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Ordering Weights and Weight Sets
212 • Precision Solutions

1. Please describe your application and tell us what you
need to accomplish with these weight(s) or weight set.
2. What is the maximum amount of weight you will need
at any one time?

13. Does this weight set need to be legal-for-trade?
14. Do you need ISO/IEC 17025 & ISO 9000 laboratory
documentation?

3. What is the minimum amount of weight you will need
at any one time?

15. If you do not need ISO/IEC 170285 and ISO 9000
laboratory documentation, do you need traceability
to NIST?

4. What tolerance are you looking for?

16. Do you need true mass value?

5.	Is your tolerance driven by the equipment under test;
the application; an internal specification document; or
another source?

17. Do you need a book version of the Calibration
Report?

6. What “style” (ASTM, OIML, NIST) is required or
preferred?
7. What configuration do you need (5-3-2-1 or 5-2-2-1)?
8. Do you need something that is custom
manufactured?
9. What is your budget for this project?
10. Tell us about the environment. Is it
		

a. Indoor/outdoor?

		

b. Wet/dry?

		

c. Windy/still?

		

d. Corrosive, hazardous, or explosive?

		

e. A clean room?

		

f. Are there biohazard, electrostatic, or magnetic
conditions to consider?

		

g. What else is noteworthy?

11. Are you replacing an existing weight or weight set?
12. If the answer to question number 11 is yes, then:
		
a. What do you like/dislike about the existing
			 devices?
		

b. What configuration is the existing set?

		

c. What style is the existing set?

		
d. What laboratory documentation is needed for
			 the existing set?

18. If you do not need any documentation, you still have
the option of an RLWS Certificate of Accuracy.
(see page 221)
19. If you are getting any of the laboratory documentation
above, do you need a recall date?
Your existing weights and weight sets should be recertified
on a managed periodic basis. The recertification period
is determined by a number of factors, including but not
necessarily limited to, the environment, frequency of use,
demands of the process, quality of the weighing devices
in question, age of the weights in question, and handling
during use.
20.	What other precision services/equipment
(recalibration, balances, accessories, static electricity)
do you use?

Ordering Laboratory Documentation
New Weights
Traceable and Weight Calibration Certificates can be
purchased with every weight we sell. To order either
document with your purchase of a new weight or weight
set, you should:
1. Note on your purchase order to add
these services.
2.	Call or fax the order and we will quote you the
additional price immediately.

Existing Weights

Your existing weights and weight sets should be recertified
on a managed periodic basis determined by a number
of factors, including but not necessarily limited to: the
environment, frequency of use, demands of the process,
quality of the weighing devices in question, age of the
weights in question, and handling during use.
When calibrating existing weights there are many factors
that affect the cost: age, design, abuse, required finish,
tolerance and class needed. To accurately estimate the
cost of our calibration service, we offer the following
four-hour* response options:

4  Days
Calibration Turnaround in

or Less

4-Day Turnaround for
Weights and Calibration Services

If you have a specific date that you need the weights
back, call ahead and schedule an appointment.
Our metrology lab will then schedule your work before
we receive your weights.
Please call 1-800-472-6703 to receive a copy of the
Weight Recalibration Request to schedule a time for
certification of your weights.
Weight Recalibration Request form must be received at
RLWS during the hours of 6:30 a.m. to 6:30 p.m. Monday
through Friday and on Saturday from 8:00 a.m. to Noon
Central Standard Time.

•	Complete the Weight Recalibration Request form
available online at
www.ricelake.com/
recalibration or on
page 251.
•	Return the Weight
Recalibration
Request form with
the weights and
we will evaluate the
weights and phone
you with a quote.
•	Call and tell us what
weights you have
and what service
you need and we
will give you a quote
over the phone.
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How Will a NVLAP-Accredited Calibration Lab Benefit Me?
214 • Precision Solutions

Certification of Accreditation available for download at www.ricelake.com/accreditation.
While the present benefits of using a NVLAP-accredited
lab for your weight calibration services are readily
apparent, the future benefits—both in the U.S. and
abroad—when the NVLAP program gains widespread
approval, will be truly exciting.
Rice Lake Weighing Systems is proud to have its
mass calibration laboratory awarded the NIST/NVLAP
recognition of excellence. Its metrology staff has
participated in basic, intermediate, and advanced NIST/
OWM training seminars, regional metrology groups such
as MidMAP, and round-robin measurement programs
with state labs since regional groups were established in
the early 1980s. Now, with the NVLAP program in place,
Rice Lake Weighing Systems has demonstrated its ability
to meet accreditation requirements equal to the state
calibration labs.

Check with your state or local Weights and Measures
officials to determine the approval status of legal-for-trade
weights in your state before ordering certification by Rice
Lake Weighing Systems.
Rice Lake Weighing Systems’ NVLAP-accredited lab can
certify weights to accuracy echelon I, II, and III, and ship
them directly to customers. See page 224 for typical uses
of these accuracy classes.

International
Standard:
BIPM

For international customers, NVLAP-accredited calibration
validates the traceable link to the BIPM international
standard so often required by ISO-9000 registered
companies.
In the very near future, the NVLAP program should bring
a measure of reciprocity and universal standardization
that the weights and measures industry has long sought.
The NVLAP standards were tailored to the calibration
requirements of the major European accreditation bodies,
so ready acceptance of calibrations from American
NVLAP-accredited labs is expected by the European
community.
Acceptance of NVLAP by individual states in the U.S.
is currently under way. If your state recognizes NVLAP
accreditation and grants reciprocity, Rice Lake Weighing
Systems can calibrate and ship certified test weights to
any location in your state.
If your state has not granted reciprocity for NVLAPaccredited calibrations, we will continue to send
commercial test weights and mass standards to your local
state lab for certification (or to another state lab with a
reciprocity agreement). You may place your legal-for-trade
test weights into service only after that official lab performs
its tests.

NVLAP Lab Code 105001

No NVLAP Lab and/or
No Acceptance by State W & M

NVLAP Lab and
Acceptance by State W & M

Weight Supplier with NIST/
NVLAP-Accredited
Calibration Lab

US Standard:
NIST

Weight
Supplier

State Lab
Refer to page 216 for Calibration Service Selection Guide.

Traceability
What is Traceability?

Traceability is documentation—essentially a pedigree—
showing a direct link to the official U.S. 1 kg weight
standards housed at the National Institute of Standards
and Technology (NIST) in Gaithersburg, MD. These NIST
standards are in turn calibrated to the international 1 kg
standard maintained at the BIPM lab in Sevres, France.
Traceability not only means that a weight or mass
standard has links to the NIST 1 kg standard, but also
that the measurements were appropriate for the accuracy
class required for the application. Traceability also requires
proof that all environmental factors affecting accuracy
were considered at the lab doing the measurement.
There are two types of traceability: direct and indirect.

Direct Traceability

Direct traceability means a weight or mass standard has
been tested by NIST. NIST then issues a report number
to the organization for whom they have performed
measurements. Because the certificate is valid only for
the items tested by NIST, a calibration lab such as Rice
Lake Weighing Systems must submit its set of mass
standards to NIST for testing. This certificate provides
direct traceability for the lab’s mass standards, which
can then be used in calibrating weights for clients.

When is Traceability Necessary?

Indirect Traceability

Indirect traceability exists when a client’s weight or
mass standard is tested by a metrology lab that has
direct traceability and has the necessary measurement
control program in place. An important aspect of
this measurement control and testing program is the
participation in a NIST-certified measurement assurance
program, which reduces the possibility of errors.
To clarify the two types of traceability, remember
that direct traceability comes directly from NIST. For
example, Rice Lake Weighing Systems’ Calibration Lab
has direct traceability, as shown in the diagram below.
The calibrations we perform for our customers provide
indirect traceability. Likewise, when that customer uses
its Rice Lake Weighing Systems calibrated test weights
to calibrate a balance or scale, it is providing indirect
traceability.

Direct Relationship
Indirect Relationship

•	Federal agencies require measurement traceability
to national standards for contract work.
•

Military contracts invariably require traceability.

•	Pharmaceutical, scientific, and medical products
manufacturers usually specify traceability.
•	ISO-9000 registered companies nearly always require
proof of traceability to the international standard.

Rice Lake
Weighing
Systems
US
Standard
NIST

World
Standard:
OIML

Customer
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Calibration Service Selection Guide
216 • Precision Solutions

Certification of Accreditation available for download at www.ricelake.com/accreditation.

1

Answer 2
Questions
to determine the calibration service
you need

Need accredited* laboratory certificate
to meet ISO/IEC 17025 & ANSI/
NCSC Z540-1 requirements?
YES 			

2

NO

What Weight Class?
ASTM 0, 1,
2, 3; OIML
E2, F1, or F2

ASTM 4, 5, 6,
7; NIST F; OIML
M1, M2, M3

Traceability to NIST?
YES
Calibration
Certificate

Traceable
Certificate

• Weight classes: ASTM 0–3,
OIML E2, F1, F2

•W
 eight classes: ASTM 4–7,
NIST F, OIML M1, M2, M3

• Meets all the requirements
of the National Voluntary
Laboratory Accreditation
Program (NVLAP)

•M
 eets all the requirements
of the National Voluntary
Laboratory Accreditation
Program (NVLAP)

• Provides traceability to NIST

• Provides traceability to NIST

• Meets requirements for
ISO/IEC 17025 and
ANSI/NCSL Z540-1

•L
 ists the environmental
conditions present at time of
calibration

• Lists the environmental
conditions present at time
of calibration

•C
 ertificate cites that the
test was done by RLWS,
an accredited laboratory

• Certificate cites that the test
was done by RLWS, an
accredited laboratory

•C
 ertificate states that RLWS
is ISO 9001 registered

RLWS
Mass
Value
Certificate
• W
 eight classes: ASTM 1–3,
OIML, F1, F2
• U
 ncertainty to tolerance
ratios are not guaranteed
to be met
• L
 ists actual weight
values, uncertainties,
and tolerances
• M
 easurements are
traceable to NIST
• Not an accredited certificate

• Certificate states that RLWS
is ISO 9001 registered
* .Accredited by the National Voluntary Laboratory Accreditation Program (NVLAP) for the specific scope of accreditation under Lab Code 105001-0.

NO

Certificate
of Accuracy

(Only applicable
to new weights.)

• This is not a legal-for-trade
or traceable document
• Does not give traceability
to NIST
• All weight classes
• T
 olerance statement
of the weight
• N
 ominal value of the
weight is listed
• T
 olerance for the specific
weight class is noted
• Before, after, or uncertainties
values are not listed

Documentation
Traceable Certificate vs.
Calibration Certificate

the decision has already been made for you depending on
the class of weight being evaluated.

The major difference between the two is the method in
which the weights are compared to the known standard.
They both give the actual values and uncertainties.
The Calibration Certificate will, however, give a smaller
uncertainty and a more precise value of the actual mass
due to the multiple measurements that are made during
the calibrating process.

Sometimes the answer is obvious, as when a company
has legal or contractual requirements that mandate a
specific document. Government contracts may dictate a
document to meet certain Military Standard specifications.
Often the need for quality control requirements for ISO9000 guidelines specify that certain standards be met in
their weight documentation.

Both the Traceable Certificate and Calibration Certificate
will include the following information:

In the absence of any programs or guidelines within your
company, the Accuracy Classes for Mass Standards and
Test Weights chart on page 224 can be used as a guide
to define whether a Calibration Certificate or Traceable
Certificate is required.

•	Actual mass values or the corrections to the nominal
mass of the weight being calibrated vs. 8 grams/cm3.
•	The uncertainty of the measurement process as it
relates to the item being calibrated.
•

The environmental conditions present during the test.

•	The assumed density of the weight being tested
so that atmospheric buoyancy corrections can be
applied.

Which Document Do I Need?

This is one of the most frequently asked questions we
hear at our Mass Metrology Laboratory and often times,

weight. This would include all retail scales and floor and
truck scales. For these applications we recommend a
traceable certificate, which will give actual values and
uncertainties of the weights. Most State Weights and
Measures Departments require this information as a
minimum to allow weights to be put into field service.
This is usually the same information that the state gives
when they certify weights. Check with your state and local
Weights and Measures Department for acceptance of our
documentation.

A Certificate of Accuracy is adequate if the actual values
and stated uncertainties of the weights are not necessary,
and only the tolerances of the specific class are needed.
These documents are normally adequate for weights used
to calibrate industrial balances and scales more than 6
kg in capacity. The mass standards used by Rice Lake
Weighing Systems are used to verify that those weights
are within the necessary tolerances and are traceable
to NIST. Weights with this document do not meet the
requirements needed in legal-for-trade scale applications.

Legal-for-Trade Weight Applications
NIST Class F weights are required for all legal-for-trade
applications which include any product that is sold by
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Calibration Certificate
218 • Precision Solutions

A customer requesting a Calibration Certificate needing
traceability to NIST is looking for actual weight readings,
corrections and uncertainty values. To produce this
document, a calibration laboratory must maintain a
statistical measurement process acceptable by NIST.
Also, depending on the weight class and the accuracy
required, different standards and procedures need to
be incorporated to make sure the level of uncertainty is
appropriate for the item being tested.

The Weight Calibration Certificate is in compliance with
ISO International Standard 17025 and ANSI/NCSL Z5401 requirements.

These programs and procedures allow Rice Lake
Weighing Systems to achieve and help maintain lower
uncertainties.

The special software used to
produce the Calibration Certificate
was developed specifically for Rice
Lake Weighing Systems.
14
15

The Calibration Certificate includes the following information:
1

Name and address of` the calibration laboratory

2

Identification of the calibrated item and serial number, if applicable

3

Nominal mass value

4

As found condition of the weight

5

As left condition of the weight

6

A statement of the estimated value
of uncertainty1

7

Tolerance for the specific class

8

Your Traceable Certificate Number

9

NIST Certificate number

10
8

2
16
4

3

10 Environmental condition

at time of test

11 Procedure used
12 NVLAP Accreditation logo
13 Calibration and due date of RLWS standards. This represents the date that RLWS standard is

due for recalibration. This RLWS standard was used to check the performance of your weight.
This date in no way reflects an expiration date of the certificate, nor does it infer or specify a
recall date. The expiration of the certificate and the specification of a recall date are user
assigned responsibilities under NIST H150-1.

14 Contractor name and address
15 Client name and address

1

16 Record of the weighing equipment
17 Assumed density of the weight being tested

Refer to page 216 for Calibration Service Selection Guide.

