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1. Checking requirements of technical data
1.1. General requirements
During the measurements, a through care must be taken in order to properly form the measuring premise mechanically and electrically. The measuring room must meet the requirements for the operation of the device.
The clear understanding and measurement of the technical data are summarized in this chapter.
	WARNING!
	

	For measurements or tests, the device’s own accessories must be used!


	WARNING!
	

	During the tests and/or measurements, the safety regulations must be strictly observed!


	WARNING!
	

	Unless other instruction, the tests must be done without baseline filter.


1.2. Instruments and devices recommended for checking the technical data


	1 pc 
	High-voltage Breakdown SMU  test device
	

	1pc
	Safety Tester (Metron QA-90, Fluke ESA620 Safety Tester or equivalent )
	Calibrated

	1 pc
	Storage oscilloscope (2 mV/div, DC-20 MHz, Rbe  1 Mohm)
	

	1 pc
	V.L.F. generator ( sine, tetragon, 0.1 mV pp - 5 Vpp,  0.01 - 500 Hz,
	Calibrated

	1 pc
	Multi-meter  (0.05 Hz - 1 kHz, 1 mV, 1 %, Peak, RMS)
	

	1 pc
	ECG simulator , Phantom 320
	Calibrated

	1 pc
	PC  with Innobase program
	

	1 pc
	Measuring device for measuring leakage current
	


Measuring device for measuring leakage current (MD)
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2. MEASUREMENT PROCEDURES
	WARNING!
	

	Concerning the hereunder unregulated measurement procedures, the IEC601-1 Safety standard and the IEC 601-2-25 functional standard for ECG devices are normative.


2.1. Safety technology tests
	WARNING!
	

	In case of repeated testing, the high voltage test shall be performed with reduced voltage. The below given voltages ares 80% of the nominal values required by the standard.


2.1.1. Electrical strength test
When performing the test, the voltage is gradually increased from 0 to the specified test voltage. The device is suitable if it can withstand the high voltage load for 20 seconds.
	Between the connected ECG cable
	and
	the mains cable with connected neutral and phase (except protective earth)
	3200Veff
	

	Between the he connected ECG cable
	and
	the connected USB cable
	3200Veff
	

	Between the protective earth
	and
	connected neutral  and phase
	1200Veff
	

	Between the connected USB cable
	and
	the mains cable with connected neutral  and phase (except protective earth)
	1200Veff
	


Earth leakage current measurement
2.1.2. Earth leakage current measurement
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Earth Leakage Current: Normal Condition 
•
Applicable to Class 1, Types B, BF and CF.
•
Measures earth leakage current of the instrument under test connected to the mains power supply; normal and reversed polarity using S2.
•
For Type BF and CF equipment, measures with the AP/GND switch S3 open and closed. 
•
Maximum leakage current: 500 µA (Range: DC and AC up to 1 kHz).
Earth Leakage Current: S.F.C. Open Supply
•
Applicable to Class 1, Types B, BF and CF.
•
Measures earth leakage current of the instrument under test, with one open supply lead interrupted (S1 = open); normal and reversed polarity using S2.
•
For Type BF and CF equipment, measures with the AP/GND switch S3 open and closed. 
•
Maximum leakage current: 1000 µA (Range: DC and AC up to 1 kHz).
	
	Limit
	Measured value

	Without error condition
	500uA
	

	One error condition (open supply)
	1000uA
	

	One error condition (R.M. open supply)
	1000uA
	


2.1.3. Patient leaking current (ECG)
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Patient Leakage Current: Normal Condition
•
Applicable to Classes 1 and 2, Types B, BF and CF.
•
Measures patient leakage current to earth from all Applied Parts in parallel; normal and reversed polarity using S2.
•
Maximum leakage current Types B and BF: 100 µA (Range: DC and AC up to 1 kHz). For  Type CF: 10 µA (Range: DC and AC up to 1 kHz).
Patient Leakage Current: S.F.C. Open Supply
•
Applicable to Classes 1 and 2, Types B, BF and CF.
•
Measures patient leakage current to earth from all Applied Parts in parallel with one supply lead interrupted (S1 = open); normal and reversed polarity using S2.
•
Maximum leakage current Types B and BF: 500 µA (Range: DC and AC up to 1 kHz). For Type CF: 50 µA (Range: DC and AC up to 1 kHz).
Patient Leakage Current: S.F.C. Open Earth
•
Applicable to Class 1, Types B, BF and CF.
•
Measures leakage current to earth from all Applied Parts in parallel with the Protective Earth open circuit (S4 = open); normal and reversed polarity using S2.
•
Maximum leakage current Types B and BF: 500 µA (Range: DC and AC up to         1 kHz). For Type CF: 50 µA (Range: DC and AC up to 1 kHz).
	
