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Introduction.
The purpose of valve units and parts strength analysis is:

- The verification of satisfying the conditions of static, cyclic strength for valve units and parts.
DN50 control valve units and parts strength analysis is performed in compliance with:

- Drawing 510D-3-6,67/230-50 и 510D-3-6,67/230-50.1;

- «Rules on strength calculation of equipment and pipelines of nuclear power plants», ПНАЭ Г-7-002-86 /1/;

-«Piping valves for nuclear power plants. General specifications», НП-068-05 /2/;
Valve units and parts strength analysis according to Table 1.
Table 1.
	Name
	Method of control
	Body material
	Bore diameter, d, mm.

	510D-3-6,67/230-50

510D-3-6,67/230-50.1
	Electric drive
Electric drive
	A216-WCB
A216-WCB
	49

49


1. Initial data.
DN 50 control valve is designed for installation at injection/spray pipeline of cooling water to QRDS-SN at nuclear power plant as a regulating/control device/instrument.

- design pressure and temperature: see table 2;

- working medium: water;
- body material: A216-WCB;

- piping nipple loads /2/: 

    Table 2.
	Designation
	Material
	Load class and value

	
	
	Normal operating conditions
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 = 6,67MPa; Т = 230(C

	510D-3-6,67/230-50
510D-3-6,67/230-50.1
	A216-WCB
	0,756

0,756
	3,25
3,25


- See Table 3 for body material mechanical properties:
Table 3.
	Parameter
	Designation
	Calculating formula (source)
	Design temperature, °С
	Unit

	
	
	
	A216-WCB
	

	
	
	
	20°C
	300
	

	Minimum yield strength at design temperature
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	Minimum ultimate strength at design temperature
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	485
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	Elasticity modulus at design temperature
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	Temperature coefficient of linear expansion
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	Nominal allowable stress
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	Allowable stress
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	Allowable stress
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	Allowable stress
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	Allowable coefficient of total damage
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	ПНАЭГ-7-002-86
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	Specimen contraction at design temperature
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2. Hydraulic test scoping.
Hydraulic test scoping was performed in compliance with:
- «Rules of arrangement and safe operation of equipment and pipelines of nuclear power plants», ПНАЭ Г-7-008-89 /3/.

Hydraulic test scoping according to Table 4.

Table 4.
	Parameters
	Designation
	Calculating formula (source)
	Value
	Units

	Design pressure
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	Table 1
	6,67
	MPa

	Coefficient
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	/3/
	1,25
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	Nominal allowable stress at hydraulic test temperature
	
[image: image21.wmf][

]

Th

s


	Table 3
	166,7
	MPa

	Nominal allowable stress at design temperature
	
[image: image22.wmf][

]

T

s


	Table 3
	146,7
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	Hydraulic test lower limit
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	9,47
	MPa

	Body outlet inner diameter
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	Drawing
	0,049
	м

	Body outlet outer diameter
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	Body outlet wall thickness
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	Hydraulic test upper limit
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	33,96
	MPa


Body hydraulic testing is allowed at pressure of 9,5 MPa - 33,9 MPa for A216-WCB.

Upper pressure is limited with 12 MPa, as far as further hydraulic test pressure increase may cause fastener deformation.
3. Body static strength analysis
The analysis of actual loads caused with pipelines and internal pressure shows that the highest stress valve part determining item/product static strength is the part with minimum relative thickness of walls – the area of nipple edges preparation for piping.
Body static strength analysis according to Table 5.
Table 5.
	Parameters
	Designation
	Calculating formula (source)
	Value
	Units

	
	
	
	A216-WCB
	

	1
	2
	3
	4
	5

	Design pressure
	Р
	Table 1
	6,67
	MPa

	Design temperature
	Т
	Table 1
	300
	(С

	Body outlet inner diameter
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	Body outlet outer diameter
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	Body outlet wall thickness
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	Inner diameter tolerance
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	Outer diameter tolerance
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	Body outlet wall corrosion
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	Design allowance for body outlet wall thickness
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	m

	Design allowance for body outlet wall thickness without regard to corrosion
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	Reduced stress in body outlet walls
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	55,38
	MPa

	Allowable stress at ТР
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	Table 3
	146,7
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	Safety factor for allowable stress
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	Body outlet section modulus
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	6,91E-06
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	Piping weight load moment at normal operating conditions
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	756
	Nm

	Stress caused with piping weight load moment
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	Body outlet cross-section area
	F
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	5,50E-04
	m2

	Piping weight load force
	
[image: image55.wmf]В

F


	Table 2
	3250
	N

	Stress caused with piping weight load force
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Table 5 continued.
	1
	2
	3
	4
	5

	Stress under weight load at normal operating conditions and internal pressure
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	170,65
	MPa

	Allowable stress
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	429,0
	MPa

	Safety factor for allowable stress
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CONCLUSION:
1) Strength condition for general membrane stress:
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 is SATISFIED;

2) Strength condition for membrane and general bending stress:
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4. Calculation of bonnet flange joint.

