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Abstract 

 
The method of Dynamic Metallisation (Dymet) is a relatively new spraying process. In contrast to other thermal 

spraying techniques Dymet operates at low temperatures which do not exceed the melting point of the material. 
Therefore, coldsprayed metals experience little or no oxidation, no thermal and mechanical stress and the coatings show 
high densities and conductivities. This technique is environmentally friendly and independent of surface and 
atmospheric conditions.  

This article describes technical and economic aspects of using Dymet in repair of damaged or defective metal 
castings. One of the most effective applications of Dymet is elimination of defects and damages of moulded aluminium 
parts. Typical defects of such products are microcracks, flaws, cavities, abscesses and through porosity. In comparison 
with argon-arc welding, use of cold spray equipment makes the restoration process much easier, reduces repair time, 
excludes preheating of the parts and provides a reliable hermetic sealing. Apart from technical benefits such as the 
simplicity and flexibility of the process, equipment portability and reliability, the regular usage of Dymet may provide 
significant economic advantages. Thus, depending on the part costs and the number of repaired parts payback period 
can be as low as 2-3 months and the annual savings may reach several hundred thousands dollars. 

The Dymet technology offers a number of opportunities in r repair of engine components, alloy wheels and other 
light metal parts.  
 
Key words: Dynamic Metallisation, Dymet, Restoration, Repair, Castings, Cost-Effectiveness 
 
 
1. INTRODUCTION 
 
The thermal spray methods have been used in 
restoration of various parts to their original dimensions 
for more than 30 years [1]. Since that time a number of 
new methods have been developed. Due to their 
flexibility and cost effectiveness thermal spraying 
techniques have been widely adopted in many 
industries for extending, upgrading or restoring the 
service life of components [2]. In particular, various 
methods of thermal spraying are used as a means for 
restoration of worn out components and incorrectly 
machined parts [3], for the salvage of diesel engines 
and associated equipment components [4], repair of 
bearings, shafts, sleeves [5], dimensional restoration of 
worn parts during aircraft overhaul [6], rebuilding of 
worn steel journals on rubber-covered rollers from 
printing machines [7], etc. Case studies of thermal 
spraying also include some specific applications, such 
as, repair of a historic cast-iron statue of Vulcan [8]. 
 
Restoration of worn, damaged or defective metal 
components includes several stages: cleaning of the 
surface, cleanout of cavities, surface preheating, 
building up the worn part by metal or composite 
powder spraying, machining of thick thermal spray 
coatings. Mechanical treatment of the restored part is 
required to remove excessive material and meet 
original specifications. For this purpose grinding, 

filing, turning, drilling, milling and polishing can be 
used [9, 10]. 
 
Among thermal spraying methods dynamic 
metallisation (Dymet) is a relatively new coating 
process. It was originally developed in the former 
Soviet Union in the mid-1980's [11]. The first patents 
were obtained in early 90’s [12, 13]. The idea behind 
this method is to accelerate microparticles of metal 
powder to supersonic velocity and bomb a substrate. 
This allows the particles bonding with the treated 
surface on a subatomic level, which guarantees high 
adhesion of interface and high cohesion of a 
homogenous coating. 
 
Dymet was introduced in Australia 3 years ago. Since 
that time it was presented in several national 
conferences [14, 15] and exhibitions, successfully 
implemented by the industry and investigated by 
research organisations.  
 
This article is mainly based on our experience of using 
and implementing Dymet in Australia. We are trying to 
answer the two major questions that the manufacturers 
ask when they think of implementing new technologies 
– what technical benefits those technologies may bring 
and how much money they can save.  
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2. DYMET EQUIPMENT 
 
Dymet equipment is designed [16, 17] to deposit 
aluminium, zinc, copper and other metals on a variety 
of surfaces. Depending on the coatings thickness (20 
microns to several millimetres) they can be applied in a 
wide range of assembly, repair and restoration works in 
various areas of industry. The equipment is made as a 
portable rack (Figure 1) where a manual spray gun, 
powder feeders, air preparation elements and electric 
controllers are mounted. Compressed air, electric 
power and metal powders are required for the 
equipment to work. 
 

Dymet equipment is very easy to operate. Everyone 
can use it after a short demonstration. At the same time 
there are some basic rules that allow to maximise the 
process efficiency.  
 
Thus, the maximum deposition rate can be achieved 
when spraying at the direct angle to the part surface. 
The distance between the nozzle and the surface should 
be within 5-20 mm. The air pressure should be 
maintained in the range of 5-6 atm (bar) while the 
powder supply rate and the process temperature should 
be adjusted depending on the part geometry, type of 
powder and the job requirements. 
 
There are also some tricks that allow you to save some 
time and powder.  
 
