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{ Summary >

O Development of core technology and test & evaluation technology for performance

& efficiency improvement of concentrated traction type high-speed train

- Technology development for aerodynamic performance improvement of
high-speed train

Purpose - Technology development for running stability performance improvement
of high-speed train
- Propulsion system efficiency improvement technology development
- Bogie operating efficiency improvement technology development
O Technology development for aerodynamic performance improvement of
h|gh speed train
8% reduction of air resistance comparing with KTX-Sancheon
- Development of the new concept design technology of high-speed
train front head section based on the aerodynamics and optimal
design technology
- Development of the new model of KTX-Sancheon that the multipurpose
aerodynamic design front head section and the technologies of air
resistance reduction are applied to
O Technology development for running stability performance improvement
of high-speed train
- Development of the optimization technology of suspension system
for the 20% enhancement of critical speed and the reduction of
vibratory acceleration for high-speed train comparing with
KTX-Sancheon
- Development of the crtical speed prediction technology using the
change of equivalent damping ratio
Contents O Propulsion system efficiency improvement Development

- Motro block detail design

- Motro block water cooling system and main component prototype

manufacture

Traction moter first prototype manufacture and test

Traction moter second prototype manufacture

- Main transformer first prototype test and second prototype
manufacture

O Bogie operating efficiency improvement technology development
- Bogie design
- Bogie main component prototype manufacture and test
- Anti-roll bar and Axle box detail design
- Anti-roll bar and Axle box first prototype manufacture and test

O Total system engineering & project management
- Feasibility study and verification for the whole system through
interface mediation
- Overal |l mediation of project, division, mediation & management of
mutual roles and labors among sub-projects

Development
Results

O Technology for aerodynamic performance improvement of high-speed train

- Securement of world-class level design technology of front head
section by the application of optimal design technology in
aviation engineering

- Maximization of energy efficient in high-speed running by application
of the multipurpose front head section optimal design and the
air resistance minimization technologies for car body

- 8% reduction of air resistance comparing with KTX-Sancheon

- Aerodynamic and the newest design lay out for KTX-Sancheon and groping
for commercialization plan




O Technology for running stability performance improvement of high-speed train

- 20% enhancement of critical speed and the reduction of vibratory
acceleration for high-speed train

- Analysis of KTX-Sancheon running gear where running stability is
secured to the running speed of 350 km/h

- Ride comfort improvement effectiveness at the same speed due to
the reduction of vibratory acceleration

- Reduction of testing cost and new equipment build-up cost due to
being possible to predict the critical speed over the maximum
speed of testing equipment

O Propulsion system efficiency improvement Development
- Motro block drawing/specification
- Motro block converter/inverter IGBT stack prototype
- Traction moter first prototype and test result
Main transformer specification
- Main transformer first prototype test and second prototype
- Main transformer RAMS analysis

O Bogie operating efficiency improvement technology development
- Bogie drawing/specification
- Bogie main component

Anti-roll bar and Axle box drawing/specification

- Anti-roll bar first prototype

- Axle box first prototype

Expected
Contribution

O Securing of national brand valuation as the country holding high-
speed railway technologies that is possible to dominate the world
high-speed railway market in advance

O Making the use on expansion to the world of high-speed railway technology
due to the extensive enhancement of international competitive power

O Contribution to the improvement of domestic high-speed train service
through the correspondence of substitutional demand of conventional
concentrated traction type high-speed train such as KTX-Sancheon
and KTX-Honam and the new demand

O Improvement of high-speed railway operational efficiency through the
performance upgrade of conventional concentrated traction type
high-speed train concerning the half-life cycle inspection period
after the domestic opening of high-speed railway

O Enhancement of people convenience such as the reduction of movement
time by the rapid connection of national key point positions due to
the improvement of high speed railway
- Occurrence of cost reduction benefit of 24.16 billion won due to

the reduction of wuser’ s travel time by the improvement of
high-speed railway operational speed, and the transition of other
means of transportation users

O Railway operational agency benefit : 2.46 billion won
- Additional sales by virtue of enhancement of user due to the
speed improvement, and the reduction of operational cost due to
the efficiency improvement, etc.

O Industry sales benefit : 6.22 billion won
- Expansion to the domestic and worldwide high-speed railway markets
and occurrence of sale benefit of components/technologies by
virtue of securing of core technologies for the operation of the
operational speed 350 km/h

Keywords

High-Speed Per formance Efficiency Aerodynamic |Running Stability
Train [mprovement Improvement Per formance Per formance
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(VA AREI AEE L8 g4 dnd A
Case P
1 A KTX-4Hd 3ol "igk 7&=2d
2 FEAHAAL] s AAZ 2E
3 A FEE AN =
1 B YA} Aol FES %_liw 7w
5 Z|ERA A YAANE H &3 =d
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<7} Case AFAF 3 Y3 TP
Case 9z Z X %o] (m) 2z Z X Eo] (m) 582 B9d3 (m)
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3 2.98 X 4.02 2.98 X 4.02 10.48
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O uwgbA, KTX-4Hd di¥l, D_Min, MOpt-S, MOpt-Le| F71A& A& 722k 15.0%,
15.6%, 16.6%= JERS

1.00 5

Crdk RS A 25(%)
0.95 5
KTX-4+2 0.964 -

D_Min 0.819 15.0
MOpt-S 0.814 15.6

0.80 4
. l MOpt-L 0.805 16.6

0.75 < v g

KTXA D_min MOpt-S MOpt-L

<

w

o
1

Drag Coefficient

o

-}

o
1

CAAFAE 2 A8 ARG T71AT A 2 ARE>

_86_



h 23 B84

O 7= oAHA S 108 HA FAF
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3.9%, MOpt-L2 4.5% A4HE Ao =Z A4rd. KTX-4HH 73
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<HAFE v7Ida AREI>
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Sensor Dimension

Diameter(mm) 40
Thickness(mm) 12.2
Material Stainless steel
Fx, Fy Fz Mx, My, Mz
Measurement Range(Nm) +40 +120 +2

Resolution(Nm) 1/100 1/50 1/4000
oA = A Analog voltage output(V) + 10
ATI MINI40 == <BFEAZ ALAA F2 &P
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O Agdoly FIAAN2HL FYASANAN JdZARE, AN AR dd, +Fz2 9
o7 FAE. FHAZ AME Zzte] DAQ Interface PowerSupply Boxell 94Z= a1, Zt
AL 5hFA G2

DAQ Interface PowerSupply Box:= ©lolE 339l AZAHH =N
AAE I, 7+ 25 AGEELS AS Anjet 2. o dEa-tAY W3] F8 ARk

oe Eek 28

Chd2I-tAY Metrle] Fard

=4 NI CompactDAQ A &AL National Instruments(USA)
oE A NI cDAQ-9174 lea ASEE NI 9220 3ea
A=A 48 ofg =1 Ad 3l 5 16bit
=4 At +10VDC AEY &= 100 hS/s/ch

obg=Ia-gAE b

W FsANE=L
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2bd Aol (e m)>

FsAgEd
T1 T2 T3 T4 T5 T6 Total
0.795 0.725 0.627 0.627 0.725 0.795 3.667
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(h IEANE 2%

O AR F7IAF HitE AP 2945 ds 2" AAFE HAZHE2AE 49
FNAG THZh BE SEFGelA /FRD KTX-HHETH WA vebd. ghepa,
EE HAHEAA 22 KTX-4Hd 2o @2 F7]A4 o] a4

1 —=— KTX2
34 —+ D-Min BC
—«— MOpt-S_BC
30 —— MOpt-L_BC
254
20 A
2 4
8 154
S ]
10+
5
04 ™
_5 T T T T T 1
0 20 40 60 80 100
Speed(m/s)
ANPRdE 7|2 A3
O ANdxady Z7|A3 Ae&s e Fo AANTY 6F AIrd 7Fo=z KTX-2HH,
D_Min, MOpt-S, MOpt-L& F71A &A= 22 0.77, 0.65, 0.63, 0.63S= e,
10F o= ik A, Z+2F 1.09, 0.94, 0.92, 0.922 A4HE

O A4 APgrde] F7|A-3 A& 6%F 7|+ = 15.3%, 18.0%, 18.3% o™, ol& 10Fo &

ik Al 242 13.7%, 15.7%, 15.8% %
ANPFEDE T7|AF Azed

ANERd 63 APEE 105 F4t

No. Algad
71 A GA T A 2H&(%) 71 A A A 2t-&(%)

1 KTX-4Hd 0.77 - 1.09
7 D_Min 0.65 15.3 0.94 13.7
10 MOpt-S 0.63 18.0 0.92 15.7
9 MOpt-L 0.63 18.3 0.92 15.8
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No ANEd=d 2g A
1 KTX-4HH KTX-4H4
2 KTX-4F4 _1GC KTX-2Hd F kel Azt Abolol 2tz 4 &
3 KTX-4F4_BC_IGC | KTX-4FH_IGC2] =& dtixtol] thxtA™ 2 &
4 KTX-4F_BC KTX-4Hd ¢ =& diztel iz A&
5 KTX-4kd _BC-W | KTX-4Hd 9] =& thate] &8 A 42X
6 | KTX-4Fd_BCAT1&T6) | KTX-4Hd Tl T6(& = zhol| vk th =AW A X
7 D_Min_BC KTX-4Hd 3744& 79 e 23 JAF7| A A LAt
8 D_Min-1_BC D_Min_BColl A s x2}o] & Az} F3} LA
9 MOpt-L_BC D Min &% 7I8F OH2(37 143, 28084, nI71sksh H28A BAdeat
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O 22U AjAE= IGBTS 22 AH&

