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Objective

Based on written requirements provided by the Savannah River Site (SRS), and discussions with
Ms. Sproul of SRS, the objective for the proposed development is a turnkey, automated system
for three-dimensional characterization of a metallic part, resulting in:

e X-y-z positions of a three-dimensional cloud of surface points which are sufficient for
and will be used to generate as-built engineering drawings of the part

« detection of surface anomalies and their high precision spatial mapping to provide
input into accept/reject decisions

« alarm capability comparing the surface anomaly data, based on client provided
accept/reject criteria, and resulting in an alarm or flagging the part.

Technical Issues

Geometry: The parts are of the approximate shape shown in Figure 1, of stainless steel with a
smooth, but not specular surface finish, and in the size range of approximately 5-in. to 15-in.
long, and with a maximum cross-sectional dimension of roughly 3-in. to 5-in. depending on part
length.

Figure 1. Approximate geometry (side view), rotationally symmetric
about the axis, except for the hole at the right.

Precision: The required precision for surface anomalies (identified as scratches by Ms. Sproul)
includes detection of anomalies down to 0.001-in. (25 um) in size, and mapping at a precision
on the order of 10 um.

Throughput: Throughput was given as a maximum of one hour per part. Current inspection
takes six hours per part.

Discussion: The three issues — geometry (size), precision (resolution) and throughput (speed) -
are generally technical tradeoff issues. For example, if size increases and resolution remains



constant, speed decreases. In this case, the size and the precision for mapping the anomalies
suggest at least separate, different sensors for implementing overall three-dimensional
digitization for as-built drawings and anomaly mapping. Potentially, defect detection might
coincide with overall digitization, but more likely will require a third sensor.

Concept

The proposed concept would achieve the objectives by integrating three different
sensing/measuring technologies — two implemented by adapting commercially available off-the-
shelf (COTS) subsystems and the third using either PNNL developed of COTS subsystems —
plus a mechanical handling system most likely adapted from COTS components. Other than
integrating and control software, it is anticipated that most software components would be
COTS.

Handling: Part handling would be implemented using a PNNL adapted, COTS robotic
positioning system, or possibly a COTS coordinate measuring machine (CMM). The vendor for
one of the potentially applicable subsystems also sells a sensing head that can be used with a
COTS CMM and is compatible with the following CMM manufacturers’ systems:

Brown & Sharpe | Helmel Mora RAM Tarus
CE Johansson IMS Mycrona |Resource Eng| Wenzel
Coord3 LK Numerex Rotondi Werth
Cordax Micro Wul Poli Sheffield Zettmess
DEA Mitutoyo Portage Starmett Zeiss

Figure 2. Coordinate measuring machine
vendors with systems compatible with 3D

digitizing sensor available from Laser
Designs, Inc.

3D Digitizing for As-Built Drawings:

The 3D spatial data for as-built drawings could be acquired using
the Laser Design, Inc. [http://www.laserdesign.com] DM-1620 (or

equivalent) shown in Figure 3, or with other CMMs, the Laser
Design CMM scanning probe shown in Figure 4, and converted to

as-built drawings using Geomagic Studio software
DM-1620 SPECIFICATIONS

Laser probe ophans

A complete ing of RPS |aser ling-3anser probes is available, Refer to
separate laser specication shest for additonal informnation

Software - Laser Scanning

Advanced Surveyor Scan Control software.  Supports point-to-point and
contnuoLs scanning. Refer 1o separate software specifcation shaet for
datails

Software = CMM (Optional)

Geomet Jr. for dassic CMM geometry with touch probe

Tauch Probes - CMM {Optional)

Renishaw TP-ES and other CMM probing products

Compuesr

High-end, PC wilth Open GL videa

Envirgnmental requirermants

Temperature: B8° F 12 3* F 720" C & 1.8° C Humidiy: 50% & 15%

does,

Measunng table

XY Z Optional DCC rotary sisge

Granite of Slainless Steal

CMM Measuring system (optonal)

Electromc bouch probe TP-ES wilh styli

Warranty

Miscellaneous

One-year parts and labor, Technician's travel expenses nol induded
Ways, baarings and scales fully covered or enclosed, Installabon provided

by supplier. Assistance provided by cusiomer 85 neaded

Travel (X.¥.Z) - in.

16 x 20 x 14

Trawvel (%.%.2) - mm

400 x 500 x 350

Cwerall Size — in f mm

29 x 35 x 42 | 725 x 000 x 1050

Machinsg weaight

225 |bs (102 kg)

30 Volumalric Accunacy

00038~

Linear ACCuracy OD0NE" + D0000E" / inch, Bandwidth (4.5 + L | 150 wm, L in mm)
Rasolution 0000207 (.5 wm)
Fepeatabibly 00016~ (4 um)

Figure 3. Laser Design, Inc. DM-1620 3D digitizing instrumentation.




[http://www.geomagic.com/] (or equivalent) shown in Figure 5. The DM-1620 is a manual
system and costs approximately $65,000. A computer controlled system costs around $107,000.
The software shown is $22,000.

