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Development of a New Bundle Welding Technology
for CANDU Fuels
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SUMMARY

I. Project Title

Development of a new bundle welding technology for CANDU fuels

II. Objective and Importance of the Project

The new technology of welding process for fuel bundle of CANDU
nuclear fuels is considered important in respect to the soundness of
weldments and the improvement of the performance of nuclear fuels
during the operation in reactor. The probability of leakage of the
fussion products is mostly apt to occur at the weldments of fuel
bundles, and it is connected directly with the safty and life prediction of
the nuclear reactor in operation.

The fuel bundles of CANDU nuclear fuels are welded by the
electrical resistance method, connecting the endplates and endcaps with
fuel rods. Therefore, the purpose of this study of the 2nd year is to
select the proper welding parameters and to investigate the
characteristics of the full-sized samples using the projection endplates
and make some prototype samples for the endplate welding of CANDU
nuclear fuels. This study will be also provide the fundamental data for

the new design and fabrications of CANDU nuclear fuel bundles.
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M. Scope and Contents of Project

1. Review on the overall process technologies for the manufacturing

of CANDU fuel bundles

- Investigation on the process manufacturing of fuel bundle

assembling
- Investigation on the quality controls and improvements for fuel

bundle assembling

2. Selection of the welding conditions using endplates of the

projection type

- Fabrication of weld specimens
- Review on the selections of welding parameters

- Analysis on the metallography observation of weld nuggets

3. Investigation on the torque tests and deformation measurements

using the full-sized weld samples

- Analysis on the torque tests of welds with inner/outer rods
- Analysis on the waveness measurements of welds with
inner/outer rods

- Fabrication of weld samples and visual tests
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IV. Result of Project

1. In this study of the 2nd year, the overall technologies for the
bundle welding of CANDU nuclear fuels were reviewed. The welding
process connecting the endplates and endcaps with fuel rods, the

contents of process manufacturing and quality control were investigated.

2. The proper welding process using the endplate of projection type
of CANDU nuclear fuels was showed. Additionally, the results were
obtained that this study was conducted to develop the full-sized welding

fixtures, utilizing the main electrode part and the branch electrode part.

3. In the strength test of the full-sized welding samples using the
endplate of the projection type, both the outer rods and the inner rods
were found to have greater torque strengths than that of the production
welded samples using the endplate of the plate type, and further to have

a low fluctuation with the endplate of projection type.

V. Proposal for Applications

The results of this study are to be applied to the development of
the bundle welding process using the endplate of the projection type
that can be used in CANDU nuclear fuels. Also, the welding devices
having a main weld head and the branch electrodes were independently

developed by the domestic technology. And the welding characteristics
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and the torque strengths on the joint geometries between the endplate
and the endcap was investigated. For applying the results of this
research and development, the results of the simulated welded
specimens using the endplate of the projection type will be provided as
fundamental data for the bundle assembling of CANDU nuclear fuel
manufacturing. Further some experiments will be made in close
cooperation with nuclear fuel manufacturer in order to apply the welding
process of the fuel bundle using the using the endplate of the projection
type. Through such experiments, the related welding technologies will
have to be accumulated over a long time so that commercialization of
the resistance welding wusing the projection endplate may be

demonstrated and may be activated in the domestic fuel manufacture.
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Ho] ground bushing¥ &H3ste] £FHo] FAHEE HIFEHo| olZHAE

AAS, 4 ARG FAstolof gt

i

N

® Air Spring

Ground striker <Foll W &% ¢ main cylinderdl 7F&] 3 forceE
power electrode®?t ground electrode® LA EHjFE JIdE&
33kt Air cylinder®] cylinder®} piston Atole] 718 FAE 98] AL&s=
O-ringS Al7to] Ao wel wprsEw, E3] lubricantd] 93] £4=2 F
At 18 O-ring®l <£A4Ho 93] cylinder®t piston®] £Ato] %™ power

A= ground =9 ¢y s doer FHEFLS A = U

Air cylinder?] designe stroke’} air cylinder 7ol Hl&] w-$- Hormg

piston®] ®}2A] &< ¢ cylinder®t bindingS ¥ 27 main cylindero] <]3f

A

7Vl A= force’} power electrode®t ground electrode® 53] A H|E*
Zeth 2922 electrode 1A Alwith air cylinder® smoothdt 2bs o H-E

A7lel ok Feh.

_14_



® Power H=

End plate?} #H =3+ main electrode® weld currentt™ power
electrodeE %3l end plate®t end capl & AT Hw, oluw end plate?] ofzi™
I} end cap X Aboldl nugget’t FAET Power electrode®t end plate]
A7 ee 4 F24% A=Y F8d 9FE 71 electrode tipdl = cooling
watergs ¥ wote] @ FAo 93t AT S AFAINT. F 225 power

electrode®] WA F7]E H o =t}

% 2109 power electrode™ &FHWES A7bFste] AL JdoH
re-machining#] weld gunel| 2%+ F&o] HHSHA 7FFEojoF & end
A

plate$} HZ3= B E % end plate ¢ 2 & o]|FEE slojof 3},

¥ 2.2 Power electrode® A7)

Recommended Number of Bundles
Welded Between Electrode Changes
Fuel Type Station #2 (1st end) Station #4 (2nd End)
Bruce 300 300
Pickering 680 680
600MW 300 300
Hydro Quebce 600 600

1Y 210 Power A=

_15_



@ Ground Bushing

End cap®} #H =3+ electrodeE ¥ 211914 ¢ #Zo] ‘ground
electrode %+ ground bushing’®]2tal 3™ ground electrode= J-plate
hole®} HAE At oF &1, end platest A3 HFES 3 &stA 2™ end
cap¥t A =l ot g}

