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Applications of LabVIEW Programming in a Glovebox Environment 

ABSTRACT . 

When dealing with neutron radiation one of the keys to reducing worker exposure is to 
have as much distance and shielding between the radiation and the radiation worker as 
possible. Using a PC to control a process from a remote location allows the distance 
between the radiation worker and the radiation source to be increase. Increasing the 
distance at which radiation worker can control a process allows more shielding to be placed 
around the glovebox 

There are many commercial packages that allow controlling remote processes with a PC. 
This paper shows how flexible the LabVEW Graphical Programming Language can be in 
implementing the remote control of glovebox process 

INTRODUCTION 
-.. 

In dealing with radiation, especially neutron radiation, a key component of compliance with 
the doctrine of “As Low As Reasonably Achievable” (W), is putting as much distance 
as possible between the radiation worker and the source of radiation. The Nuclear Materiel 
Technology Group Two (NMT-2) at Los Alamos National Labs has had success at 
implementing remote control of glovebox processes using LabviEw Graphical 
Programming for Instrumentation (LabVIEW) from National Instruments (NI). This paper 
provides a brief description of some applications in which LabVlEW has been successfully 
used. 

The choice of LabvIEW as the control platform has evolved as the program has proven its 
utility. Initially LabVIEW was chosen because of the simplicity with which it could be 
implemented, however, it has proven to be a powerful development tool. LabVEW takes 
a different approach to desktop process control, because, it is a compiled, general purpose 
language designed to be interfaced with laboratory instruments. This makes LabVIEW 
closer in concept, and what it can accomplish, to a compiled text based language like C, or 
Basic (modem compiled Basic that is). NI pioneered the use of a Graphical User Interface 
(CUI) for instrumentation with the introduction of LabVIEW in 1984 and it has influenced 
many of the process control packages developed since then. The use of LabVEW has 
allowed fast, innovative use of equipment in the glovebox environment. 

APPLICATIONS 
NEUTRON SOURCE DECLADDER 
The mission of NMT-2 is reducing the nations nuclear danger. Part of this mission has 
been the decladding of neutron sources to recover the nuclear materials. These sources 
have a bimetal core of beryllium and a radioactive materiel, primarily Pu 239, Am 241 and 
sometimes Pu 238 (See Fig 1). These sources were made for research and industrial uses 
(some industrial uses are for determining the amount of oil in wells or the amount of 
moisture in the soil). When the sources are no longer needed, or they exceed their 20 year 
life, the sources must be disposed of by recovering the nuclear materiel. 
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The decIadding process involves two steps. The first is to remove the steel and tantalum 
cases from the core. The second is to separate the radioactive materiel from the beryllium 
using an aqueous dissolution system. 

In the past these sources were manually decladd in a glovebox by d a t i o n  workers. The 
sources were brought into the glovebox, chucked into a vice and then cut with a portable 
band saw. The average distance of the workers exmmities during this process was six 
inches and the protection consisted of lead lined gloves. During dissolution a worker 
would manually add an amount of acid then wait to see if this neutralized the neutron 
radiation. Processing neutron sources in this manner resulted in unacceptably high 
exposure to radiation workers. It was also heavily dependent upon worker expertise in 
completing the operation. A decision was made to develop a remote system to decIadd 
these sources so that worker exposure would be reduced and operator skill would be less 
Critical. 

The original idea to accomplish this was to remotely control the decladding process using 
pneumatics and manual external syvitches. Originally LabvZEw was to be used to control 
the pump that added acid into the dissolution tank. As the project developed two items 
were discovered; 

1) Pneumatics would not work 



2) LabVIEW was much more flexible than originally thought. 

La bVIEW Modularity 
One of the keys to the ease of development with LabVJEW is modularity. Modularity 
means that a problem can be broken down into smaller tasks until the easiest tasks of all can 
be tackled, such as turning a motor OIL Defining a programming problem in this way is a 
good practice no matter what language is being used, the difference is that each step of a 
LabVIEW VI, or sub-VI, can be independently tested, ran, and debugged. A sub-VI is 
similar to a “functiony7 in C, or a “routine” in Basic except that every sub-VI is a program in 
and of itself that can be run independently. In this it is similar to FORTH “words,” which 
can also be ran independently. FORTH words are then combined into other “words” to 
create a program. This is the same as a LabVIEW VI. Smaller VI’S are wired as nodes 
into higher VI’S until the top level VI is programmed. 

As stated earlier it was originally thought that LabVIEW would only control turning a pump 
on and off so that acid could be added remotely until the dissolution process was 
accomplished. Currently the Neutron Source Decladder project, (I?UBE), accomplishes 
three primary tasks using LabVlEW as the control program. 

