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Tutkimus toteutettiin ABB Distribution Solutions -yksikköön. Suojareletuotantoon 

on tullut moduulikortteja, joihin on lisätty lakan tapainen, yhtenäinen suojapinnoite 

estämään ei- toivottuja hälytyksiä ja laukauksia sähköasemilla. Opinnäytetyössä 

tutkitaan lakattujen korttien korjaus- ja testausmahdollisuutta. Tarkoituksena on 

löytää paras mahdollinen työmenetelmä, jolla voidaan poistaa lakka kortilta, jotta 

kortit voidaan uudelleen testata. Selvitetään myös, onko rikkinäisiä kortteja mah-

dollista korjata ja kuinka uudelleen lakkaus onnistuu. 

Tutkimuksessa käytettiin apuna muutamia eri IPC standardeja suojalakoista ja pii-

rikorttien korjauksesta, sekä niiden pohjalta tehtyä käsikirjaa, myös lakka toimitta-

jien omia artikkeleita lakkojen käyttämisestä ja niiden eri ominaisuuksista tutkittiin. 

Tutkittiin tarkasti myös läpi toimittajien ehdottamat tyylit lakan poistamiseen. Käy-

tännön osuus lakan poistosta painottuu pitkälti tarvittavien testi pisteiden löytämi-

seen, sekä itse lakan poistamiseen korteilta. Komponenttien vaihtamiseen käytettiin 

apuna IPC -standardien ohjeistuksia, sekä tuotannon laatutiimin kokemuksia kom-

ponenttien vaihtamisisesta. 

Tutkimuksessa saatiin selville paras mahdollinen lakan poisto menetelmä, käyte-

tyistä lakan poisto menetelmistä, sekä arvio lakan poistamiseen kuluvasta ajasta. 

Työn aikana havaittiin myös lakan poiston vaikeudet ja työturvallisuuden tärkeys. 

Komponenttien vaihtamiseen sujui odotettua paremmin ja lakka komponenttien ja-

loissa irtosi helpommin kuin kortista itsestään. Mahdollisia kehitys kohteita lakan 

poisto menetelmiin löydettiin. Tutkimuksessa myös todettiin mahdollisuudet laa-

jentaa lakattujen korttien korjausmenetelmää, myös muihin Relion -perheen tuot-

teisiin. 
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The research was implemented for the ABB Distribution Solutions -division. The 

protection relay production has received a module of cards with the addition of a 

varnish-like, protective conformal coating layer to prevent unwanted alarms and 

trips at substations. The thesis investigates the possibility of repairing and testing 

the conformal-coated cards. The aim is to find the best possible working method 

to remove the conformal coating from the card so that the cards can be retested. It 

will also be investigated whether broken cards can be repaired and how recoating 

is successful. 

The study was aided by a few different IPC standards for the conformal coating 

and circuit board repairs, as well as a manual based on them, including conformal 

coating suppliers' own articles on the use of conformal coating and their various 

properties. The methods proposed by the suppliers for removing the conformal 

coating were also carefully examined. The practical part of removing the confor-

mal coating is largely focused on finding the necessary test points, as well as re-

moving the conformal coating itself from the cards. The guidelines of the IPC 

standards were used to replace the components, as well as the experiences of the 

production quality team in replacing the components. 

The best possible conformal coating removal method among the conformal coat-

ing removal methods used was found in the research, as well as an estimate of the 

time taken to remove the conformal coating. Difficulties in removing the confor-

mal coating and the importance of occupational safety were also observed during 

the work. The replacement of the components went better than expected and the 

conformal coating on the feet of the components came off more easily than on the 

card itself. Potential developments for conformal coating removal methods were 

found, as well. The study also identified opportunities to extend the varnished 

card repair method to other products in the Relion family. 
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1 INTRODUCTION 

The purpose of this thesis was to become familiar with the conformal coating of 

circuit boards in relay production and to develop an existing card repair process for 

these conformal-coated circuit boards. The thesis was done for the ABB Oy Distri-

bution Solutions unit and the practical part of the thesis was done on the premises 

of Distribution Solutions Vaasa production quality team. 

The thesis begins with a discussion of why circuit boards are conformal coated and 

what conformal coating is on a general level in Chapter 2. The methods for choosing 

right conformal coating and using it are introduced in Chapter 2. There are many 

different suppliers for conformal coating and each of them has a slightly different 

way to rework the conformal coating, but all suppliers follow the IPC-7711/7721 

standard and this is covered in more detail in the theoretical part, which are intro-

duced in Chapter 3. 

After getting to know the ways to rework conformal coating, the thesis moves to 

the removal of the conformal coating from the circuit boards. It is explained in more 

detail why removing the conformal coating from the circuit board is important and 

what are the ways are to do it. Then the areas where it is necessary to remove the 

conformal coating and why are explained in more detail. Finally, the risks involved 

and the removal of conformal coating in practice are look at in Chapter 3. 

The testing of conformal-coated circuit boards is introduced in Chapter 4, this was 

used to determine the condition of the cards and any erroneous test point findings. 

The possibilities of replacing any defective components are investigated in Chapter 

5 and the recoating method for the reworked conformal coating circuit boards is 

introduce in Chapter 6, as well the risks involved. In Chapter 7 the recoated cards 

are put in the climate test cabinet, where the durability of the recoating is examined. 
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2  GENERAL ABOUT CONFORMAL COATING 

