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1

PERFECT HARMONY SERIES
ADJUSTABLE SPEED AC MOTOR DRIVE

CELL S1ZES 00-05 (AIR COOLED)
(400 hp through 3000 hp)

USER’S MANUAL

Man_ual Number: 902330
November 1997

& ! B ‘
b Version 3.1

II] RO Bl CO N A Subsidiary of High Voltage Engineering Corporation

- * - 500 Hunt Valley Road, New Kensington, PA, USA, 15068 .
N q y Phone: 412-339-9500 . Customer Support Phone: 412-339-9501 (24-hours)
Fax:  412-339-8100 Customer Support Fax: 412-339-9507
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BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96
Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment
Eagle Farm Pump Station Upgrade ) )

This user’s manual applies to all air-cooled ROBICON Perfect Harmony adjustable-speed AC motor drives that are
rated from 400 HP through 3000 HP. For information on liquid-cooled Perfect Harmony Drives, refer to manual
number 902463. This manual assumes the typical configuration in which power cells accept 460/480 VAC input.
These are called low voltage cells. Perfect Harmony units rated at 4800 VAC output use cells which accept
690 VAC. These inputs are called high voltage cells. The manual text identifies those cases in which the high
voltage cell information differs from the low voltage cell counterparts.

This manual corresponds to Perfect Harmony software version 1.10

Perfect Harmony is a product line of AC motor drives from ROBICON.

1CELL.EXE, CMP.EXE and REVCMP.EXE are copyrighted software programs from ROBICON.

MS-DOS and Windows are registered trademarks of Microsoft Corporation.

IBM and PS/2 are registered trademarks of International Business Machines Corporation.

Data Highway, Data Highway Plus, PLC, RIO and Device Net are trademarks of Allen-Bradley Company, Inc.
Genius L/O is a registered trademark of General Electric Corporation.

Auto MAX and DCS Network are registered trademarks of Reliance Corporation.

Centronics standard was developed by Centronics Corporation/Genicom Corporation.

Edited by: David Shutts
Copyright 1997 - ROBICON

Perfect Harmony User’s Manual (Air-cooled)
Revision History:

Rev 0.0 01/09/95
Rev 1.0 07/12/95 (Appendix A only)
Rev 2.0 03/22/96
Rev 3.0 08/29/97
Rev 3.1 11/11/97

© 1997 by ROBICON. No portion of this document may be reproduced either mechanically or electronically without the pror consent of ROBICON.

Version 3.1 (902330) 11 NOV 97
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‘ Guarantee and Product and Liability

"

Robicon's "standard" warranty policy is listed as follows. When in doubt, consult the factory. -

All products are warranted for a period of 18 months from the date of original receipt, not to exceed 1 year from the
date of Start-Up, against defects in materials or workmanship. Guarantee repairs are to be performed FOB Robicon
factory to qualify for no charges. Robicon's liability and customer's exclusive remedy under this warranty are
expressly limited to repair, or replacement, or repayment of the purchase price. Whether there shall be repair,
replacement, or repayment is to be exclusively Robicon's decision. Robicon is not liable for incidental and
consequential damages.

If guarantee repairs are performed in the field, a per-diem charge will be made for the serviceman or engineer's
travel, living expenses and all time short of the repair time required.

This warranty shall not apply to major devices or equipment such as transformers and motors not manufactured by
the seller or to equipment or parts which shall have been repaired or altered by others than the seller so as, in its
judgment, to affect adversely the same, or which shall be subject to negligence, accident, or damage by
circumstances beyond the seller's control. For equipment and parts not manufactured by the seller, the warranty
obligations of the seller shall in all respects conform and be limited to the warranty extended to the seller by the
supplier.

Customers Information on Robicon’s In-house Repair Services

For all repair service at Robicon, you will need a Repair Service Order (SO) number. Call (412) 339-9307 and
request a Repair Service Order (SO) number. Please reference this number when making any inquiries.

Shipping_instructions: Our shipping address is:

Robicon
‘ 500 Hunt Valley Drive
New Kensington PA 15068
Attention: Repair Department/SO # ( )

Prepay the shipment and include the following information if you are not using a Robicon Return Repair Tag: the
Repair Service Order (SO) number, part number, a description of the problem, contact phone number, a technical
contact phone number (if different) and any additional comments. Put the Repair Service Order (SO) number on the
label.

Warranty Repairs: In addition to securing Repair Service Order (SO) number, please supply the System CO
number (found on the system), whenever possible.

Non-Warranty Repairs: Secure a Repair Service Order (SO) number from Robicon. Secure your Purchase Order for
3500 per item being returned. You will be contacted if the estimated repairs exceed the Purchase Order amount.
Include this Purchase Order with the part. Expedited services are available upon request.

@3 [ Before sending a printed circuit board to Robicon for repair, please make a list of parameter values first. ]

Q-Pulse Id TMS637 Active 29/01/2014 Page 6 of 309
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Terms and Conditions

Warranty

Repairs will be at Robicon’s expense. Acts of God and use outside of design specification are excluded.
Determination will be made by Robicon.

Standard warranties are two (2) years for Heating and Reg., except 1 Khz power supplies and Turbos, one (1)
year from startup OR 18 months from shipment for all others. Exceptions: Units with valid extended
warranty or preventive maintenance agreements.

Decisions to repair or replace with NEW or voided warranties will be determined by Robicon.
Call tags will be issued as necessary.
A repair will be warranted for the remainder of the original equipment warranty.

A minimum evaluation fee of $110 per unit will be billed for each unit that is evaluated and which proves to be
non-defective.

A 25% restocking fee will be assessed for any units that are returned to Robicon stock for credit to you.

Non-warranty

Decision of repairability will be determined by Robicon.
The warranty on repairs is 30 days from date of repair.
Shipping will be prepaid and billed.

A minimum evaluation fee of $110 per unit will be billed for each unit evaluated. This fee will be credited to
the order if a new unit is purchased. No evaluation fee will be assessed for units that are repaired. |

Repair system testing at your site may be required.

If, after best effort, a unit is found to be “beyond economical repair” (BER), it will be returned immediately
after you are contacted. You may request the unit be scrapped at Robicon. With your approval, a fully tested,
refurbished unit maybe purchased (based on availability) in place of a repair. A 90-day warranty will apply to
the refurbished unit.

Expedited Service

The feasibility of expedited service will be determined by Robicon after examining the unit. Expedited service
cannot be promised for all units.

Expedited Service may be available at the following levels: one (1) day, (2) day, (3) day or one (1) business week.

A refurbished unit may be substituted for the returned unit pending availability and your approval.

Subject to change.
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Guarantee and Product and Liability
Robicon's "standard" warranty policy is listed as follows. When in doubt, consult the factory.

All products are warranted for a period of 18 months from the date of original receipt, not to exceed 1 year from the
date of Start-Up, against defects in materials or workmanship. Guarantee repairs are to be performed FOB Robicon
factory to qualify for no charges. Robicon's liability and customer's exclusive remedy under this warranty are
expressly limited to repair, or replacement, or repayment of the purchase price. Whether there shall be repair,
replacement, or repayment is to be exclusively Robicon's decision. Robicon is not liable for incidental and
consequential damages.

If guarantee repairs are performed in the field, a per-diem charge will be made for the serviceman or engineer's
travel, living expenses and all time short of the repair time required.

This warranty shall not apply to major devices or equipment such as transformers and motors not manufactured by
the seller or to equipment or parts which shall have been repaired or altered by others than the seller so as, in its
judgment, to affect adversely the same, or which shall be subject to negligence, accident, or damage by
circumstances beyond the seller's control. For equipment and parts not manufactured by the seller, the warranty
obligations of the seller shall in all respects conform and be limited to the warranty extended to the seller by the
supplier.

Customers Information on Robicon’s In-house Repair Services

For all repair service at Robicon, you will need a Repair Service Order (SO) number. Call (412) 339-9307 and
request a Repair Service Order (SO) number. Please reference this number when making any inquiries.

Shipping_instructions: Our shipping address is:

Robicon

500 Hunt Valley Drive

New Kensington PA 15068

Attention: Repair Department/SO # ( )

Prepay the shipment and include the following information if you are not using a Robicon Return Repair Tag: the
Repair Service Order (SO) number, part number, a description of the problem, contact phone number, a technical
contact phone number (if different) and any additional comments. Put the Repair Service Order (SO) number on the
label.

Warranty Repairs: In addition to securing Repair Service Order (SO) number, please supply the System CO
number (found on the system), whenever possible.

Non-Warranty Repairs: Secure a Repair Service Order (SO) number from Robicon. Secure your Purchase Order for
$500 per item being returned. You will be contacted if the estimated repairs exceed the Purchase Order amount.
Include this Purchase Order with the part. Expedited services are available upon request.

I Before sending a printed circuit board to Robicon for repair, please make a list of parameter values first.
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Terms and Conditions

Warranty

Repairs will be at Robicon’s expense. Acts of God and use outside of design specification are excluded.
Determination will be made by Robicon. :

Standard warranties are two (2) years for Heating and Reg., except 1 Khz power supplies and Turbos, one (1)
year from startup OR 18 months from shipment for all others. Exceptions: Units with valid extended
warranty or preventive maintenance agreements.

Decisions to repair or replace with NEW or voided warranties will be determined by Robicon.
Call tags will be issued as necessary.
A repair will be warranted for the remainder of the original equipment warranty.

A minimum evaluation fee of $110 per unit will be billed for each unit that is evaluated and which proves to be
non-defective.

A 25% restocking fee will be assessed for any units that are returned to Robicon stock for credit to you.

Non-warranty

Decision of repairability will be determined by Robicon.
The warranty on repairs is 30 days from date of repair.
Shipping will be prepaid and billed.

A minimum evaluation fee of $110 per unit will be billed for each unit evaluated. This fee will be credited to
the order if a new unit is purchased. Ne evaluation fee will be assessed for units that are repaired.

Repair system testing at your site may be required.

If, after best effort, a unit is found to be “beyond economical repair” (BER), it will be returned immediately
after you are contacted. You may request the unit be scrapped at Robicon. With your approval, a fully tested,

refurbished unit maybe purchased (based on availability) in place of a repair. A 90-day warranty will apply to -

the refurbished unit.

Expedited Service

The feasibility of expedited service will be determined by Robicon after examining the unit. Expedited service
cannot be promised for all units.

Expedited Service may be available at the following levels: one (1) day, (2) day, (3) day or one (1) business week.

Q-Pulse Id TMS637 Active 29/01/2014 Page 12 of 309

A refurbished unit may be substituted for the returned unit pending availability and your approval.

Subject to change.
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CHAPTER 1: INTRODUCTION

In This Section:

e Introduction to the Perfect Harmony ...............ccccoeeveieiverieiereenncnnerenenesseveennns 1-1
¢  Typical Perfect Harmony VFD Lineup - Sectional TYpe ........cccoveueurerrecnencnn. 1-1
®  Hardware OVEIVIEW .........cccooruriieiieicrtecee ettt en s s 1-5
¢ Inside View of Typical Transformer/Blower Cabinet (Sectional Type)........... 1-5
» Inside View of a Typical Cell Compartment ..............ccoooveemnrreerrienreensennnn. 1-7
s External and Internal Views of a Typical Power Qutput/Control Cabinet........ 1-9
o Cell SPECIfiCations ..........cccoveiveeuiieecretiieeeeeceeeeeee e ee et ee e e 1-11
¢ Removing and Installing Cells..........ccooiieiiiiiciniieeec s 1-14
e Typical Air-cooled Harmony Cell ................cocoocoivieiviiieeeereeeceeeee e 1-16
e Safety Precautions and Warnings .............cccocoeveueeeeeeeererneeeereeeeserereessneenes 1-14

1.1.  Introduction to the Perfect Harmony

Perfect Harmony is a series of pulse-width modulated, variable frequency AC motor drives
designed and manufactured by ROBICON. The Perfect Harmony drive system addresses the
following power quality issues:

s providing clean power input
¢ providing a high power factor
» providing nearly perfect sinusoidal output.

Figure 1-1, Figure 1-2 and Figure 1-3 illustrate hardware lineups of typical Perfect Harmony drive
systems. Both sectional and compartment types are available.

Points of Separation

Input Disconnect Switch

00 \
\ n /
C}g Air Duct Covers (Optional)

i
I
= | 1 |
Bypass Contactor Input Power Transformer Cabinet Cell Cabinet Power Output
Cabinet (Optional) Cabinet and and Blower Section Control Cabinet

Option Section

Figure 1-1. Typical Perfect Harmony VFD Lineup - Sectional Type
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] Figure 1-2. Typical Perfect Harmony VFD Lineup - Compartment Type (600 Hp or Less)
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Figure 1-3. Top Views of Typical Sectional and Compartment Types Showing Key Access Panels
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1.1.1. Clean Power Input

The Perfect Harmony drive series meets the most stringent IEEE 519 1992 requirements for
voltage and current harmonic distortion, even if the source capacity is no larger than the drive
rating. This series protects other on-line equipment (such as computers, telephones, and lighting
ballasts) from harmonic disturbances. Perfect Harmony also prevents “cross talk” with other
variable speed drives.  Clean power input eliminates the need for time-consuming
harmonic/resonance analyses and costly harmonic filters. Figure 1-4 illustrates input wave forms
for typical 6-pulse, 12-pulse and Perfect Harmony series drives.

Source Current Source Current

Source Current
Ve

Source Voltage

Source Voltage

Source Voltage

Typical 6-pulse Typical 12-pulse Perfect Harmony Series
Input Wave Form Input Wave Form Input Wave Form

/
Figure 1-4. Harmonic Distortion Wave Form Comparisons
(6-pulse, 12-pulse and Perfect Harmony)

Total harmonic distortion of the source current is 25% for the 6-pulse, 8.8% for the 12-pulse, and
‘ 0.8% for the Perfect Harmony series drive. The corresponding voltage distortions with a typical
source impedance are 10%, 5.9% and 1.2%, respectively.

The above comparisons were done using a typical 1,000 hp current source drive (6-pulse @
and 12-pulse modes) and a Perfect Harmony series drive operating from a 1100 kVA,
5.75% impedance source.

1.1.2. High Power Factor, Nearly Perfect Sinusoidal Input Currents

Power factor is a measure of the fraction of current which produces real power to the load.
Typically, power factor is given as a percentage. A high power factor VFD (e.g., 95%) makes
much better use of its input line current demand in producing real power to the motor than a VFD
operating at a low power factor (e.g., 30%). VFD’s having low operating power factor often
generate square-wave shaped line currents. This can lead to harmonics and other associated
resonance problems.

The Perfect Harmony series draws nearly perfect sinusoidal input currents having a power factor
that exceeds 95% throughout the entire speed range without the use of external power factor
correction capacitors. This eliminates utility penalties for power factor and demand charges, and
improves voltage regulation. In addition, feeders, breakers and transformers are not overloaded
with reactive power. Low speed applications specifically benefit from the Perfect Harmony series
since a high and stable power factor is maintained throughout the entire speed range using
standard induction motors. Figure 1-5 compares graphs of power factor versus percent speed for
the Perfect Harmony series and a typical phase-controlled SCR drive.
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Figure 1-5. Plot of Power Factor vs. Percent Speed Comparing
Perfect Harmony and a Typical Phase-controlled SCR Drive

1.1.3.  Nearly Perfect Sinusoidal Output Voltages

The design of the Perfect Harmony series of variable frequency drives inherently provides a
sinusoidal output without the use of external output filters. This means that the drive provides a
low distortion output voltage wave form that generates no appreciable audible motor noise. In
addition, there is no need to derate motors (the drive can be applied to new or existing 1.0 service
factor motors). In fact, Perfect Harmony drives eliminate harmful VFD-induced harmonics which
cause motor heating. Similarly, VFD-induced torque pulsations are eliminated (even at low
speeds), thereby reducing the stress on mechanical equipment. Common mode voltage stress and

. dV/dt stress are also minimized. A typical graph of the output current from a Perfect Harmony
drive is illustrated in Figure 1-6.

Phase C
Output Current » Time

Figure 1-6. Nearly Sinusoidal Wave Form of the Output Current from a Perfect Harmony Drive
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1.2. Hardware Overview

Figure 1-1 depicts a typical sectional type cabinet line-up. Each VFD nommally consists of 4
cabinet sections. These sections are:

the Bypass Contactor Cabinet (optional)
the Input Power and Option Cabinet

the Transformer/Blower Cabinet

the Cell Cabinet(s)

the Power Output/Control Cabinet.

For 600 hp and below (see Figure 1-2), the Perfect Harmony drive is available in a single
cabinet with compartments for all of the sections shown above. These drives have lifting
bolts and fork truck lifting tubes for proper handling.

Hardware torque specifications are given in Chapter 6: Installation and Setup.

The Bypass Contactor Cabinet is an optional cabinet that provides all necessary control and

hardware for full voltage bypass operation.

The Input Power and Option Cabinet houses the input terminals, the disconnect switch and fuses.
Various input/output options are also supplied in this section (e.g., meters and associated
hardware).

<4— (Optional)

L

Air Duct Covers

RS

Low Voltage
Wire Way

Blower/Motor
k. Assembly

C__J

(Redundant
Blower Shown)

Terminal
Board
Access

Input Primary
Connections
w/Surge Arrestors

Transformer
Fork Truck

Lifting Tubes \

-5%, 0%, and
+5% Taps

Figure 1-7a. Inside View of Typical Transformer/Blower Cabinet (Sectional Type)

>

BLWR2

MTR2

i

Version 3.1 (902330)

Q-Pulse Id TMS637

11 NOV 97

Active 29/01/2014

Page: 1-5

Page 25 of 309



Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96
Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment
Eagle Farm Pump Station Upgrade

' Introduction Perfect Harmony User’s Manual

% Air Duct Cover
% (Optional)

Blower/Motor
FANY 1 e |_— Assembly

05
1=
\.l L
h S )
)
U .
AN A
5 APRH AN
3

® o Ean Input Attenuator

s |

Rars ol
ad 4vd

| Sl |
[]
3
g5

'] 3 ™ Module

17

Input Primary :
Connections Pl

ny \ / E
Transformer

=

i . x:\§
\
]

11

‘ Figure 1-7b. Inside View of Typical Transformer/Blower Cabinet (Compartment Type)

The Transformer/Blower Cabinet houses the input phase shifting transformer and surge
suppression which supplies 3-phase voltages to the output cells (refer to Figure 1-7). In sectional
drives, this cabinet contains a secondary tap board which is'used as a connection point between
the various secondary windings and the output cells. This tap board is supplied so that the
Transformer Cabinet can be easily separated from the Cell Cabinet. Surge suppression is supplied
as a standard in this cabinet. The cooling blowers are also supplied in this section.

The Cell Cabiner houses between 3 and 6 cells per output phase (possibly including a redundant
cell option). Each output phase voltage is the series sum of the horizontal cell voltages (refer to
Figure 1-8 and Figure 1-9). Each cell can be disconnected and removed from the cabinet by
disconnecting the 3-phase input power, the two output connections, the fiber optic cable and a
retaining bolt. All cells are electrically and mechanically identical, so that they may be
interchanged. Each cell contains its own control boards which communicate with the system
through an isolated link using fiber optic cables.

The Power Output/Control Cabinet houses the control boards (refer to Figure 1-10 on page 1-9
and Figure 1-11 on page 1-10) as well as the VFD output connections.

@ In some sectional drives, the blower must be removed/replaced from the top of the drive

cabinet. In these installations, be sure to allow ample vertical clearance for fan servicing
(and removal) between the top of the cabinet and the ceiling (approximately 26.5 inches).
To remove the fan(s), the optional air duct cover must be removed and the fan “tub”
assembly must be lifted vertically from the cabinet. If the optional duct covers are not used,
then plenum/duct connections must be removable to allow proper access for servicing and
replacement of fans and associated components.

Page: 1-6 11 NOV 97 Version 3.1 (902330)

Q-Pulse Id TMS637 Active 29/01/2014 Page 26 of 309

-



Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96
Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment
Eagle Farm Pump Station Upgrade

. Perfect Harmony User’s Manual Introduction
A -
I I
= =
sl s
| il
. |
| ;
| - S
| £l
f f
]

s e |

Figure 1-8. Inside View of a Typical Cell Compartment (Cell Sizes 00 or 0, Compartment Type)
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Figure 1-9. Inside View of a Typical Cell Cabinet (Cell Sizes 1 or 2, Sectional Type)
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Figure 1-10. External and Internal Views of a Typical Power Output/Control Cabinet (Sectional Type)
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1.3.  Cell Specifications

ROBICON’s Perfect Harmony AC drive system is offered in 7 basic cell sizes (current ratings),
grouped to provide output operating voltages of 2,400 VAC (3 cells in series), 3,300 VAC (4 cells
in sertes), 4,160 VAC (5 cells in series), or 4,800 VAC (6 in series). Table 1-1, Table 1-2,
Table 1-3 and Table 1-4 (starting on page 1-12) provide the basic specifications associated with
all cell combinations.

The Perfect Harmony is offered in two additional cell sizes (current ratings) for higher voltage
applications. These high voltage cells are grouped to provide operating voltages of 6,000 VAC (5
cells in a series - 15 total) and 6,600 VAC (6 cells in a series - 18 cells total). Refer to Table 1-5
and Table 1-6 for 6,000 VAC and 6,600 VAC cell specifications.

Output current ratings are a function of the selected cell size. Input current ratings are a @
function of the transformer size associated with each hp rating. Note that all specifications
are subject to change without notice.

The individual output cells are located in the Cell Section. All cells are electrically and
mechanically identical, so that they may be interchanged. Each cell contains its own control
boards which communicate with the system through a fiber optic link. This link is the only
connection between the cells and the master control located in the Control Section, thus each cell
is fully isolated from the main control.

A switch mode power supply located on the Cell Control Board (refer to Figure 1-12) allows the
control power to be derived from the individual 3-phase secondary connections of the transformer.
. This power supply is fully operational between 250 and 510 VAC.

For high-voltage cells, the power supply is fully operational between the values of @
375 VAC and 750 VAC.

The Control Section contains PC boards which provide central control of the Harmony drive
system. The Control Section is physically and electrically isolated from all medium voltage for
safety.

Control for each of the output cells is provided via a fiber optic communications link between the
Master Control System and the Cell Control Board located within each output cell.

Table 1-1 through Table 1-4 give length and weight information for many common configurations
of sectional Harmony drives, based on 60 Hz input power at the voltages listed. In some cases, a
non-sectional package is also available. Data for these packagés are shown in parentheses.

If applications require inputs at 50 Hz or voltages above 5 kV, sizes and weights may increase.
The non-sectional compartmental package is not available above 5 kV input.
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Table 1-1. 2,400 VAC Cell Specifications (9 Cells Total, 3 Cells in Series)
Hp® | In“/Out® Amps | Losses *(BTU/Hr) | Req CFM [ Length’(in) [ Weight®(Ibs) | Cell Size®
200 44 /50 20,000 6,500 (4,200) 186 (144) 6,559 (5,456) 00
300 66/75 30,000 6,500 (4,200) 186 (144) 6,998 (6,046) 0
400 88/100 40,000 6,500 (4,200) 198 (144) 8,035 (6,450) 1
500 110 /150 50,000 6,500 (4,200) | 198 (144) 8,307 (7,009) 2
600 131/150 60,000 6,500 (4,200) 198 (144) 8,557 (71,259) 2
700 153 /200 70,000 6,500 222 9,526 3
800 175 /200 80,000 6,500 222 9,786 3
900 197/200 90,000 6,500 222 10,051 3
1,000 220/300 100,000 6,500 222 10,481 4
1,250 273 /300 125,000 6,500 222 11,431 4
1,500 327/400 150,000 10,000 282 13,380 5
1,750 382/400 175,000 10,000 282 14,305 5
Table 1-2. 3,300 VAC Cell Specifications (12 Cells Total, 4 Cells in Series)
Hp® | In“/Out® Amps | Losses ® (BTU/Hr) | Req CFM | Length’(in) | Weight®(Ibs) | Cell Size®
300 49/50 30,000 6,500 (4,200) 198 (144) 7,383 (6,097) 00
400 64/75 40,000 6,500 (4,200) 198 (144) 7,918 (6,620) 0
500 80/100 50,000 6,500 210 8,619 1
600 96 /100 60,000 6,500 210 8,869 1
. 700 112/100 70,000 6,500 210 9,127 2
800 128 /150 80,000 6,500 210 9,387 2
900 144 /150 90,000 6,500 210 9,652 2
1,000. 160/ 200 100,000 6,500 246 11,189 3
1,250 1997200 125,000 6,500 246 12,139 3
1,500 239/300 150,000 10,000 282 14,162 4
1,750 279/300 175,000 10,000 282 15,087 4
2,000 319/400 200,000 10,000 306 16,954 5
2,250 3587400 225,000 10,000 306 17,079 5
Table 1-3. 4,160 VAC Cell Specifications (15 Cells Total, S Cells in Series)
Hp’ | In%/Out® Amps | Losses *(BTU/Hr) | Req CFM | Length’(in) | Weight ® (Ibs) | Cell Size®
300 38/50 30,000 6,500 (4,200) 198 (144) 7,506 (6,256) 00
500 63 /75 50,000 6,500 (4,200) [ 198 (144) 8,253 (6,955) 0
600 75175 60,000 6,500 (4,200) [ 198 (144) 8,503 (7,205) 0
700 89 /100 70,000 6,500 222 9,424 1
800 101/150 80,000 6,500 222 9,804 2
900 114/150 90,000 6,500 222 10,069 2
1,000 126 /150 100,000 6,500 222 10,319 2
1,250 158 /200 125,000 6,500 270 12,877 3
1,500 189 /200 150,000 10,000 306 14,686 3
1,750 221/300 175,000 10,000 306 15911 4
2,000 252/300 200,000 10,000 306 16,836 4
2,250 284 /300 225,000 10,000 306 16,961 4
2,500 315/400 250,000 10,000 342 . 19,223 5
. 3,000 3787400 300,000 13,200 372 21,875 5
Page: 1-12 11 NOV 97 Version 3.1 (902330)

Q-Pulse Id TMS637 Active 29/01/2014 Page 32 of 309




Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96
Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment
Eagle Farm Pump Station Upgrade
‘ Perfect Harmony User’s Manual Introduction

Table 1-4. 4,800 VAC Cell Specifications (18 Cells Total, 6 Cells in Series)

Hp® | In“/Out® Amps | Losses ®(BTU/Hr) | Req CFM | Length’(in) | Weight ® (Ibs) | Cell Size °
400 44 /50 40,000 6,500 222 8,650 00
500 55/ 175 50,000 6,500 222 8,922 0
600 66/ 75 60,000 6,500 222 9,172 0
700 77/100 70,000 6,500 246 10,132 1
800 88/ 100 80,000 6,500 246 10,392 1
900 99/100 90,000 6,500 246 10,657 1
1,000 109 /150 100,000 6,500 246 11,051 2
1,250 137/ 150 125,000 6,500 246 12,001 2
1,500 164/ 200 150,000 10,000 330 15,424 3
1,750 1917200 175,000 10,000 330 16,349 3
2,000 218/300 200,000 10,000 330 17,634 4
2,250 246/ 300 225,000 10,000 330 17,759 4
2,500 273 /300 250,000 10,000 330 18,584 4
3,000 3277400 300,000 13,200 396 22,799 5
3,500 3827400 350,000 13,200 396 24,524 5

Table 1-5. 6,000 VAC Cell Specifications (15 Cells Total, 5 Cells in Series)

Hp® | In‘/Out® Amps | Losses  (BTU/Hr) | Req CFM | Length’(in) | Weight ®(Ibs) | Cell Size °
500 44/100 50,000 6,500 222 9,239 IH
. 800 70/ 100 80,000 10,000 258 11,423 1H
‘ 1000 88 /100 100,000 10,000 258 12,463 IH
1250 109 / 200 125,000 10,000 316 15,791 3H
1500 1317200 150,000 13,200 336 17,738 3H
2000 176 / 200 200,000 13,200 336 19,938 3H
2500 220/300 250,000 13,200 372 23915 4H
3000 264 /300 300,000 13,200 396 24,465 4H

Table 1-6. 6,600 VAC Cell Specifications (18 Cells Total, 6 Cells in Series)

Hp® | In“/Out® Amps | Losses *(BTU/Hr) | Req CFM | Length’ (in) | Weight ® (Ibs) | Cell Size®
500 40/100 50,000 10,000 282 10,705 1H
800 64 /100 80,000 10,000 282 12,155 1H
1000 80/100 100,000 10,000 282 13,195 1H
1250 100/ 100 125,000 10,000 282 14,615 1H
1500 120/200 150,000 13,200 360 18,536 3H
2000 160/ 200 200,000 13,200 384 21,286 3H
2500 200/ 200 250,000 13,200 384 23,136 3H
3000 240/ 300 300,000 13,200 420 27,177 4H
3500 284/ 300 350,000 13,200 420 28,477 4H

Motor nameplate hp may not exceed the drive rated hp.

Drive rated input current is the transformer rated current.

Drive rated output current is the maximum cell current.

BTU/hr losses are based on a loss of 3 kW per 100 hp.

Represents lineup minimum length, subject to change.

Represents estimated minimum weight of lineup, subject to change.

The cell sizes for each hp rating are based on motors with at least 95% efficiency and at least
85% power factor.

0 @ a9 v s W
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1.4. Removing and Installing Cells

To remove or install a cell, refer to Figure 1-8 (on page 1-7) and Figure 1-13 (on page 1-16), then
follow the instructions below.

w Lethal Voltages - DANGER!! Verify that the input power is fully locked in the off
position and that the bus LED on each cell is off. This takes approximately 3 minutes after
removal of input power.

1. Disconnect the 3-phase input connections at the bottom of F11, F12, and FI3.
These cable connections are factory placed so that the A, B and C phase connections
match the termination designations on the transformer secondary, however
individual cell phase sequence is not important to operation.

2. Disconnect the output connections between adjacent cells on T1 and T2.
Disconnect the fiber optic connection on the cell control board.

4. Each cell can be accessed without removing it from the cabinet by extending the
slide rails. Detent locks on the slides must be pressed in four locations
simultaneously (two on each slide) to remove a cell.

w | Do not bend or kink the fiber optic cables. ]

1.5. Features

Additional features of the Perfect Harmony drive include reliability, modular construction, surge
arrestors, fiber optic control circuitry, soft start protection, multi-motor operation, high efficiency,
dual performance operation modes, trip-free operation, undervoltage ride-through, spinning load
restart, cell back-up, on-line diagnostics, power cell check, reports, serial port, keypad, digital
display module, advanced diagnostics, English messages, on-line operation while tuning, micro
PLC capabilities, and industry standard communication.

1.6.  Safety Precautions and Warnings

The Perfect Harmony drives are designed with considerable thought to personal safety. However,
as with any piece of high power equipment, there are numerous internal connections that present
potentially lethal voltages. In addition, the heat sinks and many other internal components are
thermally hot to the touch. The warnings shown below should be followed when working in or
near the Perfect Harmony system.

Always follow the proper lock-out/tag-out procedures before beginning any maintenance or
troubleshooting work on the drive.

E

Only qualified individuals should install, operate, troubleshoot, and maintain this drive. A
qualified individual is “one familiar with the construction and operation of the equipment
and the hazards involved.”

E

w Never touch anything within the Perfect Harmony cabinets until verifying that it is neither
thermally hot nor electrically energized.
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Figure 1-13. Typical Rack Out Power Cell (Top View) Showing Detent Locks
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w Always work with one hand, wear insulated or rubber safety shoes, and wear safety glasses.
Also, always work with another person present.

Never connect any grounded (i.e., non-isolated) meters or oscilloscopes to the Perfect
Harmony system.

When transporting the Perfect Harmony drive system, the truck bed must be even and flat.
Before unloading, be sure that the concrete pad is level for storage as well as permanent
positioning.

When using fork trucks to move the Perfect Harmony drive or its components, be sure to
use the lifting tubes designed for this purpose. Never use fork trucks to lift cabinets that are
not equipped with lifting tubes. Be sure that the fork truck tines are the appropriate length.

Never connect or disconnect any meters, wiring or printed circuit boards while the drive
is energized.

Always be aware of electrostatic discharge (ESD) when working near or touching
components inside the Perfect Harmony cabinet. The printed circuit boards contain
components that are sensitive to static electricity. Handling and servicing of components
that are sensitive to ESD should be done only by qualified personnel and only after reading
and understanding proper ESD techniques. The following ESD guidelines should be
followed. Following these rules can greatly reduce the possibility of ESD damage to PC
. board components.

e Make certain that anyone handling the Perfect Harmony printed circuit boards is
wearing a properly grounded static strap. The wrist strap should be connected to
ground through a 1 megohm resistor. Grounding kits are available commercially
through most electronic wholesalers.

¢ Static charge buildup can be removed from an object by touching the object to a
properly grounded piece of metal.

e  Always transport static sensitive equipment in antistatic bags.

e When handling a PC board, always hold the card by its edges.

* Do not slide printed circuit boards across any surface (e.g., a table or work bench). If
possible, perform PCB maintenance at a workstation that has a conductive covering
which is grounded through a 1 megohm resistor. If a conductive tabletop cover is
unavailable, a clean steel or aluminum tabletop is an excellent substitute.

*  Avoid plastic, Styrofoam, vinyl and other non-conductive materials. They are
excellent static generators and do not.give up their charge easily.

e  Always use a soldering iron that has a grounded tip. Also, use either a metallic
vacuum-style plunger or copper braid when desoldering.

¢  When returning components to ROBICON, always use static-safe packing. This limits
any further component damage due to ESD.

E & & & &

w Never assume that by switching off the input disconnect, that all of the voltage is removed
from inside the cabinet. Voltage is still present on the terminals of the input disconnect.
Also, there may be voltages present that are applied from other external sources.

w Never remove safety shields (marked with a HIGH VOLTAGE sign) or attempt to measure
points beneath the shields.

Page: 1-16 11 NOV 97 Version 3.1 (902330)

|
|
Q-Pulse Id TMS637 Active 29/01/2014 Page 36 of 309



Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96
Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment
Eagle Farm Pump Station Upgrade
| Perfect Harmony User’s Manual Introduction
Never store flammable material in, on or near the drive enclosure. This includes equipment w
drawings and manuals.
Always use extreme caution when handling or measuring components that are inside the w
enclosure. Be careful to prevent meter leads from shorting together or from touching other
terminals.
For safety, never run the drive with cabinet doors open. Also, never leave the Transformer w
Cabinet doors open - it reduces cooling to the drive,
Never shut off the blower power and leave the main power on. This may cause the drive to w
overheat and cause severe damage to the system.

Additional safety precautions and warnings appear throughout this manual. These important
messages should be followed to reduce the risk of personal injury or equipment damage.

VVyVv
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. CHAPTER 2: DESCRIPTION OF EQUIPMENT

In This Section:

®  INOAUCHION.......c.cueicreeree ettt ssetasssanae 2-1 |
®  The Cell CONtrol SYStEm................eeevereneeemneeersseesesesesesseeeseeeeseesreessens 2-1 E |
e Typical HUB Board/Master Link Board Connection Diagram............. 2-2 |
e Typical Perfect Harmony Power CirCuit..........cc.covvevveeverruvereereeesennnna. 2-3

e  The Master Control SYStem ...........coccvveeremmeresreemsresseresessssssesseesenne 244

®  The POWET CiICUIL......cc.ccurumrereerecrese et esnaceeas 24

e  Typical Systemn Control Schematic.................ccovveruverrereereeeesneeeeeenee 2-6

* Typical Low-voltage Power Cell with Optional Bypass....................... 2-7

e Common Specifications for Standard Perfect Harmony Systems........ 2-8

2.1. Introduction

The basic electrical diagrams for all Perfect Harmony systems are similar. One critical component
of all Perfect Harmony drives is the output cell. Depending on the operating voltages, either 3, 4,
5 or 6 output cells are operated in series to develop the required output operating voltage (refer to
Figure 2-1 and Figure 2-2). Table 2-1 provides cell specification details for the Perfect Harmony
system. :

Table 2-1. Cell Specification Details

. Number of Line-to- Total Number of Hp Range Available Cell Sizes'
Output Cells line Cells in Drive
Per Phase Voltages (Without Spares)
(VAC)
3 2,400 9 200-1,750 00,0,1,2,3,4,5
4 3,300 12 300-2,250 00,0,1,2,3,4,5
5 4,160 15 300-3,000 00,0,1,2,3,4,5
5 6,000 15 500-3,000 1H, 3H, 4H
6 4,800 18 400-3,500 00,0,1,2,3,4,5
6 6,600 18 500-3,500 1H, 3H, 4H

'- Additional “high-voltage " cell sizes (denoted with the “H" suffix) will be available in the future.

2.2. The Cell Control System

All Perfect Harmony cells are controlled in exactly the same manner. The Cell Control Boards
reside within the output cell (refer to Figure 2-4 and illustrations in Chapter 1) and accept all
communication from the Master Link Boards in the Control Cabinet via fiber-optic links. The
IGBT Gate Driver Board (refer to Figure 2-4 and illustrations in Chapter 1) interfaces the cell
control board to the IGBT power switches.

Depending on the options ordered with the basic drive, a bypass SCR Driver Board (refer to
Figure 2-4 and illustrations in Chapter 1) may also be resident to each cell. This option allows an
individual cell to be bypassed due to a fault condition, so that the remaining cells in each series

. leg can be operated at a reduced (combined) output voltage level. This bypass feature is
implemented automatically following a VFD shutdown due to a cell fault condition as long as
communication with the cell is maintained.
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@3 r The Bypass SCR Driver Board is identical for all sizes of Perfect Harmony cells. ]
Control power for all cell boards is supplied from a switch mode power supply resident on the
Cell Control Board.
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. Figure 2-1. Typical HUB Board/Master Link Board Connection Diagram
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. 2.3. The Master Control System

The Master Control located within the Control Cabinet consists of three basic component groups.
The Power Interface Board contains a “piggy back” Microprocessor Control Board which
monitors and controls the overall operation of the system. Control power for both Power Interface

E Board and Microprocessor Board is supplied from a switch mode power supply on the Power
Interface Board. Refer to Figure 2-3 and illustrations in Chapter 1.

Contained on the Microprocessor Board is a “piggy back” System Module, which may be
disconnected from the Microprocessor Board if it ever needs to be replaced. The System Module
contains all the specific parameter information and system program for the VFD and therefore,
allows the Microprocessor Board to be replaced without the need to re-program the VFD.

é} NOTE!! If the Microprocessor Board is replaced, both the system module (EEPROM) and
IC39 (EPROM) should be moved to the new board (see Figure 2-3).

The communication between the Microprocessor/Power Interface Board group and the individual
Cell Control Boards is accomplished by the Fiber Optic Hub Board (FOHB). This board may
contain from 3 to 6 plug-in Master Link Boards depending on the output operating voltage of the
drive (refer to Figure 2-2 on page 2-3 and illustrations in Chapter 1). These boards contain the
fiber-optic transmitter/receiver system used for communication between the cells and the system.
A separate switch mode power supply in the FOHB supplies all necessary power to the FOHB and
Master Link Boards.

For each line voltage (2,400 VAC through 6,600 VAC), the number of cells per output phase are
shown in Table 2-1 on page 2-1. This corresponds to the same number of Master Link Boards

. that are used by the system. Note that for 2,400 VAC rated systems, 3 Master Link Boards are
used. For 3,300 VAC rated systems, 4 Master Link Boards are used.. For 4,160 VAC rated
systems, 5 Master Link Boards are used. For 4,800 VAC rated systems, 6 Master Link Boards are
used. For 6,000 VAC rated systems, 5 Master Link Boards are used. For 6,600 VAC rated
systems, 6 Master Link Boards are used. An extra slot is also available on the Hub Board for an
optional redundant cell operating feature. Refer to Figure 2-1 (on page 2-2) and Figure 2-2 (on
page 2-3). :

é} Although each PC slot (PL1 through PL5) on the FOHB is dedicated to particular cell inputs
(see Figure 2-1), the five Master Link Boards themselves are identical.

