


DESIGN AND DEVELOPMENT OF FACE TYPE SEALING PLUG 

FOR 

ADVANCED HEAVY WATER REACTOR 

 
1.0 Introduction  
 
AHWR is a thorium based vertical pressure tube type reactor. Its coolant is light 
water and moderator is heavy water. There are 452 coolant channels in the 
reactor. Each coolant channel assembly comprises of bottom end fitting, fuel 
cluster, top end fitting, shield ‘A’, shield ‘B’ and sealing plug. Sealing plug, 
shown in fig.1 and 2, is located in the top portion of each top end fitting. Sealing 
plug is an important sub assembly as it acts as pressure boundary and prevents the 
escape of steam / water of Main Heat Transport from the top end fitting. It also 
provides a means for remote opening of the pressure boundary of Main Heat 
Transport system for refuelling the channel. It is operated by fuelling machine 
rams for its removal or installation. During fuel change it is required to remove 
the sealing plug from the end fitting. This is accomplished by Fuelling Machine 
Head, which is operated from control room. Fuelling Machine Head connects on 
to an end fitting; sealing plug is withdrawn and stored temporarily in one of the 
magazine stations of the Fuelling Machine Head to clear the path for fuel 
changing operation. After the refuelling operation is completed, sealing plug is 
reinstalled in the end fitting, leakage checking is done and finally fuelling 
machine is disconnected from the channel end fitting. 
 
Sealing plug mainly consists of an operating mechanism and a sealing element. 
Operating mechanism has a jaw mechanism, which can be expanded or collapsed 
for its retention or movement in the end fitting or fuelling machine. Sealing 
element of the plug, i.e. seal disc, is required to provide sealing up to 85 bar 
pressure and up to 300 °C temperature. Seal disc is a disc with a protruded stem. 
Its sealing face abutting the closure seal face of end fitting is nickel-plated. Nickel 
plating has been selected as the sealing material based on its excellent 
performance in existing Pressurised Heavy Water Reactors. Seal disc has a typical 
geometry having its thickness varying along the radius so as to meet the 
contradicting requirements of having adequate flexibility and keeping the stress 
within allowable values. Flexibility is required to locate and lock the seal plug in 
the end fitting and to provide the necessary gasket seating load to ensure sealing 
at low pressures. As the pressure is increased, seating load is increased and 
therefore the sealing is better at higher pressure. Stresses developed in the seal 
disc during the installation / removal of seal plug and in its normal design 
condition are required to be kept within allowable limits as per codal 
requirements. Geometry of the seal disc was finalized after carrying out the 
analysis through finite element method. 
 
Considering the stringent requirements of the seal plug design, prototype was 
manufactured to prove the design. There were difficulties faced during the 
manufacturing of the seal plug especially in forging and nickel-plating of seal 
disc. Wire cut EDM method was used in place of broaching in making slots in the 
jaws and nitriding used in existing plugs was avoided by using different material 



combinations to simplify and expedite the manufacturing. Separate test rig was 
made for testing seal disc to check the deflections and stresses developed. A test 
set up was erected and commissioned for testing the performance of the sealing 
plug in simulated conditions of the reactor. A manually operated rig was also 
designed and manufactured for installation / removal of the plug in the test set up. 
Test results of the seal disc and the performance of the sealing plug in hot and 
pressurised conditions were found to be satisfactory. Seal disc was further 
examined for corrosion related effects after the test and the results were 
satisfactory. Based on above observations the design of the sealing plug has been 
proven and validated. 
 
Design requirements of the sealing plug have been mentioned in the section 2.0 of 
the report. Description of the plug has been explained in section 3.0. Design 
approach has been discussed in para 4.0. Applicable code and basis of material 
selection have been mentioned in section 5.0 and 6.0 respectively. Optimisation 
study of some critical components has been discussed in section 7.0. Analysis of 
seal disc has been explained in section 8.0. Seal disc testing is explained in 
section 9.0. FEM analysis has been discussed briefly in section 10.0. Results and 
calculations have been worked out in section 11.0. Built-in safety features of 
sealing plug have been outlined in section 12.0. Manufacturing aspects have been 
mentioned in section 13.0. Hot testing of sealing plug has been explained in 
section 14.0 and result is concluded in section 15.0. 

