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Abstract

The dynamic characteristics of shock absorbers,
as components of the suspension, have a large ef-
fect on dynamic performance, i.e., on automobile
maneuverability, stability, and ride comfort. The
damping force of a shock absorber is the sum of
the hydraulic damping force due to pressure loss
of the fluid and the frictional force generated at
the oil seal and other sliding parts. This frictional
force plays an important role in damping function
because its response is quick, even though the
generated force is smaller than the hydraulic
damping force.

Since the lubrication state of the friction part of
the shock absorber changes in diverse ways and
the effectiveness of the hydraulic fluid additive
also has complex effects, friction behaviour chang-
es in a dynamic and complex way. This has never
been adequately elucidated from an industrial per-
spective, and there are no cases of fundamental
research on dynamic friction characteristics with
a focus on the behaviour typical of shock absorb-
ers.

This paper focuses on the speed dependence
characteristic of friction. In this case, there are re-
peated dynamic state changes between dynamic
and static friction, and therefore the conventional
measurement method was not sufficient for obtain-
ing the actually needed characteristic. Therefore,
in order to ascertain dynamic friction characteris-
tics suitable for shock absorbers, we developed a
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device that can measure the speed dependence of
friction at high accuracy, and thereby established
a measurement methodology. Based on analysis of
the measurement data, the previous evaluation us-
ing only the average fiction force was inadequate,
and thus we attempted to create evaluation indi-
ces for extracting features of the dynamic friction
characteristics.

Validity was examined by using the three new-
ly proposed evaluation indices, and as a result it
was confirmed that the features of friction are
quantifiable by using the indexes.
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“H \ L A
> . NBR
/\ |

—
Sliding direction

Detail sketch of pin tip

3 Schematic of reciprocating tribo-tester

DAEEER S, ChICY yREBRE 2L YTC
L) B SE A AL RoTWS, BEDIL, ¥
¥ RBRR BB E ) A A O AR =V R VT
FHANL 72, BRSO, B X ) — iR
WZHIHT A2HEE L > TV 5.
2.3 EtEIFE

Ta v T T NIBWT, B SRR
WCKECHEBRZE 2 501%, TS EEOBKHE
IR MIRIEIRE ICH L EEZOND. 22T, B
B ESMEE VITRT L 912, BE#E D 560mm/s
FRPE F COREREIZ BT, HRIE £0.1mn~ = 2.0mm,
JEWE RS 0Hz L feE L7z, MEICB LT, RIE%
+25mmT300[E (60sec) D FilEE % Efi+ 5 2
EICXY, EWIRREL 225 X9 ICEShih & BEE R 2
U T Fio, BERELZZCSEL00, Hl
ERNITRB N 2 —EHS LT L w 9 BRIk
BIMAEAE T HIREE L, 1501 (30sec) Tk

BRIZEE I OWE Z MG L 72,

# 1 Sliding test conditions
Normal force 20 N
Temperature 30 °C
Amplitude +0.1, 02, 05, 1.0, 20 mm
Frequency 5 Hz
Oscillating mode Sine wave

Maximum velocity

3.14~62.8 mm/s

Nitrile Butadiene Rubber (NBR)
Edge angle: 140°

Contact length: 8 mm

Hard chromium plating
Surface roughness Ra 0.01um

Pin sample

Disk sample

2.4 FHEY T

Ta v T TV = NOBEEEEE, TR E 4 A
N —VORETIZL o TRELEITEY. 22
TERFERTIE, ANV =AM ELT, Yavy
TTI=NERHINTwETZ7)u= ) -7
¥ YTy (NBR) w7z BEBEEICIE,
F AV v TR % B L Cein 2 140° o L 7
ALy bL2b%E, Ui & L TR
L7z, 74 A7 ICE, AN ruy FEH
WHHENTWRHE 7 ulado &2 Wz,
T A A7 RENIHBEL B 2L, RSz
Ra=001umPl F & L7z WM, 4fEO
Yav o T 7Y = NHIEENE vz VEEIH RS
BE L LEOMTRE R A E 2 1T, A FEoEENTX
FIZFE CEREZ R L TW A2, Oill, 2, 31213
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#F 2 Properties of test oils

