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During vehicle deceleration due to friction between the lining and the brake drum, kinetic energy of

the vehicle is turned into thermal energy that raises temperature of the drum brake components. This causes

thermal elastic instability that affects braking performance and the brake drum lining failure. This work

aimed to study the dynamic behaviors of the drum brake under various braking conditions. Three cases of

severe braking are considered i.e., high wheel speed without carrying load, medium wheel speed without

carrying load and medium wheel speed with full load. Moreover, a case of normal braking, having high wheel

speed without carrying load is also included for comparison purpose. Two dimensional finite element technique
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was adopted to simulate the dynamic interaction between temperature distribution, brake shoe movement

and the declined of wheel speed. The coupled thermo-mechanical results reveal that severe braking is an

important factor that causes high non-uniform temperature distributions and high-risk thermal elastic

instability; whereas wheel speed and vehicle load have less effect on the braking behaviors.
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Figure 1 Õ—µ√“ à«π√–À«à“ß¿“√–∑’Ë°√–∑”°—∫≈âÕÀ≈—ß°—∫
πÈ”Àπ—°√«¡„π ¿“«– ∂‘µ ( Ψ )  “¡“√∂‡¢’¬π„π√Ÿª ¡°“√
‰¥â‡ªìπ (Limpert, 1999)

     Ψ =
FzRstatic

W
      (1)

‡¡◊ËÕ FzRstatic §◊Õ ¿“√–∑’Ë°√–∑”°—∫≈âÕÀ≈—ß„π·π«µ—Èß©“°
                   ”À√—∫ ¿“«– ∂‘µ (π‘«µ—π)
     W §◊Õ  πÈ”Àπ—°√«¡¢Õß√∂¬πµå (π‘«µ—π)
„π°“√ÕÕ°·∫∫°“√°√–®“¬·√ß‡∫√° ”À√—∫¬“πæ“Àπ–∑’Ë¡’

  Figure 1.  Loading on a decelerated vehicle

‡æ≈“≈âÕÀπâ“·≈–≈âÕÀ≈—ßÕ¬à“ß≈–Àπ÷Ëß™ÿ¥ (Two-Axle
Vehicle) ®–°”Àπ¥§à“°“√°√–®“¬·√ß‡∫√°‡ªìπ™à«ß§à“µ“¡
 ¡°“√ (Limpert, 1999)
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‡¡◊ËÕ Φ §◊Õ §à“°“√°√–®“¬·√ß‡∫√°

Emin §◊Õ §à“ª√– ‘∑∏‘¿“æ°“√‡∫√°µË” ÿ¥

χ §◊Õ Õ—µ√“ à«π√–À«à“ß§«“¡ Ÿß®“°®ÿ¥»Ÿπ¬å°≈“ß
¡«≈√∂¬πµå·≈–æ◊Èπ∂ππ (h) °—∫√–¬–
∞“π≈âÕ (L)

µ §◊Õ  —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π√–À«à“ß¬“ß°—∫
æ◊Èπ∂ππ

 ¿“«–∑’Ë„™â„π°“√«‘‡§√“–Àå°”Àπ¥„Àâ µ  ¡’§à“√–À«à“ß 0.2 °—∫
0.8 §à“ª√– ‘∑∏‘¿“æ°“√‡∫√°µË” ÿ¥ ( Emin ) ¡’§à“ª√–¡“≥ 70%
·≈–°“√«‘‡§√“–Àå¢≥–∑’Ë√∂¬πµå‰¡à¡’°“√∫√√∑ÿ°·≈–¡’°“√

∫√√∑ÿ°®– àßº≈µàÕ§à“ Ψ  ·≈– χ  ¥â«¬  ”À√—∫§à“Φ∑’Ë‰¥â
®–π”‰ª„™â„π°“√ª√–‡¡‘πº≈∑“ß°“√ÕÕ°·∫∫

2. ‚¡‡¡πµå§«“¡‡©◊ËÕ¬ ¡¡Ÿ≈

‡¡◊ËÕ∑”°“√‡∫√°¢≥–√∂¬πµå‡§≈◊ËÕπ∑’Ë®–‡°‘¥§«“¡
‡©◊ËÕ¬‡π◊ËÕß®“°πÈ”Àπ—°¢Õß√∂¬πµå°√–∑”√Õ∫·°πÀ¡ÿπ¢Õß
√–∫∫‡∫√° ÷́Ëß‡√’¬°«à“ ‚¡‡¡πµå§«“¡‡©◊ËÕ¬ ¡¡Ÿ≈ (Equivalent
Moment of Inertia) °“√§”π«≥À“§à“‚¡‡¡πµå§«“¡‡©◊ËÕ¬
 ¡¡Ÿ≈®–„™âÀ≈—°°“√ ¡¡Ÿ≈°—π√–À«à“ßæ≈—ßß“π®≈πå ‡π◊ËÕß®“°
°“√‡§≈◊ËÕπ∑’Ë¢Õß√∂¬πµå·≈–æ≈—ßß“π®≈πå‡π◊ËÕß®“°°“√À¡ÿπ
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√Õ∫·°π°“√À¡ÿπ¢Õß®“π‡∫√°µ“¡ ¡°“√ (Limpert, 1999)
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3. °“√°√–®“¬§«“¡√âÕπ®“°°“√‡∫√° Ÿà¥ÿ¡‡∫√°·≈–

   ºâ“‡∫√°

°“√®–«‘‡§√“–ÀåÕÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ®“°°“√‡∫√°π—Èπ
®”‡ªìπµâÕß∑√“∫∂÷ß°“√°√–®“¬Õÿ≥À¿Ÿ¡‘·≈–§à“æ≈—ßß“π√«¡∑’Ë
∂Ÿ°¥Ÿ¥ —́∫‚¥¬¥ÿ¡‡∫√°·≈–ºâ“‡∫√°´÷Ëß¢÷ÈπÕ¬Ÿà°—∫§à“§«“¡µâ“π
∑“π§«“¡√âÕπ (thermal resistance) √–À«à“ßº‘« —¡º— ¢Õß
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®–æ‘®“√≥“ºâ“‡∫√°·≈–¥ÿ¡‡∫√°‡ªìπ«—µ∂ÿ°÷Ëß‰¡à®”°—¥¢π“¥
(semi-infinite body) ´÷Ëß¿“¬„µâ ¿“«–π’È®–‰¡à§‘¥º≈®“°
°“√√–∫“¬§«“¡√âÕπ ‚¥¬§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ∑—ÈßÀ¡¥®“°°“√
‡∫√°¡’§à“‡∑à“°—∫º≈√«¡¢Õß§«“¡√âÕπ∑’Ë‡¢â“ Ÿàºâ“‡∫√°·≈–¥ÿ¡
‡∫√° ‡¡◊ËÕ‡¢’¬π„π√Ÿª§«“¡ —¡æ—π∏å√–À«à“ß§«“¡√âÕπ∑’Ë¥ÿ¡
‡∫√°µàÕ§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ∑—ÈßÀ¡¥‚¥¬„Àâ§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ

∑—ÈßÀ¡¥¡’§à“‡∑à“°—∫ qR
n + qp

n ®–‰¥â«à“Õ—µ√“ à«π¢Õß§«“¡

√âÕπ„π°“√‡∫√°∑’Ë¥ÿ¡‡∫√° ( γ ) §◊Õ (Limpert, 1999)

     
γ =

qR
n

qR
n + qp

n =
1

1+
ρpcpkp

ρRcRkR







1
2

    (5)

