C.3 CHANNEL 3

Table C.3 Measured depths of 15 samples for Channel 3 and statistical analysis for mean depth
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

11.5 11 8.94 10.1 9.96 9.84 10.2 9.91 9.31 10.1 10 10.1 9.92 9.69 9.72
9.78 10 10.4 9.97 9.72 9.86 9.69 10.2 10.4 10.4 9.39 9.62 9.81 9.74 9.61
9.88 10.9 10.2 9.9 9.58 9.7 10.2 9.85 9.56 9.67 10.1 10.2 9.81 9.69 9.81
9.67 10.6 9.85 9.67 10.2 10.2 9.45 10 9.46 10 10.2 9.5 9.5 10.1 10.1
9.03 9.41 9.99 9.92 9.84 9.74 9.95 10 10.2 9.83 9.55 9.86 9.86 9.73 9.5
9.58 10.8 9.53 9.73 9.68 9.95 9.62 9.79 9.38 9.62 9.9 9.56 9.56 9.85 9.69
9.73 10.4 9.77 10.2 10.6 9.69 9.83 9.5 8.63 9.3 9.68 9.77 10.3 9.51 9.57
9.83 10.3 9.91 9.67 9.78 9.94 9.74 10.2 9.9 11.2 9.88 9.66 9.6 9.97 9.72
10.2 10.2 9.45 10.4 9.83 9.83 10.2 9.63 9.11 9.5 9.89 10 10.3 9.72 9.58
10 10.3 9.8 9.75 10.6 9.68 9.58 9.63 8.78 9.2 10.2 9.74 9.89 9.85 9.97

956 105 101 10 10 995 101 102 104 104 973 10 966 984 969
101 103 912 961 916 98 963 104 93 104 101 96 101 992 988
99 104 98 99 99 98 98 99 95 100 99 98 99 98 97

Mean  9.87 320\'/ 0.18 N 15 tesis  2.145

moval | 020 | e 997 | R o7
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C.4 CHANNEL 4

Table C.4 Measured depths of 15 samples for Channel 4 and statistical analysis for mean depth

Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
972 957 917 989 9 895 892 919 907 936 88 918 902 92 887
104 905 919 907 873 89 862 918 936 919 88 9 901 939 894
818 98 99 907 861 898 86l 903 93 92 891 906 922 903 924
038 991 89 927 841 879 879 895 913 89 853 869 895 909 876
93 96 93 93 87 89 87 91 92 92 88 90 91 92 90
Mean  9.09 321'/ 025 N 15 teis | 2.145
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C.5 CHANNEL 5

Table C.5 Measured depths of 15 samples for Channel 5 and statistical analysis for mean depth
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
4 38 348 3 332 | 35 | 336 | 509 | 32 | 323 | 363 | 343 | 367 | 336 | 375
42 41 36 38 359 317 505 403 344 374 348 35 356 321 361
4 37 386 41 295 32 427 38 333 364 393 37 348 332 347
3 39 375 3 289 336 309 309 31 306 327 39 34 317 38
32 | 41 | 32 | 31 | 333 | 32 | 32 4 32 | 34 | 32 | 37 | 32 | 42 | 33
33 39 347 36 38 34 37 37 33 321 315 34 32 463 34
37 | 33 | 341 | 38 | 272 | 46 | 286 | 408 | 308 | 339 | 356 | 355 | 367 | 313 | 387
36 3 341 44 254 39 284 459 317 4 41 31 336 314 36
4 42 | 341 | 34 | 288 | 38 | 256 | 344 | 331 | 332 | 42 | 36 | 32 | 33 | 35
3.2 3 353 33 295 43 424 3 35 303 36 333 35 32 32
33 | 42 | 353 | 32 | 355 | 42 | 387 | 32 4 34 34 334 34 34 331
33 5 353 3 383 44 46l 4 316 32 33 432 35 31 359
36 | 30 | 35 | 35 | 32 | 38 | 36 | 38 | 33 | 34 | 36 | 36 | 34 | 34 | 35
Mean 354 ﬁgj/ 0.19 N 15  fosue 2145

58



C.6 CHANNEL 6

Table C.6 Measured depths of 15 samples for Channel 6 and statistical analysis for mean depth
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

