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The results are presented in Figure 5 for both probes 
and both types of insertion impedance methods 
previously discussed.

Many of the experiments we performed measuring 
insertion impedance with and without case effect 
removal indicated a complex interaction, likely involving:
•	 Inherent transfer impedance;
•	 Size of probe case; and
•	 Maximum frequency of interest.

These factors seem to add to the difficulty of 
identifying the “proper” insertion impedance test 
method. 

POSSIBLE IMPACT OF INSERTION IMPEDANCE 
IN A TEST SETUP

The inference of the 
CISPR 16-1-2 requirement 
that insertion impedance 
by less than 1 Ω at all 
frequencies (possibly 
to 1 GHz) is that any 
value above 1 Ω might 
adversely affect the actual 
conducted emission 
(CE) measurements. The 
origin and basis for this 
requirement is unknown but 
would seem to be extremely 
conservative from an 
application standpoint. 

From Figure 13 in 
CISPR 25 (2021), it is 
apparent that a loop is 
formed by the equipment 
under test (EUT), the 
load simulator, the 
interconnecting wire, and the 
ground plane. It is not clear 
if the two artificial networks 

and the DC power supply are part of this loop or if 
the load simulator provides some electrical isolation 
between the EUT and power and artificial networks.

Reference 5 investigates the “influence of termination 
impedance on conducted emissions in automotive 
high voltage networks.” In this document, the authors 
started with an equivalent circuit that consisted of a 
loop formed by the DC power (+) side, through a line 
impedance stabilization network (LISN), through the 
EUT, and then back to the DC power (-) side after 
passing through a second LISN.

Both of these examples point to the use of an electrical 
loop as a starting point to look at loop impedance 
versus frequency and how the potential addition to 
this loop impedance through the presence of a current 
probe might be important. 

Figure 5: Comparison of insertion impedance measurements on two different probes with and 
without “removal” of probe case effect

Many of the experiments we performed measuring insertion impedance with and without 

case effect removal indicated a complex interaction, likely involving inherent transfer 

impedance, size of probe case, and maximum frequency of interest.
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a configuration that has a relatively low loop 
impedance, where the potential impact of the 
added series impedance of the current probe would 
presumably have the maximum (worst) impact. This 
points to an operational configuration where a high 
DC current is used. Since the LISN can only add to 
the series loop impedance, deleting the LISN would 
also contribute to defining a low loop impedance.

The highest operating voltage for an electrical vehicle 
that we are aware of is 800 V1. Current probe users 
have expressed interest in current probes with a 
DC current handling of up to 1000 A. For simplicity 
reasons, it is assumed that 800 VDC delivers 800 A, 
which infers a DC loop impedance of 1 ohm. 
In Figure 6, this 1 Ω would be the sum of Rsource 
and Rload.

To establish a nominal value for LHARNESS in 
Figure 6, the wire gage rated for 800 A was 
researched and found to be 750 AWG2, which 
has a diameter of about 30 mm. Using “All About 
Circuits”3, we established a harness inductance for 
this diameter wire, 1700 mm long and 50 mm above 
a ground plane over a dielectric material, and having 
a relative permeability of 1.4, yielding a value for 
LHARNESS of about 0.89uH.

It is obvious that LHARNESS will start to dominate 
the loop impedance at some point, depending 

1.  https://www.castleelectric.com
2.  https://www.wiresizecalculator.net
3.  https://www.allaboutcircuits.com

An investigation was started by combining the two 
concepts into the configuration shown in Figure 6.

This figure includes the following elements:
•	 A DC power source assumed to have some inherent 

source impedance/resistance
•	 An optional LISN on the (+) side
•	 A cable harness over a reference ground plane, as 

per CISPR 25, specified as follows:

•	 The length of harness set at 1700 mm as per 
CISPR 25;

•	 The height of harness above ground plane set at 
50 mm as per CISPR 25;

•	 The harness outer diameter is a variable depending 
on DC current flowing through harness;

•	 The harness suspended above ground plane with 
a dielectric material having a relative permittivity 
<= 1.4, as per CISPR 25; and

•	 Harness introduces a series inductance to the loop 
impedance.

•	 A load impedance is assumed to be set by the 
operating current in the harness and DC power 
source voltage

•	 A series impedance introduced by the current 
monitor probe

•	 Shunt capacitance
•	 CISPR 16-1-2 states that the probe case to wire 

under test is to be considered. However, it is unclear 
if the assumption is that this capacitance somehow 
compromises the measuring ability of the probe 
(i.e., affecting 
its transfer 
impedance) or if 
this requirement 
infers that this 
capacitance is 
then coupled to 
reference ground. 
Figure 6 shows 
both types of 
capacitances.

A reasonable 
starting point 
would be to identify Figure 6: Conceptual layout of a CE current setup, per CISPR 25

https://www.castleelectric.com
https://www.wiresizecalculator.net
https://www.allaboutcircuits.com
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impedance, the loop impedance will only 
increase; at 150 kHz, this LISN would add an 
impedance of about 4.7 Ω. At the frequency 
1.43 MHz previously calculated, the LISN 
added impedance is about 33 Ω. If a second 
LISN is included in the series impedance, the 
impedance will increase further, reducing any 
impact of the insertion impedance.

