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Wear behavior of contacting between thin film coating on SKD11 ball and
304 stainless steel disk
Songklanakarin J. Sci. Technol., 2007, 29(6) : 1591-1598

Wear is a well known problem in metal stamping die, especially on the die working with stainless
steel workpiece, in which wear rate is severe. This research considered various types of material coating on
tool surface which were regularly practised in modern stamping industry due to the ability to increase wear
resistance. The model study of friction "Ball-on-disk" technique was employed throughout this work. The
disk was made from stainless steel austenitic grade (SUS304). The ball was made from cold work tool steel,
SKD11 (JIS) and was hardened to 60±2 HRC. Ball surface conditions selected for this work were non-coated,
coated by TiC-CVD, TiCN (TiC/TiCN/TiN Multilayer)-CVD and TiCN (TiN/TiCN Double layer)-PVD, and
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Wear behavior of contacting between SKD11 ball and SUS304
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treated by VC-TD. Tests were carried out without lubricant. The results show that the coating film and the
surface treatment has no effect on the friction coefficient but it can reduce wear rate by 64.1-99.7% at
contact pressure condition less than 1,100 MPa. At the higher level of contact pressure, only 2 types of
coating, TiCN (Multilayer)-CVD and TiC-CVD, can reduce wear rate. The other two, which are TiCN
(Double layer)-PVD coating film and a surface treatment by VC-TD process, on the contrary increase the
rate of wear significantly. This is due to delamination of coating film at high contact pressure. The coating
particles of high hardness accelerate wear phenomenon on the tool surface. Therefore, proper selection of
tool surface condition depends on level of contact pressure generated in the process.

Key words : tribology, friction, wear, wear rate, coating film
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·≈–°“√ ÷°À√Õ ‚¥¬„™â‡§√◊ËÕß‰µ√∫Õ¡‘‡µÕ√å∑’Ë®”≈Õß°“√‡ ’¬¥ ’
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®√‘ß∑’Ë¡’√“§“·æß ‚¥¬®–‡ªìπ°“√∑¥ Õ∫‡∫◊ÈÕßµâπ‡æ◊ËÕ„™â‡ªìπ
¢âÕ¡Ÿ≈ª√–°Õ∫„π°“√æ‘®“√≥“‡≈◊Õ°„™âøî≈å¡‡§≈◊Õ∫ À√◊Õ°“√
ª√—∫ ¿“æº‘«∑’Ë‡À¡“– ¡  °“√∑¥ Õ∫¡ÿàß‡πâπ°“√ ÷°À√Õ∑’Ë
‡°‘¥°—∫«— ¥ÿ∑”æ‘¡æå SKD11 ∑’Ëºà“π°“√ª√—∫ ¿“æº‘«·≈–
‡§≈◊Õ∫º‘«¥â«¬øî≈å¡™π‘¥µà“ßÊ ∑’Ë‡À¡“–°—∫ß“π·¡àæ‘¡æå¢÷Èπ√Ÿª
«— ¥ÿ™‘Èπß“π∑’Ë‡ªìπ‡À≈Á°°≈â“‰√â π‘¡ÕÕ ‡∑‡πµ‘° (SUS304)
‚¥¬®–∑”°“√«—¥°“√ ÷°À√Õ®“°ª√‘¡“µ√∑’ËÀ“¬‰ª¢Õß«— ¥ÿ∫Õ≈
·≈–Õ—µ√“°“√ ÷°À√Õ ÷́Ëß‡ªìπÕ—µ√“ à«π¢Õßª√‘¡“µ√ °“√ ÷°À√Õ
µàÕ√–¬–‡§≈◊ËÕπ∑’Ë —¡æ—∑∏å (Bhushan, 2001) ¿“¬„µâ·√ß¥—π
 —¡º—  (Contact pressure) µà“ßÊ