4.14 4.24 3.98 4.72 4.33 4.86 4.05 3.85 4.03 4.03 431 4.26 4.09 4.43 4.08
4.39 4.24 4.35 4.5 4.52 4.35 4.02 4.15 441 4.43 4.17 3.99 4.26 4.28 4.04
4.49 4.17 4 3.83 4.05 3.99 4.04 4.05 3.99 4.16 4.19 4.15 4.27 4.24 4.19
4.72 4.22 4.38 4.69 4.71 5.49 4.61 4.37 4.5 4.3 4.5 4.59 4.74 4.57 4.47
4.02 5.37 4.86 4.54 4.17 4.54 4.07 4.21 3.94 4.66 431 4.16 3.89 4.15 4.47
4.28 3.76 4.16 3.94 3.97 3.67 3.86 3.85 4.17 3.97 3.85 4.07 4.15 4.03 3.87
4.59 4.14 4.03 4.37 4.58 4.36 4.59 4.25 4.1 4.22 4.25 4.46 4.22 4.69 4.13
4.17 4.44 4,94 4.65 4.5 4.72 4.3 4.22 4.49 4.55 4.2 4.07 4.14 4.54 4.09
4.17 4.33 3.59 4.08 4.2 4.88 4.21 4.13 4.37 4.03 3.93 4.13 4.2 4.13 4.03
3.94 4.5 3.69 4.55 4.15 4.16 4.66 4.52 3.94 4.19 4.03 4.42 4.1 4.53 4.5
4.16 3.49 4.47 4.75 4.22 4.35 4.22 4.1 4.42 4.37 4.1 4.33 3.86 411 4.61
4.74 3.71 3.89 3.97 4.05 3.93 3.99 3.82 3.97 3.66 4.15 3.83 4.46 3.8 3.98

43 4.2 4.2 4.4 43 4.4 4.2 4.1 4.2 4.2 4.2 4.2 4.2 43 4.2
Mean  4.25 320\'/ 0.08 N 15 tos1a | 2.145
9% g5  Upper 5, Lower .,

Interval limit limit
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C.7 CHANNEL 7

Table C.7 Measured depths of 15 samples for Channel 7 and statistical analysis for mean depth
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

4.15 4.17 3.89 4.15 4.09 4.15 4.1 3.96 3.98 4.11 4.03 4.43 4.47 4.1 4.19
3.94 4.37 441 4.21 3.94 4.19 4.22 4.43 4.71 4.42 4.17 3.94 4.27 4.35 4.05
4.19 3.66 3.77 3.81 3.86 3.91 4.14 3.88 3.74 3.83 4.1 4.04 4.07 4.03 3.82
4.03 4.02 4.1 4.17 4.2 4.14 3.89 411 3.92 3.88 4.19 4.75 4.38 3.99 3.99
4.05 4.52 4.83 4.37 4.32 4.3 4.37 4.27 4.66 4.52 4.26 431 4.25 4.49 4.49

4.39 4 4.32 4.36 4.22 3.96 4.05 4.35 3.85 3.93 4.32 4.27 4.36 4.3 4.3
4.21 4.25 4.3 4.27 4.48 4.3 4.3 4.33 3.93 4.19 431 4.47 4.37 4.14 4.47
3.91 3.98 4.15 4.3 4.05 4.43 4.44 4.37 4.49 4.17 4.35 4.36 4.26 411 4.22
4.28 3.94 3.6 3.71 3.76 4.35 4.22 4.15 3.64 3.48 4.27 4.24 3.98 4.2 4.2
4.25 4.44 441 4.27 4.65 4.2 4.32 4.6 3.7 4.07 4.3 4.47 4.14 4.37 4.2

3.94 3.99 3.93 3.94 4.42 4.14 3.88 4.15 4.16 4.7 4.46 3.89 4.24 4.38 3.92
4.25 4.16 4.04 4.36 3.94 4.43 4.39 4.24 4.3 3.92 4.2 4.33 4.48 3.99 4.42

41 41 41 4.2 4.2 4.2 4.2 4.2 41 41 4.2 43 43 4.2 4.2
Mean  4.18 320\'/ 0.06 N 15 tos1a | 2.145
9% 545  Upper .o  Lower .4

