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Worlip@ies Container Applications
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. * Deburring
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Compound * Improve
«—  Supporting s_u_rface
Spring finish
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motor

Process Dynamics:
* Vibrations ~29 Hz
* Amplitude 2 mm to 6 mm

Media:

* Plastic

« Ceramic Finding application for:

* Metal * Orthopedic implants

« Organic « Blisks and turbine blades

« Tool finishing 2
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Dynamics Based approaches
« Hashimoto el al. (2015)

Discrete Element Modeling approaches
* Naeini et al. (2011)

« Uhlmann et al. (2015)

« Kang et al. (2017)

Naeini et al. (2011)

Continuum based approaches
« Cariapa et al. (2009)
« Wan et al (2012)
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0->4.59 m/s
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Vel. on surface = 0.5 m/s

Cariapa et al (2009) Wan et al (2012)
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Particle Image Velocimetry (PIV)

Halogen Light: High Speed Camera:
ARRI EB 400/575 D Redlake (Motionxtra HG-XR)

o'

Capture rate: 500 fps

Operating Conditions:
Motor speed: 1740 rpm
Media: Ceramic RSG 10/10

Raytech AV-75 System (@ 600 mm)  Compound: FC FLK (3% vol.)

160 mm
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Halogen Light: High Speed Camera:
ARRI EB 400/575 D Redlake (Motionxtra HG-XR)

averaged velocity of 5059 vectors

Capture rate: 500 fps Each velocity vector is the time
(10.12 s) for a 20.25 mm? area.

210 mm

160 mm

0.04 0.08

0

Operating Conditions:
Motor speed: 1740 rpm
Media: Ceramic RSG 10/10 5

Raytech AV-75 System (@ 600 mm)  Compound: FC FLK (3% vol.)

Velocity (m/s)
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8 PO Based on 5059 vectors (taken over 10.12s)

Over an 20.25 mm? area.

Discrete nature of media particles Captures media-
Histogram of Velocity |f}> Fourier Filter to remove bulk med|a _
at a single point media motion Interactions
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Continuum nature of media captured

s SN

Over an 20.25 mm? area.

Each velocity vector = averaged velocity

Based on 5059 vectors (taken over 10.12s)

Discrete nature of media particles

RSG 10/10
Char. length =10 mm

Spheres

Mixed Media
Char. length= 10 m

2000
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Media
ngth = 10 mm

0.1
Velocity m/s

0.2




— MB fit
° PIV data M axwe| |-

Boltzmann
Vel. Distributions
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Hamiltonian

~109s

Discrete Continuum

SCIENTIFIC REPg}RTS

Macroscopic liquid-state molecular
hydrodynamics
.. K, . Thah, sk Pichhaes, oS, o Shol, Fard s
Sondinnany

--,.~«~ R.G. Keanini et al. Macroscopic liquid-state molecular
' SEEEEEE hydrodynamics, Scientific Reports 7,
Article number: 41658, 2017.
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Instrumented

Cylinder

Top view of Cylinder in Media
— | @ 25 mm I~
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Length ~150mm

Springs

Unbalanced
c : motor

Determine Drag Coefficient, Cg
* Drag Force, F4

« Velocity, V s
Cy=F4/(*2pV?A) LA
Established Ceramic Ceramic Plastic
@ emprical u =6 kg/ms U =8 kg/ms u = 3.5 kg/ms
(Ossen ...)

Re=pVd/u
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PIV data used as CFD input

High Speed Images taken of PIV measurement

A

154.8 mm

vibratory bowl, 500fps for ~10s Averaged velocity field
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206.4 mm U R -

0.03 0.06 Velocity m/s

PIV Velocity Profiles imported into CFD environment

IJ THE
g PROGRAMMING

LANGUAGE




CFD model predicted velocities

0.02m/s  Velocity magnitudes 0.1 m/s

PIV and CFD velocity profiles
—+ along top inlet
0.05 : -
- + PIV ’
e CFD
0.04 - - Vy %
— *, ¥ -
.‘_D_ A * _,,;ry *
g J’r* ) *l
20034 "
(] %
= EN
0.02 - ™
‘**’hﬁx
0.01 -
-0.1 -0.05 0 0.05 0.1
Position (m)

