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Vehicles today are more sophisticated than ever before. Technicians are faced with new challenges in learning new 
systems and methods of testing, diagnosing and measuring different values. Being an efficient and prosperous 
technician requires a lifetime commitment to learning. Although it is easy to become overwhelmed with all of the new 
technologies that seem to inundate us with every new vehicle model year, successful technicians will continue to be 
challenged by changes and do all they can to keep up to date and when possible, to obtain the required new test 
equipment needed to properly diagnose and repair these vehicles.
This presentation is designed to review the fundamental diagnostic skills that have been required for years and 
to touch on some new systems and technologies that are becoming more commonplace in today’s vehicle repair 
industry. It is also designed as a teaching tool for instructors to use to help their students learn the importance 
of proper electrical diagnosis and in having the correct diagnostic equipment available to them.

TODAYS TOPICS

RELAYS – OPERATION & TESTING

ELECTRICAL TEST LIGHTS – TYPES & USE

VOLTAGE DROP TESTING – METHODS & IMPORTANCE OF

PARASITIC DRAW TESTING – METHODS & IMPORTANT OF

SPECIALIZED ELECTRICAL TEST EQUIPMENT – PRO’S & CON’S
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Replace	existing	slide	on	current	page	9	with	this	one.		Changed	some	of	the	pictures.	
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From even in the early days, the vehicle repair industry has always subscribed to proper diagnosis of systems. 
Guessing as to the cause of a problem is a very inefficient and expensive strategy to use. Today, with the costs 
of repair parts being very prohibitive, making a proper and accurate diagnosis of the problem is more critical than 
ever. With today’s vehicle systems being so inter-connected, replacing one part often mandates the reprogramming 
and re-learning of many others. Installing an unnecessary part due to a wrong diagnosis can often cause additional 
vehicle performance problems.

																																																	 	
From	even	in	the	early	days,	the	vehicle	repair	industry	has	always	subscribed	to	proper	diagnosis	of	systems.		
Guessing	as	to	the	cause	of	a	problem	is	a	very	inefficient	and	expensive	strategy	to	use.		Today,	with	the	costs	
of	repair	parts	being	very	prohibitive,	making	a	proper	and	accurate	diagnosis	of	the	problem	is	more	critical	
than	ever.		With	today’s	vehicle	systems	being	so	inter-connected,	replacing	one	part	often	mandates	the	re-
programming	and	re-learning	of	many	others.			Installing	an	unnecessary	part	due	to	a	wrong	diagnosis	can	
often	cause	additional	vehicle	performance	problems	
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Today’s vehicles have multiple relays installed in their electrical systems. Besides common locations like fuel pump, 
heater blower motor, A/C clutch, TCC, ABS and Lighting systems, vehicles now have many, many more relays and of 
many different sizes and styles. The International Standards Organization (ISO) relays are still very common and now 
come in three basic sizes (Standard, Mini & Micro). The advantage of the ISO relays is that there is a standardized method 
of identifying relay terminals using either numbers or letters or both. Besides ISO type relays, today’s vehicles can use 
specialized application relays, relays made as in integral part of a circuit board or power distribution center 
or can be made as an integral part of a single component.
The importance of having a solid understanding of how relays operate is critical to being able to properly diagnose 
and repair relay systems. In the old days, a typical diagnostic approach to a relay circuit problem was to substitute 
the relay with a known good one and hope the problem was fixed. If not, you knew that you have to “get into the 
circuit” a bit more to identify the problem. Today, with so many different types of relays available, it is critical to fully 
understand how the affected circuit operates, any inter-connected circuits using the relay and more importantly, 
having the vehicle specific service information available to assist you in your diagnosis.

WHAT IS A RELAY?

WHAT IS A LATCHING RELAY?

WHAT IS A SOLENOID?

WHAT DO THEY SHARE IN COMMON?

HOW ARE RELAYS TESTED?

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Today’s	vehicles	have	multiple	relays	installed	in	their	electrical	systems.		Besides	common	locations	like	fuel	
pump,	heater	blower	motor,	A/C	clutch,	TCC,	ABS	and	Lighting	systems,	vehicles	now	have	many,	many	more	
relays	and	of	many	different	sizes	and	styles.		The	International	Standards	Organization	(ISO)	relays	are	still	
very	common	and	now	come	in	three	basic	sizes.		The	advantage	of	the	ISO	relays	is	that	there	is	a	
standardized	method	of	identifying	relay	terminals	using	either	numbers	or	letters	or	both.		Besides	ISO	type	
relays,	today’s	vehicles	can	use	specialized	application	relays,	relays	made	as	in	integral	part	of	a	circuit	board	
or	power	distribution	center	or	can	be	made	as	an	integral	part	of	a	single	component.	
The	importance	of	having	a	solid	understanding	of	how	relays	operate	is	critical	to	being	able	to	properly	
diagnose	and	repair	relay	systems.		In	the	old	days,	a	typical	diagnostic	approach	to	a	relay	circuit	problem	was	
to	substitute	the	relay	with	a	known	good	one	and	hope	the	problem	was	fixed.		If	not,	you	knew	that	you	
have	to	“get	into	the	circuit”	a	bit	more	to	identify	the	problem.		Today,	with	so	many	different	types	of	relays	
available,	it	is	critical	to	fully	understand	how	the	affected	circuit	operates,	any	inter-connected	circuits	using	
the	relay	and	more	importantly,	having	the	vehicle	specific	service	information	available	to	assist	you	in	your	
diagnosis.	
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Solenoids are like relays in that they both have coil windings that establish a strong magnetic field which causes 
a plunger inside the coil to move when energized. A solenoid also has an external connection from the plunger that 
moves another device outside of the solenoid. The most common application of a solenoid is the starter solenoid 
which causes the starter gear to move and engage with the engines flywheel.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Solenoids	are	like	relays	in	that	they	both	have	coil	windings	that	establish	a	strong	magnetic	field	which	
causes	a	plunger	inside	the	coil	to	move	when	energized.		A	solenoid	also	has	an	external	connection	from	the	
plunger	that	moves	another	device	outside	of	the	solenoid.		The	most	common	application	of	a	solenoid	is	the	
starter	solenoid	which	causes	the	starter	gear	to	move	and	engage	with	the	engines	flywheel.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Solenoids	are	like	relays	in	that	they	both	have	coil	windings	that	establish	a	strong	magnetic	field	which	
causes	a	plunger	inside	the	coil	to	move	when	energized.		A	solenoid	also	has	an	external	connection	from	the	
plunger	that	moves	another	device	outside	of	the	solenoid.		The	most	common	application	of	a	solenoid	is	the	
starter	solenoid	which	causes	the	starter	gear	to	move	and	engage	with	the	engines	flywheel.	
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Relays are very common in today’s vehicles are becoming more so with each vehicle model year that is released. 
It is extremely important that technicians have a strong understanding of relays and relay circuits to properly 
diagnose and repair vehicle systems.
Relays are relatively reliable components, but can create system problems that will require proper diagnosis 
and replacement/repair. What is more important is the fact that technicians must also understand and be able 
to diagnose the entire circuit that the relay operates. These skills require proper understanding and use of correct 
service information, wiring schematics, proper diagnostic tools to perform efficient repair of relay systems used 
in the vehicle. Eliminating expensive guesswork will improve efficiency and develop great working relationships with 
customers.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Relays	are	very	common	in	today’s	vehicles	are	becoming	more	so	with	each	vehicle	model	year	that	is	
released.	It	is	extremely	important	that	technicians	have	a	strong	understanding	of	relays	and	relay	circuits	to	
properly	diagnose	and	repair	vehicle	systems.	
	
Relays	are	relatively	reliable	components,	but	can	create	system	problems	that	will	require	proper	diagnosis	
and	replacement/repair.		What	is	more	important	is	the	fact	that	technicians	must	also	understand	and	be	
able	to	diagnose	the	entire	circuit	that	the	relay	operates.		These	skills	require	proper	understanding	and	use	
of	correct	service	information,	wiring	schematics,	proper	diagnostic	tools	to	perform	efficient	repair	of	relay	
systems	used	in	the	vehicle.				Eliminating	expensive	guesswork	will	improve	efficiency	and	develop	great	
working	relationships	with	customers.	
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ISO (International Standards Organization) relays are very commonly used in today’s vehicles of all types and brands. 
There are also many different types of non-ISO relays used, but it is fair to say that the majority of relays used today 
are ISO types. Relays can commonly have 3, 4 or 5 electrical terminals. The terminals each are identified with either 
numbers, letters or a combination of both.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
ISO	(International	Standards	Organization)	relays	are	very	commonly	used	in	today’s	vehicles	of	all	types	and	
brands.		There	are	also	many	different	types	of	non-ISO	relays	used,	but	it	is	fair	to	say	that	the	majority	of	
relays	used	today	are	ISO	types.		Relays	can	commonly	have	3,	4	or	5	electrical	terminals.		The	terminals	each	
are	identified	with	either	numbers,	letters	or	a	combination	of	both.	
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Slide	#	37	Insert	where	indicated	on	page	9	
	
Rearrange	picture	sequence	to	match	slides	#	34	to	#	41	in	the	PPT.			The	order	of	slides	was	changed	a	bit.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

Not all relays used in vehicles today are the ISO type. If you come across a non-ISO relay, be sure to obtain 
the vehicle specific wiring diagram for the relay before you test or diagnose the circuit. Some ISO relays or others 
can have dedicated fuses attached to the relay housing.

The	above	diagrams	show	the	terminal	configuration	and	identification	of	common	ISO	relays.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Not	all	relays	used	in	vehicles	today	are	the	ISO	type.		If	you	come	across	a	non-ISO	relay,	be	sure	to	obtain	the	
vehicle	specific	wiring	diagram	for	the	relay	before	you	test	or	diagnose	the	circuit.		Some	ISO	relays	or	others	
can	have	dedicated	fuses	attached	to	the	relay	housing.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

FUSE	ON	CASE	
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Some	of	the	newest	types	of	relays	are	solid-state	in	design.		Non-solid	state	relays	have	coils,	mechanical	
contacts,	springs,	levers	and	other	devices.		Solid-state	relays	do	not	have	the	mechanical	components	inside	
that	traditional	relays	have.		They	use	circuit	boards	and	electronic	components	to	perform	the	same	
switching	function	in	a	circuit	as	a	mechanical	relay	does.		It	is	important	to	remember	that	solid-state	relays	
do	not	typically	have	the	“clicking”	sound	that	is	a	common	trait	of	standard	relays.		Be	sure	to	follow	OEM	
diagnostic	routines	to	properly	determining	if	the	solid-state	relay	is	functioning	normally	or	not.	
	
	
														
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

Some of the newest types of relays are solid-state in design. Non-solid state relays have coils, mechanical contacts, 
springs, levers and other devices. Solid-state relays do not have the mechanical components inside that traditional 
relays have. They use circuit boards and electronic components to perform the same switching function in a circuit 
as a mechanical relay does. It is important to remember that solid-state relays do not typically have the “clicking” 
sound that is a common trait of standard relays. Be sure to follow OEM diagnostic routines to properly determining 
if the solid-state relay is functioning normally or not.

