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(Kayaba Industry Co., Ltd. employed “KYB Corporation” as the popular name from October 1st, 2015.)

Head Office

Overseas Subsidiaries and Affiliates

[Americas])

KYB Americas Corporation
2625 North Morton, Franklin, Indiana 46131, US.A.
TEL: (1)317-736-7774

Takako America Co., Inc.
715 Corey Road Hutchinson, Kansas 67504-1642, US.A.
TEL: (1)620-663-1790

KYB Corporation Aircraft Components Division

Seattle Representative Office 701 5th Ave Suite 1160 Se-

attle, WA, 98104-7002, US.A.
TEL: (1)425-365-1392

KYB International America, Inc.
2625 North Morton, Franklin, Indiana 46131, US.A.
TEL: (1)317-346-6719

KYB Mexico S.A. de C.V.
Circuito San Roque Norte 300, Parque Industrial Santa Fe
Ampliacion 1, 101, 36275 Silao Guanajuat, Mexico
TEL: (52)472-748-5000

KYB Latinoamerica, S.A. de C.V.
Blvd. Manuel Avila Camacho 32 Int. 403,
Col. Lomas de Chapultepec, I seccion, Del. Miguel Hidalgo.
Distrito Federal, C.P. 11000, Mexico
TEL: (52)55-5282-5770

KYB-Mando do Brasil Fabricante de Autopecas S.A.

Rua Francisco Ferreira da Cruz, 3000, Fazenda Rio Grande-

Parana, CEP 83820-293, Brazil
TEL: (55)41-2102-8200

Comercial de AutopeCas KYB do Brasil Ltda.
Rua Cyro Correia Pereira, 2400 Suite 07-Cidade Industrial,
Curitiba-PR, 81460-050, Brazil
TEL: (55)41-2102-8244

[Europe]
KYB Europe Headquarters B.V.

Godsweerdersingel 77, 6041 GK Roermond, the Nether-

lands
TEL: (31)475-3863-53

KYB Europe GmbH
Fritz-Vomfelde-Str. 20, 40547 Diisseldorf, Germany
TEL: (49)211-538-059-0

KYB Suspensions Europe, S.A.U.
Ctra, Irurzun S/No, 31171 Ororbia Navarra, Spain
TEL: (34)948-421700

KYB Steering Spain, S.A.U.

Poligono Industrial de Ipertegui No. 2, nave 12, CP-31160,

Ororbia Navarra, Spain
TEL: (34)948-321004

KYB Advanced Manufacturing Spain, S.A.U.
Poligono Industrial Perguita Calle B, No. 15, 31210 Los Ar-
cos Navarra, Spain
TEL: (34)948-640336

KYB Manufacturing Czech, s.r.o.
U Panasonicu 277, Stare Civice, 530 06 Pardubice, Czech
Republic
TEL: (420)466-812-233

KYB CHITA Manufacturing Europe s.r.o.
Prumyslova 1421, 53701 Chrudim, Czech Republic
TEL: (420)469-363-302

LLC KYB Eurasia
117638 Odesskaya street 2 building A, Moscow, Russian
Federation
TEL: (7)495-7716010

[Asia]
KYB Steering (Thailand) Co., Ltd.
700/829 Moo 6, T. Nongtamlueng Amphur Panthong,
Chonburi 20160, Thailand
TEL: (66)3-818-5559

KYB (Thailand) Co., Ltd.
700/363 Moo 6, Amata Nakorn Industrial Park2, Bangna-
Trad Road, K.M. 57, Tambol Don Hua Roh, Amghur
Muang, Chonburi 20000, Thailand
TEL: (66)3-846-9999

KYB Asian Pacific Corporation Ltd.
No. 4345 Bhiraj Tower at BITEC, Unit 1209-1211, 12th
Floor, Sukhumvit Road, Bangnatai Sub-District, Bangna
District, Bangkok 10260, Thailiand
TEL: (66)0-2-300-9777

KYB-UMW Malaysia Sdn. Bhd.

KYB-UMW Steering Malaysia Sdn. Bhd.
Lot 8, Jalan Waja 16, Telok Panglima Garang, 42500 Kuala
Langat, Selangor, Malaysia
TEL: (60) 3-3322-0800

PT. KYB Hydraulics Manufacturing Indonesia
JL. Trian X blok RR2, Kawasan Industri MM2100 Desa
Cikedokan Kec.
Cikarang Barat, Kabupaten Bekasi, 17845, Indonesia
TEL: (62)21-28080145

PT. Kayaba Indonesia
JL, Jawa Blok ii No. 4 Kawasan MM2100, Cikarang Barat
17520, Indonesia
TEL: (62)21-8981456

PT. Chita Indonesia
JL, Jawa Blok ii No. 4 Kawasan MM2100, Cikarang Barat
17520, Indonesia
TEL: (62)21-89983737

KYB Manufacturing Vietnam Co., Ltd.
Plot I 10-1 11-1 12, Thang Long Industrial Park,
Dong Anh District, Hanoi, Vietnam
TEL: (84)24-3881-2773

Takako Vietnam Co., Ltd.
27 Dai Lo Doc Lap, Vietnam Singapore Industrial Park,
Thuan An District, Binh Duong, Vietnam
TEL: (84)650-378-2954

KERB TR BHERAR

KYB Manufacturing Taiwan Co., Ltd.
No. 493, Kuang Hsing Road, Bade City, Taoyuan Pref.
33450, Taiwan

Tel :

World Trade Center Bldg., 2-4—1, Hamamatsu—cho,
Minato—ku, Tokyo 105-6111, Japan

(81)3-3435-3511

TEL: (886)3-368-3123

KYB Motorcycle Suspension India Pvt. Ltd.
Pilot No. 6, Sipcot Industrial Park, Vallam Vadagal Village,
Sriperumbudur Taluk, Kancheepuram District 631604
Tamil Nadu, India
TEL: (91)44-3012-4301

KYB-Conmat Pvt. Ltd.
702-703, Beside N. H. No. 8, Por, Vadodara 391243, Gujatat,
India
TEL: (91)960-1551608

KYB Corporation Chennai Branch
No. 408, Height 1, Temple Green Project, Mathur Village,
Sriperumbudur Taluk, Kancheepuram District, India
602105
TEL: (91)2568-0501

KYB Middle East FZE
Office No. 2010 20th Floor, Tower-A
JAFZA One, Jebel Ali Free Zone,
PO.BOX:261819, Dubai, UAE
TEL: (971)4-887-2448

[China]

SR (FE) REFRAT

KYB (China) Investment Co., Ltd.
No. 121, Wei 3 Road, Dingmao, Zhenjiang New Zone, Zhenji-
ang, Jiangsu, 212009, China
TEL: (86)511-8558-0300

SRR T3 (801) FRAT

KYB Industrial Machinery (Zhenjiang) Ltd.
No. 38, Wei 3 Road, Dingmao, Zhenjiang New Zone, Zhen-
jiang, Jiangsu, 212009, China
TEL: (86)511-8889-1008

SRR IE R R AR PR AT

Wuxi KYB Top Absorber Co., Ltd.
No. 2 Xikun North Road, Singapore Industrial Zone, Xin-
wu District, Wuxi, Jiangsu, 214028, China
TEL: (86)510-8528-0118

W INBASI I L BR R T PR AT
Changzhou KYB Leadrun Vibration Reduction Technology
Co,, Ltd.
No. 19 Shunyuan Road, New District, Changzhou, Jiangsu
213125 China
TEL: (86)519-8595-7206

HSHE T (BT FRAT

CHITA KYB Manufacturing (Zhenjiang) Co., Ltd.
No. 8 Building-1F, New Energy Industrial Park (North
Park), No. 300, Gangnan Road, Zhenjiang New District, Ji-
angsu 212132, China
TEL: (86)511-8317-2570

s E S (L) HRAT
KYB Trading (Shanghai) Co., Ltd.
King Board Square Building 3, 9F B-C,
No. 269, Tongxie Road, Changning District, Shanghai, Chi-
na, 200335
TEL: (86)21-6211-9299



KYB}:

£58% 2019-4

B R

AHEE

FKHAZH > THi$ %
FRER

A A D R 7 - #DO T
PE=E

KA L
5300y

SANV TSN HAMT D B 5
BIRBN

Double Hydraulic Stop (DHS) Suspension

Tay 77— NHBEHHGOR%E (Prosmooth™D#A4r)
Eiria

FHA S BN ET7 7 F 22— S VT4 ORE
BB

T+—=27V 7 MHIYTZ M) UF

WES) Y FHNT Y FF 22— 7 OR%

VS
InnoTrans2018#H 5350 (JEIBS Sk E B FAAT)
Bfrsa

WK A 28y 7 7 — 7 30O

FXR Y TOHMBMLT A > Ol
FARERARS

ARV Y D R A IV
mERRT

ik g

M HERE

B

(XN

Javier Lizarraga Senar

MH EX

/NI BRSO

ENCIIPN |
P OEWR

EH %

T e
KR ERR

e A

11

19
25

30

35
40

45

49
53

59

(RIKEE (F) : Double Hydraulic Stop (DHS) Suspension (P.19ZM), () :WEI Y V¥ NF v R

Fa—7 (P40ZH))



KYB TECHNICAL REVIEW
No. 58 APR. 2019

CONTENTS
Foreword
Challenge Toward Future SUZUKI Ryoichi
Editorial
Target Costing Concept and Procedure TANAKA Masayasu
Essay
Experience of Living in USA SUZUKI Kazunari

Technology Explanation
Development for Analytical Technology of Shock Absorber Valve Characteristics
SANO Yuta
Product Introduction
Double Hydraulic Stop (DHS) Suspension Javier Lizarraga Senar
Development of Sliding Parts for Shock Absorber (Introduction of Prosmooth™)
MURATA Takao
Technology Introduction
Installation of Actuator with Damper for Main Landing Gear Assembly Line
OGAWARA Kouta
Product Introduction

Hydraulic Lift Cylinders for Folklift Trucks SUEYOSHI Daisuke

Development of Butted Tubes for Hydraulic Cylinders HIRAI Tatsuya
Essay

Inspection Report of InnoTrans 2018 SAKUTA Atsushi
Technology Introduction

Development of Extremely Low Sputter Arc Welding Method HABA Keiichi

Costruction of Gear Pump Parts Machining Line MIZUSAWA Tatsuya
Glossary

Hydraulic Lift Cylinders for Folklift Trucks NAKANO Tomokazu

11

19

25

30

35
40

45

49
53

59

(Cover Photograph: Double Hydraulic Stop (DHS) Suspensions (see P.19), Butted Tubes for Hydraulic

Cylinders (see P.40))



KYBH# #58% 2019—4

sWE |

RFEICE > THEEET B

WO se

“Challenge for our future”

SEIRTERFZORPBEF ¥ VXA DD Bk D A
TSR EINTWAEFETYT. GRTHERFAIE, KK
DI 7= Al % Bl 7% A & LT, 2017
47 HIZ [Challenge Labl B LF L7, AY
O7a—=Y) Y FEELE VRN, TAHAFIv
GEERABELH L TWET.

Z @ [Challenge Lab| 1%, ##F#ROH:% 8 2
THA L BMBP LMD 5B 7% F — A 2R
L, b OWB VKK ZE S 7-DIHIRT I
U LT, KMzB—n g1k L05CT& 5
yBcd. 72, #A - 0% UERBRATALED
&, Fx YN ANOHE IR B 2 AN
AT AEE b HSoTWE T,

BC, EMoERIFTEIMHELTBY, KH
SIRNEFH L WA I R—Y g PRI > TWET.
S B104ERT D2009FE 2R Ko TAHET &, €D
EOWATHRE R [BUERMK] TH Y, BIEOMIZ
BOWT—20HINCH D T L7z, HOmTIE,
20084E 12 % v F 7 4 A 7 L 4 A DiPhonens E W 5
FEEN, WEROENEROILENRE INIERE -
OTErwhtBbhFET. 4TIE, 2O¥vF
BDF 4 AT VADRERICR->TBY T30, K
AR RUTHARBOGDE L, FTHELERED %<
EVBETEREVESbRTwE Lz 4Tk, Y
BATEZLKRY YA WEEZHIZTSZ LIXITE
ALY THEA.

A= b7+ YDV EDNE XS RY, i
BEERTIVATANETN, blbhoXES L
DRELEDYF LA 2L T, IoT, AL 5G, &=
Farv¥a—%, JuyrF—rL2OHMIL

D, BIZHERLTWEL) EEHIZTUNTEET.

CDL)BEEOMUVERIC, BEEFEREE
LCORFIE, FEL-BLICMEHEFL, L0ko7%

*GIRTERFTER aR7 4 7 ZER iz

M #ERTIE I VORIV ET. K¥ET
FATREImO MR BM D, 10FERIETEHLRD,
0EBICIAELDDICZ->TLEIZ LD LM
5T

FHEHIERFIIBNT, Filtsikle T 58
B, ZI0oEFNIHLVIARZERRDOT 20 E
L7235 BRZH2ATIILVWERSTHE T,
HEHZHTTD, HLWE ZEARTE XL,
FLwa bEREITE X, KE R LA
LRERL 9. T X)) RFUOEKENS,

CCEOREERR DT

cRKERRT LN

WO ORHMRIZ b EIN T & B Feik i BET)

fEO DY S e WIEICREUI RS 2 )
ZWEL, INOLONERMET 70D A F
VEBRLIEAMEZRERT S L2 RFIIHIBELT
WEF., Tk )RIMEH,S, [Challenge Lab] K
Dy TAY—WRE (FREZBTEHI NS EE
9e) <Tix, Speculation — Design — Realization
— Innovation& W\ 9 FEZ Hik L, RIEIER LM
ERIUCI) A THE T,

1048, 204F, 30EBOMOHZERT LI ENT
X, EmYAMEICH L TAREZHZ, FEUC Pk
T5HE, WODOIRRIZLRDOENDEEBDOD DL
EZ2FES. ¥, REREBICEEmLZE XL, £
NEREDEZH7-ODQFEH LY, 2o
BCTELRDPoLIBRA I R—Ya v eEABTH
WZb%A5TLED.

T LWAEF2NE L F 520194, Ho7-KFH T,
INDP B DFERED LITKRD 55 H kR lifl o
ALECHEDRED L) ICHMTE 2052 E 2, KK
W THERT 5.0% & B RIMTHEA TN Z L8
KUTE LW hrEBnFET.



JE i Wi D 2T - D T5

P Bt
[RMEBODER S - EDHA
o fE e
1. (FU&IC iEITHEBIEE E L CWEA T o e 2 A8h o7

G T RN VERZE L vwbhbs, R
MIZZEDTED I D FEDITHER D D D7 5 IERHE
oWz sizanctuniwn, 25798 5 HoH
Kok &, 48001 &\ Fififi 22 BRA 235 584§ <
W2 D WIS AR D, KICET 224,300 D BRF b e
WCaY eIz, 72, 7Y TVOAIEOHET
WHFETEEND LV Ehk ) Bl cdHdE L <k
ATHI) Z—HF =P K5,

DT ENLDLIPLEEIHIC, FOI-F—13BE
DRV LEDLZVOTIEZW. BB LWER
IDBDOR VR LEDbLRVOTHL. BEHIHETS

flifiiAid % L 2L, WfiCHbEATH) DTH 5.

COZENFHEMEROEETH Y, FHEOMM
TRITFNIZR S W,

FEIH RS CIrimeHr— A bR B%
EHRINEELIEICEST, RELBELTWLD
Thh T EHTNIFHHEELEIDSE5
NBEDEALIDP. WAWHEBHLH, HHunliEE L
TEMEE DT S5NE. ZOFEMIIHRB T 528
N E KRBV 20 [l ENE X < e THED
LG AT A A L EOERE:] TH 5.
CNLIBE, SEHOS0REITE L B L F o K A%

TR D S FFEONFIT OV TER TV S,

2. RitcENEZH
2.1 BEELEOREEZORE

JEA A ] &\ 9 HIEEE 42 S554E 0T (19634 - IR
MSSE) I ha y HBECTHAE L. 2o T
FH SN0, 19664 (FIFI414E) (25 s 7
M H T —FThHh 2™, Y40 o JE A A 1 X9 A
-5 OISV F—T7 Y =7 (CE) ®
BN — 7 — y T O TR AT B RS T SRR H A
iz gedT, FEHEZ OISR EEEM R & v 7
Enf L TR EMOIRZ 1T - 72, 0N 5

THARRE Y AT LAHAS
F R KRB HIZ - T5 M+

twnwbhTwnab,

A1) SRICEEFRE DY, 1O —FDRDO/NT Y h D
BSR4 T D % 2 5 %0 5 AN S o7z & Bk
THHEL VD,

FIT2HEBORAF—F v IVDLEIF [
i W REHA] | AWl L, B A T 2 Rk Eh &
LCEESE. 0%, FEFTIA4XLEOMH
S —RME L 72 Bl 2 E i L 7D TH 5.

