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* The Tools for 3D Scanning
* DDM: Direct Digital Mfg

* Industrial Applications for 3D Scanning
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Background
Va Tech engineering undergrad, 1985
* Masters in technical administration
* engineer in aerospace manufacturing r V;\?’*‘“\*
e tech & mfg problem solving roles P
* co-developed portable FaroArm

Direct Dimensions Wohle[‘s

e founded in 1995 with a FaroArm

* ’‘one-stop 3D scanning shop’ RepOI‘t
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 author for LIDAR News ,( f'j. ' X
e contributor to Wohler’'s Report S

* active with many 3D conferences
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R Range of Equipment

Direct Dimensions owns and also supports an
extremely wide array of 3D scanning equipment.




Ry Range of Scanning Solutions

Feature Close-up: Artistic detail, Arch detail, Rooms, | Buildings,
Size Detail |  Bas relief sculpture Large sculpture . Landscapes
0-6in 5-50 cm 25cm-2m | 2m+ | 10m +

Increasing speed — >

Time/Area (relative)

. = relative volume
measurement
1 1

0.008 0.016 .025 0.04 0.08 0.25 «/ 5 «/ 1

Increasing point spacing ——>

Resolution (inches)



(L5 Contact Digitizers

Portable Arm Probes
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* Range =0to 2 meters
* Accuracy =+/-.024 mm
* |deal Applications
* Automotive Parts
* Aerospace Parts
* Power Generation
 “Geometric” Shapes
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Portable Arm Scanners

Range = 0 to 2 meters
Accuracy = +/- .035 mm
Ideal Applications

Dimensional Analysis q
Cad-based Inspection
Alignment

“Organic” Surfaces
Reverse Engineering



e | aser Line Scanners

CMM

Coordinate Measure Machine

* Range =0to ? meters
* Accuracy = +/-.02 mm
* |deal Applications
* Dimensional Analysis
e Cad-based Inspection
 Alignment
* Reverse Engineering
Must fit in the machine



Optical Scanners

Structured Light

Range = .6 to 2 meters
Accuracy = as low as .005 mm
Ideal Applications

* Small area inspection

* Miniature sculpture

* Intricate parts




(A g Optical Scanners

Patch Scanners

* Range =.51to0 5 meters
e Accuracy = as low as .04 mm
* |deal Applications

e Sculpture

* Face/Body

* Vehicle parts



wse= Handheld Imagers

Structured-Light Based

* Range =.125to 3 meters
* Accuracy = as low as 0.5 mm
* |deal Applications

*  Human body

*  Medical

* Automotive

* Archeology

* Forensics




(s Spherical Scanners

Phase-Based

P /

L EEL

* Range =.51t0 330 meters
* Accuracy =aslow as 0.1 mm
* |deal Applications

* Buildings

* Vehicles

* Large Sculpture
* Bridges

*  “Overall” scans




(g CT Scanners

X-Ray-Based

* Range =.125to 1 meters
* Accuracy = as low as 0.01 mm
* |deal Applications

*  Plastic parts

* Interior features

* Intricate detail

* Inspection

* Precious items




‘ DIRECT DIMENSIONS L )
s "Desktop” Scanners

Low Cost Prosumer, Education, Labs




‘ DIRECT DIMENSIONS . .
O Reverse Engineering

CAD Modeling

Polygon
Mesh

Engineered Engineered
Solid Model Surface Model
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“design intent”
modeling
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s DDM Workflow

2D to 3D CAD Migration

3D 3D
wireframe Solid

Manufacture




Js== DDM Workflow

Legacy Part - No Plans

Legacy Laser Scan 3D
Part Point Cloud Solid

Manufacture




DDM Workflow

Legacy Part - No Plans - Worn/Broken

Laser Scan Worn/
Point Cloud Broken

- @

“Design
Intent”
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re-angineeering aging aircraft

C2DOOR SEALS

—

R
Direct Dimensions laser scanned ||
the existing pressure seal
components ontherearcargo
doorof several C-2 aircraft.The
ADscandatawas analyzed to
re-design the seals based on the
actual 'as-is' deor conditions.
This process provided for
accurate manufacturing and
installation of new seals. J

in-process
laserscanning
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® existing “as-Is"
seals
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Mechanical Design
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O Consumer Products
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.. INDUSTRIES

.

MILITARY/
AEROSPACE  /

,
Direct Dimensions has \
served the needs of the
Military/Aerospace
industry forthe past 10
years using the latestin
reverse engineering, laser engineering
scanning, and 3D

modeling capabilities. |

data
acquisition

inspection

rapid solutlons to 30 problams. ™

10310 5. Dolfleld Road owlngs MIlls, MD 21117 phone 410-998-0880 fax 410-998-0887
www dirdim.com inte@dirdim.com



reverse
engineering e
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inspection
analysis

From large power-generation |
turbines with exacting
tolerancerequirements to
miniaturized components
possessing intricate detall,
Direct Dimensions has
successfully completed well
over 1,000 projects to meet
ecach of our client'sunique
requirements. /

application

data
acquisition

rapld solutlons te 30 problams...™

10310 $.DolfieldRoad Oowings MIlls, MD 21117 phone 410.998-0880 fax 410-598-0887
www. dirdim.com info@dirdim.com
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MURBS surfaces

reverse engineering with peint cloud

AIRCRAFTOML )

\.