2.4. The Power Circuit

The basic power schematic for a three cell (2,400 VAC) system is shown in Figure 2-2. Besides
the direct operating information received from each cell by the Fiber Optic System, input voltage,
output voltage, and current are also directly monitored. Input and output voltage information is
supplied to the Power Interface Board by an attenuator system consisting of a voltage divider and
voltage clamps.

Output motor current is sensed by 2 low burdened 2000:5 ratio CTs placed on output phases B
and C. Polarity and burden resistor values must always be maintained.

Each secondary of the power transformer T1 serves one cell only. Each cell receives modulation

information through the Fiber Optic System in a way that develops the required output voltage

and frequency demanded by the load. Unlike standard PWM systems, the voltage applied to the

motor leads is developed in many small steps instead of through a few large steps. This provides

two distinct advantages: the voltage stress on the motor leads is dramatically reduced and, the
. quality of the motor currents is dramatically increased.
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. DANGER!! Although each cell by itself develops no more than 480 VAC (for low-voltage w
cells) or 720 VAC (for high-voltage cells), the voltage to ground can increase to the output
rating at full speed.
Since each cell is fed from T1 with varying degrees of phase shift (see Figure 2-2), the input VFD
current distortion is dramatically reduced. Input power factor is always maintained greater than

0.95 lagging. See Chapter 3 for more information on the theory of operation.

Each Perfect Harmony VFD cell within a specific system is identical. Figure 2-4 depicts the basic
schematic for a typical power cell (also refer to illustrations in Chapter 1). Larger and smaller
versions of power cells differ in the size or quantity of input diodes, filter capacitors and IGBTs.

At a minimum, each cell contains a Cell Control Board and an IGBT Gate Driver Board. All
communication and control for each cell is performed by the Cell Control Board.

Each cell contains a thermal sense unit (TAS2B) which senses the heat sink temperature and will
allow automatic thermal rollback if a problem develops in the VFD cooling system.

A typical operating interface for the Perfect Harmony series VFD is shown in Figure 2-3. Usually
two modes of operation exist. A local mode is available for “Manual” operation. In this mode,
on/off and speed setpoint control is available through the keypad controls.

If certain drive options are ordered, a Panel Expansion Module (PEM) is included with the @3
keypad. If a standard drive is ordered, an SMT keypad is provided.

In auto mode, on/off control is usually accomplished through an external contact connected to the
AUX 1 input on the Power Interface Board (PIB). Speed setpoint is usually programmed to use

. the 4-20 mA analog input on the Power Interface Board (PIB). In both cases, a contact connected
to the CR3 input must be closed in order to enable the VFD.

The CR1 input is usually configured to accept seal in contacts from external bypass equipment.

NOTE!! All the analog and digital input and output interfaces shown on the PEM and PIB @5
boards of Figure 2-3 can be configured using the system program environment described in
Chapter 7 (with the exception of the CR3 input).

A typical system program which might be written for the system depicted in Figure 2-3 is shown
in Chapter 7.-
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TB4 Wiring
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SMT Keypad
L TB5 1 3.0 open
: 1 83 1 Power On (for standard P
2 2 VFD Fault drives 2 20 open
E VFDIFaultReset | Panel 3 Motor Run ) P
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Output Motor Current Sense L2 X X2,

from Motor Sense Unit

Figure 2-3. Typical System Control Schematic

el Rb See Table

(Above)
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NOTE: Each semiconductor

is shown as one device for
simplicity, but may actually
be severa!l parallel devices.
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Figure 2-4. Typical Low-voltage Power Cell with Optional Bypass
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2.5. Specifications

Table 2-2 lists common electrical (and mechanical) specifications for all standard Perfect

Harmony systems. Note that Perfect Harmony specifications may be changed without notice.

Table 2-2. Common Specifications for Standard Perfect Harmony Systems

Item

Description

Hp range

200-1,750 hp (2,400 VAC)
300-2,250 hp (3,300 VAC)
300-3,000 hp (4,160 VAC)
400-3,500 hp (4,800 VAC)
500-3,000 hp (6,000 VAC)"
500-3,500 hp (6,600/7,200 VAC)"

Input voltage tolerance

+10%, -5% from nominal 3-phase at rated output

Input power factor

0.95 at all speeds

Output frequency drift +0.5%

Speed range 0-120 Hz (motor dependent)

Overload capability 110% for 1 minute

Acceleration/deceleration time 0.5-3,200 sec (load dependent)

range

Output torque 0-60 Hz variable, 5-60 Hz constant (motor limited)
Enclosure NEMA 1 ventilated

Ambient temperature

0-40° C

Humidity

95% non-condensing

Altitude

3,300 feet above mean sea level or less

Dust contamination

<100 micron @ 6.5 mg/cu. ft.

Gas contamination

<4 PPB reactive chlorides and sulfides

“High voltage cells
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' CHAPTER 3: Design Criteria And Process Description

In This Section:

®  INTOUCHION.......cooiiiiiieicire et 3-1
e Theory - The Power CHCUITY ... 3-2
e Topology of Perfect Harmony VFD .........ccccovevcennvncnerennne 3-3
e  Wave Forms forPhase A .........ccocoevnicnnncrcee e, 34
e  Schematic of a Typical Power Cell.............coccoeveviervinrrennnnee 34
e Wave Forms for Phase B ........c.ccooovininicioenccniceecne 3-5
e Wave Forms for Line-to-line Voltage..........cccooeoeuruernencnce. 3-7
e  Perfect Harmony Output Wave Forms..........cccocoveeevveennnne. 3-7
o Input Wave FOrms ............ccoooviiiiiiiiiicee e 3-8
e  Motor A-B Voltage and Current in Phase C........................... 3-8
e Input A-B Voltage and Current in Phase C .......ccccovveenvnnne. 3-8
*  Block Diagram of Perfect Harmony Control Structure.. ...... 3-9
o Multiple MOtOrS.......oooiii 3-10
e ThePLCInterface..............cooeiiiiiiiiiiiiiiiiiiieia, 3-11
e The “Up” Transfer (from VFD to Line Control)............... 3-13
e The “Down” Transfer (from Line to VFD Control)........... 3-13
e  Required Signals.....................ooii 3-14
e  Additional Parameter Descriptions. .............................. 3-15

‘ 3.1. Introduction

The Perfect Harmony series of drives from ROBICON is intended for use with standard medium-
voltage three-phase AC induction motors. This type of motor is widely used due to its robust and
simple construction, its tolerance for bad environments, and its low cost. However, when
operated from the utility supply at a fixed frequency (60 or 50 Hz), the induction motor runs at a
single fixed speed. The Perfect Harmony series of drives allows variable speed operation, without
sacrificing any of the other desirable properties of the induction motor.

The Perfect Harmony series of drives provides variable speed operation by converting utility
power at fixed frequency and fixed voltage to variable frequency, variable voltage power. This
conversion is done electronically, without moving parts. Unlike older drive types, the Perfect
Harmony series does not force the user to accept unpleasant by-products of this conversion
process. Specifically:

* Perfect Harmony drives do not inject significant harmonic distortion into the plant’s
distribution system. No power filters are required. No interference to sensitive equipment or
resonance problems with power factor capacitors will occur.

»  Perfect Harmony drives present a high power factor to the utility, typically 95% or better
throughout the speed range. No power factor correction is required.

*  Perfect Harmony drives do not require any derating of the motor due to output harmonics.
No additional motor heating is produced versus operation directly from the utility.

¢ Perfect Harmony drives do not produce torque pulsations which can excite mechanical
resonances.

¢ Perfect Harmony drives cause no noticeable increase in acoustic noise from the motor, versus
operation directly from the utility.

o Perfect Harmony drives cause no appreciable additional stress to the motor insulation, versus
operation directly from the utility.

‘ e Perfect Harmony drives allow unrestricted use of rated motor torque throughout the speed
range, subject only to the thermal limitations of the motor.
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. ) e  Perfect Harmony drives are virtually silent in operation if liquid-cooled. If air-cooled, the

blower noise is typically less than 75 DBA, so that normal conversation is possible next to
drives running at full power.

e Perfect Harmony drives are completely modular in construction, so that if necessary, a
defective module can be replaced in minutes.  Sophisticated microprocessor-based
diagnostics pinpoint the location of any defects.

3.2. Theory - The Power Circuitry

es Note: The examples used in this section refer to drives having low-voltage cells. High-
voltage cell systems will have different values.

The Perfect Harmony series of drives achieves this uncompromised performance by employing
well-proven technology in a new configuration. Medium voltage levels are obtained by adding
together the outputs of multiple low-voltage power cells. The low-voltage power cells are
simplified variations of standard PWM motor drives, which have been built in high volume for
many years.

Figure 3-1 shows the power circuit topology for a 2,400 volt Perfect Harmony series drive. Each
motor phase is driven by 3 power cells connected in series. The groups of power cells are wye
connected with a floating neutral. Each cell is powered by an isolated secondary winding of an
integral isolation transformer. The 9 secondaries are each rated for 480 VAC at one ninth of the
total power. The power cells and their secondaries are insulated from each other and from ground
for the full output voltage of the drive.

. For a 3,300 volt drive, Figure 3-1 would be extended to have 4 power cells in series in each phase,
with 12 secondaries on the integral isolation transformer. For a 4,160 volt drive, there would be
5 power cells in series in each phase, with |5 secondaries on the integral transformer.

Each cell is a static power converter. It is capable of receiving input power at 480 VAC 3-phase,
50/60 Hz and delivering that power to a single-phase load at any voltage up to 480 VAC and at
any frequency up to 120 Hz.

With 3 power cells in series per phase, a Perfect Harmony series drive can produce as much as
1,440 VAC line-to-neutral. With 5 power cells in series per phase, the drive can produce as much
as 2,400 VAC line-to-neutral, or 4,160 VAC line-to-line.

The power cells all receive commands from one central controller. These commands are passed to
the cells over fiber optic cables in order to maintain the 5 KV class isolation.

The transformer secondaries that supply the power cells in each output phase are wound to obtain
a small difference in phase angle between them. This cancels most of the harmonic currents
drawn by the individual power cells, so that the primary currents are nearly sinusoidal. The power
factor is always high - typically 95% at full load.

The schematic of a typical power cell is shown Figure 3-3. In this example, a 3-phase diode
rectifier, fed by the 480 VAC secondary, charges a DC capacitor bank to about 600 VDC. The
DC voltage feeds a single-phase H-bridge of IGBTs.

At any instant of time, each cell has only three possible output voltages. If Q1 and Q4 are on, the
output will be +600 volts from T1 to T2. If Q2 and Q3 are on, the output will be -600 volts.
Finally, if either Q1 and Q3 or Q2 and Q4 are on, the output will be 0 volts.

With 3 power cells per phase, the circuit of Figure 3-3 can produce 7 distinct line-to-neutral
voltage levels (£1800, £1200, 600, or 0 volts). With 5 cells per phase, 11 distinct voltage levels

. are available. The ability to generate many different voltage levels allows the Perfect Harmony to
produce a very accurate approximation to a sinusoidal output wave form.
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. Figure 3-2 shows how these wave forms are generated for the case of 3 cells per phase. First, a

reference signal is created for each phase. These signals are scaled-down replicas of the ideal
wave form to be approximated. In Figure 3-2, RA is the reference signal for phase A. This
reference signal is then compared with 3 triangular carrier signals, oscillating at 600 Hz.
Figure 3-2 shows conditions when the output frequency is 60 Hz, so that there are exactly
10 carrier cycles per reference cycle. The 3 carriers are identical except for successive phase
shifts of 60 degrees (based on the carrier frequency). Phase shift is computed based on the
following equation.

Phase Shift = (180 degrees) / (# of celis per phase)

— 3
Special Transformer with Power
9 Isolated Secondaries —s—  Cell
(15 for 4,160 VAC) A1
Power
#—  Cell
B1
Power
A Cell
C1
Power
—##—  Cell
Input Power A2
3-phase AC
. (Any Voltage) Power
A5~ Cell
—F—> B2
Power
#—  Cell
C2
Power
—#—  Cell
A3
Power
##—  Cell
B3
Power
ia Cell
C3

2400 VAC
Induction
Motor

Figure 3-1. Topology of Perfect Harmony VFD (3 Cells, 2,400 VAC)
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Whenever the reference is greater than the first (unshifted) carrier, the signal L1 is high; otherwise
L1is low. L1 is used to control the pair of transistors Q1 and Q2 in cell A1 (see the left pair of
transistors in Figure 3-3). Whenever the reference is greater than the inverse of the first carrier,
the signal R1 is low; otherwise R1 is high. R1 is used to control the pair of transistors Q3 and Q4 in
cell A1 (see the right pair of transistors in Figure 3-3).

The difference between L1 and R1 gives the output wave form of cell A1, shown in Figure 3-2 for
Phase A as A1. '

In a similar manner, the reference signal is compared with the second carrier (shifted 60 degrees)
and its inverse to generate control signals L2 and R2 for the transistors in cell A2. The output wave
form of cell A2 is shown as A2.

Al

Z &8L REC
n

JUUUUUUUUWUUUUUUUJL

Figure 3-2. Wave Forms for Phase A

Finally, the reference signal is compared with the third carrier (shifted 240 degrees) and its inverse
to generate control signals L3 and R3 for the transistors in cell A3. The output wave form of cell
A3 is shown as A3.

Dedicated 460 VAC

Winding on Power Q1 Q3

Transformer /— IGBTs Q1-Q4
'y x ry +J J J

@ Power Output

(O—
&0 . of Cell
©ggtmn 2

Q2 Q4 |

Y|
Z1

Ltocal Fiber Optic Signals to
l(Dtontrol » Local Contro! Circuits ' and from Master
ower ¢ Control

Figure 3-3. Schematic of a Typical Power Cell
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The sum of the output voltages from cells A1, A2 and A3 produces the A-to-neutral output voltage
of the drive, shown in Figure 3-2 as AN. There are seven distinct voltage levels. Note that this
voltage is defined between terminal A and the floating neutral inside the drive, not the motor
neutral.

OO0
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L1

R1
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_r_u_Lr—u 5] 1] L’ ur L L'_\_LLI_I_I"I
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Figure 3-4. Wave Forms for Phase B

Figure 3-4 shows the same signals for Phase B. The 3 carriers are identical to Figure 3-2. The
reference RB is also identical to Figure 3-2, except that it is delayed by 120 degrees (at the
reference frequency).

The sum of the output voltages from cells B1, B2 and B3 produces the B-to-neutral output voltage
of the drive, shown in Figure 3-4 as BN.

Figure 3-5 repeats the two line-to-neutral voltages AN and BN. The numerical difference between
AN and BN forms the line-to-line voltage impressed on the motor, and is shown in Figure 3-5 as
AB.

l] v
AB IHM J_m_m_l\(w_1||ﬂ] !
ARNAARNA

Figure 3-5. Wave Forms for Line-to-line Voltage
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1,000 HP, 2,400 VAC Motor at Full Speed, Full Load

\, ” )4
nn‘\ Al “FJV /

T

Motor line-to-neutral voltage, Peak = 2,000 Volts,
Motor phase A current, Peak = 348.9841 Amps

Figure 3-6. Perfect Harmony Output Wave Forms, 2,400 Volt Drive at Full Load

Figure 3-6 shows motor voltage and current wave forms for a 2,400 VAC Perfect Harmony drive
rated at 1,000 hp. The voltage shown is between phase A and the motor neutral (not the same as
the drive neutral). The motor current is in phase A during full-load operation. Anyone familiar

‘ with such wave forms for other types of static drives will appreciate how accurately they
approximate true sine waves. A quantitative measure of the wave form quality is its Total
Harmonic Distortion, or THD. The THD of the motor currents with a Perfect Harmony series
drive is always less than 5 percent.

Figure 3-7 shows the input voltage and current wave forms for the same drive as in Figure 3-6,
under the same conditions. The perfect sine wave in Figure 3-7 is the voltage into the special
input transformer, measured between phase A and the neutral of the wye-connected primary. The
other wave form is the current into phase A of the same winding.

The currents drawn from the power source by the Perfect Harmony are also good approximations
to true sine waves, due to the harmonic cancellation obtained with the phase-shifted secondary
windings of the transformer. The THD of the input currents with a Perfect Harmony series drive
is also always less than 5 percent.

H _.',,::’ "__2;:., ' H H HALHAR ROBICON GROUP
"/’ g ’: : : Input Current
Input Voltage ="~/ 7" "=~ ~------ AN

r\ F . . : :

S : Lo

A it e Ay At e

N s
A Ny

‘ Figure 3-7. Input Wave Forms for a 2,400 Volt Drive at Full Load
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Note in Figure 3-7 that the input current lags behind the input voltage by less than 15 degrees at
full load. This represents a power factor better than 96 percent. Perfect Harmony drives always
maintain a high power factor, typically better than.95 percent throughout the speed and load
range.

The wave forms shown in Figure 3-3 through Figure 3-7 represent the worst case for a Perfect
Harmony series drive when there are only 3 cells per phase. When the number of cells increases,
as in 3,300 volt drives and higher, the wave forms become considerably better. Figure 3-8 shows
the motor voltage and current for a 4,160 volt Perfect Harmony drive at full power, while
Figure 3-9 shows the input voltage and current for the same drive and load.

.,.AM “%'."!l ~ ‘\\1
rfrJ ?&M // L‘K‘ \"\

_\ i Vd
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\\ J'?* / \\ Kﬂzr
rl Ky

- g
AN / N &
S —_ .-«-/ l N

b
2840,

Figure 3-8. Motor A-B Voltage and Current in Phase C
at Full Load for a 4,160 Volt Perfect Harmony Drive

2047,

N Wa

~~_1-— L we——g

2340

Figure 3-9. Input A-B Voltage and Current in Phase C
at Full Load for a 4,160 Volt Perfect Harmony Drive

The block diagram in Figure 3-10 shows how the Perfect Harmony control circuits are organized.
The power cells receive commands and return status information via duplex fiber optic cables,
using serial communication at a speed of 5 MBaud. The local communication circuits in each
power cell are slaves, and only transmit in response to an incoming message. These messages
originate on one of the Master Link Boards, which can initiate a transmission. Each Master Link
Board has 3 communication channels and controls 3 power cells, one in each output phase. The 3
power cells connected to one Master Link Board have all the same stage number. Master link #1
controls power cells A1, B1 and C1, while master link #2 controls power cells A2, B2 and €2, and so
forth.

The Master Link Boards all plug into a single motherboard called the Fiber Optic Hub Board. The
Hub Board has slots for as many as 6 Master Link Boards, which will accommodate a 4,160 VAC
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Power Interface
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. drive with spare cells as shown. Drives with fewer than 18 power cells will have one or more
vacant slots on the Hub Board.
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Figure 3-10. Block Diagram of Perfect Harmony Control Structure for 4,160 V Drive with Spare Cells
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The Hub Board provides +5 volt DC power to the Master Link Boards, and also a set of timing
signals derived from a crystal oscillator. These timing signals cause all of the Master Link Boards
to transmit simultaneously, once every 10.4 microseconds. The transmitted message contains
11 bits (2 start bits, 8 data bits, and 1 stop bit), and is delivered in less than
4 microseconds. The power cells then send back a similar message in response, which arrives
within an additional 4 microseconds. During the remaining 2.4 microseconds, the Master Link
Boards check that every transmission is complete, and has the correct parity. If an error is
detected a link fault is generated.

For a 4,160 volt drive with 5 power cells per phase, there are 5 pairs of carrier waves displaced by
multiples of 36 degrees. For a 2,400 volt drive with 3 power cells per phase, there are 3 pairs of
carrier 'waves displaced by multiples of 60 degrees. The carrier waves are compared with
reference signals to generate PWM control signals for the power cells.

The Hub Board also contains several digital registers, which store data determining the drive
configuration. Such data include (1) the phase displacement needed for the carrier waves, (2) the
power cells that have been bypassed, and (3) which power cells are being replaced by spares.

The Hub Board contains a multiplexing scheme that allows the microprocessor to interrogate each
power cell in sequence, for diagnostics.

The Hub Board connects by ribbon cable to the Digital Vector Control Board, which in turn
connects to the Analog Vector Control Board and the Microprocessor Board. The Analog Vector
Control Board collects analog feedback signals, such as the motor voltages and currents.
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. 3.3. Multiple Motors

Perfect Harmony drives can be used to control multiple motors. Such applications are used to
proportionally control a series of motors one motor at a time.

Consider the following example. A reservoir is being filled with liquid at an unknown, variable
rate. Up to three pumps can be used to remove the liquid to keep the reservoir level at a certain
setpoint (this is the external process). As the external system error (i.e., the positive or negative
deviation from the setpoint) continues for an external process (e.g., the feedback value rises above
a setpoint value), the first motor (a pump, for example) is controlled by the drive to attempt to
correct the error and bring the reservoir level back to its setpoint level. If the error from the
external process continues (i.e., the reservoir level remains above its setpoint value), the first

pump may be unable to reach or maintain the level setpoint - even at 100% speed. If this occurs,
the first pump is smoothly transferred to line voltage (at 100% speed), and the drive begins to
control a second pump. If the error of the external process remains, the second pump can then be
operated in addition to the first pump (at 100%) using straight line voltage, while a third motor is
brought on line and controlled by the drive. This transfer of drive control from one motor to the
next can occur with a single Perfect Harmony drive and any number of motors. Refer to

Figure 3-11. Pump 1

To An External

Process
Pump 3

Perfect Harmony

VFD
Main
MODBUS
Controller
Current MODBUS
Level Reservoir [ | ‘. i SA-85
L ove L2 v2 L3 v3 Card
+ L i L 4 L
Line R VFD
Voltage i Output
Motor Control Centers

Process Feedback Signal

Figure 3-11. Overview of a Sample Transfer Application

Figure 3-11 shows a reservoir being emptied by pumps 1, 2 and 3 (which use induction motors
M1, M2 and M3, respectively). As the tank fills past the setpoint level (monitored by an external
feedback signal), the drive controls motor M1 (via motor control center MCC1) to maintain the
level. As the tank level continues to increase, the motor on pump | will eventually reach 100%
speed. If the tank level continues to increase, the Perfect Harmony initiates an “up transfer”. This
process involves electronically switching control of motor M1 to line control (rather than VFD
. control). This process is done smoothly using a serial communications network (MODBUS Plus
protocol) and a pair of electronically controlled contactors (L1 for line control and v1 for VFD
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‘ control). With motor M1 running at 100% (line voltage), motor M2 (on pump 2) is switched from

an idle state into VFD control using PLC commands and contactor V2. This process continues
with additional motors until the external process feedback indicates that the tank level is at its
setpoint. This entire process works in the reverse order (called a “down transfer”) when a
negative error occurs (i.e., the feedback signal shows that the measured value is below the setpoint
value). An “up transfer” process is illustrated graphically in Figure 3-12. A “down transfer”
process is illustrated graphically in Figure 3-13. These graphs show motor output percentages as
functions of time with either continued demand (positive error) for “up” transfers or no demand
(negative error) for “down” transfers.

100% ;
M1 is switched to line control (100%). VFD
M1 control is transferred from M1 to M2 at time
period t, as demand continues.
0%
100%
M2 is switched to line control (100%). VFD
M2 v contfrol is transferred from M2 to M3 at time
period ty as demand continues.
0%
100%
M3 v
‘ 0%

te t, t, ts t,

Figure 3-12. Graphical Representation of a Sample “Up Transfer” with Continued Demand

Note that the graphs in Figure 3-12 and Figure 3-13 show very “clean” proportional ramps. These
ramps are for illustration purposes only and do not include any integral or derivative control
action. A continued demand throughout time period t, is assumed in Figure 3-12 and no demand
is assumed throughout time period t, in Figure 3-13. An overview of the control states of the
motors used in example Figure 3-12 is given in Table 3-1. A similar overview for Figure 3-13 is
given in Table 3-2.

The state machines for up and down transfers reside in the Perfect Harmony’s control @
program. These interface with the control system integrator’s PLC network via the VFD

system operating program to handle handshaking between each motor control center (MCC)
and the VFD. All controls for the VFD and line reactors are controlled from the system
integrator’s PLC. :

Version 3.1(902330) 11 NOV 97 Page: 3-11

Q-Pulse Id TMS637 Active 29/01/2014 Page 56 of 309



Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL
Department Water Supply and Sewerage
Eagle Farm Pump Station Upgrade

B8CC Contract No. S.20/95/96
Pumpwell No. 1 Speed Control Equipment

Design Criteria and Process Description Perfect Harmony User’s Manual

Table 3-1. Control States of Motors in a Sample “Up Transfer”

Time M1 M2 M3
T, VFD (0-100%) Off (0%) Off (0%)
T, VFD (0-100%) Off (0%) Off (0%)
T, Line (100%) VFD (0-100%) Off (0%)
T, Line (100%) Line (100%) VED (0-100%)
T, Line (100%) Line (100%) VED (100%)
100%
M1 A
0%
100% M2 is switched to idle control (0%). VFD

control is transferred from M2 to M1 at time
period t, as demand stays low. At this

M2 L time, M1 control goes from Line to VFD.
0%
100% M3 is switched to idle control (0%). VFD control is

transferred from M3 to M2 at time period t, as demand stays "
low. At this time, M2 control goes from Line to VFD.

0%

ts te t; te to

Figure 3-13. Graphical Representation of a Sample “Down Transfer” with No Demand

Table 3-2. Control States of Motors in a Sample “Down Transfer”

Time M1 M2 M3
T, Line (100%) Line (100%) VED (100%)
Ts Line (100%) Line (100%) VFD (100-0%)
T, Line (100%) VED (100-0%) Off (0%)
Ts VFD (100-0%) Off (0%) Off (0%)
T, VFD (100-0%) Off (0%) Off (0%)

3.4. The PLC Interface

All VFD control is accomplished over a RS485 serial communications network using a supported

communications protocol (e.g., Modicon Corporation’s MODBUS Plus communications

protocol). For example, a Modicon-compatible PLC interface is located at each motor control

center. These PLCs are networked to a main MODBUS controller (e.g., a PC) and a Modicon SA-
. 85 communications board on the Perfect Harmony drive. Refer to Figure 3-14.
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Line

Figure 3-14. Communications Qutline Drawing using a Modbus Plus Network
Configuration

| PLC interface refers to Modicon’s MODBUS Plus Serial interface only. 1

. 3.5.

The “Up” Transfer (from VFD to Line Control)

The “up” transfer process (refer to Figure 3-12) consists of the following steps.

1.
2.

(VS ]

Nowa

10.
11.

3.6.

The Modbus PLC issues a request for an “up transfer” by setting upxfer _req_f'to true.
The VFD ramps to 60 Hz.

The Modbus PLC enables the Perfect Harmony VFD to synchronize its output to the line
frequency.

The Perfect Harmony drive issues a do_up_xfer_f command to the Modbus PLC.

The PLC closes the line contactor (e.g., L1).

The PLC sends a signal to the VFD indicating the line contactor (e.g., L1) is closed.

The VED receives the line contactor signal and sends an upxfer_complete_f message to
the Modus PLC.

The PLC disables the upxfer_req finput.

The PLC disables the VFD by removing the run_req_f input signal.

The PLC clears the “line contactor closed” signal to the VFD.

New motor parameters are loaded through the Modicon PLC interface for the next
operation (or stays idle).

The “Down” Transfer (from Line to VFD Control)

The “down” transfer process consists of the following steps.

b

®

The Modicon PLC loads the correct motor parameters into the drive system.

The Modicon PLC issues dnxfer req_f.

The Perfect Harmony VFD ramps to 60 Hz open circuit.

The Modbus PLC enables the Perfect Harmony VFD to synchronize its output to the line
frequency.

The Perfect Harmony drive issues a do_dn_xfer_f command to the PLC.

Voltage

6. The VFD contactor (e.g., V1) is closed by the PLC.
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7. The PLC sends a signal to the VFD indicating the VFD contactor (e.g., V1) is closed.
8. The PLC checks the status of the VFD fault signal.

9. The line contactor (e.g., L1) is opened.

10. The PLC removes the dnxfer_req_f flag.

11. The VFD sends the dnxfer_complete_f message to the PLC.

12. The VFD follows the process setpoint from the PLC.

3.7. Required Signals

Table 3-3 lists descriptions of signals that are required for synchronous transfer operation.
Table 3-4 lists required program flags with their respective functions.

Table 3-3. Required Signals and Descriptions
Signal Description
Upxfer req f Input signal from PLC used to request transfer from VFD to Line.
Dnxfer_req f Input signal from PLC used to request transfer from Line to VFD.
Vfd_con_ack_f Input from PLC to indicate that the VFD output contactor is closed.

line_contactor_ack f | This contact closes during the up transfer sequence to indicate the
line contactor for the motor being driven from the VFD has
closed. This signal needs to be masked for multiple motor

applications.
Do_up_xfer_f This will indicate that the VFD is running in sync with the line
. sync signal and is ready to transfer the motor to the line.
Do_dn_xfer_f This will indicate that the VFD is running in sync with the line

sync signal and is ready to transfer the motor to the VFD.

Table 3-4. Program Flags and Descriptions

Flag Reference Address Function
Upxfer_req f 204201 Begins a closed up transfer
Dnxfer req f 204401 Begins a closed down transfer
Xfer flt rst f 225001 Transfer fault reset
Upxfer_flt f 225201 Up transfer fault flag
Upxfer_timeout_f 225401 Up transfer time-out flag
Do_up_xfer f 225601 Up transfer output flag
Dnxfer_fit_f 225801 Down transfer fault flag
Do_dn_xfer f 225A01 Down transfer output flag
Dnxfer_timeout_f 225C01 Down transfer time-out flag
Upxfer_complete f 227001 Up transfer complete flag
Dnxfer_complete f 227201 Down transfer complete flag
Line_con_ack f 225E01 Line contactor closed flag
. Vid_con_ack_f 226E0 1 VFD contactor closed flag
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‘ IPhase offset 0.0, 0.0 deg [Specifies the phase angle setpoint 7 1000
180.0 expressed in degrees leading.

Hardware -180.0, [0.0deg [Correction factor for aligning 7 1000
offset 180.0 jsynchronization (+ is leading, - is

lagging).
Phase error  [0.0, 5.0 |0.0 deg [Specifies the phase synchronization error. 0 0001
threshold This parameter adjusts the amount of error

fallowed and is expressed in degrees.
Line sync 0,2 0 This parameter specifies the hardware line 7 1001
[source jsynchronization interrupt:

0 - Off

1- Local
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3.8. Additional Parameter Descriptions

Transfer Menu (200) is used exclusively for synchronous transfer applications. The menu items
and descriptions for this menu are listed in Table 3-5. This information is also available in
Chapter 3 of this manual.

Table 3-5. Transfer Menu (200)

Parameter |Range (Default Description Sec. HMPD
(Min, | Value Level Codes
Max)

Phase I gain | 0, 15 1 Specifies the integral gain of the phase 7 1000

lock loop. The speed at which the drive
will integrate the phase error is determined
by the following calculation:

Phase I Gain * I/T
where T is the sampling rate (e.g., 2.7 ms).

Phase P 1,12 8 Specifies the proportional gain of the 7 1000
Phift phase lock loop. The proportional term is
determined using the following equation:

(05) Phase P Shift
(0.5 raised to the “Phase P Shift” power).

2 -  Remote
3 - Microprocessor Board.
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CHAPTER 4: INSTALLATION AND PRECOMMISSIONING

In This Section:
¢ Introduction .................. rteeeeeeeteeeraraeen e breeeareeeoaraas 4-1
o Installation PractiCes........ceouverreieeeeeeevesrererssensesnnnes 4-1

4.1. Introduction

IMPORTANT! Before installing the Perfect Harmony drive, be sure to read and understand w
the Installation Practices section that follows.

When installing Perfect Harmony drives, it is essential to understand the proper techniques
associated with the following procedures.

e Receiving e Handling

¢  Shipping splits ¢ Location

e  Off-loading ¢  Anchoring

e  Weight estimates ¢ Re-connecting wiring.

Each of these procedures is discussed in the sections and subsections that follow.
4.2. Installation Practices

4.2.1. Receiving
The proper receiving procedure consists of the following steps:

e Verify that the proper items have been shipped
¢ Inspect all shipments for damage that may have occurred during shipping
*  File a claim with the shipping carrier if any damage is present.

NOTE: Depending on cell size, wood shipping blocks may be mounted between the cell @
support structure and the cells. These should be removed during installation.

4.2.2. Shipping Splits

A typical Perfect Harmony drive consists of a transformer, power cells, and a control cabinet.
Usually the transformer is shipped as a separate component. The power cells and control cabinets
are usually shipped bolted together as a single component.

The number and sizes of shipped Perfect Harmony components may vary based on the @
ratings of the drive and included options. Some small VFDs are shipped as a single cabinet.

The Cell Cabinet and Control Cabinet are usually shipped as a single cabinet. All low voltage
connections between Control and the Transformer and Bypass sections are via the cable way
located at the top of the Cell Cabinet,

4.2.3. Off-loading

Due to the size and weight of Perfect Harmony components, it is important to carefully plan all
handling operations. Off-loading from the truck is often the most critical operation because of the
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limited access. Advance planning and coordination between the manufacturer, the carrier, the
installation contractor, and the owner are vital.
4.24. Weight Estimates

Because the Perfect Harmony drive system is a customizable system, exact weights of systems will
vary based on the ratings of the drive and included options. However, approximate dimensions and
weight estimates for Perfect Harmony drives are given in tables in Chapter 1.

4.2.5. Handling

Perfect Harmony enclosures are provided with heavy duty base structures that contain transverse
tubes to accept fork-lift tines. There are four possible methods of handling cabinets that contain

fork lift tubes:
e Overhead Crane Lifting ¢ Roller Dollies
¢  Fork Lift Truck Lifting o  Pipe Rollers.

These methods are summarized below.

DANGER!! Never attempt to support the Transformer Cabinet using only the upper cabinet
structure. Never use eyebolts for lifting any cabinets.

CAUTION!! The Transformer Section has female threads in the four top comers for lifting
eye bolts (not provided). These are used in the factory to handle the empty cabinet only.
They are not capable of lifting the assembled transformer.

The Perfect Harmony drive contains many cable entry and exist locations. Refer to the
system drawings supplied with the drive for complete details.

= & &

* Overhead Crane Lifting - The best method if an overhead crane is available is to pass fabric
slings through the base tubes, and lift as shown in Figure 4-1. Key points are the length and
strength of the slings. The slings must be long enough that the crane hook is at least 4 feet
above the enclosure top to prevent buckling of the drive cabinets. If this distance cannot be
maintained, spreader bars of appropriate strength must be used. The strength of the slings
must be adequate for the weight given on the drawings (or estimated in Chapter 1).

use spreader
bar if < 4 ft.

Front Side Front Side

' Figure 4-1. Proper Handling Using the Sling Lifting Technique

e Fork Lift truck - A second handling method is to use a suitable fork lift truck. The truck
. must be rated for the weight to be lifted. The tines of the truck must be at least 40” long, and
no greater than 10" wide or 2.5” thick. Transformer cabinets will accept tines that are up to

2.75" thick. The tine spacing must be adjustable from 30" to 50".
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Be careful that the fork lift does not damage the front surface of the enclosure. It is a good
idea to place a wooden stop block in the corner of the tines as shown in Figure 4-2. The
center of gravity of the Perfect Harmony enclosure is approximately midway between the

front and back surfaces.
Side
-
_ Side
®
®
Wooden C.G.
Block C-G-
Fork Fork
Truck Truck =

V22222222 A

Figure 4-2. Proper Handling Using a Fork Lift Truck

* Roller dollies - If roller dollies are used, they should be placed under the front and rear

channels of the base, just outside the fork tubes as shown in Figure 4-3.

3

Figure 4-3. Proper Placement of Roller Dollies

s  Pipe rollers - This is the least preferred method of handling. It is possible to set the enclosure
on many parallel pipe sections placed on the floor and move it by rolling.

If pipe rollers are used, the pipes must be no less than 2" in diameter and at least 48" in
length. The pipes must be spaced no more than 18" apart. Refer to Figure 4-4.

4.2.6. Location

When choosing the location for the Harmony drive be sure the area is clean, flat, dry, and the front
of the drive is easily accessible with the drive doors open.

WARNING! If the mounting surface is not flat, the metal cabinets of the Perfect Harmony
drive may buckle, causing the cabinet doors to be misaligned and/or not open and close
properly.

All cooling air for both the Cell and Transformer Cabinets is drawn through the front doors of the

’ Cell Cabinets, into the Transformer Cabinet by centrifugal blowers located at the top of the
Transformer Cabinet. Output air is ejected at the roof of the Transformer Cabinet. The final
placement of the drive should permit appropriate air circulation.

Vs
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Figure 4-4. Proper Use of Pipe Rollers in Handling Perfect Harmony Cabinets

L Refer to tables in Chapter | for rated losses and CFM requirements of drives. —l

NOTE!! The centrifugal blower performance is strongly effected by output plenum
pressure and air resistance.

NOTE!! Verify the proper AC input phasing to the Control door circuit breaker. Improper
phasing will cause the blower motor(s) to run in reverse.

WARNING!! Verify that all rear cabinet plenum connections between Transformer and
Cell Cabinets are securely connected so that any gaps are not large enough to reduce the
cooling airflow through the cell and transformer of significant cooling air. Gaps should be

QE»@@:@:

less than 1/8".

4.2.7. Anchoring Cabinets to Floors and Walls

Holes for anchor bolts are located on the base mounting channel for each cabinet section (see
Figure 4-5).

It is recommended that when anchoring the unit to the floor, the installer should use cemented
J-bars on all corners. Holes in the base of the drive cabinets are 0.81” in diameter and easily accept
0.5" threaded J-bars. If the drive is mounted against a wall, top angles may be used to secure the
drive to the back wall in lieu of the rear J-bar connections to the floor. Refer to Figure 4-5 for an
overview. Exact dimensions are given in the system drawings supplied with the drive.

Tie bolts are used to connect the individual cabinets to each other, such as the transformer cabinet
and the cell cabinet. Holes for tie bolts are located along the front and back edge of each cabinet
section. Six bolts must be installed to secure the cabinets to each other - 3 bolts (top, middle and
bottom) in the front and 3 bolts in the backs. Nuts are welded to the Transformer Cabinet in all six
rear locations to facilitate the process. The front connections can be made easily using a 3/8-16
hex-head bolt with a Belleville washer for each of three locations. The installation of the bolts in
the rear portion of the cabinet is more involved and is explained below. Each section should be
bolted to the next so as to prevent air gaps greater than 1/8".

. w Before using any hand tools, tie strings to the tools to prevent loss should they be dropped
into unit.
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0.81" diam. ,
hole Side

Congrete:::

wali

*  Remove the cells on the left side of the cell cabinet as shown in Figure 4-6.

¢  The plenum wall behind the cells has a rectangular opening for airflow. The tie
bolt holes are located at the same height as these openings, to the left.

¢ Reach through the air openings and locate each of the three rear anchoring holes
in the cell cabinet (top, middle and bottom) and the corresponding welded nuts in

the Transformer Cabinet.

e Install a 3/8-16 hex-head bolt with a Belleville washer in each location and

secure the bolts.
e Replace the cells.

‘ Welded Nuts (3) Bolt and Washer
e
~a x
LG
Opening
C /II/I‘ IS s

Terminal
Board

MINEN
MR
N

=
Loose Nuts (3)

i

Transformer
Cabinet

s
N
s
N

Cell Cabinet

-«

Back of Cabinet

Top Views

Front of Cabinet

Figure 4-6. Connecting and Anchoring the Transformer and Cell Cabinets

4.2.8. Re-connect Wiring

The Cell Cabinet is pre-wired with cables located at the left for easy connection to the Transformer
Cabinet. The transformer has a built-in terminal (tap) board located on the right side of the cabinet
(refer to Figure 4-7). The cables from the cells (3 each) are secured to an angled guide bar made of
fiber-glass, which holds the wires in proper order and prevents them from touching any metal
surfaces. The guide bar must be aligned to the Transformer Cabinet as shown in Figure 4-7. The

3-phase cell cables connect to the secondary of the transformer.

All cell cables are labeled to match the corresponding stud on the terminal board. It is vital that
. these connections are made to their appropriate studs on the terminal board. Note that not all studs
are used in all Perfect Harmony drives, so there may be additional studs on the terminal board after

all the cell wiring is complete.
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w | WARNING ! Each secondary must connect to the corresponding cell. |

Control wiring is also pre-wired and located in a wireway at the top front of the cabinet. Ensure
that the wiring is re-connected at each shipping split.