Conformal coating is a polymer film or protective coating, which is thinly applied 

to a printed circuit board (PCB) to protect the board and its components from cor-

rosion and environment. The coating is a breathable protective layer, allowing 

trapped moisture to escape from electronic boards while keeping protection from 

environmental contaminates. Typically, the coating is applied at 12 µm to 250 µm 

and conforms to the shape of the PCB and its components, protecting and covering 

the lads of electronic components, soldering joints, exposed traces, and other met-

allized areas from corrosion, eventually improving components durability on the 

PCB. The standards for conformal coating are MIL-I-46058C, IPC-CC-830 and 

IPC A610.  These standards list good and bad coverage and describe various failure 

mechanisms for conformal coating. /1-3, 6/ 

A recently manufactured PCB will usually perform well, but the performance may 

deteriorate rapidly due to external factors in its operating environment. Conformal 

coating can be utilized in a variety of environments to protect PCBs from chemicals, 

temperature extremes, salt spray and moisture to prevent unwanted things such as 

electrical failures, mold growth and corrosion on a PCB. The protection provided 

by conformal coating, offers the possibility for higher voltage gradients and closer 

track spacing, which enables designers to meet the requirements of miniaturization 

and reliability better. It also protects the PCB’s components from arching, shorts, 

static discharges, and thermal shocks. The idea for electronics to be conformal 

coated was initially proposed and developed through research to meet the challeng-

ing requirements of military decades earlier. /1-3, 6/ 

The use of conformal coating on PCBs has skyrocketed and come particularly im-

portant also in automotive, marine, aerospace, lighting, industrial and rapidly ex-

panding green energy applications. Due to the growth of electronics industry, con-

formal coatings are finding their way into the domestic and mobile electronics in-

dustries, providing the needed combination of reliability and high performance 

within a vast array of electronic devices. Because in all these industries device fail-

ures might have huge consequences, the quality of coating material application is 



11 

 

critical. This is speeding the processes for smooth transition to automated precision 

conformal coating, which needs a good analysis of the product being coated and the 

wanted result, the coating material used, the process selected, and financial cost 

over a period. /1-3, 6/ 

Normal lacquer raw materials are very much the same products as the paint as well. 

Lacquer is basically a paint that only lacks pigments and often some fillers /4/. 

Choosing the right coating type is very crucial because they have many different 

features. Conformal coatings can be divided into two liquid, organic and silicone. 

The primary traditional classifications are acrylic (AR), epoxy (ER), silicone (SR), 

urethane (UR) and Parylene (XY). Appendix 1 provides a comparison of various 

product types of conformal coating; this appendix is from IPC-HDBK-830A. In 

many of these types of conformal coating can be visual inspection with UV Light 

(Figure 1). /1-3, 6/ 

 

Figure 1. Visual inspection. 

The second necessary thing to choose is the application of conformal coating and 

there are variety different methods to apply the conformal coating successfully. The 
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most successful and popular techniques are brushing, spraying, dipping, selective 

coating, and vacuum deposition coating. All these application methods have disad-

vantages and advantages, as well as considerations for coating dilution, layering, 

shadowing, and material utilization. Considering the intended method of applica-

tion will help to avoid inconsistencies in reliability data between production condi-

tions and test. /1-3, 6/ 

The third thing to choose is the curing method but it is not a primary criterion when 

choosing a conformal coating and it mostly depends on the chemistry of the con-

formal coating. There are four main curing mechanisms, which are evaporative 

cure, moisture cure, heat cure and UV cure mechanism. The evaporative cure mech-

anism is a very slow process and can usually be very sensitive to ambient humidity. 

The moisture cure mechanism is primarily used with silicone and urethane systems. 

In this mechanism, the materials will react with ambient moisture to form coating 

for the PCB. Often this curing mechanism is coupled with evaporative cure and the 

curing process can also be accelerated by a mild elevation of temperature and hu-

midity. Heat cure mechanisms are often used as a secondary cure mechanism in all 

other curing method, but it can be used as a main cure mechanism. However, ther-

mal sensitivity of PCB and components must be taken into attention when curing 

with heat. The UV cure mechanism offers very fast production throughputs. This 

cure mechanism is line-of-site, so it needs secondary curing mechanism to cure 

coating under components and shadow areas. /1-3, 6/ 
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3 REMOVAL OF CONFORMAL COATING 

On occasion, it is necessary to remove or rework a conformal coating on the PCB. 

There are many different suppliers for conformal coating and all of them are using 

the principle of IPC-7711/7721 to remove and rework the conformal coating on the 

PCB. The supplier who Distribution Solutions has chosen to supply the conformal 

coating to the PCBs, has given some guidelines for removal and rework of the used 

UV cure conformal coating. The rework or removal of unwanted conformal coating 

from the PCB can be a relatively simple process or a very messy and difficult job. 

The different methods and materials used to remove conformal coatings are deter-

mined by the conformal coating resins as well as the size of the removable or the 

reworkable area and can impact the time required. Furthermore, all the removal and 

rework methods can be damaging to the PCB in any time if the wrong method is 

used. There are four common removal method for cured conformal coating, and 

they are chemical stripping, thermal removal, mechanical removal, and abrasive 

blasting. All the methods are explained in more detail in section 3.2. Before any of 

these removal or rework methods are used, it is necessary to identify the conformal 

coating that is in use. This can be done by identifying method found on IPC-HDBK-

830A, Figure 2 and Table 1 show a few of the overall characteristics of conformal 

coatings that can help in the identification of the conformal coating type. Table 2 

shows suggestions for rework methods for different conformal coating types. /6/. 
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Figure 2. Conformal Coating Identification. 
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Table 1. Conformal Coating Characteristics. 

Characteristics 

Conformal Coating Types 

Epoxy Acrylic 

Poly-

ure-

thane 

Sili-

cone 

Resin 

Para-

xy-

lylene 

Hard ✓   ✓     

Medium Hard   ✓ ✓     

Soft     ✓ ✓   

Heat Reaction ✓ ✓ ✓     

Surface Bond – Very 

Strong 
      ✓ ✓ 

Surface Bond – Strong   ✓   ✓   

Surface Bond – Medium     ✓ ✓   

Surface Bond – Light       ✓   

Solvent Reaction   ✓       

Non-porous Surface ✓ ✓ ✓     

Glossy Surface ✓ ✓ ✓     

Semi-glossy Surface ✓     ✓   

Dull Surface         ✓ 

Rubbery Surface       ✓   

Brittle ✓ ✓       

Chips ✓ ✓       

Peel and Flakes   ✓ ✓   ✓ 

Stretches     ✓ ✓   

Scratch, Dent, Bend, Tear     ✓ ✓ ✓ 

 

Table 2. Conformal Coating Removal Methods. 

