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Figure 3,2, 2,
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PLATFORM ELEMENT
(Prestressed Concrete
Double Tee Type)

LOAD TRANSFER BARS

ANy

WEIGHING CROSS
BEAM ASSEMBLY

Figure 3,2,6, Typical Motor Truck Modular Installation

contraction, as well as deflection of the weigh=- 1, Keep area between pit wall and top

bridge, of pier/dust skirt clean of dirt and all other
foreign materials, Do not allow material or

3.2,5 LOAD CELL/LINK ARRANGEMENT or other debris to accumulate in this area,

The link and cell arrangement elim- 2. Remove all dirt/foreign materials

inates the need for bumper bolts and check between lower plate and locating plate; open=-

rods, and compensates for weighbridge expan- ing protected by dust skirts,

sion and deflection. It permits 360° horizontal

movement of the weighbridge to absorb forces 3. Load cell cables,

caused by on-and-off loading while assuring

axial loading of the cells, See Figure 3,2,7 a, Keep load cell cable away from link,

for assembly and components, Movement of link-platform oscillation will

cut cable at point of contact.
3,2,6 PREVENTIVE MAINTENANCE
be Provide cable slack at the load cell
3.2, 7 MAINTENANCE to permit platform oscillation., Do not allow
load cell cable to touch link,
The following steps should be performed
to maintain proper operation: Cs Do not allow load cell cable(s) to lie

3-24
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(a)
SINGLE IDLER,PIVOTED OR FLOATING TYPES

O_0 O O O
PAY

(b)
TWO IDLER, PIVOTED TYPE

O 0O 0O O
JA JAY

(c)
TWO IDLER, FULL FLOATING TYPE

O _ QO Q“‘“QE O

(d)
FOUR IDLER
(2 Idler Approach - 2 Idler Retreat)

Figure 3.2.14. Weighbridge Suspensions

psychological and even political environment in
which an intransit weigher must operate before
selecting the proper method to perform its cal-
ibration,

The accepted methods of calibrating a
conventional belt scale system are: a weighed
test load (material test); precision, roller type
calibration chain; and static test weights,

There are many considerations that are
attendant to selecting the proper calibration
method: overall system accuracy requirements;
repeatability versus finite, accurate weighment;
feasibility of an initial material test; tolerances
imposed by certifying agency; maintenance and
calibration time considerations; and the avail-
ability and practicability in handling and apply-
ing various standards,

Perhaps the biggest deterrent to the more
extensive use of roller calibration chains has

3=-30

been their initial capital cost as well as time

and manpower required to conduct a proper —
chain calibration, Fortunately, some notable
advances have been made in the past ten years

in making calibration chains more convenient

to use.

Significant advances have been made in
belt scale technology in terms of improved
accuracy, long-term stability, and easier and
more convenient methods of calibration and
testing., This has led to the increased appli-
cation of conveyor belt scales,

WEIGH IDLERS
R

PLATFORM

WEIGHBRIDGES

Figure 3,2,15, Idler Suspension Assembly

3.2.17 SCALE MAINTENANCE

Since the beginning of recorded com-
ercial history, it has been the practice to use
weight in business transactions, In the early
years of our history there was only one type
of scale available, This simple scale, known
as the Even Balance, was relatively poorly de-
signed and very inaccurate. Astime went by,
it was discovered that the better designed and
manufactured examples of the Even Balance
were more accurate and provided more reliable
weighments for all concerned, This has car-
ried through in todays modern weighing equip-
ment also. It is always assumed that the
better designed and better manufactured weigh-
ing device should give the best results. How-
ever, this is not always the case,

People concerned with weighing oper-
ations are beginning to realize that even the
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The strain gages are assembled in a full bridge
configuration, This bridge is electrically bal-
anced to within 1 or 2 percent of full scale out-
put of the cell. The "full scale' of a load cell
is referred toa 2mV/V or 3 mV/V or higher
output at the rated load (of the cell). Thus,

a I percent or "zero load output' corresponds
to 20 or 30 microvolts/volt, This finite

signal or "output" is interpreted by the elec-
tronic instrumentation as a weight! Conse-
quently, fictitious weight reading appears on
the display, Adding to this unbalance is the
presence of an offset voltage inherent in cer-
tain types of amplifiers, Balance and fine trim
controls are usually provided to counteract the
appearance of these fictitious weights,