The	above	diagrams	show	the	terminal	configuration	and	identification	of	common	ISO	relays.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Not	all	relays	used	in	vehicles	today	are	the	ISO	type.		If	you	come	across	a	non-ISO	relay,	be	sure	to	obtain	the	
vehicle	specific	wiring	diagram	for	the	relay	before	you	test	or	diagnose	the	circuit.		Some	ISO	relays	or	others	
can	have	dedicated	fuses	attached	to	the	relay	housing.	
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Many	vehicles	today	use	“integrated	relays”	installed	in	fuse	boxes,	power	centers	or	other	modules.		These	
relays	are	identified	as	“non-serviceable”	and	replacement	of	the	entire	assembly	is	the	only	method	of	repair.		
These	units	are	expensive	and	often	must	be	programmed	to	the	specific	vehicle	they	are	installed	in.	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

LATCHING	RELAYS	AND	LATCHING	RELAY	CIRCUITS	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Some	cars	use	relay	“latching”	circuits.		Latching	means	that	the	relay	stays	in	the	switched	position	even	after	
the	switch	is	not	long	used.		Most	latched	circuits	use	momentary	switches	of	some	kind	with	the	most	
common	being	push	buttons	or	momentary	inputs	from	other	modules,	computers	or	processors.			Many	

	

	

Many vehicles today use “integrated relays” installed in fuse boxes, power centers or other modules. These relays 
are identified as “non-serviceable” and replacement of the entire assembly is the only method of repair. These units 
are expensive and often must be programmed to the specific vehicle they are installed in.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A typical Power Distribution Center on a GM product primarily used from 2007 and newer vehicles. The 
assembly is fed by B+ power and ground by the two large terminals (shown on right-side of picture) The 
GREEN arrow identifies cartridge fuses (30A, 40A, 60A), RED arrows identify all types of relays (replaceable) 
and YELLOW arrow identifies mini-fuses.   This assembly also has integral relays on the under-side of the 
circuit board that are non-serviceable.  (See below picture) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GM POWER DISTRIBUTION CENTER             (VERY COMMON)
 

PCB INTEGRAL RELAYS
 

A typical Power Distribution Center on a GM product primarily used from 2007 and newer vehicles. The assembly is 
fed by B+ power and ground by the two large terminals (shown on right-side of picture) The GREEN arrow identifies 
cartridge fuses (30A, 40A, 60A), RED arrows identify all types of relays (replaceable) and YELLOW arrow identifies 
mini-fuses.   This assembly also has integral relays on the under-side of the circuit board that are non-serviceable.  
(See below picture).
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A typical Power Distribution Center on a GM product primarily used from 2007 and newer vehicles. The 
assembly is fed by B+ power and ground by the two large terminals (shown on right-side of picture) The 
GREEN arrow identifies cartridge fuses (30A, 40A, 60A), RED arrows identify all types of relays (replaceable) 
and YELLOW arrow identifies mini-fuses.   This assembly also has integral relays on the under-side of the 
circuit board that are non-serviceable.  (See below picture) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GM POWER DISTRIBUTION CENTER             (VERY COMMON)
 

PCB INTEGRAL RELAYS
 

This picture shows the location of nine integral non-serviceable relays soldered onto the circuit board.  This assembly 
is NOT designed to be taken apart and perform service on the relays.  It is shown taken apart only for instructional 
purposes.  The non-serviceable relays are classified as “PCB” relays which indicates that they are soldered on 
the “Printed Circuit Board”.

This picture shows the location of nine integral non-serviceable relays soldered onto the circuit board.  This 
assembly is NOT designed to be taken apart and perform service on the relays.  It is shown taken apart only for 
instructional purposes.  The non-serviceable relays are classified as “PCB” relays which indicates that they are 
soldered on the “Printed Circuit Board”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although, the actual PCB relays can be located and purchased, GM does not recommend that this particular 
component be serviced.  Some circuit boards (like FCA) can have the integral relays replaced, but this 
procedure takes a high degree of expertise, requires very detailed soldering work and often isn’t worth the 
financial savings considering the issues of customer warranties and support.  Most commonly, if the 
component needs replacing, the entire assembly is exchanged. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REPLACEMENT RELAYS ARE AVAILABLE, BUT…..

 

TERMINAL 
CORROSION AREAS

 

Although, the actual PCB relays can be located and purchased, GM does not recommend that this particular 
component be serviced.  Some circuit boards (like FCA) can have the integral relays replaced, but this procedure 
takes a high degree of expertise, requires very detailed soldering work and often isn’t worth the financial savings 
considering the issues of customer warranties and support.  Most commonly, if the component needs replacing, 
the entire assembly is exchanged.
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This picture shows the location of nine integral non-serviceable relays soldered onto the circuit board.  This 
assembly is NOT designed to be taken apart and perform service on the relays.  It is shown taken apart only for 
instructional purposes.  The non-serviceable relays are classified as “PCB” relays which indicates that they are 
soldered on the “Printed Circuit Board”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although, the actual PCB relays can be located and purchased, GM does not recommend that this particular 
component be serviced.  Some circuit boards (like FCA) can have the integral relays replaced, but this 
procedure takes a high degree of expertise, requires very detailed soldering work and often isn’t worth the 
financial savings considering the issues of customer warranties and support.  Most commonly, if the 
component needs replacing, the entire assembly is exchanged. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REPLACEMENT RELAYS ARE AVAILABLE, BUT…..

 

TERMINAL 
CORROSION AREAS

 

One of the biggest problems and concerns with sealed assemblies like power distribution centers is moisture intrusion.  
OEM components are carefully sealed and protected from moisture.  However, oftentimes the incorrect removal and 
assembly of covers, weather-pack connectors, grommets, etc. can result in corrosion and internal electrical problems 
requiring replacement of the entire assembly.  The main diagnostic issue with these conditions is that the damage 
cannot be viewed from the outside of the assembly and because disassembly is often not recommended, the only 
clue to this possible condition is improper component or circuit performance.  It is extremely important that all covers 
are properly reinstalled when checking or servicing these components.

 
 
One of the biggest problems and concerns with sealed assemblies like power distribution centers is moisture 
intrusion.  OEM components are carefully sealed and protected from moisture.  However, oftentimes the 
incorrect removal and assembly of covers, weather-pack connectors, grommets, etc. can result in corrosion 
and internal electrical problems requiring replacement of the entire assembly.  The main diagnostic issue with 
these conditions is that the damage cannot be viewed from the outside of the assembly and because 
disassembly is often not recommended, the only clue to this possible condition is improper component or 
circuit performance.  It is extremely important that all covers are properly reinstalled when checking or 
servicing these components. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The red arrows point to circuit board corrosion caused from water intrusion.  Normally, this portion of the 
circuit board is not visible to technicians as it is under non-serviceable assemblies.  In this case, the notches or 
slots on the terminals identified by the blue arrows where the mini-fuses attach from above the circuit board 
cover. 
 
Careful inspection and service procedures must be followed in order to prevent moisture intrusion and 
subsequent damage to fuse boxes, power distribution centers and other similar components.  Failure to do 
can result in expensive repairs. 
 
 
 
 
 
 

 

The red arrows point to circuit board corrosion caused from water intrusion.  Normally, this portion of the circuit board is 
not visible to technicians as it is under non-serviceable assemblies.  In this case, the notches or slots on the terminals 
identified by the blue arrows where the mini-fuses attach from above the circuit board cover.

Careful inspection and service procedures must be followed in order to prevent moisture intrusion and subsequent 
damage to fuse boxes, power distribution centers and other similar components.  Failure to do can result in expensive 
repairs.
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SLIDE # 46 

http://www.verticalvisions.com/TIPM_relays_pcb.php
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Integrated and solid state relays are tested differently than common mechanical relays.  Always refer to OEM service 
information, but common diagnostic procedures of these components include:

1. Scan tool bi-directional control tests of relay function.

2. Scope testing of relay commands from input source.

3. Substitution of relay’s controlled load with an equal sized load to check function of relay and control circuits.

If a defective integrated relay is diagnosed and confirmed, replacement of the entire component (fuse box, Power 
Distribution Center, TIPM or other component) is often required. Check with other sources as to the other availability 
of alternative repair and replacement procedures for individual relays.

Be aware that this process often requires complicated disassembly and re-assembly of the circuit boards including 
the requirement of de-soldering and soldering of very small electrical connections and terminals.  These procedures 
may not be suitable for every case. 



CONSULAB.COM

E L E C T R I C A L  D I A G N O S T I C  S T R AT E G I E S

14

Many cars now use relays and other components that are integrated into one non-serviceable assembly. These can 
be called “Smart Junction Boxes” (Ford), or Power Distribution Centers (GM) and others. If the relay fails, the entire 
assembly must be replaced.

Proper diagnosis of relay controlled circuits requires that vehicle specific information is available. NEVER assume 
that all vehicles are the same from year to year as this often is not the case. Always learn the entire circuit before 
attempting to diagnose or repair it. Many times relays fail due to excessive current flowing through them. Defective 
controlled components can cause this such as bad cooling fans, fuel pumps, and other shorted or defective conditions. 
It is recommended that a current flow check be made of the controlled device prior to replacing only the relay. Voltage 
drop testing of the circuit can also identify other conditions that can cause negative performance issues.

Many	cars	now	use	relays	and	other	components	that	are	integrated	into	one	non-serviceable	assembly.		
These	can	be	called	“Smart	Junction	Boxes”	(Ford),	or	Power	Distribution	Centers	(GM)	and	others.		If	the	relay	
fails,	the	entire	assembly	must	be	replaced.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Proper	diagnosis	of	relay	controlled	circuits	requires	that	vehicle	specific	information	is	available.		NEVER	
assume	that	all	vehicles	are	the	same	from	year	to	year	as	this	often	is	not	the	case.		Always	learn	the	entire	
circuit	before	attempting	to	diagnose	or	repair	it.		Many	times	relays	fail	due	to	excessive	current	flowing	
through	them.		Defective	controlled	components	can	cause	this	such	as	bad	cooling	fans,	fuel	pumps,	and	
other	shorted	or	defective	conditions.		It	is	recommended	that	a	current	flow	check	be	made	of	the	controlled	
device	prior	to	replacing	only	the	relay.			Voltage	drop	testing	of	the	circuit	can	also	identify	other	conditions	
that	can	cause	negative	performance	issues.	
	
	
	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
ISO	(International	Standards	Organization)	relays	are	extremely	common	in	today’s	vehicles.		The	advantage	to	
them	is	that	they	use	a	standardized	method	of	identifying	the	electrical	terminals.		See	below	diagrams	for	
specific	terminal	configuration	and	identification	of	all	types	of	ISO	relays.	
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ISO	(International	Standards	Organization)	relays	are	extremely	common	in	today’s	vehicles.		The	advantage	to	
them	is	that	they	use	a	standardized	method	of	identifying	the	electrical	terminals.		See	below	diagrams	for	
specific	terminal	configuration	and	identification	of	all	types	of	ISO	relays.	
	
	
	 	 	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

	

ISO (International Standards Organization) relays are extremely common in today’s vehicles. The advantage to them 
is that they use a standardized method of identifying the electrical terminals. See below diagrams for specific terminal 
configuration and identification of all types of ISO relays.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
ISO	(International	Standards	Organization)	relays	are	extremely	common	in	today’s	vehicles.		The	advantage	to	
them	is	that	they	use	a	standardized	method	of	identifying	the	electrical	terminals.		See	below	diagrams	for	
specific	terminal	configuration	and	identification	of	all	types	of	ISO	relays.	
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The diode will always be installed in the relay coil circuit with the cathode (-) band of the diode body facing towards 
terminal #86 (if it is connected to a positive source). This is called “reverse biased” and it is important that +12V 
is connected to this terminal and NOT terminal #85. In the example shown above, terminal #85 is connected 
to a positive source (which is rare). ALWAYS check vehicle specific wiring schematics for this information. 
Diodes are excellent for suppression of induced voltages, but due to their fragility and increased internal protection 
of the computer and module electronics, most relays today use resistors to perform this function.

