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MODELS AFFECTED:
Carrier:  19XR with Freestanding VFD

INFORMATION: 

This Bulletin details start-up and troubleshooting procedures for 19XR chillers with freestanding Toshiba VFDs.  Chillers with Toshiba drives may only be started by individuals that have attended the Carrier Large Drives – Toshiba H3+ Set-Up Troubleshooting and Repair course.  These instructions do not include Toshiba Initial Installation Start-Up Procedures that are necessary to complete the VFD start-up.

Materials Required:

Screw Drivers

Sockets

True RMS Ammeter

Current Clamp

Meter Probes

Ohmmeter

Oscilloscope(60 MHz sampling rate or higher)

Toshiba VFD schematic(in pocket on inside of VFD enclosure door)

 Note: The page numbers of Toshiba schematic drawings are indicated by the last two digits of the “Drawing No.” box in the lower right hand corner of the sheet.  Toshiba indicates dipswitch position by a white box.  Carrier schematics indicate a dipswitch position with a black box.  Be aware of these opposite notations.

Manuals: Toshiba G3 Operation Manual(Toshiba Part Number 45086-005) 

                 or Toshiba H3 Operation Manual(Toshiba Part Number 46687-002) 

                19XR-5SS Operation and Maintenance Manual

Caution:  Turn off power to the VFD before connecting or disconnecting any wiring to

                 the VFD terminal block or control board.

PIC II / Toshiba VFD Control Start-Up Summary:

The following sequence of events must occur for the controls to proceed from a start command to run status.  Schematic representations of the components included in this description are shown on pages 3 & 4.  The VFD parameters listed in this description are in parentheses.  VFD parameter values for 60 Hz applications are listed first.  VFD parameter values for 50 Hz applications are listed second in italics. 
1. Start command is initiated from the ISM (J9- term. 1&2) then via the VFD Start Relay’s (VSR) N.O. contacts, which in turn makes (shorts) the ST – CC input located on the VFD control board.  Note that the HPR contacts are in series with the VSR.

2. The drive begins to accelerate up to the Lower Limit Frequency (36 Hz/30 Hz) programmed in the Drive Parameters.  As it accelerates past the Low Speed Signal Output Freq. (.5 Hz, drive programmed), the LOW-A and LOW-C related contact on the VFD control board closes, which energizes the LL relay coil. The LL relay N.O. contact closes thus signaling the ISM (J2 – terminals 9 & 10) that the drive has received a start command.

3. The PIC controls will begin to output a 4 – 20 mA speed signal from the ISM (J8 –  1 and 2 terminals shown as J8   + and G on the Toshiba schematic) to the VFD control board (terminals IV & CC) through a signal isolation transducer (SXD) for the drive to follow.  The related speed signal output from the ISM is based on the configured VFD Minimum Speed (defaulted at 70% in the ICVC SETUP2 screen).  With a 70% min. speed setting, the 4-20ma output signal would equate to 15.2 ma at start-up ((.7 x 16 ma) + 4ma). 

4. When the drive reaches (during acceleration) the programmed Speed Reach Maximum Freq. (34 Hz/28 Hz), the RCH-A and RCH-B related contact on the VFD control board closes, which energizes the RCH relay coil.  The RCH relay N.O. contact closes thus signaling the ISM (J2 – terminals 11 & 12) that the drive is running.  During deceleration, if the drive speed reaches the programmed Speed Reach Minimum Freq. (36 Hz/30 Hz); the RCH-A and RCH-B related contact on the VFD control board opens, which de-energizes the RCH relay coil.  The maximum speed signal output from the ISM is based on the configured VFD Maximum Speed (defaulted at 100% in the ICVC SETUP2 screen).   The ISM will declare a 2M Contact Fault(State 201) if the RCH contacts fail to close within 20 seconds of the start command or if the RCH contact fails to remain closed.

Note:  The LL and RCH relays on the VFD control board work as 1M and 2M contactor signals for the ISM respectively.  The maximum limit frequency that the drive will operate is based on the drive programmed

           Upper Limit Frequency (60 Hz/50 Hz) regardless of the input reference signal.

5. Throughout this operation, the FM output (control board terminals FM & CC) is providing a 0 to 5 volt speed feedback signal to the ISM (J6 – 1 and 2 terminals shown as J6 + and G on the Toshiba schematic) through a signal isolation transducer (VXD).  VFD speed feedback is transmitted from the ISM to the PIC II controller(ICVC or CVC) via SIO communications. 

6. VFD faults trigger the FLC and FLB (N.C.) related contact on the VFD control board which in turn signals the ISM (J2-terminals 7 & 8) of a drive fault. The ISM declares a Starter Fault(State 206) when FLC to FLB opens. 

7. The VFD’s motor overload algorithm is triggered when the VFD’s output current to the motor exceeds the ELECTRONIC THERMAL PROTECT LEVEL 1(Item 158).  This VFD parameter is intentionally set to 108% of the Motor RLA on the chiller selection(19XR Performance Output) so the  motor overload algorithm in the VFD does not start before the motor overload algorithm in the ISM is activated.  The motor overload algorithm in the ISM is triggered when the ACTUAL LINE CURRENT in the POWER screen exceeds the following percentage of the MOTOR RATED LOAD AMPS entered in the ISM_CONF screen.

ISM Version


Motor Overload Algorithm Threshold

4 108% of MOTOR RATED LOAD AMPS

6



120% of MOTOR RATED LOAD AMPS
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Start-Up Procedure:

Hardware Inspection

1. Read and understand the safety precautions in the Toshiba Operation Manual

2 Verify that proper lockout/tag out procedures have been followed   

3 Perform a visual inspection

4 Verify that system is de-energized

5 Inspect main circuit for damage

- Loose wires

- Broken parts

- Correct connections

6 Inspect circuit boards

- Proper boards

- All connectors properly seated

- Broken components

- Components touching

7 Relays


- Proper labeling



- Proper power wiring(no shorts hot to neutral, correct voltage, etc.)

