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1. HRBRRE(CLBOESE

HEEAEO B, WEORSERIERMBEZRLL, M OENRE 23hE
MICEDBZETHD. BROREBNRRARCLETH 2 NARKFEANL, XKED
EEE 2}, 1955 IANSARICRE L, REABERRAEMBM OREICHE
HENBICELTWS., LHL, ZOHABRBBANUBIZBNT, LRMICETD
ZEOR AL (Cr,MnEbdy) EENIHES REBOHBRITEIRTIORTHEL
<z, Bz, B¥BIE, MAREBAZOC MnBEORKTICERT 2RAMLDK
Fick o TEUEBM/NS—F1 hEFLETIRMEMTH Y, BHFREOERITR
DTN, TNEEWTHHEELT, BRETZXEHKITHMEBONHHAZHEML T
BELEDODBASEHEALEREI I HNABREMEVNHSNTNS. ELHAEK
SLIEIR, ZOBRAZBROBAMR EHR?ZFAL T, BREANLET TS
REIOFLSNEVRERICOERAEINTNS.

AABRBICNEORESIE, <, 1883FKED]. Gl HEZRF Rl hizg
T, B EERIE—LTESNIRKIEMEJEERICKIERZAOHKEZITHRAD
MEREE | ICHREBYEIND. TOH%, 19264 Brameley O, 195140
Rengstorff 5D EBEITIC L > TREL L. HABREZMNBNER LI NZDEF
1935FEMNBTHB. Lal, BETH LENRAFAIIDRL, FICRNETIE, HEA
HOEN,TROHEEERISEDVRVWEIZX MAMAOEAZHWIZ, BREWER
AZEEBRRBIEDEHCEE > TVWEEDITHSE. ZOBEHELT, £7, OFH
ICEBBREA AT FOBMEVNI REPERBORBOH L BB T N5,
LT, QBZFOBAICIZEARBANOEENHSMIIN TRV, K1 PR
MOHBICETAREEEBICEL T, #E, BESSICX283#MAMEICE> TE
ERFHINTNDY, TNLUNORR, FZAISRES AT bPERSATILT
SHA MEBROHMHER SR DWTEHTACEHAI N ZLEE AR, @ QLHHE
UT, BRMICEEL, BRAEESENREICET 2EM0M%E, $120.3%L LD



B
SEERRRTORENDRBNI & @INE T, BxAHAM (KEEUFEHR) OFE
OMATRICHES, BENBRIUEO-—XICERLETH THCHIET B ENTER
ZE, NEZILND.

LAL, BhRT2E51C, BEOEBEOREMZENE LEBHERARDO/NE
LIV UHADREICED, MERMELEBIMEERMI—BOREEMNEK
ENBN, EROBRFEANDH T, BELOMERFIEMFNTNS. —75, #
MREDERIZA MEMBRENTED, SHEIELKRSZHEHET S I, BEXRE
NBERBHOHRLTE ZEEMELBNBICKERBFINTENTNS. ZOXKD
BIEMS, HABKRSBILAEL, FHRLAEZXDKCREF—AT 1 hZz2EmEE2
REZBRIATIENED, BMEORATHFTELRRSEINT U1 bR T D2
%, BEOERENM-X ICHETE S EZRORERLLEL L TREEIND
DHB.

2. RRE(CABICHATSNETORRLMAES

2. 1 ZEREBFHOBARNEEHNOER

Fig. 1-1 IR T Fe-NRIRERIDSHENRE DI, F—ATF A1 hHOEEDEK
KEEEIX, 923K T2.8mass%, 7z F-1 bHTIE863 KDOFHAr < T#HJ0.1 mass%T
BB, BB(Tz51 NTRIZEAEBEBRLRW. 8-> T, 2RSHHKITIFFDEL
MTHBZENTFHENS. FehDEROEFHTOVTIE, Jack'"OHEHRENRD
5L, a”Fe, N,"YBIUr -Fe NOHHEEZ S NRERBEZASNITLTNS.
FD#%, Kehs'?, 54519 Bell'*'9, Garwood 517, Gent 5®ic L 2 THIFEINT
W3, TROEHABRZERRSDZT &, ARRKOBERTI S A5 -NEKL, &
BEL2D. ISITHSMNEDEFHEIMEE L T a -Fe [N,OfHERET, 473K LD
RENC R D v -Fe NIZE(LL, HAET S ZEAHSRITTNTNS.

Fe-C-NRIZDWTIE, Cheng 592 MiaEE 17> T4, 0.2 mm tiIZHREE
ELES—MROMEEAY, NHBEZE B RELAEICXD, (C+
N) BEZ—EICLC/NEZR{LI BB 2/ERL, R UBEOHEBREILZFMIC
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FRTND., FHUTE D E, Fe-C-N I T84 hOBERLUBRER, KOXITH
5.

a) 200 K~370 K: W)V 7 > 541 R DOCNET DOHELS

b) 370 K~450 K: a™Fe N,B8EW ¢ /0 RALB DI

c) 450 K~560 K: a”h 5 7 '-Fe NOZE{t, &/ nR{LOERL

d) 540 KEA b: BB A — AT 1 b #E

e) 570 KLA k: ¢ / n AL D 0 -Fe,C( XA > 71 M)NDZEL, #HRIE

BRREUMEZICBI L T3, Ferguson®?t, 7 74 MADOZILAEZTT > J2E B TSI
ERRETV, BERICREITERERBIURILBORZEZFMICAN, 5%
OEERLAHERI N (2360 MPa/mass¥N) Z &, E5IRMEEIE, ROELS
SEOTNEFELLEEEFERLEZIEREERELTWVWS. LML, NS TIEE
FEEIT U D OBBRHEEICET 2RI THRN.

2. 2 BRRECLEBEOMMAIME

EZEELRMOEERBIL, FEEAEDEE, BATILT U1 LDER, BEBULD
BEF—2TF 1 SHREET S, FiZ, BBEC>0.9%)DRKLELEE DO.7~
0.9%COBRMETHELMOHEEITIL, FiAk, REIITIT20%LU LOKREA—X
FFA MREETSD. ZORBA AT FOEER, BRIEE, FORNRE
R LU TWARZERERTS, INETREREL—ATFT1 FOREEZMATI
DOFRIENNITONTER. BRRFOBREA—ATH1 FEWE, VT U1
NEEEBEBEMSEE)BIOIILNT U1 MEBKTREMEE 2RISR
MEERSP, BABOY Y OUBEOFEREICL> THETESLD, RLEHIC
HBHOHHBTZIOMNBRENCNETHS. BRECLE L 728 OBBREERIT
BT 555, COBREF AT CEOFEEMHAT I I EICEREBVWIEHE
2%V, Pradob?d, Ni-Cr-Mofiz ALy, BRBIUBRBEANETY, KEE
BK1.06% REBBAROSSUETHREBLIVERBER/RETLILICE->T, B
HOEEBEA—2AFF1 P EEI%N 550%E TELE w2, EEMiTENERICE
NEIRS OEMBBITETY, 20%0 530%E TIEHFBNMET S I E2HEL



B
TWwa. LOLRMNS, BEF—A5F 1 b, KEESZETIE, RICERR

FEHOBOESEBD, BRI ZE TR L0BEPPBEI NS HD, KE
F—AFF1 FDEEIZI DWW TOEBRIIGFEE LR,

i, ENDENREQEMBICOWTIE, EERi RN & 8T 5 &%
SEMNDIRNDS, iS5 2P0Kiessling®™ s, BREBMLEIZE > T, BRTHME Y
F 4 T HERTHEESE R EDEMENEINMET S ENWIERFERZHREL, 20
BERABREA AT FEOEIMCLZHDTHZELTNS. LML, WIho
s, BAZRIIKDZEEBEL —ZATF1 bRV T U1 MBANOEENI LA
ERENTWRENI &, FLTERES AT FOENRENOZED, EHE
BOEZEREZDEBLIZREER > TR, ZOIER, ENBEICBTEEA—
ATFA NOEEEZERIZIL TWAERERO—DEBEbNS. Thabb, ZOLdIR
BREBADVBICXDENRSICET 2HARETIE, BREA—AT I FOEMITX
LZEBLBRIILDIEEENSEINRFT LT R TRET, BRE(ICUERMDE
NEHEICBLETEROEEIIDOVWTIIEBAI N EETE AR N,

3. EHERARER{LBHOBEE(L=——X

EEOHEBEE, T2 0EFEOOHO)RBHILY —RFvy— v —NIMA,
BREOEEMER SicRET sl - sHAEARHITED—, #EREED
REREOESENS, REOM EEZHMWE LZEABIOERMSEDO/NY, BN
RonoDH 220, Zoiz®d, Fig. 1-2@0) IR T XD BEHEERR, FIZHS
A3 w3 AEEFg. 1-2(a), output gear, idler gear, pinion gear, final
gear) DEEPZEE Y 3 1 > M(constant velocity joint)(Fig. 1-2(b)IZBiF 2R —)b
EDEM D EMIHEEE TS, WHYSEEHMNDOEEERD TREEIZ/Z> TETW
3.

INERI A v a CHBREEEZFICENL, RV EERETH>2H
TOEFERIPVBIOEIBRE®IZDONTIE, 1970FEE5 5 1980FBITNT TOCr-
MoZERERKAMOCT 3 v hE—Z U FHFPPORRBICE> T, TTICERE



(a)

nﬂ’ﬁ’
Output gear i)
—— —K[ ( 3) \ | Torque
\ converter
5 nilN) ; . &ﬁ
idler L {
gear ] EE A b
Pinion gear
P - Final gear

.....................................

(b)

Constant
velocity
joint

Fig. 1-2 Examples of power-train parts for automobile; (a) cross-section of automatic-

transmission component, (b) constant velocity joint and drive shaft.
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THEREAEERL, ZIEMENBRTETNS.

UL, QXS IGARERARNER T T, BEBT— ROEROEITirgn 5
B TOEMEN, FICEy T4 2 7PERIIBITL TWS., REABLL7SmE 81T
LZBEBXOEEBT— FIE, WEOREESEEOEMENEOERBIIINWT, B
MICFig. 1-3* O KD ICHATES L35, #hifRld, SWMEE-—FORSERR, ¢
rbhb, TOBRID ERMTRETOFEBRRET DI EE2RT. ZOXD 734K,
Dudly®?®Niemann 5312 &> THREIN TS . RHEHEOEE &0 B
(circumnferential speed, 3~12m/s)E T, #HEflit/(contact stress)Dsg < 125 &,

¥R T B DA T (tooth root breakage) TH B 7S, WILREN W LT, #
BUSHE S SICHENSEZBEICHELRZ0R, ®EHICBITS, Elleysr oy

(pitting), A2—1U > (scoring) BLUVEFE(wear) TH B EEZALNT W3, ZDk
SREMENOBHRAER, LTUBHEICHEEE L TOBENERDI 2 b Tl

A, JAX, REOEMPESORED SERROEENBEEOE X 2mx, =

RSN TWBRBEHEREOEAMRBIIOVDLEEBREELZ> TS, Tiabb,
HECBIT2EREEREIL, EHICBIT2 208D REMENEENRIz2L52

5.

