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Introduction 
Pico Technology was established in 1991 and quickly became a leader in the field of PC oscilloscopes, 
data loggers, and automotive diagnostic equipment. 

Pico Technology has always been recognized for providing innovative, cost-effective alternatives to 
traditional test equipment and data acquisition products. In doing so, it has made high-quality 
instrumentation affordable. 

Pico Technology and our 5 Steps to success 

In Steps 1-4 of our 5 steps to success training programme, you will already have covered 
Pico Technology, what a PicoScope is, and how it works as a diagnostic tool. More importantly we 
hope you see how our products can benefit your business. If however you would like a refresh on 
any of this information, you can find it on www.picoauto.com. 

The equipment 

The PicoDiagnostics NVH kit makes use of the PicoScope 4000 Series automotive scopes, and is 
available in a number of configurations to suit your needs. These products are the tools you need to 
identify and diagnose unwanted vibration and noise sources in a vehicle. 

PicoDiagnostics 

PicoDiagnostics is an automotive fault-finding software package for your PicoScope oscilloscope, 
turning your PC/laptop into a multifunctional diagnostics tool. It includes a range of in-built tests 
that are easy to operate, such as compression tests, battery and alternator tests, cylinder balance, 
and NVH. 

Our software is continually updated, so that you’ll always have access to the newest content and 
features. 

A key point with the PicoScope Automotive software is that the software is free and can be 
downloaded by anyone, even those without a PicoScope oscilloscope. This means that anyone can 
view your saved test data, with the same level of detail it was captured with. 

This book: Noise and Vibration testing 

This book gives a specific look into the PicoDiagnostics NVH products, NVH theory, our software and 
the techniques involved in analyzing the data you capture. It also incorporates the various practical 
demonstrations and tests in focus during the training. 
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Understanding NVH 
Before we step into the specifics of the PicoDiagnostics NVH software, we must first cover the 
theory of NVH. Understanding NVH, the way it is detected, recorded, and resolved, is key in a 
successful diagnosis and repair. 

What is NVH? NVH is an acronym that stands for: 

• Noise - defined as an unpleasant or unexpected sound in the wrong place at the wrong time.
• Vibration - defined as any objectionable repetitive motion of an object, back-and-forth, up-

and-down, or left-and-right.
• Harshness - defined as a sudden, aggressive suspension feel or lack of “give” in response to a

single input (e.g. potholes).

Vibration theory 

Every vibration consists of three elements: Source component, Transfer path, and a Responding 
component.  Examples of these can be: 

• Source – engine vibrations
• Transfer path – exhaust mounts
• Responding component – trim panel

While vibrations and sounds are detected by humans using different senses, they are sometimes 
thought of as separate phenomena. This is incorrect; they are in fact the same. Sound waves are 
vibrations you are able to hear, whereas vibration is a sound you can feel. Both are measured in 
hertz (Hz). 

Hertz 
Hertz is a unit of measure equal to the number of cycles completed in a second. A cycle can be 
described as an object moving from a rest state and returning back to rest. The number of times this 
cycle occurs in one second is the frequency, measured in hertz. 

Vibrations between 0 and 20 Hz are felt by humans, vibrations between 20 and 200 Hz can be felt 
and heard, while vibrations between 200 and 20,000 Hz (20 kHz) can only be heard and not felt. 
Vibrations above 20 kHz are classed as ultrasonic, and are out of range of the human ear. 

20 Hz Vibration only 200 Hz Vibration and noise 20 kHz Noise only 
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Pitch 
The pitch of a sound is related to its frequency; the higher the frequency (the more cycles per 
second) the higher the pitch (such as the whine of a differential). 

High frequency = high pitch 

Low frequency = low pitch 

Energy 
A vibration is a type of acceleration, and that acceleration can be measured. By detecting and 
displaying the size (amplitude) of a vibration, the PicoDiagnostics NVH kit reveals accurate 
information that is vital in solving NVH complaints. A common unit of acceleration is the g (short for 
'gravity'), or its smaller fraction the mg (milli-g, or one thousandth of a g). 

Every object has a natural frequency, partly determined by its mass. Generally the larger the mass of 
an object, the lower the natural frequency of that object is. When the frequency of a forced 
vibration on an object matches the natural frequency of that object, we experience resonance. 



6 

Resonance 
Resonance occurs when an external force (forced vibration) causes an object to oscillate (vibrate) 
with a greater amplitude at its specific natural frequency. 

An object’s natural frequency depends on its rigidity. A stiffer object has a higher natural frequency 
than a flexible object. 

Vibration orders (harmonics) 

Vibration orders are the number of disturbances created in one cycle (revolution) 
of a component. First order vibrations occur once per cycle (or revolution of, for 
example a wheel). A first order tire vibration is referred to as a T1 in the NVH 
software. The tire image shown has an obvious flat spot. A tire with this form of 
wear generates one disturbance per revolution, appearing as a T1 in 
PicoDiagnostics. 

