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1. Introduction

From June 25" to June 29" 2014, a comparison between the absolute gravimeters of the
University of Luxembourg and the Federal Office of Metrology and Surveying (BEV) was
hosted in the Underground Laboratory for Geodynamics in Walferdange (WULG).Both abso-
lute gravimeters have been manufactured by Microg-LaCoste Inc. and are working on the
same principle [1] even if their construction concepts differ from each other. The aim of the
project was to ensure that there is a good agreement between these two devices and to link the
result to the CCM.G-K2 Key Comparison held in the WULG in November 2013. During the
Key Comparison, only one site could be measured by the FG5-242. In the meantime, this gra-
vimeter went through a major maintenance. It was important to re-estimate the degree of
equivalence of the FG5-242.

The participants were:

Prof. Olivier Francis University of Luxembourg, Luxembourg
Olivier.francis@uni.lu

Mag. Christian Ullrich Federal Office of Metrology and Surveying (BEV), Austria
Christian.ullrich@bev.gv.at

2. Instrument description

The instruments used in the context of this project are ballistic free fall absolute gravim-
eters manufactured by Microg-LaCoste Inc. The absolute gravimeter FG5-216 of University
of Luxembourg is in operation since 2001 but was upgraded to the FG5X-216 in 2011. The
FG-242 is operating since 2010 and was serviced a few months before the comparison.
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Figure 2.1. Absolute gravimeters used during this comparison.



3. Test procedure

The test procedure applied during this comparison is quiet simple. From June 25" 2014
to June 30" 2014, each gravimeter was placed alternatively on the reference stations B1 and
B3 and C5 of the WULG. For each station, the absolute value of gravity was measured by
each gravimeter for at least 12 hours. Additionally the FG5-242 measured at pillar A3. This
latter measurement was not used for the comparison as the FG5X-216 did not occupy that
pillar.

4. Measurement results
The results obtained during the comparison at the stations B1, B3 and C5 by the two
gravimeters are summarized in Table 4.1. The values are given in pGal (uGal = 10 ms™).

Table 4.1. Gravity value measured by the two gravimeters at stations B1, B3, C5 and A3
(goftset = 980960000 pGal)

FG5X-216 (UL) FG5-242 (BEV)
Stations g-Loffset u Z-Loffset u
(nGal) (nGal) (nGal) (nGal)
B1 4076.0 2.1 4073.6 2.6
B3 4065.9 2.1 4068.0 2.6
Cs 3939.4 2.1 3940.9 2.5
A3 4206,5 2.6

The uncertainty given in the Table 4.1 corresponds to the square root of the quadratic
sum of the typical uncertainty of an FG5, and the site dependent uncertainty [3].

The gravity values measured by each gravimeter at each station are graphically repre-
sented in the Figure 4.1.
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Figures 4.1. Gravity value measured by the two gravimeters at the stations B1, B3 and CS5.

5. Evaluation of the measurement results

5.1 Compatibility index E,

The compatibility index En being defined by,
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defines the ratio between the difference of two estimated values and the expanded uncertainty
(k=2) of the difference. An En factor larger than one means that the difference between the
values cannot be covered by the uncertainty. With a perfectly repeatable transfer standard, this
implies that either at least one of the two values is corrupted, or the claimed uncertainties are
too small.

For the measured values at the three stations B1, B3 and C5, the Ex factors are listed in
Table 5.1.

Table 5.1. En factors at the gravity stations B1, B3 and C5 evaluated with the extended uncer-
tainty.

B1 B3 Cs
FG5X-216  FG5-242  FG5X-216  FG5-242 FG5X-216  FGS5-242

FG5X-216 - 0.36 - -0.31 - -0.23
FG5-242 -0.36 - 0.31 - 0.23 -

The values of the Ex factors, given in table 5.1, shows that all measures are in equiva-
lence.

5.2 Evaluation of the reference values

As described by M. G. Cox [2], the reference values at each gravity station are deter-
mined by the weighted mean yi.:
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where:
yi: weighted mean value for the gravity value at the station 1
u(yi): uncertainty of the weighted mean value for the gravity value at the station i
Xij: estimated gravity value by the gravimeter j at the station 1
uij: uncertainty of the gravimeter j at the station i

The evaluated reference values for each station are given in Table 5.2.



Table 5.2. Reference gravity value at the stations B1, B3 and C5 (gottset = 980964000 nGal).

Station Weighted mean
Eref-Goffset u
uGal uGal
B1 4075.1 1.6
B3 4066.7 1.6
C4 3940.0 1.6

5.3 Degree of equivalence

For both gravimeters, the degree of equivalence of the measured gravity values has been
evaluated.

Equivalence between institute i and the reference value
The degree of equivalence between the institute and the reference value is given by:

d, =x—x, 4)
U(d;) =2u(d,) uz(di):uz(xi)_uz(xref) (5)

The obtained values are given in table 5.4.

Table 5.4. Degree of equivalence between the different institutes and the reference values

Station UL BEV
d216 U(d216) d242 U(d242)
nGal nGal nGal pGal
B1 0.9 2.6 -1.5 4.0
B3 -0.8 2.6 1.3 4.0
C5 -0.6 2.7 0.9 3.8
Mean -0.2 2.7 0.2 4.0

Equivalence between institute i and institute j
The degree of equivalence between the institutes is given by:

d;=x—x, (6)

U(d;)=2u(dy) u’(dy)=u’(x)+u’(x)) (7

The obtained values are given in table 5.5.



Table 5.6.Degree of equivalence between the gravimeter at the three stations B1, B3 and CS5.

B1
pGal

B3
nGal

C5s
pGal

D242-d216 -2.4 6.7 2.1 6.7 1.5 6.5

6. Link to CCM.G-K2 Key Comparison

To link this comparison to the results of the CCM.G-K2 Key Comparison held in the
WULG in November 2013 [5], the Key Comparison Reference Values (KCRVs) at the sta-
tions B1, B3 and C5 have been adjusted for the gravity change observed with the relative su-
perconducting gravimeter OSG-CT040 between November 213 and June 2014. An uncertain-
ty of 1 microgal has been assigned to the observed gravity change to take the uncertainty on
the SG instrumental drift estimate into account (Table 6.1).

Table 6.1. KCRVs from the Key comparison in November 2013, CRVs of the present com-
parison and the KCRVs corrected for the observed gravity change with the OSG-CT040.

Station KCRV CRV Gravity changes KCRY cor-
11/2013 06/2014 from the OSG- rected for
CT040 gravity change
G U g U g U g U
/nGal /nGal /nGal /nGal /nGal | /pGal | /nGal | /nGal
Bl 4076.7 34 4075.1 33 1.5 1 4078.2 3.5
B3 4068.4 3.2 4066.7 33 1.5 1 4069.9 34
C5 3942.5 33 3940.0 3.2 1.5 1 3944.0 3.4
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Figure 6.1. Comparison between the KCRVs in 2013 corrected for the observed gravity
change observed with the superconducting gravimeter OSG-CT040, the CRVs of this compar-
ison and the g-values measured with the FG5X-216 and FG5-242, respectively.

It demonstrates that the KCRVs and the CRVs of the present comparison and the meas-
ured g values by the FG5X-216 and FG4-242 are coherent. Based on this, we can consider
that the link between these two comparisons is acceptable.



7.

Conclusion

The measurements of the FG5X-216 and FG5-242 are in agreement (or in equivalence) between

themselves and with the Key Comparison Reference Values of the CCM.G-K2 Key Comparison.
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