1. Monitoring sensors and collecting data during the process for later study. 
2. The physical removal of the steel and tantalum cases from around the radioactive 

core. 
3. Separation of the radioactive materiel from the beryllium using an aqueous 

dissolution system. 

Each one of these tasks is conceptually viewed as a single process and is programmed and 
debugged as such. Once the individual systems work as desired they are combined into the 
main VI. This modulaxity allows our team to continually develop ideas and improve 
equipment performance to gain greater productivity without impeding source processing. 
Figure two shows the front panel of the PUBE control system. This screen, which is 
considered the main screen; shows the input from the neutron detectors which allows the 
operator to monitor the dissolution process and determine when it is finished because the 
neutron detectors detect only background radiation. The buttons, for the pump and 
decladder, branch the program to the decladding and the pumping screens (See Figs 2, 3 
and 4). 
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Decladder Screen 

1. Sensor and Data Collection 
Currently the decladder uses five sensors. Four neutron detectors and one hydrogen 
sensor. The neutron detectors send out a TIL signal and are interfaced with the PC using a 
National Instruments (NI) Data Acquisition Board. The hydrogen sensor sends out a 4-20 
mAmp signal and is monitored using an Action Instruments VO Pak Plus (I/O PA). The 
VO Pak is one of four serial devices used. These serial devices have been networked using 
GPIB signals using a NI Nu-Bus GPIB"I' card and converting the GPlB signals to serial 
using NI GPIB to serial converters. The GPIB interface was chosen because it is 
inexpensive, and easy to connect devices (see Fig 3) 

Fime 3 
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GPIB 232CV-A, GPIB 422-CV on the righi behind, and the NB-GPIBTN" board for the 
Macintosh. By attaching the GPIB board to GPIB to serial converters it was possible to 
run several serial devices without the drawbacks that usually accompany networking serial 
devices. 

The neutron sensors are used to monitor the dissolution process and collect data on 
exposure levels. As has been stated earlier the neutron detectors are used to indicate when 
the dissolution process is complete. The hydrogen sensor is used as an alarm to detect high 
levels of hydrogen. Hydrogen is created as a by product of the dissolution process. If 
hydrogen levels reach a certain point the acid pump is shut off. 

LabVIEW provides no redefmed database structures, however, it does provide extremely 
powerful tools for handling files and data. This allows the programmer to determine 
exactly how data is collected and stored. Creating these data files takes some time during 
the development phase but the ability to work with files that display data exactly the way 
that is needed makes up for the extra time spent. 

An example how easily files can be worked with is the main decladder data file. Originally, 
our data files recorded 13 data points, and time stamped them. To accomplish this a high 
level file handler, provided by LabVIEW, was used to open the data file, write the data, 
then close the fde. This was done to ensure that the data was not lost if a power failure, or 
some other emergency, necessitated shutting the computer down before a source was 
completely processed. After analyzing the data it was noted that the recording of data 
started to slow down, that is, after an hour, points were filed every four seconds instead of 
every three, after two hours it was every five seconds instead of four etc. It was 
determined that this problem was caused because the data file became to large to open and 
close in the time provided for logging. This time loss problem was solved by using lower 





Main Data File that shows the data collecting ability of LabVlEW- The first column shows 
how the operators’ actions are recorded. Not a l l  points in this file are shown. 
At first it was felt that time stamping would provide enough information to correlate what 
was happening in the glovebox, however, after looking at the data it was impossible to tell 
what had happened in the glovebox with only a time stamp. An addition was added to the 
datacollection process so that every operator action was recorded (turning motors on and 
off, moving from the decladder screen to the main screen), and an option was added so that 
the operator could add comments (“source introduced into gloveboxy’, ‘9 1 curie sources in 
room7’). This made the collected data much more usable ( S e e  Table 1). 

2. Mechanical Decladder 
The mechanical decladding process is accomplished by integrating three motion control 
protocols running four motors. Two Superior ElectrOnics Slo-Syn Motion Controllers 
@lo-Syn) are used, a Fenner M-Drive, and a Fenner S-Drive digital motor speed drivers. 
The Action Instruments VO Pak NO PAK) controls 5 Warner Electric E1ecm.k 1 Linear 
Actuators (RAM) used for positioning, and sends a five volt signal to a reIay switch. 
These controllers and motors were seemingly aquired at random during development of 
the remote decladder. For example early in the development process it was determined that 
a slide tray was needed to move the sources from the end of the glovebox where the source 
is introduced, to the end where the cutting is accomplished and the source passed to the 
dissolution glovebox A slide tray was found that used a servo motor. They slide tray was 
purchased but a different motor was purchased to provide more power for moving the 
assembly and pulling the sources apart, however, since a servo was on the original slide 
tray a servo motor has always been used on the slide tray. Because this is the only servo 
motor used we needed to use the Fenner S-Drive to control it. 

