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Reference engineering
of satellite dishes

Glass/vinyl ester, glass/epoxy or carbon/epaxy laminates

By Kerem Fisher, Sendor Edior

Ability to take precise measurements throughout fubrication
process makes complex contours possible.

tartiing with a parabalic equation, how
does ene design and produce a satelline
dish whose surface accurately mimics
thut equation? In the conventional approach,
the CAD design informs the fabricarion
process—but no mechanism exists for com-
paring the template, mold or component to
idenl design values. Cuality is confirmed only
through a performance evaluation of the fin-
ishved dish, Accuracy of taling and fabrication
is nssured through selatively expensive proce-
dures, such as numerically controlled TNG)
machining of high-cost materials, i F e
L-TEC {(Cwings Mills, Md.} wanted o
less  expensive, more  accurte
appragch, and found it by working
with Direct Dimensions (Balti-
more), Direct Dimensions is Grl
providing sccurite medsdres T
ments of each step in the
fabrlcation process. Befor-
ence  engineering—eom-
puterized referencing of these
messurements bock to the CAD
desigi—allows L-TEC to make intermedinne
adjustments throughout fabrcation. The final
component I8 compared directly with the
design, providing information about part qunli-
ty prier to performance evaluation.
Heference engincering is mode possible by
a upigue coordinate measuring machine
{CMM) thar burrows technology developed for
miedieal applications, The FaroArm from Faro
Techmologles {Lake Mary, Fla.) is the product
af 0 technology transfer prompred by the for-
mer Martin Marietts Ceorp. ( Baltimore}. Martin
Marietta's Aero and Maval Systems Division

© equatlon -

wis looking for a way to securntely measure
large. complex-contoured components being
fabsieated for commerclal Jet engine applicn-
tions, The measurements oare needed tw
ensure compliance with the engine
manufacturer's specifications and
o identify process improve:
ments o minimize assembly
wariation, BRY
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Michael Raphael,
then a Martin
comployves nnd mow
| I."u-l:nl.lnd.l.:r ﬂll
= Direct IMmen-
" slons, worked with
Furo to adapt the FaroArm o industrial oppli-
cations. The device was used in nevrosurgers
and other applications o precizely nreasure
shkeletal dimensions prier (o surgleal proce-
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dhores. To work ml..u.'xsﬁlllr in am indusirial
environmamt, the technology required a more
rugsbed design and mew mounting enpabilicies,
as well as more advinceesd software,

Raphanel recognized this technology as
promising altermative for measurement of the
large complex components, conventionally
perisrmied through eomparison with plysioal
templates or by triangulation {similar to sur-
veying technlgues) with ebectronio theodolites,
.ﬂ.llh-:ruah ChAlz have been weed to measure
EHMposite components for muny vesrs {parto-
ularly In automotive applicatlons), these
devices rypically are immobile benchoop units
with limited messurement envelopes (up 10 8
ft) and few degrees of freedom for the mea-
surement probe, Parts must be moved from
the falrication Joor to the CMA for measure-
menk, an 1|n|-'i!:|::|-:' soennrio with Bt I‘H_\.' 124r
nacelles, for cxample.

The FaroArm, on the other hand, can he
mounted o the component on the shop floor,
It is a portalde CMM that uses artienlating
links and rototing joints to provide six degrecs
of freedom, allowing accurate digicization of
points and surfaces on complex-contoured
parts, The Forodrm can provide up oo 124t
miensurement envelope, ond “leapfrogging”

capability allows the unit to be remounted
and the twa data sers eorrelated from

a commen reference point. Accumcy is

= [LI03-Inch.

Through direct computer Interface, the
datn i immediately available for analysis of
the surface contour. Data captured by the
FaroArm can be imported Into a number of
CAD programs, including CATLA, CADEEY,
MASTERCAM, FuseSourd and SmartCAM. Con-
versely, CAD datn con be downboadied o Sur-
facer software from Imagewnre, which pro-
vides redl-fime reverse edbginedring of
collected data into CALDN models within a Win-
dows environment. Faro has also developed
AnthroCAM, o program that runs o8 an exten-
slon to AwtalZAT to inspect and create three-
dimensional geometry from collected data on
the fly. The Faresrm can thus work directly
within the coordinute system established in
the CAT design file.

