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Abstract 
 
The processes of casting, forging, and rolling-welding combinations are the three 
main processes utilized for production of Turbine casing parts, manufactured in power 
plants.  Rolling and welding combination process is mainly used to produce the outer 
body parts of turbine casings.  However, the more critical parts such as rotors and 
internal parts are produced by forging and casting processes.  Obviously, the 
criticality of these parts requires a higher degree of knowledge, experience, and 
tighter quality control/assurance procedures.  Unfortunately, due to the complexity of 
these parts during forging or casting processes many discontinuities at the surface as 
well as inside the parts are formed.  Realization of the production shortcomings and 
sensitivity requirements for flawless performance of these parts when in operation 
demands comprehensive quality programs at the manufacturing facilities.  The key 
component of these quality programs is utilization of the fit for purpose 
nondestructive testing method.  This paper investigates several nondestructive 
methods utilized for testing turbine casing parts and prescribes the best method based 
on actual testing utilized and evaluation of the results.  It further provides the result of 
limited research and evaluation in finding the fit for purpose criteria when utilizing 
different nondestructive method. 
 
Key words: Turbine Casing, NDT, Gas Turbine, Steam Turbine, Combined Cycle, 
Power Plant. 
 

1. Introduction 
 
The processes of casting, forging, and rolling-with welding combinations are the three 
main processes utilized for production of Turbine casing parts, manufactured in power 
plants.  Unfortunately, due to the complexity of these parts during forging or casting 
processes many discontinuities at the surface as well as inside the parts are formed.  
Realization of the production shortcomings and sensitivity requirements for flawless 
performance of these parts when in operation demands comprehensive quality 
programs at the manufacturing facilities.  The key component of these quality 
programs is utilization of the fit for purpose nondestructive testing method. 
 

                                                
1- Head of Incoming Inspection & Special Inspector 
2- ASNT & TUV NDT Level III, MT, PT, RT, UT 
3 - Incoming Inspection Dept. 
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However, the weight and size criteria of these casings which can be from a few 
Kilograms and up to 100 tons and their frequent applications in turbines require 
inspections methods that could cover the following concerns: 
 

1. Defect finding in the beginning steps of production to avoid wasting time and 
delay in assembling of many turbine parts which can cause the extension of 
the total production time. 

2. Utilizing methods which do not in any way destruct the structures and cause 
the casings to become a scrap piece hence wasting money which will increase 
the total price of turbine. 

 
It is obvious that NDT is the best choice in accomplishment of the above concerns. By 
utilizing NDT methods, it is possible to find surface and volumetric defects in all 
stages of the production without destructing the structures. 
 
In this paper, investigation has been done on two types of Siemens Gas (V94.2) Steam 
(E) turbines which are manufactured by MAPNA1 group. At the beginning, the 
characteristics of related casings (such as analysis, weight and price) have been 
reviewed and the role of NDT methods in cost reduction and prevention of possible 
integrity damages of casting turbine parts are shown. 
 

2. Casting shells of Gas Turbine V94.2 
 
There are 29 casting shell parts in this type (15 cast steel and 14 cast iron) which 
totally weigh more than 70 tones. Weight and chemical analysis criteria of the parts 
have been shown in tables 1&2. Based on a global reference price for the Cast Steel & 
Cast Iron, the final price of shells could be calculated and has been shown in table3.  
 

Table 1. Weight criteria for gas turbine (V94.2) casting shell 
 

Weight Criteria (Kg)  Total Weight 
Kg)( Max. Min. Type  

56747 10743 74 Cast Iron 

12268 3260 124 Cast Steel 
 

Table 2. Chemical analysis criteria for gas turbine (V94.2) casting shell 
 

Alloys  Type  

GGG 40 

GGG 40.3 
Cast Iron 

G17CrMo5-5 

GX240GH 

GS45 

GS17CrMoV5-11  

Cast Steel 

 



 

Table 3. Chemical analysis criteria for gas turbine (V94.2) casting shells 
 

Total Price, 
)€( 

Weight (kg) 
Unit Price 

Kg)/€( 
Type  

181590 56747 3.2 Cast Iron 
134948 12268 11 Cast Steel 
316538 Gas turbine casting shells  

 

 
 

Fig. 1: Samples of small gas turbine parts V94.2 
A. Lower part of half ring (100 kg). 

B. Bearing Casing (300 Kg). 
C. Diffuser (1000 Kg). 

A 

B 
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Fig. 2: Samples of medium and big gas turbine parts V94.2 
D. Lower part of blade carrier 3 (4tones). 
E. Lower part of blade carrier 1 (11tones). 
F. Upper part of bearing pedestal (7tones). 

A 

B 
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3. Casting shells of  Steam Turbine E-Type 

 
There are 19 different pieces of casting shell parts in this type (11 cast iron and 4 cast 
steel) which totally weigh more than 86 tones. Weight and chemical analysis criteria 
of the parts have been shown in tables 4&5. Based on a global reference price for the 
Cast Steel & Cast Iron, the final price of shells could be calculated and has been 
shown in table 6. 

 
Table 4.Weight criteria for steam turbine (E-Type) casting shells 

 
Weight Criteria (Kg)  Total Weight 

(Kg)  Max. Min. 
Type  

50535 22900 10 Cast Iron 

35573 10140 176 Cast Steel 

 
Table 5.Chemical analysis criteria for steam turbine (E-Type) casting shells 

 

Alloys  Type  

GGG 40.3, GGG 40 

BS3602-430 
Cast Iron 

G17CrMoV5-10 

10CrMo9-10, GX4CrNi134 
A182 Gr. F22 Cl.3 

Cast Steel 

 
Table 6.Chemical analysis criteria for steam turbine (E-Type) casting shells 

 
Total Price  

)€( 
Weight 

(kg) 
Unit Price 

Kg)/€( 
Type  

161712 50353 3.2 Cast Iron 
391303 35573 11 Cast Steel 
553015 Gas turbine casting shells  

 
 

 
 

Fig. 3: Outer casing upper part of steam turbine (E-Type). 
 