W0 T, AWETIE, WEY T4 O HEOMEREMSERE OBMENR X 20,007,
EHHERZEZSHIIBWEARKRET TOWMRZITO Z&ELE. ATD— Yy 200
T, MEMOBEEEMICED, BMENHMEL TRECSIEHN I N o1z
LZEEPTH-> T, MBOEFNFRRTEZAZRREIERD, ERRmmz 3%
T OHAURE, FCHBRERAECHBARICL > TRETIESLY TEH 210, &
HgE TIREAMICTIIR DO FHR NI T L.

4. EMRO B ERRIDBA

ARV, BEEABNGERS, FICHERXUEIRIAT Oy I bmEmsaq
> hoBERRERZEBRIC, 2RSFEMBEZETLHSHIONT, UTD 3HEZHS
MIZTBEBTITo 2.



Contact stress —p

Pitting

Tooth root breakage

) 7

Circumferential speed —p

Fig. 1-3 Schematic explanation of failure modes of surface hardened gear29).
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(1) TERBEAMICENDCraBFIERE A, BREMBOBEALLS S MR
BB RIZTEREOREZH S MNCT 5.

(2) BRZ{IALEROEMENRIICRETEERBIOZOBRDI gy hP——
YURBOREERSMITS. (1), (2) HOMRELD, SHCrEORH
BEHIZ, BERBDEREBAIBIBREMNEETI 2 L1243, Sk
LD TEENE ZBAREIC T 5.

(3) BABFANOFRGERENE) ZEN L, RS LB SS B R EANT S =
EREST, RERCHESHVILT VA M EHREE, BEENREAD
HEBEHONCT S,

5K, BREABEREAOBRECAEEHHTL, EBOHAEBRFTO
RREE, RETEBIVHESRIC OV TORNEMZ 5.

KIZ, BRXDERERNS.

FTE THMENBREETOREER] T3, wEEREL, FEOEHEEOEE
ROEBE LI REFICTHEERBRZITY, BEMENRIICRIZTESNERORN &
o7k,

FoE REZCHANLZHAOEREI(SEICKIITCrBOEE, T, Crah
BORLBIHMER Y, BHCrELBARERIC L 3BRKIEFADLES s
Begt L7z,

FOE BERZCFEANLZRMOEAMED LOERERE IR ITEEZROY
B T, BREMBOFEAMM S CICERKIEEIC R TEEBOZE|IZo N
THREf L.

BZEBIOELEN, BHD (1) ITH4%T 5.

FOE BRREMFEANL RIS SCra20HM O HERH(GES B & OEfEnR X |-
RiETTay bU—Z 2 VORE) TiE, BREMBOEREKILENICRIZT gy
PE—Z2VORE, BRUTHEEEMENRBRUT, 0—5—Fv5, 2y
BETY, EvT a2 UHFRCRETYay N VORBERN L. /-1
RE(MEFAEE Y T o D/ HFEREDBEEICDVWTHEEEITo />,
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EAE BREBEBEANBIVCEDOE 3y FE—Z 2 FAE U R OBBREIEE
KRIFTEREOEE) TR, BRBIUEANDICEO®Y 3y PE—Z2 F08E
LESIcDWT, O—5—EyvF g 2THRETY, EvTga Y TERICKIETER
BOREERN L. iz, BEEEFECRETEZREOZEZRLL.

FEREBICEAREIL, BRI (2) ITHHETS.

Wi (BB ESAEEANLZCr-Mo-VEADHfAEN ] TIX, 0.55%CD
HIREMEN -ACESRODERBRIMER N, KELE L THEREL@ERE 57
rS4 R)ETY, TOBERAEEANLEZHOOD—-S—Ey T 1 2 VEREfTO .
MRFEIINT P MK BRI EBRFAPREINT 2T MK B3RS DLLE
BZITD &I, INEANDFEEROOEEDRE L.

ZDEZ, BHHO (3) ITHHTS.

E\E (BEFSEAOHEA] TR, BEMENRIomEzENIC, BBERBENR
HAOBRZBCAEEZERA L 2HED, REEEZSNCREEFRIIDWTRFLE.
7, BRUBICBWTHE L THESRZENHEEICOWT, F0RREEINIE
AKBIZDOWTHERLZ.
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. Fig. 1-2 @),0) WRLEZEBHEAO NS A3y al - A2y MIBW
ZEEDEEOLEEY 31 > L OABNEOEEHCR—IVEN D #) T, WER,
EWEMIS ST TR, BTTROEMED. ZOHE, HHMOFMIL, EREOM,
T g o @2 TOBRETEIL—F L VERENL &b H D) W2 K B Bl
NESICL-> THREINDHEENE N, ZOLIBEY MNSEREL TERO Y
ST IEAR—1) > (spalling) LAY, E-BEBOES OGEE S AAEY T
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W BEBIEEIC— A Ty (case crushing) EEDHEHH 2.
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FHRIEDHS.
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L EREC oAU a ET)O—D0EEY DL TEHELZEETH
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FETH S, WEICHH DEE L OBMEER, RRKFE S0 LEE)3.78GPaT
55, EETHTTNDEEITER4OM/s, BOBELE (WAREE) 138.0X
10°cyclesTH 5. BHE EAEER, BETFTHETHTSHS. @IF, EvFaIN
s U OREORKBTH D, EXKEHOE Y MROBESBDOND. TN
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EORKERIILBICES. (DIF, @OA-AHHEEZNAFEMBEER LU CEETHS.
S0umBEDHEIETOMERBREZERELEMNT 597 TH D I ENHBRIZ D
5. ZDEIBRITINRTITERL, OQDOLIBRERESHEICIE-TLDDOLE
AbLN5.

UEDEDIZ, EvTa Vi, EMEIET TOEND EITXDOHAENE L/
TWAETHOEHICBWT, SBRISEANEL, UKD ERETOMDI v I D
Fa, I5KIEBEY MROEFBKEERTVFHOIEIBEIERTSIHDEEZIASNT
N3k,

EZAT, B LAEEIIGEFEOEREREZEFHE T TOREIZBWTIE, BETO
WE I ERZREFICB L THSTBKRECE THRL TWA I &N, O—F—
HRICX 2 HEMAREORAKRIDSHESNTNS. K> T, RATRHBEM
BHEVWIERELICKAE{LBNOEEN, SAMEHET TORMENREEICBITS
BELRBSEO—-DIZETLNS.

BAENEEE U TRERSROY y 74 L/ ERD BB e, ZORBIZEED
EHBREFRIC, RADY Sy 7 OREBREY Ty 7 OREBBREN SRS EE
25N5. TNENCONT, BBT5LBONSERERERT, Fig. 2-2 D& >
CEELE. Thbb, 79y rOREIE, ERETOEBRE REOMNLHE
SERNEMOBEIEIC LB NETIC L s HEBMRT o NS, £z, BEESI, M
DBRRS EAEN D B0, 759 ORECKHET S EWERCELLNS.
—%, U 5v ) OERICE, ERBREBAST TR, BEF—AFTA FOBER
LAHBNEZONS. THUL, BEA—AFTA NS, 75y RIS TOMMS
T L > TENBFRIIT > IA PEBT B ENEALNB D THS. M4,

By S HEOLEN. COMHLEBEORENY v FE. EyFALETETARVREaTHLA, EyFak
D FOBREB LU TOETMTIET Y AT A, Fig.2-1 TOEISIL, ZOTXYOMALTWLETTEE
FEOMICREL T3,
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INSR, READI Sy I ORECHEETHEEbNS. LeLl, 3 TIRARNEZX
SICHEAENE, ENOETEFERICEME TORRZMED 2D, BEOHANILIC
17O BERAEOREL L(473 KUA D ORERZES FEITE, TRICX MR
ko T, BETROEMEREMET TSI ENTREN, ZOIERITVID
RELGBRONWTNICOLEETLEEZOND.

ZT T, AETIE, EFEOEBERFHE T TOEMBENFMIIOVT, HECRAMER
UNDOMEHC BT 2EERERZERT L0, HERARICK D TREERZT-
7z

2. RBAE

2. 1 HEREEOER

HERWHELL, Table 2-11TRTEIIC, EPa—)IE387T0RTIREESL L.

BB & LT, Table 2-2 1IR3 4885, ©0.05Si~1Cr-0.4Mo, @0.3Si-1Cr-
0.4V, 30.1Si-1Cr-0.8MoB & U@0.5Si~2Cr-0.4Mof 2 i\ W /o, ZH 5 OMIZDW
T, BMEERIERS5 L, FLUTHIEDEERRICII (turning and hobbing)
%, HABRBOLNIHABREEAN, H#RL, a3y hE—Z 2 JUBEB LY
E AR EEE(CRIET ) 75 8, MoS, coating) L ZfT- /2. IBEOEE D
Y4t %, Table 2-3 ICHWHEA~IE L TRY.

¥z, HABRBEIUOHARKZFEALE%Fig. 2-3 @-(IWRT. UNERR
BLOEHEREBEBECPHE, W), BETOAMELES (513HVELE) Bnih
$1.1~1.3mmiZ72 3 LD IR L=, HABRKZ/ILAE(Fig. 2-3 (0),(c) T,
0.3Si-1Cr-0.4VHRIcxt L, Fig. 2-3 (bITRT YLEE 2T - /= (Table 2-3 O®WED). %
7z, Fig. 2-3(TRTLDiC, BRER, MHRRERRIHZHEEE, REE

2535 1 —JU(module, B M): BB OER % d, Bl kzL LSS, M=dy/z

B3 13| T B (helical gear): BREODEHEIZ N LEZEOIZ L2 WE, AR THAEL 2BEDLQLNLARE helix angle
1315 deg.
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Table 2-1 Dimensions of test gears.

small gear | large gear
(pinion)
normal module 3.87
normal pressure angle 17.5 deg.
helix angle 15 deg.
center distance 100 mm
number of teeth 21 29
diameter of pitch circle 84.14mm |116.19 mm
addendum modification 0.01 -0.05
coefficient
face width 10 mm 22 mm
surface finishing process honing
accuracy JIS 0 grade

””” e

¢ 116

(dimensions in mm)

Small gear(pinion) Large gear
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(a)

1173 K
N\ 1163 K
CP=1.2% CP=0.9%
16.8 ks 4.2 ks
— >
Oil quench
(323K)
b
(b) 1173 K
CP=1.1% CP=0.9%
<— 252 ks —>1<< 1.8 ks
Oil quench
(323K)
(c)

1173 K

1158 K

NH4/RX:
3.5vol%

773K

CP=1.1% CP=0.9%
<— 23.4 ks ’I‘

5.4 ks ' Oil quench
(323K)

Fig. 2-3 Heat treatment conditions; (a) carburizing, (b) carbo-
nitriding, for 0.3Si-1Cr-0.4V steel, (c) carbo-nitriding,
for 0.05S1-1Cr-0.4Mo steel.
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B
SEMEIEZENT, ASUTOI73KICE THERREE THY) S N R TRE
TH, 1158 KICETHEHMAL TRREETVWETOEEANT 2UEZE, 0.055i-
1Cr-0.4Mo$ I8 A L 7z (Tabe 2-3 DWEC). AR, WINH433K - 7.2ks O
RLZfTo 7.

