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REACH LEGISLATURE 2007
GREEN INITIATIVE 

Sunset Date: September 2024
Improve & Protect Human Health and the Environment!



Landing Gear OEMs have been searching for an improved process that  reduces all-in manufacturing  
costs in full compliance with environmental regulations under the REACH initiative of 2007. 

What is the Current Approved Alternative to Chrome Plating?

HVOF (High Velocity Oxygen Fueled) WC 10Co4Cr coatings are currently approved for use on 
landing gear components as a replacement to chrome plating.

Why not just convert all chrome plating with HVOF coating?

HVOF coatings have a much higher associated cost compared to traditional chrome plating.

REACH Mandate - Landing Gear Market – Elimination of Chrome Plating



Presently, Legacy series aircrafts are permitted to use chrome plating on landing gears for both 
OEM and MRO services. 

Recently, we are starting to see a shift where chrome plating on some of the Legacy aircraft 
landing gear components is being replaced. 

Legacy landing gear components manufactured in the EU will be required to eliminate chrome 
plating by September 2024 if not they will have to transfer component manufacturing to non-
European countries.    

REACH Current Situation - Landing Gear Manufacturers



As of September 2024, every aircraft serviced within the European Union will no longer be 
permitted to utilize chrome plating for repair/overhaul services.

What are their Options?  

Ø MRO’s can choose to install and use an approved alternative coating technology.

Ø MRO’s can choose to send the landing gear parts outside the EU for chrome plating services.  

REACH Impact on European MRO Business



In 2017 initial discussions were held with several major landing gear manufacturers to introduce 
HYBRID-HVAF as a possible alternative to chrome plating and HVOF coating. 

During these discussions, numerous existing HYBRID-HVAF testing results along with cost 
comparisons versus chrome plating and HVOF coating were evaluated.   

REACH - Alternative Technologies - Landing Gear OEM Discussions



HYBRID HVAF produces excellent coatings using a multitude of carbide-based powder grain sizes 
from -45+15um down to -10+2um using primary carbides as fine as 0.5 microns.

HYBRID HVAF effectively spray powders at a rate of 33kgs/hr. versus 2.5kg/hr. for traditional 
hydrogen fueled or 5kg/hr. for liquid fuel HVOF equipment.

HYBRID HVAF can successfully coat internal diameters of 4” (101mm) x 60” (1524mm) deep.  

Alternative Technologies – HYBRID HVAF



2018, Collins Aerospace (landing gear division) determined that HYBRID HVAF coating
technology merited further investigation and testing.

Main Objectives:

Ø Evaluate HYBRID HVAF to ascertain whether coatings would meet or exceed their
current Thermal Spray Coating requirements.

Ø Determine if HYBRID HVAF could effectively apply carbide coatings on internal
diameter surfaces as small as 4-inches (101mm).

HYBRID HVAF - Testing - Landing Gear OEMs



2022, Heroux-Devtek agrees to start HYBRID HVAF testing to determine viability for the 
eventual replacement of HVOF and chrome plating on OD and ID surfaces for their 
commercial and military business units.

HYBRID HVAF - Testing - Landing Gear OEMs



In 2018 our first objective was to determine if there were coating 
differences when spraying a WC 10Co4Cr powder with HYBRID HVAF 
versus Standard HVAF equipment.

Ø Collins Aerospace integrity bars were coated using HYBRID HVAF and 
Standard HVAF coating technologies which were then sent back to 
Collins Aerospace for preliminary fatigue testing.  

Ø Preliminary fatigue testing resulted in a Pass for HYBRID HVAF and a 
Fail for Standard HVAF coating.

Initial Testing - Hybrid HVAF versus Standard HVAF Integrity Bar 8”x 13/8”D
300M

Fatigue Bar 6”x .375”D
300M, 15-5PH & Titanium



Landing Gear 
OEM 
Specification 
Requirements

H-HVAF      
10 kg/hr. 
Spray 
Rate

H-HVAF      
15 kg/hr. 
Spray 
Rate

H-HVAF      
20 kg/hr. 
Spray 
Rate

H-HVAF      
25 kg/hr. 
Spray 
Rate

H-HVAF      
28 kg/hr. 
Spray 
Rate

Microcracks Nil ✓ ✓ ✓ ✓ ✓

Inclusions < 1% ✓ ✓ ✓ ✓ ✓

Porosity < 1% ✓ ✓ ✓ ✓ ✓

Interface < 10% ✓ ✓ ✓ ✓ ✓

Bond 10,000psi ✓ ✓ ✓ ✓ ✓

Bend Mandrel-
Visual

✓ ✓ ✓ ✓ ✓

Hardness 
> 950 HV

1417 1352 1277 1244 1225

Almen .003-.015” .0117” .0119” .0111” .0093” .0081”

HYBRID HVAF Outer Diameter - Testing Results
WC 10Co4Cr -30+5um 0.8um Primary WC
(Hard Chrome Alternative Standard Thickness)

Ultra fast deposition rates.  Increased spray booth productivity!