CFD Model Details:

1.4 million nodes (mesh sizes 0.2 to 2 mm)
Low Reynolds flow

No tangential stress on boundaries
Ambient pressure at outlet

PI1V define inlet velocities

« p=1350 kg/m3
e M=6.02Pa.s
e Solution time ~ 1 minute
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PlV.., — CFD
% Error = v;iIV vel X 100
vel

Comparison of PIV and CFD vector plots 20
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Comparison of PIV and CFD vector plots
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Percentage error in velocity magnitude (%)
Percentage error in velocity magnitude (%)

40 | -1
50 100 150
X (mm)
Main Source of error: Sensitivity Analysis:
e 2D representation of a . DenSity: 1000 kg/m3 — 2500 kg/m3
complex 3D flow * Viscosity: 0.1 — 50 Pa.s

« f#elements: 900 — 1.4x10° elements
e Soln. Initial.:  Left, Ton, Right
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Workpiece:

« Ground Al 6061
e 3mm thick

Testing conditions:

Frequency: 29.3 Hz |f}> g'R?S I _
Vibrational amp: ~2mm urtace Alteration

Process time: 1.5 hrs
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Tangential Flow —PIV measured Flow
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Tangential Flow —CFD predicted Flow

i

S N, O RS
. TR
AU

gy T N

SRR X N \
D SRR )
\?\\\Q\\ @‘\\W b K ﬁy

. @\ \\\. N
SR N

0.1 m/s

0.02 m/s

0.1 m/s

0.02 m/s

Flow tangential to workpiece

Left CFD = = +Right CFD
o m Left PIV 0  Right PIV
£ 0.06 -
g 0.03 -'E"ul " o B oo
© . " o
] 0
S
o -0.03
S
= .0.06

——Left CFD - - -Right CFD

© 300 — oL
a / ~a .
o 200 —~
— \
= \
9 100
o
o 0 N
S
+= 100
@ 0 0.025 0.05

Surface Location, m



g

Wz

UNC CHARLOTTE

Flow normal to workpiece

T tial El PIV d Fl Up CFD = = :Down CFD
angential Flow —PIV measured Flow
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Material removal rate:
 Four slots milled
o 2 mm wide

Profile measured o 100 um deep
via Talysurf  Base of slot protected via epoxy

» Profile measured pre, and post

uuuu U U uu

Material Removal

between before and after « Surface modification
processing via deformation

~ 1 um height difference : « Low MR

Initial

Sg =0.46 pm

Sz =436 1im Texture aspect ratio, Str

Str —0 03

Str=0 Anisotropic surface
Str=1 Isotropic surface

| S

Surface Finish, SWLI 5x
1.6 mm

16
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Tangential Flow — post processing

Sg =0.46 pm
Sz =4.36 um

1.6 mm

Str;,=0.03 (+ 0.06)
<4 50mm_»
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SWLI: 5x objective
FoV: 1.66 mm x 1.66 mm
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Normal flow - post processing

Up CFD - = -Down CFD
= UpPIV o Down PIV
9
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SWLI: 5x objective
FoV: 1.66 mm x 1.66 mm

Sz, =12.84 (£3.49) um
Strs = 0.27 (£0.26)

Sz, =19.37 (+9.45) um
Str; = 0.08 (+0.02)

0 0.025 0.05
Surface Location, m
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Low pressure High pressure High pressure Low pressure
Comparable velocities Lower «—Velocity— higher

Process vibrations should not be neglected!
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Summary ...
o A 2D CFD model provides useful insights on 3D complex flow about a
workpiece
» CFD predicted velocities are comparable to PIV measured values
» CFD provides new insights on local pressure field variations

o Combining knowledge of process vibrations with CFD predicted velocity and
pressure fields offers explanations for process induced topographies.

Going forward...

o A fully successful model will combine;
« Continuum mechanics
» Process vibrations
« Media packing density
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