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2. AIMS AND SCOPE

 Aims of the analysis 

Chromium trioxide is covered by entry 16 of UK REACH Authorisation List (Annex XIV) and 

solely authorised uses are permitted after the sunset date given in the entry (21.09.2017) 

unless otherwise exempted. As chromium trioxide is a non-threshold carcinogen, adequate 

control of risks cannot be demonstrated and therefore applications for authorisation must 

follow the socio-economic route. 

HD UK has prepared this application for authorisation to continue its use of chromium 

trioxide for functional chrome plating in the manufacturing and maintenance, repair and 

overhaul (MRO) of aircraft components for civil & military sectors that meet the 

airworthiness certification requirements and hydraulic components for military vehicles. 

The chrome plated aircraft components include structural parts of landing gear systems 

as well as items such as hydraulic units (actuators, valves, accumulators) and flight 

controls. 

The use of chromium trioxide occurs at one site in Runcorn, England. Reliable estimates 

of the current workplace exposure levels at HD UK are provided in the Chemical Safety 

Reports (CSR) included with this authorisation application.  

The combined Analysis of Alternatives (AoA) and Socio-Economic Analysis (SEA) report 

will demonstrate that there is no technically and economically feasible alternative to 

chromium trioxide available for HD UK’s use by the time of the expiry of the Elementis 

authorisation (UK REACH authorisation number 37UKREACH/20/18/12) in September 

2024 or in the near future. The report will demonstrate that the socio-economic benefits 

associated with the continued use outweigh the remaining risks to human health. 

 Applicant 

Héroux-Devtek Inc. is an international company specializing in the design, development, 

manufacture, repair and overhaul of aircraft landing gears, hydraulic and 

electromechanical flight control actuators, custom ball screws and fracture-critical 

components for both the commercial and defence sectors of the Aerospace market. The 

corporation was founded in 1942. Beginning as a machine shop for aircraft components, 

Héroux added landing gear design to its product offering in the 60s and manufactured the 

legs of the Apollo lunar lander. In 2014 HD acquired APPH (the UK sites), an integrated 

provider of landing gear and hydraulic systems and assemblies for original equipment 

manufacturers and aftermarket applications. The highlights of the company’s history are 

summarised in Figure 1. 
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Figure 1. HD’s history 

Today the company is the third largest landing gear company worldwide, supplying both 

the commercial and defence sectors of the aerospace market with new landing gear 

systems and components, as well as aftermarket products and services. The corporation 

also manufactures hydraulic systems, fluid filtration systems and electronic enclosures. 

In addition to its ability to design and manufacture complete landing gear and actuation 

systems to specification, Héroux-Devtek has built a strong reputation for its ability to 

support and service landing gear and actuation systems for a wide range of defence and 

civil aircraft, including several out-of-production aircraft. Service offerings include 

complete maintenance, repair and overhaul, spares provisioning and supply, warranty 

administration and support, technical publications, as well as on-site technical support and 

training. The corporation’s emphasis on Research & Development, its systems integration 

accomplishments, and its engineering prowess are increasingly making Héroux-Devtek a 

preferred partner for the design, qualification and manufacture of complete landing gear 

systems. 

Headquartered in Québec, Canada, Héroux-Devtek now employs almost 2,000 dedicated 

people at its 18 sites located in Canada, the United States, the United Kingdom and Spain. 

In 2022 the corporation recorded a sales revenue of 332 M GBP. 

The two UK sites are located in Runcorn, Cheshire and Nottingham, Nottinghamshire. HD 

UK is a “One Stop Shop” for design, development, test, manufacture, certify, in service 

support and MRO support – for all their products on fixed and rotary wing aircraft within 

the commercial and military marketplace. In addition, HD UK manufactures hydraulic 
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Figure 2. HD’s business 

 Supply chain 

The aviation industry is very complex and includes thousands of specialised companies 

producing millions of parts and components which are used in aircrafts. The industry relies 

on numerous different supply chains that provide the raw materials and components for 

the manufacture and servicing of aircrafts. Generally, aviation supply chains involve 

several tiers. The tier-based aerospace supply chains can be simplified as follows: The 

original equipment manufacturers (OEMs) that produce aircraft for airline operators and 