Interval limit limit
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C.8 CHANNEL 8

Table C.8 Measured depths of 15 samples for Channel 8 and statistical analysis for mean depth
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
4.96 5) 4.72 4.9 5.11 5.1 5.64 4.2 4.55 4.07 4.75 4.5 4.63 4.6 4.59
4.02 4 5.16 5.36 4.43 5.05 481 4.6 5.27 5.85 4.69 4.83 4.5 4.48 5.11

4.66 5.5 3.93 4.35 6.63 6.87 5.8 4.92 3.98 4.17 4.75 4.27 4.63 4.74 4.63
5.24 5.68 4.27 4.71 5.6 5.46 4.5 5.31 5.08 4.2 4.72 4.65 5.02 4.53 4.82

4.47 5.37 5.35 5.25 491 5.33 5.2 5.8 6.14 5.8 4.25 4.6 4.58 4.69 4.59
4.8 6 411 491 7.08 4.24 6 5.97 4.63 4.75 4.97 491 4.92 4.85 5.22
5.11 4.2 4.17 4.42 5.97 6.01 5 5.01 4.5 4.04 4.65 4.74 4.46 4.87 4.79
4.39 5 5.73 5.14 4.76 4.77 4.94 6.46 5.79 5.82 4.66 4.7 4.61 4.87 4.24

4.87 5.2 3.86 441 5.64 5.27 6.5 4.08 4.46 4.26 4.54 4.48 4.68 4.61 4.63
4.86 5.4 4.48 4.43 5.58 5.69 4.5 5.44 3.66 411 4.63 4.66 5.04 4.75 491
4.48 4.8 5.01 5.22 4.65 4.86 5.31 15 5.46 5.73 4.47 4.85 4.37 4.38 4.49

500 55 415 421 505 651 6 5 425 453 48 466 488 4838 487
47 5.1 4.6 4.8 5.5 5.4 5.4 5.2 4.8 4.8 47 47 47 47 47
Mean = 4.92 320\'/ 0.30 N 15 tos1a | 2.145

95% g7 Upper g9 Lower o,

Interval limit limit

61



APPENDIX D: COMPLETE DESCRIPTION OF RUPTURE TEST SET UP
D.1 Experimental apparatus

All of the components of the rupture test set up is shown in the Fig. D.1. More details about the components and vendors are listed in Table D.1

Ultra high : 5
purity Two stage Compressi Hl%h c}enlmty C
compressed pressure on fitting LGl -
Nitrosen oas regulator tubing BK
ltrogen gas = Precision
1672
Power
supply
LT-115, z U-501
super P-250, super P'7§2 f}l) E];I? PEEK 1/4" 1/4" NPT Female x A-10
flangeless flangeless 1111;10 u;fu. NPT Male x Female x Male T Pfeqqllre
nut with 1/4- ferrule o 1{__0 1/4-28 Male joint transmitter
28 thread o Adapter e

LabVIEW
1/16" OD x

NI USB-
0.03"ID P-844 . P-881

6212 DAQ
flourinated vacutight - Microtight PEEK tubing
ethylene headless VAL

_ board
adapter 1/32" OD x ]3‘(1)11111%?;1
propylene (FEP) fitting ferrule 1/16"ID x 0.020"ID samy
1 : : = /3on
tubing 1/32

P-732 PEEK
microfluidic
shut-off valve

LT-115, super
flangeless nut with
1/4-28 thread

P-250, super
flangeless
ferrule

F-247 Nanotight
sleeve, 1/16"0OD x
0.033"ID x 1.6"

PEEK tubing
1/32" OD x
0.020"ID

Figure D.1 lllustration of all the components of apparatus in order.
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Table D.1 Parts list for rupture test set up

Part name and number

Compressed Nitrogen gas

Y27 NPT Female x Female x
Male T joint
P/N- 9171k32
PEEK 1/4" NPT Male x 1/4-28
Male Adapter
P/N-U501