	Limit
	Between protective earth and ECG

	Without error condition
	max. 10uA
	

	One error condition (open supply)
	max. 50uA
	

	One error condition (R.M. open supply)
	max. 50uA
	

	One error condition (open Earth)
	max. 50uA
	


2.1.4. Patient leakage current generated by external voltage (ECG)
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Patient Leakage Current: S.F.C. Mains on Applied Part
•
Applicable to Classes 1 and 2, Types BF and CF.
•
Measures leakage current to earth from Applied Part to earth caused by external mains volt-age on Applied Part, and with switch S5 open and closed.
•
Each polarity combination possible is tested using S5 and S6.
•
Maximum leakage current Type BF: 5000 µA (Range: DC and AC up to 1 kHz).  For Type CF: 50 µA (Range: DC and AC up to 1 kHz) (100 µA for CF defib paddles: IEC 601-2-4).
	
	Limit
	Patient leakage current

	One error condition  (open supply)
	max. 50uA
	

	One error condition  (R.M. open supply)
	max. 50uA
	

	One error condition  (open Earth)
	max. 50uA
	


2.2.  Test of the amplifier
It is sufficient to perform one of the 2.2.1 and the 2.2.2 measurements
2.2.1. Lead selector test with ECG simulator
Polarity and amplitude test.
The patient cable of the device must be connected to the appropriate output of the ECG simulator (eg Phantom 320). The generator is in the 60 / min normal sine rhythm position. Sensitivity control * 1. The direction of the diversion must be checked on the record.
Suitable if the direction and size of the recorded signal are the same as specified in the MEASURING SHEETS section. The permissible error is +/- 3%.
	
	Lead selector measurement
the 10 leads connected to the Phantom320

	Lead
	Nominal amplitude of an ECG wave [mV]
	Measured amplitude [mV]

	I
	+14,1
	

	II
	+23,9
	

	III
	+10,4
	

	aVR
	-18,9
	

	aVL
	+3,5
	

	aVF
	+17,0
	

	V1
	-22,0
	

	V2
	-5,6
	

	V3
	+10,7
	

	V4
	+21,4
	

	V5
	+17,8
	

	V6
	+14,3
	


	WARNING!
	

	When measuring with the Phantom 320 simulator, the amplitudes of the generator must first be determined by reference measurement. For series measurements, it must be compared to the recorded reference.


2.2.2. Lead selector measurement with sine signal
Use the patient cable of the device connected. A 10 Hz sine signal with 1 mVpp amplitude must be  connected between the single tested lead and all other leads connected to each other.
We measure the amplitudes on the printed record.
The permissible error is +/- 3%.
	Tested
lead
	
	I.
	II.
	III.
	V1
	V2
	V3
	V4
	V5
	V6

	R
	Nominal
	1mV
	1mV
	0mV
	333uV
	333uV
	333uV
	333uV
	333uV
	333uV

	
	Measured
	
	
	
	
	
	
	
	
	

	L
	
	0mV
	0mV
	1mV
	333uV
	333uV
	333uV
	333uV
	333uV
	333uV

	
	
	
	
	
	
	
	
	
	
	

	F
	
	1mV
	0mV
	1mV
	333uV
	333uV
	333uV
	333uV
	333uV
	333uV

	
	
	
	
	
	
	
	
	
	
	

	C1
	
	0mV
	0mV
	0mV
	1mV
	0mV
	0mV
	0mV
	0mV
	0mV

	
	
	
	
	
	
	
	
	
	
	

	C2
	
	0mV
	0mV
	0mV
	0mV
	1mV
	0mV
	0mV
	0mV
	0mV

	
	
	
	
	
	
	
	
	
	
	

	C3
	
	0mV
	0mV
	0mV
	0mV
	0mV
	1mV
	0mV
	0mV
	0mV

	
	
	
	
	
	
	
	
	
	
	

