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ABSTRACT

An Advanced Research Reactor(ARR) is being designed by KAERI since 2002. The
final goal of the project is to develop a new and unique research reactor model which is
superior in safety and economical aspects. In this work, the conceptual design for
tubular fuel assemblies was carried out to enhance the previous model. The shape
optimization of the cross section of the top guide was performed, and the swaging
procedure in connecting fuel plates and stiffeners was developed. Moreover to reflect
changes in number and size of fuel plates, related parts of the standard and the
reduced fuel assemblies were redesigned. The top guide should suppress the vibration
of the fuel assembly due to coolant and resist against material failures owing to fatigue
and yield. In order to gain these design requirements, we have optimized the section
profile of the top guide. To confirm manufacturing aspects, the swaging procedure
was developed and its performance was tested. The results of tangential tensile test
and axial compression test guaranteed that the fixing state between fuel plates and
stiffeners is firm enough to hold each other. In addition, due to changes in number and
size of fuel plates, the outer cross section of the fuel assembly was expanded and the
diameter of the spacer tube was reduced. Reflecting these design changes, top/bottom
guide, top guide cover, spring, spring cover, and receptacle were readjusted. Based on
the technical experiences on the design and operation of the HANARO, the tubular
standard and reduced fuel assemblies will be verified by performing various tests and

analysis.
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Gap for clearance: 0.55mm )
Stiffener thickness: 6.0mm

Fuel meat: 0.65mm
Clad thickness: 0.4mm

Central rod radius: 4.5m
Water gap: 0.Imm
Al tube thickness: 5.9mm

Gap for clearance: 0.55mm
Stiffener thickness: 6.0mm
Flow tube: 1.25mm
Inner water gap: 1.5mm
Hf thickness: 4.0mm
Outer water gap: 1.5mm

Fuel meat: 0.65mm
Clad thickness: 0.4mm
Water gap: 2.6mm

Central rod radius: 4.5mm
Water gap: 0.Imm
Al tube thickness: 5.9mm

(Wb A= AARRTA
a9 41 A dR3dE AR A
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Standard Fuel Reduced Fuel (Including Hf tube)
width radius width radius
Cent. rod 45 45 Cent. rod 45 45
clearance 0.1 4.6 clearance 0.1 4.6
Spacer Spacer
5.9 105 5.9 10.5
tube tube
cool 2.6 13.1 cool 2.6 13.1
iclad 04 13.5 iclad 04 13.5
1 fuel 0.65 14.15 1 fuel 0.65 14.15
oclad 04 14.55 oclad 04 14.55
cool 2.6 17.15 cool 2.6 17.15
iclad 04 17.55 iclad 04 17.55
2 fuel 0.65 18.20 2 fuel 0.65 18.20
oclad 04 18.60 oclad 04 18.60
cool 2.6 21.20 cool 2.6 21.20
iclad 04 21.60 iclad 04 21.60
3  fuel 0.65 22.25 3  fuel 0.65 22.25
oclad 04 22.65 oclad 04 22.65
cool 2.6 25.25 cool 2.6 25.25
iclad 04 25.65 iclad 04 25.65
4  fuel 0.65 26.30 4  fuel 0.65 26.30
oclad 04 26.70 oclad 04 26.70
cool 2.6 29.30 cool 2.6 29.30
iclad 04 29.70 iclad 04 29.70
5  fuel 0.65 30.35 5  fuel 0.65 30.35
oclad 04 30.75 oclad 04 30.75
cool 2.6 33.35 cool 2.6 33.35
iclad 04 33.75 flow tube 1.25 34.60
6  fuel 0.65 34.40 water 2.25 36.85
oclad 04 34.80 Hf 4.0 40.85
cool 2.6 37.40 water 15 42.35
iclad 04 37.80
7  fuel 0.65 38.45
oclad 04 38.85
cool 2.6 41.45
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ZHF o A
Grapple head Zr-4
Thrust washer Waukesha88
Spring cover Zr-4

Spring Inconel X-750
Spring pin SS 304
Top guide assembly
Top guide cover Zr-4
Top guide Al 6061
Top guide roller SS 304
T'op guide roller: sS 304
Pin
T9p guide roller: SS 304
Ring
Central rod Zr-4
Central rod tip Zr-4
Central rod assembly
Stopper Zr-4
Spring pin SS 304
Fuel meat U-7Mo / UsSiy
Fuel plate & stiffener Cladding Al 1060
assembly Stiffener Al 6061
Spacer tube Al 6061
Bottom guide assembly | Bottom guide Al 6061
Receptacle SS 304
Spider Zr-4
Receptacle assembly
Flow tube Zr-4
Flow straightener SS 304
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(7} Spacer tube (\}) Bottom spacer tube

a9 44 27 L A5 JAZHAAY spacer tube
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Central rod tip
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ARR-ME-DW-312-GA-003-01, Rev.P1, Standard Fuel, Channel Assembly
ARR-ME-DW-312-GA-003-02, Rev.P1, Standard Fuel, Channel Assembly

&3]

