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INTRODUCTION

Information regarding METTLER TOLEDO Technical Training may be obtained by writing, calling, or faxing:

METTLER TOLEDO
1900 Polaris Parkway
Columbus, Ohio 43240  USA
phone: (614) 438-4511
fax: (614) 438-4958
www.mt.com

 WARNING

This publication is provided solely as a guide for individuals who have received technical training and are
familiar with the technical manuals of the METTLER TOLEDO products.

This guide is not meant to replace the technical manual for various products.

Please review the specific technical manuals for detailed instructions and safety precautions before operating or
servicing the various METTLER TOLEDO products.

METTLER TOLEDO RESERVES THE RIGHT TO MAKE REFINEMENTS OR
CHANGES WITHOUT NOTICE.



PRECAUTIONS
   WARNING

PERMIT ONLY QUALIFIED PERSONNEL TO SERVICE THIS
EQUIPMENT. EXERCISE CARE WHEN MAKING CHECKS,
TESTS, AND ADJUSTMENTS THAT MUST BE MADE WITH
POWER ON. FAILING TO OBSERVE THESE PRECAUTIONS
CAN RESULT IN BODILY HARM.

   CAUTION
DO NOT PASS WELDING CURRENT THROUGH THE LOAD CELLS! WHEN WELDING
ON A SCALE, ALWAYS GROUND THE WELDING DEVICE AS CLOSE TO THE WORK AS
POSSIBLE. NEVER WELD CLOSER THAN 4 FEET (1.2 METERS) TO ANY LOAD CELL
WITHOUT REMOVING THE LOAD CELL.

   WARNING
CENTERLIGN WEIGH MODULES DO NOT PROVIDE OVERTURN PROTECTION. IF ANY
UPLIFT FORCES ARE GENERATED, UPLIFT/OVERTURN PROTECTION MUST BE
ADDED SEPARATELY.

   WARNING
STRUCTURES SUCH AS TANKS AND CONVEYORS MUST BE PROPERLY DESIGNED
TO MAINTAIN THE RELATIONSHIP OF THE LOAD SUPPORT POINTS THROUGH THE
ENTIRE WEIGHING RANGE.

   WARNING
BE SURE TO BLOCK THE SCALE WHEN IT IS IN THE RAISED POSITION. OBSERVE
ALL APPROPRIATE SAFETY PROCEDURES WHEN INSTALLING AND SERVICING THE
WEIGH MODULES.

   WARNING
USE SAFETY CHAINS OR RODS TO PREVENT TANK FROM FALLING IN CASE OF
COMPONENT FAILURE.

READ this manual BEFORE
operating or servicing this
equipment.

FOLLOW these instructions
carefully.

SAVE this manual for future
reference.

DO NOT allow untrained
personnel to operate, clean,
inspect, maintain, service, or
tamper with this equipment.

ALWAYS DISCONNECT this
equipment from the power
source before cleaning or
performing maintenance.

CALL METTLER TOLEDO for parts,
information, and service.
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1 Introduction

This handbook is intended as a guide to selecting and applying METTLER TOLEDO
weigh modules for process weighing applications. It provides the scientific data and
accepted guidelines needed to help you design an accurate, reliable weighing system.

A weigh module is a weighing device that consists of a load cell and the mounting
hardware needed to attach the load cell to a tank, hopper, or other vessel. Typically,
three or four weigh modules are attached to a tank so that they support the full weight of
the tank. This effectively converts the tank into a scale. A weigh module system must be
able to (1) provide accurate weight data and (2) support the tank safely.

There are two basic types of weigh modules: compression and tension.

Compression Weigh
Modules

Compression weigh modules fit most weighing applications. These modules can be
attached directly to the floor, piers, or structural beams. The tank or other structure is
mounted on top of the weigh modules.

A typical compression weigh module is shown in Figure 1-1. It consists of a load cell, a
top plate (which receives the load), a load pin (which transfers the load from the top
plate to the load cell), and a base plate (which is bolted to the floor or other support
surface). A hold-down bolt is used to prevent the vessel from tipping.

Base Plate

Top Plate

Load Cell

Hold-Down Bolt

Load Pin

Figure 1-1: Compression Weigh Module
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Tension Weigh Modules
Tension weigh modules are used for tanks or hoppers that must be suspended from a
building’s superstructure or upper floor.

A typical tension weigh module is shown in Figure 1-2. It uses an S-shaped load cell
that is threaded on both ends. Each threaded end of the load cell accepts a spherical
rod-end bearing and clevis arrangement that connects to existing threaded vessel
support rods.

Clevis

Jam Nut

Hitch Pin

Load Cell

Spherical Rod
End Bearing

Jam Nut

Jam Nut

Jam Nut

Clevis Pin

Figure 1-2: Tension Weigh Module
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2 Weigh Module Applications

Weigh modules can be used to convert nearly any structure into a scale. They can be
part of a structure’s original design or can be added to an existing structure. This
chapter describes the most common weigh module applications.

Tanks, Hoppers, and
Vessels

Tanks, hoppers, and vessels are used for material handling in many industries. By
attaching a system of weigh modules to one of these containers, you can weigh the
contents accurately and reliably. This handbook uses “tank” as a generic term to refer to
any tank, hopper, or vessel supported by weigh modules. But each is a specific type of
container used for the purposes described below:

Tanks: A tank is a closed container used to store liquids or solids. Tanks range in size
from small residential tanks for propane or heating fuel to large industrial tanks that can
hold thousands of pounds of material. Figure 2-1 shows a tank supported by
compression weigh modules.

Hoppers: A hopper is a container that is open at the top. It is generally used to dispense
materials or collect ingredients for later processing. Hoppers tend to be smaller than
tanks and are often suspended from a superstructure. Figure 2-2 shows a hopper
supported by tension weigh modules.

Vessels: A vessel is an elaborate tank with equipment to allow heating, cooling, mixing,
or other processes. Many vessels house chemical reactions and therefore must be
capable of accepting precisely measured materials.

Figure 2-1: Tank Supported by Compression Weigh Modules



METTLER TOLEDO Weigh Module Systems Handbook

(12/99)2-2

Figure 2-2: Hopper Supported by Tension Weigh Modules

Conveyors
To weigh objects that are transported on a conveyor system, mount a section of the
conveyor on weigh modules (see Figure 2-3). Because the objects being weighed on a
conveyor are usually in motion, these applications require a weigh module capable of
withstanding high horizontal shear loads while still delivering repeatable weighments.
METTLER TOLEDO’s Centerlign  weigh modules allow the conveyor’s weighing section
to move back and forth when exposed to horizontal shear loads. But the load cell’s self-
righting suspension system always returns the conveyor to its “home” position to ensure
repeatable weighing.

Figure 2-3: Conveyor Supported by Weigh Modules
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Mechanical Scale
Conversions

There are two ways to convert older mechanical lever scales (see Figure 2-4) for
electronic weighing. The first method is a lever conversion. It involves adding an S-Cell
tension weigh module, while retaining the levers and weighing platform from the existing
mechanical scale. The second method is a lever replacement. It involves removing the
levers and adding compression weigh modules beneath the existing weighing platform.

Figure 2-4: Mechanical Scale

Lever Conversion
A lever conversion retains the mechanical scale’s dial head, so that the scale can be
used for electronic or mechanical weighing. An S-Cell tension weigh module is inserted
into the existing steelyard rod located in the column of the dial head. The dial head is
locked out to allow the S-Cell to sense the tension load applied by the transverse lever
that extends from the scale pit. In case of a power or load cell failure, the dial head can
be unlocked for fully mechanical operation. Figure 2-5 shows a lever conversion.

Figure 2-5: Electro-Mechanical Scale
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How to determine the load cell size needed for a conversion:

•  Determine the initial pull force at the end of the transverse lever.

•  Determine the weight of the existing weighbridge platform (deadweight ).

•  Determine the capacity of the existing scale.

•  Determine the multiple of the lever system.

Insert the variables listed above into the following formula:

Deadweight of Platform Capacity
Multiple Multiple

Lever Replacement
A lever replacement eliminates the mechanical scale’s levers and dial head. The existing
weigh platform can be modified to accept compression weigh modules. This conversion
results in a fully electronic scale (see Figure 2-6).

Figure 2-6: Fully Electronic Scale

Load Cell Size = Initial Pull + +
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3 General Considerations

Compression versus
Tension Load Cells

There are two basic types of load cells for use in weigh modules:

Compression load cells are designed so that a tank or other structure can be mounted
on top of the weigh module. The weight being measured compresses the load cell.

