Thermo Electron Training Standards Program

From:
Director of Services

To: 
Distribution List

Subj:
Individual Training Standards (ITS’s) for Thermo Savant Explorer 

Ref:
(a) Users Manual 213-3000-00 Rev A

Encl: 
(1) Components of an ITS

(2) ITS management

(3) Index of tasks by training location, level of training, frequency, and grade

(4) Common ITS listing

(5) Training support

(6) Individual training standards for Incubator Engineers

1. Purpose: To publish Individual Training Standards for Sample Preparation Specialty Field (SF).

2. Background

a. The references establish the system used to publish all training standards, provide policy, and assign responsibilities for applying the certification training process.

b. ITS’s provide a common base of training for all service engineers who have the same technical specialty. They provide the basis for all individual training. ITS’s are to be used by the training department certification schools and respective managers to determine proficiency of individual engineers. They are used to establish training plans and courses of instruction, and to maintain a progressive and systematic method to monitor training impacts on individual career development plans.

c. ITS’s are derived from Thermo equipment service requirements to meet the customers needs. Changes to customer’s needs, structure, and the introduction of new equipment will require revision of this document on a regular basis.

3. Information

a. ITS’s are to be used by training departments and managers to design, develop, conduct, and evaluate their respective engineers individual training. Training departments will derive Terminal Learning Objectives (TLO) and Enabling Learning Objectives (ELO) from the tasks and performance steps identified within this document. Managers will use the tasks contained in this order as the basis of individual training in their long-range, short-range, and near-term training plans.

b. The ITS system contains the following:

1. Enclosure (1) contains the components of an ITS.

2. Enclosure (2) sets forth the ITS management, as it relates to use and maintenance.

3. Enclosure (3) is an index of tasks by training location, level of training, frequency, & grade

4. Enclosure (4) is a listing of tasks common to two or more specialty fields.

5. Enclosure (5) lists training support items needed: training equipment, devices, and simulators, training aids and training material

6. Enclosure (6) lists the individual training standards.

4. Action

a. Director of Training

1. Ensure that all training departments and respective managers are using this directive to train personnel to the standards required.

2. Ensure that the training departments provide standardized job aids and other training support requirements to facilitate training when needed outside of the formal schools.

3. Review, revise, and manage the upkeep of this directive in coordination with engineering, managers and training subject matter experts.

4. Use this directive to implement the training process for Incubator Engineers individual training requirements and certification process.

5. Establish managed on-the-job-training (MOJT) programs to train engineers using the tasks to form the basis of initial, sustainment, or refresher training proficiencies.

6. Submission of recommendations and requirements concerning the contents of this directive are invited. Submit recommendations for change and recommended training requirements to the Director of Training or the formal school.

A. Porter







Director of Training 

COMPONENTS OF AN ITS

1. General: ITS’s contain six components task, condition(s), standard, performance steps, reference(s), and administrative instructions. 

2. Alphanumeric system: Each ITS is identified by the series of letters and numbers, which identify the, specialty field, equipment type, work area, and task. 

a. The first and second position identify the Specialty Field (SF); for the Concentrator/Freeze Drying product line ITS’s, the alpha designators is (CF)

b. The third and fourth position identifies the equipment type; alpha or numeric designators identify them. The Explorer designator is (EX).

c. The fifth and sixth position identifies the work area; they are identified by ascending numerals and are numbered consecutively.

d. The seventh and eighth position identifies the task within a work area; they are identified by ascending numerals and are numbered consecutively. 

Example: The first task under the first work area for the Explorer would read CF.EX.01.01 the fifth task under the second work area would read CF.EX.02.05, and so forth.

3. ITS Components:

a. Task: The task describes what a service engineer has to do. It is a clearly stated, performance- oriented action requiring a learned skill. A unit of work usually performed over a short period of time. A task has a specific beginning and ending, can be measured, and is a logical and necessary unit of performance.
b. Condition(s): Equipment, manuals, assistance/supervision, special physical demands, environmental conditions, and locations that describe the situation/environment under which the service engineers perform the task. The conditions set forth the real world circumstances in which the tasks are to be performed. It is important to understand that the conditions set forth in this directive are the minimum, and may be adjusted when applicable.

c. Standard: A standard is inviolate. It is not guidance, but a very carefully worded statement, which sets the proficiency level, expected when the task is performed. The standard should summarize the performance steps. Accuracy, time limits, sequencing, quality, product, process, restrictions, etc., that indicate how well a task should be performed. Simply stated, a measure of performance.
d. Performance Steps: There must be at least two performance steps for each task. Performance steps specify actions required to fulfill the proficiency established by the standard. Steps that must be performed in order to accomplish the training objective.
e. Reference(s): Manuals, Job aides, notes, block diagrams, drawings etc. not listed in the condition that guides trainers, instructors, or performers in the completion of a task. References should be documents, which are readily available.

f. Administrative Instructions: Administrative instructions provide the trainer/instructor with special circumstances relating to the ITS such as safety, real world limitations, and knowledge or enrichment topics which may be a prerequisite to successful accomplishment of the ITS.
























