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Liquiflo 1

Ratings
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Components
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bulletin)

Liquiflo 2
Model #
Ratings
Power module
Components
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Wiring and Control setup
Cooling Control and
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ROCKWELL LF1 & LF2
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ROCKWELL LF1 & LF2
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Unit Mounted VFD

LiquiFlo II – No Keypad

LiquiFlo I – With Keypad

ROCKWELL LF1 & LF2
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VFD -- Rockwell Drives

Motor

AC Power
Supply

T

VV

T

V V

T

AC Power Rectifier/Diode Capacitor Inverter/IGBT

ROCKWELL LF1 & LF2
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VFD – LIQUIFLO II

Meets or beats 18 pulse in lower harmonic distortion

LF2 maintains balanced low harmonic currents in the presence of
unbalance lines

Meets IEEE519 - 1992

ROCKWELL LF1 & LF2
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VFD – LF I vs. LFII

M M

Diode Front End Active Converter

Input Current Waveform Input Current Waveform

ROCKWELL LF1 & LF2
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Utility Sinewave vs. VFD

ROCKWELL LF1 & LF2
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VFD Control – PWM

DIODE
RECTIFIER

FILTER
CAPACITOR

IGBT
CHOPPER

MOTOR

VOLTS

CURRENT

PWM – Pulse Width Modulation

Pulse width is varied to vary the voltage to the motor.

Wide pulses give high voltage, and narrow pulses give low voltage.

Increase in switching speed allows for output current to more closely
approximate a sinusoidal wave form

ROCKWELL LF1 & LF2
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VFD – DC Bus Voltage

The DC bus equates to the inverse RMS or the peak AC input voltage
(460Vac x 1.414 = 650 VDC)

ROCKWELL LF1 & LF2
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VFD – DC Bus Voltage

Note slight gaps in output voltage waveform. Carrier Frequency @ 2 kHz
equates to 16.66 IGBT pulses per half cycle @ 60 Hz

ROCKWELL LF1 & LF2
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VFD – Control Method

ROCKWELL LF1 & LF2

Frequency

Constant volts per hertz
control of the IGBTs

Voltage

460vac

60Hz30Hz

230vac

Voltage
Boost

Voltage

460vac

60Hz30Hz

230vac

Sensorless Vector
Control of the IGBTs

Frequency

LF1 LF2
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VFD – LF1 vs. LF2 summary

ROCKWELL LF1 & LF2

LF1 LF2

Keypad Yes No

Front End Passive Active

VFD Control Volt/hertz Sensorless Vector

Chiller Control PIC II PIC III
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Rockwell LF1

ROCKWELL LF1 & LF2
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What is LiquiFlo ?

Patented liquid-cooled heatsink with IGBTs, capacitors, and SCRs

Industry’s smallest HP/square inch footprint.

80% drive generated heat dissipated through liquid, well suited for
harsh environment

Rockwell Automation

Features

6 or 12 pulse AC to DC converter (414-643 Amp only)

Standard DC link inductor

AC PWM inverter

Combined power supply and power module interface control
board

Single regulator accepts all common network communications

ROCKWELL LF1 & LF2
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LiquiFlo 1 Ratings

Voltage Input: 440 to 480 VAC
Frequency Input: 60 Hz,  2 Hz

2 Power Modules: B Frame:414 Amps
C Frame:500 Amps & 643 Amps
D Frame: 1200 Amps

Temperature Range: 0 - 55°C
Enclosure Type: Chassis or NEMA Configured
Cooling System: HFC-134a

ROCKWELL LF1 & LF2
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LiquiFlo Ratings

ROCKWELL LF1 & LF2
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LiquiFlo I B Frame (414 Amps)

Braced Copper Tube Manifold

Burst Test up to 2500 psi
without failure

Copper
tube inlet
and outlet

B Frame (414 amps)
Burst pressure ratings up to 2500
PSI for copper cast in aluminum
heatsink

ROCKWELL LF1 & LF2
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LiquiFlo I C Frame (500 & 643 Amps)

C Frame (500 & 643 Amps)

Swaged Copper Tube Formed

Solid Single piece of tube, no seams

Reduce possibility of leaks inside
casting

Standard copper fittings for
ease of liquid connections
in and out of casting

ROCKWELL LF1 & LF2
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Casting Design

Special design stud mounted
capacitors

Effective cooling of key
components

Increase product lifespan by
regulating the operating
temperature of the capacitors

ROCKWELL LF1 & LF2
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Casting with Power Devices

Front ViewFront View

Side ViewSide View

Input SCRs

Low Transistor Junction Temperature

Maximize use of power devices

Increase running output amp rating

Output IGBT

ROCKWELL LF1 & LF2
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Patented Laminated Low Inductance DC Bus

Wireless design of 5-layer DC bus makes all the connections between
the input line, power devices and motor output

Technology provides lower emitted noise from the drive

500-643 Amp C-Frame
LiquiFlo I

414 Amp B-Frame
LiquiFlo I

1200 Amp D-Frame
LiquiFlo I

ROCKWELL LF1 & LF2



23

Liquiflo I

ROCKWELL LF1 & LF2

ISM

Power
Module
Adapter
Board

DC Bus
Control

Board

RC Board

RMI Board

Main Disconnect (Notice no
incoming power yet)

Control and
Oil Heater
Disconnect

Oil Pump
Disconnect

Cooling Fan

CTs for ISM 480VAC to drive
Power Module

Display
Board
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Liquiflo I

ROCKWELL LF1 & LF2
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Liquiflo I

ROCKWELL LF1 & LF2
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LiquiFlo I-CT for ISM

