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Application Guide -

Model C60 Dual Mode - Fast Transfer

Introduction

Capstone MicroTurbines™ are prime power generators, producing high quality, commercial-
grade electric power in an energy dense, small footprint. Capstone MicroTurbines' clean
exhaust and co-generation capabilities allow installation close to a load with complete control
at the customer’s fingertips. These characteristics allow for low installed cost, quick start-up
and low maintenance costs.

MicroTurbines can be used to produce power with a Utility grid (Grid Connect), to work as a
Stand Alone generator, or a combination of both — referred to by Capstone as “Dual Mode”
functionality. Due to their design versatility, they can be applied in a variety of applications.
They are currently used to provide continuous power to hotels, grocery stores, oil-field
processing equipment, schools and office buildings, as well as highly-reliable off-grid power
to data centers, telecom equipment and protected manufacturing processes.

This Application Guide explains the performance and switching logic between Grid Connect
and Stand Alone modes of operation for the Capstone C60 and C60 ICHP Dual Mode
MicroTurbines with firmware version 4.50 or higher, which includes the ability for “Fast
Transfer” between Grid Connect and Stand Alone operating modes. This document also
describes operation of the Dual Mode Controller in combination with the C60 to achieve Fast
Transfer. Refer to the Capstone Dual Mode Controller Technical Reference 410039 (Rev D
or higher), and DMC Field Re-work Instruction 440123, which documents the latest
construction required for Fast Transfer.
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Summary

The C60 Dual Mode version MicroTurbines with firmware version 4.50 and higher are able to
transition from Grid Connect to Stand Alone, and from Stand Alone to Grid Connect
operation, with only a few seconds of time delay between these operating modes.
Capstone calls this capability “Fast Transfer”, which can be extremely beneficial for protected
loads that value high availability of power. This application guide explains how Fast Transfer
functions, how it works with the Capstone Dual Mode Controller, and provides general
application guidance. Refer to other Capstone Product Specifications and Technical
References listed at the end of the application guide for more details.

In summary, the C60 Dual Mode MicroTurbines in combination with Capstone’s Dual Mode
Controller, are able to provide less than 10 seconds transition time between Grid Connect
operation and Stand Alone power in the case of a Utility outage, and to reconnect the
protected loads back to the Utility grid within 2 seconds after normal conditions have been
reestablished. The sections below provide the details on how the C60 MicroTurbine and
Dual Mode Controller function to accomplish this high level of load protection.

UL 1741 Requirements for Utility Interconnection

C60 MicroTurbines are UL listed to 2200 and 1741, and meet the harmonics requirements of
IEEE 519. They are also pre-certified for Utility interconnection by many local jurisdictions to
simplify connecting to the Utility grid, such as in California and New York. = These local
certifications often rely on the UL 1741 listing, which defines how power inverters must react
to disturbances on the Utility grid. Before describing the Fast Transfer capability of the C60
Dual Mode version MicroTurbines, it may be useful to review how the C60 achieves the UL
1741 listing and how it operates under typical Utility grid disturbances.

Figure 1 shows a one-line schematic of a C60 Grid Connect version MicroTurbine connected
to the Utility grid. In this example, short circuit and overload protection is provided by the
circuit breaker CB1 between the MicroTurbine and the Utility grid. The protective relay
functionality required by UL 1741 is integral to the C60 firmware, and includes voltage,
frequency, and anti-islanding functions. Following is a short description of how the basic C60
Grid Connect version (not a Dual Mode version) reacts to a Utility disturbance.

Utility Grid

Building
Loads

) CB1

Voltage ‘
Sensing ™
ensing \&1 | <}— Output

Contactor

Ce60

Figure 1. One-line Diagram of C60 Connected to Utility Grid
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In normal Grid Connect operation, the output contactor in the C60 is closed and the
MicroTurbine is generating power. The MicroTurbine’s generated power flows out to the
remainder of the distribution circuit, and is consumed by the building loads. Normally, power
is not exported to the Utility grid. In the event of a disturbance on the Utility grid, voltage and
current sensing integral to the C60 MicroTurbine will cause the internal contactor to open and
the MicroTurbine to go through a shutdown procedure. The response time will, of course,
depend on the type and severity of the disturbance and the protective relay settings in the
MicroTurbine. Refer to Technical Reference 410033 for details on these protective relay
functions and setpoints.