Tension load cells are designed so that a tank or other structure can hang from the
weigh module. The weight being measured stretches the load cell, creating tension.

Whether you use compression or tension weigh modules often depends on the specific
application. Table 3-1 provides an overview of how general design factors affect the
choice of weigh modules.

Design Factor Compression Load Cells Tension Load Cells

Floor Space Requires enough floor space to accommodate
tank size. Might require buffer space around
tank.

Requires no floor space and can be suspended
to allow movement beneath tank.

Structural Restrictions Weak floors might require additional
construction or a special installation to
accommodate weight of filled tank.

Weak overhead supports/ceilings might require
additional construction or special installation to
accommodate weight of filled tank.

Weight Limit Generally unlimited. To ensure accurate load
distribution, there should not be more than eight
vessel supports.

Structural considerations might limit suspension
system capacity. With adequate support,
suspension systems can safely support as
much as 40,000 lb.

Load Cell Alignment Designs may vary and must consider floor
deflection, available support beams, and tank
size, shape, and condition.

Cell alignment will not vary significantly
because tension rods and other support
equipment tend to accommodate most
deflections.

Table 3-1: Comparison of Compression and Tension Load Cells
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Static versus Dynamic
Loading

METTLER TOLEDO offers five types of compression systems: Flexmount®, Flexmount
HD™, Centerlign™, Ultramount™, and Value Line weigh modules. Which type should
be used for an application depends on how the load will be applied. Flexmount,
Flexmount HD, and Value Line weigh modules are designed primarily for static loading
applications, where minimal lateral forces are present (see Chapters 6, 7, and 10).
Most tanks and hoppers are static loading applications. Centerlign weigh modules are
designed for dynamic loading applications, where the weighbridge is subject to high
horizontal shear forces (see Chapter 8). Dynamic loading applications include
conveyors, pipe racks, mixers, and blenders. Ultramount weigh modules are designed
for smaller capacities (up to 100 kg per support point). They can be supplied with a
load pin for static loading applications or with a ball-and-cup assembly for dynamic
loading applications (see Chapter 9).

METTLER TOLEDO also offers Tension weigh modules for applications that require a tank
or other structure to be suspended. These weigh modules are designed for static loading
applications, where there is no side loading (see Chapter 11).

How Many Load Cells?
For an existing installation, the number of weigh modules is determined by the number
of existing supports. If a tank has four legs, you will need to use four weigh modules.

For a new installation, a three-point support system is inherently more stable and
accurate than a four-point support system. If wind, fluid sloshing, or seismic loading is
a factor, the tank might require four supports for additional protection against tipping.

Most tank scale applications use either three or four weigh modules. A METTLER
TOLEDO indicator can sum as many as eight weigh modules, although the weight
distribution and shift adjust would probably be less than ideal.

To calculate the required capacity for each weigh module, divide the gross capacity of
the system by the number of supports. A safety factor should be applied to the gross
capacity in case the weight is underestimated or distributed unevenly. The procedure for
sizing weigh modules is explained in the chapters about the individual types of weigh
modules (Chapters 6 to 11). Environmental factors such as wind loading can also
affect the capacity of the weigh modules required for an application (see Chapter 4).

Field Calibration
Another consideration is how the weigh module system will be calibrated. If you are
adding weigh modules to an existing tank, you might need to modify the tank so that
you can hang certified test weights from it. At a minimum, the tank should be able to
support test weights equal to 20% of the net product weight (programmed capacity).
Several methods of field calibration are described in Chapter 12.
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Weighing System
Performance

Accuracy, resolution, and repeatability are basic concepts used to measure a weighing
system’s performance.

Accuracy is how close the reading on a scale’s indicator is to the actual weight placed
on the scale. A scale’s accuracy is usually measured against a recognized standard,
such as NIST Certified Test Weights.

Resolution is the smallest weight change that a digital scale can detect. Resolution is
measured in increment size, which is determined by the capabilities of the load cells
and digital indicator. A digital weight indicator may be able to display a very small
increment size, such as 0.01 kg (resolution); however, that does not mean the system
is accurate to 0.01 kg.

Repeatability is a scale’s ability to display a consistent weight reading each time the
same weight is placed on the scale. It is especially important for batching and filling
applications, which require that the same amount of a material be used for each batch.
Repeatability and accuracy go hand in hand. You can have a repeatable system that is
not accurate, but you cannot have an accurate system unless it is repeatable.

The following factors can influence the accuracy and repeatability of a weighing system.
They are discussed in detail later in this handbook.

•  Environmental Factors: Wind, Seismic Forces, Temperature, Vibration

•  Weigh Module System Support Structures

•  Tank and Vessel Design

•  Piping Design (Dead-to-Live Connections)

•  Load Cell Quality

•  Total Load Cell Capacity

•  Calibration

•  Operational / Process Factors
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Determining System
Accuracy and Repeatability

Experience has shown that a tank scale fully supported by weigh modules on a firm
foundation can be accurate to within 0.1% of the applied load (the weight placed on the
scale). When this type of scale is calibrated correctly, it will give an accurate reading of the
weight placed on it. Ideally, the percentage of total weight capacity should equal the
percentage of total counts (increments). This relationship is illustrated in Figure 3-1.

Counts
1,000

800

600

400

200

0

Half Load
(50% Capacity)

Full  Load
(100% Capacity)

Perfect Performance

Ideal

Figure 3-1: Ideal Weight Capacity vs. Counts

If a scale has 1,000 counts and a total capacity of 5,000 pounds, then each count
should equal 5 pounds. When a 2,500 pound weight is placed on the scale, there
should be 500 counts. With a 5,000 pound weight, there should be 1,000 counts. This
relationship should not change regardless of whether weight is being added to or
removed from the scale.

When a scale is not calibrated correctly, this ideal relationship does not hold true. There
are four types of errors that cause inaccurate weighing:

•  Calibration Errors

•  Linearity Errors

•  Hysteresis Errors

•  Repeatability Errors
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Calibration Errors

Some errors are caused because the weighing equipment is not calibrated correctly.
When there is a calibration error (see Figure 3-2), the counts-to-load ratio is still a
straight line, as it was in the ideal scale. But the line does not reach 100 percent of the
counts at full load. The relationship between the weight and the counts is linear but not
correct. This is usually caused by an error in the electrical calibration of the scale and
can be corrected by recalibrating the scale.

Counts
1,000

800

600

400

200

0

Half Load
(50% Capacity)

Full  Load
(100% Capacity)

Calibration Error

Ideal

Actual

Figure 3-2: Calibration Error



METTLER TOLEDO Weigh Module Systems Handbook

(12/99)3-6

Linearity Errors

Linearity is a scale’s ability to maintain a consistent counts-to-load ratio (a straight line
on the graph). When there is a linearity error, a scale reads correctly at zero and at full
load capacity but incorrectly in between those two points (see Figure 3-3). The weight
indication can either drift upward and read higher than the actual weight (as shown in
the graph) or drift downward and read lower than the actual weight.

Counts
1,000

800

600

400

200

0

Half Load
(50% Capacity)

Full  Load
(100% Capacity)

Linearity Error

Ideal

Actual

Figure 3-3: Linearity Error
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Hysteresis Errors

Hysteresis is a scale's ability to repeat measurements as weights are added and
removed. Figure 3-4 shows a typical hysteresis error. The scale is accurate at zero and
at full load. When weight is gradually added to the scale, the curve drifts downward and
the scale displays readings that are too low. When a load is placed on the scale and
then the weight is gradually decreased, the curve drifts upward and displays readings
that are too high. Hysteresis is measured from the actual linearity curves shown in the
graph. It represents an energy loss and is a problem found only in electronic scales, not
in mechanical scales. You should take steps to minimize linearity and hysteresis errors
in batching, filling, and counting scale applications, especially when the full range of the
scale is used. A scale can also display high readings when weight is added and low
readings when weight is removed. But those errors would most likely be caused by
creep or a mechanical problem, rather than by hysteresis.