Although	becoming	rare,	some	ISO	and	other	relays	use	suppression	diodes	in	the	relay	coil	circuit.		It	is	very	
important	that	technicians	know	how	to	determine	if	the	relay	has	a	diode	and	if	so,	how	to	properly	test	the	
relay	both	in	and	out	of	the	circuit.		Suppression	is	needed	in	the	relay	coil	due	to	an	induced	voltage	that	is	
generated	each	time	the	relay	coil	is	turned	off.		This	induced	voltage	if	allowed	to	leave	the	relay	can	cause	
serious	damage	to	sensitive	electronic	components	such	as	modules,	computers	and	other	devices.		This	
induced	voltage	is	often	referred	to	as	“voltage	kick”.	
	
Relay	induced	voltages	are	controlled	today	by	either	using	a	diode	or	a	resistor	in	parallel	with	the	relay	coil	
winding.		These	components	keep	the	induced	voltage	within	the	coil	as	it	dissipates	after	each	coil	on/off	
cycle.		It	is	important	to	note	that	if	a	relay	has	a	diode	in	the	coil,	the	relay	is	extremely	sensitive	to	the	
proper	polarity	hookup	of	the	relay	coil	circuit.			Reversing	terminals	#	85	&	#	86	will	INSTANTLY	damage	the	
diode	beyond	use.		The	problem	is	that	if	this	happens	due	to	improper	testing,	oftentimes,	the	technician	
doesn’t	realize	this	has	happened	and	the	relay	in	installed	back	into	the	circuit	which	can	create	damage	to	
other	components.		Sometimes,	the	relay	housing	will	have	the	relay	schematic	which	MAY	indicate	that	a	
diode	is	used.		If	not,	always	check	the	specific	wiring	diagram	for	the	relay’s	circuit	or	perform	a	“check	test”	
of	the	relay	to	determine	if	it	has	a	diode	or	not.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	diode	will	always	be	installed	in	the	relay	coil	circuit	with	the	cathode	(-)	band	of	the	diode	body	facing	
towards	terminal	#86	(if	it	is	connected	to	a	positive	source).		This	is	called	“reverse	biased”	and	it	is	important	
that	+12V	is	connected	to	this	terminal	and	NOT	terminal	#85.		In	the	example	shown	above,	terminal	#85	is	
connected	to	a	positive	source	(which	is	rare).		ALWAYS	check	vehicle	specific	wiring	schematics	for	this	
information.			Diodes	are	excellent	for	suppression	of	induced	voltages,	but	due	to	their	fragility	and	increased	
internal	protection	of	the	computer	and	module	electronics,	most	relays	today	use	resistors	to	perform	this	
function.			
	
	
	
	
	
	
	
	
	

	

Although becoming rare, some ISO and other relays use suppression diodes in the relay coil circuit. It is very 
important that technicians know how to determine if the relay has a diode and if so, how to properly test the relay 
both in and out of the circuit. Suppression is needed in the relay coil due to an induced voltage that is generated 
each time the relay coil is turned off. This induced voltage if allowed to leave the relay can cause serious damage 
to sensitive electronic components such as modules, computers and other devices. This induced voltage is often referred 
to as “voltage kick”.
Relay induced voltages are controlled today by either using a diode or a resistor in parallel with the relay coil winding. 
These components keep the induced voltage within the coil as it dissipates after each coil on/off cycle. It is important 
to note that if a relay has a diode in the coil, the relay is extremely sensitive to the proper polarity hookup of the relay 
coil circuit. Reversing terminals # 85 & # 86 will INSTANTLY damage the diode beyond use. The problem is that 
if this happens due to improper testing, oftentimes, the technician doesn’t realize this has happened and the relay 
in installed back into the circuit which can create damage to other components. Sometimes, the relay housing will 
have the relay schematic which MAY indicate that a diode is used. If not, always check the specific wiring diagram 
for the relay’s circuit or perform a “check test” of the relay to determine if it has a diode or not.
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REPLACE	FIGURE	ON	PAGE	15	OF	THE	HANDOUT	WITH	THIS	ONE	
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The diode “stripe” must ALWAYS face towards the “positive” connection of the coil relay winding. Connecting the relay 
coil “backwards” will result in the immediate destruction of the diode and loss of spike suppression.
CAUTION: The relay may continue to operate normally with the diode destroyed, but could result in damage 
to external components due to the loss of the diode’s suppression operation.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	diode	“stripe”	must	ALWAYS	face	towards	the	“positive”	connection	of	the	coil	relay	winding.		Connecting	
the	relay	coil	“backwards”	will	result	in	the	immediate	destruction	of	the	diode	and	loss	of	spike	suppression.		
CAUTION:		The	relay	may	continue	to	operate	normally	with	the	diode	destroyed,	but	could	result	in	damage	
to	external	components	due	to	the	loss	of	the	diode’s	suppression	operation.	
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ISO	“standard”	relays	have	been	used	for	years	in	vehicles,	but	with	improvements	in	technology,	they	are	
being	replaced	with	ISO	“mini”	relays	primarily	for	their	smaller	sizes.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

	

ISO relays are also available in a “mini” size which are smaller than the full-sized ISO relays. Terminal identification 
can be the same or may use numbers. Their advantage is simply to save space in the vehicle.

ISO “standard” relays have been used for years in vehicles, but with improvements in technology, they are being 
replaced with ISO “mini” relays primarily for their smaller sizes.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
ISO	“standard”	relays	have	been	used	for	years	in	vehicles,	but	with	improvements	in	technology,	they	are	
being	replaced	with	ISO	“mini”	relays	primarily	for	their	smaller	sizes.	
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Note that on the four-terminal relay shown above, terminals # 85 & # 86 are on opposite corners of the relay’s housing. 
This is a typical layout for micro relays and is important to note for purposes of bench testing. Always check the relay 
housing for a relay schematic or obtain vehicle specific wiring diagrams. Another reliable source of relay information 
is to obtain a document called a manufacturers BUYERS GUIDE. Buyers guides can be requested at any auto parts 
jobber store or can often be downloaded from the manufacturers website. An example would be Standard Motor 
Products. They have downloadable buyers guides and catalogs available. Buyers guides show pictures of the relay 
(and other components), gives the specific vehicle application and in most cases, shows a wiring diagram of the relay. 
This is a good resource for teaching and learning electrical components.

ISO	relays	are	also	available	in	a	“mini”	size	which	are	smaller	than	the	full-sized	ISO	relays.		Terminal	
identification	can	be	the	same	or	may	use	numbers.			Their	advantage	is	simply	to	save	space	in	the	vehicle.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
ISO	relays	also	come	in	the	MICRO	size	which	are	shaped	somewhat	rectangular	and	usually	use	numbers	to	
identify	electrical	terminals.		Notice	in	the	examples	shown,	that	one	micro	relay	has	a	suppression	diode	and	
one	uses	a	resistor.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Note	that	on	the	four-terminal	relay	shown	above,	terminals	#	85	&	#	86	are	on	opposite	corners	of	the	relay’s	
housing.		This	is	a	typical	layout	for	micro	relays	and	is	important	to	note	for	purposes	of	bench	testing.		
Always	check	the	relay	housing	for	a	relay	schematic	or	obtain	vehicle	specific	wiring	diagrams.		Another	
reliable	source	of	relay	information	is	to	obtain	a	document	called	a	manufacturers	BUYERS	GUIDE.		Buyers	
guides	can	be	requested	at	any	auto	parts	jobber	store	or	can	often	be	downloaded	from	the	manufacturers	
website.		An	example	would	be	Standard	Motor	Products.		They	have	downloadable	buyers	guides	and	
catalogs	available.		Buyers	guides	show	pictures	of	the	relay	(and	other	components),	gives	the	specific	vehicle		
application	and	in	most	cases,	shows	a	wiring	diagram	of	the	relay.			This	is	a	good	resource	for	teaching	and	
learning	electrical	components.	

	

	

ISO relays also come in the MICRO size which are shaped somewhat rectangular and usually use numbers 
to identify electrical terminals. Notice in the examples shown, that one micro relay has a suppression diode and one 
uses a resistor.

ISO	relays	are	also	available	in	a	“mini”	size	which	are	smaller	than	the	full-sized	ISO	relays.		Terminal	
identification	can	be	the	same	or	may	use	numbers.			Their	advantage	is	simply	to	save	space	in	the	vehicle.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
ISO	relays	also	come	in	the	MICRO	size	which	are	shaped	somewhat	rectangular	and	usually	use	numbers	to	
identify	electrical	terminals.		Notice	in	the	examples	shown,	that	one	micro	relay	has	a	suppression	diode	and	
one	uses	a	resistor.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Note	that	on	the	four-terminal	relay	shown	above,	terminals	#	85	&	#	86	are	on	opposite	corners	of	the	relay’s	
housing.		This	is	a	typical	layout	for	micro	relays	and	is	important	to	note	for	purposes	of	bench	testing.		
Always	check	the	relay	housing	for	a	relay	schematic	or	obtain	vehicle	specific	wiring	diagrams.		Another	
reliable	source	of	relay	information	is	to	obtain	a	document	called	a	manufacturers	BUYERS	GUIDE.		Buyers	
guides	can	be	requested	at	any	auto	parts	jobber	store	or	can	often	be	downloaded	from	the	manufacturers	
website.		An	example	would	be	Standard	Motor	Products.		They	have	downloadable	buyers	guides	and	
catalogs	available.		Buyers	guides	show	pictures	of	the	relay	(and	other	components),	gives	the	specific	vehicle		
application	and	in	most	cases,	shows	a	wiring	diagram	of	the	relay.			This	is	a	good	resource	for	teaching	and	
learning	electrical	components.	
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The above diagrams show the terminal configuration and identification of common ISO relays.
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Switches can be push buttons, toggle, or other types used as switching devices to momentarily break the relay coil 
circuit.

View the diagrams for common types of “custom” relay latching circuits that can be customized to any specific need 
or objective.

Some cars use relay “latching” circuits. Latching means that the relay stays in the switched position even after 
the switch is not long used. Most latched circuits use momentary switches of some kind with the most common 
being push buttons or momentary inputs from other modules, computers or processors. Many after-market custom 
system installers use latching relay circuits to accomplish their goals with add-on alarm, extra lighting and audio 
systems. There is a LATCHING relay available that without any external modifications will stay in the switched position 
even though the switch input is removed. The relay would have to receive an additional switch input to change back 
to its original position. These relays are somewhat rare in vehicles, but relay latching circuits are not. 

LATCHING RELAYS AND LATCHING RELAY CIRCUITS

Many	vehicles	today	use	“integrated	relays”	installed	in	fuse	boxes,	power	centers	or	other	modules.		These	
relays	are	identified	as	“non-serviceable”	and	replacement	of	the	entire	assembly	is	the	only	method	of	repair.		
These	units	are	expensive	and	often	must	be	programmed	to	the	specific	vehicle	they	are	installed	in.	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

LATCHING	RELAYS	AND	LATCHING	RELAY	CIRCUITS	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Some	cars	use	relay	“latching”	circuits.		Latching	means	that	the	relay	stays	in	the	switched	position	even	after	
the	switch	is	not	long	used.		Most	latched	circuits	use	momentary	switches	of	some	kind	with	the	most	
common	being	push	buttons	or	momentary	inputs	from	other	modules,	computers	or	processors.			Many	

	

	

after-market	custom	system	installers	use	latching	relay	circuits	to	accomplish	their	goals	with	add-on	alarm,	
extra	lighting	and	audio	systems.			There	is	a	LATCHING	relay	available	that	without	any	external	modifications	
will	stay	in	the	switched	position	even	though	the	switch	input	is	removed.		The	relay	would	have	to	receive	an	
additional	switch	input	to	change	back	to	its	original	position.		These	relays	are	somewhat	rare	in	vehicles,	but	
relay	latching	circuits	are	not.	
View	the	diagrams	for	common	types	of	“custom”	relay	latching	circuits	that	can	be	customized	to	any	specific	
need	or	objective.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Switches	can	be	push	buttons,	toggle,	or	other	types	used	as	switching	devices	to	momentarily	break	the	relay	
coil	circuit.	
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It is possible to build a custom relay “timing circuit” by following the schematic above. Change to value of the capacitor 
to change the amount of switching time.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
It	is	possible	to	build	a	custom	relay	“timing	circuit”	by	following	the	schematic	above.		Change	to	value	of	the	
capacitor	to	change	the	amount	of	switching	time.	
	
