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Development of Electric Discharge Machine to Fabricate Test

Specimens from Irrradiated CANDU Pressure Tube
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Abstract

The electric discharge machine(EDM) has been specially developed to fabricate the test

specimens directly from the rradiated CANDU pressure tubes in hot cell,

The EDN was composed of mainly two parts, which were main bodvy to discharge

cutting specimens i hot cell and electric and confrol parts installed in hot cell operating



area, The radiation resistance itemms and shielded electric parts of the machine were
partly adepted to minimize radiation damages in hot <ell, The size were compacted for
hot cell space and especially the fully rotating chuck was attached to work takle to
fabricate specimens at wvarious peositions in fuke, The whole work including the
installation of irradiated tube on work takle, electrode, and maintenances could he done
using only manipulators,

Various performance tests, which were specimen dimension loss, discharge heating,
suface roughhess, HAZ size tests, were executed to zet optimum discharge conditions to
fabricate specimens from lrradiated tubes, Fromn these results the optimum discharge
conditions were decided and adopted to fabricate specimens from irradiated CANDU

pressure tubes,

1. 4 &

HIAIIZ 2 A H0 wtAHMS JEZHor HAED, 1 YIS 0| £5 JpEEE o
2 27dE A33 DB 2340 ARY HARE SHEY LUo|Y4 EAE 27
sl ZEEF LU, 19439 4] AR s wd Hag olgslg 2o 2SS
EEd 4I% TR WAHIEES 259 1o H2HoR 0]8517] AFErEn 44
B RO AHE I HAME WE ZAMBREE TS MH/IMEE] et wAIE
Me 9g Mty U Ed 22 JAME ATS 2o wHEgo] AFE 2§
stod wHEIIEO] W2 0]HE AN, 24 UEzi ¥2 YEE RAERE U ¥
el AEE 1B HMAME WHIE whHo] B0t TRbY sH o] B 2
A deEizer RE 07 LNYdE, TEM 2533, £47H, 2% 2452 o7 &5
o] AEBS J1Zs10] Hatod wAHIEe] WEE MusiEen = U8 s ¥

i
Hu
)
e
=]l
A
iu

2 Bul9 Fa ATAF

El
]
L 1l
T
=
>
e
]
Jutl
r|r
i
>
I
=
I
no



22 o= AbeE H|
=A 900 kg
A 27 (WxDxH) 1000x905x800 mm
HAHOIE L] INE=Y) 450350 mm
s B Rl ey 0]%_%*': x¥xH) 300200100 mm
= == AL 360+
ZEW 20 E = UETy T
g R S oa AT A
&g 13 T Zoh R whal
i 3 EoF a0 o
HEA W TR 0 2}kl Z0] Oy il
AW =3B 100 2 fmin,
AtEEE 440% 3Fh
ZAH A S 4% (HzVzZzC)
7] W Hojz 2 4 0] &HE T 11000 rmm.
% olE4L 2EE 200 rorn/min,
HAAHE Hol/ 2w E R A
Code G, I Eha

7t ZA R
21712] 24 = wE, Agdols, A58 Zars] FdatHeH 32 o 32 7
1 AL s A 1A 2
1} HE
17121 MiE= 217 242 29 AS, HYEE3 8 AAES siF2H FHEue &
HOIE FolA 229 A TE +EBE FAE S5t 449 HEd EF A5t £
B £ E0] SRS ShE2N AT dEe "HiaE OF 1 2L
2) HE

ALs A5 MBEAHM A2"2E 0185t HALD [/1000mm 0JWHE &si/I+=



=
af
E‘,I_'.
i
ifl
14
]
o
)
op
aj
o
48
s
4
e
|2
Hu
2B
ht
A,
b
o
g
if
L2
Jan
|2
Hu
4
0%
E‘,I_'.
A
0
-
oj