‡¡◊ËÕ  qp
n   §◊Õ §à“§«“¡√âÕπ∑’Ë‡¢â“ Ÿàºâ“‡∫√° («—µµå / µ√.‡¡µ√)

      qR
n   §◊Õ §à“§«“¡√âÕπ∑’Ë‡¢â“ Ÿà¥ÿ¡‡∫√° («—µµå / µ√.‡¡µ√)

     cp  §◊Õ §à“§«“¡√âÕπ®”‡æ“–¢Õßºâ“‡∫√° (π‘«µ—π‡¡µ√

/ °°.‡§≈«‘π)
cR §◊Õ §à“§«“¡√âÕπ®”‡æ“–¢Õß¥ÿ¡‡∫√° (π‘«µ—π‡¡µ√

/ °°.‡§≈«‘π)
kp §◊Õ §à“°“√π”§«“¡√âÕπ¢Õßºâ“‡∫√° («—µµå / ‡¡µ√

‡§≈«‘π)
kR §◊Õ §à“°“√π”§«“¡√âÕπ¢Õß¥ÿ¡‡∫√° («—µµå / ‡¡µ√

‡§≈«‘π)
ρp §◊Õ §«“¡Àπ“·πàπ¢Õßºâ“‡∫√° (°°. / ≈∫.‡¡µ√)
ρR §◊Õ §«“¡Àπ“·πàπ¢Õß¥ÿ¡‡∫√° (°°. / ≈∫.‡¡µ√)

4. °“√√–∫“¬§«“¡√âÕπÕÕ°®“°¥ÿ¡‡∫√°

‡π◊ËÕß®“°¥√—¡‡∫√°¡’≈—°…≥–∑“ß°“¬¿“æ∑’Ë™‘Èπ à«π
°≈‰°µà“ßÊ ∂Ÿ°ª√–°Õ∫Õ¬Ÿà¿“¬„π¥ÿ¡‡∫√°∑”„Àâ‚Õ°“ ∑’Ë™‘Èπ
 à«π¿“¬„π®– —¡º— °—∫Õ“°“»∑’Ë‰À≈ºà“π¿“¬πÕ°‰¥â¬“° ®÷ß
¡’‡æ’¬ßº‘«¥â“ππÕ°¢Õß¥ÿ¡‡∫√°‡∑à“π—Èπ∑’Ë —¡º— °—∫Õ“°“»∑’Ë
‰À≈ºà“π¥—ßπ—Èπ®÷ß∑”°“√æ‘®“√≥“°“√√–∫“¬§«“¡√âÕπ¥â«¬°“√
æ“∑’Ëº‘«πÕ°¢Õß¥ÿ¡‡∫√°‡∑à“π—Èπ ¢âÕ¡Ÿ≈∑’Ë ”§—≠ ”À√—∫°“√
«‘‡§√“–Àå°“√∂à“¬‡∑§«“¡√âÕπ¥â«¬°“√æ“§◊Õ§à“ —¡ª√– ‘∑∏‘Ï
°“√æ“§«“¡√âÕπ  ”À√—∫¥√—¡‡∫√°´÷ËßÕ“°“»‰À≈ºà“π‡µÁ¡∑’Ë
 “¡“√∂À“§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ‰¥â‚¥¬æ‘®“√≥“
®“°≈—°…≥–∑’ËÕ“°“»‰À≈ºà“π∑√ß°√–∫Õ°µ—πµ“¡ ¡°“√
(Limpert, 1999)

hR = 0.1
ka

D






Re2 3

´÷Ëß

  Re =
ρaVaD

µa

‚¥¬∑’Ë  hR §◊Õ  —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ («—µµå/ µ√.
‡¡µ√‡§≈«‘π)

 D §◊Õ ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß¥ÿ¡‡∫√° (‡¡µ√)
 ka §◊Õ §à“°“√π”§«“¡√âÕπ¢ÕßÕ“°“» («—µµå / ‡¡µ√

‡§≈«‘π)
Re §◊Õ ‡≈¢‡√¬å‚π≈¥å
Va §◊Õ §«“¡‡√Á«Õ“°“» (‡¡µ√/ «‘π“∑’)

(3)

(4)WT =
ΦW

2

(6)

(7)
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ρa §◊Õ §«“¡Àπ“·πàπ¢ÕßÕ“°“» (°°./ ≈∫.‡¡µ√)
µa §◊Õ §à“§«“¡Àπ◊¥§‘‡π·¡µ‘§¢ÕßÕ“°“»

                 (°°./ ‡¡µ√«‘π“∑’)

°“√«‘‡§√“–Àå∑“ß‰ø‰πµå‡Õ≈‘‡¡πµå

‡æ◊ËÕ„Àâ·∫∫®”≈Õß¡’§«“¡ Õ¥§≈âÕß°—∫æƒµ‘°√√¡
¢Õß¥√—¡‡∫√°≈âÕÀ≈—ß√∂¬πµå∫√√∑ÿ°´÷Ëß¡’°“√‡ª≈’Ë¬π·ª≈ß
‡ß◊ËÕπ‰¢°“√ —¡º— Õ¬à“ß√«¥‡√Á«µ≈Õ¥‡«≈“À√◊Õ°≈à“«‰¥â«à“‡ªìπ
ªí≠À“∑’Ë¡’≈—°…≥–°“√µÕ∫ πÕßµàÕ√–∫∫·∫∫æ≈«—µ„π
 ¿“«–™—Ë«§√“« (transient dynamic response) °“√ª√–¬ÿ°µå
«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå·∫∫ Õß¡‘µ‘®÷ß∂Ÿ°π”¡“„™â„π°“√«‘‡§√“–Àå
‡æ◊ËÕ»÷°…“·≈–‡ª√’¬∫‡∑’¬∫‚¥¬æ‘®“√≥“º≈°√–∑∫®“°§«“¡
√âÕπ∑’Ë‡°‘¥¢÷Èπ‡π◊ËÕß®“°·√ß‡ ’¬¥∑“π·≈–¿“√–∑“ß°≈‰ªæ√âÕ¡Ê
°—π¥â«¬«‘∏’ explicit direct integration ‚¥¬¡’√“¬≈–‡Õ’¬¥
¥—ßµàÕ‰ªπ’È

1. °“√ √â“ß·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå

∑”°“√ √â“ß·∫∫®”≈Õß∑“ß‰ø‰πµå‡Õ≈‘‡¡πµå·∫∫
 Õß¡‘µ‘ ”À√—∫«‘‡§√“–Àå√–∫∫¥√—¡‡∫√°´÷Ëßª√–°Õ∫¥â«¬™‘Èπ à«π
2 ™‘Èπ‰¥â·°à ¥ÿ¡‡∫√° ·≈–™ÿ¥°â“¡‡∫√°∑’Ëª√–°Õ∫°—∫ºâ“‡∫√°
‚¥¬∑”°“√ª√–°Õ∫™‘Èπ à«π‡¢â“¥â«¬°—πµ“¡µ”·Àπàß°“√
ª√–°Õ∫¥—ß· ¥ß„π Figure 2

2.  ¡∫—µ‘¢Õß«— ¥ÿ

 ”À√—∫·∫∫®”≈Õß∑√ßµ—π®–°”Àπ¥ ¡∫—µ‘«— ¥ÿ„Àâ
°—∫·µà≈–™‘Èπ à«π‚¥¬¡’ ¡∫—µ‘¢Õß·µà≈–™‘Èπ à«π¥—ß Table 1
(Cardarelli, 2000)

