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Abstract 

Masking solutions for parts needing special treatments such as 

shot peening, grit blasting or thermal spray are now commonly 

used in industrial processes for the aerospace, industrial gas 

turbine, and medical industries. The ever-evolving special 

treatment methods require adapting the masking solutions so 

they retain their efficiency and quality level. This paper will 

describe the choices made in combining materials, geometry 

and surface finish of the masks to provide the necessary 

compliance with the thermal spraying processes or other special 

treatment requirements. We will demonstrate that successful 

masking designs are often the result of close collaboration 

between the operator’s engineering team and the masking 

solutions provider in order to comply with what is always a 

bespoke process. Innovations in materials and additive 

manufacturing enable the process towards tailored solutions 

which enable these industries to increase their productivity and 

level of manufacturing quality. 

 

Introduction 

Special treatment of complex metal parts is a common practice 

in many industries and more so in the aerospace field. 

Reinforcing specific surfaces to prevent long-term wear and 

corrosion is necessary when designing aircraft engine or geared 

components. The processes used in this field often involve shot 

peening, grit blasting, and different methods of thermal spray, 

including Air Plasma Spray, Wire Arc Spray, HVOF, and other  

specialized processes for applying thermal barrier coatings 

(TBC). All these special treatments are aggressive in preparing 

the surfaces for the application of new material bonded to the 

existing layers of metal. The aggressive nature of the treatments 

only leaves a few viable solutions when it comes to preserving 

and masking the areas of the part which need to be protected 

during the treatment.  

 

Traditionally, different grades of tape can be carefully applied 

to the part, which often entails extensive labor costs. Also, 

complex tooling involving metal plates can shield and protect 

the preserved areas, but which eventually get loaded with 

bonded material and need replacing. More recently, the use of 

silicone rubber masks designed to rapidly fit on the part to be 

treated has addressed the preparation time and wear costs. The 

low cost and possibility of multiple use of silicone masks are 

making them more and more ubiquitous in the industrial world 

using special surface treatments. In this paper we will see how 

it works and try to understand what is required for the 

successful implementation of masking solutions for special 

surface treatments processes. 

 

The use of silicone for masking solutions 

In the process of protecting some areas of the parts needing a 

special treatment, the use of specialized tapes is a practice 

largely known and implemented for many years. The method 

has the advantage of requiring no heavy investments and 

usually relies solely on training a few operators in the soft skills 

of masking.  

 

While this method is perfectly suited for masking limited 

numbers of parts needing treatment, it often reaches its limits 

when the volumes grow into larger series of processed parts. 

Then two majors drawbacks are observed: time for preparing 

each part, and consistency of the quality of application of the 

tape onto the part. 

 

Time considerations  

The time needed for applying masking tape to a part largely 

depends on the geometry of the part and the areas needing 

protection. Regardless of the time it takes to mask a part, that 

time is rarely compressible as the volume increases. Therefore 

when masking parts using tape, there is no or very little 

economy of scale when ramping up. This is often an issue, as 

ramping up will translate into higher labor, while larger 

volumes would normally result in a reduction in these costs. 

 

Quality of the application 

The quality of the application of the masking tape directly 

translates into the quality of the process applied to the part. 

Manual tape masking relies on skilled operators, who can 

certainly be consistent in their work, but will mistakenly ere 

from time to time. As volumes ramp up, time/costs reductions 

will put increased pressure on operators and errors are more 

likely not occur. The resulting quality issues in the treatment 

areas often have cost implications, as rework on these types of 

components is very involved and expensive. 
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For these reasons, industrial operations using special surface 

treatment have seeked and found alternatives solutions such as 

the use of pre-formed silicone masks. 

 

The process of using a silicone mask for special treatment 

involves the following steps; investing in the design of a custom 

shaped mask; investing in the tooling (molds) needed for 

reproducing this mask; and validating the custom mask for the 

special treatment process. 

 

In the past, the design phase of making custom masks could be 

time consuming and costly, since only having 2D drawings 

available for the part would often mean it was necessary to work 

directly from the part in order to design the appropriate mask. 