PEEK microfluidic shut-off
valve
P/N — P-732
Super flangeless ferrule
P/N — P-250
Super flangeless nut with ¥4-28
thread
P/N - LT-115
1/16” OD x 0.03”ID FEP
tubing
Vacutight headless fitting
P/N — P-844
Vacutight ferrule
P/N- P-840
Microtight adapter 1/16” OD x
1/32” 1D
P/N — P-881
PEEK tubing 1/32” OD x 0.02”
ID
A-10 pressure transmitter
P/N - 50426834

DC Power supply
Model - 1672
DAQ board
Model — NI USB 6212

Quantity

1
1

63

Company
Airgas

McMaster Carr

IDEX Corporation

IDEX Corporation

IDEX Corporation

IDEX Corporation

IDEX Corporation
IDEX Corporation

IDEX Corporation

IDEX Corporation

IDEX Corporation
WIKA Instrument

BK Precision
Corporation

National
Instruments

Location

PA, USA

IL, USA

IL, USA

IL, USA

IL, USA

IL, USA

IL, USA
IL, USA

IL, USA

IL, USA

IL, USA

Klingenberg,
Germany

CA, USA

TX, USA



D.2 Rupture test procedure

The pressure transducer requires an input voltage of 0-30V DC power supply.
Two of the variable outputs of the power supply were set to “Independent” mode. The
positive terminal of the master was connected to the negative terminal of the slave and
to the ground terminal using jumper wires. Both of the ground terminals of the slave
were connected to the ground terminal of the master and the negative terminal of the
slave.

Switch on the power supply and set the voltage of both the channels to 15V so
that the lead wire from the negative terminal of the slave provides -15V and the positive
terminal supplies +15V. Connect the “red” wire of the transducer to the positive
terminal of the power supply, the “black” wire to the negative terminal of the power
supply, and the “white” wire to the ground terminal of the power supply. This completes
the power supply connection to the transducer.

The output voltage from transducer is 0-10V and is compatible with the DAQ
board NI USB-6212 which accepts output analog voltage in the range £10V. DAQ
board has input ports which receives signals from external sensor and output ports
which sends signals to the actuators and instruments for control engineering. The pinout
configuration of the screw terminal is shown in Fig. D.2. The “black” wire from the
transducer is connected to the channel Al 8 (screw terminal 16) and “blue” wire from
the transducer is connected to the channel Al O (screw terminal 15) of the DAQ board

using lead wire and alligator adapter.
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FFl P10
[ =R -IN]
Pl 212

Figure D.2 Pinout configuration of screw terminals of NI USB-6212

A program was developed using LabVIEW software version 2015 to record the
rupture pressure of the bonded samples. There are two windows displayed, “Block
diagram” and “Front panel”. Code for the program was developed in the block diagram
window and the result of the code was displayed in the front panel which served as a
user interface. The front panel and the code for the rupture test are shown in Figs. D.3
(@) and (b) respectively.

RUN

H5 Rupture testwrFront Panel

File Edit View Project Operate Tools Window Help

|d>|{§}| IEH 15pt Application Font |~ ||E,;|v ”'-T]E" ||gv|
Waveform Chart Pressure m I Waveform Graph Pressure N I

80+ 20—

60—

3

<5
&
|
Pressure
&

0-7 1
£:00:00.000 PM 6:00:05.000 ) L . 0.75
12/31/1903 12/31/190] Time

——

stop (F)

Figure D.3 (a) Front panel of rupture test program
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H5g Rupture test.vi Block Diagram
File Edit View Project Operate Tools Window Help

& OE |L>|:||’E' 1 | 15pt Application Font |« || = ”T]T:,v | |@‘3v ||1>’ﬁ|

=

DAQ 6212
data

EJ

Write To
Measurement
File
# Signals
15

Waveform Graph
T

""""""" oE

Figure D.3 (b) Block diagram of rupture test program
The bonded sample to be tested was connected to the micro capillaries and the
program is executed by clicking the RUN button in the front panel. The pressure of the
compressed nitrogen is increased gradually and updated continuously in the Front
panel. When the sample ruptures, the pressure starts decreasing and at this point the
program is stopped by clicking the “Stop” button. The user is prompted to save the
pressure readings from the start until the end in “.lvm” format to the desired location
which can be later converted to an Excel file.
D.3 Experimental results
A. Open loop system
Consolidated graphs of the rupture pressure data for all of the samples as obtained
from the LabVIEW program are shown in Figs. D.4 (a) — (f). Maximum value in the