Calculation of bonnet flange joint is performed according to Table 6.
Table 6.
	Parameters
	Designation
	Calculating formula (source)
	Value
	Units

	1
	2
	3
	4
	5

	Mean diameter of gasket seal face
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	Drawing
	0,0915
	m

	Gasket seal face outer diameter
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	Drawing
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	Gasket effective width
	B
	Drawing
	0,009
	m

	Gasket tightness supporting coefficient
	M
	/4/
	2
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	Force for gasket tightness supporting at hydraulic test pressure
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	Hydrostatic load at gasket mean diameter caused with pressure
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	Accepted load at gasket
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	Stud thread diameter
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	No. of studs
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	Coefficient accounting for surface condition and thread lubrication
	
[image: image81.wmf]UR

M


	/5/
	0,26
	-

	Torque at thread while tightening
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	4.1 Flanged joint studs strength

	Parameters
	Designation
	Calculating formula (source)
	Value
	Units

	1
	2
	3
	4
	5

	Maximum force of valve displacement
	
[image: image84.wmf]1

Q
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	Rated force at studs
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	Stud non-threaded/round part diameter
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	Drawing
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	Tensile stress in studs
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	112,27
	MPa

	Material of studs
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	Drawing
	A193-B7
	

	Yield strength at operating temperature
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Table 6 continued.
	1
	2
	3
	4
	5

	Nominal allowable stress
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	Safety factor
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	Thread performance factor
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	Thread turns deformation factor
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	Thread height
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	Thread inner diameter
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	Thread shear stress
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	49,39
	MPa

	Allowable shear stress
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	Shear stress safety factor
	
[image: image105.wmf]S

N


	
[image: image106.wmf][

]

tau

/
[image: image107.wmf]tau


	2,63
	-

	4.2 Strength of body inner thread

	Rated force at studs
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	Yield strength at operating temperature
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	Nominal allowable stress
	
[image: image112.wmf]idn

S


	
[image: image113.wmf]0,2

i

S

/2
	110
	MPa

	Thread performance factor
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	Thread turns deformation factor
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	Thread height
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	Thread inner diameter
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	Thread shear stress
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	37,25
	MPa

	Allowable shear stress
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	Shear stress safety factor
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	4.3 Strength of nut thread

	Rated force at studs
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	Material of nut
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	Yield strength at operating temperature
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	Nominal allowable stress
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	Thread performance factor
	
[image: image131.wmf]1

K


	
	0,87
	-


Table 6 continued.
	1
	2
	3
	4
	5

	Thread turns deformation factor
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	Thread height
	H
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	Thread inner diameter
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	Thread shear stress
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	Allowable shear stress
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	Shear stress safety factor
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	4.4 Bonnet flange strength

	Cover thickness in design section
	
[image: image141.wmf]2

H


	Drawing
	0,029
	m

	Design section diameter
	
[image: image142.wmf]2

D


	Drawing
	0,097
	m

	Stud outer diameter
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	Design section bending arm
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	Bending stress
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	Material of bonnet
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	Yield strength at operating temperature
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	Allowable bending stress
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	Safety factor
	
[image: image151.wmf]d

N


	
[image: image152.wmf][

]

S

/
[image: image153.wmf]i

s


	8,66
	-


5. Calculation of gland seal unit.
Calculation of gland seal unit is performed according to Table 7.

Table 7.
	Parameters
	Designation
	Calculating formula (source)
	Value
	Units

	1
	2
	3
	4
	5

	Stem diameter
	d
	Drawing
	0,017
	m

	Chamber diameter
	D
	Drawing
	0,027
	m

	Coefficient
	φ
	/5/
	1,5
	-

	Gland tightening force
	Q
	π(D2-d2)P*φ
	13822,908
	N

	Stud thread diameter
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	No. of studs
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	Coefficient accounting for surface condition and thread lubrication
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	Torque at thread while tightening
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	14,37582432
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6. Strength calculation for studs, nuts and trip bar.
Strength calculation for studs, nuts and trip bar according to Table 8.
Table 8
	Parameters
	Designation
	Calculating formula (source)
	Value
	Units

	1
	2
	3
	4
	5

	6.1 Stud thread strength

	Force caused at studs with stem under condition of  stem end stop at gland ring at opening
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	Rated force at studs
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	Stud non-threaded/round part diameter
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	Drawing
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	Tensile stress in studs
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	MPa

	Material of studs
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	Drawing
	A193-B8
	

	Yield strength at operating temperature
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Table 8 continued.

	1
	2
	3
	4
	5

	Nominal allowable stress
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	Safety factor
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	Thread performance factor
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	0,75
	-

	Thread turns deformation factor
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	Thread height
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	Thread inner diameter
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	Thread shear stress
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	49,41
	MPa

	Allowable shear stress
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	Shear stress safety factor
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	6.2 Strength of nut thread

	Rated force at studs
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	Material of nut
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	Yield strength at operating temperature
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	Nominal allowable stress
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	Thread performance factor
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	Thread turns deformation factor
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	Thread height
	H
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	Thread inner diameter
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	Thread shear stress
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	63,89
	MPa

	Allowable shear stress
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	Shear stress safety factor
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	6.3 Strength of thread in bonnet

	Rated force at studs
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	Material of bonnet
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	Drawing
	A105
	

	Yield strength at operating temperature
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	Nominal allowable stress
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Table 8 continued.
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	Thread turns deformation factor
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	Allowable shear stress
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	Shear stress safety factor
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	6.4 Trip bar calculation

	Trip bar thickness
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	Trip bar design thickness
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	Moment of resistance of inertia of trip bar
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	Circular bearing surface mean diameter
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	Arm of bending moment caused with support reaction force
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	Force at bar caused with stud
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	Bending moment
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	Trip bar bending stress
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	Material yield strength at design temperature
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	Material stress limit at design temperature
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	Safety factor for yield strength 
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	Safety factor for stress limit
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CONCLUSION
The analysis showed that valve configuration, chosen dimensions and the properties constructional material satisfy the strength limits and provide valve operation at specified parameters.
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