Density | Viscosity Chemical composition
at 1T at 40C Sulfur | Phosphorus Zinc
(g/em) | (SO | (ppm) (ppm) (ppm)
Oil-1 0.86 109 121 1090 0
Oil-2 0.86 11.3 77 526 0
Oil-3 0.86 11.2 204 347 0
Oil-4 0.85 12.6 1900 896 690

¥ REIAL O ZnARBMAI AR S Tw 5.

TRER S LOEE

3.1 BMEREFHOATERER
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TNZANNAL 2 |IEDFEAEDB R Sdz. 72720, BEE

N OBEARFEMEII R S N o 72 O30 413,

FEWBLEELREEOWGIZBWT, 2254 7 ED
FERE S N7z, F 72, BEEEIIEZANL O mmfd i o f KGHE
ERICBWTR/MEZ/R L2, Oll-4D35E1%, 2467

0 mm D i KA FERFIZ BT D i RIEZ 7] L7z

F 72, BEEINIEE IS L CIEARLE R L7,
BAEBIN THRIE 2 2L S 72356 OB E) %
BI5ITRT. ZoMIE, FRIEOWREEFEAQZL D
THb. Ol-lOEE, RIFEEZEZ THEEIIE
LIZ RSN o 7z Oill20A 12, IRIEDOHE N
L HITEEN O REL A HINER LD, &K
R £ 2.0mm TIXEEIE D AME T L, $R1E +£0.2mm & [
Lpfizs L7z, Oi3oaE, REIVASWITE
BEEIIRE L A EMEZ/R L. —HT, Oill40Y;
B, RIESDNS VI EEE /NS L R L En %
RL7.
3.2 FEL 9w IHICE T3 HHEEISHOIRE
4 FEE OVEEIINC X 2 BRSO S 2 W5 5
&, OITREEI Y Beb b Broofs - @) X H L IC3s A
% A8 7T, QBEEERGEIS BT B BEHR O
FEPE, OIRMRIZPE 9 BRI OBV IZHFEBIY 708\ 28
b edbhol.INEY), Yav s 7TV —

INOFFEIC AT T BHE O E 2 Wt § 512K LTI,

BER DI EEE I ORI X BEHMITIEIA TS TH B
LB OLATH L. FIT, BEERE O
ZHBLERLTAD, Yav 7T —NIIE

(a) Oil-l (b) Oil-2

4 4
iz Constant > z 2
g g
EO + i 0t
i M
£2 2o
= =

4 4

2 25 25 25

Displacement, mm Displacement, mm

(¢) Oil-3 (d) Oil4
4 4
wloncavew T, A
z, z, | Round
g g
= =
5’ Rl
k| 3
E-Z hl- 2k
4 4
_ 25 25
25 Displacement, mm 25 Displacement, mm
4 Dynamic friction patterns measured
by using each lubricant
at an amplitude of =2.0 mm
(a) Oil-l (b) Oil-2
5 5
z z
5] o
2 | S
= 0 0] g "
3 3
= =
,5 ||||||||| 5 lllllllll
25 0 25 2.5 0 2.5
Displacement, mm Displacement, mm
(c) Oil-3 (d) Oil-4
5 5
z z
5’ |
3 - 2
= =
-5
-2.5 0 2.5

