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ABSTRACT

This report summarises the results of a UK comparison of 1 kg magnetic stainless steel
weights carried out between nine laboratories. It is well known that a weight with high
magnetic susceptibility and/or permanent magnetisation can alter the reading displayed
by a mass balance leading to a potential for error in the weight’s calibration. This report
investigates whether the measurement of the magnetic properties of stainless steel
weights should form part of a laboratory’s conventional mass calibration routine.

All of the participants’ conventional mass values agree within their quoted uncertainties
with the median conventional mass, with the exception of the most magnetic weight
(“X” cylinder) by one laboratory. At OIML E; class uncertainty and below, the results
indicate that routine measurement of the magnetic properties of weights is not necessary

for conventional mass calibrations.
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1. INTRODUCTION

This report describes a UK comparison of 1 kg magnetic stainless steel weights. It is
well known that a weight with high magnetic susceptibility and/or permanent
magnetisation can alter the reading displayed by a mass balance leading to a potential
for error in the weight’s calibration [1]. The International Organisation of Legal
Metrology (OIML) specifies limits of permanent magnetisation and magnetic
susceptibility for each class of weight [2] and these are listed for 1 kg weights in
table 1. It also recommends that the magnetic properties (magnetisation and
susceptibility) of a weight should be measured before its calibration and a weight that
fails such a test should not be calibrated. This report investigates whether the
measurement of the magnetic properties of stainless steel weights should form part of a

laboratory’s conventional mass calibration routine.

Table 1: OIML R111 specified limits of polarisation (magnetisation) and susceptibility for a 1 kg weight
(2]

Weight Class E1 Ez F1 Fz M1 Mz M3

Maximum
0.02 0.07 0.2 0.8 - - -
susceptibility,

Maximum

polarisation
2.5 8 25 80 250 800 2500
(magnetisation),

M /T

This report investigates the effect stainless steel kilogram weights with different levels
of magnetisation and susceptibility have on the measurement of their conventional
mass. The National Physical Laboratory (NPL) was the pilot laboratory for the
comparison and supplied the stainless steel transfer standards. A total of nine UK

laboratories participated, including the pilot laboratory, and they are listed in Table 2.
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Table 2: List of participating laboratories

Laboratory

Norfolk Trading Standards

Hertfordshire Metrology Laboratory

London Borough of Havering

Kent Scientific Services

National Weights and Measures Laboratory

Sandwell Metropolitan Borough Council

D H Budenberg Ltd

Alpha Technologies

National Physical Laboratory (pilot laboratory)

2. DESCRIPTION OF THE TRANSFER STANDARDS

Four stainless steel 1 kg weights were used in this comparison (Figure 1). The magnetic
properties of the transfer standards were measured at the end of the comparison using
the Davis susceptometer [3] method as shown in Table 2.

Table 3: Magnetic properties of the transfer standards. The weight classification is assigned according to

the limits described by OIML R111 [2].

Standard Susceptibility, y | Magnetism, M OIML weight class
(nT)

1 OIML 0.003 2 1 E,

[52] Cylinder 0.031 19 F

C&CA 0.25 49 F>

X Cylinder 9.62 278 M,
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2 cylinder

Figure 1: Four 1 kg stainless steel transfer standards

3. RESULTS REPORTED BY THE PARTICIPANTS

An individual letter has been assigned to each laboratory to provide anonymity; the

pilot laboratory has been assigned the letter N where N1 and N2 are its mass

measurements at the start and end of the comparison respectively. The median mass

value has been calculated from the participant data and the graphs show the deviation of

each laboratory’s measurement from this median value.

