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P.0. BOX 1435 HUNTSVILLE, ALABAMA 35807

INTRODUCTION

The purpose of this manual is to provide the
reader with detail on which to evaluate weigh-
ing systems applications. The contents are
in a form which will be helpful to anyone
who has a weighing application.

Principally, the aim is to aliow proper appfi-
cation of strain gage load cells to the weighing
and force measurement problems. The suc-
cess of the installation is credited to proper
consideration of the application prior to
design.

Toroid’s intent is to provide, in a brief form,
the concepts of the art of electronic weighing.

TERMINOLOGY AND DEFINITION

Toroid has published a list of terminology
and definitions which will be helpful in the
understanding of weighing systems. This is
included or is available as Form LC-002-006A.
This should be read and considered prior to
the understanding of the remainder of this
manual. ¥

GENERAL INFORMATION

Strain gage load cells have progressed to the
point that they can now be applied to most
weighing applications and are either equal to
or superior to other weight measuring devices;
i.e., mechanical scales, hydraulic units,
LVDT's, etc.

Some of the more outstanding features of
these electronic weighing systems are:

a. Minimum maintenance-no moving parts
and no hydraulic lines.

b. Low deflection (typically 0.002 to 0.008
inches) permits process piping to be at-
tached to the weighing system.

c. Weight sensing by hermetically sealed
load cells which have rugged steel ele-
ments and housings.

d. Excellent repeatability--+ 0.02% of full
scale, or better, under constant environ-
mental conditions.

e. Accuracy can meet weights and mea-
sures requirements. In many cases,
better than .05% accuracies of full scale
measurement are possible.

f. Size--can "fit"" the application due to the
unique shape and small dimensions of
the load cell.

Y

It is necessary to follow certain design consid-
erations to obtain maximum performance
from electronic weighing systems. The data
presented herein is applicable to most weigh-
ing applications.

The item to be weighed in an electronic
weighing system is supported by one or more
load cells. Hermeticaliy sealed within the
load cells are sets of matched strain gages
bonded to a high-strength, tool-steel, sensing
element. The resistance of the strain gages
varies in direct proportion to the applied
load or force. The resulting variation in out-
put voltage, therefore, is a direct indication
of the weight, and is displayed on the readout
instrument or control device.

Since the load cells measure all vertical forces
acting upon the weighing system, it is im-
portant that restraining devices or connec-
tions (forces other than the vessel, container,
contents, etc.) be kept small, elastic and
repeatable, so that the effect of these restrain-
ing forces can be removed by field calibration.

The instrument which is used to readout the_”

load cell(s) can be located at the weight
sensors or remotely. |f mounting the unit
remotely, it is suggested that a junction box
be utilized to connect the calibrated load cell
cable to the extension cable. The cable is
then sized to the distance to be run. It is
suggested that distances be kept to within
1200° of the weight sensing element. If
multiple cells are used, it is normal practice
to use a summing junction box at the load
cells to maintain the proper signal levels.

The actual excitation voltage applied to a load
cell can vary considerably due to variations
in the interconnection cable resistance as well
as variations in the power supply--both am-
bient temperature changes and drift with
time. Since the output of the load cell is
directly proportional to the applied voltage,
the effect of excitation voltage variations
must be nullified. To accomplish this, most
highly precision instruments use “sense leads’
to connect the load cell excitation input ter-
minals to the instrument. The monitored vol-
tage is used to feed into the instrument as a
reference voltage. 3

With the above general thoughts in mind, we
will now go into some specific information
which will be helpful in the application of
strain gage load cells.

p—
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LOAD CELL ARRANGEMENT

The structure of the item to be weighed (tank, silo,
hopper, platform, etc.) is the governing factor in the
arrangement of the load cells. The supporting struc-
ture must be evaluated since it will carry the total
weight of the item and its contents.

There are many methods in which load- cells can be
arranged for the performance of the weighing system
to be correct. Toroid is not suggesting any specific
arrangement due to the fact that each application
should be evaluated individually. However, the at-
tached general sketches(WSA 1-11)}illustrate some com-
mon arrangements for load cell application. These
should be used as general guide lines only.

In compression applications, single and double load
cell arrangements are used for general weighing where
accuracies of + 0.5% or greater are tolerable. Three or
more load cells per system must be used in those cases
where higher accuracies {.26% of full scale or better)

are required, or where structural stability is necessary.

