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SUMMARY

Electric vehicles (EV) are used motor instead of an internal combustion
engine. There are many merit such as quiet, easy maintenance and
environmental. But disadvantages are long battery charging time due to
low-energy density, distance limit of driving, expensive battery prices,
expensive compared to regular cars, heavy weight and environmental issues
due to using of commercial power.

Direct methanol fuel cell (DMFC) differs has many merits compared with
the conventional type fuel cell as follows; no need of fuel reformer, easy to
transport, low price, use liquid duel such as methanol, safer reaction
temperature lower then 80C. Therefore DMFC is very advantageous power
source such as portable, mobile, residential, small and remote discrete demand.

In this theses, we develope a DMFC hybrid electric vehicle that can drive
fuel cell and battery powers and test the charging/discharging characteristics
of a LiFePO4 battery in DMFC hybrid electric vehicle. For this work, we
design a 2kW class DMFC stack and mount a DMFC system in commercial
electric vehicle. We also present the advantages and disadvantages of the
DMFC hybrid electric vehicles and invest the driving characteristics using

Labview.
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Table 1. MEA components and chemical phenomena

MEA Component

Phenomena

Diffusion

Layer

Fuel supply and distribution (methanol/fuel)
Electron conduction (solid phase potential)

» Heat transport from reaction zone

Anode
Catalyst

Layer

Catalyst of anode reaction
(CH,OH + H,O0—COy + 6 H*+ 6¢ )
* Proton conduction into membrane (electrolyte phase
potential)

Electron conduction into substrate(solid phase potential)
* Methanol transport
* Heat transport

» Carbon dioxide generation

Proton Exchange

Proton conduction (electrolyte phase potential)
Water transport

- H,O electro-osmotic drag

- Diffusion (concentration gradient)

Membrane
- Convection (pressure gradient)
* Methanol transport
- CH;OH crossover (parasitic current density)
+ Catalyst of cathode reaction( O, +4H*—>2H,0— 4e”)
Oxygen transport to reaction sites
* Proton conduction from membrane to reaction sites
Catalyst | (electrolyte phase potential)
Layer * FElectron conduction from substrate to reaction zone
Cathode (solid phase potential)
» Water generation from reactive zone into substrate
» Heat generation/removal
Oxidant supply and distribution (oxygen/air)
Diffusion
» Electron conduction toward reactio zone
Layer
Water transport (liquid & capov)
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Table 2. CHANGE EV specifications

Specifications
Overall length(mm) 3,210
Overall width(mm) 1,575
Overall height (mm) 1,560
Tread(mm) Front 1,350 / Rear 1,330
Wheel base(mm) 2,180
Curb weight(KQG) CWYV 830 / GVW 960

Capacity (persons) 2
Driving range (Km) 78
Max. speed(Km) 60

Drive type(FF)

Front wheel drive

Charging time

Noraml sppeed with 220 V Housrhold 6-7hours

Max. output

16 kW / 2,200 rpm

Battery&Controller

76.8 V, 120Ah, 220 V On board Charger, BMS,
DC-DC converter, LiFePO, battery




100

91 /\ ]

80 4 P -
70 4 / i
60 - ]
50 \ 7 i
40 4 / i
30 \ / .

SOC (%)

T T L] L} L} L}
0 10000 20000 30000 40000 50000 60000 70000
Time (Sec.)*1/2

Fig. 3. SOC curve under charging/discharging in LiFePO, battery
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(a) Switch S2 is on (b) Switch S2 is off

Fig. 15. Equivalent circuit in discharging mode
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Table 4. Methanol concentration sensor specifications

Concentration
Model ISSYS FC10 0 - 10
range (% w/w)
Operati
perating I
Temperature(°C)
Weight (g) 115
Image
power (W) 0.19

A7)0 Agaisl A AFSZ §100 L/min) o4 @7 4G kPa) o
Ao Wshe] 2m Ae 30 Wolahe] e Ao] SAolt,

Table 5. Air blower specifications

Model TF037B-2000-F Flux (Ipm) 100
Operating
Temperature 0-50
°C)
Image Weight (g) 90
power (W) 28.8
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Table 6. DMFC system input interface parameters

A A

All

d

v
EY gES veh)

No Signal Voltage(V) | current(A) | Power(W) Input type Remark
1 Stack temperature 5 0.0005 0.0025 Voltage NTC-502F
2 | Chambertemperature 5 0.0005 0.0025 Voltage NTC-502F
3 System temperature 5 0.0005 0.0025 Voltage NTC-502F
4 Methanol concentration 5 0.038 0.19 Voltage ISSYS FC10 (0V ~ 2V)
5 | Stack current 2.5(ref) 0.02 0.1 Voltage HASS 50-(2.5V+0.625)
6 | Fueltanklevel (top) 12 0.042 0.5 0.C (NPN) | CD46
7 | Fueltanklevel (bottom) 12 0.042 0.5 0.C (NPN) | CD46
8 Water chamber (top) 12 0.042 0.5 0.C (NPN) | CD46
9 Water chamber (bottom) 12 0.042 0.5 0.C (NPN) | CD46
10 | Output Current 2.5(ref) 0.02 0.1 Voltage HASS550-(2.5V0.625)
11 | Input current BOP 2.5(ref) 0.02 0.1 Voltage HASS 50-(2.5V+0.625)
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Table 7. DMFC system output interface parameters