· Wired as shown on prints

MST Relay – The Initial Charge Incomplete Sequence(MST) relay prevents the VFD from incorrectly interpreting the temporarily low bus voltage as a fault condition during power up.  If the MST relay is not set between .8s and .9s the VFD is likely to shunt trip when power is applied.

The figure below shows the MST adjusted to its proper setting.  Confirm that the MST dial is positioned correctly and that the timer toggle switches are set to “0.1” (tenths) and “S” (seconds).  A white arrow on the MST provides a visual indication of the toggle switch setting.  

[image: image4.jpg]



8 Transducers 

– Verify that dipswitch settings are set as shown on the Toshiba

    Logic Interface Circuit Schematic

Interface Board Dip Switches -  Sheet 29 of the Toshiba Schematic shows the PCB3 Interface Board dip switch settings.  The figure below shows the location of the dip switches on the Interface Board.  A Type 7 Reset is required to prevent shunt trips on power-up if it is necessary to reposition any of the Interface Board dip switches.   
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9 Control Wiring


- Correct labeling



- Wired as shown on prints

10 Parallel cabling


- Ring them out to insure no cross phasing



- Check internal and external parallel wiring

11 CT wiring


- Verify that output CT wiring is as shown on schematic



- Input CTs – Cables routed through them and CT terminals connected to ISM 



- Record CT Ratio

12 ISM

The Integrated Starter Module can be identified by the following numbers:

	VERSION
	ORDER PART NO.
	CEPL No.

(HARDWARE)
	PROGRAMMED PART No.

	06 (new)
	19XR04012202
	CEPL 130259-02
	CEPP 130173-06-04-01


The CEPP software revision can be verified with a label on the back side of the ISM module.  The 06 in the Programmed Part Number in this example indicates that the ISM software is Revision 6.  If the ISM is version 5 or earlier then the STARTER TYPE in the ISM_CONF screen must be set to 2(=SS/VFD).


Verify ISM Part Number


Verify wiring



- From ICVC to ISM



- From ISM to ICVC or CVC



- From chiller Power Panel to VFD Cabinet – see Toshiba schematic


VFD Start Relay(VSR)



Check if it is installed. Follow wires from terminals ST and CC on

 Toshiba Terminal Board terminal block to find VSR.

 If VSR is not installed, use a single pole, 120V relay.  The VSR is used to

 allow the 120V signal from the 1CR relay to hold in low voltage

 contacts which deliver a 24VDC signal from the VFD terminal CC to ST.

13 ICVC or CVC

The International Chiller Visual Controller can be identified by the following numbers:

	CONTROLLER
	CEPL No.
	SOFTWARE No.
	OTHER MARKINGS

	ICVC
	CEPL 130445-01
	CESR 131294-03
	"PIC-III" marking on back of green circuit board


The ICVC or CVC can be identified with the CEPL Number that appears on a label on the backside of the ICVC or CVC module.   Because of the possibility that a software change may previously have been made, the best way to identify ICVC module software version is by examining SOFTWARE PART # in the ICVC or CVC CONFIGURATION screen, the last item in the SERVICE menu.  The ICVC software in this example is CESR 131294-03, where "03" is the version number. If it is previous to revision 03, new software must be downloaded into the ICVC.  See Service Bulletins C0211A and C0215 for additional information on ICVCs.  CVC Version 5 and higher can be used with VFDs.  See Service Bulletin C0209 for more information.

14 Verify wiring from ISM to VFD

VFD Start Up 

1. Motor

- Disconnect motor leads in the VFD enclosure(motor leads will be left disconnected until VXD and SXD are calibrated.  The location of the VFD output terminals are indicated on the Toshiba schematic.  


- Megger test motor phase to ground


- Verify motor lead connections in the motor terminal box

· Verify that the motor leads are disconnected and isolated from the VFD output terminals so they cannot accidentally touch the VFD terminal block when the VFD is running.
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2. Verify that the ISM power is off.  The location of a typical control power circuit breaker is shown in the “VXD and SXD Signal Isolation Transducer” calibration section of this Bulletin.

Note:  Removing power from the ISM also disables the compressor oil heater.  The PIC II controls will not allow the chiller to start unless the oil sump is at least 50 deg. F warmer than the Evaporator Refrigerant Temperature.  The controls will declare a Low Oil Temperature(State 105) prestart alert until the oil is hot enough.  Minimizing the amount of time power is disconnected from the ISM will reduce the amount of time it will take for the oil to warm up enough to start the chiller and resume this start-up procedure.  Perform the Toshiba Initial Installation Start Up Procedure for the G3 Plus Pack to prove that the drive has no problems and is able to run in manual and auto modes.  This procedure was included in the reference manual distributed at the Toshiba VFD training class and is intended only for Toshiba factory trained personnel.  Do not perform step 9 “Full Voltage Test with Motor”, this test will be performed later in this procedure.

NOTE:  It is necessary to install a temporary jumper between VFD control board terminals ST and CC in order to run and set up the VFD.  Command Mode Selection(Item 282) should be temporarily set to ‘4’ and Lower Limit Frequency(Item 7) must be temporarily changed to ‘10’ in order to run the drive at that speed during the Toshiba Initial Installation Start Up Procedure.  

The VFD will shunt trip due to a type form error on power up if the dip switches on the interface board is changed.  If the interface board dip switches are not consistent with the drawings, refer to Toshiba training materials or contact Toshiba for guidance to perform a Type 7 reset.

3. Check that the drive is ready to run from a remote signal(See page 4-9 of the

 Toshiba 45086-005 G3 Operation Manual – Example 4:  20 mA Reference

 Operation and the “Logic Interface Circuit” page of the Toshiba schematic)

· Remove power from VFD

-  Remove temporary ST to CC jumper.

