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1. Instrument Diagrams 

 

 

Figure 1: Front and back instrument diagrams 

1. Current Inject Connector (Female 37 pin D-Sub) 

2. Potential Sense Connector (Female 37 pin D-Sub) 

3. Power LED Indicator 

4. Current Injection Loop Saturation LED Indicator 

5. Communication LED Indicator 

6. Potential Sensing Loop Saturation LED Indicator 

7. Digital Input and Output BNC Connectors 

8. Analogue Inputs A and B BNC Connectors 

9. Power Connector 

10. USB-B Connector 

11. K-Type Thermocouple Connectors (Standard Miniature Thermocouple Connector) 
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2. Quick-Start Guide 

1) Connect wires to specimen 

To take a measurement you will need to attach four wires to the test specimen, two forming a ‘current 

injection’ loop with the sample and the other two forming a ‘potential sensing’ loop, as illustrated in Figure 

2. These loops should be twisted together to limit the physical area between the wires in order to reduce 

inductive cross talk. See Section 5.2 for more information on joining methods and wire requirements. 

 

Figure 2: Illustration showing wire connections to specimen and instrument 

2) Connect wires to the instrument 

The wires need to be connected to the two 37-pin D-connectors labelled ‘Current Inject’ and ‘Potential 

Sense’. The pin-out of the D-connectors are shown in Section 3.3, or you can use the provided connectors. 

Channel 1 is reserved for an internal reference measurement and should not be used. Start 

with Channel 2. The two wires that make the injecting loop should be connected to the + and – terminals 

of one of the injection channels. The two wires that make the sensing loop should be connected to the 

+ and – terminals of one of the injection channels. Multiple measurement locations can be connected using 

channels 2 to 8. 

3) Turn off auto sleep on the PC 

The software will run indefinitely until it is terminated by the user. If the PC running the software goes into 

sleep mode it will stop recording data and may become unresponsive. You will need to prevent the PC going 

into sleep mode (type ‘Change when the computer sleeps’ into the windows search bar). 

4) Connect auxiliary measurements and thermocouples 

Connect any required digital or analogue inputs and outputs to the instrument using the BNC connectors on 

the front of the instrument. These are usually used for interfacing with other equipment if necessary. 

Connect any thermocouples required for the measurement using the connectors on the rear of the 

instrument. 
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5) Connect power supply and USB cable to computer. 

Connect the power supply to the instrument using the 24V power cable provided with the instrument. 

Using the provided USB A cable, connect to the PC. The PC should automatically detect the instrument and 

load necessary drivers. If it does not check the settings on the PC (see Section 4). 

6) Open the PD Monitoring software 

The PD Soft measurement software can be run as an executable or using LabView 2017 or later if further 

customisation is required. The software should look like Figure 3. 

 

Figure 3: PD Soft user interface 

7) Configure settings 

The left hand side of the software interface allows settings to be input. The available settings are: 

File Path: The location where the data file will be saved. This folder needs to exist before the software 

can run. 

File Name: The name of the data file that will be saved. A timestamp will be added to the filename so 

subsequent file names are unique. 

Injected Current (mA): The rms amplitude of the current that will be injected. Typically, this should be 

the maximum rated for your version of the instrument. 

Gain (on/off): Initially set this as ON, but turn OFF if Amp Sat. is activated. 

Time Constant (s): See Section 3.1. The default of 3 seconds is a good start. 

PD Averaging Time (s): Needs to be greater than the time constant. The longer the averaging time the 

longer each measurements will take but the lower the standard deviation. 
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Aux Averaging Time (s): The number of seconds the auxiliary inputs will be averaged. The longer the 

averaging time the longer each measurements will take but the lower the standard deviation. The auxiliary 

measurements will be taken at the end of each measurement cycle. 

Inj Channel & Sense Channel: The software will loop over the specified list of channel combinations. 

Frequency (Hz): For each measurement channel combination, the software will loop through the list of 

measurement frequencies. Typically, only one measurement frequency is required. For non-ferromagnetic 

materials, the default of 16 Hz is likely to be satisfactory. For ferromagnetic materials, please follow Section 

5.1. 

8) Run software 

Start the measurement routine by pressing the start button, it will take a few seconds for measurements to 

begin. The data will be saved at the end of each measurement cycle in the designated location. 

9) Terminate software 

The software will run indefinitely until terminated. Press the stop button to terminate measurements. It will 

take a few seconds to stop. 

 

3. Overview 

The quasi-DC PD System is designed for measuring the electrical resistance of metallic engineering 

components and test specimens, usually in order to monitor small changes in electrical resistance caused by 

the progress of damage. Typical uses are for monitoring changes in fatigue cracks, creep cracks or creep 

deformation. 

