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(57) Abstract: In order to provide a piston ring with high thermal conductivity, which can be used in the high thermal load environ-
ment of an engine, and which has excellent scuff resistance and abrasion resistance, by optimizing ion plating film deposition condi-
tions, the outer periphery of this piston ring is coated with a TiN film at a thickness of 10 to 60 um such that the (220) plane struc-
tural coefticient is 1.1 to 1.8 according to X-ray diffraction measurement of the surface covered by the film, and is greater than the
(111) plane structural coefficient and the (200) plane structural coefficient. Furthermore, in order to obtain excellent low friction
sliding characteristics without compromising the excellent thermal conductivity of TiN, the TiN coating is further coated with an
amorphous hard carbon film.
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EeEzfR 2 26 2253 29.1 106




WO 2012/176847 16 PCT/JP2012/065881

[0039] [k4]

3E 5 451 i Ady 7% it EE #E 1
A | AIRAEE | EEERFS | BEHEHE
MPa gm x 10%em*

EHEH 284 3.4 0.010
EhEf2 278 3.6 0.010
EHEH3 302 3.2 0.010
EhEH4 308 2.8 0.010
EEHS 280 3.3 0.010
B 245 5.4 0.010
g2 322 2.7 0.016

[0040] EMefI 1 ~5 Tl&, TiN(220) EDFHEBHREA . 18~1.75T, WFNRBTIN(111

[0041]

) EDAEBRB R OTINQO) mOMBEBREL Y B REL, REA20~54uns
BLB>THEBEEMETI VA A MNEENRADICY ZRL7E, £/ BEX
1335~1818HV, #{xE=16.6~21.4W/m - K, R v 7 FKEEE278~308MPa,
MHEEREM D BRI 2.8~3. 6 unThH o7, TMRAN v T & MERLEDE
mTIE. (MAIPZFARE—I ERIEEH I RTG4LDHBEDIED N, (220)
HNRAE—7 ERBERA[1. 2RUSDHELYBERTWE, (1THE
NERAE—Y &R B3 O XIREH/NS -V %ER6ICRY, —A, L&
5 1 DTIN(220) DAEBREAN. 8 & B A B HEIE, BEIAMEKL, LBREI2 DT
NC(111) E D REREAREL AT IN(200) E D FEBEAREL & TiN(220) E D ARBRE L W K
TWHBEIE, BICREER WMAAHy 7EPHEREICSVWTEERTL
DD, VunEEDREXTHETSE. VI AMEEMETL, RIED
BEMICL D EVWIHBRICA >/,

EHEHI 6 RV T

SUPI2M DIgM ZRAWTER M ) U &N L. KR 6 EEEHF 1 &R
. RUERRGI7 EEEA 3 ERURGET. ThENN20 unRT30 undT
INRIEZHWE L. ATEDCIREZR T, mEHICIHEME(D)73.0mn, EX (al)2.
3mm, B (h1) 1. 0mmDBEFEEDER M) > T ABUE LT, 1300ccDLELE,
BAVYYIVIVERWT, EREAI6 RCTOER NV YV TE Ny T



WO 2012/176847 17 PCT/JP2012/065881

[0042]

YTELT, B2RETOEE L. 4500 rom, 2EFOFM4TREEOT VY
VERETo, £, AV RV TEFANY VTERIGT BBEFED Y
VU ERFER L, AR BFIC/ v F U ERITIEERGETRTEIE
NTE,

EHfFI8~10

IEFRE (d)96. Omm, X (al)3.8mm, #E(h1)2, SmmDEEFETE DSUP124F R b
VYU TICERAT ERUCRGTH20 unDTINKIRZHRE L7z, EffI9 K%
C10ICDVWTIE, ZORBRELICISICKEESEAVEENICRED
HDORBIEREFERFZEEE, 7—014 0T L—FT4 2 7IC&YEN
TR unR T unKE L7z, I T, KRESEL/VWEENITKFRDH»
NoRDIBEFERREFELISKREFEDD atWUATORETHY. Si
BREDEBNIRMINKREEDHRBEFERRREICLN, KROSF A
YEYV REEMISVWCOREBEE TMERMEICBNTWS, 4d. FREE
ERERERICESEINSKKIE. HFS (Hydrogen Forward Scattering) %
ICLYBET DI ENTED, BONETINEBEEZ M) v T RUC/TiNg
BERNV) VT EZREBZAT—RAT7 )2 aVAERI Y Y VICHAAH
. EEIBK A EEEAMES (Friction Mean Effective Pressure : FMEP
) ICEYEHE L7z, CDEE, ER MV Y VT EHEENT 2BFMICIEEENSS
Vo84 xR, BEEREMTEAMES Ra) TO.2undDdD%FEAL.

