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Parallel control of multiple DC to DC converters is an important and critical technique for controlling equal current 
sharing and enlarging the capacity of DC power supply system. There are various control methods for parallel operation 
of multiple converters as categorized in Figure 2 (Luo, Ye, Lin and Lee. 1999). It is mainly divided into the active 
current sharing method with control interconnection and the droop method without control interconnection. For the DC 
micro-grid application the droop method seems to be more suitable than the active current sharing method. It is because: 
(i) no control interconnection of the droop method makes it easier to achieve the plug and play feature (Nasirian, 
Davoudi, Lewis, and Guerrero, 2014); (ii) The DC to DC converter in the micro-grid system can be with different 
capacity, not for equal current sharing. The droop method can provide this kind of power sharing by adjusting the droop 
impedance (Augustine, Mishra, and Lakshminarasamma, 2015. Lu, Sun, Guerrero, Vasquez, and Huang, 2014. Lu, Sun, 
Huang, Guerrero, Vasquez, and Xing, 2014); (iii) Some converters may be in charge mode and some converters may be 
in discharge mode, it is hard to generate the current command of each converter for the active current sharing method. 
The droop method has the ability to parallel converters with different operation modes (Yu, Huang, Burgos, Li, and Du, 
2013). Although the droop method has many advantages over the active current sharing method as stated above, it also 
has the limitation of poor voltage regulation of the DC bus as compared with the active current sharing method due to 
the real or virtual impedance in series with the load for adjust the power sharing. 

 
Figure 2. Various control methods for parallel operation of multiple DC-DC converters 

This paper presents two capacity limitation control methods for controlling the parallel of converters to solve the 
limitation of droop method and active current sharing method, respectively. The first method is the capacity limitation 
control with cascaded load current sense. By using current limitation control of converters near to the load and DC 
voltage regulation control of the furthest converter, the parallel system can achieve no control interconnection as the 
droop method and achieve more precise DC bus voltage regulation than the droop method. The second method is the 
capacity limitation control with master-slave. The master converter is responsible for the voltage regulation of DC bus 
and generates the total output current command of the converters. By using cascaded current command limitation, it 
allows the converters be in different operation mode, solving the limitation of the active current sharing method.  

To verify the proposed method, three prototype 240W bidirectional half-bridge DC to DC converters are built and 
paralleled. The effectiveness is confirmed with some experimental results. 

2. The proposed Capacity Limitation Control with Series Connection 

The proposed capacity limitation control with cascaded load current sense is shown in Figure 3, in which the load 
current sensors of the converters are in cascaded connection with the load. Therefore, converter 1 that nearest to the 
load will detects IL1=IL. Converter 2 will detects IL2=IL1 - Io1. The final converter N will detects ILN=IL(N-1) - Io(N-1). The 
converter employs dual loop control loops with an inner current loop and an outer voltage loop. Only the converter N 
activates its voltage control loop (in CV control). The other converters only activate the current control loop that the 
current command is generated from the current limiter (in CC control). The current limiter uses the sensed load current 
and the operation mode to generate the limited current command. As the sensed load current is larger than the preset 
limited current level, the converter will export a current equal to the sensed load current. Therefore, the current sharing 
will be shown as Figure  4. In which four converters are paralleled to maintain the DC bus and the current limited level 
is set to be IoM. The load current is in the range 2IoM < IL <3IoM. So converters 1 and 2 will export current equal to IoM, 
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the output current of converter 3 will be less than IoM. Ideally, the final converter (converter 4) will export zero load 
current and therefore have enough capability to regulate the DC bus voltage. To implement the above load current sense 
and the plug and play feature, a connection box with built-in load current sensors can be set up. The OR-ing diode with 
bypass switch is required for plug and play in each converter as shown in Figure 3. 