C O o JEAM A X B FHEE) & Pl & L CRIs R
A9 A B HEDRMN (CRGE RN Z#3El, Zh
BERSED E V) FMEBTH -7z, Lz T,
HEJEAM 2%E K C & AUXETH L 72 R824 H 513
FTREEZTWLDOTH S,

&AM, 19734 (HFI484E) 128 —kA A v
Yav I BPRELE. ZhEHAZEL 7o -1
B CREEEIC R K Ry ay 2287687 b
3 & HE o Gl b FEET, kB 1) O
1Tl HERE RS 2 ER LT, ToRG0
HERZE (F) PEETERVOTHA.

ZZThayHBETIE [FIE LR (164
72D OOM OFERE) % MRS 5 7201213 H AR
EEIBREL, EI)ERSELH] 2 REHAE
U FEHL S & 2 R A (R 2535 0] o JEUA A )~ &
RBEHLDTHA.

INLDZ L EEMY L, Iy HBHEO FA
A HAEEAM 2 E R X85 2 EICERE BV
fiEH L L CoEMidm 5, HEMNE (1 &%
D OEWAIRE () F) 2ERIELIEICERE
BOEGAWE (FIRERE L ColEMidm) ~&
REXET, SIESTVDLIDOTHA.

Dbl R7Z-ZEErayHBEOBITH S5, 2
N2 FEMAEEOBELTHH LS. ZDLH
WEM BRI 2207 4 7O 0P LT 5.

Ji % 00 JEU A T 13 3 3% 0 Rl 2 16 2 & A 72 b DT
HHH, T %D EFAMSE L) BRHSFTEREE R
SHEVEHICHER B,

_2_



KYBH# #58% 2019—4

JRAGAEER & U C SR (R o JRUflfi i i)
JER A £ ] [
FIGRAE R & U TR (R0 KUl )

2.2 [RfidEE & (3fTh
(135 - hRORMEBOE%®T 55D

JEUAlh A 18] D OV — 7 A DFEE T AT E12H 5

CZTIEZEONEFEEZHLNIILTBIY).

Z 2 TSRO FMG AT & ik Fo JEl 4 o Z
ZFRIZOWTERT - NEZRRDLZ LI2T 5.
RFOFEMAE (3 2bB FEMERE L <o
M) 1%, BASSEEET I 2 Friin S5 12 H AR % 38
L, BsgaatE & BRSSO g 1IC B 5 5 M

Ay w7 EDOMHEIZE o T, Mg - mERHIEHE
FOHEZERIERNL, o BRI E S
HHIETHA.

SO ELREBHLTALEELIDEIITHS.

R1 SRR FUMAE O TR NE

() JEU Al 40 107 4 A TR W & 2 JEUAM A B (RS il
) ThHs.

(b)JEUAG £ 18] G v~ 9 AR JEUAT 1 3 3 DA 720 T e < L
fili B ASFEHE LT < 2 L ARG, - Wi B, WRoe 4 -
AR BESL—F— D - BRI X M FTED.

() B Al 0 TH] 0 5 B S0k 0 355 T8 1k B 7 e e & L o e g
DIEFTH A, REGHBRL WG ST TED
BARFEMNEZ T

(d)H B JEN % 3R X8 5 DB EFEZ T Tld s
<, BGALRRE OUuE IS 2 3N 2 5 &
N7z A 2 N—CTHERCT 2 AT A Wi AE - — 2, 5
WCRY 774X —FTEAR, ZOARKWRELE -
WS TH 5.

(e) H A% 5L 0 JE BRI B S iRt o B4R H T 2k
WEMRARBICLE > TF oy 285 (ThEaX
FLEa—bwwn, HHERO-MTH2).

(OB BERAM S AER NS 22 ) Z 9 & 51, EROH &
M2 DOF CTHKEHEONKEZH#T 5. RIERIRE
TIRRDAT v THEFE R\ (KJEHD.

(@)E i 3% e MifEce % 5 \2IZVE, QM, IEZED%
PR A A LT 5.

H2) WEBEEHOEBNBTIZOWTHIER EHRISH Y
S5%0DT, RODBDEELIDET A,
QHEEBOBIRIZH 72 ) Hefi 3 5 V0 5 /T

BIWOETIESR (L, Mtk SEREE

FREMESE) RVER L0 FR R IR
QWIMEX o dksE LA (ENAET)
OF A DT, REBH - M - B THEO
BHIE R Rk ET 3 & OV & 7213 30E
@O RovsE, Wi TROZE, (ERE -

EETIHOPEB LT h b ol
E PRI TREEM O g & 5%
@F M OBER - T THEOREED L CHEHRIUE,
Y774 v — 0
O E L oMk E®o AT - B, Bl (BAH
i & BB THWOATF - B
®Q~®DIHEY I BT 2 il A B L Ol E
O
W3) FoiHEIRBRF TR AOHT, —IEDK
YhenrzrlarThy, FlzIE, Wit Ha
PeEt, FAREEN RMIERE, BLEEM R S oEH O
WTHETHL. £ OhE, COHHEIEZS ~10M
HbHEIHITHRZT 5.
CORFOFEAMAEEAEE L T HBET, 20
NERTFETLEIIBELTVE, £LRILEED
JEAT AT & 72 528, WEOBEBRIIK1I DL S TH 5.

IRZ O (FIZEE P & L C ol )

PeFe D 5l (UG EEL & L C o )54 )

X1 5 A OB

IO FEAMMAE (T7%bbAREEF L LT o5
Am) 1%, RENFIREHRO—BRE L CHEHET %
TS MNMEREC, PHREREEE (Kb - W,
PIZSHAE, BRBEfR4, el e, WocE, JEUM,
FIZRSOER HAE) 22, TOHMPANTRE!, 2
¥, WEE, M, BEESNA LI, PRHREIE LR
AL AR O PR IS 5 &M R 7 v 7 L ol
XoT, ThHOBEZRFARIGERSELZETHS.

CHOZEREMLORTER2DL)THA.

K2 RO O T 7% NEF

(T HRBEOFMEH 2T CldRl, ZoMNEOR
WEHD &, NTRAWFIRERO—RE T
(b)L 72285 T, K HEIZEAM 72T T4 < 5efli,
sei, o b, AR () NEHPHAIIIRT S
C oMW AFTELTL B E, INHDOHED

NEZEVFMAR DL LS.

(c)EUAMl 4> 10 D HE X RIGEN S, ~—F7 T4 v, B
oo T, BRFEERET, LG EEME, WROTHEMN, ik
W, W5 - H—C2ABITH7I4 ¥ —F THL
K¥ 25 (&HEMEH).

(@)Fi Al - FlZE () HEZZER S5 OIXHREER
Hemic, ZoHBLERICH S A hb B ER M A
5T SNz X N — THER S 5 TRl 4 10 HE 5
F—2BLIOYTIAXY—-THY, TOEENR

- BB TH S,

_3_



(e)BAFSERATFE HAL (v - WvE, oefli, Z&t W
e, o &, RN, FliR, PR HRE, BRERZE
E%) OFERCIRIIT S AW, WG ARG
FEMIER T, BRSO TEEIH TR (B H) ICBR(Y
VRALVYa—), CR(ZAFNLY 2—), DR(F¥
AL a—) "t HUTH LML Y b
O—E3NSG (HHEMOEE).

(FFAFSFIFE I S TRIIGER SN R ITE R
Sy (BEHE)., ZASDOWTFNLIRERIC
% ZEH)THIE, EHIEEICL > TYELE
AT AT .

(epEcE - FME XY 794 ¥ — 254w
WHEIE LCREM L, BHEM R &% L CHRUE

LCihB 2179

#4) BRBFFERAEMEIIOWTOLE 2—T,

B L7z

At (5R) PR T & 2RI DH 2 0 G h 2 FER

SHMEH L LTHE Lea#Tirbh, LELFR

7 RNA 2D AT b S, CRIG H ARG (H A% BE
FAli%) OEBEWHEIZOWTOL Y 2—C, Elik

U & o TEEIEDFMI A THNS.

CDEHEDRA Y

IN—IIBRD A ¥ N— L J % 2 EH 5. DRIZED
ol - anH - Ledr - BB & OERTREEICD

WTOHOLE 2—,

BHIESNT-ABEDER TE 20 0H

ZDREHETHD, LERIER -7 NN 2D TbNb.

ZDEHITATL B &, JRFEDFEAMAT X4
WEEE UCREMT 2 ®-MFEOAIETH D, B

HAMROSHEHTHLEVE LY.