i Displacement, mm
Displacement, mm

5 Friction characteristic in different amplitude

A E OBEMN T 2T 2 L2 HIIS, Bl
KD 3 ODOFHHRIR Z IR L, BB O AT
WCHWwaZ e L7

32.1 BRI

TR D R LI A 1E R E) & LIFIZAE L B A8
A 7Bl e mitd 5720 [ A34 Z 888, SI) %
EFRLC b, LT AEANIFEAET B A 7K
T EATRAY ) Bb b B & g BRI 5849 % A8
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A 7WRELTLHRLEE 250020, N
WM & 2B LEHMET 52 & & L 6122
L EBEEOR RIS BT B 284 7 iR M 5
X 2R3, IEM o284 75880, BEBLT
SN /4 radtE A XE, ThbbHIERIEIE
DLETER/2~31/4 radDIx K% Fsak L, =
NE SRR D22 FH BB CHRT 52 &L T
ffel, RDZHTHEB L2 Mk, #FIER
Z@I5n/4~3n/20 X & L, X(2)x HvCSld%
HH L7
SI,= (F,F,,)/F,, , m/2<0<31/4 (1)
SI,= (F,F,.,)/ Fyn, , 51/4<0<31/2 (2)

2T, SlaldhEM o 234 7 45EE, SIdi ok
WD AL 273888 Fsald®B &L M) 7/2
~3n/4 radX W O KEEET), FsdiZfE1RE (#
) 57/4~3n/2 radlX ] D KEHET), Faveld3n
/A~5n/4 radX W O3B T), 0 13BN DA
Thh.

CDANA 7L, FICKREL B DIIERER
AN 7 ROBEEEFEL, AOBEAIZIZERNO
VH ERD BN LR ERT S,

Max. friction Averaged friction Max. friction
during #/2 and 37/4 during 37/4 and 57/4 during 57/4 and 37/2
Maximum
0 mm/s velocity 0 mm/s
2 8
K / )\ =~ AN
g L/ QY ‘ 4 4 z
< / \ g
g / Fs, \ | Fue F5 5
g o ¥ vl 4 0 S
8 / §
< \ / =
—_
% EE— \\ %—' -4 '8
<
) \) - &3
N ~
-2

n T St 3m 7m 27t_
42 g T 2 4
Sine angle of displacement, rad

0 s n 3

6 Calculation concept of the spike index

32.2 AEIEE

BYERRAUN I B 5 BEIRO SR £ 1L T 5
7o [ASHIREE, RI) L7z B, e
P TR ORISR 26035 5720,
KB LCRHlis 52 & & L X7 I8N E EED
REFIRIZIC BT A SIEICH VW X Z2/RT. &
KIRFEZET B F TO3n/4~ nradX [ 2 i,
n~5n/4 radX [ Z s & U7z, B LIk
THEBEENOME TR/ FEICLY, KB RLT
W)X DR LA E2, s O9EM & b 12
FEZK L Cu- VRS IEA I 2 2 62 1E L 5
72O\, WORM O X 13555 % s S 7.

S (F-F) (0-D)
I“_—Z(ﬁ—?)z , 3n/4<0<n (3)
_ S(F-F)(0-0)
RI,= > 0-9)° , 1<0<5n/4 (4)

Z 2T, Rlaldm#M oM 258, RIAZFEM O
HSIREE, FIZERE)), FIZFHEEET, 01346
DONAHTH 5.

COMWEIZIEICKRE L % 513 & IEA BLE R T
HY, AOLAIITANEEEEEZ RS, 0845
B QRO BT D 2 WS L R IR T 5.

Slope during 37/4 and © Slope during 7 and 57/4
RI,
RI,
3n/4 - T 5m/4
\\\ \ Maximum/
‘\\ Q “.‘ velocity /' Q

N

Displacement, mm
[=}
(=)
Friction force, N

i S 8
T 3m 50 3m 7m n
2 2 " 7 7 7
Sine angle of displacement, rad

-2

0

/s
4

7 Calculation concept of the roundness index

3.2.3 IRBE&KFER
8T/ & ) IR D LA & 2 B D 4AL
ZERALT 5720, BERIER (£01mm) K KE

0% £20m DI EEET) TH - 72l % [HRIFK

5
; )
R=
: 0 B (U] | } -F:"m Fﬁs
S .
]

-5 1

-2.5 0 2.5

Displacement, mm

8 Calculation concept of the amplitude index
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frfekE, A1l LR LRAG)X YR
Al= (F,-F,,)/F,, (5)
Z 2T, ANIIRVEARAFFRRE, F, /PRI (£0.1mm)

DI KEEET), F 3R + 2.00m D3B8 TH 5.

