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Dielectric Setup in Physlab




Dielectric Setup in Physlab (Cont...)




Schematic of Experimental Setup
for Dielectric Measurements
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Note: Temperature dependant Dielectric Measurements can be taken only up to 300 degree C
through this experimental arrangement . For much higher temperature (up to almost 800 degree C)
we are manufacturing another arrangement.



CAD 3D Model of Dielectric Cell
Final Design




CAD 3D Model of Dielectric Cell (Cont...)
Final Design
Lower Electrode




CAD 3D Model of Dielectric Cell (Cont...)

Final Design
Upper Electrode




CAD 3D Model of Dielectric Cell (Cont...)
Final Design
Guard Ring




CAD 3D Model of Dielectric Cell (Cont...)
Final Design
Base Plate




Initial Dielectric Cell Designs
First Design
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Initial Dielectric Cell Designs (Cont...)
Second Design
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Initial Dielectric Cell Designs (Cont...)
Third Design




Initial Dielectric Cell Designs (Cont...)
Fourth Design




Selection of Design
Factors for selection of design:

 Complexity

« Manufacturability

« Electrical connections

e Material required

e Cost

* Thickness Measurement
e Contact stabllity



Manufacturing of Dielectric Cell




Manufacturing of Dielectric Cell (Cont...)




Horizontal Dielectric Cell
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This Dielectric Cell is designed in
such way that it can be placed in
vacuum tube furnace which have
a capacity to rise up to 1100
degree C.

For electrical connections we also
have stainless steel vacuum
flange contain 6 through brass
screw threads fixed on one side of
Alumina tube..

Internal/external electrical probing
can be done via high temperature
insulated wires.



Designing a Heater for Dielectric Cell
Test Phase

* Tests were also performed on coiled NiChrome

wire In air and coiled NiChrome wire on Alumina
tube.

e Data got from these tests helped us in designing
heater for Dielectric Cell.



NiIChrome Wire Data

Approximate Amperes to Heat NiChrome Wire

Diameter °F 400 600 800 1000 1200 1400 1600 1800 2000

(mm) °C 205 316 427 538 649 760 871 982 1093
10 2.591 16.2 213 29.7 317.5 46.0 56.0 68.0 80.0 92.0
11 2311 | 13.8 19.2 248 31.5 39.0 48.0 57.0 67.0 78.0 : 0.06488
0.08151

Oohms/ft at Room Temperature

Gauge Wire

12 2.057 1.6 16.1 20.8 26.5 31.5 40.8 48.0 S6.0 65.0

13 1.829 0 .80 13.6 17.6 22.5 28.2 34,2 41.0 480 35.0 0.10290
14 1.626 8.40 1.6 15.0 18.8 235 29.0 34.6 40.5 46.0 3.1.1_33'3
i5 1.448 7.20 10.0 12.8 16.1 20.0 245 29 .4 34.3 19 2 3{'&1—_{’3‘:!
16 1.295 6.40 %.70 10.9 13.7 17.0 30.9 25.1 20,4 13.6 j.h':l .-::';l
17 1.143 550 750 950 117 145 176 211 246 281 0.25950
i8 1.016 480 650 820 10,1 12.2 148 177 207 3.7 0.33330
19 0.914 4.30 5.80 7.20 8,70 10.6 12.7 15.2 17.8 20.5 ?431‘??
20 0.813 3.80 5.10 6.30 7.60 9.10 11.0 13.0 15.2 17.5 :'-5—339':'
21 0.7239 3.30 1.30 5.30 6.50 7.80 9.40 11.0 12.9 14.8 f'ﬁf"j;"_'
22 0.6426 2.90 3.70 4.50 5.60 6.80 £.20 960 11.0 12.5 0.83100

23 0.5740 ? 58 3.30 4.00 490 5.90 700 130 9 60 10 1.05500
24 0.5105 2.21 200 3.40 4.20 5.10 6.00 7.10 £.20 940
25 0.4547 1.92 2.52 3,00 3,60 4.30 5.20 6.10 7.10 8.00
26 0.4039 1.67 2.14 2.60 3.20 3.80 1.50 5.30 6.10 6.90
27 0.3607 144 184 225 273 330 390 460 530  6.00
28 0.3200 1.24 1.61 1.95 2.38 2.85 3140 3.90 4.50 5.10

29 0.2870 1.08 1.41 1.73 2.10 2.51 205 3.40 3.90 4,40 T '3'3
30 0.2540 0.92 1.19 |.47 1.78 2.14 2.52 2.90 3.30 3.70 6,500
31 0.2261 0.77 1.03 1.28 1.54 1.84 2.17 2.52 2.85 2 06
32 0.2032 0.6% 0.90 1.13 1.36 .62 |89 2,18 2.46 2.76 10,160
33 0.1803 0.59 0.79 0.97 1.17 1.40 1.62 1.86 2.12 2.35 12 200
34 0.1600 | 0.50 0.68 083 100 1.20 141 1.60 1.80 1.99 6.380
35 0.1422 0.43 0.57 0.72 0.87 1.03 1.21 1.38 1.54 1.71 30 730
36 0.1270 038 052 063 077 089 104 119 133 148 36 000
37 0.1143 0,35 0.46 0,57 0.68 0,78 0.9 1.0 1.16 1.29 37 100
38 0.1016 0.30 0.41 .50 0.59 0.68 0.78 0.8% .98 1.09 —-Et‘:;
39 0.0B89 0.27 0.36 0.42 (.49 0.58 0.66 0.75 0.84 0.92 53 060
40 0.0787 0.24 0.31 0.36 0.43 0.50 0.57 0.64 0.72 0.79 57 640




Outcomes to design a NiChrome
wire heater

To design and create our own NiChrome wire heater using tables
and figures above, we need to play with these parameters.