Bonprel == dFow2 £ T ground electrodeo] 7FsiAl+= 3
A A &4 force® o] &H A= FAW end capd T LIA HEZSHA o] £HE
st ARFI2E YA A st &HE FdEH, &FH F  ground

electrode®} t©}& HFEo HEzog <23 arc, burn, spittings< 3 &34
%=1t} Ground electrode= 3770 element® Z} Positiond] 3| 33t= ¢ X9
25 ™ position® electrode?] 8742 element”’} end plated] A% = 39

end plate @4l wet tt29, 6 F7F2 377 electrode”} *2F¥ T}

Ground electrodes= 717t Ab&S = Qg g ol o] F7[4 o0&
Re-machiningd] Fo]oF 3t} Re-machining ] end capiﬂr HEste HY
taperS A &3] 7lFEojoF 3t} o]lu] Ground striker®t ¥E HES FWS
A stook a9, 377] Ground electrode®] Aol H&F rolok it} U

element 9] %] ground electrode types ¥ 2.3% #Zo] Yehjz 9t}

¥ 2.3 Element ¢ *®¥ ground electrode type

| Element |Element| Element / End plate Ground
Element ]3| N L
type I = At ) electrode &3+
Element W1 1 Center 1 Center Type 1
3 Inner ring intern web Type 2
Inner element W2 6 .
3 Inner ring Type 3
. 3 Intern ring outer web Type 4
Intermediate .
W3 12 3 Intern ring Type 3
element .
6 Intern ring outer web Type 5
W4 12 12 Outer ring Type 3
Outer element )
W5 6 6 Outer ring web Type 6

_16_



19 211 Ground bushing

5) Weighing station

¢ € Bundle® HAA FA Aol A& EH W, 19 2120 A ¢} 2o
second end welding stationolA] grippere] 2]&] weighing stationo =
o] F % o] Setra systemAte] 70 CP weigh scale®] bundle #+A S =# 3t} ol
=74 datat™ vision system controller® X1 # formatting ¥ t}. ©] =74 data®}t
vision systemoll 2] 137 dAsrpdle] o]Eo] EDP system©
=g

2 AE5HA

19 212 Weighing scale
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6) Vision system
& X9 fixture®] barcoder ol A7MA TS o FA A o]
7HA AL glew, olg weez 23E 7 bundled] AgThEe] o

of THHFH Mo E Zdstn, 19 21304 2
Aol dHEWMSE dX| o5 gl A Agd thie] |
Y

3=
AA 718 o]&E S A Al 2" HAEdtal datagke] S A9 weldere= 7Hs

re
il

[} lIIIIIIIH‘fJIIlII]HI!II "J "
1 it III::II::ILII | II IHI' I
it Illi===“ IR Illl I.lll

I1I|H

T

719 2.13 Vision system

7) System control
45 vl dAA<Q sequence controls 3tH, J-plate®] &H=E A9
A= PLCO 98 o]Fo] At} w3k 852 element?] €3 g &

A
et Aur F=H7F zEFo] AW PLCEweld controllerd] €% 2 element

2
>

Weld controller= 3% weld sequenced A A3t £ A/FE &9,
Lol gn HASS PLCY E21%t. v 2 elementEol] WA= 99
TAE BHES] AE 2 &8 Y

_18_



A=, A

1

T

o 8554 2185

TN S S AHAIREA

O

dachie) E4 A

A (reference documents)

il

- TS-P70

- WP-80

- WP-70
- W-800-M10

- W501-M10

%)

R
=

2.

A 24

B
b
Nd

Fr
ol

™
o

ke]
el

S,

o A1},

=

-

W501-M10
Y =] of of

°

RESES

PN
T

[

]

FEf of] A

A(QI-804-1)0] HAH =

EK

]

=

e,
2417 %
o

o|lojof &
bolm o] 2o

E

al

A

5

=
Al 2 =W (W800-M10) =

&kof Al

S

[}

L

H

3. A= (materials)
o g ojut

WP-70°] €]

4.

~
83l £F sequence: £

]

r
ol

o)/

el
iz
A
~N
NE

il

°
pal

44

[e]
=

WA 370 TR &(PM) AlE

o olzje} el FaAHT

3l

[es
L=

5 &AXA%E2 (process qualification)
Al

=
o

o

_19_
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Ho
7K
el

iz
g

Fal, Hae] EaRETF 95%

o
N

N

Ho

°ol-&

ol

4.5Nm
Fol o}z st

°

el o

1

U
1l

6.8Nm

) o) 2 o,

)
o gyl 9

tol

S

171

[
71 2=

Al

—

XH_
_F_U

)

z1 o) 7+A] €]
2~ 9} ¥ (spatter) :

goje
Rl IR S et R

F 0.25mm

5|
pud

A

s
- 83 ~Z9 ¥ (splatter)

o

22|

3
er
oR

S o
=

-t

1
T

T

S

w
™
=

e
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A (discoloring)

Gl

mo

2
)

TR

)
o

le] =

R

2

I

3

= WE0-M10 %

=

=13
=

=}
st

i

-

O
)

1l oF

0

i

T
jruze]

X

3l oF

S

OX]

i

]
=

Aol glofof Hu, A
7=

kel
pad

S,

bol A4

°©

=z
LN

o @3u7t Aaselor s drn
o

3]
=l

w

A

-

A

29} (swabbing) W o= $g

o)
|
K
i

o7
Hlo
w
ol
e
iyl
To

A
jul

tohg-2tw A (kg

]

(e}

| o

A

I
-

o

O

X
Nr

N
)

L0

- +10g 9] *%

o

‘mwo
]