Aol 220 o|T FURE T sl IR HHEH, TAIR, dHyous BY
steiom Mojutold Y=l Hoo] o# X Y, Z Witos AHETER s19TH 2B
o] 7122 A%t M2 O]EWAAE 3000(LIx200(D)xI00(HimmE A o]= Htj 712 ZZE
o] 3718 ou|sith, B3] WIS FUAE A% 2Emo| A o]HE A AHAZE
718 o1Bal WAUBY DA AWIE Ao FHslciol $1EE, TUA Y &
g2 WA Hotd WA 2o JBHAS B dwely YA AHAS Sk
Ny =olo] JEEE FUAe Fxolel 2THLN LAEE HtHD, W (sliding

rami= AME-RHE FHAA 5kd FEH=s SA3F7L A8 HREE 2 0lF5
E ftHeH, ®RL] o) HEA ] ZEWHZicross roller bearingls #HH
=80 EAstELH dA R olFtA H3E B/ RAE] SEte R

soHT fhard Y5E72 HEHes S+ 24U Al2HEb chuck systemis AN EH

2

ZHHE oSS Y IHES DA, WY Ao WA ZEAE 9B
#=H5q WAEE F2etl HHEHAW DEE 159 EFEE (i YHAAH SR 0]F 4
= 7155 Z=rh fEEEL] Hod ot FBe T DS fT A0E E35E
oW, @Al BE DAETHauziliary plate)s DAY B EHe ZISE DHO s
EE sl E5 REE ZEEE 5171 | #ichuck)S C-=o Wt 360° &H0]
JtEetd R wbre] 2h2re] AoA AlES AHY 5 ULE SHETE HEAE A 2
AR AR F&8 WA #Hshd BT o] HelE 2M7 +228 EIEES
SIEE stH el O 2= ZrPH0IE2 a5 LERE Aot

41 A3
HhAA] WlsE dof 2F AZE] Tt AR S WA §§q A32 3%

Cr-Cut 2% M= T WAIMZo] 3 AR £UA 2= DHHE 245 L=

Mo FRds dA=S



H, o =3EYE 22 100005,

ot #7] # Ao A ~E
715 = g s 3 MOVE AMEEH 217 2 R0 A 2EHs dUsE
ok M I o EAFE 232 A s AR s gor @

g

e g = 5 12

)

i
s
[ 1

E',I_.
3L
)
2
)
N
rr
)
)
12
il
oY
1=
Hd
L
m

HAEHAA U=E®E HES HI] HojdEE HEBS] H5te APOS HUHDE Y
SHETH APOS MUBEE= UEE AFo T2hbd HAIAHANEL iz 22T H, 2
dE HMF=E EApulse)dt BF CPU BEE AYECLH APOS BEF HIE(sub board)le= #
AN OB Hlencoder) Y E 0PLE 4% (differential analog signal)E E-E 4710,
o] 4= HE ZFiserve amplifier)d A #A2HA Y dzE S EZC

APOS BE HIEREH L™ sjaxoldzo] Tty HEEEHE 23H:E 5%
F| A MEEHH FEE U030 s ojml FAZFS SASD, 0] efs APOS EX B
Lo AYEE SHHELH

FIEER YEHE FEZEZJASc BL DHipule gererater)ld HEET HBETH
A SHI= MOS-FETE EstH A=d HBHE= 715 SO=AIZMIE (Ton-off time
signal)lE EHAIZITE o] ME?T MEBRE S M M) electric power controller ) B H
WA A on-off A]7H0] ZHECE T8 FA B2 T 02 V52 HCW HEifesd

=
=
back signal )22 B B|EAH wrd S5 A EZ519 T

3 =4 AE AE3xa AFAE
ZME E24E YHBORRE ABS AH/IEE] st Tres wEIE 270 T
2 M3 AEH JTHNE FAEET AHE Esto 22 wHINE 2AS BHEE

°om HHo| AHTS LI WAAZS HabstAT)

