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Project Description

Pea Whitney i pressures and tem-
petaties in the flow path of gas mrnlne engine subsystems, incuding
the fan, low and high-pe high-pressure:
turbine, and low-pressute turbine.

Thi L for d program is to build a work-

Ing prototype of a station probe that is wirelessly connected 1o the data
acquisition system. This requires rethinking the probe design to em-

bed the inta the probe. In addition,
the electronic networking and link inta the data system will have 1o be
changed.

This yeae's team e design of the probe-ervi can-
trol systemns and the integeation of last year's teams work inlo a prato-
type system. The environment control syssem will ensute the accuracy

A wirebess station probe will greatly reduce cost as bess effort will be re-
o it Tests i

done in & Pratt and Whitney high-speed wind tunnel.

Wireless Communication

I & typical Pratt & Whitney engine test, there are thousands of sensars
on the engine. This means that there can be a hundred or maore wireless.
statlon probes in a test system. To accommodate the large number of
nodes in the netwark, we chose the ZigBee mesh network protocol be-
casse of its scalabiiliny, ﬂe:lblhry and kow power consumption. Each sta-
tion probe i hi will be one node
In the network. The station probes transmit the data they collect 1o base
station modules that interface with the control reom computiers.

el at the prool-of-concept level

Mechanical Design

1st Prototype

The fiest prototype above d during thy
to canduct thermal tests. The second prototype below was presented

to Prate & Whithey a3 a space saving redesign that was easier 1 assem-

ble and to maintain
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What's Next

Preliminasy testing on the first prototype has been very promising. We
ta within half a degeee and the

Pre 5 e lues f luulnpu:uuwuau

calibeation input and mns the data to the wpper circult board.

Pressure Transducer — measures a sngle pressute ingat pressure very

jeecisely with very litthe variation due to temperature 5o that the pres-

‘sure scanner can be calibrated

Preumatic Solenokds - controlled to open and close a shuttle valve in
P allows

Cold Junctions - take four sets of thermocouple wire & inputs and out-

put volt their

Quadtron Stack - processes all the thermocouple, peessune scanner,

and pressure transducer inputs and outputs them back to the top circult

Iboard

Internal Temperature Sensors - measure enclosure temperature
three locations for I of thy

choaure to keep the el g ar losing accuracy
Alr Salencld - opens and closes to allow alr into the enclosure for col-
ing

DE/DE Power Converter - steps dawn input voltage from 28V 1o 12V
for use with all imtemal components. Its located on the lower circuit

Wireless Chip - processes communication through the antenna over
ZiBee, reads 1empersture data from the internal temperatuse sensars,
perl solenoid

Upper Circuit - cont and wireless ch
terfaces batwesn the winsless chip, the Quadiron stack, and the v
chrcuit; and outputs high voltages 1o the solenold valves

Lower Chrouit 2BVDC pewwer In
&nd routes it up to the top board; and interfaces between the cold junc-
tians and the top board

Thermal Management

Our ish two goals crith-
" Bty and

1. Keep | | within

2 cli 4 the cold junetioni.

¥ ing shells to minimize the gi

scross the cold ]Iln(llbm We ran FEA simulations to determine feasibil-
iy and found thatthe cold junciions woukd anly see 2 0.1°C geadient

of 200°C. 4 il
shown m:ho left In the first prototype and tested performance in an
oven. The results, shown below, indicate that the actual system expe-
rhences no more than a 0LI°C gradient under normal aperating condi-
Tons.

Enclasure Temperature

For i hin thy  we looked at two
ol hods of coaling: alrwith a be and

Peltier ties.

s minimal. The next ot 10 .get th ¥

e working 50 Pratt & Whitney can assess COmponent accuracy in our
setup. The system has basic func-
tionality 2 of the end of the semes-
ter 30 all that is needed b someone.

W ran simulations with a crude pratotype during the first semester
lnd found that the vortex tube presented the best method of cooling.

on the onboard FICs and develop
contral room soltware 1o interface
with out systemn.

ety 10 control in second semester tests