@ Harmony drives are wired to have correct blower rotation for R-S-T phase sequencing. Wire
all phases according to standard codes, that is, wire the phases from left to right (T1-T2-T3
or R-S-T) for proper operation. Check blower rotation at start-up.

3 Cables ! @

per Cell

Guide L ' IITSS rrys.

AN A 7

-

Transformer .
Cabinet Cell Cabinet

Top Views

L2l 2272

Figure 4-7. Top View of Guide Bar, Cell Wiring and Terminal Board

‘ Located at the bottom of the transformer is a set of 5% voltage taps for compensating the primary
voltage source. The VFD is shipped with the +5% taps connected. This means that the VFD
secondary cell voltages are at the nominal 460 VAC (for example) for an input voltage of 5%
above primary nominal rating. Do not change taps unless operating experience requires it.

IMPORTANT! All low voltage connections between Control and the high voltage Cell,
Transformer, Input, and Output sections are via the cable way located at the bottom of the
Cell Cabinet.

DANGER!! Note that all low voltage control connections between the Input, Output, and
Control sections must be run through the low voltage section of this cable way.

NOTE: Depending on cell size, wood shipping blocks may be mounted between the cell
support structure and the cells. These should be removed during installation.

e & &

In some cases, the individual power cells may be shipped separately from the Cell Cabinet. After
installing the cells, verify that the input power wire and fiber optic cables are connected properly.

é} If the Control Cabinet and Cell Cabinet are shipped separately, verify that the fiber optic
leads between the individual cells and the Master Link Boards are properly terminated and
connected.

Customer-supplied AC power for both control and blowers enters an access plate in the top or
. bottom of the Control Cabinet section (refer to Chapter 1). Customer-supplied medium voltage
power enters an access plate in the top or bottom of the Input Section (refer to Chapter 1).
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WARNING!! For cooling considerations, always maintain the appropriate blower power
when medium voltage is applied to the VFD. w

DANGER!! Ground bonding jumpers are factory made. Re-connect ground bonding
between cabinets at shipping split(s). Ensure that the entire system is earth grounded at one w
of its grounding points.

Torque specifications for the Perfect Harmony drive are listed in Table 4-1.

Table 4-1. Torque Specifications for the Perfect Harmony

Standard Torque Chart Deviations to Standard Torque Specifications
Fastener Size Tightening Perfect Harmony Tightening
English (Metric) Torque Connectors Torque
2-56 (M2) 3.0 in-1b ~ All Green Connectors 6.0 in-1b
4-40 (M3) 6.0 in-Ib Receptacle GRND 36.0 in-1b
6-32 (M3.5) 12.0 in-1b Panel GRND 22.0 in-lb
8-32 (M4) 22.0 in-1b F4,F5, F21, F22 22.0 in-1b
10-32 (M5) 36.0 in-1b F23,F24,F25 36.0 in-1b
1/4-20 (M6) 70.0 in-1b 3MI 9.0 in-1b
’ 1/4-20 (M6) elec 100.0 in-1b T82, TBAMA, B, C, Metal Cover 12.0 in-1b
1/4-28 70.0 in-1b Té, Relays, Receptacle Wiring 12.0 in-1b
5/16-18 155.0 in-1b Transformer GND (T5) 70.0 in-1b .
(M8) 80.0 in-1b PB and Light Switches (Door) 9.0 in-lb
3/8-16, 3/8-24 275.0 in-Ib RTM 4.0 in-lb
(M10) 180.0 in-1b Keypad 6.0 in-1b
1/2-13 (M12) 672.0 in-Ib Breaker (Wiring) Lugs 36.0 in-1b
5/8-11 112.0 ft-1b CTB and CTC Terminals 12.0 in-1b
3/4-10 198.0 ft-1b
1 500.0 ft-1b

4.2.9. Power-up Check List

The following is a minimum check list which should be followed before applying power to the
VED.

O Verify integrity of all cabinet seals between cabinet air plenums (especially
between transformer and cell cabinet sections).
O Verify that all low voltage control wiring is properly connected and located
in appropriate conduit or cable ways separate from high voltage cable.
. O Verify all transformer secondary/cell connections on the Transformer
Cabinet Tap Board.
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O If the Control Cabinet was shipped separate from the Cell Cabinet, and/or if
cell(s) were removed from the Cell Cabinets, then verify the integrity of all
fiber optic connections. '

00 Verify proper operation of the cooling system. Input air flow through the
doors and filters of the Cell cabinet should be strong enough to cause a
small piece of notebook paper to stick to the filters when the blowers are
running.

00 Verify all cabinets are earth grounded.
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CHAPTER 5: START UP & SHUT DOWN PROCEDURES

In This Section:

¢ Introduction.................... 5-Error! Bookmark not defined.

o  The Standard Keypad..........ccccecemmeeienmrunineenceceencrecnenns 5-1

¢ Summary of Common Shift Button Key Sequences....... 5-8

¢ Summary of Common Arrow Key Sequences.............. 5-10

¢ Diagnostic Indicators..........ccoeocererueruereenieiereerneesconienens 5-10

®  The DISplay.....ccccccvirirnrenreresesimeenseiesessenssesesassessess 5-10

¢ Summary of Operation Mode Displays ............cccoveveee. 5-12

¢  The Expanded Function Keypad and Display............... 5-12

5.1. Introduction

The menu system is the software program that allows operators to navigate through hierarchical

structures (menus) which contain related menu items. Menu items include parameters, pick lists, B
functions and submenus (“nested” menus). These menu items allow the operator to configure a
drive to his particular needs.

It is important to understand the mechanism through which the menu system operates. This
mechanism is the front panel keypad and display interface. The display interface is a 24-by-2
character back-lit LCD. The keypad provides numerical keys for entering data and arrow keys for
scrolling through the menu structure of the Perfect Harmony drive.

. Two keypad versions are available on Perfect Harmony drives - a standard surface mount
technology (SMT) keypad and the expanded function keypad for engineered applications. The
standard (SMT) keypad has built-in buttons for fault reset, auto mode, manual start, and manual
stop functions. Three diagnostic LEDs (power on, fault status and run) are built in to the standard
keypad. The expanded function has only the standard menu buttons. Diagnostic LEDs and
control switches are optional for engineered jobs and are specified by the customer.

Normally, the keypad and display interface is mounted permanently to the drive. However, the
keypad/display module need not be mounted for normal operation. It can be plugged in as an
external module for set-up and diagnostic purposes only. This can be used to provide extra
parameter security. .

This chapter focuses primarily on the standard SMT keypad used for Perfect Harmony @
drives. Most illustrations in this chapter depict this standard interface. The expanded
function keypad (used for engineered applications) is discussed later in this chapter.

The Perfect Hafmony system provides a fully-programmable, multi-level security system that
assures menu access and modification capabilities by only authorized personnel.

5.2. The Standard Keypad

The Perfect Harmony series contains a user-friendly keypad and display interface. This
keypad/display interface is located on the front of the Perfect Harmony Drive Control Cabinet.
The Keypad and Display Interface is illustrated in Figure 5-1.

The Keypad and Display Interface is used to access the control parameters and functions of the
Perfect Harmony drive. Parameters are organized into logical groups using a menu structure. To

‘ view or edit parameters, the operator must maneuver through the menu structure to the desired
parameters. This is accomplished using special key sequences. A summary of these key
sequences is given later in this chapter.
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The [Shift] key (which is used in conjunction with the 10 numeric keys and the [Enter] key) is
provided to access 9 common system menus, a help display function and a [Cancel] button. The
keypad is used to navigate through the menu system, activate control functions, reset the system
after faults have occurred, edit parameter values, enter security access codes, and place the system
in either automatic, manual or stop (auto/hand/off) mode.

Display (24 by 2)

POWER ON FAULT RUN

VR S 4

O

. RS - - N 7
FAULT . &0T0ﬂ~ DRIVE [STAB
1

Diagnostic LEDs

N ‘Harmony PWM

N # .## DATE

RESET i
\. J \\

N
H ( auromanc }[ auto |[ man [Loc_s
a || 75 6
\. J\\ J L J J \
TR YR Y ™ N
MANUAL DrvPro | | METER| | COMM | | Cancel
START : 7 8 [) Keypad

\. J J\. J J\
. Y4 N N N
MANUAL HELP
stop || o Q=
\. J L. J \ 7 J

Ili ROBICON

Figure 5-1. The Keypad and Display Interface of the Perfect Harmony Series

The standard drive start-up message is replaced with “ROBICON Vector PWM” for
Perfect Harmony drives containing the vector control option.

" Parameter values are stored in EEPROM - a non-volatile memory area. When a parameter
value is changed, the new value is saved intemally. Even after a power failure, the value
remains intact and can be recalled.

& &

The standard Perfect Harmony keypad contains 20 keys. Each of these keys has at least one
function associated with it. Some keys are used for 2 or more functions. The following sections
give descriptions and uses for each of the keys on the keypad, as well as the diagnostic LEDs and
the built-in display.
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5.2.1. Fault Reset Button

The [Fault Reset] button is located in the top left corer of the keypad and is used to clear fault
conditions that may occur in the Perfect Harmony system. Faults refer to errors that have been
detected by both the hardware and software. The current fault status of the drive is displayed by
the Fault indicator located above the keypad and display (refer to Figure 5-1).

When a fault condition occurs, the fault indicator glows red. To reset the system (that is,
acknowledge fault conditions), the operator must:

¢ Determine the cause of the fault (see the display or check the fault logger table)
¢ Correct conditions that may have caused the fault, if appropriate
* Reset the system by pressing the [Fault Reset] button on the keypad.

5.2.2. Automatic Button

The [Automatic] button is located below the [Fault Reset] button on the keypad and is used to put
the Perfect Harmony drive into automatic mode. In automatic mode, the standard speed setting
for the drive is obtained from the 4-20 mA input and through speed profile parameters located in
the Speed Profile Menu (26).

Using the default system configuration, the Perfect Harmony will not enter automatic mode @
if the jog digital input switch is pressed. Automatic mode can be customized to suit

particular application needs by modifying the appropriate /O parameters from the keypad
and display interface. Modification of the standard system program of the Perfect Harmony
is also a viable option, although it requires an understanding of the system program format,
the compilation process and downloading techniques.

5.2.3. Manual Stop Button

The [Manual Stop] button is used to place the Perfect Harmony into stop mode. Stop mode shuts
down the drive in a controlled manner, regardless of its current state (manual, remote or
automatic). During manual remote mode, the operator may press a user-supplied, digital input
switch that is programmed as a manual stop input. This input (which is only valid during manual
remote mode) is assigned to input DI7 by default, but can be changed either through the front
keypad or through modification of the system program.

Modification of the standard system program of the Perfect Harmony requires an @
understanding of the system program format, the compilation process and downloading
techniques.

5.2.4. Manual Start Button

The [Manual Start] button is located below the [Automatic] button on the left side of the keypad.
[Manual Start] is used to put the Perfect Harmony system into manual control mode.

There are two varieties of manual mode: local and remote. These varieties are distinguished by
the sources of the velocity demand. In local manual mode, the desired velocity is selected
manually using the up and down arrow buttons ([#] and [8]) on the system keypad. In remote
manual mode, the desired velocity is selected manually using a user-supplied potentiometer
connected to the system. Remote manual mode is activated by pressing the momentary digital
input assigned to manual start mode. A simplified flow diagram of manual mode is illustrated in
Figure 5-2.
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Local manual mode is activated by pressing
Perfect Harmony Keypad the Manual Start button on the keypad and
setting the velocity demand using the up

Velocity and down arrow keys.
MANUAL Demand Set
START Manually from
g Arrow Keys

" Drive
Momentary Remote Digital Input or > Othp:n to
(120 VAC Logic) otor
é ”| Perfect
Dedicated Harmony

Pot Input Drive Remote manual mode is activated by
v pressing the momentary input and
setting the velocity demand using the
remote potentiometer.

5 Velocity Demand Set Manually from a
programmable Remote Pot

Figure 5-2. Comparison of the Two Manual Control Modes

5.2.5. The 0-9 Buttons

Numeric buttons are centrally located on the keypad of the Perfect Harmony system. These 10
' buttons (labeled 0 through 9) provide the following functions:

e entry of security access codes
¢ speed menu (direct access to 10 basic menus according to assigned menu names [in green text
! _above each numeric key])

e direct access to all menus and submenus (with proper security) based on menu numbers

e  ability to change the values of parameters.

One function of the numeric buttons of the Perfect Harmony keypad is to enter a 4-digit security
access code. The security code consists of any combination of digits 0 through 9 and hexadecimal
digits “A” through “F”.

@ Hexadecimal (or hex) is a method of representing numbers using base 16 (digits 0-9, A, B,

C, D, E and F) rather than the more common base 10 (digits 0-9). Hex digits “A” through
“F” can be entered from the keypad by pressing the [Shift] button followed by the numbers
[1] through [6], respectively. Hexadecimal digits may also be required to make changes to
parameters that use hexadecimal format. The keystrokes required to enter hex values “A”
through “F” are listed in Table 5-1. Decimal equivalents are also listed.

Another function of the numeric buttons is the speed menu feature. Speed menu allows the
operator to access 10 common menus within the system using the pre-programmed numeric keys.
Each of the numeric buttons has an associated menu name printed in green (on top of each
numeric button). To access one of these 10 menus, the operator uses the [Shift] button followed
by the appropriate numeric button (e.g., [Shift]+[1] to access the Motor menu, [Shift]+[2] to
access the Drive menu, etc.). Refer to Figure 5-3.
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Table 5-1. Hexadecimal Digit Assignments on the Perfect Harmony Keypad

Key Combination Hex Value Decimal
Equivalent

A 10
B 11

C 12
D 13
E 14
F 15

Number for Entering Moto Speed Menu Name (Use with Shift
Parameter Values, Security Key from the Default Meter Display)
Codes or Menu Numbers 1

Figure 5-3. Anatomy of a Numeric Keypad Button

The speed menu feature is available only from the main meter display on the LCD. The
hexadecimal entry feature is available only during security code entry and parameter value
modification. Therefore, the results of [Shift]+[1] through [Shift]+[6] key combinations
depends on the context in which they are used.

In addition to the speed menu feature, a second menu access feature is available for all remaining
menus in the Perfect Harmony system. While this second method requires more keystrokes to
access target menus, the operator can gain access to all security approved menus rather than just
the 10 most common menus. Accessing menus in this manner requires that the operator know the
menu number associated with the target menu. This menu number can be a one, two or three digit
number. To access a menu using its menu number, press the [Shift] key followed by the right
arrow key [=]. The display prompts the operator for the desired menu number. Using the
numeric buttons on the keypad, the operator enters the desired menu number then presses the
(Enter] button. . If the number was a valid menu number and the current security level permits
access to that menu, then the desired menu will be displayed. Refer to Figure 5-4.

If the operator requests access to a menu number that is assigned a higher security level than the
current security level, the drive will prompt the operator for the appropriate security level code.

Finally, the numeric buttons on the keypad can also be used to change the value of system
parameters. Once a parameter is selected for modification, the leftmost digit of the parameter
value is underlined and is called the active digit. The active digit can be changed by pressing a
numeric key. This method automatically advances the underline to the next digit to the right. The
operator continues pressing numeric keys until the desired value is displayed. The (Enter] key is
used to accept the new value.

When editing parameter values, be sure to pad significant digit fields with zeroes where
appropriate. For example, to change the value of a 4-digit parameter from 1234 to 975, the
operator must enter 0975.
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SHIFT First, press the Shift key
then the night arrow key. Finally, press the Enter key. If
“Enter Menu ID:" is ) the menu ID was valid and the

displayed. EAOIOR}

’ENTER MENU ID: J [ATQ]
DrvPro | | METER| | coMm

Next, enter the number of the menu  \ 7 8 9

J —_— Enter

to be accessed using the numeric
keys on the keypad. HELP

J appropriately, the selected
] ) menu name will be displayed
N || LoGs

== {with the corresponding menu

[—D 2 [—ST:B security access level is set
6 .
[ J number in parentheses).
=

Figure 5-4. Accessing Menus Using Menu Numbers

In the case of signed parameters (parameter values that can be either positive or negative),
the first active digit is actually the sign of the value. The sign is changed by using the up
(€] and down [8] arrow keys when the leftmost (sign) position of the value is underlined
(i.e., it is the active “digit”). Either a “+” or a “-” will be displayed during the editing
process. After the new value is accepted (using the [Enter] key), positive values are
displayed without the “+” sign. Negative values always show the “-” sign unless the
negative sign is implied in the parameter name itself.

5.2.6. The Enter/Cancel Button

The [Enter] button is located below the up and down arrow keys on the right side of the keypad.
This key is similar to the Return or Enter key on a standard PC keyboard. It is used to
choose/accept a selection or confirm an operation. For example, after locating and displaying a
parameter within the Perfect Harmony menu structure, the operator may use the [Enter] key to
edit the parameter’s value. Common functions of the [Enter] key include:

e  Selecting a submenu
e Enter edit mode for a selected parameter value
e Accept a new parameter value after editing.

By using the [Shift] key, the (Enter] key can be used as a cancel function. The [Cancel] function
is used to abort the current operation or return to the previous menu display. Common functions
of the [Cancel] key include:

e Returning to the previous menu
* Rejecting any modifications to a parameter value in edit mode.

5.2.7. Shift Function Buttons

The [Shift] button is located in the bottom right comer of the keypad on the Perfect Harmony
system. This button is used to access a second set of functions using existing buttons on the
keypad. Keypad buttons that can be used with the [Shift] key have two labels (one on top and one
on the bottom of the button). The standard (un-shifted) function of the button is listed on the
bottom half of the button and has a white background. The shifted function of the button is shown
on the top of the button and has a green background (matching the green background of the [Shift]
button to identify that they are used together).

When the Perfect Harmony prompts the operator for a numerical value (e.g., during entry of the
security access code, parameter modification, etc.), the [Shift] function of numerical buttons 1
through 6 changes from quick menus to hexadecimal numbers “A” through “F” respectively.
Refer to Table 5-1 on page 0-5 for more information.
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It is not necessary to simultaneously press the [Shift] button and the desired function key.
The operator must press the [Shift] key first then press the desired function key. When the
[Shift] key is pressed, the word SHIFT appears in the lower right corner of the interface
display (indicating that the Perfect Harmony is waiting for the second key to be pressed).
After a key is pressed, the word SHIFT is removed from the LCD. Refer to Figure 5-5.

T )

Figure 5-5. Location of Shift Mode Indicator on the Perfect Harmony Display

Common functions of the [Shift] key include:

¢ Entering “speed menus” ([Shift] plus appropriate “speed menu” key from main meter display)
¢ Using the [Cancel] function ([Shift] + [Enter] sequence)

Entering hex values “A” through “F” ([Shift] + [1] through [Shift]) + [6] when editing values
or entering security code)

Accessing menus based on menu numbers ([Shift] + [=])

Returning to the top of the current menu/submenu ([Shift] + [©0])

Going to the. bottom of the menu or submenu ([Shift] + [3])

Resetting the current security level to 0 ([Shift] + [¢] + [Shlft] + [] + [Shift] + [¢] from
the main meter display).

A summary of [Shift] button key sequences is listed in Table 5-2.

5.2.8. Arrow Buttons

There are four yellow arrow buttons on the Perfect Harmony keypad. The up and down arrow
buttons ([+] and [8]) are located in the upper right comer of the keypad. The left and right arrow
keys ([<=] and [=]) are located on the lower row of the keypad. Common uses of the arrow keys
include:

Navigating through the menu structure

Scrolling through lists of parameters

Incrementing/decrementing parameter values (when in edit mode)

Manually advancing to the next digit (when in edit mode)

Increasing (up arrow [1']) and decreasing (down arrow [8]) the desired velomty demand of
the drive (when in local manual mode)

¢ Clearing security level (press [Shift] + [¢] 3 times from the default meter display)

¢  Entering menu access mode ([Shift] + [=>]).

The left and right arrow keys ([<°] and [=]) can be used to navigate through the menu structure of

the Perfect Harmony system. In general; the right arrow {=] is used to penetrate deeper into the
menu structure and the left arrow [<7] is used to back out of the menu structure. For example,’
from the main display, the operator can press the right arrow key [=] to access the Main menu.

The up and down arrow keys ([{1] and [8]) can be used to scroll through lists of items. For
example, after using the right arrow key [=] to reach the Main menu, the operator may select the
down arrow key [$] to scroll through the list of options within the Main menu. These options
may be parameters, pick lists, or submenus. Refer to the next section for information about the
structure of the menu system.

The up and down arrows ([t] and [8]) can be used to increment or decrement the desired
velocity demand when the system is in local manual mode (refer to Section 5.2.4: Manual Start
Button on page 5-3). As the up and down arrow keys are pressed, the changes in desired velocity
demand can be viewed from the main display on the LCD. Refer to Figure 5-6.

¢
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¢

The velocity demand field (DEMD) on the front panel display is assigned by default. This
display assignment (and the other three) can be changed from the menu system.

Table 5-2. Summary of Common Shift Button Key Sequences

Key Combination

Description

Speed menu to the Motor menu (from the default meter display)
Enters hexadecimal “A” (from value edit and security prompts)

Speed menu to the Drive menu (from the default meter display)
Enters hexadecimal “B” (from value edit and security prompts)

Speed menu to the Stability menu (from the default meter display)
Enters hexadecimal “C” (from value edit and security prompts)

Speed menu to the Auto menu (from the default meter display)
Enters hexadecimal “D” (from value edit and security prompts)

Speed menu to the Main menu (from the default meter display)
Enters hexadecimal “E” (from value edit and security prompts)

Speed menu to the Logs menu (from the default meter display)
Enters hexadecimal “F” (from value edit and security prompts)

Speed menu to the Drive Protect menu (from the default meter
display)

M

Speed menu to the Meter menu (from the default meter display)

Speed menu to the Communications menu (from the default meter
display)

Speed menu to a context sensitive Help menu (from anywhere except
the default meter display)

cancet

Cancels/aborts the current action/keystroke or returns to the previous
menu

@

Enters “numerical menu access mode”. The operator is then
prompted to enter the 1, 2 or 3 digit number for the associated menu.

@

Retumns to the top of the current menu or submenu.

@
@
@

Restores the security level back to 0. The [Shift] + [¢] key sequence
must be entered three times in succession from the default meter
display to restore the security level back to 0.

@

Jumps to the bottom of the menu or submenu.
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increase and decrease the velocity demand. dynamically on the front LCD

First, place the drive in panel of the Perfect Harmony.

local Manual mode

o
START OFF -

Figure 5-6. Using the Up and Down Arrow Keys to Control Velocity Demand

Next, use the up and down arrow keys to (_The velocity demand is displayed

2Q REM TAMP
30, ."890.:122

Another feature of the arrow keys is that they can be used to edit the values of parameters. To edit
a parameter value, the operator must first navigate through the menu structure (using the arrow
keys) and located to parameter to be changed. With the parameter displayed on the LCD, the
operator must press the [Enter] key. This places the selected parameter into edit mode. Once in
edit mode, an underscore is displayed beneath the first (i.e., the most significant) position of the
parameter value. Changing the value of that position can be accomplished by pressing the desired
numeric key or by using the up and down arrow keys ([#] and [8]) to scroll (and wrap around)
through the numbers 0 through 9 for that position. When the up and down arrow keys are used, E
the operator must press the right and left arrow keys ([<] and [©]) to move to the next (or
previous) position in the number to be edited (unlike using the number keys which automatically
shift the underscore to the next digit in the number). The operator must press the [Enter] key to
accept the new value or press the [Shift] + [Enter] (i.e., [Cancel]) to abort the change.

A feature unique to the left arrow key (with the [Shift] key) is its ability to cancel the current
security mode and return to level 0. An operator can increase the security access level (by
entering the appropriate security codes), but cannot lower the security access level using the
' standard “Change Security Code” option of the Main menu. If an experienced user enters level 7
(or any other security level) then wishes to return to level 0 when he is finished (for security
reasons), he may reset the drive by pressing a reset button (PB1 or PB2), toggling power to the
drive or using the [Shift] + [<] sequence three times from the main display (i.e., ([Shift] + [¢] +
[Shift] + [<] + [Shift] + [<>] ). The latter method is a convenient way to reset the security level to
0 without interrupting the operation of the drive. When the security level is reset, the display .
shows a “Security Level Cleared” message. Refer to Figure 5-7. |

MODE DEMD FREQ RPM IAMP
Security Level Cleared.

Figure 5-7. Security Level Cleared Message on the Perfect Harmony Display

The [Shift] + [<] + [Shift] + [¢] + [Shift] + [¢] key sequence is valid only when @
performed from the default meter display.

The right arrow key [=] is also used in conjunction with the [Shift] key to provide a menu access
feature. The operator can gain access to all security approved menus. Accessing menus in this
manner requires that the operator know the menu number associated with the target menu. This
menu number can be a one, two or three digit number. To access a menu using its menu number,
press the [Shift] key followed by the right arrow key [=]. The display prompts the operator for
the desired menu number. Using the numeric buttons on the keypad, the operator enters the
desired menu number then presses the [Enter] button. If the number was a valid menu number
and the current security level permits access to that menu, then the desired menu will be
displayed. Refer to Figure 5-4 on page 5-6. Some common arrow key sequences are listed in
Table 5-3.
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Table 5-3. Summary of Common Arrow Key Sequences

Key Combination Description

@ @ Used individually to navigate through the menu structure. Also used
or to change the active digit of a parameter value (when in edit mode).

Used individually to scroll through lists of menu options, lists and
@ or @ parameters. Used to change velocity demand (from default meter
display). Increments/decrements parameter values (when in edit
mode).

@ Enters “numerical menu access mode”. The operator is then
prompted to enter the 1, 2 or 3 digit number for the associated menu.

@ Returns to the top of the currently selected menu or submenu.

@ Restores the security level back to 0. The [Shift]+[ <] (left arrow)

key sequence must be entered three times in succession from the

@ default meter display to restore the security level back to 0.

g
@ Going to the bottom of the menu or submenu.

. 5.2.9. Diagnostic Indicators

The standard keypad and display interface also contains 3 diagnostic indicators that are located
above the display: Power On, Fault and Run. The Power On indicator is lit when power is
supplied to the system. The Run indicator lights to show when the drive is running. The Fault
indicator is lit when one or more system errors have occurred (e.g., boot-up test failure,
overvoltage fault, etc.). The [Fault Reset] key must be pressed to clear any existing fault
conditions and restore the system to normal operation. Refer to Figure 5-1 for the location of the
3 diagnostic indicators.

5.2.10. The Display

The following illustrations depict the 2-line, 24-character display in various modes of access as
the operator attempts to locate and change the “spd fwd lim” (speed forward limit) parameter.

Figure 5-8 depicts the display immediately following power up or system reset. Note that the first
three variable displays (from the right) can be selected from a pick list using the Display Variable
Menu (37).

The Mode display will show 1 of 8 possible VFD conditions depending on the operating control
and conditions of the VFD. These modes are summarized in Table 0-4.

> Mode Demd Freq RPM Itot
Hand 70 70 1260 40

Figure 5-8. Status Display After [Shift] {Enter] (Cancel) Key Sequence

The Demd display (refer to Figure 5-8) shows the “commanded speed reference” in percent.
‘ Figure 5-9 depicts the display following a [Shift]+[2] (Driye) key combination. The nine standard
menus listed in Table 5-2 can then be selected using the up/down arrow keys ([0] and [8]).
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Figure 5-10 depicts the display prior to the selection of the Speed Setup Menu (15). If the [Enter]
or right arrow key ([=]) is pressed at this display, the Speed Setup Menu (15) will be entered.
Figure 5-11 depicts the display following down arrow keystrokes to the Speed Setup Menu (15).
The down arrow key ([8]) was pressed three times to obtain this display. Figure 5-12 depicts the
display once the “spd fwd lim” (speed forward limit) parameter in the Speed Setup Menu (15) is
entered. The left/right arrow keys ([¢] and [=]) can be used to position the cursor under the
desired digit (or sign) to be changed. The digit can be set by either using the number keys or
incremented/decremented using the up/down arrow keys ([0'] and [8]). The sign can be changed
using the up/down arrow keys. The parameter is selected into memory once the [Enter] or right
arrow key ([=]) is pressed. Figure 5-13 depicts the display if +300 is attempted to be entered for
the “spd fwd lim” parameter. Since the range of the variable is 0-200%, an error message will be
displayed.

— Drive Menu (2)
S5 (Arrow keys select)

Figure 5-9. Status Display After [Shift]+[2] Key Sequence

Drive Param Menu (14)
@ - [CEeEme

Figure 5-10. Status Display After [J] Key Sequence

Ratio.Control I.000
@ S 2 Spd Fwd Lim 100%

Figure 5-11. Status Display After [Enter] Key and Multiple & Key Sequences

Spd Fwd Lim +£100
gancel .
emer > - Forward Speed Limit

Figure 5-12. Status Display After [Enter] Key to Change a Parameter

Figure 5-13. Status Display Upon Entering a Value Beyond the Range of the System

The status display has a dynamic decimal point feature. This feature adds more precision to @s
percentage display items that have values less than 10%. In these cases, the Perfect

Harmony adds a decimal point in the display. For example, ten percent would be displayed
as 10, while a slightly smaller percentage would be displayed as 9.9.
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Table 04. Summary of Operation Mode Displays
Display Meaning Description
Slim Speed Limit The inner torque loop integrator is clamped in limit (std_trq_lim_f). Check the

settings of “spd fwd lim” or “spd rev lim”. The drive cannot produce the requested
torque. If left unchecked, the speed loop integrator will wind-up until the torque
command is clamped at the dynamic torque limit (pos_limit).

Frst Fault Reset The drive fault reset flag (drv_fIt_rst_f) is enabled and the drive is inhibited.
CR3 CR3 Relay CR3 relay is not picked. The drive is inhibited (¢r2_picked is not TRUE).
Tlim Torque Limit | The output of the speed regulator (the torque command) is a torque limit. This is

the dynamic limit clamped at the motor or regen limit and possibly smaller based
on other drive restraints (see Output Current Limit in Section 7 for troubleshooting

tips).
Ovld Overload An overload fault is imminent due to the output current exceeding the “I overload”
parameter in the Overload Menu (34).
Byps Bypass VFD is operating at reduced output voltage capability due to operation of the
optional bypass system following a cell fault. '
Rgen Regeneration | VFD is decreasing output speed due to a change in the speed command.
Inh Inhibit VFD is unable to enter the Run State D due to software emergency stop switch

sw_estop_f, the drive fault flag drv_fIt_for an open CR3 input cr3_f. See system
program example in Section 8.0. (See the Troubleshooting section for descriptions

. of sw_estop_fand drv_fit ).
RIbk Rollback VFD is attempting to limit output speed due to torque output limitations.
Off Off Indicates that the VFD is in Idle State A.
Auto Automatic Normal Operating Mode if the auto_fswitch in the system program is set to “true”.

Usually indicates operation resides from remote (customer contacts) control.

Hand Hand Normal Operating Mode if the auto_f switch in system program is set to “false”.
Usually indicates that operation is controlled from the front cabinet.

5.3. The Expanded Function Keypad and Display

Engineered (i.e., custornized) Perfect Harmony drives are normally provided with a Panel Control
Unit, usually mounted on the door of the enclosure. The PCU communicates with the main
processor via a high-speed serial link called the Panel Control Link (PCL), and can be located as
far as 300 feet away. Perfect"Harmony drives can support two PCUs, designated "Local" and
"Remote”. This allows duplicate operator interfaces on the enclosure door and in the process
control room, for example.

@ The remote keypad is available only with engineered drives. l

Figure 5-14 shows the PCU when viewed from the front. The back-lit LCD display is capable of

showing two lines of 24 characters each. A 16 button keypad with the numerals 0 through 9;

arrows for up ([0]), down ([8]), right ([]), and left ([<]); an Enter/Cancel button ([Enter]), and

a Shift button ([Shift]) are available for editing system parameters. Finally, a 25-pin D connector
. for RS232 communications is available for serial communications.

The front surface of the PCU is a polycarbonate membrane bonded to an aluminum backplate. The
keypad buttons are separately sealed. This construction makes the PCU resistant to contamination.
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The PCL cable from the main processor is connected to PL5 of the PCU located on the right edge. A

trim pot labeled P1, and located in the top left coner, adjusts the brightness of the LCD display. A
switch labeled SW2, and located near the center of the top edge, selects RUN or TEST mode. It
should normally be left in the RUN position. A plug labeled PL1, and located in the bottom left
corner, brings in 18 VAC power. A push-button labeled SW1, and located left of center along the
bottom edge, allows the PCU microprocessor to be reset. A pluggable terminal strip labeled TB1, and
located right of center along the bottom edge, allows a local speed potentiometer and a local reset
button to be connected. A ribbon cable labeled PL6, and located near the bottom right comer, carries
the RS232 signals from the 25-pin D connector.

' N\ AY 4 Y4 \
ROBICON Harmony PWM MOTOR [DR;"E stas (|}
VERSION #.## ., J L L J
S N
AuTO {]| MaIN || LoGS @
4 5 6
. J J - S\, J
™\
R OBI CON I.D. SERIES ® fDrvPr; {MEI’ER (comm | (cancel) E
7 8 9 - Enter
\ J J J J
’ r ™~ N ~ ~
HELP
HELP [Cj = || swFr
. J VAW VAN J

Figure 5-14. Panel Control Unit (Keypad and Display) for Engineered Applications

When the PCU is located on the door of the Perfect Harmony drive enclosure, the 18 VAC power
to PL1 is normally supplied from the control power transformer on the drive panel. When the

‘ PCU is located remote from the drive, the 18 VAC power is normally supplied from a small local
transformer. This transformer should be rated at least 1 A if no IO Expansion Board is provided,
and up to 6 A with the /O Expansion Board (depending on how many pilot lights and contact
closures are connected). The transformer current rating can be estimated by the formula:

(# of inputs) + (total lamp wattage)
10

Amperes = 1+

RXD TXD CTS RTS DTR DSR DC J9

DCD HI
Do Not Move

.% |j:l This Jumper!
0

DCD LO
Chassos Power Supply

Common

Figure 5-15. RS232 Configuration Jumpers
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The actual jumper configurations of existing drives may differ slightly from the illustration
in Figure 5-15. Specifically, jumper pairs 4/5 and 6/20 are shown in the preferred
configuration. It may be the case that the top two sets of jumpers are placed vertically (i.e.,
E ) rather than horizontally (i.e., &2 ) on these jumper pairs. Communications will
work properly in both conﬁguration?,qlowever the configuration shown in Figure 5-15 is
preferred.

A group of jumpers located above PL6 allow the RS232 port to be reconfigured to match the
requirements of the target communications device. The factory setting of these jumpers is correct
for communicating with an IBM (or compatible) PC. These jumpers are shown in greater detail in
Figure 5-15. In order to modify the jumpers, it will be necessary to temporarily remove the
optional I/O Expansion Board (if present).

1. The first pair of jumpers allow RXD and TXD to be interchanged on pins 2 and 3. These
jumpers are installed at the factory opposite as shown, with RXD on pin 2 and TXD on pin 3.

2. The second pair of jumpers allow CTS and RTS to be interchanged on pins 4 and 5, or to be
tied together bypassing the target device. These jumpers are installed at the factory as shown,
with RTS on pin 4 and CTS on pin 5.

3. The third pair of jumpers allow DTR and DSR to be interchanged on pins 6 and 20, or to be
tied together bypassing the target device. These jumpers are installed at the factory as shown,
with DSR on pin 6 and DTR on pin 20.

4. The fourth pair of jumpers allow pin 8 to be configured. If the DCD jumper is low, pin 8 is
connected to signal DCD. If the DCD jumper is high as shown, then pin 8 is connected to
jumper J8. If J8 is high as shown, pin 8 will be logic one (HI) permanently. If J8 is low,
pin 8 will be a logic zero (LO) permanently.

5. The last jumper J9 allows pin 1 to be configured. If J9 is high as shown, pin 1 is connected to
signal ground. If J9 is low, pin 1 is connected to the local cabinet ground (specifically, to the
PCU front plate). If J9 is removed, pin 1 will have no connection.

Uploading and downloading functions are available with the Perfect Harmony. These

functions are found in the software menuing system. To perform an upload or download

function, review the following steps:

e Set the appropriate communication variables on the printer or PC software (see above)

e  Connect the appropriate serial port to the DB25 connector using a 25-pin serial cable
that has the appropriate connectors

e Enable the printer or communications software (puts the PC or printer in the ready
state)

e  Select the desired upload or download function from the Communications Menu (9).

The RS232 serial communications port is.configured at 9600 baud, 8 data bits, 1 stop bit
and no parity. Serial connections to printers or PCs should reflect these settings.

The optional /O Expansion Board (shown in Figure 5-16) mounts over the right-hand half of the
PCU board, so that PL7 of the [/O Expansion Board aligns with PL7 of the PCU Board. The /O
Expansion Board allows many control and instrumentation circuits to access the Perfect Harmony
main processor through the PCU. Typical examples are pilot lights, push-buttons, thumb wheel
switches, analog meters, and digital meters. These functions are available on both the “Local” and
“Remote” PCU, if present. ’

The /O Expansion Board has three groups of pluggable terminal strips, and one ribbon
cable header for I/O. Digital meters are available only with engineered keypads.
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TB3 provides 8 output drivers for analog meters, with 1 mA DC D'Arsonval movements (i.c.,
movements that produce torque proportional to the average current value). Terminals 9 and 10 of
TB3 provide signal ground for the common return from the meters. Terminals 11 and 12 provide
an alternate return for zero-center meters.

TB4 provides 24 output drivers capable of controlling 24 VDC pilot lights (type 757 bulb or
equivalent). Terminals 4, 11, 18, and 25 of TB4 provide +24 VDC power for the common feed to
the lights. The 24 outputs are active low, capable of sinking 0.25 A each (the total load at any
time should not exceed 3 A).

TBS provides 24 inputs for contact closures at 24 VDC. Each input has a 500 Ohm load to the +24
VDC supply built into the /O Expansion Board, to provide enough contact load to conform to
NEMA Standard ICS2-125.21. Terminals 4, 11, 18, and 25 of TB5 provide signal ground for the
common return from the contacts.

METR S G5 5 MS B GBS

Ryt
SEAIKG.

3 cia &

é’é'e'é‘es’éb’ boevo668 8066 @ EW’ a8

YT T, WP TP LY
r .

IR 3 08 008 % R0 0 08 [ KA R KM 3

BEOTT WY ST ST DT T WD T TPL 1Y

Figure 5-16. I/O Expansion Board (Printed Circuit Layout)
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CHAPTER 6: COMMISSIONING

In This Section:

®  SElUP .ottt e 6-1
e Portable harmony Cell Tester .........ccoreeeervevervcrenrunnenn 6-13
6.1. Set-up

The following procedure assumes that significant changes or disassembly have occurred between
final factory test and commissioning. If this is the case, the following procedure can be used to
re-qualify the Perfect Harmony for full power operation. If system integrity after installation ‘is
not felt to be an issue, then this section may be skipped.

Proper drive setup will require the use of a DC voltmeter, an AC voltmeter and a dual-trace
oscilloscope for testing purposes.

6.1.1.

Initial Set-up Procedure for Re-qualification of Perfect Harmony VFD

Before proceeding, refer to the check list in the previous section.

o

O

O

Lock out the incoming medium voltage feeder that feeds the Transformer
Cabinet. (Follow the standard lock out tag procedures to verify the unit is
safe.) Also make sure the Perfect Harmony's output contactor (if any) is
locked open.

Extend all cells and visually inspect all internal mechanical and electrical
connections.

Visually inspect all cabinets and verify there is no damage due to shipping.

Power and Control connection verification:

O

o

O

Verify the mechanical integrity of all the electrical connections, especially
output connections between cells and cell input connections from the
transformer.

Verify all connections between cabinets, especially connections for current
feedback, motor voltage feedback, and line voltage feedback.

Check transformer secondary connections to the cells. Ohm check input
cell connections to secondary of the transformer.