Conformal Coating 

Removal Method 

Solvent  
Method 

Peeling  
Method 

Thermal  
Method 

Grinding  
Scraping  
Method 

Micro Blasting  
Method 

Paraxylene     ✓ ✓ ✓ 

Epoxy     ✓ ✓ ✓ 

Acrylic ✓   ✓ ✓ ✓ 

Polyurethane ✓   ✓ ✓ ✓ 

Silicone Thin ✓   ✓ ✓ ✓ 

Silicone Thick   ✓   ✓   
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3.1 Reasons for Removing the Coating 

There are many reasons why a conformal coating may need to be removed or re-

worked on the PCB, but the initial thing is that something under the conformal 

coating is broken or the conformal coating is falsely applied. The major reasons 

why conformal coating needs to be removed or reworked are discussed here. Com-

ponent assemblies may need to be reworked for functional and/or electrical failure. 

The PCB might fail after use in field or in testing phase, or it is not functioning as 

anticipated. The functionality of the component may have some problems because 

the initial design process did not allow for the addition of the conformal coating 

itself. The existing conformal coating can be of poor adhesion or poor quality, 

and/or has flux residues. The incorrect conformal coating has been applied on the 

first time, either at the client’s or another facility, and needs to be stripped to apply 

the conformal coated properly. 

3.2 Different Methods to Remove the Coating 

After the identification of conformal coating is done, it is time to consider the re-

moval methods. The removal of conformal coating may require the use of one or 

more methods and some of them are more effective than others. The easiest and 

simplest way to remove the conformal coating is before curing with cloths by gently 

scraping it away. After the conformal coating is cured, it is necessary to use more 

influential methods. These methods are mentioned in Chapter 3 and are now ex-

plained more precisely. Figure 3 shows a conformal coated PCB and demonstrates 

the area where removal is required and Figure 4 shows the PCB after the removal 

of the conformal coating. 
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Figure 3. Conformal coating removal required at outlined area. 

 

Figure 4. Removal complete. 

Chemical stripping methods offer the highest possibility for complete conformal 

coating removal without harmfully affecting the PCB and components. Chemical 
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solvents are most used for removal liquid conformal coating. This also offers a low 

cost when only few PCB’s need the removal of conformal coating. Chemical strip-

ping can be broken down into two types of mechanisms, which are swelling or de-

laminating of the conformal coating and dissolving of the conformal coating. Con-

formal coatings that have poor chemical resistance can be dissolved by solvents and 

conformal coatings, which do not dissolve in solvent, need assistance with mechan-

ical agitation to remove the blistered or soften conformal coating from the PCB. 

The PCB can be immersed in the chemical solvent for global stripping, or it can be 

applied locally by use of swabs or brushes. When the solvent is applied to the PCB, 

it needs a suitable period of time for the conformal coating to dissolve or soften and 

after that depending on the method it can be mechanically scrubbed as shown in 

Figure 5. /6, 11, 13/ 

 

Figure 5. Chemical removal method. 

Thermal removal is for some conformal coatings an accepted method and it is done 

by burning through the conformal coating with a hot gas rework machine or a sol-

dering iron. This conformal coating removal method uses a controlled, localized 

heating, low temperature method for removing dense conformal coatings by 
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softening or overcuring mechanism. There are two different most often used meth-

ods for thermal removal. The first method uses various shapes, temperature-con-

trolled tips of 300 °C to 400 °C, with dull edges to soften and remove the coating. 

The second method uses a localized controlled jet of hot air or inert gas to soften 

the coating material, which is pushed away or removed by a non-marring tool. 

When the heat is chosen and applied properly, these methods do not burn or char 

either the conformal coating or PCB, as shown in Figure 6. /6, 11, 14/ 

 

Figure 6. Thermal removal method. 

Mechanical removal is done by various scraping, cutting, and grinding tools, de-

pending on the conformal coating material. A dental style scraper or a knife is nor-

mally used when a scraping method is desired, as in Figure 7. A handheld drill or 

other rotary tool is normally used when the grinding technique is desired. Scraping 

and grinding methods are most often used on rigid or hard conformal coatings and 

not preferred for soft materials. These methods can generate static electricity so 

appropriate ESD controls should be in place. These methods must also be tightly 

controlled because it is very easy to damage the PCB. A dull knife or other dull 
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blade is used to slit the silicone or other rubber-like conformal coating material and 

to peel it off the PCB, when mechanical peeling method is desired. /6, 11, 15, 16/ 

 

Figure 7. Mechanical removal method. 

The principle in abrasive blasting is based on projecting a small particle onto the 

conformal coating surface with enough force to mechanically abrade the surface 

and eventually remove the conformal coating. This conformal coating removal 

method uses a micro abrasive blasting system and a very fine soft abrasive powder. 

The powder is propelled through a small nozzle, which is positioned around the 

area where the conformal coating needs to be removed. This technique requires 

practice in order not to damage the substrate beneath the conformal coating. Before 

the removal can be started, it is necessary to identify the conformal coating so the 

appropriate removal procedure and appropriate abrasive media can be chosen ac-

cordingly. Micro abrasive blasting will generate substantial static charges, ESD. It 

is recommended that the work area be flooded with ionized air, the PCB and the 

operator should be grounded when using micro abrasive blasting. The nozzle diam-

eter, abrasive particles and air pressure must be matched to the area of conformal 
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coating to be removed and the underlying substrate to prevent damaging the PCB 

or components. /6, 11, 17/ 

 

Figure 8. Abrasive removal method. 

The suppliers of the conformal coating in use have given their own guidelines for 

removal of UV cure conformal coating. They recommend three different methods 

for all their UV cure conformal coatings and they are: 

1. Mechanical removal: powder micro abrasion,  

2. Thermal removal: burn though, 

3. Chemical removal. /19, 20/ 

For the powder micro abrasion method, they recommend that to get the best results 

when removing UV cure conformal coating is to blast the coating for short periods 

with a high air assist because a longer exposure with lower air assist may damage 

the PCB. For abrasive powder material, they recommend using a carbo blast which 

is made from wheat starch crystals. /19, 20/ 

For the burn-through method, they recommend using a soldering iron with temper-

ature of the soldering tip of at least 450 °C. Placing the tip to the rework area will 
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only melt the conformal coating into white solid powder rather than actually burn 

it and this makes it easy to remove from the substrate. The recommendation for the 

best result is to solder through the conformal coating for a short period of time with 

a high tip temperature and increasing the temperature by 20 °C if the conformal 

coating thickness is greater than 300 microns. /19, 20/ 

For a chemical removal method, they recommend using their own selection of strip-

ping chemistry after UV cure, before a secondary moisture mechanism has com-

pleted. This selected stripper is not available in the EU because the strict laws. The 

recommendation for removals is local application or submerging the PCB in to 

stripping chemistry, which are done according to the instructions of IPC-

7711/7722. /19, 20/ 

3.3 Risks Related to Coating Removal 

All the methods used have their own risks for rework operators and people around 

them. The biggest risks come from the used conformal coating and its reaction to 

the rework and removal methods. Risks that come from the conformal coatings are 

usually listed in the safety data sheet or obtained by contacting the suppliers of the 

conformal coating. More of the risks of the rework are explained next method by 

method. 