=0
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F 370 o] %/shift)

;OL
=y
=
™
oy
m_x —_
~ <
o |
o.rh*o.p.hwh*o O*O*Owﬂwh*o ol \o O*Owhwﬁwuﬂﬂ
25158155 55 5552 5855555
SIS SIS SIS 2 S S22S S | d|d
||| ||| || | A ||| ||| |||
~
oF
o 60 0| Mo | | 1
K| H | M 2 B lor |2
—_ | fn | — N
Nluﬂ_ ) ‘@l vt 1JI H;l 0} fr<e) e
e B | NN
B m _moi . Lﬂ% Xa%ﬁﬂam%
o | o | A 'm0 T|KE| o |<° - NF | —
o ICH N e el S el B A o g =T
~ |7 %% %%mx B
K || LA ||| e (T | O | T | N[O | o | (R | | 6| (T |RR
RO|T D | N | M B | R R R | R |Eo|do| mo | ok RE| TR T |RE | RE| R | |RE
TR (| | R R R | | e | | R
oo | BB mo |Ho|Ho| Mo 'R |~ | ™| BB B | mo|mo| T Ty |mo | mo ||| Ho
SR SF DS R 02 Sa s = naasasa
— | ] — [ —[O[O]| O]

9/]

)

)AO

o] <t stdefell wet 1/shift ol

g

Ho

S

_22_



£
I\l

oK
040

=X
110

<

ol

T

o

H 3 FE

A14d gagde 4¥4E 293

ol

oy, 22 d=

)

B

PN
T

o
=

WS 31, 37H)e] EAAF

]

;O._

R

H]

==
"

477}

3

al

sized(d 5% No.=1-37H)

full

-
T

A

o

A7 oua

< o Al

3T
=

o] &3+ full-sized &8

e

o

Mo

e
g

4 full sized &

3]
=

]

)
pud

ol g8 EIA

o
=<

B

‘E]S:l]-

3 A

|

7

=
=

-
o
rvze]

7]

X
ol

H)

b

R EK RPN

shet 3

(

T B AE)

g

(e A

-

A

hS

3t full sized EZ-&FHA|

T ol

?ﬂl—

A

=

a9 31
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a9 32, 19 33 ¥ 19 34¢ A F E (36004, 38300A, 4000A) A &
AR w2 Wstee] EaxC digh g AR zlela, 19 35 ¥
36 ¥ 1% 372 &HAF E (3600A, 3800A, 4000A) A & A 7o w9
Feo B g dFS nlal zAste] vEbd Zlejnh o714 & [
AlZbell 2 Wsty 9 9Eo] EAXE HE7|EA(WEHE: 45Nm, 9|3
6.8Nm)ETH 4 %7 deldlon ZE EXEE AR 8 NmolA 12 Nm A}
olol A #AFA RolFUrl ez AUE duadd el o] £HART) =
Yo¢s EAAE A Frhste Ze® yelar AT webd 2 38, 1Y
39, 29 310 ¥ 29 31194 RoFXo] full sized &-HAIHL] AA ok

7

37 A5 AF Aol HIAEeo WEA(fluctuation) WA E w 7]
& 3 RAHER vluEA e WEsAde XA 12 55k 059
HAalA Ex)E Yelar Jdoh ® 31, ¥ 32, ¥ 33, 3% 34, ¥ 35 3% 36,
3 37, 3% 38, 3% 39 ¥ % 3102 717+ 854 Y datags Helsh dEimol|r.
20
16 | —O— 3600A 2cycle —4— 3600A 3cycle
g —®&— 3600A 2cycle —#— 3600A 3cycle
= —®— 3600A 2cycle —4A— 3600A 3cycle
D12
=
©
s | A—
q_) S—
g 8 e:%i’zg*/ﬁxﬁ>g§:
S
|_
4 L
| I | I | I | I | I | I | I | I |

0L 03 05 07 09 11 13 15 17
No. of Inner Fuel Rods

a9 32 BHAF 3600A°] wE WEEel wE EaA I
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Torque Values (Nm)

20

=
(o]

[N
N

(0]

—O— 3800A 2cycle —2— 3800A 3cycle
—&— 3800A 2cycle —#4— 3800A 3cycle
—®— 3800A 2cycle —4A— 3800A 3cycle

01

03

05 07 09 11 13 15
No. of Inner Fuel Rods

_25_
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Torque Values (Nm)

20

[N
(o]

=
N

(o]

—O— 4000A 2cycle —2— 4000A 3cycle
—&— 4000A 2cycle —#— 4000A 3cycle
—®— 4000A 2cycle —A— 4000A 3cycle

/
8 0%§>9;§Z?%§;§

01

03 05 07 09 11 13 15

No. of Inner Fuel Rods

_26_
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Torque Values (Nm)

20

[N
(o2}

=
N

oo

—O— 3600A 2cycle —4&— 3600A 3cycle
—&— 3600A 2cycle —4— 3600A 3cycle
—®— 3600A 2cycle —A— 3600A 3cycle

2

—————g————§————¢——§

19 35 &R 3600A0 wE oSy EAX

210 23 25 27 29 31 33 3 37
No. of Quter Fuel Rods

o2
o%
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Torque Values (Nm)

20

=
»

[E=Y
N

o

—O— 3800A 2cycle —2— 3800A 3cycle
—&— 3800A 2cycle —#— 3800A 3cycle
—®— 3800A 2cycle —A— 3800A 3cycle

210 23 25 27 29 31 33 35 37
No. of Outer Fuel Rods

%Y 36 SHAF 3600Ac wE Q3B E=x
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Torque Values (Nm)

20

=
(o]

