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Fuel Cell Vehicle Component



Energy Device of FC Vehicle

Energy Device 
- Fuel Cell
- Battery 
- Super-capacitor (Ultra-capacitor) 

Comparison of Energy Storage 

Battery > SuperCapCost
SuperCap. > BatteryEfficiency

SuperCap. > BatteryLife Cycle

Battery > SuperCap.Energy/kg

SuperCap.> BatteryPower/kg
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Non-isolation Type Interface
Buck Converter

Boost Converter

Buck-Boost Converter



Isolation Type Interface

Push-pull 
Converter

Full-bridge  
Converter

Half-bridge  
Converter
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Control Cofiguration



IF Pcomm>Pfc-rated
Then Pfc=Pfc-rated

Ppps =Pfc - Pcomm

ELSE (Pcomm<=Pfc-rated)
If E<Emin
Then Pfc=Pfc-rated

Ppps=Pfc-Pcomm: Charge

Else if E>Emax
Then Pfc=0

Ppps=Pcomm: Battery only

Else
Pfc=Pcomm
Ppps=0: Fuel Cell Alone     

End
END

Ref.: Modern electric, Hybrid Electric, and Fuel Cell Vehicles: chap. 13

-Fuel Cell (FC)

-Peaking Power System (PPS): Battery or SC

Possible Control Strategy



Equational Models
(Ex.: Huei Peng and Anna Stefanopoulou of Univ. of Michigan)

Equivalent Circuit Model
Look Up Table 

Fuel Cell / Battery Modeling Methods



Simplorer Supplied Model
Equation based model : 
- many parameters should be defined. 
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IS := 6000*T A
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FC Equivalent Circuit Model 
Parameters are dependent 
- T, I and other conditions



FC LUT Based Model

p_pin

n_pin

X Y
+ 

V
#
I

A

XY_fc1

VM1

50m Ohm

Rf1
1Meg Ohm

TS1

FC1

AM1

Current controlled voltage source
Sufficient for steady state



Battery Energy Related Parameter

SOC (State of Charge)

Ah Capacity remained
rated Ah capacity

DOD (Depth of Discharge) = 1-SOC

Ah Capacity drained
rated Ah capacity     

Specific energy(Wh/kg), Specific power(W/kg),   
Energy density(Wh/L)



Battery Model Implementation (1)

Qo: initial Ah capacity 
Qn: rating Ah capacity(C10)
Voff: offset voltage at 0% SOC
Vn: nominal voltage at 100% SOC
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0.22 Ohm

ET1

I

I_PART1

GAIN

CONST

Qo

a / b

SOC

CONST

Qn

CONST

Vnor

CONST

Voffset

MUL1

CONST

Voffset1

Bat_v

RL15 Ohm

ICA:

NEG

NEG1

NEG

NEG2

Bat_v.VAL V

Voff:=250
Vn:=380
Qo:=100

Qn:=100

Popular but much error

(C is dependent on I and T)



Battery Model Implementation (2)

IGAIN

CONST

LIMIT NEG

Rbs

1m Ohm

ET1124*6*((1-DOD.VAL)*0.22+1.945) V

CR SOC

MaxSOC

LIMITER2

Rbs1

TS2

NEG1

RLoad 0.05 Ohm

ICA:

Cp:=(85/3)^1.25*3

GAIN

DOD

Better accuracy but 
more parameters
(OCV must be defined)
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k : Peukert Coefficient

CR: Energy removed from battery

DOD: Depth of Discharge 



Stack Control Concept
A lot of stack control method
- Optimization for whole system is complex. 
A concept for stack control
- Control the air flow/pressure relating to the load
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Load increase
→ Pressure of O2 increase
→ Shift I-V curve upward



Stack Control Example

ICA:

L1

50 A
100u H

RL
RL.R Ohm

TR1
EXP

ISAT := 1p A
VT := 35m V
RR := 100k Ohm

D1

E2

300 V

Rs

10m Ohm

(L1.I>=I_command)

(((ST_r1.VAL>=0.99))and((L1.I<I_command)))

On

SET: := cs:=1

Off

SET: := cs:=0

ST_r1

Off2

SET: := RL.R:=3/2

(t>0.01) (t>0.03)

SET: := RL.R:=3 SET: := RL.R:=1

C1
0 V500u F

H 22O

PO1 PH1

PEMFC1_L22

NC := 100 -

SET: := Opa:=2Meg SET: := Opa:=5Meg SET: := Opa:=10Meg

EQU

I_command:=E2.V/RL.R*1.2

period:=20u

A

AM1

Load I < 100A → PO2 = 2M Pa 
Load I > 200A → PO2 = 5M Pa
Load I > 300A → PO2 = 10M Pa