Enclosure 1 

INDIVIDUAL TRAINING STANDARDS MANAGEMENT

1. ITS Use

a. ITS’s form the basis for all individual training in formal schools and engineers in the field. They are written for all SF in order to specify the critical skills required 

b. School directors are responsible for reviewing all ITSs marked for initial training at the formal school. They must conduct courses of instruction on those ITSs appropriate for their student’s requirements. The task portion of each ITS taught in a given course must appear in the Task List of the CDD for that course. A program of instruction (POI) must also be developed. 

c. ITS’s provide measures of performance that can be used by managers to diagnose individual deficiencies and design further training requirements. Noted deficiencies should be scheduled for remediation on training plans or through OJT, as appropriate. 

d. A Service Engineer should continue to receive instruction on ITSs that support their regional mission needs. Individual training cannot cease upon graduation from a formal school because formal schools cannot prepare every service engineer to serve in every specialty billet. Individuals should be given opportunities to gain experience and responsibility as quickly as possible.

2. ITS Maintenance

a. A relationship exists between ITSs and the needs of the customer. Changes in these needs often trigger corresponding changes in our equipment, which then necessitate producing new or updated

training standards. Such action requires a team effort on the part of the training department team and other pertinent departments. 

b. ITSs will be validated by the Training Director, records of proceedings (ROP) resulting from course content review boards (CCRB) conducted by formal schools are particularly well suited for recommending revisions. The ROP should contain a justification for each proposed addition, deletion, or change and should accompany any request to obtain authority to depart from the currently published ITSs. Managers can recommend changes through participation in a school’s CCRB or directly via the Director of Training. Unless significant changes warrant earlier action, ITS orders are revised and republished on a 4-year cycle.

c. ITS management is a dynamic process involving user maintenance as the key to refining standards to best serve regional maintenance missions. ITS users should evaluate whether ITSs support or fail to support an SF, and ITS components should be examined for realism and pertinence. Users are encouraged to submit recommended changes to published ITSs through the training Director or the formal school.

Enclosure 2
INDEX OF TASKS BY TRAINING LOCATION, LEVEL OF TRAINING, SUSTAINMENT, AND GRADE TO STANDARD

1. This enclosure identifies where ITS’s are taught, training location; the level of training regarding proficiency, "I" for Introductory, not to standard, and "S" for trained to standard; and the lowest grade required to demonstrate proficiency in each ITS.

2. The Training Location is either Formal School (FS) or On the Job Training (OJT).

3. Sustainment training is always the responsibility of the each manager for his or her respective engineers. The number in the OJT column represents the number of months between evaluation and retraining to maintain the proficiency required by the standard.

Thermo Savant Explorer Task List

	Task #
	Task Description
	Formal

School
	OJT 

SUST
	Grade

	
	General Operation / Software Work Area 01
	
	
	

	CF.EX.01.01
	Install/Set-Up unit, options or components
	S
	36
	70%

	CF.EX.01.02
	Operate/navigate control panel 
	S
	36
	70%

	CF.EX.01.03
	Set-up software establish communication between PC/Unit 
	S
	36
	70%

	CF.EX.01.04
	Identify fault messages/errors
	I
	N/A
	N/A

	
	
	
	
	

	
	Electrical / Electronic / Solid State Work Area 02
	
	
	

	CF.EX.02.01
	Diagnose/repair mains power inlet and outlets
	S
	36
	70%

	CF.EX.02.02
	Diagnose/repair DC power supply
	S
	36
	70%

	CF.EX.02.03
	Diagnose/repair unit/component cooling fan
	S
	36
	70%

	CF.EX.02.04
	Diagnose/repair lift fan motor
	S
	36
	70%

	CF.EX.02.05
	Determine voltage regulator(s) functionality on main PCB 
	S
	36
	70%

