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1. Company Overview

PN

-';g;} WALCH @5 _

WWW.Supersonicspray.com Practical Cold Spray Coatings © 2016, CenterLine (Windsor) Limited



I
—@@ﬂlﬁ@lrllme ®

* Private company established in 1953
» Located in Livermore, California
* Over 60 years in Aviation Business
u; @} « Staff of 70 employees including skilled technicians, machinists,
e ol support staff, and onsite Engineer/FAA-DMIR
e * Provides test, repair and overhaul service on Commercial,
: Military aircrafts, and Helicopters Class I, 11, Il components
* Provide 24/7 AOG Service
* Provides unique special DER repairs using the cold spray

process
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Cold Spray in the Aerospace Industry
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Repairing in the Aerospace Industry

v Aluminum and Magnesium Alloys materials of choice for non-structural and structural
components

v'The life span of an aircraft often surpasses the commercial availability of standard replacement
components

v'Obsolesce makes replacement components increasingly expensive or simply impossible to
obtain

v'Ability to economically and reliably restore damaged components becomes an important
necessity of aircraft maintenance

v'Traditional thermal spray processes produce excessive heat, porosity, distortion, oxide
inclusions

v'Traditional thermal Spray requires labor-intensive masking to protect areas from overspray.
Masking often represents a sizeable portion of the repair costs
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Cold Spray in the Aerospace Industry

* Thermal spray shops serving the aerospace industry have developed numerous cold
spray repair specifications to bring back to service hundreds of high value aircraft
components

* The ability to restore these components to the same quality standards as original
OEM using cold spray is saving the aerospace industry millions of dollars
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| Cold Spray in Aerospace
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3. Case study: Repair of Integrated Drive Generators
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Repair of Boeing747 Integrated Drive Generators
(IDG)

* In-flight power generation device that
converts engine variable input speed into
constant output speed to drive an AC
generator for supply of constant frequency
AC electrical power for aircraft

1 |
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| Typical Housings

» Tight tolerance Housings made of cast Magnesium and/or Aluminum which do not
tolerate thermal distortion
> After years of service, the housing becomes worn or damaged beyond normal repair

ﬂ\\

;WALCH APU Generator Endcap-Boeing 777 IDG End Housing-Boeing 747/757/767 (@5: >

\iv)

WWW.Supersonicspray.com Practical Cold Spray Coatings © 2016, CenterLine (Windsor) Limited



|
—centerline— )
| Component Failure

v'Pitting Corrosion
v'Failures are located at tight tolerance heat-sensitive areas such as stator bores,
exciter bores, pilots, mounting pads and mating faces...
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Repair Procedure Development
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Repair Procedure Development and Specification

PROCESS PARAMETERS

= Surface Preparation (Minimum)

» Gas Pressure (lowest possible)

» Gas Temperature (Lowest Possible)
= Gas Type: Shop Compressed Air

= Portable low maintenance equipment

Cold Spray-able Acceptable
At lowest cost Properties

\ SPRAY MATERIALS /

= Easy to spray
» Proper Powder Characteristics

L5 Y
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Repair Procedure Development and Specification

MATERIAL PROCESS OPTIMIZATION

: SST SERIES P System
SST A0050 / Al-Al203 : :
mix Pressure, Temperature, Air -Manual/Robotic

Operation

VALIDATION TO OEM SPEC
v'ASTM C633 bond strength
v'Metallographic Inspection
v’Hamilton Sundstrand SPR52 90° bend

/; WALCH
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| Downstream Injection Cold Spray (SST)

Powder
Feeder
Substrate

Low

Gas: Air, Nitrogen / Helium Pressure  Gas 01

Mm | ;Ez\?v%ig Coating
Gas Pressure: 60 -500 psi (4-34 bar) — W e ——— i

Orifice

Gas Temperature: 20 — 550°C (68 - 1022 °F)
Particle Velocities: 300 - 900 m/s

DelLaval Nozzle

Propellant Gas / Metal Particles Outlet

Gas Inlet ’ N (6 mm 1D)
- \

Handheld SST
Manual Gun with /
Thumb and
Forefinger controls
qa.\
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1.