=
N

o

4
i)
w
)
ofo
i
2
41

—O— 4000A 2cycle —4A— 4000A 3cycle
—&— 4000A 2cycle —4— 4000A 3cycle
—0— 4000A 2cycle —A— 4000A 3cycle

21 23 25 27 29 31 33 35 37
No. of Outer Fuel Rods

q 4000A°] whE £ghE EAX]

o
U
o

[e3
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15

s —O— Inner rods
- —e— Outer rods
>| Weld parameters ;
+— 2cycle, 3800A
> 10 |
I
>
<
N—”
= i
0
+—
©
Z 051 -
L O’<.—.7 °
OO 1 1 1 1 1
1 2 3 4 5
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1

Vi-Vp)

=
o

Fluctuation (AV

2
=

15

o
ol

0.0

3.9

— 0— Inner rods

— B — Quter rods

Weld parameters ;
3cycle, 3800A

No. of Torque Test (Using 3 Specimens)

&5 3800A 3cycle o whE Ujgs 2 93E EAX

_31_
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1

Vi-Vp)

=
o
T

Fluctuation (AV

15

S
o

0.0

ﬁ><:7A Tt

1 | 1

—A— Inner rods
—A— Quter rods

Weld parameters ;
2cycle, 4000A

|

|

3.10

1 2 3

No. of Torque Test (Using 3 Specimens)

SHAHF 4000A 2cycle o] WE U5

_32_
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15

Vi-Vp)

=
o
T

Fluctuation (AV

0.0

o
ol
|

—<— Inner rods
—&— Quter rods
Weld parameters ;
3cycle, 4000A

| 1 1 |

a9 311

1 2 3 4

No. of Torque Test (Using 3 Specimens)

44 A5 4000A 3cycle o wE g
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¥ 31 SHAF 3600A0] wE g Eax] L%
ABWE | 8754 7Heycle) =2 (N PR

1st 2nd 3rd

12-01(a/b/c) 78 8.0 B0 | 4% 3500A

12-03(a/b/c) 8.2 8.0 79 |-zA= otel ABar

12-05(a/b/c) 7.7 8.0 78 |THAAS 4 F

12-07(a/b/c) 8.0 8.2 8.2 Zobar

12-09(a/b/c) 2 8.0 7.8 7.9

12-11(a/b/c) 8.2 8.0 7.8

12-13(a/b/c) 7.9 8.2 7.8

12-15(a/b/c) 8.0 8.0 7.8

12-17(a/b/c) 7.9 8.2 8.0

13-01(a/b/c) 8.4 8.9 9.0

13-03(a/b/c) 8.4 8.6 8.6

13-05(a/b/c) 9.0 9.2 8.8

13-07(a/b/c) 8.7 8.9 8.9

13-09(a/b/c) 3 9.0 9.0 9.2

I3-11(a/b/c) 8.8 9.0 9.0

I3-13(a/b/c) 8.8 9.2 9.4

13-15(a/b/c) 9.4 9.0 8.8

13-17(a/b/c) 8.6 8.9 9.0
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¥ 32 SFAF 3800Ac] mE YR B3 d¥E
ABWE | 8754 7Heycle) =2 (N PR

1st 2nd 3rd

12-01(a/b/c) 9.0 9.2 88 | s 3500A

12-03(a/b/c) 8.8 86 90 |-z orel ARar

12-05(a/b/c) 9.0 9.2 g8 | /HAAS

12-07(a/b/c) 9.0 8.6 gg | 2°Br

12-09(a/b/c) 2 8.8 9.0 8.8

12-11(a/b/c) 8.8 8.8 9.0

12-13(a/b/c) 9.0 9.0 86

12-15(a/b/c) 8.6 8.8 9.2

12-17(a/b/c) 9.0 8.8 8.8

13-01(a/b/c) 9.8 100 | 100

13-03(a/b/c) 9.4 9.8 10.0

13-05(a/b/c) 10.0 9.8 10.0

13-07(a/b/c) 9.8 104 | 104

13-09(a/b/c) 3 106 106 0.8

I3-11(a/b/c) 0.8 104 | 108

13-13(a/b/c) 11.0 104 9.6

13-15(a/b/c) 108 104 | 104

13-17(a/b/c) 0.8 102 | 104
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& 33 &HAF 4000A wE WIS EAX] dFiE
E3x (Nm)
AlHHS | & A THeycle) LW

1st 2nd 3rd

12-01(a/b/c) 9.8 10.0 95 | 4= 40004

12-03(a/b/c) 10.4 10.4 108 |-z orel ABar

12-05(a/b/c) 9.8 10.4 104 |7HARS 4

12-07(a/b/c) 106 10.0 95 | OB

12-09(a/b/c) 2 10.0 10.2 10.0

12-11(a/b/c) 10.2 9.7 9.8

12-13(a/b/c) 10.2 10.2 9.8

12-15(a/b/c) 9.4 10.0 10.4

12-17(a/b/c) 10.0 10.2 10.4

13-01(a/b/c) 105 10.8 11.0

13-03(a/b/c) 11.0 10.8 11.0

13-05(a/b/c) 11.2 10.8 10.8

13-07(a/b/c) 10.6 11.2 112

13-09(a/b/c) 3 114 10.3 10.6

13-11(a/b/c) 11.2 11.2 10.6

13-13(a/b/c) 10.8 10.8 11.0

13-15(a/b/c) 11.0 11.2 115

13-17(a/b/c) 115 10.8 11.2
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¥ 34 SHAF 3600A0] wE o Eax AL %
ABWE | 8754 7Heycle) =2 (N PR