Customer interconnection verification:

O

Ensure that all the customer connections at TB2A are properly terminated.

If an unloaded motor is used for these tests, set the appropriate parameters in Motor @
Menu (11) for nameplate values. If an unloaded motor is not available, verify that the
motor voltage parameter is set to the rated output voltage of the drive.

00 Tum on the control power (e.g, 480 VAC). Verify that the
microprocessor initializes and the blower rotation is correct. If blower
rotation is incorrect, change the incoming phasing at the control cabinet
circuit breaker,
O In the Drive Menu (14), drive current should be set to the cell rating used
‘ in the system:
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6.1.2.

This test is intended for systems that use low voltage cells and can be performed with a single
30 amp, 3-phase, 460 VAC variac. Full voltage can be supplied to all cells. The auxiliary AC

Table 6-1. Drive Current Settings for Various Cell Sizes

! - Consult factory for availability.

Size Current Size Current
Size 00 S0A Size 4, 4H' 300 A
Size 0, OH' 75 A Size 5 400 A
Size 1, IH' 100 A Size 6 600 A
Size 2, 2H" 150 A Size 7 800 A.
Size 3,3H' 200 A

In the Ramp Menu (17), set the “fwd accel” and “fwd decel” parameters to
no less than 10 seconds. Set the “jerk rate” parameter to 0.1 second.

In the Cell Menu (21), set the “installed stages™ parameter to the number
of series cells in the system, i.e., 3-7.
Set the following parameters in the Standard Control Setup Menu (24):

Table 6-2. Parameter Settings for Standard Control Setup Menu (24)

Parameter Setting Parameter Setting
Volt P gain 0.000 Vel I gain 4.000
Volt I gain 0.000 Trq P gain 1.000
Vel P gain 5.000 Trq I gain 0.000

Jumper the test point HGNDFLT to GND on the Power Interface Board (refer
to Figure 2-3: Typical System Control Schematic).

Disconnect the blower and jumper the blower interlocks.

Modulator and Power Circuit Test for Low Voltage Cells Only

control power to the Control Cabinet can be used for this purpose if it is 460 VAC.

O Disconnect the series connections between T1 and T2 of all adjacent cells.
Disconnect the motor leads or open the motor contactor. Connect a 3-

phase variac to the input of cell B1, in addition to the existing cables from
the transformer. Refer to Appendix E: Solid-state Variac Option.

" DANGER!! During this test, the Perfect Harmony transformer will be excited from one of
the secondary windings. This will cause rated voltage to appear on the primary terminals.
The input disconnect should be open and/or input fuses pulled and/or input wiring
disconnected to prevent medium voltage from backfeeding the input power system.

WARNING!! If the neutral connections between cells Al, Bl, and Cl are also
disconnected, all cell structures (except Bl) can be earth grounded for added safety. Be
sure to remove these earth grounds before medium voltage is switched on!
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WARNING!! The current demand on the variac should be monitored during the following w
tests. Do not exceed the variac current rating. The variac should be fused.

O Connect an AC voltmeter to the input of any cell. Turn on the control
power at the Control Cabinet and verify that the Microprocessor Board
properly initializes.

O Tum on the variac and slowly increase the variac's output voltage to about
75 VAC. Measure all cell input voltages to make sure they are all
receiving approximately the same voltage. The “Not Safe” LED should be
lit on each Cell Control Board (see Figure 1-12: Typical Air-cooled
Harmony Cell).

O Ifall cell voltages are OK, continue increasing the variac to 230 VAC and
make sure all of the switch-mode power supplies are working (the Lnk ON
and cell fault LED's on the cell control boards should be on) (see
Figure 1-12: Typical Air-cooled Harmony Cell).

O Continue increasing the voltage to 460 VAC. Push the VFD Fault Reset
Button on the door of the VFD. All power cell faults should be reset and
the normal keypad display should appear (see Figure 4-1: The Keypad and
Display Interface of the Perfect Harmony Series).

O With a DC voltmeter, check the shared capacitor voltage on the + and -
bus of each cell to common (heat sink of cell). Voltages should be within
12 volts DC of each other.

At 460 VAC, check the following test points on the PIB with a scope:

0O At rated primary voltage, DC voltage on VAVAIL test point on Power
‘ Interface Board (see Figure 2-3: Typical System Control Schematic)
should be approximately 4.0 VDC with <0.5 vpp ripple at 360 Hz (see

Figure 6-1).

VAVAIL
1.0 v/div
2 msec/div

t2.36 U N\

Figure 6-1. VAVAIL TP at Rated Primary Voltage (Unloaded)
O AC voltage on test points VBA, VBC, VCA (see Figure 2-3: Typical System
Control Schematic) should be 8 volts pp @ 60 Hz.

The previous steps verify that the main power transformer is OK and the Attenuator Module in the
Transformer Cabinet is properly connected.

Trim offsets on test points IcFDBK and IbFDBK (see Figure 2-3: Typical System Control

. Schematic). .
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O Using a DC millivolt meter on the above test points, use the parameters Ic
offset adjust and Ib offset adjust in Menu (20) to trim offsets to less than
+1.0 mVDC. Verify that VFD is in off mode (state A).

Check modulation at the outputs of all cells by placing the VFD in the run mode (state D).

O Verify that the 4 LED's (Q1-Q4) on each Cell Control Board should
illuminate (see Figure 1-12: Typical Air-cooled Harmony Cell).

Shut down the AC supply to the control and variac. Disconnect the variac.

Remove the jumper between HGNDFLT to GND on the Power Interface Board (see Figure 2-3:
Typical System Control Schematic).

6.1.3. Modulator and Power Circuit Test for High Voltage Cells Only

This test is intended for systems that use high voltage cells. Full voltage can be supplied to all
cells.

é} ROBICON recommends using a variable 0-690 VAC source for testing high voltage cell
systems.

0 Disconnect the series connections between T1 and T2 of all adjacent cells.
Disconnect the motor leads or open the motor contactor. Connect a 3-
phase variac to the input of cell B1, in addition to the existing cables from

. the transformer.

DANGER!! During this test the Perfect Harmony transformer will be excited from one of
the secondary windings. This will cause rated voltage to appear on the primary terminals.

w The input disconnect should be open and/or input fuses pulled and/or input wiring

disconnected to prevent medium voltage from backfeeding the input power system.

WARNING!! If the neutral connections between cells A1, B1, and C1 are also
disconnected, all cell structures (except B1) can be earth grounded for added safety. Be
sure to remove these earth grounds before medium voltage is switched on!

E

WARNING!! The current demand on the variac should be monitored during the following
w tests. Do not exceed the variac current rating. The variac should be fused.

O Connect an AC voltmeter to the input of any cell. Turn on the control
power at the Control Cabinet and verify that the Microprocessor Board
properly initializes.

0 Tum on the variac and slowly increase the variac's output voltage to about
75 VAC. Measure all cell input voltages to make sure they are all
receiving approximately the same voltage. The “Not Safe” LED should be
lit on each Cell Control Board (see Figure 1-12: Typical Air-cooled
Harmony Cell).

0O Ifall cell voltages are OK, continue increasing the variac to 340 VAC and
make sure all of the switch-mode power supplies are working (the Lnk ON
and cell fault LED's on the cell control boards should be on) (see
Figure 1-12: Typical Air-cooled Harmony Cell).

' 0O Continue increasing the voltage to 480 VAC. Push the VFD Fault Reset
Button on the door of the VFD. All power cell faults should be reset and
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the normal keypad display should appear (see Figure 5-1: The Keypad and
Display Interface of the Perfect Harmony Series).

O With a DC voltmeter, check the shared capacitor voltage on the + and -
bus of each cell to common (heat sink of cell). Voltages should be within
12 volts DC of each other.

At 480 VAC, check the following test points on the PIB with a scope:

O At rated primary voltage, DC voltage on VAVAIL test point on Power
Interface Board (see Figure 3-3: Typical System Control Schematic)
should be approximately 4.0 VDC with <0.5 vpp ripple at 360 Hz (see

Figure 6-1).

O AC voltage on test points VBA, VBC, VCA (see Figure 3-1) should be 8
volts pp @ 60 Hz.

The previous steps verify that the main power transformer is OK and the Attenuator Module in the
Transformer Cabinet is properly connected.

Trim offsets on test points IcFDBK and IbFDBK (see Figure 3-3: Typical System Control
Schematic).

0O Using a DC millivolt meter on the above test points, use the parameters Ic
offset adjust and Ib offset adjust in Menu (20) to trim offsets to less than
*+1.0 mVDC. Verify that VFD is in off mode (state A).

Check modulation at the outputs of all cells by placing the VFD in the run mode (state D).

O Verify that the 4 LED's (Q1-Q4) on each Cell Control Board should
‘ illuminate (see Figure 1-12: Typical Air-cooled Harmony Cell).

Shut down the AC supply to the control and variac. Disconnect the variac.

Remove the jumper between HGNDFLT to GND on the Power Interface Board (see Figu;e 3-3:
Typical System Control Schematic).

6.1.4. Hardware Voltage Regulator Test

O Reconnect the series connections between T1 and T2 of all adjacent
cells, plus the neutral connections between cells Al, B1 and Cl.

O Secure all doors to the Cell and Transformer Cabinets.
O Enable the blower motor and remove any interlock jumpers.

Energize the medium voltage feeder. Re-energize the AC control power and check the follow
test point voltages in the run mode (state D).

O Increase speed potentiometer until 4.25 VDC is on test point ID*, then
check the following test points with a scope (see Figure 6-2).

An asterisk (*) following a variable name means that the variable is a reference variable @
(e.g., EB* is the B-phase reference voltage).
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ID* (reference for the

“D” component of the
current)

2 vldiv

5 msec/div

Eb* (B-phase
reference voltage)
1 v/div

5 msec/div

Az 2U- B:1VU=
HnG SasS

Figure 6-2. ID* and EB* at 30 Hz (Unloaded)

O AC voltage on test points Ea*, Eb* and Ec* should be about 1.1 vpeak (see
Figure 6-2 above).

O AC voltage on test points HAR-A, HAR-B and HAR-C should be 3.3 vpeak
with slight dip at center (see Figure 6-3).
R e HAR-B* (B-phase reference
' voltage with the 3rd harmonic
added)
2 v/div
5 msec/div

Eb* (B-phase reference voltage)
1 v/div
5 msec/div

B2V~
S8

Figure 6-3. Eb* and HAR-B at 30 Hz (Unloaded)

Figure 6-4 may be used to indicate imbalances in either the modulator or power circuit. AC

voltages on test points Eb* and -VBN should be 180 degrees out of phase to each other. The signal

on test point Eb* should be slightly less than 50% of the signal on test point -VBN. Check test

points Ea*, -VAN, Ec* and -VCN in the same manner.
o -VBN (Actual output voltage of

B-phase to neutral)

1 v/div

5 msec/div

Eb* (B-phase reference

voltage)
1 v/div
5 msec/div
—B0.600 7 .
AT ids Bt
S SasS

Figure 6-4. Eb* and -VBN at 30 Hz (Unloaded)
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- : ' . : Eb* (B-phase reference voltage)
I = ! : 5 msec

cis.eov £

N Carau- B:0.5v=
Sms5 Sns

Figure 6-5. Eb* and eVBN at 30 Hz (Unloaded)

O If imbalances are suspected, the modulator can be ruled out by verifying
that voltages on test-points VA*, VB* and VC* (as compared to the triangle
wave forms +CARI1-5) appear as depicted in Figure 6-6.

+CAR2 (carrier for cell bank #2)
2 v/div
2 msec/div

eVBN (Error voltage between

Eb* and -VBN)

HAR-B* (B-phase reference voltage
with 3rd harmonic added)

2 v/div

2 msec/div

Figure 6-6. HAR-B* and +CAR?2 at 30 Hz (Unloaded)

6.1.5. Scaling Adjustments

NOTE!! All scaling adjustments are set from the factory. There should be no need to @
change these parameters unless changes are made to system hardware.

To scale for proper voltage feedback, choose the “motor terminal voltage” from the Display
Variable Menu (37) for one of the keypad displays.

" O Inthe Hardware Scalar Menu (20), to adjust “mot V fb” so that the display
matches the rated motor voltage when the system is operated at 60 Hz. Set
speed pot for a measured actual motor voltage. Measure VMTR feedback
signal on the PIC. Set “mot V fb vv” = Actual Motor Voltage/VMTR.
Display should read the actual motor voltage. This scales the drives
internal voltage feedback to the resistor divide ratio.
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To scale for rated flux, adjust the keypad pot so the output frequency is exactly 60 Hz. In the
Standard Control Setup Menu (24), “std volts/Hz” should be set to 1.000. Verify that the “volt P

gain” and “volt I gain” in this menu are set to 0.000.

O In the Hardware Scalar Menu (20), adjust the “std mot V trim” for the

rated output voltage on the motor.

The nominal value is 8.00V. If

external output PTs are available, then verify proper voltage at each
operating point using the table below.

Table 6-3. Proper Output Line Voltage Settings

Speed Freq (Hz) Output Line Voltages for Selected Motor Ratings
Dmd (%) | (60 Hzstd.) | 2300 VAC | 3300 VAC | 4160 VAC | 6000 VAC | 6600 VAC
0 0 0 0 0 0 0

25 15 600 825 1040 1500 1650

50 30 1200 1650 2080 3000 3300

75 45 1800 2475 3120 4500 4950

100 60 2300 3300 4160 6000 6600
If PTs are not available, connect an AC voltmeter between tests points -VAN and -VBN. Verify

proper voltage at each operating point below.

Table 6-4. Proper Test Point Voltages

Speed Freq (Hz) -Van to -Vbn for Selected Motor Ratings
Dmd (%) | (60 Hz std.) | 2300 VAC | 3300 VAC | 4160 VAC | 6000 VAC | 6600 VAC
0 0 0 0 0 0 0
25 15 1.7 1.7 1.7 1.8 1.7
50 30 33 35 35 3.6 35
75 45 5.0 5.2 5.2 5.4 5.2
100 60 6.7 6.9 6.9 7.1 6.9

To scale for proper line voltage, choose the “available line voltage” from the Display Variable
Menu (37) for one of the keypad displays.

O In the Hardware Scalar Menu (20), to adjust line voltage display. The
Line V fb vv = Actual Line Voltage/V, ya. The display should read the
actual line voltage. This scales the drive’s internal voltage feedback to the
resistor divide ratio. This is a factory set adjustment.

6.1.6.

Closed Loop Operation

At this point, the VFD is ready for the actual motor operation.

O Reconnect motor leads or enable motor contactor.

Energize the 480 VAC control circuit breaker. The following parameter settings should be
initially used to verify proper operation of the VFD under loaded conditions.
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O Set the following parameters in the Standard Control Setup Menu (24):

Table 6-5. Standard Control Setup Menu (24) Parameter Settings for Closed Loop

Operation
Parameter Setting Parameter Setting
Volt P gain 0.5000 Vel I gain 4.000
Volt I gain 0.5000 Trq P gain 0.025
Vel P gain - 5.000 Trq I gain 0.300

[0 In the Ramp Setup Menu (17) set the ramp rates appropriately for the
application.

O Energize the medium voltage feed to the VFD. Push the fault reset button
on the VFD. Jog the motor and observe proper rotation.

To test for proper current feedback polarity, check the voltage feedback signal on -VBN against the
motor line current signal on IbFDBK.

[0 The IbFDBK signal must lag -VBN by 90 degrees for proper polarity (see
Figure 6-7). Also, check test points -VCN and IcFDBK in same manner.

IbFDBK (B-phase feedback
current)

0.2 v/div

5 msec/div

-VBN (actual output voltage from
B-phase to neutral)

1 v/div

5 msec/div

- t5.00V v

Az 1Y

RN sas

Figure 6-7. -VBN and IBFDBK at 30 Hz (Unloaded)

Check the DC signals on test points IDFDBK and IQFDBK. These test points represent the
magnetizing (IQFDBK) and torque producing (IDFDBK) currents.

[0 Under unloaded conditions, IDFDBK should stay at least 0.1 VDC while

IQFDBK should stay at approximately 0.5 VDC when ID* is varied between
I and 2.5 VDC (see Figure 6-8).

6.1.7. Full Load Operation

Operate the drive over the speed range of the motor. Once the VFD is succéssfully loaded,
re-check the following test points. A

[0 The IbFDBK signal should significantly increase in magnitude over the
unloaded condition shown in Figure 6-7, but lag -VBN by only about
30 degrees (see Figure 6-8). Also re-check test points -VCN and IcFDBK.
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IDFDBK (D component of the current
feedback)

0.2 v/div

5 msec/div

rns AT R T N e

e IQFDBK (Q component of the current
T S ~ feedback)

e s 1) v/div
o 5 msec/div

' B20.20-
SeS

-VBN (Actual output voltage from
B-phase to neutral)

2 v/div

2 msec/div

. ‘ . IbFDBK (B-phase feedback
o t e i T : current)
‘ . e e e - o 2 msec/div
-15.00v i
- s pu 81U~
G 2mS

Figure 6-9. -VBN and IbFDBK at 60 Hz (Fully Loaded)

0O The IDFDBK signal should increase to about 2 volts DC under a fully
loaded condition. IQFDBK should increase only slightly (see Figure 6-10).

IDFDBK (D component of the
current feedback)

0.5 v/div

2 msec/div

IQFDBK (Q component of the
current feedback)

0.5 v/div

2 msec/div

-15.00V 7/

ARV B:0.5v=
et 2mS

Figure 6-10. IQFDBK and IDFDBK at 60 Hz (Fully Loaded)

O Recheck the signals on test points Eb* and eVBN. Under normal operating
‘ conditions, these voltages should appear as shown in Figure 6-11.
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comm_f11_0
comm_f11_1
comm_f11_2
comm_f11_3
comm_f11_4
comm_f11_5
comm_f11_6
comm_f11_7
comm_f11_8
comm_f11_9
comm_f11_10
comm_f11_11
comm_f11_12
comm_f11_13
comm_f11_14
comm_f11_15

comm_f12_0
comm_f12_1
comm_f12_2
comm_f12_3
comm_f12_4
comm_f12_5
comm_f12_6
comm_f12_7
comm_f12_8
comm_f12_9
comm_f12_10
comm_f12_11
comm_f12_12
comm_f12_13
comm_f12_14
comm_f12_15

comm_f13_0
comm_f13_1
comm_f13_2
comm_f13_3
comm_f13_4
comm_f13_5
comm_f13_6
comm_f13_7
comm_f13_8
comm_f13_9.
comm_f13_10
comm_f13_11
comm_f13_12
comm_f13_13
comm_f13_14
comm_f13_15

comm_f14_0
comm_f14_1
comm_f14_2
comm_f14_3
comm_f14_4
comm_f14_5
comm_f14_6
comm_f14_7
comm_f14_8
comm_f14_9
comm_f14_10
comm_f14_11
comm_f14_12
comm_f14_13
comm_f14_14

224408 XCL COMM FLAG 11 bitflags

224418
224428
224438
2244 48
224458
224468
224478
224508
224518
224528
224538
224548
224558
224568
224578

2246 08 XCL COMM FLAG 12 bitflags

224618
22462 8
22463 8
22464 8
224658
22466 8
224678
224708
224718
224728
224738
224748
224758
224768
224778

224308 XCL COMM FLAG 13 bitflags

224818
224828
2248 3 8
2248 4 8
224858
22486 8
22487 8
224908
224918
224928
224938
224948
224958
224968
224978

224A 08 XCL COMM FLAG 14 bitflags

224A 18
224A 28
224A 38
224A 4 8
224A 58
224A 6 8
224A 7 8
224B08
224B 138
224B 28
224B 38
224B 4 8
224B58
224B68
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‘ comm_f14_15 224B78

comm_f15_0 224C 08 XCL COMM FLAG 15 bitflags
comm_f15_1 224C18
comm_f15_2 224C28
comm_f15_3 224C38
comm_f15_4 224C4 38
comm_f15_5 224C58
comm_f15_6 224C68
comm_f15_7 224C78
comm_f15_8 224D 08
comm_f15_9 224D 1 8
comm_f15_10 224D 28
comm_f15_11 224D 38
comm_f15_12 224D 48
comm_f15_13 224D 58
comm_f15_14 224D 6 8
comm_f15_15 224D 78

comm_f16_0 224E08 XCL COMMFLAG 16 bitflags
comm_f16_1 224E1 8
comm_f16_2 224E28
comm_f16_3 224E3 8
comm_f16_4 224E 48
comm_f16_5 224E58
comm_f16_6 224E6 8
comm_f16_7 224E 78
comm_f16_8 224F 08
comm_f16_9 224F 18
comm_f16_10 224F 28
comm_f16_11 224F 38
comm_f16_12 224F 4 8
comm_f16_13 224F 58
. comm_f16_14 224F 68
comm_f16_15 224F 7 8

I XCL Communication Monitoring and Fault Contro! flags
|

cab_pres 227A 01 CAB board present flag (XCL)
xcl_status_fail 22701 PLC Network status
cab_hw_{fail 228001 CAB hardware status
xcl_data_fail 228201 XCL data transfer status
xcl_status_fail_log 2284 0 1 PLC Network failure trip
cab_hw_fail_log 228601 CAB hardware failure trip
xcl_data_fail_log 22880 1 XCL data transfer failure trip

! New Dual MODBUS control flags
]

plc_a_select_f 228A 0 1 Select CAB PLC channel A as active (low adrs)

plc_b_select_f 228C 0 1 Select CAB PLC channel B as active (high adrs)

plc_unique_adrs_f 228E 0 1 Force Unique PLC addresses when available

xcl_override_f 2290 0 1 Allow PLC port change to cancel xcl data xfers

plc_a_active_f 2292 02 PLC A active
plc_b_active_f 2292 1 2 PLC B active

plc_a_net_down_f 229222 PLC A network down
pic_b_net_down_f 22923 2 PLC B network down

plc_a_fault_f 2292 4 2 PLC A fault

plc_b_fault_f 2292 52 PLC B fault

plc_spare_f 2292 6 2 not used

plc_same_adrs_f 2292 7 2 Both PLCs have same address

! plc_baud_f

plc_baud_1200 2294 02 1200 baud plc communications

plc_baud_2400 2294 1 2 2400 baud plc communications

plc_baud_4800 2294 22 4800 baud plc communications

pic_baud_9600 2294 3 2 9600 baud pic communications
. plc_baud_19200 2294 4 2 19200 baud plc communications
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plc_baud_38400 2294 52 38400 baud plc communications
plc_baud_115200 2294 6 2 115200 baud pic communications
plc_baud_spare 2294 7 2 spare plc baud rate
! duplicate baud rates for non std communication speeds
plc_baud_1 2294 0 2 plc communication baud rate
pic_baud_2 2294 12 pic communication baud rate
plc_baud_3 229422 plc communication baud rate
plc_baud_4 2294 3 2 pic communication baud rate
plc_baud 5 2294 42 plc communication baud rate
plc_baud_6 229452 plc communication baud rate
plc_baud_7 22946 2 plc communication baud rate
plc_baud_8 22947 2 plc communication baud rate

plc_2_stop_bits 2296 0 2 plc commumication w/2 stop bits (default = 1)
plc_odd_parity f 2296 12 odd parity for pic communications
plc_even_parity_f 2296 22 even parity for plc communications

plc_protocol_3 2296 3 2 spare
plc_protocol_4 2296 4 2 spare
plc_protocol_5 2296 5 2 spare
plc_protocol_6 2296 6 2 spare
plc_protocol_7 2296 7 2 spare

plc_data_format_f 2298 0 1 use to modify pic data format

! User Module Digital Input flags
!

umdio0_f 00100 11 user modules Digital inputs Address 0O
umdi00_e 00101 11

umdio0_d 00102 11

umdio0_c 0010 3 11

umdioo_b 00104 11

umdi00_a 00105 11

umdiO1_f 0011011 Digital inputs Address 1
umdi0O1_e 00111 11

umdio1_d 00112 11

umdio1_c 00113 11

umdio1_b 00114 11

umdiO1_a 00115 11

umdio2_f 00120 11  Digital inputs Address 2
umdi02_e 00121 11

umdio2_d 00122 11

umdi02_c 0012 3 11

umdi02_b 0012 4 11

umdio2_a 00125 11

umdi03_f 0013 0 11 Digital inputs Address 3
umdio3_e 00131 11

umdio3_d 00132 11

umdio3_c 0013 3 11

umdi03_b 00134 11

umdiO3_a 00135 11

umdiO4_f 0014 0 11 Digital inputs Address 4
umdiO4_e 0014 1 11

umdio4_d 0014 2 11

umdiO4_c 0014 3 11

umdiO4_b 0014 4 11

umdi04_a 00145 11

umdi05_f 00150 11 Digital inputs Address 5
umdi05_e 00151 11

umdi05_d 00152 11

umdios5_c 00153 11

umdiO5_b 00154 11

umdiO5_a 00155 11

umdio6_f 0016 0 11 Digital inputs Address 6
umdiO6_e 0016 1 11

umdio6_d 00162 11

umdi06_c 0016 3 11
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. umdio6_b 0016 4 11
umdi06_a 0016 5 11
umdi07_f 0017 0 11 Digital inputs Address 7
umdio7_e 00171 11
umdio7_d 00172 11
umdio7_c 0017 3 11
umdio7_b 0017 4 11
umdio7_a 0017 5 11 ]
umdio8_f 0018011 Digital inputs Address 8
umdiO8_e 0018 1 11
umdio8_d 00182 11
umdi08_c 0018 3 11
umdiO8_b 0018 4 11
umdi08_a 0018 5 11
umdiog_f 0019011  Digital inputs Address 9
umdi09_e 00191 11
umdio9_d 00192 11
umdi09_c 0019 3 11
umdi09_b 00194 11
umdi09_a 00195 11
umdi10_f 001A 011 Digital inputs Address 10
umdi1O_e 001A 1 11
umdi10_d 001A 2 11
umdi10_c 001A 3 11
umdi10_b 001A 4 11
umdi10_a 001A 5 11
umdit1_f 001B 011 Digital inputs Address 11
umditi_e 001B 1 11
umdit1_d 001B 2 11
umditi_c 001B 3 11
umditi_b 001B 4 11
umdi1i_a 001B 5 11
. umdi12_f 001C 011 Digital inputs Address 12
umdi12_e 001C 1 11
umdi12_d 001C 2 11
umdi12_c 001C 3 11
umdi12_b 001C 4 11
umdi12_a 001C 511 -
umdi13_f 001D 011 Digital inputs Address 13
umdi13_e 001D 1 11
umdi13_d 001D 2 11
umdi13_c 001D 3 11
umdi13_b 001D 4 11
umdi13_a 001D 5 11
umdi14_f 001E 011 Digital inputs Address 14
umdit4_e 001E 1 11
umdi14_d 001E 2 11
umdi14_c 001E 3 11
umdil4_b 001E 4 11
umdil4_a 001E 5 11
umdi15_f 001F 011 Digital inputs Address 15
umdi15_e 001F 1 11
umdi15_d 001F 2 11
umdi15_c 001F 3 11
umdi15_b 001F 4 11
umdi15_a 001F 5 11
umdo00_d 0010 2 12 Digital Outputs Address 0
umdo00_c 0010312
umdo00_b 00104 12
umdo00_a 00105 12
umdo01_d 00112 12 Digital Outputs Address 1
umdo01_c 00113 12
umdo01_b 0011412
umdo01_a 0011 512
‘ umdo02_d 00122 12 Digital Outputs Address 2
umdo02_c 0012312
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umdo02_b
umdo02_a
umdo03_d
umdo03_c
umdo03_b
umdo03_a
umdo04_d
umdo04_c
umdo04_b
umdo04_a
umdo05_d
umdo05_c
umdo05_b
umdo05_a
umdo06_d
umdo06_c
umdo06_b
umdo06_a
umdo07_d
umdo07_c
umdo07_b
umdo07_a
umdo08_d
umdo08_c
umdo08_b
umdo08_a
umdo09_d
umdo09_c
umdo09_b
umdo09_a
umdo10_d
umdo10_c
umdo10_b
umdo10_a
umdo11_d
umdo11_c
umdo11_b
umdoi1_a
umdo12_d
umdo12_c
umdo12_b
umdo12_a
umdo13_d
umdo13_c
umdoi13_b
umdo13_a
umdo14_d
umdo14_c
umdoi4_b
umdo14_a
- umdo15_d
umdo15_c¢
umdo15_b
umdo15_a

! System Program Counters (count False to True transitions)
]

00124 12

00125 12
00132 12
0013312
0013412
0013512
00142 12
0014 3 12
0014 4 12
0014 5 12
0015 2 12
00153 12
00154 12
00155 12
0016 2 12
0016 3 12
0016 4 12
0016 5 12
0017 2 12
0017 3 12
0017 4 12
0017 5 12
0018 2 12
0018 3 12
0018 4 12
0018 5 12
00192 12
00193 12
00194 12
00195 12
001A 2 12
001A 3 12
001A 4 12
001A 5 12
001B 2 12
001B 3 12
001B 4 12
001B 5 12
001C 2 12
001C 3 12
001C 4 12
001C 3 12
001D 2 12
001D 3 12
001D 4 12
001D 5 12
001E 2 12
001E 3 12
001E 4 12
001E 5 12
001F 2 12
001F 3 12
001F 4 12
001F 5 12

Digital Outputs Address 3

Digital Outputs Address 4

Digital Outputs Address 5

Digital Outputs Address 6

Digital Outputs Address 7

Digital Outputs Address 8

Digital Outputs Address 9

Digital Outputs Address 10

Digital Outputs Address 11

Digital Outputs Address 12

Digitat Outputs Address 13

Digital Outputs Address 14

Digital Outputs Address 15

;:ounterOO .

FO00 0 6 Counters
counter01 FO0106
counter02 F002 06
counter03 FO03 06
counter04 F004 0 6
counter05 FO0506
counter06 F006 0 6
counterQ7 FO07 06
. counter08 FO08 0 6
counter09 FO09 0 6
Page: 7-24 11 NOV 97 Version 3.1 (902330)

Q-Pulse Id TMS637

Active 29/01/2014

Page 98 of 309




Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4 -

BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96

Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment

Eagle Farm Pump Station Upgrade

Perfect Harmony User’s Manual System Programming
. counter10 FOOA 06

counter11 FooB 0 6

counter12 FOOC 06

counter13 FOOD 06

counter14 FOOE 06

counter15 FOOF 06

! System Program Timers

[,

! usage - timer01(2.3) = <logic statement>;

! time is reset when the statement evaluates False
! (max time = 91.0 seconds)

timer00 EO00 0 5 Timers
timerQ1 E00105
timer02 E00205
timer03 E00305
timer04 E00405
timer05 E00505
timer06 E006 0 5
timerQ7 E00705
timer08 EQ08 05
timer09 E00905
timer10 EOOA 05
timer11 EO0B O 5
timer12 EOOCO0 5
timer13 EOOD O S
timer14 EOCE OS5
timer15 EOOF 05
timer16 EO01005 Timers
timer17 E01105
timer18 E01205
timer19 E01305
. timer20 E01405
timer21 EO01505
timer22 E016 05
timer23 E01705
timer24 E01805
timer25 EO1905
timer26 EO1A 0S5
timer27 EOIBOS
timer28 EO1C 05
timer29 EOIDOS
timer30 EO1EOQS5
timer31 EOIF 05

! Counter reset control flags

| oo —

cntr_reset00 FO000 0 7 Counter Resets
cntr_reset01 Fo0107

cntr_reset02 F00207

cntr_reset03 F003 07

cntr_reset04 F004 0 7
cntr_reset05 F00507

cntr_reset06 F006 07

cntr_reset07 F007 07

cntr_reset08 F00807

cntr_reset09 FO09 07

cntr_reset10 FOOA 07

cntr_reset11 FooOB 0 7

cntr_reset12 FOOC 07

cntr_reset13 FOOD 07

cntr_reset14 FOOE 07

cntr_reset15 FOOF 0 7

. ! Interface board Digital I/0
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1
15v_dig_ok
cri_f

cr3_f

pib_aux1_f
pib_aux2_f
pib_aux3_f
pib_aux4_f
pib_aux5_f

dummy
dummy
dummy
dummy
dummy
cré_fin
cra_fin
crO_fin

cré_f
cra_f
cro_f

dummy
dummy
dummy
dummy
dummy
hsot_input
dummy
dummy

0084 0 9 Programmable port 1 PAO (IC18) input Do Not Use!
0084 1 9 Programmable port 1 PA1 (IC18) input
0084 2 9 Programmable port 1 PA2 (IC18) input

0084 3 9 Programmable port 1 PA3 (IC18) input
0084 4 9 Programmable port 1 PA4 (IC18) input
0084 5 9 Programmable port 1 PAS (IC18) input
0084 6 9 Programmable port 1 PA6 (IC18) input
0084 7 9 Programmable port 1 PA7 (IC18) input

0086 0 9 Programmable port 1 PCO (1C18) input
0086 1 9 Programmable port 1 PC1 (IC18) input
0086 2 9 Programmable port 1 PC2 (1C18) input
0086 3 9 Programmable port 1 PC3 (IC18) input
0086 4 3 Programmable port 1 PC4 (IC18) output
0086 5 3 Programmable port 1 PC5 (IC18) output
0086 6 3 Programmable port 1 PC6 (IC18) output
0086 7 3 Programmable port 1 PC7 (IC18) output

206C 0 1 Programmable port 1 PC5 (IC18) output
2006 0 1 Programmable port 1 PC6 (IC18) output
206A 0 1 Programmable port 1 PC7 (1C18) output

008A 0 9 Programmabie port 1 PC0 (1C19) input
008A 1 9 Programmable port 1 PC1 (IC19) input
008A 2 9 Programmable port 1 PC2 (IC19) input
008A 3 9 Programmable port 1 PC3 (IC19) input
008A 4 9 Programmable port 1 PC4 (IC19) input
008A 5 9 Programmable port 1 PC5 (IC19) input
008A 6 9 Programmable port 1 PC6 (1C19) input
008A 7 9 Programmable port 1 PC7 (IC19) input

! End of System Address Directory
!
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. CHAPTER 8: TROUBLESHOOTING AND MAINTENANCE

In This Section:
e INrOdUCHON......oiiiiecrraenec e 8-1
o  Six Month Inspection.........c...cocvereeieceniiiicnninnnicnne, 8-1
o Replacement of Parts .........ccc.oeouermeireciieirccceneevineenenenes 8-2
o Interpreting Keypad Display Fault Messages ................. 8-2
o Drive Faults.......cccooiimiiniininienieecennncs e 8-3
o Cell Faults ........c.ououiiireiiie e 8-7
o UserFaults ..ot 8-10
¢ Output Limitations with No Apparent Fault Message .. 8-10
¢ Diagnosing Inhibit Mode..........ccocrunirrreerccniceenenee 8-11
e Filter Maintenance .......c.coueueveeesiecriererssseerrensereerosnens 8-12

8.1 Introduction

The Perfect Harmony variable speed drive is designed, built and tested for long, trouble-free
service. Periodic maintenance is required to keep the drive working reliably and to minimize

DANGER - Lethal Voltages! Always switch off the main input power to the equipment w
before attempting inspection or maintenance procedure.

. WARNING!! Only qualified service personnel should maintain Perfect Harmony w
equipment and systems.

8.2 Six Month Inspection

O Since the cooling system of the Perfect Harmony VFD draws air through the
cell heat sinks, dirt will tend to collect at the inputs of the cell heat sinks. If
significant collection is noted, these cells should be removed and cleaned (see
Chapter 1).

O Thoroughly clean the inside and outside of all enclosures using a vacuum E

cleaner fitted with a plastic nozzle. Keeping the equipment free from dirt and
dust allows proper heat dissipation.

O Inspect the belts and blower motor in the Blower/Transformer Cabinet. Blowers
are located above the transformer.

O If the Cell Cabinets are fitted with air filters, these filters can be cleaned and
replaced.

WARNING!! Filter orientation must be noted so that air flow is from outside to inside of w
the cabinet.

O Use touch-up paint as required on any rusty or exposed parts.

O Inspect all electrical connections in the Cell and Transformer Cabinets for

. tightness (especially during the first 6 months from start-up) and re-tighten if
necessary.
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O Verify proper operation of cooling system by placing a single sheet of standard
ply notebook paper over the cabinet air intakes. The paper should stick to the
cabinet.

It is strongly recommended that the power connections be re-tightened after the first few days of
operation and checked monthly for tightness during the first few months of operation, then every
6 months thereafter. Other important connections are;

O All input power and output series connections within the Cell Cabinet (see
illustrations in Chapter 1).

0O All secondary and primary transformer connections within the Transformer
Cabinet (see illustrations in Chapter 1).

8.3. Replacement of Parts

Replacement of component parts may be the best method of troubleshooting when spare parts are
available. Use troubleshooting guidelines found later in this chapter when attempting to locate a
failed sub-assembly. When any sub-assembly is to be replaced, always check that the part number
of the new unit matches that of the old unit (including the dash number).

O Failures traced to individual PC boards within the Control Cabinet are best
serviced by replacement of the entire board.

O Failures traced to individual power cells are best serviced by replacement of the
entire cell.

@ Spare parts are available through the ROBICON Customer Service Center by calling
(412) 339-9501.

8.4. Interpreting Keypad Display Fault Messages
Faults as displayed on the keypad can be grouped into two categories:

e Drive Faults
e Cell Faults.

Drive Faults are system faults sensed by the Master Control circuitry in the Control Cabinet
(refer to Section 2.3: The Master Control System).

E Cell Faults are faults sensed by the control logic located on the Cell Control Board in each output
power cell. Each power cell has its own sense circuitry (refer to Section 2.2: The Cell Control
System).

Faults are ranked according to their level of severity as follows:

e Level A (Major Fault)
e Level B (Fault)
¢ Level C (Warning).

Drives respond differently to different fault classes. These responses are summarized in
Table 8-1.
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Table 8-1. Drive Responses to Fault Classes

Fault Class Drive Response
Level Al IGBT gate drives are inhibited, motor coasts to stop, the fault is logged
A(Major in the Fault Log Menu (33) or Cell Fault Log Menu (21) and displayed on
Fault) the front panel.
Level Motor either ramp stops or coast stops depending on the switch setting in
B(Fault) Menu 14 or the content of the System Program (see Chapter 7: System
Programming). The fault is displayed on front panel and logged into the
fault log. '
Level C Drive does not necessarily revert to the idle state via a coast or ramp stop
(Warning) unless specifically required to do so by the system program.

Depending on the fault condition, faults are reset in one of two possible ways:

¢ Manual Reset
e  Automatic Reset.

The fault reset push-button on the front panel or the Enter for Fault Reset function in Menu 34 can
be used to manually reset the fault. The drive must be returned to the run condition by manual
start or by forcing the run_req_fequal to “true” (see system program example in Section 8).

The fault can be reset automatically up to 4 times if enabled by the Auto Reset Enable function in
Menu 14. If reset is successful, then drive will return to the run state automatically only if the
run_req_f flag is maintained at the value “true” (see system program example in Section 8).

8.5. Drive Faults

All drive faults are sensed by circuits located on the Power Interface Board (PIB) (see Figure 2-1
and Figure 2-2) and the Fiber Optic Hub Board (FOHB) (see Figure 1-1!, Figure 2-1 and
Figure 2-2). Table 8-2 can be used as a quick troubleshooting guide to locate the cause of the
fault condition.

Table 8-2. Drive Faults

Fault Display Potential Causes and Possible Corrective Actions
(Fault Class’)

Over Voltage | Cause: Signal from VMTR test point on Power Interface Board exceeds
Fault threshold set by “Motor Trip Volts” in Menu 34. This fault is usually
(A) caused by an improperly set-up or tuned drive.-

Actions: Verify that the motor and drive nameplate settings match the

corresponding parameters in Motor Menu (11) and Drive Parameter Menu
(14).

Verify that the signals on the VMTR and VPKAC test points on the Power
Interface Board match proper voltage levels indicated in Appendix B, sheet
5. If an incorrect voltage is noted, check the voltage divider in the Motor
Sense Unit (see Appendix B, sheet 5, zone 2R) or replace the Power
Interface Board.
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Fault Display
(Fault Class")

Potential Causes and Possible Corrective Actions

+15 VDC
Supply
(A)

Cause: Zero (0) volt level from A8 pin 3 or 2 on Power Interface Board
into fault GAL IC28 pin 4 due to low voltage on +5, +15, and -15 test points.
Usually this 1s the result of a defective Power Interface Board.

