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CHAPTER 6
TANK AND BATCH WEIGHING

6.0 OVERVIEW OF ELECTRONIC WEIGH
SYSTEMS

6.1 INTRODUCTION

In this chapter on Tank and Batch Weigh-
ing, we have used examples, and refer to, the
Electronic Sensing Device, the Load Cell or
Transducer., The principles remain, even
though sensing devices other than the Load Cell
are substituted,

In its simplest form, a weigh system
consists of a vessel whose contents are to be
monitored, load-sensitive transducers that
generate a signal proportional to the vessel
weight, and an electronic device to power, am-
plify, interpret and display the signal. How-
ever, the accuracy of such a system, while a
function of the transducers and instrumentation,
is dependent upon the vessel, design, support
structure, piping attachments, lateral restraint
system, vessel environment (temperature,
traffic, nearby equipment), and proper selec-
tion of transducer accessories., In short,
weigh system accuracy is tied to the degree of
attention given to the mechanical details,

6.2 HIGH ACCURACY WEIGH SYSTEMS

High accuracy weigh systems exhibit
system errors under 0,05% for buy-and-sell
to 0.25%. To achieve this, the mechanical re-
quirements are as follows:

L The weigh vessel must be fully
supported by transducers, With load cells,
the number may vary from one (in tension)

to eight (in compression). Generally, as

the number of load cells decreases, the vessel
wall thickness and support structure stiffness
must increase to carry the higher vessel sup-
port reactions,

2, Precision load transducers with full
temperature compensation must be used,

A Mechanical restrictions from attached
piping and lateral restraints should be avoided,
Highly flexible piping attachments are recom-
mended.,

4, Hot gas or steam-heating schemes
which produce variable buoyancy should be

avoided. Use hot oil or water instead.

5, Pressurized or vacuum vessels also

produce variable buoyancy, This effect can be
electrically compensated by wiring a pressure
transducer into the load cell circuit.

6.3 LOW ACCURACY WEIGH SYSTEMS

Low accuracy weigh systems are those
with a system error greater than 0,5%. Mech-
anical considerations are relaxed considerably,

1s The weigh vessel need only be supported
partially by load transducers, usually one or
two on any side of the vessel, This requires
that the contents be self-levelling and the ves-
sel itself be without partitions., The load func-
tion carried by the transducers should not
change. When these two requirements are not
met, the vessel should be supported fully, re-
gardless of the accuracy required.

2, Modest mechanical restrictions may be
tolerated, but nonlinear mechanical hangups,
or frictional interfaces, must be avoided,

3 General purpose transducers are satis-
factory for these systems.,

See Figure 6,1 for Vessels at Constant
Ambient Temperature Indoors and Figure 6.2
for Heated Vessels at Ambient Temperature
Outdoors, on the following page.

A horizontal tank supported by four
load cells yields a high accuracy weigh system
independent of material location., A lower ac -
curacy system suitable for unpartitioned ves-
sels with self-levelling materials requires
only two cells, See Figure 6.3 for illustrated
Horizontal Tanks in Compression on the follow-

ing page.

Lengths of Tension Flexure Rods are
sized to accommodate radial thermal expansion,
See Figure 6.4, Vertical Tanks in Tension on
the following pages.

6,4 ACCURACY VS, REPEATABILITY

System accuracy should not be confused
with repeatability. As long as the mechanical
error in a given system is linear with deflection
and independent of the environment (e. g., tem-
perature, traffic, surrounding vessels), the
inherent system repeatability will be greater
than its accuracy. For example, instrumen-
tation may have an overall accuracy spec-
ification of 0, 01% of reading +1 count, of which
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repeatability is but a small fraction. Load
cells, meanwhile, typically display a repeat=
ability of 0.1 to 0,2%, Thus, most systems
will be repeatable within 0, 03% of full scale,
independent of how the system is calibrated.,

For most batching operations, repeat-
ability is essential, whereas accuracy (actual
pounds used) is of secondary importance once
the operating parameters have been established,
Field calibration, when required, is generally
done by electronic substitution,

For buy-and-sell installations, where
distribution is by weight, calibration and re-
peatability are essential, Field calibration is
performed employing a dead weight method.

6.5 DEFINITIONS

ACCURACY - Ability of the system to
perform weighing functions within an acceptable
or desirable tolerance., This is stated as a per-
centage of either full scale or reading, or *n
count(s) in reference to the total number of
scale divisions,

REPEATABILITY - The ability of the
system to read the same value when the
measured weight is applied repeatedly, in the
same manner with the same quantity, under
constant conditions.

TENSION
LOAD CELL

LOW ACCURACY
PARTIALLY SUPPORTED
T

Tanks in Tension

See Figure 6,5 for Readout Accuracy.
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Figure 6,5, Readout Accuracy

6.6 VESSEL MOUNTING/TENSION OR
COMPRESSION

Either method routinely yields high
accuracy weigh systems and, except for the
few observations which follow, there is
little to recommend one over the other., Ten-
sion systems have the edge in mechanical
simplicity. In most cases, plant layout is
the determining factor.



6.7 MAXIMUM WEIGH SYSTEM ACCURACY
AND STABILITY

Maximum weigh system accuracy and
stability will be obtained when the vessel is
mounted in compression on a rigid concrete
foundation. This arrangement avoids the usual
sources of deflection, variations in load cell
alignment, and vibration that acts to compro-
mise calibration accuracy and operational
stability. Therefore, when extreme accuracy
is required (€0.05%), this approach should be
considered first.,

6.8 VESSELS WEIGHING UP TO 3, 000
POUNDS

Vessels weighing up to 3, 000 pounds
are candidates for the simplest system; a
single load cell in tension. Lateral restraints
may be added if required to keep vessel from
tilting, swaying and rotating.

