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1. Measurement procedure 

 Goal of testing 

Verification of the energy loaded into a battery, using the fast charger, and standard DC charger with 
discharging with the same method (DC CC mode 1C) and logging the data with accurate, and calibrated 
instruments (power analyzer). 

Verification of the operation of resonance frequency charger with reference battery. 

This verification consist of measuring the amount of input AC power of the charger, battery temperature 
during charge, and basic safety of the battery. (No explosion, no fire, no leakage) 

The battery is discharged with a calibrated electronic load. 

2. Test schedule: 

1. Charging battery with fast charger (Charger's input AC power logged for information)  
2. Discharging the battery with constant current to the specified voltage.  

During discharge, data logging, voltage, current, time SoC/Ah (Integrated current by time), Wh with 
(precision power analyzer), Temperature measured with thermocouple connected  to precision 
multimeter.  

3. Charging battery with DC power supply, CC-CV method.   
During charge, data logging, voltage, current, time SoC/Ah (Integrated current by time), Wh with 
(precision power analyzer), Temperature measured with thermocouple connected  to precision 
multimeter. 

4. Discharging the battery with constant current to the specified voltage.  
During discharge, data logging, voltage, current, time SoC/Ah (Integrated current by time), Wh with 
(precision power analyzer), Temperature measured with thermocouple connected  to precision 
multimeter 

5. Charging battery with fast charger (Charger's input AC power logged for information)  
6. Discharging the battery with constant current to the specified voltage.  

During discharge, data logging, voltage, current, time SoC/Ah (Integrated current by time), Wh with 
(precision power analyzer), Temperature measured with thermocouple connected  to precision 
multimeter.  
 

3. Test arrangement 
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4. Measurement equipment 

Measuring 
equipment 

Manufacturer Type 
Inventory 

No. 
Next 

calibration 
Additional equipment 

/notes 
Channels 

Precision 
power analyzer 

Newton's4th 
KinetiQ 
PPA5530 

01633002 2016.08.06.  

PH1: Fast 
charger AC 

input 

PH3: Battery 

Details see 
below 

Precision 
multimeter 

Picotest M3510A 01625042 2016.08.06. K type thermocouple Temperature 

Multichannel 
datalogger 

Graphtec GL-220 01625074 2016.08.26. K type thermocouples 
Temperature_

g[1..4] 

Electronic load 
(for CC 
discharging to 
specified 
voltage  
"Battery mode") 

BK-Precision 8510 01623043 2016.05.18. 
Voltage sense input 
directly connected to 

battery. 

No computer 
interface. 

DC Power 
supply  
(for DC 
charging with 
CC-CV) 

Ametek-
Sorensen 

XG-60-25 01623049 2016.05.18. 
Voltage sense input 
directly connected to 

battery. 

No computer 
interface. 

All used instrument’s complete calibration reports attached. 
   

Power analyzer channels at battery discharging and DC charging 
Measured from voltage and current on PH3 inputs 
 

• Accu_DC Current 

• Accu_DC Voltage 

• Accu_Watt 

• Accu_Integrated RMS Current 

• Accu_Integrated Watts 
 
Power analyzer channels at fast charger's input power measurements 
Measured from voltage and current on PH1 inputs 
 

• AC_Charger_input_Frequency 

• AC_Charger_input_Integrated VA 

• AC_Charger_input_Integrated VAr 

• AC_Charger_input_Integrated Watts 

• AC_Charger_input_Power Factor 

• AC_Charger_input_RMS Current 

• AC_Charger_input_RMS Voltage 

• AC_Charger_input_VA 

• AC_Charger_input_VAr 

• AC_Charger_input_Watt 
For measuring/calculating principles see the instrument's manual. 
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5. Equipment under test 

Fast Resonance Battery charger 

Output  Pulse series on resonance frequency 
Charging voltage range Regulated pulse series up to 30V 

Charging current range max 100A (impulses) 

Charging time Approx 25-40min 

  

Input  

Voltage 220-230V 

Current 10A 

Frequency 50Hz 
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Battery 

 

   

Before this test, the battery was charged more than 2000 times with the fast charger, and 

500 times with standard DC charger. 
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6. Measurement results: 

DC charging has negative sign, discharging has positive sign. 

Nr Date 
2016.- 

Test Duration 
[hh:mm:ss] 

Start Finish   

    Voltage Voltage Soc [Ah] ∆Temp [°C] 
1 Feb. 

22 
14:00 

Fast 
charging 

- - 14,512 - - 

2 Feb. 
22 
15:10 

Discharge 
12,2V->11V 
20A 

0:50:57 
0:58:11 

14,512 12,166 
11,007 

16,931 
19,261 

0,5 (45,9-46,4) 
(Session 1) 

3 
 

Feb. 
22 
16:42 

Long 
DC 
charging 
2A, 13,2V 

21:34:04 12,571 17,272 -19,356 -19 (40,9-21,9) 
(Session 4) 

4 Feb 
23 
17:22 

Discharging 
to 11V 20A 

0:57:53 16,287 10,998 19,026 16,9 (21,7-38,6) 5 

5 Feb. 
24 
15:47 

DC 
charging 
2A, 13,7V 

17:13:30 12,891 13,921 -18,692 0,4 (24,4-24,8) 6 

6 Feb 
29 
8:49 

Discharge 
to 11V 20A 

0:56:45 13,43 10,917 18,556 15 (22,7-37,7) 
(session 16) 

7 Feb 
29 
9:52 

Fast 
charging 
Format 
switch off 

0:27:43 - - - 18 (37-55) 17 

8 Feb 
29 
10:25 

Discharge 
to 11V 20A 

0:53:49 13,38 10,985 17,831 -4,1 (max 54,9) 18 

9. Feb 
29 
11:55 

Fast charge 
Format 
switch off 

0:19:47 ** - - 10,2 (43,2-53,4) 20 

10 Feb 
29 
12:36 

Discharge 
to 11V 20A 

0:36:43 13,279 10,986 12,164 -3,1 (48,4-45,3) 21 

11 Feb 
29 
13:16 

Fast charge 
Format 
switch on 

0:30:39 - - - 15,5 (46,8-62,3) 22 

12 Feb 
29 
13:51 

Discharge 
to 11V 20A 

1:02:24 14,242 10,994 19,425 6,6 (58,8-52,2) 23 

13 Feb 
29 
15:46  

DC charge 
13V 5A  
CC-CV 

16:09:25 12,468 13,093 -3,717 
 

-18,3 (42,3-24) 24 

14 Marc 
1 8:00 

Fast charge 0:24:19 - - - 16 (23-49) 25 

15 Marc 
1  
8:29 

Discharge 
*12V 20A 

0:51:38 - 11,962 17,106 1,7 (48,9-47) 26 

16 Marc 
1 9:24 

Fast charge 0:27:40 - - - 10,8 (45,8-56,6) 27 

17 Marc 
1 
10:26 

Discharge 
*12V 20A 

0:50:52 13,356 11,966 16,816 -3,8 (51,3-47,5) 28 
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Nr Date 
2016.- 

Test Duration 
[hh:mm:ss] 

Start Finish   

    Voltage Voltage Soc [Ah] ∆Temp [°C] 
18 Marc 

1 
11:28 

DC charge 
standard 
LiFe 
charger 

20:36:17 12,795 14,426 -18,158 -22,2 (46,1-23,9) 29 

19 Marc 
2 8:56 

Discharge 
20A 12V 

0:48:18 14,402 12,017 15,996 - 

20 Marc 
2 9:03 

Fast charge 0:24:25 - - - 17,7(33,4-51,1) 31 

21 Marc 
2 9:35 

Discharge 
20A 12V 

0:50:50 13,386 11,984 16,943 -5,5(51,6-46,1) 

22 Marc 
2 
10:56 

Fast charge 0:13:56 ** - - 7,2(40,5-47,7) 33 

23 Marc 
2 
11:21 

Discharge 
20A 12V 

0:26:03 13,258 11,983 8,597 1,3(47,3-46) 34 

24 Marc 
2 
11:53 

Fast charge 0:32:03 ** - - 18,7(44,4-63,1) 35 

25 Marc 
2 
12:57 

Discharge 
20A 11V 

1:00:47 15,817 10,974 20,252 -3,7(54,2-50,5) 

