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V. Conclusion

This internship experience has beamninteresting and unique learning oppnitythat isunlike anythinga student
can find at schooll encountered and overcarolallengesn the work done this spring, which has made me more
effective at CADmodeling and simulations. The methods | learned for making kinematics and texturing in CATIA
have unique advantages that | would probably never learn at school. | received an introduction to RealWorks, which
| was unaware of before this internship andwnmderstand the usefulness of 3D scanners and trackers in engineering.
In the remaining three weeks of the internship, | hope to learn more about metrology and CAD modeling in addition
to 3D printing, the wiring harness assembly in CATIA and inverse katieml hope to use the skills gained from
this experiencan the futue to contribute R VROYLQJ WKH ZRUO G TV nt £padifiQatiyts @ HQ L A-IXIPVO O H C
space exploration goals
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the complexity of the ICPS model and the possibility of overwritb@® R W K H Uw@H# UhadRtQ fisé the save
management featute ensure | was only modifying the tégwvel product

B. ML

Updatingan existing model othe Mobile Launcher (ML) was easil
the most timeconsuming project | worked on this spring, but it w
interesting learning about the ML systems as | worked. Starting wi
class 5 model (A low detail model omitting things like s@emd bolts
and not as detailed as a class 3 or lower model) containing over 1
parts, | was tasked with applying materials and selection sets to the
This is necessary so that antapdate model can easily be used to pl
processes or solve fgoems in the future.

7R UHFUHDWH VHOHFWLRQ VHWV |, DW
to export selection sets from an older model and import them into
current one, but this failed due to the renaming of parts between mg
This meant that | had to manually applyterals and selection sets.
found that the search tool helped to some extent after | learned how {
it, but | abandoned this approach after realizing that | was selecting
and products that I did not want. It was also challenging at times t@ k
what to deactivate when duplicate parts were present because
duplicateshadmatding part and instance names meaninglb#t would
be deactivatedt the same timevenif only one was selected. Deactivatg
parts also caused errors when trying xpaat selection sets as CGR
(lightweight visual representations of objectBd. fix this, the selection
sets affected had to be recreated, which was done quickly by isolating
in the visible or hidden space, selecting thand making a new set. Witlll modifications done, the final model
(figure 1) shows 7,903 parts grouped into 47 selection sets.

FXVWRP &!

Figure 1. The updated class 5 Muith
materials and selection sets

[ll. Creating Modelsthrough Reverse Engineering

There are several occasions when a model is needed, but an accurate model does not exist. This is hen revers
engineering using laser scanners is useful.

A. Hydraulic Pressure Cart (HPC)

One such reverse engineeriagk was to create a model ofldPC that § in High Bay 3 of the Vehicle Assembly
Building (VAB). The Surphaser was used to scan the Tardothis, scan targets wepositioned on tripods and
magnetsaround the carbefore the scanner could be used to scan the cart from various poStanstargets are
white spheres of known size that can be identified by software when processing theataterddiearned thattiis
importantfor each scario include at least 3 targets from the previous scan so that the scans can be registered later.
Another consideration is that a scan should not start facing a target because a slight overlap octhessodramer
rotates and the target data might not
recognizable if the overlap isot clean The
Surphaser like other scanners, has a setting
determine the scan resolution in scan lines
degree. Resolution affects the time required
a scansothe user must decide howtradeoff
thelevel of detailin a scan with the time it takes
to scan For the HPC scan, each scan tog
around 12 minutes. We also took photos of t
HPC cart to help with modeling and texturing.

After scanning, the data was processed &
given to me in the form of an E57 file. This filg
stored the point cloud, which | imported int
CATIAV5 usingoneof HVLJQ 9LVXDUTIDWLEROYTV
custom toolg(see figure 2)At first, | was not Figure 2. Point cloud of HPC scan that has been process
certain of the level of detail needed, but | learnRealWorks and imported into CATIA
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to focus on overall dimensions of the objectddition to outlets and controlsalsolearned to use the compass to
move part§The compass not a tool | needed when modeling objects for assignments at $chool.

After creating the geometry, | learned how to apply image textures to the model from the pictures taken earlier. |
OHDUQHG RQ P\ RZQ WKDW &$7,$chRintMdesia Bidk& téobaGlloRrs gkl & beQnapped
to the surface of a model. | thought this was how to apply image textures to models for DV, but | was told that it
breaks on largenodels when | asked about using it. Instead, DV showed me thedrigtty use for adding image
textures. It involves creating a thin new part that is snapped to the model surface and given a material with an image

texture The final model is shown in figure 3.