Action: If DC voltages on +5, +15, and -15 test points on the Power
Interface Board are OK (see Figure 1-11 and Figure 2-1), replace the Power
Interface Board.

Overload
Fault

(A)

Cause: Incorrect signals from IDFDBK and IQFDBK test points on Power
Interface Board. This fault is usually caused by an improperly set-up or

tuned drive - specifically the result of an incorrect “I overload” setting in
Menu 34.

Actions: Verify that the motor and drive nameplate settings match
parameters in Motor Menu (11) and Drive Parameter Menu (14).

Verify that the signals on test points IcFDBK and IbFDBK (see Appendix 2,
sheet S, Figure 1-11 and Figure 2-1) on the Power Interface Board match the
percentage of full scale signals indicated on sheet 5. If these signals are
incorrect, then replace the Power Interface Board.

Ground Fault
©

Cause: >1 v peak AC signal on test point VNFLT on the Power Interface
Board resulting in Sv logic signal on HGNDFLT test point. This fault is
usually caused by an output ground fault condition.

Action: Verify proper symmetry of voltages on test points -VCN, -VBN, and
VAN (see Figure 4-12 and Figure 4-18). With the VFD operating, all
voltages should appear as in Figure 5-13.

If ground faults are not a problem, check the divider resistors in the Motor
Sense Unit (Figure 2-3) or replace the Power Interface Board.

Check if the motor is disconnected from VFD (output contactor open in
drive run state).

Drive 10C
(A)

Cause: Signal from A16 pin 14 on Power Interface Board exceeds level set
by the “Drive IOC Setpt” parameter in Menu 34.

Actions: Verify that the motor and drive nameplate settings match
parameters in Motor Menu (11) and Drive Parameter Menu (14).

Verify that the signals on test points IcFDBK and IbFDBK (see Appendix 2,
sheet 5, Figure 1-11 and Figure 2-1) on the Power Interface Board match the
percentage of full scale signals indicated on sheet 5. If these signals do not
match, then replace the Power Interface Board.
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Fault Display
(Fault Class")

Potential Causes and Possible Corrective Actions

Transformer
Overtemp

©)

Cause: Logic high signal on TB1B-11 on PIB resulting from open thermal
switch.

Actions: Check cooling system for proper temperatures and flows. Inspect
all transformer cooling paths for leaks or collapsed hoses. Be sure all
transformer manifolds are fully open. If the source of the problem is not
found, then replace the Power Interface Board, then the Microprocessor
Board. See Figure 1-11 and Figure 2-1.

Hub Loss of
Enable

A)

Cause: Logic low signal on 1C29 pin 18 on Fiber Optic Hub Board usually
resulting from unlatched cell fault. Signal is monitored by pin 11 of IC19 on
Power Interface Board. This fault is usually caused by an improperly set-up
or tuned drive.

If this fault is verified to be latched low on pin 18 of 1C29 on the FOHB, but
no cell fault is displayed using the “Display Cell Fault” parameter in

Menu (21), then the problem is an unlatched fault sent by one of the power
cells.

Since this fault is not latched in the cell control, the cell sending the fault
signal cannot be identified by the diagnostic system. Future revisions of the
Master Link Board will include an LED on the board to indicate which cell
sent a fault signal. This condition is usually the result of a defective Cell
Control Board.

Actions: On existing versions, the problem cell can be located by using the
following procedure. Disconnect motor leads. Configure the system for one
less cell by completely removing the rightmost Master Link Board from the
Hub Board (see Figure 1-11, Figure 2-2 and Figure 2-3) and reducing the
“installed stages” parameter in Menu 21 to one less cell. Reset the system
(or re-energize 480 VAC control). If the problem goes away, then the
problem cell is one of the cells connected to the disconnected link board.

If the problem persists, then swap each of the remaining link boards with the
disconnected board and repeat the procedure.

Once the cell has been traced to one of the three possible cells connected to

the Master Link Board, then the individual cell can be located by swapping

individual fiber optic connections from the disconnected board to one of the
active boards.

WARNING!! Always swap within a phase group (A2 with either A1, A3, A4
or B2 with either B1, B3, B4). For instance, NEVER A2 with B3 or C3.
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Fault Display Potential Causes and Possible Corrective Actions

(Fault Class’)

Medium Cause: Logic high signal on pin 10 of IC19 on Power Interface Board

Voltage usually resulting from disconnected PL8 connection between PIB and FOHB

Supply Fault or Loss of +24, +15, +5 on the FOHB.

(A)
Action: If the source of the problem is not found, then do the following.
Ensure that the PL8 connection between the Power Interface Board (PIB)
and the Fiber Optic Hub Board (FOHB) is secure. Verify +24, +15, and +5 V
signals on the FOHB. Replace Power Interface Board, then the
Microprocessor Board. (See Figure 1-11, Figure 2-1 and Figure 2-3).

CAB Cause: Network or software fault associated with XCL interface card

Hardware plugged into P6 on the Microprocessor Board.

Fault

(A) Action: If the source of the problem is not found, then replace the CAB
Board and/or the Microprocessor Board. (See Figure 1-11 and Figure 2-1).

XCL Comm Cause: Drive not on active PLC network.

Status Fault

(A) Actions: If the source of the problem is not found, then replace the CAB
Board and/or the Microprocessor Board. (See Figure 1-11, Figure 2-1 and
Table 3-47: XCL Send Setup Menu).

Power Cell Cause: Logic low signal on pin 12 of 1C18 on FOHB caused by latched fault

Fault condition detected in one or more power cells.

(A)
Action: Refer to the section on Cell Faults (on page 8-7).

Overspeed Cause: The mmf spd_abs flag in control software exceeds “Overspeed

Fault setting” in Menu 34. This fault is usually caused by an improperly set-up or

(A) tuned drive.
Actions: Verify that the motor and drive nameplate settings match
parameters in the Motor Menu (11) and Drive Parameter Meter (14).

User Fault Cause: The user_faultl through user_faultl6 flags set by the value “true”

#1-16 by system program. See system program example in Section 8.

(B)
Actions: Refer to the section on User Faults (on page 8-10).

24 VDC Cause: Logic low signal on pin 8 of IC3 on the Power Interface Board

Supply Fault usually caused by a short on the 24 VDC supply. Usually caused by

(A) defective Power Interface Board or User Modules.

Actions: If the source of the problem is not found, then replace
Microprocessor Board. (See Figure 2-1).

Fault Class designations (in parentheses) are explained in Table 8-1 on page 8-3.
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Cell faults are logged by the Microprocessor Board following a power cell fault indication. These
faults are available for inspection through the “display cell fault” parameter in the Cell Menu (21).
See the appropriate tables in Chapter 9.

Troubleshooting and Maintenance

All cell faults are generated by circuitry located on the Cell Control Board (CCB) of each power
cell and are received by the Microprocessor Board through circuitry on the Master Link Boards
which plug into the Fiber Optic Hub Board FOHB. Table 8-3 can be used as a troubleshooting
guide to locate the cause of the fault condition. All cell faults are initiated by the Cell Control
Board (CCB) located in each power cell (see Figure 1-12 and Figure 2-4).

The Perfect Harmony has a reduced voltage operation mode. This feature allows reduced @s
voltage operation under normal conditions, but bypasses the entire stage (with no reduction

in output voltage) on the occurrence of a cell fault. Ifa second cell fault occurs, the voltage
is then reduced. No spare cells are used in this mode of operation. Care must be exercised
in setting the output voltage in this mode to prevent cell voltages that are higher than
recommended for the cell! Under normal conditions, a 5 stage drive will output 4160 volts.
Under this mode of operation the same drive must be configured as a 4 stage drive (i.e.,
3300 volts). Failure to do so will result in the individual cells supporting 600 volts instead
of the 480 volt share of the phase voltage. This mode is enabled by selecting the “Reduced
Voltage Oper” parameter in the Drive Parameter Menu (14). Refer to Chapter 9.

Table 8-3. Cell Faults

. Fault Display

Causes ' Sec.
(Fault Class") Ref.
AC Fuse(s) . A Cell Control Board has detected that the DC voltage in its cell is 7.6.1
Blown (A) abnormally low (i.e., the signal on test point VDC is <3.5 VDC)
while the incoming AC voltage is acceptable (i.e., the signal on test
point VAVAIL is >5 VDC). This usually indicates a loss of one or
more power fuses (F11, F12, and F13) at the cell input. Refer to
Figure 1-12.
Cell Each cell sends a PWM signal (on A11 pin 7) related to heat sink 7.6.2
Overtemp (A) | temperature to the FOHB. The TEMP test point on the FOHB is an E

indication of the highest-temperature cell. If this signal falls below
2.0 VDC, an excessive heat sink temperature is indicated (see
Figure 1-12). If this fault occurs, check the condition of the
blowers. Also check for restrictions in air flow. or leaks in the air
duct system.

Control One or more of the local power supplies (+24, +15,+5,-5VDC) on | 7.6.1
Power Fault a Cell Control Board has been detected out of specification (i.e., a
(A) logic high signal on pin 13 of AS). If this occurs, the Cell Control
Board should be repaired or replaced.

Device OOS Each Gate Driver Board includes circuits which verify that each 7.6.1
(Out of IGBT has fully turned on. This fault may indicate a shorted IGBT,
Saturation) an open IGBT, or a failure in the detection circuitry. The cell’s

(A) power components and Gate Driver Board should be checked.
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Fault Display Causes Sec.
(Fault Class") Ref.
Overvoltage The bus voltage in a cell has been detected over 800 VDC (low- 7.6.3
(A) voltage cells) or 1200 VDC (high-voltage cells). This is usually

caused by a regeneration limit that is too high, or improper tuning

of the drive.
Cap Shr Fault | The voltage on an individual capacitor in a cell has been detected 7.6.1
(A) over 425 VDC. This usually indicates a broken bleeder

resistor/wire or a failed DC link capacitor (C1 and/or C2). Refer to

Figure 1-12 and Figure 2-4.
Cell Comm. An error in the optical communications was detected by a cell (i.e., 7.6.4
Fault (A) a logic low signal is detected on pin 13 of IC37). This is usually a

parity error caused by noise, but can also be a time-out error caused

by a faulty communications channel between the Cell Control

Board and its Master Link Board.
Output Fuse The s2 trigger fuse is open on a cell. This is usually caused by 7.6.1
Blown (A) failure of bypass fuse F10 (bypass option only). See Figure 1-12

and Figure 2-4. This type of fault could also be caused by loose

connections in the cell harness.
Q1-Q4 O0S Individual annunciation of Q1, Q2, @3, and Q4 Out of Saturation 7.6.1
(A) Fault. See also Device OOS fault above.
Link Fault An error in the optical communication channel was detected by the 7.6.4
(A) Master Link Board. This is usually a parity error caused by noise,

but can also be a time-out error caused by a faulty communications

channel. See Figure 1-12 and Figure 2-2.
Bypass Failed | Improper handshaking signal received by the Cell Control Board 7.6.1
(A) (i.e., logic low signal exists on pin 6 of IC27) from the Bypass

Board. This is usually caused by a malfunctioning Bypass Board.

See Figure 1-12 and Figure 2-4.
vVDC The DC bus voltage detected in a cell is abnormally low (signal on 7.6.1
Undervoltage | test point VDC on the Cell Control Board is <3.5 VDC). If this
(A) symptom is reported by more than one cell, it is usually caused by a

low primary voltage on the main transformer T1.
Device Refer to Table 8-3 for information. n/a
Failure (A)

Fault Class designations (in parentheses) are explained in Table 8-1 on page 8-3.

The following cell faults will occur only during the cell diagnostic mode (immediately following
initialization or reset). All IGBTs in each cell are sequentially gated and checked for proper
operation,
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Table 8-3. Diagnostic Cell Faults

Fault Displayed | Rank Causes . Reference

Blocking Failure Al Voltages across power transistors Q1-Q4 are low 8.6.1
while the transistors are not gated. Usually
caused by a defective Gate Drive Board or Cell
Control Board. (See Figure 1-12 and Figure 2-4.)

Switching Failure Al Voltages across power transistors Q1-Q4 are high 8.6.1
while the transistors are gated. Usually caused by
defective Gate Drive Board or Cell Control

Board. (See Figure 1-12 and Figure 2-4.)

8.6.1. Troubleshooting General Cell and Power Circuitry Faults
The types of faults addressed in this section include the following:

¢  AC Fuse(s) Blown Faults e Q1-Q4 OOS Faults

¢  Control Power Faults ¢  Bypass Failed Faults

¢  Device Out of Saturation (OOS) Faults ¢ VDC Undervoltage Faults
¢ Cap Shr Faults ¢ Blocking Failure Faults

¢ Output Fuse Blown Faults e  Switching Failure Faults.

Cell fault indications of this variety usually indicate circuit failures within the cell power or
control circuitry. If this is the case, and no bypass or redundant cell option was ordered, the
Perfect Harmony can still be configured to run, but at a reduced output voltage rating using the
following procedure:

¢ Locate faulted cell and remove all fuses (F11, F12, and F13) in that cell and

both vertically adjacent cells in the remaining phases, ie., A4 and B4, if C4
. failed (see Figure 1-9 and Figure 1-12).

o Short output of disconnected cells by placing a 5 KV high voltage bypass cable
between the T1 and T2 connections. This connection must be of a suitable
current rating for the cell rating of the Perfect Harmony drive (see Table 5-1 for
these ratings).

* Remove the Master Link Board which connects the fiber optic cables of the
bypassed cells from the Fiber Optic Hub Board (see Figure 1-10 and Figure 2-
1).

e Left justify the remaining Master Link Boards so that all boards fill the left most
slots of the FOHB.

* In the Cell Menu (21), reduce the “installed stages” parameter by 1 (new
number of operating cells in series).

¢ Set appropriate “motor voltage” in Menu 11.

8.6.2. Troubleshooting Cell Overtemperature Faults

Check for adequate cooling air by placing a standard ply 8.5"x11” sheet of notebook paper against
the input louver of the cell cabinet.

e If the paper fails to stick, then air is probably inadequate. Check for excessive
output pressure in the plenum or reverse the phase power on the blower motor.
¢ Check for a loose or broken belt on the blower.

Version 3.1 (902330) 11 NOV 97

Q-Pulse Id TMS637 Active 29/01/2014

-

Page: 8-9

Page 109 of 309



Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96

Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment

Eagle Farm Pump Station Upgrade

Troubleshooting and Maintenance Perfect Harmony User’s Manual
‘ 8.6.3. Troubleshooting Overvoltage Faults

This fault is usually caused by an improperly set-up or tuned drive.

® Verify that the motor and drive nameplate settings match parameters in the
‘Motor Menu (11) and Drive Parameter Menu (14).
Reduce “regen trq limit” parameter in Menu 24,
Reduce “trq P gain” and “trq I gain” parameters in Menu 24.
If failure is occurring in bypass mode, increase “energy saver” parameter in
Menu 24 to at least 50%.

e If the measured signals seem to be correct, change the Power Interface Board.

8.6.4. Troubleshooting Cell Communication and Link Faults

Faults of this variety can be the result of circuit failures on either the Master Link Board or Cell
Control Board.

e If the fault indication persists after replacing the Master Link Board, see Section
8.3.1 above.

8.7. User Faults

User faults originate due to conditions defined by the system program. User faults are displayed
on the keypad in the form of user defined fault #n, where n equals 1 to 16. The faults can also be

* displayed through user defined text strings (see Section 8). Most user defined faults are written to
respond to various signals from the user module interface such as the Analog Input Module
(through the use of comparators) as well as the Digital Input Module.

‘ A copy of the system program is required to specifically define.the origin of the fault. In the

example program in Section 7, the user_fault] flag is used to display the event of a blower fault.
Note that the user_text_/ string pointer is used to display the specific fault message. If this string
pointer is not used, then the fault displayed would be “user defined fault #1”.

8.8. Output Limitations with No Apparent Fault Message

In some cases, the Perfect Harmony VFD will revert to operating conditions which limit the
amount of output current, output speed, or output voltage, but with no apparent fault condition
displayed. The most usual causes of these conditions are described below.

n The mode display shown in Table 5-4 and described in Section 5 can sometimes be used to

troubleshoot the cause of the output limitation.

8.8.1. Output Voltage Limit

If the mode display shows Byps (bypass), then the Perfect Harmony VFD has placed one or more
series cells in the bypass mode due to a cell fault. Inspect the Display Cell Fault menu item in
Menu 21 for the cells bypassed and the reason for bypass.

If the mode display shows Hand or Auto (normal modes), check the “energy saver” parameter in
Menu 24. Any setting above 0% will limit the rated output voltage until full load current is
attained. :

Check all motor and drive nameplate ratings against parameters set in the Motor Parameter
Menu (11) and Drive Parameter Menu (14).

8.8.2. Output Current Limit

“ If the mode display shows Tlim (Torque Limit), then the Perfect Harmony VFD has reduced the

motor torque limit due to a loss of input phase (or cell phase) or has received a cell
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overtemperature warning flag from one of the output cells (see mv_ot warning f flag in
Appendix 1).

e Normal acceleration rates with high inertial loads (fans) or high acceleration
rates with low inertial loads (pumps) will normally cause the Tlim display to
occur.

e Low setting of “torque I gain” (< 0.3) in Menu 24 (Standard Performance
Mode), will also cause this mode to display during accelerations.

If no Tlim (Torque Limit) is displayed, check all motor and drive nameplate ratings against the
parameter set in Motor Parameter Menu (11) and Drive Parameter Menu (14).
8.8.3. Output Speed Limit

If the mode display shows Rlbk (Rollback), then the Perfect Harmony VFD is attempting to
reduce the output speed due to a torque limit condition. Check “mot trq limit” parameter in
Menu 24, or check all motor and drive nameplate ratings against parameters set in Motor
Parameter Menu (11) and Drive Parameter Menu (14).

8.9. Diagnosing Inhibit Mode

The Inh operating mode (see Section 3.0) can be caused by a combination of conditions involving

the sw_estop_f and drv_fIt_f (the emergency stop and drive fault software flags). Addresses for-

these flags can be found in the HARMONY.LOC and DRCTRY.PWM files, respectively.

If the sw_estop_f is set “true”, but the drv_flt f is “false”, then the estop f has been set by
equations in system program. Inspect the system program to find the reason.

If the sw_estop_f and drv_fIt _f are set “true”, then one or more of the following conditions may
have occurred:

O EEPROM checksum failure
System program checksum
Incompatible DRCTRY.PWM file (version is too old or too new for installed software).

O Incorrect CAB software version
O 15 volt encoder supply fault (Power Interface Board)
O Cell overtemperature (see Table 8-3) (Harmony only)
0O Hardware drive fault
Analog power supply fault (+15 volts on Power Interface Board)
Drive IOC (Instantaneous Overcurrent)
O Medium voltage loss of enable (see Table 8-2)
O Medium voltage power supply fault (see Table §8-2)
O 15 VDC supply (see Table 8-2)
O Cell power fault (see Table 8-3)
O Illegal cell count
O Fault in motor voltage feedback (voltage > 20% when drive disabled)
O Cell hardware fault (indeterminate)
O Software generated faults (see Table 8-2)
Overspeed
User module 24 V power supply
Overload (current & time) motor overvoltage
O Analog Data Acquisition System (DAS) failed to initialize
O XCL communication faults when triggered through system program.

If the drv_flt f is set “true”, but the sw_estop f is set “false”, then any one or more of the
following conditions may have occurred:

Troubleshooting and Maintenance
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O RAM checksum failure

O drv_fIz_f set by an equation in the system program

O DCL communication faults when enabled through system program
0O User faults (see Section 8.1.2).

If neither the sw_estop_f or drv_flt_f flags are set “true”, then one or more of the following
conditions may have occurred: '

O Ground fault - sets the system program ﬂag ground_fIt f in system program (see Table
8-2)

O Transformer overtemperature - sets the system program flag therm_ot_f (see Table 8-2).

8.10. Filter Maintenance
The drives have air filters bolted onto the front of the cell cabinet doors.

Before the filters can be cleaned, they have to be removed from the drive doors, by unbolting the
filter frame.

The filters can be cleaned by a low pressure water stream
Ensure the filters are thoroughly dry before installing them onto the drive doors.

The frequency of filter cleaning will depend on how clean the environment is, in which the drive
is located.

VVV
Page: 8-12 11 NOV 97 Version 3.1 (902330)
Active 29/01/2014 Page 112 of 309

Q-Pulse |d TMS637




Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96
Department Water Supply and Sewerage Pumpwell No. 1 Speed Control Equipment
Eagle Farm Pump Station Upgrade
Perfect Harmony User’s Manual ~ Troubleshooting and Maintenance
|
|
|
|

Version 3.1 (902330) 11 NOV 97 Page: 8-13

Q-Pulse Id TMS637 Active 29/01/2014 Page 113 of 309




BRISBANE CITY COUNCIL
Department Water Supply and Sewerage
Eagle Farm Pump Station Upgrade

Perfect Harmony User’s Manual

Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BCC Contract No. S.20/95/96
Pumpwell No. 1 Speed Control Equipment

Fault Protection and Rectification

CHAPTER 9: FAULT PROTECTION AND RECTIFICATION

In This Section:

®  INTOdUCHION........cciiiririrrs e 9-1
e  Perfect Harmony Menu and Submenu Summary ........... 9-2
e Motor Menu (1) Options.........ccccvvviveerverreneeccneenencens 9-3
¢ Drive Menu (2) Options.........cc.cocvenueiennrnererevencmreeenne 9-5
o  Stability Menu (3) Options ..........cccoeevevrereeneeiicnenennnn, 9-14
o AutoMenu (4) Options.........cocevvereiruieeneeenencenenenenene 9-20
o  Main Menu (5) Options ..........cccoeveevevereciriieciesennnnns 9-24
e Security Edit (0) Options .......c...cccceeveeenierccnierennrennnns 9-26
e Log Control Menu (6) Options ........c..ccccceeereereeeeenencnn 9-26
o Drive Protect Menu (7) Options ...........cccevevereveveereennne. 9-29
e Meter Menu (8) Options ........cc.coveeenieeeeeicreeeeneenens reene 9-31
e Communications Menu (9) Options...........ccceveeececrrecnee 9-37

9.1. Introduction

The following sections contain a condensed description of all parameter items available in the

~ Perfect Harmony menu structure (software version 1.10). Table 9-1 depicts main menus and
submenus of the system. Each menu and submenu is associated with a number (shown in
parentheses). The key sequence [Shift]+[=] ([Shift] plus the right arrow key) and up/down arrow
keys ([{t] and [8]) as described above can be used to directly access each menu item.

Table 9-1 lists menu and submenu names only. Parameters and functions found in these
menus are described in detail in the sections that follow. Use the associated table and page
numbers from Table 9-1 to quickly locate the section of the chapter that explains all of the
associated menu items.

Menus highlighted by an ** superscript (in Table 9-1) denote menus available only for
High Performance or Vector Control Mode. These menus are displayed only if the
std_cntrl_f flag is set to “false”. Menus highlighted by an * superscript denote menus
available only for Standard Performance Mode. These menus are displayed only if the
std_cntrl f flag is set to “true”.

System drawing 479333 (sheets 1-8, located in Appendix 2) references many of these menu
itemns as they relate to VFD control and configuration.
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Table 9-1. Perfect Harmony Menu and Submenu Summary

Menu # Submenu Names # Table Page Description
Motor (1) | Motor Parameter Menu (11) Table 9-2 9-3 Used to enter specific motor and
Menu Encoder ¥ Menu (12) Table 9-3 9-4 encoder data.
Motor Flux #¥ Menu (13) Table 9-4 9-4
Drive (2) | Drive Parameter Menu (14) Table 9-5 9-5 Used to configure the VFD for various
Menu Speed Setup Menu (15) Table 9-6 9-7 load conditions and drive applications.
Torque Ref Menu (16) Table 9-7 9-8
Ramp Setup Menu (17) Table 9-8 9-9
| Pot Setup Menu (18) Table 9-9 9-11
Timebase Setup Menu (19) | Table9-10 9-11
Hardware Scale Menu (20) | Table 9-11 9-12
Cell Menu (21) | Table9-12 9-13
Transfer Menu (200)| Table 9-13 9-14
Stability (3) |_Curment Loop Setup #*Menu { (22) | Table 9-14 9-15 | Used to adjust the VFD’s various
Menu Vector Control Tune Menu (23) | Table 9-15 9-15 | torque and velocity loop gains.
| Std Control Setup % Menu (24) | Table 9-16 9-16
| Control Loop Test Menu (25) | Table9-17 9-19
| Auto (4) | Speed Profile Menu (26) | Table 9-18 9-20 | Used to configure various speed
Menu Speed Setpoint Menu (27) | Table 9-19 9-22 | setpoint, profile, and critical speed
Critical Speed Menu (28) | Table 9-20 9-22 | avoidance parameters. PID Select
Comparator Setup Menu (29) | Table 9-21 9-23 | Menu contains setup parameters for
n PID Select Menu (48) | Table 9-24 9-24 | the process PID loop.
Main Menu (5) | Motor Menu 0)) see above
’ Drive Menu 2) see above
Stability Menu 3) see above
Auto Menu 4) see above
Log Control Menu (6) see below
| Drive Protect Menu (N see below
| Meter Menu (8) see below
| Communications Menu 9) see below
Security Edit Menu (0) Table 9-26 9-26 | Configures security features.
Log (6) | Memory Functions Menu (30) | Table 9-27 9-26 | Used to configure and inspect the
Control Diagnostic Log Menu (31) | Table 9-28 9-27 | diagnostic, historic, and fault logs
Menu Historic Log Menu (32) | Table 9-30 9-28 | ofthe VED.
Fault Log Menu (33) | Table9-31 9-29
Drive Protect | (7) | Overload Menu (34) | Table 9-32 9-29 | Adjusts setpoint limits for critical
Menu Limit #¥ Menu (35) | Table9-33 9-30 | VFD variables.
Meter (8) |_Analog I/O Setup Menu (36) | Table 9-34 9-31 | Used to configure and scale the
Menu Display Variable Menu (37) | Table 9-38 9-34 | various meters and analog outputs
| Trim Analog Meters Menu (38) | Table9-36 | 9-33 | available to the user.
3
Loc. Alg. Meters Menu 39) Table 9- 9-33
3
Loc. Dig. Meters Menu (40) Table 9- 9-36
6
Commu- (9) | RS232 Functions Menu 41) Table 9- 9-37 Used for configuring the various I/0
7
nications Remote /O Menu (42) | Table 9-46 9-38 interface features of the VFD.
8
. Menu XCL Send Setup Menu (43) Table 9- 9-39
9
XCL Recv Setup Menu (44) | Table 9-53 9-42
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9.2. Motor Menu (1) Options

The Motor Menu (1) consists of the following menu options:

e Motor Parameter Menu (11)
e Encoder Menu (12)*
e Motor Flux Menu (13)%”,

The contents of these menus are explained in tables that follow.

in the system program is set to “false”.

Note that the Encoder Menu (12) and the Motor Flux Menu (13) are high performance/
vector control menus which are visible from the Motor Menu (1) only if the std_catrl_f flag

Table 9-2. Motor Parameter Menu (11)

Parameter Range | Range

(Min) (Max)

Typical
Value'

Description

Motor Frequency 15 120
(Hz)

60

Specifies the frequency (in Hz) of the
motor being driven. Usually found on
the name plate of the motor.

Number of Poles 2 36

Specifies the number of poles in the
motor being driven. If this information
is not listed, typical catalog data may be
substituted.

0.93

Specifies the efficiency rating of the
motor being driven. For more
information, refer to zone (1T) of sheet
S on drawing 479333.

Full Load Speed 1 7200

1780

Specifies the speed (rpm) that the motor
attains (with rated load connected) while
delivering the rated output at the rated
speed. Usually found on the name plate
of the motor.

Motor Voltage 380 9000
v

ms)

4160

Specifies the voltage (V,.,,) at which the
motor is rated. Usually found on the
name plate of the motor.

Full Load 12 1500
Current (A,

100

Specifies the motor current (A,,,,) of the
motor operated at its full load torque.
Usually found on the name plate of the
motor.

Motor KW 10 10,000

373 kW

This parameter must be set to the
motor’s rated kW
(0.746 x hp,,..q)-

. Typical values are based on a 4-pole, 4,160 VAC, 500 hp machine.

If the “number of poles” is not given on the motor, it can be determined using the equation:
Poles = 120 x Frequency/Motor Synchronous Speed.

If the motor synchronous speed is not known, the full load speed can be used, but the
resulting value for “poles” must be rounded to the nearest whole number of poles.
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Table 9-3. Encoder Menu (12) (Vector Control Only)

Parameter Range | Range | Typical Description
| (Min) | (Max) | Value
| Encoder 1 PPR 1 4000 720 Configures the resolution of the feedback
Resolution encoder input on TB3 (terminal numbers 9-
(pulses per rev) 8) of the Vector/ Harmony Interface

Board. The value is given in pulses per
revolution of the encoder. See Figure 9-1
and sheet 5 (zone 0S) of drawing 479333,

Encoder 2 PPR 1 4000 720 Configures the resolution of the reference
Resolution encoder input on TB3 (terminal numbers
(pulses per rev) 9-12) of the Vector/ Harmony Interface

Board. The value is given in pulses per
revolution of the encoder. See Figure 9-1.

Cha, ChA —Cha, Cha —
ChB, ChB cne,chs  Com.+15vV

1211109 8 7 6 5 4 3 2 1
oo |o]o]o]o]o]o]ojo]ofo
L Il ] 1 L

Not Feedback Encoder Shield
Used Encoder Supply

TB3

1 Interface Board
| !

Figure 9-1. Encoder Connections on TB3 of the Perfect Harmony Interface Board

Table 9-4. Motor Flux Menu (13) (Vector Control Only)

Parameter Range Range Typical Description
Motor V 0.05 2.000 1.000 Scales the slip speed which is computed
Trim from the “full load speed” parameter and

the torque command. See zone (2K) of
sheet 4 on drawing 479333,

i (Min) (Max) Value

Volts/Hz 0.00 10.00 1.00 Scales the flux reference sent to the flux

Gain regulator. See zone (6J) of sheet 4 on
drawing 479333.

Mag 0.1A 1500.0 A 250A Provides for the initial magnetizing

Current current level when under base speed or

when the “extended enable” parameter is
used to disable extended speed
compensation. See zone (5K) of sheet 4

on drawing 479333,
Extended 0 1 0 Enables and disables the extended speed
Enable compensation feature. The value 0 =

disabled, 1 = enabled. See zone (4L) of
sheet 4 on drawing 479333,
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Parameter

Range
(Min)

Range
(Max)

Typical
Value

Description

Flux Pause
Level

0%

100%

10% Adjusts the level of the magnetizing

current circulated in the motor, as a
percentage of the motor full load rated
current, before the motor is commanded
to produce torque (during flux pause
mode). See zone (6P) of sheet 4 on
drawing 479333.

Flux Pause
Enable

0 sec

8.00 sec

1.00 sec

Adjusts the time the motor is allowed to
build up the flux before torque is
commanded (i.e., the flux pause state
duration). See zone (6K) of sheet 6 on
drawing 479333.

See Table 9-16: Standard Control Setup Menu (24) on page 9-16 for Standard Performance

Information.

9.3.

Drive Menu (2) Options

The Drive Menu (2) consists of the following submenus:

®  Drive Parameter Menu (14) ¢ Timebase Setup Menu (19)
e Speed Setup Menu (15) ¢ Hardware Scale Menu (20)
¢ Torque Reference Menu (16) e Cell Menu (21)

¢ Ramp Setup Menu (17) e Transfer Menu (200).

[ ]

Pot Setup Menu (18)

These contents of these menus are explained in the tables that follow.

Table 9-5. Drive Parameter Menu (14)

Parameter Range | Range |Typical Description
(Min) | (Max) | Value

Drive Current 12 1500 100 Enter the rated VFD drive current.

(Amps)

Drive Rated 200 | 15000 | 4160 | Enter the rated VFD drive output voltage.

Out (Volts)

Drive Input 200 | 15000 | 4160 | Enter the rated VFD input voltage.

Voltage (Volts)

Auto Reset 0 1 0 Enables (=1) or disables (=0) the auto reset

Enable function. When enabled (=1), the VFD will
attempt up to 4 automatic resets (after a fault
has occurred) with the specified time delay
between resets (see “auto reset time”
parameter).

Auto Reset 1.00 [120.00 | 1.00 | Will attempt to reset up to 4 times for each

Time possible resettable drive fault with “auto reset

(seconds) time” delay between reset attempts. Specifies
the delay time between successive reset
attempts when the auto reset feature is enabled
(“auto reset enable” = 1).
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I Parameter Range | Range |Typical Description
(Min) | (Max) | Value
Spinning Load 0 1 0 Enables (1) or disables (0) the spinning load
Select feature if not controlled by the system program.
Vector Control 0 l 0 Enables (1) or disables (0) vector control mode.
Select
Ramp Stop 0 1 1 Enables (1) or disables (0) ramp stop mode of
Select the drive.
Hall Effect 0 1 0 Selects the type of current feedback transducer:
Select _ 0 = Hall effect, 1 = CTs.
Reduced 0 1 0 Enables (1) or disables (0) reduced voltage
| Voltage operation mode. This mode provides redundant
i Operation cell operation of the drive. See Chapter 1 for a
| overview of this feature.
i Display Version Sfunction Function used to display the current version of
| Number the drive software. This number is printed on
each report and log.
Customer 0 999999 | 123456 | Six digits for entering the original customer
Order order number to be displayed on all reports and
logs.
E Customer 0 20 1 Number used to distinguish different drives at a
Drive common site. This value is displayed in all
‘ reports and logs.

Operation of the reduced voltage feature (also called redundant cell operatlon) of the Perfect
Harmony is summarized below.

The spare slot on the hub board is no longer used.
The redundant cell group link board will instead be located in the left most slot next to the
highest cell group (for instance, PL6 for 4.1 KV, PLS for 3.3 KV, PL4 for 2.4 KV).

¢ All cells function in normal operation. A new transformer design allows for increased input
pulse performance if the redundant cell option is ordered (for instance, 24-pulse for 2.4 KV,
30-pulse for 3.3 KV, and 36-pulse for 4.1 KV).

e  The redundant cell option is not available for 4.8 KV.

e If acell in any group (including the redundant cell) fails, the unit will continue to run (after
system reset) at the nominal output voltage.

e If another cell failure occurs after the first cell fault, the system will respond in the usual
bypass performance mode (proportional is lost in output voltage, but full output capability
remains).
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Table 9-6. Speed Setup Menu (15) =
Parameter Range | Range | Typical Description

(Min) (Max) Value

Ratio Control -125.000 [+125.000f{ 1.000 | Controls the gain of analog references
connected to terminal block TB1A
(terminal numbers 2-12) on the PWM
Vector/Harmony Interface Board or the
XCL speed references (pointers 09-08) as
selected by the system program. See zone
(2B) of sheet 1 on drawing 479333.

Speed Forward 0% 200% 100% | Directly limits the forward velocity
Limit reference to the PI speed regulator as a
percentage of the “full load speed”. See
zone (2C) of sheet 2 on drawing 479333,

Speed Reverse -200% 0% -100% | Directly limits the reverse velocity
Limit reference to the PI speed regulator as a
percentage of the “full load speed”. See
zone (2E) of sheet 2 on drawing 479333.

Zero Speed 0% 100% 1% Percentage of the “full load speed” at
which the VFD will go from run mode to E

idle mode when a normal stop is
commanded. Note that the ramp stop
‘ select parameter in the Drive Parameter

Menu (14) must be set to 1 (i.e., ramp stop
mode enabled).

Analog Speed 0% 250% 100% | Controls the gain of the analog references
Scalar connected to TB1A (terminal numbers 2-
12) on the PWM Vector/Harmony

Interface Board when these inputs are
selected before the Critical Speed and
Speed Profile process blocks. The system
program controls which inputs are used.
See zone (5C) of sheet 1 on drawing

479333.
Auxiliary 0% 250% 100% | Controls the gain of the analog references
Speed Scalar connected to TB1A (terminal numbers 2-

12) on the PWM Vector/ Harmony
Interface Board when these inputs are
selected directly to the PI speed regulator
reference. The system program controls
which inputs are used. See zone (7C) of
sheet 2 on drawing 479333,

Speed Forward 0% 200% 100% | Multiple parameter set #2. Set switch

Limit 2 vl_swl to the value “true” in the system
program to use this limit. See zone (3C) of
sheet 2 on drawing 479333.

Speed Reverse -200% 0% -100% | Multiple parameter set #2. Set switch

‘ Limit 2 vl_sw7 to the value “true” in the system
program to use this limit. See zone (3E) of
sheet 2 on drawing 479333,
Version 3.1 (902330) 11 NOV 97 Page: 9-7

Q-Pulse Id TMS637 Active 29/01/2014 Page 120 of 309




Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL

Department Water Supply and Sewerage

Eagle Farm Pump Station Upgrade

Fault Protection and Rectification

BCC Contract No. S.20/95/96
Pumpwell No. 1 Speed Control Equipment

Perfect Harmony User’s Manual

Parameter Range | Range | Typical Description
(Min) (Max) Value

Speed Forward 200% 100% | Multiple parameter set #3. Set switch

Limit 3 vl_sw8 to the value “true” in the system
program to use this limit. See zone (3C) of
sheet 2 on drawing 479333.

Speed Reverse -200% 0% -100% | Multiple parameter set #3. Set switch

Limit 3 vl_sw9 to the value “true” in the system
program to use this limit. See zone (3E) of
sheet 2 on drawing 479333.

Encoder Filter 6 Adjusts the time constant of the filter base

Adjust on (2" x 1), where T =2.78 ms and n is the
input. If n = 0, the filter is disabled.

Table 9-7. Torque Reference Menu (16)

Parameter | Range | Range | Typical Description
(Min) (Max) Value
Analog 0% 250% 100% | Controls the gain of the analog references
Torque connected to TB1A (terminal numbers 2-12) on
n Scalar the PWM Vector/Harmony Interface Board
when these inputs are selected before the
. Torque Ramp process block. The system
program controls which inputs are used. See
zone (5F) on sheet 2 of drawing 479333,
Auxiliary 0% 250% 100% | Controls the gain of the analog references
Torque connected to TB1A (terminal numbers 2-12) on
Scalar the PWM Vector/Harmony Interface Board
when these inputs are selected directly to the PI
Torque regulator reference. The system
program controls which inputs are used. See
zone (6S) on sheet 2 of drawing 479333.
Torque 0% 250% 50% This parameter can be used to set a torque
Setpoint reference directly to the input of the torque
regulator. The system program must be
configured to use this input. See zone (7E) on
drawing 479333.
Holding -250% 250% 0% Used to set an auxiliary holding torque
Torque reference which can be summed to velocity
loop error. This parameter can be set from the
keypad. See zone (5M) on drawing 479333.
Analog 0% 250% 0% Used to control the holding torque in the
Holding ' Conditional Run state of the VFD. This
Torque parameter adjusts the gain of hold torque
Scalar signals supplied to TB1A (terminal numbers 2-
12). The system program controls which inputs
are used and when they are used. See zone
‘ (6N) on drawing 479333. '
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Parameter | Range | Range | Typical
(Min) (Max) | Value

Description

Torque 0.00 999.99 | 1.00sec | Controls the increasing rate of change of the

Ramp torque reference signals as supplied from the

Increase Torque Test mode and Analog Torque
reference sections. See zone (5J) on drawing
479333.

