0.05
_Dark grey 71.3 21.9 4.2 1.9 0.5 0.2 < 0.05

‰¥â· ¥ß‰«â„π Figure 5(a) ª√‘¡“≥ÕÕ°‰´¥å„πº‘«‡§≈◊Õ∫
∑—Èß Õß¡’§à“§àÕπ¢â“ß Ÿß‡π◊ËÕß®“°°√–· ‰øøÑ“∑’Ë„™â„π°“√
Õ“√å° Ÿß·≈–ª√‘¡“≥ÕÕ° ‘́‡®π∑’Ë¡’„πÕ“°“»∑’Ë„™âÕ—¥„π¢≥–
æàπ°Á¡’¡“°  ®÷ß∑”„Àâßà“¬µàÕ°“√ √â“ßøî≈å¡ÕÕ°‰´¥å  º‘«
‡§≈◊Õ∫∑’Ë‰¥â®“°≈«¥‡™◊ËÕ¡¡’‡ªÕ√å‡ Á́πµå¢ÕßÕÕ°‰´¥å Ÿß°«à“
º‘«‡§≈◊Õ∫∑’Ë‰¥â®“°≈«¥Õ“√å°‡≈Á°πâÕ¬ ‡π◊ËÕß®“°Õπÿ¿“§¢Õß
«— ¥ÿ‡§≈◊Õ∫∑’Ë∂Ÿ°æàπÕÕ°‰ª¡’¢π“¥‡≈Á°°«à“ ¥—ßπ—Èπ —¥ à«π
æ◊Èπ∑’Ëº‘«µàÕª√‘¡“µ√∑’Ë®–∑”ªØ‘°‘√‘¬“°—∫ÕÕ°´‘‡®π®÷ß¡’¡“°
°«à“∑”„Àâº‘«‡§≈◊Õ∫∑’Ë‰¥â®“°≈«¥‡™◊ËÕ¡¡’‡ªÕ√å‡´ÁπµåÕÕ°‰´¥å
 Ÿß°«à“ ¥—ß· ¥ß„π Figure 2