A 2913 A BAEE Astola AYE oA
shel IGBTE THASIORRE BESE 715e & A% 2u AdANEE 483 %
%% IGBT 2dje] Ao 28 Z7hA710, 2um AsfA e BT $7o oheh FARS
g0l 371547 o), FALALEA WL A% 9A Fol YW A5 2 ﬂw«m
ool Aol B 5ol GBTS] A28 WAL 5o BAE 407 + &

l

KTX-4b2e] 79, FAeuaga o) IGBT Ferol 2w ABAEE 2 gatgon), 2
L2 T FHEHIAA] YEZ FUE 1A ] 21 AIAIYH S AAo] 1)
A= IGBT &< WA A7 AlEl 2 24U AFYAH Ao oz FAx145 b8 3
Aol g BAE AN Bart e
IGBT E ALt HAIE
"*Rrx—w IGBT ﬁﬂ =E S
KTX-2Fd FAHHIAXR IGBT 28] T+ 9 22U AIPAED
O ol & MAsH7] fsl, B FA A MEsles FHAERASZAE T+ SdANAFEEH F3

29| 7] d9gex(Stray Inductance) %kel Zh_ AAst] 22U AFAIEHE 2 E5HA|
B EtE IGBT 2913 Al, 2=utol=a ko] 7|EA o7} HEF AAE N8+

o 282 B Z2AENA AdE IGBT 28l 293 Al Aoty 24 A AH
n A& zdoAE d8 A DC 2,000Vell Al 2=91A] off A WA st 3ol A ko] 3=
ol 4,040VE g dste] 2v] o]4o] He AL Flstdorn, 2y AMAH H48& &
8 At DC 2,800Vell A =9 A] offA] WA sl= 2uto]Fe] d 3 Fhol 3,560VE 7HAsHS
sl

E Ao A e IGBT 282 48 A<t DC 2,800V ¥ 24 AFAIH v HE& Zo
Al 2=9A] offAl WAt kol a Mol dA Fro] 3340VE Y] 2uUW AIAIHE
A3 AFRTG F5g 54 9 AAE 5

gutz 0 2 [GBT 4249 AZAIEL 2x9 A7)1AHQ S23 AV A, o AF)o] IGBT
9] Data sheetoll MW7) o] += RBSOA(Reverse Bias Safe Operation Area) g golA &2
< St &) AEAE B FHE oF 169 AR AT

wrebA], 2 HAjoA NdE IGBT 28" AdAd &xpe] A7|H 54 50| &xpe] &
AAFQA 1,2000 5A ZHolA 3,300V~3,400V(Vep) M E =45 o] RBSOA FHo <F
5% WA FEE Jeoerng AUy ARAHE HEHA s £ A 2
FHE BAVF 9S ASE AEH

J
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[TERRLE 1.0 T (L3 8 !

T84 A MEF IGBT 9o 293 A8 Az

IGBT =9 A& Ay IGBT 4=#F RBSOA
REVERSE BIAS SAFE OPERATING AREA
(RBSOA)
3000

EREEEDLEREENNE

— Vec< 3200V, Vee=+15V
[— Ti=125°C, Regrn =100

Vce Peak : 3,337V ’//"“N_‘w 2500 ;
‘\
W e < 3
i S <, 2000
/ z
} S — Iz Peak : 1,218 A g 3
o 1500
5 [ 1]
ke
[
=S 1000 ;
i 8 |
: [
I
AX = 10,000000us /A% = 100.00kHz AY[Z) = 1.137506A 500 i
e [ [0 k] e i
0

0 1000 2000 3000 4000 5000
Collector-Emitter Voltage [V]

KTX-4Hd FAEHSRA = AAsE4 S 288t s84d AHS T3 oF 371=
FRAYPIAA] YEZ FYsta ol F IGBT 2d Atte] 3 EF|ZE Faf 594 4
2 EESes 7E2E M A old FxE Qs oF MAY FAHHSRA W=
THEA Ha, FAE RAs FAHHESAA WE Fo FAEFe] ddnd 5 uAs
22 ZAE A AL, AF &84 AR W 5 ARNe S A7A H
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A=A T 2=H S| Exjol iz P 7}7]
T 2set/1block 8stack / 1block
AA B4 40kW /set 8kW/set
A& = IA KTX-4H2

- e AzEe THse A4

B3 223 ) i
S . IGBT 47 Hne% A%
. AR HILE AT
ngas |0 1B 2 A Y . Eae mE 954 A%
e T WE IEX HF o= - N
. 9o WE JEAN A= o 9] & WE E54 HAF
. 9] exo mE A5 A2

O ANgdax 9 3
T A" AY AR s|Edolx A WZhr|e] AE AdE el
(10kW/Stack) ¥} &J ¥ FHx F7]-eX(hot day, 45C) 71¥ IGBT #&4 FHiue
25.1Ke} 36.0K=E =43
ol TY e (10kW/Stack)oll Al =l ZtA| ~Hl o] Wzt %7} 3| Evlo] X Yzhax] o
Hl oF 31% MAR AL ouetd, A4 44 7I& FE A2"e KTX-4Hd 9 3| Eg)
o] WZhAX] thd] 8kWollA 10kW= 25% 7HA1& &<lst
FY7 A 2gld S Egtol = YA AR AFARE T YERY

AlgA mla

2= 7F | 2o S| Egto]Z W7Zt7] AT_sink (D)

stack
No. Position Q. Q_total (kW)/stack 8 10

10kW
. ) Q/IGBT 2 2.5

TO1 Air Fan in 45.0

T02 Cold Plate in 58 1 28.5Hz (5.0m/s) 86.3 94.1
T03 Cold Plate out 645 35Hz (6.3m/s) 80.4 86.8
T4 Radiator out 58.0 45Hz (8.0m/s) 78.1 83
T28 Heater T_s,max 70.1 55Hz (9.7m/s) 76.2 81.5
dT_max 25.1 dT_max 36.5
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O ZAME 294 §3 A BAsE nzAE
A

O AWH 293 947 Ao/l Me AWH g FAgY] 142 Fez ¥ Az 7
Ao 2 ANEE 293 7] Yol 9IRS Fol AolF

O ot 282 sgxte] 4o HAHETE A& A5 45° HAE Fol AAE 33 = Jid
2 ug
) |
Converter/Inverter 1‘ | Converter/Inverter 2
i o MTr | (U) 4 |
J 2level HEC ;211- T 2 level
Ide (ﬁ R | Converter F];fl?mg (ul)I ‘I(us) v.-lgglmg| Converter | R @I e
L Vo1 ‘ =) ) | (No3)
2 level 1“,12&::](}11 ©2) (©d) Wﬁ}é‘i{ug! 2 level
Idc R | Converter | # (vz)l ‘I #4 | Converter | R Tdc
(No2) g ! | (No4)
}i 3rd (al (a2) 3rd i
winding #1 vinding #2 =
1 £ & =R1
RI% | (‘ﬂ' ‘ (b2) |
| ) |
| - |
i 180° ' -
< = C/1 1 Groupl 7{2| 0] Fn}l
: ' C/1 1 Group2 72| O{ Fup4:
45" ! '
<L
! go° | i ! C/2 Groupl F)E|0{F T}
0>
! 135° ' i ' C/ 2 Group?2 72| O] Fo}4
ONE AWE7E A B 93 Alo] WD
O =Y 1&AA7F LAHE 1EMRE ANARAA AHESE UMTL 2 TI-21 A% 3 29}
A7) ARA S GAS7] Yakd UMT1 8 T2l AEH 2] BE Fose g RE 27
NEE &3l TuledA Lty o=s ALgste e 29F F34 540Hzet 129 AHs 2
s 294 FA4E F/4A2 80Hzo) thalA 24 2 MnAES £
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O UM71 AE3 2(n5A4) Foi4 9

Fupgo] 2 Sk via

=44 =34
UN71 3 o ANE 71FE ©
T 1% 7] (540Hz2) (780Hz)
2040 Hz
(2015-2065 Hz) 228 mA 68.39 mA 51.48 mA
2400 Hz
(2375-2425 Hz) 192 mA 89.49 mA 94.13 mA
2760 Hz
(2735-2785 Hz) 156 mA 74.85 mA 31.44 mA
3120 Hz
(3095-3145 Hz) 121 mA 42.28 mA 24.9 mA
UM71 AWE 294 F35 540Hz AWME 293 =344 780Hz
2040 Hz | = | —
2400 Hz | ;.:, =
2760 Hz | - — || —
3120 Hz = | ] e =
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O TI-21 AE32(EA) Fa te g AWE 293 Fago mE S84 vl
_ A A4
TI-21 F3 o< AN 7% N
T ¥ 7 (540Hz) (780Hz)

A-type Low: 1680~1683Hz 200 mA Low: 40.88 mA Low: 81.9 mA

(1699H2) High: 1715~1718Hz High: 73.24 mA High: 11.62 mA

B-Type Low: 2277~2280Hz 195 mA Low: 19.68 mA Low: 38.37 mA

(2296Hz) High: 2312~2315Hz High: 40.83 mA High: 28.19 mA

C-Type Low: 1977~1980Hz 660 mA Low: 1.60 A Low: 43.11 mA

(1996Hz) High: 2012~2015Hz High: 63.43 mA High: 19.23 mA

D-Type Low: 2574~2577Hz 185 mA Low: 29.6 mA Low: 19.08 mA

(2593Hz) High: 2609~2612Hz High: 21.6 mA High: 19.31 mA
TI-21 Ay =93 F39 540Hz AWE 29 A F3<= 780Hz
A-type -
(1699Hz) -
B-Type - —
(2296Hz) - —=
C-Type - -
(1996Hz) | . - : -
D-Type — | -
(2593H2) = X —

= AL

- 115 -




3 429 9904 9 2 I A o
o WA e 2t AEHE oA T ool

o

Az 2 ndel M4 UM AES 2 AME 29039 Fusd an
Mol Hg® T2l A= A%, AWE 297 T3
AFel ZAgo] AT e 23 she] b4lo] WA

Rnow, AME 293 FRFE B0Hz= F7F AIZ A5olle TI-21 A= 29 o] gl

S

e
k%)

do 4

O mebs HAWE o] 294 Fa4E T80Hz2 288t = a&ide] 284 TI-21 A=3=9}
Aol Hgd TI-21 A=3 2 5 o] s Z1o= Add