Tavy hE—Z22F, ERAKRFEEEZHY, 7—27N\A Marc height, AH & B
FOMEES, 1.0, 0.75B X 0. 1lmmAMWN TS J1/NL w PEIE300% L L) DLE %175
=(WHEEF,G). WEOML LTI, RURBEEICX2WENEZITo 2%, F—=27
ftEFIcE b nWTFnHIIS 0 =& Lk,

2. 2 HWEHAR

Fig. 2-4 \TR T B I ERREERABREZ AW, Table 2-4 IR TRETERZT-
7z. §xbb, HEMIES1010MPa, BlE$1000rpmic T3.6ksDIE 5 L#E#x(run-in)
{70 /2%, HEMHEE%2019MPalc B FHERR 2T 2. HEOEMEEIX, HE
BREADHEHFEINCEIVERLE. BEvra o /HMOFEIL, B4 2EROn
ABRCTEEZZELSE, EHICECRZEYy T« 2V OEEEZREL, REOBFRE
EREICHT A E Yy T4 2V HERNIRICE > AR ZFm & L.

3. RBERBILUEE

ERBREEOE y T4 >V H%EFig. 2-5 1R, BEREBRELEEEEEA)
MEbEFMTH D, 0.551-2Cr-0.4AMo(BHEB), H AR KE(LANEEE(KEC,D)

S /\A Farcheight)fli: &3 v PE—Z VAL ANTORIOKE. HiF GEBRROBFEOMI 7 v b
Voo Z%iTYE, NMTEF—HRIGIERIINADICHBRICERETA. ARETIE, BB, 7ILAY
A MY FAR(SAE10808, tRF127~131mm, B IHC46~50)% A\ /= BFid, BiimE2ml, Bl
mmA. BFEORKEWIY, BT THAI L EZEBKRT 5.

BH)sL oy S(coverage): o a v N~V ZONMTEEL2RTIRE. S av hE—oUIMIEOREREZA, I
WEENAEERROBAZBL LI:BE, 51730 » JIiEB/A X100 (%) TR 5.

HOIIS O JISHIBIC BV AWMEOWEIE. |OBRE@—L v F, BBy F, RRE YT ERYYF, @RS
%, BAZOENOEENCHTABEEN I THESNTED, 0~8RDIFHRDH LA, BHHE.
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Motor

Bearing Load coupling Slave\gear

\
Torsion bar l \ _____

TS (R
Sl S

. = SZLILIH

Torque meter )

o

-
/-k

-]

Test gear
Test gear box Circulating gear box

Fig. 2-4 Gear-pitting fatigue test apparatus.

Table 2-4 Gear test conditions.

Test gear (pinion) \6 ]1 ]/

V-beit

Run-in Test
Conatct stress 1010 MPa 2019 MPa
Rotating speed 1000 rpm
Lubricant Automatic transmission fluid (333 + 5 K)
Operating time 3.6 ks ] -
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8
Pmax: 2019 MPa
Rotating speed: 1000 rpm
» Lublicating-oil temp.: 333K
92
o
) test gear tooth
=
X
L °T S ______ - ]
- \ _ Contact area
= N pitting area
° N
E IR
N
= [N
g + N-N-——---""--—-————
c N\
5 NINER
2 INNNKN
= N N
= N
= N N
a N N
N
2 N N
" N N
] N N
S N N
2 2 HN-NFRN
o § N
- N
o N N
» N
o N N
£ N N
= N N
Z N §
N N
N
N N N
0 N LN
A B C D E F G H I

Test gears

Fig. 2-5 Number of cycles to pitting/contact area ratio of 3 % of each gear
tested; pitting/contact area ratio means the ratio of the pitting area to
the contact area in the test gear tooth.
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.
EBHEMERDIEREBZ. LML, Yay NE—Z U JUBGEHEEF.QICIINWTH
HEEERSRIIR SN ho 2.

WHEOREE I, MEOTANBERRE EHENDLZE05, EETORA
7 5w 7 DREFEMISIIIEY T4 2/ FEMEOBMESERINS. BRHDWN
B ARBEAN L ZERERAEEICBNWTIE, #AEE200ke/mi (1960 MPa)iZi#t
BLIEBREOY YT 4 UV REFEMMEAHEGVER, N)EEAFES(Qy 7 T o VEE,
HO) & DBBRERN, KA TEINAHBEEROOH DI ENBEINTNS.

N, = 3.2X 107 (HO)7 [2-1]

2L, TITOREQERERS NCHEBERFICDOVWTIZHASM TRV, Fig. 2-
613, BEAEHEEHRBELAEREAZRSEREEICDNT, EX0OEAEWEREETICHT
DZHEIF20mTOESE, XA 70y 1— A5 TRIEFEO.98N, 5~10R DI
HEL, EvTa o VEROBEBRERARZKRETHS. FHRICBNWTIE, EvTa
SUEMEEEEICHBIIZEAERSNRRNT ENSNS.

KIZ, EMERBISHTOREEEZRARDLZD, wWEPROY Y FREBICBIT2HESH
2000 mET, M25umfEfRT, RENIEEZXRETFEEE2A-IZRICKVHEIE
Uiz, BE200umETOREIGS o DFEME(= § 0 - ds: dsidfUNERE, FEHX
RHIOM 5200 um )ZR®D, FarE OBRFRZEFANZ. #HRIL, Fig. 2-7TITRTLIIT,

EMEREZRACONTHEY T 1 > FFm & OHBHEBEIIERD Nz,

EEFOREOEEL, HEE200ke/mi (196 MPa), HEBEHRE3S3 KT, #9473
K, $RbbHEREEU ECETERTRZ " ZEMBETINTVS. FFEICBITZH
BEEFICBVWTIE, WHICBITS2HERTNOEENEW(A.42m/s)7290, 473 KBk
WETERLTWAZENEZSNS. TIT, WEDHAEWICKSEHDERE L
Rk ERELR. £7, Fig. 2-81d, #HEB(0.055i-1Cr-0.4Mo D& 1%
A+ & B EI(0.55i-2Cr-0.4Mof DR RPEATVDHER L ICK D EREE S DL Z T
BRLZDDTHS. FRRREL, FEEEREFZEBL T36ks &Lz 473KEE
DHEFERET, SIBRUCHEDEELEDLN2ENEFICA SN, BRICLSEY
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Surface hardness, Hv

1000

900 |-

800 |-

700 |-

600 |-

Tempering time: 3.6 ks

L 1 1 ]

~O—Gear |
—{1—Gear B

| 1

500
200

400 600

800

Tempering temperature, K

1000

Fig. 2-8 Changes in surface hardness as a function of tempering

temperatures after carburizing.



g
TA TRRANOEENEREINS. X512, Fig. 2-9 W, avbhE—=Hick-
TG U7 EMIR IS 7B (RTE F50 u miLid) D INEic & 2 B2 A R TH 3
a3y hE—Z 2T ETO TWAWERE, AH=0.75mmADI 3 v ~ E—= 2 %75
JPWEFBRUAH=1.0mmAD > 5y hE—=2 ¥ 51T 5 REXOHHEEIZDNT,
IFEEE ZIER LR X RS, REET5.4ks B LK, iR I THTED & [FkIC
XREFAIC K DRE L. WEMBL, HDERBEEHEOSVEETEROE
aS0umeliz. MMOEMERZISHENBENIZE, MBRICLBBENZL <, 573
K TR D30%BREICE TR T D LMok, TOMEND, HEMETOR
R Lo THEOERBRZISNIBEL TWAE I EMBRIEN, ZOr0EMN,
a3y hE—Z T e To THHEMMNALLEN ST &, T UL TEYy T 1 > ¥
CERREINME & OHBEDHBRICERD S hAr > EREREEHN 5.

BB AT FOEEIZDONTIE, RIRDBDUETHRED RIS HEB
(0.5Si-2Cr-0.4Mo#H), H(O.lSi—lCr—o.8Moﬁﬂ)i«sJ:UI(0.0551—1Cr—0.4Moﬁﬁ)F’Eﬁ“Ftl:
Lz LAL, XREFIEE=SE, SE3ASRICEVHEELAEHORE 4 — 2
T 1 bEl, Eﬁ%/}‘f;b:*’[ﬁqﬁ_l’é%/o, ROEN O WEHTH32% & Kk EEH
MOTZTz, TDOEBEHEIIT S ZEMNTERNS -

—77, HEADMOS, coating DFRICDONTIE, WETORUAER LEE, Hf
HZHRICT DI EICE > T, MEESAMmMLEYZ &, 2L, TORRELT
EMETOFEMI SN ENEZ NS,

Fig. 2-10 i, ¥EB,C,DHBLUNCDWVT, 573K - 36 ks R L - OEED
BRHEE LY T4 SV HEREDEBRER LD TH S, Vv rg 2 0&FmE, =
DERUES EEQMBERTHEANRD 515 2 EA40Mno -

ULOBRED, BEMEARORL VAT TOBBENIL, B TO473K~
TT3KDERE T ORMEE X I WA, T/iab s EEORRKCERSEE R
BRO—DTHBEEDH 5 Z LMo 1=,

—7, WRDS, Bv T P URETERES LT, NV EEEEA-28H].
WEE S, E8RE, §R0EEREOEREHS L 72DDawson) &Iz & 2 A
EINTWD. §72bB, P.H Dawson® I, =D Db O S A x DRIZH,__
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Reheating temperature, K

200 300 400 500 600
0 O/OO—O-OH_
-200 | Not peened
g -400 |
E -
N . |
3 600 Peened
5 - (AH:0.75mmA)
» .goo |
S
S [
‘» -1000 |
[
o L
Peened
-1200 |- (AH:1.0mmA)
Holding time: 5.4 ks
-1400

Fig. 2-9 Changes in residual stress (measured at 50 1 m from the surface) as

a function of reheating temperature.
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WM OMEES O&/MEh,  DEZE ED,

D = EI_I'max / hmin [2_2]

ETBE, EvTg o UHEMEDEEIOES)EOMICADRER, FIAEEEDEE
B100rpm ks, DEATI00H 510ICBAT B EEY T4 > THMIINBHI/RE
LEHELTWS. HMEES OR/MEh,  (mm)id, D. Dowaon'Vick s &, #tER
HEEERN SRR TERAE5NS.

h‘min - 265 E'—0.0B (w)—O.IS RO.43 (T] 0 U)O'7 a 0.54 [2_3]

22T, E(kg/mb): SMBERE, BT 3 - DOMEBOBERKEE, E, &
FULHEY, v,ETBE,
1/E'=1/2[(Q-v »/E,+(1-v ,)/E,]
o (kgf/mm) : FHAAE OB EEH D OEREWE
R (mm) : AR ¥E, R=RR,/(R,+R)
n, (kefs/mi) : 1RJE, HREEICBTOEBEMOME
u (mm/s) : FEHEE, u=(,+tu,)/2
o (mi/kef) : FEHEHOMELFEE

ULHL, ZOXIRIHEEEICBNTD, fillizXd/EFE0aBEA RS X
Ty arOXITELWEERFGEEER L -EEARTIE, HARSHEBEREGENES
T, AR TWAN D ENBEENTNE. BE 1 5%9), A
IVVTHE, TNDEETSICRAAI ZHANICTHETESREREICEBLT, R
AEAEVWAETOREZ#ENEHNWTERL, AMGA(American Gear
Manufactures Association) X' IZ X 2 5B ANBE L F & XWHINERICH 5 Z
EERTHIC, BENREEREOMEREL TEYTHS I EZRVWHLE. &
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B
BRAR, ®HES BRI REAEHREOEBICKESZET S I L HITITRER
TETN5.