Considering the potential for resonances on the 
1700 mm harness length, as specified in CISPR 25, 
the situation gets more complex. Assuming the 
rule of thumb applies that resonances will be 
negligible for frequencies when the wavelength 
is less than λ/10, for a wavelength of 1700 mm, 
the critical frequency is about 17.6 MHz. Above 
this frequency, potential resonances need to be 
considered. It is unclear what the meaning of 
insertion impedance in the presence of resonances 
really means.

on frequency. If it is assumed that the LHARNESS 
impedance is to be at least 10 times the presumed 
1 Ω insertion impedance, introduced by the current 
probe, for the insertion impedance to be negligible, 
this leads to:

2 * π * f * LHARNESS, = 10 Ω, therefore f = 1.43 MHz

Based on the consideration above, the following can 
be concluded:
•	 For a very low loop impedance, the harness 

inductance will start to dominate the total loop 
impedance above approximately 1.43MHz;

•	 As the operational current drops, the load 
resistance Rload will increase, which further 
mitigates any impact of the current probe 
insertion impedance; and

•	 If one 50 Ω/5 uH LISN, as defined in 
CISPR 16‑1‑2, is included in the series loop 

http://www.kgs-ind.com
mailto:sales@kgs-ind.com
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informative. Both specifications related to transfer 
impedance require all current probes to meet these 
specifications. Conversely, if current probes do not 
meet such requirements, they cannot be used, and 
measurement results are compromised. This inference 
is inaccurate and confusing to users of current probes. 

The document prepared by CISPR/D in 2023 further 
reinforces this notion by showing a variety of current 
probes, separated into frequency ranges where the 
probe meets stated specifications, along with some 
limits for usability. Appendix B.3 of CISPR 16-1-2 
infers that the upper “limit” of +15 dBΩ, shown in the 
CISPR/D document, derives from the notion that a 
higher transfer impedance automatically exceeds the 
1 Ω insertion impedance requirement. This would 
appear to derive indirectly from the simplified circuit 
models for a current probe given in Appendix B.2. 
However, Reference 4, which discusses the wide-band 
characterization of current probes, states that models 
based on simple transformer theory may not work 
above 100 MHz. This reference presents a complicated 
mathematical method (possibly impractical for 
the average user to employ) for recovering current 
probe behavior at higher frequencies up to 3 GHz. 
Reference 4 also presents some modeling but only up 
to 100 MHz.

Therefore, it seems unnecessary to establish transfer 
impedance “limits,” a fact that also causes confusion 
for users. Furthermore, the frequency response 
specification infers that the stated frequency ranges 
are the ones over which current probes should be 
calibrated, which is simply incorrect and misleading. 
The current specifications regarding transfer 
impedance should be removed from the normative 
part of the standard. 

We further suggest revising Appendix B of the 
standard to provide information about the proper 
selection of current probes to achieve the necessary 
test system sensitivity, taking into consideration the 
current level to be measured, including measuring 
instrument noise floor, saturation, required resolution 
bandwidth, etc.

CONCLUSIONS

In general, CISPR/A should establish specifications 
for test equipment that support applications and 
measurement needs of product committees like  

Summarizing these factors, it is not clear why the 
specified insertion impedance of 1 Ω for current 
probes will ever have any serious impact on any 
CE test per CISPR 25 at test frequencies above 
a few 10s of MHz (and possibly much lower) and 
especially considering the upper usage frequency of 
1 GHz, as inferred by CISPR 16-1-2. 

Addressing the effect of the capacitance shown in 
Figure 6:
•	 CISPR 16-1-2 defines this shunt capacitance 

between the probe case to the wire under test. The 
origin of and rationale for this requirement is not 
known. If the assumption is that this capacitance 
is compromising the transfer impedance of the 
current probe, then it seems that this effect 
would be accounted for during routine probe 
calibration. If the intent is that this capacitance is 
possibly affecting the CE measurements, then this 
capacitance would be a presumed shunt to ground 
for measured CE signals. 
At 1 GHz, 25 pF is about 6.4 Ω. Based on 
a parallel argument to that made previously 
regarding the impact of LHARNESS, it is not clear 
why the impact of this capacitance wouldn’t also 
be minimized. For example, using the 1.43 MHz 
frequency, estimated in the above example, this 
capacitive impedance is about 4500 Ω; it doesn’t 
seem a likely problem in a real test setup.

•	 No method for measuring this capacitance has 
been defined. De facto, the inference is that the 
shunt capacitance would have to be measured in 
the test setup itself, to “verify” compliance of the 
current probe. It does not seem practical to define 
such an in-situ specification (which indicates a 
pass/fail for the current probe and/or the test 
configuration), especially at high frequencies 
where suitable measurement devices either don’t 
exist or are expensive to implement

•	 Therefore, it is not evident that such a 
specification is really needed. 

SPECIFICATIONS FOR CURRENT PROBE 
TRANSFER IMPEDANCE IN CISPR 16-1-2

Currently, CISPR 16-1-2 calls out specifications for 
the transfer impedance and the frequency response 
of the transfer impedance. These are presented as 
normative where it seems they should be, at most, 
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CISPR/D. Currently, the specifications related 
to current probes seem arbitrary and may even 
hinder the use of current probes in certain 
measurement scenarios.

The purpose of the 1 Ω insertion impedance 
requirement is not obvious. Other test considerations 
would seem to dominate over any possible impact of 
a 1 Ω impedance. Furthermore, suggested insertion 
impedance measurement approaches, presented up to 
100 MHz, do not seem to yield results that allow an 
extension in frequency to ranges required, for example, 
by CISPR 25 (to 245 MHz). Therefore, it is suggested 
to remove this requirement from the normative part of 
CISPR 16-1-2.