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

‡§√◊ËÕß‰µ√∫Õ¡‘‡µÕ√å·∫∫ Ball-on-disk (ASTM
G133-95) ¡’À≈—°°“√∑”ß“π¥—ß· ¥ß„π Figure 1 °”Àπ¥
·√ß°¥ (normal load, N) §ß∑’Ë∫π∫Õ≈ ‚¥¬∫Õ≈®–¬÷¥‰«â
°—∫§“π∑’Ëµ‘¥µ—ÈßÕÿª°√≥å«—¥·√ß‡ ’¬¥∑“π (F) §à“ —¡ª√– ‘∑∏‘Ï
§«“¡‡ ’¬¥∑“π (µ) ®÷ß “¡“√∂§”π«≥‰¥â‚¥¬µ√ß®“° ¡°“√
∑’Ë 1

µ = F

N
(1)

≈Ÿ°∫Õ≈·≈–·ºàπ®“π¡’¢π“¥µ“¡¡“µ√∞“π ASTM
G135-95  ‚¥¬·ºàπ®“π  (Disk)  ∑”®“°«— ¥ÿ‡À≈Á°°≈â“‰√â
 π‘¡ SUS304  ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 30 mm  Àπ“
5-9 mm   à«π∫Õ≈¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 6 mm  ∑”
®“°‡À≈Á°‡§√◊ËÕß¡◊Õß“π‡¬Áπ  (SKD11)  ™ÿ∫·¢Áß 60±2  HRC
√“¬≈–‡Õ’¬¥· ¥ß„π Table 1  ∑¥ Õ∫¿“¬„µâ ¿“«–°“√
‡ ’¬¥ ’‚¥¬‰¡à¡’°“√À≈àÕ≈◊Ëπ „™âπÈ”Àπ—°°¥ (normal load) 1,
5 ·≈– 10 N ‡æ◊ËÕ∑’Ë®–„Àâ “¡“√∂·ª√‡ªìπ·√ß¥—π —¡º— 
(contact pressure) „π™à«ß°«â“ß∑’Ë„°≈â‡§’¬ß°—∫§à“∑’Ë‡°‘¥„π
ß“π¢÷Èπ√Ÿª‚≈À–‰¥â ´÷ËßπÈ”Àπ—°°¥∑—Èß 3 √–¥—∫ ®–∑”„Àâ‰¥â
§à“·√ß¥—π —¡º—  640, 1,095 ·≈– 1,380 MPa µ“¡≈”¥—∫
·≈–„™â§«“¡‡√Á«‡™‘ß‡ âπ§ß∑’Ëµ≈Õ¥°“√∑¥≈Õß 100 mm/s

„π°“√∑¥ Õ∫ „™â·ºàπ®“π·∑π«— ¥ÿ™‘Èπß“π·≈–∫Õ≈
®”≈Õß«— ¥ÿ∑”æ‘¡æå °“√«‘‡§√“–Àå®–¡ÿàß‡πâπ∑’Ë°“√ ÷°À√Õ¢Õß

Figure 1. Schematic diagram of ball-on-disk
tribometer. (Schey,  1984)
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·¢ÁßπâÕ¬°«à“∫Õ≈  °“√ ÷°À√Õ®÷ß‡°‘¥¢÷Èπ∑’Ë·ºàπ®“π‰¥âßà“¬
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Õ“®®–∑”„Àâ§à“·√ß¥—π —¡º— ‡ª≈’Ë¬π‰ª‰¥â  ¥—ßπ—Èπ‡æ◊ËÕ√—°…“
 ¿“«–¢Õß§à“·√ß¥—π —¡º—  ®÷ß‰¥â∑”°“√®”°—¥¢π“¥§«“¡
°«â“ß¢Õß√àÕß‰¡à„Àâ‡°‘π 600 ‰¡‚§√‡¡µ√

π”∫Õ≈¡“∑”°“√µ√«® Õ∫°“√ ÷°À√Õ ‚¥¬°“√π”
∫Õ≈¡“∂à“¬√Ÿª‡æ◊ËÕ«—¥√–¬–‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß√Õ¬ ÷°À√Õ
(√–¬– s ®“° Figure 2) ∑’ËÀ“¬‰ª ·≈â«π”‰ª§”π«≥À“
ª√‘¡“µ√°“√ ÷°À√Õ ´÷Ëß “¡“√∂§”π«≥‰¥â®“° ¡°“√∑’Ë 2
À√◊Õ ¡°“√∑’Ë 3

v = πh2 r − h

3




 (2)