UL, ERE EFICEDMEBREDOKTICRGRT 282 WHICEHET 270
BEHLWREEYELTRINTWS. MEHCBIT 2 BAENES 2HFICHETE S
BEEE RWER s, WEMEBIORERCANEZ SO HERED, h
EFTORMELWELRBROBVRUICKDRATHEHRNSORESREL, P2 A3IvT3
>y FPORRHROER EREEEORIBNHFTE 5.

4. ¥

il

Cr-MoBXUCr-VEiZ AW, BLOEXANEZT > TP 2 —)V3.87DIXT It
HEREL, BHIBEBREERRETo/-. BHOY Y 54 > VBRI RETERE
RERE LR, UTOZ &SNk,

(1) BRMEAHOKLVEET TR, REFS, ERBRZEEIOVTRBE Yy 71

Y HMERRT BIEEDER T,
(2) BEEAHORLVEET TORMEIL, BMETO573 KTOMEW:, ¥
feb b B RECIEF S BB ERE & 725 TR S 5.

PEDRRICETNT, AT, EEENREICIDVWTIE, Fg. 2-2 KRLE
BEROS S, BMETORMICLSEEELEORIICHT BEROEEE LT, %
Rt &0 BV, CORMICERLRFERLITS Z&ELE.
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MiE2A-1 BB HOBE

FHETIE, DR ERPEICK > TRESAIHEREL, XREFTHEICX
NES HEIOREB A2 RE Lz, XERETIC X BRBISTRIE OFREA TR
CHIEHEOBEEZ R NS,

—RIZ. SEMEICH DBEEA OFEXBEARF INDS &,

nA=2dsinf [2A-1-1]
2575y OEHREHERET 2RERTH TXROEFNEL S, MEIZME
DOIPMERT 2 LB FEERAICHTNREMAAPELT, EHFAOICDHAL
DEAMNELS. RA-1-1IREMAT B ETROAAE LN, BTHREROEL ¢
ARD5NDB,

Ad/d=-cot8 A6 [2A-1-2]
ZZT, BHORWREOHRTHEEREZd, BFAZOI, BIOEITHEREGHEE
REEERAMEDAEE VX ETEE, NESNDEHEHERSROES ¢ ¢ X
WTFRRTELTE S,

edpX=(Ad/d)odX=—cotf ,(0d6X —0,) [2A-1-3]
XBROBAFEIIIEK L 0 umBETHY, FTHLNTRETH S LABELD, I
51 EEBHOBRFBRN S TERANFLNS.

e pX=(+v)/E)o Xsin2¢ —(v/EXo ,+t0o,) [2A-1-4]
[2A-1-4]K%Esin2 ¢ ICB L TRMS T2 E TROBHERDDIAPFLND.

o X=—E/20+v)-cotf,- (7w/180) - (6(26 ¢ X)/ 6 (sin2%))

[2A-1-5]

FRFICBNTIE, BPERUMOELXBICARIELERE (PSPC-MSFH) ZH
Wiz, ¥—45y MICr& L, Cr-Kae# (VI VI —ER) 2RWE. EARIT,
XBAFAP)EEEE, o-FeORFTE—I(20)EKD, 20-sin2¢ DLEZE
SHE T2 I ETIRAEEZRD .

[2A-1-5]K& D
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o0=K -(6(26)/6(in2%))

=K -M
ZZT, KIITEEEZRALZEE, K=-32.44kef/mi/ degTH 5.

E : v > 2% =21000 kef/mi

v 1 R7Y > th=0.28

9,:78.2 deg

(BEME2ER « XEMERESMRE, XBSHESEICKD)

/2, MAITROBEZAY, B/NERKEICKDEEL.

26 : a-FeQIDET Y — I [&

c - BXBRARAICTHERTRIRITKDKRD .
P XBAHA - - - 0~45 degD & %5 deglIfRTRE L /.

FIR2A-2 ANJYEE

NV (Herto)ld, #REE, Sd2WERROEMTH 27, EWREHELE
HOERZIEFODEMBRENVIEREEAL, Bl LICHHT IR MICET
DERmERB L. FERBCING, SEMEICEERS WO EME NV Y EHEDE,
RSB IR EMICE S, Table 2A-2-10 X312k I N 5.

FFFRICBTIWEOREBLIER T2 _AARO—-F—E v T > THRIC
BOWTH, EMEESEMERRTIENTESD, EMEEZEMAEARD, Table
2A-2-1 OEIRINDBEIBIEINHERD. ZOEEDN)Y DBKEMES
Pmaxtd, X, ¥) =00, 0) IZHFEEL, ROKDICERINS.

Doy = 3P / (2 wab) [2A-2-1]
a=u [3P(8,+6,)/2% p)]~3 [2A-2-2]
b=v [3P(8,+6,)/@2% p)]/? [2A-2-3]

6 BIEFLIOFMEER, 6, HIEE20EEERK

36



Table 2A-2-1 Elastic contact.

Point contact Line contact

Schematic
view

Contact
plane
and
stress
distribution

Hertz's
formula
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w o BIPEER
v i RT7 Y bk
P: fifE
W EMDEMDE T,
6.,=6,=21000 ke/md
v =0.3
zh s E, [2A-2-1], [2A-2-2], [2A-2-3]RICRAT B &,
Dpax = 3P / (27wab) = 188 [P(Z 0)] 3/ pnv [2A-2-4]
ZZT, nvid, KATEREINLMEIEK cos T & u, v ICET 5 REETable
2A-2-2 2V EMERES,
cos T=[(p,,= 0" FT2(0,,= 0.0 0PICOs 2w + (0, — 02/ S0
w:ell ZBVYEEE p212FVEHEEDIZTA (=90 deg.)
[2A~2-5]

(&30

2A-1-1) HAEMEIZE, XEMEBRERMEER, XSHREERE, (1982), 1.
2A-2-1) B ERBEE . SRR ERERERZRRE, BT TR (1961), 230.
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Table 2A-2-2 Numerical factors of cos T, i« and v .

COS T u v wvy

0.908 3.20 0.452 1.4
10.906 3.17 0.455 1.44
0.904 3.15 0.456 1.44
0.902 3.12 0.459 1.43
0.900 3.09 0.461 1.42

0.895 3.03 0.466 1,41
0.890 2.97 0.471 1.40
0.885 2.92 0.476 1.39
0.880 2.86 0.481 1.38
0.875 2.82 0.485 1.37

0.870 2.77 0.490 1.36
0.865 2.72 0.494 1.35
0.860 2.68 | 0.498 1.34
0.855 2.64 0.502 1.33
0.850 2.60 0.507 1.32

0.84 2.53 0.515 1.30
0.83 2.46 0.523 1.29
0.82 2.40° 0.530 1.27
0.81 2.35 0.537 1.26
0.80 2.30 0.544 1.25
-0.75 2.07 0.577 1.20
0.70 1.91 0.607 1.16
0.65 1.77 0.637 1.13
0.60 1.66 0.664 1.10
0.55 1.57 0.690 1.08
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Fig. 3-3 Distribution of retained austenite in carburized and carbo-nitrided
layers (SCr415 steel).
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bbb, ZITWE | AHv | VNS W), BEREICENNSWI EZ2E%T 5. Fig. 3-
613, AHVEZSCr4lsf@izDNT, BREBREMMIIDONWTHRLEDDTH S.
23 KTORREIZBNT D, BREIIIEKED AHVERKS0HVE KEL, BNk
BRECETIZRT MM 2.
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ASI~DIRDBRBIUVBREILBIZONWT, BXDERBETOAHVELELZ
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Fig. 3-6 Relationship between softening during tempering AHv and

tempering temperatures (SCr415 steel).
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Fig. 3-8 Effects of Cr content on hardness tempered at 823 K after carburizing

and carbo-nitriding.
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Fig. 3-9 Changes in difference between lattice parameters of hardened case and

core during tempering at various temperatures (JIS SCr415 steel).
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Fig. 3-10 X-ray diffraction patterns at a depth of 50 £ m from the surface of as-carbo-
nitrided JIS SCr420 steel and those after tempering at various temperatures for
10.8ks after the carbo-nitriding.
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Table 3-2 Phases identified by X-ray diffraction analysis at a depth of 50 1 m from surface
of as-quenched SCr415 steel and SCr415 steel tempered at various temperatures
after carbo-nitriding.

Phase
a'-Fe| a-Fe | vy-Fe | y'-Fe,N| CrN | MnSiN, | 6 -Fe,C
as-quenched | + + — + + —_ + + — —
443K — ++ | ++ — + + — —
573K — + 4+ — + — + + — + —
723K — + + — + + + — +
823K — + + — + + + — +

X-ray intensity: + +>+ >+ — > —(absent)
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1173K (900°C)

14.4Kks

—_

CP=1.1%

4.8ks 2~8 vol%

1113K (840°C)

NHy/RX: \

3.6~10.8ks *
(60~ 180min)

CP=0.95% Quench

-

Fig. 4-1 Carbo-nitriding condition.

Table 4-2 Caluculated cooling rates on a depth of 50 2 m.

