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Disclaimer 
“Sauer Engineering fully complies with all U.S. export control regulations, including the International Traffic in 

Arms Regulations (ITAR) and the Export Administration Regulations (EAR).” 

 The material and information which is presented in this PowerPoint for CSAT is in the public domain and not 

classified as “technical information.  It is therefore not subject to ITAR or EAR regulations.  

 

However, the overall information presented is copyrighted by Sauer Engineering and transfer/use of  this 

information outside of  CSAT is prohibited without permission by Sauer Engineering.  ITAR/EAR regulations 

also prohibit sharing of information with foreign parties commonly designated as “denied parties” whether the 

information is classified as “technical data” or in the public domain. CSATis required to understand and follow 

the guidelines from the regulations stated above and must obtain US Government permission for transmission 

outside of CSAT.  

 

“ Sauer Engineering requires its customers to use reasonable efforts to cooperate with, and assist, Sauer 

Engineering in the identification of the export classification of items that Sauer Engineering may be working or 

consulting on; the end use and end user of such items; whether the customer is involved in defense articles in 

any way; and in the identification of the nationalities of personnel who Sauer Engineering may be working with. 

If the customer cannot, or will not, make commonly reasonable efforts to assist Sauer Engineering in these 

areas, then the customer hereby indemnifies and holds harmless Sauer Engineering from any resulting violation 

and/or penalties which may arise from the inaccurate classification of items and any resulting exports of such 

items which occurs.” 
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Company Backgrounds 

• Sauer Engineering 

– 25 yrs in TS 

– Work on TS Process Qualification 

– Stakeholder in HCAT Program 

– Work with plume sensors on process control 

• IMR Test Labs 

– 25 yrs in materials testing and TS 

– Capabilities in all major test methods 

– All NADCAP and OEM approvals 

– Teach classes on TS Evaluation techniques 
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You Want Consistency…… 

• Want to thank everyone for setting up my talk 

 

• Message is consistency-use the same 

procedure every time you test 

 

• Having time constraints in the talks 

 

• Any questions?? 

 

So 
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Design Strcutural Engineering 
• Go talk to the DESIGN AND STRUCTURAL 

ENGINEERS 

• And now the fun begins….. 
 

– Well we have never used coatings on that part of 

the engine, sub, aircraft before…. 

– Will the coating have EXACTLY the same 

properties as the substrate 

• Coating must be AS GOOD OR BETTER 

– We will have to develop Mil Hbk 5 data for that 

– BOY ARE WE GOING TO DO SOME TESTING 
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Coatings 

• Really an afterthought in design at the 

beginning  

• That wear coating does not really affect 

anything else in performance 

• If it comes off, it is not prime reliant……the 

engine or aircraft won’t fail 

• Those plasma coatings might affect the surface 

but since this is not a fatigue critical 

component we are not worried 
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Coatings 

• Coatings never carry any load……..???? 

• Never  a structural repair…. 

• Is CS really a thermal spray coating process?? 

• We want to charactrrize the process as 

“additive” manufacturing that caries load 
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HVOF Coatings 

• One area in coatings where some traction has 

been achieved with regard to using coatings in 

critical applications 

• Lots of fatigue testing to look at debits 

• Actually used on fatigue critical components  

• Spray coatings in compression using Almen 

strips to monitor residual stress 

• Strictly monitor process temperature during 

coating to minimize surface affects 



9 of 45 

HCAT Program 

• Hard Chrome Alternative Team  (HCAT) 

• Given the task of replacing hard chrome 

plating with an alternative technology 

• Many technologies reviewed and some are still 

under testing 

• Turns out the main replacement has been the 

HVOF thermal spray coatings mentioned 

earlier 

• It was a long journey that as I said above 

continues to this day on some applications 
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HCAT Program 

• AS GOOD OR BETTER THAN CHROME 

• And what is the modulus of elasticity for 

chrome plating……???? 

• Do you know HOW LONG we have been 

using hard chrome plating?? 

• You want to know what was considered when 

we were thinking about using chrome plating 

• Yeah the design engineers from 1945 are still 

around and eager to talk with you….  
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HCAT Program 
• DOD funded program 

• Military and industrial stake holders 

• Divided the applications into categories and 

developed Joint Test Protocols (JTP’s) for 

each category 

– Landing Gear 

– Engine 

– Actuators 

– Propeller Chrome Replacement Project 

• LESSONS LEARNED…. 