	CF.EX.02.06
	Diagnose/repair vacuum or purge solenoid coils
	S
	36
	70%

	CF.EX.02.07
	Diagnose/repair vacuum release solenoid coil
	S
	36
	70%

	CF.EX.02.08
	Diagnose/repair DPDT relay 
	S
	36
	70%

	CF.EX.02.09
	Diagnose/repair motor capacitor
	S
	36
	70%

	CF.EX.02.10
	Diagnose/repair inductive motor (rotor drive)
	S
	36
	70%

	CF.EX.02.11
	Diagnose/repair up, down & slow down limit switches
	S
	36
	70%

	CF.EX.02.12
	Diagnose/repair safety switches
	S
	36
	70%

	CF.EX.02.13
	Diagnose/repair lift motor
	S
	36
	70%

	CF.EX.02.14
	Diagnose/repair vacuum sensor
	S
	36
	70%

	CF.EX.02.15
	Diagnose/repair base, lid or trap sensors (RTD)
	S
	36
	70%

	CF.EX.02.16
	Diagnose/repair base or lid heaters with thermal disk
	S
	36
	70%

	CF.EX.02.17
	Diagnose/repair chamber temp thermistors 
	S
	36
	70%

	CF.EX.02.18
	Diagnose/repair hall sensor (rotor assembly)
	S
	36
	70%

	CF.EX.02.19
	Diagnose/repair heat lamps
	S
	36
	70%

	CF.EX.02.20
	Identify plug, pin connectors
	I
	N/A
	N/A

	CF.EX.02.21
	Diagnose/repair condenser fan & compressor circuit
	S
	36
	70%

	CF.EX.02.22
	Diagnose/repair defrost solenoid coil
	S
	36
	70%

	CF.EX.02.23
	Diagnose/repair drain valve switch
	S
	36
	70%

	CF.EX.02.24
	Diagnose/repair display board/key pad
	S
	36
	70%

	CF.EX.02.25
	Diagnose/repair balance board circuit
	S
	36
	70%

	CF.EX.02.26
	Diagnose/repair fuses on main PCB
	S
	36
	70%

	
	
	
	
	

	
	Mechanical Work Area 03
	
	
	

	CF.EX.03.01
	Adjust/calibrate vacuum, purge or release solenoid valves
	S
	36
	70%

	CF.EX.03.02
	Repair/replace bearings & rotor assembly
	S
	36
	70%

	
	Mechanical Work Area 03
	
	
	

	CF.EX.03.03
	Adjust/tighten rotor belt 
	I
	N/A
	N/A

	CF.EX.03.04
	Repair/replace interlock assembly (safety switch arm)
	I
	N/A
	N/A

	CF.EX.03.05
	Repair/replace actuator assembly (cover open mech.)
	I
	N/A
	N/A

	CF.EX.03.06
	Repair/replace ball valve assembly (trap drain)
	I
	N/A
	N/A

	CF.EX.03.07
	Repair/replace vacuum pump assembly
	S
	36
	70%

	CF.EX.03.08
	Access concentrator during a power failure
	I
	N/A
	N/A

	
	
	
	
	

	
	Refrigeration Work Area 04
	
	
	

	CF.EX.04.01
	Identify refrigeration flow & system components
	S
	36
	70%

	CF.EX.04.02
	Access/remove refrigeration manifold
	I
	N/A
	N/A

	CF.EX.04.03
	Adjust/replace thermal expansion valve (TEV)
	S
	36
	70%

	CF.EX.04.04
	Adjust/replace crankcase pressure regulator
	S
	36
	70%

	CF.EX.04.05
	Adjust/replace high-pressure control
	S
	36
	70%

	CF.EX.04.06
	Diagnose/replace defrost solenoid valve
	I
	N/A
	N/A

	CF.EX.04.07
	Identify/use thermocouple(s) to troubleshoot refrigeration sys. 
	I
	N/A
	N/A

	CF.EX.04.08
	Understand defrost timing and circuit flow
	I
	N/A
	N/A

	CF.EX.04.09
	Repair/replace components general evacuation charging proc.
	I
	N/A
	N/A

	
	
	
	
	

	
	Airflow Work Area 05
	
	
	

	CF.EX.05.01
	Identify flow process of vacuum circuit
	I
	N/A
	N/A

	CF.EX.05.02
	Understand purpose of the post trap assembly
	I
	N/A
	N/A

	
	
	
	
	

	
	Hydraulics / Fluidics Work Area 06
	
	
	

	
	N/A
	
	
	

	
	
	
	
	

	
	Light / Sound / Vibration Work Area 07
	
	
	

	
	N/A
	
	
	

	
	
	
	
	

	
	Scientific / Chemistry Work Area 08
	
	
	

	CF.EX.08.01
	Identify the purpose of the glass flask
	I
	N/A
	N/A

	
	
	
	
	

	
	Accessories Work Area 09
	
	
	

	CF.EX.09.01
	Identify installation kit parts and accessories
	I
	N/A
	N/A

	
	
	
	
	


COMMON ITS LISTING

1. General. This enclosure provides a cross reference of ITS’s common to more than one product series within the Concentrator/Freeze Drying (CF) specialty field. It is designed to assist the trainer in consolidating training for common tasks. 

2. Format. The enclosure lists the Task Title for each common task within the Concentrator/Freeze Drying SF. Common Task Numbers follow each Task Title.