26 Marc 
2 
14:15 

Fast charge 0:28:05 - - - 11,4 (46,3-57,7) 

27 Marc 
3  
8:49 

Discharge 
20A 11V 

0:48:20 13,302 10,9 16,145 12,6(22,6-35,2) 

28 Marc 
3 
10:30 

Fast charge 0:25:50 ** - - 22,6(32,8-55,4) 39 

29 Marc 
3 
11:04 

Discharge 
20A 11V 

0:50:58 13,366 10,979 16,943 -0,61(49,8-49,19) 40 

30 Marc  
3 
12:07 

Fast charge 0:27:33 ** 
 

-  7,9(45,1-53) 41 

31 Marc 
3 
12:43 

Discharge 
20A 12V 

0:45:53 13,365 11,959 15,268 -11,2(60-48,8) 42 

32 Marc 
3  
14:10 

Fast charge 0:27:31 ** 
 

-  20,1(36,8-56,9) 43 

33 Marc 
3 
14:46 

Discharge 
20A 12V 

0:48:32 13,383 11,947 16,182 -7,4(55,2-47,8) 44 

 ** Fast charger AC input power measured. 

Note:  

12V might be the voltage where the vehicle's electronic determines the battery empty 

state. Under this limit the voltage decreases fast in case of further load. 
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7. Conclusion 
 

According to the test results, there is no significant difference between the fast charged and DC charged 
energy amount.  
Temperature measured between the two cell surfaces. 
The battery does not exceed the 62,3°C at fast charge(4C charging), 40,9°C at DC (0,1C) charging, 60°C at 
(1C) discharging. 
 
No fire, no explosion, no mechanical deformation, no leakage experienced. 
 
 
 
 

END OF TEST REPORT 
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Calibration was made according to the procedure(s) below:
A kalibrálást az alábbi eljárás(ok) alkalmazásával végeztük:

KE-01:2011/5 Calibration of digital multimeters
KE-01:2011/5 Digitális multiméterek kalibrálása

Used standard, subsidiary measuring instrument:
Alkalmazott etalonok, egyéb mérőeszközök:

Measuring instrument/
Mérőeszköz

Serial number /
Gyártási szám

Cal.Cert. number /
Kal.Biz. szám

Expiration of Cal.Cert /
Kal.Biz. lejárat

Multifunctional calibrator/
Multifunkciós kalibrátor
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Áram generátor

2336701 2336701-01-2013 2015.10.22.
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the indicated number of calibration certificate.

Az alkalmazott etalonokkal és egyéb mérőeszközökkel végzett mérések, a jelzett számú
bizonyítványok alapján, a nemzeti etalonokra visszavezethetőek.

Environmental conditions:
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Measured values:
Mérési eredmények:

DC Current  measurement mode / Egyenáram mérés üzemmód

Range/
Méréshatár

Standard value/
Helyes érték

Measured value/
Mért érték

Error/
Hiba

Allowed deviation/
Megengedett eltérés

(+/-)

Uncertainty/
Mérési bizonytalanság

(+/-)

Qualification/
Minősítés

12 A 0,10000 A 0,106 A 0,00600 A 0,58 mA

12 A 6,0000 A 5,998 A -0,0020 A 4,2 mA

12 A 12,0000 A 12,000 A 0,0000 A 6 mA

120 A 10,0000 A 9,99 A -0,0100 A 5,9 mA

120 A 20,0000 A 19,98 A -0,0200 A 6,4 mA

120 A 100,000 A 99,98 A -0,020 A 15 mA

DC Voltage measurement mode (Local) / Egyenfeszültség mérés üzemmód (Local)

Range/
Méréshatár

Standard value/
Helyes érték

Measured value/
Mért érték

Error/
Hiba

Allowed deviation/
Megengedett eltérés

(+/-)

Uncertainty/
Mérési bizonytalanság

(+/-)

Qualification/
Minősítés

18 V 3,0000 V 3,000 V 0,0000 V 0,58 mV

18 V 10,0000 V 9,999 V -0,0010 V 0,63 mV

18 V 18,0000 V 17,998 V -0,0020 V 0,66 mV

120 V 3,0000 V 2,99 V -0,0100 V 5,8 mV

120 V 60,000 V 59,98 V -0,020 V 6,4 mV

120 V 120,000 V 119,97 V -0,030 V 6,8 mV

DC Voltage measurement mode (Remote) / Egyenfeszültség mérés üzemmód (Remote)

Range/
Méréshatár

Standard value/
Helyes érték

Measured value/
Mért érték

Error/
Hiba

Allowed deviation/
Megengedett eltérés

(+/-)

Uncertainty/
Mérési bizonytalanság

(+/-)

Qualification/
Minősítés

18 V 3,0000 V 3,000 V 0,0000 V 0,58 mV

18 V 10,0000 V 9,998 V -0,0020 V 0,63 mV

18 V 18,0000 V 17,998 V -0,0020 V 0,66 mV

120 V 3,0000 V 2,99 V -0,0100 V 5,8 mV

120 V 60,000 V 59,98 V -0,020 V 6,4 mV

120 V 120,000 V 119,97 V -0,030 V 6,8 mV
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coverage probability of approximately 95%. The standard uncertainty of measurment has been
determined in accordance with EA Publication EA-4/02 (Expression of the Uncertainty of Measurment
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Mérési bizonytalanság

A közölt kiterjesztett mérési bizonytalanság a standard bizonytalanság k=2 -vel szorzott értéke, ami
normális eloszlás eseténközelítőleg 95%-os megbízhatósági valószínűségnek felel meg. A standard
bizonytalanság meghatározása az EA-4/02 ( A mérési bizonytalanság meghatározása kalibrálásnál)
kiadványnak megfelelően történt.

Note / Megjegyzés

Certification stamping vignette is placed on the measuring instrument with the name of the Calibration
Laboratory, date of calibration and No: K/55201of calibration certificates.

A mérőeszközön a kalibrálás elvégzését igazoló, a kalibráló laboratórium adatait tartalmazó, K/55201
jelű levonóképes bélyeget helyeztünk el.

*** end of the document / a dokumentum vége ***
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A NAT által NAT-2-0141/2012 számon akkreditált kalibrálólaboratórium

Pages / oldalak száma: 4

Calibration Certificate / Kalibrálási Bizonyítvány

Object of calibration / A kalibrálás tárgya:

Manufacturer / Gyártó:

Type / Típus:

Serial number / Gyártási szám:

ID number / Azonosító szám:

State / Állapot:

Customer's name and address:
A vevő neve és címe:

DC Tápegység

Sorensen

XG 60-25

1235A01932

TRI 01623049

Used / Használt

TÜV Rheinland InterCert Kft
1132 Budapest
Váci út 48/a-b

DC Power supply

Place and date of calibration / A kalibrálás
helye és ideje: Fót, 2015.05.18.

Issued by certificate:
A bizonyítványt kiadta:

Calibration technician:
Kalibráló technikus:

Tóth Rudolf
Main Director

Ügyvezető igazgató

Hosszú Márta

Issue date / Kiadás dátuma: 2015.05.18.

Present cerificate is valid and can be copied only in it is entirety and form.
Jelen bizonyítvány csak teljes terjedelmében és formájában érvényes és másolható.



Calibration certificate number:
Kalibrálási bizonyítvány száma:

Page / Oldal szám: 2 / 4

K/55202

Calibration was made according to the procedure(s) below:
A kalibrálást az alábbi eljárás(ok) alkalmazásával végeztük:

KE-09:2011/5 Calibration of calibrators, and supplies
KE-09:2011/5 Kalibrátorok és források kalibrálása

Used standard, subsidiary measuring instrument:
Alkalmazott etalonok, egyéb mérőeszközök:

Measuring instrument/
Mérőeszköz

Serial number /
Gyártási szám

Cal.Cert. number /
Kal.Biz. szám

Expiration of Cal.Cert /
Kal.Biz. lejárat

Digital multimeter/
Digitális multiméter

4022549 KAL/14-0310 2015.06.10.

Shunt /
Sönt

05061402 KAL/13-0290 2015.06.10.

Temp- and humidity meter/
Hő- és páratartalom mérő

KI0143SK KAL/15-0110 2017.05.02.