ROCKWELL LF1 & LF2



27

LiquiFlo I – Oil pump disconnect and fuses

ROCKWELL LF1 & LF2
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LiquiFlo I – Control transformer

ROCKWELL LF1 & LF2
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LiquiFlo I – Power Control Board (PCB)

ROCKWELL LF1 & LF2

Provides Interface to SCR
& balance/discharge
resistors

Senses output current
from U,V,W

Provide interface from
regulator board to gate
driver boards

Interface to adaptor board
for DC bus regulation
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LiquiFlo I – ISM module

ROCKWELL LF1 & LF2
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LiquiFlo I – Input Section (From Breaker)

ROCKWELL LF1 & LF2



32

LiquiFlo I – Output Section (to Motor)

ROCKWELL LF1 & LF2
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LiquiFlo I – Cooling Fans on Frame C & D
ROCKWELL LF1 & LF2
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LiquiFlo I – Drive Components

ROCKWELL LF1 & LF2

Drive module components

SCR/diode modules convert three phase AC line voltage to a
pulsating DC voltage. The SCR firing angle is controlled only when
charging the DC bus; Otherwise, the SCRs are gated to operate in a
rectifier mode.

Reactor reduces input current harmonics by lowering peak currents

DC bus balancing resistors are used to balance voltage across
series connected capacitors

DC Bus Capacitors filter the pulsating DC voltage

IGBT modules are switched to provide PWM voltage that supplies
sinusoidal current to the motor

LEMs are output current sensors used for current feedback

Temperature switches are used for the reactor and chillplate

Chillplate assembly is a liquid-cooled heatsink

Unique drive module components

Fan cools the reactor

One fan in B-Frame

Two fans in D-Frame
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LiquiFlo I – Drive Components

ROCKWELL LF1 & LF2

Printed Circuit Board assemblies

Regulator board provides user interface, I/O, network or serial interfaces,
processes feedback signals and provides drive protection and control
Gate driver boards control the IGBT gates
Remote Meter Interface board, RMI, provides an extended set of terminal
strip inputs and outputs

Unique Printed Circuit Board assemblies

C-Frame
Power Module Adapter, PMA, assembly contains three phase rectifier,
motor voltage feedback, voltage scaling, SCR gate drive, burden resistors
for current feedback
Bus Control Board has power supplies, SCR control and driver circuits,
motor current feedback, DC link voltage feedback, and line voltage feedback

B and D-Frame
Power Module Control Assembly, PMC, combines the functions of the

C-Frame Power Module Adapter and Bus Control Boards



36

VFD – LF1 Rectifier

ROCKWELL LF1 & LF2

Rectifier

Diode/SCR rectify AC input to DC

6 Pulses/Full Wave

6SCR/Diode sets, 2 per phase

Controlled by Power Module Control Assembly (PCB)
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VFD – LF1 Inverter

ROCKWELL LF1 & LF2

Inverter

IGBT/Diode Pair

2 IGBT per phase,
180º each for +/-
side of sine wave

Controlled via Gate
Driver Assembly

LEM – output
current sensors
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LiquiFlo I – Troubleshooting Drive

ROCKWELL LF1 & LF2

Troubleshooting
See Chapter 6 – Carrier VFD Quick
Reference Guide
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Resistance Check

ROCKWELL LF1 & LF2

Manual: Carrier VFD Quick Reference 3466-1
Chapter 6: Troubleshooting the Drive
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Resistance Check

ROCKWELL LF1 & LF2



41

Resistance Check -- Diode

ROCKWELL LF1 & LF2
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Resistance Check -- IGBT

ROCKWELL LF1 & LF2
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VFD – Liquiflo 1 Keypad

19XRV
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VFD – Liquiflo 1 Keypad

19XRV

Chapter 3: Carrier Quick Reference 3466-1 & D2-3410-7
manuals
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VFD – Liquiflo 1 Keypad

19XRV

Notice the new LED’s
that are turned on
now that the chiller is
running

Reads 58 because we have scaled
the display for 0-60Hz
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VFD – Liquiflo 1 Keypad

19XRV

Speed – Frequency in Hz rounded up to the
nearest Hz

Volt – The actual voltage to the motor

Amps – The actual amps to the motor

Hz – Running frequency in Hz not rounded
to the nearest Hz

KW – Calculated KW
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VFD – Liquiflo 1 Keypad

19XRV

Default
Screen

H._ _ _P._ _ _

Press “Program”

r._ _ _ Err

Press

Error Log
View

Parameters
View

Parameters

Press Enter

Scroll Error
Log

Scroll thru
Parameters

Scroll thru
Parameters

Press

Important Keys
Program

Enter

Press “Program”

View
Parameters

Scroll thru
Parameters
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LiquiFlo I

ROCKWELL LF1 & LF2

RC Board

RMI Board

Display
Board
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LiquiFlo I

ROCKWELL LF1 & LF2

Regulator Card and Remote Interface Board
conenctions:

1M Contact – Start (RC)

ISM J9-1,2 send signal to drive RC 16,24

2M Contact – Up to Speed
Code 201: 2M contact Failure
The 2M input on the ISM did not see a contact closure
from the VFD.
This contact should close at approximately 35Hz.
Check Wiring on ISM, on VFD, and VFD programming.