With the MicroTurbine output contactor open, Utility voltage can still be sensed by the C60
circuitry. When Utility voltage returns, the MicroTurbine senses it and an internal “reconnect’
timer is started. UL 1741 requires that the MicroTurbine not reconnect to the grid for at least
5 minutes after the Ultility voltage and frequency have been restored to the normal operating
ranges. The Capstone C60 provides for user adjustment of this internal reconnect timer from
5 to 30 minutes. Some local interconnection regulations may also require manual
intervention before reconnecting any power source to the Utility grid. To address this case,
the C60 MicroTurbine firmware also provides for a manual command on the display or
through the RS232 communications port. When this manual Utility reconnect control function
is enabled, the MicroTurbine will reconnect to the grid as soon as a manual command has
been sent to permit reconnection. Capstone’s CRMS remote monitoring software provides a
user interface for issuing this manual “permission to reconnect” command. A
communications command can also be transmitted through the RS232 port in the case that a
PLC or other digital control equipment is used. The C60 MicroTurbine display also provides
for this manual reconnection using the “Start” command.

When the conditions have been met to allow reconnection to the Utility grid, the MicroTurbine
will automatically close its output contactor, use the Utility grid to start the MicroTurbine, and
begin generating power again in Grid Connect mode. Figure 2 shows a timeline of this
sequence for a typical Utility fault, followed by an outage.

Utility Fault Utility Returns
4 _ .
Normal N . iNormal
Operation : 5 - 30 min ; > 2 min iOperation
Utility Voltage :
. . Fault . ' Voltage Reconnect
MicroTurbine Output Detection : Sensing Time Delay
MicroTurbine State Grid Connect Warmdown Standby Startup | Grid Connect
Figure 2. Timeline of Typical Utility Fault
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Dual Mode Functionality

When the Capstone C60 MicroTurbine includes the Dual Mode feature, it is capable of
providing power either connected to a Utility grid (Grid Connect mode) or without presence of
a Utility voltage (Stand Alone mode). Since the operating characteristics between these two
modes are different, the MicroTurbine must be told which mode to be in. The User
Connection Bay (UCB) terminal J12 has two hardware interfaces to enable Grid Connect (GA
Enable - pin 2) or Stand Alone operation (SA Enable - pin 3). If the user wants to operate in
only one of these modes, a hardware jumper must be connected from pin 2 or 3 to ground to
enable the desired mode, and the desired mode must be selected under “Power Connect’ on
the MicroTurbine display or CRMS software. Alternatively, the MicroTurbine can be set up
for automatic transition between these two modes by wiring control logic between the two
mode-enable inputs and ground. The MicroTurbine must then be set for Dual Mode
operation in the “Power Connect” menu. Fast Transfer only applies when the MicroTurbine is
set to Dual Mode operation, and the mode-enable inputs are properly wired and controlled.
Note that “Active” is defined for these mode-enable inputs as being connected to ground (or
‘Low”). Additionally, the Start/Stop input to the MicroTurbine (UCB terminal J12, pin 4) is
used to control the desired mode of operation, as described below, where “Start” means pin 4
is connected to ground (or “Low”).

Grid Connect to Stand Alone Mode

When the GC Enable and SA Enable inputs are toggled, and the Start/Stop input is set to
“Start”, the MicroTurbine passes through the following transition states, as shown in Figure 3:

1. Output contactor is opened within about 50 milliseconds to stop export of power
from the C60 MicroTurbine,

2. The MicroTurbine generator continues to produce power, which is available to
recharge the battery pack,

3. The MicroTurbine firmware transfers to the new output mode,

4. The output contactor closes, making the MicroTurbine power available to the

system in the Stand Alone operating mode.

<7s
Inactive

GC Enable (2 to grd) Active

Inactive
SA Enable (3 to grd) Active

Stop
Start/Stop (4 to grd) Start

< 50ms
MicroTurbine Output
Transition to

MicroTurbine State Grid Connect Stand Alone Stand Alone

Figure 3. Fast Transfer from Grid Connect to Stand Alone
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The transition time between Grid Connect and Stand Alone modes is less than seven
seconds, but will be delayed if the sensed voltage at the MicroTurbine output is maintained
above 50V peak (for example by rotating machines with high inertial loads).