The chemical stripping method often involves solvent with strong smells and po-

tential health hazards. Some chemical stripping solvents are identified or suspected 

carcinogens. Many solvents are also caustic and will attack the skin and other mem-

branes. For chemical stripping, the ventilation of the area should be very good, pref-

erably in methods, which exhausts vapor, such as a fume hood. Checking the safety 

data sheet of the stripping solvent for recommended personal protective equipment 

is required in any cases but is very necessary if local ventilation cannot control 

employee exposure to established hygienic standards. Safety glasses and chemi-

cally resistant gloves are required. Many stripping solvents are easily flammable 

and so safety measures should be taken to keep these materials away from point 

ignition sources and must be kept safe in flammable cabinets. Used stripped 



23 

 

conformal coating and solvents are normally disposed of as hazardous wastes and 

when handling these wastes, it is necessary to take protective measures. /6/ 

The thermal stripping method is often done by heated blades or streams of heated 

air, often 200 °C to 300 °C. Protection measures to avoid burning the skin must be 

taken when using thermal stripping method. For thermal protection, thermal gloves 

and safety glasses are recommended. In addition, the conformal coating might burn 

or pyrolize when these high temperatures are involved. Released decomposition 

from thermal stripping may be respiratory hazards and irritants to eyes and can es-

tablish the exposure standard. When using thermal stripping, it is necessary to use 

fume extraction equipment. /6/ 

The mechanical removal method of conformal coating is done with bladed tools, 

such as scalpels or rotary mills. Cutting the skin is the main risk with bladed tools. 

Kevlar gloves and fixtures to hold the assembly are recommended. With rotary de-

vices, the main risks are airborne particles and inhalation of such particulate matter. 

Dust respirators and safety glasses are suggested for such measures if local ventila-

tion is infeasible to limit the operator’s exposure to airborne particles. /6/ 

The abrasive blasting removal method of conformal coating can be compared to 

sandblasting, but abrasive blasting uses more refined media. The main risk of abra-

sive blasting is damaging the operator’s skin by the speed of the blast media parti-

cles, which can be extremely high. Avoiding contact with the stream of particles 

should be taken to consideration. This removal method is also a dusty form of con-

formal coating removal and is done in glove-box form containment. It is also nec-

essary to avoid inhaling the blast media particles and the particles of removed con-

formal coating. /6/ 

3.4 Areas Where the Coating Should be Removed 

For the ABB Relion 615 and 620 relays, there are roughly 80 different module cards 

and all of those have different test points for module card testers. Before even start-

ing to find the test point, it was decided that for all the cards it is not necessary to 

find all the test points, just the test point that the module card testers use. This is 
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because module cards can have hundreds of test points and only fraction of them is 

used on testers to see if the module card is functioning in the right way. All test 

points can be found on the module cards CAD drawings, Figure 9 shows the possi-

ble test points on one of the module cards in use.  

 

Figure 9. Module cads test points. 

For Relion 615 and 620 there are roughly 15 different module testers for the cards 

and all of them have own test points that connect to the module cards test points. 

Like the module cards also the module testers have many unnecessary test points 

that are not needed to see module cards functionality. All test points can be found 

on the module testers layout drawings, Figure 10 shows the possible test points on 

one of the module cards in use. 

First, it was necessary to check which module cards can be tested in which module 

tester. Secondly, the CAD drawing of the module cards was necessary to gather at 

least one card drawing for one module tester. The module testers layout drawings 

were also gathered at the same time. At this stage, the necessary test point in the 

module tester was also checked in the production quality teams premises where all 

the module testers are in the storage unit. Thirdly and lastly, it was time to check 
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which test point was used in the testers and where they are located in the layout 

drawings of the module testers and mainly where the needed test point are in the 

module cards. Figure 10 shows the necessary test point in the layout drawings of 

the module testers in the red oval and Figure 11 shows the necessary test point as 

blue circles. 

 

Figure 10. Module testers test points and necessary test points. 

 

Figure 11. Module cards necessary test points. 
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3.5 Different Removal Methods in Practice 

As stated in Chapter 3.2, in practice only the thermal and abrasive method were 

possible to use for conformal coating removal. The reason for choosing these two 

main methods was that it was not possible to get the right kind of chemicals for the 

chemical method, due to the EU legislation. It is not possible to use other mechan-

ical methods because the varnish in use hardens so hard that it cannot be removed 

from the card without breaking it. 

The different conformal coating removal methods were initially tested with as many 

different settings as possible in both methods. Firstly, these methods were used on 

the so-called solder mask area where there is nothing under the conformal coating 

other than the PCB itself and after this also the areas of test points were exposed to 

removal methods, which are normally tinned. These test points are also the main 

places to remove conformal coating. With the combination of these results it was 

intended to be found the most optional one to remove the conformal coating by 

cutting the bad result from the good ones. The conformal coating removal work was 

done at the production quality teams’ premises, which had all the necessary tools 

and its own working space for conformal coating removal. Figure 12 show the test 

point in module cards PCB. Figure 13 shows the unwanted result were the cards 

solders mask is broken and Figure 14 shows the wanted result where just the test 

point is clean from the conformal coating. 
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Figure 12. Test point on module cards PCB. 

 

Figure 13. PCB's broken solder mask. 
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Figure 14. Test point cleaned from the conformal coating. 