- “IV” dipswitch to the right of the phone jack on the control board(immediately under the keypad) is set to the “I” position.  The “5/10” dipswitch has no effect in this scenario.

- Drive enabled(Terminal board “ST” to “CC” terminals connected by VSR relay contacts)

- Direction command “F” to “CC” jumper is in place

· Frequency reference is available at “IV” terminal(4-20 mA signal from ISM J8-1 and J8-2 connected to SXD terminals 5 & 6)

Note: This connection is polarity sensitive, positive terminals J8-1 and SXD terminal 5 must be connected together.  Negative terminals J8-2 and SXD terminal 6 must be connected together.

H3 Toshiba Controller Parameter Set-up

The settings listed below are critical to applications with PIC II controls.  Unless otherwise noted, leave all settings as default.  Use the following procedure to search for parameters that have been changed from their Toshiba default values to confirm that only the appropriate parameters have been modified.  This procedure is also discussed on page 9-2 of the G3 manual 

Search Function:  Press the "PRG" key on the VFD so the VFD displays GROUP: PARAMETERS CHANGED FROM FACTORY DEFAULT.  .  Next press the "READ/WRITE" button; the VFD should display "SEARCHING".  Any parameters subsequently displayed have been changed to a value different from the Toshiba's default.  Press the READ/WRITE button to see the value of the changed parameter.  The parameter can be changed using the up/down arrows.  Pressing the "READ/WRITE" button again resumes the drive's search for parameters that are not set to Toshiba default.

Note: The Toshiba Operation Manual has a Parameter Tree that is a useful reference to

help locate VFD parameters(page 8-33 & 8-34 of the G3 Operation Manual).  Press the PRG button to gain access to the parameter groups.  Use the up arrow and down arrow keys to navigate left to right between parameter groups on the Parameter Tree.  Press the READ/WRITE key to scroll vertically through specific parameters within a parameter group in the Parameter Tree. 

Some of the parameters that need to be adjusted may have been blinded by the Blind Function Selection(VFD Item 298) and one of the Parameter Group Blinding Functions(VFD Items 299-315).  Changing the appropriate Parameter Group Blinding Functions from ‘0’ to ‘1’ will allow the parameter group to be viewed on the VFD display.

VFD Parameter                                Parameter  Group                    Setting

Maximum Output Frequency(1)
    Fundamental #1


50 Hz or 60 Hz

Base Frequency(2)


    Fundamental  #1


60 for 60 Hz

50 for 50 Hz

Reverse Operation Disable(5)
    Parameters #1


1

Upper Limit Frequency(6)

    Fundamental #1


50 Hz or 60 Hz

Lower Limit Frequency(7)

    Fundamental #1


36 for 60 Hz

30 for 50 Hz

Acceleration Time #1(10)

    Fundamental #1


15 seconds

Deceleration Time #1(11)

    Fundamental #1


15 seconds

“RCH” Contacts Function(60)
    Terminal Selection

8

Low Speed Signal Output Freq(72)  Terminal Selection

.5 Hz

Speed Reach Maximum Freq(74)
    Terminal Selection

34 for 60 Hz

28 for 50 Hz

Speed Reach Minimum Freq(75)
    Terminal Selection

36 for 60 Hz

30 for 50 Hz

Auto Restart(157)                               Protection


3

Electronic Thermal                              Protection


Per Toshiba

Protection Lvl 1(158)
     

Schematic 

Note:   Current Units Selection (Item 296) must be set to 1(amps displayed) in order to set this parameter.  Electronic Thermal Protection Lvl 1 adjusts in 1% increments of the VFD’s full load amps rating.  Adjust this parameter as close to its desired current setting as the VFD will allow.  The VFD will display amps in scientific notation if the current setting uses up the 3 numeric character spaces on the display. 

Motor 150% Overload 

      Protection


600 seconds

   Time Limit(160)








Command Mode Selection(281)
      Utility



1 Terminal Input

(Set only after drive set up

and tested it – locks out manual mode)

Frequency Mode Selection(282)
      Utility



1 Terminal Input

(VFD will only accept commands

 from the terminal block)

Current Units Selection(296)
      Utility                   

1 Amps Displayed

Note:  Some installations prefer to display the VFD output current in percent(Current Units Selection = 0) so it will not conflict with the ACTUAL LINE CURRENT displayed in the POWER screen on the ICVC.  When Current Units Selection is set to ‘0’ all current related outputs will be displayed in percent of the VFD’s full load amps rating.  The VFD’s full load amps rating is printed on a label on the inside of the VFD enclosure door.  VFD output current displayed in amps(Current Units Selection = 1) can be useful during troubleshooting.  

For 50 Hz only:

IV Terminal Standard

     Frequency Setting 

1 for 50 Hz

or Adjustable(88)






           0(default) for 60 Hz

IV Ref Point #2 Frequency(92)
     Frequency Setting

50 for 50 Hz

       
60 (default) for 60 Hz

For Installations with Mirus Line Reactor only:

Base Frequency Voltage Select(3)     Fundamental #1


0 Input Voltage Level

International Chiller Visual Controller(ICVC) Parameter Setup:

Refer to the on Sales Requisition ECAT Performance output for the job specific parameters.  Use the table below to convert ECAT output parameter terminology into ICVC terminology.  The job specific parameters that must be set are listed below:

- Make sure that power has been removed from the drive


- Make sure that the motor connections are disconnected from the drive

- Disconnect the shunt trip wire from the ISM(terminal J9-6).  Some steps in the following procedure require that the VFD speed be controlled from the VFD keypad.  If the shunt trip is not disconnected, the ISM will sense line side current with no start command and shunt trip on Motor Amps Sensed While Stopped(State 205). 