The transfer from Grid Connect to Stand Alone operation is extremely fast, and may not
necessarily provide the desired total system functionality. For example, if an external control
system toggles the input signals as noted in Figure 3, but the associated isolation device has
not completely disconnected from the Utility grid within the transition time of the MicroTurbine,
a fault condition may exist that could damage equipment. For this reason, the operation of
the input signals should assure that conditions are right for the Fast Transfer operation.

Capstone’s Fast Transfer firmware allows an intentional delay time between Grid Connect
and Stand Alone operation by using the SA Enable and Start/Stop inputs as shown in Figure
4. For the MicroTurbine to discontinue operation in Grid Connect mode, only the GC Enable
input needs to become inactive. For transition to Stand Alone operation, both the SA Enable
and the Start/Stop inputs must become active (the example shows both operating at the
same time, but it is possible to have either one lead the other). Until both SA Enable and
Start/Stop become active, the MicroTurbine will operate in “Hot Standby” mode for up to two
hours, or until the batteries are completely recharged, whichever is longer. In this Hot
Standby mode, the engine is on (flame is lit) and the output contactor is open. Power from
the MicroTurbine is used to recharge the batteries, as needed, but no power is exported.
Note that this “Hot Standby” mode is termed the “Stand Alone — Recharge” state in Technical
Reference 410028. When the SA Enable and Start/Stop inputs become active, the
MicroTurbine enters the transition state and will begin exporting power in Stand Alone mode
within seven seconds. Note that if a valid control input is not received before the
MicroTurbine completes its Hot Standby timeout, the MicroTurbine will shut down and remain
in normal Standby until valid control inputs tell it to restart in Grid Connect or Stand Alone
mode.

: <50ms ; ; <7s
Inactive
GC Enable (2 to grd)  Active
Inactive
SA Enable (3 to grd) Active
Stop
Start/Stop (4 to grd) Start
MicroTurbine Output
Transition to
MicroTurbine State Grid Connect Hot Standby Stand Alone Stand Alone

Figure 4. Grid Connect to Stand Alone with Intentional Delay

The above scenarios explain how an external system can use inputs to the MicroTurbine to
force transition from Grid Connect to Stand Alone operation with or without intentional delay.
However, the MicroTurbine itself includes built in protective relay functions that may operate
before any external control system has responded. This is, in fact, the more probable
scenario, and is Capstone’s recommended operating scheme. By letting the MicroTurbine
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respond directly to a Utility fault, the protected loads may actually have more continuity of
power if they are not automatically transferred to Stand Alone mode.

Figure 5 shows operation of the MicroTurbine from Grid Connect to Stand Alone, where the
MicroTurbine initiates the transfer. For simplicity of explanation, the example shows a drop in
Utility voltage as the fault. Of course, it could be other fault conditions that cause this
operation, such as over or under frequency, over voltage, or anti-islanding protection.

Utility Fault
: External Control Actions <7s
Normal |Fault
Utility Voltage
Inactive
GC Enable (2 to grd) Active
Inactive
SA Enable (3 to grd) Active
Stop
Start/Stop (4 to grd) Start
Fault
MicroTurbine Output Detection
Transition to
MicroTurbine State Grid Connect Hot Standby Stand Alone Stand Alone

Figure 5. Grid Connect to Stand Alone Initiated by MicroTurbine

In this case, the MicroTurbine reacts to the fault first, with the external control system toggling
the GC Enable, SA Enable, and Start/Stop inputs thereafter. The time delay is controlled by
the external system, however there are some conditions that must be considered for this
control action. While the GC Enable is active, the MicroTurbine will automatically start its
internal reconnect sequence and prepare to reconnect to the Utility grid. During this process,
the MicroTurbine will look for presence of stable Utility voltage at its terminals (just as
described in the Grid Connect only operation above). As soon as Utility voltage is sensed,
the MicroTurbine will start its reconnect timer. If GC Enable is not deactivated prior to
reaching the set reconnect time delay (or activation of any manual reconnect controls), the
MicroTurbine will automatically resynchronize with and reconnect to the Utility grid.  If there
is no Utility grid present, the MicroTurbine will continue in Hot Standby mode for up to two
hours, waiting for the presence of Utility voltage prior to starting its reconnect time delay
sequence. Note that if normal Utility voltage does not return, or a valid control input is not
received, before the MicroTurbine completes its Hot Standby timeout, the MicroTurbine will
shut down and remain in normal Standby until valid control inputs tell it to restart in Grid
Connect or Stand Alone mode.