	
	
	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
REPLACE	ENTIRE	FIGURE	ON	PAGE	20	OF	THE	HANDOUT	WITH	THIS	ONE	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
REPLACE	ENTIRE	FIGURE	ON	PAGE	20		OF	THE	HANDOUT	WITH	THIS	ONE	
	
	
	
	
	
	

	

		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
REPLACE	ENTIRE	FIGURE	ON	PAGE	20	OF	THE	HANDOUT	WITH	THIS	ONE	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
REPLACE	ENTIRE	FIGURE	ON	PAGE	20		OF	THE	HANDOUT	WITH	THIS	ONE	
	
	
	
	
	
	

	

	



CONSULAB.COM

E L E C T R I C A L  D I A G N O S T I C  S T R AT E G I E S

23

RELAY TESTING

Relays and relay circuits often require accurate testing to identify the cause of a circuit malfunction. It is necessary 
for technicians to have a thorough understanding and ability to properly diagnose these components. One of the 
most important factors is to have accurate vehicle service information applied to a specific vehicle. Never assume 
that all relays and relay circuits are the same. They may be, but often can vary by model year and specific vehicle 
application.
It is important to have a full understanding of how a relay circuit operates, what input turns the relay on, the power 
and coil power ground circuits and when the relay operates. This information is available for OEM and some aftermarket 
service information resources.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
REPLACE	FIGURE	ON	PAGE	9	OF	THE	HANDOUT	WITH	THIS	ONE.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
REPLACE	FIGURE	ON	PAGE	22	OF	THE	HANDOUT	WITH	THIS	ONE.	
	
	
	
	
	
	

	

	

Many	cars	now	use	relays	and	other	components	that	are	integrated	into	one	non-serviceable	assembly.		
These	can	be	called	“Smart	Junction	Boxes”	(Ford),	or	Power	Distribution	Centers	(GM)	and	others.		If	the	relay	
fails,	the	entire	assembly	must	be	replaced.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Proper	diagnosis	of	relay	controlled	circuits	requires	that	vehicle	specific	information	is	available.		NEVER	
assume	that	all	vehicles	are	the	same	from	year	to	year	as	this	often	is	not	the	case.		Always	learn	the	entire	
circuit	before	attempting	to	diagnose	or	repair	it.		Many	times	relays	fail	due	to	excessive	current	flowing	
through	them.		Defective	controlled	components	can	cause	this	such	as	bad	cooling	fans,	fuel	pumps,	and	
other	shorted	or	defective	conditions.		It	is	recommended	that	a	current	flow	check	be	made	of	the	controlled	
device	prior	to	replacing	only	the	relay.			Voltage	drop	testing	of	the	circuit	can	also	identify	other	conditions	
that	can	cause	negative	performance	issues.	
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Having the correct wiring diagram is critical for correct repair of electrical circuits.

Understanding the circuit is also very important for the correct diagnosis to be revealed. You must understand what 
turns the relay on. What conditions have to be met before the relay is energized?

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Having	the	correct	wiring	diagram	is	critical	for	correct	repair	of	electrical	circuits.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Understanding	the	circuit	is	also	very	important	for	the	correct	diagnosis	to	be	revealed.		You	must	understand	
what	turns	the	relay	on.		What	conditions	have	to	be	met	before	the	relay	is	energized?	
	
	
	
	
	
	
	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Having	the	correct	wiring	diagram	is	critical	for	correct	repair	of	electrical	circuits.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Understanding	the	circuit	is	also	very	important	for	the	correct	diagnosis	to	be	revealed.		You	must	understand	
what	turns	the	relay	on.		What	conditions	have	to	be	met	before	the	relay	is	energized?	
	
	
	
	
	
	
	

	

	



CONSULAB.COM

E L E C T R I C A L  D I A G N O S T I C  S T R AT E G I E S

25

MANY TECHNICIANS STOP WITH ONLY THIS TEST. FOR ACCURATE RELAY TESTING, MORE TESTS 
NEED TO BE DONE. CONTACT VOLTAGE DROP AND RELAY SWITCHING PERFORMANCE SHOULD ALSO 
BE PERFORMED.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

MANY	TECHNICIANS	STOP	WITH	ONLY	THIS	TEST.		FOR	ACCURATE	RELAY	TESTING,	MORE	TESTS	NEED	
TO	BE	DONE.		CONTACT	VOLTAGE	DROP	AND	RELAY	SWITCHING	PERFORMANCE	SHOULD	ALSO	BE	
PERFORMED.	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

MANY	TECHNICIANS	STOP	WITH	ONLY	THIS	TEST.		FOR	ACCURATE	RELAY	TESTING,	MORE	TESTS	NEED	
TO	BE	DONE.		CONTACT	VOLTAGE	DROP	AND	RELAY	SWITCHING	PERFORMANCE	SHOULD	ALSO	BE	
PERFORMED.	
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The	best	technicians	do	not	rely	only	on	resistance	or	test	light	testing	of	relays.		Voltage	drop	
testing	across	terminals	using	a	load	measures	the	“health”	of	relay	contacts	

	

Always use fused jumper wires when testing relay circuits. Failure to do this can easily result in damage to computers, 
wiring harnesses and components. Choose a fuse equal or a bit lower than the circuit being tested.

Always	use	fused	jumper	wires	when	testing	relay	circuits.		Failure	to	do	this	can	easily	result	in	damage	to	
computers,	wiring	harnesses	and	components.		Choose	a	fuse	equal	or	a	bit	lower	than	the	circuit	being	
tested.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
It	is	extremely	important	that	you	remember	the	proper	configuration	of	relay	terminals	and	more	
importantly,	the	difference	in	terminals	#	85	and	#	86	between	the	relay	and	the	relay	socket.	(they	are	
reversed).	
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It is extremely important that you remember the proper configuration of relay terminals and more importantly, 
the difference in terminals # 85 and # 86 between the relay and the relay socket. (they are reversed).

Always	use	fused	jumper	wires	when	testing	relay	circuits.		Failure	to	do	this	can	easily	result	in	damage	to	
computers,	wiring	harnesses	and	components.		Choose	a	fuse	equal	or	a	bit	lower	than	the	circuit	being	
tested.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
It	is	extremely	important	that	you	remember	the	proper	configuration	of	relay	terminals	and	more	
importantly,	the	difference	in	terminals	#	85	and	#	86	between	the	relay	and	the	relay	socket.	(they	are	
reversed).	
	
	
	
	
	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Performing	the	above	tests	is	an	important	part	of	total	relay	circuit	testing.		Oftentimes,	a	mal-functioning	
circuit	can	be	repaired	by	simply	cleaning	the	relay	terminals	of	corrosion	and	oxidation.		Rarely,	relay	socket	
connectors	need	service	or	replacement.	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

AS ALWAYS, A CAREFUL VISUAL INSPECTION IS ONE OF THE BEST DIAG-
NOSTIC STRATEGIES A TECHNICAIN CAN PERFORM. IT DOESN’T TAKE MUCH 
CORROSION TO CAUSE PERFORMANCE PROBLEMS.
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Performing the above tests is an important part of total relay circuit testing. Oftentimes, a mal-functioning circuit can 
be repaired by simply cleaning the relay terminals of corrosion and oxidation. Rarely, relay socket connectors need 
service or replacement.

A ″WIGGLE TEST″ IS A VALUABLE DIAGNOSTIC CHECK. 
INTERMITTENT OPERATION CAUSED FROM CORRODED OR LOOSE 
TERMINALS. CHECK AND DOUBLE CHECK.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Performing	the	above	tests	is	an	important	part	of	total	relay	circuit	testing.		Oftentimes,	a	mal-functioning	
circuit	can	be	repaired	by	simply	cleaning	the	relay	terminals	of	corrosion	and	oxidation.		Rarely,	relay	socket	
connectors	need	service	or	replacement.	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

DYNAMIC testing of the relay circuit is extremely important to ensure a proper diagnosis and repair. To bench test 
a relay properly, a load should be applied to the relay and a voltage drop test of the relay contacts should 
be performed to determine their condition. Excessive current flow through the relay can damage, pit and corrode 
the contacts causing a voltage drop and this “current” being taken away from the controlled device. In this example, 
a headlight bulb is being used to create the load. When testing, try to match the current load of the controlled device 
as close as possible. Connecting head light bulbs in parallel increases the load.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
DYNAMIC	testing	of	the	relay	circuit	is	extremely	important	to	ensure	a	proper	diagnosis	and	repair.		To	bench	
test	a	relay	properly,	a	load	should	be	applied	to	the	relay	and	a	voltage	drop	test	of	the	relay	contacts	should	
be	performed	to	determine	their	condition.		Excessive	current	flow	through	the	relay	can	damage,	pit	and	
corrode	the	contacts	causing	a	voltage	drop	and	this	“current”	being	taken	away	from	the	controlled	device.	
In	this	example,	a	headlight	bulb	is	being	used	to	create	the	load.		When	testing,	try	to	match	the	current	load	
of	the	controlled	device	as	close	as	possible.		Connecting	head	light	bulbs	in	parallel	increases	the	load.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
It	is	safe	to	always	use	a	fused	jumper	wire	when	jumping	B+	power	to	the	controlled	device.		In	addition,	this	
gives	a	convenient	spot	to	measure	the	amperage	draw	of	the	device	and	the	circuit.	
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It is safe to always use a fused jumper wire when jumping B+ power to the controlled device. In addition, this gives 
a convenient spot to measure the amperage draw of the device and the circuit.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
DYNAMIC	testing	of	the	relay	circuit	is	extremely	important	to	ensure	a	proper	diagnosis	and	repair.		To	bench	
test	a	relay	properly,	a	load	should	be	applied	to	the	relay	and	a	voltage	drop	test	of	the	relay	contacts	should	
be	performed	to	determine	their	condition.		Excessive	current	flow	through	the	relay	can	damage,	pit	and	
corrode	the	contacts	causing	a	voltage	drop	and	this	“current”	being	taken	away	from	the	controlled	device.	
In	this	example,	a	headlight	bulb	is	being	used	to	create	the	load.		When	testing,	try	to	match	the	current	load	
of	the	controlled	device	as	close	as	possible.		Connecting	head	light	bulbs	in	parallel	increases	the	load.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
It	is	safe	to	always	use	a	fused	jumper	wire	when	jumping	B+	power	to	the	controlled	device.		In	addition,	this	
gives	a	convenient	spot	to	measure	the	amperage	draw	of	the	device	and	the	circuit.	
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Be sure that any test light used on computer circuits draws no more than .250A or 250mA. Lights drawing more that 
this amount may damage sensitive computer components or circuits. Always check the amperage draw of the test 
light you are using following the above diagram.

Computer “safe” test lights draw much less current, but often cannot be used to energize relays.

