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Abstract
Manufacturers often use a Quality Management System (e.g. ISO 9001) to ensure their process measurement
devices, including industrial tank, floor, platform and bench scales, are properly maintained ( i.e. calibrated and
validated). These systems require Standard Operating Procedures (SOPs) for maintenance that is documented,
controlled and calibration results logged.
This document discusses two methods of complying with these requirements. A “TRADTIONAL” method that
requires calibration weights to be loaded onto the scale in the manufacturing environment every time a calibration
is required and Hardy’s “C2®” method that does not require test weights to be loaded for a successful calibration.
Requirements of ISO 9001
A comprehensive extract from the ISO 9001 guidelines regarding the Control & Monitoring of measurement
equipment is attached (Appendix 1). Summarizing these guidelines, a device is required to be calibrated or
verified, or both, at specified intervals, or prior to use, against measurement standards traceable to
international or national measurement standards; where no such standards exist, the basis used for calibration
or verification shall be recorded.
Note: The most important phrase above is bolded, and it will b e addressed again later in this document.
The Elements of an Industrial Scale
To understand the logic and benefit behind each method we first look at the 3 basic elements of a scale.
 Load Cell/s (Fig. 2 on page 2) the load sensing devices … typically 3 or 4 are used for a tank or platform
scale
 Junction Box (Fig. 7 on page 2) also called Summing Card
 Instrument (Weight Controller, Weight Processor or PLC Plug-In Weight Module)
Each load cell usually has 4 strain gauges (see Fig. 3 on page 2) attached to a specially constructed metal billet (see
Fig. 2 on page 2) and arranged in a “Wheatstone bridge” formation (see Fig. 1 below & Fig. 4 on page 2). The
inputs A and C of the Wheatstone are excited by a voltage (typically 5 to 15 V) and as a load is applied to the
load cell the strain gauges deform, their resistance changes and the output voltage of the bridge Vg (usually
measured in millivolts) changes in proportion to applied load.
A Wheatstone bridge is an electrical circuit used to measure an unknown electrical
resistance by balancing two legs of a bridge circuit, one leg of which includes the
unknown component.
The Junction Box sums the millivolt signals from the individual load cells and
passes this small voltage change to the Instrument, which can typically measure
and resolve incremental changes as fine as 0.15 microvolts.

Fig. 1 Wheatstone Bridge
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The diagrams below are provided for illustration, discussion and to highlight the differences between traditional
load cells and junction boxes and Hardy C2 load cells and junction boxes.

Fig. 2 Load Cell

Fig. 3 Strain Gauge

Fig. 4 Linearity Errors

Fig. 5 Traditional 4 Wire Load Cells

Fig. 6 Hardy 6 Wire C2 Load Cell

Fig. 7 Traditional Summing Card

Fig. 8 Hardy Summing Card with C2

with Trim Pots

and IT (Integrated Technician)
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a) An Overview of the TRADITIONAL Calibration Method:
The traditional method used to calibrate and validate industrial scales can be very time consuming, costly,
disruptive to production and/or place employees and the manufacturing supply chain at some risk. Usually the
higher the capacity of the scale, the greater the impact to one or more of the situations listed. Traditional scales
use load cell and junction box wiring configurations as shown above (Fig. 5 & Fig. 7 on page 2).

The TRADITIONAL method requires the following steps:
1.
2.
3.
4.

Installing, connecting and configuring the scale: load cells; junction box; and instrument.
Trimming the load cell millivolt outputs using the Traditional Junction Box trim pots (Fig. 7 on page 2)
Using the Instrument, capture ZERO i.e. the summed millivolt signal with tank or platform scale “empty”.
Using the instrument, capture the SPAN i.e. the summed millivolt signal with test weights loaded equal to
or greater than 80% of the max scale capacity, preferably 100%.
a. In many higher capacity scales, for example above 1000 lbs this may not be feasible because:
i. There are not enough “available” certified test weights on site.
ii. There is not enough “space” to load all the test weights onto the vessel or platform.
iii. The vessel’s construction may not be “able to sustain” the load of test weight(s) externally.
iv. The test weights may create a “safety issue” sitting in a raised location in the work area.
b. In such situations some companies may be forced or elect to include and/or repeat extra steps in
the calibration process. These steps are called “electronic calibration” & “weight substitution”.
These steps can significantly extend the calibration effort and time. The first extra step involves
using a load cell simulator to inject a calculated (approximated) millivolt signal between Steps 1
& 2 to enable a rough “electronic” ZERO & SPAN capture. The second extra step involves loading a
manageable “known” amount of certified test weight onto the scale say 500 lbs, then recording
the reading of the instrument. The reading would not read the actual weight but an approximate
weight of say 509 lbs. None the less, the person doing the calibration now knows that a 509 lbs
reading on the indicator is actually 500 lbs. The test weight can now be removed and
“substituted” with water or product till 509 lbs is again read on the scale. This tedious process is
then repeated again and again until the “substitute” weight on the scale exceeds 80% of scale
capacity and the SPAN weight is then captured. It should be pointed out that this is a widely used
calibration method.
c. Some companies may be forced or elect to compromise the calibration and complete
calibrations with a SPAN load less than the 80% of capacity, thereby deviating from the guidelines
laid out for “best weighing practices”. The reason this is a compromise is shown in Fig. 4 (on page
2). Using calibration weight A extrapolates further and further away from the actual span at 100%.
Using weight B on the other hand is far closer to the actual span point. The diagram has been
exaggerated to show the potential error.