Note that there are two possible scenarios in the transition out of Grid Connect mode:

1. An external control system forces the transition from Grid Connect to Stand
Alone, with or without the MicroTurbine responding directly to a Ultility fault
condition, or
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2. An external control system does not force a transition from Grid Connect to Stand
Alone, but the MicroTurbine responds directly to a Utility fault, and then
automatically enters its reconnect sequence to transition back to Grid Connect
operation.

Scenario 1 represents “Fast Transfer” between the two modes of operation. In this case, any
protected loads will see an interruption in power of several seconds going to Stand Alone
operation (depending on the control system), followed by another interruption of several
seconds when the system transfers back to Grid Connect mode. Scenario 2 represents a
Utility disturbance only. The protected load will see the transient that caused the
MicroTurbine to disconnect, and may not see any power interruption at all.

Stand Alone to Grid Connect Mode

The transfer back from Stand Alone to Grid Connect operation includes a one minute fixed
time delay after the SA Enable signal becomes inactive, followed by the standard reconnect
sequence used for any transfer to Grid Connect operation. As shown in Figure 6, the
MicroTurbine continues in Stand Alone operation for one minute after the SA Enable signal
goes inactive, then automatically stops power output and goes into Hot Standby mode. As
an interlock control signal, one of the output relays on UCB terminal J15 can be programmed
to indicate when the MicroTurbine is supplying power to the load in Stand Alone mode (“SA
Load” in Figure 6). The opening of the selected SA Load output relay terminals A to B can
initiate an external logic sequence that reconnects the MicroTurbine and protected loads to
the Utility grid, activates the GC Enable input to the MicroTurbine, and switches the
Start/Stop input to Stop. This will cause the Ultility voltage to be sensed at the MicroTurbine
output terminals, and the MicroTurbine will now begin its reconnect time delay sequence,
resynchronize, and output power in Grid Connect mode if the Utility voltage remains within
the protective relay setting limits for the reconnect time delay.

1 min External Control ¢ 5-30 min
Actions
Protected Load Normal
Voltage
Inactive
GC Enable (2 to grd) Active
Inactive
SA Enable (3 to grd)  Active
Stop

Start/Stop (4 to grd) ~ Start

Inactive (Open)

SA Load (A to B) Active (Closed)
. . Fixed Reconnect
MicroTurbine Output Time Delay Time Delay
MicroTurbine State Stand Alone Hot Standby Grid Connect

Figure 6. Fast Transfer from Stand Alone to Grid Connect

480011-001 Rev A (August 2005) Page 7 of 14

This information is proprietary to Capstone Turbine Corporation. Neither this document nor the information contained herein shall be copied, disclosed to others, or used for any
purposes other than the specific purpose for which this document was delivered. Capstone reserves the right to change or modify without notice, the design, the equipment
ratings, and/or the contents of this document without incurring any obligation either with respect to equipment previously sold or in the process of construction.



Capstone Turbine Corporation ¢ 21211 Nordhoff Street « Chatsworth ¢ CA 91311 ¢ USA
Application Guide: Integrated CHP Application Information

Note that if the Utility voltage experiences disturbances outside the protective relay limits
during the reconnect time delay, the MicroTurbine will wait until sensed voltage is back within
limits and then restart the reconnect sequence. Also note that the MicroTurbine may not
continue in Hot Standby for more than two hours, and will shut down if it is not able to either
transition to Grid Connect mode or if it is not commanded to go back to Stand Alone
operation.

Also note that Capstone has included a second timer that is initiated when the SA Enable
signal goes inactive, in order to prevent repeated cycling between Stand Alone and Hot
Standby modes. If the MicroTurbine is commanded to transition to Hot Standby, and
subsequently is commanded to return to Stand Alone, this second timer delays transition
back to Hot Standby for ten minutes after the initial SA Enable signal went inactive.

External Controller Concerns

Since control of the MicroTurbine is now being set by external signals, it is important that the
logic and sequence of operations be correct to avoid misapplication.

CAUTION: Causing the Grid Connect and Stand Alone enable inputs to be connected at the
same time will cause automatic shutdown of the MicroTurbine and faults to be logged. To
avoid this, make sure that the control logic to the mode-enable inputs does not allow
simultaneous activation of Grid Connect and Stand Alone enable signals.