A Alartin Marbetta (now Lockheed Marting,
the Furadrm los been used o cheek compos-
ite bondments for distortion from the eure
oyele, reducing the need for rework during
fimal ||ma..'1'|1.|:d:.' of thrust reversers. The arm bas
also been used to messure lange parts trimmed

II}' H |||.rﬂ: rodwatic rosder
meshine, verifying che
machines NC progrdm-
ming, Positioning  of
clips and hrackets haos
also  been  performed
with the FaraArm.

L-TEC fnced some of
the same C|ul1|¢|1_&l,1f| it
Martln  Marfetta: the
company designs com-
plex-contoured satellite
dishes from 1 to &
meters {abour 3 o 26
ft) in dinmeter. A high
degree of accumcy is
requlred; any deviation from the designed con-
tour resules in power loss in rhe electricnl sig-
nals heing captured by the dish. “Surface tol-
emnee becomes even more eritien] o8 saelline
communleations rely on higher frequencies,”
points out Jay LeVan, president of L-TEC,
Dish surfaces must not deviate more than a
few thousandths of an inch from -:||.-.si|qr.| walue

Unlilse Martin, L-TEC was also scarching for
an aleernative to high-cost tooling materials and
expensive N0 machining of toling for s dish-
es. The company wanted to build its tools with
inexpensive fabricating techniques and rely on
hand work to ensure precision. LeVan explains
thng n G-ft diirmeter steel, NC-machined mold,
for exn mple, ml|_l_h| cost Selb ANE top SR HHD,
Under the process adopied by L-TEL, however,
i Hlke-gized mold made of glhssfpolyester might
cost B10,006 o B15,00KE { These molds also
ey have ceramic powder additive in the resin
for improved ough-
ness. ) The chnllenge,
LeWan poines out, is
that “we must oo
tinually improve the
mald as we fo
through the produc-
tion process.” This
improvement, thnnath
hand rework, requines
regular  inspection
and comparison of
the surtace with the
design standard.

An additional
chnllenge stems from
the fragility of plas-
Li=r I|.'rr|.|;|!||I|.:x and
slze of tools built jor  ¥5EE

Fquie 2. Faedlim il seriace
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the dish fabrication process. Becase
the larger tools in particular require
significant backup structure and, in
soane cases, are bolted to e foor, the
measurentent device has to be hrought
tov them. The portability, sccurcy and
dintn nnalysis capabdliies offered by the
Farodrm are all eritienl to 1L-TEC's
application.

The process of building n satelling
dlish bagins with a desised pedformance
level {the “F/D” value, or focal length
divided by dinmeter) and a parabolic
equation. In some cases, L-TEC's cus-
towmer starts with o parabolie equation
and modifies the resulting shape 1o
improve the ebectrical design {1y reduc
ing signnl sidelobes, lor example). The
parabolie equation or madifled daa ser
i= emtered Into AwiedIAD, and the pro-
dram develops a surface comtonr for the
dish.

From the CAD data, 1.-TEC creates a
SWetp arm out i the cxact profile of
the dish surfage (from center o edge),
The FaroArm checks this profile, and
umy glicches are remnchined. Nexe, a
positive plaster template with wood
lssckup structure s created. The sweep
arin serapes and shoves the plaster w
the desired shape. After g coating of
epixy and hand sanding, the templaie’s
shupe is checked against the design
contour with the FaroArm.