The following are the positives and negatives of using the TRADITIONAL method:
Positives
1. If Steps 1, 2 & 3 and b (if necessary) are completed comprehensively, then an accurate calibration is
achieved.
2. The calibration is traceable to certified test weights and meets the requirements of ISO 9001.
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Negatives
1. The process usually takes a long time (hours). The larger the scale the longer it takes (hours and hours).
This can drive production (OEE) down and cost up.
2. The method masks (hides) any external forces that act on the scale by calibrating them in at ZERO and
SPAN. If these forces increase or decrease at other points on the scales operating range, or are
nonlinear, then errors will be introduced.
3. The process can create unsafe conditions for operators and the person doing the calibration
4. The certified test weights which are usually brought in from outside by a 3rd party can contaminate the
manufacturing area if that have not been thoroughly steam cleaned since being used on another site with
contaminants.
b) An Overview of Hardy’s C2 Calibration Method:
This calibration method seeks to deliver all the positives of the TRADITIONAL method and minimize the negatives.
The C2 “on-site weightless calibration” method approaches the problem on the premise that the only reason test
weights have to be loaded onto the scales with TRADITIONAL methods is to calibrate the load cells at the
customers facility. This is because the manufacturer of the load cells elected not to load each load cell to 100% with
“certified test weights” at their own manufacturing facilities. By not doing this step the opportunity is missed to
capture the characteristics (mV/V/ohm) of each load cell and compensate for its output characteristics. Hardy
includes this step, so that every load cell we manufacture is identical (electrically matched). Hardy records and
embeds that data in a chip in the load cell for use in our customers manufacturing facility. The instrument is
calibrated to relate a sensor signal to a weight value.
Once the sensor is calibrated, the whole scale can be calibrated without any test weights and only a small test
weight of 5% to 10% (depending on the scale size) is loaded for “validation” on the customers site. This is not a
unique technique. This method of pre-calibrating the sensor is also used, for example, in smart pressure sensors.
In Hardy’s case our MANUFACTURING process involves the following extra steps so we can minimize the number of
steps you need to perform on your plant floor to calibrate and/or validate your scales.
1. We and our suppliers follow the requirement of the ISO 9001 guidelines for the calibration and
maintenance of measurement instrumentation and have created and follow our own Standard Operating
Procedures (see Appendix 1 & 2).
2. We load our load cells to 100% with certified & traceable test weights, accurate to 1 part in 10,000 (see
Appendix 3 for an example of calibration certificates).
3. We measure the output of our load cells with a certified & traceable high precision microvolt meter,
accurate to 1 part in 100,000 (see Appendix 4 for an example of a calibration certificate).
4. We use this data to match the load cells and store the final calibration on a chip that is inserted in the
back of the load cell that is later read by our instrument.
5. The calibration data is also stored in the cloud for retrieval, on demand anywhere, anytime.
6. An example of the level of best case accuracy and resolution that can be achieved with this method is
shown using a scale with 4 x Hardy C2 110 lb compression load cells and a HI 6600 in this document (see
Appendix 5).
7. C2 load cell and junction box wiring configurations are shown above (Fig. 6 & Fig. 8 on page 2).
The Hardy C2 method requires the following minimal 3 steps:
1. Installing, connecting and configuring the scale: load cells, junction box, and instrument.
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2. Using the Instrument, capture ZERO (the summed millivolt signal with tank or platform scale “empty”).
3. The calibration is complete. Next, we “validate” the calibration with a small “local” certified test weight.
For good practice, we typically use 5 to 10% of scale capacity. Customers often use less than this range
(1 to 2 % of capacity) successfully.
a. We recommend this be done close to ZERO.
b. Later, when the scale reading reaches a higher point (80% of capacity) validate with the small test
weight again to verify the scale is weighing at the entire range of capacity.
Positives
1. The Hardy C2 calibration is completed without local test weights in less than 30 secs.
2. The calibration is traceable to certified test weights and instruments meeting requirements for Quality
Management (e.g. ISO 9001).
3. This method helps to sustain or drive production (OEE) up and cost down.
4. This method unmasks (exposes) any external forces that act on the scale when we complete the
“validation” step.
5. The validation process ensures fewer test weights and safer conditions for operators and the person
doing the calibration.
6. Contamination can be contained by purchasing a small number of “validating” test weights for each
manufacturing area (then steam cleaning is not required each time they are used).
An example of a typical ISO procedure for a “startup/routine” calibrations is provided below as an example.
ISO 9000 certification does not establish a national standard procedure to be followed, but requires that a
procedure that is written, followed, and documented. The following is an example of an ISO 9000 procedure:
1. Perform C2® or Hard Calibration using procedure in the Operation and Installation Manual. This need only
be performed once and then only after major modifications and repairs.
2. Verify the system is properly calibrated and has no mechanical binding by placing a calibrated test weight,
typically 10% or less of expected loading, near the center of the system. Mark this position for future
verifications. Ensure the weight reading increases by the correct amount. Remove the test weight. Ensure the
weight reading returns to the previous reading. +/- 0.1% is acceptable for maintenance verification (+/-0.1% is of
the full rated capacity of the scale system, not the test weight applied. For example, a 1,000 lb capacity scale
would use a verification test weight of +/- 1lb).
3. Step #2 may be performed at any weight within the systems live load capacity. Considerations for the test
weight value should include operator ability, environment, physical ability to add or subtract weight safely,
and weight handling procedures. Mechanical devices may need to be installed to assist weight installation
and removal.
4. Repeat step #2 every X number of weeks, as directed by your Quality Assurance department. Document results
on appropriate data sheets.
NOTE: Cyclic tests for correct weight readings should be repeatable to + / - 0.1% of total system load cell capacity
on systems with no mechanical interference. Original installation Certification testing should be within +/-0.02% of
the full rate capacity. For example, a 1,000 lb capacity scale would require +/- 0.2lb.
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Appendix 1. – Requirement extracted from the ISO 9001 Guidelines for the Control &
Monitoring of measurement equipment.