- 116 -



2F(1,210kW)

7l Z1e/id a7 7iL
571 &

7L AJQATF

O AQJQAF7] g BEx
O 9 &5 FHL 93 o)
- KTX-2bd AA%E~7] &2(1,100kW) —> &&3
Q) AJNAFY] dxE A+ W&
3xpas AxpEs
> HPIEED 22 AHE M
- AlMEIHE HIZS = MM H
> HMUEET 22X B 2 AAE
= JHME HI=
=& =0 2IHer A=A

P EHPITET] JE= R A
- HPEET ET MM > HPIEED 11X AHIE HE
-FPEZTT Y -E8 JF4E HE
-O0 ®@a &N 1A AIHIE MEAR
- &N - JNEINEM AHS 2 > EELE
- 27 H - B2 2T B0
A7 g AT F9 g
9= B AJAAE7] &5 ALk
v AL F7] 71874
(2014) u 871 7124 W violsy AL
23pd = W &A%
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2. HPITED| 2dl< ¥
1) ADIE 2 AN 5 8sWRAS
21 ERRE &N 1) HABET| MM
3)H2p== AN 2) FTEXN EBME
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[ 12X =98 ] [ 3-axpAaT =M.
A Z2A 2D
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Q) AJAF7] EFH 2 AA MAAR

A&7 7
g 5 KTX-4H JAAF7] MEAF
TYPE FEAE7] FEAE7]

A 3%, 4=, 1100kW 3%, 4=, 1210kW
Z V) 2,183 2,183
%l F(A) 360 391
A E(%) 88 o]/ 88 o]
&%) 92 o] 93 o]
F3+(Hz) 138.5 136.5
<H%) 1.2 £ 0.2 1.2 £ 0.2
Hoj sl H 4100 rpm 4035 rpm
ZZFkg) 1500 + 5% 1500 + 5%
Afo] Z(W-H-L)(mm) 775.6 X736 <960 775.6 X736 X960
9]7(mm) 670 670
IR A
)7 (mm) 400 430
3] A= 2] 74 (mm) 395.6 425.6
&= (mm) 2.2 2.2
AdE= 300 km/h 350 km/h
- 2 AFHAAE Tt MEF] AJAMTI= 7] FolA Be A Zo] FY H
Y QAEHo| 2 tiH] o] 10% SHEE AIYS HX2 AA 219
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23}
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7.42kW 6.87kW(7.5%) 7+4
EN
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_ ot =5 AlEdeld Ax HELS
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/1 e E
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1 HID Lon i- 57
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& ey

- AlEFeld AR 1, 23 &I HE & aEEke AdE dA &AL 5L5kWE ol E
oAZ &S Axtstd 95%
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U A7) 7124A 2 AAAEA

D dA5F7] 34
O3 43 58 4571
O = 45
Oz 2 A F=32
O A A F ¥4 : 200Class
O &% 54 Z: 8 53130 ety SE414 A&
O F o 8 A < : 4,035RPM(at 350km/h)
O FEAY 3 -4 ¢ 4,842RPM
O % % : 1,500kg+5%
2 A1x 571 B4
O =¥ : 1,210 kW
O AsF 2183V
O A7/ 391 A
O le‘ 4 : 136.5 Hz
O &5E :93% oA
O 9§ : 8% ol
O 3 A< : 4,035 RPM

3 ARMNEZ F7H & & 75 HE

O 3H@A = A&e SCM 44008 B T=

785N/mii ©]F2.

308,268Nm7} = m2 97 &= 6515Nm thu] of 47u)e] A%

@) AJ¥F7] &F At

Ob 29 23423

O mo ede W 7o) dxe
SR A& ey A
BA AT BE FE

100% == (%
AJdAs7 dadw

T T

= o

i
':l:'“
TE:E.LE

100mmE &39S o
sl glomz B ¢l

e AEATA)
e PR el
AEA 4719 100% %2 294.9 296.9
(e ~ 1A 75% 52 327.9 329.5
FERBIVE 100% 54 316.2 317.4
(e ~ Hap 75% =2 341.1 344.4
EARRY] 100% 54 359.6 358.3
(2% ~ 3% 75% =¥ 379.3 377.1
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(h ALAHE7] &3 At

qey Ay = \/§XV><A><C5‘|§ (kW)

= = - V3 XUXAXAEXES kW)

SERE - /3 x2183%379.3%0.88/1000 = 1262.1 kW

= = = \/g><2183><379.3><0.88><0.93/1000 = 1173.7 kW

% Botgo] wel 9EY TS WSO Hi o A
O3B AA A gAY 9 Ha BE A2 A45HZ 2183V, 391A,
136.5Hzol Al #3518 100% 2 4 3H S v B33} =

N
)
»

upebA, Al & AAL HAF 11737 kWS 8= 3, B FAAodA e
o

5 il =
AJNA 5719 A&5H Aol 2183 V, 391A, 1210kW olB= 7] =7

(h AR A4 A

7y &1 ZRJEW Q7HE HI 2E wEshy] 8 A F A Zo Fg, 1
A2 Y Abol =, 3| A} HE Alo]l= F& HES
B AFoAes FAF U A 2P S o] &3t HAAE HgPstd o 7t =EQ
Ed AJAFY] 5L ok ol e S
3= HEZF Z VIF 31 E el
AAAFL= 7.82 6.31 6.51
ARrE=
) v AFU= 8.80 7.20 7.20
[A/mm*“]
g AREs 9.40 7.69 7.69
TR 1.57 1.60 0.97
TAA &3 1.51 1.54 0.94
AELE
1] AR A 1.45 1.48 0.90
HA 83 0.90 0.92 0.56
T 0.81 0.82 0.5
R1 0.0399 0.0399 0.0399
R2 0.0362 0.0362 0.0365
g}g}u) X1 0.3020 0.3674 0.5864
[Q] X2 0.3054 0.3715 0.5926
XM 13.8539 16.8430 26.8019
RM 234.90 298.84 315.88
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A€ 1543.3 9309.8 5875.9
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O ofel 2ol BE A% 2ol AAWEo] aFHE AL BE GRE Ao
Ao B A o] 7lEA] Hoh A ASHe s 40T + A+
POWERING PERFORMANCE CURVES
_ML.;". .I.'E!.':.. as
i
| ; .....
E
!'i--lll-u-l.
LeAE EIE
s= szmy | sus | 2me | | g= | 8 | 23 | &2 | Toms 7= 22
tkm'h) [\ [N -4 kW) (% [k (s (N (R
_ 1R arz 281.4 28.88 T35 508598 | 0.9147 Ba.3 5.80% | 64300 a17e
& = x| aas 58481 2840 T2 51508 890.47 BT & 554% | 88255 -
EHE 390.2 535.3 38.83 1128 TAT 33 o917 11 3.17% | 64980 59933
= e R 992 517.3 38_30 1108 74513 912 1.9 3.48% | BL242 -
. wEA 1378.5 534 £ B3.TH 1578 |1070.97 | 0.9185 93.3 2.14% | 64810 5FFD
o= 1389 483.8 52.90 1550 |1004 28 91.55 343 2.27% | 81878 -
. a4EA 18618 4339 88.00 2041 138883 | 1.7 942 1.91% | 04360 G547
i 1860 4278.8 a7.40 1983 121035 82.03 85.7 1.47% | G780 =
- e 21825 <08.0 83.88 2484 124880 | 82123 88.2 1.28% | 65178.0 4538
LR 2183 a80.4 8210 2438 1210 84 821 54 4 1.08% | 4T4B 3 -
. e 2184 8 £08.1 .4 2708 |13%800 | 92.B4 25 3 1.38% | 4TATO 4180
= 2 x| 2183 3680.5 B3_50 2857 |1210.D6 52.08 38.4 1.04% | 234848 =
CEE| 21823 205.8 114437 4384 135370 | 9277 951 1.37% | 38200 3328
= e R 2183 3840 111.90 S922 |1210.74 91.35 98.3 1.07% | 34808 -
e = 21888 £05.8 12010 9855 |134B.77 | 92.53 95.0 1.88% | 986230 i
a4 = 2183 285.9 117.50 3487 |1270.28 37.04 28.3 1.08% | 391448 -
- adEs 24185.1 &08.1 1333 2948 |1238.02 | 91.88 94 8 1.23% | 32380 2853
Ha A 21820 =08.3 120.0 J875.0 | 127102 B8O 90.2 .m 29820 -
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ol
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2 3

FUow AN N84 AR £ 5 29 3% WY
ol glojob Sul, Aol A, AR k8 AZEE ool gp
dHAWME Fo] BrHo] YA Felste] o] glo| T MF°
W dEw a
U-v 0.0836 = 10% 0.08342 | ¥%
V-W 0.0836 + 10% 0.08342 | ¥%
wW-U 00836 + 10% 0.08327 | ¥%
1500kg+ 5% < 2 1514 | &%
UGt 2183V | 1A AR 24 4] HEA £ .
=55 ¢ 136.5Hs 10% “dA | ds
ARAF ;1A _
Jor =) = s A % oF
£5 #HA7 =
(km/h) (Nm)
100 5993 6763
SRR 140 5770 6386
b3 *]fﬁi?ﬂii 180 5547 6238
10 A AlE ¥ =
sy | NEE 2, A 220 4538 5153 | ¢
LoX BEAE
=8y, 240 4160 4772
300 3328 3816
315 3170 3618
350 2853 3221
AE71el W7z FHS 1.25ms o4
A5AA | o= su AAAL, AAAR, 47 oo DH :
N s : 7} 200K ©)| 1494K | 4%
EEAS | FAGE ksl AR Ade & LT
=7} AAEA B W Ax ed@ | O
I 914 97.5
- 2% 913 93.3
(e} = O] %
4100rpm°ﬂ/‘1 "I ‘l"l% ? _;Xgﬁx]oﬂ/ﬂ 3]?_1 g/]-] 96.3 ~
=43 golge P 113dBA)C] - d=
2 o 49 913 99.2
0} = Z"l
59 914 94.2
1 A 96.1
HAE71€ 4920rpmell A 283 &H-3ste o xlE E| o] ok =
o4& ol g A SEES
o) 0.2
@ 0.2
_ _ ® 0.3 _
B 600rpm | 3.5mm/so]3t 4 A @ 03 Az
® 0.3
® 0.3
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%ol Zhestn m&o] FFE FHUT AA 2A
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T& FHs7] S d ALFE SACHH)
C1ED s
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oh FHEA7] IRAAF AE 2 AAEA