Figure 2. Boundary conditions and loading

                    condition of drum brake

3. °“√°”Àπ¥ ¡∫—µ‘∑’Ëº‘« —¡º— √–À«à“ß·∫∫®”≈Õß

   ¢Õß™‘Èπ à«π

º‘« —¡º— √–À«à“ß·∫∫®”≈Õß¢Õß¥ÿ¡‡∫√°·≈–ºâ“
‡∫√°¡’°“√°”Àπ¥ ¡∫—µ‘¥—ßµàÕ‰ªπ’È
 3.1  —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π

 —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π√–À«à“ßº‘« —¡º— ¢Õß
«—µ∂ÿ Õß™‘Èπ®–‡ª≈’Ë¬π·ª≈ßµ“¡Õÿ≥À¿Ÿ¡‘¥—ß· ¥ß„π Table 2
(Day and Newcomb, 1984)

Table 1.  Material properties of each component

 Brake drum  Brake shoe

Property (unit) Gray cast iron          Brake pad
                              Brake lining
    Class 35            and web

Modulus of Elasticity,E (GPa) 101 34.3 210

Mass density, ρ  (kg/m
3
) 7250 2450 7860

Poisson’s ratio, v 0.22 0.25 0.3

Thermal conductivity,  k  (W/mK) 46.2 0.95 48

Specific heat, c (J/kg K) 512 825 452

Coefficient of thermal expansion, α (1/ 
o
C) 1.1 E-05 1.1 E-05 1.1 E-05
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   3.2 °“√°√–®“¬§«“¡√âÕπ®“°°“√‡∫√° Ÿà¥ÿ¡‡∫√°
       ·≈–ºâ“‡∫√°

¢≥–∑”°“√‡∫√°ºâ“‡∫√°®– —¡º— °—∫¥ÿ¡‡∫√°∑”„Àâ
‡°‘¥§«“¡√âÕπ‡π◊ËÕß®“°·√ß‡ ’¬¥∑“π Õ—µ√“ à«π°“√°√–®“¬
§«“¡√âÕπ®“°°“√‡∫√° Ÿàºâ“‡∫√°·≈–¥ÿ¡‡∫√° “¡“√∂§”π«≥
‰¥âµ“¡ ¡°“√ 5 ´÷Ëß®“°°“√§”π«≥æ∫«à“§«“¡√âÕπ®–
∂à“¬‡∑‡¢â“ Ÿâ¥ÿ¡‡∫√° 90 % ·≈–∂à“¬‡∑‡¢â“ Ÿàºâ“‡∫√° 10 %
   3.3 °“√π”§«“¡√âÕπ —¡º— 

§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ®“°°“√‡∫√°®–∂à“¬‡∑‡¢â“ Ÿàºâ“
‡∫√°·≈–¥ÿ¡‡∫√°‰¥â¥’‡æ’¬ß„¥¢÷ÈπÕ¬Ÿà°—∫§à“§«“¡µâ“π∑“π
§«“¡√âÕπ —¡º—  ‚¥¬¡’§à“‡ªìπ à«π°≈—∫¢Õß§à“°“√π”§«“¡
√âÕπ —¡º—  (thermal contact conductance) ÷́Ëß
‡ª≈’Ë¬π·ª≈ßµ“¡§à“§«“¡¥—π —¡º— √–À«à“ßº‘« —¡º— ∑—Èß Õß
·µà„π°“√«‘‡§√“–Àå®– ¡¡µ‘„Àâ¡’§à“§ß∑’Ë‡∑à“°—∫ 30,000 «—µµå
/ µ√.‡¡µ√‡´≈‡´’¬  (Lee, 1999)

Table 2.  Relation between coefficient of friction
                and temperature

Temperature (
o

C)   100  200  300 400

Coefficient of friction, µ  0.38 0.41 0.39     0.24

4.  ¿“«–‡ß◊ËÕπ‰¢‡√‘Ë¡µâπ

 ¿“«–‡ß◊ËÕπ‰¢‡√‘Ë¡µâπ ”À√—∫°“√«‘‡§√“–Àåª√–°Õ∫
‰ª¥â«¬ Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ¢Õßºâ“‡∫√°·≈–¥ÿ¡‡∫√° §«“¡‡√Á«√Õ∫
¢Õß°“√À¡ÿπµÕπ‡√‘Ë¡µâπ §à“§«“¡¥—ππÈ”¡—π·≈–§à“‚¡‡¡πµå
§«“¡‡©◊ËÕ¬ ÷́Ëß·µ°µà“ß°—πµ“¡ ¿“«–°“√‡∫√°¥—ß· ¥ß‰«â·≈â«„π
Table 3 ‚¥¬Õâ“ßÕ‘ß¢âÕ°”Àπ¥„π°“√∑¥ Õ∫µ“¡¡“µ√∞“π
§«“¡ª≈Õ¥¿—¬ Japanese Automobile Standard C404
(Japanese Automobile Standard JASO C404, 1999)

5.  ¿“«–‡ßà◊ËÕπ‰¢¢Õ∫–‡ß◊ËÕπ‰¢¢Õ∫

 ¿“«–‡ß◊ËÕπ‰¢¢Õ∫∑’Ë°”Àπ¥„π·∫∫®”≈Õßª√–°Õ∫
¥â«¬
   5.1 °“√®—∫¬÷¥

‡ß◊ËÕπ‰¢°“√®—∫¬÷¥¢Õß¥ÿ¡‡∫√°µ“¡≈—°…≥–∑“ß
°“¬¿“æ§◊Õ ¥ÿ¡‡∫√°®–∂Ÿ°¬÷¥‡¢â“°—∫¥ÿ¡≈âÕ ‚¥¬∫√‘‡«≥º‘«
¥â“π„π¢Õß¢Õ∫®“π¥ÿ¡‡∫√°®–ª√–°∫‡¢â“°—∫Àπâ“·ª≈π¢Õß
¥ÿ¡≈âÕ·≈–∫√‘‡«≥º‘«¥â“ππÕ°¢Õß¢Õ∫®“π¥ÿ¡‡∫√°®–∂Ÿ°¢—π
·πàπ¥â«¬ ≈—°‡°≈’¬« ·µà‡π◊ËÕß®“°·∫∫®”≈Õß ”À√—∫°“√
«‘‡§√“–Àå‡ªìπ·∫∫ Õß¡‘µ‘´÷Ëßæ‘®“√≥“‡©æ“–∫√‘‡«≥∑’Ë¡’°“√
 —¡º— °—∫ºâ“‡∫√°®÷ßµâÕß¬÷¥®—∫∫√‘‡«≥º‘«¢Õ∫πÕ°¢Õß

Table 3.  Detail of braking conditions in this study

Severe, high    Severe, medium    Normal, high      Severe, medium
Braking condition  speed without   speed without         speed without         speed with

carrying load   carrying load    carrying load     carrying load

Initial speed
160 100 160 100

    (km/h)

Total weight
1605 1605 1605 2605

       (kg)

Braking pressure
5.77 5.77 2.885 5.77

      (MPa)

Initial temperature
90 90 90 90

       (
o
C)
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¥ÿ¡‡∫√°·∑π‚¥¬°”Àπ¥„Àâ “¡“√∂À¡ÿπ√Õ∫·°πÀ¡ÿπ¢Õß
¥ÿ¡‡∫√°‡∑à“π—Èπ