§«“¡æ√ÿπ¢Õßº‘«‡§≈◊Õ∫®“°≈«¥Õ“√å° Ÿß°«à“§«“¡
æ√ÿπ¢Õßº‘«‡§≈◊Õ∫®“°≈«¥‡™◊ËÕ¡ ÷́Ëßµ√ß°—∫∑’Ë· ¥ß„π
Figure 2   ‡π◊ËÕß®“°º‘«‡§≈◊Õ∫¡’ª√‘¡“≥ ‘́≈‘°Õπ·≈–
·¡ß°“π’ ∑’Ë‡ªìπ à«πª√–°Õ∫µË”°«à“ ´÷Ëß´‘≈‘°Õπ‡ªìπ∏“µÿ∑’Ë
™à«¬∑”„Àâ°“√‰À≈µ—«¢Õß splat ¥’   „π¢≥–∑’Ë·¡ß°“π’ 
∑”„Àâ‡ø ÕÕ ‡∑π‰πµå‡ ∂’¬√¡“°¢÷Èπ ‡¡◊ËÕ¡’ª√‘¡“≥‡ø 
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ÕÕ ‡∑ππ‘µ‘§¡“°¢÷Èπ„π splat §«“¡ “¡“√∂„π°“√·ª√√Ÿª
®÷ß Ÿß¢÷Èπ (higher formability) (Patchett, 1995) Õ¬à“ß‰√
°Áµ“¡‡π◊ËÕß®“°ª√‘¡“≥ Mn „π≈«¥·≈–º‘«‡§≈◊Õ∫®“°≈«¥
∑—Èß 2 ª√–‡¿∑¡’§à“·µ°µà“ß°—ππâÕ¬¡“°  ®÷ßÕ“®‰¡à àßº≈
°√–∑∫µàÕ§«“¡ “¡“√∂„π°“√·ª√√Ÿª‰¥âÕ¬à“ß™—¥‡®π
¥—ßπ—Èπ®÷ß‰¥âπ” Schaeffler diagram ‡¢â“¡“™à«¬„π°“√
µ√«® Õ∫‚§√ß √â“ß¢Õßº‘«‡§≈◊Õ∫ „π°“√æàπ‡§≈◊Õ∫¥â«¬
°“√Õ“√å°‰øøÑ“®–æ∫«à“º‘«™‘Èπß“π®–‰¡àÀ≈Õ¡‡¢â“¡“º ¡
°—∫‡π◊ÈÕº‘«‡§≈◊Õ∫®÷ß‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕß§åª√–°Õ∫
∑“ß‡§¡’®“° “‡Àµÿπ—Èπ ·µà√–À«à“ß°“√æàπ‡§≈◊Õ∫®–æ∫«à“
∏“µÿ·µà≈–™π‘¥®–¡’Õ—µ√“°“√ Ÿ≠‡ ’¬®“°°“√√–‡À¬∑’Ë‰¡à
‡∑à“°—π   àßº≈„Àâº‘«‡§≈◊Õ∫∑’Ë‰¥â¡’Õß§åª√–°Õ∫∑“ß‡§¡’
·µ°µà“ß®“°≈«¥∑’Ë„™âæàπ‡§≈◊Õ∫ À≈—ß®“°æàπ‡§≈◊Õ∫·≈â«®÷ß
π”¢âÕ¡Ÿ≈Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßº‘«‡§≈◊Õ∫ 2 ™π‘¥¡“
‡ª√’¬∫‡∑’¬∫°—π„π Schaeffler diagram ®–æ∫«à“º‘«‡§≈◊Õ∫
∑—Èß 2 ª√–‡¿∑¡’‚§√ß √â“ßÕ¬Ÿà„π™à«ßÕÕ ‡∑π‰πµå·≈– 10-

20% ‡øÕ√å‰√µå ·µàº‘«‡§≈◊Õ∫®“°≈«¥Õ“√å°®–Õ¬Ÿà„°≈â‡ âπ
√Õ¬µàÕ√–À«à“ß‡ø ÕÕ ‡∑π‰πµå ·≈–‡ø ÕÕ ‡∑π‰πµå+
¡“√å‡∑π‰´µå¡“°°«à“ ´÷ËßÀ¡“¬§«“¡«à“º‘«‡§≈◊Õ∫®“°≈«¥
‡™◊ËÕ¡πà“®–¡’§«“¡‡ ∂’¬√¢Õß‡ø ÕÕ ‡∑π‰πµå Ÿß°«à“ ¥â«¬
‡Àµÿπ’È‡¡◊ËÕÀ¬¥«— ¥ÿ‡§≈◊Õ∫®“°≈«¥‡™◊ËÕ¡°√–∑∫°—∫º‘«Àπâ“
™‘Èπß“π®÷ß “¡“√∂·ª√√Ÿª·≈–·∑√°‡¢â“‰ª‡µ‘¡‡µÁ¡„π∫√‘‡«≥
™àÕß«à“ß∑’Ë¡’¢π“¥‡≈Á°‰¥âßà“¬°«à“ ®÷ß™à«¬≈¥¢π“¥¢Õß√Ÿæ√ÿπ
‰¥â¡“°°«à“º‘«‡§≈◊Õ∫∑’Ëº≈‘µ®“°≈«¥Õ“√å° ‡¡◊ËÕ√Ÿæ√ÿπ¡’¢π“¥
‡≈Á°°«à“°Á®–™à«¬‡æ‘Ë¡§«“¡µâ“π∑“π°“√√—∫·√ß°√–·∑°·≈–
°“√·µ°À—°¢Õßº‘«‡§≈◊Õ∫∑’Ëº≈‘µ®“°≈«¥‡™◊ËÕ¡  Õ¬à“ß‰√
°Áµ“¡„πº‘«‡§≈◊Õ∫∑—Èß Õßª√–‡¿∑¬—ßæ∫√Õ¬·µ°∑’Ë§“¥«à“