Counts
1,000

800

600

400

200

0

Half Load
(50% Capacity)

Full  Load
(100% Capacity)

Hysteresis Error

Ideal

Actual

Hysteresis

Figure 3-4: Hysteresis Error

Repeatability Errors

Repeatability is a scale's ability to repeat the same reading when a known weight is
applied and removed several times. It is usually expressed as the maximum difference
between any two readings taken in the same way and as a percentage of full load. For
example, suppose the same 2,500-pound weight is placed on a 5,000-pound scale
100 times, with 2,501 being the highest reading and 2,500 being the lowest. The
repeatability is 0.02% (1/5,000) of the scale’s rated capacity (R.C.).
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What Kind of Accuracy Can
You Expect in the Real
World?

A scale is only as accurate as its load cells. The best you can expect from a scale is that
it will approach the performance rating of the load cells alone. Here are typical
performance ratings for a quality load cell:

•  ± 0.01% R.C. non-linearity

•  ± 0.02% R.C. hysteresis

•  ± 0.03% R.C. combined error

Combined error for a sample load cell is shown in Figure 3-5 as an error band from
zero to full capacity. All weight readings should fall within this error band. Under ideal
conditions, a scale system’s accuracy can approach the accuracy of the load cells
alone (0.03% of system capacity). But in the real world, accuracy can be reduced by
environmental and installation factors such as live-to-dead connections, piping, and the
structural integrity of tank supports.

Actual system accuracy can be determined only by testing and validation after the
system has been installed. Following the guidelines in this handbook will help you
provide the most accurate weighing system possible for your application.
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Combined
Error

Non-Linearity

Hysteresis

0

0

LOAD

OUTPUT

Rated
Capacity

Rated
Capacity

Decreasing Load

Increasing Load

Repeatability

Accuracy
TYPICAL PERFORMANCE SPECIFICATIONS

Individual
Load Cell

Load Cell
System

Repeatability 0.01% RC* 0.03% FS**

Combined Error (Non-
Linearity + Hysteresis) 0.03% RC* 0.10% FS**

* RC – Rated Capacity of load cell
**FS – Full Scale System Output, total of all load cells in system

Ideal Linearity

Figure 3-5: Sample Load Cell System Performance Graph
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Determining System
Resolution

The ability of a combination of load cells and indicator to give the desired system
resolution or increment size can be determined by the following formula:

Signal Strength Desired Increment Size × Load Cell Output (mV/V)* × Excitation Voltage** × 1,000
(Microvolts per Increment) Individual Load Cell Capacity × Number of Load Cells

*Most METTLER TOLEDO load cells have an output of 2 mV/V.

**See Table 3-2 for excitation voltages.

Enter the desired increment size into the formula, along with the load cell and indicator
parameters. If the signal strength (microvolts per increment) exceeds the minimum
allowed for the indicator, the system should be able to deliver the desired resolution.

Indicator Excitation Voltage Minimum Microvolts per
Increment (multiple cell)

Maximum Number of
Displayed Increments

Jaguar® 15 VDC 0.1 100,000

Lynx® 15 VDC 0.1 50,000

Panther® 5 VDC 0.6 10,000

Puma® (Hazardous Area) 1.6 VDC 0.05 25,000

Table 3-2: Resolution Limitations for METTLER TOLEDO Indicators

Example

Suppose a tank scale has four 5,000-pound load cells (2 mV/V) attached to a Jaguar
indicator. You want to be able to weigh up to 15,000 pounds at 2-pound increments
(7,500 displayed increments). Use the formula to determine the required signal
strength:

2 lb × 2 mV/V × 15 VDC × 1,000

5,000 lb × 4

According to Table 3-2, the minimum allowable signal strength for a Jaguar indicator is
0.1 microvolt per increment. Since the 3.0-microvolt signal derived from the formula is
above this 0.1-microvolt minimum, you should be able to display 2-pound increments.

=

= 3.0 microvolts per increment
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Industry Standards
There are several organizations that set standards for the scale industry and provide type
evaluation to ensure the accuracy of scales. In the United States, type approval is given
by the National Type Evaluation Program (NTEP), which is administered by the Office of
Weights and Measures of the National Institute of Standards and Technology (NIST). In
Europe, type approval is given by the European Economic Community (EEC) according
to recommendations set by the Organisation Internationale de Métrologie Légale (OIML).

United States Standards
NIST is part of the United States Department of Commerce. It sponsors the National
Conference on Weights and Measures (NCWM), an association of industry
representatives and federal, state, and local officials. This organization adopts uniform
laws and regulations recommended by NCWM members, and it publishes those
regulations in NIST Handbook 44. Adopted by most states and localities, NIST
Handbook 44 is the official listing of specifications, tolerances, and other technical
requirements for weighing and measuring devices.

Type evaluation is the procedure used to test a particular type (or model) of weighing
device. NTEP tests a sample of each model in a laboratory or in the field. If the model is
produced in various sizes and capacities, NTEP will evaluate a selection of these based
on the availability of sizes and capacities, the number of divisions, and the smallest
division size. If the tests show that the scale(s) complies with the applicable technical
requirements of NIST Handbook 44, NTEP issues a Certificate of Conformance for that
model of scale.

A Certificate of Conformance indicates that the particular scale tested by NTEP met NIST
Handbook 44 requirements, not that all scales produced meet the requirements. It is the
scale manufacturer’s responsibility to make sure that every scale of a certified model
meets the published specifications. Whether or not all models of an NTEP-certified scale
conform to NIST Handbook 44 specifications is solely up to the discretion of the
manufacturer. METTLER TOLEDO has procedural controls in place to guarantee that
every scale is produced according to the same specifications.

NIST Handbook 44 defines both acceptance and maintenance tolerances. Acceptance
tolerances must be met when the scale is first certified by NTEP. Maintenance tolerances
are twice as large as acceptance tolerances and apply after the scale has been installed.
Figure 3-6 shows NIST Handbook 44 acceptance tolerances for Class III scales.
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Class III
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Figure 3-6: Handbook-44 Acceptance Tolerance Table

The divisions on the vertical axis represent permissible error (the specified limits). The
horizontal axis shows the number of divisions that corresponds to the actual weight on
the scale. For example, if a weight corresponding to 1,000 divisions is placed on the
scale, the indicator must read 1,000 divisions, ±1.0 division. If the weight corresponds
to 3,000 divisions, the tolerance is ±1.5 divisions. At full capacity, the tolerance is ±2.5
divisions. In order to be certified, a scale must perform within the specified limits over a
temperature range of at least +10 to +40 degrees Celsius. Typically, scales are
designed to perform within the specified limits over a larger temperature range (-10 to
+40 degrees Celsius).

It is important to understand how tolerances relate to the accuracy of a scale. If a scale
is rated as 5,000 divisions, that does not mean it is accurate to 1 part in 5,000. One
part in 5,000 should never be used to express accuracy because, according to
Handbook-44 tolerances, 2.5 parts of error are allowed at 5,000 divisions.
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The accuracy of a scale can also be described as a percentage of applied load
accuracy. In Figure 3-7 the dashed line indicates a performance of 0.1% of applied
load accuracy, compared with Handbook-44 Class III acceptance tolerances. A 0.1%
(or ±0.05%) applied load accuracy roughly corresponds with the NIST Handbook 44
chart through 5,000 divisions. Notice, however, that the line indicating 0.1% applied
load accuracy falls outside the acceptance tolerance between 3,000 and 4,000
divisions and above 5,000 divisions. Because the 0.1% applied load accuracy method
fails to meet tolerance standards at those points, it should be used only as an
approximation of the acceptance tolerances. NIST Handbook 44 or local Weights and
Measures guidelines should always be used as the actual acceptance tolerances.

Class III

4000d2000d500d 10,000d
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-2.0

-1.5

-1.0

-0.5

+2.5

+2.0

+1.5
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+0.5

0
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0.1 percent or +/-0.05 percent of Applied Load Method

Figure 3-7: Handbook-44 Acceptance Tolerance Table (Percent Applied Load Method)
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International Standards
Although NTEP certification is widely accepted in the United States, it is not a worldwide
standard. When selling products outside of the United States, you should understand
and follow the local standards. Some common standards include the Measurement
Canada standard that is used in Canada and the Organisation Internationale de
Métrologie Légale (OIML) standard adopted by the European Economic Community.

OIML is an independent international organization that develops standards for adoption
by individual countries. Its main task is harmonizing the regulations and metrological
controls applied by the national metrological services in the countries that are OIML
members. There are two main types of OIML publications:

•  International Recommendations (OIML R) are model regulations that establish the
metrological requirements for scales, as well as requirements for specifying
methods and equipment used to check a scale’s conformity. OIML member
countries are responsible for implementing the recommendations.