EX NV Y IABEESEOXREMIIE, Ra 0.04uns Lk, £/, €hY
KUYV ITROCTAINL)VTIE, EREGI6 KRV TDEZERAKODERED) VT
EEALE, B7&, FHEICAWEEEZA+F—KX 7Y o aVllERTIY
CUDEBEICDOWIRLEBDTHD, V)4 F-b3ICHEEINE
EHERE Y —MICLYER N UBRACEBINIER NV VIBIA LT
FEICEES T BRICY ) V554 F—B3ICMb 2 EBNEZAET 5, FES
AF—X7V I aVvAERIVI VICTERIBERZAET 2ROAREKM
&, TV VOERE: 1,500 rpm, &% : 15 N-n, BEEHIRE : 90C. 5D
HCORE : 100C & L7, TINRIEDHDIZEDFNEP (EfEFI8) %1008 L&



WO 2012/176847 18 PCT/JP2012/065881

[0043]

[0044]

[0045]

XDOEREHIRG 1 O TUEINAEFMEPERS ICRY, TOER, TINREL
ICHEREFERANEERET DI EICL > T, FUEPAB~10%E LT, %
B, v TV T, AV R) VTR AILY) VTDRAK, ThEh, 6
. DRU20NICERE L 7=,

[£5]
RexmE T FMEP
R BE | me | BR | @
Cpm) { gm)
EHEFIS TiN 20 — — 100
EfEHO | EREEEREEE 1 TiN 20 99
ERF0 | EREEERERE 7 | TN 20 90

Emfl1 1RO 2

SUPI2M DIgM ZRRWTER N ) U &l L. el 1 1 13EEF9 &H
C&M. RUERMEG 1 21EREH 1 0ERALEHT, TRLENAK20undDTIN
RIEZHEBEL., ISICHIunROWTunDREFERREREZHE L,

FIEDITIRARE T, REIICHEFRE(D)73.0mm, EX(al1)2, 3mm, f&(h1)1, Omm
DREFMEDOER N )V T8 E LTz, ERBI6 RTTOER M) VT
ICDWT T2 D ERUCRBETI VI VHBRETOLER, BIC/ vx>
ZRITIELREHRTDHIIENTEL,

EMEHI1 3RV 4

EZ8mm ¢ [CEIE L7=SUP10M A 5, nEk (900C) —/RF>F > (600C)

— B — IR —INFR (900C) —/XFVF 4 (600C) —EEMk— iR — A 1
WTFYR—D LR HRIRBICEWVWT. ZEBONTYFY JLEORDLY
IC700C, 600 DS TREEZEAL T, RMKRITES2 3mn, 181, OnmODETE
WOER DM EERF LT, T T A4 NMT /=B E LT, 930C,
AR DINERTE, 60C DA A ILHICHEAT DHATIRE, 470C, 60 DBEIRT
BNLRDUBEITo, M8ICIRMOEEE FIRMIEIC & 2 BRMIEHER %
YN, BMEVYILT VYA MRICOB T 2HEOHMAKREA V5 1 b
HERIND, £/, ZOMBEILAL, BIREFTICLIYBRRKREA VS 1 b



WO 2012/176847 19 PCT/JP2012/065881

[0046]

[0047]

DIFHIZF EEEREAE LR, FHRZRIE0.8un, EERIE2.4%TH
27z, EEERMAS, ERHI6 KRV TERALLDIC. EXNVY VT HEEKFE
L. EREGI1 3IERMEG 1 &R URMG. ROEMEHIT 4I3RBAIS ALK
BT, ZhENM20unR U0 unDTINKEAFE L, FAAEDIRA2RT. B
EICIE R (d)73. 0mm, B X (a1)2.3mm, TE(h1) 1. 0nmDEFEEOE R b
)Y TEEUE L, EEHE6RVTOER NV YV TICDOWTIT2DER
CREBETIVIVEREZIT S EER. BIC/ v RV T 2BITIEHRKE
g5 ENTEL,

[8] EX b2 Vv T#EM DBREEEAE

ERA MDYV TRMOBEERE, REMEKRVT 3ICDVWT, L—HF—7
Sy KRICEYRIE LR, =R 6 DSUP1248 LM D RIZER(Z3IW/m - KT
HY., EHEGI1T 3 DOSUPT0E LM DEREEZRILIN/n - KTH > 7,

= D&
1 &0

12 a0l
21 Mg

22 EvVE

31 EFEERR
32 HEF#H

33 BB

41 A1 K
51 EXbvYVT

52 ER bV

53 v UVESAF—

54 wWEAEREYT—



WO 2012/176847 20 PCT/JP2012/065881

[E5KIR1]

[E5KIR2]

[E53KIR3]

[E5K1R4]

[E53KIR5]

[E53K1R6]