· Reset the control power circuit breaker to restore power to the ISM. 

- Set up the drive to run under main power


- Make sure the compressor oil pump and the compressor oil heater have

 power

- Apply power to the drive and the PIC II controls.  Turn power back off before

  any required wiring changes are made on the VFD terminal board or VFD 

  control board.

1. ISM_CONF Parameter Setup

1. To Access the ISM_CONF screen:

Press  



MENU

Press



SERVICE

Password


1111

Scroll down highlight to

ISM (STARTER) CONFIG DATA

Press



SELECT

Password


4444

Scroll down highlight to

ISM_CONF

Press



SELECT

1. Configuring ISM Parameters, for each item in section 1.3.

Scroll down highlight to 

PARAMETER TO BE SET.

Press



SELECT 

Scroll to 



required value
Press



ENTER

1. Parameter Settings from default:

	DESCRIPTION
	ECAT Output Parameter

	Starter Type  
	3 for Version 6 or higher ISM

2 for Version 4 ISM

	Motor Rated Line Voltage
	Motor Voltage

	Motor Rated Load Amps
	Chiller RLA

	Motor Locked Rotor Trip
	Motor LRDA

	Starter LRA Rating
	Max Fuse/CB Amps

	Motor CURRENT CT Ratio:1 
	Read from Toshiba schematic or off of CT.  Reduce CT ratio to 1(e.g.  600:5 = 120:1)

	3 GRND FAULT CT? (1=NO)
	Per Toshiba schematic

	Frequency - 60HZ (NO=50)
	NO for 50hz selection

YES for 60hz selection

	Current % Imbalance
	40%(Can be increased to 100% if req'd)

	
	

	
	


1.4. Save & Exit ISM_CONF Screen:

Press



EXIT
(ISM_CONFIG)

Press



SAVE

Press



EXIT 
(ISM (STARTER) CONFIG)

Press



EXIT   (SERVICE)

2. Enable VFD operation

2. To Access the SETUP2 screen:

Press



MENU

Press



SERVICE 

Password


1111

Scroll down to highlight

EQUIPMENT SERVICE

Press



SELECT

Scroll down to highlight 

SETUP2 

Press



SELECT

Scroll down to highlight

VFD OPTION

Press 



SELECT

Press



ENABLE

Press 



ENTER

Scroll down to highlight

VFD CURRENT LIMIT

Press



SELECT

Scroll current value to:

Value listed for “Motor RLA” on

Sales Requisition ECAT Performance output

	DESCRIPTION
	ECAT Output Parameter

	VFD OPTION
	ENABLE

	VFD CUrrent limit
	Performance Output Motor RLA


Press 



ENTER

Press



EXIT
(SETUP 2)

Press



EXIT  (SERVICE TABLE SELECT)

Press



EXIT  (EQUIPMENT SERVICE)

3. Surge Parameter Set Up

3.1 To Access the OPTIONS screen:

Press



MENU

Press



SERVICE 

Password


1111

Scroll down to highlight

EQUIPMENT SERVICE

Press



SELECT

  Scroll down to highlight 

OPTIONS

Press



SELECT

3.2 Configuring the SURGE/HGBP DELTA T & DELTA P parameters in

 the OPTIONS  screen:

Scroll down highlight to 

PARAMETER TO BE SET.

Press



SELECT 

Scroll to 



required value
Press



ENTER

3.3 Surge parameter settings from default.  Surge parameters can be found on the Toshiba 19XRV Control Configuration Job Sheet or on the 19XR Order Chiller Description of the Sales Requisition ECAT Performance Output.

	DESCRIPTION
	ECAT Output Parameter

	SURGE/HGBP DELTA T1
	DT1, (F

	SURGE/HGBP DELTA P1
	DP1, psi

	SURGE/HGBP DELTA T2
	DT2, (F

	SURGE/HGBP DELTA P2
	DP2, psi


3.4 Exiting the OPTIONS screen:

Press



EXIT (OPTIONS)

Press



EXIT (EQUIPMENT SERVICE)

Press



EXIT (SERVICE)

VXD and SXD Signal Isolation Transducer Calibration

The Toshiba VFD uses SXD and VXD Signal Isolation Transducers to provide optical signal isolation between the ISM and the VFD. A typical installation is shown below.  The SXD and VXD are equipped with a green LED that indicates the status of the line power and input signal.  

· A steady green light indicates that the SXD of VXD is receiving power. 

· The LED will flash 4 times per second if the signal is lower than 4 mA minimum expected  current.

· The LED will flash 8 times per second if the signal is more than 10% above the 20mA maximum expected current.  
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The SXD outputs a 4-20 mA signal to VFD terminals IV and CC that is proportional to the 4-20 mA speed reference signal from the ISM.  The VXD outputs a 0–5 V VFD speed feedback signal to the to the ISM that is proportional to the 4-20 mA frequency signal from the VFD.  The 4-20 mA and 0-5 V signals are polarity sensitive.   

VFD Control Verification(Non-Running) – In order to verify and calibrate the VFD speed control signal from ISM terminals J8-1 and J8-2 to the VFD and the speed feedback signal from the VFD to ISM terminals J6-1 and J6-2, follow the steps below.  The VXD and SXD “zero” and “span” adjustment may need to be repeated a few times to complete an accurate calibration.  

The VXD and SXD “zero” and “span” are calibrated by adjusting 20 turn potentiometers that can be accessed through small removable caps on the front of the VXD and SXD cover.   Labels on the VXD and SXD indicate the function of each potentiometer.  The following photograph shows a close up of the VXD with the SXD removed to show the 8-pin base that they are mounted on.

                                    [image: image8.jpg]



The Toshiba Logic Interface Circuit schematic shows the VXD and SXD jumper and dipswitch positions.  The black squares on the Toshiba schematic indicate the switch position.  These switches can be accessed on the VXD and SXD I/O card by removing the cover that is secured in place with four base screws.

