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Cold Spraying as a Repair Method for Crankshaft Journals
An Explorative Study Regarding the Technical Feasibility
Matilda Blomgren, Stefan Gunnarsson
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Abstract

In this study, the feasibility of repairing crankshaft journals with cold spraying was
investigated. It was researched through a systematic literature study, and contact
with cold spraying companies, with the main focus on the parameters aledting the
coating properties; surface hardness and adhesive strength, machinability of the cold
sprayed coating, and limitations to the shape and size of repair. The most critical
factor aledting the deposit hardness and adhesive strength is the impact velocity.
The size and shape of the repair are limited by both the cold spraying process capac-
ity and the crankshaft design. The design elements limiting shape and size are the
critical zones; radiuses, oil holes, and the lower part of the pin journals. Machining
the cold sprayed coating is possible, however, it can be problematic due to the critical
zones and simultaneous machining of two materials. The cold spraying companies,
which di[erl by the pressure system they specialize in, have recommended materials
for the repair, only the recommendation from the high pressure cold spraying com-
pany can fully meet the design requirements. For low-pressure cold spraying, three
feedstock materials have been recommended, Ni/Zn, Al/Zn, and Cu/Zn composites.
For high-pressure cold spraying, two feedstock materials have been recommended,
a tungsten carbide with nickel and cobalt, and a tungsten carbide with stainless
steel. The latter can be further developed to meet the crankshaft requirements.
The recommended materials must comply with Volvo’s list of substances. The rec-
ommended feedstock materials include substances on the lists. The materials shall
therefore be assessed if allowed to be used, if not it must be considered if other
feedstock materials are available, or if the material open for development can be op-
timized with the lists in mind. A detailed recommended plan of testing is presented
with the purpose of defining the unknown parameters of the coatings; compatibility
and strength, and to verify that the coating meets all journal requirements.

Keywords: Cold spray, Crankshaft, Journal, Low-pressure cold spray, High-pressure
cold spray
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1

Introduction

The awareness and importance of sustainability are increasing globally. The agenda
of 2030 [1] for sustainable development is approaching and the e ects of extracting

and emitting fossil energy resources are getting more and more evident. With this

in mind companies and organizations are approaching ways to implement sustain-
ability and circularity in their business chains.

A company adapting to this change is Volvo Group. They have vehicles on the
market driven by various energy sources and are developing technology towards
making their heavy-duty engine platforms (HDEP) more sustainable and circular to
lower the carbon footprint of the supply chain. One way of implementing circularity

to an already existing component, according to the circular business model, is to
manage the disposal and to investigate if the scrapped parts can be refurbished and
reused, to prolong their lifetime [2]. Volvo Group has a remanufacturing department
(Reman) within the organization repairing components to produce remanufactured
engines for distribution. Remanufactured engines have the same requirements as new
engines and therefore the refurbished parts need to be as new when re-assembled
in the remanufactured engines, the complete remanufacturing process can be seen
in Appendix A. Which components can be repaired and re-assembled depends on
the damage and the capacity of the allowed repair method. Today few and limited
repair methods are allowed on the crankshaft and in this study, it will be investi-
gated if an alternative repair method, cold spraying, is suitable for the crankshaft
journals to reduce the number of crankshafts being scrapped. The crankshaft is a
material-dense and robust component and its main function is to convert the linear
motion made by the combustion in the piston chamber into rotary motion which
then transmits through the ywheel. The connecting components are the connect-
ing rods to the piston and the bearings and at each ends damper and ywheel, and
the crankshaft is located in the center of the engine block.

Over a thousand damaged engines are delivered to the remanufacturing department
every year, some of which include a crankshatft that ful lls the technical requirements
and can be reused without refurbishing. The crankshafts that do not ful Il the re-
guirements, and cannot be repaired with the existing repair methods, are scrapped.
The most common reason for why a crankshaft can't be reused is due to scratches
on the journals. Occasionally particles in ltrate the thin oil Im in the gap between
the crankshaft journal and the bearing. These particles are residue particles from
manufacturing or a result of dirty oil. These minor particles cause scratches on the
journal and the bearing and in extreme cases can cause a gap in the thin oil Im
and result in seizure of the engine as the lack of oil creates friction and tear between
the journal and bearing surfaces and results in a heat build-up. In most cases, the
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range of the scratches' dimensions are so small that they don't a ect the engine
performance. But since a reused crankshatft is required to be as new, no scratches or
other deviations from the original design are allowed. The only option for removing
these super cial scratches today is to grind the component to a smaller diameter.