MoDs source structures and systems from tier 1 suppliers, who source components from 

tier 2 suppliers, who source parts from tier 3 suppliers, who source raw materials from tier 

4 suppliers. In addition to manufacturing aircraft, OEMs are engaged in the provision of 
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maintenance, repair and overhaul (MRO) services to airline operators, who usually 

outsource these functions.2 

In the aviation industry, the major OEM companies are aerospace/military contractors 

such as Airbus, Boeing, BAE Systems and Saab. These companies make aircraft, aircraft 

components, missiles and space vehicles. These OEMs supply aircraft to end-users, MoDs 

and commercial airline companies.3  

As mentioned, the aviation tier-based supply chain comprises of four levels. Tier 1 

companies are typically manufacturers of major components or systems who receive parts 

or subassemblies from the tier 2 supply chain. The equipment that tier 1 manufactures 

are final systems that are supplied to the OEM. These companies who directly supply the 

aviation sector are the most important and viable in the chain. They manufacture a wide 

array of critical finished products such as engines, control systems, landing gear, braking 

systems, flight deck, avionics, aerostructures, electronic warfare systems and interior 

cabin products. Tier 1 companies are the drivers of the supply chain and are responsible 

for ensuring that the entire operation is being managed in an effective and efficient 

manner, following all required government guidelines. They serve as the pull through of 

the entire supply network. In its main role as a landing gear system manufacturer, HD is 

part of tier 1.3 

Tier 2 companies are responsible for the manufacture of parts or subsystem assemblies 

used by tier 1 companies. Aviation tier 2 plays a highly critical role in support of the 

industry. These companies are responsible for keeping the supply chain moving from tier 

3, through their operations and ultimately to the tier 1 manufacturers. Tier 2 companies 

provide critical components ranging from actuators, airfoils and tires to missile nose cones 

and airframe structures to transmissions and flight controls. These suppliers carry a 

significant responsibility at the middle of the supply funnel. They are vital for ensuring the 

rate of flow of materials and production. They are also the companies that are held most 

accountable to the specifications, standards and compliances of parts and components. 

HD manufacturers actuators and other components for its landing gear systems and are 

thus part of tier 2 as well.3 

Tier 3 companies are mostly component manufacturers that ship their products directly to 

tier 2 companies for the manufacturing of critical parts and subsystems. Tier 3 companies 

can be big players in the supply chain and may also be providing critical parts that must 

be certified. Some examples of products tier 3 component manufacturers’ supply include 

hydraulic fittings and hose, instrumentation fittings and tubing, high strength fasteners 

and pins. Some tier 3 companies can be smaller machine shops that produce thousands 

of parts which ultimately serve a critical purpose. There are also many tier 3 suppliers that 

produce mission-critical components and software that are more than just nuts and bolts.3 

Tier 4 companies are raw materials suppliers such as chromium trioxide importers and 

suppliers. The raw material supply can also be very critical. For example, if HD can’t source 

chromium trioxide, they can’t ultimately manufacture landing gears and are not able to 

offer MRO services to their customers’ fleet which would consequently be grounded. 

2 https://www.itfglobal.org/sites/default/files/resources-files/scalop aeronautical supply chains english.pdf

3 https://blog.brennaninc.com/what-are-the-three-tiers-in-the-aerospace-supply-chain
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 Temporal scope 

Heroux Devtek’s current use is covered by the CTACSub authorisation decision for “Use 2” 

(Functional chrome plating) granted under EU REACH and grandfathered into UK REACH 

(UK Authorisation number 37UKREACH/20/18/12)4. The authorisation is valid until the end 

of the review period (September 21st, 2024). Heroux Devtek will need to continue its use 

after this date and needs to apply for its own authorisation as the upstream authorisation 

holder has decided not to submit a review report for UK REACH. As the application will not 

be covered by “transitional arrangements”, Heroux Devtek will need to have their 

authorisation decision before the expiry of the CTACSub review period to avoid a gap in 

authorisation coverage. 

The impact calculations assume a 12-year review period starting from 2024 and ending in 

2035. The assumption is solely for the calculations prepared in the socio-economic 

assessment and HD is requesting 12 years starting from September 22nd, 2024. 

More information about the length of the review period can be found in Chapter 4.7. 