3.5.1 Thermal Removal Method 

The thermal removal method was tested with 10 different temperature settings and 

two different tools, following the conformal coating supplier’s instruction for heat 

exposure, mentioned earlier in Chapter 3.2. The thermal method was done with a 

Weller WXR 3 shown in Appendix 2, with soldering tool WXP 65, which had a 

soldering tip chisel of 2.4 mm (Figure 15) as burn through method and with hot air 

tool WXHAP 200 and here the conformal coating was peeled off with wooden stick 

(Figure 16) as hot air method. With soldering iron on burn through method the con-

tact time on conformal coating was 10 seconds in test 1 to 9, as shown in upper part 

of Table 3. In test 10 it was necessary to test what the required time for the confor-

mal coating is to melt down into powder. This was done because the first nine test 

settings did not show the required change in the conformal coating and the soldering 

irons temperature could not be set higher. With hot air method, the 10 second ex-

posure was enough at the test settings on as shown in the lower part of Table 3. 
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Figure 15. Burn Through Method. 

 

Figure 16. Hot Air Method. 
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Table 3. Testing temperatures used in the Thermal Removal Method. 

Thermal Removal Method (Soldering) 

Test 1 2 3 4 5 6 7 8 9 10 

Degree 340°C 360°C 380°C 400°C 410°C 420°C 430°C 440°C 450°C 450°C 

Thermal Removal Method (Hot Air) 

Test 1 2 3 4 5 6 7 8 9 10 

Degree 370°C 390°C 410°C 430°C 450°C 470°C 490°C 510°C 530°C 550°C 

 

Initially, the burn though method was tested on the solder mask area of the PCB 

and with tests 1 to 9 holding the soldering iron in place for 10 seconds. After the 

checkup, it was necessary to do the test again and with the 10th test mentioned ear-

lier the exposure time was evaluated to one minute. The final test results are shown 

in Figure 17 for burn through method without and with the UV light for better eval-

uation. After the solder mask area test it was time to test the burn through method 

to test points and there the same methods where used. The result is shown in Figure 

18 without and with the UV light for better evaluation. After these results were 

estimated, it was clearly seen that the best results come with test method 10 where 

temperature of the soldering iron was 450 degree and the exposure time was one 

minute. When using this method, the operator must be careful because too long an 

exposure time can damage the PCB. 

 

Figure 17. Burn through method tests on solder mask. 
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Figure 18. Burn through method tests on test points. 

Next, the hot air method was tested on the solder mask area of the PCB and with 

tests 1 to 10 exposing the wanted area for 10 seconds. With this method, it was 

necessary to scrape the softened conformal coating and here it was done by wooden 

stick. The results of the first test are shown in Figure 19 for hot air method without 

and with the UV light for better evaluation. After the solder mask area test, it was 

time to test the hot air method to test points and there the same methods were used. 

The result is shown in Figure 20 without and with the UV light for better evaluation. 

After these results were estimated, it was seen that some good results were obtained 

with test method 9 but clearly the best results come with test method 10 where the 

hot air temperature was 550 degree and the exposure time was 10 seconds, after 

which the conformal coating was scraped off with wooden stick. In addition, both 

the burn though and hot air removal methods were tested to the thicker area of the 

conformal coating but there no required results were obtained. 
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Figure 19. Hot air method tests on solder mask. 

 

Figure 20. Hot air method tests on test points. 

3.5.2 Abrasion Removal Method 

The abrasion method was initially tested at 45 different settings, varying the powder 

flow and air pressure. The abrasion method was done with a Swam-Blast Turbo-

Max work chamber (Appendix 3) and with a Swam-Blast MV-2L micro sandblaster 

(Appendix 4). The work chamber can be used with ordinary light as shown in Figure 

21 and with UV light, which is better for working with the removal of conformal 

coating with UV traceability. Figure 21 also shows the sandblaster nozzle and point 

ionization, with effectively reduce the ESD from reaching levels that could poten-

tially damage components during the removal process. The rework chamber also 
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contains several point ionizers, with helps to reduce the ESD so the system meets 

NASA ESD requirements /18/.  

 

Figure 21. Abrasive method in practice. 

Some ESD tests had been done for the micro sandblaster before where they tested 

the two ionizers and how they behave to test a plate of FMX 004 that was connected 

to the input (1 MΩ) of oscilloscope with a passive probe of 100:1 (Figure 21). One 

of the test results is shown in Figure 22, where the ionizers attached to the work 

chamber were tested and Figure 23 where the ionizers that were on the sandblaster 

nozzle were tested.  

 

Figure 22. Ion Balance test. 
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Figure 23. Test result for work chambers ionizers. 

 

Figure 24. Test result for sandblasters nozzle ionizer. 

The observation was that the peak offset voltage remained under 100 V and offset 

voltage requirement of IEC 61340-5-1:2016 and ANSI/ESD S20.20 are: -35 < Voff-

set < 35. The decay time for 10 % drop from initial value was approximately 2s. 

Electrostatic potentials of V > 100 V were observed, and relatively high electro-

static fields of E> 20 kV/m were occasionally observed. A micro abrasive blasting 

technique has many critical variables that may increase the risk of ESD, such as gas 
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pressure, flow rate of the blast media, nozzle diameter, blast media itself, coating 

material and tracing of PCBA. In accordance with the manufacturer’s instructions, 

ionization is mandatory for the adequate ESD control and is fast enough to mini-

mize charge accumulation. 

Initially, the abrasion method tests were started on the PCB’s solder mask area ac-

cording to Table 4 settings. The nozzle was approximately one centimeter away 

from the PCB and it was exposed to the abrasion powder approximately one second. 

The results of the test point tests are shown in Figure 25 and under UV light for 

better evaluation on Figures 26. After these tests it was time to test the abrasion 

method on the test points and there the same methods were used. The results of the 

test point tests are shown in Figure 27 and under UV light for better evaluation in 

Figure 28.  

Table 4. Abrasive Method’s test settings. 

