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Further Goals We Have
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Get more accurate temperature measurements using PT100s. This includes setting up a circuit and
corresponding code.

Obtain a higher CFM (cubic feet per minute) using a fan setup. To achieve this, we need to connect a
4-pin fan to an Arduino with some corresponding code that allows us to control the fan speed.

> One problem we ran into was that we had a dual fan setup, and unfortunately, Arduino cannot
easily or reliably control two fans separately. So instead, we opted to connect our fans in parallel,
which allowed us to control both fans as one unit.

> Additionally, we need to figure out how to funnel the air into our setup. We tried implementing a
simple funnel system, but the fan is so powerful that the air gets pushed off the funnel walls and
pushes back.



Why We Want PT-100s

The old methods gave us a vague
average of just a single spot and was
susceptible to error.

Using the PT-100s we are able to
get the reading of the at the
exact spot the sensor is placed.
Allowing for us to see the
gradient of temperatures

Easier to exclude problem points
like soldered that heats up
quicker than the rest of the
kapton

RTD Sensor 1:

Resistance = 118.13

Temperature = 46.41

Fault Status = OK

RTD Sensor 2:

Resistance = 117.72

Temperature = 45.34

Fault Status = OK

RTD Sensor 3:

Resistance = 113.71

Temperature = 35.09

Fault Status = OK

ohm

deg C

ohm

deg C

ohm

deg C



How We Got the Current PT-100 Set Up

e Utilized MAX31865 RTD to Digital Converter for PT100 setup.
% Slightly modified the provided code to enable 4 channels.

% Further modified the code to accommodate 12 channels

% Conducted tests to check the reasonability of the temperature readings,
comparing them from room temperature to body temperature.



How The PT-100 Reading Is Calculated

SEN-30201: MAX31865

RTD-to-Digital Converter

MPT100 RGH 94v-0

ErT1000 ™ .p o
-[ -

ForT20 °C:

ForT<0°C:

Coefficients:

Tolerances:

Class F 0.1 (T = AA):

Class F 0.15 (A)
Class F 0.3 (B):
Class F 0.6 (C):

R(T)=R(o)*(1+a*T+b*T2)

Rm

=Rg-[1*a-T+b.T2+c-(T-100°C) - T ¥

a = 3.9083E-03
b =-5.775E-07
¢ =-4.183E-12

+ (0.10+0.0017*|T/°C]) °C
+ (0.15+0.002*[T/°C|) °C
+ (0.30+0.005*[T/°C|) °C
+ (0.60+0.06*[T/°C|) °C

(-30..
(-30..
(-50..
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.+200 °C)
.+300 °C)
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.+600 °C)



How To Add Channels to PT-100

PT 100 PT 100 PT100
MAX31865 2CH MAX31865 2CH
AREF - GND Hano
ARDUINO
Gno Vin /in
UNOTS Tpigf— DRDY1 — DRDY1
1orEr D12 SDO —] spo
drEser  pumDilfH ! csi —cs1
{33V Pt D10 1 SLck SLCk
e M BEF | BRDY2 BROY2
{cno _I:'—I s2 s2
Jvin 7| RTD1 FRC+ RTD1FRC+
Pwh D RTD1RTD+ RTD1RTD+
440 PwM DSk RTD1RTD- RTD1RTD-
a1 paf RTD1 FRC- RTDI1 FRC-
{42 PwM D3F RTD2 FRC+ RTD2 FRC+
{43 02| RTD2 RTD+ RTD2 RTD+
{4 TX D1f RTD2 RTD- RTD2 RTD-
{45 RX DOf RTD2 FRC- RTD2 FRC-

NOTE: You can use either the 5V or Vin on the ARDUINO
NOTE: The color scheme does not mean anything it is for ease of reading the diagram

We are hoping to eventually have 8-12 sensors



Placement For PT-100 On Staves




RVC 6 mm Fixed c¢fm 3.9

PT 100 Reading

AT (°C)
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For the 4 mm
RVC foam with
the PT 100 setup,
we observe less
change between
the middle and far
right, unlike when
using the thermal
camera



RVC 4 mm Fixed cfm 3.9

PT 100 Reading
@® Sensor 1 Outlet @ Sensor 2 middle Sensor 3 Inlet
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Power Density (W/cm?)

For the 4 mm RVC
foam with the PT 100
setup, we observe less
change between the
middle and far right,
unlike when using the
thermal camera

Overall from the 2
graphs we noticed that
the inlet tends to be
cooler



New Heater Zones

Pixel Matrix
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How To Estimate Power Density

Periphery: Power(W)/(1.95 cm *1.0 cm) Range = 0.04-0.8 W/cm?

Pixel Matrix: Power(W)/(1.95 cm *12.0 cm) Range = 0.002-0.02 W/cm
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Where The sensors are placed

Sensor 0 is the far right corner on the bottom pixel matrix
Sensor 1 is far left corner up top pixel matrix

Sensor 2 bottom of Periphery

Sensor 3 is top of Periphery

1



Araldite (Periphery Circuit On)
PT 100 Reading
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With the PT 100 setup, we observe comparable ATs to when the thermal camera was used for measurements. The

stave gets hotter on the outlet side, as the air has passed through and become hotter.
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BondaTherm (Periphery Circuit On)

PT 100 Reading
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As expected the BondaTherm performs Better than the Araldite. With the PT-100 set up we do see lower AT compared to
when measurements were taking with a temp gun. Readings can become inaccurate if PT-100 start to peel off (that data
point was excluded from this data set)



Epoxy Gluing Procedures

Left side BondaTherm (Periphery)

50 ® AT1(°C)
® AT2(°C)
40 {Big Error — AT3 (C)
because of ° i::i C;
* improper
gluing 1.
Spot 1 had a much higher AT due to 2
that spot having to be reglued 3

