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Double and Triple Radian Systems 

Introduction 

The intent of this document is to provide guidance in designing a system with three Radian inverters, 
specifically regarding the bussing and combining of circuits (both AC and DC).  General concepts for 
combining AC and DC circuits are discussed. 

The AC and DC portions each pose their own set of technical challenges and will be addressed in 
separate sections of this document, titled “Solution: AC Circuits”  and “Solution: DC Circuits”.  For the AC 
system, multiple inverter AC inputs are fed from a single source and similarly, multiple AC outputs must 
combine into a single output.  The system must also incorporate a mechanism to bypass the inverters for 
maintenance since OutBack bypass kits are not compatible with these larger systems.  Despite these 
challenges, the DC portion often presents a more complicated design. Inverters, charge controllers, and 
batteries need to share a common bus as well as monitoring current through individual shunts. 

Concluding this note is a reference design guide for three Radians, four FM100 charge controllers, a 
FLEXnet DC (FN-DC), three battery strings, a HUB10.3, an RTS, and a MATE3s system display.  

 

Solution: AC Circuits 

Combining AC Circuits 

The simplest way to combine AC circuits is to use an electrical load center or panelboard, populated with 
breakers rated for the inverters they are supporting.  Load centers are readily available from electrical 
supply houses and large hardware stores.  Consider the following design parameters when selecting or 
sizing a combining panel. 

1. Voltage/wire compatibility: e.g., Single phase/3-wire 
 

2. Current rating: 200A rating for a triple Radian system application is sufficient.  
 

3. Number of spaces suitable for application.  Load centers with the exact or approximate number  
of desired spaces are often not available.  Frequently, load centers with more spaces than 
required are used, since these are often more cost-effective than their smaller counterparts  
due to their prevalence.  

 
a. A 6-space load center has space for three 2-pole, 240V breakers.  Used by GS4048, 

GS4048A, GS8048, and GS8048A inverters.  
 

4. NEMA rating: This will depend on the installation environment.  
 

Refer to Figure 1 for examples using a load center or panel board to combine AC outputs or split off 
multiple circuits from an AC source.   
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Figure 1  AC combining panel for 120/240V application using GS8048A 
 

Bypassing AC Circuits 

In any backup power system with an AC source such as the utility, it is advisable to have a bypass switch 
installed so during maintenance on the inverters, loads can still be powered.  To make a bypassed 
inverter safe to work on, all energy sources must be disconnected.  This includes both the AC input and 
DC disconnects.  As mentioned above, the standard bypass kits used in the Radian load center (GSLC) 
and FLEXpower-based systems are not applicable in larger, multi-inverter systems.  For Radians this 
means anything more than one inverter.  

The solution for these larger systems is to install a separate external switch functions as the bypass. 
These switches are often referred to as transfer switches, as they are used to transfer between AC 
sources, typically from grid to generator.  Refer to Figure 2.  

 
Figure 2  Example bypass switch  

AC Input or 
Output 



Application Note                                                               

 ©2017      OutBack Power Technologies, Arlington, WA 98223                   RE‐GE‐12/28/18                                                                     Page 3 of 17                      

When specifying a transfer switch, the key design parameters to consider are: 

1) Voltage/wire compatibility: e.g., Single phase/3-wire 
 

2) Operating current: 
There are two currents to consider: 
a. Secondary input current 
b. Total max AC input rating of the inverters 

The breaker for the secondary input of the transfer switch should be rated for the total 
maximum  AC input rating of the inverters.  For example, a triple-Radian system should 
have a bypass switch with a rating of at least 150A (50A per input breaker × 3 input 
breakers = 150A). 

NEMA Rating: this will depend on the installation environment. 
 

3) Service entrance rated: Yes/No 
a. Transfer switches that are not service entrance rated will require a separate main circuit 

breaker or manual disconnect switch.  Pay close attention to this parameter.  Non service 
entrance rated transfer switches are often substantially less expensive than service 
entrance rated switches, but consider the cost of additional equipment and labor to install 
a separate manual disconnect switch or main circuit breaker. 