Õ“®‡√‘Ë¡µâπ¡“®“°√Ÿæ√ÿπ¢π“¥„À≠à·≈–¡’√Õ¬·µ°√–À«à“ß
splat Õ¬Ÿà¥â«¬ ÷́Ëßª√‘¡“≥¢Õß√Õ¬·µ°®–∂Ÿ°«—¥√«¡‡ªìπ§à“
ª√‘¡“≥§«“¡æ√ÿπ„π‡π◊ÈÕº‘«‡§≈◊Õ∫¥â«¬  ∑”„Àâª√‘¡“≥
√Ÿæ√ÿπ∑’Ë· ¥ß¡’§à“ Ÿß°«à“ª√‘¡“≥®√‘ß‡≈Á°πâÕ¬

§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫
§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫∑¥ Õ∫®“°¿“§µ—¥¢«“ß

¢Õßº‘«‡§≈◊Õ∫‚¥¬„™â™‘Èπß“π∑’Ë„™â„π°“√µ√«® Õ∫‚§√ß √â“ß
®ÿ≈¿“§ «—¥§«“¡·¢Áß¥â«¬‡§√◊ËÕß Micro Hardness Tester

(MHT 10)  À—«°¥ Vicker  ·√ß°¥ 100 °√—¡  æ∫«à“
º‘«‡§≈◊Õ∫∑’Ë‰¥â®“°≈«¥Õ“√å°‰øøÑ“„Àâ§à“§«“¡·¢Áßº‘«‡§≈◊Õ∫
∑’Ë Ÿß°«à“‡π◊ËÕß®“°°“√øÕ√å¡µ—«‡ªìπÕÕ°‰´¥å¢Õß‡π◊ÈÕº‘«
‡§≈◊Õ∫πâÕ¬°«à“ „π¢≥–∑’Ëº‘«‡§≈◊Õ∫®“°≈«¥‡™◊ËÕ¡¡’ª√‘¡“≥
ÕÕ°‰´¥å∑’Ë¡’§«“¡‡ª√“–·≈–¬ÿ∫µ—«ßà“¬ Ÿß (‡ªìπÕÕ°‰´¥å
ª√–°Õ∫∑’Ë‡°‘¥√–À«à“ß°“√æàπ‡§≈◊Õ∫ ¡’§«“¡·¢Áß‰¡à Ÿß¡“°
·≈–¡—°®–¡’√Ÿæ√ÿπ¢π“¥‡≈Á°°√–®“¬Õ¬Ÿà) ®÷ß¡’§«“¡·¢ÁßµË”
°«à“

°“√¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫
§«“¡·¢Áß·√ß„π°“√¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫∑—Èß Õß

∑¥ Õ∫‚¥¬°“√∑¥ Õ∫·√ß¥÷ß (pull-off test ) Figure 5(b)

º‘«‡§≈◊Õ∫∑’Ëº≈‘µ®“°≈«¥‡™◊ËÕ¡· ¥ß°“√¬÷¥‡°“–∑’Ë¥’°«à“
·≈–·¢Áß·√ß°«à“º‘«‡§≈◊Õ∫®“°≈«¥Õ“√å°‡°◊Õ∫ 20% ´÷Ëß
‡π◊ËÕß¡“®“°√Ÿæ√ÿπ∑’ËπâÕ¬°«à“®÷ß‡°‘¥√Õ¬·µ°®“°√Ÿæ√ÿπ‰¥â
πâÕ¬°«à“ ≈—°…≥–°“√¢“¥¢Õßº‘«‡§≈◊Õ∫‡À≈Á°°≈â“‰√â π‘¡∑’Ë
‰¥â®“°≈«¥‡™◊ËÕ¡ AWS ER316LSi  ‡ªìπ°“√¢“¥·∫∫
adhesive §◊Õ¢“¥∑’Ë√–À«à“ßº‘«‡§≈◊Õ∫°—∫™‘Èπß“π (Figure