•  International Documents (OIML D) provide information to help improve the work of
the national metrological services.

A scale with NTEP certification does not automatically meet OIML standards. Several
European testing labs (such as NMi, BTS, and PTB) conduct performance tests to verify
whether the equipment meets OIML standards and is capable of performing its intended
functions. OIML has its own set of accuracy classes and acceptance tolerances.
Instruments are classified according to absolute and relative accuracy.

•  Verification scale interval (e) represents absolute accuracy.

•  Number of verification scale intervals (n = Max Capacity/e) represents relative
accuracy.

The accuracy classes for instruments and their symbols are listed below:

Accuracy Class Symbol

Special Accuracy    I

High Accuracy    II

Medium Accuracy    III

Ordinary Accuracy    IIII

Figure 3-8 shows OIML acceptance tolerances, and Figure 3-9 compares those with
NIST Handbook 44 tolerances. Again, the vertical axis represents the permissible error
and the horizontal axis represents the number of divisions that corresponds to the actual
weight on the scale. Note that OIML acceptance tolerances are identical to those in NIST
Handbook 44 from 0 to 4,000 divisions. At 4,000 divisions, the NIST acceptance
tolerance increases from ±1.5 divisions to ±2.5 divisions, while the OIML acceptance
tolerance remains at ±1.5 divisions up to 10,000 divisions.
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Figure 3-8: OIML Acceptance Tolerance Table
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Figure 3-9: Handbook-44/OIML Acceptance Tolerance Overlay

In order be classified as "Legal for Trade," a scale must meet OIML acceptance
tolerances. The scale’s weight readings must be within the specified limits, relative to the
number of divisions (or increments) that correspond to the actual weight used. For
example, if a weight that corresponds to 5,000 divisions is placed on the scale, then the
indicator must display 5,000 divisions ±1.5 divisions in order to meet OIML acceptance
tolerances. In order for the same scale to meet NIST acceptance tolerances, the indicator
could display 5,000 divisions ±2.5 divisions. The wider acceptance tolerance allowed
by NIST was originally intended to approximate the 0.1% of applied load method.
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The biggest difference between NIST and OIML, besides the units used (English and S.I.
respectively), is the creep rate specification. Creep is the change in a weight reading
when a weight is left on a scale over a period of time. NIST specifications allow a creep
rate of 0.5 division for test loads of 0 to 500 divisions, 1.0 division for test loads of 500
to 2,000 divisions, 1.5 divisions for test loads of 2,000 to 4,000 divisions, and 2.5
divisions for test loads of 4,000 to 10,000 divisions when the load is applied for one
hour. OIML standards allow a creep rate of 0.5 division for test loads equal to the scale
capacity when the load is applied for 30 minutes. As you can see, for most capacities
OIML standards are more stringent, allowing a smaller error over a shorter time period.

To meet OIML standards, a scale must satisfy all requirements and perform within the
calibration tolerance limits.

Under EC Weights and Measures regulations, there is a difference between the concepts
of a "test certificate" and an "approval." Approval is given only for entire scales (not for
indicators or load cells alone). There are two types of approval:

•  EC Type Approval for a self-contained complete scale.

•  EC "Umbrella" Approval for a modular scale, made up of components (indicators,
load cells, junction boxes, printers, etc.). Each component must have an EC Test
Certificate, which must be listed on the umbrella approval.

Once an umbrella approval has been given, additional EC Test Certified components can
be added to it later. The approval covers scale systems made up of various
combinations of certified components. It also allows you to have one component
approved while other components are still being developed.
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Figures 5-15 and Figure 5-16 show details of methods used to mount weigh
modules near grounded vertical beams.

Figure 5-15: Structural Beam Support

Figure 5-16: Structural Beam Support

Grounded
Vertical Beam

Weigh Module

Weigh Module

Grounded
Vertical Beam



METTLER TOLEDO Weigh Module Systems Handbook

(12/99)5-12

Tank Interaction
When tank scales are located next to each other, the weight of one tank can affect
the load sensed by the other tank’s weigh modules. There is a strong potential for
this type of interaction when the tanks share a common foundation. The following
figures show four tank scale installations, ranging from best (Figure 5-17a) to
worst (Figure 5-17d).

    Figure 5-17a     Figure 5-17b

Figure 5-17a: The best choice is to mount weigh modules on concrete foundations.
Since concrete deflects very little, two tanks can share the same foundation without
interacting.

Figure 5-17b: The next best choice is to mount the weigh modules near vertical
beams, with a separate support structure for each tank. This limits deflection and
tank interaction.

Figure 5-17c Figure 5-17d

Figure 5-17c: The next to the worst choice is to mount the weigh modules at the
mid-span of a horizontal beam, using a separate support structure for each tank.
This limits vessel interaction but not support structure deflection.

Figure 5-17d: The worst choice is to mount the weigh modules at the mid-span of
a horizontal beam, with the two tanks sharing a common support structure. This
allows both deflection and vessel interaction.
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Additional Vessel
Restraint Methods

Most METTLER TOLEDO compression weigh modules are designed to be self-
checking and provide adequate protection against tipping. But in applications with
a potential for excessive wind or seismic load forces, additional restraint systems
are often needed. For suspended tension weigh module applications, a safety
restraint system is always needed to catch the tank in case its suspension
components fail.

Check Rods
Check rods are used to limit a tank’s horizontal movement so that it will not tip or
rotate. They should be positioned at or above the center of gravity of the full tank.
Figure 5-18 shows recommended check rod arrangements. Note that the rods are
tangential to the tank, with a gap between the nuts on the end of the rods and the
brackets on the tank. This enables the rods to restrain the tank while allowing for
minor thermal expansion and contraction. When check rods are installed in a
perfectly horizontal position, they do not create vertical forces that will affect the
scale’s weight readings.

Figure 5-18: Tank with Check Rods

Gap Optional
Method

Gap

Gap
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Safety Rods
Any tank that is suspended by tension weigh modules should have a secondary
safety restraint system. Safety rods must be strong enough to support the filled
tank in case the primary suspension system fails. For most applications, you
would install one vertical safety rod next to each tension weigh module (see
Figure 5-19). Fit each safety rod through an oversized hole in the bracket so that
the rod does not influence the live weight readings. Horizontal check rods or
bumpers can be used around the perimeter of the tank to keep it from swaying.

Figure 5-19: Tension Weigh Module with Safety Rod
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Piping Design
Any time that piping is connected to a tank scale (a live-to-dead connection),
there is a potential for mechanical binding. If piping is not installed properly, it
can cause weighing errors by pushing or pulling on the tank. The best way to
avoid those problems is to design piping so that it does not exert unwanted forces
on a tank. Here are some general guidelines you should follow when designing a
piping system:

• Make sure the tank’s support structure deflects as little as possible. That will
decrease the amount of deflection in the piping.

• Run all pipes horizontally from the tank so that the tank is not suspended by
the piping.

• Locate the first rigid support for the piping as far away from the tank as
possible. That will make the piping more flexible.

• Use pipe with the smallest diameter and lightest gauge possible. That will
make the piping more flexible.

• Use flexible piping or connections whenever possible.

Why is it important for piping to be flexible? Figure 5-20a shows a tank mounted
on weigh modules and supported by an I-beam. A pipe is connected to the tank
and rigidly clamped to another structure at a distance (L ) from the tank. When
the tank is empty, the pipe remains in a horizontal position and exerts no force on
the tank. When the tank is full (see Figure 5-20b), it moves downward because of
the deflection of the load cell and the I-beam. This pulls the pipe downward the
same distance that the tank deflects (∆h ). The pipe exerts an upward force on the
tank, affecting weight measurements. The more flexible the piping is, the less force
it will exert on the tank.

l l

∆ h

Figure 5-20a: Empty Tank Figure 5-20b: Full Tank

L L
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Piping can have a significant effect on weighing accuracy, especially when many
pipes are connected to a tank with a relatively low capacity. By designing the
piping properly, you can reduce unwanted forces to a fraction of the tank’s live
load. Then you can compensate for the remaining forces when you calibrate the
scale. Since load cell simulators cannot simulate the forces produced by attached
piping, calibration must be performed on the installed tank scale.

You can use the following equation to calculate the force exerted by an attached
pipe:

0.59 × (D 4 - d 4) × ∆h ×
E
L3

where:

FP  = Force exerted by pipe

D = Outside diameter of pipe

d = Inside diameter of pipe

∆h = Total deflection of pipe at the vessel relative to the fixed point.
Total deflection equals the load cell deflection plus support
deflection (see Appendix 7 for load cell deflection data).