Today the availability of 3D drawings has allowed for easy and 

cost effective integration of the mask design from typical CAD 

software and tools.  

 

In the past it was also necessary to use large stainless steel 

molds in order to produce even prototype masks, rendering the 

process long and costly. Today, we are able to work with a mix 

of new materials, like alloys or engineered plastics, and 

technologies like additive manufacturing to produce cost 

effective molding solutions for making rapid prototypes and 

low series productions silicone masks. 

 

The two improvements described above allow for a project to 

quickly (days or weeks, not months) reach the validation phase, 

which will either confirm the design or trigger a short cycle 

iteration process towards success. 

 

The result of using silicone masks for special treatment is a 

rapid design-to-production process as described above, but 

more importantly a significant improvement in the consistency 

of quality and repetitive results of the treatment and a reduction 

in preparation costs and therefore production costs. 

 

The use of silicone masking solutions offers a clear advantage 

against masking solutions based on tape, especially in the 

scenario of high volumes or ramped up production.  

 

How it works 

The use of a soft silicone rubber to protect a metal part from an 

aggressive treatment such as shot peening, grit blasting or high 

velocity, high temperature thermal spray, seems somewhat 

counter intuitive. Yet it is especially because of its soft nature 

that the silicone is well suited to provide a barrier against these 

treatments. 

 

We must state that not all or any silicone can be used for such 

applications.  Extensive studies and trials have driven us to 

select some grades of silicone with high silica content in order 

to produce density and bouncing factors that are compatible 

with protecting against these special treatments.  

 

The selection of certain chemical properties within the silicone 

will also determine the contraction factor and it is critical this 

contraction factor, especially after the polymerization 

processes, be as little as possible in order to preserve the shape 

and dimensions of the masks over time.  

 

Finally it was also necessary to derive special recipes of silicone 

mixes in order to sustain the more aggressive treatments like 

high velocity oxy fuel (HVOF) thermal projections. These 

silicone mixes allow some level of resistance, although more 

limited, to the high projection speed and temperature. 

 

The resistance of the masking silicone, normal or mixed, is a 

result of combining Time versus Velocity and Heat. The 

process is to submit the silicone to very short periods of 

exposure time to ensure that the material limits are not crossed.  

 

Typical thermal spray can apply over 1000 °C to a silicone rated 

for only bearing 200 °C. For this equation to work, it is 

therefore necessary to reduce exposure time to a fraction of 

seconds. Using gun motion and dynamically rotating tooling 

can set the exposure time to reach acceptable levels for the use 

of silicone in protecting a parts against the thermal spray.  

 

In addition to the dynamics of short exposure time, it is also 

necessary to include a careful study of the geometry of the part 

and shot angles in order to ensure that the silicone masking 

solution consistently conforms and keeps masking the part 

during the treatment process. 

 

Industries like aerospace keep evolving their processes using 

variants and improving methods like thermal barrier coating 

(TBC), wire arc spray or more recently developed Cascading 

plasma. These processes are also good candidates for using a 

pre-formed silicone based masking solution and several trials 

are discussed with our partners using these processes in their 

shops. 

 

Collaborative Design 

The success of a silicone masking solution is also the result of 

a close collaborative design process between the operator’s 

teams and mask designers. It is indeed necessary for the mask 

designer to fully understand all details of the special treatment 

process in order to design a silicone mask which will sustain 

that process.  

 

In figure 1 below, we can see the specific geometry of a part 

(rotor arm) and the defined area for applying the special 

treatment (in this case shot peening). 

 

 
Figure 1 - Geometry of the part and treatment area 

When designing the silicone mask which could protect the 

preserved areas, it is important to understand the direction and 

forces of the projection applied. This will determine the areas 



 

 

of the mask which will be more subject to the forces and then 

insure that the mechanical hold of the mask is sufficient to 

withstand those forces. 