Second order vibrations occur twice per cycle (or revolution). A second order vibration is referred to 
as a T2 in the NVH software. Vibration orders apply to any rotating component (not just wheels). The 
PicoDiagnostics NVH software can identify the following vibration orders: 

• Engine vibration orders are marked as: E1, E2, E3, E4, etc.
• Tire vibration orders are marked as: T1, T2, T3, T4, etc.
• Propshaft vibration orders are marked as: P1, P2, P3, P4, etc.

It is important to note that where E, T or P markers are used within the NVH software, they can 
relate to components rotating at a speed that matches that of the engine, tires, or propshaft; not 
just the engine, tires, or propshaft themselves. 
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Get to know the NVH hardware from Pico Technology 
The NVH three-output interface from Pico Technology allows a microphone or accelerometer to be 
connected to your PicoScope. The NVH interface supplies power to the microphone or 
accelerometer, and transmits the vibration and sound signals (as a voltage) to the PicoScope It then 
uses the PicoDiagnostics software to reveal the vibration forces on-screen. 

Accelerometer 

An accelerometer is a vibration sensing device that can be attached to the 
vibrating area of concern of the vehicle. It can be secured either by use of the 
supplied magnetic base, or with a mounting screw. In some situations you may 
have to secure the accelerometer with a different method (depending on the 
placement in the vehicle). 

Microphone 

The microphone supplied in the NVH kit is omnidirectional and can be mounted 
inside or outside the vehicle to detect the source of a noise complaint. The output 
signal is fed into the PicoScope via the NVH interface box. 

J2534 OBD Interface lead 

The Mongoose Pro high performance J2534 OBD interface lead is ideally suited to 
work alongside the PicoDiagnostics NVH hardware. While not1 included within 
our NVH kits, this lead connects your laptop to the PCM of the vehicle via USB 
through the OBD-II connector. This type of connection is ideally suited to obtain 
VIN, engine and road speed information. 

1 At time of writing 
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Notes: 
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PicoDiagnostics 
The PicoDiagnostics software can be launched by double clicking the icon on your PC’s 
desktop. 

The familiar PicoDiagnostics welcome screen is shown, and the NVH button is located in the 
collection of buttons on the left side of the screen. 

At first use of the NVH software feature, a license key is 
required. This license key can be obtained from Pico 
Technology (support@picotech.com). The NVH license key 
that is supplied enables the NVH feature to work with a 
particular PicoScope (the serial number of the scope that 
will be used for NVH testing is required in order to receive 
a license key). Note that an NVH license key is only 
required to enable the capturing of data; you do not need a 
license key or a PicoScope to analyze the results. 

When you click on the NVH button, the NVH Analyzer 
Setup Wizard will appear. When you complete an NVH 
test, the vehicle details are loaded into the software 
through the Wizard function, or by recalling a previously 
stored vehicle’s details. Test connections and conditions 
are also confirmed in the Wizard. 

Summary of basic required information 

If you do not use the Wizard, certain setup information must be added, such as: engine RPM, engine 
configuration, the number of cylinders, drivetrain, differential ratio, and tire size. 

Entering the correct data is vital. By using engine or road speed data PicoDiagnostics can calculate 
the rotational speed and frequencies of all the components on our vehicle. Once all vehicle 
information is confirmed the test can begin. PicoDiagnostics will detect any vibrations via the 
accelerometer, and displays them in order based on the calculated speeds and frequencies. 

Example calculations 

Below is an example of an NVH frequency calculation, based upon the following vehicle information: 

Engine at 50 Hz, transmission 3rd gear ratio 2:1, final Drive ratio 4:1. 

Engine at 50 Hz (into the transmission) —The engine and transmission input shaft rotate at 50 Hz, so 
any vibrations occurring at 50 Hz are related to these components. 

Input into transmission at 50 Hz / 2:1 (3rd gear ratio) = 25 Hz. The transmission output shaft and 
propshaft rotate at 25 Hz, so any vibrations occurring at 25 Hz are related to these components 

mailto:support@picotech.com
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Propshaft at 25 Hz / 4:1 (differential ratio) = 6.25 Hz. The crown wheel, driveshafts and vehicle’s 
wheels rotate at 6.25 Hz, so any vibrations occurring at 6.25 Hz are related to these components 

Likewise, the same calculation can be made from the vehicle’s wheels back to the engine, where tire 
sizes are included. 

Displaying your results 

The PicoDiagnostics NVH software can display test results in a variety of formats. 

