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 Learning Activities Sheet

 Student Name __________________________________________________

  Place a checkmark in the appropriate box as you complete each of the steps 
below.

  1. Take  Pretest provided by instructor. After test has been 
evaluated, follow instructorõs recommendations.

    Instructor's initials ____________   Date ___________

   2. Read Objective Sheet.

    3. Read Section from reference text as designated by instructor.

            4. Answer  Review questions from reference text as designated by 
instructor.

            5. Stop  Ask instructor to evaluate the completed review 
questions. After work has been evaluated, follow 
instructorõs recommendations.

  6. Study  Information Sheet, Objectives 1 through 11.

   7. View Video as designated by instructor.

  8. Do  Assignment Sheet 1, òIdentify Components on HVACR 
System Electrical Diagrams.ó

  9. Stop  Have instructor evaluate the completed assignment 
sheet and if the evaluation is satisfactory, continue to 
Step 10. If the evaluation is not satisfactory, repeat 
Steps 6 and 8.

    Instructor's initials ____________   Date ___________

  10. Do  Assignment Sheet 2, òIdentify Component Operations 
from HVACR System Electrical Diagrams.ó
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  11. Stop  Have instructor evaluate the completed assignment 
sheet and if the evaluation is satisfactory, continue to 
Step 12. If the evaluation is not satisfactory, repeat 
Steps 6 and 10.

    Instructor's initials ____________   Date ___________

  12. Do  Assignment Sheet 3, òSelect Test Instruments 
or Procedures for Specific HVACR System 
Troubleshooting.ó

  13. Stop  Have instructor evaluate the completed assignment 
sheet and if the evaluation is satisfactory, continue to 
Step 14. If the evaluation is not satisfactory, repeat 
Steps 6 and 12.

    Instructor's initials ____________   Date ___________

  14. Do  Assignment Sheet 4, òSolve HVACR Electrical 
Troubleshooting Problems.ó

  15. Stop  Have instructor evaluate the completed assignment 
sheet and if the evaluation is satisfactory, continue to 
Step 16. If the evaluation is not satisfactory, repeat 
Steps 6 and 14.

    Instructor's initials ____________   Date ___________

 16. Practice  Job Sheet 1, òTroubleshoot Series Electrical Circuits on 
Selected HVACR Equipment.ó

 17. Do  Job Sheet 1, òTroubleshoot Series Electrical Circuits on 
Selected HVACR Equipment.ó

 18. Stop  Have instructor evaluate your performance and if the 
evaluation is satisfactory, continue to Step 19. If the 
evaluation is not satisfactory, study the procedure 
outlined in Job Sheet 1 and repeat Steps 16 and 17.

    Instructor's initials ____________   Date ___________

 19. Practice  Job Sheet 2, òTroubleshoot Parallel Electrical Circuits 
on Selected HVACR Equipment.ó

 20. Do  Job Sheet 2, òTroubleshoot Parallel Electrical Circuits 
on Selected HVACR Equipment.ó
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 21. Stop  Have instructor evaluate your performance and if the 
evaluation is satisfactory, continue to Step 22. If the 
evaluation is not satisfactory, study the procedure 
outlined in Job Sheet 2 and repeat Steps 19 and 20.

    Instructor's initials ____________   Date ___________

 22. Practice  Job Sheet 3, òTroubleshoot Series-Parallel Electrical 
Circuits on Selected HVACR Equipment.ó

 23. Do  Job Sheet 3, òTroubleshoot Series-Parallel Electrical 
Circuits on Selected HVACR Equipment.ó

 24. Stop  Have instructor evaluate your performance and if the 
evaluation is satisfactory, continue to Step 25. If the 
evaluation is not satisfactory, study the procedure 
outlined in Job Sheet 3 and repeat Steps 22 and 23.

    Instructor's initials ____________   Date ___________

 25. Take  Posttest provided by instructor. After test has been 
evaluated, follow instructorõs recommendations.

    Instructor's initials ____________   Date ___________

 26. Stop  Have instructor evaluate your unit performance. If the 
evaluation is satisfactory, proceed to next learning 
activities sheet. If evaluation is not satisfactory, ask 
instructor for further instructions.