Stack Control Example
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FC voltage
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Energy Flow Control During Driving Cycle

L1

0.106m

R1

10m

TR1

EXP

RR := 0.1Meg
VT := 35m
ISAT := 1p

D1

ICA:

(L1.I>=I_command)

On

SET: := cs:=1

Off

SET: := cs:=0

ST_r1

Fuel Cell

10u

EQUVA11

(SOC.VAL<=0.4) (SOC.VAL>0.6)

On1

Off1

CALC: := I_command:=I_required

CALC: := I_command:=300

C2 1m

I_required:= I1.I*I1.V/C2.V

Power_L:=I1.V * I1.I
irbs:=(ET11.EMF-C2.V)/Rbs.R

D:=C2.V/C1.V

A

AM2

X Y
+ 

V

#
I

A

XY_fc1
VM1

Rf

50m

Rf1

TS2

EC1

AM1
I_required:=20

period:=20u

IGAIN

CONST

battery

LIMIT NEGGAIN

Rbs 3m Ohm

ET1124*6*((1-DOD.VAL)*0.22+1.945) V

CR SOC

MaxSOC

LIMITER2

Rbs1

TS21

NEG1

DOD

Yt

I1
DATAPAIRS1

C1

Battery

Fuel Cell

SOC<0.4, 300A

Drive pattern

If SOC<0.4, 
then Fuel cell supplies
fast charging to battery

Interface converter

Icmd=PLoad/VFC



Drive Cycle Simulation Result

SOC

Fuel cell voltage

Current command

Battery voltage

Fuel cell current

Battery voltage

Fuel cell voltage
Current command

SOC
Fuel cell current

Control action
Small rating battery 
or small FC capacity 

→ Wide SOC 
variation, control 

requirement

Sufficient rating battery or 
FC dominant operation
→ SOC stable 
but battery over-capacity



Compex Hybrid System
L1

0.1m H

R1

10m Ohm

TR1

EXP

Dtr1

0 A

ICA:

(L1.I>=I_command) (((ST_r1.VAL>=0.99))and((L1.I<I_command)))

On

SET: := cs:=1

Off

SET: := cs:=0

ST_r1

10u F

EQUVA11

(Battery.SOC_VAL<=0.4) (Battery.SOC_VAL>0.95)

On1

Off1

CALC: := I_command:=I_required+50

Co
500u F

I_required:=I1.V * I1.I/Co.V

Power_L:=I1.V * I1.I

D:=Co.V/Cfi.V

A

AM2

CALC: := I_command:=I_required

I_required:=0
period:=20u

Yt

DATAPAIRS1

I1Cfi

n_pin

p_pin

FuelCell

L2
0.1m H

R11
100m Ohm

EXP1

MOS2
D2

MOS1
D1

SC
360 F

Cbi

Rsc

100m Ohm

(L2.I<=I_command2)

(I_command2<0)and(ST_r1.VAL>0.99)and(L2.I>I_command2)

(SC.V>350) or (Battery.SOC_VAL<0.4) (SC.V<250) or (Battery.SOC_VAL>0.95)

On2

CALC: := I_command2:=100

Off2

CALC: := I_command2:=-40

Z1

STEP: := gate2:=0
STEP: := gate1:=1

(L2.I>=I_command2)

(I_command2>=0)and(ST_r1.VAL>0.99)and(L2.I<I_command2)

Z11

STEP: := gate1:=0
STEP: := gate2:=1

Z3

STEP: := gate2:=0
STEP: := gate1:=0 

Z31

STEP: := gate1:=0
STEP: :=  gate2:=0

I_command2>=0

I_command2<0

100u F

n_M_pin

p_M_pin

Battery

Bidirectional  Converter  Current  Control

Bidirectional  Converter  Switch  Control

Fuel Cell Converter Energy Flow Control

Current Command

Unidirection converter

Bi-direction
converter

- Battery 24V
- DC link Voltage 350V



Energy Flow Control Strategy

IF SOC < 0.4
Then Pfc=Pload+Pcharge until SOC>0.95

Battery charge mode

IF SOC>0.95
Then Pfc=Pload until SOC<0.4

IF Vsc>350V
Then Battery charge mode

IF Vsc<250V
Then Battery discharge mode



Simulation Result

SuperCap Voltage

SOC

SOC>0.95 -> discharge mode

Bidirectional current command

SOC<0.4 -> charge mode

Fuel Cell 
current command

Load Current

Battery charge current