F /-2 g,

B O R TS & ) HERIEO W L L THhE

Do ).

PLERART & 72 AW 0 708 T, HADFEA
EiIMARORLHZESTWA. EidWz,
FH LT 2 U 18] 35 2% o0 U 4 1] 23 2R 0 3

BD2%EDTHLEDTH L™,

¥ 72 )k & O J5A

BEICEFTREL TV ARVWRENILZVOTHS. L
ML, JEAfG A 2B L C30FE L ERGR L 2T
&, ZD50% MR FOFEAMAE AR L TB Y, 14

WCHIEIRX L T 5.

H5) FHEOLDPTo o HARDFEMEL R & L 72 F Il
W B S 2 B DEBHERRICL L LKID X

I ERRLE STV,
(2Bl E D B89 & 7R

JELAil i T 1 A HE D BRI B = — XU X ) R Pesd

LNAHDT, TOHWEZNLWE) 7259,

L

L, E<HRTARS BT LEHSDVIERICEZ VD
Thbh TITINEZEHLTASE, FEfiHEO

FHEWNE LTKRODDOBEITFONS.
(a)a X rEEFEHDORIE (C)
I A bEES g,

BV, KBS IT

_4_

F3 JEUl A 2 B S A gl 0 SERERR AT R

20084 | 20124F | 20164
e M1 2 BRA | 66% 70% 66 %
JAFED A 2 PR | 31% 26% 33%
Z DA 3% 4 % 1%
ARl £ 110 79 100

bHLENOMOTEHERIETHS. ZD-DI2IF
Bz LL, NAFIANE2BRITRETH5S.
(b)RMEDNRE (Q)

mE DT T IWATKEB S A IR ERG BN B
FAREAARIZEDHDTH D, L oT, JFfid
L &0 5 H A 2 O LT L i 0K E
%zﬁ)@f&) 67366)‘
W6) FAMMEICEI2H BEROREKNZ b DIEBR,

CR, DRTH 5. FHOLIWITo 2 EERED I DD
BR, CR, DR%ZIEHIThE L < i L T 2 D
A #20084F, 20124F, 20164E A O FEHHIZFE 4
EH)THhL. NIV VFNLIFFITHL CFEML
TVBEENRLVEITVZRVESS.

E4 WHEREIEICRL CEIL T b ER0HE
s E A
WAL S e | e | ow
B 28% | 26% | 37%
TR BT B 26% 29% 46%
PN e 33% 37% 57%
IR 35% | 44% | 64%
B 7% | 51% | 61%
A st | 86 | 80

(cFRAFEHAMDIER (D)

C AU PAFE R A NG B & IS A I B & R L,
PAFE R ORRIER P HE > Ta ¥ L ¥ MICJE
filifx 247\, B HEMZREIEL 2 L12XD
WHEE 5.

(d)E EFIZE DRER

CNDPFERFTORBOLETHY, 3, M
THHRMORNLDH 720 M (AR O
WREMEREIZTRETH . ZO7DITITR MR,
sofifi, Woest, JEUl, IRk & BRI A EE
Eb.

(eFARAFE DR

AU R A, PAFERETE ORET) & BBk



KYBH#k #58% 2019—4

JGAT A WAL T — 2 D& b L, PR TRE Ny 7
DHRNWERFEL /RTINS ZRIE SELLEND 5.
Z0H b, (a)~(c), ThbHCQDIIHKIED IR
MmO ELZBWHTH Y, (a)~(eNIIL D JFUlfif>
BHOELHWNTHA.
INSDOHMDP R END LIFFITE L ORYHE
PR SN LD, ERDDIEIERIFDLEHITH 5.

x5 MM X 2 HIFERR

(a)BAF M O EHG - HELE OB, &4 20 —%H
CISTON TR N

(b)BFE T DIt Z o 1, AR -

() A By - 45 BREAT O B FE At

(dRAEERN D HHE - B AE 5L - iGEL
(eMEFRIE (LEEHROATF - A, ITIL - oTILH)
DARAE

T
E R LEOHEE
A EABE - AR - BEORE
2% -BERM - BERSEORE
ﬁ” -BERMG - BEFEEORE
! =I
$ BT
B Bl BRI TF— LR
%§ - FRISEEA B ORE
= - AR RO RS BRI
o MAHE%
| - EAERI ) R TR RER
t ’I
B B
" | i = |
8
z | | BMENERMEDRE |
En
B
B BiEsE RS
g > RiEsE RS
7
| EAREORE |
|
1
I | PEBRES BORE |
|
|
BiEsERMED
% PRI HEES B A DM
=n =I
| | EARE Bl |
24
B[ memsrmsomm |
&
B
BiESLE %

= REASERMmE

| EAWBEORE |
I

3. EMitEDEDSH

C CTIHIAFEO FEAM A 2 g L CEDEE R
BHCREL TR X 9. FoREEEI O KT 2%
NEIK2D L5 ThHA.
OB BEEXREDEE

S TRAMERFHEICEOSEHF I LT M
HEPL L CTHAREMEEZIED, Bk & SREE O FFAf
ZAT) . NATIUIFF T HEZ B D A A 723
AR RE R L, #EL TR EEELHEET 5.
QO REMREBRREDES

PERDILELTIZ Z DIEBEOWELIEL L TV R0 As,
CITIEZOEZEM2LLIY H1F72. O FIHE)IX
K2R L7 oz, O - hHED
TARRLEMHEO G LRIEFEDOIETH 5.
QIBEERETERREDES)

B SR ET A (AR R AT R I R AR U 12 D

»|

71
| TR BORE |
|
|
BEREREHED
TR T~OMEH L o
I 1
| MR- Al | i
| a
[ HMcETINEREFORRE | L
D
&

B RSE R %
= REASEREE

Yes

|
| B O RIEE |

>

|

| BEERED |
[

| BRE RIS 0 R |

BRSE RIS
= REASERME

| 1580 WiSRA |
I

| HEOBABYMTOREEY |
I

| ERRMDEE |

HEYHE — > BHOREHMHE —>e— &

=
=

BRRRERIEEF
= RESERm%E

«— BEHOmEE

| EEREOHE |

X2 JsUfi i & B E

_5_



JE i Wi D 2T - D T5

XMEMBRET R A ER L, SN CHIFHEHEEDSE
KT & 2 a2 AT 9. TR I C VSRl TR 2
L, BEISERTREZ S ISEAEZEETS.
L THClE H A2 R0 H BRI 3R A o0 FE BT ReME: % fifE
LT, BLEZNIROBRHET.
@OEARFZETERBEDES)

PeE U 7 FEAHE A 2 rh A B B 0B o0 H A B 12 3K
DERERFFIREZMER L, N CHSSHAEH D
FERTE BRI 24T S . Rl C IS R A A
L, HEMERTRESR SIEEAEEZEET 5.
FIE I 1 HAEFIZE 3 R B AR R O B Rtk %
AL T, BLERIITRDERIZE .
OFFMERETERBEDES)

FEAHERE & T LB RE B oo H L EU 12 30 & B
RATRE R L, SN TSGR R DSER T &
B0 24T . A IR HE U A R A
L, HEMERWTiESZ S ITHEEAMZIET 5.
FIZE I 1 BRI R BRI R O B etk %
MEALT, BLERIITKRDERIZ T
OIS LEMERFEDES

Rpese L7z BRI 36D &, BLE M TG B % 17
W, ZNTHIFERRENEE HEEASER T & 5 0 2
AT . A CIl RN A2 L, HEEASER
TREZ OISR Z ML T 5. FIAETHI Tl HEEF)
L HEARHOEBR TR L MEL T, RLE
UK OB Rt T
OREMERENERFEDES

filesg L 72 B AL AR 0O T ISR 8 JEUA & P L T3
EIGE) R BT 4. L FERC, BB REA O
A DWERATH LT, EBREMAFRE L, R
R & DTN L, 28 o JFUl % Pt g
T5.

ORERTEERFEDES

BREDBEOY 75 4 F = — ViGH) b G410 o &
PHICE®D, ZOFHNGETREPEIITHEROR
WA 505, FEHEIINLEFD, £EDOFTAL THA
NV AAPMELTEHIREEZLEZTNS.