A reported value without all required parameters cannot be used in any link of traceability.
Therefore, a calibration certificate without an uncertainty statement is useless.
1

9

11

12

5

6

7

13

17

Calibration Certificate
A customer requesting a Traceable Certificate, needs
proof of traceability to NIST, actual mass values and
uncertainties. Comparisons must be made between the
item being tested and a known standard being used.
The laboratory performing the testing must verify that the
proper procedures and standards are being used so that

submitted for test, the known standard must be sufficiently
tested over time to produce predictable measurements.
Also, the procedure used to do the comparison must be
accurate enough so the uncertainty of the measurement is
small enough to generate a valid certificate.

the uncertainties are suitable for the test
that is required. The known standard and procedure
used for the tolerance test is essential to the traceable
document.
Prior to the comparison between
the known standard and the item(s)

This certificate should contain all of the data related to the tolerance test.
After testing, a Traceable Certificate is issued and will include:
1

Name and address of` the calibration laboratory

16

2

Identification of the calibrated item
and serial number, if applicable

17

3

Nominal mass value

4

As found condition of the weight

5

As left condition of the weight

10

6

Tolerance for the specific class

8

7

A statement of the estimated value
of uncertainty1

8

Your Traceable Certificate Number

9

NIST Certificate number

9

11
2

7

6

13

14

15

3

10 Environmental condition at time of test

4

11 Procedure used

5

In addition, our NVLAP-accredited lab will also include:

12 The NVLAP official logo will be displayed when the documentation meets the scope

of accreditation under Lab Code 105001

13 Record of the weighing equipment
14 Calibration and due date of RLWS standards. This represents the date that the RLWS stan-

dard is due for recalibration. This RLWS standard was used to check the performance of your
weight. This date in no way reflects an expiration date of the certificate, nor does it infer or
specify a recall date. The expiration of the certificate and the specification of a recall date are
user assigned responsibilities under NIST H150-1

15 Assumed density of the weights being tested
16 Contractor name and address
17 Client name and address
1 A reported value without all required parameters cannot be used in any link of traceability.
Therefore, a traceable certificate without an uncertainty statement is useless.

1
12
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RLWS Traceable Mass Value Certificate
220 • Precision Solutions

A customer requesting a RLWS Traceable Mass Value
Certificate, needs proof of traceability to NIST, and actual
values and uncertainties. Comparisons must be made
between the item being tested and the standard being
used. The known standard used for the tolerance test is
essential to the traceable document.
Prior to comparison between the known standard and
the item submitted for testing, the known standard must

traceability to NIST, it is not a NVLAP accredited
document. If an accredited document is required, please
refer to the TMAP Traceable Certificate and/or TMAP
Calibration Certificate.

be sufficiently tested over time to produce predictable
measurements.
This certificate should contain all of the data related
to the test. After testing, a
RLWS Traceable Mass Value
Certificate is issued. Although
the RLWS Traceable Mass
Value Certificate provides

15

The RLWS Traceable Mass Value Certificate
includes the following information:
1

Name and address
of` the calibration laboratory

2

Identification of the calibrated item
and serial number, if applicable

3

Nominal mass value

4

As found condition of the weight

5

As left condition of the weight

6

Tolerance for the specific class

7

A statement of the estimated value
of uncertainty1

8

Your Traceable Certificate Number

9

NIST Certificate number

16

10
8

2
3

4
5

10 Environmental condition at time of test
11 Procedure used
12 Record of the weighing equipment
13 Calibration and due date of RLWS standards. This represents the date that RLWS stan-

dard is due for recalibration. This RLWS standard was used to check the performance
of your weight. This date in no way reflects an expiration date of the certificate, nor does
it infer or specify a recall date. The expiration of the certificate and the specification of a
recall date are user assigned responsibilities under NIST H150-1.

14 Assumed density of the weights

being tested

15 Contractor name and address
16 Client name and address
1 A reported value without all required parameters cannot be used in any link of traceability.
Therefore, a traceable certificate without an uncertainty statement is useless.

9

11

1

7

6

12

13

Certificate of Accuracy*
A customer requesting a Certificate of Accuracy, needs
proof that the nominal values represented by the mass in
question have been designed and manufactured to within
exacting specifications.
The Certificate of Accuracy provides just such a
document when and where traceability to NIST, and/

or the need for a NVLAP accredited document is not
a concern. The Certificate of Accuracy is the lowest
level of documentation offered by Rice Lake Weighing
Systems. Check with your internal procedures and
policies to determine what type
of documentation you require

and thoroughly review the RLWS Traceable Mass Value
Certificate, TMAP Traceable Certificate, and TMAP
Calibration Certificate options prior to selecting this
laboratory documentation.

The Certificate of Accuracy includes the following information:
1

Name and address of` the company that adjusted the weights

2

Part number

3

Description/Serial number

4

Tolerance for the specific class

5

Name and address of company
that items were sold to

6

Name and address of company
that items are shipped to

5

6

*Only applicable to new weights.
Not a legal-for-trade or traceable document.

2

3

4

1
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Rice Lake Certificate Selection Guide

1
2
3
4
5
6
7
8
9
10

NVLAP Calibration Certificate

Item on Certificate
17025:2005 & ANSI/NCSL Z-540-1
Accredited Certificate
Name & Address of Calibration Laboratory
Contractor (Sold To) Name & Address *
Client (Ship to) Name & Address *
The Traceable Report Number of the
Certificate for the item under test
Environmental Conditions at time of test
NIST Certificate Number
Procedure Used
Identification of the Item(s) & serial number
(if applicable)
Nominal Mass Value
As Found Value of Item under test

11 As Left Value of item under test
12 Estimated Uncertainty of the measurement
13 The Tolerance for the Specified Class
14 Equipment Number for the Mass
Comparator/Balance Used to perform the
test
15 The Standards used to Calibrate the item
under test & the date the Standard was
calibrated by RLWS and date due for
Recalibration
16 Assumed Density of the item(s)
17 Legal For Trade Document
18 True Mass Values
19 Book Form Certificate (Long Form
Certificate)
20
Disclaimers

1

NVLAP
RLWS Mass
Traceable
Value
Certificate of Accuracy

YES

YES

NO

NO

YES
YES
YES

YES
YES
YES

YES
YES
YES

YES
YES
YES

YES

YES

YES

NO

YES
YES
YES

YES
YES
YES

YES
YES
YES

NO
NO
NO

YES

YES

YES

YES

YES
YES

YES
YES

YES
YES

NO
NO

YES

YES

YES

NO

YES

YES

YES

NO

YES

YES

YES

YES

YES

YES

YES

NO

YES

YES

YES

NO

YES
Available Upon Request

YES
NIST Class F
NO

YES
NO
NO

YES
NO
NO

Available Upon Request

NO

NO

NO

Required for Required for
Cast Iron Satin Finish
Required for Satin Finish Weights certified
Grip Handle
Weights
to ASTM Class 1
and Slotted certified to
Weights
ASTM Class

* Can Be Specified by Customer or Client
1
A reported value with a stated uncertainty is required for Traceability.

NO

Rice Lake Certificate Selection Guide
Weight Class

Accredited to 17025:2005 & ANSI/NCSL
Z5640-1 NVLAP Calibration Certificate

ASTM 0
ASTM 1
ASTM 2
ASTM 3
ASTM 4
ASTM 5
ASTM 6
ASTM 7
OIML E2
OIML F1
OIML F2
OIML M1
OIML M2
OIML M3
NIST F
NIST M
NIST S
NIST S-1
NIST P
NIST T
NIST C

Yes
Yes **
Yes
Yes
Yes
Yes
Yes
Yes *
Yes
-

Accredited
Nonto
Accredited
17025:2005 Certificate
Yes ** 3
Yes 3
Yes 3
Yes
Yes
Yes ***
Yes
Yes 3
Yes 3
Yes
Yes
Yes
Yes
Yes 3
Yes ** 3
Yes 3
Yes 3
Yes
Yes
-

Non Accredited & NOT
LEGAL FOR TRADE
Certificate of Accuracy
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
Yes 2
-

** Satin Finish Weights require a Disclaimer because the Surface Finish of Satin Finish Weights do not meet the requirements of 5.7.1 and Table
4 of the ASTM E 617 Standard
*** Cast Iron Weights 5kg or Less require a disclaimer because they do not meet the requirement for density listed in 5.6 and Table 3 of the ASTM
E 617 Standard
2
Only applicable to new weights
3
Uncertainty to Tolerance ratios are not guaranteed to be met
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Selecting Mass Standards and Test Weights
224 • Precision Solutions

The following pages of this catalog contain all the
information you’ll need to place your mass standard or
test weight order. If you’re new to the specialized field of
metrological weights, the selection process can be broken
into five simple steps:

2.	Determine the accuracy class appropriate for your
application by reviewing the accuracy and tolerance
information below and on pages 226-233, as well as
your internal ISO documentation and any applicable
manufacturer’s instructions.

1.	Determine the regulatory standard that applies to
your application. The international standard (OIML) is
summarized on pages 226-227; the U.S. standard
(ASTM E 617) is summarized on pages 228; the U.S.
commercial standard for Legal-for-Trade applications
(NIST Handbook 105-1) is summarized on page 231.

3.	Determine the type of laboratory documentation you
require using the information on page 216.
4.	Using the information from steps 1–3 to select the
weight or weight set and appropriate laboratory
documentation for your application.

5.	If your weights will require Legal-for-Trade certification
prior to placing them in service, decide if you would
like the certification to be handled by Rice Lake
Weighing Systems’ metrology lab, accredited by the
National Voluntary Laboratory Accreditation Program
(NVLAP), or sent to your state lab. For information on
the certification process of NVLAP-accredited labs,
see page 214.

Accuracy Classes
Obsolete
Standard

Current Standard and Test Weight Accuracy Classes
Typical Use

OIML1

ASTM E6172

NIST 105-13

NBS CIR. 5474

Weight Calibration Certificate Essential
Primary Laboratory Reference Standard
High precision standards for calibration of weights and special precision analytical
balances accuracy Classes I and II (class number depending on precision).

E1
E2
0,1

M,S

2
3

S1

Weight Calibration Certificate Recommended
High Accuracy Balances
Working standard for precision analytical work, built-in weights and external weights
used to calibrate moderate precision balances

F1
F2

Traceable Certificate Acceptable
Industrial Scales and Balance
Accuracy Class III industrial scales, dial scales, trip balances, platform scales.
Also used for accuracy Class IIIL and IIII, and weights used to calibrate scales
in Legal-for-Trade applications.5
1
2
3
4

See pages 226-227 for more information on OIML weight classifications
See pages 228 for more information on ASTM E617 weight classifications
See page 231 for more information on NIST 105-1 Class F weight classification
Listed for reference only. NBS Cir. 547 has been superseded by ASTM E 617 classifications

M1
M2
M3

4
5
6
7

F

P
Q
T

Accuracy Classes, NIST Handbook 44
Class

Number of scale4 divisions (n)

Value of the verification scale
division (d or e1)

Minimum

Maximum
-

SI Units
I

Equal to or greater than 1 mg

50,000

II

1 to 50 mg, inclusive
Equal to or greater than 100 mg

100

III 22
III L33
IIII

5000

100,000

0.1 to 4 g, inclusive
Equal to or greater than 5 g

100

Equal or greater than 2 kg

2000

10,000

100

1,200

0.0002 lb to 0.005 lb, inclusive
0.005 oz to 0.125 oz inclusive
Equal to or greater than 0.01 lb
Equal to or greater than 0.25 oz

100
100
500
500

10,000

Equal to or greater than 5 lb

2000

10,000

Greater than 0.01 lb
Greater than 0.25 lb

100
100

1,200

500

Equal to or greater than 5 kg

10,000

Inch-Pound Units
III

III L33
IIII
1

For Class I and II devices equipped with auxiliary reading means (i.e., a rider, a vernier, or a least significant decimal differentiated by size, shape, or color), the value of the verification scale division “e” is the
value of the scale division immediately preceding the auxiliary means.

2

A scale marked “For prescription weighing only” may have a scale division not less than 0.01g

3

The value of a scale division for crane and hopper (other than grain hopper) scales shall be not less than 0.2 kg (0.5 lb). The minimum number of scale divisions shall be not less than 1000.

4

On a multiple range or multi-interval scale the number of divisions for each range independently shall not exceed the maximum specified for the accuracy class. The number of scale divisions, n, for each
range is determined by dividing the scale capacity for each range by the verification scale division, e for each range. On a scale system with multiple load receiving elements and multiple indications, each
element considered shall not independently exceed the maximum specified for the accuracy class. If the system has a summing indicator, the nmax for the summed indication shall not exceed the maximum
specified for the accuracy class.

Table 3 - Parameters for Accuracy Classes - Handbook 44
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INTERNATIONAL ORGANIZATION OF LEGAL
METROLOGY RECOMMENDATIONS OIML R111

OIML Weight Classification and
Selection

OIML is a worldwide, intergovernmental organization
whose primary aim is to harmonize the regulations and
metrological controls applied by national metrological
services, or related organizations of member states.

The two main categories of OIML
publications are:

• International Recommendations (OIML R), which
are model regulations that establish the metrological
characteristics required of certain measuring instruments
and which specify methods and equipment for checking
their conformity; the OIML Member States shall implement
these Recommendations to the greatest possible extent.
• International Documents (OIML D), which are
informative in nature and intended to improve the work of
metrological services.
International Recommendations and International
Documents are published in French (F) and English (E),
and are subject
to revision.
OIML publications may be obtained from the
Organization’s headquarters:
Bureau International de Metrologie Legale 11
Rue Turgot - 75009 Paris
France Telephone: 33 (1) 48 78 12 82 and 42 85 27 11
Fax: 33 (1) 42 82 17 27
Telex: 234 444 SVP SERV F ATTN. OIML
www.OIML.org

General Information on Weight Classes:
E1, E2, F1, F2, M1, M2
This Recommendation contains the principle physical
characteristics and metrological requirements for weights
which are used:
•

For the verification of weighing instruments,

• For the verification of weights of a lower class of
accuracy.

The nominal values of mass of the weights covered by
this Recommendation range from 1 milligram (mg) to 50
kilograms (kg).

commercial transactions (e.g. gold and precious
stones) on weighing instruments of accuracy
class II.

This recommendation applies to weights in classes of
accuracy as follows: E1, E2, F1, F2, M1, M2 and M3.

M1 	Weights intended to be used with weighing
instruments of accuracy class II.

Weights used for the verification
of weighing instruments

M2	Weights intended to be used in normal
commercial transactions and on weighing
instruments of accuracy class III.

The classes of accuracy of the weights used for the
verification of weighing instruments shall be specified in
the appropriate International Recommendations relating to
these instruments.

Weights used for the verification of
weights of a lower class of accuracy

E1	Weights intended to ensure traceability (see
OIML R 33, paragraph A.3) between national
mass standards (with values derived from the
International Prototype of the kilogram) and
weights of class E2 and lower.
Class E1 weights or sets of weights shall always
be accompanied by a calibration certificate.
E2	Weights intended to be used for the initial
verification of weights of class F1. They may be
used as class E1 weights if they comply with
the requirements for surface roughness and
magnetic susceptibility of class E1 weights
and if their calibration certificate
gives the appropriate data.
F1	Weights intended to be used for the initial
verification of weighs of class F2.
F2	Weights intended to be used for the initial
verification of weights of class M1
and possibly M2.
	M1 weights intended to be used for the initial
verification of weights of class M2.
F1, F2

Weights used with instruments of accuracy
class I.