Be	sure	that	any	test	light	used	on	computer	circuits	draws	no	more	than	.250A	or	250mA.		Lights	drawing	
more	that	this	amount	may	damage	sensitive	computer	components	or	circuits.		Always	check	the	amperage	
draw	of	the	test	light	you	are	using	following	the	above	diagram.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Computer	“safe”	test	lights	draw	much	less	current,	but	often	cannot	be	used	to	energize	relays.			
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

	

Be	sure	that	any	test	light	used	on	computer	circuits	draws	no	more	than	.250A	or	250mA.		Lights	drawing	
more	that	this	amount	may	damage	sensitive	computer	components	or	circuits.		Always	check	the	amperage	
draw	of	the	test	light	you	are	using	following	the	above	diagram.	
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Be	sure	that	any	test	light	used	on	computer	circuits	draws	no	more	than	.250A	or	250mA.		Lights	drawing	
more	that	this	amount	may	damage	sensitive	computer	components	or	circuits.		Always	check	the	amperage	
draw	of	the	test	light	you	are	using	following	the	above	diagram.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Computer	“safe”	test	lights	draw	much	less	current,	but	often	cannot	be	used	to	energize	relays.			
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

	



CONSULAB.COM

E L E C T R I C A L  D I A G N O S T I C  S T R AT E G I E S

36

Examples of proper use of a test light. Test lights can be used for checking the presence of power and grounds 
in circuits.

The term LOGIC PROBE is now being used in the automotive repair industry. What the term means depends a lot 
on the manufacturer of each product that states it is a LOGIC PROBE. Common applications include those that 
indicate when the test light probe comes in contact with a positive or negative circuit point (red and green indica-
tors), and some will flash an indicator light when the probe touches a pulse width circuit that is oscillating between 
positive and negative. The term LOGIC PROBE was borrowed from the electronics industry where true logic probes 
are commonly used to test for TTL (Transistor-To-Transistor) circuits or CMOS (Complimentary Metal-Oxide 
Semiconductor) switching circuits. These tests do not have normal application in the automotive repair industry.

	
	 	 	 	 	 	 	 	 	
	
	
	
	
	
	
	
	
Examples	of	proper	use	of	a	test	light.		Test	lights	can	be	used	for	checking	the	presence	of	power	and	grounds	
in	circuits.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	term	LOGIC	PROBE	is	now	being	used	in	the	automotive	repair	industry.		What	the	term	means	depends	a	
lot	on	the	manufacturer	of	each	product	that	states	it	is	a	LOGIC	PROBE.			Common	applications	include	those	
that	indicate	when	the	test	light	probe	comes	in	contact	with	a	positive	or	negative	circuit	point	(red	and	
green	indicators),	and	some	will	flash	an	indicator	light	when	the	probe	touches	a	pulse	width	circuit	that	is	
oscillating	between	positive	and	negative.		The	term	LOGIC	PROBE	was	borrowed	from	the	electronics	industry	
where	true	logic	probes	are	commonly	used	to	test	for	TTL	(Transistor-To-Transistor)	circuits	or	CMOS	

	 	

	

	

	
	 	 	 	 	 	 	 	 	
	
	
	
	
	
	
	
	
Examples	of	proper	use	of	a	test	light.		Test	lights	can	be	used	for	checking	the	presence	of	power	and	grounds	
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Examples	of	proper	use	of	a	test	light.		Test	lights	can	be	used	for	checking	the	presence	of	power	and	grounds	
in	circuits.	
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lot	on	the	manufacturer	of	each	product	that	states	it	is	a	LOGIC	PROBE.			Common	applications	include	those	
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The Power Probe product series are commonly by technicians in electrical circuit diagnosis. These tools have many 
features that save considerable time for the technician, but the testers MUST be used following all instructions.

(Complimentary	Metal-Oxide	Semiconductor)	switching	circuits.		These	tests	do	not	have	normal	application	in	
the	automotive	repair	industry.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	Power	Probe	product	series	are	commonly	by	technicians	in	electrical	circuit	diagnosis.		These	tools	have	
many	features	that	save	considerable	time	for	the	technician,	but	the	testers	MUST	be	used	following	all	
instructions.	
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The	Power	Probe	product	series	are	commonly	by	technicians	in	electrical	circuit	diagnosis.		These	tools	have	
many	features	that	save	considerable	time	for	the	technician,	but	the	testers	MUST	be	used	following	all	
instructions.	
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It may be necessary to purchase different type of test light based on the specific purpose which you wish to use it 
for in diagnosis. There are countless options and wide differences in prices. Make your purchase decisions carefully 
and purchase only the features you anticipate needing.

TEST LIGHT PURCHASING CONSIDERATIONS

1. YOU MAY HAVE TO OWN  MORE THAN ONE UNIT

2. TO ENERGIZE RELAYS, TEST LIGHT MUST DRAW ABOUT 0.250 A

3. DO YOU NEED A LOGIC PROBE?

4. HOW OFTEN DO YOU USE A TEST LIGHT?

5. WHAT DO YOU USE A TEST LIGHT FOR?

6. PRICES HAVE DROPPED, BUT BE MINDFUL OF QUALITY

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
It	may	be	necessary	to	purchase	different	type	of	test	light	based	on	the	specific	purpose	which	you	wish	to	
use	it	for	in	diagnosis.		There	are	countless	options	and	wide	differences	in	prices.		Make	your	purchase	
decisions	carefully	and	purchase	only	the	features	you	anticipate	needing.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

PARASITIC	LOAD	TESTING	
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PARASITIC DRAW or LOAD — WHAT IS IT?
THE AMOUNT OF CURRENT FLOW LEAVING THE BATTERY AFTER THE ENGINE 
HAS BEEN SHUT OFF AND A ″MODULE SLEEP″ TIME HAS PASSED
NOTE: ON VEHICLES WITH CAN Bus SYSTEMS, PARASITIC DRAW SHOULD ONLY BE 
MEASURED AFTER ALL MODULES HAVE TURNED OFF (SLEEP MODE) — CHECK WITH OEM 
SERVICE INFORMATION FOR TIME DURATION FOR WHAT TO OCCUR
MANY DIFFERENT METHODS OF MEASURING PARASITIC DRAW ARE AVAILABLE
WHATEVER METHOD IS USED, TRY TO NOT DISCONNECT BATTERY BATTERY TO INSTALL 
TEST EQUIPMENT OR BE SURE TO USE A BATTERY MEMORY SAVER HOOKED UP TO DLC
GENERAL SPECIFICATION — 30 mA — 50 mA MAX BUT ALWAYS CHECK OEM S.I.

GM HAS CHANGED THEIR METHOD FOR DETERMINING MAXIMUM PARASITIC LOAD VALUE
RESERVE CAPACITY (MINUTES) OF OEM BATTERY DIVIED BY 4 EQUALS MAXIMUM 
MILLIAMP PARASITIC DRAW ALLOWED
EXAMPLE: 100 RESERVE MINUTES ÷ 4 = 25 — THEREFORE 0.025 A or 25 mA

PARASITIC LOAD TESTING
Parasitic Draw testing

1. WHAT IS IT?

2. WHAT ARE SPEC’S?

3. DIFFERENT METHODS OF TESTING FOR IT?

4. HOW TO LOCATE SOURCES OR EXCESSIVE DRAW?

5. SPECIALIZED TESTING EQUIPMENT

PARASITIC DRAW

GM
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Whether a vehicle had a parasitic draw used to be determined by disconnecting a battery cable and installing 
a 12V test light between the battery post and the cable. If the test light was illuminated, there was sufficient draw 
present. Today, this test is invalid and should not be performed. With all of the electronics, computers, modules 
and communication devices talking to outside sources, every car has a normal constant battery draw. It is normal 
for this to happen as long as the amount of the draw stays below a certain specification. The draw is defined as 
“parasitic” when the load exceeds the maximum specification. This specification is usually given in milliamps or amps. 
For example, a specification of a maximum of 40 milliamps would be listed as: .040 amps or 40Ma. Every vehicle 
today will eventually have a dead battery if allowed to sit without running or charging the battery. How long this 
takes to happen depends on the size and condition of the battery, condition of the charging system and the amount 
of parasitic load. Another factor to remember about never testing for parasitic draw with the older method using 
a test light is that most of today’s vehicles have one or more CAN Bus (Controller Area Network) systems. A CAN 
Bus system often communicates between individual modules both when the vehicle is operating and often after 
it has shut down and parked. The amount of time that communication activity is going on depends heavily on individual 
vehicle design and specifications. An average time for the communication to cease is usually between 30-45 minutes. 
If parasitic draw testing was attempted during this period, the test results would be unsatisfactory even though there 
is no problem with the vehicle. Always check with vehicle service information to determine the exact procedure and 
“wait times” when checking parasitic draw tests. Unnecessary work may be done and expensive components could 
be purchased if the test is conducted improperly.

One method of parasitic draw test requires installation of an adapter usually installed between the negative 
battery cable and battery post. This allows for a complete “break” in the electrical system. An ammeter is installed 
between the two halves which allows accurate measurement of any current flowing anywhere in the vehicles electrical 
systems.

Whether	a	vehicle	had	a	parasitic	draw	used	to	be	determined	by	disconnecting	a	battery	cable	and	installing	
a	12V	test	light	between	the	battery	post	and	the	cable.		If	the	test	light	was	illuminated,	there	was	sufficient	
draw	present.		Today,	this	test	is	invalid	and	should	not	be	performed.		With	all	of	the	electronics,	computers,	
modules	and	communication	devices	talking	to	outside	sources,	every	car	has	a	normal	constant	battery	draw.		
It	is	normal	for	this	to	happen	as	long	as	the	amount	of	the	draw	stays	below	a	certain	specification.		The	draw	
is	defined	as	“parasitic”	when	the	load	exceeds	the	maximum	specification.		This	specification	is	usually	given	
in	milliamps	or	amps.			For	example,	a	specification	of	a	maximum	of	40	milliamps	would	be	listed	as:	.040	
amps	or	40Ma.		Every	vehicle	today	will	eventually	have	a	dead	battery	if	allowed	to	sit	without	running	or	
charging	the	battery.		How	long	this	takes	to	happen	depends	on	the	size	and	condition	of	the	battery,	
condition	of	the	charging	system	and	the	amount	of	parasitic	load.		Another	factor	to	remember	about	never	
testing	for	parasitic	draw	with	the	older	method	using	a	test	light	is	that	most	of	today’s	vehicles	have	one	or	
more	CAN	Bus	(Controller	Area	Network)	systems.		A	CAN	Bus	system	often	communicates	between	individual	
modules	both	when	the	vehicle	is	operating	and	often	after	it	has	shut	down	and	parked.			The	amount	of	time	
that	communication	activity	is	going	on	depends	heavily	on	individual	vehicle	design	and	specifications.		An	
average	time	for	the	communication	to	cease	is	usually	between	30-45	minutes.		If	parasitic	draw	testing	was	
attempted	during	this	period,	the	test	results	would	be	unsatisfactory	even	though	there	is	no	problem	with	
the	vehicle.		Always	check	with	vehicle	service	information	to	determine	the	exact	procedure	and	“wait	times”	
when	checking	parasitic	draw	tests.		Unnecessary	work	may	be	done	and	expensive	components	could	be	
purchased	if	the	test	is	conducted	improperly.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
One	method	of	parasitic	draw	test	requires	installation	of	an	adapter	usually	installed	between	the	negative	
battery	cable	and	battery	post.		This	allows	for	a	complete	“break”	in	the	electrical	system.		An	ammeter	is	
installed	between	the	two	halves	which	allows	accurate	measurement	of	any	current	flowing	anywhere	in	the	
vehicles	electrical	systems.	
	