E = Young’s modulus

L = Length of pipe from the vessel to the first support point

The value of E (Young’s modulus) varies for different types of material. Three
common values are listed below:

• Carbon Steel = 29,000,000 pounds/inch2  (29 × 106)

• Stainless Steel = 28,000,000 pounds/inch2 (28 × 106)

• Aluminum = 10,000,000 pounds/inch2 (10 × 106)

The equation assumes a rigid connection at both ends of the piping, which is
generally conservative. Use it to calculate the force exerted by each attached pipe.
Then add those forces to determine the total resultant force (F ) exerted by all the
piping.

Once you have calculated the resultant force, compare it to the following
relationship:

F  ≤ 0.1 × System Accuracy (in %) × Live Load (pounds)

where:

For 0.1% System Accuracy, F  ≤ 1% of Live Load

For 0.25% System Accuracy, F  ≤ 2.5% of Live Load

For 0.50% System Accuracy, F  ≤ 5% of Live Load

For 1.0% System Accuracy, F  ≤ 10% of Live Load

If the resultant force satisfies this relationship, then the force exerted by the piping
is small enough that you can compensate for it during calibration.

FP =
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Example Calculation
Suppose a customer requires a tank scale with a system accuracy of 0.1% of the
applied load. One pipe will be connected to the tank. To meet the system accuracy
requirement, the vertical force exerted by the pipe (FP) must be equal to or less
than 1% times the live load of the system. For this application, assume that the
live (net) load equals 25,000 pounds.

Use the resultant force formula to determine the maximum pipe force that you can
compensate for during calibration:

Fp ≤ 0.1 × 0.1 × 25,000 pounds

FP cannot be greater than 250 pounds maximum pipe force.

Use the pipe force equation to calculate the actual force exerted by a pipe with the
following characteristics:

D = 4 inches (Outside diameter of pipe)

d = 3.75 inches (Inside diameter of pipe)

∆h = 0.09 inch (Total deflection of pipe at the vessel)

E = 29 × 106 (Young’s modulus)

L = 60 inches (Length of pipe from the vessel to the first support point)

0.59 × (256 - 197.75) × 0.09 × 29,000,000
216,000

Since a pipe force of 415.27 pounds is greater than 250 pounds, it would not
satisfy the requirement for a 0.1% accuracy system. One solution is to increase
the length of the pipe from 60 inches to 80 inches. When you recalculate the pipe
force for a length of 80 inches, you get FP = 175.2 pounds, which is well below
the maximum of 250 pounds.

FP = = 415.27 pounds
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Piping Installation
This section shows ways to install piping in order to avoid deflection problems.

The greater the distance between the tank and the first pipe support, the more
flexible the piping connection will be (see Figure 5-21a). Use a section of flexible
hose so that the pipe does not exert unwanted forces when the tank deflects
(Figure 5-21b).

Figure 5-21a: Distance Between Tank and Pipe Support Figure 5-21b: Piping with Length of Flexible Hose

A 90-degree bend in a horizontal run of pipe will make the piping more flexible
(see Figure 5-22).

Figure 5-22: Horizontal Piping with 90-Degree Bend

Flexible Hose

Maximize
Distance



Chapter 5:  General Installation Guidelines
Piping Design

(12/99) 5-19

When a single discharge pipe is used by adjacent tanks (see Figure 5-23a), the
weight of material being discharged from one tank can exert a downward force on
the other tank. Instead, design the system so that the discharge piping from each
tank is supported independently and does not interact with the other tank (see
Figure 5-23b).

Figure 5-23a: Tanks with Single Discharge Pipe

Figure 5-23b: Recommended Design for Single Discharge Pipe

Do not attach piping to supports for a mezzanine, upper floor, or other structure
that deflects separately from the tank (see Figure 5-24a). Instead, attach piping to
the tank’s support structure so that the piping moves along with the tank (see
Figure 5-24b).

Figure 5-24a: Piping Supported by Upper Floor Figure 5-24b: Piping Attached to Tank’s Support Structure
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When possible, avoid rigid connections between piping and tanks. Note the
clearance between the tank and inlet/outlet piping in Figure 5-25. A flexible boot is
used to seal each connection.

Inlet Piping

Pipe Support

Flexible
Dust Boot

Gap

Gap

Flexible
Dust Boot

Pipe
Support

Outlet Piping

Figure 5-25: Recommended Flexible Connections Between Tank and Piping
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Electrical Wiring
A weigh module system requires two types of electrical cables:

• Load cell cables to connect each load cell to a junction box
(cables are usually supplied with the load cells).

• A home run cable to connect the junction box to an indicator.

Load Cell Cables
Each load cell is connected by cable to a junction box, which adds the individual
load cell signals together to provide one signal that can be transmitted to the
indicator. METTLER TOLEDO uses three different operating modes: analog, DigiTOL,
and IDNet. For each of these operating modes, the junction box design and wiring
is different.

Analog Systems

Most weighing systems use an analog junction box, which requires an analog-
compatible indicator. An analog junction box can sum up to four load cells. For
weigh module systems with more than four load cells, you will need to connect
several junction boxes together. Sample layouts for analog systems with four and
six load cells are shown in Figure 5-26. The maximum number of load cells in a
weighing system depends on the indicator’s power supply and the load cell bridge
resistance. For analog junction box dimensions and wiring details, see Appendix
9.

Figure 5-26: Analog Junction Box Layouts

To Indicator

To Indicator
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In harsh environments, load cell cables should be protected by running them
through conduit. METTLER TOLEDO supplies a large analog junction box that is
equipped with 1/2-inch conduit fittings (see Figure 5-27). The box is large enough
so that excess cable can be coiled and stored inside the box.

Figure 5-27: Large Analog Junction Box with Conduit Fittings

DigiTOL Systems

A DigiTOL junction box requires a DigiTOL-compatible indicator and can be
connected to a maximum of four load cells. A sample layout for a DigiTOL system
is shown in Figure 5-28. For DigiTOL junction box dimensions and wiring details,
see Appendix 9.

Figure 5-28: DigiTOL Junction Box Layout
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IDNet Systems

An IDNet junction box can output an IDNet data format that is compatible with
METTLER TOLEDO ID1 and ID5 weight displays or with a Jaguar indicator. A
sample layout for an IDNet system is shown in Figure 5-29. For IDNet junction box
dimensions and wiring details, see Appendix 9.

Figure 5-29: IDNet Junction Box Layout

Load Cell Cable Lengths

Normally, each load cell is supplied with a standard length of cable. Do not
lengthen or shorten load cell cables in the field. Changing the length of a load
cell cable will affect the output signal from the load cell. If a cable is too long,
simply coil the excess cable and place it in or near the junction box. You can
order junction boxes in sizes that are large enough to hold coiled cables. Never
attach excess cable to a live portion of the weighing system. Nonstandard lengths
of cable can be ordered for applications that require them.

To Indicator
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Home Run Cables
A home run cable transmits the summed load cell signal from the junction box to
the indicator. To provide accurate weight readings, a scale must be able to
distinguish between electrical signals that differ by millionths of a volt. So small
amounts of noise introduced through the cables can cause weighing errors.
Common sources of noise are radio frequency (RF) and electromagnetic (EM)
radiation produced by power cords, power lines, motors, or cellular phones.

To reduce radio frequency and electromagnetic interference, install a ferrite ring
over the home run cable at the indicator. It should be placed inside a harsh
enclosure or as close as possible to the connector on a panel-mount enclosure.
Wrap the home run cable conductors and the shield ground wire around the ferrite
ring four times (see Figure 5-30). Keep the ferrite ring as close as possible to the
point where the cable enters the enclosure.

To Ground Stud

Shield Ground Wire

Four Turns

Ferrite Ring

Load Cell Cable

Grip Bushing

Figure 5-30: Ferrite Ring Apparatus

The following installation guidelines will also help prevent electrical interference:

• Install cables at least 12 inches from power lines.

• Fully insulate and ground cables to prevent them from picking up unwanted
noise.

Cables are often exposed to mechanical damage or damage caused by water or
chemicals. To protect cables from damage, encase them in flexible conduit. Teflon
coatings are available to protect cables in corrosive environments. If a mixing
agitator is attached to a tank, keep enough slack in the power supply cables to
prevent live-to-dead load interference.