Direct Dimensions' engineears \
captured the OML (Cuter Mold
Line) of a Gulfstream Il aircraft
using a Surphaser HSX 3D laser
scanner. With thisraw 3D point
cloud data, DD| created a highly
accuratereverse engineered 3D
CAD model. This model allowed
the client to "virtvally" test new
design modificationsin CFD |
software, i

captured 3D
point cloud

Syes (I .
r WE | .l".,q.
kbiis

final 3D
rapld selotlons te 30 probiems..® CAD model
www.dlrectdimansilens.com
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AIRCRAFT

Using a FARO Laser Scanner \

L5, DDl was able to capture 3D
point cloud data of the entire
aircraft. This data would then . (vt o
be aligned, cleaned and a
complete solid model would :
be made. With this model. a i _ ; :
CFD analysiscan be : ! o TN 3
performed on the aircraft. scanning the ; .. -—
/ aircraft o
- - raw polint clou
R e
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original °
f-15 aircraft =
DIREC +
510

dimenslons ;!
A : { finalsolid
rapid selutions to 30 probisma...” model

10310 $.DolfieldRoad owings MIlls, MD 21117 phone 410-998-0880 fax 410-998-0887
www. dirdim.com info@dirdim.com




DIRECT DIMEMSIONS
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aging aircraft

The following examples show
views of an actual aircraft
internal structure versus the
matching reverse engineered
3D CAD models. Using
captured laser scan data,
Direct Dimensions was able to
precisely reverse engineer
these partsinto CAD data.

rapld salutlans te 3D prabl«lm...-
www.direactdimensiens.com
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737 interior

SCANNING/

Using the Surphaser Laser Scanner, |

Direct Dimensionsis able to
capture large interior and exterior
spaces quickly, and with high-
accuracy. The captured point
clouds, which consist of hundreds
of thousands of 3D data points,
can be used fordocumentation,
reverse engineering, orany
number of applications.

DIRECT

dimenslons

rapld selutlons te 30 prablems...*
www. dlrectdimensloens.cam

point cloud
detail

final 3D
surface models




humvee armored

VEHICLE

Direct Dimensions laser scanned |\

and modeled an armored
Humvee in order to delivera
solid 3D model that would
provide the client with accurate
boltlocations. These bolt
locations and specific parts of
the vehicle were needed In 2D in
order to properly retrofit
additienal armor and plating
onto the existing vehicle,

ariginal humvee
prepped to scan

{ 7 DJRE CT DIMENSIONS

0 BAMD SOLUTIONE TO 30 PROELEME

www . directd mensions.com

laserscanning
with the surphaser,

creating the
humvee surfac

)

detall of
requested area

o,
o

b

aD color
scan passes

)

captured 3D
J polygonal data
. 4

finaldelivered
3D solid model J




military

GRIP |

Problem: )
More physical parts were needed

to be manufactured at alow
quantity.

Solution:

Using reverse engineering, DDl was
abla to delivera clean parametric
Solidworks cad model that could
then be machined to create the
necessary amount of parts. |

sy parametric
T models

data

| faro and
(iclking poin'!) point data

original
grip

10310 5. Dolfleld Road owings MIlls, MD 21117 phone 410-98-0880 fax 410-998-0887
www. dirdim.com inte@dirdim.com

rapid solutlens te 30 problams...™
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PROPELLERS

The FARO Arm is an excellent
device formeasuring the pitch
and complex contour of marine
propellers. The soffware
provides for circular cross-
section scanning for proper

pltch analysis. \ / /

inspection
charts

o

s

-

final
rendering
rapld sclutions to 3D problems...'™

propellers
scanned by
FARO Arm

10210 3. Deolfleld Read Owings MIIs, MD 21117 phone 410-978-0880 fax 410-998-0887
www.dirdlm.com Info@dirdim.com
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“CASTING

Advanced inspection and analysis

tools simplify the dimensional

verification of this complex cast part.

The laser quickly scans the surfaces

without contact and creates an

accurate point cloud. The ense cloud

is then compared to the nominal

engineering CAD model and the N
resvits are displayed in easy to raw point
understand color graphical images. data

A~
P "

fcolor inspectio

n"..
analysis ﬁj

/ Image from

\, Pro/Verify fl

.,'..:_ N-_
f nominal
\. CAD model‘ﬁj

._\

/ original casting

‘\scanned by Kra%ﬁ

rapid solutions te 3D problems...™

10210 5. Deltleld Road Owings Mills, MD 21117 phene 410-9%8-0380 fax 410-758-08487
www . dirdlm.com info@dirdim.com




‘, EIIPEETDFMEN?J_'CT;'?
&(- "

/‘_i-'_
aerostructure 3

PARTS /

/@reful measurements and
precise features were captured
by the point probe on the FARQ
arm. This data, once gathered,
was outputinvarious formats to
show that the individual pileces
could bereverse engineered. -8 4
That data could then be used to — e

precisely recreate each part. — (measured 3d>

. digitizing e — cad data

process

/‘

final 3d
cad models

: [ ’
(orig[nﬂl parta

rapld solutlons te 3D proablems...™

10310 5. Dolfleld Road owings MIills. MD 21117 phone 410-%98-0880 fax 410-998-0887
www . dirdim.com inte@dirdim.com
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YOKE

%
Problem: b
Clieant modifying a 30 yr. old voke deasign
had no blueprints or CAD models. Tha
organic shape presents measurement

challanges using traditional methods.

¥ _
inprocess \\
body +arm <

selution:

Using Laser Scannlng and Touch Probe
measurament. DDl collected dimensional
and surface data and recreated the

“hybrid model” yoke combining geometric
features with a "dumb solid” of the

erganic shape. |

parametric
surfaces

final hybrid
model

original
yoke

rapid solutlens te 30 problams...™
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(o pathods, Tools, and Applications for Industrial
Reverse Engineering of Legacy Parts

[

https://youtu.be/Rn5sPhwlwVY

Presentation at LMI conference on June 27, 2012 in McLean, VA called "An Overview of Direct
Digital Manufacturing" by Michael Raphael, Founder and CEO of Direct Dimensions, Inc.



3D Scanning for Manufacturing:
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