Torque 0.00 999.99 | 1.00 sec | Controls the decreasing rate of change of the

Ramp torque reference signals as supplied-from the

Decrease Torque Test mode and Analog Torque

reference sections. See zone (5J) on drawing
479333,

Table 9-8. Ramp Setup Menu (17)

Parameter Range | Range |Typical
(Min) | (Max) | Value

Description

Forward Accel 0.0 3200.0 5.0
(sec)

Used with the “zero speed” and “full load
speed” settings to determine the “forward
acceleration” rate:

FL Speed - Zero Speed

Forward Acceleration

+ Accel =

Forward Decel . 0.0 3200.0 5.0
(sec)

Used with the “zero speed” and “full load
speed” settings to determine the “forward
deceleration” rate:

Zero Speed - FL Speed
Forward Deceleration

+ Decel =

Reverse Accel 0.0 3200.0 5.0
(sec)

Used with the “zero speed” and “full load
speed” settings to determine the reverse
acceleration rate:

FL Speed - Zero Speed
Reverse Acceleration

- Accel =

Reverse Decel 0.0 3200.0 50
(sec)

Used with the “zero speed” and “full load
speed” settings to determine the reverse
deceleration rate:

Zero Speed - FL Speed
Reverse Deceleration

- Decel =

Jerk Rate (sec) 0.00 78.12 0.10

Determines the rate of change of the
acceleration or deceleration:
Accel or Decel

Jerk = %
Jerk Rate

2 Stage Ramp 0 1 0
Enable

reverse speed ramp rates by 4 between
demand speeds of -9 Hz and +9 Hz. The
ramp stop select parameter in the Drive
Parameter Menu (14) must be set to 1 (i.e.,
ramp stop mode enabled).

When set to 1 (enabled), divides fdrward and
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Parameter Range | Range |Typical Description
(Min) | (Max) | Value
Forward Accel 0.0 3200.0 5.0 Multiple parameter sets of forward/reverse,
2 (sec) accel/decel parameters that are

enabled/disabled using software switches in
the system program.

Forward Decel 0.0 3200.0 5.0 Parameter set # 2 is active when switch

2 (sec) acc_sw4 is set to the value “true” in the
system program.

Rev Accel 2 0.0 3200.0 5.0 When acc_swl is set to the value “true” in the

system program (default), then parameter set
#1 (shown above) is active.

Rev Decel 2 0.0 3200.0 5.0
Fwd Accel 3 0 32000 50 Multiple parameter sets of forward/ reverse,
acceleration/ deceleration parameters that are
enabled/disabled using software switches in
the system program.
Fwd Decel 3 0 32000 50 Active when acc_sw5 = “true” in system
program.
Rev Accel 3 0 32000 50 When acc_sw/ = “true” in the system
E program (default), then parameter set #1
(shown above) is active.
’ Rev Decel 3 0 32000 50 See sheet 1 (zone 3R) of drawing 479333,
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Table 9-9. Potentiometer Setup Menu (18)

Parameter Range Range Typical Description
(Min) (Max) Value
Set Maximum 0% 200% 100% Sets full-scale control of the keypad
Positive potentiometer as a percentage of the
“full load speed”.

Speed = %Wiper (SMP + SMN)

where: SMP is “set max positive” and

SMN is “set max negative”.
If “set max pos” = “set max neg” =
150%, then:

mid pot= 0 speed

ful CW= 150%

full CCW = -150%.

Set Maximum -200% 0% -100% See zones (4H) and (8B) on drawing
Negative 479333.
4-20 mA 1.0% 150.0% 100.0% | Sets full scale control of 4-20 mA
Maximum input on TB1A (terminal numbers 2-12)
as percentage of “full load speed”. See
zone (8B) on drawing 479333, E
4-20 mA 0.0 10.0 4.0 Sets the threshold at which signal loss_f]
' Dropout (mA) goes “true” due to a loss of input signal.

See zone (8C) on drawing 479333.

Table 9-10. Timebase Setup (19)

Parameter Range | Range | Typical Description
(Min) (Max) Value
Conditional 0.0 999.9 0.8 sec | Specifies (in seconds) the “time to true” of
Stop Timer the c_s_timeout_f flag (in Cond Stop State

F) when the Stop state (as defined by the
system program) is entered. Refer to the
state diagram on sheet 6 of drawing 479333

(Appendix 2).
Conditional 0.0 999.9 | 0.8sec | Specifies (in seconds) the “time to true” of
Run Timer the c¢_r_timeout_f(in Cond Run State C)

flag when the run state (as defined by the
system program) is entered. Refer to the
state diagram on sheet 6 of drawing 479333
(Appendix 2).

Cycle Timer 0 10,000 0 hrs This parameter allows the user to set the
desired time period (in hours) for the
redundant pumps to be cycled into service.
The Perfect Harmony keeps track of time

lapses even when not in the Run mode, but
. does not cycle anything until the drive is in
the Run mode.
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Parameter Range | Range | Typical Description
(Min) | (Max) | Value
Hour Meter n/a n/a n/a Setup submenu for the kWh meter. See
Setup (50) Table 9- on page 9-44.
Set the Clock Sfunction Function used to set the VFD’s real time
Time clock.

Table 9-11. Hardware Scale Menu (20)

Parameter

Range
(Min)

Range
(Max)

Typical
Value

Description

Motor Voltage
Feedback

1

3000

1000 v/v.

Scales the motor voltage feedback to the PI
voltage (flux) regulator. See zone (8R) of
sheet 3 on drawing 479333.

Line Voltage
Feedback

9000

1000 v/v

Scales the available voltage feedback used
for the dynamic torque limits used in
standard performance mode. See zones
(0B) and (1B) of sheet 3 on drawing
479333.

Ib Offset
Adjust

00

FF

7F

Offset value (specified in hex format) which
is used to eliminate the DC components to
the DQ transformation chip IC41 on the
Power Interface Board. This value is
factory set. See sheet 5, zone (5P) on
drawing 479333, and Chapter 6. Since this
value is factory set, it should not be changed
unless the CTs/Hall effects of the Power
Interface Board are changed.

Ic Offset
Adjust

00

FF

7F

Offset value (specified in hex format) which
is used to eliminate the DC components to
the DQ transformation chip IC41 on the
Power Interface Board. This value is
factory set. See sheet 5, zone (6P) on
drawing 479333, and Chapter 6. Since this
value is factory set, it should not be changed
unless the CTs/Hall effects of the Power
Interface Board are changed.

Standard Motor
Voltage Trim

0.000

10.000

8.000

Value (specified in volts) used to scale the
final output voltage reference to the IDQ
transformation chip from the flux regulator.
See zone (7S) of sheet 3 on drawing
479333,
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Table 9-12. Cell Menu (21)

Parameter | Range | Range |Typical Description .
(Min) | (Max) | Value

Installed 3 7 5 Specifies the number of stages in the drive. Set to

Stages 5 for 4160 VAC drives. See zones (2H) and (OP)
of sheet 5 on drawing 479333,

Minimum 1 6 3 This parameter limits the number of cells that can

Stage Count be bypassed as a result of a cell failure. See zone
(1P) of sheet 5 on drawing 479333,

Auto 0 1 0 Enables/disables the auto bypass feature. Setting to

Bypass 1 enables the bypass feature (if supplied) upon a

Enable cell failure.

0 = disabled, 1 = enabled.

Print Cell Sfunction Function that sends a detailed cell fault log to the

Status RS232 port to a terminal emulator. The current
status of each cell is listed, including bypass and
fault information. For prior fault status, see
“display cell fault(s)” and “print cell fault(s)”
functions.

Display function Function that reports a detailed cell fault log to the

Cell LCD display of the drive, most recent fault first,

Fault(s) including fault time and date.

Print Cell Junction This function prints the cell fault log to the RS232

Fault(s) output buffer.

RS232 Diag 0 1 1 Enables/disables the diagnostic information sent

Bypass out the RS232 port while in cell diagnostic mode
(during cell fault detection or reset). Should be
disabled (set to 0) under normal conditions to speed
reset.
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Table 9-13. Transfer Menu (200)

Parameter Range | Range | Typical Description
(Min) (Max) | Value

Phase I Gain 0 15 1 Integral gain for the phase lock loop.

Phase P Shift 1 12 4 Proportional gain setting for the phase
lock loop, where P = (2")".

Phase Offset 0.0 180.0 0.0 Offset adjustment to allow the setting of

deg a leading angle to prevent regeneration

on transfer.

Hardware Offset -180.0 180.0 0.0 Used to correct for the offsets caused by

deg hardware tolerances and inherent phase

shifts between the feedbacks.

Phase Error 0.0 5.0 2.0 Sets the threshold of phase error allowed

Threshold deg before advancing in transfer. Acts as a
transfer enable.

Line Sync Source 0 2 0 Determines the source of the line sync
detection circuitry. Local (0) is from the
PIB, while remote (1) comes from the
overcurrent board used with transfer.
Normally, remote is used when transfer
is available, and setting zero (0) disables
the function for non-transfer
applications.

9.4.  Stability Menu (3) Options

The Stability Menu (3) consists of the following menu options:

Current Loop Setup Menu (22)*"
Vector Control Tune Menu (23)
Standard Control Setup Menu (24)
Control Loop Test Menu (25).

These menus are explained in tables that follow.

@ Note that the Current Loop Setup Menu (22) is a high performance/vector control menu
which is visible from the Stability Menu (3) only if the std_cntrl_f flag in the system
program is set to “false”. Similarly, the Standard Control Setup Menu (24) is a standard
menu that is visible from the Stability Menu (3) only if the std_cntrl_f flag in the system
program is set to “true”.
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Table 9-14. Current Loop Setup Menu (22) (Vector Control Only)

Parameter Range | Range | Typical Description
(Min) (Max) Value

I Quad Integral 0.000 0.996 0.000 | These parameters adjust the individual D

Gain and Q axis PI gains for the hardware
current regulators resident on the Vector/
Harmony Interface Board. Refer to zone
(5H) of sheet 5 on drawing number
479333.

I Quad 0.000 0.996 0.000 | The quad gains control the flux producing

Proportional current response. Refer to zone (SH) of

Gain sheet 5 on drawing number 479333,

I Direct 0.000 0.996 0.000 | The direct gains (integral and

Integral Gain proportional) control the torque producing
current response of the induction machine.

I Direct Prop 0.000 0.996 0.000 | Refer to zone (5J) of sheet 5 on drawing

Gain number 479333,

See Table 9-16: Standard Control Setup Menu (24) on page 9-16 for standard performance
information.

Table 9-15. Vector Control Tune Menu (23)

Parameter | Range Range Typical Description
(Min) (Max) Value

Velocity 0.000 127.996 5.000 Adjusts the proportional error

Proportiona : compensation of the PI speed regulator

I Gain when the VFD is operating in vector
control mode. See sheet 2, zone (2N) of
drawing 479333.

Velocity 0.000 255.996 4.000 Adjusts the integral error compensation of

Integral the PI speed regulator when the VFD is

Gain operating in vector control mode. See
sheet 2, zone (4M) of drawing 479333,

Imag 0.000 127.996 0.062 Proportional gain used in a PI flux

Proportiona regulator which adjusts output voltage

1 Gain when output load condition is less than
30%. See sheet 4, zone (6M) of drawing
479333,

Imag 0.000 127.996 0.933 Integral gain used in a PI flux regulator

Integral which adjusts output slip when output load

Gain conditions are less than 30%. See sheet 4,
zone (7M) of drawing 479333.

Slip 0.000 127.996 0.062 Proportional gain used in a PI regulator

Proportiona which adjusts motor slip ®, when load

1 Gain condition is greater than 30%. See sheet
4, zone (7M) of drawing 479333,
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l Parameter Range Range Typical Description
(Min) (Max) Value
Slip 0.000 127.996 0.933 Integral gain used in a PI flux regulator
Integral which adjusts motor slip ®, when output
Gain load condition is greater than 30%. See

sheet 4, zone (7M) of drawing 479333,

Velocity P 0.000 127.996 5.000 Multiple parameter sets which allow
Gain 2 different velocity gains depending on flags
set in the system program:

Velocity I 0.000 255.996 4.000 vel_gain_set | = true (default allows

Gain 2 above gain set to be active).
Velocity P 0.000 127.996 5.000 vel_gain_set_2 = true allows set 2 to be
Gain 3 active, etc.

Velocity 1 0.000 255.996 4.000 Also see the system program example in

Gain 3 Chapter 7.
@ A state control diagram of the Perfect Harmony is available on sheet 6 of drawing 479333
in Appendix 2.

Table 9-16. Standard Control Setup Menu (24) (Standard Performance Mode Only)

Parameter Range Range | Typical Description
(Min) (Max) Value
Standard ~127.996| 127.996 1.000 | Adjusts the motor voltage level for proper
Volts/'Hz flux under base speed. See zone (6M) on
sheet 3 of drawing 479333.
Volt -127.996 | 127.996 0.312 [ These parameters adjust proportional and
Proportional integral compensation of the flux regulator
Gain which controls the proper terminal voltage

as a function of speed.
Volt Integral  {-127.996 | 127.996 0.312 | See sheet 3, zone (7N) of drawing 479333,

Gain

Velocity 0.000 127.996 5.000 | Adjusts the velocity regulator’s proportional

Proportional and integral gains which control the

Gain reference to the Torque regulator as
required to control the commanded speed.

Velocity 0.000 255.996 4.000 | See sheet 2, zone (2M) of drawing 479333.

Integral Gain

Torque 0.000 127.96 0.011 Adjusts the inner loop torque regulator’s

Proportional proportional and integral gains which

Gain control the proper flux speed and motor
voltage as required to satisfy the
commanded torque.

Torque 0.000 255.996 0.300 | See sheet 3, zones (5J) and (7)) of drawing

Integral Gain 479333,
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Description

This parameter provides a voltage boost at
low motor speeds for starting high inertial
loads (e.g., extruder applications). A value
of 0.0 disables this feature. Note: This
parameter replaces the “full load boost”
parameter in previous software versions.
See sheet 3, zone (7M) of drawing 479333,

Upon achieving the initial Run State B, a
240 second velocity ramp is initialized to

allow the AC machine to achieve rated flux.

This ramp is disabled when either the mmf
speed attains 0.5 Hz or the interval set by
“slow ramp time” is achieved. See sheet 1,
zone (3R) of drawing 479333. See sheet 6
for information on the state diagram.

Provides absolute monitoring and
generative limits to the torque command as
a percentage of “full load current”. See
sheet 3, zone (4A) of drawing 479333,

Provides absolute monitoring and
regenerative limits to the torque command
as a percentage of Full Load Current. See
sheet 3 (4C) of drawing 479333.

When “energy saver” is set to 0%, the
output voltage is linear with respect to
speed. When “energy saver” is set to > 0%,
the output voltage will approach the rated
value as a function of load torque. For
pump or fan loads, “energy saver” = 100%
will cause the output voltage to attain the
rated value exponentially with speed at the
rated torque. See sheet 3, zone (7L) of
drawing 479333.

This parameter is used to reduce the flux at
lower speeds for use on machines with low
slip. This parameter is the starting “per
unit” value.of flux. Setting this value to
1.00 disables the function. Setting a value
greater than 1.00 adds a little boost. This -
feature replaces the energy saver when
active.

Parameter Range Range | Typical
(Min) (Max) Value

Voltage 0.0% 6.0% 0.0%
Mini
Boost
Slow Ramp 0.00 9.99 3.00 sec
Time
Motor 0% 300% 100%
Torque Limit
Regen 0.2% 10.0% 3.0%
Torque Limit
Energy Saver 0% 100% 0%
Flux Shape 0.01 1.10 1.00
Spin Load 0.0% 50.0% 4.3%
Threshold

Sets the percentage of total current that the
drive must go down to in order to switch
from scanning the frequency to holding
frequency while ramping to full flux during
spinning load pick-up. Enabled by
“spinning load select” in Menu (14).
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Parameter Range Range | Typical Description
(Min) (Max) Value

Spin Flux 1.00% 15.00% 6.25% | Adjusts the Volts per Hz (V/Hz) scaling

Scale during spinning load. Prior to the release of
software version 1.10, this ratio was fixed at
1/16 (6.25%, the new default value).

Flux Ramp 0.1sec | 15.0sec | 7.0sec | Sets the rate of change for the flux ramp
during the initial and final flux reference
changes during spinning load pick-up. The
slope is based on the time to go from zero to
rated flux reference. Enabled by “spinning
load select” in Menu (14).

Frequency 1.5 9.0 5.0sec | Sets the rate of change (slope) of the

Scan Rate frequency scan for spinning load detection.
Five seconds is normal, while higher values
may be required on low-slip machines.

Frequency 0.0 12.0 5.0% Used when the drive attempts to catch a

Drop Level spinning load, this parameter specifies a

% cutoff frequency (as a percentage of the
base frequency) at which point the drive
will assume zero speed and simply start to
ramp up the drive speed. Typically this

n parameter is used in high inertia, low slip
applications.

. Increasing this parameter will produce
smoother starts. Note that a value that is too
high could cause an IOC trip, while a value
that is too low could cause an unstable
condition with current oscillation.

Velocity 0.000 127.996 5.000 Multiple parameter set 2 for “vel P gain”

Proportional and “vel I gain” parameters. See sheet 2,

Gain 2 zone (3N). Enabled from system program
by setting vel_gain_set 2 flag to “true”.

Velocity 0.000 255.996 4.000 See also system programming and control

Integ Gain 2 drawings.

Velocity Prop | 0.000 127.996 5.000 Multiple parameter set 3 for “vel P gain”

Gain 3 and “vel I gain” parameters. See sheet 2,
zone (3N) of drawing 479333. Enabled
from system program by setting
vel_gain_set_3 flag to “true”.

Velocity 0.000 255996 | 4.000 | See also system programming and control

Integ Gain 3 drawings.

Torque Prop 0.000 127.996 0.011 Multiple parameter set 3 for “torque P gain”

Gain 2 and “torque I gain” parameters. See sheet 3,
zone (6J). Enabled from system program by
setting trq_gain_set_2 flag to “true”.

Torque Integ 0.000 255.996 0.300 | Also see system programming and control

Gain 2 drawings.

‘ Torque Prop 0.000 127.996 0.011 Multiple parameter set 3 for “torque P gain”

Gain 3 and “torque I gain” parameters. See sheet 3,
zone (6]) of drawing 479333. Enabled from

Page: 9-18 11 NOV 97 Version 3.1 (902330)

Q-Pulse Id TMS637

Active 29/01/2014

Page 131 of 309



Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

BRISBANE CITY COUNCIL
Department Water Supply and Sewerage
Eagle Farm Pump Station Upgrade

Perfect Harmony User’s Manual

BCC Contract No. S.20/95/96
Pumpwell No. 1 Speed Control Equipment

Fault Protection and Rectification

Parameter Range Range | Typical Description
(Min) (Max) Value
system program by setting trq_gain_set 3
flag to “true”.
Torque Integ 0.000 255.996 0.300 | Also see system programming and control
Gain 3 drawings.
Motor 0% 300% 100% | Multiple parameter set 2 for “motor torque
Torque Lim limit” parameters. See sheet 3, zone (5B) of
2 drawing 479333. Enabled from system
program by setting ai_swi7 flag to “true”.
Regen 0.2% 10.0% 3.0% Also see system programming and control
Torque Lim drawings.
2
Motor 0% 300% 100% | Multiple parameter set 3 for “motor torque
Torque Lim limit” parameters. See sheet 3, zone (5B) of
3 drawing 479333. Enabled from system
program by setting ai_swi9 flag to “true”.
Regen 0.2% 10.0% 3.0% Also see system programming and control
Torque Lim drawings.
3

control information.

See Table 9-15: Vector Control Tune Menu (23) on page 9-15 for high performance vector

Table 9-17. Control Loop Test Menu (25)

Parameter Range | Range | Typical Description
(Min) (Max) Value

Speed Test -200% 200% 30% Sets the positive speed reference of square

Positive wave test as a percentage of “full 1d spd™.
“Spd fwd lim” and “spd rev lim” override
these setpoints.

Speed Test -200% | 200% -30% | Sets the negative speed reference of square

Negative wave test as a percentage of “full 1d spd”.
“Spd fwd lim” and “spd rev lim” override
these setpoints.

Speed Test 0.0 500.0 30.1 Sets time period (in seconds) of the test

Time secs envelope defined by speed test pos and
speed test neg parameters.

Begin Speed Sfunction Function used to start the speed loop test.

Loop Test VFD must be in State A (idle) (see state
diagram in Appendix 2). See zone (0B) of
sheet 1 on drawing 479333.

' Stop Speed Sunction Function used to stop the speed loop test.

Loop Test VFD must be in State A (idle) (see state
diagram in Appendix 2). See sheet 1, zone
(0B) on drawing 479333.

Torque Test -200% 200% 23% Positive torque reference of square wave

Positive test as a percentage of “full load curr”.
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Parameter Range | Range | Typical Description
(Min) (Max) | Value
“Mot trq limit” and “regen trq limit”
override these setpoints.
Torque Test -200% | 200% -23% | Negative torque reference of square wave
Negative test as a percentage of “full load curr”.
“Mot trq limit” and “regen trq limit”
override these setpoints.
Torque Test 0.00 91.00 0.67 Sets time period (in seconds) of the test
Time envelope defined by the torque test positive
and torque test neg parameters.
Begin Torque These functions start and stop torque loop
Loop Test Sfunction test. VFD must be in State (A) (see state
diagram in Appendix 2). Parameters are
replicated in Diagnostic Log Menu (31).
Stop Torque Sunction See sheet 2, zone (5E) on drawing 479333.
Loop Test
Start This function is used to start the diagnostic
Diagnostic Junction log. The Diagnostic log can also be selected
Log and enabled through the system program by
setting the following flags:
n diag log select = true
log done = true.
‘ Also see Appendix A and Chapter 8.
Select Function used to select the Diagnostic Log
Diagnostic Sfunction as the current log feature. See Diagnostic
Log Log Menu (31) for a description.
Diagnostic Sfunction Function used to upload diagnostic log
Log Upload information through the RS-232 port on the
door or on the Microprocessor Board.

A state control diagram of the Perfect Harmony is available on sheet 6 of drawing 479333

in Appendix 2.

9.5. Auto Menu (4) Options

The Auto Menu (4) consists of the following menu options:

e Speed Profile Menu (26) ¢  Comparator Setup Menu (29)
e Speed Setpoint Menu (27) ¢  PID Select Menu (48).
e  Critical Speed Menu (28)

Table 9-18. Speed Profile Menu (26)

Parameter | Range | Range | Typical Description
(Min) | (Max) | Value
Entry 0.0 150.0 | 0.0% Determines percentage of full input reference
‘ Point signal at which VFD will operate at the minimum

“entry speed” as percentage of the “full load
speed”. See zones (3H) and (1F) of sheet | on
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Parameter

Range
(Min)

Range
(Max)

Typical
Value

Description

drawing 479333,

Exit Point

0.0

150.0

150.0%

Determines percentage of full input reference
signal at which VFD will operate at the maximum
“exit speed” as percentage of the “full load speed”.
See zones (3H) and (1F) of sheet 1 on drawing
479333.

Entry
Speed

0.0

150.0

0.0%

Determines the starting speed at which the drive
will run at entry point. See zones (3H) and (1F) of
sheet 1 on drawing 479333.

Exit
Speed

0.0

150.0

150.0%

Determines the final speed at which the drive will
run at exit point. See zones (3H) and (1F) of sheet
1 on drawing 479333,

Auto Off

0.0

100.0

0.0%

Sets the threshold of velocity reference below
which the drive is disabled (off). This setting must
be < Auto On to operate normally. This parameter
is specified as a percentage.

Delay Off

0.5

100.0

0.5

“Delay off” sets delay time to VFD off when the
“auto off” percentage of “full load speed” is -
satisfied. This parameter is specified in seconds.
See zones (3H) and (1F) of sheet 1 on dwg 479333.

. Auto On

0.0

100.0

0.0%

Sets the threshold of velocity reference at which
the drive is disabled (in run). This setting must be
greater than or equal to Auto Off to operate
normally. This parameter is specified as a
percentage.

Delay On

0.5

100.0

0.5

“Delay on” sets delay time to VFD on when the
“auto on” percentage of “full load spd” is satisfied.
This parameter is specified in seconds. See zones
(3H) and (1F) of sheet 1 on drawing 479333.

Figure 9-2 illustrates the advantages of using speed profiling control. This method of control
provides an increased “usable control range” for the motor. Ultimately, the speed of the motor

can be adjusted in much finer increments when speed profiling is used.

Q-Pulse Id TMS637

Active 29/01/2014

Speed Command No Action Until Speed Reaches Speed Command
A 75% of Rated Motor Speed A
Using Speed
100% Exit Speed 100% //\
75% \ Entry Speed 75% \ \\
“Usable” Control T “ »
1 Rona Usat;!gm?:)ntrol
Input | t
9 | l . npu
0% —+— —+ } — Sjgnal 0% } —— > Signal
4 mA 20 mA 4mA 8mA 20 mA
. No Speed Profiling Entry Exit
Point Point
Figure 9-2. Advantages of Using Speed Profiling Control
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. Table 9-19. Speed Setpoint Menu (27)
Parameter | Range | Range | Default Description
(Min) | (Max) Value
Speed -9999 9,999 0 rpm Programmable speed setpoints (given in
Setpoint n rpm) set by system program switches
(n=1-7) vd_sw7 through vd_sw/ 3, respectively.

For example vd_sw/3 = true in the system
program enables “speed setpoint 7”.

See zone (5]) of sheet | on drawing 479333.
Also see system programming.

Table 9-20. Critical Speed Menu (28)

Parameter Range Range Typical Description
(Min) | (Max) Values

Skip Freq n 0.0Hz 120 Hz 15.0 Hz | Skip frequencies 1-3 set the center
(n=1-3) 30.0Hz | frequency and skip bands 1-3 set

45.0 Hz | respective bandwidths of the speed
reference signals for critical speed
avoidance. Typical values are 15.0 Hz,
30.0 Hz, and 45.0 Hz, respectively. See
zones (3L) and (1K) on sheet 1 of drawing

479333.
Skip Bandn | 0.0 Hz 6.0 Hz 0.0 Hz Activated by setting csa_sw equal to
(n=1-3) 0.0 Hz “true” in the system program. See also

0.0Hz | control drawings. Skip band is equal to +
value around skip frequency. Typical
values are 0.0 Hz for each skip band. See
zones (3L) and (1K) on sheet | of drawing
479333,

The critical speed feature (sometimes called resonance avoidance) is accomplished using skip
frequencies and skip bands as defined in Table 9-20. This is illustrated in Figure 9-3.

Drive Speed (RPM)

Max_]  RPM=120x Freq/ # of Poles
] Freq = RPM x (# of Poles) / 120
Skip Freq 3 =
prreq 3 Skip Band 3
Skip Freq 2 et
P 3 Skip Band 2
Skip Freq 1 o
pre P ¢ Skip Band 1
: Controlier
Min T > Output
. 0% 100% (% Demand)

Figure 9-3. Critical Speed (Resonance Avoidance) Parameters
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Table 9-21. Comparator Setup Menu (29)

Submenu Description
Compare n Setup (N) Submenus that contain 16 sets of comparators for custom use in the
(where n = 1-16 and system program. Each comparator set (Compare 1 through
N=121-136) Compare 16) consists of three parameters that are located in setup

menus 121 through 136. Comparators are system program flags
(compar_1_f through compar_16_f) which can be used anywhere
within the system program environment to control software
switches. Refer to Table 9-22 that follows and the example system

program later in this document.

Table 9-22. Compare 1-16 Setup Menu (121-136) Parameter Descriptions

Menu Item Typical Description
Value
Comp n A in variable empty “Comp n A” and “Comp n B” are the programmable
select (list) (n=1-16) variables that are compared to one another. These
inputs can be selected from the list in Table 9-23.
Comp n B in variable empty The corresponding comparator flag compar_n_f
select (list) (n=1-16) (where n=1-16) in the system program is set true if
“Comp n A in” >*“Comp n B in”.
Compare n type (list) off “Compare n” can be set to the following:
(n=1-16) signed (e.g., 10 > -50)
magnitude (e.g.,-50>10)
disabled (no compare is done).

Table 9-23. Variable Pick List for Compare Setup Submenus (121-136) and AO Variables

Raw Speed Input Signal Torque Command Analog Aux3 Input
Speed Reg Command Torque Curr Fb Gnd Fault Offset Lev
Speed Command Abs Torq Regulator Feedback Analog Module Input 1
Spd fbk Abs Val Available Line Voltage Analog Module Input 2
Speed Regulator fdbk Peak Line Voltage Analog Module Input 3
Encoder Speed fdbk Total current feedback Analog Module Input 4
Frequency Demand Slip Speed Analog Module Input 5
Mtr voltage command MMF output speed Analog Module Input 6
Mtr voltage feedback VCO Analog Value Analog Module Input 7
Quad Current Command VCO Delta Count Analog Module Input 8
Quad Current Output Phase Lock Loop Error Enter Address Manually
Quadrature Curr Fb Output power in kW Enter Fixed Value
Direct Current Command Analog Ref Input Enter Fixed Percentage
Direct Current Output Analog Aux1 Input

Direct Current Fb Analog Aux2 Input

Version 3.1 (902330)
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Also see Appendix 2 for complete cross reference of variable names and variable descriptions.

4=

The “Enter Address Manually” function can be used to select a variable not listed in the
table. Hexadecimal addresses can be found using the locator file HARS _bb.LOC (the b_bb
corresponds to the software version installed in the drive). - For example, version 1.15
software has the locator file HAR1_15.LOC.

4=

The “Enter Fixed Value” and “Enter Fixed Percentage” are used for selecting constant
values for comparison.

Table 9-24. PID Select Menu (48)

Parameter Range Range Typical Description
(Min) (Max) Value
PID scalar 1 -127.996 127.996 0.390 Selects the scaling for the PID process
variables 1 and 2 in the PID controller.
PID scalar2 | -127.996 127.996 -0.390 See Appendix 2, sheet 1, zone (7C).
PID P Gain 0 98.996 0.390 Sets the PID loop Proportional (P),
PID I Gain 0 98.996 0.390 Derivative (D) and Integral (I) gains.
u PID D Gain 0 98.996 0.000 See Appendix 2, sheet 1, zone (7C).
‘ PID Min -200% 200% 0% Sets the minimum and maximum
Clamp values for the PID loop integrators.
PID Max -200% 200% 100% See Appendix 2, sheet 1, zone (7C).
Clamp
PID -200% 200% 0% Sets a value to be used as the reference
Setpoint setpoint for the external PID loop. The
value is set as a percent of the full
scale.

9.6. Main Menu (5) Options

The Main Menu (5) consists of the following menu options:

Motor Menu (1)

Drive Menu (2)
Stability Menu (3)
Auto Menu (4)

Log Control Menu (6)
Drive Protect Menu (7)

Meter Menu (8)
Communications Menu (9)
Enter Security Code Function
Change Security Code Function
Security Edit Menu (0).

The contents of submenus 1-4 have already been explained earlier in this chapter. The contents of
submenus 6-9 are explained later in this chapter. All of these submenus can be accessed directly
using the keypad or from the Main Menu (5). Refer to the appropriate sections elsewhere in this
chapter for descriptions of menu options within these submenus.

Main Menu (5) functions and submenus are explained in Table 9-25.

The Perfect Harmony has a security system which has several useful features. These include the
‘ display of parameters, but limiting access for changes, blocking the display of menu entries,
preventing the printout of submenu or menu items during a parameter dump, and preventing the
changing of parameters while the drive is running. The code settings are printed on the right side of
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each item on a parameter dump. They are under the heading “lev hmpd”. Entries beneath the “lev”
heading list the security level for each item. In order to change the parameter, the security level must
be set to this level or higher. Entries in the “hmpd” column are the security bits which are set (1) or
not set (0) for each item. The meanings of each bit are listed below.

Hide the menu item until the security level is set to its level or higher.

Submenu print lockout (does not print the menu on a parameter dump).

Print lockout (does not print the item on a parameter dump)

Drive running lockout (will not allow parameter changes while drive is running).

ew 3 &

Table 9-25. Main Menu (5) Options

Parameter Type Description

Motor Menu (1) Submenu | Provides access to the Motor Menu. See page 9-3.

Drive Menu (2) Submenu | Provides access to the Drive Menu. See page 9-5.

Stability Menu (3) Submenu | Provides access to the Stability Menu. See page 9-14.

Auto Menu (4) Submenu | Provides access to the Auto Menu. See page 9-20.

Log Control (6) Submenu | Provides access to the Log Control Menu. See page 9-26.

Drive Protect Menu (7) Submenu | Provides access to the Drive Protect Menu. See page 9-29.

Meter Menu (8) Submenu | Provides access to the Meter Menu. See page 9-31. E

Communications Menu 9) Submenu | Provides access to the Communications Menu. See page
‘ 9-377.

Enter Security Code Function Allows user to change security level for menu access to

following default codes:

Level 0 (none) none
Level 1 (lowest) 1111
Level 2 2222
Level 7 (highest) 7777

Once the new code is entered, any menu item which has a
security level less than or equal to the new level will become
accessible (i.e., visible to the user). All menu items having a
security level greater than the current level will not be visible
to the user.

|
|
|
critical drive parameters. The drive is shipped with the

! Change Security Code function Codes can be changed using the “change security code”

| function (only available in level 2 through level 7). Codes
‘ can only be changed for a particular security level (or
lower) after the VFD is configured for that security level.

Security Edit (0) submenu Provides access to the Security Edit Menu.

There are seven levels of security for the customer’s use. When the drive is initially powered up, or
the microprocessor is reset, the security level defaults to “0”, which is “no security”.

To change the security level, scroll down through the Main Menu to the “enter security code”
function. Selecting this item will prompt the user with “Enter Security Code”, at which time the code

‘ for the desired security level is entered. The security code is a 4-digit number consisting of the
alphanumeric set “0” through “9” and “A” through “F”.
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When the security level is set to level 7, the Security Edit (0) Menu appears. This menu is used to set
the security level for the menu items, to “hide” menu items, to customize the parameter printout, and
to prevent changes to specified parameters while the drive is running.

Upon entering any of the following functions, an “Enter Menu #” prompt will appear on the display.
If the menu number is known, it can be entered at this point. If the menu number is not known, press
ENTER and the display will default to the top of the Main Menu, allowing the user to scroll to the
menu item to be changed.

@3 An asterisk character (*) appears on the left of the display to indicate that the menu or
submenu is in the security edit feature mode, and not the normal mode.

When the operator reaches the menu item to be changed, he must press [Enter] followed by either a

“0” (the [0] key) to disable or a “1” (the [1] key) to enable the selected edit feature. To leave the

“change security level” function, press [Cancel]. Available edit features are outlined in Table 9-26.

To clear security access press the left arrow key (<7) three times.

Table 9-26. Security Edit (0) Functions

Parameter Description

Change Security Level | “Change security level” prohibits access to menu or menu items
until “enter security level” is set to that level or higher.

Hide Till Clearance Allows submenus or items in menus from being displayed until a
Set security level equal to or greater than that item’s level is entered.

Submenu Print Inhibit Allows the parameter dump to be customized for the particular
application. If certain menus of the drive are not used, then they can
be set so they are not printed in a parameter dump.

Block From Printout Performs the same function as “submenu print inhibit” except on
individual menu items.

Drive Running Inhibit | Prohibits certain parameters from being changed when drive is in
the Run State (D).

@3 A state control diagram of the Perfect Harmony is available on sheet 6 of drawing 479333
in Appendix 2.

9.7. Log Control Menu (6) Options
The Log Control Menu (6) consists of the following menu options:

. MemorycFunctions Menu (30) ¢ Historic Log Menu (32)
¢ Diagnostic Log Menu (31) ¢ Fault Log Menu (33).

The contents of these menus are explained in the tables that follow.

Table 9-27. Memory Functions (30)

Function Description
Read Memory Byte Reads contents of RAM address bbbb (hex) and returns data
byte xx (hex).
Read Memory Word Reads contents of RAM address bbbb (hex) and returns data
. word xxxx (hex).
Write Memory Byte’ Writes (sends) the data byte xx (hex) to the RAM address
Lﬂ)bb (hex).
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Function Description
Write Memory Word Writes (sends) the data word xxxx (hex) to the RAM address
bbbb (hex).
Copy from RAM to Copies current contents of RAM to EEPROM for permanent
EEPROM storage. Changes to RAM are lost during reset.
Copy from EEPROM to Copies current contents of EEPROM to RAM.
RAM

For address locations of flags used in system program see Appendix A. For address

locations of process variables, see version of file HARb_bb.LOC, where b_bb is the version

number of the software installed in the drive.

When reading or writing data to/from RAM addresses, a “4” prefix must be used, i.e.,
4bbbb (where bbbb is a valid RAM address in hexadecimal format). Similarly, when
reading or writing data to/from EEPROM addresses, a “6” prefix must be used, i.e., 6bbbb
(where bbbb is a valid RAM address in hexadecimal format). (Note that hexadecimal digits
include 0-9 and A-F.) Refer to Appendix A for more information.

Table 9-28. Diagnostic Log Menu (31)

Parameter Range Range Description
(Min) (Max)

Log varn List Specifies each of 4 log variables (Log varl-4)

(n=1-4) (see Table 9-29) which are selected from the list in Table 9-29.
The values of these variables are captured in the

, diagnostic log.
Diag Log Time 0.0 sec 310.0 Specifies the time interval (in seconds) over
sec which 1280 samples of each variable (specified

by Log varl through Log var4, above) are
captured. Minimum sample period is 2.78 msec
(at 60 Hz) so it would take 3.56 sec (0.00278 *
1280) to produce the highest resolution available.
This parameter defaults to 3.6 seconds.

Select Sfunction This function is initiated by pressing the {Enter]

Diagnostic Log key on the keypad before using the diagnostic

, log.

Start function Starts recording log variables.

Diagnostic Log

Diagnostic Log Sfunction Uploads diagnostic log (in 2’s complement hex

Upload

format) in a 4 x 1,280 word block.
Varl<sp>Var2<sp>Var3<sp> Var4<CR>

This information is translated into ASCII format
when it is displayed.
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Table 9-29. Pick List Variables for Diagnostic Log, Analog Meters and Digital Meters

| Raw Speed Input Signal Direct Current Fb Analog Aux1 Input

i Speed Reg Command Torque Command Analog Aux2 Input

Speed Command Abs Torque Curr Fb Analog Aux3 Input
Spd fbk Abs Val Torq Regulator Feedback Gnd Fault Offset Lev
Speed Regulator fdbk Available Line Voltage Analog Module Input 1
Encoder Speed fdbk Peak Line Voltage Analog Module Input 2
Frequency Demand Total current feedback Analog Module Input 3
Mitr voltage command Slip Speed Analog Module Input 4
Mtr voltage feedback MMF output speed Analog Module Input 5
Quad Current Command VCO Analog Value Analog Module Input 6
Quad Current Output VCO Delta Count Analog Module Input 7
Quadrature Curr Fb Phase Lock Loop Error Analog Module Input 8
Direct Current Command Output power in kW Enter Address Manually
Direct Current Output Analog Ref Input

n Also see Appendix 2 for a complete cross reference of variable names and variable descriptions.
. @3 @ The “Enter Address Manually” function can be used to select a variable not listed in the
previous table. Hexadecimal addresses can be found using the locator file HARS_b5.LOC

| (the b_bb corresponds to the software version installed in the drive). For example, version
1.15 software has the locator file HAR1 15.LOC.,

Table 9-30. Historic Log Menu (32)

Parameter Type Description
Select Sunction | This function is initiated by pressing the “Enter” key on the
Historic Log keypad before using the historic log.
Hist varn - list Historic log variables can be selected from Table 9-39 on page
(n=1-7) 9-355. The seven selected variables are logged 144 times

before and 100 times after the occurrence of a fault. Each
record is recorded at 2.78 msec intervals. The format of the
record is:

Rec No <Variables 1-7> Drive State <sp> Flt] <sp> Flt2 <cr>

“Rec (record) No” designates sample number, - before fault,

+ after fault. Drive state designates state of drive at the time of
the sample. Flt] and Flt2 form a 32-bit bitmap which can be
decoded through .DAT file to inspect VFD fault status for each
sample.

Default values for variables 1-7 are: M % Speed, Mtr Freq, Trq
cmd, Trq I Fb, Mtr V fb, I sum fb and V avail.

‘ Historic Log Junction | Uploads the historic log in ASCII formatted text through the
Upload RS-232 port.
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A state control diagram of the Perfect Harmony is available on sheet 6 of drawing 479333 es
in Appendix 2.

