Using CAE Software to Build a New Position Sensor

The powerful simulation and prototyping capabilites of CAE software take a lot of the risk out
of introducing new sensing technology by reducing development cycles and material requirements
and improving sensor performance.
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Using CAE Software
to Build a New
Position Sensor

The powerful simulation and prototyping capabilities of CAE
software take a lot of the risk out of introducing new sensing
technology by reducing development cycles and material
requirements and improving sensor performance.

Curtis Rebizant, Integrated Engineering Software

Ron Smith, True Position Magnetics Inc.

he market pressures fo create less ex-
T pensive, compelitive sensor designs

in sharter Hme are forcing develop-
ers to seurch out better design technologies,
Electromagnetic, thermal, and structural cone
puter-aided engineering (CAE) software tools
are good examples of the powerful resources
available for simulating sensor properties,
such as position, velocity, temperature, mug-
netic fields, stress, and strain, The ability to
simulate the performance of a design prior
b prototyping can result in significant time
and cost savings (see Figure 1),

Sensor design and prototyping costs mnge
fram tens of thousands of dallars 1o hun-
dreds of thausands of dallars per design/pro-
totype, und in a iraditional non-CAE devel-
apment environment, with a minimum of
two to five prototypes per design, the costs
can easily multiply. In contrast, with an ini-
lia] investment of less than $10,000, vou can
puirchase CAE software that pravides the
ahility to aceurately and efficiently simulate
sensar designs,

CAE Software for Sensor Design

True Position Magnetics [TPM) is o new
Silicon Valley company tht has technology
(patent issued November 1997 that allows

simultuncous 3-D position measurement rel-
ative to a special target through the use of
magnetic fields {see “I'rue Position Sensing
in Three Dimensions,” Sensars, February
1993}, TPM sensors are being develaped tor
integration into robatic systems in acrospace,
sermiconductor equipment, and industrial
control applications,

TPM position sensors indicate position in
space with reference to a 3-D coordinate sys
tem. The device electronically measures and
compares the magnetic Mux from a barget

moving through four geometrically equal
magnetic paths armanged symmetrically around
the sensor's axis. It is this precise symmet-
rical halance that requires the use of CAE
software, To prototype such a structure by
lesting various geometric configurations and
then determining the behavior of the elec-
tromagnetic field with varying geometries
would have been prohibitive in terms of time
ane cost. Using Amperes, the 3-D magneto-
static OAT tool from Integrated Engineering
Saftware, TPM engineers can test various
plivsical and material configurations, exam-
ine design concepts, and optimize designs
fosr o variety of seenarios,

Amperes is based on the boundary element
method (BEM), which has inherent advan-
tages over the more traditional finite element
method (FEM). The open-region nature of
electromagnetic and thermal systems re-
quires an FEM solution to have a full-region,
finite element mesh, with artificial trunca-
ton of the model’s surrounding regions. In
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contrast, the BEM requires only discretiz-
ation of the model's surface(s)—the free
space Tegions (i.c., air] require no boundary
element discretizabion (see Figure Z), (Dis-
eretization is the process of placing nodes —
numerical computation points—on the CAL
model. The nodes are then used to produce
thie model’s numerical solution. ] This unique
BEM property is advantugeous in TPM's sen-
sor design efforts because it requires less com-
putational time than previously used meth-
ads. Far each new position of the targel rela-
tive to the sensor, the BEM can use the same
diseretization, und for small air gaps, there is
no need to pack the air gap with a computs
tionally demanding finite element mesh.

By using Amperes, TPM can develop con-
cepls faster and with more variety, With the
software, moving from design to prototype
takes anywhere from a few days to two weeks;
in the past, it took six to nine months, Ac-
cording to Ran Smith of TPM, “The cost to
create a salable product is reduced 50-90%,
and in many cases, deriving certain operat-
ing churicteristics is impossible without the
use of Amperes.”

TPM's responsiveness to modification re-
quests from customers 15 also improved signif
icantly. Customer suggestions can quickly
he tested and verified, and simulation results
i be communicated to the customer in a
day or two. In many cases, a one-day him-
around an several scenarios is possible.
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Designing a Position Sensor

TPM follows five basic CAE steps in de-
signing its position sensor, First, it creates a
CAD model using Amperes” built-in CAD
system [see Screen | (A)] or by reading in
Initial Graphics Exchange Specification/
Drawing Exchange Format (1GES! DXF)
geametry files from ather standard CAD Sk
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tems. Second, it assigns the physical proper-
ties (e.g., materials and sources) by selecting
options from the software’s materials library
ar by defining materials itself. In this exam-
ple, the material is a user-defined nonlinear
B-H curve [see Screen 1 (B)]. The sensor's
coil winding source is modeled by specifying
various Amp Turns in the coil region. In
the third step, TPM places houndary ele-
ments on the surfice of the CAD model [see
Sereen 1 (C)], In the fourth and fifth steps,
engineers analyze the model and review the
results.