Since both the load cells and electronics
may drift as a function of time and/or temper=
ature, the optimum situation is to provide bal-
ance controls so that the output of the amplifier
system is at zero, If the balance control for
the load cell is after amplification of the load
cell output, then the amplifier views the 300
microvolts as a weight signal. The resulting
drift is now caused by two factors: a drift
zero condition, and a drift under a dynamic
condition (See Figure 3,2,17),

LG AMP AToD DISPLAY]

INPUT BAL. AFT BAL.

Figure 3,2.17. Balance Control
Location

Load cell unbalance may be eliminated by
either shunting one arm of the strain gage
bridge or applying a voltage having opposite
polarity from that received by the input to
the amplifier (See Figure 3. 2.18),

Shunting the strain gage bridge
satisfies the need for having a balance control
prior to signal amplification, but since the
strain gages change resistance as a function of
temperature, the balance will change contin-
uously and require re-setting,

Offsetting voltage to obtain zero bal-
ance should be provided to the amplifier input;
however, the magnitude of this voltage must

EXCITATION
INPUT

L/
—\
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€ F QUTPUT ———————>

Figure 3,2,18, Eliminate Load Cell Unbalance

not be changed by line voltage variations and
temperature effects, Otherwise, the zero
will not remain stable,

It is generally bad practice to attain a
zero output by using a digital auto tare (See
Figure 3,2.19).

L.C. —1 AMP |— AToD —AUTO-TARE DISPLAY

Figure 3.2.19. Auto Tare Balance

First, because the amplifier is operating under
a dynamic condition; second, because it inter-
feres with the overload setting which must be
related to gross weight,

Another factor causing unbalance (or
no load scale output) is that of dead load, and
reference is made to the scales in the following
paragraphs,

3.2.,21 CRANE SCALES

Simple crane scales which are mounted
on the hook have a dead load generated by the
presence of the hook and this is a small percent
of scale capacity (See Figure 3, 2. 20).



Figure 3, 2,20, Typical Hook/Eye Crane Scale

Dead load may be eliminated either by
a manual analog balance control or a digital
auto tare. In either case, it becomes a part
of the gross capacity of the scale. Since the
magnitude of this dead load is small, it causes
very little deterioration in overall performance.

A considerably worse condition exists
when the crane scale supports an electromagnet.
(See Figure 3.2,21.),

These magnets often weigh 5, 000 pounds
and the weight to be measured, or the active
weight, may be as low as 300 to 400 pounds.,
This situation is further aggravated by the
manner in which the magnet is handled, often
causing high impacts to the load cell, The
impact loads can be as high as 25, 000 pounds
for a 10, 000 pound scale. In cases where the
magnet weighs 5, 000 pounds and the active
load is only 500 pounds, a load cell for 10, 000
pounds with overload stops is required. When
the magnet is applied to the load cell, its
weight appears on a display and must be re=
duced to zero, either by analog balance con-
trols or an auto tare. If an analog control is
used, it should be located at the input to the
amplifier so that the amplifier has an output
equal to zero, An auto tare will, of course,
make the analog system operate under dynamic
conditions which is not desirable,

yd AN

[ MAGNET I

Figure 3.2.21l, Crane Scale with Magnet

Auto tare controls have become popular
because of their convenience. By simply push-
ing a button, one can set the instrument to zero.
Since the auto tare circuitry is located in the
digital portion of the weight meter, the amp-
lifier and A-to-D converter may be operating
at a large percentage of their range, thereby
worsening the thermal drift,