Conceptually, the decladder is considered to have four individual systems, the CutterNise 
System, the Chucking System, the Positioning System, the Slide Tray System. These 
systems were developed and-tested individually and then tied into the main system (See Fig 
4). 

Figure 4 
rhis is the, cold, test version of the mechanical decladder. Starting from left to right, the 
:huck motor system, the CutterNice system, the loader which is connected to a slide my 



which is the Slide Tray System. There are five RAMS, the best view of one on the front of 
the loader with the wires sticking out. 

CuttedVise System 
The cutting and removing of the steel and tantalum cases is referred to as “cutting”, 
obviously, and “vise gripping”, from an earlier process design which was discarded but the 
name stuck ( S e e  Fig 5). These two processes are controlled by separate Slo-Syn’s. 
Positioning is provided by two RAMS. An example of how powerful LabVIEW’s 
modularity feature is occurred during the integration of cutterme system into the main 
decladding system. At one point while neutron sources were being processed, the Slo- 
Syn’s were generating a random error that would cause the computer to stop I.eading GPIB 
feedback, however, GPIB commands could be sent to the devices. This caused the 
decladding system to stop working because the computer saw every attempt to read data 
from a GPIB device as an error. Our decladding system was designed with manual 
redundancy which allowed the decladding process to continue by using manual switches, 
alI  except the Slo-Syn’s. LabviEw allowed the sub-VI that controlled the Slo-Syn to be 
called up and ran interactively (See Fig 6). This allowed the data to continue to be taken 
and for the dissolution process to be completed without having to restart the system. Out 
team ran this way for a month while the Slo-Syn error w 

The “Vi 
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se” gripper on the right and the “Cutter” on 1 he right. 



I Figure 6 
This is the VI that sends commands to the Slo-Syn. It is a good example of the modularity 
of LabWEW. This screen was never meant to be seen by the operator of the Decladder VI, 
however, by manually setting the speed and distance variables then pressing the go button 
in an interactive manner this VI allowed processing of neutron sources to continue even 
though the GPIB system had stopped reading. data. 

Chucking System 
The chucking system contains an A. K. Aronson motor with a three axis chuck, a Fenner 
M-Drive is used as the DC motor controller, and a relay switch which changes the polarity 
of the current to the motor, which changes the direction of the motor (See Fig 7). The 
Fenner was one of the first devices purchased for the PUBE project and while it is an 
acceptable variable speed stepper motor controller it did not have all of the options that were 
wanted in the final design. The motor turns the chuck, and a RAM has been modified to 
position a stop, that stops the chuck arm. To unchuck the sources the motor needed to 
change directions, unfortunately the M-Drive could not do this. To accomplish a change in 
direction a relay switch was attached to the motors power cable and was hooked to the VO 
PAK. When a 5 volt current is supplied the relay switch is thrown which changes the 
polarity of the current to the motor thus changing the motors direction of rotation. With 
these additions it was possible to automate the I/O Pak and the Fenner M-Drive which 
allows this system to perform a 270" cut on the inner tantalum casing of the neutron 
sources. Doing this lessens the chance of losing radioactive materiel due to spillage when 
pulling the source apart. 
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The chucking system contains an A. K. Arckon motor with a three axis chuck, a Fenner 
M-Drive is used as the DC motor controller, and a relay switch which changes the polarity I of the current to the motor, which changes the direction of the motor 

Positioning System 
Five RAMS are used although only three are actually used for positioning (See Fig 8). As 
often happens the limits on space in the glovebox meant that we had to use equipment that 
was less than ideal. In this instance the linear actuators were purchased without the 
positioning option. The extra length of the feedback option meant that the actuator would 
not fit in the space that we had. After processing a few sources through the decladder it 
was clear that the system needed more positioning options for the actuators than open or 
closed. A member of the PUBE team pointed out that in the manual mode the actuator 
could be positioned by clicking and releasing the OdOff switch. The 'VO Pak had an 
option that allowed the sending of timed pulses. In about an hour we had a new driver VI 
that would allow the VO PAIS to send out timed pulses (See VO Pak Plus below). By 
prograrnatically controlling the length of the timed pulses the linear actuators can now be 
positioned from the computer. 





ALARMS 
The NMT-2 decladder team has developed a reputation now for being able to get LabVIEW 
applications up and running quickly. This has resulted in the team being asked to work on 
other projects. One such project was to determine if HCI was escaping a glovebox into the 
exhaust ducting. To do this four sensors needed to be monitored and the data trended. 

A supposed draw back to LabVJEW is that it does not do alarming or alarm trending. This 
is a non-argument because LabVIEW does what it is programmed to do. In this application 
four sensors were monitored, a flow meter, a hydrochloric acid sensor, a pressure meter, 
and a humidity sensor. The alarm conditions were to be a ten percent increase or decrease 
over the last minutes' average, or a ten percent increase or decrease over the last hours' 
average. Whenever an alarm was detected the VI was to log the last minutes', or last 
hours' readings depending on which one alarmed. 

