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followed by Duncan s multiple range test and linear regression test.
The results as follows.

tip of it (p¢0.001).

for 5 sec showed the lowest peak temperature (p<0.001).

perature (p<0.001).

highest temperature rise.

Key words : Infrared thermographic analysis, Buchanan plugger

This study was performed to evaluate the temperature rise on various position of the Buchanan plugger, the
peak temperature of plugger s type and the temperature change by its touching time of heat control spring.

The heat carrier system ‘System B’ (Model 1005, Analytic Technologies, USA) and the Buchanan's plug-
gers of F, FM, M and ML sizes are used for this study. The temperature was set to 200C which Dr.
Buchanan' s “continuous wave of condensation” technique recommended on digital display and the power
level on it was set to 10. In order to apply heat on the Buchanan s pluggers, the heat control spring was
touched for 1, 2, 3, 4 and 5 seconds respectively. The temperature rise on the surface of the pluggers were
measured at 0.5 mm intervals from tip to 20 mm length of shank using the infrared thermography
(Radiation Thermometer-IR Temper, NEC San-ei Instruments, Ltd, Japan) and TH31-702 Data capture
software program (NEC San-ei Instruments, Ltd, Japan). Data were analyzed using a one way ANOVA

1. The position at which temperature peaked was approximately at 0.5 mm to 1.5 mm far from the tip of
Buchanan' s pluggers (p{0.001). The temperature was constantly decreased toward the shank from the

2. When the pluggers were heated over 5 seconds, the peak temperature by time of measurement
revealed from 253.3210.5C to 192.1£3.3C in a touch for 1 sec, from 218.6+£5.0C to 179.5£4.2TC in
a touch for 2 sec, from 197.5+3.0C to 167.6+3.7C in a touch for 3 sec, from 183.7+2.5C to 159.8
+3.6T in a touch for 4 sec and from 164.9+2.0C to 158.4+1.8C in a touch for 5 sec. A touch for 1
sec showed the highest peak temperature, followed by, in descending order, 2 sec, 3 sec, 4 sec. A touch

3. A each type of pluggers showed different peak temperatures. The peak temperature was the highest in
F type and followed by, in descending order, M type, ML type. FM type revealed the lowest peak tem-

The results of this study indicated that pluggers are designed to concentrate heat at around its tip, its
actual temperature does not correlate well with the temperature which Buchanan's “continuous wave of
condensation” technique recommend, and finally a quick touch of heat control spring for lsec reveals the
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Fig. 1. Infrared thermal imaging system.
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Fig. 2. Schematic illustration of Buchanan
plugger.
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Fig. 4. Schematic illustration of the whole system.
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Z+zZk9] pluggerdl= pluggerd] AT e ZRE Fig. 2004
¢} o] 20 mmel =Y 2% (rubber stopper) 7t ¢33
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System B HeatSourceol| 33t & H483t= 52t plug-
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Fig. 3. The fixation device of heat carrier of
System B HeatSource and System B Heat
Source.
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1. Pluggere| &5of c
22

7V =71 #& ¥-91+ Buchanan plugger?) gl A
FE % 0.5 mmollA 1.5 mm o7 FAST F plug-
ger7} ThE pluggerol Blal ¥ £E& YehIoH(p(
0.001). Pluggerd % 2 718Xzl w2 Jp 29}
Hu2xo AR = o33 ZtH(Table 1, Fig. 5).