One (1) load cell can be installed in the steelyard of
a mechanical scale.  This is done by determining the
total force which will be applied at the point you will
apply the cell under fully loaded conditions. The scale
manufacturer’s drawings will provide this information or
the multiple of the lever system can be determined by
measuring pivot distances. The load cell chosen will be
a tension unit {in most cases) with appropriate mount-
ing hardware.

General rules for load cell arrangements are as follows:

a. The supporting structure and/or foundation must
be rigid. |f more than one tank is to be supported
on the same structure, the structure must be
designed with sufficient rigidity to prevent errors

caused by deflection under varying load conditions.

b. The tank structure in the area of the load cell
mounting must be rigid.

c. On multiple load cell arrangements the load cells
must be positioned and should be installed so that
after the weighing system is fully loaded, each cell

will carry not more than 100% of its rated capacity.

d. The members used to maintain the lateral stability
of the weigh system must be flexible in the verti-
cal plane and rigid in the horizontal plane. Round
members are called rod flexures.

e. For best weighing results, it is suggested that all
plumbing, conduit and other connections to the
weighing system be made with flexible couplings.

If flexible couplings are not possible, they all must
be evaluated for adequate spring rate. Toroid will
calculate this, if necessary. A thumb rule used in
this calculation is: The combined spring rate of all
connections must be limited to the capacity of the
load cell times the number of cells in the weighing
system.

f. Each load cell must be protected from direct solar
radiation as well as from other energy sources for
maximum system accuracy.

Of course, there are special applications of load cells
that will be encountered. Toroid’s capable engineering
staff is ready to meet that specific need.

Some factors to consider when selecting the load cell(s)
will be described in the following paragraphs. These are
by no means all inclusive but will provide the reader
indication of basic selection criteria.

A. TYPE OF CELL. Load cells are available in com-
pression, tension or both. Compression cells are chosen
when the load cell will be mounted below the item

to be weighed and above the support structure. Tension
cells will be used when the load cell is mounted above
the item to be weighed and below the support structure.

B. CAPACITY. The capacity of the load cell(s) to be

utilized in a weighing system is determined by the
following formula:

C=Wt + Wn
N

Where: C=Minimum load cell capacity
Wi= Dead Weight

Wp= Net Weight

N= Number of load cells

The dead weight is the weight of the item(s) to be placed
onto the load cells prior to applying the product to be
weighed. This could be an empty tank for example.
This value should also include any additional equipment
attached to the item such as agitators, motors, catwalks.
These all contribute to the dead weight.

Load cells should be selected with a capacity equal to or
greater than the calculated value. In some cases, where
the installation is free of shock loads or vibrations, load
cells can be used up to 110% of their rated capacity.
Refer to Toroid load cell specification sheets where
there are many weight ranges. However, load cells of
special capacity can be manufactured upon request-a
feature of Toroid’s capability.



C. ACCURACY. The Toroid load cell can be manufac-
tured for most all accuracy requirements up to..05%
or better. The load cell should be selected along:with
the readout instrument to get the total weighing system
accuracy. This is generally calculated as the square
root of the sum of the squares of all the component
accuracies. For example, if you have selected:a: 07%
load cell and a .015% instrument, your weigh system
accuracy would be:

Combined Accuracy =\(Ce|l)2 + (lnstrument)2

Combined Accuracy =§(’.07)2 + (.01’5‘)2
Combined Accuracy = .072%

When looking at accuracies, you must review the effect
which temperature change has on the accuracy of the
equipment. The load cell specification “sheets indi-
cate the effect that temperature change has on the load
cell accuracy and other related data.

As you look at the total output of the.load cell, you see
a curve which starts from actual zero and ends at
actual full. If you use the entire curve, you have a
specific non-linearity attributed to the load cell. How
ever, by using only a portion of the ‘output, you can
reduce -the non-linearity and increase the accuracy.
This 'is done by proper selection of’ _,t_he load cell and
instrumentation. Toroid can be of assistance to you
in specific building applications.

D. ENVIRONMENT. Within the environmental con-
sideration of the load cells, there-are. many areas to
consider.  Satisfactory performance of a weighing
system is-dependent upon the ability of the system to
function properly while operating under the influence
of a wide variety of environmental conditions. The
effects of temperature, shock and vibration, wind,
rain, snow, ice, corrosive fumes, etc., must be consi-
dered when planning a weigh system installation.

