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SUMMARY

I.  Project Title

Development of Contact Failure Analysis Technology

II. Objective and Importance of the Project

This research focuses primarily on the mechanical analysis of contact failure, and the
experimental analysis is also carried out to support the theoretical analysis. Fretting failure is
mainly considered for the contact failure, which has been widely found in the nuclear
industry (e.g., fuel, steam generator, piping systems etc.) as well as in the mechanical
industry (e.g., gear, press fits, joints with bolt and nuts, etc.). It is generically impossible to
avoid the contacting part in the mechanical components, and therefore the failure due to the
contact is intrinsically inevitable during service of the components. However, if we can
identify the parameters that affect the failure and procure a tool for analyzing the parameters,
the failure can be controlled and reduced. So to speak, a design guideline for alleviating the
contact failure can be implemented in this way. The purpose of this research is to develop
such a realistic methodology. To this end, it is intended to draw a method of analyzing and
controlling the contact failure using solid mechanics theory as well as experiments. Including
the above, since contact failures such as wear and cracking reduces the design life of the
mechanical components considerably, the importance of present research cannot be

underestimated. This technology can be used for evaluating and extending the design life.

II. Scope and Contents of Project

In this research, wear and cracking failure are considered as two forms of the contact
failure. As for the parameters in theoretical analysis to explain these failures, friction energy
dissipation from the contact surface is referred to for wear, while stress intensity factors of a
surface breaking crack is concerned for the fretting fatigue cracking failure. Contact traction
is the very fundamental parameter to achieve them. From it, the friction energy and the stress
intensity factors can be evaluated. Therefore, the scope of theoretical research includes the
analyses of the contact tractions, the surface friction energy dissipation and the crack

initiated under the contact surface. On the other hand, the scope of experimental research
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consists of fretting wear experiment using the fretting wear tester that has been developed for
fuel rod fretting damage. It also includes the comparison and verification of the theoretical
results.

To this end, studied were contact analysis in the case of the contact of a punch, wedge
and cylinder with a semi-infinite plane in the first year (2000). The contact normal and shear
tractions were evaluated for the rounded punch. The surface friction energy dissipation and
the stress intensity factors were also analysed. Fretting wear experiment was conducted using
the specimen of rounded punch shape. Partial slip phenomenon was primarily investigated in
the experiment. A good achievement was the development of wear volume evaluation
program.

In the sequel, the contact configuration is generalized in this year (2001) for the
theoretical analysis. Studied is the influence of tilting of the contacting bodies on the energy
dissipation and the stress intensity factors, which is regarded as the actual condition of the
mechanically contacting components. In the experimental analysis, the influence of air and
water environment is studied. The investigation of the worn surface from material science

viewpoint is included. The workrate model is applied for the obtained data.

IV. Result of Project

This report is dealing with the results obtained in the second year (2001) only although
it is the final report. The results in the first year (2000) is not reproduced here since it has
been already published (KAERI/RR-2078/2000).

In the theoretical analysis using contact mechanics, analyzed are the tractions induced
by the generalized contact configuration and the tilting of the contacting body. The friction
energy dissipation from the contact surface differs if the contacting body is tilted and the end
profile of it changes. For instance, the energy dissipation increases in the case of the tilting
of the rounded punch, which is not the case of wedge. The internal stress is found to move to
the direction of the tilting. Therefore, it is thought that a special concern needs to be given
during the contact design in the point of tilting (and alignment). From the crack analysis, it is
found that the influence of the tilting on the cracking behaviour is negligible. When a bulk
tension is applied, however, K| increases considerably even though the variation of Kj; is

very small. In that case, K increases as the crack length increases.
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The improvement of contact configuration is taken into consideration as one of the
approaches to restrain the contact failure. As for the configurations, a rounded punch (R-
punch), a truncated punch (T-punch) and a rounded and truncated punch (RT-punch) are
considered. It is found that, by the R-punch, the slip region is the smallest, and so is its
expansion velocity. In the case of partial slip, it is found that the slip region can expand to
the location of the peak normal traction. If shear force exceeds further, gross slip
immediately occurs in the whole contact area. So, the limit of the shear force is the one by
which the location of shear peak reaches that of normal peak to form the partial slip. To
restrain the contact failure, especially wear damage, it is required to confine the shear force
less than the limit. It is necessary to design the shape of contact end profile such that the
normal peak occurs at the center of the contact as close as possible.