Furthermore, the shunt capacitance requirement 
of 25pF is confusing since it is not clear if this 
requirement applies to the calibration aspect of current 
probes or to the use in an actual application. It seems 
very impractical to have users verify this value in 
an actual measurement setup. If this requirement 
is to be interpreted as an aspect of a current probe 
calibration process, its usefulness is questionable 
since the calibration setup (using a calibration fixture) 
will certainly differ from the actual measurement 
setup that uses a harness, for example. Therefore, 
it is suggested to remove this requirement from the 
normative part of CISPR 16-1-2.

It does not seem appropriate for CISPR/A to define 
frequency ranges for the frequency response of the 
transfer impedances since there is no basis provided 
for setting such requirements. These requirements set 
bounds on a user regarding the selection of a current 
probe for a specific application. Since there is no basis 
given for this requirement, it should be removed from 
the normative part of the standard.  

Resolving the issues identified in this article will 
hopefully allow current probe users to perform 
measurements in accordance with product standards 
like CISPR 25 with the sensitivity required. 
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LABORATORY AUTOMATION 
WITH PYVISA
Applying Python and PyVISA to Automated Testing

Python has become a widely used 
programming language in the area of 
electronic test automation, especially 

when used with the PyVISA library. While 
the fundamental principles of lab automation 
have been around for a long time (i.e., the 
SCPI protocol), Python and PyVISA have 
made it easy to get started quickly with test 
automation. Once data has been collected, 
Python also has a plethora of data analysis tools 
(pandas, scipy, scikit, etc.) that are useful in 
analyzing data.

In this article, I will introduce how to interface 
with instruments using Python/PyVISA and 
give a practical example of measuring power 
supply efficiency. Finally, I will introduce how to 
plot gathered efficiency data directly in Python.

SCPI PROTOCOL

The Standard Commands for Programmable 
Instruments (SCPI) is a definition layer on top 
of the IEEE 488.2-1987 standard for instrument 
communication. While SCPI was originally 
meant for IEEE 488.1 (GPIB connections), 
this has expanded to include RS-232, Ethernet, 
USB, and several others. SCPI commands are 
sent in ASCII format and received as a string 
of ASCII text. Here is an example of a simple 
SCPI transaction:

Host query: *IDN?

Device reply: Siglent Technologies,SDL1020X‑E,
SDLxxxxxxxxxxx,1.1.1.21R2\n

SCPI defines a number of generic commands 
like MEASure and CONFigure, which can be used 
to read data from or configure parameters on 
test equipment.
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In [2]:
import pyvisa
instruments = pyvisa.ResourceManager().list_
resources()
instruments

Out[2]:
('USB0::0xF4EC::0x1621::SDL13GCQ6R0772::INSTR',
 'USB0::0x2A8D::0x3402::MY61003767::INSTR',
 'GPIB0::12::INSTR',
 'GPIB0::22::INSTR')

This output shows there are four instruments 
connected to my computer, two connected by USB 
and two by GPIB. Now we can create an object for 
each instrument and query what it is. Note that all 
instruments will reply to the special *IDN? Command:

In [5]:
for i in instruments:
    inst = pyvisa.ResourceManager().open_resource(i)
    print(i,inst.query('*IDN?'))

USB0::0xF4EC::0x1621::SDL13GCQ6R0772::INSTR Siglent 
Technologies,SDL1020X-E,SDL13GCQ6R0772,1.1.1.21R2

USB0::0x2A8D::0x3402::MY61003767::INSTR Keysight 
Technologies,E36234A,MY61003767,1.0.4-1.0.3-1.00

GPIB0::12::INSTR HEWLETT-PACKARD,34401A,0,7-5-2

GPIB0::22::INSTR HEWLETT-PACKARD,34401A,0,11-5-2

From the query, you can see I have a Keysight 
power supply (E35234A) and a Siglent power supply 
(SDL1020X-E). For the following example, I am using 
the Siglent power supply only to read the input and 
output voltages of the device under test (DUT).

MEASURING EFFICIENCY

For a power supply, efficiency is the measure of how 
much power you get out per unit of power put in. 
Since P = VI, this can be written as:

VISA Specification

Unfortunately for the SCPI standard, different 
operating systems, interfaces, and devices meant that 
the early days of SCPI required different libraries for 
each device and bus system. In order to alleviate this 
pain, the Virtual Instrument Software Architecture 
(VISA) specification was created to seamlessly work 
with all devices and bus systems.

PYTHON AND PYVISA

Even with the VISA specification in place, it has 
traditionally been challenging to interface a host 
computer to measurement devices without expensive/
cumbersome software and hardware. With these 
drawbacks in mind, the PyVISA library was created 
to simplify instrument communication and make lab 
automation more efficient.

Python itself is a free, interpreted programming 
language that can be used with any modern operating 
system. Since this is an interpreted (and not compiled) 
language, Python can generally be “installed” on any 
system, even where the user does not have admin/root 
access. While the syntax of Python can take some 
getting used to (spaces are used as delimiters instead of ; or 
other characters), it is a very widely used language with 
many libraries, examples, and code snippets available.

PyVISA works as a front end to the VISA library 
and simplifies the process of communicating with 
instruments. PyVISA is officially tested against 
National Instruments’ VISA and Keysight IO Library 
Suite and can be used with hardware adapters from 
National Instruments, Keysight, and many others.