CAUTION: Commanding the MicroTurbine to operate in an incorrect mode will also cause it
to automatically shut down and log the appropriate fault history. For example, the
MicroTurbine will not provide voltage output to support a Stand Alone load if it is commanded
to operate in Grid Connect mode. To avoid this, make sure the control logic is enabling the
correct mode of operation.

CAUTION: Commanding a MicroTurbine to reconnect to the Utility grid may violate Utility
interconnection regulations that require a manual reconnect procedure. To avoid this, any
external control logic must be commanded to operate in accordance with local Utility
interconnection regulations.

WARNING: Externally connecting a MicroTurbine operating in Stand Alone mode to an
energized Utility grid may cause damage to loads that are being powered by the
MicroTurbine if they are not reconnected in phase with the Utility source. Other equipment
may also be damaged as a result, including the distribution system and even the
MicroTurbine itself. To avoid this, make sure that power connection is not made to a Utility
source when the MicroTurbine is operating in Stand Alone mode.

Capstone has developed an external accessory that properly addresses the application
issues noted above — the Dual Mode Controller (or DMC). The section below describes how
this DMC operates to command the MicroTurbine modes and isolate protected loads from
the Utility grid.

Dual Mode Controller Functionality

Capstone offers a Dual Mode Controller (DMC) accessory that provides the external control
and isolation functions to take advantage of the MicroTurbine’s Fast Transfer functionality
described above. Figure 7 shows a simple one-line diagram of the DMC with Utility grid, C60
MicroTurbine, and protected load. The DMC includes a motor-operated isolation switch M1,
an undervoltage relay (UVR) that senses the Ultility grid voltage, and control logic to operate
M1 and send and receive signals from the C60 MicroTurbine. This application guide will
focus on an overview of the automatic operation between Grid Connect and Stand Alone
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modes. Note that the C60 MicroTurbine provides 24Vdc power to the DMC, which will not be
discussed in this Application Guide. Technical Reference 410039 (Rev D or higher) provides
additional details on the operation, construction, components, and interconnection wiring of

the Dual Mode Controller.

Also refer to DMC Field Re-Work Instruction 440123 to ensure

that your Dual Mode Controller is properly set up for Fast Transfer operation.

C60

Utility Grid
Dual Mode
‘ V4 Controller
UVR & ““ M1
Control
Logic ° Protected
i Load
!
: ) CB1
Control Ji
Signals '

Figure 7. One-line Diagram of Typical Dual Mode Application

The control signals of interest for the Fast Transfer functionality are summarized in Table 1,

as described above and repeated here for reference.

Refer to Capstone Dual Mode

Controller technical reference 410039 for proper setup procedures for these input/output

signals.
Control MicroTurbine DMC Function
Signal Input or Output | Terminal #
GC Enable | Input 2 Active for MicroTurbine to be in GC mode
SA Enable | Input 3 Active for MicroTurbine to enter SA mode
Start/Stop | Input 4 “Start” to Operate in SA mode
SA Load Output Relay 9&10 Active (closed) when MicroTurbine in SA mode

Table 1. Fast Transfer Control Signals

Normal operation is when the Utility grid is providing stable electrical power, isolation switch
M1 is closed, and the C60 MicroTurbine is providing power in Grid Connect mode. Figure 8

480011-001 Rev A (August 2005)

Page 9 of 14

This information is proprietary to Capstone Turbine Corporation. Neither this document nor the information contained herein shall be copied, disclosed to others, or used for any
purposes other than the specific purpose for which this document was delivered. Capstone reserves the right to change or modify without notice, the design, the equipment
ratings, and/or the contents of this document without incurring any obligation either with respect to equipment previously sold or in the process of construction.