À√◊Õ v = πh
s2

8
+ h2

6






(3)

V §◊Õ ª√‘¡“µ√°“√ ÷°À√Õ (mm3)
r §◊Õ √—»¡’¢Õß≈Ÿ°∫Õ≈ (mm)
s §◊Õ ‡ âπºà“π»Ÿπ¬å°≈“ß√Õ¬ ÷° (mm)
h §◊Õ √–¬–®“° à«π‚§âß¢Õß≈Ÿ°∫Õ≈∂÷ß√Õ¬ ÷° (mm)

À“‰¥â®“° ¡°“√∑’Ë 4

h = 8r − 64r2 −16s2

8
(4)

Õ—µ√“°“√ ÷°À√Õ  ‡ªìπÕ—µ√“ à«π¢Õßª√‘¡“µ√°“√
 ÷°À√ÕµàÕ√–¬–‡§≈◊ËÕπ∑’Ë —¡æ—∑∏å ´÷Ëß “¡“√∂§”π«≥‰¥â®“°
 ¡°“√∑’Ë 5

Wear rate
mm3

m






= Wear volume(mm3 )
Sliding distance(m) (5)

º≈°“√∑¥ Õ∫·≈–«‘‡§√“–Àåº≈

Õ‘∑∏‘æ≈¢Õß°“√ª√—∫ ¿“æº‘« ·≈–°“√‡§≈◊Õ∫º‘«∑’Ë¡’µàÕ

§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π

§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π¢Õßº‘«§Ÿà —¡º— √–À«à“ß
«— ¥ÿ‡À≈Á°°≈â“‰√â π‘¡ SUS304 °—∫‡À≈Á°‡§√◊ËÕß¡◊Õß“π‡¬Áπ
SKD11 ∑’Ë‰¡à‰¥â∑”°“√™ÿ∫‡§≈◊Õ∫º‘« ‡ª√’¬∫‡∑’¬∫°—∫∫Õ≈∑’Ë
ºà“π°“√ª√—∫ ¿“æº‘« ·≈–‡§≈◊Õ∫º‘«¥â«¬øî≈å¡·¢Áß™π‘¥µà“ßÊ
„π ¿“«–∑’Ë‰¡à¡’°“√À≈àÕ≈◊Ëπ · ¥ß„π Figure 3 ®–‡ÀÁπ‰¥â«à“
§à“∑’Ë‰¥â‰¡à¡’§«“¡ —¡æ—π∏å∑’Ë™—¥‡®π ‡¡◊ËÕπ”‰ª§”π«≥∑“ß ∂‘µ‘
º≈∑“ß ∂‘µ‘· ¥ß„Àâ‡ÀÁπ«à“∫Õ≈∑’Ëºà“π°“√ª√—∫ ¿“æº‘«·≈–
‡§≈◊Õ∫º‘«¥â«¬øî≈å¡·¢Áß™π‘¥µà“ßÊ ·≈–§à“·√ß¥—π —¡º— ‰¡à¡’
Õ‘∑∏‘æ≈∑’Ë™—¥‡®πµàÕ§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π ∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ 95%

°“√ ÷°À√Õ¢Õß«— ¥ÿ∑”æ‘¡æå

µ—«Õ¬à“ßª√‘¡“≥°“√ ÷°À√Õ¢Õß∫Õ≈ SKD11-Non
coated · ¥ß„π Figure 4 ®–‡ÀÁπ‰¥â«à“ª√‘¡“≥°“√ ÷°À√Õ
®–·ª√º—πµ“¡√–¬–‡§≈◊ËÕπ∑’Ë —¡æ—∑∏å ·≈–§à“·√ß¥—π —¡º— 
‡π◊ËÕß®“°°“√‡§≈◊ËÕπ∑’Ë —¡æ—∑∏å¿“¬„µâ§à“·√ß¥—π —¡º— ∑’Ë¡“°¢÷Èπ
∑”„Àâ‡°‘¥°“√¬÷¥µ‘¥‡æ‘Ë¡¡“°¢÷Èπ  àßº≈„Àâ‡°‘¥°“√ ÷°À√Õ¡“°
¢÷Èπ ´÷Ëß°“√ ÷°À√Õ¢Õß∫Õ≈∑’Ëª√—∫ ¿“æº‘« ·≈–‡§≈◊Õ∫º‘«
¥â«¬øî≈å¡·¢Áß™π‘¥µà“ßÊ °Á¡’≈—°…≥–‡™àπ‡¥’¬«°—π