4 The authorisation decision is available on the UK HSE website at https://www.hse.gov.uk/reach/applications-

for-authorisation.htm  (Grandfathered applications tab of the Excel spreadsheet) 
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3. ANALYSIS OF ALTERNATIVES

 SVHC use applied for 

Functional chrome plating, also known as hard chrome plating, has been used for more 

than 80 years in metal finishing to improve the functional surface properties of the plated 

components. The use of chromium trioxide in functional chrome plating is well established 

in numerous industries since the resulting coating confers many beneficial properties which 

makes it the best solution in a variety of end-uses involving demanding use conditions. 

This is also the case for aviation industry, where normal operating conditions include 

exposure to both extremely low (sub-zero temperatures at cruise altitude) and high 

temperatures (ground temperatures exceeding 60 °C), humidity, pressure, altitude, flight 

loads and the possibility of being struck by lightning. 

Over many years, functional chrome plating has become the industry standard within 

aerospace industry and the use is widespread. The chrome coating is applied to both aero 

structures, landing gears, engine mounts as well as air frames. The resulting chrome 

coating is extremely hard as well as highly wear and corrosion resistant. The coating 

has a low coefficient of friction, and in many cases, it is applied to lower the friction of 

components with metal-to-metal contact between moving parts. A lower friction means 

that less heat and wear is generated between the contacting surfaces. The microcracked 

structure of the chrome coating also enables lubricant retention. Thanks to this unique 

combination of properties, the chrome coating provides increased durability, operational 

reliability and service life for the plated components. 

HD is the third largest designer and manufacturer of landing gear systems in the world. 

At HD UK, the chrome coating is applied to aircraft components during production as well 

as repair of worn or damaged components removed from aircraft during overhaul and 

production of spare parts. The chrome plated components include structural parts of 

landing gear systems as well as items such as hydraulic units (actuators, valves, 

accumulators) and flight controls. The aircraft components are supplied to all types of 

aircraft including military helicopters, advanced fighter jets, civil airliners and business 

jets. In addition, HD UK chrome plates hydraulic components for military vehicles. The 

chrome plated components must perform under sever loading conditions and in many 

different environments and have therefore very stringent requirements for performance. 

In the following section, the functional chrome plating process as it is carried out at HD 

UK is described. 





#B



(#B for all redactions in the table)

#B

#B



ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 

Use number: 1  APPH Limited 
24 

In addition, monthly quality assurance testing is performed as listed below: 

• Solution analysis

• Hardness

• Adhesion (Bend & chisel tests)

• Porosity (program specific)

• Embrittlement (program specific)

All processing areas are subject to NADCAP (National Aerospace and Defense 

Contractors Accreditation Program) requirements. HD UK is certified according to 

the international quality management standard ISO 9001 and aerospace industry 

specific quality system standards (BSI registration BSEN-ISO9001, AS9100 & 

AS9110). All items are released in line with relevant requirements of the customer, 

EASA (PART 145 / PART 21G) or CAA.  

For a more detailed description of the plating process at HD UK, please refer to the CSR 

submitted with this application. A description of the operating conditions and risk 

management measures in place at the applicant’s site is also provided in the document. 

 Description of the functions(s) of CrO3 and performance 

requirements of the aircraft components 

As explained in the previous chapter, chromium trioxide is the source of hexavalent 

chromium CrVI, which will form the metallic chrome Cr0 layer on plated parts through 

electrodeposition. HD UK uses chromium trioxide to hard chrome plate aircraft components 

and hydraulic components for military vehicles during manufacturing operations and MRO 

activities. The aircraft components include structural parts of landing gear systems as well 

as items such as hydraulic units (actuators, valves, accumulators) and flight controls 

(please see Chapter 3.1.3.1 for more information). The customer specifications mandate 

which chrome plating specification should be used in production, and these are typically 

AMS2460, DEF STAN 03-14, QQ-C-320 and AMS 03-14 which cover the requirements for 

electrodeposited chromium plating. Coating hardness, adhesion & thickness are all 

controlled criteria in the specifications. 