Speed Control – 4-20ma signal from ISM

Speed Feedback – 1-5V signal from RMI board
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LiquiFlo I – RC board wiring

ROCKWELL LF1 & LF2

Speed Control & IM contact

Drive Start ISM J2-9,10

Speed
Control ISM
J8-1,2
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LiquiFlo I – RMI board wiring

ROCKWELL LF1 & LF2

VFD Run ISM J2-11,12,7,8

Speed feedback ISM J6-1,2
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Common Alarms

19XRV

Code 208: Excessive Motor Amps

Code 217: Motor Overload

Code 228: Low Oil Pressure

Code 229: Low Chilled Water Flow

Code 230: Low Condenser Water Flow

Code 230: Excessive surging

Code 247: Diffuser Position Fault
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Chiller Troubleshooting

19XRV

Code 208: Excessive Motor Amps
If the average motor current exceeds the limit of 110%.
For 30 seconds.

Code 217: Motor Overload
If any phase current >106% RLA
If any ONE power lead exceeds I2T excessive amps
relative to motor temperature

Code 228: Low Oil Pressure
If the compressor oil pressure drops below 13psid



54

Chiller Troubleshooting

19XRV

Code 229: Low Chilled Water Flow
Code 230: Low Condenser Water Flow

Check water flow. Also look at symptoms, low evaporator
temperature with a very high approach or high condenser pressure,
with a very high condenser approach

Chilled Water Flow:
Evaporator Saturation Temp < Evap Refrigerant Trippoint+ 1oF or
Evaporator temperature derived from evaporator pressure < Evap
Refrigerant Trippoint & Evaporator Approach > Evap. Approach Alert
Threshold

Condenser Water Flow:
Condenser Pressure > Condenser Pressure Override + 5 psi &
Condenser Approach > Cond. Approach Alert Threshold
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Chiller Troubleshooting

19XRV

Code 230: Excessive Surging
If the average motor current Swings more than 20%
(adjustable) 5 times in 8 minutes

Code 247: Diffuser Position Fault
If rotational stall is detected in the 850 Ton Chiller
Compressor’s Casting, it is usually an indication of surging, or
a bad Guide Vane Feedback potentiometer
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LiquiFlo I – Troubleshooting Drive
VFD Related Fault

ROCKWELL LF1 & LF2

Code 201: 2M contact Failure
Code 202: Motor amps not Sensed
Code 205: Amps sensed when Stopped
Code 206: Starter Fault
Code 207: High Pressure (Pressure of 65psi exceeds limit
of 165 psi)
Code 208: High Motor Amps
Code 215: Phase Imbalance Amps
Code 238: Excessive surging
Code 245: VFD speed NOT MATCHED
Code 271: VFD speed too LOW
Code 273: VFD speed too HIGH
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LiquiFlo I – Troubleshooting Drive

ROCKWELL LF1 & LF2

Code 201: 2M contact Failure
The 2M input on the ISM did not see a contact closure from the
VFD.
This contact should close at approximately 35Hz.
Check Wiring on ISM, on VFD, and VFD programming.

Code 202: Motor amps not Sensed
Test/Run switch is in test position (see SB C0205)
P.000 is not in rE mode
Wrong CT Ratio
VFD Keypad AUTO light is not illuminated, temporarily set
P.052 to OFF press AUTO/MAN key, set P.052 back to ON
P.011 is not set to 4 (sets speed input for 4-20ma)
VFD OPTION on ICVC in SETUP2 is not ENABLED
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LiquiFlo I – Troubleshooting Drive

ROCKWELL LF1 & LF2

Code 205: Amps sensed when Stopped
P.025 set to 1 instead of 0 (want a Coast to Stop)
ISM senses current pre-charging DC bus when power is first applied to
VFD.
New ISM required set STARTER TYPE in ISM_CONF screen to 2 or 3,
This raises the amps sensed threshold.

Code 207: High Pressure.. 65psi exceeds limit of 165 psi
ISM has not recognized ANY action by the drive or motor.
Check 1M aux and 2M aux relay circuit
Check that VFD 'Remote' and 'Forward' lights are all on.
P.000 should be set to rE to illuminate the remote light
P.027 should be set to 1 to illuminate the forward light
P.052 should be set to ON to disable the AUTO/MAN key
Check adjustment of SXD and VXD on Toshiba
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LiquiFlo I – Troubleshooting Drive

ROCKWELL LF1 & LF2

Code 208: High Motor Amps
Check phase imbalance
Check Guide Vanes
Not really a VFD issue

Code 215: Phase Imbalance Amps
Phase Imbalance VERY COMMON on a VFD
Replace ISM with Version 06 and load new software per service
bulletin C0215. This will allow Phase Imbalance trip point to be set
much higher.

Code 238: Excessive surging
May need to set Min Speed Higher on CVC/ICVC
May need to set Speed Step to higher value
Check Normal Surge causes (Low Condenser water flow,High Tower
Water Temperature)
T1, P1 and T2, P2 values may need to be adjusted
Confirm that VFD can run at 60Hz
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LiquiFlo I – Troubleshooting Drive

ROCKWELL LF1 & LF2

Code 245: VFD speed NOT MATCHED
Calibrate Speed signals
Those are (on a Rockwell):

P.009 Analog Input Offset and
P.010 Analog Intput Gain (span)
r.002 Analog Output Offset and
r.003 Analog Output Gain (span)

On a Toshiba, SXD and VXD

Code 271: VFD speed too LOW
Code 273: VFD speed too HIGH

Same techniques as just mentioned
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LiquiFlo I – Troubleshooting Drive

ROCKWELL LF1 & LF2

19XR-6SS manual Page 77

This step is critical after
power module replacement
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VFD Fault at Drive display

19XRV

Code 206: Starter Fault (PIC II only)

Examine fault at VFD/Starter

VFD Fault

HU High DC Bus Voltage:
Voltage across Caps is too high, may be caused by high incoming
460VAC or compressor Surging.

LU Low DC Bus Voltage:
Voltage across Caps is too low, may be caused by low incoming
460VAC. Or Drive’s input SCR’s not firing correctly.