[E53KIRT7]

B oK D E
ARBHEICTINREN0~60 umtZBINZEX N )V T THLT
. BIRTINRIEDHEE O XIREHAIE ICH 1T B TiN(220) EARBRE
AL 1~1.8THY, BOTINOT) EHEBGEE R OTIN(00) FmAEERE
FYEREWCEEFHETIER N Y VT,
BREVICEHOEZ MY Y TORIETINEED EIC, X 5ICH S
BEEEREREIHEINLIEEEHETIE NV VY,
BERBE2ICEHOER MV Y JICEWT, IR REFERERE
DRREMICKRESERVWIEEZRHBETIER MY VY,
FERIBE2XUFSICEBBOER M) Y JICHEWT, FIELHFRERER
REEN0.5~10unDEETHD I EE/HHETIER M) VT,
FERE1~4OVWTFNINCRBEOER M) U JIZHEWVWT, BIZER
U TOBMN, BE%T, C:0.50~0.60, Si:1.20~1.60, M
n:0.50~0.90, Cr:0.50~0.90, FEFHFeR NI BMAFHIN S
BEMMEBELTWS I Ez2/BETHIER N Y VT,
FERE1~4OVWTFNINCRBEOER M) U JIZHEWVWT, BIZER
U TOBMN, BE%T, C:0.45~0.55, Si:0.15~0.35, M
n:0.65~0.95 Cr:0.80~1,10, V:0.15~0.25, BERAFeRUANH
AN SR EREB L TVWDIIEE/HETIEI RNV Y Y
7
BEREGICEHOEZA MV YV TZIZHEWT, BigER MY Y TOR
MM, BRIV T VYA M~ M)y o ZhICEFRR 1~1.5und
BIREEXA V14 M DRRLTVWB I EARFHBETIER N YUY

]



1/4

PCT/JP2012/065881

74

I um

/,12

11—

ge
= 4
& i
o k;
12
w
183
-
=10}
&
=
g
e
g [Q
2
E
3
3 “ .
w g 7 7 \m. -
9 \- 2 7 %
3 u % \\\ Z \ 2 -
3 W w . _ § G m,.” 5
l.w \V.\ % 5 \ - B
,.\I.-IL <XE «n.\n...o.d\uu:...n..‘xncﬂl.s.\n.m‘
T ———OOOOE RS A S R S A F S E S S IR T
—
~—

WO 2012/176847

[E41]

(arum " qure) F el e X

[E42]

[E3(a)]



2/4

WO 2012/176847
[Eg3(b)]
11
94 =
N_.. e
[Eg4]
P
21
S/
22~ ‘
(. N
»,
ey
|
[Eg5]

PCT/JP2012/065881



3/4

WO 2012/176847 PCT/JP2012/065881

[Eg6]
(111

‘g

a7

o (220)

8

N

#

= (200) .

= §

% é

< ; i

I }71 i
I W D || WO
35 43 45 50 55 & 85
20 (deg.)
[E7]
| 8
© E1 e
”’”\‘\‘_,,/ 53
\\\
™
\\




4/4

WO 2012/176847 PCT/JP2012/065881

[Ea8]

L

N

1



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/065881

A. CLASSIFICATION OF SUBJECT MATTER
F16J9/26(2006.01)1,

C23C14/06(2006.01) 1,

FO2F5/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16J9/26, C23Cl4/06, FO2F5/00

Minimum documentation searched (classitfication system followed by classification symbols)

1922-1996
1971-2012

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2012
1994-2012

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 11-230342 A (Teikoku Piston Ring Co., Ltd.), 1
Y 27 August 1999 (27.08.1999), 2=17

entire text
(Family: none)
Y JP 11-172413 A (Teikoku Piston Ring Co., Ltd.), 2=1
29 June 1999 (29.06.1999),
entire text
& US 6139022 A & EP 905419 A2
& DE 69819995 D & DE 69819995 T
Y JP 6-221436 A (Riken Corp.), 5-7
09 August 1994 (09.08.1994),
entire text
(Family: none)

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

31 July, 2012 (31.07.12)

Date of mailing of the international search report

07 August, 2012 (07.08.12)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/065881

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

05 April 1994
entire text
(Family: none)

(05.04.1994),

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y JP 2-259048 A (Riken Corp.), 5-7
19 October 1990 (19.10.19%0),
entire text
(Family: none)

Y JP 2000-337511 A (Mitsubishi Materials Corp.), 7
05 December 2000 (05.12.2000),
entire text
(Family: none)

A JP 2009-299142 A (NTN Corp.), 1-7
24 December 2009 (24.12.2009),
entire text
(Family: none)

A JP 6-346224 A (Teikoku Piston Ring Co., Ltd.), 1-7
20 December 1994 (20.12.1994),
entire text
& US 5582414 A & DE 4419713 Al