A second problem results from the
fact that a 500 pound load only represents 5
percent of the load cell capacity (See Figure
3,2.22)., This condition reduces the number
of microvolts in the minimum digit, thus
creating problems arising out of line voltage
variations and temperature gradients.,

Another problem with crane scales
which employ magnets is that the zero shifts
as the magnet comes in proximity with steel
girders and other metal objects, Sometimes
the load cell may support an entire bridge
crane, The dead load is extremely high and
uses a large percentage of load cell capacity.
In this case, load cell capacity can be reduced
by installing the load cell in the dead end of
the line, Accuracy in this case is seldom bet-
ter than 2 to 5 percent because of sheave
friction, angular effects of the cable, and
cable weight,
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of impact loading produced by moving loads.

When using six load cells, the total cap-
acity of the scale is 300, 000 pounds at either
2mV/Vor 3mV/V. This occurs when the in-
puts and outputs of the cells are paralleled
(See Figure 3,2,25),

OUTPUT

rWV‘W]

. Figure 3.2,25, Paralleled Operation

This system is often used in the inter-
est of lowest cost. It would be better engineer-
ing practice to series the load cell outputs,.
This is more convenient and cheaper with an
AC carrier system. On the other hand, AC
carrier systems are subject to additional drift
problems., Several manufacturers use DC
amplifiers and in this case either separate
amplifiers or separate DC excitation supplies
are used (See Figure 3.2, 26).

OQuTPUT

TR

Figure 3,2,26, Series Operation

The number of excitation supplies de-
pends on the degree of sophistication, As many
as six supplies can be used, causing a sub-
stantial increase in cost but considerably bet-
ter performance, Some designs use two or
three excitation supplies so that groups of the
load cells are paralleled. These groups are
then connected in series so as to provide higher
input voltages to the amplifier section.

Materials other than steel for the weigh
bridge have been proposed and are in current
use in this country and in Europe. For exam-
ple, if the weigh bridge is manufactured of
concrete, its dead load goes from approxim-
ately 16, 000 to 30, 000 pounds for steel to
80, 000 pounds (See Figure 3,2, 27),

3-36
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Figure 3,2,27, Full Electronic Concrete
Weigh Bridge

Generally, eight load cells are required
instead of six. It becomes even more import-
ant in this instance that the load cell outputs
and inputs not be paralleled; otherwise, the
active load of 100, 000 pounds plus tare repre-
sents only 25 percent of the full scale capacity.
Additionally, excitation currents become ex-
tremely high when the supply drives eight load
cells in parallel. The high currents cause
other problems, especially if long lines are
used,

3,2,23 PLATFORM AND AXLE SCALES

Generally, the dead loads and tare
loads are not a high percentage of scale cap-
acity and are not a serious problem,

3,2,24 LOW CAPACITY SCALES

Low capacity scales of 1 to 10 pounds
may have high dead loads, expecially when the
pans are made of stainless steel. To negate
the weight of the pan, it is necessary to use
load cells of 3 mV/V output but at a 2mV/V
level, which results in lower minimum digit
microvolt values.

For many years load cell manufacturers
have left it to the ingenuity of the electronic de=-
signer to eliminate what actually are mechan-
ical and/or electromechanical problems, A
manufacturer introduced a load cell with a
unique design providing 6 mV/V, yet the strain
gages see only 3 mV/V, This cell replaces
either tension or compression load cells, It
allows the dead load to be 50 percent of full
scale and still have available 3 mV/V for actual
loads, Simultaneously, the bridge resistance
has been increased from 350 ohms to 700 ohms
so that higher excitation voltages can be used
without causing heating effects, The arbitrary
use of higher excitation voltages on 350 ohm
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of the original (i, e., the new scale would
require an accuracy of 0. 05%).

