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Abstract 

Steam turbine diaphragm will produce deflection in high temperature and high pressure 
environment for working long hours, which may cause rotor friction and even serious 
accidents. Therefore, in order to estimate the deflection and strength of the diaphragm, 
the author employs M-V method that suited for long-blade diaphragms analysis and can 
be compared with the result of the finite element simulation analysis. The result shows 
that the maximum deflection and stress errors of the diaphragm are respectively 23.95% 
and 63.56%. For getting more accurate deflection and stress values, in the M-V method, 
the author corrected the pure bending calculation of the blade to oblique bending 
calculation, by which the corrected deflection and stress errors are 3.09% and 2.48%, 
respectively. Meanwhile, the steam turbine diaphragm with the blade length of 
60~200mm were used for error analysis to verify the reliability of the results. All the 
diaphragms’ deflection and stress errors are around 5%. Hence, the corrected M-V 
method reduces the relative error of the deflection and stress of diaphragm, and it is 
more suitable for deflection and strength calculation of the long-blade diaphragms and 
provides a theoretical basis and practical scheme for the efficient deflection and stress 
calculation of the diaphragm in engineering issues. 
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1. Introduction 

The baffle is one of the main flow parts of the steam turbine unit. Its main function is to fix the stator 

blades and prevent steam leakage between stages. Its structure is mainly composed of the baffle body, 

the outer ring and the stator blades between the two [1]. When the partition is working, high-

temperature, high-pressure water vapor quickly flows into the steam inlet side of the partition. During 

the flow of water vapor, its pressure and temperature decrease, the velocity value increases and the 

direction changes. Therefore, the temperature, pressure, and the magnitude and direction of the speed 

before and after the separator will change. Under such complicated working conditions, the 

diaphragm is prone to deflection deformation and stress damage. When the high-pressure steam 

quickly passes through the stationary blades in the partition, not only a certain pressure difference is 

formed on both sides of the partition body and the outer ring, but the stationary blades are subjected 

to the reaction force of the steam pressure and the steam flow. The pressure difference between the 

two sides of the diaphragm and the reaction force of the stationary blade will cause it to deform and 

stress to break [2-4]. Therefore, accurate calculation of deflection and stress is an effective way to 

reduce safety accidents of steam turbine diaphragms. The calculation methods of diaphragm strength 

are mainly M-V method, Wall method and finite element method. 
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The M-V method divides the baffle into two parts: the stationary blade and the inner and outer rings. 

When analyzing the maximum deflection of the diaphragm, first regard the two parts as rigid bodies, 

and then add the calculated deflection values [5]; when analyzing the maximum stress of the 

diaphragm, take the maximum stress calculated from the diaphragm body and the stationary blade. 

This method can calculate the maximum deflection of the diaphragm as well as the maximum stress 

of the diaphragm, which is especially suitable for the analysis of long-blade diaphragms. The Wall 

method is a relatively effective calculation method. It regards the stator blade as a part of the 

diaphragm and cannot calculate the stress of the stator blade. The shorter the blade, the more accurate 

the result. Therefore, the Wall method is mainly used for the calculation of the deflection of the short 

blade diaphragm. The calculation process of finite element is close to the actual working conditions, 

and the calculation results are more accurate, but it often requires a lot of calculation space and time, 

and it is difficult for field technicians to master it in a short time. 

In recent years, Song Xinglin [6] and others have used the Wall method to calculate the stress and 

deflection of diaphragms of different thicknesses with smaller leaf heights, and compared them with 

the results of finite element calculations, and obtained a method of increasing the thickness to reduce 

the deflection and stress distribution of the diaphragms. Conclusion; Ma Jun [2] and others used the 

Wall method and the finite element method to calculate the deflection and stress of the diaphragm, 

respectively, confirming that the finite element method has the possibility of replacing the Wall 

method; Yin Huajie [7] and others used simulation and experimental research methods to calculate 

the strength of the short blade diaphragm, verifying the efficiency and accuracy of the finite element 

method in the engineering calculation; Zhou Yizhe [8] and others show the diaphragm through the 

diaphragm deflection experiment and the finite element calculation results the maximum stress occurs 

at the steam outlet side of the outer ring of the diaphragm, and the maximum deflection occurs at the 

gas seal of the inner ring of the diaphragm. 

For the calculation of long-blade diaphragms, the M-V method calculates the static blades according 

to pure bending, and the result is very large because the blades are subjected to oblique bending in 

actual work. Therefore, if we improve the theoretical calculation part of the stator blades in the M-V 

method through oblique bending analysis of the diaphragms of the stator blades of different lengths, 

the theoretical calculations closer to the actual working conditions can be used to obtain smaller 

calculation errors. The calculation process is simple and easy to work. The technicians should keep 

abreast of the problems in time to solve the actual problems encountered on site. 