	C4
	
	0mV
	0mV
	0mV
	0mV
	0mV
	0mV
	1mV
	0mV
	0mV

	
	
	
	
	
	
	
	
	
	
	

	C5
	
	0mV
	0mV
	0mV
	0mV
	0mV
	0mV
	0mV
	1mV
	0mV

	
	
	
	
	
	
	
	
	
	
	

	C6
	
	0mV
	0mV
	0mV
	0mV
	0mV
	0mV
	0mV
	0mV
	1mV

	
	
	
	
	
	
	
	
	
	
	


2.2.3. Measurement of the input noise and check of the zero line 
The tested patient cable of the device is connected to the appropriate output of the ECG simulator (eg. Phantom 320). The simulator must be switched off.
In AUTO mode, a cca. 10 sec length record must be created with sensitivity control * 2, 25mm/sec speed for all group. The filters must be off.
The input noise is adequate if the peak-to-peak noise level does not exceed 0.4 mm at any lead.
A zero line is adequate if the deviation from the baseline is less than 4 mm anywhere on the register and display.
	
	Input noise and zero line offset measurement
the lead 10 is connected to the Phantom320, the simulator is turned off.


	Lead
	Maximum value of noise  [mm]
	Measured value [mm]
	Zero line offset maximum [mm]
	Measured value [mm]

	I
	0,4mm
	
	4mm
	

	II
	0,4mm
	
	4mm
	

	III
	0,4mm
	
	4mm
	

	aVR
	0,4mm
	
	4mm
	

	aVL
	0,4mm
	
	4mm
	

	aVF
	0,4mm
	
	4mm
	

	V1
	0,4mm
	
	4mm
	

	V2
	0,4mm
	
	4mm
	

	V3
	0,4mm
	
	4mm
	

	V4
	0,4mm
	
	4mm
	

	V5
	0,4mm
	
	4mm
	

	V6
	0,4mm
	
	4mm
	


2.2.4. Check of the CMRR
Place the ECG device on a metal plate connected to the protective earth. Connect 20Vpp
 
60Hz signal from the sinusoidal generator between al ECG leads and the metal plate. 
The ECG device must be connected to the mains.
In AUTO mode, a cca. 10 sec length record must be created with the sensitivity control * 1,  
25mm/sec speed for all group. All filters must be off. 
Suitable if the signal is not greater than 2 mm (100dB)
	
	CMRR  measurement

	Lead
	maximum amplitude of the  wave [mm]
	Measured amplitude [mm]

	I
	2   mm
	

	II
	2   mm
	

	III
	2   mm
	

	aVR
	2   mm
	

	aVL
	2   mm
	

	aVF
	2   mm
	

	V1
	2   mm
	

	V2
	2   mm
	

	V3
	2   mm
	

	V4
	2   mm
	

	V5
	2   mm
	

	V6
	2   mm
	


2.3. Check of the PC connection
Connect the ECG simulator to the input of the device. On the PC, monitoring the signal and switch through all gain stages, all speed stages, the filter and all leads. Check that the setting and signal are seen on the PC match the settings are seen on the device. Then start automatic storage on the PC, store it and retrieve it from the database to check the quality of the signal on the PC display. Check the R-wave amplitudes on each leads on both the device and PC display.
	
	PC connection is good 

	Check PC connection via USB
	

	Check PC connection via Bluetooth 
( if available) 
	


Print the signal from the PC to a laser printer and check the quality of the ECG signal. Check the parameters of the analysis, compare the numerical data seen on the display with the amplitude and time parameters that can be read from the recorded curves  printed with the device and as appear on the printout of the laser printer.
If the device has optional BT connection, it should also be checked as specified later.
	
	Printing to a laser printer

	Check PC connection via USB
	

	Check PC connection via Bluetooth
( if available )
	


2.4. Check of the clock settings and the memory contents
Check the clock setting  
Check the storage
2.5. Calibration of the touchscreen (if have a touchscreen)
Follow the instructions for use of the device to calibrate the touchscreen if necessary.
Documentation of responsibility and changed parts:
	Device type:
	

	Device serial number:
	

	Test was carried out by:
	

	Date of the test:
	


	Removed components:
	Serial numbers:

	
	

	
	

	Built in new components:
	Serial numbers

	
	

	
	


Signature:
	

	............................................................…..


	  Name of person who made the test
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