Z?f:(i,',?,f,')' quenching* 1“3K—>5'r'gtl§(%\ézr/2§;e cooling
¢ 35 salt (453K) 25
¢ 26 salt (453K) 36
brine (277K) 342
¢ 10 salt (453K) 100
$5 salt (453K) 216

* Quenching methods are:

salt(453K); quenched to a salt held at 453 K,
brine(277K); quenched to a iced brine
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900

i —0—0.72C

800 |- —4—0.71C-0.23N
—0—0.69C-0.52N
—0— 0.57C-0.70N
—e— 0.57C-0.76N

C.R.: 36 deg/s

700 -

600 |-

500 |

400 |-

300 |-

Micro-vickers hardness, Hv (2.9N)

200 L 1 L 1 | 1 L L L | L L L L
0 0.5 1.0 1.5

Distance from surface, mm

Fig. 4-4 Hardness profiles as a function of distance from the surface of JIS SCr420H
steel carburized or carbo-nitrided, followed by quenching into salt at 453 K,
where cooling rate is 36 deg/s.
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Surface hardness, Hv

900

800
700 A
600
500
400 - open: JIS SCr420H steel
solid: Cr-Mo steel

300 ] | 1 ]

0 0.2 0.4 0.6 0.8 1.0

Nitrogen content, %

O C.R.=25
A C.R.=36
A C.R.=36
O C.R.=100
O C.R.=216

¢ C.R.=342
(deg/s)

Fig. 4-5 Effect of nitrogen content and cooling rate on surface hardness

of as-quenched JIS SCr420H steel and Cr-Mo steel.
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X-ray intensity

O a-Fe (o)

A 71 -Fe
N Fe203
O Fe,0, Surface
V7 "Fe4N
® CrN a
A
a o
A O
sio V) \vhio} ¥ cA
(@)
)
3
0.05 mm below surface
A (0]
\\__J w
o
A
0.1 mm below surface
A
o} a 9
o o L
o)
A 0.5 mm below surface
o]
O
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Fig. 4-6 X-ray diffraction patterns at different depths from the surface of as-
carbo-nitrided JIS SCr420H steel (0.57C-0.76N).
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Table 4-3 Phase identification by X-ray diffraction of as-carbo-nitrided
JIS SCr420H steel (0.57C-0.76N).

Depth Phase

(#M) |Fe;0, | Fe,05| /'l T | CrN |7 '-Fe,N | 6 -Fe,C
3 | ¥+ |+—|++| + | — | +- -
50 | — | — |[++ | ++|++]| - -
100 — | — [++|[++|++ | - -
500| — | — |++| + | - - -

X-ray intensity: <4 > 4+ > 4= > — (absent)
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Amount of retainedaustenite, %

80
open: JIS SCr420H steel
solid: Cr-Mo steel
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A
o o A o C.R.=25
(o) A ] AA
40 — A A C-R.=36
AA o
A C.R.=36
20 A a C.R.=1 00
¢ C.R.=216
0 | | ] | 1 | L | ) (dEQ/S)
0 0.2 0.4 0.6 0.8 1.0

Nitrogen content, %

Fig. 4-8 Effect of nitrogen content and cooling rate on amount of retained

austenite of as-quenched JIS SCr420H steel and Cr-Mo steel.
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Fig. 4-9 Effect of nitrogen content and coolimg rate on half value breadth of

as-quenched JIS SCr420H steel and Cr-Mo steel.
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LTWBZ&EMOMns. bbb, ERBMINCKXIBIETIE, 2751 k
(OHDOESETTHD, BEA—ATF1 MHEOEMZIFICEZ SO TRV, EH
HBid, BEREEILRS MR EEICRKET R E05, a0 ETIL, 5
ADEE, HEHAEBTROERIMOFHEES 2D EEZ SN, XA A1 FEEK
ELEAZERAMBOHEIC XS - Bbh 5.

Lallemant'*id, 1%Cr# &7 3 %SAE413048454(0.30C-0.30Si-0.70Mn~1.0Cr-
0.25Mo)Z Wy, 0.46~0.89%C, 0.06~0.35%ND B k2 {LfE DB HLEZRIC BT
ERAFA M) —AMBERELTWS. Tk B E, NETIEEDEBERA
110 siZH L, #/E(0.68~0.69%C,0.23~0.25%N) Tl216s & MEEICERRIANICS T ~
LT3, TROLBXRBOBAEVEEIETLTWS. 2L T, Z0OERY, =B
BT LCrOREBIMOITHICEZ DD TH B EHL TS,

INEDZEZEERTDE, BAZREDNSZVIEERS F1 MBHHBE LT <25
REELT, BREMETIC, BALLEENEICRFIBLCINE L THETS -
LT, HHALOCHHBICEDEIT M) v 7 ADBEAMIMET Lz 2 &
AZ51%5. Cr-MOoHTOREEA, JIS SCr420HM & R UK AEE THEERBE X LT
MEENTBNDIL, ZIMERRLICS WMoAS, CINDOATHICEZEAT M) w o Z
DEEAEBTZRHo LR EEZI NG, FERLBBATES. LhL, "131 b
MOHIREZREL— 2T 1 bR EDOBEEIC DWW TIIRENES.

BH S, Si, MoBHBIBLUTOREREAY, AL+10COA—ZFF1 k
HTHAE, LEBITERN ACHBALGTSK TRETAZEI2E5T, RAF1 k
REABSBEHEEGORERES -5 1 RBEA—XTF 1 NOEBIZOWTH
FELle. TNITEBE, BREF—ZAFF 1 bRII673 K TORERRI ORI & 108
M9 274, & 2RERBEBIIERBEE & HKITHO LA 1 MEBNE< S, —h
i, 673K TORFHFTIE, BEA—AFF 1 MhICRENBILL TEH—ZAFF 1
EREMLDD, XA A MERISETT B, —ERERAR ZOXdhA4—2
THANOREVRSDEULITEETIE, X1 NERREEBTE-DTHS &
LTWha., FERIZBNT, BAERENESCINOHHICK > THAMMNMET L5
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GBI, WHREMETT 2L, X151 MK E<RDH, BITEEF—25F1
FEERDTDENIHERIE, BHESOBEEFEL TR,

3. 2 RREECEBORRPFHECRIITESRRBOY
3. 2. 1 BRREREENRICRIITEZRONE

BRZHABORREFEE RN, 22 TE, ToEANS WUl TE3,
o Q1D OH¥EEAF6deg. Ll E(RHOBLE #BRER THIRBHICONWT, ER
HALREZ BN,

Fig. 4-10 @-(0) 13, BRFEANBIVEREBORRIBRE(LEANL
SCr420HSIZDNWT, ANEENSBL DEETHR L 2ES 0B 0B e
ARLIEDDTHSL. BREOEMIL>T, WTHOBEOHERL ThREEX IS
<, BNEMLEHRZRL TS,

CORREMERZH L R 5%, MiEERAEIC, EX50umTOEIIZIDONT,
BANEIZ P OHRBOES OZLBAHVEHRBEOE S — ANTEOE )% %
L, ERBORRBIABRFICOVTHENE. BREEE®HTFg 4-11 @-0) 125
9. SCr420HHIZ, EHREOWMEKIT, HBICAHVAR L, TabbEREHRIVE
FNRELTWSZ &AM 5. Cr-Mofi TIZEHBN0.84%D B4, BRLICLS
BT ROE ZREANRD 5Nz, Cree B LEBNS0CHICBWTHEREDEA
KR THREZIEFAM EL TWa., ChSZBRL3BWERNILES B L T
KWL, v -Fe,NOHTHIC X 2T HERRTH D EEZ5N5. Cr-MoficBWL
T, 723K IZBVNTHEWHERKLESZRL TS, 858593, Crid, Bne
EEICBIZ2EROMBEEZETIES2 2 &, & 5120.2mass%MoE RN iU -
DETTHIEZHREL TS, INEEETIUL, ACr-Mofd, ML, &
DERETEWHRELERE R LD, o250 r HOFHAREL TWS
ROTHDEERBIENTES.

3. 2. 2 EREZEER
BRED, BEERICELST, 7251 Ma)BTERSEMLTWS Z &13F
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Fig. 4-10 Hardness profiles as a function of depth from the surface of JIS
SCr420H steel as-quenched and tempered at various temperatures;

surface carbon and nitrogen contents of (a) 0.80C, (b) 0.71C-0.23N

s

(¢) 0.63C-0.58N, which are adjusted by employing different surface
treatment conditions.
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Fig. 4-11 Changes in the sutface hardness after tempering at various temperatures
(original surfaces are as-quenched); A Hv=[Hardness after tempering
Hv]-[As-quenched hardness Hv], (a) JIS SCr420H steel quenched in
brine at 277 K, (b) Cr-Mo steel quenched in salt at 453 K, (C) JIS S20C
steel quenched in brine at 277 K.
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TH, XREHFTOKE, BHEOQ01)EQ10)EHE&DBEMDBIIERD 5 Hirh- 7=,

QDEREITDNTIE, KEELERETRERUETERTHY, RICBANBERET
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ODREITDNWTIE, A F 1 MEEPLER L X ILT 251 MDD 7 WK A
MRk (EE TR o CLDEH O Mg H6deg. U ) EMRIZTIE, A YA -
PTHERDRSERTEIRELEXTHELIARN. £, KEGR YT, 2
RE(CHTDFEM 21193 K THARBEERS LET>THD, EHABREBORE
EVNHITREZBEETHE2 05D THRNEEZ BNS.

UEXD, @ OBLUVQZEREL THHEICKERZEIIR VLD EEZ -,

BAZFBULESHE, TIROERERR)E[3-1R) S RO -EREZEOHGS
Fig. 4-12 1R, RAZREBEOHMI, BEBREZBLHEMLTCWS. BAREED
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Fig. 4-12 Relationship between total nitrogen content and calculated
solute nitrogen content of as-carbo-nitrided JIS SCr420H steel.
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RIRBIUORKRZMLEDOHEADKHEEIC L Z2EEEHRHT 5720, ImasskCra
FHMD G5~¢35 mmOALEZ, 1113 K N5453 K BB B L2277 K EADEIE
W, BIERETHRAZSTOREMOGHMREFRERKICE I ERETIZL >
THEE L 7=

1. FBEA®E

(1) BB ORmER A (cal/msT)B LU R 2L Clcal/ g T)

JIS SCr420H#M 1T LLBADHI WHRFETH 5, 0.32%C-0.69%Mn-1.09%Cr-0.07%Ni-
0.12%Mo-0.07%Cud fE** v % B /=,

(2) BBRFDOLE o (kef/m)
0 =7850(kef/m) & L7z,

(3) HBF &R D BRER
B OH-value (m Y ?OHIE L 2 EN SEH U= T2 H .
453 K 318 © 4584.7 kcal/mi/h/C
277 K #7K : 12779.4 kcal/mi/h/C
323K : 2418.7 kcal/mi/h/C

(4) &8

ERERZE@ER OS5 T A I3 — K4 MARC Ver. KOIZ & 3 7 Kk ItEhxt Fr
BREMCEERBNZ{To /2. FEMAw 2 ald, BB S ERAFEFOLEIZAT,
500umET2umEyF &L=
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2. EE&ER

O 5MmOFEZEZ1113 Khr 5453 K OIFERICEEAHE (Fig. 4A-1), ¢ 26mmd
ALEZ1113 KN 5453 K OEWITHEATZHE (Fig. 4A-2), BE U ¢ 26mmD Lg%
1113 Kn 5277 K OEAKICHEA LSS (Fig. 4A-3)DIBERLE, HlELTRT. W
T, RRE@EIFRD, E®E10omEi#R2), HFEI50 umEhER3), HEX200 wmlh
B X OERE500 um(EFRS) TOEER R E R L. FSMBICB I REREE
ZER 5NN, WEZTTREBRF YA XL o THHARENKEL Z &
2B ENHBAL .