F plugger®] 7%, 1%, 22, 3%, 4% 9 5% 7}1¥A9
Hu2& = 247 253.3+£10.5C, 218.6+5.0C, 197.5+

=T 99

3.0TC, 183.7+2.5C % 162.1+£8.1CE YE] 1&29

Table 1. The position at which the temperature peaked on the surface of Buchanan plugger {(mm)

Plugger Type
F FM M ML
) & &
Isec D (mm) 1.5 1 0.5 0.5
T (TC) 253.3£10.5 196.4x4.4 213.1+3.2 192.1+3.3*
2sec D (mm) 1.5 1 1 1
T (¢C) 218.6+5.0 179.5+4.2 193.7t2.1 187.6+3.0**
3sec D (mm) 1.5 1 1 1
T(TC) 197.5+3.0 167.6X£3.7 179.7+1.9 174.4+2.2*
4sec D (mm) 15 1 1 1
T (¢C) 183.7£2.5 159.8+3.6 171.6+3.1 164.9+1.4**
5sec D (mm) 1.5 1.5 1 1
T (¢C) 162.1+8.1 158.4+1.8 164.9+2.0 159.3+2.8**

D : Distance from tip of plugger(mm), T: Maximum temperature(mean+SD) (C)

23

: represents significant difference by plugger type(p<0.001).

& : represents significant difference by time of measurement(p<0.001).
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Fig. 5. Maximum temperature at time of measur-

ement,.

Time(sec) * heating time of heat control spring

** * represents significant difference by plugger type
(p€0.001).

& : represents significant difference by time of

measurement(p{0.001).

A 74 ko F1EAIZo] Fkeke
(p€0.001). 7F¢ &2 25 YehiE
1.5 mm F9 % Hp<0.001).

FM pluggerd] A, 12, 2%, 3%, 4% 2 b= 7184
ol Hu Lx= 7247 196.4+4.4C, 179.514.2°C, 167.6
+3.7C, 159.843.6TC ¥ 158.44+1.8CE Uehfo] 1%
AN 71 Eskon 7HEAT] Z71E F5 25 YolA
th(p<0.001). &3 Huexo] SdFRAE 1%, 2%, 3%
2 4% 74EA ) AEC25H 1 mmel] Yebgz 5% 714
Alofle Adto 22E 1.5 mmol YegtHpd0.001).

M plugger A%, 1%, 2%, 3%, 4% 2 5% 719A9
L5 47 213.1+3.2¢C, 193.7£2.1¢C, 179.7x1.9T,
171.6+3.1C ¥ 164.912.0CE vYehfo] 1Z2M 713
Ekon 7tEA o] F71E £E 2re Yol
(p€0.001). =3 Hue=o| LeRE 12 1G] A
dog2iE 0.5 mmd Uehst® 2%, 3%, 4% % 52 7}
GAlde Ao 25E 1 mm 59 YeERETHp0.001).

ML plugger A%, 12, 2%, 3%, 4% 2 5% 71€A]¢] 3
L= E Z217H 192.1£3.3C, 187.6£3.0TC, 1744+2.2C,
164.9+1.4%C 2 159.3+2.8CE Yeilo] 124 74
Eghon stEA T Tt £5F 2xe Wolin
(p€0.001). =3 Hu =] FAR Y= 12 7HgA o A
S 2HE 0.5 mm F9ol Uehgn 2% 3% 4% 2 5% 7}
Aol Ao 25E 1 mm F9)o YERGTHp<0.001).
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Fig. 6. Temperature changes on the surface of Buch-
anan plugger(F).

(setting temperature: 200, power level: 10)

0 : Tip of plugger, 20 : Shank of plugger

2. Plugger EHe| 2%}

F plugger 7%, 1% 7}EA) pluggerd] ¥ 25& A
o BYME 232.317.6C, AneEE YEEe dde
ZHH 1.5 mm FHM = 253.3£10.5C & YUeld o
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E gyese 9 Adz oz 4Aasth(Fig. 6, Fig. 10,
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DLEEE Yele AYo2REH 1.5 mm FHME
218.6+5.0CE Hehyon] Addoz dojdsg 2nv}
srola] Ao 25E 20 mm F-$lolXe= 50.6+0.5CS
UERH Ado 28y Hold4+g gHEEE 9 Aygdo
2 48t (Fig. 6, Fig. 11, Y=-9.61X+233.86,
R=-0.96, p<0.01). 3% 7}=A] plugger®] EH 2=+ A
o FHoM = 182.9+3.1¢C. Huexed Uehle Ado
ZHH 1.5 mm F$oME 197.5+3.0CE Yege