 

Abrasive Removal Method 
Test 1 2 3 4 5 6 7 8 9 10 

Air Pressure 50 psi 60 psi 70 psi 80 psi 90 psi 50 psi 60 psi 70 psi 80 psi 90 psi 

Powder Flow 1 1 1 1 1 2 2 2 2 2 

Test 11 12 13 14 15 16 17 18 19 20 

Air Pressure 50 psi 60 psi 70 psi 80 psi 90 psi 50 psi 60 psi 70 psi 80 psi 90 psi 

Powder Flow 3 3 3 3 3 4 4 4 4 4 

Test 21 22 23 24 25 26 27 28 29 30 

Air Pressure 50 psi 60 psi 70 psi 80 psi 90 psi 50 psi 60 psi 70 psi 80 psi 90 psi 

Powder Flow 5 5 5 5 5 6 6 6 6 6 

Test 31 32 33 34 35 36 37 38 39 40 

Air Pressure 50 psi 60 psi 70 psi 80 psi 90 psi 50 psi 60 psi 70 psi 80 psi 90 psi 

Powder Flow 7 7 7 7 7 8 8 8 8 8 

Test 41 42 43 44 45      

Air Pressure 50 psi 60 psi 70 psi 80 psi 90 psi      

Powder Flow 9 9 9 9 9      
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Figure 25. Abrasive Method tests on solder mask. 

 

Figure 26. Abrasive Method test on solder mask under UV light. 
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Figure 27. Abrasive Method test on test points. 
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Figure 28. Abrasive Method test on test points under UV light. 

When these tests were done, the traces left by the abrasion method were evaluated 

under a microscope because this method can break the solder mask easily. This is 

shown in Figure 29 so finding the optimal setting required more effort than in the 

thermal method. This means that from these tests the best results were chosen and 

tested again on a different PCB to be certain of the required result. Finally, the most 

optimal setting was found at test method 3 where the air pressure was 70 psi and 

the powder flow was set to 1. A test of its own was also done for the thicker con-

formal coating according to Figure 30. The biggest setting for air pressure was cho-

sen because the penetration features of the method. For this thicker conformal coat-

ing, the best result came with setting of the air pressure setting 90 psi and  the pow-

der flow setting 1. 
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Figure 29. Broken solder mask. 

 

Figure 30. Abrasive Method on thick coating. 
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4 RETESTING OF COATED PCB 

The retesting of the conformal-coated module cards was next after the optimal con-

formal coating removal method was found for both main methods. In the retesting, 

it was checked whether the conformal coating was definitely removed from the test 

points on the conformal-coated module cards. At the same time, it also became clear 

whether the test points found in section 3.4 are correct or need further research. 

Since in section 3.4 the test points were found for each module card in use, it was 

easy at this point to view and mark the test points on to the module cards for testing. 

The test points were marked with a black permanent marker as show in Figure 31, 

making them visible under UV light in the rework chamber, as well as without UV 

light when removing the conformal coating with a thermal method. For each test 

station at least two different module cards were tested, and if the card did not pass 

the tests, the reasons were examined, whether it failed due to a wrong test point or 

if the test point was not cleaned properly or whether the card was broken. After the 

selecting enough module cards for every module tester and marking the necessary 

test points for conformal coating removal, then the conformal coating was removed.

 

Figure 31. Marked test points. 

When the conformal coating removal was done, the module cards needed a cleaning 

operation with isopropyl alcohol to make sure the card is clean before putting it in 

the test stations. After cleaning, the test point was checked to be certain that they 

are clean enough for the test stations test pins, which are shown in Figure 32. Then 
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the module card went to the test station and the barcode of the module card was 

read to the machine for the module card test software. When the sequence was done 

the software declared if the module card passed the test or if it failed on some point.  

For a few cards, it had to be examined in more detail why it could not pass through 

certain tests, when the module cards test data was reviewed and all the incorrectly 

found test points were found. These cards therefore had to be re-examined for in-

valid test points from the layout drawings, in one of them it was necessary to check 

the module cards test specification document and schematic document so that the 

right test points can be found. After the re-examination, these failed module cards 

passed the module test. 

 

Figure 32. Test stations test pins. 
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5 REPLACING COMPONENTS ON COATED PCB 

To replace components on a conformal coated PCB, a three power supply module 

cards were selected. These module cards were initially excavated from mechani-

cally broken module cards, so these cards needed go through the process of confor-

mal coating removal and testing. The conformal coating was removed by abrasive 

method and after cleaning the cards, they were put to the module test to be sure they 

are working correctly. When it was sure that the three selected module cards were 

working correctly, it was time to choose which the components to be removed and 

replaced. The purpose was to swap the same component between two power supply 

module cards and in the end one card would have two components swapped. These 

swappable was selected to be one surface mount chip component shown in Figure 

33 and one through hole component shown in Figure 34.  

 

Figure 33. Surface mount chip component. 
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Figure 34. Through hole component.  

Initially the conformal coating was removed from the legs of the component with 

the abrasive method and cleaned after the removal. It was also necessary to be very 

careful not to blast any other part of the PCB and not to break down the component. 

For the surface mounted chip component, it was necessary to remove the conformal 

coating just from the flat legs UV light for better evaluation, as shown in Figure 35. 

For the through hole component it was necessary to remove the conformal coating 

on both sides of the PCB under UV light for better evaluation, as shown in Figure 

36. After the removal of conformal coating it was time to remove the components.  

 

Figure 35. Removed coating from surface mount chip component’s legs. 

 



44 

 

  

Figure 36. Removed coating from through hole component’s legs. 

The surface mount chip component was removed first with a hot tweezer method. 

The WXMT micro desoldering tweezer was installed to the soldering station and 

preheated for removal. For removal, the tweezer tip was placed in a position over 

the legs of the component and squeezed gently. When the solder was melted com-

pletely from both legs of the component, it could be lifted away. In some cases, like 

here the chip components has adhesive between the body and the PC. When adhe-

sive is used, it is necessary to turn the component slightly to allow it to be removed 

from the PCB. After the component is lifted away, it can be placed onto heat re-

sistant surface. The result after removing the surface chip component is shown in 

Figure 37. /11, 25/ 

 

Figure 37. Removed surface chip component. 
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After both PCBs had gone through the component removal it was time to place the 

component to a different module card than before. One of the pads were prefilled 

with solder and then the component was placed in position. Then prefilled pads 

solder was melted completely to get the component dropped down onto pad. After 

a brief waiting time, the other side was soldered by applying additional solder as 

needed. When the surface chip component was back in the both power supply mod-

ule card as shown in Figure 38, it was time to retest the module card in the module 

tester to make sure they are still working correctly. /11, 27/ 

 

Figure 38. Reattached surface chip component. 

The through hole component was the last component to be removed and reattached. 