Main voltage meter /
Hálózati feszültségmérő

085382 KAL/15-0130 2016.05.02.

Measurement used in standard and subsidiary instrument is traceable to national standards, based on
the indicated number of calibration certificate.

Az alkalmazott etalonokkal és egyéb mérőeszközökkel végzett mérések, a jelzett számú
bizonyítványok alapján, a nemzeti etalonokra visszavezethetőek.

Environmental conditions:
Környezeti feltételek:

Temperature / Hőmérséklet

Humidity / Légnedvesség

Main voltage / Hálózati feszültség

23±3°C

40±20%RH

230V±10%

Note for measured values:
Megjegyzés a mérési eredményekhez:

Present cerificate is valid and can be copied only in it is entirety and form.
Jelen bizonyítvány csak teljes terjedelmében és formájában érvényes és másolható.



Calibration certificate number:
Kalibrálási bizonyítvány száma:
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K/55202

Measured values:
Mérési eredmények:

DC Current reproduction / Egyenáram reprodukálás

Range/
Méréshatár

Standard value/
Helyes érték

Measured value/
Mért érték

Error/
Hiba

Allowed deviation/
Megengedett eltérés

(+/-)

Uncertainty/
Mérési bizonytalanság

(+/-)

Qualification/
Minősítés

24 A 2,00375 A 2,00 A -0,00375 A 1,1 mA

24 A 10,01177 A 10,00 A -0,01177 A 1,1 mA

24 A 20,00652 A 20,00 A -0,00652 A 1,1 mA

24 A 23,99657 A 24,00 A 0,00343 A 1,1 mA

DC Voltage reproduction / Egyenfeszültség reprodukálás

Range/
Méréshatár

Standard value/
Helyes érték

Measured value/
Mért érték

Error/
Hiba

Allowed deviation/
Megengedett eltérés

(+/-)

Uncertainty/
Mérési bizonytalanság

(+/-)

Qualification/
Minősítés

60 V 2,998241V 3,00 V 0,001759 V 0,15 mV

60 V 9,998521V 10,00 V 0,001479 V 0,33 mV

60 V 17,99852 V 18,00 V 0,00148 V 1,8 mV

60 V 60,0064 V 60,00 V -0,0064 V 3,3 mV

Present cerificate is valid and can be copied only in it is entirety and form.
Jelen bizonyítvány csak teljes terjedelmében és formájában érvényes és másolható.



Calibration certificate number:
Kalibrálási bizonyítvány száma:

Page / Oldal szám: 4 / 4

K/55202

The recorded calibration result are only valid for the metrological attribute of measuring instrument.
A közölt kalibrálási eredmények a mérőeszköz talált metrológiai jellemzőire érvényesek.

Qualification / Minősítés 

The customer did not request qualification of measured values.
A vevő a mérési értékek minősítését nem kérte.

Uncertainty of measurment

The reported extended uncertainty of measurment is stated as the standard uncertainty of
measurment multiplied by the coverage factor k=2, which for a normal distribution corresponds to a
coverage probability of approximately 95%. The standard uncertainty of measurment has been
determined in accordance with EA Publication EA-4/02 (Expression of the Uncertainty of Measurment
in Calibration).

Mérési bizonytalanság

A közölt kiterjesztett mérési bizonytalanság a standard bizonytalanság k=2 -vel szorzott értéke, ami
normális eloszlás eseténközelítőleg 95%-os megbízhatósági valószínűségnek felel meg. A standard
bizonytalanság meghatározása az EA-4/02 ( A mérési bizonytalanság meghatározása kalibrálásnál)
kiadványnak megfelelően történt.

Note / Megjegyzés

Certification stamping vignette is placed on the measuring instrument with the name of the Calibration
Laboratory, date of calibration and No: K/55202 of calibration certificates.

A mérőeszközön a kalibrálás elvégzését igazoló, a kalibráló laboratórium adatait tartalmazó, K/55202
jelű levonóképes bélyeget helyeztünk el.

*** end of the document / a dokumentum vége ***

Present cerificate is valid and can be copied only in it is entirety and form.
Jelen bizonyítvány csak teljes terjedelmében és formájában érvényes és másolható.
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6 May 2015 06:02    Script file: KinetiQ PPA5500-HC final electrical v2.07 
Automatic Calibration Environment release ACE v2.87 
NEWTONS4TH,PPA5530,165-04037,2.121 
HP3458A,MY45048891 
NEWTONS4TH,ACC-IV,01821,1.54 
 