OC or OL Overload:
Amp draw of motor is too high. Check VFD Load Factor.

HU High DC Bus Voltage:
Voltage across Caps is too high, may be caused by high incoming
460VAC.There is a SNUBBER kit available for jobsites that have a
high instance of HU faults.
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Chiller Troubleshooting

19XRV

VFD Fault
UbS / AC Ground Fault:

One of the three incoming 460 VAC power leads is grounded
UbS / Asymmetrical Bus: The capacitor banks did not charge evenly
UbS / Slow Ramp Rate of DC Bus: DC bus did not charge fast enough

at power up.

Aln Analog input signal loss:
Check J4 in proper position. Or, the 4-20ma signal from the chiller
controls has dropped below the 0Hz speed. Adjust P.009 up so that
commanded speed reads 1Hz when unit not running.

FL Function Loss:
Check Jumper between drives terminals 16 and 20. On a chiller
without a Shunt Trip Breaker, check there will be a set of N.O. relay
contacts from a Shunt Trip pilot relay. Check relay and contacts.

OH Drive Over temperature:
Check drive cooling lines, expansion valve and fan operation.
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LF1 Parameters

19XRV RD is Rockwell Default
CD is Carrier Default
JS is Job Specific
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LF1 Parameters

19XRV

RD is Rockwell Default
CD is Carrier Default
JS is Job Specific
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LF1 Parameters

19XRV
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LF1 Parameters – 19XR-6SS, Page 76

19XRV

Password
P.006-107
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LiquiFlo I – VFD Replacement

ROCKWELL LF1 & LF2

When performing LF1 drive replacement,
the following must be performed prior to
startup

Check wiring on RC & RMI Board

Perform Speed Adjustment

Check VFD Parameters

Equipment service  Setup2 VFD Option is
Enabled

ISM Config Starter Type is VFD
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LiquiFlo I – Reference

ROCKWELL LF1 & LF2

Bulletin

C0403 – Liquiflo I VFD troubleshooting and warranty returns

C0406A – 19XRV Balancing resistor test for “UbS” Fault

Carrier D2-3466-2 – Carrier VFD Quick Reference Guide
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LiquiFlo II

ROCKWELL LF1 & LF2
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LiquiFlo II

ROCKWELL LF1 & LF2
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LiquiFlo II

ROCKWELL LF1 & LF2
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LiquiFlo II

ROCKWELL LF1 & LF2
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LiquiFlo II – Power Module

ROCKWELL LF1 & LF2
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LiquiFlo II – VFD Panel & Power Module
Components

ROCKWELL LF1 & LF2
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Panel Components -- Input Circuit breaker

Shunt trip controlled by VFD & the ICVC

Capable of protecting the circuit wiring
making

Carrying and breaking currents under
normal circuit conditions making

Carrying for a specified time and breaking
currents under specified abnormal circuit
conditions such as those of short circuits

Standard is 65KAIC or 100KAIC is available

ROCKWELL LF1 & LF2
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Panel Components -- Input Filter Circuit
The LiquiFlo 2 drive uses an active rectifier to
eliminate most of the harmonic distortion caused by
conventional diode or SCR rectifiers.

The LCL (inductor and capacitor resistor and
inductor) circuit is designed / tuned for the 4Khz.
rectifier Carrier frequency

The active rectifier consists of a three-phase IGBT
bridge and a filter between the bridge and the line.

The filter blocks the PWM carrier and its harmonics,
allowing the active rectifier to control the line
frequency input current.

Input reactors are 3% and 9% with a capacitor
between each input phase. Works like power factor
correction.

The Input current measured when inverter is not
running is reactive current.

ROCKWELL LF1 & LF2
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Panel Components -- Pre-charge circuit

The pre-charge assembly consists of a three-phase
relay and three power resistors.

The pre-charge resistors ramp the voltage to the DC
Bus capacitors (about 20 amps) when power is applied.
Pre-charge contactors closes upon a start command
bypassing the resistors. Pre-charge relay Auxiliary
contacts initiate the drive run command.

When power is turned on, the bus charges to the peak
of the AC line through the pre-charge resistors, and
begins in an idle state.

Pre-charge limits inrush current during power up or a
power dip or line loss and simplifies selection of branch
circuit protection devices.

When pre-charge is complete, the parallel contacts are
closed.

ROCKWELL LF1 & LF2
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LiquiFlo II –Panel Components

ROCKWELL LF1 & LF2

15 Amp 2F1 & 2F2 fuses
Protects the input for the 3KVA Control Transformer.

3 KVA Control Transformer
Steps the input voltage down to control voltage,
approximately 115vac. Control transformers are designed to
reduce supply voltages to control circuits, providing greater
safety to operators. These transformers also isolate the
control circuits from power and lighting circuits. They are
designed to accommodate the momentary current inrush
caused when electromagnetic components are energized,
without sacrificing secondary voltage stability.
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LiquiFlo II – Power Module

Power Module Contains

Two separate control boards (Inverter and
Rectifier)

I/O boards

Power boards

Power structures

One power structure is used as an active Rectifier to
regulate the DC Bus Voltage

Second power structure is used for traditional motor
control

Communications between the control boards, and
ICVC, (optional LCD OIM; Lap Top computer via an
RECOMM 232 cable) through the DPI interface card.

ROCKWELL LF1 & LF2
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LiquiFlo II – Power Module

Meter Kit (Optional)
Wired to the AC line I/O Board (0-10Vdc)

ROCKWELL LF1 & LF2
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LiquiFlo II – Meter Option Kit (Optional)

ROCKWELL LF1 & LF2

82

Meter Kit
Two analog
Voltmeter are used
to display each input
phase AC Voltage
and Current. The
phase being
displayed is
selectable by a
selector switch.