If the scratches are deeper than 1 mm or if the crankshaft is in the lower range of
the diameter tolerance, it can't be ground and has to be scrapped. Another damage
applicable for the cold spray repair is dented journals. These dents originate when
handled incorrectly in manufacturing or when disassembled from the engine, which
occurs rarely. It is assumed that the requirement for repairing dents and scratches
are the same.

It is therefore of interest to Volvo Group to nd an alternative repair method for
these scratches, and other surface damages, to avoid the permanent scrapping of
repairable and reusable components. An alternative repair method investigated by
Volvo is cold spraying. Concluded by a sample test initiated by Reman, in 2021, the
method shows potential. Still, it needs to be further investigated before a decision
on whether an implementation at the remanufacturing site is bene cial or not.

1.1 Problem De nition

The scope of this study is to investigate the feasibility and capability of cold spray-
ing as a repair method for Volvo's crankshaft journals. The goal is to conclude
the a ecting parameters for the cold spraying processes and the recommendation
of implementation for the journals. If repair is possible a material list of suitable
materials for the feedstock will be presented along with a test plan which veri es
the feasibility of the repair method.

This work targets the following aspects of the cold spray process and its suitabil-
ity speci cally for Volvos heavy-duty engine (HDE) crankshaft journals: material
bonding, surface hardness, machinability, and shape and size.

This study is limited to internal information at Volvo regarding the HDE crankshaft
design and company standards, external research among prior published work, and
external expert knowledge from cold spray companies. Investigation of the im-
plementation requirements and needs at Reman are out of the scope, due to the
unavailability of the department.

It is out of the scope to conclude results made by tests on the component, in addi-
tion to the economical and environmental aspects of implementing cold spraying as
a repair method. The study is delimited to only investigate the feasibility of cold
spraying as a repair method for the crankshafts produced by Volvo with their speci c
material compositions and properties. The repair method must also comply with the
company standards for substances and processes. It is assumed that heat-treating
the cold sprayed coating after the deposition will change the micro-structure and
properties of the journals, therefore any heat after-treatment is not included in the
study.

Due to con dentiality, sensitive information is excluded from this paper.

2



1. Introduction

1.1.1 Research Questions

The aim of the project is to decide if cold spraying is a suitable repair method for
the crankshaft journals in regard to the technical requirements of the component
and remanufacturing. To determine this according to research methodology, speci c
research questions are de ned and presented below.

Research questions:

1.
2.
3.

4.

What parameters a ect the bonding of the feedstock and substrate?

What parameters a ect the surface hardness of the feedstock material?

Can a repaired crankshaft journal with cold spraying meet the crankshaft
requirements?

Which feedstock material is suitable for the repair of the crankshaft journals
and does it comply with Volvo's lists of substances?

Is machining of a cold sprayed coating possible, and are the crankshaft man-
ufacturing processes applicable?

Which type of repairs are feasible from a cold spray deposition standpoint and
what elements of the journals limit the shape and size of the repair?
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Methodology

In this chapter, the way in which the study was conducted is presented, along with
the methods and tools used. The study was an explorative research study that used
both primary and secondary sources. Explorative research is research investigating
unstudied subjects to help de ne and frame the constraints. The primary sources
were accessed with a qualitative approach to gather in-depth crankshaft-applied
considerations regarding the cold spray implementation. The secondary sources
were approached with a quantitative approach through a systematic literature study
to gather information systematically regarding the coating properties. The DMIAC
method, from lean six sigma, was applied to the work process for increased structure.
DMAIC is a methodology used for improvement, some changes to the process and
method were made. DMAIC is an acronym that stands for: de ne, measure, analyze,
improve, and control [3].

2.1 Dene

The de ne phase was approached by de ning the scope of the study, and its delim-
itations. It included how the study would be conducted, and what methods would
be used. This included analyzing the prior research done by Volvo and at which
phase of the process Volvo need further development, the crankshaft requirements,
what information was available on cold spraying and how it could be found, and
how to test the nished product, and verifying the result.

2.2 Measure

The measure phase of the study focused on what information was known, what
information was available and what was unknown. This included internal research
on information regarding the crankshaft design, parameters, and performance in
addition to gathering information on cold spraying through secondary sources. In
speci ¢ the parameters of cold spraying a ect the cold sprayed coating properties.
The gathering of information was done by conducting a literature study.