ß“π«‘®—¬π’È‡≈◊Õ°„™â¥√—¡‡∫√°ª√–‡¿∑´‘¡‡æ≈Á°´å„π
°“√«‘‡§√“–Àǻ ÷Ëß‡ß◊ËÕπ‰¢°“√®—∫¬÷¥¢Õß°â“¡‡∫√°§◊Õ ª≈“¬ à«π
≈à“ß¢Õß°â“¡‡∫√°∑—Èß 2 ¢â“ß “¡“√∂À¡ÿπ√Õ∫·°πÀ¡ÿπ
‡∑à“π—Èπ¥—ß· ¥ß„π Figure 2
   5.2 ¿“√–∑’Ë°√–∑”°—∫°â“¡‡∫√°

¥√—¡‡∫√°¡’¿“√–°√–∑”∑’Ëª≈“¬ à«π∫π¢Õß°â“¡‡∫√°
∑—Èß Õß¢â“ß¥â«¬¢π“¥∑’Ë‡∑à“°—π ®÷ß°”Àπ¥µ”·Àπàß∑’Ë¿“√–
°√–∑”°—∫°â“¡‡∫√° ‚¥¬¢π“¥¢Õß¿“√–®–¢÷ÈπÕ¬Ÿà°—∫§à“§«“¡
¥—ππÈ”¡—π‡∫√°  à«πµ”·Àπàß¢Õß¿“√–∑’Ë°√–∑”°—∫°â“¡‡∫√°
· ¥ßÕ¬Ÿà„π Figure 2
   5.3 °“√√–∫“¬§«“¡√âÕπ

ß“π«‘®—¬π’ÈÕâ “ßÕ‘ß¢âÕ°”Àπ¥„π°“√∑¥ Õ∫®“°
¡“µ√∞“π§«“¡ª≈Õ¥¿—¬ Japanese Automobile Standard
C404 [14] ´÷Ëß°”Àπ¥„ÀâÕ“°“»∑’Ë —¡º— °—∫º‘«πÕ°¢Õß¥ÿ¡
‡∫√°¡’Õÿ≥À¿Ÿ¡‘ 25 

o

C

6. °“√·∫àß‡Õ≈‘‡¡πµå

·∫∫®”≈Õß∂Ÿ°·∫àß„Àâ‡ªìπ‡Õ≈‘‡¡πµå¬àÕ¬Ê ‡æ◊ËÕ°“√
§”π«≥¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå ‚¥¬„™â‡Õ≈‘‡¡πµå Õß¡‘µ‘¡’
≈—°…≥–‡ªìπ ’Ë‡À≈’Ë¬¡‡™‘ß‡ âπ‰¡à¡’‚Àπ¥∑’Ë°÷Ëß°≈“ß¢Õß¥â“π·∫∫
plane strain (4-node bilinear quadrilateral coupled
temperature-displacement plane strain element)  ”À√—∫
∫√‘‡«≥¥ÿ¡‡∫√° ºâ“‡∫√°·≈–·ºàπ√Õßºâ“‡∫√°  à«π∫√‘‡«≥
 —π°â“¡‡∫√°‡ªìπ‡Õ≈‘‡¡πµå Õß¡‘µ‘´÷Ëß¡’≈—°…≥–‡ªìπ ’Ë‡À≈’Ë¬¡
‡™‘ß‡ âπ‰¡à¡’‚Àπ¥∑’Ë°÷Ëß°≈“ß¢Õß¥â“π·∫∫ plane stress (4-
node bilinear quadrilateral coupled temperature-
displacement plane stress element) ‚¥¬·µà≈–‚Àπ¥®–
¡’ 3 Õß»“Õ‘ √– (degree of freedom) ª√–°Õ∫¥â«¬ 2
Õß»“Õ‘ √– ”À√—∫°“√‡§≈◊ËÕπ∑’Ë ·≈– 1 Õß»“Õ‘ √– ”À√—∫
Õÿ≥À¿Ÿ¡‘ πÕ°®“°π’È¬—ßæ‘®“√≥“∂÷ßº≈¢Õß§«“¡‡©◊ËÕ¬Õ—π‡π◊ËÕß
¡“®“°πÈ”Àπ—°√∂¬πµå·≈–πÈ”Àπ—°∫√√∑ÿ°¢≥–∑”°“√‡∫√° ́ ÷Ëß
∂Ÿ°∂à“¬∑Õ¥ Ÿà®ÿ¥»Ÿπ¬å°≈“ß°“√À¡ÿπ¢Õß·∫∫®”≈Õß¥ÿ¡‡∫√°
„π√Ÿª¢Õß§à“‚¡‡¡πµå§«“¡‡©◊ËÕ¬ ¡¡Ÿ≈§”π«≥µ“¡ ¡°“√∑’Ë 3
·≈–°”Àπ¥¥â«¬‡Õ≈‘‡¡πµå§«“¡‡©◊ËÕ¬®“°°“√À¡ÿπ (rotary
inertia element) ´÷Ëß‡ªìπ‡Õ≈‘‡¡πµå·∫∫®ÿ¥∑’Ë«“ßµ—«Õ¬Ÿà∫π
·°πÀ¡ÿπ ¥—ß· ¥ß„π Figure 3

               º≈°“√§”π«≥·≈–°“√«‘‡§√“–Àåº≈

1. °“√°√–®“¬Õÿ≥À¿Ÿ¡‘

®“°°“√ª√–¡«≈º≈æ∫«à“°“√°√–®“¬Õÿ≥À¿Ÿ¡‘∫π
¥ÿ¡‡∫√°®–‡°‘¥¢÷Èπ‰¡à ¡Ë”‡ ¡Õ‚¥¬¢÷ÈπÕ¬Ÿà°—∫µ”·Àπàß·≈–
‡«≈“∑’Ë„™â„π°“√‡∫√° ¥—ß· ¥ßµ—«Õ¬à“ß„π Figure 4

„π™à«ß‡√‘Ë¡µâπ‡∫√° Õÿ≥À¿Ÿ¡‘µ√ßµ”·Àπàß∑’Ë¡’§à“ Ÿß
 ÿ¥∫π¥ÿ¡‡∫√°®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á« ”À√—∫∑ÿ°°√≥’ ‡π◊ËÕß®“°
¿“√–∑’Ë°√–∑”°—∫°â“¡‡∫√°®–∑”„Àâºâ“‡∫√°‡§≈◊ËÕπ∑’Ë°¥‡¢â“°—∫
º‘« —¡º— ¢Õß¥ÿ¡‡∫√°·≈–‡°‘¥§«“¡¥—π —¡º—  (contact
pressure)  Ÿß ª√‘¡“≥§«“¡√âÕπ∑’Ë‡°‘¥®“°·√ß‡ ’¬¥∑“π„π
°“√‡∫√°®÷ß Ÿß¡“°°«à“§«“¡ “¡“√∂„π°“√∂à“¬‡∑§«“¡√âÕπ
¥â«¬°“√π”‡¢â“ Ÿà¿“¬„π‡π◊ÈÕ«— ¥ÿ  ”À√—∫°√≥’‡∫√°Õ¬à“ß
√ÿπ·√ß∑’Ë§«“¡‡√Á« Ÿß¢≥–‰¡à¡’°“√∫√√∑ÿ°°“√‡æ‘Ë¡¢÷Èπ

