Orifice Plates Stresses & Deflections





1.0	General��This method proposes a simple and conservative method for checking that orifice plates do not exceed the deflection required from the metering standards (metering orifice plates) or are not unduly stressed (restriction orifices).



2.0	Method��The orifice plate is assumed to be made of a large number of triangular wedges (ideally an infinite number). Each wedge is encastree at the large end (where it is clamped by the flanges). The wedges are loaded by the differential pressure across the and are assumed to act independently from each other. This last simplifying assumption is grossly incorrect but it is also very conservative. It ignores all the circumferential stresses which in reality account for at least 1/2 the resistance to the deflection and the load. The stresses which are calculated are therefore pessimistic and so are the deflections, but the analysis is simple hence why a simple minded character like myself would use it.�The analysis is based on the analysis of one wegde cantilever.
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�3.0	Notation & Symbols��E	Young’s Modulus of Elasticity	200 000 MPa for steel

	Fb	Permissible Bending Stress	150 MPa for steel

	fb(x)	Actual bending stress at x�Fv	Permissible Shear Stress	75 MPa  for steel�fv(x)	Actual average shear stress at x

	M(x)	Bending moment at x

	V(x)	Shear force at x

	q(x)	Distributed load on wedge at distance x from center of pipe

	(	Wedge angle

	(	d/D ratio of plate

	(P	Differential pressure across plate�T	Thickness of plate�A(x)	Cross section of wedge at x

	I(x)	2nd Moment of Area of wedge section at x

	Z(x)	Modulus of wedge section at x

	((r)	Deflection of plate at distance r from pipe centre line

	x,r	Coordinates from pipe centre line



4.0	Load
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4.1 	Forces����� EMBED Equation.2  ���  for x between d/2 and D/2



4.2	Shear Stress��The shear force at x is V(x):�� EMBED Equation.2  ���

	The cross section at x is :��� EMBED Equation.2  ���

	Hence the average shear stress at x is:�� EMBED Equation.2  ���

	And the maximum is obtained for x = D/2
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	Equation 1







4.3	Bending Moment and Bending Stress



	The bending moment at x is obtained by integration of the shear force:�� EMBED Equation.2  ���
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	The section modulus at x is :�� EMBED Equation.2  ����The bending stress is :��� EMBED Equation.2  ���

	� EMBED Equation.2  ���

	and the maximum stress occurs at x = D/2
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Equation 2	





5.0	Deflection



	We calculate the deflection by the virtual force method. We place a virtual unity load � EMBED Equation.2  ���= 1 at x = r. The virtual moment � EMBED Equation.2  ��� is:�� EMBED Equation.2  ��� = 0 for x<r and,

	� EMBED Equation.2  ���  for r < x < D/2.��The deflection at x = r is:
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	The section inertia at x is I(x) = � EMBED Equation.2  ���



	E is Young’s modulus of elasticity.
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	If we call z = 2r/D we get:
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�The maximum deflection occurs at z = (�

					Equation 3



6.0	Conclusion��The three equations above allow the correct determination of the orifice plate thickness, T, required. Equations 2 and 3 are very conservative and both bending stress and deflection will always be less than calculated. The error is therefore always on the side of safety.�
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