The voltmeter and
the selector switch is
wired to the AC Line
I/O board.

*Caution*
These measurements are NOT
generated by a line side
current or voltage signal, but
are outputs from the I/O
Module
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LiquiFlo II – Standard I/O

ROCKWELL LF1 & LF2

The SIO board is a microcontroller based I/O subsystem. The Standard I/O board is
connected to the Inverter Control Board. The I/O is configured through the Gateway and
cannot be modified in the field.

1. 4 Analog Inputs (2Volt, 2 Miliamp)
2. 2 Analog Output (1 Volt, 1 Milimap)
3. 6 Digital Inputs (24VAC/VDC; 120VAC)
4. 2 Digital Outputs connected to 2 forms C

relays
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LiquiFlo II – Power Module Components
AC Line I/O
I/O board attached to the Rectifier
Control.The I/O are not configurable by the
parameters.

Inverter Power Supply
Supplies power to the inverter section.

Inverter Power and IGBT gating Board
Hardware for gating the IGBT’s

Inverter Control Assembly
Processor for the Inverter controls

Standard I/O “Optional”
I/O board connected to the Inverter
regulator. I/O configurable via parameters.

DPI communication board
Platform for communications

Gate Kill thermostat connections
Hardwired into the IGBT gating power
supply. The terminal must be closed to
operate. Condenser High Pressure Switch.

ROCKWELL LF1 & LF2

AC Input and Output Current Sensors
Solid state device made by LEM.

IGBT (rectifier and inverter)
High Speed switch in the power circuit.

Bus Capacitors
Stores energy for the DC bus.

Bus balancing resistors
Keeps the voltage balanced from the midpoint to
the plus and minus DC Bus.

Line Sync board
Primary function is to monitor the AC input and
synchronize the IGBT control.

Rectifier Power Supply
Supplies power to the rectifier section.

Rectifier Power and IGBT gating PCB
Hardware for gating the IGBT’s

Rectifier Control Assembly
Processor for the rectifier controls.
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LiquiFlo II – AC Line Sync

ROCKWELL LF1 & LF2

The active rectifier commands a 3-phase voltage
that is very close to the AC line.

Line sync (AC line phase synchronization)
produces the phase angle & commanded
frequency synchronized to the AC line. The small
difference between the commanded voltage and
the AC line results in current flowing from the AC
line to the DC bus when motoring, or from the DC
bus to the AC line when regenerating.

Two current regulators control the phase and
magnitude of the commanded voltage. The
reactive current is regulated to zero to maintain
unity power factor.

The drive then has a leading power factor due to
the input filter capacitor. The active current (in
phase with the voltage) is regulated to maintain
the desired bus voltage. Square wave signal tells
us the peak of the AC line with only 1 analog
input.
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LiquiFlo II – AC Line Sync Frame 3 only

ROCKWELL LF1 & LF2

The AC Line I/O board is connected to the
Rectifier Control Board. The I/O is not
configurable via parameters but configured in
the firmware.

The analog inputs wired through J4 are used to
read the 3 phase input AC Line Voltage and a
square wave to synchronize the voltage output
of the rectifier to the input line voltage from the
Line Sync PCB.

There are 4 digital input (120VAC) and 6 Digital
Outputs (5Amps at 120VAC).
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LiquiFlo II

Frame 3 LF2 19XRFrame 3 LF2 23XR

23XR Series

19XR Series

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 3 23XR Cabinet

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 3 23XR Cabinet

1

2

3 4a

4b

5

6

7

8

9
10

1

11

12

13

20

21

1. Input 65KAIC Circuit
Breaker

2. Control XFMR 15 Amp
Circuit Breaker

3. Inductor Cooling Fans
4. Inductor

a. Inductor 1
b. Inductor 2

5. Thermostat
6. Capacitor Bank
7. Precharge Resistor

Assembly
8. Precharge AC Contactor
9. Control XFMR 3KVA
10. Input LCL FU 4,5,6
11. Precharge FU7,8,9
12. Line Sync. FU 1,2,3
13. Power Module Assembly
20.Optional Network

Interface
21.CT Output FU

10,11A,11B

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 3 23XR Cabinet
(Continue)

13. Power module assembly
14. DPI Communication

Board
15. Terminal Block assembly
16. Inverter Regulator Board
17. Inverter I/O Board
18. Inverter Regulator Board
19. Rectifier I/O Board
22. Power module fan
23. Gateway communication

23

ROCKWELL LF1 & LF2

15

16

17

18

19

22

13

14



1. Input 65KAIC Circuit
Breaker

2. Control XFMR 15 Amp
Circuit Breaker

3. CT Output 10,11A,11B
4. Control XFMR 3KVA
5. Pre Charge Resistor

Assembly
6. Pre Charge AC

contactors (1 per
phase)

7. Pre Charge FU 7,8,9
8. Line Sync
9. Gateway

Communication
10. Line Sync FU 1,2,3
11. DPI Comm Interface

Board
12. Rectifier Control AC

Line I/O
13. Inverter Control

Standard I/O
14. Inverter Regulator
15. Power Module

Assembly 91

LiquiFlo II – Frame 3 19XR Cabinet

1

2 3

4

5

6

7

8
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10

12

11

13

14

15

7 17
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LiquiFlo II – Frame 3 19XR Cabinet
(Continue)