Capstone Turbine Corporation e 21211 Nordhoff Street ¢ Chatsworth ¢ CA 91311 ¢ USA
Application Guide: Integrated CHP Application Information

provides a schematic of the control logic used by the DMC to toggle the GC Enable, SA
Enable, and Start/Stop signals. When the Utility grid experiences an undervoltage
disturbance, the UVR in the Dual Mode Controller closes output relay contact RL1 in Figure
8. The auxiliary contacts M1-A3 in the motor operated isolation switch are normally open and
contact M1-A4 normally closed, so the SA Enable and GC Enable signals are not yet toggled.
Not shown in Figure 8 is the circuit that also uses an output command from the UVR to trip
the motor operated isolation switch M1 open within about 2 seconds. When M1 opens,
auxiliary contacts M1-A3 and M1-A4 toggle so that M1-A3 is now closed and M1-A4 is open
(as shown in Figure 8). If the manually operated DMC switch contacts S1B and S2A are also
closed, then SA Enable is activated and GC Enable is deactivated. The Start/Stop signal is
also activated. This will cause the MicroTurbine to transition from Grid Connect mode to
Stand Alone mode, as shown in Figure 9. Note that the use of the auxiliary contacts in the
isolation switch M1 assures that the MicroTurbine will not be commanded to the Stand Alone
mode unless it is isolated from the Utility grid. The complete transition from initial Utility
voltage fault to Stand Alone will typically take less than 10 seconds, depending on the
severity of the fault, protective relay delay settings in the MicroTurbine and the time delay in
the DMC’s UVR control circuit.

i3] 581 oxx Ry oA | OXX SA ENABLE
GROUND | —L | o q S olo 3
E ¢ M1—A4
| | 2| o1
GC ENABLE | * | STARTISTOP

Figure 8. Control Circuit to Toggle GC and SA Enable Signals

Once the Utility voltage has returned to normal, the UVR will open contact RL1 in Figure 8.
This will inactivate the SA Enable input to the MicroTurbine, as shown in Figure 9. After a
fixed one-minute delay, the MicroTurbine will automatically transition to Hot Standby mode,
and the SA Load output signal will go inactive. The DMC uses the SA Load inactive signal to
allow the isolation switch M1 to close. Once M1 closes, the Start/Stop signal is opened by
auxiliary switch contact M1-A3 causing it to become inactive, and the GC Enable signal is
activated through aux switch M1-A4 (reference Figure 8). These inputs cause the
MicroTurbine to begin the reconnect sequence to Grid Connect mode while the Utility grid
powers the protected load. Figure 9 shows the timeline for this sequence.

Note that the total time the protected load is without normal voltage is typically less than 10
seconds after the initial Utility fault, and less than 2 seconds when the DMC transfers back to
Utility Grid Connection (M1 closes).

Utility faults can occur for many reasons, resulting in a variety of transient voltage conditions.
The most frequent faults are sags of relatively short duration due to short circuits on the
distribution network. Depending on the impedance of the short circuit and its distance from
the MicroTurbine, the resulting voltage sags are often less than 1 second, and quickly return
to normal voltage when reclosing devices isolate the faulted feeder.  For this reason,
Capstone has designed the DMC control logic and coordinated the DMC UVR with the
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MicroTurbine’s internal protective relay so that the DMC only opens for more severe faults.
Figure 10 shows how the DMC’s UVR and the MicroTurbine’s undervoltage settings are
coordinated so that the MicroTurbine will be the first to respond. This means that there will be
some situations where a fault is just a temporary voltage sag that causes the MicroTurbine to
automatically disconnect, but does not persist long enough to cause the DMC to open the
isolation switch M1. In this case, the protected load will only see the Utility voltage sag, and
no interruption (and no Fast Transfer) will occur. Figure 11 shows a timeline of this scenario.

Utility Fault Utility Returns
' DMC Control Actions | <7s ! { 1min | M1Closes | 5-30min
Normal _ JFault . E E Normal
Utility Voltage |Off ;
<4— Typically<10 s ——— P <4 <2s P
Normal _ JFault i : Normal Normal
Protected Load {
Voltage |0ff Off
Open
DMC Switch M1 Closed  |UVR Fault Detection opens M1 Closed
Inactive
GC Enable (2to grd) Active Active
Inactive Inactive
SA Enable (3 to grd) Active
Stop Stop
Start/Stop (4 to grd) Start
Inactive (Open) Inactive (Open)
SA Load (A to B) Active (Closed)
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Figure 9. Fast Transfer with DMC - GC to SA to GC
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Figure 10. MicroTurbine and UVR Coordination
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Figure 11. Fast Transfer with DMC - GC to Hot Standby to GC
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MultiPac Operation with Fast Transfer

The descriptions of operation above show a single C60 or C60 ICHP MicroTurbine. When
connecting several C60’s in a MultiPac, the control wiring goes to the master unit, which in
turn coordinates operation of the slave units. It is recommended that a second MicroTurbine
be wired in parallel with the master so that it can be manually programmed to act as the
master when the master unit is taken out of service. Note that Fast Transfer cannot be used
with the Capstone Power Server, and control signals must be wired into a MicroTurbine
master.