Landing Gear 
OEM 
Specification 
Requirements

H-HVAF      
5 kg/hr. 
Spray 
Rate

H-HVAF      
10 kg/hr. 
Spray 
Rate

H-HVAF      
15 kg/hr. 
Spray 
Rate

H-HVAF      
20 kg/hr. 
Spray 
Rate

H-HVAF      
25 kg/hr. 
Spray 
Rate

Microcracks Nil ✓ ✓ ✓ ✓ ✓

Inclusions < 1% ✓ ✓ ✓ ✓ ✓

Porosity < 1% ✓ ✓ ✓ ✓ ✓

Interface < 10% ✓ ✓ ✓ ✓ ✓

Bond 10,000psi ✓ ✓ ✓ ✓ ✓

Bend Mandrel-
Visual

✓ ✓ ✓ ✓ ✓

Hardness 
> 950 HV

1532 1523 1384 1366 1317

Almen .003-.015” .012” .0126” .0069” .0077” .008”

HYBRID HVAF Outer Diameter - Testing Results
WC 10Co4Cr -15+5um 0.8um Primary WC
(Thin Dense Chrome Alternative)



Landing Gear 
OEM 
Specification 
Requirements

H-HVAF 
Spray 
Rate
5 kg/hr.     
8” ID

H-HVAF  
Spray 
Rate 
5 kg/hr.     
4” ID

Microcracks Nil ✓ ✓

Inclusions < 1% ✓ ✓

Porosity < 1% ✓ ✓

Interface < 10% ✓ ✓

Bond 10,000psi ✓ ✓

Bend Mandrel-
Visual

✓ ✓

Hardness > 950 HV 1017 1048

HYBRID HVAF Inner Diameter Requirements
WC 10Co4Cr -10+2um 0.5um Primary WC (4” ID) 
WC 10Co4Cr -15+5um 0.8um Primary WC (8” ID)

4” (101mm) -10+2um ID 

8” (203 mm) -15+5um ID

Non-Line-of-Sight protective coatings are now 
Achievable for IDs as small as 4” (101mm)!



HYBRID HVAF – HVOF - Chrome Costing Comparison 
Outer Diameter Surfaces

Direct Cost – No Setup, Overhead, Amortization

0
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1000

1500

2000

2500

3000

HVOF DJ H-HVAF Hard
Chrome

Spray Time Min. 220 16 480
Spray Cost $2,532 $1,143 $1,072
Thickness/Pass/Inches 0.00024 0.0018

Cost based on a 15,000 
Amp Rectifier

Wide Body Piston – WC 10Co4Cr (-30+5um @ 25kg/hr)



HYBRID HVAF – HVOF - Chrome Costing Comparison 
Outer Diameter Surfaces

Direct Cost – No Setup, Overhead, Amortization
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HVOF-DJ H-HVAF Hard
Chrome

Spray Time Min. 138 11 480
Spray Cost $1,619 $756 $1,072
Thickness/Pass/Inches 0.00028 0.0018

Cost based on a 
15,000 Amp 

Rectifier

Wide Body Axle 8-Journal – WC 10Co4Cr (-30+5um @ 25kg/hr.



Flash-Carbide is a very hard, dense coating applied onto
various metallic substrates to improve surface resistance
to Severe wear and corrosion.

Typical Flash-Carbide coating thicknesses range between
30-50 micron, which when deposited provide an as-
sprayed surface roughness range of Ra 50-55 when
using a -15+5um WC 10Co4Cr powder.

Flash-Carbide coated surfaces “DO NOT” require
dimensional grinding. Final surface roughness is achieved
with simple belt polishing,

HYBRID HVAF Flash-Carbide Coating
Thin Dense & Hard Chrome Alternative

Stop Grinding your Money away!



HYBRID HVAF – HVOF - Chrome Costing Comparison 
Outer Diameter Surfaces

Direct Cost – No Setup, Overhead, Amortization

Cost based on a 15,000 
Amp Rectifier
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2100

HVOF DJ H-HVAF H-HVAF
Flash

Carbide

Hard
Chrome

Spray Time Minutes 220 16 12 480
Passes = .008" 53 5
Passes = FC .002" 8
Coating Cost $2,532 $1,143 $282 $1,072

Wide Body Piston - WC 10Co4Cr -15+5um @ 5Kg/Hr.

New process procedure! = Huge cost savings!



Landing gear manufacturers and airframers are 
investigating the viability of CrC-NiCr powder coatings on 
OEM components and re-dimensioning needs especially for 
MRO given its ability to apply thick coatings up to 0.050” 
(1.27mm).

Additional benefit to using a CrC-NiCr powder in lieu of a 
WC 10Co4Cr powder is weight savings.  Typical apparent 
density of CrC-NiCr powder is 2.3g/cc versus 4.6g/cc for 
WC-10Co4Cr powder, which equates to a 50% weight 
reduction.

HYBRID HVAF Continuing Development

Chrome Carbide Nickel Chrome vs Tungsten Carbide Cobalt Chrome 



High power torches for spraying carbides onto various sized components; spray rates – 5 kgs/hr. 
up to 33 kgs/hr. 

A compact Rotating ID torch to deposit carbides into IDs as small as 101mm (4”) x 914mm (36”) 
deep. 

A compact Static ID torch to deposit carbides into IDs as small as 101mm (4”) x 1524mm (60”) 
deep.

HYBRID HVAF Flexibility
One system – Multiple torch options



AERO-HVAF and our Landing Gear OEM partners would like to acknowledge and thank the two 
thermal coating facilities located in the Greater Montreal Area, Tekalia Aeronautik and Vac Aero 
International along with the following powder manufacturers, C&M Technologies, Höganäs, Golden 
Egret, and Durum, for their participation and support during this multi-year technology testing 
project.

Recognition & Appreciation



THANK YOU
 MERCI BEAUCOUP

Tack

Grazie

Gracias

Dziękuję 谢谢你

感謝 Obrigado Danke

Σας ευχαριστώ Kiitos.

www.aerohvaf.com