Farodrm software is set up so that
elata points are autamatically captursd
ench time the orm [ntersects a pre-
extablished grid, For example, a data
point may be captured every two inches

im the X direction and every

hali-inch in the ¥

direction. A
crmputer

meMtitors progress in datn caprare and
shows the technician the arens on the
surface still Teguiring scanning. The
dishes usually requirg 70 po 1,000 data
points for thorough onalvsis; these can
b captured in 15 0 20 minutes,

Oince a complete dara ser las been
eaplured, the computer performs a
“hese fit” (with Qualstar 3D hest fit
software from ICAMP, Balton, Conn,) In
which the data points are foated into
the design surface to find the best
mnteh with this surface, Because of this
capahiliey, the arm con capture data in
a "relative™ covrdinate svstem—perect
alignment to the design coordinate sys-
tem prior to data caprure 8 not
resquired,

A eomputer imnge shows deviations
from design values. Error vectors ane
eolor-coded on the computer sereen to
highlight where the templine i high or
Tow. "The system is very quick to ana-
Iyze and compare the data to the desian
curve,” LeWVan reports. Additionally, the
dara can be used to verify concentricity
of eross-sections along parnllel planes
within the wmplate, o sk chat would
atherwise be nearly inpossible without
WO mnchining and the eostly use of
CMM 1o verify concentricity. The svs-
1 alse [il'm'llJuri |:I'=ﬂujnr.ru and otlser
statistical reports showing deviations
froom design volues, The information
availulie froan the data sec and analysis
is a valuable feature as L-TEC reports to
Customers.,

Usinig o pen tip om the probe, the
FaroArm again is enploved to mark the
plnces o the templie that devinee b
severely from design values. These
arens mre reworked (bt up or sanded
down), and the Farodrm coptures a
new data ser. A number of iterations
ean be completed in one work day
{Raplae] reports thae 13 irerations on
an 8-ft pemplate and mold were com-
pleted in one day). Typically, botween

thiree and six lierathons bring the tem-
plaste well within desired wolerances
Asimilar procediire emsares sur-

Figure: 4. Farodum sobeare supplles graphio &
well 38 numencal rq:m.m: Suiifas WECUTECY,
Hae, colpr-coded veclors hightight aneas of
destlion from e designed sutace.

face quality of the: ghsspolvester molds
miade from the templotes and, fnally, of
the finished dishes. To achieve the
desired oderance i the finished prod-
uet, L-TEC holds the wemplate and
mold o even ghter wlerances, For
example, o dish requiring toberonee of
D75 inch might be produeed with a
templite meeting o 0.006-loch wler-
ance.

Reterence engineering allows L-TEC
tw wse low-cost fabrication techniques,
ineluding the hand-surfnced wolig and
vaeam-pasisted resin transfer molding
[VARTM] of the dish, Most of die dishes
are made from glass reinforcement
[weaves, ocontinuous  strand  and
chopped strand) in o vinyl ester or
epoy resin. Bome larger tracking dish-
5, which travel up o 15%%ee ol nooel-
erate at up o 15%e, nre made from
carbonfepoxy o handle the large
moment that the setion of trogking
places o the dish. Reference engineer-
ing with the FaroArm ean be applicd to
the: fabrbeation process af amy kind of
oomposite; ot Martin Mariesta, the arm
mseasured carbovhismaleimide compo-
nemts.

The FareArm is also used on the fin-
ished dishes to determine the exact
location of the surfoee's foeal et
Instead of nedying on the nominal deskgn
value, L-TEC's eustomers eun [oeate the
feedhorn in aceordonees with actual
focal point, ensuring that they get opal-
mal performunese out of the dish

The documentation provided by
Direet Dimensions also is a valuable
piece of the dish's endineering package.
It aillowws the costomer to tolerate a lit-
te nwore dleviation in other componenes
within the dish system,” Raphael says.

“The ability to measure all the way
through the process |s tremendously
beneficial,” Baphoel polios out. LeVan
congurs: “Holding less than 10 thou-
samdths toberance In composites with-
ot the quick response vou get from the
Faredrm literally woull not by cost
effective, and definitely not cost com-
petitive,” MEE
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