1st 2nd 3rd

02-21(a/b/c) 738 8.0 80 |5 s600A

02-23(a/b/c) 8.2 8.0 79 |-z=x= ored ABar

02-25(a/b/c) 7.7 8.0 78 |THAAS 4 F

02-27(a/b/c) 8.0 8.2 8.2 Zobar

02-29(a/b/c) 2 8.0 7.8 7.9

02-31(a/b/c) 8.2 8.0 7.8

02-33(a/b/c) 7.9 8.2 7.8

02-35(a/b/c) 8.0 8.0 7.8

02-37(a/b/c) 7.9 8.2 8.0

03-21(a/b/c) 8.4 8.9 9.0

03-23(a/b/c) 8.4 8.6 8.6

03-25(a/b/c) 9.0 9.2 8.8

03-27(a/b/c) 8.7 8.9 8.9

03-29(a/b/c) 3 9.0 9.0 9.2

03-31(a/b/c) 8.8 9.0 9.0

03-33(a/b/c) 8.8 9.2 9.4

03-35(a/b/c) 9.4 9.0 8.8

03-37(a/b/c) 8.6 8.9 9.0
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& 35 &HAF 3800A wE £3E EAA

A&

=}

ABWE | 8754 7Heycle) =2 (N PR

1st 2nd 3rd

02-21(a/b/c) 9.0 9.2 88 | s 3500A

02-23(a/b/c) 88 86 90 |-z orel ARar

02-25(a/b/c) 9.0 9.2 g8 |T/HAAS

02-27(a/b/c) 9.0 8.6 gg | 2°Br

02-29(a/b/c) 2 8.8 9.0 8.8

02-31(a/b/c) 8.8 8.8 9.0

02-33(a/b/c) 9.0 9.0 86

02-35(a/b/c) 86 8.8 9.2

02-37(a/b/c) 9.0 8.8 8.8

03-21(a/b/c) 0.8 100 | 100

03-23(a/b/c) 9.4 9.8 10.0

03-25(a/b/c) 10.0 9.8 10.0

03-27(a/b/c) 0.8 104 | 104

03-29(a/b/c) 3 106 106 9.8

03-31(a/b/c) 0.8 104 | 108

03-33(a/b/c) 11.0 10.4 9.6

03-35(a/b/c) 10.8 104 | 104

03-37(a/b/c) 0.8 102 | 104
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¥ 36 SHAF 400Ac] wE R £ax JdIF
ABWE | 8754 7Heycle) =2 (N PR

1st 2nd 3rd

02-21(a/b/c) 9.8 10.0 95 | a5 4000A

02-23(a/b/c) 104 104 | 108 |-za= ol 4Bar

02-25(a/b/c) 9.8 10.4 104 |7HARS o4

02-27(a/b/c) 106 10.0 95 | OB

02-29(a/b/c) 2 10.0 102 | 100

02-31(a/b/c) 102 9.7 0.8

02-33(a/b/c) 102 102 9.8

02-35(a/b/c) 9.4 100 | 104

02-37(a/b/c) 10.0 102 | 104

03-21(a/b/c) 105 108 | 110

03-23(a/b/c) 11.0 108 | 110

03-25(a/b/c) 11.2 108 | 108

03-27(a/b/c) 106 12 | 112

03-29(a/b/c) 3 114 108 | 106

03-31(a/b/c) 112 12 | 106

03-33(a/b/c) 10.8 108 | 110

03-35(a/b/c) 11.0 12 | 115

03-37(a/b/c) 115 108 | 112
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3E 37 &FAF 3800A, AZF 2cycled] wE W/Q)EE EA WHEd ¥R

£33 WEY HEE 22 (N)
3

(AV=Vt-Vb) 1 2 4 5

S

2-03(a/b/e) | 04 | 04 | 03 | 04 | 04 |-WF 3800A

_ == s A =
12-05(a/b/c) | 04 | 04 | 03 | 04 | o7 | T A% ¥ 4Bar

AR 3
2-07(a/b/c) | 04 | 06 | 05 | 04 | 03

2.5Bar

12-09(a/b/c) 0.2 0.6 0.5 0.3 0.4 “13] A 374 &4

I2-11(a/b/c) 0.2 0.6 0.4 0.4 04 | AJHE ALg

12-13(a/b/c) 0.4 0.4 0.4 0.6 0.4

12-15(a/b/c) 0.6 0.5 0.4 0.6 0.6

12-17(a/b/c) 0.2 0.7 0.6 0.4 0.4

3 1 036 | 047 | 042 0.41 0.44

02-21(a/b/c) 0.4 0.4 0 0.4 0.6

02-23(a/b/c) 0.4 0.2 0.4 0.6 0.4

02-25(a/b/c) 0.4 0.4 0.4 0.6 0

02-27(a/b/c) 0.4 0.4 0.2 0 0

02-29(a/b/c) 0.4 0.6 0.4 0.4 0.6

02-31(a/b/c) 0.2 0.2 0.6 0.4 0.4

02-33(a/b/c) 0.4 0.4 0.2 0.4 0.6

02-35(a/b/c) 0.6 0.2 0.4 0.6 0.4

02-37(a/b/c) 0.2 0.2 0.4 0.4 0.4

734 033 | 033 | 033 | 042 | 037
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3E 38 &HAF 3800A, AlZF 3cycle] wE /9l EA WHEd dER