2.0 Design Requirements of the Sealing Plug 

Reactor operating pressure for AHWR is 70 bar. Main Heat Transport (MHT) 
design pressure is 85 bar and design temperature is 300°C. Sealing plug is also 
designed for the same pressure and temperature requirements. It provides the 
sealing to prevent escape of MHT steam/water under these design conditions. As 
observed in existing PHWRs leakage rate for the steam / water is aimed to be less 
than 10 grams per day. Gasket seating load on installation of plug should be 
selected to achieve this leakage limit.  

Seal disc should have a reasonable life to minimize its replacement requirement in 
the reactor. It is aimed to have a life of minimum ten refuelling cycles. Hardness 
of nickel plating is to be selected to meet this requirement. Therefore its hardness 
number in nickel-plated portion of seal disc is important and is required to be 
controlled by suitable heat treatment.  

Sealing plug is to be designed for water/steam environment for temperatures up to 
300 deg C. Therefore materials for the components should be corrosion resistant 
in that environment. Materials should have adequate mechanical properties to 
meet the loading and relative motion requirements among adjacent components.  

Sealing plug should be compatible to fuelling machine rams for its operation of 
installation or removal. Maximum ram force available from fuelling machine for 
removal of seal plug is 3000 kgf. It should not get separated from fuelling 
machine rams at any other place except at intended locations in magazine 
assembly or top end fitting. 
 
 



3.0 Description   
 

Sealing plug is a component of the coolant channel assembly located in top 
portion of its top end fitting. Sealing plug assembly comprises of 18 components  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Seal Plug 
 

mostly made up of precipitation hardening stainless steel. It is about 221mm long 
and 156mm in diameter. Approximate weight of the plug is 25 kg. 
 
A sketch of general assembly of the sealing plug is shown in fig.1 and all the 
basic components are listed there alongside. The plug consists of an operating 
mechanism and a flexible seal disc (10) connected to the casing (1A) through a 
retaining pin (13) and closure seal cap (8). Seal disc may be removed and 
replaced with new one when nickel gasket becomes leaky and leakage rate 
exceeds 10 grams per day. 
 
The operating mechanism of the sealing plug functions inside casing, closure seal 
cap on lower end, on which the seal disc bears, and the support ring clamp (4) on 
the top end.  The fuelling machine ram is connected to support ring clamp for 
removal and replacement of the plug and for operating the mechanism. 

 
The closure seal cap is attached to the casing with two diametrically opposite 
spring pins (17).  The support ring clamp is threaded to the casing and locked on 
by a setscrew (18).  The operating mechanism of the plug essentially consists of a 
spider (2A) which has a splined body and six fingers, six jaws (3) which are 
carried and operated by fingers of the spider, spider stem (2B) which is threaded 
into the spider for operating it, six spider springs (14), a safety latch sleeve (7) 
bearing against the safety latch (6) and three latch springs (11).  A plunger (9) 
centred on two garter springs (12) deflects the seal disc during plug operation.  
 



The travel of spider stem during operation of sealing plug is 16mm (nominal).  
The force of spider return springs is such that it tends to force jaws radially 
outwards from the casing and varies from about 275/300 kgf at start of stroke to 
about 550 kgf at the end of stroke when the springs are fully compressed. Spider 
is axially guided by its six splines, which engage corresponding splines in the 
casing.  The tips of spider fingers are radially supported in the support ring (5). 
The six jaws are laterally supported in the casing on one side and the flat face of 
support ring on other side.  Three spacer pins (not shown in sketch) ensure that 
the correct operating clearance over faces of the jaws is provided when support 
ring is forced against these pins by support ring clamp. 

 
The inner corners of jaws are recessed opposite the area in which safety latch 
normally resides.  The recess is such that it provides clearance between jaws and 
latch, but unless safety latch is first pushed axially out of the way, jaws cannot be 
withdrawn from the groove in end fitting.  Thus, safety latch positively prevents 
removal of a plug except when latch is depressed, at which time fuelling machine 
B ram is locked to the casing. 
 
The safety latch comprises safety latch sleeve and safety latch itself. The safety 
latch is normally constrained to reside within the area of the cutout section of jaws 
by the force exerted by the three latch springs.  Safety latch and safety latch 
sleeve are mounted on the spider stem and are retained thereon with retaining ring 
(16). 
 