Standard load cells are compensated for operation over
a temperature range of 30 to 130 degrees F. However,
they can be operated over a range of -20 degrees to
275 degrees F without serious problems. High tempera-
ture load cells can be operated up to +425°F. Special
precautions must be taken, however where load cells
will be subjected totemperatures exceeding these limita-
tions. The best method for:protecting the cells against
temperature extremes can::be determined by analyzing
the means by which the undescred heat or cold is trans-
ferred to the cell (conduction, radiation, etc.)

- be

porting structure to expand-or contract. If the weigh-
ing system is not desi d " io allow for this thermal
expansion and contraction; the load cells will be sub-
jected to excessive si horizontal load compo-
nent) and weighi jill result. Proper design
of the item to be ' fexure stay rods, support
and load cell placement. wilk. reduce the errors caused
by temperature change.

As mentioned previ ; It 1s necessary to use some
1o _assure even loading on
‘been illustrated in various

he éttached sketches. Some

the load cell(s):
suggested meth

cures should be in light tension by tor-
ng equally in pairs.

fexures can be used in one or more planes
lize the weighing system.

[=)]

ength of rod flexures should all be equal
‘provide the best weighing performance.

d flexures must be installed so that they are
vel when the weigh system is empty.

od flexure support stands. must be designed to
e out forces equal to 30% of the capacity
i the load cell.

e rod flexure should. be .installed as low as
possible on the weighing system and must be
below the center of

Load cell and flexure rods must be perpendicu-
ar for maximum accuracy:”

flexures which may
ve thumbrules will assist

nique but, overall, the 'a_
you:
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Wind acting on a weigh tank, fully supported by load
cells and adequately restrained by flexure rods, will
have little effect on the accuracy of the system. If a
tank or container is mounted high above the ground,
large vertical wind components can cause changes in
the indicator readings. These changes are easily recog-
nizable and where the frequency of occurrence is low,
can be averaged or ignored. Instrumentation reading
difficulties caused by prevailing winds can be minimized
through the use of a wind screen.

Most load cells are hermetically sealed and will with-
stand all outdoor conditions. The load cells, however,
are vulnerable to moisture entering through the unpro-
tected end of the load cell cable. The junction box,
used to terminate the load cell cable in outdoor install-
ation, must be Nema 4 or equivalent in order to protect
the cable junction. The load cell cable should also be
protected by conduit pipe, where possible.

Since the load cell has no moving parts, it is ideally
suited to withstand vibration. However, the capacity
of the load cells, used on installations where vibration
is present, must be large enough so that the sum of the
vibratory force and the maximum static load will not
exceed the safe operating limits of the load cells. Read-
out instruments used on these installations should be
properly filtered.

Load cells operating under shock load conditions must
also have sufficient capacity to withstand total shock
load force as well as the maximum static load. Toroid
must review all installations where severe shock loads
are anticipated.

The paint on a standard Toroid load cell will resist the
corrosive action of mild acids or alkalies. Special pro-
tective coatings are required where load cells will be
exposed to the corrosive action of harsh chemical agents
or compounds. Load celis constructed of corrosion

WEIGHING SYSTEMS

resistant steel (stainless for example), are also available
in most types. Consult Toroid for specific recommen-
dations concerning installations where load cells are to
be used in highly corrosive environments.

In the explosion proof applications, it is necessary to
understand that the strain gage load cell is a hermeti-
cally sealed, low voltage device that is usually classified
as intrinsically safe. However, that decision of accept-
ance has to come from the insurance underwriter on
the specific project. It is impossible to modify the cell ©
to make conditions even better than they are, if neces-
sary to satisfy a regulatory agency.

E. INSTRUMENTATION. After the load cells have
been selected and applied to the weighing system, the
instrument to measure the output of the sensor is
chosen. This device can take many forms. The instru-
ment can be: (1) Strip chart recorder; (2) Analog
meter; (3) Servo indicator; (4) Electro-mechanical
counter; (5) Digital indicator.

Application of the indicator is truly a state of the art.
Once the type of readout is decided upon, it is best
to send the required information onto Toroid for appli-
cation and technical calculations.

A weigh system questionnaire developed for the end
user by Toroid will assist in this application. The
Toroid Weigh System Questionnaire is included herein
as reference material or available upon request.

CONCLUSION

This Weighing System Application Manual is intended
to be used by those engineering and application person-
nel involving themselves in load cell applications.
Toroid is one of the leaders in load cell systems and
hence, this is a document which summarizes some of
the philosophy which has placed them in that role of
leadership.

This manual is certainly not all inclusive. We trust it has
given you additional insight into the load cell weighing
area. |If additional information is required, Toroid
stands ready to serve you.
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