4. £EH
JEAMG A 1% H A CREA: L7228 L & A4 7 0 JBUlisE

HTHY, WHAMICERLTETWS. 2O,

FERDBEAERLDY, WE [FE4EL T BEAG] <,
T [5AETAEM] ICEH LS THo720
WAL, R S [PeES B EM ] 12

HL7ZEHTHLZIETHD., ZZHHEIHND 5.
F72, 2o [ (I EEEM 2T Tidk <,
PFS R ETE, MW - Wi, W5 - - AEEE
A, BIZFZ—HF—DfEHI AN - BEFEIANET
ate. TITRAW LA X 52EHTH 5.
COEMAEIZAED = — X2 o TREL, K
MEFOFEIIC L & F 59, B BRSO A4
NEFELTWD. O X9 2 A XV R
iR, MU, HEREO P LS DIk

%9,

CORKERMNVYFEBEZ2ET, TAIET
EHFIHEL TORRITNE RS\, F0729D
Wi, BAFEREETE R IR A I O HEHE B b B T A
7w 71%, FTEMBD2AZANTHY, 220, Al
WEZONLATRITNELL RV, ZOZ &I,
VE® AR 16 H % & El R O AL 2 7o o
LANWVEZTOLRLVETHDDL IR ERT 5.

C DA D F A OE BB LA G Rk,  EUE R
EMEHTEL LT HRELEHL. 9 Likdh
W MEAIRAKD I A M 2AEAMT] 2EI2h50
ThHhb.

2 £ X #®

1) HrRERE @ EAG A O PG & FEik, T geRk A,
19954F

2) SL. Ansari: J.E. Bell and the CAM-1 Target
cost core group, "Target costing”, Mc Graw
Hill, 19974F

3) HE=+4m: 3y A7 200%, 54
X & ¥ F£E20024F

4) JM. Morgan & J.K. Liker: “The TOYOTA
Product Development System®, Productivity
Press 2006, b3 ¥ ®BHEY A7 24 (R
KR, ¥4 vEY P 20024F

5) LR, HfEEE, Py KRR VE
v N7 v 7, HARVEW, 20074

6) Jim Rains: “Target Cost Management”, CRC
Press, 20114E

7) HRERE ¢ A & B E, s AL,
20154F

8) /IBRBESE 1 Fflifcm & Iy DTy V=T b,
FruRR AL, 20174F



KYBH#k #58% 2019—4

R A
>

K EBEAE RS

ok — Ik
- J
B SR S DIRERFR A L, 7 2 7 A

FIAFLIK, CA NV RYTRR=V R TE
Vo 7R Y THEOEBICERE L TV 5. ¥R
DO—LRTIIMER ¥ 7T ORI Z X5 X T 2
ERAE U CHFZE 2 D TV 575, MBI 2R >~ THfe
o EEBIRET 7202, FNTE OB EL D LT
AR THD. EEALD 72 DI R DT I
Mz T, EVEHRRIESIT ARG - LEHET
WERZRB LT R 52005, ZUZ—5H
DHEDTIZZ KK E BEHZ2ET 5.

Z TR OFRNTHAM &2 B EAITHLY AN 5 7z
D, 201745 A2 520184 4 H £ C, MEHERT L v
TLNVOFEM %A T 5 KREORFENRGE S L7z
ZDiE ' ZT 724 O TOWIGEE, LA LR
REBNTHEEDZ LT ORERA TN,
MRORIMmEM 2 FRLEELEETH LI LR,
KRR OF AN SOBRM LD Y, BELZRE
TAHIZES T,

AR TR TORER T WO T 5.

2. RME

Wi EIE~O/NS R IFE L, AR, B2
DEEL WS o REBARZEIAZ TORMEL % 5 7295,
KEFIFEEIZHKYB Americas Corporation (BLF
KAC) $CTHTITTAHEICH -2/, BAEH
DI DEREMN 22 THIENTE, SHEDA
DREBALIFIICHK T2 L3 TE2. —F
INS BRI TH o727 A ) A TOREAFIZE V)
&, REOHBHETELIEALL LMEITHHT A
A =T 5T EER, EBIIRED LETI055E
CHEEN TR ICEI B L, BH XY 3 VIZiho
THEBRIRLZEHEDDL L VST, FEFIZTH T —<
YA T BEEATANTH T E—, HRTO
BREEERECE)DIIAEHMRKTH Y, HELLMRK
BIIEFIZT =V R IA FRBEETH 72, hER
A UF, TIUN, F—av R KELEEA REED

FERD20%FEEE Lo 2wy, Lad SHEI A
PHEEANBAN T B0, HAPSKZMLZD
—ATLH»%RL, L2 54558 & OFkv B
#TAHILLLVEE, TAR LZITFANLN.
WEZEAT IIERALIAMICH AR AN, F L TRKYBOHH
HEEBLT, BHHOEE 720, KR
DOBBNIFEHTTEHHDELEE L L o TWiz2s,
FES) FLEE T LA BEBER I = —Y 3
JEPENBHDOT, HorWHMIMEL LT L
WCTE7 (BE1,2). LML, ThsEbhr
SREMINZEE LT TN EANRERERIZAR
BLOIEN, BHRKTRPFEL D SETICALNT
W2 ERLOBRYLTHD I EbhD, FEFIC

FE?2 ERMICT

_7_



KN BEAE D

B ER b I o222 BVWHY. 7Y 7 AR
FAERI D LELRONE EIZHWTWAS, D
ARG EELEbmbh, LR
TDOTERWELINEEZDL. DFHLTH,
FETELZVHRUS, T DFEFEEMEL N
LW ERREETH .

3. KETOME

MRS, KR¥ETEGLLHhnwI EiErh T
Holizd, PRNIZEERFEEEDTI 22—
VardROoN. FiRO@EY), EFEICHFO R
WEMSE R & & H o SCE %2 Lo TR LT
L ICER OO 220%, MAFEE) ICKFHEIED D

b %L, BRPRIFVIERTHETENY) TH o /2.

EZAN, TNDVEIHNIDEML T2 EGELI D D
Lo DiEbbbDizo7., mMIEERI L {fEb
L2 TH, —ABGHHL TS LU S DED
L5070, MFLHML X5 LEDTINT, &HEMN
WIEEFEP Y 2> TLE). ToZ&id [IELw
WEEERFE LWL R ETE W] 2w [HER
Lo TV ESTEXTHo72. BEHL
HRADIZEAEEZFUA A=V 2B TWED
TIERWEAH P, FEFEIITELREOSEE LTE
HRaAIar—vary—NVIHwWLNEDE, Bn
WHNIERL Y 2 AF ¥ —, FORELRETHE
BHEATELIEZMA I LN TELDIX, %

O, AEGZ A ETHIRFICKRE Tz 2721,

ZUZFace to FacelREDFETH Y, TLEYF—
YarvhEDLTR) T4 VIR AZ VTR E
DIFENORY S 2 WD TRIR L7222 & RHTMA
TBL.

I/, LI 2= =T a NS X H I
RABEALBEIND 2. FOVEOWELEDT
U7y yaftVEROESTHS. FERIAAL
HOOHLEGHICHED 2D ->TBY, 06502
& AEMTIIEBY) T EICHER R E TENTNn
HEHDL LWHEAETH - 72, ZORE, #H2Y5 8 Dot
OEMIE—WEZ L) E L, BN
AL T Mew, T2 (Bik) 27HY 045
B2 ERHOFEERBNILTLANDLIOATH S, 2
TR, HELDOLEE S8 BeERD
WCONTHENE b TWns iz, FELBLIEBHEW
OPMEBEELTBY, BOPELZEEICEESE
xhoTwah, 2F ), HILYERTHBRE W
HURZZ0RERELBOWTHAT A LIXHES
NaL, IA—HGDHES 2R E S5 2 725812
HLTHOELER - RTNELEO LW E2HEL
TWbDE., ZNHMORELROIZEERH &, —Fil

HE LTIHEFITERSZ 2T 72, 1En12s o TIXEM
M7V ETOATE 5 7200 L nwas, Hiffi~O &
BRI~ A Y FEEZBI2H5THY, H
SOMBTLEMICH LT, IYEWTaT oy
VaFERE Lo TRDHMATH L LI HD 72
HEHTH - 7.

4. E—J

LTy AL 35 & RFAEFICHENYeA, H
RiFFAELEBEI T2, BRI T-720
T5EHIC%h o7 (BHE3)., PloTHELBEY
BRAIAT - 728 &ITIE, HARL &) fbhngH o7
HIyM, B LKLY, WRAO—HIZE =P
MWNEFHAZFZECHLT, [BlEE—=VrLshwn
D? ] EHERTH I HLILHDPRYILTONTHE
DTESTLEo7. FOHLEIIZDOHII VWA Y
NOEOZETII] L, AAGITFEBFEL 2o
THATE, £ HAREEDLLRWERKTIIH
WEKEEZT. bRA—REEHBICTH ) —
WATZ ) | ] o/ ?Zs, 2H5HHARTIER
CARVEETH 5.