This application showed the flexibility and speed of LabVIEW. In this situation the 
sensors were already in place, all that was needed was to collect the data. The sensors had 
been installed with the expectation that another group would hook up the sensors to collect 
the alarm data. Since this was not a simple high-high low-low alarm situation a special 
development package needed to be purchased and an application developed to do this 
alarming with a commercial package. The estimated time to complete that process was the 
reason that the decladder team was approached, to determine if the project could be 
developed in a more timely manner. Using LabVIEW the application for the project was 
developed in a matter of days. The wiring of the sensors to the Action VO, and calibrating 
the sensors took another few days. 



A number of features of LabVIEW allowed this project to be completed in a timely 
manner. The modularity of LabVlEW allowed the use of the file naming VI’s, developed 
for the decladder project. After the operator names the base files, 12 new files are created 
by the VI and the appropriate data is logged. Using the decladder filing VI’s as a base 
dowed this portion of the application to be developed very quickly. The second was the 
cross platform portability of LabVEW. Originally this application was to be run on an 
IBM, however, after developing the program for the IBM, it was discovered that there was 
a Macintosh available in the plant that could be used. Transporting the program from one 
platform to another usually takes only minutes to accomplish, in this case it took a couple 
of hours because the Macintosh filing protocol allows names up to 32 characters long, 
instead of a cryptic eight characten followed by a dot and three characten Use was made 
of this Macintosh feam to allow clearer naming of data files. providing this option took a 
few hours because a few of the VI’s were simplified and a few instruction messages 
needed to be rewritten. Cross platform capabilities have proven helpful many times during 
development of applications. 

Figure 10 
Alarm Screen. This shows the four different readings from the four different sensors used 
in this application. The averages are a moving average of the last 60 readings taken. This 
flows the operator to tell immediately to tell in the readings or going down or up. 
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METERING PUMP 
a b V E W  has allowed the use of equipment in ways that the company did not foresee. An 
:xample of this ability was the position RAMS, and another occuzTed with a ProMinent 
:amma/4 metering pump (See Fig 11). This pump was not designed to be used with a 
omputer, but it did have the option of using a remote switch to turn it on and off, and the 
ate could be controlled with a remote sensor, using 4-20 mAmp signals, such as a float 
ensor, or a flow meter. The VO Pak Plus has ability to send out a 4-20 mAmp signal, and 
3 complete a voltage loop, thus acting as an On/OFF switch. (As a side note, when the 
ompany was contacted about some wiring problems and what was being attempted, the 
ompany stated that the pump could not be used with a computer. By rephrasing the 
pestion acceptably the company they stopped saying it could not be done and helped to 
olve the problem.) By utilizing these options it was possible to control the pumps’ rate 
nd turn it on and off from the computer. This kept a worker from having to manually set 
nd start the pump in the glovebox, thus reducing exposure. 
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Picture of the ProMinent Gamma/4 meten6 pump. The ruler shows that the hc 
5 1/2 inches tall. A hydrochloric acid enviroment necessitates using a pump I parts because metals degrade in the presence of hydrochloric acid. 

zight is 
with p 

on1 
llasti 

The engineer using the pump asked if it was possible to include a time option to 
automatically start and stop the pump. A VI was written which allowed this pump to be 
stopped after a running for a certain period of time. LabVIEW has date and time tools that 
allowed this option to be easily implemented. The decladder team liked these VI's so that 
the VI's were used in an upgrade to the decladder pump W which allows the operator to 
see how much time is left to finish the pumping of the acid (See Fig. 12). 



(b) 
Figure 12 

The top screen shows the first gamma control screen. This screen allows turning the pump 
on and off and to control the speed. A timer was then added. When the timer switch is 
thrown the second screen (b) is shown and the number of minutes needed to run can be 
entered and the pump runs that long. 
i 



CoNcLusroN 
The experience of W - 2  with LabvIEw has been extremely positive. The original 
expectations for LabVlEW were minimal and have been g~eatly exceeded. LabVlEW has 
proven itself to be a very good development system. As LabWEW has become more 
popular as a development package a number of third party developers have started to offer 
tools for intefiacing with the most popular types of labomtory equipment. This means that 
for many applications it is not necessary to the develop communication tools to 
communicate with the instruments. 

In the development of the Neutron Source Decladder our experience has grown, this has 
allowed the improvement of our system as needed. The original VI's written to control the 
decladding process were simple in retrospect, but they worked. Now it is gratQing to 
think that the VI's are more elegant. It must be mgnized that no one on the PUBE team 
is a programmer by training, this has not been a major hindrance in developing remote 
controued process that results in significant reductions in exposure to radiation workers. 
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