2. Use the M-V method and the finite element method to compare and analyze 

the diaphragm 

2.1 Parameter characteristics of unit and diaphragm 

Fig.1 shows the deformation and damage of the steam turbine diaphragm blades of a subcritical steam 

turbine unit in a certain power plant. When analyzing the damage of the steam turbine diaphragm, the 

M-V method and the finite element method were selected to analyze and calculate the deflection and 

stress of the diaphragm. The steam parameters and material characteristics of the intermediate 

pressure cylinder of the steam turbine unit are shown in Table 1 and Table 2. 

 

Fig. 1 Deformation and damage of the diaphragm blade 
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Table 1. Steam parameters 

Temperature Pressure difference Flow Density 

t/°C p/MPa Q/t·h-1 ρ/kg·m-3 

509.1~538 0.69 1760.24 8.4875 

 

Table 2. Material characteristics 

Component Material 
Modulus of Elasticity Poisson's ratio 

E/GPa μ 

Board body ZG15Cr1Mo1V 169.6 0.3 

Stationary blades 1Cr11MoV 160.4 0.3 

 

2.2 Calculation and analysis of M-V method 

2.2.1 Calculation of diaphragm deflection 

In the calculation of diaphragm deflection, the M-V method is a relatively mature and practical 

method. In the calculation process, the M-V method calculates the diaphragm vane and the inner and 

outer rings separately. Then the calculated deflection values are added together as the maximum 

deflection of the separator. The M-V method assumes five prerequisites:  

(1) The vapor pressure on the diaphragm is uniformly distributed;  

(2) The relationship between the diaphragm force and deformation is based on the straight beam 

theory; (3) The stator and the inner and outer rings are regarded as rigid bodies, respectively. To 

calculate its own deflection and stress; 

(4) When the diaphragm is stressed, the radial cross-section remains unchanged; 

(5) The outer ring of the diaphragm is rigidly fixed on the inside of the cylinder [5].  

Considering the above factors, the calculation formula of the M-V method is as follows: 

The deflection ω1 of the partition body is: 

𝜔1 = 𝐾𝜐
𝛥𝑃(0.1𝐷)5

𝐸1𝐼1
                              (1) 

The deflection ω2 of the stationary blade is: 

𝜔2 =
0.2𝛥𝑃𝐷𝑚(𝐷𝑚−𝐷𝑦)𝐿

3

𝐸2𝐼2𝑍
                            (2) 

In the formula, Kυ is the deflection calculation coefficient, which is taken according to Dy/D according 

to the document [5] of the "Manual of Strength Calculation of Steam Turbine"; D is the diameter of 

the diaphragm support; Dy is the shaft diameter of the steam seal; I1 is the diaphragm to calculate the 

moment of inertia; I2 the maximum moment of inertia of the cross section of the stationary blade; E1 

is the elastic modulus of the diaphragm body; E2 is the elastic modulus of the stationary blade; Dm is 

the average diameter of the stationary blade; L is the length of the stationary blade; Z is the number 

of the stationary blades of the diaphragm; ΔP It is the pressure difference between the inlet and outlet 

of the partition. 

Table 3. Deflection calculation parameters 

Parameter D/mm Dy/mm Dm/mm W/mm4 

Value 1708 695 1369 1.41×10-5 

Parameter L/mm Z I1/mm4 I2/mm4 

Value 149 46 1.24×10-8 4.80×10-7 

 

Calculated by formulas (1) and (2), the deflection of the plate ω1 = 0.68 mm; the deflection of the 

stationary blade ω2 = 0.01 mm; the maximum deflection of the diaphragm ω = ω1 + ω2 = 0.69 mm. 
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2.2.2 Diaphragm stress calculation 

In the diaphragm stress analysis, the root of the stationary blade close to the dividing plane of the 

diaphragm has the maximum stress. However, to determine the maximum stress, the maximum 

bending moment at the root of the stationary blade must be determined. The dividing plane in the 

partition is a free edge, and its shear force and circumferential bending moment are approximately 

zero, and only the axial bending moment is considered. Therefore, the M-V method is used to 

calculate the maximum stress of the diaphragm, and the formula is as follows: 

The maximum stress σ of the partition vane is: 

𝜎 =
1.2Δ𝑃𝐷𝑚(𝐷𝑚−𝐷𝑦)𝐿

𝑊𝑍
                             (3) 

In the formula, Dm is the average diameter of the stationary blade; Dy is the inner diameter of the 

diaphragm steam seal; L is the length of the stationary blade; Z is the number of the stationary blades 

of the diaphragm; W is the bending section model of the stator blade section with respect to the 

minimum inertia axis of the plate section Quantity; ΔP is the pressure difference between the inlet 

and outlet of the partition. 