Fig. 2 shows an example of filling a hole that was 
drilled in a part incorrectly. Ultimately, the hole can be 
filled with the direct spraying. However, it is faster and 
more efficient to use a small metal plug which can be 
easily sprayed onto. The excessive metal is removed by 
filing, grinding or polishing. 
 
A similar principle can be used when a large cavity is 
filled. A piece of solid authentic metal is placed in the 
cavity to reduce its volume. Then the rest of cavity is 
filled by spraying a relevant metal. 
 

The work piece 
geometry may 
significantly influence 
the spraying process. 
Thus, due to specific 
features of the 
aerodynamic process, 
narrow cracks cannot 
be filled by spraying 
straight away. First 
they have to be 
enlarged to provide a 
sufficient space for the 
particle deposition. 
Even large cavities 
with sharp corners 
should be prepared. 
Those corners should 
be smoothed to meet 
the process 
requirements. 
Therefore, in some 
cases, the parts should 
be prepared for 
spraying, which 
however, may save the 
operator’s time. 
 
The equipment can be 
either operated 
manually or 
incorporated 
(engaged) in an 
automated line. For 
example, in Philmac Dymet was integrated into a 
robotic system which has now operated for almost two 
years. Depending on the job requirements and 
manufacturing process, the manufacturer can select 
either the manual or the automated mode of the 
spraying process. 

Figure 2. Filling a hole in an 
aluminium part: placing a 
plug, spraying, machining

 
Figure 1 Dymet 403K 

 
3. APPLICATIONS OF DYMET TECHNOLOGY 
 
The manufacturing of light metal castings includes a 
number of operations. Sometimes some defects in 
castings can be found. In many cases the defected parts 
should be remelted. The trials of the Dymet process 
demonstrated the possibility to easily repair defects and 
significantly reduce the amount of recasting 
 
3.1. Clearing of Casting Defects 
 
One of the most effective applications of Dymet 
technology is elimination of defects and damages of 
light metal castings, in particular, aluminium engine 
blocks and cylinder heads, alloy wheels, inlet and 
outlet manifolds and other automotive components. 
Typical defects of castings are microcracks, flaws, 
cavities, bowls, through porosity. These defects may 
not affect mechanical properties and reliability of the 
products, but they definitely influence their appearance 
and, therefore, their commercial value. 
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Figure 3 Repair of casting defects in transmission case

 
Dymet equipment can be used for all restoration and 
repair works with aluminium castings, except the case 
when a defective place is not geometrically accessible 
by the spray gun of the equipment. In comparison with 
argon-arc welding the use of Dymet equipment 
significantly facilitates the process of repair by 
reducing repair time. It does not require the operation 
of surface preheating and provides a guaranteed 
hermetic sealing of the defected area. 

 
Many casting defects revealed during the machining of 
an aluminium part can be similarly eliminated. Figure 3 
presents a photo of the cast case of automobile 
transmission. The case had a crack on a lateral surface. 
The defect was fixed within 20 seconds. The volume of 
the sprayed coating was 0.5 – 0.7 cm3. 
 
Figure 4 shows an aluminium alloy wheel with  some 
defects on the internal surface. On the below picture 
are shown the same defects after they were coated with 
Dymet spraying process. The overcoated metal can be 
easily machined and the wheel can be used in the 
further manufacturing process..  
 
 
3.2. Restoration of Parts after Machining 
 
More difficult situations arise when castings are 
exposed to complex and time-consuming machining. 
Some defects can be found when processing is 
complete. Figure 5 demonstrates a more complex 
aluminium part – the case of an aviation gyroscope. 
After the casting was processed on the CNC machine 
several microcracks and flaws were revealed which 
prevented the part from further use and necessitated the 
rejection of the product. The use of argon-arc welding 
for elimination of the defects was not allowed due to 
high temperature and possible warpage of the part. The 
application of Dymet equipments allowed the complete 
elimination of the revealed defects and provided 
impermeability of the product. Special bench tests of 
the coatings showed their tightness, shock resistance, 
vibrostability and temperature resistance under a wide 
range of parameter variations. 

 
 

 
Figure 4 Defects of alloy wheels before after 

restoration 

 
Similarly to other thermal spraying methods [3] Dymet 
can be used for repair of incorrectly machined parts. 
This is an especially important and effective 
application of gas-dynamic spraying, because it allows 
the customer to make savings on resources, labour and 
machine time spent for the part manufacture. 

Figure 5 Restoration of the case of an aviation 
gyroscope 
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3.3. Restoration of Cast Iron Parts 
 
Currently the most common method in restoration of 
cast iron parts is welding, which requires preheating to 
obtain a uniform strength [18]. Repairing defects on 
cast iron parts by thermal spraying utilises nickel, 
chromium, molybdenum, cobalt and their alloys [19] 
and requires preheating as well. 