ARZ, PARUER: (£01mm) & = 2 nm®D IRIE O BE 8
NBFEEHE0 %Y, HARIERE OB 2K & <
HAHEEIE, NS RBGARADEE LS.
3.3 BEEICLIBHNEBEIOBEITER

4 FEFEOIEBIING X 2 BYYBEEEZREHIZ DWW T, 4%
B2 T LR R 2 X9 1R 7. Oil-1oY;
BB VDS, B E I LIRFIZA NS 73T
WHOTPIFEL, FIRRICIZEE ST T2 5
FEASA XA Z738EE (19 (b) ITRBEE T 5.
F 7z, BB O BUERAED 0 WL, L SRR
DSLESLEHIZ0 LD EIZENTWS. Oil-2
O¥sty, BEEINION1 L DR E HEBERAEED 2w

25, BIXHLBRICORIZ AN ZHEHRENT WS,

NS ORI, SIBKESSLERL0 LB
LIZENRTWAS. Oil-3n4a, B0, 2&
DREL, FILEBEHLOWGIZANSL 7N
AT 7z, B & LRSI L#I60% K & W
AL 7 W DSFEH T B R, RTIC X D SLAS
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B O SRS AA R & 7 B4R IE, RLE RLODAH
PEOMEE o TRENTVES. E512, MIRIER
WZBEEDTR & K e AUF IS, AP EDfEE BT &
IRENTWAS. Ol4DBA,
Oi:3DH TR O AKE K (H9(a), A4 7 WKH
BN wigBIE, SLESILOMENE HIZHE R ST
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FERF DS IE A & 72 5 ¢ 800%, RLERLASIEDfE &
GBI EIIREINTWS,

UEn k)2, WELE3ODHEZHVWL I L
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Ta v T TV =08 E OB A E BTG
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DB ERT AL HWE LT, BEEOEER
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(1) FEEL w9 B BT 2 BE 2 5Hili§ 5 720,

TSGR & % By BRI 28 8) &2 SHI 5

FE#:)7130i1, Oil-2,

(a)
- 0.2
=
[}
3
“5 0.15
‘e
SE o1 0il-3
S=
2
hali ) Oil-4
o 005 ¢ 0il-2 o
g # Oil-1
< 0

0 0.05 0.1 0.15 0.2
Averaged friction coefficient

(62.8 mm/s)
(b)
0.6
0.4 1 4 0il-3
»
2 02 f
g
3 0
£ L 2
= *
a, -02 .
g oil-1  0il-2
o Oil-4
-0.6 *
0 0.05 0.1 0.15 0.2
Averaged friction coefficient
(62.8m m/s)
()
0.08 ‘
[ |@®Acceleration PS
v [ |DDeceleration [m]
'8 0.04 ‘ oila
[ L -
8 Ol OIILS
8 0 N
5 : o
g i 1
é 0.04 - Qil-2
0.08 L J
0 0.05 0.1 0.15 0.2
Averaged friction coefficient
(62.8 mm/s)
(d)
08 ———0jl-3
0.7 | |@Acceleration
06 ||ODeceleration| ¥
5 Oil-2
2 v
o 03 N
2 02 | Ol o
o1 b v
N
0 D Y, N
[} (]
el Oil-4
-0.2

0 0.05 0.1 0.15 0.2

Averaged friction coefficient
(62.8 mm/s)