 

But in that process it is also important to keep the ease of use 

and operations in mind so the design is easy and fast to install 

and remove for the operator. These design considerations, when 

accounted for up front, will result in a functional silicone mask 

that also improves the efficiency of the operators process. The 

resulting design is shown in figure 2 below. 

 

 
Figure 2 - silicone mask design and application on part 

The collaborative design process also requires to take into 

account the combination of multiple processes. Indeed, quite 

often, the operator will need to submit a part to several 

successive process to obtain the special treatment desired. 

 

All or most of the processes (shot peening, grit blasting, Plasma, 

Wire Arc, HVOF thermal spray, thermal barrier coating or 

Cascading plasma) might require masking the part, but not all 

masks are equal and often several types of masks are required. 

Fully understanding the flow of the process can help designing 

a masking solution which will reduce the number of different 

masks needed and therefore reduce or eliminate the needed for 

repeatably installing and removing different masks from the 

part.  

 

Finally, the collaborative design can also guide the teams to 

setup up a combination of materials like silicone and metal or 

silicone resins of different type to obtain the right masking 

solution. As an example in figure 3 below, we can see a part 

needing HVOF spray in a very reduced cavity. In this case the 

shot angle shown in the figure required the combined use of 

metal and silicone masking. 

 

 
Figure 3 - HVOF spray of a narrow cavity 

The silicone mask needed to properly define the interface area 

of the spray, yet could not be fully exposed to the spray, 

considering the angle, velocity and temperature would 

prematurely destroy the mask. By combining a metal ring above 

the silicone mask, we are retaining the presision of the spray 

area and insuring a recurring use of the silicone mask. The 

comboned design and assembly on the part are shown in figure 

4 below. 

 

 
Figure 4 - Combined silicone and metal masking solution 
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Materials and Technology 

In addition to the collaborative design it is also necessary to 

encompass a variety of materials and texture in the masking 

design to achieve a good masking solution for complex shapes 

or in order to resolve unforeseen artifacts or intrusions in the 

spray layers. 

 

In the example below represented in figure 5, the spray zone is 

very close to the edge of the blades extruding from the part. 

 

 
Figure 5 - complex spray zone interface 

The design for this silicone masking solution required to have 

the flexibility and elasticity of a soft silicone in order to define 

the straight edge spray zone, and yet the silicone also needed to 

be hard and rigid so not to cave in the gap between the blade 

extrusions. The solution to these combined requirement was to 

combine different hardness of silicone in one mask and 

combine the mask with a holding metal plate for a configuration 

depicted in figure 6. 

 

 

 

 

 

 

 

 

 

 

 

Discussion 3 Section Header 

Together with combining different silicone materials, it is also 

necessary sometimes to alter the texture and surface of a 

silicone mask in order to address issues resulting from using the 

mask.  

 

In this example for spraying a fan blade with Plasma projection, 

the operator noticed an artifact in shape of a wavelet in the 

layers of the applied plasma. This wavelet would put the spray 

thickness out of specification for the part.  

 

In figure 7 we can see the original first iteration silicone mask 

for that part and the resulting plasma spray layer which shows 

a clear wavelet in the bottom third of the graph. This wavelet 

would appear consistently on every part sprayed. After analysis 

and comparing with other similar parts which were not showing 

this issue, we determined that the entry angle of the silicone 

mask was creating a bounce of sprayed material and 

accumulation at the level of the wavelet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Because of the geometry of the part, it was not possible (for lack 

of physical room between the part and the mask) to modify the 

angle of entry creating this artifact on the spray layer. Therefore 

we engaged in modifying the texture of the entry zone, which 

would therefore change the velocity of entry of the plasma 

material. 

 

The texture change was applied to the silicone mask using 

additive manufacturing with 3D printers. Indeed the method of 

3D printing allows us to create fine level changes in the surface 

of the molds, which are then duplicated on the silicone mask. It 

proved that the change in texture in that entry zone shown in 

figure 8, was sufficient to modify the velocity of the spray onto 

the mask and the part and eliminated the artifact on subsequent 

plasma projection, resolving this complex issue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cost considerations 

In the industrial operations, all improvements and processes 

will necessarily have cost impacts on the production. The cost 

impact of using pre-formed masking solutions versus traditional 

tapes is difficult evaluate in general because of the large 

variability of size, shape and complexity of the parts treated. 