6.9 WEAK FLOOR OR NO FLOOR

When upgrading an older plant, the
weigh vessel may require a special installation.
A convenient floor may exist, but be too weak
to carry the added weight, or there may be no
convenient structure. See Figure 6.6, Special
Installations; Older Plants,

6,10 ACCESS FOR INSEP ECTION

When processes must be monitored via
vessel viewports, arrangements must be such
that the observer does not load the vessel.
See Figure 6.7, Access for Inspection.
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Figure 6.7. Access for Inspection
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Figure 6.6, Special Installation; Older Plants

On the following page is Table 6.1,
Other Considerations/Vessel Mounting/Tension
or Compression, which is a breakdown of the
D¢sign Factors, Compression Mountings, and
Tension Mountings.



TABLE 6,1

OTHER CONSIDERATIONS/VESSEL MOUNTING/TENSION OR COMPRESSION

DESIGN FACTOR

COMPRESSION MOUNTING

TENSION MOUNTING

Weight Limit

Unlimited, as long as the number
of vessel supports does not exceed
eight; load distribution among the
supports becomes difficult there-
after.

Usually designed to 10, 000-
20, 000 gross weight since

the structural reinforcement
required for higher values be-
comes expensive, However,
installations to 50, 000 pounds
per support (200, 000 pounds
gross) have been installed.

Load Cell Alignment

Cell alignment may vary during
service due to overload floor de=
flection, local support beam twist,
or vessel deformation, This may
cause small calibration errors.

Cell alignment is unlikely to
vary significantly in service
since the tension flexure rods,
and spherical washers, tend
to accommodate local support
deflections,

Vessels not at Constant
Ambient Temperature

Low friction expansion assemblies
are required to accommodate dif-
ferential thermal expansion or
contraction between the vessel and
its support structure. Thermal
insulation pads minimize heat
conduction to load cells,

Differential motion between
the vessel and its support
structure is accommodated by
adjusting the length of the
tension flexure rods, Addi-
tional accessories are not re-
quired; the small sideload
error introduced by friction
in the expansion assemblies
is avoided.

Lateral Restraints

Almost always necessary except
when the vessel is at ambient
temperature and in an isolated
area, totally undisturbed,

May not be required for vented
systems weighing nonhazard-
ous dry products, free from
structural vibration, since

a hanging mass is inherently
stable,

Sensitivity to
Structural Support Vibration

A function of the stiffness of the
structure and vessel support
structures,

Tends to be more sensitive,
This is due to reduced struc-
tural stiffness, damping cap-
ability caused by the tension
linkage, and the likelihood of
the vessel's having a small
mass more readily set in
motion,




6.11 FLOOR VIBRATION OR DEFLECTION
Avoid mounting a vessel to support
structure subject or vibration from traffic or
rotating equipment, See Figure 6.8.

6,12 LATERAL RESTRAINT INSTALLATION
If a weigh vessel requires some form
of lateral restraints, consider which mounting
configuration best accommodates the install-
ation, See Figure 6,9,

6,13 OUTDOO R LOCATION

Vessels situated outdoors are mounted,
usually, in compression on a concrete slab to
minimize construction costs and maximize
vessel stability, When material is to be trans=-
ferred directly from the vessels to trucks or
railroad cars, the vessels are sometimes

™ FLoor aBOVE T
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Figure 6,8, Floor Vibration or Deflection
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Lateral Restraints are essential for
vessels subjected to one or more of the follow-
ing:

1. Low friction expansion assemblies are
used; restraints required to maintain intial
vessel alignment,

2y Very active contents; sloshing or
violent chemical reaction,

3 Active environment; wind, structural
vibration, vehicle threat, or high seismic
activity zone (Zone 2 or 3).

4, Large agitator or vibrator,

54 Plane of support well away from the
maximum center-of-gravity (CG) elevation.

6, Top heavy or heavy off-centered
auxiliary equipment,

See Figure 6,16 thru 6,22 for illustrated
examples of Lateral Restraints for various
assemblies of vessels,

NOTE

When the significance of disturbing forces is
uncertain, it is good practice to design the
restraint system, provide attachment points
on the vessel, and then see how the vessel
functions in operation. If restraints are re-
quired, the space should be available and the
restraints can be added,

Lateral Restraints are essential for
vessels subjected to one or more of the factors
listed above,

6-12

_——
OUTDOOR SILO ON EXPANSION
ASSEMBLIES, NO SUPERSTRUCTURE I
N R ;
WIND -
-____——/ -
CONCGRETE SUPPORT
PAD

STAY RODS, PLUS VERTICAL RESTRAINT
RODS INSTEAD OF CHECK RODS

e

2
LARGE VESSEL =~ -
WITH AGITATOR L

.
|

-

STAY RODS

Figure 6,16, Lateral Restraints



™

VESSEL ON EXPANSION ASSEMBLIES

==

"
STAY RODS

CHECK RODS NOT REQUIRED,CUTOUT
WITH BUMPERS IS ADEQUATE

Figure 6,17, Vessels on Expansion Assemblies

Lateral restraints are essential for vessels
subjected to one or more of the factors listed
on page 6~12,

¢

HEAVY AGITATOR

A
SLACK CHAIN _Jé

CHECK RODS

EXPANSION ASSEMBLIES

AND STAY RODS
FIXED MOUNTING
PLATES
Figure 6,18. Vessels with Offset CG Figure 6,19, Vessels with Offset CG;

Expansion Assemblies
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Lateral Restraints are essential for
vessels subjected to one or more of the factors

listed on page 6-12,

AGITATOR

-

CHECK
RODS

Figure 6, 21,

Lateral Restraints, Tension
Mounting
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Figure 6.22, Lateral Restraints; Horizontal
Tank Mounting

6-15



91-9




