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Study summary (in Hungarian)

I. semester

= A képlékenységtan alapjai

= Szilardtestkémia

= Anyagtudomanyi szeminarium
= Kutatasi projekt 1

= Kutatasi beszamolo 1

Il. semester

: Valogatott fejezetek az anyagvizsgalati médszerekbdl 1
5 A képlékenységés kuszas nem klasszikus feladatai

7 Hétranszport végeselem modellezése

= Kutatasi projekt 2

= Kutatasi beszamolo 2

lll. semester

= Valogatott fejezetek az anyagvizsgalati modszerekbdl 2
= Orosz nyelv kezd6

= Interfaces (English)

= Kutatasi projekt 3

= Kutatasi beszamol6 3

IV. semester

- Korszerli modszerek a tomegspektrometriaban
- Polimerek fizikai kémiaja

- Kutatasi projekt 4

- Kutatasi beszamolé6 4

V. semester

- Orosz kdzéphaladd

- Kisérletek tervezése és értékelése
- Kutatasi projekt 5

- Kutatasi beszamol6 5
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(6) - Ruszinké Endre - jo

(6) - Stirling Andras - jeles

(3) - Recskiné Borsa Judit - teljesitette
(10) - alairas

(6) - teljesitette

(6) - Takacs Erzsébet - jo
(6) - Ruszinké Endre - jo
(6) - Borza Sandor - jeles
(10) - alairas

(6) - teljesitette
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(6) - Recskiné Borsa Judit - j6

(2) - Solymosiné Molnar Margit - j6
(3) - Horvath Mark - jo

(20) - alairas

(6) - teljesitette

)_
)_

(6) - Kéki Sdndor

(6) - Pekker Sandor - kdzepes
(20) - alairas

(6) - teljesitette

(2) — Krepler Erzsébet - jo

(6) -- Horvathné Drégely-Kiss Agota
(10) - alairas

(10) - teljesitette



Objectives

Radiolysis and corrosion during normal operation give a H content
cladding creep + pellet swelling = pellet pushes cladding (PCMI)

Zirconium filled by hydrogen = harder and more rigid material
Mandrel measurements were carried out to characterize E110/E110G

My task: to create 3D finite element model to simulate mandrel tests
including non-linear plastic deformation

THE PURPOSE TO MODEL PCMI WITH HYDROGEN CONTENT
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Mandrel tests

Pushing a needle into mandrel segments

Segments prise open then damage the pipe
Measuring pushing force versus needle displacement
Curves characterise material properties radially
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Mandrel tests (PHG-59, 627 ppm, PHG-83, 2059 ppm)
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3D finite element model

Inc: 577 Def Fac: 1.000e+00
Time: 2.885e+02

2.404e+01

cr_mesh.set
mandrel .set ! 2 1530401

needle.set 1.9072+01
tahle.set 1.65Ze+01
1.401e+01
1.150e+01

| &.991e+00

b.482e+00

3.974e+00

1.465e+00

-1.0432400 -
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Yield curve transformation
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Result of simulation I.
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Result of simulation Il.
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Result of simulation Il.
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Result of simulation Il.
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“n” content and the force at 4 mm needle-displacement is seen.
At around 2000 ppm, forces was not increased with hydrogen content.
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Summary and Conclusion

A 3D finite element model was developed to simulate mandrel tests
of E110/E110 G nuclear fuel claddings.
The model was validated based on real measurement data.

According to all measured and calculated force curve
(in function of the needle displacement) a modified yield curve
was applied for calculations.

| have found a series of “n” humber which modify yield curve
appropriately to simulate mandrel tests with respect to the hydrogen
content in samples.
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