SEE	PART	TWO	DOCUMENT	
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When performing parasitic draw testing, it is wise to install some type of battery memory saver to the vehicle prior 
to disconnecting the battery. Doing this will keep all module and computer memories and will not require that all modules 
and computers not have to go through a re-learn process which can cause potentially serious performance 
problems. Also, all entertainment memories would be erased which often upsets vehicle owners. If battery 
disconnecting is required for the type of parasitic draw test you are performing, be sure to install a battery memory 
saver before disconnecting the vehicles battery. Early battery memory savers used a 9V battery installed in the vehicle 
power outlet receptacle (cigarette lighter), but today, it is recommended to use a battery memory saver that connects to 
the vehicles DLC (Diagnostic Link Connector). Another negative factor to using the 9V battery memory saver is that 
if any circuit is accidentally turned on, the 9V battery will be instantly drawn down low enough to erase all vehicle 
memories. If a vehicle door is opened during the test, this will happen.
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Another important factor to remember when testing for parasitic draw on modern vehicles is to make sure that all 
vehicle key fobs are kept at least 50’ from the vehicle. Failure to do this may result in the battery draw staying above 
maximum specifications and wrong conclusions can be made by technicians thinking there is a problem, when in fact 
there isn’t. It is also extremely important to obtain the OEM vehicle specific test procedure before conducting the test. 
It is also a good idea to do a search for TSB’s (Technical Service Bulletins) to check if any pertain to a parasitic draw 
test procedure or results.

BATTERY MEMORY SAVERS
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There are four basic methods of checking for parasitic draw on vehicles:
1. Using an inductive amprobe that converts amperage to milli-volts that is read by a DMM (Digital Multi-Meter). 

This can be a very accurate test method. The disadvantage of this type of test conducted at the battery cable 
is that the amprobe that is large enough to fit over the diameter of the battery cable, may not have the sensitivity 
and accuracy to measure in small milli-amp increments. There are some amprobes capable of doing this, but 
it is a significant factor to keep in mind. There is also the factor of having to use a battery memory saver in order 
to conduct this test properly.

2. Inductive amprobe that directly reads amperage without the need of a digital multimeter. These tools are extremely 
easy to use and if the correct model is chosen, can accurately read down to .003A or 3mA of current. This is perhaps 
the easiest method of performing this test.

3. Direct ammeter hookup between the battery post and disconnected battery cable. This is an accurate method 
of performing this test. However, extreme care must be observed because if any circuit in the vehicle is turned 
on, the multimeter can be instantly ruined. It’s a good idea to use fused test leads with the meter to prevent 
this from happening.

4. Once it has been determined that an excessive parasitic draw exists, using the voltage drop method of testing 
across fuses is becoming a very popular test method. This method requires a high quality digital multimeter 
and specific fuse type charts that give amperage equivalent for the millivolt reading observed at the fuse.
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                     The inductive ammeter being used on a battery cable to measure parasitic draw results 
 
 
 
 
 
 
 
 
 
 

INSTALLING A DMM IN SERIES WITH THE 
BATTERY AND DISCONNECTED CABLE

CAUTIONS WITH MAINTAINING 
MODULE AND COMPUTER MEMORY 
DURING CONNECTION OF METER.   
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SHOULD ALWAYS USE NEGATIVE CABLE
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An example of a TSB that specifically addresses a concern with parasitic load test results.
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OK, THE VEHICLE HAS EXCESSIVE DRAW…………..NOW 
WHAT?  HOW DO I FIND IT?
ALWAYS CHECK TSB’S FIRST:   IN THIS CASE, DTC #PI0412B: NO CRANK/NO 
START, DEAD BATTERY DUE TO PARASITIC DRAIN/DISCHARGE (FEB 27, 2013)
DEFECTIVE ON-STAR INTER-CONNECT MODULE.  DRAWS 380mA
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VOLTAGE DROP TESTING REVIEW

Although, one can perform voltage drop testing using this method, it is not the most accurate method of performing 
this test. This method can also be used on the ground side of the circuit. This method is often called the “point-to-point” 
procedure of testing for voltage drops. This method often requires extensions of the voltmeter leads which in itself, 
can increase resistance and give inaccurate readings.

All voltage drop testing MUST be done with the entire circuit intact and full power and loads must be energized. 
If voltages are checked at sockets or other places in the circuit without full load flowing, readings will usually be “normal”. 
This primarily due to the high impedance of the digital multimeter creating a very, very low current draw on the circuit 
and this, it will not detect corroded connectors, wire corrosion or other defective conditions. Also, check both the positive 
and ground circuits for voltage drops.
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PREFERRED METHOD OF VOLTAGE DROP TESTING

This is the best method of testing for voltage drop in either the positive side (shown) or the ground side of a circuit. 
The voltmeter test leads are placed at each end of the portion of the circuit you wish to test. For normal circuits, 
“normal” amounts of voltage drops across terminal connections, switches, wires and other devices shouldn’t exceed 
.1 of a volt. When voltage drop testing, the circuit MUST be operating under full circuit load. For example, if testing 
a heater blower motor, the motor should be operating at high speed before testing for voltage drops. Any test point 
exceeding .1V should be investigated for corroded connections, defective components, loose connections or causes 
of unwanted resistance in the circuit. Remember that a voltage drop means that there is some type of unwanted 
resistance located between the two voltmeter test leads.

In the example shown, a voltage drop test is being performed across terminals # 30 and # 87 with the relay energized 
and connected to the fuel pump. Probably due to corroded relay contacts or other abnormal conditions, there is 
a 3.0V drop from # 30 to # 87. The effect of this condition means that the fuel pump is trying to operate on about 9.0V. 
This will cause vehicle driveability concerns as well as seriously shorten fuel pump life.

All voltage drop testing MUST be done with the entire circuit intact and full power and loads must be 
energized.  If voltages are checked at sockets or other places in the circuit without full load flowing, readings 
will usually be “normal”.  This primarily due to the high impedance of the digital multimeter creating a very, 
very low current draw on the circuit and this, it will not detect corroded connectors, wire corrosion or other 
defective conditions.   Also, check both the positive and ground circuits for voltage drops. 
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In the example shown, a voltage drop test is being performed across terminals # 30 and # 87 with the relay 
energized and connected to the fuel pump.  Probably due to corroded relay contacts or other abnormal 
conditions, there is a 3.0V drop from # 30 to # 87.  The effect of this condition means that the fuel pump is 
trying to operate on about 9.0V.   This will cause vehicle driveability concerns as well as seriously shorten fuel 
pump life.  

REVIEW
VOLTAGE DROP TESTING

VOLTAGE HERE INDICATES THERE 
IS RESISTANCE BETWEEN THE 
TWO TEST POINTS – SHOULD BE 
NEAR ZERO
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When performing voltage drop testing across fuses, it is necessary to have accurate charts for each size and style 
of fuse being tested. Without the charts, accurate measurements are not possible.

One source for accessing fuse charts used for voltage drop testing across fuses to determine amount of current 
flowing through the fuse.
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ABSOLUTELY NEED ACCURATE AND SPECIFIC CHARTS FOR CORRECT FUSES

530

 

BROKEN URL:  CORRECT ONE IS:
http://info.powerprobe.com/fusecharts

 

https://www.powerprobe.com/fuse-voltage-drop-charts/
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FUSE CHARTSFUSE CHARTS 
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It’s important to remember to not allow any electrical circuit to turn on during the parasitic draw testing procedure. 
Doing so will turn on all the modules and cause all of your readings to be void. If this happens, you must start over 
again and wait the entire time of modules to “go to sleep” again. If doors may have to be opened, perhaps blocking 
the door switches closed could be performed.

There are many types of specialized testers designed to conduct voltage drop testing across fuses. The Amp Hound 
allows quick measurement of the voltage drop across fuses to first determine if there is current flowing in the circuit 
protected by the fuse, and if so, allows an accurate measurement of the amount of current flow by using voltage 
drops. The size and rating of each fuse is inputted into the tool with the corresponding readout being in milli-amps 
or amps.
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BEWARE OF TURNING CIRCUITS ON TO GAIN ACCESS TO 
FUSE PANELS.  MAY HAVE TO BLOCK DOOR SWITCHES 
OR CAREFULLY REMOVE SOME CIRCUIT FUSES 
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FUSES TO MEASURE PARASITIC DRAW.
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Typical fuses used in today’s vehicles

THESE “OFF BRAND” FUSES WILL NOT GIVE ACCURATE RESULTS WITH VOLTAGE DROP TESTING DUE 
TO THEIR INFERIOR DESIGN AND COATINGS USED ON THE METAL TERMINALS- STRONGLY SUGGEST 
THAT THEY NOT BE USED DUE TO QUALITY AND ACCURACY CONCERNS
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BRAND FUSES – BUSSMAN – LITTLEFUSE - ETC

OFF-SHORE – IMPORT – GENERIC BRAND
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THE CHESNEY METHOD OF CHECKING PARASITIC DRAW

 
 
 
 
 
 

THE CHESNEY METHOD OF CHECKING PARASITIC DRAW 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

THESE “OFF BRAND” FUSES WILL NOT GIVE ACCURATE RESULTS WITH VOLTAGE DROP 
TESTING DUE TO THEIR INFERIOR DESIGN AND COATINGS USED ON THE METAL 
TERMINALS- STRONGLY SUGGEST THAT THEY NOT BE USED DUE TO QUALITY AND 
ACCURACY CONCERNS 

This is a relatively “new” alleged method of checking for parasitic draw. There are some technicians that can attest 
to the accuracy of the test and others who cannot. Personally, I have not conducted this test, but it is interesting 
to me. Should you choose, conduct your own experiments.
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POWER POINT VIDEO CREDITS AND REFERENCES

SLIDE 76 Pete Meier discussing uActivate tool
  Pete Meier – Motor Age: 
  https:/youtube.com/5Tx1rQn-K10 

  Pete Meier – Motor Age YouTube channel: 
  https://www.youtube.com/user/MotorAgeMagazine

SLIDE 76 Discussing Smart Test Lights: 
  https://www.youtube.com/watch?v=fByQLEu506M 

SLIDE 108 Using an amp clamp
  Jorge Menchu – AESwave.com: 
  https://www.youtube.com/watch?v=VNZgm0hatzU 

  AESwave YouTube channel: 
  https://www.youtube.com/user/AESwave 

SLIDE 129 Using the Amp Hound
  Cal-Van Tools: 
  http://www.cal-vantools.com/ 

  https://www.youtube.com/watch?v=pM5qV6ge2vA 

SLIDE 132 Testing off-brand fuses
  Jeff Curtis – Bellingham College: 
  https://www.youtube.com/watch?v=UIyIsUgSw5Y 

SLIDE 133   Paul Danner - Scanner Danner  
  Battery blows up 
  https://www.youtube.com/watch?v=h06xb6SC7Yc&list=PL0xMItqQHOLw8CfATGK54awngx
hD80TBk&index=4

https:/youtu.be/5Tx1rQn-K10
https://www.youtube.com/user/MotorAgeMagazine
https://www.youtube.com/watch?v=fByQLEu506M
https://www.youtube.com/watch?v=VNZgm0hatzU
https://www.youtube.com/user/AESwave
http://www.cal-vantools.com/
https://www.youtube.com/watch?v=pM5qV6ge2vA
https://www.youtube.com/watch?v=UIyIsUgSw5Y
https://www.youtube.com/watch?v=h06xb6SC7Yc&list=PL0xMItqQHOLw8CfATGK54awngx   hD80TBk&index=4
https://www.youtube.com/watch?v=h06xb6SC7Yc&list=PL0xMItqQHOLw8CfATGK54awngx   hD80TBk&index=4
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Multimeters — Types, Operation and Use:

How to Use a Multimeter          8:07 min
https://www.youtube.com/watch?v=TdUK6RPdIrA

Beginners Guide to Using Multimeter        19:04 min
https://www.youtube.com/watch?v=RtNMhCzq72M

How to Use a Multimeter to Diagnose Common Problems      14:08 min
https://www.youtube.com/watch?v=aDy9-lGNeQM