This was done with WXDP 120, desoldering iron with vacuum system, which was 

installed to the soldering station fist and preheated for removal. For removal, the 

desoldering iron was placed in position over the component legs. When the solder 

was melted completely from legs of the component, the vacuuming process of the 

melted solder was started while using circular motion to the joint. When this was 

done, it was necessary to continue the vacuum while lifting the tip from the leg to 

clean all molten solder from heated chamber. This process needed to be repeated 

for the other leg. Then a flat nose pliers were used to gently rotate the legs to later-

ally break any remaining solder and lifted the component away. The result after 

removing the through hole component is shown in Figure 39. /11, 24/ 
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Figure 39. Removed through hole component. 

After the component removal had been done for both PCBs, it was time to place the 

component to a different module card than before. The component was placed the 

in right position and right way. Then solder was applied and melted completely to 

get the component to stay on the right place. After a brief waiting time, the other 

side was soldered by applying additional solder as needed. When the through hole 

component was back in the both power supply module card as shown in Figure 40, 

it was time to retest the module card in the module tester to make sure they are still 

working correctly. /11, 26/ 

 

Figure 40. Reattached through hole component. 
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6 RECOATING THE PCB 

After reworking and testing the PCB, recoating it is done with the same conformal 

coating or in some cases with same kind of a conformal coating. The recoating 

should be done by either the supplier’s equipment manuals or the supplier’s stand-

ard repair practices guidelines. If this information is not available, common reap-

plication instructions can be found in IPC-7711/7721. The reapplication of confor-

mal coating can vary depending on how much conformal coating has been removed. 

For small areas, a typical method is often done with a brush or swab by spreading 

the replacement conformal coating. For larger areas, a typical method is to spray 

the replacement conformal coating. In both ways the new conformal coating needs 

to overlap the existing conformal coating to create a seal between the new and old 

conformal coating. /6, 11, 21/  

For comparison of the same kind of conformal coating one study was found where 

the conformal coating in use was also. The study had investigated different curing 

conditions for various conformal coatings to measure coating adhesion to tin and 

mechanical properties. Three same kind of polyurethane acrylate (PUA) conformal 

coatings had been compared to each other. Initially the curing of these UV curable 

conformal coating had been measured with the Fourier-transform infrared spectros-

copy (FTIR) which measures how much light a sample absorbs at each wavelength. 

The results of FTIR are shown in Figure 41, with explanations. Two tensile tests of 

conformal coating had been conducted as well in the study, in Figure 42 it is shown 

how the conformal coating behaves in stress after curing and in Figure 43 it is 

shown how the conformal coating behaves in a mechanical test. Figure 44 shows 

the adhesion test where just the best conformal coatings had been tested. These tests 

show that the UV40 in use is not generally the best possible conformal coating 

compared to others, but suitable for the coating of modular cards. /23/ 
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Figure 41. FTIR Results and Discussion of PUA. /23/ 

 

Figure 42. Stress-Strain Curve of different conformal coatings. /23/ 
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Figure 43. Mechanical Properties of different conformal coatings. /23/ 

 

Figure 44. Adhesion Testing of different conformal coatings. /23/ 
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6.1 Ensuring That the PCB is Clean Enough 

Before the recoating can be started the PCB should be cleaned and checked for 

damage because all conformal coating removal methods have a high possibility to 

leave damage to the PCB with residue, either chemical or particulate in nature. The 

cleaning of PCB must be done thoroughly prior to other rework and repair opera-

tions, such as replacing components, or reapplication of the conformal coating. If 

water is used in cleaning operation, it should be either distilled water or deionized 

water. Usually local tap water is more corrosive to metals than the removal strippers 

themselves are. A recommendation is that the reworked area should be cleaned with 

an appropriate cleaning agent, starting with flux residues, followed by isopropyl 

alcohol to clean the area completely. This give a good result for re-attaching com-

ponents or reapplication of conformal coating. /6, 11, 22/ 

6.2 Risks Related to Recoating 

When recoating the PCB, the risks are same as when the coating is done for the first 

time for the PCB and the rework risks should also be noted. For all the conformal 

coating materials, the material safety data sheets should be available also for all 

strippers, solvents, and such. These material safety data sheets should be in place 

where they are accessible for all operators working in the area. All the conformal 

coating application methods brings health and safety concerns to operators. /6/ 

In recoating, the manual application method should be addressed more seriously, 

as the spray process can get in direct contact with the operator. Skin irritation and 

inhaling or ventilation are the most common hazards when applying conformal 

coating. It is important to have a proper ventilation in the area where application, 

curing and reworking of the conformal coating is done. After PCB is recoated, the 

curing should come next and during this process common hazards come from the 

fumes of conformal coating. /6/ 

When reapplying the coating for PCB, the operator should have goggles for eye 

protection, lab coat and gloves for skin protection and half mask for respiratory 
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protection. It is also important to have a well-ventilated working area. In curing the 

operator should take care to avoid eye and skin exposure to the UV energy. /6/ 

6.3 Tools Needed for Recoating 

The most important tools for recoating are the personal safety equipment mentioned 

in Chapter 6.2: jacket or work clothes, which are ESD-certificated and also these 

protect the operator from the drops of coating. The nitrite gloves and googles also 

protect operators from the very irritating conformal coating, respirator for the fumes 

of the conformal coating. 

For recoating, the working area needs good ventilation and this was done by assem-

bling a new fume hood for coating purposes only (Figure 45). For curing the con-

formal coating, it was necessary to get a UV Light-Curing Conveyor (Appendix 5) 

and with this, the coating will cure in one passthrough so the fumes will not spread 

any further than the working area. 

 

Figure 45. Fume hood for coating. 

Lastly the recoating itself needs the conformal coating substance which is dispensed 

into a smaller container, as shown in Figure 46 for the work and the thicker 
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conformal coating was attached to the syringe gun, as in Figure 47. For applying 

and spreading the conformal coating a brush or swab can be used, shown in Figure 

48. 

 

Figure 46. Conformal coating in smaller container. 

 

Figure 47. Syringe gun for conformal coating. 
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Figure 48. A brush and swab. 

6.4 Recoating in Practice 

For the practical part of the recoating, three different module cards were selected 

which were the communication module, the transformer module and the three 

power modules which were used in components replacement in Chapter 5, whereby 

five module cards were recoated in total. 