Since the master MicroTurbine must receive the input signals, take the appropriate actions,
and then communicate to the slave units, the transition time to Stand Alone mode for a
MultiPac may take slightly longer than the transition times indicated in the preceding figures,
depending on the number of MicroTurbines in the MultiPac, but will still typically transition in
less than 10 seconds.

Refer to Capstone MultiPac Operation Technical Reference 410032 for additional details.

C60 ICHP Operation with Fast Transfer

The C60 ICHP can be programmed to operate is several heat recovery modes. If set to
Electric Priority (with thermal tracking) or Thermal Bypass, there will be no change in the
operating mode when switching between Grid Connect and Stand Alone modes of operation.
If the C60 ICHP is set for Thermal Priority for Grid Connect operation, it will automatically
switch to Electric Priority (with thermal tracking) when operating in Stand Alone or Hot
Standby modes, and switch back to Thermal Priority when operating in Grid Connect mode.

Refer to Capstone C60 Integrated CHP Technical Reference 410043 and Application Guide
480007 for additional details about the CHP modes of operation.

External Protective Relay Operation with Fast Transfer

An external protective relay may be required in some applications to meet local Utility
interconnection requirements, or to provide additional protective functionality. For example,
reverse power protection may be required to prevent inadvertent export under certain
situations. For these requirements, the external protective relay should simply trip a circuit
protective device that is located between the Utility grid and the Dual Mode Controller. The
C60 MicroTurbine and DMC will then respond to the loss of voltage at the input terminals to
the DMC, as shown in Figure 9.  When Utility voltage is returned to normal, the circuit
protective device can be re-closed, which will reestablish Utility voltage at the DMC input
terminals and cause the DMC’s UVR to close isolation switch M1. Note that the C60
MicroTurbine will then monitor the Utility voltage for the preset reconnect time prior to
reconnecting in Grid Connect mode, in accordance with UL 1741 requirements.

See Capstone Dual Mode Controller Technical Reference 410033 for additional details.
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Related Documentation

The following table lists applicable Capstone documentation.

Document
No.

400000 Capstone MicroTurbine Users Manual

Document Title

410005 Capstone Model C60 Performance Technical Reference

410028 Capstone Stand Alone Operation Technical Reference

410032 Capstone MultiPac Operation Technical Reference

410033 Capstone Protective Relay Functions Technical Reference

410039 Capstone Dual Mode Controller Technical Reference & Drawings
410043 Capstone Model C60 Integrated CHP System Technical Reference
440123 Capstone DMC Field Re-Work Instruction

460000 Capstone MicroTurbine Product Specification
480007 Capstone Model C60 Integrated CHP Application Guide

Capstone Technical Information

If questions arise regarding application of Fast Transfer functionality for your Capstone C60
MicroTurbine system, please contact Capstone Turbine Application Engineering for
assistance and information.

Capstone Application Support

Toll Free Telephone: (877) 716-2929

Service Telephone: (818) 407-3692 e Fax: (818) 734-1092
E-mail: applications@capstoneturbine.com

For questions regarding operation of your Capstone C60 MicroTurbine, contact Capstone
Technical Support for assistance.

Capstone Technical Support

Toll Free Telephone: (877) 282-8966

Service Telephone: (818) 407-3600 o Fax: (818) 734-1080
E-mail: service@capstoneturbine.com

Capstone Technical Support (Japan)
Service Telephone: (818) 407-3700 o Fax: (818) 734-1080
E-mail: servicejapan@capstoneturbine.com

480011-001 Rev A (August 2005) Page 14 of 14

This information is proprietary to Capstone Turbine Corporation. Neither this document nor the information contained herein shall be copied, disclosed to others, or used for any
purposes other than the specific purpose for which this document was delivered. Capstone reserves the right to change or modify without notice, the design, the equipment
ratings, and/or the contents of this document without incurring any obligation either with respect to equipment previously sold or in the process of construction.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