 



12 of 45 

HCAT Program 

• Normal coating testing 

– Metallography 

– Tensile or bond testing 

– Macrohardness testing 

– Microhardness testing 

– Bend testing 

– Erosion testing 

– Other  

• Thermal cycling 

• ???????? 
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ANY Program 

• Types of qualification 

testing 

– Fatigue 

• Axial 

• Bending 

– Corrosion 

• Salt spray 

• Galvanic 

– Wear 

• Sliding wear 

– Drop testing 

• Types of qualification 

testing 

– Shear testing 

– Functional testing 

– Modulus testing 

– ???????? 
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Testing Issues 

• Metallography 

– Always a debate about whether we have the “true” 

structure of the coating 

– Cryogenic fracturing 

– FIB (Focused Ion Beam) 

– Etching 

– Process reliability 

• Establish a “baseline” early 

• Use of Metallographic standards 
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Identical plasma spray WCCo samples prepared by two different preparation methods.  

Which is the true structure? 

Tungsten Carbide (WCCo) 
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Cryogenically produced fracture surface of a plasma sprayed WCCo coating.  

This method can be used to qualitatively assess porosity levels inherent to 

the coating. 

WCCo – Fracture Analysis 
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Focused Ion Beam 
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Focused Ion 

Beam 
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Magnesium Repair with 6061 Al 

Cold Spray 

• 6061 aluminum deposited on ZE41 magnesium 

• Porosity:  <1% 

• Adhesion Strength (ASTM C633-01) 

–  >11,000 psi (limited due to glue) 

• Hardness: ≈100 HV 

6061 coating etched to reveal splat deformation (1000X) 
6061 cold spray coating 

(300X) 
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Testing Issues 

• Tensile 

– Machine a “real “ tensile bar from a CS deposit 

– Thickness limits 

– Structural repair or a coating?? 

• Bond 

– “True” strength of the coating 

– Thickness limits 

– Flatness and alignment 

– Glue penetration-porosity?? 

– Other methods besides ASTM C-633?? 
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Tensile Tests– Cold Spray Repair 

6/24/2015 Bouffard 22 

• Fracture consists of both transgranular and intergranular 

cracking 

• No preferential fracture at root or AA5456-Al2O3 coating 

interface 

• Fracture cohesive through cold spray repair 
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Tensile Tests-All Cold Spray 

• Tensile specimens machined 

out of bulk build  

 

• Initial gauge diameters ~0.25 

in 

 

• Specimens tested in both 

transverse and longitudinal 

directions  

Longitudinal  

T
ra

n
sv

er
se

 

Bouffard 
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Testing Issues 

• Fatigue 

– Does a “baseline” exist?? 

– High cycle or low cycle?? 

– Axial 

• Most common baseline 

• R ratio…….1, -1  fully reversed?? 

• Unfortunately, many parts in service don’t see axial 

loading 
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Testing Issues 

• Fatigue 

– In the HCAT program especially with landing gear 

applications, the mode for fatigue was bending 

– In the axial fatigue testing, the HVOF coating kept 

“spalling” while the hard chrome never flaked off 

even at failure 

– Real issue…HVOF was going to fail…. 
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NaCl, A100, 150 ksi, R = -1  

Smooth Specimen 
A2-10, WCCo 

51,967 cycles 

A2-18, WCCo  

119,473 cycles 

A2-34, EHC  

65,673 cycles 

Spalling at fracture 
plane 

Complete spalling 

Little/no spalling 
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Fatigue frames 
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Testing Issues 

• Bending 

• R ratio…….1, -1  fully reversed?? 

• Unfortunately, many companies developed their 

“own” fatigue configuration for qualifying 

suppliers 

• CS community has to understand the needs for 

the applications and develop the best most 

standardized methods…. 
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Fatigue Bars 

Axial Fatigue Bar 

Bending Fatigue Bar 
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Fatigue Life Enhancement of Thin Skins with Pre-existing Defect 
Experiment 1 

 
 

2024T3 TEST SPECIMEN AS SUPPLIED

Rivets

350 mm

100 mm

Material is:

Aluminium Alloy 2024T3 AlClad

350 mm x 100 mm x 1.27 mm (0.050”)

75mm

50mm

50mm

125mm

125mm

Geometry of the Single edge 

notch  tension (SENT) panel. 