Automotive
Exhaust
Manifold

geomagicstydio’ T

Physical Part

The only complete solution for turning
physical parts into manufacturable digital models

Geomagic Studio automatically generates an accurate digital model
from any physical part. The world's #1 software for reverse engineering,
Geomagic Studio is also ideal for emerging applications such as mass
production of customized devices, bulld-to-order manufacturing, and
automatic re-creation of legacy parts. Only Geomagic Studio delivers

all of this:

= Guaranteed watertight polygon and NURBS modeis.

& Ten-fold productivity increases over traditional CAD
software when processing complex or free-form shapes.

& Automated features and simplified workflow that reduce
training tme and allow users to bypass tedious,
labor-intensive tasks.

& [ntegration with all major 3D scanners and CAD/CAM [

software. ? . - h.&kﬂm |

= Ability to work as a stand-alone application for rapid ] mllﬂlﬂ
manufacturing or as a complement to CAD software, i | h

Figure 5. Geomagic Studio software for converting 3D spatial data into CAD
drawings.

Surface Anomaly Detection: Detection of surface anomalies (scratches) down to 0.001-in (25
um) in size would probably be accomplished in a separate step. 3D digitizing at a resolution
capable of detecting anomalies at this level would likely be too time consuming and require
instrumentation of a much higher level of precision. However, it is possible that the sensor could
scan the surface, detect and save the locations and extents of anomalies concurrent with the 3D
digitization — depending on the mechanical handling and other potential incompatibilities. In
either case, PNNL has successfully implemented technology for non-contact surface inspection
using optical scattering and eddy current technologies. While the feasibility of implementing
either method has not been evaluated in detail, past experience suggests no critical issues in a
successful implementation.

Surface Anomaly Mapping: Once surface anomalies have been detected and their coordinates
and extents recorded, an appropriate high precision 3D digitizing sensor will be returned to the
location and a precision 3D map of the anomaly generated. A COTS instrumentation capable of
doing this limited area (volume) measurement is available implementing different technologies
over a range of spatial precision, and with different limiting characteristics. For example, Figure
6 shows one such instrument that is a laser profilometer having a height resolution of 1 um over
a height range of 10 mm, from a standoff distance of 30 mm. The same vendor, Solarius




[http://www.solarius-inc.com/], offers systems that implement autofocus (similar height
precision but much less range) and confocal microscopy (height precision to under 20 nm, but
much less range) technologies. Costs for the system shown are in the $50,000 to $75,000 range.

Viking™

SOLARIUS"

An economical 3D surface profiler meets a wide
variety of surface inspection needs. Viking is
designed with a small footprint making it ideal
as a desktop metrology tool. o Shert oarming Eurel
Thit tosol b5 disigned to meet mbd rnge accuricy noeds * Fast non-destructive

using state of the art sensor technology to generate 3 testing

dimenshonal surface maps, In decigning the tool Solarus has

maintained the precision and workmanship found in its high * Automated measurements
I accuracy LaserScan syitem. Incorporating many of those * Measurement

same design methodologies has guaranteed system integrity. report generator

* Fast replacement for

The productivity benefits of Wiking lie in its sasy to learn tactile systems

measurement procedures. New cperators spend lass time
learming to wse the system and more time measuring compo-
nemts, Once 3 measuring sequence &5 performed and saved,
the samse meduring sequence and analysis can be re-called
at any point in the futune

Software
Viking dats scquisition software utilizes a unigque fow chart techrigise for entny of messurement
specifications, This is a powerful tool for step and repeat applications, more than ose measurement -iims S
tan be programmed forming a sequence of measuring steps, The Wiking software allows for 30 ';J i ' i
messuremsent and 20 analysis {30 snalysis optional], results sre presented in graphical form. m | -
Ramerical data can be displayed and then exported In & database format., The measurement wwutine ] = l ' H
can be easily edited or wved for fulune wie =

s airabg —

-— I —  —
i
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Figure 6. Solarius Viking high precision surface profiler.

Alternative

An alternate solution not investigated in detail would use a robot handling subsystem and a
reference template of the part. The robot would follow the surface of the part at a nominal but
known standoff distance based on the reference template. It would guide a high precision sensor
over the surface recording the surface to high precision in a patchwork that would be computer
stitched into a high precision surface map of the entire surface. This map would be evaluated
and surface anomalies identified from the map, and used to trigger alarms of flags.

This approach has not been investigated and so represents not only an unknown cost and
schedule, unknown degree to which the system would consist of COTS subsystems/components,
but also the throughput is unknown until a sensor could be identified and the measurement
method more specifically defined.

Conclusion



It is technically feasible to meet the requirements as understood. The combination of overall
size, maximum resolution required, speed, cost, and the preference for a COTS turnkey, or at
least integration of COTS subsystems/components is the challenge. In addition, the
requirements that were discussed in the telephone conference exceeded those spelled out in the
written requirement so as to leave some ambiguity as to the minimum acceptable specifications,
adding some additional uncertainty in cost, availability of COTS subsystems/components and
effort required to integrate a turnkey system. Given that two major subsystems and the handling
system may be COTS systems, it is feasible that a prototype system can be delivered within one
year from authorization of funding.