The next method of overload protection
is the "Mechanical Stop' system. Since the
structure of a weighing system deforms as
weight is applied, a mechanical stop could be
installed that would be contacted at a given
force, thereby preventing further force being
carried by the structural element of the scale.
Figure 3.2,29 shows a simple spring scale with
this type of protection,

N O

\

Figure 3,2.29. Mechanical Stop

Although a spring scale was shown,
this type of overload protection is often ap-
plied to "'stiff'" structural elements as are
found in load cells, Assume that a load cell
deflects 0.005" at its rated capacity and has
an allowable overload factor of 150%. This
would indicate that the load cell could deflect
0,0075" before being damaged. If we could
arrange a mechanical stop that would engage
when the applied load caused the load cell to
deflect between 0.005" and 0. 0075" we could
protect the load cell from damaging overloads.
Figure 3. 2,30 shows this type of overload
system designed around a common ""proving
ring'' structure as is often found in low cap-
acity load cell designs.

Although simple in concept, '"Mechanical
Stop' overload systems are often quite difficult
to implement in weighing systems that have
very stiff structural elements. In the above
example, the gap that is required must be

4

Figure 3.2,30, Overload Stop/150 %o

machined (or set) with great accuracy. If
the gap was less than 0, 005" the mechanical
stop would be engaged before the full scale
capacity of the scale was achieved, thereby
giving erroneous readings at high loads. On
the other hand, if the gap was just slightly
greater than 0,0075", the structure would be
loaded into a region possibly causing per-
manent damage before the mechanical stop
was engaged. Even if the mechanical stop
system was machined correctly, a dirt
particle that is just the right size will man-
age to lodge itself in the carefully designed
gap and lead to premature gap engagement.

The normal method of designing an
effective mechanical stop system is to first
design the structural element to have the
largest possible deflection that is consistent
with the sensing technique used. This might
even involve adding a high deflection spring
in series with the load cell just to give added
deflection to the system., Figure 3,2,3l1
shows this type of system.

The other design criterion for this
type of system is to protect the system from
dirt particles either by protective covers or
arranging for physical inspection and periodic
cleaning of the gaps.

If the weighing system is designed
for high speed operation, the technique of
softening the structure in order to make the
mechanical stop system effective cannot be
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Figure 3.2.34, Low Capacity Overload
Protection/Compression

There are some drawbacks to the pre-
loaded spring systems; they tend to be limited
to the smaller capacity systems (under 10, 000
pounds), they add some mechanical complexity
to the weighing system and they also can have
strange effects on systems that are sensitive
to relative deflections of components.

An example of the last problem would
be found in "steelyard'" conversion, a pre-
loaded spring overload protection system was
also incorporated every time the over-
load system was activated, it would ""reset'
itself to a possibly different overall assembly
length which would result in an apparent "'zero
shift' in the load cell. The key point is that
load cell applications, such as the steelyard
conversion also requires that the installed
length of the system be constant or else a
different tare weight will be suspended on the
load cell, In the preload spring system, reset
tolerances can be on the order of plus/minus
0.020 due to hysteresis losses between coils
of the spring or ''seating' problems of the
various components, The test of the relative
suitability of a preloaded spring system would
be to determine the effect of adding a variable
and possibly non-repeatable length load cell
to the system.,

For weighing systems that can tolerate
physical separation of the load cell link, a
simple shear pin system might be a low cost
method of protection for a high price load cell.

302,27 APPLICATION DATA
3.2,28 LOAD BEAM INSTALLATIONS

Electronic weighing using strain gage
load beams is a precise and convenient measur-
ing technique. Load beams by their configura-
tion are often easier to mount than other types
of force transducers, They maintain their
good performance characteristics even under
adverse lateral load conditions, Weighing
systems errors most frequently result from
improper mechanical installation, To obtain
high accuracy and reliability, load beams
must be mounted using sound engineering
principles, The techniques presented here
are solely intended to describe the application
of the beam to avoiding erroneous weight read-
ings and do not imply that the design includes
structural integrity of the vessels or supports.
Load Beams usually require few external re-
straints; however, the weigh system designer
must take into account normal safety require-
ments for the existing conditions, For example,
stay rods or vertical retainer rods may be re-
quired where potential wind loads exist,