2.2.1 Internal Research

Internal research was conducted to gather knowledge regarding the speci c crankshafts
at Volvo Group. The research included crankshafts that are produced today and
crankshafts that are not in production but are out in the eld. This research in-
cluded technical reports, engineering reports, and design drawings including speci c
parameters of each crankshatft.
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To incorporate a systematic way of reading through published articles, a systematic
literature study was conducted to gather theoretical information on cold spraying,
general information about cold spraying, the parameters of the process that a ect
the result speci cally, and prior research on using cold spraying on engine compo-
nents to get an understanding of the feasibility and usage of the method today. This
literature study was limited to the English language.

Systematized Review

A systematized review was conducted by searching ¥eb of Sciencdor keywords
regarding di erent aspects of the eld of study. This gave 881 results. The articles
were exported as a list and taken through a screening process. This screening
process was conducted to limit the number of articles to a fraction of the original
search and leave only articles relative to the study. There was no time-frame set on
the literature, as the technology was quite new and therefore all information was
relevant.

Article Screening

The screening process consisted of two di erent screening gates. The rst raised
the question of whether the article was relative to the study depending on the title
of the article, while the other questioned if the article was relative depending on
the abstract of the article. For these criteria, the articles were judged relevant, not
relevant, or maybe. The articles not relevant by the title, and then abstract, were
excluded while the relevant and maybe relevant articles moved on in the process.
In Table 2.1, the keywords used are presented along with the total number of arti-
cles that came up, and were relative in the title and abstract screening. Columns
including two numbers separated by a hyphen present both the number of articles
relevant and maybe relevant, in that order.

Table 2.1: Screened articles by keywords

Keywords Total amount Tlt:(eessczriﬂe:;gg Abst:(ae Cst :S?\;Zigleng

"Cold Spray*" + C38 0

"Cold Spray*" + C45 0

"Cold Spray*" + Crankshaft 0
"Cold Spray*" + Review + Steel 36 19-9 13 -1
"Cold Spray*" + Bond* + Steel 183 18 - 58 53-5
"Cold Spray*" + HPCS + LPCS 8 8-0 3-0
"Cold Spray*" + "Hardness" 596 43 - 158 52-1
"Cold Spray*" + "Surface Hardness" 9 5-4 4-4
"Cold Spray*" + "Grinding" 17 1-13 0-0
"Cold Spray*" + "Machinability" 9 1-7 3-0
"Cold Spray*" + "Journal" 23 1-16 1-0
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Full Text Review

After screening the articles for their relevance in terms of article title and their
abstract, a small percentage of the original sampling of articles was left. These
articles were fully read, if relative, and used in the study they were referenced. A
direct ow of the process can be seen on Figure 2.1

Figure 2.1: Systematic Literature Review Process

2.3 Analyze

The analysis phase of the study was used to analyze the information gathered, nd
knowledge gaps and iterate the research to a point where all attainable knowledge of
the eld of study was had. This included speci c parameters on the components that
need to be met, the parameters of the cold spraying process that a ect the coating
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properties, and what solutions are available on the market. To Il these knowledge
gaps expert knowledge was needed. The cold spraying market was analyzed and
companies working with cold spraying were contacted.

2.3.1 Expert Knowledge

The eld of this study, cold spraying, is case specic since the properties of the
nished coating are based on the properties of the substrate material, the properties
of the feedstock material, the requirements of the component, and what environment
the materials need to endure. Little to no accessible research could be found on
cold sprayed coatings on crankshafts or other engine components or materials which
need to meet similar requirements as the crankshaft, and therefore, primary research
sources and expert knowledge were needed. Volvo had prior collaboration with one
company on this matter, however, to ensure the validity of the feasibility of the
method other companies with di erent application experiences of the cold spraying
method were approached.

Semi-structured Interviews

The conducted interviews were set up in an informal way. Questions were sent out
to the experts before interviews. The interviewees answered both verbally and in
written text. Information from meetings, interviews, or through email had to be
agreed upon to be disclosed.

2.4 Improve

The improvement part according to the DMIAC methodology was adapted to op-
timize. It includes the optimization or rather the material selection for the repairs
available. In speci c, de ning what materials are available today, what characterizes
them, their properties, and how a cold sprayed coating using these materials would
perform on a crankshaft journal.

2.5 Control

Control was applied to look into the way in which the results can be veried. As
research can only theoretically prove the feasibility of the repair method, tests will
have to be conducted to fully ensure the success of the repair.