9 Correlation between each index and the friction
index at 62.8mm/s
(a) Friction index,
(¢) Roundness index,

(b) Amplitude index,
(d) Spike index,
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Development and Application of Active Charge Accumulator
for Water Hydraulics

= L N
YOSHIDA Futoshi

= =

KIERERATE DS (LLF, ACA : Active
Charge Accumulator) I,
O EDDENED SBEB DR B FE~FE R
RHOCTICHE - WET A2 LRV AT AT
H5bH. ACAOT 7)) r—3arye LT, Wi
Frsx BR L § 2 RO B FEHE T AS5MPatE o &
AT AOPTHIZTERMITIZBITZ T VA, Ik
DU BE D BB ICIOMPatEEZ B 5V A T
ARMEL TS, AT, FFICACAZ HWw:
BEBFEIZHE H U7 AR 0 28R & AT IS X B Je
BMGEE, M OVEBEOREFEEMADISH 2 e LT
ACATY ) V¥ @i S8 2 EBRZIT - 2R %
W59 5. WIS, EAREMETOFEE L BT OR R
LERETNVORUEEZR L. 72, ACADDS
WENZME L 225, ) v FOMEoHE A
HEThoLI LR MAT, FEBREMHTRRD
WgEn o, WEBEE VU v % B 5
FOBM S A I ¥ IHV ) v F oM R
FiFFTZEXHLNIIL.

“The 10th JFPS International Symposium on Fluid Power,
(FUKUOKA2017), f&R (20174F10H) 12 THE

IKEK A VEEAAR L LC,

Abstract

The Active Charge Accumulator (ACA) en-
ables fluid pressure conversion from a single pres-
sure source into different pressure levels (upper/
lower) without using a pressure-regulating valve
in a water hydraulic circuit which uses ‘Tap wa-
ter’ as a working fluid. The ACA is assumed to be
utilized in a system that requires approximately
10MPa pressure to drive several special machines
and tools such as pressing and cutting for meat
processing, among systems that require approxi-
mately SMPa of basic circuit pressure mainly for
conveying and holding functions. This study re-
ports an experiment in which an ACA was used
to drive a load cylinder, focusing on the basic
properties of ACA pressure-boosting process, en-
visioning its application to real-world industrial
machinery. An analytical model for predicting
these properties and comparative verification have
been proposed. Experimental and analytical re-
sults demonstrated the mathematical model's va-
lidity. It is also showed that extension and retrac-
tion strokes of the load cylinder can be controlled
as the ACA supplies the boosting pressure. Com-
parison of our empirical and theoretical findings
revealed that the cycle number of the load cylin-
der is influenced by the open/close timing of the
directional control valves that govern the boosting
process as well as by load-cylinder behavior.
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Abstract

The power steering in a vehicle can assist driv-
ers behind a wheel. Electric Power Steering (EPS)
focused in this article, in particular, has an electri-
cal controlled motor.

In these days, it is more important that the EPS
contributes to get a better steering feel, because
comfortability of driving vehicles is required.
Steering feel has close relationship to characteris-
tics of power train of EPS, e.g., mechanical friction,
composed of many mechanical components. Thus,
the design method which can analyze and control
characteristics of EPS is needed, in order to im-
prove a steering feel.

An analysis model of EPS as mechanical pow-
ertrain, thus, has been developed by means of the
1D-CAE method, which can predict the character-
istics of EPS at the beginning of design. In particu-
lar, the 3D-FEM analysis for worm gear and rack
and pinion (R&P), which have close relationship
to characteristics of EPS, can help to clarify dy-
namics of these components and to predict perfor-
mances precisely. Finally, we developed an actual
machine measurement device which is able to ob-
serve dynamics of components, and verified the
model by comparing with experimental results.
And then, we verified that the model of mechani-
cal powertrain coupled with electrical control
model can precisely predict the performances of
EPS under actual conditions in a vehicle.

This analytical model will be able to contribute
the optimal design for high performance EPS.
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