The seal disc is an integrally forged component comprising of disc and its stem. 
Disc is contoured on the face abutting the closure seal cap for greater flexibility. 
The disc has a soft nickel gasket deposited over an annular area butting against 
sealing face in the end fitting as shown in fig. 2, and an elongated hole in the stem 
for attachment to the plug. The elongated hole provides freedom for the disc to 
deflect during operation. During installation of the plug, the seal disc is deflected 
by the plunger, which is axially displaced within the bore of spider stem. Plunger 
is radially supported on two garter-type centring springs, which permit the 
plunger to float on the springs. 

4.0 Design Approach 
 
Sealing plug of AHWR has been designed based on the concept of existing 
220MWe sealing plug, which is working satisfactorily in currently operating 
PHWRs. Sealing of pressure boundary is achieved by seating nickel gasket on 
closure seal face of the end fitting. Sealing is better with increase in pressure as 
the seating load increases with pressure. Sealing plug must provide sealing up to 
the design pressure and temperature conditions of 85 bar and 300 0C respectively. 
The seating load of seal disc during installation is selected to limit the leakage of 
MHT water from a plug to less than 10 grams per day. Based on the experience in 
existing PHWRs, seating load is 8.9 kg/mm in equalized pressure conditions and 
30.4 kg/mm in the design pressure and temperature conditions. Sealing plug is 
retained in the end fitting by collapsible jaws. End Fitting material is Modified SS 
403. 



Sealing plug is operated by fuelling machine rams. Hence operating mechanism 
of the plug has been designed to be compatible with FM rams and it has been 
designed such that it cannot unlatch itself from end fitting. It is impossible for a 
ram to operate the plug unless it is latched on to it.  It is also impossible to release 
a plug until the jaws are locked in a groove either in end fitting or the magazine 
tube. 

5.0 Applicable Codes/Specification  

Sealing plug is designed as per ASME B & PV code section III division 1 
subsection NB. Seal disc is the pressure-retaining component in the sealing plug. 

Gasket seating load values for design of seal disc are based on the available 
literature of PHWR sealing plugs. 

6.0 Material Selection  

Well-proven materials for similar duty components in existing reactors have been 
used in the sealing plug.  Materials meeting the requirements of applicable codes 
have been used.  Mainly 17-4 PH (ASTM A564 Gr. 630) and 13-8 Mo (ASTM 
A564 Gr. XM-13) have been used which are suitable for high strength in the 
design conditions of the plug and have corrosion resistance in water environment. 
Inconel-X750 has been used for springs due to its good relaxation resistance in 
high temperature conditions. 

Seal disc material has been chosen as 13-8 Mo due to its higher strength than 17-4 
PH and good impact properties. Stresses developed in AHWR seal disc are more 
than that observed in existing 220 MWe reactors due to higher bore diameter of 
end fitting. Operating pressure is less in AHWR but effect of bore size causes 
higher stresses in the seal disc. Nickel plating has been used for sealing which is 
proven method in PHWRs. Yielding of nickel creates effective sealing action. 
 

 The materials used in the sealing plug components are as follows: 

Item No. Description    Material 

1A.  Casing    17-4 PH SS, H-1100 condition  
1B.  Pin    17-4 PH SS, H-1100 condition 
2A.  Spider    17-4 PH SS, H- 925 condition 
2B.  Spider Stem   13-8 Mo SS H-950 condition 
3.  Jaws    17-4 PH, H-1100 & electrolyzed  
4.  Support Ring Clamp  13-8 Mo SS H-950 condition 
5.  Support Ring   17-4 PH SS, H-1100 condition 
6.  Safety Latch    17-4 PH SS, H-1100 condition 
7.  Safety latch Sleeve  17-4 PH SS, H-1100 condition  
8.  Closure Seal cap  13-8 Mo SS H-950 condition 
9.  Plunger   17-4 PH SS, H-1100 condition 
10.  Seal Disc   13-8 Mo SS, H-1050 condition 
11.  Latch spring    Inconel X-750 
12.  Garter spring    Inconel X-750 
13.  Retaining pin   17-4 PH SS, H-1100 condition 
14.  Spider spring     Inconel X-750 



15.  Retaining ring    PH 15-7 Mo SS  
16.  Retaining ring    PH 15-7 Mo SS 
17.  Spring  pin   Inconel X-750 
18.  Set screw   SS304  

 
7.0 Optimization studies  
 

Seal disc is the most critical component of sealing plug, which develops 
maximum stress and is exposed directly to approx. 288°C steam in the reactor 
operating condition. It has to be flexible enough for proper locking of the plug in 
the end-fitting groove and to create adequate seating load for effective sealing. 
Thickness and rocker radius of the disc were optimized to meet the above 
requirements of deflection and strength. Its overall geometry was finalized after 
stress analysis using Finite Element Method [2]. More details of the analysis are 
given in the next section (Para 8.0). 