Figure 3. Finite element model

Figure 4. Temperature distributions at third se-

   cond on brake drum for severe brak-

     ing at high speed without carrying load.
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¢ÕßÕÿ≥À¿Ÿ¡‘®– Ÿß°«à“·≈–™à«ß‡«≈“∑’ËÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ®–π“π
°«à“°√≥’°“√‡∫√°Õ◊ËπÊ ‡π◊ËÕß®“°¿“√–∑’Ë°√–∑”°—∫°â“¡‡∫√°
·≈–§«“¡‡√Á«√∂¬πµå¡’§à“ Ÿßºâ“‡∫√°®÷ß‡§≈◊ËÕπ∑’Ë°¥‡¢â“°—∫º‘«
 —¡º— ¢Õß¥ÿ¡‡∫√°Õ¬à“ß√ÿπ·√ß·≈–‡°‘¥·√ß‡ ’¬¥∑“π¡“°
Õÿ≥À¿Ÿ¡‘®÷ß‡æ‘Ë¡ Ÿß¢÷Èπ‰ª‡√◊ËÕ¬Ê ‡¡◊ËÕ‡∫√°‰ª‰¥â√–¬–Àπ÷Ëß
§«“¡‡√Á«‡™‘ß¡ÿ¡¢Õß¥ÿ¡‡∫√°®–≈¥≈ß À√◊ÕÕ’°π—¬Àπ÷Ëß§◊Õ
®”π«π§√—Èß„π°“√ —¡º— °—π√–À«à“ßºâ“‡∫√°°—∫µ”·Àπàß„¥Ê
∫π¥ÿ¡‡∫√°‡¡◊ËÕ‡«≈“∑’Ë„™â„π°“√‡∫√°‡æ‘Ë¡¡“°¢÷Èπ®–¡’§à“≈¥≈ß
°“√∂à“¬‡∑§«“¡√âÕπ¥â«¬°“√π”‡¢â“ Ÿà¿“¬„π‡π◊ÈÕ«— ¥ÿ®–¡’
Õ‘∑∏‘æ≈µàÕæƒµ‘°√√¡°“√‡æ‘Ë¡¢ÕßÕÿ≥À¿Ÿ¡‘¡“°¢÷Èπ Õ—µ√“°“√
‡æ‘Ë¡¢ÕßÕÿ≥À¿Ÿ¡‘®–§àÕ¬Ê ≈¥≈ß®π°√–∑—Ëß¡’§à“§ß∑’Ë ®“°π—Èπ
Õÿ≥À¿Ÿ¡‘°Á®–¡’§à“≈¥≈ß ‡π◊ËÕß®“°ª√‘¡“≥§«“¡√âÕπ∑’Ë‡°‘¥®“°
·√ß‡ ’¬¥∑“π¡’§à“πâÕ¬°«à“§«“¡ “¡“√∂„π°“√∂à“¬‡∑§«“¡
√âÕπ¥â«¬°“√π”®“°∫√‘‡«≥∑’Ë¡’°“√ —¡º— ‡¢â“ Ÿà¿“¬„π‡π◊ÈÕ«— ¥ÿ
¢Õß¥ÿ¡‡∫√° ¥—ß· ¥ß„π Figure 5

Figure 5. The relationship between raising tem-

                   perature of peak temperature point on

                  brake drum with respect to time.

Figure 6. Comparison for the temperature changed

                of a contact point on brake drum in one

              revolution (a) high revolution speed (b)

                medium revolution speed.

®“° Figure 6 æ∫«à“„πÀπ÷Ëß™à«ß°“√‡ª≈’Ë¬π·ª≈ß
Õÿ≥À¿Ÿ¡‘®–ª√–°Õ∫¥â«¬°“√‡æ‘Ë¡¢÷Èπ·≈–≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘ 2
§√—Èß ‚¥¬°“√‡æ‘Ë¡¢÷Èπ¢ÕßÕÿ≥À¿Ÿ¡‘§√—Èß∑’ËÀπ÷Ëß (∆T1) À¡“¬∂÷ß
§«“¡√âÕπ∑’Ë‡°‘¥®“°¥ÿ¡‡∫√° —¡º— °—∫°â“¡‡∫√°µ—«π”∑”„Àâ
¥ÿ¡‡∫√°¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ®“°π—ÈπÕÿ≥À¿Ÿ¡‘®–≈¥≈ß‡π◊ËÕß®“°¡’
°“√∂à“¬‡∑§«“¡√âÕπ„Àâ°—∫ºâ“‡∫√°„π∫√‘‡«≥∑’Ë¥ÿ¡‡∫√°¡’
Õÿ≥À¿Ÿ¡‘ Ÿß°«à“ºâ“‡∫√°·≈–∂Ÿ°∂à“¬‡∑‡¢â“ Ÿà¿“¬„π‡π◊ÈÕ«— ¥ÿ
¢Õß¥ÿ¡‡∫√°∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ëº‘«¡’§à“≈¥≈ß °“√‡æ‘Ë¡¢÷Èπ¢Õß
Õÿ≥À¿Ÿ¡‘§√—Èß∑’Ë Õß (∆T3) ‡°‘¥‡¡◊ËÕ¥ÿ¡‡∫√° —¡º— °—∫°â“¡
‡∫√°µ—«µ“¡ ‚¥¬Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¥ÿ¡‡∫√° —¡º— °—∫°â“¡
‡∫√°µ—«µ“¡®–¡’§à“µË”°«à“Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¥ÿ¡‡∫√°
 —¡º— °—∫°â“¡‡∫√°µ—«π”‡π◊ËÕß®“°·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥®“°
°“√ —¡º— °—π√–À«à“ß¥ÿ¡‡∫√°·≈–°â“¡‡∫√°µ—«µ“¡¡’º≈‰ª
À—°≈â“ß°—∫¿“√–∑”„Àâ¡’·√ß°¥πâÕ¬°«à“°â“¡‡∫√°µ—«π” ®“°
π—ÈπÕÿ≥À¿Ÿ¡‘®–≈¥≈ßÕ’°§√—ÈßÀπ÷Ëß‡π◊ËÕß®“°°“√∂à“¬‡∑§«“¡
√âÕπ„Àâ°—∫ºâ“‡∫√°„π∫√‘‡«≥∑’Ë¥ÿ¡‡∫√°¡’Õÿ≥À¿Ÿ¡‘ Ÿß°«à“ºâ“
‡∫√°·≈–∂Ÿ°∂à“¬‡∑‡¢â“ Ÿà¿“¬„π‡π◊ÈÕ«— ¥ÿ

‡«≈“∑’Ë„™â„π°“√ —¡º— °—∫ºâ“‡∫√°·≈–∂à“¬‡∑§«“¡
√âÕπ„πÀπ÷Ëß√Õ∫°“√À¡ÿπ¢Õßº‘« —¡º— ¥ÿ¡‡∫√° ”À√—∫°√≥’
§«“¡‡√Á«√Õ∫ Ÿß®– —Èπ°«à“°√≥’§«“¡‡√Á«√Õ∫µË” π—Ëπ§◊Õ ∆t3 ·≈–
∆t4 ¡’§à“¡“°°«à“ ∆t1  ·≈– ∆t2  „π¢≥–∑’Ë°“√‡æ‘Ë¡¢÷Èπ¢Õß
Õÿ≥À¿Ÿ¡‘‡¡◊ËÕ¥ÿ¡‡∫√° —¡º— °—∫°â“¡‡∫√°µ—«π”·≈–°â“¡‡∫√°
µ—«µ“¡ ”À√—∫∑—Èß Õß°√≥’ ( ∆T1,∆T3,∆T5,∆T7) ®–¢÷Èπ
Õ¬Ÿà°—∫·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ„π¢≥–π—Èπ·≈–°“√∂à“¬‡∑§«“¡
√âÕπ√–À«à“ß¥ÿ¡‡∫√°°—∫ºâ“‡∫√°  à«π°“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘
‡°‘¥¢÷Èπ‡¡◊ËÕ∫√‘‡«≥¥—ß°≈à“«¢Õß¥ÿ¡‡∫√°‰¡à —¡º— °—∫°â“¡‡∫√°
µ—«π”·≈–°â“¡‡∫√°µ—«µ“¡ ÷́Ëß°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘¢Õß
∑—Èß Õß°√≥’ ( ∆T2 ,∆T4 ,∆T6 ,∆T8 ) ®–¢÷ÈπÕ¬Ÿà°—∫§à“°“√π”
§«“¡√âÕπ¢Õß«— ¥ÿ º≈µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ëº‘« —¡º— ·≈–º‘«
¿“¬πÕ°¢Õß¥ÿ¡‡∫√°√«¡∑—Èß√–¬–‡«≈“∑’Ë¥ÿ¡‡∫√°‰¡à —¡º— °—∫
ºâ“‡∫√°∫√‘‡«≥π—Èπ

