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Development of Electro-Hydraulic Actuator with Fail-Safe Function for Steering System

Yasuhiro UMEHARA, Railway Technical Research Institute 2-8-38, Hikari-cho, Kokubunji City
Shogo KAMOSHITA, Railway Technical Research Institute
Kotaro ISHIGURI, Railway Technical Research Institute
Keisuke SHIMODA, Hokkaido Railway Company

In order to decrease the wheel lateral force of the bogie angle linked steering truck during its passage in the transition curve
section, we developed an electro-hydraulic actuator for steering system, and through a running test on the test line it was
confirmed that this system was effective. Moreover, in order to prevent reverse steering in case of failure of steering control,
we designed a hydraulic circuit with fail-safe function based on the results of the hydraulic circuit simulation and the
fundamental performance test, and through the bench test we confirmed the fail-safe function and the fundamental
performance of the electro-hydraulic actuator equipped with fail-safe circuit.
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Fig.1 Bogie angle linked steering truck
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Fig.2 Waveforms of lateral force at field tests
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Fig.3 Electro-hydraulic actuator for steering truck

Table 1 Specifications of steering actuator

Rated Force +34kN
Maximum Force +55 kN
Maximum Speed 14 mm/sec

Stroke 8§1mm
Maximum Steering Torque £21kN - m
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Fig.4 Running test

: Passive

—— : Steering control

“-°f r Curvature

30 J|

kN

[ P i

w0 5!4 ?ﬂ|

-10

27 Inner [aicral forcc

kN

mm'
100 Steering Ior,

zZ o o]

50 || ‘

0 20 40 60 80 100 120 140 160 180 200

Distance m
Fig.5 Result of running test
20
e -

Z : Reverse steering
YR N P — M : passive
8 B . Normal steering
=
5 10
28
3
2 5
=
o
L5
Z 0

-55 -34 -20 0 20 34 55
Steering force kN
Fig.6 Mcan outer wheel lateral force at inner transition curve

4. Zz—It—Tikk
ZOFRTHAEBE~HEMIZT 7 F2x— ¥ 23R ITHE
i ith #0B 8 W 2 HE 0 BER] 7 ) 2 BER) A Al Bh 4 5 A&
AHZ ETCHRELAEHEES20, I~ T4 Fax—%
B D% RE GRS 75 &6 0L 9 IHE
BEKT B, o, 7e—nt—73ERLE LA
b, Tx—nE—T7REL LT, B4 E2FEHLTY =
— AR AT WM A TR T D 5 & A 7 = —

JRIE & BT 5 HHEE AT L TR Y, ARG Tl
I 7 = —ARTE# B D F ik HWTRT

e 7 4 Faxz—r DY 400, ERIEEC
FHRER A B S KB B AaR an s, BEE
WX S HEEEZ & 5 FizMESN Do) ¥
P EIE & B, U A NERBEES2BI-8E
WHEIEL EoEhEERTH (VIV—7HK) ZHWA
=& CHIEE A2l L, R EER O AR S 2
LIFAETH DN, ZOFETIERFHENICAR IR
HAENEEFEHEROBERITHUTFIZT L2 ERN TR
VY. ZO7-d, SUREMEMEIZIL L W ARWES TIER >
o HPNOEBEENS LT ¥ Fax—20558ET50
NI L, TEE B EE I 2 k0 AR VS S BT
Ho, FIC, HEEmERNTARE Y )V —THEKEE
HAGbEmERKE R 7T~ ) FRIZENT A
T AT x—EMEEIEIT S BIEOMEEIT o



Cylinder
<2
A Dig
B Cp
Dy Pir
o O Spool
Pump
LD
System L System R

Fig.7 Failsafe hydraulic actuation system

)

N

B T ot C
A ; ' |
2NN,

S;')ring D, Py ‘Spool

Fig.8 Spool valve

MEMBELEA =LA T OERREZE 7 &L
B 8 I1ZRT. ZZCRTOEESERKE L, HEHe
FHER &5, BEHAME Y o LBEHRMERE ST
IAT—ARRLERCF = v 74 cl, 2 &4 L CHE
ShTWwd, A7—AHIL6>ODFR—FE2HLTEY
B{ERIEIZ L > CHhoith Z 64 5. EFEEOH &
LT, A AL RER o) FEMELER R
ERFML MICEMN S, SR E RIS R L
W7 7 Fax—25EMEXEDS (RiEmeEEDT
P F ax—EMNBRL) BE, R bEREICE
X AHEBME, FBH R Mo AT =9 (Pr—AR) &
BRLT, YU FFEiioFow 79 2 #H0 0
FMAXND (B 9. Zhizx LT mBEofd &
LT, RFIZEDFEHER M) 52 MELEA L
CEFAE L ANCENL S, Zh bl RERZAE S R R
W7 & Faxc—F 2P sEs (HETmMEEEDT
VT ax—FEMRRES) HE, WHmomENRE
LRREB EIC U » FRDIEL @i d &, AT —1
FEOBIEIC LY o S AR S A7 2 b EHE
R SR DFEEMIEE R oA — 9 (Py—
Do) AL CF = v VS el #il0 R T REM~E
M s, ZoEEE & LICEERME S Y A EEMO
TEEh it % k3 J EIRE AR S B 1= e ke = ) >
H~ORIEN R S b, WM EEA IR SN S (1M
10). 7, WML L #OERE{E~DER
%, 73{““]“C1_, Cgr, By, Bp #ih L TAZ—Fpifmihic
AMfENLT I Fax—FER, BIE LT IZHAIA
IR T —AHEERIEROMV VI LS.

valve

A—hC, Cpidnifnny NHOKR—FEREFELER
FEAOY ) —7R— FERATHWD. Ao, HIEER
WFRE L, R & HICFE UMM THA1-0, AiidoE{EF
WERWT U ZIE S & SREBEEALD A HfiE LT
LlFAEROMEET 5.

System L

Fig.9 Flow of the actuation system in the correct operation

Cylinder

Rl

System R

Fig.10 Flow of the actuation system in the fault operation
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Fig.11 Result of the fault operation
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Fig.12 Fail-safe hydraulic circuit
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