 
Spider springs are required to keep the jaws of the sealing plug expanded in 
normal conditions of the plug. These springs have been designed so as to occupy 
minimum space and give a pre-load of around 270 Kgf for expanding the jaws. 
Design was optimized considering the space limitation and the high stiffness 
requirements. The pre-load provided by the springs will ensure proper installation 
of sealing plug in the end fitting even if retract force of fuelling machine C-Ram is 
not available. In the existing PHWR plugs, retract force from the fuelling machine 
C-Ram is required for installation of the plug in the end fitting. 

 
8.0 Analysis of Seal Disc  
 

Design of seal disc is quite tricky due to conflicting requirements of strength and 
flexibility to achieve the required seating load. A linear elastic stress analysis of 
seal disc was carried out for optimization of its geometry using CSA/NASTRAN 
Finite Element code. The analysis was carried out based on design pressure of 87 
Kgf/cm2 and design temperature of 300°C and with available forces for the 
operation of the plug. Stresses were found in 7 critical sections shown in fig. 3. 
Based on this analysis rocker radius of the disc was finalized as 62.05mm and 
minimum thickness was decided to be 4.1mm. A brief detail of the analysis is as 
follows. 
 

8.1 Geometry 
 

The seal disc is a circular metallic disc having a diameter of 154.109mm. The 
thickness of seal disc varies non-uniformly from centre to outer periphery. The 
rocker radius location has a thick hump. The disc has a central stem of diameter 
17.905mm projecting on the face opposite to the sealing face. This stem has been 
provided for ease in handling the seal disc and applying the required loads on the 
seal disc for its installation or removal. An annular nickel layer (gasket) is electro-
deposited near its outer periphery on its sealing face that makes contact with the 
end fitting sealing face and provides the sealing action. The thickness of the nickel 
gasket is 0.88mm. 

 
 



8.2 Material properties: 
 

Material ASTM A564 Gr.XM-13 
Condition H1050 Nickel 

Density (kg/mm3) 7.8E05 8.88E05 

Modulus of elasticity (E) 
(kg/mm2) 

2.07E04 (22 °C) 
1.89E04 (300 °C) 

2.11E04(22°C) 
1.96E04 (300°C) 

Poisson’s ratio (ν) 0.3 0.3 

Ultimate Tensile Stress (UTS) 115.22 kg/mm2 - 

Yield Stress (YS) 93.66 kg/mm2 - 

Allowable Membrane Stress 
(Sm) 

38.4 kg/mm2 - 

Allowable membrane + 
bending stress (1.5Sm) 57.6 kg/mm2 - 

 

8.3 Loading sequences: 
 

The fuelling machine is in clamped condition with coolant channel at the time of 
installation or removal of sealing plug. The fluid pressure on both sides of seal 
disc is maintained same during operation of sealing plug. The seal disc is 
supported by the end fitting seating surface (closure seal face) at its nickel 
gasketted annular periphery. The loads applied on seal disc for 
installation/operation/removal can be categorized into five stages as shown in fig. 
4. Various loading stages are described in following lines. 

 
Stage 1: During the first stage of loading, a load Pcent is applied on the central 

boss of the seal disc such that a differential displacement δdiff of 0.6515mm is 
obtained between the centre and the rocker point of the seal disc. 
 
Stage 2: In the second stage of loading both the centre and the rocker points are 

loaded such that the differential displacement δdiff (0.6515mm) obtained in the 
first stage is maintained and sum of the both loads is less than or equal to 1814 
Kgf. At the end of second stage of loading the rocker point gets deflected by δrock 

(0.1908mm). 
 

Stage 3: In the third stage of loading, the rocker deflection δrock (0.1908mm) 
obtained in the second stage is locked. After the locking, externally applied loads 
at centre and rocker points are removed. Fluid pressure continues to be same on 
both the sides. 

