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This study presents the shakedown limit boundaries of a pressure-reducing valve
(PRV) subjected to complex cyclic thermomechanical loadings using the linear
matching method (LMM). The thermomechanical loadings are composed of
three cyclic bending moments (in-plane, out-of-plane, and torsional), two cyclic
internal pressures (high and low), and cyclic thermal loads (temperature
gradients). The analysis results reveal that the PRV has a shakedown limit
boundary that is identical to the plastic collapse limit. Comprehensive numerical
parametric studies were also conducted to assess the effects of individual cyclic
bending moments on the cyclic plastic behavior of the PRV, and the results
showed that the in-plane cyclic bending moment significantly impacted the

structural integrity of the PRV compared to other bending moments.
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Table 1 Dimension of the pressure-reducing valve [mm]

Inner radius | Outer radius 1/t ratio
Flange pipe 158.2 91.9 22
Branch pipe 96 60 1.9
Warming pipe 40 25 2.2
Main pipe 100 74 34
Flange Pipe

Branch Pipe
Warming Line

Valve Body Thermal Seal

Main Pipe—

xed

Fig. 1 Cross sectional model of the pressure-reducing valve "

Table 2 Temperature dependent mechanical properties of Type
316 stainless steel "'

Temp. [°C] E [MPa] Y o, [MPa]
20 198298 0.29 179.48
300 177270 0.29 106.36
400 169760 0.29 97.52
500 162250 0.29 92.51
550 158495 0.29 90.42

MTOR
X
(a) Applied bending moments
f1 11
:éPI'e

MTOR

(b) Applied internal pressures and axial pressures

Fig. 2 Mechanical loadings applied to the pressure-reducing
valve %
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Table 3 Mechanical loadings applied to the pressure-reducing

valve
P M
Loading [rles);lﬁe Loading [Izﬁil]ts
Pry 19.10 Pry 8.06 x 10
Pry 531 Pr. 8.06 x 10
CPr¢ 331 CPry 8.52 x 10
CPrg 12.24
CPry 12.24
600
500
400

Temperature[°C]

300

200

Temperature (°C)

100

0
0 5000 10000 15000 20000 25000 30000 35000 40000

Runningtime (s)

Fig. 3 Temperature gradient of the pressure-reducing valve for
start-up period 36000 seconds
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S, Mises
(Average-compute)

(a) Pressure loading only

S, Mises

(Average-compute)
359.84
329.86
299.87
269.88
239.90
209.91
179.92
149.94

(b) Moment loading only

S, Mises
(Average-i compute)

170. 96

N
x

(c) Pressure and thermal loads

S, Mises
(Average-compute)

(d) All combined loads

Fig. 5 Equivalent stress [MPa] contours from linear analysis'"’
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" —e—Shakedown Limit Boundary
+« 1.0
E 4 PointA
g 08 + PointB
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Z o0

0 0.3 0.6 0.9 1.2 1.5

Normalised cyclic pressure and temperature

Fig. 6 Plastic collapse limit and elastic shakedown limit boundaries
of the pressure-reducing valvel'”
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PEMAG (absolute strain)

0.00
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Number of cycles

Fig. 7 Plastic strain increment of two cyclic loading points A
and B shown in Fig. 6

1.8

Normalised cyclic moments

0 0.3
Normalised cyclic pressure and temperature

0.6 0.9 1.2 1.5
Fig. 8 Elastic shakedown limit boundaries of the pressure-reducing
valve against individual moment load (IP: In-Plane, OP:

Out-of-Plane, TOR: Torsional)
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