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	Calibration and Verification of Force-Measuring Instruments (Load Cells) using ASTM E74



PURPOSE
This procedure is to provide a general process for the Calibration Laboratory personnel to follow for the performance of calibration and verification of force-measuring instruments (load cells) using ASTM Standard Practice E74. The procedure applies to load cells weighing less than 25 kgs from 1 N to 4.4 MN. Load cells that weigh more than 25 kgs will use the same procedure will be followed, however, the setup may require hoists and other lifting equipment. 
SCOPE
This procedure is to be used when customer load cells are being calibrated to the ASTM E74 standard by Calibration Laboratory personnel at Morehouse Instrument Company, Inc. (Morehouse).
The process is intended for the calibration of static force measuring instruments using deadweight or universal calibration machines for the force calibration and verification, by means of force measurement standards, of tension or compression, or both, static or quasi-static testing machines (which may, or may not, have force-indicators).
This procedure is not intended to be complete purchase specifications for testing machines.
Tolerances for these force verifications are per ASTM E4.
DEFINITIONS
UUT—Unit Under Test
Ambient Temperature—Air temperature of any object or environment where equipment is located.
RESPONSIBILITIES
Calibration Lab personnel shall use this procedure for the process of conducting multiple run calibrations after receiving the required Training.
Calibration Lab Manager (or designee) is responsible for the training/monitoring/supervising the Lab Personnel until they reach the level where they are approved to proceed independently.
Calibration Lab Manager is responsible for the content of this document.
PROCEDURE
Ensure that Contract Review has been completed for:
UUT Information (Make, Model, ID number, and any other relevant info)
Functional Parameters required by customer
Required Test Points and Accuracy
Required Equipment Standards and Measurement Uncertainties
Required Test Fixtures or Accessories to reflect customer use
Handling and/or Storage requirements
Ensuring Customer informed Decision Rule is not applicable as the testing is performed per ASTM E74. 