The wear in water environment is more severe than that in air. This is explained by the
size and the dispersion of the wear debris, which is affected by the environmental difference.
No oxidation is found on the worn surface. The wear coefficient K of the workrate model is
larger in the case of gross slip compared with K of partial slip. So, it is again thought that to
sustain partial slip condition is necessary to restrain the contact failure. The mechanism of
fretting wear has been said that it starts from the adhesive wear, then abrasive wear prevails
after wear debris is produced. Since this cycle can be accelerated in water due to the ease of
the debris dispersion, the severe wear in water may be explained such a way. On the other
hand, it is found difficult to say that the wear volume increase rate is always linear to the
workrate, which the workrate model implies. It may be influenced by the material difference,

the experimental condition (e.g., environment) and the slip regime.

V. Proposal for Application

Methods developed for the contact tractions and the internal stresses can be used not
only for the analysis of the fuel fretting failure which fuel vendor and utility are interested in,
but also for the design of the contacting components. Possible institutes, which may be
interested in this research, are KNFC and KEPCO in the nuclear industry in Korea. Present
fretting wear experiment technology can be used for the similar experiments, which may be
planned by the above-mentioned industries where wear is brought into focus. Procurement of
a design guideline and evaluation of the structure lifetime using contact mechanics can be

candidates of new projects. Present work can take a major role in such projects.
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E, E, X(EtE)
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0.47 0.89 1.62
0, decrease 0.08 0.05 0.99
0.09 0.06 1.77
0. decrease 0.02 0.10 1.11
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Fig. 1-5 Variation of internal stress distribution in the cases of non-tilting ((a), (b) and (c))
and tilting ((d), (e) and (f)).
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Fig. 1-18 Internal stress distribution in the case of indentation by a tilted punch and far field
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(a) Truncated punch  (b) Rounded punch

Fig. 2-1 Different end profiles of support in the experiment.
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Fig. 2-2 Schematic diagram of wear tester;
1: Servo-Motor, 2: Eccentric Cylinder, 3: Lever, 4: Movable Hinge, 5: Rotating Device,
6: Biaxial Loadcell, 7: LVDT, 8: Water Tank, 9: Support Specimen, 10: Tube Specimen.
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Fig. 2-3 Present test condition in the fretting map [10].
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(a) P=30N, 0= 30 um (partial slip) (b) P=30N, =200 um (gross slip)
Fig. 2-4 Wear scar on tube specimen induced by the contact with truncated wedge (Fig. 1(a)).
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(a) P=30N, 0= 30 um (partial slip) (b) P=30N, 6= 200 um (gross slip)
Fig. 2-5 Wear scar on tube specimen induced by the contact with rounded punch (Fig. 1(b)).
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Table 2-2. Wear depth, volume and type on tube specimen in the case of the contact with
truncated wedge.

P 10N 30N 50N
5 Depth | Volume | Wear | Depth Volume | Wear | Depth Volume | Wear
(um) (10° mm®) | Type (um) (10 mm®) Type | (um) (10 mm®) Type
10 um | 10.51 62.36 1 7.02 20.24 1 - - -
30 um | 5.30 31.02 1 9.29 32.30 1 9.74 42.89 1
50 um | 8.08 500.57 2 16.98 83.82 1 2.47 3.10 1
80 um | 19.11 1258.40 2 20.84 3057.93 2 23.36 198.91 1
100 - - - 29.81 5417.76 2 26.03 5063.47 2
um
150 - - - 39.84 | 11203.71 2 - - -
um
200 - - - 50.98 | 22016.01 2 - - -
um

Table 2-3. Wear depth, volume and type on tube specimen in the case of the contact with rounded punch.