 
Figure 3. The proposed capacity limitation control with cascaded load current sense 

 

Figure 4. Current sharing of the capacity limitation control with cascaded load current sense 

Advantages of the above capacity limitation control with cascaded load current sense include: (i) There is no control 
interconnection which may introduce control delay or signal noise to cause control system instability; (ii) No control 
interconnection reduces the setup complexity of the parallel system; (iii) The number of parallel converters is no limit 
theoretically; (iv) Easy for plug and play design and therefore easy for maintenance. (v) The current limitation level for 
each converter can be different, converters with different capacity also can be paralleled. The limitation of this control 
method includes: (i) the converter near the load will sense a lager current, how to do the current sense is an issue; (ii) 
The connection wire for each converter must be designed to flow the largest load current; (iii) The current sharing is not 
equal, the converter near to the load will have a shorter life cycle; (iv) It is hard to do the power management of the 
whole system due to no control interconnection. 

3. The Proposed Capacity Limitation Control with Master-slave And Cascaded Current Command Limitation 

To improve the active current sharing control that converters are hard to be in different operation modes, Figure 5 
presents the proposed capacity limitation control with master-slave and cascaded current command limitation. The 
converter also employs dual control loops with an inner current loop and an outer voltage loop. Only the master 
converter activates its voltage control loop (in CV control). The other slave converters only activate their current control 
loop (in CC control). The voltage controller of the master converter (converter 1) generates a current command ioc1
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command (io1
*) of the converter 1. The difference signal ioc2

* = ioc1
*- io1

* are send to the convert 2. ioc2
* then enters the 

current limiter to generate the current command io2
* of converter 2. The difference signal ioc3

* = ioc2
*- io2

* are sent to the 
convert 3. In the same way, the slave converter (N-1) will generate the difference signal iocN

* for the converter N. The 
converter N then uses its current limiter to generate its current command . 

 
Figure 5. Capacity limitation control with master-slave and cascaded current command limitation 

The limit level of the current command limiter can be generated from the battery state of charge (SOC) of the converter 
or the power management controller of the parallel system. This level can be positive or negative to adopt different 
operation mode of converters. As this limit level is positive the converter is in discharge mode. On the contrary, if the 
limit level is negative the converter is in charge mode.    

Advantages of the above capacity limitation with master-slave control and cascaded current command limitation include: 
(i) converters with different operation mode is allowed; (ii) Instead of power wire cascaded connection as Figure 3, 
Figure 5 employs the signal cascaded connection. The power wire for each converter can be selected not with the total 
load current but with its own capacity; (iii) There is no need to sense the load current in each converter, simplifying the 
sensed circuit; (iv) The number of parallel converters is also no limit theoretically; (v) Different capacity converters also 
can be paralleled. (iv) The power management of the whole system can be performed due to control interconnection. 
The converter with zero ioc

* can be stop to reduce the standby loss to save the battery consumption. However, due to the 
control interconnection, it still possesses the following disadvantages that are inherent for the active current sharing 
control: (i) It may introduce control delay or signal noise to cause control system instability; (ii) The control 
interconnection increases the setup complexity of the parallel system. 

4. Implementation and Verification of The Proposed Control Method 

To verify the above two control methods, in this section three prototype 240W bi-directional DC-DC converters with 
half-bridge topology are implemented. The parameters of the converters are as follow: 

Vbus=48V, Vbat=24V, Io,max=10A for dicharge mode and -5A for charge mode, 

                          fs =50kHz, L=100, C=220F                                       (1) 

Figure 6 shows the designed parallel system configuration using the capacity limitation control with cascaded load 
current sense based on Figure 3. The other part of the micro-grid system on the DC bus is seen as the load and modeled 
as a current source IL. Ks (=0.1) and Kv (=0.05) are the sensing factor of the voltage and current, respectively. Average 
current mode control is adopted for controlling the inductor current. GCA is the current mode controller. The control 
voltage (Vconi, i= 1, 2, 3) generated from the GCA is then compared with the PWM ramp signal Vt to generate the gating 
signal of the switches. 
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