F2 	Weights intended to be used for important

M3	Weights intended to be used on weighing
instruments of accuracy classes III and IIII.
The accuracy of weights used with weighing instruments
shall be chosen in accordance with the requirements of
OIML R 76 “Nonautomatic weighing instruments.”

Excerpts from the Standard Specification
for Laboratory Weights and Precision
Mass Standards as Regulated by the
Organization Internationale De Metrologie
Legale (OIML): 2004 Edition (E) Publication
OIML R 111
This specification covers various classes of weights and
mass standards used in laboratories, and weights used
for field standards and commercial measurement.

Weight Classification, International Laboratory Weights & Precision Mass Standards (continued)
INTERNATIONAL ORGANIZATION OF LEGAL
METROLOGY RECOMMENDATIONS OIML R111

Construction
Class E1 and E2 Weights

Class E1 and E2 weights shall be solid and have no cavity
open to the atmosphere. They shall have an integral
construction, i.e., consist of a single piece of material.

Class F1 and F2 Weights

Class F1 and F2 weights from 1g to 50 kg may be one
or more pieces from the same material. Class F1 and F2
weights may contain an adjusting cavity; however, the
volume of this cavity shall not exceed one-twentieth of the
total volume of the weight, and the cavity shall be closed
either by means of the lifting knob or by any other suitable
device.

Calibration or Initial Verification

Certain categories of new weights may either be
calibrated individually or be subject to initial verification,
depending on their intended use and the national
legislation of the country.

Recalibration or Periodic Verification

The categories of weights which are subject to calibration
or initial verification should either be recalibrated or have
a periodic verification. This makes it possible to verify
that the weights maintain their metrological properties.
Any weights found defective at the time of the periodic
verification shall be discarded or readjusted.

Uncertainty of Measurement
Standard uncertainty

Uncertainty of the result of a measurement expressed as
an estimated standard deviation.

Combined standard uncertainty

Standard uncertainty of a measurement result. When
that result is obtained from the values of a number of
quantities, it is equal to the positive square root of the
appropriate sum of the variances and covariances of
these quantities. The variance of quantity is the square of
its standard deviation.

Calibration weights shall be accompanied by a certificate
which gives at least the conventional mass of each
weight, its expanded uncertainty and the value of the
coverage factor k (see coverage factor k).

Expanded uncertainty

Class E1 weights shall always be accompanied by
certificates.

Coverage factor k — level of confidence

The certificate for class E1 weights shall mention at
least the values of conventional mass, the expanded
uncertainty and the coverage factor k, and the density or
volume for each weight.

For the normal distribution, the factor k = 2 signifies
that the limits of expanded uncertainty apply when the
confidence level is approximately 95%.

The optional certificate for class E2 weights shall mention
at least:
•	The values of conventional mass of each weight
and the extended uncertainty and the coverage factor
k, or

Excerpts from the Standard Specification
for Laboratory Weights and Precision
Mass Standards as Regulated by the
Organization Internationale De Metrologie
Legale (OIML): 2004 Edition (E) Publication
OIML R 111
This specification covers various classes of weights and
mass standards used in laboratories, and weights used
for field standards and commercial measurement.

The expanded uncertainty U is obtained by multiplying the
combined standard uncertainty by the coverage factor k.
U = k . uc
In most cases, it is appropriate to use the factor k = 2.

Uncertainties for Weights

u2 = u2 ÷ u2 with uA, uB: standard uncertainties of
category A and B, respectively.

•	The information required for class E1 weights
certificates (under the conditions of the above
paragraph).
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Weight Classification and Selection

Selection of type and class depends upon the application
of the weights. For primary standards, stability and
information about the values of the weights is more
important than the closeness of the values to nominal.
Weights to be used with balances of low precision do not
require small tolerances nor need the choice of materials
to be limited to those of high stability. The suggested
application table should serve as a guide in selecting
weights for specific applications.

Type

Weights are divided into two types based upon the
design:

Class

Tolerance limitations are described in Classes 0, 1, 2, 3,
4, 5, 6 and 7 as shown in the weight tolerance tables.
Classes with small numerical designations represent
smaller tolerances. Classes 0, 1 and 2 are used
primarily in metric but are also available in avoirdupois
denominations. Classes 3, 4, 5, 6 and 7 include
tolerances for metric, avoirdupois pound, avoirdupois
ounce, troy ounce, pennyweight, and grain weights. Class
1 through 7 tolerances are comparable to those in the
obsolete NIST Circular 547, Section 1, with the following
exception: Class 1 replaces the smaller tolerances of
Classes M and S, while Class 2 replaces the larger
tolerances of Classes M and S.

Type I

These weights are of one-piece construction and contain
no added adjusting material. They should be specified
when weights are to be used as standards of the highest
order and where maximum stability is required. A precise
measurement of density can be made only for one-piece
weights.

Type II

Weights of this type can be of any appropriate design
such as screw knob, ring, or sealed plug. Adjusting
material can be used as long as it is of a material at least
as stable as the base material and is contained in such a
way that it will not become separated from the weight.

Physical Characteristics

Class 0 must be Type I, one-piece construction, and
classes 1–7 can be either Type I or II depending on
the application. All weights must meet other design
requirements for density, hardness, permitted surface
area, surface finish, magnetic properties, corrosion
resistance, surface protection and markings. Class
selection depends upon the degree of stability required.
Density limitations are important in minimizing the effects
of air buoyancy in high precision measurements. Class 0
weights shall not bear any indication of nominal value.

Excerpts from the Standard Specification
for Laboratory Weights and Precision
Mass Standards: ASTM E 617-97
This specification covers various classes of weights and
mass standards used in laboratories, and weights used
for field standards and commercial measurement are excluded, as NIST Handbook 105-1 and NIST Handbook 44
cover those classes of weights.

Weight Classification, U.S. Laboratory Weights & Precision Mass Standards (continued)
Application Table
Class

Type

Application

0

I

Primary Laboratory Reference Standards

0

I

Reference standards used for calibrating Class 1 weights

0

I

Reference standards used for calibrating Class 2 weights

1

I

Reference standards used for calibrating Class 3 weights

1

II

Calibration weights used with calibration Class I balances

1

I or II

Built in weights for high quality analytical balances

1,2

I or II

Calibration weights used with calibration Class II balances, laboratory weights for routine analytical work

2

I or II

Standards used for calibrating Class 4 weights

3

I or II

Standards used for calibrating Class 5 weights

4

I or II

Standards used for calibrating Class 6 weights

4,5,6

I or II

Student laboratory use

5,6

I or II

Student laboratory use

7

I or II

Rough weighing operations in physical and chemical laboratories such as force measuring apparatus

Term Abbreviations
Name of Unit

Accepted Abbreviation

Conversion Factor (g/unit of measure)

AT

29.1667 g

Assay Ton
Carat
Dram, apothecaries’
Grain, Troy

c

0.2 g

dr ap

3.8879346 g

GN

0.06479891 g

Gram

g

1g

Kilogram

kg

1000 g

Milligram

mg

0.001 g

oz ap

31.1034768 g

Ounce, avoirdupois (437.5 grains)

oz

28.349523125 g

Ounce, troy (480 grains)

oz t

31.1034768 g

Pennyweight

dwt

1.55517384 g

lb

453.59237 g

s ap

1.2959782 g

Ounce, apothecaries (480 grains)

Pound avoirdupois
Scruple, apothecaries’
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INTERNATIONAL ORGANIZATION OF LEGAL
METROLOGY RECOMMENDATIONS OIML R111

E 617*

Tolerance for weights of denominations between those listed can be determined as follows:
•

If the unit of measure is non-metric, convert the nominal value to a metric unit.

•

For weights that are between those listed, the tolerance for the next lower weight shall be applied.

OIML RIII-I 2004

Class

E1

E2

Nominal Size

mg

mg

5000 kg
3000 kg
2000 kg
1000 kg
500 kg

F1

F2

mg

M1

mg

M2

ASTM

M3

0

1

2

3

mg

mg

mg

mg

mg

mg

mg

25,0000

80,000

250,000

800,000

2,500,000

1,600

10,000
5,000

30,000
16,000

100,000
50,000

300,000
100,000

800

2,500

8,000

25,000

80,000

300

100 kg
50 kg
30 kg
25 kg
20 kg
10 kg
5 kg
3 kg
2 kg
1 kg
500 g
300 g
200 g
100 g
50 g
30 g
20 g
10 g
5g
3g
2g
1g
500 mg
300 mg
200 mg
100 mg
50 mg

160

1,000

3,000

10,000

g & mg

6

g & mg

g & mg

7
g & mg

1,000,000
500,000

250 g
150 g
100 g
50 g

500 g
300 g
200 g
100 g

750 g
450 g
300 g
150 g

250,000

10 g

25 g

50 g

75 g

6.0 g

15 g

30 g

45 g

4.0 g

10 g

20 g

30 g

2.0 g
1.0 g
600 mg
500 mg
400 mg
200 mg
100 mg
60 mg
40 mg
20 mg
10 mg
6.0 mg
4.0 mg
2.0 mg
1.2 mg
0.90 mg
0.7 mg
0.5 mg
0.36 mg
0.30 mg
0.26 mg
0.20 mg
0.16 mg
0.14 mg
0.12 mg
0.10 mg
0.085 mg

5g
2.5 g
1.5 g
1.2 g
1.0 g
500 mg
250 mg
150 mg
100 mg
50 mg
30 mg
20 mg
15 mg
9 mg
5.6 mg
4.0 mg
3.0 mg
2.0 mg
1.3 mg
0.95 mg
0.75 mg
0.50 mg
0.38 mg
0.30 mg
0.26 mg
0.20 mg
0.16 mg

10 g
5g
3g
2.5 g
2
1
500 mg
300 mg
200 mg
100 mg
50 mg
30 mg
20 mg
10 mg
7 mg
5 mg
3 mg
2 mg
2 mg
2 mg
2 mg
2 mg
1 mg
1 mg
1 mg
1 mg
0.5 mg

15 g
7.5 g
4.5 g
4.5 g
3.8 g
2.2 g
1.4 g
1.0 g
750 mg
470 mg
300 mg
210 mg
160 mg
100 mg

100,000

25

80

500
250

1,600
800

5,000
2500

16,000
8000

50,000
25,000

10
5
2.5

30
16
8.0

100
50
25

300
160
80

1000
500
250

3000
1600
800

10,000
5000
2500

1.0
0.5
0.25

3.0
1.6
0.8

10
5
2.5

30
16
8.0

100
50
25

300
160
80

1000
500
250

0.1
0.05
0.03

0.30
0.16
0.10

1.0
0.5
0.30

3.0
1.6
1.0

10
5
3.0

30
16
10

100
50
30

0.025
0.020
0.016

0.080
0.060
0.050

0.25
0.20
0.16

0.8
0.6
0.5

2.5
2.0
1.6

8
6
5

25
20
16

0.012
0.010
0.008

0.040
0.030
0.025

0.12
0.10
0.08

0.4
0.3
0.25

1.2
1.0
0.8

4
3
2.5

12
10

0.006
0.005
0.004

0.020
0.016
0.012

0.06
0.05
0.04

0.20
0.16
0.12

0.6
0.5
0.4

2
1.6

0.003
0.003
0.003

0.010
0.008
0.006

0.03
0.025
0.020

0.10
0.08
0.06

0.3
0.25
0.20

0.003
0.003

0.006
0.006

0.020
0.020

0.06
0.06

0.20
0.20

30 mg
20 mg
10 mg
5 mg
3 mg
2 mg
1 mg

30,000

5

100 g
60 g
40 g
20 g

300 kg
200 kg

4

63
38
31
25
13
6
3.8
2.5
1.3
0.60
0.38
0.25
0.13
0.060
0.037
0.037
0.025
0.017
0.017
0.017
0.017
0.005
0.005
0.005
0.005
0.005

125
75
62
50
25
12
7.5
5.0
2.5
1.2
0.75
0.50
0.25
0.12
0.074
0.074
0.050
0.034
0.034
0.034
0.034
0.010
0.010
0.010
0.010
0.010

250
150
125
100
50
25
15
10
5.0
2.5
1.5
1.0
0.50
0.25
0.15
0.10
0.074
0.054
0.054
0.054
0.054
0.025
0.025
0.025
0.025
0.014

500
300
250
200
100
50
30
20
10
5.0
3.0
2.0
1.0
0.60
0.45
0.35
0.25
0.18
0.15
0.13
0.10
0.080
0.070
0.060
0.050
0.042

0.005

0.010

0.014

0.038

0.075 mg

0.14 mg

0.5 mg

0.68 mg

0.005
0.005
0.005
0.005
0.005
0.005

0.010
0.010
0.010
0.010
0.010
0.010

0.014
0.014
0.014
0.014
0.014
0.014

0.035
0.030
0.028
0.026
0.025
0.025

0.070 mg
0.060 mg
0.055 mg
0.052 mg
0.050 mg
0.050 mg

0.12 mg
0.10 mg
0.080 mg
0.070 mg
0.06 mg
0.05 mg

0.5 mg
0.5 mg
0.2 mg
0.2 mg
0.2 mg
0.1 mg

0.56 mg
0.4 mg

*Reprinted, with permission from the Annual Book of ASTM Standards, Copyright American Society for Testing and Materials, 100 Barr Harbor Drive,
West Conshohocken, PA 19428. Reprinted OIML RIII-I:2004(E)

44 mg
33 mg
21 mg
13 mg
9.4 mg
7.0 mg
4.5 mg
3.0 mg
2.2 mg
1.8 mg
1.2 mg
0.88 mg

Weight Classification, U.S. Field Standard
Specification and tolerances for Field Standard Weights (NIST Handbook 105-1, Class F, Revised 1990)
These specifications and tolerances are minimum requirements for standards used primarily to test weighing devices.

Introduction

A Class F field standard weight (after this, called “weight”)
is intended to be used primarily to test commercial
weighing devices for compliance with the requirements of
NIST Handbook 441. Class F weights may be used to test
most accuracy Class2 III scales, all scales of Class IIIL or
IIII, and scales not marked with a class designation.
A weight shall be verified to be within-tolerance prior
to use. The within-tolerance status of a weight shall be
rechecked as often as regulations or circumstances
require, especially when damage to it is known or
suspected.

General

These specifications apply to new weights placed
in service after the publication of this standard; the
tolerances apply to all weights in service.
A weight in service prior to the publication of this
standard that has maintained Class F tolerances between
verification tests shall continue to be acceptable.
The specifications permit the use of a weight at its nominal
value in normal testing operations, where the tolerance on
the item under test is at least three times as great as the
tolerance of the weight3.