P 10N 30N 50N
5 Depth | Volume | Wear | Depth Volume | Wear | Depth Volume | Wear
(um) (10° mm®) | Type (um) | 0° mm®) | Type (um) | (1 0° mm®) | Type
10 um | 34.81 627.01 1 7.98 36.39 1 - - -
30 um | 15.53 197.21 1 4.71 5.16 1 - - -
50um | 29.76 | 1733.54 2 10.24 153.90 1 3.34 3.85
80 um - - - 32.25 3942.98 2 13.31 109.08 1
100 _ 22 Q2 ann2 Q0 ) 7% Q% 2842 8N 5
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(a) P=30N, 0= 30 um (partial slip) (b) P=30N, =200 um (gross slip)

Fig. 2-6 Wear profiles of Fig. 2-4 (i.e., wear induced by the contact with truncated wedge).
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Fig. 2-7 Wear profiles of Fig. 2-5 (i.e., wear induced by the contact with truncated wedge).

o

B AldH YERG Type 1 3} Type 2 npES g AAHv] EAAR R =AHs)
Kol Fa1 gith o 7)A wpER ] Zo] Wk Zo st
2 H
= T

& g e wE ] sideigld 2R

42



AAFEFATH1]. ©] X212 Fast Fourier Transform ¥} Windowing & A% %

Me B89 ZomA npEye @4e Gedsle] ¥uE Pas Aut
s}

AC)

dgsta g AxE & 4tk 53] FE vnngelxe miEy) o
npE ko]l A% ¥ Aol F8&% ol

Table 2-2 9} Table 2-3 = Z}Z} Fig. 2-1(a) 2 Fig. 2-1(b)2] XA A}l

dell =2 st P o vd W9 W9 § oA dEhd viEel 54 A3s

fofato] wof Fal gl e dl2 viEe] et Type 1 ol 4 Type 2 71 2

e o Ak o] A2 mhd F9le] WA Zle]vt

W whE Ru7E F43] St
S7hgtell whet el Rlolth wbE o] FE7E Type 2 @ wol= A A F-o] At
BA flol 7+ 7 shTelA my W Wyt FbeAl s owpbd Zols}
-1 7F FAlel S7heklth

Ty vbd o] Type | € Afollv 25 & FFES HUTE S Table
2-2 ¢} Table 2-3 oA FEZHOE 10 N ¢ 437 dt5olA 10 ym &
zlojo} K17} 30pm o weo] 1A KT AH 50 N o
AR Alger A9 wpd Zeo] 8 FHryt g ASdd wE] #@A43 A

Uehd A4S B 4 9lth B Table 2-3 oA 30 N ©]a 30 ym & wje] mpd

2
(9,
S
=
3
o
=)

W7 A "vkar A4 4 gtk o] wel Table
ARz HE HFH Aol Aol wis] wmpde] IAste] whd Fu7t 543
7 s A v duEe Helz ddsiglth. =, 4 sk 10, 30, 50
N o vzl W] W7t Z2E 50,80, 100 pm o] HWH A w11 o2 e] o]t
HAG o w A7telgint

o] A3}= [10]914 AAE Fretting Map ol #Zo] T=A13H Fig. 2-8 I} .
o AFAA Y A AREFEE FE iy 9o o Wods & 5 Adrh
oA HEF EAY FAo] mtEY oA WEd dIFS vATE S

ofughet, wEkd Z1A] AA SRl HFHolM e vhE B8-S oAlstr] f8)

43



100

,// Partial slip region[6]
. 80 ;
Z Supposed boundary
) .~ bet. Partial/Gross:slip
o 60 , of present experiment
LE / koK Kok
g 40 % Gross slip region[6]
o= (@] O
o
Z 20
[ B I | [ |
ol
0 25 50 75 100

Displacement amplitude (+/-, um)

Fig. 2-8 The boundary between partial and gross slip for the present contact.
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Table 2-4. Characteristic of spacer grid spring specimen for water environment test.

Spring Contact contour End condition Coptact length No. contacts
no. intended
1 Flat Clamped at both ends 2.6 mm 1
2 Flat Cantilever 1.8 mm 1
3 Concave Clamped at both ends 5.1 mm 1
Table 2-5. Wear result (in the case of 30 N, 200 um).
Spring | ) 3
no.
Depth" Volume®
Wear (m) (10 mm’) Depth | Volume | Depth | Volume
Air® 50.98 22016.01 72.48 | 28758.87 | 52.14 | 25632.82
Water 103.61 70453.19 101.66 | 92775.42 | 36.34 | 31553.63
b)/a) 2.03 3.20 1.40 3.23 0.70 1.23
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(b)

Wom Surface, Water, X500

(a)
Fig. 2-9 SEM View of worn surface (X 500): (a) in Air (b) in Water.

