NASA /TM-2019-220395

NtGCM User’s Manual: 1.1

(High Pressure High Temperature Laser based) Nanotube Growth
Chamber Monitor

Godfrey Sauti, Cheol Park, Joseph W. Lee, Hoa H. Luong
NASA Langley Research Center, Hampton, Virginia

Sang-Hyon Chu
National Institute of Aerospace, Hampton, Virginia

]
August 2019



NASA STI Program ...

Since its founding, NASA has been
dedicated to the advancement of
aeronautics and space science. The
NASA scientific and technical
information (STT) program plays a key
part in helping NASA maintain this
important role.

The NASA STI Program operates
under the auspices of the Agency Chief
Information Officer. It collects,
organizes, provides for archiving, and
disseminates NASA’s STI. The NASA
STI Program provides access to the
NASA Aeronautics and Space
Database and its public interface, the
NASA Technical Report Server, thus
providing one of the largest collection
of aeronautical and space science STI
in the world. Results are published in
both non-NASA channels and by
NASA in the NASA STT Report Series,
which includes the following report

types:

e TECHNICAL PUBLICATION.
Reports of completed research or a
major significant phase of research
that present the results of NASA
programs and include extensive data
or theoretical analysis. Includes
compilations of significant scientific
and technical data and information
deemed to be of continuing reference
value. NASA counterpart of
peer-reviewed formal professional
papers, but having less stringent
limitations on manuscript length and
extent of graphic presentations.

e TECHNICAL MEMORANDUM.
Scientific and technical findings that
are preliminary or of specialized
interest, e.g., quick release reports,
working papers, and bibliographies
that contain minimal annotation.
Does not contain extensive analysis.

e CONTRACTOR REPORT.
Scientific and technical findings by
NASA-sponsored contractors and
grantees.

in Profile

e CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia,
seminars, or other meetings
sponsored or co-sponsored by NASA.

e SPECIAL PUBLICATION.
Scientific, technical, or historical
information from NASA programs,
projects, and missions, often
concerned with subjects having
substantial public interest.

e TECHNICAL TRANSLATION.
English-language translations of
foreign scientific and technical
material pertinent to NASA’s
mission.

Specialized services also include
creating custom thesauri, building
customized databases, and organizing
and publishing research results.

For more information about the NASA
STI Program, see the following:

e Access the NASA STT program home
page at
http://www.sti.nasa.gov

e E-mail your question to
help@sti.nasa.gov

e Phone the NASA STI Help Desk at
757-864-9658

o Write to:
NASA STI Information Desk
Mail Stop 148
NASA Langley Research Center
Hampton, VA 23681-2199
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Abstract

This manual describes the installation and use of NtGCM software.
NtGCM is software designed for monitoring the growth of nanotubes in
a high temperature and high pressure chamber using a laser®. NtGCM
software monitors a dozen different parameters that are important to
understanding the growth of the nanomaterials including the laser input
power, the temperature at eight separate locations inside and outside
the growth chamber, as well as the pressure and flow rate of the gaseous
media that control the environment in the chamber. The measurements
are all made in real time. The program features a robust user account
management layer and a rich data display manager that allows plotted
data, displayed units and other parameters to be changed on the fly for
the operator’s convenience.

*For more details on nanotube growth using lasers see for example M. W. Smith,
K. C. Jordan, C. Park, J.-W. Kim, P. T. Lillehei, R. Crooks, J. S. Harrison, “Very long
single- and few-walled boron nitride nanotubes via the pressurized vapor/condenser
method” Nanotechnology 20 505604 (2009).
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1 About this document

This manual is intended primarily to help guide the user through installation
and running of the software described. In addition to helping an existing
user to be able to more effectively utilize the software, this manual
also provides an avenue for a potential new user to understand the
capabilities of the software. Finally, the software described is built in

a modular manner, with common tasks such as the graphing of data and
user management handled by dedicated modules that can be inserted
into a new project. This manual also provides program developers an
application example demonstrating the use of these modules for possible
integration into their work.

1.1 Disclaimer

While every effort has been made to ensure the smooth operation of
the software and accuracy of this manual, it must be noted that the
program is intended to be used for research purposes only. The authors,
developer, copyright holders and/or other parties provide the program
and this manual "AS IS" without warranty of any kind, either expressed
or implied, including, but not limited to, the implied warranties of fitness
for a particular purpose. The developer also offer no warranty that the
data format of future versions of the program will be compatible with
that of this development version. The entire risk as to the quality and
performance of the program and the security of data rests with the user.
Any suggestions on improvements to the program or this manual may
be communicated to the developer for consideration. The modules that
carry out data management, user account management and other tasks
in this software are available from the developer upon request.



2 Getting started

2.1 Terminology and notation

Back to the table of contents

(1)

3
> (4)

Figure 1: A highly simplified schematic of the high pressure high
temperature growth of boron nitride nanotubes using a laser. The
components labeled in the schematic are described in the text.

Figure 1 shows a highly simplified schematic of the high temperature
high pressure laser growth of boron nitride nanotubes. The schematic is
aimed only at helping understand the terminology used in this manual.
For a fuller description of the growth process, the reader is referred to
Smith et al. ' The elements of the growth system are:

1. High pressure chamber

2. A gaseous medium that includes nitrogen or nitrogen containing
compounds
A feedstock containing boron
The laser which heats up and vaporizes the feedstock
A plume in which elemental boron reacts with nitrogen
A condensation/collector mesh
Nanotubes accumulating on the collector mesh

NS Tt w

In this manual, the terms measurement, monitoring and test will be
used interchangeably to refer to an instance when nanotubes are being
grown in the pressure chamber and € is tracking and recording one or
more processing variables. Note also the use of timestamp/Timestamp
and Time Stamp when referring to time signatures that are included in
the measurement data. Whenever possible the single word #imestamp
will be used in the text but Time Stamp may also be used when there

IM. W. Smith, K. C. Jordan, C. Park, J-W. Kim, P. T. Lillehei, R. Crooks, J. S.
Harrison, “Very long single- and few-walled boron nitride nanotubes via the pressurized
vapor/condenser method” Nanotechnology 20 505604 (2009).



is a need for consistency with the notation utilized in the program code.
Section, subsection and description headers will be in normal case except
for cases where the header refers to a named application window or
function. In that case, first letter capitalization may be used.

Note: While the information displayed in the screenshots
from running instances of the application is only meant as an
illustration to the user of the program features and is scaled to
fit the page layout, in the electronic version of this document,
it is possible to zoom in to that sample content for a closer
look.



2.2 Requirements

Back to the table of contents

¢ Minimum (tested) hardware
Pentium III/Celeron 866 MHz or higher; 256 MB RAM; 700 MB
disk space

e Operating System
Microsoft Windows XP and above. Tested on MS Windows XP, 7
and 8.

e National Instruments (NI) LabVIEW Run-Time Engine
On computers that do not have a working installation of NI LabVIEW,
@ requires the installation of the NI Run-Time environment. Use
Run-Time engine 2013 or newer. The 32 and 64 bit Windows
Run-Time engines for LabVIEW 2014 may be obtained from National
Instruments
http://www.ni.com/download/labview-run-time-engine-2014/
4887/en/ and
http://www.ni.com/download/labview-run-time-engine-2014/
4889/en/.

e Measurement Computing (MC) DAQ Drivers & InstaCal
@ requires the installation of Measurement Computing drivers
for the USB-TC thermocouple DAQ. The selection of the thermocouple
to be used can only be done in Measurement Computing InstaCal
software. The thermocouple selection in @ is only to ensure that
the correct description is included in the measurement data files.
@ DOES NOT CONFIGURE THE THERMOCOUPLE.
Measurement Computing software may be obtained from www.
mccdaq. com.

e Instrument settings file
Instrument settings are read from NtGCM_Instrument_Settings.cfg
which must be in the @ installation folder.

e Notepad
In order to be able access the read-only views of the Logbook,
(program) Error Log, Measurement Log and Messages Log, a text
editor such as MS Notepad must be installed on the computer
running & .

e Adobe Reader
To access @D (*.pdf) help files, Adobe Reader should be installed.
Adobe Reader can be obtained from www.adobe.com.

e Image viewer
To view the screen shots generated by @@ a photo browser that
displays *.png image files must be installed.

While every effort has been made to test functionality of 3°% party tools,
the final responsibility for compatibility of third party software settings
and @ rests with the user.


http://www.ni.com/download/labview-run-time-engine-2014/4887/en/
http://www.ni.com/download/labview-run-time-engine-2014/4887/en/
http://www.ni.com/download/labview-run-time-engine-2014/4889/en/
http://www.ni.com/download/labview-run-time-engine-2014/4889/en/
www.mccdaq.com
www.mccdaq.com
www.adobe.com

3 NtGCM overview

3.1 Start up

Back to the table of contents

On starting up, @ loads a number of settings from configuration
files located in the installation directory and the application directory
(Fig. 2). The location of these files, on a particular host system, is
determined at installation time by the software. The settings in the files
include information that the application will need to communicate with
instruments as well as details on the currently registered users. If no
file with user settings is found, it will be assumed that this is the first
running of the software on a particular host and therefore a new one will
be created.

L 4

’ Developed & Maintained -
b

y
Godfrey Sauti

Loading Please Wait ...

Figure 2: NtGCM loads settings from configuration files located in the
installation directory as well as the application directory. These settings
include instrument configurations and information on the registered
users.



(a) Start up screen when no users registered (LOGIN button disabled)

e
Session 00:00:14; Test 00:00:00

yé CM

(b) One or more users registered (LOGIN button enabled)

Figure 3: The windows that display when NtGCM launches

Figures 3 and 4 show some @@ screenshots. Figure 3 shows the
startup screen before (3(a)) and after (3(b)) the first user has been
registered (user administration will be discussed in more detail in Section 5).
Figure 4 shows the Primary Measurement Window which is described
in detail in Section 4.3.1.
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Figure 4: The Primary Measurement Window (a) before, (b) during
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and (c) after a measurement
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Features of the program include:

1. The big picture

(a) @ is intended to make the user experience in setting up
and running of the measurement the same irrespective of the
instruments in use. The user only deals with one interface
and the program handles instrument specific settings.

(b) @ monitors/can monitor and record (depending on the physical
hardware present and user settings) the variables listed below
with their (typically SI) units:

i. Time [s|] (From the start of the measurement to when the
data point is captured)
ii. Timestamp (Recorded internally as the time in seconds
since 01/01/1904 00:00:00.00 UTC)
iii. Laser power [W]
iv. (Boron feedstock) Feeder position |m]
v. (Chamber gas) Pressure [Pa]
vi. (Gas) Flow rate [m3/s]
vii. 8 Temperatures:
Room
Chamber neck
Chamber wall
Interior of chamber location 1
Interior of chamber location 2
Interior of chamber location 3
A temperature at a location that is specified by the
user in the test notes
H. Another temperature at a location that is specified
by the user in the test notes
viii. (Boron source) Feed rate (Change in feeder position divided
by elapsed time) [m/s|
ix. Proportional Indicators |%]:
These record certain values in proportion to some predefined
maxima (typically device/safety limits). The values recorded
are...

QEEbawe

A. Laser power
B. Feeder position
C. (Chamber) pressure
D. (Gas) flow rate
2. User management
(a) @D features a User Manager to control access to experiment
settings
(b) The User Manager allows different measurement settings
and preferences to be saved for each authorized user. These
settings are loaded whenever the associated user logs in.
(c) User account types are:

12



Standard user Can carry out measurements but not add or
remove users

Advanced user Can carry out measurements, and add but
not remove users

Administrator Can carry out measurements and add or
remove users

(d) The User Manager features a logbook that registers various
events including user login /logout and the start of measurements.
User comments can also be entered into the logbook. All
users are able to open a read-only snapshot of the logbook.
Snapshots of the logbook are compressed and archived periodically
(automatically or at the user’s request).

3. Instruments

(a) @@ offers of a choice of suitable instruments for each measurement.
The user must ensure that the instruments chosen to run the
measurement are correctly connected and configured. The
program then handles communicating with the instruments
and using them during testing.

(b) Instrument settings are read from the file
NtGCM_Instrument_Settings.cfg which must always be available
in the @ parent directory.

4. Measurement files

(a) All filenames are specified before the start of a test, allowing
the program to save each data point immediately upon measurement.
This prevents the loss of data should anything interrupt the
system during a measurement.

(b) The program can automatically generate unique filenames
that are timestamped. This is convenient when the user
needs to set up a measurement quickly. It is however highly
recommended that files be given more descriptive names or
easy future reference.

5. Setting up and running a measurement

(a) @@ will not start a test until various critical settings have
been configured. A test status display guides the user in
identifying any outstanding issues.

(b) The program also selectively enables and disables access to
menu items to guide the user in setting up measurements or
otherwise using the application. Only those menu functions
that are compatible with the current settings or are appropriate
for the current stage in the set up process are enabled.

(c¢) A test profile feature allows the user to preview and verify the
parameters of a test before it is run. A clock counts from the
start of a test, allowing the user to keep track of its progress.

(d) Various warnings and alarms may be set up to alert the user of
special conditions during a measurement. Alarms and warnings

13



can be set for the following variables:
i. Laser power
ii. Feeder position
iii. Pressure
iv. Flow rate
v. All temperatures except room temperature
vi. Feed rate
Conditions that can trigger an alarm/warning include:
e Value rises above a set limit
e Value drops below a set limit
e Value drops a by a certain (user entered) (%)
e The value of a continuously monitored variable drops a
user defined (%) below the maximum measured value.
This is achieved by continuously recalculating the maximum
as data is monitored.
Additional settings are available but will most likely not be
very relevant in the usage of @@ .
6. Graph and front panel controls
(a) The user may change any graph or front panel controls even
when a measurement is running
(b) The user can display the data in any appropriate units that
they are comfortable with
(¢) The analysis graphs allow for the overlay of multiple measurements
(d) The graphs allow the user to place the legend information in
an unobtrusive location
(e) Menu and mouse access to various features
(f) At any time, a user may take a snapshot of a graph window
or the front panel controls. The *.png image file generated is
automatically named (including date and time) and stored in
the user’s working directory.
7. Help
(a) Multiple help files including instrument manuals and this manual
are available within the program in *.pdf format and accessible
through the menu or front panel controls.

The above and other features will be described in more detail in the
remainder of this manual.
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3.2 Accessing help

Back to the table of contents

@ features a number of help tools that can be accessed though the
front panel controls or from the main menu. Included in the help section
is information about the program, this manual as well as the manuals of
the instruments that @ can control (Fig. 5).

== Resource Files

MWHECH Users Manual
MC-USBE-TC
MNI-USB-6009

Ther mocouples

Figure 5: A list of the all the help files accessible through NtGCM.
These files can be opened by the system’s *.pdf reader.

3.3 NtGCM files

Back to the table of contents

During measurements, data is written to three files. The Measurement
Data File (*.res) contains all information about the measurement. This
data is structured for read-back by the program but is in a format that is
human readable. A select set of data is written to the Measurement Log
(*.log) which contains tabular text. Messages generated by the program
during the measurement are written, in plain text, to the measurement
Messages Log (*.msg). Note that the program starts to write to the
messages log as soon as a new filename is entered and not at the start
of the measurement. This allows for messages that may come up during
measurement set up or between measurements to also be recorded. These
messages could be useful in troubleshooting.

15



4 The user interface

4.1 Front panel controls

Back to the table of contents

Fower [W] Gauges
20003000
1000 o0 )
7500000
so00000
1477

2500000
125647
| 37895€ 47~

8:35:50 PM
4/5/2019

It :
Time [s]

Figure 6: Controls and indicators in the Primary Measurement
Window

Below is a description of the controls and indicators in the Primary
Measurement Window. Note that in @ notation
Primary Measurement Window actually refers to the graph (11) in
Fig. 6. In this manual, Primary Measurement Window will be used
to refer both to the graph as well as to the full front panel featuring the
graph and the additional controls depending on the context.

1. Main menu: This is where most user actions and measurement
setup will occur. Some but not all of the menu actions are mirrored
with controls on the front panel. The menu will be discussed in
detail in Section 4.2.

2. Clocks: The clocks are the pulse of the system. The session
timer shows how much time has passed since the currently running
instance of the program was started. Any internal error state that
may freeze the operation of the program’s measurement engine is
often first seen by a stopping of this timer. The test timer starts
counting once a measurement begins. This clock will continue to
update periodically until the measurement is completed.

3. [LOGIN]/|LOGOUT | User login and logout button.

4. Logged in user name: Name of the currently logged in user.

d. ’Test Readiness Indicator ‘: This indicator shows whether or not
the minimum setup to start a measurement has been met. If not,

16



=

10.

11.

12.

13.
14.

it indicates, sequentially, the settings that need to be addressed
before the start of a measurement. Additional states of the

Test Readiness Indicator‘ are shown in Fig. 7.

Laser power: Laser power indicator.

Feeder position: Feedstock position indicator.

. Pressure and flow rate: Chamber pressure and gas flow rate

indicators.

. Temperature: Temperature indicators for various zones inside

and outside of the pressure chamber.

Proportional indicators: This shows a selection of the variables
compared to some preset maxima. The maximum values of the
variables are set in the instrument configuration file
NtGCM_Instrument_Settings.cfg

Primary Measurement Window (Graph): This is one of three

graph windows generated by @ . Data from the running measurement

is shown in this window. The plotted quantities and their units can
be changed at any time during or after the measurement. The other
two graph windows are the Auxiliary Measurement Window
and Analysis (2D) Window which are full screen windows.
Clock: This shows the current date and time as reported by
the Operating System (OS). The clock’s timestamp will be added
to the measurement data recorded by @D to help synchronize
with measurements from other instruments that are not being
read through €@ . This assumes that these measurements are
on the same computer or one whose time has been synced with
that running @ . If the timestamp is incorrect, this can be fixed
by adjusting the system time using the OS’s clock tools.

About and ?7: Quick access to the help items.

| EXIT |/[STOP MONITORING | button: This provides another
option for stopping a measurement or exiting the program. When
a measurement is running, this button transforms to a

’ STOP MONITORING ‘ button. The measurement must be in the
stopped state before exiting the program. During a measurement,
the ’ Test Readiness ‘ indicator becomes the ’ Emergency Stop! |button.
This provides yet another way to quickly stop the measurement
while ensuring that measurement files are properly terminated and
communications with instruments safely closed.

17



Session 00:04:11; Test 00:00:00

(a) No users registered

- NIGCM1.1

Session 00:00:48; Test 00:00:00

(b) No user logged in

Session 00:01:16; Test 00:00:00 T usB DAQ

(¢) Primary DAQ not selected

Morkoing Widon Groph Asrm UserHelp

Session 00:01:49; Test 00:00:00 _— x USB TEMP DAQ

(d) Temperature monitor no selected

x ample/Test Description

(e) Invalid test description

< NIGCHY1.1

Session 00:04:01; Test 00:00:00 — Test Environment

(f) Invalid test environment

= NIGCM1. 1

Session 00:04:55; Test 00:00:00 — x Filenames

(g) Measurement filenames not set

<< NIGCHY1.1

Session 00:05:21; Test 00:00:00

(h) Measurement ready to start

~ NIGCW1.1
Veritrng Window Grgh Ao UserHelp

Session 00:06:15; Test 00:00:38 — mergency Stop!

(i) Measurement running

| huscun.1 I

Ventorea Viedon Graph il Lser Hep

Session 00:06:54; Test 00:00:00

X ampIeITest Description

(k) Post measurement (waiting for setup of the next measurement)

Figure 7: NtGCM guides the user through the steps of setting up and
running a measurement through the | Test Readiness Indicator‘
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4.2 The main menu

Back to the table of contents
Fig. 8 shows the @ menu.

Instruments  Monitoring  Window
Set Filenames

Open Measuremnent Result Chrl+O
Import Measurement Data

Read Measurement Log
Read Measurement Messages

Configure ASCII Export

Quit Program Chrl+C

(a) File

| Monioring [T
SamplejTest Description
Test Envionment
Review Test Range

Preview Settings

Select Measurement Method

ek Sampling Frequency

(d) Measurement

T

Tesk

(g) Alarm

Help

Login

List Al Users

Logback »
Advanced User »

Delete User Account

(j) Administrator

Figure 8:

Monitoring  Windaw Alarm
Select
DAG Configuration

Temperature Monitar  »

Read Settings File

(b) Primary DAQ

| window [EETIET LS

Primary Measurement.
Messages
 Analysis (20)

Auxliary Messurement(s)

Hisc F/P Cantral

Configure F/P Cantrols
Capture Screen Image:
Toggle Measurement Status Window

(e) Window

[ ser R

Login
List All Users

Adwanced User 4
Admiristrator

Read Error Log
(h) User-Logbook

About
MESCH Users Manual
Instrument Manuals — p

all Licerature

(k) Help
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Select

Configure Probes

Read Settings File

(¢) Temperature monitor

T Alarm User

Configure dxes

4 showfHide
additional Settings
F » IR
Labels Flaating
 Embedded

(f) Graph

Help
Login
Lisk All Users

Lagbock »

Administrator » | Update Account Information

(i) User-Advanced user

About
NHGCM Lisers Manual

About
USE DAGSs »

(1) Help submenus

The NtGCM menu



A full listing of the menu items is shown below:

1. File
Set Filenames
Open Measurement Result (Ctrl4+O)
Import Measurement Data
Read Measurement Log
Read Measurement Messages
Measurement Descriptions
Update Measurement Data
Save Measurement Result As (Ctrl+Shift+S)
Configure ASCII Export
Export ASCII
e Quit Program (Ctrl+Q)
2. Instruments
e Primary DAQ
— Select
— DAQ Configuration
e Temperature Monitor
— Select
— Configure Probes
e Read Settings File
3. Monitoring
e Sample/Test Description
o Test Environment
o Review Test Range
e Start (Ctrl4+R)
e Stop (Ctrl+X)
o Preview Settings
e Save Measurement Method
e Select Measurement Method
e Advanced Settings
— Set Sampling Frequency

4. Window
e Primary Measurement
Auxiliary Measurement
Messages
Analysis (2D)
Analysis (3D) (Disabled)
Misc F/P Control
Additional Functions
— Configure F/P Controls
— Capture Screen Image
— Toggle Measurement Status Window

5. Graph
e Select Curves
e Configure Axes

e Legend
— Show/Hide
— Move
— Format
* LV Native
* Floating
* Embedded
— Labels
e Additional Settings
6. Alarm
o Off
o Test
7. User
e Login
e List All Users
e Logout
e Logged In User Info
e Save Program Settings
e Logbook
— Read

— Archive Now
— Write Comment
— Read Error Log
e Advanced User
— Create New User Account
— Update Account Information
e Administrator
— Delete User Account
8. Help
e About
o NtGCM Users Manual
e Instrument Manuals
— Primary DAQ
= NI-USB-6009
— USB Temperature DAQs
* MC-USB-TC
e All Literature
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4.3 Graph and Messages windows

Back to the table of contents

A variety of plotting options, for the data collected, are available
through the window and graph menus. At any point during or after
a measurement, the plotted quantities, for the currently running or
loaded measurements, may be changed by selecting Graph— Configure
Axes from the menu. The interface for doing so will be covered after the
descriptions for each of the available plotting windows.

4.3.1 Primary Measurement Window (Graph)

In @ the Primary Measurement Window (Fig. 9) consists of a
graph also known as the Primary Measurement Window as well

as some additional numerical indicators. The most recently collected
measurement data in the current session will be displayed in the Primary
Measurement Window graph and those indicators. During a measurement,
this graph and the indicators will update as data points are collected.

Session 00:17:19; Test 00:00:21 S Emergency Stop!

Laser Power [W] Gauges Temperature [K]
— Pressure [Pa] Flow Rate [ml/s] Room Body Chamber 1 Chamber 2 Chamber 3 Auxiliary 1 Auxiliary 2
2 3 3000 3000 3000 3000 E

1000 4000 .
o / > so0 700000
so00000
/ﬁ P

125647
137895E 47~
0

2500000

Fe'eder Position [mm]

o 'so w0 150 200 250 300

| A A

29371 2037
1205 Jl204 202 293 Y205 204 [l204 |

%o of Maximum
10:08:50 PM a -eeder Position Pressure Flow Rate
T
4/1/2019 0

3828838358
!

o- 0% o= 0¥
| o1 | 56 [ o3 [ 145 |

Figure 9: The Primary Measurement Window when a measurement
is running
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4.3.2 Configuring the front panel indicators

The display units and range of the front panel controls can be changed by
double-clicking on any one of these controls. The dialog shown in Fig. 10
is brought up. Note that while the range of each of the temperature
controls can be set in any units that the user is comfortable with in the
setup dialog, all the temperatures will be displayed to the units selected
for the first (RT) indicator. The units being used are included as part
of the control caption as shown in Fig. 11. All the other ranges will be
automatically converted to the units of the first control.

= Set Units and Range

=
Feeder Position
Pressure

Flow Rate
Ternperature 1 (Roorm)
Ternperature 2 Body)
Ternperature 3 (Neck)
Ternperature 4 (Chamber 1)
Ternperature S (Chamber 2)
Ternperature 6 (Chamber 2)
Ternperature 7 (Auxiliary 1)
Ternperature 8 (Auxiliary 2)
Proportional Laser Power
Proportional Feeder Position
Proportional Pressure
Proportional Flow Rate

Scale Format

= Set Units and Range

Laser Power
Feeder Position

Pressure
Flow Rate
Ternperature 1 Room)

Ternperature 2 Eody)
Ternperature 3 (Neck)
Ternperature 4 (Chamber 1)
Ternperature S (Chamber 2)
Ternperature 6 (Chamber 2)
Ternperature 7 (Auxiliary 1)
Ternperature 8 (Auxiliary 2)
Proportional Laser Power
Proportional Faeder Position
Proportional Pressure
Proportional Flow Rate

Scale Format

ACCEPT |CANCEL

(b) Options are available for the units

ACCEPT| |CANCEL

(a) Front panel control units

Figure 10: Setting the units and display ranges of the front panel controls

Chamber 1 Chamber 2 Chamber 3 Auxiliary 1 Auxiliary 2

293~ 203~

Figure 11: Note that all the temperature controls will display values to
the units selected for the first control (Room temperature). Individual
ranges can be set for the different indicators.
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4.3.3 Messages window

Clicking Window— Messages in the menu heading will cause the screen
in Fig. 12 to appear.
This Measurement Messages Window displays certain measurement

related messages. These include the time at which a measurement starts

or ends, information on the measurement settings and the status of
communications with the instruments. When troubleshooting any measurement
anomaly, this should be the first place to look. The information displayed

in the Measurement Messages Window is written to the Messages
Log file. Note that writing to a Messages Log starts (and ends) when

a new filename is entered and so the messages recorded will include
information generated at set up time before a measurement or after one

has finished.

< NIGCHV1.1

X ampIeITest Description

(Room) [K], Temper: (Body) [K], 2 Chamber 1) [
Auxiliary 2) [K], Prop = eder Positic roportional P
V], DAQ Voltage 4 [V]

Figure 12: The Measurement Messages Window showing a snapshot
of typical messages displayed during a run. These messages will
change depending on the communications between the program and the
instruments. Note: In the electronic version of this manual, it
is possible to zoom in and read the messages displayed in this
test instance.
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4.3.4 Auxiliary Measurement Window

The measurement data can also be plotted on a full screen graph in the
Auxiliary Measurement Window (Fig. 13). As with the Primary
Measurement Window, the data will be plotted in real-time as it is
acquired. By default, the Auxiliary Measurement Window automatically
loads the first measurement in the session. If there are additional measurements,
those will need to be selected for plotting in the Auxiliary Measurement
Window. If the currently running measurement is one of those selected

for display then the data is updated automatically. The Auxiliary
Measurement Window supports plotting multiple curves and so the
currently running measurement as well as any loaded measurement results

can be plotted together. Information on the plots is provided through
legends that can be displayed in various formats.

(b) Multiple curves (“floating” legend)

Figure 13: Data plotted in the Auxiliary Measurement Window. If
the current measurement is one of the selected plots in the Auxiliary
Measurement Window then the data is updated as the measurement
runs. The Auxiliary Measurement Window allows stacking of
multiple plots (b) so measured results from different runs can be
compared. Various legend formats are supported.
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4.3.5 2D analysis graph window

In this window, users may plot results from multiple measurements for
comparison and any additional analysis (Fig. 14). The user must have
collected, opened or imported at least one set of data during the current
session. Procedures for opening and importing data are covered in
Section 8. Once there is data available to the Analysis (2D) Window,
the user may use Graph—Select Curves to select which curves to display
from the available data (Section 4.3.8).

I _’ \ ~ li :‘

1 \ “ ‘\

i Hw

\i LEI# ‘
“l

Wi

Figure 14: The Analysis (2D) Window showing multiple plots
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4.3.6 Configuring graph axes

In order to configure the graph axes select Graph—Configure Axes from
the menu which will bring up the dialog shown in Fig. 15. The dialog
will come up for the currently displayed graph window. The dialog can
also be brought up by double-clicking with the mouse on the graph axes.
To set what quantity is being displayed on either Y-axis, simply click on
the desired quantity from the list of available options. The units may be
changed by either clicking on the up and down arrows next to the units
box or by clicking the units box and then selecting the desired units from
the list that appears.

For each axis, there are a number of selectable options for managing

the display of data. The are as follows:

o AutoScale: This option is checked by default. If it is not desirable
for the axis scale to automatically adjust as new data is collected,
then this item should be unchecked and a minimum and maximum
value for the scale should be provided in the appropriate input
controls.

¢ Show From..., Show Last..., Show Up To: These allow setting
a rolling scale that shows part of the range (X-axis Time and Time
Stamp only). These special ranges are set using the dialogs shown
in Fig. 16.

e Logarithm: Checking this will cause the scale to be put into a
logarithmic format.

e Negative: When this option is selected, the data displayed will
be multiplied by negative one (—1).

e Invert: This option will display the inverse of the data (1/x).

¢ Reverse: This option will flip the scale of the axis to go from a
high value to a lower one.

e Show Grid: Choosing this option will cause grid lines to be drawn
along the axis for which the option is selected. Horizontal lines will
appear on the chart for a Y-axis and vertical lines for an X-axis.

e Join Points: Selecting this will draw straight line segments between
the data points.

e Hide Points: This option toggles the visibility of data points. If
Join Points is checked, then the lines will still appear on the chart.

The quantity plotted on the X-axis can also be changed in one of
two ways. Firstly, the user can select the variable to be plotted from
the drop-down menu. In some cases, it is desirable to plot data that
would typically be on a Y-axis as the X value. This is done by using
Set Right Y as X option and will automatically set the X-axis to be
whatever quantity was being plotted on the right Y-axis. In this mode,
the right Y-axis will then no longer be displayed. As with the other
settings, the user can readily go back to the conventional display of the
axes by de-selecting Set Right Y as X.
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= Confipure Graph

Window: Primary Measurement -
LEFT Y RIGHT Y
MHone Maone
Time Time
Time Stamp Time Stamp

Laser Power

© AutoScale © AutoScale

Feeder Position

Pressure ] Logarith m Pressure | | Logarith m
Flow Rate EN ti Flow Rate EN ti
Temperature 1 (Room) Egat e Temperature 1 (Room) egative
Ternperature 2 (Body) HInvert Temperature 2 (Body) M Invert

Termperature 3 (Neck) ] Temperature 3 (Neck) ]
Temperature 4 (Chamber 1) e _ Temperature 4 (Chamber 1) Reverse i
Temperature S (Chamber 2) HShow Grid Temperature S (Chamber 2) HShow Grid

Temperature 6 (Chamber 3) Draw Lines
Termperature 7 (Auxiliary 1) Draw Points

Temperature 6 (Chamber 3) Draw Lines
Temperature 7 (Auxiliary 1) Draw Points

Scale Format Scale Format

L4 ©AutoScale
®Show From...
eShow Last...

g Logarithm
B Negative
HInvert

. . H Reverse

[ (. m Show Grid

ACCEPT |CANCEL|

(a) Configuring plots displayed in the Primary Measurement Window

Set Right Y as X O
'Scale Format

= Confipure Graph

Window: Auxiliary Measurement
LEFT Y RIGHT Y

MHone MHone

Time

Time Stamp

© AutoScale Laser Powsr © AutoScale

Feader Fo
Pressure M Logarithm Pressure M Logarithm
Flow Rate EN ti Flow Rate EN ti
Temperature 1 (Room) egative Temperature 1 (Room) egative
Termperature 2 Body) M Invert Termperature 2 (Body) H Invert

Termperature 3 (Neck) ] Temperature 3 (Neck) ]
Temperature 4 {Chamber 1) Reverse _ Temperature 4 {Chamber 13 Reverse _
Temperature S (Chamber 2) HShow Grid Temperature S (Chamber 2) HShow Grid
Temperature 6 (Chamber 3) Draw Lines Temperature 6 (Chamber 3) Draw Lines

Termperature 7 (Auxiliary 1) Draw Points Temperature 7 (Auxiliary 1) Draw Points

Scale Format Scale Format

Time Stamp L2 ®AutoScale
®Show From...
oShow Up To...

g Logarithm
B Negative
HInvert

Set Right Y as X O
'Scale Format

~ Data Min UpTo... #& Ilia e
o o M Show Grid

ACCEPT |CANCEL|

(b) Setting up a “special range” for data in the Auxiliary Measurement
Window

Figure 15: Configuring the axes and plot of a 2D graph in the (a)
Primary Measurement Window and (b) Auxiliary Measurement
Window). For “special” variables such as the Time Stamp additional

tools are available when setting the range manually.
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? ® AutoScale
® Show From...
© Show Last...

M Logarithm
H Negative
B Invert

H Reverse
EE (| = Show Grid

(a) Show Last...

Scale Format

! ® AutoScale
o Show From...
e Show Last...
M Logarithm
B Negative
HInvert

H Reverse
EE (R = Show Grid

(b) Show From...

Scale Format

== §af Range E|

DD Q000,000 P - DCI 00:00,000 P -
MDD Y Y Y MDD Y

m

c¢) Special range for the Time Stamp

Figure 16: X-Axis Time and Time Stamp have additional ranges that
are available for manual selection
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= Confipure Additional Graph Settings
Window: Analysis (2D) v
Highlight Negative Logs (Inverse Color, Dashed Open Circles)

Plot Multiple Colors
H Plot Multiple Line Styles
Plot Multiple Symbol Styles

B Match Legend Text and Plot Colors
Line Thickness @ [l

Symbol E‘.izeeI
. OK | ICANCEL

Figure 17: Some additional graph settings

There are some additional plot attributes that can also be set for
each of the graphs through the dialog shown in Fig. 17. The dialog may
be obtained from the menu selection Graph— Additional Settings. The
settings accessible include:

e Highlight Negative Logs Whenever the Logarithm option is
selected, in the graph format in Fig. 15, @ plots the log of
the absolute value of the number to protect against numerical
errors (Logs of negative numbers are not defined in the real plane).
In some cases, the data whose value is being plotted is actually
negative, it is possible for @@ to show this.

e Plot Multiple Colors Because @ has to deal with different
graph content possibly on both the left and right axes and with
the possibility of having to highlight negative logs, it has been left
to the user to determine, for the presentation of a particular data
set, whether or not to try and use multiple colors.

¢ Plot Multiple Line Styles and Plot Multiple Symbol Styles
As with the line colors, the options are provided to use multiple line
and symbol styles. The user is encouraged to try out combinations
of these settings to see what works best for their particular data.

e Match Legend Text and Plot Colors @ will either have all
the legend text in one color or can match the text color to the plot
color. Again the user is encouraged to use the settings that best
fit their requirements.

e Line Thickness and Symbol Size @ can vary the thickness of
the graph lines as well as the sign of the symbols used.
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4.3.7 Graph legends

@ gives a number of options for the information that can be displayed
in the legend Fig. 18.

== Select Legend Labels El
Window: Analysis (2D) v
Use ...
Primary Measurement Name v |

' OK | |CANCEL

(a) Selecting legend labels

»= Select Legend Labels fg
Analysis (2D) v‘

Window:

Use ...
Secondary Measurement Name
Full Sample/Test Description
Abbreviated Sample/Test Description (72 char)
Full Comments /Notes
Abbreviated Comments /Notes (72 Char)
Test /Measurement Date
Date Last Modified
Unigue Data Identifier

(b) Options for labeling the plots

Figure 18: Selecting information to display in the graph legend

The plotting windows in @ can display legends in various forms.
The following legend configuration options are available from the menu:
e Show/Hide Legend (in the Auxiliary Measurement Window
and Analysis (2D) Window this is also achieved by double-clicking
anywhere in the plot, away from the axes. Clicking in the region
of the axes brings up the axes settings dialogs.)
e Change the format of the legend
e Change the information that is displayed in the legend
¢ Change the location of the legend
The LV Native and Embedded legends are drawn on the graph canvas
while the Floating legends are displayed in specialized “floating "windows.
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:45; Test 00:00:00

(b) “Embedded” legend positioned in the bottom right corner

Figure 19: Embedded legends showing different placement options

The position of the LV Native and Embedded legends on the canvas
can be changed by double-clicking somewhere in the graph window (not
on the axes labels) or through the Graph—TLegend—Move menu item.
The positions available range from top-left to bottom-right (Figs. 19(a)
and 19(b)). Tt is up to the user to pick a location for the legend that
does not (substantially) interfere with the reading of the plotted data.
The Floating legends offer a more flexible option that can be moved to
any place on the screen. Two options for the test descriptions are shown
in are shown in use in Figs. 20(a) and 20(h), the test name and test
date respectively. Note that for user settable test descriptors, the data
for a specific option may not be available if the user did not enter that

information when the test was carried out.
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(b) “Floating” legend (plots labeled by test date)

Figure 20: Floating legends showing information display options
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4.3.8 Selecting curves

The option Graph—Select Curves is available only for the Auxiliary
Measurement Window and Analysis (2D) Window which are capable
of plotting multiple curves. This allows the user to choose what data to
have displayed in these graphs to make them more readable or to compare
different measurements. Figure 21 shows the dialogs for selecting curves
for the Auxiliary Measurement Window (21(a)) and the Analysis
(2D) Window (21(b)). The difference in the two is that the Analysis
(2D) Window allows for the independent selection of data sets for the
left and right axes while in the case of the Auxiliary Measurement
Window, the same data sets are used for both axes. With each data
set, different columns can be selected for plotting (Section 4.3.6).

r= Splact Auxiliary Measurement(s) Curves

Window: Auxiliary Measurement(s)  ~

Available Curves Selected Curves
1: TestSample-1001

Remove All}

ACCEPT CANCEL

(a) Selecting curves to plot in Auxiliary Measurement Window

1= Select Analysis (2D) Curves 3
Window: Analysis (2D) v
Y1 (LeftY) Available Curves Y2 (Right Y)
P e

2: TestSample-1001

ha Add_pulie Add_pg
ACCEPT |CANCEL]
(b) Selecting left and right y-axis data for the Analysis (2D) Window

Figure 21: Selecting the curves to display in the (a) Auxiliary
Measurement Window and (b) Analysis (2D) Window
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To select a curve for plotting in the Auxiliary Measurement Window,
click on it in the Awvatlable Curves column and then the button.
This will add the data associated with the selected curve to the plot. For
the Analysis (2D) Window, the curve highlighted in the Awvailable
Curves column can be added to either the Y1 (Left Y) or Y2 (Right
Y ) axis independently. This is done by using the button pointing
to the desired axis column. To remove data from an axis, click on the
curve listing in the appropriate column and then click the single
button in the case of the Auxiliary Measurement Window or the
button under the column for the Analysis (2D) Window. The buttons
| Add All] and |Remove All| can also be used to add or remove all the
available plots.
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4.3.9 Measurement Status Window

A floating window to show the status of the measurement can be displayed
(or hidden) using the menu selection Window— Additional Settings—Toggle
Measurement Messages or by double-clicking with the mouse in the
center of the graph in the Primary Measurement Window. Selecting
to display the messages brings up a text dialog similar to those shown
in Fig. 22. The dialog can be closed by double-clicking anywhere in the
main window or through the close button.

s Meacnrement Status

The measurement monitor is currently in an idle state.

(a) Measurement status dialog when test is idle

Ho Measurement Status

04,/01/2019 23:09:15 [Measurement ] Started (Caller Primary easurement)

(b) Measurement status dialog when a test is running

== Measurement Status

04/01/2019 23:10:59 [Measurement] Entered Idle State (Caller Primary Measurement)

(c) Measurement status dialog after a test is completed

Figure 22: The Measurement Status Window showing messages that
are typically displayed at various stages of a measurement
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5 User account management

@D runs a user account management system that controls user access
to functions as well as allowing each user to have their own preferred
settings. The settings include measurement parameters and the configurations
of the various graphs and controls, such as the units, file paths etc. On
logging into the application, the program looks to see if there is a valid
user settings file, which it reads in, otherwise default settings are loaded.
NOTE! Only users that are registered and logged in can run measurements
while all others are able to recall measurements and browse the settings.
@ allows for three types of user accounts:
1. Standard User Can run measurements but cannot create or delete
user accounts
2. Advanced User Can create user accounts but cannot delete an
existing account
3. Administrator Can create and delete user accounts
When there is no user logged in it is still possible to open and plot saved
measurement results as well as read the logbook but not to set up or run
a measurement.

5.1 First-time user/creating new accounts

Back to the table of contents

The first time any user wishes to make a measurement, an account
must be created for them. The first account created on the computer will
be an Administrator account Fig. 23(a). In order to create an account, go
to the User— Advanced User—Create New User Account option from the
menu. Note that creating an account requires Administrator or Advanced
User authentication credentials (Fig. 23(b)). The dialog box in Fig. 23(¢)
will appear for creating an account. There are several options for the
level of access that the new user should have, the administrator /account
creator may select any one of these that is available.

NOTE! Only an Administrator can create an account with administrator
privileges.

Once an account is created, it is possible to modify the account
information. A Standard User or Advanced User can only update his/her
own account information. An Administrator can update the information
of any user, including resetting user account passwords for the other
users. To modify an existing user account, the dialogs in Fig. 24 should
be invoked through the menu selection User—Advanced User—Update
Account Information.
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1= Create New User Account 3

= Create New User Account [x]

*ok i
Affiliation* Required

Office No/Address*
Email* *Recommended

Phone (Office)*

Phone (Cell)* CANCEL

(a) Creating the first user account

== Create New User Account

Login Name**

Full Name** Standard User ~

Password** Advanced User

Repeat Password **
Password Hint**
**Required
Affiliation*
Office No/Address*

Email* *Recommended

Phone (Office)*

Phone (Cell)* | CANCEL |

(c) User account types

Figure 23: NtGCM offers a number of user account types. (a)The first
user registered is automatically assigned an Administrator account. (b)
The subsequent addition of users requires Administrator (or Advanced
User) authentication. (¢) These added users can have Standard User,
Advanced User or Administrator level credentials. An Advanced User
can add additional Standard or Advanced but not Administrators
privileges.
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= Update User Account Information

Login Name**

v

Standard User ~

I'I'Iﬂﬂ@ﬂ

Full Name**

Password**

= User Authentification/Login

Rep,
m User Name
userone

Affi

T ENTER | [CANCEL

Offif
*Recommended

_
Email*
|
Phone (Office)*
|
Phone (Cell)*

CANCEL

== Update User Account Information, ‘Z|
Login Name**

Kioko &
Full Name**

oko Roko

Standard User ~

;,x
i
H @0
‘B
:
‘H
*
*

UPDATE

Repeat Password**

= v B
g:
H
o
g*
M
i
2N
=
S
-
*
*

**Required
Affiliation*
siting Reseacher Group

Office No/Address*

I

*Recommended

m
3

!
*

Phone (Office)*

Phone (Cell)*

CANCEL

(a) Authentication

= |Update User, Account Information

Login Name**
userone

(b) Standard User information update

J userone

usertwo

Koko
Fasswora™"

S ook oo o ook o o

Repeat Password **

o ok o o ok o o o o oo ok

Password Hint**

LILI

Affiliation*

Research Group Cne

Office No/Address*

12f
Email*

**Required

*Recommended

userome@researchers‘org

Phone (Office)*

123456

Phone (Cell)*

789101

(¢) Administrators can update other users’ accounts

Figure 24:

the account has been created.

authentication is required.

Some user account information can be updated after

(a) In order to update information,
(b) A Standard User can only update

their own information, while (¢) an administrator can also modify the

information of other users.
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5.2 Logging in

Back to the table of contents

There are three ways to access the user login dialog (Fig. 25(a)). The
first is the button at the top right hand of the front panel (3)
in Fig. 6. The menu selection User—Login will also bring up the login
dialog. For the two options above, once the login dialog is displayed, the
user must enter the correct login name and password. The third option
is through the menu selection User—List All Users. This will cause a
dialog to appear with all registered users listed Fig. 25(b). From there,
if there is no user currently logged in, they can select the user account to
be logged in to and click the button. This will bring the up the
login dialog in Fig. 25(a) with the user name field pre-populated. The

user must then enter the correct password to login. A password hint is
also available if one was set up during the account creation process.

== User, Authentificationflogin

User Name
userone

Password

EEE S

(a) The user login dialog

= NtGCM Users

JuserName | ffliaion Account Type |4
1 Administrator

userone (First User) Research Group One /

Standard User

2 |usertwo (Another User) Another Research Group
3 | Koko (Koko Roko) Wisiting Reseacher Group Standard User

T
-« =

(b) List of all registered users

Figure 25: User logging in can be achieved by (a) directly calling the
login dialog from the main menu or front panel login button and then
entering the user (login) name and password. Alternatively, (a) a list
of all registered users can be brought up and used to pre-populate the
name field in the login dialog.
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After the user has successfully logged in, user specific settings are
loaded as shown in Fig. 26(a). User login requirements are strictly
enforced and incorrect information leads to login failure Fig. 26(b).

User Authentification/Login

User Name

Password

sk Rk

Attention!

Invalid user ID or password. Please renter your
user name and/or password.

Login Success!

Welcome back First User!
I will now load your personal settings.

(a) Login success (b) Login failure

Figure 26: Login success and failure

If a user is already logged in, then the selection and login functions
of the List All Users dialog are disabled (Fig. 27).

NtGCM Users

Figure 27: List All Users dialog when there is a user already logged in.
New user selection and login functions are disabled
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Figure 28:

At anytime, it is possible to request some information about the
currently logged in user, Fig. 28. The information provided includes
the contact information of the user, if that was included in the account
settings, when they logged in as well as when they last ran a measurement

"= | ogged In User

!

CURRENTLY LOGGED IN USER

Username (Account Type): Koko (Koko Roko) (Standard User)
User first logged on: 3/31/2019 1:23:43 AM
Current session started: 4/3/2019 10:59:00 PM

CONTACT INFORMATION

Affiliation: Visiting Reseacher Group
Office Number/Address: nfa

Email: n/a

Phone (Office): n/a

Phone (Cell): n/a

IN CURRENT SESSION...

Last measurement ended: n/a
Latest measurement started: Never

(a) Logged in user Information with partial contact details

= Lopged In User,

‘

CURRENTLY LOGGED IN USER

Username (Account Type): userone (First User) (Administrator)
User first logged on: 3/30/2019 8:24:38 PM
Current session started: 4/3/2019 10:17:23 PM

CONTACT INFORMATION

Affiliation: Research Group One
Office Number/Address: 12f
Email: userone@researchers.org
Phone (Office): 123456

Phone (Cell): 789101

IN CURRENT SESSION...

Last measurement ended: 4/3/2019 10:20:06 PM
Latest measurement started: 4/3/2019 10:19:40 PM

(b) User information including full contact details and timing
of the latest measurements in the current session

Accessing information about the currently logged in user,

including contact details if they are available, as well as information on
when they last ran a measurement
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5.3 Logging out/saving settings

Back to the table of contents
Making the User—Logout menu selection, using the | LOGOUT |button

on the Front Panel or the button (14 in Fig. 6) will bring up the
logout dialogs Fig. 29. The program will ask the user if they would like to
save their settings as they logout Fig. 29. Saved settings are available to
the user upon logging in again and make setting up and getting ready to
run a measurement quicker. The settings that are saved by @ include
all of the following:

Test description (except for the test/sample name)
Selected instruments

Front panel control units and ranges

Graph axes configurations

ASCII data export settings

Note! Settings can also be saved while logged in by selecting User—Save
Program Settings in the menu. This action is recommended after a
major change to the settings which the user wishes to preserve, such as
configuring a number of instruments. It helps protect the new settings
should the session not terminate cleanly.

= User Logout

Are you sure you want to logout

If so, do you want to save your settings
(Recommended).

Note that this action will OVERWRITE any existing

settings file.

SAVE & EXIT DISCARD & EXIT CANCEL

(a) User logout dialog

=4 Quit Program

"= Quit Program
Are you sure you want to quit NtGCM?

If so, do you want to save your settings
(Recommended).

Note that this action will OVERWRITE any existing
settings file.

Are you sure you want to quit NtEGCM?

SAVE & EXIT DISCARD & EXIT CANCEL

YES | [ CANCEL
(b) Quit program (user logged in) (¢) Quit program (no user logged in)

Figure 29: Dialogs that appear on (a) user logout and (b) & (¢) quitting
the program
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5.4 Deleting user accounts (Administrator ONLY)

Back to the table of contents

By selecting User— Administrator—Delete User Account in the menu,
an administrator may remove a user account. Administrator authentication
is through the dialog in Fig. 30(a).

Note! Account deletion is NOT reversible. A warning is issued
before the deletion of the user account Fig. 30(b). The accounts of a
user that is currently logged in or the administrator that is attempting
to delete the account (unless they are the last remaining user) cannot
be deleted Fig. 30(c). Deleting a user account in @ will erase settings
but not any measurement data.

'= Administrator Authentification

=t Delete User Account

Are you sure you want to delete the account
Koko (Koko Roko) [Standard User].
Affiliation: Visiting Reseacher Group.
Account Created: 3/31/2019 1:23:43 AM.
Last Login Date: 4/1/2019 9:52:30 PM.

= Delete User Account

)
USErone
LIsEr o
Koko

(c) Some accounts may be non-deletable with
current settings

Figure 30: (a) Deleting a wuser account requires Administrator
credentials. (b) NtGCM will give a series of warnings before deleting a
user account. (¢) Note that it is not possible to delete the account of a
user that is currently logged in or the administrator that is attempting
to delete the account unless they are the last registered user.
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5.5 Logbook

Back to the table of contents

@ maintains a logbook that contains various information on program
execution events. The logbook can be accessed by the User—Logbook—Read
menu selection. The logbook displays any information regarding when
users have logged on or off and when any measurements have been run
(Fig. 31(b)). Additionally, it will display any comments written by
previous users. A user may write a comment by clicking
User—Logbook—Write Comment in the user menu to get the dialog in
Fig. 31(a). Simply entering the desired commentary into the resulting
dialog box is sufficient, as the logbook will automatically add a time and
date to the comment.

The program also maintains an error log. The error log (Fig. 32) can
also be accessed from the user menu. As its name implies, this log is a
running record of any errors that have occurred while the program was
running. These notes are mainly aimed for developer/maintainer user
and may be requested during program troubleshooting.

= | pphook Comment

User Comment: Keep it short and to the point. I will
deal with putting the date, time and user info for you.

Enter your comment here ..

(a) Writing a user comment

I NGEM Log Book [Read Only].xt - Notepad
File Edit Format Yiew Help

NEGCM Log B ~
Created 3/30/2019 7:08:12 PM. 1

03,/30/201% 19:08:12 quit Program. () [Standard User]
03,/30/2019 20:24:38 User AcCount Created. userone (First user) [administrator].
Fﬁha(wn Research Group one.
Account created by: system Initializer.
03/30/2019 20:30:42 user Account created. usertwo (another user) [standard user].
1'hatmn Another Research Group.
Account Created by: userone(First user) [administrator].
03/30/2019 20:31: 07 quit Program. () [Standard User]
03/30/2019 20:31:40 quit Program. () [Standard user]
03/30/2019 23 £ th program. €3 [Standard user]
03/30/201% 23 Login. userone (First LISEr‘) [administrator]
03/30/201% 23 3 Test/Measurement Starte
03/30/201% 23 5: Test/measurement Ended.
03/30/201% 23 3 Logout. userone (First user) [administrater]
02?20/2019 23: 2 quit Program. (J [standard user]

&

: r]
03,/30/201%9 23:32:00 quit program. userone (First user) [Administrator]
03/30/2019 23:132:24 Login. uSerone (First User) [Administrator]
03/30/2019 23:32:34 Quit Program. userone (FirSt User) [Admw\'\str‘atm"]
03/30/2019 23:33:56 Login. userone (First User) [Administrator
03/30/201% 23:34:50 auit Program. userone (First User) [Administrator]
03/30/201% 23:35:21 Login. userone (First Llisr‘) [Administrator]
03/30/201% 23 1 Test/Measurement Starte
0272042015 23 3: Test/Measurement cnded. =
03/30/201% 23
03/30/201% 23
03/31/2019 00 1 ouit program. (3 [Standard user]
5 Login. userone C(First user) [Admms(ratur]
7 Test/Measurement Started.

Login. userone CFirst User) [Admwmstramr]
033172015 01:05:30 Test/Measurement Started.
02/31/2015 01:05:55: Test/Measurement Ended.

3

(b) Read-only view of the logbook

Figure 31: A logged in user may write a brief comment into the logbook.
Any user can access a read-only view of the logbook
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B NIGCM Error Log [Read Only].ixt - Notepad

File Edit Format Wiew Help
Mo errors on record!

Figure 32: NtGCM also maintains an error log. Again the user is
able to access a read-only view of the log. The errors logged may be
communicated to the developer for possible fixes in later releases of the
software.

IMPORTANT! Note that the @ logbook and error log are only
intended for tracking program performance. It is up to the user to
maintain proper records and notes of their experiments.
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6 Setting up a measurement

The software will not allow a measurement to be started until various
settings have been correctly configured. These are described in this
section. Incomplete or non-compliant settings will be highlighted in the
’Test Readiness Indicator |.

6.1 Selecting instruments

Back to the table of contents

The “Primary” DAQ, which reads all the test variables except for the
temperatures, can be selected through Instruments—Primary DAQ—Select.
The dialog box in Fig. 33 will be brought up. The device to be used can
then be selected from the pull-down menu. A device number allows the
instrument to be identified on the host system’s USB bus.

n= Salect DAQ
Device

None v

nol Salact DAQ
Device

None

+None
Simulation
NI-USB-6009

(b) The DAQs available for selection

Figure 33: Selecting the primary DAQ. The device to be used
can be chosen in the pull-down menu listing all the devices that
NtGCM supports. A device number is used by the system to address
the specific hardware being used.
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The configuration of the primary DAQ that is currently selected can
be accessed by going to Instruments—Primary DAQ—Configure in the
menu to get one of the dialogs in Fig. 34. These settings, which cannot
be altered from within @ , are shown for information only.

= Preview DAQ Settings
No DAQ Specified

(a) No DAQ selected

Er———— ® ST ——r— =

DAQ: Simulation USB DAQ a DAQ: NI-USB-6009 a

DEVICE NUMBER: 0 DEVICE NUMBER: 1

TASK ID: TASK ID:

CHANNEL: 0 CHANNEL: 0

VARIABLE: Laser Power (W) VARIABLE: Laser Power (W)

INSTRUMENT RANGE: (0, 5000) INSTRUMENT RANGE: (0, 5000)

SCALING FACTOR: 1000 SCALING FACTOR: 1000

DAQ VOLTAGE RANGE: (0, 5000) DAQ VOLTAGE RANGE: (0, 5000)

CHANNEL: 1 CHANNEL: 1

VARIABLE: Feeder Position (m) VARIABLE: Feeder Position (m)

INSTRUMENT RANGE: (0, 0.3) INSTRUMENT RANGE: (0, 0.3)

SCALING FACTOR: 1 SCALING FACTOR: 1

DAQ VOLTAGE RANGE: (0, 0.3) DAQ VOLTAGE RANGE: (0, 0.3)

CHANNEL: 2 CHANNEL: 2

VARIABLE: Pressure (Pa) VARIABLE: Presstre (Pa)

INSTRUMENT RANGE: (0, 1.37895E+7) INSTRUMENT RANGE: (0, 1.37895E+7)

SCALING FACTOR: 2757900 SCALING FACTOR: 2757900

DAQ VOLTAGE RANGE: (0, 1.37895E+7) DAQ VOLTAGE RANGE: (0, 1.37895E+7)

CHANNEL: 3 CHANNEL: 3

VARIABLE: Flow Rate (mA3/s) VARIABLE: Flow Rate (m~3/s)

INSTRUMENT RANGE: (0. 0.001) L INSTRUMENT RANGE: (0. 0.001) L
(b) Simulation DAQ settings (c) NI USB 6009 DAQ settings

Figure 34: Primary DAQ configuration settings. These are read in from
a file which is located in the NtGCM installation directory
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@ uses a separate (from the “Primary”) DAQ to read the temperature
probes. This DAQ can be selected by navigating to Instruments— Temperature
Monitor—Select in the menu. The dialog box in Fig. 35 will appear. The
user must select both the DAQ device and the (temperature reading)
probe type. A device number must also be set and is used by the system
to address the hardware.

== Select Temperature Monitor
Device

None ~

**Make sure that this is consistent with the
independently set DAQ Configuration

| OK [BICANCEL

(a) The temperature reading DAQ selection dialog

r= Select Temperature Monitor X] = Select Temperature Monitor,
Device Device

None MC-USB-TC 5

7None
kk
Simulation Probe

MC-USB-TC Thermocouple-K  ~

**Make sure that this is consistent with the **Make sure that this is consistent with the
independently set DAQ Configuration independently set DAQ Configuration

| OK CANCEL | OK |

(b) Available DAQs (c) Selected DAQ and probe type

Figure 35: Dialogs for selecting the temperature probe reading DAQ.
The user must select both the DAQ device and probe type that is being
used.
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The probe selection dialog allows for a large number of options.
(Fig. 36). Not all of these will be in use for a particular instance
in which @ is being used, nor would all the temperature ranges be
compatible with the experiments managed by the software. Do note
that the selection in @@ must match the hardware that is being used
for the information saved in the measurement files to be useful in setting
up future experiments.

REMINDER! The temperature probe selection in @ is only for
reference purposes and ensuring that the correct information is added to
the measurement results files. Configuring of the probe that will actually
be used by the software is done external to @ (Section B3.2)

== Select Temperature Monitor

Device
MC-USB-TC v

Probe**

None v
+None

) ] is consistent with the
Simulation Q Configuration

Themocouple-]
CANCEL

Themocouple-K
Themocouple-T
Themocouple-E
Themmocouple-R
Themmocouple-S
Themocouple-B
Themocouple-N
Thermistor-5000
RTD-PT100
RTD-D100
RTD-F100
RTD-PT3916
RTD-PT385
RTD-USER

uE CT-SF22 to TCK

Figure 36: Selecting the temperature probe. Note that in NtGCM,
the probe selection is only for reference purposes and inclusion in the
measurement file description fields. The actual probe used will be
determined by the settings in InstaCal. It is highly recommended
though that the NtGCM settings match the InstaCal settings so that
the data in the measurement files will include the correct details on the
experiment.
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The temperature probe locations can seen by going to
Instruments— Temperature Monitor—Configure Probes which brings up
the dialog shown in Fig. 37. These settings cannot be changed by the
user and again are shown for information only. However, there are
two “Auxiliary” temperature probes that the user can locate at their
discretion. Information on the location of these probes may be added to
the test notes (Section 6.2).

= Configure Probes

New Probe

Probes
Description Channel
erature 1 (Room) a

Temperature 2 (Body)

Termperature 3 (Meck)

Termperature 4 (Charnber 1)
Temperature 5 (Chamber 23
Temperature & (Chamber 3)
Temperature 7 (Auxiliary 1)
Termperature & {uxiliary 23

[N AR AR Y

ACCEPT I CANCEL

Figure 37: Temperature probe locations. Note that these settings cannot
be changed by the user. However, there are two “Auxiliary ” temperature
probe channels that the user can assign as they find necessary. Notes on
the location of these probes may be added to the test settings notes or
otherwise recorded by the user.
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The complete “Primary”and temperature reading DAQs configuration
information is read in from the file NtGCM_Instrument_Settings.cfg.
The contents of this file can be shown to the user following the menu
selection Instruments—Read Settings File. A dialog such as that shown
in Fig. 38 will be displayed. These developer level settings cannot be
modified by the user are are only shown for information purposes.

= Instrument Settings X

Instrument settings read from C:\Documents and Settings\User\My Documents\ L
Programming LabView\builds\NtGCMv1.1\Resource\NtGCM_Instrument_Settings cfg

#Channels must be numbered sequentially from 0
#WARNING! INCORRECTLY EDITING THIS FILE MAY CAUSE DEVICE FAILURE
#D0 NOT REMOVE THIS NOTICE!

#Scaling Note: Process Value = DAQ Voltage x Scaling Factor

TARGET DAQ: NI USB-6009
DAQ DEVICE LIMITS (V): -10, 10

Start Channel:0

Variable: Laser Power
Units: Power-W
Instrument Limits: 0, 5000
Scaling Factor: 1000

End Channel:0

Start Channel:1

Variable: Feeder Position

Units: Length-m

Instrument Limits: 0, 0.3

Scaling Factor:1

End Channel:1 o

Figure 38: Snapshot of the contents of the settings file that
NtGCM uses and which is located in the installation directory. It is
possible to view but not to change these settings in the application.
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6.2 Setting the test description and test environment

Back to the table of contents

The dialogs in Fig. 39 are used to specify settings of the test. A
description of the test, including a sample/test identifier, the material
under test and any additional notes that the user may wish to add
are entered using the dialog shown in Fig. 39(a). The Sample/Test
Name is a required field that must be filled in before a measurement
can begin. As the test/sample description may be used in legend labels
it is recommended to keep it short and concise. Additional information
on the test can always be added in the notes. A valid test environment
must also be entered using the dialog in Fig. 39(c¢). There are a number
of predefined templates for setting the test environment Fig. 39(b) as
well as the ability to enter settings for a fully user defined environment.

= Set SamplefTest Description

Sample/Test Name
TestSample-1001

Material Under Test
NewFormulation

Notes
first synthesis with new formulation

ACCEPT B CANCEL

(a) Test/sample description

== Define Test Environment ) == Define Test Environment
est Medium Test Medium
v

No Selection Argon v
v No Selection
3 3 v

Air Temperature 2| deg.C

Vacuum Pressure 5 _am +

Argon

Helium

oil

Water

Other (User Defined)
(b) Picking templates for setting the test (c) Details of a test environment
environment

Figure 39: Setting the test/sample description as well as the test
environment
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6.3 Reviewing the test range and setting alarms

Back to the table of contents

The Review Test Range dialog (Fig. 40) allows the user to set alarms
and other actions for those variables that allow it. The dialog is accessed
by the menu selection Monitoring—Review Test Range. A summary of
some key test variables is presented, as well as, warning and alarms that
the user may have set.

Test Range Review |z|

Check/Set Critical Points

Figure 40: Before the test, the user can review the range of values that
various variables are expected to lie in and set actions to be carried
out if the values reach some critical points during a run. Note that
because NtGCM is a monitoring (and not a measurement controlling)
application, the operator signature is not a strict requirement to start a
measurement.
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@ allows alarms and other actions to be set for a number of the
measurement variables. Entering of the set-points for alarms and other

actions is initiated by clicking the | Check/Set Critical Points | button on

the test range review dialog. This brings up the additional dialogs in
Figs. 41 and 42. Figure 41(a) shows a summary of the settings while
Figs. 41(b), 42(a) and 42(b) show some of the variables that allow for
setting of critical points, the status of the variables that can trigger
critical point actions 42(a) and the actions that can be triggered 42(h).

Set Measurement Critical Points

Vable  Sahs ______ Vake
ase 0

Feeder Position Rises Above om

Pressure Rises Above OPa

Flow Rate Rises Abowe om~3fs

Temperature 1 (Room) Rises Above oK

Temperature 2 (Body) Rises Above 0K

Temperature 3 (Meck) Rises Above oK

Temperature 4 (Chamber 1) Rises Above oK

Temperature 5 (Chamber 2) Rises Above oK

Temperature 6 (Chamber 3) Rises Above oK

Ternperature 7 (Auwdliary 1) Rises Above oK MNohe

Temperature & (Auxiiary 2) Rises Ahove oK Mone Reset All

UPDATE INO CHANGES

(a) Settings to define the critical points and actions to be triggered

Set Measurement Critical Points |z|

Pisssibove _wfdo  Jw  «| Nome -

+ Laser Power
Feeder Position
Pressure
Flow Rate
Temperature 1 (Room)

Mone

Rises Above om None
Temperature 2 (Body) Rises Abave 0Pa Nore
Temperature 3 (Neck) Rises Above 0m™3s None
Temperature 4 (Chamber 1) Rises Above oK Mone

Rises Ahove oK Mone:
Termperature 5 (Chamber 2) Hises Above ke Hore
Termperature 6 (Chamber 3) Rises Above 0K None
Temperature 7 (Auxiiary 1) Risas Above oK Nore

Rises Above oK Mone
Temperature 8 (Auxiiary 2) Rioos Above oK Nore
Feed Rate Rises Abowe 0K Hone Reset All

| UPDATE | |NO CHANGES

(b) The variables for which critical point actions can be set

Figure 41: Various actions can be set to be triggered should some
variables exceed preset bounds during a measurement
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Set Measurement Critical Points

. leserPower v |Rises Above

Mot Defined
v Rises Above

Drops Below

Drops (%)
Pressure Rises (%)
Flow Rate Drops (%) Below Running Masx s Mone
Temperature 1 (Room) Rises (%6) Above Running Min Mone
Temperature 2 (Body) o kone
Temperature 3 (Heck) Drops (%) Below Running Mean Hone
Temperature 4 (Chamber 1) Rizes (%) Above Running Mean Nome
Temperature 5 (Chamber 2) Rises (%) Above Target Mome
Temperature & (Charmber 3) O 04) Below T " Mone
Ternperature 7 (Awdiary 1) rOPS (%) Below Targel MNohe
Termperature & [Auxiiary 2) Deviates (%) From Target Mok Reset All

UPDATE .NO CHANGES

(a) Variable status that trigger critical points

Set Measurement Critical Points

 LaserPower o do lw v None

Rises Above v

Warning Msg
Alarm
e
0 Mol

Laser Power

Trip

Feeder Position Rises Above am Mone
Pressure Rises Above 0Pa MNone
Flow Rate Rises Above om~3fs Mone
Ternperature 1 (Room) Rises Above aK MNone
Ternperature 2 (Body) Rises Above OK MNone
Temperature 3 (Meck) Rises Abowe oK MNone
Temperature 4 (Charber 1) Rises Abowe oK MNone
Temperature S (Chamber 2) Rises Above oK kone
Temperature 6 (Chamber 3) Rises Above oK Mone
Temperature 7 (Auxiiary 1) Rises Above oK Mone
Temperature 8 (Auxiiary 2) Rises Above oK Mone

UPDATE .NO CHANGES

(b) Actions to be taken on reaching a critical point

Figure 42: (a)Measurement variable status that trigger critical point
actions and (b) the actions that are triggered
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6.4 Previewing test settings

Back to the table of contents

At any moment before or during a measurement, the user can see a
summary of the current test settings. Monitoring—Preview Settings will
bring up the dialog in Fig. 43.

= Preview Test Settings ﬁ
SUMMARIZED TEST SETTINGS

>

(1) MEASUREMENT METHOD
Unnamed Method

(2) INSTRUMENTS

Primary DAQ: Simulation USB DAQ
Temperature Monitor: Simulation USB DAQ
Temperature Probes(s): Simulation TEMP Probe

(3) DATA READING RATES
Primary Sampling Frequency: 2 Hz

(4) TEST ENVIRONMENT
Argon ( Temperature 1000 deg.C, Pressure 2 atm )

(5) TEST NAME/SAMPLE INFORMATION
Sample or Test ID/Name: Testsample-1002
Material Under Test: AnotherFormulation

(6) NOTES
None

INDEPENDENT (REFERENCE) VARIABLE
None i

CLOSE

(a) Previewing test settings

= Preview Test Settings

3 (%)

(4) TEST ENVIRONMENT
Argon ( Temperature 1000 deg.C, Pressure 2 atm )

(5) TEST NAME/SAMPLE INFORMATION
Sample or Test ID/Name: Testsample-1002
Material Under Test: AnotherFormulation

(6) NOTES
None

INDEPENDENT (REFERENCE) VARIABLE
None

CRITICAL POINT/WARNING/ALARM RULES
None

(7) FILENAMES

C:\Documents and Settings\User\My Documents\NtGCM Data\userone\NtGCM-03-
31-2019-231454\NtGCM-03-31-2019-231454 res

C:\Documents and Settings\User\My Documents\NtGCM Data\userone\NtGCM-03-
31-2019-231454\NtGCM-03-31-2019-231454.log

C:\Documents and Settings\User\My Documents\NtGCM Data\userone\NtGCM-03-
31-2019-231454\NtGCM-03-31-2019-231454.msg

CLOSE

(b) Preview test settings (continued)

Figure 43: At any time before or during a measurement, it is possible to
view a summary of the current test settings



6.5 Advanced measurement settings: Sampling frequency

Back to the table of contents

The user can set a data capture rate using the dialog shown in Fig. 44.
This dialog is invoked though the menu selection Monitoring— Advanced
Settings— Set Sampling Frequency. It is important to make sure that this
data capture rate is supported by the hardware being used Fig. 44(a). A
warning is issued to the user before setting this value to make them aware
of the importance of ensuring that the settings chosen are compatible
with the hardware in use Fig. 44(b).

st Sat Sampling Frequency
Frequency

{ Set ...

e Period

Period

" °Frequency
CANCEL

(a) Setting the sampling frequency

x|
£ ;ﬂentiun! E|
You are about to set a frequency that may be
associated with data capture. If so, make sure

that your instrumentation can sustain the
frequency set or adjust accordingly.

_OK
CANCEL

(b) Sample frequency warning

Figure 44: NtGCM allows the user to set a (maximum)
sampling/instrument reading rate to be used in the measurement. It
should be noted that the actual frequency at which data is gathered will
depend on the hardware response.
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6.6 Setting filenames

Back to the table of contents

Before beginning a measurement, the files to which the data should
be written must be specified through the dialogs in Fig. 45. @@ writes to
three files during the measurement (Fig. 45(a)). These are the Measurement
Data (*.res), Measurement Log (*.log) and Messages Log (*.msg) files.
Each of the three files is required and if not set correctly will be
highlighted Fig. 45(b). The | Use the Same Base Name For All Files |option

+= Set Measurement Filenames |?\

Measurement Result

_Autogenerate Filenames Set to Test Name

Measurement Log

Messages Log

Use The Same Base Name For All Files

|_OK NICANCEL|

(a) The dialog for setting up measurement filenames

= Set Measurement Filenames

Measurement Result

Measurement Log

Autogenerate Filenames Set to Test Name

Messages Log

Use The Same Base Name For All Files

|_OK BNCANCEL

(b) Highlighting of a missing required file

= Set Measurement Filenames

Measurement Result
C:\Dntuments and SettingsUserMy Documents\NEGCM DataluseroneNEGCM-03-30-2019-010713 \NtGCM-03-30-2019-0107 13.res

Autogenerate Filenames Set to Sample/Test Name

Use The Same Base Name For All Files

| OK CANCEL

(c) Auto-generated filenames (also using the same base name)

Figure 45: Setting the measurement filenames. NtGCM writes
measurement data to three files. The names of the files can be
independent, have the same base, be auto-generated or derive from the
sample/test name. The user must enter the full path for the files. In the
case of the auto-generated and test/sample name derived filenames, the
path points to the current working directory.

58



may be selected to ensure all files are saved in the same folder with
the same base name and different extensions. This eliminates the need
to type each name individually and keeps the data and logs filenames
counsistent. If using the same base name is enabled, then the user need
only enter a value in the Measurement Resultl input.

Pressing the ’ Autogenerate Filenames ‘ button allows all the filename
inputs to be populated with automatically generated names. The format
for the automatically generated filenames which includes the current
name of the program and the date and time of the measurement is shown
in Fig. 15(c). Filenames are generated pointing to the current working
directory which is usually the user’s assigned directory. Filenames may
also be derived from the sample/test names. Note that in this case
it is up to the user to make sure that the appropriate test name has
been set before using the ’Set to Test Name | button. @@ will read the
current settings and propose a filename which is displayed to the user.
The name will not be automatically updated if a user were to go and
change the measurement settings and not come back to the filename
set up dialog. This protects the filename settings from characters in
a test/sample description that may not be compatible with the host
system’s file naming rules.

6.7 Saving and loading measurement methods

Back to the table of contents

@ measurement settings are typically saved and loaded as part of
the user login/logout process. In this case, there is one set of settings
for the user. There may be cases where the user might want to be able
to save and quickly access more than one experiment configuration or
when the same settings need to accessed by multiple users. Save/load
measurement method provides this functionality. The measurement method
includes instrument selections and data export settings. Saving a measurement
method is through the menu selection Monitoring—Save Measurement
Method. A method can be loaded by selecting Monitoring— Load Measurement
Method. The loaded method will override any settings that the user may
have configured in the currently running session.
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7 Running the measurement

Data acquisition is started through the main menu selection Monitoring—Start.
This brings up the user prompt dialog in Fig. 46(a). Once data acquisition
has begun, the measurements will run until stopped by the user. The
Test Readiness Indicator‘ button on the the front panel highlights that
the measurement is running and the button at the bottom of the
Front Panel changes to ’ STOP MONITORING ‘ state.

To stop monitoring, either the button on the front panel (14) in Fig. 6
can be used or the menu selection selection Monitoring—Stop made.

Once data acquisition is completed, a dialog box will appear listing
the locations to which the measurement results as well as measurement
and messages logs were saved (Fig. 46(b)).

== Measurement Start

Starting Monitoring!

(a) Measurement startup prompt

o Test/Measurement Completed! g|
Test Completed: 03/30/2019 01:15:26.

Measurement Results Saved to: C:\Documents and Settings\User\
My Documents\NtGCM Data\userone\NtGCM-03-30-2019-
010713\NtGCM-03-30-2019-010713res

Measurement Log Saved to: C:\Documents and Settings\User\My
Documents\NtGCM Data\userone\NtGCM-03-30-2019-010713\
NtGCM-03-30-2019-010713.log

Messages Saved to: C:\Documents and Settings\User\My

Documents\NtGCM Data\userone\NtGCM-03-30-2019-010713\
NtGCM-03-30-2019-010713.msg

(b) Measurement completion message

Figure 46: Measurement start and completed messages. The
measurement completion message includes a listing of the full paths of
the measurement files.
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After the measurement is completed, the test name is reset while
other settings are maintained to make it easier to set up the next measurement.
As experiments are typically run with different settings, @ will prompt
the user to confirm some variables before the start of the next test even
if they are to remain the same.

BEE

Session 00: 8; Test 00:00:00

Laser Power [W] Gauges Temperature [K]
Pressure [Pal Flow Rate [ml/s] Neck

7500000

—

x
: 04/01/2019 22:09:12.

;eeder Position [mm] Measurement Results Saved to: C:\Documents and Settings\User\
I

ly M
0" s 10 150 200 250 300 220716\NtGCHM-04-01-2019-220716 res

Log Saved to: C:\D s and

NEGCH-04-01-2019-220716 log

Messages Saved to: C:\Documents and Settings\User\My
M 16\

NEGCI-04-01-2019-220716 msg

; Test 00:00:00 x ampIeITest Description

Laser Power [W] Gauges Temperature [K]
Flow Rate [ml/s] ot Chamber 1 Chamber 2 Chamber 3 Auxiliary 1 Auxiliary 2
2@ an2 ao0-@  aon 000§ aooo-

3 273

293 2: £,
o do_Jdo___Jdo___Jlo___Jlo___Jlo___|

%o of Maximum
1:31:17 AM
3/31/2019

sssgess sl

(b) Post measurement view of front panel controls

Figure 47: Primary Measurement Window when a measurement is
stopped and afterwards. Note that after a test is completed, the user
must confirm a number of parameters such as the Test Descriplion even
if it is intended to use the same settings as before.
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8 Working with measurement results files

@D provides a variety of tools to work with measurement data. This
section gives an overview of the different functions that can be used to
manipulate data files in the program. All of these functions may be
found under the File menu.

8.1 Opening a measurement result

Back to the table of contents
@ allows the user to not only load results from previous measurement

for display and analysis in the Auxiliary Measurement Window and
Analysis (2D) Window, but also to easily access and reuse the settings
of those measurements. When a measurement result is opened, it will
bring the data as well as all the measurement settings associated with
that data into the program’s workspace, automatically overwriting any
previous measurement settings the user may have entered. All this is
done through a dialog box which prompts the user to enter or browse
for the desired data file (Fig. 48).

4= Open Measurement Result

Measurement File
g

Figure 48: The dialog to open a measurement result file

8.2 Importing measurement data

Back to the table of contents

Importing differs from opening a measurement result file in that the
settings from the loaded measurement file are not used to reset the
current measurement environment. This makes importing ideal when
the data is desired purely for display/analysis purposes. Opening a
measurement result is more suited when it is intended to display data
from the previous measurement as well as setting up a new test using
settings similar to the one that has been opened.

8.3 Accessing measurement descriptions

Back to the table of contents

When @ saves test data, there is additional information describing
the measurement that is also saved. The data, which is available for
the measurements conducted in or loaded into the @ session, can be
accessed through the File—Measurement Descriptions menu selection.
This brings up the dialog in Fig. 19(a) allowing the user to browse and
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select from the available measurements. Once a measurement is selected,
information such as that shown in Fig. 49(b) is displayed.

== Display Measurement Description

Measurement(s)

1:T mple-1001

SHOW CLOSE

(a) Selecting a measurement whose description to display

= Measurement Description X

Results for NtGCM measurement/test conducted on 04/01/2019 23:09:15.312500 =~

v

(1) MEASUREMENT IDENTIFYING INFORMATION

Measurement/Test Name: TestSample-1001

Measurement Filename: C:\Documents and Settings\User\My Documents\NtGCM
Data\userone\NtGCM-04-01-2019-230859\NtGCM-04-01-2019-230859.res

(2) TEST DESCRIPTION/NOTES

NtGCM measurement/test conducted on 04/01/2019 23:09:15.
Measurement/Test Name: TestSample-1001.

Material/Device Under Test: NewFormulation.

Notes: first synthesis with new formulation.

(3) ADDITIONAL COMMENT/NOTES

first synthesis with new formulation

(b) Description of the measurement

Figure 49: NtGCM can display the description of the current
measurement or other measurements loaded into the current session. (a)
The user can select the measurement whose description they wish to see
and (b) get the information that is available on that measurement.
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8.4 Saving measurement result as new file

Back to the table of contents

Although the program will automatically save data acquired during
a run to the filenames specified at measurement set up, it is sometimes
necessary to save data under a new filename. This is particularly the
case for example if the user wants to replace an automatically generated
filename with something that is easier to remember. The menu selection
File—Save Measurement Result As will open a dialog that allows the
user to set a new file path to which the data will be saved. The function
creates a copy of the data and does not erase the previous file. If the user
wishes to erase that file, they may use the host system’s file management
tools. This should only be done after making certain of the location and
validity of the replacement file.

‘= Save Measurement Result As...

Filename

Figure 50: The dialog to save a measurement result under a new filename

8.5 Modifying and (re)saving measurement data

@ will allow certain aspects of already measured data to be modified
and the measurement saved, preferably under a new name. This feature
allows the user to, for example, fix an incorrect sample description.
Note that none of these changes have any effect on the experimentally
measured data. A note on the changes is added to a new measurement
messages file which is created when the modified data is saved. Only the
most recently completed or opened (not imported) measurement can be
modified. Modification of the measurement data is achieved by going
to the appropriate measurement configuration dialog (Section 6). The
user must explicitly request for the change to the data to be completed
(File—Update Measurement Data) upon which a dialog warning about
what the action is issued (Fig. 51). Should the user continue with the
changes, the data is then modified. Measurement data can be saved
under the existing filename or a new filename (preferred) by calling the
Save Measurement Result As... dialog (Fig. 50).
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= Data Update Warning
WARNING!

This function will update the measurement description and some
calculated data to match your current settings.

The following will {if available) be updated:

(1) Measurement description/notes

(2) Ssample dimensions

(2) Test environment

(1) Data that depends on the sample geometry will be recalculated

NOTE: The directly measured variables WILL NOT be modified

It is recommended that you save the modified data under a new
filename.

ONLY CONTINUE IF ¥OU ARE SURE ¥OU KNOW WHAT YOU ARE
DOING!

CONTINUE, | CANCEL |

Figure 51: Warning about what is and (more importantly) is not possible
when updating measurement data
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8.6 Exporting measurement data

Back to the table of contents

Any measurement results collected can be exported in ASCII format.
The first step in doing so is to select File—Configure ASCII Export in
the menu, which will cause the dialog in Fig. 52 to appear. To add
a data column to the exported file, click on the desired quantity in
the Functions Awvailable list and then the button. There is
no limit to the number of columns that are exported beyond the number
of measured values but each available column may only be exported
once. The ordering of the exported columns may be changed by selecting
one from the Export Data Column(s) list using the and

buttons.

The units used for a given column can also be changed by selecting it
in the Ezport Data Column(s) list and then selection the desired unit
from the Units column. ’Set SI Units for All‘ will affect all exported
data columns and change their units to SI.

= Sat Up ASCII Export X

Functions Available Export Data Column(s) Units Include ...

THGE ] Column Names
Time Stamp /|

Laser Power B Comment/ Nol.:es.
Feeder Position W Sample Description
Pressure
Flow Rate

Termperature 1 (Roorm)
Ternperature 2 (Body)
Temparahue 2 (Neck) Set SI Units for All
Temperature 4 (Chamber 1) =
Temperature 5 (Chamber 2)
Terperature 6 (Chamber 3)
Terperature 7 (Auxiliary 1)
Ternperature 8 (auxiliary 2)
Propartional Laser Power
Proportional Feeder Position
Propartional Pressure
Propartional Flow Rate

Feed Rate
Dag Voltage 1
Dag Valtage 2
DaQ valtage 3
DaQ) Voltage 4

Advanced Settings

Figure 52: Configuring data export involves picking which columns from
all the available data to export, the ordering of those columns as well the
the units to use. Additional header information may also be included in
the export file.

The user may also opt to include column names, comments made in
the sample description dialog and/or the sample description itself in the
exported data file. Note that if comments and/or a sample description
are included in the export, this additional information may affect the
way some spreadsheet programs will load /import the exported data.

Additional control of the formating of the numeric data that is exported
is possible and invoked using the ’Advanced Settings‘ button. This
brings up the dialog in Fig. 53. Some formatting choices may make
the data easier to display or import into other software.
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no Advanced ASCII Export Settings [7|

Column Separator A

QLI B BT BT T Fractional /Scientific (12.345) v |

Precision 2 Remove Trailing Zeros

Sample

0.1234, 1.1234
10.1234, 123400

OK CANCEL

Figure 53: Detailed control of the formatting of the exported data is also
supported

After the export is configured, the user must use the menu selection
File—Export ASCII in order to actually export data. This will bring up
a dialog with a list of all datasets collected or opened during the current
session (Fig. 54). Highlighting a dataset to be exported and choosing the

button will bring up the dialog in Fig. 55(a). If it is desired
to export all the available datasets, then the ‘ SELECT ALL ‘ option can
be used. When exporting multiple datasets at once, there are a number
of options offered for setting the export filenames (Figs. 55(b), 55(c)) or
saving all the exported datasets to a single file (Fig. 55(d)).

= Select Data To Export

Data Available

ISELECTISELECT ALLlCANCELI

Figure 54: Selecting the data to export. It is possible to select a single
or multiple datasets and to save that data in one or multiple files.
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r== Export ASCII

Data Name

Filename

[:\Dutuments and SettingsiUseriMy Docurments\MEGCM Dataiuserone TestSample-1001.csy E

| Export  BNCANCEL/EXIT

(a) Exporting a single dataset

= Export ASCII

Data Name

Export Directory
C:\Dncuments and Settings\Useri\My DocumentsyNtGCM Dataluserone E

mUse Data Names ®Autogenerate Filenames From Base Name ®Save All Data In One File

|_Export All_SNCANCEL/EXIT

(b) Using data name to generate filenames when exporting for multiple datasets

= Export ASCII

D ELEN Ly 2] 1: TestSample-1002

Base Filename

8/ C:\Documents and SettingsiUsarky DocLments\NEGCH Dataluserone E

mUse Data Names ©=Autogenerate Filenames From Base Name #=Save All Data In One File

CANCEL/EXIT

(c) Filenames for multiple datasets can be generated from a user input base name

= Export ASCII

D ELENL ey 2] 1: TestSample-1002

Filename

C:\Ducuments and SettingsiUseriy Documents\MEGCM Dataluserone! TestSample. tet E

mUse Data Names ®mAutogenerate Filenames From Base Name = Save All Data In One File

| Export  BNCANCEL/EXIT

(d) Data from multiple measurements can also be exported to a single file

Figure 55: Dialogs for exporting data for (a) a single dataset, as well
as (b), (¢) options for naming files that NtGCM offers when exporting
multiple datasets. (d) Multiple datasets may also be exported to a single
file. In that case, the data columns will be concatenated.
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8.7 Reading measurement and messages logs

Back to the table of contents

@ can open saved measurement and messages logs in read-only
mode using the host system’s text editor. This function can be accessed
from the menu through File—Read Measurement Log and File—Read
Messages Log.
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9 Getting help

@ features a help interface that includes access to this manual as
well as instrument manuals. The manuals and other documentation
are in *.pdf format and therefore reading them requires a working
installation of a suitable reader to be available on the @ host computer.
Information about the program, including the version number be be
accessed through the menu selection Help—About. This brings up the
dialog shown in Fig. 56.

=t Kbout NEGEM: X
NtGCMv1.1 (NtGCMv1.1) b
NtGCMv1.1

NASA OPEN SOURCE AGREEMENT VERSION 1.3

THIS OPEN SOURCE AGREEMENT ("AGREEMENT") DEFINES THE RIGHTS OF USE,
REPRODUCTION, DISTRIBUTION, MODIFICATION AND REDISTRIBUTION OF
CERTAIN COMPUTER SOFTWARE ORIGINALLY RELEASED BY THE UNITED STATES
GOVERNMENT AS REPRESENTED BY THE GOVERNMENT AGENCY LISTED BELOW
("GOVERNMENT AGENCY")., THE UNITED STATES GOVERNMENT, AS
REPRESENTED BY GOVERNMENT AGENCY, IS AN INTENDED THIRD-PARTY
BENEFICIARY OF ALL SUBSEQUENT DISTRIBUTIONS OR REDISTRIBUTIONS OF
THE SUBJECT SOFTWARE. ANYONE WHO USES, REPRODUCES, DISTRIBUTES,
MODIFIES OR REDISTRIBUTES THE SUBJECT SOFTWARE, AS DEFINED HEREIN,
OR ANY PART THEREOF, IS, BY THAT ACTION, ACCEPTING IN FULL THE
RESPONSIBILITIES AND OBLIGATIONS CONTAINED IN THIS AGREEMENT.

Government Agency: Government Agency Original Software Designation: __

Government Agency Original Software Title: User Registration Requested.
Please Visit http://_ Government Agency Point of Contact for Original Software:

1. DEFINITIONS

CLOSE

(a) Information about the program

applicable law, it shall not affect the validity or enforceability of the remainder of the ~
terms of this Agreement.

C. Applicable Law: This Agreement shall be subject to United States federal law only
for all purposes, including, but not limited to, determining the validity of this
Agreement, the meaning of its provisions and the rights, obligations and remedies
of the parties.

D. Entire Understanding: This Agreement constitutes the entire understanding and
agreement of the parties relating to release of the Subject Software and may not be
superseded, modified or amended except by further written agreement duly
executed by the parties.

E. Binding Authority: By accepting and using the Subject Software under this
Agreement, a Recipient affirms its authority to bind the Recipient to all terms and
conditions of this Agreement and that that Recipient hereby agrees to all terms and
conditions herein.

F. Point of Contact: Any Recipient contact with Government Agency is to be directed
to the designated representative as follows:

NtGCMv1.1 Version 1.1.0.12

Copyright © 2014-2019 Godfrey Sauti

CLOSE

(b) Information about the program (cont)

Figure 56: Information about NtGCM
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This manual can be accessed through the menu selection Help—NtGCM
Users Manual. Individual instrument manuals are accessed through the
menu selection Help—(..the instrument..). It is also possible to access all
the literature in the program data store through the option Help—All
Literature.This brings up the dialog shown in Fig. 57.