Task number CF.EX.02.09 “Diagnose/repair motor capacitor” if found common list all the CF unit’s and specifically that unit’s task number that are common:

EXAMPLE:

Common ITS’s for Explorer unit to like or similar Concentrator/Freeze Drying units:
	Explorer ITS Task #
	Common to CF ITS Task #(s) 

	* Note: Identify after all standards for the Incubator SF have been written
	

	CF.EX.02.09 Diagnose/repair motor capacitor
	













Enclosure 4

TRAINING EQUIPMENT, DEVICES, SIMULATORS, TRAINING AIDS & TRAINING MATERIAL
1. The following is a list of recommended or required items to assist in the training or retraining of the ITS standards listed for this unit.

a. Explorer unit   

b. 208 to 230 volts required

c. Hand tools: Screwdriver + & - tips, Metric & Standard Allen wrenches, True RMS DVM & Amp meter, T type thermocouple reader meter, Strobe RPM meter, Refrigeration manifold set with purging gas, 12” adjustable wrench

d. Specialty tools: Edwards vacuum gauge p/n D39556000 & pressure sensor p/n W60031811, Explorer vacuum test fixture

e. Laptop with supporting explorer software program & RS 232 cable

f. Operators Manual 213-3000-00 

g. Field Replacement Unit (FRU) list Explorer 220 & 230

h. 213-4003-00 rev. B, Explorer system test procedure doc.

i. 213-4004-00 Vacuum pump test procedures

j. 213-4005-00 Cold trap test procedures

k. 213-4006-00 Concentrator test procedures

l. Thermistor value chart for 10K Ohm at 25C

m. RTD value chart for 100 Ohm sensor 

n. System Wiring Drawing 213D2021-00 Rev. A & 213-2021-00 Rev. B

o. Display schematic 213-2002-00 Rev. A

p. Main PCB drawing 210-2703-00 Rev. D sheets 1 of 3, 2 of 3, & 3 of 3

q. 2 way valve drawing 210A1092-00 rev. A

r. Valves assembly drawing 213-1045-00 rev. D

s. Vacuum research corp. drawing of part # 912245

t. Period of Instruction (POI) outline from training department 

a. Formal outline, presentation, student hand-out

b. Video ITS files 

u. Cutaway(s) “visual aides”

a. ?

ENCLOSURE (5)
INDIVIDUAL TRAINING STANDARDS FOR EXPLORER

*Note all standards with a time restraint or given accuracy are applicable to practical exams. The allotted timing for written exams is 3 minutes per question with a passing score to be no less than 70%.

TASK: CF.EX.01.01 Install/Set-Up unit, options or components
CONDITION (S): Provided an Explorer and the references.

STANDARD: Install integrated once piece horizontal configuration, with rotor, carriers, temp probes per the users manuals directions. Within 30 minutes, with no more than one procedure error. 

PERFORMANCE STEPS:

1. Identify the concentrator, cold trap, and vacuum pump (3 main components)

2. Assemble the 3 main components correctly in the horizontal configuration.

3. Assembly of the spacers, hose connections, electrical cables and gaskets are properly placed

4. Install optional glass flask (optional)

5. Power up, verify correct voltage requirements

6. Power ON, open lift/cover

7. Install rotor, carriers, & temp probes

8. Close lid start a run

REFERENCE (S):

1.Operating and Maintenance Manual 213-3000-00  

2. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: Assistance with lifting the 3 main components will be necessary during a practical examination. 
TASK: CF.EX.01.02 Operate/navigate control panel
CONDITION (S): Provided an Explorer and the references

STANDARD: Identify & define 7 out 10 keypads on the control panel within 10 minutes with no errors for the seven identified.

PERFORMANCE STEPS:

1. Point out a key request the student to identify & define the keys purpose

REFERENCE (S):

1.Operating and Maintenance Manual 213-3000-00

2. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)
TASK: CF.EX.01.03 Set-up software establish communication between PC/Unit 
CONDITION (S): Provided an Explorer with a Y DB9S cable and a Laptop with the Explorer software installed and the references. 

STANDARD: Properly setup and establish PC to system communication within 15 minutes with no errors.     

PERFORMANCE STEPS:

1. Install Y cable to ports on system and PC

2. Set-up PC parameters for 300 Baud, no parity, 1 stop bit

3. Open explorer software program, operate explorer externally from PC

REFERENCE (S):

1. Operating and Maintenance Manual 213-3000-00

2. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: Ensure proper Y cable for RS232 is used due to the 9-pin socket on the unit is not RS232 compatible.
TASK: CF.EX.01.04 Identify fault messages/errors
CONDITION (S): None task is Introductory only

TASK: CF.EX.02.01 Diagnose/repair mains power inlet and outlets
CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test the inlet/outlet assy. for normal operation within 10 minutes with no errors. 

PERFORMANCE STEPS:

1. Remove right side cover on concentrator

2. Test or measure voltages or continuity of inlet/outlet area

3. Verify supply voltage approx. 220 or 230 

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: Ensure they test the inlet/outlet connector along with the switch.

TASK: CF.EX.02.02 Diagnose/repair DC power supply

CONDITION (S): Provided an Explorer a DVM and the references 

STANDARD: Demonstrate/test the power supply for normal operation within 10 minutes with no errors.