  
Figure 6 Repair of defects in a cast iron part 

 
Gas-dynamic spraying makes the restoration process 
much simpler and more cost-effective by eliminating 
preheating stage and using aluminium alloys as powder 
material. Dymet can be used for the repair of defects in 
cast iron components in the case, when hardness or 
wear resistance of the coatings is not required. Figure 6 
shows a defective cast iron part (left photo). The defect 
was revealed after the turning process. The aluminium 
coating was applied onto the defective area (right 
photo). After additional mechanical processing, the 
part can be used in further manufacturing process. 
 
4. SAVING MONEY WITH DYMET 
 
The economic benefits of the Dymet technology can be 
assessed by several economic parameters such as the 
payback period and level of savings. 
 
Let us consider the following situation. A company 
produces aluminium castings, which may have some 
defects. The defects could be found right after the 
casting process or after the mechanical processing of 
the parts. To fix the problems the parts should be 
reworked (e.g. remelted). In our calculations the cost of 
rework was set at $20 and $100 per part. The amount 
of parts that can be restored with Dymet technology 
was accepted within 5 to 50 parts a day. Lower cost 
and smaller quantities of the repaired components may 
not be economically beneficial due to high labour 
costs. 
 
The calculations are based on the standard costing 
system and average rates and costs used in the 
Australian industry. 
 
4.1 Payback period 
 
One of the main criteria of implementing new 
technology is a short payback period or the time, 
during which the company returns the money invested 

into this technology. In particular, the implementation 
of Dymet technology enables the company to restore 
some defected parts and save money on a rework. To 
find out when the savings become equal to the invested 
money, a break-even chart is built. Figure 7 shows 
diagrams of operations cost and savings at different 
quantities (5-25) of repaired parts per day and different 
rework cost ($20 and $100 per part). 
 
Operations cost was calculated by the formula [20, 21]: 

Operations cost = Fixed cost + Variable cost * Quantity 
of repaired parts 

where fixed costs are equipment cost + tool cost. In this 
case tool (e.g. ventilation system) cost is zero. Variable 
costs (material cost + power consumption + labour) are 
added to the total cost according to the quantity of 
repaired parts. 
 
Savings is a sum that can be saved on rework: 

Saving = Rework cost * Quantity of repaired parts 

Here rework cost is accepted within $20 to $100 per 
part. 
Cost, k$ 

 
a)   

Time, months

Cost, k$ 

 
b)   

Time, months

Figure 7. Operations cost (□) and savings (∆) at different 
quantities (5-25) of repaired parts per day: 

Cost of the part rework: a) $20; b) $100 
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It can be seen from Figure 8 that the payback period (in 
the case of cost of the part repair = $20) is 10 and 4 
months when the quantity of repaired parts is 10 and 25 
per day respectively (See break-even points). When the 
cost of the part repair is $100, the payback period is 
below 4 and 1 months for the quantity of repaired parts 
of 5 and 15 per day respectively. 
 

The basic calculations demonstrate that the Dymet 
equipment can be paid back within 1 to 6 months 
depending on repair cost and quantity of the repaired 
parts. 
 
4.2 Total savings 
 
Total savings can be calculated as follows: 

Total saving = (Rework cost – Operations cost per part) 
* Quantity of repaired parts 

Figure 9 presents diagrams of total savings that a 
company can gain during certain periods of time 
depending on a number of repaired products per day 
and the cost of the part repair: The calculations were 
done under the following conditions: the quantities of 
repaired parts per day varied from 5 to 50 and the 
rework cost was set at $20 and $100 per part. 
 

It can be observed that the implementation of Dymet 
equipment could save the company significant amounts 
of money. Thus, after using Dymet for one year the 
company can save hundreds of thousands of dollars 
when the rework cost is rather high (Figure 8 b). When 
the repair cost is relatively low (Figure 8 a) the annual 
saving could reach dozens of thousands of dollars. 
 
The above calculations have been done for 
demonstration purposes only. However, the 
implementation of Dymet in the industrial companies 
shows similar results. In particular, the payback period 
was in the range of 3-6 months. 

Parts per day

a)   
Time, months

 
Parts per day

 
b)  

Time, months

Figure 8. Total savings gained by using Dymet 
technology 

Cost of the part rework: a) $20; b) $100 

 
5. CONCLUSIONS 
 
Dymet technology has a variety of applications and this 
article reveals just a part of its capabilities. Industrial 
usage of Dymet provides the manufacturing company 
with a number of technical benefits such as process 
simplicity, operational flexibility, equipment 
portability and reliability, environmental friendliness. 
A regular usage of the Dymet technology in restoration 
and repair of worn, damaged or defective metal parts 
may provide significant economic advantages. Thus, 
depending on the part costs and the daily number of 
repaired parts, the payback period can be as low as 1-2 
months and the annual savings may reach several 
hundred thousands of dollars. 
 
Therefore, Dymet equipment is a cost-effective tool for 
spraying a variety of coatings used in industrial 
applications and services. 
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