A partial list of specifications
from Handbook 105-1
1.
Material

1.1	A weight made of brass or a fabricated weight
(such as a laminated weight or a weight of
nonuniform density) shall not be placed in
service after the publication date of this standard
(1990).
1.2 	A weight smaller than 5 grams/0.01 lb shall
be constructed of stainless steel, tantalum,

shall have a protective surface coating. A
light coat of sprayed-on flat aluminum paint is
recommended. Lacquer is also acceptable.
Epoxy paint or plated surfaces are not
acceptable. A coating is recommended for the
bottom of a weight, particularly if the bottom is
recessed. If paint or lacquer is used, it shall be
hard and resistant to chipping. Cast metric and
avoirdupois field standards shall be color coded
(i.e. gold for metric and silver for avoirdupois) to
differentiate the weights.

nickel-chromium alloy, aluminum alloy, or other
material sufficiently resistant to corrosion and
oxidation that the surface need not be protected
or coated.
1.3	A weight of 5 grams/0.01 lb up to and including
5 kg/10 lb shall be constructed of material
having a hardness of Rockwell B 80 or greater
(such as 300-series stainless steel), and be
resistant to abrasion, corrosion, denting, and
chipping.
1.4	A weight larger than 5 kg/10 lb shall be
constructed of materials such as iron, steel, or
stainless steel, have a hardness of Rockwell
B 80 or greater, and be resistant to abrasion,
corrosion, denting, and chipping. Cast iron may
be used for weights 10 kg/20 lb and larger. Body
filler (e.g., fiberglass, putty, or plaster) shall not
be used to correct a poor casting or finish.

2.

Finish

2.1	The surface finish of a new weight machined
from round bar stock shall have a roughness
average of 0.80 micrometers (32 microinches) or
better, determined by use of a hand-held surface
roughness indicator (available from several
manufacturers) or more accurate method, and
be free of scratches, dents, and chipped corners
or edges, determined by visual examination.
A beaded or blasted finish (with roughness
average 1.25 micrometers (50 microinches)
or better) is acceptable on a cube weight to
facilitate gripping.

1

2
3

NIST Handbook 44, Specifications Tolerances, and Other Technical
Requirements for Weighing and Measuring Devices.
(See current edition.)
See Handbook 44, Section 2, Scales Code.
See Handbook 44, Appendix A, par. 3.2.

2.2	A weight 5 kg/10 lb or less shall not have a
surface coating.
2.3	A weight larger than 5 kg/10 lb constructed of
materials susceptible to corrosion or tarnishing
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NIST Handbook 44 & NIST Circular 3

Tolerances have been converted from avoirdupois to metric and rounded to two significant figures.
Nominal
Size
lb

Class
1

Class
2

Class
3

Class 4

Class 5

Class 6

Class 7
mg

Nominal
Size

Class
1

Class
2

Class
3

Class
4

Class
5

Class
6

Class
7

oz

mg

mg

mg

mg

mg

mg

0.00001

0.010

0.014

0.026

0.052

0.080

0.200

1/32

0.010

0.025

0.080

0.160

0.380

1.000

3.000

0.00002

0.010

0.014

0.028

0.055

0.080

0.200

1/16

0.034

0.054

0.100

0.200

0.500

2.000

4.500

0.00003

0.010

0.014

0.030

0.060

0.100

0.500

0.400

1/8

0.034

0.054

0.150

0.300

0.950

2.000

9.400

0.00005

0.010

0.014

0.035

0.070

0.120

0.500`

0.560

1/4

0.034

0.054

0.180

0.360

1.300

2.000

13.000

0.00010

0.010

0.014

0.038

0.075

0.140

0.500

0.680

1/2

0.050

0.074

0.250

0..500

2.000

2.000

21.000

0.00020

0.010

0.014

0.042

0.085

0.160

0.500

0.880

1

0.074

0.100

0.350

0.700

3.000

3.000

33.000

0.00030

0.010

0.025

0.050

0.100

0.200

1.000

1.200

2

0.20

0.250

0.600

1.200

5.600

7.000

44.000

0.00050

0.010

0.025

0.060

0.120

0.260

1.000

1.800

4

0.250

0.500

1.000

2.000

9.000

10.000

100.000

0.001

0.010

0.025

0.070

0.140

0.300

1.000

2.200

0.002

0.010

0.025

0.080

0.160

0.380

1.000

3.000

0.003

0.034

0.054

0.100

0.200

0.500

2.000

4.500

0.005

0.034

0.054

0.130

0.260

0.750

2.000

7.000

0.010

0.034

0.054

0.150

0.300

0.950

2.000

9.400

0.020

0.034

0.054

0.180

0.360

1.300

2.000

13.000

0.030

0.050

0.074

0.250

0.500

2.000

2.000

21.000

0.050

0.074

0.100

0.350

0.700

3.000

3.000

33.000

0.100

0.074

0.150

0.450

0.900

4.000

5.000

44.000

0.200

0.120

0.250

0.600

1.200

5.600

7.000

44.000

0.300

0.250

0.500

1.000

2.000

9.000

10.000

100.000

0.5

0.500

1.000

2.000

4.000

15.000

20.000

160.00

1.0

0.750

1.500

3.000

6.000

20.000

30.000

210.000

2.0

1.200

2.500

5.000

10.000

30.000

50.000

300.000

3.0

2.500

5.000

10.000

20.000

50.000

100.000

470.000

4.0

2.500

5.000

10.000

20.000

50.000

100.000

470.00

5.0

5.000

10.000

20.000

40.000

100.000

200.000

750.000

10.0

7.500

15.000

30.000

60.000

150.000

300.000

1000.000

20.0

12.000

25.000

50.000

100.000

250.000

500.000

1400.000

30.0

25.000

50.000

100.000

200.000

500.000

1000.000

2200.000

50.0

50.000

100.000

200.000

400.000

1000.000

2000.000

3800.000

100.0

75.000

150.00

300.000

600.000

1500.000

3000.000

4500.000

200.0

125.000

250.000

500.000

1000.000

2500.000

5000.000

7500.000

2000.000

5000.000

10000.000

15000.000

250.0
500.0

4000.000

10000.000

20000.000

30000.000

1000.0

6000.000

15000.000

30000.000

45000.000

1250.0

10000.000

25000.000

50000.000

75000.000

1500.0

10000.000

25000.000

50000.000

75000.000

2000.0

10000.000

25000.000

50000.000

75000.000

2500.0

20000.000

50000.000

100000.000

150000.000

H a nd b o o k

Weight Tolerances
NIST 105-1 Class F
Tolerances are based on the 1975 revised
tolerance structure used by State Weights & Measures.

Avoirdupois

105-1
Metric
		
Denomination Metric
F g & mg
5000 kg

500 g

3000 kg
2000 kg
1000 kg
500 kg
300 kg
200 kg
100 kg
50 kg
30 kg
25 kg
20 kg
10 kg
5 kg
3 kg
2 kg
1 kg
500 g
300 g
200 g
100 g
50 g
30 g
20 g
10 g
5g
3g
2g
1g
500 mg
300 mg
200 mg
100 mg
50 mg
30 mg
20 mg
10 mg
5 mg
3 mg
2 mg
1 mg

300 g
200 g
100 g
50 g
30 g
20 g
10 g
5.0 g
3.0 g
2.5 g
2.0 g
1.0 g
500 mg
300 mg
200 mg
100 mg
70 mg
60 mg
40 mg
20 mg
10 mg
6.0 mg
4.0 mg
2.0 mg
1.5 mg
1.3 mg
1.1 mg
0.90 mg
0.72 mg
0.61 mg
0.54 mg
0.43 mg
0.35 mg
0.30 mg
0.26 mg
0.21 mg
0.17 mg
0.14 mg
0.12 mg
0.10 mg

Pounds
Denomination Metric
10,000 lb
5000 lb
3000 lb
2500 lb
2000 lb
1000 lb
500 lb
100 lb
50 lb
40 lb
30 lb
25 lb
20 lb
15 lb
10 lb
9 lb
8 lb
7 lb
6 lb
5 lb
4 lb
3 lb
2 lb
1 lb
0.5 lb
0.3 lb
0.2 lb
0.1 lb
0.05 lb
0.03 lb
0.02 lb
0.01 lb
0.005 lb
0.003 lb
0.002 lb
0.001 lb
0.0005 lb
0.0003 lb
0.0002 lb
0.0001 lb
0.00005 lb
0.00003 lb
0.00002 lb
0.00001 lb

105-1
F g & mg
450 g
230
140
110
91
45
23
4.5
2.3
1.4
1.1
910 mg
450

230
140
91
70
45
27
18
9.1
4.5
2.7
1.8
1.5
1.2
0.99
0.87
0.70

Ounces
Denomination
Metric
12 oz
10 oz
8 oz
6 oz
5 oz
4 oz
3 oz
2 oz
1 oz
1/2 oz
1/4 oz
1/8 oz
1/16 oz
1/32 oz
1/64 oz
0.5 oz
0.3 oz
0.2 oz
0.1 oz
0.05 oz
0.03 oz
0.02 oz
0.01 oz
0.005 oz
0.003 oz
0.002 oz
0.001 oz
0.0005 oz
0.0003 oz
0.0002 oz
0.0001 oz

105-1
F
mg

45

23
11
5.4
2.8
1.7
1.3
1.1
0.87
0.69
2.8
1.8
1.6
1.3
1.0
0.85
0.75
0.60
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Conversion Factors for Units of Measure
All shaded figures are exact.
To convert one unit of measure to another, use our online conversion calculator at www.ricelake.com/precision

Units of Mass not greater than Pounds and Kilograms
UNITS
1 grain
=
1 apoth. scruple
=
1 pennyweight =
1 avdp. dram =
1 apoth. dram =
1 avdp. oz
=
1 apoth. or troy ounce =
1 apoth. or troy pound =
1 avdp. lb
=
1 milligram
=
1 gram
=
1 kilogram
=

GRAINS
1
20
24
27.343 75
60
437.5
480
5760
7000
0.015 432 36
15.432 36
15432.36

APOTHECARIES ACRUPLES
0.05
1
1.2
1.367 187 5
3
21.875
24
288
350
0.000 771 617 9
0.771 617 9
771.617 9

PENNYWEIGHTS
0.041 666 67
0.833 333 3
1
1.139 323
2.5
18.229 17
20
240
291.666 7
0.000 643 014 9
0.643 014 9
643.014 9

AVOIRDUPOIS DRAMS
0.036 571 43
0.731 428 6
0.877 714 3
1
2.194 286
16
17.554 29
210.651 4
256
0.000 564 383 4
0.564 383 4
564.383 4

APOTHECARIES DRAMS
0.016 666 67
0.333 333 3
0.4
0.455 729 2
1
7.291 667
8
96
116.666 7
0.000 257 206 0
0.257 206 0
257.206 0

AVOIRDUPOIS OUNCES
0.002 285 714
0.045 714 29
0.054 857 14
0.062 5
0.137 142 9
1
1.097 143
13.165 71
16
0.000 035 273 96
0.035 273 96
35.273 96

Units of Mass not greater than Pounds and Kilograms
APOTHECARIES OR TROY OUNCES

APOTHECARIES OR TROY POUNDS

AVOIRDUPOIS POUNDS

UNITS
1 grain
=
1 apoth. scruple=
1 pennyweight =

0.002 083 333
0.041 666 67
0.05

0.00 173 611 1
0.003 472 22
0.004 166 667

0.000 142 857 1
0.002 857 143
0.003 428 571

MILLIGRAMS
64.798 91
1295.978 2
1555.173 84

GRAMS
0.064 798 91
1.295 978 2
1.555 173 84

1 avdp. dram =

0.056 966 15

0.004 747 179

0.003 906 25

1771.845 195 312 5

1.771 845 195 312 5

1 apoth. dram =
1 avdp. oz
=
1 apoth. or troy ounce =
1 apoth. or troy pound =
1 avdp. lb
=
1 milligram
=
1 gram
=
1 kilogram
=

0.125
0.911 458 3
1
12
14.583 33
0.000 032 150 75
0.032 150 75
32.150 75

0.010 416 67
0.075 954 86
0.083 333 333
1
1.215 278
0.000 002 679 229
0.002 679 229
2.679 229

0.008 571 429
0.062 5
0.068 571 43
0.822 857 1
1
0.000 002 204 623
0.002 204 623
2.204 623

3887.934 6
28 349.523 125
31 103.476 8
373 241.721 6
453 592.37
1
1000
1,000,000

3.887 934 6
28.349 523 125
31.103 476 8
373.241 721 6
453.592 37
0.001
1
1000

KILOGRAMS
0.000 064 798 91
0.001 295 978 2
0.001 555 173 84
0.001 771 845 195
312 5
0.003 887 934 6
0.028 349 523 125
0.031 103 476 8
0.373 241 721 6
0.453 592 37
0.000 0001
0.001
1

Units of Mass not greater than Avoirdupois Ounces
UNITS
1 avdp. oz

=

1 avdp. lb
=
1 short hundredweight =
1 short ton
=
1 long ton
=
1 kilogram
=
1 metric ton =

AVOIRDUPOIS OUNCES

AVOIRDUPOIS POUNDS

SHORT HUNDREDWEIGHTS

SHORT TONS

LONG TONS

KILOGRAMS

1

0.0625

0.000 625

0.000 031 25

0.000 027 901 79

0.028 349 523 125

16
1600
32,000
35,840
35.273 96
35 273.96

1
100
2000
2240
2.204 623
2204.623

0.01
1
20
22.4
0.022 046 23
22.046 23

0.000 5
0.05
1
1.12
0.001 102 311
1.102 311

0.000 446 428 6
0.044 642 86
0.892 857 1
1
0.000 984 206 5
0.984 206 5

0.453 592 37
45.359 237
907.184 74
1016.046 908 8
1
1000

Based on National Institute of Standards and Technology LC-1071, Factors for High-Precision Conversions, July 1976

METRIC TONS
0.000 028 349
523 125
0.000 453 592 37
0.045 359 237
0.907 184 74
1.016 046 908 8
0.001
1

Factors in the Environment
To be able to conduct more precise measurements, it
is necessary to minimize the factors that contribute to
measurement errors. There are a great variety of such
error-inducing factors, which can be linked to machine
error and performance of the balance itself, as well as the

properties and condition of sample being measured, and
the measuring environment (e.g., vibration, temperature/
humidity). These factors can readily affect the results of
measurement on a balance.

1. Precautions in the Measuring Room

1.5 Electromagnetic Waves

1.1 Temperature/Humidity

• T
 ry to maintain constant room temperature
as much as possible to prevent condensation
and unstable indications due to fluctuations in
temperature.
• L
 ow relative humidity tends to induce static
electricity. (Relative humidity of about 60% is
considered ideal).
1.2 Vibration/Shaking
• T
 he measuring room should preferably be located
on the ground floor or in the basement. Higher
floors are more susceptible to heavy vibration and
shaking, which make such locations less suitable
for measurement. A room facing a railway or road
with heavy traffic should also be avoided as much
as possible.
1.3 Drafts
• A
 void choosing a location subject to a direct draft
of airflow from an air-conditioning unit or exposed
to direct sunlight, which may cause abrupt
fluctuation in temperature.
• A
 void a room subject to a heavy flow of people,
since fluctuations in drafts and temperature are
likely to occur in such a location.
1.4 Gravity
• T
 he gravity acting on a sample varies depending
on the latitude or height of the location where
measurement is being conducted. For this
reason, the same sample may show different
weight indications from one place to another.
Therefore, make it a rule to calibrate the balance
every time it is relocated.