To get started, here is a simple program that queries 
what instruments are visible to PyVISA on my 
computer. In the below code snippet, I am using 
National Instruments VISA on a 64-bit Windows 
computer running Python 3.11.5 and PyVISA 1.13.0

mailto:znosker@csum.edu
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current iLOAD. The voltage source is a DC voltage and 
the load current is an electronic load running in the 
constant current mode. We step up the load current 
and measure the efficiency at various load points to 
create a full plot showing the efficiency characteristic 
of the power supply.

Since each measurement requires four values (input 
voltage, input current, output voltage, and output 
current), we need sufficient equipment to read all these 
parameters. In practice, it is beneficial to measure the 
input and output voltage on separate meters as close to 
the DUT as possible.

For current measurements, reading the current directly 
from the voltage source (for input current) and the 
electronic load (for output current) are generally close 
enough when using modern, calibrated equipment.

Instrument Objects for Efficient Data Collection

We can use the tools available in Python to create 
an object for each piece of equipment and create a 
standard list of methods that our instruments will use. 
As an example, we can make a read_v() method for 
all of our instrument objects to read the voltage value. 
At the top level, we just see the method instrument.
read_v(), but this actually maps to the specific SCPI 
commands for our instrument and returns data that 
Python can read.

For this test, we will need four instrument objects, 
though the voltage measurements will be instances of 
the same object with different addresses (same meter, 
different GPIB address).

As this equation gives a fraction less than 1, it is 
customary to multiply by 100 and express efficiency as 
a percentage.

POWER SUPPLY SETUP

For the following test, I am using a 720 W adjustable 
DC-DC power supply from DROK (shown in 
Figure 1). For the purpose of this example efficiency 
test, I am using a constant input voltage of 25 V with 
a fixed output of 12 V. Note there is a large fan near 
the North side of the board which turns on when the 
power supply is under heavy load. We will see the 
effects of this fan in the full efficiency characteristic.

PRACTICAL EFFICIENCY MEASUREMENTS¶

In order to measure the efficiency of a DC-DC power 
supply, we must apply a source voltage vs and a load 

Figure 1: Drok 720 W Adjustable DC Power Supply

Figure 2: Practical instrumentation of power supply for efficiency measurements



http://www.us.lambda.tdk.com/products/programmable-power
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In [8]:
class hp34401(object):

    def __init__(self, visa_address):
        self.pyvisa = pyvisa.ResourceManager().
open_resource(visa_address)
        
    def read_v(self, average=1):
        #start from v=0, add values and average as 
needed
        v = 0.0
        self.pyvisa.write("CONFigure:VOLTage:DC")
        
        for x in range(average):
            v += float(self.pyvisa.query("READ?"))
            
        voltage = v / average
        
        return voltage

We also need to import a few libraries which will be 
helpful for this test:

In [9]:
import time
import numpy as np
import pandas as pd

Then, create an object for each instrument with a 
descriptive name:

In [10]:
inst_load = SDL1000X('USB0::0xF4EC::0x1621::SDL13
GCQ6R0772::INSTR')
inst_supply = keysight_E36200('USB0::0x2A8D::0x340
2::MY61003767::INSTR',channel=1)
inst_vin_sense = hp34401('GPIB0::12::INSTR')
inst_vo_sense = hp34401('GPIB0::22::INSTR')

In [6]:
#Basic object for Keysight E36200 series power 
supply
#Note that channel must be specified
class keysight_E36200(object):

    def __init__(self, visa_address, **kwargs):
        self.pyvisa = pyvisa.ResourceManager().
open_resource(visa_address)
        #
        #Setup some things
        #
        self.__channel = int(kwargs['channel'])
        
        #check if this is the correct device
        
    def set_v(self, voltage):
        self.pyvisa.write('VOLT {0:G}, (@{1})'.
format(voltage,self.__channel))
    
    def set_i(self, current):
        self.pyvisa.write('CURR {0:G}, (@{1})'.
format(current,self.__channel))
    
    def read_v(self):
        return float( self.pyvisa.query('MEAS:VOLT? 
(@{0})'.format(self.__channel)) )
        
    def read_i(self):
        return float( self.pyvisa.query('MEAS:CURR? 
(@{0})'.format(self.__channel)) )

    def output_enable(self):
        self.pyvisa.write('OUTP 1, (@{0})'.
format(self.__channel))
    
    def output_disable(self):
        self.pyvisa.write('OUTP 0, (@{0})'.
format(self.__channel))

In [7]:
class SDL1000X(object):

    def __init__(self, visa_address):
        self.pyvisa = pyvisa.ResourceManager().
open_resource(visa_address)
        #
        #Setup some things
        #
        
    def read_v(self):
        return float(self.pyvisa.
query('MEASure:VOLTage:DC?'))
        
    def read_i(self):
        return float(self.pyvisa.
query('MEASure:CURRent:DC?'))
        
    def set_i(self, current):
        self.pyvisa.write(':SOURce:CURRent:LEVel:I
MMediate {0:f}'.format(current))
        
    def output_enable(self):
        self.pyvisa.write(':SOURce:INPut:STATe ON')
        
    def output_disable(self):
        self.pyvisa.write(':SOURce:INPut:STATe OFF')

We now have objects for the four instruments we 
are using to measure efficiency, and each instrument 
has high-level methods with descriptive names. 
Note again that the actual SCPI commands sent to 
each object are very different, but the intended data 
(like measuring current) returns the appropriate 
data for Python.

Calibrate Input Voltage

The wire connecting from the power supply to the 
DUT has a finite impedance, and when the input 
current increases (due to increasing load current), 
the input voltage seen at the input of the DUT will 
decrease. In order to compensate for this effect, we 
can directly measure the voltage right at the DUT 
and increase/decrease the supply voltage to stay 
within a certain bound (in this case, 10mV).