Calculated by formula (3), the maximum stress of the separator σ = 174.89 MPa. 

2.3 Finite element simulation 

2.3.1 Blade channel modeling and simulation 

 

 

Fig. 2 Two-blade channel model 

 

Fig. 3 Two-blade channel mesh model 

 

The three-dimensional model of the double-blade channel was established in SolidWorks and 

imported into Icem for meshing and boundary condition setting. The model uses a top-down block 

method to mesh the water vapor channel, with a total of 702,132 units and 674,244 nodes, and the 

boundary layer Y value is 0.12 mm[9-10]. The fluid parameter characteristics of the vane channel are 

set as follows: fluid-type is water vapor type, the inlet boundary condition is inlet-pressure, the outlet 

boundary condition is outlet-pressure, and the fluid walls on both sides of the vane channel are 

periodic. The double-blade channel model and the double-blade channel mesh model are shown in 

Fig. 2 and Fig. 3. 

According to the characteristics of the flow channel, the mesh model is imported into Fluent for fluid 

simulation analysis. Since the water vapor velocity Mach number is less than 0.3, it can be regarded 

as an incompressible fluid and the steady-state calculation based on the pressure solver is used. The 

turbulence model uses RNG's Κ-ε model, the equations are Flow and Turbulence, and the Simple 

algorithm in the pressure-velocity coupling method is selected [11-14]. The calculation results are 

processed with Tecplot to obtain the flow field pressure distribution cloud diagram in Fig. 4 and the 

flow field velocity vector distribution diagram in Fig. 5. 

Fig. 4 shows the selection of blade roots, blade tips, and 50% blade height sections to analyze the 

pressure distribution in the flow field. From leaf root to leaf tip, the overall pressure distribution trend 

is basically the same. However, as the height of the blade increases, the pressure on the inlet side 
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gradually decreases. This is because the flow field channel from the root to the tip of the blade is 

enlarged and trumpet-shaped. On the basis of the same flow rate, the closer to the tip of the blade, the 

opening The larger the area, the greater the speed it needs, causing the pressure to decrease. There is 

almost no negative pressure in the entire fluid channel, but a small area of turbulence at the trailing 

edge of the blade [15], which is inevitable for the actual work of the blade. Therefore, under the 

premise of meeting the engineering needs, the stationary blade The shape meets the design 

requirements. The velocity vector flow field of the axial and circumferential curved surfaces of the 

truncated vane channel is shown in Fig. 5. The steam streamlines in Fig. 5 represents the actual flow 

direction of the steam in the vane channel, and the average velocity increases with the increase in the 

chord length of the vane. Fig. 5(a) shows a very small local backflow phenomenon on the steam outlet 

side. In the circumferential velocity vector flow field of Fig. 5(b), the average fluid velocity increases 

toward the tip of the blade, and there is almost no radial flow. 

 

 

(a) Overall flow channel 

 

(b) Flow channel at the root of the blade 

 

(c) Flow channel at 50% leaf height 

 

(d) Flow channel at the tip of the blade 

Fig. 4 Cloud diagram of pressure distribution in flow field 

 

 

(a) Transverse section velocity 

 

(b) Longitudinal section velocity 

Fig. 5 Flow field velocity vector distribution cloud diagram 
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2.3.2 Verification of the independence of the number of grids 

Based on the relatively coarse grid, the calculation results of the flow field are evaluated. When the 

flow field trend is correct, the number of grid layers in the boundary layer of the blade is encrypted 

and the global grid size is set. The total number of grids after each encryption is about 1.3 times the 

previous. Therefore, six groups of different grid numbers with serial numbers 1 to 6 are selected in 

the article, and the pressure, flow and velocity before and after the vane are compared to verify the 

independence of the number of grids and the accuracy of the flow field results. Corresponding to six 

groups of serial numbers in sequence, and the number of grids is 495803, 539788, 702132, 940856, 

114785, 1538112. 

 

 

(a)Pressure distribution 

 

(b) Flow distribution 

 

(c) Axial velocity distribution 

 

(d) Circumferential velocity distribution 

Fig. 6 Grid independence verification 

 

It can be seen from Fig. 6 that the inlet and outlet pressures and flow rates of the first group of static 

blade flow fields are significantly smaller than the following four groups, because the roughness of 

the fluid grid will reduce the accuracy of the entire flow field; the last group of inlet and outlet displays 

Pressure, flow and speed have a downward trend compared with the first four groups. This is because 

too dense mesh will increase the cumulative error and reduce the reliability of the results. Therefore, 

the average value of the middle four sets of pressure and velocity results is selected as the final flow 

field simulation parameters. 