D 1& NAF A E

b 1A AMAF

A¥ Az e

W) dWE 2 AY 2ZANY A

No. NG = ANdAH H] 3L
1 AHAG 24 ¥E

2 gty =4 T

3| wRee 2 wxe A% 24 ¥z

4 olm ¥~ A =4 n| & 22 A AE IR
5 Ba1E 24 +FE

6 SECEE FE

7 S5 WA A %tz

8 e WA AE T

9 =7 UAEs A ¥z

10 LT A N3 TZ

1A AAF A AR

D FAANT A 22 B 7|EXE= 42 + 15% (35.7 ~ 48.3)°|UF =4 A mF 50 o]
A EAES JEAE WBESA £
@ 32k FAe] 71EXE 50 + 15% (425 ~ 57.5)04 =4 Az 2% 61 o] ZHH o] 7]
FAE BE3HA 23
MEASUREMENT OF IMPEDANCE VOLTAGE
4 ., e e~ [%] |
RAER (at 150C) Wl 3
[kVA] = =
P/A (X-Y/A1-A2) 1,520 50.90
P/B (X-Y/B1-B2) 1,520 42+15% 50.98
23} A
P/C (X-Y/C1-C2) 1,520 (35.7~48.3) 53.06
P/D (X-Y/D1-D2) 1,520 53.07
P/E (X-Y/E1-E2) 250 61.81
P/F (X-Y/F1-F2) 250 50+15% 61.81
32 AA
P/G (X-Y/G1-G2) 250 (42.5~57.5) 62.19
P/H (X-Y/H1-H2) 250 62.10
A= Ay =4 23>
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O FANY NES FFAA 23 17] glskel A4 2 FA B
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=

A Aol zE W7

T7 12 A AF 22+ A AF H 1
12 A4 @2 (mmd) 30.1 29.35
22 AA GE2(mm?) 121.96 121.37
32k AA @@ 2(mm?) 87.22 76.96
A4 o 2 (mm?) 748.0 840.96

Q3 AAE AA D HA DA

Wb A7 8o F==9 B¢

O 1RAAES YIAL2AGE F2AA7] o] 14, 23, 3% 2de © %
W A BRAL gaAA ARsgon, A AF FAE FANZL
gRH e FIA ARFEE

@ 23 AAIFES] 13, 23, 33 AAe] WA WAL 1 AAFD maste] o 2%, 3.2%,
11.1% 743

© 2z AMAFe A AT FAE 1A AAFIH vkl oF 12.3% 5743

A AO|= BB

e )

15 #d 2% HH £ s b

1xF Hd 15 AHTS
2X HH 17 MEHIT
X AHM 17 MEHFE

30.1(mm?3), 2XF AlHE TEE 29.35(mm?3)
121.96(mm3), 2XF AHF THEE 121.37(mm?]
87.22(mm?2), 27} AHEF THHE 76.96(mm?3)
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<A Aol WA
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I
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I
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<A Aol WA
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A
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=
[

g dAd Efrs 540 A Al & 540
- 39A - o BEujd A4

ed Fuljd 2% e Ewijd HHF 72>

- ATA o BEujde] wE A Ad fF B WASEA 2A

Siabe Temporntine S Temparalivs
12857 100,08
12295 10083
1ria SEAT
LIRS 82

Lt 10mn1 | BaGS

| 10049 Exva
e Tasz
3T TE
e T
TRO4 BT
1242 5244
6651 kL Fi]
B119 1485
1. ] 4383
v 4542
a4.35 4117
m’mn M9
iz z2ed
1] ]
Hot Spot Temperature : 128.57 [T] L; Hot Spot Temperature: 105.09[C] L

- &4 Az o FEujw 3 A Hot Spot Temerature £%7} 128.57°C ol 4 105.09C &
23.48C ol
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A FHA) 2AAE A
W 2% AAE A

b 23 AMAF ANE A3 29

No. ANEaE AdAds L1
1 AAA e =4 U5
2 Kﬂ_%‘-lﬂ] %Xg k%
3 FRsies 2 BRE AF =4 *35
4 Aduldx At =H *35
5 BateE =4 F5
6 FEA A 4=
7 = WAd A U5
8 ATt A A 4=
9 =74 AL AE U3
10 ex A AY 28y
QaF ANAF FAAE A3
(Wb g = A SAANNE A
O FAANE A 22 A9 7|ZX = 42 + 15% (35.7 ~ 48.3)0|H, =4 A n%F 7=
S =3
@ 3z AA9 71EXE= 50 + 15% (425 ~ 57.5)0|0, =4 A7 BT 7EXE g
MEASUREMENT OF IMPEDANCE VOLTAGE
a2 [%]
Q 2k
AM 23} o (at 150C) W) 1
[kVA] _ 12 AAE | 23 ANAE
71& =2
— O
P/A (X-Y/A1-A2) 1,520 50.90 45.42
P/B (X-Y/B1-B2) 1,520 42+ 15% 50.98 45.21
22 A
P/C (X-Y/C1-C2) 1,520 (35.7~48.3) 53.06 45.94
P/D (X-Y/D1-D2) 1,520 53.07 47.04
P/E (X-Y/E1-E2) 250 61.81 49.98
P/F (X-Y/F1-F2) 250 50+ 15% 61.81 49.99
33+ A
P/G (X-Y/G1-G2) 250 (42.5~57.5) 62.19 51.57
P/H (X-Y/H1-H2) 250 62.10 52.10
<A At =4 Az
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O €9 58 P4 9 350kmhg 34
- 350km/hF AEAA WA B &
- @bgA AR MA R ANS B YASE 20% T3

(2 238 d7HE

T

\ . o FETA M
| [ > FEIX SM 23 — FmX EEI?’.‘;E '.gmg:m
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— FEEX Lau-out Al — T TE/TME AN e e e e
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- YABT SAH(20%) L& o= - SI1EX 85 AE
- 80t S 23 - B =8 4 _ oz Al AE
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- ®t sS4 2™ EEE3) S P e L
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=47 9 AA AR

FPAA vlwAE 2 545
KTX-4Hd #3734 FEFY FIPAEA
MEE 5303
+F BE FH (D E5 17% FD)
+%9 4% 300km/h +%9 4= 350km/h - A &9 A @G5 Tbs
- 5 Pl £9 AF ©F ks
2tk 7he=Akx) 27 &% 1250kW & FZA o A3k &4
- 7]on]: 2.19 - 7]ojn]: 1.88 - 32 &% 10% Sl HZ7]oin] A&
AHE 2= S = st Aw/Ab=
- % 1,141 kg - =% . 1,027 kg - 71& tiHl 10% A%
¥ 7)1 1S5 IGAHKTX, KTX-4Hd, KTX-2 49, 4, 9734) FI4A 9 100% &3k 7153
interface 7+& (71& 1&akE2] Upgrade A A 83 71%)
¥ 7)E AEEAHKTX, KTX-2Hd, KTX-2 4, ’“/\1 WD) FRAA % Y FARTES BES
interface +4d (V1€ 1% x}ak,] SRS AH)AT/E FE AFE 2 A 27 59 HE)
O FhHx 2A HAdARE
KTX-2-4 Z8) A= BEIFY FIAZA ANAAR MEE EACGERD)
HaAx B 2% @%1 TZ 48 ' o .
Bt ‘?é_wll?%‘éla
. . | 8% A8 9 des
dAmde gusnea | gesneg pe aes | LRSS HEH
- - O
Toa TR TH O RH - BH AN AR BT | gx ww wn ge 9

» Parametric Dynamic Anal
(MBS 2 RE)

- BASL/OEY
» Drive System &4

oo

TRAZH holation N
Hau® IF sNs

+ UY UHUT)

n
CTEN T
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D AT A

785 KTX-4+7 N ALt ] aL
Y &= 300 kph 350 kph &% ZUE $9 A7 B )
&= Zoo FH33 & AN
PPN 7101112.19 7101 1]1.88 st ] HL‘ ‘H
(350kph§ # 238} 7+473])
_ . 71E v AE/Fd NHe=z
s EAIN/ER7 10% A% &% o ;’
A2 T
2} 32 g 9] g o) & Ak
oA 2 o S Az B meAA
71E dewrzst 3 IF 28
of Zu} 2 GE280N A7050-T74 R e
(2F 48% 723}
QL] 1} 51CrMoV4 SUP 11A At 28 71sd el 2
=4 3 AA 71E sE ALt AXA
71 Ek

2 #AARE 9 gz LAY-OUT 2A

Ob g4tx =4
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(vh) 22 FIHER =2dd

(XD tAHAA d24A =dF
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3 554 4

O 5& F&e AT sUA dASEE FE= 28l tixte] dsol A4d =03 wgd
Al =4, &, 899 4 A, gHTH A3t 5& st HES

Ob & BE 7H AE

O Ut A4g 9% o & t3o) 248 F A8 dU3} =5
b wAsE ol Qstel ol 3 +
52 U3 AEAXY R GeEiE ShEE THE 4

> STtEH T
FYAA S fa Aol a7EE viEAE 4 8 BFY
gd WAzt Al bstd diste S7t%
- & XP55(1/207 4D
- 94 : UIC60(1/207 =)

ra
P
==
)
)
o)
i)
M=
o ofy
o

s7F @ Tl
A A 1354 mm 1356 mm 1356 mm g
g Wzt A 1435 mm 1435 mm 1438 mm 7] zD
HE A 3 mm 5mm | 3 mm 5mm | 3 mm 5 mm
ANz AE 0.056 0.056 0.056 0.056 0.056 0.056
41 0.190 0.175 0.256 0.210 0.163 0.160
A2 0.102 0.142 0.205 0.168 0.044 0.138
B 3 0.205 0.190 0.293 0.235 0.134 0.170
s Y 4 0.135 0.175 0.250 0.225 0.019 0.140 0.15
& 45 0.112 0.118 0.107 0.118 0.106 0.118
E}Q] 6 0.110 0.105 0.113 0.114 0.101 0.098
B 7 0.085 0.126 0.101 0.102 0.099 0.128
EFQ) 8 0.076 0.090 0.060 0.085 0.086 0.090

7] 1 EN14363, UIC518¢] A% 300KPHo] % &k aFe] 7l Hd) 7=,

| N_J.‘-_.‘,H“f-'!{‘!
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A ZAE 0 2AE WE 1356mm, @Y | 1435mm>

<mpRAHE B 3 AbE ™ 1354mm, #HY W™ 1435mm>

<mpE2E B 3 AFbE W™ 1356mm, #HlY W™ 1435mm>

<mpEAHE B 3 2bE W™ 1356mm, HY ¥ 1438mm>
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b A% 54 A4

O A% S/1guTH AES F5tol 448 A4 B9 390 vt e YALES Il
Sa oA gadEdA J1E o dAAASE 20% FHe BRI o @7t
He A3 .