    Instructor's initials ____________   Date ___________
 *Permission to duplicate this form is granted.
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 Objective Sheet

  After completing this unit, the student should be able to identify components 
and component operations from HVACR electrical diagrams; select test 
meters or procedures for specific HVACR system troubleshooting; and solve 
HVACR electrical troubleshooting problems. The student should also be able 
to troubleshoot series, parallel, and series-parallel electrical circuits on selected 
HVACR equipment. The student should demonstrate these competencies by 
completing the activities in the assignment and job sheets and by scoring a 
minimum of 85 percent on the Written Test.

 After completing this unit, the student should be able to:

 1. Select the correct term that matches the definition.

 2.  Select the correct word(s) to complete statements concerning guidelines 
for troubleshooting HVACR system electrical circuits.

 3.  Select whether statements concerning identifying circuit components 
and their operations are true or false.

 4.  Select the correct word(s) to complete statements concerning guidelines 
for test meter selection.

 5.  Select whether statements concerning using a voltmeter are true or 
false.

 6.  Select the correct answers to questions on applying the hopscotch 
method for troubleshooting.

 7.  Select whether statements concerning using an ammeter are true or 
false.

 8.  Select the correct word(s) to complete statements concerning using an 
ohmmeter.

 9.  Select the correct word(s) to complete statements concerning checking 
for shorts and grounds.

 10.  Select whether statements concerning using jumpers to troubleshoot 
are true or false.

 11.  Select the correct answers to questions concerning troubleshooting 
techniques.

 12.  Identify components on HVACR system electrical diagrams.  
(Assignment Sheet 1)
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 13.  Identify component operations from HVACR system electrical diagrams. 
(Assignment Sheet 2)

 14.  Select test instruments or procedures for specific HVACR system 
troubleshooting. (Assignment Sheet 3)

 15.  Solve HVACR electrical troubleshooting problems.   
(Assignment Sheet 4)

 16.  Troubleshoot series electrical circuits on selected HVACR equipment. 
(Job Sheet 1)

 17.  Troubleshoot parallel electrical circuits on selected HVACR equipment. 
(Job Sheet 2)

 18.  Troubleshoot series-parallel electrical circuits on selected HVACR 
equipment. (Job Sheet 3)
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 Information Sheet

 Terms and definitions

   Note: Please refer to òKey termsó for definitions.

 

 a.   Continuity
 b. Control
 c. Ground
 d. Limit control
 e. Load

 f. Open
 g. Operating control
 h. Primary control
 i. Safety ground
 j. Short

 Guidelines for troubleshooting HVACR system electrical circuits

 

Key terms:

Å GroundñAn undesired path to the earth ground
Å  LoadñAny device that uses or consumes electricity by converting it into 

heat, light, or mechanical motion
Å OpenñLack of continuity in an electrical circuit
Å ShortñAn improper path in an electrical circuit

 a.  Identify circuit components and their operation using electrical diagrams 
and information about the specific equipment.

 b.  Select the appropriate test meter based on the status of the equipment 
and your own experience.

 c.  Use test instruments and your senses and experience to establish 
where power is available, what is and what is not operating, how loads 
are operating, and where faults such as opens, shorts and grounds are 
located.

 d.  Open switches, safety devices, or loads in series may have to be 
temporarily jumpered in order to identify the condition of the entire 
circuit or system.
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 e.  Recommend corrective action only after you have determined the 
relative cost or any additional problems.

 Examples: 1.   It may be worthwhile to replace a compressor in a 
newer unit, but not in an older one.

  2.   It would be foolish to replace a contactor and then 
discover that the compressor does not work.

  3.   Burnt contacts in a contactor could be caused by 
a compressor pulling too many amps because a 
condenser coil is dirty.