exported data is considered as the rupture pressure.
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Figure D.4 (a) Rupture pressure data of all samples for Channel 1 of AR 1:10 with depth
10pum
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Figure D.4 (b) Rupture pressure data of all samples for Channel 2 of AR 1:50 with
depth 10um
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Figure D.4 (c) Rupture pressure data of all samples for Channel 3 of AR 1:100 with
depth 10um
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Figure D.4 (d) Rupture pressure data of all samples for Channel 5 of AR 1:10 with
depth 5um
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Figure D.4 (e) Rupture pressure data of all samples for Channel 6 of AR 1:50 with depth
S5um
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Figure D.4 (f) Rupture pressure data of all samples for Channel 7 of AR 1:100 with
depth 5um
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Table D.2: Calculation of mean rupture pressures for samples bonded using open loop system.

CHANNEL 1 CHANNEL 2 CHANNEL 3 CHANNEL 5 CHANNEL 6 CHANNEL 7
Sanpes Max Pressure Sampes Max.Pressure Sampes Max.Prgssure Sapes Max.Pressure Sampes Max Pressure Sapes Max.Pressure
(Psi) (Psi) (Psi) (Psi) (Psi) (Psi)

Sample 1 787.77  |Sample 1 746.20  (Sample 1 62453 |Sample 1 931.20 Sample 3 847.19  |Sample 1 696.43
Sample 2 566.16  |Sample 3 651.39  (Sample 8 490.16  [Sample 3 907.53 Sample 4 72885  |Sample 4 642.79
Sample 3 74752 [Sample 4 78476 (Sample 9 45846  |[Sample 4 815.36 Sample 5 1059.89  |Sample 6 734.17
Sample 4 907.57  |Sample 5 526.58  [Mean 524,38 |Sample 5 845.78 Sample 8 737.00  |Sample 8 729.44
Sample 8 879.98  |Sample 6 882.30  |Std. dev. (sy) 88.16  (Sample 6 896.05 Sample 9 72566  |Sample 9 970.55
Sample 9 1102.78  |Sample 8 81290 [N 3 Sample 8 71031 Sample 10 582.54  |Sample 10 463.34
Mean 831.96  |Sample 9 786.17  |tgs2 3182 [Mean 851.04 Mean 780.19  |Mean 706.12
Std. dev. () 17950  [Sample 10 72411 |Interval 161.97  |Std. dev. (s,) 80.93 Std. dev. (s,) 160.78  [Std. dev. (s,) 163.89
tos 5 2571 |Mean 739.30  |{Upper limit 686.35 [N 6 N 6 N 6
Interval 18840  |Std. dev. (s,))  109.14  [Lower limit 36241 g5 2571 tos 5 2571 |toss 2571
Upper limit 1020.36 [N 8 Interval 84.94 Interval 168.76  |Interval 172.02
Lower limit 64356  |tgs 7 2.37 Upper limit 935.98 Upper limit 948.95  |Upper limit 878.14

Interval 91.26 Lower limit 766.10 Lower limit 611.43  |Lower limit 534.10

Upper limit 830.56

Lower limit 648.04
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B. Closed loop system
Rupture pressure data of all samples bonded using the closed loop system are
shown in Figs. D.5 (a) to (f).
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Figure D.5 (a) Rupture pressure data of all samples for Channel 1 of AR 1:10 with depth
10pum
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Figure D.5 (b) Rupture pressure data of all samples for Channel 2 of AR 1:50 with
depth 10pum
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Figure D.5 (c) Rupture pressure data of all samples for Channel 3 of AR 1:100 with
depth 10um
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Figure D.5 (d) Rupture pressure data of all samples for Channel 5 of AR 1:10 with
depth 5 um

72



1200

1000
—+=—Sample 13
800 ——— Sample 12
g —4— Sample 14
E 600 Sample 15

% —o— Sample 7

& 400 —<— Sample 11
—#=—Sample 16
200 —&— Sample 17

0

0 0.05 0.1 0.15 0.2 0.25
Time (sec)
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Figure D.5 (f) Rupture pressure data of all samples for Channel 7 of AR 1:100 with
depth 5 um
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Table D.3: Calculation of mean rupture pressures for samples bonded using closed loop system