-2} &
DIR AT 53/8 U
2)1% SHYH S4

3 2uH S4

— =/ 71—
—EOL MR/ Y

Ver. spring

W01 W02 W03 W04 *

52 1 s 8 2- Displaceman of 2nd whasls  posd 52,1 més Ch 3 Displacement of rd wheslss peed 52 1 mis Ch 4 Displscomars of 4th whe

§ et e S St —

<thatk F3HAAE F7E DA

ok poad 521 mis Cn & Displacoment of PG casoc




> ik YAEE

Bl Hiol a® FHCEIEAE, SUH A% 2k 500NH thake] BegLsel
GASEE FUB AT WASY HAH A Bkmhel YAGEA HHH F
396km/h=Z oF 20% F43H.

B EHAEEQASE)
RS o B} ANEY | A4 W 2
e 9 g | Amm
L 450km/h 450km/h
EaE 450km/h
) Ak
b4 (TYPE3) 3 °3(100%) 400km/h o4
CLl R YAEE
= 1N 0, = =
’\IEMPIF!E A0 TRANSIENT ANALYSIS
e
T S A
| R i R -
R M
R :l'rfwm'ﬂ - - ‘:J“ -
eyt
— fermioy .
<FHHs} A AlZzARE Wl A, AISE 450kmh o> <FHHs) A rlEAE ST A, dAIGEE 400km/h>
’\IENFIRE A0 TRANSIENT ANALYSIS VESAPUME PO TRANSIENT ANAL YSS
Dlsﬂmmn\ :ﬂ 15t wheeiset j
<FHH3) 2 AR ST 50%04, A 318kmh> <HHst $: AFAME 89 A, AKEE A50kmvho >

VERRAPIFLE PP TRANSIENT ANALYSIS

WVEPARHIFE FEE TRANSIENT ANALYSIS

WAMBIRE Pt

PR 2 A,

kmvhoVe> <25} 5
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4245}‘_ %7}%*301] sl F A Gafety)d BAAFY/QS} AMEYE B

- *di AN Z(A R T000R(E F-41)
- g5 2 AY/Q), FFCEY)
- AF : EALE EFY 3
- T 2 7000R : 337.5km/h(F Y 53 £=
EARS| - 432km/h(L A A2, 396km/h(LHAH 50% 7F4)
_ Y/Q >Y
&= | A=F - =
A= = . Az | 1= | B
H ¥ = WA
(km/h) | Hug 7| & N N
1 0.077 11.49
L= 2 0.236 37.34 e
A | B T3 T o0 | % [1069 | %7 | ey
e 4 0.237 35.83
e 1 0.082 11.239
o) 2 0.250 37.62 7z
50%7LA 39 3 0.078 08 10.62 66.7 ol
4 0.247 37.23
1 0.088 11.05
[ 2 0.231 32.72 1%
A | B T3 T o0 | % [0z | %7 | oy
= 4 0.236 33.87
(7000R) 1 0.094 11.61
Q o= 2 0.257 36.97 7z
50%7} 2 3375 3 0.088 038 11.34 66.7 ol
4 0.257 37.05
go.s Eane -Z"HO { e
04 { ” ;
_ " - " - 0 ' .
CHAASFYIQ - AA, a9 432km/h> <ﬁ HZY) : AA, 29y 78*&, 432km/h>
_ i 3 " \
25 " - . xmvn w3 3 : T ; AEwm

<HAAFYIQ - A, 899 50%7 4, 396km/h> <§é AZY) - A, a9l 50%% 4, 396km/h>
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+99.85% o +99.85%
g 08 1— 5 Ew
i 0
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s v v
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0z 4 s . ¥ V
; 10 ‘ - ' :
] n = 3 *
4 s S o 1 2 3 4 s Hada

df
S

]
5 '
KEAAFYIQ - A, a9y A2, 337.5km/h> <FMZY) A, 295 A4, 337.5km/h>

12 80
70 4
1
60
o = [0.15%] % 1 * 10.15%]
F90.8K +99.85%
z
gos : i
= ]
® i
a4 E
0 ]
02
; 10 . : I
x
o L L % : ol : . . .
] s aws o 2 4 s Hagn

, 853 50%7F4, 337.5km/h> <&SKZY) + =4, 893 50%74, 337.5km/h>

r—>~l- |

EAAFNIQ) « =

) AF 554 AN 29

O sy 235 gofstd thades AadHdy= dA7PEA HHsE T3 71€ vl thiat
o]

Falll Y Ty
. ATl \||]Ili|l—|._| [l

gy . L
B T 7 Euﬁummwmhu hnnrr
QU - -,E.nrruu||||!'ul ALY . LI G
L & I!xﬂl _| AT - AT AT
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o LT
-

e msiacis e S

e e
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396km/h 71X]
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3 diz=HA s

b AstF A 2

<=9 stz =1 Hd-&€MPa) | 574 =(MPa) ! A
1 s 278.6 325 SMA90A | Side frame A%
2 NEd o% 196.6 325 SMA90A | Side frame A3
3 A% 5% 182.1 325 SMA90A | Side frame k%
4 49 8% 238.7 325 SMA90A | Side frame 4%
5 wE3E 165 325 SM490A |  Side frame A%
6 EleCt“';Eraking 161.1 325 SM490A |  Side frame A
7 Als ?“3}% 165 325 SM490A Side frame &}%

(Wb d=stF =4 8 AA =4

Tu, Ty, Ty @ Displacement fix for sach axis
R, Ry, Rz : Rotation fix for sach axis oo - -
F : Displacement or rotation free - -
v -
Te -
Fral2 - -
.
e | =
FuralZ Fua
T Fra w] -
- - ofo
- |~
-
-Fo - v |~ -
V%; " Foy 2
= -
| = Fian Furel2
w | -
w | *
" §
S8
Fas l _[
==
m=z otF =7
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= 3z =4 35715 st% 7]
Fz1, F72 139.5 kN
1 EH3 FR1, FR2 12.2 kKN
FB1, FB2 14.9 kN
Fz1, F72 139.5 kN
2 Electric braking 3}% FR1, FR2 10.3 kN
FBI1, FB2 12.6 kKN
Fz1, F72 139.5 kN
- FR1, FR2 16.3 kKN
= = ’
3 A she FX1, FX2 20 kN
FV1, FV2 5 kN
- Fz1, F72 139.5 kN
e} = == 9
} FZ1, FZ2 139.5 kN
iy §= ’
> 29 e FAY 16.5 kN
_ Fz1, F72 139.5 kN
Howy st= J
6 A sk FLD 15 kN
§ - Fz1, F72 139.5 kN
=Z Ay s}= :
} - Fz1, F72 139.5 kN
A Ay = 2
8 27 A A ehE FSVD 45 kN
(th D =23tF 314 23
O A=27% 7t 43, 25 35 21 tiste thatzgdel Be A dAs= =2
82 A DRYFAE hAF G A7
. =W stz =4 Hol-gg #Ay F9
3 EY "l EHo] gl=| Transom¥} Side
i 1| 2 A¥2x 35 frame Zf3o]
: =7 Th}es Y
EY " EHo] 9J=| Transom¥} Side
o 2 | F8 A¥x 35 frame “&3o]
=7 s FZUR
E¥Y HEHo| Y= F2 MHA OtF Eo
=9 st =1 HAd-3E EA ﬁ
S == |Side frame s 13}
1| =H J=8F Suspension A] E4-
. 9 Electric braking | Side frame s} 1=}
) N Suspensiorrll A EX
" - = = Brake hanger
o 3 | AE H=sts bracket2] E?ZHJ'?—
! 4 Anti roll bar Anti roll bar
: N g 7235= bracketo] &% %
E 5 Anti yawforce | Anti yaw bracket2]
¥ 23}5 AR
6 Lateral damper Lateral damper
=235 brackete] &H&F
— 7 1#} Vertical  [1#} Vertical damper <]
damper 3 &23}= A5
HEZ|7| o= OtF B2 8 22} Vertical 2=} Vertical damper«]
damper ¥ 23}= SA
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@) ZAERZA A= AL L &4

O #&4A AA AE A A3 71ol9 718 Ade st e
o = _ MRU _
mud 7jof [ ofolE 7lof | & 7|0
kS SCM820PRH
AF(2) 29 | 39 | 49
Ratio 1.34 | 1.26
e Rl 20 °
H| S22t 15 °
x| Z(b) 95 mm | 95 mm | 95 mm
25(m) 7.3
Z4l17zl(a) 265 mm \ 342.4 mm
5 =2 ARU
& = ool 7[0f \ 2l 7|0
N SCM820PRH
SIF(2) 44 | 49
Ratio 1.11
e 20°°
HI S 15 °
x| =(b) 78 mm
25(m) 8.1
S4AHEl(a) 383 mm
Obh #AERZA 7o) A= 2 T 8 HE
O 350kph F #<&ax9] REZ%7|(MRUSH 2435744 7]1(ARU) ¢ 2245 1SO 6339 <+ DIN
399074 ¢ EUE 3= 3 Wrsye AE.