Implementing Test Plans

A thorough test plan was structured taking all design requirements into considera-
tion. As the repaired crankshafts are included in remanufactured engines, they need
to meet the same requirements as a newly manufactured crankshaft. Therefore it's
of great importance that every requirement is fully met. Multiple tests, each made
for various requirements, were planned, which included the setup, the parameters
and the process of the test, what properties meant to be measured, and the desired
result.
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2.6 Hardness Conversion

As there are many ways to measure hardness, and di erent units are used for each
way of measuring, the conversion of units was needed to be clear and use the same
unit throughout the thesis. This conversion was made using a conversion chart from
Buehler.com [4] a company that makes hardness measuring machines. This chart
was chosen due to its great detail of the used units of hardness measurement. The
conversion chart can be found in Appendix B. Converting the units of the measured
hardness is complex, as the test procedures are di erent, meaning that di erent
results will be measured using di erent hardness tests. Therefore it is important
to state that the conversion is an approximation and done with the purpose of
comparison, and not a precise conversion.
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The Crankshaft and Technical
Requirements

"The crankshaft is essentially the backbone of the internal combustion engifie"

There are three di erent variants of the Volvo Trucks heavy-duty crankshaft for the
three di erent sizes of HDE that Volvo Group produces; 111, 131, and 16 |. The size
of the journals varies as well since the journals' size and shape are determined by
bearing loads. The sizes of the crankshafts vary between 1066mm - 1256mm and the
weight is from 102kg - 160kg. The crankshafts are forged from carbon steel. They
are made of ve di erent material compositions of the carbon steel C38 and C45.
The di erence between C38 and C45 is the percentage of carbon in the steel, as their
name implies their approximate carbon amount (C38 0.38% carbon). There are
four variants of C38 for the crankshaft and one C45. The variant depends on the
size of the engine, at which site it's manufactured, and the market segment the com-
ponent is manufactured for. The requirements for the di erent variants of C38/45
state the chemical composition, mechanical properties, grain size, and hardenability
along with other relevant requirements, such as if there are any explicit standards
deviated or applied.

The crankshaft is located in the lower part of the engine, connected to the pistons,
the ywheel and the damper, seen in Figure 3.1. It consists of crank webs, main-
bearing journals, pin-bearing journals, counterweights, and a ywheel a damper
ange, seen in Figure 3.2. Volvo's crankshaft journals have an oil passageway in the
center to make sure that the component is lubricated while in use. There are two
types of journals; pin and main journals. The journals connected to the pistons with
connecting rods are the pin journals, which are pressure driven by the combustion
itself. The main journal center determines the axis of rotation of the crankshaft and
is xed by bearing caps within the engine block.

As mentioned, the purpose of a crankshaft is to convert the linear motion of the
pistons into rotational motion in the crankshaft and transfer energy from the com-
bustion chamber to the driveline through the ywheel. The ywheel smooths out
the engine's power pulses and stores energy to provide rotation to the axles. This
applies various high forces to the crankshaft, therefore crankshafts need high fatigue
strength and wear resistance [5]. This requires a high surface hardness and a ne
surface roughness, especially on particular parts of the crankshaft such as the jour-
nals.



3. The Crankshaft and Technical Requirements

Figure 3.1: Crankshaft with connecting components

Figure 3.2: The di erent parts of the crankshaft and its terminology

3.1 Manufacturing Process

The general manufacturing process of the crankshaft starts with milling the rough
shape of the whole crankshatft, this includes all anges, journals, and counterweights.
Next, the oil holes in the journals are drilled and the whole component is deburred.
Deburring is the process of removing small imperfections known as burrs which
commonly occur on machined metal products. After the deburring, the crankshaft
Is induction hardened, then tempered. The induction hardening process is made
on the journals to achieve high surface hardness. To ensure that no cracks have
occurred during this process, a magnetic particle inspection is conducted on these
surfaces.
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After the crack inspection, all holes are drilled and threaded. These holes are the
fasteners on each side of the crankshaft that hold the crankshaft in place. After
that the grinding of surfaces that need a smooth surface nish takes place, this is
done on the crankshaft journals as well as the top surface on the counterweights to
achieve the correct design size. These surfaces are then polished/super nished and
before the manufacturing is complete the whole component is cleaned.

This manufacturing process is long and includes various machining and detailing.
This not only makes the component expensive due to the material cost but the man-
ufacturing cost as well. Repairing and remanufacturing instead of manufacturing
new crankshafts is therefore bene cial.