£33 WEY HEE 22 (N)
3

(AV=Vt-Vb) 1 2 4 5

S

13-03(a/b/c) | 05 | 02 | 05 | 04 | 04 |-WF 3800A

_ == s A =
13-05(a/b/c) | 03 | 0 | 03 | 04 | o5 | A7 ¥ 4Bar

AR 3
13-07(a/b/c) | 04 | 04 | 02 | 04 | 05

2.5Bar

13-09(a/b/c) 0.4 0.6 0.5 0.4 0.4 “13] A 374 &4

I3-11(a/b/c) 0.3 05 0.4 0.4 06 | A8 ALg

13-13(a/b/c) 0.4 0.4 0.5 0.6 0.3

13-15(a/b/c) 0.6 0.4 0.4 0.5 0.5

[3-17(a/b/c) 0.4 0.6 0.6 0.4 0.4

3 1 042 | 040 | 042 042 | 045

03-21(a/b/c) 0.5 0.4 0.4 0.4 0.6

03-23(a/b/c) 0.3 0.3 0.4 0.5 0.5

03-25(a/b/c) 0.4 0.4 0.2 0.4 0.2

03-27(a/b/c) 0.4 0.5 0.5 04 0.2

03-29(a/b/c) 0.5 0.6 0.5 0.4 0.3

03-31(a/b/c) 0.4 0.2 0.4 0.6 0.4

03-33(a/b/c) 0.5 0.4 0.3 0.4 0.5

03-35(a/b/c) 0.5 0.2 0 0.6 0.3

03-37(a/b/c) 0.4 0.4 0.4 0.2 0.5

734 033 | 035 | 034 | 043 | 0.39
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¥ 39 E-AF 4000A, A3t 2cycled] wWE W/3e Ed WHEHE d9%
ERE HEE4=(N)

Ed dWxd PR

(AV=Vt-Vh) 1 2 3 4 5

12-01(a/b/c) 0.5 0.4 0.8 0.4 0.5 -8 - A7 Z2cycle
S

2-03(a/b/c) | 04 | 08 | 05 | 04 | 04 |-WF 4000A

_ == s A =
12-05(a/b/c) | 06 | 07 | 09 | 05 | 08 | A7 ¥ 4Bar

AR 3
2-07Ga/b/e) | 11 | 0 | 12 | 08 | 06

2.5Bar

12-09(a/b/c) 0.2 0.6 0.5 0.6 0.4 “13] A 374 &4

I2-11(a/b/c) 0.5 0.6 0.6 0.4 04 | AJHE ALg

12-13(a/b/c) 0.4 0.4 0.6 0.8 1.0

12-15(a/b/c) 1.0 0.7 0.4 0.6 0.6

12-17(a/b/c) 0.4 0.7 0.6 0.4 0.4

3 1 056 | 050 | 0.67 054 | 0.97

02-21(a/b/c) 0.5 0.2 0.8 0.8 0.6

02-23(a/b/c) 0.2 0.4 0.6 0.6 0.8

02-25(a/b/c) 0.4 0.8 1.0 0.6 0.6

02-27(a/b/c) 0.5 0.6 0.4 0.2 1.0

02-29(a/b/c) 0.6 0.8 0.8 0.4 0.5

02-31(a/b/c) 0.4 0.2 0.8 0.5 0.2

02-33(a/b/c) 0.8 1.2 1.0 0.6 0.6

02-35(a/b/c) 0.8 0.4 0.4 0.8 0.4

02-37(a/b/c) 0.4 1.0 0.6 0.6 0.7

734 051 | 062 | 066 | 057 | 0.60
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=

310 &HHF 4000A, A17F 3cycled] wE W/9)stE EF S ATk

E3 W =(N) P
(AV=Vt-Vb) 1 2 3 4 5
13-01(a/b/c) 05 | 05 | 02 | 05 | 08 |-2847 3evele
I3-03(a/b/c) 02 | 08 | 08 | 03 | 10 |-FF 4000A
3-05(a/b/c) | 04 | 08 | 03 | o5 | o7 |77 ¥ 4Bar
13-07(a/b/c) 06 | 04 | 05 | 05 | o4 | AT wH
2.5Bar

13-09(a/b/c) 08 | 04 | 05 | 04 | 06 |15 x 37 21
I3-11(a/b/c) 0.6 0.6 0.7 0.6 02 | A#| A&
13-13(a/b/c) 02 | 04 | 10 | 06 | 10
I3-15(a/b/c) 05 | 04 | 09 | 04 | 06
13-17(a/b/c) 07 | 08 | 04 | 04 | 05

9 7] 050 | 057 | 059 | 047 | 064
03-21ab/c) | 08 | 06 | 06 | 02 | 06
03-23(a/b/c) | 05 | 04 | 06 | 05 | 02
03-25(a/b/c) | 12 | 06 | 04 | 04 | 08
03-27(a/b/c) | 03 | 05 | 08 | 02 | 04
03-29(a/b/c) | 05 | 08 | 05 | 05 | 04
03-31ab/e) | 03 | 02 | 08 | 02 | 10
03-33Gab/e) | 05 | 05 | 05 | 08 | 04
03-35(a/b/c) | 07 | 05 | 04 | 02 | 02
03-37(ab/c) | 06 | 02 | 03 | 05 | 07

3t A 060 | 048 | 054 | 039 | 052
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A2d LY 4988 H43

%7]%01131, :l%] 3132 AAlm ALEHAL ks 2 oS
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ae]a 19 3145 HoldAOlAE o] &5k waveness SAWH S HoFT
o 315 ¥ 9 3162 &HAF 3B00A, = 4= 4.0BAR, &HAIZH
2-3cycle & Y4A3A st full sized LA X FE ALl U sE 2 93l 9
SHAIHE toldAARE FAst] WS ZAbstdth. 29 315 2 1
3164 & ¢ Aol £ v AlFe F27]EAQl TIR. 056mm B 22
4% 04mm olstel A B 4 Ao ¥ 317 R 19 3182 AR
= 42 40BAR, 84 A7 2-3cycle & A 3ol dE 2 9
o EHHP S v AT o] AFolAM= the Fd7]wl TIR.
s