Table 5. Vapour pressures at various temperature of the elements contained
in the stainless steel grade 316L. (Boyer, 1985)

Temperature at Temperature at Temperature at Evaporating
Element pressure pressure pressure temperature

0.01 atm. (ºC) 0.1 atm. (ºC) 1.0  atm. (ºC) (ºC)

    Fe 2004 2316 2735 3000
    Cr 1813 2097 2482 2665
    Ni 2025 2321 2732 2730
    Mo 3477 4027 4804 5560
    Mn 1476 1750 2151 2150
    Si 1867 2057 2287 2680
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·π«∑“ß°“√µ√«®ª√–‡¡‘π ”À√—∫°“√„™â≈«¥‡™◊ËÕ¡·∑π≈«¥Õ“√å°
À∑—¬æ—≤πå  §àÕ¬ª√–‡ √‘∞ ·≈– ªπ—¥¥“  π‘√π“∑≈È”æß»å99

6)  à«πº‘«‡§≈◊Õ∫‡À≈Á°°≈â“‰√â π‘¡∑’Ë‰¥â®“°≈«¥Õ“√å° ¢“¥
·∫∫ cohesive §◊Õ ¢“¥„π‡π◊ÈÕº‘«‡§≈◊Õ∫ ‡π◊ËÕß®“°¡’
ÕÕ°‰´¥å√–À«à“ß splat „π‡π◊ÈÕº‘«‡§≈◊Õ∫¡“°°«à“

 ¡∫—µ‘¥â“π§«“¡µâ“π∑“π°“√ ÷°À√Õ
°“√∑¥ Õ∫°“√ ÷°À√Õ∑”‚¥¬„™â°“√∑¥ Õ∫·∫∫

reciprocating ball-on-flat sliding wear „π ¿“«–∑’Ë
‰¡à¡’ “√À≈àÕ≈◊Ëπ  ¿“«–„π°“√∑¥ Õ∫‰¥â· ¥ß‰«â„π Table

2 Õ—µ√“°“√ ÷°À√Õ§”π«≥‡ªìπª√‘¡“≥°“√ ÷°À√Õ (wear

volume) µ“¡¡“µ√∞“π ASTM C 133-95 ®“°º≈°“√
∑¥ Õ∫æ∫«à“º‘«‡§≈◊Õ∫®“°°“√æàπ‡§≈◊Õ∫¥â«¬≈«¥Õ“√å§
¡’ª√‘¡“≥°“√ ÷°À√Õ Ÿß°«à“º‘«‡§≈◊Õ∫®“°≈«¥‡™◊ËÕ¡∂÷ß·¡â

«à“§«“¡·¢Áß®– Ÿß°«à“‡≈Á°πâÕ¬  ∑—Èßπ’È‡π◊ËÕß®“°º‘«‡§≈◊Õ∫
®“°≈«¥Õ“√å°¡’§«“¡æ√ÿπ∑’Ë√Õ¬µàÕ√–À«à“ß splat  Ÿß ·≈–
¡’·√ß¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫∑’ËµË”°«à“ Figure 7  · ¥ß
º‘«Àπâ“¢Õßº‘«‡§≈◊Õ∫®“°≈«¥Õ“√å°À≈—ß°“√∑¥ Õ∫°“√
 ÷°À√Õ ®–‡ÀÁπ«à“¡’À≈ÿ¡°«â“ß∑’Ë¡’¢π“¥§àÕπ¢â“ß„À≠à‡∑’¬∫
‡∑à“‰¥â°—∫¢π“¥¢Õß splat ·≈–¡’≈—°…≥–§àÕπ¢â“ß°≈¡ ´÷Ëß
 —ππ‘…∞“π‰¥â«à“‡ªìπÀ≈ÿ¡∑’Ë‡°‘¥®“°°“√À≈ÿ¥¢Õß splat ∑—Èß
™‘Èπ  °“√ ÷°À√Õ®“°°“√‡ ’¬¥ ’∑”„Àâ splat ‡ ’¬√Ÿª·≈–
À≈ÿ¥®“°º‘«Àπâ“¢Õßº‘«‡§≈◊Õ∫ÕÕ°¡“∑—Èß splat ‡π◊ËÕß®“°
¡’§à“°“√¬÷¥‡°“–√–À«à“ß splat µË” ‡æ√“–√Ÿæ√ÿπ Ÿß ®÷ß∑”„Àâ
¡’ª√‘¡“≥°“√ ÷°À√Õ∑’Ë Ÿß°«à“º‘«‡§≈◊Õ∫®“°≈«¥‡™◊ËÕ¡∑’Ë¡’
°“√À≈ÿ¥¢Õß splat πâÕ¬°«à“  ¥â«¬‡Àµÿπ’Èª√‘¡“≥ÕÕ°‰´¥å