Home Run CableJunction Box
          ê
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Home Run Cable Lengths

The maximum length of a home run cable varies with its conductor size (24
gauge, 20 gauge, or 16 gauge) and the type of indicator being used. You can
increase the maximum length by using cables with larger conductors (Note: 16
gauge is larger than 24 gauge). If a cable exceeds the recommended length, it
will cause a voltage drop that could affect weight readings.

Table 5-1 lists recommended maximum cable lengths for METTLER TOLEDO
Jaguar®, Lynx®, LynxBatch®, and Panther® indicators. The maximum cable
length is based on total scale resistance (TSR), which is the load cell input
resistance (ohms) divided by the number of load cells. Panther, Lynx, and
LynxBatch indicators can be used with as many as eight load cells. A Jaguar
indicator can be used with as many as ten load cells.

The recommended maximum cable length for a Puma® indicator with one to four
load cells is 400 feet for 22-gauge cable or larger.

Number of
Load Cells

TSR
(ohms)

24 Gauge
(feet)

20 Gauge
(feet)

16 Gauge
(feet)

1 350 800 2,000 4,000

3-4 117-87 200 600 1,000

6-8 58-44 100 300 500

10* 35 70 190 350

*Jaguar indicator only.

Table 5-1: Recommended Maximum Home Run Cable Lengths

We recommend using a dual-shield cable design to protect the signal from
electromagnetic and radio frequency interference. A cross section of this type of
home run cable is shown in Figure 5-31.

Figure 5-31: Cross Section of Dual-Shield Home Run Cable
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Top Plate: This plate is bolted or welded to a tank or other structure so that it receives the
weight of the tank.

Hold-Down/Jacking Bolt: This bolt connects the top plate to the base plate in order to
check any uplift forces that might cause the tank scale to tip. Clearance must be
maintained between the bolt and the top plate so that the bolt does not receive any of the
weight that is being transferred to the load pin. This bolt can also be used to jack up an
empty tank so that the load cells can be replaced if necessary.

Sizing Weigh Modules
To design a tank scale that will weigh its contents accurately, you must use weigh
modules with the proper load cell capacity. There are three main factors in sizing weigh
modules for a tank scale: (1) the weight of the empty tank, (2) the weight of the tank’s
contents when full, and (3) the number of weigh modules. The number of weigh
modules will equal the number of legs or supports that the tank has.

A standard safety factor of 1.25 is normally figured into the calculation to compensate
for uneven load distribution and any underestimation of weights. Certain installations
might have special environmental considerations requiring additional safety factors.
Environmental considerations are discussed in Chapter 4.

Calculating Weigh Module Size

Suppose that you want to add weigh modules to a tank designed to hold 20,000
pounds of a liquid. The tank itself weighs 10,000 pounds and stands on four legs.
Assume that only the standard safety factor is needed for this installation. To determine
what size weigh modules you will need, calculate the total weight of the tank and its
contents, figure in any safety factors, and then divide by the number of weigh modules.

  20,000 lb Weight of liquid
+10,000 lb Weight of empty tank
  30,000 lb Total weight
x    1.25 Safety factor
  37,500 lb Adjusted weight
÷         4 Number of weigh modules
    9,375 lb Weight per weigh module

Since each weigh module will need to handle up to 9,375 pounds, the best choice for
the job would be weigh modules with a capacity of 10,000 pounds each.

Selecting Material
Load cells and other weigh module components can be manufactured of carbon steel or
stainless steel. Weigh modules that will be exposed to wet or corrosive environments are
generally made of stainless steel. When selecting weigh modules, you will need to
consider the environment in which they will be used and the materials that your facility
will handle. Appendix 12 provides a chemical resistance chart to aid in selecting
materials.
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Weigh Module
Orientation

In a typical tank scale application, three or four weigh modules would be used to
support the tank. To provide accurate weighing, this system of weigh modules must
allow for the thermal expansion and contraction of the tank. A Flexmount weigh module
system does this by incorporating three different top plate designs:

Fixed Pin: The opening in the underside of the top plate is sized to hold the load pin
securely. This anchors the weigh module system by providing a fixed point that allows
no horizontal movement.

Semi-Floating Pin: The opening in the underside of the top plate is sized to allow the
load pin to move in two directions. This accommodates expansion and contraction but
keeps the scale from rotating around the fixed pin.

Full-Floating Pin: The opening in the underside of the top plate is sized to allow the load
pin to move in any horizontal direction.

An installation should include one fixed-pin weigh module and one semi-floating pin
weigh module. The semi-floating pin module should be positioned directly across from
the fixed-pin module or at the support location farthest from the fixed-pin module. Full-
floating weigh modules should be used at all other support locations. Tank legs or
structural support lugs must be rigid enough so that the weight of the full tank does not
cause them to spread out.

The top plates on Flexmount weigh modules can be turned 90 degrees for tangential or
radial mounting. Recommended mounting arrangements are shown in Figure 6-2.

Radial Mounting Rectangular or Square Mounting

Fixed Pin

Semi-Floating Pin

Full Floating Pin

90°

Tangential Mounting

90°

90°

120° 120°

Figure 6-2: Plan View of Mounting Arrangements

FIXED 

SEMI-FLOATING

FULL FLOATING
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Installation
The actual installation procedure will depend on the specific requirements of an
application. One of the first things to consider is the foundation on which the tank scale
will be placed. This is usually a concrete floor or steel support structure. Whichever you
are using, you will need to make sure that it is strong enough to remain rigid under the
weight of the full tank scale. The base plate bearing data in Table 6-1 lists the pressure
that each weigh module will exert on its foundation.

0958 Flexmount Weigh
Module lb (kg)

Base Plate Bearing psi
(pascal)

Top Plate Bolts (Metric) Base Plate Bolts (Metric)

250, 500, 1.25K, 2.5K & 5K
(220, 550, 1100 & 2200)

159 (1,094,413) 3/8”-16 UNC (M10 x 1.5) 3/8”-16 UNC (M10 x 1.5)

10K (4400) 180 (1,242,306) 5/8”-11 UNC (M16 x 2) 5/8”-11 UNC (M16 x 2)

20K 179 (1,231,214) 3/4”-10 UNC (M20 x 2.5) 3/4”-10 UNC (M20 x 2.5)

30K 268 (1,846,821) 3/4”-10 UNC (M20 x 2.5) 3/4”-10 UNC (M20 x 2.5)

45K 312 (2,154,625) 1”-8 UNC (M24 x 3) 1”-8 UNC (M24 x 3)

Bolts should be GR.5 / ASTM A325 minimum

Table 6-1: Flexmount Bearing Support and Mounting Bolt Sizes

General Procedure

1. Position a weigh module under each of the tank’s support legs or mounting lugs,
and slowly lower the tank onto the weigh modules. The jam nut and centering
washer on each weigh module’s hold-down bolt should be tightened against the
top plate so that no weight will be placed on the load cell.

2. Make sure that each load point on the tank is well supported by a weigh module’s
top plate and that all top plates are level within +1/16 inch. Otherwise, add shims
until each load point is supported and the top plates are level.

3. Bolt or weld the top plate of each weigh module to the support leg or mounting lug
that is resting on it. For welding use a 3/8-inch fillet, 1 inch long on 3-inch centers.

   CAUTION
DO NOT PASS WELDING CURRENT THROUGH THE LOAD CELLS! WHEN WELDING
ON A SCALE, ALWAYS GROUND THE WELDING DEVICE AS CLOSE TO THE WORK AS
POSSIBLE. NEVER WELD CLOSER THAN 4 FEET (1.2 METERS) TO ANY LOAD CELL
WITHOUT REMOVING THE LOAD CELL.

4. Lower the tank onto the support foundation (concrete slab or support beam). Mark
the position of the base plate mounting holes on the foundation (see Figure 6-3).
METTLER TOLEDO can supply templates for the bolt holes.
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Figure 6-3: Locating Bolt Holes in Support Steel

5. Raise the tank out of the way and drill the appropriate size anchoring holes in the
support foundation.

6. Anchor the weigh module base plates to the foundation, using the instructions given
below for the appropriate type of foundation. Level each base plate to within +1/16
inch. All base plates must be in the same level plane within +1/8 inch.

