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Manufacturing enables our modern society and is something to be proud of

WWWw.sme.org




Those of us who have worked in manufacturing are
proud of the products we helped produce

We have built our modern society
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For example, we build very large
and sophisticated machines

But just two weeks ago | went to Utah
and was again reminded that our
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Hydraulic Shovel/
Backhoe

. 5230

Available in Front Shovel and Backhoe Configuration, the new Operating weights (approximate)
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loading and hauling systems for mining. Backhoe (ME) 314200 kg 692,320 Ib
Bucket capacities
Front Shovel 140t017.0m*  18.3t022.2yd®
Backhoe (ME) - 155t0240m*  20.3to 31.2yd®
Cat 3516 Engine (Gross) 1175 kW 1575 HP
(Flywheel power) 1095 kw 1470 HP
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what we make is not i
SO aweinspiring '

Perhaps we can
learn from those
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processes which
have been occurring
for billions of years




Natural Processes Create Greatly Varied Structures and Surfact




Amazing examples
throughout the world
which can provide
ideas to us in
manufacturing

The Needles were formed by sandstone

gradually sliding over an underground layer
of salt toward the Colorado River.

This caused the sandstone to fracture into
parallel cracks.




e.g., Kalpakjianand Schmid | o fU_hd'f-'ﬁC,ut ‘MaSk layer

Perhaps the most significant advances in '- 3 Etch materia
manufacturing at the end of the 20 century it B
were In planar electronics manufacturing

Etch front

Some processes
%= have Geo analogs
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Additive Manufacturing/3D Printing/Rapid Prototyping
IS (and has long been) the biggest change in
contemporary manufacturing

A publication of

Even the latest issue dflanufacturing Engineering
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Additive Manufacturing/3D Printing/Rapid Prototyping
IS (and has been) the biggest change In
contemporary manufacturing T

Many processes result in layered materials

Although we in manufacturing have experience
with anisotropic andnonuniform materials

(such as composites and functionalfyraded
materials), geological scientists have dealt with
such structures in both simplified and
sophisticated ways for many years
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As manufacturing engineers, we should
realize and take advantage of this

Substrate

TH6AIYV inZhai et al., JOM 66(5):80816



Might we not learn
from similar layering
processes in nature?




Similarly, perhaps we can learn more from comparing manufacturing

subtractive and cutting processes to similar processes in nature

INNOVATION IN MANUFACTURING PROCESSES

Rise of Makers Will Bring a Waterjet to Every Garage

Manufacturing EngineeringMay 2019

NRCS erosion photo provided by Dennis Flannigan USRA
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Hybrid Additive/Subtractive Manufacturing a Current Fad

But Additive/Subtractive Combinations Have Long Been Occurring

us.dmgmori.com academic.brooklyn.cuny.edu
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J. E. BLANTHER.
MANUFACTURE OF CONTOUR RELIEF MAPS,

Besides those in Geo No. 478,901, Patented May 3, 1892,
technologies helping us, e
perhaps those of us in
manufacturing can help those
In geological sciences solve
their mysteries
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An instantaneous meteorite impact?
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We tend to be proud of not only our process understandings, but our analysis techniques

But Geo fields have similarly developed sophisticated and useful techniques which may help us
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Water-Level Elevation (ft)

The Seismic Wavefield

Volume I: Introduction and Theoretical Development
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Figure 12.10. BMEmode estimates of water-level elevation at a number of se-
lected wells (shown as solid line) and 90% confidence intervals obtained
by BME (dashed line) and SK (dotted line). Hard data are shown by

CAMBRIDGE
x; soft (interval) data are depicted as error bars. B. L. N. Kennett
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Figure 5.2. Ray paths for major P and S phases for the AK135 model of seismic wavespeeds.



We tend to be proud of not only our process understandings,
but also our analysis techniques

But Geo fields have similarly developed sophisticated and useful technique
which may help us
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Now standard practice for Geo activities, such as mining and oil and gas




Those of us who work in agriculture have appliésieostatistics
techniques in precision agriculture

Topography, soil properties, crop properties, and yield are
treated spatially or (rarely) spatiotemporally

Provides useful information for researchers and farmers

& 2 S @aéft&inly discussed the concepts related ¢eostatisticsg A G K FF NYSNE® LQ@S y2a 320G
with them, but the general idea of how data closer together are more related than data spaced further apart is useful
in discussing spatial variability with farme@s€ Dr. Ken Sudduth, USBARS, the 2019 John Deere Medal recipient

Corwin andLeschin Oliver, ed. Goovaerts et al., in Oliver, ed.

Cotton yield b EC, survey and soil core sites
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Fig. 6.1 Maps of: (a) cotton yield and (b) EC, measurements including 60 soil sampling sites
(Modified from Corwin and Lesch (2003) with permission)
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Fig. 7.3 Variograms for 30-m soil data: (a) sand (raw data), (b) soil series residuals, (c) aerial’', e P
EC, and clevation . (d) EC, . (e) EC, and clevation m. (f) acrial”' and elevation rr. Variograms
for the subset of 30-m soil data with 50 samples: (g) soil series residuals (50), (h) aerial”', EC, and
elevation rr (50) and (i ial”' and EC, rr (50)




There has been some excellent research on manufacturing surface metrology
Jiang and Whitehous€IRP Annal61:815836
Leach et alCIRP Annal§4:.79%#813
etc.

Typical Manufactured Surface

But in practice we still mainly use R, R, S, §;, S,
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A Fowler Surface Roughness Standards
A ZygoNewview 7200 OpticaProfilometer
A 5X objective, 1X or 2X zoom tube
A Perpendicular line scans
A R software environment
A gstat

Example Results:



