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Preface

Preface

A CAUTION

The normal operating frequency of the NMR Analyzer is 58.0£0.5 MHz for 'H. This
implies that the NMR Analyzer is susceptible to signals operating at that frequency.
Therefore, the NMR Analyzer should not be installed in an area with an active transmitter
at the operating frequency. The magnet construction, however, is such that the core
frequency can be shifted 2100 kHz, if required, to avoid interference from the transmitter.
If a site is subject to broadband or multiple frequency interference that cannot be avoided
by a frequency shift, additional mitigation measures are required. This may include the use
of isolation transformers, line filters, shielding, or other means of attenuating interference.

A WARNING

Many of the functions and operating tools described in this manual can seriously degrade
analyzer performance if they are modified or adjusted by someone not skilled or properly
trained in operating the analyzer. Some of them must be performed only by Qualion
NMR application or service personnel. Since any such modification may void the system
warranties or performance guarantees, users should be particularly careful to heed this
warning. The specific items that should not be changed by untrained personnel are
identified in this manual by warning notes preceding the item descriptions.
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1. System Overview

Introduction

The D-MASH Model Lab\Process Analyzer is designed to analyze the composition of process fluids
on an online, continuous basis. Using NMR spectroscopic techniques, it can detect the presence,
composition, and concentration of chemical constituents in a process stream and, with appropriate
software, provide closed loop supervisory control of a process unit. The range of applications is
extensive and is limited only by the availability of reliable prediction models of the processes. Typical
user benefits are increased throughput, better process control, timely detection of off-spec product,

and lower operating costs.

Measurement Principle

The nucleus of an atom consists of neutrons and protons; the number of protons in the nucleus
determines its atomic number. Hydrogen, for example, which has one proton and an atomic number

. 1 .
of 1, is commonly referred to as “ H” or simply “proton”.

SPIN

Some protons exhibit a property called “spin”. Spin can be thought of as a magnetic moment vector
that makes the proton behave like a tiny magnet. When you place the proton in a strong static

magnetic field, the spin vector of the proton aligns itself with the magnetic field, as a magnet would.

ENERGY STATES AND TRANSITIONS

The poles of the proton can be aligned in either of two states, a “low energy” state (N-S-N-S) or a
“high energy” state (N-N-8-S). If a proton in the low-energy state absorbs a photon, it absorbs energy
and jumps to the high-energy state and vice versa. The energy (E) of the photon, which must equal the
energy difference between the two states, is related to a frequency (v) called the “resonance” or “spin
frequency” and Planck’s constant (h).

E =hv

Therefore, when the energy of the photon matches the energy difference between the low-energy and
high-energy states, absorption of energy occur. Planck’s constant is a universal factor that defines the
relation between the frequency of radiation of a process within a molecule and the quanta of energy
emitted from the molecule. The quanta of energy emitted are equal to the radiation frequency
multiplied by Planck’s constant.

Not all nuclei have spin, but almost all elements in the periodic table have at least one isotope with a
non zero nuclear spin. Also, NMR spectroscopy can be performed only on isotopes that occur in
enough abundance to be readily detected. Some of the nuclei that meet these qualifications are: ]H, ZH,
3]P, 23N21,]4N, BC, and F. Bach type of nucleus has a specific, identifying, resonant frequency called

the Larmor frequency.
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NMR SPECTROSCOPY

When a group of nuclei with spins is placed in a magnetic field, each aligns with the field in either the
low- or the high-energy state. At room temperature, low-energy spins slightly outnumber high-energy
spins. As the temperature increases, the ratio of low to high energy spins approaches unity. As
temperature decreases, the ratio increases. The signal detected by NMR spectroscopy is generated by
the difference between the energy absorbed by spins that jump from low energy to high energy states
and the energy emitted by the spins that move from high energy to low energy states. The signal,
therefore, is proportional to the difference in population between low energy and high energy spins.
The exchange of energy at a specific frequency identifies the type and concentration of a particular
element.

If a signal of frequency, F is turned on and then off again very rapidly, the result is an output
consisting of many frequencies centered about F with a bandwidth of 1/t, where t is the duration of
the pulse. Radiation is produced of all frequencies in the range F +1/t. If t is very small, a large
number of frequencies is produced simultaneously and all target nuclei in the sample are excited.

To understand the effect of the RF pulse, consider the following:
Bo

)

7z

Figure 1: Precession of Nuclei

Since more nuclei are aligned with the applied field than against it, a net magnetization vector is
aligned with the field. Imagine now that the room itself is spinning at the Larmor frequency. To an
observer in the room, the nuclei appear to be stationary, not processing, and the net magnetization
vector is aligned with the field. The concept of spinning the room is called the “rotating frame of
reference”. Using the rotating frame of reference, the magnetic behavior of the system can be shown

as:
Bo
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MO (STATIONARY BULK MAGNETIZATION VECTOR})

Figure 2:Magnetization Vector

A pulse of radio frequency energy is applied along the x' axis. The magnetic field of this radiation is
given the symbol B,. In the rotating frame of reference, B, and M, are stationary and positioned at right angles to

the x'y' plane. The pulse causes the bulk magnetization vector M, to rotate clockwise about the X axis.

The extent of this rotation is determined by the duration of the pulse. In many Fourier Transform
NMR experiments, such as in the Qualion NMR Process Analyzer, the duration of the pulse is
selected so that the magnetization vector rotates by 90°, as shown in Figure 3.

)

Bo

My

PULSE

7 7

Figure 3: Rotation of Magnetization Vector with 90 ° Pulse Applied

The detector is aligned along the y' axis. If we return to a static frame of reference rather than the
rotating reference, the net magnetic moment spins around the y-axis at the Larmor frequency. This
motion generates an RF signal that can be detected. When the pulse is removed, the nuclei relax and
return to their equilibrium positions and the signal decays. The decaying signal contains the sum of the
frequencies of all the target nuclei. Since the frequency of the signal is too high to be recorded directly,
it is mixed with a lower frequency signal to produce a low frequency interferogram. The interferogram,
called the Free Induction Decay (FID), is then Fast Fourier transformed into a frequency domain

spectrum for analysis.
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SPIN PACKETS

A spin packet is defined as a group of spins with the same magnetic field strength. At any instant, the
magnetic field of the spin packet can be represented by a magnetization vector, M, the magnitude of
which is proportional to the population difference between low-energy and high-energy spins.

The vector sum of all spin packets is called “net magnetization”. Using a conventional 3-axis NMR
coordinate system, the net magnetization vector, M, and the vector of the applied magnetic field, B,

lie in the same Z direction. The magnitude of M can be altered by applying energy to the nuclei equal
to the energy difference between the spin states. If enough energy is applied, M, can be made to equal
zero. When the energy is removed, M, returns to its equilibrium value. The time constant for this
return is called the “spin lattice relaxation time”, T, which is defined as the time required reducing the
difference between M, and equilibrium by a factor of e.

If the net magnetization vector is placed in the XY plane, it will “precess” (rotate) about the Z-axis at
a frequency equal to the frequency of the photon that would cause a transition between the two energy
levels of the spin. This frequency is the Larmor or “resonance “frequency.

In addition to the rotation, the net magnetization vector starts to de-phase (return to random orbit)
because each of the component spin packets rotates at its own Larmor frequency. The longer time is

elapsed, the greater the phase difference. The time constant that describes the return to equilibrium of
the transverse magnetization, M__ is called spin-spin relaxation time, T,.

-t/ T2
Myry = Myeyp ®
Passing a dc current through a coil of wire placed around the X axis provides a magnetic field along
the X axis. Similarly, an alternating current produces an alternating magnetic field along the X axis.
Using a frame of reference that rotates about the Z axis at a frequency equal to that of the alternating
current in the coil, the magnetic field along the X axis is held constant. This is the same as moving the

coil about the coordinate system at the Larmor frequency. In NMR, the magnetic field created by the
coil passing an alternating current at the Larmor frequency is called the B, field. When the cutrent is

turned on and off, it creates a pulsed B, magnetic field along the X axis.

The spins respond to this pulse so as to cause the net magnetization vector to rotate about the
direction of the B, field. A 90° pulse rotates the magnetization vector clockwise by 90° about the X'
axis (the rotating X axis) and rotates the equilibrium magnetization down to the Y' axis (the rotating Y
axis). The net magnetization at any orientation behaves according to a rotation equation. For example,

a net magnetization vector along the Y' axis shifts to the -Y' axis when acted upon by a 180° pulse of
B, along the X axis.

CHEMICAL SHIFT

When an atom is placed in a magnetic field, its electrons circulate about the direction of the applied
magnetic field. This generates a weak magnetic field that opposes the applied field. The effective field
is therefore usually less than the applied field.

The electron density around each nucleus in a molecule varies according to the types of nuclei and
bonds in the molecule. The opposing field and therefore the effective field at each nucleus vary. This
is called the “chemical shift” phenomenon. The chemical shift of a nucleus is the difference between
the resonant frequency of a nucleus and a reference standard and is a very precise indicator of the

chemical environment around a nucleus.
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TIME DOMAIN AND FREQUENCY DOMAIN DATA PLOTS

An NMR spectrum may contain many different absorption lines at different frequencies. In pulsed
NMR spectroscopy, the signal is detected after the magnetization vectors ate rotated into the XY
plane by applying and then removing an ac field. Once a magnetization vector is in the XY plane, it
rotates about the Z axis and induces an ac current in a coil of wire oriented along the X axis.

Plotting current as a function of time yields a sine wave, which decays with the dephasing of the spin
packets after the applied field is removed. This decaying signal is called a free induction decay (FID).
The time domain signal is then converted to a frequency domain diagram by applying Fast Fourier
Transforms to the data. To avoid masking of one component by another and to minimize the effects
of noise and interference, several standard data processing techniques are applied to the raw frequency
data. These methods reduce the effects of noise and/or increase the level of definition and separation
of the various frequency peaks in the spectrum display. This is the form in which the results of the
NMR analysis are presented to the user.

INTERPRETING FREQUENCY DOMAIN SPECTRA

When more than one bond is present in a molecule, more than one frequency appears in the spectrum
plot. By counting the number of absorption lines, we can count the number of bonds. The atom to
which hydrogen is bound determines the intensity of the signal, the magnitude of the chemical shift,
and the time it takes for each species of atom to de-phase (randomize its orbit).

Bonds between atoms may create multiple lines in the spectrum plot — singlets (one line), doublets
(two lines), triplets (three lines), etc. The height of the peak indicates the number of atoms present in
the sample. The relative heights and chemical shifts of multiple peaks identify particular molecules and
compounds. The breadth of a peak (line-shape) is an indication of the de-phasing time for a particular
type of bond.

By analyzing the heights, locations, and shapes of the various peaks and comparing them with known
characteristics of basic elements and compounds, we can determine the presence and concentration of

the components of a process sample.
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Pulse Sequences

/i\ WARNING

Actions described below should be performed ONLY by properly trained personnel.

In pulse NMR, the manner in which a pulse is applied and then detected is very critical. The pulse is
applied in a sequence of steps that first enable the transmitter, then transmit the pulse for a
predetermined time, turn off the transmitter and wait for the receiver circuit to settle, and then turn on
the receiver to listen for the generated signal from the probe. In the Process NMR Analyzer, this
sequence is controlled by the Event Table. (Refer to "Event Table" on page 75 for more detailed
information.)

The length of time the pulse should be applied is determined by the sample being analyzed. If you
want to apply a pulse that deflects the nuclei by 90°, you must determine the desired pulse time for a
specific sample by varying the pulse duration time and sensing the received signal until you detect a
null. The null output indicates that the pulse is a 180° pulse. To generate a 90° pulse, divide the
duration of the 180° pulse by 2. Then enter this value in the Event Table.

The length of the wait time between pulses must be long enough for the nuclei to relax completely.
Applying pulses with too short a wait time between pulses can cause saturation and consequent loss of

measurement information.
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System Description

This section is a top level functional description of the overall system hardware and its major
equipment components. Detailed descriptions of the individual units are included at the end of this
chapter and detailed descriptions of the system software and operating procedures are included in
Chapter 2., “System Operation” .

BLOCK DIAGRAM

Figure 4 is a schematic block diagram of the major system components that shows the relation of each
unit to the others and how they interact. It is of necessity a simplified representation of the system
designed to show general concepts rather than specific detail. More detailed information about the
operation of each unit can be found in Chapter 2.
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FUNCTIONAL DESCRIPTION

As shown in Figure 4, the system consists of a main cabinet divided into two compartments, a Magnet
compartment and an Electronics compartment, which contain the components listed below, and
accessory systems for controlling the environment within the enclosure. The enclosure is rated as IP56
/ NEMA 4X (For Process Analyzer only) .

Major System Components
¢ Magnet Compartment

¢+ Magnet (and Magnet Envelope) containing a sample\Lab probe for passing the
sample through the field of the magnet and a reference or “lock” capsule filled with a
known reference fluid

¢ Heater Control Unit for controlling temperatures of the magnet and the magnet
envelope

¢ Bypass Flow Valve to interrupt sample flow during the measurement process (For
Process Analyzer only)

¢ Power Distribution Unit for the system

¢ Pneumatic Manifold for controlling the stop flow, sample switching, and grab
sample valves (For Process Analyzer only)

¢ Shim Control Unit for controlling the currents supplied to 50 pairs of shim coils
within the magnet

¢ Electronics Compartment

¢ Temperature Control System controlling solid state air conditioners for both
compartments consisting temperature controller and RTD as sensor

¢ Rack-mounted Computer for controlling the various elements of the system and
communicating information to other systems

¢ Switching Control Unit for applying and detecting RF signals on the RF coil in the
sample line within the magnet and on the RF coil on the reference probe

¢ Main Power Supply tp rpovide power to all components in the system and I/O Unit
and handling signal inputs and outputs (I/O For Process Analyzer only)
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Figure 4: System Block Diagram

4 ¢ Accessory Systems

¢ One Purge Unit that supplies air purging to the enclosure (For Process Analyzer
only)

¢ Three Air Conditioning For Process Analyzer Units, (Lab Analyzer has One A\C)
two on the Electronics side and one on the Magnet side. Functional Operation
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A Lab Analyzer uses a tube for sampling and can not be attached to a sample system.

At the process analyzer a sample is drawn from the process line or sample switching system through
the input manifold to the sample probe line within the magnet, through the stop flow valve, and then
back to the process or the sample switching system.

Flow is stopped while an analysis is performed and resumed when the analysis is completed. The
sampling system operates on a repetitive cycle of flow (purging the probe, then flowing the sample to
the probe), stop flow (sample analysis), and flow (purging the probe).

The sample probe, mounted inside the magnet, contains the sample flow tube and a sealed reference
capsule filled with lithium chloride. A small radio frequency (RF) coil is wound around the outside of
the sample flow tube and another RF coil is wound around the reference capsule. Each coil is
connected to a capacitor to form a tuned circuit, which is manually tuned at installation.

Since accurate analysis of a sample requires an extremely uniform magnetic field, the linearity of the
field of the permanent magnet is “shimmed” by adjusting the currents supplied to each of forty pairs
of small electromagnets located on a shimming unit mounted between the pole pieces in the center of
the magnet. The Shim Control Unit mounted in the Electronics Compartment determines and
controls the current to each set of shim coils. The fields generated by the shim coils modify portions
of the field of the permanent magnet to increase uniformity of the resultant field. A computer
program is used to sense uniformity of the field (by detecting good/bad changes in the FID) and to
determine automatically the correct value of current for each set of shim coils.

An RF Unit mounted in the Electronics Compartment supplies a radio frequency excitation signal to
the sample and reference RF coils during analysis. The same coils are used to sense the RF signal
generated by the sample and the reference fluid during the relaxation phase after the excitation signals
are removed.

The RF coils create the field which rotates the net magnetization vector in a pulse sequence. They also
detect the transverse magnetization as it precesses in the XY plane. Each of the rf coils must resonate
at the Larmor frequency of the nucleus being examined by the analyzer. Therefore, the coil units are
composed of an inductor (coil) and a capacitive element. The resonant frequency is determined by the
inductance (L)) and capacitance (C) of the circuit. As mentioned previously, the capacitor is manually
tuned during installation of the probe.

Before performing an analysis of a process sample, the system repeatedly applies an RF signal to the
reference probe. The frequency of the excitation signal applied to the lithium chloride capsule coil is
varied over a narrow range until a satisfactory response is detected. The purpose of this exercise is to
establish the reference point or “lock frequency” for the system. When the desired signal is detected,
the system is “locked” to use this frequency as the reference for setting the main transmitter frequency

in a fixed ratio to the lock frequency.

Analysis of the Sample
When the sample flow tube is filled, an RF signal is applied to the RF coil. The signal is applied at a

frequency of approximately 58 MHz for approximately 15 usec at a power level of approximately 4
watts. The signal is then removed. After a delay of about 30 usec, the Switching Control Unit “listens”
for a response from the coil as the nuclei relax and return to random orbits. The time required to
receive a characteristic signal from a sample varies with the composition of the sample. Typically, the

time ranges from 100 milliseconds to a minute.
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The RF transmitter signal causes the protons in the sample to deflect from their aligned axes. When
the RF signal is removed, the protons relax and eventually return to their original axes. In doing so,
they generate an exponentially decaying RF signal, which is sensed by the receiver. This time domain
analog signal is filtered, processed and transformed into a frequency domain spectrum by the Rack
Mounted Computer. The frequency domain digital data is then further processed and manipulated to
generate the displays and numerical information needed by the user to present the results of the NMR
analysis, showing the types and concentrations of various components present in the sample and the
reference probe. The methods used for analog and digital signal processing are described in more
detail later in this chapter and in Chapter 2., “System Operation” .

Temperature Control

Magnet temperature is an extremely critical element in the NMR analysis and, at the center of the
magnet where the RF coil is located, must be controlled within 0.2 millidegrees of its typical operating
temperature of 45°C. Temperature within the magnet is sensed by 4 thermistors (and 4 thermistors
spare), which provide the measurement input to the Heater Control Unit mounted in the magnet box.
The output of the Heater Control Unit varies the current supplied to strip heaters bonded to the
outside of the magnet.

Since a magnet can be irreparably damaged by extremely high temperatures (over 80°C), a high
temperature cutout switch is mounted on the magnet to disconnect power to the system if the

temperature exceeds the limit. Similarly, low temperatures can also damage the magnet.

/!\ WARNING

Catre must be exetcised to ensute that magnet temperatute does not fall below 4°C at any
time, even during shipment and storage. Low temperatures can permanently damage the
magnet.

Magnet envelope (shroud) temperature, also a critical control item in NMR analysis, is maintained at
40°C, a value slightly lower than the magnet temperature. Shroud tempetature is measured by four
thermistors and is also controlled by the Heater Control Unit and associated strip heaters in the same
manner as magnet temperatute.

On a Process Analyzer both Compartment temperatures ate controlled at 24°C, the Lab Does
Analyzer Does not contains a temperature controller for the internal enviroment. This temperature is
sensed by an RTD mounted on the wall of the compartment. The temperature signal provides the
measurement input to an indicating PID controller (mounted on the interior wall of the Magnet
Compartment Cabinet) which provides a controlled output to five 4W electric heaters. Air
conditioning units mounted outside on top of the compartment runs continuously, cooling the re-
circulated air inside the compartment. Since the air conditioner continuously cools the air within the

compartment to maintain a temperature of approximately 24°C,.
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Purge Control

* For the Process Analyzer Only

The atmosphere within enclosure is maintained at a safe positive pressure relative to environment by a
Purge Control Unit, mounted externally to the unit. The purge unit supplies instrument air to the
cabinets. Operation of the Purge Unit is described in more detail, beginning on page 25 of this

chapter.

Signal Processing (Time Domain)

/!\ WARNING

Actions described in the following section should be performed only by propetly trained
personnel.

Extensive signal processing in the time domain is required to produce a meaningful NMR pulse signal
that can be detected, converted to equivalent quadrature analog audio signals (Channels I and Q) and
then converted to digital form for input to the digital signal processing system in the computer.
Figure 5 shows a block diagram of the functions performed in the analog portion of the system to

prepare the data for input to the Rack Mounted PC.

SET POINT FOR
MAIN TX FREQUENCY

FROM LOCE YSTEM
_l MAIN
k1] DS UNIT TR SW THRX

nee MHz | MULTDIVIDES | MAIN_TX_LO
SPLITISHIFT " 1gMHz SAMHz S OML —_—
| 9 MHz I )
—
LPF |5 HLQMH}. 58 MHz 4@ 56 MHz

Figure 5: Block Diagram of Main Signal Processing Functions

3
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The system operates as follows:

A crystal oscillator outputs a 36 MHz signal, which is sent to the DDS card. The DDS unit multiplies,
divides, and/or phase shifts the signal and outputs a 49 MHz signal which is used as the main
transmitter and receiver local oscillators (MAIN_TX_LO and MAIN_RX_LO). A 9 MHz signal from
the DDS unit is added to the MAIN_TX_LO signal to produce the main transmitter frequency of 58
MHz, which is transmitted to the diplexer and then switched to the main transmitter coil in the probe.
After the main transmitter pulse is removed, the nuclei relax and generate a 58 MHz signal in the colil,
which flows to the diplexer, where it is automatically switched to the receiver input. The received
signal is amplified and then mixed with the MAIN _RX_LO signal (49 MHz) to produce an
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Intermediate Frequency (IF) of 9 MHz. This signal is then mixed with 9 MHz from the DDS card to
produce an audio frequency of approximately 1 kHz. The audio signal is then split into two equal
channels, I and Q, phase separated by 90°. The I and Q signals are then input to the ADC, where they
are converted to digital form for input to the PC.

The signal processing functions performed in the time domain are:

¢ Quadrature detection

¢

¢

¢

¢

¢

Signal averaging

Window function

Remove dc offset

ADC parameters (bandwidth, sampling rate)
Zero fill

Brief descriptions of these functions are given below. For detailed descriptions of each function, refer
to Chapter 3., “Standard Procedures”.

Quadrature Quadrature detection enables the system to discriminate between signals

Detection Generated by nuclei that are precessing faster than or slower than the

reference (positive and negative frequencies), effectively increasing the signal-

to-noise ratio.

Signal Averaging Signal averaging computes the average, either discrete or running, of a series

of signals, for the purpose of minimizing random noise.

Window Function The window function multiplies a time domain signal by an exponentially

decaying signal for the purpose of smoothing of the signal. By varying the
coefficients of the equation, you can control the decay rate of the signal. Applying

this function has the undesirable effect of broadening a peak in the frequency

domain.
Remove DC This function shifts the time domain signal by the amount of the DC
Offset offset, centering the signal around zero and reducing noise.
ADC Parameters The software, as explained in Chapter 3, allows you to set parameters for the

analog-to-digital converter (ADC). You can select the total number of samples,

the sampling rate, and the bandwidth of the conversion.

Zero Fill The zero fill function permits you to increase the effective digital resolution

of the system by increasing the total number of samples without increasing
noise merely by adding samples with zero values to those produced by the

ADC.

Lock System

The purpose of the lock system is to provide control of the frequency of the main transmitter pulse,

automatically compensating for any minor vatiations in magnet field strength and temperature. The

lock system continuously detects the resonant frequency of the nuclei in a known sample fluid, lithium
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chloride, and the sets the frequency of the main transmitter to be a fixed ratio to this reference. Since
the reference fluid capsule is located inside the main probe, it is subjected to the same magnetic field
and temperature as the main transmitter/receiver. Therefore, a change in one affects the other.

The lock system functions generally in the same way as the main transmitter system (see Figure 6),
except that the basic transmitter frequency is approximately 22 MHz, the resonant frequency of
lithium in a magnetic field of 1.35 tesla.

PROGRAMMED
SET POINT FROM PC
| LOCK
a6 DDS UNIT TR S THRX
08e MHz | MULTDIVIDES |LOCK_TX_LO -
™| SPUTISHIFT 3 m: 22 MHz 22 MHz
9 MHz i
g
— i
—
TO e ADC —* -
REF ]
FC = L 1 %o Shiz %2 Wz 22 MHz
——
p— o]
o

Figure 6: Block Diagram of Lock Signal Processing Functions

The lock system functions as follows:

The frequency of the lock transmitter is swept over a range of about 1 MHz (22-23 MHz) as it
searches for the resonant frequency of lithium. When it first detects a resonant response (significant
increase in signal level) as it increases frequency during the search, it stores this value and then jumps
to a higher frequency and approaches resonance from the other direction. When it detects a resonant
response as it approaches from the other direction, it stores this frequency and then jumps to a
frequency at the mid point between the two stored values and then “locks” on this frequency as the
resonant frequency of lithium. The output of the lock system is used as the set point of the main
transmitter circuit, which maintains the main transmitter frequency in a fixed ratio to this “lock”
frequency.

If the resonant frequency changes slightly during operation because of a deviation in field strength or
temperature, the control loop acts to maintain lock at whatever the resonant frequency is, and changes

the main transmitter frequency accordingly.

Signal Processing (Frequency Domain)

/i\ WARNING
Actions described in the following section should be performed only by propetly trained
personnel.

After the time domain signals are converted to frequency domain by the Fast Fourier Transform
process, they are further processed by numerical methods and software techniques to produce
frequency domain data that accurately represents the composition of the process sample. The types of

signal processing available to you are:

System Operation UM SW50407.05 20



System Overview Major Software Components

Woody Averaging

Remove DC Offset

Baseline Correction

Finding Peaks

Setting Peak References
Performing Integrals

Zero Order Phase Cottrection
First Order Phase Correction

Please refer to SYS tem Operati()ﬂ page 35, for a detailed description of

these digital signal processing functions and the procedures for selecting parameters and executing the

functions

Major Software Components

The major software applications supplied with the system are:

¢ ProcessNMR - Software for running the process online continuously in a production
environment.

¢ NMR Analyser - Software for running the process online continuously in a production
environment

¢ Diagnostic Software

Heater Diagnostics — Diagnostic package for analyzing performance of the magnet heater controls
Shim Box Test — Diagnostic package for analyzing performance of the magnet shimming functions
NMR Diagnostics — Diagnostic package for monitoring performance of a Process NMR Analyzer

¢ Communication Software

pcAnywhere — Communication package for performing remote monitoring and control of an NMR
analyzer over a dialup telephone connection and LAN Connection anywhere in the world

VNC — Communication package for performing remote monitoring and control of an NMR analyzer
over a LAN Connection anywhere in the wotld

Each software item is described in detail later in this manual.

Major Hardware Components

MAGNET

The magnet in a Analyzer is a permanent magnet built from multiple segments of neodymium boron
iron. This material is used because its very high field strength-to-mass ratio achieves the desired flux
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density in a small, compact package. Because the flux must be extremely uniform over the entire air
gap, construction of the magnet is complex. The magnet is fabricated from several segments bonded
together to form the basic assembly. In addition to the bonded segments of magnetic material, each
magnet also contains 40 coils of wire arranged about a Shimming Unit mounted in the center of the
magnet between the pole pieces. These coils are used as small electromagnets, the strength and
polarity of which can be controlled by varying the current through them so as to improve uniformity
of the overall field of the magnet assembly. This adjustment process, called “shimming”, is analogous
to the use of shims or spacers to make fine adjustments to the positions of physical objects.

A manual shimming procedure, performed at initial installation, mechanically aligns the faces of the
magnet pole pieces to an optimum position. This operation is performed by adjusting 8 pairs of
adjusting screws at the outside ends of the magnet housing. This operation is required only after
shipping or relocating the magnet which might subject it to rough movement.

Prior to assembly in the manufacturing plant, each magnet segment is “cured” at a high temperature to
stabilize its field strength. In the fabrication process, the absolute field strength of each individual
segment of the magnet is measured. A computer analysis of this data then determines the best
placement of each segment in the final assembly to achieve a consistent, uniform field for the
assembled magnet. The segments are then bonded together to form the final magnet assembly.

The assembly is placed inside a soft iron cylinder that constrains the magnetic flux and prevents the
magnetic field outside the magnet housing from exceeding a value of as little as 1 gauss. More
importantly, the iron cylinder raises field strength in the center of the magnet by pushing the flux
toward the center, a process called “condensing the field”. Temperature of the shroud is maintained at
a lower temperature than that of the magnet itself.

Since temperature of the magnet and sample must be so tightly controlled to achieve the desired
accuracy of measurement, four thermistors are mounted at various points on the magnet to sense
magnet temperature. A heater control unit receives temperature measurement information from the
thermistors and regulates current to several resistance heating strips bonded to the outside of the
magnet assembly. Similatly, four thermistors are bonded at various point to the magnet envelope. The
Heater Control Unit uses the thermistor signals as inputs to a control loop that, in turn, controls
current to heaters bonded to the envelope.

The control functions for these two temperature PID loops are performed by the Heater Control
Unit,. The software that executes the control algorithms, which is supplies with the main system
software, is called Heater Diagnostics.

The shroud is mounted on a base plate equipped with rubber feet that reduce the transfer of any

vibration from the external frame to the probe coil inside the magnet.

SAMPLE PROBE

The sample probe is mounted inside the permanent magnet in the air gap between the magnet poles.
The probe itself is a Dewar (vacuum insulated) tube that is inserted in a hole through the shimming
unit in the center of the gap between pole pieces of the magnet. The inside diameter of the sample
tube for D_MASH Model probe is 7 mm.

For laboratory applications, where a sample tube filled with a sample is manually inserted into the
probe, care must be exercised to ensure that the sample tube is completely filled with the sample fluid.
If an air gap is present in the sample tube, results can become distorted because of sample interaction
between liquid and vapor phases.
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The constant magnetic field of the permanent magnet is perpendicular to the axis of the transmitter
coil in the sample probe. Since the pulsed ac field introduced by the coil around the sample tube
coincides with the vertical axis of the probe, the pulsed magnetic field is therefore perpendicular to the

constant magnet field of the permanent magnet.

REFERENCE PROBE

A second sensor mounted on a sealed capsule beside the main sensor in the sample probe inside the
permanent magnet is provided as a reference standard for setting the frequency of the main
transmitter. This reference probe, the “lock coil”, also has an RF coil (and associated tuned circuit)
around it and is filled with lithium chloride. The fact that the reference probe is mounted in a location
slightly displaced from the main probe introduces a small error in measurement data between the two

probes.

MAGNET HEATER CONTROL UNIT

The Magnet Heater Control Unit controls the temperature of the magnet and the magnet envelope.
The temperature of the magnet is set at 45°C and the temperature of the envelope is maintained at
41°C. The Heater Control Unit is mounted on the interior wall of the Magnet Cabinet and has two
PID loops that accept measurement input signals from the thermistors mounted on the magnet itself
and the magnet shroud or envelope. The outputs of these two PID loops control the currents to

electric heater strips that are bonded to the outside of the magnet and the magnet envelope.

/!\ WARNING

Actions described in the following section should be performed ONLY by properly
trained personnel.

Operation of these loops can be monitored and displayed by running the Heater Control diagnostics
software. The window that appears when you run this software is shown in Figure 7.
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Figure 7: Heater Control Display

As shown in Figure 7, the window has four displays. The upper left panel shows a time-varying trace
of the measured magnet envelope temperature. The lower left panel shows the trend record of the
current supplied to the magnet envelope heaters, the output of the envelope heater control loop.
Similarly, the upper right panel shows the temperature record of the measured temperature of the
magnet. The lower right panel displays the trend record of the output signal of the magnet heater
control loop, the current supplied to the magnet heaters. By observing these records, you can evaluate
performance of the heater control unit and adjust parameters for the loops.

The top panel of the display also shows the current values of MS (Magnet Sense), MH (Magnet
Heater), ES (Envelope Sense), and EH (Envelope Heater). Just below these items, the current
temperature values of the Magnet and the Magnet Envelope are displayed, along with the present
offsets for each (difference between desired value and actual value).

The procedure for entering or modifying parameter values is described in Chapter 5., “Maintenance
and Diagnostics” .
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SHIM CONTROL UNIT

AWARNING

Actions described in the following section should be performed only by propetly trained
personnel.

The Shim Control Unit controls the currents to all shim coils. The software displays the present values
of parameters entered for each gradient, as shown in Figure 8.

- : Shin Gradients |
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Figure 8: Shim Gradient Display

The display does not show the actual currents applied to each coil, but rather the gradients between
coils in various directions (x, y, or z axes and combinations thereof). The system operates in the

following manner:
1. First, you must bring up an FID display, which shows the present RMS value for the
FID in the lower left corner of the window.

2. Click the Shim Button in the side menu (of the main application) to call the Shim
Gradient Window (figure 8). Note that the shim window displays four boxes at the
bottom of the window, called Result, Best Result, Best Grad, and Level. The data that
appears in these boxes determines how the shimming software functions. Also the
current value is displayed as actual current and max current according to the definition
in the AcqMgt.ini file.

3. Click on the Set Method command. The dialog box shown in Figure 9 appears. Select
the shimming methods and defining the stop condition\criteria of the electrical shim
process according to the lower table as shown in figure 9 and click OK.

(Auto Shim can also be preformed by running the Autoshim file from Scheduler)
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Figure 9: Set Method Dialog Box

4. If you want to keep a log file, click on the Log File command. Assign a filename and
path and then click on Start Shimming. This starts the shimming process. When you
want to terminate the shimming process, click on Stop Shimming.

5. The general concept by which this system finds the optimum values for each gradient is
to make a small incremental change in one value and observe the resulting RMS value of
the FID the next time it is generated. The system compares the current RMS value of
the FID with the previous value. If the new value is greater than the previous value, the
trial increment was beneficial and should be saved. If it is lower, the increment was not
beneficial and should be discarded.

The system thus compares the latest RMS result (value in the Result box) with the previous best result
(value in the Best Result box) and decides whether to keep or discard the incremental change. The
process is then repeated with another change, which is also tested for efficacy. When a coarse
optimum value is achieved, the system applies increments to more than one gradient value, and the
process is repeated. Multiple parameters are entered because of the interaction among the gradients —
changing one affects many others. Typically, up to 4 gradient values are changed at a time. The Best
Grad value is the gradient that corresponds to the Best Result value. Level is the level of precision
achieved (1, 2, 3, or 4) in shimming,

After finding an acceptable value for four gradients, another set is modified in a similar manner.
Eventually, all gradients are adjusted and readjusted in a trial and error, “hill-climbing” process that
produces a set of optimum values for all gradients. This group of values is then saved as a ”best
gradients” or any title including date. The entire shimming process can take as little time as 1/2 hour

for a previously shimmed magnet or as much as 4 or 5 hours for an unshimmed magnet.
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POWER SUPPLY AND I/O UNIT

The Power Supply and I/O Unit, which is mounted on a rack in the Electronics Compartment,
provides all DC operating voltages for the system. The voltages are:

¢ +24Vdc
¢ +15volts
¢ 15

¢ 19

¢ 9

¢ 428

¢ AUX

LEDs on the front panel indicate the presence or absence of each voltage. The AUX voltage (5 V)

provides power to auxiliary equipment.

The Power Supply of the Lab Analyzer does not have a I\NO Unit (PLC) since it is not tequired on this
application.

COMPUTER

The rack-mounted computer provides supervisory control for all other units in the analyzer cabinet.
This unit is an Intel Pentium PC supplied with standard peripherals and I/O functions, such as an
analog-to-digital converter for Channels I and Q, a system control board, control for the sample
switching system, and a direct digital synthesizer. It also provides a communication link to a remote
computer and the distributed control system. Note that the computer is supplied with two removable
hard drives, both of which contain the system software. The Hard Drives are connected to an internal
Raid which keeps the data on both hard drive updated equally. If one of the Hard drives fails in terms
of Hardware it can be replaced with a new hard drive, the in ternal Raid will re-build the backup array
automatically.

The direct digital synthesizer receives a buffered 36 MHz input signal from a crystal oscillator
mounted in the Switching Control Unit. The synthesizer uses this signal as a clocking reference and
divides the 36 MHz signal by four to create 9 MHz signals, which are used in creating the Main DDS
and Lock DDS output signals.

The Main DDS frequency is set to [(Main frequency minus 9 MHz) plus (Lock Offset frequency times
the Lock-to-Main frequency ratio)]/16. The Lock -to-Observe ratio is the natural relation between the
resonant frequency of lithium and the resonant frequency of hydrogen at a specific magnetic field
strength. The main transmitter frequency is the actual resonant frequency of hydrogen at the magnet
temperature at which the Lock system achieved lock. The offset frequency is a user entered value that
temporarily modifies the main transmitter frequency. It is used as a convenience in a manual search for

resonance when lock is turned off.
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COMMUNICATION LINKS

Communications between the NMR analyzer and the remote computer is handled via Ethernet or a
dedicated phone line and between the remote PC and a DCS by RS485/Modbus ot 4 to 20 mA analog
and discrete signals, as illustrated in Figure 10.

As shown in Figure 10, an Option 1 configuration communicates with the control system by means of
a National Instruments FieldPoint terminal, which can supply 4-20 mA analog and discrete signals to
the control system. The FieldPoint terminal and the analyzer communicate over an RS485 connection.
Also shown in the top diagram, an Option 3 system communicates with the control system through an
internally mounted PLC, which receives Modbus signals from the system PC and which also transmits
data to the control system via RS485/Modbus signals.

An Option 2 system, shown in the middle diagram, uses an Ethernet connection between the system
PC (server) and a remote PC (client). The remote PC connects to a FieldPoint terminal which, in turn,
communicates with a control system via 4-20 mA analog or discrete signals.

An Option 4 system, shown in the bottom diagram, uses an Ethernet link between the system PC
(server) and a remote PLC, which then communicates with the control system through an
RS485/Modbus connection.

All systems accept internal inputs from the analyzer through a PLC terminal mounted in the analyzer
cabinet power supply unit.

The Lab Analyzer does not include any interface to communicate with a Control room, only a LAN
Interface and a Telephone Modem. However the Lab Analyzer contains an LCD + Keyboard &

Mouse to control the Analyzer locally.
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Figure 10: System Block Diagram with Communication Configuration Options
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SWITCHING CONTROL UNIT

The Switching Control Unit contains the following major components:

¢ 36 MHz crystal oscillator

¢ RF Sources Module

¢ Lock Transmitter Module

¢ Lock Receiver Module

¢ Main Transmitter Module

¢ Main Transmitter Receiver Module
¢ 36 MHz RF Filter

The crystal oscillator generates a 36 MHz signal, which is used as the basic frequency and phase
reference for the whole system. This frequency was chosen because it lies midway between the Main
Transmitter frequency (approx. 58 MHz) and the Lock Transmitter frequency (22 MHz). The 36 MHz
signal is buffered in the Switching Control Unit and sent to the Direct Digital Synthesizer (DDS)
board in the Rack Mounted Computer Unit. The DDS board divides the 36 MHz by 4 to generate a 9
MHz signal.

The RF Source Module within the Switching Control Unit receives the 36 MHz output from the DDS
board, divides it by 4 to produce a 9 MHz signal, and phase encodes it to one of four phases (0°, 90°,
180°, 270°). The 9 MHZ at 0° (Main Phase0) is sent to the Main Transmitter and is also buffered and
sent to the Main Receiver, the Lock Transmitter, and the Lock Receiver.

The Main Transmitter Module divides and adds/mixes the 9 MHz and Local Oscillator signals to
produce the Main Transmitter frequency. This signal is then enabled/disabled by the
MN_TX_PRE_EN signal to produce the Main Transmitter pulse.

The pulse signal is sent to a diplexer circuit in the Main Receiver Module and then to the main coil in
the probe. The diplexer circuit switches the signal to the probe between the Main Transmitter and the
Main Receiver.

After the pulse is transmitted to the probe, the pulse is turned off for a specified wait time. The
receiver is then enabled and the signal generated by the coil during relaxation is sensed by the receiver.
This low level microvolt signal is amplified by a broadband, low noise preamplifier to prepare it for
mixing and further processing.

Before mixing, the signal is nominally at the transmit frequency (57-60 MHz). If the signal level is too
high, an 18 dB attenuator (normally off ) may be switched in as needed. An intermediate frequency
(IF) is then created by adding 9 MHZ to the MTXI.O signal and subtracting 9 MHZ from the
received signal. Gain control is applied in the IF section of the Main Receiver. The IF NMR signal is
mixed with the 0° 9 MHz reference signal to create a non-phase shifted audio signal centered at 0 Hz.
The audio signal is then split into audio signals, phase sepatated by 90°. The 0° signal is the Channel 1
audio output signal. The other is the Channel Q) audio signal.

This creation of two identical channels out of phase by 90° is called “quadrature detection”. Its
purpose is to differentiate between NMR signals from atoms spinning faster than the applied
transmitter pulse and those spinning slower than the applied pulse.

The reason for using an intermediate frequency and an audio frequency is to drop the frequency to a
range where the signal can be easily processed and manipulated.
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The two audio signals for Channels I and Q are then sent to the A/D converter in the Rack Mounted
Computer Unit. In the A/D process, time domain signal processing methods such as signal averaging,
window smoothing, spectral width, bandwidth, and zero fill, are used to improve the quality of the
incoming signals. After conversion to digital form, the computer software converts the signals to the
frequency domain and applies additional digital signal processing techniques to the data.

Note that in the system described above, the transmitter frequency is present only during transmission
of the main pulse. Therefore, no interference with the NMR signal generated by the main probe can

occur.

ENCLOSURE

The NMR Process analyzer is housed in a three-door NEMA Type 4 / IP 56 enclosure; Floor stands
approximately 200 mm high are welded to the body to make it a free standing enclosure.

The enclosure is fabricated from stainless steel, with all seams continuously welded and ground
smooth. The three enclosure doors are hinged left or right for unobstructed access to the system
components. Continuous hinges and hinge pins are used. A rolled lip formed around the four sides of
the doors increases their strength and channels liquids away. Stainless steel screws and clamps on three
sides ensure a watertight and airtight seal. The ambient temperature in the enclosure is maintained
within £1°C. This is accomplished by means of solid state air conditioners on top of the enclosure.
The air conditioners run continuously. The temperature is controlled at 22 £1°C by a temperature
controllers with an RTD.

To minimize ambient temperature effects, all external walls of the enclosure are insulated.

The system is designed for Zone 1 and 2 Gas Group 1A, IIB & IIC area classifications.

Power and communication cables enter through two cable glads into the terminal box JB-1 mounted
on the left side of the cabinet. Attached to the terminal box JB-1 is the intetlock box that contains the
main circuit breakers for the purge system and interlock transformer, the main contactor, interlock
transformer and interlocks. All other circuit breakers are located on the power distribution panel in
side the enclosure of the left side. Process sample flow into and out of the process analyzer passes
through the sample valve. The purpose of this valve in to block the sample in the NMR during the
analysis and the valve is mounted on the left side of the enclosure. Thete are drain and flush valves
also mounted on the left side of the enclosure and are used for periodic cleaning of the flow line
tubing and the magnet probe.

The Lab Analyzer has a temperature controlled enclosure including one A\C mounted on the left side
wall. The samples are inserted only with a Tube to the probe that can be also be heated to a defined

temperature.

POWER AND COMMUNICATIONS CONNECTIONS

Power is required as 380 - 415 VAC 25 A, three phase, uninterruptible power connection. Installations
require 5-conductor power cables with L1, L2, .3, N and G (ground or earth) conductors.The
analyzer generally draws less than 16 A during operation. Power and communication cables enter
through two cable glads into the terminal box JB-1 mounted on the left side of the cabinet.

The Lab Analyzer can be connected to a 220-240 VAC or 110 VAC one phase only via a connector
placed n the back panel of the Analyzer
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Power Distribution Panel

A Power Distribution Panel is mounted inside the Process analyzer enclosure on the left side of
enclusore, magnet side. This unit contains all the circuit breakers for the system except the purge
system and intetlocks transformer..

The Lab Analyzer Distribution pane 1is placed on the front panel and includes also the main power

switch of the analyzer

Interlocks

The purpose of the Interlocks is to completely isolate the any non explosion proof certified equipment
contained NMR system when the system is shut down, either by the purge system or power outage.
Lab Analyzer does not contain an Interlock mechanism

ENCLOSURE ENVIRONMENTAL CONTROLS

The environmental controls for the analyzer enclosure consist primarily of temperature controls, as
described in this section. Purity of the atmosphere within the cabinet is a function of the air supply.

Temperature Controls

As mentioned previously, temperature control of the magnet and its environment are very important
for good performance of the analyzer system. Therefore, separate controls and separate air

conditioners are provided for the two cabinet enclosures, as described below.

Magnet Cabinet

There are 3 air conditioners for both compartments. These solid state air conditioners provide cooling

as well as heat. The air conditioners run continuously

temperature is controlled by an RTD
mounted on the wall of the compartment, which is used as the measurement input to a PID
temperature indicating controller, mounted in the electronics rack in the electronics side of the
enclosure..

The Lab Analyzer is controlling the temperature inside the Magnet enclosure only with a PID loop
based on the heater card. It is not displayed at the Heater Diagnostic tool. The temperature inside the
Lab Analyzer is measured with an external PID thermocouple

The Lab analyzer has only one A\C unit mounted on the left side wall.
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Electronics Cabinet

There is one air conditioner on the electronics side of the enclosure due the heat generated by the
electronics. The control is via a PID controller which sends a smoothly modulated average current
signal to the air conditioners.

The Lab Analyzer has no A\C on the Electronic compartment

Purge Control System

The Lab Analyzer has no Purge control System

The Process analyzer is currently provided with a Rapid Exchange Purging System, which uses
compressed instrument air to remove and prevent flammable vapor accumulation within the sealed
analyzer enclosure. On startup, the purge system causes rapid air exchanges to occur and then
maintains a safe positive pressure of 10 mbar

Each system includes a control valve to control the pressure and flow with in the enclosure. An
electrical power control unit (EPCU) that monitors operation of the purge system and controls power
to the system. All startup requirements must be satisfied before the EPCU applies power to the
enclosure.

To start up the purge system, do the following:
1. Verify that power is available, that the Rapid Exchange Timer is set for 1 minute per 2.5 cubic
feet, and that the air supply is on.

2. When the rapid exchange cycle is completed, enclosure power is turned on.

3. If safe pressure or power are lost, an alarm is activated and power is automatically
disconnected.

4. When power and safe pressure are restored, the system attempts an automatic restart.

5. To shut the system down, remove power to the system or switch the purge system circuit
breaker off.

Bypass Mode (Conditional Bypass)

In bypass mode, you can access the enclosure without automatically de-energizing power or triggering
an alarm.

Before using the bypass function, observe the following DANGER note.

A DANGER

To prevent personal injury or death, do not place the system in bypass mode unless

you are certain the area is non-hazardous. When the system is in bypass mode,
do not leave the system unattended.

To use the bypass mode, you first turn the system on in the normal manner and, when safe pressure is
established, turn the key switch to the bypass position. Bypass mode temporarily latches the enclosure
power relays on.

Before returning to normal operation after you have accessed the enclosure, you must re-seal the
enclosure and wait for safe pressure to be re-established. When the pressure is safe, you can move the
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key switch to the normal ON position without interrupting power. If you move the switch to the ON

position before safe pressure is detected, however, the system automatically shuts down and activates

an alarm.

The operating procedure for using bypass mode is as follows:
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2. System Operation

AWARNING

Actions described in this chapter should be performed only by properly trained personnel.
Improper modification of system parameters may void system warranties and
performance guarantees.

Overview

This chapter describes how you can operate the Process NMR Analyzer to achieve specific goals. It is,
therefore, primarily a description of the screens and softwate tools and how to use them to accomplish
a task. Operation of system hardware, both mechanical and electronic, is described in detail in Chapter
1.

This chapter is organized into two main sections as follows:

¢ Applications — a list of typical process applications in which the analyzer is currently being
installed, showing the wide range of uses of the instrument

¢ Functional System Description — a top-level description of the complete system that
shows how the system is structured to achieve the application goal and how each subsystem
functions within it.

Chapter 3., “Standard Procedures” is designed to work with Chapter 2 as a quick “how to . ..”
reference that summarizes the procedures necessary to perform typical user functions. Cross
references to detailed functional descriptions or theory of operation are included where applicable.
Chapter 4., “Windows and Dialog Boxes” is a a quick reference chapter that includes all major
windows and dialog boxes with short descriptions of each menu item. Each screen description

includes cross references to more detailed descriptions that appear in other sections of the document.

APPLICATIONS

The table titled “Refinery Applications” on page 30 is a list of typical online process applications in
which the Qualion NMR Analyzer is currently being installed. Note that a single analyzer system,
through the use of multiple calibration models, is capable of measuring many different process

variables simultaneously from the NMR spectral analysis of a single sample stream.

Measurement (Analytical) Capabilities

The primary output of the analyzer is a spectral analysis of a process sample, as shown in Figure 11.
(Although the sample can theoretically be a liquid, solid, or gas, the applications currently being
installed are all liquids.) The trace of the sample spectrum is interpreted to indicate the presence of
specific constituents of the sample and the quantity or concentration of each constituent in the

sample. The presence of a constituent is indicated by the chemical shift of a peak, measured from a
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reference (see Figure 12). The quantity of the constituent present in the sample, or concentration, is
determined by integrating the area under the peak for that constituent.

Presence and Quantity of all Constituents (Spectral Analysis)
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Figure 11: Typical Spectral Analysis of a Process Sample

Constituents Identified by Chemical Shift
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Figure 12" NMR Spectrum Showing Chemical Shifts for Various Constituents

Constituents Quantified by Integrating Peaks
Integrated peak values are not displayed graphically in any of the standard screens. If they are required
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as one or more of the inputs to or outputs from a calibration model, they may be displayed at the
bottom of the screen, along with other variables, as shown in Figure 13.
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Figure 13: Results of calibration model calculations

Use of Calibration Models

Calibration or “prediction” models are mathematical models developed from empirical data that
correlate results of NMR spectral analysis (constituent concentrations) with results of laboratory tests
of other variables such as Research Octane Number, Motor Octane Number, Cloud Point, Pour
Point, etc. These models can then be used for online “prediction” of characteristics of the sample
from the results of the NMR analysis.

Users of the NMR analyzer can develop their own mathematical prediction (calibration) model using
software tools like the GRAMS software package from Galactic Software of Salem, N.H. or they can
participate with other Qualion NMR users in developing general calibration models for typical
processes. The general models, which are available from Qualion NMR , offer the advantages of using
shared data from a large number of users and processes.

The following is a list of typical processes and the sample variables that can be continuously measured
online through the use of the Qualion NMR online NMR analyzer and Qualion NMR -developed
calibration models.
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Refinery Applications

Calibration Models Process
D86, T10, T50, T90, End Point, Cloud Point, Pour Diesel Blending
Point, Cetane No., API Gravity, Viscosity, Sulfur*
RON. MON, Benzene, RVP Reformate
RON, MON, D86, T10, T50, T90, Benzene, Total Gasoline Blending

Aromatics, RVP

D86,T5, T95, RVP, API

Crude Distillation, Light Naphtha

D86, T90

Crude Distillation, Medium Naphtha

D86, T5, T95, Sulfur*

Crude Distillation, Heavy Naphtha

D86, T5, T95, Flash Point, Freeze Point

Crude Distillation, Kerosene

D86, T5, T85, T90,T95,Cloud, Pour, Flash, AP,

Crude Distillation, Light Gas Oil

Sulfur*

T95, Cloud, Pour, Flash, API, Sulfur*

Crude Distillation, Heavy Gas Oil

TBP, Water, API Gravity

Crude Analysis

*Limited

OVERALL SYSTEM DESCRIPTION

Figure 14 is a block diagram that illustrates the signal processing functions performed by the analyzer.

Refer to Chapter 1 for a functional description of the major hardware elements.
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Figure 14: Functional Block Diagram of NMR Signal Processing
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A sample stream is fed directly from the process into the analyzer through the probe, through an

on/ off control valve (stop-flow valve), and then to drain or back to the process. When the sample is
not being analyzed, it is returned to the process in a recycle loop. Note that in some installations the
sample is sequentially selected from up to 6 process units by the use of an automatically controlled
multi-input sample switching system.

The physical and chemical characteristics of the sample affect the uniformity of the field and,
therefore, the operation of the analyzer. Because of this, the system must be calibrated for each type of
sample and a set of parameters developed for use with that particular type of sample. These
parameters, which are largely associated with the shimming requirements for that sample, are stored as
a “shim set”. Whenever you run that type of sample, you can recall the stored shim set for that sample.
Similarly, you also recall other sets of system setup parameters that apply to that sample type.

In current installations, the analyzer operates on a stop-flow cycle. This means that the probe is first
flushed or purged with the sample fluid (or another purge fluid) for a specified time. The valve is then
closed for a specified wait time, which is related to the relaxation time of the sample nuclei. A new
sample is then admitted to the probe by opening the valve for a specified time. The valve is then
closed and a main transmitter pulse is applied for a specified time. After a pause, the valve is then
opened for a specified time and the probe is purged. The cycle is then repeated.

Use of a stop-flow cycle means that the sample is stationary during the time the pulse is applied and
the probe is flushed between readings. Use of a stationary sample enhances overall accuracy and

resolution of the analysis.
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Figure 15: General Software Structure

The rack-mounted system PC mounted inside the analyzer cabinet communicates with the remote
computer through an Ethernet connection or dedicated telephone line . The remote PC on the system
communicates with a DCS through a Modbus connection as standard and through an RS485 National
Instruments Fieldpoint module as an option.

Software running on the system computer in Windows 2000 is structured as a client/setver
configuration. The clients are ProcessNMR, NMR Analysis, Heater Diagnostics,

NMR Diagnostics, and Shim Test.

PROCESS NMR SOFTWARE

The ProcessNMR software is the analyzer software package designed for use with online applications
in an industrial process plant environment. The tools available with ProcessNMR are explained in
detail later in this chapter.

NMR ANALYSIS SOFTWARE

Another application package, called NMR Analysis, is also supplied with most installations.

NMR Analysis is used primarily for setting up and testing the system and for performing laboratory
and/or grab sample types of analyses. The tools available with NMR Analysis are explained in detail
later in this chapter.

DIAGNOSTIC SOFTWARE

Three applications of diagnostic software are included with the system:

¢ Heater Diagnostics
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¢ Shim Test box

¢ NMR Diagnostics

Each of these client applications is described in detail in Chapter 5., “Maintenance and

Diagnostics” .

SHIMMING SOFTWARE

Software for automatically determining optimum shim settings for the 40 pairs of shim coils is
included with each system. The functions performed by this software are described in detail later in

this chapter.

Main Transmitter Pulse

Characteristics — The main transmit pulse is a broadband signal containing all frequencies within
the spectral range of interest to the analyzer. All such frequencies must be present in the pulse so that
all nuclei in the sample will be excited by the pulse.

Frequency — The main transmit frequency is 58.xx MHz 2000 Hz. This is the resonant frequency
of H+ in a magnetic field with a strength of 1.35 tesla.

Spectral Width — The spectral width of the transmit pulse is typically 4000 Hz, which is set by
adjusting the ADC parameters. The 4000 Hz range is selected because it encompasses the entire
spectral range of resonant frequencies needed for analyzing samples.

Duration — The duration and bandwidth of the FID are determined by the parameters entered for
the ADC, as described in Figure 17. The duration of the acquisition period is a function of the number
of points acquired and the rate at which readings are taken. The bandwidth is a value entered directly
into the ADC parameter setup screen.

90° Pulse — The FID signal is controlled by changing the duration (PW) of the main transmitter
pulse. First, you find the 180° point by adjusting the PW to generate a null RMS value. You then set
the PW to another phase by applying an appropriate percentage to the 180° PW value. For a 90° pulse,
use 50% of the 180° value; for 60° pulse, use 33.3%; for 45°, use 25%.

SIGNAL RECEIVED

The signal detected by the main receiver after the transmit pulse is removed is the Free Induction
Decay or FID. This is a time domain signal with an exponentially-decaying shape, as illustrated in
Figure 16. Note that the RMS (root mean square) value for the FID is continuously displayed in the
lower left corner of the screen.

The characteristics desired in an FID display (see Figure 16) are:

¢ A high RMS value, which indicates a slowly decaying envelope. This yields a narrower peak
and better digital resolution in the frequency domain display.

¢ A smoothly decaying envelope that reaches zero about halfway through the acquisition cycle.
This usually indicates a good signal to noise ratio. If the signal does not approach zero, further
signal processing is needed to eliminate noise.

¢ A total acquisition time that yields enough data points to ensure a good value of digital
resolution. Increasing the total acquisition time beyond that required for the FID to reach
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zero does not add to the spectral data, but does improve digital resolution. This is explained
further in the descriptions of ADC parameter setting and the Zero Fill function.
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Figure 16: Typical Free Induction Decay (FID) Display

SIGNAL PROCESSING (ANALOG AND TIME DOMAIN)

Setting up the ADC

Figure 17 shows the dialog box for setting parameters for the analog to digital conversion. This box is
displayed by clicking on the ADC button in the Main Menu.
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Figure 17: Setting ADC Parameters

Enter the total number of data samples (points) desired in the box at the top of the screen.

(A value is either 4000 or 8000 is typically used.)

Enter a 1 in the “Number of Echoes” box. (this function not used).

Then select a data sampling rate, which is typically set at 4346 Hz. The combination of a sampling rate
of 4346 Hz and a total number of samples of 4000 yields a total acquisition time of approximately
1000 milliseconds. Similarly, setting the number of samples to 8000 yields acquisition time of
approximately 2000 milliseconds.

To prevent aliasing, the sampling rate must be at least twice the highest data frequency to be captured,
the so-called Nyquist frequency. After you select a sampling rate of 4346 Hz, the bandwidth you select
in the lower box should not be greater than 2000 Hz. Since 2000 Hz is greater than the spectral range
of the data to be gathered (750 Hz), 2000 is an acceptable value.

Entering these values of parameters for the ADC means that the total acquisition time is
approximately 1000 milliseconds, the digital resolution is approximately 0.14 Hz, and the pulse has a
spectral bandwidth of 2000 Hz.

On initial startup of the system, widen the bandwidth to the maximum to obtain lock and
measurement quickly. Then narrow the bandwidth to achieve an optimum signal for continuous

operation.

Quadrature Detection

Quadrature detection is employed as a means of determining the phase characteristics of a time
domain NMR signal. Phase information is needed to distinguish between magnetization components
that are precessing in one direction or the opposite. Without quad detection, false frequencies appear
in the FFT frequency display. Quad detection also helps increase the signal/noise ratio by positioning
the reference frequency so that the system can discriminate between signal and noise and thus
eliminate the noise.

As shown in Figure 18, quadrature detection splits the incoming signal into two channels that are out

of phase by 90°. The channel in phase with the reference frequency is called Channel I, the real
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component; the channel 90° out of phase with the reference is called Channel Q, the imaginaty

component. The system can selectively display either channel or both channels together.
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Figure 18: Quadrature Detection
Signal Averaging

The system signal-to-noise ratio can be improved by averaging the signal over a period of time. Since
white noise is random and signal is not, time averaging tends to reinforce the signal relative to the
noise. They both build up gradually with time, but the signal builds much more rapidly than the noise,
making it easier to discriminate between them.

Use the dialog box shown in Figure 19 to perform signal averaging in the time domain. To display this
dialog box, click the Average button in the Main Menu (Side) of NMR Analysis.

The screen allows you to enter the number of times the signal should be averaged for each channel.
You can setup a sequence of averaging operations for each channel by adding rows (with the Add
Row button) and then selecting a channel and entering the number of times to average. Then click the
Set button to execute the entries.

Click the Overlap box of you want to compute moving averages (average the last n values). Click the

Align Peaks box to synchronize the starting points when computing a non-moving average.

L average Formula : x|
File:
Label| | |Q nTirres Add Fow I
. 1 e I
Set
[~ Owverlap
[~ &lign Peaks

Figure 19: Signal Averaging Dialog Box
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Zero Filling

Zero filling is a means of increasing digital resolution of the system without degrading the signal to
noise ratio. It adds points (with values of zero) to the FID, increasing the total number of points
without adding noise. This effectively improves resolution of the system without affecting the signal.
As shown in Figure 20: Zero Fill Dialog Box, increasing the number of samples in the data entry box directly
affects the system resolution, the current value of which is displayed below the data entry box.

m Zeros Filling EI

Mumberz of Samples 2048
Sampling Rate 4346
Reszolution Before 2.12Hz

Rezolution After 0.53Hz

Fill Upta

GO

Figure 20: Zero Fill Dialog Box

To open the Zero Filling dialog box, push the ZeroFill button from the Tools menu, it can be enabled
only after starting scanning,.

System Operation UM SW50407.05 45



System Operation Main Transmitter Pulse

Window Function

The Window Function tool multiplies the acquired signal by an exponential equation as shown in
Figure 21. The first order coefficient affects the shape of the FID curve at the low end of the time
scale; the second order coefficient influences the high end of the time scale. In most cases, only the
first order coefficient is used.

If a negative first order coefficient is entered and the second order coefficient is set to zero, the
function is a decaying exponential, which serves to smooth and shorten the decay time of the FID. In
the frequency domain, it tends to broaden the width of a peak. This function is often used with a
truncated FID to eliminate a discontinuity and smooth the envelope.

— Window

— Windowing Function ——————————

A*t+B*t +2J*t o

— Coefficients

|| ................... g .] ID |
IS | —
| CH—
o P |

— Filter
[T Enable Filter

Path to Filter File |

Humber of Points I

Cancel I| OK I|

Figure 21: Window Function Dialog Box

Removing DC (Zero) Offset

An FID signal may contain a steady state offset from zero as shown in Figure 22. Use the Remove DC
tool as shown in Figure 23 to eliminate this error. This is accomplished by making an appropriate

entry in the Automated Operations table, as described in “Automated AHQ,IYSiS” on

page 83, where it is described in detail.

System Operation UM SW50407.05 46



System Operation Main Transmitter Pulse

' NMRAnalysis - Running On Local Machine = =18 x]
File Archive Processing Yiew Data Run Tools Hardware Help
> B &S| > e BE B = o= W & | B | 2
load Save  Print Start  Stop E.T Avg ADC Freq  Shim Lock Audto, A
s FaERalaa Ok

[ Removenc | ZeraFil [ FFT | IFFT [ Mogwuse | Phase Baseine Peaks \window

— “M.

DC OFFSET \L

W\MMNuwmnMwwmANvmnmnwuwvu—-uT—u-— 1

1
-400 —H ||“
=600

l!
-800
-1000

l mSec  Pis I
2000 200 1000 stn o s 1000 1500 2000
Hz

RMS: 955023 Shit: -301.63 ’—

~~ NMRAnalysis - Running On Local Machine IES|
File Archive Processing View Data Run Toolk Hardware Help
= H o5 > - E & = o ok B | =B | *
load Save Pret | Start St | EJ Avg  ADC | Freq  Shim  Llock | Autoa | Hel
MNE FRREQ Okksks
[ Removenc | SooFll | FFT | \FFT | Magritude | Phase | Basche | Faghke Window |
Feal
f= ]
‘h
o i,
200 “lh.
DC OFFSET EQUAL ZERO
0 | ¥
200 ik
400 — ||1,
800 |!.
-800
.l mSec P|sI
' ' ' ' ' ' ' ' | | ! ! ! | ! ! ' ' ' ' ' ' T
20 40 S0 S0 100 120 140 160 180 200 220 240 260 280 300 320 340 350 360 400 420 440 450
mSeconds
AMS: 975202 | Shit -314.37 =

Figure 23: FID after Removing DC Offset

Fast Fourier Transform

The FID time domain signal is converted to a frequency domain display by applying a Fast Fourier
Transform (FFT) to the data. Since both of the quadrature channels are converted to the frequency
domain, two channels of frequency domain displays can be viewed. Figure 24 shows a pure dispersion
spectrum and Figure 25 shows a pure absorption spectrum. In most cases, applying the FFT function
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to an FID produces frequency spectra that show both absorption and dispersion. Phase correction is
used to convert them to pure absorption or dispersion.
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Figure 24: Frequency Domain Display Showing Dispersion

P
Fle Archive Processing View Data Run Tooks Harchare Help
s B g > e IEII!IM‘J|E|9
load Save Prrt | Stat  bop ET Avg ADC | Freq Shim Lock | Auto.d | Help
M=E Faraa dkkk
FemaveDC | ZewFl | FFT [ FFT [ tagiwe [ Phese Baseine Peaks Windaw
Real
Hacen
e
100000
‘80000
50000
40000
20000 Jk;
1 1 I 1 I 1 1 1 I
<2000 =1500 1000 =500 o 500 1000 1500 2000
He
BMS: 985989 it 27183 | ||

Figure 25: Frequency Domain Display Showing Absorption (No Phase Error)
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Signal Processing (Digital and Frequency Domain)

After the FID is converted to a frequency domain signal, additional signal processing techniques may
be used to modify the data so as to improve the quality or presentation of the process information.
The techniques available with the system are described below.

DC OFFSET

A characteristic of the FFT function is that frequency domain data may exhibit a DC offset in the
same manner as that of a time domain signal, as shown in Figure 26. To reduce this error to zero, as
shown in Figure 27, you apply a Remove DC function as you did in the time domain. This is
accomplished by making an appropriate entry in the Automated Analysis table (refer to

«Automated AHQIYSiS” on page 83, where it is described in detail).

|- Prace ssNMR - Rurning On Lacal Machine

Fla mcopston apdie S S TEeTE Step Halp

000~

00—

ZERO (DC)
1000+ OFFSET =0

-1000—

-2000+

==000—

! 1 1 ] 1 1
Foon Z500 S000 BS00 2000 2500

Figure 26: Frequency Domain Display with DC Offset Removed
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Figure 27: Frequency Domain Display with DC (Zero) Offset

B

PHASE ERRORS

The trace shown in Figure 28 indicates the presence of phase errors because it shows dispersion
instead of absorption. The trace can be modified by performing a phase correction function, which

can be either automatic or manual.
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Figure 28: Frequency Domain Display with Phase Error (Dispersion)
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Figure 29: Frequency Domain Display with Phase Error Corrected (Absorption)

PHASE CORRECTION
Phase correction is performed by clicking on the Phase button in the NMR Analysis Main Window. It
may also be performed in ProcessNMR by making an appropriate entry in “Automated

AHQIYSIS” on page 83. Clicking on the Phase button in the NMR Analysis Main Window

displays the screen shown in Figure 30.

“%: phase Correction

X
— Peaks Defintion—————— — Symmetric Zero Order Phase———— —Zero Oider Phase
Peak Thresh. [%) Igg Tailz Length [%) Igg Total &ngle: | -
G0 J
Count |1 Step [degrees] |5
Direction ILef[ vl

—Zero Order Phasze “With banual First Order Phaze— — First Order Phase

Fre Acq Delay [sec) |D Total Angle: IU— = {00007 =
Thiresh. [%] for dngle |-| GO

Delta IEDD | Create Pivat List | I vI

Figure 30: Phase Correction Screen
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To define the desired peak, go to Peaks Definition panel. Enter the peak threshold value (Peak
Thresh), specify the direction of the search (Direction) and enter the number (Count) of the specific
peak (first, second, third, or other).

To perform a Symmetric Zero Order Phase correction, go to the Symmetric Zero Order Phase
panel. Enter the Tails Length in percent and the Step in degrees and click on the GO button.

To perform an automatic Zero Order Phase adjustment, go to the Zero Order Phase With Manual
First Order Phase panel. Enter the pre-acquisition delay (Pre Acq Delay) in seconds, the maximum
angle or slope of the trace for defining a peak (Thresh (%) for Angle), and the change in frequency
or ppm for recognizing a separate peak (Delta). Then click the GO button. The Total Angle
automatically appears in the Zero Order Phase panel.

To perform a First Order Phase correction, go to the First Order Phase panel. Click on the Create
Pivot List button and then select the location of the First Order Phase pivot in the box at the right.
Click on the + or -buttons to make changes. You can observe the effect of each incremental change

by displaying the spectrum in another window. When you have found a satisfactory value, you can exit

from the screen. Lastly, enter the Total Angle in “Automated AﬂaIYSiS” on page 83.

If you choose to perform a manual Zero Order Phase correction, go to the Zero Order Phase panel.
Click on the + or - buttons to make changes. You can observe the effect of each incremental change
by displaying the spectrum in another window. When you have found a satisfactory value, you can
either exit from the screen or continue with making a first order correction. Lastly, enter the Total

Angle in “Automated AnaIYSiS” on page 83.
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BASELINE CORRECTION

Figure 31 shows a typical FFT spectral display that contains a baseline error. Figure 32 shows the same
display after applying a baseline correction.

Figure 31: Spectrum Display with Baseline Error

Figure 32: Spectrum Display with Baseline Error Corrected
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The dialog box for performing a baseline correction function is illustrated in Figure 33. To display this
dialog box, click on the Baseline button in the NMR Analysis window. You can perform the same

function in ProcessNMR by making an appropriate entry in the «Automated AHQIYSiS”
on page 83.

i Baseline correction 0 Xl

B azeline Parameter

Mean Range oFE

Murn Std Peak. I2_5

Method Ip':'l-"' - I
Paly Degres |3

Find Bazeline | Carrect

Figure 33: Baseline Correction Dialog Box

The baseline correction is accomplished by applying one of a number of curve-fitting methods to the
spectral data such as linear or a polynomial of various degrees. To perform this function, enter
parameters in the dialog box.

To determine the parameters to be entered, do the following:

e Enter a value for Mean Range. This is the number of points, starting at the leftmost point,
to be used for the range over which the baseline is to be corrected.

e Enter a value for Num Std Peak. The is the number of standard deviations of noise to be
used for peak detection. In this case, enter a 1.

e In the Method window, select a curve fitting method for computing the baseline
correction. The available choices are:

1. Nearest

ii. Polynomial (enter the degree of the polynomial in the next box)

ii. Spline
iv. Cubic
v. Linear

e When you have entered your parameters, click on the Find Baseline button to make the
computation and then click on the Correct button to execute the correction.
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PEAK SELECTION

The dialog box shown in Figure 34 appears when you click the Peak button in the Signal Analysis

To define the desired peak, enter the peak threshold value, specify the direction of the search and
enter the specific peak (first, second, third, or other). To find width of that peak in Hz at a certain
peak height, select the peak height and click the Get Peak Width button.

To specity a reference location, enter the location in ppm and click Reference Peak button.

1.). Peak Referance

~Peak ldentification

Feak Thresh [0% - 100%] Ign

Start Counting From ILeft -I
Peak Index |'|

~Peak wfidth
Width = 2
Feak Height [0% - 100%] 10 -
CRECTIEAR IR

-Peak Referance

Location ||:|

Reference Peak |

Figure 34: Peak Selection Dialog Box
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REFERENCE

The dialog box shown in Figure 35 appears when you click on Peak in the Main Menu (Top).

1.\ Peak Referance

~Peak |dentification

Feak Thresh [0% - 100%]

Start Counting From

T R—

Peak Index |-|
-Peak Width
Width = 7
Peak Height [0% - 100%] 10 -
..... (=0t AT

rPeak Feferance

Location ||:|

Reference Peak |

Figure 35:Peak Reference Dialog Box

The top panel contains the parameters for identifying a peak. In the top entry box, enter a value for

the threshold to be used for finding a peak, usually set at a value of about 10 to 40%. In the next box,

select a direction in which to search for a peak. In the next box, enter an index number such as 1 for
the first peak identified, 2 for the second peak, and 3 for the third peak, etc.

In the middle panel, the Peak Width panel, enter a value (in decimal) for measuring the width of the
peak, such as 10% or 50% (0.1 or 0.5). Then, click on Get Peak Width and the system displays the

measured width in the panel.

The bottom panel permits you to set a reference for the peak. To do so, enter a location for the

reference (in units of PPM or Hz) and then click on Reference Peak to execute your entry. The

system then measures shifts from the reference point you have set, as shown in Figure 36. Typically,

you set the reference to the value at which the peak is presently located. This effectively shifts the x-

axis zero to the center of the peak you have specified.
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Figure 36: Setting a refernce

Woody averaging is a digital signal processing technique for improving the signal to noise ratio of the
data. It is used with repetitive data sets in which the system generates a series of spectral traces that
shift slightly from one another. Woody averaging computes the center of gravity from a series of data
sets and generates a single trace symmetrical about the center of gravity of all the data. To use the

Woody average function, you must make appropriate entries in “Automated AHB.IYSiS”

on page 83. These entries require that you set up the sequence of operations so that you first save a
series of data sets. Then you can apply the Woody average function and save the result. When you
have Woody-averaged the specified number of samples, the result can be displayed or used as the

input to the next operation in the sequence of automatic operations.
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Multi-Stream Sampling System

The Process NMR Analyzer can be configured to accept samples from several different process units

by using a separate, automatically controlled, sample switching system, as shown in Figure 37.

PROCESS 1 I PROCESS 2 PROCESS 3 PROCESS 4 I PROCESS 5 I
SAMPLE
* SAMPLE * lv—* ‘—IT SOANSEE * SAMPLE 1‘
SAMPLE
SAMPLE SWITCHING
LNIT
SAMPLE RETURM

[ L] [ ) L) [ ] [ ] s5TOP

¢ i P [ P W — — — — — = FLOWY

i . i . i i . VALVE
MULTIPLEX COMNTROL .
SAMPLE
MANIFOLD . i
VALVES

1|l MMR ANALYZER

OMN/OFF PNEUMATIC SIGMNALS
TO ACTIVATE 2-WAY PROCESS
SAMPLE SELECTOR VALVES

Figure 37: Multiplex Sampling System

Functions performed by the multi-input sampling system are described in more detail below.

FUNCTIONAL DESCRIPTION OF OPERATION

Operation of the multi-stream sampling system is controlled by three software items: the Multi-Stream
Scheduler, the Event Table, and the Automated Analysis Table.

Scheduler — The Multi-Stream Scheduler is the top level controller of the sampling system. It
determines the order in which streams are analyzed, loads all applicable files for each stream, starts,
stops, and repeats the sequence of operations performed on each stream.

Event Table — The Event Table controls the sequencing and operation of various valves in the
sampling system, as directed by the Scheduler. It also controls all functions related to data acquisition,
such as timing of transmitter pulses, gain settings for transmitter and receiver, turnaround time
between transmit and receive, etc.

Automated Analysis Table — The Automated Analysis Table controls all post acquisition signal
processing functions, such as Remove DC, Zero Fill, perform FFT, Auto Phase, Baseline Correction,

Reference, Averaging, Prediction, etc.

Typical Screens
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Typical screens for the Scheduler, Event Table, and Automated Analysis table are shown below. These
screens are accessed by right-clicking anywhere in the application window and then selecting the

appropriate command from the menu displayed.

Scheduler
e
;::: eration | | Add Row I
T totad Select Ewent Table U’ADCJ Select Average Prev CRD Select Automated Analysi Set
2 Shim Select Shim File Select Start Lewvel SelectStop Lewel RMS Enter Stop Condition
3 Eun
< Coto Select Destination  Enter Count
5i Load Select Ewent Table Select ADC Select Average Select Gradients Select Autormated Analysi
(=] Shirm Select Shim File Select Start Lewvel SelectStop Lewel RMS Enter Stop Condition
| | o]

Figure 38: Typical Scheduler Screens

The top screen shows the menu pick (Scheduler > Define) that calls the next screen. The middle
screen shows the sequence of operations initiated by the Scheduler. Because the display is very wide,
only the left side of the display is shown in the middle screen. The right side of the same display is
shown in the bottom screen.

A typical sequence of operations, similar to that shown in the middle screen and initiated by the

Schedulet, is as follows:

1. LOAD the files for processing Stream 1: (Event Table for stream 1, ADC parameters
for stream 1, Averaging parameters for stream 1, post processing file [automated
analysis table] for stream 1, gradient file [shim set] for stream 1, prediction file
[calibration models] for stream 1).

2. RUN the analyzer with this set of data. (This starts the data acquisition cycle, calling the
event table and automated analysis functions as needed.)

3. GOTO 1 two times and then exit to the next step. (This causes the analyzer to make
two sets of measurements and then move to the next sample, Stream 2.)

LOAD the files for processing Stream 2.

RUN the analyzer with the Stream 2 data files.

GOTO 4. (Repeat the measurement cycle 3 times and then proceed.)
LOAD the files for Stream 3.

RUN the analyzer with the Stream 3 data files.

A e O N L

GOTO 8. three times and then exit to the next step.

10. GOTO 1. (-1). Repeat the whole sequence continuously until interrupted by the
operatof.

System Operation UM SW50407.05 59



System Operation Multi-Stream Sampling System

Event Table

The following screen shows a typical event table for an NMR analysis.

e Event Table |
File  Pulse
Label| Cormmandl| Duration Channel Walue = Offzet O |'|2F"
0 o 0 0 Offzet | |-|2,-.-'—
1|5et u] Phase u} —
2| set 11.00u AdcEn 1 : Hely
3| Set I00.00u PreTx 1
4| set 5.00u Tx a0 =chiehle |
5|Set u] T= u}
6| Set Z0.00u PreTsx ol
£l Set 1 FEx 40
S| 5et u] AdcEn DLI

Figure 39: Typical Event Table Screen

An Event Table for use with a multi-stream sampling system would be modified to add controls for

sequencing valves in the sampling system and the analyzer.

Automated Analysis Table

~ automated Analysis E = E2

Label |Function | | | | | |
0 FFT

Woody Average g 10 -5 0 5

Rernowe DC

Auto Phase ¥| 90 Left 1 1 200 O

F

]

L]

Syrmimetric Auto Phase
Manual Phase

Zero Order Phase

First Order Phase
Baseline

Reference

Integrals

Mormalize oo
Reset Region

Save

SaveRaw B

Figure 40: TypicalAutomated Analysis Table

In the table shown, the first operation is to remove any dc offset in the FID measurement signal. The
next operation increases the digital resolution of the data by adding enough zero data points to total
8192 points. The next step performs a Fast Fourier Transform on the data. At this point, you might
also insert another Remove DC function to remove any offset in the frequency spectrum data

computed by the FFT.
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The next step is to correct possible phase etrors by performing an Auto Phase operation. Then a
baseline correction is applied by fitting the baseline to a polynomial curve over a specified region of
the spectrum. Next, a reference point is established. Then, integral values are computed over a
specified range of frequencies. These results may bee used in the prediction model calculations.
The next operation is to detect a peak, looking for the first peak to the left of the reference. This
might be followed by measuring the width of the peak at 1/2 height or 1/10 height. These values may
also be used as inputs to the prediction model calculations.

In multi-stream sampling applications, the table in Figure 40 might be modified to add a Woody
averaging function that computes the mean of several data acquisition readings.

The exact sequence of operations entered into an Automated Analysis table varies with each
application is determined for specific installations by Qualion NMR application engineers.
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3. Standard Procedures

This chapter is a quick reference of standardized procedures for executing common tasks.

Start the Analyzer

The following section contains standard procedures for starting the analyzer under various conditions.

INITIAL STARTUP

Initial startup is always performed by Qualion NMR technicians or only a trained person that was

specialy qualified for that purpose therefore it is not included in this manual.

STARTUP AFTER SHORT SHUTDOWN (MAGNET WARM)

The system should start automatically when power is restored after a power outage. If the outage is 2
hours or less, the magnet should still be warm. Under these conditions, the restart procedure is as

follows:
1. Verify that sample is flowing properly to the analyzer.

2. Start Heater Diagnostics.

3. Check magnet temperature. If the magnet temperature is approximately 41°C, proceed. If
lower than 41°C, let the system warm up longer (until the temperature reaches the target).

4. When the magnet is up to temperature and the system is running, check the pulse width at
1/10 height and half height. If widths are within spec, proceed. If not, reload the most recent
shim set file and re-check the pulse widths. If OK, proceed. If not, you will have to re-shim
the magnet.

5. When the pulse widths are within spec, you can proceed with normal operation.

6. Save the current shim set to file. Be sure to include the date as part of the filename so that
you can clearly determine when it was used in operation.

STARTUP AFTER LONG SHUTDOWN (MAGNET COLD)

If the system has been down for several hours or more, the magnet is cold. Power and utilities may
also have been shut off if the system has been off for an extended period of time. Under such

conditions, use the following procedure:
1. Turn on electric power and instrument air supply.

2. Switch on purge system.
3. Run for 12 hours to allow the magnet to warm up.
4

Verify that sample is flowing properly to the analyzer. If it is not, contact the local plant
personnel to remedy the problem.

5. Run Heater Diagnostics.
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6. Check magnet temperature. If the magnet temperature is approximately 41°C, proceed. If
lower than 41°C, let the system warm up longer (until the temperature reaches the target).

7. When the magnet is up to temperature and the system is running, check the pulse width at
1/10 height and half height. If widths are within spec, proceed. If not, reload the most recent
shim set file and re-check the pulse widths. If OK, proceed. If not, you will have to re-shim
the magnet.

8. When the pulse widths are within spec, you can proceed with normal operation.

9. Save the current shim set to a file and include the date as part of the filename.

Shutting Down the Analyzer

Unless you plan to open the cabinet doors, Qualion NMR recommends that you leave the air purge
system ON during shutdown. If you do plan to open the cabinet doors, Switch off the purge system as
you shut down, following the procedures described below.

NORMAL ORDERLY SHUTDOWN

A CAUTION

When you shut down the analyzer, be aware that no sample flow can occur while the
system is out of service. If non-flowing sample fluids can cause problems in the probe, be
sure to purge the probe before shutting down the analyzer.

1. Start pcAnywhere from the Start menu or by clicking on the pcANywhere icon.
2. Click on “Remote Control” and then click on the icon for your analyzer.

3. When the analyzer screen appears, click on Start and then select Shutdown. This
terminates the application.

4. In pcAnywhere, click on Exit icon. This closes pcAnywhere. If you plan to leave the air
purge running, this terminates the procedure. If you plan to open the cabinet, however,
continue with the next step.

5. Switch off the purge key and shut off system power.

System Operation UM SW50407.05 63



Standard Procedures Set Up an Analysis

Set Up an Analysis

Since setting a new analysis or repeating a previous analysis requires input from Qualion NMR

Application Engineering, contact Qualion NMR for assistance.

Perform Mechanical Shimming

/!\ WARNING

Actions described in the following section should be performed only by Qualion NMR
personnel.

This operation is normally required only after the magnet or the system has been physically moved,
such as during initial installation.
Since this operation is performed only by Qualion NMR technicians, it is not described in the manual.

Perform Electrical Shimming

A WARNING

Actions described in the following section should be performed only by propetly trained
personnel.

Manual Electrical shimming
Manual Electrical shimming is a process that should be performed from the NMR Analysis. To

perform electrical shimming, do the following:
1. Run NMR Analysis.

2. From the menu, click on the Shim button. This displays the Shim Gradient Display as
shown in Figure 41.

3. First click on Set Method. A dialog box appears. Select the shimming methods you want
to use and then click OK.

4. If you want to keep a log file, click on Log File and enter filename and path.

5. To start shimming, click on Start Shimming. Observe the progress of the operation in
the gradient window.

6. To terminate the shimming process, click the Stop Shimming button.
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Perform Electrical Shimming

. . Shim Gradients

x|

Set Method  Gradients Log File  Start Shimming  Stop Shimming
Gz 0.74 Grxux[10.51 Gy |-7.35 GHEY 1,23
Gzz [94 Gzx 1548 Gzy [-2.03 Gruyz|-0 26
Gzzz |0.E9 Gzxx |2 2R Gzyy [1.44 Gryyz|E 09
Gzzzz|6.83 GzZRRR|] 82 Gy |22 Grovv|0 12
Gx 7.4 Gy -4.34 Gxy [1.28 Gpp |359
Gxx |0.28 Gyw 218 Gxyz |83 Gzpp |-0.E4
Gxxx 235 Gyyy 5.5 Gxyy |-0.8 Gadd 0.0
Result Best Result Best Grad Level
| a | | a | 1]
0.5 % - Spectra 10 % - Spectra 50 % - Spectra
| o | o | 1]
— l!?urn:nt—| Emergen_cy
Actual Max Result of Spectral Analysis Power Switch
I I
| o < | 4500 | PROCESS
I
I QUALIOH Ltd. Copyright © 2007

Automatic Electrical Shim
Electrical shimming can also be performed automatically using the Process NMR application.

Figure 41: Shim Gradient Screen

To perform the automatic shimming, do the following:

1.

A

Verify that on the Event Table the folloing parameters are set correctly

according to the specific System:
Tx Gain
Pulse Width, in therms of time.

a.
b.
C.

d.

Receiver Gain
DC offset is set to the right value

Run the Process NMR from the menu, click on the “Sced” button. The

Scheduler table will be displayed

Click on “file” and choose “Load” option.

Browse from the NMR\Shim\ ‘AutoShim’ folder and load the ‘AutoShim.schd’ file.

Click the Set Button on the scheduler table (the table will be close automatically)
From the Process NMR run the Scheduler
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Perform Time Domain Signal Processing

Several types of time domain signal processing are used with the Process NMR Analyzer, such as

setting parameters for the analog-to-digital converter, signal averaging, zero filling, window

(smoothing) function, and removing zero offset. The following table lists the page references in this

manual where you can find a description of the technique and procedure for executing each signal

processing function.

Page Reference | Function
34 Setting ADC Parameters
36 Signal Averaging
36 Zero Filling
37 Window Function
37 Removing DC (Zero) Offset

Perform Frequency Domain Signal Processing

Several types of frequency domain signal processing are used with the Qualion NMR system. You can

define and initiate these functions in ProcessNMR by making appropriate entries in the Automated

Analysis Table.

The following table lists the page references in this manual, for both ProcessNMR and NMR Analysis,

where you can find a description of the technique and procedure for executing each frequency domain

signal processing function.

Page Reference Signal Processing Function
48 Woody Averaging
89 Remove DC
92 Magnitude
92 AutoPhase
92 Manual Phase
93 Zero Otrder Phase
93 First Order Phase
94 Baseline
46 Reference
120 Compute Integrals
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Set Up New Calibration Models

Since setting a new calibration model requires input from Qualion NMR Application Engineering,

contact Qualion NMR for assistance.

Connect to DCS

Since this is normally a part of system installation and commissioning, Refer to the installation Guide
for detailed information on this task.

The Lab Analyzer does not communicate to DCS

Set Up Analog/Digital/Modem Inputs/Outputs

Refer to the installation Guide.

Set Up Remote Control Connections via pcAnywhere

All system installations are designed to be controlled remotely for monitoring and troubleshooting.
The remote control function uses pcAnywhere software to execute the task. The recommended
procedures for setting up a new connection and for activating or terminating an existing connection

are described below.

BEFORE SETTING NEW CONNECTION

Make sure a Modem is installed and recognized by the Operation system and a telephone line is also
connected (it is recommended to dial from the PC via Hyper terminal or any other embedded SW to
verify the Modem and the line are set correctly)
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Set Up a New System Connection

1. Open the ‘pcAnywhere application and choose the Host menu
2. Right click the Modem and choose properties (See figure 42)

= Symantec poAnywhers

3 symantec.

!'+ Add
75 Delete

EF Pioperties

[Z] PAetresh

=) St Hose

(5] Exploeo Cumonk Diveclooy
[ Hew Folder

Froperties

Figure 42:Host System Setup Screen

3. Check from the device list the correct device, Choose the modem name.
4. Push the detail button, verify all parameters are as in figure 2 (Defaults parameters)

kHost Properties: Modem

Connection |nfo Setmgs Ca!ars | Security Options | imypl.icn" Confetence | Comments | P 4 ’_
@ CrmcuplolwodevmsIwﬂsmimmmmmmwubkofﬂw
TOCDWGGOU‘CQ click. the device name and then click Details.

Device list:
Intel V92 HaM D ata Fax Voice | | D etails....
[ com1
lI:]‘ Egng Intel Y92 HaM Data Fax Voice Connection P ['7|
] coma General | Advanced|
] sP= =
[ NaaBl0sS Call preferences
1 Tcrap 0
O 15Dk via CAPI 26 ] Dperatos assisted (manual] disl -
[ Disconnect a call if idie for more than | mirs
Cancel the call if not connected within |60 :'zecr
D ata Connection Preferences
Port spsed: | 115200 ~|
Data Protocal:
sl [
Floss contral:
[ o ][ cancel |
Figure 43
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5. Click the ‘New item’ button (marked in red in figure3), a new caller session will be open.
6. Fill the correct login name (foxnmr) and password (yael), apply and click O.K, a new item will be
under the Name column.

- B Caller Properties; Hew Coller
o = a e
Lo rure: faxnmr
Parvend yael

Conbempaswnnd | yael

(o) [Ccanent ][]

Figure 44

Close all sessions and return to the main ‘pcAnywhere’ application window see figure 4

8. Right click the modem again and choose the Stat Host option and check that there is a ‘PC icon
on the bottom of the screen.

9. Point this icon with the mouse pointer; indication should be

“Symantec pcAnywhere waiting...”

(if a ‘PCicon’ was already displayed, right click it and choose the cancel host option, wait fro a

few second till the icon will disappeat, then start this process from begging with a new Host

name.

~

>
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¥ Symantec pohnywhere

LRk And SEtingELAl L ars L AnOR &t
fiiazts
Meseres Device Encryption Lenred Comments
| el Dt CoML «Mone >
| Inkel VO2 HaM ... <None>
| Eietvces INEETAC N hons>
Call Rosmoles
Copry
Delete
FLErsme
Hdd bo Favorites
Froperties
[2] Refresh
Stait Hast
&) Esplors Current Duectory
[ Mew Folds
- £ »

Figure 45

Activate an Existing Connection

To perform remote monitoring of an installed system via an existing dial-up phone connection, do the

following:
1. From the Start Menu, select pcAnywhere. As an alternative, click on the pcAnywhere
icon on your desktop.

NOTE

Before you use pcAnywhere, it may be useful to read the pcAnywhere instruction manual
provided with the software for explanations of the standard tools and menus.

2. In pcAnywhere, click on Remote Control icon.
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£ Symantec pcAnywhere
File Edit Wiew Help

Symantec pcAnywhere” (=)
|

podnmahere bManager @

Remotes
@ Ehyek Commeet Mame Device Connect ko Statt Mode Encry
E Quick Deploy and Connect
bee| Hosts ComMi Remate Cankrol <Mor
Favorites EI-fFiIe Transfer TCR/IP Filz Transfer =Man
&) History stwaork, Cable, DSL - TCPJIP Remate Control <Mon
Command Gueves it Remote Management JRlei Remaoce Management  <Mon

E—Q poinpwhere Tools
E;'_ Option Sets
s Gerial 1D Sets

Actions
Al

> Delete

Properties

Fiefrezh

Start Connection

@ Explore Current Directon
(4 New Falder

=)
]
B
=
]
x
w
3
&
=]
]
=l
]
=
| %
A
w

Figure 46: pcAnywhere Selection Screen

3. Click on the icon for the system you want to monitor or create a new Icon by editing a
new Icon, right click and following the Basic wizard. The system then automatically
attempts to establish the phone connection.

E% pcAnywhere Connecting...

Connecting <‘;a

Dialing 0123456739
Dialing
Caonnecking

- Cancel |

waiking For connection. ..

Figure 47: Dialog Box Indicating Call in Progress

4. Wait for system to dial and connect.
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Symantec pchAnywhere - Host Login [E|

@D Enter the Caller login credentials For
connecking to the pcAnvwhere Hosk:

ser name:

Password;

Figure 48: pcAnywhere Login Screen

5. Enter your name and password when requested. If OK, you will be connected to the
remote system just as if it were a local system. You can then perform all system
functions as you would with a local system. Some operations, such as closing the session
or rebooting the remote system, may require you to use standard pcAnywhere tools,
such as “Exit Remote Control Session” or “Send Cttl-Alt-Delete to Remote System”.
To determine which icon you should use, place the cursor on a pcAnywhere tool icon
and wait for pop-up help to appear. For detailed information, refer to the pcAnywhere
manual supplied with your system.

6. A typical example of remote monitoring is shown in Figure 46.

g EEYREE

[
a
He

hwmbne e

Figure 49: Typical Example of Remote Monitoring
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7. At the end of your session, close the screen as you would with a local system; then exit
from pcAnywhere by closing the window, clicking the X icon on the pcAnywhere menu.
This disconnects the phone line connection and shuts down the link.

Symantec pcAnywhere r>_<|

\::/ Are wou sure wou want ko end the remote session?
-

es l [ Mo ]

Figure 50: End Remote Control Session

8. To exit from pcAnywhere, click the Exit icon (the rightmost large icon), and then click
YES when the “End Remote Session?” dialog box appears., click the Exit icon (the
rightmost large icon), and then click YES when the “End Remote Session?” dialog box

appears.

E \PATEST - Symantes: pehnywhene Pemote
kb Tesk Actors

Remote Cantaal

Figure 51: Exit from pcAnywhere

9. At the end of your session, close the screen as you would with a local system; then exit

from pcAnywhere by clicking the rightmost icon on the pcAnywhere menu, as shown in

Figure 50. This disconnects the phone line connection and shuts down the link.

alysis Yersian 50 - Running On Local Machine =10 x|
beProcazdi; wew Daa Wn Toos Rarcware Relp

B 3 » » B 5% 8 k& & W 2
B3 Freb et oo | ST ey 80 Fec Sh Lak | Guc b | Precict | ke

FZaaa Okkk

e | ozr | o= =m0 R [ 3ee | e Wi |
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4. Windows and Dialog Boxes

This chapter is intended to be a quick reference to all major windows and dialog boxes. Each screen is
accompanied by a brief description of the window and its menu items. Where needed, cross references
to more detailed descriptions of the tools and theory of operation are included.

ProcessNMR Application

ProcessNMR MPSS Version n.0 is the software for running the process online continuously in a
production environment. The term, MPSS, means Multi-Processing Single Schedule, which refers to
use of a single program sequence to control multiple functions and multiple samples. Since most
installations are also supplied with NNMRnalysis, the software for off-line setup and analysis,
descriptions of NNMRnalysis windows and dialog boxes are included after ProcessNMR descriptions.

PROCESSNMR MAIN WINDOW

[E] ProcessNMR - Running On Local Machine 1Ol x|
Data Tools Run  Window Help
B B = Sa > e > 3 B2
Mew Event, T Avg ADC Modbus DS Skark Stop Sched Alarm Log | Log Client Calc Help
o ] 3]
B suto.a|ddl Pred | 23 sched| = Hoorid [[|] vosrid| i Resuits]
10
8-
B
4 -
2
o= I I I I I I I I I I
u] 1 2 3 4 ] 5] T g g 10

A
e T e

Figure 52: ProcessNMR MPSS (Multi-Processing Single Schedule) Version 1.0 Main Window
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NEW APPLICATION
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1‘“—‘
| 4
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RIR1) AIRTRIRY ST TR
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Figure 53: New Application

Clicking the New button displays a new application window within the main window. Clicking a
second time adds another application window, tiled within the main window. Several such windows

may be added. You can select the tiling arrangement by means of the Windows button below.

[E] ProcessNMR - Running On Local Machine

Data Tools Run ‘Window Help
4 A‘
E @ > e b
Modbus DCs Stark Shop Sched

H.GridI 1]} V.Gridl @Results|

ﬂnuto.nl df Pred |§ Schedl

Figure 54: Windows

Clicking the Window button displays a menu for selecting the tiling arrangement the application
windows. You can select either horizontal or vertical tiling.

EVENT TABLE

/!\ WARNING

Actions described in the following section should be performed only by propetly trained
personnel.
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Click on the Event T button, or select Event Table from the Data menu to display the screen shown

in Figure 52.
x|
File Pulse
Label| Commandl| Duration | Channel | Value || Dffsstl 127
o a a a Offsetl 127
1|5et 1] Phase 0 —
2| set 11.00u  AdcEn ] izl
3| Set 300.00u PreT:x 1
4| set 9.00u Tx ag AciTae |
5 5et 1] T=
& Set Z0.00u PreTsx e
7| 5Set 1 R 40
g Set 1] AdcEn DLI

Figure 55: ProcessNMR Menu — Event Table Screen

The Event Table is the primary means of controlling the timing and functioning of the main
transmitter, receiver, and other associated items. Each operation executes a selected command (Set,
Reset, or GoTo) according to the parameters entered in the cells of the table. When you add a new
event, you must also enter values in each cell (duration, channel, and value) associated with the
function. If no value applies, enter a zero.

The two boxes at the top right of the screen are the values entered for correcting offsets from zero
that may be found in the quadrature signals for Channels I and Q. To determine these values, display
the two channels and observe the magnitude of the offsets for each channel. Then enter values in the
boxes for each channel that reduce the offsets to zero.

To add a new function, click the Add Row button. A new row then appears at the end of the table.
Enter data as needed. To add a row at a point within the table, click on a cell below which you want to
add a row. Then click the right mouse button. A window appears with several options, such as Cut,
Paste, Copy, and Insert Row. Select Insert Row and release the mouse button. A row is then added
below the cell where the cursor is positioned.

Click the New button to create a new (empty) Event Table.

After you have entered parameter data, click the Set Table button to make your data entries effective.
The Duration parameter, as the name indicates, is the time the function is to be applied. Units may be
minutes, seconds, milliseconds, or microseconds.

The Channel parameter is selected from a pulldown list. To select a parameter, highlight the
parameter and release the mouse button. The available choices are:

¢ PreTx — time delay before transmission of main pulse
¢ Tx — main transmitter

¢ Rx — main receiver

¢ AdcEn — ADC enable (1) or disable (0)

¢ Phase — phase set at 0, 90, 180, or 270°
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¢ Valve 1 — Sample valve 1 (determined by hardware configuration)
¢ Valve 2 — Sample valve 2 (determined by hardware configuration)
¢ e¢Valve 3 — Sample valve 3 (determined by hardware configuration)
¢ Valve 4 — Sample valve 4 (determined by hardware configuration)
¢ Valve 5 — Sample valve 5 (determined by hardware configuration)

¢ Lock — this parameter permits you to start or stop the lock function. To start lock, enter a 1
in the value box. To stop lock, enter a 0 in the Value box.

The Value parameter is for entering data such as On (1) Off (0), transmitter or receiver gain (value),
or Label No (for GoTo functions).
* The Lab Analyzer does not use Valves

AVERAGE

/!\WARNING

Actions described in the following section should be performed only by propetly trained
personnel.

Click on Avg button to display the screen shown in Figure 53.

The system signal-to-noise ratio can be improved by averaging the signal over a period of time. Since
white noise is random and signal is not, time averaging tends to reinforce the signal relative to the
noise. They both build up gradually with time, but the signal builds much more rapidly than the noise,
making it easier to discriminate between them. Use the dialog box shown in Figure 53 to perform
signal averaging in the time domain.

The screen allows you to enter the number of times the signal should be averaged for each channel.
You can setup a sequence of averaging operations for each channel by adding rows (with the Add
Row button) and then selecting a channel and entering the number of times to average. Then click the
Set button to execute the entries.

Click the Overlap box if you want to compute moving averages (average the last n values). Click the
Align Peaks box to synchronize the starting points when computing a nonmoving average.
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L average Formula P X|
File:
Label| | |Q nTirres Add Fow I
. 1 e I
Set
[~ Owverlap
[~ &lign Peaks

Figure 56: Average Formula Dialog Box

ADC

A WARNING

Actions described in the following section should be performed only by propetly trained
personnel.

Click on the ADC button to display the screen shown in Figure 54. Figure 54 shows the dialog box for
setting parameters for the analog to digital conversion.

=1 ADC Parameters x|

File

Humber of Samples -> |4|395 vI
Humber of Echoes -= |1 vI
Sampling Rate - |4345 vI

Band Width = | 2173 ﬂ

5000
‘#ﬂ ‘.4155

|| QUALIOH Ltd. Cog 2200
1087 L

Figure 57: Setting ADC Parameters

[
o
=
L]
e —T—

Enter the total number of data samples (points) desired in the Number of Samples box. (A value of
either 4000 or 8000 is typically used.)

Enter a 1in the Number of Echoes box. (This function not used.)

Then select a data Sampling Rate, which is typically set at 4346 Hz. The combination of a sampling
rate of 4346 Hz and a total number of samples of 4000 yields a total acquisition time of approximately
1000 milliseconds. Similatly, setting the number of samples to 8000 yields acquisition time of
approximately 2000 milliseconds.

To prevent aliasing, the sampling rate must be at least twice the highest data frequency to be captured,
the so-called Nyquist frequency. After you select a sampling rate of 4346 Hz, the bandwidth you select
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in the lower box should not be greater than 2000 Hz. Since 2000 Hz is greater than the spectral range
of the data to be gathered (750 Hz), 2000 is an acceptable value.

Entering these values of parameters for the ADC means that the total acquisition time is
approximately 1000 milliseconds, the analog resolution is approximately 0.14 Hz, and the pulse has a
spectral bandwidth of 2000 Hz.

MODBUS

This paragraph does not refer to the Lab Analyzer

Click on the Modbus button to display the dialog box shown in Figure 55. Enter appropriate
parameter values in the Port Settings boxes at the top section of the display. Then enter other
parameter values in the rest of the screen, as needed. When complete, click on Exit at the top left of
the display to close the dialog box.

=i

~FPart Setting:

Part Murnber Iﬂ Farity Iﬁ
Eaud Fate Iﬂ Byte Size Iﬁ
StepBits | =] Flow — =
Mode [ =] Staus [closed |

Connect I

Debug

Dewvice 1D |-| .&ddressl—1 Hoad
Silent Intrvl [mz] |2|:| B I‘I— S
rite I
Timeout [msz] 500 m
eqgister =

Reagister Tyupe Flaat vI

Integer
Lon

Float Reverse
Double
Double Reverze

Figure 58: Config Modbus Dialog Box

DCS

This paragraph does not refer to the Lab Analyzer

Click on the DCS button to display the menu shown in Figure 56, 57, or 58. In the check boxes at the
top of each screen, you can enable or disable the Alarms, Outlier, or DCS Override menus. These
screens are used to configure your system for handling alarm information. Click the button on the left
of the display to access the menu you want to configure. The choices are Alarms, Outlier, and DCS
OverRide.
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: =]
‘ Read Input ” “ 1 ‘ | lgnore Alarms Flag is OFF ||
‘ Add Row || ‘ Delete Row ” ‘ OK ” ‘ Cancel ”
|| FOXBORO HMR Ltd. Copyright & 2005 |
Inputs |Norma| State | Current State User's Label Streams Alarm Type Alarm Action |DCS Address
Input 70 (1] 1 Stream 1 Health Stream #1 Stream Skip R1199
Input #1 1] 1 Stream 2 Health Stream #2 Stream Skip R1199
Input #2 1] 1 Straem 3 Health Stream #3 Stream Skip R1199
Input #3 1] 1 Stream 4 Health Stream #4 Stream Skip R1199
Input #4 1] 0 High Inlet Temp Hone Sleep Sleep R1199
Input #5 1 0 Bottle in place Hone Grab Hone R1199
Input #6 n 0 Low Inlet Flow Hone Stream Hone RA199
Logger OH s

Figure 59: Alarms Menu

Alarm Menu

This paragraph does not refer to the Lab Analyzer

This menu shows the byte addresses of the three types of alarms (Cabinet Health, NMR Health,
and Outlier). A 1 indicates the first byte, a 2 the second byte, a 3 the third byte and so forth. Digital
inputs are configured at system manufacturing and should not be changed. Enter the applicable data
for your system configuration.

Outlier Menu

This menu is used with multi-stream sampling systems to assist in evaluating an outlier alarm. If the
Enable Sample Grab box is checked, the sampling system automatically performs a grab sample
operation and checks the result against the outlier value. You can then determine whether the outlier is
acceptable. If the Stay On Current Stream box is checked, the sampling system continues to analyze
samples from the current stream. This generates additional analyzer outputs against the outlier can be
evaluated. Select the option for your system.
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Conditions

|| Check Outlier is OH ”I

nCSs OverRide is OH ‘
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| Grabbing | streamout |I]CSOuerRide| Outlier

— Outlier

‘ T Enable Sample Grab
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= Continue > Flag Message

< Continue > Flag Address

Cancel
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QUALIOH Ltd. Copyright @ 2006

DCS OverRide Menu

Figure 60: Outlier Menu

This paragraph does not refer to the Lab Analyzer

If the DCS Override is enabled, the system looks into the address that writes in the DCS stream
status address and looks for which streams the DCS operator wants to work on. You can see the

status by clicking on the read register button of this menu.

Conditions LI Conditions ﬁl
|| Check Outlier is OH Hl DCS OverRide is OH || Check Outlier is ON H| 0CS OverRide is ON
“ Send Stream to DCS is OH H| Sample Grab is OH ‘ “ Send Stream to DCS is OH H| Sample Grab is OH ‘
— DCS OuwerRide Status - DCS OverRide Status
£ ]
E = D 2 D
Register Address I Coil Address c I Register Address Coil Address |
ﬁ ‘ Read Coils ” ‘ Reload I| s ﬁ ‘ Read Register | | 400 ‘ s
% g || e ||}
(=1 (=
w w
(=]
a 2
— | ||streams| 2] 2] 2] 4] & & 7 = — ||| streams| 4] 2] a[ 4] s & z| af
5 || [ Uslvamlllllllllu
LS E
& &
= =
= =
F=| s 5 S
= =
= =
o o
OK Il Cancel I 0K || Cancel
| QUALIOH Ltd. Copyright © 2006 | GUALION Ltd. Copyright © 2006

Figure 61: DCS OverRide Menu
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START

Click the Start button to start the analyzer.

STOP

Click the Stop button to stop the analyzer.

SCHEDULER

Click the Sched button to start operation of the Multi-Stream Scheduler.

HELP

Click the Help button to determine the software version.

SCREEN TOOLS

Right clicking anywhere within the window displays a menu as shown in Figure 59. This menu lets you

select the pan and zoom functions for the display.

Set App Mame

Pan
Z00m A
v Zoom Y
Zoam £
Zoom Al

Figure 62: Right Click Menu

The display commands are:

Pan — Select this option to change the location of the display using the mouse.

Zoom X — Select this option to zoom the display in the X direction only. (Use the mouse
to select the range to be zoomed.)

Zoom Y — Select this option to zoom the display in the Y direction only. (Use the mouse
to select the range to be zoomed.)

Zoom XY — Select this option to zoom the display in both X and Y directions. (Use the
mouse to select the ranges to be zoomed.)

Zoom All — Select this option to reset the zoom to the original settings.
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Automated Analysis

Click on the Auto A button to display the screen in Figure 60. Note that when you select a function, you also have to
enter parameters in some of the table cells. The entries you make are stored in a *.pp file (post processing). To
determine what types of data you should enter in each cell, place the cursor over each cell in the row in sequence and
wait for a pop-up caption to appear. This tells you what parameter you should enter in that cell. Typical examples of

pop-up captions are shown in Figure 61 and Figure 62.

To determine the values to enter for each parameter, refer to the descriptions of each signal processing

function, which start on page 34.

i

Label |Function
DiSelect Functii ™

Select Function

=2

Select Function

OFk. | Cancel |

Figure 63: Automated Operations Screen
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Figure 64: Automated Operations Screen — Function Select
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Figure 65: Automated Operations Screen — Tooltips

Click on the Pred button to display a dialog box for setting up prediction (calibration) models for use
with the DCS, as shown in Figure 63.

[ Appk Frediction

Modbus DCS ——
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1] oz 1oz o B02 Cohnrnehcalyhpi_5_18.cal 0 100 ar 5 3 Wahe?
05 104 11040 504 | Drinme\eal\ClaZ enl D100 ar 5 3 [Vale?
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Figure 66: Automated Operations Screen — Prediction Function

To set up a new calibration model, click the Add Row button. This adds a blank row to the screen.
The items you must enter are:

¢ Register — this is the modbus register address of the data point generated by the calibration

model.

¢ Time — this is the modbus address of the time stamp that identifies the when the data point
was stored.

¢ Flag — this is the modbus address of the flag, which is set when a value is stored.

¢ Confidence % — This is the address where the confidence level of a data point is stored.
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¢ Cal File — this is the name/location of the calibration file that you are using for this output.

The following six parameters relate to an Outlier condition:

¢ Low — Low limit for calculated values
¢ High — High limit for calculated values

¢ Op — AND/OR logic used to test the M-distance of a data point for acceptance If AND is
selected, the reading must be lower than the Low limit or higher than the High limit and
higher than the M-dist value, for an Outlier condition to exist. If OR is selected and the
reading is lower than the Low limit or higher than the High limit or higher than the M-dist
value, an Outlier condition exists.

¢ M-dist — The Mahalanobis Distance for the calculated prediction data. The M-Distance is a
statistical measure of the deviation of a data point from the statistical mean of a group of data
points. In ProcessNMR, the M-Distance is used in reference to data points generated by a
calibration model. If a data point has an M-Distance greater than a specified limit, that point is
not used in the data set and is instead flagged for evaluation by a qualified person. A data
point with an M-Distance less than the limit is automatically included in the data set.

¢ Count — The number of consecutive counts required for the Outlier condition to activate a
valve.

¢ Valve — The identification of the valve to be actuated.
This paragraph does not refer to the Lab Analyzer

The index number is automatically incremented with each line you add. This determines the order in
which prediction results are displayed on the screen and/or transmitted to the DCS. To change the
order of display, change the position of the lines in the table.

As the model calculates values periodically during operation, it outputs its results to the addresses you
have entered above. The system then transmits them to the DCS.

SCHEDULER

A WARNING

Actions described in the following section should be performed only by propetly trained
personnel.

Click on the Sched button to display the scheduler table shown in Figure 64. This dialog box is used
with a multi-input sampling system in which samples are drawn sequentially from several

different process units. Up to five process sample streams (and a grab sample) may be connected to
the switching unit. The Scheduler table lets you define the sequence and content of the Scheduler. To
start Scheduler operation, click the Sched button on the main menu bar.

The Scheduler table details the sequence of operations and the filenames of all files used with each
process stream. These files define how the analyzer handles each sample. The Scheduler is the top
level controller for multi-stream sampling. To modify the functions or sequence, make appropriate
entries in the Scheduler table.
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Figure 67: Scheduler Table

To define a schedule, do the following:
1. Select an Operation — Click on Load and then the down arrow at the right side of
the operation box on Row 1 to display a list of operation types. Select one of the types.

2. Enter Parameter Data — The operation you select determines the number of data
entry boxes that are displayed. Enter appropriate data in each of the boxes for the
selected operation.

3. Click on Add Row to add the next row. Then repeat Steps 1 and 2 for the next
operation in the sequence. Refer to Figure 64 for a typical Scheduler sequence.

4. When finished, click on Set to save your entries.

GRIDS

Click on the H Grid button to add or delete a horizontal grid.
Click on the V Grid button to add or delete a vertical grid.

NMRANALYSIS APPLICATION

NMR Analysis software is supplied with most systems in addition to ProcessNMR.

The NMR Analysis software package is intended primarily for use in laboratory environments, where
samples are manually inserted into the probe and experiments are run on a batch basis. However, it is
also very useful in online process applications for setting up the analyzer and in modifying parameters

to meet specific operating needs.

AWARNING

Actions described in the following section should be performed only by propetly trained
personnel and/or Qualion NMR technicians.
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Figure 68: NMR Analysis Main Window

AXIS UNITS

To select the units in which the data is displayed PPM, Hertz, Points, or Milliseconds, click on the
units displayed below the axis. The menu shown in Figure 66 then appears. Select the desired units
and then click outside the menu. The screen then displays the desired units. The preferred unit for
displaying NMR frequency domain data is PPM; the unit preferred for a time domain FID is
milliseconds.

ppm | Hz Pl

| | |
1000 1500 2000

Figure 69: Axis Units Selection Menu
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MAIN MENU

File

Clicking the File option displays the menu shown in Figure 67.

&= NMR DIAGNOSTIC

Iﬁ Acquisition  Mew Task  Start  Stop
Load Configuration
Save Configuration
Inpuk Sol : 4 v Server

Backup Directory
Save Spo

Save Asdi
n5ave

Figure 70: Main Menu — File Menu

Load — This is a standard Windows Load command which displays a window that allows
you to select a file to be loaded.

Save — This is a standard Windows Save command which displays a window that allows you
to select a directory and filename in which to save your file.

Print — This is a standard Windows Print command which displays a Windows Print window
with normal print options.

Archive Processing

This command permits you to retrieve a previously generated data file and then apply signal

processing techniques to that data. The menu shown in Figure 68 lets you retrieve a file from a source
directory and then to start processing the data.

4 NMR Analysis - Running On Local Machine

File | &rchive Processing  Wiew Data Bun Tools Hardware  Help
]  Source Directory Ip . [l ] B & B act 7] T
Lo File Mame kart  Stop E.T fvg  ADC Freq Shim  Lock | &ubo.d | Predick | Help
Skark
M2 [ O
E— | zewfill | FFT, | IFFT | Hemnice | Fie

Figure 71: Main Menu — Archive Processing Menu

View

The View button provides a path to the Screen Tools.
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Data
The Data button provides a path to the Event Table, Average, ADC, Frequency, Shim, and Lock

functions.

Run

The Run button provides a path to the Start and Stop commands.

Tools

The Tools button provides a path to the items in the Signal Analysis Menu. These are Remove DC,
Zero Fill, FFT, IFFT, Magnitude, Phase, Baseline, Peaks, and Window.

Hardware

The Hardware button is only for use by Qualion NMR personnel.

Help

Click on the Help button to determine the software version.

MAIN MENU COMMAND BUTTONS

The Main Menu Command Buttons are shown in Figure 69. The function of each button is explained

below.

4 NMRAnalysis - Running On Local Machine

File Archive Processing Wiew Data Run  Tools Hardware Help

@Eﬁ‘h"&]!ﬂﬁﬂa

Load Sawe  Print Stark  Stop E.T g a0iC Freq  Shim  Lock

ME FTAaa 0k

Figure 72 Main Menu

]

Predict

&

Auko, A

i

Help

Load

This is a standard Windows Load command which displays a window that allows you to select a file to
be loaded.

Save

This is a standard Windows Save command which displays a window that allows you to select a

directory and filename in which to save your file.

Print
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This is a standard Windows Print command which displays a Windows Print window with normal

print options.

Start

Click on the Start button to start the main transmitter and the data acquisition system.

Stop

Click on the Stop button to stop the main transmitter and the data acquisition system.

Event Table

The Event Table screen when called from the ET button has a menu with two pulldown submenus,
File and Pulse, described below.

¢ File Menu

s Event Table _

Iﬁe_ Pulse

rmandl| Diuration |Channe| |‘ufalue i
Save
— ] ] 0
1]5et ] Phase 0
2| 5et 1.00u PreT= 1
3 Set 299.00u AdcEn 1
4| Set 21.00u Tx 120
5| 5et ] Tx 0
6| Set 20,000 PreTx nE
7 Set 2 R g
8| 5et ] AdcEn DLI

Offset O |1 42
Offzet | |-| 45

i (=110

Set Table |

Figure 73: Event Table Screen

Open — this selection permits you to open a file with a stored set of parameters and use these

parameters for the next analysis.

Save — this selection permits you to save a set of parameters as a file for future recall.

¢ Pulse Menu
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One Shot — this selection permits you to load the event table with a set of default parameters as shown in Figure

Figure 74:Event Table Screen with Pulldown Pulse Menu

72. This is a convenient way to start as many of the parameters are determined by the specific hardware configuration

installed on your system.

sy Oneshok
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R= |1
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Infinite —

Create Cancel

Figure 75: OneShot Default Parameter Screen

¢ PW — pulse width or duration of the main transmitter pulse

¢ Phase — select phase of the pulse (0°, 90°, 180°, or 270°) from pulldown menu

¢ Rx — main receiver on (1) or off (0) ¢ PreAcqDelay — wait time before turning on the

receiver

¢ Delay — duration of the system recycle delay (wait for relaxation times to complete)
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¢ Rx Gain — Gain setting for the main receiver ¢ Tx Gain — gain setting of the main
transmitter

¢ Infinite — When checked, the system recycles continuously. When not checked, the System
does not recycle.

¢ Create Button — Click to activate new data entries

¢ Cancel Button — Click to cancel and ignore new entries CPMG —is an acronym for Carr-
Purcell-Meiboom-Gill, a specialized method of performing an NMR experiment using echo
pulses. The CPMG method is not currently used in Qualion NMR applications.

Average

This is the same function described in “Signal Averaging” on page 30.

ADC
This is the same screen described in “Setting up the ADC” on page 34.

Frequency

Clicking the Frequency button displays the screen shown in Figure 73. This tool is typically used for

manually adjusting the main transmitter frequency during troubleshooting or initial startup.

[ Frequency R

Frequency IE??42EI43
+ | = ||1EIEIEI vI

Lock Status |
Freq Shift I
Software Lu:u:kl = I

E xit |

Figure 76: Frequency Dialog Box

¢ Frequency — this displays the current value of the main transmitter frequency, which is
normally controlled in a fixed ratio to the lock frequency.

¢ Shift — enter a value for the increment by which you want the main transmitter frequency
manually increased or decreased, such as when you manually search for the proper main
transmitter resonant frequency.

¢ Set Button — click to activate your data entries.
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¢ Software Lock — click to operate with a software lock function instead of the normal
hardware lock system. If a value is displayed, the system forces the frequency increment to
equal the value displayed in this window.

¢ Add Button — active only when software lock is on, clicking this button increases the main
transmitter frequency by the amount displayed.

¢ Sub Button— active only when software lock is on, clicking this button decreases the main
transmitter frequency by the amount displayed.

Shim

Shimming is the process of adjusting the currents to 40 pairs of shim coils so as to modify the strength

of the magnet field at precise points within the field. Its purpose is to compensate for any irregularities

in field uniformity caused by characteristics of the magnet hardware or the chemical/physical

properties of the sample being analyzed. When the shimming process is completed, the resultant

values can be saved to a file as a “shimset”. This file can be recalled later whenever a new sample of a

similar type is to be analyzed.

.. Shim Gradients

Set Method  Gradients Log File

Start Shimming  Stop Shimming

Gz 0.74 GrExx|10.61 Gywyy |7 35 Gxxy [1.29
Gzz |94 Gzx |-1E.48 Gzy |[2.03 Gxxyz|-0. 26
Gzzz |0E9 Gzxx 226 Gayy [1.44 Gxywz|E 09
Gzzzz|g 03 Gzxxx(] 82 Gayyy (2 2 Gxryy|012
Gx 734 Gy -4.34 Gxy  |1.28 Gpp |-359
Grx 028 Gwy 218 Guyz |-0.83 Gzpp |-0.64
GRER 2235 Gywy |55 Guwy 0.8 Gadd |0.0
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I 0 I 0 | 0 | 0
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o
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— Current—|

Actual Max Result of Spectral Analysis
I I

| o < | 4500 | PROCESS

Emergency
Power Switch

Power On

QUALIOH Ltd. Copyright © 2007

¢ Shim Gradient Display

Figure 77: Shim Gradient Screen

Figure 74 shows the current values of the various gradients in the magnetic field. These are

not the values of the currents supplied to each shim coil, but rather the net results of the
various currents. For example, Gz is a first order gradient of the magnetic field in the Z

direction (along the main axis of the field). Gzz is a second order gradient, Gzzz a third order,
and Gzzzz a fourth order. Using these in combination, you can describe almost any shaped
profile of field strength in the z direction. Similarly, Gx, Gxx, Gxxx, Gxxxx describe gradient
profiles in the x direction, and so forth.
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It is difficult to set these gradients because they are all interactive — setting one upsets all the
others. Therefore, it requires the use of repetitive trial and error, “hill-climbing” techniques to
arrive at the optimal values for each gradient and shim coil current. Fortunately, the NMR
system includes a program that automatically determines the best values for each gradient.

To execute the automatic shimming program from the NMR Analysis Main Window, click on
the SHIM button in the side menu. The screen shown above then appears. Click on Set
Method to select the shimming methods, click OK and then click on Start Shimming to
begin the process. Click on Stop Shimming to terminate the process.

¢ Display Result, Best Result, Best Grad, Level
These windows display the current operating results of the shimming program. Result is the
current value of the gradient, Best Result is the best RMS achieved up to the present time,
Best Grad is the best gradient value achieved up to the present time, and Level is the criterion
used in the shimming operation.

Lock

Click on the Lock button on NMR Analysis Main Menu to display the screen shown in Figure 75.

& Lock { Hex File Yersion 0 )

) Define Defne |
s o
1=
e Start Start
0— Stop Stop

=3 | I i | i I | I

o 5 10 15 20 25 30 35 a0 St [Finelockl

] QUALION Ltd. Copyright © 2007 |

Figure 78: Lock Menu Screen

Before describing this screen, it is useful to review operation of the hardware lock system. The
purpose of the Lock system is to control main transmitter frequency. The probe contains a separate
sealed capsule of lithium chloride, which is mounted within the magnetic field next to the main sensor
coil, but not exposed to the sample fluid. The capsule has a sensor coil wound around it, similar to
that of the main sensor. This coil is part of a tuned circuit that is excited by a pulse from the lock
transmitter. After the lock transmitter is turned off, the lock receiver senses the NMR signal produced
by the coil. The lock transmitter frequency is automatically swept through a range to find the resonant
frequency of the lithium chloride sample. When resonance is detected, the servo system “locks” on
that frequency.
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Resonance is detected in a complex manner. The lock transmitter frequency is first swept in an
increasing direction until near-resonance is detected. The frequency then “hops” to a higher frequency
and starts to approach resonance in a decreasing direction. As the sweep nears resonance, the
transmitter jumps to a frequency that is midway between the high and low near-resonance values.
Lock is established at this frequency.

When resonance is detected and lock is achieved, the main transmitter frequency is set at a specific
ratio to the lock frequency (observe-to-lock ratio) because the resonant frequency of proton at a given
magnetic field strength has a fixed relation to the resonant frequency of lithium at that same field
strength. The lock frequency is the means of determining what the main transmitter frequency should
be and therefore plays an extremely important role in operation of the analyzer.

Screen Display

As shown in Figure 75, the Lock Menu displays time varying curves of Channels I and Q of the Lock
Receiver signal, which give a live indication of the status of the Lock system. When the system is
approaching lock, the displays show a slowly oscillating characteristic that smooths out as lock is

achieved.

Control

The Control menu controls operation of the frequency sweeping and other control functions of the
Lock system. Initialize loads a set of parameters, Start activates the system, and Stop interrupts

operation of the system.

¢ Dulse

The Pulse menu controls operation of the Lock transmitter and receiver. Initialize loads a set
of parameters. Start activates the system, and Stop interrupts operation of the pulse
transmitter/receiver.

Start Reading activates the data acquisition functions of the lock system and Stop Reading
interrupts operation.

The Frequency display shows the current frequency being transmitted and received by the
lock transmitter/receivet.

The Status display shows the current operating state of the Lock system, such as Searching...,
Fine Lock 1, Fine Lock 2, Fine Lock 3, Fine Lock 4, and Fine Lock 5.

The differences between Fine Lock 1,2, 3, 4, and 5 are the precision of the frequency lock.
Fine Lock 5 is the most precise and stable lock frequency.

¢ Loop Parameters

Clicking this item displays this screen shown in Figure 76, which is a dialog box for setting
parameters for the PID loop that controls the Lock system.

5. Lock Parameters

Clicking on Lock Parameters displays the screen shown in Figure 76.
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Figure 79: Lock Parameters Data Entry Screen

This screen lists several parameters for running the lock system.

K1 — this is the setting of the proportional coefficient of the PID loop for controlling main
transmitter frequency. Does not apply to most lock parameters (defaults to zero if not applicable).
K2 — this is the setting of the integral coefficient of the PID loop for controlling main transmitter
frequency. Does not apply to most lock parameters (defaults to zero if not applicable).

Error High — this is the setting of the high limit for the error signal of the PID loop for controlling
main transmitter frequency.

Error Low — this is the setting of the low limit for the error signal of the PID loop for controlling
main transmitter frequency.

Observe/Lock Frequency Ratio — this is the setting of the ratio between the lock frequency and
the main transmitter frequency.

Freq Shift — this the value of the increment by which the main transmitter frequency is changed.
Hop Phase — this function sets the phase of the lock signal when it jumps from an increasing sweep
to a decreasing sweep, and vice versa, during the search for resonant frequency of the reference
sample.

Low Freq Limit — this is the low end of the sweep range for the lock transmitter frequency.
High Freq Limit — this is the high end of the sweep range for the lock transmitter

frequency.

Step — this is the magnitude of the step size used in sweeping the lock frequency.

Jump — this is the magnitude of the change in lock frequency as the transmitter

jumps from an increasing sweep to a decreasing sweep as the lock system searches for a

resonant response.

Threshold — this is the minimum value used to define a resonant response as the lock

system searches for resonance of lithium chloride.

RSSI threshold — this function is not used in the system at present.

Tx Gain — this is the setting of the lock transmitter gain.
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Set Button — click this button to accept the parameter values entered in the table.

Cancel Button — click this button to reject changes in the parameter values in the
table.

¢ Lock Pulse Parameters
Figure 77 is the dialog box for displaying and entering parameters for the lock pulse.
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Figure 80: Lock Pulse Dialog Box

The parameters are:

Pre2Tx — pretransmission delay time (OFF).

Tx — transmitter ON time. Rx — receiver ON time.
Tx2Rx — transmitter to receiver OFF time.

Rest — recycle delay time.

Set Button — click to accept changes in parameters.
Cancel Button — click to reject changes in parameters.
Exit — click to exit from the dialog box.

Automated Analysis

Click this button to perform and automated analysis. For details see “Automated
AﬂaIYSiS” on page 83.

Help

Click this button to display online Help

SCREEN TOOLS

Vertical Grid

Click on this tool to add or delete a vertical grid.
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Horizontal Grid

Click on this tool to add or delete a horizontal grid.

Pan

Click on this tool to move the screen in any direction by then clicking and dragging on any point in

the screen.

Zoom X

Click on a point and two cursors appear. Click on the left cursor to set one end of the range to be
zoomed. Click-hold on the other cursor and move it to the other end of the range you wish to zoom.

Release the mouse. The screen then zooms the selected range in the X dimension.

ZoomY

Click on a point and two cursors appear. Click on the left cursor to set one end of the range to be
zoomed. Click-hold on the other cursor and move it to the other end of the range you wish to zoom.

Release the mouse. The screen then zooms the selected range in the Y dimension.

ZoomX, Y

Click on a point and drag to define an area of the screen to be zoomed. Release the mouse. The screen
then zooms the selected range in the X and Y dimensions.

Zoom All (Reset)

Click on this tool to return the display to the original screen.

Clear

Click on this tool to clear the screen display.

Real Portion

Click on this tool to display the real signal.

Imaginary Portion

Click on this tool to display the imaginary signal.

Both Portions

Click on this tool to display both the real and imaginary signals.
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SIGNAL ANALYSIS MENU

This menu provides access to all signal processing functions, both analog and digital, that you may
need in setting up the analyzer for a specific application.

Use of the commands in the signal analysis menu normally requires that you STOP the data

acquisition process while you manipulate the data. If you want to use these functions while data
acquisition is running, use the Automated Analysis table instead (refer to “Automated

AnaIYSIS” on page 83). Enter desired functions in the Automated Analysis table and continue to

run the acquisition process.

The available functions are shown in Figure 78.

¢ NMRAnalysis - Running On Local Machine - |EI|5|
File Archive Processing Wew Data Run Tools Hardware Help

‘m"rﬂlﬁ‘h I‘E] !‘ﬂmﬂa‘ﬁ
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Load Save  Print Skark  Stop E.T fg aDC Freq  Shim Lock | Auto.d | Predict Help
ME FXaloa Okkk
| E— D|:| ZeFil | FFT | IFFT | Magniude | Phase | - | Peaks | Window |

Feal

Figure 81: Signal Analysis Menu

Remove DC

An FID signal may contain a steady state offset from zero. Use the Remove DC button to eliminate
this error.

Zero Fill

Zero filling is a means of increasing digital resolution of the system without degrading the signal to
noise ratio. It adds points (with values of zero) to the FID, increasing the total number of points
without adding noise. This effectively improves resolution of the system without affecting the signal.
As shown in Figure 79, increasing the number of samples in the data entry box directly affects the
system resolution, the current value of which is displayed below the data entry box.

m Feros FiIIlng

Mumbers of Samples 4095
Sampling Rate 4346

Feszolution Before 1.06Hz

Rezolution After 0.27Hz

Fill Upto I‘I B35 vI

GO |

Figure 82: Zero Fill Dialog Box
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¢ Theory — zero fill increases the number of data points in an acquisition sample by adding
points, all with a value of zero. Since the total number of points increases, the digital
resolution is enhanced. Since the added points are all zeros, no noise is added. Therefore, the
signal-to-noise ratio of the entire sample is improved.

¢ When Used — this function is used to improve resolution without adding noise.

¢ Howto—
No of Samples (Points) — Enter a new value that increases the total number of data points.
In conjunction with the value entered for sampling rate, this determines the total acquisition
time for the analysis. This should be set at a value consistent with the resonance characteristics
of the sample being analyzed.

Sampling Rate — this is the rate in Hz at which data samples are to be acquired. This total
number of points divided by this value (points/millisecond) gives the total acquisition time in
milliseconds. Total acquisition time is a function of the NMR characteristic of the material
being analyzed.

Resolution — resolution is the “fineness” of the data; the greater the number of points, the
finer the resolution. The dialog box displays the current value of resolution (before zero

filling).

Samples Increasing to — this is the new total number of points in the acquisition
after adding the zero values data points.

New Resolution — this is the new resolution after zero filling is performed.

Apply Button — click this button to execute zero filling with the parameters you entered.

FFT

This function applies a Fast Fourier Transform to the FID data, converting it to a frequency domain

spectrum.

¢ FID Display (with RMS and Frequency Shift) — the figure below shows the time domain
data display (FID) before it is converted to a frequency spectrum by means of an FFT.
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Figure 83: FID Display with RMS and Frequency Shift Values
¢ Absorption Display (with RMS and Frequency Shift) — After FFT Conversion
Figure 81 shows the result of an FFT conversion. Note that the shape of the spectrum
indicates the presence of a phase error, which should be corrected.
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File Archive Processing View Dsta Run Toolk Hardware Help
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Figure 84: Frequency Display before Auto Phase Correction
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¢ Display after Auto Phase Cotrection
Figure 82 shows the spectrum after applying autophase correction to the data.
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Figure 85: Frequency Display after Phase Correction

IFFT

The IFFT function is included as a convenience to view the inverse of the FFT operation. It is not
used in normal operation of the analyzer.
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Figure 86: Display of Inverse FFT (FID)
Magnitude

The magnitude command computes and displays a power spectrum of all data in the frequency
domain spectrum. Essentially, it squares all values, thus eliminating all negative values, and displays the
relative power of the signal at each frequency, regardless of polarity.

Phase

Clicking this menu item displays the dialog box shown in Figure 84. Using this box, you can define
peaks and execute zero order and first order phase corrections.

Phase Comrection

Peaks Dfinitiot————

Peak Thresh, [%) lgg_
Count |1_
|Lefl YI

Direction

~Symmetic Zero Order Phase—————— rZero Dider Phaze
Tailz Length [%) |2U o Total Angle: IU +| - |-| j
Step (degrees) l5
rZera Order Phase With Manual First Order Phase—— (First Order Phase
Tt e (e
1 Dsfaysat] |0 Total Angle: I[l & | - Ig_ggm ﬂ
Thresh. (%) far Angle |1 GO
Delta T Create Pivat List | |1898 vI

Peaks Definition

Figure 87: Phase Correction Dialog Box

This panel contains parameters for selecting peaks for phase correction. You can set maximum value
for recognizing a peak (Peak Thresh), the direction in which to search for a peak (Direction), and
the number (Count) of the peak to look for (such as first, second, or third).
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Symmetric Zero Order Phase

This panel contains parameters to perform a Symmetric Zero Order Phase. Enter the Tails Length in

percent and the Step in degrees and click the GO button.
Zero Order Phase with Manual First Order Phase

This panel contains parameters to perform an automatic Zero Order Phase. Enter Pre Acquisition
Delay time (Pre Acq Delay) in seconds, the maximum angle or slope of the trace for defining a peak
(Thresh (%) for Angle), and the change in frequency or ppm for recognizing a separate peak (Delta).
Then click the GO button. The Total Angle automatically appears in the Zero Order Phase panel.
Zero Order Phase

This panel contains buttons to perform a manual Zero Order Phase correction. Click on the + or -
buttons in this panel to make changes. You can observe the effect of each incremental change by
displaying the spectrum in another window. When you have found a satisfactory value, you can either
exit from the screen or continue with making a first order correction. Lastly, enter the Total Angle in

<Automated Analysis” on page 83.
First Order Phase

This panel contains parameters to perform a First Order Phase correction. Click on the Create Pivot
List button and then select the location of the First Order Phase in the box at the right. Click on the
+ or - buttons to make changes. You can observe the effect of each incremental change by displaying

the spectrum in another window. When you have found a satisfactory value, you can exit from the

screen. Lastly, enter the Total Angle in «Automated AHQIYSiS” on page 83.

Baseline

Clicking this menu item displays the dialog box shown in Figure 85. Using this box, you can enter
parameters that define a baseline region and a method of correcting the data to conform to the

selected baseline.

i Bazeline comection

B azeling Parameter

fean Range i[;ggg
Muri 5td Peak 12_5

Method |p,:,|_.r. - |
Paoly Cegree !3

Find B azeline | Correct

Figure 88: Baseline Correction Dialog Box
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¢ Baseline Parameters — enter values for defining the baseline region: (1) the mean value for
setting the center of the region, usually at the peak, (2) the number of standard deviations on
either side of the mean for setting the total width of the region, and (3) the curve fitting
method to be used for correcting the data to the baseline.

parameter values you entered.

¢ Correct Button — click this button to execute the operation.

Peaks

Clicking on Peaks displays the dialog box shown in Figure 86.

1.k Peak Referance

-Feak |dentification

Peak Thresh [0% - 100%]

Find Baseline Button — click this button to find the baseline defined by the

Start Counting From

Peak Index

e

Peak Width

“idth

Feak Height [0% - 100%]

=7

10

fRECPERR I

Location

-Feak Referance

{0

Reference Peak |

Figure 89: Peak Reference Dialog Box

Peak Identification

Peak Thresh — the value in this box determines what constitutes a peak. Any point greater than

this threshold is defined as a peak.

Start Counting From — start looking for peaks from the Left or Right side of the display.

Peak Index — select the peak (first, second, third, or other) from the side specified.

Peak Width

Specify the peak height at which you want to determine the width. The choices are 50, 10, and 0.5
percent. After specifying the height, click the Get Peak Width button.

Peak Reference
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Specify the reference location in ppm.

After specifying the location, click on Reference Peak to execute the command.

Window

— Window

— Windowing Function —————————

A*t+B*t +2,.‘*t

e

— Coefficients

— Filter
I~ Enable Filter

Path to Filter File I

Humber of Points I

| Cancel Il 0K I|

Figure 90: Window Function Dialog Box

Theory — this is a mathematical function that multiples the acquired data by an exponential
equation. It is normally used to smooth the data and minimize noise.

Coefficient a = — Use a negative value for “a” to make an exponentially decaying

function that makes the FID close more quickly. Note, however, that doing so broadens peaks
in the frequency domain spectrum.

Coefficient b = — this coefficient affects the outer values of the function and is
normally not used in NMR applications.

Quit Button — Click this button to abort the operation.

Perform Button — Click this button to execute the operation
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5. Maintenance and Diagnostics

This chapter defines recommended preventive maintenance procedures necessary to ensure optimum
equipment performance and also describes the diagnostic software tools you can use to troubleshoot
the system. If replacement of parts is required, please contact your distributor or Qualion Service
Support Department

Preventive Maintenance

Purge System

Regular Maintenance

Drain and clean the air supply regulator(s) at least once per month.

Long Term Maintenance

Perform the following maintenance procedure at least once every three months:
6. Verify system operation by performing shut down and restart

7.  Examine the entire Purge Protection System and the protected enclosures and replace
any defective parts during the next routine shutdown of the system. Refer to the Parts
List in “Reference Documents” on page 1 for part number identification and ordering
instructions.

AIR CONDITIONERS

The air conditioning, units are not designed for local servicing. If a serious problem occurs, replace the
entire unit. Refer to the Parts List in “Reference Documents” on page 1 for part number identification
and ordering instructions.

Regular Maintenance

Perform the following maintenance procedure at least once per month:
e Since the atmosphere in which the system is installed may be highly corrosive, carefully check
the air conditioning systems for corrosion and promptly replace any defective units before
setious damage can occut.

Long Term Maintenance

1. Remove the top cover of the enclosure and clean the fins of the air conditioners. Dust
can be removed with compressed air.

2. Since the atmosphere in which the system is installed may be corrosive, carefully check
the air conditioning systems for corrosion and promptly replace any defective units
before serious damage can occur.
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Diagnostics

AWARNING

The diagnostic tools described in the following section should be used only by Qualion
NMR technicians. They are included here only for educational purposes.

HEATER DIAGNOSTICS

The purpose of the Heater Diagnostics software is to permit you to monitor and evaluate performance
of the heater control loops for magnet temperature and envelope temperature. It is also possible to
modify the control parameters for each PID loop. A typical Heater Diagnostics screen is illustrated in
Figure 88.

Note that Figure 88 can display up to 4 windows. The typical screen shows the measured magnet
temperature, the output current to the magnet strip heaters, the magnet envelope temperature, and the
output current to the strip heaters on the magnet envelope. The boxes in the center row contain the
current values (in arbitrary numerical units between +8192 and -8192) of magnet sense (offset),
magnet heater current, envelope sense (offset), and envelope heater current. The present values is
displayed in °C in the bottom row of windows.

Note that both x- and y-axis scales change automatically as data points are added. The vertical scale
automatically expands or contracts to maximize the display of y-axis data. The x-axis (time) scale
automatically contracts so as always to display all data points from the beginning of the test.

B drm B Sy Svhes s

Figure 91: Typical Heater Diagnostics Screen with Four Windows

Main Menu
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Figure 89 shows the main menu for heater diagnostics. Each menu item is explained in detail in this
section.

:} Heater-Diagnoskic

File ‘iew Run Config

PH
ES
EH
L35
LF3H

Temp M5
TempES
Temp LP35
Temp LP45

Figure 92: Heater Diagnostics Displayed Menu

Adding Windows

When the Heater Diagnostics screen first appears, the main window is empty (no sub windows). Then
it is possible to create up to 4 sub windows by clicking on Windows and selecting Add Windows, as
shown in Figure 90.

Wwindows

Tile Hanzntaly
_ Tile Yekicaly
I Add Windows

In the Chart Channels box, click on Chart Channels to display the Select Chart Channels dialog box
shown on the right side. Click the appropriate check box to select the variable(s) to be displayed.
Then click on Set to apply your selection and return to the main menu.

(Note: more than one variable can be displayed on each window.)

Click on Windows on the main menu and then use Tile Hotizontally and/or Tile Vertically to select
the type of display desired. To start collecting data, click on Start on the main menu. To stop
collecting data, click on Stop. To clear all windows of data, click Clear. To exit from the application,
click on the X at the top right corner of the screen display.
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As the system starts to collect data and plot the results on the windows, the y-axis scale automatically
changes to accommodate the data, always zooming the scale to the maximum extent possible and to
still show all data points. Use the zoom tools to expand the scale beyond this point. Doing so,
however, may cause some data points to lie outside the range of the display.

The x-axis scale also changes automatically to ensure that all data points are always displayed. Itis also
possible to change the time scale range further by clicking the Time Scale Rang menu item and then
entering a new value.

To plot data that was previously stored in a file, click on Plot File on the Chart Channels dialog box.
This opens a dialog box that allows you to select a file for display.

Chart Channels | |

Zoom Menu pan
Plat Fil= FoonD
Zoam 1

Zoom # and
zaoanm Al

Figure 93: Chart Channels — Zoom Menu Options

When the Add Window command on the Windows menu and the select Zoom are selected, the
dialog box shown in Figure 92 appears. The options are:

Pan —Permits to click and drag an object to any place on the screen.

Zoom X — Permits to select a range (using cursors) in the X direction and expands its display.
Zoom Y — Permits to select a range (using cursors) in the Y direction and expands its display.
Zoom X and Y — Permits to select ranges (using cursors) in both X and Y directions and expands
the display.

Zoom All (reset) — Resets all ranges to the original screen display.

Magnet Menu

= Heater-Dia
Magnei BEEIE
w' 2 Layers

Sl apers

Figure 94: Magnet Menu
This menu has only one option, 2 Layers, which refers to the type of magnet construction. At present,

only the 2 Layers option is active.

Proportional Integral Differential (PID)

To check control parameters for the PID loops, click on PID in the main menu. The following screen

appears. Select the loop to be displayed from the pull-down list:
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=k Set PID 5 =% Set PID [ <]

Control Loop I Envelop - | Control Loop | Envelope b ]
Proportional o5

Integral Ex. Magnet Integral |-D_DDDSSS

Derivative 1925 Derivative .95

ok | Coneel | oK | Coneel |

Figure 95: Set PID Parameters Screen

It is possible to control the parameters but not modifying them. (They are permanently set at factory.)
To set the refresh screen data rate, click [Refresh Rate] at the main menu. The dialog box on Figure 95

then appears. Enter the new refresh rate in seconds and then click OK to execute the change.

Set MNew Refresh Rate |

Enter new refresh rate [zeconds): ok

Cancel

Figure 96: Set Refresh Rate Box

To modify the time scale of the charts, click on [Time Scale Rang]. A dialog box then appears on
which it is possible entering new ranges. Click set to apply your changes and return to the main menu.

Save

Click this item displays a dialog box that permits specifying a path and filename in which to save the
displayed data.

Pop-Up Labels

The display screens are provided with pop-up labels to help identify each item on the screen. Position
the cursor over the item on the screen and wait a few seconds. The label for the item then pops up on

the screen. Typical examples are shown in Figure 96.
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Temperatures| T} {W [Dffset-0000018 [FinsEnv:33.201 190 [Offset-0.000 936
T oo oo I - O] © 1
Temperatures{‘'C]:> [FinalMag:44.238120 |nﬂmwua1 [FinalEnv:35.201 190 [Difset0.000 000
T - = 0= Fron Requested Hagrel Tempersure IR [OLX]|
lemperaiures|'LI> | FinaMag:44.238120 | Offset0.000 080 | Finsl=33 201 190 | Dffset:0.000 000
E
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Tanperatura Offset From HaqL:ast.ad Ervelope Temperaluie

Figure 97: Typical Pop-Up Labels

SHIM TEST

Shim Test o ] 4

Debug DACMap Coil Test Spacer Test Toggle Test  File  Exit

| R5232 port - Open | >

Figure 98: Shim Test Screen

Max Current Value

Note: Before starting the shimming process the max current should be defined.
A new mechanism is now limiting the current value to go above a pre-defined value. This value is
defined in AcqMgr.ini file.

The current overload event turn off power of magnet, in order to prevent damage of magnet.
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After Shimming process stopped NMR applications stops work too.
In this case user have to reset gradients table in order to perform shimming process again .

2. Shim Gradients |§|
Set Method  Gradients  Log File

Filb Edt Formak Viaw Halp

[shim] Gz |00 Gxxxa1.0 Gyyyyn 0 Guxy |00
File = Dimmrishimynewady, shm Gzz |00 Gzx 285 Gzy 477 Gxxyzl 4
criterla = pus Gzzz [0.0 Gzxx [1.0 Gzyy 0.0 GyyZ1.0
start Lev_le-l =S Advancgd 1.1 Gzzzz[] ) Gzrxd00 Gzypyn D Gxyyl
EI‘E‘DIEEIF‘Iegi -0 Dégcépe%#a a0 0 | G 00 Gpp 0.0

o b - G: G 5] 5]
Criteria_z = 0_L Spectra Gxu 00 vy [00 xyz 00 zpp 0.0
critaria_3 = 0_5 spactra HE "y A .0
stop conditlon 1 = &5 . 1 2 & a8
stop Cungit"lun_Z = 50 Result Level
stop Condition_3 = 20 S
Use conditionl = 1 | @ Aﬂfentlnn I Shim current overload. | 75—
use condition_? = 0 Shim process stopped.
Use Condition3 =0 05% - Spec Pz - Spectia
Wax CUrFENC = 0.1 g 0 | i
[Post Processing] — Current—, ) Emergency
F1le = dowymryppl Actual Max Result of Spectral Analysis Power Switch

L. p
pefault = di\wmricanfd ghdefault. pp | |
0.5556 < | 0500 PROCESS -

I QUALION Ltd. Copyright © 2007

Figure 99: Max current — Acquisition manager

Debug

Clicking on Debug displays the dialog box shown in Figure 99. These tools, however, are for use only
by Qualion NMR technicians.

Shim Test

— 1ol =1

Resst  Exik

=T

— Read
Loop duration |1 [aluln]
Bead I
Data (Hex) [emewve DCIIID
Take I Stap I
LContral | Echa 4
Povver [
o |El
Echo a

adrite

Echo
i OFF
< On Last error ID Get I Fieset |

|R5232 port - Open | &

Figure 100: Shim Test — Debug Dialog Box

DAC Map

Clicking on this item displays the screen shown in Figure 100. This screen shows the status of all 40
shim coils and DACs in the magnet, along with several buttons for selecting coils and
starting/stopping various types of tests. The options are:
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Select All — Selects all coils.

Unselect All — Deselects all coils.

Quick Test — Performs a shortened test on all selected coils.

Find Zero — Finds input values that give zero outputs for all selected coils.

Accurate Test — Performs a complete test on all selected coils.

Address Test — Displays address, in selected units, for each selected coil.

Read — Reads the present value of DAC output for each coil.

Stop Test — Terminates current test.

Clear — clears display for all coils.

The numbers on the right side of the display identify the coil numbers (1 to 40). To select a single colil,

Click on the box of the coil. When a coil is selected, the box changes from gray to white.

Quick Test Display

Clicking Quick Test orders the system to perform a short test on all selected coils. If all coils are
selected, the results of this test are displayed as shown in Figure 100. After test is completed, a small
dialog appears, asking if you want to save the test to file. Click Yes to enter a name and path for the

new file. If saving is not needed click No.

Shim Test -|O] x|

Display Set Reset File Exit
=X Coils Map EI

lagnet Tvpe
MASH

40..35

3531

30..26
25..21
20,16
15..11

10..6
5.1

Select Al | Huick Testl Accuratelestl Read | LClear

Stop Test |

Unzelect Al | Find £ero |

|Ri5232 port - Open |

Figure 101: Shim Test — Coils Map Screen

Find Zero
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When on Find Zero is clicked, the dialog box in Figure 102 appears. This tool is for use only by
Qualion NMR technicians.

ShimBoxTest E3 |

Enter Shim-Box seral number [4 digts):
Lancel i

Figure 102: Shim Test — Serial Number Dialog Box
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Display Units

This menu item permits to select either hexadecimal or decimal units for the display.

shim Test
Display  Sek Reset  File  Exit

Figure 103: Shim Test — Display Units Selector

Set

Clicking on Set displays a menu of options. Selecting an option displays an associated dialog box in
which is possible enter data for that item. The menu options are:

Quick Test Error — The associated dialog box permits enteting a value for maximum error in the
quick test.

Accurate Test Error — The associated dialog box permits entering a value for maximum error in the
accurate test, either as an absolute value or as a percentage of full scale.

Address Test Error — The associated dialog box permits entering a value for maximum error in the
address test.

Slope — The associated dialog box permits entering a value for maximum slope (the tangent of the
angle between two points.

Delay — The associated dialog box permits entering a value for maximum time delay in milliseconds
for performing the selected test.

Shim Test ’
Cisplay E F‘\eset File Exit ERROR ON THE
CYey  Quick test error (1500) E—— LOWER BYTE
e Accurate Test Errar Minirurn (16} {0/255)
" Address kest error (3000} Percent (10%:) EREOR 0N THE
e HIGHER BYTE
——  Delay (5 msec) ekt

Figure 104: Shim Test — Accurate Test Error Display Selector
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Accurate Test

The accurate test consists of testing each bit out of 16 bits of the shim word.

¥ Coils Map x|

tdagnet Type

’7 MASH

oK. oK. [OK [OK oK. 40,35

oK oK oK oK oK 3531

oK oK 0K 0K oK 3026

oK. oK. oK. (i3 I3 25..21

oK. oK. I3 i3 |aK. 20..16

oK. oK. oK. oK. oK. 15,11

IOK. IOK. i3 i3 i3 10..6

J0K. J0K. (3 (3 (3 8.1

SelectAll | Quick Test| {Accurate Test|  Read Clear

Unzelect All Find £era Addreszz Test Stop Test

Figure 105:. Shim Test — Accurate Test Results Screen

System Operation UM SW50407.05

117



Maintenance and Diagnostics

Diagnostics

Address Test
The address test verifies the address (in selected units) of each coil and checks crossover between the
addresses.
oW Coils Map EI
dagnet Type
’7 MASH
[FoE7 [FEED IET f14 JOCFD 4p 35
[iDE7 IFEss IS 12 1247 35 31
[Rad D778 |3 |381 {1076 30..26
[Fa17 fFas4 IFCEE E]E [1617 25,21
[FACD 3 JFce [1E43 178 2015
|EF 34 {1004 Iz [ED52 |CE 15..11
|FB3E Ico? IE&a2 oz |FD4C 0.6
[boCs [Fraa iF?EI?' 1210 FcoD 5.1
Select Al Gluick Test | Accurate Test | Read Clear
Unzelect All Find Zera Stop Test
Figure 106: Shim Test — Address Test Results Screen
NMR DIAGNOSTICS

This diagnostic tool permits monitoring trend data on many different variables in the NMR

application. A typical example of a six-window configuration is shown in Figure 107. It is possible to

define up to 18 different process variables in as many windows that fit can fit on the screen. Although

each window can display multiple variables, the practical limit is two variables per window, the first

plotted as a solid line and the second as a dotted line. It is possible to save a configuration and recall it

at a later time. It is also possible to display a previously saved set of curves.
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NMR DIAGNOSTIC
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Figure 107: Typical Multi-Window NMRDiagnostic Screen

Main Menu

The main menu for NMR Diagnostics is shown in Figure 108. Each menu option is described later in

this section.

NMRB DIAGNOSTIC

File MewTask Stat Stop ‘Windows [lgnore Errars] Clear Tile Help

Figure 108:NMRDiagnostics Main Menu

Using NMR Diagnostics

The general procedure for using NMR Diagnostics is as follows:

1.

From the File menu, load a previously saved setup file (configuration file). If there is no
previously saved configuration file, define a new one by clicking on the New Task
command.

After displaying a new window by clicking on New Task, right-click on the new
window to display the menu of setup options for that window. Each option is described
in detail within this section. The options are:

Rename —Permits entering a name for the window.

Define —Gives you the option to define the automatic analyses and the variable(s) that
will be plotted in the window.

Zoom —Permits selecting any of a number of zoom functions for displaying the data.

Plot Style —Permits choosing either a solid or dotted line for plotting a particular
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variable.

Time Domain Units —Permits selecting either milliseconds or points from the x-axis
of the plot.

Frequency Domain Units — when a frequency domain variable is selected, it is
possible to select either MHz or PPM for the x-axis of the plot.

Set Borders — Permits setting the width of the borders for the window.
X-Axis Rang — Permits setting the maximum range of the x-axis of the plot.

Statistic History — Permits setting the maximum size (in x-axis units) of the data to be

plotted.
Show/Hide Cutsors — Permits cither showing or hiding cursors in the display.

Data File: —Displays the filename and path of the file you are using for this plot.