DIAMETER - The smaller the wire, the higher the resistance per foot

LENGTH - The longer the wire, the higher the over all resistance

HEAT - The more heat a wire generates, the more resistance it will
create



Calculations of Designing heater for
Dielectric Cell

Available Nichrome wire: 37 AWG
Dia .1143 resistance 108 ohm/ meter

Maximum achievable Temp of NiChrome
wire = 1100 degee C (Nichrome Wire Data Tables)

Max current under safety: 0.65 A

We want to make 35 Wattage heater

P=VI
V=35/.65
Max Voltage =53 V

V=IR
R=53/.65
Req. circuit resistance = 81 ohms

Length of wire = .75 meters

37 Gauge Nichrome Wire C —108.2 ohms
per meter resistance

0.7 meter of length (constraint: Design
Space) = 75.6 Ohms resistance

0.65 Amps (Temperature desired 1100
degree centigrade)

V=IR
V=.65*75.6
Max Voltage = 50 V

P=VI
P =50* .65
Wattage = 32 Watts




Excel Sheet for NIChrome wire
heater calculations

Microsoft Excel - Calculations 1 Microsoft Excel - Calculations_1
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et ezl |
—#EB - # 45 v A
_ [A]B] € D [ R [N 1 I E SR LM | 1Al 0B c | b E Fld H | ! 13 K| L At
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% - 190 | — Di(a[:l[it)er S— s;"s'i:ls‘i::'i:; imperage for Desired Tem| | Minimum Yoltage Rating
= : : mperage for Desired Tem| 1
10| Gauge Wire Diameter Ohms /foot ﬂa)umum.Lengt _ | 11 | 10 2.591 0.06488 0,0640 6.2 23.3 1.1 1.5
11| {mm) of Wire I g - 11 2311 0.08151 [(IEEEE 12.3 29.2 11 16
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26 | 24 0.5105 1.671 35.91 ///W//////y/// | 27 26 0.4039 2.670 2.670 1.67 2.14 4.5 57
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Setting up Temperature Controller with
Dielectric measurement system

Internal Relay
5 Amp

Front Panel of Temperature Controller Circuitry for Temperature Control setup



LCR meter/Computer Interface




LCR meter/Computer Interface (Cont...)

. Configuration

Model 1910

Test Number [

Frimary Parameter | Cp -
Secondary Parameter — |Rp -

Frequency [Hz) 100
1

oltage [YRMS]

Biaz  |OF -
Range |Auto -
Accuracy | High -

Delay |17
li

Mumnber to Average |4

Update Test

tdedian 0FF -

Cable Comp. |0 -

Leveling 0FF -

Source Res. 5 -
|Ipdate Syz

|Sweep ﬂ

Sweep Controls

v Log Sweep

Start Frequency [Hz] 100
Stap Frequency [Hz]  {1000000
Sweep Steps 10

Exit

& QuadTech 1900 Virtual Front Panel Wiza... [= |[B][X]

ComPart: |1 - Baud: (9600

Finished L Est
[uadTech, Inc. & Clock Tower Place Maynard, ké 07754

ey quadtech. com 1-800-253-1230
Werzion 2.0

<l Resunis EEXE

%uadTech Status: Measuring 2

TEST 1
Cp 7.6296e-12 F

Rp |1.0748e+10 |Ohm
| |

1B Microsaft Dxcel - I reg
(3] pe [ few et Fomet Josk Opla e e AdigeROR
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Real Part
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Measurement of Dielectric Properties
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5.0+

.52

-5.6 -

<58

6.0~

5.2

0.14 -
0.12
0.10
0.08
= 006
0.04
0.02

0.00

0.240 —

0,235+

0230+

= 0225

0.220

0.215

0.030 -

0,025

0.020 -

e

o

o
I

0.010

Tangent loss

0.005

0.000 -

0.007 5
0.008 —
0.005 o
0.004 -
S 0003
0,002
0.001 _

0.000 o

ra =



log cac

Measurement of Dielectric Properties (Cont...)
Mica (temperature dependant)
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log mac

Measurement of Dielectric Properties (Cont...)
MNPs/Polymer (frequency dependant)
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Measurement of Dielectric Properties (Cont...)
MNPs/Polymer (temperature dependant)
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Measurement of Dielectric Properties (Cont...)
PbTiOs (frequency dependant)
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