®“° Figure 7a æ∫«à“≈—°…≥–°“√°√–®“¬Õÿ≥À¿Ÿ¡‘
∫πº‘« —¡º— ¢Õß¥ÿ¡‡∫√°¥â“π„π ”À√—∫°√≥’°“√‡∫√°Õ¬à“ß√ÿπ
·√ß∑’Ë§«“¡‡√Á« Ÿß¢≥–‰¡à¡’°“√∫√√∑ÿ°®–¡’§à“ Ÿß°«à“°√≥’Õ◊Ëπ∑’Ë
»÷°…“ ‡π◊ËÕß®“°‡°‘¥·√ß‡ ’¬¥∑“π∑’Ëº‘« —¡º— ¡“°°«à“
πÕ°®“°π’È¬—ßæ∫«à“Õÿ≥À¿Ÿ¡‘∑’Ë ‡°‘¥¢÷Èπ¡’°“√°√–®“¬‰¡à
 ¡Ë”‡ ¡Õ¡“°°«à“‡π◊ËÕß®“°¢≥–∑”°“√‡∫√°ºâ“‡∫√°·≈–
¥ÿ¡‡∫√°®–¡’§«“¡¥—π —¡º— ∑’Ë‡ª≈’Ë¬π·ª≈ßµ“¡‡«≈“·≈–

 (a) (b)
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µ”·Àπàß¡“°  àßº≈„Àâ°“√°√–®“¬Õÿ≥À¿Ÿ¡‘¡’§«“¡‡ª≈’Ë¬π
·ª≈ß Ÿß·≈–‡°‘¥§«“¡‰¡à‡ ∂’¬√¿“æ‡π◊ËÕß®“°§«“¡¬◊¥À¬ÿàπ
∑“ß§«“¡√âÕπ‡æ√“–¡’§«“¡·µ°µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë®ÿ¥„¥Ê °—∫
∫√‘‡«≥¢â“ß‡§’¬ß Ÿß ®“° Figure 7b æ∫«à“§«“¡√âÕπ ‡π◊ËÕß-
®“°·√ß‡ ’¬¥∑“π∑’Ëº‘« —¡º— √–À«à“ßºâ“‡∫√°°—∫¥ÿ¡‡∫√° ÷́Ëß
®–∂à“¬‡∑‡¢â“ Ÿà¿“¬„π‡π◊ÈÕ«— ¥ÿ¢Õß¥ÿ¡‡∫√°¥â«¬°“√π”§«“¡
√âÕπ‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘∑’Ëº‘« —¡º— ¡’§à“ Ÿß°«à“Õÿ≥À¿Ÿ¡‘¿“¬„π
¥ÿ¡‡∫√°·≈–º‘«πÕ°¢Õß¥ÿ¡‡∫√° ‚¥¬„π°√≥’‡∫√°Õ¬à“ß
√ÿπ·√ß∑’Ë§«“¡‡√Á« Ÿß¢≥–‰¡à¡’°“√∫√√∑ÿ°®–¡’ª√‘¡“≥§«“¡
√âÕπ‡π◊ËÕß®“°·√ß‡ ’¬¥∑“π∑’Ëº‘« —¡º— ¡“°°«à“°√≥’Õ◊ËπÊ ¥—ß
· ¥ß„π Figure 5  àßº≈„Àâ¡’ª√‘¡“≥§«“¡√âÕπ∂à“¬‡∑‡¢â“ Ÿà
‡π◊ÈÕ«— ¥ÿ¡“°°«à“∑’Ë‡«≈“·≈–√–¬–µ“¡·π«√—»¡’‡∑à“°—π °“√
°√–®“¬Õÿ≥À¿Ÿ¡‘∑—Èß∑’Ëº‘« —¡º—  ¿“¬„π‡π◊ÈÕ«— ¥ÿ√«¡∑—Èßº‘«
πÕ°¢Õß¥ÿ¡‡∫√°®÷ß¡’§à“ Ÿß°«à“

Figure 7.  The relation between (a) circumferential

                 displacement of brake drum and (b) ra-

           dial displacement from the contact

           surface of brake drum with tempera-

                 ture for each braking condition at the

                 third second.

°“√‡æ‘Ë¡¢÷Èπ¢ÕßÕÿ≥À¿Ÿ¡‘µ√ßµ”·Àπàß∑’Ë¡’Õÿ≥À¿Ÿ¡‘
 Ÿß ÿ¥∫πºâ“‡∫√°µ—«π”·≈–µ—«µ“¡‡∑’¬∫°—∫‡«≈“¡’≈—°…≥–¥—ß
· ¥ß„π Figure 8a ·≈– 8b µ“¡≈”¥—∫ ‚¥¬Õÿ≥À¿Ÿ¡‘∑’Ë
µ”·Àπàß„¥Ê  ”À√—∫°√≥’‡∫√°Õ¬à“ß√ÿπ·√ß∑’Ë§«“¡‡√Á« Ÿß
¢≥–‰¡à¡’°“√∫√√∑ÿ°®–¡’§à“ Ÿß°«à“°√≥’Õ◊Ëπ‡π◊ËÕß®“°„™â·√ß„π
°“√‡∫√°¡“°®÷ß∑”„Àâ‡°‘¥·√ß‡ ’¬¥∑“π¡“°  à«πÕÿ≥À¿Ÿ¡‘∑’Ë
‡°‘¥¢÷Èπ∫πºâ“‡∫√°µ—«π”∑’Ë¡’§à“ Ÿß°«à“∫πºâ“‡∫√°µ—«µ“¡
 ”À√—∫∑ÿ°°√≥’‡π◊ËÕß®“°ºâ“‡∫√°µ—«π”¡’·√ß‡ ’¬¥∑“π™à«¬
‡ √‘¡„Àâºâ“‡∫√°°¥‡¢â“°—∫¥ÿ¡‡∫√°‰¥â·√ß¢÷Èπ √Ÿª·∫∫°“√‡æ‘Ë¡
¢÷Èπ¢ÕßÕÿ≥À¿Ÿ¡‘µ√ßµ”·Àπàß∑’Ë¡’Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥∫πºâ“‡∫√°
µ—«π”·≈–µ—«µ“¡®–¡’≈—°…≥–§≈â“¬§≈÷ß°—∫°“√‡æ‘Ë¡¢÷Èπ¢Õß
Õÿ≥À¿Ÿ¡‘∑’Ëµ”·Àπàß∑’Ë¡’Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥∫π¥ÿ¡‡∫√°‡π◊ËÕß®“°
§«“¡√âÕπ∑’Ë‡°‘¥®“°°“√‡∫√°∫π¥ÿ¡‡∫√°·≈–ºâ“‡∫√°®–¡’
°“√∂à“¬‡∑´÷Ëß°—π·≈–°—πÕ¬Ÿàµ≈Õ¥‡«≈“∑’Ë¡’°“√ —¡º— °—π

Figure 8.  Relationship between temperature with

                 respect to time of the brake lining peak

                 temperature point for (a) leading shoe

                 and (b) trailing shoe.

