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Abstract—The structural integrity of generator retaining 

ring at Dieng geothermal power plant 60 MW has been 

investigated using NDT method, i.e. visual testing, penetrant 

testing, ultrasonic testing and crack depth testing. The purpose 

of this study is to evaluate the integrity of retaining ring without 

removing the retaining ring from the rotor, because releasing 

the retaining ring from the generator rotor will eliminate 

residual stresses therefore the defects are not detected due to 

residual stress. In addition, this operation has major 

implications of damage risk, cost, safety and time. The results of 

the inspection of the above method was not detected the 

presence of defects on both sides of the retaining ring generator 

(turbine and exciter side). Therefore, it can be concluded that 

the retaining ring is not degraded and the service life of 

components is still appropriate with the specifications of the 

manufacturer. 

 
Index Terms—Generator retaining ring, structural integrity, 

NDT inspection, defect. 

 

I. INTRODUCTION 

Retaining ring is one of the generator components that 

used to retain the end winding coil assembly, insulation 

material and packing blocks against centrifugal forces 

developed when the rotor is rotating that are shown in Fig. 1. 

Therefore it is the most highly stressed component of the 

generator and possibly the highest stressed component of the 

entire turbine generator set, including both steam turbines 

and combustion turbines [1]. The shrink fit method by 

thermal expansion and contraction of metal is used to mount 

the retaining ring on the generator rotor. According to 

interference of shrink fit, contact pressure is changed and 

residual stresses appear to fit the components. Excessive 

residual stress causes a defect in products and stress corrosion 

cracking, SCC [2]. The contact separation and failure 

occurrences for those common systems have been more 

rarely addressed in the literature [3]-[12]. Under cyclic 

bending or torsion loads, fretting could occur at the edge of 

the shaft–hub fitting surface. Fretting is a wear/corrosion 

mechanism resulting from the slight relative movement of 

contacting surfaces [9].  
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Fig. 1. Typical turbine generator end-winding retaining ring [1], [11]. 

 

In the case of generator retaining rings, fretting can 

develop at shrink fit and mating surfaces and at winding 

support positions. It can also suffer damage caused by 

torsional vibration. Fretting fatigue initiated crack that 

propagated during torsional interaction of the shaft [10]. The 

high levels of residual stress from the cold working process 

and further loads which are imposed by shrink fitting, 

self-weight and copper support loads during operation can 

lead to service failure. The service failures on the retaining 

ring are known to result in catastrophic failure of the 

generator and part of its associated turbine or prime mover. It 

is possible for these rings to rupture or “explode” damaging 

the stator end winding, rotor winding and end cover that is 

shown in Fig. 2 [1].  

 

 
Fig. 2. Generator retaining ring failure  [1]. 

 

II. MATERIALS AND METHODS 

Dieng is one of the geothermal power plants in Indonesia 

that is located in Dieng Plateau, under the administrative 

district of Wonosobo, Central Java, Indonesia. The plant was 

installed in 1995 with rating generator 75000 KVA, Voltage 

15000 Volts, Current 2887 Amp, and Rpm 3000. The 

generator rotor has two poles of winding, both leads position 

on the exciter side disconnected to the diodes and exciter 

armature. In 2013, the plant was reportedly suffered damage 

due to malfunction of the flow control system causing the 

over flow of working fluid. There are a damage to some 

components, i.e. the turbine and generator rotor. In the 

generator rotor, damage occurs on the bearing and labyrinth 

seal, which is thought to be caused by high vibration due to 
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over speed. In addition these components damages, it is 

feared the damage also occurred in the generator retaining 

ring.  

Traditionally, the inspections of retaining ring flaws at 

internal ring bore locations which cause the failures require 

the removal of the retaining ring from the rotor. This 

operation has major implications of damage risk, cost, safety 

and timing to an outage program. To overcome this problem 

and achieve significant savings, the integrity of retaining ring 

is evaluated using powerful inspection technique based on 

Non Destructive (NDT) inspection. This technique is enable 

fast and accurate inspection results, with the retaining ring 

remains patches to its rotor. The advantages of this method 

compared to removal the ring from the rotor are the stresses 

from the shrink fit helps to keep any more cracks open and 

easier to detect. It was reported a case where cracks were 

detected while the ring was installed but could not be 

detected once removed [1]. In this study, we use several NDT 

methods, i.e. Visual Testing, Penetrant Testing with Crack 

Depth Meter, and Ultrasonic Testing. 

A. Visual Testing 

The ring is inspected visually for any signs of mechanical 

damage, corrosion, pitting, heat damage, electrical arcing 

marks, fretting, rusting staining or cracking. If any of the 

above defects is observed it has to be evaluated to determine 

its severity, consequences and root cause. Rusting, pitting or 

staining is an indication that the rings have been exposed to a 

corrosive environment and careful attention needs to be paid 

to the possibility of stress corrosion cracking being present. 

Mechanical damage is normally groundout in order to expose 

any defects. A visual inspection on its own is not sufficient 

and hence a more detailed inspection below is required. 

B. Dye Penetrant Testing (PT) 

For the outer surface of the retaining ring, pitting and 

cracking would be detected by using a liquid dye penetrant. 

Testing is done by applying dye penetrant on the surface of 

the samples analyzed in a given time interval (dwell time). 

During that interval, the liquid penetrant defect entered on the 

surface, the penetrant which is not entered is cleaned. Further, 

sprays or powders contrast color developer is used to describe 

the profile of defects on the material. The results of these 

operations are then evaluated against acceptance criteria: if 

the criteria are not transgressed the ring is deemed acceptable 

and no further action is taken. 