“The Best Multimeter in The World (How to Use Them)” Generic – Non-Automotive   41:28 min
https://www.youtube.com/watch?v=lo8MWr3NuuM

Mastering Meters & Advanced Electrical Diagnostics Dave Hobbs-Delphi     1:13:43 min
https://www.youtube.com/watch?v=QPl7gIijjNo

How to Use a Multimeter to Troubleshoot Common Problems BBB Industries   14:08 min
https://www.youtube.com/watch?v=aDy9-lGNeQM

How to use a Multimeter for beginners: Part 1 - Voltage measurement / Multimeter tutorial  32:56 min
https://www.youtube.com/watch?v=ZBbgiBU96mM

How to use a multimeter for advanced measurements: Part 2 - Current Probes / clamps / transducers  29:00 min 
https://www.youtube.com/watch?v=Kqa51Femytw

How to use a Multimeter for beginners: Part 2a - Current measurement    42:35 min
https://www.youtube.com/watch?v=EVFkKBFJsZg

How to use a Multimeter for beginners: Part 3 - Resistance and Continuity    27:10 min
https://www.youtube.com/watch?v=InJhgwmj2So

How To Use a Clamp Meter          5:48 min
https:/ /www.youtube.com/watch?v=WDTVE7lxJQ8

Tutorial: How to use a clamp meter / current clamp      19:52 min
https://www.youtube.com/watch?v=nxhUwH70F_4

Multimeter Review / buyers guide: GTC CM100 1 mA to 100 A Low Current Clamp Meter  26:52 min
https://www.youtube.com/watch?v=1sq2WRGPABw

Multimeter basics, voltage and resistance tests (a free SD Premium video) Scanner Danner 39:42 min
https://www.youtube.com/watch?v=w0PpLTnKKZg

https://www.youtube.com/watch?v=TdUK6RPdIrA
https://www.youtube.com/watch?v=RtNMhCzq72M
https://www.youtube.com/watch?v=aDy9-lGNeQM
https://www.youtube.com/watch?v=lo8MWr3NuuM
https://www.youtube.com/watch?v=QPl7gIijjNo
https://www.youtube.com/watch?v=aDy9-lGNeQM
https://www.youtube.com/watch?v=ZBbgiBU96mM
https://www.youtube.com/watch?v=Kqa51Femytw
https://www.youtube.com/watch?v=EVFkKBFJsZg
https://www.youtube.com/watch?v=InJhgwmj2So
https:/ /www.youtube.com/watch?v=WDTVE7lxJQ8
https://www.youtube.com/watch?v=nxhUwH70F_4
https://www.youtube.com/watch?v=1sq2WRGPABw
https://www.youtube.com/watch?v=w0PpLTnKKZg
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Understanding Electrical Diagrams & Schematics:

Eric The Car Guy – Electrical Troubleshooting – Part II      24:03 min
https://www.youtube.com/watch?v=GVSvA0y-peA

How to Read a Wiring Diagram – Part I         6:16 min
https://www.youtube.com/watch?v=KbvM5Tkc-UA

Electrical Diagrams – Part 2          1:33 min
https://www.youtube.com/watch?v=TFD8ZqXujsE

Electrical Diagrams – Part 3          13:54 min
https://www.youtube.com/watch?v=qXWhQxQXvsY

Electrical Diagrams – Part 4          14:46 min
https://www.youtube.com/watch?v=VXhMh9IOqMU

Electrical Diagrams – Part 5          16:39 min
https://www.youtube.com/watch?v=Sv1wO3qdRZI

Electrical Diagrams – Part 6          9:52 min
https://www.youtube.com/watch?v=DWRi_h251XA

How to Read an Electrical Block Diagram Motor Age       23:20 min
https://www.youtube.com/watch?v=oww3zm8fGJU

Jorge Menchu – AESwave – Wire Color Coding       30:59 min
https://www.youtube.com/watch?v=oC480VSLjBg

Electrical and Schematic Troubleshooting-based Diagnostics with Bill Fulton    2:28:35 min
https://www.youtube.com/watch?v=D6k9ACOJ9sw

Electrical Diagnostics with “G” Jerry Truglia and Rich Peterson Part I    2.57:16 min
https://www.youtube.com/watch?v=UgH8FtQZhNU

Electrical Diagnostics with “G” Jerry Truglia and Rich Peterson Part II    2.33:57 min
https://www.youtube.com/watch?v=qnlJViS9M4A

Basic Electricity for Service Techs: Ohm’s law, Current Flow, Opens & Shorts BBB Ind.  13:53 min
https://www.youtube.com/watch?v=WoN1nou5t1Q

Understanding Electrical Circuits and How To Test Them – Motor Age    12:00 min
https://www.youtube.com/watch?v=SO-eKuhCOqc

Advanced Electrical Troubleshooting – Jerry Truglia      24:26 min
https://www.youtube.com/watch?v=kZ5LaFaTDNc

Electrical Testing and Troubleshooting Tips With Vince Fischelli     53:42 min
https://www.youtube.com/watch?v=mVJWuZ6XrwA

https://www.youtube.com/watch?v=GVSvA0y-peA
https://www.youtube.com/watch?v=KbvM5Tkc-UA
https://www.youtube.com/watch?v=TFD8ZqXujsE
https://www.youtube.com/watch?v=qXWhQxQXvsY
https://www.youtube.com/watch?v=VXhMh9IOqMU
https://www.youtube.com/watch?v=Sv1wO3qdRZI
https://www.youtube.com/watch?v=DWRi_h251XA
https://www.youtube.com/watch?v=oww3zm8fGJU
https://www.youtube.com/watch?v=oC480VSLjBg
https://www.youtube.com/watch?v=D6k9ACOJ9sw
https://www.youtube.com/watch?v=UgH8FtQZhNU
https://www.youtube.com/watch?v=qnlJViS9M4A
https://www.youtube.com/watch?v=WoN1nou5t1Q
https://www.youtube.com/watch?v=SO-eKuhCOqc
https://www.youtube.com/watch?v=kZ5LaFaTDNc
https://www.youtube.com/watch?v=mVJWuZ6XrwA
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Understanding Electrical Diagrams & Schematics:

Electrical and Schematic Troubleshooting-based Diagnostics with Bill Fulton   2:28:35 min
https://www.youtube.com/watch?v=D6k9ACOJ9sw

Electrical Diagnostics with “G” Jerry Truglia and Rich Peterson Part I    2:57:16 min
https://www.youtube.com/watch?v=UgH8FtQZhNU

Electrical Diagnostics with “G” Jerry Truglia and Rich Peterson Part II     2.33:57 min
https://www.youtube.com/watch?v=qnlJViS9M4A

Basic Electricity for Service Techs: Ohm’s law, Current Flow, Opens & Shorts BBB Ind.  13:53 min
https://www.youtube.com/watch?v=WoN1nou5t1Q

Electrical and Schematic Troubleshooting-based Diagnostics with Bill Fulton   2.28:35 min
https://www.youtube.com/watch?v=D6k9ACOJ9sw

Electrical Diagnostics with “G” Jerry Truglia and Rich Peterson Part I    2.57:16 min
https://www.youtube.com/watch?v=UgH8FtQZhNU

Electrical Diagnostics with “G” Jerry Truglia and Rich Peterson Part II    2.33:57 min
https://www.youtube.com/watch?v=qnlJViS9M4A

Basic Electricity for Service Techs: Ohm’s law, Current Flow, Opens & Shorts BBB Ind.  13:53 min
https://www.youtube.com/watch?v=WoN1nou5t1Q

Test Lights:

Eric The Car Guy - Basic Test Light Use        29:52 min
https://www.youtube.com/watch?v=wLVu2HYtOhA

How to Test Automotive Grounds         1:56 min
https://www.youtube.com/watch?v=LGWhzTuJroQ&list=PLRmBBuJTdDw0Pi4SEjzQV9nKQEjfEIWhH

Test Light - regular vs logic probe        8:31 min
https://www.youtube.com/watch?v=vNe3E5ncZgA&index=5&list=PLRmBBuJTdDw0Pi4SEjzQV9nKQEjfEIWhH

How to use a automotive test light – (DIY & Basic, but good info)     20:14 min
https://www.youtube.com/watch?v=BjCjmwUxUSU&list=PLRmBBuJTdDw0Pi4SEjzQV9nKQEjfEIWhH&index=12

HOW TO USE AN AUTOMOTIVE TEST LIGHT TO FIND PROBLEMS!!    3:08 min
https://www.youtube.com/watch?v=Hlna_kUt7As

How to test for a short to ground (ohmmeter vs test light) (Scanner Danner)   39:23 min
https://www.youtube.com/watch?v=WVPFOru17-Q

How to Make an LED Test Light          18:04 min
https://www.youtube.com/watch?v=tDUJDVGyzrQ

https://www.youtube.com/watch?v=D6k9ACOJ9sw
https://www.youtube.com/watch?v=UgH8FtQZhNU
https://www.youtube.com/watch?v=qnlJViS9M4A
https://www.youtube.com/watch?v=WoN1nou5t1Q
https://www.youtube.com/watch?v=D6k9ACOJ9sw
https://www.youtube.com/watch?v=UgH8FtQZhNU
https://www.youtube.com/watch?v=qnlJViS9M4A
https://www.youtube.com/watch?v=WoN1nou5t1Q
https://www.youtube.com/watch?v=wLVu2HYtOhA
https://www.youtube.com/watch?v=LGWhzTuJroQ&list=PLRmBBuJTdDw0Pi4SEjzQV9nKQEjfEIWhH
https://www.youtube.com/watch?v=vNe3E5ncZgA&index=5&list=PLRmBBuJTdDw0Pi4SEjzQV9nKQEjfEIWhH
https://www.youtube.com/watch?v=BjCjmwUxUSU&list=PLRmBBuJTdDw0Pi4SEjzQV9nKQEjfEIWhH&index=12
https://www.youtube.com/watch?v=Hlna_kUt7As
https://www.youtube.com/watch?v=WVPFOru17-Q
https://www.youtube.com/watch?v=tDUJDVGyzrQ
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Test Lights:

How to make your own short circuit detector       10:06 min
https://www.youtube.com/watch?v=6aSClicvo6M&feature=youtu.be

How to measure the current draw of your test light (Incandescent vs. LED) (Scanner Danner)  4:50 min
https://www.youtube.com/watch?v=gEQnKNLlcFQ

How to Make Your Own Test Light        4:12 min
https://www.youtube.com/watch?v=sbzBFyn6V2c

Logic Probe Testing          1:58 min
https://www.youtube.com/watch?v=QH8W6-U23vk

How to Make Your Own Logic Probe        48:39 min
https://www.youtube.com/watch?v=4TH6zSdFlhA

Homemade Logic Probe Test Light        11:28 min
https://www.youtube.com/watch?v=4TH6zSdFlhA

DIY LOGIC PROBE – Schematic         3:35 min
https://www.youtube.com/watch?v=6CMeyYYGsaM

Not all test lights are created equal        4:49 min
https://www.youtube.com/watch?v=ZPvJF7RP-yY

Battery Parasitic Load Testing:

How to Find a Battery Drain         25:17 min
https://www.youtube.com/watch?v=tRYgzM3G8N4

Basic draw test using a multimeter. Very basic content      7:53 min
https://www.youtube.com/watch?v=eXX8TfzRAKk

Parasitic Draw testing          14:26 min
https://www.youtube.com/watch?v=jTECmj78ZOU

Pete Meier Motor Age - Parasitic draw test methods      18:00 min
https://www.youtube.com/watch?v=P-wxG6U5TuY

Pete Meier Motor Age Voltage Drop testing across fuses      6:19 min
https://www.youtube.com/watch?v=T6rDTtxaeJ4