                                                          [image: image9.jpg]AR
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Note:  The VXD and SXD will be damaged if any switch settings are changed

when power is applied. 

1. Remove power from the VFD and wait for the capacitors to discharge.

Install an ammeter in series with the wire leading from SXD terminal 7 to VFD terminal IV.

Apply power

2. Set TARGET VFD SPEED to 0%

Press MENU

Press STATUS

Press COMPRESS

Press SELECT

Press DECREASE until TARGET VFD SPEED is 0%

3. Verify that the input to VFD terminals IV and CC is between 4.1 mA and 4.5 mA

· If not, adjust the SXD transducer “zero” potentiometer.

Note: If the SXD is adjusted to output less than 4mA at 0% VFD speed

the VFD LL relay will not close fast enough to prevent a High Pressure fault(state 207).   See “High Condenser Pressure Fault Troubleshooting” section at the end of this Bulletin if High Condenser Pressure faults persist. 

4. Verify that the VFD speed on the VFD display is between 0 and 1 Hz

- If not, verify that F-CC jumper is in place on the VFD terminal board 

and that the VFD Start Relay(VSR) has made contact between VFD terminals ST and CC.

- If the speed is displayed and it is not 0 Hz, adjust the SXD “zero”

 potentiometer until the drive speed shows between 0 and 1 Hz.  If the VXD is adjusted to represent a negative actual VFD speed, the ICVC will indicate a Communications Fault by displaying a ‘C’ next to the ACTUAL VFD SPEED.

5. Go to the COMPRESS screen on the ICVC.  Verify that the ACTUAL VFD SPEED displays 0%.



- If not, adjust the VXD “zero” potentiometer. Until the ACTUAL VFD

 SPEED shows between 0% and 1%.

6. Set the TARGET VFD SPEED in the COMPRESS screen on the ICVC to 100%

Press MENU

Press STATUS

Press COMPRESS

Press SELECT

Press INCREASE until TARGET VFD SPEED is 100%

-     Confirm that the input to terminals IV and CC is 20 mA.  The VFD

    should display 60.0 Hz(or 50 Hz for 50 Hz job sites).

· If not, adjust the SXD “span” potentiometer and go back to step 2.
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7. Remove Power

Remove the ammeter between the SXD and terminal IV

Reinstall the wire from SXD terminal 7 and VFD terminal IV

Install the ammeter in series with the wire leading from VFD terminal FM to 

VXD terminal 5.

Restore Power

8. Set the TARGET VFD SPEED in the COMPRESS screen on the ICVC to 100%.

Confirm that the output from VFD terminals FM and CC is 20 mA.

-     If it is not 20 mA on 50 Hz job sites, make sure that the IV Terminal Standard or

   Adjustable parameter (VFD item 88) is set to 1 and the IV Ref Point #2 Frequency 

parameter (VFD item 92) is set to 50 Hz.

· If the output current does not vary from 4 mA to 20 mA as the VFD speed varies from 0 Hz to 60 Hz(0 Hz to 50 Hz on 50 Hz applications) the FM channel on the VFD control board may need to be calibrated.  See “VFD Terminal FM Analog Output Troubleshooting” section at the end of this Bulletin. 

9. Go to the COMPRESS screen on the ICVC.  Verify that the ACTUAL VFD SPEED reads 100%.

· If not, adjust the VXD “span” potentiometer and repeat step 2.

Note: If the VXD is not adjusted so the ACTUAL VFD SPEED is not 

within +/-10% of the VFD TARGET SPEED the ISM will declare a VFD   Speed Out of Range fault(state 245) 

10. Verify the operation of the two door interlocks

· Power down the system

· Reconnect the ISM shunt trip wire to ISM  terminal J9-6.

· Remove the ammeter between the VXD and terminal FM.

- Restore power to the system

- Verify that each of the door interlock switches at the bottom of the VFD enclosure doors cause a shunt trip when they are released.  Test each interlock switch separately.  Reset the circuit breaker after each test 

- Verify that the ISM shunt trip interlock is functional. 

Press MENU

Press SERVICE

Enter Password 1111

Select CONTROL TEST

Select DISCRETE OUTPUTS

Select SHUNT TRIP RELAY

Pressing PREVIOUS or EXIT will terminate the shunt trip relay test

No-Load Motor Test

1. Turn off all power and perform a lockout/tag out

2. Connect the motor leads to the VFD output terminals

3. Close the circuit breakers for all components in the system(e.g. VFD, control power, oil pump, oil heater, etc.)

4. Energize the oil pump and confirm that there is an OIL PRESSURE reading on the default screen of the ICVC.

5. The ISM mounted in the VFD checks for proper phase rotation as soon as power is applied to the starter and the PIC II controls power up.  A Phase Reversal Trip(Alarm 221) message will appear on the ICVC if the phase rotation is incorrect.  The VFD is not affected by line side phase order.  Reversing any 2 of the 3 incoming power leads will resolve this fault.  

6. When the default screen status message reads “Ready to Start”, press the LOCAL softkey.  

7. When the VFD is energized and the motor begins to turn, immediately check for clockwise rotation through the sight glasses on the end of the motor housing.

8. Try to run the chiller at a low load

· If there is a current related fault(e.g. 202, 203, 208, 217) trip, check the 

· MOTOR CURRENT CT RATIO:1 parameter in the ISM_CONF screen.

· If there is a shut trip, find the cause and correct.  See “Shunt Trip when Power is

 Applied” in the Troubleshooting section at the end of this Bulletin


- If the PIC II controls shut down the drive, check the ICVC fault code and trace

              through the logic.

ISM Current Calibration Check

It is important to remember that the ICVC only displays the current flowing into the VFD and the Toshiba VFD display only displays current flowing out of the VFD to the motor.  These currents will not match.  The current flowing out of the VFD is generally larger than the current flowing into the VFD. 