C. Crack Depth Testing 

Inspection using the PT cannot exactly figure out the depth 

of a flaw or crack, so the crack depth gauge is used to 

determine the depth of defect, as shown in Fig. 3. Crack depth 

gauge is used to measure crack depth by applying principle of 

acoustic diffraction. It also can be used to measure 

propagation velocity of ultrasonic wave in retaining ring. 

This instrument is a kind of intelligent nondestructive test 

equipment possessing the functions of automatic detection, 

data memory and output. 

D. Ultrasonic Testing (UT) 

Ultrasonic Testing would be used for detecting the flaws at 

the inner surface of the retaining ring. UT can be scanning for 

both axial and circumferential flaws, specific geometry 

(bayonet area, et cetera), determining wall thickness, 

confirming flaw indications, mapping of small pitting 

resulting from corrosion or electrical discharges, and 

mapping of ring geometry / teeth in shrink fit connection. 

There are several advantages to using the UT method, i.e. 

reliable and accurate defect height sizing, detects all cracks 

including the ones that are out of the perpendicular plane, 

used for confirmation of surface breaking indications on the 

inner surface, and used for “difficult“ areas: at (undulated) 

bayonet structure; at grooved areas at a ring‘s end.  

The working principle of ultrasonic testing is the use of 

ultrasonic waves, see Fig. 4. Ultrasonic wavelengths are on 

the same order of magnitude as visible light, giving them 

many of the same properties of light. For example, ultrasonic 

wavelengths can be focused, reflected, and refracted. 

Ultrasonic waves are transmitted through air, water, and 

solids such as steel by high-frequency particle vibrations. 

These waves are transmitted in homogenous solid objects 

much like pointing a flashlight around a room with various 

objects that reflect light. The directed energy in an ultrasonic 

wave is reflected by boundaries between materials regardless 

of whether the material is gas, liquid, or solid. Ultrasonic 

waves are also reflected by any cracks or voids in solid 

materials. These reflected waves, which are caused by 

internal defects, can be compared to the reflected waves from 

the external surfaces, enabling the size and severity of 

internal defects to be identified. 

 

 
Fig. 3. Crack depth gauge [13]. 

 

 
Fig. 4. The working principle of ultrasonic testing [14]. 

 

The ultrasonic testing is range from 400 kHz to 25 MHz. 

The frequency of the ultrasonic sensor is chosen based on 

several factors including detectable flaw size, depth of 

penetration, and grain size of the material. Materials made of 

fine-grained material, such as metals, permit deep penetration 

by ultrasonic waves of all frequencies. The higher the 

frequency, the smaller the flaws the system detects, but the 
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depth of penetration decreases. Fig. 5 displays of ultrasonic 

testing to detect the presence of a crack in a component. 

 

 
Fig. 5. The display of ultrasonic testing to detect the presence of a crack in a 

component  [14]. 

 

III. RESULTS AND DISCUSSIONS 

Based on the visual inspection, it didn’t find any damage 

on the surface of the retaining ring at the both side i.e. exciter 

side and turbine side. Fig. 6 shows the surface condition of 

the retaining ring which is visually no visible signs of a flaw 

or defect. To further validate the structural integrity of the 

retaining ring, the inspection is done using advanced NDT 

methods. 

 

 
Fig. 6. No marks on retaining ring surface. 

 

 
(a)                                                   (b) 

Fig. 7. PT inspection results for (a) exciter side and (b) generator side. 

 

The penetrant testing (PT) refers to non flourescent or 

solvent removable method. It was done by applying a dye 

penetrant on the surface of retaining ring at 5 minutes of 

dwell time. The developer is used to describe the profile of 

defects on the material. In this study, it is used the SKL-SP 

type of penetrant from Magnaflux with SKD-2 developer 

type and SKC-S remover type. Based on this inspection, it 

was not detected the presence of defects on both sides of the 

retaining ring generator. Fig. 7 shows the PT inspection result 

of the retaining ring for turbine and exciter side. 

Although based on the PT inspection result is not found of 

possibility of defect or crack on the retaining ring, however 

the crack depth testing is performed at several locations that 

suspected of having crack. In this study, the analog crack 

depth meter is used to evaluate the depth of crack on the 

retaining ring. Fig. 8 shows the display of analog crack depth 

meter. Based on this inspection, there is no find any crack on 

both sides of the retaining ring. 

 

 
Fig. 8. The display of analog crack depth meter. 

 

The possibility of defect at the shrink fit area and the inner 

surface of the retaining ring is detected using Ultrasonic 

Testing (UT). In this study, it uses Krautkramer ultrasonic 

flaw detector type Epoch 600 with the probe straight beam 0˚ 

and the couplant type grease. Fig. 9(a) shows the UT 

inspection on the retaining ring. The inspection was applied 

on the entire of retaining ring in circumferential direction up 

to 360 degrees with numbering identity on both side i.e. 

exciter side and turbine side, see Fig. 9(b). Based on the 

inspection using UT, there is no detected anomaly the shrink 

fit area and the inner surface of the retaining ring. 

 

 
(a)                                                      (b) 

Fig. 9. (a) The UT inspection and (b) numbering identity at circumferential 
direction. 

 

IV. CONCLUSION  

It has been done the in-situ inspection of the retaining ring 

without removing the retaining ring from the generator rotor, 

The results of the inspection of 4 [four] of the NDT method 

was not detected the presence of defects on both sides of the 

retaining ring generator (turbine and exciter side), so it can’t 

be done further study the remaining life of the retaining ring 

as a result of the growth defect / crack. Therefore, it can be 

concluded that the retaining ring is not degraded and the 

service life of components is still appropriate with the 

specifications of the manufacture. Although based on the 

results of the assessment and inspections on the retaining ring, 

it did not find any defects, but the inspection and checking the 

possibility of defects due to the influence of the next 

operation must be done periodically based on the 

recommendations of the manufacturer.  
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