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Motivation & Introduction

To date, the National Metrology Laboratory of the Philippines (NMLPhil) is only capable of calibrating up
to OIML class E; weights. Taking a step higher in terms of capability will be more attainable if the NMLPhil
has more personnel with first-hand experience in primary-level mass calibration and its auxiliary
measurements. The need for this upgrade is strengthened by the emerging local test weight and weighing
instrument manufacturers in the Philippines. And, as the de facto National Metrology Institute of the
country, it is the institute’s responsibility to make traceability in the SI unit of mass accessible for these
manufacturers.

In this project, Mr. Flores aims to be able to (i) measure mass standard volume and density; (ii) evaluate
and prepare uncertainty budgets for these measurements (iii) familiarize the calculation of correction
factor due to the variation of the center of gravity and air buoyancy; and (iv) familiarize with weighing by
subdivision method.

The volume and density determination of solids are two of the most critical auxiliary measurements in
carrying out the calibration class E1 weights (or higher). Mr. Flores plans to establish these measurements
in his home institute: to offer measurement services and proficiency testing to the public. These will be
particularly interesting for research and development institutes, local calibration laboratories, and test
weight manufacturers.

Research

The volume and density measurement of a solid body in the Mass laboratory of TUBITAK-UME is done
through the hydrostatic technique. The laboratory has two separate measurement systems: a commercially
available system for the low-capacity measurement of weights (1 g to 1 kg) and a developed system for the
high-capacity measurement of weights (2 kg to 50 kg). The hydrostatic technique can be performed through
three methods: first is weighing two different reference weights, the second is the weighing of reference
weights in air and in the liquid, and the third is direct weighing. The system for low-capacity measurement
works with the principle of the third method and the high-capacity works with that of the first method.



The trainee under this project planned to adopt the same setup for his home institute. The trainee was able
to operate the two systems, with the supervision of TUBITAK UME staff, in determining the volume and
density of sample test weights. The experience helped the trainee to have a deeper grasp of the concept of
the hydrostatic technique and the mechanisms of the two systems.

Figure 1: The trainee operating the high-capacity measure volume and density measurement system of
TUBITAK-UME

A thorough discussion on the theoretical aspect of the hydrostatic technique was conducted by Dr. Beste
Korutlu. The discussion focused on the derivation of the model equation for the volume and density
calculation. From the model equation, the trainee derived the individual equations for each uncertainty
component with guidance from reference documents provided by Dr. Beste. The equations were then
implemented in Microsoft Excel. The Excel file was created so that the user will only input the
environmental conditions and the weighing results and it will calculate directly the volume and density
values of the subjected test weight and its associated uncertainty.
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Figure 2: The Excel file created to compute for mass standard’s volume and density with uncertainty

A discussion about factors affecting weight calibration such as the center of gravity and buoyancy was
conducted. The discussion went on to the calculation of the correction factor contributed by these two
factors and how these affect the true mass of the calibrated weight. The figure below illustrates the effect
and shows the formula for calculating these corrections.
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Figure 3: [llustration and the formula for calculating the correction factors for the center of gravity and
buoyancy

Dr. Beste also discussed the weighing by subdivision method, a topic personally requested by the trainee.
This is because of the current setup of the NMLPhil where the institute spends a large amount of money
just to send at least two 30-pc sets of mass standards abroad. To add to that, the possibility of losing and
damaging the whole two sets of weights during transit is a risk that the institute cannot afford. The
weighing by subdivision method is a helpful technique where you can calibrate other test weights with
different nominal values using one known/calibrated test weight. With this technique, the NMLPhil can
now only send at least two pieces of weights abroad for recalibration. With the subdivision method, the
NMLPhil can use the recalibrated artifacts to perform in-house calibration for the remaining mass
standards: this would allow the institute to save money and prevent the risk of losing and damaging a whole
set of weights. This is a method that the institute is planning to adopt after procuring mass comparators
appropriate for this application.

The whole program of the project placement also includes a discussion and online crash course on the
CIPM-MRA. As someone new to the field of metrology, attending an orientation hosted by experts from
BIPM and TUBITAK themselves is a significant milestone. The online modules contain all the information
needed to know about procedures and relevant organizations in the processing and publication of
comparisons and CMCs.

Conclusions and Future Work

The project placement has been very productive. The trainee, with the help of his technical supervisors,
was able to achieve the objectives especially the performance of volume and density measurement and
drafting of the uncertainty budget. Familiarization with the effect of center of gravity and buoyancy and the
weighing by subdivision method were also achieved.

All of the objectives in this project were accomplished. The knowledge and experience gained by the trainee
in volume and density measurements will be of good use in drafting a project proposal on the establishment
of such measurement services in his home institute. The familiarization with the weighing by subdivision
method is a helpful feat in addressing the concerns of the NMLPhil in the recalibration of their mass
standards abroad. On the way to the establishment of primary-level mass calibration in his country, the
trainee could also share all his learnings, including that of the CIPM-MRA, with interested stakeholders as
he regularly conducts internal and external training on mass metrology and calibration guidelines in his
country.
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