Ao g "HoldaE 257} dobx A 25E 20 mm
YoM E 53.8£0.9TE vep] AT o2 HE Holds
§ 392 9 H¥Ho g ftasisith(Fig. 6, Fig. 12,
Y=-8.056X+215.09, R=-0.98, p{0.01). 4% 7}&€4]
plugger®] ¥H 25& Ad F9oAe 170.3+3.7¢C, &
LEEE Yeils A9o2RE 1.5 mm BYdAE
183.7+2.5CE Uehdon Adoz Holdez 2xy)
vropa] Ao 2RE 20 mm F¥olAE 57.3£0.5CE
Vel Ao 25E Hod4E FHese o Hdg40

w 01—



2 AT (Fig. 6, Fig. 13, Y=-6.90X+200.21,
R=-0.98, p<0.01). 5% 7}4A| pluggerd] EH 2% Al
o B9 ME 151.6£8.1C  H1LEE Yehlle dde
252E 1.5 mm FYdAE 162.1+8.1CE vehon
Adog HodFE 257} voly Ado 22 20 mm
oM E 54.7£2.0CE Ve Aoz RE Hojds
£ pHeEE 9 A4 0w 2439 tHFig. 6, Fig. 14,
Y=-6.21X+186.37, R=-0.98, p(0.01).

FM Plugger®] 7, 1% 71494 pluggers 9 2+
Mot B9loAl= 185.546.0C, H1L=E Yehls A
S 25H 1.0 mm FHANAE 196.4+4.4CE JEMR L
Agoz HoAAd4E &7t dopx] AT 25 E 20 mm
FeoA = 33.5620.9CE Ueh Ao 2 HE Hojds
& ivene 9 dEdez At (Fig. 7, Fig. 15,
Y=-8.62X+173.70, R=-0.93, p{0.01). 2% 71€A]
plugger?] TH 2= A9 F9lolr= 171.4+14.8TC, &
1LEE Y e A9z RE 1.0 mm £YdAe
179.5+4.2CE JYepien ddeg HojAd4E 257}
ol Mo 2REH 20 mm FHdMe 37.1+14CE
Vel dde 2 RE Hod4E IHeEe 9 Hgyo
2 Zrastdti(Fig. 7, Fig. 16, Y=-7.98X+172.97,
R=-0.96, p¢0.01). 3% 7}¥A] pluggerd] EH 2%& Al
o 2o E 1574+4.8C, HnL=E Yehle dgo
ZRE 1.0 mm FHI4E 167.6x3.7CcE Veblon
Aoz "ojdsE 2wrt vobd Neho 27E 20 mm
FHAA = 40.4+1.0CE vell Aoz Rg dojad4
£ gHeEe 9MgRos 7HAstH(Fig. 7, Fig. 17,
Y=-7.28X+169.14, R=-0.98, p<0.01). 4% 7}gA|
pluggerd] W =& AT F9M = 150.1+4.4C, A
LS JEE Ade22E 1.0 mm FYdA=
159.8+3.6TE Uelon Moz HodLE 27}
ol Ado 28E 20 mm FHolME 42.1£14CE
el dde 278 Hojd4E gHLEe 9 Mygge
2 7449 (Fig. 7, Fig. 18, Y=-6.68X+164.24,
R=-0.99, p<0.01). 5z 7}EA] pluggers] B¥ 25& Al
o R9olME 147.2+3.8C, AL EE YERE Ado
28E 15 mm 29e)dE 1584+1.8T ehjon
Ado g doldaE =7} wold Atte 258 20 mm
oM = 45.6+0.8CE YeW Aoz ie Hojds
§ queEe 9 H¥Aoa s ut(Fig. 5, Fig. 19,
Y=-6.42X+165.70, R=-0.99, p{0.01).