Summary report 
 
Verify HV attenuator 
      [--- applied ----]      phase 1   phase 2   phase 3  [------- voltage -------] 
                         range                               dev     spec    uncert 
 OK:  55.00 Hz  248.87 V   9  248.87 V  248.85 V  248.86 V <-0.01%> [0.38%] {0.049%} 
 OK:  55.00 Hz  221.24 V   8  221.24 V  221.23 V  221.24 V <-0.00%> [0.16%] {0.050%} 
 OK:  55.00 Hz  107.77 V   7  107.76 V  107.76 V  107.77 V <-0.00%> [0.10%] {0.023%}* 
 OK:  55.00 Hz  52.577 V   6  52.578 V  52.578 V  52.578 V <+0.00%> [0.08%] {0.025%}* 
 OK:  55.00 Hz  10.823 V   5  10.823 V  10.823 V  10.823 V <-0.00%> [0.11%] {0.012%}* 
 OK:  55.00 Hz  3.6763 V   4  3.6763 V  3.6764 V  3.6764 V <+0.00%> [0.13%] {0.015%}* 
 OK:  55.00 Hz  877.40mV   3  877.41mV  877.43mV  877.52mV <+0.01%> [0.24%] {0.012%} 
 OK:  55.00 Hz  293.25mV   2  293.20mV  293.22mV  293.23mV <-0.02%> [0.46%] {0.016%} 
 OK:  55.00 Hz  82.259mV   1  82.147mV  82.179mV  82.232mV <-0.14%> [1.35%] {0.012%} 
 OK:  400.0 Hz  270.29 V   9  270.27 V  270.29 V  270.29 V <-0.01%> [0.35%] {0.048%} 
 OK:  400.0 Hz  243.21 V   8  243.22 V  243.21 V  243.22 V <+0.00%> [0.15%] {0.049%} 
 OK:  400.0 Hz  109.71 V   7  109.71 V  109.71 V  109.72 V <+0.01%> [0.10%] {0.023%}* 
 OK:  400.0 Hz  57.472 V   6  57.474 V  57.475 V  57.474 V <+0.01%> [0.08%] {0.025%}* 
 OK:  400.0 Hz  11.018 V   5  11.018 V  11.017 V  11.018 V <-0.01%> [0.11%] {0.012%}* 
 OK:  400.0 Hz  4.2298 V   4  4.2301 V  4.2298 V  4.2301 V <+0.01%> [0.12%] {0.014%}* 
 OK:  400.0 Hz  1.0219 V   3  1.0219 V  1.0220 V  1.0220 V <+0.01%> [0.21%] {0.012%} 
 OK:  400.0 Hz  341.55mV   2  341.52mV  341.52mV  341.56mV <-0.01%> [0.40%] {0.015%} 
 OK:  400.0 Hz  95.797mV   1  95.715mV  95.794mV  95.807mV <-0.09%> [1.16%] {0.012%} 
 OK:  8.000kHz  271.71 V   9  271.69 V  271.69 V  271.71 V <-0.01%> [0.38%] {0.068%} 
 OK:  8.000kHz  244.49 V   8  244.48 V  244.48 V  244.48 V <-0.00%> [0.18%] {0.069%} 
 OK:  8.000kHz  110.29 V   7  110.29 V  110.29 V  110.30 V <+0.01%> [0.13%] {0.024%}* 
 OK:  8.000kHz  61.176 V   6  61.178 V  61.171 V  61.174 V <-0.01%> [0.10%] {0.026%}* 
 OK:  8.000kHz  11.077 V   5  11.077 V  11.077 V  11.078 V <+0.01%> [0.14%] {0.019%}* 
 OK:  8.000kHz  4.1078 V   4  4.1081 V  4.1073 V  4.1080 V <-0.01%> [0.15%] {0.022%}* 
 OK:  8.000kHz  1.0943 V   3  1.0944 V  1.0943 V  1.0944 V <+0.01%> [0.23%] {0.019%} 
 OK:  8.000kHz  342.92mV   2  342.88mV  342.86mV  342.88mV <-0.02%> [0.43%] {0.023%} 
 OK:  8.000kHz  96.177mV   1  96.098mV  96.136mV  96.182mV <-0.08%> [1.19%] {0.020%} 
 OK:  48.00kHz  203.85 V   9  203.94 V  203.96 V  203.95 V <+0.05%> [0.65%] {0.133%} 
 OK:  48.00kHz  203.89 V   8  203.99 V  203.96 V  203.99 V <+0.05%> [0.36%] {0.133%} 
 OK:  48.00kHz  110.36 V   7  110.38 V  110.38 V  110.38 V <+0.02%> [0.29%] {0.047%}* 
 OK:  48.00kHz  61.150 V   6  61.161 V  61.152 V  61.155 V <+0.02%> [0.26%] {0.048%}* 
 OK:  48.00kHz  11.077 V   5  11.079 V  11.078 V  11.079 V <+0.01%> [0.30%] {0.044%}* 
 OK:  48.00kHz  4.1060 V   4  4.1065 V  4.1064 V  4.1064 V <+0.01%> [0.31%] {0.046%}* 
 OK:  48.00kHz  1.0938 V   3  1.0939 V  1.0939 V  1.0939 V <+0.01%> [0.39%] {0.044%} 
 OK:  48.00kHz  342.78mV   2  342.77mV  342.75mV  342.76mV <-0.01%> [0.59%] {0.047%} 
 OK:  48.00kHz  96.122mV   1  96.076mV  96.104mV  96.153mV <-0.05%> [1.35%] {0.044%} 
 OK:  220.0kHz  44.578 V   6  44.599 V  44.598 V  44.596 V <+0.05%> [0.97%] {0.438%}* 
 OK:  220.0kHz  11.108 V   5  11.145 V  11.145 V  11.146 V <+0.34%> [0.99%] {0.330%}* 
 OK:  220.0kHz  4.1249 V   4  4.1271 V  4.1271 V  4.1269 V <+0.05%> [1.00%] {0.344%}* 
 OK:  220.0kHz  1.0971 V   3  1.0977 V  1.0977 V  1.0976 V <+0.06%> [1.07%] {0.330%} 
 OK:  220.0kHz  344.36mV   2  344.49mV  344.48mV  344.47mV <+0.04%> [1.28%] {0.349%} 
 OK:  220.0kHz  96.427mV   1  96.530mV  96.582mV  96.589mV <+0.17%> [2.03%] {0.331%} 
 OK:  700.0kHz  9.7567 V   5  9.7748 V  9.7752 V  9.7744 V <+0.19%> [2.92%] {1.071%}* 
 OK:  700.0kHz  4.1049 V   4  4.1167 V  4.1165 V  4.1162 V <+0.29%> [2.92%] {1.084%}* 
 OK:  700.0kHz  1.0816 V   3  1.0864 V  1.0865 V  1.0865 V <+0.45%> [3.00%] {0.434%} 
 OK:  700.0kHz  338.99mV   2  341.66mV  341.75mV  341.71mV <+0.81%> [3.20%] {0.436%} 
 OK:  700.0kHz  95.070mV   1  96.505mV  96.618mV  96.581mV <+1.63%> [3.97%] {0.434%} 
 OK:  1.200MHz  1.7615 V   5  1.7619 V  1.7615 V  1.7619 V <+0.02%> [5.39%] {0.704%} 
 OK:  1.200MHz  1.7615 V   4  1.7621 V  1.7620 V  1.7621 V <+0.04%> [5.05%] {0.704%}* 
 OK:  1.200MHz  1.0444 V   3  1.0420 V  1.0418 V  1.0417 V <-0.26%> [5.00%] {0.698%} 
 OK:  2.000MHz  1.5984 V   5  1.5989 V  1.5990 V  1.5990 V <+0.03%> [8.65%] {1.131%} 
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 OK:  2.000MHz  1.5985 V   4  1.5991 V  1.5990 V  1.5991 V <+0.04%> [8.27%] {1.131%}* 
 OK:  2.000MHz  946.96mV   3  947.17mV  946.98mV  947.03mV <+0.02%> [8.22%] {1.126%} 
 
Verify phase accuracy of HV attenuator 
      [------- applied -------]                                               [--------- phase ---------] 
                                ranges   A1      V2      A2      V3      A3      dev      spec    uncert 
 OK:  55.00 Hz  2.0491 V 0.000°  3  9 +0.002° +0.001° +0.002° +0.003° +0.002° <+0.003°> [0.006°] {0.002°}* 
 OK:  400.0 Hz  2.0412 V 0.000°  3  9 +0.001° +0.001° +0.001° +0.001° +0.001° <+0.001°> [0.009°] {0.002°}* 
 OK:  8.000kHz  2.0492 V 0.000°  3  9 -0.000° +0.001° -0.000° +0.001° -0.000° <+0.001°> [0.085°] {0.002°}* 
 OK:  48.00kHz  2.0481 V 0.000°  3  9 -0.002° +0.000° -0.002° +0.002° -0.002° <-0.002°> [0.485°] {0.004°}* 
 OK:  100.0kHz  2.0504 V 0.000°  3  9 -0.001° +0.001° -0.000° +0.002° -0.000° <+0.002°> [1.005°] {0.007°}* 
 OK:  220.0kHz  2.0558 V 0.000°  3  9 -0.015° +0.005° -0.017° +0.005° -0.016° <-0.017°> [2.205°] {0.013°}* 
 OK:  700.0kHz  2.0212 V 0.000°  3  9 -0.270° +0.014° -0.311° +0.044° -0.295° <-0.311°> [7.005°] {0.037°}* 
 OK:  1.200MHz  1.9168 V 0.000°  3  9 -0.517° +0.011° -0.578° +0.028° -0.572° <-0.578°> [12.01°] {0.062°}* 
 OK:  2.000MHz  1.7002 V 0.000°  3  9 +0.125° +0.067° +0.063° +0.106° +0.039° <+0.125°> [20.00°] {0.102°}* 
 