ARR-ME-DW-312-GA-003-03, Rev.P1, Standard Fuel, Channel Assembly

o~

ARR-ME-DW-371-GA-01-01, Rev.P1, Standard Fuel, General Assembly

Q1

ARR-ME-DW-371-GA-02-01, Rev.P1, Standard Fuel, Spacer Tube Assembly

©))

ARR-ME-DW-371-DD-03-01, Rev.P1, Standard Fuel, Spacer Tube -1, 2

N

ARR-ME-DW-371-GA-04-01, Rev.P1, Standard Fuel, Central Rod Assembly

ARR-ME-DW-371-DD-05-01, Rev.P1, Standard Fuel, Central Rod, Rod Tip,
Stopper

9) ARR-ME-DW-371-GA-06-01, Rev.P1, Standard Fuel, Fuel Plate & Stiffener

Assembly
10) ARR-ME-DW-371-DD-07-01, Rev.P1, Standard Fuel, Stiffener
11) ARR-ME-DW-371-DD-08-01, Rev.P1, Standard Fuel, Fuel Plate

12

)
)
) ARR-ME-DW-371-DD-08-02, Rev.P1, Standard Fuel, Fuel Plate
)

13) ARR-ME-DW-371-DD-09-01, Rev.P1, Standard Fuel, Spring Cover, Thrust
Washer, Grapple Head

14) ARR-ME-DW-371-DD-10-01, Rev.P1, Standard Fuel, Top Guide Cover

15) ARR-ME-DW-371-GA-11-01, Rev.P1, Standard Fuel, Top Guide Assembly

16) ARR-ME-DW-371-DD-12-01, Rev.P1, Standard Fuel, Top Guide, Top Guide

Roller, etc.

17) ARR-ME-DW-371-DD-13-01, Rev.P1, Standard Fuel, Bottom Guide
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18) ARR-ME-DW-371-DD-14-01, Rev.P1, Standard Fuel, Spring

19) ARR-ME-DW-312-GA-018-01, Rev.P1, Standard Fuel, Receptacle Assembly
20) ARR-ME-DW-312-DD-019-01, Rev.P1, Standard Fuel, Receptacle-1, Spider
21) ARR-ME-DW-312-DD-020-01, Rev.P1, Standard Fuel, Receptacle-2

a2 745 A - GA A o3k AutoCAD Al = ¢ H50]t)

p—

ARR-ME-DW-312-GA-004-01, Rev.P1, Reduced Fuel, Channel Assembly

N

~— —  ~— ~— ~ ~ ~ ~ ~

ARR-ME-DW-312-GA-004-02, Rev.P1, Reduced Fuel, Channel Assembly

&3]

ARR-ME-DW-312-GA-004-03, Rev.P1, Reduced Fuel, Channel Assembly

o~

ARR-ME-DW-312-GA-004-04, Rev.P1, Reduced Fuel, Spring Washer
ARR-ME-DW-372-GA-01-01, Rev.P1, Reduced Fuel, General Assembly

&)

ARR-ME-DW-372-GA-02-01, Rev.P1, Reduced Fuel, Spacer Tube Assembly

N

ARR-ME-DW-372-DD-03-01, Rev.P1, Reduced Fuel, Spacer Tube - 1, 2

o]

ARR-ME-DW-372-GA-04-01, Rev.P1, Reduced Fuel, Central Rod Assembly

\e]

ARR-ME-DW-372-DD-05-01, Rev.P1, Reduced Fuel, Central Rod, Rod Tip,
Stopper

10) ARR-ME-DW-372-GA-06-01, Rev.P1, Reduced Fuel, Fuel Plate & Stiffener
Assembly

11) ARR-ME-DW-372-DD-07-01, Rev.P1, Reduced Fuel, Fuel Plate
12) ARR-ME-DW-372-DD-08-01, Rev.P1, Reduced Fuel, Stiffener

13) ARR-ME-DW-372-DD-09-01, Rev.P1, Reduced Fuel, Spring Cover, Thrust
Washer, Grapple Head

14) ARR-ME-DW-372-DD-10-01, Rev.P1, Reduced Fuel, Top Guide Cover
15) ARR-ME-DW-372-GA-11-01, Rev.P1, Reduced Fuel, Top Guide Assembly
16) ARR-ME-DW-372-DD-12-01, Rev.P1, Reduced Fuel, Top Guide, Top Guide

Roller, etc.
17) ARR-ME-DW-372-DD-13-01, Rev.P1, Reduced Fuel, Bottom Guide
18) ARR-ME-DW-372-DD-14-01, Rev.P1, Reduced Fuel, Spring
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19) ARR-ME-DW-312-GA-030-01, Rev.P1, Reduced Fuel, Flow Tube Assembly

20) ARR-ME-DW-312-DD-031-01, Rev.P1, Reduced Fuel, Flow Tube Adapter,
Spider

21) ARR-ME-DW-312-DD-032-01, Rev.P1, Reduced Fuel, Receptacle

22) ARR-ME-DW-312-DD-033-01, Rev.P1, Reduced Fuel, Flow Tube
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Advanced Research Reactor, Tubular Fuel Assembly,
Conceptual Design, Standard and Reduced Fuel Assemblies,
Swaging Procedure, Top Guide Design
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