3.2,29 SINGLE END MOUNTINGS

The basic mounting for a "single-
ended'' beam is to attach the end with 2 holes
to a firm foundation, This connection, with 2
bolts should be rigid and level., The other end
of the beam with one hole, should be connected
to the vessel by means of some resilient mem-
ber that will permit the beam to bend slightly
as is inherent in its design. Rigid bolting to
the vessel is not desirable., The method of
attachment should accommodate any misalign-
ment of the vessel support pads. Since high
forces can be generated by thermal expansion,
the attachment must make provision to mod-
erate this force., Obviously, in weighing it is
only the vertical force of gravity that is to be
measured, A typical arrangement for beams
to support a vessel in tension or compression
is shown in Figure 3,2,35. A simple method
of attaching the vessel to the beam is shown
in Figure 3, 2, 36,

A commercial shock mount has the re-
silience to permit normal bending of the beam,
to accommodate misalignment, and to moderate
lateral expansion forces, An optional ap-
proach is the use of a resilient pad, Ver-
tical deflection of vessel will increase when
this type of elastometric mount is used.
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Figure 3.2.35, Horizontal Load Rating
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Figure 3.3.36., Load Beam Resilient
Compression Mounting

3,2,30 LOAD BEAM RESILIENT COMPRESSION
MOUNTING

The resilient mounts can be used to
advantage under dynamic conditions but are
not recommended for vessels with heavy pip-
ing or other relatively stiff vertical restraints
due to increased vessel deflection resulting

from the mounts., Other compression arrange-=

3-42

ments such as load buttons or loose bolting can
be used under appropriate conditions (See
Figure 3.2.37).

BEARING
PLATE
LOAD BEAM ~ ‘
— :
; ::'u !
|
LOAD
SPACE LOAD BEAM BUTTON

2 NUTS

Figure 3.2.37. Loose Bolts and Load Button

Self-aligning and linear bearings can also be
used to mount vessels to beams., They retain
the vessel in all directions while providing for
expansion and misalignment (See Figure 3.2, 38).

SELF-ALIGNING
LOAD BEAM BEARING

N =

|
Figure 3.2, 38, Self Aligning Bearing Mounting

3,2,31 BEAMS USED WITH TENSION
DEVICES

Beams commonly mount vessels with
tension attachment to give excellent performance.
Since they do not usually take full advantage of
the high lateral capacity of beams, lateral re-
straints are often necessary,

The particular method, selected for
mounting weigh vessels on load beams will de-
pend upon the weight system requirements as
well as the configuration of the vessel and
supporting structure, Practical considerations
and the convenience of mounting for existing
conditions will often be the determining factor.
The goal of reliable precision weighing can
better be achieved if an appropriate degree
of precision is taken in installing the units,
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e
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Figure 3.2.39, Beams used with Tension Devices
Care should be exercised, on low beams espe- 1, The beams should be level,
cially, not to overload them during handling or
installation. 2 The foundation should be adequate to
support the load.
3.,2.,32 MOUNTING DOUBLE ENDED LOAD
BEAMS % The beam ends should rest on support

Load beams are ideally suited for high
capacity weighing, The beam capacities range
from 20 thousand to 250 thousand pounds, and
almost any number can be used for a weigh
platform or vessel. These load beams have
one mounting hole in each end and the load is
applied at the center, This arrangement, in
addition to being mechanically stable, can
serve to captivate the attachment means to the
weigh vessel, For accurate weighing, it is
important that the beams be mounted properly
and the load centrally applied by means of a
rounded member, The general requirements
for good mounting are:

members that do not significantly restrain the
beam from its characteristic bending or the
accompanying foreshortening, (See suggested
methods with resilient pads or "I'" beam flex-
tures),

4, The load should be applied to the center
loading groove with a hardened member having
a radius of less than the loading groove radius.

5. If resilient pads are utilized then the
bolts should be torqued only enough to take up
the slack, double nuts or stop nuts should be
used to prevent loosening. Clearance between
the bolt diameter and the beam holes should be
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