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Development of measurement equipment
for hybrid propulsion system of bimodal tram

W et g A 71 5 A =
Chang-Han Bae Seky Chang Jai-Kyun Mok

ABSTRACT
A bimodal low-floor tram can provide the punctuality of trains and the flexibility of bus together to the
passengers. Its propulsion system is a series hybrid type using a set of CNG engine generator and Li-polymer
battery. This paper presents a development of the measurement equipment for fine-tuning of a series hybrid
propulsion system of bimodal low-floor tram. Its configuration schemes are described and certified using the

measurement data of bimodal low-floor tram.

Ir

K

Awe] PN} wze P
1

vhol g A4Ed Ede 7

offl
>,
=2
-

. o)
i
-
¥o,

rr
=
o
I 1
yo, Ml
iy e T
o
41
i)

i

)
-
)
2

of

(]

i

Q
e
o
>
>
o
rot
o
ul
o9k
ol
ol
o,
T
ACh Lot
[
2
N
ot X

AR A TR

N

G 3

g3 AFL AW, 3NFE AB2F] Mo ARBEFIAFTY

slol e Efe] 493 stolngs FUFAE CNGAH-EA]
2 A E 470 AMES AARTIE FEHE AVFAA
AAAE AR-887] A5 e '
MAM R Es ARERE T
AFE ABdold B2 o sl Al
B ANAY % eAEE et 89w

AR WHOow

-

2
o

¥ r

uii)

©
&

©

)

e
o

2
)
2,

il

4>
A
H

B o
ki
o
ot
>
o

i
v
o
r>~
3
X

Nk
=,
i,

N
Ml
(o

N
N

ol
rlot
o
3

e,
fiu)

I
o
El

(O

o
i U
O_>~L4U_|_4

iZ I o ol

ol

ol

fd

2
Mo ©LooX wd Mo
> e

ooy 2 o

]

fru
O
i
)
ui
o
v
=
N
wn X lo
o
©
=i
ol
o
2
o
oX,
olf
>,
e}
K
HS
>
o,
i
2
2
9
ol
M
N o
™

p‘h

juist)
-4
E
N
i)
4
a
o,
O
=
I
e
jur]
=
o,
fd
> At
|m
&
Lo
Y
=)
Red
ol
o
o
2
>,
o2

e 4o
:Oé
o
>
o
4
oX,
i
ulyl
)
ot
1>
>
e
o
>
N
N
o
!
9
2
o
)
ol
e
=
oo
o
e
2

ko
ol
v

o

o =EolAe Hel g
=
=

oo
Iy
x
L
o
ﬁ _W,
4™
ox 0%
B
We,
=
ox of
off ile}
2
)
o
e
)
B e
= o)
%
He
L~
oA =3

3
Ry
Y
A
o
O
%
X
|\
o)
=
lo,
ot
vy
oX,
w2
L offt ot
)
ok
1>
=2
e
2
(0
ol
ol
K
jur]
=
o,
td
il
(m
uic)
lo,
>,
o
"
w2
k1
frt
N

[ ]

T AAA2 s g EEr|EdTd AdATD Z34d
E-mail : chbae@krri.re.kr
TEL 0 (031)460-5417  FAX : (031)460-5024

* Ao A eTedTd AddTd 43

241



2. vlo|2g e AAY doluags FARA

Hlol ek Edle] AHy F312= CNG x-277] A, PWM AHE, FXIAMEH 9 ZEA 7],
dEZ¢w wlegl® 2@ BMS(Battery Management System), Z%7], A A %7, 32 A0] @ oA
#elE Fde stolBY= Alofr], Ao Ve AAFe] FEH AAHdLdES AT HEddgAd
DC/AC Z®E, DC/DC HHEZ TR 27 12 volnd Efe] HAy slojHel= F7X 9
AA MEFEE e

i

— AC 400V SIV

~| DC 24V converter

BMS __| Braking chopper

ip
ip

and resistor

el
Propulsion system of bimods! ram prolotyps e . n

B e et S E——
| ‘ |
} Hybrid controller :
I I
! I
! i
| |

|
| ' |
I Traction motor 1
} driver |
i PWH |
| converter | |
} controller | Wheel motor x 4 |