FHETIE, INSOFHERENS, BxOREBRRITDOWT, EBRICERL I
DHEEARELILIISKN S, 573 KETOYEEDWARE & K7z (Table 4-2).

(BEXH)

4A-1) KET2HR ®I&T -9-7 v), HESBF#RMR, LE, p. 115.
4A-2) BETShR S D FLE, HASMGRR, fLE, p. 20.
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FLE RKZ(LBAN L I2IIS SCra20HBDBERIMIIBER S L IEMENE = (O R
X ay bE—= 0

1. #

o

BRI, BBH5VEENDENE BIREH, B8 BSoEEMLE T,
%EﬁD@NDé%bmw%ﬁME¢ﬁtﬁ<#6ﬂ%éhT%E.b#b,ﬁi
DEIIC, ERMITHBRT R 20485 SEN S OEMITMEIC OV, s
KDk STHB.

POV, BREMEANLZAOEERBRBLO-HERO—S5— Py s>
ﬁﬁ%éﬁw,Eﬁﬁlﬁt%bﬁEv%x?ﬁﬁﬁﬁhézt,%LT:@%E%
REAPEHEATICLIIREA—ZATF1 hOTILF YA hADTRE, Bl UES
F—AFFT1 MK 2 EEERDHENC LB E LTS,

=, Yay hE-—Z2FIDNTI, BRMERLK, WPy T4 > M HEADE
ENEABRESINTVBIN, EvF s o VBETOHOMHHCEMBE S hTuan
CEBBHY, B LEEBRIIRES TWAN., BREEOERTIIHEZOT 3 v
E-22TREDEY T 1 D 7ERMN60%A LT 29 &, —HERO—S5—Fv5r.,
PTRBIBWTHE Y T4 I HEMODE LT B I EMHBETNTEY, WIFhd
EMERERANCEBHRELTWS, L, Y3y b= Yk 3E0M S
ROBEPHAEICL > TRABBIER, TOPERESNAVIEDBREL DS

DRI, INETIT, HEKMAHEOBANS, HEMENSEERE LS
ﬁ%m%<%5hmm.bﬁb,ﬁE@E%$%®§ﬁE§ﬁ$Tm,TTKﬁNt
SO, BHFOHEHIIEERE FICBNTHBESTKEEICETRET S L e
N, BEBOBERKMEIIL, v T o/ DEER omEnEe 20T 3
BRICEEZBER &S,

AIETIE, BREMMOBREEHICRITTEEBORELEHL M L.
TIT, AETHE, —ROZEHEAMTH BIIS SCra20HM % ALY, BRELEEA
NEOBERBEABLIWME v T4 S/ EADT 3y NE—Z2 Y OBS, x5)7
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TNETNDBEEMICDOVWTHRE L 2.

2. RBA®

2. 1 =HBRE

BHE

AT WHIE, SHEMETH WIS SCr420HB & F—Tdh 5. ¢ 40mmo#E
BEHS LIk, EFHEM 525570 X SmmOSREBI 5 & BRI 6 26mm
DERTHO-5—Ev T > FRRAFEZY0H L. BREAEIL, 1173K-
19.2ks DE R (CP=1.1%)B L LRHLE(CP=0.95%) AL EE 1%, 1113KIZRR L ,CP=0.95% D
BIRMEH ZAFEIFICNHH 2 2 5HRML T1113K-9ks DB % 1T 5 /= B xR D H DAL
B, NHHZZEMUBWIERSEHEE L. WEnb1113KA 5453K0HH
(salt: 50%NaNO, +50%KNO JANFEANT-. B DEEH S S50 umE THRL
1M ELFEST LR, BRE{HMIZ, C:0.57mass%, N: 0.70mass%, Ei0
HHMIE, C:0.72mass%, N: 0.03mass¥ TH > 7=, BREITOREENERICHL
BEWETH o201, NHHRARMZE D IFRHZANTER SN0 EBbNS.
R, ERBENM ZEPMA(EESTOSLE!, HNHEE : REREICIZZATT Y B, 2
FRHICIIRELBELSAIC K VAN ERZFe. 5-1 IRT. BRI, FxE

Table 5-1 Shot- peening treatment.

Machine type

Compressed air

Shot media

Cast steel( ¢ 0.6mm,700Hv)

Blasting pressure 0.4MPa
Arc height(Almen intensity) | 0.69mmA
Coverage 2300%

0.3mmETRAL TNWBZENGNS. 3y NE—=2 13, BEAR, Table 5-1
KRTRETIT o2, Tabb, ZRARHEBZAWVWT, Yav FE#£¢0.6mm,
EEEITOOHVOEHE S L, 77— 27\ Marc height)f&130.69mmA, H/)NL v
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ERENRS OFHEICE, —ARRAO—-S—YuF o VRRiE (QAvvIL U
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Bz NCEKTM S ORBEHRT 572010, TRTES50umE THEIL, Fig. 5-
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Z7—%¢130mm, FEMEDY 5=/ (R150mmD Kk O —T— X8, BKE)
FOREZBEL T, BMEE (RANIVYEE)3.68GPalfE5AS ], EiEkk
1050rpm& L7z, TRDIZDNWTIE, Fig. 5-2 (b),(c) DRBREEABIZR L, 26D
WEQOHEGEELZ D I L& THREIB L O REIEIO BEENLTH 0, e
NEGADIENTEDHEI RS> TS, FERTIE, (v v,)/v}IX100, =T
v CHBRFORE, v, KO—F5—0OF®E, TEX5N3-40%D—ET &5 7.
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Gear = Loading roller
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Fig. 5-2 Roller-pitting fatigue test apparatus; (a) external view , (b) test specimen

and loading-roller arrangement , (c) schematic explanation.
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Aa, X103A

Aa= Acarbo-nitrided — Acarburized

Tempering time: 10.8ks

0 1 SS 1 i I
As-quenched 400 500 600 700 800

Tempering temperature, K

Fig. 5-7 Differences in lattice parameter between carbo-nitrided and
carburized layer, Aa, as a function of tempering temperature.

105



BERE

BREEED LR EHICEDL, H5T3KLLETIZARIZIZ0, TROBERKROAEIF
FRICEICRS. 2T, BANETEOT M) v 7 AFIGBEAMICEBL TWieEH
A, BRUICKDEMELTHEL, N723KOBREL TRIEMHELEDS Z L%
FBL TV, BRERDOAHCLD e FERDED(Aa)Z2RT[3-1R, Aay=
0.0285+0.0015 (A /mass%N) M 5EHET 5 &, D/2< &£H#0.12mass%DE RN
T23KOERLICEDEEHEL THHLUZEHESI NS, ABREMNETE, &
ROIMTEL, BTEROWKICETEEST 5 REENK0.16%DINW0, EBRITE,
Ho LELDBENEBL TS EEDNS. BREL TWINWEEDOL I, 1113K
TOERZBIEBLIOFEANOBHBREFIZ, FWXCINELTIHELZDDEEZ SN
5.

3. 4 X&BEWR

ZITH, BREMBEANETEEOTIKTHRE L B Z, EE50umE TEMREM
EEL 721%, EEOXEEH (Cu-K a,50kV-150mA)Z{Fo 7z, #H %, Fig. 5-8@),
(D) IZRT. BANEEFig. 5-8@)icxt L, FERE#%Fig. 5-8bLN T, BEA—AT
F41 RAHEL, Fe,COHTHT 2 & iz v -Fe NOATHAHAKICEED 5 #1/z. Fe-N
FUE FUFe-C-NZ T )L > Y1 S OBERBRE T, 7 '-Fe NAWTHT % LA
D423K~523K'OC, HLRFE a"-Fe N,'VWHTHL, BEINmMLELTsLENTNWS.
FEEITH, WMl a"-Fe N, T2EEZ5N5H, 57T3KOHFERL T v '-Fe N
KEBXHb-o TVWAEDTHS. 2B, FI50um~100umTEOITHEDOLZ W
CrNDEHH®EL, HREDIZEAESTNAE SRV, BEXD, HEfEANLEZ
FERZBILBICBV TS, BNIEREKCEN R ELSERR, BE-ETHAN
J=r'-Fe,NZEE & LI Z{eMIC KB HHEICK D Z ENHRTE 2.

Kz, BROAZTIE, BABIay hE—Z 2V EfToTH, STKOFERLICK
D, Yay hE—S Ve TbhPo kB L BERUREETHALE. I
Yaw b= VI X DEASINIEMD, 573K TOHERRBE TIEEREICEE
LIz &%2E%KTS. L, BREMATREAZED a3y bE-—Z2FIZKD, £
NETORVWESICEN, BEREDHLMCEWVWEIZRLEZ. UL, #IRLICK

106



(a)

(o02) »

(b)

(ezL) ofey
(022) N¥od-, L =

(o02) »

(002) 4

(022) NID >

€a
:nwww B u (zz1) ofeq

(or1) »

(002) N1O\

(zo1) ofaq
(002) N4D
, \

L

(oz2) N1D
(zze) ofed
(11£) o%e4

(zog) o%ed

(z12) ofag
(0gz) ooy

(122) otay

(1e1) o¥e4q
(z11) ofaq4  (002) NVag-, 1>

——

A

(111) »\

:5 o%ey
(LLL) NI —

(111) NVag-, 4 >
(1o2) ofey

(200) ono"_

(LD NID (1z1) ono"_\ JJ

Aysuaiu) Aey-x

7072

50 60

Diffraction angle | 20, degrees

40

36

Fig. 5-8 X-ray diffraction patterns of carbo-nitrided layer at a depth of 50 1 m from surface;

(a) as-carbo-nitrided, (b) tempered at 573 K for 10.8 ks after carbo-nitriding.
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Treatment A Teatment B

Treatment D

Fig. 5-9 Examples of typical surface fractures of specimens after roller-pitting test.
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Fig. 5-10 Weibull distribution of the results of roller-pittng fatigue test;
(a) salt-quenched, (b) brine-quenched.
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Fig. 5-11 Hardness profiles as a function of depth from the surface of JIS
SCr420H steel treated under conditions E, F, G and H as defined
in Table 5-2; (a) before roller-pitting test, (b) after the test.
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Fig. 5-12 Relationship between maximum wear depth for 103 cycles
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Fig. 5-13 A SEM micrograph of surface layer in carbo-nitrided and shot-

peened specimen after roller-pitting test (treatment D, pitting life:
7.451 X106 cycles).
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L