3.1 Results for 1 OIML

Table 4: Results and expanded uncertainties (k= 2) for 1 OIML as reported by the participants

Laboratory Balance Conventional | Uncertainty | Difference to
code mass upright median value
/g /mg /mg

N1 (pilot) Mettler HK1000 1 000.001 1 1.0 0.0

D Mettler H315 1 000.000 4 3.0 -0.7

Gl Oertling SC121 1 000.000 0 230.0 -1.1
G2 LA2200S 1.000.000 0 30.0 -1.1

E CC2001 1 000.001 1 1.0 0.0

A Mettler PR2004 1 000.001 2 1.0 0.1

H Unknown 1 000.001 4 1.0 0.3

C Unknown 1 000.001 4 1.0 0.3

Bl Twin pan 1 000.001 3 0.5 0.2
B2 Sartorius CCE5004 | 1 000.001 2 3.0 0.1

B3 Mettler AX1006 1 000.001 2 0.5 0.1

F Sartorius Z086 1 000.001 1 19.17 0.0
N2 (pilot) Mettler HK1000 1 000.001 1 1.0 0.0
Median 1 .000.001 1
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Figure 2: Results relative to median conventional mass value for 1 OIML. Error bars are expanded

uncertainties (k= 2)

3.2 Results for [52] Cylinder

Table 5: Results and expanded uncertainties (k = 2) for [52] cylinder as reported by the participants

Laboratory Balance Conventional | Uncertainty | Difference to

code mass upright median value
/g /mg /mg

N1 (pilot) Mettler HK1000 1 000.000 5 1.0 0.0

D Mettler H315 999.999 9 3.0 -0.6

Gl Oertling SC121 1 000.000 0 230.0 -0.5

G2 LA2200S 999.998 0 30.0 -2.5

E CC2001 1 000.000 7 1.0 0.2

A Mettler PR2004 1 000.000 5 1.0 0.0

H Unknown 1 000.000 6 1.0 0.1

C Unknown 1 000.001 1 3.0 0.6

Bl Twin pan 1 000.000 7 0.5 0.2

B2 Sartorius CCE5004 | 1 .000.000 3 3.0 -0.2

B3 Mettler AX1006 1 000.000 5 0.5 0.0

F Sartorius Z086 1 000.000 5 19.17 0.0

N2 (pilot) Mettler HK1000 1 000.000 6 1.0 0.1

Median 1 .000.000 5




NPL Report ENG 6

5.0

4.0
3.0 1
2.0 1

1.0 -
0.0 1

S 4
-1.0 -

-2.0 A

i

SERR

Relative mass (mg)

-3.0 -

4.0 -

-5.0

Nt D G1 G2 E A H C B1 B2 B3 F N2

Figure 3: Results relative to median conventional mass value for [52] cylinder. Error bars are expanded

uncertainties (k= 2)

3.3 Results for C&CA weight

Table 6: Results and expanded uncertainties (k = 2) for ASTM weight as reported by the participants

Laboratory Balance Conventional | Uncertainty | Difference to

code mass upright median value
/g /mg /mg

N1 (pilot) Mettler HK1000 1 000.009 7 1.0 -0.1

D Mettler H315 1 000.009 2 3.0 -0.6

Gl Oertling SC121 1 000.060 0 230.0 50.2

G2 LA2200S 1 000.000 O 30.0 -9.8

E CC2001 1 000.009 6 1.0 -0.2

A Mettler PR2004 1 000.009 9 1.0 0.1

H Unknown 1 000.009 9 1.0 0.1

C Unknown 1 000.010 1 3.0 0.3

Bl Twin pan 1 000.009 9 0.5 0.1

B2 Sartorius CCE5004 | 1 000.009 5 3.0 -0.3

B3 Mettler AX1006 1 000.009 8 0.5 0.0

F Sartorius Z086 1 000.009 8 19.17 0.0

N2 (pilot) Mettler HK1000 1 000.009 7 1.0 -0.1

Median 1 000.009 8
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Figure 4: Results relative to median conventional mass value for ASTM weight. Error bars are expanded

uncertainties (k= 2)

3.4 Results for “X” cylinder upright

Table 7: Results and expanded uncertainties (k = 2) for “X” cylinder as reported by the participants

