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ANALYSIS OF TEMPERATURE RISE ON THE SURFACE OF BUCHANAN
PLUGGER USING THERMOCOUPLE

Jin-Suk Cho, Yun-Chan Hwang, Sun-Ho Kim, In-Nam Hwang, Bo-Young Cho¥’,
Young-Jin Jeong?, Woo-Nam Juhng?, Won-Mann Oh*
Dept. of Conservative Dentistry, College of Dentistry, DSRI,
Schoo! of Mechanical Systems Engineering ¥, Chonnam Natl. Uni.

This study was performed to evaluate the actual temperature rise on the surface of Buchanan plugger
using thermocouple. The heat carrier system System B Heatsource (Model 1005, Analytic Technologies,
Redmond, WA, USA) and the Buchanan pluggers of F, FM, M and ML sizes are used for this study. The
temperature was set to 200T on digital display and the power level on it was set to 10. Five thermocouples
were placed in direct contact with the surface of each size of Buchanan's pluggers at 1 mm increments from
the tip to the 4 mm length of shank. The heat control spring was touched for 5 seconds, and the tempera-
ture rise on the surface of the pluggers were measured at 1 sec intervals for more than 5 seconds with an
accuracy of 0.01 using Data Logger. The data were statistically analyzed by one-way ANOVA.

The results were as follows.

1. The position at which the temperature peaked was approximately at 1~2 mm far from the tip of

Buchanan plugger (p<0.01).

2. The peak temperature was 215.254:2.28°C in F plugger, 185.94+2.19C in FM plugger, 169.51£9.12
T in M plugger, and 160.79+1.27T in ML plugger and the peak temperature was highest in F plug-
ger and followed by, in descending order, FM plugger, M plugger. ML plugger showed the lowest peak
temperature (p<0.01).

3. The temperature on the pluggers was decreased with the increase of touching time.

This results suggest that the actual temperature on the surface of the pluggers does not correlate well

with the temperature set on digital display. Heat concentrates around the tip. The larger plugger reveals
lower temperature rise relatively.
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Fig. 1. Schematic illustration of the whole system.
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Fig. 2. Schematic illustration of Buchanan plugger with
thermocouple.
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Fig. 3. The fixation device of Buchanan plugger with

System B HeatSource and data logger.
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Table 1. Temperature changes on the surface of Buchanan plugger (F)
Mean=S.D. (C), n=10

Distance (mm) from the tip of plugger

Time

0 mm 1 mm 2 mm 3 mm 4 mm
1 sec 160.57£9.94  203.82+1.88 215254228  206.28+643 18257284 @
2 sec 154.03+9.08  191.24%2.65  205.04+2.6 19464596 185114353 @
3 sec 140.89+8.16  175.11%2.12  188.39£2.57  179.67+4.77 174594321 @
4 sec 120.49+5.71 1632315 17516212  168.92+3.15  164.15+291 @
5 sec 122.44+4.98  153.76+3.57  164.63+348 157474616  154.52+306 @
*  significant difference among time of measurement (p<0.01).
@ : significant difference among distances (p<0.01).
Table 2. Temperature changes on the surface of Buchanan plugger (FM)
Mean=£8.D. (), n=10
. Distance (mm) from the tip of plugger
Time
0 mm 1 mm 2 mm 3 mm 4 mm
1 sec 147.37+3.11 183.45+3.39 170.11%£2.75 139.9 +4.49 116.44+5.44 @
2 sec 177.17+13.57 185.94+£2.19 181.89+1.94 160.42+1.24 142.05+2.29 @
3 sec 146.26+2.61 179.17+2.5 179.11£1.56 161.06+1.05 146.9+1.68 @
4 sec 143.06+2.55 173.79+1.99 175.36+t1.5 158.73+1.6 146.6+1.44 @
5 sec 140.16+3.17 168.88+2.41 171.15+1.88 1565.37+1.85 146.9+£1.68 @
* ! significant difference among time of measurement (p<0.01).
@ : significant difference among distances (p<0.01).
Table 3. Temperature changes on the surface of Buchanan plugger (M)
Mean=£S.D. (), n=10
Touching Distance {mm) from the tip of plugger(mm)
time 0 mm 1 mm 2 mm 3 mm 4 mm
1 sec 140.01+3.34 152.34+7.63 150.95+10.9 129.37+4.77 109.43+3.93 @
2 sec 146.07+6.37 165.31+5.26 169.51+9.12 148.55+3.9 133.89+3.49 @
3 sec 140.31:£5.98 157.97+£5.69 164.72+9.78 147.03+3.87 137.58+3.01 @
4 sec 133.62+3.58 152.79x5.39 159.51+7.99 143.99+3.03 135.99+3.73 @
5 sec 130.31+5.98 148.18+6.2 155.45+£9.52 141.33+£3.7 134.33+3.29 @
* : significant difference among time of measurement (p¢0.01).
@ : significant difference among distances (p¢0.01).
763CF JEHD, 2%, 3% 42 ¥ 52 R34 AT 27 Ushion) H2A0) 2484S Aners Yol
T AYe2FYH 2 mm F994 169.51+9.12¢C, FHp<0.01, Table 3). »
164.72%9.78C, 159.51+£7.99C 2 155.45+9.52CE ML pluggerd] 2$, 2524 AZ8S 1% 2% 3%
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Table 4. Temperature changes on the surface of Buchanan plugger (ML)
Mean=S.D. (€), n=10

Distance (mm) from the tip of plugger

™
fme 0 mm 1 mm 2 mm 3 mm 4 mm
1 sec 128.5+1.96 150.94+3.87 151.98+4 .35 128.97+2.98 116.88+5.71 @
2 sec 131.99%+1.6 156.42+1.68 160.79+1.27 144.11+2.02 134.95+4.02 @
3 sec 125.64+2.19 149.37+1.44 155.3+0.95 144.21+1.14 137.85%3.02 @
4 sec 120.37£1.8 143+1.24 149.79+0.68 141.31%+0.97 136.33+2.92 @
5 sec 115.8+£2.5 136.55+2.97 144 .45+2 46 138.17+2.09 134.87+£3.9 @
* ! significant difference among time of measurement (p{0.01).
@ : significant difference among distances (p<0.01).
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Distance from the tip of plugger (mm)

Fig. 4. Temperature changes on the surface of
Buchanan plugger at 1 sec of touching time (C).
(setting temperature: 200°C, power level: 10).

* . significant difference among pluggers (p<0.01).

@ : significant difference among distances (p<0.01).
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Fig. 6. Temperature changes on the surface of
Buchanan plugger at 3 sec of touching time (C).
(setting temperature: 200, power level: 10)

* : significant difference among pluggers (p<0.01).

@ : significant difference among distances (p<0.01).
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Distance from the tip of plugger (mm)

Fig. 5. Temperature changes on the surface of
Buchanan plugger at 2 sec of touching time ().
(setting temperature: 200, power level: 10)

* * significant difference among pluggers (p<0.01).

@ : significant difference among distances (p<0.01).
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Fig. 7. Temperature changes on the surface of
Buchanan plugger at 4 sec of touching time ().
(setting temperature: 200, power level: 10)

* : significant difference among pluggers (p{0.01).

@ : significant difference among distances (p<0.01).
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Fig. 8. Temperature changes on the surface of
Buchanan plugger at 5 sec of touching time(C).
(setting temperature: 200°C, power level: 10)

* ¢ significant difference among pluggers (p<0.01).

@ : significant difference among distances (p€0.01).
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