 Identifying circuit components and their operations

 

Key terms:

Å  ControlñAny device that operates or regulates electrical or mechanical 
systems

Å  Limit controlñA control which responds to conditions such as tempera-
ture or pressure and opens or closes circuits when maximum or mini-
mum conditions are reached; usually used for safety purposes

Å  Operating controlñA control such as a thermostat which responds to a 
change in conditions and initiates action

Å  Primary controlñA control such as a fan relay which responds to  a 
signal from an operating control and stops and starts equipment such as 
motors or valves

 a.  In an operating HVACR circuit, an operating control senses a need for a 
change in conditions and signals a primary control which starts or stops 
the equipment that will make the change, but only if the limit control 
senses that it is safe to do so.

 Example:  A heating thermostat, an operating control, senses that the 
room temperature is below the set point and signals the gas 
valve, a primary control, to open and supply gas to burn and 
provide heat, but only if the temperature limit control senses 
that it is not too hot in the furnace.

 b.  In order to troubleshoot HVACR electrical systems, a technician must 
identify which components are loads, what is controlling each load, and 
what type of controls they are.

 c.  The power supply or source and amount of voltage must also be 
identified.

 d.  In the pictorial on the following page the electrical components can be 
identified as:

 Å  Sources: 120VAC power supply and the 24VAC secondary of the 
transformer
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 Å Loads: fan motor, gas valve, and primary of the transformer

 Å  Controls: fan motor controlled by fan control, gas valve controlled 
by thermostat and limit control, and the transformer primary has no 
control.

 Figure 1

 

 e.  Converted to a ladder schematic using symbols which show component 
functions, the system in the pictorial looks like the following.

 Figure 2

 

 f.  A single device often contains more than one electrical component such 
as the transformer in the system above which is treated as a load in the 
primary and a source in the secondary.
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 g.  Motors with more than one winding such as two speed motors and split 
phase motors are two loads in one device which the following diagrams 
illustrate.

 Figure 3

 

 Guidelines for test meter selection

 a.  Which test meter to use in a given situation depends on the status of the 
equipment and the technicianõs experience.

 b.  Use a voltmeter to determine if source voltage is available to the 
equipment or to a specific component.

 c.  When the system is fully or partially operating, use a voltmeter to 
determine at what point the circuit is broken.

 d.  Use an ammeter to determine whether a load such as a motor or electric 
heat strip is operating properly, that is, drawing the correct amount of 
current.

 e.  An analog ammeter or a digital ammeter capable of reading momentary 
amp draw is essential in checking motor starting amps and starting 
components.

 f. Use an ohmmeter to check for continuity of a circuit or component.

 g. Use an ohmmeter only with:

 Å the power turned off or disconnected

 Å capacitors discharged

 Å the circuit or component isolated

 h.  To use voltmeters and ammeters, power must be on, but to use an 
ohmmeter, power must be off.
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 Using a voltmeter

 a.  The first step in almost any troubleshooting situation is to determine if 
power is available to the equipment.

 b.  If any line voltage components are operating, it requires no meter to 
come to the conclusion that power is available.

 c.  If no components are operating, use a voltmeter to check for voltage at 
the point where the source of supply enters the equipment.

 d.  If voltage is present, the problem is in the equipment; if voltage is not 
present, the problem is in the source.

 e.  If the problem is in the source, use the voltmeter to check at points such 
as fuses or breakers to determine where power stops.

 f.  Blown fuses or breakers are indications that some load is probably 
drawing too much current.

 g.  If voltage is available to the equipment, use a voltmeter to check if 
voltage is available to individual loads.

 h.  Once you have established that voltage is available to the equipment 
but not to the load, the simplest way to determine which component in 
a circuit is open is to use the hopscotch method.

 Applying the hopscotch method for troubleshooting

 a.  After you have established that voltage is available to the equipment 
but not to the load, begin the hopscotch troubleshooting method by 
measuring voltage across the entire circuit.

 Figure 4
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 b.  Next, move the left lead to the other side of the first switch, that is, hop 
over the switch.

