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Analyses of Failure Causes and an Experimental Study
on the Opening Characteristics of Swing Check Valves

Seok-Yoon Song and Seong-Yeon Yoo~
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Oscillation( T]2= 215, Performance( %5)

ABSTRACT

Check valves play a vital role in the operation and protection of nuclear power plants. Check valves
failure in nuclear power plants often lead to a plant transient or trip. The analysis of historical failure data
gives information on the populations of various types of check valves, the systems they are installed in,
failure modes, effects, methods of detection, and the mechanisms of the failures. A majority of check valve
failures are caused by improper application. The experimental apparatus is designed and installed to measure
the disc positions with flow velocity, Vopen and Vmin for 3 inch and 6 inch swing check valves. The
minimum flow velocity necessary to just open the disc at a full open position is referred to as Vopen, and
Vmin is defined as the minimum velocity to fully open the disc and hold it without motion. In the
experiments, Vmin is determined as the minimum flow velocity at which the back stop load begins to
increase after the disc is fully opened or the oscillation level of disc is reduced below 1°. The results show
that the Vmin velocities for 3 inch and 6 inch swing check valves are about 27.3% and 17.5% higher than
the Vopen velocities, respectively.
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Table 1 Description of failure mode

Failure mode Description

This category includes all failures
in which the valve failed to pro-
perly seat(excluding the stuck open
and restricted motion case), whether
due to seat erosion, lack of full
seat/disk contact, or unknown ca-
uses of reverse flow leakage

Improper Seating

Includes valves in which the disk is
clearly stuck open or cocked, inclu-
ding, for example, cases where for—
eign material prevented the valve
from fully closing or the disk
cocked in the seat due to wear of
disk stud

Stuck Open

Either the disk to other internal part
has come loose from the assembly
or a valve internal part was found
to be cracked or broken

Disc/Other Part
off or Broken

Valve will not open when forward

Stuck Closed . .
pressure is applied

Free motion of the valve is re-

Restricted . .

Moiio /Flow stricted. In some case, this resulted

in reduced flow through the valve
Some portion of assembly, generally
in the hinge pin or disk stud area,
Loose/Damaged | was found to be loose or otherwise
Part not in a proper assembly condi—
tion(with no other attendant pro-

blems, such as stuck open, etc.)

Unknown or A failure which did not fit any of

Miscellaneous

the above categories
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Table 2 Description of failure areas

Failure Description
area/source P
Degradation or failure in the hinge pin
. . i the h hat
Hinge Pin Qr the portu-)n of g angfar aIm t. at
interfaces with the hinge pin, including
bushings
Degradation or failure of disk stud or of
Disc Stud/ Fhe portion ' of the 'hanger drm that
. interfaces with the disk stud, including
Hinge Arm . . .
nuts, washers, and antirotation lugs;
also includes the backstop area
Degradation or failure of the disk in the
Seat area where it interfaces with the seat,

the seat itself, and/or disk/guide areas

Degradation of a body penetration, such
as packing or a stem which interferes
with proper valve functioning

Penetration

Applied to cases where there was wear

General of a general nature and specific affected
Wear . . o
areas were not identified
Degradation in which the presence of
foreign material caused the valve to not
Foreign function properly. Foreign material is
Material not clearly not an "area”; its presence
can cause degradation of any of the
above listed valve parts
Uni)(tr}:oe\;vn/ Self explanatory

18

<
- Ao

2 A&t Table 3¢ Yehdl uls} Zo] oy 7}
A 14 BE F Al 7HA 2 2T (Internal Leak—
age, Failure to Close, External Leak)7} 198
4~1993 NPRDS 1% dlojee] 85%% AAsh=
RoZ eyt

Table 4= 1984~1990 ORNL #A&° 73 &
Yelligl=td Table 4°l4= W%
‘¥4 (Internal Leakage)7} tFE A oL}
Table 3°lxe oiFge ulF 4o XFHJH
w2bA Table 49 ORNL #4 A%E »y 544
3 A8 (Improper Seating) ¥ 0% 7% (Stuck
Open)©] F2 1% Rz Ueids o 4+ Yok
AL A"HE W AT AR 27 ZEoly
1 22 23 A9 (Failure to Close) 9 #AFSH
[o]