Landing gear components must endure severe loading conditions (e.g. impact force during 

landing and support weight of aircraft on the ground) and exposure to harsh environmental 

conditions. The function of the chrome coating is to protect the components from 

premature wear and corrosion, thus ensuring successful operation and safety of landing 

gear systems under very harsh and demanding environmental conditions over an 

increased lifespan. The key performance functionalities of the chrome coating and the 

related technical requirements are described in Chapter 3.1.2.2. 

Importantly, the features of the CrVI based functional plating process itself are also critical 

for the applicability of the coating process to the components covered by this application. 

These process related functionalities are described in the following chapter. 

In addition, the airworthiness regulations (e.g. EU Regulation No 2018/1139, retained in 

UK domestic law) require that all components, equipment, materials and processes 

incorporated in an aircraft must be qualified, certified and industrialised before production 

can start. Similar processes are followed in the military sector. An overview of the 

airworthiness requirements is provided in Chapter 3.1.2.3. 



#B



#B



#B #B



ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 

Use number: 1  APPH Limited 
28 

Hardness 

The hardness of a material measures how well it can resist deformation when a 

force is applied. The chrome coating is harder than most other metallic coatings 

which makes it resistant towards wear and abrasion. Abrasive wear occurs when 

two surfaces rub against each other and the harder surface grinds away and causes 

wear on the softer surface. However, it should be noted that hardness and wear 

resistance are not interchangeable properties and a material much harder than 

chrome could in fact be much less resistant to wear as this performance is 

dependent on the ductility of the coating and the tribological properties (e.g. 

friction) of the mating surfaces. 

The coating hardness is a controlled parameter on the drawing. The requirement 

for the hardness is based on experience and typically the surface hardness should 

be 60-65 RC6. 

Corrosion resistance 

Corrosion resistance is defined as the ability of a material to resist damage from 

oxidation caused by chemical reactions with its surrounding environment. The 

chrome coating resulting from functional chrome plating is highly resistant towards 

atmospheric corrosion caused by moisture and oxygen. 

Corrosion resistance is assessed in salt fog test according to RTCA/DO-160 

(Environmental Conditions and Test Procedure for Airborne Equipment). The 

sample is placed in a chamber where it is exposed to an artificial atmosphere 

consisting of saltwater fog. The formation of corrosion products on the sample 

surface is evaluated after a specified period. 

The salt fog test does not predict corrosion behaviour of a coating under the actual 

conditions of use and the ability to maintain a level of corrosion resistance over a 

longer time period in operation. As an inexpensive, fast, standardised and 

repeatable test it is mainly used for comparative testing of corrosion resistance 

properties between different coating materials and to ensure that the chrome 

coating resulting from the electroplating process conforms to its expected corrosion 

resistance. As an accelerated test it is extremely useful for screening out coatings 

with clearly deficient corrosion resistance properties. 

Coefficient of friction 

The chrome coating has a low coefficient of friction, which means that there is less 

force resisting the relative motion of one surface over another. This property is 

important for components subject to sliding contact with mating surfaces in relative 

motion as it reduces wear and allows components to operate at a lower 

temperature (lower temperature build-up due to friction) and with increased 

efficiency (higher sliding properties). 

Chrome plated parts are often used in dynamic joints and the friction is assessed 

as part of the overall unit/system. The aim is to minimise any friction losses. This 

6 Rockwell hardness scale
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alternative to existing aircrafts is challenging. The new component design may not be 

compatible with the dimensions and materials of counterparts present in the same 

component assembly (e.g. sealing technology), triggering the need for design changes of 

further components. Especially for legacy aircrafts, functional chrome plating may be 

needed to ensure the availability of compatible spare parts, considering the lengthy, 

challenging and very expensive re-design, re-qualification and re-certification processes.  

In addition, a single component can be installed into several different aircraft units / 

systems, each with its own design requirements. Successful substitution of functional 

chrome plating with a qualified alternative for one component in a specific subsystem or 

system does not imply that it is suitable for use in another (sub)system.  

Although the airworthiness requirements (and related Certification Specifications) do not 

specify the substances or materials to be used in production and maintenance of aircrafts, 

they set the performance requirements which must be fulfilled, and thereby drive the 

choice of substances / materials. A description of the qualification, certification and 

industrialisation processes in the aviation industry is provided next based on the report 

from ECHA-EASA. Similar processes are followed in the defence industry. 