(b)

(a)

(b)

(a)
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®“°°“√°√–®“¬Õÿ≥À¿Ÿ¡‘∫πºâ“‡∫√°¢Õß°â“¡‡∫√°
µ—«π”·≈–ºâ“‡∫√°¢Õß°â“¡‡∫√°µ—«µ“¡ ”À√—∫ ¿“«–°“√‡∫√°
·∫∫µà“ßÊ ∑’Ë‡«≈“ 3 «‘π“∑’´÷Ëß· ¥ß„π Figure 9a ·≈– 9b
æ∫«à“‡¡◊ËÕ„™â‡«≈“„π°“√‡∫√°‡∑à“°—πÕÿ≥À¿Ÿ¡‘∫π°â“¡‡∫√°
µ—«π”®–¡’§à“ Ÿß°«à“°â“¡‡∫√°µ—«µ“¡ πÕ°®“°π’È°“√°√–®“¬
Õÿ≥À¿Ÿ¡‘∫π°â“¡‡∫√°µ—«π”®–¡’§à“ Ÿß ÿ¥∫√‘‡«≥ª≈“¬ à«π≈à“ß
¢Õßºâ“‡∫√° ∑—ÈßÀ¡¥π’È‡°‘¥‡π◊ËÕß®“°‡¡◊ËÕ¡’°“√ —¡º— °—π
√–À«à“ßºâ“‡∫√°¢Õß°â“¡‡∫√°µ—«π”·≈–º‘« —¡º— ¥ÿ¡‡∫√°®–
¡’º≈®“°·√ß‡ ’¬¥∑“π™à«¬‡ √‘¡·√ß„π°“√‡∫√° àßº≈„Àâ‡°‘¥
°“√ª√‘¡“≥§«“¡√âÕπ Ÿß°«à“ ‚¥¬µ”·Àπàß∑’Ë‡°‘¥Õÿ≥À¿Ÿ¡‘
 Ÿß ÿ¥∫πºâ“‡∫√°¢Õß°â“¡‡∫√°µ—«π”®–Õ¬Ÿàµ√ß∫√‘‡«≥ à«π
≈à“ß¢Õßºâ“‡∫√°¢≥–∑’Ëµ”·Àπàß∑’Ë‡°‘¥Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥∫πºâ“
‡∫√°¢Õß°â“¡‡∫√°µ—«µ“¡®–Õ¬Ÿàµ√ß∫√‘‡«≥ à«π∫π¢Õßºâ“‡∫√°

(a)

(b)

Figure 9. Relationship between brake lining

                 temperature and the positions on lining

                 surface for each braking condition (a)

                 leading shoe and (b) trailing shoe.

2. °“√‡§≈◊ËÕπ∑’Ë¢Õß°â“¡‡∫√°

Figure 10. Relationship between average

movements of leading shoe with

  respect to time for each braking

condition.

®“°º≈°“√§”π«≥æ∫«à“ √–¬–°“√‡§≈◊ËÕπ∑’Ë¢Õß°â“¡
‡∫√° ”À√—∫°√≥’‡∫√°Õ¬à“ß√ÿπ·√ß∑’Ë§«“¡‡√Á«ª“π°≈“ß¢≥–
¡’°“√∫√√∑ÿ°®–¡’§à“¡“°°«à“°√≥’Õ◊ËπÊ ‡π◊ËÕß®“°º≈¢Õß§à“
‚¡‡¡πµå§«“¡‡©◊ËÕ¬ ¡¡Ÿ≈∑’Ë Ÿß°«à“ àßº≈„Àâ‡°‘¥°“√°√–µÿâπµ—«
‡Õß™à«¬‡ √‘¡„Àâ¡’·√ß‡ ’¬¥∑“π Ÿß°«à“ ¢≥–∑’Ë√–¬–°“√‡§≈◊ËÕπ
∑’Ë¢Õß°â“¡‡∫√° ”À√—∫°√≥’‡∫√°Õ¬à“ß√ÿπ·√ß®–¡’§à“¡“°°«à“
°√≥’‡∫√°Õ¬à“ß‰¡à√ÿπ·√ß‡π◊ËÕß®“°¿“√–∑’Ë°√–∑”°—∫°â“¡‡∫√°
¡’§à“ Ÿß°«à“∑”„Àâºâ“‡∫√°‡§≈◊ËÕπ∑’Ë°¥‡¢â“Õ¬à“ß√ÿπ·√ß¡“°°«à“
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3. °“√≈¥≈ß¢Õß§«“¡‡√Á«‡™‘ß¡ÿ¡

°“√≈¥≈ß¢Õß§«“¡‡√Á«‡™‘ß¡ÿ¡ ”À√—∫∑ÿ°°√≥’®–‰¡à
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Figure 11.  The relationship between the declining

              of angular velocity and time for each

                   braking condition.

 √ÿª

¥√—¡‡∫√°∑”ß“π‚¥¬°“√‡ ’¬¥ ’°—π√–À«à“ßºâ“‡∫√°
°—∫º‘« —¡º— ¢Õß¥ÿ¡‡∫√°¿“¬„µâ¿“√–∑’Ë°√–∑”®÷ß‡°‘¥æ≈—ßß“π
§«“¡√âÕπ‡π◊ËÕß®“°·√ß‡ ’¬¥∑“π·≈–∂à“¬‡∑‡¢â“ Ÿà™‘Èπ à«π
ºà“π∑“ßº‘« —¡º— ¢Õß∑—Èß Õß §«“¡‡√Á«¢Õß√∂¬πµå¢≥–
∑”°“√‡∫√°·≈–·√ß∑’Ë„™â„π°“√‡∫√°‡ªìπªí®®—¬ ”§—≠∑’Ë∑”„Àâ
‡°‘¥æ≈—ßß“π§«“¡√âÕπ´÷Ëß àßº≈„Àâº‘« —¡º— ¢Õß¥ÿ¡‡∫√°·≈–
ºâ“‡∫√°‡°‘¥°“√¢¬“¬µ—«·≈–‡ ’¬√Ÿª °“√°√–®“¬·√ß°¥·≈–æ◊Èπ
∑’Ë —¡º— ∑’Ë‡°‘¥¢÷Èπ®–¡’≈—°…≥–‰¡à ¡Ë”‡ ¡Õ·≈–‡ª≈’Ë¬π·ª≈ß
‰ªµ“¡‡«≈“ πÕ°®“°π’È°“√‡ ’¬√Ÿª¬—ß àßº≈„Àâ≈—°…≥–°“√
°√–®“¬æ≈—ßß“π§«“¡√âÕπ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ‡ª≈’Ë¬π‰ª¥â«¬
∫√‘‡«≥∑’Ë‰¥â√—∫·√ß°¥ Ÿß®–‡°‘¥æ≈—ßß“π§«“¡√âÕπ‡π◊ËÕß®“°
·√ß‡ ’¬¥∑“π Ÿß·≈–¡’Õÿ≥À¿Ÿ¡‘∑’Ëº‘« —¡º—  Ÿß ∂â“À“°§«“¡¥—π
πÈ”¡—π‡∫√°·≈–§«“¡‡√Á«√∂¬πµå¢≥–∑”°“√‡∫√°¡’§à“ Ÿß‡°‘π
‰ª®–∑”„Àâº‘«¥ÿ¡‡∫√°∫“ß∫√‘‡«≥¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷ÈπÕ¬à“ß√«¥‡√Á«
·≈–‡°‘¥‡ªìπ Hot Spot ¢÷Èπ ´÷Ëß‡ªìπ‡Àµÿ°“√≥å∑’Ë‡√’¬°«à“
§«“¡‰¡à‡ ∂’¬√¢Õß°“√¬◊¥À¬ÿàπ∑“ß§«“¡√âÕπ  àßº≈„Àâ‡°‘¥°“√
 —Ëπ –‡∑◊Õπ ·≈–‡ ’¬ß Õ’°∑—Èß¬—ß∑”„Àâ ¡√√∂π–„π°“√‡∫√°
≈¥≈ß ·≈–Õ“®∑”„Àâ™ÿ¥‡∫√°‡°‘¥§«“¡‡ ’¬À“¬‰¥â