i
; |

|
I ac S |
| 7 =
| CRIG Generator |-/ v A . INVERTER x 4 }
| engine P oe =’ |
1 - l H }
! |
I

|
i

I
! I
| i |
I AC. pump |
I gt

|
|

|
|

|
|

i
! I
! |
|

i
! I
|

|
|

|

Fig. 1 Scheme of series hybrid propulsion system
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FAFA FAFED MVB 5oz Fuvts 8 A 9 ASFAR ALgss 54 A3 A
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Aok ASE dolHELS ASAFEHAAAA HAAteR Oz FAHW, APER AGHEER
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Fig. 2 A schematic representation of the layout of data measurement equipment
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Table 1 A= ©lo]H
T T4 Az =
- life sign signal
- high voltage release
- cooling traction state
TPLC & RIO ] )
- no electric braking
EAAZS | AEHAR - generator temperature state
- engine state ok
- life sign signal
MDC1,2 ahse
- real torque feedback
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- 24Vdc converter state ok
- 400Vac converter state ok
- no earth leakage

- case open switch state
- life sign signal

BMS - battery switch state

- main contactor state

- life sign signal
PWM converter
* No overcurrent

Autoguidance - life sign signal
System - torge reference value
MDC1, 2 - Id, Iq, Vd, Vq, Vdc, Idc

Traction motor - RPM 1,2,34

- Vdc, Ide, SOC, temperature,
. Battery & BMS ] i i
AAAZA R - charging & discharging percentage

PWM converter | - Vdc, Idc, Vd, Vq, Id, Iq
Generator - RPM

TPLC & RIO - torque command, actual torque

- engine exhaust & inlet temperature
Engine room - start motor temperature

- natural gas flow rate

) ) - cooling pump temperature
cooling unit ] )
- input & output air temperature

I0A= | AMASAH R

Generator - frame temperature
MDC1, 2 - heatsinks temperature
Traction Motor - frame temperature
Battery pack - package temperature
PWM converter | - heatsinks temperature
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PWM converter AlA#HZEE
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(MDC 1,2, Aux . power supply)
Engine room & generator
Coofing unit
(radiator, cooling pump)

.
Fig.3 Block diagram of data measurement Fig. 4 Monitoring software display of data
system measurement equipment

a9 5% 62 QIFE, W4, MDCo| AXxdE 2%
Compact RIOZ #8531 AD(Analog Digital) 35 o] A=

Fig 5 Temperature sensors in engine room. Fig. 6 Temperature sensor in MDC.

4. A% dHlolH

2 #4923 AAWE ) WAHE SER el (b
4Ea F94Ee 35km/h7bA MDCS)
Bl FHECh vholwe =o AAY ol

PWM ZHE

245



Hho] w g

ShAZE QT whebA, PWM 748
=

}of| =

MDCe| &+

R
R

=

%7
BE oF
o —
ey
2 a
)ﬁ
_ =
~X -
~ (YQuauno R
w4 S S
MR 2 (=) 0_%
= | © R
! g | S YR
o}/ o [ T 1 1
B W 565 | | "
NH -~ mg 9E | B
o o EEEEY3 :
s EEEET x |
e cgggg |
H o T Y !
‘_ﬂ‘ﬂ ‘9!1_ ! “
A _ L - RN S
1 2 "
~— = 9, !
(S m = "
S = 7
N N SR, R Y L s ¥ A
o]
B o0
NE o
X o _
ST S NN
= i 2 o | |
dﬂ I I I I I I
= < ) — | | | | |
EoR =g | — | | | “ “
o w P | o : “ “ | “ “
&l _— X (=] o OM o o o o o o o
o) X S S « & 2 2 @ R
5 :
£ il < N
" ﬂ = (ndy)paads soj0w (M1)req amd
jant
oo oM m
T
L -
o ww T

N
whorow

24
=y
2
=

50

40

speed(kph)
(b)
246




60 580

5

540

480 500

460

400

(v)uauno

%40

time[s]

(c)

Fig.7 Consumption power waveforms of motor drive, battery package and generator.
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Fig. 8 Measurement data at maximum speed driving.
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