   DECEMBER 2024    IN COMPLIANCE  |  39   

In [11]:
def calibrate_vin(supply, sense, v_target):
    
    v_meas = sense.read_v()
    v_diff = v_meas - v_target

    #Keep input to within 10mV
    while abs(v_diff) > 0.01:
        supply.set_v(supply.read_v() - v_
diff/1.5)
        time.sleep(1)
        
        v_meas = sense.read_v()
        
        v_diff = v_meas - v_target

Cooldown¶

When using the calibration function above and at 
very high load currents, it is possible that the input 
voltage will be so high that it could electrically 
overstress (EOS) the device we are testing. To avoid 
this, we can create a simple “cooldown” loop that 
decreases the load and lowers the supply voltage 
slowly down to a safe voltage:

In [12]:
def cooldown(v_final,steps):
    #Read current and voltage right now
    v_now = inst_supply.read_v()
    i_now = inst_load.read_i()
    
    #Determine step size
    v_step = (v_now - v_final)/steps
    i_step = i_now/steps
    
    #Reduce by step sizes
    i_now -= i_step
    v_now -= v_step
    
    for s in range(steps):
        inst_supply.set_v(v_now)
        inst_load.set_i(i_now)
        i_now -= i_step
        v_now -= v_step
        time.sleep(1)
    #Disable when current is 0 and voltage is at 
target
    inst_load.output_disable()
    inst_supply.output_disable()

Initial Setup¶

Next, we need to set up the loads point we will 
use for our test and set the remaining parameters. 
All test data will be stored in a Pandas DataFrame 
object which will be useful for plotting and 
exporting to .csv later on.

In [13]:
load_currents = np.linspace(0,5,51) #100mA steps
#load_currents = np.logspa
ce(-2,0.6989700043360189,100)

supply_voltage = 25

inst_supply.set_v(supply_voltage)
inst_supply.output_enable()
time.sleep(1)

inst_load.set_i(0)
inst_load.output_enable()

input("Press ENTER when ready\n")

row_counter = 0

column_labels = ['Vin_set','Iload_set','Vin','Iin'
,'Vout','Iout','Efficiency']
all_data = pd.DataFrame(columns=column_labels)

Loop Through Currents¶

The main loop works as follows:
1.	 Set the next load current value on the electronic 

load;
2.	 Wait for the current to stabilize;
3.	 Calibrate the input voltage (right at the DUT) to 

keep this close to the supply voltage value;
4.	 Read all meters and calculate efficiency;
5.	 Store all read data as a new row in the all_ data 

DataFrame; and
6.	 Increment the row counter and continue to the 

next load value.

In [14]:
for lc in load_currents:
    inst_load.set_i(lc)
    time.sleep(1)
    calibrate_vin(inst_supply, inst_vin_sense, 
supply_voltage)
    
    data = [supply_voltage,
    lc,
    inst_vin_sense.read_v(),
    inst_supply.read_i(),
    inst_vo_sense.read_v(),
    inst_load.read_i()]
    
    efficiency = (100* data[4] * data[5]) / 
(data[2] * data[3])
    data.append(efficiency)
    
    #print(*data, sep=",")
    all_data.loc[row_counter] = data
    
    row_counter += 1
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We have also used the plotting tools in Python to create 
graphs of efficiency for this test.

With the basic program in place, it is possible to modify 
this program to add features, including:
•	 Loop through different input voltages;
•	 Change the tested currents;
•	 Save plot data as image or pdf files; and 
•	 Save data as a Word document or PowerPoint slides. 

Cooldown and Save Data¶

Once the loop is complete, cooldown in 10 steps 
and save the  all_data DataFrame to a .csv file 
(with a timestamp that guarantees all data files 
are unique):

In [15]:
cooldown(supply_voltage,10)

timestamp = time.strftime("%Y.%m.%d.%H.%M.%S")

all_data.to_csv('.\\data\\
Efficiency_'+timestamp+'.csv')

Plot data inline¶

Since the entire all_data DataFrame still exists in 
memory, we can easily plot this using matplotlib:

In [22]:
%matplotlib inline
import matplotlib.pyplot as plt

In [31]:
all_data.plot(x='Iout',y='Efficiency')
plt.title('Efficiency vs. Load Current')
plt.xlabel('Load Current (A)')
plt.ylabel('Efficiency (%)')
plt.show()

Note that there is a large dip in efficiency when 
the load current is near 2 A. This is the point 
where the fan on the DC-DC converter turns 
on and causes a noticeable kink in the efficiency 
characteristic.

Plot With Log X Axis¶

Similarly, we can change the X axis to logarithmic 
scale, which tends to show a smooth curve when 
plotting efficiency:

In [37]:
fig, axs = plt.subplots(1)
all_data.plot(ax=axs,x='Iout',y='Efficiency')
plt.title('Efficiency vs. Load Current')
plt.xlabel('Load Current (A)')
axs.set_xscale('log')
plt.ylabel('Efficiency (%)')
plt.show()

SUMMARY

Using Python and the PyVISA library, we have 
created instrument objects and a simple program 
to tabulate the efficiency of a DC power supply. 

Figure 3: Python plot of efficiency vs. load current

Figure 4: Plot of efficiency vs. load current with a logarithmic X axis
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OBTAINING NRTL APPROVALS
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inspections to verify that the product continues to be 
manufactured as originally certified. 