 For a Level Concrete Floor Foundation:
 Lower the tank back onto the foundation so that the base plate mounting holes line up
with the holes that were drilled in the concrete. Insert a wedge-design expansion anchor
bolt into each base plate mounting hole (see Figure 6-4). Follow the anchor bolt
manufacturer’s instructions regarding the size and depth of holes and recommended
torque values.

 

 

Flexmount
Base Plate

Hold-Down
Bolt

Expansion
Anchor

Concrete

 Figure 6-4: Base Plate Bolted to Level Concrete Floor

 
Expansion Anchor Bolt Detail



METTLER TOLEDO Weigh Module Systems Handbook

(12/99)6-6

 For an Unlevel Concrete Floor Foundation:
 Install threaded epoxy inserts or J-bolts in the foundation to support the base plates.
Place leveling nuts and washers beneath the base plates to adjust for level. Keep the
space between each base plate and the concrete floor to a minimum, and fill it with a
nonshrink, epoxy grout once all base plates are level and in the same plane (see Figure
6-5).

 

 

Flexmount
Base Plate

Grout

Hold-Down Bolt

Leveling
Adjustment Nut

Anchor Insert

J-Bolt

Concrete

Figure 6-5: Base Plate Bolted to Unlevel Concrete Floor

 

 For a Structural Beam Foundation:
 Use through bolts, washers, and nuts to anchor the base plate to the flange of the
structural beam (see Figure 6-6). Install web stiffeners to prevent the beam from
twisting. If shimming is required to level the base plates or to keep them in the same
plane, add the shim beneath the entire base plate. If you are welding the base plates to
the beam, use a 3/8-inch fillet, 1 inch long on 3-inch centers.

 

 

Base Plate

Hex Bolt
Flat Washer

Flat Washer

Lock Washer
Hex Nut

Web Stiffener

 Figure 6-6: Base Plate Bolted to Structural Beam

 

7. After securing all the top plates and base plates, slowly back out the nut and
centering washer on each hold-down bolt, carefully lowering the top plate and
weigh structure onto the load cells.

Note: If you use J-bolt anchors, you
will need to place them in the
concrete accurately before attaching
the weigh modules to the tank
supports. Make sure that the tank
support holes allow room for
adjustment so that the modules can
be aligned properly.
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8. After all the top plates are down and applying load to the load cells, make sure
there is adequate clearance between the hold-down bolt and retaining hole. See the
hold-down bolt assembly shown in Figure 6-7.

Fixed-Pin
Top Plate

Hold-Down Bolt Assembly

Base Plate

A

A

Clearance

Clearance

Centering Washer
& Nut Shown in the
Weighing Position

SECTION A-A

Clearance

Top Plate

Figure 6-7: Flexmount Hold-Down Bolt Assembly

8. Mount the junction box in a location where the load cell cables can be properly
terminated in the junction box. Do not mount the junction box on the scale.

 Note: Each load cell is supplied with a standard length of cable. Do not lengthen or
shorten load cell cables in the field! Changing the length of a load cell cable will
affect the output signal from the load cell. If a cable is too long, simply coil the
excess cable and place it in or near the junction box. Nonstandard lengths of cable
can be ordered for applications that require them.

9. Connect the load cell cables to the junction box and terminate the wires according
to the wiring and color code decal on the underside of the junction box lid.

10. Connect the home run cable from the scale indicator to the junction box.

11. Confirm that all live-to-dead connections (such as piping) are flexible and securely
anchored at both the scale and dead connection point.
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7 Flexmount HD Weigh Modules

Flexmount HD weigh modules are heavy-capacity units designed for static loading
applications such as tanks, hoppers, and vessels. Typically, the only force that needs to
be considered is the weight of the tank and its contents (the vertical force pressing down
on the top plate of the weigh module). Each weigh module has five basic components,
which are shown in Figure 7-1.

Figure 7-1: Flexmount HD Weigh Module

Base Plate: This bottom plate is bolted or welded to the floor, foundation, or other
support structure to hold the weigh module in place.

Load Cell: This transducer uses a strain gauge to convert the mechanical force exerted
by the weight of a tank into an electric signal that provides a weight reading on an
indicator. The torsion-ring load cell is bolted to the weigh module’s base plate.

Base Plate

Load Cell

Load Pin

Top Plate

Hold-Down Bolt
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Load Pin: This pin fits into an opening in the underside of the top plate. It transfers
weight from the top plate to a single point on the load cell.

Top Plate: This plate is bolted or welded to a tank or other structure so that it receives the
weight of the tank.

Hold-Down/Jacking Bolts: These bolts connect the top plate to the base plate in order to
check any uplift forces that might cause the tank scale to tip. Clearance must be
maintained between the bolts and the top plate so that the bolts do not receive any of the
weight that is being transferred to the load pin.

Sizing Weigh Modules
To design a tank scale that will weigh its contents accurately, you must use weigh
modules with the proper load cell capacity. There are three main factors in sizing weigh
modules for a tank scale: (1) the weight of the empty tank, (2) the weight of the tank’s
contents when full, and (3) the number of weigh modules. The number of weigh
modules will equal the number of legs or supports that the tank has.

A standard safety factor of 1.25 is normally figured into the calculation to compensate
for uneven load distribution and any underestimation of weights. Certain installations
might have special environmental considerations requiring additional safety factors.
Environmental considerations are discussed in Chapter 4.

Calculating Weigh Module Size

Suppose that you want to add weigh modules to a tank designed to hold 200,000
pounds of a liquid. The tank itself weighs 100,000 pounds and stands on four legs.
Assume that only the standard safety factor is needed for this installation. To determine
what size weigh modules you will need, calculate the total weight of the tank and its
contents, figure in any safety factors, and then divide by the number of weigh modules.

  200,000 lb Weight of liquid
+100,000 lb Weight of empty tank
  300,000 lb Total weight
x      1.25 Safety factor
  375,000 lb Adjusted weight
÷           4 Number of weigh modules
    93,750 lb Weight per weigh module

Since each weigh module will need to handle up to 93,750 pounds, the best choice for
the job would be weigh modules with a capacity of 100,000 pounds each.
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Weigh Module
Orientation

In a typical tank scale application, three or four weigh modules would be used to
support the tank. To provide accurate weighing, this system of weigh modules must
allow for the thermal expansion and contraction of the tank. A Flexmount HD weigh
module system does this by incorporating three different top plate designs:

Fixed Pin: The opening in the underside of the top plate is sized to hold the load pin
securely. This anchors the weigh module system by providing a fixed point that allows
no horizontal movement.

Semi-Floating Pin: The opening in the underside of the top plate is sized to allow the
load pin to move in two directions. This accommodates expansion and contraction but
keeps the scale from rotating around the fixed pin.

Full-Floating Pin: The opening in the underside of the top plate is sized to allow the load
pin to move in any horizontal direction.

An installation should include one fixed-pin weigh module and one semi-floating pin
weigh module. The semi-floating pin module should be positioned directly across from
the fixed-pin module or at the support location farthest from the fixed-pin module. Full-
floating weigh modules should be used at all other support locations. Tank legs or
structural support lugs must be rigid enough so that the weight of the full tank does not
cause them to spread out.

Recommended mounting arrangements are shown in Figure 7-2.

NOTE: In each of the mounting examples above, the semi-floating module is located
and oriented to make full use of its expansion/contraction limits while providing
resistance to the rotational moment about the fixed pin. The semi-floating module must
be installed in this manner to provide optimum performance and system self-checking.

Figure 7-2: Plan View of Mounting Arrangements

Fixed Pin

Semi-Floating Pin

Full Floating Pin

Rectangular or Square Mounting

Longest Side

Circular Mounting

90°

90°

120°

FULL FLOATING

FIXED

SEMI-FLOATING
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Installation
The actual installation procedure will depend on the specific requirements of an
application. One of the first things to consider is the foundation on which the tank scale
will be placed. This is usually a concrete floor or steel support structure. Whichever you
are using, you will need to make sure that it is strong enough to remain rigid under the
weight of the full tank scale. The base plate bearing data in Table 7-1 lists the pressure
that each weigh module will exert on its foundation.