Improved Methods of Battery Drain Testing       18:12 min
https://www.youtube.com/watch?v=QRso1A0VScw

How To Locate and Identify a Parasitic Drain       12:34 min
https://www.youtube.com/watch?v=YhC8xj5vHUg

https://www.youtube.com/watch?v=6aSClicvo6M&feature=youtu.be
https://www.youtube.com/watch?v=gEQnKNLlcFQ
https://www.youtube.com/watch?v=sbzBFyn6V2c
https://www.youtube.com/watch?v=QH8W6-U23vk
https://www.youtube.com/watch?v=4TH6zSdFlhA
https://www.youtube.com/watch?v=4TH6zSdFlhA
https://www.youtube.com/watch?v=6CMeyYYGsaM
https://www.youtube.com/watch?v=ZPvJF7RP-yY
https://www.youtube.com/watch?v=tRYgzM3G8N4
https://www.youtube.com/watch?v=eXX8TfzRAKk
https://www.youtube.com/watch?v=jTECmj78ZOU
https://www.youtube.com/watch?v=P-wxG6U5TuY
https://www.youtube.com/watch?v=T6rDTtxaeJ4
https://www.youtube.com/watch?v=QRso1A0VScw
https://www.youtube.com/watch?v=YhC8xj5vHUg
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Battery Parasitic Load Testing:
Eric the Car Guy parasitic load testing with multimeter (no battery saver used)   16:50 min
https://www.youtube.com/watch?v=KF1gijj03_0

Parasitic Current Draw: AMP Clamp Tech Tip – Dave Hobbs – Delphi    4:14 min
https://www.youtube.com/watch?v=EcFo35tyev0

Battery keeps going dead (what to test before replacing) – Scanner Danner   17:35 min
https://youtube.com/AA-vHbE1IA8

BATTERY DRAINS TECH TIP - Dave Hobbs       9:16 min
https://www.youtube.com/watch?v=M7fcj_R-2kY

How to test an Alternator (alternator not charging from a blown fuse) Scanner Danner Pt 1  29:38 min 
https://www.youtube.com/watch?v=--AdY8z1QfU

How to find a short to ground (blown fuse) Part II - Scanner Danner    21:36 min
https://youtu.be/FK9STP4G9-I

How to locate a battery drain (parasitic drain test) Part 1       50:41 min
https://youtu.be/h06xb6SC7Yc

How to locate a battery drain (parasitic drain test) Part 2 - Scanner Danner    44:44 min
https://youtu.be/dgvIicgZRcQ

Voltage Drop Testing:

Voltage Drop Testing - Complete Topic Motor Age – Pete Meier & Jerry Truglia    1:23:51 min
https://www.youtube.com/watch?v=n7-YSsWXVq8

Voltage Drop Testing – Pete Meier & Jerry Truglia       1:26:45 min
https://www.youtube.com/watch?v=YaYtCVBodpw

Basic Voltage Drop Testing for Automotive Electrical Testing     13:56 min
https://www.youtube.com/watch?v=9aioZN33xsA

Understanding Voltage Drop         33:14 min
https://www.youtube.com/watch?v=DfLyh43iihM

What is Voltage Drop? Dan Sullivan        14:54 min
https://www.youtube.com/watch?v=ggKnH-95ty0

Voltage Drop – Part 1          3:40 min
https://www.youtube.com/watch?v=6Sqk_Gai59I

Voltage Drop – Part          29:28 min
https://www.youtube.com/watch?v=a1vR2BxJ9jQ

https://www.youtube.com/watch?v=KF1gijj03_0
https://www.youtube.com/watch?v=EcFo35tyev0
https://youtu.be/AA-vHbE1IA8
https://www.youtube.com/watch?v=M7fcj_R-2kY
https://www.youtube.com/watch?v=--AdY8z1QfU
https://youtu.be/FK9STP4G9-I
https://youtu.be/h06xb6SC7Yc
https://youtu.be/dgvIicgZRcQ
https://www.youtube.com/watch?v=n7-YSsWXVq8
https://www.youtube.com/watch?v=YaYtCVBodpw
https://www.youtube.com/watch?v=9aioZN33xsA
https://www.youtube.com/watch?v=DfLyh43iihM
https://www.youtube.com/watch?v=ggKnH-95ty0
https://www.youtube.com/watch?v=6Sqk_Gai59I
https://www.youtube.com/watch?v=a1vR2BxJ9jQ
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Voltage Drop Testing:
Voltage Drop – Part 3          9:42 min
https://www.youtube.com/watch?v=WONhgSxeZ2s

Voltage Drop – Part 4          9:38 min
https://www.youtube.com/watch?v=H8rl5w51fNo

Voltage Drop Test – Delco Remy TECH TIP (HD Truck)      5:54 min
https://www.youtube.com/watch?v=UhT2cNCfTXc

Voltage drop testing with the Power Probe Hook       3:28 min
https://www.youtube.com/watch?v=4EjwMpXBjKk

Relays, Operation, Wiring, Diagnosis & Testing:
VEHICLE RELAYS - Operation & Diagnosis - Dan Sullivan     12:37 min
https://www.youtube.com/watch?v=Mru8BbTGDwM

VEHICLE RELAYS - Testing from the relay base – Dan Sullivan     7:19 min
https://www.youtube.com/watch?v=6eZg3wLYsr0

DIY: How to Test a Relay BASIC LEVEL        9:51 min
https://www.youtube.com/watch?v=clSSwXeezDo

Electrical Series: How To Test A Relay        3:45 min
https://www.youtube.com/watch?v=GtWmYffMido

How to test a 4-pin Relay (Electronic on/off Switch) also with connector & led light   10:40 min
https://www.youtube.com/watch?v=67fU_QrN0gg

How to wire up a relay          16:39 min
https://www.youtube.com/watch?v=bb9rCtB_2HU

How to wire a relay – Tutorial         3:11 min
http://cumminsengines.com/assets/pdf/4971166.pdf

What is a Relay? How a Relay works! (non-automotive)      3:35 min
https://www.youtube.com/watch?v=hhYWEh4Dfoc

What is a Relay? How does a Relay works! (Silent)      3:31 min
https://www.youtube.com/watch?v=1_YfuH_AcxQ

Understanding 12v DC Switches, Relays, Solenoids - Part 1     20:14 min
https://www.youtube.com/watch?v=jZoGC0BUk5c

Testing relays with the Power Probe        6:00 min
https://www.youtube.com/watch?v=dsUm2INjURE

https://www.youtube.com/watch?v=WONhgSxeZ2s
https://www.youtube.com/watch?v=H8rl5w51fNo
https://www.youtube.com/watch?v=UhT2cNCfTXc
https://www.youtube.com/watch?v=4EjwMpXBjKk
https://www.youtube.com/watch?v=Mru8BbTGDwM
https://www.youtube.com/watch?v=6eZg3wLYsr0
https://www.youtube.com/watch?v=clSSwXeezDo
https://www.youtube.com/watch?v=GtWmYffMido
https://www.youtube.com/watch?v=67fU_QrN0gg
https://www.youtube.com/watch?v=bb9rCtB_2HU
http://cumminsengines.com/assets/pdf/4971166.pdf
https://www.youtube.com/watch?v=hhYWEh4Dfoc
https://www.youtube.com/watch?v=1_YfuH_AcxQ
https://www.youtube.com/watch?v=jZoGC0BUk5c
https://www.youtube.com/watch?v=dsUm2INjURE
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Relays, Operation, Wiring, Diagnosis & Testing:
Pete Meier Motor Age – Using the Uactivate relay tester      4:22 min
https://www.youtube.com/watch?v=5Tx1rQn-K10

How to use Switches, Relays, Solenoids in your 12v Wiring Harness – Part 2 (Custom app.) 21:58 min
https://www.youtube.com/watch?v=7vOVSst-SoY

How Does A Relay Work - Automotive Relay SPDT      12:39 min
https://www.youtube.com/watch?v=xvFvJiiDD7w

Testing relay with and without a diagram (ohmmeter based only)     14:10 min
https://www.youtube.com/watch?v=dsUm2INjURE

Wiring Products - How to Wire an Automotive Relay      2:03 min
https://www.youtube.com/watch?v=Tw9QkkT2ptU

Basic Automotive Relay Operation and Simple Wiring 
(Not perfect video quality and narrative, but good fundamentals)     8:04 min
https://www.youtube.com/watch?v=hhduYLhUeK0

RELAYS - How to wire and how they work TUTORIAL !! 
(Poor narration, but good fundamentals)        20:52 min
https://www.youtube.com/watch?v=F1SGyN6Yp64

Switches, Relays and Wiring Diagrams 2 - ADP Training      5:21 min
https://www.youtube.com/watch?v=Fxl1B0tpq6U

https://www.youtube.com/watch?v=5Tx1rQn-K10
https://www.youtube.com/watch?v=7vOVSst-SoY
https://www.youtube.com/watch?v=xvFvJiiDD7w
https://www.youtube.com/watch?v=dsUm2INjURE
https://www.youtube.com/watch?v=Tw9QkkT2ptU
https://www.youtube.com/watch?v=hhduYLhUeK0
https://www.youtube.com/watch?v=F1SGyN6Yp64
https://www.youtube.com/watch?v=Fxl1B0tpq6U
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Youtube & Other Channels for Resources:

ADP VIDEO TRAINING YOUTUBE CHANNEL
https://www.youtube.com/user/ADPTraining

AESWAVE VIDEO YOUTUBE CHANNEL
https://www.youtube.com/user/AESwave

SCANNER DANNER (PAUL DANNER) YOUTUBE BASIC CHANNEL (OVER 100 FREE VIDEOS) (DETAILED)
https://www.youtube.com/results?q=scannerdanner+YOUTUBE

SCANNER DANNER PREMIUM YOUTUBE CHANNEL (HIGHLY RECOMMEND) 
https://www.youtube.com/results?search_query=scannerdanner+premium

VINCE FISCHELLI YOUTUBE CHANNEL 
https://www.youtube.com/results?search_query=vince+fischelli+

VIDEO – DAVE HOBBS – COMPREHENSIVE TESTING OF PARASITIC DRAW – 190 MINUTE VIDEO FOR PUR-
CHASE AT: https://www.aeswave.com/Parasitic-Current-Draw-p9220.html   $124.95

Other Resources:
ARTICLE: How to Locate a Parasitic Drain – Motor Magazine
https://www.motor.com/magazine-summary/proven-techniques-for-battery-drain-diagnosis/#

ARTICLE: Inductive Ammeter Conducting Parasitic Draw test
http://www.hotrod.com/articles/matco-tools-parasitic-drain-tester-and-low-current-probe/

WEBSITE: Complete online course on basic electrical systems. 10 major sections of content including one on 
relays. Author – Kevin Sullivan – San Bruno College – After getting to homepage, click on ONLINE INSTRUCTION 
www.autoshop101.com

ARTICLE: JORGE MENCHU – AESWAVE – WIRE COLOR CODING PDF
http://resources.aeswave.com/articles/Jorge/2008_12_Motor_WDcolorCoding.pdf

ARTICLE: A New Approach to Parasitic Draw Testing – Motor Age
http://www.searchautoparts.com/motorage/technicians/scope-scan-service-repair/new-approach-testing-parasitic-
draw

ARTICLE: Parasitic Load Testing at fuses using a voltmeter
http://www.gonzostoolbox.com/KnowledgeFolder/ParasiticDrawHunting.html

https://www.youtube.com/user/ADPTraining
https://www.youtube.com/user/AESwave
https://www.youtube.com/results?q=scannerdanner+YOUTUBE
https://www.youtube.com/results?search_query=scannerdanner+premium
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