A JP 6-265023 A (Teikoku Piston Ring Co., Ltd.), 1-7
20 September 1994 (20.09.1994),
entire text
& US 5449547 A & GB 2276176 A

A JP 6-172970 A (Riken Corp.), 1-7
21 June 1994 (21.06.1994),
entire text
(Family: none)

A JP 6-94130 A (Riken Corp.), 1-7

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




[E BRFR A s EEHEES PCT JP2012,,065881
A, FHOBTA0EOSE (EBE&ET2E (1PC) )
Int.Cl.  F16J9/26(2006. 01)i, €23C14/06(2006.01)i, F02F5/00(2006. 01)i
B AT =5

AREZT o T/ NRE R (EERSRF28 (1P C) )
ItClL  F16]9/26, C23C14/06, FO2F5/00

/NGRSO ER CHRAEZ T 0FIZEENL O
HAREERAFEAR 1922—19964F
HAEARRERFEAR 1971—201 24
HA[H FE A 28 5AH 1996—201 24
HAE B EFE AR AR 1994—201 24

FEEHECHENLEETT —F A (F— 2 X=X DA,

A L 72 HRR)

C. [T 5 LE0 L5 S
B SCEROD BET 5
BF Yk BIASCENG RO—IMOEINEET S & &3, FoMET AEFOESR FEREOEKE
X JP 11-230342 A (FFEE A F U o ZHReS ) 1999, 08. 27, & 1
Y (77 U—721) 2-7
Y JP11-172413 A (FE A F oV o ZERR S E) 1999. 06,29, & & 2-7
US 6139022 A & EP 905419 A2 & DE 69819995 D & DE 69819995 T
Y JP 6-221436 A (BNt U 7 2) 1994.08.09, &3¢ (77 IV —7Ap 5-7
L)
W CHIOREEIC L STAFIZE S TV 5, ™ RF U R T 7 3 U ST A B A B,

*  BIAERO AT TV —

[A ] BHCBIED S A ST CIE R < . — ARk a2 R4
HD

[E ) EEEHRE AT M E 2387 ch 208, EERHEA
Pglznkani=4o

[L | Bt aRIC R R & 4R T~ A SURR UMt O SCER O R AT
HE L ISR RBER a2/ T 52D AT
AR (B EA9)

O] NBRC X B8R, i, BREICERT 530K

[P EHREHFEHATC, M oEEHO RO & 72 5 HFE

O HOBICAFR Sz

[EIFEHRE B ISR BRI AREN TR TH - T

HIEEFET 50T, FBHOFE X ITER

OIFEDO = DIZEI AT 5H D

X ) #CBEOH D TR ThH - T, UsE RO A THMH
DOFRMTESMER N EZ BB B D

Y | 5 CEEOH D TERTH - T, YaE T & o> 1 L4
FoxERE D, BEHICESTHHATHAMEEEIC
Lo THBMERNEEBZSNDL LD

(& | Fl—F v b7 7 2 U —3Ck

T

EpEE L2 T L2 EPSFAE S O % H
31. 07. 2012 07. 08. 2012
ERSFH AR DA FR & UVdh T IFTEES (FEROHHME) 3w ] 3933
BARERZFT (1SAJP) B I
BHEZHZ100-8915 o
HAHTRARERE=THE4%3 = BEXE 03—-3581—1101 AR 3368

HMAPCT / 1SA/ 210 (F23—)

(2009FE7TH)




= SR Ak EpsHpEEs PCT/JP2012,/065881

C (Bi&) . BEd 2 LR8O b5 3k

S SCRR D B 5
BT Yk BIFSCIG RO OGN MET 5 & &1k, FoMETAEFOHFR HEREDOEHS
Y JP 2-259048 A (BN ) 1990.10.19, &3¢ (77 IV —74p 5-7
L)

Y JP 2000-337511 A (=Z£~5 U 7 L) 2000, 12. 05, &3¢ (7 7
7IU—=74Ll)

A JP 2009-299142 A (N T N#ASH) 2009.12.24, £3¢ (773 1-7
—7p L)

A JP 6-346224 A GREE A U o ZERASH) 1994, 12,20, &3¢ & 1-7

US 5582414 A & DE 4419713 Al

A JP 6-265023 A GFEE A U o ZERASH) 1994, 09. 20, &3¢ & 1-7
US 5449547 A & GB 2276176 A

A JP 6-172970 A (BN 4hY A 0) 1994.06.21, &2 (77 I Y —7p 1-7
L)

A JP 6-94130 A (FE=tEY A 0) 1994.04.05, &3 (757 I U —7¢ 1-7
L)

BAPCT / ISA/210 (HE2—0k%) (2009®FT7H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