Verify internal shunt calibration at low frequency 
      [--- applied ----]      phase 1   phase 2   phase 3  [------- current -------] 
                         range                               dev     spec    uncert 
 OK:  55.00 Hz  3.3681 A   9  3.3659 A  3.3712 A  3.3677 A <+0.09%> [8.94%] {0.019%} 
 OK:  55.00 Hz  3.3732 A   8  3.3740 A  3.3737 A  3.3729 A <+0.03%> [2.70%] {0.019%} 
 OK:  55.00 Hz  3.3769 A   7  3.3774 A  3.3772 A  3.3772 A <+0.02%> [0.92%] {0.019%} 
 OK:  55.00 Hz  3.3778 A   6  3.3773 A  3.3773 A  3.3775 A <-0.01%> [0.30%] {0.019%}* 
 OK:  55.00 Hz  3.3813 A   5  3.3813 A  3.3814 A  3.3810 A <-0.01%> [0.12%] {0.019%}* 
 OK:  55.00 Hz  1.4878 A   4  1.4877 A  1.4877 A  1.4878 A <-0.01%> [0.10%] {0.023%}* 
 OK:  55.00 Hz  201.00mA   3  201.01mA  201.04mA  200.99mA <+0.02%> [0.32%] {0.029%}* 
 OK:  55.00 Hz  145.96mA   2  145.98mA  145.97mA  145.95mA <+0.01%> [0.29%] {0.035%}* 
 OK:  55.00 Hz  29.757mA   1  29.765mA  29.769mA  29.753mA <+0.04%> [1.13%] {0.025%} 
 OK:  400.0 Hz  3.3724 A   9  3.3680 A  3.3729 A  3.3706 A <-0.13%> [8.93%] {0.019%} 
 OK:  400.0 Hz  3.3852 A   8  3.3853 A  3.3851 A  3.3832 A <-0.06%> [2.69%] {0.019%} 
 OK:  400.0 Hz  3.3894 A   7  3.3904 A  3.3898 A  3.3901 A <+0.03%> [0.92%] {0.019%} 
 OK:  400.0 Hz  3.3890 A   6  3.3886 A  3.3886 A  3.3887 A <-0.01%> [0.30%] {0.019%}* 
 OK:  400.0 Hz  3.3915 A   5  3.3915 A  3.3915 A  3.3912 A <-0.01%> [0.12%] {0.019%}* 
 OK:  400.0 Hz  1.4919 A   4  1.4918 A  1.4918 A  1.4919 A <-0.01%> [0.10%] {0.023%}* 
 OK:  400.0 Hz  201.77mA   3  201.78mA  201.78mA  201.77mA <+0.01%> [0.32%] {0.029%}* 
 OK:  400.0 Hz  147.85mA   2  147.87mA  147.87mA  147.85mA <+0.01%> [0.29%] {0.035%}* 
 OK:  400.0 Hz  30.141mA   1  30.164mA  30.147mA  30.145mA <+0.07%> [1.12%] {0.025%} 
 OK:  8.000kHz  3.4448 A   9  3.4492 A  3.4486 A  3.4503 A <+0.16%> [8.77%] {0.030%} 
 OK:  8.000kHz  3.4553 A   8  3.4615 A  3.4570 A  3.4584 A <+0.18%> [2.67%] {0.030%} 
 OK:  8.000kHz  3.4641 A   7  3.4682 A  3.4645 A  3.4674 A <+0.12%> [0.93%] {0.030%} 
 OK:  8.000kHz  3.4673 A   6  3.4678 A  3.4671 A  3.4681 A <+0.02%> [0.32%] {0.030%}* 
 OK:  8.000kHz  3.4708 A   5  3.4714 A  3.4707 A  3.4715 A <+0.02%> [0.15%] {0.030%}* 
 OK:  8.000kHz  1.5254 A   4  1.5257 A  1.5252 A  1.5259 A <+0.03%> [0.13%] {0.034%}* 
 OK:  8.000kHz  203.23mA   3  203.28mA  203.26mA  203.26mA <+0.02%> [0.35%] {0.040%}* 
 OK:  8.000kHz  148.76mA   2  148.81mA  148.80mA  148.80mA <+0.04%> [0.31%] {0.046%}* 
 OK:  8.000kHz  30.188mA   1  30.212mA  30.205mA  30.212mA <+0.08%> [1.15%] {0.036%} 
 OK:  48.00kHz  3.3621 A   6  3.3622 A  3.3620 A  3.3640 A <+0.06%> [0.49%] {0.069%} 
 OK:  48.00kHz  3.3732 A   5  3.3729 A  3.3735 A  3.3748 A <+0.05%> [0.31%] {0.069%}* 
 OK:  48.00kHz  1.4124 A   4  1.4122 A  1.4123 A  1.4131 A <+0.05%> [0.30%] {0.073%}* 
 OK:  48.00kHz  201.62mA   3  201.66mA  201.65mA  201.63mA <+0.02%> [0.51%] {0.078%}* 
 OK:  48.00kHz  147.48mA   2  147.50mA  147.51mA  147.49mA <+0.02%> [0.48%] {0.083%}* 
 OK:  48.00kHz  30.167mA   1  30.184mA  30.174mA  30.174mA <+0.06%> [1.31%] {0.074%} 
 OK:  100.0kHz  3.2704 A   6  3.2697 A  3.2693 A  3.2722 A <+0.05%> [0.70%] {0.152%} 
 OK:  100.0kHz  3.2750 A   5  3.2721 A  3.2759 A  3.2757 A <-0.09%> [0.52%] {0.151%}* 
 
Verify internal shunts at high frequency 
 
      [--- applied ----]      phase 1  [------- current -------] 
                         range           dev     spec    uncert 
 OK:  220.0kHz  212.84mA   4  213.08mA <+0.11%> [1.46%] {0.541%} 
 OK:  220.0kHz  212.95mA   3  212.94mA <-0.00%> [1.18%] {0.541%}* 
 OK:  220.0kHz  145.60mA   2  145.60mA <-0.00%> [1.17%] {0.574%}* 
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 OK:  220.0kHz  32.481mA   1  32.484mA <+0.01%> [1.92%] {0.516%} 
 OK:  700.0kHz  196.96mA   4  196.59mA <-0.19%> [3.43%] {0.716%} 
 OK:  700.0kHz  197.64mA   3  197.35mA <-0.15%> [3.12%] {0.716%}* 
 OK:  700.0kHz  130.92mA   2  130.86mA <-0.04%> [3.12%] {0.708%}* 
 OK:  700.0kHz  31.223mA   1  31.359mA <+0.43%> [3.88%] {0.713%} 
 OK:  1.200MHz  185.15mA   4  185.14mA <-0.01%> [5.47%] {1.165%} 
 OK:  1.200MHz  185.52mA   3  185.56mA <+0.02%> [5.14%] {1.165%}* 
 OK:  1.200MHz  139.08mA   2  139.16mA <+0.06%> [5.10%] {1.158%}* 
 OK:  1.200MHz  29.644mA   1  29.693mA <+0.17%> [5.93%] {1.162%} 
 OK:  2.000MHz  147.12mA   4  146.88mA <-0.16%> [8.84%] {1.891%} 
 OK:  2.000MHz  147.19mA   3  146.91mA <-0.19%> [8.43%] {1.891%}* 
 OK:  2.000MHz  108.05mA   2  107.86mA <-0.17%> [8.38%] {1.884%}* 
 OK:  2.000MHz  22.460mA   1  22.441mA <-0.08%> [9.49%] {1.888%} 
 
      [--- applied ----]      phase 2  [------- current -------] 
                         range           dev     spec    uncert 
 OK:  220.0kHz  208.12mA   4  208.65mA <+0.25%> [1.48%] {0.542%} 
 OK:  220.0kHz  208.44mA   3  208.41mA <-0.02%> [1.19%] {0.542%}* 
 OK:  220.0kHz  143.85mA   2  143.84mA <-0.01%> [1.17%] {0.576%}* 
 OK:  220.0kHz  31.277mA   1  31.274mA <-0.01%> [1.96%] {0.517%} 
 OK:  700.0kHz  196.58mA   4  196.19mA <-0.20%> [3.43%] {0.716%} 
 OK:  700.0kHz  196.80mA   3  196.56mA <-0.12%> [3.12%] {0.716%}* 
 OK:  700.0kHz  131.96mA   2  131.99mA <+0.02%> [3.12%] {0.708%}* 
 OK:  700.0kHz  31.525mA   1  31.715mA <+0.60%> [3.87%] {0.713%} 
 OK:  1.200MHz  186.60mA   4  186.58mA <-0.01%> [5.46%] {1.165%} 
 OK:  1.200MHz  186.92mA   3  187.07mA <+0.08%> [5.14%] {1.165%}* 
 OK:  1.200MHz  139.93mA   2  140.19mA <+0.19%> [5.10%] {1.158%}* 
 OK:  1.200MHz  29.729mA   1  29.867mA <+0.46%> [5.93%] {1.162%} 
 OK:  2.000MHz  148.47mA   4  148.17mA <-0.20%> [8.83%] {1.891%} 
 OK:  2.000MHz  148.53mA   3  148.40mA <-0.09%> [8.42%] {1.891%}* 
 OK:  2.000MHz  109.07mA   2  109.21mA <+0.13%> [8.38%] {1.884%}* 
 OK:  2.000MHz  22.618mA   1  22.780mA <+0.72%> [9.48%] {1.888%} 
 
