BMBF NanoVer - Abschlussveranstaltung

KLUBER

LUBRICATION
your global specialist

Nano-reinforced Bonded Coatings
Part Il: Testing of Bonded Coatings

Rudolf Zechel, Kliiber Lubrication Munchen KG

Philipp Staub, Kliber Lubrication Minchen KG



Marz 2011 / Slide 2 BMBF NanoVer - Abschlussveranstaltung

/i
Model of a bonded coating layer ISLUBER
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Damage Model — Limited Lifetime
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reciprocating shear stress T
and
intermittent normal stress o

inside the bonded coating
layer
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Testing of Bonded Coatings ISKLUBER
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Formulation of different coatings based on polyamidimid binder system
« different nanoparticles
o Solid lubricants: PTFE and M0oS2

Coating of cleaned and sandblasted test plates with curing after application

Test on different test procedures
* Heidon Ball Plate test
» Oscillating friction and wear tester
* Oscillating slide plate test rig
» Sliding friction test rig (principle: ball-disk)
e Tannert sliding indicator

Rating of lifetime
Rating: no. of strokes until layer break-through
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Heidon Ball on Plate Test Rig
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Test conditions:

Geometry top specimen: Ball @ 5mm
Geometry bottom specimen: Plate Alu

Load: 7N/10N

Hertzian Pressure pH: 1424 [ 1603 N/mm?2
Sliding speed [mm/s]: 40 mm/s

Stroke [mm]: 10 mm

Temperature: 25" C
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: ISLUBER
Heidon Ball on Plate Test [ UBPRICATION

Bonded coatlng break-
through
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Without co-curing agent, without NanoVer-Additive L UBRICATION

Mean number of cycles until layer damage
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Without co-curing agent, with NanoVer-Additive L UBRICATION

Mean number of cycles until layer damage
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With co-curing agent, without NanoVer-Additive L UBRICATION
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With co-curing agent, with NanoVer-Additive Ll{g??%ggﬁ
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Summary of Heidon results L%’F?%ﬁ,%ﬁ
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Oscillating Friction Wear Test (SRV)

Prifdaten
Frequency:
Load:
Stroke:

Geometry:

Temperature:

Test duration:

KLUBER

LUBRICATION

30 Hz

200 N (400N/mm?)
4 mm

RT

Cylinder (D 10mm)
6h
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Test results SRV: LR09-5866 /i
(Pretreatment/curing: sand blasted/ 60 min. 200" C) L%gggﬁ
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Summary SRV running time / layer thickness variation

KLUBER
LUBRICATION

B Laufzeit bis Fresser [h]

O Laufzeit bis erster Gleitlackdurchbruch [h]

B

Conclusion

through at 4-6pum layer thickness

- No significant influence of layer thickness on overall running time

- But hints considering increase of running time until first break-

- No chalking particels appearance during start at layer thickness < 6um

- Effect of nanoparticles (NP) not clearly visible in this test

SHA-56/09-  SHA-57/09- | SHA-56/09- SHA-57/09- | SHA-56/09- SHA-57/09- | SHA-56/09- SHA-57/09-
01+B26pm O1+BZ27um | O1+B52um  01+B 4,6pm | O1+B 123um  O01+B 13pum | 01+B 15,8um 0O1+B 17,3um
+NP +NP +NP +NP
2-3 um 4-6 pm 11-13 pm 15-18 pm
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Oscillating slide plate test rig (OGP)

Test conditions:
Contact geometry:
Material top specimen:

Load:

Sliding speed:
Stroke:
Temperature:

Material bottom specimen:

Line contact
100 Cr6 steel
Steel or plastic
200 N

50 mm/s

50 mm

RT

KLUBER
LUBRICATION
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Testing method

I
ICLUBENR
Oscillating slide plate test rig LUBRICATION
Test unit
test load by load sensor

: _ linear drive unit
disc spring
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Fatigue damage on bonded coating ILUBET?

OGP-PL369-1 (after 121 m) OGP-PL369-1 (after 185 m)

!

OGP-PL369 (after 570m)

- Extensive
spalling
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Performance increase

determined on oscillating slide plate test rig (OGP)
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Results: Oscillating slide plate test rig (OGP), steel/steel pairing
Linear load 200 N (py = 400 N/mm?), 50 mm/s, stroke = 50 mm, room temperature

Initial layer thickness: 25 um; shut-down criterion: rise in severe wear
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Sliding friction test rig IKLUBER
Principle: ball-disk LUBRICATION

Ball Cylinder  Pin

Test conditions

Speed: 0.16 m/s

Test load: 30/50/70 N

Temperature: 25° C

Geometry: point contact on ball @12.7 mm

Duration of test: variable (2h)
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Performance increase KLUBER
determined on ball-disk test rig LUBRICATION

Results: ball-disk test rig, steel/steel pairing
Point load 50 N (py = 1474 N/mm?2), 0.16 m/s, room temperature

Initial layer thickness: 25 um; shut-down criterion: impedance value 50 %
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Test method: Tannert sliding indicator ICLUBER
LUBRICATION

Scope: Sliding and stick-slip behaviour of lubricants
and materials subject to low sliding speeds.

Fiy
Standard: Kluber test conditions l

Specimens: two sliding elements and a sliding tongue I "R
(79.5 x 20 x 3 to 5 mm), various material pairings FN
possible

Sliding elements: 0_, R
Block 29.8 x 24.9 x 15 mm (surface contact) F—_
Cylinder @13 x 13 mm (surface contact) \ Ny
Cylinder @10 x 10 mm (linear contact) "

F Friction force steps

Constant friction

CLIVE

b Slightly unstoady
curve

% c Stick-siip
%
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N

Test conditions:
Sliding speed: max. 0.243 or 0.486 mm s-1
Sliding distance: 20 mm

0 Zearo position

Temperature: RTto 150 " C — A Inversion of sliding
Load: variable from 50 to 1200 N |
Geometry: line and/or surface

Given parameters: number of runs, time [h]

Test result: determination of the friction coefficient and I K|
identification of stick-slip Lo b°
T a

m 1
'\'“ ]
\ |

/
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Perfo_rmance mcreas_e - ICLUBER
determined on Tannert sliding indicator LUBRICATION

Results: Tannert sliding indicator, steel/steel pairing, linear load 100; 200; 300 N (py = 285; 400; 500 N/mm2),
Room temperature, initial layer thickness: 25 um
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Applications and Support
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* New applications where hard material coatings are needed (cost saving benefit)

Opportunities:

* Replacement of existing applications with safety and lifetime increase or cost

reduction (thin layers)

 Existing applications with requirements to higher performance (lifetime, load carrying

capacity)

BMBF NanoVer — with support by under the auspices of

@ Elund_esmin'lsteril..m {‘_}r B PTKA
fur Bildung . Projekttrager Karlsruhe

und Forschung
im Karlsruher Institut for Technologie
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