Table 1. Microhardness (HV) of coating film and
treated surface.

Coating film Microhardness*
and treated surface (HV)

Non-coated 707.7
TiCN (TiN/TiCN)  -  PVD 2500
TiCN (TiC/TiCN/TiN)  -  CVD 2900
TiC - CVD 3800
VC - TD 3022

* : Microhardness of non-coated tool was obtained from
measurement but those of coating film and treated
surface were obtained from manufacturer.

Figure 2. Realistic  dimensional  modeling  for
wear geometry (on  ball).
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Õ‘∑∏‘æ≈¢Õß°“√™ÿ∫‡§≈◊Õ∫º‘«∑’Ë¡’µàÕÕ—µ√“°“√ ÷°À√Õ¢Õß

º‘«§Ÿà —¡º— √–À«à“ß SUS304 ·≈– SKD11

‡¡◊ËÕ∑”°“√‡¢’¬π°√“ø§«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√
 ÷°À√Õ¢Õß·¡àæ‘¡æå  ·≈–§à“·√ß¥—π —¡º—   ¢Õßº‘«§Ÿà —¡º— 
√–À«à“ß SUS304 ·≈– SKD11 ¥—ß· ¥ß„π Figure 5 ®–
‡ÀÁπ‰¥â«à“Õ—µ√“°“√ ÷°À√Õ®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§à“·√ß¥—π —¡º—  Ÿß¢÷Èπ
·≈–®–‡ÀÁπ‰¥â«à“°√≥’∑’Ë·√ß¥—π —¡º— ¡’§à“πâÕ¬°«à“ 1,100
MPa ∫Õ≈∑’Ëª√—∫ ¿“æº‘«·≈–‡§≈◊Õ∫º‘«¥â«¬øî≈å¡∑ÿ°™π‘¥®–
™à«¬≈¥Õ—µ√“°“√ ÷°À√Õ≈ß‰¥â ·µà°√≥’∑’Ë·√ß¥—π —¡º— ¡’§à“ Ÿß
¢÷Èπ°«à“π—Èπ ∫Õ≈∑’Ëª√—∫ ¿“æº‘«·≈–‡§≈◊Õ∫º‘«¥â«¬øî≈å¡∫“ß
™π‘¥‡°‘¥°“√ ÷°À√Õ‡æ‘Ë¡¡“°¢÷Èπ°«à“°√≥’‰¡à‰¥â‡§≈◊Õ∫º‘«
¥—ßπ—Èπ‡æ◊ËÕ„Àâ‡ÀÁπ·π«‚πâ¡™—¥‡®π¬‘Ëß¢÷Èπ ®–∑”°“√æ‘®“√≥“

§«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√ ÷°À√Õ°—∫™π‘¥¢Õß°“√ª√—∫
 ¿“æº‘« ·≈–°“√‡§≈◊Õ∫º‘«¥â«¬øî≈å¡·¢Áß™π‘¥µà“ßÊ  ”À√—∫
·µà≈–§à“·√ß¥—π —¡º— ·¬°ÕÕ°®“°°—π ¥—ß· ¥ß„π Figure
6-8