PERFORMANCE STEPS:

1. Remove right side panel or pull out main PCB board

2. Measure directly from power supply or go to con. JP3 on PCB and measure input supply

3. Output is approx. 24 VDC

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.03 Diagnose/repair unit/component cooling fan 

CONDITION (S): Provided an Explorer a DVM and the references 

STANDARD: Demonstrate/test the unit fan for normal operation within 10 minutes with no errors.

PERFORMANCE STEPS:

1. Gain access by removing the back cover

2. Measure supply voltage to motor “220/230 VAC”

3. Measure motor resistance for open or short windings

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.04 Diagnose/repair lift fan motor  

CONDITION (S): Provided an Explorer a DVM and the references 

STANDARD: Demonstrate/test lift fan motor for normal operation within 10 minutes with no errors. 

PERFORMANCE STEPS:

1. Remove top cover

2. Verify fan is running (constant run/always On) 24 VDC voltage supplied from JP5 on micro 

3. Confirm supply voltage 24VDC to Main PCB and fuse F1 OK

4. Measure motor resistance for open or short windings

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 1/D

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.05 Determine voltage regulator(s) functionality on main PCB

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test voltage regulators for normal operation within 10 minutes with no errors.

PERFORMANCE STEPS:

1. Open/pull out main PCB

2. Verify input voltage from Power supply 24 VDC and fuse F1 OK

3. Verify LED’s for +12, +5 & -5 VDC are “ON”

4. Measure voltages on test points located in front of corresponding LED’s (far left front corner) of PCB 

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 2/D

3. Student outline/presentation  
TASK: CF.EX.02.06 Diagnose/repair vacuum or purge solenoid coils

CONDITION (S): Provided an Explorer a DVM and the references 

STANDARD: Demonstrate/test solenoid coils for normal operation within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Verify power supply input to main PCB is approx. 24VDC and fuse F1 OK

2. Start run cycle wait for rotor to make RPM speed.

3. Verify ON/Off state of SSR6 for Vacuum solenoid valve (test point for signal J6 pin 1)  

4. Verify ON/Off state of SSR9 for Purge solenoid valve (test point for signal J6 pin 16)

5. Verify output supply on JP 11B pins 3 & 4, 24VDC

6. Verify supply or continuity through 19-pin connector, pins T & S to solenoid valve

7. Measure for open or shorted coil on either solenoid

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2a. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 3/A (vacuum solenoid)

2b. Main PCB drawing 210-2703-00 sheets 2 of 3 inside area 2/C (Purge solenoid)

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.07 Diagnose/repair vacuum release solenoid coil
CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test vacuum release solenoid valve for normal operation in 15 minutes with no errors.

PERFORMANCE STEPS:

1. Verify power supply input to main PCB is approx. 24VDC & fuse F1 OK

2. Start run cycle wait for rotor to make RPM speed.

3. Allow vacuum pump to pull vacuum inside chamber

4. End run verify operation of vacuum release solenoid valve (listen for vacuum release)

5. Verify ON/Off state of SSR5 (test point J6 pin-3) High +5VDC approx = off / Low 0 VDC or –Neg. = on

6. Verify output supply from JP 11B pins 5 & 6, 24VDC 

7. Verify if DPDT relay for motor capacitor is energized. (The solenoid and DPDT relay are energized at the same time in the same circuit).

8. Remove top cover if necessary measure release sol. coil for open or short across coil windings

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 3/A (release solenoid) 

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.08 Diagnose/repair double pole double throw (DPDT) relay

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test the DPDT relay for normal operation within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Perform same steps as outlined in Task CF.EX.02.07 listed above steps 1 through 7

2. Remove back panel/cover on unit 

3. Confirm 24 VDC is applied across DPDT coil and relay contacts close pulling in motor capacitor

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 3/A (release solenoid) 

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.09 Diagnose/repair motor capacitor

CONDITION (S): Provided an Explorer a DVM or capacitance meter and the references

STANDARD: Demonstrate/test motor capacitor for normal operation within 10 minutes with no errors

PERFORMANCE STEPS:

1. Remove back panel

2. Measure capacitance and or for open/short of capacitor

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: Also can remove wire from DPDT relay removing cap out of circuit during a normal run then return to check/compare speed or operation of motor.

