
Appendix 1 to the ToR

Description of the subject matter of the contract 
1) Stage 1 relates to the purchase of primary standard ultrasound power measurement system in compliance with PN-EN 61161:2013 Ultrasonics - Power measurement - Radiation force balances and performance requirements, including a radiation conductance measurement setup.
The system should enable the measurements of ultrasonic power in water over the frequency range specified in PN-EN 61161:2013 with the expanded uncertainty (at 95% coverage probability and coverage factor k = 2) typically not exceeding 6% and for power range of 2 mW to 5 mW with the uncertainty in the range of 15% to 20% or lower. The Supplier should submit the expected type B uncertainty budgets confirming the ability to obtain the uncertainties as above.
The primary standard ultrasound power measurement system should include the following:
· A microbalance with 0.01 mg resolution and a capacity of 220 g,
· A water tank, 
· Absorbing targets,
· Facilities and accessories necessary to set up the primary standard ultrasound power system, 
· Calibrated mass sets (1 mg to 100 g) for by-weight calibration of the primary standard system,
· Dual frequency checksource operating at 3.5 and 7.0 MHz frequencies with nominal output powers of 10, 100 and 1000 mW,
· A computer with a software required for proper operation of the primary standard ultrasound power measurement system and the radiation conductance measurement setup as well as for acquisition and analysis of measurement data,
· An active vibration isolation table of having a size adapted to the size of the primary standard ultrasound power measurement system.
The system should enable the measurement of radiation conductance of standard ultrasound transducers, a value used for key comparison purposes in order to establish the degree of equivalence of primary standards of ultrasound power maintained by National Metrology Institutes. 
The radiation conductance measurement setup should include the following:
· An AC-DC voltage standard which includes a range of thermal converters and a multipurpose digital voltmeter,
· A waveform generator, 
· A power amplifier, 
· A digital storage oscilloscope,
· Two therapy power level transducers operating at 1 and 3 MHz, 
The waveform generator, power amplifier and digital storage oscilloscope devices are to be shared between the ultrasound power measurement system and the hydrophone calibration system, delivered in Stage 2, and they should comply with the requirements set out in section 2).
The following documents should be delivered together with the primary standard ultrasound power measurement system:
· Test report of the delivered system, including tests of key systematic effects, 
· Estimated values of Type B measurement systematic uncertainties and uncertainty budgets relating to ultrasound power and radiation conductance measurements, at 95% coverage probability and coverage factor k = 2,
· Certificate of calibration of the primary standard ultrasound power system, performed
against another primary standard with its quality confirmed in a key comparison,
· Certificates of calibration of vendor equipment, where applicable, 
· Instruction manual of the whole system, including measurement procedures and user manuals of vendor equipment, in English.
Prior to the delivery of the system to the Central Office of Measures (GUM), the Supplier should provide a six-week training on primary standard ultrasound power measurement system including the radiation conductance measurement setup. The training should cover the basics of the measurement of ultrasound power, all the measurement methods implemented in the system, methodology of measurement uncertainty estimation, methods for assuring the quality of results as well as a guidance regarding the maintenance of the system and upgrading its capabilities. The training should be organised for one member of the GUM staff at a laboratory of the Supplier designated for that purpose as part of these proceedings, and it should involve the evaluation and validation of the system. 
The persons conducting the training should have both knowledge and practice in the field of medical ultrasound and at least five years’ experience in works associated with the reproduction of ultrasound power unit in the water and its transfer to the end user, including measurement uncertainty estimation and assuring the quality of results.
The Supplier should provide a list of persons responsible for the training together with the information on their professional qualifications and experience. 
The Supplier should provide installation and operational verification of the system at the GUM as well as a maintenance plan with internal checks to be performed in appropriate time intervals.
2) Stage 2 relates to the purchase of secondary hydrophone calibration system in compliance with the requirements of PN-EN 62127-2: 2007 Ultrasonics – Hydrophones – Part 2: Calibration for ultrasonic fields up to 40 MHz. 
The system should allow for the calibration of miniature hydrophones, both needle and 
 membrane types, over the frequency range of 1 MHz to 20 MHz with the typical expanded uncertainty (at 95% coverage probability and coverage factor k = 2) of 15 % or lower. For hydrophones with sensitivities below 50 nV/Pa, typical overall uncertainty should be 
in the range of 15 to 20% or lower. The Supplier should submit the expected type B uncertainty budgets confirming the ability to obtain the uncertainties as above.
The system should have features allowing it to be used for ultrasound field mapping.
The secondary hydrophone calibration system should include the following:
· Ultrasound beam plotting device along with dedicated software, including acoustic scanning tank, transducer holder and alignment gantry to be installed on the beam plotting tank,
· Single channel waveform generator with maximum burst frequency of 25 MHz, 120MHz, having 1 mV to 10 V peak-peak output,
· Power amplifier with a frequency response of 100 kHz to 100 MHz, input and output impedances of 50 Ω, 150 Watts and minimum 50 dB gain,
· A four-channel digital storage oscilloscope with a 350 MHz analogue bandwidth, 5 GHz sampling frequency,
·  Broadband high input impedance signal conditioning amplifier,
· Two membrane hydrophones to be used as reference hydrophones,
· A computer with a software required for proper operation of the secondary hydrophone calibration system as well as for acquisition and analysis of measurement data.
The single channel waveform generator, power amplifier and digital storage oscilloscope devices are to be purchased in Stage 1.
The following documents should be delivered together with the measurement system:
· Calibration certificates of reference hydrophones with traceability to the primary standard for acoustic pressure in water, 
· Test and validation report of the delivered system including an analysis of Type B measurement uncertainties and an uncertainty budget (at 95% coverage probability 
and coverage factor k = 2; k=2); the validation should cover the comparison of the results obtained by the delivered system and another secondary hydrophone calibration system with characteristics and quality confirmed by accreditation to ISO/IEC 17025.
· Instruction manual of the whole system, including calibration procedures and user manuals of vendor equipment, in English,
· Periodic maintenance guide.
Prior to the delivery of the system to the GUM, the Supplier should provide a six-week training on secondary hydrophone calibration system. The training should cover the basics of hydrophone calibration, all the measurement methods implemented in the system, methodology of measurement uncertainty estimation, methods for assuring the quality of results as well as a guidance regarding the maintenance of the system and upgrading its capabilities. The training should also include the basics of ultrasound field mapping. The training should be organised for one member of the GUM staff at a laboratory of the Supplier designated for that purpose and it should involve the evaluation and validation of the system. 
The persons conducting the training should have both knowledge and practice in the field of medical ultrasound and at least five years’ experience in works associated with the traceable calibration of hydrophones and the transfer of the ultrasound pressure unit in water to the end user, including measurement uncertainty estimation and assuring the quality of results, as well as works associated with ultrasound field mapping.
The Supplier should provide a list of persons responsible for the training together with the information on their professional qualifications and experience.
The Supplier should provide installation and operational verification of the system at the GUM as well as a maintenance plan with internal checks to be performed in appropriate time intervals.
Both systems, i.e. the primary standard ultrasound power measurement system including the radiation conductance measurement setup and the secondary hydrophone calibration system are to be operated by the same computer delivered in Stage 1.