7204 25K 10um

Fig. 5-15 SEM micrographs showing crack propagated at approximately
150 1 m below surface; (a) treatment B(7.27 X 105cycles), (b)
treatment D(4.015 X 106cycles).
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Fig. 5-17 Relation between pitting/contact area ratio and number of cycles, found by

gear test of the steel shot-peened after carburizing or carbo-nitriding.
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Fig. 5-18 Change in hardness of tooth surface by tempering at 573 K for 10.8 ks.
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Fig. 5-19 Relationship between number of cycles to pitting and hardness after
tempering at 573 K in JIS SCr420H steel surface treated for different
conditions A through H defined in Table 5-2.
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Fig. 6-1 Effect of nitrogen content on pitting life of JIS SCr420H steel after
shot-peening with different carbon and nitrogen content on the

surface adjusted by various surface treatment conditions.
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to various nitrogen contents (5% nital etched).
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Fig. 6-3 Changes in amount of retained austenite in surface during
tempering of the steel with different carbon and nitrogen contents
at surface; (a) at constant tempering temperature of 573 K, (b)
for constant tempering time of 3.6 ks.
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BBDPIRNDIL0.75COMBEAM TIA% TH o /2. Mil342%~46% & K X732 B3R
DENRBD o7z, AFEMBEERICEEN3FIVYES RBOEIL, Y170 v hH—
AEIFOERTHY, OvI U )VEI EOHBERE T D THS. WIh
DRBFOBATNT 201 MBEERE LFEBTHD, +oRBEANEZ> T
Wa. Ll, LIXCORRDATIIHA ZOKRENL > XTROTIT U1 L TH
DDLU, BREZ(CLE TIIEBENML WL > XBLXURT AT 51 hORS
MBEZL TS, Zhid, BROZITLL, BRECTORERNMDRNCE, B
KRCHNIEBNENZOMsSEMET L TWAZ ENERELTEZ NS,

REBMOFTHAZHAND /20, 433K EREANE403 K MiEANL FRBE 12D
WT, RE P00 mE TERFEICL DN L ABEOXEEF 2177, &8
Fig. 6-8(a),(b) IZRY. WINDFEANICBWTHIFIZR UEHRERE S -
QN@ﬁmﬁ%%§<,kaMﬁm¢%MEht.bfﬂm%m%%@%ﬂt
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Fig. 6-6 Wear test condition; (a) disc (specimen), (b) pin, (c) specimen
and pin arrangements.



Table 6-1 Surface hardness and contents of carbon and nitrogen of

specimen before wear test.

Surface contents(%) Quenching Surface hardness(H,C)

0.75C 403 K oil 62.5

1.1C 453 K salit 63
0.67C-0.25N 403 K oil 60
0.66C-0.38N 403 K oil 61
0.67C-0.65N 403 K oil 63
0.70C-0.70N 453 K salt 60.5
0.67C-0.80N 453 K salt 60.5
0.70C-0.86N 348 K oil 64
0.70C-0.88N 348 K oil 64
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Fig. 6-8 X-ray diffraction patterns of extracted residue after electropolishin

ching conditions;

» 433 K salt-quenched, (b) 0.67C-0.65N , 403 K oil-quenched.

#m from the surface of JIS SCrd420H steel for two different quen

(a) 0.67C-0.80N
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TOflh, FEEBRENTEN TH 2MSB LG R NRD 57>,

3. 2. 2 TEMiH

BB ORBMOHM L 7)) 1 OTEMBR %2175 /2. Fig. 6-9@)-(d) IF, HBEEA
L7z BixZ{LLEE(0.67C-0.80N)M DXRE FH40 u miTE TOTEMAR TH 5. BEE
% (Fig. 6-9@)ICZ R A S NS LA KRR O YL, FIRHAEE T EF&EFe. 6-9(0b)
@)&D, CINTH 5 Z &0 5. 0.1 umEA FOMMA S DNL V. KB4 (Fig.
6-9(CNP 5 BT DR HREARL B0 5. —F, Fig. 6-10@)-Aix, mEAL=E
RE(LALE(0.67C-0.65N)M ODTEMBR TH 5. FIRRICCINDATHAERD 5h 308, Z
DYA X302 umBEL EOEBHIRKENEDNEL, 0.1 umbA T oMM 2CrNIZ
D7z, CrNIE, 1113 KTOBRRZEMICT TIHHLBD TRE3HDEEHN DM,
FERMEO LD BRIGEFEOCINIZFARICHHLZHD EBhbN3. WBEATO
CINDOY A ANHBH R ENDIL, FAROBERR TORIERED, HBOHELD
BWIENRERATH S EENEZL 5N 5.

3. 2. 3 EEEREABER

Fig. 6-11 i&, BBRBEOXREIIRELE LERRROMEZRLEbDOTHS. BRE
e, BROSMICHELUEENERTSHS. BRERFES CRAAERBTEEL
IR &g, 6-12 1TRY. ERBOMMEKITERBMERL TWBZ L0 5.
CDRAZBROHRIE, BEDHTORREDO.75%HM 5 LI DHEBDOHELD b
REW. £, AURAZREORKEMMITBN TS, BBHAM DD, KEE
SHENDIZHEDST, HHEAMEID D, DIMNTIED 2MEREBN/NE <25 1E
MARENS. BRAZREOEIMCE > THEFRMEN M LT 2 HEE, £TCINOF
HIZKDZEAEZS5ND. TRDE, RAZREOHEMICL ST, CINOHTHED
M3 Zs, TLUT, BRRTORARENENEBFEADED, CINKITHA X
BHRIN<, BENEBBZDHEEZISNS. R, BRE(CNEH T, BBEEHC
LOEELEILND.

Fig. 6-13(@)-() 1%, HBRFZHEHE FEH FTY20 um)» 5 EEEER L, TEME
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Maximum wear depth, um
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Open: oil-quenched
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Fig. 6-12 Effects of carbon and nitrogen content on maximum wear depth.
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Fig. 6-13 TEM micrographs of surface layers of specimens carbo-nitrided to
0.67C-0.80N and quenched in salt at 433 K; () before wear testing,
(b) after the testing, (c) after tempering (a) at 573 K for 10.8 ks.
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BULIVT 01 MAMTH 3. Fig. 6-13() 13, KHBRME, Fig. 6-130) I, &
BRTHETOEKETHS. RRRETIX, I FH1 Radhizid, BURCrN D,
n-Fe,C&BbND (FERIITETWIRVBHIATHYOM, BTtz E s hizh-
7z. BB THFig. 6-130ME, TILT YA FRFICR SN A M WS EIZH - T
Fe,CLEDLNOFTHPEBEINZZI M5, HRLOWVWHIP B E2BREGI553 KA 5
FIRFEGTIK~TISKICETHEATNBZENEZ NS, 72T, KRB IZO
WTH73 K~ 10.8ksDBER L 217 - =B O (Fig. 6-13(C)) L He#s L 7=, HefmEic
AR ENIEINCRBTHANOHEOLERT 2 NENH 5720, HMEEEILLT
UHBAREICIITE IR WA, 573K - 10.8 ks DFERMBEBRIL TWB Z L340 h o 7.
IN5DIEN5, EMAETICETS, RRBETO ¢"-Fe, N,& 5I2id 7 '-Fe,N
DHFHIC X B HHERIED, WEEEORLEICIFSE L TVWEbDEEZ NS,

4. &

il

BYIEHEDNTVWAEAMTSH BIIS SCra20HMIZ, BRELAEEGF, Ba&
WEGT TOEMEND L CEBERREII RIFTERROEEII O WTRN L&
R, UFOZ EMMo k.

(1) BRECAEME, BARERIN0A%E TIIERBORME LTy 7.0 >
FEMPEETS. BARERIN0.4%0K, BROBMIT S L 10 L5
MOEEARD SN, BARKENE SICHNT 3L, #120.55%NLLET
[ECINOATHICER T 2 RE 2B A M HBE L DT < A EMIET LD 5.

(2) By Fq > /EROR LR, BEMETORRMIES v Fe,NOHHIZL 5 HH
SBIEMELBERTH Y, BEA—RFF1 ML AEBIAI N, =7, Py
T4 P UEML, EMETO73K ORREEE & EOMENRD 5.

(3) BEEEREREMEIY, BAZEROBMMEKICA LTS, JOREOYRIT, B
@&Kﬁﬁé,ﬁi%@&%%@&u%«@%%ﬁi%%%i@%Ehé.:
DERI, BEEERICEIPRBICNE, BREAES 5 ICHEARICH L L
e EBONBEROCINEF ORI LS EE X503,
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B
i

BRELNEE, KREBIVZZOMPNOILBEHZ2ET 5/-0, HYRELLE
T #=BHITIL, 1203KOBRMEA AFRKFICB N T HER KL L O QLR %
BEETS. —F, SRABEANL, REBOREZEBIVERBELEDHD LT
ERNVY, REDOHOMBAEHEWIZITI 20, BB THEOEI ETHELLBEMS
TEZHRRERT 5.

EIAT, L, EROBLORBUBLEZENL, BEXORNEEZS E<HLEGDHYE
REABNEIC Ko T, BHAED EICHERILT AHEIINRINTVS. F
ZE, JIS SA8CH#AB L TVIS SCM3Z A\, HlEb@ESR4: ¥ 7 51 REYQ
BERERAERANLZHE T, BEEGiTRNOEFRISANY 7 51 RyEE
HICHL, WINoMb#50%, @FEEANEMIZIEL, &420%B X U025%H L
TB5IE, TLUTIDOERERD, B2REFUMMZNT > HA1 FBLUTELENEL
RBIETHBERELTVD. BENRIICOVTIE, B OAREES Hg
LU, 14> 8bEmBAEEANL Z3%Cr-MoflicDWT, BANILYIEH2.0GPax
TOZHBIANDHERETY, WITNOBEMUEBL DBy T4 D VRENEL <
BN ENHEINTNS.

LAL, ZOXIBERBUBEOMRIZIONT, TR EMES &FEEFIC3.0GPall E
DiEWEMIE T T TOENFECEM OB SRS DFEBIZ DO W TOMZ RS
RY=5730,

TIT, FETIE, FIREMTH BIIS S55CHM(C=0.52~0.58%), B LINS55CHRIC
Cr, Mo L TEZEMEZ M EX 2 V419£0.3mass%BHM L 7=Cr-Mo-Vi = A 1,
5§77 b4 FUBESEEEANL ZHEOBMENENE, BXUFNIIRIFTES

Bl B3 (R V) DOBRICE S, J. Muler: Metalloberflache., (1955) Heft 4, 52. 25 & Iz HTHaH
SRELBATS. ,
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PRI OZETDONT, SARFEANERLELSOEBRIZX VBRI

2. RBHE

2. 1 #HSR

HEEH Dby & Table 7-1 12779, S55CH#IZ, 0.5mass%Cr, 0.3mass%Mo, 3
KV0.3massBVERML ZAMERARME L, X 5105%%E, Si, Mn, Ni, BL Moz
TNENHELB~F#MZR W~ JIS S55CHIE, L& e L THW .

INSEMT, EEBMETV ¢ 30mmiZ 24E8#E U7, 1093 K - 7.2 ks Hers
SLZET-> 2. REBEOEWVARO.7TmassBC)DH, B LUERM T 2%E
ST LHITHRRILLE 21T o7z, £O%, ERETHERLZO—-5—FEvF a2
HBA ER—BROHBRA ZERL /.