This procedure checks that the ICVC accurately displays the LINE SIDE current. 

1. Set the TARGET VFD SPEED to 100%.  Load the chiller so the AVERAGE LINE CURRENT under the ICVC default display reads 75% to 100%.  A higher load is preferred.

2. Measure the incoming LINE current on all three phases with a separate true RMS ammeter and record the ACTUAL LINE CURRENT in the POWER screen.  Make these measurements within a short amount of time so the current does not drift.  Calculate the average of the True RMS ammeter currents measured on all three phases.

3. Calculate the “Line Side Error Ratio” using the following equation:

Line Side Error Ratio = Average True RMS ammeter current – ACTUAL LINE CURRENT
                           Average True RMS ammeter current

4. If the Line Side Error Ratio is greater than +/- .02, adjust the ACTUAL LINE CURRENT by changing the MOTOR CURRENT CT RATIO in the ISM_CONF screen as follows:


Shut down the chiller

New MOTOR CURRENT CT RATIO:1 = 

  

Present MOTOR CURRENT CT RATIO:1 x ( 1 + Line Side Error Ratio )  

Note:   If Line Side Error Ratio is negative, be sure to subtract it from 1 in the

right side of the equation above.  If the AVERAGE LINE CURRENT is less than the average of the measured true RMS currents then the new MOTOR CURRENT CT RATIO:1 should be larger that the original entered in the ICVC.  If the AVERAGE LINE CURRENT is greater than the average of the measured true RMS currents then the new MOTOR CURRENT CT RATIO:1 should be less than the original entered into the ICVC.                          

To access the ISM_CONF screen:

Press SERVICE

Enter Password 1111

Select ISM (STARTER) CONFIG DATA

Enter Password 4444

Select ISM_CONF

Change present MOTOR CURRENT CT RATIO:1 to new value calculated above

Press the SAVE softkey to save changes

Press the EXIT softkey to exit the ISM_CONF screen

5. Repeat ISM Current Calibration Check to confirm that additional adjustments to the MOTOR CURRENT CT RATIO: 1 are not required.  

VFD Current Calibration Check

1. With the target VFD speed at 100%, load the chiller so that the ICVC shows 75% to 100% AVERAGE LINE CURRENT under the ICVC default display title AMPS %.  A higher load is preferred.  

2. Access the VFD output current from the VFD display.  VFD output current is displayed as a factory default.  If VFD output current has not been selected as one of the 4 parameters that the status monitor will display, enter VFD parameters 290, 291, or 292(Status Monitor Display Select) and enter “3”(output current). 

VFD parameter 296(Current Units Selection) must be set to “1” for the output current to be displayed in amps.  If VFD parameter 296 is set to “0” all current related outputs will be displayed in percent of the VFD’s current rating.  The VFD’s current rating is printed on a label on the inside of the VFD enclosure door.

3. Determine the “Load Side Current Ratio” using the following equation:

Load Side Current Ratio =     VFD Output Current

                                       
           Motor Nameplate Amps

Where:  Motor Nameplate Amps = ‘RL Amps’ on compressor nameplate

             
                                           or ‘RL Amps’ under compressor motor data section 

                of the Refrigeration Machine Nameplate

           or ‘Motor RLA’ on chiller selection

                 (19XR Performance Output) 

4. Access the VFD LOAD FACTOR on the CAPACITY screen.  Calculate the “Load Side Error Ratio” using the following equation:

Load Side Error Ratio = VFD LOAD FACTOR – Load Side Current Ratio 





                   Load Side Current Ratio

5. If the Load Side Current Ratio is greater than +/-.02, adjust the VFD LOAD FACTOR by changing the VFD CURRENT LIMIT in the SETUP 2 screen.

Note: The PIC II controls determine the VFD LOAD FACTOR with the

           following equation:

      VFD LOAD FACTOR = Calculated VFD Output Current
                                                               VFD CURRENT LIMIT

The new VFD CURRENT LIMIT =

                 
 Present VFD CURRENT LIMIT x ( 1 + Load Side Error Ratio )

Note:  If Load Side Error Ratio is negative, be sure to subtract it from 1 in the

         
           above equation. 

6. Repeat the VFD Current Calibration Check to confirm accuracy.

7. Release the Forced VFD TARGET SPEED in the COMPRESS screen. 

· Highlight TARGET VFD SPEED

· Press SELECT

· Press RELEASE

· Press EXIT                       

8. Remember to release any other forced commands before leaving the chiller.

9. Shut down the chiller if the VFD drive is operating correctly.  Access the Standard Setting Mode Selection (Item 280) on the VFD and select a Type 5 reset.  This will store all of the settings for the job site in the drive.  

Note: Do not select type 3(Default drive to factory settings).  This will change all of the new settings entered during this set-up procedure back to Toshiba factory default.

If the drive needs to be serviced in the future, accessing Standard Mode Selection (Item 280) and selecting a Type 6 reset will return all VFD parameters to their settings when the last type 5 reset was performed.  A type 6 reset can save time by correcting any unauthorized changes to VFD parameters.

10.  Confirm that Command Mode Selection (Item 281) and Frequency Mode Selection(Item 282) are both set to 1 so the VFD keypad is locked out of manual mode and only accepts commands from the terminal block.

11. Allow the chiller to run under command of the PIC II controls until the customer is satisfied that there will be no problems

12. Release the chiller to the customer. 

Troubleshooting Procedures:

VFD Terminal FM Analog Output Troubleshooting

The following table demonstrates the relationship between the ACTUAL VFD SPEED on the ICVC COMPRESS screen, the VFD speed displayed on the Toshiba VFD, and the output signal from the FM(or AM if so configured) channel.