      [--- applied ----]      phase 3  [------- current -------] 
                         range           dev     spec    uncert 
 OK:  220.0kHz  210.78mA   4  211.39mA <+0.29%> [1.47%] {0.541%} 
 OK:  220.0kHz  210.68mA   3  210.63mA <-0.02%> [1.18%] {0.541%}* 
 OK:  220.0kHz  144.78mA   2  144.74mA <-0.03%> [1.17%] {0.575%}* 
 OK:  220.0kHz  31.497mA   1  31.513mA <+0.05%> [1.95%] {0.517%} 
 OK:  700.0kHz  197.37mA   4  197.00mA <-0.19%> [3.43%] {0.716%} 
 OK:  700.0kHz  197.34mA   3  197.08mA <-0.13%> [3.12%] {0.716%}* 
 OK:  700.0kHz  131.26mA   2  131.22mA <-0.03%> [3.12%] {0.708%}* 
 OK:  700.0kHz  31.492mA   1  31.660mA <+0.53%> [3.87%] {0.713%} 
 OK:  1.200MHz  185.80mA   4  185.85mA <+0.03%> [5.47%] {1.165%} 
 OK:  1.200MHz  186.26mA   3  186.43mA <+0.09%> [5.14%] {1.165%}* 
 OK:  1.200MHz  139.65mA   2  139.83mA <+0.13%> [5.10%] {1.158%}* 
 OK:  1.200MHz  29.585mA   1  29.704mA <+0.40%> [5.94%] {1.162%} 
 OK:  2.000MHz  147.90mA   4  147.78mA <-0.08%> [8.83%] {1.891%} 
 OK:  2.000MHz  147.86mA   3  147.77mA <-0.06%> [8.43%] {1.891%}* 
 OK:  2.000MHz  108.52mA   2  108.51mA <-0.01%> [8.38%] {1.884%}* 
 OK:  2.000MHz  22.454mA   1  22.537mA <+0.37%> [9.49%] {1.888%} 
 
Verify internal shunt phase calibration 
      [------- applied -------]                            [--------- phase ---------] 
                               range  A1      A2      A3      dev      spec    uncert 
 OK:  55.00 Hz  1.3743 A 0.000°  4 -0.000° +0.000° -0.001° <-0.001°> [0.006°] {0.002°} 
 OK:  400.0 Hz  1.3922 A 0.000°  4 -0.000° -0.000° +0.000° <-0.000°> [0.013°] {0.002°} 
 OK:  8.000kHz  1.3750 A 0.000°  4 +0.017° +0.018° +0.020° <+0.020°> [0.165°] {0.009°} 
 OK:  48.00kHz  1.3863 A 0.000°  4 +0.003° +0.006° +0.003° <+0.006°> [0.965°] {0.049°} 
 OK:  220.0kHz  1.2323 A 0.000°  4 -0.089° -0.080° -0.079° <-0.089°> [4.405°] {0.221°} 
 
 



 
 

                                                                      This calibration Data is valid for a period of 15 months from the date of calibration                                             Page 4 of 5 

CALIBRATION CERTIFICATE 
Newtons4th Ltd 

office@newtons4th.com 
www.newtons4th.com 

 
 