Wilarn Surface, A, X500
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Air

(b)

(a)

Fig. 2-10 Chemical composition on the worn surface by EDX: (a) in Air (b) in Water (No

oxygen is detected for both cases).
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Fig. 2-11. Alignment of the tube specimen. Fig. 2-12. Typical wear shape on the tube
specimen.
Table 2-6. Wear depth and volume from tube-to-tube wear test.
10N 30N 50N
P|  Depth Volume Depth Volume Depth Volume
9 Air/ Water Air/Water Air/Water Air/Water Air/ Water Air/Water
(Ratio) (Ratio) (Ratio) (Ratio) (Ratio) (Ratio)
15 94/21.7 87.77/1262.55 48/9.5 7.75766.28 -/6.7 - /35.01
m
K (0.43) (0.07) (0.50) (0.12) ) -)
30 11.20/19.5( 219.57/1394.11 17.5/21.4 376.72/1318.24 8.0/- 54.36/ -
ML 0s7) (0.16) (0.82) (0.29) (-) (-)
50 18.0/19.3 | 975.30/2420.19 29.3/49.0 | 1681.21/15053.73 | 23.6/81.5 546.26 / 24145.03
ML 0.94) (0.40) (0.60) (0.11) (0.29) (0.02)
20 29.2/33.3 | 2589.03/7813.25 32.1/- 4770.82 / - Not Not
o (0.88) (0.33) (-) (-) conducted conducted
100 27.4/38.0 [ 6182.38/14482.85| 64.0/54.3 | 9428.12/25743.80 | 79.5/56.1 9774.83 / 8263.74
m
. (0.72) (0.43) (1.18) (0.37) (1.42) (1.18)
52.8/62.5
9385.41/18492.62 | 107.8/76.6 | 18432.87/27224.90 | 44.4/89.2 | 17287.42 /42236.93
150 um | (0.84)
(0.51) (1.41)/ (0.68) (0.50) (0.41)
200 73.0/72.8 [16489.30/25404.46| 152.4/96.3 (44473.48 / 48431.26 [134.1/106.1| 53327.15/ 52398.52
m
H (1.0) (0.65) (1.58) (0.92) (1.26) (1.02)
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Fig. 2-13 Comparison of wear in the environment of air and water.
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Fig. 2-14. Application of the workrate model using shear force for each spring-tube contact (normal

letter: partial slip; italic letter: gross slip)
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slip regime.

Contact Failure, Contact Tractions, Generalized Contact Shape,
Partial Slip, Friction Energy Dissipation, Stress Intensity Factor,
Fretting Wear Tester, Wear Volume, Workrate Model

Subject Keywords
(About 10 words)




	표제지
	제출문
	요약문
	목차
	제1장 서론
	제2장 본론
	제1절 접촉형상의 일반화에 따른 이론적 해석
	1. 개요
	2. 접촉물체가 기울어져 접촉하는 경우의 접촉면 수직 트랙션
	3. 기울어진 라운딩 펀치에 의한 접촉문제
	4. 부분미끄럼 상태의 해석
	5. 물체 내부의 응력 분석
	6. 접촉형상의 일반화
	7. 접촉폭(2b) 및 수직 트랙션의 계산
	8. 부분미끄럼 문제에서의 전단 트랙션 및 미끄럼 영역
	9. 비대칭 접촉 트랙션에 의한 균열전파 거동의 해석
	10. 내부응력 및 균열전파 거동

	제2절 접촉손상의 실험적 분석
	1. 미끄럼 조건의 변화에 대한 실험적 분석
	2. 시험
	3. 부분 미끄럼 이론
	4. 시험 결과 및 고찰
	5. 핵연료봉의 진동에 대한 고찰
	6. 수중분위기가 마멸에 미치는 영향
	7. 마멸모델(Workrate Model)의 검토


	제3장 결론
	제4장 참고문헌

	qqq: 