The recoating was started by preparing the workspace, after which the cards were 

cleaned before the recoating, so that no dirt remained under the varnish, which 

could interfere with the adhesion of the coating. As the cards dried, the necessary 

protection was put on and a UV Light-Curing Conveyor is started to allow it to 

warm up properly before the first recoated card was placed in for curing. After dry-

ing from the cleaning process, the cards were transferred to a fume hood where they 

were recoated. The wanted result for recoating is shown in Figure 49. 
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Figure 49. Wanted result for recoating. 

The cards were recoated one by one so that each area where the varnish had been 

removed was refilled with conformal coating. The operation was initiated by dip-

ping the brush in the conformal coating and then applying a thin layer of coating so 

that it also overlapped the existing coating. After each removed area was refilled 

with coating, the card was further inspected with UV light to ensure that every area 

was filled. The card was then placed in a UV Light-Curing Conveyor and allowed 

to pass through it whereby the conformal coating cured. After that, the card was 

checked with UV light once more to make sure everything recoated. Figure 50 

shows the thinner areas test point before and after recoating.  Next, the thicker con-

formal coating area was recoated for cards where it was removed This was done 

with a syringe gun with a tip that had a small hole and the rest of the recoating 

process was the same way as when thinner coating was used. Figure 51 shows the 

thicker areas test points before and after recoating. 
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Figure 50. Thin coating area before and after recoating. 

 

Figure 51. Thicker coating area before and after. 
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7 TESTING OF RECOATED PCB IN WEATHER TESTS 

As a final step, the recoated cards were placed in the Weiss Technik’s Climate Tests 

Chamber WK3, where it was possible to test temperature test from -42°C to +180° 

or climatic test from +10°C to +95°C and the humidity can range from 10% to 98%  

/23/. By putting the card in the test chamber, it was determined whether the recoated 

area of the card remained at the temperatures promised for the storage of the relay. 

From the recoated cards, three different module cards were selected and placed in 

test chamber. These three module cards were a communication module with a thin-

ner conformal coating recoated, a transformer module with a thicker conformal 

coating recoated, and a power module with both conformal coating areas recoated. 

A pre-built program was selected as a test program, which goes through the prom-

ised temperatures and humidity for relay storage. The basic principle of the program 

is shown in Table 5 and in Figure 52, in which the duration, temperature and hu-

midity of the cycles are seen more clearly. The test program lasted for 20 hours and 

35 minutes and it was repeated three times to detect any changes, therefore, it lasted 

for two and half days. 

After the test program was completed, the cards and their re-varnished areas were 

initially inspected visually, and the most obscure areas were further examined under 

a microscope. No unwanted changes were observed, so with the right kind of repair 

method the conformal-coated module cards can be repaired and given back to the 

relay production. 
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Table 5. Test programs settings. 

 

 

 

 

 

 

 

 

 

Figure 52. Relay storage test program. 
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Pre-built test program

Temperature Humidity

No.: Time: Temperature: Humidity: 

1 0:00:00 23.0 10.0 

2 0:05:00 23.0 10.0 

3 1:00:00 85.0 10.0 

4 8:00:00 85.0 10.0 

5 1:00:00 23.0 10.0 

6 1:00:00 -40.0 0 

7 8:00:00 -40.0 0 

8 0:30:00 23.0 10.0 

9 1:00:00 23.0 10.0 

10 0:00:00 23.0 10.0 
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8 SUMMARY 

As might be expected, removing the conformal coating from the cards was chal-

lenging and time consuming. The practical possibilities for removing the conformal 

coating were not great, because out of four main methods, it was possible to use 

only two main methods, which were the thermal method and abrasive method. With 

the abrasive method, the time taken to blow one test point clean is about one second 

and one card has a maximum of 20 test points, which means that it takes less than 

a minute to blow one card, unlike the thermal method, where it can easily take a 

minute to clean one test point. For this reason alone, the best possible removal 

method of conformal coating from the used methods was the abrasive method with 

the founded setting for the micro sandblasting unit.  

It was necessary to wear protective equipment when removing conformal coating, 

for both thermal and abrasive method. Respirators were more protective in thermal 

method use against the generated fumes and less protective in abrasive method 

against the floating particles but still a necessary protection. The use of goggles in 

both removal methods is recommended, thus avoiding contact with generated fumes 

and floating particles. The replacement of components was better than initially ex-

pected, the conformal coating came off easily from the legs of the component on 

the module cards. After the weather cabinet, the condition of the cards remained as 

good as before the weather cabinet so there is no reason not to recoat the module 

cards and put them back in production 

Based on this thesis, it is possible to develop detailed work instructions for the con-

formal coating removal method for the thermal removal method and the abrasive 

removal method. With the help of this thesis, it is possible to expand the rework 

methods to other conformal-coated module cards for the Relion family products. 

For further development for the reworks, templates for the cards should be done, 

which show the test points immediately and can be marked directly without having 

to look at the test points of the cards from separate images. A smaller stand for 

micro sandblasting for the conformal coating removal should be invested to facili-

tate the work; it can be the same style as the stand at the soldering station. For the 



59 

 

abrasive method, a metallic or hard plastic test point template that is held over the 

test point during the removal of the conformal coating could prevent the solder 

mask from breaking. A possible development for the UV Light-Curing Conveyor 

would be a safeguard at the end of the conveyor for UV light and to prevent cards 

from dropping on the floor.  The possibility to find a similar type of conformal 

coating should be investigated as an alternative source and at this point the possi-

bility to remove the conformal coating with the chemical and mechanical method 

should also be investigated. 

After all, the research was successful and the best possible conformal coating re-

moval method was found, both component replacement and recoating were suc-

cessful as desired. Conformal-coated cards were found repairable if they are per-

ceived as broken in production. In addition, development ideas were thought 

through the process, which can in the long run improve the rework of conformal-

coated cards. 
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APPENDIX 1/1. – IPC-HDBK-830A, Appendix A. 
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APPENDIX 1/2. 
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APPENDIX 1/3. 
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APPENDIX 2/1. – Weller WXR 3, Data Sheet. 
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APPENDIX 3. – TURBO-MAX, Data Sheet.
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APPENDIX 4. – Model MV-2L, Data Sheet.  
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APPENDIX 5/1. – UVC-8 UV Light-Curing Conveyor, Data Sheet.  
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