Figure 3. Model ofa HPC cartfrom scan data

B. Laser Tracker
AnotherVFDQQLQJ DQG PRGHOLQJ WDVN FDPH WR PH IURP D FXVWRPHUTYV
Bay 3 platforms. The laser tracker is used to determine the initial coordinates of Space Launch System when it is i
the VAB. This information is necessary for an avionics box inside the rocket to calculate the position of the rocket
mternally,so the rocketanknow where it is even léxternal tracking is lost. A model of the tracker was needed to
i

Figure 4. The laser trackeis in the middle surrounded
spherical white scan targetl was standing out of the way
the Surphaser on thigght was scanning. Behind the cam
is Devin Swanson who helped me with this scan.

KSC 4

decide on the tra s HUTV SRVLWLRQLQJ VR WK
could shoot through a service hatch in the vehicle.
First, the tracker was scanned by the Surphaser
from 3 positionsFigure 4 shows the scan setiach
scan took around 12 minutester scanningthe raw
scan data wasrpcessed in RealWorks. | relied on
documentation and other DV members to process the
data aghis jobwas my first time using RealWorks.
The process started by importiallithe scan files and
WKHQ UHJLVWHULQJ WKH WDUJHWYV ZI
7D U JHW Mhis\grBmpted for the type of target
used (200mm spherical) and a reference scan station.
RealWorks then found the targets in each scan and
matched them, which resulted in &llpoint-clouds
being aligned and placed in the same coordinate
system with lhe referencecanstation serving as the
origin. From here, points were extracted from the
VFEDQV XVLQJ WKH $6FDQ ([SORUHU:- ZL
way to select the needed points for extraction was with
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at.H\ 30DQ - ZKid&vh liew db tha st&h. Afte

extracting the area that included the tracker, more points

ZHUH UHPRYHG E\ VHOHFWLRQ XQWLO R(
cloud remained. A new coordinate system centered on the

tracker was made by fitting shapes to the point cloud. This

simplified modeling lger. The processed point cloud is

depictal in figure 5.

The tracker was modeled from the point cloud like the
HPC, but this time kinematics were applied. | learned how
to use kinematics from a book during week 2 of this
internship. This provided me with an understanding of
joint types, degrees of freedom and how to constrain parts
so they ca only move in desirable ways. Even with this
working knowledge, acouple of problems were
encountered. After applying geometygsed joints to the

Figure 5. Processed point cloud dfielaser tracker ii
RealWorks. The orange triangles represent the sci
locations

tracker, | realized | could not move parts in the prod
tree without breaking joints and needing tecreate
them. This is when | was told to use akssed joints,
which | had not encountered in the textbook | ref
earlier. Also, the handles that are created to jo(
mechanism were reversed so that clicking and dragg
the arrows to move a joint one way only made it mo
the opposite direction. After experimenting withnjo
creation for a while, | found thaterorder ofgeometry
or axis systemselectionaffects the handle direction.
For example, the tracker needed to rotate horizontd
on the tripod. From the frame of reference of the tripg
the tracker should rotat® QG VR WKH WU
geometry or axis system should be selected first in
creation of a revolute join¥When these problems wer
solved, the final model (figure 6) wased to help the

customer determine where téage the tracker on therijgyre 6. Completed laser tracker model with im
VAB High Bay 3 platforms. texturesand kinematics

C. Man Lift

More experience in reverse engineering was made by modeling a mé
that will be used in the processing of the SLS core stage. | usedBdora3can
the man lift in an extended and then retracted position. Four targets
placed on tripods around the lift and several others were magnetically atta
to the lift itself. The lift was retracted for 6 scans after conducting 6 scans
the lift fully extended.A small problem resulted frometracting the lift
becaust¢he velicle and the spheres attached to it shook violently in the prod
leading tohigher fitting errors in RealWorks when registering the scan la
For this reason, | unmatched the targmtsthe vehicleand used only the 4 o
tripod-mounted ones. | performedstationbased extraction of points so ths F A
the resulting point clouds could be merged into two separate ones fa e ‘
retracted and extended lift positioas shown in figure 7. | — rrnnnn WAL

| encountered difficulty when creating kinematics for the man lift beca T
a pistorarm mechanism that raises the basket caused a &wdd when --*Li-‘-ﬁ-h-l:---*h
jogging the mechanism. To solve this, | tried to check the alignment of L. " . ]
axis systems, experiment with joint combinations and create a simple nrigure 7. 'V'af‘ lift scan data |
in another CATIA session to show that the joint combinations worked. NReaIWorkg W'th. both the extended
of this solved the pblem. Kinematic relationshfwere used to drive Othelretraded lft point CIOUdS'. The gre
joints in the model and so | decided that the same might need to be do'plane was fitted to the lift arm a
the piston and arm. A discussion about the problem with DV revealed used _to create a userdefinec
&$7,37V FKDLQ OLQN VRO YH U dXsQdh\kid khematitceQrdinate system. | &
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