Frequency Chart 3D Frequency Chart 

Road Speed Vibration Order Time Domain 

Bar Graph RPM order 
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Notes: 
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T1 vibration detected 

Here we have the test results obtained from a vehicle with a single flat spot on a tire. You can clearly 
see the T1 vibration detected by the PicoDiagnostics software, peaking at 22 mg: 

The vehicle had a new offside rear tire (and 2 x rear coil springs) installed, and the vibration test was 
then repeated. Below, we can see the T1 is still detected but at an acceptable level of just 5.18 mg, 
confirming a 76% reduction in vibration: 

How did PicoDiagnostics detect the T1? 
The software uses the following information, as well as the vehicle information as entered by the 
technician, to calculate the 21.4 mg vibration as a T1: 

• Average engine speed 2000 rpm / 60 = 33 Hz (approximately)
• 33 Hz into 6th gear (ratio 0.638:1) 33 Hz / 0.638 = 51 Hz (approximately)
• Transmission output shaft 51 Hz into differential (ratio 3.238:1)
• 51 Hz / 3.238 = 15.75 Hz, the approximate frequency of our wheels and tires (T1)

Alternatively, wheel frequency can be calculated via the OBD road speed signal, and tire size data. 
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P1 vibration detected 

A P1 result in an NVH test indicates a possible propshaft imbalance. We can test the balance of the 
propshaft with the PicoDiagnostics Propshaft Balancing software. 

The Optical Sensor kit from Pico Technology obtains RPM, generating the speed signal 
for any component. In this case it will be used to obtain propshaft speed. 

The Propshaft Balancing feature of PicoDiagnostics also has a Wizard feature, and will 
guide you through the setup of the test: 
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The results from the propshaft balancing test show that the imbalance is 0.0g-cm, the location of the 
weights is correct, and therefore the propshaft itself is not the cause of the P1: 

Supporting documentation and further information 

There are two help files in the PicoDiagnostics software. These are both accessed 
via the Help menu. Contents… opens PicoDiagnostics User’s Guide. This file gives 
an overview of information on all aspects of the software, including menus and the 
various tests and feature available. 

Show Vibrate Help opens the NVH Assist Manual, a help file that takes the technician from the 
principles of NVH, and the various speed-related vibrations that may be detected, to the potential 
cause and diagnosis of those vibrations. 
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Notes: 
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Practical Demonstrations 
and Tests 
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Test 1: Propshaft balancing 
Why this test 

The purpose of this test is to demonstrate the balancing procedure for a propshaft where a high P1 
vibration level has been recorded using the NVH software. The balancing rig is designed to simulate 
a propshaft imbalance and allows for the pinion flange method (VM) or hose clamp method (AM) of 
balancing. 

How to connect (follow the setup wizard) 

• Channel A should be connected to the optical sensor
• Optical sensor should be positioned so as to direct the laser onto a 13 mm strip of reflective

tape affixed to the propshaft
• Channel B should be connected to the Y output of the NVH interface
• Connect 3-axis accelerometer to the input of the NVH interface

Procedure 

Once connected as above, follow the instructions provided by the set-up wizard 

You will be required to mount the accelerometer onto the rear differential unit, enter propshaft 
diameter values and drive the propshaft at a speed identified by the software at the frequency of 
concern. 

Once the set-up wizard is complete you will be instructed to add weight or reposition hose clamps to 
assist with the location of the required balance weight to reduce P1 vibration levels to a minimum. 

Time required 

The propshaft balancing demonstration can take a minimum of 1 hour and a maximum of 2 hours 

Tools required 

• All relevant vehicle and personal protection equipment
• Pico Adequate lighting (LED Torch light)
• PicoScope with PC/Laptop
• USB cable (Pico blue)
• Pico NVH kit
• Pico optical sensor kit
• Ratchet, wrenches, extensions, sockets, pliers, levers and screwdrivers relevant to gain

access to the propshaft
• A dial gauge for run-out tests
• Alignment gauge for propshaft angle measurement
• Weighted nuts/washer set or 2 x 14 g hose clamps
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Results 
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Test 2: Tire vibration 
The purpose of this test is to demonstrate the set-up wizard of the NVH software, in order to obtain 
an overview of all vehicle vibrations, while identifying T1 as our offending vibration. 

Such a test would normally be carried out on a live vehicle under road-test conditions 
with additional weight added to one of the road wheels (introducing a T1 vibration). 

How to connect (follow the setup wizard) 

• Channel A connected to the output terminal X of the three-output NVH interface.
• Channel B connected to the output terminal Y of the three-output NVH interface
• Channel C connected to the output terminal Z of the three-output NVH interface

Connect 3-axis accelerometer to the input of the NVH interface. 

In order to obtain a fictitious engine speed signal from the remote control car, the optical sensor has 
been utilised to detect the driveshaft speed (as with propshaft balancing). 

The optical sensor is positioned to direct a laser onto a 13 mm strip of reflective tape affixed to the 
driveshaft of the remote control car (this will produce one pulse per shaft revolution). 

