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Abstract - Nozzle plates are key parts of steam turbine for power plants. Hot steam in generators flows into blades assembly to 
rotate steam turbines. Before high pressured steam gets into the blade assemblies, the direction of flow for steam air is 
controlled in order to maximize the efficiency of rotation of a steam turbine. Nozzle plates take this important role in steam 
turbines. These nozzle plates, composed of a lot of turbine blades and rings, currently are manufactured in modern industries 
by welding the blades with outer rings and inner rings of plates. Welding is a historical joining process and used for long 
periods of time in metal working industries because metal parts are melted and securely fastened together. However, it causes 
several problems for joining metal parts. First of all, the pitches between the welded neighboring turbine blades are not evenly 
spaced because the blades are moved or twisted while they are being under welded. These are led by heat deformation in the 
process of high temperature to melt the parental metals and welding rods.  It is not easy to disassemble when some damaged 
blades are substituted with new ones as well. This brings about high cost of maintenance fee for nozzle plates. In addition, 
welding a lot of turbine blades with a plate takes much manufacturing lead time, which increases manufacturing cost. 
Therefore, this research suggests assembled nozzle plates which get rid of the problems described above. The fundamental 
premise for assembled nozzle plates is structural safety and durability for the new design. This paper technologically describes 
the way of structural design which is mechanically safe under being operated. The stress analysis helps to make guidelines for 
assuring structural safety. Modeling the nozzle plate with a 3 Dimensional CAD modeler is utilized for stress analysis. The 
working conditions of nozzle plates are under hot temperature of 374 degree Celsius and one Mega Pascal pressure with 3,600 
rpm. Once the safety is proved with stress analysis, then a durability test is carried on for a next step. Fatigue analysis is 
proceeded to get fatigue life, fatigue safety index, and fatigue failure of a nozzle plate. The modeling the nozzle plate, the stress 
and fatigue analysis are carried with CATIA and Nastran, which are commercial CAE software. The stress level of the nozzle 
plate is found under safety limit of yield strength 373.696MPa of stainless steel 4140. The displacement from the test is within 
tolerance limit of nozzle plates. The fatigue life is calculated above 1.25×10^10 cycles at the worst part of the nozzle plate. 
This paper concludes that the suggested model of the assembled nozzle plate of stainless steel 4140 is safe in terms of structural 
analysis and durability as it is under operation in a commercial steam turbine. 
 
Index Terms - Durability, Nozzle plate, Steam turbine, Structural analysis. 
 
I. INTRODUCTION 
 
Nozzle plate is a key part for steam turbines in order to 
generate electricity. This part has a great role in a 
steam turbine to increase the efficiency of generating. 
A nozzle plate is placed in front of rotating blades and 
changes the direction of wind flow of hot steam. A 
nozzle plate is composed a lot of turbine blades and an 
inner ring and an outer ring. The turbine blades are 
joined to an inner ring and an outer ring by welding [1]. 
Since welding is good joining manufacturing process, 
it has been used in modern metal working process for a 
long time. It securely fasten metal parts together 
because it melts metal parts, which cool down with 
time. However, welding changes phase of metal parts, 
thus thermal deformation may occur after cooling. 
Phase change of metal parts can cause weld-decay in 
corrosion. This leads short life time of metal parts. 
When mechanical parts are being welded, each part 
might be dislocated a little bit during the process.  
This can cause uneven pitches between neighboring 
turbine blades, which degrade the quality of a nozzle 
plate.  In a view of economic issues, the manufacturing 
cycle time becomes longer because welding should be 
done with lots of turbine blades. The longer cycle time 

directly causes high manufacturing cost. When 
maintenance fee is under consideration, the fee is very 
high for exchanging damaged turbine blades with new 
ones. The welded parts cannot be disassembled with 
ease. Many types of problems with welded nozzle 
plates are addressed above. Because of these problems, 
the manufacturing process for nozzle plates joined by 
welding should be changed. This research suggests 
assembled nozzle plates manufactured without 
welding process. The designs for turbine blades, an 
inner ring, and an outer ring should be done at the first 
step. At the design step, it is hard to guarantee 
mechanical security and durability. However, part 
designers need to have answer directly of the safety 
while they are doing their work. 

 
Figure 1 Shape of a nozzle plate 
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The purpose of this paper is to design a new nozzle 
plate and to serve mechanical security by structural 
analysis and durability test for a new designed nozzle 
plate. Figure 1 shows a shape of a nozzle plate as a 
major part of a steam turbine. 
 
II. DESIGNING A NEW NOZZLE PLATE 
 
For the designing nozzle plate, the air foil of a turbine 
blade should be same to the welded nozzle plate. Since 
this part is major, it very much controls the efficiency 
of nozzle plates. However, the head and root of a 
turbine blade should be newly designed. These parts 
are assembled with an inner ring and outer ring. The 
head and root entangle the inner ring and outer ring. 
This causes the assembly with more secure. Figure 2 is 
an image of a possible shape for the head and root of a 
turbine blade.  

 
Figure 2 Shape of head and root of a turbine blade 

 
From the shape of the image above, part design starts 
the modeling a turbine blade. At this step, a 
commercial program [3] for design is utilized for 
accurate and precise work. The mating parts for the 
inner ring and outer ring are inversed shape and they 
are modeled by the same program. Four different 
shapes of modeling are created in this study. This 
study selects the best shape after an analysis and a test 
are finished in final [2].  

 

 
 

Figure 3 Modeling for a design of turbine blade 
 

The turbine blade are assembled together with an inner 
ring and an outer ring by utilizing commercial 
programs. The following figures show the assembly of 
the parts described above.  