• W
 hen the balance is located near an object that
generates intense electromagnetic waves, it may
be hindered from showing accurate weight due to
the effects of such waves.

2. Precautions on the Measuring Bench
2.1 Vibration/Shaking

• If the balance is subjected to vibration during
measurement, its indications will become
unstable, thus preventing accurate measurement
from being conducted. To avoid this situation,
select a solid measuring bench that is less
susceptible to vibration. (A bench in vibrationproof structure or one made of concrete or
stonework will be suitable). Moreover, do not
conduct measurement with a soft cloth or paper
placed under the balance, since the balance my
be rocked out of precise level positioning.
• Place the measuring bench in a location free from
vibration as much as possible. It is a good idea
to install the measuring bench in a corner of the
measuring room, where less vibration is likely to
occur than in the center of the room.
2.2 Magnetism/Static Electricity
• A
 void operating the balance on a bench that is
susceptible to the effects of magnetism or static
electricity.

This material includes some precautionary notes that the
user should bear in mind to eliminate error factors and
ensure accurate measurement results.

cause unstable indications. With this in mind, be
sure to discharge samples before measurement.
3.2 Magnetism
• A
 sample affected by magnetism indicates
different weight values depending on where it is
located on the measuring pan, along with poor
reproducibility of the results.
 hen a magnetized sample must be measured,
W
first demagnetize it or place an appropriate
pedestal on the measuring pan to adequately
separate the mechanism part of the balance from
the magnetized sample to avoid the effects of
magnetism.
3.3 Absorption/Evaporation of Moisture
• M
 easuring a sample with moisture absorbed or
evaporated (volatilized) continuously increases
or decreases the values indicated. In such case,
measure the sample in a container with a small
opening and sealed airtight with a cap.
3.4 Sample Temperature
• A
 difference in temperature between a sample
and the interior of a windshield may cause
convection to occur inside the windshield,
resulting in erroneous measurement.

3. Precautions on the Samples
3.1 Static Electricity

• G
 enerally speaking, objects made of synthetic
resin and glass have high electric insulating
properties and, therefore, are apt to be electrically
charged. Measuring a charged sample may
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Therefore, measure a very hot or cold sample only after
allowing time for its temperature to acclimatize to room
temperature. Moreover, to prevent convection inside the
windshield, allow time for the interior of the windshield to
acclimatize to room temperature.
• T
 he body heat of a person conducting
measurement can also affect measurement
results. Avoid holding the sample with bare
hands, and use long tweezers or a similar tool
instead. Also refrain from putting your hands
inside the windshields while measurement is in
progress.

4. P
 recautions on the Main Unit
of the Balance
4.1 Precautions on Use

• T
 he balance is protected with a transparent dust
cover. The dust cover may be statically charged
immediately after removal from the packing
box or under low humidity conditions. Unstable
indications by the balance may be due to a
statically charge dust cover. Wipe the dust cover
with a damp cloth or use a commercial antistatic
agent. Simply operate the balance with the dust
cover removed to assist with this problem.
• T
 o achieve more accurate weighing, wait at least
30 minutes after switching on the balance, then
use the balance only after loading it several times
with an object of weight equal to the weighing
capacity.

loading the balance several times with an object
of weight equal to the weighing capacity.
Calibration is also required in the following cases:
• When operating the balance for the first time
• W
 hen the balance has not been used for a long
time
• When relocating the balance
• W
 hen there is wide fluctuation in temperature,
humidity or atmospheric pressure

4.3 Maintenance

• W
 hen the measuring pan or pan base is
contaminated with powder or liquid, erroneous
weight values may result or indications may
remain unstable. Therefore, be sure to frequently
clean the balance. When cleaning the balance, be
very careful not to allow dirt or liquid to penetrate
inside the mechanism.

Balance

Temperature
Maintenance

4.2 Calibration

• P
 eriodically calibrate the balance to ensure
accurate measurement at all times.
• F
 or more precise calibration, use an external
calibration weight that approximates the weighing
capacity. Moreover, calibrate the balance only
after allowing time for proper acclimation to
ambient temperature following power-up.
• W
 ait at least 30 minutes after switching on the
balance, then perform calibration only after

Measuring Room
Humidity

Vibration/Shaking
Gravity

Calibration

Drafts
Electromagnetic Waves
Measurement Errors

Static Electricity

Temperature

Sample

Vibration/Shaking
Absorption/Evaporation
of Moisture
Magnetism
Magnetism
Measuring Room

Static Electricity

Weights, Balances & Uncertainty
The factors that can influence which
balance is appropriate for your
application are:
1. Capability – the need for multiple balances
2. Readability
3. Capacity
4. “Accuracy” vs. “readability”
5. Repeatability and linearity
6. Units of measure
7. Platform dimensions
8. Environmental consideration
9. Communications interface
10. 21 CFR Part 11 compliance
11. Data reporting
12. Legal-for-trade requirements
As with any other testing device or sensor in the
laboratory, a complete understanding of the factors
that can influence proper weighing/test results is very
important.
For proper installation and maintenance of a balance, it is
important to limit uncertainty. Uncertainty can be defined
as a statistical estimated amount or percentage by which
an observed or calculated value may differ from the true
value.

Determining Uncertainty

For this exercise, presume that the balance indication,
the sensitivity of the weighing device, the application of
the load, and the proper zero setting of the device are all
operating without question and those elements under the
original control of the device manufacturer (i.e., overall
design, accuracy readability, sensitivity, drift, and off-center
loading characteristics) are within the device’s design
specifications. What needs to be determined is the impact
of other influences on the uncertainty of test results.
Examining the design of the balance’s installation is a
critical step in the use of a precision weighing device and
is often overlooked. The installation is the most imperative

step in preparing for reliable results. If this area of use is
understood and secure, reliable test results are more likely
to be achieved.

3. A limited number of windows, if any at all. If there are
windows, a northern exposure is ideal so that exposure
to direct sunlight is limited.

Electromagnetic Force Restoration

4. The work surface that is dedicated to the balance
should be located at a corner of the room, immediately
opposite to the wall containing the door. Also, the door
should swing inward into the laboratory with a balance
table positioned so that the door can act as a shield
against drafting from sources external to the laboratory.

In an electromagnetic force restoration balance, a
current is regulated by a servo amplifier in a way that the
electromagnetically generated force and the weight force
applied to the platform by the object being weighed are in
equilibrium (balanced). Maintenance of the equilibrium is
controlled by a small sensor known as a position sensor.
If weight is added to the weighing pan, this destabilizes
the state of equilibrium and the overweight load causes
the force-transmitting lever to move upward into the range
of the position sensor. This in turn generates an input
signal at the servo amplifier, causing a greater amount
of current to flow through the coil and therefore increase
the counter force until equilibrium is restored. The current
simultaneously flows through a resistor where it causes
a drop in voltage proportional to the change in weight on
the platform. This voltage drop is digitized in an analog/
digital converter so that the result is processed in a digital
signal-processing unit (microprocessor), which can then in
turn be indicated on a digital display with the appropriate
mass indicator.

Leveling the Balance

Working Surface

Insure that the working surface is clean, firm, and stable.
Make sure that it does not feature dual or tandem
connection to the floor and a wall. If at all possible, the
working surface should be used only for work involving
test measurements with the balance.

Ergonomics

Insure that the balance does not need to be moved
to meet the various requirements induced by testing
and user parameters. Balances are not designed to
be relocated between applications, technicians, and
laboratories. If a balance is moved after installation, the
results of your installation and calibration work are no
longer valid. Reinstallation should be performed before the
balance is used again.

Most balances available today include a “bubble level” or
“bull’s-eye-level” on the device. Along with this feature,
two or more of the legs on the balance are adjustable,
allowing for adjustment of the horizontal plane of the
device to compensate for an out-of-level working surface.
Use the bubble level and adjusting legs to insure the
balance is properly leveled. An out-of-level balance will
add uncertainty to test results.

Room Conditions

Ideally, the laboratory should have the following
characteristics at a minimum:
1. Only one door to prevent air drafting.
2. Limited personnel access to prevent drafting and
other changes to the environment in the areas of
temperature, relative humidity, and atmospheric
pressure.
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Wind Currents

test weights cannot be completely eliminated once the
device is in the field. The proper care and handling of
test weights and mass standards is equally important to
minimizing uncertainties as the proper installation
and use of a balance.

Option 1: A simple device known as a smoke tube will
generate a harmless trail of smoke that will follow an
ambient air current. Although this is a good visual indication,
this method is sufficient only for the time that the test is
being conducted.

Powerline Noise

Inherent with the sensitivity of most balances is the ability
to be affected by even the slightest of air movements.
There are two simple ways to evaluate the impact of air
currents surrounding the balance.

Option 2: Use the balance as a “breeze sensor.” To
conduct this test, complete the balance installation and
set-up following the manufacturer’s instructions. Connect
the balance to a computer (according to manufacturer’s
instructions). Configure the balance to interval print every 10
seconds. Configure the computer so that the information
from the balance is imported into a spreadsheet, such
as Microsoft Excel. Begin the test by activating the print
sequence on the balance. Interval printing will continue at
10-second intervals for a set period of time to secure an
evaluation of the environment surrounding the balance.
Once the test has been completed, turn off the interval
testing. Chart the results of the data now resident in your
spreadsheet. Evaluate the results to determine if there
are factors in the environment that you wish to avoid. An
optional breeze-break will modify the unwanted behavior. If
you are using an analytical-style balance (those devices with
an integral breeze-break), this observation should not be
overlooked.

Vibration

This contaminant can result from something as subtle as
a person walking by or a constant low-frequency hum of
a large piece of manufacturing equipment located several
work-areas away from where the balance is located. Antivibration pads placed under the feet of the balance can be
a low-cost solution.

Magnetism

Magnetic fields within close proximity to the balance may
cause weighment errors. Sources of magnetic fields range
from small motors, computer displays, and test weights
and mass standards. Magnetism in mass standards and

If possible, insure that the balance is connected to a
dedicated power circuit. At a minimum, use a conditioned
powerstrip to insure against errors in repeatability.

RFI/EMI

Common devices used in work environments can interfere
with the proper operation of a weighing system. These
include two-way radios, wireless telephones, cordless
phones, and wireless LAN communications. With the
balance operating and presenting a stable zero reading,
use a two-way radio, cell phone, or any other electronic
device within close and various proximity to the balance.
Any sudden change in reading may indicate some level of
interference and corrective action should be considered.
Another option is to contract a professional experienced
with detecting, measuring, and compensating for
RFI and EMI.

Fluctuations in Temperature

Ideally, lab temperature does not change over the course
of a normal 24-hour period more than one to two degrees
Celsius. Realistically, however, many factors prevent this
ideal except in the most controlled environments. To
compensate for this, many balances have an internal
automatic temperature-sensitive calibration. It is important
to purchase and use devices with this feature. When a
change in temperature that could affect the outcome of
a weighment is detected, the operator is notified that
recalibration is required, or, on some units, the device’s
own internal calibration routine automatically compensates
for the temperature change.
The laboratory should be as free from windows and direct
sunlight as possible. If such a consideration is impossible,
keep weighing areas away from windows, direct sunlight,
and heat and refrigeration sources. The ideal humidity
range for most balances is between 45% and 60% noncondensing RH.

To maintain the balance’s optimal internal thermal
equilibrium, the balance should not ever be turned
off. When using a balance with an enclosed weighing
chamber, always use a tweezers or other mechanical
gripping device to place things in or remove things from
the weighing chamber. When choosing a container to hold
a weighing sample, select one with a small surface area.
NOTE: If using a device with an integral breeze-break,
note the difference between the environment inside and
outside the weighing chamber. If unsure about the weight
vs. temperature properties of the commodities being
tested, prepare two “identical” samples of the commodity.
These “identical” samples should have the same weight
value. Leave one sample outside the weighing chamber
next to the balance. Place the other sample inside the
weighing chamber, but not on the weighing platform. Add
the second sample inside the chamber to equalize to
the weighing chamber’s temperature. Weigh the sample
inside the weighing chamber once it has equalized to the
chamber temperature. Immediately weigh the sample
that was outside of the weighing chamber. If there is any
difference in weight, you will need to achieve temperature
equilibrium between the sample and the weighing
chamber before making future weighing transactions.

Weights, Balances & Uncertainty (continued)
Sample Conditions

The weight of a sample will increase or decrease
depending on its exposure to volatile substances.
Similarly, the sample will behave differently dependent on
the evaporation of water or the absorption of moisture
by the sample itself. Always use clean and dry weighing
containers to hold the sample(s) under test. Keep the
weighing platform and/or weighing chamber clean and
free from foreign substances that may interfere with the
testing results. Use weighing containers with as narrow an
opening as possible and keep these containers covered
unless direct and specific work is being done with the
samples.

Condition of Electrostatic Discharges
ESD usually demonstrates itself in one of two ways:

1.	Repeated weighments of the same sample return
dissimilar results.
2.	The reading on the weight display is unusually unstable
even though all other environmental concerns seem to
be accounted for.
	The following procedures can help counteract ESD.
In some instances, following more than one of these
procedures may be necessary:
a. 	 Avoid weighing vessels made of plastic. Glass is
preferable.
b. 	 Ground the device. This can be achieved by running
a wire from the chassis of the device to a direct
ground connection.
c. 	 Ground the technician. These solutions include ESD
wrist straps, ESD-proof laboratory coats, anti-static
hand soap, etc.
d. 	 Use anti-static brushes to discharge ESD within the
weighing chamber.
e. 	 Discharge ESD in the balance’s immediate
environment.
f. 	 There are a number of solutions that provide a
constant stream of neutralized ion air that eliminates
anti-static build-up.

g. 	If the above procedures fail to correct the ESD
problem, consider using only metal sample
containers.

Installation

Who is doing the installation? There are basically three
types of “installers” for precision weighing equipment:
laboratory technicians, maintenance staff, or a dealer
technician. If you have purchased your balance directly
from one of the major catalog suppliers, your options
for installation and maintenance are limited to either a
laboratory technician or the in-house maintenance staff.
Find the individual with the most experience and insure
they thoroughly follow the instructions that come with the
device. If you have purchased your balance from a local
scale or balance dealer, you have the benefit of requesting
installation by a dealer technician. This is the preferable
option. A scale or balance dealer’s technician is a trained
professional, who, by definition, is sensitive to all of the
factors that we have discussed in this article. Additionally,
you have the benefit of being able to call them back and
troubleshoot either the device or the environment if you
have difficulty.

of the surroundings or the operating personnel. By
controlling the optimum performance of the balance
based on its location and proper installation, you can
significantly reduce uncertainties in your weighing
processes.
With all of these factors under control, you should be able
to proceed now using good laboratory weighing practices
to determine the standard deviation of your device, as well
as the uncertainty of your process.