== Resource Files

MEECH Users Manual
MC-USB-TC
NI-USB-6009

Ther mocouples

Figure 57: A listing of all the available resource files
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Appendix A

Supported hardware

This software supports the use of any of the hardware described in
this appendix for data acquisition.

A.1 USB DAQs (“Primary” DAQs)

Back to the table of contents

@ supports the DAQs below as the “Primary” device for reading
most of the test data with the exception of the temperature probes which
are read through a dedicated DAQ.

e National Instruments NI USB 6009 This is a multifunction
DAQ device with eight (8) analog in (AI) (14-bit, 48 kS/s), two (2)
analog out (AO) (150 Hz) and thirteen (13) digital I/O channels.

A.2 Temperature DAQs

Back to the table of contents
@D uses a dedicated temperature reading DAQ that supports multiple
probes.

1. Measurement Computing USB-TC (MC USB-TC) The MC
USB-TC will support up to eight (8) thermocouples.

A.3 Temperature probes

Back to the table of contents
1. The MC-USB-TC supports type J, K, R, S, T, N, E, and B thermocouples.

IMPORTANT! For configuring the MC USB-TC, the temperature
probes (thermocouples) to be used have to be specified in the Measurement
Computing provided and separately installed InstaCal software. The
corresponding setting in @@ is only used for reference purposes and
DOES NOT affect the actual hardware used. It is up to the user to
make sure that the correct temperature probe is being used and that the
readings are being interpreted correctly.
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Appendix B

Setting up the USB DAQs

Back to the table of contents

Note that the following information includes settings in 3'
party software. The Developers and maintainers of @ make
no claims as to the accuracy of the information which is only
intended to help the user get started. For more up to date and
accurate information, the user is strongly advised to consult
the documentation for the 3’ party tools.

B.1 Setting up the NI-USB-6009 in NI MAX and NtGCM

1. Make sure that the device is connected to the computer and that
the status indicator LED is ON.

2. Open National Instruments Measurement and Automation Explorer
(NI MAX). NtGCM was compiled with the Version of MAX
shown in Fig. B58(a).

3. In NI MAX, under Devices and Interfaces find your device
(NI-USB-6009). Information about the device will be displayed
under Settings. Key are the Name and Status (Fig. B58(h)).
The device name must correspond to the setting in NtGCM and
the device status must be Present for it to be accessed by @ .

4. To rename a device, in the left hand panel, right-click on the
selected device and select Rename then enter the new name (Fig. B58(c))

5. For USB devices, @@ using the naming convention
Device NtGCM- Number is used. Device and Number should be
as shown in the select device dialog (Fig. 359).

6. A restart of @ and or the computer may be required to make the
settings take effect.
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ni.com

Measurement & Automation Explorer

Yersion 14.0,0f0

&7 NATIONAL
1999-2014 Mational Instruments, All rights reserved. INSTRUMENTS

(a) NI MAX Version used in NtGCM compilation

M1 LISA-A00S T4 -USH. $00%_NIGOM- 0

Moasurament & Autemation Explarcr
R £t Wew Tods Meb

W xnatash | o Past [EhSnTas T Test Pawd. | 6Tl 53 Daves Prods | 3 He ol
o I
NIL-DAQmx Device

- LALINTSTR TOM

HIAEE-000_MCEM-0 Basics
what do vou want to do?

. FRun thee W1 DAQMX
ta = Tast Fanats

Memove the duvics

device canfiguration

il Sk Parormanded Mast Caliration

5 softare Deice Tespratirn na
MiCrivens !
nots Syztsie

¢ NIUSB-6009 “NI-USB-6009_NtGCM-07 - Measurement & Automation Explorer,
Fle Edt View Tooks Help

i Svstem koo 3 Refresh | % Reset [ oof-Test T Test Panels,.. (3 Creats Task.., # Device Finouts

L Devices and Interfaces eeck
AR NSTR “COMS" Settings
ASRLGNSTR "COMS" NI-DAQmx Device
T ASRLTINSTR "COM7" fame USE-6003_NtGC Basics
ASRLANGTR "COMID" Vendor \ationsl Instruments What do you vant ts 452
ASRLLLHINSTR "COMIL" VRun the NI-DAQMX
ASRLIZ:INSTR "COMIZ" Made! NI USE-6009 Test Panels
ASRLIGHINSTR "COMIE" Serial tumber 03028657 MRemove the device
ASRLL4: INSTR "COM14" Ctatus oresent
ASRLEDINSTR "COMED" = Miew or change

ot device configuration

ASRLZ1HINSTR "COM21
ASRL2Z: INSTR "COMez"
@ ASRLIBAINSTR"LPTL" External Calibration
L NeworkDey 2 Reset Calibration Dt

4 Scoles [En selfTest Recommended Next Calibration

SR e ot a

) 11 rvers

Remote Systems | {3 Create Task...

) Configure TEDS.
B Device Pouts
Help >

(c) Renaming the device

Figure B58: Configuring the USB DAQ in NI MAX
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= Select DAQ X
Device . Number

___ NI-UBB:6009 -

NI-USB-6009 _NtGCM-0

Figure B59: The convention for naming a USB DAQ in NtGCM. The
corresponding name must be entered in NI MAX in order for NtGCM to
be able to communicate with the device.
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B.2 Setting up the USB-TC in InstaCal

The version of InstaCal used to test @@ is show in Fig. B60. To use
InstaCal...

1. Make sure that the device is connected to the computer and that
the status indicator LED is ON.

2. Open Measurement Computing InstaCal. Information about the
devices (Boards in InstaCalnotation) that are available should
then be displayed as shown in Fig. B61(a). If there are more than
one device attached, you may need to use InstaCal’s blink feature
to identify the board you intend to use with G .

3. If necessary, you can change the number of a board as shown in
Figs. B61(b) and B61(b) to match what you intend to use in @ .
In order for NtGCM to be able to communicate with the
Device, the Board number must match the Device number
in the @D select temperature DAQ dialog.

4. Select the type of thermocouple that you intend to use as shown
in Fig. B62(a). Note: This is the ONLY place you have
to select the thermocouple that will be used. As stated
elsewhere, the selection in D is only used for reference
purposes

5. Save the configuration as shown in Fig. B62(b).The naming convention
for the configuration is Device NtGCM- Number. Device and Number
should be as shown in the select device dialog (Fig. B63).

6. Make sure that the configuration that you intend to use has been
sent to the device. A dialog to that effect appears when you save
a configuration different from the current one.

7. A restart of the computer is recommended to make the settings
take effect.

8. You may also need to plug and unplug the device if you have
communicated with it using InstaCal, before €@ can take proper
control of it.
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= Installation
= Calibration
= Test

for Windows

Vs a9 /ma VMIEASUREMENT
AdVWLE % COMPUTING

(a) The InstaCal banner

About InstaCal [z|

InstaCal

Version 6.31
InstaCal for Windows

Copyright @ 1998-2012:

Measurement Computing Corporation

10 Commerce 4 ay
Morton, kMa 02766 LSA

phone: [508] 346-5100

faw: [B08] 346-3500

web: http:/ Avw. mocdag. com
e-mail: infol@meoodag. com

(b) The InstaCal version used to test NtGCM

Figure B60: The version of InstaCal used to test NtGCM
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InstaCal
File Install Calbrate Test Help

o
L4 O
A/D
oo poardList
E@ Universal Serial Bus

Boardi# 0 - USE-TC (serial# 34)

[[ oK m
DA

LI TN

(a) The Boards available

InstaCal

File Instal Calibrate Test Help
oK,
& B
A,/D
M o Board List
E-@ Universal Serial Bus

II oK, m
D&

g& 44

Configure. ..
Calibrate
Test
Diownload Firmware,

Change Board# ...

Remove Board

(b) Changing the Board Number

InstaCal
File Install Calibrate Test Help

oK
& T,
A/D
W e poardList
E@ Universal Serial Bus

Board# 0 - USB-TC (serial# 34)

g& 43

[[ L1]8 m
DA

T T ST

Board Nurber: I 1 - l

oK | Cancel |

| Ready I_I_zl
(c) Selecting the Board Number

Figure B61: Selecting a device and setting the Board Number in
InstaCal. The Board Number is equivalent to the Device Number in
NtGCM.
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InstaCal

File Instal Calibrake Test Help
oK oK
Board Co guratio
4&% use-TCc TC Type I S aved Configurations I
=4
Chan;: |Tepe vI
Chanl: |Type K vI
Chan 2 : IT}'peK vI
Chan3: IT}'PE K 'I
Chand: |Tepe k. 'I
Chan5: |Twpe K 'I
Chan B : IT_l,lpeK vI
Chan7: IT}lpeK vI
oK | Cancel |
Ready | | 4

(a) Selecting a thermocouple in InstaCal

File Install Calibrake Test Help
oK, oK
Hoard Co guratio
&% USB-TCI TC Type Saved Canfigurations
E-{

@ % ave Configurations ta File

™ Load Configurations from Fils

Configuration Mame: [k4C-LISE-TC_MHG CH-0 LI Save |

oK | Cancel |

Ready | |

(b) Saving the configuration

Figure B62: Selecting the thermocouple and saving the configuration
in InstaCal. Note that while it may be possible to assign different
thermocouple types to the different channels, NtGCM assumes a
single type of thermocouple is being used for all the channels. Note
that this limitation in NtGCM only affects the information written
about the measurement and the user could use multiple thermocouple
types as allowed by InstaCal and add appropriate comments to the
measurement notes.
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= Select Temperature Monitor @
Device Number

Probe**

Thermocouple-K *

**Make sure that this is consistent with the
independently sex DAQ Configuration

MC-USB-TC_NtGCM-0

Figure B63: The convention for naming a temperature DAQ in
NtGCM. The device number used in NtGCM must match the board
number in InstaCal in order for NtGCM to be able to communicate
with the device.
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Appendix C

Troubleshooting the USB devices

Back to the table of contents

In the event of communications trouble with the USB devices, the
user may try self-test and reset procedures using NI MAX for the NI
USB-6009 and InstaCal for the MC USB-TC. To access the interactive
control of these devices follow the steps in Sections B.1 and B.2 to get
the dialogs in figures B58, B60, B61, and B62. Additional information
about these may be found in the appropriate instrument manuals.

C.1 Wiring diagrams

Figures C64 and C65 are the recommended wiring diagrams for the NI
USB-6009 and MC USB-TC. Note that the actual wiring used may differ
from the recommendation if necessary but the user must make sure to
make the appropriate changes in the instrument settings file for the
NI USB-6009 or including them in the measurement notes for the MC
USB-TC.
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NC NI USB-6009
LASER POWER (+)
LASER POWER (-)
e
FEEDER POSITION (+)
FEEDER POSITION (-) n
NC .
PRESSURE (+) n JZ>
PRESSURE (-) 0
- 7
FLOW RATE (+)
FLOW RATE (-)
nc[_GND
NC
NC
NC NC-No Connection

Default configuration. The above connections apply ONLY for the
default configuration. Any changes to these must be matched by
changes in the configuration file NtGCM_Instrument_Settings.cfg

Figure C64: Recommended wiring for the NI USB-6009
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NC

NC

Room

Room

NC

NC

Chamber Body
Chamber Body
NC

NC

NC

NC

Chamber Neck
Chamber Neck

NC

NC

Chamber Interior 1
Chamber Interior 1
NC

NC

NC

NC

NC

NC

NC

NC

RSVD
NC
COH
CcoL
NC
RSVD
C1H
C1L
GND
RSVD

RSVD
NC
C2H
C2L
NC
RSVD
C3H
C3L
GND
RSVD
+5V
GND
DIOO
DIO1
DIO2
DIO3

NC-No Connection

[N X0YX0Y001%)

(OO DDDDDD D D]

RHoOooo~NOoOUIRARWNE

[N N0X%1%)

(OO DDDDDDD D]

RSVD
GND
C7L
C7H
RSVD
NC
coeL
CoH

RSVD

RSVD
GND
C5L
C5H
RSVD
NC
C4L
C4H

RSVD
+5V
GND
DIO7
DIO6
DIO5
DIO4

MC USB-TC

NC
NC
Auxiliary 2
Auxiliary 2
NC
NC
Auxiliary 1
Auxiliary 1
NC
NC

NC
NC
Chamber Interior 3
Chamber Interior 3
NC
NC
Chamber Interior 2
Chamber Interior 2
NC
NC
NC
NC
NC
NC
NC
NC

Recommended wiring. Any deviations from the above should
be recorded in the measurement notes to enable the correct
interpretation of the recorded data.

Figure C65: Recommended wiring for the MC USB-TC
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