 

 

 

 
 

Figure 4 Assembly for a turbine blade with rings 
 
III. STRUCTURAL ANALYSIS  
 
At the first step for structural analysis, mesh 
generation is done utilizing a commercial program [4]. 
Since mesh size controls the level of computational 
accuracy, the size on a part should be small. However, 
apart without sensitive factor should be large in order 
to increase computational efficiency. Table 1 shows 
details of mesh for this study. In the table, the mesh 
size of turbine blade is 6.72mm. However, the size of 
inner ring and outer ring are greater than 23mm. 

Mesh size 
Inner ring: 23.8mm 
Outer ring: 30.4mm 

Turbine blade: 6.72mm 
Mesh type CTETRA(4) 
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Node count 49,527 
Element count 179,465 

Table 1 Details of mesh 
Boundary conditions are applied for operating 
temperature and pressure. This study applies 1MPa on 
the front surfaces of every turbine blade and 374℃ for 
the nozzle plate. The revolution is zero because the 
nozzle plate is not rotated. Mesh mating is important 
because it defines joins between mating parts. This 
study applies Glue non-coincident condition for 
linking the joins. Stainless steel AISI410SS is utilized 
for the material of the nozzle plate. For constraints, 
non-translation and non-revolution on X axis are 
applied. Translation and revolution are free on the rest 
of axes. Figure 5 shows a nozzle plate which is applied 
mesh mating and boundary conditions.  

 
Figure 5 Mesh mating and boundary conditions 

From the structural analysis, displacement, stress, and 
strain are reported. The maximum displacement is 
0.0124mm and maximum stress is 55.74MPa. The 
maximum values are marked on the indicating label 
bar in red color. Figure 6 shows a result of 
displacement from the analysis and Figure 7 shows 
stress. The minimum displacement and stress is 0 for 
each, which are shown in blue. Strain from the 
analysis is shown in Figure 8. The maximum strain is 
0.0002418, which is shown in red on the indicating 
label bar. The minimum is 0. Since the maximum 
values on the indicating level bar is inside parts, they 
are not shown in the figures.  

 
Figure 6 Displacement from the analysis 

 
Figure 7 Stress from the analysis 

 

 
Figure 8 Strain from the analysis 

 
IV. DURABILITY TEST  
 
Fatigue is the key factor for controlling rupture of 
fatigue failure. Repeated loading and unloading under 
high temperature for a long time cause fatigue failure. 
Durability test through the commercial program [4] 
gives results such as fatigue life, fatigue safety factor, 
strength factor, and fatigue failure index. They report 
how long the nozzle can sustain its duty under a 
normal operation. From the test, Figure 9 shows that 
minimum fatigue life is 1.34X10^10 cycles.  

 

 
Figure 9 Fatigue life for the nozzle plate 

 
Figure 10 is for fatigue safety factor for the nozzle 
plate. The minimum is 3.27, which tells the plate is 
safe because the minimum is greater than 1. On the 
figure most of the part is dark orange color, which 
means greater than the minimum.  
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Figure 10 Fatigue safety factor for the nozzle plate 

 
Strength safety factor for static safety factor is shown 
in Figure 11 in below. The minimum value for the 
nozzle plate is appeared 9.44, which is far above to 1. 
This means the nozzle is safe under static stress which 
is applied to the nozzle. 

 
Figure 11 Strength safety factor for the nozzle plate 

 

Figure 12 notes fatigue failure index, which is a 
reciprocal to fatigue safety factor. The maximum 
value of the index for the plate is 0.305, which is 
below to 1. This index also shows that the nozzle plate 
is safe under the operating circumstance. 
 

Figure 12 Fatigue failure index for the nozzle plate 

CONCLUSION  
 
This study created a CAD model utilizing a 
commercial program for a nozzle plate. The head and 
root parts are designed to be entangled each other. The 
assembled nozzle part was tested in order to guarantee 
structural safety and durability. From the report based 
on the analysis, the maximum displacement is 
0.0124mm. This value is within the tolerance for 
mechanical structure of machines. The maximum 
value of stress is shown 55.74MPa from the analysis. 
The yield strength of AISI410SS at 374℃ is 
373.69MPa. Based on the judgement of yield strength, 
the nozzle plate is safe.  
Durability test reveals that the nozzle plate is safe 
based on the test for fatigue life, fatigue safety factor, 
strength safety factor, and fatigue failure index. The 
minimum value for the fatigue life is 1.34X10^10 
cycles. Rest of the durability tests shows the nozzle 
plate is safe under the operating circumstances.  
This paper concludes that the assembled nozzle plate 
is safe under the normal operation with high 
temperature of structural analysis and durability test. 
This study suggests that the welded nozzle plate 
should be replaced with the assembled one.  
 
ACKNOWLEDGMENTS  
 
This is a research result funded by Industrial Cluster 
Competitiveness Reinforcement Project supported by 
the Ministry of Trade, Industry and Energy and Korea 
Industrial Complex Corporation.  
Project title: Development of Assembly Type Nozzle 
Plate Module for Steam Turbine to Promote Export 
Project No. : VDN16001. 
 
REFERENCES 
 
[1] Jong Yun Jung, Heesung Park, Joon-Seob Kim, Jae Gwan 

Kang, “Design for Modeling & Structural Analysis of 
Assembled Nozzle Plates,” Proceedings of 10th International 
Conference on Engineering & Technology, Computer, Basic 
& Applied Sciences”, Sydney, Australia, May, 2017. 

[2] Heesung Park, Joon-Seob Kim, Jong Yun Jung, “Improvement 
of A Structure and an Efficiency for Nozzle Plates”, 
Proceedings of the conference of KSIE Fall, Seoul, Korea, 
October, 2017. 

[3] CATIA USER’S Manual, V5 R20, 2015. 
[4] NASTRAN USER’S Manual, V10, 2015. 

 
 
 
 

 
 
 