Qualification 

Qualification is the process under which a company determines that a material, process, 

component or equipment meets or exceeds specific performance requirements defined in 

technical standards or specifications issued by government-accredited bodies, industry or 

military organisations, or upon company-developed proprietary specifications. These 

specifications include explicit performance requirements, testing methods, acceptance 

testing and other characteristics that are based upon R&D results and prior product 

experience. The “Qualified  roducts List” (Q L) or “Materials Control” section identifies 

products that have met the performance requirements. 

Once potential alternatives have been developed by formulators / technology providers, 

the OEM performs screening tests (laboratory testing) on the alternatives. The testing 

performed under a limited set of conditions in a controlled laboratory environment cannot 

fully simulate the performance in the actual use environment where there are many more 

variables. Confidence in an alternative’s performance is critical, as some aviation hardware 

is in locations that cannot be readily inspected, sometimes for the life of the aircraft. 

Extreme caution must be exercised, and risks understood before replacing a material which 

has proven field experience. 

If the alternative fails the screening tests, further reformulation or technology 

development by the alternative provider is needed before resuming screening tests with 

typically multiple iterations. For those materials that pass screening, production scale-up, 

development of process control documents, manufacturing site qualifications, and 

extensive qualification testing is required to demonstrate equivalent or better performance 

to that which is being replaced. 
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Figure 8. Qualification process7

As explained in the report from ECHA-EASA, “this process is an extensive internal approval 

process with many different steps from basic technology research up to technology 

demonstration in a lab environment. Depending upon the difficulty of the technical 

requirements, these initial steps can easily take 3-5 years. After initial laboratory testing, 

each specific application must be reviewed, which means additional testing for specific 

applications / parts. Airworthiness Certification begins at this same time, this certification 

can take from 6 months to years. Additional time is needed for production scale-up and 

development of a supply chain.”7 

The development and qualification processes at OEMs in the aviation sector follow the 

Technology Readiness Levels (TRL), originally developed by National Aeronautics and 

Space Administration (NASA) as a tool to measure the technical maturity of a technology 

(see below table), with company specific adaptations. TRLs are based on a scale from 1 to 

9, where 9 is the most mature technology. Before the qualification of an alternative can 

start, extensive research (TRL 1-3) and development (TRL 4-6) work must have already 

been successfully completed and the alternative technology’s readiness demonstrated at 

TRL 6. 
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Certification 

“Certification is the process under which it is determined that an aircraft, engine, propeller 

or any other aircraft part or equipment comply with the safety, performance environmental 

(noise & emissions) and any other requirements contained in the applicable airworthiness 

regulations, like flammability, corrosion resistance etc.”7 

The primary certification of the aircraft (or engine and propeller) is granted to the 

manufacturer by the Competent Aviation Authority of the “State of Design” which is 

typically the authority of the state where the manufacturer of the aircraft (or engine or 

propeller) is officially located, e.g. Civil Aviation Authority (CAA) in the UK and EASA in 

the EU in case of aircraft for the civilian sector. Aircrafts exported to other countries must 

also be certified (validated) by the respective authority of the “State of Registry”. 

A detailed description of the certification process is provided in the ECHA-EASA report7: 

“Manufacturers work with the certification authorities to develop a comprehensive plan to 

demonstrate that the aircraft meets the airworthiness requirements. This activity begins 

during the initial design phase and addresses the aircraft structure and all systems in 

normal and specific failure conditions (e.g. tire failure, failure of structural components, 

hydraulics, electrical or engines). The tests needed to demonstrate compliance, range from 

thousands of coupon tests of materials, parts and components of the airplane, up to tests 

that include the complete aircraft or represents the complete aircraft (system). The 

performance and durability of the various materials have to be confirmed while the 

behaviour of the parts, components and the complete airplane will have to be tested in 

the applicable environmental and flight conditions including various potential damage or 

failure conditions. For a new Type Certificate this overall compliance demonstration covers 

several thousands of individual test plans of which some will require several years to 

complete. Often, after the initial issuance of the Type Certificate, the tests that have the 

objective to demonstrate durability of the aircraft during its service life, will continue. 

All the different aspects covered by the Type Certificate together define the “approved 

type design” which includes, among other aspects, all the materials and processes used 

during manufacturing and maintenance activities. Each individual aircraft has to be 

produced and maintained in conformity with this approved type design. 