 
Stage 4: Fourth stage of loading is the operational stage of seal disc. After third 
stage, there is atmospheric pressure on upper side of installed disc. The channel 
side i.e. bottom side of seal disc is subjected to design pressure of 87.0 kg/cm2 of 

pressure while rocker point is locked at the displacement of δrock (0.1908mm). 
 



Stage 5: In this stage, a load of 3091 Kgf is applied at centre and rocker point to 
unload the seal disc. This is the removal stage of seal disc. The pressure in both 
sides of the disc remains same. This is similar to second stage i.e. load is applied 
at the centre maintaining δdiff  of 0.6515mm.    

 
Above sequence of loading makes it possible to install and remove the seal disc 
with the available load capacity in fuelling machine rams and also to reduce the 
stresses induced in the seal disc body to the minimum possible. For all stages of 
loading as mentioned above, the stresses developed in the seal disc should be 
within ASME Section III, Division I codal limits. To obtain an effective sealing, 
the reactions at the nickel gasket should not be less than 8.9 kg/mm and 30.4 
kg/mm of periphery at the end of third and fourth stage of loading respectively.  

 
9.0 Tests for Seal Disc  
 

For validation of the design, experimental studies for determining actual stresses 
and locking deflection has been carried out on seal disc in a test rig shown in fig. 
5. Seal disc test set up was designed and manufactured for experimental stress 
analysis of the seal disc. This test set up can simulate the loading conditions (at 
room temperature) faced by the seal disc in the reactor.  
 
Firstly leakage test and hydro test were carried out for the seal disc in the seal disc 
test set up. Hydro test pressure was 110 kgf/cm2. Then first experiment was taken 
up for strain measurements in different stages of loading as follows.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Seal disc test set up 
 
A hydraulic press was used to simulate stages 1, 2, 3 and 5 of seal disc loading 
requirements. Load cell (5 Ton rating) was used for exact values of the load 
application. Strain gauges were mounted on the hydro tested seal disc lower 
surface. Deflection at centre of seal disc was measured in microns using dial 



gauge and applying forces in steps of 100 / 200 / 500kg. Maximum force applied 
was 4000 kg.  
 
Seal disc was installed in the test rig in stage 2 condition by application of 1800 
kg force through hydraulic press and then retained in the same condition by hand 
tightening of bolts maintaining the same deflection of seal disc. Force was 
removed simulating the locking condition i.e. stage 3 of the sealing plug. Test set 
up was taken out of the hydraulic press. It was observed that seal disc was 
deflected by 0.47 mm in the locked condition at its centre when load is released 
from the disc. Haskel pump was used to create the required water pressure in 
ambient temperature condition to simulate stage 4. Readings of strains produced 
were taken at different pressures in steps of 5 / 10 kgf/cm2. Deflection at centre of 
seal disc was also measured with respect to the pressure on the bottom side of the 
seal disc.  

 
To measure the strains in the seal disc during various loading stages, the strain 
gauges, having following specifications were employed. 

 
Type:   FCA-2-17 (2 element 90° Rosett) 
Make:   TML Japan 
Resistance:  120 ohm 
Gauge factor:  2.12 
Gauge length:        2 mm 

 
The locations for the strain gages were selected based on finite element analysis of 
the seal disc [2]. Six strain gauges were used for measurements of radial and hoop 
strains. The locations of these strain gauges are shown in fig. 6. The strain gauges 
were located at different circumferential locations.  
 

10.0 Post Experiment Stress Analysis of Seal Disc 
 

For carrying out the experiment on the seal disc, strain gages had been mounted 
on the lower surface of the disc and a thick layer of araldite had been applied to 
retain the gages, which probably might have affected the test results. The exact 
location of the strain gages did not coincide with the element centroid in the 
existing FE model; it was decided to reanalyze the disc using COSMOS M2.5 
finite element software. Seal disc was taken as an axi-symmetric model as shown 
in fig. 7 and 8-noded solid elements were used for the analysis. Stresses were 
found out at the nodes nearest to the strain gage locations. The results of this 
analysis were found to be in reasonably good agreement with the experimental 
results in different stages of the loading conditions. This has been further 
discussed in section 11.0 of the report. Stresses developed in stage 4, which is 
normal working condition of the sealing plug, are shown in fig. 8.  