=
0.56mm Bt =2 S NA YEhla AAH. ol ARE

il

= [e]
A8E £4(1,2-23-34.73637)° w2} 84¥Me] probe ©|F I wiwwity 3W
SAstal Her A= skdvhk & 311, & 312, & 313 % # 314+ 449 &54

IMax. 0.56mm

'—‘—\-—//—‘\._ —vh
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fult)
w
[—
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iy
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2009/72/03 16:67

% 314 voldAIAE o]&st= waveness SH
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1.0
- ® 3800A 2cycle = 3800A 3cycle
© 3800A 2cycle © 3800A 3cycle
0.8 - ® 3800A2cycle © 3800A 3cycle
’é* | Weld parameters ;
c main pressure 4Bar, branch pressure 2.5Bar
~ 06}
b} | SPEC. LIM.(0.56mm)
c
>
g 04 | ; o
© & @D 10) Y
@ @
o :
02t © ® © 4
® o o o % o
0.0 | | | | | | | | |

01 03 05 07 09 11 13 15 17
No. of Inner Fuel Rods

19 315 §HHAF 3800A 2-3cycled] wE W EE waveness =74 X H|ul
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1.0

® 3800A 2cycle ® 3800A 3cycle
© 3800A 2cycle © 3800A 3cycle

081 ® 3800A2cycle © 3800A 3cycle
/é\ Weld parameters ; main pressure 4Bar,
branch pressure 2.5Bar
S
— 0.6 |
a | SPEC. LIM.(0.56mm)
c
G>J 0.4
g AL

02}

® @& & ©

0.0 1 1 1 1 1 1 1 1 1
21 23 25 27 29 31 33 35 17

No. of Outer Fuel Rods

19 316 &8 AT 3800A 2-3cycled] WE €3 waveness =42 H WL
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1.0

- ® 4000A 2cycle = 4000A 3cycle
© 4000A 2cycle © 4000A 3cycle
0.8 - ® 4000A 2cycle © 4000A 3cycle
’é‘ | Weld parameters ; main pressure 4Bar,
c branch pressure 2.5Bar
~ 06}
® | sPEC.LIM.(0.56mm)
o
z 04} 4 -
= | = é 8 e 8
. "I - s e
0.2 | @ R
0.0 | | | | | | | | |

01 03 05 07 09 11 13 15 17
No. of Inner Fuel Rods

18 317 §HAF 4000A 2-3cycled] W& W EE waveness =74 X H| al
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1.0

® 4000A 2cycle & 4000A 3cycle
© 4000A 2cycle © 4000A 3cycle
0.8 | ® 4000A 2cycle © 4000A 3cycle
- Weld parameters ; main pressure 4Bar,
g branch pressure 2.5Bar
~ 0.6 |
% ........................................................................................
) | SPEC. LIM.(0.56mm)
c
2
0.4
o [ 8
8 3 8 s . o %
® o 8 8
02}
0.0 | | | | | | | | |

21 23 25 27 29 31 33 35 37
No. of Outer Fuel Rods

19 318 &HAF 4000A 2-3cycled] wE €] 8% waveness =H A H| il
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¥ 311 AF 3800A, A7+ 2-3cycled] wE 3% waveness =43 4 E

Waveness &4t (mm)
AAHs | &A1 cycle) LT

1st 2nd 3rd

12-01(a/b/c) 025 | 022 | 018 | o 00

12-03(a/b/c) 025 | 016 | 020 |-=a= obel ARar

12-05(a/b/c) 0.27 0.29 022 |7HAR=E o

12-07(a/b/c) 018 | 019 | oz3 | 2°BW

12-09(a/b/c) 2 0.20 0.15 0.18

12-11(a/b/c) 0.22 0.30 0.34

12-13(a/b/c) 0.19 0.16 0.23

12-15(a/b/c) 0.22 0.24 0.32

12-17(a/b/c) 0.33 0.28 0.25

I3-01(a/b/c) 0.27 0.32 0.32

13-03(a/b/c) 0.35 0.28 0.26

I3-05(a/b/c) 0.27 0.18 0.34

13-07(a/b/c) 0.34 0.29 0.30

I3-09(a/b/c) 3 0.28 0.28 0.38

I3-11(a/b/c) 0.24 0.22 0.27

I3-13(a/b/c) 0.30 0.25 0.33

I3-15(a/b/c) 0.26 0.26 0.28

I3-17(a/b/c) 0.21 0.24 0.20
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* 312 A 3800A, AlZF 2-3cycled] W& £ 3kE waveness S8 dHRE

Waveness =4 4t (mm)

AlHHS | & A Heycle) LT

1st 2nd 3rd

02-21(a/b/c) 0.22 0.28 015 | 4= 2900A

02-23(a/b/c) 0.20 0.26 022 |-z=a= o 4Bar

02-25(a/b/c) 0.30 0.22 024 |7HAAS 44

02-27(a/b/c) 0.20 024 | o024 | OB

02-29(a/b/c) 2 0.22 0.25 0.18

02-31(a/b/c) 0.26 0.24 0.28

02-33(a/b/c) 0.20 0.18 0.18

02-35(a/b/c) 0.24 0.20 0.28

02-37(a/b/c) 0.22 0.24 0.28

03-21(a/b/c) 0.28 0.28 0.34

03-23(a/b/c) 0.30 0.24 0.28

03-25(a/b/c) 0.28 0.28 0.30

03-27(a/b/c) 0.22 0.28 0.27

03-29(a/b/c) 3 0.24 0.26 0.26

03-31(a/b/c) 0.28 0.32 0.24

03-33(a/b/c) 0.32 0.28 0.26

03-35(a/b/c) 0.26 0.28 0.24

03-37(a/b/c) 0.26 0.28 0.30
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¥ 313 AF 4000A, A 7F 2-3cyclee] W& W3 waveness =4 3k