CHANNEL 1 CHANNEL 2 CHANNEL 3 CHANNEL 5 CHANNEL 6 CHANNEL 7
Samples Max.Pr. Samples Samples Max.Pr. Samples Samples Max. Pr. Samples Max. Pr.
(psi) Max.Pr. (psi) (psi) Max. Pr. (psi) (psi) (psi)
Sample 10 980.88 [Sample 12 817.18  |Sample 7 528.59  |Sample 12 783.31 Sample 12 909.48 [Sample 7 757.44
Sample 12 855.07 |Sample 14 872.24  |Sample 14 750.11  |Sample 13 885.85 Sample 14 899.28 [Sample 14 836.72
Sample 13 937.31 |Sample 7 830.80 |Sample 16 678.39  |Sample 15 1052.28  |Sample 15 879.07 |Sample 18 757.90
Sample 15 906.84 [Sample 11 72525  |Sample 19 44553  |Sample 7 934.07 Sample 7 988.40 [Sample 19 639.51
Sample 7 842.73 |Sample 16 762.95  |Sample 21 44754  |Sample 11 909.94 Sample 11 923.83  [Sample 20 757.99
Sample 16 1016.49 [Sample 17 890.54  |Sample 22 455,55 |Sample 14 1053.10  |Sample 16 878.16  |Sample 23 758.99
Sample 17 845.46 |Sample 18 701.80 |Mean 550.95 |Sample 16 1093.90  [Sample 17 1038.12 |Mean 751.42
Mean 912.11 |Mean 800.11 |Std. Dev. 132.15  [Sample 17 996.50 Mean 930.90 [Std. Dev. 57.70
Std. dev. 69.28  |Std. dev. 72.18 N 6 Sample 18 1088.66  |Std. dev. 60.25 [N 7
N 7 N 7 tos 6 2571  |Mean 977.51 N 7 tos 3 2,571
tys 2447 |tos e 2.447 Interval 138.70  |Std. dev. 73.42 tos 3 2.447  |Interval 56.07
Interval 64.07  |Interval 66.76 Upper limit 689.66 |N 9 Interval 55.72  |Upper limit 807.50
Upper limit 976.19  |Upper limit 866.87  |Lower limit 412.25  |tgs6 2.306 Upper limit 986.63  |Lower limit 695.35
Lower limit 848.04  |Lower limit 733.35 Interval 56.44 Lower limit 875.18
Upper limit 1109.54
Lower limit 996.66
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APPENDIX E: COMPLETE DESCRIPTION OF CLOSED LOOP SYSTEM
E1 Experimental apparatus

All the components used for the experimental set up is shown in Fig. E.1. More details about the parts are given in Table E.1.

i Barbed hose
damping fitti " hose

g hanger NPT Vacuum
" = et : connector 1/4"
female pipe

probe
k-type
NI 9211 thermocouple
DAQ board
: chassis (LabVIEW
Butane gas I;)Iroe(sl;ifg chassis (Lab )
burner cooker

cDAQ-9171 Computer
3/8" male x 1/4"ID pipe,
SR (T 3/8' : 3/8" female 1/4" female 1/4"NPT male
(0-15 Psi) ‘ tee joint hex. reducing end barbed hose
bushing fitting

1/2" pipe,
3/]" 1/2" male x 3/8" Cv=0.29

threaded female hex. Control valye %XS 113);;6313:‘12 (E;]t?\lf%g\%)

pipe nipple reducing bushing with electric
acutator

1/2" male x 1/4"
female hex.
reducing bushing

90° NPT
male elbow

Figure E.1 Illustration of all the components of closed loop system in order
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Table E.1 Parts list for the closed loop bonding system

