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Abstract: The free piston linear generator is a new range extender concept for the applica-
tion in a full electric vehicle. The free piston engine driven linear generators can achieve 
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1. Introduction

power source for the range extender application. There is no crankshaft mechanism which fa-

injected fuels and DC output power, such as the engine, generator, power electro nics and power 
-

ferent design requirements to the generator.
-
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In range extender electric vehicle, the power management controller determines the output 

vehicle.

2. Simulation of range extender vehicles

K
-

ment simulation. 

2.1. Delivered energy to the electric motor
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electric motor in CD mode is 
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where mb mB mf is fuel mass, af is fuel en-
ab

 ,sysrexbfB mmmmm   (5)

where msys

2.2. Required maximum power of range extenders

-

-

 2 sin ,dF fmg c v mg   (6)
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The range extender has to deliver its maximum output power to the electric motor.
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where Eb SOC td

which is restricted to

 battery 3600 .d bP t E SOC   (9)

2.3. Vehicle simulation with power management control
-
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where the state x xref is reference of the state. 
Qsoc, Qf, Qp 

is scalar weight and P is the output power variation of the REX from a previous node.  is the 
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Quantity Value

1480 kg

0.35

0.015

Electric motor peak power

-
ure 2. The electric circuit in the Rint model consists of a voltage source and a charging or dis-

 .2
bbbocb RIIVP    (11)

Operating mode Criteria
Driving cycle

Rural

CD
0.15 0.16 0.24

31 33 32

 ,
2

42

b

bbococ
b

R

RIVV
I oc oc    (12)
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 Voc = V(SOC),   (13)

 Rb = Rdis (SOC) or Rb = Rch (SOC).   (14)

 ,
3600

bI
SOC

Ah
   (15)

(a)

-

-

-

Reference power Urban Rural Motorway
0.9 0.93 0.92
0.89 0.92 0.96
0.86 0.89 0.95
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(a) 

(c) 

(d) 
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-

2.4. Requirements of REX vehicles with a free piston linear generator

-

3. Modeling and simulation of a free piston engine

dimensional model is used for the free piston engine simulation. The piston motion is not me-

Quantity Value
1400 kg

Fuel tank 12 L
REX maximum power
Driving distance 270 km

 
2

2
,L R e

d x
m F F F

dt
   (16)

where ,eRL FFF -
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where 
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4. Output power conditions of a free piston linear generator

 
-

it demands high capacitance for the DC link capacitor of the linear generator to supress the 

 0

2 2
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where  0, , , ,cP C V V  -

dc average DC 
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the pulsating power as shown in Figure 8. 

(a)

 

the free piston engine is shown in Figure 9. 

-
-

5. Design consideration of a linear generator

-
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-

-

design process. 

6. Conclusion

-

linear generator. The mass of mover is the most important parameter of the linear generator 

converter. 

-
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