Table 9-31. Fault Log Menu (33)

Parameter Type Description

Fault Log Display function Lists the 64 most recent fault conditions along with the
date and time of occurrence.

Fault Log Upload function Uploads the fault log in ASCII formatted text through
the RS-232 port.

9.8.  Drive Protect Menu (7) Options
The Drive Protect Menu (7) consists of the following menu options:

e  Overload Menu (34)
e Limit Menu (35) #*,

These menus are explained in tables that follow.

Note that the Limit Menu (35) is a high performance/vector control menu which is visible es
from the Drive Protect Menu (7) only if the std_cntrl f flag in the system program is set to E
“false”.

‘ Table 9-32. Overload Menu (34)

Parameter Range Range Typical Description

(Min) (Max) Values
Overload 0 2 1 0-Constant, 1-Inverse 1, and 2-Inverse 2.
Select

Selecting “Constant” causes an Overload
Fault condition when input current
exceeds I overload (as a percentage of
“full load current”) for time period “I
time-out”.

Selecting “Inverse 1" causes overload
conditions to mimic a “classical” time
inverse TOL motor relay (speed
independent) when “I overload” setting
is exceeded.

“Inverse 2” is same as Inverse | except
it linearly de-rates the I overload setting
when actual speed falls below 50% of
the “full load speed” setting to protect
TEFC blowerless motors.

I overload 20% 210% 150% For “Inverse 1 and 27, “I time-out” can
be used to shorten (<1 sec) or extend (>1
sec) standard class 20 TOL trip times.

' I time-out 0.01s 300.00 s 60.00 s For “Constant”, I time-out sets trip time.
Motor Trip S5v 9999 v 4800 v Sets the absolute trip point for an output
Version 3.1 (902330) 11 NOV 97 Page: 9-29
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@
| Parameter Range Range Typical Description
1 (Min) (Max) Values
volts overvoltage fault.
OverSpeed 0% 250% 120% Sets the threshold at which an overspeed

fault will occur. Value is entered as a
percent of “full 1d spd” (the value of the
full load speed parameter).

Encoder 0% 75% 0% Sets the threshold of error between the

Loss encoder feedback and the motor

Threshold frequency at which the drive will trip
with a Loss of Encoder fault. A value of
0 disables this function.

Drive IOC 50% 200% 150% Sets the threshold at which an Output

Setpoint Overcurrent Fault will occur. Value is
entered as percent of “full load curr”.

I Overload 2 20% 210% 150% Multiple parameter set 2 for “I overload”

settings (see above). These parameters
are used when rol_set 2 = true (in the
system program).

I Time-out 2 001s 300.00 s 60.00 s See system programming and control
drawings for more information.

I Overload 3 20% 210% 150% Multiple parameter set 3 for I Overload
settings (see above). These parameters
are used when fo/_set_3 = true (in the
system programy).

I Time-out 0.01s 300.00 s 60.00 s See system programming and control

3 drawings for more information.

Enter for Sfunction Sets the flag drv_fIt rst fin the system
Fault Reset software to “true”. This flag could be

used to reset drive faults if the system
program is configured to do so.

Clear Fault Sfunction Clears the fault message from the
Message display without having to reset the fault.

Table 9-33. Limit Menu (35) (Vector Control Only)

Parameter | Range | Range | Typ. Description
(Min) | (Max) | Vals.
Motor 0.0% | 300% | 100% | Positive torque limit invoked on the reference of
Torque the torque regulator in Vector Control Mode to
limit limit maximum torque during accel and decel

conditions. Values are entered as a percentage of
the “full load current”. For more information, refer
to Appendix 2, sheet 4, zone (5D).
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Parameter | Range | Range | Typ. Description
(Min) | (Max) | Vals.

Reg Torque | 0.0% | 30.0% | 2.0% | Negative torque limit invoked on the reference of
limit the torque regulator in Vector Control Mode to
limit maximum torque during accel and decel
conditions. Values are entered as a percentage of
the “full load current”.

Motor 0.0% | 300% | 100% | Scales inputs from Power Interface Board inputs if
Analog limit selected for use as “forward torque limit” and
“reverse torque limit”.

Reg Analog | 0.0% | 10.0% | 3.0% | For more information, refer to Appendix 2, sheet 4,

limit zone (5D).

Motor 0.0% | 300% | 100% | Multiple parameter set number two. Used for
Torque limit controlling “fwd torque limit” and “rev torque
2 limit”.

Reg Torque | 0.0% | 10.0% | 3.0% | Selected for limits by setting flags ai_swi7 = true

limit 2 and al_swi8 = true in the system program. See also
system programming and control drawings.

Motor 0.0% | 300% | 100% | Multiple parameter set number three. Used for

Torque limit controlling “fwd torque limit” and “rev torque

3 limit”. Selected for limits by setting flags ai_swi9

= true and al_swi20 = true in the system program.

Reg Torque | 0.0% | 10.0% | 3.0% | Also see system programming and control
limit 3 drawings.

See Table 9-16: Standard Control Setup Menu (24) on page 9-16 for standard performance
information.

9.9. Meter Menu (8) Options

The Meter Menu (8) consists of the following menu options:

*  Analog Setup IO Menu (36) ¢ Local Analog Meters Menu (39)
¢ Display Variable Menu (37) ¢ Local Digital Meters Menu (40).
e Trim Analog Meters Menu (38)

Table 9-34. Analog I/O Setup Menu (36)

Parameter Range Range Typical Description
(Min) (Max) Values
Alg varl list empty Analog variables can be selected from
the list in Table 9-29 on page 9-28.
Alg var2 list empty These outputs are on test points TP1

and TP2 on the Microprocessor Board.

Analog TP 1 -20.000 v | 20.000v | 10.000v | Scales “alg varl” and “alg var2”.
10.000v = 100%.

Analog TP 2 -20.000 v | 20.000v | 10.000v

Version 3.1 (902330) 11 NOV 97
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Parameter

Range
(Min)

Range
(Max)

Typical
Values

Description

Scalar

this percentage of internal units (PU).
This is used for comparators and other
pick lists only. A separate scalar is
used for scaling to the speed or torque
command.

Anlg Out n (V)
(n=1-8,
N=111-118)

submenu
(See Table 9-35)

Provides access to the individual
analog output module submenus.

Refer to Table 9-23 (page 9-223) for
pick list names and variable
descriptions for Analog Output
submenus. See Table 9-35 for switch
settings.

Note that there is only one analog
output reference per AO Module.

Anlg In n (N)
(n=1-8,
N=181-188)

submenu
(See Table 9-37)

Provides access to the individual
analog input configuration submenus.
Inputs from the Analog Input Modules
are available as velocity, aux velocity,
PID and torque references.

See Appendix 2, sheets 1 and 2, and
also system programming. See
Table 9-37 for switch settings.

Note that there is only one analog
input reference per Al Module.

Vel Ref

list

empty

These parameters are used to define
input variables for the corresponding
references. Any one of the eight
analog inputs (Analog Module Input 1-
Analog Module Input 8) or “empty”
can be assigned to each of these
parameters.

PID Ref

list

empty

Refer to Appendix 2 for more
information.

Aux Vel Ref

list

empty

Torque Ref

list

empty
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Table 9-35. Analog Output 1 (111) through Analog Output 8 (118)

Parameter | Range | Range | Typical Description
(Min) (Max) | Values

Analog varx list empty | Select for each module x, a variable from any

(x=1-8) listed in Table 9-23 (page 9-223).

Full range 0.0% | 300.0% | 0.0% Scales the output range of the variable

Module 0 15 0 Selects the address number set on the binary

Address address switch found on the output module.
Note: The module addresses must be unique
from other installed analog input or analog
output modules.

Varx type list empty | Selects an output type for each module x

(x=1-8) (display text is shown in boldface):

Disabled - Analog output disabled (off).
Bipolar - Selects all module outputs so that

“0” value of selected variable is:
2.5 v for 0-5 v output
Ov for-10 v to +10 v output
10 mA for 4-20 mA output.

Unipolar - Selects all module outputs so that

“0” value of selected variable is:
0 vfor 0-5v output

-10 v for -10v to +10 v output

0 mA for 4-20 mA output.

4-20 mA - Selects all module outputs so that

“0” value of selected variable is:
+1 vfor 0-5v output

-8 v for -10 v to +10 v output
4 mA for 0 to 20 mA output.

Table 9-36. Trim Analog Meters Menu (38)

Parameter Type

Description

Trim Local Analog function
Meter n (n = 1-8)

This function trims the analog meter selected in Local
Analog Meter Menu (39). The up { and ,flown { arrow
keys on the keypad can be used to trim the meter to a

desired level.

Table 9-37. Local Analog Meter Menu (39)

Submenu

Description

Analog Meter n (V)
(n=1-8, N=51-58)

Provides access to submenus Analog Meter 1 (51) through Analog
Meter 8 (58). The contents of these menus are identical and are
explained in the following table.
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Table 9-37. Analog Input 1 (181) through Analog Input 8 (188)

Parameter | Range | Range | Typical Description
(Min) (Max) | Values
Full range 0.0% | 300.0% | 0.0% Scales the input range of the variable selected.
Module 0 15 0 Selects the address number set on the binary
Address address switch located on the input module.

Note: Module addresses must be unique from
other installed analog input or output modules.

Varx type list empty | Selects an input type for each module x (display
(x=1-8) text is shown in boldface):

Disabled- Analog input disabled (off).

Bipolar - Selects all module inputs so that “0”
value of selected variable is:
2.5v for0-5 v input
Ov for-10vto+10 v input
10 mA for 4-20 mA input.

Unipolar - Selects all module inputs so that “0”
value of selected variable is:
Ovfor 0-5v input
-10 v for -10v to +10 v input
0 mA for 4-20 mA input.

4-20 mA - Selects all module inputs so that “0”
value of selected variable is:
+1vfor 0-5v input

-8 vfor -10vto +10 v input
4 mA for 0 to 20 mA input.

Table 9-38. Display Variable Menu (37)

Parameter | Typ Typical Description
e Values

Disp var 0 list Speed Input The LCD display variables can be selected from
Disp var 1 list Motor Freq Table 9-39.

Disp var 2 list Motor RPM
Disp var 3 list Torque [ Fb

@ Table 9-39 contains name, abbreviation, display and variable columns of standard pick tist
variables (used in the Historic Log Menu, the Display Variable Menu, etc.). The name
column contains the name of the display variable. This is what is displayed as the user
scrolls through the list of available display variables. The abbreviation column contains an
abbreviation that is displayed after a variable is selected from the list. The display column
contains an even more abbreviated form of the variable name. This final abbreviation
(between 2 and 5 characters in length) is what the Perfect Harmony displays on the front
panel of the drive. The variable column shows the associated system program variable for

I reference.
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' Table 9-39. Pick List Variables for the Historic Log and the Front Display
Selection Text Abbreviation Display Text Variable
Motor operating freq Mtr Freq Freq mmf spd
Motor speed in RPM Mtr rpm RPM vel fb
Motor speed in percent M % spd %Spd vel fb
Speed Regulator Command Spd Reg Cmd RPM vel cmd
Raw Speed Input Signal Spd Input Demd raw_vel dmdl
Encoder Speed Feedback Encoder fb Erpm vel_xdr_fb
Torque Command Trq cmd %Trq trq3_cmd
Torque Curr Fb Trq I Fb Itrq trq i fb
Magnetizing Curr Fb Mag [ Fb Imag mag i fb
Total current feedback I sum fb Itot sum_i_fb
Mtr voltage feedback Mtr V fb Vlts av_fb
i Input Line Frequency Line Freq LFrq line freq
i Output Phase wrt line Output Phase PhFb phase_fb
Available Line Voltage V Avail LVt v_avail E
Peak Line Voltage V Avail Pk Pk-V vin_pk_fb
' Output power in kW KW output KwW power
Gnd Fault Offset Lev Gnd Flt Lev VNGa ground fault_level
Flux Position Flux Pos Fpos vco_cnt
Flux Delta Position Delta Pos Dpos del_cnt_vco
Ref Analog Input Ref Input Ref % ref in_analog
Aux1 Analog Input Aux1 Input Auxl aux_inl_analog k
Aux2 Analog Input Aux2 Input Aux2 aux_in2_analog
| Aux3 Analog Input Aux3 Input Aux3 aux_in3_analog
| ‘Ramp Input Ramp Input Rmpl raw_vel_dmd?2
Ramp Output Ramp Output RmpO vel ref
Analog Module Input 1 AlgInl Algl analog_in_modules[0].value
Analog Module Input 2 AlgIn2 Alg2 analog_in_modules{!].value
Analog Module Input 3 AlgIn3 Alg3 analog_in_modules[2].value
Analog Module Input 4 AlgIn4 Algd analog_in_modules(3].value
Analog Module Input 5 AlgIns Algs analog_in_modules{4].value
Analog Module Input 6 AlgIné6 Alg6 analog_in_modules(5].value
Analog Module Input 7 AlgIn7 Alg7 analog_in_modules[6].value
Analog Module Input 8 AlgIn8 Alg8 analog_in_modules[7].value
‘ Enter address manually n/a (1234) (hex address shown)
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Table 9-41. Analog Meter n Menu (51-58)

Parameter Range | Range | Typical Description
(Min) (Max) | Values
Meter n variable list empty | Each analog metér variable can be
(n=1-8) selected from the list in Table 9-29 on
page 9-28.
Full Scale 000000 | 400000 [ 000000 | Scale each selected analog meter

variable as required (32,000 = 100%).

Zero Position

Choose the location of the zero

position on the meter:

0= Left
1 = Center.
Table 9-42. Local Digital Meter Menu (40)
Submenu Description

Digital Meter n (N)
(n=1-7, N=61-67)

Provides access to submenus Digital Meter 1 (61) through Digital
Meter 7 (67). The contents of these menus are identical and are

explained in the following table.

Table 9-43. Digital Meter n Menu (61-67)

Parameter Range | Range | Typical Description
(Min) (Max) | Values

Meter n list empty | Each digital meter variable can be selected

variable (r=1-7) from the list in Table 9-29 on page 9-28.

Rated Value 000000 | 400000 | 000000 | Scale each selected digital meter variable
as required (400,000 = 100%).

Decimal Places 0 6 0 Specifies the number of decimal places to
be used (i.e., the number of significant
digits to the right of decimal point).
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9.10. Communications Menu (9) Options

The Communications Menu (9) consists of the following menu options:

e RS232 Functions Menu (41) e  XCL Receive Setup Menu (44)
¢ Remote YO Menu (42) e RS232 Input list
e XCL Send Setup Menu (43) e RS232 Output list.

Table 9-44. Communications Menu (9)

Function Type Description

RS232 Functions (41) submen - | Provides access to the RSZ32/Functions Menu.
u

Remote I/O Menu (42) submen Provides access to the Remote 1/O Menu.
u

XCL Send Setup (43) submen Provides access to the XCL Send Setup Menu.
u

XCL Receive Setup (44) | submen Provides access to the XCL Receive Setup Menu.
u

RS232 input list Redirects an input from the drive’s RS232 port to

either the local keypad/display or to an external
communication network (XCL). Log files listed
under Log Control Menu (6) may be redirected.
Options are Local keypad/display (LCL kbd) and
XCL network. (XCL net).

RS232 out

list Redirects an output from the drive’s RS$232 port to
either the local keypad/display or to an external
communication network (XCL). Log files listed
under Log Control Menu (6) may be redirected.
Options are Local keypad/display (LCL kbd) and
XCL network. (XCL net).

Table 9-45. RS232 Functions Menu (41)

Parameter Type Description

System function | Downloads the drive’s System Program to the EEPROM on the

Program system module via the RS232 port. The program must be

Download compiled with CMP EXE.

System function | Uploads the drive’s system program to a printer or computer in

Program hex format via the RS232 port. The program can be reverse

Upload compiled with REVCMP .EXE.

Display Sys function | Displays the system program version, revision date and time.

Prog Name

Download function | Downloads to the EEPROM located on the System Module (via

entire the RS232 port), a hex data file which contains the drive system

EEPROM program and parameter settings.

Upload entire | function | Uploads from the EEPROM located on the System Module (via

EEPROM the RS232 port), a hex data file which contains the drive’s system
program and parameter settings.
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Parameter Type Description
Parameter Function | Downloads to the EEPROM located on the System Module (via
Data the RS232 port), a hex data file which contains the drive’s
Download parameter settings.
Parameter Function | Uploads from the EEPROM located on the System Module (via
Data Upload the RS232 port), a hex data file which contains the drive’s

parameter settings.

RS232 Echo- |Function| Tests the drive’s RS232 communication interface. Receives
back test external data from a computer and echoes it back. Data may be
an ASCII text or hex file. No processing of data is performed.

Parameter - | Function | Uploads the parameter settings of the drive in formatted ASCII
Log Upload text to a computer or printer via the RS232 port.
Onboard Oor1l | 0=Enables RS232 port on keypad
RS232 1 = Enables RS232 port on Microprocessor Board (default).
@ RS232 upload functions are used to transmit data from the drive to a printer or computer.
RS232 download functions are used to transmit data to the drive. A terminal emulator such

as Smart Term’s “ST220.EXE” or Procomm’s “PCPLUS” is required to upload, download,
and echo files. Windows “Terminal” protocol settings for the RS232 port are 9600 baud, no
parity, and one stop bit.

@ These functions listed in Table 9-46 are used to test if the microprocessor is receiving inputs
and transmitting outputs as indicated by the User Module’s LEDs. The drive must be off
when reading or writing to the user modules.

Table 9-46. Remote /O Menu (42) Functions

Function Description
Read User Reads the state of the inputs of a digital input module. Enter the address set
Module on the module switch. The state of the 6 inputs is displayed.
(0-15)

For example, “111000” indicates inputs “a” through “f”’ from right to left.
Inputs “a”, “b”, and “c” are false (0), and inputs “d”, “e”, and “f” are true (1).

Write User Writes to a digital output module. Enter the address set on the module switch
Module and the desired state of the 4 relay outputs. Press [Enter] to write to the
(0-15) module.

For example, “1110” sets relays “a” through “d” from right to left. Relay “a
is off (0); relays “b", “c”, and “d” are on (1).

For drives equipped with an eXternal Communications Link (XCL), and Communications
Adapter Board (CAB), the data item for each of the drive’s output registers is selected. The PLC
protocol determines whether data items are broadcast as global data onto the network bus, or as
register based data transfers. Up to 16, 32-bit global data items can be broadcast by the drive. Up
to 32 drive output data registers are available. PLC networks which support global data transfers
are Modbus-Plus and Reliance’s RE-Net. PLC networks which require register-to-register (point-
to-point) data transfers include Allen Bradley’s Data Highway, and Reliance’s R-Net.
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Table 9-47. XCL Send Setup Menu (43)

Parameter | Range | Range Description
(Min) | (Max)

XCL Global Submenu Submenu that contains parameters XCL send01 through

(SITS)MC“U XCL send 16 which specify 32-bit global data items.

XCL Send Submenu Submenu that contains parameters which specify variables

Reg 1-31 whose values (register data, ie., 1, 3,5, 7, ..., 29, 31) are

(147) to be sent from the drive in applications where the PLC
protocol dictates the use of register based data transfers. A
value of “empty” means that no information is to be sent.
Refer to Table 9-49 on page 9-41.

XCL Send Reg Submenu Submenu that is a continuation of submenu 147.

33-63 (148)

XCL Node 0 128 | This parameter specifies a network or node address for

Address networks that have software settable node addresses. The
value corresponds to the node address of the Perfect
Harmony drive.
This parameter defaults to a value of 10.

CAB 0000 | FFFF | This parameter is used to configure the CAB board for

Configuration special network handling. This parameter specifies a CAB
configuration word that-is used for global data and/or
special functions. Refer to respective CAB manual for
more information.

Table 9-48. XCL Global Send Menu (145)

Parameter Type Description
XLC sendnn list These parameters (XCL send01 through XCL send 16) specify
(where nn = the 32-bit global data items (variables) whose values are to be
01-16) globally broadcast from the drive over the network via the CAB.

Each XCL Sendnn parameter can be selected from a pick list as a
drive variable (see Table 9- on page 9-42), a serial flag, or a drive
memory address.

Serial flags are defined in the drive system program as
“SERIAL_Fxx”, where xx is the bit number 00 - 16.

A memory address is entered as a 4-digit hexadecimal number
that is obtained from the drive’s locator file. This directs a 16-bit
word, data type hex.

A value of “empty” means that no information is to be sent.
“Erase entry” will define XCL sendnn as empty.

“Heartbeat” is incremented every 2.7 ms to indicate that the drive
Microprocessor Board is “healthy”.
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Table 9-49. XCL Send Reg 1-31 Menu (147)

Parameter Type Default Description

XCL reg 001 list Speed Input % Parameters which specify variables
whose values (register data, i.e., 1, 3,
5,7, ..., 29, 31) are to be sent from

| the drive in applications where the

| PLC protocol dictates the use of
register based data transfers.

XCL reg 003 list Ramp Output % A value of “empty” means that no
information is to be sent.

XCL reg 005 list Frequency Demand % Table 9- on page 9-42 gives a
complete list of the available
variables from which to choose.

XCL reg 007 list Total I Fb %

XCL reg 009 list Mtr voltage feedback %
XCL reg 011 list kW Output %

XCL reg 013 list Serial 1 Bit Flags

XCL reg 015 list Heartbeat

|
|
! u XCL reg 017 list <empty>

through
XCL reg 031
(odd numbers)

Table 9-50. XCL Send Reg 33-63 Menu (148)

Parameter Type Default Description
XCL reg 033 list <empty> Parameters which specify variables whose values
through (register data, i.e., 33, 35, 37, 39, ..., 61, 63) are
XCL reg 063 to be sent from the drive in applications where
(odd numbers) the PLC protocol dictates the use of register

based data transfers. A value of “empty” means
that no information is to be sent.

Table 9- on page 9-42 gives a complete list of the
available variables from which to choose.

Table 9-51. XCL Send Setup Pick List

Selection Text Display Text Variable
Speed Reg Command RPM Spd Cmd RPM vel_cmd
Speed Command % Spd Cmd % vel_cmd
Speed Feedback RPM Spd fb RPM vel_fb
. Speed Feedback % Spd fb % vel_fb
Frequency Demand | Freq Dmd mmf spd
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Selection Text Display Text Variable
Frequency Demand % Freq Dmd % Mmf spd
Raw Speed Input % Spd Input % Raw_vel_dmd]
Ramp Output % Ramp Out % Vel_ref
Encoder Fb RPM Encoder Fb Vel xdr fb
Encoder Fb % Encoder Fb % Vel xdr fb
Torque Command AMPS Trq Cmd AMP Trq3 _cmd
Torque Command % Trq cmd % Trq3 _cmd
Mtr voltage feedback Mtr V fb Av_fb
Mitr voltage feedback % MtrV b % Av_fb
Available Line Voltage V Avail v_avail_ser
Line Frequency Line Freq Line_freq
Torque Curr Fb Trq I Fb Trq_i fb
Torque Curr Fb % Trq I Fb % Trq_i fb
Magnetizing Curr Fb Mag I Fb Mag i fb
Magnetizing Curr Fb % Mag I Fb % Mag i fb
Total Curr Fb TotIFb Sum_i_fb
Total Curr Fb % Tot I Fb % Sum_i_fb
Serial 1 Bit Flags Serial flg1 Serial_f1
Serial 2 Bit Flags Serial flg2 Serial_f2
Serial 3 Bit Flags Serial fig3 Serial 3
Serial 4 Bit Flags Serial flg4 Serial_f4
Fault Word 1 Flt wrd1 JIt wordl
Fault Word 2 Flt wrd2 St word2
Drive State Drv State Drv_state
Heartbeat Heartbt Lcl watchdog
Analog Ref Input Ref input % Ref in_analog

Analog Auxl Input

Aux] input %

Aux_inl_analog

Analog Aux2 Input

Aux2 input %

Aux_in2_analog

Analog Aux3 Input

Aux3 input %

Aux_in3_analog

Gnd Fault Offset Lev Gnd Flt Lev Ground_fault level

Output power in KW KW output Power

Output power in % KW output % Power

Analog Module Input 1 AlgIn1 Analog_in_modules{0].value
Analog Module Input 2 AlgIn2 Analog in_modules{l].value
Analog Module Input 3 AlgIn3 Analog_in_modules(2].value
Analog Module Input 4 AlgIn 4 Analog_in_modules{3].value
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Selection Text Display Text Variable
Analog Module Input 5 AlgIn5 analog_in_modules[4].value
Analog Module Input 6 AlgIné6 analog_in_modules[5].value
Analog Module Input 7 AlgIn7 analog_in_modules[6].value
Analog Module Input 8 AlgIn8 analog_in_modules[7].value
Enter address manually (1234) (hex address)
Erase Entry (empty) (clears entry)

Table 9-52. XCL Data Types for “Address Entered Manually” Option

Selection Text Display Text Selection Text Display Text
(Not Displayed) (Not Displayed)
Velocity type 0 Percent (%) Q13 10
Current type 1 Percent (%) Q14 11
Ratio type 3 Raw 16 Bit type 13
Acceleration type 4 Voltage type 14
System Flag type 9

For drives equipped with an eXternal Communications Link (XCL), and Communications
Adapter Board (CAB), the data item for each of the drive’s input registers is selected within the
submenus which follow. The PLC protocol determines whether data items are broadcast as global
data onto the network bus, or as register-based data transfers.

For global data, the XCL pointers and communication flags define the PLC node and item as
“AA:XXX”, where “AA” is the PLC node, and “XXX” is the item, as determined by user

protocol.

For networks with register-to-register data transfer, enter “99” for the PLC node, and “XXX” as

the desired 16-bit register.

Table 9-53. XCL Receive Setup Menu (44)

Q-Pulse Id TMS637

Menu/Parameter Type Description
XCL Vel Ref (141) submenu Submenu containing XCL pointers 01-12.
XCL Vel Ctrl (142) submenu | Submenu containing XCL pointers 13-36.
XCL Trq Ctrl (143) submenu Submenu containing XCL pointers 37-52.
XCL Comm Flags (144) submenu Submenu containing communications flags
FO1-Fi6.
Serial Input Scalars (146) submenu Submenu containing serial input scalars.
11 NOV 97
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- Table 9-54. XCL Velocity Reference Menu (141)

Parameter

Default
Value

Description

XCLPTR_bb
(bb=01-04
and 06-12)

00:000

Xclptr_01 through xclptr_04 direct a ratio control reference to
the drive. Xclptr_05 through xciptr_08 direct a velocity
command to the drive. Xclptr_09 through xclptr {2 direct an
auxiliary velocity input to the drive. The drive’s system
program will have a corresponding software switch xc/_swxx
(where xx=1-12) set true to read an input.

Values for these parameters take the form 44:XXX, where:

AA = the PLC node number (0-64, and 99)
XXX = the item number (000 and 069-127).

XCLPTR_05

99:065

Same as above for xclptr_05 (which has a different default
value). The default item number (i.e., 065) corresponds to the
raw velocity demand from the PLC.

Table 9-55. XCL Velocity Control Menu (142)

Parameter Default Description
Value
XCLPTR_bb 00:000 | Xclptr_13 through 20 direct forward and reverse velocity limits
(bb =13-36) to the drive.

Xclptr_21 through 36 direct forward and reverse acceleration
and deceleration rates to the drive.

The drive’s system program will have a corresponding software
switch scl_swxx (where xx=13-36) set true to read an input.

Values for these parameters take the form A4: XXX, where:

AA = the PLC node number (0-64, and 99)
XXX = the item number (000 and 069-127).

Table 9-56. XCL Torque Control Menu (143)

Parameter Default Description
Value
XCLPTR_bb 00:000 | Xciptr_37 through-40 direct a torque command to the drive in
(bb =37-52) torque follower applications.

Xclptr_41 through 44 direct a torque auxiliary command to be
added to the internal torque command.

Xciptr_45 through 52 direct positive and regenerative torque
limits to the drive.

The drive’s system program will have a corresponding software
switch scl_swxx (where xx=37-52) set true to read an input.

Values for these parameters take the form A4:XXX, where:

AA = the PLC node number (0-64, and 99)
XXX = the item number (000 and 069-127).

Version 3.1 (902330)
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Table 9-57. XCL Communication Flags Menu (144)

Parameter Default Description
Value

COMM_Fo1 99:067 Up to 16 communications flags may be received by the drive.
Each flag consists of 16 bits. The individual bits are used as the
drive’s system program inputs. Syntax is COMM_Fbb_xx,
where “bb” is the communication flag number, and “xx” is the
bit. This permits up to 256 general purpose control functions
from the PLC.

Values for these parameters take the form A4 XXX, where:

AA  =the PLC node number (0-64, and 99)
XXX = the item number (000 and 069-127).

The default item number (i.e., 067) corresponds to serial bit
data from the PLC.

COMM_F02 99:069 Same as above for comm_f02 (which has a different default
value). The default item number (i.e., 069) corresponds to
serial bit data from the PLC.

COMM_Fbb 00:000 Same as above for comm_f03 through comm_f16 (which have
(bb=03-16) different default values).

Table 9-58. Serial Input Scalars Menu (146)

Parameter Range Range | Default Description
_ (Min) (Max) Value
Vel Ref Serial - 125.000 1.000 Scalars for XCL serial inputs:
125.000 Velocity reference
V Aux Ref Serial - 125.000 1.000 Velocity aux reference
125.000
V Ref Pos Limit Serial - 125.000 1.000 Velocity ref positive limit
125.000
V Ref Neg Limit Serial - 125.000 1.000 Velocity ref negative limit
125.000
Torque Cmd Serial - 125.000 1.000 Torque command
125.000
Aux Torque Serial - 125.000 1.000 Auxiliary torque command
125.000
Torque Pos Limit Serial - 125.000 1.000 Torque positive limit
125.000
Torque Neg Limit Serial - 125.000 1.000 Torque negative limit
125.000
Table 9-59. Hour Meter Setup (50)
Parameter Type Description
Display Hour Meter function Used to display the amount of time that the drive has
‘ been operational since it was commissioned.
kW Hours Consumed function Displays the total kW hours that have been
accumulated since the drive was commissioned.

Page: 9-44 11 NOV 97 Version 3.1 (902330)
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CHAPTER 10: ISOLATION & RESTORATION PROCEDURES _

Consult Brisbane Water Isolation and Restoration Procedures.
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CHAPTER 11:

The sub-contractor and proprietary equipment supplier is:

Robicon

500 Hunt Valley Rd
New Kensington
PA. USA 15068.
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VTR o N MANUFACTURING. INC.
R

Pulse Generator
Instructions

7900 E. PLEASANT VALLEY ROAD
INDEPENDENCE. OHIO 44131-5529
TELEPHONE: (216) « 642-1230
FACSIMILE: (216) - 642-6037

CALL (216)+641-8310

M485
SMARTach™

FOR SERVICE:

DESCRIPTION

The Avtron Model M485 SMARTach™ Rotary Pulse Generator (patent
pending) is a severe duty. speed and position transducer. When
coupled to a motor or machine, its output is directly proportional to
shaft position (pulse count) or speed (pulse rate). The M485 can be
used for both control and instrumentation applications.

Mechanically, the M485 mounts on a NEMA 56C adapter flange or it
can be foot mounted by using an optional foot mounting bracket kit.

The enclosure on Model M485 is rated IP66 to protect the internal
components from contamination. This rating, along with several other
important factors, makes the M485 ideal for demanding industries like
paper, metals, and chemical processing.

The M485 utilizes magnetoresistive sensors. This proven technology
is ideal for rugged environments since it is immune to contaminants
that could affect the performance of optically-based pulse generators

An Avtron SMARTach™ can be equipped with one or two sensor
modules. Each module has a two-phase output (A, B) 90° out of
phase, with complements (A, B). A marker pulse with complement (2,
Z ) is available as an option.

volution). Additionally, the sensor module can provide any one
olnree different resolutions from the same rotor: the base PPR, 1/2
the base PPR, or double the base PPR. With two sensor modules,
the same pulse generator can provide two different PPRs at the same
time. Groupings of 240, 480, or 960; 256, 512, or 1024; and 300, 600,
or 1200 are available for maximum RPM values of 4500, 4200 and
3600, respectively.

(‘. 1t resolution is partly determined by the rotor's base PPR (pulses

Example: an M485 could use a 1024 PPR sensor output on one side
for feedback to a drive system, and simultaneously use a 256 PPR
sensor on the other side for a process computer.

The circuitry has a new diagnostic package that includes Adaptive
Electronics and a Fault-Check output. With this package, the
SMARTach™ can maintain itself, and provide a signal if there is a
problem before the problem causes unscheduled downtime.

ADAPTIVE ELECTRONICS

The M485 continuously monitors duty cycle and makes corrections
when necessary.

A perfect duty cycle consists of a waveform whose "high” and "low"
conditions are of the same duration (50% / 50%). This is especially
important in two phase (A,B) applications where direction of rotation
is determined by the precise sequencing of the two phases.

Normally, over time, duty cycle will change due to component drift,
temperature changes, and mechanical wear. The M485 SMARTach™
extends the life of the M485 by constantly monitoring and correcting
duty cycle over time to maintain this critical performance specification.
Not ~nly does the pulse generator last longer, but the signal quality is
m eliable over the life of the unit.

Q-Pulse Id TMS637
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FAULT-CHECK

If the Adaptive Electronics reaches its adjustment limit, the Fautt-
Check output will notify the drive or controller of an impending failure
This contact closure output occurs before an actual failure, allowing
steps to be taken to replace the unit before it causes unscheduled
downtime.

BUILT-IN SPARE

The design of the M485 SMARTach™ uses a special sensor module
In applications where 600 PPR or below is used, the SMARTach™
can automatically switch to a second set of sensor elements The
drive or controller is again notified by the Fault-Check system in this
situation.

The available options for the M485 and how they are indicated in the
M485 part number are shown below.

M485 X X X XX XXX XXX

' ' ' ] ' ) ' *

| ,
X , '
N LEFT RIGHT (saME CODE FORMAT v .
MODULE MODULE { AS LEF T MODULE
o
[ 1. 12.15 VOLTS
T
voLTS { 2. 24 VOLTS (FUTURE OP 1ON,
N- WIRE LEADS ONLY
| C- MS BULK HEAD CONNECTOR
Lo . connecror | L-Ms ELBOW
T- TERMINAL BOX
K- CONDULET

P. PLUG-IN INDUS TRIAL

L- LOW RANGE (BASE PPR 1 172:
T T T T RANGE M- MEDIUM RANGE (BASE PPR)

H- HIGH RANGE (BASE PPR « 2}
=" MARKER { VZ'N'(A)?‘%KER

48- 480
BASE PPR 51-512

60- 800
- SINGLE SHAFT
SHAFT OPTIONS D- DUAL SHAFT
G- SHAFT GROUNDING OP NON

The removable sensor assemblies included with Model M485 Puise
Generators are identified by model number M484 as follows:

M484-X X X X X X
r L'VOLTS { 1-12-15vOLTS

2- 24 VOLTS (FUTURE OPTION)
N- WIRE LEADS ONLY

C- MS BULK HEAD CONNECTOR
L- MS ELBOW

T- TERMINAL BOX

K- CONDULET

P- PLUGHN INDUSTRIAL

-CONNECTOR

L- LOW RANGE (BASE PPR x 112}
——-—-- —~RANGE M- MEDIUM RANGE (BASE PPR = 13
H- HIGH RANGE (BASE PPR + 2,
Z- MARKER
- NONE
48. 480
l—————————-—- BASE PPR { 51-512
60- 600

Lo~ MARKER

Refer to separate instructions for additional information on the shaft
grounding option.

.
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Cable capacitance switching examples:
320 mA @ 0.05 uF, 15 VDC, 72 kHz, Differential
15 mA @ 0.05 uF, 12 VDC, 12 kHz, Single ended
Output example: -
28 mA for Quadrature output into 1 KQ, 15 VDG in.
Alarm example:
+V (OUT) for Alarm: 50 mA max.
Outputs: Square wave from 4428 differential line driver with
' transient protection
Volts, High: (+V) - 1.8, min. (0.05 uF, 15 VDC, 72 kHz,
differential, +V (OUT) @ 50 mA);
(+V) - 0.6, max. (0.0 uF, no load)
Note: Does not include cable IR drop
Volts, Low: 0.12 typical, 0.5 max.
Curmrent: 1.5 amps peak, 30 mA average typical.
Incremental channel:
Quadrature square wave, phase A leads phase B for
CW shaft rotation as viewed from anti drive end of the
motor (tach mounting end)
Duty cycle: 50% +/- 5%
Transition separation: 25% +/- 5%
Resolution: 240, 256, 300, 480, 512, 600, 960,
1024, 1200 PPR
Marker channel: Once per revolution. Pulse width
approximately 1/3 of base PPR period.

( SPECIFICATIONS
ELECTRICAL: _ ELECTRICAL {continued):
Input Operating Power: Alarm Output:
Volts (+V): 11.5VDC to 15.5 vDC +V(OUT): 50 mA max. This is a convenience output, internally
Current: 120 mA no load, per output. As loads are jumpered to +V operating voltage. It is intended f_ i
added, required current increases. See circuits like solid state relays that can be referen +V
following examples for added loads: Alarm: Open collector, sink 100 mA max, withstand max

referenced to common. Output goes low on alarm.

MECHANICAL:

Speed range: 0-4500 RPM for base PPR of 480

Speed range: 0-4200 RPM for base PPR of 512

Speed range: 0-3600 RPM for base PPR of 600

Weight: 11 Ibs.

Coupling Recommended: Zero Backlash; Thomas Miniature
Flexible or Equivalent. Where axial endplay exceeds +/-0.020
inch, use Thomas CCX or equivalent.

ENVIRONMENTAL:

Operating temperature: -20 deg C to 80 deg C :

Dust & Water: A standard M485 pulse generator is shipped with a
universal breather/drain to equalize pressure if the tach is
exposed to temperature cycles and provide a drain for
condensate. The labyninth design limits the entry of dust to |
normally satisfactory levels, and water spray in any direction
has no hammful effect. In envionments with stable
temperatures the breather may be replaced with a 1/4" pipe
plug making the pulse generator water-tight and dust-tight.

Features and specifications subject to change without notice.

INSTALLATION

Refer to the back page of these instructions for outline and
mounting dimensions.

DRIVE INSTALLATION INSTRUCTIONS

The pulse generator must be driven by a positive drive rather than
a Inction drive. The following means of coupling are acceptable
when properly installed: Direct Coupling, Timing Belt/Pulleys,
Chain/Sprockets.

With a direct drive, use a flexible coupling and align the shafts as
accurately as possible. The pulse generator should not be
subjected to any axial thrust. Overhung loads should also be
minimized. Installations using timing belts/pulleys should have just
enough belt tension to eliminate belt sag. Excessive tension will
shorten belt and bearing service life. If a rubber stinger disc is used,
position it on the shaft so it will rotate freely.

CAUTION

Do not force or drive the coupling onto the shaft, or
damage to the bearings may result. The coupling
should slide easily on the shaft. Remove nicks and
burrs if necessary. Consider driving shaft endplay
when positioning coupling.

For more details on alignment specifications, measurement
techniques, and special considerations in specifying and installing
drive components, refer to separate installation instructions in the
Avtron PULSE GENERATOR HANDBOOK.

Active 29/01/2014

FOOT MOUNTING INSTRUCTIONS

The NEMA 56C face is the preferred mounting method.the ‘
M485. In certain cases, however, it may be necessary to foot-mount |
this unit. The optional foot mounting bracket kit, Avtron part number '
A22232, will be required. Read all of the following instructions and
the Avtron PULSE GENERATOR HANDBOOK prior to beginning
any work. ”
The tach performance and life will be directly affected by the |
installation. Following this sequence of steps is recommended. \

1) Clean and inspect motor / driver shaft. Do not use force to "
assemble coupling onto motor / driver shaft. The foot 1
mounting bracket must be secured to a flat, ngid, vibration
free steel or aluminum base which can be machined to
accept 5/16-18 mounting hardware.

2) Temporarily mount the tach to the foot bracket, install the
coupling to tach and driver, and venify that the location is
suitable for installation.

3) If the M485 tach, bracket and coupling are suited to the area,
check for parallel and angular alignment. |

4) While maintaining alignment, precisely mark the position of |
the foot bracket on its mounting base.