Operator Training and Certification

Who is going to use the balance? Operator training and
certification on a weighing device cannot be overstated.
Operator errors are not only a result of individuals being
inadequately trained, they also add untold degrees of
uncertainty to valuable test results. Every operator should
have at least a background in weighing technology, even
if it is limited only to the device in question. Additionally,
they should have a thorough understanding of the test
process and the necessity to correctly record data thus
preventing an erroneous influence in the significant
process evaluation.
In summary, careful planning and/or suitable corrective
action will minimize and possibly even eliminate many
sources of uncertainty within your weighing process.
It is possible that you will determine the need to test
the balance at its planned location, and perhaps other
alternative working sites in order to arrive at the best
performance parameters. This will exclude influences
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Properties of Magnetism in Mass Standards
Since this article was first published, the concern over
magnetism in test weights has evolved to a new level.
Unfortunately, a number of issues surrounding the
measurement of magnetism in mass measurement has
created frustration for mass calibration laboratories and
for accreditation bodies. NCSLI recently met to bring
together interested parties to discuss issues with the
intent of coming to some resolutions on how to handle the
various issues. As a result of these discussions a number
of resolutions was adopted.
1. Laboratories should not include an uncertainty
component for magnetism measurements in mass
calibrations.
2. NVLAP’s position is that for Echelon I and II
measurements (corresponding to OIML R 111 classes
E1, E2, F1, and F2) laboratories should
	1) State on their certificates whether or not they
are screening
for magnetism
2) State that no component is included in their
uncertainty statement for magnetism effects
3) Include a discussion/written agreement as to
the laboratory’s practice regarding magnetism
screening (or lack of screening) as a part
of normal contract review with laboratory
customers.
So then, why does RLWS screen test weights for
magnetic influences? Our dedication to provide you
with the utmost value for your dollar. Should we fail to
test for magnetism, we could inadvertently provide you
with erroneous calibration data. This data would not be
repeatable in your facility. Therefore the assurance and
traceability of your own work could be jeopardized.

What Problems Can Magnetic
Balances Cause?

When working with balances, magnetic field strength can
be increased in a standard that has high susceptibility,
even if the standard previously had a low or insignificant
magnetic field strength. The solution seems obvious:
don’t expose the standard to a balance with magnetic
properties. This is easier said than done. A balance with
magnetic properties will reproduce its measurements as
long as there are no other magnetic fields intersecting
the balance’s own field; thus, the magnetic field of the
balance goes undetected. Introducing a standard into
the balance’s magnetic field, even one with very low field
strength, has the potential to increase the magnetism
of the standard. In this manner, a standard that formerly
had no problems could potentially accumulate serious
problems. To avoid this situation, the magnetic field of the
balance and the magnetic susceptibility of the standard
must be measured.
In 1994, a Magnetic Round Robin was performed by
several metrology laboratories to test the effect magnetism
has on weight measurements. This round robin was
designed to show how close the laboratories’ results
would be after performing a calibration on 1 kg standards
with known magnetic properties.
The balances compared and the approximate standard
deviation of observed differences for these tests are
shown below.
These tests show that a balance responds to magnetic
properties of a mass regardless of the type of force the
magnetic properties are exerting. However, the magnetic
fields which are present in one balance are not necessarily
Balance Comparison

Standard
Deviation

Our philosophy always has been and will always be to
take care of the customer first.

400 mG magnetic vs. 800 m non-magnetic

0.09 mg

400 mG magnetic vs. a non-magnetic

0.14 mg

By testing for magnetic influences prior to executing a
test weight calibration, we continue to provide you with
a quality of work unparalleled within the industry, keeping
your needs first.

400 mG magnetic vs. a different non-magnetic

0.14 mg

800 mG magnetic vs. a non-magnetic

0.2 mg

800 mG magnetic vs. a different non-magnetic

0.2 mg

Non-magnetic vs. another non-magnetic

0.3 mg

reproduced in a different balance. Because of this
phenomenon, it is difficult to reproduce the measurements
from one facility to another. If this theory is true, the link
of traceability for standards with magnetic properties is
obviously broken because the magnetism causes an
inability to reproduce consistent measurement results.
The graph below shows the results of the magnetic round
robin, clearly showing the inconsistencies that can occur.
Results of magnetic round robin.
Deviation of Observed Differences (mg)
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How Does Magnetism Develop During
the Manufacturing of Mass Standards?

The existence of magnetic properties during the
manufacturing of mass standards warrants careful
consideration. Due to the numerous possibilities of
creating magnetic properties, it is difficult to produce a
mass standard from austenitic (virtually non-magnetic,
highly corrosion resistant) stainless steel completely free of
magnetic properties.

Properties of Magnetism in Mass Standards (continued)
Ferromagnetism occurs when a small external magnetic
field produces an alignment of atomic magnetic dipole
moments, which in some cases can persist even when
there is no external magnetic field. This occurs because
the magnetism of these substances exerts such a strong
force over a small region of space that the magnetism is
found on surrounding materials, even when no external
magnetic field exists. In addition, cold working these
materials often changes the austenite to ferrite in the
material.

On April 11, 1946, F. A. Gould from the National
Physical Laboratory wrote in the Journal of Scientific
Instrumentation: “Analytical weights of stainless steel
have been on the market for several years. The kind of
stainless steel used for their construction is one which
purports to be reasonably non-magnetic, being of the
austenitic variety; and up to the present time the 18/8 type
of austenitic steel, that containing 18% chromium and 8%
nickel, has been employed for this purpose in this country.
The quality of the finished weights, however, has not been
very satisfactory in regard to their magnetic properties,
and some have been found permanently magnetized to
an appreciable extent.”

Several tests were conducted by the National Physical
Laboratory, United Kingdom, to evaluate the materials
used for manufacturing weights. In one of these tests,
finished weights of 18/8 steel obtained from several
sources of supply were tested. About half of the weights
in these tests exhibited a magnetic permeability of 1.02
or less, but the remainder of the weights showed higher
magnetism. Several weights showed a permeability
value of 1.1, and one showed a high permeability value
of 2.6. Some of this material was found to have become
permanently magnetized to an elevated extent.

Mass standards are manufactured through a variety of
methods, including turning, milling, and casting. Before
beginning the manufacturing process, it is imperative to
choose the proper materials. When choosing materials,
the most important factors to consider are machinability,
corrosion resistance, porosity, and magnetic properties.
The magnetic properties generally develop when
austenitic stainless steel is cold worked. Although cold
working adds tensile strength, mass standards do not
normally require added tensile strength.

Because of the variety of austenitic steel which is
available, additional tests were performed to help in the
selection of a material with non-magnetic properties.
These tests found that 18/8 materials were not
satisfactory with respect to magnetic properties. Figure
3 depicts the magnetic permeability of different stainless
steel compositions.

Which Materials are Best for
Manufacturing Mass Standards?

Three hundred (300) series stainless steels are often used
to manufacture mass standards because their chemical
composition is highly resistant to corrosion. Certain
materials found within 300 series stainless steels such
as iron, cobalt, and nickel may possess ferromagnetism.

When comparing the processes required to manufacture

Chemical Composition
C
0.03
0.14
0.07
0.09
0.13
0.10
0.10
0.09
0.10

Si
0.57
0.6
0.24
0.23
0.19
0.26
0.26
0.22
1.71

Mn
0.55
0.58
0.44
0.44
0.36
0.42
0.48
0.39
0.78

S

0.017

P

0.011

Cr
17.45
19.8
10.33
10.3
9.72
10.85
10.42
10.41
24.27

Ni
11.9
12.96
20.7
20.26
20.28
20.71
20.77
20.17
20.40

W

1.73
1.79
1.55
1.83
1.57
1.67

mass standards or to manufacture the stainless steel
to produce the standards, this chart provides a general
idea of the magnetism problems which may occur. Most
purchasing personnel are not aware of the problems of
magnetism, so when the purchase of materials takes
place, materials are requested by their manufacturing
names, such as 310, 304, and 316.
These names are like recipes in that they give a process
for heat treating the material and a range for the chemical
composition. Most of these materials have a heat treating
process that returns the materials to an austenite state
after any cold working process. However, sometimes
this heat treating process may leave the materials
bent or twisted. So in order to supply vendors with the
proper materials, a secondary process to straighten the
materials must be performed. This process is still within
the requirements for the materials, but the cold working
during the straightening process leaves the materials with
magnetic properties. This is most common in smaller size
diameters.
Aside from the risk of the materials having magnetic
properties from the start, weight manufacturers add to
the possibility of elevating magnetism during the series of
cold working processes necessary to produce the mass
standard. Manufacturers must use either a saw or lathe
operation to start the process. The removal of any metal
in this fashion is considered a cold working process.
Polishing and stamping are also cold working processes.
These operations can and do produce magnetic
properties in the standards.

Magnetic
Permeability

Magnetic Permeability After Cold
Rolled to give a 33% Reduction in Area

1.003
1.003
1.015
1.013
1.021
1.016
1.012
1.014
1.002

1.10
1.005
1.04
1.021
1.045
1.043
1.021
1.024
1.003

Cu

2.14
2.20
2.39
2.13
2.32
2.19
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Properties of Magnetism in Mass Standards (continued)
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What are the Requirements for Magnetic Properties in Mass Standards?
The United States uses the American Society for Testing
Materials (ASTM) specification E 617-917 for specifying
the requirements of magnetic properties in laboratory
weights and precision mass standards. This specification
was replaced by the National Bureau of Standards
(NBS) Circular 547, Section 1 in 1978 and recognizes
the international recommendations of the Organization
Internationale De Metrologie Legale (OIML) R111, edition
1994.

According to the ASTM E 617 specification, magnetic
properties must be measured in magnetic field gradients
because unshielded devices in the vicinity of the
measurement can affect the accuracy of measurements.
Higher grades of weights have lower magnetic
susceptibility. Grades S, S’, O, and P should not be more
magnetic than 300 stainless steel.
The OIML international recommendations include
requirements for magnitude of magnetic susceptibility.
They state that the metal or alloy used for weights of
classes E1 and E2 shall be practically non-magnetic
(magnetic susceptibility K not to exceed K=0.01 for
class E1, K=0.03 for class E2, and K=0.05 for classes
F1 and F2).

How Can Magnetism be Avoided?

Although magnetism cannot be completely avoided, steps
can be taken to control the effects of magnetism on the
accuracy of weight measurements. The area where the
weighing occurs should be tested with a gaussmeter
for magnetism created by electrical wiring, motors, and
any other components in the area. If the testing shows
magnetism is present in the area, another location should
be chosen for the measuring process.
A gaussmeter should also be used to test the balances for
magnetism. Even if the standards have very low magnetic
strength, the internal components of a balance may cause
varying results. For example, if the components of the
balance have a magnetic charge, the standard introduced
to the balance will change the force exerted on the load
device, causing inconsistent results from one device to
another. Balances should be tested whenever there is any

suspicion of magnetic problems, such as erratic weight
measurements. The gaussmeter shows which part or
parts of the balance are magnetized and need to be
replaced.
The elimination of magnetism in mass standards is not
likely to happen. However, if the proper steps are taken,
the magnetism in mass standards can be significantly
reduced. Starting with the manufacturing process, the
proper methods and materials must be chosen. Then,
the mass standards should be tested for magnetic
properties. Finally, remember that the magnetism inherent
in the environment, balances, and standards will cause
some degree of inconsistency in mass measurements, no
matter what preventive steps are taken.

How are the Magnetic Properties of
Mass Standards Measured?

Although specific requirements for magnetic susceptibility
are a good start, magnetic field strength is also a very
important factor that needs to be measured. Susceptibility
adds to the potential of an item becoming magnetized or
further charged. Measuring the magnetic field strength
of the standard shows whether or not the magnetism is
significant enough to cause mass measurement errors.
Richard Davis of Bureau International des Poids et
Mesures (BIPM) wrote an article entitled, “New Method to
Measure Magnetic Susceptibility,” in which he describes
a process he developed for measuring magnetic
susceptibility. The following pieces of equipment are used
to perform the measurements:

Balance

The balance must have a 5 g capacity (to leave enough
range in the balance to place the column and magnet on
it and perform the measurement) and a resolution of ≥1
micrograms. The weighing chamber is a glass tube with a
removable glass top. The original top is replaced with one
made of an aluminum alloy because aluminum contains
very little magnetism.

Magnets

Two high quality cylindrical magnets (constructed of
neodymium-iron-boron) are used in this measuring
process. Each magnet has a height of 2.5 mm and a
diameter of 5 mm. The axis of magnetization coincides

with the geometric axis of the cylinder. Two such magnets
are combined to produce a cylinder of height equal to
diameter.

Pedestal

The magnet sits on a tubular pedestal that is centered on
the balance pan. Holes drilled through the wall of the tube
ensure that the total mass of the magnet and pedestal is
well within the capacity of the balance.

Bridge

Samples are centered on an aluminum alloy bridge that
straddles the weighing chamber of the balance. The
bridge must be designed so the span can be made level
with respect to the balance pan. The span should be as
thin as possible, with adequate mechanical rigidity. If the
span sags in the middle, samples with a large diameter
will be farther from the magnet than samples with a small
diameter.

Gauge Blocks

It is convenient to place the bridge on non-magnetic
gauge blocks so that it may be raised or lowered in
precise 5 mm increments.

Magnetic Susceptibility Standard

The magnetic susceptibility standard can be the identical
shape of the item being tested or a cylindrical shape that
has been calibrated by known standards.
Once all of the equipment has been assembled, the
distance from the center of the magnets to the top of the
bridge must be calculated to determine the magnetic
force. This can be done by using the known magnetic
standard. After the distance is calculated, the samples
that need to be tested may be introduced. The samples
are calculated based on the distance from the magnets
and the response of the balance. If the samples have
different geometrical values, additional calculations must
be performed to solve for the volume
of magnetic susceptibility.

Weight Cleaning Procedures
The following GMP No. 5 is an excerpt from NBS Handbook 145, Handbook for the Quality Assurance of Metrological
Measurements, November, 1986 and is provided for informational and reference use only.

It is essential that weights being calibrated as well as the standards used be clean if the calibration is to be accurate and meaningful.
Therefore, a cleaning procedure should be considered as a part of every calibration.

Categories of Weights
For cleaning purposes, weights may be divided into four
categories:
1. One-piece weights: This category will include all onepiece weights except lacquered weights, sheet metal
weights, and small wire weights.
2. Screw-knob weights: This category will include all
weights with adjusting cavities except lacquered
weights.
3. Lacquered weights: This category includes all
lacquered or painted weights.
4. Sheet metal weights and wire weights.