 Figure 5

 

 c.  If voltage is present, the first switch is closed and is not the problem; If 
voltage is not present, the first switch is open and you have identified 
the problem.

 d.  If the first switch is not the problem, use the left lead to hop over each 
switch in order until the open is identified.

 Example:  In the following graphic, the meter indicates an open low 
pressure switch.

 Figure 6

 

 e.  Although an open is occasionally a broken wire or a loose connection, 
an open is usually caused by an open switch.

 f.  Once hopscotching helps you isolate an open, make every effort to 
determine why the open occurred and do your best to correct the 
problem before operating the equipment.
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 Using an ammeter

 a.  Use an ammeter to test the amount of current a load is drawing, and 
compare the amp draw to the OEM specifications.

 b.  Name plate rating for FLA represents amp draw under full load 
conditions, so be sure to evaluate the operating conditions of the load.

 Example:  Since air conditioners are rated as under full load when 
operating on a 95ÁF day, an AC compressor motor running 
on an 80ÁF day would be expected to draw less than FLA.

 c.  Ammeter checks of a CSR motor tell a technician not only the condition 
of the motor, but also the condition of the starting components, and 
an analog ammeter can be used to evaluate the operation of many 
motors.

   Note: See Student Supplement 1.

 d.  Use an ammeter to determine if loads you cannot see are or are not 
operating.

 Example:  An electric heating element is working if it draws any amps 
at all.

 e.  When the ammeter you are using does not have a scale small enough 
to read the very low current draw of some loads, wrap the wire several 
times around the ammeter jaws and divide the motor reading by the 
number of passes the wire makes through the jaws.

 f.  To prevent damage to an ammeter, remember that motors have 
relatively high starting amps, so be sure to set an ammeter high enough 
to handle three to four times FLA and then change to a lower scale after 
the motor starts.

 g.  Because of the short duration of start amps, most digital ammeters will 
not read start amps.

 Using an ohmmeter

 

Key term:

Å ContinuityñA complete electrical path

 a.  Use an ohmmeter to check continuity or to find opens, shorts, and 
grounds.
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 b.  Before using an ohmmeter, disconnect the power and at least one end 
of the component you are checking.

  
Caution: Using an ohmmeter with power present will cause serious 
damage to the meter.

 c.  Use an ohmmeter for checking circuits only if the circuit has been 
isolated from other circuits and components.

 d.  To avoid misleading readings and misinterpreting ohmmeter readings, 
remove a component before checking it with an ohmmeter.

 e.  Zero an ohmmeter before using it and each time you change scales 
because it is the only way to assure accurate readings.

 f.  A reading of infinity indicates an open fuse, switch, or wire while a 
reading of zero ohms or very near zero ohms indicates continuity 
because the ohmmeter was able to send an electrical signal through the 
component.

 g.  An open load will also have infinite resistance, but the proper resistance 
of a load can only be obtained from OEM specifications.

 h.  Do not use an ohmmeter to test most solid state devices because solid 
state devices can be damaged by the battery current of the meter.

 Checking for shorts and grounds

 

Key term:

Å  Safety groundñA direct path to an earth ground to prevent damage to 
equipment or injury to people

 a.  The symptoms for shorts and grounds are similar and technicians often 
confuse one with the other.

 b.  A short occurs when electricity takes an alternative path or shortcut 
such as when motor windings touch each other where they should not.

 Figure 6
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 c.  A ground occurs when electricity takes a direct path to ground such as 
through an equipment case.

 Figure 8

 

 d.  Either a shorted or a grounded load will usually blow a fuse or trip a 
breaker because the current is allowed to flow without being impeded 
by the designed load.

 e.  Resistance readings of a shorted load are lower than OEM 
specifications.

 f.  A shorted switch or shorted wiring will usually cause a load to continue 
to operate when it is not supposed to be operating.

 Example:  A cooling unit would continue to run after desired temperature 
is reached if contactor contacts are shorted.

 g.  The most important thing to do when checking for shorts with an 
ohmmeter is to isolate the circuit or the load being tested.

 h.  Check for a ground with an ohmmeter by placing one probe on the 
component and the other probe on a known ground such as the green 
wire on a grounded cord or copper tubing in a refrigeration system.