Testing Requirements per ASTM E74:
Instrument should acclimate to the Morehouse Calibration Laboratory temperature at least 24 hours before testing.
A discussion with the customer on the importance of adapters should have been discussed where the appropriate adapters are sent with the Unit to be tested.  
Since the calibration is in accordance with the ASTM E74 standard, no decision rule is required. 
The customer should have provided whether to assign a calibration date in accordance with the ASTM E74 standard or their own custom date.
Verify all cabling and adapters are included per the previous history, or per the customer purchase order and the Morehouse Sales Order. 
Warm up the instrumentation at least 30 minutes prior to starting the exercise cycle. 
Select the appropriate machine or machines to perform the calibration by an appropriately trained technician.
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Look at notes from previous calibrations and current purchase orders to see if any special setups are required.  Fixture of the Force Instrument in the machine in either compression or tension as shown in the examples above. 
NOTE: Different types of instruments will have different setups. 
The discussion with the customer should have discussed the requirements and how the Force Instrument should be calibrated.  Some common examples are loading against the shoulder, or through the top or bottom threads. 
Position the Force Instrument in the machine and be sure everything is centered. 
Immediately before starting the calibration, exercise the Force Instrument slowly and smoothly at least 3 times to the maximum force point to be calibrated and verify alignment and centering by watching the application of force. 
If the device moves, or tips to one side, it is not centered and will need to be realigned.  After correcting this, repeat the exercise cycles again.
After 3 exercise cycles, watch the trailing zero after the final force has been removed and if the ending zero lags or seems high, a fourth exercise cycle should be performed. 
NOTE: This is a bit vague in terms of each instrument will vary and it will be up to the calibration technician to make the judgment call  
Select 11-12 test points based on agreed-upon customer expectations and approach each force from a lesser force applying slowly and smoothly. 
ASTM E74 requires separate runs, use at least 33 points in 3 rotational runs with at least one point at every 10% interval of capacity, and one or two points below 10 % of capacity if the Force Instrument is to be used below 10 % of its capacity. 
· Typically, the points tested are 0 %, 2 %, 5 % (optional), 10 %, 20%, 30 %, 40 %, 50 %, 60 %, 70 %. 80 %, 90 %, 100 %, 0 % of capacity to be calibrated. 
· Check the requirements as if the customer requests both ascending and descending calibration, the points will change to 3 runs of 21-22 test points. 
· In the above scenario, the loading sequence becomes 0 %, 2%, 5% (optional), 10 %, 20%, 30 %, 40 %, 50 %, 60 %, 70 %. 80 %, 90 %, 100 %, 90 %, 80 %, 70 %, 60 %, 50 %, 40 %, 30 %, 20 %, 10 %, 5 %(optional), 2 %, 0 %.
The lowest test point cannot be less than 400 times the resolution for Class A and 2000 times the resolution for Class AA. 
· Do not record a point below these values. 
· If the lowest test point is 2.75 % of capacity, it is appropriate to use this point or the next available point in which deadweights can be applied. 
If in one mode only Compression or Tension record the runs in 3 different positions specific to 0°, 120°, and 240° of rotation unless analog and the line of sight is obscured. In this case, the instrument is to be rotated at 0°, 60 °, and 300 °.
If performing calibration in both tension and compression, it is required to randomize the runs:
· Do run one or both one and two in compression. 
· Switch to the tension calibration
· After the tension calibration, return the device to the next position needed for completion of the compression calibration 
· Finish the calibration.
A curve fit of greater than second degree shall not be assigned to any device that does not have a minimum of 50,000 counts at capacity (Capacity divided by output with no decimal).
The temperature in the Morehouse Lab should not change more than ± 1° C during calibration run. If it does, the calibration is not valid and will need to be repeated when the Morehouse Lab temperature is stable to within ± 1 ° C
If a recalibration date is requested in accordance with ASTM E74, the change from the previous must be less than 0.160% for class A and less than 0.032% for class AA for the assignment of a two-year due date.
Any instrument that has a change from the previous above those stated in 5.2.2 shall have the calibration due date determined by the end-user as required by ASTM E74. If the Force Instrument meets the criteria, the calibration due date can be set in accordance with the ASTM E74 which currently is a two-year maximum for calibration.
New instruments should be calibrated at an interval of one year to establish stability as recommended by the ASTM E74 standard.
Newly manufactured instruments may be required to be overloaded to a minimum of 110 % or higher in the direction or directions that the instrument was manufactured to be used prior to performance of a calibration. 
General Testing Parameters
All equipment will be exercised to full capacity, when possible, a minimum of three times before starting the calibration procedure.
E74 calibrations are done by performing three runs of 11-12 points for a total of 33-36 points not including the zero readings.  The instrument is rotated 120° between each new run (0°, 120 °, and 240 °) unless the Force instrument is analog and requires one to see the instrument to record a reading. In this case, the instrument is to be rotated at 0°, 60 °, and 300 °.
The load points that should be used are 2 % then 10 % steps up to capacity if possible. 
If 10 % load points are not achievable due to the limitations of the standard being used or the device being calibrated consult with the Calibration Lab Supervisor and choose points as close to 10 % points as possible. 
Record the ambient temperature at the beginning of the calibration and monitor it during calibration. 
The temperature of the Calibration Lab should be 23°C ±1°. 
Start your 1st run of the calibration in the 0° position (0° being the connector facing the operator). 
Then rotate the UUT to the 120° position for the second run and the 240° position for the third run.
When recording each load point, wait for 30 sec. from the time the load is applied for the load to stabilize. 
If using the DCS automation option, follow the procedures outlined in SOP-LAB-0008.
If recording the data manually it is preferred that data be typed directly into the Calibration Laboratory software or the DCS program to prevent errors in transcribing handwritten data.
If readings are unstable more time may be allowed for stabilization before recording data. 
Be consistent in timing while taking readings at all calibrated points.
Processing calibration data 
Refer to ASTM E74 and/or the laboratory procedure for processing calibration data (SOP-LAB-0002)
General Report Requirements includes but not limited to:
Header Statement—Certificate of Calibration
Customer Name and Address
Date of calibration
Applicable environmental conditions
Identification and calibration information for reference standards used and Traceability Statement
UUT identification number or ID number
Certificate Approver name and signature
Data and results as applicable
Any accreditation references and a statement work has been performed in accordance with ASTM E74
Unique ID number for the Certificate and provisions for revision numbering with connection to prior revision
Decision Rule is not applicable as the testing is performed per ASTM E74, Standard Practices for Calibration and Verification for Force-Measuring Instruments.
Other applicable items called out in ASTM E74, Section 13


REFERENCES
ASTM E74—Standard Practices for Calibration and Verification for Force-Measuring Instruments, published by ASTM International.
ASTM E4—Practices for Force Verification of Testing Machines
NCLSI RP3—Developing Calibration Procedures
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	Tony Ruppert
	Updated to closer reflect the NCSLI RP 3 requirements for a calibration procedure.  No technical process changes.  Added Sections 2.1, 2.2, 2.3, 5.1, and 5.5 as well as reference to ASTM E4

	1
	Tony Ruppert
	Updated to better reflect the current process

	0
	Tony Ruppert
	New Procedure
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Compression calibration can be thought of as compressing or pushing
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Tension calibration can be thought of as pulling or stretching the
material
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