BIEEDRY L2205, BREE, MILWVITBIH
ZROCOPIFETH Y, FFITE—IVIIEHD 2\,
TAVAHDE =V EWVZIIN T A F—%HEIh
LHNE0D LNewds, EIZFNRDINCL T £
VATIRE-VORMBEIEEICH-> T (BHEH4),
W72 L DRVER 28 LTl L BRI HkEk L 72
D, BIE (BE5) THAZE—LE2HEETZ008
T A HEFEDOELAD—DTH o7z,

—EBTE— VL VosTHRIIBBAADZE, T
Va—VigEELEFEETHTHY, B Dhhoikh
MEDIEFICRZ V., 7T — LIEEE10%HE 2 D5k F
BE—NVICHEZTOB T A ) I %5 TIEORWE
WHITHE., TS5 — LR TH DU BE
DLV, M HICKACEEBD HH 5%
2 CIAEW7-IPA (India Pale Ale) T®» %. IPAIZ
Ty TEREIHEHLUESNI =V - VTH
D, LICEAZBRBOFR Yy TOFY R, WhEEh

.
BH3 SAXICT

_8_



KYBH#k #58% 2019—4

PRELBREZ Il bBVWLETHE. HAD
V=2 hwnwA Y7 b OHLHEKRTH Y, Fhi
WZIHARD D PNEDTHANIBEIDTEX SbIFTIE

WA, E— A& ), FRISEARICESZREL
BZHIGRFE-EBRLTEE 2w, ) o/
L2V DETIV—b—2Thb. THLHIRMOTT
AN A REBNTEZIZLANT VOJERB»SEID S
NTRAZE—=NVTH DY, DREHFATHIZTS L9
%o lz. IPALITHERNT, HAZIIEHTD
WAL Y VOREEHCTWL 720, K MiED
BT REKDBIIONIZIADY), BEERDToED LT
TIHEEIKARLT VO TH 5. JFICB)ETHE
T hE, FTIAIATAAFT LY IDPRZOLNT
BEXN, XDV —RB7V—F 1 —&PHL, ZOIE
FELODDL, ZDOTN—L—VIZE—VIFED
HZEHHEAATHAHD, E—UBETFE VI JIC

bRFEBEDO LI VEMTH 5.

5. 4Ly b

7 A A OREHRRILE W ZAIN T N—= R A
T—%, Ny I7yu—FFr A4, 7574 NK
FE (TAVATRIVYF 754 LEEND) 7
EWFITFONDD, ST A%, INHITIKEEC
Bl 3HAAE—VIZEITLIZEHFTY
v, L, TOXH%T A ORAEE TR
LTWB ERIZHES>TL HDP,

HOOHREITH 5.

HARIZWZEP SERICED VIO TV ARITH 5
M, TAVAITHELT2 7 HLLARW) BICHS
DD ZAL L TV B Z LG DO0n. &
FTHRALBVIRE LTRIF W2 LWHETH
BH, TAVATEIHGZMESELFVIRPEV
oMY, —BERLTYA Ty M)A

NERZIE->TY Y TNVT, £F5@TaxFrrrs
MR 7=, FADYHEA TV 20T 13 B# 2 FHEHT TR %S
B, Kb ICE->THELMERY. YaF
YRR EOHGDORDO A A —VITiHo THAR &
BRGFH L7228, 1650 7272 FIc# L wEabin & ke
WCHEbNT, WIS DHG DR X =T L)
N TWEZERWH-72. L 2ABPADEKIT L
TETWAHIDT, YVaFrronziEhabRIC
RAVGEN L FEEDSIED, A > T 7,
Wik B SMRDIFT A Ty V27208, Bkl
PROTELRUIILY, EHILXEVEELS X
o TE TALD BITEKEIZ S ZL S
DL E, 3IFA Ty FHPELLTL L ID R
W, Va¥Xrrsianzg, HERT/S—= MOV AT
L AIRD, BRMICIGEICY a ¥y 7 4H, 1
FU3HEBHI Ay MIZEILE L) IZR->TW
7o, HERD OHED S THEFIZF A Ty MIEIIL
10kgit S DRI Z 7 A Y AIZEBWTRA I ENRNTE
72OTHh5BH. LL, BELIIEALVWLOT,
ELTLIED %) BIZZED10kgld HARTHT
ENTLE 7DD

LB A Y MIVWWHETLDTHo72blT
TWE%Ww., HERTHZFHITHAHD, YVaFrrwn
iémiﬁﬁm’ﬂfﬁb%wf%atb,%ﬁﬁ
AT TIVICHEBT LU REMEDD 5.

AR FHA TS DRI PITBVRNT b
DD H725 9 H. e EHRITINF TRER
Whrpolz, BIRLTHE 2w, HRTNT /8= |
Y TYaFrr2LTwb e, EREFTORNK
PRPLRPIHB LTI HE SN TL b5, ZDOK
BHoWwIHMICE®RELD, EOLHITKRY N
T A, bBEIZFVPIZYa Xy 7 TRYRELZE
HNCHER®HAH) Lk FULZ L I3HEL W EESZ
5. FOLEDRIBLEITEEAI P, FAD
Y%t REEZROT—HFRADPL L NTH S ) B
LML TLTHNDHEAR, RELEPSLH,
TVERSLEREVLTWAFIWE. ZONXERE R
TPAAIZESTIE, TATEBHO—-ITNDLHT
HoT212A9.

MIBLTHE 2V, BOEYZ2YaFrrLTwn
5L, BEC—HORBDHEA TS, [EFE Lz
DEIWETLL, DLIILADERDTT IR

_9_



KN BEAE D

CEEVRIT L) ET5. FORKE, HIORURAA
TLBDEFHOTIH N 1miEl HAH ) K&K
fi. BEICAUIIEATEB Y, BICREH SNz Z0%
FEWTFREZHFIFLICEL2DOTHS. LirL, £
MRSV ZIZE DR BN BRoND,
W L o chaE RO L L) &
EONWTL b, ZOLEDLILRLE)ITLHESLD
. RAOWH, BOBKREAEKRLTEHETEIN A LD
EH, ZOHIWAEENTH -7z, FORICFHEDLZ
TG SAOTHGE) TH S,
RETHIIET L 02 BB2TLEEDLDH 55
L, ZOX) RRBREEHROMIIE > TIET 2
HAEFEZBOHT ) 2 TRPELEVEOTHY), B
WHIEZ LR RE—-ZATH 5.

6. IRIT

TV — FRT —EHEESHEIIBINT 5720, 70
TMENBBEEDDHY), o ZDTHHZF]
HLCBOELZ, 7oy Mg+ vt - 74 R
=== F—=F )=
el DT === pbFELVE—F, FET4
FHEY Y= EVRDHY, TRA)ATHLHEOBOG
WTHb TORTRIFINIZDIEF—T7 AT
HH. F—IIAMITA)AKREROET, 71
) FPEEPSH T3~ 4BRIZEES 2D 5.
izt C, HEO LD 2 FRAINE .
FHIZRIHFCEAIRL U (TR A%
TVY—H) RF—TTXMIEH, SNV LEEE
SZELET—FAN ANI VT ANESLLTW
7oFK GRIEREWEEE LTAM, BHE6) RENDH
D, SUVAR=I%RELTESL. LrL, £Y40
HWZZFoERIHD, 70 FEEPLF—T T
A MFETEBEAZBEIBEIEL->TBY, REOFK
B 7Tr<A VT y VEREh (BET7), 20
HOBYERYT <AV Fllkm) 5. D EIC
BFoN7AEG0r 0 R 2 5 58UE, WETHR) O X
TNV RKDWNRZFORTTEERDY, BLEPCMIC
LELNLIFIEDMBELDTH AL, FinzBHIk

— = &

BIN)r—2 (A=) OEBEE 72720, Z0
BIRIZFERZLEZAEZAEHS> TS, TNTHH
AKTIEBHIZOND Z EDTE 2 WEASIZIKE) L 72,
TAYHIZRTE oz BB THh - 7-.

= N

— iy A
BE7 k7 Uy<ANVTY oY

B

7. BbHUIC

SRl OMWINRE N TORIBIDZR L, HHAED
GbhnEE, LEEGIC-H-HEZEIITHA
ol FEICHABHRLBBETH -7z, Bk
L, B ORBAENRVIEED LD, HHDON
RUTH LB B3 AR E Lk b K
LA, Zi8E, ZWHhzEEWREDNGE SR,
BE R o>THR— LT NAZKACEER®
Tk, TOX)REEEE 2 TS NZERERNMIZ,
M A2 BREY LTELHLBE L RF 5.