Cleaning Procedures
One-piece Weights
One-piece weights, one gram and larger, are steam cleaned.
The weights are either held or placed in a jet of steam and
manipulated so that the entire surface of the weight is
subjected to the cleaning action of the steam long enough to
clean it. A superficial steaming is not enough. The weight is
then dried, either by evaporation or careful wiping with a soft
non-abrasive material such as high grade cheesecloth, free
from oil and other substances that could leave a residue on
the weights. Care must be exercised that no water spots are
left on the weights as they dry. Visible particles on the weights
should be brushed or wiped off before steam cleaning them.
If a steam generator is not available, one-piece weights
may be cleaned either by immersing them in a hot or boiling
distilled water bath in a non-metallic container, or according
to the procedures for screw-knob weights. Occasionally, a
weight will have foreign material adhering to it that requires
the use of solvents. Ethyl alcohol is a good general solvent. If
alcohol does not remove the material, other solvents may be
used. Alcohol is then used to remove any film left by the other
solvents. The weights are then steam cleaned as outlined
above.

Screw-knob Weights
Weights in this category are usually cleaned by wiping with a
soft non-abrasive material such as high-grade cheesecloth,

free from oils or other substances that would leave a residue
of any kind on the surface. Occasionally, a weight will have
foreign matter adhering to it that requires cleaning by using
solvents, applied with a cloth. Ethyl alcohol is a good general
solvent. If alcohol does not remove the foreign material, other
solvents may be used. Alcohol is then used to remove any
film left by the other solvents.

Lacquered Weights
The cleaning of lacquered weights requires special care
because their protective lacquer coating is soluble in
most solvents. Lacquered weights are cleaned by wiping
with a soft non-abrasive material, free from oils and other
substances that would contaminate the weights, or by
brushing with a soft brush such as a camel hair brush, or
both. A rubber bulb type syringe may be used to blow off
lint or other small particles, however, be careful not to touch
the weights with the nozzle. An electrostatic charge may be
placed on the surfaces of the weights during the cleaning
process or while handling them. This could be especially
troublesome in a very dry atmosphere. If reliable mass values
are to be obtained, the charge must be bled off the weights
before calibration.

Sheet Metal Weights
Either of the following two procedures may be used in
cleaning sheet metal and other small one-piece weights.

Two-step Method
First, the weights are placed in an acetone bath agitated
to help loosen any foreign material. A soft brush, such as a
camel hair brush, may be used to agitate the weights. The
weights are removed from the acetone, allowed to dry and
then steam cleaned. For steam cleaning, the weights are held
in front of a jet of steam with forceps until the entire surface
has been covered with steam. (See note on the next page).
In order that the portion of the surface under the forceps may
be steamed, the weight is set down and picked up again
with the forceps holding the weight at a different spot than
the first time; the weight is again steamed. Do not allow the
weights to touch the steam nozzle. A low ash filter paper
should be used for drying the sheet metal weights. A circular

disk is folded unsymmetrically. The main body of the weight
is placed between the folds of the paper with the turned up
edge of the weight protruding. The main body of the weight
is dried by pressing lightly on the top of the paper. The turned
up edge is brushed lightly with a piece of filter paper. In some
cases, it may be necessary to brush the body of the weight
with filter paper to remove drops of water. Care must be
exercised that no water spots are left on the weights
as they dry.

Three-step Method
First, the weights are placed in an acetone bath and agitated
with a soft brush to help loosen any foreign material adhering
to the weights. The weights are removed from the acetone,
allowed to dry, then placed in an ethyl alcohol bath and
agitated. The weights are removed from the alcohol bath,
allowed to dry, and then steam cleaned and dried as outlined
in the two step procedure.
Note: The smaller fractional weights, say smaller than 1 g, may be
placed in a hot or boiling distilled water bath for the final cleaning instead
of steam cleaning them. A hot or boiling distilled water bath also may
be used for the final cleaning of all sheet metal weights when a steam
generator is not available.

Cleaning Interval
Weights Under Test

The weights under test are cleaned before calibration.

Standards
Standards need not be cleaned every time they are used.
If the standards are handled carefully, and kept under a
reasonable dust tight cover, when not in use, in a clean
atmosphere, the interval between cleanings may be several
months, or until the calibration procedure checks indicate that
the standards are changing and may need cleaning. Under
less favorable conditions the interval may be only
a few weeks.
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The following GMP No. 5 is an excerpt from NBS Handbook 145, Handbook for the Quality Assurance of Metrological Measurements,
November, 1986 and is provided for informational and reference use only.

It is essential that weights being calibrated as well as the standards used be clean if the calibration is to be accurate and
meaningful. Therefore, a cleaning procedure should be considered as a part of every calibration.

Temperature Equilibrium

Newly cleaned weights should be allowed to come to
temperature equilibrium before they are calibrated. This
may take several hours for the larger weights that have
been steam cleaned.
Generally, laboratory weights will come to temperature
equilibrium over night.

Storage

Usually, weights are not placed in the balance immediately
after cleaning, but are stored for varying periods. The
weights should be stored under cover so that they will
stay clean. Weights, one gram and larger, may be stored
on a tray lined with filter paper and covered with an
inverted glass dish. The smaller weights may be stored
in a small glass dish covered with a watch glass. In both
cases, the container should be labeled with the weight
identification. When the weights are to be moved, carry
the tray or dish in a level position so that the weights do
not slide around.
When the weights are placed in the balance, they should
be carefully brushed to remove any particles that may
be on them. A small bulb type rubber syringe is useful in
removing lint and other small particles from weights. The
particles are blown off the weights. Therefore, neither the
nozzle nor any other part of the syringe need touch the
weights, and care must be taken that they do not.

Brushes

All of the equipment used in cleaning and handling
weights should, of course, be clean. But, brushes require
special attention because they are easily contaminated
and often are the last cleaning device used before the
weights are calibrated. Only soft brushes, such as camel
hair brushes, should be used on weights.
The brushes are cleaned by washing with soap and
water, then rinsing in ethyl alcohol and allowed to dry
in air. When drying the brushes, place them so that the
bristles do not touch anything. New brushes are cleaned

before using to remove any oil or other matter that might
contaminate the weights. Used brushes are cleaned as
often as necessary to be sure that the brushes themselves
do not contaminate the weights. Store cleaned brushes in
containers that will keep them clean until needed. When
handling the brushes, do not touch the bristles, as oil from
the skin will contaminate them. When the brushes are
laid down, place them so that the bristles do not touch
anything.

(Caution: Weights should be removed from the degreaser immediately
after cleaning to prevent possible electrolytic corrosion.)

Steam Generator

A steam generator may be purchased from a laboratory
supply house or one can be constructed.
A simple steam generator may be constructed from a 500
mL wash-bottle, a two hole stopper, some glass tubing, a
hot plate for the heat source, a large graduate, and some
flexible tubing.

Vapor Degreaser

Weights may be cleaned by vapor degreasing, using an
apparatus such as shown in Figure 1 below.
The apparatus consists of a stainless steel cylinder
placed on a hot plate. The cylinder has several loops of
copper tubing coiled around the outside center of the
cylinder as cooling coils. The cylinder also has a cover
to minimize the escape of vapors of the solvents used
in the cleaning process. A basket is suspended from
the cover inside the cylinder. A single weight or several
small weights are placed in the basket. Solvent (e.g. ACS
grade trichloro-ethylene) is placed in the cylinder to a
depth of about 2.5 cm. The solvent is heated to boiling.
Cold water is circulated through the cooling coils. The
solvent condenses on the weight, thereby cleaning the
weight, and drops off into the liquid at the bottom of the
cylinder. The cleaning process is run for 15-20 minutes.
The standards are then air dried and allowed to return to
room temperature. The weights, when removed from the
degreaser, are hot so that residual solvent evaporates in a
few seconds.

Figure 1.

Balance Verification Using Calibrated Weights
The following is an example of how to use test weights with
the appropriate pedigree to calibrate and verify an electronic
weighing device such as an electromagnetic force restoration
balance. Manufacturer’s operating and maintenance
instructions should always be referenced prior to performing
a test or making adjustments. Pay exceptional attention to
the manufacturer’s discussion on the environment suitable for
the device. At the end of these procedures, refer to page 251
for information regarding weighing influence factors. Failure to
consider these specifications and conditions will invalidate this
procedure. Please contact us if you cannot locate the operating
instructions for your device. We may be able to provide a
duplicate.

Equipment Required:
• Balance
• Accessory printer (to document calibration changes
and results*)
• Cotton gloves
• Tweezers
• Tongs (as appropriate to handle the test weights)
• Test weight calibration certificate, or traceable certificate.
1.	Using the manufacturer’s operating instructions, set up
the balance in the environment in which it is intended for
use. Allow the balance to “soak” in the environment for a
minimum of 24 hours prior to any testing. This is a critical
step. Many of the mechanical structures in a balance
are affected by the changes in environment. To ensure
a proper test with definable results, the device must be
allowed to equalize within its environment.
2.	If the balance is equipped with an internal calibration
feature, activate that feature and allow the printer, if so
equipped, to document the results.
3.	If the balance is not equipped with an internal calibration
feature, use an external electronic balance calibration
weight and, following the manufacturer’s recommendations,
calibrate the balance. Many electronic balances deployed
in the field allow you to select the size of calibration weight
you wish to use. To minimize the impact of hysteresis on
linearity, it is strongly recommended that you use a weight
that represents 100% of the rated capacity of the device.
4.	Weight Selection Criteria. Selecting the appropriate size
and class of an electronic balance calibration weight is not
a difficult process.

 ption 1: Refer to the instructions provided by the
O
manufacturer of the balance or other weighing device.
Generally, the size (capacity) and class of the recommended
test weight will be included for your reference.
 ption 2: Manually calculate the test weight needed based
O
on the best performance from a device with a specific capacity
and readability.
a. Record the capacity of the balance
b. 	Record the minimum increment (readability) of the balance
c. Divide the result from step 2. above by a factor of four.
		 This number results in the appropriate tolerance for the
		 test weight required. For example, if the balance in
		 question has a capacity of 120 g and a displayed
		 resolution of 1 mg (0.001 g), the result of the
		 calculation would be 0.25 mg (0.00025 g).
d. Refer to the ASTM Weight Tolerance Table
		 on page 230.
e. 	In the column titled “Metric Denomination” find the
weight value closest to the capacity of the balance.
If the exact number is not available, select the next
smallest value. For example, a balance has a capacity
of 120 g. The closest value but smaller than the rated
capacity of the balance is 100 g.
f. Read across the table to the right to locate the
		 tolerance that is closest to, but smaller than the value of
		 0.25 mg calculated in step three. The first value that
		 meets this criteria is 0.13 mg, Class 0
g. 	To assure the most error-free results, an ASTM Class 0
test weight should be used for this calibration exercise.
However, because the value in the next column is .025
mg exactly, an ASTM Class 1 device could be selected
with satisfactory results.
h. N
 ow we know that every test weight we purchase for
this device must be a minimum of ASTM Class 1.
Option 3: Manually calculate the test weight based on
the tolerance of the procedure or methodology.
a. Given - your balance has a capacity of 120 g
b. Given - your balance has a readability of 0.0001 g
		 (0.1 mg)
c. 	Given - you wish to check your balance at weighing
capacities of 5 g, 10 g, and 15 g.
d. 	To get the proper results, weights with the following
capacities are required: 1 ea 5 g, 1 ea 10 g

You will be able to use the 5 g test weight alone to test the
device at 5 g; the 10 g weight alone to test the device at 10 g;
and the 5 g and 10 g test weights together to test the device
at 15 g.
e. 	Given ~ the tolerance you are looking for in your
procedure is 0.5 mg
f. 	Divide your tolerance of 0.5 mg by a factor of 4. This
results in a tolerance of 0.125 mg
g. Refer to the ASTM Weight Tolerance Table
		 on page 251.
h. 	Because more than one weight is being used to
accomplish this test, cumulative tolerance will need
to be applied considering the tolerances of both a 5 g
and 10 g test weight together to insure that they do not
exceed 0.125 mg.
i. 	Find the first 10 g weight value in the column titled
“Metric Denomination”. Read across the chart to find
the value that is closest to but smaller than the
calculated tolerance of 0.25 mg from step 4c above.
This would be the value of 0.074 under ASTM Class 2.
ASTM Class 3 cannot be used since that value 0.25 mg
is larger than the calculated tolerance of 0.125 mg.
j. 	Follow the ASTM Class 2 column until you are across
from the 5 g test weight, which is the next test weight
being used. As listed on the chart, the tolerance for a 5
g ASTM Class 2 test weight is 0.054 mg.
k.	Add this to the tolerance of the 10 g ASTM Class 2
test weight from step 4 above. The result is 0.74 mg
+ 0.054 mg = 0.128 mg. This value is larger than
the stated tolerance of 0.125 mg. Because of this,
tolerances for ASTM Class 1 need to be used to
improve performance.
l.	The tolerance for an ASTM Class 1 10 g test weight
is 0.050 mg. The tolerance for an ASTM Class 1 5 g
test weight is 0.034 mg. When combined, the total
accumulated tolerance of 0.084 mg of is well within
the stated tolerance of 0.125 mg. Therefore, for this
procedure, ASTM Class 1 test weights should be used.
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5.	When external (preferred) or internal calibration has been
successfully accomplished, select a verification weight that
is representative of a typical sample used on a daily basis.
If the weighing device is used for samples of exceptionally
different values, consider the number of transactions with
each typical sample. Develop a representative sample
size for this test. The test weights you use for this test
should not only be representative of the sample size, but
also have the appropriate laboratory documentation and
traceability to ensure test validity.
6.	Tare or zero the balance and verify that the display reads a
stable zero value

balance performance, contact the manufacturer of the
device for additional recommendations.

12. Repeat steps 5-10 20 times.

16. 	Determine the correction value from the laboratory
documentation that accompanies the test weight used
to calibrate the balance at 100% from step 3. The
correction value is the error that was introduced into the
balance mechanism and algorithms when the balance
was calibrated in step 3. The calibration function in most
electronic balances of recent manufacture compensates
and sets the linearity of the device from the point in the
weighing range representing the calibration load down
through and including zero. It is critical that the calibration
be performed as close as possible to 100% of the
balance’s rated capacity. Perform balance calibration
with an external calibration test weight since the linear
error cannot be deduced by using an internal calibration
weight. If the balance was calibrated at 100% of its rated
load, 100% of the error in the calibration weight was also
introduced at that point. This error is reduced to half its
original value at the 50% load point. It is further reduced
to 75% at the 25% load point. It is possible to make
an estimation of the linear error of the calibration by the
equation in figure 2.

13. Using the results from step 11,
		 calculate a standard deviation

			 A. LE = Linear Error
			 B. ECW = Rated Error of the Calibration Weight

14.	Multiply the answer in step 13 by 3. This is the random
error that is expected for the balance with a 99%
confidence level. This number now becomes the upper
and lower limits for the performance verification. In other
words, the balance is performing satisfactorily when the
results of a balance reading compared to the practical test
weight (PTW) are no more than PTW + STDV and no less
than
PTW – STDV.