18. Input Filter Dual
Wound Inductor

19. Terminations for input
inductor thermostat

20. Motor Lead
Connections

21. Refrigerant
Connections

22. Control and Network
Wiring Harness

23. Control XFMR 3 KVA

18

19

20

21

22

23

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 3 Power Module
Assembly

1. Gate Kill terminations

2. DPI Comm Interface
Board

3. Carrier Recomm

4. Inverter Control

5. Standard I/O

6. Rectifier Control

7. AC Line I/O

1

2

3

4

5

6

7
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LiquiFlo II – Frame 3 Power Module

1. IGBT Modules

2. Inverter Power Board

3. Inverter 80 Watt Power
Supply

4. Rectifier Power Board

5. Rectifier 80 watt Power
Supply

6. Rectifier Power Board Supply
From DC Bus

7. Inverter Power Board Supply
from DC Bus

8. Laminated Low inductance
DC Bus

1

2

3

4

5

7

8

6

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 3 Inside Power Module

1. IGBT Modules

2. Vacuumed brazed chill plate
(connection back of chill
plate)

3. Current Sensors (Total 6 – 3
input and output currents
measured)

4. Laminated low inductance
DC bus

5. DC Bus Caps

4

53

6

2

1

ROCKWELL LF1 & LF2
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LiquiFlo II – Power Module

ROCKWELL LF1 & LF2
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LiquiFlo II – Power Module Frame 3

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 4 19XR Cabinet

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 4 19XR Cabinet

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 4 19XR Cabinet

1. Input 65 KAIC Circuit
Breaker

2. Control XFMR 15 Amp
Circuit Breaker

3. Input Filter Dual Wound
Inductor

4. Input Filter Cap Bank

1

2

3
4

5 6

7

8

9

101112

13

5. CT Output FU 10, 11A,
11B

6. Control XFMR 3KVA
7. Gateway & Status Light
8. Motor Output
9. Power Module Assembly

10. Pre charge FU 7,8,9
11. Input LCL FU 4,5,6
12. Pre charge Resistor

Assembly
13. Pre charge AC Contactors

One per phase

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 4 19XR Power Module

1
2

3

4 5

3

6

1. Laminated low
inductance DC bus

2. Input Current
Sensors (Total of 3)

3. Vacuumed brazed
chill plate
(Refrigerant
connections on
back of chill plate)

4. Rectifier IGBT
Module (Total of 4
Modules) I

5. Inverter IGBT
Module (Total of 4
Modules)

6. Output Current
Sensors (Total of 3)

Rectifier Section Inverter Section

ROCKWELL LF1 & LF2
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LiquiFlo II – Frame 4 19XR Power Module

1. Combined I/O
2. Combined Rectifier/Inverter

Regulator
3. DPI Comm Interface Connection
4. Gateway

1

34 2

Top Layer

View of
Combined
Regulators & I/O

Second Layer
View of Combined
Power Borard

Third Layer
View of DC Bus
Laminate & IGBT’s &
Input and Output LEMS

ROCKWELL LF1 & LF2
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LiquiFlo II – Power Module Frame 4

ROCKWELL LF1 & LF2
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LiquiFlo II – Power Module Frame 4

ROCKWELL LF1 & LF2



105

LiquiFlo II – Frame 3 19 & 23XRV Wiring

ROCKWELL LF1 & LF2

Rectifier Inverter

Control Boards
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LiquiFlo II – Frame 3 19 & 23XRV Wiring

ROCKWELL LF1 & LF2

Precharge Circuit

Control Transformer
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LiquiFlo II – Frame 3 19 & 23XRV Wiring

ROCKWELL LF1 & LF2

A22 Standard I/O Wiring

Power Panel
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LiquiFlo II – Frame 3 19 & 23XRV Wiring

ROCKWELL LF1 & LF2

A12 Standard I/O Wiring

Power Panel
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LiquiFlo II – Frame 3 19/23 XRV Wiring

ROCKWELL LF1 & LF2

Board Wiring Recitifier
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LiquiFlo II – Frame 3 19/23 XRV Wiring

ROCKWELL LF1 & LF2

Board Wiring Inverter
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LiquiFlo II – Frame 4 19XRV Wiring

ROCKWELL LF1 & LF2

Rectifier Inverter

Control Boards
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LiquiFlo II – Controls Setup

ICVC

CCM

VFD

Liquiflo II
Gateway

DPI
COM

M

RS485 COMM
(SIO)

ICVC

CCM

VFD

UM/FS
ISM

RS485 COMM
(SIO)

Hard-
wired

DPI -- Drive Peripheral
Interface

PIC III

Inputs/Outputs
(Pumps, fans, etc)

PIC II

Inputs/
Output
s
(Pump
s, fans,
etc)

ROCKWELL LF1 & LF2



113

LiquiFlo II – Control without ISM

Only one Circuit Breaker for both Control Power & Oil Heater and
Compressor Oil Pump (CB2).

Oil Pump 2C Aux. Contact and HPS (Power Panel term. #17 & # 43) are
wired directly to VFD Gate Kill Terminal Block (A33, TB-1) and prevents
any Gate signal to the Inverter IGBT’s when related contacts are open
(Closed to Run).

Oil Pump Contactor (Power Panel term. #50 & #51) is wired directly to
VFD Standard I/O Board (Discrete N.O. Output, term. #15 & #16).

Output term. #5 on CCM Board is utilized to energize VFD Coolant
Solenoid which replaces the VFD Coolant TXV.

Relative Humidity Sensor is located in ICVC Panel and wired to CCM
(J3, term. #7 & #9 and J5, term. #6).