 

Solution: DC Circuits 
As mentioned earlier in this document, the DC section of a multi-inverter system can present challenges 
unique to these larger systems.  This includes how to create a common DC(+) and DC(-) bus for multiple 
inverters, charge controllers, and battery banks.  Incorporating battery monitoring further complicates 
matters, as the DC(-) needs to be common among all devices.  Groups of devices, like charge controllers 
and inverters, need to be aggregated so current produced or drawn by them can pass through a shunt.  

One method uses a combination of off-the-shelf components that are assembled to create a custom DC 
bussing solution.  

Creating a DC bussing system with off-the-shelf components 

One method is to source individual DC-rated components to create a DC bussing system.  There are 
some advantages to this method, including complete customization as well as the ability to use shunts to 
monitor DC current.  Depending on the application, it can also be more cost effective.  The components 
that need to be specified are bus bars (see page 4), shunts (see page 6), an enclosure (see page 8; 
could be optional depending on local code), protective shields/insulators (see Figure 3), and other 
mounting hardware.    

Standoff 
Insulators

Polycarbonate 
Cover

 

Figure 3  Example Protective Shields/Insulators  



Application Note                                                               

 ©2017      OutBack Power Technologies, Arlington, WA 98223                   RE‐GE‐12/28/18                                                                     Page 4 of 17                      

Bus bars 

There are a minimum of four bus bars that need to be specified in a system with battery monitoring:  
a common positive bus bar, one negative bus bar for the battery connections, one negative bus bar for 
the inverters, and one negative bus bar for the charge controllers.  If battery monitoring is not required, 
only one positive and one negative bus bar is necessary.   

A number of bus bar manufacturers can provide custom bus bar solutions.  Some also offer kits.  These 
kits are much more economical than custom bus bars and include insulators and mounting hardware.  
However, they often do not meet the design requirements for a particular application, which include: 

1) Amperage 

The maximum continuous current seen by each bus bar.  Manufacturers often provide 
ampacity tables, which show the ampacities of various dimensions of bus bars.  For each set 
of cross-sectional dimensions of bus bars, there are ampacities for various temperature rises. 
For equipment used in solar applications, looking at values in the 30°C column is suitable.  
 

a. It is recommend that a bus not be loaded to more than 80% of its rated capacity. 
 

 

 

 
 

 

 
Figure 4  Examples of Bus Bar Ampacity Tables 
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Shunt
Bus Bar Bus Bar

2) Dimensions 

The bus bar cross sectional dimensions determine ampacity.  Be careful to note that they do 
not scale linearly due to the way (cooling) surface area changes as a function of dimensions.  
For example, the ampacity of a bar with cross sectional dimensions of 1/8” × 4” is less than 
double the ampacity of a bus bar with dimensions of 1/8” × 2”. 

 In addition to determining ampacity, it should be confirmed that the overall height of the 
assembled bus bar, including insulating standoff and mounting bracket is equal between all 
negative bus bars.  If this is neglected, the shunts may not mount properly.  See  

  

  

 
 

Figure 5.  

 
 

 

 

 

 
 

Figure 5  Overall height of the assembled bus bar   

3) Hole patterns 

a. Some installers drill holes as they need them, but note that it can be more difficult to 
ensure full ampacity is maintained if this is done, compared to the manufacturer 
verifying a custom design by reviewing a drawing.  

b. Holes to account for: 

i. Mounting holes- required to mount the bus bar to the insulators and mounting 
hardware. 

ii. Shunt holes- to match the hole pattern and dimensions of the shunt. 
iii. Device holes- to account for charge controller and inverter conductors. 
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 Figure 6 Sample drawing of bus bar manufacturer 

Shunts and Battery Monitoring 

As with smaller systems, a separate shunt is needed for charge controllers and inverters to monitor loads 
and charging sources on separate channels.  When selecting a shunt, keep the following design 
considerations in mind: 

1) A/V Ratio 

The ratio of amps to volts for a shunt must be 10,000:1 for systems using the OutBack Power 
FlexnetDC (FN-DC).  A suitable shunt is one rated at 1,000A and 100mV.  

2) Amps rating 

Shunt manufacturers recommend that a shunt not be loaded to 100% of its rated capacity. 
With the shunt de-rating, combined with the maximum 100mV limit on the FN-DC, dictate that 
the largest recommended shunt be rated at 1500A, 150mV.  