Verify external inputs 
      [------- applied -------]        [------- phase 1 --------]  [----------- phase 2 ------------]  [------------ phase 3 -----------] [------ magnitude ------] [--------- phase ---------] 
                                ranges  voltage      current           voltage           current           voltage           current        dev     spec    uncert    dev      spec     uncert 
 OK:  55.00 Hz  1.2283 V 0.000°  9  9  1.2283 V  1.2283 A +0.000°  1.2284 V +0.000°  1.2283 A +0.000°  1.2283 V +0.000°  1.2284 A +0.000° <+0.00%> [0.09%] {0.025%} <+0.000°> [0.006°] {0.002°}* 
 OK:  55.00 Hz  498.18mV 0.000°  8  8  498.18mV  498.19mA -0.000°  498.19mV -0.000°  498.17mA -0.000°  498.19mV -0.000°  498.16mA -0.000° <-0.00%> [0.08%] {0.014%} <-0.000°> [0.006°] {0.002°}* 
 OK:  55.00 Hz  153.08mV 0.000°  7  7  153.08mV  153.08mA -0.000°  153.08mV +0.000°  153.07mA +0.000°  153.08mV +0.000°  153.07mA -0.000° <-0.00%> [0.08%] {0.022%} <+0.000°> [0.006°] {0.002°}* 
 OK:  55.00 Hz  48.603mV 0.000°  6  6  48.599mV  48.600mA +0.000°  48.597mV -0.000°  48.596mA -0.000°  48.598mV -0.000°  48.597mA -0.000° <-0.01%> [0.08%] {0.014%} <-0.000°> [0.006°] {0.002°}* 
 OK:  55.00 Hz  16.253mV 0.000°  5  5  16.252mV  16.253mA +0.000°  16.252mV -0.000°  16.252mA +0.000°  16.252mV +0.000°  16.252mA -0.000° <-0.00%> [0.08%] {0.021%} <+0.000°> [0.006°] {0.002°}* 
 OK:  400.0 Hz  1.4306 V 0.000°  9  9  1.4305 V  1.4305 A +0.000°  1.4306 V +0.000°  1.4305 A +0.000°  1.4305 V +0.000°  1.4306 A +0.000° <-0.01%> [0.08%] {0.023%} <+0.000°> [0.009°] {0.002°}* 
 OK:  400.0 Hz  580.24mV 0.000°  8  8  580.25mV  580.27mA +0.000°  580.28mV +0.000°  580.23mA +0.000°  580.25mV +0.000°  580.23mA +0.000° <+0.01%> [0.07%] {0.013%} <+0.000°> [0.009°] {0.002°}* 
 OK:  400.0 Hz  173.37mV 0.000°  7  7  173.37mV  173.37mA +0.000°  173.37mV +0.000°  173.36mA +0.000°  173.38mV +0.000°  173.37mA +0.000° <-0.01%> [0.07%] {0.020%} <+0.000°> [0.009°] {0.002°}* 
 OK:  400.0 Hz  55.048mV 0.000°  6  6  55.043mV  55.044mA +0.000°  55.040mV +0.000°  55.038mA +0.000°  55.041mV +0.000°  55.040mA +0.000° <-0.02%> [0.08%] {0.013%} <+0.000°> [0.009°] {0.002°}* 
 OK:  400.0 Hz  18.408mV 0.000°  5  5  18.407mV  18.408mA +0.000°  18.407mV +0.000°  18.406mA +0.000°  18.406mV +0.000°  18.407mA +0.000° <-0.01%> [0.08%] {0.020%} <+0.000°> [0.009°] {0.002°}* 
 OK:  8.000kHz  1.3678 V 0.000°  9  9  1.3678 V  1.3678 A -0.000°  1.3678 V +0.000°  1.3677 A +0.000°  1.3677 V +0.000°  1.3677 A +0.000° <-0.01%> [0.12%] {0.031%} <+0.000°> [0.085°] {0.002°}* 
 OK:  8.000kHz  616.80mV 0.000°  8  8  616.81mV  616.77mA -0.000°  616.76mV +0.000°  616.72mA -0.000°  616.75mV +0.000°  616.77mA -0.000° <-0.01%> [0.10%] {0.021%} <-0.000°> [0.085°] {0.002°}* 
 OK:  8.000kHz  163.73mV 0.000°  7  7  163.73mV  163.73mA -0.000°  163.73mV +0.000°  163.72mA +0.000°  163.74mV +0.000°  163.72mA +0.000° <-0.01%> [0.11%] {0.028%} <+0.000°> [0.085°] {0.002°}* 
 OK:  8.000kHz  51.131mV 0.000°  6  6  51.128mV  51.129mA -0.000°  51.126mV +0.000°  51.124mA +0.000°  51.127mV +0.000°  51.126mA +0.000° <-0.01%> [0.11%] {0.021%} <+0.000°> [0.085°] {0.002°}* 
 OK:  8.000kHz  16.415mV 0.000°  5  5  16.415mV  16.415mA -0.000°  16.415mV +0.000°  16.414mA -0.000°  16.414mV +0.000°  16.414mA -0.000° <-0.01%> [0.11%] {0.028%} <+0.000°> [0.085°] {0.002°}* 
 OK:  48.00kHz  1.3672 V 0.000°  9  9  1.3675 V  1.3674 A -0.001°  1.3674 V +0.001°  1.3674 A -0.001°  1.3674 V -0.000°  1.3674 A -0.000° <+0.02%> [0.28%] {0.054%} <-0.001°> [0.485°] {0.004°}* 
 OK:  48.00kHz  616.64mV 0.000°  8  8  616.81mV  616.76mA -0.002°  616.78mV +0.001°  616.74mA -0.002°  616.74mV +0.001°  616.72mA -0.001° <+0.03%> [0.26%] {0.045%} <-0.002°> [0.485°] {0.004°}* 
 OK:  48.00kHz  163.66mV 0.000°  7  7  163.69mV  163.70mA -0.001°  163.70mV +0.001°  163.69mA -0.001°  163.70mV -0.001°  163.69mA -0.000° <+0.03%> [0.27%] {0.052%} <+0.001°> [0.485°] {0.004°}* 
 OK:  48.00kHz  40.930mV 0.000°  6  6  40.937mV  40.937mA -0.001°  40.934mV +0.002°  40.936mA -0.001°  40.935mV +0.000°  40.935mA -0.000° <+0.02%> [0.29%] {0.046%} <+0.002°> [0.485°] {0.004°}* 
 OK:  48.00kHz  12.306mV 0.000°  5  5  12.309mV  12.308mA -0.001°  12.308mV +0.002°  12.308mA -0.002°  12.307mV +0.001°  12.308mA -0.001° <+0.03%> [0.29%] {0.055%} <+0.002°> [0.485°] {0.004°}* 
 OK:  220.0kHz  1.3706 V 0.000°  9  9  1.3721 V  1.3720 A -0.002°  1.3721 V +0.011°  1.3720 A -0.002°  1.3720 V +0.003°  1.3720 A -0.000° <+0.11%> [0.97%] {0.390%} <+0.011°> [2.205°] {0.013°}* 
 OK:  220.0kHz  619.02mV 0.000°  8  8  619.69mV  619.68mA -0.003°  619.72mV +0.010°  619.68mA -0.007°  619.69mV +0.006°  619.67mA -0.003° <+0.11%> [0.95%] {0.336%} <+0.010°> [2.205°] {0.013°}* 
 OK:  220.0kHz  164.22mV 0.000°  7  7  164.40mV  164.39mA +0.001°  164.40mV +0.014°  164.39mA -0.001°  164.40mV +0.000°  164.39mA +0.002° <+0.11%> [0.96%] {0.379%} <+0.014°> [2.205°] {0.013°}* 
 OK:  220.0kHz  41.030mV 0.000°  6  6  41.069mV  41.068mA +0.001°  41.068mV +0.015°  41.070mA +0.000°  41.069mV +0.005°  41.068mA +0.002° <+0.10%> [0.98%] {0.344%} <+0.015°> [2.205°] {0.013°}* 
 OK:  220.0kHz  12.333mV 0.000°  5  5  12.345mV  12.344mA -0.002°  12.344mV +0.014°  12.345mA -0.005°  12.344mV +0.008°  12.344mA -0.002° <+0.10%> [0.98%] {0.398%} <+0.014°> [2.205°] {0.013°}* 
 OK:  700.0kHz  1.3455 V 0.000°  9  9  1.3614 V  1.3610 A +0.029°  1.3614 V +0.054°  1.3613 A -0.014°  1.3611 V +0.025°  1.3611 A +0.002° <+1.18%> [2.89%] {0.442%} <+0.054°> [7.005°] {0.037°}* 
 OK:  700.0kHz  606.80mV 0.000°  8  8  615.08mV  614.89mA +0.024°  615.07mV +0.053°  615.02mA -0.032°  614.97mV +0.037°  614.94mA -0.005° <+1.36%> [2.87%] {0.435%} <+0.053°> [7.005°] {0.037°}* 
 OK:  700.0kHz  181.32mV 0.000°  7  7  183.77mV  183.71mA +0.037°  183.76mV +0.063°  183.75mA -0.009°  183.73mV +0.019°  183.72mA +0.008° <+1.35%> [2.87%] {0.440%} <+0.063°> [7.005°] {0.037°}* 
 OK:  700.0kHz  44.324mV 0.000°  6  6  44.788mV  44.775mA +0.037°  44.787mV +0.064°  44.787mA -0.007°  44.781mV +0.035°  44.779mA +0.008° <+1.05%> [2.89%] {0.435%} <+0.064°> [7.005°] {0.037°}* 
 OK:  700.0kHz  13.119mV 0.000°  5  5  13.262mV  13.258mA +0.030°  13.262mV +0.062°  13.262mA -0.026°  13.260mV +0.043°  13.259mA -0.001° <+1.09%> [2.90%] {0.446%} <+0.062°> [7.005°] {0.037°}* 
 OK:  1.200MHz  1.2896 V 0.000°  9  9  1.3011 V  1.3008 A +0.037°  1.3011 V +0.067°  1.3009 A -0.029°  1.3010 V +0.016°  1.3009 A -0.024° <+0.89%> [4.89%] {0.698%} <+0.067°> [12.01°] {0.062°}* 
 OK:  1.200MHz  581.44mV 0.000°  8  8  586.79mV  586.66mA +0.029°  586.82mV +0.066°  586.72mA -0.059°  586.74mV +0.033°  586.69mA -0.035° <+0.93%> [4.87%] {0.699%} <+0.066°> [12.01°] {0.062°}* 
 OK:  1.200MHz  185.20mV 0.000°  7  7  186.86mV  186.82mA +0.051°  186.87mV +0.084°  186.84mA -0.019°  186.85mV +0.004°  186.83mA -0.012° <+0.90%> [4.87%] {0.703%} <+0.084°> [12.01°] {0.062°}* 
 OK:  1.200MHz  46.357mV 0.000°  6  6  46.772mV  46.764mA +0.053°  46.775mV +0.084°  46.772mA -0.014°  46.772mV +0.034°  46.769mA -0.010° <+0.90%> [4.89%] {0.700%} <+0.084°> [12.01°] {0.062°}* 
 OK:  1.200MHz  13.571mV 0.000°  5  5  13.696mV  13.693mA +0.043°  13.697mV +0.083°  13.695mA -0.048°  13.695mV +0.046°  13.695mA -0.026° <+0.93%> [4.89%] {0.706%} <+0.083°> [12.01°] {0.062°}* 
 OK:  2.000MHz  1.2096 V 0.000°  9  9  1.2096 V  1.2095 A +0.031°  1.2096 V +0.060°  1.2097 A -0.042°  1.2098 V -0.028°  1.2097 A -0.068° <+0.02%> [8.09%] {1.125%} <-0.068°> [20.00°] {0.102°}* 
 OK:  2.000MHz  548.17mV 0.000°  8  8  548.06mV  547.95mA +0.017°  548.04mV +0.056°  548.02mA -0.089°  548.09mV +0.000°  548.03mA -0.085° <-0.04%> [8.07%] {1.126%} <-0.089°> [20.00°] {0.102°}* 
 OK:  2.000MHz  170.92mV 0.000°  7  7  170.90mV  170.86mA +0.058°  170.89mV +0.087°  170.88mA -0.025°  170.90mV -0.046°  170.89mA -0.047° <-0.03%> [8.07%] {1.130%} <+0.087°> [20.00°] {0.102°}* 
 OK:  2.000MHz  46.960mV 0.000°  6  6  46.955mV  46.946mA +0.060°  46.952mV +0.087°  46.952mA -0.016°  46.958mV +0.001°  46.956mA -0.047° <-0.03%> [8.09%] {1.127%} <+0.087°> [20.00°] {0.102°}* 
 OK:  2.000MHz  15.709mV 0.000°  5  5  15.708mV  15.705mA +0.045°  15.708mV +0.081°  15.706mA -0.065°  15.708mV +0.026°  15.708mA -0.068° <-0.03%> [8.08%] {1.131%} <+0.081°> [20.00°] {0.102°}* 
 