The system uses a four-point technique: a fixed amplitude electrical current is injected across two electrodes 

joined to the component, while the potential difference is measured at two remote points, as shown in Figure 

2. The four-point technique means that the measurement is nominally insensitive to changes 

in the resistances at contact points, connections or cables. The known amplitude electrical current 

is combined with the measured amplitude of the potential difference to calculate the resistance. 

An overview of the measurement system is illustrated in Figure 4; each subsystem will be discussed in more 

detail in the following sections. The instrument uses very low frequency (0.3 Hz to 30 Hz) alternating current, 

and calculates the resistance using an in-built lock-in amplifier. A lock-in amplifier generates an output 

signal at a given amplitude and frequency and then isolates the component of the returned signal at that same 

specific frequency, in this way very small signals can be measured accurately even in the presence of much 

larger amplitude noise. The current driver boosts the fixed amplitude voltage signal from the lock-in 

amplifier to a fixed amplitude current signal. The PD measurement system has two independent 

multiplexers allowing successive switching between different current injection and potential sensing 

locations. The potential difference that we seek to measure is extremely small (typically of the order of 𝜇V) 

and therefore requires amplification before it is returned to the lock-in; the PD measurement system has an 

extremely-low noise preamplifier and amplifier chain to condition the signal. 
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Figure 4: Schematic illustration of the quasi-PD measurement system 

3.1. Lock-in Amplifier 

The lock-in amplifier generates an output signal at a given amplitude and frequency (which is subsequently 

boosted by the current driver and injected into the test component) and then isolates the component of the 

returned signal (which has been conditioned by the amplifier chain) at that same specific frequency. The 

magnitude and phase of the signal is calculated using a digital dual-phase lock-in algorithm. The result is a 

measurement that isolates the sought signal by ‘locking-in’ to the exact frequency and phase, and therefore 

suppresses other spurious signals and interference at all other frequencies. The measurement needs to be 

configured using a number of settings selectable through the software. 

Frequency: The frequency of the measurement signal that is injected into the component. 0.3-30Hz. 

Amplitude (𝑰𝒓𝒎𝒔): The r.m.s. amplitude of the injected current signal. The maximum current is determined 

by the current driver. 

Time constant (𝝉): The lock-in amplifier is continuously digitising the reference and measurement signals. 

The lock-in amplifier will run the algorithm either every one second or every one full period of the 

measurement frequency if the measurement frequency is <1 Hz. The amplifier will run the lock-in algorithm 

on the previous 𝜏 seconds of signal data determined by the time constant. Subsequent readings are only truly 

independent after one time constant. The minimum time constant is either one second or one full period of 

the measurement frequency if the measurement frequency is <1 Hz. The maximum time constant is 6 

seconds. Shorter time constants result in more independent measurements for a given time measurement 

time but greater standard deviation between subsequent readings. Longer time constants result in fewer 

independent measurements but smaller standard deviation between subsequent readings. 

Averages (𝑵): The lock-in amplifier will run the algorithm either every one second or every one full period 

of the measurement frequency if the measurement frequency is <1 Hz. The software will average 𝑁 

successive readings to record a single measurement. 

3.2. Current Driver 

The current driver boosts the reference signal from the lock-in amplifier to a fixed amplitude current signal. 

The maximum current the current driver can deliver depends on the system version; the highest specification 
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system is capable of 400 mA rms. While the user selects the fixed output current, all versions will saturate at 

3V output voltage, which will be indicated by the Inj. Sat. indicator on the measurement system and the 

software. The output voltage is determined by a combination of the loop resistance of the current injection 

circuit (the serial resistance of the wires, connectors, and sample through which the current passes through), 

𝑅𝑖𝑛𝑗, and the fixed current amplitude, 𝐼𝑟𝑚𝑠. The maximum output voltage can be calculated as, 

𝑉𝑚𝑎𝑥 ≈ 1.4 𝐼𝑟𝑚𝑠 𝑅𝑖𝑛𝑗 (1) 

If the current injection saturation indicator is activated, then ensure there is not a break in the injection 

loop circuit (if there is an incomplete circuit the current driver will try to inject the fixed current amplitude 

through an infinite resistance requiring an infinite voltage). The resistance of the current loop circuit can be 

measured with a standard multimeter, if the resistance is too great for the current level then it may be 

possible to reduce the loop resistance by using shorter lengths of wires or lower resistance wires (larger 

diameter or lower resistivity). If it is not possible to reduce the loop resistance sufficiently then it will be 

necessary to reduce the current amplitude.  