¢âÕ‡ πÕ·π–

§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ®“°·√ß‡ ’¬¥∑“π√–À«à“ßº‘«
 —¡º— ¢Õß¥ÿ¡‡∫√°·≈–ºâ“‡∫√°´÷Ëß‡ªìπ¿“√–∑“ß§«“¡√âÕπ
¢Õß√–∫∫¥√—¡‡∫√°π—Èπ‡ªìπªí®®—¬À≈—°∑’Ë¡’º≈µàÕæƒµ‘°√√¡
·≈– ¡√√∂π–°“√‡∫√° ¥—ßπ—Èπ‡æ◊ËÕª√—∫ª√ÿßæƒµ‘°√√¡·≈–
 ¡√√∂π–„π°“√‡∫√° “¡“√∂∑”‰¥â‚¥¬æ¬“¬“¡∑”„Àâ¿“√–
∑“ß§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ¡’°“√°√–®“¬Õ¬à“ß ¡Ë”‡ ¡Õ‚¥¬
ª√—∫ª√ÿß ¡∫—µ‘¢Õß«— ¥ÿ∑’Ëπ”¡“„™â∑”¥ÿ¡‡∫√° ‡™àπ ‡≈◊Õ°„™â
«— ¥ÿ∑’Ë¡’§à“§«“¡®ÿ§«“¡√âÕπ·≈–§à“°“√π”§«“¡√âÕπ Ÿß À√◊Õ¡’
§à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«∑“ß§«“¡√âÕπµË” ‡æ◊ËÕ„Àâ¥ÿ¡‡∫√°
‡°‘¥°“√‡ ’¬√Ÿª‡π◊ËÕß®“°¿“√–πâÕ¬∑’Ë ÿ¥·≈– “¡“√∂√–∫“¬§«“¡
√âÕπ Ÿà∫√√¬“°“»‰¥âÕ¬à“ß√«¥‡√Á« πÕ°®“°π’ÈÕ“®®–∑”°“√
ª√—∫ª√ÿß≈—°…≥–∑“ß°“¬¿“æ¢Õß°â“¡‡∫√°„Àâ°“√‡ª≈’Ë¬π
·ª≈ß√–¬–¢Õß°“√‡§≈◊ËÕπ∑’Ë‡°‘¥¢÷ÈππâÕ¬  à«π°“√ª√—∫ª√ÿßºâ“
‡∫√°Õ“®∑”‚¥¬‡≈◊Õ°«— ¥ÿ∑’Ë¡’§à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«∑“ß
§«“¡√âÕπµË”‚¥¬¡’§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π‰¡à·µ°µà“ß
‰ª®“°‡¥‘¡π—°

‡Õ° “√Õâ“ßÕ‘ß

 ÿ√‡™…∞å ™ÿµ‘¡“, °√ÿ≥“ µ—π«‘ ÿ∑∏‘Ï, «’√–™—¬ «‘«—≤πæß»åæ—π∏å ·≈–
‡∫≠®√—µπå Àß å§”¡’, 2547, ¢âÕæ‘®“√≥“„π°“√
ÕÕ°·∫∫®“π‡∫√° ”À√—∫√∂¬πµå 1, «. «‘®—¬·≈–æ—≤π“
¡®∏., 27(2) : 191-193.

Õ”π“®  ‘√‘«—≤πº≈°ÿ≈, 2547, °“√»÷°…“æƒµ‘°√√¡¢Õß®“π
‡∫√°√∂¬πµå„µâ ¿“«–°“√‡∫√°·∫∫µà“ßÊ, «‘∑¬“π‘æπ∏å
ª√‘≠≠“«‘»«°√√¡»“ µ√¡À“∫—≥±‘µ  “¢“«‘™“«‘»«°√√¡
‡§√◊ËÕß°≈ §≥–«‘»«°√√¡»“ µ√å ¡®∏., Àπâ“ 65-67.

Cardarelli, F., Materials Handbook, Springer, Great
Britain, 2000, p. 9.

Choi, J.H. and Lee, I., 2003, Finite Element Analysis of
Transient Thermoelastic Behaviors in Disk
Brakes, WEAR, 257 : 47-58.

Day, A.J., and Newcomb, T.J., 1984, The Dissipation of
Friction Energy from the Interface of an Annular
Disc Brake, Proceeding of the Institution of Mech
Engi, Vol. 198D, No.11: 201-209.

Gao, C.H. and Lin, X.Z., 2002, Transient Temperature
Field Analysis of a Brake in a Non-Axisymmetric
Three-Dimensional Model, J of Material
Processing Technol, 129 : 513-517.



Songklanakarin J. Sci. Technol.

Vol.29  No.2  Mar. - Apr. 2007 488

A behavior study of automotive drum brake

Chutima S., et al.

Hohmann, C., Schiffner, K., Oerter, K. and Reese, H.,
1999, Contact Analysis for Drum Brakes and Disk
Brakes Using ADINA, Computers & Structures,
72 : 185-198.

Huang, Y.M. and Shyr, J.S., 2002, On Pressure
Distributions of Drum Brakes, ASME J of Mech
Design, 124 : 115-120.

Iombriller, S.F. and Canale, A.C., 2001, Analysis of
Emergency Braking Performance with Particular
Consideration of Temperature Effects on Brakes,
J of the Brazilian Society of Mech Sci, 23 : 1.

Japanese Automobile Standard JASO C404, Truck and
Bus-Service Brake Road Test Procedures, 1999 :
1-23.

Lee, K., 1999, Numerical Prediction of Brake Fluid
Temperature Rise during Braking and Heat
Soaking, SAE Technical Paper, No. 990483.

Limpert, R., 1999, Brake Design and Safety, Society of
Automotive Engineer, United States of America,
525 p.

Valvano, T. and Lee, K., 2000, An Analytical Method to
Predict Thermal Distortion of a Brake Rotor, SAE
Technical Paper, No. 000445.

Zagrodzki, P., Lam, K.B., Al Bahkali, E. and Barber,
J.R., 2001, Nonlinear Transient Behavior of a
Sliding System with Frictionally Excited
Thermoelastic Instability, ASME J of Tribology,
123 : 699-707.