Laboratory Balance Conventional | Uncertainty | Difference to

code mass upright median value
/g /mg /mg

NI (pilot) Mettler HK1000 999.993 1 1.0 -0.3

D Mettler H315 999.993 0 3.0 -0.4

Gl Oertling SC121 2300 [N

G2 LA2200S 999.982 0 30.0 -11.4

E CC2001 999.994 0 1.0 0.6

A Mettler PR2004 999.993 0 1.0 -0.4

H Unknown 999.993 8 1.0 0.4

C Unknown 999.993 7 3.0 0.3

Bl Twin pan 999.993 3 0.5 -0.1

B2 Sartorius CCE5004 999.992 7 3.0 -0.7

B3 Mettler AX1006 999.993 4 0.5 0.0

F Sartorius Z086 999.993 5 19.17 0.1

N2 (pilot) Mettler HK1000 999.993 6 1.0 0.2

Median 999.993 4
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Figure 5: Results relative to median conventional mass value for “X” cylinder. Error bars are expanded
uncertainties (k = 2).

The difference of the conventional mass to the median mass reported by laboratory G1
in Table 7 and Figure 4 is greater than the quoted uncertainty. It seems likely that the
high level of magnetism of weight “X” has affected this type of balance (Oertling

SC121) in such a way as to give an erroneous measurement of its conventional mass.
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3.5 Effect of weighing method on results for “X” cylinder

Table 8: Results for “X” cylinder reported by the participants, showing the effect of changing the

weighing method

Laboratory | Conventional | Conventional | Conventional | Conventional mass

code mass upright | mass inverted | mass spacer | spacer and inverted
/g /g /g /g

N1 (pilot) 999.993 1

D 999.993 0 999.993 0

Gl IOO0E000NNN000Ee0 999.980 0 999.980 0

G2 999.982 0 999.986 0 999.988 0 999.988 0

E 999.994 0 999.994 0 999.993 8 999.993 7

A 999.993 0 999.993 4

H 999.993 8

C 999.993 7 999.993 4 999.993 4 999.994 0

B1 999.993 3 999 993 2

B2 999.992 7 999.993 0

B3 999.993 4 999.993 7

F 999.993 5 999.993 4

N2 (pilot) 999.993 6

Median 999.993 4 999.993 4

The effect of inverting the weight “X” on the measured conventional mass is shown in
Table 8. Most participants report little or no difference in conventional mass compared
with the reported values for “X” upright. The difference in conventional mass reported
by laboratory G1 for “X” inverted to the median remains greater than the quoted
uncertainty, although its value has decreased by 40 mg compared with the upright
value.

Four of the participants used a form of spacer to separate weight “X” from the weighing
pan of their balance. This had no significant effect on the conventional mass value
reported by three of them. However, the value reported by laboratory G1 decreased
markedly with the spacer in-between the weight and balance pan. The agreement
between G1’s reported value for weight “X” using a spacer agrees with the median

conventional mass well within their quoted uncertainty.
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4. CONCLUSIONS

All of the participants’ conventional mass values agree with the median conventional
mass, with the exception of one laboratory. The mass difference to the median reported
for weight “X” upright and inverted by laboratory G1 was greater than its quoted
expanded uncertainty. It is likely that the balance used in this case (Oertling SC121) is
susceptible to interference from strongly magnetic weights. The use of a spacer by
laboratory G1 to separate weight “X” from the balance pan gave a conventional mass in
good agreement with the median and well within the quoted uncertainty. Therefore the
results validate the use of a spacer when measuring the mass of strongly magnetic
weights.

The lowest uncertainty quoted by the participants was OIML class E, and the majority
of the participants quoted OIML class F; uncertainty. At OIML E, class uncertainty and
below, the results indicate that routine measurement of the magnetic properties of
weights is not necessary for mass calibrations. Instead the assessment of a balance’s
ability to weigh magnetic weights provides a practical alternative that would only need

to be done once for each balance.
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