We need a uniform and thin spread of

glue

To do this we

Clean surface with aclephrobal
alcohol

Using masking tape to create
template for the epoxy

Apply the Kapton strip and use an
aclephroal alcohol wipe to clean
excess glue
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PT 100 Placements

%+ Another way to negate some error is to strategically place our PT-100 sensors

% We know that the while the latitude of the Kapton strips matter for the measuring
temperature. The longitude doesn’t seem to matter as much

% We still need to put more than one sensor at each point of a specific longitude just

for redundancy

% Further testing needs to take place before we decide the final number of PT-100s
and where to place them

Kapton heater B PT-100

What placement of
sensors may look like
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Where Should The Periphery Be In Relation To The Inlet

| AR
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Air passing by the
periphery first will be
heated up faster than if it
passed by the matrix first.
Is it better to have a larger
initial AT for the air
temperature but an overall
cooler periphery

Or is it better to have air
travel from the matrix to
periphery, maybe allowing
for a cooler matrix but a
periphery that is warmer

Pixel matrix
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Periphery
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Conclusion And Things To Do In The Future

% CVD is the better performing foam but we are hopefully that by using a higher
cfm RVC can be a viable option

% Put new heaters on stave and test it

% Calibrate the PT-100 sensors

% Optimize PT 100 placements and permanently attach PT 100s

% Test out some thermally conductive glues
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Let’'s see how it looks if we don’t consider AT1

Bondatherm: Araldite:
Left side BondaTherm (Periphery) Left Side Araldite 2.0 (Periphery)
Measured by Temp gun Measured by Temp gun
30 - ® AT1(C) o T ® AT
AT2 (°C @ AT2
© (°C) AT 3
AT3 (°C) ® T4
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o . ® ATS
< @ AT7(°C) 5 aTo
b ©® AT8(°C) = ® AT10
10 4 AT9 (oc) AT 11
® AT10(°C)
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0 &
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Voltage (V) 1 2 3 4 5

Voltage (V)

Since spot 1,2, and 3 are fairly close to each other geographically so we could conclude that data clearly
shows that BondaTherm has a better thermal conductivity due to smaller AT under the same voltage

applied. 19



Long stave cooling results from last year

3.0 cfm, RVC Foam
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Heat gradient across long RVC stave
dT vs z axis of stave (Nov 29 Camera)
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3.4 cfm, RVC Foam

Heat gradient across long RVC stave
dT vs z axis of stave (Nov 15 Camera)
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Higher flow rate — lower temperatures across the

same power densities
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PT-100 Temperature measurement using Arduino

PT-100 r‘neasu'rement on Kapton Heater PT-100 measurement on Stave



Ifvi 0: Periphery T
Verifying Glues results measured by PT-100  J2tP0er 2%

2: Pixel Matrix near
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e We are seeing AT differences between PT-100 and temp gun measurements
on Araldite under the same power densities.
o  Human error
m different people taking at different times
m Different distance from gun to spot
e PT-100 calibration
We propose that comparing the two temperature measurements, PT-100 is more
reliable due to adhesive properties being applied on the stave for measurement.




Showing Consistency of Temp gun and PT-100 measurements

Left Side Adalrite 2.0 (Periphery)

30

20

Voltage (V)

@ AT1
6.19'x + -4.95
@ 272
357+ 273
AT3
197+ 162
@ 274
157 +-1.12
® AT5
0.199*x + -0.0267
® ATs
0.0424*x +-0.167
) AT7
00201 +-0.2
® T8

0.0339"x +-0.193

AT

-0.0267x +-0.0267
® AT10

-0.0861%x +0.247

2 more

Left Side Adalrite 2.0 (Pt100 Periphery)

AT (°C)

80 @ ATO
0.0272*x + -0.0987
@ AT1
3.21*x +-3.38
60
AT2
12.3*x +-11.6
® AT3
20 13.4% +-12.7
20
0
-20
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AREF
ARDUINOAEF
unor3” G2
- 10REF D12
4RESET  PwMDII
43.3v PWM D10
5V PWM D9
GND D8
4Gno
=1 Vin D7
PWM D6
420 PWM D5
a1 D4
422 PWM D3
423 D2
422 TX D1
425 RX DO

PT-100 2 Channel Configuration

MAX31865 2CH

NOTE: You can use either the 5V or Vin on the ARDUINO
NOTE: The color scheme does not mean anything it is for ease of reading the diagram

GND
Vin

RTD1 FRC+
RTD1 RTD+
RTD1 RTD-
RTD1 FRC-
RTD2 FRC+
RTD2 RTD+
RTD2 RTD-
RTD2 FRC-

PT 100

i

PT100
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Glues results measured by temp gun
Bondatherm: Araldite:

Left side BondaTherm (Periphery)

Left Side Araldite 2.0 (Periphery)
Measured by Temp gun

Measured by Temp gun
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30 —
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AT3 (°C)
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® AT7(°C)
® AT8(°C)

AT9 (°C)
® AT10(°C) o040

AT11 (°C)

20 +

AT (°C)

Voltage (V)

AT1 for Periphery BondaTherm is not having an accurate reading for the
following reasons (mostly human error):

Extra glue: AT1 was taken at a spot with extra glue under the heater.
We applied more glue onto the spot after it got tipped off (We did see
more glue — higher temp in thermal camera)

Reflection: The laser could be reflected to the soldering point when we
pointed to spot 1 with an angle (not perpendicular to the surface)
Radiation: excess heat from the soldering point

® AT1
® AT2

AT3
® AT4
® ATS
® ATs
@ AT7
® T8

AT9
©® AT10

AT 11
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