 

4. Discontinuities in casting turbine shell parts 
 
Discontinuities sought in these parts are divided into two groups namely internal as 
well external. Crack, porosity, burn on and miss runs are examples of external defects.  
The elongated shaped discontinuities (i.e. crack) can cause stress concentration and 
decrease the fatigue strength.  Furthermore, due to the application of cycle loading on 
these turbines caused by rotating of the rotor components, fatigue strength is very 
critical and its weakness can cause lots of problems for turbines and power plants.  
This makes the detection of external defects very important.  Shrinkage and other 
defects generally found in large parts are of the most concern in internal defect 
detection. 
 

5. Quick review of NDT methods 
 
VT, MT, PT, UT & RT are five methods which are normally utilized for detecting 
discontinuities in casting parts. Both of PT & MT methods are applied for detecting 
surface and near surface discontinuities. UT and RT is utilized for detecting 
volumetric discontinuities. 
 

6. NDT methods utilized for Gas TurbineV94.2 & Steam Turbine E-Type 
 
Referring to the specification for these castings, the extent of examination for each 
NDT method could be extracted.  Generally almost all accessible surfaces of turbine 
parts are subject to inspection. 
In many cases to find the volumetric defects, 100% UT is required.  RT is also used in 
some special cases with an agreement.  Nondestructive testing inspections and their 
required extend for both types of turbines are shown in table 7 & 8 below. 
 

Table 7.NDT extent utilized in gas turbine (V94.2) casting shells 
 

RT VT UT MT Method  

Optional %100 %100 %50  Cast Iron Shell 
Optional %100 %100 %50 Cast Steel Shell 

 
Table 8.NDT extent utilized in steam turbine (E-Type) casting shells. 

 
RT VT UT MT Method  

Optional %100 %100 %50  Cast Iron Shell 
Optional %100 %100 %50 Cast Steel Shell 

 
7. Cost estimation 
1- Thermal turbine inspection costs:  

According to the available information and inspection methods necessary for casting 
parts utilized in turbine production in MAPNA Turbine Engineering and 
Manufacturing Company, the inspection cost for a day of an inspector plus equipment 
on an average is about €160 (man/day).  The total inspection time for nondestructive 
inspection of each gas or steam turbine unit can be approximately about 40 inspection 
day and inspection cost for each unit equals to €6400.  This cost will become €19,200 
for a conventional combined cycle unit (Two gas turbines and one steam turbine). 



Inspection cost (conventional combined cycle) = Gas turbine cost*2 + Steam turbine 
cost.  The total cost then is: €6400*2 + €6400 = €19,200 
 

2- Thermal turbine production cost: 

In accordance with tables 3 & 6, the production cost of a V94.2 gas turbine casting 
shell is equal to €316,538 and this cost for a steam turbine E-type is equal to 
€553,015.  Consequently, conventional combined cycle unit production costs can be 
estimated at €1,186,091.  Production cost (conventional combined cycle) = Gas 
turbine cost*2 + Steam turbine consisted of 316538*2 + 553015 = €1,186,091 
 

3- Thermal turbine repair cost upon breakdown: 
 
To show the value of inspection through nondestructive testing we consider the cost 
of a turbine shell part failure which could shut down a plant.  If we assume a 60 day 
period for essential repairs and commissioning of the replacement turbine then only 
loss of production due to this failure can be calculated.  This cost for each hour is 
€2400 (based on power plants cost in Iran) for one turbine (without taking other minor 
costs into consideration) and at €7200 for a conventional combined cycle unit (Two 
gas turbines and one steam turbine).  The total breakdown cost can be estimated as 
follows: 
 
Gas/Steam turbine shut down costs (for essential repairs) = 60*24*2400 = €3,456,000 
 
Conventional combined cycle shut down costs (for essential repairs) = 60*24*7200 = 
€10,368,000 

 

Gas Turbine Costs

6400

316538

3456000

Inspection Costs Shell Costs Repair Costs

Cost(€)

 

Graph 1: Inspection and repair cost for gas turbine  



Steam Turbine Costs

6400

553015

3456000

Inspection
Costs

Shell Costs Repair Costs

Cost(€)

 

Graph 2: Inspection and repair cost for steam turbine 

 

Convetional Combined Cycle Costs
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Graph 3: Inspection and repair cost for conventional combined cycle turbine 

 



8. Conclusion 
 

As discussed in this investigation due to the high sensitivities of castings shells 
utilized in thermal turbines, non-destructive testing plays an important role in 
reducing the manufacturing and repair costs.  When quality control programs contains 
utilization of the fit for purpose nondestructive testing methods the overall cost 
reduction can be realized in the following stages of production: 

 
1- The inspection to production cost per above tables for a V94.2 gas turbines is 

only 2 percent. 
2- The inspection to essential repair cost for a V94.2 gas turbines is only 0.18 

percent. 
3- These ratios for a conventional combined cycle is only 1.6 percent and 0.18 

percent respectively. 
 
Today almost all of the fabricators and producers of turbine parts take advantages of 
nondestructive testing methods to realize these cost savings.  In many instances these 
savings are not quantified and inspectors have difficulty in securing inspection 
activity budget.  This paper can serve as one of the tools in establishment of 
comprehensive QA/QC program at any fabrication facility. 
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