 
11.0 Observations, Calculations and Discussion 

In the seal disc test set up, readings for deflection at centre of the disc and strain 
values were noted with increase in load for loading stages 1, 2 and 5. Maximum 
load given was 4000 kg. Readings were taken while decreasing the load also. It 
was observed that strain values were same in the reverse direction also. Deflection 



of disc at the centre was observed to be -1mm, -1.1mm and -1.17mm at 1800kg, 
3000kg and 4000 kg loads respectively. Deflection values are plotted in fig.9. 
Deflection of seal disc at centre shown in the graph is not linearly varying because 
at about 1000 kg, loading stage changes from Stage 1 to Stage 2. Strain values in 
loading stages 1, 2 and 5 are plotted in fig. 10. It was also observed that there was 
no permanent deformation in the seal disc implying that the stresses were with in 
the elastic limits. Three sets of readings were taken by repeating the experiment. 
Consistency was noted in all the experiments.  
 
In stage 4 loading, strain readings were taken for increasing pressure. Maximum 
pressure was 85 kgf/cm2. Strains observed in loading stages 3 and 4 are plotted in 
fig. 11 & 12. Deflection at centre of seal disc was also noted down at different 
pressures in stage 4. Deflection of seal disc was observed to be +0.85mm and 
+1.0mm at pressures of 70 and 85 kgf/cm2 respectively. Deflection of seal disc at 
its centre w.r.t. increase in pressure is plotted in fig. 13. Strain plotted in all the 
above figures is not varying with similar trend across the radius because of 
varying thickness of the seal disc along the radius. 
  
Radial and hoop stresses at different radii of the disc were calculated using the 
following formulae.  
 
σ-

r = {E /(1-ν2)}*(εr + ν*εh) 

σ-
h= {E /(1-ν2)}*(εh + ν*εr) 

σ-
r , σ-

h are radial and hoop stresses respectively, 

Where ‘E’ is Young’s Modulus of elasticity, 

ν is Poisson’s ratio, 

and εr , εh are radial and hoop strains respectively 

 
Stresses calculated from experiments as above and found analytically (post 
experiment analysis) at different locations on the seal disc have been plotted in 
figures from 14 to 18. It is observed that all the stresses developed are within 
allowable limits as per ASME Section III Div. 1 Class NB requirements. 
Comparing the experimental and analytical results, it is observed that the stress 
levels are in good agreement in various conditions of loading. However there is 
some deviation especially in stage 4 condition (compressive stress) i.e. normal 
operating condition of the plug. In this case also, maximum stress values having 
significance from strength point of view are in good agreement. In stage 3 also 
stresses do not have much bearing as these are of low level and seating load was 
adequate to give effective sealing. 
 

12.0 Built-in-safety features of the plug 

1. Sealing plug cannot fly off from the reactor because it cannot unlatch itself 
from the end fitting. Even if the seal disc fails jaws will retain the plug in the 
end fitting. Also it is impossible for a ram to operate the plug unless it is 
latched on to it.  It is also impossible to release a plug in the ID of fuelling 



machine magazine station or end fitting until the jaws are locked in a groove 
either in end fitting or the magazine tube. 

2. During refuelling sealing plug can be operated only by fuelling machine rams.  
Any object, other than fuelling machine ram, hitting it cannot displace it from 
its location. It can be installed in or removed from end fitting using fuelling 
machine only. Manual installation rig can be used if reactor is shut down and 
channel is at ambient conditions of pressure. 

3. Spider springs in the sealing plug assembly are pre-loaded to approx. 270 
Kgf.  This will ensure proper seating of sealing plug in the end fitting even if 
C-ram retract-force is not available from the fuelling machine. 

 
13.0 Manufacturing of sealing plug 
 

As discussed in the preceding sections of the report, one can see that the sealing 
plug is a high precision mechanism.  Many components are required to be made to 
close tolerances in order to achieve the required performance characteristics. In 
view of the above and considering the functional importance of the plug, it was 
planned to manufacture prototype sealing plugs for proving the design and to 
evaluate the performance of the material combinations used in the design. All the 
springs were made from SS302 material for the prototypes. During manufacturing, 
broaching was avoided and wire cut EDM was used for machining of some 
components to save time and cost. Nitriding was avoided to reduce time required 
for manufacture and to avoid corrosion problem associated with nitriding.  
 