Verify phase accuracy across ranges 
      [------- applied -------]                                               [--------- phase ---------] 
                                ranges   A1      V2      A2      V3      A3      dev      spec    uncert 
 OK:  55.00 Hz  527.48mV 0.000°  8  8 +0.000° +0.000° +0.000° +0.000° -0.000° <+0.000°> [0.006°] {0.002°}* 
 OK:  55.00 Hz  527.49mV 0.000°  8  9 -0.000° +0.000° -0.000° +0.000° -0.000° <-0.000°> [0.006°] {0.002°}* 
 OK:  55.00 Hz  527.47mV 0.000°  9  8 +0.000° +0.000° +0.000° +0.000° +0.000° <+0.000°> [0.006°] {0.002°}* 
 OK:  400.0 Hz  614.38mV 0.000°  8  8 +0.000° +0.000° +0.000° +0.000° +0.000° <+0.000°> [0.009°] {0.002°}* 
 OK:  400.0 Hz  614.38mV 0.000°  8  9 +0.001° +0.000° +0.001° +0.000° +0.001° <+0.001°> [0.009°] {0.002°}* 
 OK:  400.0 Hz  614.37mV 0.000°  9  8 -0.001° -0.000° -0.001° +0.000° -0.001° <-0.001°> [0.009°] {0.002°}* 
 OK:  8.000kHz  616.78mV 0.000°  8  8 -0.000° +0.000° -0.000° +0.000° -0.000° <-0.000°> [0.085°] {0.002°}* 
 OK:  8.000kHz  616.77mV 0.000°  8  9 +0.008° -0.000° +0.008° +0.000° +0.009° <+0.009°> [0.085°] {0.002°}* 
 OK:  8.000kHz  616.76mV 0.000°  9  8 -0.009° +0.000° -0.009° +0.000° -0.009° <-0.009°> [0.085°] {0.002°}* 
 OK:  48.00kHz  616.79mV 0.000°  8  8 -0.002° +0.001° -0.002° +0.001° -0.001° <-0.002°> [0.485°] {0.004°}* 
 OK:  48.00kHz  616.79mV 0.000°  8  9 +0.048° +0.001° +0.048° +0.001° +0.049° <+0.049°> [0.485°] {0.004°}* 
 OK:  48.00kHz  616.72mV 0.000°  9  8 -0.051° +0.001° -0.052° -0.000° -0.050° <-0.052°> [0.485°] {0.004°}* 
 OK:  100.0kHz  617.41mV 0.000°  8  8 -0.002° +0.002° -0.003° +0.002° -0.001° <-0.003°> [1.005°] {0.007°}* 
 OK:  100.0kHz  617.41mV 0.000°  8  9 +0.101° +0.002° +0.102° +0.002° +0.103° <+0.103°> [1.005°] {0.007°}* 
 OK:  100.0kHz  617.11mV 0.000°  9  8 -0.105° +0.002° -0.106° +0.001° -0.104° <-0.106°> [1.005°] {0.007°}* 
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 OK:  220.0kHz  619.71mV 0.000°  8  8 -0.003° +0.010° -0.007° +0.006° -0.002° <+0.010°> [2.205°] {0.013°}* 
 OK:  220.0kHz  619.71mV 0.000°  8  9 +0.226° +0.010° +0.225° +0.006° +0.228° <+0.228°> [2.205°] {0.013°}* 
 OK:  220.0kHz  618.68mV 0.000°  9  8 -0.231° +0.012° -0.234° +0.003° -0.230° <-0.234°> [2.205°] {0.013°}* 
 OK:  700.0kHz  611.04mV 0.000°  8  8 +0.025° +0.055° -0.026° +0.044° +0.004° <+0.055°> [7.005°] {0.037°}* 
 OK:  700.0kHz  611.04mV 0.000°  8  9 +0.750° +0.055° +0.711° +0.044° +0.731° <+0.750°> [7.005°] {0.037°}* 
 OK:  700.0kHz  609.74mV 0.000°  9  8 -0.693° +0.059° -0.743° +0.036° -0.714° <-0.743°> [7.005°] {0.037°}* 
 OK:  1.200MHz  576.16mV 0.000°  8  8 +0.030° +0.069° -0.048° +0.047° -0.018° <+0.069°> [12.01°] {0.062°}* 
 OK:  1.200MHz  576.15mV 0.000°  8  9 +1.259° +0.068° +1.204° +0.046° +1.212° <+1.259°> [12.01°] {0.062°}* 
 OK:  1.200MHz  575.90mV 0.000°  9  8 -1.188° +0.073° -1.265° +0.034° -1.236° <-1.265°> [12.01°] {0.062°}* 
 OK:  2.000MHz  497.41mV 0.000°  8  8 +0.020° +0.064° -0.067° +0.031° -0.049° <-0.067°> [20.00°] {0.102°}* 
 OK:  2.000MHz  497.41mV 0.000°  8  9 +2.022° +0.062° +1.966° +0.031° +1.948° <+2.022°> [20.00°] {0.102°}* 
 OK:  2.000MHz  497.55mV 0.000°  9  8 -1.960° +0.076° -2.044° +0.010° -2.028° <-2.044°> [20.00°] {0.102°}* 
 
Verify dc accuracy 
         applied  ranges   V1        A1        V2        A2        V3        A3       dev     spec    uncert 
 OK: DC  1.7133 V  9  9  1.7134 V  1.7133 A  1.7135 V  1.7133 A  1.7133 V  1.7135 A <+0.01%> [0.14%] {0.005%}* 
 OK: DC -2.0019 V  9  9 -2.0018 V -2.0017 A -2.0018 V -2.0016 A -2.0015 V -2.0016 A <-0.02%> [0.13%] {0.005%}* 
 OK: DC  759.16mV  8  8  759.22mV  759.21mA  759.21mV  759.16mA  759.15mV  759.21mA <+0.01%> [0.12%] {0.007%}* 
 OK: DC -667.33mV  8  8 -667.25mV -667.30mA -667.30mV -667.28mA -667.29mV -667.22mA <-0.02%> [0.13%] {0.007%}* 
 OK: DC  156.62mV  7  7  156.61mV  156.63mA  156.59mV  156.60mA  156.61mV  156.59mA <-0.02%> [0.15%] {0.021%}* 
 OK: DC -227.87mV  7  7 -227.87mV -227.86mA -227.90mV -227.85mA -227.87mV -227.87mA <+0.01%> [0.12%] {0.015%}* 
 OK: DC  54.136mV  6  6  54.117mV  54.126mA  54.114mV  54.112mA  54.110mV  54.106mA <-0.06%> [0.15%] {0.060%}* 
 OK: DC -42.715mV  6  6 -42.728mV -42.726mA -42.726mV -42.728mA -42.736mV -42.739mA <+0.06%> [0.18%] {0.076%}* 
 
Verify torque and speed inputs 
      applied    torque     speed       deviation    spec    uncert 
 OK:  6.6749 V  6.6753 Nm  6.6752 rpm  0.01%  0.00% [0.12%] {0.005%} 
 OK:  2.8627 V  2.8636 Nm  2.8637 rpm  0.03%  0.04% [0.22%] {0.007%} 
 OK: -953.86mV -952.82mNm -953.07mrpm -0.11% -0.08% [0.57%] {0.014%} 
 OK: -4.7744 V -4.7733 Nm -4.7736 rpm -0.02% -0.02% [0.15%] {0.006%} 
 
NOTES 
 
1) Nominal full scale range values: 
                    voltage inputs:  300mV  1V     3V     10V    30V    100V   300V   1kV   3kV 
                    current inputs:  100mA  300mA  1A     3A     10A    30A    100A   300A  1kA 
                   external inputs:  300uV  1mV    3mV    10mV   30mV   100mV  300mV  1V    3V 
 
2) Results not marked with * are verified with less than 50% input signal. 
 
3) This instrument has been calibrated using standards traceable to natural physical constants from ratio 
   measurements or compared to consensus standards as realised by the National Physical Laboratory (NPL) or 
   other recognised national standards laboratories accredited by the United Kingdom Accreditation Service (UKAS). 
 
4) The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor to give a  
   level of confidence of approximately 95%. 
 
All 273 tests passed 
 