But we can make some assumptions and estimations to compare 

the use of a silicone mask versus applying masking tape. 
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Figure 6 - combined material silicone mask 

Figure 7 - spray angle and artifact create 
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Figure 8 - change of texture on a silicone mask 



 

 

For this exercise we will consider that both methods provide the 

same precision in masking the part, and therefore we will not 

account for any output quality variations. 

 

We will instead focus on the total cost of masking and un-

masking a part with a preformed mask versus the total cost of 

masking and un-masking a part with masking tape. 

 

When considering the total cost, we must account for the cost 

of designing the mask, producing the mask and then the time to 

install the mask on the part and remove it after the special 

treatment. 

 

In this scenario we will use the following costs and time 

estimates for each solution : 

 

Pre-formed masking solution 

Design and molding cost = $1.000 

Cost of one mask = $10 

Use on one mask = 10 times 

Time to put mask On = 1 minute = $1 

Time to remove mask Off = 1 minute = $1 

 

Traditional masking tape solution 

Design and molding cost = $0 

Cost of tape for one part = $1 

Use on one mask = 1 time 

Time to put mask On = 6 minutes = $6 

Time to remove mask Off = 3 minutes = $3 

 

 

The tables below will calculate the overall masking cost for 

different levels of part production varying from 1 to 5.000 parts. 

 

 

 

 

 $ 1 10 100 500 1000 5000 

Design 1000 1000 1000 1000 1000 1000 1000 

Mask 10 10 10 100 500 1000 5000 

Labor On 1 1 10 100 500 1000 5000 

Labor Off 1 1 10 100 500 1000 5000 

 Total Cost 1012 1030 1300 2500 4000 16000 

 Cost/Part 1012 103 13 5 4 3,2 

Table 1 : Pre-formed masking solution 

 

 $ 1 10 100 500 1000 5000 

Design 0 0 0 0 0 0 0 

Mask 1 1 10 100 500 1000 5000 

Labor On 6 6 60 600 3000 6000 30000 

Labor Off 3 3 30 300 1500 3000 15000 

 Total Cost 10 100 1000 5000 10000 50000 

 Cost/Part 10 10 10 10 10 10 

Table 2 : Traditional masking tape 

The calculation shows that when using traditional masking tape, 

the unit cost of masking the parts is fixed and linear regardless 

of the number of parts produced. On the other hand when using 

a pre-formed masking solution, the unit cost will evolved and 

reduce depending on the number of parts produced. 

 

In this example of working with a mid-size part, we can see 

that the cost benefit of using a pre-formed masking solution is 

evident somewhere between 100 and 500 parts produced. 

 

This means that it is important to understand the variability of 

the costs involved with both solutions before committing to 

either using traditional tape solution or moving forward with 

implementing a pre-formed masking solution. 

 

Conclusions 

This paper has shown that a migration from traditional tape 

based masking solution to pre-formed silicone based masking 

solution can significantly reduce the time and cost of operation 

during the preparation cycle of the special surface treatment. 

We have also described that the use of pre-formed silicone 

masks can increase the consistency of the quality of the process, 

as the masks are always reproduced at the identical shape 

through the molding process. But it is important to note the need 

for a close collaboration between the operation teams and the 

mask design team in order to insure that all aspects of the 

process are accounted for early in the design process. This 

allows for the very rapid design-to-production masking 

solutions operators are looking for. Finally we have shown that 

the field of silicone masking solution is continuously evolving 

with the creation of special mixes of silicone, with combining 

different materials for achieving the best results and finally with 

the use of the latest technologies like additive manufacturing 

for pushing the envelope further. The use of pre-formed silicone 

masking solutions is increasing greatly in the special surface 

treatment industries, and has many more evolutions to 

contribute to that process.

 

 