TASK: CF.EX.02.10 Diagnose/repair inductive motor (rotor drive)

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test drive motor (rotor) for normal operation within 15 minutes with no errors

PERFORMANCE STEPS:

1. Remove back panel

2. Verify 230V input to PCB at JP2 and check fuse F2 

3. Verify ON/Off state of SSR8 (Rotor) relay. Test point J6 pin 11, “Pull low to turn ON”

4. Verify ON/Off state of SSR5 (vacuum release motor capacitor relay) “Pull low to turn ON”

5. Verify output supply to motor from JP 15

6. Verify motor capacitor is in circuit or OK

7. Measure open/short of motor windings 

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2a. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 3/C (motor relay)

2b. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 3/A (vacuum release/motor capacitor relay)

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.11 Diagnose/repair up, down & slow down limit switches

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test lid lift switches within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Remove top cover to gain access to switches

2. Verify switch/signal potential voltage (5VDC all switch(s) test at JP 21 or at switch(s)

3. Measure continuity of switch(s) in question by manually closing/opening switch

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 2/A 

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.12 Diagnose/repair safety switches

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test safety switches within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Remove top cover to gain access to switches

2. Verify switch/signal potential voltage (5VDC all switch(s) test at JP 4 or at switch(s)

3. Measure continuity of switch(s) in question by manually closing/opening switch

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 inside area 2/A 

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.13 Diagnose/repair lift motor

CONDITION (S): Provided an Explorer a DVM, jumper clip wires and the references

STANDARD: Demonstrate/test lift motor for normal operation within 30 minutes with no more than one error.

PERFORMANCE STEPS:

1. Press open/close lid keys on control panel 

2. Measure voltage output to lift motor at JP9 

a. Up = JP9 pin 2 +24VDC and pin 1 negative 

b. Down = JP9 pin 1 +24VDC and pin 2 negative

3. Verify power supply 24VDC input and fuse F1 OK

4. (Manual Test) Remove top cover to gain access to switches

a. To close Lid or verify motor operation perform steps 5 & 6

b. To open Lid or verify motor operation perform steps 7 & 8

5. Close slow down switch, or verify relay K7 LED is “ON” (signal is at U15 pin 6)

6. If Lid is open & K7 LED is ON jumper +5VDC to U15 pin 1 (Lid should close)

7. Energize relays K9 & K10 by pulling low U12 pin 5 

8. Jumper +5VDC to U15 pin-1 to open 

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 2 of 3  

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: It maybe necessary to verify torque 1 & 2 signals, TAC safety signal, or Switch positions to enable open or close of lid.

TASK: CF.EX.02.14 Diagnose/repair vacuum sensor
CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test vacuum sensor for normal operation within 20 minutes with no errors.

PERFORMANCE STEPS:

1. Verify sensor power on JP1 pin-10 = -15VDC and pin-13 = +15VDC approx. (com/gnd) pin-12 or 14

2. Begin run and allow vacuum to decrease inside chamber 

3. Measure return signal “VAC-SENS” at JP1 pin-9 or at R111 (signal is 0-5 VDC)   

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 1/C and sheet 3 of 3 area 5/A  

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS:

Atmospheric press equals 14.7psia or 760Torr. 

5VDC return signal = 14.7psia or 760T. 

5VDC/760T = .0065789, equates to 6.5789mV per Torr.

Example @ 20Torr x .0065789 = .131578 equates to 132 mV (Measure taken at JP1 P9 or R111) 
TASK: CF.EX.02.15 Diagnose/repair base, lid or trap sensors (RTD)

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test 1 out of 3 RTD(s) for normal operation within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Measure resistance from main PCB or from RTD connector 

2. Verify resistance to PT100 chart

3. Confirm V-ref source through circuit as temp/resistance changes

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 5/D or C

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: Base sensor circuit U8, Cover/Lid U4, Trap U10

Temp adjustability Base use potentiometer VR_, Cover/Lid VR_, Trap VR_ 

TASK: CF.EX.02.16 Diagnose/repair base or lid heaters with thermal disk

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test one out of the two heaters for normal operation within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Verify supply voltage JP2, check fuse F2

2. Verify On/Off signal to SSR1 for upper heater (J6 p-15) 10-12VDC=OFF & Low = ON

3. Verify output on JP 12, Measure heater for open/short, check continuity of thermal disk

4. Verify On/Off signal to SSR2 for lower heater (J6 p-7) 10-12VDC=OFF & Low = ON

5. Verify output on JP 13, Measure heater for open/short, check continuity of thermal disk

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 3/D or sheet 3 of 3

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None) 

TASK: CF.EX.02.17 Diagnose/repair chamber temp thermistors

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test one out of the four chamber thermistors for normal operation within 15 minutes with no errors.

PERFORMANCE STEPS:

1a. Remove sensor wire from connector on rotor measure for supply voltage of 2.5 VDC

1b. Measure resistance of 10K Ohm sensor using chart, check for open/short 

2. 2.5 VDC supplied from JP1 pins 16, 18, 20 & 22

3. Signal to micro on connectors H8 pin2, 3, 4, & 5  

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 1/B or sheet 3 of 3

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None) 

TASK: CF.EX.02.18 Diagnose/repair hall sensor (rotor assembly)

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test hall sensor located on rotor assembly for normal operation within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Confirm 12VDC signal on JP1 pin-24, measure across hall sensor pin 23 to 24 

2. Rotate/position magnet on assy. under hall sensor/switch, verify voltage goes high & low

3. Confirm signal input to U3 frequency to voltage detector pin 1

4. Verify out signal from F/V on pin 8 (high = 0 RPM) 

5. Pin 8 signal called Tac Safety signal (used for lid open safety signal)   

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 1/B and 5/A

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None) 

TASK: CF.EX.02.19 Diagnose/repair heat lamps

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test one set of lamps out of the two sets for normal operation within 15 minutes with no errors.