The steam pressure decreases as the chord length of the blade increases. The average pressure on the 

inlet side of the separator and the stator blade channel is 3.05 MPa, the average pressure on the outlet 

side is 2.36 MPa, and the inlet and outlet pressure difference is 0.69 MPa. From the above analysis, 

it can be seen that the inlet and outlet flows of the flow field are basically the same. The average error 

of the inlet and outlet flows is 0.0043%. There is almost no flow loss. Only a little turbulence is 

dissipated at the trailing edge of the stator blade. The leaf shape design meets the requirements [16-

17]. The axial velocity and circumferential velocity of the fluid import and export are shown in Table 

4. 



International Core Journal of Engineering Volume 7 Issue 9, 2021 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202109_7(9).0063 

 

464 

Table 4. Fluid velocity 

Import speed Export speed 

C1/(m·s-1) C2/(m·s-1) 

Axial Circumferential direction Axial Circumferential direction 

C1a/(m·s-1) C1u/(m·s-1) C2a/(m·s-1) C2u/(m·s-1) 

257.68 0 229.52 231.88 

 

According to the theory of thermodynamics, the steam impulse force and the steam reaction force are 

on the inner arc side of the blade together, and the force is decomposed into the axial force and the 

circumferential force of the stator blade. The calculation formula is as follows: 

{
𝐹𝑎 = 𝐺(𝐶2𝑎 − 𝐶1𝑎)/𝑍

𝐹𝑢 = 𝐺(𝐶2𝑢 − 𝐶1𝑢)/𝑍
                             (4) 

In the formula, Fa is the axial force of the stator blade; Fu is the circumferential force of the stator 

blade; G is the mass flow of water vapor; Z is the number of the diaphragm stator blades; C1a and C1u 

are the axial velocity and circumferential velocity on the steam inlet side respectively; C2a, C2u is the 

axial velocity and circumferential velocity on the steam outlet side respectively. Substituting the 

import and export velocity values in Table 4 into formula (4), the axial force of the stator blade steam 

flow is calculated to be 25.02 N, and the circumferential force is 2739.14 N. 

2.3.3 Diaphragm modeling and simulation 

According to the partition data of the survey and mapping, the finite element model of the steam 

turbine partition is established. The partition parameters and models are shown in Table 5 and Fig. 7. 

Import the 3D model into finite element software and divide it into five parts for meshing. The 

partition body, the outer ring and the stator blades adopt Solid186 elements with hexahedral meshes. 

The division method is Sweep. This element has 20 nodes; as the welding part connecting the stator 

blades, the diaphragm body and the outer ring, there are 20 nodes. The hexahedral unit is composed 

of Solid186 unit, and the division method is Free. The finite element model contains a total of 81228 

elements and 293002 nodes. 

According to the installation position of the diaphragm in the medium pressure cylinder, the edge of 

the plate on the steam outlet side of the diaphragm is close to the diaphragm sleeve, which limits the 

axial displacement, that is, UX = 0; the outer ring of the diaphragm and the diaphragm sleeve pass the 

bottom positioning key Restrict axial rotation and lateral translation, namely UZ = 0 and RX = 0; the 

partition is symmetrical up and down, and the positioning bolts on the center dividing surface limit 

its translation along the vertical middle dividing surface, namely UY = 0[17-18]. 

 

Table 5. Diaphragm parameters 

Parameter 
External diameter/ 

mm 

Inner diameter/ 

mm 

Board body 

external diameter/mm 

Blade height / 

mm 

Number of blades / 

PCS 

Value 1838 795 1220 149 46 

 

Fig. 7 Finite element model of diaphragm 
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According to the above calculation parameters, finite element software is used for simulation analysis. 

Fig.8 and Fig. 9 respectively show the diaphragm displacement cloud and stress cloud. 

 

 

Fig. 8 Displacement nephogram of diaphragm 

 

 

Fig. 9 Stress nephogram of diaphragm 

 

It can be seen from Fig. 8 that the maximum overall displacement of the diaphragm occurs on the 

steam outlet side of the inner ring of the facet steam seal in the diaphragm body, and its value is 0.906 

mm. The overall displacement of the baffle presents an approximately symmetrical distribution with 

respect to a plane passing through the centroid and perpendicular to the midplane. This is because the 

stator blades are affected by the axial force of the steam flow at the same time as the circumferential 

force. 

