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JSC Mashinostroitelny Zavod is an agile production 
company involved in constant improvement of the 
technology and equipment used in all manufactur-
ing steps: components, powders, fuel pellets, rods 
and assemblies productions.  

Over the last years a comprehensive approach 
has been formed to the automation of process and 
inspection operations.  

 
 

1. Soft Boat Loading Equipment 

One of the challenges of nuclear fuel manufac-
turing is constant enhancement of fuel pellets 
quality, in particular surface quality – absence of 

any surface defects like chips, cracks, etc.  
For this purpose soft boat loading equipment 

has been designed and commissioned. 
The equipment collects fuel pellets on a special 

transfer track, grips them by means of vacuum, 
then transfers (Figure 1) and loads the pellets into 
the boats following at the same time a change in 
pellet lowering distance that depends on the pellet 
row in a boat (Figure 2). 

 
 

2. System of Pellet Loading on Trays   

In 2005-2006 a so called “pallet technology” was 
introduced in manufacturing WWER fuel pellets 

 

Figure 1 
 

 

Figure 2 
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and loading fuel rods with the pellets. 
Upon completion of pellet grinding and visual 

inspection, the fuel pellets are loaded on special 
corrugated trays (“pallets”) (Figure 3), which are 
collected in a pile (Figure 4) and placed in the box 
to be transported (Figure 5) to the fuel rod loading 

station integrated in the automated production line 
(Figure 6). 

The above operations are automated and per-
formed without an operator’s presence.   

 
 

3. Fuel Rod Loading Station 

Current requirements related to the decreased 
process expenses, as well as reduced scope of 
work in progress require new approaches to 
equipment designing and flow process organiza-
tion. The requirements are complied with in a read-
justable manufacturing line for the WWER-440, 
WWER-1000 fuel rod fabrication (Figure 7). 

 
 

4. The Fuel Rod Loading Complex 

The complex includes three loading modules lo-
cated in tandem. The cladding tubes are loaded 
with the pellets from different parts of the fuel col-
umn in each  module in turn. For example, the Te-
melin fuel rods have a three-zone design and blan-
ket zones are loaded on the first and third modules, 
while the main part of the fuel column is being 

 

Figure 3 
 

 

Figure 4 

 

 

Figure 5 
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loaded on the second module. In case of one-zone 
fuel rod design, only the second module is used 
(Figure 8). 

Special containers loaded with the fuel pellets 
being on trays are transported to the loading com-
plex. Pellet unloading from every tray, the latter 
removal and placement into a prepared container 
is performed automatically.  

The complex is equipped with the scales to de-
termine every loaded fuel column weight.  

Product identification along the manufacturing 
line is done automatically by reading bar-codes 
applied on the cladding tubes in the beginning of 
the flow process.   

The bar-code reading devices are built in the 
manufacturing line both in the inspection and test 

 

Figure 6 
 

 

Figure 7 
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equipment, as well as in the process equipment 
like a welding machine and loading complex (Fig-
ure 9). 

The WWER-1000 design is currently the mostly 
used project for the erection of new power units in 
Russia. That is why this project was chosen for 
designing the automated assembly line.   

5. Skeleton Welding Complex 

The assembly and welding of the WWER-1000 
load-bearing skeletons are performed manually, 
require high-qualified workers and are time con-
suming due to plenty of spot welds. The solution to 
this challenge was found in designing and manu-

 

Figure 8 
 

 

 

Figure 9 
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facture of robotized skeleton welding complex. The 
said equipment was qualified for three skeleton 
types (Figure 10). 

So far the fuel bundle assembly workshop ac-
commodated a sequence of equipment and units 
of product-specific designs that were not con-
nected with each other by integrated transport flow. 
However current requirements related to the de-
creased process expenses, as well as reduced 
scope of work in progress require new approaches 
to equipment designing and flow process organiza-
tion. Such an approach resulted in the develop-

ment and step-by-step commissioning of the 
WWER-1000 fuel bundle assembly line.  

 
 

6. Fuel Rod Loader for Varnish Coating 

The fuel rods packed in domestic transport con-
tainers are delivered to the assembly shop. At the 
unpacking station the fuel rods are removed from 
the containers in part manual mode and collected 
in groups. The suspended fuel rod groups are 
automatically fed to vanish coating conveyor (Fig-
ure 11). 

 
 

7. Interoperational Cassette 

An interoperational cassette is a fuel rod multishelf 
hopper where fuel rods are placed according to the 
preset arrangement (Figure 12). 

 
 

8. Fuel Rod Loader to the Assembly 
Bench 

The fuel rod unloader from the interoperational 
cassette is designed for the arranged unloading of 
the fuel rods on the automated fuel bundle assem-
bly bench according to the preset assembly pat-
tern. The developed unloading programs fit FA 
types being manufactured (Figure 13). 

 

 

Figure 10 

 

Figure 11 
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Figure 12 
 
 

 

Figure 13 
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9. Assembly Bench 

The last manufacturing step in the production line 
is fuel bundle assembly. The assembly bench is a 
system where the following operations are per-
formed in sequence: identification of every fuel 

rod coming from the equipment of interoperational 
cassette unloading, check for the correspondence 
of the above fuel rod with the assembly pattern 
programmed and fuel rod pushing in the cells of 
the spacer grids welded to the skeleton (Figure 
14).  

 

Figure 14 
 

 

Figure 15 
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10. Development of a New Shroudless 
Working Assembly (PК-3) 

Manufacturing of the third generation WWER-440 
fuel assemblies is one of the prime activities car-
ried out recently with the purpose of further de-
velopment of traditional fuel by means of new im-
proved features being of interest to the custom-
ers.    

 
 

11. Main design features of WA (РК-3) 

First of all, the key constructive decision was can-
cellation of load-bearing shroud tube and its re-
placement (Figure 15) with a skeleton made of 
angles (similar to the WWER-1000A fuel assem-
bly) with nine arched type spacer grids (Figure 
16). 

Other design features of PK-3 are: optimized 
water-uranium ratio, reduced quantity of zirco-
nium in the core, increased fuel loading, possible 
due to pellet geometry change, tailpiece with de-
bris filter. 

The first lot of such fuel assemblies has been 
operating for 1 year at the Kola NPP, Russia. 
There have been no remarks with regard to the fuel 
operation.  

 
 

12. Operation of working assemblies 
with debris-filters 

The development results of the working assemblies 
with debris-filters were presented in 2005 (Figure 
17). 

The first WA lot was discharged from the reac-
tor, no remarks. 

 

 
13. Manufacturing of Fuel Assemblies 

(TVSA-T) for Temelin, the Czech 
Republic 

The biggest challenge for the factory over the last 
years was preparation and implementation of a 
new fuel assembly type – WWER-1000A for Teme-
lin (Figure 18). 

The efforts almost of every employee were re-
quired for the beginning of manufacture. We manu-
factured fuel delivery for complete loading of Te-
melin-1, then - for Temelin-2 and later the first rel-
oad batch for Temelin-1.  

The above results visibly show an experience 
gained in manufacturing WWER fuel, as well as 
company’s investments in the equipment used for 
fuel manufacturing, they also give confidence that 
the targets related to the WWER fuel fabrication 
will be met.    
 

 

Figure 16 

 

Figure 17 
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Figure 18 
 
 

 