No | Signal | Voltage(V) | current{A) | Power(W) Explanation Weichi{=) Remark Manufacturers
1 Pumpl 24 2 48 1M fuel sopply pump 433 Boxer 3102 BOXER
2 Pomp2 1z 0,121 0.84 Pump for Methanol 42 NHF5DC-H ENF
3 Pomp3 1z 0.65 0,96 measmringthe concentralion 30 NF5DCB-4 | ENF
of the circulating pomp (A0,
0~57)
4 Pumpd 12 1.65 198 Pumps for wabter supply 330 NF 30EFDC | ENF
5 Blovrer 24 5.2 115 Blower for air supph({4A 0, 1200 mmipp2-pan2 | Gandner Denver
0~10%)
i1 Fanl 24 0,16 a8 Fuel heat exchenger fan CUDCHEF-TFT | JAPAN SRUOD COLTD.
7 Fan2 24 016 38 Fuel heat exchaoerr fan CUDCHEF-WET | JAPAN STRVO COLTD,-
8 Fan3 24 0,16 3.8 Air heat exchanger fan CUDCHEF-TFT | JAPAN SERVO COLTO..
9 Fand 24 0,16 3.8 Adrheat exchangrer fan CUDCHEF-TFT | JAPAN SIRVO COLTO..
10 LED 5 Check the p ower supply
12 PC External monitoring and
contra{Firmweare update)
13 Buzzr 5 Emergency ON
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IV. LabviewE 9] &3 DMFC -4 Ao
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Fig. 22. DMFC control system configuration using Labview
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Table 8.

| e |

Fig. 23. RS232 communication loop using Labview

DMEFC system control methods

Ttem Input  |[Condition Control Description Condition Formula Output of amount
Flie(L/min)=(current(Measurements) x Mumber of F .
AR.FUME t'(lﬁlr;:tﬂ = ™ (;;:E:u?e?‘]dfnn‘;ﬁ?s;mi: e Cells (110)x Stoichiometric ratio (3~4)x Constant iuar:]c[; lation rgite(‘;:tt:t:?i‘ltraygt:‘se
{22.4L)x60x3)/(Electron(4)x Faraday Constant (96485))
Fuel cell sA 5A or less fixed, more than the
current value used in the sense " n
Fuxicc/min)=(current{Measurements) x Number of Calculating a pump flow rate
FUEL SOLUTION Cells (110) x Stoichiometric ratio obtained by adjusting the voltage,
FUMP (2.5~3)x1000x60)/(Electron(6 )x Faraday Constant |using the calculated pump flow rate
(96485 E=(=HZ) is set to the flow rate of the off axis
Methanaol 0.3M ©.3M or less fixed, more than
concentration - the value used in the sense
Stack sprc  [Temperature on the basis of ON]|
temperature iti — Actit o - L =
HXA_FAN pel AND Condition(T,T=Action [1=0N, 0=0FR)==>(1,0=1), onvoft
Chamber 35:¢  [femperature on the basis of ON]| 11=1), (0,0=0), (0.1=0)
temperature
Stack [Temperature on the basis of ON
temperature piad Condition(T,L=Action (1=0N, 0=0FF))=>({1,0=0), {L1=
HXC_FAN OR, EX-OR o 1, l;=0)‘ (071=1) - S Sl On/off
Chamber level]  Half level on the basis of ON / OFF o o
Stack 35:¢  [Femperature on the basis of ON|
temperature i il
HEATER oR At room temperatutre with il\ initial ON, OFF stack on/off
Room 55 [Temperature on the basis of ON emparamne
temperature / OFF
1M or more are not operated,
coll\?"ceatl"\:‘:‘::;i)n im less than the calculated value
supplied by Check the initial|
ion Flowr(s)={{1-({2xNumber of Cells {110) x Mole (1M-
and the current settling) x current (Measurements))/(Number of  |Calculating the flow rate obtained by|
FUEL PUMP . . value of the electrons{6 )x Faraday Constant (36485))/(Density of | the change time of the supply, once
Until there is almost no flow flow rate methanol{0.79) x Pump flow (0.777083ml/s, a second operation
Flow Sensors| Yes, No ke 5 s
operation (initial operation) | applied to the NF5Standard)))}
sensor
T—— 5A 5A or less fixed, more than the
value used in the sense
Stack 40°C Temperature on the basisof 1/
| test method i At ina i i
e temperdture: V contral &R Initial activation, resting in the middle of the
Room i |Temperature on the basis of 1/ operation will be re-used when driving
temperature V control test method
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Fig. 32. SOC curve under charging/discharging in DMFC hybrid electrical

vehicle
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Fig. 33. Charging/discharging speed pattern of SOC in DMFC hybrid electrical

vehicle
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Fig. 34. SOC curves of LiFePO, battery with/without DMFC fuel cell
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