The 5-Step Certification Project Process is as follows: 

Step 1: Construction Review

The assigned NRTL engineer reviews the physical 
design of the product to determine its compliance with 
the applicable safety standards and inspects samples 
of the product while verifying and documenting 
compliance. They will confirm spacings (creepage 
and clearance distances), review the instruction 
manual, and all markings and labels. This is a time-
consuming process, and the report is hundreds of 
pages in length. As part of their investigation, the 
NRTL will review schematics, block diagrams, 
unvarnished (or un-potted) samples of transformers, 
adequacy of dimensions/spacings on actual samples, 
adequacy of safety-critical components such as fuses, 
Y-capacitors, X-capacitors, optocouplers, terminal 
blocks, the enclosure, and other product markings. 
The safety instructions required by the standards 
must be included in the instruction manual and the 
NRTL will also review this information as part of the 
certification efforts. 

During their investigation, the NRTL is looking 
for any issue that would jeopardize protection 
against electric shock or protection against 
mechanical hazards. 

They look for resistance to mechanical stresses, 
protection against the spread of fire, equipment 
temperature limits and resistance to heat, protection 
against hazards from fluids, protection against 
radiation, including laser sources, and against 
sonic and ultrasonic pressure. Finally, they look for 
protection against liberated gases and substances, 
explosion, and implosion if applicable to the product.

Most markets of electrical/electronic devices 
require some form of third-party safety 
agency certification of the products before 

they can be sold into that market. In North America, 
this involves working with a third-party safety 
certification agency, also known as a Nationally 
Recognized Testing Laboratory (NRTL), the entity 
that verifies the product complies with the applicable 
UL/CSA safety standards. 

Working with an NRTL such as UL or CSA can 
be very challenging and frustrating. The usual 
experience is that projects are late, costs are overrun, 
and certification reports are often inaccurate. This is 
not always the fault of the NRTL. 

CUSTOMER ACCEPTANCE

For most electrical/electronic products, the 
NRTL certification logo must be printed on 
NRTL‑approved labels, and the label must be placed 
on the products before they can be installed at a 
customer’s premises, installed into customer racks or 
panels, and later powered on for official use by the 
customer. The NRTL logo on the product confirms 
it has been evaluated by an NRTL and complies 
with all applicable product safety standards. Due 
to OSHA, other safety regulations, and customer 
requirements, there is usually no way to bypass 
the NRTL third‑party certification process, and 
involvement of an NRTL in electrical/electronic 
development is nearly necessary. 

THIRD-PARTY PRODUCT SAFETY 
CERTIFICATION APPROVAL PROCESS

An NRTL certification process is a lengthy 
5-step process culminating in either a “Findings 
Report” for products that do not comply or a 
“Certification Report” for products that do comply. 
The Certification Report is used during factory 
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Certification Report

If all goes well and the product is found to comply 
during the construction review and testing, the NRTL 
engineer drafts a Certification Report instead of a 
Findings Report. The Certification Report controls 
the elements of the product that are critical to 
bringing the product into compliance with the safety 
standards. Items that are considered critical include 
safety critical components (i.e., items that provide 
isolation), dimensions, materials, safety instructions, 
and required markings. Pictures and illustrations are 
included in the report. Manufacturers use this report 
to guarantee they continue to produce a product that 
complies with the safety standards. 

Step 4: Project Review

A second NRTL engineer reviews the draft 
Certification Report produced by the original NRTL 
engineer assigned to the project. The second NRTL 
engineer must agree with the first engineer’s conclusions 
that the product complies with the safety standards 
and the product was tested adequately. Very often, 
the reviewing engineer finds discrepancies that affect 
the Certification Report and which the first engineer 
must correct before certification is granted. Sometimes, 
this finding negatively impacts the manufacturer, 
especially if additional testing is deemed necessary or 
a component is found non-compliant with the safety 
standards late in the product development cycle.

Step 5: Report Issued

After review and approval by a second NRTL 
engineer, the NRTL issues the Certification Report. 

The manufacturer must verify this report is accurate 
prior to project closure; otherwise, they could receive a 
variation notice (i.e., non-compliance finding) during 
one of the unscheduled quarterly factory audits that 
are performed by the NRTL. It is during these audits 
that the NRTL reviews the report issued against 
the product produced to ensure the manufacturer is 
continuing to produce a product as described in the 
report and which complies with the safety standard. 

Step 2: Testing

The worst-case product configuration/loading is 
selected for testing. The purpose of testing is to 
confirm that safety hazards do not exist during 
normal operation and single fault conditions. A test 
plan guides the NRTL in selecting test conditions 
and test parameters for each test and each product 
variation to be tested. When prototypes are available, 
several samples of the product must be sent to the 
NRTL, or the NRTL must visit the manufacturer to 
conduct a safety investigation and perform testing. 
The NRTL will conduct many tests on the product, 
including temperature, humidity, dielectric strength, 
impulse, ingress protection, overload, breakdown of 
components, transformer abnormal operation, ground 
continuity, and impact – just to name a few!

Step 3: Project Reports

Based on the results of the construction review and 
testing, one of two different reports may be generated 
by the NRTL.

Findings Report

If it is determined the product is non-compliant 
in construction features or test results, the NRTL 
engineer provides a Findings Report that summarizes 
their concerns. The NRTL engineer working on the 
project is usually not allowed to provide solutions to 
correct any non-compliance; they may, however, provide 
suggestions for bringing the product into compliance. 
If a Findings Report is received, expect an extension of 
the project timeline and an increase in fees associated 
with a re-evaluation of the corrected product.