7.6 Control of monitoring and measuring equipment

The organization shall determine the monitoring and measurement to be
undertaken and the monitoring and measuring equipment needed to provide
evidence of conformity of product to determined requirements.
The organization shall establish processes to ensure that monitoring and
measurement can be carried out and are carried out in a manner that is
consistent with the monitoring and measurement requirements.
Where necessary to ensure valid results, measuring equipment shall
a) be calibrated or verified, or both, at specified intervals, or prior to use,

against measurement standards traceable to international or national
measurement standards; where no such standards exist, the basis used for
calibration or verification shall be recorded (see 4.2.4);
b) be adjusted or re-adjusted as necessary;
c) have identification in order to determine its calibration status;
d) be safeguarded from adjustments that would invalidate the measurement result;
e) be protected from damage and deterioration during handling, maintenance and storage.

In addition, the organization shall assess and record the validity of the previous
measuring results when the equipment is found not to conform to
requirements. The organization shall take appropriate action on the
equipment and any product affected.
Records of the results of calibration and verification shall be maintained (see 4.2.4).
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Appendix 2. – Example Standard Operating Procedures (SOP) extracted from Hardy’s own
Published ISO 9001 SOP.

7.6

Control of monitoring and measuring equipment
-

Hardy uses Anmar Metrology Inc & Flintec to perform equipment calibration services on equipment
that is used to base product acceptance throughout the facility.
This facility is ISO 9001.2008 certified and is compliant to ISO/IEC 17025:2005, ANSI/NCSL Z540.32006.

To achieve compliance, the monitor and measurement calibration certificate must bear the following:
-

An unambiguous identification of the item calibrated;
Evidence that the measurements are traceable to international or national measurement standards;
The method of calibration;
A statement of compliance with any relevant specification;
The calibration results;
The uncertainty of measurement, where necessary;
The environmental conditions, where relevant;
The date of calibration;
The signature of the person under whose authority the certificate was issued;
The name and address of the issuing organization and the date of issue of the certificate;
A unique identification of the calibration certificate.
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Appendix 3: Certificate of Calibration for 3 Sets of Certified Test Weights used to calibrate Hardy’s C2® load
cells (pulled from permanent archives kept on file indefinitely).
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Appendix 4. - Certificate of Calibration for High Precision Voltage Meter used to calibrate
Hardy’s Instruments (pulled from permanent archives kept on file indefinitely).
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Appendix 4. – Certificate of Calibration for High Precision Voltage Meter Used to Calibrate Hardy’s Instruments (pulled from
permanent archives kept on file indefinitely).
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Appendix 5. Example of the level of best case accuracy and resolution that can be achieved with this method is shown using a
scale with 4 Hardy 110 lb compression load cells and an HI 6600 Instrument.
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