Seal disc was manufactured by forging (Upset die forged to ensure radial grain 
flow), machining and electro deposition of nickel at the periphery. Lot of 
difficulty was faced in getting the required mechanical properties in the forgings. 
Impact strength of forged discs was found to be very low and corrective heat 
treatment was required to achieve all the specified mechanical properties.   
 
Rework was required in some components during testing especially to get the 
critical assembly dimensions of plunger of sealing plug and its counter part, 
deflecting pin, in manual installation rig to achieve the required deflection 
(dictated by FEM analysis) in the seal disc.  

 
14.0 Hot Testing for the Sealing Plug  

 
Sealing plug assembly has also been tested for its performance in reactor-
simulated condition. Sealing plug test set up facility as shown in fig. 19 was 
designed, manufactured, installed and commissioned for carrying out the testing. 
pH of water in the hydraulic circuit was maintained between 9.5 to 10.5. 
Conductivity was maintained between 30 to 40 microsiemen/cm2.  
 
Pneumatically operated manual installation rig as shown in fig. 20 is used for 
installation and removal of the plug from the test set up. The rig was designed and 
manufactured for operating the plug in the sealing plug test set up. The rig is 
operated by using pneumatic pressure. It generates the required forces of 1800 kgf 



and 3000 kgf for plug installation and removal respectively. It has the ram head to 
operate the plug similar to the ram head of the fuelling machine. 
 
After successful completion of the tests on the seal disc, experiment on the sealing 
plug assembly was conducted on the test set up in hot conditions. The testing was 
carried out as explained in the following. 
 
Operating Pressure: 70 – 73 kgf/cm2 

Operating Temperature: 280-290 deg C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Installation Rig for Seal Plug 
 
 
For carrying out the hot testing, sealing plug was installed using pneumatically 
operated manual installation rig. Before installation, spider stem projection was 
measured to be 4.45mm. After installation also the projection of spider stem was 
measured to confirm adequate protrusion of jaws into the groove of end fitting. It 
was found to be 2.5 to 3.5mm and hence satisfactory. Test was run and amount of 
leakage was measured with respect to time. Temperature of about 285 0C was 
maintained by maintaining flow of steam in the circuit. It was observed that the 
leakage comes to undetectable level after 3 to 4 hours of installation of the plug. 
Sealing plug was removed using pneumatically operated rig. Test was run for 
about 20 hours. Test was repeated 10 times and the performance was observed to 
be similar every time. All the components of the plug were inspected visually and 
no damage was observed. There was some plastic deformation of nickel-plated 
sealing area on peripheral area of the seal disc. This is expected and is due to 



yielding of nickel in the high temperature and pressure conditions. Leakage data 
of some tests is shown in figs. 21 and 22. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Sealing Plug Test Set Up 
 

 
15.0 Conclusion 

Sealing plug assembly is undoubtedly a complex mechanism meeting stringent 
functional requirement. After the completion of its design for 270mm pitch 
AHWR, prototypes were manufactured for proving the design. Special test set up 
was designed and erected for testing of the plug in high pressure and temperature 
conditions. Pneumatically operated installation rig was also designed and 
manufactured for operating the plug. Tests were conducted on the seal disc 
separately to examine the stresses developed in the disc. Results of all the tests of 
plug and disc were found to be satisfactory. Post-test metallurgical observations 
of the nickel-plating region of the seal disc were also found satisfactory.  

Main design changes involved are higher strength material for seal disc, stiffer 
spider return springs and avoiding nitriding of parts.  

Considering all the test and analysis results the design of face seal type sealing 
plug is proven and is validated for its use in the reactor.  

Recently it has been decided to reduce the lattice pitch for coolant channels of 
AHWR to 225mm. In that case, ID of the end fitting will be less and for that 
effort is on to develop a radial seal type sealing plug.  
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Fig. 7: Model of Seal Disc 
 
 

 
 
 
Fig. 8: Stress plot for Stage - 4 



 
 

 
Fig. 7: Model of Seal Disc 
 
 

 
 
 
Fig. 8: Stress plot for Stage - 4 
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Fig.10-Strains in seal disc for loading stages 1, 2 and 5
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Fig.14-Hoop and radial stress in stage 1 loading of seal disc
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Fig.15-Hoop and radial stresses in stage 2 loading of seal disc
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Fig.17-Hoop and radial stress in stage 4 loading of seal disc
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Fig.18-Hoop and radial stress in stage 5 loading of seal disc
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