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Abstract. The continuous and growing demand of calibration services for larger capacities in force (above 2 MN) has motivated the design and construction of a 5 MN force transfer standard machine (FTSM) at CENAM-Mexico. Secondary laboratories and industry, mainly from Mexico but also from other countries in Latin-America, are frequently asking for calibration of force transducers and testing machine services in this range. These calibration services are normally required to meet the standards ISO-376 or ISO-7500 specifications, where the uncertainty of the FTSM plays a very significant role to estimate the best measurement capability for the calibration service.
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1. INTRODUCTION
The dissemination and realization of Force at CENAM is a task assigned to the Force and Torque group in the Force and Pressure Division. Being CENAM a primary laboratory engaged in the fulfillment of the requirements of Mexican secondary calibration laboratories (SCL) and high accuracy measurements in industry, a project to design and build a Force Transfer Standard Machine (FTSM) in the range up to 5 MN was started [1].

Requirements of measurements and calibrations from the SCL as well as from cement, electrical and metal mechanics industries are frequently received at CENAM in the high load measurement range, 2 MN to 5 MN. 
Currently, in the referred range, only in site calibrations for testing machines can be performed by CENAM; however, the calibrations of force devices such as load cells, force transducers or proving rings are also required and they have to be measured in an appropriate facility with an adequate procedure and specified levels of accuracy (ISO-376 or ISO-7500 specifications, [2, 3]). In fact, nowadays, load cells and force transducers manufacturers are improving metrological characteristics such as repeatability, linearity, hysteresis, and sensitivity to parasitical components, as well as resolution of readout devices; in other words, the uncertainty of the force measuring device which altogether makes its calibration a delicate task [4].
2. DESCRIPTION OF THE FORCE TRANSFER STANDARD MACHINE (FTSM)
The principle of the FTSM is in accordance to the action and reaction Newton’s law. This machine consists basically of: 1) A loading frame; 2) A force standard transducer; 3) A precision hydraulic piston; and 4) A reaction frame. 
Figure 1 shows a general scheme of the machine and table 1 describes, in general terms, its main parts and sub parts.
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Figure 1. Scheme of the FTSM-5 MN. 
Table 1. Main parts of the FTSM-5 MN.
	Description
	Part
	Sub part

	Loading frame
	1
	A. Servo motor
B. Upper platen

C. Lower platen

	Force standard transducer
	2
	

	Precision hydraulic piston 
	3
	

	Reaction frame
	4
	D. Upper platen

E. Lower platen


The loading frame is where forces are generated via the precision hydraulic piston and by means of the force standard transducer are transferred directly to the device under calibration (tension or compression) without any mechanical parasitic components (such as friction). The reaction frame is the place where forces are being contained to close the load flow. The machine has being designed for rigidity rather than for stress; this is, to minimize strain during the maximum load application. The loading frame and the reaction frame have mechanical interaction (force transfer) only when a measurement is carried out.
2.1 Loading frame

The loading frame consists of two plates as shown in figure 2. The upper platen serves to transfer the force generated by the precision hydraulic piston, through the thread tie bars connected to the lower platen where the device under calibration is compressed or tensioned.
Once the force standard transducer is positioned in the upper platen, the total weight of the loading frame is supported by the transducer. A servomotor, installed on the upper platen, adjusts the space between the device under calibration and the reaction frame by means of the thread tie bars. A space of a few millimeters before contact with the reaction frame is necessary before start a loading regimen. It – loading regimen - begins when a pressure is supplied in the precision hydraulic piston and the device under calibration is compressed or tensioned when it starts mechanical interaction (force transference) with the upper or lower platen of the reaction frame accordingly.
To apply a force in the device under calibration, it is necessary to take into account the “pre load” on the force standard transducer. The “pre load” is due to the weight of the loading frame upper plate, the electrical motor, the device under calibration and its adapters. Accordingly, this load must be tare or add as additional force in the reading indicator of the force standard transducer; otherwise, it will be an error when issuing the calibration certificate.
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Figure 2. Load flow for compression or tension modes.

2.2 Force standard transducer

The Force standard transducer is a high accuracy force measurement instrument connected to a digital readout instrument with a 2∙10-6 resolution steps. Its relative expanded uncertainty is in the order of 2∙10-4. It is expected that the best measurement capability in relative terms for the FTSM-5MN will be around 3∙10-4 ~ 5∙10-4.

2.3 Precision hydraulic piston
The precision hydraulic piston is attached to the reaction frame upper platen. Its capacity is 5,2 MN and it is of the double effect piston type. The displacement of the precision hydraulic piston is less than 50 mm.
2.4 
Reaction frame
The reaction frame consists of two plates also, as shown in figure 1 and described in table 1. In the upper platen, the precision hydraulic piston is placed with a very precise tolerance. The counter face in this upper platen is where the reaction force in compression mode will be applied (figure 2); while in the lower platen the force in tension is transferred.
Calculations via finite element analysis (FEA) where performed for all critical parts to ensure that deformations have a negligible effect in the calibrations. Figures 3 to 6 show deflections for: figure 3) loading frame; figure 4) loading frame upper platen; figure 5) loading frame lower platen; figure 6) reaction frame upper platen. 
In all cases, the maximum deflections were less than 0,28 mm when a 5 MN force was applied, and the maximum stress was 60% of the yield point.
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Figure 3. Deflections in the loading frame.
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Figure 4. Deflections on the loading frame upper platen.
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Figure 5. Deflections on the loading frame lower platen. 
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Figure 6. Stress and strains on the reaction frame upper platen, where the precision hydraulic piston is connected to the 5 MN acting force.

3. FORCE TRANSFER STANDARD MACHINE GENERAL SPECIFICATIONS
The FTSM-5 MN has an overall height of 4,2 m and a working surface of 1,3 m diameter. Its approximated weight is 45 kN. The expected expanded uncertainty, relative to the measurement, should be less than 5∙10-4 (k = 2), see figure 7.
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Figure 7. Overall size of the FTSM-5 MN.

4. COMMENTS
With the development of this new machine, ranges from 2 MN to 5 MN will be covered. In the design of the FTSM-5 MN, the experience gained during 14 years working with universal calibration machines was taken into account to make important improvements [1]. These considerations were focused to minimize parasitical components, such as those introduced by the non axiality of the motor or cables located in the loading frame. Also, to minimize non axial forces, a three point’s reaction and triangular shaped loading frames for the force applied and its balance reaction frame were considered [5]. The characterization of the machine will be necessary to ensure that the best measurement capability meets the uncertainty target.
Once the machine is in optimal metrological conditions, a second step for this project will be its automation via a computer program; this will reduce the operator’s time consumed and avoid typing mistakes during a calibration procedure.
5. CONCLUSIONS
The FTSM-5 MN is currently in the final stage in Queretaro Mexico. The activities in development are the detailed design, manufacturing, assembly and operation set up of the FTSM by the Force and Torque Group at CENAM. 
The target for best measuring capability of the FTSM-5MN (including the force standard transducer) is less than 5∙10-4. In order to characterize the FTSM, future work has to be made analyzing its metrological behavior based on experimental data and comparisons [6].
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