It can be seen from Fig. 9 that the maximum stress of the diaphragm occurs on the steam outlet side 

of the outer ring of the diaphragm [4], which is close to the first stator blade of the center split surface, 

and its value is 480 MPa. Because the partition as a whole can be regarded as a "cantilever beam" 

inserted on the wall, the outer ring is equivalent to the fixed end of the beam, the plate body is 

equivalent to the elongated end of the beam, and the root of the static blade is similar to the root of 

the beam, based on the knowledge of material mechanics It can be seen that the maximum stress 

occurs at the root of the "cantilever beam" [19]. 
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2.4 Comparative analysis of calculation results 

 

Table 6. Comparison of calculation results 

Method 
Maximum deflection/ Maximum stress/ 

mm MPa 

M-V method 0.689 174.89 

Finite element method 0.906 480 

 

Table 6 is the comparison of the results of the maximum deflection and maximum stress of the 

diaphragm obtained by the M-V method and the finite element method. It can be seen that the 

maximum stress and maximum deflection of the diaphragm calculated using the M-V method are 

23.95% and 63.56%, respectively, relative to the finite element calculation results. This is because 

the M-V method does not consider the oblique bending deformation of the stationary blade when 

calculating the deflection. When calculating the maximum stress, only the axial bending moment at 

the blade is considered and the circumferential bending moment is ignored, so the calculated value is 

also small. Therefore, it is necessary to improve the deflection and stress calculation of the M-V 

method by calculating the oblique bending of the stationary blade. 

3. Improved M-V method 

Although the M-V method can analyze the deflection and stress of the long blade diaphragm, the 

calculation error is large, and the maximum deflection and stress value of the diaphragm cannot be 

accurately obtained. At this time, the result error is corrected by improving the theoretical calculation 

part of the stator blade in the M-V method. 

3.1 Calculation of the deflection of the stationary blade 

The analysis of the oblique bending of the stationary blade [5] is based on the five assumptions of the 

M-V method. Because the length of the stationary blades of the diaphragm occupies 1/3 of the overall 

load-bearing length of the diaphragm, the deflection and stress caused by the bending deformation of 

the stationary blade must be considered to improve the oblique bending deformation of the stationary 

blade ignored in the M-V method. Considering the irregular cross-sectional shape of the stationary 

blade, the neutral surface is a curved surface, and the steam force does not pass through the neutral 

surface and the center of mass, so it cannot be calculated based on pure bending. In this case, the 

force of steam is decomposed into axial force and circumferential force. The bending deformation of 

the stator blade cannot consider the force of a certain plane alone, but should comprehensively 

consider the common axial force and circumferential force on a certain bending plane. effect. 

Therefore, it is necessary to calculate the oblique bending of the stator blades. 

The stator blade is now regarded as a straight beam structure, and its force analysis is shown in Fig. 

10. 

 

Fig. 10 Schematic diagram of the static blade under load 
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Because the section of the stationary blade is not symmetrically distributed with the center of the 

section, the deformation caused by the force in different directions corresponds to different section 

moments of inertia. The required moment of inertia is calculated by the following formula. 

{
 
 

 
 𝐼zz =

𝐼𝑥𝐼𝑦

𝐼𝑥 𝑠𝑖𝑛
2 𝛽+𝐼𝑦 𝑐𝑜𝑠

2𝛽

𝐼uu =
𝐼𝑥𝐼𝑦

𝐼𝑥 𝑐𝑜𝑠
2𝛽+𝐼𝑦 𝑠𝑖𝑛

2 𝛽

𝐼uz = 𝐼zu =
𝐼𝑥𝐼𝑦

(𝐼𝑦−𝐼𝑥) 𝑠𝑖𝑛 𝛽 𝑐𝑜𝑠 𝛽

                          (5) 

In the formula, Ix and Iy are the moments of inertia of the stator blade section to the X axis and Y axis 

respectively; Izz/Iuu is when the stator blade bears the load in the Z/U direction and produces deflection 

and rotation around the Z/U axis. Moment of inertia of the Z/U axis; Izu/Iuz is the moment of inertia 

of the section of the stator blade to the Z/U axis when the stator blade is subjected to the load in the 

Z/U direction and produces deflection and rotation around the U/Z axis; where β = 48.68°; Ix = 70 

346.79 mm4; Iy = 548641.93 mm4. 