Waveness =4 4t (mm)

AlHHS | & A Heycle) LW

1st 2nd 3rd

12-01(a/b/c) 0.24 0.26 024 | = 40004

12-03(a/b/c) 0.28 0.26 024 |-ZA= oFH ABar

12-05(a/b/c) 0.33 0.24 028 |7/HAAS 4

12-07(a/b/c) 0.30 034 | o026 | 7B

12-09(a/b/c) 2 0.24 0.26 0.28

12-11(a/b/c) 0.24 0.28 0.30

12-13(a/b/c) 0.30 0.28 0.28

12-15(a/b/c) 0.28 0.26 0.20

12-17(a/b/c) 0.28 0.34 0.38

13-01(a/b/c) 0.32 0.30 0.30

13-03(a/b/c) 0.32 0.26 0.28

13-05(a/b/c) 0.24 0.26 0.22

13-07(a/b/c) 0.24 0.26 0.26

13-09(a/b/c) 3 0.28 0.28 0.22

13-11(a/b/c) 0.29 0.32 0.34

13-13(a/b/c) 0.30 0.32 0.30

13-15(a/b/c) 0.28 0.32 0.38

13-17(a/b/c) 0.20 0.26 0.32
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¥ 314 AF 4000A, A 7F 2-3cycleo] wE 93+ waveness =4 3k

Waveness =4 4t (mm)

AlHHS | & A Heycle) LW

1st 2nd 3rd

02-21(a/b/c) 0.30 0.32 030 | 9= 40004

02-23(a/b/c) 0.28 0.28 030 |-=x= el ABar

02-25(a/b/c) 0.26 0.26 028 | 7HAA= 4H

02-27(a/b/c) 0.30 038 | 036 | 2B

02-29(a/b/c) 2 0.28 0.25 0.28

02-31(a/b/c) 0.28 0.32 0.32

02-33(a/b/c) 0.32 0.26 0.24

02-35(a/b/c) 0.26 0.26 0.30

02-37(a/b/c) 0.24 0.24 0.28

03-21(a/b/c) 0.34 0.30 0.30

03-23(a/b/c) 0.36 0.36 0.26

03-25(a/b/c) 0.30 0.34 0.32

03-27(a/b/c) 0.28 0.24 0.24

03-29(a/b/c) 3 0.28 0.34 0.30

03-31(a/b/c) 0.28 0.34 0.36

03-33(a/b/c) 0.38 0.38 0.38

03-35(a/b/c) 0.36 0.32 0.30

03-37(a/b/c) 0.28 0.24 0.22
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5719 4EBe ol g3 thrEgatE 493g 20 we S
$4e gelsuA S, B ohigAs ARy 1 MYE 37 A &

24 WS AR
1 FHY N -0 (N —ouch Pael URAYD N -8371 o844 (N
2 W= clip, BU5 barZR]
3 X £ clip Fble color 801, Y clip Fblie colar 2R
4 A&-clip, *J883 clip
5 axdplate 35 clip, A, ¥%5; 38, 3K, $2
6 R AL 3, 0, AEE, A8, staper 195 9K, A AR 9
7 oAl clip, *JH8H, 85, Anry, HeEdS, 4%, oKl
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ST
3t

316 w84 AHE A dAA

oA HE

AP 148

49 (N — B2AY (N — Touch Parel WHRAYE (N >8757] SPRA N

W57 Clip, 3545 barER1

X 4 Clip ¥ Blue Golar <1, Y4 Clip ¥ Ble Colar &1

15 Clip, 23884 Clip

(S0 - IVUR [ SR T

Enblate TF Clip = AR > A% > 13 -8 - 3R

[=2]

R AL 85 — 8 — A0E] — ZHAE, Stoeer 1 AER — 83 A AR —
o]7 Clip ~¥ 83 — 835

AT — 45 - o

(@, 2, 3,...,18) 1 Psh, {S0F5 » A543 I (0P|

), 8FF = F 2

BI=3F3 Clip (G54 ARIA Uisiept ol 220 24

3 BEAgSs PP

B lwo |w|N

SHEEL igE 197] 83, SRIR= 2 e 137 83,

SYE= 12 o33t Push, SN

5

D, 21, -, 3= FUEX= 53

&

SR O ofF

14

2l - Hsefs- 85 P> 3P s
YARDELHouch  Sreen Y OF - SRS AP FF »> 223 FF > T4 @F

ops—> 27 e (Jig Exchenger B71 5

AR #% A5 &
1 FAY N> BEzHAY ON > AFE3 EZY E (RW-10)
< AFEHAAFR dF A2 R A&H
2 YO: 0 CycleZ A A
3 Y1: 30 CycleZ 4 A (Squeeze time)
4 Y2: 0 Cycle2 A3
5 Y3: 0 CycleZ2 4 F
6 Y4: 0 Cycle2 A A (EAANZ)
7 Y5: 2.0KAZ A A (Weld current)
8 Y6: 20%2 A A
9 Y7: 0 2 MR
10 Y8: 0 =2 A4
11 Y9: 2 CycleZ AA(FAAZ)
12 Y10: 3.0KAZ M A (Weld current)
13 Y11: 30%2 A A
14 Y12: 3 Cycle® A A (FA A )
15 Y13: 0 CycleZ A A (FF F58AA)
16 Y14: 10 Cycle® 2 H
17 Y15: 1 Time2 A A
18 Y20: 452 A A
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