The output from the optical sensor interface is connected to channel D of PicoScope. Engine and 
road speed can be obtained using the Mongoose Pro ISO J2534 interface lead, connected to the OBD 
socket of the vehicle and to a USB port of the laptop or PC. 

Procedure 

Once connected, follow the instructions provided by the setup wizard. 

Engine speed detection will be obtained via the optical sensor aimed at the remote car’s driveshaft 
and so channel D, square wave/tach must be selected as the chosen method of engine speed 
acquisition. 

You will be required to mount the accelerometer onto the driver’s seat mounting bolt (remote car 
roof panel is utilised here) and then to enter basic vehicle information such as tire size, engine 
configuration, cylinder count, and rear differential ratio. 

In addition to the basic vehicle information, using the Advanced feature found under the Vehicle 
Information tab transmission ratios and pulley diameters can be added for frequency calculation 
and identification. These are then displayed in the NVH Frequency Display. 

The 3-axis accelerometer is placed on the roof of the remote control car (simulating a vehicle 
chassis/seat mounting bolt), whilst the remote car is driven at speed with a weight applied to one 
rear wheel so creating a deliberate T1 first order tire vibration. 

Time required 

The T1 vibration demonstration whether using a remote control car or live vehicle can take a 
minimum of 1 hour and a maximum of 2 hours. 
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Tools required 

• All relevant vehicle and personal protection equipment
• PicoScope with PC or laptop
• USB cable (Pico blue)
• Pico NVH kit
• Pico optical sensor kit (when using a remote control car)
• Mongoose Pro ISO J2534 interface lead (when using a live vehicle)

Results 
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Test 3: Transfer path 
The purpose of this test is to demonstrate the setup wizard of the NVH software, in order to obtain 
an overview of engine vibrations whilst measuring the engine transfer path intensity with a single 
accelerometer. 

Time required 

The engine transfer vibration demonstration can take up to 1 hour to demonstrate, assuming the 
engine is connected to the chassis with a pry bar and not a fabricated transfer bracket as above. 

Tools required 

• All relevant vehicle and personal protection equipment
• PC or laptop
• PicoScope
• USB cable (Pico blue)
• Pico NVH kit
• Mongoose Pro ISO J2534 interface lead
• Any relevant hand tools to obtain access to suitable prying points about the engine in order

to connect the engine to the chassis
• Suitable pry bar

How to connect (follow the setup wizard) 

Channel A connected to the output terminal X of the 3-output NVH interface. 

Channel B connected to the output terminal Y of the 3-output NVH interface. 

Channel C connected to the output terminal Z of the 3-output NVH interface. 

Connect TA143 3-axis accelerometer to the input of the NVH interface. 

Connect the Mongoose Pro ISO J2534 interface lead connected to the OBD socket of the vehicle and 
to a USB port of the laptop or PC used during the above test. 

Procedure 

Once connected, follow the instructions provided by the setup wizard. 

Engine speed will be detected via the Mongoose Pro ISO J2534 interface lead. 

You will be required to mount the 3-axis accelerometer onto various components throughout the 
engine bay, with particular attention to the suspension brace and engine transfer bracket. 

Run the engine at idle speed and capture engine order vibrations at numerous locations throughout 
the engine bay with a view to highlighting the transfer path. 



22 

Result 
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Test 4: Time domain 
Note: At time of writing this demonstration is applicable to the beta NVH software only. 

The purpose of this test is to demonstrate the Time Domain feature of the NVH software. 

The time domain feature will capture and display the momentary amplitude of noises such as 
knocks, creaks, squeaks and clicks as a result of harshness that cannot be displayed in the frequency 
domain, due to low energy levels (unlike continual vibration). 

Time required 

The time domain demonstration can take up to 1 hour. 

Tools required 

• All relevant vehicle and personal protection equipment
• PicoScope with PC laptop
• USB cable (Pico blue)
• Pico NVH kit
• 3 x additional TA143 3-axis accelerometers and TA149 three output NVH interfaces
• Mongoose Pro ISO J2534 interface lead
• Any relevant hand tools to obtain access to accelerometer mounting points

Procedure 

Once connected as above, close the NVH setup wizard, select Multiple Sensors (adjacent to the 
Mode selection at the setup tab) and select 4 as the number of interfaces. 

Select TA143 and TA149 as your desired measurement sensors and specify their location throughout 
the engine bay. 

Engine speed will be detected through the Mongoose Pro ISO J2534 interface lead but is not 
relevant for this demonstration (engine is off). 

You will be required to mount four 3-axis accelerometers onto various chassis and body points 
throughout the engine bay, in order to detect a momentary knock applied to the chassis (RH Shocker 
Tower) using a wrench. 

Select Record and Analyse tab and click on Time Domain. 
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Result 
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