Changes to the approved type design may be driven by product improvements, improved 

manufacturing processes, new regulations (including those such as new authorisation 

requirements under REACH), customer options or the need to perform certain repairs. 

When new materials or design changes are introduced, the original compliance 

demonstration will have to be reviewed for applicability and validity, in addition to a review 

of potential new aspects of the new material or design change that could affect the 

airworthiness of the aircraft. Depending on the change, this review could be restricted to 

coupon or component tests, but for other changes this could involve rather extensive 

testing. E.g. changes in protective coatings could affect not only the corrosion resistance 

but could also affect the friction characteristics of moving components in actuators in the 

different environmental conditions, changing the dynamic behaviour of the system, which 

in the end affects the dynamic response of the airplane. 
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Before the new material or design change can be introduced on the aircraft, all test and 

compliance demonstrations have to be successfully completed and approved by the 

Competent Authority. This approval results in the issuance of a Supplemental Type 

Certificate (STC), change approval or repair approval. 

It is important to note that, according to the EU Regulation No 216/20089, EASA is the 

design competent authority for civil aircraft only. Any other aircraft (e.g. military, fire-

fighting, state and police aircraft) will have to follow similar rules of the corresponding 

State of Registry. 

To be able to maintain and operate an aircraft the responsible organisations must be 

approved by the competent authority and compliance is verified on a regular basis. 

Maintenance of an aircraft requires that the organization complies with specific procedures 

and materials described in the maintenance manuals which are issued by and the 

responsibility of the OEMs.” 

As indicated in the ECHA-EASA document, the duration of the certification process is from 

6 months up to several years. 

Industrialisation 

The industrialisation of an alternative is described in the ECHA-EASA report: 

“ ndustrialisation is an extensive step-by-step methodology followed in order to implement 

a qualified material or process throughout the manufacturing, supply chain and 

maintenance operations, leading to the final certification of the aerospace product. This 

includes re-negotiation with suppliers, investment in process implementation and final 

audit in order to qualify the processor to the qualified process. 

Taking into account that an aircraft is assembled from several million parts provided by 

several thousand suppliers, this provides an indication of the complexity for the 

industrialisation stage of replacement materials/processes, and the supply chain which 

provides these parts. 

Special challenges are: 

• Low volumes limit influence on changes to suppliers’ materials / processes

• Procurement & insertion of new equipment

• Scale-up & certification of new process

• Incompatibility of coatings could be a risk.

• Re-negotiation of long term agreements with suppliers.

The operating environment, longevity of the aircraft, supply chain complexity, 

performance and above all airworthiness requirements are some of the considerations 

which can constrain the ability of the industry to make changes and adopt substitutes in 

the short, medium or long term.” 

9 Repealed by EU Regulation No 2018/1139
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Figure 10. Examples of chrome plated components 
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Figure 12. Landing gear market growth by component structure 

The market for large commercial aircraft landing gear systems had been concentrated 

around Collins (Goodrich) and Safran Landing Systems (Messier Bugatti Dowty), but 

recently Heroux Devtek and Liebherr have increased their shares. However, the market is 

still dominated by Safran and Collins, which together accounted for 50% of the market in 

2020. Heroux Devtek has grown both organically and by acquisition. The breakthrough for 

Heroux Devtek was winning the Boeing 777 from the incumbent supplier Goodrich in 

December 2013. This was followed by its acquisition of APPH in the UK which brought with 

it European defence and helicopter programmes, and CESA in 2017. Liebherr has grown 

organically from its position as a component supplier and supplier of smaller aircraft gear 

with a number of breakthrough contracts, particularly the A220, but it has also now 

established itself as a significant supplier to Boeing. Nevertheless, the market still remains 

a concentrated market as can be seen from Figure 13.12 
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Chemical Vapour Deposition (CVD) coating Hardide-A specifically for the aerospace 

industry. The process is suitable for coating internal surfaces and complex geometries. 