			 C. L = Load

7.	With the device reading zero, apply the sample test weight
to the balance.
8. Wait until the balance indicates that it
		 is no longer “in-motion.”
9. Write down the reading on the display.
10. Remove the test weight from the balance.
11.	Wait until the balance is no longer “in motion” and the
display has returned to a stable 0 value.

15.	It is important to now verify the results of the standard
deviation against the repeatability specification for the
weighing device under test. If the standard deviation value
is greater than the repeatability factor of the balance under
test consider the following.
			Recheck the installation parameter of the balance. Be
acutely aware of environmental influences on the balance
under test as these can have a significant impact on
the device’s performance. If you are confident that all
preventative measures have been taken to insure optimal

			 D. CL = Calibration Load
17.	A study of the points presented so far explains the fallacy
of attempting to calibrate a balance at less than 100% of
its rated capacity. Failure to do so can make the device’s
performance completely theoretical and destroy the intent
of uncertainty budgets.
18.	Using all of this information, it is now possible to determine
the anticipated result for the verification process.
19.	Using the laboratory documentation for the test weight
that represents the typical sample weight, determine
the error or correction of the weight. Also, check the
uncertainty of the weight that you will use for this process.
The uncertainty must be no greater than 25% of the
random error of the balance being examined from step
15. If the uncertainty of the weight is greater than 25% of
the random error of the balance, select a test weight of
equivalent value but with a higher accuracy class. In the

event that the correction on your laboratory documentation
is a negative number, the weight in question is below
nominal value by that amount. A positive value means the
weight is heavier than nominal by that amount.
20.	Calculate the anticipated value for performance verification
using the following formula where:
• EV = Expected Value;
• AMV = Actual Mass Value and
• LE = Linear Error (from step 14)

Figure 1

Figure 2

Balance Verification Using Calibrated Weights (continued)
Where AMV = Actual Mass Value; NV = Nominal Value and AM
= Apparent Mass vs. 8.0 correction in the following formula:

value has been plotted on the chart as X. It falls within
the upper and lower limits and therefore, this verification
observation passes.

Further Suggestions
21.	Verification: Zero the balance and place the verification
weight on the balance. If the actual reading is within the
random error range established in the calculation of the
anticipated value, the verification passes.
Example:
• Balance specification – 100 g x 0.1 mg
• Calibration load – 100 g (100% of rated capacity)
• Test weight specifications
		

– 100 g Class 1 electronic balance calibration weight
with a correction of + 0.10 mg

		

– 10 g Class 1 electronic balance calibration weight
with a correction of + 0.010 mg

• Typical sample value – 10 g
Following the instructions above (step 14), 20 measurements
are taken and the standard deviation is found to be 0.3 mg.
Applying a factor of 3 (3 x 0.3 mg), the value calculates to 0.9
mg.
To calculate the Linear error =

•	Perform verifications at different times of the day. If
you notice that the results are significantly different
at these different times, it may suggest that the
environmental conditions within the work space are
changing and may have unforeseen impact on the
work being conducted.

•	From time to time, recalculate the random error to see
if your balance is performing consistently.
•	Have your balance serviced according to the
manufacturer’s instructions or recommendations
by your dealer to ensure it maintains optimum
operational parameters.

® Microsoft is a registered trademark of the Microsoft Corporation

•	Constantly monitor the condition and weight value
of your test weights. Under the auspices of NIST
H-150, laboratories providing recalibration services
are prohibited from recommending or establishing
scheduled recall dates without your explicit
instructions. To learn more about how to determine
when and if a weight is due for recalibration, please
contact us. We will be happy to discuss the process
with you.
•	Keep a constant running record of your test results
and chart these results using a program such
as Microsoft® Excel. This record can help you
understand the data being recorded as well
as help you gain additional insight into
your laboratory conditions.

OR

Expected value =
OR

9.99999 = 10 + (-0.01 mg)

Verification range = 9.99999 g +/- (-0.9 mg)
The actual verification is performed and the reading on the balance results in a value of 10.0003 grams. Since this value is within
the control limit, the results of the test is a “pass,” as relative to
a “pass/fail” rating system.
Refer to the chart below.
22. In the chart below, the methodology explained in this
section has been followed. A weight of 10 g is applied to
the balance. The reading on the balance is 10.00010. This
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Standard Specification for Laboratory Weights and Precision Mass Standards
Reprinted from the Annual Book of ASTM Standards. © ASTM

Accuracy Class of Weights

A class of weights that meets certain metrological
requirements intended to keep the errors within specified
limits (definition from OIML R 111).

Adjustment

The process of changing the mass either by polishing or
adding and subtracting material, to bring the mass within
the tolerance of a specified class.

As Found

The value of the mass recorded by Rice Lake Weighing
Systems after cleaning and before any adjustment based
on a density of 8 g/cm3 at 20° C.

As Left

The value of the mass after any necessary adjustments
are made based on a density of 8 g/cm3 at 20° C.

Buoyancy Correction

The calculation needed to compensate for the varying air
density in order to ascertain the true mass value.

Calibration

The acts of determining the mass difference between a
standard of known mass value and an “unknown” test
weight or set of weights, establishing the mass value
and conventional mass value of the “unknown,” and of
determining a quantitative estimate of the uncertainty to
be assigned to the stated mass or conventional mass
value of the “unknown,” or both. Set of operations that
establish, under specified conditions, the relationship
between values of quantities indicated by a measuring
instrument or measuring system, or values represented
by a material measure or a reference material, and the
corresponding values realized by standards (definition
from International Vocabulary of Basic and General Terms
in Metrology).

Certificate of Tolerance Test

Document that certifies that the subject weights are within
specified tolerances. Referred to as an RLWS Certificate
of Accuracy or RLWS Traceable Mass Value Certificate.

Certificate of Calibration

Document that presents calibration results and other
information relevant to a calibration (definition from NCSL
Z-540-1-1994). Referred to as an RLWS Calibration
Certificate or RLWS Traceable Certificate.

Conventional Mass

Conventional value of the result of weighing in air, in
accordance to International Recommendation OIML R 33.
For a weight taken at 20º C, the conventional mass is the
mass of a reference weight of a density of 8000 kg/m3 which
it balances in air of density of 1.2 kg/m3
(definition from OIML R 33).

Correction

Mass values are traditionally expressed by two
numbers, one being the nominal mass of the weight,
and the second being a correction. The mass of the
weight is the assigned nominal value plus the assigned
correction. Positive corrections indicate that the weight
embodies more mass than is indicated by
the assigned nominal value.

Density

The unit of mass divided by its volume. For a precision
calibration, density testing is required to calculate
buoyancy correction. International Prototype Kilogram The
platinum iridium cylinder maintained at the International
Bureau of Weights and Measures (BIPM), at Sevres,
France with an internationally accepted defined mass of
1 kg. Reference Standard A standard, generally of the
highest metrological quality available at a given location,
from which measurements made at that location are
derived (definition from NIST/NVLAP Handbook 150).

Set of Weights

A series of weights, usually presented in a case so
arranged to make possible any weighing of all loads
between the mass of the weight with the smallest
nominal value and the sum of the masses of all weights
of the series with a progression in which the mass of the
smallest nominal value weight constitutes the smallest

step of the series (definition from OIML R 111). Tolerance
(adjustment tolerance or maximum permissible errors)
The maximum amount by which the conventional mass
of the weight is allowed to deviate from the assigned
nominal value. Tolerance test Verification that the
conventional mass of the weights and their corresponding
uncertainties as tested are correct within the maximum
permissible errors of the respective weight class.

Traceability

Property of the result of a measurement or the value of a
standard whereby it can be related to stated references,
usually national or international standards, through
an unbroken chain of comparisons all having stated
uncertainties (definition from International Vocabulary of
Basic and general Terms in Metrology).

Uncertainty

Parameter associated with the result of a measurement
that characterizes the dispersion of the values that could
reasonably be attributed to the measured (definition
from NCSL Z-540-1-1994). The range of values within
which the true value is estimated to lie. U.S. National
prototype standard Platinum iridium kilogram identified
as K20, maintained at the National Institute of Standards
and Technology, with value assigned relative to the
International Prototype Kilogram provides the United
States access to the mass unit. Weight (mass standard)
A material measure of mass, regulated in regard to
its physical and metrological characteristics: shape,
dimension, material, surface quality, nominal value, and
maximum permissible error (definition from OIML R 111).

Returns and Warranties
Equipment Return Information
Standard Catalog Equipment

At Rice Lake Weighing Systems, we want you to be
completely satisfied with any product purchased from us.
If it does not work, or is not right, return it for full credit or
replacement within 30 days of shipment.
We may, at our option, assess a restocking charge if the
equipment was:
1. Not correctly specified for the application intended,
and/or
2. Damaged beyond reasonable recovery.
The restocking charge is directly proportional to the
amount of time and material expense required by us to
return the item to resaleable condition. If an item was held
or in use in excess of 30 days, a restocking charge, not to
exceed 10%, will be assessed.

Special Order, Modified, Non-Catalog,
Unusual or Non-Stock Items

We will repair or replace, at our option, equipment
which is defective by nature of poor quality materials or
substandard workmanship, within the specified warranty
period. No returns will be accepted for any special order
equipment, or for equipment physically modified or altered
in the field. Additionally, no returns will be accepted for
items that are specifically modified for the customer’s
requirements. For example, test weights that have
been specifically built to the customer’s specifications
or standard product so modified, or standard weights
that have been engraved with the serial numbers at the
customer’s request, as well as laboratory procedure
charges, documentation fees, etc.
Items that were quoted with the following statement
affixed to the quotation, sales order and/or invoice cannot
be considered for return — “This quote contains special
products that would be uniquely designed for this order.
Because these would be NON STANDARD products, we
would not accept returns.”

Return Procedure:

When returning equipment for repairs or warranty
reimbursement, these simple steps will help expedite your
request:
1.	Call (715) 234-9171, extension 5348, and ask for a
return coordinator. You will then be issued a return
authorization number.
2.	When preparing equipment for return shipment,
complete a Return Authorization (RA) form and
provide a description of the problem you are
experiencing. Be sure to include the Return
Authorization number we provided and enclose the
form with the shipment. For additional forms, ask the
return coordinator to send you a supply.
3.	Please write the Return Authorization number on
the outside of the package to help us speed your
package through our receiving process.

Limited Warranty

Seller warrants that the products contained in this catalog
will conform to written specifications, drawings, and
other descriptions made by the manufacturer, including
any modification thereof. The Seller warrants the goods
against faulty workmanship and defective materials. If
any goods fail to conform to these warranties, Seller
will, as its sole and exclusive liability hereunder, repair
or replace such goods if they are returned within the
following warranty period: Twelve (12) months from date of
shipment from manufacturer for test weight products.

These warranties are made upon the
express condition that:

3.	Examination of such goods by Seller discloses that
the nonconformity actually exists and was not caused
by accident, misuse, neglect, alteration, improper
installation, improper or unauthorized repair, or
improper testing; and
4.	Such goods have not been modified, altered, or
changed by any person other than the Seller or its
duly authorized repair agents.
Rice Lake Weighing Systems will have a reasonable time
to repair or replace such goods.
THESE WARRANTIES EXCLUDE ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, ORAL OR
WRITTEN, INCLUDING WITHOUT LIMITATION
WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR A PARTICULAR PURPOSE. SELLER WILL
NOT, IN ANY EVENT, BE LIABLE FOR INCIDENTAL OR
CONSEQUENTIAL DAMAGES.
IN ACCEPTING THIS WARRANTY, THE PURCHASER
OR BUYER AGREES TO WAIVE ANY AND ALL OTHER
CLAIM OR RIGHT TO WARRANTY, OR IF SUCH BE THE
CASE, ANY CLAIM OF WARRANTY FROM RICE LAKE
WEIGHING SYSTEMS, INCORPORATED. SHOULD
THE SELLER BE OTHER THAN RICE LAKE WEIGHING
SYSTEMS, INCORPORATED, THE BUYER AGREES
TO LOOK ONLY TO THE SELLER FOR ITS WARRANTY
CLAIM OR CLAIMS.
No terms, conditions, understanding, or agreements
purporting to modify the terms of this warranty shall have
any legal effect unless made in writing and signed by a
corporate officer of the Seller.

1.	Rice Lake Weighing Systems is given prompt
written notice upon discovery by Buyer of such
nonconformity, with a detailed explanation of the
alleged deficiencies;

2.	Such goods are returned to the Seller at the expense
of the Buyer;
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Weight Re-Calibration Request
Required fields are denoted with asterisk.

*Bill to:

*Shipping Method:

Address:

Account #:

City:

o (Shipping address is different from billing address.)

State:

Zip:

Ship to:

Contact:

Address:

Phone:

Fax:

Email:

City:
State:

Zip:

Payment Information

Purchase Order #:

Credit Card #:
Expiration Date:

Security Code:

Cardholder’s Name:
Certification/Report Information

Contractor:

Recall Date:

Client:

o No

Yes, number of years:

If replacing weights or cases:

o Return old

Select type of documentation (only one per quote request):
o Dispose of old
o Calibration Certificate (NVLAP accredited and meets ISO/IEC 17025 & ISO 9000 requirements)
o RLWS Mass Value Certificate (Non-accredited Documentation)
o Traceable Certificate (NVLAP accredited and meets ISO/IEC 17025 & ISO 9000 requirements, Classes 4, 6, 7 and F)
Range

*Number for Weights

Density

Serial Number(s)

Number of Reports

o

Individual report for each weight

o

All weights on one report

Range

Density

*Number for Weights

Number of Reports

Serial Number(s)

o

Individual report for each weight

o

All weights on one report

Have these weights been exposed to hazardous materials?

*Class of weight(s) described in table to left:
ASTM

o0

o1

o2

OIML

oE2

oF1

oF2

NIST

oClass F

o3

o4

o5

oM1

oM2

oM3

o6

o7

o6

o7

oOther:

*Class of weight(s) described in table to left:
ASTM

o0

o1

o2

o3

o4

o5

OIML

oE2

oF1

oF2

oM1

oM2

oM3

NIST

oClass F

o**Yes

oOther:

o No

Signature: ________________________________________________

Title: _____________________________________________

Print Name: ______________________________________________

Date: ____________________________________________

**If yes, please complete Statement of Decontamination form and include a copy of this form and your order along with your weights. If weights have been exposed
to hazardous materials, service will not be performed without a completed Decontamination Form.

Additional
Services/Products?

To receive a quote for re-calibration, return this form with purchase order via
one of the following methods:
•
Mail along with weights to Metrology Lab
•
Fax to 715-234-6967
For questions, please contact our weights specialists at 800-472-6703 ext. 6655.

230 W. Coleman St. • Rice Lake, WI 54868 • USA
TEL: 800-472-6703 • FAX: 715-234-6967
www.ricelake.com/recalibration
© 2010 Rice Lake Weighing Systems • Specifications subject to change without notice.

#0048 Rev 9, 01/10