ROCKWELL LF1 & LF2
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LiquiFlo II – Controls Setup

RS485 COMM
(SIO)

ICVC

Gateway

LiquiFlo II VFD
DPI
COMM

Software Signals From ICVC Software Signals To ICVC

Motor Start/Stop
Inverter, Rectifier, Coldplate and
Enclosure Temperatures

Pumps On/Off Line Power, Load Power
Fans On/Off VFD Status
VFD Speed Start/Stop Complete
Shunt Trip VFD Configurations
Head Pr. Ref. VFD Loss of COMM

Direct Wire Inputs to VFD Direct Outputs from VFD
Disch. Press Switch with Oil Pump
2C Aux. Water Pumps
Inverter, Rectifier, Coldplate and
Enclosure Temperatures Tower Fans
Pre-Charge Contactors Head Pressure Reference
Remote Start Trip Alarm
Spare Safety Pre-Charge Contactor
Ice Build Shunt Trip

Inputs
(Temperatures,
Pressures,
Humidity)

Outputs (Oil
heater, VFD
coolant,
Solenoid, oil
pump, HGBP)

CCM

ROCKWELL LF1 & LF2
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LiquiFlo II – Controls Setup

DPI Board

Provide
communication
between Liquiflo II
and other devices

Gateway

Translates
protocols between
ICVC, CCM & VFD

ROCKWELL LF1 & LF2
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LiquiFlo II – DPI Board

Inverter +12V

Off = Green

Pre-lube/ Post-
lube = Green

Operational =
Green

Inverter Status

Off = Yellow
Flashing

Pre-lube/Post-
lube = Yellow
Flashing

Operational =
Green

Rectifier +12V

Off = Green

Pre-lube/Post-
lube = Green

Operational =
Green

Rectifier Status

Off = Yellow
Flashing

Pre-lube/Post-
lube =Yellow
Flashing

Operational
=Green

ROCKWELL LF1 & LF2
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LiquiFlo II – DPI Board

Inverter Status Rectifier Status

Green

Flashing - Drive ready, but not running, no faults and not communicating to
processor

Steady - Drive running, no faults

Yellow

Flashing - Drive is not ready, check parameter 214 (start inhibits).

Steady - An alarm condition exists. Check parameter 211 (drive alarm
1) and 212 (drive alarm 2).

Red

Flashing - a fault has occurred.

Steady - a non-reset-able fault has occurred.

ROCKWELL LF1 & LF2
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LiquiFlo II – Gateway

ROCKWELL LF1 & LF2
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LiquiFlo II – VFD Cooling Control

VFD Coolant
Solenoid

RH Sensor

ROCKWELL LF1 & LF2



120

LiquiFlo II – VFD Cooling Control

Humidity

Sensor
Inputs

VFD Cooling Valve
Output)

Evap
Sat’n
Temp

ROCKWELL LF1 & LF2
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LiquiFlo II – VFD Cooling Control

RH Sensor

ROCKWELL LF1 & LF2
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LiquiFlo II – VFD Cooling Control

VFD Coolant
Solenoid Valve

Factory
Isolation Valve

NOTE:
The strainer that filters
the refrigerant flow to the
starter cannot be replaced
with a standard filter drier

ROCKWELL LF1 & LF2
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LiquiFlo II – Dew Point Prevention Alarm

ROCKWELL LF1 & LF2

VFD Dew Prevention (VFD Cooling) Control

Purpose
Maintain Coldplate temp above Dewpoint temp by de-energizing VFD
solenoid 0 – 100% every 5 sec based on the greater % calculated for 1
or 2 below:

1) Cond ref temp is 1.5~3.5ºF above Coldplate temp.
2) VFD Coldplate temp is 1~5ºF above Dewpoint temp.

Output = 100% if:
Coldplate temp > 100ºF or > Dewpoint + 5ºF, or:
Condenser refrigerant temp > 100ºF or > Dewpoint + 3.5ºF
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Features -- Configuration Changes
Newer LF2 drives will come with Orifice or Solenoid valve on cooling line,
but not both

If solenoid valve is installed but not wired, perform wiring in the field to
CCM as previously discussed

ROCKWELL LF1 & LF2

OR
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VFD Config Screen

ROCKWELL LF1 & LF2
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VFD Config Information

Note: Inverter PWM Frequency is 4 kHz, therefore parameter should
equal “0”.

ROCKWELL LF1 & LF2
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VFD Config Information

Electrical data for CONFIG
Screen parameter

Nameplate on VFD Panel or
side of ICVC panel

Part # 19XV05008701

ROCKWELL LF1 & LF2
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ROCKWELL LF1 & LF2

Programming VFD config PIC III

How to find VFD
Config info from
design data sheet ?
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ROCKWELL LF1 & LF2

Programming VFD config PIC III
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ROCKWELL LF1 & LF2

Programming VFD config PIC III
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ROCKWELL LF1 & LF2

Programming VFD config PIC III

Note: For LFII, Inverter PWM
Frequency is 4 kHz, therefore
parameter should equal “0”.
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ROCKWELL LF1 & LF2

Programming VFD config PIC III
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Other new features

Shunt Trip Breaker

No shunt trip on low evaporator pressure because liquiflo II
would not have ability to energize the pumps for freeze
protection.

ICVC -- Shunt Trip only if motor amps is sensed STOP MODE

VFD -- Shunt Trip only if ground fault is detected

ICVC Communication Loss between ICVC and VFD

Motor shuts down

Condenser and chilled water pump keeps running

ROCKWELL LF1 & LF2
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Liquiflo II START Sequence
*Wiring change gate kill circuit maintains a closed circuit when the oil pump is off*

The Gate Kill is monitored 24/7, so when the oil pump is off, and 2C aux is open, the VFD is
in alarm. After oil pump starts, ICVC sends a VFD RESET signal to the VFD to clear the gate
kill alarm. If the gate kill is OK, it then allows the pre-charge contactors to pull in.