PERFORMANCE STEPS:

1. Verify input voltage at JP2 and fuse F3

2. Verify On/Off signal to SSR3 (lamps 1 & 2 right) signal provided J6 pin-6 

3. Verify On/Off signal to SSR4 (lamps 3 & 4 left) signal provided J6 pin-12

4. Verify output voltage to lamps on either connector JP 17 or 18 

5. Measure continuity across both bulbs individually or in series   

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 3/C

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None) 


TASK: CF.EX.02.20 Identify plug, pin connectors

CONDITION (S): None task is Introductory only

TASK: CF.EX.02.21 Diagnose/repair condenser fan & compressor circuit

CONDITION (S): Provided an Explorer a DVM/Amp meter and the references

STANDARD: Demonstrate/test the entire compressor/condenser fan circuit for normal operation within 25 minutes with no errors.

PERFORMANCE STEPS:

1. Verify supply voltage on JP2 and Fuse F3

2. Check On/Off state signal to K3 (signal J6 pin2)

3. Verify output voltage on JP11A, and through the (3) cannon plugs 

4. Measure condenser fan(s) for open/short of motor windings

5. Check compressor-starting components, winding resistance, starting current

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 3/B

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.22 Diagnose/repair defrost solenoid coil

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test the defrost solenoid coil for normal operation within 10 minutes with no errors.

PERFORMANCE STEPS:

1. Verify supply voltage on JP2 and Fuse F3

2. Check On/Off state signal to K5 (signal J6 pin-4)

3. Verify output voltage on JP11A, and through the (3) cannon plugs 

4. Measure resistance across coil or for open/short

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 3/A

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: Note defrost will auto shutdown after 60 minutes

TASK: CF.EX.02.23 Diagnose/repair drain valve switch

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test the drain valve switch for normal operation within 10 minutes with no errors.

PERFORMANCE STEPS:

1. Verify signal voltage potential (5VDC)

2. Measure continuity of switch 

3. Verify signal output from micro J2 pin 20

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 2/A or sheet 3 of 3

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: Note, if unit is in a run, by opening the valve manually this will shut down the run and provide an error. (Test signal)

TASK: CF.EX.02.24 Diagnose/repair display board/key pad

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test the display board for normal operation within 20 minutes with no more than one error.

PERFORMANCE STEPS:

1. Verify supply voltage of 24VDC on JP1 pins 3 & 4

2. Confirm voltage regulator supplies +5VDC to logic on display board

3. Verify Backlight and all LED(s) function 

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Display schematic 213-2002-00

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.25 Diagnose/repair balance board circuit

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test the balance board for normal operation within  minutes with no more than one error.

PERFORMANCE STEPS:

1. 

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Balance Board Drawing  

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.02.26 Diagnose/repair fuses on main PCB

CONDITION (S): Provided an Explorer a DVM and the references

STANDARD: Demonstrate/test the fuses on main PCB within 10 minutes with no errors

PERFORMANCE STEPS:

1. Measure resistance/continuity across F1, F2 & F3

REFERENCE (S):

1. System Wiring Drawing 213D2021-00 Rev. A or 213-2021-00 Rev. B

2. Main PCB drawing 210-2703-00 sheets 1 of 3 in area 1/D & C

3. Student outline/presentation  

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.03.01 Adjust/calibrate vacuum, purge or release solenoid valves

CONDITION (S): Provided an Explorer, hand tools and the references 

STANDARD: Adjust/calibrate one of three solenoid valves per the references within 20 minutes with no errors.

PERFORMANCE STEPS:

1. Back out the seat on the “P” side of the valve 3 turns

2. Hook up the valve to a test scroll pump from the “P” side with a VRC gauge tube in the line connected to a VRC controller.

3. Close manual override on the top of the valve

4. Turn the pump on, the display should indicate vacuum

5. Back out the seat on the “B” side until there is no vacuum indicated on the display, this means seat is to far out

6. Slowly turn in the seat in port “B” until the gauge indicates vacuum

7. Open & close the manual override couple of time to make sure the vacuum is achieved each time.

REFERENCE (S):

1. 2-way valve assy. drawing 210A1092-00

2. Student outline/presentation 

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.03.02 Repair/replace bearings & rotor assembly

CONDITION (S): Provided an Explorer, hand tools and the references 

STANDARD: Repair/replace bearing or bearing assembly within 30 minutes with no errors.