In the zr plane, the stator blade bears the axial bending moment, and the moment is taken at a distance 

of Ⅰ point r to obtain: 

𝑀𝑧 = 𝑄1z𝑟 − 𝑀1𝑧 − ∫ 𝑞𝑧𝑟𝑑𝑟
𝑟

0
                          (6) 

The stator blades in the ur plane bear the axial bending moment, and the moment is taken at a distance 

of Ⅰ point r to obtain: 

𝑀𝑢 = 𝑄1u𝑟 − 𝑀1𝑢 − ∫ 𝑞𝑢𝑟𝑑𝑟
𝑟

0
                          (7) 

According to the Cassette Theorem [19], the deflection and rotation angle of the stationary blade at 

point I in the zr and ur planes are expressed as: 

1
0 0

1z 1u

1
0 0

1 1

1
0 0

1 1

1
0 0

1 1

l l
u uz z

z

zu uu

l l
u uz z

z

zu z uu u

l l
u u z z

u

uz u zz z

l l
u u z z

u

uz u zz z

M MM M
dr dr

EI Q EI Q
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dr dr

EI M EI M

M M M M
dr dr

EI Q EI Q

M M M M
dr dr

EI M EI M










= +  


 

= +
 


  = +

  


  = +
  

 

 

 

 

                         (8) 

According to the static balance of the root and top of the partition and the stationary blade: 

1 2
0

1 2
0

1 2 2
0

1 2 2
0

l

u u u

l

z z z

l

u u u u

l

z z z z

Q Q q dr

Q Q q dr

M M Q l q rdr

M M Q l q rdr

 = +



= +

 = + +



= − + +









                             (9) 

Substituting formulas (6), (7) and (9) into formula (8) can be obtained: 
2 3 4

2 2
1

2 3 4
2 2

2 3
2 2

1

2 3
2 2

2 6 24

.........
2 6 24

2 6

.........
2 6

z z z
z

zu zu zu

u u u

uu uu uu

z z z
z

zu zu zu

u u u

uu uu uu

M l Q l q l

EI EI EI

M l Q l q l

EI EI EI

M l Q l q l

EI EI EI

M l Q l q l

EI EI EI





 −  −  − 
= + + +


 −  −  − 
 + +



−   
= + + +



   

+ +


                        (10) 
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2 3 4
2 2

1

2 3 4
2 2

2 3
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1

2 3
2 2

2 6 24

.........
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2 6

.........
2 6

u u u
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EI EI EI
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 −  −  − 
= + + +


  −  − 
 + +



  
= + + +



 −   

+ +


                       (11) 

In the same way, the deflection and rotation angle of the stator blade are generated at point II. This 

part can be regarded as the pure bending of the outer ring of the diaphragm in the two planes of zr 

and ur for calculation. The force analysis is shown in Fig. 11. 

 

 

Fig. 11 Schematic diagram of outer ring load 

 

In the ur plane, the force at point I is reduced to point II to obtain: 

𝑀𝑢 = −𝑀2𝑢 −𝑄2𝑢𝑥                            (12) 

In the zr plane, the bending moment equations of the x1 and x2 sections are: 

{
𝑀𝑧1 = 𝑀2𝑧 − 𝑄2𝑧𝑥1

𝑀𝑧2 = 𝑀2𝑧 − 𝑄2𝑧(𝑥2 + 𝑎) − 𝐹𝑥2
                      (13) 

According to the Cassette theorem, the deflection and rotation angle of the stationary blade at point 

II in the zr and ur planes are expressed as: 

{
𝜔2𝑧 = ∫

𝑀𝑧1

𝐸𝐼𝑢𝑥1
⋅
∂𝑀𝑧1

∂𝑄2𝑧
𝑑𝑥1 + ∫

𝑀𝑧2

𝐸𝐼𝑢𝑥2
⋅
∂𝑀𝑧2

∂𝑄2𝑧
𝑑𝑥1

𝜑2𝑧 = ∫
𝑀𝑧1

𝐸𝐼𝑢𝑥1
⋅
∂𝑀𝑧1

∂𝑀2𝑢
𝑑𝑥1 + ∫

𝑀𝑧2

𝐸𝐼𝑢𝑥2
⋅
∂𝑀𝑧2

∂𝑀2𝑢
𝑑𝑥2

                  (14) 

{
𝜔2𝑢 = ∫

𝑀𝑢

𝐸𝐼𝑧𝑥
⋅
∂𝑀𝑢

∂𝑄2𝑢
𝑑𝑥1

𝜑2𝑢 = ∫
𝑀𝑢

𝐸𝐼𝑧𝑠
⋅
∂𝑀𝑢

∂𝑀2𝑧
𝑑𝑥1

                           (15) 

Substituting formulas (12) and (13) into formulas (14) and (15), we can get: 

{
𝜔2𝑧 =

−4𝑀2𝑧𝑎
2

2𝐸𝐼𝑢
+

8𝑄2𝑧𝑎
3

3𝐸𝐼𝑢
+

−5𝐹𝑎3

6𝐸𝐼𝑢

𝜑2𝑧 =
2𝑀2𝑧𝑎

2

𝐸𝐼𝑢
+

−4𝑄2𝑧𝑎
2

2𝐸𝐼𝑢
+

−𝐹𝑎2

2𝐸𝐼𝑢

                       (16) 

{
𝜔2𝑢 =

4𝑀2𝑢𝑎
2

2𝐸𝐼𝑧
+

8𝑄2𝑢𝑎
3

3𝐸𝐼𝑧

𝜑2𝑢 =
2𝑀2𝑢𝑎

𝐸𝐼𝑧
+

4𝑄2𝑢𝑎
2

2𝐸𝐼𝑧

                           (17) 
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The vapor pressure difference on the baffle body can be approximately replaced by concentrated force, 

as shown in Fig. 12. 