3.2 Technical Requirements

The crankshaft requirements regarding the journals are the crankshaft drawing,
crankshaft induction hardening, and the C38/45 material requirements. Each re-
guirement document has its required standards for the processes of determining the
requirements. All assessed requirements are presented in table 3.1 along with their
respective content.

Table 3.1: Technical requirements for the crankshaft

Document Content

Steel C38/45 Chemical composition
Mechanical properties

Grain size

Hardenability

Crankshaft Drawing Dimensions and tolerance
Cleanliness

Bending fatigue strength
Geometrical Tolerances Surface Roughness

Roundness

Straightness

Parallelism

Crankshaft Induction Hardening Surface Hardness

Case Depth

Material Structure in critical zones
Material Structure in other zones

11



3. The Crankshaft and Technical Requirements

3.3 Wear Type for Journal

The most common damage, for the journals are super cial scratches. These scratches
vary in width and placement on the journal in the rotational direction but most often
cover 360 around the journal or a minimum of around 120 The scratches occur
when particles in ltrate the thin oil Im in the gap between the crankshaft journal

and the bearing. These particles come from di erent sources. They are residue from
the sand casting for the engine block and cylinder head, grease build-up from dirty
oil or they can come from small metal tears around the oil pin as a result of the
chamfer not being machined properly.

The type of wear the journals are damaged by, due to the particle in Itration,

Is abrasive wear. Abrasive wear is surface disintegration caused by an external body
or material particle. It can be divided into two categories based on its loading;
high- and low-stress abrasion or two or three body abrasion [6], shown in Figure 3.3.
When abrasive particles are compressed between two machining parts and com-
pressed means high-stress abrasion and are de ned as three-body abrasion. Low
stress is de ned as two-body abrasion and occurs when a sharp or harder particle
disintegrates a surface.

Figure 3.3: Two and tree-body abrasion illustration

The abrasive wear type on the crankshaft journals is three-body abrasion, due to
the particles being compressed between the bearings and the journals present in
the oil Im. The wear behavior is in uenced by the material composition, sliding

speed, hardness, Young's modulus, the normal load, and the contact temperature [7].

A journal surface that is according to the drawing requirements on the surface is
presented in Figure 3.4, and a deviating surface with scratches in Figure 3.5. Com-
paring the straightness curves the reference surface has a smoother surface without a
large deviation from the straightness requirement. Most scratches can be seen even
if they are super cial since the rotating motion and oil Im creates visible tracks
done by the damaging particles. The straightness curve on the surface in Figure 3.5¢
shows how the straightness uctuates and the dimensions for the two deepest curves
in microns. The red vertical marking on the left and right sides is the approved
straightness deviation.
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(a) Reference journal surface (b) Reference journal surface, close up

(c) Straightness curve for the reference journal

Figure 3.4: Reference surfaces on the journals without scratches and its straight-
ness curve

(a) Deviating journal surface (b) Deviating journal surface with scratches, close
with scratches up

(c) Straightness curve for the deviating journal and dimensions for the two deepest
scratches

Figure 3.5: Deviating journal surface with scratches and its straightness curve
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3.4 Allowed Crankshaft Repairs and Limitations

Two repair methods for the crankshaft today are allowed by Volvo today. These
are spray welding and brush plating, and allow repair of the crankshaft diameter
dimensions and surface for the position of the damper, the vibration damper, and
the front ange end marked in Figure 3.6. For the journals, the only permitted
machining is grinding to a maximum of 1.0 mm under the standard dimension in
the steps of 0.25 mm, 0.5 mm, and 1.0 mm and then polished. Meaning that if there
are scratches or dents deeper than 1.0mm the crankshaft needs to be scrapped. This
method cannot be executed for journals on the lower tolerance limit for the diameter
as there will be no margin for the machining deviations. As thermal spray welding is
a thermal process it cannot be used for the journals as it will harden the deposited
area of the substrate and locally change the micro-structure and its mechanical
properties. With brush plating, the hardness requirement cannot be reached and
the only allowed substance is two variants of nickel which is a substance on Volvo's
substances list presented in section 5.3.1.