7t Al+HE



4 ~15Ampere2] FAMA 516 ~522mm 0T Ol WHME Alo] AlE®H=] 37|z
o 29 &2 427 DHS 2R 2008 ~01immd ©5iH 24 AEHS A
Zb A= o] A£E Atde] et =8 3718 o & 2o

L #HAEY
AL gHAL = B JAH §4 ol E¥s DARE, LEE
BHAEE HEE JESAEALE 0 #5H Y 214 Y2 d st BHA
ZASIHETL WSS HT ARE 4~164 20 WH H(Ton time)Z Zusec

=

25t

2 AT J% 4= EEAA A Wit dRs 92 UEMH 2otk o] D" Ea &
HAL (R HAFE 27t Ti2b #ukstA S2HstAT 2t EHAE7( Bmals 30pm
EEH 60pm?tA S35HA S7rES EUn

HAMEE SEES A2 Am3o 4% g4 4TS Wenh 0] 22 ARl £
F2E Bz2ig wtAes] dece® AgH ] EHY B2 Eithermal quenching)?] EIE £
L}, 02 95t AgHe] AHE AFE, gL JNAY E= F& A (metallurgical) §
Aol "IE ST 01 Z] T2k SEEW OR= WA Egs] 4TS dESH] #5te o
LE WHZ AR JMEE A EEE HAEeRT 2 oS R Vickers U|2ZEAESE
+WEICH, 08 o= AR5 Y O™ 5sp ZT} MIEEAE AR EA, HHIMEE 2
#zec Ton J2]1 6 psec Toff E SHELE 0] J2MAY Vickers B 2 P1ZHSE BEH
100 pm POIPEA] S35 2R AT O ol QoA s d g8 B s BolD

QT OlZRE EHE2 Yolk o 100 pmUS L = YT

ru‘ﬂ

2} 71E Silheat-up temperature)

WHNEAl A2 S2E A= A0 A3 2skd EodAE HEHD
dHE 22 AEEe T2 E HeAFH, ol Usty AR 238 U gHLE 0] 2

o

g Wil EO WA IRl SRWHE 230 Asld 1Y 61 2ol JHERAA
=

Imm B4 HAd 2HHE Ralstl, S5t

rr
DHI
UI-J
J‘N

J_
rIJhJ
p

A
14
|2
Hi
E.

1=
E

ok
aj

G0 1" 72 Aol TE AYE STHHE LR 20T JHERY SEE wd i
Jlol HA 550, 2 Tol: AMH AW 2Eo] RO B4E Y= AL A

= 3
W 2EE o 81~90°COITh 0] 2EE Z-25%Nb B29 MY ZEHL WeBE AME
AR Syo] GBS 24 oD AT



=W 1232 AgEHs =Rs 2o §0~50° A A
2

=5t AN ERAL ARE 6~74, 2|10
WA ZIH 2 Ton tmee Zps, Toff times GpeE 0)HTEH S 0)2} T2 wrAdzZA StofH
T ML AlEEE PHEEY] HE Y 3~35A170] £ 85 A0
7

2 HIE= NEDE RS AAHHI2AY AdE T2 UHEHIHEAY DA 48R
TR SULCH

I
Zas

ra

1, Fuller, J. E, 1991, “The EDM Surface : Topography, Chemistry, and Metallurgy,”
RFF-4493,

Z Fuller, J. E, 1990, "Metallurgical Effects from Conwventional EDM, and Electro-
chemical Drilling,” RFF-3066,

3, FHF HAIET 2™, 1958

4, MHdEe "=HiaE AT ALY KAERI-RR-1033/91, 15991



Phote 1. The EDM wiew of main body in hot cell

Phote 2. The electric control part of EDM 1n operating area



Figure 1. The layout of main body
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Figure 2. The layout of the working table box




Photo 3 The wanious electrode for EDIA
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Figure 2 The flow chart of electric and control system for EDNW




Photo 4. The computer monitor view
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Phote 5 The indentation marks of
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Fiure & The apparatus of embedded thermocople in cutting specimen
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Figure 7. Temperature wvanation with discharging time
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