R —m

20084 AFE. Bl A R R AR BT F
TR BAMTEE. WER > 7
DWFFEBRTE % ©H DN IREY B& 5 B
SR HETE.



KYBH# #58% 2019—4

-
- e,

{ pimEe 3

-
Cmmm-

SANIV T H5iEmET BT DR

Development for Analytical Technology of Shock Absorber Valve Characteristics

¥ & K
SANO Yuta

= =

EEOHBEMR Y 3 vy 2 77— (LT,
SA) ZBwTi, HEHEOKRT 1 BRI SR
ENBMEMICHDZEHNS, LETE D /NS WIRE)
(D RFT) DI - 72BN s a ~
PO—VTBHIENRRDODLNTE TN,

Z ZTAMETIX, SAOBERIBHO—2TH S
YA NNV T RRRIZ, KERICBU AMETTO
A OMEZHIEL TV A, 2072, ¥X b
YNV T BARTORREREZITV, WEIEE~ND
AT OB R A L 2.

Al 7E H 3 2 AR o0 I B A T i e ) s Ik
FIZNS L, EBHBEL L TOSNEPE WD,
RAETTOREEZMB T Z EARETH 72
CC, EBGHEEICED QERERICH S, kRt

WM FEZEMN T2 2 & TRAEDZELZIRL,

i ateioe SR REE & OBIfR R L 72,

S, ZOBCRE TN GRS 5 2 &
T, EHEBICBIT S E R b 223V T ORREH OfE
VNS,

Abstract

Recently, the tendency of automobiles to be de-
signed to have a stiffer body makes shock absorb-
ers (SA) get small vibrations, which has a low
speed stroke behavior, more frequently than be-
fore. Thus, SA is required to have more exquisite
damping force control against the small vibration.

Therefore, this research aims to develop a hy-
draulic force controlling technology for piston
valve of the SA at low speed. An element test on
piston valves alone has been conducted to investi-
gate how the hydraulic characteristics are affected
by variable design parameters.

However, this experimental condition at the tar-
get low speed domain made a very low damping
force and had an unfavorable signal noise rate,
and it caused a big issue where the investigation
couldn’t clarify the relationship between the piston
valve design and hydraulic characteristics. Then,
a new analyzing procedure with a statistical point
of view was added to the orthogonal experiment
based on the Design of Experiment for eliminating
the effect of noise and understanding the relation-
ship.

Hereafter, in this research, there are plans to
develop piston valve design technology at low
speed domain by applying this result to analysis
technology.
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Double Hydraulic Stop (DHS) Suspension

Javier Lizarraga Senar

. Introduction

From a physical point of view, vehicle
suspensions are characterized by their stiffness
and damping. Since the beginning of the
automobile industry, these two parameters have
been adapted to provide the best driving
experience according to the market standards on
each moment. In general, their optimal design is
defined as a compromise between ride comfort
and handling. As they are involved in the car
performance not only for vertical movement, but
also for roll, yaw and pitch behavior, the best
setting changes from one driving condition to
another.

Many developments have been carried out to
find and improved compromise between stiffness
and damping such as air suspension,
hydropneumatic suspension or semi-active
dampers. All these technologies are focused on
improving the standard passive suspension by
better adapting suspension stiffness or/and
damping to the vehicle instantaneous demands. To
do so, they use a common architecture where a
certain combination of sensors, ECUs and
actuators is essential, adding cost and complexity
to vehicle suspension. As a result, these systems
are frequently being relegated to the higher
vehicle trim levels, or even disappearing from the
market.

In the last years, KYB has faced this subject
from a different perspective. KYB's proposal is an
enhanced passive suspension that respects the
simplicity and effectiveness of standard
suspension, boosting its performance at an
affordable cost.

Double Hydraulic Stop suspension concept

The Double Hydraulic Stop (DHS) suspension
is based on providing the right blend of stiffness
and damping throughout the full suspension
travel.

As shown in Fig. 1, the standard passive
suspension is composed of elastic and damping
components. The suspension spring, the stabilizer
bar, the bumper, the rebound stop and the rubber
bushings could be classified as elastic parts. Apart
from the limited rubber viscous damping, the
shock absorber is the only damping component in
car suspension. Whenever the vehicle rides, the
kinetic energy induced by the road or driver
actions is stored by the elastic components and
dissipated, mainly, by the shock absorber.

Force

v
_—— |

Suspension travel

B3

|| REBOUND STOP |

| BUMPER | | SPRING

v

Top mount /"\\‘
Bushings -
Rebound stop Un;parsl;ng

Suspension
spring

Shock absorber

Fig. 1

Il7# Sprung Mass

)

Quarter-car suspension model (lumped param-
eters). Elastic and damping components in a
standard passive suspension and their function
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The spring is the main elastic component in
suspension, being responsible for supporting the
sprung mass (vehicle body, frame, passengers...)
and defining the ride frequency as a relation
between its stiffness (k, in the quarter-car model,
and the slope of red line in Fig. 2) and the sprung
mass (m, in the quarter-car model). The ride
frequency is a decisive parameter that establishes
the frequency of the sprung mass vertical
movements, that is directly related to the
handling/comfort compromise.

The shock absorber, as it is the main energy
dissipating element, will control the sprung mass
oscillations decay after each disturbance. The
right amount of damping (C, in the quarter-car
model) to be added is a function of the sprung
weight, the spring rate and the desired
performance for each suspension velocity range. A
dimensionless parameter, named damping ratio, is
defined to describe the oscillations decay pattern.
As shown in Fig. 2, a damping ratio of 1 means
that the suspension is critically damped and its
response will be the fastest without overshoot.
Values close to this level are chosen for low
velocity oscillations, which are associated with
handling. Low damping ratios will provide a fast
and underdamped response, well adapted to
provide comfort and usually chosen for medium
and high suspension velocities.

Elastic
Force

‘ Frs':i::ncy

High damping ratio
(handiing)

Velocity
— Standard Shock Absorber

o
pa

ENERGY STORAGE

ENERGY DISSIPATION

-
S
-

=0
/ sri=025
AT (Under damped)

/ fian

Steady-sate

NN L 40 (Eritically damped)
e 15 (Overdamped)

Fig. 2 Roll of suspension spring and shock absorber
in damping ratio definition

The suspension is now perfectly balanced
whenever it works around its reference position.
However, neither the spring nor the shock
absorber are capable to adapt their response in
the surroundings of the suspension stroke ends,
where and additional effort is required to avoid

impacts and noise.

The standard solution for this issue is to
incorporate two new elastic components, the
rebound stop for extension and the bumper for
compression. They will reduce suspension travel
velocity as it reaches its stroke end, but the
energy in excess will be fully stored and
subsequently released leading to discomfort and
too many oscillations before settling. In addition,
as these components are not velocity sensitive,
they cannot guarantee an optimal performance at
high suspension travel speeds, still allowing
undesired noise and acceleration peaks.

In Fig. 3, this is analyzed in terms of damping
ratio. The spring elastic curve (red graph) has
been reinforced in the surroundings of each stroke
end. However, the response type of the shock
absorber subjected to a sinusoidal oscillation (blue
graph) shows a decrease in damping capability,
linked to travel speed reduction in the stroke ends
surroundings. The stiffness increment along with
damping decline, conducts to an undesired
damping ratio decrease that will degrade
suspension performance.

L REEotn — Standard Shock Absorber

Force STOP

BUMPER

€=0.05 £20.25 £=0.05

Damping Force

C

U R

Displacement

Displacement

ENERGY STORAGE
ENERGY DISSIPATION

= Elasto-kinematic curve
~ Suspension Spring

Fig. 3 Damping ratio change in the surroundings of
the stroke ends after bumper and rebound
stop incorporation

The damping ratio approach is very useful to
understand DHS philosophy. DHS function has
been added to a standard damping cycle in Fig. 4

(blue graph). The DHS shock absorber includes
two subsystems, one focused on smoothening the
extension stroke ends (Hydraulic Rebound Stop,
HRS) and the other acting for compression stroke
ends (Hydraulic Compression Stop, HCS). Both of
them are able to progressively reinforce damping
capability as the stroke ends are reached,
accommodating their response to the movement
velocity. The elastic curve (red graph) has also
been modified in order to lower the bumper and
rebound stop contributions. As a result, the
desired damping ratio is kept along the entire
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stroke length, minimizing suspension oscillations
with an improved ride comfort. As DHS is mainly
based on damping, it is fully capable to manage
high velocity stroke ends.