PERFORMANCE STEPS:

1. Open chamber, remove white cap from center of rotor 

2. Remove temp probe(s) cable “center” along with individual temp probes connections 

3. Remove Nut on center shaft, remove (4) cross tip screw inside the blue bezel ring near center of shaft

4. Pull off bezel ring in center of rotor, lift up and pull rotor of drive shaft

5. Remove (6) cross tip screws on bearing assembly

6. Remove belt tension, pull assembly down repair/replace bearing assembly 

REFERENCE (S):

1. 2. Student outline/presentation 

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.03.03 Adjust/tighten rotor belt

CONDITION (S): (None) task is Introductory only. 

TASK: CF.EX.03.04 Repair/replace interlock assembly (safety switch arm)

CONDITION (S): (None) task is Introductory only. 

TASK: CF.EX.03.05 Repair/replace actuator assembly (cover open mech.)

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.03.06 Repair/replace ball valve assembly (trap drain)

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.03.07 Repair/replace vacuum pump assembly

CONDITION (S): Provided an Explorer, hand tools and the references 

STANDARD: Repair/replace vacuum pump assembly within 30 minutes with no errors.

PERFORMANCE STEPS:

1. (?) Determine replace or rebuild in the field

REFERENCE (S):

1. 2. Student outline/presentation 

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.03.08 Access concentrator during a power failure

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.04.01 Repair/replace vacuum pump assembly

CONDITION (S): Provided an Explorer, hand tools and the references 

STANDARD: Repair/replace vacuum pump assembly within 30 minutes with no errors.

PERFORMANCE STEPS:

1. (?) Determine replace or rebuild in the field

REFERENCE (S):

1. 2. Student outline/presentation 

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.04.02 Identify refrigeration flow & system components

CONDITION (S): Provided an Explorer, and the references 

STANDARD: Identify 10 of thirteen major system components and their purpose within 15 minutes with no more than one error.

PERFORMANCE STEPS:

1. Start at any component identify it by name and its function/purpose

REFERENCE (S):

1. 2. Student outline/presentation 

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.04.02 Access/remove refrigeration manifold

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.04.03 Adjust/replace thermal expansion valve (TEV)

CONDITION (S): Provided an Explorer, hand tools and the references 

STANDARD: Adjust TEV setting per the references within 30 minutes with no errors.

PERFORMANCE STEPS:

1. Remove the protection cap on the superheat adjusting screw. Rotate the screw clockwise until it stops. Give the screw 4.5 of a turn counterclockwise and then.

2. Turn it clockwise one turn so that the valve will be 3.5 turns open. Re-fit and tighten the protection cap.
3. After adjustment run the unit per the “pull down test procedures” step # 7 in the test procedures.

REFERENCE (S):

1. Test procedure 213-4005-00, step six & seven

2. Student outline/presentation 

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.04.04 Adjust/replace crankcase pressure regulator

CONDITION (S): Provided an Explorer, hand tools and the references 

STANDARD: Adjust crankcase PRG valve per the references within 30 minutes with no errors.

PERFORMANCE STEPS:

1. Allow cold trap to run for 10-15 minutes

2. Set-up manifold while unit is running

3. Initiate defrost cycle after 10-15 minutes

4. Verify suction pressure is at 30 PSIG +/- 2 psig

5. Adjust if necessary

REFERENCE (S):

1. Test procedure 213-4005-00, step nine (part of defrost test)

2. Student outline/presentation

ADMINISTRATIVE INSTRUCTIONS: (None)

TASK: CF.EX.04.05 Adjust/replace high-pressure control

CONDITION (S): Provided an Explorer, hand tools and the references 

STANDARD: Adjust high-pressure switch per the references within 30 minutes with no errors.

PERFORMANCE STEPS:

1. Allow cold trap to run for 10 minutes under normal conditions.

2. Install manifold set to system

3. Create a high-pressure condition by removing power to the condenser fans

4. Verify pressure “cut-out” switch opens circuit at 350 Psig +/- 5 psig (adjust if necessary)

5. Verify “cut-in” setting closes at approx 325 Psig +/- 5 Psig (adjust if necessary)

REFERENCE (S):

1. Test procedure 213-4005-00, step two (part of refrigeration system inspection)

2. Student outline/presentation

ADMINISTRATIVE INSTRUCTIONS: Always set the cut-out first then set the cut-in

TASK: CF.EX.04.06 Diagnose/replace defrost solenoid valve

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.04.07 Identify/use thermocouple(s) to troubleshoot refrigeration sys.

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.04.08 Understand defrost timing and circuit flow

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.04.09 Repair/replace components general evacuation charging proc.

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.05.01 Identify flow process of vacuum circuit

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.05.02 Understand purpose of the post trap assembly

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.08.01 Identify the purpose of the glass flask

CONDITION (S): (None) task is Introductory only.

TASK: CF.EX.09.01 Identify installation kit parts and accessories

CONDITION (S): (None) task is Introductory only.