5) Remove the M485. Transfer punch or layout the mounting
hole pattem as indicated on outline drawing.

6) Machine four, 3/8" dia through holes or tap four, 5/16-18
holes in center of base slots to give some degree of freedom
in final alignment.

7) Reinstall the M485 and tighten down all mounting hardware.
Check alignment to verify that it meets specifications.

8) Recheck alignment and tighten all hardware after first
several hours of operation.

MINIMIZE DOWN-TIME : Should tach replacement be r‘ed, |
leave the foot mounting bracket installed on its base and mount ‘
the new tach to the bracket. This maintains the original alignment. |
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WIRING INSTRUCTIONS

For oidirectional operation of the 2-phase SMARTach'™, proper
phasing of the two output channels is important. Phase A channel
leads phase B channel for clockwise shaft rotation as viewed from
the anti-drive or accessory end of the motor (tach mounting end).

Interconnecting cables specified in the wire selection chart below

“ are based on typical applications. Refer to the system drawing for

specific cable requirements where applicable.

WIRING DIAGRAMS
FOR SINGLE ENDED APPLICATIONS

Physical properties of cadle such as abrasion. iermperature. te
strength, solvents, etc . are dictated by the Speéiﬁc appiica
General electrical requirements are: stranded copper, 22 thn
gauge (P options can use 14 AWG), each wire pair individ
shielded with braid or foil with drain wire, 0.05 uF maximum -
mutual or direct capacitance, outer sheath insulator, 1,000 ft «
See Wire Selection Chart below for some suggested cables

r

OUTPUT OPTIONS

OUTPUT OPTIONS FUNCTION
1] . [
N&K caL | P i T i
( RED B 6 v ’T] """""" ]’\] OPERATING VOLTAGE
BLUE E {3 ¢+ B ‘_I\J ........ - 28
M485 ! H ' j:
GREEN | D 1 2 i A ! Jf‘] “““““ [ | gA
4 feack | AP o1 pcomi L I COMMON
ORANGE{ C { 4 } Z (=== I MARKER
; i ; ; —
BROWN | F | 5 lavoun| — =0 ' RELAY +V REF
VIOLET | J I [ ALM :

FOR DIFFERENTIAL APPLICATIONS

[ L aarm -
' )%\7 GROUND

FUNCTION

Ca&L P

cCOM
Vv

M485

| S
A
Og o
2 e
zm
rm
[= - BN OS]
o @

TYPICAL WIRE SELECTION "HART

ORANGE C 4 Z

WHITE ] 9 z

BROWN F 5 «V(OUT)
\_ | VIOLET J 10 ALM

for 18 AWG, muiltiple pair, individually shielded

M COMMON

Ju.,_ — __]I:] OPERATING VOL TAGE
et

; B [I] A

JESSE G

i U _..lj:] 6

f I’T """"""" ] ] MARKER
P I MARKER COMPLEMENT
' A RELAY +V REF
P L

T — ALARM
)%7 GROUND

NOTE: When using the
plug-in industrial connector
("P" option), the wire ends

must be tinned with solder
BELDEN ALPHA before connection at the
2 PAIR 9368 6062 screw terminals.
3PAIR 9369 6063
‘ 4 PAIR 9388 6064
6 PAIR 9389 6066
[ M485CLAN
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-— OUTLINE DIMENSIONS AND OPTION DETAILS

150
} PRIMARY
fo— 325 —o=d V816 UNC-28B - ¢ HOLES | o 808
EQUALLY SPACED ON A ISOLATED
5 875 DIA B.C. REF bo— 528 - OUTPUT
V16 SQ KEY COVER PLATE SEE NOTE 3
(FURNISHED) SINGLE OUTPUT ONLY
OPTONAL SECOND ‘
ISOLATED OUTPUT
_i 4.500 :'nj- - -
4497 . 3 2__ L | — - 1 -— 6.75
> :i‘,‘_)— - -
OPTION "N" <00
STANDARD:
l_ gg;:g I . 172-14 NPT
BOTH ENDS SFT _ o=
npo
2.077+/-.005 I“— . ALTERNATES
4.1544/- 010 SHOWN BELOW
184 —ond \
485 PULSE GENERATOR s
VItV I AS STANDARD ON
T BOTTOM OF UNIT
|
|
‘ le— 344 — o 179 fe— S FT OF FLEXIBLE
. ) WATERPROOF
CONDUIT FROM
PULSE GENERATOR
188

ee

STANDARD.

FOOT BRACKET

1214 NPT 038
0 r
PTION "K" ’ ‘
CONDULET O’ “TION.“L"
RIGHT ANGLE QPTION "C
“MS” CONNECTOR “MS" CONNECTOR
5.50 475 [ ]
I ] | @
0.437 DIA THRU A —-1 Fo.s& I _/
0.69 DIA C'BORE x 0.38 DP . —ant 0.15 . 0.312 DA
4 HOLES 1 H 4+ HOLES
= I —of 1.12 f—
“ TERMINAL BLOCK
i | OPTION"T".
& [
| H 80X IS 3,12 DEEP
z_ool 4502 I
DA 4,505
i DA I
200 ! ‘
4] ‘
I__l | I | NOTES:
p=--0.50 « N 1. Dimensions are in inches
L___a 50 H except as noted. |
I 2 All dimensions are
approximate.
SECTION A-A I 3. Pilot mounting conforms to a
NEMA 56C face
- |
033 | }
|
OPTIONAL | ‘
- e . |
1]
1

I M4850LAN

Features and specifications subject to change without notice Avtron standard warranty applies. All dimensions are ininches REV C
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INSTALLATION INSTRUCTIONS & PARTS LIST

HIGH-VOLUME INDUSTRIAL BLOWERS
MODELS 3C428, 3C429 & 3C430

DAYTON ELECTRIC MANUFACTURING CO. CHICAGO 60648

Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM MC%U%V%I;;%
‘ /30

FORM
652433

05540

0382/13972M

READ INSTRUCTIONS CAREFULLY BEFORE ATTEMPTING TO INSTALL, OPERATE OR SERVICE THE

DAYTON HIGH-VOLUME INDUSTRIAL BLOWER.

RETAIN INSTRUCTIONS FOR FUTURE REFERENCE.

Description

Dayton high-volume industrial blowers are built to meet
class 1 design performance and provide efficient air
movement for heating, ventilation, cooling, and similar
industrial applications up to 2" static pressure. Steel
housing and corner braces provide a rigid support for
mounting the blower in any one of four standard
discharge positions. Dynamically balanced galvanized
steel wheel. Cast iron ball bearings. Maximum
operating temperature is 200°F (93.9°C).

The maximum blower RPM per wheel diameter is listed
in the performance table. Air deliveries listed are based

on standard test codes of the Air Moving and Control
Association.

Unpacking

After unpacking the blower, inspect carefully for any
damage that may have occurred during transit. Ro-
tate wheel by hand to be sure it turns freely.
NOTE: Never lift a blower assembly by the shaft. Use
a sling or platform structure to lift the blower.

USE BLOWER FOR ANY OF THESE DISCHARGES

HORIZONTAL BLAST HORIZONTAL BLAST

General Safety Information

1. Follow all local electrical and safety codes, as well
as the National Electrical Code (NEC) and the Oc-
cupational Safety and Health Act (OSHA).

2. Blower must be securely and adequately grounded.
This can be accomplished by wiring with a
grounded, metal-clad raceway system, by using a
separate ground wire connected to the bare metal
of blower frame, or other suitable means.

3. Always disconnect power source before working
on or near a motor or its connected load. If the pow-
er disconnect point is out-of-sight, lock it in the
open position and tag to prevent unexpected ap-
plication of power.

4. Be careful when touching the exterior of an oper-
ating motor — it may be hot enough to be painful
or cause injury. With modern motors this condition
is normal if operated at rated load and voltage —
modern motors are built to operate at higher
temperatures.

5. Protect the power cable from coming in contact
with sharp objects. |

6. Do not kink power cable and never allow the cable |
to come in contact with oil, grease, hot surfaces,
or chemicals.

7. Make certain that the power source conforms to
the requirements of your equipment.

8. When cleaning electrical or electronic equip-
ment, always use an approved cleaning agent
such as dry cleaning solvent.

9. Do not put hands near or allow loose and hanging
clothing to be near belts, pulleys, or blower wheel
while the unit is running.

WARNING: NOT RECOMMENDED AS AN EXPLO-

SION PROOF BLOWER. DO NOT USE WHERE EX-

PLOSIVE FUMES OR GASES ARE PRESENT.

BOTTOM uP TOP DOWN
\
|
|
|
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FORM 552433] MODELS 3C428, 3C429 & 3C430 3C Y5,
. . o0ssa0 | -
Specifications
uie WSUPT. FRAME
‘ : zsoﬁa > ‘/ /curorr HARDWARE
-+ H
ING _| \ H1 WHEEL KEY
) BEAR < A :. - 1.50 / —/
sour _| ] _ \ \ (s . 4] KEY-TAPED TO SHAFT
WASHER e [l 1 Z :::::-Gi?'-/---"‘“
LS } E VAT 1%
LOCKWASHER —1 Iy |
w7 AR | ————« || S
i N.N\\ .
sHim || in l \4» ) WHEEL
(AS REQ'D) . = P—5% N
T - |, & SL0T .50 x 1.00
—~2.50~— e ! s l— k. ey
o— C —i N | 1.32
B d M '-TYP
—{R P | R
L
Model| Wheel| Wheel
No. Dia. |Width| A B C D E F G K L M N P R
3C428] 20 20 |38.00{31.25|12.94|14.00 24.75]20.53| 1.44 | 24.75]136.75127.75]26.25|30.00} 3.38
3C429] 22 22 141.50| 34.25|14.19]| 14.75| 27.25| 22.59| 1.44| 27.25| 39.25| 30.25]| 28.75| 32.50| 3.38
3C430| 25 25 |46.75]| 38.38]15.751 17.50] 31.25| 25.66| 1.44| 31.25]43.25| 34.25| 32.76| 36.50| 3.38
DRIVE DATA
CFM AIR DELIVERIES AT RPM SHOWN Motor | Motor Blower | Blower
Sheave | Sheave Sheave | Sheave
Blower sp [ sp [sp [sp [sp [sp [sp | sp Model | Biower | Motor | Pitch | Stock Pch | Stock | No.
Model| REM R | W | o | v [ o | ¢ fwe o | 7 No. | RPM | HP. | Dia. | Mo, | Ben | Dia | Mo, | Grooves
310 [ 1| 6.350] 3.770 30 | 1 [ 32a | awss3 [aase| eon [1woss| 2
ao | 2 | 8.340] 8.420| 7.570 w0 | 2 | a2 | 2o |3os2| eoa | wees| 2
03] |l AR il
1, . 10,6 K &AL A 1
S4B 610 13.200{12:370{10.920 X4BY 610 | v [ 58T 060"| PASTHTSAE |TWoe2 | 2
760 |15 15.900 |14.500 {13,850 10.000 760 | 15 | 548 | 349 [sxas2| 1248 | ;s16| 3
800 | 20 17.200 {16.300 {15,400 12.700 800 | 20 | 7.08 | 3x4s8 |3x3s4| 1548 | w616 | 3
850 |25 18.700 |17.900 |17,000 14,850 80 | 25 | 908 | 1AM | 2072 | 1848 | Woe3| 2
310 [1a| 8.760] 6.980 : M0 | 1% | 324 | 3553 |as2) 180A | 1woes| 2
40 | 3 |12:560(11:640(10.530 0 { 3 | 424 | 264 | 352 1804 | wee3| 2
450 | 5 13.770 {12,920 | 10,640 50 | 5 | 454 | psss [3an| 1soa | wees| 2
540 [7v 15.310(13,500 |10.410 S0 | 7w | 524 | e [ 3as1| 1eoa | iwess| 2
3c429] 565 | 10 17,310{15.860 {13.950 a4 585 | 10 | 648 | 364 |asa| 2008 | 3o | 2
730 |15 19.000{18.000 |16.200 |15.700{ 11.900 730 | 15 | 528 | a0 [pas3| 1248 | 616 | 3
760 |20 20050 19,100 |18,100 |16.950 13,650 760 | 20 | 668 | 3457 | 3354 ) 1548 | awers| 3
800 | 20 21300 |20.450 {19,500 {18,550 16,000 800 | 20 | 708 | axse |:3s4| 1548 | axe18 | 3
860 |25 23.30022.500 [21.700 |20.800 | 18750 860 | 25 | 908 | 1A | 3072 1848 | 1Wes3| 2
70 | 2 [12.700{10.460 70 | 2 | 28a | a5 | 352 160a [ 1wesa| 2
310 | 3 115590|13.950{11.900 30 | 3 | 324 | xs30 {33s2| 1804 | tweed| 2
%0 |5 19110 | 17830 {14,600 B0 | 5 | 448 | ms38 |34 2008 | 3O | 2
: a5 |10 22.300 {21,800 {19,470 16.480 Qs | 10 | 58 | axses |3am2| 2008 | 3o | 2
; facaaof 470 |10 22.180/19.790 |16.,560 40| 40 | 10 | 568 {31 |3a72| 2008 | 3N | 2
: 53 | 15 24350 [21.920 [18.000 35 | 15 | 428 | Ixaro | wasa| 1368 | 67| 3
s |20 28.000}26.250 |24.300 {21,300 560 | 20 | 588 | axs3 | a2 1848 | 619 | 3
600 | 25 30,700 29,100 [27,400 |25.400 16.700 600 | 25 | 868 | 1A070 |3xe51| 2608 | aw2ea| 2
635 |25 29,900 |28.300{ 23,000 635 | 25 | 908 | 1Ao7 |3xesi| 2508 | awe9| 2
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ﬁ Installation 7.

. NOTE: Check the interior of the blower housing. [t

should be clean and free of debris. 8

1. Rotate the blower wheel by hand. It should not rub
against the inlet cones. If rubbing exists, loosen the
set screws on the wheel hub and shift the wheel to
obtain clearance. Retighten all set screws.

2. Mount the blower on a rigid, level foundation. Bolt 9.

the blower securely into position. Shim all gaps be-
tween blower frame and foundation. !f the blower
is to be mounted above ground, such as inside a
building or on a roof, it should be located near or
above a rigid wall or column.

NOTE:-Do not mount blower on a cantilevered or
overhung steelwork.

3. Mount the fan sheave on the fan shaft and tighten its
set screw securely on the key of the shaft. .

4. Mount the motor sheave on the motor shaft. Leave
some clearance between the pulley and the motor
end bell. Tighten the set screws on the key of the
motor shaft.

5. Attach the motor to the recommended motor mount-
ing rails. (See Exploded View). Position motor at mid

point on the rails and finger tighten the nuts to the 1.

square head bolts.

After the belts are pulled snugly in the sheave
grooves, and the motor at the mid position on the
rails; secure the motor rails to the foundation.

. Check belt tension by turning the adjustment

screw provided with the mounting rails. Tighten
the belt until the slack side can be depressed
about %° for each foot of span between the pul-
leys. Tighten the motor to the motor mounting rails.

Before connecting the motor to the electrical sup-
ply, check the electrical characteristics and wir-
ing instructions as indicated on the motor name-
plate or inside the conduit box cover to insure
proper voltage and phase. Make your electrical
connections.

WARNING: A GROUND WIRE MUST BE CON-
NECTED FROM THE MOTOR HOUSING TO A
SUITABLE ELECTRTICAL GROUND.

Operation

After electrical connections are completed, apply
just enough power to start the unit. Be sure that the
rotation of the wheel is correct. If proper rotation,
apply full electrical power.

2. With the air system in full operation and all ducts
attached, measure current input to the motor and
. . . compare with the nameplate rating to determine if
. [STRAIGHT  [STRAIGHT the motpr is operating u.nder safe load conditions.
11 EDGE EDGE 3. Motor will be ov_erloaded if blower RPM exceeds that
: / 4 recommended in Performance Table or if operated
i below static pressure shown.
FIXED | o '
SHEAVE ‘M gI}fEEAVE ) \
| i h| i) ROTATION
H A
|
' ]
i
[ |
FORWARD CURVE
NOTE: Drive tension should be rechecked after the first Figure 3

24 hours of operation and again after 50 to 100 hours
of operation.

Figure 2 — Correct Sheave Alignment

Maintenance
WARNING: DISCONNECT POWER SUPPLY BEFORE
. ' SERVICING THE BLOWER.
- . 6. Install matched belts in sheave grooves and ahgn 1. Bearings
both sheaves by moving the motor mounting rail a. Inspect and tighten all bearing collar set screws

assembly on the foundation. See Figure 4 for correct
sheave alignment.

—3—
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after the first 50 to 100 hours of operation and
periodically thereafter.
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Maintenance (Continued)

b. Lubricate the bearings while the shaft is rotating. . —
. Disconnect power supply and rotate wheel by General Guide For Lubrication
hand while slowly applying a good grade of Max. Bearing Greasing
Lithium base general purpose ball bearing Speed Temp. | Condition Interval
grease conforming to NLGI # 2 consistency.
Apply slowly with a hand gun until a slight bead 500 RPM | To 150°F | Clean 2 To 6 Mo.
of grease is noticeable around the bearing seal. 850 RPM | To 200°F | Clean | 2 Wks. To 2 Mo.

Stop lubricating when the bead is formed.

NOTE: The maximum grease capacity of a

1-7/16" bearing chamber is about 5/8 ounce.

2. Inspect V-Belts for wear and proper tension. If it is

: gqcessanl/ to r;{alﬁcebolne Qe'l1t on a multiple belt

¢. Relubrication intervals nd lower - rive, replace all the beits “."t a matched s et.
plication. When |ubﬁca€nzp:},e b%%?#,gs Obsef-lvpé 3. Clean the biower whee! periodically. Material build
the following. If the bearing grease is clean you up on the blades can cause wheel unbalance that
could extend the lubrication interval but if the may damage the bearings or cause self-destruction

bearing grease is black and dirty the interval of the blower wheel.
should be shortened. Refer to lubrication chart 4. Should further service to the blower be necessary,
for a general guide to lubrication: refer to the exploded view itlustration (Fig. 4).

Trouble Shooting Chart

SYMPTOM : POSSIBLE CAUSE(S) CORRECTIVE ACTION
. Noise. " 1. Foreign objects. 1. Remove.
2. Loose set screw on wheel. 2. Tighten set screw.
3. Incorrect wheel rotation. 3. Reverse rotation.
Bearing noise. 1. Misalignment. 1. Realign.
2. Lack of bearing lubrication. 2. Lubricate. See ‘‘Maintenance.”
Drive noise. 1. Sheave misalignment. 1. Realign.
2. Loose set screws. 2. Tighten.
3. Loose belts. 3. Tighten.
Excessive vibration. 1. Bearing and drive alignment. 1. Realign.
2. Mismatched belts. 2. Replace.
3. Loose wheel on sheaves or shaft. 3. Tighten.
4. Loose or worn bearings. 4. Replace.
5. Loose mounting bolts. 5. Tighten.
6. Motor out of balance. 6. Replace.
7. Wheel out of balance. 7. Replace or rebalance.
8. Sheaves eccentric or out of bal- 8. Replace.
ance. .
9. Accumulation of material on wheel. 9. Clean.
. Motor overloaded. 1. Insufficient static pressure. 1. Connect ali ducts, and install fil-
ters.
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' —Motor Sheave '

&

@/ Sheave

~

. _ ORDER REPLACEMENT PARTS THROUGH DEALER
FROM WHOM PRODUCT WAS PURCHASED

it dealer cannot supply,
* order from:

Dayton Electric Mfg. Co.

Customer Service Dept.
5959 W. Howard St.

* Model Number
¢ Serial Number (if any)
¢ Part Description and Number

as shown in parts list. Chicago, llinois 60648

’ Please provide fotlowing information:
|
|
|
|

Figure 4 ]
|
i
Replacement Parts List |
Ref Part Numbers For Models
No. Description 3C428 3C429 3C430 Qty
1 Blower housing 025795-02 025795-04 025795-09 1
2 Wheel 014302-35 013961-52 013962-37 1
3 Cutoff 017650-02 017650-05 017650-09 1
4 Screw 1:-20 x 3s truss hd * ' : 5
5 Speed nut 4-20 ¢ * ‘ 5
6 Shaft 025780-28 025780-29 025780-30 1
7 Key, wheel 017240-56 017240-57 017240-57 1
8 Key, pulley 017240-75 017240-75 017240-75 1
9 Bearing, 176" bore 017391-09 017391-09 017391-09 2
10 Bearing bolt, ¥2"-13 x 2” : * . 4
11 Washer, 2’ . . . 4
| ’ 12 Shim 025770-01 025770-01 025770-01 2
a3 13 Lock washer, ¥2° * * : . 4
@ 14 Nut ¥2"-13 . . . 4

*Standard hardware item available locally. ‘
NOTE: Motors, belts and sheaves available from W. W. Grainger Motorbook.

—5—
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LIMITED WARRANTY

Dayton high-volume industrial blowers, Models 3C428, 3C429 & 3C430, are warranted by Dayton
Electric Mfg. Co. (Dayton) to'the original user against defects in workmanship or materials under
normal use (rental use excluded) for one year after date of purchase. Any part which is determined
to be defective in material or workmanship and returned to an authorized service location, as Dayton
designates, shipping costs prepaid, will be repaired or replaced at Dayton’s option. For warranty
claim procedures, see “‘Prompt Disposition'’ below. This warranty gives purchasers specific legal
rights, and purchasers may also have other rights which vary from state to state.

WARRANTY DISCLAIMER. Dayton has made a diligent effort to illustrate and describe the products
in this literature accurately; however, such illustrations and descriptions are for the sole purpose
of identification, and do not express or imply a warranty that the products are merchantable, or fit
for a particular purpose, or that the products will necessarily conform to the illustrations or
descriptions.

Except as provided below, no warranty or affirmation of fact, express or implied, other than as stated

in “LIMITED WARRANTY'' above is made or authorized by Dayton, and Dayton's liability in all ‘
‘ events is limited to the purchase price paid. ‘

Certain aspects of disclaimers are not applicable to consumer products; e.g., (a) some states do

not allow the exclusion or limitation of incidental or consequential damages, so the above limita-
tion or exclusion may not apply to you; (b) also, some states do not allow limitations on how long
an implied warranty lasts, consequently the above limtiation may not apply to you; and (c) by law,
during the period of this Limited Warranty, any implied warranties of merchantability or fitness for
a particular purpose applicable to consumer products purchased by consumers, may not be ex-
cluded or otherwise disclaimed.
PROMPT DISPOSITION. Dayton will make a good faith effort for prompt correction or other adjust-
ment with respect to any product which proves to be defective within warranty. For any product
believed to be defective within warranty, first write or call dealer from whom product was purchased.
Dealer will give additional directions. If unable to resolve satisfactorily, write to Dayton at address
below, giving dealer’s name, address, date and number of dealer’s invoice, and describing the
nature of the defect. If product was damaged in transit to you, file claim with carrier.

DAYTON ELECTRIC MFG. CO., 5959 W. HOWARD STREET,
CHICAGO, ILLINOIS 60648
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GE Motors

\
{ o Motor Installation and Maintenance
| All Enclosures - Frames 143 - 449 - Single and Polyphase - Ball Bearing

Warning ‘ Safe Motor Operation

High voltage and rotating parts of electrical machinery can cawuse serious or fatal injury. Its installation, operation and
maintenance should be performed by qualified personnc! -inly. Familiarization with NEMA MG2 Safety Standard for
Construction and Guide for Selection, Installation and Use of Fractional and Integral Motors, the National Electrical
Code and sound local practices is recommended. For equipment covered by these instructions, it is important to
observe safety precautions to protect personnel from possible injury. Personnel should be instructed to:

Avoid contact with energized circuits. Disconnect all power sources before attempting maintenance or repair.
Avoid contact with rotating parts and be sure that shaft key is fully captive before motor is energized.

Avoid contact with the start or run capacitors in single-phase motors until a safe discharge procedure has
been followed.

Act with care and in accordance with prescribed procedures in handling, fitting, installing, operating and
maintaining the equipment.

Do not lift motor and driven equipment with motor lifting means. If eyebolts are used for lifting motors,
they must be securely tightened and the direction of the lift must not exceed a 15 degree angle with the
' shank of the eyebolt.

Do not use motors with automatic thermal protection where unexpected starting of equipment might be
hazardous to personnel. Provide proper safeguards for personnel against possible failure of motor mounted
brake, particularly on applications involving overhauling loads.

Safe maintenance practices and qualified personnel are imperative. Before initiating maintenance procedures,
be sure that all power sources are disconnected from the machine and accessories to avoid electrical shock and
personal injury from rotating parts. 1f a high potential insulation test is required, procedures and precautions
outlined in NEMA Standards MGI should be followed.

Failure to properly ground motor may cause serious injury to personnel. Grounding should be in accordance with
the National FElectrical Code and consistent with sound local practice.

Distallation

L Location

a) Dripproof motorsare used in a well ventilated place reasonably free of dirt and moisture.

b) Standard enclosed motorsare used where they are exposed to dirt, moisture and most outdoor conditions.

¢) Severe-duty enclosed motorsare used in hizhly corrosive or excessively moist areas.

d) Explosion-proof motors bearing the Underwriters' Laboratories label designating the motor U/L Class and
Group as defined in the National Electrical Code are designed for operation in areas classified by local
authorities as hazardous in accordance with standards set forth in that Code.
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. Mounting

(‘ "fount motors securely on a firm, flat base. Crom-in'lnrger motors, if necessary. Ball bearing motors can be

~ sidewall or ceiling mounted. Ball bearing motorsin i43- 326 frame ratings can be vertically mounted. The
standard wransition and/or sliding bases are suitable for floor mounting. For other locations, check the factory
for base recommendations. For motors having bolt-on bases shipped not assembled, refer to paragraph ‘c’ for
assembly instructions before motors are put in service.

CAUTION: Remove drain plugs from the frame or endshields of enclosed motors used outdoors or in other high moisture areas.

b) Align motors accurately. For direct drive, use flexible couplings if possible. For drive recommendations, consult
drive or equipment manufacturers or GE.

¢) For base assembly and motor mounting, the bolts must be carefully tightened to prevent changes in alignment
and possible damage to the equipment. Itis recommended thata washer be used under each nut or bolt head
10 geta secure hold on the motor feet; or, as an alternative, flanged nuts or bolts may be used. The recom-
mended tightening torques for medium carbon steel bolts, identified by three radial lines at 120 degrees on the

head are:

Bolt Size Recomm2nced Torque in FL.-Ib. (N-M)

Inch (Metric) Miinimum Maximum
174 (M6) 7 (9) 1 (15)
5/16 (M8) 14 (19) 21 (28)
3/8 (M10) 25 (34) 37 ( 50)
1/2 (M12) 60 (81) 90 (122)
5/8 (M16) 120 (163) 180 (244)
3/4 (M20) 210 (285) 320 1433)

YTE: For low carbon steel bolts, use 50% of the above recommended tig!iiening torques. There are no ID marks on low carbon steel bolts.

d) When bases are removed on enclosed motors, the enclosure must be maintained by plugging the bolt holes with
| plastic plugs from Kit No. 1821BPK1. Warning: Do not replace the bolts in the frame with the base removed.

e) Tighten belis only enough to prevent slippage. Belt speed should not exceed 5000 feet per minute.

f) The application of pulleys, sheaves, sprockets and gears or: motor shaft is shown in NEMA Standard MG1-14.07.
" The application of the V-belts dimensions to alternating current motors is shown in MG1-14.24A. V-belt sheave
pitch diameters should not be less than the values shown in Table 1 on page 3.
Sheave ratios greater than 5:1 and center-tocenter distances less than the diameter of the large sheave
should be referred to the Company.

g) On motors with dual mounting holes,
use the holes indicated per the drawing at right.

o] ‘ P
L it bl
T 14 L2
USE THESE MOUNTING
HOLES FOR FRAMES
143,182, 213. 294,

284, 374, 364, 04,
444, a7

USE THESE MOUNTING
HOLLS FOR FRAMLS
145,184, 215, 236,
286, 376, 385, 405,

485 4N

Q-Pulse Id TMS637 Active 29/01/2014 Page 172 of 309




Bunya Street Eagle Farm SPS SPO10 Perfect Harmony Drive OM Manual Volume 4

LT

“Table ). V-belt Sheave Diameters (Minimum in Inches)

Horsepower Conventional Narrow
Synchronous Speed (RPM) A B.C,D.E"} 3v.5V,8va
3600 1800 1200 900 Pitch Dia. Outside Dia.
,. 15 1 75 | 50 22 2.2
: 2-3 1.5-2 1 .75 24 2.4
— 3 1.5 1 2.4 2.4
— — 2 1.5 24 2.4
5 _ — _ 2.6 2.4
7.5-10.0 5-7.5 3-5 2-3 3.0 3.0
15 10 75 5 38 3.8
20-25 15 10 7.5 4.4 4.4
—_ 20 15 10 4.6 4.4
— 25 — - 5.0 4.4
— 30 20 15 54 5.2
_ 40 25 20 6.0 6.0
_ 50 | 30-40 | 25-30 6.8 6.8
— 60 —_ — 74 7.4
— — 50 40 82 - 8.2
—_ 75 — —_ 9.0 8.6
— —_ 60 — 9.0 8.0
- — — 50 9.0 8.4
— 100 —_ —_ 10.0 8.6
— —_ 75 60 10.0 10.0
— 125 —_ —_ 11.5 10.5
— — 100 — 11.0 10.0
— _ —_ 75 10.5 9.5
— 150 — — —_ 9.5
— —_ 125 100 12.5 12.0
— 200 — —_ — 13.2

* Maximum sheave width = 2(N-W) - 1/4 inch where N-W is the approximate usable shaft length.
4 Maximum sheave width = N-W.

: . Power Supply and Connections

a) Nameplate voltage and frequency should agree with power supply. Motors will operate satisfactorily on line
voltage within # 10% of the nameplate value or frequency within * 5%, combined variation not to exceed * 10%.

B) Dual voltage motors can be connected for the desired voltage using instructions on nameplate or connection
diagram.

€) Wiring of motor, control, overload protection and ;rounding should meet the National Electrical Code and

local building codes.
Select wire size from the following table to help avoid voltage drop in the branch circuit of single-phase

motors.
Individual Branch Circuits for Single-phase Motors
Minimum Size Wire Gauge for
Motor Max. * Branch Circuit Lengths
Hp Volts Fuse Amps in Feet
05 100 200 500

.75 230 25 14 12 10 6

115 45 12 8 6 2

1 ! 230 25 14 14 12 8

115 50 12 8 6 —
1.5 230 . 30 14 12 10 6 -

. 115 60 10 6 4 -

2 230 40 14 12 8 4

115 80 10 6 -_ —_

3 230 60 12 10 8 4

115 110 8 8 - -

; 5 230 80 10 8 6 2

. . 75 230 125 8 6 - | —

* Value based on National Electrical Code.
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1v. 1hermal Protectors

a)

Thermally-protected motors have those words on the nameplate and have built-in protection against dangerous
overheating. .

Manual-reset protectors are reset (after motor cnnls) by pressing external reset button.

Automatic-reset protectors (no external but reset automatically after motor cools.

Warning: Where unexpected starting would be dangerous to personnel, do not use automatic reset protection.

Operation

a) Dry out motors thoroughly which have been stored in a damp location before operating. Do notexceed a
temperature of 85°C (185F) in drying.

b) Operate at no load to check rotation and for i:-« running. To reverse rotation:

Three phase - interchange leads T1 and T3.
One phase - follow the motor connection nameplate or label.

¢) Operate under load for an initial period of at least one hour to observe whether any unusual noise or hot spots
develop.

d) Check operating current against the nameplate current. Do not exceed the value of the nameplate amperes
multplied by the service factor (if any) under continuous load.

e) 208 Volt system. When a 230/460 Volt motor with a nameplate which states "usable at 200V, —Hp, _Amps,
1.0 SF" is operated on a 208 Volt system, the motur slip will increase approximately 30% and the motor locked-
rotor, pull-up and breakdown torque values will be reduced by approximately 20 to 30%.

Therefore, it should be determined by the user that the motor will start and accelerate the connecteéd load
without injurious heating and that the breakdown torque is adequate for the application.
Maintenance
1. Inspection
a) Inspect motor at regular intervals. Keep motor clean and ventilating openings clear.
11. Lubrication

a) Ball bearing motors are adequately lubricated at the factory. Motors with regreasing facilities should be
relubricated at intervals consistent with type of service (see Table 2 on page 5) to provide maximum bearing
life. Excessive or too frequent lubrication may damage motor. '

b) Relubricate motors with GE grease D6A2C14 or any Poiyurea thickened grease unless a special
grease is specified on the nameplate.

Relubricate while the motor is warm with the shaft stationary for safety and best purging of old grease.’
Warning: If lubrication is performed with the motor running, stay clear of rotating parts.

€) Dripproof Motors. On the drive end and opposite drive end of motors with pipe plugs, insert a lubrication
fiting. Remove the other plug for grease relief of all motors. Clean grease relief opening of any hardened
grease. Be sure fittings are clean and free of dirt. Insert a pipe cleaner down the relief hole. Using a low-
pressure, hand-operated grease gun, pump in clean recommended grease until new grease appears on the pipe
cleaner. After lubricating, allow the motor to run for ten minutes before replacing relief plug.

- d) Totally Enclosed Fan Cooled Motors. Remove the caps on the fan cover for access to the grease plugs. Follow
the greasing instructions described above for dripproof motors.

¢) Motors not having pipe plugs or grease fittingsin bearing housing can be relubricated by removing endshields
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from motor, cleaning grease cavity and refilling with recommended grease. .
Caution: Bearings and grease must be kept free of dirt.
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Table 2. Motor Lubri.cati'on Giiide

Type of Typical Hp Lubrication Interval (Yrs.)
‘ Service Examples Range Horizontal Vertical .
Easy Valves; door openers; 1.0-75 10 9
portable floor sanders; 10-40 7 3
motor operating in- 50 - 150 4 1.5
frequently (one hour 200 - 350 3 9 mo.
per day) 400 - 80O 1 -
Standard Machine tools; air- 10-75 7 3
conditioning appara- 10-40 4 1
tus; conveyors, one 50-150 1.5 6 mo.
or two shilts; garage 200 - 350 1 ’ 3 mo.
compressors; refri- 400 - 800 6 mo. -

geration machinery;
laundry machinery; oil
well pumps; water
pumps; wood working

machinery

Severe Motor for fans, M-G 1.0-75 4 1.5
sels, etc., that run 24 10-40 1.5 6 mo.
hours per day, 365 50- 150 9 mo. 3 mo.
days per year; coal 200 - 350 6 mo. 1.5 mo.
and mining machin- 400 - 800 3 mo. -

ery; motors subject to
severe vibration; steel
mill machinery

Very Dirty, vibrating appli- 1.0-75 9 mo. 6 mo.

Severe cations; where end 10-40 4 mo. 3 mo.
of shatt is hot 50 - 150 4 mo. 2 mo.
(pumps and fans), 200 - 350 3 mo. 1 mo.
high ambient 400 - 800 2 mo. -
temperature

III. Explosion-Proof Motors

a) Explosion-proof motors have special features and are manufactured in accordance with U/L and carry its label.
Therefore, it is recommended that repairs be made at a GE Service Shop which has been authorized to make

such repairs.

IV. Motor Windings

a) To clean motors use a soft brush and, if necessary, a slow acting solventin a well ventilated room.

Seruvice

Your GE motor should be serviced only by qualified persons who have the proper tools and equipment. Fast, de-
pendable in-warranty service for your motor can be obtained from any of the worldwide network of GE Authorized

" Electric Motor Servicenters. Consult the Yellow Pages of your telephone directory for the Servicenter nearest you.

‘ These instructions do not frurport ta over all details or variations in squipment not to Jrrovide for rvery possible contingeney to be met in

ronnection with installation, ofperalion or maintrnance. Shou U further informatian be desived or shoubl particular problems arise whirh
are nol covered sufficirnily for the frurchaser's prurpuses, the matter should be vefervedd to the General Elertric Co.

5 GE1-56128D (4/95)
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BRISBANE CITY COUNCIL BCC Contract No. S.20/95/96
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CHAPTER 12: SPARE PARTS LISTS

In This Section:

e Spare parts for 6600V drives ................. 12-1

This section contains sample spare parts lists for Perfect Harmony drives. Within each section,
the lists are arranged based on horsepower and part number. A base part number is given for each
table. The part number for each associated spare parts kit is the base part number with the .SPK
extension.

The spare parts listed in this appendix are for standard drives only. Parts lists for customized @
drives may vary

A6. Spare Parts list for 6600V drives

Table -1. Spare Parts List for 2700 Hp Drive without Cell Bypass Option (P/N: 459133.00)

. Cabinet Qty Description P/N
Cell 1 VED Power Cell Without Bypass 460F60.04H
1 Cell Control Board (CCB) 460J45.00
1 KV Gate Drive Board (GDB) 460H85.00
4 Fuse, 250A, 660V 086704
4 Fuse, 5A, 700V 086701
2 Power Module (DDA-DDE) 085725
4 IGBT Module (Q1-Q4) 085726
2 Capacitor 450V, 4700UF (C1A-C2G) 261369.00
Control and Blower 1 Interface Board (I1B) 469564.04VT
1 Micro Processor Board (MB) 469718.00VT
1 System Module Board (SMB) 362877.01VT
1 Fiber Optic Hub Board (FOHB) 460B80.00VT
1 Master Link Board (MLB) 469147.04VT
1 Keypad (KPD) 460A68.00T
1 Digital Output Module 362871.00VT
1 Analog input Module 362153.03
1 Analog Output Module 369174.00
1 Digital Input Module 362872.02VT
3 Fuse 3A, 500V 003878
2 Fuse 7A, 250V 045651
2 Fuse 1.6A, 250V 029707
Version 3.1 (902330) 11 NOV 97 Page: 12-1
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Table -2. Spare Parts List for 3200 Hp Drive without Cell Bypass Option (P/N: 459137.00)

Cabinet Qty Description P/N

Cell 1 VFD Power Cell Without Bypass 460F60.04H
1 Cell Control Board (CCB) 460J45.00
1 KV Gate Drive Board (GDB) 460H85.00
4 Fuse, 250A, 660V 086704
4 Fuse, 5A, 700V 086701
2 Power Module (DDA-DDE) 085725
4 IGBT Module (Q1-Q4) 085726
2 Capacitor 450V, 4700UF (C1A-C2G) 261369.00

Control and Blower 1 Interface Board (IB) 469564.04VT
1 Micro Processor Board (MB) 469718.00VT
1 System Module Board (SMB) 362877.01VT
1 Fiber Optic Hub Board (FOHB) 460880.00VT
1 Master Link Board (MLB) 469147.04VT
1 Keypad (KPD) 460A68.00T
1 Digital Qutput Module 362871.00vT
1 Analog Output Module 369174.00
1 Digital input Module 362872.02VT
2 Fuse 7A, 250V 045651
2 Fuse 1.6A, 250V 029707

Page: 12-2 11 NOV 97 Version 3.1 (902330)
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ENGINEERING DRAWINGS

CHAPTER 13: ENGINEERING DRAWINGS

459133 sht 1

459133 sht 2

459133 sht 3

459133 sht 4

459133 sht 5

459133 sht 6

459133 sht 7

459133 sht 8

459133 sht 9

459133 sht 10

459133 sht 11

459133 sht 12

SYSTEM OUTLINE
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

TRANSFORMER CABINET
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

CELL CABINET
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

CONTROL CABINET
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

SYSTEM POWER SCHEMATIC
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

POWER SCHEMATIC
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, S0Hz, SIZE4H

CONTROL SCHEMATIC
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

POWER SCHEMATIC
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

CONTROL SCHEMATIC
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, S0Hz, SIZE4H

CONTROL SCHEMATIC
2000KW SR11 DRIVE
6.6KV/6.6KV, S0Hz, SIZE4H

SYSTEM OUTLINE
2000KW SR11,SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

CONTROL SCHEMATIC

2000KW SR12, SR13 DRIVES
6.6KV/6.6KV, 50Hz, SIZE4H

vVvVvVvy
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