If we don't get a pre-charge contactor to pull in after oil pump is pulled in, we can assume that
the gate kill is still open.

The VFD checks the GATE KILL circuit again TB1 on A-33 Card (tied into the Power Panel
terminals 43 and 17). Oil pump 2C aux contact and the Hi Pressure switch are wired in
series.

ROCKWELL LF1 & LF2
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LiquiFlo II – PIC II with HPR safety circuit

ROCKWELL LF1 & LF2
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LiquiFlo II – PIC III with Gatekill

ROCKWELL LF1 & LF2
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Liquiflo II START Sequence
A START command initiated by the Operator, time schedule or
remote contacts at the ICVC

Via the SIO BUS, the ICVC checks the VFD for any faults, if there
are none, a normal startup proceeds

The Starts Counter, Pre-start Alerts , etc. are all checked

The LFII will start the Water Pumps as per our standard startup
sequence

The Water Flow, etc. are all checked

The Oil Pump is Started, Oil Pressure is confirmed

A SOFTWARE START command is sent from the ICVC to the
Liquiflo II via the GATEWAY

ROCKWELL LF1 & LF2

Check VFD
Faults

ICVC
Start

Start Oil
Pump and

Verify press

Check Pre-
start

safeties

Start Water
Pump

ICVC send
start via
Gateway



VFD Line
Sync PCB
P2-17,18

Rectifier
Ready

Pre-charge
contactors

close

AC Line I/O
receive
signal

Software
Start

138

Liquiflo II START Sequence

The VFD then closes a 24Volt Pilot Relay via Terminals 13 and 14 on plug P1
on the Power Module.

The Pilot Relay NO contacts then send 115VAC via wire 227B to TB3 inside the
enclosure to CLOSE the three Pre-Charge Contactors, and at the same time to
TB4 inside the enclosure to start the three VFD fans.

The VFD looks for confirmation that the pre-charge contactors have closed via
the Logic In1 terminal 23 on TB1 of the A12 AC Line I/O card. This is fed 115
VAC from wire 227A, then through 3 sets of NO contacts that are in series .

The Rectifier section is then ready.

The Inverter is then turned on and applies power to the motor.

ROCKWELL LF1 & LF2



139

Liquiflo II START Sequence
The VFD sends a signal back to the ICVC via the Gateway that the
start has been successful. It also closes a run contact to ensure the oil
pump contactor is energized.

The LFII also receives a software signal as to the Target Speed
Command.

The following signals are transmitted between the ICVC and VFD

Target and Actual speed

Line Volts and Amps

Load Volts and Amps

Frequency

There is no need to calibrate speed or amp signals.

The VFD and the ICVC continue to communicate via the Gateway

ROCKWELL LF1 & LF2

Run contact
close and oil

pump
contactor on

VFD send
signal to
Gateway



VFD De-
energize

pilot relay

Post Lube
and turn off

Pumps &
fans

Pre-charge,
VFD Run
contacts

open

VFD sends
STOP

Complete
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Liquiflo II STOP Sequence

VFD gets a Signal from the ICVC to Stop the machine via the
Gateway.

VFD stops sending power to the motor.

When the VFD senses no amps, it de-energizes the Pilot Relay

Pilot Relay causes

Pre-charge contactors to open

VFD Run contacts to open

The LFII sends a STOP COMPLETE software signal to the ICVC

The ICVC then initiates the POST-LUBE cycle.

After the POST LUBE cycle, the ICVC sends a command to the LFII to
shut down the Water Pumps and Tower Fans.

ROCKWELL LF1 & LF2
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Manual

Manual # 19XRV-5SS

ROCKWELL LF1 & LF2
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Alarms/Alerts

19XRV-5SS
Includes related Alarm/ Alert Codes (pgs. 91~100)

ROCKWELL LF1 & LF2
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VFD Fault Code Description

VFD Fault Code, Type, Description, Action and ICVC
Fault State (pages 101-104)

ROCKWELL LF1 & LF2
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VFD Fault Code

VFD Fault code can be found in 2 locations in ICVC

1. Status VFD_STAT VFD Fault Code

2. Service Control Algorithm status VFD History
VFD Fault Code

ROCKWELL LF1 & LF2
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VFD Fault Code

VFD Firmware numbers for Gateway, Inverter, Rectifier
can be found on Status VFD_STAT

VFD Gateway Version #

VFD Inverter Version #

VFD Rectifier Version #

Last 3 items on the screen

ROCKWELL LF1 & LF2



146

LFII common fault

ROCKWELL LF1 & LF2

VFD Fault: F13 Ground Fault and/or F216 Rctfr Gnd Fault
If the power module detects excessive ground current, it will protect
itself, the power cables,and/or the motor by tripping on a ground fault
condition. The ground current trip at 7% of drive rated current in a
100micro second time interval.

Troubleshooting
Check proper grounding
Meg Motor
Check Moisture in the Panel
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LFII common fault

ROCKWELL LF1 & LF2

VFD Fault: F8 Invtr Base Temp or F9 Invtr IGBT Temp,
Rectifier F217 Rctfr Base
This fault indicates that the temperature feedback has exceeded
its specified limits.

Troubleshooting
Check cooling line to ensure that there is refrigerant flow
There must be at least 15psi between Evaporator and Condenser
pressure to ensure flow of refrigerant
Possible bad temp sensor
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LFII common fault

ROCKWELL LF1 & LF2

VFD Fault: Code 107 at ICVC
This fault is seen after combined power board replacement

Troubleshooting
Connect to drive and clear fault using RECOMM and VS Utilities
CCS-SOP-7-SWI00030A