M plugger® %%, 12 7}9A] pluggere] EH
At BelolME 204.4+£3.8C, LS Jehy
2 25H 0.5 mm FH9AE 213.1+3.2TCE Uehdon
Aoz "dold4g v} volx Ado 25 E 20 mm
ol ME 33.911.0CE veh] AdozHE dojds

ex
= X
L 1o

Lo

HAMHAZIMEIXIE 0|25+ Buchanan plugger B 2EMS 24

B EHLEE o A¥A o2 7439 tHFig. 8, Fig. 20,
Y=-9.26X+177.82, R=-0.90, p<0.01). 2& 7}€A|
plugger?] ¥ 2=& AT FY A= 184.9+£3.7C,
TLEE Jehle Ado2RE 1.0 mm A=
193.7£2.1CE yEjon ddoz Hojd5E 2rrt
ol Ao g2Re 20 mm FYME 37.4+0.8CS
Uehl MdozRE Hold4E FHte 9 MyFe
2 7289t (Fig. 8, Fig. 21, Y=-8.66X+177.55,
R=-0.94, p{0.01). 3% 7}4A] plugger?] FH 2T+ A
o B e 172.5£2.3C, H12E5 Yehl& Ado
ZHE 1.0 mm FSIME 179.7+1.9CE VeEien
Agog Hold4g 2r7t Yoy dge2RE 20 mm
oM<= 40.1£0.6TE UER) AdozRE Hojds
5 R2HeEs dMgx o sl ch(Fig. 8, Fig. 22,
Y=-7.94X+172.88, R=-0.96, p{0.01). 4% 71&A
pluggerd] 9 2=+ AT FHolX& 163.5+£5.0C, ¥
ALLEE HehfE Ao 22E 1.0 mm YA
171.6+3.1CE vehon Adoz Hojd4E 2xr}
wold Ao 2XE 20 mm FHdME 41.9+1.1CE
el Ao 2HE Hold4E BTHLEE 9 A¥PHo
2 s (Fig. 8, Fig. 23, Y=-7.37X+168.31,
R=-0.97, p0.01). 5% 7}LA] pluggerd] EH == A
o 2o ME 155.8143.4C, HnLEE Yehjs Ade
258 1.0 mm #9olM= 164.9+2.0CE el or
Ao g Holda4g 2urt dold Mddo28E 20 mm
Fololde 44.840.7CE Uell ddozRe Holds
£ RHEE 9 A¥A 02 7439t Fig. 8, Fig. 24,
Y=-6.84X+165.81, R=-0.98, p<0.01).

ML plugger®] 2%, 1% 7FEA pluggere] W 2%+
Mt Bl E 185.4+4.0C, 25 VJERE Ad
°22H 0.5 mm FYME 192.1+3.3CE Jehion
Ado g Holda4g 27} Yol Mo 2 RE 20 mm
FodMe 31.7£0.9CE Uehl MdozRe Hojdf
E IHEEE 9 A4 o g s (Fig. 9, Fig. 25,
Y=-8.51X+161.79, R=-0.88, p{0.01). 2% 7}&A
pluggerd] T &= AT FdA = 180.1+4.1¢C,
2EEE YehlE APoezRE 1.0 mm $FYdAE
187.6£3.0CE Ueen Aoz Hojd$E w7}
vrolz] Agto 2 RE 20 mm FHolME 36.8+0.6CE
Uehl Ado2RE Hojd4E FHLres 9 AEFe
2 #2899 (Fig. 9, Fig. 26, Y=-8.20X+165.80,
R=-0.93, p<0.01). 3% 7}4A| pluggerd] ¥ =& A
@ B99ME 166.0£3.0C, H2LEE Yehle Ade
2ZHE 1.0 mm F99ME 174.4+22C¢E velion
Ao g Hold 45 L7t wobx] Ado2RE 20 mm
FAAE 39.6+04CE Vel Adogiy Holjds
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Fig. 7. Temperature changes on the surface of
Buchanan plugger(FM).