 

3.3. Multiplexers 

The standard measurement system has up to seven independent sense and inject channels, though a 15 

channel version is available on request. Channel 1 addresses a high stability (1ppm/°C) 10𝝁𝛀 

reference resistor network internal to the measurement system that may be used for 

calibration and system checking. Two 37 way D-Sub connectors on the front of the PD measurement 

system allow connection to the different measurement channels according to the pin-out indicated in Figure 

5. Each channel should be connected across the positive and negative terminals as illustrated in Figure 2. 

Screw terminal connectors are also available.  

 

 

Figure 5: Wiring diagram for the 37 pin D-Sub Current Injection and Potential Sensing connectors 
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3.4. Amplifier 

The PD measurement system has an inbuilt preamplifier and shaping amplifier to condition the measurement 

signal before it is sampled by the lock-in amplifier. There are three different preamplifier versions available, 

each decreasing the random noise level by a factor of √2. All have a fixed gain of x2000. The shaping amplifier 

has a further software selectable gain of 1x (off) or 10x (on). 

There are two sense saturation indicators. One is at the end of the preamplifier, and the other at the 

end of the shaping amplifier. These are shown on the software and if either one is triggered then the Sense 

Sat light will be activated on the instrument. If the amplifier saturation indicator is activated then the first 

course of action is to ensure the amplifier gain is off. If the preamplifier saturation indicator is activated, then 

there are two possibilities. 1) The desired signal is too large – this is possible in very high resistance 

measurements; if this is the case then the measurement signal can be reduced by reducing the injection 

current. 2) There is interference from external sources, for example from furnaces or mechanical testing 

equipment. Due to the ability of the lock-in amplifier to isolate the sought signal from the noise, sources of 

interference are unlikely to significantly impact the measurement quality unless they are at exactly the 

measurement frequency or a multiple, but if they are too large they may cause saturation of the preamplifier. 

In this case, measures will need to be introduced to suppress the interference. 

 

3.5. Auxiliary Inputs and Outputs 

In order to facilitate ease of experiments, the PD Monitoring System also has a number of auxiliary inputs 

and outputs. 

Analogue Inputs 1 & 2: 0 – 10V input range, read on demand through software. BNC connector on front 

of system. 

Digital Input: 5V TTL input read at each lock-in calculation (see Lock-in Amplifier) so may act as an 

interrupt. Also may be read on demand. BNC connector on front of system. 

Digital Output: 5V TTL output. Written on demand through software. BNC connector on front of system. 

Thermocouple Inputs (4x): Miniature thermocouple inputs on rear for K-type thermocouples. Read on 

demand through software. 

 

4. Computer Interface 

Interfacing with the PD Measurement system requires a Windows PC running Windows 7 or later with any 

USB port. 

The PC should automatically recognise the PD Monitoring System and download the latest drivers on plug-

in. If it does not, make sure the PC is connected to the internet and ensure automatic updates are activated 

(type ‘Device Installation Settings’ into the windows search bar). 

The PD Soft measurement software can be run as an executable or using LabView 2017 or later if further 

customisation is required. Follow the guidance in the Quick Start Guide to navigate the software. 

 

5. Application Notes 
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5.1. Choice of Frequency 

The quasi-DC Potential Drop measurement system utilises extremely low frequencies, from 0.3 Hz to 30 Hz. 

The purpose of this is to use a frequency that behaves as if it were DC (‘quasi-DC’) whilst benefitting from 

the noise performance of an AC measurement. Consideration must be given to choose an optimum 

measurement frequency to benefit from this proposition. 

5.1.1. The Skin Effect 

AC measurements are subject to the skin effect; injected current is electromagnetically ‘squeezed’ to the 

surface of the component. The skin-depth, δ, defined as the depth at which the current density is 1/𝑒 the 

surface density, is given by, 

where 𝜎 is the electrical conductivity of the sample, 𝑓 is the measurement frequency, and 𝜇 is the magnetic 

permeability. From Equation (2) it is evident that the higher the measurement frequency the stronger the 

skin effect and the smaller the skin depth. If the measurement frequency is sufficiently low then the skin depth 

will be much larger than the component geometry and therefore the current penetration will no longer be 

determined by the skin effect; the current distribution of the very low frequency measurements will tend to 

that of a DC measurement and become ‘quasi-DC’, as illustrated in Figure 6. 

 

 

 
 

 

 
 

 

𝑓 = 0 Hz (DC) 

  

𝑓 = 5 Hz 

  

𝑓 = 500 Hz 

  

𝑓 = 5000 Hz 

  
Figure 6: Illustration showing example current distribution for a range of frequencies. The current distribution will be determined by geometry 

and electromagnetic properties as indicated in Equation (2). 

δ =
1

√𝜋𝜎𝑓𝜇
 (2) 
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For a given measurement configuration, this behaviour is evident by taking a frequency scan, such as that 

illustrated in Figure 7. At sufficiently low frequencies, the frequency response will flatten out as it tends to 

the DC resistance. At higher frequencies the resistance will apparently increase as the current flow is 

constricted by the skin effect; the resistance measurements will tend to true-AC behaviour (𝑅 ∝ 𝑓1/2). 

