The rough guide to the Digital Multi-Meter (DMM)
Digital Multi-meters

With a vast array of DMM on the market it is necessary to decide just what you need for the job in hand.  If you are handling complex engine management diagnostics then you would imagine the more expensive, the more test functions.  This is not always the case and it is advisable to decide what the essential functions are and which added value features are more important to you.  The range of each test is also important but the price does not always indicate the best Multi-Meter,
We have assessed the basic functions and the more popular automotive diagnostic functions plus some of the latest added value features to give a rough guide on just what to choose.
Analog meters are still popular in the world of Classic Vehicles but do not have the appropriate scales and functions needed to test the ECU’s and sensors on modern vehicles. 

Typically these meters are accurate to +- 5% whereby the later DMM is accurate to +- 1%.
Since analog meters have a low internal resistance (input impedance) they draw too much power from the device they are testing and will affect the accuracy of the reading. The bar graph reading however is still an asset when testing more classic cars. 

OHMS LAW
Just to remind you.

Voltage, current and resistance are the three elements of Ohm’s Law.

With any two elements available, the third can be calculated.
i.e. 0.1amp = 12v/120ohms
BASIC FUNCTIONS ESSENTIAL ON EVERY METER

DC VOLTAGE 



Volt is the unit of electrical measurement which basically defines the force which drives current through the circuit. Voltage is measured in parallel across the device.  
Automotive fault diagnostics include:
 Battery conditions, charging systems output, bad connections/earths especially in the critical starter motor circuit, sensor outputs – such as temperature sender units and electric oil pressure senders
Measuring the voltage level indicates  
· Is there any voltage present

· How much voltage is there

· Is the right amount of voltage is getting to the component. 
· Is the circuit sending electricity to the component being tested 

· the amount of voltage being used by a component by the voltage drop 
AC VOLTAGE



AC Alternating Current - an electricity supply which is generated mechanically and changes direction at very frequent intervals

This measurement is made at the alternator output not on the battery terminal with the engine idling
Automotive fault diagnostics include: 
Faulty alternators, wheel speed sensors and vehicle speed sensors, MAF sensors etc
DC CURRENT (Amps) 

Current which flows in only one direction. Measured in series, the entire current being measured flows through the meter with the Power Off
Automotive fault diagnostics include:  
Parasitic loads, circuit overloads, control circuit current, circuit operating current and current in different branches of circuit

RESISTANCE
This is the restriction in a circuit which tries to stop the flow of current electricity through the circuit.  A conductor has low resistance whereas an insulator has very high resistance – between these two extremes, varying levels of resistance occur as a result of faults or because components introduced to achieve desired effects.
Test will show:
· Faulty wires which will show up as having excessively high resistance

· Resistance in HT leads – too low or too high will cause intermittent running problems

· Coil resistance – manufacturers can supply resistance figures for the coil

· Resistance of a conductor (wire cable or switch)

· The value of a resistor

· The operation of a variable resistor
DIODES
A one way gate in an electrical circuit, usually used to protect a circuit or a device against reverse connection or flow.   A diode is an electronic switch, it turns on when the voltage is over a certain level, generally greater than 0.3 volts for a silicone diode and allows current to flow in one direction.
Suitable tests include:

· Alternator charging

· Rectifier used to turn AC current into DC

CONTINUITY
Shows continuity in electrical circuits - no restrictions or breaks. A DMM with an audible continuity tester allows you to complete continuity tests without visual access to the multi-meter. 
Continuity Tests determine:

· Good or blown fuses

· Fusible links

· Open or shorted conductors and wires

· Circuit paths for the operation of switches (by circuit or conductor tracing)

For example – making sure the switch on the dashboard is connected to the right component under the bonnet
SPECIFIC AUTOMOTIVE APPLICATIONS

DWELL ANGLE 
The period of rotation during which current flows in the ignition system.  The angle around the CAM, which controls the time during which the contact breaker points remain together (in early ignition systems).  A rev counter under the bonnet is useful for ignition timing, when a timing light is used to set the engine speeds.
This automotive function is required for Classic Cars (Pre 1980’s) for vehicles without transistorized ignitions systems
TACHOMETER

Indicates engine speed as a result of counting pulses of current electricity passing through the ignition system
RPM refers to revolutions per minute.  To measure RPM you will need to determine whether you are looking at a 2 or 4 stroke engine and how many cylinders are in the engine. (An inductive pick-up allows you to measure RPM without removing HT leads.)
TEMPERATURE MEASUREMENTS
There are many before and after temperature measurements that are important for fault diagnostics on vehicles 
· Checks electric cooling fan sensors

· Checks Coolant/oil temperature senders and gauges

· Air conditioning vents
DUTY CYCLE

Measures the amount of time something is on compared to off

· Pulsing fuel-inspection systems

· ABS wheel-speed sensors

· Signals from CAM or CRANK sensors

· Control signals from injectors

FREQUENCY
A measurement of the rate of recurrence of events 

For example: Fluctuation of an electrical wave (or signal) vibration.  Frequency of rotation is measured (by a Tachometer) in RPM – revolutions per minute.
If one complete cycle of an event occurs every second, the frequency is 1Hz

Measures the frequency of a sensor
· Wheel speed sensors

· Vehicle speed sensors

· Fuel injector control signals

· Engine reference signals

· Cam and crank outputs

TRANSISTORS
A transistor is a form of electronic switch, replaced now with an integrated circuit and probably only used by the home electronics engineer/hobbyist.
There are two types of Transistor test:

NPN negative voltage on the collector/PNP positive voltage on the collector
Hfe refers to the h parameters of the transistor and is standard to common emitter connection.

The meter will impose a standard test condition of 10uA base current and <=3volts collector emitter voltage.  The Hfe reading given can be checked against the transistor data information
PULSE WIDTH

Pulse Width is the amount of ON time for a pulse.  This function is as significant on modern vehicles as Dwell is on older vehicles. Pulse 
For example the pulse width of a fuel injector tells you how long the fuel injector was opened
· Fuel injectors
· Fuel mixture control solenoid

· Idle air control motor
OTHER VALUE ADDED FEATURES
· Large, easy to read Digital Display panel (Back lit if possible) Readings should rise smoothly as the meter opens – 
· An additional bar graph display for seeing the actual rise

· Data Hold facility allows frozen reading for later viewing
· Crocodile clips on the test leads leaves hands free to work on the Multi-meter and engine

· Inductive pick up clamps around the spark plug lead and gives accurate RPM measurements regardless of number of cylinders.  Allows you to measure RPM on 2/4 stroke engines with any number of cylinders without physically touching any wires.
· Rubber shroud for protection

· Stand for visible positioning in engine bay

· Average reading at the end of test period

· Analog Bar Graph on a DMM – a special scale divided into segments, which clearly indicates both level and variation of a displayed reading.  In use it provides the advantages of an analog display.  For example on a digital multi-meter where the digits may be fluctuating.  A good bar graph responds quickly to change.
· DC Clamp on Current probe allows you to make DC current measurements that exceed the 10amp limitation of the DMM without breaking the circuit

For example measuring the current draw of the fuel pump
· MIN/MAX function allows you to record events that are occurring too quickly for you to visually record.  

For example: the output on an oxygen sensor
· Transistors?
· Trigger facility where ECU triggers a reading?
· Auto Ranging – automatic selection by a multi-meter of the most efficient scale on which to accurately display a reading