Nanovate CoP is another alternative developed by Integran Technologies and suggested 

as a “drop-in” replacement for functional chrome plating. The alternative is an 

electroplating process involving the deposition of a nanocrystalline cobalt-phosphorus 

(nCoP) coating. The alternative has been demonstrated and validated by the US DoD.16 

 Consultations with customers and suppliers of alternatives 

Extensive consultations have already been undertaken with both alternative providers and 

technical experts in surface treatment in the search for suitable alternatives for functional 

chrome plating within the aerospace industry. As explained above, the HVOF coating was 

originally sourced from an external supply chain when introduced at HD. Since then, HVOF 

coating lines have been installed at some facilities within the HD Group (outside UK). In 

preparation of this authorisation application, the websites of alternative providers were 

also consulted for a review of the latest information on alternatives. 

The OEM customers are not actively involved in the identification (including R&D activities) 

or implementation of chrome plating alternatives in respect of HD’s components. The OEM 

customers demand REACH compliant equipment and proposals from HD UK on how to 

achieve this. The customers are mainly only involved in the approval of the alternative 

proposed by HD UK and to interface with the relevant authorities to ensure that the 

airworthiness of the product is maintained. See Chapter 4.1.3 for further information. 

 Data searches 

Extensive data searches on alternative coating technologies and surface treatment 

processes used for improving the wear and corrosion resistance properties of steel and 

other metal products have been made for the identification of possible functional chrome 

plating replacements in the aerospace industry. HD has closely followed the development 

of alternatives and results from R&D including sector specific publications. 

For the preparation of this authorisation application, publicly available information on 

possible alternatives for functional chrome plating has been carefully reviewed including 

scientific papers, public versions of authorisation applications for similar uses and 

information available on alternative provider websites. Based on the results from R&D 

projects, consultations and data searches, the complete list of alternatives identified as 

possible replacements was compiled and a preliminary assessment of their technical 

feasibility was conducted for the categorisation of the alternatives as presented in Table 

10. 

 Identification of alternatives 

Based on the efforts described in Chapters 3.2.1 - 3.2.3, the complete list of alternatives 

identified by HD UK as possible hard chrome plating replacements for aircraft components 

is presented in Table 10. The alternatives represent different coating technologies and 

surface treatment processes used for improving the wear and corrosion resistance 

16 ESTCP (WP-200936), 2017
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A brief discussion of the potential alternatives and their technical feasibility is provided 

below based on results from data searches. 

Alternative 2: Nanocrystalline cobalt-phosphorus (nCoP) electroplating 

Electroplated nanocrystalline cobalt-phosphorus (nCoP) coating (commercial name 

Nanovate CoP) has been developed by the alternative provider Integran Technologies as 

a functional chrome plating replacement to provide corrosion resistance, wear resistance 

or to rebuild and restore the dimensions of damaged substrates. As the coating is 

deposited from an aqueous plating solution, it is suitable for coating of both external 

surfaces and internal/non-exposed surfaces. Based on conclusions from US DoD’s 

Strategic Environmental Research and Development Program (SERDP) and Environmental 

Security Technology Certification Program (ESTCP) projects, the nCoP coating exhibits 

properties equal to or in some cases even superior to that of electroplated chrome. A 

summary of the coating properties in comparison to functional chrome plating is provided 

below:16, 18 

• Wear resistance: Improved performance in pin-on-disc sliding wear testing due

to lower coefficient of friction (against Al2O3 ball), reduced performance in Taber

abrasive wear testing, equivalent performance in rod-seal testing

• Hardness: The hardness of the nCoP coating as deposited is 550-600 HV. The

hardness can be increased to 700-750 HV by a heat treatment (annealing), but is

still lower compared to hard chrome (coating hardness typically 800-1200 HV)

• Surface finish: Coating microstructure is fully dense and free of pore and cracks

• Adhesion: similar performance in adhesion testing

• Layer thickness: Uniform nCo  coatings with thicknesses between 0.0002” (5

µm) and 0.040” (1000 µm) can be deposited

In addition, nCoP offers the following process related advantages:16, 18 

• The overall plating efficiency is much higher (ca. 90 %) compared to functional

chrome plating (< 35 %) leading to energy savings

• The deposition rate of nCo  is 5 times faster (up to 0.008” per hour [200 µm/h])

compared to functional chrome plating (up to 0.0016” per hour [40 µm/h]) leading

to higher process throughput

• Electrolyte is stable and can be controlled with periodic maintenance and

adjustments to plating bath chemistry. However, the plating bath is susceptible to

contaminants otherwise benign in functional chrome plating

• The process is compatible with existing plating infrastructure (pre- and post-

treatments). Current grinding procedures for chrome are applicable to nCoP

coatings

18 Prado R.A. et al., 2009
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• Lead anodes (used in functional chrome plating) replaced with safe anodic material

