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(Assessment of Failure for Fretting—-Wear of Steam Generator
U-Tubes in Operating Nuclear Power Plants)

(II-Kon Kim, Jin-Moo Park)
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Separator.
modification Cyclone
SCpArator
maodifications
Table 1. The Structural and Geometric Parameters of mmwﬂ mw
disiribution
Tube D Aali-vibration
bars Feedring with
*J" nozzies
- Tube material ¢ Inconel 600
' . 11 2 Flow Tube
- Young’s modulus(500°F) 119108 x 107 N/m Hol = Support
Plate
- Poisson’s ratio 1 0.29
) 3 Tube support plate
- Tube thickness 1127 x 107 m Longer tabe
o N . . 2 bundle wrapper __|
Tube outer diameter 122225 x 10° m Tube lane
- Density of tube : 8430kg/m’ Fll oling of g [t
tubes in tube sheer  \Y \Blowdown
- Radius of curvature of U-bend region : 1.52 m modification
- No. of tube support plates : 7 Primary waler outlet

}

No. of AVB support points in U-bend region : 4

Fig.1 Configuration of Westinghouse Type Model 51

- Angle of curved spans : 8 = 8z =0;=02=35"
Steam Generator
B83=40°
~ Length of straight spans : L;"L7 = 1.2827 m
Ls = 0.09208 m
- Array of tube bundie . Rectangular

- Pitch of tube bundle

£ 00325 m

————‘{7 DESIGN : FLOW, GEOMETRY l
]

I THERMAL- HYDRAULIC ANALYSIS J

MODIFY I [ VIBRATION EXCITATION MECHANISM J

Table 2. Natural Frequencies of Tube D |

(OP mode : Hz)

I COMPUTATION OF TUBE MOTION i

[

0.1278

TUBE/SUPPORT INTERACTION
IMPACT FORCE PREDICTION

0.8081

1.118

2.821

TEST DATA : IMPACT FORCE
V$ FRETTING

[S20 PSS SCR] R

4.081

Table 3. Impact Duration and Force of Tube D

[ FRETTING- WEAR PREDICTION |

PROBLEMS 7

NO
ACCEPTABLE DESIGN l

-

Impact Duration|Impact Force (N)
(sec.) ; Fig.2 Analysis Procedure to avoid Vibration Problem
Node# 28 0.01966 9.781 )
Node# 35 0.01613 08 in Heat Exchangers
Node# 43 0.01508 0.779 1
Node# 50 0.01120 2.925 :
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005927 1 77
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Fig.3 Finite Difference Grid of ATHOS3 Code for

043315
o3ls

R

Steam Generator Thermal-Hydraulic Analysis Fig.5 Free Vibration and lmpact Analysis Moedel of

Steam Generator Tube

1st Mode Shape of Tube D{CP)

0 e S
S OISR BB U UHAB LD
-1
N ” 2nd Mode Shapes of Tube D(OP)
K L 2
[ o s L -2 S Q1A BBAUMB B HIH6 NI
—Iﬂ 10 ™
K 70 -
S R E
- ] 78 —
HOT SIDE 40 m/s COLD SIDE

Fig.6 Mode Shapes of Steam Generator Type D

Fig.4 Flow Distribution of Model 51 Steam Generator
Tube

Type D Tube
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Excitation Force (white noise)

50X 107 r T T T
15
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I
- 5 R !
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= s i
= -5 1 5 ; 20 : R
H i
-10 |
! i
-15 10 :
Time (sec) |
[1] i 1 1 1
0 50 100 150 00 250X10%
Fig.7 Excitation Force for Steam Generator Tube Wear Volume, V,in.?

Analysis(3.86N)
Y Fig.10 Relationship between Wear Depth and Wear

Volume for a Static Inclination Angle Y=0.6

deg.

Displacement of $G
Tube (Node#28)

Displacement (mm)

Time (sec.)

Fig.8 Displacement of Steam Generator Tube

Node#28

Impact Force of Node #28

Time (sec. )

Fig.9 Impact Force of Steam Generator Tube
Node#28
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