2. 2 REB{LBLE

57 54 FAEE, Fig. 7-1 @ iR TEL 512, KCN: 4.5%, KCNO: 35%h 573
LW PITT, 853 K- 5.4 ksEKBLME L /21, 413 KADHB EITY, X508
L7z

F7 54 FMIERI S ICEABBEANET 2. BES L, ¥ 7 b5 R
WX D AR L ZRBDFeg{tY (e -Fe, NBX U v '-Fe N, BEMLEWEH 5 Wi
HEEWINE, MIT3KULTRELRICHMTEI &, £-EAEMEATIZII23K -8
SOMBATRR2ICHRT DI EEREL TNS.

EEOLIE, EBHORENMELEYRBEREIIAMITE 2L, BIXUOERNRRAY
SEBEILRE G13 HvEA B) 2#2.3mm & T 37201, BEEEANSH%Z, Fg.
7-1(b) DX DLz, T7abb, FE¥K200kHz, #120kWic TEmEBEE1123KIZHA
S5ETO.75s B THIRETE, T 5ITWIS0kWIZTO.7s B1423KETHE IR, ¥
BOBFKICTEANLZ. M, RERE, o26mmFMEREEZRFRESICK
DER L. £z, &Y, SREBANERLEDROKEICTIT>2. Bk
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(a)

853 K
413 K oil
KCN: 4.5 %
KCNO: 35 %
(
5.4 ks
(b)
1423 K
1123 K
200 kH
Z 1 w-Q 443 K
< > € * 3.6 ks

120 kW 150 kW
0.75s 0.70s

Fig. 7-1 Schedules for surface treatments; (a) tufftriding,

(b) induction-hardening and tempering.
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BEtE=E
#30kHz, #350kWIZT, EEEREMN1423KICET0.75s BITRHEX®, ¥EOER

KICTHANLZ. ¢26mmiEEZ AW -TFHERTIE, A LEIE, E550
BOHELIZIIERTL2.2~25mmTH Y, GERIBOECLIEEL NI ho -,

BARIE, WIhd, EKFITTM3IK-3.6 ksOER L (Fig. 7-10) %17 7~-.
HBRFEREE, DINCBEBARSNER, EFHFROEEAIIIVTNORRA
BR=4~8umTH D IFEFUCERAMERKRTH - 2. i, 2RBFIOWTHEES
BREICKDEENRMEOIZN I LR LE, TOEXRHRICHELZ.

2. 3 EmMENAR

UEDXDIHERLIZERBRFICONWT, ERAETRERREZO-5—FvTg V7R
ZiTolz. MFEMTHARBHROO—T -1, BAFER LIS SURBMEKRE Y O A
B, 1%C-0.25%Si-1.5%Cr)%& /=, #EMEEOIVYEENIL, 3.68GPa, [ElEE
B31500rpme U, —40 %0 9§D 2L =GB O E#v,=2.04m/s, KO—5—
D Ei&EV,=2.86 m/s, TRDEEV,~v,=—0.82m/s). THEHEDOFWRYILT7RT Y —
A DHEM % 3I53KITIRIE U HF2 0 /min/z 2 B THARICER X RN B 2T
’z.

Z T, REBEORBICHE, XEXtE Y —2RWe. RETO0— 7 O%E
EhO—F— GABRF) REMOEREZK0.8mmeRsEIKEEL, FTUT7 72
KD, NO—S—REIERNSE, RELEAEZEFECIERTEIEICEST, TH
DX ICEBEDOED b REHIEER
HU, #BRea8E L2 HEER
ALk, 23, KEKBORERE, B
B L X85 £ TORMEIL, 60~
120siIZ72 5 K OFABL /=, EHEHHE
DHFEL ) GRHEEL L) 13, Eor7 ORE
ERETTRL LS ICBRLRRE T Bl
DOEAMEZZICHEL=. FHBFIIOWT, HHELTA ETO/NO—F—DEE
(N, cycles)ZHIE L 7z.

A b* 97479 DB AE
REE

Fl

BRHEEN b
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3. RBRERBLUEER

3. 1 I/nLEESSM

ARDOEBHO X ZEMEEE £ g, 7-2@) - OIRT. ¥ 7 M54 RUBEET
i3, BREEICH< RA3EIK25 . mO{LaWEIRD 5h 5 Fig. 7-2@). Zoft
EWIBIE, EIT e-Fe, N, 7'-Fe NHH 57257 EAKEEFH SHEMCENTN
3. BANEEANEMOBZF. 7-200F, TRARIILF I FEEEC, —58
SR T oA "SERELEBEBRELIIVT U1 MR TH S, Zns ORI,
MERICKEAERIIES AN ok, 7 51 RUEE, ISBEKEANL
-8, Fig. 7200& 312, LEMBORKENMELT 5 &40, SRBEEANSH
DBEWELUEEICBERBEARZGEEL TS, IIIT U1 FS AN 23
ZEid, Fe-C-N3TRALIBVTHERINTHY, JHIRERICXIERNI Y
DR —k, TROETIT 4 FEREIAERE Ms2) O BRI — LA
RTHBOLLTNBA, REZORY—ENELZMNHSNTRL, BTUHH
FEICdz o TWiRL, L, i< EbEREMBARTH—XF 1 M)A
DEEDEEICLOMSEMET LA Z &7, BB LOEEAER TRV EEPN
5. ISICHEICTBICNE, BBRIEATINT UL MEFOEILBLISNA -5
FA R ERILTF YA FEOHB IR E—(FTRbEEROBB N DL e bE
B U SREN S LIAW. EREIK20~80 umicHBE A — 25771 MME
EOSABROMNESN, TOREEARBEANEROBEL VL. oM
HOMBIZDOWTHRERBETH - /=,

RBEREE N0 L mBMRFEL 2%, XBEFRECLVBEA—25F1 FED
KUBEHEAEERE L. Table 7-2 1I0RT &5 CBEA— 2551 ML, BEK
BANBEMICLELY 7 F 54 REBRAEEANOES, WINOMELHEML TS,
12D, FRTREBICED S M. —HERBEISAEE, ¥ 7 51 RSERRE
ANTHE, BEA—ZA7FH1 FEMHICE < 252D, BRREAREANERLD &
EFLTWSD, ZHUSORIE, FErbT Nt s EANESNE. 2l
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50um

Fig. 7-2 Cross-sectional views of surface layer (optical micrographs)
of the steel A after (a) tufftriding, (b) induction-hardening and
(c) both tufftriding and induction-hardening.
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ZREVEBLEZEKRES>TELSZINT A bOBTFEADHEKICERT 9L
EzZ5N5.

Fig. 7-3(a),(0)id, EBRFEFHOBEEINM(Y1 70y I—AESE, HE0.98N)%,
ARPBIUDROBEEBHBANEMESY 7 1 REBRAEBEANIC DOV THE L
HbDTHB. AMDY 7 b 71 RESBEREANL, SEREANEMRICEL, £E
ME0.3MmMEBEE TEINMELTWS., —ADE#IE, SHAFERANEMRESY TS
1 REERERANICIEEAEZRITIER SN, ZOERAEE, EFTH RSN/,
5754 FESRARRANTIE, SREBEANBMICLLZEOREA AT 1
"EETAOBEINIZFEMELREN 0B DEEZEZDHENTES. B, CBX
UFSOEEE, A EFERRERSR SNz,

3. 2 ixmENEG

BLIFEDHRBREERLUZ. EvTa 2 TFMETATIVERKICTOy L, R
R RS0%DHEMUA T RICEEHM ST 2ROz, RS E L0 TFg.7-4 TR
T. WTNOMS, SEABEANEMRICENR, 751 RESEAERAMIIHEGN
MELTWS. LAL, FOHEROMALE, A~EETIRIEERLT, #28TH50
IZx L, Mol zF#ild, #1051 H725 2 EAVHBAL 7=.

Fig. 7-5 IZiE, ZhSEHERICRETESANEOZELRT. MnONIFEMIE,
EHEHMIZEAEEERESNRL. L, SRABRBANEEBLIRY 751
REBRABEAN, WTHIZBWTHEBETHS. REBIUSIHME, FHEmz
KEHLIED. HICHEEL 0.2%DHEETHEICM ELTWS., Zh5TLED
PRICHT D, MBLEBICKDZIZR SN, 0.52%MoiRINg, SRFANEMT
13, M15E0EMMELMARSNBWA, 7 8514 RESHBERAM T, K6kE
DFEAE_EAERD Sz

3. 3 XREOEERERE
HKEBIEOHMEF ZFig. 7-6(2),b) IZRT. ZhbHid, BRBEFMTH > 72S55CH
DEAFEHEAMN=2.81X10° cycles) LR B EFMTH o> IZFHDY 7 b 51 FiER
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U0 0%

| I

[ ] Induction-hardened
L Tufftrided and induction-hardened

103

__
6
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(ey) ebriaAe)aINnjie) Bunud 01 $8]949 jo JaquinN

A

S55C

Steels

Fig. 7-4 Comparison of average life for contact fatigue of various steels which

are induction-hardened, and are tufftrided and induction-hardened.
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Fig. 7-5 Effect of alloying elements on average life for contact fatigue of
various steels; open marks: induction-hardened, solid marks: tufftrided
and induction-hardened.
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Fig. 7-6 Typical appearances for surface fracture after roller-pitting test in
(a) induction-hardened JIS S55C steel and (b) tufftrided and

induction-hardened steel F.
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Fig. 7-7 SEM micrographs of surface crack formed at initial stage of

fracture (pitting) in steel F; (a) induction-hardened, (b) tufftrided
and induction-hardened.
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Fig. 7-9 Relationship between surface hardness at room temperature and
average life for contact fatigue.
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Fig. 7-10 Examples of optical micrographs for the cross-section of the surface
layer showing (a) plastic flow near the surface of induction-
hardened JIS S55C steel, and (b) no such flow in the tufftrided and
induction-hardened steel F.
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Fig. 7-11 Relationship between surface hardness at 573 K and average life
for pitting of various steels induction-hardened.
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Fig. 7-12 Hardness profiles of steel F before and after roller-pitting test;
(a) induction-hardened, (b) tufftrided and induction-hardened.
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Fig. 7-13 Nitrogen and carbon concentration profiles as a function of distance from
the surface in steel F after tufftrided and induction-hardened.
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Fig. 8-1 Relationship between nitrogen content in pure iron foil after
nitriding and residual ammonia content in the furnace.
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Fig. 8-2 Relationship between ammonia addition and residual ammonia
content for two different RX gas flow rate at various temperatures.
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Fig. 8-3 Relationship between ammonia addition and residaual ammonia
content at 1113 K under a constant flow rate ratio between RX gas

and enrich gas.
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Fig. 8-5 Hydrogen discharging rate curve of 1%Cr-0.4%Mo steel carburized and
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