 

Fig. 12 Schematic diagram of cross section of partition 

 

The radius of action and the average radius of the partition body can be obtained by the following 

formula: 

{
 
 

 
 𝑄1𝑧 =

𝜋𝑝(𝑅1
2−𝑟𝑦

2)

𝑧

𝑛 = √
𝑅1
2−𝑟𝑦

2

2
− (𝑎 + 𝑟0)

𝑀1𝑧 =
𝜋𝑝𝑛(𝑅1

2−𝑟𝑦
2)

𝑧

                          (18) 

At point I at the root of the stationary blade, ignoring the friction between the steam and the partition 

body, there are: 

{
𝑄1u=0

𝑀1u =
𝐸𝐼uz𝜔𝑢

𝑙2
⋅
𝑅1−𝑙

𝑅1

                             (19) 

 

Table 7. Calculation parameters of stationary blades 

Parameter R2/mm R1/mm r0/mm ry/mm 

Value 854 610 397.5 347.5 

Parameter t/mm a/mm P/MPa F/N 

Value 106.25 47.5 0.69 6838.81 

 

Substitute the parameters of Table 7 into formulas (18), (19) and (9) to obtain the values of Q2u, Q2z, 

M2u and M2z, and then substitute them into formulas (10), (11), (16) and (17) can be calculated: ωu = 

ω1u + ω2u + φ2ul = 0.28 mm; ωz = ω1z + ω2z + φ2zl = 0.20 mm. In the improved M-V method, the 

oblique bending of the stator blade is a method of calculating its own deflection and deformation by 

using the inner and outer rings as rigid bodies. Therefore, the total deflection of the diaphragm is the 

sum of the deflection of the diaphragm body and the stator blade [11], that is, ω’=ω1+ωz=0.878 mm. 

3.2 Calculation of static blade stress 

The maximum stress of the diaphragm occurs at the root of the stator blade closest to the midplane, 

and the physical characteristics of the diaphragm stator blade and the nozzle blade at the nozzle are 

similar. Therefore, the maximum stress calculation method of the nozzle blade is used to calculate 

the maximum stress of the stator blade. The formula is as follows: 
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{
𝑀𝑥 = 𝑀𝑢 𝑐𝑜𝑠 𝛽 + 𝑀𝑧 𝑠𝑖𝑛 𝛽
𝑀𝑦 = 𝑀𝑧 𝑐𝑜𝑠 𝛽 − 𝑀𝑢 𝑠𝑖𝑛 𝛽

                         (20) 

𝝈′ =
𝑴𝒙𝒚𝒎𝒂𝒙  

𝑰𝒙
+

𝑴𝒚𝒙𝒎𝒂𝒙  

𝑰𝒚
                           (21) 

At 2 points, Mu = -M2u; Mz = M2z, calculated, σ’ = 583.26 MPa. 

3.3 Error analysis 

In order to verify the practicability of the above theoretical calculations, the M-V method and the 

improved M-V method were used to calculate the deflection, stress and relative error of the stator 

blades of different lengths, and compared with the finite element simulation results to obtain Fig. 13 

and Fig. 14. 

 

(a) Deflection distribution 

 

(b) Deflection error distribution 

Fig. 13 Deflection analysis of blade diaphragm of different lengths 

 

 

(a) Stress distribution 

 

(b) Stress error distribution 

Fig. 14 Stress analysis of blade diaphragm with different lengths 

 

It can be seen from Fig. 14 that the diaphragm stress increases linearly with the increase of the length 

of the stator blade. The longer the length of the stationary blade, the greater the axial and 

circumferential bending moments at the blade root, which makes the maximum stress of the stationary 

blade larger [20-21]. When the length of the stationary blade changes in the range of 0~200 mm, 

although the stress error of the improved M-V method is smaller than that of the M-V method, as the 

blade length increases, the stress error tends to become larger. This is because the length of the blade 

affects the maximum velocity of the steam flow and the position distribution of the maximum stress 

of the blade. Therefore, the stress calculation of the improved M-V method must be further revised. 