- Slip EFol A9 7o F A= HE
e MRU 7|9 A= HE @ Slip Torque
[FLANK LOAD-BEARING CAPACITY]

Symbol Unit pinion idle gear
Service factor KA H 1.00 1.00
Zone factor ZH 95.00 95.00
Single contact factor ZB 1.00 1.00
Elasticity factor ZE 192 192
Contact ratio factor flank Z eps. 0.882 0.863
Helix angle factor flank Z beta 0.983 0.983
Oil viscosity at 50 C nues0 mm2/s 100 100
Lubrication factor ZL 1.00 1.00
Velocity factor Zv 0.958 0.958
Roughness factor ZR 0.948 0.955
Work hardening factor ZW 1.00 1.00
Size factor, flank ZX 1.00 1.00 1.00
Perm.flankcontact press. (dyn.) Sigma-HG Mpa 1226 1226 1234
Flankcont.press.at pitch pt Sigma-HC Mpa 1212 | 1044
Safety fact. against pitting | SH 1.62 | 1.62 1.89
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[TOOTH ROOT LOAD-BEARING CAPACITY]

Symbol Unit pinion | idle | gear
Service factor KA F 1.00 | 1.00
Form factor YF 1.201 1.399 1.119
Stress correction factor YS 2.749 2.387 2,923
Helix angle factor root Y beta 0.875 | 0.875
Relative support index? YdrelT 0.998 0.993 0.999
Relat.surface-cond.factor YRrelT 1.015 1.015 1.015
Size factor, root YX 0.977 0.977 0.977
Bearing alternating/period Np 0 0 0]
Tooth contacts per/rotation e 1 2 1
Alternating factor YA 1.00 1.00 1.00
Perm.tooth root stress(dyn.) Sigma-FG Mpa 613 610 614
Tooth root stress Sigma-F Mpa 550 557 547
Safety fact. Root fatig.fract. SF 2.01 1.97 2.02
e ARU 7] = HE @ Slip Torque
[FLANK LOAD-BEARING CAPACITY]
Symbol Unit pinion gear
Service factor KA H 1.00
Zone factor ZH 78.00
Single contact factor ZB 1.00
Elasticity factor ZE 192
Contact ratio factor flank Z eps. 0.774
Helix angle factor flank Z beta 0.983
Qil viscosity at 50 C nue50 mm2/s 100
Lubrication factor ZL 1.00
Velocity factor Zv 0.958
Roughness factor ZR 0.958
Material mating factor W 1.00
Size factor, flank ZX 1.00 1.00
Perm.flankcontact press. (dyn.) Sigma-HG Mpa 1238 1238
Flankcont.press.at pitch pt Sigma-HC Mpa 1134
Flankcont.pr.int.sing.cntpt.. Sigma-HB Mpa 1134 | 1134
| Safety fact. against pitting SH | 1.75 | 1.75
[TOOTH ROOT LOAD-BEARING CAPACITY]
Symbol Unit pinion | gear
Service factor KA F 1.00
Form factor YF 1.327 1.452
Stress correction factor YS 1.809 1.703
Helix angle factor root Y beta 0.901
Relative support index? YdrelT 0.98 0.98
Relat.surface-cond.factor YRrelT 1.01 1.01
Size factor, root YX 0.97 0.97
Bearing alternating/period Np 0 0
Tooth contacts per/rotation e 1 1
Alternating factor YA 1.00 1.00
Perm.tooth root stress(dyn.) Sigma-FG Mpa 598 597
Tooth root stress Sigma-F Mpa 449 462
| Safety fact. Root fatig.fract. SF 2.40 2.33
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- Fuse EZoA9] 7o Y+ A= HE

e MRU 7]°] A= HE @ Fuse Torque
[FLANK LOAD-BEARING CAPACITY]

Symbol Unit pinion idle gear
Service factor KA H 1.00 1.00
Zone factor ZH 95.00 95.00
Single contact factor ZB 1.00 1.00
Elasticity factor ZE 192 192
Contact ratio factor flank Z eps. 0.882 0.863
Helix angle factor flank Z beta 0.983 0.983
Qil viscosity at 50 C nue50 mm2/s 100 100
Lubrication factor ZL 1.00 1.00 1.00
Velocity factor Zv 1.019 1.019 1.079
Roughness factor ZR 0.948 0.948 0.955
Material mating factor zwW 1.00 1.00 1.00
Size factor, flank ZX 1.00 1.00 1.00
Perm.flankcontact press. (dyn.) Sigma-HG Mpa 1305 1305 1314
Flankcont.press.at pitch pt Sigma-HC Mpa 1614 ‘ 1395
Safety fact. against pitting | SH | [ 1.29 | 1.29 [ 1.51
[TOOTH ROOT LOAD-BEARING CAPACITY]
Symbol Unit pinion | idle [ gear
Service factor KA F 1.00 | 1.00
Form factor YF 1.201 1.399 1.119
Stress correction factor ¥S 2.749 2.387 2.923
Helix angle factor root Y beta 0.875 | 0.875
Relative support index? YdrelT 0.998 0.993 0.999
Relat.surface-cond.factor YRrelT 1.015 1.015 1.015
Size factor, root Y X 0.977 0.977 0.977
Bearing alternating/period Np 0] 0 0
Tooth contacts per/rotation e 1 2 1
Alternating factor YA 1.00 1.00 1.00
Perm.tooth root stress(dyn.) Sigma-FG Mpa 613 610 614
Tooth root stress Sigma-F Mpa 979 990 979
Safety fact. Root fatig.fract. | SF | | 1.13 | 1.11 | 1.13
- 7o) T 9 HE
e EX U 49 : 18,000,000 km, 92,352 hours (& o =9 2]A)
e % =3 Duty Cycle
TPELE =P 7 g o 2
(km/D) (2au &) =R Al 2
0 ~ 30 90,000 km 6,000 A 7k
0.5 %) (6.64 %)
) 90,000 km 2,000 A ¥
30 ~ 60 0.5 %) (2.21 %)
) 540,000 km 6,750 AI<F
60 ~ 100 (3.00 %) (7.47 %)
B 900,000 km 7,200 A3k
100 ~ 150 (5.00 %) (7.97 %)
B} 2,880,000 km 16,457 Azt
150 ~ 200 (16.0 %) (18.21 %)
B 5,400,000 km 24,000 A z7F
200 ~ 250 (30.0 %) (26.56 %)
N 5,400,000 km 19,636 A3
250 ~ 300 (30.0 %) (3173 %)
} 2,700,000km 8,308 A7t
300 ~ 350 (15.0 %) (9.19 %)
Wheel slip
@ 10 km/h 10,000 km 1,000 A7k
Fuse circuit
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o Tl EFES T VI T H HE

= Max. 7]o] €48 : ¢F 23% (MRU Z7+7]1oi(idle Gear))
* 18,000,000 km &3 A& <48 100% 7|Fo.2 &

Gearbox 1:Total Damage

ARU Input Gear

ARL Out Put Gear

Gear

IDLE GEAR (MAL)

OUT PUT GEAR MR« -« - - -5 o s e lon oo s foe s ool d sl e

PINIOMN GEAR (MR

o 2 4 & 8 10 12 14
Damage: [%)

Bl forst contact
B  orst bending

= Min. 719 =9 AIZF @ 401,950 hours (F3+7]¢]

16 13 20 22 24

oA Ha 5

)

* 92,352 hours 3 AlE 7]o] 5% o= 3}
Contact Life Bending Life |Combined Life
Gear | Left  Right | Left  Right Pass/fail?
' (hrs)

PINION GEAR (MELY |7.7051a8 4 7279861 95135851 01 35a0 4 _TF2T08E PaLg
OUT PUT GEAR (MRU)|7.7499e7|7.979487| 4.324e9 | 432469 | 7.7499¢7 Pass
IDLE GEAR (MRU) |8.8717¢65.7796e6/4.0155¢5/4.0195¢5| 4.0195¢5 Pass
ARU Out Put Gear  |2.2188¢7/3.0428¢7| N/A N/A 2.2188e7 Pass
ARU Input Caar 1 SEeDey 2 724887 A /A 1 SB&EQeT Pagg
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o 7ol Wi £ AE A O FIREE S HE
2= 9 A Min, b€ 0 1.3

AtG~AB0 : : FOR FER—— SRR
150~-200 2 ............ ............
.200~-250 ~ ----------- -----------
-250~--300 : - : - ... — :
R : j : S S :
-300~-350 - . 5 e AT ek S
£0~-100 = ; ............ ............
0~-30 - e
0~30 - SRR

100~150 ‘ - N B e :

load case

-z e —— —
200~250 5 ...........
250~300 - : : .  T—— :
30760 = B
S — T
60~100 : - S——
Fuse torquel(-) ----------- ------------ ............ ...........
Fuse torquel(+) : .......... ............ ............ ___________
Slip Torque(-)

Slip Torque(+] = ------ ............ ‘ ............ , ........... ;

Safety Factor

Bl Safety factor contact
[ safety factor bending

L1l o] o2 53

[e]

=
T8 HE A3 53 +9<l 18,000,000 km E& 92,352 AlZE S &
&

o
o
k
et
e
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D) 53R Hold A Z= 3 U7+d A=

O 350km/h 5 &2 9] REZE7I(MRUSE AF52471(ARU) o 2 &5 = wlojFell tia)
74 1SO 281, ISO/TS-162815 EUIZ 3t = 2 WFF4HES AES