 Using jumpers to troubleshoot

 a.  Since an open operating switch, open safety switch, or open wiring or 
connections will usually not allow a circuit or system to operate, the 
open may need to be temporarily jumpered to find out if the rest of the 
circuit or system will operate.

 b.  Be sure to look the system over for any obvious faults, such as burnt 
spots, loose wiring or stuck motors before jumpering any components.

 c.  Jumpering may be as simple as manually pushing in contacts or the 
applying of additional wires.
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 d.  Jumpers may be simply pieces of wire or manufactured jumpers with 
alligator clips on each end.

 Figure 9

 

 e. Be sure power is off or disconnected before using jumpers.

 f.  Be prepared to turn power off quickly when restoring power to test the 
circuit.

   Note: If a power switch is not close, enlist the help of a coworker or 
install a temporary switch in the line.

 g.  Restore power only long enough to determine what is or is not working 
in the circuit or system.

 h.  If the load does not operate, use the hopscotch method to find additional 
opens.

 i. Additional jumpers can be used for any additional opens.

 j. Be sure to remove all jumpers when checks are completed.

 Troubleshooting techniques

 a.  The basic technique for most electrical troubleshooting is a process of 
elimination.

 b.  The process of elimination involves separating circuits and components 
that are operating properly from circuits and components that are not 
operating properly.

 c.  The process of elimination begins with a diagnosis of the problem which 
requires finding out two things:

 Å What the equipment should be doing
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 Å What the equipment is doing

 d.  To find what the equiment should be doing, a technician should look to 
the following:

 Å Equipment history as reflected in company or customer records

 Å  The technicianõs own field experience or the experience of other 
technicians as found in troubleshooting charts and service literature

 Å Equipment wiring diagrams

 e.  To find out what the equipment is doing, a technician should look to the 
following:

 Å Customer complaints

 Å System observation

 Å Technician test results

 f.  A comparison of what the equipment should be doing with what the 
equiment is doing should eliminate some parts of the system as the 
source of the problem.

 Example:  On a no cool call, if the fan is running in the indoor section of 
a split cooling system and the outdoor section is humming, 
the indoor section can be eliminated as containing the 
source of the problem because the fan running indicates 
the indoor section has both line voltage and control voltage, 
and the outdoor section humming indicates that the controls 
are probably sending a signal to the outside.

 g.  Once a technician has determined which electrical circuits or which 
sections of the equipment contain the probable sources of the problem, 
the technician must isolate the specific fault.

 h.  A technician isolates a specific fault by using a troubleshooting 
procedure found in such things as:

 Å The technicianõs experience with similar equipment

 Å  OEM installation, startup, and service instructions furnished with the 
equipment

 Å Troubleshooting charts or tables

 Å Fault isolation diagrams or troubleshooting trees

   Note: See the troubleshooting tree in Student Supplement 2.
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 Å  OEM instructions for using and interpreting diagnostic tests built into 
the equipment

 Example:  Many solid state control boards contain testing features 
which permit the technician to apply a jumper to test 
points and get a readout of the problem or a light 
flashing a specific number of times to indicate a problem 
that is identified in literature.

 i.  Once a fault is identified, use appropriate test instrument checks to 
determine the exact nature of the fault and what corrective action to 
take.

 Example:  A fault identified as a compressor problem may be in the 
compressor motor, connections to the compressor, or in 
starting components, if present.
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 Student Supplement 1ñTroubleshooting CSR 
 Motors With an Ammeter

  AM1, AM2, and AM3 locations on the following schematic indicate points where 
an ammeter should be clamped around a wire to troubleshoot a CSR motor 
when proper voltage is available. The troubleshooting guide is on a separate 
page so you can place it alongside the schematic for easy reference.
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Student Supplement 2ñTroubleshoot Tree for a Standing Pilot

  Note: This is only a partial troubleshooting chart. If it were complete, there would be steps listed 
next to the "No" responses on the top left side of the chart.