Figure 5. Graphs showing average values of physical and mechanical properties of the 316L
coatings produced from the welding wire and from the arc wire.

Figure 6. Optical micrograph showing the coat-
ing detachment at the coating/substrate
interface after the pull-off testing.

Figure 7. Wear surface of the arc wire coating
showing splat pull out.
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ª√‘¡“≥√Ÿæ√ÿπ√–À«à“ß splat ·≈–§à“§«“¡·¢Áß·√ß„π°“√
¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫≈â«π·µà¡’ à«π„π°“√°”Àπ¥æƒµ‘°√√¡
°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫∑—Èß ‘Èπ

 √ÿª

º‘«‡§≈◊Õ∫∑’Ë‰¥â®“°≈«¥‡™◊ËÕ¡‡À≈Á°°≈â“‰√â π‘¡‡°√¥
316L ·≈–∑’Ë‰¥â®“°≈«¥Õ“√å°„π‡°√¥‡¥’¬«°—π¡’‚§√ß √â“ß
∑“ß®ÿ≈¿“§∑’Ëµà“ß°—π‡≈Á°πâÕ¬ ‚¥¬‡©æ“–¥â“πª√‘¡“≥√Ÿæ√ÿπ
´÷Ëß§“¥«à“‡°‘¥®“°°“√∑’ËÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß≈«¥ 2

ª√–‡¿∑µà“ß°—π∑”„Àâ§«“¡ “¡“√∂„π°“√‰À≈·∑√°´÷¡‡¢â“
‰ª‡µ‘¡‡µÁ¡„π™àÕß«à“ß¢ÕßÕπÿ¿“§∑’ËÀ≈Õ¡·≈–°÷ËßÀ≈Õ¡¢≥–
æàπ‡§≈◊Õ∫°àÕπ∑’Ë®–·¢Áßµ—«µà“ß°—π ‚§√ß √â“ßº‘«‡§≈◊Õ∫∑—Èß
2 ª√–‡¿∑¡’√Õ¬·µ°¢π“¥‡≈Á°°√–®“¬µ—«Õ¬Ÿà¿“¬„πº‘« ÷́Ëß
‡ªìπº≈¡“®“°√Ÿæ√ÿπ·≈–ÕÕ°‰´¥å∑’ËÕ¬Ÿà„πº‘«‡§≈◊Õ∫ ∑—Èß
ª√‘¡“≥√Õ¬·µ°·≈–√Ÿæ√ÿπ‡À≈à“π’È°Á®– àßº≈°√–∑∫„Àâ§«“¡
·¢Áß·√ß„π°“√¬÷¥‡°“–¢Õßº‘«‡§≈◊Õ∫¡’§à“≈¥≈ß „π¥â“π°“√
∑¥ Õ∫°“√ ÷°À√Õæ∫«à“º‘«‡§≈◊Õ∫∑’Ëº≈‘µ®“°≈«¥‡™◊ËÕ¡¡’
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