0958 Flexmount HD Weigh Module
lb

Base Plate Bearing psi
(K pascal)

Top Plate Bolts (Metric) Base Plate Bolts (Metric)

50K 370 (2,551) 1.125”-8 UNC (M30 x 3.5) 1.125”-8 UNC (M30 x 3.5)

75K 556 (3,834) 1.125”-8 UNC (M30 x 3.5) 1.125”-8 UNC (M30 x 3.5)

100K 740 (5,102) 1.125”-8 UNC (M30 x 3.5) 1.125”-8 UNC (M30 x 3.5)

150K 694 (4,785) 1.5”-8 UNC (M40) 1.5”-8 UNC (M40)

200K 926 (6,385) 1.5”-8 UNC (M40) 1.5”-8 UNC (M40)

Bolts should be GR.5 / ASTM A325 minimum

Table 7-1: Flexmount HD Bearing Support and Mounting Bolt Sizes

General Procedure

1. Position a weigh module under each of the tank’s support legs or mounting lugs,
and slowly lower the tank onto the weigh modules. The jam nuts and centering
washers on each weigh module’s hold-down bolts should be tightened against the
top plate so that no weight will be placed on the load cell.

2. Make sure that each load point on the tank is well supported by a weigh module’s
top plate and that all top plates are level within +1/16 inch. Otherwise, add shims
until each load point is supported and the top plates are level.

3. Bolt or weld the top plate of each weigh module to the support leg or mounting lug
that is resting on it. For welding use a 3/8-inch fillet, 1 inch long on 3-inch centers.

   CAUTION
DO NOT PASS WELDING CURRENT THROUGH THE LOAD CELLS! WHEN WELDING
ON A SCALE, ALWAYS GROUND THE WELDING DEVICE AS CLOSE TO THE WORK AS
POSSIBLE. NEVER WELD CLOSER THAN 4 FEET (1.2 METERS) TO ANY LOAD CELL
WITHOUT REMOVING THE LOAD CELL.

4. Lower the tank onto the support foundation (concrete slab or support beam). Mark
the position of the base plate mounting holes on the foundation (see Figure 7-3).
METTLER TOLEDO can supply templates for the bolt holes.
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Figure 7-3: Locating Bolt Holes in Support Steel

5. Raise the tank out of the way and drill the appropriate size anchoring holes in the
support foundation.

6. Anchor the weigh module base plates to the foundation, using the instructions given
below for the appropriate type of foundation. Level each base plate to within +1/16
inch. All base plates must be in the same level plane within +1/8 inch.

 For a Level Concrete Floor Foundation:
 Lower the tank back onto the foundation so that the base plate mounting holes line up
with the holes that were drilled in the concrete. Insert a wedge-design expansion anchor
bolt into each base plate mounting hole (see Figure 7-4). Follow the anchor bolt
manufacturer’s instructions regarding the size and depth of holes and recommended
torque values.

 

 

 

 

 

 

 

 

 

 Figure 7-4: Base Plate Bolted to Level Concrete Floor
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 For an Unlevel Concrete Floor Foundation:
 Install threaded epoxy inserts or J-bolts in the foundation to support the base plates.
Place leveling nuts and washers beneath the base plates to adjust for level. Keep the
space between each base plate and the concrete floor to a minimum, and fill it with a
nonshrink, epoxy grout once all base plates are level and in the same plane (see Figure
7-5).

 

 

 

 

 

 

 

 

 

 

 

Figure 7-5: Base Plate Bolted to Unlevel Concrete Floor

 

 For a Structural Beam Foundation:
 Use through bolts, washers, and nuts to anchor the base plate to the flange of the
structural beam (see Figure 7-6). Install web stiffeners to prevent the beam from
twisting. If shimming is required to level the base plates or to keep them in the same
plane, add the shim beneath the entire base plate. If you are welding the base plates to
the beam, use a 3/8-inch fillet, 1 inch long on 3-inch centers.
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 Figure 7-6: Base Plate Bolted to Structural Beam

 

Note: If you use J-bolt anchors, you
will need to place them in the
concrete accurately before attaching
the weigh modules to the tank
supports. Make sure that the tank
support holes allow room for
adjustment so that the modules can
be aligned properly.
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7. After securing all the top plates and base plates, slowly back out the nut and
centering washer on each hold-down bolt, carefully lowering the top plate and
weigh structure onto the load cells.

8. After all the top plates are down and applying load to the load cells, make sure
there is adequate clearance between the hold-down bolts and retaining holes. See
the hold-down bolt assembly shown in Figure 7-7.

Figure 7-7: Flexmount HD Hold-Down Bolt Assembly

8. Mount the junction box in a location where the load cell cables can be properly
terminated in the junction box. Do not mount the junction box on the scale.

 Note: Each load cell is supplied with a standard length of cable. Do not lengthen or
shorten load cell cables in the field! Changing the length of a load cell cable will
affect the output signal from the load cell. If a cable is too long, simply coil the
excess cable and place it in or near the junction box. Nonstandard lengths of cable
can be ordered for applications that require them.

9. Connect the load cell cables to the junction box and terminate the wires according
to the wiring and color code decal on the underside of the junction box lid.

10. Connect the home run cable from the scale indicator to the junction box.

11. Confirm that all live-to-dead connections (such as piping) are flexible and securely
anchored at both the scale and dead connection point.
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SECTION A-A
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Top Plate: This plate is bolted or welded to a tank or other structure so that it receives the
weight of the tank. Adjustable bumper bolts limit the movement of the top plate by
bumping against the load cell.

Sizing Weigh Modules
To design a scale that will weigh material accurately, you must use weigh modules with
the proper load cell capacity. There are four main factors in sizing Centerlign weigh
modules for a scale: (1) the empty weight of the weighbridge on which the material will
be placed, (2) the maximum weight of the material to be weighed, (3) the number of
support points or weigh modules, and (4) the type of loading. The two types of loading
to be considered are full end loading and distributed loading.

To understand the difference between full end loading and distributed loading, imagine a
conveyor scale with a weigh module in each of the four corners of its weighbridge. Full
end loading can occur when a small object moves across the weighbridge. Initially, the
object’s full weight will be concentrated on the two weigh modules at the front end of the
weighbridge. Only when the object approaches the center of the weighbridge will its
weight be distributed evenly across all four weigh modules. Distributed loading occurs
when an object with a large surface area moves across the weighbridge. By the time its
full weight is on the scale, part of the load has been transferred to the weigh modules at
the back end of the weighbridge. With full end loading, you will need to size the weigh
modules so that two of them are capable of supporting a full load.

A standard safety factor of 1.25 is normally figured into the calculation to compensate
for uneven load distribution and any underestimation of weights. Certain installations
might have special environmental considerations requiring additional safety factors.
Environmental considerations are discussed in Chapter 4.

Calculating Weigh Module Size

Suppose that you want to size weigh modules for a conveyor section designed to weigh
a 3,000-pound billet of aluminum. The conveyor section itself weighs 2,000 pounds
and stands on four legs. Since the billet will roll onto the conveyor from one side, the
system should be sized for full end loading over two weigh modules. Calculate the total
weight of the scale and its contents, figure in any safety factors, and then divide by two
weigh modules.

    3,000 lb Weight of billet
+  1,000 lb Weight of empty conveyor section (one half)
    4,000 lb Total weight
x    1.25 Safety factor
    5,000 lb Adjusted weight
÷         2 Number of weigh modules
    2,500 lb Weight per weigh module

Use four 2,500-lb Centerlign weigh modules for this application. If full end loading is not
a consideration, divide the adjusted weight by the total number of weigh modules (4) to
determine the capacity of weigh modules that will be needed.
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Selecting Material
Load cells and other weigh module components can be manufactured of carbon steel or
stainless steel. Weigh modules that will be exposed to wet or corrosive environments are
generally made of stainless steel. When selecting weigh modules, you will need to
consider the environment in which they will be used and the materials that your facility
will handle. Appendix 12 provides a chemical resistance chart to aid in selecting
materials.

Weigh Module
Orientation

Centerlign weigh modules have adjustable bumper bolts built into the underside of the
top mounting plate. By bumping against the load cell, these bolts limit a scale’s
horizontal movement. In a typical application, three or four weigh modules are used to
support the tank or other structure. They should always be positioned so that the major
horizontal shear force causes the top plates to bump on the end of the load cells. In
many four-module systems, two of the modules will have three bolts, with two of the
bolts positioned to bump on the sides of the load cells. When only two weigh modules
are used for bumpering, both should be located on the same side of the scale. The
recommended arrangement of Centerlign weigh modules for a square or rectangular
structure is shown in Figure 8-2.

Direction of major horizontal force

Figure 8-2: Plan View of Square/Rectangular Mounting Arrangements

The recommended arrangement for a mixer or other circular tank with a rotating force is
shown in Figure 8-3.
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