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What is triboloq>v?

Tribology is the study of interacting surfaces and the
resulting friction, wear, and lubrication
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® Motivation

" Objective

" Coefficient of Restitution Testing

" Coefficient of Friction and Wear Testing

® Conclusions
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Motivation
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Objective

" Coordinate single particle interaction measurements to
granular flows.

" Perform and evaluate detailed experimental studies which
examine the coefficient of friction, particle wear, and surface
metrology of individual granules undergoing sliding against a
rotating disk.
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Coefficient of Restitution Testing
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Coefficient of Restitution, e

" Measure of the elasticity of normal collision between
two objects
® e =0: Perfectly inelastic (plastic), KE is completely dissipated
" e =1: Perfectly elastic, KE is completely conserved

" Ratio of post-collision relative velocity to pre-
collision relative velocity between the colliding
materials

a— _(Vlf _sz) . Vor = Vi
Vii —Vy, Vij —Vy
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Background

Coefficient of Restitution (e) Literature
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Background

Coefficient of Restitution (e) Literature

FEM LS-DYNA

Modeling/Simulation
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Seifried et al. (2005)
Minamoto and Kawamura (2011)
Seifried et al. (2010)
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Experimental Setup: COR Testing

30.48 cm

60.96 cm

20.32cm

(=3
L

Carnegie Mellon University

A: Plate:

B: Plate holder

C: Particle holder
D: Particle

E: Air hose

F: Air pump

G: Plexiglas casing

7.62cm x 7.62 cm x 0.635cm
(3in.x3in.x0.25in.)
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Calculating Particle-Wall Collision e
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Experimental Processing

Impact
Image

Frame 0300
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Experimental Processing

Impact Rebound
Image Image

Frame 1099

Frame 1099
Carnegie Mellon University 13 Particle Flow & Tribology Laboratory



Experimental Processing

. . Inch
H R — (plxel rebound plxel impact) -
Impact Image Rebound Image pixel
e— |Ar
H |

" 6 Different Heights (Impact
Velocities)
m 2286 cm-48.26 cm (9in. - 191n.)
" 214 m/s-3.10m/s
Vv =—,/20H,

Particle,

Pixel Location at
Max Rebound

Pixel Location
at Impact

" 6 Trials at each Height
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Experimental Results: Size Study

- 0.476 cm (3/16 In.) Diameter Particles
- 0.635 cm (1/4 In.) Diameter Particles
- Size Comparison
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Experimental Results: Size Study

- 0.476 cm (3/16 In.) Diameter Particles
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COR: Representative Results
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Various Material Combinations
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Contact Modulus (E*) Trend
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Experimental Results: Size Study

- 0.635 cm (1/4 iIn.) Diameter Particles
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Various Material Combinations
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Yield Strength (Y,) Trend
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Impact Time: Experimental Setup

Flood Light

Flood Light

High Speed Camera

Drop Test Rig
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Impact Time: Results

68,000 fps
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Single Particle
Friction and Wear Testing
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Background

COF and Wear of
Individual Granules

Relationship of
Friction and Wear

N\

Dry Sliding Friction

Friction from a
Granular Perspective

Ball-on-Disk Testing
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Experimental Setup and Processing
Single particle wear and friction
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Tribometer: Granule-on-Disk

1) Loading piece holder
2) LvDT

3) LVDT probe

4) Applied load

5) Tachometer

6) Disk

7) Granule

118)  Granule load cell

"1 9)  Granule loading piece
1 0) Linear slider bearing

E ,9,,
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Experimental Parameters

Experimental Parameter Value / Input

Carnegie Mellon University

Granule Material

Granule Diameter

Disk Material

Speed

Load

29

Brass
Cellulose Acetate
Glass
S2 Tool Steel
Tungsten Carbide
4.76 mm (3/16 inches)
Stainless Steel
3 m/s
4 m/s
5m/s
11b. (1.298 Ibs.)
3 Ibs. (3.298 Ibs.)
5 Ibs. (5.298 Ibs.)
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Friction Results

- Representative Results: Brass (4 m/s ; 1 Ib.)

- Varying Speed Studies
- (1) Brass, (2) Cellulose Acetate, (3) Glass

- Varying Load Studies
- (1) Glass, (2) S2 Tool Steel

- Varying Material Studies
- ()4 m/s;1lb.
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Friction & Wear Results

- Representative Results: Brass (4 m/s ; 1 Ib.)
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Brass: Speed =4 m/s ; Applied Load =1 Ib.
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Brass: Speed =4 m/s ; Applied Load =1 Ib.

Granule
Material

Stainless Steel Disk Before

Brass

0.35 mm x 0.26 mm

Granule Before

0.35 mm x 0.26 mm

g +5.95492

Granule After

0.35 mm x 0.26 mm

R,=0.493 ym

R,= 0.312 um

R,=0.416 ym

Carnegie Mellon University
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Results

- Varymg Speed Studies
(2) Cellulose Acetate
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Cellulose Acetate: Applied Load =1 Ib.
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Cellulose Acetate: Applied Load =1 Ib.

035 mm x0.26 mm TR W a5 mmx0.26 mm
=0.509 pum R, =0.493 ym

Granule After:

0.35 mm x 0.26 mm [ ‘ 0.35 mm x 0.26 mm
R, = 0.339 ym R, = 0.303 ym R, = 0.498 pm
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Results

- Varying Speed Studies
- (3) Glass
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Speed varying tests (Glass: Applied Load =1 Ib.)
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Speed varying tests (Glass: Applied Load =1 Ib.)

Granule Before Stainless Steel Disk Before

g +2.05725
g +2.97953

g +11.06542

0.35 mm x 0.26 mm -4 72990 0.35 mm x 0.26 mm -10.57789

R, = 0.314 pm R, =0.725 pm R, = 0.502 um
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Conclusions
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Conclusions

" Obtained coefficient of restitution (COR) and coefficient of friction
(COF), wear, and surface roughness measurements for single
granules.

" COR experimental results showed:
® Increase in e for decrease in E*
" Increase in e for increase in Y
® Decrease in e for increased d/t ration

® COR FEM modeling results showed:

" Decrease in e for increased particle radius (same as experiments).
" Decrease in e for increased particle density.
" Increase in e for increase in Y.
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Thank You!

Questions?
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