• The production labour, material and supplies costs are higher for nCoP, but the

lower utilities and environmental costs suggest that the total cost per unit area for

nCoP is about a third to that of hard chrome

The process is covered by the Aerospace Materials Specification AMS2428 issued by SAE 

(Society of Automotive Engineers) International and the U.S. DoD Mil-Spec MIL-DTL-

32502. The main disadvantages are the inferior abrasion resistance and the lower coating 

hardness. Based on above information, HD UK considers Alternative 2 as a potential 

replacement for hard chrome. However, the data currently available for this coating in 

public literature is very limited. Consequently, a test campaign would be required to 

determine whether this alternative coating is a suitable alternative to functional chrome 

plating on HD UK’s designs. 

Alternative 3: Physical Vapour Deposition (PVD) 

PVD coatings have attracted the interest of aerospace industry as potential functional 

chrome plating replacements. One example is BALINIT C from alternative provider 

Oerlikon Balzers. The alternative is a tungsten carbide/carbon (WC/C) coating deposited 

using PVD sputter technology. A summary of the coating properties based on information 

from the alternative provider is provided below:19 

• Wear resistance: The coating provides resistance against fretting, sliding and

general surface wear. The wear volume is low due to the low layer thickness

• Hardness: The coating has a high hardness (10-15 GPa)

• Corrosion resistance: The coating offers corrosion resistance but this is

insufficient due to the low layer thickness

• Coefficient of friction: The coating has a low coefficient of friction which helps to

reduce sliding wear

• Adhesion: The coating forms a strong metallic bond with the component surface

offering stronger adhesion to metal substrates than hard chrome

• Layer thickness: The coating thickness is between 1-5 µm and is therefore only

applicable to limited use areas

The coating is very thin and has a limited load-bearing capacity. The corrosion resistance 

is also insufficient due to the thin coating. As Alternative 2 fails to fulfil many of the key 

requirements it is not considered to become suitable as a general replacement in HD UK’s 

use. The process is limited to treating components with maximum dimensions of 250 x 

1000 mm (D x L). These coatings could be potentially used to avoid galling when two 

similar metallic materials are in contact. 

19 Aerospace Manufacturing and Design, 2019
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 Economic impacts on competitors 

CrVI based chrome plating of the components for the finished landing gear system is 

required by the end-use industry due to the stringent regulations for airworthiness. In the 

non-use scenario the applicant cannot use CrVI in the GB. This gives an advantage to 

those landing gear manufacturers who can use CrVI. 

The impact is already accounted for in the producer surplus loss in Chapter 4.4.1. 

 Wider socio-economic impacts 

Quantified social impacts 

The applicant employs 320 people in the GB. In the non-use scenario, all these jobs will 

be lost. Job types and gross salaries including taxes and social security payments of these 

jobs are outlined in Table 36.  

In the following calculation, the scope is the GB. A guidance provided by ECHA41 notes 

that tax rate of the country, average salary and default value for job lost should be taken 

into account when calculating the social impacts. 

The total costs of social impacts are calculated with formula provided by ECHA: 

𝑆𝑜𝑐𝑖𝑎𝑙 𝑖𝑚𝑝𝑎𝑐𝑡 = 𝑗𝑜𝑏𝑠 𝑙𝑜𝑠𝑡 × 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑔𝑟𝑜𝑠𝑠 𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑙𝑎𝑟𝑦 × (1 − 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑟 𝑡𝑎𝑥 𝑟𝑎𝑡𝑒)

× 𝑑𝑒𝑓𝑎𝑢𝑙𝑡 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑜𝑛𝑒 𝑗𝑜𝑏 𝑙𝑜𝑠𝑡 

The societal impacts for the applicant are summarised in Table 36. 

41 ECHA, 2016: https://echa.europa.eu/documents/10162/13555/unemployment report en.pdf/e0e5b4c2-

66e9-4bb8-b125-29a460720554  
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