- WolY A4 R 75 =7

— 103.9

T

28 Reduction

Unit
- % = Ouput shaft

BEH HAEE 2,493 rpm
2E EZ 4,449 Nm
4 A E(new and worn) 920mm / 850mm
+2 Mobil Delvac Synthetic 75w-90
259 -35TC [ 45C
&7 e 120C
o) =¥ < = (half worn wheel) | 3,906 rpm (at 350km/h)
Ay sy 350km/h
2,000,000 km
2 gItzem UV,
Hetd 74 % 21443 Overhaul 71Z 180 2Hkm o Q@ g 111 5§
- Hojg A
Hj o] g A H]aL
70i_<!_150 X51 NUP2314ES03
Z+=0.110/0.130mm Cylindrical roller bearing
1 Aol A A& :.STEEL
(:2=295,000N C;=350,000N Drawing NTN-SNR
a=1.75 C18654ind.C
75;160 X55 NU2315ES03
Z+=0.110/0.130mm Cylindrical roller bearing
2 Alo] = A & :STEEL
C..,=340,000N C,=395,000N Drawing NTN-SNR
0:=1.75 C18656ind.C
2%6.]40]8 XH235.75 X 46.138
Alel# A 4:STEEL EC12514501
6:_'5{.=209,000N CU=480,000N Slngle oW
2:=1.75 Tapered roller bearing
3456 le-0.37
Fa/Fr =e Fal/Fr = e Drawing NTN-SNR
X v < v (C18657ind.B
1 0 0.4 1.64
2%6.]40]8 X 285.75%x46.138
Al o] A :STEEL LM742747/710
:.,=370,000N ;=790,000N Single row
738 2:=1.75 Tapered roller bearing
’ e=0.49
Fa /| Fr < e Fa/Fr = e Drawing NTN-SNR
X v X v 1DC1690ind.A
1 0 0.4 1.23
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- ol AAE B

° ’]E _%7‘]

= AUF 9 gUF 4 50% 7Hs Ve HE
e At 2 vy AL AN AY B e 200 Aol BY EAE AL
= ¥ A& 885mm 7]&
. muY
MRU ARU
Intermediate shaft on MRU Input shaft ARU
I S—
Output shaft MRU : iz ;T:"’
X
Output shaft ARU (Axle)
£
| I i
- wolE AAHE AE
e AW % (SlipEd 7]1%)

Wols Wo F FEGE C0 A&
1 NUP 2314E S03 1.46E+05 390,000 2.403
2 NU 2315E S03 1.38E+05 395,000 2.860
3 EC 12514 SO1 6.96E+04 480,000 6.893
4 EC 12514 S01 0.08E+04 480,000 8.602
o EC 12514 SO01 9.63E+04 480,000 8.524
b EC 12514 SO1 6.74E+04 480,000 7.120
7 LM 742747 | 710 0.85E+04 790,000 13.503
8 LM 742747 [ 710 6.35E+04 790,000 12.441
« AUF FEClpEA 718)

HojEd We = W Rk Co A&
1 NUP 2314E 503 1.09E+05 350,000 3.22]
2 NU 2315E S03 1.15E+05 395,000 3.440
3 EC 12514 SO1 0.97E+04 480,000 8.034
4 EC 12514 501 0.02E+04 480,000 8.692
o EC 12514 SO01 0.57E+04 480,000 8.624
b EC 12514 SO1 6.22E+04 480,000 7.713
i LM 742747 | 710 3.09E+04 790,000 25.542
8 LM 742747 [ 710 9.02E+04 790,000 8.763
« AW 7% (FuseEA 715)

Ho]E WMo = W RS C0 P
1 NUP 2314E S03 2.70E+05 350,000 1.297
2 NU 2315E 503 2.04E+00 395,000 1.553
3 EC 12514 501 1.29E+05 480,000 3.708
4 EC 12514 SO01 1.04E+05 480,000 4.632
o EC 12514 501 1.05E+05 480,000 4.532
6 EC 12514 S01 1.25E+05 480,000 3.845
i LM 742747 [ 710 1.00E+05 790,000 7.534
8 LM 742747 | 710 1.20E+05 790,000 6.611
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o M}k 1= (FuseEA 7|F)
Holg HE il A A5t CO otA &
T NUP 2314E 503 5.045+05 350,000 1716
7 NU 2315E 03 2 T5E+05 395.000 1838
3 EC 12514 S01 T T0E+05 430.000 1366
1 EC 12514 SO1 T03E+05 230.000 1682
5 EC 12514 S01 T.03E+05 480,000 165
5 EC 12514 SOT T TAE+05 430.000 1207
7 M 742747 ] 710 5 70E+04 790.000 13.861
8 LM 742747 [ 710 170E+05 790.000 4.653
- UTrE A=
=% T 49 - 2,000,000 km
A R T RE)
AT R :
(/1) (San2) w A Al
0 - 20 90,000k 6,000 A1 7F
©.5 %) (6.64 %)
3 30,000k 9,000 A7
30 ~ 60 ©.5 %) 2.21 %)
B 540,000 ki 6,750 A<t
60 ~ 100 (3.0 %) (7.47 %)
3 500,000 km 7,200 A<
100 ~ 150 (.0 %) (7.97 %)
3 2.880.000 km 16.457 A<
150 ~ 200 (16.0 %) 18.21 %)
- 5.400.000 Km 24,000 A 1F
200 ~ 250 (30.0 %) (36.56 %)
i 5.400.000 Km 19.636 A 7F
250 ~ 300 (30.0 %) 0173 %)
200 - 350 5,700,000k 8,308 A 1F F TGN
(15.0 %) (9.19 %) 90.351 A7t
e WOy £ HE A}

Wl e 4 e oy | 1S0-281-L10 | L0
1 NUP 2314E S03 | 5184564 | > 10 10° > 10,108 2.0 10°
2 NU 2315E S03 >10. 10® 3,723,820 10,024,283 2.0 108
3 EC 12514 S01 | 5915257 | 2.580.832 6.289.011 9.0 10°
4 EC 12514 SO1 | 2.810.584 716,305 2,011,925 90 10°
5 EC 12514 SO1 | 2.801.554 | 4.914.987 6.245.493 9.0 10°
6 EC 12514 SO01 759.862 2,504,757 2,040,497 9.0 10°
7 LM 742747 710 | 1815445 | 4.207.171 4,438,704 9.0 10°
8 LM 742747 / 710 | > 10.10% | 6,713,233 >10. 108 90 10°
- AE AF

o [SO-281<S ulg} woHsHE AE A3 2E dojg e o] 2009 Km o4
23 7153 &9l
o 4W, 6 HlojYo] I v JigeHS ztu 9oy HAAZRAQ 2009 Km o]
A
* B AN Ass oEH AL /FoR AuA HY, 44§82 sl A

AL Z)o]

T BA T

Al
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G) BF AF A= AMHY A GAAE AL U8)
Ob ¥4 sHE
A2 B9 ZJ@{]OV} ddd 9 A=
At <355 (W74 85 mm)
2= A A 30NiCrMoV12 (acc. to UNI 6787)
A TFEUERE 34 2s [ 1,49 mm
_ 2= = Ao 21 2,244 mm
:g_jg 4% AA7E 7+ 2b | 2,000 mm
g TEW AA 2R | 920 mm
24 A T4 =l hl [965 mm
== mtot | 17,700 kg
%9 A4 A8 o3 ml | 16,233 ke
3t | &5 TF m2 | 1,467 kg
=9 A Al5e Ff [ 25,000 N
% o} 2 A 5 roo.2s
O iGenterof Gravyof vehicke
| P1,P2 :
b i b e = I B e )
! < Q1,Q2 :
ol T 47 | T P, PLP2Z <13 wAHE 57 we
PR | Vel 1 |vLy2:
y I y A EPoz s BAHE A5
: | : 29 3
Q < ! s Q; H :
E : ' 38 (Y17 Y27+ o))
W 2= #8385
A7] el £dH 7 skFoll ik A2 ofg o] Aol oaf AtEE L, ALE A
= e ¥} 25

P, = (0.625 + 0.0875h,/b)m,g
P, = (0.625 — 0.0875h,/b)m,g

H=Y,— Y, = 0.175m,g

Y, = 0.35m,g
Y, = 0.175m,g
1
Q=5

1
Q=

- 169

P (b+s)—P,0b—s)+ (Y, — Y,))R—2,F (25 —y,)]

P,(b+s)—P,(b—s)— (Y, — ¥,)R— X, Fy,)]