5.  Validation
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ASTM C633 Bond Strength Testing

ASTM C633 TENSILE STRENGHT RESULTS-LJW CS PROCESS A050 POWDER USING
COMPRESSEDAIR

5500

5000

4500

4000

3500

TENSILE STRENGHT-PSI

3000

2500

2000 -
NUMBER OF TEST COUPONS-5 SET-1" OD WITH 0.020" THICK OF A050 POWDER COATING

WROBOT GUN-STRAIGHT SS NOZZLE-200PSI/300C OROBOT GUN 90L CARBIDE-200PSI/350C
OROBOT GUN 90S CARBIDE-200P SI/350C BMANUAL GUN-STRAIGHT SS NOZZLE -200P SI/300C
BMANAUL GUN-30L CARBIDE NOZZLE -200P SI/350C BAVERAGE
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Metallographic Inspection

v'Porosity less than 2%
v"No cracking
v"No lack of bonding

WD Mag| HV |[SpotSig VacMode HFW |Pressure, ——300.0pm
& ’ 10.9 mm 200x 20.0 kV 3.6 SE High vacuum1.35mm|  --- Centerline
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Hamilton Sundstrand SPR52 Bending

90-Degree bend tests with
the coating in tension
bent around a 0.25”
radius showed no spalling
or chipping
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1.

Optimized Procedure
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Optimized Repair Procedure

v'Removal of existing corroded and/or damaged surfaces

v'Pre-machining as necessary to facilitate spray deposition

v'Surface preparation

v'Cold spraying using manual or robotic gun

v'Post machining of the repair per OEM/LJW approved engineering
specifications

v'Visual and dimensional inspection

v"Non destructive examination per ASTM-1417

v'Corrosion protection of repaired areas using applicable solutions

71\

Vi
< WWALCH @37‘

WWW.SuUpersonicspray.com Practical Cold Spray Coatings © 2016, CenterLine (Windsor) Limited



|
—cclaenltelrllnne @
Optimized Repair Procedure

ROBOTIC COLD SPRAYING POST MACHINING
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| Finished Products
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IDG Stator 8 APU
Housing- Generator
7471757767 ) Endcap-

Boeing 777
IDG Stator
IDG Stator K'A%’f'f)?n
Housing-A320
classic
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| Repaired Parts using cold spray process
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Cost Savings
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Cost Savings

$50,000

$80,000

cosT

Replace vs Repair

$70,000
$60,000
$50,000
$40,000
$30,000
$20,000
$10,000
s-

Boeing 747 Lucas

£ x 7;’7‘;;”:11 Boeing 737NG gats :;‘:ﬁ: Airbus A340 APU Stator Generator
. /WALCH Stator Housing Stator Housing | housing - OEM | housing - OEM

z Stator Housing | Stator Housing Housing

N/A N/A
4 4 4 < 4
B OEM $85,000 $70,000 $60,000 $60,000 !
B CS Repai r‘ $9,000 $9,000 $9,000 $9,000 $9,000 $5,000 ‘

4 N>
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* Ability to recover these
components at a fraction of
their OEM replacement cost —
this is assuming that the part
Is commercially available

* In many instances the
component is simply no
longer available thus making
an even stronger economic
sense for cold spray
restoration
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Summary
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Summary

The Cold spray process has become an essential tool that complements thermal spray
processes for repair and restoration of high value housings used in commercial aircraft

Cold spray enables the aerospace industry to recover high value and/or irreplaceable

components- that otherwise would be scrapped, at a fraction of their replacement cost,
thus maximizing profitability

27 ‘3 x
S WWALCH @37‘

WWW.SuUpersonicspray.com Practical Cold Spray Coatings © 2016, CenterLine (Windsor) Limited



|
—ccl_eéenlt@rllme @

Julio Villafuerte ph.D., P.Eng. Cell: 519-890-1867

Corporate Technology Strategist julio.villafuerte@cntrline.com

Wally Birtch Dipl. Aerospace Technology Cell: 248-217-1173

Senior Sales Engineer wally.birtch@cntrline.com

Linh Tran, Engineering Manager/FAA-DMIR Cell: 408-476-5267
Itran@Iljwalch.com

WWW.SUpersonicspray.com www.ljwalch.com

CenterLine (Windsor) Limited 6600 Preston Ave

Supersonic Spray Technologies Livermore, CA 94551

655 Morton Drive, Windsor, ON N9J 3T9 925-449-9252

Telephone 519-734-8330
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