Elastic SOFTERREBOUND
Force STOP
SHORTERISOFTER
BUMPER

£=0.25

Displacement

ENERGY STORAGE

— DHS ela:
~ Elasto
Suspension Spring

ENERGY DISSIPATION

— DHS Shock Absorber

Fig. 4 Damping ratio improvement after including
DHS concept and the adjustment of bumper
and rebound stop

DHS architecture: HCS & HRS

As mentioned before, DHS is integrated by the
Hydraulic Compression Stop (HCS), a first
subsystem devoted to control compression stroke
ends, and the Hydraulic Rebound Stop (HRS), a
second subsystem dedicated to improve extension
stroke ends. Both are passive systems that are
installed inside the shock absorber body, as
displayed in Fig. 5. A standard shock absorber
equipped with DHS will generate the force-
displacement curve shown below, characterized
by an additional energy dissipation capability that
builds progressively as both stroke ends are
reached. HCS and HRS will be analyzed separately
in the following paragraphs.

Damping
Force

Displacement

— Standard Shock Absorber
= Standard Shock Absorber + DHS

Fig. 5 HCS and HRS installation in the shock absorb-
er and sample of function

n DHS subsystems: HCS description

HCS is a damping-based fully dissipative device
that is intended to work together with a simplified
bumper version. It offers a tunable progressivity
with suspension stroke to provide a dissipative

bumper-like function. The simplified bumper will
still be responsible for managing the last
millimeters of compression stroke, to avoid the
risk of a damping lack when the stroke end is
reached slowly. HCS has been conceived to work
in parallel with the main shock absorber
components and flows, without altering them and
respecting the main damping law.

As shown in Fig. 6, HCS is partially installed on
the piston rod and mainly placed in the bottom of
the inner tube. Once the shock absorber is
compressed enough to overlap the HCS plunger
with the HCS tube, the shock absorber
compression chamber is divided in two portions.
The outer one, delimited by the plunger, the HCS
tube, the shock absorber inner tube and the HCS
base valve, is named HCS chamber.

Adapted Piston

HCS Plunger

HCS Tube

HCS Base Valve

HCS Valve

Fig. 6 HCS: installation, construction and components
description

As the shock absorber is further compressed,
the pressure in HCS chamber rises. The trapped
oil has two possible paths to reach the original
compression chamber and join the main shock
absorber’s oil flow: a group of orifices practiced in
the plunger and through the HCS valve (see Fig.
7), which is preloaded to operate as a pressure
relief valve. In consequence, while the pressure in
HCS chamber doesn’t exceed the relief pressure,
the oil will be forced to flow through the plunger
orifices. These passages are gradually closed by
the HCS tube as the shock absorber is
compressed, bringing an additional pressure
increment. The HCS pressure raise is limited to
the preset relief pressure of HCS valve, which will
open to allow the oil quitting the HCS chamber
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easily. This condition is normally reached at the
end of the compression stroke, allowing the
plunger orifices to control the HCS force increase
with stroke, while the HCS valve is responsible for
regulating the maximum force at each
compression velocity.

= MAIN DAMPER FLOW

— HCS FLOW Damping

Force

Displacement

HCS TRANSITION REGION

* The volume of the new chamber
decreases, gradually increasing its
inner pressure

+ The cil flows through a range of
variable passages

Fig. 7 HCS working principle and flow distribution

The working principle described above has the
advantage of limiting the maximum HCS force
even for the high compression velocities registered
in suspension during normal driving. Moreover,
the high preload/stiffness ratio used for HCS valve
provides high damping force at low velocity while
keeps it moderate at high velocity.

Damping Force

<« HCS STROKE | ' |tz

Stroke

Fig. 8 HCS function: tunability options

As summarized in Fig. 8, HCS is a highly
tunable technology. Apart from system stroke and
maximum force, HCS progressivity, preload and
dependence on velocity can be tuned.
Progressivity is defined by the chosen sequence of
plunger orifices. HCS preload and force gain with
velocity increase are adjusted with the assembly
deformation of HCS valve and its stiffness
respectively.

DHS subsystems: HRS description

HRS is a combination of elastic and hydraulic
device focused on replacing the conventional
mechanic rebound stop. The HRS elastic content
guarantees the function at low extension velocities,
while the hydraulic one reinforces its performance
at higher velocities, by making the system
sensitive to movement speed. Short stroke
versions are focused on noise and acceleration
peaks reduction, while long versions are also
suitable for vehicle dynamics improvement. In
that case, the dissipative content of HRS is a great
tool to improve roll and pitch control. HRS has
been conceived to work in parallel with the main
shock absorber components and flows, without
interfering with them and respecting the main
damping law.

HRS is essentially implanted in the upper area
of an inner tube that has been radially expanded
with a conical shape (see Fig. 9), comprising a
rubber stop, a spring with plastic washers and an
open segment. The system is completed with a
metallic washer assembled on the piston rod.
When the shock absorber stroke is enough to
make the rebound stop washer contact the
segment, the shock absorber rebound chamber is
divided in two sections. The upper one, that is
defined by the guide, the rod, the deformed
portion of the inner tube, the segment and the
rebound washer, is named HRS chamber.

Rubber stop
Spring upper guide
Spring lower guide

Rebound stop washer

Cal

- —]=

Fig. 9 HRS: installation, construction and components
description

As the shock absorber is further extended, the
oil in HRS chamber is compressed and its pressure
rises. The open segment counts with two kinds of
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passages to regulate this pressure build-up: the
gap between ends constitutes the main control
path, while a number of reliefs are responsible for
the force increment regulation.

Damping
Force

Displacement

I SEGMENT EVOLUTION I
0 HRS TRANSITION REGION
- 1\ + The volume of the new chamber decreases,
[ 2\ gradually increasing its inner pressure

( 7))
\\ 1 ’/// « The oil flows through a range of variable

1 passages
|

Fig. 10 HRS working principle

At the HRS entry point, the open segment rests
in the maximum diameter of the inner tube
deformation. At this position, the separation
between both segment ends is maximum and the
reliefs are fully open, allowing the oil to escape
easily from the HRS chamber. As shown in Fig.
10, the more the segment is dragged through the
conical shape of the tube expansion, the smaller
becomes the gap between segment ends and the
reliefs passage, resulting in an increased damping
force. Once the stroke end is reached, the spring
is blocked and a rubber stop deforms to filter any
eventual acceleration peak transferred to the
chassis.

HRS STROKE

Damping Force

HRS MAX. FORCE

Stroke

Fig. 11 HRS function: tunability options

Due to the more deterministic character of the
suspension extension movements compared to
compression ones, HRS needs not be as tunable as
HCS. Compression movements are induced by
road irregularities working against a high inertia

car body, thus being able to impose really high
compression velocities. On the contrary, extension
strokes are regulated by the elastic energy
released to the low inertia unsprung mass by
suspension spring, deploying predictable travels at
no so high velocity. In such a scenario, it is not
necessary to use a pressure relief device to avoid
excessive load at high velocity. As shown in Fig.
11, adjusting the stroke, the maximum force and,
eventually, the damping force build-up is enough.

n Conclusion

A new passive suspension concept has been

developed. The treatment of suspension stroke
ends provided by DHS brings a new comfort
standard to automobile industry. It is an affordable
passive solution easy to implement in no matters
which suspension architecture, and highly tunable
to match customer expectations. In fact, this is a
key factor to explain the system success, because
DHS allows to car makers offering a high class
suspension starting from the most basic trim level
of a vehicle.

A second key point is the system versatility:
DHS can be configured to create an outstanding
comfortable vehicle, or to achieve a better dynamic
performance by combining a good, well-tuned
passive shock absorber with DHS to, for instance,
compete with adaptive suspensions.

Last but not least, DHS is easily perceived by
anyone who drives the vehicle, due to the granted
smoothness and the absence of rebounds when
driving through obstacles and bad roads.

As a result, DHS is receiving a very good
acceptance from the market both, in sales and
with positive reviews from the specialized press.

Further development

DHS, as a passive hydro-mechanical device, is
also well positioned to contribute to improve semi-
active suspensions. Properly managing the
suspension stroke ends demands shock absorbers
adapting their response in few milliseconds. This
is a hard task for an electronic suspension,
because not only a fast response actuator is
required, but also the sensors and control strategy
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have to make the right decision within such a
short time interval. On the contrary, it is an easy
task for a passive system, which instantaneously
acts in a predictable and repeatable way
whenever a certain input is applied. Merging the
great potential of semi-active suspensions with the
fast passive response of DHS would boost the
system performance.

—— Author
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