 
Figure 7: Example normalised resistance against normalised frequency 

It is important that for measurements of steel or ferromagnetic materials the measurement frequency should 

be comfortably within the flat quasi-DC behaviour. The reason for this is that in these materials the magnetic 

permeability (see Equation (2)) will be highly sensitive to a range of different factors (including applied stress, 

temperature, magnetic history) and therefore should not be expected to be constant. The permeability 

change will influence the skin effect leading to undesired changes in the resistance measurement. In the quasi-

DC region, the penetration depth is not determined by the skin effect and should not therefore be influenced 

by changes in magnetic permeability. 

 

5.1.2. Flicker Noise 

The previous section concludes that the measurement frequency must be sufficiently low to suppress the 

skin-effect. There is however a cost associated with using excessively low-frequencies. Flicker noise, a source 

of random electrical noise, increases at low frequencies with a 1/𝑓 spectral power density. At high frequencies 

the flicker noise is sufficiently small that it becomes negligible compared to other noise sources but at very 

low frequencies becomes the dominant source of random measurement uncertainty. Figure 8 shows the 

input voltage noise density of preamplifier, at low frequencies the voltage noise density is seen to increase with 

1/√𝑓; the standard deviation of measurements will increase with the voltage noise density. There is therefore 

a motivation to increase the measurement frequency in order to reduce the Flicker noise. The (2)sources 

begin to dominate, the maximum measurement frequency has therefore been limited to 30 Hz. 

Figure 8 also shows the improvement in noise performance that can be achieved by utilising preamplifiers in 

parallel. Each successive parallelisation reduces the noise density by √2. There are 1x, 2x and 4x parallel 

preamp versions of the PD Monitoring System available each with improved noise performance. 
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Figure 8: Short circuit voltage noise density. Quasi-DC preamplifier noise data measured using an SR830 lock-in amplifier. Flicker noise has a 

spectral power density ∝ 𝟏/𝒇 and spectral voltage density ∝ 𝟏/√𝒇. 

 

5.1.3. Choice of Frequency Summary 

Clearly, there is a compromise to be made in the choice of measurement frequency. The prudent procedure 

for frequency selection is to: 

1) Complete a frequency scan of the sample in test, from the results identify the flat quasi-DC region. 

The chosen measurement frequency must be within this region – as a rule of thumb the possible 

systematic uncertainty from changes in magnetic properties will be of the order of (but not limited 

to) the lift-off from the DC-asymptote. 

2) Choose the highest possible frequency with an acceptable level of systematic uncertainty. 

 

5.2.  Electrical Connections and Wiring to Components 

5.2.1. Current Injection Loop 

Due to the low levels of current used in the quasi-DC PD monitoring system there is great flexibility in the 

choice of the electrical connections and wiring that make the current injection circuit; there is little electrical 

power that needs to be dissipated and therefore minimal resistive heating of connections. The primary 

requirement is that the injection loop serial resistance is not too great to cause saturation of the Current 

Driver (see Section 3.2); in practise, this permits loop resistances of a few Ohms. 

A suggested method that is appropriate for most applications (high and low temperature alike) is to use 

temperature tolerant thermocouple wire, despite its high resistivity. Lengths of around 1m can be connected 

to standard copper cable for extra reach, or connected straight to the instrument. Nichrome alloys (for 

example the positive element of a K-type thermocouple) of around 20AWG (0.8 mm diameter) will withstand 

temperatures of 1000°+. The temperature tolerant, high resistivity materials will not easily solder (and solder 

should not be used when exposing the connection to temperatures above the melting point of the solder!). 

Wire-to-wire connections can be made by using screw terminal blocks. Wire-to-sample connections may be 

made by welding: the HotSpot I Thermocouple Welder by DCC Corporation is recommended for welding 
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Nichrome alloys. Wires will need to be electrically insulated using insulating sleeve suitable for the 

temperature: glass-fibre insulation is usually suitable. The wire-to-sample connections are the primary 

reason for issues in PD measurements and great effort should be made to ensure connections are 

robust and reliable. 

Each pair of wires must be twisted together to minimise inductive cross-talk. 

5.2.2. Potential Sensing Loop 

Due to the high input impedance of the PD monitoring system, negligible current flows through these wires 

and therefore the wires do not have any electrical power requirements. The choice of wire selection will be 

determined by practical considerations, such as temperature tolerance and ability connection method. Due 

to the flexibility afforded to the current injection connections, in most cases it will be simplest to use the 

same wires and connection method as the current injecting loop. 

Each pair of wires must be twisted together to minimise inductive cross-talk. 

 