3. To add another window, repeat the procedure described above. The new window is
overlaid on the previous window in cascade mode.

4. After defining the content of each window that was added, click on Windows in the
main menu and select a tiling option, vertical or horizontal, to arrange the windows on
the screen. Note that six windows are usually the maximum number of windows that
can be viewed conveniently.

5. When completing the configuration, it is possible to save it to a file for later recall.

6. To begin plotting data, click on Start in the main menu. If desired, accept the default
mode, Ignore Errors, which inhibits the display of any errors. (As an alternative, it is
possible to click on Ignore Errors and toggle the mode to Display Errors.) To stop
gathering data at any time, click on Stop.

7. As data is plotted, the x-axis and y-axis scales change automatically to accommodate the
information gathered.
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File Menu

This pull down menu, shown in Figure 109, permits to recall a previously saved configuration setup or
save a current configuration. It is also possible to specify a backup directory and define the form in
which the file is saved.

NMRA DIAGNOSTIC

AW Mew Task Szt Stop  Windows  [lgnen

Load Configuration —
Save Configuration

Input Source 4 v Server [—
File

Backup Directory
Save Spo

Save dzci

IJnS ave

[ I

i

Figure 109: File Menu Options

New Task

This menu item creates a new window for collecting and plotting data, as shown in Figure 110. It first
appears in the center of the screen. Additional windows are cascaded in sequence as they are created.

Use the Windows tiling commands to arrange them on the screen.

NMR DIAGNOSTIC [_[5] =]
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—
Dats: 9032 | Mac 9342 Z
Fisquency Shift I = B

o

m
RS TRRTTE | T "““{iﬁl’.iﬁi‘ﬁim‘ﬁ."u;ifw\me

Data: 7.93 Mas 8011 Mir: 75.85 Mears 7257 |Std 058 || Data 538 hax 5.93 bin: 5.02 Mean: 546 Std: 013 Z
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Figure 110:. New Task
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New Task Configuration Options

To configure the new task, right-click in the window to display the menu of options, as shown in

Error! Reference source not found.. The various options are described in “Using NMR

Diagnostics” on page 109.

Rename
Defing

Time Ciomain Units

Erequesey Earmatt it
Set Borders

# twis Flang
Satistic History

Zoam Pan
Plot Style

Zoom
ZoomY'

Zoom Ay
Zoom ALL
UnZoom Maode
Zoom Borders

Show Cursors

Data File :

Plot Style Options

Figure 111: New Task Configuration Options

This option permits to select the style of the plot, either a solid line or a dotted line.

Renams
Diefine
Zoom
Flat Style

Time Dionain Urits
Erequent anmai it
Set Borders

X AKiz Rang

S atistic Histary

Show Cursors

Sold Line
Sald Points

Diata File:

Figure 112: New Task Configuration — Plot File Options
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Time Domain Units Options

This option permits to select the units for the time domain x-axis in either milliseconds or in points.

Rename
Define

£00m 3
Plat Style *
»

Mili5 econds
Erequency ot Uit # v Point

Set Borders

= Az Bang k
Satistic Histary

Show Cuzors

Time Diarmain Uitz

Data File:

Figure 113: New Task Configuration — Time Domain Units Options

Rename Options

This item permits to enter a name for the plot.

Hew Task Hame

X
Enter Mew Tazk Mame

Cancel

Figure 114: New Task Configuration — Rename Dialog Box

Variable Definition Options

Figure 115 shows the dialog box for defining the plot of a variable after post processing. The first

function selected is automatically assigned a label of 0; the second is assigned a label of 1, and so on.

4% Program OFf |
|LabeIiFun|:ti|:nn

ze Firzt Baseline
Lz First Phase

Figure 115: New Task Configuration — Variable Definition Dialog Box 1

Figure 116 shows the first 12 variable types that may be selected for a plot.
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4% Program OF
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=]

Label

Functiomn

=

Figure 116: New Task Configuration — Variable Definition Dialog Box 2
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Figure 117:New Task Configuration — Variable Definition Dialog Box 2 (Continued)
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X-Axis Range Setting

This item permits to enter a maximum value for the x-axis of a plot.

Fename
Define

Zoom [ 3
Flot Style L
Time Daomain dnits »
Erequerne Damai Wats. *
Set Borders
o 13ng
S atiztic Histan

Show Cursors

[ata File :

Figure 118: New Task Configuration — X-Axis Range Options

Statistical History Setting

This menu item lets entering the number of points of historical data used for computing the statistics

to be displayed in a given plot.

Resize Satistic History

Enter Size of Sabztic Histary

Cancel |
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Data File Options

This item displays information about the data file currently in use.

Rename

Drefine

£00m

Plat Sty

Tirme Dornain Lnits

v v v w

Eremueneridamalr: [Hits
Set Borders
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S atizhic Histary

Hide Cursors

[rata File

Figure 119" New Task Configuration — Data File Dialog Box

Save Chart Data Command

This command permits you to save plotted data to a file.

Save Chart Data I

Save in; |t_;'i Mrr :J ﬁ! =

|1 Servers

1 Shim

File name: I| Save I
Save a3 lype! [Chant Data dat File [* dat] | Cancel |

| Open as r=ad-only

Figure 120: Save Chart Data Dialog Box

Frequency Domain Units Options

This menu option permits selecting units for a frequency display. The choices are Hertz, PPM, or

Points.

System Operation UM SW50407.05 126



Maintenance and Diagnostics

Diagnostics

Task 32

=1 &3

Rename

Defing

Zoam

Pht Shyle

e e Hnis

Fraquency Domain Units
Set Barders

#bgis Rang

Satistic Hiztary

Hde Cursors

Diata File :

Herz
FPpm

v Paint

Figure 121: New Task Configuration — Frequency Domain Units Dialog Box

Windows Menu

The Windows menu allows you to arrange all windows in a tiled display.
[lanare Ermors]

Tile Horirzaortally

Tile Yertizally

Figure 122: Windows Menu Options

Clear Command

This option clears the data from all windows.

Title Command

This option displays a dialog box that permits you to enter a new title name for the window.

Title

Enter Mew Title

Canceal

G |

MR DIAGHOSTIC

Figure 123: Title Command Dialog Box
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Typical Configuration Examples

Typical examples of configuring a window for plotting a variable are given below.
Example 1 — Main Transmitter Frequency

This example shows how a window is configured to plot main transmitter frequency.

WINDOW TITLE

=10 x|

Frequency

Pro 0f F
gram requency | VARIABLETO
A BE PLOTTED

Set

| Use First Bassline
| Use First Phase

Data: ?5070.&]] Max: 57405240.00 | Min: 57404530.00 |Mean: 5\41]51 5?.3| Std: 3&94 &

PRESFNT VAl LIF M:A}(IM;JM VAl LIFE  MININLUR VAL LE - MEAN VAL LTF STANDARD DREVIATION Val LIF

Figure 124: Plot of Main Transmitter Frequency

Example 2 — RMS Value of FID
This example shows how a window is configured to plot the RMS value of the FID (Free Induction
Delay).

=10] x|

Program OF RMS ]

'ﬂ'd!j Label| Function
Setb ]

| U= Fiizt B azeline
I U= Fiigt Phase

Data: 999923 Mac 999879 (Min 958228 [Mean 987107 Sid 2967 4

Figure 125: Plot of RMS Value of FID
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Example 3 — Frequency Shift

This example shows how a window is configured to plot main transmitter frequency shift.

Program Of Freguency Shill =]

Add Label| Function |Argument 1|Argument2!)’\rgument 3!Argument 4!Argument 5|Argument6
Set 0 ' ' ' '
I: Lize First Baselne ; ?::_0 il Feah
Liza First Phasze
3| Auto Phase 0.9 Left 0.05 200
4| Rermove DC
5| Freq Shift

Figure 126: Configuration of Plot of Frequency Shift

Example 4 — Half Height Peak Width

This example shows how a window is configured to plot the peak width at half height.

Program OFf 1/200 Height
Add Label| Function |Ar;ument 1 |Argument 2IArgument 3|Argument 4| Argurment 5|Argument B
Set OfRemaove (¥
1| Zero Fill 16384
I UseFirst Baseline [
I Use First Phase S FFT
_3 Auto Phase 0.9 Left 0.05 Z00 o
4| Remove DC
| 5| Peak Width a0 right 05 qQ

Figure 127: Configuration of Plot of Peak Width (Half Height)

Example 5 — Ratio of Integrals

This example shows how a window is configured to plot a ratio of integrals.

NMR DIAGNOSTIC

File

Program OF Task 1

|Argument 1 |Argument 2|Argument 3|Argument 4|Argument 5|Argument (=1

Add Label| Function
Set | O|Remaowve DC
- _ 1|Zera Fill 16384
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I Use First Phase ——

3| Auto Phase 0.9 Left
= Rermove DC

5| Integral Ratio 600

[}

750

1 0.0s 200 1}

Integral 2 To [POINTS]

Figure 128: Configuration of Plot of Integrals Ratio
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Example 6 — Integral Count

This example shows how a window is configured to plot an integral count value.

NMR DIAGNOSTIC

File
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Glossary

Absorption

Conversion of a time-varying signal to a frequency domain signal by means of an
FFT produces two spectra, real and imaginary. The real transform is called the
absorption mode; the imaginary transform is called the dispersion mode. Since it is
conventional to display NMR spectra in absorption mode, the real transform is
used for plotting results of the analysis. In practice, however, both absorption and
dispersion spectra are generated because the time at which the FFT is applied may
not be in phase with the start of the time domain signal. Phase correction,
therefore, is used as a means of converting the spectra to pure dispersion and pure

absorption.

Analog-to-digital converter.

Air purge

The accessory system that replaces the air within the NMR enclosure with clean
instrument air and also maintains a safe positive air pressure within the enclosure

at all times.

Baseline

correction

The post-processing function that adjusts the data to fit a curve related to a

selected section of a baseline.

Calibration model

A mathematical model that correlates measured NMR spectral information with
one or more physical or chemical properties of a process sample. Sometimes

called a prediction model.

CENELEC The Canadian safety testing and certification laboratory.

Chemical shift The difference in frequency between the NMR resonant peak of a known
reference sample and the NMR resonant peak of a component in a sample being
analyzed.

CPMG An acronym for the Carr-Purcell-Meiboom-Gill experiment, an advanced
technique for measuring nuclear spin echoes, that is shown on one of the NMR
Analysis/ProcessNMR menus, but not currently used in operation of the analyzet.

DCS Distributed control system, such as an I/A Seties system that performs advanced
process control functions.

DDS Digital Data Synthesizer.

Delphian The manufacturer of the LEL (Lower Explosive Limit) monitoring system

currently supplies with the NMR analyzer.

Dewar probe

A sample probe consisting of an inner tube (through which the process sample
flows) encased by an outer tube which is thermally insulated from the inner tube

by vacuum, as common vacuum bottle.

Dispersion

Conversion of a time-varying signal to a frequency domain signal by means of an
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FFT produces two spectra, real and imaginary. The real transform is called the
absorption mode; the imaginary transform is called the dispersion mode. Since it is
conventional to display NMR spectra in absorption mode, the real transform is
used for plotting results of the analysis. In practice, however, both absorption
and dispersion spectra are generated because the time at which the FFT is applied
may not be in phase with the start of the time domain signal. Phase correction,
therefore, is used as a means of converting the spectra to pure dispersion and

pure absorption.

Electrical The process by which the currents supplied to each pair of shim coils are

shimming automatically adjusted to achieve optimum uniformity of the magnetic field for a
particular type of sample being analyzed.

EPCU An acronym for Electrical Power Control Unit, used in the Bebco air purging
system descriptions.

ETL An acronym for Electrical Testing Laboratory, a certifying agency for electrical

safety.

Event table

A sequence of operations stored in a table file, performed by the NMR analyzer
for control of the timing and functions performed by the main transmitter,

receiver, and associated items.

Fast Fourier

A standard mathematical technique for converting time domain data into a

Transform frequency spectrum.

FID Acronym for Free Induction Decay, the time domain representation of the
relaxation of an NMR magnetization vector as it returns to its normal state after
being deflected from its axis by a main transmitter pulse.

FieldPoint The manufacturer’s tradename for hardware that connects the NMR analyzer to

external systems.

Fine lock n

Indication that lock has been achieved. The number indicates the level of

precision of the lock; the higher the number, the greater the precision.

Free induction

delay

The time domain representation of the received signal as the molecules relax and

return to normal tip angles.

Frequency domain

A display of data in which the x-axis is a frequency spectrum rather than a time

scale.

Frequency lock

The action of determining the resonant frequency of a reference fluid, achieved by
sweeping a frequency across a spectrum and measuring the system response to a pulse
of that frequency. When resonance is detected, the frequency is “locked”. The system
then sets the main transmitter frequency in a preset ratio to this reference lock

frequency.

Integrals

The post processing function of totalizing the measurement data over a selected range

of frequencies.

NMR Analysis

The software program supplied with the analyzer for setting up the system and also for
performing laboratory types of analyses.

LEL monitor

An instrument for detecting whether an atmosphere contains explosive gases that
exceed a specified Lower Explosive Limit (LEL).

Lock parameters

The variables that determine the operation of the frequency lock system.
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Lock status

The current state of the lock system — “searching” or in “Fine Lock 17, Fine Lock 27,
or “Fine Lock 3”.

Lock transmitter

The coil that outputs a high frequency pulse to the molecules present in the reference
fluid (lithium chloride).

Magnetization The mathematical expression that represents the tip angle and magnitude of the
vector magnetic field of a molecule.

Magnitude A post processing function that squares all data points in a spectrum and removes
command negative values.

Main transmitter

The coil around the process sample that outputs the main high frequency pulse that
excites the molecules in the sample.

Mechanical The process of adjusting the physical positions of the magnet pole pieces to achieve
maximum uniformity of the field.

shimming

Modbus A trademark of AEG Schneider Automation that refers to a proprietary method of
transmitting serial data.

Neodymium The material from which the magnet is fabricated.

NMR Nuclear Magnetic Resonance, a physical/chemical propetty of a element that indicates
the response of its nuclei to high frequency pulses when the molecule is placed in a
strong magnetic field.

One shot A single cycle of a function.

Optimization Supervisory application software designed to achieve optimum control of

software a process.

Outlier A data point that lies outside the acceptable range. Usually measured by the
Mahalanobis distance.

Pan The act of moving a display continuously from one point to another without changing
any dimensions of the display.

pcAnywhere A software package the permits remote control of the analyzer over an ordinary
telephone line or other data link.

PLC Programmable Logic Controller, a device that performs logical control functions in

accordance with a stored program.

Prediction limit

The maximum value for accepting the calculated output of a prediction model. Any

value greater than this limit is considered an outlier.

Prediction model

A mathematical model that “predicts” output values correlated to a set of input

variables.

ProcessNMR

The application software for performing NMR analyses on online process samples.

Pulse sequence

The series of functions performed in the process of generating a pulse.

Quadrature
detection

A data acquisition technique for determining the phase characteristics of a time domain
NMR signal. Without quadrature detection, false frequencies appear in the FFT
frequency display. Also an aid in eliminating noise.
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Removing DC A post processing function that removes a zero offset from either a time domain or a
offset frequency domain display

RF An abbreviation for radio frequency.

SafeCAL A safety monitoring function of the Delphian LEL Monitoring system.

Sample switching

The processing of time sharing an NMR analyzer among several processes. Samples are

accepted from multiple processes by sequentially switching from one to the next.

Shim

An adjustment of the gradients within the magnetic field to produce a more uniform

field for a given type of process sample.

Shim control unit

The hardware component that controls all shim coils in the magnet.

Shim gradient

The difference in magnetic field strength between two points on any given axis.

Shim method The procedure for calculating required adjustments in currents to the shim coils.
124
Signal averaging A technique for enhancing signal-to-noise ratio in data that performs

a time average of multiple sequential signals that reduces errors due
to random variations.

Software lock

A debugging feature that permits the user to shut down the hardware
automatic lock detection system and to simulate its function by

manual means.

Spectroscopy The technique of analyzing the properties of a substance by
generating a characteristic spectrum of frequencies peculiar to that
substance. Several different types of spectra may be used, such as
mass, infrared, or NMR.

Spectrum A range of frequencies.

Time domain

A display of time-varying data, where the x-axis is time.

Window function

A post processing function that smooths a set of data by applying an
exponential equation to that data.

Woody average A post processing function that averages a series of data samples by
applying a specific type of algorithm to the data.

Zero fill A post processing function that enhanced digital resolution of a set
of data by adding a group of zero data points, thus increasing the
resolution without degrading the spectral information.

Zero order phase correction A phase correction at the base (or zero) level.

Zoom A change in the scale of a display, which may be in one or many
dimensions. “Zoom in” magnifies the display; “zoom out” decreases
magnification.

Zoom All This command resets all zoom settings to a magnification ratio: 1
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Index

A
ADC NMR Analysis 81 ProcessNMR 65

Analog/Digital/Modem Inputs/Outputs, Set Up 57
Auto Analysis NMR Analysis 87 ProcessNMR 71
Average NMR Analysis 81 Process NMR 64

Axis Units 76

B

Baseline Command 94

Calibration Models Set Up New 56 Using 29
Clear 88

D
DCS 68 Connecting to a 57
Diagnostics 98 Heater Diagnostics 98 NMR Diagnostics 109

E
Event Table NMR Analysis 79 ProcessNMR 63

F
FFT (Fast Fournier Transform) 90 Frequency 81

G
Glossary 121

Grids NMR Analysis 87 ProcessNMR 75

H

Hardware Components, Major 15

Communication Links 20

Computer 20

Enclosure 23

Enclosure Environmental Controls 24

Heater Control Unit 16

Magnet 15

Power and Communications Connections 23

Power Supply and 1/O Unit 20

Probe, Reference 16

Probe, Sample 16 Shim Control Unit 18 Switching Control Unit 21

Heater Diagnostics Adding Windows 99 Magnet Menu 100 Main Menu 99 PID 101 Pop-Up Labels 102 Start Save
101

Help 70, 78, 87

1

IFFT (Inverse Fast Fournier Transform) 92 Imaginary Portion 88
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L
Load,Command 78 Lock 83 Lock System 13

M

Magnitude Command 92 Main Transmitter Pulse 33 Maintenance and Diagnostics 97 Maintenance, Preventive 97
Measurement (Analytical) Capabilities 27 Measurement Principle 1 Chemical Shift 5 Energy States and Transitions 2
Interpreting Frequency Domain Spectra 6 NMR Spectroscopy 2 Pulse Sequences 6 Spin 2 Spin Packets 4 Time
Domain and Frequency Domain Data Plots 5

Modbus 67 Multi-Stream Sampling System 48

N

New Application 62 NMR Analysis Application 75

NMR Analysis Main Menu
Signal Analysis Menu 88

NMR Analysis Main Window 76 ADC 81 Archive Processing 77 Auto Analysis 87 Average 81 Axis Units 76
Baseline 94 Clear 88 Command Buttons 78 Data 77 Event Table 79 FFT 90 File 77 Frequency 81 Grids 87
Hardware 78 Help 78, 87 IFFT 92 Imaginary Portion 88 Load Command 78 Lock 83 Magnitude 92 Main
Menu 77 Pan 87 Peaks Command 94 Phase Command 92 Print Command 78 Real Portion 88 Remove DC
89 Run 78 Save Command 78 Screen Tools 87 Shim 81 Start Command 78 Stop Command 79 Tools 78
View 77 Window Command 96 Zero Fill 89 Zoom 87

MRD Diagnostics Clear Command 117 Configuration Examples 118 File Menu 111 Main Menu 109 New Task 111
New Task Configuration 111 Title Command 118 Windows Menu 117

P

Pan 87 Peaks Command 94 Phase Command 92 Prediction Command 73 Preventive Maintenance 97 Print
CommandPrint 78 ProcessNMR

Scheduler 70 ProcessNMR Application 61 ProcessNMR Main Window 61

ADC 65

Auto Analysis 71

Average 64

DCS 68

Event Table 63

Grids 75

Modbus 67

New Application 62

Prediction 73

Scheduler 74

Scteen Tools 70

Start 70

Stop 70

Purge Control System 25

R

Real Portion 88 Reference Documents 1 Remote Control Connections via pcAnywhere, Set Up 57 Remove DC 89

S
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Sampling System, Multi-Stream 48 Save Command 78 Scheduler 70, 74 Screen Tools
NMR Analysis 87
Process NMR 70 Set Up an Analysis 54 Shim 81 Shim Test
Accurate Test 107
Address Test 108
Config 103
DAC Map 104
Debug 103
Display Units 105
Find Zero 105
Quick Test Display 104

Shimming Electrical 55 Mechanical 55

Shut Down the Analyzer 54 Signal Analysis Menu 88 Signal Processing (Frequency Domain) 14, 39, 56
Baseline Correction 43
DC Offset 40
Peak Selection 45
Phase Correction 42
Phase Errors 41
Reference 46
Woody Averaging 48

Signal Processing (Time Domain) 11, 34, 56 Fast Fourier Transform 38 Quadrature Detection 35 Removing DC
Offset 37 Setting up the ADC 34 Signal Averaging 36 Window Function 37 Zero Filling 36
Software 32 Diagnostic 33
NMR Analysis 32
ProcessNMR 32
Shimming 33

Software Components, Major 14 Standard Procedures 53 Start Command 70, 78 Starting the Analyzer 53 Stop
Command 70, 79 System Components,Major 7 System Description 7
Analysis of the Sample 10 Block Diagram 7 Functional Description 7 Functional Operation 9 Major System
Components 7 Purge Control 11 Temperature Control 10

System Operation 27 System Overview 1

T

Temperature Controls Electronics Cabinet 24 Magnet Cabinet 24
w

Window Command 96
Windows and Dialog Boxes 61 NNMRnalysis Main Window 76 ProcessNMR Main Window 61

Z
Zero Fill 89 Zoom 87
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