Al A 3
P1 112,975 N
P2 86,082 N
Y1 55,736 N
Y2 27,868 N
H 27,726 N
Q1 108,379 N
Q2 69,223 N

o2
fa

(h 2= ALY 2%

Z= A A7 HA 108 o) hHASS gr3e &9l

1605 mm 61.66 Mpa 72 Mpa 71+
1605 mm 66.54 Mpa 72 Mpa 7| ZEHE

-1 = - - = - -1 =
* AEAH AE AYR Dol ASFT Aol A5 A%
T3 =. 3 5 = =] 2= =
* FEAE AE FAR A0l Al e A5 &
HOLE
Pos. | y d 1] ¥ ofd Dfd k w Mx M'x "% M'z M''z M'y My MR [+3 G* n W o o* n
[mml| [mm] | [mm] |[mm] [rom’) | [Nmml | [Nmml [[Nmm] | Nmm] [[Nmm] | [Nmm] | [Nmm) | [Nmm] | [fmm] | [N/me'] [rm’] | Dv/mmal | (N/mmal
A |845| 150 150 | o | 0 1 1 | 297175 | 7256735 | 526875 | 0 [2634375| © [ 0 |8217331 | 2765 72 |2.60f 524426 | 1567 72 |4.60
B [ 111 148 185 | 40 [0.270 1.250 1.029 | 283635 | 9555132 | 693750 | 0 [3468750] © [ 0 |10819973] 3927 | 186 |4.7a] 493855 | 2181 72 [329
| c{15a| 182 | 2716 | 10 [o.05s 1.492 1.810 | 563695 |13644040( 990625 | 0 |4853125] © o 0 |15450141] 4961 | 186 [3.75]1206971] 12.80 72 [s62
D [ 252 215 215 w | D 1 1 [ 951861 [34512013]1575000| 0 |7875000] ©  [11880953| 0 [38830805] 40.79 | 105 |2.57]2407650] 1613 72 |446
E |33 215 215 w | O 1 1 [ 951861 |36046187]1575000| o0 [7875000] © [11880953| 0 |40260558] 42.30 | 105 |248)2407650] 1672 72 [431
F |356.6] 200 300 | 16 |0.080 1501 1618 | 758762 |36273784[1575000| 0 |7875000) © |11980953| © [40473316] 8631 | 186 |2a6[1784565| 22.68 72 (317
G | 371 [ 21613 | 21613 | w | O 1 1 [ 967451 [36509811]1575000] 0 |7875000] © [11880953| 0 (40694123 42.06 | 105 |2.50]2458944] 1654 72 [435
H | 406 | 21613 | 21613 | w | O 1 1 | 967451 |37099877|1575000| 0O |7875000| © |11880953| 0 |41246879] 42.63 | 105 |2A46)2458544] 16.77 72 |4.29
1 [412 [21196 [ 300 [ 16 [007S 1.415 1.590 | 910701 |37209461[1575000| 0 |[7875000] ©  [11980953| ©  [41349s47| 7221 | 186 |2.58[2270956] 1821 72 [395
J s8] 2164 | 2164 | w | O 1 1 [ 971311 [37310616|1575000| © |7875000| © |11880953| 0 |414:44541] 42.67 | 105 |2A46]2472936] 1676 72 [430
K [ 459 [ 2164 | 2164 | w | O 1 1 [971311 [37819558[1575000| © |7875000] © [11880953| 0 [42016413] 43.26 | 105 |243)2472936] 1693 72 |4z
L [4618] 2146 | 300 | 16 |0.075 1398 1584 | 946190 |379590861575000| 0 |7875000] © |11980953| 0 |42053570] 7038 | 186 |2.64]2388696] 1761 72 [4.09
M [ 470 | 225 225 o | 0 1 1 [1095495]38064492[1575000| 0 |7875000] © [11880853| 0 [42152677] 3848 | 105 |2.73|2893840] 1454 72 [4.95
N | 565 | 225 225 o | D 1 1 [1095495 39281342 |1575000| 0 |7875000| © |11980953| 0 |43298955] 39.52 | 105 |2.66|2895840] 14.93 72 |4.82
o [ 620 [ 170 300 | 75 [0.441 1.765 1.027 | 452187 |39965545[1575000| 0 |[7875000] ©  |11980953| ©  [43945145] 9977 | 186 |1.86] 904374 | 4859 72 [148
P |6, | 170 240 | 75 |0.441 1412 1.013 | 452187 |40040185[1575000| 0 |7875000] © 11980953 © |44015708| 9858 | 186|189 904374 | 4867 72 [148
o | 688 [ 240 240 | w | O 1 1 [1335815|40811469]1575000| © |7875000| © [11880953| 0 [44745632] 33.50 | 105 |3.a3)3771712] 1185 72 [607
R | 708 | 240 240 | » | O 1 1 [1335815(41060270]1575000| 0 |7875000| © [11880953| 0 |44981387| 33.67 | 105 |3.42)3771712] 1193 72 604
s [ 711 [ 2154 [ 240 40,019 1114 1349 | 957472 |41103811[1575000] 0 [7875000] © 11980953 0 |45022658| 6341 | 186 |293[2426436] 1856 72 [3.88
T [712.1] 2154 | 300 4 |0.019 1333 1.857 | 957472 |41116251[1575000| 0 |7875000] © 11980953 0 |45034451] 8733 | 186 |2.13|2426436] 1856 72 [388
U [ 715 [ 2164 | 2164 | » | O 1 1 [ 971311 [41147351]1575000| o [7875p00| ©  [11980953| 0 [45063934] 4639 | 105 |2.26]2472936] 1822 72 [395
v | 752 | 264 | 2164 | » | O 1 1 [ 971311 [41615756|1575000| © |7875000| © [11880953| 0 |45508244] 46.85 | 105 |2.24)2472836] 18.40 72 [381
w [760.0] 213 300 | 16 [0.075 1411 1589 | 918905 |41716097[1575000| 0 |[7875000] © |[11980953| © |45603486| 78.85 | 186 |236[2298042| 19.84 72 [383
X | 767 (21613 | 21613 | o | O 1 1 | 967451 [41803896|1575000| 0 |7875000| © [11880953| 0 |45686841] 47.22 | 105 |2.22)2458944] 1857 72 [3.88
¥ [ 816 [ 21613 | 21613 | w | O 1 1 [ 967451 [42412214]1575000] 0 |7875000] © [11880953| 0 (46264823 47.82 | 105 |2.20]2458844] 1881 72 [383
[z [8es [ 170 300 | 75 |0.441 1.765 1.027 | 452187 |43064432[1575000] 0 |7875000] © [11980953] © |46885368| 10644 | 186 |1.75f 904374 | 5184 72 [139
AA|1605| 170 270 | 75 |o441 1588 1.019 | 452187 |52314637[1575000] 0 |7875000) © 11980953 0 |sS7e4252| 12571 | 186 |148] 904374 | 6166 72 [117
HOLE
Po| v d o v | od n/d K w M Mx | M"x | Mz | M| MYy My MR o g* | | win) o o
Teren] | Tern] | [men] | fend froen’] | sl [ [l [INeee] | Thees] [[wmes]| [l [Esmend | [omen] | (/o] | [N/m’) [rmn”] | IN/enener] | I8/ priner] |
A [ B85 | 150 150 | w | ® 1 1 | 297195 | 7256735 | saewrs | v |2e343is| o ® ¢ | sa1i33n | 2765 72 |250| s2aae | 1567 7 |a6e
R [ 111 | 148 185 | 40 [n.270 1.250 1.075| 7A3635 | 8555132 [ 643750 | D 3468750 0 o ® _[1p81as73] 3327 | 186|474 493RE3 | 2141 EFENEED
c | 159 | 182 | 2716 | 10 [0.055 1492 1810 563695 |13644040( 890625 | 0 [4953125) 0 | o o |isesorsi] 4961 | 1ee  [3.75]i206871] 1280 7 |s62
D | 252 | 2w ar | w | w 1 1 | 884793 |30512003 (1575000 ) 0 [7esspoe| o J119suss3| o |3se30s0s| 4389 | 105 |23s|risssess| 1206 7 |aus
F [ 223 [ o M | = | ® 1 1| #a4743 [26046187[1575000] D [7875000] 0 11980853 | 0 |4026055R| 4550 | 105 |2.31[7185058) 140 FEENEET
F[356.6] 200 | 300 | 16 [0.080 1501 1.618| 758762 [36273784[1575000] o [7evsooo| o [i19s0es3| o |epeyanic| ss3r | 1ec  |2as|ijessss| 2248 7 |3.19
G | 371 | 21603 ) 21603 | w | © 1 1 | 987451 |36509E11[15/5000) U [FEsspoe| o J119suss3| o |spess123) 42pe | 105 |25o0)24s9seq) 1654 i |a3s
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600 ~ 3600 35 ©o]3}
4100 5.25 o] &}

31 ™ 2=(rpm) o= O @ ©) @ ® ®
600 0.2 0.2 0.3 0.3 0.3 0.3
1200 0.5 0.3 0.6 0.6 0.3 0.7
1800 35mm/s | 0.2 0.2 0.3 0.4 0.5 0.4
2400 Ofot 1.3 0.3 0.7 0.6 0.3 0.6
3000 1.1 0.8 0.6 1.2 0.7 1.5
3600 2.6 0.6 2.3 3.4 1.4 2.0
4100 | S g 1.4
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=| AAEE ZAY 9 mE)|IE =X (31" L) Z 0| HD
S5 AEHOIA Bt 2rEf ]
oZo HEI MAS Bl 9.4
0171504 30rpmOilAl AIE S
ALAIBHCH DC 10VE 30 | s 0.5
OIJ}5+0 OfcHQt 20| A, rom
BAtOl MIES =Xs&HC A, B
ECHAN | Mol tHEt 2 IHE 9 Tl 117.18
12| Z2RWE | A= 90°+ 367 F* 3| 7/3
== A& | OIO10F Bt ) &SRl (V)= A 9.4
7.5V Ol4k, 38Xl (V)= 1V
0I2H0I 3 %S 2 BHCH,
S5t gt xA02 12&0 SASIPN 0.5
1800rpmOll Al Ab&HXI| 2F
otetX|Bt EA=Z ot JI=E2 S| AT} 0.0
30rpmit =L ot
360°
A Phase — '
V. 0
BPhase_/__\_
90°+36 °
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& 2aee ALY U BHIF SYX(SEE) 23|42
SHANE ZHLZ AES 100km/h 6763
MAIGHH, AIBS 2t2to gew | 140km/h | 6386
FEE o ZAUM MABTH oo 258
13| RolAE | SEEdgEe I SE4=369 240km/h 4772 F 2| 7/5
Aole 12 E3 R o 800km/h 3816
95% OI440100F BiCH, S10km/h | 3618
350km/h 3221
mMoHy) | M2(A) | RPM ﬁ,?fn)a E—?‘Nf’rﬁi' bl D
992 535 1128 6309 5993 =& 100km/he ZIHER
1389 515 1579 6074 5770 =% 140km/h2 ZUER
1786 496 2030 5839 5547 =% 180km/h2 XUER
2183 405 2481 4777 4538 =& 220km/he =UE3R
2183 405 2706 4379 4160 =& 240km/h2 XER
2183 405 3383 3503 3328 =& 300km/he ZIHER
2183 405 3552 3337 3170 =& 315km/he ZIHER
2183 405 3947 3003 2853 =& 350km/he zIHER
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