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Outline

• Erosion shield features and challenges

• Typical thickness specifications for an erosion shield

• Computer Aided Analysis (CAA) of the electroforming process

• Computer Aided Engineering (CAE) for developing mitigation 
strategies 

• Take-me-home messages



3

Erosion shield features and challenges

• Typically used on wings, propellers, turbine compressor wheels and rotor blades

• Design is driven by aerodynamic performance, flight loads and aeroelastic stability

• Manufactured by forging / electroforming

• Gradual destruction by either mechanical (e.g. sand) action or electrical discharge

• Local min / max thickness requirements are driven by expected erosion impact / 
weight limitations

• Require frequent replacement during MRO sessions

Copyright 2009 by the American Helicopter Society International, Inc.
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• Poor control of the electroforming baths = coating defects (hardness, erosion resistance)

• Extended process time (up to 42h per process) = limited capacity

• Complex geometry = uneven metal thickness (poor thickness tolerance) 

• Non-uniform thickness = extended rework time (up to 20h per part)

• Number of trial-to-error tests = increased production time/costs

Drawbacks of the abrasion strips electroforming

Computer Aided Engineering (CAE)

• Tolerances towards layer thickness distribution

• Real-time feedback: capturing entire surface of a part, while maintaining high level accuracy,  
upfront location of defects, reduced data analysis

• Shorter process delivery: quick process set up, reduced # of trial-to-error approaches,  
reduced post-processing
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Definition of stations

KA B C D E F G H I J

Erosion shield thickness specifications



LE – leading edge

P – Pressure

S – Suction

MC – Mid Chord

TE – Trailing Edge

Erosion shield thickness specifications

Definition of chords

In general: differential specifications per station and chord !

LE: target = 500 µm
min = 400 µm
max = 600 µm

MC: target = 200 µm
min = 175 µm
max = 250 µm

TE: target = 125 µm
min = 100 µm
max = 175 µm
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Ti baskets with Ni pellets

mandrel

electrolyte volume

Step 1 - CAA of the electroforming process

Tank configuration

7

All main anodes activated
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on board current robber area

Pressure side

Suction side

tape

on board current robber area
tape

Step 1 - CAA of the electroforming process

Mandrel active part area
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Physico-chemical data 
gathering

Infrastructure
configuration (CAD)

Part/structure model
(CAD)

Process parameters
Imposed potential or 
current, plating times, 

temperature, etc.

Com
puter m

odelling

Simulated layer thickness 
distribution and current 

density
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Step 1 - CAA of the electroforming process
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∆t
[hours]

# 
parts

I main 
[A] j avg [ASM] ∆V [V] ∆m [g]

24 1 9 107 1.6 180

Step 1 - CAA of the electroforming process

Results for the part area
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∆t
[hours]

# 
parts

I main 
[A] j avg [ASM] ∆V [V] ∆m [g]

24 1 9 115 1.6 222

Results for the entire mandrel

Step 1 - CAA of the electroforming process
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Step 1 - CAA of the electroforming process

Results per chord

=> trailing edge (TE) largely above maximum specifications



Ti baskets with Ni pellets

mandrel

electrolyte volume

de-activated anodes

Step 1 - CAA of the electroforming process

Tank configuration active anodes

Half-set of main anodes activated
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∆t
[hours]

# 
parts

I main 
[A] j avg [ASM] ∆V [V] ∆m [g]

24 1 9 109 1.8 184

Results for the part area

Step 1 - CAA of the electroforming process
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∆t
[hours]

# 
parts

I main 
[A] j avg [ASM] ∆V [V] ∆m [g]

24 1 9 115 1.8 222

Step 1 - CAA of the electroforming process

Results for the entire mandrel
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Step 1 - CAA of the electroforming process

Results per chord

=> impact of main anodes is visible from the deposit profiles



Ti baskets with Ni pellets

mandrel

electrolyte volume

Step 2 - CAE of the electroforming process

Tank configuration
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on board current robber area

Pressure side

Suction side

tape

on board current robber area
tape

Step 2 - CAE of the electroforming process

Mandrel

Flat shields to reduce d [mm] at 
Trailing Edge (TE)

Straight wire (partially) activated
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∆t
[hours]

# 
parts

I main 
[A] j avg [ASM] ∆V [V] ∆m [g]

24 1 9 92 1.5 148

Results for the part area

Step 2 - CAE of the electroforming process



20

∆t
[hours]

# 
parts

I main 
[A] j avg [ASM] ∆V [V] ∆m [g]

24 1 9 100 1.5 215

Step 2 - CAE of the electroforming process
Results for the entire mandrel
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Step 2 - CAE of the electroforming process
Results per chord

=> trailing edge within thickness specifications
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1. Thickness values often not in line with OEM specifications 

⇒ excessive rework required

⇒ possible layer quality issues (hardness, erosion resistance)

2. Computer Aided Engineering can reduce this rework by an order of 
magnitude, through optimization of:

• process conditions (plating time, imposed current)

• on-board current robber system

• off-board tooling (shielding, current robbers, aux anodes)

• better arrangement of main anode baskets in the tank

Conclusions



Thank you !
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