Figure 3.6: Allowed crankshaft surface repairs with spray welding and brush plat-
ing

3.5 Cold Spray Repair Constraints

The crankshaft requirements directly a ecting the area of the repair for the cold
spray are the tensile stress requirement, induction hardening case depth and the
geometrical tolerances which are surface hardness, surface roughness, roundness, and
straightness. Their values are presented in Table 3.2 along with how they in uence
the cold spray repair. The speci cation parameters for the crankshaft which a ect

the cold spray are presented in Table 3.3. The requirements and speci cations need
to be assessed either through feedstock material properties, setup parameters, or
through testing. The tensile stress requirement and its characteristic the stress
behavior of the cold sprayed coating needs to be de ned, and how to translate the
requirement applied to the coated material properties.
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Table 3.2: Constraining technical requirements for the journals and respec-
tive cold spray driver

Surface Requirement Value Unit Cold Spray Driver
Tensile stress 700 MPa Feedstock material selection
Surface hardness 50 - 58 HRC Feedstock material selection
Induction hardening case depth | [ mm Repair depth
Surface roughness journal radius i Ra Machining
Surface roughness journal [ | Ra Machining
[ | Rz Machining
[ | Rk Machining
[ ] Rpk Machining
[ | U Rvk Machining
[ L Rvk Machining
[ ] L Mr2 Machining
Roundness [ mm Machining
B e Machining
B e Machining
Straightness [ ] mm Machining
Main journals [ ] mm Machining
Pin journals [ mm Machining
B n/mm | Machining

* evaluation length

Table 3.3: Technical speci cations for the journals and respective cold spray drivers

Design speci cation Metric Cold Spray Driver
Journal bearing Bearing material composition | Feedstock bearing compatibility
Rotation speed 0 - 2400 rpm Adhesive strength
Hydrodynamic lubrication Type of oil Feedstock compatibility

Stress characteristics Tensile, compression, torsion | Feedstock material strength
Critical journal surface zones | Radius, oil hole, Area of repair

in journals: Lower part

Journal working temp. 110 - 180°C Feedstock temp. resistance
Induction hardening temp. Il -c Feedstock impact temp.

3.5.1 Critical Journal Zones

There are critical zones of the journals due to bending fatigue characterization and
torsion. When the crankshaft is loaded it experiences both bending and torsional
forces. The journals, therefore, have critical zones where they experience higher
compressive and tensile stresses. The cold spray deposition onto these zones needs to
be further investigated through testing. The critical zones from the bending fatigue
behavior are the radiuses in the top part of the main journals and the bottom part

of the pin journals. The lower part of the pin journals experience tensile stresses
from the strokes by the combustion. The critical areas from bending are highlighted

in blue in Figure 3.7. From the torsional stresses, all the radiuses (both between the
web and for the oil holes) experience higher stresses.
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(a) Front view (b) Side view

Figure 3.7: Ciritical zones by bending forces

In combination with the torsional, compressive and tensile stresses the critical areas
of the journals for all journals are highlighted in blue in Figure 3.8 and are the radius
between the journal and the webs and oil hole radiuses, along with the lower part
of the pin journals.

Figure 3.8: Ciritical zones by bending and torsional forces
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3.5.2 Case Depth Requirement

As the crankshaft needs to withstand the cyclic loads and the transmission within the
lubricated environment requiring a high surface hardness is required. To reach the
required surface hardness, an induction hardening process is used on the crankshaft
journals in the manufacturing process. The hardening of the journals also increases
the crankshaft strength. This process more than doubles the hardness of the surface,
making the surface wear-resistant. The case depth for all journals lkmm and
the drawing view with markings is presented in Figure 3.9. Any damage deeper
will penetrate an unhardened zone and create irregularities that deviate from the
original micro-structural design and the strength of the crankshaft will decrease.
Any damage deeper thall mm can therefore not be repaired and it needs to be
tested how deep the repair can be without interfering with the durability.

Figure 3.9: Case depth requirement marking
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A

Cold Spraying Theory

In this chapter theoretical and technical information regarding cold spraying is pre-
sented. The information was gathered with a systematic literature review and
presents the answers to research questions 1, 2 and 3, regarding parameter rela-
tions to bonding, surface hardness and journal requirements.

The cold spray technology is an additive manufacturing method and can be used
as a coating technology that allows repairs and structural protection for metals,
polymers, ceramics, and composite materials [8]. The deposition technique is a solid
state process, where a pulverized feedstock bonds to the substrate material due to
the plastic deformation of the pulverized particles, deformed by the high-velocity
impact [9]. The cold spray method was developed in the 1980s and commercialized
in the 1990s [10], and the interest in the method has been growing since then, seen
in Figure 4.1 were the number of publications and citations for cold spray have been
increasing since the beginning of the 21st century. The elds of application for cold
spraying are biomedical, energy, electronics, and more, most relevant for this study
automotive, and aerospace.

Figure 4.1: Publications and citations on "Cold Spray*" for the time period 2000-
2022 [11]
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