	ACTUAL VFD SPEED
	100%
	70%
	N/A
	0%

	VFD Display
	60 Hz
	42 Hz
	30 Hz
	0 Hz

	FM(or AM) to CC Signal
	20 mA
	15.2 mA
	12 mA
	0 mA


The following items should be checked if the if the 4 mA to 20 mA output on the VFD terminal board does not vary from 4 mA when the VFD is running at 0 Hz to 20 mA when the VFD is running at 60 Hz(50 Hz on 50 Hz applications).

· The Override Control Selection(Item 257) must be set to 0(Off).

· The FM Terminal Function Selection parameter(Item 275) must be set to 0(Pre-Compensation Ref. Frequency).

· Always turn off power before changing jumpers or wiring on the VFD terminal board.

· Jumper JP4 on the terminal board must be positioned for 4 – 20 mA output(see figure on page 5-1 of Toshiba G3 Operation Manual).  

· VFD terminal CC should be connected to VXD terminal 6.  The speed feedback signal is polarity sensitive.

· VFD terminal FM should be connected to VXD terminal 5

FM Output Calibration:  If all of the items listed above are configured correctly then the FM output channel may need to be calibrated with an ammeter.

1. Remove power from the VFD and disconnect the motor leads from the VFD.

2. Install an ammeter in series between VFD terminal FM and VXD terminal 5.

3. Apply power to the VFD

4. Change Blind Function Selection(Item 298) to 1(Unblind, Ref G3 Manual page 8-31)

5. Change AM/FM Adjustment Params Blind(Item 314) to 1(Unblind)

6. Change FM Terminal Function Selection(Item 275) to 14(Meter Calibration, 100% Fixed Output, Ref G3 Manual page 8-27)

7. Go to Frequency Meter Adjustment(Item 276)

8. Press Up Arrow or Down Arrow until the ammeter attached to terminal FM reads 

20 mA.

9. Press READ/WRITE button to store calibration

10. Change FM Terminal Function Selection(Item 275) to 0.(Pre-Compensation Ref. Frequency)

11. Check that the motor leads are disconnected from the VFD.  Press the VFD LOCAL/REMOTE key so the LOCAL mode LED on the keypad is illuminated.  Set the operating frequency to 30 Hz by pressing the ‘up arrow’ or ‘down arrow’.  Press the READ/WRITE key to save the frequency.  Press the RUN key and confirm that the VFD display shows 30 Hz.  Check that the current from the FM channel is approximately 12 mA. Press the STOP/CLEAR button on the VFD keypad.  Check that the current from the FM channel is approximately 4 mA when the VFD speed is 0 Hz.

12. Skip this step if 12 mA is measured at 30 Hz VFD speed.   If the FM channel does not output approximately 12 mA at 30 Hz wait for the VFD display to show 0 Hz and change FM Terminal Function Selection(Item 275) to 1(Post-Compensation Output Frequency).  Repeat step 11.  Press the LOCAL/REMOTE key so the LOCAL mode LED on the keypad is off.    

13. Change AM/FM Adjustment Params Blind(Item 314) to 0(Blind).

14. Change Blind Function Selection(Item 298) to 0(Blind).

15. Remove power from VFD

16. Remove ammeter from VFD and reconnect VFD terminal FM to VXD terminal 5.

17. Re-connect the motor leads to the VFD.

AM Output Calibration: The FM channel may be damaged if it does not output a signal that is proportional to speed after it is calibrated.  The AM channel may alternatively be used to supply a 4 mA to 20 mA signal that is proportional to VFD speed as follows:

1. Remove power from the VFD

2. Move the JP3 jumper on the terminal board to the 4-20 mA position

3. Remove the wire from terminal FM on the VFD terminal board

4. Install an ammeter in series between VFD terminal AM and VXD terminal 5.

5. Apply power to the VFD

6. Change Blind Function Selection(Item 298) to 1(Unblind, Ref G3 Manual page 8-31)

7. Change AM/FM Adjustment Params Blind(Item 314) to 1(Unblind)

8. Change AM Terminal Function Selection(Item 277) to 14(Meter Calibration, 100% Fixed Output, Ref G3 Manual page 8-27)

9. Go to Current Meter Adjustment(Item 278)

10. Press Up Arrow or Down Arrow until the ammeter attached to terminal AM reads

 20 mA.

11. Press READ/WRITE button to store calibration

12. Change AM Terminal Function Selection(Item 277) to 0(Pre-Compensation Reference Frequency)

13. Check that the motor leads are disconnected from the VFD.  Press the VFD LOCAL/REMOTE key so the LOCAL mode LED on the keypad is illuminated.  Set the operating frequency to 30 Hz by pressing the ‘up arrow’ or ‘down arrow’.  Press the READ/WRITE key to save the frequency.  Press the RUN key and confirm that the VFD display shows 30 Hz.  Check that the current from the FM channel is approximately 12 mA. Press the STOP/CLEAR button on the VFD keypad.  Check that the current from the FM channel is approximately 4 mA when the VFD speed is 0 Hz.

14. Skip this step if 12 mA is measured at 30 Hz VFD speed.  If the FM channel does not output approximately 12 mA at 30 Hz wait for the VFD display to show 0 Hz and change FM Terminal Function Selection(Item 275) to 1(Post-Compensation Output Frequency).   Repeat step 13.  Press the LOCAL/REMOTE key so the LOCAL mode LED on the keypad is off.    

15. Change AM/FM Adjustment Params Blind(Item 314) to 0(Blind)

16. Change Blind Function Selection(Item 298) to 0(Blind).

17. Remove power from VFD

18. Remove ammeter from VFD and connect VFD terminal AM to VXD terminal 5.

19.  Re-connect the motor leads to the VFD.

Alternative Method to Calibrate FM Output Channel

In some cases the impedance of the ammeter connected between the FM terminal and VXD terminal 5 will make the calibration inaccurate.  This alternative calibration procedure is based on the voltage across VXD terminals 5 & 6 that must be present when there is a 20 mA current delivered by the FM terminal.  This calibration method may also be applied to the AM channel. 