Õ‘∑∏‘æ≈¢Õß°“√ª√—∫ ¿“æº‘«·≈–°“√‡§≈◊Õ∫º‘«∑’Ë¡’
º≈µàÕÕ—µ√“°“√ ÷°À√Õ · ¥ß„π Figure 6-8 æ∫«à“°√≥’∑’Ë
·√ß¥—π —¡º— ¡’§à“‰¡à¡“°π—° §◊Õ 640 MPa (Figure 6)
°“√ª√—∫ ¿“æº‘«·≈–°“√‡§≈◊Õ∫º‘«¥â«¬øî≈å¡∑ÿ°™π‘¥®–™à«¬
≈¥Õ—µ√“°“√ ÷°À√Õ‰¥âÕ¬à“ß™—¥‡®π °“√‡§≈◊Õ∫º‘«¥â«¬øî≈å¡
‡§≈◊Õ∫ TiCN (Multilayer)-CVD ®–™à«¬≈¥Õ—µ√“°“√
 ÷°À√Õ‰¥â¡“°∑’Ë ÿ¥ ‚¥¬≈¥Õ—µ√“°“√ ÷°À√Õ‰¥â∂÷ß 99.7%
 à«πøî≈å¡‡§≈◊Õ∫ TiC-CVD ®–™à«¬≈¥Õ—µ√“°“√ ÷°À√Õ‰¥â

Figure 3.  Coefficient of friction.

Figure 4.  Wear volume of SKD11-Non-coated  ball.
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πâÕ¬∑’Ë ÿ¥ ·µà°Á¬—ß≈¥Õ—µ√“°“√ ÷°À√Õ‰¥â∂÷ß 93.4% ‡¡◊ËÕ‡∑’¬∫
°—∫°√≥’‰¡à‡§≈◊Õ∫º‘«

·≈–‡¡◊ËÕ§à“·√ß¥—π —¡º— ‡æ‘Ë¡¢÷Èπ‡ªìπ 1,095 MPa
(Figure 7) æ∫«à“°“√ª√—∫ ¿“æº‘«·≈–°“√‡§≈◊Õ∫º‘«¥â«¬
øî≈å¡∑ÿ°™π‘¥¬—ß “¡“√∂≈¥Õ—µ√“°“√ ÷°À√Õ‰¥âÕ¬à“ß™—¥‡®π
‡™àπ‡¥’¬«°—π ·µà —¥ à«π°“√≈¥Õ—µ√“°“√ ÷°À√Õ®–‰¡à¡“°‡∑à“
°√≥’·√ß¥—π —¡º—  640 MPa  ‚¥¬„π°√≥’π’Èøî≈å¡‡§≈◊Õ∫
TiCN (Multilayer)-CVD ¬—ß§ß∑”„ÀâÕ—µ√“°“√ ÷°À√Õ
≈¥≈ß¡“°∑’Ë ÿ¥‡À¡◊Õπ‡¥‘¡ π—Ëπ§◊Õ “¡“√∂≈¥Õ—µ√“°“√ ÷°À√Õ
‰¥â∂÷ß 95%  à«πøî≈å¡‡§≈◊Õ∫ TiC-CVD π—Èπ “¡“√∂™à«¬
≈¥Õ—µ√“°“√ ÷°À√Õ‰¥âπâÕ¬∑’Ë ÿ¥„π°√≥’π’È ·µà°Á¬—ß≈¥Õ—µ√“
°“√ ÷°À√Õ‰¥â∂÷ß 64.1% ‡¡◊ËÕ‡∑’¬∫°—∫°√≥’‰¡à‡§≈◊Õ∫º‘«

Figure 5. The influence of contact pressure on
wear rate of coating surface.