3) mV rating 
The voltage drop across the shunt when passing the maximum current for which the shunt is 
rated.  For the FN-DC, the maximum voltage drop across the shunt should not exceed 
100mV.  That does not mean the maximum shunt size is 1000A at 100mV.  Taking into 
account #1 and #2 above, the limit is 1500A at 150mV with a usable current limit of 1000A. 
This ensures the maximum voltage drop across the shunt is 100mV (when passing 1000A). 
See Figure 7.  
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ShuntBus Bar Bus Bar

1,000A:100mV

FNDC Max 100mV Drop -
Max 1000A

1,500A:150mV

FNDC Max 100mV Drop -
Max 1000A

Shunt ratio must be 10,000:1

 

Figure 7  Shunt Ratios   

 
4) Dimensions 

Ensure the dimensions of the shunt are compatible with the bus bars specified and the 
assembly (bus bars + shunts) fits on the backplane of the enclosure. 
 

The shunt design considerations above, combined with the maximum FN-DC current monitoring limit of 
1000A per channel essentially limit the system size if FN-DC battery monitoring is to be included.  
 
If battery monitoring is omitted from a system, instead of three battery (–) bars, there can be one 
common (–) bar for all the battery banks, inverters, and charge controllers. 
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Enclosures and Other Hardware 

In addition to the electrical equipment like bus bars and shunts, other equipment and materials to protect 
the bus bars from shorting and exposure to personnel is critical.  

 Insulated standoffs — used to mount bus bars to backplane of enclosure, as well as protective 
covers to the tops of bus busbars.  Bus bar manufacturers can either provide these separately or 
include them with bus bar kits.  Most are rated at DC voltages much higher than what one would 
encounter in an OutBack system, but it is nonetheless a good idea to verify the voltage rating is 
sufficient for the application. 

 Polycarbonate (aka “Lexan”) protective cover — these are sometimes included with bus bar kits, 
but can be sourced separately.  They mount on top of bus bars using insulated standoffs.   
They can also be used to create an insulated shield between the positive and negative bus bars 
(see Figure 3).  

 Another option to polycarbonate shields is to use a thin flexible insulating material like Formex.  
This is particularly useful in protecting the area surrounding the non-grounded bus bar, as any 
connection between it and the enclosure is a short. 

 An enclosure to house the bus bars and shunts is recommended.  Sufficient clearance within the 
enclosure should be provided to allow space for conduit bends and the numerous conductors, as 
well as clearance for turning wrenches and using other tools during installation and maintenance. 
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Triple Radian Guide 
This section of the application note focuses on the system design for three Radians (GS8048 or 
GS7048E).  For 3 Radians, OutBack supports either 6 FM80 or 4 FM100 charge controllers to be within 
80% of the 1000A limit of the bus bars and FN-DC 1000A current limitations.   
 

 

 

 

 

The maximum number of FM charge controllers (FM80 or FM60) will be 6 due to the available ports in 
the HUB10.3.  

 

 

 

 

 

As explained above, the system will need an external AC Input Panel, an external AC Output Panel and 
an external transfer switch appropriate for the application.  

 

 

 

 

 

 

3 Radian System: Maximum # of 
Charge Controllers  

  FM80 FM100 
Radian 8048A 6 4 

HUB10.3  
Radian 8048A  FM80 FNDC Total 

3 6 1 10 
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Reference Drawings 
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Exceptions or Precautions 
This application note is a guide; this does not replace a designer or review by a qualified designer.  

 

 

About OutBack Power Technologies 
OutBack Power Technologies is a leader in advanced energy conversion technology.  OutBack products 
include true sine wave inverter/chargers, maximum power point tracking charge controllers, and system 
communication components, as well as circuit breakers, batteries, accessories, and assembled systems.    

Contact Information   
Address: Corporate Headquarters 

17825 – 59th Avenue N.E. 
Suite B 
Arlington, WA  98223  USA 

  

Email: Support@outbackpower.com   

Website: http://www.outbackpower.com  

 

Other 
OutBack Power Technologies assumes no responsibility or liability for loss or damage, whether direct, 
indirect, consequential or incidental, which might arise out of the use of this information.  Use of this 
information is entirely at the user’s risk.  OutBack Power Technologies cannot be responsible for system 
failure, damages, or injury resulting from improper installation of their products. 

Information included in this document is subject to change without notice. 

© 2017 by OutBack Power Technologies.  All Rights Reserved. 

 


