Demonstrate knowledge of the causes and effects from shorts, grounds, opens, and resistance problems in electrical/electronic circuits.
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	Introduction/Context
	This lesson will instruct the student on how to demonstrate knowledge of the causes and effects from shorts, grounds, opens, and resistance problems in electrical/electronic circuits.
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	Lesson Length:

	
	 
	 
	



	No.
	Task

	
	Demonstrate knowledge of the causes and effects from shorts, grounds, opens, and resistance problems in electrical/electronic circuits.



	No.
	Objective

	1
	Upon completion of this lesson, the student will be able to demonstrate knowledge of the causes and effects from shorts, grounds, opens, and resistance problems in electrical/electronic circuits, and pass a written exam with 100% accuracy.




















Connections:
	Skills Standards:
OH  001  
OH  002 
OH  003
OD  002
OD  003
OD  005
New Common Core Standards:
RST 11-12 3
A-CED-4
N-Q.1
Common Core Technical Standards:
TD-OPS 2
TD-SYS 2
New Generation Science Standards:
HS-PS2-5.
HS-PS3-3.
HS-PS3-5.



INSTRUCTIONAL MATERIALS/TECHNOLOGY 

Textbooks and Workbooks
	Author
	Title/ISBN No.
	Edition
	Publisher
	Pages

	James E. Duffy 
	Auto Electricity and Electronics Fundamentals 
	1st 
	Goodheart Willcox 
	137-144 




Web Addresses
	Title
	Publisher
	URL

	How Stuff Works 
	 
	www.howstuffworks.com 




Supplies
	Quantity
	Item
	Source

	12 Each 
	Batteries (AA, AAA, C, D) 
	Parts Store 

	1 
	Wire Connector Set 
	Parts Store 




Equipment
	Quantity
	Item
	Source

	1 
	A-Tech Set Trainer 1-2-3 
	 











Content/Presentation/Demonstration Outline
	   Safety: Students should wear proper eye protection when performing lab operations. Students should use caution when using the DVOM, especially when installing, connecting, or disconnecting meter leads as these instruments can be very sharp. Power must be disconnected from the circuit before any tests can be ran using the ohmmeter. Damage to the meter and/or circuit may result.

	   The instruction of students should start with the fundamental understanding of Ohms Law. Open Circuits: An open circuit is a circuit that has a complete break somewhere in the circuit. Current will not flow through an open circuit. An open circuit fails completely to operate and is “completely inoperative”. An open circuit can be caused by: 1) A broken wire conductor. 2) A blown fuse 3) Open switch 4) Failed electrical component that is open internally. Diagnosis of open circuits: The test light is an easy and useful tool to use when troubleshooting an open circuit. First, hook the ground clip of the test light to a good ground. Then take the probe end of the test light and check for power at the fuse and on both sides of the fuse. Follow the wiring diagram from the fuse down towards the load side of the circuit. Once the test light fails to light on a particular part of the circuit, back track until it does light up again and then you will isolate where the open has occurred. This same procedure can also be used to check for an open in the ground side of the circuit, but the student must hook the test light clip to a power source when probing the ground circuit for an open.

	   High resistance: High circuit resistance will reduce current flow, but it will not stop current flow altogether like an open. High circuit resistance can be found in bad connections, corroded terminal, and high internal resistance of a component. High circuit resistance may cause: 1) A bulb to burn dimly 2) A motor or load to run at half speed 3) A motor or load that tries to energize. Diagnosing high circuit resistance problems: A DVOM is the best tool to use when diagnosing high resistance problems. The voltage drop test is a useful test when testing for these types of problems. Sometimes a resistance measurement may be within specs on a circuit but this circuit does not have current flowing through it at the time of the resistance check. The voltage drop test will give the student a true dependable reading and voltage drop tests are the most accurate because the circuit will have current flowing at the time of the test. Voltage drop testing: 1) Turn on the circuit. 2) Install the voltmeter on the input and output leads of the connector, switch, or circuit wire. Obtain and record reading. 3) A good connection should have little or no voltage drop. A drop of (.1) 1/10 of a volt is acceptable; any more of a drop is an indication of high circuit resistance.

	   Short circuits: A short circuit involves a conductor in a circuit that comes in contact with a conductor or ground from another circuit. A short can be classified into two categories; a short to ground and a short to power. A short to power can be found by unplugging fuses to find out which circuit is providing current flow. Once the fuse is removed, the procedure under DVOM testing can be used. A short to ground is most common and the most dangerous. A circuit shorted to ground has a drop in circuit resistance and an increase in amperage. This can result in a fire due to intense heat. A short may simply cause a circuit to become inoperative due to blown fuse or it may present itself as a highly damaged and burnt circuit.

	   Diagnosing short to grounds: Many types of tools may be used to implement short finding strategies. Test lights, circuit tracers, circuit breaker and compass, inductive pickups, and a DVOM are all used in detection. The circuit breaker and compass are used in succession. Install the breaker in place of the fuse. Run the compass along next to the circuit wiring. The current flow and magnetic field will act upon the compass needle. When the needle stops reflecting, the short has been found. The inductive circuit tracer or signal generator can work in the same manner. This device can be moved over the circuit and the change in the magnetic field will result in a visual or audible change. Once this change is detected, the short has been found. A headlight may be used to find short to grounds also: 1) Remove the fuse. 2) Install a sealed beam headlight using “non-fused” jumper wires in place of the fuse. The headlight will act as a low resistance and high current draw device. The headlight will protect the circuit from damage. Caution: The headlight could become very hot, it is best not to place this in, on, or near the vehicle itself. 3) If a short is present, the headlight will burn bright. 4) The circuit can now be wiggle tested an unplugged connector by connector until the headlight burns dimly. Once the headlight burns dimly, the short has been found.

	   DVOM Testing: 1) Disconnect power from the circuit. 2) Set the meter to the Ohms/resistance setting. 3) Using a wiring diagram, isolate, disconnect, and unplug all the circuit connectors at every possible location including the ground connection. 4) Install one meter lead to ground and use the other lead to probe the isolated circuit pieces. Be sure to probe all the pieces of the circuit. 5) The circuit should not have any continuity with ground. When a portion of the circuit tested shows continuity with ground, the short has been found.




Applications/Practice
	1
	The student can practice these skills on vehicles with live or “bugged” problems. These skills can also be practiced on circuits built in a lab/classroom environment. The use of Atech trainers and software is very helpful.




Evaluation and feedback Prior to Testing or Lab Work
	1
	Observe students while making measurements and obtaining readings. Instruct the students to use different methods for evaluation of the problem. Have a bugged circuit available with a specific circuit problem that students can test. Monitor students progress while diagnosing problem.




STUDENT ASSESSMENT: (Assess student progress with performance criteria.)
	1
	A multiple-choice test will be given at the end of this lesson. This will help demonstrate student knowledge of the task. Sample question: Technician A says that an open circuit will have infinite resistance. Technician B says that when checking for continuity, a meter that displays “OL” indicates a complete path for current flow. Answer: Technician A



	IMPACT--Reflection/Analysis of Teaching and Learning: (How did students progress in relation to the state objectives? Was the instruction successful? Analyze samples of student work, particularly that which is unsatisfactory, for the purpose of planning further instruction.)






	REFINEMENT--Lesson Extension and Follow-up: (To be filled in as the lesson is modified during initial planning and/or during the teaching learning process.)