1. Remove power from the VFD and disconnect the motor leads from the VFD.

2. Remove the wires from VXD terminals 5 and 6.  Measure the input impedance of the VXD across terminals 5 & 6.  The impedance is typically 20 ohms.

3. Calculate the voltage that will be measured across VXD terminals 5 & 6 when there is a 20 mA signal.

Example:

Voltage = Current  X  Resistance


       = .020 A  X  20 ohms  =  0.4 volts

4. Reconnect the wires to VXD terminals 5 & 6.

5. Apply power to the VFD

6. Change Blind Function Selection(Item 298) to 1(Unblind, Ref G3 Manual page 8-31)

7. Change AM/FM Adjustment Params Blind(Item 314) to 1(Unblind)

8. Change FM Terminal Function Selection(Item 275) to 14(Meter Calibration, 100% Fixed Output, Ref G3 Manual page 8-27)

9. Go to Frequency Meter Adjustment(Item 276)

10. Press Up Arrow or Down Arrow until the voltage measured between VXD terminals 5 & 6 is equal to that calculated in Step 3 above(0.4 V in this example)

11. Press READ/WRITE button to store calibration

12. Change FM Terminal Function Selection(Item 275) to 0(Blind)

13. Check that the motor leads are disconnected from the VFD.  Press the VFD LOCAL/REMOTE key so the LOCAL mode LED on the keypad is illuminated.  Set the operating frequency to 30 Hz by pressing the ‘up arrow’ or ‘down arrow’.  Press the READ/WRITE key to save the frequency.  Press the RUN key and confirm that the VFD display shows 30 Hz.  Check that the voltage on the FM channel represents approximately 12 mA. Press the STOP/CLEAR button on the VFD keypad.

14. Skip this step if 12 mA is measured at 30 Hz VFD speed.  If the FM channel does not output approximately 12 mA at 30 Hz wait for the VFD display to show 0 Hz and change FM Terminal Function Selection(Item 275) to 1(Post Compensation Output Frequency).   Repeat step 13.  Press the LOCAL/REMOTE key so the LOCAL mode LED on the keypad is off.    

15. Change AM/FM Adjustment Params Blind(Item 314) to 0(Blind)

16. Change Blind Function Selection(Item 298) to 0(Blind).

17.  Re-connect the motor leads to the VFD.

High Condenser Pressure Fault Troubleshooting

The ISM may declare a High Condenser Pressure fault(state 207) if the VFD does not start quickly enough following a start command from the 1CR circuit through ISM terminal J2-9 and the VFD Start Relay(VSR).  The VFD may not be starting fast enough following a 1CR start command to prevent this fault.

1. Change Blind Function Selection(Item 298) to 1(Unblind, Ref G3 Manual page 8-31)

2. Change Terminal Selection Param Blind(Item 301) to 1(Unblind).

3. Check that the Low Speed Signal Output Freq(VFD Item 72) is set for 0.5 Hz

4. Check that the “Low” Contacts Delay Time(VFD Item 64) is set to 1(2 milliseconds).

5. Change Terminal Selection Param Blind(Item 301) to 0(Blind)

6. Change Blind Function Selection(Item 298) to 0(Blind).

7. Make the following modifications if the High Pressure Relay Faults persist after careful calibration and if the secondary message displayed on the ICVC shows that the condenser pressure at the time of Fault 207 is less than the condenser pressure limit.

8. Add a normally open contact in parallel with the LL relay.  The contacts of this relay will be connected to ISM terminals J2-9 and J2-10 as shown in the schematic below. 

 A spare pair of terminals typically available on the VSR may be used for this purpose.  VSR terminals 5 & 9 are generally used to connect ST to CC.  VSR terminal pairs 6 & 10, 7 & 11, or 8 &12 are separate, normally open contacts that can be used in parallel with the LL relay.  Select a pair of VSR terminals and wire them in parallel with ISM terminals J2-9 and J2-10. 

If there are no spare terminals available on the VSR, a separate relay with the following electrical characteristics may be used.

· The relay’s coil must be rated for 120V.  The contacts should be rated for 24VAC nominal with 20 mA max. current and 4 mA min. current. 

· The relay’s coil should be wired in parallel with the VFD Start Relay(VSR) which receives power from ISM terminal J9-2.

Do not remove the connection between the LL relay and ISM J2-9 and J2-10.  Doing so will disable the ISM’s ability to sense an uncommanded start and subsequently start the oil pump to protect the compressor bearings.
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Shunt Trip When Power is Applied

Sheet 20 of the Toshiba schematic drawing shows that the shunt trip can be initiated by the ISM through the shunt trip relay(STR), the VFD enclosure door interlock switches(DS1 & DS2), the Initial Charge Sequence on Delay Timer(MST), or the Fuse Relay(FRX).

ISM Initiated Shunt Trips – Check that the Emergency Stop Button(if so equipped) has not been depressed.  Check the ISM Fault History.  

VFD Interlock Switches – Check that continuity is broken through both VFD enclosure door interlock switches when their buttons are depressed.

Initial Charge Timer - The MST relay will cause a shunt trip of the DC bus voltage on the VFD does not reach 400 V within an expected amount of time.  The Initial Charge Incomplete Sequence .1s – 1s On Delay Timer must be set between .8 and .9 seconds to prevent nuisance shunt trips.

Note: Some Toshiba schematics incorrectly show the MST timer should be set to .3s.  Shunt trips when power is applied are likely if the MST is set to .3 s.

Fuse Relay – The VFD will shunt trip if any of the six Slave – A, the six Master, or the 3 input fuses are blown.  Check all of these fuses for continuity.     
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