Figure 6. Wear rate  under contact pressure 640
MPa

Figure 7. Wear rate under contact pressure 1,095
MPa

Figure 8. Wear rate under contact  pressure 1,380
MPa

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ§à“·√ß¥—π —¡º—  Ÿß¢÷Èπ∂÷ß 1,380
MPa (Figure 8) º≈∑’Ë‰¥â°≈—∫·µ°µà“ß°—∫°√≥’Õ◊ËπÕ¬à“ß
™—¥‡®π π—Ëπ§◊Õ‡©æ“–øî≈å¡ TiCN (Multilayer)-CVD ·≈–
øî≈å¡ TiC-CVD ‡∑à“π—Èπ∑’Ë™à«¬≈¥Õ—µ√“°“√ ÷°À√Õ≈ß‰¥â‡¡◊ËÕ
‡∑’¬∫°—∫°√≥’‰¡à‡§≈◊Õ∫º‘« ·µà®–≈¥≈ß„π —¥ à«π∑’ËπâÕ¬≈ß
π—Ëπ§◊Õ≈¥≈ß‡∑à“°—∫ 77.6% ·≈– 72.8% µ“¡≈”¥—∫  „π
¢≥–∑’Ë°“√ª√—∫ ¿“æº‘«¥â«¬ VC-TD ·≈–øî≈å¡‡§≈◊Õ∫ TiCN
(Double layer)-PVD °≈—∫∑”„ÀâÕ—µ√“°“√ ÷°À√Õ‡æ‘Ë¡¡“°
¢÷ÈπÀ≈“¬‡∑à“µ—«‡¡◊ËÕ‡∑’¬∫°—∫°√≥’‰¡à‡§≈◊Õ∫º‘« ∑—Èßπ’È “¡“√∂
Õ∏‘∫“¬‰¥â§◊Õ „π¢≥–∑’Ë‡°‘¥°“√‡§≈◊ËÕπ∑’Ë —¡æ—∑∏å√–À«à“ßº‘«§Ÿà
 —¡º—   „π°√≥’∑’Ë·√ß¥—π —¡º— ¡’§à“ Ÿß¡“°®–∑”„Àâ‡°‘¥·√ß
‡ ’¬¥∑“π∑’Ë¡’§à“ Ÿß¡“°¢÷Èπ ®–∑”„Àâ‡°‘¥·√ß‡ ’¬¥∑“π∑’Ë¡’§à“
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 Ÿß¡“°¢÷Èπ ÷́Ëß·√ß‡ ’¬¥∑“π¥—ß°≈à“«‡ªìπ·√ß‡©◊Õπ∑’Ë°√–∑”
°—∫º‘«∑’Ëºà“π°“√ª√—∫ ¿“æ·≈–º‘«‡§≈◊Õ∫ ´÷Ëß∂â“º‘«¥—ß°≈à“«
∫“ß™π‘¥∑’Ë¡’·√ß¬÷¥‡Àπ’Ë¬«°—∫º‘«·¡àæ‘¡æå (adhesive force
between thin film and substrate) ¡’§à“πâÕ¬ ®–∑”„Àâ
°“√À≈ÿ¥≈Õ°‡°‘¥¢÷Èπ‰¥âßà“¬ ´÷Ëß°“√À≈ÿ¥≈Õ°¢Õßøî≈å¡ “¡“√∂
¬◊π¬—π‰¥â¥â«¬¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫
 àÕß°√“¥ (scanning electron microscopy, SEM) (· ¥ß
„π Table 2) ´÷Ëß‡ÀÁπ¢Õ∫√–À«à“ß™—Èπøî≈å¡°—∫ substrate ‰¥â
Õ¬à“ß™—¥‡®π ·≈–‡π◊ËÕß®“°º‘«∑’ËÀ≈ÿ¥ÕÕ°¡“‡ªìπÕπÿ¿“§¢Õß
 “√ª√–°Õ∫∑’Ë¡’§«“¡·¢Áß Ÿß¡“°‡¡◊ËÕ‡∑’¬∫°—∫§«“¡·¢Áß¢Õß
º‘«·¡àæ‘¡æå Õπÿ¿“§¥—ß°≈à“«®–¢Ÿ¥º‘«·¡àæ‘¡æå∑”„ÀâÕ—µ√“°“√
 ÷°À√Õ¡’§à“ Ÿß¢÷ÈπÕ¬à“ß√«¥‡√Á«

 √ÿªº≈°“√∑¥≈Õß

∑’Ë·√ß¥—π —¡º— πâÕ¬°«à“ 1,100 MPa ∫Õ≈∑’Ëºà“π
°“√ª√—∫ ¿“æº‘« ·≈–‡§≈◊Õ∫º‘«¥â«¬øî≈å¡∑ÿ°™π‘¥ ®–™à«¬≈¥
Õ—µ√“°“√ ÷°À√Õ≈ß‰¥â∂÷ß 64.1-99.7% ‡¡◊ËÕ‡∑’¬∫°—∫°√≥’‰¡à
‡§≈◊Õ∫º‘«