The purpose of testing is to confirm that safety hazards do not exist during normal 

operation and single fault conditions. A test plan guides the NRTL in selecting test 

conditions and test parameters for each test and each product variation to be tested. 
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PRODUCT COMPLEXITY

Complicating the product safety certification process 
is that many electrical/electronic products have many 
different configurations available, several of which 
have circuits that are considered hazardous from a 
safety perspective because of the voltages, currents, 
and/or energies involved. This variety and complexity 
confuse the NRTL, making their job much more 
difficult. With the manufacturer’s help, the NRTL 
must determine the worst-case configuration for 
testing, and this often involves some experimentation, 
resulting in extra time and money over what is 
typically required for much simpler products.

HISTORICAL NRTL ISSUES

Some of the issues the author has experienced during 
product safety certifications include: 
•	 NRTL engineer lacked experience and overlooked 

some requirements. 
•	 NRTL didn’t understand the full scope of the 

project prior to quoting.
•	 Tests were not performed correctly, and retesting 

was required.
•	 NRTL requested additional scope not originally 

agreed upon during project planning resulting in 
further delays and increased costs.

•	 Issues with safety-critical components were 
identified too late in the project.

•	 Uncoordinated findings were provided 
throughout the review.

•	 Inconsistent instruction manual safety 
information provided. 

WHAT MANUFACTURERS CAN DO TO 
MAKE THIRD-PARTY SAFETY CERTIFICATION 
GO EASIER?

Projects that do not involve long-term testing can 
be completed within an 8-to-12-week timeframe; 
however, the author has experienced that the time 
required is much longer with some NRTLs.

Here are some tips that have proved helpful in 
obtaining NRTL approval more effectively:
•	 Generate a critical component list early in the 

product development process and verify that 
these components comply with relevant  
UL/CSA/IEC standards. Obtain third party-
issued IEC CB Certificates, UL/CSA File 
numbers, and datasheets for these safety-critical 
components.

•	 Consider having the NRTL conduct a 
preliminary investigation of the design, 
especially if involves a new product concept or 
unique design. 

•	 Don’t wait for perfect samples to start testing. 
•	 Consider breaking up one big project into 

smaller ones, as the scope of the smaller projects 
will be much easier for the NRTL to understand 
and manage. 

•	 Provide correct/detailed insulation diagrams at 
the launch of the NRTL evaluation.

•	 Read the applicable standard and know it as well 
as or better than the NRTL engineers.

•	 Design the product to comply with the standard 
from product inception. 

SUMMARY

Working with an NRTL to obtain product safety 
certification is often a laborious process that often 
results in cost increases and product shipment 
delays. With slight changes to how manufacturers 
go about it, many of these troublesome issues 
can be avoided, costs will decline, and product 
shipment deadlines will be met. 

REFERENCE

1.	 CertifiGroup, Understanding the UL – 
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With the manufacturer’s help, the NRTL must determine the worst-case configuration for 

testing, and this often involves some experimentation, resulting in extra time and money 

over what is typically required for much simpler products.
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Abstraction Engineering Inc
http://www.abstractionengineering.com

AHD
http://www.ahde.com

American Certification Body
http://www.acbcert.com

Applied Physical Electronics, L.C. 
(APELC)

http://www.apelc.com

Atlas Compliance & Engineering
http://www.atlasce.com

Barth Electronics, Inc.
http://www.barthelectronics.com

Bharat Test House Group
http://www.bharattesthouse.com

Bicerano & Associates Consulting
https://www.polymerexpert.biz

Brighton EMC
https://brighton-emc.co.uk

Bureau Veritas Consumer Products 
Services Inc.

https://www.cps.bureauveritas.com

CKC Laboratories, Inc.
http://www.ckc.com

Clark Testing
http://www.clarktesting.com

Coilcraft Critical Products & Services
http://www.coilcraft-cps.com

Compatible Electronics, Inc.
http://www.celectronics.com

Compliance Management Group, The
http://www.cmgcorp.net

Compliance Worldwide, Inc.
http://www.complianceworldwide.com

Core Compliance Testing Services
http://www.corecompliancetesting.com

CSA Group
http://www.csagroup.org

CVG Strategy
https://cvgstrategy.com

D.L.S. - EMC
http://www.dlsemc.com

D.L.S. - Environmental
http://www.dlsemc.com/environmental/

environmental.htm

D.L.S. - Military
http://www.dlsemc.com/emc-testing/milstd/

milstd.htm

D.L.S. - Product Safety
http://www.dlsemc.com/safety/safety.htm

D.L.S. - Wireless
http://www.dlsemc.com/wireless/wireless.htm
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E3 Compliance

https://www.e3compliance.com
(833) 362-7474

Specializations:
	�Automotive & Intelligent 
Transportation
	�Aerospace & Defense
	�Medical devices and 
healthcare

Key Services:
	�EMC Pre-compliance 
Testing
	�EMC Diagnostic Testing
	�Design Consulting & 
Remediation

Accreditations:
	�iNARTE Certified 
Master EMC Designers
	�iNARTE Certified 
EMC Engineers

Unique Capabilities:
	�Design consulting, 
pre‑compliance and 
diagnostic testing all 
under one roof
	�Specialized industry 
leading diagnostic tools 
for speed an accuracy 
of diagnosis
	�Over 100 years of 
combined EMC & 
High‑Speed experience