(setting temperature: 200°C, power level: 10)

0 : Tip of plugger, 20 : Shank of plugger
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Fig. 9. Temperature changes on the surface of
Buchanan plugger(ML).

(setting temperature: 200C, power level: 10)

0 : Tip of plugger , 20 : Shank of plugger

F fH2Ewe 948402 Zrastdri(Fig. 9, Fig. 27,
Y=-7.58X+162.85, R=-0.95, p<0.01). 4& 7}[&A
plugger®] EH & ik

T2EE Yy E A9z HEH 1.0 mm FHYoAE
164.9£1.4CE Jeileon ddoz Hod45E &nrt
ol Mo zRE 20 mm FHME 41.74£04CE
el Ade2Re Hod4E FHe F Jdgge
2 74439 (Fig. 9, Fig. 28, Y=-6.91X+157.60,
R=-0.96, p<0.01). 52 7}EA| pluggerd] EH 2=+ A
o 29elM e 152.012.7C, HILEE YeERle Ade
Z2H 1.0 mm F9IME 159.3+2.8CE vehor
Aoz HoldLg L7t wolr A¢o2RE 20 mm

ir
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Fig. 8. Temperature changes on the surface of
Buchanan plugger(M).

(setting temperature: 2007, power level: 10)

0 : Tip of plugger, 20 : Shank of plugger

TN E 43.7£0.7CE UEhl Ade 2Ry Holds
g BHLEE 9 A43F 02 A9 Fig. 9, Fig. 29,
Y=-6.53X+155.37, R=-0.97, p<0.01).
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£ A4 43 HdA A deigAE
A g e e A8 kA 24
A £3) A8 A5 BAFE (emissivity) & &
kgteh? uwhebd B ool A Buchanan plug-
AHES GRS ] AAsiA BEAEe] AeA 3
£.(6=0.93, Asahipen corp.)& 4 me] FHZ
39t 4 um 52 Buchanan pluggerel =X € U
F(6=0.93, Asahipen corp.)¥ £&¢ Buchanan
luggere] & HE Aol A QTS VXA ot H &3t
24& 7tesH atith. A PdRAE o] 8ok &
EE S e 7 84o) £ Feditt A AR F
9 diFv 473, 419 EA50] pluggers] 2% ¥
¥oll JF& o wepd] Ads) A" S| e
Agoel a7dEY. B AFdME A9 A2 93
Buchanan plugger®] A &=&¥7} 9L & 4 3l
7] w2l heat control spring LFHHE o] &3] =
231w £ AFtolA AMH-3 TH31-702 Data capture
software programe| &5 Fdl| Uizt BA 7152 71|
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AHAZL £1CE A F 83 =72 YR
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(Model 1005, Analytic Technologies, USA)$} &7 A}
£3l=E Edd YaAFAY. Continuous wave of
condensation technique'’ol4 System BY 43L&+
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Representative thermographic image of F type (5 sec)
Representativ thermographic image of FM type (1 sec)
Representative thermographic image of FM type (2 sec)
Representative thermographic image of FM type (3 sec)
Representative thermographic image of FM type (4 sec)
Representative thermographic image of FM type (5 sec)
Representative thermographic image of M type (1 sec)
Representative thermographic image of M type (2 sec)
Representative thermographic image of M type (3 sec)
Representative thermographic image of M type (4 sec)
Representative thermographic image of M type (5 sec)
Representative thermographic image of ML type (1 sec)
Representative thermographic image of ML type (2 sec)
Representative thermographic image of ML type (3 sec)
Representative thermographic image of ML type (4 sec)
Representative thermographic image of ML type (5 sec)
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