Component Name

Butane gas burner

8 quart pressure cooker

Vinyl tube 3/8"0OD x
1/4"1D
1/4" pipe dia, 1/4" NPT
male end barbed hose
fitting

3/8" x 1/4" bushing
tee joint

3/8" threaded pipe nipple
1/2" x 3/8" bushing

Control Valve with electric
actuator

1/2" x 1/4" bushing
90° NPT male elbow
k-type thermocouple

24VDC power supply

NI USB 6212
NI 9211
Cdag-9171

Vacuum rubber tubing

Vib. Damping clamping
hangers

Barbed hose fitting 1/4"
hose ID x 1/4" NPT female

pipe

Vacuum connector 1/4"
probe

Part number

ZA 3HP

652395

5346K27

4429K471
4429K252
4568K151

4429K413

B215HTO046/T
FRB24-SR-NC

645891

50925K111

5STC-GG-K-
30-72

DCP-250-P

780107-01
779001-01
781425-01

62996-335

2615T11

5361K52

353444
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Company Location

Iwatani Corporation
of America

Philippe Richard  CA, USA

NJ, USA

Louwes NC, USA
McMaster IL, USA
McMaster IL, USA
McMaster IL, USA
McMaster IL, USA
McMaster IL, USA

Belimo Switzerland

Louwes NC, USA
McMaster IL, USA

Omega Engineering CT, USA

Kele TN, USA

National Instruments = TX, USA
National Instruments  TX, USA
National Instruments  TX, USA

VWR International PA, USA

McMaster IL, USA

McMaster IL, USA

Torr Technologies,

WA, USA
Inc.



E.2 Experimental procedure

The Type K thermocouple with lead wires is connected to the DAQ board NI
9211 which can receive voltage in the range of £80mV. The positive wire (yellow color)
was connected to screw terminal “0” and the negative lead wire (red color) was
connected to screw terminal “1” of the DAQ board NI 9211 and was connected to the
computer. A proportional type of control valve with an electric actuator was used to
maintain even temperature during the bonding process. The valve requires 24VDC
input power and generates output voltage in the range of 2-10V, which is compatible
with the USB 6212 DAQ board. A step-down transformer that converts 110VAC to
24VDC was used to supply power to the control valve. A program was developed in
LabVIEW using the built-in PID module, which continuously compared the measured
temperature from the thermocouple with the set temperature, and a signal
corresponding to the error was sent to the control valve. The temperature at the boiling
point was maintained at the set point temperature with <+0.15C deviation. Figures E.1
and E.2 show the front panel and block diagram of the LabVIEW program.

The polymer samples were inserted inside a sealing bag and sealed using a food
sealer. The bag was connected to the rubber tube using the connector and the
thermocouple was inserted into the bag via rubber tube. The entire assembly was then
immersed in DI water in the pressure cooker. The user should enter the desired bonding
temperature on the front panel as the set temperature. Output high should be 6 and low
should be 3 in the output range in front panel. The PID gains were determined
experimentally and good response was observed for values of Kc=1 mint, Ti=0.2 min
and T¢=0.2 minute. After entering all the values, the water was heated by switching on
the butane burner and the program was started. The plot shows the temperature

variation of the bonding process and the temperature value and the input voltage to the
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control valve is continuously indicated in the indicator in front panel. The burner is kept
on high flame until the temperature was about 5°C lower than the set temperature and
then the flame was reduced to its minimum setting. Once the set temperature was
reached, a timer was started and bonding was done for 15mins. After 15 mins, the
burner was turned off and the program was stopped by pressing the “Stop” button on

the front panel.

H% Closed loop system.vi Front Panel * — O *

File Edit View Project Operate Tools Window Help HTHE
o> 8 IEH 15pt Application Font |~ ||E,;|v||7|];v||$v|| %v| i

Temperature m
Set Temp. -

*| Search <

Temperature

110

Amplitude

254 [ [ 1
4:31:50.638 PM 4:40:00.000 PM 4:54:06.132
10/7/2016 10/7/2016 10/7/2014

Termp. .Set Temperature Valt.

104.788 J 104.8 3.8072
stop (F)

output range PID gains
output high

’ I— proporticnal gain (Kc) E;IILDD[)
#6.00 . .
Jou‘tpu‘t low integral time (Ti, min) :}ID.EDD

’,:)'llgl[)[) derivative time (Td, min) ;JID.EDD

Figure E.1 Front panel (user interface) of LabVIEW program for closed loop system
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H5 Closed loop system.vi Block Diagram *
File Edit View Project Operate Tools Window Help
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Figure E.2 Block diagram of closed loop system for bonding process
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