Element Materials Technology
https://www.element.com/
connected-technologies
(888) 786-7555

Locations:
	�Atlanta-Gainesville, GA
	�Brooklyn Park, MN
	�Dallas Plano, TX
	�Irvine, CA
	�Washington, Columbia, 
Oakland Mills 

Specializations:
	�Medical Devices
	�Test and Measurement 
Equipment
	�Battery

Key Services:
	�Product Safety
	�EMC Testing
	�International Compliance

Accreditations:
	�NRTL
	�ISO/IEC 17025 (A2LA)
	�CB Testing Laboratory (CBTL)

Unique Capabilities:
	�Largest commercial cell and 
battery cycling capacity
	�Large Drive in  
EMC Chambers
	�Full service environmental 
testing services in addition to 
EMC, NRTL, and CBTL
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Element accelerates your path 
to global market access by 
providing comprehensive testing, 
certification, and compliance 
solutions under one roof - from 
early design validation through 
final certification for batteries, 
medical devices, and electronics.

Engaging E3 Compliance 
saves you time and money 
through expert design 
consulting, early pre‑screens 
and quick, accurate 
diagnostics and solutions.

We asked INDUSTRY EXPERTS to share their GREATEST VALUE PROPOSITION.

International Certification Services, Inc.
http://www.icsi-us.com

Intertek
http://www.intertek.com

ITC India
https://itcindia.org/emc-emi-testing

Lewis Bass International Engineering 
Services

http://www.lewisbass.com

Megger
http://megger.com

MiCOM Labs
http://www.MicomLabs.com

Montrose Compliance Services, Inc.
http://www.montrosecompliance.com

National Institute for Aviation 
Research

http://www.niar.wichita.edu/researchlabs/
eme.asp

Nemko Asia
https://www.nemko.com

Nemko Canada
https://www.nemko.com

Nemko Europe
https://www.nemko.com

Dayton T. Brown, Inc.
http://www.dtb.com

DNB Engineering, Inc.
http://www.dnbenginc.com

Electro-Tech Systems
http://www.electrotechsystems.com

Electronics Test Centre
http://www.electronicstestcentre.ca

Element U.S. Space & Defense
https://www.elementdefense.com

Elite Electronic Engineering Inc.
http://www.elitetest.com

EMC Bayswater Pty Ltd
http://www.emcbayswater.com.au

Energy Assurance LLC
http://www.energy-assurance.com

Enviropass Expertise Inc.
https://getenviropass.com

EOS/ESD Association Services, LLC
https://www.esda.org/eosesd-association-

services-llc

Ergonomics, Inc.
http://www.ergonomicsusa.com

ESDEMC Technology LLC
http://www.esdemc.com

Estion Technologies GmbH
http://www.estion-tech.com

ETS-Lindgren
http://www.ets-lindgren.com

Eurofins CertifiGroup
http://www.certifigroup.com

Eurofins MET Labs
http://www.metlabs.com

F2 Labs - Damascus, MD
https://f2labs.com

F2 Labs - Indianapolis, IN
https://f2labs.com

F2 Labs - Middlefield, OH
https://f2labs.com

G&M Compliance, Inc.
http://www.gmcompliance.com
(714) 628-1020

Global Testing Laboratories
http://www.globaltestinglabs.com
(865) 523-9972

Green Mountain Electromagnetics, Inc.
http://www.gmelectro.com
(802) 388-3390

H.B. Compliance Solutions
https://www.hbcompliance.com
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VPI Laboratories, Inc.
http://www.vpilaboratories.com

Washington Laboratories
http://www.wll.com

Yazaki Testing Laboratory
http://www.yazakiemc.com

Nemko USA
https://www.nemko.com

Orbis Compliance LLC
http://www.orbiscompliance.com

Product Safety Consulting
http://www.productsafetyinc.com

QAI Laboratories
https://qai.org

Quanta Laboratories
http://www.quantalabs.com

R&B Laboratory
https://rblaboratory.com

Radiometrics Midwest Corporation
http://www.radiomet.com

Retlif Testing Laboratories
http://www.retlif.com

RMV Technology Group LLC
https://www.esdrmv.com

Rogers Labs
https://www.rogerslabs.com

SGS
https://www.sgs.com/en/our-services/

connectivity-and-products/connectivity

Southwest Research Institute
http://www.swri.org

Test Site Services Inc
http://www.testsiteservices.com

TÜV Rheinland of North America
https://www.tuv.com/usa/en

TÜV SÜD America Inc.
https://www.tuv-sud-america.com/us-en

We enlisted the help of E3 Compliance after 
failing to meet EMC emissions limits on a new 
product. E3 Engineers analyzed our printed 
circuit board (PCB) and recommended 
changes that they helped implement and 
later tested with passing results. Our 
only regret is that we did not engage with 
E3 Compliance earlier in the process.”
Dan Morris, Manager of Technology & OEM Engineering

Snap-On Business Solutions

We asked INDUSTRY EXPERTS to share a 
favorite CUSTOMER TESTIMONIAL.

Engage Element’s compliance experts 
during your early design phase to develop 
an optimized test plan that prevents costly 
redesigns and retesting. By mapping out 
international requirements upfront, we 
can help you navigate complex regulatory 
landscapes and achieve faster time‑to-
market through strategic testing sequences 
that satisfy multiple market 
requirements simultaneously.

Come prepared to collaborate 
with us at E3 Compliance. 
We enjoy working side by 
side with our customers and 
learning from each other as 
we work together to identify 
solutions for the challenges 
you’re facing.
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