ISR =1

EBE:‘ i;g' ATAE

gjo]

_0|L
2
!
o
z N o
Kodo gt
N
1 T— ’;‘l%
i 2
i RN
N
> B pr
ok oM,
Rlood e rlr e 4

i
“ e

Table 3 Distribution of failures by failure mode (1984~1993

NPRDS)

TFailure mode TFailure distribution
Internal Leakage 36%
Failure to Close 25%

External Leak 24%

Test, Maintenance 15%

Fail to Open

Not Operating

Other

Table 4 Distribution of failures by failure mode (1984~1930
ORNL)

Failure mode Failure distribution
Improper Seating 45%
Stuck Open (Fail to Close) 28%
Disc/Part Broken 12%
Stuck Closed 7%
Restricted Flow 7%

Loose, Damaged Parts

Miscellaneous ~1%
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Table 7 Method of failure detection (ORNL)

Specific detection method 198&1)990 1?;1)* 1(‘3?,/5‘*
Nonspecific 33 18 20
Leak Test 20 41 22
Disassembly & Inspection 13 9 17
Hydraulic Indications 12 18 15
Nonhydraulic Indications 11 6 13
Pump/Component Rotation 6 4 8
Other, Nonintrusive 5 5 5

x All 1991 Failures
#x Significant 1991 Failures Only

Table 8 Failures by valve type (NPRDS)

Valve type 1991 failures
Lift 34%
Swing 33%
Unknown 15%
Tilting 10%
Double Disc 5%
Stop-Check 2%
Intine Check (Nozzle) 1%

Corrective actions Failure distribution
Replace Parts 40%
Repair Component 37%
Replace Component 11%
Modification/Substitutions 12%
Temporary Measures
Adjustment

Table 6 Method of failure detection (1984~1993 NPRDS)

Failure detection methods Failure distribution
Surveillance Test 40%
Routine Observation 20%
Abnormality 14%
Special Inspection 8%
Inservice Test 8%
Incidental Observation 5%
Preventive Maintenance 3%
Other 2%
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Fig. 2 Schematic diagram of performance test facility for swing check valves

Table 9 Specifications of test facility equipment

Equipment Specifications
Head : 71.85 m,
Centrifugal Pump Flow rate : 54 m'/min
Power @ 9252 kw

Globe valve, 6 inch
Globe valve, 2 inch

Control Valve

Storage tank FRP, 2 o1
3 inch(swing, 1ift)
Check valve - -
6 inch(swing)
Globe valve 3, 6 inch
Gate valve 3, 6 inch
Butterfly valve 3, 6 inch

Electromagnetic : 5 ~ 180 m'/hr,
+05% rate, 4 ~ 20 mAdc

Flow Meter
Turbine : 80 ~ 800 m'/hr, 1%
rate, 4 ~ 20 mAdc
Pressure 0 ~ 25 bar, 0.15%FS,
Transmitter 1 ~ 5 Vde
. 1, 05 kg/cm, 0.15%FS,
DP Transmitter 1 ~ 5 Vde
Load cell 0~200 kg, 4 ~ 20 mAdc
Temperature PT100, Head type, 0 ~ 100 C,
Transmitter 4 ~ 20 mAdc

Radial Displacement| Potentiometer type, 4 ~ 20 mAdc
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Table 10 Specifications of swing check valve

Parameter 3 inch 6 inch
Pipe 1D.(mm) 77 143
Seat LD.(mm) 62 114
Disc Dia.(mm) 82 134
Seat angle(’) 4574 4574
Disc angle measured from vertical("} | 65.064 63.424
disc & Hinge Arm Weight(kg) 13 49
Hinge Pin to Disc center(mn) 62 1005
Hinge Pin to Disc CG(mm) 25 20
Disc Assy CG Angle() 22 11.25
Material SUS SUS
Pressure Class class 300 | class 300

Ty

Fig. 4 Photo of disc assembly of swing check valve
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Fig. 5 Disc position and load cell load at various flow velocity
for swing check valves with uniform Flow
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