Running on a 200-MHz Pentium computer,
Amperes provided TPM with magnetic flux
vs, position characteristics, force at specific
points, and the minimum material thickness
required. In a few steps, Amperes’ 3-D pani-
metrie simulator generated magnetic B-field
plots in the regions of interest (see Screen
2}, This particular position sensor [see
Screen | (A)] was designed for use with an
air gap of = (150 in. and to provide positional
aceuracy of 0,002 in, to 0,003 in, TPM veri-
fied that the simulated B-field results of the
sensor were within 4% of expected values
over the operational range of interest.

Next, TPM engineers optimized the original
sensor design by improving the SNR by more
than 300%. The company achieved this by tak-
ing the sensor’s onginal complex geometry and
connbining several sensor parts into one, altering
1_]1? .EEI'L%C'T.W IT'-'ETFl” ﬁl'lﬂpl'_'. T’l“‘.’i‘ ll."l'li.LT:Ig{:!'i I]]hﬂ
allowed less expensive parts to be used when
making prototypes and in praduction. Mare
impartantly, TPM was able to dn:iigu i Thesy posi-
tion sensor that would have been prohibitive



under the curren r:l:lll.|i:|||5', constmints,

Based an these results, TPM believes CAE
software tools permil virtual product design
and greatly reduce the risk invelved in info-
ducing new sensor technology, The risks for
da.-w.-h_;piug a new sensar in the pre-CAE eo-
vironment were simply unacceptable.

TPM must commit to a praduct price and
delivery schedules for o sensor before it i
Built aned still maintain a profit. According to
Ron Smith, "By using CAE toels, TFM can
budlel and test w virtual product in the soft-
witre prior o conumithing to price.”

When the virtual product meels eustomer
specifications throngh Amperes testing, TPM

TeIIres i tinancial commitmenl contingent

an the TPM sensor’s meeting specibicatinny
in actual festing, Al this point, TPM is will-
i to risk the unil construction cost, know-
ing that the predicted performance denved
from Asnperes analysis and the actual meas-
ured performance are very close, The CAR
design process is driving the entire TPM strat-
epy for introducing new sensor technolagy
b varions ndustries,

e new TPM position sensor design re-
duced the original sensor's material require-
wents, significantly improved the sensor's
performance, shortened the design cycle, and
lowered design costs. It's understandable why
CAE software is hecoming an accepted tool
in the sensor desipn process. B

Curtis Rebizanl is General Manager of Integ-
rated Engineering Software, 46-1313 Border
Place, Winnipeg, Manitoba, Canada, R1H
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www integrated . mb.cadfies

Ron Smith s Presicdent of True Position Mag-
netics Inc,, 307 Orchard City Dr,, Ste, 309,
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INTEGRATED
ENGINEERING SOFTWARE

Integrated Engineering Software provides leading-edge
CAFE software tools for electromagnetic, thermal and strue-
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== TPM 1ruE posiTion MAGNETICS INC.

True Position Magnetics is developing 3D position (XY &
7 simultaneously) sensors based on this new technology.

tural component design and analysis. Over the last 14
| vears INTRGRATED has lead the way in ZD/3D CAE
tools for magnetostatic, electrostatic, time-harmonic {eddy-
current), high-frequency, thermal, stress/strain and cou-
pled applications. INTEGRATED's CAE software prod-
ucts are bused on the fnnovative Boundary Element
Method (BEM)—No FEM required. The BEM approach
requires boundary elements only on the madel's surface—
no air gap FEM mesh nor artificial free-space boundaries

Ta roughly demonstrate how this sensor works the "two
hockey puck” example is used. Imagine that you are holding
two hiockey pucks, one in each hand. Now bring the two
hockey pucks together out in front of you so the two faces
are parallel to cach other. As the pucks approach each other
the one in your right hund (the sensor) will sense the center
position of the one in your left hand (the target) when the
distance bebween them is equal to the dinmeter of the

required.

your Hi-day evaluation,

T, 204-632-5636, F. Z04-:633-7780
Eemail: info@integrated. mb.ca
Web: waw. |11tc'g'rutc{|.rn|l cfies

Fasy to learn and easy to use all of INTEGRATED's soft-
ware products include a fully integrated CAD system,
IGES/DXF file aptions, user-definable linearmon-inear
materials, periodic/symmetric models, parametric analysis
and nuterouy other graph/plotivectar options,

Verify and compare the results. Call us today to set up

46-1313 Border Place, Winnipeg, Manitaba,

lockey puck,

hes it.

The diameter of the sensors can range in most any size, but
tvpical applications require diameters of 1,00 inch to 10.00
inches. The sensing range of the sensor to the target will
also be approximately 1.00 to 10.00 inches respectively,

TPM will develop sensors Tor prospective customers at "no
charge” using AMPERES if the business opportunity justi-

307 Crrehard City D, Ste, 309,
Camphell, CA, Y5008;
tel $08-R6A-2299, faxd()8-358-4] 13
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