An initial 2mm long edge crack 

2024T3 TEST SPECIMEN

10 mm

10 mm

70 mm

1 mm thick SDP

Al Alloy on each side

SDP Al Alloy

patch, on both 

sides centred

Baseline test specimen with 

notch and no CS Doubler 

- Failure at 35,000 cycles 

For test specimen with notch and the 

CS Doubler  

There was no growth, or damage, 

after 60,000 cycles. Test stopped 

Geometry of the panel with an 

7075 CS doubler 

Applied peak stress was  

smax = 180 MPa, R = 0.1 MPa 

30 | RUAG Aviation | 24/06/2015 Rosebank 
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2024T3 TEST SPECIMEN WITH SPD REPAIR

10 mm scarf 

region 1 mm thick SDP

Al Alloy strip on each 

side.

The SPD strip dimensions 

to be 60 mm long and 10 

mm wide on both sides, 

please.

SDP Al Alloy

strip, 60 mm 

long and 10 

mm wide on 

both sides.

The strip is 

5mm from the 

edge that has 

the 2mm 

EDM edge 

notch at the 

centre line, 

see prior 

diagram.

60 mm

10 mm

5 mm 

from the 

edge at 

the centre 

line of the 

specimen

Fatigue Life Enhancement of Thin Skins with Pre-existing 

Defect 
Experiment 2 

Baseline specimen (no CS) 

failed after 

 ~ 40,000 cycles 

This test was terminated 

after ~ 345,00 cycles with no 

growth from the edge crack 

or damage in the CS 

Geometry of the 

panel with an 7075 

CS doubler 

Applied peak stress 

was  

 smax = 180 MPa, R 

= 0.1 MPa 

Note: The CS is 

performing 

structurally and is 

pulling load from the 

skin. 

31 | RUAG Aviation | 24/06/2015 Rosebank 
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Testing Issues 

• Corrosion 
• Does a “baseline” exist?? 

– Salt spray 

• Preparation of panels 

– HCAT lesson..panels  bowed in spraying ..ground flat….less 

coating in center when ground…failed testing..(( 

• Standard method 

– Galvanic corrosion 

• Exposed interface between coating and substrate 
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Environmental Chambers 
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Eden 

Stress Corrosion Cracking of Al-6061 

• Wrought Al 6061-T6 
• As Cold Sprayed 
• Tensile tests for baseline following ASTM E8 
• SCC following ASTM G49-85 
• In process  

SCC Test Fixture 
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Testing Issues 

• Wear 

– Does a “baseline” exist?? 

– Many testing methods to choose from 

– Very sensitive to testing methodology 
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Evaluation of Coated Surfaces 

• Friction Test 

 

Eden 

Reciprocating wear test  

(ASTM International 2008) 

 

wear scar after the test 
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Testing Issues 

• Powder Issues 

– Manufacturing method 

– Sizing 

– Morphology 
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Particle Shape 

MMD = 20 

microns 

Shape factor 

= 1 

DE = 23.4 

MMD = 20 

microns 

Shape factor 

= 1.4 

DE = 38.3 

Irregular particles spray better than spherical 

Powder Shape Helfritch 
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Powder - Particle Size Analysis 
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Experimental Hardness Measurements 

4

0 

22 20 21 

24 

Nanohardness measurements of Al 6061 
powder 

BIRT 
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 Two different internal grain and 

GB structure in the powder 

particles 

 

 Type I: the same internal grain 

structure as that of the surface 

and with GB solutes segregation 

 

 Type II: larger grain size with 

some precipitates at the GBs, 

due to lower solidification rate 

than that of the type I 

Type I 

Type II 

Powder Microstructure 

June 19th, 2014 – WPI, Massachusetts 

70

% 

30

% 
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Decision Making 

• What do we want from a mature CS process?? 

 

COATING  

OR  

STRUCTURAL REPAIR?? 

 

This can and will dictate the qualification 

process going forward….. 
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Decision Making 

• Shapes the next major philosophical steps 

going forward 

• Needs to be a CS community decision and 

united philosophy going forward 
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Next Steps 

• Co-ordinated efforts in sharing qualification 

efforts and not  re-inventing the wheel 

• If sharing is limited, at least collaborate on 

lessons learned when mistakes are made 
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Next Steps 

• Process consistency    TOTALLY ANOTHER 

TALK 

– Can we repeat the process 

– Powder consistency 

– Hardware consistency 

– Elimination of “spray and pray” 

– Use of plume sensor technology 