°“√ª√—∫ ¿“æº‘«¥â«¬ VC °√√¡«‘∏’ TD ·≈–°“√
‡§≈◊Õ∫º‘«¥â«¬øî≈å¡ TiCN (Double layer)  °√√¡«‘∏’ PVD
‰¡à‡À¡“– ¡°—∫°√√¡«‘∏’¢÷Èπ√Ÿª∑’Ë¡’§à“·√ß¥—π —¡º— ‡°‘π 1,100
MPa ‚¥¬ª√–¡“≥

°“√‡§≈◊Õ∫º‘«¥â«¬øî≈å¡ TiCN (Multilayer) °√√¡-
«‘∏’ CVD ·≈– TiC  °√√¡«‘∏’ CVD ¡’·π«‚πâ¡®–„™â‰¥â°—∫

Table 2. Microstructure of wear scars on balls under contact
pressure 1,380 MPa.

Coating film and treated surface Wear scars on balls

SKD11 Non-coated

TiCN (Multilayer)-CVD

TiC-CVD

TiCN (Double layer)-PVD

VC-TD

Scale 500 microns
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°√≥’∑’Ë·√ß¥—π —¡º—  ¡’§à“ Ÿß∂÷ß 1,380 MPa ·µàª√– ‘∑∏‘º≈
„π°“√≈¥Õ—µ√“°“√ ÷°À√Õ®–πâÕ¬≈ß‡¡◊ËÕ§à“·√ß¥—π —¡º— ‡æ‘Ë¡
¢÷Èπ

°“√‡≈◊Õ°„™âøî≈å¡·¢Áß‡§≈◊Õ∫º‘« À√◊Õ°“√ª√—∫ ¿“æ
º‘«„Àâ‡À¡“– ¡°—∫°√√¡«‘∏’°“√¢÷Èπ√Ÿª ®”‡ªìπµâÕß∑√“∫§à“·√ß
¥—π —¡º— ∑’Ë‡°‘¥¢÷Èπ°—∫º‘«·¡àæ‘¡æå„π¢≥–∑’Ë¢÷Èπ√Ÿª™‘Èπß“π·µà≈–
°√√¡«‘∏’ ‡æ◊ËÕ®–‰¥â‡≈◊Õ°„™â‰¥âÕ¬à“ß‡À¡“– ¡

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ »Ÿπ¬å‡∑§‚π‚≈¬’‚≈À–·≈–«— ¥ÿ·Ààß™“µ‘
(MTEC) ·≈– ∂“∫—π‰∑¬‡¬Õ√¡—π (TGI) ∑’Ë π—∫ πÿπ∑ÿπ
„π°“√«‘®—¬§√—Èßπ’È  ·≈–¢Õ¢Õ∫§ÿ≥„π§«“¡√à«¡¡◊Õ∑’Ë∑“ß∫√‘…—∑
U.T.T Engineering Co., Ltd.  ·≈–∫√‘…—∑ U.I. Engi-
neering Co., Ltd. ¡Õ∫„Àâ  ‚¥¬„Àâ°“√‡Õ◊ÈÕ‡øóôÕ‡§≈◊Õ∫º‘«
™‘Èπß“π∑’Ë„™â„π°“√∑¥≈Õß‚¥¬‰¡à§‘¥§à“„™â®à“¬ ·≈–„Àâ¢âÕ¡Ÿ≈
µà“ßÊ ∑’Ë®”‡ªìπµâÕß„™â„πß“π«‘®—¬™‘Èππ’È

‡Õ° “√Õâ“ßÕ‘ß

≥—Æ∞π—π∑å ¡Ÿ≈ √–¥Ÿà. 2548. °“√»÷°…“æƒµ‘°√√¡¥â“π‰µ√‚∫‚≈¬’
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