The improved M-V method is numerically fitted, and the stress calculation formula after the second 

improvement is as follows: 

𝜎′′ = 𝑘𝐿𝛽 (
𝑀𝑥𝑦𝑚𝑎𝑥  

𝐼𝑥
+

𝑀𝑦𝑥𝑚𝑎𝑥  

𝐼𝑦
)                         (22) 
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In the formula, k and β are correction coefficients. In the above working conditions, k is 11.89 and β 

is -0.5387. 

Fig. 15 shows the final analysis of the stress and error of the diaphragm with a blade length of 60-200 

mm. It can be seen that the stress error of the result after the second correction is reduced to 

1.25%~2.9%, and the calculation error is greatly reduced. 

 

 

(a) Stress distribution 

 

(b) Stress error distribution 

Fig. 15 Final analysis of blade diaphragms of different lengths 

 

Table 8 shows the comparison between the calculation results of the improved M-V method and the 

calculation results of the finite element method. It can be seen that the stress error after the secondary 

correction is reduced from 21.51% to 2.48%, which improves the calculation accuracy of the 

maximum stress of the diaphragm. 

 

Table 8. Comparison of calculation results 

Method 
Deflection / Relative error ε1/ Stress / Relative error ε2/ 

mm % MPa % 

Improve M-V method 0.878 3.09 583.26 21.51 
Second correction - - 468.11 2.48 

Finite element method 0.906 - 480 - 

 

3.4 On-site calculation examples 

The operating parameters of the baffle plates of two subcritical 600 MW steam turbines of 3# and 7# 

of a steam turbine factory are: the number of baffle vanes are 46 and 98; the heights are 170 mm and 

117.9 mm, respectively; the average before and after the stage The pressure difference is 0.68 MPa 

and 0.70 MPa, respectively; the maximum distances from the edge of the stator blade section to the 

x and y axes are 41.71 mm and 16.51 mm, respectively. After analysis and calculation, the maximum 

deflection of the 3# and 7# diaphragms calculated by the improved M-V method are 1.090 mm and 

0.633 mm, and the maximum stress is 506 MPa and 409 MPa, respectively. Compared with the 

deflection error obtained by the finite element method, the error is 3.21%. And 4.57%, the stress error 

is 1.91% and 1.72%. The on-site calculation errors are all less than 5%, which meets the estimated 

errors of the deflection and stress of the diaphragm by the steam turbine factory. This project example 

shows that the calculation process of this method is relatively simple, which is convenient for 

practical engineering application. 

4. Conclusion 

(1) The maximum structural stress obtained by the improved M-V method and the finite element 

method is located at the top of the stator blade, which are 468MPa and 480MPa, respectively, which 

are both less than the yield limit of the material 560MPa and meet the material failure condition.  
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(2) In the calculation of the deflection of the diaphragm, when the length of the stationary blade is 

less than 80 mm, the deflection value calculated by the M-V method is very close to that of the 

improved M-V method, and the error is small, and it is close to the finite element simulation results. 

Therefore, the M-V method can well reflect the deflection and deformation of the diaphragm; when 

the length of the stationary blade is greater than 80 mm, the improved M-V method has a smaller 

error than the M-V method, and the deflection change law is basically the same as the finite element 

simulation result, and the error is about 5%. Therefore, it is suitable to use the improved M-V method 

to calculate the deflection of the diaphragm at this time. 

(3) In the calculation of the diaphragm stress, the maximum stress obtained by the M-V method, the 

improved M-V method and the finite element simulation analysis all changes linearly with the 

increase of the length of the stationary blade, and when the blade length is less than 100 mm, the 

stress error of the improved M-V method is continuously decreasing; when the blade length is greater 

than 100 mm, although the calculation error of the improved M-V method is always smaller than that 

of the M-V method, the stress error of the former tends to increase. Through the secondary correction 

of the diaphragm stress calculation, the stress calculation error of the improved M-V method is less 

than 5%. Therefore, the accuracy requirements for the calculation of the diaphragm stress are met. 

(4) The M-V method is improved by calculating the oblique bending of the stationary blade, so that 

the maximum deflection and stress error of the diaphragm are greatly reduced. At the same time, the 

theoretical calculation and error analysis of the deflection and stress of the blade diaphragm of 

different lengths are carried out, supplementing and verifying that the improved M-V method is more 

suitable for the calculation of the stiffness and strength of the long blade diaphragm. On the basis of 

this research, the improved M-V method has provided a theoretical basis for accurately calculating 

the maximum stress and deflection of the diaphragm, and it has been well applied in industrial practice 

to accurately evaluate the deformation and damage of the steam turbine diaphragm. 
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